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N3BO/J

CHUHTE3A U KAPAKTEPU3AIINJA HEKUX KOMIIVIEKCA
MMAJTAINIYMAID) U IbUXOBA ITIOTEHLHHUJAJTHA BUOJIOIIIKA
AKTUBHOCT

Otkpuhe AHTUTYMOPCKHX ocoOunHa cis-nuamuaauxaopuaoriatuaa(ll)
KOMIUIEKCa, MO3HaTHjer MoJ uMeHoM nuciatuHa (cis-DDP) u cimunux kxomrmiekca
riatuHe nosehaso je MHTepecoBame 3a Jo0Hjame joul e(UKACHUJUX KOMIUIEKCa JIPYTHX
MeTala ® JWraHaga. Mehy mNOpBUM KOMIUIEKCHMa KOPUIINEHUM Yy KIMHUYKAM
WCIIUTUBakbUMa MPOTHB Tymopa Omnm cy namanujyM(Il) anamosm mmcmiatune. Mako
MPBOOUTHHU pe3yiTaTtu HHUCY Ounu oxpadpyjyhu, xommiekcu nananujyma(ll) cy muoro
mumpe mnpoyuyaBanu. [lamagujym(Il) xommiuexkcu cy CKOpO YBEK MOKa3HBAJd Mamby
AHTUTYMOPCKY aKTHBHOCT Y OJHOCY Ha oJroBapajyhe KoMIuiekce miaTHHEe 300T HIXOBE
Benuke jgabwimHocTu. Jla Ou ce oBM MpoOJEMHU MPEBA3UILIM, MHOTA HCTPAXKHUBAWHA CYy
Ouna ycMepeHa Ka YMOTpeOHM XeNaTHUX JIUraHajga Koju OW yMamWIH pPEaKTUBHOCT
nanaanjym(Il) kommekca.

Jlo caja je cUHTETHCAaH MajHu Opoj KOMIUIEKCHHX jenumema namamujyma(ll) ca
O,0'-nnankun ectpuma juradana edda-tunma kao OMJIEHTaTHUM JIMT@HIWMA, Kao M ca
S-ankun pepuBatMMma THOcanuuuiHe KucenwHe. Ctora je y OKBUPY OBe /[okmopcke
OJucepmayuje ONMCaHa CUHTE3a U KapakTepu3alyja HeKux jauranana edda-Tumna, BUXOBHX
ecrapa, Kao U S-aJIKWJI JIepUBaTa THOCAJHMIMIHE KUCEIMHE U OAroBapajyhux xomriekca
nanaaujyma(ll).

VY oBoj Joxmopckoj oucepmayuju onMcaHa je CUHTe3a U KapakTepusauuja Beher

Opoja nuranaga u oxarosapajyhux komruiekca namanujyma(ll). IlpBo je onmcana cuHTe3a



n Kapakrepusanuja O,O-muankun ecrapa erwieHauaMuH-N,N'-mu-(S,S)-2-nponaHcke
kucemnae (H»-(S,S)-eddp). OBa jenumema cy moOujeHa TMPEKTHOM peakinujoM usmelhy
TETpaJeHTATHOT JIMTaHAa U OAroBapajyher amcoxyTHOT aakoxona (eTaHou, 1-mpomaHod,
1-6yTanomn, 1-neHTano) y MOJICKOM ogHocy 1:2, y3 yBol)eme racoBUTOT XJIOPOBOJOHUKA.
Ha nperxomHo onucaH HauyuH CHHTETHCAaHU ¢y ¥ O,O'-IHalKuil eCTpH eTUJICHIMaMUH-
N,N'"-nu-(S,S)-2-(3-metmn)-0yrancke kucenune (Hy-(S,5)-eddv). Takohe, mpukazana je u
CHUHTe3a S-ajKui JepuBata THOcaIumuiHe kucenuHe. [lomenytu Ougentatau S,0
JOHOPCKU JIMTaHIU JOOMjeHH Cy AWPEKTHOM peakuujoM u3Mmely HaTpujymMoBe COIU
THOCAMIIMITHE KUCEITMHE U O/AroBapajyhux ajkuil XajioreHuaa (MEeTHII-, eTHII-, TIPOTIHII-,
Oytun- m OeH3un) y MojiackoM oxaHocy 1:1. Ha xkpajy mnpukazana je W CUHTE3a
TETpaJeHTaTHOT  JuraHaa  meso-1,2-qudenun-eruneHauamMun-N, N'-nu-3-npomnaHcke
kucenuHe. CTpyKType M cacTaB M30JIOBAHMX JIMTaHaJla MPETIOCTAaBIbEHE CY MPUMEHOM
CJIEMEHTATHE MUKpOaHaau3e, WHOpaipBeHe, 'H u ”C NMR CIIEKTPOCKOIHUje, a
nmoTBpheHe Ha 0a3m pe3ysTaTra PEeHATCHCKE CTPYKTYpHE aHAIM3e y cCiydajy: meso-1,2-
-nudenun-eruneHauaMut-N, N'-nu-3-mpomnaHcke KHUCETTHE JTUXJIOpXHIpaTa
moHoxuaparta, (H,-1,2-dpheddp-2HCI-H,0).

JloObujeHn nuraHam cy YmoTpeOJbeHH 3a CHHTE3y OAroBapajyhmx KOMIUIeKca
namanujyma(Il). CacraB moOujeHMX KBagpaTHO-IDIAaHAPHUX KoMimiekca manaamjyma(ll)
notBphen  je €JIEeMEHTAaTHOM  MHKpPOAHAIU30M. CtpykTypa  HM30JI0BaHUX
KOMILIEKCA TIPETIOCTaB/beHAa je Ha OCHOBY HH(QpaIpBEHE, 'H u “C NMR
CIEKTpocKomnuje, a moTBpheHa je Ha 0a3u pEHATCHCKE CTPYKTYpHE aHaIu3e
y cuydajy  xuopuno((S,S)-erunenauamua-N-(O-etmn-2-(3-metnn)-0yranoar)-N'-2-(3-
-metmn)-0yranoaronanaanjym(Il) xommnekca, [PdCl(et-(S,S)-eddv)] u bis-(S-Oen3mn-
-tuocanuuuiaro)nanaanjym(Il) kommnekca, [Pd(S-bz-thiosal),].

In vitro aHTUMHKpOOHA aKTMBHOCT CHHTETHUCAHMX JIMraHa/la M OAroBapajyhmx
koMmruiekca nanagujyma(ll) Tectupana je MUKPOIMIYITMOHOM METOJIOM. TOM MPHIINKOM
onpeherne cy wmuHuManHe wuHxuOuTOopHe (MUK) m MuHMManHe MUKpOOHIIHIHE

koHneHTpauyje (MMK) narpahenux jenumema. llojemuHM KOMIUIEKCH Cy TMOKa3ald



3Ha4YajHy aHTH(yHTaJIHy aKTHBHOCT Ha TIaTOTEHUM TJbuBama Aspergillus flavus wn
Aspergillus fumigatus. Mehytum, cunrerucann nanaaujym(Il) komrmekcn cy mokaszanm
yMEpEeHY aHTHOAKTEPHjCKY aKTHBHOCT.

