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Beh gyxu HU3 roJiiHa MOCTOjU WHTEPEC 3a U3y4aBama y 0071aCTH KOOPAMHAIIMOHE
xemuje maarune(ll) u managujyma(ll). OBa uctpakuBama q00Hjajy y CBOjOj aKTYEITHOCTH,
HApOYUTO HAKOH OTKpuha aHTHTyMOpPCKE aKTUBHOCTH Komiuiekca ruratuHe(ll) wu
iatune(1V). Kommnekcn nanaaujyma(ll) He mokasyjy aHTUTYMOpPCKY aKTUBHOCT, aJld CE€
KOpPHCTEe Kao MoOel-MOleKyau TIPEeKo KOJjuX ce MOoXKe O0jacCHUTH MeXaHU3aM
AHTUTYMOPCKOT JIeJoBama oaroBapajyhux xomruiekca rutatuHe. OTkpuhe ga KOMIUIEKCH
namaaujyma(ll) u rurature(ll) katamusyjy CeNeKTHBHY XHUAPOJIU3Y MENTHIHE BE3E Yy
NeNTUIMMA U TPOTCHHUMA, MPH BPJIO OJIarMM EKCIEPUMEHTAIHUM YCJIOBHMA, OTBapa
MOryhHOCT 1a ce OBM KOMIUIGKCH Yy OyayhHOCTHM KOpHCT€ Kao CHHTETHYKE
MeTaJIonenTHaa3e. 300r Tora Cy, y TOKY HOCIEIe ABE ACICHHU]e, peaKiije KOMILIEKca
namaaujyma(ll) u mmaruue(ll) ca menTtuauma mTpeaMET WHTCH3MBHHX HM3ydaBama y
UCTpaXXMBa4Kko] rpynu npod. Mumnoma DBypana. [Ipenmer oBe TOKTOpcKe aucepTalyje
npe/CcTaB/ba HACTaBaK OBHX MCTPAXHBakba M OJHOCH C€ HA HCIHUTHUBAKE PEaKIHja
komruiekca miatuae(ll) u nmamagujyma(ll) ca mentuanMa Koju caipke aMHHOKUCETUHE L-
MeTHoHWH W L-xuctuamH. OBa wucTpaxkuBama cy pahena y HHctutryTy 3a Xemwujy
[Tpupoano-marematuukor dakynrera y KparyjeBumy m aeo cy mporpama MpojeKTa
(ITpojekar: 172036), koju ¢uHaHCHMpa MMUHHCTApCTBO MpPOCBETEe M Hayke PemyOimke
Cpbuje. Temy 3a JOKTOPCKY AMCEpTaLUjy Mpemioxuo je np Mumom U. BypaH, penoBau
npodecop Ilpupomno-maremaruuxor daxkynrera y KparyjeBmy, kome ce 3axBajbyjeM Ha

pazymMeBamy, CTPILUbEHY, MOAPIIIY U TOMONK TOKOM U3pajie OBE TOKTOPCKE JAMcCepTalyje.

Benuky 3axBamHocT ayryjem ap CHexanu PajkoBuh, mnouenty Ilpuponmo-
mareMaTHukor (Qakynrera y KparyjeBiy, Ha moMohum y TOKYy HU3paJe U IHUCama OBE
nucepranuje. [ToceOHy 3axBamHOCT mM3pakaBam mpod. ap Ypmynu Puxnesckoj (Urszula

Rychlewska) u menuM capamuuiiima ca YHuBep3uTera Ajgam Munkujesuy y [To3Hamy



(IMosecka) Koju Cy ypaaWiau PeHAreHOCTPYKTYpHY aHanu3y komiuiekca namaaujyma(ll) u
3Ha4YajHO JONPUHENN MHTEPIPETAlUjU pe3ylTaTa KOju ce OAHOCe Ha CTPYKTYpPY

KOMIIJICKCA.

3axBasbyjeMm ce mpodecopy ap Kusamuny JI. byrapumhy ca Ilpuponno-
mareMaTHukor ¢akynrera y KparyjeBuy u mpodecopy np Karapunun Amnbhenkosuh ca
Xemwujckor ¢akynrera y beorpagy 3a KopucHe caBeTe W CYrecTHje Y TOKY IHCamba

JIUcepTalyje, Kao u 3a yuenihe y KOMUCHjH 3a OILIEHY U 0JI0paHy JOKTOPCKE JUCEpTaIlnje.

3axBanHocT ayryjem npod. ap B. bany (Wojciech Bal) u merosum capagHunnMa
u3 Uucturyra 3a 6nopusuky u Ouoxemujy, Ilosscke akagemuje Hayka y BapiiaBu, koju
MU je oMoryhno Ja mpoBeieM BeoMa KOPUMCHHX MECEIl JaHa Y HeroBoj J1abopaTtopuju Ha
HCTapa)XHBambHMa Koja ce 0JHOCE HAa XHJPOJIO3Y MPOTEHHA y IMPUCYCTBY jOHA Mpea3sHuX

MCETaja.

HckpeHy 3aXBaTHOCT M3paXkaBaM CBUM capaJHHULIMMa U3 Jlaboparopuje npodecopa
M. DBypana 3a KOpHCHE AMCKYCHje M MpHUjaTHE YacOBE JPYKEHa TOKOM H3paje OBE

JIOKTOPCKE AUCEPTAIIH]E.

Hajpehy 3axBamHOCT ayryjeM MojuM poauTesbuMma, oy [parany u wmajiu
Mupjanu, cectpu AHU U TIpUjaTesbUMa Ha pasyMeBamby U CTPIUBEHY KOje Cy MU MPYXKalu

TOKOM H3paJie OBE JOKTOPCKE JAUCEPTAIIH]e.

Kparyjesar, 2012.
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Ckpahenuye

CKPAREHMIIE
19pt NMR iatuHa-195 HykiieapHa MarHeTHa pe3oHaHIa
Gly-Gly RN0%000%0) GO 0%0005051
Gly-Gly-Gly TITALAII-TIIALAT-TIIU A H
Gly-L-Ala raani-L-ananun
L-Met L-MeTHOHUH
Gly-L-Met raani-L-metnonnn
L-Met-Gly L-MeTHOHMII-TIINIINH
L-Met-Gly-Gly L- METHOHMII-TIIAIAJI-TJINIIAH
Gly-Gly-L-Met TIIAAI-TIAI-L-MeTHoHMH
Gly-L-Met-Gly raanI-L- MeTnoHMIT-rInmH
Ala-L-Met anaHui-L- MeTHOHUH
L-Val-L-Val L-Banuuun-L-Banun
L-Val-L-Leu L-Banuamn-L-neynux
L-Leu-L-Val L-neyunn-L-Banun
y-Glu-Cys-Gly Y-TJIyTaMUJT-IIUCTEUHUIT-TITUIIH
5-GMP ryaHo3uH-5-moHodochar
'H NMR MMPOTOHCKA HYKJIEapHA MarHeTHa pe30HaHIa
3¢ NMR yIribeHuK-13 HyKJIeapHa MarHeTHa pe30HaHIa
15N NMR a30T-15 HykieapHa MarHeTHa pe30HaHIa
SGH peayKOBaHU TIIyTaTHOH
cissDDP cis-muamunauxaoporuiatuHa(ll)
D i?D NMR jenHoauMeH3noHaiHa U aBoauMen3noHarHa NMR
L-Ala-L-Ala L-ananwn-L-ananun
L-Ala-D-Ala L-ananwun-D-amanun
L-Leu-L-Leu L-neyuun-L-neyrux
L-Ala-L-Leu L-ananwn-L-neyuun
L-Ala-Ser L-anaHui-cepuH
L-Leu-L-Ala L-neyuun-L-ananun
L-Leu-D-Ala L-neynun-D-ananun
Gly-L-His - L-xuctnaua
L-Ala-L-His L-ananmn-L-xuctnanu
L-Ala-D-His L-ananmin-D-xuctuaun
L-Met-L-His L-meTnoHmI-L-XucTuauu
L-His-L-Met L-xuctunni-L-meTnoHuH
IR nH(]ppa-1pBeHH

CD UPKYITAPHO-TUXPOUIHH
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N-aneTuaIMe THOHMI-TIIUIIAH
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U3BOJ

HcnutuBama peakiuja komiuiekca magaaujyma(ll) u mratune(ll) ca nenrtuauma u
NpOTEMHUMA Cy TIOKa3aia Jla OBU KOMILICKCH MPE/CTaBsbajy H00pe KaTaIuTHIKE pearcHce
3a XUJAPOJIMTUYKO PACKHIAhC MENTHIHUX Be3a Y OBUM MoJjieKyauma. OBH KOMIUICKCH Ce
KOOPJMHYjy 3a XeTepoaToM y OOYHOM HHU3y aMHUHOKHCenuHe L-mernonumHa wim L-
XUCTUIMHA W KaTalHM3yjy pacKujame MEeNTHIHE Be3e Koja CaaApKu KapOOKCHIIHY Tpymy
HEeKe O]l HaBeJICHNX aMUHOKHUCearHa. Mako je oBa 00JIaCT MHTEH3UBHO M3ydaBaHa y TOKY
NPETXOAHUX HEKOJIUKO JCIICHU]a, CEJIEKTUBHOCT M MEXaHU3aM pacKUIama MeNTHIHE Be3e
y menTuauMa Koju caapxke L-mernonun u L-xuctuaun nomohy Pd(I) u Pt(Il) xomruexca
jOII yBEK HHCY MOTIYHO OOjalimeHU. Y MHJbY BHHXOBOT JAchHUHHCAkAa HEOMXOMHO j€
neTajbHUje m3ydaBaTh Katanutuuku yrunaj kommiekca Pd(I) m Pt(ll) ma peaxmmje
XUAPONM3e TenTuaa Koju caapxke L-mermonwH u L-xuctuamH. Y 0Boj aucepranuju
NpPUKa3aHU Cy PE3YJITaTH CIEKTPOCKONCKUX HCHUTHBAKA  XUJPOJUTHUKUX pEaKifja
nentuaa Koju caapke L-MeTrmoHuH U L-XHCTHOMH y TPUCYCTBY Pa3IHMYUTUX KOMILIEKCA
Pd(Il) u Pt(11).

Ipumenom "H NMR crekrpockonuje, n3ydaane cy peakumje [Pd(dpa)Cl] u
[Pd(dpa)(H0):]?" kommtekca (dpaje GuneHTaTHO KOOPANHOBAH 2,2’ -IHIHPHINIAMAH) ca
nentuauma L-metunonwn-raunuaom (Met-Gly), L-xuctuami-rimuinuaom (His-Gly) u N-
ariernsoBanuM jaepuBatuMa oux gunentuga (MeCOMet-Gly 1 MeCOHis-Gly). Cse
peakuuje cy ucnutuBane y pH obaactu ox 2,0 1o 2,51 Ha Temneparypu ox 25 u 60 °C.
Haljeno je ga y peakumjama [Pd(dpa)Cl] u [Pd(dpa)(HO)s]?* kommiekca ca Met-Gly u
His-Gly qunentuanMa He J0J1a3u 10 XUAPOIU3E MenTuaHe Be3e. Kpajibu mpon3Boa OBHX

peakimja je [Pd(dpa)]®* kommmexc kox kora cy xBa dpa JMraHga OHICHTATHO
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koopauaoBana 3a Pd(Il) jon. KBaaparHo-mimanapHa CTpyKTypa OBOT KOMIUIEKCA je
notBpheHa  momohy  peHAreHOCTpYKTypHE  aHanmmuze. MebhytuMm, y  peakuuju
[Pd(dpa)(HO),]** xomruiekca ca MeCOHis-Gly 1 MeCOMet-Gly, npu wucrum
SKCIIEPUMEHTAIIHUM  YCJIOBUMa, JI0Ja3d JI0 peruocenekTuBHe xumponause Met-Gly
nentuaHe Bese. Haumn koopamuammje [Pd(dpa)Ci] u [Pd(dpa)(HO)s]** kommiekca y
peakiuju ca HEalUeTHJIIOBAaHUM MENTHAUMA, Kao W TMOTIyHa HMHXUOWIMja peakuuje
xuaponusze MeCOHis-Glyrunentuza y npucycrsy [Pd(dpa)(HO),]?* komruiekca, mory ce
objacautu yrumajem crepuor edexra Pd(Il) kommiekca. Y HacTaBKy OBHX HCTpaKHBarba
ucrutrBane cy peakmuje [Pd(L)(H20)z]%" xomruiekca (L je GHICHTATHO KOOPAMHOBAH
2,2’ -nunupuaunamud, dpa; 2aukonniIaMuH, PIC; eTUiIeHaAnaMuH, en)ca N-ameTuinoBaHiuM
nentuauma L-metnonuia-riuit-raunuaom (MeCOMet-Gly-Gly)u rimurwn-L-meTrnoHuI-
rmuiaoM (MeCOGIly-Met-Gly). Ose peaknuje cy ucnurtuBane y PH obmactu ox 2,0 1o
2,5 u Ha temmeparypu ox 60 °C. Haleno je ma [Pd(en)(HO)**, [Pd(pic)(HO)]*" u
[Pd(dpa)(HO),]?" kommiexcu KaTanusyjy celiekTuBHy xunpoiusy Met-Gly nentunse Bese
y MeCOMet-Gly-Gly tpunentuay. Mehyrum, xugpomuza MeCOGly—Met—Gly
tpurnenTraa nmomohy momenyra tpu Pd(Il) xoMmiekca HUje CEeIEKTHBHA U XUAPOIHU3Y]Y
Met—Gly 1 MeCO-Gly nentunne Bese. Ha ocroBy UV-VIS cnekrpodoromerpujckux
Mepema Hal)eHO je Ja je MOHOAEHTaTHa KOOpJHMHAIMja aToMa CyMIopa METHOHHHCKOT
ocratka 3a oxrosapajyhu Pd(Il) xommexkc ¢asza koja oxpehyje Op3uHy peaximje
xuaponuse. [lopenm Tora, Op3uHAa XHIPOJKU3e TENTHIHE BE3€ 3aBHCH O] MPHUPOJIC
OMIICHTaTHO KOOPJMHOBAaHOT IWAMHHCKOT jwmranga (en > pic > dpa).Cee peakiuje
xugponmse MeCOMet-Gly—Gly tpunentuna xoju cagpxu N-TepMUHATHH METHOHUH
nomohy [Pd(L)(H0),]*" komruiekca cy pernocenektusre, 10K je xumponnza MeCOGly—
Met—Gly tpumenTtuma HeceleKTHBHA M packuaajy ce ase mentuane Bese (Met—-Gly u
MeCO-Gly).

Takohe, npumenoM 'H NMR crHekTpockormje, HCIHTHBaHE Cy peaKilije
[M(en)(H20)5]** kommirexca (M = Pd(Il) max Pt(l1)) ca N-aneTHIoBaHUM TeTparenTuIoM
L-metnonui-riuiun-L-xuctuami-rmuiuaamMuaom  (MeCOMet-Gly-His-GlyNH), v pH
obmactu ox 1,5 mo 2,0 m Ha Temneparypu ox 60 °C. YV CBHM HCIHUTHBAHUM peakijama,
HAKOH KOODJMHAIMjE aToMa CyMIIOpa METHOHHHCKOr octatka 3a [M(en)(Hx0)s]?"
KOMIUIEKC, J0Ja3u 10 cenektuBHe xuaponuse Met-Gly nmentuane Bese. CeneKTHBHO
pacKugame OBE MENTHAHE Be3e Moke ce objacHuTH BenukuM aduaurerom Pt(I) u Pd(Il)
joHa TIpeMa aToMmy cymropa. [I[puMeHOM NOTEHIIMOMETPHJCKUX Mepema M 'H NMR

CHEKTPOCKOIHje UCITUTHBAH j€ MEXaHH3aM KaTaJIUTUYKOT JIeI0Bamkha, Ka0 U YTUIA] CTEPHOT
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edexra pasmuantix [Pd(L)(H0)2]*" koMIuTekca, Ha peakiujy XUAPOIH3e MENTHIHE Be3e
KOja caJapXH KapOOKCWIHY rpymy xuctuaumHa y terpanentuay MeCOMet-Gly-His-
GlyNH,. Cse peaknuje cy UCIHTHBAHE MPHU MPETXOJHO MOMEHYTUM EKCIIEPUMEHTATHNUM
yciaoBuMa, Tako mTo je y mpBoj ¢asu MeCOMet-Gly-His-GlyNH pearosan ca
exsumonapaom komuunmHoM [Pt(dien)CI] xommnekca (dien je nmeTunentpuamun), mpu
gemy Hacraje [Pt(dien)(MeCOMet-Gly-His-GlyNi+9)]?* kommiekc. Haljeno je ma y
peakimju  [Pd(L)(H20)]** kommiekca ca [Pt(dien)(MeCOMet-Gly-His-GlyNk9)]**
nonasu g0 xuaponmse His-GlyNH, mentuane Bese, ka0 u 1ma je Op3WHA XHAPOJIH3E
[Pt(dien)(MeCOMet-Gly-His-GlyNH-9)]** y peakumju ca [Pd(en)(HO)])*" kommiekcom
Behia o1 Gp3MHE XHAPOIM3E OBOT cymcrpara y peakumja ca [Pd(pic)(HO)]%, mok je y
ciydajy peakmmje  [Pt(dien)(MeCOMet-Gly-His-GlyN®9]?* ca [Pd(dpa)(HO)s*
KOMIUIEKCOM FherOBa XUIPOJIN3a MOTIYHO HHXUOUpaHa.

Y gpyrom gemy ose muceprammje, npumenoM H NMR  cmekrpockonwie,
ucnuTHBaHe cy peaknuje Monodynkuuonaitnor [Pt(Gly-Gly-N,N’,O)l]  kommnekca, rue je
Gly-Gly raunuia-rivnyH Koju je TpuaeHTaTHo koopauHoBad 3a Pt(ll) jon mpeko aBa atroma
a3oTa M aToMa KHUCEOHWKa KapOokcuiaHe rpymne, ca N-armeTwnoBaHuM aumnentuaom L-
metnoHmi-L-xuctuaguaom (MeCOMet-His). Cse peakumje cy wusBohene y 50 mM
docparnom nypepy na pH = 7,4u ma 25 °C. Y npBoj (asu peakuuje a0j1a3d 10
dopmupama kuHetnukn  (aBopuzoBanor  [Pt(Gly-Gly-N,N’,0)(MeCOMet-His9)]|
KOMILIEKCa ca MOHOAeHTaTHOM KoopauHaijom MeCOMet-Hismunentuaa, nmpeko aroma
cyMmIiopa MEeTHOHHHCKOr octatka, 3a Pt(ll). 3arum, y apyroj ¢asu peakiuje monasu 1o
untpamonekyicke murpanuje [Pt(Gly-Gly-N,N’,O)] kommnekca ca aroma cymmopa Ha N3
aTOM a30Ta HWMHIA30JI0BOI TPCTEHAa XHCTUAWHA, mpu uemy Hacraje [Pt(Gly-Gly-
N,N’,0)(MeCOMet-HisN3)]" kommiaekc. Y mopehemy ca mperxomHo JA00HjeHUM
pesynratuma y peakumjn [Pt(dien)CI] kommiexca ca pasnMuuTHM TENTHIMMA KOjH
caJip’)ke METHOHUH M XHCTHJIMH, Y OBOM CJy4ajy peakiMja MUTpaIyje je 3HaTHO Opxa H
cenektuBHa, Tako na [Pt(Gly-Gly-N,N’,0)] xomiuiekc murpupa uckbyurBo Ha N3 atom
a30Ta UMU/1a30JI0BOT TIPCTEHA XUCTHIUHA.

Ha xpajy, npumemyjyhu ¢usnomnomke ycioBe PH u temeparype, uCuTHBaHE Cy
peakije  xuapoause N-amerwnoBaHor L-mernonwn-riunuHa  (MeCOMet-Gly) y
npucyctBy pazmuuntux  [Pt(L)Cl;] u  [Pt(L)(CBDCA-O,0’)] xommaekca (L =
eTHIeHInaMuH, en; (x)irans1,2-nuamMunonukioxekcan, dach; (£)-1,2aponuienanaMuH,
1,2-pn; CBDCAje anjon 1,l4mkno0yranaukapOokcuine kucennre). CBe peakuuje Cy
ucrimruane omohy 'H NMR crekrpockonuje y 50 mM docariom nydepy na pH = 7,4

1l



3600

u Ha Temneparypu oa 37 °C. IIpu oBUM eKCIIEPMMEHTAIIHUM YCIOBHMA JI0Ja3H [0 BEOMa
criope xuaponuze Met—Gly nentuane Bese HakoH (GopMHpama XHIPOIUTUYKA aKTUBHOT
natepmeujepror [Pt(L)(MeCOMet—Gly-S)(H,0)]" xommuekca. Ha ocHOBY m00MjeHHX
pe3yaTara 3aKJbydeHO je naa je peakiuja xuaponuze MeCOMet—Gly qunentuma Opxka y
ciydajy Pt(ll) kommuiekca koju caapske XJIOPHIO JUraH y ogHocy Ha oarosapajyhe Pt(ll)
xomiuiekce ca CBDCA nuranom. Takohe, ucnurusan je crepuu edexar Pt(I) kommnekca
Ha XWAPOJM3Y MENTHAa, IPH YeMy je HahjeHo Ja Op3uHa XUIpOJM3e IMENTHAa omaja ca

nosehameM crepHor epexra Pt(ll) kommuekca u To y cineachem ausy en > 1,2-pn > dach.
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SUMMARY

Studies of the palladium(ll) and platinum(ll) corepés have shown that they can
be promising reagents for hydrolytic cleavage gftigees and proteins. These complexes
bind to the heteroatom in the side chain of meth®mwr histidine and promote cleavage of
the amide bond involving the carboxylic group ofstlanchoring amino acid. The
consistent regioselectivity in the cleavage ofitise- and methionine-containing peptides
promoted by palladium(ll) and platinum(ll) complexend the mechanism of these
hydrolytic reactions are not completely understoget. A better knowledge of the
coordination chemistry of histidine- and methiongmntaining peptides with palladium(ll)
and platinum(ll) complexes is necessary for undeding the regioselectivity of peptide
and protein cleavage promoted by such complexes.

In this thesis, the reactions of palladium(ll) cdexes, [Pd(dpa)G] and
[Pd(dpa)(HO),]** (dpa is 2,2-dipyridylamine acting as a bidentdigand) with the
dipeptides methionylglycine (Met-Gly) and histidiglgine (His-Gly), and thé&-acetylated
derivatives of these dipeptides, MeCOMet-Gly andO@élis-Gly have been studied by
'H NMR spectroscopy. All reactions were carried @utthe pH range 2.0-2.5 with
equimolar amounts of the palladium(ll) complex atiee peptide at two different
temperatures, 25 and 6. In the reactions of [Pd(dpa)fhnd [Pd(dpa)(kD):]** with
Met-Gly and His-Gly, no hydrolysis of the peptideniol was observed. The final product
in these reactions was the [Pd(djd) complex. The square-planar structure of this
complex was confirmed by X-ray analysis. The reactf the [Pd(dpa)(D).]>" complex
with the MeCOHis-Gly and MeCOMet-Gly peptides undbe previously mentioned
experimental conditions was remarkably selectivethe cleavage of the amide bond

involving the carboxylic group of methionine in thiele chain. The modes of coordination

Y
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of [Pd(dpa)CJ] and [Pd(dpa)(k0D):]?" in the reactions with the nonacetylated peptides a
the total steric inhibition of the hydrolytic re@mt between [Pd(dpa)@®),]*>* and
MeCOHis-Gly can be attributed to the steric bulkhe palladium(ll) complex.

Furthermore, théH NMR spectroscopy was applied to study the reastiof
[PA(L)(H.0),]*" complexes (L is en, pic and dpa) with tNeacetylated tripeptides L-
methionylglycylglycine, MeCOMet-Gly-Gly, and  glyeyl-methionyl—glycine,
MeCOGly—Met-Gly. All reactions were performed i tpbH range 2.0-2.5 with equimolar
amounts of the [Pd(L)(#D);]** complex and the tripeptide at 6C. The hydrolytic
reactions of the [Pd(en)g®),]**, [Pd(pic)(HO).]** and [Pd(dpa)(kD).]** complexes
with MeCOMet—-Gly-Gly were regioselective and onhe tamide bond involving the
carboxylic group of methionine was cleaved. Howgverthe reactions of these three
Pd(ll) complexes with MeCOGly—Met-Gly, two amidenids, Met—Gly and MeCO-Gly,
were cleaved. From UV-Vis spectrophotometry stydieswas found that the rate-
determining step of these hydrolytic reactions He tmonodentate coordination of the
corresponding Pd(Il) complex to the sulfur atonthe methionine side chain. The rate of
the cleavage of these amide bonds is dependeteonature of the bidentate coordinated
diamine ligand L (en > pic > dpa). The hydrolytieaction of [Pd(L)(HO),]*-type
complexes with MeCOMet-Gly—Gly, containing the mefine side chain in the terminal
position of the peptide, is regioselective whiletle reaction of these Pd(Il) complexes
with MeCOGIly—Met-Gly, none selective cleavage & pleptide occurs.

Also this work deals, with the proton NMR investigas of the reactions of
[M(en)(H20):]** complexes (M = Pd(ll) and Pt(ll)) with thi-acetylated methionyl-
glycyl-histidyl-glycineamide, MeCOMet-Gly-His-GlyNH All reactions were performed
in the pH range 1.5-2.0 with equimolar amountshef [M(en)(HO),]** complex and the
tetrapeptide at 60C. In all these reactions, a metal(ll) complex bua a methionine
residue affects the regioselective cleavage ofaméde bond involving the carboxylic
group of methionine. The priority in the cleavadgehe Met-Gly amide bond in relation to
the other amide bonds in this peptide is due tdtpke affinity of Pt(Il) and Pd(ll) ions for
the sulfur donor atom. The mechanism of these hytitareactions is discussed and, for
its clarification, the reaction of the [Pd(en)®,]** complex with MeCOMet-Gly-His-
GlyNH, was additionally investigated by potentiometrication. The steric effects of the
various palladium(ll) complexes of the type [Pde0).]*, in which L is a chelating
diamine (ethylenediamine, en, 2-picolylamine, poc, 2,2-dipyridylamine, dpa) on the

hydrolytic cleavage of the amide bond involving tteboxylic group of histidine in the
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MeCOMet-Gly-His-GlyNH tetrapeptide were also studied By NMR spectroscopy. All
reactions were performed under the above-mentionaditions and in the initial stage of
these reactions, the MeCOMet-Gly-His-GlypiWas reacted with an equimolar amount of
the [Pt(dien)CI] complex (dien is diethylenetriamine) and then thenaplatinated
[Pt(dien)(MeCOMet-Gly-His-GlyNH-9)]?* complex was treated with an equimolar
amount of [Pd(L)(HO),]?". It was found that the rate of hydrolysis of this-&lyNH,
amide bond in [Pt(dien)(MeCOMet-Gly-His-GlyNFF)]** decreased from the en to the pic
complex, with finally a total inhibition of this agtion with [Pd(dpa)(kD).]*".

In the second part of this work, the reaction & thonofunctional [Pt(Gly-Gly-
N,N’,O)l]" complex, in which Gly-Gly is the dipeptide glyoglycine coordinated through
two nitrogen and oxygen atoms, with tNeacetylated dipeptide L-methionyl-L-histidine
(MeCOMet-His) studied byH NMR spectroscopy. All reactions were carried Bu60
mM phosphate buffer at pD 7.4 and at Z& In the initial stage of the reaction, the
platinum(ll) complex forms the kinetically favorg¢Bt(Gly-Gly-N,N’,0)(MeCOMet-His-
S)| complex, with unidentate coordination of the MeC&@Miis dipeptide through the
sulfur atom of the methionine residue. In the sdcstage of the reaction, complete
intramolecular migration of the [Pt(Gly-GN;N’,0)] unit from the sulfur to the N3
nitrogen atom of imidazole was observed and a néatinpm(ll)-peptide complex,
[Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)]" was formed. In comparison with previous
results obtained for the reaction of [Pt(dienjGijith different methionine- and histidine-
containing peptides, this migration reaction waigantly fast and strongly selective to
the N3 atom of the imidazole ring of the histidside chain.

Finally, the hydrolytic reactions between variougll> complexes of the type
[Pt(L)CI;] and [Pt(L)(CBDCAO,O’)] (L is ethylenediamine, en; (#jansl,2-
diaminocyclohexane, dach; (z)-1,2-propylenediamigg-pn and CBDCA is the 1,1-
cyclobutanedicarboxylic anion) and thE-acetylated L-methionylglycine dipeptide
(MeCOMet-Gly) were studied by1 NMR spectroscopy. All reactions were realize@at
°C with equimolar amounts of the Pt(ll) complex dhd dipeptide at pH 7.40 in 50 mM
phosphate buffer in fD. Under these experimental conditions, a very sitmavage of the
Met—Gly amide bond was observed and this hydrolygiaction proceeds through the
intermediate [Pt(L)(MeCOMet—GIB}(H,0)]" complex. In general, it can be concluded
that faster hydrolytic cleavage of the MeCOMet—Glipeptide was observed in the
reaction with the chloride complex than with copasding CBDCA Pt(ll) complexes. The
steric effects of the Pt(ll) complex on the hydtmycleavage of the amide bond in the
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MeCOMet—Gly dipeptide were also investigated'ByNMR spectroscopy. It was found
that the rate of hydrolysis decreases as the dbetic of the [Pt(L)(CBDCA©O,O’)] and

[Pt(L)CI;] complexes increase (en > 1,2-pn > dach).
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1. OIlIITHU AEO

Kommieken namagujyma(ll) u mmatune(ll), kao u wuxoBa apyra jequmemna, IMajy
BEJIUKY NMPUMEHY Y MEIUIIMHH W HWHIYCTPHUjU, 300T Yera ce oBa jeqUEHCHa WHTCH3WBHO
n3ydaBajy Beh myxu Hu3 roguHa. OBU METalM Cy Y KOMIUIEKCHUM jeIUbCHhIMa Hajuenihe
y 2+ OKCHJAIHOHOM CTaEmy IITO OroBapa O° eNEKTPOHCKO] KOHOUIYPALHjH HHXOBHX
jona. Kommutekcu Pt(Il) u Pd(ll) cy kBagpaTHO-TUTaHapHH M AMjamMarHeTuaHu. KoMruiekcu
Pt(Il) cy uHEepTHH U MeXaHHM3aM CYICTHUTYI[HOHUX PeaKIlhja OBHX KOMIUIEKCA j& JETajbHO
ucnutuBad [1]. Hacympor oBome, komrutekcu Pd(ll) cy 3HATHO peakTHBHHjH y JIUTaHI-
CYNCTHUTYIIMOHUM peakiujama. bp3uHa peakuuja y Kojuma H0da3H 10 CYNCTUTYIIH]jE
muranga y kommrekenma Pd(Il) je oko 10°-10° myra Beha y omHocy Ha oxroeapajyhe
peakimje komruiekca Pt(Il) [2]. O6a jona metana cy meke Jlyucose (Lewis) kucennne u
nokaszyjy adbuHHTET 3a Jmranae kao mro cy CN, uiu jauranme Koju cajapike CyMITOp-

JOHOPCKE aToMe Koju Ipurnajajy rpynu mekux Jlyncosux (Lewis)6asa.

WzyuaBawa wuHTepakimja komruiekca tuatuHe(ll) w  mamamgmjyma(ll)  ca
OMOMOJIEKY/IMMa, Kao MITO Cy MEeNTHAN ¥ IPOTEHHU, UMa]y BEJIMKHU 3Ha4a] 300T TOTa jep ce
komruiekcu tuiatuae(ll) mocinenmux 40 roguHa MHTEH3UBHO KOPHCTE y MEAMIIMHU Kao
AQHTHKAHIIEPOTCHU W aHTUTYMOPCKHU areHcH. [Ipobiem mHXoBe MpUMEHEe y MEIUIMHH je
IBUXOBO TOKCHYHO JIEIOBamke, 300T uUera ce JaHac WHTEH3WBHO pajyl Ha W3HATAXKCHY
HoBux komruiekca Pt(ll) u Pt(IV) koju he umatn Mame TOKCHYHO, a Behe aHTUTYMOPCKO
nejcrBo [2,3]. UsyuaBama peaknuja komruiekca miatuae(ll) u mamagujyma(ll) cy mokasana
Jla OBU KOMITJICKCH MHTEppEearyjy ca MernTUAHOM Be30M y MENTHINMA U MPOTCHHUMA, Kao U

Ja Tpajae CTa0WIHE KOMIUICKCE KOODIMHOBameM 3a HEKy oJ amuHokucenuHa (L-
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METUOHUH, L-mucrenH, L-xucTuann) Koje ce Hamaze y O0YHOM HU3Y OBUX OMOMOJIEKYJIa
[2,4-6]. Pe3ynraTi OBHMX HMCIUTHBama IOKa3yjy Ja C€ OBM KOMIUIEKCH KOOPIWHY]Y Ha
pa3nuunTe Ha4YMHE 3a MENTHAE W MPOTEHHE, ajli OHO IITO j€ BPEIHO MaXHe jecTe Aa y

UCIUTHBAHUM peaklivjaMa Huje Hal)eHO pacKuaame NeNTHAHUX Be3a y OBUM MOJIEKYJIHUMa.

Y MHOTHM 6I/IOJ'IOH_IKI/IM nmponecumMa Ao0Jjasu a0 XUAPOJIMU3C NCHTUAHC BE3C Y
NenTuguMa M MNpOTCHUHHMA. HonpreMe XUAPOJINU3C HCAKTUBHUPAHC TCITUAHC BE3C Yy
Heyrpannoj cpeaunuu je oko 500 roguna [7]. Ca XxeMujcke Tauke TJICAUINTA KCTPEMHA
WHEPTHOCT YWMHH OBY Be3y BeOMa HWHTEPECAaHTHOM. 3a pacKuiame MEeNTHIHE Be3e
KopuiIheHH Cy pa3iMyuTH IPOTEOJIMTHYKUA €H3UMH, il j€ BhUX0Ba MPHUMEHA OrpaHHYeHa

¢ 003UpOM Ha CTPUKTHE ycioBe Temiieparype u PH Bpennoctu cpenune [8].

CenekTHBHAa XUApONU3a TMENTHIA W TMPOTEHWHA je BPJIO 3HAYajaH IOCTYMNaK 3a
onpehuBame CEKBaHIIE MPOTEWHA, KA0 M 3a Jpyre Ouonomke TpaHchopMaliuje OBHX
clloKeHuX jenumbema [8]. HajjenHocTaBHUjH peareHCcH KOjU Cy KOpHIINEHH 3a XUIPOJIU3y
MIENTUIHE BE3e cy [[1jaHOTeH-OpOMH T (CNBr), 3-6pom-3-metmi-2-(2’-
autpodenmncynpenun)-uagoiaeun (BNPSekaron), N-OpoMCYKIMHUMHIIL ¥ MHOTH APYTH
[9]. Enmonenitiaase mokasyjy 100po KaTaTWTHYKO JAEjCTBO M CEJICKTHBHOCT, ajld MECTa Ha
KOjUMa ce MENTHIN U MPOTEUHH 1LIETIajy Cy MHOTOOpOjHa, a 100UjeHH (parMEeHTH Cy 4eCTO
BeoMa cioxeHu. OBako 100ujeHN (hparMeHTH MPOTEMHA MOTY OUTH Pa3IUUUTE TYKHHE U
YECTO Cy HEMOTOHU 3a Jajbe CeKBEeHIMOHUCcame. Ynorpeoom CNBr moxe ce 3a06uhu Taj
npoOJieM, ajli OBaj peareHC je BeoMa HEMOCTOjaH M TOKCH4YaH. 300T Hampe] HaBeIACHUX
YHEHUIA HEONXOHO je 6uo Hahu HOBe peareHce koju he mmaru Behy CEleKTUBHOCT U

jade U3pakeHa KaTaluTHU4Ka JIejCTBA.

VY TOoKy mocnenme TpU JENeHHje, Ka0 HOBH PEarcHCH 3a XUAPOJU3Y MENTHIHHX
BE€3a YEeCTO Ce€ KOPHCTE KOMILICKCH joHa mpeiasHux Metana [10-12]. OBu koMIUIeKCH MOTY
CEJIEKTUBHO XHUIPOJM30BATH MENTHIHE Be3€ y MENTHANMA U IpoTernHuMa. OCcuM Tora IITo
ce KOpHUCTe 3a oApehuBame CEKBEHIIE MPOTENHA, KOMIUICKCH MeTaja Cy HAllUTh TPUMEHY
KOJ CHHTE3a pa3jINuuTuX nporeuHa. [lopen Tora, oBU peareHCH c€ MOTY KOPHCTUTH U 3a
n3yJyaBame KoHpopMaIrja U Apyrux ocoOnHa nmpotenHa. Takohe, n3ydyaBameM MEXaHU3Ma
MO0 KOjeM jOHHM MpeJa3HMX MeTaja KaTadu3yjy CEJIEeKTHBHY XHUIPOJU3y TENTHIHE Be3e

MOYE C€ pa3jaCHUTH yJIora jOHa MeTajla y akTUBHUM LIEHTpUMa MIPUPOTHUX IPOTEasa.
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1.1. XUAPOJIN3A IIEIITUJA ITOMORY KOMINVIEKCA ITPEJA3ZHUX
METAJIA

MHor# joHn MeTajla ¥ ’bUXOBU KOMITJICKCH KaTalnu3yjy XUAPOIU3y NEeNTHIHUX Be3a
y KpatkuM nentuauMa [13-15]. Y npuHiuny, oHu KaTaau3yjy Xuapoau3y X-SernenTuane
Be3e (X je OMio Koja aMHHOKHCETMHA). MeXaHu3aM CEJICKTUBHOT pacKHIama MENTHIHE
Be3e NMOMONy joHa MeTasa IeMaTCKy je nmpukaszaH Ha ciuuu 1. Kao mTo ce Ha 0BOj cinumm
BUJIM, y TIpBOj (ha3u MENTH c€ KOOPAMHYjE€ 3a JOH MeTaja MPEeKO XeTepoaroMa OOYHOT
HU3a aMHHOKHCEIMHE, a 3aTHM 3a JEMPOTOHOBAaHE aToOME a30Ta MenTuaHe Be3e. HakoH
KOOPJMHOBamWA MENTHAA 32 JOH MeTaja, I0JIa3H 10 HHTepakirje kapoonuiae rpymne ca OH
IPYIOM ceprHa U rpaljerba IUKINYHOT eCTpa, HAKOH Yera J0JIa3u JI0 PacKUIama aMUHE
C-N Bese. Monekyn Bojie KOju MOTHYE M3 pacTBapava BpiM Hykieodrinn Hanag Ha C
aTOM ecTapcke Bese, NMPU YeMy ecTapcka Besa xuaponmsyje [16,17]. Mehyrum, y oBuM
peakijaMa He J0Jla3d JI0 pacKuaama IMCNTUAHUX Be3a Yy YHjy CTPYKTYpY yJa3u
KapOOKCHIIHA TpyIa CeprHa Y AYXKHUM HEeNTUIuMa Uiu npotenHuMma. Haheno je na jonu
Cu(ll) xaranmsyjy peruocenekTuBHy xuaponusy Lys226-Thr227 mentuaHe Bese y
umyHorooynuny 1gG; xoju je nzonoBan u3 xymaHor cepyma [18]. Jlasba McTpakuBama
cy mnokazana aa Cu(ll) xumponmsyje X-Ser u X-Thr mentuane Bese y menTuauMmMa |
npoTenHuMa koju caapke —X-Ser-His-,onnocao —X-Thr-His- cekBeHile Ha MOBHUIIEHO]
temneparypu u BuimuM PH BpemHoctuma [19-21]. Takohe, naheHO j€ ma KOMILICKCH
nanagujyma(ll), xao Ha upumep [Pd(en)(HO))*" (en je GumeHTaTHO KOOPHMHOBAH
STHJICHIMAMIH), XHIPOJIN3Yjy MENTUIHE Be3¢ y MENTUANMA KOJU CaApKEe aMUHOKUCEITUHE
METHOHHMH WK XucTuauH. [lentun ce koopaunyje 3a Pd(Il) jon nmpeko atoma cymmopa u3
OOYHOT HW3a METHOHHMHA WM IIMCTEHHA, OJHOCHO MPEKO aromMa a30Ta M3 HMMHUIa30ja
XUCTUAMHCKOT ocTaTka. OBe MHTEPAKIIMje JOBOJIE IO PACKUAAa APYTe 1O Peay MENTHIHE
BE3€ KOja Ce Hajla3u JICBO OJ] METHOHHWHA, [IMCTECHHA WK XucTuanHa (y BehnHu ciaydajeBa

panu ce o L-amunokucenunama) [22,23].

[naruna(ll) joH ¥ BeEroBu KoMIUIEKcH, kKao Ha mpumep [Pt(en)(HO)]*, mpu
auckum PH Bpeanoctuma (PH oko 2), Katanu3yjy CEIeKTHBHO PAaCKUIame MEMTHIHE BE3e
y YHjy CTPYKTYpPY yJa3u KapOOKCHIIHA TpyNa IUCTeHHA WX METHOHHHA, HAKOH IITO CE
nentu koopaunyje 3a Pt(ll) mpeko atoma cymmopa u3 nucTerHa Wik MeTHOHUHa [24,25].
BbuxoBa cenekTuBHOCT je orpanuueHa Ha cekBeHle ca Cys/Met/Hisocrarkom. 3a pa3nuky
on momenytux Pt(Il) xommmekca, Cis-[PtCly(NHz3),] xommieke uma CIMYHY PEeakKTHBHOCT

kao u Pd(Il) xommuekcu y mupoj pH obmactu [26]. Haheno je u ga arom asora uz Trp
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MOe OMTH MeCTO KOOpIUHOBama oaroBapajyhux xunponutuuky aktuBaux PdA(I1) u Pt(ll)
komruiekca [27,28]. Tlentumne Bese  X-Ser/Thr y —X-Ser/Thr-His/Met cexBenin 'y
xymaHoM cepyM anoymuny (HSA), xuaponusyjy y npucyctsy Pd(Il) kommiaekca [29].

X
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Camka 1. IllemaTckn mpuka3 CEIEKTHUBHOT pacKuaama X-SEer MenTuaHe Be3e y

npucyctBy Ni(ll) jona [30]

Mentunne Beze GIN91-Ser92 u  Ala94-Thr95 y mnporenHy MUOrIOOHHY
xuaponusyjy 'y npucyctBy pasmmuutux Cu(ll) xommmekca [31]. V' peakmuju Cu(ll)
KoMmIuiekca ca 6oBuH cepyMm anoymuHoM (BSA) monasu 10 ¢parmeHranyje mporenHa Ha

BHUIIC MECTA, TAKO a HC J0Ja3h OO PCTUOCCIICKTUBHE XUIPOJINU3C OﬂpeljeHe NCNTUIHE BE3C

[32,33].
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B. Ban (W. Bal) u capagauim cy HCIUTHBAIN PEaKIIMje XUAPOIU3E XCKCAMCTITHIA
MeCOThr-Glu-Ser-His-His-Lys-NB y npucycty Ni(ll) jona. Haheno je ma Glu-Ser
nenTuaHa Besa xuaposusyje y npucyctBy jona Ni(ll) y docharaom nydepy na pH = 7,4u
na temneparypu ox 37 °C [34]. ['naBuu poM3BOJ OBE peakiuje, y npuHocy og 3 — 9%,je
KoMIUIeKC Koja kora je mentun Ser-His-His-Lys-NH terpageHTaTHO KOOpAMHOBAaH 3a
Ni(Il) jon. /lasba ncTpaxkuBama Cy mokasaia ja nentuj ca 34 aMMHOKUCETMHCKA OCTaTaKa,
kao u xucroH H2A (oba campke momenyty cekBeniy) y mpucyctBy Ni(ll) jona, mpwu
CIIMYHMM YCJIOBHMA, XUAPOJIM3Yjy UCTy MENTHIHY Be3y, anu oko /7 myra opxke [35]. V
ucroj peakuuju Cu(ll) jor xunpomu3syje oBaj nentua (ca 34 aMUHOKUCEIMHE y HU3Y) Ha
uctu HauuH kao u Ni(ll) jon, amu 3 myra cnopuje, gox cy Co(ll) u Zn(ll) y oBom ciy4ajy
XUIPOJUTHYKA HEAaKTHBHU. McTpaxkuBama ca aHAJIOTHHM TMENTHIOM, KOJ Kora je
XUCTUAWH CYICTUTYHCAH OCTATKOM ajlaHWHa, ToKasajia cy aa je -Ser-His- cexBenia
HEOMXo/Ha Ja Ou gomwio 1o peakiuje xuapoiuse [36]. Peakrusnoct Ni(ll) jona nmpu pH =
7,0 je moBehaHa ako ce CepuH CYNCTHTYMIIE TPEOHHHOM, JOK j€ peakluja XHUIPOJIn3e
Hajopska mpu PpH = 9,0 — 10,0 [37]McnuTrBama OBUX peakiHja MOKa3yjy Ja y 0a3Hoj
CpeavHH, y enTuauMa ca cekBeHioM -Y-(Ser/Thr)-X-His-Z-rxe je Y = Gluumu Ala, X =
Ala i His u Z = Lys, nona3u g0 peruocenektuBHe xuaponuse Y-(Ser/Thr) nentunne
Be3e y mpucyctBy Ni(ll) joma. Ha ocHOBY Tora je mpermocTaBJbeHO J1a CYNCTUTYIIH]ja
HCKUX aMHUHOKHCEIMHA Yy T0J0Xkajy X u Z Moxe yop3aru peakiujy xumponuse. Jou Ni(ll)
Ce y OBaKBOM CHCTEMY IOHAIlla Ko BElITauka eHIOMENTHIa3a ca CeIeKTUBHOIINY Koja ce

MOYX€E YIOPEIUTH Ca CH3UMHUMA KOjH C€ KOPHCTE Y OMOTEXHOJIOIIKO] TIPAKCH.

I'posc u Yembepc (Grovesu Chambers) [38ty mokazanu ga Cu(ll) u Zn(ll) jouu
e(hUKacHO XHAPOJIN3Y]Y HEAKTUBHPAHY aMHUIHY BE3y OHJA Kajia c€ METal KOOpJWHYje 3a
HEKH O] JIOHOPCKUX aToMa KOju ce Hayia3e y OJIM)KO] OKOJIMHM aMHJIHE Be3e, MPHU YeMy je
KaTaJMTHYKA aKTHBHA BpCTa MerTan-akBa kKomiuieke (Crmka 2). J[BOBaJeHTHH jOHH
IpeNia3HuX MeTaja Cy KOpuIIheHH 3a XUAPONU3y pasauyuTux nukonmHamuaa [39,40].
Pe3ynraTi OBHX MCIMTHBaMba yKa3yjy Ha KaTaJIUTHYKY aKTHBHOCT METal-akBa KOMILIEKCa
[39]. Takohe, oBu pe3yaTaTu Cy MOKa3aau aa je Op3WHA XHIPOIHM3E€ aMUIHE BE3¢ MHOI'O
Beha ako He nonasu qo aenporonaruje amuanor (NH) asora [40]. 3a xuapoausy amuaHe
Beze y DMF (mumernndopmamun) xopumthen je nectadumnu Oakap(ll)-OunupuanHcku
koMmiuieke, [41] nmox je craGmnnm MmomodyHkmmonamsu [Cu(tpy)Ft (tpy = 2,2°,.2"-

TEPIUPHUINH) KOMIUIEKC XUIPOJUTHYKH HEAKTHBaH.
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M = Cu, Zn
R =-Me ili -CH,COO

Camnka 2. CtpykTypHa ¢dopMmyna KOMIUIEKCa MeTajla KOjU TOKa3yje CIIOCOOHOCT

packnuagamba aMHUIHE BC3C

Pesynratm wucnutMBama Cy [OKa3adM Ja C€ CHHTETHYKAa  HyKJeasa
[Cu([9]aneN)Cl,] (Camka 3) Moxke KOpHCTUTH Kao mentuaasa [32]. Y peakuuju
neaktuBupanor mgunentuga Gly-Gly ca [Cu([9]aneN)Cl;], xumpommsyje Gly-Gly
NENTHIHA BE3a, a JeIUHH ITPOU3BOJI OBE peakiiyje je raunuH. Mako je peakiuja Omia cropa
[Cu([9]aneN)Cl;], xommuiekc je mmao ynory kartainusaropa. Takole, MpoTenH cepym
anoymun (BSA), wu3onoBan u3 roBeher cepyma je XHAPOIM30BA0 y IMPHUCYCTBY
[Cu([9]aneN)Cl,] xommuiekca [32]. Tlopen Tora, MCIUTHBama Cy IMOKasaua Ja Kajaa ce
peakuuje Xuapoiuse Bpiue y oaroBapajyhum mydepuma y mpucyctBy [Cu([9]aneN)Cl]
KOMILJIEKca, J01a3u o xuaponuse BSA mporenna camo Ha jenHoM mecty. O6e HaBeneHe
peakiije mokasyjy 3Hadajan yrunaj mydepa, npu yemy Gly-Gly nenrun u BSA nporenn
XUApoau3yjy Opxe y HaTpujym-OmkapOoHaTtHOM mydepy Hero y HEPES mydepy. Ha
OCHOBY TOTa 3aKJbYYEHO je Ja yHoTpeOsbeHH My(epr YyU4ecTBYjY Y peaklijama pacKuaama

oJrosapajyhux nenTugHux Besa.

Cmmka 3. CtpykrypHa ¢popmyina nuxiaopuno-1,4,7 rpuazanukiononandakap(ll)
komiuiekca [Cu([9]aneN)Cl;]
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Paznmuunti kommutiekcu kobanta(lll) ce takohe, Mory koopauHOBaTH 3a MENTHIE U
KaTaJM30BaTH XUIPOJU3y MENTUIHE Be3e. MelyTum, pe3ynraTu HCIUTHBaKka Cy IOKa3aln
Jla y OBOM CIJIy4ajy JOJIa3d JI0 XHUIPOJIHM3E CaMO MENTHAHE BE3€ Y YHjy CTPYKTYPY yJasu
kapOokcuiHa rpymna N-tepmunanie amunokucenune [12]. ITopen kommtekca kobanra(lll),
3a XUApOJIHM3Y MENTHIHE Be3e KopuinheHu cy W Heku Komruiekcu reoxha(ll) ca edta
(eTunenauamuHTeTpacupheTHa KUCEIHMHA) JHraHAuMa. McnuTuBama Cy Mmokaszaiga Ja ce
edta-Fe(ll)xommiekcu y mpBoj (a3u KOBaJICHTHO Be3yjy 3a OOYHH HHU3 aMHHOKHCEIHHA, a
3aTHM JI0JIa3M 10 XMIPOJMTHUYKOI pacKuiama nentuaHe Bese. MehyTum, oBu pesynratu
HHCY HAlUIM MPAaKTUYHY NPUMEHY Yy aHaJIUTUYKOj Ouoxemuju [42-51]. Takobhe, Heku
IUKJIOACKCTPUHCKU KoMmriutekcu 1epujyma(lV) cy mokazanu 3aBUAHY KaTaIUTHUKY

AKTHBHOCT XUJIPOJIN3E PA3IMIUTUX JU- U Tpunentuaa [52].

1.1.1 XUJIPOJN3A IENTHJA MTOMORY KOMILIEKCA IIIATHUHE(I) A
MAJIATTAIYMA(I 1)

HctpaxxuBama y OBOj O0JACTH Cy TMOKaszajga Jla KOOPAWHOBAaWmE KOMILIEKCA
nanmaaujyma(ll) u mrarune(ll) 3a 6ounu Hu3 Hekux amuHokucenuHa (L-xuctuawna, L-
MeTHOHMHA H L-Tpunrodana) noBoauM 1O XHIPOJIU3E NENTUAHE Be3e Koja CalpKu
KapOOKCWIIHY TpyIly KOOpIMHOBaHe amuHOKHcenuHe [28,53,54]. Illema peaxnuje
XUIPOIHM3€ TENTHAHE Be3e Koja CaApKd KapOOKCWIIHY Tpymy KOOPIWHOBaHE
aMHHOKHCENIMHE TMpuKa3aHa je Ha ciuid 4. [lpumena komrutekca rtutatuHe(ll) wu
wiagujyma(ll) y HaBmeHUM XHIPOJUTHYKMM peakiidjama Npe[CcTaB/ba HOBY METOAY 3a
CENICKTHBHY XHWJAPOJIM3Y TCNTHIHE Be3e y MENTHIUMa W MNpoTenHuMa. JletabHO je
U3ydaBaH MEXaHU3aM OBUX XUAPOJIUTHYKUX peakifja TECTUPajyhu pa3imuuTe KOMILIEKCE

nanaaujyma(ll) u maarune(ll) xoju y 6ymyhHoctd Mory Hahu mpakTHYHY IIPUMEHY.

[IpBa m3yuaBama XUAPOIMTUYKHX peakidja MENnTHIa W MPOTCHHA BpIICHA Cy ca
xomiuiekcuma tuiatune(ll), amm ce yOp3o mpenuio Ha Mame CcTaOWiIHE KOMILIEKCe
nanamujyma(ll). YrBpheno je na xuaponutuuku akTHBHU Komiutekcu managujyma(ll) u
wiatuae(ll) Mopajy umaTH, on YKYIHO YETHpH, HajMame JBa KOOPIMHAIIMOHA MeCTa
cnmoboaHa (jemHO 3a KOOPAMHOBale 3a OOYHM HH3 AMHHOKHCENWHE, a Jpyro 3a
MHTEPAKILHjy ca HajOIKOM MENTHIHOM BE30M Koja ce packunia). [Ipema Tome, moTpedHO
je 1a KOMIUIEKC CaJIp KU HajMarbe J1Ba CJ1a00 Be3aHa jiuranja (TaOWIHM JIMraHan), Kao IITo

j€ MOJIEKYJ BOJie, TaKO Ja ce Op30 MOTY CYINCTUTYHCATH Yy PEaKIMju ca TMENTHANMA.
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Camka 4. Omira memMa Xuaposin3e NenTUIHE Be3e Y MeNTHANMA U IPOTEHHUMA

nomohy komruiekca nanaaujyma(ll)

[Ipeocrana nBa KOOpAMHAIIMOHA MECTa 3ay3uMa HEKH OHMIEHTATHHU JIMTaHJ], KOjU OCTaje
KOODJMHOBAaH 3a jOH MeTala Yy TOKY XHIPOJUTHYKHX peakiuja. McnutuBanu cy
KOMIUIEKCH Ca Pa3IMYUTUM OHMJICHTATHUM JIUTaHINMa, KOjU MMAjy pa3iIHdhTe CTEpHE U
kuHeTnuke edexre. [TomTo cy OBU KOMIUIEKCH YIJIaBHOM MO3UTHBHO HAENEKTPHCAHU, Kao
KOHTpa joHu Hajuemhe cy ce ynorpebspaBanu ClOs unu BF, anjonn. OBH aHjOHH HEMajy

moryhHocT koopauHaBama 3a Pd(ll) jom.

Ha cmumm 5 mpukaszanm cy komiuteken mnamagujyma(ll) koju cy mokazamu
XUJIPOJIMTHYKY aKTHBHOCT Yy peakidjama ca mnentuauma. [Ipuka3aHu akBa KOMILICKCH
n06ujeny cy o oArosapajyhux xmopumo komriekca Tanoxkemem Cl jona ca Ag™ jornma
[55]. CBu koMIUIEKCH, TPUKa3aHU Ha CIMIOM 5, KopuimheHH Cy Kao Karajau3aTopd 3a
XHAPOIU3y IMenTuaHe Bese. Kaja ce xao karammsarop ynorpeou [Pd(H0)a]?" xommuiexe,
XUAPONIN3a MENTHIHE Be3e je Beoma Op3a, amu Ha PH > 2,0 mpeko XUAPOKCHIIHE TpyIie
noja3u a0 nonumepusaidje opor manaaujym(ll) xommiekca. [Momumepusaiija KoMIuiekca
je cnpeuena nmomatkom pactBopa HCIO,; koja cmpewaBa oBy peakuujy. Hako je
[PA(H,0)4]** kommimekc craGumam 3a BpeMe of 7 JaHa, 3a XWAPOTHTHUKE pEaKIiHje
MIOXKEJHHO je KOPUCTUTH CBEXE MPUIIPEeMIbeH pacTBop. OcTaiay KOMIUIEKCH TPUKa3aHU Ha
CIMIM 5 Cy 3HA4YajHO CTAOWJIHH]U MPH OBAaKO HUCKUM PH BpemHocTMMa. AKO ce akBa
JUTaH]] Y KOMILJIEKCMMa TPUKA3aHUM Ha CIUIM S CYNCTUTYHUIIE Ca HEKUM aHjOHCKUM

auraHaoM, kartamuthuka cnocobHoct Pd(ll) kommiekca ce  3HaTHO —cMmambyje.
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[Pd(dtco-OH)(H,0),I°" [Pd,(1-SPh) (s0l) ]

Camka 5. CtpykrypHe ¢popmyiie Hekux komiuiekca nmainaaujyma(ll) koju cy

yIOTPOJHEHN Ka0 KaTaIM3aToOpy 3a XUAPOIU3Y NENTHIa U IPOTEHHA
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Tako na mpumep, [PACH]* koMIIIeKe nMa 3HATHO MaFby KATATHTHYKY AKTHBHOCT Y OJJHOCY

na [Pd(H0)4]*" kommexe.

Nmajyhu y BuIy 1a y MHOTHM €H3MMHMa aKTHUBHHU IIEHTAp CaapKu JUHYKICAPHU
KOMIUICKC, 32 HWCIUTHUBAKE XHIPOJIMTHYKHX peakiHja ca MeNTUAUMa H IPOTCHHHMA
KopuinheHu cy pa3nuuuTi JuHykieapHu komiuiekcu nanaaujyma(ll) m mmatune(ll). Osu
KOMIUIEKCH Hajuelnhe y MOCTY CaJipsKe CyMIIOp-ZOHOPCKE aToMe M J00po Cy MO3HATH y

KOOPAWHAIIMOHO] XeMuju [56].

C o03upom ga cy komiuviekcu manmaaujyma(ll) u mmarune(ll) aujamaraeTuaHu
IIXOBE peaKiuje ca INenTWaumMa ce mory mparmti momohy ‘H u °C NMR
criexrpockonmje. Iomrro %Pt jesrpo mma Hykimeapuu ciuu ¥ notpeGre uH(OpMAIje o
crpykrypu Pt(ll) xommiekca mory ce takohe, moGutn u3 %Pt NMR crexrapa. NMR
cnekTpu pasauuutux komiutekca muatune(ll) n mamamujyma(ll) ca aMuHOKHCEeTMHAMa |

HEeNTUAMMA Cy IeTaJbHO ONMCAaHU Yy uTeparypu [S57].

XemHjcka MoMepama CHTHaJa Koja MoTudy onx Mmetwi-npotroHa CHs-S rpyme y
MEeNTUIMMa KOju caapke L-MeTHOHWH u S-MeTui-L-nHucTenH ca ycrnexoM cy KopuiiheHa
3a npaheme peakiyja XUApoJin3e OBHX MENTUAA. XHUAPOJIUTHUKE pEaKifje MenTuaa Koju
cagpxe L-xuctumun y npucyctBy komruiekca Pd(I) u Pt(ll) mory ce mparuti Ha ocHOBY
XeMHjCKUX TIoMepama Koja notuuy o C2H u C5H nporoHa u3 MMHIa30710BOT MPCTEHA.
XemmujcKka moMepama OBHX MPOTOHA 3aBHCE OJ] TOTa Ja JIM je€ HEKH O] a30TOBUX aToOMa U3
MUMHJIa30JIOBOT TIPCTEHA IPOTOHOBAH MM KOOPJWHOBAaH 3a joH MeTana. Ha ocHOBY
XeMHjCKHUX TIOMEpama OBUX IMPOTOHA J00MjeHe cy MH(OpMaluje O CTPYKTYpU MENTHIA
Koju canmpke L-xuctumwn, kao u crpyktypu Hactanux Metan(ll)-nentun komriekca.
KBanTutatnuBHe wuH(pOpMaIMje O MCIUTUBAHMM peakiujamMa Jgo0WjeHe Ccy TMoMohy
BPEIHOCTH HMHTerpana oBux curHama [6,58,59]. Takohe, xemujcko mnomepame O-CH
npoToHa M3 L-XHCTUAMHA YeCcTO MOKE yKa3aTH Jia JOJIa3H 10 KOOpIMHAIMje TIeNTHAA 3a
oarosapajyhu katanmutuuku komruieke Pt(Il) m Pd(Il). ITlentuara NH rpyma ce metekryje y
HEBOJICHUM pacTBOpMMA, a OINaJambe WHTEH3UTETa pPEe30HaHILle Koja MOTHYE OJ] OBOT
NpOTOHA je 1000p MHIMKaTop 3a meroBy cyncrutynujy ca Pd(Il) mmm Pt(ll) jorom. NMR
CIIEKTPOCKOIHUja ce Takolhe, MOKE ca YCIIeXOM NPUMEHUTH 32 KHHETHYKA HCIHUTHBAbA
peakiuja xuaponause nentuaae Bese y npucycty PdA(I) u Pt(ll) kommiekca. OBa mepema
cy mpuianuHO mpenm3Ha (omcer rpemike je oq 5 - 10%)Tako ga ce ca ycrnexoM Mory
NPUMEHHUTH 3a ojpehuBame KOHCTaHTe Op3MHE peakiyje XHIposu3e menTuaHe Bese. Ha

OCHOBY Mepema pa3iinka y MOBPIIMHH MHTETpajia pe30HAHIN KOje OJroBapajy MoJla3HOM
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nentuay (MHTEH3UTET OBUX CHTHAJIA CE CMamyje y TOKY peakiifje) U MOBPIIMHE HHTEerpaia
pPE30HAHIM KOje OATOBapajy pPEakIMOHMM IPOM3BOJAMMA (MHTEH3HTET OBUX CHUTHANA Ce

Hajuerrhe mosehaBa) Moske ce OPEIUTH MPOIICHAT XUAPOIU30BAHOT TICTITH/IA.

Koopaunaruja jona merana 3a nentuany Besy (—NH-C(O)-) je Beoma croken
npouec. Y cymrunu nocroju moryhnoct na ce Pd(Il) mmm Pt(ll) jon koopaunyje 3a atom
a30Ta WU KapOOHWIIHM KHCEOHMKOB aTOM IenTuaHe Bese. KoopauHanuja oBa Ba joHa 3a
aTOM a30Ta 3axTeBa HETOBY JCMPOTOHAIM]Y, 300T Yera je Be3a Koja MpH TOME HAacTaje
BeoMa CTaOWIJIHA, JOK C€ Y ClIy4ajy BHXOBE KOOpPJWHAIM]E 3a KapOOHUIIHU KUCEOHHUKOB
atoMm ¢popmupa Beoma Hectadbuiara Pd(I1)-O unu Pt(11)-O Besa. 360r Tora, uecto 1051a34 10
murpanuje koopauroBanor PdA(Il) mmu Pt(Il) jona ca xkapOOHMITHOT KHCEOHHUKOBOT aToMa

Ha aToM a3oTa IICITHUIHEC BE3C.

Kon mentuaa xoju He caape XeTepoaToM y OOYHOM HHU3Y, Ja OW JONIIO [0
koopaunaruje Pd(Il) u Pt(Il) 3a Heku o aToma U3 eNTUAHE Be3€¢ HEOMXOIHO j€ Ja CE OBH
JOHH MeTaja MPEeTXOMHO MOHOJIEHTATHO KOOPAMHY]Y 3a aToM a3oTa u3 N-repmuHaize
amuHo Tpyne. Y cieaehoj ¢a3um oBu joHM MeTana ce KOOpPAWHYjY 3a aTOM a30Ta M3
MENTHUIHE BE3€, IITO 3aXTeBa HETOBY JenpoToHanujy. Ha oBaj HaumH moke ngohu mo
MOTITYHOT KOOPJIMHOBAka jOHA MeTaja 3a MeNTH]] IPH YeMy HacTajy KBaJApaTHO-TIIIaHAPHU
KOMIUIEKCH KOjU caJpKe TPU XelaTHa netowiaHna npcreHa [4]. 3a pasmuky ox Pt(ll), Pd(II)
JOH JENmpOTOHYyje MENTHAHM a30T Nnpu BeoMa HuckuM PH Bpemnoctuma [60]. Tako Ha
npumep, HaheHo je na cy pKaBpemHOCTH NeNpOTOHAIM]E MEeNTHIHOT a30Ta Y TPUTICTITULY
Gly-Gly-Gly y peaknuju ca Pd(Il) jonom npubmmxuao 2 3a npBy u 4 3a Apyry NENTHIHY
Be3y [60].

bounn HHM3 menTHaa KOju yMHE aMUHOKUcenuHe L-tmcrewH, L-metwmonwH u L-
XUCTUAMH ce MHOTO Jakire koopaunyje 3a PA(Il) u Pt(ll) jone y ogHocy Ha a30TOB aTom H3
N-tepmuHasiHe amuHO Tpyrne. OBH jJOHM MeTajla c€ KOOPJAMHY]y 3a OOYHHM HH3 TPEKO
THOJIHOT aTOMa CyMIIopa M3 [UCTEHHA, THOETAPCKOT aToMa CyMIIopa U3 METHOHHMHA U JBa
MMUA30JI0Ba aToMa a30Ta W3 XUCTHAWHA. HakoH KoOpAMHAIMje 32 HEKH O] HABEACHHX
aToma u3 0OYHOT HHU3a, MOHOJIcHTaTHO KoopauHoBanu Pd(Il) jou Beoma maxo, mpu pH <
2,0, menpoToHyje MENTHIHM a30T CyCceaHE MENTHIHE Be3e M Ipaaud CTAaOWIaH XeJIaTHU
KoMIuIekc. OBaKo HACTaM XeJlaT CTEPHO yCIopaBa XUIPOIHM3Yy ojaroBapajyhe menTuaHe
Beze. Hacympor oBome, xoopmuHanuja Pd(Il) jona 3a kapOOHHIHU KHUCEOHHKOB aTOM
MEeNTHIHE Be3e MoBehaBa MaplHjaHO MO3UTHUBHO HACNEKTPHCAKHE HA aTOMY YTJbEHHKA

IITO JOMPHHOCH Oprkoj Xuaponusu nentuaHe Bese [60]. XemaTHu manaaujyMm-TEHTHIHHA
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KOMIUIEKC, HAacTao KOOpAMHOBameM ojaroBapajyher xomruiekca Pd(Il) mpeko Hekor on
JOHOPCKUX aToMa U3 OOYHOT HU3a M JEMPOTOHOBAHOI aTOMa a30Ta HajONMkKe MENTHIHE
Be3e Koja ce Hajaszu Ha N-TepMUHAIIHO] CTpaHU MENTH/IA, MPEJCTaBJba BeOMa KPYT CUCTEM
koju onemoryhaBa wnrepakuujy Pd(Il) joma ca cycemHoM menTHIHOM BE30M Ha

KapOOKCHITHO] CTPaHH MENTH/IA, a CAMUM THM U HCHY XUAPOIIH3Y.

Xuapoausa menTuaa KOju caJp:Ke aMHHOKHCeJHHe L-MeTHOHMH W L-mucTeHH

nomohy xkommiekca niaarune(ll) u mamagujyma(ll)

Joru Pt(Il) u Pd(Il) cy "meke” Jlyucose (Lewis) kucenuHe U Jako ce KOOPIUHY]Y
3a THONHY rpymy U3 L-mpcremHa u THOeTapcKy rpymy u3 L-mernonunHa m S-merui-L-
nucTenHa. MOHOAEHTATHO KOOPAWHOBAaHM  JOHM OBHX MeTaja Ce€ MOTYy XeJIaTHO
KOOPJMHOBATH 32 JACNPOTOHOBAHM NENTHIHH a30T CyCceAHE NenTuaHe Bese. bp3una
HacTajama OMICHTATHOI METal-TICNTH KOMIUIEKCa TUPEKTHO 3aBHCH onx PH BpemHoCTH
pactBopa. [lopex Tora, OupeHTaTHa KOOpIUHAIMja joHa MeTana (13B. S,N«oopauHaiyja)
daBopu3oBaHa je ¢GopMHpameM MeTowaHor (KOA I[MCTEMHA) WM IIeCTOWIaHOT (KO

METHOHHMHA) XEJIaTHOT MpcTeHa (T3B. xeramuu egpexam) [2,4,5].

Xuoponuza nenmuoa nomohy xomniexca niamune(ll)

[lpBa wcnuTHBama Cy MoKaszaiga jga koopauHoBambeMm Pt(ll) 3a Gounm Hu3
AMUHOKHCEIIMHA METHOHHMHA, IUCTEMHA M SMETWI-IMCTCHHA y TMENTHUAAMA TOBOIH 10
XUAPONU3e TMENTHIHE BE3e Yy KOjy yiaa3u KapOOKCHIIHA Tpyma KOOPAHHOBAHE
amuHokucenuue [58]. OBa xuaponusa nentuaHe Bese y npucyctBy Pt(ll) xkommiekca ce
OJIMrpaBa y KHUCEJIOj CpPeIUHU. Pe3ynraTu MCIUTHBama Cy MOKa3ald Ja ce XHIPOJu3a
onrosapajyhe menTuaHE Be3e HeE JelIaBa 300T KHCeNle CPEeJUHE pacTBOpa, HETO IOA

yruiajeM oarosapajyher kommuiekca ruatuae(ll).

Xuaponusa cymncrpata, kao mro cy MeCOMet-Gly, Leu-Gly, MeCOMet,
peayKOBaHU TIIYTaTHOH M S-METUJI-TIIYTaTHOH, je ucnutuBana y PH obmactu ox 0,8 no 7,0.
Kommieken minartune(ll) xoju cy kopumtheHu 3a peaximje XHIPOJIU3E OBHUX CYIICTpaTa
Ipe/ICTaBIbajy CTPYKTypHE aHanore komiuiekcuma nanamujyma(ll) (suau Cnuky 5). [Topen
KOMIUIEKCA YHhje Cy CTPYKTypHE (hopMysie pUKa3aHe Ha CIUIM 5, UCTIMTUBAHU CY U APYTH
komruiekcu tuiatuHe(ll) koju caapxke xematHo KoopauHoBaHe 2,2'-ounmpuaud (bpy),

muetwieHtpuamun (dien) u 2,2',6,6"-repriupunun  (fpy) nuranze. 3a KapakTepucambe
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KOMIUIeKca Koju Hactajy y peakuuju Pt(ll) ca Snponopckum nuranamma, kao u 3a
onpeljuBare BPEIHOCTH KOHCTaHTe Op3uHe xmaponmse, kopumhena je '*°Pt, °C u 'H

NMR cnekrpockornuja.

PesyntaTtn ucnuTHBama MoOKasyjy /a y CiIy4ajy Kaja aMHHOKHCETWHA y OOYHOM
HU3Y MENTHIA HE CaIp)KU JIOHOPCKH aTOM morojaH 3a koopauHoBame Pt(ll) jona, kao Ha
npumep Leu-Gly, He nmonasu 10 xunmposmse nentuaHe Bese. [Ipema Tome, XHapoim3a
NENTH/Ia KaTaJu30BaHa jOHMMa MeTaia Moryha je camo y ciaydajy koopautnoBama Pt(ll) 3a
HEKHU OJf XeTrepoaroma y OouHoM Hu3y. KuHeTmuka ucnuTHBama Cy IMOKa3ajia Ja cy
peakiuje Xuapor3e NenTHIHE Be3e MPBOT peia y OJHOCY Ha KOMIUIEKC TIaTHHA-TICTITH]I,
a BPETHOCT KOHCTaHTE Op3WMHE XHUAPONIM3E ce cMamyjy ca moehamem PH BpemHocTn
pactBopa. Takohe, xmopumnu jonu koopauHoBanu 3a Pt(ll) uuxmbupajy peakumjy
xuaponuse mentuaa. Haheno je nma xox XJopuao KOMIUIEKca MPBO Mopa jJohu 10
XHUIIPOJIM3€E OAroBapajyher XJIopuao JIUraHjia, Tj. leroBe CYNCTUTYIM]e ca aKBa JIUTaHIoM,
na 6 y HapenHoj (ha3u HacTanu aKkBa KOMIUIEKC KaTalu30Bao XUAPOIU3Y MENTUIHE Be3e.
Ha oBaj HaumH moTBpheH je BENHWKW 3Ha4yaj KOOPJAMHOBAHOT aKBa JIMTAHIA Y MEXaHU3MY

XUPOIU3E TETTUIHE BE3eE.

Karanutnuka crnocoonoct Pt(ll) xommiekca 3aBuCH O BPCTE MOJUACHTATHOT
JWraHaa KOOpJAMHOBAHOT 3a OBaj joH Merana. Tako, Pt(ll) koMmruiekcu ca TpuaeHTaTHUM
JMraHuMa, Kao mTo ¢y tpy wiu dien, koopauHyjy ce 3a 00YHM HHU3 y MENTHAY, ald HE
MOTY XUAPOJIM30BATU MENTUAHY Be3y. M3 oBora ce Moke 3aKJby4uTH Jla Cy HajMame JBa
c1o00JHa KOOpAMHALIMOHA MecTa y KBajpaTHO-IutaHapHOM Komiuiekcy Pt(ll) Heonmxomna
na OW oOBaj KOMIUIGKC TIOKa3a0 KaTanuTUyky crnocobnoct. Ilox cirobGomuum
KOOPJWHAIIMOHKUM MecTOM ce moapasymeBa na je 3a Pt(ll) jom koopawHOBaH HekH
MOHOJICHTATHHU JIMTAH/I KOjH je c1aboM BE30M IMOBE3aH ca jOHOM Merana (Ha mpuMep akBa
aurana). Ox gBa cimobomHa KoopauHanumona wmecra y kommiekcy Pt(ll), jemno je
HEOIIXOJHO 32 KOOPMHAIIHM]Y 32 XeTepoaToM y O0YHOM HuU3y nentuza (mpsa ¢asa), J0K ce
IPEKO JIPYror KOOPAWHAIIMOHOT MeCTa OJIBHja MHTEpaKIFja joHa MeTalla ca oJiroBapajyhom
NENTHIHOM Be30M Koja xuaposimsyje (apyra ¢asa). Haheno je ma crepum edekar
OMIEHTaTHO KOOPAMHOBAHOT JIMTaH/1a UMa YTUIIa] Ha XUAPOJIN3Y MenTuaHe Bese. Tako Ha
npuMep, BOJYMHUHO3HHM OWJICHTATHHU JIUTaH, Kao mTo je bpYy, y mOTIyHOCTH WHXUOUpa
xuAponuTHike peaknuje. Ca Mame BOJIYMHHO3HMM JIMTAHAMMA, Kao IITO je
eTWICHIUaMHUH, TOJyBpeMe XHApoiu3e ce Mepu naHuma. Mehytum, kaga ce Kao

2+ :
katanu3arop kopuctu [Pt(H.0)4]”" momyBpeme xuaposuse je cBera HEKOJIMKO vacoBa. Ha
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OCHOBY OBHX HCIUTHBAama yTBPHEHO je Ja M0 XUAPOIH3E MENTHIHE BE3€ M0JIa3H CaMoO

onpa ako je Pt(ll) jon moBoJbHO O3y MENTHIHE Be3e.

Menapuk (Sheldrick) u capaguui Cy WCHHUTHBAIM pEaKIHje AHTUTYMOPCKH
aktuBHuX CiS-[PtChL(NHs);] u [Pt(en)(HO),]*" komiuiekca ca menTumuMa KOju Campike
MeTHOHHUH. Peakije cy ucnurusane y pH o6mactu 2,5 - 11,0sa 40 °C, npuMeHOM TeuHe
xpomarorpaduje o Bucoknm nputacima (HPLC), macene criekrpomerpuje (MS) n *H

1 %Pt NMR CIIEKTPOCKOTMH]E.

Peakumje [Pt(en)(HO)]*" kommiekca ca au- W TpUmenTHAMMA Koju campike L-
metuonuH, Met-Gly, Met-Gly-Gly, Gly-Met, Gly-Gly-Meu Gly-Met-Gly, uciutusane cy
y pH o6mactu 2,5 - 11,0 [61]Halero je na y peaxumjama [Pt(en)(HO)2]?* ca nenruanma
KOJI KOjuX je MeTHOHUH N-TepMHUHaTHA aMUHOKUCEINHA, Y 3aBUCHOCTH oJ1 PH BpeaHocTH
pacTBopa, Hactajy [Pt(en)(peptidN,S]?* u [Pt(en)(peptidN,N")]* kommieken. IIpu pH <
8,7 momuHaHTaH je [Pt(en)(peptidN,S]?" kommeke, kox Kora je menTun OHUIEHTATHO
koopauHoBaH 3a Pt(Il) mpeko aTtoma cymmopa METHOHWHA M aToMa a30Ta TEPMHUHAIHE
amuHO Tpyme. Mehyrum, na Bumum PH Bpemnoctuma (PH > 8,7) momunHanTan je
[Pt(en)(peptidN,N’)]" kommeke, y koMe je menTuy koopauaosaH 3a Pt(ll) mpeko artoma
a3oTa TEpMHHAJIHE aMHHO Tpyle M JEHPOTOHOBAHOI aToMa a30Ta IENTHIHE BeE3e.
Hacympot ToMme, y peakuujama nzMelyy mentuaa KoJ Kojux MeTHOHUH HHUje N-TepMuHaiHa
amuHokucennHa (Gly-Met, Gly-Gly-Metu Gly-Met-Gly) u [Pt(en)(HO),]** kommexca, y
KHCeIIoj CpeqMHy, Y TpBoj dasu HacTaje [Pt(en)(peptidN,S)]" xommnekcHa BpcTa, HAKOH
gera J0J1a3d JI0 OTBapama eTHICHIMAMUHCKOT IIPCTEHA U TpUAeHTaTHe KoopauHaije Gly-
Met, omnocuo Gly-Met-Gly, nmentuna 3a miatuny(ll). Mehyrum, npu Bummm pH
BpPEIHOCTHMA Y peakilfja OBOI' KOMIUIEKCA ca TMEeNTHUIMMa KOJ KOjuxX MeTHOHWH Huje N-
tepMmuHanta amuHokucenuna (Gly-Met u Gly-Met-Gly, pH > 7,4)u nmentuauma Koju
cagpxke N-repmunanuun metuonud (Met-Gly u Met-Gly-Gly, pH > 8,7) nomunantHy
BpCTy y pactBopy mnpexctasiba [Pt(en)(peptidN,N’)]" xommiexc. Hacympor oBome, y
peakimju [Pt(en)(HO0)s]?* kommiekca ca Gly-Gly-Met tpumentunom mpu pH < 10,6y
pacTBopy mnoctoju camo [Pt(en)(Gly-Gly-MetN,S)]" kxommnekcra Bpcra. HaleHo je ma y
CBHM MPETXOTHO UCITUTUBAHUM PEaKilfjaMa He J0JIa3u 10 XUIPOJIH3e MENTHIHUX Be3a, jep

. + .
nacrajy [Pt(en)f*-nentna koMIuiekcH Koju ¢y XHAPOTHTHIKY HEAKTHBHIL

Ucnurusane cy peakuuje Cis-[PtCl(NHs),] koMmiekca ca menTuauma Koju campike
mernonnH, Gly-Met u Gly-Gly-Met, kao u N-anerunoanux nenruga MeCOSer-Met,
MeCOMet-Gly, MeCOMet-Pro, MeCOGly-Met-Gly, MeCOMEtro-Gly-Gly u
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MeCOGly-Met-Pro-Gly-Gly [62-64].Haheno je nma oamax HakoOH Mellamba y CBUM
peaknujaMa aoja3ud J0 MOHOJCHTATHOT KOOPIWHOBama IMENTHIA MPEKO aToMa CyMIiopa
metroHuHCKOr octatka 3a Pt(ll) jon. Hakon MoHomeHTaTHe KOOpIMHAIM]jC MENTHIA,
J07a3u 10 Op3e MHTPAMOJIEKYIICKE CYICTHTyHHje Apyror xmopumo yuranga y Pt(ll)
KOMIUIEKCY, MpH YeMy Hacrtaje penatuBHo ctabmiHu Pt(ll)-mentua xomiuieke y xome je
nenTua OMJACHTAaTHO, MPEKO aToMa CyMIopa METHOHUHCKOT OCTaTKa M JETMPOTOHOBAHOT

aToMma a30Ta MeNnTHIHE Be3e, KoopanHoBaH 3a mratuay(ll).

VY peaknuju Cis-[PtClL(NH3),] kommiekca u Gly-Met y pH o6nactu 2,5 - 10,0ne
JI0J1a3H JI0 XUAPOJIN3e NMENTHIHE BE3€, jep Ce TUICNTU] TPUACHTAaTHO KoopauHyje 3a Pt(ll)

npu ueMy Hactaje crabunan [Pt(Gly-MetN,N’',§(NH3)]" xommuekc [62].

Haheno je [nma cenekTHMBHAa XWApONHM3a TMENTHIHE Be3e Y MPHUCYCTBY
Cis-[PtCl(NH3),] komIutekca HCK/bYYHBO 3aBHCH OJ1 MMOJIOKaja METHOHHHCKOT OCTaTKa y
nentuauma. Kaga ce metnoHuH Hanasu Ha N-TepMHHATHOM Kpajy, Koju je 3amTuheH,
J0J1a34 JI0 ceJeKTUBHE xuapoau3e Met—Znentuane Bese (nenrtuau tuna MeCOMet—Z-).
Mebhytum, y cinydajy nentuaa koju umajy —X—Y—Met— ZcekBeHIly 10J1a31 0 XUAPOIH3E
X-=Y mnentunne Besze. Ako cy X, Y u Z aMUHOKHUCETTMHE KoOje y OOYHOM HHU3Y HeMajy

XeTepoaroM Koju ce Moxe koopauHoBaTh 3a Pt(Il), xunponusa ce oxBuja npu pH < 6,0

[62,65].

VY peaknuju Cis-[PtCh(NH3),] ca Gly-Gly-Met (2,5 < pH < 10,0)nonasu mo
dopmupama [Pt(Gly-Gly-MetN,N’,§(NH3)] koMmuiekca ca TpUACHTaTHO KOOPAMHOBAHUM
nentunoM. Kana ce oBe peakiuje ussone npu pH < 5,0 monasu mo xuaponuse Gly-Gly
nentuaHe Bese (Crnuka 6). MIHTepakiuja joHa MeTana ca JeMpOTOHOBAHUM aTOMOM a30Ta
Gly-Gly menTuane Bese, KOjU ce Hajda3d y transmosoxkajy y OJHOCY Ha KOOPAMHOBAHH
aTOM CyMIIOpa y OBOM KoMiuiekcy, mojapu3syje C-N nentuany Besy. KapOonwiHu atom
VIJbEHUKA MOCTaje MaplHjaIHO MO3UTHBAH M MOTOAAaH 3a HYKJICO(UITHA Hara MOJCKyia
Boge ycaen dera Gly-Gly nentuana Be3a xunmponusyje. Y HeyTpaimHOj ¥ 0a3HOj CpeIvuHH
(pH < 10,0)ue nonaszu mo xunposnusze Gly-Gly nentunne Bese y Gly-Gly-Met tpunentuny.
[lpy oOBMM eKClEpUMEHTATHHUM ycioBuMa HacTtaje crtabuwnau  [Pt(Gly-Gly-Met-
N,N’,N”,S)]” koMmIuIekc ca TeTpaIeHTaTHO KOOPIMHOBAHUM IENTHIOM [62].

Kommteke Cis-[PtCh(NH3),] karamusyje cenexktusny xuaponuzy MeCO-Glysese y
MeCOGly-Met-Gly rpunentuny npu pH < 6,0.Tpunentus ce TpUASHTAaTHO KOOPIUHY]E
3a Pt(ll) mpu uemy nactaje [Pt(MeCOGIly-Met-GlyS,N,N)(NH3)] xommiekc. Y pactBopy

15



Onwmu 0eo

o oV |\ NH,—Pt—S + H,NCH,COOH
NH;  CHs N
CH, NH;  ChHs
HN
[PY(Gly-Gly-Met-N,N",S)(NH3)] [PH(Gly-Met-N,N',S)(NH3)I*

Cauka 6. Peakumja xuaponusze Gly-Gly nenruane Bese y Gly-Gly-Met nentuny

nomohy Cis-[PtCl(NH3);] xommiekca

je maxon 10 carn, mpumenom HPLC xpomarorpadmje u 'H NMR crekrpockonmje,
nerekroBad [Pt(Gly-Met-Gly-S,N,N)(NH3)] kommutekc, kao u cimobomHa cupherHa
KHceNruHa. Y HeyTpaiHoj U ciabo 6asnoj cpenunu  (PH > 6,0)He nonasu 10 Xuaposmse
nentuga Wy pactBopy je mpucyran camo [Pt(MeCOGly-Met-GlyS,N,N)(NH3)]
komruieke. Y peakiuju nuciuiatuie 1 MeCOGIly-Met-Gly,y 1 : 2 monckom omHOCY, HE
J0J1a3M JI0 XUAPOJU3E TENTHAa U TIaBHU mpousBoj peakimje je [Pt(MeCOGly-Met-Gly-
S,N,N)(MeCOGly-Met-GlyS)] kommiekc [63].

Mpu pH > 4,0 cis[PtCl(NH3),] xommnekc katanusyje xuaponusy MeCO-Ser
amunae Bese y MeCOSer-Metounentuny. Ha pH = 4,4 xoHnenTpanuja mpousBoaa
XUAPOJIU3e je MUHMMaiHaA, MehyTuM TOKkOM BpemeHa M ca moBehamem PH BpemHoCTH
pacTBopa KOHIIEHTpalldja MpOU3BOIa XUIPoJn3e pacrte, na 6u y pH obxactu ox 7,0 10 9,5
KOHIIGHTpanuja cinoboaHe cupherHe kucenuHe Owna Hajpeha. Ilema xupponuthuke
peakuuje mpuKa3aHa je Ha ciunu /. HakoH TpUAEHTAaTHOr KOOPAMHOBAama IUIEHTHAA
(xomrutexkc 1), momasu a0 MHTEpakmnuje KapoonwnaHe rpyme ca OH rpymom cepuna u
rpaljema muKIMYHOr ectpa (2), HaKOH dYera A0ja3u 10 packumama amuaHe C-N veze.
Mornekyn BoJie KOju MOTHYE U3 pacTBapaya BPIIM HYKJICO(DUIHH HamaJ Ha yribeHUKOB
aToM ecTapcke Be3e y komiuiekcy (3), mpu yeMy ecTapcka Be3a XUIApoin3yje. Y pacTBOpY
je nerekroBaHa ciio0o0Ha cupheTHa KucenrnHa U Komiuieke (4) y kome je Ser-Metocrarak

TpuaeHTaTHO KoopauHoBan 3a Pt(ll) [63].
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Cauxa 7. lllemaTcku npuka3 MexaHu3Ma XUAPOJIM3E MENTHIHE BE3€ Y PEaKIiju

usmelyy Cis-[PtCly(NH3);] kommiekca u MeCOSer-Metiunentuaa npu pH > 4,0

VY pH o6mactu ox 2,810 10,0Cis[PtCl(NH3);] xatanu3syje ceeKTUBHY XHIAPOIH3Y
NENTHIHE Be3e Koja caiapu KapOokcuiHy rpyny D-mernonumna y MeCOMet-Gly u
MeCOMet-Pro munentuauma. Ilpumenom HPLC xpomatorpaduje y peakumju Pt(ll)
xomiuiekca 1 MeCOMet-Glynpu pH < 5,0yrBpheno je na je nomunantan [Pt(MeCOMet-
N,S(Gly-N)(NH3)]" kommekc, mehyrum Hakon 100 caTH peakIMOHOT BpeMEHa OBaj
KOMIIIEKC TIpeNasd y TepMoauHaMuukyu cradmianjn [Pt(MeCOMetS)(Gly-N,O)(NH3)]*
KoMILIeKC. Y 0a3HOj cpeluHHN XUAPOJiIM3a je 3HaTHO cropuja, Tako aa cy HakoH 100 catu
peakmuoHOr BpeMeHa y pacTBopy nomuHanTHe [Pt(MeCOMet-GlyN,9(NH3),]® wu
[Pt(MeCOMet-GlyN,0,9(NH3)] kommnekcue Bpete. MehyrumM, y ciiyuajy MeCOMet-Pro
TUTICTITAIA Y KUCENI0] CpeauHU, HakoH xuapoiusze Met-Pro nenrtuane Bese, cio00aHU
npousiiH ce He koopaunyje 3a Pt(ll) jon. Haheno je ma y cmabo 6a3uoj cpeaunu (pH < 9,0)

Hacraje [Pt(MeCOMetS)(ProN,O)(NH3)] kommiekc [64].

3a paznmuky on MeCOMet-Pro,y neyrpanuoj u ciabo 6a3noj cpenunu, Met-Pro
nentugHa Besa 'y MeCOMet-Pro-Gly-Gly we xupponmsyje [64]. Popmupame
[Pt(MeCOMet-Pro-Gly-GIyN,0,9(NH3)]" Makpoxenaraor kommiekca (Crmka 8), y kome

je TeTpamentuj TPHUAEHTATHO KOOPAMHOBAH NIPEKO aToMa CyMIopa METHOHMHA,
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KapOOHMJIHOT aToMa KHCEOHHMKa TENTHAHE Be3e Yy KO0jO] Y4ecTByje KapOOKCHIHA Trpyra
METHOHHMHA W JIEMPOTOHOBAHOT aToOM a3oTa menTuaHe Be3e C-TepMHHATHOT TIIHIIHHA,
nHxuoupa xuaponn3y Met-Prosese. Kapoonwmiau atom kuceonuka X-Pro nmenrtunne Bese
je HajHyKIeOPUITHUJU aMHUIHU KUCEOHWK y mnonunentuauma. C 003UpOM Ha HETOBY
HYKJICO(DUITHOCT OH BeOoMa Jiako cyrctutyuiine MmoHoaeHtatHe guranae (HoO, NHg, CI) u

JIMPEKTHO ce koopauHyje 3a miatuHy(ll), kao y mpeTxoqHO OmMcaHOM MaKpOXelaTHOM

[Pt(MeCOMet-Pro-Gly-GIyN,0,S)(NHs)]" kommiekcy [66].

Wspauynaro je na je [Pt(MeCOMet-Pro-Gly-GIyN,0,9(NHs)]" xommekc 3a 3,0
kcal/mol crabunauju ox anrepuatuBHor [Pt(MeCOMet-Pro-Gly-GIyN,N’,S(NH3)]
Makpoxesnara. OBU pe3ysTaTH Cy Y CYNPOTHOCTH ca paHHUje JOOHMjeHUM pe3yaTaTuMma 3a
nentuae Koju caapxe L-xuctuaun [67]. Hakon gopmupama MakpoxeaaTHOT KOMILICKCA

(Cnuka 8), mpu pH < 5,0,yrmaBHom monasu g0 xuapoause Met-Promentuane Bese, 10K y

0 !
o>’\© H, NH

HN //

I
N—Pt—S
o |
NH,

// OH

O

MaJioM nporeHty xuaponusyje u MeCO-Metesesa [64].

[Pt(MeCOMet-Pro-Gly-Gly-N,0,S)(NH3)]

Cauxa 8. IllemaTcku mpuka3 CTpyKTypHe (OpMyJie MaKpOXEIaTHOT KOMILIEKCa
koju Hactaje y peakuuju usmehy MeCOMet-Pro-Gly-Gly terpanentuna u

Cis[PtCL(NH3),] xommiekca

VY peakiuju MeCOGIly-Met-Pro-Gly-Glw cis-[PtCL(NH3),] xommiekca, mpu pH <
4,5, naheno je ma xuaponusyjy Met-Pro u MeCO-Gly nentunane Bese [64]. Takobe,
xuaponusa X-Y u Met-Pronentunnux Be3a moTBpheHa je Kol CBUX NMENTHAA KOJU CapKe
-X-Y-Met-Pro- cekBenity. Mehytum, koa mentuaa Koju HE CaapKe MPOJUH Yy CBOjO]
cekBeHIy, kao mto je MeCOGIly-Gly-Met-Gly-Gly,xuaponusyje camo Gly-Gly, onnocHo
X-Y nentumaHa Be3a y -X-Y-Met- cexkBennu [67].
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Xuoponuza nenmuoa nomohy xomniexca nanaoujyma(ll)

[lpBu pe3ynTaTd WCIUTHUBAKA peakiyja XHUAPOIH3E IMENTHIA Y TPUCYCTBY
komiuexca managujyma(ll), xao mro cy [Pd(H:0)]* u [PACL]? (Cauka 5), cy nokasanu
Jla Cy OB KOMIUIEKCH MHOTO e(h)MKACHUjH y OJHOCY Ha aHajorue komruiekce ruiatuae(ll).
Tako Ha mpumep, y peakuuju komiuiekca Pd(ll) ca MeCOMet-Glynonyspeme peakiuje
XHIPOJIM3€ OBOT TenTtuaa je mame oa 30 munyra [68]. Haljeno je ma BpeaHOCTH KOHCTaHTE
Op3uHE XWApONHM3e pacTy ca TmoBehameM KHCEIOCTH M JOHCKE jJauMHE pacTBOpa.
ExBumonapna konmunHa Cl joHa mojara y peakunoHy cMmelry oaroBapajyher Komruiekca
nanaaujyma(ll) u mentuaa ycmopaBa XHIpONM3y, JOK JOAAaTak THOYPEE TMOTIYHO
WHXUOMpa OBy peakiujy. OBa HCIIMTHUBaKkA MOKA3y]y Ja MEeNTHIA KOju Kao N-TepMuHanHy
AMHHOKHCEIIMHY CaJp)Ke MCETHOHHH HE Mory xuapoiusoatu y mpucyctsy Pd(Il)
KOMIIJIEKCA, jep CEe OBaj KOMIUIEKC YIJIaBHOM OHMIEHTaTHO KOOPAMHYjE 3a MENTH MPEKO
THOETAPCKOT aToMa cyMmIiiopa ¥ a3ora u3 N-TepmuHaiHe amuHO rpyrne. Ha oBaj HaumH
rpaau ce HepactBopan Pd(ll)-menTum KOMIUIEKC, KOjHU Jajbe HE MOMICHKE XUAPOTUTHIKHM
peaknujama. Mehytum, anermioBambeM N-TepMuHaIHE Tpyne METHOHHWHA OJroBapajyhu

MIETNITH/T TIOIJIEKE XUIPOJIUTUUKAM peaKilfjama.

Pesynaratu koju cy A0OMjeHHM Ha OCHOBY J€TaJbHUX KHHETUYKUX HCIUTHBAHA
cepuje aunentuna MeCOMet-X, rne X npencrasipa Gly, Ala, Ser, Val, Lew Ala-Ser,
JaNTd Cy BEIIMKH JIOTIPUHOC W3ydYaBamky MEXaHW3Ma XUIAPOJIUTHYKUAX peakivja MenTHIa
Koje ¢y katanu3oBaHe komiuiekcuma manaaujyma(ll) [69]. Kao xkaranmuzatopu kopuitheru
cy [Pd(H0)]%*, [Pd(en)(HO)]*" u [Pd(dtco)(HO)]*" xommrekcu (rme je dtco 1,5-
JUTHONMKIIOOKTAH), IOK Cy pPeaKklyje XUAposu3e u3ydasane Ha Temmneparypu on 40 °C no
50 °C u npu uurepsany 1,0 < pH < 2,0. Y cBUM ciydajeBMMa peakiuja XHAPOIM3E
nenTtuaa Ouja je PEerHoCeNIeKTUBHA, NPH YeMy XHAPOJIM3Yyje caMO TENTHIHA Be3a Koja
caipku KapOOKCHIHY rpyny MeTHoHHHA. Y ciaydajy MeCOMet-Ala-Semenruaa nalheno
je na y mpucyctBy komiuiekca nanaaujyma(ll) xumponusyje camo Met-Ala mentuaHa Besa.
HaBenenn mnentumm ce pasnukyjy y C-TepMHHaIHO] aMHHOKHCENWMHH (CTEPHO Cy
pasnuunte). McnutuBama MOKa3yjy Ja crepHd edekaT OBHX aMHUHOKHCEIMHA 3HadajHO
yTHYe Ha BPEIHOCTH KOHCTaHTe Op3uHe xuapoimse (Kopsgd, Tako ga BoaymuHO3HHje C-
TEpMUHAJIHE AMHUHOKHCEIIMHE CMamyjy BbeHy BpeaHocT. OBa 3aBUCHOCT je mpaheHa Ha
pa3nuuuTEM Temreparypama. BomymuHOo3HHja C-TepMHHAIHA aMUHOKHCEIMHA BHIIC
3aKiama ojarosapajyhy mentuany Bedy ox yrunaja maigaaujym(ll) joHa ¥ meroBor aksa

nuranga. Haheno je ma cyncrutyentn Ha O0-C u [3-C yrib€HHKOBUM aTOMHMa CMambyjy
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BpPEIHOCTH KOHCTaHTe Op3uHE peakiyja, OJHOCHO YCIIOpaBajy peakiujy XHUAPOJIH3E.
PesynrtaTn ucnutrBama 1mokasyjy jaa je yTunaj cyncrutryeHTa Ha Y-C yriJbeHHKOBOM aToMy
npubmmxao 100 myra mamH, AOK CyncTHUTyeHT Ha 0-C aToMy Hema edekar Ha Op3uHy

XHIpOJIH3e enTuaHe Bese [69].

VYruiaj crepHor edekra Ha OpP3UHY XHAPOJIU3E MOXKE CE YIIOTPEOUTH 3a MOCTHU3AHE
CEJIEKTUBHOCTH Yy CEKBEHLIMOHHCAY IENTHAAa M MpoTenHa. Pesynratu mokasyjy na je
BPEIHOCT KOHCTaHTE Op3WHE XHIPOJIM3e KOJ MeNnTHaa KoJ KOojux je omrazeha rpyma Ala-
Sersa nojoBUHY Mama y OJTHOCY Ha OBY KOHCTaHTY Kaja je ojuaseha rpyna camo Ala. Ha
OCHOBY TOTa j€ 3aKJbyU€HO JIa peaKIlfje ca AyruM CYIICTUTYEHTUMa MOpajy OUTH criopuje y
OJTHOCY Ha peakiyje ca KpahuM JTaHIMMa, HaKo JI0J1a3u J0 pacKuIama UCTE MENTHIHE Be3e

y o0a ciryuaja.

Peaknmja xuaponmse NENTHIHE Be3€ MOXKE CE€ YCIOPUTH JIOJATKOM CYMIIOp-
BE3WBHUX jEIMEHA Y PEAKIIMOHY CMEITY, ajli U CaMU MPOU3BOAH XUIPOIU3E MOTY OUTH
WHXUOUTOpH peaknuje. ExBumonapHa konumumHa THOeTpa MeCOMet unmm  Thoma
MeCOCysycnopaBa XHIpoin3y, a HHXMOUIKja ce moBehaBa ca mopacToM KOHIICHTpAIUje

UHXUOUTOpA.

Haheno je ma OpswmHa m Mexanmzam xuapoiuse Met-Gly nenrtuane Bese y
MeCOMet-GlynenTumy cTporo 3aBUcH O IPUPO/IE OUICHTATHO KOOPAWHOBAHOT JINTaH 1
L y mamagujym(ll) xommexenma tuma [Pd(L)(H20)5]%%, tae je L erunenanamus (en), 1,2-
nporwieHauamun (1,2-pn), uzooyrunenauamun (ibn), 1,2amamunonukinoxexcan (dach),
N-metunerunenauamua  (Meen), N,N,N’,N-teprpameruneruncaanamud  (Megsen), S
metua-L-mcrenn (MeS-L-Cys), Lmernonun (L-Met) u 2,5surnoxexcan (dth) [70].
Pesynrati ucnuTHBama MOKa3yjy Ja Cy KOMIUICKCH ca OHMJIEHTaTHO KOOPJIWHOBAHUM
JTMAMUHCKUM JIUTaHAMMa ¢(pUKACHUJU KaTaau3aTOpU XUIAPOJIU3E MENTHIHE BE3€ Yy OJHOCY
Ha KOMIUIEKCE ca OMJIEHTaTHO KOOPJIMHOBAaHUM SMeTui-L-mucrenHoMm, L-mMeTHOHMHOM M

2,5-1uTHOXEKCaHOM.

VY mpucycTBY HMpOTEOTUTHUKNX eH3nuMa X—Promenrtuana Be3a y mentuauma Koju
cagpxe —X—Pro—Met—u —X—Pro—His—¢pparmenre je Beoma pe3uCTEeHTHA HA XUAPOIH3Y.
Kama ce kao karamusarop ymorpeOu [Pd(H:O)*" kommiexc, X—Pro memruana Besa
XUAPOIU3yje y ¢1abo KKCenoj U HeyTpaliHoj cpeauHu. CEeIeKTUBHO PaCKHUIalke OBE BE3E Y
nentuguma ca —X—Pro—Met— u —X—Pro—His— cexBeHIIOM, Yy HEYTpPalHO] CpEIUHH,

nocturayto je u npumerom [Pd(CHSCH,CH,CH,SCHs)(H20);] #* xommexca [23, 71].

20



Onwmu 0eo

Haheno je nma mecro packupama MENTHAHE Be3e Yy MENTHAWMA KOJU CaJpiKe
METHUOHUH, 3aBUCH O] yrmoTpeOsbeHor kKaranu3aTtopa. 3a xuapoiausy MeCOAla-Lys-Tyr-
Gly-Gly-Met-Ala-Ala-Arg-Ala  ynotpeGmenn  cy  [Pt(en)(HBO:]* u  [Pd(H:0).]**
kommekcu. Ilnaruna(ll) xommuekc y xucenoj cpeauan (PH = 2,0)na 60 °C xartammsyje
peruocenekTuBHy xunponusy Met-Ala nentuane Beze. AKO ce Kao KaTaiuzaTop ynorpeou

nanaaujym(ll) xommnekce xuaponusyje Gly-Gly nentunna Besa [24].

Mexanuzam xuoponusze nenmuda Koju caopoice amunokucenune L-memuonun u L-

yucmeun nomohy komnaexca niamune(ll) u nanaoujyma(ll)

MexaHu3aM peakirje XUAPOoIn3e MenTuaa y npucycTBy komruiekca miatuue(ll) u
nanaaujyma(ll) kao karanuszaropa je Beoma CiokeH. XHIpon3a MenTHIa ca KOMIICKCHMa
OBa JIBa JOHA MeTaya JIETaJbHO je U3yyaBaHa U MO3HATE Cy KUHETUYKE BPEIHOCTU MHOTHUX
peakuuja. Kao mro je mo3naro, PdA(ll) u Pt(Il) jonn umajy Benmuku adpuHHUTET 3a CyMITOp-
BE3WBHE JIMTaHJIe U Op30 ce KOOpAMHY]Y 3a 00uHM HU3 L-mucrenna, Smerun-L-nucrenHa
u L-metnonnHa. YomnmTeHo ce Moxke pehu fa ce peakiyje XHuapoin3e NenTUIHE Be3e MOTy
onsujatu Ha jaBa HaymHa (Cnmka 9). [IpBa ¢asa y oBUM peakuujama je MOHOJCHTaTHA
koopauHaruja Pt(ll) u Pd(Il) jona 3a 6ounu HU3 mentuaa. AKO ce OBaKO BE3aH KOMILICKC
najaJnjymMa Jajbe KOOpJAWHY]je 3a JEeNPOTOHOBAHHW TMENTHIAHH a30T, NPH 4YEeMy HacTaje
CcTa0WJIaH XeNnaTHU KOMIUIEKC, He JIOJIa3H J0 XUAPOJH3e MenTHaHe Bese. MelhyTum, ako
KOMILJIEKC MeTajla MHTeppearyje ca KapOOHUJIHUM aTOMOM KHCEOHMKa W3 MENTHIHE Be3e,
xunponusa je moryha. MIHTepakuuja joHa MeTajga ca KHCEOHMKOBHUM aTOMOM YCIIOBJbaBa
noJlapu3anujy KapOOHWIHE Tpyre, ma KapOOHWUJIHU aTOM YIJbEHHKA I0CTaje IMapIiyjaiHO
MO3UTHBAH W TOTOJIAH 3a HYKJICO(DHUIHM HamaJa MoJeKyna Bojae. MoJieKya BOJE Y OBOM
cllyyajy TIOTHYE M3 pacTBapaya, Ia ce OBaj MEXaHM3aM HAa3UBa eKCMEPHAIHU HAYUH
packuiama nentugHe Bese. Jpyra MoryhHoCT je j1a MoJIeKys BOe KOOPIMHOBAH 3a jOH
MeTaja BpIIM HYKJICODWIHM Hamaa Ha YrJbeHUK KapOOHWIIHE Tpyne W3 oarosapajyhe
nenTuaHe Be3de. MOJIeKyN BOJIe HEONMXOJaH 3a XHUAPOJHM3Y Y OBOM CIly4ajy MOTHYE W3
KOMILJIEKCAa MeTaja, [a C€ OBa] HAYMH HA3UBA UHMEPHAIHU MeXAHU3am PaCKUIama
nentuaHe Beze. Kao mro ce Buam, pasnuka mu3mel)y oBa JBa MexaHH3Ma je y MOPEKIY
MoJieKysia Bojae. Takohe, Moryhe je ma ce oBa peakidja OABHja KOMOWHAIIMJOM OBa JIBa
Mexanu3ma. ObOa MexaHW3Ma HWMajy HWCTH KUHETHYKM MyT. EKcTepHaNHM Hamaa je
JIOMUHAHTaH Kaja je (haBopu30BaHO (hopMupame MpcTeHa, Kao Ha MpUMep KOJ XUAPOJIH3e

S'MGTI/I.H-F.HyTaTI/IOHa, rac HaCTaje meCToYwIaHu XCJIaTHU MPCTCH. I/IHTepHa.HHI/I MECXaHU3aM
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je (aBopu3oBaH y cirydajy Kajga qyKHHA OOYHOT HHM3a oMoryhaBa MHTEpaKLUjy MOJEKysa
BOJIC M3 KOMIUIEKCA ca IMENTHIHOM BE30M KOja Cc€ PacKuia, JOK je Taaa eKCTEpPHAIHH
MexaHu3aM HeMoryh jep 3axTeBa HacTajambe Behux mpcTeHoBa (Behwx Of MICCTOUIAHOT
NpCTEHa) KOju Ccy Beoma HecTabwiHu. [Ipema ToMme, y KOHKPETHOM CIIydajy XHAPOJIH3a
MeCOMet-Gly nmentuga Mopa ce OABHjaTH 0 MHTEPHATHOM MEXaHU3MY, jep Ou 3a

CKCTCpHAJIHHU MCXaHU3aM om0 HCOIIXOJHO rpaljefbe CCAMOWIAHOT XCJIAaTHOT MPCTCHA.

AN //O
HC—C
(Cﬁ) A
2)x N—CH,COOH + H*
N/ ?
S—M—
HsC

amidnaN-koordinacija
inhibicija

/NH—CHZCOOH

HC—C
/ \\o
((|3H2)x
S
7N S
HsC M
7\
aktivaiy/ &itivacﬁa
NH—CH,COOH
AN o+, 2 N //O
HC— HC—/C
(qu)x e 2 ((|ZH2)X NH—CH,COOH
vy S. OH
- I\I/I he” M 2
H3C 3
° /N
eksternalni napad internalni napad

Cuamnka 9. lllemaTcku nmprka3 HHTEPHATHOT M €KCTEPHATHOT HAYMHA XUIPOJIU3E

nentuaae Bese y npucyctsy Pt(1l) u Pd(Il) kommiekca

Y by OoJeer pazymMeBama MEXaHW3Ma KaTaJUTHYKOI JICIOBaka KOMILICKCA
Pd(ll) na xuaponu3y nenTuaHe Be3e UCHHUTUBaHE Cy peakiuje xuapoiamse MeCOMeCys-

Gly u MeCOMeCys-Samentuaa [72]. Y npBoM NenTuay aMHHO TIpyna TIIHIUHA H
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KapOOKCHIIHA Tpyma ucrtenHa rpane kinacuuny nentuany (-NH-C(O)-) Besy, tako na ce
koopauHanuja Pd(ll) jona Moxke onBHjaT OWJIO MPEKO aroma a30Ta HIH KHCEOHHKA. Y
JpyroM MENTHAY MENTHAHA a30T je MmerwioBad, tako ga ce Pd(Il) jom jemuuo moxke
KOOPJIMHOBATH MPEKO KapOOHHUIHOT KMCEOHHKOBOT aTOMa, ITPU YeMYy HACTaje MIeCTOWIAHN

XCJIaTHU IIPCTCH.

KoopmuHoBamkbeM  JIEMPOTOHOBAHOT MENTHUAHOT a30Ta MENTHAHA Be3a Ce
cTabuim3yje, 10K KOOpAMHOBamkeM KapOoHuiHor kuceonuka 3a Pd(1l) jon ona cmabu. 360r
tora mto ce Pd(Il) jou y MeCOMeCys-Sane Moxe XenaTHO KOOPAMHOBATH 3a MENTHIHU
a30T, koHcTaHTa xuaponuse je 300myra Beha y oBom nentuny y ognocy Ha MeCOMeCys-
Gly. Kon menTtunma kox kojux ce y OoyHoMm Hu3y Hanasum MeruonuH, Pd(Il) jom mpum
KOODPIMHAIMjH 32 KUCCOHUKOB aTOM IMENTHIHE Be3¢ 3aTBapa CEJAMOUIAHH XEJIaTHU MPCTEH.
Kon nerrruma tumra MeCOMet-Sarca N-MeTiiioBauruM a30TOBUM aTOMOM IIENTHIHE BE3E,
XHIPOJM3a je OKO 4YeTHUpW myTa Opxka y omnHocy Ha nentua tuna MeCOMet-Gly koju
CaJpXXH KIIAaCHYHY MENTHIHY Be3y. Ha OCHOBY oBOra Moe ce 3aKkJby4lTH Jia KO MenTHIa
Koju caapke S-meruaoBanu nuctent Pd(ll) jon ca kapOOHHIHHM KHCEOHHKOBHM aTOMOM
NENTUIHE B3¢ 3aTBapa IIECTOWIAHU XEJNAaTHH MPCTEH, Ma je XHUIPOJH3a OBOT MenTHIa
3HaTHO Op’ka y OJHOCY Ha MENTHAE KOju y OOYHOM HH3Y CaapKe METHOHMH, KOJA KOJUX

Pd(ll) jon 1 KuCEOHHKOB aTOM MMENTHIHE BE3€ I'Pajie CEAMOWIAHH MPCTEH.

Ha ocnoBy NMR cnekTpockornckux mojaTaka 3ak/by4eHO j€ Ja PpPa3IuduTH
XUJIPOJIMTUYKA aKTUBHU KOMIUICKCH [1ajy pa3lIM4uMTe Mpom3Boje xuapoiuse. Kama ce y
pactBop merrtuma moxa [PACL]® karamuruukm axtiBHa (opMa je MOHOHYKICAPHH
namazujym(Il)-nmerrrun kommexe. Melyrum, kama ce mentux momema ca [Pd(H0)4]*
HacTaje TUHYKJICapHU KOMIUIEKC Y KOME Cy TepMUHAIHM JTUraHau Mosekyau Boae (Cruka
10). CBu akBa JIMraHId y OBOM KOMILIEKCY CY y transmosoxkajy y 0IHOCY Ha THOETAPCKU
auras 30or dera cy Bpio gabuiaau (tfransedekr). Hacynpor oBoMe MOJICKY/IH BOJE CY Y
NPUKa3aHOM KOMIUICKCY y CIS-TIONOXajy y OJHOCY Ha cymcrpar 30or yera je moryha
BEroBa XuApoin3a. Ha OCHOBY KHMHETHYKHX M CTEPEOXEMHjCKUX edeKkara MOXKe ce
3aKJbYUUTH JIa Cy TUHYKIICAPHU KOMIUIEKCH KaTATUTHYKA MHOTO e(DUKACHUJU y OJTHOCY Ha
oxrosapajyhe  MoHOHyKIeapHe — kommiekce. Y  ciaydajy  [Pd(en)(HO)]*,
[Pd(Meen)(H:0)5]** 1 trans[Pd(pyk(H20)2]?" a30T-10HOpCKH THraHAM Ce CYICTHTYHIIY
ca MOJIGKyJIUMa BOJie, TIpU YeMy Hacraje AuHykieapanu nanaaujym(ll)-mentua komrieke

WICHTHYAH OHOME Koju Hacrtaje y peakuuju ca [Pd(H0O)J?" (Camxa 10) [70,73].
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/

Pd

AN

H3C- supstrat

S
N
N

VRN

Cmmnka 10. CtpykrypHa (opMmylia KaTaTUTHYKH aKkTHBHOT nuHykieapHor Pd(ll)-
NEeNTH] KOMIUJIEKCa KOJU HacTaje y peaklUuju NeNnTHaa KOjUu Caipike THOETAPCKU

aToM cymmopa y 60unom jnauuy ca [Pd(H0)]*" kommnexcom

MoHozxeHTaTHH pHanMHCKH Jwrany y trans[Pd(pyh(H20)]** kommiekcy ce MHOrO
JaKIIe CYNCTUTyUIIe y onHocy Ha OugeHtatHu eruneHauamuHckd, umd N,N,N’,N’-
TEeTpaMETUJICTHIICHANAMUHCKH JIUTaHJl, 300T Yera ce KOMIUIEKC Ca MUPHIWHOM MHOTO
Op>xe TpaHcopMmuiie y oaroBapajyhu TeTpaakBa KoMIuieKC. BpemHocTH 3a KOHCTaHTE
Op3une xuaposnmse 3a peakijy MeCOMet-Gly ca pasmuuuntum  Pt(ll) u  Pd(ll)

KOMILIEKCUMa JiaTe cy y Tabenu 1.

Ta6ena 1. BpegHocTu 3a KOHCTaHTe XUApOJM3e eNTHAHE Be3e y peaknujama MeCOMet-

Gly nentuaa ca paszmuuntum Pt(I1) u Pd(11) kommnekcuma®

] 10° Kopsg Min™
Karanuzatop pH Ped.
40°C 50C

[PtCly]* 1,09 | 1,5 68
[Pt(en)(HO)]*" 094 |05 68
[PACL]* 1,14 | 0,5 68
[Pd(H0)4]** 1,07 | 26,0 68
trans[Pd(pykr(H20),]°* | 1,05 | 33,0 73
[Pd(en)(H0),]** 1,00 | 14,0 57,0 69
[Pd(dtco)(H0),]“* © 1,09 11,0 69
[Pd(en)(CHOH),]** 1,05 | 4f 72
[Pdb(u-SPhy(sol)]** e 43 75

“BoJeHu pacTBop;
¥je U3BpIICHA KOPEKIMja Ha N30TOICKH e(eKarT,
“KoHIIeHTpalja KaTaan3aTopa je ABa myTa Beha y 0JIHOCY Ha CyICTpAT;
Bpennoct koHCTaHTEe 00yXBaTa XUAPOIU3Y U METAHOIHU3Y
‘PactBapau je 100 mMpactop HCIO, y anerony.
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V cnyuajy uenmrmBama peakmmja [Pd(dtco)(HO)s]?" kommekca ca memtanma
KOju y OOYHOM HH3Y caJp)Ke THOeTapcku aroMm cymnopa kunHetnukd 1 NMR momamm
yKa3yjy Ha MOCTOjame AMHYKJICAPHOT XHUIPOJIUTUYKH aKTHBHOT KOMILIEKCA KOjU UMa JBa
ounenrarna 1,5urnonukinookrancka (dtco)muranga (Cnuka 11). Kao miro ce Buau, oBaj
JTUHYKJIaeapHH KOMILJICKC HEMa aKBa JIMTaHNEe, ald j€ WIAK XHUIAPOJUTHUYKA aKTHBAH.
Karanutnuku aktuBHa popma nanaaujym(ll)- mentug koMiiekca HacTaje TUCOIUjaAIH]OM
JeMHOT O] MENTHIHUX JIMTaHaJa M3 IUHYKIeapHOT KoMiuiekca. [IpucycTBo cimobomHOT
MENTH/Ia Y PAaBHOTEXKHO] PEaKkIHju, puka3aHoj Ha ciunu 11, morBpheno je momohy NMR
cnekTpockonuje. Ha oBaj HaunH (opmupa ce jeTHOMOCTHH KOMILIEKC KOjU MMa JBa aKBa

JWTaHJa y TOJIOKAjy KOjH je HeonmxonaH 3a xuuponu3y mnentuane Beze (Cmumka 11).

I I
CHy—C—NH~CH—C—NH~CH,—COOH
L

AN >
AT o
\ \ N >

7

H3C (|;|-|2
T
CH3~%—NH—CH—%—NH—C H,—COOH
o) O

I |
CHg—C~NH-CH—C—NH—CH,—COOH

\\ / \ / >+MeCO—Met—GIy
N\
OH2 H,O
Camka 11. CrpykrypHa ¢dopmyna ITUHYKICAPHOT XHUIPOJUTHYKA aKTHBHOT

KOMILIEKCa KOJH HAacTaje y peakIuju TNenTuaa Koju caapke L-MeTMOHWH WiIH

Swmerui-L-nuerens ca [Pd(dtco)(HO)s]?*
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KonnunHa Xuaponu30BaHOT MENTUAA AUPEKTHO 3aBUCH OJl MOJICKOT OJJHOCA CYICTpara H
nanamujym(ll) kommuekca. ¥V ciyuajy moickor ogHoca 2 : 1, koHCTaHTa Op3uHE je
k = 11,010° min?, ok je 3a 1 : 1 Moicku omHOC OBa KOHCTaHTa K = 3,110 min™.
Tuoypea u THOETpHM AOJATH Yy PEAKIMOHY CMENIy WHXHOWpajy OBY pEakIujy jep ce

MOHAIIIa]y Ka0 MOCTHHM JIMTaH/IH, a BOJIa HEONXO/IHA 32 XUAPOJIU3Y HE IMOCTOjH.

Ha ocnoBy NMR u kuHeTHukux u3yuaBama peakifja WHXHOHIHje Npoleca
XUIPOJIHM3E TENTHAHE Be3e NOTBpPhEeHO je aa TUHYKIeapHH KOMIUICKC IIpEICTaBIba
KaTAIMTUYKHA aKTUBHY (POpMY. Y OBHM KOMILJIEKCHMA MOCTOJH MOTYNHOCT 3a MHTEPAKIIH]y
nBa joHa wmerana. OBa KOONEPAaTHMBHOCT jOHA MeTana, Takohe je 3amakeHa U KOA
JUHYKJICapHUX KOMIUIEKCa KOju Xuaponusyjy (ocdopauectapcke Beze y DNK u RNK
[74].

Heke wmeranoxuaporiase, Kao ITO Cy JCYIHMH-aMHUHOINENTHIa3a W METHOHHH-
aMHHOINENTHAA3a, Takole UMajy TMHYKIeapHU aKTUBHH LIEHTAap ca JIBa jOHa MeTajia KOjH
Y4YECTBY]Y Y XUAPOIH3H. JenaH ce KOOpAWHYje 3a TEPMUHAIHY aMUHO TPYIy H aKTHBHpA
HyKJIeodun ctabmm3yjyhu nmpenasHo cTame, JOK IPYTH Mojdapu3yje KapOOHWIHY TPYITY U
cTabmim3yje TeTpaenapcku uHTepMenujep. OBU pe3ysTaTd CYrepuIly aa AUHYKICApHU U
nonunykieapau komriekcu Pd(Il) Mmory OuTti epukacHHju KaTaau3aTOpH 3a XUIAPOIU3Y Yy
OJHOCY Ha MOHOHyKJIeapHe Komiuiekce. JlunykieapHu [Poh(U-SPhy(sol)]?* kommiexc
(Cnuka 5) xkopuirheH je Kao KaTajam3aTrop 3a XHIPOJIM3y NenTuaHe Bese [75]. Y oBom
KOMIUIEKCY MOCTHH THOJIATHH JIUTAH]I CE HE MOXE CYICTUTYUCATH Ca JOHOPCKHM Ipyrnama
u3 nentuaa. Ha cmabo u peBep3nOMIHO KOOPAMHOBaWkE METHOHKMHA 3 renTuaa 3a Pd(11)
yrude trans-edekar THOJNIATHHX aromMa CyMIlopa KOju ce Haiaze y Komiuiekcy. Oa
KOMOMHAIMja CTaOMITHUX MOCTHMX JIMTaHaJa M JAaOWIHOT TEPMUHAIHOT JIMTaHJIA j€ BPJIO

no0pa 3a peakiuje Xuapoan3e.

Ha ocHoBy ncnutuBama peakiyja xuapoiuse aunentuaa tuna MeCOMet-X koju
umajy paznuunty C-TepMuHaAIHy aMUHOKHCETHHY (X), 3aKJ/bY4EHO je J1a BOJTYMHHO3HOCT
OBE aMMHOKHMCEIIMHE 3Ha4ajHO yTude Ha Op3uHy xuaponuse. Kopucrehu nunykieaphe
KOMILJIEKCE Kao KaTaju3aTope 3HaTHO ce cMamyje moiyBpeme xuapoinusze. [lomyBpeme
xuaponmuze MeCO-Met-Alaje 35Munyra Ha COOHOj TeMIiepatypH, a camo 5 munyta Ha 50
°C. Ilpema tome, [Pdh(U-SPh)(solk]®* je BeoMa peakTHBAaH HECH3UMCKH KAaTAIH3aTOP

XUPOJIU3E TETITH/IHE BE3eE.
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Xuapom3a nenTuAa Koju cajgpske aMHHOKHCEJIMHY L -xuctuaun nomohy kommiekca

nanagujyma(ll) m maarune(l1)

A30TOBM aTOMH HMHIA30Ja W3 aMHHOKHCEIMHE XHCTHIWHA HMajy H3paKeH
apuaurer 3a kKoopauHoBame ca Pd(ll) u Pt(ll) jommma. VY menTuanma HaKOH
KOOpJMHOBama joHa MeTana 3a N3 aToM a30Ta WMHUAA30JI0BOT TPCTEHA J0Ja3H JI0
XeJaTHOT BE3WBamba jOHA METalla 3a jellaH, Ba WM TPH MENTHIHA aTOMa a30Ta IPU Y4eMy
ce opmupajy XelmaTHH KOMIUIEKCH. XEJIaTHH KOMILJIEKC KOjU MPU TOME HACcTaje CaapiKu
jelaH mecToYJaHu MPCTEH KOjU je HacTao KoopAauHoBameM N3 aToma a3ora u3 uMuaaszosna
¥ TENTHAHOT a30Tta. Ilopex Tora, HACTAIM METAI-MENTH KOMIUIEKC MOXE MMATH jOII
jenaH, OJJHOCHO MaKCHMAJTHO JIBa METOWIaHa XeJlaTHa MIPCTEHA KOjU CapiKe KOOPIMHOBAHE
nentuaHe atome azota. Kao mro je panuje momenyro Pd(Il) jou je Beoma edukacan y
JICIPOTOHOBAY TMENTHIHOT a30Ta, aKo je MPETXOTHO KOOPJMHOBAH 3a aTOM a30Ta
ummazosoBor npcrexa [60,76-81].Y mentuauma Koa Kojux je xuctuauH N-TepMUHATHA
aMHHOKHCelMHa Hactaje Beoma crtabwian Pd(ll)-nentun kommieke y kome je Pd(Il)
KooparHOBaH mpeko N3 aroma WMK1a3010BOT TIPCTEHA M a30Ta TEPMUHAIIHE aMHHO TPYIIe
[82]. Ha oBaj naumu Hactaje xumponutuuku HeaktuBan Pd(Il) kommekce y kome je Pd(II)
JOH yIajbeH OJ MENTHIHE Be3e KOja CaapKH KapOOKCUIHY TPy XMCTHIAMHA, TaKO Ja He
JI0JTa3n JI0 eHe XHUApoim3e. ArneruioBambeM N-TepMHHAIHOT Kpaja y MENTHAMMA KOjU
caapxe N-TepMUHATHM XUCTHUIWH ClpedyaBa ce OWJEHTATHA KOOpIMHAIM]ja MEeNTHAa 3a
KaTaau3aTrop, IITO MMa 3a MOCICIUIYy HACTajarhe XUAPOIUTHYKHA aKTHBHOT KOMILIEKCA
KOjU JOBOJIM [0 XHUJApOJM3e TNentuaHe Bese. lIpumeHom 'H NMR CIIEKTPOCKOIMHje
ucimtuBane cy peakuuje Pd(Il) xommnekca ca MeCOHis-Gly nentunom [54,83]. V
peakimonoj cMemn osor aunentuaa u [Pd(en)(HO)]*" koMmiuiekca y MOICKOM OXHOCY
1: 1wu pHoko 2,0Ha ocHOBY pe3yiTaTa 'H NMR CIeKTapa MoTBphEHO je MOCTojame MeT
nanaaujym(Il)- mentua koMiiekca, o3HaueHUX y oBoM panay kao A, B, C, D u E (Cnuka
12). EtwnenaunamMuHcku aurana ocraje koopawHoBaH 3a Pd(Il) y Toky peakiuje ca
MeCOHis-Gly nentunom jep a30oToBuM aToMH MMHUAa3ona uMmajy cinab transedekar, 3a
pas3uKy O] aToMa CyMIlOpa W3 METHOHMHA, KOju 300T jakor transedekra moBoau 10
elMHMManuje eTHneHaamuHckor Jmranga u3  [Pd(en)(HO)]?* kommmekca. Iler
namagujym(ll)-mentun  Kommiekca Koju  Hactajy y peaxumju  [Pd(en)(HO)** ca
MeCOHis-Gly unentnukoBanu cy Ha OCHOBY pa3jidKa y XEMHUJjCKHM IOMepamHMa 3a

C2Hwu C5HnpoTtoHne nMH1a3010BOT TIPCTEHA.
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Cmmka 12. Hlemarcku mnpuka3 crpykrypHux ¢opmyna nanamujum(ll)-nentun
KOMILIEKCAa KOjU Cy OKapaKTEepHUCaHH Ha OCHOBY 'H NMR CIIEKTPOCKOIIHjE Y
peakiuju aunentuga MeCOHis-Gly u meroBux N-MeTwioBaHHX JepHBara ca

[Pd(en)(HO),]*" kommiekcom [84]
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JloOujeHe BpeIHOCTH XEMHUJCKUX MOMEparma Cy Y CariacHOCTH ca MyOJIMKOBaHUM
pesynrariMa 3a peakumjy [Pd(en)(HO)s]** xommiekca ca MeCOHis-Gly nenrunom u
weropuM  aepuBatima  [6,58,59]. V  kommimekcuma A u B mamamujym(ll) jom je
koopauHoBaH mipeko N3, ogHocHo N1 aroma a3ora W3 WMHIA30JI0BOT TpPCTEHA. Y
xomiuiekcy C o0a a30ToBa aromMa MMHIA30JI0BOI MpcTeHa cy koopauHoBana 3a Pd(ll),
TaKo Jia OBaj MpCTeH mpencraBiba MocT m3Mely nBa manamujym(ll) jona. Kommuexc D
HacTaje M3 KOMIUIEKCa A HaKOH JCMPOTOHOBAaWma IMENTUAHOT a30Ta W HErOBOT
koopauHoBama 3a Pd(Il). Pesyararu mokasyjy ma je pKa BpeaHOCT IempOTOHOBarba
NENTUAHOT a30Ta OKo 2, win Mama ykonuko je Pd(ll) jon xoopauHoBaH 3a 00YHM HHU3
amuHokucenuue [4]. Kommeke E caapxu Pd(ll) xoopaunoBan 3a N1 atom a3ora
UMHIA30JI0BOI TPCTEHa M JCMPOTOHOBAH KapOOKCHIHM KHCEOHHWK C-TepMuHaIHe
amuHOKucenuHe. [locTojambe KOMIUIEKCAa KOjU CaipKd JBa MOJIEKyla MenTHaa

xoopauHoBana 3a Pd(Il) jon Huje morBpheno.

OBH HAYMHH KOOPAMHOBama MoTBpeHH Cy Ha ocHOBY peaxumja [Pd(en)(H0)s]?"
ca MeCOHis-Glyy xome je cenextuBao MetriaoBad N1 niau N3 arom azora [84]. [lepuBar
kox kora je metwioBad N1 arom azora mmuaasonosor npcreHa (MeCOHis(N1-Me)-Gly)
naje nanaaujym(ll)-mentun komruiekce koju cy o3HaueHH Kao Apme U Dyme, m0K N3

metunoBanu aepusat (MeCOHis(N3-Me)-Gly)naje Bye u Eme kommuiekce (Criuka 12).

[Monyspeme xuaponuse nentuane Bese y MeCOHis-Glyaunentuay npu pD 1,36u
temneparypu oz 60 °C je oko 50 gana. Meljytum, y npucyCTBY €KBUMOJIAPHE KOIMUYMHE
[Pd(en)(HO),]** koMIIekca meTHAHA Bese XHAPOIM3Yje MHOTO Opike M XHAPONH3a je
KOMIUIETHA 32 Mame o 2 AaHa. Peakiuja XMIposiM3e IIEMAaTCKU je TpeAcTaB/beHa Ha

cimmmu 13.

Ha OCHOBYy KMHETHYKMX WCIHUTHBamka peakiyja ca MENTHIUMa KOjH calpiKe
METHOHHUH 3aKJbYYCHO j€ Ja Cy peKlHje Xuapohusze mpBor pena. Haheno je ma je 3a
XHUJIPOJIM3Y HEOMXOHO KoopanHoBame nentuaa 3a Pd(ll) u na je xumponurnyka peakiuja
MHTPAMOJICKYJICKOT THIIA, Ka0 M To Aa ce onsuja npexo nentua-Pd(ll) xomrmuiekca.
[IpucyctBo c1000AHOT TIUIIMHA U OJICYCTBO CI000HE cCHpheTHE KUCEIUHE Y PEaKIMOHO]
CMEIIM HaKOH 3aBpIICHE peakilvje O0Ka3yje Nla XUIAPOJIU3yje caMO TEeMNTHHA Be3a Koja
calpkd KapOOKCWJIHY Tpyly XUCTUAMHA. [Ipu yHmopemHuM eKCIepUMEHTHMA ca
MeCOGly-Hisnentunom HalieHo je na HujeqHA menTUAHA Be3a He xuapoimsyje. [Ipema
TOMeE, pe3yaTaTu Mokasyjy aa y peakmujama ca Pd(ll) kommiekcuma u menTuanMma Koju

caapxe crno0oAHy KapOOKCUIIHY Tpyly XUCTHAWHA HE J0Ja3u J0 XHUIPOJiHu3e MENTHIIHE
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Cauka 13. Illemarcku mpuka3 peaknuje xuapoiauze MeCOHis-X mumentuma

[Pd(en)(HO),]?* kommiekca (X je Heka Of aMHHOKHCEIMHA KOja He

nomohy

CaJpXKH XeTepeoaToM y 004HnOM Hu3Y) [54]
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Bese. Tako y Tpunentuny MeCOGlIy-His-Glycamo His-Gly nentunna Bese xuaponmsyje,

1ok npeoctaie ase nentuaHe Beza MeCO-Glyu Gly-His ve xunponusyjy.

[IpBa wcnuTHBama peakiidja Xuaponuse BpiieHa cy npu 1,46 < pH < 2,61 [54].
VYr1BpheHo je aa cy KoHIeHTpaIuje komruiekca A u B y oBoj pH obmactu koHCTaHTHE, JOK
ce koHneHTpanuje komrekca C, D u E cmamyjy ca cMamemem pPH Bpennoctu. Ytunaj pH
Ha KOHIICHTpalMjy pasnnyutux nananujym(ll)-mentun xoMruiekca je y carilacCHOCTH ca
HauYMHOM KoopauHOBama nentuaa 3a Pd(ll) jou. Ca cmamemem pH BpeaqHOCTH KOHCTaHTA
Op3uHe xwuuaponm3e ce mnoBehaBa, YNPKOC YHICHUIM IITO C€ TaJa KOJHMYUHA
xoopauHoBaHor munentuaa 3a Pd(ll) jon cmamyje. OBo je normyHo ¢ 003MpoM Ha
YHILCHHILY Ja CBM HAaYMHU KOOPAWHOBAWa MENTHAA HHUCY MOTOJHU 32 XUAPOIU3y. Y
pacTtBopy moctoju paBHoTexa usmely mer mamaaujm(ll)-menTua xKomriekca, ciro0ogHOT
nentuga u Karaamzaropa (Cnmka 13). Pesynratu mokasyjy aa ce mpu cMamemy PH
BPEIHOCTH CMamyje KoHIeHTpanuja komiuiekca C, D u E koju cy KaTaluTUYKH

HCAaKTHUBHMU.

KaranuTuuky akTHBHU KOMIUIEKC HICHTH(UKOBAH je y ekcrepuMeHThMa ca N-
meruinoBanum gaepuBatimMa MeCOHis-Gly aunmentuma. Haljeno je nma y peakmuju
MeCOHis(N3-Me)-Glyca [Pd(en)(HO),]** nacrajy camo Bye it Eye KOMIUICKCH, @ 12 He
noia3u 1o xuapoause nentuane Bese (Cnuka 12). OBo ce Moke 00jaCHUTH TaKo IITO je
nanaaujym(Il) jon xoopauuoBan 3a N1 arom azora y oBa asa Pd(Il)-mentua xomriekca
BepoBaTHO naneko ox His-Gly mentuane Bese, ma 300r Tora He MOKe J1a HHTEppearyje ca
’OM H YTHYE Ha BeHy xumpommsy. V peakuuju MeCOHis(N1-Me)-Glyu [Pd(en)(HO),]**
y pactBopy Hacrajy Ame U Dye xomruiekcu, a mentuana His-Gly Beza Beoma Op30
xuapoausyje. Ha OCHOBY OBMX MCIUTHBaWba 3aKJbY4YEHO j€ Jla Cy 00a, WJIM €BEHTYaJTHO
CaMo jelaH OJ] OBUX KOMIUIGKCA, KATAINTHYKK akTuBHU. Y peakuuju [Pd(en)(HO)]*" ca
neanermwioBanuM His(N1-Me)-Gly nqunentugom y mpunocy onx 95% HacTaje KOMILIEKC
KOjU je uaeHTu4yaH komruiekey D, mok ce mpeoctanux 5% ogHocu Ha KOMIUIEKC THIa A.
Hakon nBa nana peakiuje camo je 10% His-Gly mentunne Be3e xuaposmzoBano. Ha
OCHOBY OBHIX UCIIHTHBama 3aKJby4eHO je Ja je KoMIUIeKe THma D katanuTHiku HeaKTHBaH.
VY oBom nentua-Pd(Il) komrutekcy joH MeTaia He caap:Ku aKBa JUTaHAe U Ha CYIPOTHO] je
crpanu o His-Gly mentunne Beze. Ha ocHOBY Tora 3akjby4eHO je Jla je KaTaJUTUYKH
AKTUBHO jCIMIbCHE KOMIUICKC THIA Ane. Y Ame TNy kKomiuiekca Pd(Il) jou moxe na
unteppearyje ca His-Gly mentuanom Be3oM W Ja Ha Taj HAYWH KaTalu3yje HEHY

XUAPONU3y. XUApPOJIM3a C€ MOXKE BpPIIUTH [0 HWHTEPHATHOM WM EKCTEpHAIHOM

31



Onwmu 0eo

MeXaHU3MYy, IITO 3aBHCH O] IOPEKJIa MOJIEKYNa BoJe, a Takolhe Moryha je u komOuHaIMja

OBa JBa MCXaHH3Ma.

HcnutuBan je edekaT KHCEIOCTH pacTBOpa Ha BPEAHOCT KOHCTaHTE Op3uHe
xuaponusze His-Gly nentuane Beze y MeCOHis(N1-Me)-Glynentuay. V 3aBucHOCTH 01
PH BpenHOCTH y peakunoHO] cMemH Kojy unHe oBaj mentug u Pd(ll) kommiuekc mocroju
paBHoTexka m3Mehy Ave 1 Dye kKoMmiekca. Kana ce peakmuje xuaponmse uzBone y pH
o6mnactu 0,8 < pH < 5,0onuentpanuja HsO' jona ce mema ox 1,610° M no 1,010° M)
nocroju koHkypennuja m3mehy HsO" n Pd(ll) jora 3a moHopcke aTome y mentuay. Kao
pe3yaTar Tora CBHJCHTHO je Ja Ce KOJMYMHA HEKOPAMHOBAHOT MENTHIA CMamyje ca
nosehamem kounentparuje HzO" joma (Crmka 14a). Takobe, pe3ynTaTH HCIMTHBAH-A
MOKa3yjy Ja c€ KOHIIEHTpaluja KoMmiuiekca Ape ToBehaBa ca CMamemeM KHCEIOCTH
pacTBopa CBe JIOK KOHIICHTpaIuja Hs;O" jOHa HE JIOCTUTHE NPHOJUKHO BPETHOCT Of
1,010% M. Jlamum cMamemeM KoHienTpammje HsO' joma Harmo omaza KOHIEHTpamwmja
Anpe KOMIUJICKCA, JIOK C€ HACympoT OBOME KOHIEHTparuja komiuiekca Dye moBehasa
(Cruka 14bwu Cnuka 14c).Konsepsuja Aye y Dve je Moryha jep npu oBoj pH BpeaHocti
Pd(Il) jou Beoma eduracHO IEHNPOTOHYje MENTHUIHHM a30T M XCIATHO CE KOOPAHMHYje 3a
nentu]. OBa paBHOTEKHA peakiMja je mpuka3ana Ha cauiu 15. Koncrante paBHOTEXe 32
HaBeZieHy peakunjy cy Ka = 3,4u Kp = 5,010°. [Tocneamo] BPpeMHOCTH 32 KOHCTaHTY
paBHOoTe)ke oaroBapa PKp = 2,3 miro je mpubmmwkuo jemnako PK = 2,0 kama Pd(Il)

JCTIPOTOHYje menTHIHu a30T [58].