In vitro anTuTyMOpcka akTUBHOCT komiuiekca cis-[PdCly(1,2-dpheddp)] xao u
s-cis-[PtCly(1,2-dpheddp)], ucnutuBana je ma hemmjama tymopa 4T1 u B16F1, a 6poj
hemnja oapehuBan HakoH je 72 carta kopunihememM MTT Texnuke. McnutuBamem je
yTBpheHo na oba jequmerma MoKa3yjy HU)KY aHTUTYMOPCKY aKTMBHOCT y mopehemy ca

OUCIINIATUHOM.

Kibyune peum: R,-(S,5)-eddp muranmu, Ry-(S,S)-eddv nwurammm, S-anxkun aepuBaT
ThocanuiuiHe kucenune, Hj-1,2-dpheddp-2HCI-H,0, mnamamujym(Il) xommiekcu,
undpanpsera u NMR cnekrpockonuja, pEHIAreHCKa CTPYKTypHa aHaau3a,

aHTI/I6aKTepI/Ij CKa aKTUBHOCT, aHTUTYMOPCKa aKTUBHOCT.



SUMMARY

SYNTHESIS AND CHARACTERIZATION OF SOME
PALLADIUM(I1) COMPLEXES AND THEIR POTENTIAL
BIOLOGICAL ACTIVITY

The discovery of anticancer activity of cis-diammindichloridoplatinum(ll)
complexes, better known as cisplatin (cis-DDP) and related platinum complexes has
stimuled the interest for obtaining more efficient complexes of other metals and ligands.
Some the first complexes used in clinical treatments against tumors were palladium(ll)
complexes as analogues of cisplatin. Although the first results were not encouraging,
palladium complexes have been studied to longer extent. Palladium(ll) complexes show
less antitumor activity than corresponding platinum complexes due to their high
instability. In order to overcome these problems, many studies have been directed toward
the use of chelating ligands which would reduce the reactivity of palladium(ll)
complexes.

So far a small number of complex compounds of palladium(ll) have been
synthesized with O,O'-dialkyl esters edda-type ligands as bidentate ligands, as well as
S-alkyl derivatives of thiosalicylic acid. Therefore, this dissertation describes the
synthesis and characterization of some edda-type ligands, their esters, S-alkyl derivatives
of thiosalicylic acid and corresponding palladium(11) complexes with obtained ligands.

The synthesis and characterization of some ligands and corresponding
palladium(Il) complexes are described in this PhD thesis. Firstly, the synthesis and
characterization of O,0O'-dialkyl esters of ethylenediamine-N,N'-di-(S,S)-2-propanoic acid

H,-(S,S)-eddp is described. These compounds were obtained by direct reaction between



tetradentate ligand and the corresponding absolute alcohol (ethanol, 1-propanol,
1-butanol, 1-pentanol) in a molar ratio 1:2 with the addition of gaseous hydrogen
chloride. As described above, O,O'-dialkyl esters of ethylenediamine-N,N'-di-(S,S)-
-2-(3-methyl)-butanoic acid, H,-(S,S)-eddv were synthesized was also done. The
synthesis of S-alkyl derivatives of thiosalicylic acid. Bidentate S,O donor ligands were
obtained by direct reaction between the sodium salt of thiosalicylic acid and
corresponding alkyl halides (methyl, ethyl, propyl, butyl, benzyl) in a molar ratio 1:1.
The synthesis of the tetradentate ligand meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoic acid is shown at the end of this dissertation. Structure and composition of the
isolated ligands were assumed using by elemental microanalysis, IR, *H and **C NMR
spectroscopy, and confirmed by X-ray diffraction analysis in the case of meso-1,2-
-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid monohydrate dicholorohydrate,
H,-1,2-dpheddp-2HCI-H,0.

The obtained ligands were used for synthesis of the corresponding palladium(ll)
complexes. The composition of obtained square-planar palladium(ll) complexes was
confirmed by elemental microanalysis. The structure of isolated complexes is assumed on
basis of infrared, 'H and **C NMR spectroscopy and confirmed on basis of X-ray
diffraction  analysis in the case of chlorido(S,S)-ethylenediamine-N-
-(O-ethyl-2-(3-methyl)butanoate)-N'-2-(3-methyl)-butanoate-palladium(ll) complex,
[PACI(et-(S,S)-eddv)] and bis-(S-benzyl-thiosalycilato)palladium(ll) complex,
[PA(S-bz-thiosal),].

Antimicrobial activity of synthesized ligands and corresponding palladium(Il)
complexes was tested by microdilution method. Minimum inhibitory concentration
(MIC) and minimum microbicidal concetration (MMC) were determined in this process.
Some complexes showed significant antifungal activity on pathogenic fungi Aspergillus
flavus and Aspergillus fumingatus. However, synthesized palladium(ll) complexes
showed limited antibacterial activity.

In vitro antitumor activity of the complexes cis-[PdCI,(1,2-dpheddp)] and
s-cis-[PtCl,(1,2-dpheddp)] was determined on the tumor cells of the 4T1 and B16F1, and



the number of cells was determined after 72 hours by using MTT technique. The study

found that both compounds showed lower antitumor activity compared to cisplatin.

Keywords: R»-(S,5)-eddp ligands, R»-(S,S)-eddv ligands, S-alkyl derivatives of
thiosalicylic acid, H,-1,2-dpheddp-2HCI-H,0, palladium(ll) complexes, infrared and

NMR spectroscopy, X-ray structural analysis, antimicrobial activity, antitumor activity.



1. YBOI



Y800

UumeHnIia je 1a ce MHOra KOMIUICKCHA jeIU-Eha caMa WM Y KOMOWHAIHM]U ca
IpYTHM jeAumebuMa Beh IykM HU3 TOAWHA KOPHCTE Y MEIUIMHU 32 JICYCHE
paznuuuTux obosbema. OTkpuhe aHTUTYMOPCKE aKTMBHOCTH LIMCIUIATHHE YCIOBHIIO je
noBehaHo MHTEpecOBame 3a CHHTE3Y M KapaKTepH3aldjy HOBHX KOMIUIEKCA, ald U 3a
UCTINTHBAKE HUXOBE OMOJIOIIKe akTHBHOCTH. Ha ocHOBY Tora pacrte peanna moryhHoct
71a ce OTKPHj€ HOBO jeUbEH-E Koje he MMaTu mupy NpuMeHy y MEIUIUHU.