I'padunm  koju mpuKasyjy 3aBUCHOCTH KOHIEHTpalHje Awne KOMIUIEKCA O]
kucenoctu pactBopa (Crnuka 14b) U 3aBHCHOCTH KOHCTaHTE XHIPOJIHM3E OJ] KHCEIOCTH
pactBopa (Cnuka 14d) cy Beoma ciumuynu. CIMYHOCT OBa JBa rpaduka je y CKiIagy ca
YUEBCHUIIOM Jla XHUJAPOJIUTHYKH aKTHBHO JEIUECEHE OAroBapa Aye KOMIUIGKCY H Ja
KHACEJIIOCT pacTBOpa YTHYE Ha BPEIHOCT KOHCTAHTE XHIPOIM3E Kao peryiaaTop
KOHIICHTpAalMje KaTAINTHYKH aKTHBHOI KoMmIuiekca. Pasnuka usmel)y rpaduka Ha cnumm

14cwu 14dnotephyje na je komiuieke Dye KaTaTUTHUKKA HEAKTHBAH.
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Cauxa 14. Edexar Kucemoctd pacTBOpa Ha PaBHOTEKY EKBUMOJApHE CMeIle
munentuaa u [Pd(en)(HO)]*" y D-O ua 60 °C: @) 3aBUCHOCT KOHLEHTpALWje
koopaunoBanor nentuaa 3a Pd(ll) jon; b) 3aBuchnoct xonmentparmje Pd(Il)-
HEeNnTH] KOMIUIEKCa y KOjeM je MenTua MoHoaeHTaTHo mpeko N3 atoma aszora
koopaunoBan 3a Pd(Il) jon; ) 3aBuchHoct konuentparuje Pd(Il)-nenrun
KOMIUIEKCa y KojeM je mentun OumentatHo mnpeko N3 aroma aszora wu3
MUMHJIa30JIOBOT TIPCTEHA M JCMPOTOHOBAHOT IMENTHIHOT a30Ta XEJNaTHO BE3aH 3a

Pd(Il) jou; u d) 3aBucHocT BpemHoctu KoHcTante xuapoiuse His-Gly nmentuane
Bese [87]
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cis-[Pd(en)(HO),]**
+
MeCO-His(N1-Me)-Gly

Ka

HZ HY
Ame
Kb

H: HY
Dwme

Cumka 15. [llemarcku nprka3 paBHOTexHe peakumje usmely [Pd(en)(HO),]*

komruiekca 1 MeCOHis(N1-Me)-Glyirentuma

Kao mto ce u3 cnuke 16 Buau, camo je KOMIUJIEKC TUIAa A KaTaIUTHYKUA aKTHBAaH.
Jlpyru HauvHU KOOPAMHOBAama IMENTHIA 332 KaTaau3aTop Najy KaTaJUTHYKH HEaKTUBHE
nanaanjym(Il)- menrtug kommiekce. Mehytum, cBe peakiiije y pacTBOpy Cy peBep3nOMIIHE
u nHakTuBHU mangaanjyMm(l)- menTum KoMriekcu Mory npehu y ak THBHH KOMIUTEKC THITA A,

TaKo Ja MEeNTHIHA Be3a Ha KPajy KOMIUIETHO XHIPOJIU3Y]e.

MeCO-His-Gly + cis-[Pd(en)(H0),]*"

H% % KC&’ \X«"M

N 2H

H* H* H 2H? 2H
K

D TL—D;- A B C E

H* lkh

MeCO-His + Gly

Cmmka 16, Mexanmzam  xuapoimze  His-Gly  mentuane  Bese  y

MeCOHis-Glyterrruny y npucycrsy [Pd(en)(HO),]** kommiekca [54]
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Edexar onnazehe rpymne Ha Op3uHY XUIPOJIM3€ UCIIMTUBAH j€ HA CEPUjU AUMICNTHIA
MeCOHis-Xtuna, y kojuma C-tepmunanna amuHokucenuna X je Gly, Ala, Ser, Thr, Leu,
Phe,wmu Tyr. Tlomro je mpupoja NENTHAHE BE3¢ y HABEACHHMM IENMTHANMA WIACHTHYHA,
Op3uHE HWEHE XUAPOJIN3€ JeIWHO 3aBUCH OJ TNpupoje OouHor Hm3a C-TepMUHATHUX
aMHHOKHCENIMHA. 3a MeT O] celaM MCIMTHUBAHUX IMENTHIa BPEIHOCTH KOHCTaHTe Op3uHe
XUIpOIM3€e JIMHEapHO omnanajy ca mnoBehamem cTepHor edekta C-TepMuHATIHE
amuHOKHCcennHe. Ha ocHOBY BpenHOCTH KOHCTaHTe Op3uHe xuapoause His-X mentuanux
BE3a MOXE C€ 3aKJbYYHTH Jla Op3WHa XUAPOIM3E 3aBHCH OJ MOTYNHOCTH WHTEpaKIIH]je
Pd(ll) joma ca mentumHOM BE30M KOja XHUIpoiu3yje. BpemHocTH KOHCTaHTE Op3uHE
xunponuze nentuaHe Bese 3a MeCOHis-Seru MeCOHis-Thr nentune oxacrymajy of
JMHEAPHOCTH. AKO ce y3Me y 003up cTepHu edekaT oazehe amuHokuceanne (Seru Thr)
y OBa JiBa MENTH/a XUIPOIU3a MENTUAHE Be3e je MHOTO criopuja. OBo ce MOke 00jaCHUTH
Ha ocHOBY pe3ynrata NMR cnekrpockonuje u MOJIEKYJICKOT MOAETHpamka. XUAPOKCUIHA

rpymna u3 6o4Hor Hu3a Seru Thr rpaay BOJOHHYHY Be3y, Kao IITO je TMPUKA3aHO Ha CIHIU

17.

Kao mro je panmje peueno, koopauHoBameM Pd(Il) joma 3a N3 arom
MMHIa30JI0BOT MpCcTeHa Hactaje xuapoiutuuku aktuBaH Pd(ll)-mentun kommiekc. Kao
mro ce Ha ciauuu 17 BuaM, BOJOHMYHA Be3a ce ycnocrtaBiba mpeko N1 aroma
MMHJIa30JI0BOT TIPCTEHA, MOJIEKYJIa BOJE U3 pacTBapada, KapOOHUIHOT aTOMa KHCEOHUKA U
XHIPOKCUJIHE Trpyre y OounoMm Hu3y Ser wiam Thr. dopmupame oBe Be3e ycropasa
poTanujy MMHIA30JI0BOI MpcTeHa, a camMuMm TuMm W mHTepakimjy Pd(ll) ca His-X
nentuaHOM Be3oM. [locienuia tora je cnopuja xuaponusza His-Seru His-Thr nentuaaux
Be3a. AMHUHOKHCENTMHA TUPO3MH MMa XHIPOKCHWIHY TpYIy y OOYHOM JaHIly, ajld ce y
MeCOHis-Tyr nentuay He MOKe YCIOCTaBHTH BOJOHHYHA Be3a 300r cTepHOr edekra

apPOMATHYHOT MPCTEHA KOJH j€ Y OBOM CJTy4ajy JOMHUHAHTAH.

CHs—%—NH—c H—C—NH—C H—%—OH
0 Q RCH O

| N
NNy | H H

Cauxka 17. Illemarckum mpuka3 BojoHHYHOr Be3uBaba y MeCOHis-Ser u

MeCOHis-Thrientnanma
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Y peaxumjama mmeljy namagujym(ll) xommmexca trama [Pd(L)(H0)2]?* y kojuma je
L xenaTHO KOOPAMHOBAHU JMAMUHCKH JIMTaH] (€TUICHIUaMuH, en; 1,2HponuIcH IMaMyH,
1,2-pn; N-metmretmnenaunamud, Meen; wuzobyrtmnenauwamud, ibn; um  N,N,N’,N-
TeTpamMeTuiaeTHIeHMamMuH, Megen) mmu S,N«oopauHoBaHa aMuHOKKCennHa (S-MeTwi-L-
ucrend, MeS-L-HCysu L-mertnonun, L-HMet) 1 MeCOHis-Glynentuna y pH o6nactu
ox 2,0 1o 2,5na 60 °C oxsuja ce cenekrtusHa xuaponusza His-Gly nentunue sese [85].
bp3una xuaponnse meNTUAHE Be3e omaja ca nmosehamem crepHor edekra komruiekca (en
> 1,2-pn > Meen > MeS-L-HCys > ibn > L-HMet > @) mro ce moBoau y Be3y ca

CTEpHHUM e(eKTuMa KaTaau3aTopa.

Xunpomusa nentuane Bese y MeCOHis-Gly, MeCOHisu wuxoBum N1 u N3
METHIIOBAaHNM JCpHMBATHMA HCIHTHBaHa je y upucycrsy [PACL] u [Pd(H0)4?**
komiuiekca [86]. V peakumju [PACL]* ca MeCOHis-Gly u merosum N1 u N3
METHUJIOBAaHUM JIepUBaTUMa HacTajy Komruiekcu tuna A-E. Y cBuM peakuujama camo je
HeNTUIHA Be3a Koja CaJApKu KapOOKCHIIHY TpyIy XHCTHIWHA XUAPOJIM30Baja, JOK Be3a
KOja CaZp)Kd aMHUHO TPYNy XUCTHUAMHA HHje XUApoiu3oBana (cerekmuena Xuopoiusa).
Vkyman Opoj muKiIyca 3a XHUIPOJIU3Y HaBEJCHE NMENTHUIHE Be3e Ouo je mer. Pesynratu
HCIIUTHBAbA OKa3yjy aa je [Pd(H0)s]** xumpomuriaknu aktuBHmjH y oxrocy Ha [PACL]*
KOMILJIEKC ¥ J1a OBaj KOMIUIEKC KaTalu3yje XUIAPOJIM3Y KaKo MENTHIHE Be3e Koja CaapikKH
KapOOKCHIIHY TPYIy XUCTHIMHA, TaKO M TENTUIHE Be3€ Y UH]y CTPYKTYpY YJIa3H aMHHO
rpyna xuctuauHa (necenexmusna xudpoausa). V peakuuju [Pd(H0)4]? ca MeCOHis-Gly
u MeCOHisu wmeroum N1 u N3 metmnoBanum aepuaruma Pd(Il)ientun komriekcu
tuna A win B (A, Aue B, Bue) katanusyjy xuaponusy nentuaaux Besa. Haheno je na o6e
NETHIHE BE3€¢ Y HABEJACHHM MENTHIUMA XHAPOIH3Yjy MPHOIMKHO WUCTOM Op3WHOM, a
NPOM3BOIM Cy cHupheTHa KHCeNIWHA, TJIWIWH, XUCTHIUH WK HWeroB N-meTwinoBaHH
nepuBat. M3 momaraka y tabenu 2 BUIM ce Ja MENTHIHA Be3a KOja CaApKu KapOOKCUITHY
rpyny xuctuauHa xugaponusyje 1,7 no 4,5 nyra Opke y oAHOCY Ha MENTHUIHY Be3y Koja

CaJpKU aMUHO I'PyIly XUCTUUHA.

Mexanuzam xuapoause nentuaaux Beza y MeCOHis-Gly, MeCOHisz muxoBum
N1 u N3 meTnnoBanuM JepuBaTMa momohy oarosapajyhux komrutekca nanaaujyma(ll) je
JTUCKYTOBaH HAa OCHOBY MOJICKYJICKO-IWHAMUYKUX CHUMYyJaluja. 3akjbyuyeHO je Ja Yy
ciyuajy kana ce nanaaujym(ll) xoopaunyje 3a N3 atom a3zora MMHUIa3010BOT MpCTEHA
Hactanu nanaaujym(Il)- mentug komIuieke ce Hajmasw y MOBOJBHO] KOH(pOpMAIHju Koja

omoryhaBa xwuuponuzy o0e TmenTuaHe Be3e. XHApPOJIM3a CE MOXE OJBHjaTH TIO
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UHTEPHATHOM HJIM €KCTEPHAIHOM MEXaHU3MYy, MJIM KOMOHMHAIIMjOM OBa JIBa MEXaHH3Ma.
KoopmuaoBamem Pd(ll) 3a N1 atrom Hacraje managujym(ll)-mentun koMmIuieke Koju uma
MOTOJIHY KOH(OpMaIHjy 3a XUAPOIU3Y 00€¢ MEeNTHAHE Be3e, Al CaMO IO WHTEPHATHOM

MEXaHU3MY.

VY peakuuju [Pd(L-Ala-N,O)Cl;]” u [Pd(L-Ala-N,0)(H20),]" xommnekca ca
MeCOHis-Gly3a mame o1 24 cara Ha pH ox 1,510 2,50/1Buja ce KOMIUIETHA XUIPOIN3a
His-Gly nentuane Bese. Xuaponn3a OBOI IENTHIA j€ CEIEKTHBHA. Y peakidjama usMehy
osa nBa manaaujym(ll) xommiekca  MeCOGly-Hisu MeCOGIly-Gly-His nentuaa, kox
KOjHX je KapOOKCHIIHA Tpyna XHCTHIUHA ciobonHa, xunponusyjy MeCO-Glyu Gly-Gly
HENTUIHE Be3e, 10K y peakuuju ca Tpunentugom MeCOGly-His-Glyxunpomuzyjy MeCO-
Gly u His-Gly mentuane Bese. MexaHH3aM OBHX HECEICKTHBHHMX XHAPOIUTHUKUX
peakifja caapKh EIMMHUHAIM]y XelnaTHO KoopauHoBaHor L-Ala nuranga y momasHom
KOMIUIEKCY npahieHy KOOpIMHOBameM JBa Mojiekyna Boje 3a namanujym(ll) joH, kao u
XeJlaTHy KOOpAMHAIIM]Yy OBOT joHa 3a mentua npeko N3 atoma a3ora w3 mmumasona u

JICTIPOTOHOBAHOT MENTHIHOT a3oTa [87].

Tabena 2. BpennocTu 3a KOHCTaHTE€ Op3WHE 3a CYICTpaTe KOjU CaAp)Ke XUCTUIANH Yy

peakimju ca [PACL]? i [Pd(H0)4)*" kommrekcrma

10" Kopsg Min™

Cynerpar (PACL]® [PA(H,0)2"

His-Gly MeCCHis His-Gly
MeCOHis-Gly 5,0 29 49
MeCOHis 21
MeCOHis(N1-Me)-Gly 5,2 22 43
MeCOHis(N1-Me) 20
MeCOHis(N3-Me)-Gly 41 11 49
MeCOHis(N3-Me) 10

HcnmtuBama peakiyja XUApOIM3E MENTHIHUX Be3a y MOJHMIENTHAMMA momohy
nanaaujym(Il) xommaekca cy nmokasana jaa, mopesn xuapoiuse His-X mentumne Bese (X je
OMJIO KOja aMHHOKHCEIIHMHA), XUAPOJIN3Yje W MENTUIHA Be3a KOja Ce HaJa3H y CYCEACTBY

B€3€ KOja CaJp>KM aMHUHO Tpyly U3 XHCTUIUHA. Tako, pe3yiTaTu HCIHUTHBama peakifja
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MeCOGly-Gly-His-Glynentuaa ca namagujym(ll) komruiekcuma cy mokasaiu Ja y OBOM
nentuay xuaponusyjy His-Gly u Gly-Gly mentupne Bese. Xuaponmsa OHOIOUIKH
aktuBHOr  menTtuaa — anrmoteHcuHa Il (Asp-Arg-Val-Tyr-lle-His-Pro-Phe) ca
[Pd(en)(HO),]*" kBanTurarueHoO je ncrmrusana [88]. Haljero je aa ce xumpormsa His-Pro
NENTUIHE BE3¢ y OBOM IENTHAA OjBHja Op30, NOK je xuaposmsa Tyr-lle Bese 3HaTtHO
CriopMja ¥ OHa 3axTeBa CJIMMUHAIM]Y eTwieHauamuHckor nuranaa ca Pd(ll) jona.
HcnutuBama peakija Xuapoian3e S-OKCUI0BaHOT 00JIMKa MHCYJIMHA TToMOohy KoMITIeKkca
nanaaujyma(ll) cy mokasama ma ce y maniy B oBor mentuma Takohe, Kuga MenTHIHA Be3a
KOja Ce HaJIa3u Y CYCEICTBY Be3e Koja CaJpKi aMHHO Tpyny XucTuauHa. Mehytum, y cBuM
HaBeJICHUM CllyuajeBuMa Hal)eHo je Ja He J0Ja3H J0 XUAPOJH3E MENTHIHE Be3e Yy 4Hjy
CTPYKTYPY YJIa3u aMUHO Tpyla U3 XUCTHIUHA. [IpeTX0MHO OnKMCcaHu pe3ylnTaTH Cy BeoMa
3HAYajHW M Ca acleKTa MOTCHIMjaJIHe NMPUMEHE KOMIUICKCA TMajaJrjyMa 3a CEJIECKTHBHO

pacKuaamC NCITUAHUX BE3a Y IIPOTCUHUMA.

Luxknyc kamanuzamopa y peaxyujama xuopoauze nenmuoa Koju caoparce XucmuOouH

Kanma ce xatanuzarop u CyncTpaT momeniajy y MojckoM ogHocy 1 : 1 xumponuza
CYIICTpaTa je KOMIUIETHa 0e3 003upa IITO y peakMOHO] CMEIIN HacTaje MeT Pa3InduTUX
Pd(Il)-nentun komiuiekca (komruiekcu A, B, C, D i E; Buau ciuky 13) ox kojux je camo
KOMIUIEKC A KaTaJUTUYKU aKTHBaH. KOMILIETHOCT XHIPOJM3€ MENTHIHE BE3€ MOXKE Ce
objacuuTh unmeHunom aa ce Pd(ll)-mentua koMmiieke Trma A moHaia Kao KaTaau3aTtop
Jla ce ca BpEMEHOM, KaKo XHIpoJiu3a Teue, paBHOTexka u3melhy xomruiekca A-E y pactBopy
noMepa y mpaBily Hactajama komiuiekca A (Cnuka 18). Jla xommuiexc manamujyma(ll)
Jienyje KaTaTUTHYKY Ha peaKifjy XUIpOoJin3e MENnTHIHE Be3e MOTBPHEHO je y ciydajy Kaaa
ce anerwtoann aurnentun MeCOHis-Gly u [Pd(en)(HO);]?" nomemajy y monckom
onHocy 4 : 1. IlotmyHa XuIpoiu3a CyICTpaTa, KOjU je JOJaT y BHUIIKY, MOTBphyje

IIUKJTYCHO JI€jCTBO KaTaJI3aTopa Ha HerOBY XUIPOIIU3Y.

HajHoBHMju pe3ynaTaTu Ccy TOKazald Ja ako je Opoj HHKIyca y KaTaJIMTHYKO]
peakIuju XUAPOIN3e MENTHIHE Be3e Yy CyNCcTpary Behu o 4eTupu y peakimoHO] CMEUTn
HOCTOjU caMo KomIuieke Tumna A. Jla Ou xomruiekc nanagujyma(ll) moHOBO ymiao y HOBH

ukIyc HeoxoHo je aa ce packune PA(I1)-NJimidazol Be3a.

. + . .
Packuiame 0Be Be3e MOTIIOMOTHYTO je mpucycTBoM HzO™ joHa y pacTBopy Koju ce
ymopeno ca Pd(Il) jomom mory koopauHoBatd 3a N3 aToM a3oTa W3 HMHIa30JI0BOT

npcrena. Ha oBaj maunn HzO' jonn xonxypumry Pd(ll) jony u moTmomasky packujaame
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merose Bese ca N3 atromom azora u3 umugasona (Crnuka 18). Katanuzarop ocinobdolhen mox
. 4+ . .
nejctBom H3O' joHa pearyje ca IpyruM MOJIEKYIIOM CYIICTpaTa, pacKuia MenTuaIHy Be3y, a
+ .
3aTUM ce TIOHOBO cyncrutyuniie ca H3O' joHnMa 1 MUKITyC ce TaKo HACTaBJha JaJbe.

wowe NH—CH—C—NH—CH—C—OH
wwweNH—CH—C—OH [0 [

I CH, © R O
CH2 o 2
%\NH N @
OH2 j
j/ \;&/ HN—/
HIN- 2N supstrat
proizvod N OH2
katalizator
HyO" HO"
S
wwNH—CH—C—OH WNH—CllH—ﬁ—NH—CI:H—(E‘—OH
CH, CH, © R O
OH2 OH2 .
/ |2+ / |2+ :[B+C+D+E
N—lpd—N JN_Td—N
+) +
HNJ N\) HNJ N\)
"NH—CH—CG—OH H,0
R O
proizvod

Cauxa 18. [{uki1ycHO KaTaJIMTHYKO PACKUAAE TMENTUAHE Be3e Y MENTUANMA KOjH

cazpxe xuctaauH y npucycrsy [Pd(en)(HO),]?" kommiekca [84]

Peakuuje xommiekca miatune(ll) ca menTmauma Koju cagp:ke aMHHOKHCETHHe
L-xucTauH U L -MeTHOHMH

Peaxyuje ca [Pt(en)(HO)] ** komnaexcom

Peaknuje xomruiekca [Pt(en)(HO);] 2* ca nunentuanMa Koju caapxe L-xuctuaus u
L-metnonun (Ciklo(-His-Met-), His-Metu Met-His) cy ucnurtuBane npumenom HPLC u

NMR crextpockomnuje Ha Temneparypu ox 40°C u pH ob6nactu ox 3,2 10 11,2[89].

HMukmmuan nentuyg Ciklo(-His-Met-) O6ugenTtatHo ce KOOpauHyje MPEKO aroma
cymmnopa u3 MetuoHuHCKor ocraTka U N1 aroma asora ummumasonoBor npcrena 3a Pt(ll)
npu yemy Hacraje [Pt(en){ciklo(-His-Met-)N1,3] ?** kommmreke (Cruka 19, komruieke 1).

OBaj MakpoxenaTHU KOMILUIEKC ca JaBaHaecTowiaHnuM xematHuMm N1,SsipcreHoM HacTaje y
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NPBUX HEKOJIMKO MMHYTa peakiiyje u jenuHu je npousBon mnpu pH < 8,0./IBaHaecTounanu
N1,S xenaTHu mpcTeH je BeoMa (hekcHOMIaH, YuMe ce MOXe 00jaCHUTH CTaOMITHOCT U
KMHETHYKa HHEPTHOCT OBE KOMILIECHE BpcTe y pacTBopy. I[ToBehamem pH Bpeanoctu (pH
> 9,0) HaljeHo je na y pactBopy nocroju u [Pt(en){ciklo(-His-Met-)N,3] * kommiexc, kox
xora je CcCiklo(-His-Met-) xoopauHOBaH TpeKo aromMa CyMmIopa W3 METHOHHHA H

JICTIPOTOHOBAHOT aroma a3zora His-Metnentuase Bese.

CraGunan [Pt(en)(His-MetN1,3] %" makpoxenar (Cnuka 19, kommieke 2) ce
dopMupa, Kao TIaBHA KOMIUIGKCHa Bpcra y peakumju [Pt(en)(HO)]** u His-Met
munentuna y pH obmactu on 3,2 no 11,2, nakon 14 nana. Ilpu pH = 4,5naheno je na y
pactBopy noctoju [Pt(en)(His-MetO,9]" xommneke (Cruxa 19, kommaekce 3), Koju 6p30
npenasu y TepMomuHamuuku crabiamje [Pt(en)(His-MetN1,9]%" (2) u [Pt(en)(His-Met-
N,9]" (4) xommekce. Y 6a3HO] CpeJIMHH, HAKOH KOOPAMHOBAK-a aTOM a30Ta IMENTHIHE
Bese y [Pt(en)(His-MetN,S]" xommiekcy, nonmasu g0 packujama PtS Bese wu
KOOpJHMHAIMje aroMa a30Ta TepMuHaiHe amuHO Tpyme 3a miaruny(ll), mpu demy ce

dopmupa [Pt(en)(His-MetN,N")]" xenaTan komriexc.

7N
\lﬁH HOOC

®3) (4)

Cauxa 19. CtpykrypHe popmMyiie KOMIUIEKCa KOjU HACTAjy y Peakluju

[Pt(en)(HO),]*" ca ciklo(-His-Met-)u His-Met nerrruanma
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JIBaHaeCTOWIAHU XENIaTHU MPCTEH y KOMIUIEKCY (2) mokasyje BEeIHKy CTaOHIIHOCT,
qak U y 6a3Hoj cpenunn (PH = 7 - 10)y kojoj cy [Pt(en)(His-MetN,N3** u [Pt(en)(His-
Met-N,N’)]" koMmiekcH, ca KOOpIMHOBAaHHM aTOMOM a30Ta TEPMHHAIHE aMHHO TpYIIE,
TEPMOJIMHAMHYKA CTAOWITHH.

Komriexcn koju Hactajy y peakmmjn Met-His u [Pt(en)(HO),]*" xommiekca
npukazanu cy Ha cnuiu 20. Y kucenoj cpenuHu, GpopmMupa ce KUHETUYKH (haBOPU30BaH
[Pt(en)(Met-HisN,9]?* xenarun xommiexe. Ilpu pH = 9,6 101a3u 10 criope KoHBep3uje
[Pt(en)(Met-HisN,9]** kommiekca y [Pt(en)(Met-HisN,N’)]*, koju HakoH packupgama
jemne PtN(en)sese npenasu y [(Pt(enN)(Met-His-N,N’,N3)]" xomnnexc (N je aTom azora
TepMuHaiHe amuHO rpyme, N’ aTom azora u3 mentugHe Beze u N3 arom asora u3

MMH/1a30JI0BOT MPCTEHA aMUHOKHUCETHHE XucTtuanna; Buan Ciauky 20).

Kana ce munentuy His-Metu [Pt(en)(HO)]*" nomewmajy y 2 : 1Mosickom oxHOCY
nomnasu 10 crope peakimje [Pt(en)(His-MetN1,3%" makpoxenara (Cimka 19, komruiekc 2)
ca gpyrum [Pt(en)f* dparmenrtom, mpu uemy Hacraje [{Pt(en)}»(His-Met-N,N3(His-Met-
N1,9]°" kommieke. Y anamorsoj peakuuju ca Met-His mumentumom taxolhe, Hacraje

munykieapuu [{Pt(en)}(Met-His-N,§(Met-HisN,N3]** kommekc.

2 H NH
7] 2
N A o
Z\Pt/ ’\/ \ COOH
H
NH2/ \S 7 N 2 W
/ Hl / H3C\ Ne/

[Pt(en)(Met-His-N,S)]?* [Pt(en)(Met-His-N,N")]*

NH 2+

COOCH

[Pt(en-N)(Met-His-N,N*,N3)]2*

Camka 20. CtpykTypHE GopMyIie KOMIUIEKCA KOjU HACTA]y y PEaKIHju

[Pt(en)(HO),])** ca Met-His nentumom
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Pesynratn HPLC ucniuruBama peakumja [Pt(en)(HO)s]** komiuiekca u aumentuaa
His-Metu Met-His ykasyjy na je koHBep3uja KHHETHUKU (HaBOPH30BAHOT KOMILIEKCA KOjH
CaapXHW KOOPAWHOBAHHM aTOM CYMIIOpa y TEPMOIMHAMHYKH CTAOMIHUJU KOMIUIEKC Ca
KOOPAMHOBAaHUM aTOMOM a30Ta MMH/Ia30J1a BeoMa CIIopa, U Jia 3aBHUCH Of moioxkaja His u

Met ocratka y mentuny.

V peaxuuju [Pt(en)(HO)s]** kommekca ca Tpu-, Terpa- u nenranentuauva His-
Gly-Met, MeCOHis-Gly-Gly-Metu MeCOHis-Ala-Ala-Ala-Met,onmax HakOH Melama,
noJ1a3u 10 hopMHupama KWHETHYKH ()aBOPU30BAHOT KOMILJIEKCa KOJ[ KOTra je aToM CyMIlopa
u3 MmetrnoHnHa KoopauHoBal 3a Pt(l1) jou [90]. V kucenoj cpeannu, HAKOH MOHOJCHTATHOT
KooparHOBama nentuaa, Pt(Il) zenporonyje nenTuaHm a30T Npu YeMU HACTAje KWHETUYKH
dasopmzosan [Pt(en)(peptidN,9]" kommaekc. MeljyTum, y 6a3HOj cpeanHH, yIopeao ca
dopmupamem  [Pt(en)(peptidN,9]" koMmmiekcHe BpcTe, HAcTajy — MaKpOXENAaTHH
[Pt(en)(peptidN1,9]*" u [Pt(en)(peptidN3,9]*" koMILIeKCH ca KOOPAHHOBAHHM aTOMOM
a30Ta U3 UMHJIA30JI0BOT npcTeHa. 3a kpahe nmentuae (His-Gly-Met) kapakrepuctuuHa je
N1,S koopauHanmja, JOK y ClIydajy Te€Tpa- W NEHTANEeNTHIa MaKpoXeJaTHU KOMIUICKCH,
[Pt(en)(peptidN1,9]*" u [Pt(en)(peptidN3,9]%*, Hacrajy y nmpuGIMKHO HCTOM OZHOCY Y
pH ob6mactu 2,7 - 10,8.UctoBpemena N1/N3 koopauHammja mocroju camo y ciydajy
MakKpoxesara Koju ce popMupajy y peakiyju MenTuaa ca ABe WIK BUIIE aMUHOKHCEITUHE

u3Mel)y XucTuauHa 1 METUOHHHA.

dopmupame MaKpOXelTaTHUX KOMIUIEKCAa 3aBHCH OJ Op3uHE H30MepHu3aluje
[Pt(en)(peptidN,9]" kommiekca y TepMonuaamudke crabmnamje [Pt(en)(peptioN1,9]%" u
[Pt(en)(peptidN3,9]** makpoxenarue xommiekce. Haljero je ma y pH o6mactu 2,7 - 5,5,
Ha 40 °C makoH 28 nmaHa, y pacTBOpy MOCTOje CaMO MaKpoxenaTHe BpcTe. bp3uHa oBe
peakiyje 3aBUCH O]l TOJIOKaja XUCTHIUHCKOT M METHOHHMHCKOT OCTaTKa y MENTHIHOM
naniy. dopmupame Makpoxenara je Opke Kama ce u3Mel)y METHOHWHA M XHCTHIMHA
HaJa3e 4YeTHPU aMUHOKHCEIMHCKA OCTAaTKa, y OJHOCY Ha MENTHIE KOJ KOjux ce m3Mehy

Met u His ocraTka Hanase tpu amuHokucenune [90].

C 003upoM Ha YHILEHHWIy Ja ce y IN VIVO ycloBMMa HAaKOH TpETMaHa ca
nucraTuHoM npeko 50% oBor kKoMIIeKkca M3JIydd W3 OpraHu3Ma HaKOH HEKOJHWKO JaHa,
dopmupame N1,S,ka0 u N3,S, makpoxenara ca onuronentuanma (MM MPOTEHHUMA) HE
MOYE CE€ 3aHEMAapHUTH Kajia € TOBOPU O PEAKIIMOHOM IyTy aHTHKAHIIEPOTCHUX KOMILJICKCA

mwiature(ll) [91].

3a cenektuBHy xuaponuzy MeCOVal-Lys-Gly-Gly-His-Ala-Lys-Tyr-Gly-Gly-
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Met-Ala-Ala-Arg-Ala memruna  xopumhenn cy  [Pt(en)(HBO)]?" u  [Pd(H:O))**
komrmuiekcu. Haheno je ma Pt(ll) xommuexc cenektuBHO xuapoausyje camo Met-Ala
nentuaHy Besy, 10k [Pd(H0)s]?* kommnexe xumponusyje o6e Gly-Gly nenruane Bese y
nentuay. Kaga ce y peakuuony cMemy nentuga u [Pt(en)(BO)])*" noxa exsusanentna
kosimunna Pd(1l) kommnekca xunponusyje Met-Ala (katanuzarop Pt(Il) kommuieke) u Gly-
Gly nentunna Beza y -Gly-Gly-His- ¢dparmenty 3a unjy je xuaponusy oaroopan Pd(II)
[24].

Pearxyuje ca Cis-[PtCh(NHa),] xomniexcom

Peakmuje CiS[PtClL(NH3);] xommiekca ca MeCOMet-His, MeCOHis-Gly-Met,
MeCOHis-Ala-Ala-Ala-Met, MeCOMet-Gly-His-Gly-Gly, MCOMet-Gly-Gly-His-Glyu
MeCOGly-Met-Gly-His-Glynentuauma ucniutusane ¢y y pH obiactu ox 2,510 11,0Ha
40 °C [62,63,67]. Y cBuM peaknujama HaheHO je 1a, HAKOH MOHOJEHTaTHOT
KOOPJIMHOBAMA MENTHIA MPEKO aToMa CyMIIopa METHOHHHCKOT OCTaTKa, J0Jia3u J0 Op3e
UHTPAMOJICKYJICKE CYNCTHTYIMje APYror XJIOPHIO JuraHaa u3 komiuiekca ratuae(ll) u
dopmupama  pematmBHo  crabmnHor  [Pt(peptidN,9(NHs3),]"  kommiekca, ca

KOOpPJMHOBAHUM JENPOTOHOBAaHUM aTroMoM azora X-Met nentunne Bese.

V peakuuju nucriatuae 1 MeCOMet-His,npu pH < 7,0, kunetnuku aBopr30BaH
[Pt(MeCOMet-HisN,9(NHs),]" kommmekc mpenasm y TepMOAMHAMHYKH CTaOHIHH]jE
[Pt(MeCOMet-HisN1,9(NHs)-]**, [Pt(MeCOMet-HisN3,3(NH3);]** u [Pt(MeCOMet-
His-N,N3,3(NHs)] xommnekce. Haleno je ma monasu o cenektuBHe xuaponuse Met-His
NENTHIHE BE3e, U Y PacTBOPY j€ IPUMEHOM 'H NMR CHEKTpOCKOMuje Hal)eHO J1a MocToju
cnoboman N-amermnosann MetnonnH (MeCOMet), kao n cis-[Pt(His-N,N3CI(NHs)]*
komruieke. Y 6asuoj cpenunu (PH > 7,0)He monasu 10 XHAPOJIM3E MENTHIA W TJIABHH

npou3BoJ peakuuje je Mmakpoxenatau [Pt(MeCOMet-HisN1,3(N Hs)2])** kommnexe [63].

Haheno je na y peakiujama Cis-[PtCl(NHs3),] ca MeCOHis-Gly-Metu MeCOHis-
Ala-Ala-Ala-Met ipu pH < 5,0 Ciuka 21) gonasu 10 XuApoau3e apyre MenTHIHE Be3e Y
OJHOCY Ha KOOPJMHOBAaHW OOYHM JaHal] MeTHOHHHA [62]. IIpou3BOIU XHIAPOIUTHUKOT
packunama His-Gly (MeCOHisu [Pt(Gly-MetN,N’,§(NH3)]") u Ala-Ala nentuaanx Beza
(MeCOHis-Ala-Ala u [Pt(Ala-Met-N,N’,SYNH3)]") pasasojern cy nomohy HPLC
xpomarorpaduje, a npumenom NMR criektpockonuje u MS criekTpomeTpuje U3BpIIICHA je
BUXOBa KapakTepusanuja. Haheno je ma je komrmiekc (1) ca TpHAEHTATHO KOOPIUHOBAHHM

MeCOHis-Gly-Metu MeCOHis-Ala-Ala-Ala-Metnentuauma (N,N’,S-koopaunarja, riae
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cy N u N’ atomm a3zora menTHIHHMX Be3a) Mame CTAOWIHA MHTEpMEIMjepHa BpCTa Y
Kucenoj cpeauHu. I[Ipy OBMM yClIOBMMa y pacTBOpPY IIOCTOjU W  MaKpOXENaTHH
[Pt(NHs)o(peptidN3,3]%" kommnexe (2). Melyrum, npu pH < 3,4y peakiuju LUCILIATHHE

ca MeCOHis-Ala-Ala-Ala-Met nentugoM He 107a3u A0 KOOPAWHOBaWma aToMa a3oTa

S
)
HaN— I‘Dt— N3(His)

NH;
2) \
T pH <5
|‘\‘H3 + MeCOHis-(X),-Met "\le l‘\le
H3N—I‘3thI —_—> Hgl\let—S—peptid —> Hgl\%l‘:’t—s
Cl Cl MeCOHis— (X)7— N,W)
X =Gly, Ala l
n=1,23 HisCOMe
NH; /

| _ PH<5 (X)p1 NHy
H&Pts + MeCOHis-(X),1-OH <—— X' |

N—Pt—S
) "
1

Cauka 21. llema xuapoautnukux peakiuja mentuaa tuma MeCOHis-(X)-Met ca

cis-[PtClL(NHz),] xommiexcom

umunaszona 3a Pt(ll). CtabunHu koMIuiekcu ca TpuaeHTatHo koopauHoBanuM MeCOHis-
Gly-Met u MeCOHis-Ala-Ala-Ala-Metnentuanma HacTajy y HEYTPaaHOj B c1abo 6a3HOj
cpenuun. IlperxojHa WMCIMTHBamba Cy moKasama na y peakumjama [Pt(en)(HO).]*"
komiuiekca ca MeCOHis-Gly-Met, kao TnaBHM TNPOM3BOAM HACTajy MaKpOXEIaTHH
komruiekcu ca N1,Su N3,Skoopaunarujom [89,90]. Makpoxenatau komriekcu ca N1,S
KOOpAMHALM]OM HacTajy U y peakumjama [Pt(en)(HO)s]?* kommiekca ca MeCOHis-Gly-
Gly-Met u MeCOHis-Ala-Ala-Ala-Met [90], 10k y aHalorHUM peakiMjaMa IMenTHaa ca
CiS[PtCl(NH3),] xomrutekcoM, y jako KHCENO] CPeIHHHU, (POPMHUpPAEE OBE KOMIUICKCHE

Bpcre Huje motepheno momohy HPLC xpomaropaduje u *H NMR criekrpockomuje. Moxe
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Ce 3aKJbYUMTH JIa PEaKLMOHM IMyT KOjH YKJbyuyje Op3y cyncrutyiujy NHs muranaa, xoju
ce HaJla3d y transmonoxkajy y 0lHOCY Ha KOOPAMHOBAHH aTOM CyMIIOpa METHOHHHA, UMa
BaXHY yJIOTY Y Ha4MHYy KOOpauHoBama mentuaa 3a Pt(Il), kao u y xuaponusu nenTtuaHe
BE3e.

Kommieke Cis-[PtClh(NH3),] karanusyje xumponuszy Met-Gly nmentumne Bese y
MeCOMet-Gly-His-Gly-Gly, MeCOMet-Gly-Gly-His-Gly1 MeCOGIly-Met-Gly-His-Gly
NEeNTHAMMA Kaja Cce peakirje u3Boje y ciabo kucenoj cpeaunu (pH < 5) [67]. Ha cioumm
22 npuKazaHd Cy MPOu3BOAM Koju Hactajy y peaknuju CiS-[PtCL(NH3);] ca MeCOMet-
Gly-His-Gly-Gly. Xuaponuza Met-Gly nentugHe Be3e olBHja C€ MPEKO KATAIUTHYKH
aktuBHOr uHTepMmenujepHor Pt(ll)-nentun xommiekca (1), kom Kora je TEHTANCNTHI,
npeko atoma cymmopa, N1 aroma a3ora mMmugasona u kKapOoHuIHOr Kuceonnka Met-Gly

nenTuaHe Bese, koopauHoBad 3a miatuny(ll) (Couka 22, komriuieke 1).

Ha ocnoBy ananutnuke HPLC xpomaTorpaduje HaleHo je na ce y pacTBOpy TOKOM
BpeMeHa noBehaBa KOHIIEHTpAIlMja MPOU3BOa XUAPOIU3e, ciiobomaux terpanentuaa Gly-
His-Gly-Gly u Gly-Gly-His-Gly, ognocuo tpunentuaa Gly-His-Gly. ITopen tora, monasu
no noeehama xoruentpanuja [Pt(MeCOMetS,N(H.0)(NHs)]* (3) n [Pt(MeCOGly-Met-
S,N(NHa3),]" xommuekca. Y Majioj KOHIIGHTPAIMjH, Y CBHUM HCIHUTHBAHHM pEaKIlfjama,
HacTaje u Makpoxenatau [Pt(peptidS,N,NJ(NH3)]" kommnexc (2) (Cnuxa 22).

[Mopen xumposin3e MENTHIHE Be3e Koja caapKu KapOOKCUIIHY IPYyIy KOOPIUHOBAHE
amuHOKHcenuHe L-metnonnna, Met-Gly nentuana Besa, y peakuuju MeCOGIly-Met-Gly-
His-Gly nenranentuna u Cis-[PtCly(NHs);] kommiekca nonasu u mo xuaponauze MeCO-
Gly mentunue Bese. Hakon xumponuze MeCO-Gly nentunne Bese popmupa ce [Pt(Gly-
Met-Gly-His-Gly-N,N’,SYNH3)]" kommmekc ca  Gly-Met-Gly-His-Gly  ocratkom
koopauHoBanuM 3a Pt(ll) jou. Mehyrum, y peakuuju MeCO-Gly-Gly-Met-Gly-Gly
NICHTANEeNTH A U [IUCIUIATHHE, TPU UICHTUYHUM €KCIICPUMEHTATHUM YCIIOBUMA, HE J10J1a3H
no xuaponuze Met-Gly nentuane Bese [67]. Ha ocHOBY Tora Moe ce 3akJby4uTH 112 Op3a
cyncturynuja NHs nuranga, koju ce Hamasum y transmosnoxajy y OAHOCY Ha
KOOpJIMHOBAaHM aTOM CyMIIOpa METHOHUHCKOr ocrtatka, ca N1 aromom a3oTa
MMHIA30JI0BOT MIPCTEHA U3 XUCTHUMHA, MOTIOMaXKe XHIPOIUTHYKO packuiame Met-Gly
nenTuaHe Bese. Y nentuauma koju caapxke X-Y-Met-(Z),-His cexsenny (n = 1, 2; Z =
AMHUHOKHCEJIMHA ca OOYHMM HHU30M KOjU HE CaAp)Kh XETepoaToM TIOroJaH 3a
koopaunoBame 3a Pt(Il) jon), npu pH < 5, nucnnarnna ucroBpemeHo xuaponuusyje X-Y,

kao u Met-Z, nentuany Be3y.
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MeCOMet-Gly-His-Gly-Gly + cis-[PtCl>(NH3)]

HyC ) HsC "o
° \‘s "' INH-COCHj \‘s S
o
HN—Pt—0=— ¥~ OH; Hgl\Fl‘Dt—N N
| th COCH;,
1 </ 1
<3 / H \O 3 @)
H H H HN
CO-Gly-Gly H  co-Gly-Gly
1)
l )
H
He )
| COOH  + Gly-His-Gly-Gly
Hgl\Hl‘Dt—N
OH, COCH;

®3)

Cauxa 22. CtpykrypHe hopMyiie mpou3Boia XUAPOIN3e KOjU HACTaJy Y peakiuju

cis-[PtCl(NHs3),] ca MeCOMet-Gly-His-Gly-Glynentuaom

VY HeyrpanHoj u cinabo 6a3Hoj cpeauan (PH < 8,6) umcrnnaruHa He Katanmsyje
XHIPOIHM3Y MENTH/IA U Y PACTBOPY je JOMUHAHTaH cTabuiaHu Makpoxenatau Pt(ll)-nemrug

komruieke (2) (Cnuka 22).

Xuapoamsa mNenTHaa KoOju cajpike aMHHOKHceJuHY L-tpunrtodan mnomohy

komiutekca nagaaujyma(ll) u mmarune(l1)

KoopnnHoBame joHa TperasHHX MeTalna 3a WHAOJOB TPCTCH aMUHOKHCEINHE
TpuntodaHna HHUje MO3HATO y OMOJOMIKUM cucTeMuMa. MelyTum, y peakuuju AUmenTuaa
MeCOTrp-X fne je X = Ala, Val umu ValOMe) ca Pd(Il) u Pt(ll) komriekcuma, Koju
caJip>ke KOOPJMHOBAH aleToH, HaljeHo je nma ce uuaonoB Y-C arom (C3) koopaunyje 3a

HaBeneHe jone Mmetana [28]. IlpermocraBka je ga ce KOOPAMHOBAHH AalleTOH y OBHM
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KOMIUIEKCUMa JIakiie cyrncrutyuiie ca C3aroMoM yribeHHKa U3 UHI0JA Y OJHOCY Ha aKkBa
ourana.  BomymuHo3nmja — C-TepMHHaTHa ~ aMHHOKHCENHMHA — YCIIOpaBa  PEaKIH]jy
KOOpJIMHOBama TpurnrtodaHa 3a joH metana. Jlo xoopauHoBama uHmonoBor C3 atoma
JI0J1a3M caMo OHJA KaJa je Ha pacroyiaramby U HEKH XeTepoaToM, TaKo Jla € TENTH MOXKe
OMIICHTaTHO KOOPAMHOBATH 3a joH MeTana. Y peakuuju MeCOTrp-X nentuna u Pd(ll)
KOMIUIEKCa APYro MECTO KOOPAMHOBaWmAa jeé KHCEOHHKOB aTOM W3 KapOOHHIIHE Tpyme
(Cruka 23). buieHTaTHO KOOPIMHOBAHH jOH METala CEIEKTUBHO XUAPOIH3yje camo Trp-X
nentuaHy Be3y. Y anerony koju caapku HCIO, y KoHIeHTpamuju oj 1,010'3 M

XUJIPOJIU3a TENTU/IHE BE3E j€ KOMILIETHO 3aBpIleHa 3a Mambe of 24 cara Ha 50°C.

NHX

M je Pd(ll) ili Pt(l)

Cauxa 23. Haunn xoopaunoBama Pd(Il) wmm Pt(Il) xomruekca 3a MeCOTrp-X

nennTuac

Mebhytum, y BOAEHMM pacTBOpMMa Hema KoopAuHoBama C3 aroma mHAONa 3a
noreHiujaaHo aktuBHe Komiuiekce miatune(ll) n mamagmjyma(ll), a camum THM HeMa HH
XUIpOIH3e TenTHIHEe Be3e. Karamm3aTopw KOjU caapKe TPUICHTATHE JIMTaHAe HHCY
aKTHBHH, jep ce HE MOry OHMJIEHTaTHO KoopauHoBatu 3a mentun. Mako mamamujym(ll)
KOMIUIEKCH MMajy MHOTO BehM aQUHHUTET 32 KOOPJMHOBAIE XMCTHUAWHA U METHOHUHA Y
OJIHOCY Ha TpunrTodaH, OBE XHUIPOJUTHYKE peakiHje OTBapajy HoBe MoOTryhHOCTH Yy
OMoaHAIMTUYKO] TIpaKcu. McuTuBame yTrilaja pacTBapada Ha XUIPOIU3Y MENTHIHE Be3e
ca MenTUAMMa KOjU CaJapXKe XHCTHIUH, METHOMHWH WIM TPUNTO(AH Cy TOKazana aa y
BOJICHUM pacTBopuMa, ¢ 003upom Ha Benuku adunuter PA(Il) u Pt(ll) jona 3a cymmnop u
a30T JIOHOPCKE aToMe, JOMUHAHTHO je pacKuIame MEeNTHIHUX Be3a Y OKOJUHHU XUCTHINHA
WIA MeTHOHMHA. HacympoT oBoMe, y OpPraHCKHMM pacTBapadyrMa OJBHja C€ XHAPOJIH3a
NENTUIHE Be3e Y OKOJIMHU TpunTodana. [IpuMeHa HEBOJIEHHMX pacTBapaya OTBapa HOBO
nosjee npumeHe komruiekca miaatuHe(ll) u mamagmjyma(ll) 3a xuapomusy xumpodoOHUX

MNENTHAa U IMMPOTCHUHA.
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1.2 XUJAPOJIM3A HNPOTEMHA INIOMORY KOMIUIEKCA IIPEJIASHUX
METAJIA

['maBHM pa3jor MpUMEHE CHHTETHUYKUX MpoTeasa Koje caapike nanaaujym(ll) jon je
norpeba 3a pPErHOCENIEKTUBHOM XHJIPOJIM30M TpoTenHa. Jla OM ce CHHTETHYKH
KaTaJIn3aTOPH MOTJIM NPUMEHHBATH Yy OBY CBPXY HEOXOJHO je na Oyay IMOTOAHU 3a
NpUMEHY y OMOAaHATUTHYKO] Mpakcu. PaHWjuU pe3yiTaTd HCIUTUBAKA XHUJIPOTUTHUKHX
peaKifja XHCTHAWH, METHOHHH W Tpunrtodan Be3uBHHX mentuaa ca mamagnjym(ll)
KOMILIEKCUMa Cy MOTBPAMIIN J]a OBU KOMIUIEKCH MOTY UMaTH M MPAaKTUYHY NpuMeny. Kao
IITO je MpeTXoJHO HaBeneHo, komiuiekcu Pd(I) permocenekTuBHO packuaajy MenTHIHE
Be3e y OJIM3MHU KOOPIMHOBAHMX OOYHMX HHU30BA, OOMYHO XUCTHIMHA U MeTHOHHHA. OBe
JIB€ aMHHOKHCEIMHE Hajla3e ce y MPOTEMHUMA Yy MPOCEKy oko 5,5 %,Tako ma ce BETUKH
dbparMeHTH MOTYy CEKBEHIIMOHWCATH MW TMPUIPEMUTH 3a JApyre OHOXEMHjCKe
tpaHcopmanuje. Yknamamwem mnanagujyma(ll) w3 peakuumoHe cmemie  J0OHjeHH
(¢parMeHTH NOpOTEeHHAa MOTY C€ KOPHUCTUTH Jajbe Oe3 HakHagHe oOpazxe. [lomTo je
packuiame MenTHIHE Be3e XUAPOJIUTHYKU Tpolec (HHje PEIOKC peakiiyja), aMHHO H
KapOOKcUHEe Tpyne y ¢parMeHTHMa MOTY C€ PEKOMOWHOBATH Ha Pa3M4UTe HAYMHE M

T'paAuTU HOBC IICITUAHC BC3C.

VYTtumaj xoHdopMmaiyje Ha pPErHOCENEeKTUBHY XHUAPOIU3Y MENTUAHMUX Be3a
UCIIMUTHBAH j¢ Ha CErMEeHTy mporenHa MuoxemeputpuHa [92]. CekBeHma cermeHTta
muoxemeputpuaa je MeCOE-V-V-P-H-K-K-Nle-H-K-D-F-L-E-K-I-G-G-L-NH,. Ogaj
TOJIMIENTH Y BoJeHOM pacTeopy, npu PH 2,0na 40 °C, uma xondopmanujy cnoboane
crupane, 1ok ce Ha 22 °C y 50% Boaenom pactsopy Tpudiyopoeranona (TFE) nenrun
HaJla3d TPETeXKHO y O-Xenukcy. buio na ce menTtuj Hajasu y O-XEIHKCOUIHO), WIH
cio6oaHoj crupansoj koudopmauuju [Pd(en)(HO),]?" karammsarop ce koopamHyje 3a
o6a, His5u His9, ocrarka. Kondpopmanuja cinodoane crupaie Hema edekar Ha Op3uHy
koopauHoBawa Pd(ll) karamuzatopa 3a HisS um His9 ocrarke, amm O-xemukcougHa
KoH(opMalja cMamyje Op3uHy MHTEpAKIMje TOJUICTITHIA U KaTaau3aropa, IITO j& U
OYCKMBAHO 3a KBajapaTHo-TutaHapHe Komiuiekce manaaujyma(ll) [93]. Karamuszatop
CEJIEKTUBHO XHJPOJIM3yje MENTUIHY Be3y y o0e KoH(popmaluje, Mpu 4YeMy caMo Be3a
usmel)y V3-P4, onqHocHo npyra menTuaHa Be3a jeBo onx Hisb, mojexe XUIApOIUTHIKIM

peakiujama.

PesynTaTu ucnutruBama Cy MoKa3ad J1a je XUApoan3a 3HaTHO Oprka Kaja je MenTH

y ci060au0j KoHpopManuju (Kopsd = 1,510% min'l) y OHOCY Ha O-XeMUKCOUAHY (Kopsd =
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5,010° min™). Cmameme koHCTaHTe Gp3UHE XUAPOIM3E NENTHAHE Bese 3a oko 30 myTa je
BEPOBATHO TMOCJEANIIA MPOMEHE KOH(GOpMaIMje TMOJUIENTHA, OJHOCHO OJBHjama O-
XeNKca MM BUCOKe Temreparype. Ha ocHOBY mojaraka Koju cy JA00HjeHU XUIPOIU30M
tpunentuga MeCOGIly-Gly-His pasjammena je oBa Hegoymuia. Xuaposiausa MeCOGly-
Gly-His y npucycty Pd(ll) karanusatopa ucrutusana je Ha 22u 40°C y oncyctsy TFE,
a takohe um ma 40 °C y mpucyctBy 50% TFE. Ilpucycteo TFE Hema edekra Ha
KOH(OpMaLMjy OBOI KpaTKOr MeNTHAa, a yTulaj Temmeparype u TFE Ha BpeaHoct
KOHCTaHTe Op3uHe XHUIPOIn3e MENTUIHE Be3e MOTy ce moceOHo pa3Marparu. Halhero je na
ce y oba ciaydaja packuaa camMo Jpyra IENTHIHA Be3a JICBO OJ] XUCTHIUHA, OaHOCHO Gly-
Gly nenrtuaHa Be3a, M 1a C€ BPEIHOCTH KOHCTAHTH Op3MHA OBHMX PEakilija MOTY TIOPEIUTH.
BpenHocT KoHCTaHTe Op3uHe Xuapoiuse Tpunentuaa Ha 40 °C He 3aBHCH OJ IIPUCYCTBA
TFE. BpeaHocT KOHCTaHTEe Op3MHE XUAPOIM3€e nentuaHe Bese Ha 22 °C 3a TpUnenTu I Koju
MMa HaCyMHIIE yBHjeHY KOH(OpMalnjy MOXe C€ MOPEAUTH Ca KOHCTAHTOM XHJIPOJIU3E
MOJIUIENITHIa KOJU MMa JACTMMHYHO O-XeTuKcouaHy koHpopmaiujy. Ha ocHOBY oBux
WCIIMTHBamka 3aKJbyUCHO je J1a KoH(opMalija CyrcTpara He yTude Ha BPETHOCT KOHCTAHTE
Op3MHE U CEJIEKTUBHOCT XHJpOJM3e ofpeheHux menTuaa. AKo Jajba M3ydaBamba MOKaxXy
CIIMYHE pe3yiTaTe ca JpyruM MenTuauMa M mnporenHuma oHga ce nanaaujym(ll)

KOMIUIEKCH Y OyAyhHOCTH MOTY KOPUCTUTH Ka0 MapKepu IMpOoTeHHa.

[TpBH MPOTEHH KOJI KOTa j& CEIEKTUBHO PACKHHYTA MENTHIHA Be3a y3 KaTaIUTHYKO
nejctBo komiuiekca nanaaujyma(ll) je muroxpoM C M30JI0BaH U3 cpiia Komwa. MoJjeKkyscka
Mmaca oBor npoteuHa je 12,4 kDawu caapxu 104 aMHHOKHCENHHE, a BHEroBa TepLujapHa
CTPYKTypa je mo3HaTa. Y CTPYKTYpH OBaj MENTH CAApPKU IMET MECTa 3a Koja ce MOTy
koopauHoBatu nanaaujym(ll) KkoMIuiekcH, o KOjux TpU MECTa MPUIAAajy XUCTHIHHCKOM,
a JBa METHOHMHCKOM OOYHOM ocTaTKy. [lenTujaHa Be3a y LUTOXpPOMY C je CEJICKTUBHO
packunyra y kucenoj cpenunu Ha 40 °C momohy Pd(Il) xommiekca [94]. Pasmuuntu
nanamujym(Il) xommuekcu npu paznuuutum PH BpeHOCTHMA N1ajy MTPOM3BOC XUAPOIH3E
ca MOJIEKYJICKMM Macama oj npubmmkao 10 kDa.Pe3ynratu ucnutrBama Mmokasyjy aa y
oacyctBy Pd(Il) kommiekca uTOXpoM C HE XUAPOJIU3Yje HM HAKOH MPOIAYKEHOT BpEMEHA
uHKyOanuje. ExcnepuMeHTanHo je moTBpheHo aa y ciiydyajy Kaja ce y CMelry IIUToXpoMa C
u Pd(ll) xomriekca noa MEeNTHA TIIYTaTHOH, 300I KOOPIWHAIMjE JOAATOr TENTHa 3a
Pd(Il) jon, He momasu g0 Xuapoam3e mporenHa. Takohe, XHaposn3a je MHXHOUpaHa U
NPUCYCTBOM KucenuHa, kao 1o je HCl. CBu 0B 10#aTHH SKCIIEPUMEHTH Cy MOTBPANIN

na Ou gomuio mo xuaposimde HeoxoxHo je ma ce Pd(ll) jom koopauHyje 3a mpOTEHH.
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HcnutuBama Xuaposiuse MPOTeHHA ca pa3MuuTHM Komrutekcuma manamujyma(ll) cy
nokazasna na je yrmaBHoM 60% mporemHa xuaponuzoBanio. Mehytum, ako ce Kao
karanusarop ynorpeou [Pd(dtco-OH)(HO)]*" nomeman ca HPOTEMHOM y MOJICKOM
ogaocy 1 : 10ma 40 °C u pH oko 1,7, HaljeHo je ma HakoH 2 maHa Tpajama peakluje
xunpomuszyje 80% nporeuna. Ilomohy EnmanoBe nerpamanmone merone ojapeheHo je
MECTO pacKujama MpPOTEHHa, a pe3yiaTaTH MoKa3yjy Ja je caMo NeNnTHIHa Be3a u3Mehy
His18-Thrl9packunyra. Ha ocHOBY Tora 3akjbydeHoO je Jga Mecto koopauHoBama Pd(II)

moxke outr His18 wmu Cysl7.

Jla Ou ce noBena y Be3y XUAPOJHM3a MPOTEHHA Ca CEKBEHIIOM aMUHOKHCEIHMHA,
TPETUPAHU CY PpaA3IMUYUTH CYICTPAaTH Mame MOJIEKYJICKE Mace 4YHja CEeKBEHIa
AMHHOKHCEIIMHA Cce ToJyAapa ca PeaocieloM aMUHOKHCENIWHA Yy Jely IUTOXpoma C ca
kommuiekcuma manaaujyma(ll). Xem-BesuBHu (parment muroxpoma C ox 11 mo 21
aMHHOKHCENIMHE, I[I03HaT Kao MHKpoONepokcuaasa-11, xuaponusyje y TNPUCYCTBY
xomiuiekca nanaaujyma(ll) Ha mcrom mecty kao m muroxpom C (1j. m3mehy His1l8 u
Thr19). Haheno je ma mpu oBUM peakiidjamMa HacTaje XeM CI00OJHM amoruToxpom C. Ha
OCHOBY OBHUX HCITUTHBaMba 3aKJbYUYCHO j& Ja MECTO PAaCKUAamka HUje TIOBE3aHO Ca XEMCKOM

rpynom Beh ce Halla3u y MPOTEHHCKOM JIeNTy MTPOTEHHA.

Mecto koopaunoBawa Pd(ll) jona 3a muTroxpom C yTBpheHO je Ha OCHOBY

YIOPETHUX eKCIIepUMEHaTa ca pasnIuuuTuM Tpunentuauma. Tako, nentug MeCOMeCys
His-Ala y npucyctBy Pd(ll) karanuzaropa ce packuaa uckspyunBo usmehy Hisu Ala, mro
3HAYM Ja CEe XUIPOJU3a OJIBHja HA MOTIYHO MCTOM MECTy Kao y IUuToxpomy C. Ilemtun
MeCOMeCys-Ala-Gly, koju He caapXu aMHUHOKHCEIMHY XHCTHUIWH, XHIPOJIH3Yje
uckpyunBo usmelly MeCysu Ala, a yrepheHo je ma He monasd 0 XHUAPOIM3E IPYTUX
NENTHAHKUX Be3a. Ha 0CHOBY OBHMX HMCIHUTHBama 3akibydeHo je aa ce Pd(Il) koopaunyje 3a
IUTOXPOM C UCKJbY4rBO mpeko Hisl8,a ne mpeko Cysl7.Haheno je qa y pH obnactu ox
3,0 no 5,0 He moma3zuw 10 XHUAPOIHM3E IUTOXpOMa C INTO je TIOCIEAWIA HHETOBE
koH(popmanuje [95]. JoOujenn pesynraTu cy mokasanu jaa je pKa BpeaHocT mpenacka
MPUPOTHOT cTama muToxpoma C Il y nemumuuano orBopeno crame Il oxo 2,5.V cramy Il
HIYIUBMHA XEMa je OTBOpPEHa M 00a akcHjaiHa Juranaa Ha aromy reoxha (His18u Met80)
Cy 3aMEHEHU ca MOJIEKyiMa Boje. Y oBakBoM ctamy His18je mpoTonoBan. 13 oBora ce
MOXE 3aKJbYYHTH Ja XHIPOJIM3Yje CaMO OHa IMENTHIHA Be3a KOja je M3JI0KEHa JIejCTBY
pacTBapaya, 4ak U OHJa aKo j& IIMTOXPOM C y IETUMHUYHO OTBOPEHOM cTamy. Haheno je na

je Kucena cpeanHa moTpedHa 3a OTBapame MPOTEHHA, a HE 32 caMy PEaKIn]y XHAPOJIH3E.
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Henmocmucneno, 1o0ujeHu pe3yaTaTu Cy HOTBPAMIIM J1a 10 XUAPOJIU3E MPOTEHUHA JOTa31

o aejctBoM Komrutekca nanamujyma(ll), a ve yenen npucycra HzO' jona.

HcrpaxkuBama cy Mmokasana jga ca moBehameM Opoja monosa maiagujyma(ll) y
OJIHOCY Ha TIPOTEHH, Ka0 M ca MOOOJbIIalkeM eNEeKTPO(OPETCKE Pe30aylinje, MUTOXPOM C
Ce pacKHJa Ha jOII HEKOJUKO MecTa. MelhyTuM, 3aKjbydeHo je Aa je XUAPOJHn3a U Y OBOM
clly4ajy OWjia peruocesieKTHBHA, OJJHOCHO JelIaBa ce MCKJbyuuBO y Omm3uman Met u His
OCTaTKa, MpH 4YeMy XHIpOJH3Yje Apyra NMEenTHIHA Be3a JIeBO, WM TpBa MENTHAHA Be3a
JIeCHO, OJ1 MeCTa KOOPJHHOBamba Karanu3aropa 3a npoteuH [88]. Ha ocHOBY cBuX Hampen
U3HETHX pe3yaTara OYMIVIEJHO je Ja ce XHAPOiM3a JeliaBa, Kako y KpaTKUM MEeNTHIUMA,

TaKo U y IPOTECUHUMA.

EdukacHuja celekTUBHA XHAPOJIM3a IMTOXpPOMa C TOCTUTHYTA j€ TPUMEHOM
[Pt(en)(HO)]*" kommiekca. Hakon 24 cara Ha 40 °C u pH 2,5, IpUMEHOM aHAIUTHYKE
HPLC xpomarorpaduje u EnmanoBe nerpanammone mMerone ojpeheHo je MecTo Lemnama
NPOTENHA, a Pe3yITaTH MOKa3yjy JAa Joia3u 10 xuapoiuse camo Met-X mentumne Bese.
JleTrexToBana cy Tpu dparMeHTa KOju HACTa]y yCJeI XUAPOIUTHYKOT packumama Met65-
Glu66 u Met80-lle81 nentuanux Beza y muroxpomy C. Ilentmana Met-Pro Beza He
XMIPONH3yje y MPHUCYCTBY NPOTEOTHTHUKHX SH3MMa, T0K y mprcyctBy [Pt(en)(HO)]*"
KOMILIEKCA JIoMasu 10 meHe xuaponuse. Takolje, Hahero je na [Pt(en)(HO):]?" xommieke

CCIIEKTUBHO XMIPOJIN3Yje MPOTEHH O0BUH [3-ka3euH [25].

HcnutuBan je yTunaj ynTpajbyOu4acTUX U MUKpOTajaca Ha XUAPOIU3Yy HUTOXPOMa
c y npucycry [Pt(en)(HO),]*" xommiekca. Kaxa ce peakiuoHa cMela U3/I0XKH ACjCTBY
yinrpasbyondactux tanaca o 300 nm,uaaheno je ga ce koHcranta Op3une xuaponusze Met-
X (X je aMUHOKHMCENHMHA KOja HE CaAp)KU XETepoaroM y OOYHOM HHU3y) IENTHIHE BE3e
YIBOCTPYYH, M Jia IPH TOME J0Ja3u U J0 CIOpEeIHUX peakuuja. Mehyrum, ynorpedbom
MHKpOTajaca Xuaponusa je opxa 2-3myra na 60 °C, ogaocno 7 nyra na 100°C, npu uemy
HE JI0JIa3H J0 CTIOPEAHUX peaKifja. Y TUIA] TeMIIepaType Ha Op3uHYy XUIPOIU3€ TENTHIHE
Bese y npucyctBy Pt(Il) u Pd(I) kommiekca je 100po mo3HaT, 10K je yTUIaj MHKpOTaiaca
Ha OBE peaKIMje jOoIl YBEK HEJIOBOJPHO MCIHTAH. XMIPOJHM3a MENTHIA U MPOTeHHA IO
yrutajeM mukpoTanaca y npucyctBy Pt(ll) kommuiekca je metona koja he BepoBaTtHO Hahu

CBOj€ MECTO Y CHHTE3U U MOAU(HUKOBaY MPOTEHHA, Kao U 'y OrnoTexHooruju [96].

[IporenH MHOTIOOMH M30JI0BaH U3 CpYaHOT MHIIMha KOWa MMa MOJICKYJICKY Macy

oko 17,6 kDa.Oko 80% mpoTrerHa uMa O-XEIHKCOMAHY CTPYKTYPY, & Y CTPYKTYPH HUCY
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NPUCYTHE KOBAJICHTHE Be3e. IberoBa cTpykTypa ce Jocra pasiHKyje y OJHOCY Ha
CTPYKTYpY MpoTenHa nuToxpoma C. Oja CBHX KOMIUIEKCa KOjU Cy KopumrheHu 3a
UCIMTHBAKE peakildja XUAPOJIM3e MUOMIIOONHA HajOoosbe pesynTare je mokasao [Pd(dtco-
OH)(H,0),])*" kommteke [97]. Hakon 24 cara unky6auuje na 60°C u 'y pH oGnactu o 6,2
no 3,2 xonum4MHa XxuapoiusoBaHor mentuaa ce kpehe ox 39% mo 85%. Pesynratu
NoKa3yjy Ja JeHaTypanydja IpoTeHHa HE yTWde Ha Op3uHY XHIpOJiHM3e M Ja Op3uHa
XUIPOJIM3E, Ka0 M MECTO pacKHIama Be3e, JeIHMHO 3aBHCE OJ MecTa KOOPIMHOBAHha
nanmaaujym(Il) komrutekca 3a mpoTrenH W o4 Eerose okoiuHe. Hecnenmduuno kumare
nporenHa ce naemaBa npu PH < 3,2, a wuje nmpucytHo Ha PH = 4,1. Xungponuza
MHOTJIOOMHA BPIIICHA je Y 01aro KMCesioj CPpeaArHH, KOja c€ Ha HeKH HAaYMH MOJKE MTOPEIUTH

ca OMOXEeMH]jCKHM yCIOBHUMA.

[Tpumenom cemapanmnone SDS-PAGEenexktpodopese paznBojenu cy ¢pparMeHTH
koju cy Owm Ha N-TepMuHANIHOM Kpajy W oapeheHe cy HBUXOBE MOJEKYJICKE Mace.
JlobujeHn pe3ynraTtd IMOKa3yjy nla jeé MpoTeuH packuHyT Ha 13 mecta. MHora mecra
packujama Cy OUYEKHMBaHA jep c€ Hama3e y OJM3MHU METHOHUCKOT M XHUCTHIUHCKOT
ocraTka. Y CBUM CiIy4ajeBUMa XHJAPOJH3yje Be3a Koja je JIeBO, WJIHM JECHO, Of MecTa
KOOpJMHOBaWa Karanu3zaTtopa 3a mnporeuH. llopen Tora, HaheHo je na momasu 7o
XUAPOJIN3Ee HEKUX MENTUIHUX Be3a y OJIM3MHM JU3WHCKOI W aprHHHCKOr OCTaTKa.
KoopaunoBamwe namagujyma(ll) 3a OouHu HHM3 JIM3KMHA je HEOUYCKMBAHO M OJ[BHja CE Ha
Jpyradvju HauuH, NOK je koopauHoBame Pt(ll) 3a Arg ocrarak ca eKCTpeMHO HHCKOM
6asnormthy Beoma perko [98,99]. Vmpkoc uYHMIEHHIIM [a MEXaHH3aM XHJIPOJIH3E
MHUOTJIOOMHA HUje TOTIYHO pa3jallmkbeH, JOOHJeHH pe3yiTaTH HCIUTHBaKkA CYy MOKa3aH
BUCOK HUBO cenektuBHOCTH. Camo 13, ox ykynHo 152 mentuaHe Bese, je pacKUHYTO H

IbUXOBO PACKUAE j€ CETICKTUBHO.

Kama ce muornoGus u [Pt(en)(HO),]*" xommieke momemajy y 1 : 5 moickom
oxgnocy, Ha 60 °C m pH 2,5, xugponusyjy camo IBe NENTHIAHE BE3€, KOje cCaapiKe

KapOokcminy Tpyny Met55u Metl131 [24].

Kommrekcr  mamammjyma(ll),  trans[Pd(pyk(H20):]%*,  [Pd(en)(HO)]?*",
[Pd(dach)(HO),]** u [Pd(dtco-3-OH)(HO),]** (rme je py = nwupumus, en =
ermnenanamud, dach = 1,4smazoumkiioxenrad u dtco-3-OH = 1,5suTHonMKIO0KTaH-3-
0JI) Cy UCIIMTUBAHM Ka0 KaTaJIM3aTOPH 32 XHUIPOJIU3y MPOTEHHA, OOBUH CepyM alOyMuHa,
cepyM anOyMHHa HM30JI0OBAHOT M3 KPBU CBUIE M alOyMHHA H30JIOBAHOT M3 KOKOIIH]jET

jajera. KoMIuiekcu ¥ MpoTeWHU Cy MEIIaHu Yy MOJICKOM ojHocy 8 : lwmm 16 : 1na pH =

52



Onwmu 0eo

4,6, a 3atuM cy peaknuoHe cmenie nHKyoupane ua 60 °C nBa nmana, wim ua 50 °C mect
mana. Ocum [Pd(dtco-3-OH)(HO)]** kommiekca Kkoju je IOKa3a0 KATAINTHUKY
uHepTtHOCT, peoctana Tpu Pd(Il) kommiuekca cenektuBHO Xuaponusyjy X-Serumu X-Thr
NCNTHIHE Be3e, Kao U MenTuane Bese y ommsunau His u Met ocrarka. Y 6oBuH anOyMuHy
nonasu go xuaponmsze GluS57-Ser58, Gly85-Asp86, Leul03-Serl@4 Lys285-Ser286
NENTUJIHUX Be3a, alOYMUH M30JI0BaH U3 KPBU CBHIEC XHJIPOJIU30BAO j€ CaMO Ha jeIHOM
mecty (Lys285-Ser286),10k ajnOymMuH H30JI0BaH M3 jajeTa KOKOIIKE XHIPOJIH3yje Ha

qetnpu Mecta (Ala6-Ser7, Ala220-Ser221, Gly237-Thr2@d/et239-Ser240) [27].
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2. IPEJMET HCTPAXKUBAIA

Y OKBUpY OBE JOKTOpCKE JucepTaldje NpeABuheHO je Ja ce MPUMEHOM
CIEKTPOCKOIICKUX M MOTECHIIMOMETPHjCKHX METO/A, MPH Pa3IUIUTHM CKCIIEPUMEHTATHUM
yCJIOBMMa, UCIIUTA]y peaKkifje MenTuaa KOju caapke aMuHOKucenuHe L-metnonuH u L-
XUCTUAMH ca komiutekcuma maianujyma(ll) u mmatune(ll).

Y npBoM aeny pana npeasubero je ga ce npumenom "H NMR crexrpockomnuje, y
pH o6mactu o1 2,0 10 2,5u Ha Temnepatypu of 25u 60 °C, ucniurajy peaximje [Pd(L)Ch]
1 [Pd(L)(H0)]*" xommiekca (L je 6GuaeHTaTHO KOOPAMHOBaAH 2,2 -qunupHuaniamut, dpa;
2-IUKOIMIAMUH, PIC; eTHICHANAMKH, €N) ca mentuauMa L-metnonumn-riumuaoMm (Met-
Gly), L-xuctugun-riunuaom (His-Gly) u N-anerunoBanum nentuauma L-mMeTHOHWMIT-
rmapn-rannraom  (MeCOMet-Gly-Gly), runui-L-mernonun-roumuaom  (MeCOGly-
Met-Gly) u L-mernonmn-rmumiun-L-xuctuaun-rimuiuaamuaom  (MeCOMet-Gly-His-
GlyNHy). 3atum na ce, mpu NPeTXOIHO HABEJCHUM CKCIIEPUMEHTAIHHUM YCIOBUMA,
ucrutajy peaximje [Pd(dpa)(HO)]** kommiekca (dpaje 6uaeHTaTHO KOOpAHHOBAH 2,2’
JTUIMAPHUINIAMUH) Ca TUICTITHAMMA KOJU CaJIpiKe alleTHIIOBaHY TEPMUHAIHY aMHUHO TPYITY,
kao mro cy N-anerwnoBanu L-mernonwmn-riaunud, MeCOMet-Glyu N-anermnoBanm L-
xuctuauia-riminuH, MeCOHis-Gly. Y okBupy 0BHX HCTpakuMBarmba MpeaBuljeHo je aa ce
ucnura ytuia] OouHor Huza nentuia (L-mMeTHoHWH M L-XMCTHUIAMH) HA MEXaHU3aM H
CCIICKTUBHOCT PACKHUIama MENTHIHE Be3¢ Y HABSICHUM MENTHIUMA.

[Topen Tora, 3amxarak paaa je OMo 1a ce IPUMEHOM MOTEHIIMOMETPH]CKUX MEpeHha U
'H NMR crekrpockomnuje ucnutajy peakuuje terpanentuga MeCOMet-Gly-His-GlyNH
ca [Pt(en)(H0):]** u [Pd(en)(H0),]*" kommnexcnma. Ipeasuhero je na ce y npeoj dasu

OBHX HCIHUTUBAaWba, METOAOM TOTCHIMOMETPHJCKUX THTpaluja, OJpeAe YCIOBH
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koopauHaruje MeCOMet-Gly-His-GlyNH terpanentuna 3a Pt(ll) u Pd(I) kommiekce, a
3aTUM Jla ce MCIUTa MexaHu3aMm karanutudkor genoBama Pt(ll) u Pd(Il) xommiekca Ha
XMPOJIU3Y MENTHIHE BE3€ Y OBOM TETPANenTHIY.

Takolhe, kao 3amarak oBe aucepTalyje npeasuheHo je 1a ce MpUMEHOM 'H NMR
cnekrpockonuje, npu PpH = 7,4 u wa Temmeparypu on 37 °C, ucnurajy peakiuuje
[Pt(Gly-Gly-N,N",0)I] " xommuiekca (Gly-Gly je TpumeHTaTHO KOOPAMHOBAH JUICHITHT
raun-rannui) ca N-anernnoBanuM  L-metronun-L-xuctuaunaom (MeCOMet-His),kao
u peakiyje xuaponuse N-anerwmoBanor L-metwonwn-raunuaa (MeCOMet-Gly) vy
npucyctBy paznmmuntux  [Pt(L)Cl] u  [Pt(L)(CBDCA-O,0’)] xommuiekca (L je
eTWIeHIMaMuH, en; ()irans1,2-nuamunonukinoxekcan, dach; (x)-1,ZaponunenanaMuH,
1,2-pn; CBDCAje anjon 1,l4mkno0yranaunkapOokcuine kuceanne). Ha kpajy, mooujene
pe3yiraTe OBHX HCIHMTHBAKA JOBECTH y BE3y Ca MEXaHM3MOM TOKCHYHOI [E/IOBaba

AHTUTYMOPCKHUX KOMIIJICKCA IIJIATUHC.

55



Excnepumenmannu oeo

3. EKCIIEPUMEHTAJIHU JEO

3.1 XemMukanuje u peareHcu

Xemukanuje u peareacu D,O, DNQG;, NaOD, (CR),SO, etunenauamun (en), 2-
nukonmiamMud (Pic), 2,2 sunupuaunamun (dpa), ¢)-1,2aponuneaauamun (1,2-pn), f£)-
trans-1,2-muamunormkinoxekcad  (dach), muerunentpuamun  (dien), awjon  1,1—
ukiooyranaukapookcuiaie kucenune (CBDCA), Ky[PdCl], Ko[PtCly), mentumm L-
mernonmI-runud (Met-Gly), Lxuctuaui-rmununa (His-Gly), rmunun-rimanun (Gly-Gly),
L-metnonua-L-xuctugun ~ (Met-His), Lweruonwn-rounmia-rmimuda — (Met-Gly-Gly),
rai-L-metnonun-riunud - (Gly-Met-Gly) u Swmertunrinyratnon cy HabGaB/beHH O]
Sigma-Aldrich Chemical Co. éfrpanentun N-anerunoBanu L-mMeTHOHHI-TIAIAN-L-
xuctuauwi-rinnuHamug (MeCOMet-Gly-His-GlyNH) je cunternsoBan momohy Fmoc-
chemistry merome [100,101]. CunreTH30BaHH NeNTHA je mpeuninhen Kopuirhemem
cemunpenapatuBie RP-HPLC xpomarorpaduje. Uucroha my je mpoBepeHa momohy
anamutnuke HPLC  xpomatorpadmje ©  eleKkTpoclpe]  jOHH3AIMOHE  MaceHe
cnektpomerpuje. Ocrasie XeMUKanuje ynorpedbeHe y OBOM paay Ouie cy KOMEpIHjaaTHH
MIPOM3BOJM AHAIIMTUYKOT CTENeHa 4ucTohe M KymbeHe cy o aomMaher mpou3Bohada. 3a

MpUIIPEMake pacTBOpa HaBEJIEHUX peareHaca ynorpedsbeHa je OuaecTHIOBaHa BOIA.
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3.2 AuneTujioBame TePMHUHAJIHE AMUHO Tpyle y NenTUauMa

3a aneTuioBame TEPMHHAIHE aMHHO-TPYNE Y MENTHANMA L-XHCTHUAWI-TIUIIHY,
L-metnonmi-rauuay, L-metnonun-L-xuctuauny, L-METHOHUI-TIUIWI-TIUIUHY |
[IIMIAI-L-MEeTHOHUI-TIIMIMHY YHOTpeOJbeHa je MeToJa Koja je paHuje OIucaHa Yy
nutepatypu [53,68].

Y mrTo mMamo0j 3ampeMUHU TialjadHe CUpheTHE KUCEIHHE PAaCTBOPHUTH 5,010%
mola nentuaa u y osaj pacreop momaru 7,510% mola (70,9ul) axugpuma cupherse
KucenuHe. PacTBop ce Mmemia Ha cOOHOj TeMIlepaTypw 3a BpeMe Ol TPU caTa, a 3aTHUM
OCTaBH Jla Mclapu A0 cyBa. Y BehuHu ciydajeBa no0Hja ce ysbacTa CYICTaHLA Koja
NpeCTaB/ba AaleTWIOBAaHW TMenTHI. UWCT ameTWIOBaHM NENTHI MOXE Ce JTOOUTH
NPEKPUCTAINCABAKHEM U3 CMEIE BOJA-alleTOH, WM HEKOT APYror OPraHCKOI pacTBapadya.
AUETHIIOBAaHU TIENITU y KPUCTATHOM OOJIMKY MOXKE c€ OOUTU U PacTBapameM YJhacCTOT
ocTaTka y BOJHM, a 3aTHM HCIapaBamkeM pacTBOpa Ha COOHOj TemmepaTypHu 10 cyBa. Ilo
noTpeOr OBaj MOCTYIAK c€ MOKE IMOHOBUTH BHIIIE TTyTa. YrcToha amneTriioBaHOT MenTuaa

MIPOBEpPEHa je moMohy 'H NMR CHEKTPOCKOIIH]E.

3.3 Jooujame [Pd(L)CI,] xommiekca

Kommnekcu namagujyma(ll) tuma [Pd(L)Ch] (rme je L OuaeHTaTHO KOOPIUHOBAHU
en, picuan dpaaMaMUHCKU JIMTaHJ) CUHTETU30BaHH Cy MO MOJHU(HUKOBAHOM MOCTYIKY
KOjH je paHuje onucaH y aureparypu [102-104].

YV 10 cn? Bome pacreoputu 0,1632 g (5,00* mola) KJ[PdClL] wu xoxaru
EKBUMOJIapHy KOJUYKHY oAroBapajyher juranaa L. Jlobujenu pactBop 3akucenutu (PH =
3,0) nonasamem pactsopa HCI xonnenrpauuje 1,0 mol/dni. Peakumony cmenry 3arpesaru
uHa 80 °C 3a Bpeme ox 2 cata. CBM KOMIUICKCH KPHCTAIHIINY W3 BOJAEHOI PacTBOpa Ha
co0OHOj TemmepaTypH. M31aBojeHe KpucTane KOMILIEKCAa OJIBOJUTH IiehemeM, ucmhpaTu ca
MaJlo XJIaJHe BOJIE, a 3aTUM €TaHOJIOM U CYIIUTH Ha Ba3ayXy. UHCTH KOMITJIEKCH TOOWjeHH
Cy IPEKPHUCTAITH3AIM]OM U3 Majie KOJIMYMHE TOTUIC BOJIE U XJ1al)emeM.

Excniepumenrtannu pesynaratn mukpoananmze 3a C, H u N mapamerpe 3a cBe
[PA(L)Cl;] xomIekce y carnacHOCTH Cy ca TEOPHjCKU H3padyHATHM BPEIHOCTUMA.

Uspauynaro 3a [Pd(en)C}] = C,HgN.Cl,Pd (Mr = 237,39): C, 10,12; H, 3,40; N,
11,79.Haheno: C, 10,08; H, 3,33; N, 11,63 %.

U3zpauynaro 3a [Pd(pic)Ch] = CeHgNCl,Pd (Mr = 285,47): C, 25,24; H, 2,82; N,
9,81.Haheno: C, 25,18; H, 2,77; N, 9,69 %.
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N3zpauynaro 3a [Pd(dpa)Cl] = CioHgNsCl,Pd (Mr = 348,52): C, 34,46; H, 2,60; N,
12,06.Haheno: C, 34,35; H, 2,70; N, 12,02 %.

3.4 Jlo6ujame [Pd(L)(H,0),]*" kommiexca

Hanagujym(ll) xommmiexen ommre dopmyne [Pd(L)(H0)]?* (rxe je L Gugenrarro
KOOPAWHOBaHH €N, PIC win dpa IHaMHHCKH JIUraHa)  JOOHjEHH Cy MellambeM
oaroapajyhux xmjopumo-komruiekca ca AgNOs y wmonckom omnocy 1:1,95 y
oarosapajyhoj 3anpeMuHu Bojie, Ha HAUUH KOjU je paHuje onucal y siuteparypu [55]. Cyn
ca peakuuoHoM cmeriom (PH = 2,0)yBUTH y alyMHHHjyMCKY (DOJIHjY U OCTaBUTH HPEKO
Hohu y3 Memame Ha cOOHOj Temmepatypu. U3asojenu tamor AQGCI oasojutu nehemem, a
cBexe npunpemiber [Pd(L)(H20)]*" kommexe kopuerutu 3a excrepuMente. OBaKo
n06HjeHe pacTBOpe aKBa-KOMIUIEKca dyBati y dpmwknaepy Ha +4 °C. ITomohy 'H NMR
CIEKTPOCKOIMj€ MOBPEMEHO MPOBEPUTH HUXOBY YUCTONY M Yy ciyd4ajy oarosapajyhe
npoMeHe y O0jH, WM pa3rpalibe IMOJa3HUX KOMILICKCa, TMPUIPEMHUTH CBEX PacTBOP

[PA(L)(H,0),]*" kommzekca.

3.5 Jlooujame [Pt(L)Cl,] komniekca

[Tnatuna(ll) xomrmiekcu tuma [Pt(L)Cl;] (rme je L GumenTatHo KoopauHOBaHH €N,
1,2-pnumu dachauaMUHCKH JUTaH[) CHHTETH30BaHU Cy MO MOJAM(DUKOBAHOM MOCTYIKY
KOjH je paHuje onucaH y aureparypu [102-104].

Y 10 cn? Boxe pactBoputu 0,2076 ¢ (5,00* mola) KJ[PtCl] u nomaru
€KBUMOJIApHY KOJWYHMHY ojroBapajyher mmamuHckor nuranna L. [loOuwjeHu pacTtBop
sakucenut (PH = 3,0) momasamem pactopa HC| konuentparmje 1,0 mol/dnd.
Peakiony cmerry 3arpesatu Ha 80 °C 3a Bpeme ox1 2 cata. CBH KOMIUIEKCH KPHCTAJUIITY
U3 Majie 3alpeMHHE BOJCHOI pacTBOpa Ha COOHOj TemmepaTypu. M3aBojeHe Kpucrtaie
KOMILIEKCa OJBOJUTH IiehemeM, Mcmpatu ca Majo XJagHe BOJe, a 3aTHM CTaHOJIOM H
CYIIUTH Ha Ba3ayXy. UHCTH KOMIUIEKCH TOOHMjCHH CYy MPEKPHUCTAIM3AIM]OM H3 Maje
KOJIMYMHE TOIuie Bojae U xmahemem. Unuctoha u cacTaB KOMILIEKCA MPOBEPEHU Cy TTOMOhy
pesynrara mukpoanammse, H u °C NMR criextpockommje. 3a cuumame “H NMR u °C
NMR cnekrapa [Pt(L)Cl;] kommtekca kao pactBapau kopuirher je DMSO-@.

Uspauynaro 3a [Pt(en)Ch] = CHgN.Cl,Pt (Mr = 326,08): C, 7.37;H, 2,47; N,
8,59.Haheno: C, 7,48; H, 2,43; N, 8,59 %H NMR (DMSO-d, 250 MHz); J (ppm) 2,24
(s, 4H, 2CH), 5,30 (s, 4H, 2NB); **C NMR (DMSO-@&, 250 MHz);J (ppm) 48,76 (CH).
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W3spauynaro 3a [Pt(1,2-pn)Cl] = C3H10NCLPt (Mr = 340,11): C, 10,59; H, 2,96;
N, 8,24.Haheno: C, 11,15; H, 3,17; N, 8,05 %4 NMR (DMSO-@, 250 MHz); J (ppm):
1,11 (d, 3H, CH), 2,10 — 2,58 (m, 3H, Ckt CH,), 5,12-5,39 (m, 4H, 2N§; *°C NMR
(DMSO-@, 250 MHz);Jd (ppm): 15,71 (Ch), 52,49 (CH), 55,42 (CH).

N3spauynaro 3a [Pt(dach)Cl] = CeH14NoClLPt (Mr = 380,17): C, 18,96; H, 3,71; N,
7,37.Haljeno: C, 19,20; H, 3,49; N, 7,46 % NMR (DMSO-d, 250 MHz);J (ppm) 1,06
(m, 4H, 2CH ox C4u C5), 1,63 (m, 4H, 2Ckox C3u C6), 2,07 (m, 2H, 2Ckx Clu
C2), 4,98-5,71 (m, 4H, 2Nt *C NMR (DMSO-d, 250 MHz); J (ppm) 24,08 (C4: C5),
31,27 (C3u C6), 62,66 (Cl1 C2).

3.6 Jooujame [Pt(L)(CBDCA-0O,0’)] xomniekca

[Tnatuna(ll) xommrekcu tmma [Pt(L)(CBDCA-O,0%], (rme je L OumentaTHO
koopauHoBanu en, 1,2-pnwmm dach guwamuncku gwrana, a CBDCA anmjon 1,1-
UKIIO0YTaHTUKAPOOKCHITHE KHCENWHE OWACHTAaTHO KOOPAWHOBAH MPEKO KHUCEOHHKOBHX
aToMa KapOOKCWIIHMX Tpyla) CHHTETH30BaHH Cy IO MOJM(HUKOBAHOM TOCTYIKY KOjU je
panmje onucaH y gureparypu [55].

Komruteken tuna [Pt(L)(H0)]**, noGujenn cy Mewamem oxrosapajyhinx XJI0pHuio-
komruiekca ([Pt(L)Cly]) ca AgNOs y moinickom oxnocy 1:1,95mpu pH Bpeanoctu 2,0y
oarosapajyhoj 3anpemunn H,O, Ha Ha4YMH KOjU je paHHje ONUCaH y utepraypu [55].

Uznsojenn tamor AQCIl omBojutu nehemem. Y Ouctpe pactBope oxarosapajyher
aKBa KOMIUIeKca aojaTu exkBumosiapHy konmunHy CBDCA nurannma m 1Ba €KBHUBaJICHTA
NaOH o6pauynator y ogaocy na CBDCA nuranj. Peakuuony cMemnry memaru Ha 60 °C
3a BpeMe ox 3 cara. Oarosapajyhu KOMIUIEKCH KPUCTAIHINY M3 Maje 3alpeMUHE BOJICHOT
pacTBopa Ha coOHOj TemmnepaTypu. HakoH nehema u3nBOjeHMX KpucTana y QuUITpare
JIOJaTH Mally 3alpeMHHy eTaHoJla TP YeMy C€ U3[Baja JOJaTHa KOJWYHMHA
[Pt(L)(CBDCA-0O,0")] xomrutekca, HakoH Xnalema y QprKkuaepy 3a BpeMe o1 JBa JaHa.
Yncroha 1 cacTaB KOMILIEKCa IpoBeper cy momohy pesynrara mukpoanammse, "H n °C
NMR cnexrpockonyje. [Tpunoc je oko 60—70%.

Uspauynaro 3a [Pt(en)(CBDCAO,O’)] = CgH14N204Pt (Mr = 397,29): C, 24,19;
H, 3,55; N, 7,05Hafjeno: C, 24,28; H, 3,47; N, 7,04 % NMR (DMSO-d¢, 250 MHz);J
(ppm) 2,23 (s, 4H, 2CHas en), 5,55 (s, 4H, 2N}, 1,64 (m, 2Hy-CH, uz CBDCA), 2,65
(t, 4H, a-CH, u B-CH, u3 CBDCA); *C NMR (DMSO-@, 250 MHz);J (ppm) 47,84 (Ch
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u3 en), 14,99 (C3i CBDCA), 30,19 (C2u C4 u3 CBDCA), 55,47 (Cluz CBDCA),
177,23 (C=0).

M3pauynaro 3a [Pt(1,2-pn)(CBDCAO,0")] = CoHigNoOsPt (Mr = 411,31): C,
26,28; H, 3,92; N, 6,8Haljeno: C, 25,31; H, 4,11; N, 6,95 %H NMR (DMSO-@, 250
MHz); o (ppm) 1,11 (d, 3H, Ckus 1,2-pn), 2,12 — 2,56 (m, 3H, CiHCH, u3 1,2-pn),
5,22-6,03 (m, 4H, 2N}, 1,65 (m, 2Hy-CH, u3 CBDCA), 2,65 (t, 4Hp-CH, u B-CH, us3
CBDCA); *C NMR (DMSO-@, 250 MHz); J (ppm) 15,82 (CHu3 1,2-pn), 53,49 (CH
u3 1,2-pn), 56,41 (CHi3 1,2-pn), 15,07 (C33 CBDCA), 30,10u 30,38 (C2u C4 us3
CBDCA), 56,20 (Clu3 CBDCA), 177,42 (C=0).

Uzpauynaro 3a [Pt(dach)(CBDCAO,O’)] = CioHzoNO4Pt (Mr = 451,38): C,
31,93; H, 4,47; N, 6,2Habeno: C, 30,70; H, 4,53; N, 6,13 % NMR (DMSO-d, 250
MHZz); J (ppm) 1,11 (m, 4H, 2Ck C4u C5u3 dach ), 1,62 (m, 4H, 2GHC3u C6 u3
dach), 2,03 (m, 2H, 2CH, G1C2us3 dach), 4,98-5,71 (m, 4H, 2NH 1,65 (m, 2Hy-CH,
u3 CBDCA), 2,68 (t, 4Hp-CH, u B-CH, us CBDCA); *C NMR (DMSO-d, 250 MHz);
O (ppm) 24,07 (C41 C5u3 dach), 31,49 (C3x C6 uz dach), 62,06 (Ci C2u3 dach),
15,04 (C3u3 CBDCA), 30,26 (C2z C4 u3 CBDCA), 55,47 (Cluz CBDCA), 177,34
(C=0).

3.7 ooujame [Pd(dpa),]Cl, 4H,0 kommiaekca

PacTBopy Koju je noGujer pacteapamem 0,0300 g (1,430“ mola) Met-Glyy 4 cn?
Boge gomatu 0,0507 g (1,480* mola) uspcror [Pd(dpa)Ci] xommiekca. JobujeHu
pactBop 3akucerutu (PH = 2,4)noxaBamem pacropa HCl kornenTpaumje 1,0 mol/dni u
peakimony cmemy 3arpesatd Ha 60 °C y3 Memame 4-5 caru. HakoH Tora pacTBop
nporeaut  on Heuspearoanor [Pd(dpa)Cl] kommiaekca. ®duarpar ocTaBUTH Yy
Gpmwxuaepy 3a Bpeme on Hekoiauko nana. Ceemio kyre kpucrane [Pd(dpay]Cl, - 4H,O
KOMIUIEKCA OJBOJUTH IiehermeM, MpompaTH ca €TaHOJIOM, a 3aTHM CYIIMTH Ha Ba3ayXy.
YucTtoha u cactaB KOMITJIEKCa MMPOBEPEHH Cy MoMohy pe3ynraTta MUKpOaHaIu3e, Hu*C
NMR cnekrpockomuje. [Tpunoc je 40% (0,0343 g).

N3zpauynaro 3a [Pd(dpa)]Cl; - 4H,O= GyoH26HePdCLO4 (Mr = 591,74): C, 40,59;
H, 4,43; N, 14,20Haheno: C, 40,06; H, 4,54; N, 14,12 %a cuumame "H NMR u °C
NMR cnekrapa [Pd(dpa)]Cl, xommiekca kao pactBapau kopumihen je DO u TSP

TPUMETHII-CHITHINponan-3-cynhonar) kao pebepentan cranmapr. 'H HMR D,0, 200
p p y pegep p.
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MHz); & (ppm) 7,13 @1, H5): 7,46 ¢, H3); 7,61 ¢, H4); 8,05 (n, H6); °*C HMR
(D0, 200 MHz); & (ppm) 119,41 (C4); 125,10 (C5); 146,59 (C3); 153,486)(C
155,58 (C2).

3.8 ooujame [Pt(dien)Cl]Cl kommiekca

Kommieke  [Pt(dien)CI|CI  ¢me je dien TpumeHTaTHO  KOOPIHMHOBAH
JMETHICHTPUAMKH) je Z0OMjeH Ha HaduMH KOjH je ommcaH y smreparypu [105].V 10 cnf
Boje pactBoputu 0,4151 g (1,(10'3 mola) Ky[PtCly] u y oBaj pactBop nomaru 0,5 ml
(98%) nuerunentpuamuna. [lomecutn PH BpeaHoct pactBopa Ha 3,0 mogarkom 1,0
mol/dn? HCl u peduykroBaru 3a Bpeme ox 6 caru. JloGUjeHH KyTH PAcTBOP YIIAPUTH Ha
BaKyyM yrmapuBady Ha Majly 3allpEMUHY M OCTaBHTH Mpeko Hohu y hpmxuaepy. M3nBojene
kpucraie [Pt(dien)Cl|Cl kommiekca ogsojutu mehemeM, HCIpaTH ca Majlo €TaHoJIa |
CYIIUTH Ha Ba3ayxy. UncToha U cacTaB KOMIUIEKCA IIPOBEPEHH Cy MOMOhy MHKpoaHan3e.
IMpunoc je 60% (0,2242 ).

Uspauynaro 3a [Pt(dien)Cl|Cl= CyH13NsPtCL (Mr = 369,16): C, 13,01; H, 3,54;
N, 11,38.Haheno: C, 13,21; H, 3,48; N, 11,14 %.

3.9 Jloomnjame K[Pt(Gly-Gly-N,N’,0)I] kommniiekca

Kommiaeke K[Pt(Gly-Gly-N,N’,O)I] (Gly-Gly je TpuaeHTaTHO KOOPIAMHOBAHU
TUTENTHI MPEKO a30Ta TePMHUHAIHE aMHUHO TpyIe, JACMPOTOHOBAHOT MENTHIHOT aToMa
a30Ta U KUCCOHHKOBOT aTOMa M3 TEPMHHAIHE KapOOKCHIIHE TPYIE) jeé CHHTCTU30BaH IO
MOIU(UKOBAHOM MOCTYIIKY KOjH je paHuje onucan y aureparypu [106].

VY 5 cn? Boge pactsoputu 0,2076 g (5,00% mola) K[PtCly] u y oBaj pacrsop
noxatu 0,3320 g (2,00° mola) KI. Peakumony cmermy 3arpesaru ua 60 °C 3a Bpeme ox 5
muHyTa. Y n06ujeny peakiuony cMemy goxatu 0,0660 g (5,007 mola) mumentuaa Gly-
Gly pactBopenor y 5 cnt BoJe M HACTABUTH 3arpeBame Ha 60 °C Hapennux 30 munyTa. Y
TOKY OBOT BpeMeHa, PH BpeTHOCT peakiroHe CMellle je KOHTPOJMCaHa CBaKUX S MUHYTa U
onpxkaBana Ha oko 6,5 momohy 1,0 mol/dni pactopa KHCOs. J{oGujern pactBop
YIIApUTH HA 3alPEMHUHY 01 0KO 5 CNT Ha BAKYyM yIIapuBady H 3aTHM OCTABHTH HA COGHO]
TeMriepaTypu Tpeko Hohu. M3mBojeHe >KyTe KpHCTajlie KOMIUIEKCa OJBOJUTH IiehemeM,

UCTIpaTH ca MaJio €TaHOoJIa M CYIITH Ha Ba3ayxy. Uucroha u cacTaB KOMIUIEKca IPOBEPEH je
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nomohy mukpoanammse, 'H NMR u ®C NMR cnexrpockonmje. Ipunoc je 40%
(0,0980 g).

Uspauynaro 3a [Pt(Gly-Gly-N,N’,0)I] = C4HsNO3IKPt (Mr = 491,18): C, 9,78; H,
1,23; N, 5,70Haheno: C, 9,63; H, 1,34; N, 5,81 %.

3a cunmame "H NMR 1 *3C NMR crekrapa [Pt(Gly-Gly-N,N’,0)l] kommiekca xao
pactBapau kopumhern je DO u TSP (pumernn-cunmminponan-3-cyapoHaT) Kao
pedepertrn crangapn. 'H NMR (D,O, 200 MHz);5 (ppm) 3,99 (s, 2H, CHl u 3,62 (s,
2H, CHy). °*C NMR (D,O, 200 MHz);3 (ppm) 51,72 (Ch); 53,37 (CH); 182,55 (C=Oq
194,00 (C=0).

3.10 Mepemwe pH BpeanocTu

Caa pH Mepema cy pahena na 25 °C. 3a oBy cBpxy ynorpebiben je pH-merap Iskra
MA 5704, xoju je xamubpucan y ogHocy Ha ®umepose (Fischer)mydepcke pactBope 3a
pH = 40wu pH

7,0. U3smepene PH BpemHOCTH HHCY KOPUTOBAaHE y OJHOCY Ha

neyTepujyMcku edekar.

3.11 Mukpoanajiu3a

Cee mukpoananuse 3a C, Hu N mapamerpe pahene cy y MukpoaHaTUTHIKOM
onesperby MHcTHTyTa 32 Xemujy Xemujckor (akynrera, YHuBep3urera y beorpany u Ha

XemujckoM ¢akyntery, Texnonomkor YHusep3utera y Bapmasu, [losbcka.

3.12 NMR (*H u °C) mepema

3a cuumame 'H NMR u C NMR cnekrapa ynorpedsbenu ¢y D,O u (CDs3),SO
(DMSO) kao pactBapaun u TSP (pumerni-cunuianponan-3-cyadoHar) Kkao pehepeHTHH
crangapa. Crnektpu cy caumanu Ha Varian Gemini 200 MHz, Bruker AC 250 Bruker
AM360 FT-NMR cnektpomerpuma. Cse peakuuje cy uszBoheHe y NMR kuBerama
IIpEeYHUKa 5 Mm.

Peakuuje [Pd(dpa)Cl] u [Pd(dpa)(BO),]?* kommiekca ca N-amermioBaHnm
munentuanva  MeCOMet-Gly u MeCOHis-Gly npahene cy nomohy H NMR
criekrpockonyje. [Tamagujym(ll) komIieKe u menTHIU MEIaHu Cy Y MOJICKOM ofHocy 1 @ 1
y NMR kuBetru. KoHuenrtpamnuja pactBopa HakoH Memama Omia je 10 mMy oagnocy Ha

peakTanTe. HaBeneHe peakimje cy m3BoheHe Ha Temmepatypu ox 25 u 60 °C, a pH
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BPEIHOCT peakinoHe cmetie ouna je usmehy 2,0 - 2,5.

Peakumje [Pd(en)(D0O)]* u [Pt(en)(O)]*" xommiekca ca N-ameTmIoBaHHM
terpanentugom  MeCOMet-Gly-His-GlyNH  npahene cy mnomohy *H  NMR
cniekTpockonuje. Onropapajyhu KOMIUIEKC ¥ MENTHAN MEIIAHH CY Y MOJICKOM ojHocy 1 @ 1
y NMR xuBetn. Hapenene peaxiuje cy mssohene Ha Temmeparypu oxa 60 °C, a pH
BPEIHOCT peaknnoHe cMetie 6una je usmehy 1,5 - 2,0.

Peakiuje nsmel)y N-anetmnoBanux tpunentuaa MeCOMet-Gly-Glyn MeCOGly-
Met-Gly u nanamujym(ll) xomruekca tuma [Pd(L)(D.0)]*" (rze je L Gupenratno
KOOP/AMHOBAHH €N, picumn dpamuran) u3ydasasre cy momohy *H NMR crekrpockonje.
ExBumonapue xonnunne nanaaujym(ll) koMruiekca u TpunenTuaa Meiane ¢y TMpeKTHO Yy
NMR xuBetn. ®unamau pactBop 6mo je 10 MMy oxmHocy Ha peakrante. Peakmuje cy
u3BoheHe Ha Temmeparypu of 60 °C, a pHBpemHOCT peakImoHe cMele Gua je y orcery
2,0-2,5.

Peaxuuje usmehy MeCOMet-Gly u mnatuna(ll) xommiekca tuna [Pt(L)Cl] u
[Pt(L)(CBDCA-O,0")] (rme je L buneHTaTHO KOOPAMHOBAH jeaaH O clieaehux JuraHaua:
en, 1,2-pn, dach, a CBDCa#jon 1,1’ -ukimo0yTaHanKapOOKCHITHE KUCEINHE) H3yYaBaHe
cy momohy 'H NMR crniektpockonuje. ExkBumornapae konmunne matuna(ll) kommiekca u
MeCOMet-Gly memane cy aupektHo y NMR kuBetn y 50 mM ¢ocharnom mydepy.
Peak1uje cy u3BoheHe npu GU3HOIOMIKHM yCIOBUMA, Ha Temmeparypu o 37 °C u npu pH
BPEIHOCTH peakIrone cmeiie o /,4.

Peaxumja [Pt(Gly-Gly-N,N’,O)l]" kommuiekca ca N-aneTugoBaHUM ITUICTIITHIOM
MeCOMet-His npahiena je momohy 'H NMR crexrpockomnuje. [Tnaruna(ll) xomruieke u
MeCOMet-His memann cy y monckom oxuocy 1 : 1y 50 mM docharnom mydepy.
Peakiuja je mpahena na Temmeparypu on 25°C, a pHBpeaHOCT peakiuoHe cMenle 6una je

7,4.

3.13 IoTeHHUOMETPHjCKA Meperba

3a nmoteHuMoMeTpUjcka Mepema ynorpedssen je MOLSPIN pHamerap onpemsbeH
6.0234.100 komOuHoBanoM enekrpogoMm (Metrohm) u MOL-ACS mukpoOuperom ca
kommjyrepckom KoHTpojoMm. [lamamujym(ll) xommieke m MeCOMet-Gly-His-GlyNH
TeTpanenTu] MemaHu cy y 1 | 1 MOJICKOM OZHOCY M MOTEHIIMOMETPH]CKE THUTpAIUje CY

usBohene y pH o6mactu 2,5 - 11,0.
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Turpaumja je u3BoheHa ca OeckapOOHATHUM pPACTBOPOM KaJMjyM-XHUAPOKCHIIA
No3HaTe KOHLEHTpamuje. TOKoM peakiifje Kpo3 y30pak je MpoIyIlTaHa CTpyja aproHa jaa
O0u ce 00e30eanI0 MOTIYHO OJCYCTBO KHCeOHHMKAa M yribeHHK(IV)-okcuma, kao u 3a
Memame pactBopa. CBa pPH-moTeHIMoMeTpUjcka Mepema Cy M3BOheHa Ha KOHCTAHTHO]
Temneparypu (25 °C) i TpH KOHCTAaHTHOj joHCKOj jaumuu pactsopa (0,2 mol/dmi KCI).
Konnenrpanuja XupoHujyM joHa U3padyHarTa je Ha OCHOBY ouMTaHuX PH BpenHOCTH, Ha
HAYMH KOjH je paHHje omucaH y nuteparypu [107].

KoHcranTe npoToHoBama TeTpanentuaa u koHcrante crabuianoctu (10gS,q) Pd(ll)

KOMILIEKCa Cy wH3padyHaTe momohy kommjyrepckux mporpama PSEQUAD [108] u

SUPERQUAD [109}yniotpe6om crnenehux jenHaunHa:

pM + gH +rL = MpHQLr,

[MpHqLr]
[M]° OH]* L]

Boar =

3.14 PenareHcka CTPYKTYpHA aHa/Iu3a

Ceemiio xytu twiodactu kpuctanu [Pd(dpa)]Cl, ~ 4H,O komruiekca, auMeH3uja
0,25 x 0,15 x 0,05 mmuoOujeHn Ccy NpPEKPUCTAIMCABAHEM M3 BOICHOT DPACTBOpA.
Pennarencka CTpyKTypHa HWCIHTHBama KOMIUIEKCA Cy BpIIEHa Ha 0a3u Mepema
uHteHsuteta peduekcuja momohy KMACCD mudpakromerpa mnpumeHom MoKa
pamujammje (L = 0,71073 Aa co6uoj Temmeparypu. Ocranu kpucranorpadcku HOfamy U
excniepuMeHTa Hu fAetabu 3a komiuieke [Pd(dpa)]Cl, 4H,0 natu cy y tabenu 3.

CTpyKTypa KOMILJIEKCa je pelieHa TUPEKTHOM METOJOM, KopuinhemeM mporpama
SHELXS-86 [110],a yraumaBame METOJOM HajMamux KBaapara momohy SHELXL-97
nporpama [111]. JloOujeHn HHTEH3UTETH Cy KOPUIOBaHH 3a Lp edekTe u 3a ancopOrmjy.
AHHM30TPOITHU TEPMAJIHU MapaMeTpU Cy YHOTPeOJbEHH 3a aToMe TEeXEe OJl BOJOHHUKA.
BonoHukoBH aToMH Be3aHM 3a YIJbEHHKOBE aTOME Cy CMEIITCHH Ha M3padyHaTe MO3HIHje,
JIOK Cy OHM B€3aHM 3a KHMCEOHHMKOB aTOM M3 MOJEKYyJla BOJE M a30TOB aTOM JIOLHPAHU y
mudepentaum Dypueposum (Fourier) mamama (AF). Hdyxwune O-H m N-H Besa cy
cTamjapam3oBane Ha BpeaHoctn on 0,85 m 0,90 A, pecnexrumemo. ITosummje cBux
BOJJOHMKOBHX aTOMa Cy yTaumbaBaHE TAKO IITO Cy FHHXOBU H30TPOIHM TEMIIEPATypHU

daktopu duxcupanu Ha BpeaHocT 30% Behy o M30TpOmMHUX TeMmepaTypHHX (akTopa
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aToMma Ha KojuMma ce Haiase. "Siemens Stereochemical Workstatiopbrpam ynorpe6sbeH

je 3a mpunpemy mprexa [112].

Tabena 3. Kpucranorpadcku u Apyru eKCIEpUMEHTATHH TTOJIAIN 32 KOMILUIEKC

[Pd(dpa)]Cl, 4H,O

Kommiekc

Emmnupujcka ¢popmymna
Monnekyncka maca
Kpucranuu cucrem
IIpocropHa rpyna
[MapameTpu jenunuune henuje:

a(h)

b(A)

c(A)

5O)

V(A%

Z

D« (Mg m®)
Abcoprinonn koeduiujeHt (M m'l)
Bpoj cakymibenux peduekcuja
bpoj HezaBucHux pediekcuja
bpoj ynotpebspeHux peduekcuja
R[F*>24(F?)]
WR(F)
S
Apmax(e A?)
Apmun (€ AB)

[Pd(dpa)]Cl, " 4H,0

C20H25C|2N604Pd
591,77

MOHOKJ/JIMHHWYaH

C2/c

15,8539(11)
7,7580(6)
20,5302(12)
107,563(6)
2407,4(3)

4

1,633

1,032
12500
2137

1705
0,0360
0,0852
1,096

1,125
-0,426
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4. TMCKYCHUJA PE3VJIITATA

4.1 XAIPOJN3A NENITUIA KOJU CAJIP)KE L-METHOHHH 1
L-XUCTHUIMH IIOMORY PAJIMUNTUX KOMILTEKCA MAJATUIYMA(1) 1
MJIATHHE(I1)

MHoru OHOJIOIIKK TMPOLECH YKJbYUY]y peakiHjy XHUApOJiHu3e MEeNTUAHE Be3e Y
NeNTHIMMa W TpoTermHMMa. [lopen Tora, CeleKTHBHA XHIPOJIM3a OBHX OHOJIOIIKH
3HAYajHUX MOJIEKYJIA j€ O]l BEJIMKE BAXKHOCTH 3a ofpehuBambe BUXOBE CII0KEHE CTPYKTYpE.
300r CBOT" BEJIMKOT OMOJIOMIKOT 3Hauaja peakiije CeJIeKTUBHE XUAPOIU3e MENTHIHE Be3e Yy
NeNTUIMMa W TPOTEHHUMA Cy BeOMa MHTEPECAaHTHE M Ca XEMMjCKe TauKe IJICAHIITA.
HcnutuBama peaknpja KOMIUIEKCA MeTala ca IeNnTHAMMa Cy ToKa3ala Ja Cce OBH
KOMIUIEKCH MOTY Ca YCHEXOM YIOTPEOMTH Kao KATATUTHYKH areHCH CEJICKTHBHOT
packuiama MENTHIHE BE3e Y OBUM MOJIEKYIUMa. Y TOKY MOCIEIBUX TPUAECET TOAMHA,
noceOHa mMaxkmba nocBeheHa je UCIIMTUBAkY peakiiija KBaJpaTHO-TUIAHAPHUX KOMILJIEKca
nanaaujyma(ll) [54,68,69,72,83-85,87,113-11a] mmatune(ll) [53] ca mentuauma koju y
CTPYKTYpH CaapXe aMuHO KucenuHe L-metnonnn wim L-xuctuaus. JloOujeHn pesynratu
OBHX MHCIIUTHBaKka Cy TOKa3ald Jla Ce HaBeJIEHH KOMIUIEKCH KOOPIMHY]Y 32 HEKH Of
xerepoaroMa y O0OYHOM HM3Y MenTuja (THOETapCKU aroM CyMmIopa u3 L-MeTHOHWHA WIn
N3 arom a3ora HMMHIA30J0BOI TpCTeHA u3 L-XWCcTHAMHA) TpH YEeMy HAcCTajy
xugponutauky  aktuBHE  namagujym(ll)-  w  maarumma(ll)-mentum  KoMIuieKcH.
KoopanHoBaHM KOMILJIEKCH OBHX jOHA MeTajla KaTajlu3yjy XUAPOJIU3y MENTHIHE Be3e Y

YHjy CTPYKTYPY YJa3u KapOOKCHIIHA Tpylia aMUHOKHCENNHA L-MeTnonnHa u L-XuctunuHa.
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IMpennoct xommiekca nanaaujyma(ll) u mnatune(ll) y ogHocy Ha mpyre KomIuiekce
npea3HuX MeTaja je y TOME IITO C€ OBH KOMIUIEKCH BEOMa JIaKO KOOPJIHMHY]Y 32 OOYHH
HH3 MENTHAA, IITO Cy Peakifje XUAPOIN3e NEeNTHIHE Be3e MPUIMYHO Op3e M HITO Ce OBH
KOMIUIEKCH BeOMa jeHOCTAaBHO MOTY OJBOJUTH O]l XHIPOJHM30BAHOI cyrcrpara. [lopen
OMOXEeMUjCKOT 3Havyaja U KUXoBe Moryhe nmpuMmeHe y OMOaHAIMTUYKO] MPAKCH, peaKiiyje
XHIPONU3e MENTUIHE Be3e y MpucycTBy Komiuiekca miatuHe(ll) cy on moceOHOr 3Hadaja
ca acmekra OoJeer pasyMeBama MEXaHM3Ma TOKCHYHOT JIeJIOBamba ATHTUTYMOPCKHX
komruiekca turatuae(ll). Yripkoc unmeHHIM 1a Cy Y HOBHjE€ BpEME PEakKIlhje XHUAPOJIH3E
NEeNTHUIHE Be3e y MEeNTUANMa KOjU cajpike aMUHOKUcenuHe L-meTrnonuH wim L-xuctuaun
y TmpucycTBy panmmuutux komiuiekca riatuae(ll) u mamagmjyma(ll) wHTEH3HBHO
n3yJaBaHe, MEXaHU3aM OBUX peakilfja je joIl YBEK HEIOBOJbHO pa3jammmeH. Mmajyhu y
BUJly OHWOJIONIKA 3Haya] OBHX pEaKi{ja W HUXOBY TNOTCHIUjaTHY TNPUMEHY Y
OMOaHATMTUYKO] MPAKCH, OBA JOKTOPCKA JUCepTaluja ce 0aBM UCIUTHBAKBEM MEXaHH3Ma
XUIPOJIUTHUKHUX pPeaKlnja MenTuaa Koju caapxe L-XucTuaun u L-MeTHOHUH y IPUCYCTBY

pasnmuuntux komiutekca nanaaujyma(ll) u mraruue(ll).

4.1.1 NCIITUTUBAIBE PEAKIIUJA KOMIIJIEKCA TTAJTAJUJYMA(I1) CA
HNENTUIAUMA

VY npBoM neny oBOT paja, TPUMEHOM 'H NMR CIIEKTPOCKOIIH]j€, M3ydyaBaHE Cy
peakimje pasmmantux nanagujym(ll) kommiexca tuma [PA(L)Ch] u [Pd(L)(H20):]%" (L je
OMIIECHTaTHO  KOOpPAWMHOBaH  2,2’-munupuiwiamuH, dpa;  2AUKOIWIAMUH,  PIC;
eTWICHIMaMiH, €en) ca nentuauma L-mernonmn-rounuaom (Met-Gly), L-xuctuamn-
rmuiaoM (His-Gly) u N-anetunoBanum aepuBatuma cienehux mentuma: L-MeTHOHHII-
rman-rannua (MeCOMet-Gly-Gly),rmunun-L-metunonun-rnumun (MeCOGly-Met-Gly)

u L-metnonua-rauiui-L- xuctuauia-riaunuaamu (MeCOMet-Gly-His-GlyNH).

b \OHﬂ Q\/ Q\ /OHZ Q\ e
N N \ C/ b/ \

[Pd(en)(Hz0)21** [Pd(pic)(H20)2]** [Pd(dpa)(H20)]"* [Pd(dpa)Cly]

Cauka 24. CtpykrypHe popmyite ucnutuBanux magaadjym(ll) komriekca
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CrpykrypHe dopmyne nananujym(ll) komruiekca npukazane cy Ha ciuiu 24, 10K
cy oaroBapajyhe gopmyiie HCIUTHBAHUX MENTUAA JaTe Ha cuiy 25. Peakiuje KoMIiekca
namaaujyma(ll) ca mentmauma cy wmsydaBane y PH obmactu ox 2,0 mo 2,5 m Ha

Temmeparypu o1 25u 60°C.

Il Il Il
NH,—CH—C—NH—CH,—COOH CHz—C—NH—CH—C—NH—CH,—COOH

T i

CH, CH,

S Met-Gly S MeCOMet-Gly
CH3 CHs3

o}
|

NH,—CH—C—NH—CH,—COOH 0 0
] ]

CHs—C—NH—CH—C—NH—CH,—COOH

CH,
— MeCOHis-Gly
N\/NH
i i
CH;—C—NH—CH—C—NH—CH,—C—NH—CH,—C—OH
i ? ? ? ?
CH, CH3—C—NH—CHZ—C—NH—.CH—C—NH—CHZ—C—OH
S MeCOMet-Gly-Gly CH,
HsC |
T
S MeCOGly-Met-Gly
HsC
o] o]

| | i i i
CH3—c—NH—$H—C—NH—CHZ—C—NH—cl:H—C—NH—CHZ—C—NHZ

C|IH2 CH,
I .
N NH

H3C

MeCOMet-Gly-His-GlyNH,

Camka 25. CtpykTypHe GopMyIsie HCTUTUBAHUX TIENTHIA
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Kao mro cy mperxomHa HCTpakWBamba IIOKa3aua, KHCEJa CPEJHHA Y OBUM
peakijamMa je HEONXOoAHa Ja Ou ce crnpedmwno (GopMHpame AWHYKICAPHUX XHUIPOKCO-
nanaaujym(Il) komrutekca koju cy xumponutuuku HeaktuBHu [54,84,81,117]KoncranTa
NpoToHOBama N-alleTUIOBAHOT TeTpamentuaa Hu KoHcranTe crabuiaHoctd  (10g6uqr)
MHTEPMEIMjePHIX KOMIUIEKCHHX BpCTa, KOju Hactajy y peakuuju [Pd(en)(HO))*" u
MeCOMet-Gly-His-GlyNH, cy oapehene meromoM mMOTEHIMOMETPHUjCKE THUTpAIHjeE.
CTpyKTypa peakIMOHOT Mpou3Boja Koju Hactaje y peakuuju [Pd(dpa)Cl] kommiekca ca

munentugom Met-Gly je y oBom pany oapelena momohy peHareHcke CTpYKTypHE aHaIH3e.

HcnutuBamwe peaknuja Met-Gly um HisGly agumentupa ca [Pd(dpa)Cl;] u
[Pd(dpa)(H20),]*" kommiexcnma

Ipumenom 'H NMR crmekrpockonuje m3yuaBane cy peaknmje [Pd(dpa)Ci] u
[Pd(dpa)(HO),]** ca munentuauma Met-Gly wiu His-Gly. Haleno je na y oBum
peakijaMa He J0J1a3| J0 XUApoJim3e nentuaHe sese y pH obaactu ox 2,0 - 2,5.Cunrner
Ha 3,80 ppMkoju moTuye o] METUJIICHCKUX MPOTOHA CIO0O0HOT TIIMIIMHA HE M0jaBJbyje ce
y 'H NMR crexrpy nu Hakon npaliera peakije y Tpajamy o1 7 JaHa Ha TEMIIEPATYPH O
60 °C. JlonaTkoM INIMIMHA Y PEaKIHOHY CMeIy T0jaBibyje ce curHai Ha 3,80 ppmunme
je MoTBpheHo Ma y MCIUTHUBAHO] PEaklMju HE HacTaje CiI000JaH TIIUIMH Kao MPOU3BOJ
xuaponuse nentuaHe Bese. [llemarcku npukas peakije [Pd(dpa)Cl] u Met-Gly nar je Ha
cianu  26. CKOpo HCTH pPEAaKUMOHM NYT MOXE C€ TMPEeTIIOCTaBUTH 32 pPEaKUujy
[Pd(dpa)(HO)]** ca oBum amumentumom, kao u 3a peakumje [Pd(dpa)Ci] u
[Pd(dpa)(H0),]*" kommiekca ca aumentugom His-Gly. Kao mro ce u3 ciuke 26 iy,
jenaH oj MPOM3BOIA y OBOj peakiuju je kBagparHo-manapan [Pd(dpa)]*” xommirexc (C).
Cuntesza [Pd(dpa)]Cl, © 4H,O komruiekca omucaHa je y €KCIIEPUMEHTATHOM eIy OBOT
pama, a BeroBa CTPYKTypa MOTBpleHA HAa OCHOBY pe3yJiTara PEHATESHCKE CTPYKTYpHE
anamu3e. OJCycTBO XUAPOIM3E TENTUAHE Be3e y L-meTHmoHwn-riuuuHy W L-xuctumaun-
TIIMIUHY Y IPUCYCTBY ucnuTuBanux nanaaujym(ll) komruiekca je y carflacCHOCTH ca paHHje
nobujeruM pesynratuma 3a peakiuje Hekux Pd(ll) xommiekca ca Met-X wimm His-X
nentuauma (X je Heka anmudaTHyHa AMHHOKHCEIIMHA) KOjH Hemajy ametwinoBaHy N-
tepMuHanny amuHo rpyny [118]. Haheno je ma y oBuM peakidjama HacTajy Beoma
crabunan  nanaaujym(ll)-menTun KOMIUIEKCHM Y  KOjUMa  je TeNnTHX OWJCHTaTHO
xoopauHoBaH 3a Pd(ll) jon mpeko aroma cymmopa u3 meruonuna (omHocHo N3 aToma

a30Ta UMH/Ia30JI0BOT IMPCTEHA M3 XUCTUIMHA) M a30Ta TEPMUHAIIHE aMUHO Tpyte [82].
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H,N—CH—C—NH—CH,— COOH

CH»
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Cauka 26. lllemarcku mpuka3 peakiuje [Pd(dpa)Cl] xommiekca ca Met-Gly

MENTUIOM
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Takohe, HalleHO je na je oBaj HAUMH KOOPAMHOBaWmA IENTHAA HENOBOJbAH 3a
XUAPONN3Y MENnTUAHE Be3e. Ha 0CHOBY OBUX pe3yiTara 3aKJby4eHO je Ja je 3a XUAPOIU3Y
MENTUIHE BE3€, Y KO0jO] Y4YECTBYje KapOOKCHIIHA Tpylia KOOPAMHOBAHE aMHHO KHCEIIMHE
(xuctuauna wiaun MetuonuHa) y His-X u Met-X nenrtuauma, HEOmxomHo 3amTuTUTH N-

TEepMHHAIHY aMHHO Tpyny [54,84,81,118].

Kana ce exBumonapua xonmuuna [Pd(dpa)Cl] xommiekca nomema ca Met-Gly
nentuaom ripu 2,0 < pH < 2,51 na 60°C, maljero je 1a y pBoj (has3u oBe peaxije HacTaje
untepmeujepun nanamujym(1l)- nentux kommiexe, [Pd(dpa)(Met-GlySN)]** (A) (Cinka
26). Y oBOM KOMILICKCY nenTuj je ounentarno koopaunoBan 3a Pd(Il) jon nmpeko aroma
CyMIiopa U3 METHOHWHA M aToMma a30Ta TepMHUHAIHE aMHHO Tpyne. Peakiuja ca His-Gly
nentuaoM aaje maigaaujym(ll)- mentua komiuieke y kome je namaaujym(ll) jon GumeHTaTHO
KoOoparHOBaH mpeko N3 aToma a3oTa UMHIA30JI0BOT MPCTEHA U aTOMa a30Ta TEPMHUHAIHE
amuno rpyme. Hacrajame [Pd(dpa)(Met-GlySN)]** kommiekca (A) Moxe ce Jako
npatuti y "H NMR criektpy Ha ocHOBY momepama curaza CHs-S mpotona ka Behem
MOJbY Y OJTHOCY Ha oJiroBapajyhe XeMujcKko moMepame OBUX IIPOTOHA 3a ¢JI000aH TENTH/I.
Wurensurer curHana Ha 2,14 ppmxkoju nortuue ox CHz-S nporona cnoboanor Met-Gly
NENTH/a, Ca BPEMEHOM Ce CMamYje, JOK MHTEH3UTET CUrHaja Ha 2,54 PPMKoju oarosapa
CHs-S npotonrma koopauHoBaHOT MeTHOHHHA 32 manaaujym(ll) jor ca BpemeHoM pacre.
W3 omHOca WHTerpana CHHIVIETa 3a CJI000/JaH M KOOPAWHOBAaHH TENTH] M3padyyHaTa je
kosnmuyrHa Harpaljenor namagujym(l)- mentun komruiekca (A). OBa peakiija je MPHIAYIHO
Cropa, HITO je y CYNPOTHOCTH ca paHHje HaleHuM pe3yliTaTuMa U J00pO MO3HATHM
aMHUTETOM CYMIOp TOHOPCKHMX JuraHana 3a koopaunHammjy 3a Pt(ll) u Pd(ll) jone
[4,119]. VcnopaBame OBe peakiimje je J10JaTHO MOTIIOMOTHYTO CTEPHUM e(eKToM m3melhy
dpa muranga 1 Met-Gly mentuma y xBagpatro-ranaprom [Pd(dpa)(Met-GlySN)]#
kommaekcy (A). Haheno je ma makon 2 cara Ha 60 °C mpubmmxao 50% momnasnor
[Pd(dpa)C}] xomruiekca m3pearyje, 10K Ha COOHOj Temmeparypu Mame ox 50% osor
KOMILIEKca u3pearyje HakoH 12 catu. U3 ciumke 26 ce BUOM Ja HAaKkoH (opMHpamba
KomIuiekca A y cienehoj hasu monasu 10 eTMMHHAIIMje OMICHTaTHO KOOpArHOBaHOT dpa
JWraHaa W HEroBe CYICTHTYIHMje ca Moiekyiuma Boje (komriekc B; Crnmka 26).
Hacrajame xommiekca B u3 xomruiekca A je Beoma Op3 mpolec, Tako J1a ce HE MOXKe
nparuti momohy 'H NMR crekrpockonuje. CHrHami Koju oirosapajy crobommom dpa
awraday W curHaau dpa murabnga koopamHoBaHor 3a maiamujym(ll) joH jaBipajy ce y

obmactu ox 7,00 o 8,50 ppmu mehycobuo ce mpeknanajy. Enuvunanuja dpamurania
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HIOTIIOMOTHYTA j€ KHUCEJIOM CPEAMHOM PacTBOpa M {rans-eeKToM KOOPAMHOBAHOT aToma
cymnopa [12]. HexoopauHoBanu dpanurann nambe pearyje ca ciodomuum [Pd(dpa)Ci]
komruiekcom Gopmupajyhu [Pd(dpa)]Cl, - 4H,O kommtekc (C) (Camka 26). Osgaj
KOMILUIEKC JOOHjeH je W IUPEKTHOM CHHTE30M Yy ojaBojeHoj peakumju [Pd(dpa)Ci]
komruiekca ca dpanuranmom. Peakiuja [Pd(dpa)Cl] xommuekca ca His-Gly je oko Tpu
nyTa CIopHja y oJHOCY Ha peakiujy ca Met-Gly mentumom, mTo uMa 3a mociaeIuily Beoma

maiu npuHoc [Pd(dpa)]Cl, - 4H,O kommiekca.

Onuc kpucmanue cmpykmype [Pd(dpa)]Cl, 4H,0 xomnnexca

Pesynraru peHareHcke cTpykTypHe ananmse cy nokasanu na [Pd(dpa)]Cl, - 4H,0
KOMILICKC y CTPYKTYPH Caipu KsajparHo-utanapuu [Pd(dpa)]®” katjon, nsa xiopuana
aHjoHa ¥ yeTHpu Mojekyna Boae (Cauka 27). OBaj KOMILICKC MPEACTaB/ba jeaaH OJ MeT
dpamananujym(ll) xomruiekca ymje cy cTpykType noTBpheHe peHAreHCKOM CTPYKTYPHOM
anammsoM [110-112]. Acuverpuuna jeamumma ce cacroju ox [Pd(dpa))®” katjona
CMEIITEHOT Ha IIEHTPY WHBEp3Hje, nBa He3aBucHa Cl aHjoHa W JBa HE3aBHCHA MOJIEKYIa
BOJIC KOjH MOTHYY OJ pacTBapaya. ¥ koopauHaiwonoj chepu namagujym(ll) jona namase
ce nBa dpasnurania, Koju cy OUJIEHTaTHO KOOPJMHOBAHH IPEKO aTOMa a30Ta U3 MUPUINHA

(Cnuka 27).Onrosapajyhe nyxune Be3a u Benudrne yriiosa Be3a y [Pd(dpa)]Cl, - 4H,0

® ci

ozw@

decn

Cuamka 27. Crpykrypa xommiekcsor [Pd(dpa)]?* katjona ca xiopuaHiM KoHTpa

jonuma u Mosiekynuma Boze y [Pd(dpa)]Cl; - 4H,O xomruiekcy
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KOMIUIEKCY NpuKkazaHu cy y tabenu 4. [yxune Be3a usmely nmanmamujym(ll) jona u N-
noHopckux aroma (2,017(3)u 2,024(3) A)oarosapajy cpenmoj Bpennoctu ox 2,017(4) A
u3padyHaToj 3a pasamuuto cyrncrturyucane Pd(dpa) jemmmume [111,120-125] (28
ocMaTpaHuX CTPYKTypa y Kpucranorpadckoj 6a3u momaraka CSD (CSD = Cambridge
Structural Database)) [126]¥rao onx 86,16(12) koju 3aknamajy aBa aroMa a3zoTa
NUPUIMHCKUX TpCTeHoBa W3 dpanmranna, Koju cy koopauHoBanu 3a nanagujym(ll) jon
(N(2)-Pd(1)-N(1)),je HemTo MamK y OJHOCY Ha UCTH yrao KOJ paHHje OKapaKTEepPHUCAHHX
[Pd(dpa)]** kommiekca [110-112], rue je oa Bpemmoct y obmactu 87,8 - 91,8 Jlea
NUPHIMHCKA TpcTeHa dpanuranaa cy yBHjeHA jeJaH y OJHOCY Ha JPYTH ca JUEAapCKUM
yraom ox 42,8(1). Osaj yrao je smarno Behm ox Bpemnoctu Hahennx y CSD 3a
[Pd(dpa)]** kommiekce, koje ce kpehy ox 16,2 10 31,3. Ha 0CHOBY OBHX I10JjaTaKa MOXe
ce 3aKk/by4yuTH Jaa mocToju moBe3aHocT m3Mmehy Bemumumbe N(2)-Pd(1)-N(1) yrma wu
mehycoOHor monokaja mupumuHckux npcreroBa y [Pd(dpa)]Cl, + 4H,O komruiekcy.
Hlecrounanu XenaTHU MPCTEH MMa KoH(popmaiujy nucroproBane yahe ca Pdl u N3
aToMHUMa y ToIoKajuMa BaH paBHH. Onctymame N3 aroma o1 mpoceyHe paBHU XEJIaTHOT
npcrena (0,374(4) A)mame je on oncrymama Pdlaroma (0,842(4) A).Jlsa xnopumna
a"joHa (Cl2 u \wuX0B TpaHC/IAIMOHU EKBUBAJICHT AYX oce b, cnuka 29) Hanase ce u3Haa u
ucnog PdN; pasau, amu PdCl pactojame (3,879(2) A)uckibyuyje moryhnoct nocrojama
OBe Be3e.

Ta6ena 4. Onrosapajyhe nyxune Besa (A) u Benmunne yriosa sesa (°) y [Pd(dpa)]Cl, -

4H,0 xoMmIuIekcy

JlyX1Ha Be3e (A) Yrao Bese 0)
Pd(1)-N(2) 2.017(3) N(PA(1)-N(1)  93,84(12)
Pd(1)-N(1) 2.024(3) N(2)-Pd(1)-N(1)  86,16(12)
N(1)-C(1) 1,341(4) C(1)-N(1)-Pd(1)  121,1(2)
C(1)-N@3) 1,391(4) N(1)-C(1)-N@)  119.2(3)
N(2)-C(6) 1,342(4) C(6)-N(2)-Pd(1)  121,2(2)
C(6)-N(3) 1,391(4) N(2)-C(6)-N(3)  119.4(3)

C(1)-N(3)-C(6) 123,4(3)

*aToOM je TeHepUCaH UHBEP3U]OM KPO3 IIEHTAp CUMETPH]jeE.
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Monekymu Bone y [Pd(dpa)]Cl, - 4H,O xomruiekcy ce moHamajy Kao IBOCTPYKH
JIOHOPH Y OJHOCY Ha aToMe XJjiopa. 3a pasiuKy oja Moiiekyia Boge O,W, MOJIEKYJ BOJIEC
O1w rpaau Bogonuuny Be3y ca N-H rpymom dpanuranma (Ciuka 27 u 28).Kao mito ce ca
cinuke 28 MOKe BHJIETH, CBAKM XJOPHUIHU aHJOH Tpaad YETHUPH BOJOHHYHE BE3E ca

Monekynu BoJe U XJIOPHUAHU jJOHM (GOpPMHpajy Tpake MOBe3aHE BOJOHMYHHM Be3ama

opHjeHTHCaHE JIyX C oce Koje ce cactoje o1 R (8) Bononnunux npcrenosa (Civka 28).

Cimka 28. Cynpamornekyicku R2(8) MoTuBu koju (opMupajy CrmpanHe Tpake

caZip>ke XJIOpHUJIHE aHjOHE W MOJeKysne Boae MelycoOHO moBe3aHe BOJOHHYHUM
Be3ama. Tpake cy MoBe3aHe 3a META-OPTaHCKHU JIe0 MPEKO MOJIEKyJa BOJE KOjU

uMajy ynory akmnentopa nporona uz N-H rpyne dpanmranaa
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Pesynratu nperpaxuBama momohy CSD [126] najy 534 ctpykrype Koje caapike
Boma-xyopua R (8) BojmoHuHe mpcTeHoBe, MehyTHM YMHM Ce 1a y HCTPaKHMBambUMa

XHUIpaTanyje XaJoreHUIHUX jOHAa BOAA-XJIOPUIHHU KIACTEPH HHCY JAETajbHO TPETHUPAHU.

[TapameTpu Be3aHM 32 BOOHUYHE Be3€ JaTH Cy y Tabenu 5.

Cauxka  29. IlakoBame mwmranama y [Pd(dpa)]Cl, = 4H,O xommiekcy (TETT

UHTEpaKLyje n3Mel)y mupuaInHCKUX IPCTEHOBA)

BeckonauHe Tpake, koje unHe RZ (8) BOJOHUYHM MPCTEHOBU MOBE3AHH y CIUpAy,
mehycobno mosesyjy kosnone Pd(Il) xatjoHa KOMITIEKCHMpaHMX OPraHCKMM JIMTaHIAMAa.
Wzmehy xomona npumehene cy cnale 7F/TuHTepakuuje u3Mely jeHor ol MUPUIMHCKHUX

npcreroBa (N2, C6, C7, C8, C% C10)u meroBor cuMeTpujcKor ekBuBanenara (-1/2-X,

1/2-y, 1-z)ua pactojamy ox 4,135(3) A Cnuka 29).
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TaGena 5. JlyxuHe M YIJIOBU HMHTEPMOJIEKYJICKHMX BOJOHMYHUX BE€3a Yy KpUCTAILY

[Pd(dpa)]Cl; - 4H,0 xommiekca

Cumerpujcke
D-H D...A H...A D-H.A Ttpanchopmarmje koje ce
(A) (A) (A) @) OJIHOCE Ha AKLENTOPCKH
atom (A)

N3-H3N"O1W 0,90 2,901(4) 2,01 168
O1W-HIW-CI2 0,85 3,196(3) 2,35 173 -1-x, y, 0,5-
OI1W-H2W-CI1 0,85 3,224(2) 2,38 173
O2W-H3W-CI1 0,85 3,237(4) 2,53 141
O2W-H4W-CI2 0,85 3,159(3) 2,31 175

HcnntuBame peaknuja xuapoiamse MeCOMet-Gly um MeCOHis-Gly
munentaa y npucycrsy [Pd(dpa)(H,0),]* kommaexca

Ipumerom *H NMR crekrpockonuje usydasane cy peakuuje [Pd(dpa)(HO).]*"
komruiekca (dpa je OMACHTATHO KOOPAWHOBaH 2,2’-TUIMHPUAWIAMHH) Ca JUNCHTHINMA
KOjHU WMajy alleTHIOBaHy TEPMHHAIHY aMHHO Tpymy, Kao mTo cy N-ameTuaoBaHu
L-merronmi-rimmnua, MeCOMet-Glyun N-anerunoanu L-xuctumun-riuiud, MeCOHis-
Gly. IManagujym(Il) xomruteke n N-aneTHaoBaHU NENTHAM MPUKA3aHU CYy Ha CIUIH 24 u
25. TepmuHaaHa aMUHO TpyIa y OBHM TENTHIMMA je alleTUIOBaHa W3 pas3jora Ja Ou ce
CIIpeynsio OMACHTaTHO KOOpAWHOBame aunentuna 3a namnaaujym(ll) jon u Ha Taj HauuH
oHeMoryhuia xuaponusa nentuaHe Bese. Peakiuje cy uzyyasane y pH obnactu oz 2,0 o
2,5 u Ha aBe pasmuunte TemrepaTtype (25 u 60 °C). Peakunmje msmehy mamamujym(ll)
koMruiekca u N-anerunoBanux nurentuaa u3pohere cy nupektHo y NMR kuBetny 1 @ 1

MOJICKOM OJTHOCY, @ KOHaYHa KOHIIGHTpallKja I0jeIMHAaYHuX peakTanaTta 6uia je 10 mM.