Kommnekcn mananujyma(ll) mocenyjy xemujcke ocOOMHE CIMYHE KOMILJIEKCHMA
nmarune(Il) (umajy d° emekTpoHCKM cmcTeM W rpaje KBaApaTHO-IUTAHAPHE KOMILICKCE)
300r dyera je OWJIO HMHTEPECAHTHO CHHTETHCATH HOBE KOMILIEKCE ca OWJICHTaTHHM
muraganMa, O,O'-nuankui ecTpuMa TeTpaJeHTaTHUX JIMTaHa/la eTUiIeHIuaMuH-N, N'-1u-
-(S,S5)-2-nponancke kucenune (R,-(S,S)-eddp) m  erunenmuamuu-N,N'-mu-(S,S)-2-(3-
-metmn)-Oytancke kucenuHe (R;-(S,S)-eddv), kao u ankui-gepuBaTIMa THOCATUIIMITHE
KHCEIINHE, YTBPAUTH HUXOBY T'€OMETPHU]Y, in Vitro NCIUTATH HUXOBY aHTHOAKTEPH]jCKY,

aHTU(YHTaJIHY U aHTUTYMOPCKY aKTHBHOCT.

11



2. OITIITH JIEO



Onwmu deo

2.1. CTPYKTYPA KBAAPATHO-IIVTAHAPHUX KOMIIVIEKCA
HAJTAINJYMAII) KOJU CAAPKE BUIEHTATHE JIMT'AHJIE

Etunennuamun-N, N'-qucupherna kucenuHa (edda) mocemyje aBa TOHOpCKa
aToMa a3oTa M JBa JOHOPCKA aToMa KHCEOHHKa W3 KapOokcwiaHux rpyna (Cmuka 1). Y
ClTy4ajy TOTIYHOT KOOPIWHOBama IMOHAIIA Ce Kao TETPaJCHTATHH JIMTaHI. 3ajelHO ca
JIMTaHIuMa eTuieHanaMuH-N, N'-11-3-1iponaHcKoM KHCEIINHOM (eddp), 1,3-
-nponanauamMul-N, N-mucuphernom kucenuHoM (1,3-pdda) u cnuyaum cnana y rpymy

KHCeNHHA Koje cy KinacudukoBaHe kao edda-Tum nmuranana [la,1b].

_— —

N
~

edda

Cnuka 1. Cmpykmypa emunenouamun-N,N'"-Oouayemamo nueanoa

Jluranam edda-tuma mpencraBspajy N- mwnm C- cynctutymncane nepuBate edda
JUraHJa WIA KEroBe XOMOJIOre KOjU CalpiKe TPOMYKEHE JIaHIle M TO, Ha TpUMED,
JTUAMHUHCKY y citydajy 1,3-mponannuamud-N, N'-mucupheTHe KucennHe U KapOOKCUIIaTHU
y cinydajy erwneHaunaMuH-N, N'-nu-3-nponancke kucenwnae. Y Tabemn 1 cy mpukazanu

Hexu nuraaau edda-tumna.

15



Onwmu deo

Tabena 1. Heku terpanentaTau muranau edda-tumna

Hasus u hopmyna nuranama Ckpahennma
eTwieHauaMul-N, N'-quamerar
edda
"‘OOCCH,NHCH,CH,NHCH,COO"
N, N'-mumetmin-erunenaguamMua-N, N'-quamerar
dmedda
‘OOCCH;N(CH3)CH,CH;,;N(CH3)CH,COO
N, N'-nuetuin-erunegauaMut-N, N'-quanerar
deedda
"‘OOCCH;N(C,H5)CH,CH;,;N(C,H5)CH,COO"
eTuiIeHauaMuH-N, N'-nu-3-nponanoar 4
eddp
"‘OOCCH,CH,NHCH,CH,;NHCH,CH,COO"
etunenanamMuH-N, N'-nu-(S,S)-2-nponanoar
(S,S)-eddp
"‘OOC(CH;3)CHNHCH,;CH,;NHCH(CH3)COO
etuneHauamu-N, N'"-nu-(S,S)-2-(3-metun)-0ytanoar
(§,9)-eddv
‘O0C(C3H7)CHNHCH,CH,NHCH(C5H7)COO"
1,3-mponanguamun-N, N'-quanerar 1,3-pdda
"‘OOCCH,;NHCH,CH,CH,NHCH,COO" (tmdda)
N,N'-bis-(2-aMAHOSTH )[JTUITUHAT )
i-dtma
(H,NCH,CH,),NCH,COO"
N, N'-nqubensun-etmwiesquaMut-N, N-qrnanerar
dbedda
"OOCCH;N(CH;,C¢Hs5)CH,CH,;N(CH,CsHs)CH,COO"
meso-1,2-mudenun-etunenguamMud-N, N'-mu-3-nponaHoar
1,2-dpheddp

"00CCH,CH,NHCH(CsHs)CH(CsHs)NHCH,CH,COO

HaBeﬂeHH JIMrana €€ MOTy CUHTCTHUCATU Ha OCHOBY MCTO/JC OINMUCAHC MATCHTOM

Koju cy npencraBuian bepcBopt (Bersworth) u capagammm (Illema 1) [2], a Hajuenthe ce

KOOPJMHY]Y TETPaJICHTATHO 3a IEHTPAITHU METAIHH jOH.
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1. NaOH
2 Br

_ 0)
0 OmNHQ Br m . HOE{/\);; N h}?, N{*/):,LOH
O

pedaykc 3-5 h;
HClI pH4

Hlema 1. Onwuma wema cunmese edda-muna nueanoa no bepceopmy

Jluranau edda-Tuma ce Mory BpIio Jako ectepudukoBatu Kopuctehu yoduuajeHe

MeTozie ITO je mpukazano Ha lllemu 2 [3].

Y

Hlema 2. Memooe cunmesa O,0"-ouankun ecmpa Hr>-edda muna nueanoa

[TpunrkoM TOTHYHOT KOOpAWHOBama ecTpu edda-Tma JMraHia ce yrilaBHOM
MOHAIIAjy Kao OWIEHTATHU JIMraHau. Dopmupame KOOPIMHATUBHO KOBAJICHTHE BE3C
OCTBapyje ce MPeKo JBa TOHOPCKA aToMma a3oTa Tj. *N,N'-Tum KOOPAMHOBaWa. Y HEKUM
Clly4ajeBUMa JI0JIa3W 10 XHIPOJH3e jeHe Win 00e ecTapcke Tpyre, Ma ce JTUTaHIu

MOHAIIA]y TPUACHTATHO UM OMJICHTATHO.
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2.1.1. buaenTaTuu guranau S,0O-Tuna

THocasmuiiHa KHCEJIMHA U HEHM S-alMKUI JAEepUBAaTH HMajy pa3HOBPCHY
MpUMEHY U TO Kao peareHcH 3a oapehuBame metana [4,5], Mogudukatopu rpaduTHUX
enekTponaa [6] u ka0 POTOMHHUIIM]ATOPU 3a CIOOOIHO-paTUKAICKe MmonuMepusanyje, [7]
aJli UMajy TIPUMEHY M y KO3METHUYKE CBpXE M TO Y TpeTMaHy 3a pacT koce [8]. Kopucte
ce TMpH Jiedelhy pasHUX CHeNU(DUIHUX 3aMaJbeHCKUX W aJEePTHjCKUX Ipoleca
pecriupaTopHor Hu3a [9] kao m 3a mHXMOUIM]Yy pacta Tymopckux hemmja [10]. Kero
JiepuBaTH THOCAUIIMIIHE KUCEINHE, Takole, MMajy BEIHKY NPUMEHY U Ka0 MHXUOUTOPHU
TpaHCIOpPTa XKyuHe Kucenune [11].

S-ankun nepuBaTH THOCAIMIMIIHE KUCEIHHE (ATKWiI = OCH3WI-, METHI-, €THII-,
nponui- U OyTWII-) ceé MOTY CHHTETHCAaTH Ha OCHOBY IPETXOJHO ONHCAHOI MOCTYIKa
[12-15] umjy memy nobujama MoxkeMo cpectH y pany Cmurta (Smith) u capaaHuka, a

MOJKe ce mpukas3aTtu Ha cienehu HauunH (Lllema 3).

HO O

SH g
C,HsOH/H,0 ~
+ R-X + 2NaOH

Hlema 3. Memooa cunmese S-ankun empa muocaiuyuine KuceauHe
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2.2. KOMILVIEKCH ITAJTAIMJYMA(II) CA
0,0’-JUAJIKNJI ECTPUMA EDDA THUIIA JIMT'AHA TA

Nurepaknuje komrekca miatuHa(ll), mnatura(IV) kao u managujym(Il) jona ca
CYMITOp- ¥ a30T-JOHOPCKUM JIMTAaHAWMA Cy BEOMa Ba)KHE Ca XEMH]jCKOT, OWOJIOIIKOT H
MenuuuHCKor acmnekrta. [lo3nato je nma xommuiekcu tuiatuae(Il), a y HOBHje Bpeme u
komrvieken 1miatuHe(IV) wumajy mHMpoKy NpUMEHy y MEIWLUHH, a TOTCHIM]aTHYy
npUMeHy y MenuiuHu y OyayhHoctu mory mmatu M Komiuieken — manaaujyma(ll).
AHTHTYMOpPCKa aKTHBHOCT KOMIUIEKCAa OBUX METaJIa OIHCYje CE IbUXOBOM HMHTEPAKIIH]OM
ca monekynuma JIHK. MehyTtuMm, OBH KOMIUIEKCH BpPJIO YECTO pearyjy U ca JAPyTrum
OMoMoOIleKyIMMa Yy OpraHu3Mmy (MeNnTUANMa, MPOTeMHMMa W eH3uMuma). Takobhe je
no3Hato na jouu twratuHe(Il) mmajy Beoma BenMKM aQUHHTET IpeMa aToMy CyMIIOpaA.
300r Tora ykomnuko ce matuHa(ll)-jon koopanHyje mpeko aToMa CyMIopa u3 S-ucTenHa
U S-METHOHMHA Tpajau Bpiio cTabWiaHe KoMmIulekce. CBe HEXEJbeHE IMOCIequIe Koje ce
jaBJbajy TOKOM XeMHOTepamnuje (HeppOTOKCHYHOCT, OTOTOKCHYHOCT, HEYPOTOKCHYHOCT,
pEe3UCTEHIMja U Jpyre) OMHUCAHE Cy 3alpaBO WHTEPAKIUjOM KOMIUIEKCA IUIATHHE ca
OMOMOJIEKYJIMMa KOjH CaJpikKe CyMIOp-ZOHOPCKE arome. VIHTEH3WBHAa WCIIHTHBAHA
WHTEpaKiuja  pasnuuuTux  komruiekca  1atuHe(Il) ca  cymmop-moHOpCKHM
OuoMoseKyIMMa TOKazyjy JAa cy jenumema IuatuHe(ll) ca tuonuma (S-mucreus,
S-rmyTatnon) jako ctaOmiiHa, HEpEaKTUBHA M TOKCHYHA, JIOK Cy jeaumema miatuae(Il) ca
THOETpUMA (S-METHOHUH, S-METWI-IVIyTaTHOH) Mame CTabujiHa M MOIy CE€ cMarparu
WHTEpMeIrjeprMa y Tpoliecy nHTepakiuje komruiekca ca JJHK.

[Tamagujym je mpenasHd MeTal KOJU TpHIaaa IUIATUHCKO] TPyHH MeTaja.
Hajuemthe ce y jenumemnma jaBjba ca OKCHAALMOHUM cTambeM +2. Y Ipupoau ra uMa y
JaKo MaJuM KOJIMYMHAMAa U TO y KOMOMHAIU]H ca APYTUM eJIeMeHTUMa IJIaTUHCKE TPpyTIe.
[Mamagujym uMa mMUPOKY MPUMEHY y METPOXEMHjH Kao KaTaln3aTop, a M3HaJl CBera y
ayTOMOOWJICKO] HWHAYCTpUju. Takohe BeNMMKy NpUMEHy TajaJvjyM j€ Hamao " 'y

CTOMATOJIOTH]H 32 MPaBJbeHE KPYHUIIA U MOCTOBA 3 3y0e.
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Kao u jonu ocranux mpenaszHux merana u nanaaujym(Il) jon rpaam xomiiekcHa
jenumema. KoMIuiekcn miaTHHE U MaiaaijyMa 1moceyjy BeJMKy NMPUMEHY y MEIHIIUHU
U WHAYyCTpHju. 300T TOra c€ OBa jeAUEHha MHTCH3WBHO H3y4daBajy Beh myxku HU3
roguHa. [lnatuHa ce y KoMIJieKcuMa jaBjba Y OKCHIAIIMOHUM CTambuMa +2 u +4, 10Kk ce
najagujyMm Hajuemthe jaBjba y OKCHAALMOHOM cTamy +2. Perko ce jaBma y
OKCHJAIIMOHOM CTamwy +4, jep Cy jenmbemha ca OBUM OKCHIAIIMOHUM CTambeM MallaJnjyMa
Bpiio HecrabmiHa. Xemujcke ocobmHe muatune(ll) m manamujyma(ll) cy jako crimune,
npBeHCTBeHO 300r muxoBe d° enexTpoHCKe KOH(Hrypaumje. 360r Tora OHM rpajge u
CIMYHA KOMIUIEKCHA jenumema. Kommuekcu manmaaujyma(ll) cy xBagpaTHo-maaHapHe
CTPYKTYpE M JMjaMarHETUYHHU Cy. 3a Pa3JIMKy OJ BEOMa MHEPTHUX KOMILIEKCA IJIaTHHE,
KOMIUIGKCH MaJafijyMa Cy 3HATHO PEaKTHBHHjH H pearyjy ckopo 10° myrta 6pxe.
[Managujym cnaga y rpyny mekux JlyncoBux (Lewis) kucenuna. Mma Bpio uspaxeny
TeXBY Ja Tpaau crabuiHe Komiiekce ca MekuM JlymcoBum 6Oazama, Kao IHITO CY
JIMTaH/IM ca CyMIIOPOM Kao JTOHOPCKUM aTOMOM.