Xuoponuza MeCOMet-Gly ounenmuoa

Peakumje [Pd(dpa)(HO))*" ca N-auermmoBanmm munentuzom, MeCOMet-Gly,
ucnutuBane cy Ha 25u 60 °C u y pH obnactu ox 2,0 1o 2,5. OaMax HAKOH Mellama
namaaujym(Il) kommutekca ca exkBumonapaom konmuunHoM MeCOMet-Gly munentuaa
J07a3u 70 KOOpJMHOBama aromMa cymiopa u3 MernoHmHa 3a namaaujym(ll) jom.
KoopauHoBame atoMa cyMmIiopa W3 METHOHHHA je Beoma Op3 MpOIeC U JIAKO CE MOXKE

[IPaTUTH Y 'H NMR cnektpy. Cunrner Ha 2,14 ppmxoju moTuye O METWI NMPOTOHA

76



Juckycuja pezynmama

HEKOOPIMHOBAHOT METHOHMHCKOT OCTaTKa Ce CMamYje, I0K MHTEH3UTET CUHTIeTa Ha 2,54
ppm koju motuue ox CHs-S- mporoHa KOOpPAMHOBAHOT METHOHHMHCKOT OCTaTKa 3a

nanaaujym(Il) jour ca BpemeHom pacre.

XUAPOMUTHYKE peakiyje TeNnTHAa KOjH CcaapKe METHOHWH ca pPa3InduTUM
nanamujym(ll) n maaruna(ll) xomruiekcuma panuje cy nerasbHo miyuaBane [118,70]. Ha
ocuoBy 'H NMR criekTapa 3akibydeHo je 1a pasnmuuuTH Komiutekcn mamagujyma(ll) majy
pasnuuute XuApoauTHukd aktuBHe mamagujym(ll)-mentua komrutekce. Kama ce kao
karanuzarop kopucti [PdCL]?, aktusHa popma je Mmononykieapuu manamujym(ll)- mentuxn
komueke (Cimka 30a). Mehytum, ako ce kao karammsarop ymorpebu [Pd(H0)s]%, y
pactBopy moctoju auHykieapHu nanaaujym(ll)-mentun KoMIuiekc, KOjU CaJpKU JBa
aToMa CyMIiopa U3 JiBa METHOHMHCKAa OOYHA HU3a KAa0 MOCTHE JIMTaHJIE ¥ MOJICKYJIE BOJC
Ha tepmuHanHuM Mectuma (Cauka 30b). OBo moTBphyje na cy QUHYKICapHU KOMILIEKCH
Ka0 KaTaJM3aTOPH Y XMAPOJIUTHYKUM peakifjamMa MEenTHIHEe Be3e¢ MHOTO e(UKAaCHHUH O
oarosapajyhux mononykieapuux nananujym(ll)-mentun xommekca. Haheno je ma ce y
peakiijamMa nenTHaa Koju cagpxke MmetuonnH ca [Pd(en)(HO),]** (enje ermienanamun),
[Pd(Mesen)(H0)5] % (Mesen je N,N,N’N’-TeTpameThiIe THICHIMAMIH ) u
trans[Pd(pyp(H20)]*" (py je nupumun) KOMILIEKCHMA, JTHFAHAH KOOPAMHOBAHH IPEKO
A30TOBHX aToMa CYICTHUTYHIIY Ca MOJEKYJIMMa BOJE, TaKO Jia HACTaje XHUIPOJUTUYKH
aKTHBaH KOMIUICKC, KOJH j€ MICHTHYaH ca OHUM KOjU HacTaje y peakiidjama MenTuaa Koju

cagpxe MetronuH ca [Pd(H0)4)*" [73].

7 0
mwv—C—NH—CH—C—NH—www» ch\ _supstrat

THe \/\/
it VN

CH3/ chf \supstrat

(@) (b)
Cauxa 30. Moryhu xuaponutnuku aktuBHE nanxagujym(ll)- nenrug koMIiekcu y
peakijama u3mely mamagujym(ll) Komruiekca U menTuaa KOju caapKe METHOHHH:

(a) mononykieapuu u (D) nuHyKIIEapHU
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OBU pe3ynTaTd Cy y CarjjaCHOCTH ca HEIaBHO JOOMjeHMM pe3yiTaTuMma y peakiujama
MeCOMet-Gly ca cepujom mamagujym(ll) xommiexca tuma [Pd(L)(H0)]?" (L je 1,2-
MPOTHJICHTUAMUH, M300yTHIICHIUAMHH, 1,2 1MaMUHOIMKIIOXEKCAH, N-

metuiaeTuiacHmamun) [70].

[lemarcku nmpuKa3 UCIUTHBAHE peakiiyje xuaponuse nentuaHe seze y MeCOMet-
Gly nmenruny momohy [Pd(dpa)(HO),]*" kommiekca nar je Ha cimmu 31. Kao mro ce u3
OBE CIIMKE MOJK€ BUJIETH, y TIPBOj (a3u OBE peakiuje JT0JIa3u 10 KOOPAMHOBAHA aToMa
CyMIlopa W3 METHOHMHCKOr Oounor Hm3a 3a mnamagujym(ll), mpum uemy Hactaje
KaTaJUTUYKH HeakTHBaH nuHykieapHu nananujym(ll)-mentun kommieke (1). Y apyroj
¢a3u oBe peakiyje 101a3M J0 CYNCTUTYIHje OUJACHTATHO KOOpAnHOBaHOT dpanuranaa ca
MOJICKYJIMMa BOJI€ U3 pacTBapaya, TaKo Ja HacTaje KaTanuThHuku aktuBad maigagujym(ll)-
nentug Komruieke (2). CymctuTyiuja OMICHTaTHO KOOpAMHOBaHOr dpa iuraHga ca
MOJIEKYJIMMa BOJE je Beoma Op3 mpollec, a peakliyja je J0AaTHO MOTIOMOTHyTa trans
e(eKTOM KOOPIMHOBAHOI CYMIIOpa M KHCEJIOM CPEIUHOM pacTBOpa. AKBa JHTaHIH Yy
komruiekey (2) cy y CISHION0XKajy y OMHOCY Ha CYyICTpaT, Tako Ja Ce MOJICKYJIH BOJE,

HEOIXOJIHU 32 XMJIPOJIN3Y MENTUHE Be3e, Hajla3e y BeOMa MOBOJbHOM I0JI0XKA]y.

VY peakiuju nanaaujym(ll) xommiekca 1 MeCOMet-Gly nentuna yreheno je na
JONIa3W JI0 CEJEKTUBHE XHUJIPOJU3e IMENTHUIHE Be3€ Koja CaApKH KapOOKCHIHY TPYIy
MeTHOHWHA. XHUAPOoJHn3a MEeNTHIHE Be3e npaheHa je MpUuMEeHOM H NMR CIIEKTPOCKOIIH] €.
Cunrner Ha 3,94 pPpNMKoju oAroBapa METUIEHCKUM npoTtoHuMa riaumnuaa y MeCOMet-Gly
y TOKy peakiifje omaja, IOK MHTEH3UTeT cuHriera Ha 3,60 ppmxkoju oarosapa -CH,-
npoToHUMa ciobomHor mmiuHa BpemeHoM pacte (Crnuka 32). JlogaTkoM IIMIIUHA
JUPEKTHO y PEaKIIMOHY CMEITy y K0joj ce Haia3u oarosapajyhu namaaujym(ll) xommieke u
MeNTU/T UHTeH3UTEeT cuHriera Ha 3,60 ppmce moBehaBa, Ha OCHOBY 4Yera je MoTBpHEeHo aa
OBaj CUTHAJ O/IrOBapa MPOTOHUMA CII000THOT TIHIKHA. M3 0HOCAa WHTeTpajia CHHTIIeTa 32
—CH,— rmnrHCKe TPOTOHE MOJIa3HOT MENTHUA U CHHTJIETa 32 OBE MPOTOHE U3 CI000THOT
[NIMIMHA M3padyyHaT je MpoLeHaT XuApoju3oBaHor mnentujaa. Haheno je ma HesHaTHa
KOJIMYMHA CJI000JHOT TIHWIMHA pearyje ca mojasHuMm namaaujym(ll) xommiaekcoMm, mpu
yemy Hactaje [Pd(dpa)(GlyN,0)]" xommuekc. ITocTojame 0BOr KOMILIEKCA Y PEaKIIHOHO]
CMEIX TIOTBPhEHO je y 'H NMR CIIEKTPY Ha OCHOBY CHTHaIA Ha 3,52 PPMKOju oAroBapa
—CH,—~ mporonuma OwujeHTaTHO KoopauHoBaHor riuimua. [Ipucycrso [Pd(dpa)(Gly-
N,O)]" koMmIekca y peakIMOHOj CMEIM MOTBPHEHO je IMPEKTHOM CHHTE30M OBOT

KOMILIEKCA J0faTKoM riumuHa y pacteop [Pd(dpa)(HO)]?" kommiekca, a 3aTum
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canmambeM "H NMR crextpa. Curaan na 2,08 ppmKoju 0AroBapa METH/I-TPOTOHHMA

crobomre cupherHe kucenmue ce He mojasmyje y “H NMR crextpy, mro notsphyje 1a y

WCIIUTUBAHO] peakiuju He nona3u 1o xuapoianze MeCO-Metnentuane Bese.

(@)
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A I
C—CHy—NH—2-C—CH—NH—C— CH,
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[Pd(dpa)(H,0),]°" + MeCOMet-Gly
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Cauxa 31. Mexanuszam xuaponusze Met-Gly nentunne Beze y MeCOMet-Gly
nomohy [Pd(dpa)(HO),]** kommekca
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Ha ocHoBy oBHX pe3yirarta 3akibydeHo je na camo Met-Gly mentunna Besa w3
MeCOMet-Gly xuaponusyje y mpucycry [Pd(dpa)(HO):]?* kommiekca. Ha ocroBy
KOJIMYMHE XHUAPOJIM30BAHOT TMEMTHAAa TOKOM BpEMEHa, TI0J Hamlpel OIHCAHUM
eKCIIepHMEHTAIHUM YCIIOBHMa, oapehena je katammruuka crnocobroct [Pd(dpa)(HO).]?"
xommekca. Haheno je na oko 25% Met-Glynentunne sese xuaponusyje Ha 60 °C Hakon
2 cara, a 90% nakon 72 cara. Kana je peakuuja ussohena na 25 °C camo 40% Met-Gly

nentuaae Bese y MeCOMet-Glynentuay xuaponusyje nakon 10 mana.

(]
[ ]
‘k i,
l]llllll]'llll]lllf[l]llllll
4.0 3.8 3.6

Camka 32. Jleo 'H NMR CIieKTapa MepeHHMX 3a peakiujy xuaponuze Met-Gly
nentugHe Bese y MeCOMet-Gly memmuay y mpucyersy [Pd(dpa)(HO).]?*
KoMmIuiekca. (@) —CHy— TIMnuHCKM TPOTOHM HEXUAPOIM30BAHOT mentuaa; (O)

MCTHUJICHCKHU ITPOTOHU CHOGOI[HOF TJIMIHa

Xuoponuza MeCOHis-Glyounenmuoa

V peakumju [Pd(dpa)(HO);]** ca N-auermnosanum MeCOHis-Gly nunentumom,
na 60°C u y pH o6nactu ox 2,010 2,5,naheno je na He monasu go xuaponuse His-Gly u
MeCO-His nentuauux Be3a. Wurtensurer cuuriaera wa 3,94 ppm koju oarorapa
TJIMIIMHCKUM TIPOTOHMMA M MHTEH3UTeT cuHriera Ha 2,00 ppms3a MeTws1 mpoTOoHE, KOju
notuuy on cinodomHor MeCOHis-Gly, Hucy ce mpoMeHWNIM MOoJ Hampel OMUCAaHUM
EKCIIEPUMEHTAJIHUM YCJIOBMMA 3a BpeMe oJ / JaHa. Y TOKY OBOI BpEMEHa y 'H NMR

CIIEKTPY HHUCY ce TojaBwiu curHaimm Ha 3,60 ppmsa cinoboman rmmmuH u 2,08 ppmsa
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METHJI IPOTOHE ciI000HEe cupheTHe KHCelnnHe, Ha OCHOBY 4era je 3ak/byueHO /12 y OBHM

peakiifjamMa He JoJIa3u 10 XUIPOJIU3€e OAroBapajyhux nenTuIHux Besa.

Panuja ucnutuBama xuaponutuukux peaknuja MeCOHis-Gly mentuma momohy
pasmmunTux Kommuekca managujyma(ll), ommre dopmyne [Pd(L)(H20)]* (rme je L
OMIICHTaTHO KOOPJMHOBAaHU TUAMHHCKHU JIMTAHT), cy noka3ana na His-Gly nentunna Besa
xuapommsyje [85]. Ipumenom 'H NMR crektpockomuje yrBpheHo je ga y peaximju
MeCOHis-Glyca [Pd(en)(H0),]** kommnekcom npu pH < 3,0nacraje ner manamujym(ll)-
nentug Komiuiekca [54]. OBM KOMIUIEKCH Cy OKapaKTEpHCaHH Ha 0asW pasiukKa y
xemujckuM nomepamuma 3a C2H m C5H npoToHe MMUAA30JI0BOT NMPCTEHA U HHUXOBE
CTpyKTypHe (opmysie cy naerasbHo omucaHe y Omnmrem npeny paaa (Crnuka 13).
Karanmutuukn aktuBau maganujym(ll)- mentua komiuieke je oapelleH M OKapakTepHCaH y
onsojennM ekcrepumentuma ca N1 u N3 mermnoBanum aepuBatima MeCOHis-Gly
nunentyaa. MenutuBama cy nokaszaina aa camo nanandjym(ll)- mentua komiuieke, Ko Kora
je TenTHJ MOHOJEHTATHO KOOpAuHOBaH mpeko N3 aroma MMHIAa30J0BOT MPCTEHA, MOXKE
XHUIIPOIM30BaTH TMENTHIHY Be3y KOja CalpKu KapOOKCWUJIHY TPYIy XUCTHIWHA, JOK CY
npeocrana uvetupu namagujym(ll)-mentua KomIuiekca XHAPOIMTHYKH HeakTHBHH [84].
ITocroje nBa Moryha MexaHW3Ma XUIpOJH3e MenTuaHe Bese, nHTepHannu (Cnuka 33a) u

excrepHannu (Crnuka 33b)mexanusam [84,83].

[Pd(dpa)(H20)2]*" + MeCOHis-Gly

2,0<pH<25
t=60°C

Cauxa 33. Moryhu Haunnu (uHTepHayinu (a) u excrepHanuu (D)) xupaoauruyakor
packunama His-Gly amunne Bese y peaknuju msmehy MeCOHis-Gly nentuma u
[Pd(dpa)(bD);]** kommekca
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Kao mTo je mpukazano Ha ciunu 33,3a 002 MexaHu3Ma HeonxoaHo je naa mamanujym(ll)

JOH U MeNTUAHA Be3a Oy1y Ha ONTUMATHOM PacTOjamby.

Mehyrum, crepuu edekar OuaeHTaTHO KoopauHOBaHor dpa auranma 3a
nanmaaujym(Il) joum cmpeuaBa peakimjy xuaponmse usmelly MeCOHis-Gly nmentuma u
[Pd(dpa)(H0):]** xommnekca. Ucnuruarn [Pd(dpa)(HO).]?" komrueke campxku xsa
BOJYMHHO3HA MHUPHIMHCKA TMpCcTeHa y dpauranay, KOju UMajy BEIHKY TFEICKTPOHCKY
I'YCTHHY, Tako Ja oHeMoryhaBajy KOOpJHHOBAWE aTOMa a30Ta W3 UMHIA30JI0BOI OCTaTKa
3a Pd(Il) jou. Ha ocroBy *H NMR criekTpockonuje 3ak/bydeHo je fa y TOKy oj 7 JaHa, Ha
60 °C u pH 2,0 - 2,5xuapomusyje camo 5% His-Gly nentuane Beze. Beoma criopa
peakija Pd(Il) xommiekca ca MeCOHis-Gly mentumom Moke ce J0BECTH y Be3y ca
crepuuM epexrom dpa muranga w3z Pd(Il) xomriekca M MMHIA3070BOT MpCTEHA W3
XMCTHIAHCKOT OOYHOT JIaHI[a, INTO 3a MOCIEIHIY MMa OJCYCTBO XHAPOJIM3€E IMENTHIHE

BE3€C Y HICIIMTHBAHOM OUIICIITUOY.

Xugpoamsa mentuaa Koju caap:ke L-mermommm momohy [Pd(L)(H20).)%*-runa
KOMILIEKCa

Peakumje pasmuntux namagujym(ll) xommiekca tuma [Pd(L)(H.O))** (L je
OMIeHTaTHO KOOpAMHOBaH €N, picumm dpanwrana; suan Ciauky 24) ca N-amneTuiaoBaHHM
tpurnentiuauma, MeCOMet-Gly-Gly 1 MeCOGly-Met-Gly, usyuasane cy momohy 'H
NMR cnekrpockonuje. Ce peakuuje cy uzsohene y pH obmactu 2,0 - 2,5u na 60 °C.
Vrepheno je ma y peaxumju MeCOMet-Gly-Gly tpunentuna ca [Pd(L)(H0)s]?*
KOMIUIEKCHMa JI0J1a3U JI0 PETHOCEICKTHBHOT pacKHIama MENTHIHE Be3e KOja yKJbydyje
KapOOKCWIIHY Tpylmy MeTHoHHMHa, Aok y peakuuju MeCOGly-Met-Gly ca osum
KOMILIEKCHUMa JI0JIa3u 70 pacKkuama ase amuaHe Bese u 1o Met-Gly u MeCO-Gly Cnuka
34).VY cBUM HCIIUTUBAHUM peakiivjaMa, HakoH Memama Pd(ll) kommiekca 1 ekBUMOIapHE
KOJIMYMHE TMENTHIa MO0/ HaBeICHUM EKCIICPUMEHTAIHAM YCIOBUMA, J0J1a3H JI0 CIIOHTaHEe
KOOpJMHAIIMje aTroMa CyMIopa METHOHMHCKOr ocrtatka mnentuga 3a Pd(ll) jon
oxrosapajyher xomrmiekca. OBy peakiujy koopauHammje je Moryhe mparurn y *H NMR
CIIEKTPY Ha OCHOBY NMPOMEHA y MHTEH3UTETy curHaia Ha 2,11 ppmkoju oaroapa CHs-S
MPOTOHHMMA CJI000AHOT TENTHIAa M MPOMEHa y MHTCH3UTETy CHrHajga Ha 2,54 ppmkoju

oaroapa CHs-S nporonnma nenrtuaa koopanHosaHor 3a Pd(ll) mpeko atoma cymmnopa.
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Xuoponuza MeCOMet-Gly-Glynpunenmuoa

Illemarcku npuka3 peakiuja kommuiekca tuna [PA(L)(H0)]?" (L je en, pic, dpa)
ca MeCOMet-Gly-Gly tpunentumom aatr je Ha ciauiy 34. XHUAPOIUTHUKA aKTHBHH
nananujym(Il)- menTug KoMIIEKC y OBUM peakiujaMa je TUHYKIeapHU KOMIUIeKC (2) Koju
Calp>Kd JIBa aroMa CyMIiopa W3 JiBa METHOHMHCKA OOYHA HHM3a KA0 MOCTHE JIUTAHJIE W
MOJIEKYJIe BOJIC€ Ha TEPMHHAJIHUM MECTHUMa. Pe3ynraTtu paHHMjuX UCTpakWBama PEaKilyja
komruiekca manaarjyma(ll) oBor Thma ¥ menTHaa KOju caap:ke MCTHOHHH MTOKa3yjy Ja MpH
pH < 3,0mo0ma3u 10 popMupama AUHYKIEAPHOT KOMIUIEKCA Ca aTOMHMa CyMIIOpa Y MOCTY
[70,73,118].Kommieke (2) Hacraje u3 mHTepMenujepHor aunHykiaeapHor nanaaujym(ll)-
nentua Komruiekca (1) CYNCTUTYIMjOM XelIaTHO KOOPAMHOBAHOT JMaMHUHCKOT Juranaa L
ca nBa moiekyna Boje. Cymncrutynuja auraHga L monekyiauma Boje je Beoma Op3a
peakiifja u 0JaTHO MOTHOMOTHYTa trans-edekToM KOOPAMHOBAHOT CYMIIOPa U KHCEIOM
cpeauroM pacteopa (2,0 < pH < 2,5) [127]Y peakiuju tpunentunza MeCOMet-Gly-Gly
u [Pd(en)(HO),)*" koMIuIekca CYNCTHTYLM]y eTWICHIMAMMHA Ca MOJCKYINMa BOAE j&
Moryhe mpaTuTu mmomohy 'H NMR criekTpockonuje. MaTen3urer cunriera Ha 2,86 ppm
KOjH OJIrOBapa MPOTOHMMA OMJIEHTATHO KOOPJMHOBAHOT €NJIUTaHIa BPEMEHOM OIaia, J0K
WHTEH3UTET CUHTIEeTa Ha 3,36 PPMKOju OTHYE O] CI000IHOT Hoerf" miranma BPEMEHOM
pacte. Melhyrnm, y peakimjama oBor Tpumentuma ca  [Pd(pic)(HO)]* u
[Pd(dpa)(HO),]?" koMmIekcuMa fomasu [0 MpeKianama CHTHAZA KOjH MOTHYY Of
poTOoHa c000aHOr PIC M dpanurania ca CHrHaIMMa MpoToHa u3 oarosapajyhux Pd(II)-
nentu komiuiekca (Cnuka 34; komruieke 1) u popmupama myatuiiera y odmaactu 7,00 -
8,50 ppmgaoor yera CyncTUTyIUjy OBUX AUAMUHCKHX JIMTaHAaJa ca MOJIEKYJIMMa BOJIE HUjE
Moryhe mpatutu nmomohy 'H NMR CIIEKTPOCKOIIH]E.

Y peakuujama MeCOMet-Gly-Glyca ncrimrusannm [Pd(L)(H20)5]?* kommnexcnma
WHTCH3UTET CHUTHAJAa TJUIMHCKAX TMPOTOHA (IJIMIMH Y CYCEACTBY METHOHHHA)
HEXHJIpOJIN30BaHor nentuaa Ha 3,98 ppmBpeMeHoM omaja, TOK UHTCH3UTET CUTHAJIa Ha
3,89 ppMriIMIuHCKUX MPOTOHA CIO0OMHOT TIUIMI-TIUIIMHA BpeMeHOM pacTe. Jlomatkom
TIHMII-TJIMIMHA Y PEaKIMOHY CMEITy J10JIa3u 10 moBehama MHTEH3UTEeTa curHana Ha 3,89
ppm, mTo noTBplyje a 0Baj CUrHAJI MOTHUYE O] CIO0O0JHOT IMUII-TIHuKMHA. U3 omHOoca
uHTerpana curnana cinodomnor Gly-Gly um uHTerpana curiana Koju oaroBapa MOYETHO]

koumentpanuju MeCOMet-Gly-GlyuspauyHar je mporeHaT XHIpOIH30BaHOT MENTH IA.
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MeCOMet-Gly-Gly
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Cuauka 34. llemarcku nprka3 peakiuja kommiekca tuma [Pd(L)(H.0)]* (L = en,
pic u dpa) ca MeCOMet—-Gly-Gly u MeCOGIly—Met—Gly tpunentuauma y
obmactu 2,0 < pH < 2,5 na 60 °C

Karanmutiaka crioco6roct pasmuuantux [Pd(L)(H.O)]*" kommiekca je oxpelena
U3padyHaBamkEeM IIPOIECHTA XHIPOJM30BAHOI IMENTHAA Yy TOKY BpEMEHa, IOJ HCTHM
excriepuMeHTanHuM ycinouma (Cruka 35a). Ha ocHOBY mojaraka mpeacTaB/beHHX Ha
ciuiy 35 Moke ce 3aKkJbyunTH Ja Op3uHa xumposnnze Met-Gly mentuane Bese omana ca
noBehameM cTepHor edekra auranna koopaunosanor 3a Pd(ll) jou (en > pic > dpa)3oor
cTepHOT eeKTa apOMATUIHUX MAPHIMHCKUX MMPCTECHOBA PIC M dpaanaMHHCKUX JIUraHaaa
peakimje xuapommse memtuase Bese ca  [Pd(puc)(H0))** u  [Pd(dpa)(HO)]**
KOMILICKCHMA Cy 3HaTHO CIOpHje y oHoCy Ha peakuuje ca [Pd(en)(HO).]*" kommwiekcom.
YV peakuuju [Pd(en)(HO)]** kommiekca u MeCOMet-Gly-Gly mocie 4,5 cara
xunpommsyje 95% Met-Glynentuane Bese. 3a HCTH BPEMEHCKH MIEPUOJT Y PEAKIUjH OBOT
tpunenrtuaa u [Pd(pic)(HO),]** xunpommsyje 55%, nok y peaxuuju ca [Pd(dpa)(HO)z]**
xuaponusyje ceera 15% Met-Glynentuane Bese (Cauka 35).
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Cimka 35. BpemMeHcKa 3aBUCHOCT XUAPOIUTHYKOT packuaama Met—Gly mentunHe
Be3e y MENTUAMMA KOjU cajpie METHOHUH NOMONy pa3iIMuMTHX KOMILJIEKCa THIA
[PA(L)(H,0),]** (L = en, picu dpa)npu 2,0 < pH 2,51 Ha 60 °C:(a) MeCOMet—
Gly-Gly u (b) MeCOGly—Met-Gly.

Haxon 30 caru ua 60 °C y mpucycry [Pd(en)(HO)]?" u [Pd(pic)(H0O).]**
KomIuiekca peakija xuaponuze MeCOMet-Gly-Gly je mormyHa, J0K je 3a HCTH
BpeMEHCKH mepuox y mpucyctBy [Pd(dpa)(HO)]*" kommiekca camo 35% Met-Gly
NENTUAHE BE3€ W3 OBOI TPHIEHTHAA XHApoiu3oBano. HaljeHo je ma mox HaBemeHHM
CKCIIEPUMEHTAIIHUM YCJIOBUMa HE [0J1a3M J0 XHUAPOJUTHYKOT paCKHUIama JIpYyrux

nentuaaux Beza y MeCOMet-Gly-Glymentumy.

Xuoponuza MeCOGIly-Met-Glynpunenmuoa

Ha ocnoBy 'H NMR CIIEKTpOCKOMHUje Hal)eHo je ma y peakijamMa eKBUMOJApHUX
kommunsa [Pd(L)(H0)])*" kommiekca 1 MeCOGIly-Met-Gly tpunentuna, y pH oGnactu
2,0 - 2,5u na 60 °C, nonasu g0 Qopmupama AUHYKIEapHOTr (3) M MOHOHYKJIEAPHOT
nanaaujym(Il)- nentun xomriekca (5) (Ciuka 34). Kommuieken (3) u (5), koju HacTajy y
3 : 1 MonckoM OfHOCY, Cy MHTEPMEIUjEPHU TPOU3BOAN U HAKOH CYICTHUTYIIH]E XEIaTHOT
navradga L mMosekyauma Boje, mpenase y XuApoauTHuku aktuBHe nanaaujym(Il)- mernrum
komruiekce (4) u (6). XuapoauTHyku akTUBHU KoMIuieke (4) noBoau 10 packunama Met-

Gly mentuane Bese y MeCOGIly-Met-Glyrpunentuy, mto ce Moxe yountn y 'H NMR
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CIEKTPY Ha OCHOBY I0jaBe CUTHaia Ha 3,71 PPMKOjU MOTUYE OJf METHICHCKUX MPOTOHA
CJI00OIHOT TJIMIIMHA, & KOjU HacTaje kao mpousBoa xuapoiuse Met-Gly mentuane Bese.
WHTEeH3UTET OBOT CHTHAJIa TOKOM BpEMEHa pacTte, JOK MHTeH3uTeT curHaia Ha 4,01 ppm,
KOjU MOTHYE O METHICHCKHX mpoTroHa N-tepmunamuor rmnuHa y MeCOGly-Met-Gly
TPUIICNTHLY, BPEMEHOM omnana. V3 ogHoca MHTErpajga CHUrHajia CJI00OTHOT TIIMIUHA W
WHTErpaja CUTHajla KOju ojaroBapa modeTHo] KoHueHTpauuju MeCOGly-Met-Gly
TPHIIENITH/IA U3padyHaT je mporeHar xuapoiamnse Met-Gly mentuane Bese. Y peaknmjama
MeCOGly-Met-Gly ca [Pd(L)(H20),]** xomruiekcuma, kao u y ciaydajy MeCOMet-Gly-
Gly nmenTuna, Op3uHa peakiyje XuAPOIU3e OMaja ca MOpacToM CTepHOT edekTa JIMranaa y
Pd(Il) kommekcy (en > pic > dpa)uka 35b). Hakon 4,5 cata y peakiuju MeCOGly-
Met-Gly ca [Pd(en)(H0),]*" kommiekcom oko 40% Met-Glynentunse Bese xuapoiusyje,
0K je peakumja xugponuse osor menrtuaa ca [Pd(pic)(HO)]?" kommuekcom msa myra
criopuja. Kao mro ce ca ciauke 35b moxxe BuieTH, y TOKy OBOI BpeMEHa y peakiHMju ca
[Pd(dpa)(H0):]?* xommiekcom He nomasu o xuapommse Met-Gly memrumse Bese y
MeCOGly-Met-Gly nenrtuny. U3 ciuke 34 Moxe ce BUACTH Ja KOOPJIHHOBAEEM aroma
CyMIIOpa W3 METHOHHMHCKOT OCTaTKa W JCMpOTOHOBaHOT aToma a3ota Gly-Met nmentuane
Be3¢ HacTaje MOHOHyKJeapHU Komiuiekc (5) Koju, HAKOH eNMMHUHAIMje OUJICHTATHO
koopauHoBaHor L (en, pic, dpa)yiuranga u meroBe CyNCTUTYIM]e ca MOJIEKyJIUMa BOJIC,
rpajy XUAPOJUTHYKN aKTHBaH MoHOHyKIeapHu maigaaujyMm(ll) menrun kommieke (6). OBa
peakiuja CyICTHTYIHj€ je TOTIOMOTHyTa trans-epextoM HEraTMBHO HAECIEKTPUCAHOT
JICTIPOTOHOBAHOT TENTHIHOT a30Ta M KUCEJIOM CpearHOM pactBopa. OJICYCTBO XHIPOIU3E
Gly-Met Be3e y 0BOM menTuay je y CKIAAy ca YAECHHUIIOM Jla XEJIATHOM KOOPIMHAIIN]jOM
nentuga 3a Pd(ll) jon momasu g0 crabmimsanuje C-N Bese, mTo HMHXHOHMpa HEHY
xupponusy [60,72,87]. Meljyrum, Haljeno je ma xomruiekc (6) KaTanusyje XHAPOIU3Y
MeCO-Gly nentuane Beze y MeCOGIly-Met-Glytpunentuay. Kao miro je mpukazano Ha
ciuim 36, xuaponuza MeCO-Gly amuHe Be3e MOKe c€ BPLIMTH MPEKO JBa pa3linuuTa
mexann3Ma. [lo mpBom Mmexanmsmy mnanagujym(ll) jor kao Jlymcosa (Lewis) kucennna
UHTEppearyje ca JCNpPOTOHOBAaHMM aTOMOM a30Ta aMHUHO TpyIe METHOHWHA M aTOMOM
KHCEOHHKA TENTHAHE Be3e Koja xuaponusyje. Murepakmuja PdA(Il) jona ca xuceoHmxom
nojapusyje KapOOHWUJIHY TpyImy, NMpH 4eMy KapOOHMJIHHM YIJbEHUK IOCTaje MapliyjaHO
MO3UTHBAaH M TOTOJIaH 3a HYKJICOWIHM Hamajg MOJeKyjda BOJIE U3 pacTBapava
(excmepnannu mexanuzam). Jla Ou ce peakiyja XUaApoIn3e OJBHjalla IO OBOM MEXaHH3MY

Pd(Il) jor u kapOOHUITHKM aTOM KHCEOHHKA MOPajy OMTH Ha ONTHMATHOM PacTojamy.
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Cauxa 36. lllemarcku mnpuka3 MoOryhmx HaumHa KaTaJIUTHYKOT pacKUAama
MeCO-Gly nentunae Beze y MeCOGly-Met-Gly tpunentuny y npucycrBy
[PA(L)(HO),])**-tuma xommiekca

Jlpyra moryhHocT je aa Moiekyn Boae Koju je koopaumHoBaH 3a Pd(ll) jon
uHTEeppearyje ca kapOoHWiaHMM C-aTOMOM cycelHE NENTHIHE Be3e Koja MOJUIexKe
Xuaponusu (unmepnannu mexanuzam). 3a XUIPOIU3Y MENTHIHE BE3€ TI0 OBOM MEXaHU3MY
MoJIeKya Boae koopauHoBaH 3a Pd(ll) mopa Ourm y Onu3uHHM KapOOHHIHOT aroma
yIJb€HHKA TENTHAHE Be3e Koja ce packuaa. Ha ocHOBy aHanuze 'H NMR CIIEKTapa,
naheno je na y peaxmmjama [Pd(L)(H:0)]?* xommiekca ca MeCOGly-Met-Gly
WHTEH3UTET curHaia Ha 2,05 ppmkoju oxroBapa METUII TPOTOHKUMA aneTuia rpyme u3 N-
aIeTUIOBAHOT TPUIICTITH/IA OTa/a, JOK MHTEH3UTET curHaja Ha 2,08 ppmkoju motuye of
METHJI MPOTOHA CJI000HE cupheTHE KUCENnHEe ca BpeMeHoM pacte. [lomatkom cupherHe
KHCETIMHE Y peakIMoHy CMeIry Joia3u a0 noehama mHTEH3UTETa curHana Ha 2,08 ppm,
yuMe je TMOTBpeHO J1a OBaj CHUTHAJN MOTHYE O] clI000aHe cupheTHe kucenuHe. M3 ogHoca
WHTErpajla CUTHAJIa CJI00O0/HE CHpheTHE KHCEIMHE W WHTErpaja CHTHaja KOju OJroBapa
nouyetHoj koumentpaiuju MeCOGIly-Met-Gly tpumenTtuga, wu3padyHar je mporeHar
xuaponuze MeCO-Met nentunne Beze. Y clydajy peakiuje OBOT TpHUIICTITHAA ca
[Pd(en)(HO),])* komrutekcom oko 15% MeCO-Glyrenuase Bese xuaponusyje Hakor 30
caru. bp3una xunponuze MeCO-Glynentuane Bese omaa ca moBehameM cTepHOT edekra
ouneHratHo KoopauHoBanor surana 3a Pd(Il) jon, cienehum pemom: en > pic > dpa.

Ha ochoBy pesyarara 'H NMR wucrmruBama peakumja [Pd(L)(H0)2)?"-Tuma
KOMIUIEKCAa ca JiBa TpUINeENTHaa, Koja caiapxke L-mernmonmn, MeCOMet-Gly-Gly u
MeCOGly-Met-Gly, y pH o6mactu 2,0 - 2,5u Ha Temmneparypu ox 60 °C, moxe ce
3aKJbYYUTH Ja Op3uHaA XUAPOJHM3E Yy OBUM peakiyjama CTPOTO 3aBHCH OJ TPHUPOJC

OMIEHTaTHO KOOPJAMHOBAHOT nuaMuHCKOr jmranaa L. Haheno je ma Op3una peaxiuje
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XHIPONU3e omajaa ca noBehameM cTepHOr edekra nuranna koopauHosaHor 3a Pd(Il) jow,
cnenehum penom: en > pic > dpauke 35 u 37). [IpBa dasza y oBuMm peakiujama je
MOHOJICHTATHO KOOPAWHOBAa€ aTroMa CymIopa MeTHOHHHCKOr ocrtatka 3a Pd(ll) jon
oarosapajyher komrutekca. bp3una wmutepaknuje Pd(ll) xommiekca ca METHOHHHCKHM
octaTkoM je a3a koja oxpehyje Op3uHy peakmuje XHUIPOIM3e TMENTUIAHE Be3e Yy
UCIUTHBAHUM TienTuaumMa. 36or Tora je npumeHom UV-VIS cniekrpodoromerpuje y oBom
pany oxpehema Opsuna peakumja oxrosapajyher [Pd(L)(H:O)]** kommmexca u N-
arieruioBanor L-metnonnna (MeCOMet)na pH = 2,5u cobnoj Temmeparypu. Kako 6u ce
00e30emIn yCIIOBH peakilfje TCeyNO-TIPBOT pena, KOHIEHTpaluja JuraHna Owia je y
BEJIMKOM BHIIKY Y 0fHOCY Ha koHnertparujy [Pd(L)(H0):]?" xommiekca, ((MeCOMet] :
[[Pd(L)(H-0)]*"] > 20 : 1). Cuekrpodoromerpujcko oxpeljuBame KOHCTAHTe Op3UHE
peakiuje mceymao-npBor pena, Kops BpIu ce mpahemeM mpoMeHe ancopOije pactsopa Ay

ca BpeMeHOM 1 Ha opel)eHoj TanacHoj Ay>KWHHU, Ha OCHOBY jeIHAUYNHE!

IN(At - Ax) = IN(Ao - Ax) - Kopd.

100 4
g
S
=
3 60 -
©
N
E
= <
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20 | MeCOMet%Gly—Gly
MeCOGly —Met < Gly
0 1 2

Broj aromati€nih prstenova

Cmmka 37. 3aBucHoct Op3uHe peakumje xuaponmse Met—Gly nentunne Bese y
nenTuauMa Koju caapke L-metmoHwH on crepHor edekra nuraHma Loy
[PA(L)(HO),]*" xommiekcy. Peakimje cy ucnutusare 3a Bpeme ox 4,5catu 'y pH

obmactu 2,0 — 2,51 5a 60 °C
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3aBucHoct IN(A; - Ay) ox BpeMeHa t je nuHeapHa, Tako Ja ce M3 Haruoba mpase
no0uja BpeAHOCT KOHCTaHTe Op3uHe Kops Benmumna A, mpencraiba ancopOImjy pacTBopa
HaAKOH BpeMeHa t,,. ¥ peaknuju ucnutuBanux Pd(ll) kommiekca u MeCOMetodekuBaHo je
bopmupame maunykieapuux Pd(Il) komruiekca ca gBa aroma cymmopa L-meTroHHHA Y
mocty [70,73,118]. Peakiiuja MeCOMet ca [Pd(en)(HO),]** je nBa myTta Opxka
(ko = 1,7510" M's1) y oxnocy na peaxunjy ca [Pd(pic)(HO)]* (k. = 8,2910% M's?) u
npuGmkHo 36 myra Opxa Hero peakiumja ca  [Pd(dpa)(HO)]?*  kommexcom
(ko = 4,8710°M*s™).

OBH pe3yiTaTH Cy Y CarJIaCHOCTH Ca YHEEHHUIIOM Jia Cy, 300r CTepHOr edeKTa
apOMATHYHHMX  MHPHIMHCKAX  [PCTCHOBA  JHAMHUHCKHX  JIATaHaja y  CIIy4ajy
[Pd(pic)(H:0):]?* u [Pd(dpa)(HO),]** kommuiekca, peakuuje XUApoOIH3e IENTHAHE BE3e ca
OBUM KOMIUIGKCHMa 3HATHO cropuje y mopehemy ca [Pd(en)(HO),]*" kommiekcom.
Job6ujenu pesynaratu UV-VIS mepema ce Mory y3eTtu y 003up Kao MOTBpJa YNHCHULIN J1a
Op3WHa peakiyje XHUAPOoJIu3e MEeNTHAa KOju caapxke L-MEeTHOHHH CTpPOro 3aBUCH O]
crepHor eexra muranza Ly [Pd(L)(H0),]?" kommiekcy. Takohe, Moxke ce 3aKJbydnTH 12
MOJI0Kaj) METHOHHMHCKOT OCTaTKa Yy TEeNTHIYy YTHYe Ha CEeICKTHBHOCT U Op3HWHY
XHIPOMUTHYKHX peaknuja. Xunponmsza MeCOMet-Gly-Gly nentuna y mnpucycrBy
[Pd(en)(HO),]**, [Pd(pic)(HO):]*" u [Pd(dpa)(HO)]** kommiekca, mox HaBexeHHM
SKCIIEPUMEHTAIIHUM YCJIOBHMA, j€ PErHOCEICKTUBHA U XUPOJIHM3Yje caMo MEeNTHIHA Be3a
Koja caapu KapOokcuiaHy rpyny L-mernonmna (Cnumka 34). Melhytum, XHIpOIHTHYKE
peakije MeCOGIly-Met-Glyca Pd(Il) komruiekcuMa HUCY CeEKTUBHE U MO HABEACHUM
ycinoBuMa gBe mnentuane Bese, Met-Gly u MeCO-Gly, xunponusyjy (Cnuka 34).
Xumposnsa oBe JIBe MENTHIHE BE3¢ je MPOoIeC KOjU Ce OIUrPaBa HCTOBPEMEHO U 3aBHCH O]

crepHor eekra uranga L koopauxosanor 3a Pd(1l) jow.

HUcnutnBame peaknuja MeCOM et-Gly-His-GlyNH, TerpanenTtuaa ca pa3anuurum
Pd(I1) u Pt(I1) koMmmiexcuma

[IpuMeHOM OTEHITMOMETPH]CKUX MEPeHha U 'H NMR CIIEKTPOCKOIIH]€ UCTTUTUBAHE
cy peakumje Terpanentuza MeCOMet-Gly-His-GlyNH  ca  [Pt(en)(HO):]*" u
[Pd(en)(HO)]** kommiekcuma. VY npBoj a3 OBUX UCHHUTHBAKHA, METOJOM
NOTCHIMOMETPH]CKUX THTpaluja, oapehenu cy ycnou koopaunanuje kommuiekca Pt(ll) n
Pd(Il) 3a MeCOMet-Gly-His-GlyNH Tterpamentua, 10K je y APyroM Jeily OBOT paja
MIPUMEHOM 'H NMR CIIEKTPOCKOIH]€ WCIUTUBAH MEXaHHW3aM KaTAIUTUYKOT JIEJIOBamba

Pt(ll) u Pd(Il) koMruiekca Ha XUpOIU3y MENTHIHE BE3€ Y OBOM TETPAICIITHLY.
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Tomenyuomempujcra ucnumusarsa peaxyuja [Pd(en)(H0),] > ca
MeCOMet-Gly-His-GlyNbl

Koncranta mporoHoBama N-aleTHIOBAaHOT  TETpAmenTHaa W KOHCTAHTE
crabmaHoCTH (l0gfB)gr) MHTEPMEOHjEpHUX KOMIUICKCHHX BpCTa, KOje HACTajy y PeaKIHju
[Pd(en)(HO)]** (M) 1 MeCOMet-Gly-His-GlyNH (L), u3padyHate cy IpHMEHOM
kommjyrepckux nporpama PSEQUAD [108] 1 SUPERQUAD [109]. Mamagujym(Il)
kommiekc 1 MeCOMet-Gly-His-GlyNH rterpamentux Memranu cy y 1 @ 1 moickom
OJIHOCY W TIOTEHIIMOMETPHjCKe TuTpamnuje cy u3Bohene y pH obmactu 2,5 - 11,0.Cra
Mepersa cy u3Boljena Ha 25 °C y 0,2 mol/dni pactBopy KCI, kao joHCKoj cpeaunH, a Kao
TUTPAIMOHO  CPEACTBO  YHOTPEOJbEH j€ pacTBOp KaJIWjyM-XHUIPOKCHIA TO3HATE
koHuentpauje (oxo 0,1 mol/dri). Oxroeapajyhe tutpanmone xpuse N-aneTHIOBaHOT
Terpanentuza (a) u peakumone cmeme [Pd(en)(HO)]*" 1 MeCOMet-Gly-His-GlyNH

(b) npukazane cy Ha ciunu 38.

12

pH AMM
o /

-3 -1 0 1 3
ekvivalent KOH

Cauka 38. KpuBa MOTEHIIMOMETpPHUjCKE THUTpanuje ciobomHor mentuaa (a) u
peakimone cvemre [Pd(en)(HO))>" 1 MeCOMet-Gly-His-GlyNH v 1 : 1

MoJickoM oniHocy (D)
[TopehemeM MOTEHIIMOMETPUJCKUX KpuBUX ciaobogHor nuranga (Ciouka 38) u

peakimone cvmeme [Pd(en)(HO)]?" 1 MeCOMet-Gly-His-GIyNH y 1 : 1 mouckom

onHocy (Cnuka 38b) Moxe ce 3ak/byduTH Ja ce JACTPOTOHOBAEKEC aToMa a3oTa W3
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UMHJIA30JI0BOT IPCTEHAa XUCTUIMHCKOT OCTaTKa OJAWTpaBa y KHUCEIO] CpPEAUHH.
dopmupame cradmiHe komiuiekcHe Bpcere [ML] (Cnuka 39) y pH o6mactu 4,0 - 7,0
JOJJATHO j€ TOTIIOMOTHYTO JICTPOTOHOBAKEM HMMHIA30JI0OBHX aToMa a3oTa. Komruiekc
[ML] je makpoxenaT, KoJ Kora je MenTH,] IPeKo THOeTapcKor atoMa cymmopa u N3 aroma
a3oTa MMUAa30j0Bor mpcreHa koopauHoBaH 3a Pd(Il) jon. Takohe, mocrojame oBe
KOMIUTIEKCHE BpcTe je motBpheno Ha ocroBy ‘H NMR crextpockommje (mickycuja "H
NMR crekrapa aara je y ciaenehem moriasiby). Ha cimiin 38 ce jacHo Buau 1a Ha pH oko
7,0 moumme jom jemaH TPOIEC JEMPOTOHOBAMWkA, KOJU HAjBEpOBATHHUjE OJroBapa
JIeTIPOTOHALIMJU aToOMa a30Ta menTtuaHe Bese. OBO je y CKiIagy ca OUCTPUOYIIMOHUM
JjarpaMoM IpHuKa3zaHuMm Ha ciaunu 39, rae ce jacHo Buau aa npu pPH > 7,0x10ma3u o
dopmupama [MH_ ;L] komrmuekcue Bpere. C 063upom ma [MH_ L] caapsku jeman mpoToH
mame y omHocy Ha [ML], moxke ce mpermocraButi ga je y [MH.iL] xommiekcy
TeTpanentuy, TpuiaeHtaTHo koopauHoBaH 3a Pd(ll) jom mpeko N3 aroma a3ora
MMHJIa30JI0BOI MPCTEHA, ACMPOTOHOBaHOI menTtuaHor azora Gly-His mentuane Bese u
THOETAPCKOT aToMa CyMIIOpa. 'H NMR cnektpu npu PH > 7,0cy Beoma cloXeHH U
nocrojate [MH_1L] kommiekcHe BpcTe y pacTBOpy MOTBPHEHO je caMO Ha OCHOBY

HNOTEHIIMOMETPH)CKUX U3payyHaBamba.

ML MLH-1

Frakcija
o o o
D [@)) Q0

o
)

4 6 8 pH 10

Cauxa 39. uctpuOyuuoHM naujarpaM  KOMIUIEKCA KOjU HACTajy y peakuuju
[Pd(en)(HO):]** u MeCOMet-Gly-His-Gly-NH: C(Pd(en)(HO),]>) = 2,010°
mol/dn?; C(uenruza) = 2,010° mol/dn?
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KoncranTa nporoHoBama N-aleTHIOBaHOT TETPANeNnTHAa U KOHCTaHTE CTAOMITHOCTH
KOMILIEKCa KOju Hactajy y peakuumju [Pd(en)(HO)]** u MeCOMet-Gly-His-GlyNH
nprkazane cy y tabenu 6. bpojHa BpemHocT KoHCTaHTe crtabmiaHocTH 3a [ML] Bpcty je
Beha y oaHOCY Ha KOHCTaHTE CTaOWMJIHOCTH MOHOJEHTATHO KoopauHoBaHor N-
arieruiioBaHor xucrtamuna npeko N3 aroma 3a Pd(Il) (logK = 6,453a MeCOxucramuH-
[Pd(dien)f") [128], wm moHozeHTaTHO KOOPJMHOBAHOT L-MeTHOHWHA MpeKo aroma
cymnopa 3a Pd(ll) jou (log K = 5,613a MeCOMet-[Pd(dienf]) [129]. UcroBpemero
OMICHTATHO KOOPAMHOBAaWmE HMCIUTHUBAHOT TeTpamentuna mnpeko N3 aroma azora u
THOETAPCKOT CyMIiopa je (akTop KOju JOMPHHOCH moBehamy KOHCTaHTE CTaOWMITHOCTH

[ML] makpoxenaTHe BpCTE y pacTBOPY.

Ta6eaa 6. Koncranta mportonoBama N-anermnmoBanor MeCOMet-Gly-His-GlyNH
TeTpamenTua M KOHCTAaHTE CTA0MJIHOCTH KOMIUIEKCa JOOWjeHHX Yy peakuuju
[Pd(en)(HO),]** (M) 1 MeCOMet-Gly-His-GlyNH (L) (t = 25°C, | = 0,2 mol/dnf).

KoncranTe crabunnoctu cy nedunncane xao 10g5,qr 32 MpHqL,

MeCO-MetGlyHisGly-NH [Pd(en)(HO)]*" +
MeCO-MetGlyHisGly-NH
[HL] ™ 6,50(1)
[ML] 2* 9,54(4)
[MH_iL]" 1,34(5)
pK(nentuane Bese) 8,20
(ML — MH_4L)

Xuoponuza N-ayemunosanoz mempanenmuoa MeCOMet-Gly-His-GlyNhl y
npucycmey [M(en)(H,0),] > komnaexca (M = Pd(I1) u Pt(I1))

[Tpumenom 'H NMR CIIEKTPOCKOIIM]j€ MCIUTHUBAaHE Cy peaknuje N-areTuioBaHor
terpanentaga MeCOMet-Gly-His-GlyNH u [M(en)(H0),]?" kommekca (M = Pd(ll) u
Pt(ll)). Peakumje wusmely onrosapajyher erwieHaumamuHCKOr (€N) KOMIUIEKCA |
terpanentuaa cy uszBohene mupektHo y NMR kmBetn, y 1 : 1 moickoM oOIHOCY
peaktaHarta, Ha 60 °Cu y pH ob6mactu 1,5 - 2,0.Kao mto ce Ha cnunin 40 Moke BUIETH, Y
peakimjama  [Pd(en)(HO)]?* u [Pt(en)(HO)s]** kommiekca ca MeCOMet-Gly-His-
GlyNH; terpanentuaoM 10ia3u 10 PErHOCEICKTHBHOI packumama Met-Gly nentuane
Be3ze. MehyTuMm, peakiMoHH MeXaHW3aM XHIPOJIUTHYKOT PACKHUIama OBE TENTHIHE BE3e

saBucH o yrorpe6seror [M(en)(Hh0),]?" kommiekca.
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Kazna ce nomeura [Pd(en)(HO),]*" kommiekec ca MeCOMet-Gly-His-GlyNH, oz
Hampe] HaBEJICHUM CKCIICPUMCHTATHUM YCJIOBUMa, HakoH 60 MuUHyTa peakiuOHOT
BpeMeHa Hacraje Mmakpoxematau namaaujym(ll)-nenrun kommieke (1) (Caumka 40).
dopmupame O0BOr HMHTepMeaujepHOr MakpoxenaatHor [Pd(en)(MeCOMet-Gly-His-
GlyNH.-S,N3]*" komutekca ca GHICHTATHO KOOPAHMHOBAHHM TETPACITUIOM, peko N3
aToMa a30Ta MMUJIA30JI0BOT MPCTEHA M aroMa CyMIIOpa METHOHWHA, C€ MOXKE MPATUTH
MIPUMEHOM 'H NMR cnektpockonuje. UaTeHsuteTn curnana Ha 8,62wu 7,29 ppmxkoju
notuay ox C2H u C5H mporona mmumazona HekoopawHoBanor MeCOMet-Gly-His-
GlyNH; reTpanenTua, ce cMamyjy TOKOM BpEMEHa, JIOK C€ Y CIEKTPY jaBJbajy ABa HOBa
curnana, Ha 8,00u 6,93 ppmxoju MoTHYy O UCTUX MPOTOHA MAKPOXEJIATHOT KOMILJIEKCA
(1) (Cnuxa 40). Ha cinuuu 41 npukasan je 'H NMR cnexrap [Pd(en)(MeCOMet-Gly-His-
GlyNH.-S,N3]*" kommekca, 10K Cy BPEIHOCTH XeMUJCKUX [IOMEparba 1aTe y Tabein 7.

Takohe, xoopaunoBame MeCOMet-Gly-His-GlyNH mnpeko aroma cymmnopa
MetrHoHHHCKOT octatka 3a Pd(ll) jor moxe ce mpatutu y 'H NMR crektpy Ha OCHOBY
nomepama curHama ca 2,09 ppm, koju oaroBapa MeTWJ NPOTOHMMA METHOHHMHA Y
HEKOOPIWHOBAaHOM TeTpanenTuay Ha 2,32 ppm.Makpoxenarau [Pd(en)(MeCOMet-Gly-
His-GIyN H2-S,N3]2+ KOMIUIEKC je HeCcTaOuJIaH MoJa JaTHM EKCIIEPUMEHTATHUM YCIOBUMA
u HakoH 60 MHHyTa pEaKIMOHOT BpEMEHA Tpela3d y XHUIPOJUTHYKH aKTHBAH
[Pd(MeCOMet-Gly-His-GlyNH-S,N3(H,0),]** kommeke (2) (Cinka 40). Enumunanuja
OMJCHTATHO KOOPJIMHOBAHOT €N JuTraHaa ce MOXKe MPATHTH 'H NMR CHIEKTPOCKOITH]OM.
WNurensurer cunriera Ha 3,36 PPMKOju MOTHYE O] CII0O0THOT H.erf" muranma pacrte, 10K
WHTEH3UTET CUHTIeTa Ha 2,86 PPM,KOjU MOTHYE O METHIIEHCKHX MPOTOHA OHUEHTATHO
KOOPJIMHOBAHOT €NJIMTraH/a, TOKOM BpeMeHa ornaaa. EnuMuHaIja eTHICHIMaMHHA Y OBO)]
peakiuju je MOTIOMOTHyTa trans-edexkToM KOOPAMHOBAHOT aToMa CyMIIOpa M KHCEIOM
cpeauaoMm pactBopa (1,5 < pH < 2,0) [127]Haunn koopawHOBama TETpamentuaa y
komiuiekey (2) omoryhaBa nma ce Pd(Il) jom m axBa simrana Hal)ly Ha ONTUMaIHOM
pactojamy y oanocy Ha Met-Gly mentuany Besy koja mojaiexe xuaponusu. Kpajmu
npomsBox ucnutHBaHe peakmuje je  [PA(Gly-His-GlyNH-N,N’,N3(MeCOMetS)]*
kommureke (3). Hakon 2 cara peakumje v *H NMR crextpy mojaBibyjy ce Ba HOBa
curHana Ha 3,62u 3,67 ppm.OBH CUTHATM Cy MPUIUCAHU METHJICHCKHM IpoToHuMa N-
tepmuHanHor raunuHa y Gly-His-GlyNH, ¢pparmenTy, koju je TpuaeHTaTHO KOOPAMHOBaH
3a Pd(Il) mpeko TepMuHaNHEe aMHUHO TpyIe IIMIKMHA, ICIPOTOHOBAHOT atoMa a3zora Gly-

His mentuaae Bese u N3 aroma a30Ta HMHIa30JI0BOT MPCTEHA. Y MMHIA30JICKO] 001aCcTH
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Cauxa 40. [llemaTcku mpyUKa3 peakMOHUX MeXaHU3aMa XUAPOJIUTUYKUX PeaKklnja

MeCOMet-Gly-His-GlyNH ca [Pd(en)(HO):]*" u [Pt(en)(HO),]*" kommiekcuma
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Cuanka 41. 'H NMR crekrap makpoxenarsor [Pd(en)(MeCOMet-Gly-His-GlyNkbt
S,N3)F* komrutekca koju Hactaje y peakiuju u3mely [Pd(en)(H0):]*" 1 MeCOMet-
Gly-His-GlyNH, y pH o6macti 1,5-2,0

10jaBJby]jy ce HOBU curHaiu Ha 7,96u 7,03 ppmkoju oxrosapajy C2Hu C5H npotonuma
tpuaeHTtatHo koopauHoBaHor Gly-His-Gly-NH, ¢parmenta y [Pd(Gly-His-GlyNH-
N,N’,N3(MeCOMetS]" kommuekcy. Xemmjcka IoMepama ojropapajyhmx mpoToHa
HEKOOPIUHOBaHOT TeTparnentyaa, uarepmenujepuor [Pd(en)(MeCOMet-Gly-His-GlyNb
S,N3]** «kommiekca u  xugpommrmukor  mpomseoma  ([Pd(Gly-His-GlyNH-
N,N’,N3(MeCOMet9)]"), nara cy y Tabemu 7. Y 0IBOjeHOM EKCIIEPHMEHTY Y PEaKIHjH
Ko[PdCl] ca tpumentumom Gly-His-Gly, mog ucTtum ekcrieprMEHTaTHHM YCIOBHMA,
nooujer je [Pd(Gly-His-GlyN,N’,N3)Cl] kommiekc. JlomaTkoM OBOT KOMIUIEKCA Y
peakInoHy CMeIry, 10ya3u a0 nosehama nHTeH3UTEeTa cUTHANA Ha 3,621 3,67 ppmgao u
curHana Ha 7,96 m 7,03 ppm,mro ykasyje nga je y kommuiekcy (3) (Cnumka 40)
xupponmutuuku pparmert Gly-His-GlyNH, tpunenrarno koopaunosas 3a Pd(ll) jon.

YV [Pd(Gly-His-GlyNH-N,N’,N3(MeCOMetS)]* xommuexcy (3) MeCOMet
(¢parMeHT je MpeKo aromMa CymIopa METHOHHMHA MOHOACHTAaTHO KOOPIMHOBAH U HHjeE
npuMeheHa 3HayajHa pasziMKa y XEMHJCKOM IOMEpamy METHJI NMPOTOHa METMOHMHA 3a
kommieke (2) u (3) (Cnuka 40). V xommiaekcy (3), curHan Ha 4,24 ppmoarosapa

METHHCKHM TPOTOHUMA M3 METHOHUHCKOI OCTaTKa, 0K OBH MPOTOHHU Yy Komiuiekcy (1) u
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TaGena 7. *H NMR xemujcka momepama 3a Pd(ll)-TenTin KoMiekce Koji HAcTajy y

peaximju [Pd(en)(HO),)*" 1 MeCOMet-Gly-His-GlyNH y pH oGmacti ox 1,510 2,0

Xemujcka nomepama (0, ppm)
Ientna/XuapoaTuTHYKKH aKTHBHA CHs-
(dopma/ XupoIUTHIKH TIPOU3BO G2 | CoH | CH(GlY) | CHAGIYNH) | CH(Mer) S(Met)
MeCOMet-Gly-His-GlyNH 8,62 7,29 4,02 3,97 4,36 2,09
[Pd(en)(MeCOMet-Gly-His- 8,00| 6,93 4,02 3,97 4,36 2,32
GlyNH,-S,N3]*
[Pd(Gly-His-GlyNH-N,N’,N3) 7,96 | 7,03 3,62; 3,97 4,24 2,37
(MeCOMetS§)]* 3,67

(2) ce nanasze Ha 4,36 ppm Tabena 7). ®opmupame komiuiekca (3) je mpaheHO TOKOM
BpEMEHa, a KOHIIEHTpallKja OBOT KOMILIEKCa je ojipel)eHa Ha OCHOBY MHTErpajia CUrHajia Ha
4,02 ppMmKoju MOTHYE O METHJICHCKUX MPOTOHA MMIKMHA y KoMiuiekcy (1) u curaana Ha
3,62 u 3,67 ppMmKoju MOTHYY OJ UCTHX MpoTOoHA y Komiuiekcy (3). YKymHa KOIMYHHA
xugponuzoaHor MeCOMet-Gly-His-GlyNH terpanentuna je u3padyHaTa y oJHOCY Ha
KOHIICHTpalujy Komiuiekca (3) u HaheHo je na Bumie ox 90% TeTpanentuaa Xuapoinsyje
HakoH 24 cata. Panuja nuctpakuBama Cy IoKaszaja Jia y peakiiiju aHTUTYMOPCKHA aKTUBHOT
komruiekca tuatuae(ll), Cis-[PtChL(NH3),], u nenranentuaa xoju caapxe L-METHOHHH H
MeCOMet-Gly-His-Gly-Gly-OH, MeCOMet-Gly-Gly-His-[$-OH u
MeCOGly-Met-Gly-His-Gly-OH, nona3su no peruocenektuBHor packugamba Met-Gly

L-xuctuand,

nentuaHe Bese [67]. YV oBMM peakiMjamMa XHAPOJIMTHYKH aKTHBHE BPCTE Cy Takolhe,
makpoxenatau Pt(ll)-meHranentuy KOMIUIEKCH Y KOjUMa Cy HENTHAH KOOPAWHOBAHH
peKo aToma cymriopa MeTHoHHHCKOT octaTka 1 N1 wim N3 atoma nmuaazona.

V  peakmmju  [Pt(en)(HO)]** xommiekca ca MeCOMet-Gly-His-GlyNH
terpanentugoM, y pPH obractu 1,5 < pH < 2,0u na 60 °C, HakoH 2 cara peakIMoHor
BpEMeHa y pacTBopy je mpucyran camo [Pt(en)(MeCOMet-Gly-His-GlyNkS)(H,0)]**
kommieke (4) (Cnuka 40). VYV 0BOM KOMIUICKCY TETPANCeNTHI j€ MOHOJEHTATHO
koopauHoBaH 3a  Pt(ll) jon, mpeko bunenratHo

aroMa CyMmIiiopa MCTUOHHHA.

KOOpAWHOBAHU CTWICHAWAMUH NPCACTaBJba CTaGI/IHHI/I ACO0 MOJICKYyJla U OCTaje
koopaunoBan 3a Pt(ll) jom Toxom peakmuje. Kommiekc [Pt(en)(MeCOMet-Gly-His-
GlyNH,-9)(H20)]?* ca K0OpAHHOBAHIM MOJEKYIOM BOJE je XMAPOIUTHUKM AKTUBAH, a ¥

UCIIMTHBAHO] PEAaKLHUjH J0JIa3H J0 PErHOCEIeKTUBHOT packuaama Met-Gly nentuane Bese.
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Y 'H NMR CIIEKTPYy MOTY C€ YOUUTH JIBa XHJIPOJIMTHYKA INPOU3BOJA OBE pPEaKIHje,
tpunentun  Gly-His-GlyNH, u [Pt(en)(MeCOMetS)(H,0)]** kommiexkc (Cimka 40).
WNuTtensuter curHama Ha 3,94 pPpPM,Koju MOTHYE OJ METHJICHCKHUX NPOTOHA TIJIMIIMHA
(rTUIMH Y CyCelCTBY METHOHMHA) Y KOMILICKCY (4) ce cMamyje TOKOM BPEMEHa, JIOK Ce
uHTeH3uTeT curHaina Ha 3,83 ppmcnodonnor Gly-His-GlyNH, Bpemenom mnosehasa.
HNonatkom Gly-His-GlyNH, tpunenTtuma y peakuuoHy cmemry jojia3u 1o noBehama
WHTEH3UTEeTa CcurHasa Ha 3,83 ppm, mTo mnoTBphyje na OBaj CHTHAI MOTHYE O]
MeTHaeHCkuXx npotoHa N-tepmunamuor rmmnuaa y Gly-His-GlyNH, tpumentumy.
[pouenar xuaponuze Met-Gly nentuane Bese oapelhen je u3 ogHOca MHTErpaia cUrHaia
MIMIUHCKUX 1poToHa ciobonuor Gly-His-GlyNH, nentuaa v mHTerpajga oBMX CHrHaja
KOju oxaroBapajy mouetHoj koumeHtpauuju MeCOMet-Gly-His-GlyNH. Karanutnuka
ciocoGHoct  [Pt(en)(HO)]*" komruiekca y wucnuTHBaHOj peakumjn je  oxpehena
u3padyHaBameM mpoiieHTa xuapoauzoBanor MeCOMet-Gly-His-GlyNH y Toky Bpemena,
M0JT UCTUM EKCIIEPUMEHTATHUM yciioBuMa. KoHIIEHTpalrja cI000HOT U XUPOJIN30BAHOT
terpanentuaa je ogpehuBana ceakux 30 MuHyTa U peakiyja je mpahena 24 cara. Haheno
je ma 85%  Met-Gly nentuane Bese y MeCOMet-Gly-His-GlyNH rterpanenTumy

Xuaponu3yje HakoH 24 cara Ha 60°C.

Xuopoausza [Pt(dien)(MeCOMet-Gly-His-GlyNKHS)[** y npucycmey
[PA(L)(H,0),] %" komnnexca

Ha ocCHOBY mpeTxoJHO ONMUCAHHUX pe3yjTara, MOXE C€ 3aK/byuduTH Ja ce
MeCOMet-Gly-His-GlyNH Terpamentux y peakimjama ca [Pd(L)(H20)z]%* kommekcnma
(rme je L OmmeHTaTHO KOOPAMHOBAHH €THUJICHIWMAMUH, €N; 2fIMKOIMIAMKH, PIC nwin 2,2’
nunupuaniaMud, dpa)ouaenratHo koopaunyje 3a Pd(Il) jon, mpeko TroeTapckor aroma
cymnopa u N3 aroma a3ora uMHIA30J0BOI TpcTeHa. Hacramm MakpoxenaTHH
[Pd(L)(MeCOMet-Gly-His-GlyNH-S,N3]** komiuieke, HAKOH eTMMHUHALM]e OHICHTATHO
KOOPJIMHOBAHOT JMAMHHCKOT JIMTaHIa, MPeia3d y XHUIAPOJUTUYKH aKTUBHH KOMILICKC y
KoMme gonasu g0 xuapoimse Met-Gly mentuane Bese. Jla Ou ce crpeumna peakiiuja
rpaljema MakpoxenaTHOT KoMIuiekca u xujapoiusa Met-Gly nentunne Bese, y oBoM pany
UCIIUTUBAHU TETpaNenTya je y NpBoj (a3u pearoBaH ca EKBUMOJAPHOM KOJIUYUHOM
[Pt(dien)CI] xommnekca (dien je TpuAEHTaTHO KOOPAMHOBAHM JMETHICHTPHAMMUH).
®opmupamse [Pt(dien)(MeCOMet-Gly-His-GlyNHS)]** kommnekca ce Moxe mpaTuTH
npumerom "H NMR criexrpockommje. MuTensurer curnana ua 2,09 PPMKOjH OTHYE 011

SMeTusa MpOTOHAa METHOHMHCKOT octartka cinoboganor MeCOMet-Gly-His-GlyNB, ce
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CMamyje Y TOKYy BpEMEHa, JOK Cc€ HMHTEH3WTeT curHaima Ha 2,55 ppmoarosapajyhux
Swmerun mpoToHa TeTpamenTHaa KoopamHoBaHor 3a Pt(ll) mpeko artoma cymmopa
BpeMeHOM mnoBehasa. ['J1aBHM TPOU3BO OBE peakiivje, HAKOH 2 caTa peaKIIMOHOT BPeMEHa,
je [Pt(dien)(MeCOMet-Gly-His-GlyNK9)]?* kommieke y npurocy ox 95%. Y apyroj
dasu peakumje, pactBopy Koju campxm [Pt(dien)(MeCOMet-Gly-His-GlyNkKS)]*
KOMIUIEKC Jl0/laTa jé eKBUMOJIapHa KOJIMYMHA oJrosapajyher [Pd(L)(H20):]?" xommuiekca
(Cnnka 42). Cee peaxmmje cy mssohene ma 60 °C y pH obmactu 1,5 - 2,0.Kana ce
ekBuMonapHa kommumna [Pd(en)(HO)]** komruiekca 1oma pacTBOpy KOjH CampKu
[Pt(dien)(MeCOMet-Gly-His-GlyNH9]?*, mnox  nasegenum EKCIIEPUMEHTATHIM
ycnoBuMa, nosiasu 10 ¢opmupama et PA(I)/Pt(ll)-nmentun kommiekca (Crnuka 43). OBu
KOMILJIEKCH Cy OKapaKTepHUCaHU Ha OCHOBY XeMHjcKux nmomepama 3a C2Hu C5H npotone
MMHUJIA30JI0BOT  mpcTeHa. Takohe, pe3ynrarm paHWjuX UCIUTHBAaWkA  PEaKinja
[PA(L)(H,0),]*" kommiekca 1 MeCOHis-Gly munentuga [54,83-85,115],ka0 u HoBHja
ucrnuTHBama peakuuja  trans[PA(DEA)Cl] u trans[Pd(DEAR(H,0)]** (DEA je
JMeTaHoJaMKMH) ca wctuM mentuaoM [116], mokasyjy ma ma pH < 3,0 macraje mer
pasmmuntux nanaaujym(Il)-nenrug kommmekca. OB KOMIUIEKCH Cy o3HadueHu ox A 1o E,
na je ucro o3HauyaBame Kopuinheno u 3a Pd(ll)/Pt(ll)-rerpanentun xoMruiekce Koju
HacTajy y HamuM ucnutuBanuM peakuujama (Crmuka 43; Tabema 8). /Ba riaBHa
Pd(Il)/Pt(ll)-rerpartenTiy mpoM3BOga Cy H30MEPH KOA KOJUX je  TETPameITHI
MoHoaeHTaTHO Tipeko N3, i N1, aToma a3oTa UMH1a30JI0BOT MIPCTEHA KOOPJIUHOBAH 32
Pd(Il), kommaekcu A u B.