CuHTeTHCAaH je W OKapakTepUCaH BEIWKA OpOj KOMIUICKCHHX jeIHbEHha
nanaaujyma(ll) ca nuranguma koju caapke a30T M KUCEOHHWK Kao JOHOPCKE aToMe.
CuHnreTtucanu cy Ha mpumMep Komruiekcu nanaaujyma(ll) ca etunenanaMuH-TeTpaaneTaTo
murangom (edta) [16-18], erunenmuamunom [19,20], ka0 W ca aMHUHOKHCEIHMHAMA
[21-23]. CunTtesza xomrutiekca manaaujyma(ll) ca terpamernn u terpaeTmi ectpuma edta

npukazana je Ha [llemu 4.

O
O OR (0]
OR
(0] OR
)}\/N o PdCHCI N\Pd Pas
B ——
RO \/\N/\[( sh N/ \Cl
OR 6]
(0] O
R = CH3-, CH3CH2—

Hlema 4. Cunmesa komnaexca nanaoujyma(ll) ca mempamemun u mempaemun

ecmpuma edta
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VY HoBHje BpeMe 00jaBJbeHE Cy U KpPUCTAJHE CTPYKTYype OBHX KOMILIEKCA
(Cnuxka 2) [24]. dyxuHe U yTIIOBU Be3a Cy Yy CarJIaCHOCTH Ca JIUTEPATypPHUM TOJaluMa

[16-23].

@ an

Cnuka 2. Diamond npezenmayuja komnaexca naraoujyma(ll) ca mempaemun (1) u

mempamemun(ll) ecmpuma edta

[letounanu mnpcTeHOBH Koje QopMupa eTWIEHAMAMUHCKH Jeo Ry-edta ca
nananujym(Il) jorom [24] 3ay3uma koH(pOpMaIKjy TodycTonie Hal)eHy U KOl JPYTHX
cnmuaHUX Komruiekca [25-27]. Top3uonn yriaoBu N-C-C-O cy usmely synperiplanarnih n
gos xoHdpopmarja [24].

KoopnunoBamem Rjredda 3a mamamujym(Il)-jon asoroBum aromMu mocCTajy
aCHMETPUYHH IITO TEOPHjCKH Jaje MOTyhHOCT 3a HacTajake TpU H30MeEpa: JIBa
enantuomepa [(R,R) u (S,5)] u jenan nujactepeonzomep (R,S) kondurypamuje (Crouka 3).
[Tpunukom cunrese miatuHa(lV) kommekca ca ety-edda [28] moOujenu cy camo
enantuomepu ((R,R), (S,S) u panemcka cMela) y YBpCTOM CTamy, Kao U 'y pacTBOpY, IITO
je moTBpheHO PEHITCeHCKOM CTPYKTypHOM aHaym3oM 1 NMR crniekrpockomnujom. [la 6u ce
o0jacHMO pasior crepeocenekTuBHocTH, pahenu cy DFT npopauynm 3a R,R (anti) u R,S

(syn) wu3omepe kopumtheweM ¢ynkunonana MPWIPWO1 [28] (Cnukxa 4).
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VY cnyuajy anti uzomepa ytBphero je ma je N—H--Cl enektpocrarnyka WHTEpakiivja

HEIITO jaya, IITO MOXe OWUTH JIOBOJbAH PA3JIOT 3a CTEPEOCEIIEKTUBHOCT [28].

R R
\®H NP K@ H
N N N
~ N _\ N
c, -S—  MCE— ¢, —S— ~ MCR— [ _ma,
o, ., N,
R/(R) H R/(S) H R/(R) H
(R,R) (S,9) R,S)

M = Pt(IV), Pt(II), Pd(II)

Cnuka 3. Mozyhu uzomepu [PtCl,(R-edda-muna)], (n = 2, 4) u [PdCI>(R;-edda-muna)]

Komnjekca

. ~

H1z, H11 A .
)‘\‘_, i * i

¢) anti - 0 keal/mol d) syn - 0.2 keal/mol

Cnuka 4. Hzpauyname cmpykmype [PtCl,(et;-edda)] (a, b: n =4, ¢, d: n = 2).
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2.3. BUOJIOHIKA AKTUBHOCT KOMIIVIEKCA HEKHUX
ITPEJIASHUX METAJIA

2.3.1. AHTUTYMOPCKA AaKTUBHOCT KOMILJIEKCA MJIaTHHE

Nako ce nucmnaTMHa OpBU NyT noMumwe y paay IIupona (Peyrone) uz 1845.
roguHe [29], aHTHTyMOpCKa aKTHBHOCT ocTaje HempuMehena mo 1965. romuHe kana cy
Pozenbepr (Rosenberg) u capagHuid OTKPWIM aHTHNPOIH(PEPATHBHY aAKTHBHOCT
WHAYKOBaHY Ha Kyntypu Escherichia coli ycnen nejcTBa eNeKTPUYHOT M0Jba U3a3BaHUM
IUTATUHCKUM eNieKTpojgama. EkcrnepuMeHTaHO je MOTBpheHO Ja cy TOM MPHIMKOM
HACTaJM HEKW KOMIUIEKCH IUIATHHE yCIea PeJOKC peakiyja IUIATHHCKUX eJIEKTpoja ca
enektponutoM. Opn HarpaleHuX KOMIUIEKCa TIUIaTHHE IHCIJIaTHHA C€ cMaTpaja
OJITOBOPHOM 3a OBY BpcTy akTuBHOCTH. llucmnatuna (Cnuka 5) je 3ayctaBibana 1eo0y
henuje 6noxupajyhu perummkanujy JJHK. Jlasbum ucniutuBameM PozenOepr u capagHuim
MOKA3aJIv Cy Jia 0Baj JICK JIellyje Ha TyMOpe MHIIa, monyTt capkoma 180 u eykemuje 1210

[30,31].
N/
7\

Cnuka 5. Cmpyxkmypa cis-ouamunouxiopuooniamuna(ll) komniexca, nosnamujee kao

yucnaamuna, cis-DDP
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WutepecantHO je ma oxaroBapajyhw frans TEOMETPHJCKH H30MEp f(rans-
-muamusauxaopunomtaruaa(ll)  (TpancraTuHa) HUJe TI0Ka3a0 aHTUTYMOPCKY
aKTUBHOCT Ha MOMEHYTUM TyMopuma muma [32,33]. Ox Taza ce HUCIUIATHHA LIUPOKO
KOPUCTH Yy Tepamuju pasHux tymopa. Llucmatuna je moceOHO epukacHa y Tepanuju
TyMOpa TEeCTHCa W jajHUKA, a Takole ce IMUPOKO NMPUMEHYje Y JIeUCHhY TyMopa OeInKe,
rpauha Matepuile, KapiuHOMa OpOHXHja, TyMOpa jeAmaKa M MAJUTHUX OOJeCTH KPBU
[34-43]. Ynopkoc BeJIMKOM YCHEXy HNPUIMKOM J€4emha HEKHX TymMopa, IUCIUIaTHHA
MOKa3yje M HeXeJbeHEe eEeKTe MOMYyT BUCOKE HEYPOTOKCHUYHOCTH, HEPPOTOKCHUHOCTH U
noBpahama. Haxanoct, oBakBa cropelHa J€jCTBAa OTPaHHUYaBajy KOJIUYMHY JI03UpPamba
nucrutatrae ko namnujerara (100 mg/man no HajBUIIE TET Y3aCTOIMHHUX JIaHa Teparuje).
Nako ce mucrniiatuHa KJIMHUYKHA IIMPOKO KOPHUCTH, H-€HA IMPUMEHA j€ UIaK OrpaHUyYeHa
Ha penaTUBHO Manu Opoj Tymopa. Heku Tymopu mocenyjy NpUPOAHY PE3UCTCHIIM]Y
npeMa LUCIUIATHHU, @ HEeKU je CTUYy Iocie oJpeheHOr BpeMeHa TepanujcKe MpPHUMEHE.
[{ucrimaTrHa je penaTHBHO €1a00 pacTBOPHA Y BOJIW U NMPHUMEHYje CE HHTPABEHCKH, IITO
YCJIOBJbaBa HEHY IPUMEHY CaMO MPH XOCMUTAIN3alNjH MmanujeHaTa [44-55].