VY kommiekcy D Terpanentun je ounentarno koopauHosaH 3a Pd(Il) jon, mok je y
komiuiekcumMa C 1 E MMUIa3070B MPCTEH TEeTpamnenTuaa MOCTHH JIMTaHa u3Mely jBe
Pd(Il) kommtekcue jenununie (Buau Ciauky 43). OBH HaYMHHM KOOPAMHOBAMma MOTBPhEHU
cy Ha ocHoBy peaxuuja [Pd(en)(HO)]>* ca MeCOHis-Gly y kome je celeKTHBHO
merunoBad N1, miu N3, arom a3ora U3 MMHIA30JI0BOI NpPCTeHA. YTBpheHO je na y
peakuuju managujym(ll) xomruiekca ca N1 MeTHIIOBaHUM JIepUBATOM JUIENTHIA HACTaje
kommiekc A (Cnuka 43), KOjU je XMIPOJIWTHYKH AaKTHBAaH W JOBOJM 10 DPaCKHIarba
MENTHUIHE Be3€ KOja YKJbY4yje KapOOKCWIIHY TPYINy XHCTHAMHA, IOK MPEocTajia YeTUPH
KOMILIEKCAa HHUCY XUAPOIUTHUYKK akTHBHH [84]. Takole, eKCepUMEHTH ca Pa3IHUYUTHM
nentuauMa Koju caapke L-xuctuamn u pasmuuutuM Pd(ll) kommiekcuma mokasyjy aa

caM0O MOHOjJeHTaTHa KoopauHammja npeko N3 atoma aszora mmumazoma 3a Pd(Il) jon
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JIOBOIM 10 XUAPOIUTHYKOT pacKHIama MENTUIHE Be3e, Koja YKJbydyje KapOOKCUIHY
rpyny xuctuauHa [54,83-85,115,116,118].0Baj HauuH KOOpAWHOBama omoryhasa
untepakiujy Pd(ll) jona u merosor aksa JMranjaa ca INENTHIHOM BE30M, U Ha Taj HAYHH
KaTtanu3yje \beHy Xuapoinsy. Xemujcka nomepaba C2H nu C5H mporona nmmmazonosor
npcrena Pd(I1)/Pt(1l)-rerpanentin koMuIekca, Koju Hactajy y peakuuju [Pd(en)(HO)s]?*
ca [Pt(dien)(MeCOMet-Gly-His-GlyNHS)]%*, cy nmopehena ca oxroBapajyhnm xemujckim
nomepamuma go0ujernm y peakuujn [Pd(en)(HO)]** 1 MeCOHis-Gly aunentuzna
[54,83,84],mox uctum excnepumeHtaaauM yciaoBuma (Tabema 8). 3akibyueHo je nma cy
KOMILIEKCH J00UjeHu y ucnutuBanoj peakiuju (Cnuka 43) MIACHTUYHH ca KOMILIEKCUMA
Koju Hacrajy y peaxuuju MeCOHis-Gly mumentuma u [Pd(en)(HO))*" xommekca.
Haleno je ma y peaxuuju [Pd(en)(HO)]*" ca [Pt(dien)(MeCOMet-Gly-His-GlyNk9)]**
HE JI0J1a3| JI0 eJIMMHUHAIM]e eTUIICHAnaMIUHCKOT uranaa. [lopea Tora, Ha OCHOBY 'H NMR

UCIIMTHBAbA, MOXKE CE 3aKJbYUUTH J1a 10oJ1a3u a0 xuapoiuse camo His-GlyNH, nentunne

Ta6eaa 8. 'H NMR xemujcka nomeparma Pd(1)/Pt(11)-nentun koMiuiekca Koju HacTajy y

peakimju kommiekca tuna [Pd(L)(H0):]?* u [Pt(dien)(MeCOMet-Gly-His-GlyN kK 9)]?*

Tun Pd(I1)/Pt(11)- 5 (*H)
Peaxtantu

MEeNTUA KOMIIJIEKCa C2H C5H
A 8,14 7,12
B 7,88 6,89
[Pd(en)(HO),]** + MeCOHis-Gly C 7,66 6,60
D 8,04 7,10
E 7,74 6,67
A 8,14 7,10
[Pd(en)(HO)I* + 2 c o
[Pt(dien)(MeCOMet-Gly-His-GlyNH-9)] D 8.05 7.01
E 7,73 6,78
[Pd(pic)(HO)]* + A b 7,15
[Pt(dien)(MeCOMet-Gly-His-GlyNH9)]** B b 6,89
[Pd(dpa)(HO)*" + A b 7,04
[Pt(dien)(MeCOMet-Gly-His-GlyNH9)]* B 7,87 6,84

“Pedh. [54,83];°Curnan C2H npotoHa ce mpekiiana ca IpoTOHHMA THPUIHHA
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Cauka 43. [Tanagujym(I1)/ maaruna(ll)- Terpanentia KOMIUIEKCH KOjU HACTajy y

peaxumju m3mehy [Pt(dien)(MeCOMet-Gly-His-GlyN®9)]? u [Pd(en)(HO),]*"

koMmIuiekca y PH o6macru 1,5 — 2,0a na 60°C
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Bese. HTen3uTer curnana Ha 3,96 ppmgoju notude o metmieHckux GlyNH, nporona y

MeCOMet-Gly-His-GlyNH terpanenTuny, ca BpeMeHOM Omajia, IOK HHTCH3UTET CUTHAIIA

Ha 3,86 ppmxoju moTuue oa MeTHICHCKHX poToHa cioboanor GlyNH, pacre. Jlonatkom

GlyNH, y peaknunony cmerny monasu a0 moBehama mHTeH3WTeTa curHana Ha 3,86 ppm,
o nmotBphyje na oBaj curnan notuye oxa cinodoxHor GlyNHy. Ipouenar xunponuse His-

GlyNH, nentunne Be3e ojpelieH je w3 oJHOCAa MHTErpajia CUrHalIa TJIHIIMHCKUAX MPOTOHA

coboauor GlyNH; u nHTerpana oBux curHajia KOjH OAroBapajy MOYETHO] KOHIIEHTPAIH]H

terpanentuga MeCOMet-Gly-His-GlyNH. Takole, naljeHo je na w3BeCHa KOJHYHWHA

cnodomuor GIlyNH; pearyje ca momnazaum Pd(Il) kommiekcom, npu dYemy Hacraje

[Pd(en)(GlyNH-N,N")]*" kommzexc (N’ je amuanu a3ot). [locrojame OBOr KOMILIEKCA Y

PEaKIIMOHO] CMEIIH je& MOTBPHEHO y 'H NMR CIIEKTPY Ha OCHOBY curHaia Ha 3,52u 3,54
PPM, KOju OArOBapajy METHJIIEHCKUM MPOTOHHMA OuaeHTaTHO KoopauHoBanor GlyNH, 3a

Pd(ll) jou. Peakuuja xuapomuse His-GlyNH; nmentugne Beze y MeCOMet-Gly-His-
GlyNH; TeTpanenTtuny je pernocelieKTHBHA M KOMILIETHO j€ 3aBpllieHa 3a Mame of 24 cara

(Cnuxka 42).

Y peaxumju mmehy [Pd(pic)(HO)]** u [Pt(dien)(MeCOMet-Gly-His-GlyNk+
9], mox ucruM €KCIICPUMEHTAJIHUM YCJIOBUMA, y 'H NMR CIEKTPY C€ MOT'Y yOUYUTH
camo nsa Pd(I)/Pt(Il)-rerpanenTin komMiuiekca, o3HaueHa ca A u B. O3HauaBame OBUX
KOMIUIEKCA je€ y CarJIaCHOCTH ca TPETXOIHUM O3HAYaBamkbeM 3a  pPeaklujy
[Pt(dien)(MeCOMet-Gly-His-GlyNH-9)]?* ca [Pd(en)(HO)]*" (Cimka 43). Komruieken
tuna C, D u E mnpukazanm nHa cioumm 43 He HacTajy y peakiyju HCIUTHBAHOT
terpanentuia ca [Pd(pic)(HO).]*" koMIuIekcoMm, HE HAKOH 3 JaHA PEaKIMOHOT BPEMEHA.
Haheno je ma y oBoj peakuuju gonasu g0 xuapoause camo His-GlyNH, nentunne Bese
(Crmuka 42). Ilpouenar xuaponuse His-GlyNH, nenrtuane Bese ompehen je u3 omHoca
WHTErpajga CHrHajga MIMIHHCKUX mpoToHa cioboaror GlyNH, u nnTerpansa oBux curHania
KOjU OJroBapajy IMoueTHOj KoHieHTpauuju terpamnentuaa MeCOMet-Gly-His-GlyNH.
Haheno je na 3a Bpeme on 24 cara camo 40% His-GlyNH nentunne Bese y MeCOMet-
Gly-His-GlyNH, Tterpanentuny Xwuapoiusyje, IO HaBEACHHUM EKCIICPUMEHTATHHM
YCIIOBHMA.

Mehyrum, y peakumju msmehy [Pt(dien)(MeCOMet-Gly-His-GlyN®S)]** u
[Pd(dpa)(H0)2]?" koMIuIekca, IPH MCTHM EKCICPUMEHTAIHHM YCIOBHMA, HE JOJA3U 0
xugponuse Hujenne nentuaHe Bese 'y MeCOMet-Gly-His-GlyNH terpamentuay, Hu
HakoH 3 jmaHa peakmnuoHor Bpemena (Crnuka 42). OBO je y CKiIaay ca HalldM paHHjHuM

pesyinratiMa TOCTHTHYTUM TIPUJIMKOM HUCHHUTHBAamba peakifja [Pd(dpa)(HO),]**
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xomiuiekca ca MeCOHis-Gly. Ofjammerme 3a 0BO JISKH Y YMHCHUIM J]a CTEpHH e(eKar
ounenratHo koopaunoBanor dpasmranmga 3a Pd(ll) joH crnpeuaBa peakiiujy XHIpOJH3e
MeCOHis-Gly nentuzaa y npucycrsy [Pd(dpa)(HO),]?" kommnekca. Y carnacsocTu ca
OBUM pe3yJITaTUMa, HA WCTU HAYMH MOXE ce 00JaCHHTH CTEepHAa MHXUOMIH]a XHUIPOJIU3E
His-GlyNH, mentumre Bese y [Pt(dien)(MeCOMet-Gly-His-GlyNK9]?* momohy
[Pd(dpa)(HO),]*" kommexca.

VY 3aKkJby4Ky HCIUTHBaKa OMHCAHUX Y MOTJIABJbY MOJ HAcloBoM “McnuTHBame
peakija MeCOMet-Gly-His-GlyNH rterpanmentuma ca pasmuuutam Pd(ll) u Pt(ll)
komruiekcuma”  (Buam ctpany 96) moxe ce pehu na Ccy XHAPOJIMTHYKE peakiuje
[Pd(en)(HO)]** u [Pt(en)(HO):]*" kommiekca ca MeCOMet-Gly-His-GlyNH y pH
obmactu 1,5 - 2,0u Ha 60 °C cTporo cenekTHBHE M MPH OBMM YCIOBMMA XHIPOIH3Yje
NENTHIHA Be3a Koja YKJbydyje KapOOKCHIIHY rpyny MeTHoHuHa. Xuaponusa Met-Gly
NENTHUIHE Be3¢ je MPUMapHa y OJHOCY Ha OCTajie MENTHIHE Be3¢ Y OBOM TETPAINCHTHIY
3axBasbyjyhu Benmukom apunurery Pt(ll) u Pd(ll) jona mpema aromy cymmopa. Peakuuja
MeCOMet-Gly-His-GlyNH i morodyrknnonamsor [Pt(dien)CI] kommiekca ce mokasana
Kao 100pa mMerona 3a OJIOKMpPame THOETAPCKOT aTOMa CyMIIOpa M CIIpeYaBame HEroBeE
koopauHaruje 3a Pd(ll) u Pt(ll) kommekce. Ha ocHoBy peakmuja [Pt(dien)(MeCOMet-
Gly-His-GlyNH»-9]?" u kommmekca tuma [Pd(L)(H0)]?* moxe ce 3akbyuntn ga
MOTNYHAa CTEpHA WHXHUOWIIMja XHJPOJIM3E TENTHAHE BE3€ Koja YKJbydyje KapOOKCHIHY
Ipyly XWCTHAMHA, MOXe ce moctuhu mnpuMeHoM MoandukoBanux magagujym(ll)

KOMIIJICKCa KOjI/I CaZIp’KC BOTYMUHO3HEC TUAMUHCKC JIMTAHC.

4.1.2 HICIIUTUBABE PEAKIIUJA KOMIUUIEKCA IIJIATHHE(I1) CA
NENTUIUMA KOJU CAAPKE L-METHOHHWH U L-XUCTUIUH
Ipumenom 'H NMR  CHeKTpocKonuje — WCIMTHBAHA  je  CENEKTHBHA
UHTpaMoJjieKyicka murpaija komruiekca iatunae(ll) y peakumju msmehy [Pt(Gly-Gly-
N,N’,O)l]" (Gly-Gly je nmunentua TIHIUI-TIUIMH TPUACHTATHO KOOPIMWHOBAH IPEKO
aToMa a30Ta TepMHUHAJIHE aMHHO TPYIe, JCTPOTOHOBAHOI aToMa a30Ta IENTHIHE Be3e H
KHCEOHHKOBOT aToma kapOokcuiHe rpymne) u N-anerunoBanor L-mernonmn-L-xucruanna
(MeCOMet-His) na pH = 7,4 u cobHoj Temmeparypu. Y ApyroM jeiay OBOI paja
WCIIUTUBAHE CYy peakivje Xuaponu3e nentuaHe Beze y N-amermnoBaHoMm L-meTnoHwmi-
ruiuHy (MeCOMet-Gly) nomohy pazmuuutux [Pt(L)Cly] u [Pt(L)(CBDCA-O,0’)]-tuna

komruiekca (L je erwnenmuamuH, en; (x)iransl,2-nmamubonukinoxekcan, dach; (x)-1,2-
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npormwienauamu, 1,2-pn; CBDCAje anjon 1,14mkio0yTaHIuKapOOKCHITHE KUCEIHHE)
npu usnonomkuM ycnosuma PH m Temmeparype (PH = 7,4 u 37 °C). JloOujenu
CIIEKTPOCKOIICKH PE3yJITaTH OBUX MCIIUTHBAMA CY MIOBE3UBAHN Ca MEXaHU3MOM TOKCHYHOT

ACJIOBakba aHTUTYMOPCKUX KOMITJICKCA IIJIaTUHE.

Cenexmusna unmpamonexyicka muepayuja xomniexca niamune(ll) y peaxyuju
usmehy [Pt(Gly-Gly-N,N’,0)I] « MeCOMet-His

Panuja uctpaxusama cy nokasana aa y peakuuju [Pt(dien)CI kommiekca, e je
dien guerunentpuamun, ca MeCOMet-HIs nona3u 710 CEJIeKTHBHE HHTPAMOJICKYJICKE
murpanuje Pt(Il) kommiaekca ca aroma cymnopa MeTHOHHHCKOT octaTka Ha N1 atom azora
umuaaszona [130]. Haljeno je na y npBoj ha3u peakiinje HacTaje KHHETHYKH (PaBOPU30BAH
[Pt(dien)(MeCOMet-HisS)]" kommiexc, xox xora je MeCOMet-His mumentun
MOHOJICHTaTHO KOOPJWHOBAH MPEKO aToMa CyMIIOpa METHOHHHCKOT OCTaTka. Y Ipyroj
dasu peakumje monasu 10 uHTpaMmonekyicke wurpaumje [Pt(dien)f" kommrexcuor
(parMeHTa ca aToMa CyMmIiopa Ha aToM a30Ta NMHKIa30JI0BOT MIPCTEHA, MIPU YeMy HAcTaje
TepmomuHamMudky ctabunauju [Pt(dien)(MeCOMet-HidN1)]" xommiexc. Murpamuja je
BEOMa CIOpP W CTPOTO CENeKTHBaH mpolec. [IperxomHu pesynratu cy mopeleHu ca
pesyaratuma fooujerum y peakuuju [Pt(Gly-Met-S,N,N)CI] (rae je Gly-Met nunenTua
TIUIAI-L-METHOHUH TPUICHTATHO KOOPJMHOBAH IPEKO aroMa CyMIopa METHOHHHA,
JICTTPOTOHOBAHOT aTOMa a30Ta MENTHIHE Be3e U aTOMa a30Ta TEPMUHAIHE aMHUHO TPYIIE) ca
murientuaoM  MeCOMet-His, npu uemy Hacraje Beoma crabuinan [Pt(Gly-Met-
S,N,N)(MeCOMet-HisS)] xommuekc. Haheno je ma [Pt(Gly-MetS,N,N)CI] pearyje
criopuje ca THOeTapcKuUM JuraHamMa y omHocy Ha [Pt(dien)CI] xommekc, npn yemy ce
dopmupa crabunnuja Pt(ll)-S Beza (Tabema 9) [106,130,131].300r crepror edekra
TpuaeHTatHO KoopauHoBaHor Gly-Met mumentuna y Pt(ll) xommnekcy He monasu o
murpanuje [Pt(Gly-Met-S,N,N)]" kommiekca ca THOETapcKOr aToMa CyMIIOpa Ha aToMe
azora (N1 mwiu N3) u3 umumaszonosor npcrena [130].

Y oBom pany monodyukuuonanuu [Pt(Gly-Gly-N,N’,0)I]” kommiekec 1 MeCOMet-
His nunentun cy pearoBanu y 1 @ 1 monckom oxnocy, y 50 mM docarnom nydepy Ha
PH 7,4n Ha 25°C. Tepmunansa amuno rpyna y Met-His nunentuny je anernnosana na 6u
ce crpeunsio mweHo koopauHoBame 3a Pt(Il) jon. IllemaTcku mprkas HCIIMTHBAHE PEAKITHje
nat je Ha cumm 44, dopMupare IPOM3BOAa y 0BOj peakiuju mpahero je mpumerom H

NMR criekTpockonuje Ha OCHOBY XeMHjCKUX noMepama curiana 3a C2Hu C5H npotone
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UMHJ1a30JIOBOT TIPCTEHA XUCTUIMHCKOT OCTaTKa ¥ XEMHJCKOT TIOMEpara CUTHANA 32 METHUIT
npotoHe MetnoHMHCKOT octatka. Kommuieke [Pt(Gly-Gly-N,N’,O)l]" je crabumnan, mox
HABEJCHUM CKCIICPUMEHTAIHUM yCJIOBHMA, U CIIMMUHAIIM]ja TPUICHTATHO KOOPJINHOBAHOT
Gly-Gly nmuranga ce Moke youuTH TeK HakoH 34 naHa. EnuMmuHaIija OBOT JMraHga ce
mosxe mpatuti y "H NMR criekTpy Ha 0CHOBY jiBa HOBa curHana Ha 3,82u 3,86 ppmxoju
notudy onx Metun npotoHa ciobomnHor Gly-Gly munentunma. domatkom Gly-Gly vy
peaknMoOHy CMEIly JOoJia3u JO0 MoBehaka WHTEH3WTETAa OBa JBAa CHTHAlA, YHME je

NOTBphEHO 1a MOTHYY 0/ CIIOOO0THOT TUTICTITH/IA.

Tadoena 9. Koncrante Op3une kp 3a peakuumje Pt(ll) xomruiekca ca TuoeTapckum

nuranauMa Ha 25°C

Peakrantu pD 10%ky/ Ped.
[komIuTeKC + urany] BPEIHOCT M1s?

[Pt(dien)CI[ + L-meTnonun 4,31 14 [131]
[Pt(dien)CI[ + SmetunrayraTnon 5,41 33 [106]
[Pt(dien)CI] + MeCOMet-His 4,40 44 [130]
[Pt(Gly-Met-S,N,NCI] + L-meTtnonun 4,31 4,5 [130]
[Pt(Gly-Met-S,N,NI] + SmeTunrayratrnon 4,34 0,3 [a]
[Pt(Gly-Met-S,N,NI] + MeCOMet-His 4,40 8 [a]
[Pt(Gly-Gly-N,N,Ol]” + Smertunrnyratnon 4,21 40 [a]
[Pt(Gly-Gly-N,N,0)l]” + MeCOMet-His 4,11 70 [a]

[a] PesynTatn u3 oBe auceprammje my6mukosanu y paxy M. D. Zivkovi¢, S. Rajkové,
M. I. Djuran,Bioorganic Chemistry 36(3) (2008) 161-164.

Kana ce peaknuja [Pt(Gly-Gly-N,N’,0)I]” kommiekca ca MeCOMet-HisuzBoau Ha
HmwkuM PH BpeaHoctuma (2,0< pH < 4,0) enumunanuja Gly-Gly uz Pt(ll) kommiekca je
BeoMa Op3 mporec U meroa cymncrutyiuja ca MeCOMet-His aumentumaom je ckopo
notnyHa 3a 60 munyra. Kao mro ce ca ciuke 44 moke BUACTH, HAKOH TIpBa 3 cara
peakiuje, HacTajy aBa Pt(ll)-nentun kommuiekca. [1aBHU MPOU3BO Y OBOj pEaKIlHjH, KOjU
HacTtaje y npunocy o1 85%,je [Pt(Gly-Gly-N,N’,0)(MeCOMet-His§)] komruieke, y kome
je TMenTua MOHOJCHTAaTHO KOOPAMHOBAH IMPEKO aToMa CyMIIOpa METHOHHHCKOT OCTaTKa.
®opwmupamse [Pt(Gly-Gly-N,N’,0)(MeCOMet-HisS)]” kommekca ce Moxe npatutd y “H
NMR crekTpy Ha OCHOBY cMameha HHTEH3UTeTa cuHriiera Ha 2,09 ppmkoju motuye of

CHs-S npotona cno6ognor MeCOMet-His nunentuna u mnoBehakbeM HHTEH3UTETA
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Cauka 44. llemarcku mpuka3 peaxiuje [Pt(Gly-Gly-N,N’,0)I]” kommiekca ca

MeCOMet-Hisqunentumnom

curHama Ha 2,55 m 2,57 ppm, koju oxaroeapajy CHs-S mporonnma mnentuma
KOOpAWHOBaHOT Tpeko aroma cymmopa 3a Pt(ll) jon. [Ipyru mpowmsBoa peakimje, y
npunocy on 15%, je [Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)]" komruieke, koa kora je
JTUTIENTHIT MOHOACHTATHO KoOopauHOBaH mpeko N3 aToma a3oTa MMHIA30JIOBOT MPCTEHA
XUCTUIUHCKOT ocTaTka. OBaj KOMIUIEKC j€ OKapakTepucaH Ha OCHOBY XEMH]jCKUX
nomepama curHana 3a C2H m C5H nmporone mmuaazonoBor nmpcreHa. MoHOAEHTaTHA
xoopauHaiuja MeCOMet-Hispunenrtuna, mpeko N3 aroma a30Ta IMU1a30J10BOT IPCTEHA,
y oBOM Komiuiekcy nmomepa curtaine C2Hu C5Hunpotona ca 7,21 ga C5H)u 8,44 ppm {a
C2H)na 7,11 ga C5H) u 8,05 ppm fa C2H). OBa xemujcka moMmepama Cy y carjaCHOCTH
ca oxarosapajyhum 3a N3-m3omep no0ujen y peaknmjama m3mely pasmuumtux Pt(ll)
KOMILJIEKCa ca XUCTUANHOM U MenTuanMa koju caapke xuctuaud (Tadena 10) [59,130].
Vrepheno je na y peaxuuju [Pt(dien)CI] xommmexkca ca MeCOMet-His

JUIENTHIOM, MOHoAeHTaTHa KoopauHarnuja Pt(ll) xommiaekca 3a N1 arom asora
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umHazonoBor npcreHa nomepa curnaie C2H u C5H nmporona nva 7,88 u 6,85 ppmy
oJTHOCY Ha oBe curHase 3a ciobdonan nentuj (Tadena 10) [130].Y peakuuju [Pt(Gly-Gly-
N,N’,O)l]" komIutekca ca MPETXOJHO HABEJACHHUM JHMIICIITHIOM OBH CHTHAIH CE HHCY
MOjaBUIIU Y 'H NMR cnekTpy, HU HakoH 40 maHa, HA OCHOBY 4era je 3aKkJbydeHO Jia ce
munientua He koopaunyje 3a Pt(ll) mpeko N1 atoma a3zora MMHAa3070BOT NpCTEHA
XUCTUAMHCKOT ocTaTka. HakoH 3 caTa peakuMOHOT BpeMeHa J0Jla3u JI0 BeOMa CIope
murpanuje [Pt(Gly-Gly-N,N’,0)] kommutekca ca Tnoerapckor atoma cymmnopa Ha N3 arom
a30Ta UMHJIa30JI0BOT npcTeHa. OBa Murparyja ce MoOXXe MPATUTH Y 'H NMR CIIEKTPY Ha
ocHOBY noBehama uHTeH3UTeTa curHana Ha 2,09 ppmkoju oaroBapa S-MeTUi NpOTOHUMA
cnoboaue metui rpyne MeCOMet-Hisnentuaa u cMambea HHTCH3UTETa CUrHaia Ha 2,55
u 2,57 ppMKoju MOTUYY 01 S-METHJI TPOTOHA METHOHHMHCKOT OCTaTKa KOOPJIMHOBAHOT 3a
Pt(Il) jou. McroBpeMeHO ca MPOMEHOM MHTEH3WTETAa OBHMX CHTHala Joja3u 10 moBcharma
uHTeH3uTeTa curHaiga Ha 8,05 m 7,11 ppmsza C2H u C5H mporone mumumazonoBor
npcreHa, koju oxarosapajy [Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)]" kommiekcy. Ose
npoMeHe Yy chekTpy cy mnociemuiia packumama Pt(I1)-S Bese y [Pt(Gly-Gly-
N,N’,0)(MeCOMet-His9)] kommuiekcy u murpanuje [Pt(Gly-Gly-N,N’,O)] na N3 arom

ummasonoBor npcrena (Crnuka 44).

Ta6eaa 10. 'H NMR xemujcka nomepama C2Hu C5Hnporona mMuaa3010BOT MpCTEHA 3a
pasnmuunte Komruiekce miatuHe(ll) xoju Hacrajy y peakumjama Pt(ll) ca xuctuamnom u

NEeNTUINMA KOjU CaApKe XHUCTUANH

XeMujcka momepama
[Menrrua/koMITIeKC pD (3, ppm)
C2H C5H

MeCO-Met-His 7.4 8,29 7,15
[Pt(dien)(MeCOMet-HisN3)] @ 7.4 8,00 7,12
[Pt(dien)(MeCOMet-HisN1)]*@ 7.4 7,88 6,85
[Pt(Gly-Met-S,N,N)(MeCOMet-HisN3)]** @ 6,8 8,04 7,16
[Pt(dien)(HisH-N3)]>"® 6,8 8,04 7,25
Pt(dien)(HisH-N1)]>*® 6,8 7,92 6,94
[
[Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)] © 7.4 8,05 7,07

@ped. [130]; PPed. [59]; “Pesynraru u3 ose mucepranuje mybaukosanu y paxy M. D.
Zivkovi¢, S. Rajkové, M. |. Djuran,Bioorganic Chemistry36(3) (2008) 161-164.
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N3 onmnoca wnaTerpana curHana C2H u C5H mpotona cioGomHor mMmuaazona u
curnaia opux nporona MeCOMet-Hispunentuna, koopaunosanor mpeko N3 aroma azora
umuIa3ooBor npcrena 3a miatuay(ll), uspauynar je npouenat narpahenor [Pt(Gly-Gly-
N,N’,0)(MeCOMet-HisN3)]" kommiekca, u Hakon 10 mana peakmuje Hal)eHO je 1a OBaj
KoMILIeKC HacTaje y npuHocy ox 80% (Crnuka 45).Kao mito ce ca ciauke 45 MoXe BUICTH,
peakuuja uHTpamoiekyicke wmwurpanuje Pt(Il) xomruiekca ca aroma cymmopa u3
METHOHUHCKOT octaTka Ha N3 aroM a3oTa MMHIa30JI0BOT NPCTEHA j€ 3HATHO OpXka, y
nopeliemy ca peakijoM murpanmje y caydajy [Pt(dien)CI] kommaexca 1 MeCOMet-His
munentuaa [130]. Peakiuja HHTpaMOJIEKyJICKE MUTPaALUje je CTPOro CEJICKTHBHA U HAKOH
30 mana y pactBopy je mupucyran camo [Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)]
KOMIIIeKC, oK y peakimju [Pt(dien)CI] kommekca ca MeCOMet-His 3a ncti BpeMeHcKH

nepno, Hactaje Mame o 40% [Pt(dien)(MeCOMet-Hi1)]" kommekca.
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Cuamka 45. Bpemencka 3aBucHoct ¢popmupama Pt(Il)-nentua-N1/N3 komruiekca y
peakuuju uHTpamoiekyicke wmwurpanuje Pt(ll) xommiekca ca aroma cymmopa
METHOHMHCKOI  octatka Ha N1 ([Pt(dien)CI]  (m)) wm N3
([Pt(Gly-Gly-N,N’,O)I]" (A)) arom a30Ta HMMHIA30JOBOI IPCTEHA y PEaKIHjU
[Pt(dien)CI] u [Pt(Gly-Gly-N,N’,0)I] ca MeCOMet-Hisgunentumom
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Ha ocHoBy noOujeHMx pe3yirata y OBOM pajy, Kao M paHHje 00jaBJbEHHX
pesynrara [130-133],Moke ce 3aK/bY4UTH Jla C€ peakluja MHTPAMOJICKYJICKE MUTpAIINje
Pt(Il) komIekca ca cyMIopa THOETapCKOT JIMTaH/1a Ha aTOM a30Ta MMHIa30JI0BOT ITPCTEHA
XUCTHINHA MOXeE OJBHjaTH Npu (GH3HOIOMKNM ycaoBuma. Y peaknujama [Pt(dien)CI] ca
MeCOMet-Hisu [Pt(dien)(HO)]*" ca His-Met, His-Gly-Metu MeCOHis-Ala-Ala-Ala-
MetNHPhnentuauma nosas3u 10 MHTPaMOJIEKYJICKE MUTPALIU]e [Pt(dien)]2+ KOMILJIEKCA, ca
THOETAPCKOT aTomMa cymropa u3 metnoHnHa Ha N1 arom a3oTa MMHIA30JI0BOT MpCTEHA
[130-133]. ¥ oBuM peakigjama uHTpamosekyicka wmurpanuja Pt(ll) xommiekca ca
CyMIopa METHOHHHCKOT ocTatka Ha N1 aTom a30Ta MMHa30JI0BOT MPCTEHA j€ Cropa U He

0JIBHja C€ y MOTITYHOCTH.

Mehyrum, y peakumju [Pt(Gly-Met-S,N,N)CI)] kommiekca wu aumenTuga
MeCOMet-Hisue monasu go murparmje Pt(Il) kommiaekca. To je o6jalrmeHo YHbEHHIIOM
Jla 0Baj KOMIUIEKC pearyje ca aTOMOM CyMIIOpa METHOHHHA TIEeT IyTa CIIOpHje Y OJHOCY Ha
[Pt(dien)CI[ xommnekc, hopmupajyhu Ha Taj Haunn Beoma ctabunny miarusa(ll)- cymmop
Be3y [130]. Hama ucrtpaxkmBama cy mokasama ga [Pt(Gly-Gly-N,N’,O)I]" kommiekc y
nopehemy ca [Pt(dien)CI] kxommiekcoM pearyje IpuOIMKHO [Ba IMyTa Opske ca aTOMOM
cymmopa MeTHOHMHCKOT octarka nunentuga MeCOMet-His [abena 9). Peaxmuja
[Pt(Gly-Gly-N,N’,O)I] xomrutekca je kuHeTnukH (haBopu3oBaHa npu uemy Hactaje Pt(l1)-S
Be3a, KOja je TePMOIMHAMUYKY Mamke cTaduiTHA Y OJTHOCY Ha oaroBapajyhy Be3y Hacrany y
peaxnuju [Pt(dien)CI] ca MeCOMet-His.ITnaruna(ll)-S Be3a nako Moxke GUTH PacKUHYTA
y TpPHUCYCTBY jakor Hykieodmia (ka0 Ha MpHUMep: THOypea, TUETHIIUTHOKapOamar,
[JIyTaTHOH, OMOTHH) nipu (usnosiomkuM ycnoBuma. Y peakiuju [Pt(Gly-Gly-N,N’,O)l]
komruiekca ca MeCOMet-Hisgonasu 10 cTporo cejgeKTHBHE HHTPAMOJIEKYJICKE MUTPAITH]je
Pt(Il) xommiekca ca aroma cymIopa METHOHMHCKOr octatka Ha N3 arom asora
WMHJIA30JI0BOT TIPCTeHa. Y Tmopehemy ca peakiujoM HHTPAMOJIEKYJICKE MUTpallnje
[Pt(dien)CI[ xommnekca [130], ucnutupana peaxuuja [Pt(Gly-Gly-N,N’,0)I]  xommnekca
ca MeCOMet-His nunentuaom je 3HaTHO Opka MpH YEeMy JI0JIa3d 0 CKOPO IMOTITYHE
koopauHarnuje N3 atoma azora xucrtuauHckor ocratka 3a Pt(ll) kommiekc (Cnuka 44).
Bpennoctu KoHcTaHTe Op3uHEe peakmuja pasauuuTux komriekca rturatuHe(ll) ca
JUraHAMMa KOjU caJipike CyMIIOp JIOHOPCKM aToM jaarte cy y Ttabemn 9. Ha ocHOBY oBHX
nojaTaka Moxe ce 3akbyunTu aa ucnutuBanu komiviekce [Pt(Gly-Gly-N,N’,O)I] " pearyje
3HATHO OpyKe ca CyMITOp-JAOHOPCKHM JMraHauma y oxHocy Ha apyre Pt(ll) xommiekce

npukazane y tabenu 9. [lopen Tora, mHTpamoJieKyJCcKka MUTpalfja OBOT KOMIUIEKCA ca
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aroma cymmnopa Ha N3 arom azora y MeCOMet-His je 3naTtHO Opka y OmHOCY Ha
murpanujy [Pt(dien)CI] xommnexca. Bpxoj peakuuju murpauuje [Pt(Gly-Gly-N,N’,0)]
KOMIUIEKCA JOIPUHOCH trans-edexar MenpoTOHOBAHOT MENTHIHOT a30Ta KOOPAMHOBAHOT
Gly-Gly nunenTuna, koju cnadbu Pt-S Besy. Ilopen Tora, Opska peakiidja MUrpaiuje OBOT
KOMIUIEKCA MOTIIOMOTHYTA j€ eNIEKTPOHETaTHBHUM KHCEOHHKOBUM aTtoMoM y [Pt(Gly-Gly-

N,N’,0)(MeCOMet-His9)] kommiekcy koju noaatHo nonapusyje Pt-Seesy (Cnuka 44).

Hcnumusarwe peaxyuja xuoporusze nenmuone eeze y MeCOMet-Gly nomohy
pasznuuumux [Pt(L)Cl,] u [Pt(L)(CBDCA-O,0’)] komnaexca

Peakiuje pasmuuntux miatuHa(ll) xomrmtekca tuna [Pt(L)Cly] u [Pt(L)(CBDCA-
0,0)] (L je erunengmamuu, en; (x)iransl,2-tmammuonmkioxekcad, dach; (x)-1,2-
nponwieHauamut, 1,2-pn; CBDCAje anjon 1,14mkno0yranankapOOKCUIIHE KUCETHHE) U
nunentuga MeCOMet-Gly cy wusydaBane mnomohy 'H NMR cnekrpockomnuje. Cae
peakiuje cy m3Bohene y 1 : 1 mosickom omnocy oarosapajyher Pt(ll) xommiekca u
nunentuaa, y ¢ocdarsom mybdepy mpu pH Bpemsoctn 7,4 u Ha 37 °C. CTpykTypHE
dopmyne wucnutuBanux Pt(ll) xommiaekca mnpukasane cy Ha ciuid 46. Y oBuM
KOMIUIEKCMMa OWJIEHTaTHO KOOpPJMHOBAaHW JauaMuHCKM Jrann (L) He momiexe

peakiifjamMa CyICTHTYIIHj€ U 3a OYEKHMBATH je Ja ocTtaje KoopaunosaH 3a Pt(ll) jor Tokom

NHp — Cl CHy _NH;  cCI NH, _cl
[ AN \[ N P
NH, Cl NH, Cl NH, cl
[Pt(en)Ch] [Pt(1,2-pn)Ch] [Pt(dach)C}]
T
NH \ CH NH NH
2. 0 2. "° 2 0
[ Pt\ /Pt\ P
NH,  O— NH, O— NH; o
o) (@]

[Pt(en)(CBDCAO,0)]  [Pt(12-pn)(CBDCAO,0)] [Pt(dach)(CBDCAO,0)]

Cauka 46. CrpykrypHe ¢opmyrne Pt(ll) xommiekca koju cy KopuimheHH Kao

XHIPOJMTHYKH areHcH y peakidjama ca MeCOMet-Gly
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peakioHor BpeMeHa. HaljeHo je ma y CBMM HCHOUTHBAaHHM peaklujama J0jla3u J0
cenexktuBHe xuaponuse Met-Gly nentunne Beze y MeCOMet-Gly nunentuny. Y oBom
pany ucnutuBad je yrumaj Cl u CBDCA? nuranaza, Kao u CTEpHH yTHIA] OUIECHTATHO
KOOpAWHOBAHOr  jauaMuHCcKor JwmraHna (L), Ha MexaHmzamM u Op3uWHY XHAPOJIU3E
MeCOMet-Gly nunentuna. JloOujeHn pe3ynTaTd OBHX HCIHTHBaWma Cy MOBE3WBAaHH Ca

MEXaHU3MOM TOKCHYHOT JieJioBamba aHTuTyMopckux Pt(Il) komruiekca.

[Ilemarcku mpHKa3 XUAPOIUTHUKHX peakmnuja Komiuiekca tuma [Pt(L)Cl] u
[Pt(L)(CBDCA-O,0")] ca MeCOMet-Gly munentugom mar je na ciuiu 47. Kaga ce
onrosapajyhu Pt(ll) kommiekc u MeCOMet-Gly qunentin nomemajy y 1 : 1 monckom
OJTHOCY, TIOJT HABEICHUM CKCIIEPUMEHTAIHUM YCJIIOBUMA, INIABHU TPOM3BO]] OKapaKTepUCaH
y pacTtBOpy HakoH 4 caTa peaknHOHOr BpeMeHa je wuuTepmeaujepun Pt(ll)-menrun
kommiekcu [Pt(L)(MeCOMet-GlyS)Cl] (3a peakuumje ca [Pt(L)Cly]) u [Pt(L)(CBDCA-
O)(MeCOMet-GlyS)]” (3a peakuuje ca [Pt(L)(CBDCA-O,0’)]). ®opmupame o0BuUX
MHTEpPMeINjepHIX IPOM3BOAA je 6p3 mpomec 1 Moxe ce mpatuti y "H NMR crektpy Ha
OCHOBY CMameHha MHTEH3UTETa CUTHaIa Ha 2,11 ppMmkoju motuye o SMETHI MPOTOHA
uekoopauHoBanor MeCOMet-GlynunenTtuna u mosehama wHTeH3UTETa cCUTrHaia Ha 2,39 -
2,56 ppm,koju oarorapa S-MeTWJI MPOTOHMMA aunentuaa koopauHoBaHor 3a Pt(ll) jou
NPEeKO aToMa CyMIIOpa METHOHHHCKOT OCTaTKa. XeMHjCKa MOMepamba OBUX CHTHAJIA 3aBUCE
on tuma Pt(Il) kommuiekca koju je ymoTpeOJbeH y HCIMTHBAHUM peakiijama. Takobe,
dopmupame wuntepmeaujepror [Pt(L)(CBDCA-O)(MeCOMet-GlyS)]  xommiekca ce
MOK€ IPATUTH Y 'H NMR CIIEKTPY Ha OCHOBY CMamhCHha HHTEH3UTETa CUTHaJIa (TpUILIeTa)
Ha 2,87 ppmsa H, u Hg merunencke nporone OunenrarHo koopauHosaHor CBDCA
muranga y [Pt(L)(CBDCA-O,0’)] xoMIiekCy W mopacta HMHTEH3WTETa HOBOI CHTHAja
(mynTumaer) Ha 2,32 PpPmM, Koju oxaroBapa oBuM mnporonnMa 3a CBDCA nurang
MOHOJIEHTaTHO KoopauHoBaH 3a Pt(Il) jon. Myntunnern koju notnay ox H, MeTuiaeHCKHX
NPOTOHA, OWJEHTATHO U MOHOJIeHTaTHO KoopauHoBaHor CBDCA nuranza, ce npekianajy
U MIPOMEHE Yy HbUXOBOM MHTEH3UTETYy HHje Moryhe KBaHTH(UKOBATH y TOKY peakxiiyje.
Takohe, panuje je HaheHO Aa y peakmujama u3Mely pa3IMuUuTHX aMHHOKHCEIIMHA, KOje Y
CTpyKTypu caapke arom cymmopa, u [Pt(CBDCA-O,0)(NH3);] xommiekca
(kapbonnamuna) nonasu A0 MOHOJCHTATHE KOOpJAWHAIMjE OBHX aMHHOKHCEIIMHA, MPEKO
atoma cymmnopa 3a Pt(ll) jou u orBapama CBDCA xenatHor npcrena [134,135].Panuja
WCIIMTHBamka Cy TOKa3ajia Ja KapOoIUlaTHHA CIOPO pearyje ca JIMraHauMa KOjH CapiKe

TUOJIHY TPYIY U Ja Cy IJIaBU MPOU3BOAU Y OBUM peakiifjama MOJIHUHYKIeapHEe KOMILIEKCHE
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BpcTe, Koje caapxke PbS, xenarnu npcreH ca atoMuma cymropa y Mocty. Melytum, oa
UCIMTHBAamka Cy IMOKa3ala Jla je peakinuja KapOOoIIaTHHE ca THOCTAPCKUM JIMTaHIUMa
3HaTHO Op’ka W Ja KOHCTaHTa Op3WHE 3a WHHIHUjaTHy ¢(a3y Kon peaknuje ca L-
metronnsOM m3Hocu k = 2,710° M™s? (pH = 7,0).Ilopex Tora, HaljeHo je na y OBHM
peakijama monasu g0 Qopmupama Beoma crabunHor [Pt(CBDCA-O)(Met-S)(NHs)o]
KOMIIIEKCa, KOju 3a BpeMe o 56 catu Ha 37 °C npenasu y [Pt(Met-S,N(NHs)2]* [135]. Y
NPUJIOT OBOME HJE M YMIbCHHUIIA Ja je W3 ypHHA MHIICBA, TPETHPAHUX KapOOIUIATHHOM,
uzonoBan Pt(Il) kommiekc koju caapku MoHoaeHTatHo koopauHoBaH CBDCA nmurang u

aToM CyMIopa u3 Tuoerapckor guranna [136].

Y oBom pany Haheno je ma wmuTepmenujepuu [Pt(L)(MeCOMet-GlyS)Cl] u
[Pt(L)(CBDCA-O)(MeCOMet-GlyS)] xomrmiekcd HHCY XHUAPOIMUTHYKHA aKTHBHH W J1a
HAaKOH CYICTUTYIH]E XJIOPHAO, OJHOCHO MOHOJeHTaTHO KoopauHoBaHor CBDCA
JWraHia, MOJIGKYJIOM BOJE OBHM KOMIUICKCH Tpelia3e y XHIPOJUTUYKH aKTUBaH
[Pt(L)(MeCOMet-GlyS)(H,0)]" xommuexc. Panmju pesynTaTé cy TOKasaaum ga akKpa
muraax y Pd(l) uw  Pt(ll) xomrmurekcuma wMa 3HadajHy yIIoOry Yy peakiHjama
PETHOCEIEKTHBHE XHIPOJIA3E MENTHIHE Be3€ Y MENTUANMA KOjU CcapKe aMUHOKHCEIHHE
L-mernonun u L-xuctuaun [54,83-85,87,116].0Ba uumeHuIla, ce y Clydajy HaIIUX
UCIUTHBAka, MOXXE O0jaCHUTH Ha OCHOBY JBa Moryha MexaHu3Ma XHIPOJIUTHUKUX
peakija Koju ¢y npukazanu Ha ciaunm 47. 1o nmpBom mexanusmy Pt(ll) jon unTeppearyje
ca aTOMOM KHMCEOHHUKa MEeNTHIHE BE3€ KOja XUIPOJIN3Yje U MoJapu3yje KapOOHWIHY TpyIy,
npu 4eMy KapOOHMJIHM YIJb€HHK TI0CTajeé MaplyjaiH0 MO3UTHBAH M IOTOJaH 3a
HYKJICO(QHIHM Hamaja MOJEKylla BOJAe M3 pactBapaua (excmepHainu mexanusam). Jpyra
MOryhHOCT je ma MOJeKya Bojie Koju je koopaumunoBan 3a Pt(ll) jom muTeppearyje ca
kapOoHmITHIM C-aTOMOM CycellHe TICNTHIHE Be3e KOja MOIeKE XUAPOIU3U (UHmepHalHU
mexanuzam). 3a XUAPOIM3Y MENTHAHE Be3e IO OBOM MEXaHHM3MYy MOJIEKYJ BOJIE
xooparHoBaH 3a Pt(Il) jon ce Mopa HanazuTu y ONM3MHH KapOOHHIHOT aToMa YrJbeHHKa

NENTHIHE Be3e KOja ce pacKuja.

VY ucnuTHBaHMM XHAPOJUTHYKMM peaknujama MeCOMet-Gly munentuga ca
[Pt(L)CI;] u [Pt(L)(CBDCA-O,0’)] komIuiekcuMma, Mo HaBEACHHUM CKCICPUMEHTATHUM
ycrnoBuma, cymcrutyrmja CI w CBDCA? jmramaza ca MOJEKyinMa BOJAC Y
[Pt(L)CI(MeCOMet-GlyS)] u [Pt(L)(CBDCA-O)(MeCOMet-GlyS)] kommiekcuma je
dasza koja ompehyje Op3uny peaknuje xuaponusze Met-Gly nmenrtuaHe Bese. Y Harem

ClTy4ajy, OBa peakiifja CylcTUTYIM]€ C€ HHj€ MOTJIa MPaTUTH ToMohy 'H NMR
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o)
HsC NH i o
o) |
o)

HC—> MeCOMet-Gly

pH 7.40 u fosfatnom puferu

t=37°C
[Pt(L)Cl]  + + [Pt(L)(CBDCA-0,0")]
(‘3 i (L=en, 1,2-pnilidach) o ¢
HSC/\\NH ﬁ HsC | NH ﬁ W
NH
, \/\O, NH\/\O’
Cl o—l | _
/S\ / S ©
HyC Pt /T pt
3 N HC PR
HoN NH; H,N NH,
O NG
[Pt(L)CI(MeCOMet-Gly-S)] [Pt(L)(CBDCA-O)(MeCOMet-GlyS)]~
‘ -CI; +H,0 - CBDCA;+ H,0 |

i
HC™ SNH o
NH\/\
o

lOHz

S—Pt—NH,
H C/
3 HN_ (L)
internalni napad eksternalni napad

Hidroliticki aktivan [Pt(L)(H,O)(MeCOMet-Gly9)]* kompleks

NH, S NH O CHs Gly
CHs
[Pt(L)(H,0)(MeCOMetS)]*

Cmmka 47. Illemarcku mnpuka3z xuapoiautuukux peakuuja MeCOMet-Gly
munentuaa y mnpucyctBy pasmmuntex  [Pt(L)Cl] u  [Pt(L)(CBDCA-0O,0")]
kommiekca (L =en, 1,2-pn u dach). Jlunentun wu oxarosapajyhu  Pt(ll)

KOMIUIEKC cy pearoBanu y 1 : 1moinckom ogHOCY
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CIIEKTPOCKOIMj€e M3 pasjgora mro ce Tpumier Ha 2,50 ppmkoju mortuue on H, u Hpg
METHJIEHCKHX IpOoTOHAa M Mynartumier Ha 1,97 ppmox H, MeTHIEHCKMX HpOTOHA
HekoopanHoBanor CBDCA nuranjga mnpekiamajy ca CHIHaaMMa Koju motudy on H,
METHJICHCKHMX IMPOTOHA KOOpauHoBaHOr juradaa. Hakonm xuaponuse [Pt(L)(MeCOMet-
Gly-9CI] wu [Pt(L)(CBDCA-O)(MeCOMet-GlyS)] kommiekca u dopmupama
xugponutuukn  aktusHOr  [Pt(L)(MeCOMet-GlyS)(H,0O)]" kommnekca, nonasu 10
packunama Met-Gly nenruane Bese (Cnuka 47). Xumposusza oBe MENTHIHE BE3E CC MOKE
MPaTUTH Y 'H NMR CHEKTPY, TaKO MITO C€ MHTEH3WTET CUTHaia Ha 3,75 - 3,78 ppnkoju
0JIrOBapa TIUIIMHCKUM ITPOTOHUMA HEXHIPOIM30BAHOT MENTHIA CMabYje, TOK HHTCH3UTET

curHaia Ha 3,55 ppMkoju moTuye o c1000AHOT TUIMHA ca BpemeHoM pacte (Cruka 48).

(a) " (b) o m
‘—__;\___J\____’ MJ-&J—&._‘..—M
\ 7 dana
“ l . “_.A‘.Mlu__.__’\ 5 dana

B
L
N N

: y T T T
ppm 3.6 3.2 bpm 3.6 3.2

s~ 1 dan

Cauka 48. BpemeHcka 3aBUCHOCT IMPOMEHE CHUTHAlIa Yy 'H NMR CIIEKTPY y
peakmuju [Pt(1,2-pn)Cl] (@) u [Pt(1,2-pn)(CBDCAO,O")] (b) xommuekca ca
MeCOMet—-Gly munentumom. Oparosapajyhu Pt(ll) komruteke u mentum cy
pearoBanu y 1 : 1mosickom oxnocy Ha pH = 7,4y 50 mM docharaom nydepy u
D,O kao pactBapauy. XeMmujcka HoMepama Cy jgara y onxHocy Ha TSP kao
pedepentan cranmapi. [IpunagHOCT CUTHAJIAa ¥ HUXOBAa XEMHjCKa MOMEpama Cy
o3HaueHn Ha cinenchu wauwn: (¢) GlyCH, ma 3,76 ppmy MeCOMet-Gly

nunentuay; (m) GlyCH, na 3,55 ppmeiao6oasor riuipna
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JlonaTkoM IIIMIMHA Y PEaKIMOHY CMEIly J10Jia3u 10 NoBehamka MHTCH3UTETa CUTHAIA Ha
3,55 ppm,dunmMe je jacHO MOTBpHEHO Ja OBaj CUTHAN MOTHYE O CIOOOTHOT TIIHMIIUHA.
Jlpyrn mpowusBoj xuaponuse y oBoj peakuuju je [Pt(L)(MeCOMetS)(H,0)]" xommuekc
koju canpxku N-ametwsioBaHu L-MeTHOHMH, MOHOACHTAaTHO KOOPAMHOBAH MPEKO aToMa
cymrnopa 3a Pt(ll) jon. Takohe, oBaj kommuiekc ce ¢opMmupa Kaga ce IOMeIIajy
eKBUMonapHe KoumamHe oxrosapajyher [Pt(L)(H20)s]** xommiekca u N-amermmoBaror
L-metnonnna (MeCOMet), ynmMe ce AMPEKTHO TMOTBphyje IEroBo rpaheme vy
UCIIUTHBAHUM pEaKifjama.

W3 onmHoca WHTerpaia CurHajia cjI00OJHOT MIIMIMHA W CHTHala KOjU OJroBapa
novetHoj koHueHtpaiuju MeCOMet-Gly uspauynar je npouenar xunponuse Met-Gly
nentuade Bese. Karamurnuka crocobnoct [Pt(L)Cly] u [Pt(L)(CBDCA-O,0’)] xomiiekca
y HWCIHUTHBAHO] peakuuju je ojapeheHa wu3padyHaBambeM MPOIEHTA XHUIPOIU30BAHOT
MeCOMet-Gly y Toky BpeMeHa, MMOJ HaBEACHUM CKCIICPUMEHTAIIHUM YyCJIOBUMA.
Konnenrpanuja ciio001HOT ¥ XUAPOIU3OBAHOT JUIETITHAA je oapehuBana cBakux 4 cara u
peakiuja je mpahena y Toky 7 qaHa. BpemerHcka 3aBucHOCT peakiuje xuapoiause Met-Gly
nentuaHe Bese y peakijama MeCOMet-Gly nunentuna ca [Pt(L)Cly] u [Pt(L)(CBDCA-
0,0’)] kommuiekcuMa je mpukasaHa Ha ciauiu 49. YV peaknujama CBUX HCIHUTHBAHUX
xnopugo- 1 CBDCA-Pt(Il) xomriekca Op3uHa Xxuaponuse nentuia omana y cienchem
au3y. en > 1,2-pn > dachCfiuka 49; Ta6ena 11). Takohe, y oBOM paay BpIIECHO je
nopeheme BpeanocTu 3a op3uny xuaponnze MeCOMet-Glyy peaknujama ca [Pt(L)Cly] u
[Pt(L)(CBDCA-O,0’)] xomiuiekcuma, KOjU Caap)Ke WUCTH XEJIaTHU TUAMUHCKU JIUTaH]I.
Yrpheno je ma cy [Pt(L)Cl] xommuexcu Gosbm katanmusatopu xuupposuze Met-Gly
nenTuaHe Bese y oanocy Ha oarosapajyhe [Pt(L)(CBDCA-O,0")] kommiekce (Cauka 49;
Tabema 11). Pasiuke y peakTHBHOCTH OBHMX KOMILIEKCA MOTY C€ MPHUIIMCATH Pa3InIHUTO]
CTaOMIIHOCTH HHHXOBHX HHTEepMeaujepuux mpoussonaa, [Pt(L)(MeCOMet-GlyS)Cl] wu
[Pt(L)(CBDCA-O)(MeCOMet-Gly9)] . Beoma cTabunan WHTEPMEIUjEPHH
[Pt(L)(CBDCA-O)(MeCOMet-GlyS)]| xomimiekc u cropa CyINCTUTYIHMja MOHOIACHTATHO
koopauaoBanor CBDCA nuranaa moJiekyauMa Bojie je (hakTop KOju JOMPUHOCH CIIOPH]O]
peakiuju xuaponuse y omnocy Ha oarosapajyhu [Pt(L)Cly] xommuekc. Takohe, oBu
pe3yiTaTH Cy Yy carjlacHOCTH ca paHujuM pesynratuma 3a peaximje CiS-[PtClh(NHs),]
KOMILIEKCa ca pa3inyuTuM N-aleTHIOBaHUM MENTHIUMA, KOjU caapxe L-MeTHoHuH, Te
je Hal)eHO nma AoJa3W 0 BeoMa CIOpe peakIivje XHIPOJIM3E IMENTHIHE Be3e Kajaa ce OBE

peakiiyje u3Boje y HeyTpaiHoj U citabo 6asnoj cpeaunn (7,0< pH< 9,5) [26,62,64,67].
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Cauka 49. BpemeHcka 3aBUCHOCT peakiiije xuaponuze Met—Gly nentuane Bese y
MeCOMet—-Gly munentuay y peakumju ca pammuutam [Pt(L)Cl] (@) u
[Pt(L)(CBDCA-O,0"] (b) xommuekcuma (L = ermnenmuamun, en (1); (£)-1,2-
nponwieHauamus, 1,2-pn (2); (x)-trans-1,2-muamunornmkioxekcad, dach (3); u

CBDCA =anjon 1,14mkmo0yTananKapOOKCHUITHE KUCCITHHE)

VY 3aKkJbyuKy OBUX HCIUTHBama Moxe ce pehu na, npu (pU3HONOMKUM yCIOBUMA
(pH = 7,4u 37 °C), nonasu 1o cenektuBHe xuaponmse Met-Gly mentunHe Bese y

peakijama MeCOMet-Gly mumentuma ca [Pt(L)Cl)] u [Pt(L)(CBDCA-O,0)]
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Ta6ena 11. [Ipouenat [%)] xuaponuse nentuane Beze y MeCOMet-GlynunenTtuny y Toky
peakije ca [Pt(L)Cl)] u [Pt(L)(CBDCA-O,0’)] komrmuiekcumMa HakoH 2 W 7 JaHa
peakimoHor BpemMeHa Ha pH = 7,4y 50 mM ¢ochataom mydepy u Ha 37 °C

[Mporenar [%] xuaponuzoane Met-Gly Bese
[Tnatuna(ll) Komraekc

Hakon 2 nana Haxon 7 nana
[Pt(en)C}] 24,0 90,0
[Pt(en)(CBDCAO,O)] 8,6 60,4
[Pt(1,2-pn)CY] 20,0 60,0
[Pt(1,2-pn)(CBDCAO,O)] 8,0 32,0
[Pt(dach)Cj] 7,5 55,0
[Pt(dach)(CBDCAO,0)] 0 254

Komruiekcuma. Xuaponusza Met-Gly mentuane Bese je crmop mporec y KOME Y4ecTBYje
WHTEPMEIU]ePHH [Pt(L)(MeCOMet-GlyS)(H,0)]" KOMILJICKC. dopmupame
UHTEpMEIUjepHOr aKBa Komiuiekca oja oxarosapajyher [Pt(L)(MeCOMet-GlyS)Cl],
omnocuo [Pt(L)(CBDCA-O)(MeCOMet-GlyS)]” kommiekca, je dasza koja oapehyje
Op3uny xuaponutuuke peakiuje MeCOMet-Gly munentuma. Beha crabumHOCT
untepmenujepuor [Pt(L)(CBDCA-O)(MeCOMet-GlyS)| komriuiekca, y OmHOCY Ha
onrosapajyhu [Pt(L)(MeCOMet-GlyS)Cl] kommuieke, je y carflaCHOCTH ca YMEECHUIIOM Ja
je cyncrurynuja CBDCA nuranga MonekysioM Bojae W (GOpPMHUPAmE XUAPOTHTHUKH
aktuHor [Pt(L)(MeCOMet-GlyS)(H,O)]" kommiekca Beoma crop mporec. Pesynratu
koju mokasyjy aa Pt(ll) xommuekcm Mory na XuAponH3yjy NENTHIE KOjH CcalpiKe
AMHHOKHUCENIMHY L-MeTHOHUH, mpu (QU3HOJIOMIKKUM ycioBuMa PH u TemmepaTtype, Mory
Oout ox 3Hayaja 3a OoJbe pazyMmeBame TOKCHYHOT edekra antuTymopckux Pt(ll)
Komruiekca. Takole, mokasaHo je maa ce crepHoM MoaubukaijoMm komiuiekca miaruae(ll)
MOXKE YCIIOPHUTH peakilfja XHIPOoJIU3e MEeNTHIHE Be3e KOoja YKIbYdyje KapOOKCHIIHY TPYyIy
L-mernonunna. OBU pe3yiaTaTd MOy OUTH O]l 3Hayaja KOJ CHHTE3¢ HOBHUX KOMILIEKCA
IUIaTHHE KOju he moTeHmumjanHo uMaTi Behy aHTUTYMOPCKY aKTHBHOCT U Mambe¢ TOKCUYHO

IEJIOBAILE.
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4.2 3AKJbYYAK

V peakmujama [Pd(dpa)Cl] u [Pd(dpa)(HO),]** kommekca ca Met-Gly u His-Gly
munentuauMma, y PH obmactu on 2,0 no 2,5 Ha coOHOj TemmepaTypH, HE JoJla3u IO
XUApoIM3e menTuaHe Bese. Kpajmu nponssog oBux peaxiuja je [Pd(dpa)]®* xommiexc
Koa Kora cy aBa dpanuranga OugenraTtHo koopaumHoBana 3a Pd(Il) jon. KsamparHo-
IUIaHAapHA CTPYKTypa OBOI KOMIUIEKCa je TOTBpheHa MOMONYy peHAreHOCTPYKTYpHE
aHajm3e. Y peakiMju OBUX KoMIulekca ca N-alleTHIOBaHMM JepUBaTHMa OBHX IENTHIA
(MeCOHis-Glyu MeCOMet-Gly) nonasu no cenekruue xumponuze Met-Gly mentuane
Beze. OxcycrBo xuaponuse His-Gly mentuane Beze y MeCOHis-Gly mentuay je
nocienuiia crepror yrunaja [Pd(dpa)Cl] u [Pd(dpa)(HO),] * xomIuIekca.

V peaxuuju [Pd(L)(H20):]?* kommrekca (L je GumentaTHo koopamHoBan dpa, pic
win ensmrana) ca N-anetuinoBanum nentugom MeCOMet-Gly-Gly,y pH o6nactu ox 2,0
1o 2,5u Ha TemmepaTypu on 60 °C, mo1a3u 10 CeJICKTHBHE xuaponuze Met-Gly nenruaae
Be3e. bp3WHa Xwuaponm3e OBe MENTUAHE Be3e 3aBUCH OJf NPUPOJE OWICHTATHO
KOOPJMHOBAHOT JUaMUHCKOT Juranaa (en > pic > dpa)Mehyrum, ucnuruBaHa peaxiuja
xugponmze MeCOGly—Met—Gly tpunentuna y mnpucyctBy nomenyra tpu Pd(ll)
KOMIUIEKCa, TIPU HABEJCHUM EKCICPUMEHTATHUM YCJIOBHUMA, HUje CEJICKTHBHA MPU YEMY
xuaponusyjy Met—Glyu MeCO-Glynenruane Bese.

V peakumjama [M(en)(H0)]?* kommmexca (M = Pd(ll) wm Pt(ll)) ca
terpanentugoMm MeCOMet-Gly-His-GlyNH, y pH o6mactu ox 1,5 mo 2,0 u Ha
temmneparypu o 60 °C, cenektuBHO xuaponusyje Met-Gly nentuana Be3a. Y peakiuju
[PA(L)(H,0),]*" kommiekca (L je GumentaTHo KoopauHOoBaH dpa, piCuin enimrasxn) ca
[Pt(dien)(MeCOMet-Gly-His-GlyNH-9]** nonasu xo xuaponuse His-GlyNH, nentunne
Bese. Bpsmma xumpommse [Pt(dien)(MeCOMet-Gly-His-GlyNH#S)]** v peakiumju ca
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[Pd(en)(HO),]*" kommekcoM je Beha 01 GP3MHE XUAPOIH3E OBOT CYNCTPATA y PEaKIHjH
ca [Pd(pic)(H0):]*", mok je y ciayuajy peakumje [Pt(dien)(MeCOMet-Gly-His-GlyNk
9]?* ca [Pd(dpa)(HO),]*" KoMILIeKCOM BeroBa XMAPOIH3a MOTIYHO HHXUOUpAHA.

Y  peakije  monodyukimonamHor  [Pt(Gly-Gly-N,N’,O)I]" kommiekca ca
MeCOMet-His,npu ¢usnonomkum ycinoBuma PH u Temneparype, nacraje [Pt(Gly-Gly-
N,N’,0)(MeCOMet-His-S)] komruiekc. Y apyroj ¢dasu OBe peakiuje Ioja3ud 0
cenektuBHe wmHTpamoiekyiacke murparuje [Pt(Gly-Gly-N,N’,0)] xommiaekca ca aroma
cymrnopa Ha N3 aToMm a30Ta WMHIA30JI0BOT MPCTEHA W3 XUCTHAWHA, TIPU Y€MY HacCTaje
[Pt(Gly-Gly-N,N’,0)(MeCOMet-HisN3)| komriekc.

VY peakuuju MeCOMet-Gly nunentuna ca [Pt(L)Cly] u [Pt(L)(CBDCA-O,0’)]
kommiekcuma (L je en, dacha 1,2-pn; CBDCAje anjon 1,14ukino0yTaHaukapOOKCHITHE
KUCeNHMHe), Tpu (usnosnomkuM ycmoBuma PH u Temmeparype, jojia3d 10 BeoMma CIope
xugponuze Met—Gly mentunne Bese. Xuaponum3u oBe Be3e mpeTxoan (HopMHpame
xugponutuukn  aktuHor  [Pt(L)(MeCOMet—Gly-S)(H,0)]" xommnekca. Peaxmuja
xuaponmnze MeCOMet—Glyaunentuaa je Opka y cinydajy Pt(ll) komrutekca koju caapixke
XJopua0 aurasa y oxHocy Ha oxarosapajyhe Pt(ll) xommiekce ca CBDCA nuranmowm.
bp3una xuaponuse mentuaa omaga ca noehameM crepHOr edekra komruiekca Pt(ll) y
HU3y en > 1,2-pn > dach.

JloObujeHn pe3ynaTaTd y OKBHPY OBE€ JOKTOPCKE JHCEpTaIfje MPeacTaBibajy
OPUTHHAIIHU HAy4YHH JOTPUHOC M3y4YaBalky MEXaHWU3Ma CEJICKTHBHE XHUJPOJIH3E MENTHIa
KOju y OOYHOM HHU3Y caJpKe€ aMuHOKucennHe L-metwonnH u L-xuctuamH mnomohy
komruiekca Pt(ll) u Pd(Il) kao karanutnukux areHaca. Pe3yiararu u3 oBe aucepraiuje cy
0J1 3HaYaja 3a CHHTE3y HOBUX KOMILIEKCA MpEeIa3HuX MeTaja KOjU Ce MOTEHIIUjaTHO MOTY
NPUMEHUTH KAa0 CHHTETHYKE METAJONENTHa3e 3a CEIICKTUBHY XHIPOIH3Y NeNTHia H
NpOTeHHA Yy IHJbY ojapehuBama WUXOBE cloxeHe CTpykType. Ilopenm Tora, pesynrartu
JOTIPUHOCE O00jallikbelhby MEeXaHH3Ma TOKCHYHOT JICJIOBalkba aHTUTYMOPCKHX KOMILIEKCA
wiatuHe W y OyayhHocTH Mory OMTH OJf 3Hayaja 3a CHHTE3Y HOBOT aHTUTYMOPCKOT
KOMILIEKCa TUIaTHHE KOju he mMmaru Behy aHTUTYMOPCKY aKTHBHOCT M Mambe¢ TOKCHYHO

IEJIOBAILE.
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BUOI'PADPUJA

Mapuja JI. Kuskosuh pohena je 10. 04. 1979roaune y Kparyjesiy.
OcnoBuy mkony u IIpBy KparyjeBauky TMMHa3Wjy 3aBpIlInia je y
Kparyjesuy. Ha Ilpupomno-marematnuku ¢akynrer y Kparyjesmy,
rpyna Xemuja, CME€p HCTPAXUBAKHE M Pa3B0j, yMHcala CE IIKOJICKE

1998/99. rogune, rae je u auruiomupana, jyaa 2004. roguue, ca

npoceyHoM otieHoM 8,79.Ha nocnenumuiomcke cryauje Ha [IpupogHo-
MaremMatudkoMm ¢akyarery y Kparyjepuy (cmep Heoprancka xemuja) ymucana ce 2004.
TOJMHE, a MarucrapcKky Te3y ToJ HaclioBoM ~Hcnumueare peaxyuja MemuoHun-
iuyuna u xucmuoun-ziuyuna ca nexkum nanaoujym(l1) komnnexcuma’ onbpanuna je
2007 .ronune, mog MEHTOpCcTBOM Tipodecopa ap Mwuoma U. Bypana.

baBu ce uCcTpaKUBauKMM paioM y O0JIACTH MCIUTHBAKka WHTEPAKIIMja KOMILIEKCa
nanaaujyma(ll) u maarune(ll) ca paznuuuTrM OGHOJIONIKK 3HAYAJHUM JIMTAHIUMA. Y 3Barbe
acuCTeHTa 3a YXy Hay4yHy oOnact Heoprancka xemwja, y MHCTHTYTY 3a XeMH]y Ha
[Ipupoano-maremarnukom dakynrety y Kparyjesity, uzabpana je 2009.ronune, u 1o cana
je ca ycrexoMm W3BOJMJIA CKCIIEPUMEHTAHY HACTaBy W3 BHIIE IpeJMeTa Ha OCHOBHUM
cTryaujamMa xemuje. AnraxxoBana je Ha mpojexty ([Ipojexkar 172036) koju (dunaHcHpa
MunuctapcTBo ipocBete u Hayke Penmyoiuke CpOuje.