Hakon otkpuha aHTUTYyMOpCKE aKTHUBHOCTH ITMCIIATUHE, CHHTETUCAH j€ BEIMKHU
O0poj KOMIUIEKCa IUIaTMHE 3a KOje C€ CMaTpajo Ja Cy MOTEHIMjaJHH aHTHUTYMOPCKH
areHcu. Benwku Opoj BHUX je yIiao y KIMHUYKA WUCIIUTHBAKA, aIH je camo auamuH[1,1-
-ruko0yTanaukapookcunaTo(2)]-0O, O -natuna(ll) kKoMIieke MO3HATHU IO, UMEHOM
kapOomatuHa (Cnuka 6) 10o0uo ogo0peme 3a PYyTHHCKY KIMHMYKY HpPUMEHY.
Kapbomnarunaa je Mame TOKCHMYHA OJ] IMCIUIATHHE M MOXKE C€ TMaIlMjeHTHMa JTaBaTH Y
MHOro BehuMm mo3ama y OJHOCY Ha WUCIUIATHHY, alkl je Mame akTtuBHa [49,50].
KapOommatnaa nenmyje y UCTOM CIEKTpY TymMopa Kao W IUCIUIaTHHA, a IPUMEmYje ce

TaKODe HUHTPABCHCKH.
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\/
7\

Cnuka 6. Cmpykmypa ouamun[ 1, I-yuxnodymanouxapooxcunamo(2)]-0,0"-nramuna(ll)

Komnjiekca, 1<ap60nﬂamuHa

IMocnenmux roauHa cy jorur Ba KOMIUIEKCa matuHe(I1)
cis-L-nuamMuHIIMKIIOXeKcaH ) okcanaroruiatuaa(ll),  okcanumiuatuH ®W  cis-IHaMUH
(rmukonato-0, O"yiunatuna(ll), Henaruatua (Crnuka 7) moduia orpaHUYEHO 000peHe 3a
Kopuniheme MPUIUKOM MMOHOBHOT JIeUeHha METAaCTaTCKUX Tymopa nebenor mpesa [S52].
MehyTtum, HH jegaH oOJ OBa JBa KOMIUJIEKCA HHUj€ IOKa3a0 MPEAHOCT y OJHOCY Ha
[UCIUIATUHY HW KapOormnaTuHy. 300r Tora Cy HUCTpaXMBamka HACTaBJbEHA Y TMPABILY
CUHTE3¢ HOBUX KOMIUICKCA IUIATHHE W JPYTUX jOHA MeTalla Koju he Toka3aTh Mamy
TOKCUYHOCT, IIMPU CIEKTap JI€jCTBA Y OJHOCY Ha LMCIUIATHHY M MOTYhHOCT opaiHe

MIPUMEHE.

_
N/ </
gy / \ / \

Q) (1D
Cnuxka 7. Cmpyxmypa (1) cis-ouamunyuxnoxexcanokcaramoniamuna(ll), okcanuniamun

u (1) cis-ouamun(enuxonamo-0,0")nramuna(ll), neoanramun
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2.3.2. MexaHnmu3aM JiejcTBa HUCIJIATHHE

[MucrmatiHa wWCMo/baBa AaHTUTYMOPCKY akTUBHOCT Be3yjyhum ce 3a JIHK u
3aycTaBibajyhu TpaHckpumnuujy, onHocHo perukaunjy JHK [56-61]. OBu nopemehaju
aKTHBUpAjy TpOLEC NUTOTOKCHYHOCTH W JOBOJE IO CMPTH henwje Tymopa Kpo3
aronTo3y, OJHOCHO NporpaMupaHy cMmpT hemuje. AmonTo3a u30cTaje Tj. HacTaje
pesucTeHnMja ako monasm jgo mnoBehama momnpaBke J[HK-amykrta m cmocoOHOCTH

tonepannuje omrehema JJHK (Illema 5).

HS\ METAIIOTHOHHHH
He O\ _X>—SH

e

rIyTaTHOH Pt
~
HNT N

MUTOXOH/IpHje

Illema 5. [Iym nexa

HakoH wHTpaBeHCKOT J03Mpama IUCIUIATHHE Ha MyTy 10 oOoinene henmje oHa
MOJKe Jla pearyje ca OpojHIM OMOMOJICKYTUMa.
Bucoka xonnentpamnuja xmopuao jona y kpu (100 mM) crnpeuyaBa Xuaposusy

II0JIa3HOI' KOMILJICKCA. HpeMa TOMEC, HNUCIUIAaTUHA OOCIICBAa OO0 TYMOPCKHUX heHI/Ija Kao
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HeyTpanaHn koMmiviekc. Kamga mocme y henwjy, rme je KOHIGHTpalja XJIOPUAO jOHA
npubmkHO 4 MM, nonasu 10 3aMeHe XJIOpuao Juranaa mojekyiauma Bojae (Illema 6).
Hajsaxuuja Bpcta koja Hactaje je [PtCI(H,O)(NHs),]” katjon [62-64]. OBaj katjoH je
BPJIO peakTUBaH 300T TOra MITO je BOJa y OJHOCY Ha XJIOPUAO JHraHn 0oJjba omiaseha
rpymna [65].

HaN HzN H3N HET
o | N

Pt — DNA
-—
/N SN
Cl Cl OH Hz0
{oKo 25%) OCTarNM WHTPacTpaH anykTi

HTepCTpaHD anyKT (Matbe oA 1%) MHTEpMONEKYNCKA BAYKT

\ X __:__:

Y

FNYTETHOH

Lllema 6. Xuoponusa u epaherwe [HK-yucnramuna aoykma

[Ipe wero mto yhe y henujy, nucruiatiaa ce Moxe Be3aTH 3a docdorunuae u
docharummncepun u3 hemujcke memOpane. Takole, y opraHuzMy Cy NMpPUCYTHH MHOTH
MaKpoOHMOMOJIEKYJIH KOjU MOTy OWTH TIOTCHIMjaJIHA MECTa 3a BE3WBame IUIaTHHE,
ykibyuyjyhu PHA, OpojHe mnporenHe M menTuae Koju caapxke cymmop [44-48].
[Tpouemeno je ma ce Mame on 1% Mornekyna nucriaTuHe koju yhy y henmjy Besyjy 3a
JIHK w3 jeapa, JOK ce ocTaja KOJHMYMHA Be3yje 3a MPOTEHHE W Apyre OHOMOJICKYIe

hemnje [66,67].