VY Toky nokTopckux cryauja, oktobpa 2011.romuue, OopaBuia je Mecer| JaHa y
Wucturyry 3a Omoxemujy u Omodpusuky Ilosbcke akanemuje Hayka U yMETHOCTH Y

Bapmasu (I[Tosbcka).
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Abstract

'"H NMR spectroscopy was applied to study the reactions of palladium(II) complexes, cis-[Pd(dpa)Cl,] and cis-[Pd(dpa)(HQO)z]2+
(dpa is 2,2'-dipyridylamine acting as a bidentate ligand) with the dipeptides methionylglycine (Met-Gly) and histidylglycine (His-
Gly), and the N-acetylated derivatives of these dipeptides, MeCOMet-Gly and MeCOHis-Gly. All reactions were carried out in the
pH range 2.0-2.5 with equimolar amounts of the palladium(II) complex and the peptide at two different temperatures, 25 and 60 °C.
In the reactions of cis-[Pd(dpa)Cl,] and cis-[Pd(dpa)(H,0),*" with Met-Gly and His-Gly, no hydrolysis of the peptide bond was
observed. The final product in these reactions was the [Pd(dpa),]** complex. The square-planar structure of this complex was confirmed
by X-ray analysis. The reaction of the cis-[Pd(dpa)(H,O),F" complex with the MeCOHis-Gly and MeCOMet-Gly peptides under the
previously mentioned experimental conditions was remarkably selective in the cleavage of the amide bond involving the carboxylic group
of methionine in the side chain. The modes of coordination of cis-[Pd(dpa)Cl,] and cis-[Pd(dpa)(H,O),J*" in the reactions with the non-
acetylated peptides and the total steric inhibition of the hydrolytic reaction between cis-[Pd(dpa)(Hzo)z]2+ and MeCOHis-Gly can be
attributed to the steric bulk of the palladium(II) complex. This finding should be taken into consideration in designing new palladium(II)
complexes for the regioselective cleavage of peptides and proteins.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Methionine; Histidine; Peptides; Palladium(II); Catalyst; Hydrolysis

1. Introduction

During the last 10 years, hydrolytic reactions between
various palladium(Il) complexes of the type cis-[Pd(L)-
(H,0),]*", in which L is a bidentate ligand, preferably a
diamine ligand, and methionine- and histidine-containing
peptides have been extensively investigated [1-8]. It was
found that these Pd(II) complexes spontancously bind to

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

0277-5387/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.poly.2006.11.048

the side chains of the methionine and histidine residues
and effect hydrolytic cleavage of short peptides with half-
lives ranging from several hours to several minutes. Addi-
tionally, it was also found that the cis configuration of
two water molecules and a very stable chelating diamine
ligand (L) in cis-[Pd(L)(H,0),*" complexes are very suit-
able for the study of the mechanism of these regioselective
hydrolytic reactions. In spite of the numerous results
obtained recently, the very complicated mechanism of these
hydrolytic reactions has yet to be completely understood.
For clarification of this mechanism, investigations on the
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influence of different factors, such as pH, temperature, sol-
vent, catalyst and the steric effects of the substrate, on this
hydrolytic reaction were shown to be necessary.

In recent years, the steric influence of the palladium(II)
catalyst on the rate of hydrolytic cleavage of the amide
bond in histidine- and methionine-containing peptides
has been the subject of very broad investigations [3,5,6,8].
It was found that in the reaction between MeCOHis-Gly
and different cis-[Pd(L)(H,0),]*" complexes (L is ethylene-
diamine, en; 1,2-propylenediamine, 1,2-pn; N-methylethy-
lenediamine, Meen; isobutylenediamine, ibn; or N,N,N’,-
N’-tetramethylethylenediamine, Meyen, acting as a biden-
tate ligand) in the pH range 2.0-2.5 and at 60 °C, the rate
of the regioselective cleavage of the amide bond involving
the carboxylic group of histidine decreases as the steric
bulk of the palladium(II) complex increases (en> 1,2-
pn > Meen > ibn > Meyen) [5]. The observed rates of
hydrolytic reaction were investigated in terms of steric hin-
drance of the chelating diamine on the palladium(II) com-
plexes and the results showed that with increasing number
of methyl groups at the nitrogen or carbon atom of the che-
lated diamine ligand, the number of hydrolyzed His-Gly
peptide bonds in MeCOHis-Gly decreased. For example,
the reaction between cis-[Pd(en)(H,0),*" and this peptide
after 48 h at 60 °C was two times faster in comparison with
cis-[Pd(Meyen)(H>0),F", and one and a half times faster in
relation to cis-[Pd(ibn)(H,0),*". The results for MeCO-
His-Gly peptide are not in accordance with those obtained
for MeCOMet-Gly peptide and palladium(II) complexes
containing different chelated diamine ligands (en, 1,2-pn,
ibn, 1,2-dach, Meen and Megen) [8]. The rate of the hydro-
lysis of the Met-Gly amide bond was approximately the
same and the amount of the hydrolyzed MeCOMet-Gly
peptide was between 80% and 88% after 4 h. This was
explained by the existence of the same catalytically active
form in the reaction of cis-[Pd(L)(H,0),*" complexes with
MeCOMet-Gly peptide complex obtained by the replace-
ment of the chelated diamine ligand from the initially
formed binuclear palladium(II)-peptide complex. Giving
importance to recent results with sterically crowded cis-
[PA(L)(H,0),]** complexes and histidine- and methio-
nine-containing peptides and the different effects of these
complexes on the rate of hydrolytic cleavage of the amide
bonds in these peptides, it seemed reasonable to further
investigate the reactions of these peptides with new cis-
[PA(L)(H,0),F" type complexes. The main aim of these
investigations was to design a new palladium(II) complex
capable of the regioselective cleavage of the amide bond
in peptides containing both methionine and histidine
amino acids in the side chains.

In the present study, -cis-[Pd(dpa)Cl,] and cis-
[Pd(dpa)(H,0),*" complexes (dpa is 2,2’-dipyridylamine)
were synthesized and employed to investigate their reac-
tions with the dipeptides Met-Gly and His-Gly, and also
the reactions of the cis-[Pd(dpa)(H,0),*" complex with
the N-acetylated derivatives of these peptides, MeCOMet-
Gly and MeCOHis-Gly. '"H NMR study of the regioselec-

tive hydrolytic cleavage of the amide bond in only the
MeCOMet-Gly peptide and the absence of this hydrolytic
reaction with the other investigated peptides are promising
and may help in the development of new palladium(II)
complexes as artificial metallopeptidases.

2. Experimental
2.1. Reagents

Distilled water was demineralized and purified to a resis-
tance greater than 10 MQ cm~!. The compounds D0,
DNO;, NaOD, (CD3),S0O, 2,2'-dipyridylamine (dpa),
K,PdCl; were obtained from the Aldrich Chemical Co.
All common chemicals were of reagent grade. The dipep-
tides methionylglycine (Met-Gly) and histidylglycine (His-
Gly) were obtained from the Sigma Chemical Co. The ter-
minal amino group in the peptides was acetylated by stan-
dard methods [9].

2.2. Synthesis of cis-dichloro(2,2'-
dipyridylamine ) palladium(1I), cis-[Pd(dpa)Cl]

The cis-[Pd(dpa)Cl,] complex was prepared by a modifi-
cation of a method described in the literature [10]. K,PdCl,
(0.2000 g, 0.61 x 10~*mol) was dissolved in 25cm’® of
water, and to this solution an equivalent amount of 2,2'-
dipyridylamine (0.1049 g; 0.61 x 10~ mol) was added.
The pH of the solution was adjusted to ca. 3 by the addi-
tion of 1 M HCI, which was followed by refluxing for
5 h. If the pH was carefully controlled, a clear color change
from brown to yellow was observed during this time. The
obtained yellow solution was left overnight at room tem-
perature. The crystals of cis-[Pd(dpa)Cl,] were removed
by filtration, washed with a small amount of water, and
air dried. Yield 0.1922 g (90%). Anal. Calc. for cis-
[Pd(dpa)Cl,=C1oHoCLLN3Pd (FW = 348.52): C, 34.46; H,
2.60; N, 12.06%. Found: C, 34.35; H, 2.70; N, 12.02%.
'"H NMR ((CDs),SO, 200 MHz); § 7.15 (t, H5); 6 7.27
(d, H3); 6 7.96 (t, H4); ¢ 8.58 (dd, H6); ¢ 11.12 (s, H-N);
13C NMR ((CD3),S0, 200 MHz); & 114.09 (C4); o 119.01
(C5); 0 141.33 (C3); 6 149.44 (C6); 6 150.83 (C2).

2.3. Synthesis of cis-diaqua(2,2’-
dipyridylamine )palladium(II), cis-[Pd(dpa)(H>0),]**

Because all the solutions were made in D,0, all the aqua
ligands actually were D,O. However, for simplicity and
consistency with our previous publications, we show the
D,0 ligands as H,O. The cis-[Pd(dpa)(H,0),]*" was pre-
pared from the corresponding chloro complex in the same
manner as described in the literature for the preparation of
similar Pd(IT) aqua complexes [11,12]. The cis-[Pd(dpa)Cl,]
complex was treated in D,O solution with the appropriate
amount of AgNOj;. The Pd(II) complex and AgNO; were
mixed in a molar ratio of 1:1.95. The mixture was stirred
at room temperature in the dark for up to 24 h. The precip-



M.D. Zivkovié et al. | Polyhedron 26 (2007) 1541—1549

itated AgCl was removed and the filtrate containing cis-

[Pd(dpa)(H,0),F" was stored in a refrigerator until used
for reaction with the dipeptides.

2.4. Synthesis of bis(2,2'-dipyridylamine ) palladium (11)
dichloride tetrahydrate, [Pd(dpa),]CL -4H,0

The schematic presentation of the reaction for the syn-
thesis of the cis-[Pd(dpa),]Cl, - 4H,O complex is given in
Fig. 1. The dipeptide Met-Gly (0.0300 g, 1.45 x 10~* mol)
was dissolved in 4 cm’of water and solid cis-[Pd(dpa)Cl,]
(0.0507 g, 1.45x 10 *mol) was added to this solution.
The pH of the solution was adjusted to ca. 2.4 by the addi-
tion of 1 M HCI and then mixture was stirred at 60 °C for
4 h. The precipitate of the unreacted cis-[Pd(dpa)Cl,] was
removed, and the filtrate was left in a refrigerator for sev-

“ )
X N cl
HN \Pd<
= N/ Cl
« \
_ _ 2+
Z | HyC

HaC 2+
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eral days. The light yellow crystals of [Pd(dpa),]Cl, - 4H,O
were removed by filtration, washed with a small amount of
ethanol, and air-dried. Yield 0.0343 g (40%). Anal. Calc.
for [Pd(dpa)z]Clz . 4H20 = C20H26C12N604Pd (FW =
591.77): C, 40.59; H, 4.43; N, 14.20%. Found: C, 40.06;
H, 4.54; N, 14.12%. Spectral characterization: 'H NMR
(D»0O, 200 MHz); 6 7.13 (t, HS), 6 7.46 (d, H3); 0 7.61 (d,
H4), 6 8.05 (m, H6): *C NMR (D,O, 200 MHz); ¢

119.41 (C4); § 125.10 (C5); § 146.59 (C3); § 153.48 (C6);
5 155.58 (C2).

2.5. Measurements
All pH measurements were made at 25°C. The pH

meter (Iskra MA 5704) was calibrated with Fischer certi-
fied buffer solutions of pH 4.00. The results were not cor-

(0]
I
H2N—(IJH—C—NH—CHTCOOH

e

i

S

SCH,

20<pH<25
t=60°C
i 7
L
\ X N ol
‘: HN \pd '+ 2cr
| |
‘ 7 N/ cl |
! |
7 . ‘,
l\ unreacted (50%) |
" I
| + |
! \
| H :
| \=N |
Lo 3
7 ‘ — 2+
|
N N\ /N P
HN /Pd\ 2cr

N | -

1c

Fig. 1. The reaction scheme between cis-[Pd(dpa)Cl,] and the Met-Gly peptide in the pH range 2.0 < pH < 2.5 and at 60 °C with the [Pd(dpa),]CL, - 4H,O

complex as the final product.
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rected for the deuterium isotope effect. The 'H NMR spec-
tra of D,O solutions containing TSP (3-trimethylsilylpro-
pane-1-sulfonate) as the internal reference were recorded
with a Varian Gemini 200 spectrometer. Elemental micro-
analyses for carbon, hydrogen, and nitrogen were done at
the Faculty of Chemistry, University of Belgrade.

2.6. Crystal structure determination of the
[Pd(dpa),]CL - 4H>0 complex

The crystal data of the [Pd(dpa),]Cl, - 4H,O complex,
and the parameters of data collection are summarized in
Table 1. The intensity data were measured on a light
yellow, plate-like crystal of dimensions 0.25x0.15 X
0.05 mm with a KM4CCD kappa-geometry diffractometer
[13] using graphite-monochromated Mo Ko radiation
(A=10.71073 A) at ambient temperature, up to the 0 value
of 25°. The structure was solved by direct methods using
SHELxS-86 [14] and refined by least-squares techniques with
SHELXL-97 [15]. The intensity data were corrected for Lp
effects as well as for absorption. Anisotropic thermal
parameters were employed for the non-hydrogen atoms.
The hydrogen atoms connected to carbon atoms were
placed at the calculated positions while those attached to
the water oxygen atoms and the nitrogen atom were
located on the subsequent difference Fourier maps. The
O-H and N-H bond lengths were standardized to values
of 0.85 and 0.90 A, respectively. All hydrogen atoms were
allowed to ride on the atoms to which they were attached
and their isotropic displacement parameters were given val-
ues 30% higher than the isotropic equivalent for the atom
to which the H-atom was bonded. A Siemens Stereochem-
ical Workstation was used to prepare the drawings [16].

Table 1
Crystallographic data collection and structure refinement information

Compound [Pd(dpa),]Cl, - 4H,O
Chemical formula C,oH,6C1NgO4Pd
Chemical formula weight 591.77
Crystal system monoclinic
Space group C2/c

a(A) 15.8539(11)
b (A) 7.7580(6)
c(A) 20.5302(12)
B(°) 107.563(6)
V(A% 2407.4(3)
Z 4

Deare (Mgm™) 1.633
Absorption coefficient (mm™") 1.032
Number of measured reflections 12500
Number of independent reflections 2137
Number of observed reflections 1705

R [F? > 20(F)] 0.0360

WR (F?) 0.0852

N 1.096
Apmax (6 A7) 1.125
Apmin (¢ A7) ~0.426

3. Results and discussion

'"H NMR spectroscopy was applied to study the reac-
tions of the palladium(II) complexes, cis-[Pd(dpa)Cl,] and
cis-[Pd(dpa)(H,0),*" (dpa is a bidentate 2,2'-dipyridyl-
amine) with the dipeptides methionylglycine (Met-Gly)
and histidylglycine (His-Gly), and the reactions of cis-
[Pd(dpa)(H,O)," with the N-acetylated derivatives of
these dipeptides, MeCOMet-Gly and MeCOHis-Gly. All
reactions were carried out with equimolar amounts of the
palladium(II) complex and the peptide in the pH range
2.0-2.5 and at two different temperatures, 25 and 60 °C.
As was shown in previous studies [1-3,17], acidic solutions
are needed to suppress the formation of hydroxo-bridged
oligomeric palladium(II) complexes, which are catalytically
inactive.

3.1. Reactions of the cis-[ Pd(dpa)CL ] and cis-
[Pd(dpa)(H-0),]*" complexes with Met-Gly and His-Gly

In the reactions between cis-[Pd(dpa)Cl,] and cis-
[Pd(dpa)(H,0),F" and the peptides Met-Gly or His-Gly,
no hydrolysis of the peptide bond was observed in the
pH range 2.0-2.5, neither at 25 °C, nor at 60 °C. The signal
at 3.80 ppm for the methylene protons of the free glycine
did not appear in the "H NMR spectrum even after the
reaction mixture had been kept at 60 °C for 7 days. Upon
addition of glycine to the reaction mixture, its resonance at
the above mentioned chemical shift appeared immediately.
The reaction scheme between cis-[Pd(dpa)Cl,] and Met-Gly
is given in Fig. 1. A similar reaction pathway can be pre-
sumed for the reaction of cis-[Pd(dpa)(H,0),]** with this
peptide, or any of these two palladium(II) complexes with
the His-Gly peptide. As can be seen from Fig. 1, one of the
final products in these reactions is the square-planar
[Pd(dpa),*" complex (1¢). The preparation of this complex
starting from cis-[Pd(dpa)Cl,] and the Met-Gly peptide has
been described in the experimental part of this paper and
the crystal structure of [Pd(dpa),]Cl, - 4H,O was confirmed
by X-ray diffraction. The absence of hydrolysis of the pep-
tide bond in the reactions between the Pd(II) complexes
and Met-Gly, or His-Gly peptides is in accordance with
previous results obtained for the Pd(II) complexes and
Met-X or His-X peptides (X is an aliphatic amino acid)
containing a non-acetylated N-terminal amino group [7].
The final product in these reactions was an extremely stable
palladium(IT)-peptide complex in which the Pd(II) ion is
bound through the sulfur donor atom of methionine, or
the N3 imidazole nitrogen atom of histidine, and the nitro-
gen atom of the N-terminal amino group [18]. This mode of
coordination holds the Pd(II) complex away from the
downstream peptide bond and prevents its cleavage. It is
well established that for the cleavage of the peptide bond
involving the carboxylic group of histidine, or methionine,
in the His-X and Met-X peptides, it is always necessary to
protect their N-terminus amino group [1-3,7].
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When an equimolar amount of cis-[Pd(dpa)Cl,] was
incubated with Met-Gly at 2.0 <pH < 2.5 and at 60 °C,
the intermediate palladium(Il)-peptide complex la was
formed (Fig. 1). In this complex, the peptide is bidentate
coordinated to the Pd(II) ion via the methionine sulfur
atom and the N-terminal amino group. In the reaction with
His-Gly, the bidentate coordination of this peptide occurs
through the N3 imidazole nitrogen atom and the N-termi-
nal amino group. The coordination of the Pd(II) ion to the
methionine sulfur atom can easily be detected in the 'H
NMR spectrum. The signal at 2.14 ppm for the CH3-S
protons of the free Met-Gly was decreased, while the signal
at 2.54 ppm, corresponding to these protons of the peptide
bound to Pd(II) ion through the sulfur atom, appeared in
the spectrum. The amount of the palladium(II)-peptide
complex 1a formed in this reaction was calculated by inte-
gration of these two signals. This reaction was rather slow,
what is opposed to previous results and the well established
high affinity of Pt(Il) and Pd(II) ions for sulfur-containing
ligands [19,20]. The inhibition of this reaction is addition-
ally supported by the steric hindrance between the dpa
ligand and the entering Met-Gly peptide in the square-pla-
nar [Pd(dpa)(Met-Gly-S,N)*" complex 1a. Approximately
50% of the cis-[Pd(dpa)Cl,] complex had reacted after 2 h
at 60 °C. When this reaction was carried out at 25 °C, less
than 50% of the complex had reacted after more than 12 h.
The next step after the formation of the complex 1a is the
release of the dpa ligand from palladium(II) and its dis-
placement by water molecules, whereby complex 1b is
formed (Fig. 1). The conversion of 1a into 1b was very fast
and owing to the overlap of the signals corresponding to
the protons in free dpa and in the palladium(II)-peptide
complex 1a, multiplet in the region 7.00-8.50 ppm, the dis-
placement of the dpa ligand by water molecules could not
be followed by '"H NMR spectroscopy. The fast release of
the dpa ligand is also supported by the acidic medium and
by the frans effect of the coordinated sulfur atom [21]. The
liberated dpa ligand further reacts with unreacted cis-
[Pd(dpa)Cl,] complex producing the [Pd(dpa),]Cl, - 4H,O
complex 1¢, as one of the final products of the investigated
reaction. The latter complex was also obtained in a sepa-
rate experiment starting from cis-[Pd(dpa)Cl,] and the
dpa ligand. The reaction of cis-[Pd(dpa)Cl,] complex with
His-Gly was three times slower than that with the Met-
Gly peptide, finally resulting in a very small yield of the
[Pd(dpa),]Cl, - 4H,O complex.

3.2. Description of the crystal structure of

The title compound consists of a square-planar-coordi-
nated [Pd(dpa),]*" cation, chloride anions and water mol-
ecules (Fig. 2). It represents one of the five Pd(dpa)
complexes hitherto investigated by X-ray diffraction [22-
24]. The asymmetric unit contains half of the Pd(dpa),
cation located on an inversion center, two independent
CI™ counterions and two independent solvent water mole-

®ce

ozw@

decn

01%

Fig. 2. View of the complex cation with accompanying chloride counte-
rions and water molecules. Displacement ellipsoids for non-H atoms are
shown at the 40% probability level. Only symmetry independent atoms are
labeled. Generation of the second half of the complex cation requires the
symmetry operation —x, —y, 1 — z.

cules. The Pd(II) ion is four coordinated and bonded in a
bidentate fashion to two pyridine rings of the two dpa
ligands (Fig. 2). The values of bond lengths and angles,
describing the geometry of the complex are presented in
Table 2. The distances between the metal center and the
N-donor atoms (2.017(3) and 2.024(3) A) correspond to
the mean value of 2.017(4) A calculated for the variously
substituted Pd(dpa) units [23,25-30] (28 observations in
the CSD [31]), and the dpa ligand bite angle is
86.16(12)°, rather small in relation to the Pd(II) center,
smaller than in the other four Pd(dpa) complexes investi-
gated by X-ray diffraction [22-24], where this value is in
the range 87.8-91.8°. The two pyridine rings of the dpa
moiety are twisted with respect to each other with a dihe-
dral angle of 42.8(1)°. Again this angle is much larger than
the values found in the CSD for Pd(dpa) complexes, which
range from 16.2° to 31.3°. There seems to be an inverse
relationship between the dpa ligand bite angle and the
degree of mutual bending of the pyridine rings of the

Table 2 .
Selected bond distances (A) and angles (°)

Bond distance (A)

Bond angle (°)

Pd(1)-N(2) 2.017(3) N(2)*-Pd(1)-N(1) 93.84(12)
Pd(1)-N(1) 2.024(3) N(2)-Pd(1)-N(1) 86.16(12)
N(1)-C(1) 1.341(4) C(1)-N(1)-Pd(1) 121.1(2)
C(1)-N(3) 1.391(4) N(1)-C(1)-N(3) 119.2(3)
N(2)-C(6) 1.342(4) C(6)-N(2)-Pd(1) 121.2(2)
C(6)-N(3) 1.391(4) N(2)-C(6)-N(3) 119.4(3)
C(1)-N(3)-C(6) 123.4(3)

? Atom was generated by inversion.
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dpa. The chelate six-membered ring adopts a boat confor-
mation with Pd1 and N3 in the flagpole positions, pointing
in the same direction, although the deviation of N3 from
the plane of the chelate is smaller than that of Pdl
(0.374(4) versus 0.842(4) A, respectively). Two chloride
anions (CI2 and its translational equivalent along b) are
located above and below the PANy plane but the value of
the Pd.--Cl™ distance (3.879(2) A) excludes any bonded
interaction.

The solvent water molecules act as double donors to the
chloride atoms and either do not accept hydrogen bonds
(O2w) or act as single acceptor (Olw) from N-H group
of the ligand. Each chloride anion accepts four hydrogen
bonds from four neighboring water molecules, with an
average O(H)- - -Cl distance of 3.203(30) A. The water mol-
ecules and the chloride ions form hydrogen bonded tapes
oriented along the ¢ axis and consisting of R2(8) synthons,
as shown in Fig. 3. A search of the CSD [31] affords 534
structures with the water—chloride Rj(8) motif, neverthe-

Fig. 3. Supramolecular RZ(S) motifs consisting of hydrogen bonded
chloride anions and water molecules join together into tapes in a spiro
mode. The tapes bind to the metal-organic regions via water molecules
acting as acceptors of protons from the N-H groups of the ligand.

less, this type of water—chloride cluster seems to have been
overlooked in studies on halide ion hydration [32,33]. The
hydrogen bond parameters are listed in Table 3. Uninter-
rupted tapes formed by Rj(8) synthons connected in a
spiro fashion bind together the columns of Pd(II) cations
complexed by the organic ligand. Within the columns,
weak off-face stacking interactions between one of the pyr-
idine rings (N2, C6, C7, C8, C9 and C10) and its symmetry
equivalent (—1/2 — x, 1/2 — y, 1 — z) are observed with the
distance between the centroids equal to 4.135(3) A (Fig. 4).

3.3. Reactions of cis-[ Pd(dpa)(H->0),]*" with MeCOMet-
Gly and MeCOHis-Gly

The reactions between cis-[Pd(dpa)(H,0),]*" and the
N-acetylated dipeptides, MeCOMet-Gly and MeCOHis-
Gly, were carried out at 2.0 < pH < 2.5 and at two different
temperature, 25 and 60 °C. The schematic presentations of
the investigated reactions are given in Fig. 5. In the reac-
tion between this Pd(II) complex and the MeCOMet-Gly
peptide, regioselective cleavage of the amide bond involv-
ing the carboxylic group of methionine was observed. This
hydrolytic reaction can be followed successfully using 'H
NMR spectroscopy. The mixing of the palladium(II) com-
plex with an equimolar amount of MeCOMet-Gly resulted
in the spontaneous coordination of the palladium(II) com-

Fig. 4. Off-face stacking of the ligands.

Table 3
Intermolecular hydrogen bond geometry in the crystal of [Pd(dpa),]Cl, - 4H,O
Q—H D A H A D-H---A Symmetry
(A) (A) (A) (°) operations on A
N3-H3N.--O1W 0.90 2.901(4) 2.01 168 —1—-x,905—-z
O1IW-HIW-..CI2 0.85 3.196(3) 2.35 173
OIW-H2W- - .Cl1 0.85 3.224(2) 2.38 173
O2W-H3W---Cl1 0.85 3.237(4) 2.53 141
O2W-H4W- - -CI2 0.85 3.159(3) 2.31 175
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cis-[Pd(dpa)(H20),* + MeCOMet-Gly
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Fig. 5. Different pathways of the hydrolytic reactions between cis-[Pd(dpa)(

H,0)," and the N-acetylated dipeptides, MeCOMet-Gly and MeCOHis-Gly,

in the pH range 2.0 < pH < 2.5 and at 60 °C. The regioselective cleavage of the amide bond in the peptide containing a methionine residue.

plex to the sulfur atom of the methionine residue. The
binding of palladium(II) to the methionine side chain is
very fast and can be easily detected in the "H NMR spec-
trum, as was already explained for the reaction of the
Pd(II) complexes with the Met-Gly peptide. The resonance
at 3.94 ppm corresponding to the glycine protons of the
non-hydrolyzed MeCOMet-Gly decreased while that at
3.60 ppm for free glycine increased. Upon addition of gly-
cine to the reaction mixture, its resonance was enhanced.
The amounts of the non-hydrolyzed peptide and the hydro-
lysis products were determined from the known initial con-
centration of MeCOMet-Gly and from the integrated
resonance of the free glycine. Some of the liberated glycine
reacts with the catalyst to form a small amount of the cis-
[Pd(dpa)(Gly-N,0)]" complex, which is easily detected by
'"H NMR spectroscopy by the resonance at 3.52 ppm.
Indeed, the same complex is formed upon the mixing of
equimolar amounts of cis-[Pd(dpa)(H,0),]*" and glycine.
The catalytic ability of the cis-[Pd(dpa)(H,0),F" complex
in the investigated reaction was determined by measuring
the amount of the hydrolyzed MeCOMet-Gly with time
under the same experimental conditions. The concentra-
tions of the free and the hydrolyzed MeCOMet-Gly were
determined every 30 min and the reaction was followed
for 72 h. It was found that 25% of the MeCOMet-Gly
had hydrolyzed at 60 °C after 2 h, and 90% when the reac-

tion was carried out for 72 h. When the reaction was per-
formed at 25°C, only 40% of the MeCOMet-Gly had
hydrolyzed after 10 days of reaction.

The hydrolytic reactions of methionine-containing pep-
tides with palladium(IT) complexes have been studied in
great detail by Milovi¢ and Kosti¢ [7]. From the NMR
spectra, it was concluded that different promoters produce
different hydrolytically active palladium(II)-peptide com-
plexes. When the promoter was [PdCl,J*~, the active form
is a mononuclear palladium(II)-peptide complex, whereas
with [Pd(H,0),*" as promoter, a binuclear complex was
formed, with the two sulfur atoms of the two methionine
side chains as bridges and water molecules in unspecified
terminal positions. It was shown that this binuclear com-
plex was more efficient than the corresponding mononu-
clear complex in promoting the hydrolysis of the scissile
amide bond. Additionally, it was found that with methio-
nine-containing peptides and cis-[Pd(en)(H,0),*" (en is
ethylenediamine), cis-[Pd(Megen)(H,0)," (Mesen s
N,N,N',N'-tetramethylethylenediamine), and trans-[Pd-
(py)2(H,0),F" (py is pyridine) complexes, the nitrogen
coordinated ligands were replaced with water molecules,
and presumably the same active complex was formed as
from [Pd(H,0)4J*" [34]. These results are in agreement with
results recently obtained in the reactions of MeCOMet-Gly
with the series palladium(II) complexes of the type cis-
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[Pd(L)(H,0),*" (L is 1,2-propylenediamine, isobutylenedi-
amine, 1,2-diaminocyclohexane,  N-methylethylenedi-
amine) [8]. As is shown in Fig. 5, from the intermediate
binuclear palladium(II)-peptide complex 2a, the a biden-
tate dpa ligand had been displaced by water molecules,
forming the catalytically active palladium(II)-peptide com-
plex 2b. The replacement of the chelated dpa ligand by
water molecules is very fast and this reaction is additionally
supported by the trans-effect of the bridged sulfur atom of
the methionine side chain and the acidic medium. The
binuclear complex 2b was also observed by Chen et al. in
the reaction of cis-[Pd(en)(H,O),*" and trans-[Pd(py),-
(H,0),F* with MeCOMet-Gly [34]. As all the aqua ligands
in complex 2b are in the cis position to the substrate, any-
one of them can be delivered to the scissile peptide bond.

In the reaction between cis-[Pd(dpa)(H,0)," and
MeCOHis-Gly at 2.0 <pH <2.5 and at 60 °C, cleavage
the amide bond of neither His-Gly nor MeCO-His was
observed. The intensities of the resonances at 3.94 ppm
for the glycine protons and 2.00 ppm for the methyl pro-
tons of free MeCOHis-Gly remained unchanged under
these experimental conditions even when the reaction was
prolonged to 7 days. During this time, the resonances at
3.60 ppm for free glycine and 2.08 ppm for the methyl pro-
tons of acetic acid, both possible hydrolytic products if
cleavage of the amide bonds occurs, did not appear in
the '"H NMR spectrum. The schematic presentation of this
reaction is given in Fig. 5. MeCOHis-Gly was used as a
model peptide for the study of the mechanism of the regio-
selective cleavage of the amide bond catalyzed by cis-
[PA(L)(H,0),]** type complexes (L is a bidentate diamine
ligand) [1-3,5,7,35]. It was shown that in the reaction
between this peptide and cis-[Pd(en)(H,0),F*" complexes
at pH <3, five palladium(II)-peptide products were
formed [1]. These complexes were distinguished on the
basis of the chemical shifts of two imidazole protons, H-2
and H-5. Experiments with MeCOHis-Gly selectively
methylated at the N-1 or N-3 atom of imidazole and cis-
[Pd(en)(H,0),*" showed that only the palladium(II) com-
plex with monodentate coordination to the N-3 atom of
imidazole can affect the cleavage of the amide bond involv-
ing the carboxylic group of histidine; none of the four other
modes of coordination is effective [2]. These findings were
explained in terms of two possible limiting mechanisms,
external and internal, for the hydrolytic cleavage of the
peptide bond promoted by palladium(II) [1-3]. As can be
seen from Fig. 5, both of these mechanisms presented for
the palladium(IT)-peptide complex 2¢ require the close
approach of the pendant catalyst to the adjacent peptide
bond, and in both cases the steric bulk of the palladium(II)
complex hinders this crucial interaction. The cis-
[Pd(dpa)(H,0),*" complex is sterically very demanding
because the two bulky pyridine rings in the dpa ligand, con-
tain a large m-electron density and are close to the palla-
dium(II) center and thus hinder its approach to the
MeCOHis-Gly. It has been shown that in the reaction with
this peptide in the pH range 2.0-2.5 and at 60 °C only 5%
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Fig. 6. Schematic presentation of the possible regioselective cleavage of
the amide bond involving the carboxylic group of methionine in the
proposed polypeptide containing both methionine and histidine residues
promoted by the cis-[Pd(dpa)(H>0),*" complex.

of the cis-[Pd(dpa)(H,0),]*" had reacted after 7 days of
reaction. The very slow reaction of this complex with the
MeCOHis-Gly peptide can be attributed to the large steric
hindrance between the dpa ligand of the palladium(II)
complex and the entering imidazole ring of the histidine
side chain, finally resulting in the total inhibition of the
investigated hydrolytic reaction.

4. Conclusions and prospects

Summing up, the sole product of the reaction between
cis-[Pd(dpa)Cl,] or cis-[Pd(dpa)(H,0),*" and the peptides
Met-Gly or His-Gly is the square-planar [Pd(dpa),"
complex, indicating that no hydrolysis of the peptide
bond occurs in the pH range 2.0-2.5, neither at 25 °C
nor at 60 °C. On the other hand, the reaction of the cis-
[Pd(dpa)(H,0),F" complex with the MeCOHis-Gly or
MeCOMet-Gly peptides under the same experimental
conditions is remarkably selective in the cleavage of the
amide bond involving the carboxylic group of methionine.
The schematic representation of the regioselective hydro-
Iytic cleavage of the amide bond in the theoretically pro-
posed polypeptide containing both methionine and
histidine residues is given in Fig. 6. The modes of coordi-
nation of cis-[Pd(dpa)Cl,] in the reactions with the non-
acetylated Met-Gly and His-Gly peptides and the total
steric inhibition of the hydrolytic reaction of MeCOHis-
Gly peptide with the cis-[Pd(dpa)(H,0),*" complex can
be attributed to the steric bulk of the palladium(II) com-
plex. This finding should be taken into consideration in
designing new palladium(II) complexes for the regioselec-
tive cleavage of peptides and proteins. Studies aimed at
investigating these new possible synthetic metalpeptidases
are in progress.

5. Supplementary material

CCDC 622748 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge via http://www.ccdc.cam.ac.uk/conts/retriev-
ing.html, or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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The reaction of the monofunctional [Pt(Gly-Gly-N,N',0)I]~ complex, in which Gly-Gly is the dipeptide
glycyl-glycine coordinated through two nitrogen and oxygen atoms, with the N-acetylated dipeptide
L-methionyl-L-histidine (MeCOMet-His) studied by 'H NMR spectroscopy. All reactions were carried
out in 50 mM phosphate buffer at pD 7.4 and at 25 °C. In the initial stage of the reaction, the platinum(II)

Keywords: complex forms the kinetically favored [Pt(Gly-Gly-N,N’,0)(MeCOMet-His-S)]~ complex, with unidentate
Platinum(ll) complex coordination of the MeCOMet-His dipeptide through the sulfur atom of the methionine residue. In the
E/leftt}f:sme second stage of the reaction, complete intramolecular migration of the [Pt(Gly-Gly-N,N’,0)] unit from
Histidine the sulfur to the N3 nitrogen atom of imidazole was observed and a new platinum(II)-peptide complex,

[Pt(Gly-Gly-N,N’,0)(MeCOMet-His-N3)]~ was formed. In comparison with previous results obtained for
the reaction of [Pt(dien)Cl]* with different methionine- and histidine-containing peptides, this migration
reaction was sufficiently fast and strongly selective to the N3 atom of the imidazole ring of the histidine
side chain. This study is an important step in the development of new platinum(Il) complexes for
selective covalent modification of peptides and proteins.

Intramolecular migration

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

In recent years, there has been an increasing interest in the
interactions between platinum complexes and sulfur-containing
biomolecules [1]. These interactions are thought to be responsible
for a variety of biological effects, such as the inactivation of Pt(II)
antitumor complexes, the development of cellular resistance to
platinum drugs and toxic side effects, such as nephrotoxicity [2].
The thioether-containing amino acid methionine plays an impor-
tant role in the metabolism of platinum anticancer drugs.

On the other hand, the presence of histidine has been estab-
lished in a large number of the active centers of enzymes [3] and
the histidyl residue is probably the most important metal-binding
site in biological systems [4,5]. The heterocyclic imidazole ring sys-
tem in the histidine side chain provides an ambidentate ligand
with two competitive N3 and N1 donor atoms. In most metal com-
plexes with histidine-containing ligands, the imidazole ring of his-
tidine is coordinated through the N3 nitrogen [6-8] but relatively
few complexes in which histidine is coordinated only through
the N1 atom have been well characterized [9]. In biological sys-
tems, there are numerous metalloproteins in which a metal ion

* Corresponding author. Fax: +381 34 335040.
E-mail address: djuran@kg.ac.yu (M.I. Djuran).

0045-2068/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.bioorg.2008.02.005

is bound to a histidine imidazole nitrogen only through N1 [10]
(e.g. hemoglobin) but there are also metalloproteins in which a me-
tal at the active site is bound through N3 of histidine [11] (e.g. Zn in
superoxide dismutase) or has a mixed donor site sphere [11] [e.g.
Cu in superoxide dismutase: (N3);, N1term, N1pridge] Or where iden-
tical metals display different environments [12] [e.g. Cu;-(N3), and
Cus(N1)g in ascorbate oxidase)].

Peptides containing both methionine and histidine amino acids
in the side chains have been shown to be good model molecules for
the study their interactions with different platinum(Il) complexes.
Recently, it was found that platinum(II) complexes in the reactions
with different methionine- and histidine-containing peptides ini-
tially react with the methionine sulfur atom while in the later
stages, an intramolecular migration of the platinum(Il) complex
from a kinetically favored methionine side chain to a thermody-
namically preferred imidazole N1 atom was observed [13-15].
Later results were surprising and in disagreement with those
previously reported that nitrogen atoms from the imidazole ring
of the amino acid histidine can not displace S-bound L-Met on a
Pt(II) complex [16]. The discovering that an S-bound thioether
ligand can be selectively displaced by one of the nitrogen atoms
of the imidazole ring in the histidine side chain opens the possibil-
ity of designing new platinum complexes for selective covalent
modification of proteins. In this work, an attempt was made to gain
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further insight into sulfur-nitrogen migration from a 'H NMR spec-
troscopic study of the reaction of [Pt(Gly-Gly-N,N’,0)I]~ with N-
acetylated L-methionyl-L-histidine.

2. Experimental
2.1. Reagents

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm~'. The compounds D,0, DNO3;, NaOD and
K,[PtCl4] were obtained from the Aldrich Chemical Co. The dipep-
tides, glycyl-glycine (Gly-Gly), S-methylglutathione and L-methio-
nyl-i-histidine (Met-His), were obtained from the Sigma
Chemical Co. All common chemicals were of reagent grade. The
terminal amino group in Met-His was acetylated by standard
methods [17].

2.2. Syntheses of the platinum(Il) complex

The complex K[Pt(Gly-Gly-N,N',0)I] was prepared by a modifi-
cation of a literature method [18]. To K,[PtCly] (0.2076¢g,
5.00 x 1074 mol) dissolved in 5 cm?® of water was added 0.3320 g
(2.00 x 10~* mol) of KI and the mixture was heated at 60 °C for
5 min. Subsequently, an aqueous solution (5 cm?) of the peptide
glycyl-glycine (0.0660¢g, 0.5 mM) was added to the obtained
reaction mixture and the heating (60 °C) with stirring was contin-
ued for 30 min. During this time, the pH of the reaction mixture
was controlled every 5 min and adjusted to about 6.5 with 1M
KHCOj5 solution. The obtained solution was concentrated to 5 cm?®
under vacuum and then left at room temperature over night.
The obtained yellow crystals were filtered off, washed with
ethanol and air dried. Yield 0.098 g (40%). Calculated for
K[Pt(Gly-Gly-N,N',0)I] = C4HgN,05IKPt (FW =491.18): C, 9.78; N,
5.70; H, 1.23%; found: C, 9.63; N, 5.81; H, 1.34%. 'H NMR (D0,
200 MHz); 6=3.99 (s, 2H, CH,) and 6=3.62 (s, 2H, CHy). '3C
NMR (D,0, 200 MHz); 6 = 51.72 (CH3); § =53.37 (CH,); 6 = 182.55
(C=0) and & = 194.00 (COO0).

2.3. pH measurements

All pH measurements were made at room temperature. The pH
meter (Iskra MA 5704) was calibrated with Fischer certified buffer
solutions of pH 4.00 and 7.00. The results were converted into pD
by the standard formula: pD = pH + 0.41 [19]. However, in concep-
tual references to acidity and basicity, the common symbol pH is
used.

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

Table 1
Kinetic data for the reactions of Pt(II) complexes with thioether-containing ligands at
25 °C, where k; is the second-order rate constant

Reactants [complex + ligand] pD 10° kyf Ref.
value M 's!
[Pt(dien)Cl]* + .-Methionine 431 14 [16]
[Pt(dien)Cl]" + S-Methylglutathione 5.41 33 [21]
[Pt(dien)Cl]* + MeCOMet-His" 4.40 44 [13]
[Pt(Gly-Met-S,N,N")I] + .-Methionine 4.31 4.5 [13]
[Pt(Gly-Met-S,N,N')I| + S-Methylglutathione 4.34 0.3 This work
[Pt(Gly-Met-S,N,N')I] + MeCOMet-His 4.40 8 This work
[Pt(Gly-Gly-N,N',0)I]~ + S-methylglutathione 421 40 This work
[Pt(Gly-Gly-N,N’,0)I]~ + MeCOMet-His 4.11 70 This work

" MeCOMet-His is N-acetylated L-methionyl-L-histidine.

2.4. "TH NMR measurements

The rate constants presented in Table 1 were obtained from 'H
NMR data measured using a Varian Gemini 200 spectrometer. The
reactions were carried out in NMR tubes at 25 °C in 50 mM phos-
phate buffer at pD 7.4 in D,0 as the solvent. The platinum(II) com-
plex and the peptide were mixed in a 1:1 molar ratio with 20 mM
initial concentrations of both reactants and a final volume of
0.6 cm® in the NMR tube. The internal reference was TSP (sodium
trimethylsilylpropane-3-sulfonate). The values of the rate con-
stants for these reactions were determined when the data from
the early part of the reactions (up to 2 h) were fitted to a second-
order process [20] by plotting x/a,(a,—x) against t (a, is the initial
concentration of the thioether ligand and x is the concentration of
the Pt(Il) complex with a S-bound thioether ligand at time t.

3. Results and discussion

The reaction of the monofunctional [Pt(Gly-Gly-N,N',0)I] com-
plex, in which Gly-Gly is the dipeptide glycyl-glycine coordinated
through two nitrogen and oxygen atoms, with the N-acetylated
dipeptide L-methionyl-L-histidine (MeCOMet-His) was studied by
'H NMR spectroscopy. This reaction was performed with equimolar
amounts of the reactants in 50 mM phosphate buffer at pD 7.4 and at
25 °C.In the dipeptide MeCOMet-His, the terminal amino group had
been acetylated to protect its coordination with platinum(II). The
formation of the products in this reaction was monitored by 'H
NMR spectroscopic measurements of the chemical shifts of protons
H2 and H5 of the imidazole ring in the histidine residue and the
chemical shifts of the methyl protons in the methionine side chain.
In the reaction with dipeptide MeCOMet-His the platinum(Il) com-
plex was stable under the above mentioned experimental conditions
and release of chelated Gly-Gly ligand from Pt(II) first time was ob-
served after 34 days. Two new signals at 3.82 and 3.86 ppm due to
methylene glycine protons of the free Gly-Gly ligand were observed
in the '"H NMR spectrum. Addition of the dipeptide Gly-Gly to the
reaction mixture caused an increase of these two signals. When
the reaction of [Pt(Gly-Gly-N,N',0)I]~ with MeCOMet-His was car-
ried out at a lower pD value (2.0 < pD < 4.0) release of Gly-Gly from
Pt(Il) was very fast and the replacement of this ligand with MeCO-
Met-His dipeptide almost finished within 1 h.

3.1. Selective intramolecular migration of platinum(ll) complex

Recently, a selective intramolecular migration of a platinum(II)
complex from the methionine sulfur to the imidazole N1 atom was
observed in the reaction between [Pt(dien)CI]*, in which dien is
diethylenetriamine, with the N-acetylated dipeptide L-methionyl-
t-histidine (MeCOMet-His)[13].It was found that in the initial stages
of this reaction, the [Pt(dien)Cl]" complex forms the kinetically
favored [Pt(dien)(MeCOMet-His-S)]* complex with unidentate
coordination of MeCOMet-His through the sulfur atom of the
methionine residue. In the second stage of the reaction, an intramo-
lecular migration of a [Pt(dien)]?* unit from the sulfur to the nitrogen
atom of imidazole was observed. By 'H NMR measurements, it was
shown that this migration reaction is very slow and strongly
selective to the N1 atom of the imidazole ring of the histidine side
chain. No migration reaction of the platinum(ll) complex was
observed in the reaction between [Pt(Gly-Met-S,N,N')CI] (Gly-Met
is the dipeptide glycyl-L-methionine coordinated through the sulfur
and two nitrogen atoms) and the dipeptide MeCOMet-His [13]. It
was found that the [Pt(Gly-Met-S,N,N')Cl] complex, with a more
sterically hindered Gly-Met ligand, reacts slower with thioether-
containing molecules than [Pt(dien)CI]" and forms a more stable
platinum-sulfur bond (Table 1) [13,16,21].
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In the present study, the reaction of [Pt(Gly-Gly-N,N’,0)I]~ with
the N-acetylated dipeptide L.-methionyl-L-histidine (MeCOMet-His)
was performed at 25 °C in 50 mM phosphate buffer at pD 7.4. The
corresponding Pt(II) complex and dipeptide were mixed in equi-
molar amounts and the formation of the products in these reac-
tions was observed by 'H NMR spectroscopic measurements. In
the first 3 h, two platinum(Il)-peptide complexes were observed
in solution (see Scheme 1). The major product formed in a yield
of 85% was the [Pt(Gly-Gly-N,N',0)(MeCOMet-His-S)]~ complex.
In this complex, monodentate coordination of the peptide occurred
through the sulfur atom of the methionine residue. The formation
of [Pt(Gly-Gly-N,N',0)(MeCOMet-His-S)]~ is evident from the
simultaneous decline of the resonances at 2.09 ppm, arising from
the S-methyl protons of free MeCOMet-His, and the growth of
the resonances at 2.55 and 2.57 ppm, corresponding to the
S-methyl protons of the peptide coordinated to platinum(IIl)
through the sulfur atom. The second product of the investigated
reaction, formed in a yield of 15%, was [Pt(Gly-Gly-N,N',0)(MeCO-
Met-His-N3)]~. In the latter complex, monodentate coordination
of the peptide occurred through the N3 nitrogen atom of the
imidazole ring in histidine side chain. The characterization of this
complex was performed by determining the chemical shifts of
the protons H2 and H5 of the imidazole ring. In this complex,
monodentate coordination of MeCOMet-His via the N3 atom of
the imidazole ring shifts the H2 and H5 resonances to 7.11 and
8.05 ppm, respectively. These chemical shifts are consistent with
those for the N3-isomer obtained in the reactions between
different platinum(Il) complexes with histidine and histidine-
containing peptides (see Table 2) [13,22]. In the reaction of
[Pt(Gly-Gly-N,N',0)I]~ with MeCOMet-His no coordination of
platinum(Il) complex to the N1 nitrogen atom of the imidazole ring
in histidine side chain was observed. In accordance with our
previous results for the reaction of [Pt(dien)CI]* with MeCOMet-
His monodentate coordination of platinum(Il) complex to the N1
nitrogen atom of imidazole ring shifts the H2 and H5 resonances

Table 2
Proton chemical shifts of the H2 and H5 imidazole protons obtained in the reactions
between different platinum(Il) complexes with histidine and histidine-containing
peptides

Peptide/complex pD Imidazole protons
H2 H5

MeCOMet-His 7.4 8.29 7.15
[Pt(dien)(MeCOMet-His-N3)]** 7.4 8.00 7.12
[Pt(dien)(MeCOMet-His-N1)]** 7.4 7.88 6.85
[Pt(Gly-Met-S,N,N')(MeCOMet-His-N3)]** 6.8 8.04 7.16
[Pt(dien)(HisH,-N3)J2*® 6.8 8.04 7.25
[Pt(dien)(HisH,-N1)]?*" 6.8 7.92 6.94
[Pt(Gly-Gly-N,N',0)(MeCOMet-His-N3)] 74 8.05 7.11

@ Ref. [13].

b Ref. [22].

¢ This work.

to 7.88 and 6.85 ppm, respectively (see Table 2) [13]. In the present
study these resonances did not appear in the 'H NMR spectra after
40 days.

The reaction between [Pt(Gly-Gly-N,N,0)I]~ and MeCOMet-His
was further followed after 3 h and the first change occurring in
the "H NMR spectrum was the growth of the signal at 2.09 ppm,
corresponding to the S-methyl protons of the free methionyl group
of the MeCOMet-His peptide. The intensity of this signal was com-
pared with those of the peaks at 2.55 and 2.57 ppm, arising from
the S-methyl protons of the methionyl group bound to plati-
num(Il). The latter two resonances slowly decreased in intensity.
Simultaneously, the intensities of the resonances due to the H2
and H5 protons of the imidazole ring of the histidine side chain
corresponding to platinum(Il) bound to the N3 nitrogen atom
slightly increased. These changes in the spectrum were caused by
the breaking of the platinum(Il)-sulfur bond and the release of
the [Pt(Gly-Gly-N,N’,0)] unit from [Pt(Gly-Gly-N,N’,0)(MeCOMet-
His-S)]~, which had been initially formed in the reaction of
[Pt(Gly-Gly-N,N',0)I]~ with the dipeptide MeCOMet-His. As a

Q ? ?
\ T - CHS—C—NH—C‘H—C—NH—?H—COO'
o)
\ CH; CH;
N—r‘-‘t—l + C\H _
i 2
© NHz /sl N INH
[Pt(Gly-Gly-N,N, O)I] CHy
in first 3 h
pD=74
85% i ¢15%
i i I i
CHg—C—NH—/CH—C—NH—(‘:H—COO' CH3—C—NH—/CH—C—NH—CH—COO'
HZC\ CH, HzC\ CH, 0
CH2 — CH,
/ / — 0o
HsC—S . s |
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__P{— 3
HoN F|>t o) HzN\% o
U
7
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[PY(Gly-Gly-N, N, O)(MeCOMet-His-S)]
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’ intramolecular migration T

Scheme 1.
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Fig. 1. Time dependence of Pt(II)-peptide-N1/N3 complex formation through the
intramolecular migration of the Pt(II) complex from the methionine sulfur to the
imidazole N1 ([Pt(dien)CI]" (W)) or N3 ([Pt(Gly-Gly-N,N',0)I]~ (a)) nitrogen atom in
the reactions between [Pt(dien)Cl]* and [Pt(Gly-Gly-N,N',0)I]~ with the MeCOMet-
His dipeptide.

consequence of the cleavage of the platinum(Il)-sulfur bond, the
platinum(Il)-peptide  complex [Pt(Gly-Gly-N,N,0)(MeCOMet-
His-N3)]- was formed (see Scheme 1). The total amount of
[Pt(Gly-Gly-N,N’,0)(MeCOMet-His-N3)]~ formed in the latter
stages of the reaction between [Pt(Gly-Gly-N,N',0)I]- and MeCO-
Met-His can be calculated from the integral values of the signals
for the protons H2 and H5 for free imidazole and the corresponding
values of these protons due to the N3 platinum(II) bound imidazole
ring. The total concentration of [Pt(Gly-Gly-N,N',0)(MeCOMet-His-
N3)]~ formed after 10 days of reaction was ca. 80% (see Fig. 1). As
can also be seen from Fig. 1, the intramolecular migration of the
Pt(II) complex from the methionine sulfur to the imidazole N3 in
the reaction of [Pt(Gly-Gly-N,N',0)I]~ with the dipeptide MeCO-
Met-His was much faster in comparison with this process in the
reaction of [Pt(dien)CI]* with the MeCOMet-His dipeptide [13].
The intramolecular migration reaction displaced through the N3
imidazole nitrogen atom proceeds to almost complete platination
of the MeCOMet-His dipeptide in the case of [Pt(Gly-Gly-N,N',0)I],
while in the case of the [Pt(dien)CI]* complex, this platination
reaction almost ceased with less than 40% coordinated to the N1
imidazole nitrogen atom (Fig. 1) [13].

3.2. Conclusions and prospects

The results from this study together with those obtained in pre-
vious studies [13-15] show that intramolecular migration of a
platinum(Il) complex from the S-bound thioether ligand to the
nitrogen atom of the imidazole ring in histidine can occur under
physiological pH conditions. In the reactions of [Pt(dien)CI]* with
MeCOMet-His and [Pt(dien)(H,0)]?** with His-Met, His-Gly-Met
and MeCOHis-Ala-Ala-Ala-MetNHPh peptides, intramolecular
migration of the [Pt(dien)]** unit from the methionine sulfur to
the imidazole N1 atom was observed [13-15]. This migration pro-
cess proceeded very slowly with incomplete platination of the his-
tidine side chain in the investigated peptides. However, no
migration of the platinum(Il) complex was observed in the reaction
between [Pt(Gly-Met-S,N,N')Cl] and the dipeptide MeCOMet-His.
This was explained through the fact that the latter complex reacts
with the methionine sulfur atom five times slower than the

[Pt(dien)Cl]" complex, forming thereby an extremely stabile plati-
num(Il)-sulfur bond [13].

The present investigation shows that [Pt(Gly-Gly-N,N',0)I]” in
comparison with the [Pt(dien)Cl]" complex reacts approximately
two times faster with the methionine sulfur atom from the dipep-
tide MeCOMet-His (see Table 1). This kinetically favored reaction
forms thermodynamically labile platinum(Il)-thioether bonds,
which can be easily cleaved in the presence of a strong nucleophile
at physiological pH values. In the reaction of [Pt(Gly-Gly-N,N',0)I]~
with MeCOMet-His, an intramolecular migration of the
platinum(Il) complex from the S-bound thioether ligand to the
imidazole ring in the histidine side chain was observed. This
migration reaction is strongly selective to the N3 nitrogen atom
of imidazole. In comparison with [Pt(dien)Cl]" [13], the intramolec-
ular migration reaction observed in the present study was much
faster and proceeded to almost complete platination of the
histidine side chain (see Fig. 1). The highest rate constant for
[Pt(Gly-Gly-N,N',0)I]~ in comparison with those of other plati-
num(Il) complexes observed for reactions with sulfur-containing
donors (Table 1) and the very rapid intramolecular migration of
this complex in the reaction with MeCOMet-His can be attributed
to the trans-effect of the deprotonated peptide nitrogen and the
large electronegativity value of the coordinated oxygen atom in
the cis-position to the Pt—X bond (X is I~ or -S-CH3). Both these fac-
tors contribute to the weakness of the Pt—X bond and together with
the large size of the iodido ligand should obviously be taken in con-
sideration when explaining the very fast reactivity of [Pt(Gly-Gly-
N,N',0)I]~ with the MeCOMet-His dipeptide. These latest results for
the selective platination of the imidazole ring in dipeptides contain-
ing both methionine and histidine amino acids displaced through
the intramolecular migration of a platinum(Il) complex from the
S-bound thioether ligand to the nitrogen atoms of imidazole can
be employed in the design of new platinum(Il) complexes for
both the complete and selective covalent modification of proteins.
Studies aimed at investigating these hypotheses are in progress.
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'H NMR spectroscopy was applied to study the reactions of cis-[Pd(L)(H.0),]** complexes (L is en, pic and
dpa) with the N-acetylated tripeptides L-methionylglycylglycine, MeCOMet-Gly-Gly, and glycyl-L-
methionyl-glycine, MeCOGly-Met-Gly. All reactions were performed in the pH range 2.0-2.5 with equi-
molar amounts of the cis-[Pd(L)(H,0),]** complex and the tripeptide at 60 °C. The hydrolytic reactions of

Keywords: the cis-[Pd(en)(H,0),]?", cis-[Pd(pic)(H20)-]*" and cis-[Pd(dpa)(H,0),]** complexes with MeCOMet-Gly-
Memioni“e Gly were regioselective and only the amide bond involving the carboxylic group of methionine was
ESﬁ;ﬁiism(H) cleaved. However, in the reactions of these three Pd(II) complexes with MeCOGly-Met-Gly, two amide
Catalyst bonds, Met-Gly and MeCO-Gly, were cleaved. From UV-Vis spectrophotometry studies, it was found that
Hydrolysis the rate-determining step of these hydrolytic reactions is the monodentate coordination of the corre-

sponding Pd(II) complex to the sulfur atom of the methionine side chain. The rate of the cleavage of these
amide bonds is dependent on the nature of the bidentate coordinated diamine ligand L (en > pic > dpa).
The hydrolytic reaction of cis-[Pd(L)(H0),]**-type complexes with MeCOMet-Gly-Gly, containing the
methionine side chain in the terminal position of the peptide, is regioselective while in the reaction of
these Pd(II) complexes with MeCOGly-Met-Gly, none selective cleavage of the peptide occurs. This study
contributes to a better understanding of the selective cleavage of methionine-containing peptides
employing palladium(Il) complexes as catalysts.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction temperature and steric effects of the substrate and catalyst, on this

hydrolytic reaction.

Recent years have witnessed an increasing interest in the study
of the interactions of platinum(Il) and palladium(Ill) complexes
with sulfur- and histidine-containing peptides and proteins [1-
4]. Interest in the study of these interactions also became of capital
importance after the discovery that platinum(Il) [5] and palla-
dium(Il) [6-13] aqua complexes can be promising reagents for
the hydrolytic cleavage of the above-mentioned peptides. These
complexes bind to the heteroatom in the side chain of methionine
[5-9] or histidine [10-13] and promote cleavage of the amide bond
involving the carboxylic group of this anchoring amino acid. The
mechanism of this regioselective hydrolytic reaction catalyzed by
platinum(Il) and palladium(Il) aqua complexes is not yet com-
pletely understood. For clarification of this mechanism, it was nec-
essary to investigate the influence of different factors, such as pH,

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

0045-2068/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.bioorg.2009.07.002

The hydrolytic reactions of methionine-containing peptides
with palladium(Il) complexes were studied by Kosti¢ and cowork-
ers in great detail [14]. From NMR spectra, they concluded that dif-
ferent promoters produce different hydrolytically active
palladium(Il)-peptide complexes. When the promoter was
[PdCl4])?, the active form is a mononuclear palladium(Il)-peptide
complex (a), while when the promoter was [Pd(H,0)4]?*, a dinucle-
ar complex with the two sulfur atoms of the two methionine side
chains as bridges and water molecules in unspecified terminal
positions was produced (b). It was shown that this dinuclear com-
plex is more efficient than the corresponding mononuclear com-
plex in promoting hydrolysis of the scissile amide bond.
Additionally, it was also found that with methionine-containing
peptides and cis-[Pd(en)(H,0),]*" (en is ethylenediamine), cis-
[Pd(Me4en)(H,0),]** (Megen is N,N,N,N'-tetramethylethylenedi-
amine) and trans-[Pd(py).(H.0);]** (py is pyridine) complexes,
the nitrogen coordinated ligands were replaced with water mole-
cules and, presumably, the same active complex (b) as from
[Pd(H,0),4]*" was formed [15].
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The latter results are in accordance with those recently obtained in
one of our laboratories [16] for the reaction of MeCOMet-Gly with
different cis-[Pd(L)(H,0),]**-type complexes (L is bidentate coordi-
nated en; 1,2-propylenediamine, 1,2-pn; N-methylethylenedi-
amine, Meen; iso-butylenediamine, ibn; or Mesen). With all these
complexes, in the pH range 2.0-2.5 and at 60 °C, the rate of the reg-
ioselective cleavage of the amide bond involving the carboxylic
group of methionine was approximately the same and the amount
of the hydrolyzed MeCOMet-Gly peptide was between 80% and 88%
after 4 h. This was explained by the existence of the same catalyti-
cally active form in the reaction of cis-[Pd(L)(H,0),]>* complexes
with MeCOMet-Gly peptide complex obtained by the replacement
of the chelated diamine ligand from the initially formed dinuclear
palladium(Il)-peptide complex. The above results for MeCOMet-
Gly peptide are not in accordance with those obtained for
cis-[Pd(L)(H,0),]**-type complexes and the MeCOHis-Gly peptide
under the same experimental conditions. The observed rates of
hydrolytic reaction for the MeCOHis-Gly peptide were investigated
in terms of steric hindrance of the chelating diamine on the palla-
dium(Il) complexes and the results showed that the rate of the
hydrolysis decreased as the steric bulk of the palladium(II) complex
increased (en > 1,2-pn > ibn > 1,2-dach > Meen > Megen) [17]. Dif-
ferent effects of the palladium(Il) catalyst on the hydrolysis rate
in reactions with histidine- and methionine-containing peptides
can be explained by the different reaction mechanisms of the
hydrolytic cleavage of the amide bonds in these peptides.

A better knowledge of the coordination chemistry of methio-
nine-containing peptides with palladium(Il) complexes is neces-
sary for an understanding of the effects of palladium(Il)
complexes on the rate of hydrolysis and the mechanism of the
hydrolytic reaction of methionine-containing peptides.

The present study deals with the hydrolysis of the peptide bond in
the N-acetylated tripeptides: L-methionylglycylglycine, MeCOMet-
Gly-Gly, and glycyl-L-methionyl-glycine, MeCOGly-Met-Gly,
catalyzed by various palladium(Il) complexes of the type cis-
[Pd(L)(H,0),]?*, in which L is the bidentate coordinated ethylenedia-
mine (en), 2-picolylamine (pic) and 2,2-dipyridylamine (dpa) ligand.

2. Experimental
2.1. Reagents

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™. The compounds D0, DNO3, NaOD, eth-
ylenediamine (en), 2-picolylamine (pic), 2,2’-dipyridylamine (dpa)
and K,PdCl, were obtained from the Aldrich Chemical Co. All com-
mon chemicals were of reagent grade. The tripeptides L-methi-
onylglycylglicine (Met-Gly-Gly) and glycyl-L-methionylglycine
(Gly-Met-Gly) were obtained from the Sigma Chemical Co. The
terminal amino group in the peptides was acetylated by standard
methods [6]. As all the solutions were made in D,0; hence, all
the aqua ligands were actually D,0. However, for simplicity and
consistency with our previous publications, the D,0O ligand is
shown as H,0.

2.2. Synthesis of the Pd(1l) complexes

The palladium(II) complexes of the type cis-[Pd(L)Cl,] (L is en,
pic or dpa ligand) were synthesized according to the procedures
published in the literature [18-20]. K;PdCl4 was dissolved in water
and mixed with an equimolar amount of ligand (L). The pH of the
solution was adjusted to ca. 3 by addition of 1 M HCl and the mix-
ture was stirred at 80 °C for 2 h. All complexes were crystallized
from water at room temperature. The pure complexes were ob-
tained by recrystallization from a small amount of water and cool-
ing. The experimental results of the elemental analysis for C, H and
N parameters for all palladium(Il) complexes were in accordance
with the theoretical values calculated for cis-[Pd(L)Cl,]. The
chlorido complexes were converted into the corresponding diaqua
complexes by treatment with 1.95 equiv. of AgNOs; at pH 2.0
according to a previously published method [21]. In each case,
the formed solid AgCl was removed by filtration in the dark and
fresh stock solutions of the aqua complexes were stored in a refrig-
erator until used for reaction with the peptides.

2.3. 'TH NMR measurements

Proton NMR spectra of D,0 solutions containing TSP (3-trim-
ethylsilylpropane-1-sulfonate) as the internal reference were re-
corded with a Varian Gemini 200 spectrometer. Equimolar
amounts of the palladium(Il) complex and the peptide were mixed
in an NMR tube. The final solution was 10 mM in each reactant. The
pH was varied in the range 2.0-2.5. All reactions were performed at
60 °C.

2.4. UV-Vis measurements

The reactions between N-acetylated L-methionine, MeCOMet
and the cis-[Pd(L)(H,0),]**-type complexes (L is en, pic or dpa)
were followed on a Perkin Elmer Lambda 35 double-beam spectro-
photometer equipped with thermostated 1.00-cm quartz Suprasil
cells by measuring the change in absorbance at suitable wave-
lengths as a function of time. The concentration of the palla-
dium(ll) complex was held constant at 1.0 x 107*M and the
concentration of MeCOMet was varied between 2.2 x 10~3 and
6.5 x 1073 M. The pH of the reaction mixture was 2.5. After preli-
minary repetitive scan experiments in the 260-400 nm range to
search for isobestic points and spectral changes, the kinetics were
studied by measuring the change in absorbance at 280, 292 and
282 nm for cis-[Pd(en)(H,0),]*", cis-[Pd(pic)(H,0),]** and cis-
[Pd(dpa)(H,0),]?", respectively, as a function of time. All reactions
were performed at 298 K. The pseudo-first-order rate constants
(kobs, s~1) were obtained graphically from a plot of In(A,-A;) versus
time [22] (A; and A, are the absorbance of the reaction mixture at
time t and at the end of the reaction, respectively usually after 10
half-lives).

2.5. pH measurements

All pH measurements were realized at 25 °C using an Iskra MA
5704 pH meter, which had been calibrated with Fischer certified
buffer solutions of pH 4.00. The results were not corrected for
the deuterium isotope effect.

3. Results and discussion

In the present study, the hydrolytic reactions between various
palladium(Il) complexes of the type cis-[Pd(L)(H,0),]*" (L is biden-
tate coordinated ethylenediamine, en; 2-picolylamine, pic;
2,2-dipyridylamine, dpa) and the N-acetylated tripeptides
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L-methionylglycylglycine, MeCOMet-Gly-Gly, and glycyl-L-
methionyl-glycine, MeCOGly-Met-Gly were studied by 'H NMR
spectroscopy. The structures of the palladium(Il) complexes and
peptides are shown in Fig. 1. The three Pd(II) complexes in Fig. 1
differ in the chelate ligand. The palladium(II) complexes cis-[Pd(pi-
c)(H,0)]** and cis-[Pd(dpa)(H,0),]** in relation to the cis-
[Pd(en)(H,0),]*" complex are more sterically demanding because
the aromatic pyridine rings present in the first two complexes
are bound directly to the metal center, hindering the approach of
a nucleophile. The tripeptides MeCOMet-Gly-Gly and MeCOGly-
Met-Gly differ in the position of the methionine side chain which
could also have some effects on their reactivity with palladium(II)
complexes, as well as on the selectivity of this hydrolytic reaction.
The reactions between these palladium(Il) complexes and methio-
nine-containing tripeptides were performed at 60°C and at
2.0 < pH < 2.5. As was shown in previous studies [10-12,23], acidic
solutions are required to suppress the formation of hydroxo-
bridged oligomeric palladium(ll) complexes, which are catalyti-
cally inactive. In the reactions of MeCOMet-Gly-Gly with the
investigated cis-[Pd(L)(H,0),]?>*-type complexes, regioselective
cleavage of the amide bond involving the carboxylic group of
methionine was observed, while in the reactions between MeCO-
Gly-Met-Gly and the investigated Pd(II) complexes, two amide
bonds, Met-Gly and MeCO-Gly, were cleaved; see Fig. 2. The mix-
ing of the palladium(Il) complex with an equimolar amount of the
peptide under the above-described experimental conditions
resulted in the spontaneous coordination of the palladium(II) com-
plex to the sulfur atom of the methionine residue. The binding of
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the palladium(II) to the methionine side chain was registered from
the simultaneous decline of the resonance at 2.11 ppm due to the
S-methyl protons of the free peptide and the growth of a resonance
at 2.54 ppm, corresponding to the S-methyl protons of the peptide
coordinated to palladium(Il) through the sulfur atom.

3.1. Reactions of palladium(Il) complexes with MeCOMet-Gly-Gly

The schematic presentation of the reactions of cis-[Pd(L)
(H,0),]**-type complexes (L is en, pic or dpa) with the MeCO-
Met-Gly-Gly tripeptide is given in Fig. 2. The hydrolytically active
palladium(Il)-peptide complexes in these reactions is the dinucle-
ar complex 2, with the two sulfur atoms of the two methionine
side chains as bridges and water molecules in unspecified terminal
positions. Previous studies with cis-[Pd(L)(H,0),]**-type com-
plexes and methionine-containing peptides showed that a similar
S-bridged dinuclear complex was also formed at pH <3 [14-16].
The complexes 2 were formed from the intermediate dinuclear pal-
ladium(II)-peptide complex 1 through the detachment of the che-
late ligand L from Pd(II) and its replacement by two water
molecules. The replacement of the ligand L by water molecules
in the investigated reactions was very fast and it was additionally
supported by the trans-effect of the bridged sulfur atom of the
methionine side chain and the acidic medium (2.0 < pH <2.5)
[24]. In the reaction between the MeCOMet-Gly-Gly tripeptide
and cis-[Pd(en)(H,0),]** complex, this replacement reaction was
observed in the 'H NMR spectrum by the simultaneous decline of
the singlet at 2.86 ppm, due to protons of the bidentate
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Fig. 1. The palladium(Il) complexes and methionine-containing peptides employed in this study.
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coordinated en ligand, and the growth of the signal at 3.36 ppm,
due to free H,en?* ligand. In the reactions of this tripeptide with
the other two complexes, cis-[Pd(pic)(H20),]** and cis-[Pd(dpa)(-
H,0),]*", owing to the overlap of the signals corresponding to the
protons of the free pic and dpa ligands with those of the palla-
dium(Il)-peptide complex 1, giving a multiplet in the region
7.00-8.50 ppm, the displacement of these two ligands by water
molecules could not be followed by 'H NMR spectroscopy.