27



Onwmu deo

Naxko ce 3Ha na ce Behu Opoj MoseKyia MUCIIATHHE BE3yje 3a MPOTCHHE TI0CTO]je
U EKCIICpUMEHTATHU JO0Ka3W Jla OBE BPCTE HMHTEpPAaKIMja MMajy BaXXHY YIOTY IpH
MOKpeTamy anonro3e (mporpamupane cMpta hemumje). OcuM Tora Hekposa (ciydajHa
cMpT henmje), Koja HacTaje ycien IJaBHOI Heycnexa camor (yHKUMOHHcama henuje,
Takohe je momprHena 00jallkaBaky MEXaHH3Ma KOJUM IUCIUIATHHA YHUIITaBa TYMOPCKE

hemnje.

2.3.3. Pa3Boj HOBUX aHTUTYMOPCKHUX JIEKOBA

On Benukor Opoja CHHTETHCAHMX KOMIUIEKCA IUIATHHE, KOjUMa je HCIHUTaHa
aHTUTYMOPCKa aKTUBHOCT, 3HaTaH Opoj je UCIIUTAH y OAHOCY 3aBUCHOCTH aKTHBHOCTH O]
CTpyKType KoMmiuiekca. Ilokazano je ma komruiekcn roiatuHe(Il) koju mokasyjy
AHTUTYMOPCKY AaKTHBHOCT MOpajy HWMaTH ciS TEOMETPH]y ca OMIITOM (OopMyJIoM
[Pt(am),X], rae je am UHEPTHU aMUHCKH JIUTaH] ca HajMame jenHoMm NH rpymnom a X je
mako ojmazeha rpyma. Opnmazeha rpyma Mopa OWTH aHjOH ca YMEPEHO jaKoM
KOOpJMHAIIM]OM 3a TUIATHHY, KAao | JIa moceayje ciadbu trans edekar ma Ou ce m3beriia
nmabunm3alyja aMUHCKOT JIMTaHJa. AJIM M KOMIUIEKCH ca PeaTMBHO 100po omaiazehum
rpymnamMa, Kao mTo Cy MEePXJIOPAaTHH WU HUTPATHU aHjOH, CY U3Pa3UTO TOKCUYHH, JIOK Cy
KOMILIEKCH ca MHEPTHUM OJi1a3ehuM rpynama yriiaBHOM HEaKTUBHH.

Otkpuhe aHTUTYMOPCKHX OCOOMHA TIOMEHYTHX KOMILIEKCa TutaTuHe noseharo je
WHTEPECOBAkE Ka J00Mjamy €BEHTYaHO e(PUKACHHjUX KOMIUIEKCA APYTHMX MeTaja M
auraHana.  Mehy TpBUM KOMIUICKCMMA KOPHIThEHHM y KIMHUYKUM HCIUTHBaHUMA
npoTuB  Tymopa Ownm cy  kommuiekcn — majmaamjyma(ll) u 1o  anamosum
LUCTUTaTUHE, cis-muamusauxopugomnanaanjym(Il), cis-[PdCl,(NHj3);] u
cis-1,2-muamunanukinoxekcanauxaopugonananujym(Il), cis-[PdCI,(DACH)] komruiekcu

(Cnuxka 8) [68].
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Cnuxka 8. Cmpyxmypa (1) cis-ouamunouxnopudonanaoujym(Il), cis-[PdCI>(NH3)];
(11) cis-1,2-ouamnunyurnoxexcanouxropuoonanaoujym(ll), cis-[PdCI,(DACH)]

[Tosnaro je ma cy kommuiekcu TutatuHe(Il) TepMomMHAMHYKH W KUHETHYKH
ctabunaunju on nmanaaujym(Il) ananora. Ilamagujym(Il) kommnekcu moaiexy Xuapoau3u
¥ M3MEHHM JTuraHajga ak 10° myTa 6pxe Hero oaropapajyhu kommnexcn miaruue(Il), mro
YCIIOBJbaBa HIKY aHTUTYMOPCKY aKTHBHOCT KOMILIEKCA MalanjyMa U Behy TOKCHYHOCT
[60,68,69].

WMako mnpBH pe3yiTaTd HUCY TMOKa3ald 3HAYajHy AHTUTYMOPCKY aKTHBHOCT
komruiekca namaaujyma(ll), oBM KOMIUIEKCHM Cy HIIaK MHOTO IIMpEe IPOYyYaBaHHU.
VYrinaBHOM cy komiuiekcn nanaaujyma(ll) 30or Bemmke peakKTHBHOCTH IMOKA3UBAIH HUKY
AHTUTYMOPCKY aKTUBHOCT on mucmuiatuae [60,69]. CmaTpa ce aa je HHUXKa aKTHBHOCT
OBHX KOMILJICKCA TOCIICNIIA jJaKo Op3e U3MEHE JIMTaHa a U HeMOTYNHOCTH KOMIUIEKCa Ja
HEMPOMEHEHE CTYKTYpe CTHUTHE [0 OWOJOIIKE MeTe, YhuMe je MoBehaH pu3uK of
HETMOBOJBHUX e(ekaTta Ha Omoxemujcke mporece y hemuju. ¥ muiby npeBasmiaxema
OBaKBUX TMpoOnema MHoru aytopu [70] cy mpemmaramm aa ce mnamaaujym(Il) jon
KOOpJAMHY]jE 3a XeJaTHE JIMTraHjae, yuMe OM ce CMamMia PEeaKTHBHOCT MaaJnjyMOBOT
neHTpa nosehaBajyhu crabumHocT Harpal)eHOr KOMIUIeKca. AHTHTYMOPCKAa aKTUBHOCT
KOMIIJIEKCA, OJTHOCHO yCIIEX JIeKa, 3aBUCH U OJ] KOPHIINEHOT JUTaHAa 32 KOOPIUHOBAE
jep oj JHraHaa 3aBHCH PEAKTUBHOCT W JUMO(IIIHOCT, KA0 U CTA0MIN30Bamke oapel)eHmx
OKCHJAITMOHUX CTamka MeTalla WM MoryhHocT cyncrurynuje [71,72]. o cana je jenuHa
NpUMeEHa NalajujymMa y MEIUIUHHU Yy Jiedewy Op3opactyher kaHiepa HpocTaTte U TO

xopuctehn paguoaxtusau u3oton ' °Pd [73,74].
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[Tocroje m wommiekcn mananujyma(ll) koju mOKa3yjy aKTHBHOCT CIIHYHY
IUCIIATUHU WK KapOorutatuHu. KoMmIieke manaaujyma ca JUraHAOM KOjU j€ JepuBatT
kymapuHa (Cnuka 9) nokasyje npuOmmkHo 7800 myta Behy akTHBHOCT y OAHOCY Ha
kapOorarnHny Ha hemmjama A549, HelLa 1 K562 [75,76]. Tume je mnorBphena
MPETIOCTaBKa Ja ca BOJYMHHO3HHJUM JIUTAHAMMAa KOMIUIEKCH TI0OKa3zyjy OoJby
aHTUTYMOPCKY akTUBHOCT. Takolhe je ucrnmtuBan Benuku 0poj namamujym(Il) kommiekca
ca HEYTpPAJIHMM JIMTaHIWMa, Kao INTO Cy naepuBatu nupuauna [77,78], docdatau
nepuBatu xuHoduHa [89,80] wnu nepuBatu nupazona [81] u TuMe je MOoKa3zaHa HUXOBA

3Ha4yajHa aHTUTYMOPKCA aKTHBHOCT.