It was found that in the reactions of MeCOMet-Gly-Gly with
the investigated cis-[Pd(L)(H,0),]**-type complexes, the 'H NMR
resonance at ¢ 3.98 ppm, corresponding to the glycine protons
(glycine next to the methionine) of the none hydrolyzed peptide
decreased, while that at 6 3.89 ppm for free Gly-Gly increased.
Upon addition of Gly-Gly to the reaction mixture, the resonance
at 3.89 ppm was enhanced. The amounts of unreacted tripeptide
and the hydrolysis products were determined from the known ini-
tial concentration of MeCOMet-Gly-Gly and from the integrated
resonance of the free Gly-Gly. The catalytic ability of each cis-
[Pd(L)(H0),]**-type complex in the investigated reactions was
determined by measuring the amount of the hydrolyzed peptide
with time under the same experimental conditions; see Fig. 3a.
From this figure, it can be concluded that the rate of hydrolysis de-
creased as the steric bulk of the palladium(Il) complex increased
(en > pic > dpa). In the reaction between cis-[Pd(en)(H,0),]** and
MeCOMet-Gly-Gly more than 95% of the Met-Gly amide bond
had been hydrolyzed after 4.5 h. The reaction of this tripeptide
with the other two complexes was much slower with 55% of the
Met-Gly amide bond having been cleaved during this time with
the cis-[Pd(pic)(H,0);]*" complex and only 15% with the cis-
[Pd(dpa)(H,0),]** complex (Fig. 3a). The reaction of MeCOMet-
Gly-Gly with these three Pd(Il) complexes was followed for 30 h.
It was found that with cis-[Pd(en)(H,0),]** and cis-[Pd(pi-
c)(H,0),]%*, the hydrolytic cleavage of MeCOMet-Gly-Gly was al-
most completed while with the cis-[Pd(dpa)(H,0),]** complex
only 35% of this tripeptide had been cleaved during this time. No
cleavage of the other amide bonds in MeCOMet-Gly-Gly was
observed during this time.

3.2. Reactions of the palladium(Il) complexes with MeCOGly—-Met-Gly

When an equimolar amount of cis-[Pd(L)(H,0),]*"-type com-
plex was incubated with MeCOGly-Met-Gly at 2.0<pH<2.5 at
60 °C, two palladium(Il)-peptide complexes, 3 and 5, were formed
in a molar ratio 3:1, respectively; see Fig. 2. The complexes 3 and 5
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are intermediate products and after detachment of the chelate li-
gand L from Pd(II) and its replacement by water molecules, these
complexes were converted into the hydrolytically active palla-
dium(II)-peptide complexes 4 and 6, respectively. In the present
study, this replacement reaction was followed in the same manner
as for the reaction of the cis-[Pd(L)(H,0),]**-type complexes with
the MeCOMet-Gly-Gly tripeptide (see previous section). The
hydrolytically active complex 4 was responsible for the cleavage
of the Met-Gly amide bond in the MeCOGly-Met-Gly tripeptide.
The new signal in the '"H NMR spectrum at 3.71 ppm was assigned
to the methylene protons of the free glycine obtained by the cleav-
age of the Met-Gly amide bond. This signal increased with time
and the concentrations of the peptide and the hydrolysis products
were determined from the known initial concentration of the
MeCOGly-Met-Gly tripeptide and from the integrated resonance
of the free glycine. The catalytic ability of each of the cis-
[Pd(L)(H,0),]**-type complexes was determined by measuring
the amount of the hydrolyzed peptide with time under the same
experimental conditions. In the reaction of the cis-[Pd(L)
(H,0),]**-type complexes with MeCOGly-Met-Gly, the rate of
hydrolysis decreased as the steric bulk of the palladium(II) com-
plex increased (en > pic > dpa); see Fig. 3b. For the reaction of cis-
[Pd(en)(H,0),]** with MeCOGly-Met-Gly, 40% of the Met-Gly
amide bond had been hydrolyzed after 4.5 h. The reaction with
cis-[Pd(pic)(H,0),]** was two times slower and during this time
only 20% of the peptide had been cleaved. Moreover, in the reaction
with the cis-[Pd(dpa)(H,0),]** complex, no hydrolysis of the Met—
Gly amide bond in the same peptide was observed (Fig. 3b).

The mononuclear complex 5, which is responsible for the cleav-
age of the MeCO-Gly amide bond in MeCOGly-Met-Gly, was
obtained by coordination of the deprotonated amide nitrogen atom
as the second step after monodentate coordination of the palla-
dium(Il) catalyst to the methionine sulfur atom. Palladium(lI) is
one of the most effective transition-metal ions in displacing an
amide proton [25]. The estimated pK, for this reaction affected
by palladium(Il) is ~2, and displacement was observed even in a
solution with pH <2.0 [25-31]. The absence of cleavage of the
Gly-Met bond in this peptide is in accordance with the fact that
binding of the methionine sulfur-anchored palladium(Il) atom to
the deprotonated nitrogen in the amide bond stabilizes the C-N
bond and inhibits its cleavage [8,25,32]. However, it was found
in the present study that this complex plays very important role
in the cleavage of the MeCO-Gly amide bond in MeCOGly-Met-
Gly. The cleavage of this amide bond occurred after conversion of
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Fig. 3. The time dependence of the hydrolytic cleavage of the Met-Gly amide bond in methionine-containing peptides with different cis-[Pd(L)(H,0),]**-type complexes (L is
en, pic or dpa) at 2.0 < pH < 2.5 and at 60 °C: (a) MeCOMet-Gly-Gly and (b) MeCOGly-Met-Gly.
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complex 5 into complex 6 by replacement of the ligand L with two
water molecules. This replacement reaction is additionally sup-
ported by the trans influence of the negative charge on the depro-
tonated amide nitrogen and the acidic medium. Due to the fact that
complexes 3 and 5 are simultaneously present in the reaction mix-
ture, the replacement of L can be followed as an overall process.
Hydrolysis of the MeCO-Gly amide bond can occur by two limiting
mechanisms as represented in the scheme below. The first possi-
bility is that palladium(II) acts as a Lewis acid and forms a chelate
involving a deprotonated amide nitrogen of the amino group of
methionine and the oxygen atom of the scissile amide bond. The
interaction with the oxygen atom polarizes the carbonyl group
and activates the carbon atom toward attack by a water molecule
from the solvent (external attack). For the reaction to occur by this
mechanism, the palladium(Il) and carbonyl oxygen atoms should
be proximate.

CH,
" AL 8 i
c C—NH—CH,—C—OH
X
H,O0 C. H20 N—-CH
NN NeH
HsC O*-—/—Pd\ 2
H,O sk,
H3C

external attack

Another possibility is that an aqua ligand on the palladium(II) is
delivered to the carbon atom in the amide bond (internal attack).
For the cleavage of the amide bond to occur by this mechanism,
an aqua ligand at palladium(Il) should be proximate to the car-
bonyl carbon of the scissile amide bond. In the reaction between
cis-[Pd(L)(H,0),]**-type complexes and the MeCOGly-Met-Gly tri-
peptide, the 'H NMR resonance at 2.05 ppm due to the CH; protons
of the acetyl group in the substrate decreased, while that at
2.08 ppm for the CH3 protons of free acetic acid increased. Upon
addition of acetic acid to the reaction mixture, this resonance
was enhanced. The concentrations of the peptide and the hydroly-
sis products were determined from the known initial concentra-
tion of MeCOGly-Met-Gly and from the integrated resonance of
free acetic acid. When this reaction was performed with cis-
[Pd(en)(H,0),]%*, approximately 15% of the MeCO-Gly amide bond
had been hydrolyzed after 30 h. This reaction is dependent on the
nature of the ligand L and the number of hydrolyzed MeCO-Gly
amide bonds decreased in the order en > pic > dpa.

4. Conclusions

From the present investigation of the reactions of cis-
[PA(L)(H0),]?*-type complexes with two methionine-containing
tripeptides, MeCOMet-Gly-Gly and MeCOGly-Met-Gly, at
2.0 < pH < 2.5 and at 60 °C, the following conclusions can be drawn.
The rate of the hydrolytic cleavage of the amide bond in the reac-
tions of cis-[Pd(L)(H,0),]*"-type complexes with the two methio-
nine-containing peptides is strongly dependent on the nature of
the bidentate coordinated diamine ligand L. It was found that the
rate of hydrolysis decreased as the steric bulk of the palladium(II)
complex increased (en > pic > dpa); see Figs. 3 and 4. The first step
of these hydrolytic reactions is the monodentate coordination of
the corresponding Pd(Il) complex to the sulfur atom of the methi-
onine side chain. The rate reactivity of the Pd(Il) complexes with
the methionine side chain is also the rate-determining step for
the hydrolytic cleavage of the amide bonds in the investigated
peptides. For confirmation of this statement, in the present study,
separate  experiments between the corresponding cis-
[Pd(L)(H0),]** complex and N-acetylated L-methionine, MeCO-

Met, were investigated by UV-Vis spectrophotometry. The reaction
of cis-[Pd(en)(H,0),]?*, cis-[Pd(pic)(H,0),]** and cis-[Pd(dpa)
(H,0),]*>" complexes with MeCOMet was followed at pH 2.5 and
at room temperature by measuring the change in absorbance at
suitable wavelengths as a function of time. The use of a large ex-
cess of ligand ([MeCOMet]:[Pd(II) complex] > 20:1) provided for
pseudo-first-order rate conditions, which allowed kg to be calcu-
lated at four different MeCOMet concentrations. The second-order
rate constants were determined from a plot of ks versus [MeCO-
Met]. Dinuclear Pd(Il)-amino acid complexes with the two sulfur
atoms of the two methionine residues as bridges in the reactions
between these three Pd(Il) complexes and MeCOMet were ex-
pected [14-16]. The reaction of MeCOMet with cis-[Pd(en)(-
H,0),]*" was two times faster (k,=1.75x 10"'M~'s™!) than
with cis-[Pd(pic)(H,0),]*" (ko =8.29 x 1072 M~!s~1) and approxi-

mately 36 times faster than with cis-[Pd(dpa)(H;0),]**
CH;
e o 9 I
HN \C// /&*NH—CH2*C*OH
—c H20 N—CH
f Ny “CH
CHy  Pd Vask:
hos—Ch
2 /
HsC

internal delivery

(k,=4.87 x 1073 M~1s7"). These results are in accordance with
the fact that the latter two complexes are more sterically demand-
ing than the cis-[Pd(en)(H,0),]** complex. The obtained results
from the UV-Vis measurements can be taken as additional argu-
ments for the fact that inhibition of the hydrolytic reaction of the
methionine-containing peptides is strongly dependent on the ste-
ric bulk of the cis-[Pd(L)(H,0),]** complex.

Additionally, from the present study, it can be concluded that po-
sition of the methionine side chain in the peptide plays a role in the
cleavage selectivity as well as in the rate of this hydrolytic reaction.
Hydrolytic reaction of cis-[Pd(en)(H,0),]**, cis-[Pd(pic)(H;0),]**
and cis-[Pd(dpa)(H,0),]** complexes with MeCOMet-Gly-Gly tri-
peptide under the above-mentioned experimental conditions was
regioselective and only the amide bond involving the carboxylic
group of the methionine was cleaved (Fig. 2). However, the hydro-
lytic reaction of these three Pd(Il) complexes with MeCOGly-Met-
Gly tripeptide was none selective and under the investigated condi-
tions, two amide bonds, Met-Gly and MeCO-Gly, were cleaved

100 4
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Fig. 4. The dependence of the rate of hydrolysis of the Met-Gly amide bond in
methionine-containing peptides on the steric bulk of the palladium(ll). The
reactions were performed for 4.5 h at 2.0 < pH < 2.5 and at 60 °C.
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(Fig. 2). The cleavage of these two amide bonds is a parallel process
and also strongly dependent on the steric bulk of the Pd(II) complex.
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A study of the reactions of a methionine- and histidine-containing tetrapeptide
with different Pd(i1) and Pt(11) complexes: selective cleavage of the amide bond
by platination of the peptide and steric modification of the catalyst
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'"H NMR spectroscopy was applied to the study of the reactions of [M(en)(H,0),]** complexes

(M = Pd(11) and Pt(11)) with the N-acetylated methionyl-glycyl-histidyl-glycineamide,
MeCOMet-Gly-His-GlyNH,. All reactions were performed in the pH range 1.5-2.0 with equimolar
amounts of the [M(en)(H,0),]** complex and the tetrapeptide at 60 °C. In all these reactions, a metal(ir)
complex bound to a methionine residue affects the regioselective cleavage of the amide bond involving
the carboxylic group of methionine. The priority in the cleavage of the Met-Gly amide bond in relation
to the other amide bonds in this peptide is due to the high affinity of Pt(11) and Pd(11) ions for the sulfur
donor atom. The mechanism of these hydrolytic reactions is discussed and, for its clarification, the
reaction of the [Pd(en)(H,0),]** complex with MeCOMet-Gly-His-GlyNH, was additionally
investigated by potentiometric titration. The steric effects of the various palladium(ir) complexes of the
type [Pd(L)(H,0),]**, in which L is a chelating diamine (ethylenediamine, en, 2-picolylamine, pic, or
2,2-dipyridylamine, dpa) on the hydrolytic cleavage of the amide bond involving the carboxylic group of
histidine in the MeCOMet-Gly-His-GlyNH, tetrapeptide were also studied by '"H NMR spectroscopy.
All reactions were performed under the above-mentioned conditions and in the initial stage of these
reactions, the MeCOMet-Gly-His-GlyNH, was reacted with an equimolar amount of the [Pt(dien)CI]*

complex (dien is diethylenetriamine) and then the monoplatinated [Pt(dien)(MeCOMet-
Gly-His-GlyNH,-S)]** complex was treated with an equimolar amount of [Pd(L)(H,0),J**. It was
found that the rate of hydrolysis of the His-GlyNH, amide bond in [Pt(dien)(MeCOMet-
Gly-His-GlyNH,-S)]** decreased from the en to the pic complex, with finally a total inhibition of this
reaction with [Pd(dpa)(H,0),]**. These results are an important step in the study of the regioselective
cleavage of peptides and proteins and in the development of new palladium(ir) complexes as artificial

metallopeptidases.

Introduction

Recent years have witnessed an increasing interest in the study of
the interactions of platinum(ir) and palladium(1r) complexes with
sulfur- and histidine-containing peptides and proteins."* Interest
in the study of these interactions also became of capital importance
after the discovery that platinum(i)’ and palladium(1)*"* aqua
complexes can be promising reagents for the hydrolytic cleavage of
the above-mentioned peptides. In general, it was shown that plat-
inum(11) and palladium(1r) aqua 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 the
anchoring amino acid. Other examples for residue-specific peptide
cleavage are the selective hydrolysis of serine-containing peptides
by zinc salts reported by Komiyama' and the selective hydrolysis
of the N-terminal peptide bond by Co(111) complexes'® as well as
the site-selective protein cleavage mediated by certain Fe(ir),'¢"
Ni(1),? and Cu(i)*® complexes. More recently, reaction of the
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organometallic compound molybdocene dichloride, Cp,MoCl,
(Cp = m’-cyclopentadienyl) with cysteine-containing di- and
tripeptides showed that coordination of the Cp,Mo*" unit to
the thiol group of X-Cys-Y peptides assists the release of the
amino acid at the carboxyl end of the cysteine residue.?? In spite
of the numerous results obtained recently, the very complicated
mechanism of these hydrolytic reactions has yet to be completely
understood. For clarification of this mechanism, investigations
into the influence of different factors, such as pH, temperature,
solvent and steric effects of the substrate or catalyst, on this
hydrolytic reaction were shown to be necessary.

Recent studies in one of our laboratories® showed that reaction
of the [Pd(dpa)(H,0),]** complex (dpa is bidentate coordinated
2,2’-dipyridylamine) with the N-acetylated dipeptides MeCOMet-
Gly and MeCOHis-Gly in the pH range 2.0-2.5 and at two
different temperatures, 25 and 60 °C, was remarkably selective in
the cleavage of the amide bond involving the carboxylic group
of methionine in the side chain. The lack of cleavage of the
amide bond in the reaction between [Pd(dpa)(H,0),]** and the
MeCOHis-Gly peptide was attributed to the steric bulk of this
palladium(11) complex. On the basis of these findings, it was as-
sumed that in the reaction between a sterically bulky palladium(ir)
complex, such as [Pd(dpa)(H,0),]**, and a theoretically proposed
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polypeptide containing both methionine and histidine residues,
only the amide bond involving the carboxylic group of methionine
in the side chain would be cleaved (see Scheme 1). For additional
confirmation of this assumption, it was shown to be necessary
to investigate the regioselective cleavage reaction with structurally
different palladium(ir) complexes and peptides containing both
methionine and histidine residues.

hydrolyzed
tide bond
é:o‘ peptide 0; Cl:ol H
/ \N C%H - \” %/ N
|
O R @)
n —
S
N NH
/ N
HsC
Scheme 1

In a continuation of our previous investigations,? in the present
study a new tetrapeptide N-acetylated methionyl-glycyl-histidyl-
glycineamide, MeCOMet-Gly-His-GlyNH,, was synthesized and
employed to investigate its reactions with [Pd(en)(H,O),]*
and [Pt(en)(H,0),]** complexes. Additionally, this tetrapeptide
was also used to study the influence of the steric crowding
on [Pd(L)(H,0),]**-type complexes (L is bidentate coordinated
ethylenediamine, en; 2-picolylamine, pic; and 2,2-dipyridylamine,
dpa) on the reaction with the nitrogen atom of the imidazole ring
in the histidine side chain.

Experimental
Materials

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™. The compounds D,0, DNO;, NaOD,
ethylenediamine (en), 2-picolylamine (pic), 2,2’-dipyridylamine
(dpa), K,PdCl, and K,PtCl, were obtained from the Aldrich
Chemical Co. All common chemicals were of reagent grade. The
tetrapeptide was synthesized by manual solid phase peptide syn-
thesis using Fmoc-chemistry.*** The peptide was purified using
semi-preparative RP-HPLC, and analyzed by analytical HPLC
and electrospray ionization mass spectrometry. The terminal
amino group was acetylated by standard methods.®

The [Pt(en)CL], [Pt(dien)CI]CI (dien is tridentate coordinated
diethylenetriamine ligand) and [Pd(L)Cl,]-type complexes (L is en,
pic or dpa ligand) were synthesized according to the procedures
published in the literature.”** The purity of the complexes was
checked by elemental microanalyses and '"H NMR spectroscopy.

As all the solutions were prepared in D,0, all the aqua ligands
were actually D,0. However, for simplicity and consistency with
our previous publications, the D,O ligand is shown as H,O. All
the above-mentioned Pt(i1) and Pd(i) chloro complexes were
converted into the corresponding diaqua complexes by treatment
with 1.95 equiv. of AgNO; at pH 2.0 according to a previously
published method.* In each case, the formed solid AgCl was
removed by filtration in the dark and the fresh stock solution
of the aqua complex was stored in a refrigerator until it was used
for reactions with the tetrapeptide.

Potentiometric measurements

The pH-potentiometric titrations in the pH range 2.5-11.0 were
performed on 3 cm’® samples in a 1 : 1 ratio of Pd(11) ion and
MeCOMet-Gly-His-GlyNH,. The measurements were made with
a MOLSPIN pH meter equipped with a 6.0234.100 combined
electrode (Metrohm) and a MOL-ACS microburette controlled
by a computer.

The titrations were performed with a carbonate-free stock
solution of potassium hydroxide of known concentration. During
the titration, argon was bubbled through the samples to ensure
the absence of oxygen and carbon dioxide and for stirring of
the solutions. All the pH-potentiometric measurements were
performed at a constant ionic strength of 0.2 M KCI and at a
constant temperature (25 °C). The pH readings were converted
into hydrogen ion concentration as described earlier.* Protonation
constants of the tetrapeptide and the stability constants of the
Pd(11) complexes were calculated by means of general computa-
tional programs, PSEQUAD?*? and SUPERQUAD.*

"H NMR measurements

Proton NMR spectra of D,O solutions containing TSP
(3-methylsilylpropane-1-sulfonate) and DSS (2,2-dimethyl-2-
silapentane-5-sulfonate sodium salt) were recorded with a Bruker
AM360 FT-NMR spectrometer and a Varian Gemini 200 spec-
trometer. Equimolar amounts of the Pd(11) or Pt(11) complex and
MeCOMet-Gly-His-GlyNH, tetrapeptide were mixed in an NMR
tube. The final solution contained 10 mM of each reactant. All
reactions were performed at 60 °C.

The pH values were determined by use of a Radiome-
ter pH-meter equipped with a Metrohm 6.0222.100 combined
glass/calomel electrode and pH meter (Iskra MA 5704). The
results were not corrected for the deuterium isotope effect.

Results and discussion

Potentiometric investigation of the reaction between
[Pd(en)(H,0),]** and MeCOMet-Gly-His-GlyNH,

Stability constants of the major species formed in the reaction
of [Pd(en)(H,0),]** with MeCOMet-Gly-His-GlyNH, were deter-
mined by potentiometric titrations and the corresponding titration
curves are plotted in Fig. 1. A comparison of the titration curves
of the free ligand and the metal-containing system revealed that
the titration of the imidazolium protons of the histidyl residue
occurs in the acidic pH range, supporting a strong interaction
between [Pd(en)(H,0),]** and the tetrapeptide with [ML] stoi-
chiometry. In agreement with this assumption, only peaks of the
coordinated imidazole and thioether residues could be detected
in the "H NMR spectra of the [Pd(en)(H,0),]**-MeCOMet-Gly-
His-GlyNH, system (the NMR spectra are discussed in detail
in the next section). The stability constants of the major species
are listed in Table 1. The value obtained for the species [ML]
is significantly higher than those reported for the monodentate
binding of imidazole-N donor functions (log K = 6.45, for the
Ac-histamine-[Pd(dien)]** system,** or the monodentate binding
of thioether sulfur atoms (log K = 5.61 for the Ac-methionine-
[Pd(dien)]** system).*® The increase in stability strongly supports
the simultaneous binding of both imidazole and thioether residues

This journal is © The Royal Society of Chemistry 2009
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Table 1 Protonation constant of the terminally protected tetrapeptide
MeCOMet-Gly-His-GlyNH, and the stability constants of the complexes
obtained in the reaction between [Pd(en)(H,0),]** (M) and MeCOMet-
Gly-His-GlyNH, (L) (T = 298 K, I = 0.2 mol dm™). Stability constants
are defined as logf,, for M, H,L,

MeCO-MetGlyHisGly- [Pd(en)(H,0),]** +

NH, MeCO-MetGlyHisGly-NH,
[HL]* 6.50(1)
[MLJ* 9.54(4)
[MH_, L] 1.34(5)
pK(amide) 8.20
(ML — MH_,L)

in the form of a macrochelate, as shown by structure 1in Fig. 2. It is
also clear from Fig. 1. that another base-consuming process starts
around pH 7. Its stoichiometry can best be described by the species
[MH L] with the involvement of imidazole and deprotonated
amide nitrogen atoms in the metal binding. The complexity of
the NMR spectra of the system at high pH (see the next section),
however, clearly indicates that the [MH_, L] stoichiometry is just
a simplification and both coordination isomers and polynuclear
species can be present in the alkaline samples.

12

pH ‘-l.nM
10 a

-3 -1 0 1 3
base equivalents
Fig. 1 Potentiometric titration curves of the free peptide (a) and the
[Pd(en)(H,0),]**-MeCOMet-Gly-His-GlyNH, system at a 1 : 1 complex
to peptide molar ratio (b).

"H NMR investigation of the reactions of the /V-acetylated
tetrapeptide MeCOMet-Gly-His-GlyNH, with [M(en)(H,O),]**
(M = Pd(11) and Pt(11)) complexes

Hydrolytic reactions between [M(en)(H,0),]*"-type complexes
(M = Pd() and Pt(m)) and the N-acetylated tetrapeptide
MeCOMet-Gly-His-GlyNH, were investigated by "H NMR spec-
troscopy. The tetrapeptide and corresponding ethylenediamine
(en) complex were mixed in equimolar amounts and the reactions

were performed at 60 °C in the pH range 1.5-2.0. In the reactions
of these two complexes with MeCOMet-Gly-His-GlyNH,, the
regioselective cleavage of the Met-Gly amide bond was observed.
Different reaction pathways of hydrolytic cleavage of this tetrapep-
tide in the reactions with [Pd(en)(H,O),]** and [Pt(en)(H,O),]*
complexes are presented in Fig. 2.

[Pd(en)(H,0),]** + MeCOMet-Gly-His-GlyNH,. When an
equimolar amount of [Pd(en)(H,0),]** complex was incubated
with MeCOMet-Gly-His-GlyNH, under the above-mentioned
conditions, the first product observed in solution in the first 60 min
of the reaction was palladium(ir)-peptide complex 1 (see Fig. 2).
This macrochelate [Pd(en)(MeCOMet-Gly-His-GlyNH,-S, N3)]*
complex with bidentate coordination of the tetrapeptide via the
N3 atom of the imidazole ring and methionine sulfur atom is an
intermediate product. The chemical shifts for the resonances of
the free MeCOMet-Gly-His-GlyNH, at 8.62 and 7.29 ppm for
H2 and HS5 imidazole protons, respectively, were shifted upfield
and new resonances for these protons due to complex 1 at
8.00 ppm for H2 and 6.93 ppm for H5 appeared in the 'H NMR
spectrum (see Table 2 and Fig. 3). The coordination of MeCOMet-
Gly-His-GlyNH, through the sulfur atom of methionine shifted
the resonance for the methyl protons at 2.09 ppm due to free
methionine downfield to 2.32 ppm after its coordination to Pd(ir).
The macrochelate [Pd(en)(MeCOMet-Gly-His-GlyNH,-S, N3)]*
product was unstable under these experimental conditions and,
after 60 min of the reaction, it was converted into the hydrolytically
active [Pd(MeCOMet-Gly-His-GlyNH,-S,N3)(H,0),]** complex
2 (see Fig. 2). This conversion proceeds through the detachment
of the en ligand from Pd(11) and its replacement by two water
molecules. The conversion of 1 into 2 is evident in the '"H NMR
spectrum by the simultaneous decline of the singlet at 2.86 ppm,
due to protons of the bidentate coordinated en ligand, and growth
of that at 3.36 ppm, due to free H,en** ligand. Release of en
ligand in this reaction is supported by the trans influence of the
sulfur atom and acidic medium present in the solution (1.5 <
pH < 2.0).* The coordination mode in complex 2 permits the
close approach of the Pd(1) and its aqua ligands to the Met-Gly
peptide bond. This amide bond was cleaved over time and the final
product in the investigated reaction was [Pd(Gly-His-GlyNH,-
N,N’,N3)(MeCOMet-S)]* complex 3. The formation of complex 3
was detected in the "H NMR spectrum by the appearance of two
new resonances at 3.62 and 3.67 ppm after 2 h of reaction. These
resonances were assigned to the Gly protons (Gly with terminal
amino group) of the Gly-His-GlyNH, fragment, which is triden-
tately coordinated to Pd(11). The coordination of this fragment
occurred through the terminal amino group of Gly, the deproto-
nated amide nitrogen of histidine and the N3 nitrogen atom of
imidazole. Deprotonation of the amide nitrogen of histidine and

Table 2 Proton chemical shifts for the hydrolytic reaction between [Pd(en)(H,0),]** and MeCOMet-Gly-His-GlyNH, in the pH range 1.5-2.0 and in

D, 0 solvent

Chemical shifts (8)/ ppm

Substrate/hydrolytically active form/hydrolytic product H2 HS5 CH,(Gly) CH,(GlyNH,) CH(Met) CH;-S(Met)
MeCOMet-Gly-His-GlyNH, 8.62 7.29 4.02 3.97 4.36 2.09
[Pd(en)(MeCOMet-Gly-His-GlyNH,-S,N3)]** 8.0 6.93 4.02 3.97 4.36 2.32
[Pd(Gly-His-GlyNH,-N,N’, N3)(MeCOMet-S)]* 7.96 7.03 3.62; 3.67 3.97 4.24 2.37
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its coordination to Pd(1) shifted the resonances for the H2 and
HS5 imidazole protons at 7.96 and 7.03 ppm, respectively, upfield
in accordance with those for the intermediate [Pd(en)(MeCOMet-
Gly-His-GlyNH,-S,N3)I** and [Pd(MeCOMet-Gly-His-GlyNH,-
S,N3)(H,0),]** complexes (8.00 for H2 and 6.93 ppm for H5
protons; see Table 2). The chemical shifts for the methylene Gly
and imidazole H2 and H5 protons for the complex 3 were checked
in separate experiments by the reaction of K,PdCl, with the
tripeptide Gly-His-Gly under the same experimental conditions.

Indeed, the [Pd(Gly-His-Gly-N,N’,N3)Cl] complex obtained in
this reaction showed the same chemical shifts as those for complex
3. In the [Pd(Gly-His-GlyNH,-N,N’,N3)(MeCOMet-S)|*
plex, the MeCOMet fragment was monodentately coordinated
through the methionine sulfur atom and no significant differences
in the chemical shifts for the methionine methyl protons were
observed. The only measurable differences between the chemical
shifts for the investigated Pd(11)-peptide complexes were observed
in the case of the methionine methine protons (at 4.24 ppm for

com-
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'H NMR spectrum of the macrochelate [Pd(en)(MeCOMet-Gly-His-GlyNH,-S,N3)]** complex for the hydrolytic reaction between

[Pd(en)(H,0),J** and MeCOMet-Gly-His-GlyNH, in the pH range 1.5-2.0 and in D,O solvent.

complex 3 and 4.36 ppm for complexes 1 and 2 (Table 2)). The
formation of complex 3 in the reaction between [Pd(en)(H,0),]*
and MeCOMet-Gly-His-GlyNH, was followed over time and the
concentration of this complex was determined by integration of
the resonance at 4.02 ppm due to the Gly protons for the complex
1 and the resonances at 3.62 ppm for these protons in complex
3. The total amount of hydrolyzed MeCOMet-Gly-His-GlyNH,
was calculated in accordance with the concentration of complex
3 and it was found that more than 90% of the substrate had been
hydrolyzed after 24 h.

The regioselective cleavage of the Met-Gly peptide bond
was found previously in the reactions of the antitumor
drug cisplatin, cis-[PtCl,(NH;),] with the methionine- and
histidine-containing pentapeptides, MeCOMet-Gly-His-Gly-Gly-
OH, MeCOMet-Gly-Gly-His-Gly-OH and MeCOGly-Met-Gly-
His-Gly-OH. In these reactions, the hydrolytically active forms
were also S, NI- or N3-imidazole macrochelated Pt(i)—
pentapeptide complexes.*’

[Pt(en)(H,0),]* + MeCOMet-Gly-His-GlyNH,. When the
[Pt(en)(H,0),]** complex was mixed with an equimolar amount
of MeCOMet-Gly-His-GlyNH, at 1.5 < pH < 2.0 and at 60 °C,
only the Pt(1)-tetrapeptide, [Pt(en)(MeCOMet-Gly-His-GlyNH,-
S)(H,0)I**, complex 4 was formed in the first 2 h (see Fig. 2).
In this complex, the tetrapeptide is monodentately coordinated
through the methionine sulfur atom to Pt(11) and no release of en
ligand and no binding of Pt(11) to either the N3 or N1 imidazole
nitrogen atom was observed. The [Pt(en)(MeCOMet-Gly-His-
GlyNH,-S)(H,0)]** complex with coordinated water molecule is
hydrolytically active and only regioselective cleavage of the Met-
Gly amide bond was observed in this reaction. Two hydrolytic
products, the tripeptide Gly-His-GlyNH, and [Pt(en)(MeCOMet-
S)(H,O)**, were observed from the 'H NMR measurements
(Fig. 2). The resonances at 3.94 ppm due to the Gly protons (Gly
with a terminal amino group) of complex 4 decreased while that at
3.83 ppm for free Gly-His-GlyNH, increased. Upon addition of
the tripeptide Gly-His-Gly to the reaction mixture, the resonance

at 3.83 ppm was enhanced. The amounts of the non-hydrolyzed
tetrapeptide and hydrolysis products were determined from the
known initial concentration of MeCOMet-Gly-His-GlyNH, and
from the integrated resonance of the Gly protons of the free
Gly-His-GlyNH,. The catalytic ability of the [Pt(en)(H,0),]*
complex in the investigated reaction was determined by measuring
the amount of hydrolyzed MeCOMet-Gly-His-GlyNH, with time
under the same experimental conditions. The concentration of the
free and hydrolyzed tetrapeptide were determined every 30 min
and the reaction was followed for 24 h. It was found that 85% of
the MeCOMet-Gly-His-GlyNH, had been hydrolyzed after 24 h
at 60 °C.

"H NMR investigation of the selective cleavage of the amide bond
in [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)|** with
[PA(L)(H,0),]**-type complexes

For the prevention of the hydrolytic cleavage of the Met-Gly
amide bond in the reaction of MeCOMet-Gly-His-GlyNH, with
[PA(L)(H,0),]**-type complexes (L is en, pic or dpa), this tetrapep-
tide in the first stage was reacted with an equimolar amount of
[Pt(dien)CI]* complex (dien is tridentate coordinated diethylen-
etriamine). The reaction of the Pt(1) complex with MeCOMet-
Gly-His-GlyNH, was performed at 1.5 < pH < 2.0 and at
60 °C. The formation of [Pt(dien)(MeCOMet-Gly-His-GlyNH,-
S)]** was evidenced by the simultaneous decline of the resonances
at 2.09 ppm, arising from the S-methyl protons of free MeCOMet-
Gly-His-GlyNH,, and the growth of the resonance at 2.55 ppm,
corresponding to the S-methyl protons of the tetrapeptide co-
ordinated to Pt(11) through the sulfur atom. The major product
in this reaction after 2 h of reaction was [Pt(dien)(MeCOMet-
Gly-His-GlyNH,-S)**, formed in a yield of 95%. In the second
stage, the solution containing the [Pt(dien)(MeCOMet-Gly-His-
GlyNH,-S)]** complex was treated with an equimolar amount of
the corresponding [Pd(L)(H,0),]** complex and the pH of the
reaction mixture was adjusted to 1.5 < pH < 2.0 (see Fig. 4). All
reactions were performed at 60 °C.
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When an equimolar amount of [Pd(en)(H,0),]** was incubated
with the solution containing the [Pt(dien)(MeCOMet-Gly-His-
GlyNH,-S)]** complex under these experimental conditions, five
new NMR detectable Pd(i1)/Pt(1)-tetrapeptide complexes were
formed (see Fig. 5). Previous studies with [Pd(en)(H,0),]** and
MeCOHis-Gly,'*123%3 a5 well as the most recent studies with
trans-[PdCL(DEA),] or trans-[Pd(H,0),(DEA),]** (DEA is di-
ethanolamine) with this peptide,* showed that five palladium(ir)—
peptide complexes were also formed at pH < 3.0. These complexes
were designated from A through to E and the same designation
is used for the presently investigated Pd(ir)/Pt(i1)-tetrapeptide
complexes (Fig. 5 and Table 3). The two major complexes
obtained in the investigated reaction were linkage isomers of
each other with a unidentate coordination of Pd(i) via the

N3 or N1 atom to the imidazole ring, complexes A and B,
respectively. The three minor complexes contained more than
one palladium(i1) atom per dipeptide or involved more than one
donor atom in the dipeptide. The experiments with MeCOHis-
Gly selectively methylated at the N1 and N3 atom of imidazole
and [Pd(en)(H,0),]** showed that only palladium(ir) with a
monodentate coordination to the N3 atom of imidazole could
affect the cleavage of the amide bond involving the carboxylic
group of histidine; none of the four other modes of coordination
were effective.!’ Also, the experiments with different histidine-
containing peptides and different Pd(i1) complexes showed that
only monodentate coordination of the peptide via the N3 atom of
the imidazole to the Pd(11) ion affects hydrolytic cleavage of the
amide bond involving the carboxylic group of histidine.'*'%3%#

Table 3 Identification of the Pd(i1)/Pt(11)—peptide complexes according to the chemical shifts of the imidazole protons for the reactions of
[PA(L)(H,0),]**-type complexes with [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]**

6 ('H)
Reactants Pd(11)/Pt(11)-peptide-type complex H2 HS5
[Pd(en)(H,0),]* + MeCOHis-Gly* A 8.14 7.12
B 7.88 6.89
C 7.66 6.60
D 8.04 7.10
E 7.74 6.67
[Pd(en)(H,0),}** + [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]** A 8.14 7.10
B 7.88 6.89
C 7.62 6.63
D 8.05 7.01
E 7.73 6.78
[Pd(pic)(H,0),]** + [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]* A b 7.15
B b 6.89
[Pd(dpa)(H,0),]** + [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]* A b 7.04
B 7.87 6.84

“Ref. [10,12]. ® Resonance of the H2 proton overlapped with those of pyridine.
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Fig.5 The five Pd(11)/Pt(11)-tetrapeptide complexes formed in the reaction between [Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]** and the [Pd(en)(H,0),]**

complex at 1.5 < pD < 2.0 and at 60 °C.

This was explained by the fact that this coordination mode permits
the necessary close approach of the Pd(11) ion and of its aqua
ligand to the scissile peptide bond. The chemical shifts of the
H2 and HS5 imidazole protons of the Pd(ir)/Pt(11)-tetrapeptide
complexes obtained in the reaction of [Pd(en)(H,0),** with
[Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]** were compared with
those of the reaction between the [Pd(en)(H,0),]** complex and
MeCOHis-Gly'*"? under the same experimental conditions (see
Table 3). By comparison of these chemical shifts, it may be
concluded that the Pd(ir)/Pt(11)-tetrapeptide complexes formed
in the reaction of [Pd(en)(H,0),]** and [Pt(dien)(MeCOMet-Gly-
His-GlyNH,-S)J** are identical to those formed in the reaction of
the MeCOHis-Gly dipeptide and the [Pd(en)(H,0),]** complex. In
the reaction between [Pd(en)(H,0),]** and [Pt(dien)(MeCOMet-
Gly-His-GlyNH,-S)I**, no release of ethylenediamine was ob-
served. During this reaction, the '"H NMR resonance at 3.96 ppm
due to the GlyNH, protons of MeCOMet-Gly-His-GlyNH,
decreased, while that at 3.86 ppm of free GlyNH, increased. Upon
addition of GlyNH, to the reaction mixture, its resonance was
enhanced. The concentrations of [Pt(dien)(MeCOMet-Gly-His-
GlyNH,-S)]** and the hydrolysis products were determined from
the known initial concentration of MeCOMet-Gly-His-GlyNH,
and from the integrated resonance of the free GlyNH,. Some of
the liberated GlyNH, reacted with the catalyst to form a small
amount of the [Pd(en)(GlyNH,-N,N)]** complex (N’ is amide
nitrogen), which was detected by '"H NMR spectroscopy by the
resonances at 3.52 and 3.54 ppm. Indeed, the same complex was

formed upon mixing equimolar amounts of [Pd(en)(H,0),]** and
glycineamide. The cleavage of the His-GlyNH, amide bond was
regioselective and the reaction was completed in less than 24 h
(Fig. 4).

In the reaction between the [Pd(pic)(H,0),]** complex and
[Pt(dien)(MeCOMet-Gly-His-GlyNH,-S)]**, under the above-
mentioned conditions, only two NMR detectable Pd(i1)/Pt(11)—
tetrapeptide complexes were observed, designated A and B. The
designation of these complexes was made in accordance with
those for the reaction of [Pt(dien)(MeCOMet-Gly-His-GlyNH,-
S)** with [Pd(en)(H,0),]** (see Fig. 5). However, the complexes
of type C, D and E from Fig. 5, were not detected in the reaction
with the [Pd(pic)(H,0),]** complex, even after 3 days. In this
reaction, only the cleavage of the His-GlyNH, amide bond was
observed (Fig. 4). The catalytic ability of the [Pd(pic)(H,0),]**
complex in the investigated reaction was determined by measuring
the amount of the substrate and hydrolytic product with time as
was already explained for the reaction of [Pt(dien)(MeCOMet-
Gly-His-GlyNH,-S)I** with the [Pd(en)(H,0),]** complex. The
concentration of the free and the hydrolyzed MeCOMet-Gly-
His-GlyNH, were determined every 30 min and the reaction was
followed for 24 h. It was found that during this time only 40% of
the MeCOMet-Gly-His-GlyNH, had been hydrolyzed under the
employed experimental conditions.

However, in the reaction between [Pt(dien)(MeCOMet-Gly-
His-GlyNH,-S)]** and the [Pd(dpa)(H,0),]** complex under the
same experimental conditions, no cleavage of any amide bond in
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this substrate was observed, even when the reaction was prolonged
to 3 days (Fig. 4). Also, no cleavage of the amide bond was
previously observed in the reaction between this Pd(11) complex
and the MeCOHis-Gly peptide.?® The total steric inhibition of
the hydrolytic reaction of this peptide in the reaction with the
[Pd(dpa)(H,0),]** complex was explained in terms of the steric
bulk of the Pd(ir) complex. In accordance with this, the same
arguments can be taken for the explanation of the total steric
inhibition of the hydrolytic reaction of [Pt(dien)(MeCOMet-Gly-
His-GlyNH,-S)** with the [Pd(dpa)(H,0),]** complex.

Conclusions

Summing up, the reactions of [Pd(en)(H,0),]** and
[Pt(en)(H,0),]** with the MeCOMet-Gly-His-GlyNH, tetrap-
eptide in the pH range 1.5-2.0 and at 60 °C are remarkably
selective in the cleavage of the amide bond involving the
carboxylic group of methionine. The cleavage of the Met-Gly
amide bond in priority over the other amide bonds in this
peptide is due to the high affinity of Pt(i1) and Pd(i1) ions for the
sulfur donor atom. The reaction of MeCOMet-Gly-His-GlyNH,
with monofunctional [Pt(dien)CI]* complex was shown to be
a good method for the protection of the methionine residue
from attack by the catalyst. The reaction of monoplatinated
[Pt(dien)(MeCOMet-Gly-His-GlyNH,-S]** with [Pd(L)(H,0),]* -
type complexes clearly demonstrated that by modification of
palladium(1) catalyst introducing sterically hindered diamine
ligand, total inhibition of the hydrolytic cleavage of the amide
bond involving the carboxylic group of histidine can be achieved.
This finding should be taken into consideration when designing
new palladium(ir) complexes for the regioselective cleavage of
peptides and proteins. Studies aimed at investigating these new
possible synthetic metallopeptidases are in progress.
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The hydrolytic reactions between various Pt(II) complexes of the type [Pt(L)Cl,] and [Pt(L)(CBDCA-0,0’]
(L is ethylenediamine, en; (t+)-trans-1,2-diaminocyclohexane, dach; (t)-1,2-propylenediamine, 1,2-pn
and CBDCA is the 1,1-cyclobutanedicarboxylic anion) and the N-acetylated L.-methionylglycine dipeptide
(MeCOMet-Gly) were studied by "H NMR spectroscopy. All reactions were realized at 37 °C with equimo-
lar amounts of the Pt(II) complex and the dipeptide at pH 7.40 in 50 mM phosphate buffer in D,0. Under
these experimental conditions, a very slow cleavage of the Met-Gly amide bond was observed and this
hydrolytic reaction proceeds through the intermediate [Pt(L)(H,0)(MeCOMet-Gly-S)]* complex. In gen-
eral, it can be concluded that faster hydrolytic cleavage of the MeCOMet-Gly dipeptide was observed in
the reaction with the chloride complex than with corresponding CBDCA Pt(II) complexes. The steric
effects of the Pt(II) complex on the hydrolytic cleavage of the amide bond in the MeCOMet-Gly dipeptide
were also investigated by 'H NMR spectroscopy. It was found that the rate of hydrolysis decreases as the
steric bulk of the CBDCA and chlorido Pt(II) complexes increase (en > 1,2-pn > dach). These results con-
tribute to a better understanding of the toxic side effects of Pt(II) antitumor drugs and should be taken
into consideration when designing new potential Pt(Il) antitumor drugs with preferably low toxic side

effects.

© 2011 Elsevier Ltd. 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]. Particularly, this interest was induced through the facts that
interactions of platinum(II) 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(II)
antitumor complexes, development of cellular resistance to plati-
num drugs and toxic side effects, such as nephrotoxicity [5]. More-
over, interest in the study of the interactions of platinum(Il) [6-8]
and palladium(Il) [7-21] complexes with methionine- and histi-
dine-containing peptides and proteins also became of cardinal
importance after the discovery that their aqua complexes can be
promising reagents for the hydrolytic cleavage of the above-
mentioned peptides. In general, it was shown that platinum(II)
and palladium(Il) aqua complexes bind to the heteroatom in the
side chain of methionine [6-13] or histidine [7,8,14-22] and pro-
mote 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 effects of the substrate or

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

0277-5387/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.poly.2010.12.039

catalyst, on this hydrolytic reaction has been extensively investi-
gated in the past two decades. Up until now, most of these inves-
tigations were performed in strongly acidic media, whereas only a
few reports concerning this hydrolytic reaction between methio-
nine- and histidine-containing peptides and platinum(Il) antitu-
mor complexes under physiological relevant conditions have
been reported [23-27].

This paper reports on the 'H NMR investigations of the hydroly-
sis reactions between various Pt(II) complexes of the type [Pt(L)Cl,]
and [Pt(L)(CBDCA-0,0'] (where L is bidentate coordinated
ethylenediamine, en; (x)-trans-1,2-diaminocyclohexane, dach or
(+)-1,2-propylenediamine, 1,2-pn; and CBDCA is the 1,1-cyclob-
utanedicarboxylic anion) and the N-acetylated L-methionylglycine
dipeptide (MeCOMet-Gly) under physiological conditions of pH
and temperature (pH 7.40 and 37 °C). The observed rates of the
peptide hydrolysis are explained in terms of the leaving ligand
(chlorido or CBDCA) and the steric hindrance of the chelating
diamine ligand (L) on the Pt(II) complex.

2. Experimental
2.1. Materials

The distilled water was demineralized and purified to a resis-
tance great than 10 MQ cm. The compounds D,0, DNO3, NaOD,
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ethylenediamine (en), (*)-trans-1,2-diaminocyclohexane, (dach),
(+)-1,2-propylenediamine (1,2-pn) and K;[PtCl;] were obtained
from the Aldrich Chemical Co. All common chemicals were of re-
agent grade. The dipeptide 1-methionylglycine was obtained from
the Sigma Chemical Co. The terminal amino group in this peptide
was acetylated by standard methods [9].

2.2. Syntheses of [Pt(L)Cl]-type complexes (L is en, dach or 1,2-pn)

Platinum(II) complexes of the type [Pt(L)Cl,] were synthesized
according to procedures published in the literature [28-30].
K,PtCl, was dissolved in water and mixed with an equimolar
amount of the diamine ligand. The pH of the solution was adjusted
to ca. 3 by addition of 1 M HCI and the mixture was stirred at 80 °C
for 2 h. All the complexes were crystallized from water at room
temperature. The pure complexes were obtained by recrystalliza-
tion from a small amount of water. The yield was between 80%
and 90%.

2.2.1. Elemental microanalyses

Anal. Calc. for [Pt(en)Cl,] = CoHgN,Cl,Pt (FW = 326.08): C, 7.37;
H, 2.47; N, 8.59. Found: C, 7.48; H, 2.43; N, 8.56%. Anal. Calc. for
[Pt(1,2-pn)Cl,] = C3H1oN,Cl,Pt (FW =340.11): C, 10.59; H, 2.96; N,
8.24. Found: C, 11.15; H, 3.17; N, 8.05%. Anal. Calc. for
[Pt(dach)Cly] = C¢H14N,Cl,Pt (FW =380.17): C, 18.96; H, 3.71; N,
7.37. Found: C, 19,20; H, 3.49; N, 7.46%.

2.2.2. NMR ('H and 3C) characterization (DMSO-ds, 250 MHz)

[Pt(en)Cl,]: 'H NMR, & (ppm): 2.24 (s, 4H, 2CH,), 5.30 (s, 4H,
2NH,); 3C NMR, § (ppm): 48.76 (CH,). [Pt(1,2-pn)Cl,]: 'H NMR,
é (ppm): 1.11 (d, 3H, CH3), 2.10-2.58 (m, 3H, CH and CH,), 5.12-
5.39 (m, 4H, 2NH,); '>C NMR, 6 (ppm): 15.71 (CHs), 52.49 (CH,),
55.42 (CH). [Pt(dach)Cl,]: "H NMR, § (ppm): 1.06 (m, 4H, 2CH, from
C4 and C5), 1.63 (m, 4H, 2CH, from C3 and C6), 2.07 (m, 2H, 2CH
from C1 and C2), 4.98-5.71 (m, 4H, 2NH,); >C NMR, § (ppm):
24.08 (C4 and C5),31.27 (C3 and C6), 62.66 (C1 and C2). These data
are in accordance with those reported previously for the corre-
sponding Pt(Il) complexes [31].

2.3. Syntheses of [Pt(L)(CBDCA-0,0')]-type complexes (L is en, 1,2-pn
or dach)

The chlorido complexes [Pt(en)Cl;], [Pt(1,2-pn)Cl;] and
[Pt(dach)Cl,] were converted into the corresponding diaqua com-
plexes by treatment with 1.95 equiv. of AgNOs at pH 2.0, according
to a published method [32]. In each case, the formed solid AgCl was
removed by filtration in the dark. To the clear solutions of the aqua
complexes, equimolar amounts of CBDCA (anion of 1,1-cyclobutan-
edicarboxylic acid) and two equivalents of NaOH were added. The
mixture was stirred at 60 °C for 3 h and all complexes were crystal-
lized from water by cooling in a refrigerator. After filtration of the
solid complex, an equivalent volume of ethanol was added to the
filtrate and an additional amount of the CBDCA Pt(Il) complex crys-
tallized after cooling in a refrigerator for two days. The yield was
between 50% and 60%.

2.3.1. Elemental microanalyses

Anal. Calc. for [Pt(en)(CBDCA-0,0')] = CgH4NoO4Pt (FW =
397.29): C, 24.19; H, 3.55; N, 7.05. Found: C, 24.28; H, 3.47; N,
7.04%. Anal. Calc. for [Pt(1,2-pn)(CBDCA-0,0')] = CgHgNo04Pt
(FW=411.31): C, 26.28; H, 3.92; N, 6.81. Found: C, 25.31; H,
4.11; N, 6.95%. Anal. Calc. for [Pt(dach)(CBDCA-0,0')] = Ci2Hy0-
N,04Pt (FW =451.38): C, 31.93; H, 4.47; N, 6.21. Found: C, 30.70;
H, 4.53; N, 6.13%.

2.3.2. NMR ('H and '3C) characterization (DMSO-ds, 250 MHz)

[Pt(en)(CBDCA-0,0')]: 'H NMR, ¢ (ppm): 2.23 (s, 4H, 2CH, from
en), 5.55 (s, 4H, 2NH,), 1.64 (m, 2H, y-CH, from CBDCA), 2.65 (t,
4H, o-CH, and B-CH, from CBDCA); 'C NMR, § (ppm): 47.84
(CH; from en), 14.99 (C3 from CBDCA), 30.19 (C2 and C4 from
CBDCA), 55.47 (C1 from CBDCA), 177.23 (C=0). [Pt(1,2-pn)
(CBDCA-0,0')]: '"H NMR, 6 (ppm): 1.11 (d, 3H, CH; from 1,2-pn),
2.12-2.56 (m, 3H, CH and CH, from 1,2-pn), 5.22-6.03 (m, 4H,
2NH;), 1.65 (m, 2H, y-CH, from CBDCA), 2.65 (t, 4H, a-CH, and
B-CH, from CBDCA); '3C NMR, § (ppm): 15.82 (CH; from 1,2-pn),
53.49 (CH; from 1,2-pn), 56.41 (CH from 1,2-pn), 15.07 (C3 from
CBDCA), 30.10 and 30.38 (C2 and C4 from CBDCA), 56.20 (C1 from
CBDCA), 177.42 (C=0). [Pt(dach)(CBDCA-0,0’)]: 'H NMR, & (ppm):
1.11 (m, 4H, 2CH,, C4 and C5 from dach), 1.62 (m, 4H, 2CH,, C3 and
C6 from dach), 2.03 (m, 2H, 2CH, C1 and C2 from dach), 4.98-5.71
(m, 4H, 2NH>), 1.65 (m, 2H, y-CH, from CBDCA), 2.68 (t, 4H, o-CH,
and B-CH, from CBDCA); '>C NMR, ¢ (ppm): 24.07 (C4 and C5 from
dach), 31.49 (C3 and C6 from dach), 62.06 (C1 and C2 from dach),
15.04 (C3 from CBDCA), 30.26 (C2 and C4 from CBDCA), 55.47 (C1
from CBDCA), 177.34 (C=0). These data are in accordance with
those reported previously for the corresponding Pt(II) complexes
[33,34].

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. NMR spectra of Pt(Il) complexes
were taken on a Bruker AC 250 spectrometer operating at
250 MHz (proton) and 62.9 MHz (carbon), using standard Bruker
software; tetramethylsilane (TMS, 6 0.00 ppm) was used as a refer-
ence for 'H NMR spectra, whereas the central carbon line of deu-
terated dimethylsulfoxide (DMSO-ds) was set at 39.5 ppm for
carbon-13 NMR spectra.

The reactions of MeCOMet-Gly with the platinum(Il) complexes
in 50 mM phosphate buffer at pH 7.40 in D,0 were followed by 'H
NMR spectroscopy using a Varian Gemini 2000 spectrometer
(200 MHz). Sodium trimethylsilylpropane-3-sulfonate (TSP) was
used as an internal reference. The '"H NMR spectra were acquired
using the WATERGATE sequence for water suppression. Typical
acquisition conditions were as follows: 90° pulses, 24 000 data
number points, 4 s acquisition time, 1 s relaxation delay, collection
of 16-128 transients and final digital resolution of 0.18 Hz per
point. All the NMR spectra were processed using the Varian vNmR
software (version 6.1, revision C). The chemical shifts are reported
in ppm. Equimolar amounts of the platinum(Il) complex and the
dipeptide were mixed in an 5 mm NMR tube and spectra were re-
corded at appropriate time intervals. The final solution was 10 mM
in each reactant. All reactions were performed at 37 °C. Elemental
microanalyses for carbon, hydrogen and nitrogen were performed
by the Faculty of Chemistry of Warsaw University of Technology
and by the Microanalytical Laboratory, Faculty of Chemistry,
University of Belgrade.

3. Results and discussion

Hydrolytic reactions between various 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-propylenedi-
amine, 1,2-pn; and CBDCA is the 1,1-cyclobutanedicarboxylic anion)
and the N-acetylated 1-methionylglycine dipeptide (MeCOMet-Gly)
were studied by 'H NMR spectroscopy. All reactions were performed
with equimolar amounts of the platinum(II) complex and the dipep-
tide at pH 7.40 in 50 mM phosphate buffer in D,0 and at 37 °C. The
studied platinum(Il) complexes are shown in Fig. 1. The different



M.D. Zivkovi¢ et al./ Polyhedron 30 (2011) 947-952 949

NH, — Cl CHs NH  cCI NH, cl
(o O O
/
NH,  Cl NH e NH, \CI
[Pt(en)Cl,] [Pt(1,2-pn)Cl,] [Pt(dach)Cl,]

NH2 \[NHZ
NHZ

[Pt(en)(CBDCA-0,0)]  [Pt(1,2-pn)(CBDCA-0,0")] [Pt(dach)(CBDCA-0,0)]

Fig. 1. Platinum(Il) complexes used in the reaction with N-acetylated L-methio-

nylglycine (MeCOMet-Gly) as catalytic reagents for the hydrolytic cleavage of this
peptide.
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chelate diamine ligands (L) in these complexes are inert to substitu-
tion and are expected to remain bound to the platinum(II) atom dur-
ing the reactions with the dipeptide. In all the investigated reactions,
a very slow selective cleavage of the Met-Gly amide bond in the
MeCOMet-Gly dipeptide was observed. The influence of the leaving
ligand (chlorido and CBDCA) and the steric effects of the chelate
diamine ligand (L) on this hydrolytic reaction was investigated in
relation to the toxic side effects of platinum(Il) antitumor drugs.

3.1. Hydrolytic reactions of the [Pt(L)Cl>]- and [Pt(L)(CBDCA-O,0')]-
type complexes with MeCOMet-Gly

The reaction scheme of [Pt(L)Cl;]- and [Pt(L)(CBDCA-0,0')]-type
complexes with the MeCOMet-Gly dipeptide is given in Fig. 2.
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Fig. 2. The reaction scheme of the hydrolytic reaction of the MeCOMet-Gly dipeptide with [Pt(L)Cl,]- and [Pt(L)(CBDCA-0,0’)]-type complexes (L is en, 1,2-pn and dach). The
corresponding Pt(II) complex and dipeptide were mixed in a 1:1 molar ratio and all reactions performed at pH 7.40 and at 37 °C in 50 mM phosphate buffer in D,0 solvent.
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When an equimolar amount of the corresponding Pt(Il) complex
was incubated with MeCOMet-Gly under the above-mentioned
conditions, the major product observed in solution after 4 h of
reaction was an intermediate platinum(Il)-peptide complex,
[Pt(L)Cl(MeCOMet-Gly-S)] for [Pt(L)Cl;]- and [Pt(L)(CBDCA-
0)(MeCOMet-Gly-S)]~ for [Pt(L)(CBDCA-0,0')]-type complexes.
The formation of these intermediate products was fast and could
be followed by the simultaneous decline of the proton NMR reso-
nance at 2.11 ppm, arising from the S-methyl protons of free
MeCOMet-Gly, and the growth of the resonance at 2.39-
2.56 ppm, corresponding to the S-methyl protons of the dipeptide
coordinated to Pt(Il) through the sulfur atom. The chemical shift of
this resonance is dependent on the type of Pt(Il) complex. More-
over, the formation of the ring-opened [Pt(L)(CBDCA-O)(MeCO-
Met-Gly-S)]~ complex could be observed by the simultaneous
decline of the triplet at 2.87 ppm for the H, and Hg methylene
protons of the bidentate coordinated CBDCA ligand in the
[Pt(L)(CBDCA-0,0')] complex, and the growth of a new multiplet
at 2.32 ppm for these protons due to the monodentate bound
CBDCA ligand in the ring-opened Pt(Il) intermediate complex.
The multiplets for the H, methylene protons for the bidentate
and monodentate coordinated CBDCA ligand were overlapped
and the changes in their intensities could not be quantified in
the present study. The formation of the ring-opened carboplatin
adducts containing monodentate thioethers were also observed
in the reactions of the anticancer drug carboplatin with a variety
of sulfur-containing amino acids [35,36]. It was found that carbo-
platin reacts very slowly with thiol-type ligands and that sulfur-
bridged species containing four-membered Pt,S, rings represent
the major products in these reactions. However, it was shown that
the reactions of this Pt(Il) antitumor drug with thioether ligands
are much more rapid and the kinetics for the initial stages of the
reaction with r-methionine were determined (k=2.7 x 1073
M~!s~! at pH 7.0). During this reaction, the very stable ring-

(a) . (b) ™ n
N Y

opened [Pt(NH3),(CBDCA-O)(L-Met-S)]~ intermediate product
was formed which has a half-life for Met-S,N ring closure of 28 h
at 310K [36]. The detection of a Pt(Il) complex containing the
ring-opened CBDCA ligand and a monodentate thioether ligand
in the urine of mice treated with the carboplatin drug was also re-
ported [37]. The intermediate [Pt(L)CI(MeCOMet-Gly-S)] and
[Pt(L)(CBDCA-0)(MeCOMet-Gly-S)]~ complexes are hydrolytically
inactive and after replacement of the chlorido and monodentate
coordinated CBDCA ligand in these complexes by water molecules,
they were converted into the hydrolytically active Pt(Il)-peptide
[Pt(L)(H,0)(MeCOMet-Gly-S)]* complex. It was shown that a coor-
dinated aqua ligand in Pd(Il) and Pt(II) complexes plays an impor-
tant role in promoting the regioselective cleavage of the amide
bond in histidine- and methionine-containing peptides [14-
16,18-22]. These findings can be explained in terms of two possi-
ble limiting mechanisms, both presented in Fig. 2. Either the labile
aqua ligand is displaced by the methionine carbonyl oxygen, thus
activating the carbonyl group to external attack by a water mole-
cule, or will itself be delivered to the scissile amide group (internal
delivery) with resulting cleavage. In the present investigated reac-
tions between [Pt(L)Cl,]- and [Pt(L)(CBDCA-0O,0')]-type complexes
with the MeCOMet-Gly dipeptide under the above mentioned
experimental conditions, the hydrolysis of the [Pt(L)Cl(MeCO-
Met-Gly-S)] and [Pt(L)(CBDCA-O)(MeCOMet-Gly-S)]~ complexes
is the rate determining step for the hydrolytic cleavage of the
Met-Gly amide bond. The replacement of the chlorido and CBDCA
ligand by water molecules could not be followed by 'H NMR spec-
troscopy. The triplet at 2.50 ppm for the H,, and Hz methylene pro-
tons and the multiplet at 1.97 ppm for the H, methylene protons of
free CBDCA were overlapped with signals for the H, methylene
protons and with methyl protons of the acetyl group of the methi-
onine residue, respectively. Hydrolysis of the [Pt(L)Cl(MeCOMet-
Gly-S)] and [Pt(L)(CBDCA-O)(MeCOMet-Gly-S)]~ complexes and
hydrolytic cleavage of the Met-Gly amide bond, upon formation

7 days
“ l . _JL..\.‘....J L_M.LA__A_.'—— 5 days
“ ‘ 2 days
“ . A P ] day
i “h z - 4 h
’ T T T ¥ T v T
ppm 3.6 3.2 ppm 3.6 3.2

Fig. 3. Parts of the 'H NMR spectra during the reactions of [Pt(1,2-pn)Cl,] (a) and [Pt(1,2-pn)(CBDCA-0,0')] (b) with MeCOMet-Gly. The corresponding Pt(Il) complex and the
dipeptide were mixed in a 1:1 molar ratio and all reactions were performed at pH 7.40 and at 37 °C in 50 mM phosphate buffer in D,O with TSP as the internal standard. For
these reactions, the resonances are indicated as follows: (®) GlyCH, at 3.76 ppm of the MeCOMet-Gly dipeptide and (M) GlyCH, at 3.55 ppm of the free glycine.
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of the corresponding hydrolytically active aqua species, are the two
consequential reactions; see Fig. 2. In accordance with this, the
cleavage of the Met-Gly amide bond, as the overall hydrolytic pro-
cess in reactions of [Pt(L)Cl,]- and [Pt(L)(CBDCA-O,0')]-type com-
plexes with MeCOMet-Gly dipeptide, was followed by 'H NMR
spectroscopy. The resonance at 3.75-3.78 ppm corresponding to
the glycine protons of the non-hydrolyzed peptide decreased while
that at 3.55 ppm for free glycine increased; see Fig. 3. The second
hydrolytic product in this reaction was the [Pt(L)(H,O)(MeCO-
Met-S)]* complex, containing the N-acetylated amino acid methi-
onine, which is monodentately coordinated through the sulfur
atom for Pt(II). Indeed, the same complex is formed upon mixing
equimolar amounts of the corresponding [Pt(L)(H,0),]** complex
with N-acetylated 1-methionine, MeCOMet. Upon addition of gly-
cine to the reaction mixture, its resonance was enhanced. The
amounts of the non-hydrolyzed peptide and the hydrolysis prod-
ucts were determined from the known initial concentration of
MeCOMet-Gly and from the integrated resonance of the free gly-
cine. The catalytic abilities of the [Pt(L)Cl,]- and [Pt(L)(CBDCA-
0,0")]-type complexes were determined by measuring the amount
of hydrolyzed MeCOMet-Gly with time under the same experi-
mental conditions. The concentrations of the free and the hydro-
lyzed peptide were determined every 4 h and the reaction was
followed for 7 days. The time dependence of the hydrolytic cleav-
age of the Met-Gly amide bond in the reactions between [Pt(L)Cl,]-
and [Pt(L)(CBDCA-O,0')]-type complexes and the MeCOMet-Gly
dipeptide is given in Fig. 4. These complexes differ in the chelate
diamine ligand, which contributes to the steric bulk of the corre-
sponding Pt(II) complex. In accordance with this, it was found that
in all the investigated chlorido and CBDCA Pt(II) complexes, the
rate of peptide hydrolysis decreased in the following order:
en > 1,2-pn > dach (Fig. 4 and Table 1). Furthermore, the rates of
this hydrolytic reaction between [Pt(L)Cl,] and [Pt(L)(CBDCA-
0,0')] containing the same chelate diamine ligand (L) were com-
pared. In general, it was found that the [Pt(L)Cl,] complexes are
much better hydrolytic agents than the corresponding
[Pt(L)(CBDCA-0,0')] complexes; see Fig. 4 and Table 1. Differences
in the reactivity between the [Pt(L)(CBDCA-0,0')] and [Pt(L)Cl,]
complexes can be attributed to the different stability of their inter-
mediate products, [Pt(L)CI(MeCOMet-Gly-S)] and [Pt(L)(CBDCA-
0)(MeCOMet-Gly-S)]~, formed in the first stage of the reaction
with the MeCOMet-Gly dipeptide. The very stable intermediate
[Pt(L)(CBDCA-O)(MeCOMet-Gly-S)]- complex and the slow
replacement of its monodentate coordinated CBDCA ligand by a
water molecule are the main contributing factors for the lower
hydrolytic activity of [Pt(L)(CBDCA-0,0’)] with respect to those
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Table 1

Percentage (%) hydrolyzed amide bond in MeCOMet-Gly dipeptide during its reaction
with [Pt(L)Cl,]- and [Pt(L)(CBDCA-0,0’)]-type complexes after 2 and 7 days at pH 7.40
in 50 mM phosphate buffer and at 37 °C.

Platinum(II) complex Hydrolyzed Met-Gly amide bond (%)

After 2 days

After 7 days

[Pt(en)Cly] 240 90.0
[Pt(en)(CBDCA-0,0)] 8.6 60.4
[Pt(1,2-pn)Cl,] 20.0 60.0
[Pt(1,2-pn)(CBDCA-0,0)] 8.0 32.0
[Pt(dach)Cl,] 75 55.0
[Pt(dach)(CBDCA-0,0")] 0 25.4

for the [Pt(L)Cl;] complexes. A very slow cleavage of the amide
bond was also observed in the reactions between the anticancer
drug cisplatin, cis-[Pt(NHs),Cl;], and different N-acetylated methi-
onine-containing peptides if these reactions were performed in
neutral or weakly alkaline solutions (7.0 < pH < 9.5) [24-27].

4. Conclusions

Selective hydrolytic cleavage of the MeCOMet-Gly dipeptide in
the reactions with [Pt(L)Cl;]- and [Pt(L)(CBDCA-0,0’']-type com-
plexes occurred under physiological conditions (pH 7.40 and
37 °C). The cleavage of the Met-Gly amide bond in this peptide is
very slow and proceeds through the intermediate [Pt(L)(H,O)
(MeCOMet-Gly-S)]" complex. The formation of the aqua complex
from the corresponding [Pt(L)CI(MeCOMet-Gly-S)] and [Pt(L)
(CBDCA-0)(MeCOMet-Gly-S)]~ complexes is the rate determining
step for the hydrolytic cleavage of the MeCOMet-Gly dipeptide.
The higher stability of the initially formed [Pt(L)(CBDCA-O)
(MeCOMet-Gly-S)]~ complex with respect to the analog [Pt(L)CI
(MeCOMet-Gly-S)] intermediate product is in accordance with
the slow replacement of its CBDCA ligand by a water molecule, fi-
nally resulting in the formation of the hydrolytically active
[Pt(L)(H,0)(MeCOMet-Gly-S)]* complex. The present findings that
Pt(II) complexes can cleave methionine-containing peptides under
physiological relevant conditions of pH and temperature can have
an importance for a better understanding of the toxic side effects of
Pt(II) antitumor drugs. In this paper, it was demonstrated that
modification of the Pt(II) complex by the introduction of a
sterically hindered diamine ligand, inhibition of the hydrolytic
cleavage of the amide bond involving the carboxylic group of
methionine can be achieved. This latest results should also be
taken into consideration when designing new potential Pt(II)
antitumor drugs with low toxic side effects.

(b)

1 3 5 day(s) 7

Fig. 4. The time dependence of the hydrolytic cleavage of the Met-Gly amide bond in the MeCOMet-Gly dipeptide with different [Pt(L)Cl>] (a) and [Pt(L)(CBDCA-0,0')] (b)
complexes (L is ethylenediamine, en (1); (+)-1,2-propylenediamine, 1,2-pn (2); (%)-trans-1,2-diaminocyclohexane, dach (3); and CBDCA is the 1,1-cyclobutanedicarboxylic
anion). The corresponding Pt(II) complex and the dipeptide were mixed in a 1:1 molar ratio and all reactions were performed at pH 7.40 and at 37 °C in 50 mM phosphate

buffer in D,0 as solvent.
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