Cnuka 9. Komnnexc nanaoujyma(ll) ca Oepusamom Kymapuna, akmusHuju npubIudCcHO
7800 nyma 00 kapboniamute

VY TeXmHH J1a c€ CHHTETHIIE JeTUCHhE ca BehOM aHTUTYMOPCKOM aKTUBHOIIhy U
MambHUM HEXEJbEHUM IOCIIeINIIaMa, BPIlIeHa Cy UCIUTHBAaKka KOMILICKCA JPYyTUX MeTalla
KOjU HE TMpumanajy IUIaTUHCKO] Tpymu. Mehy TakBuM jenumemuMa  Ccy
OWM KOMIUICKCH pyTEHHjyma, 3imara u cpedpa [82,83], Turanmjyma [84,85] u kamaja
[86,87]. Hejcon (Dayson) u capagaumu [98-90] cy o6jaBunu 3HadajHe pesyarate paaehu

Ha  (epoueHUI-UPUIMH-apeH  PYTEHUJyM  KOMIUIEKCMMa ¥ Ha  edekrty
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IUKJIONCHTAINECHW NPCTEeHa Ha IUTOTOKCHYHOCT PYTCHHUJYMOBHUX jeaum-ema. Keruiep
(Keppler) u capaganmm [82,83,90] cy o6jaBwim ojymuHe pe3ynrate panehu ca
PYTCHHUJYMCKUM U TaJaJdjyMCKUM KoMIUIeKcuMa. Komriekcn 31marta cy Takohe
ucnuTuBaHu, oo3zupom na je 3maro(Ill) uzoenexTponcko u um3ocTpykrypHo ca Pt(Il)
KomIuiekcuma. Kommiekcu 3mata cy naOWIHMjM, alld Cy HEKHM I[OKas3alld BEIUKY
uTotokcnaHocT [91,92]. Yak u komruiekce 3mata(l) u cpedpa(l) [93] Tpeba momeHyTH

kao Moryhe O0yayhe nexoBe 3a ieueme Tymopa.

2.3.4. AHTUMHKPOOHA aKTUBHOCT KoMILIekca nmanaaujyma(ll)

Mukpoopranusmu Cy XeTeporeHa rpymna opranuzama. CBOjUM KOMIUICKCHUM
(GU3HONONIKUM B OMOXEMU)CKUM MOTEHIIMjajuMa MPeICTaB/bajy HEOJBOJHBH JI€0 CBAKOT
eKOCHCTeMa M O] BEMKOr Cy 3Hauaja 3a xyMaHy mnomynanujy. Hocuonu cy OpojHux
mporieca 3HaYajHUX 3a Pa3BoOj caBpeMeHor ApymTBa. [Iporemyje ce aa ¢y ce MpBH IyT
MojaBWJIM Ha 3eMJbHM TIpe OKO 3,5 MHIMjapu TOAWHA U TO Kao Archebacteria. 3a
MUKpPOOpPTaHHW3ME c€ Be3yjy M Haj3HauajHHje MPOMEHE Yy EBONYyIHjH: Tpera3 ¢
NPOKapUOTa Ha €yKapHOTe W Ipena3 U3 jeAHohenujckux y Buiiehenujcke opraHusMme.
Oga rpymna opranu3ama je IpoH3Bea U MPBE MOJIEKYJIe KUCEOHHKA Ha 3eMJbH M yTHIIaIa
Ha MIPOMEHY XEMHJCKOT cacTaBa atMocdepe, xumapocdepe u autochepe.

Jlanac mocToju BenMKH Opoj pazIMYMTUX BpPCTa MHKpPOOpraHM3ama Koje ce
MelhycoOHO pa3nukyjy mnpeMa MOpQOIOMKHM, (U3HONOMIKAM H  OHOXEMH|CKUM
KapakTepucTukama. [Ipu ToMe mopen KOpucHIX MUKpOOpraHu3ama Koje yrnorpedspaBamMo
y pa3iu4MTe CBpXE, MOYEB O] MpexpamOeHe NMPeKo MEAMIMHCKE 10 OMOTEXHOJIOIIKE
ynoTpebde, BeoMa 3Ha4ajHy TpyMy YWHE MaTOTCHH MHUKpPOOpraHu3MH. 10 je moceOHa
rpyIa MEKpOOpraHH3aMa Koja u3a3uBa 00osbema Ko Jbyau. M3mely Jbynu u maToreHux
OakTepuja TOCTOjU JAYTOTOJUIlka Oopbda. Y aHTHYKO BpeMe Hajupe cy OWIbKe
KopuirheHe 3a KOHTPOJY M JIeUeHhe XyMaHUX OOJIECTH M3a3BaHMX MHUKPOOPTaHM3MHMA.

Kacnwuje, oTkpuhem aHTHOMOTHKA HampeoBaia je bopOa MPOTUB MATOTEHUX OaKTepuja 1
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70 Taja HewsleuuBe OoyiecTH Cy mocrtajie uzineunBe. MehyTum, cee Behom ymnorpebom
aHTUOMOTHKA  jaBJbaJla  C€  MPONOPIMOHANHA  PE3UCTEHTHOCT  MATOTCHUX
MHUKPOOpIaHu3aMa. Pe3suctentHocT  mpenctaBiba  og0pamMOeHHM  MeXaHU3aM
MHUKpPOOpraHu3aMa Ha J€JCTBO aHTUMHMKpoOHuX cyncraHiu. Cuxema (Sikkema) u
capagauii (1995. romuHe) cy HaBenu IIMPOK CHEKTap aJalTHBHUX MEXaHHW3aMa Ha
MPUCYCTBO JHUMOMWIHUX jeAHbeha. MeXaHU3MHU JIelioBamba Ce MOTY 3aCHHBAaTH Ha
amanTandju  hemujckor — oMoTada y  TOTJEAy — FErOBOI  cacTaBa WM
dbynknuje. AnanTanyje Ha HHUBOY henMjcKOr 3uaa JeliaBajy ce€ y BHAY IPOMEHE
(moBehama/cmamema) Bberope XuAPOPUIHOCTH, TO omoryhaBa monmatHy Oapujepy 3a

onpehene cymncranie (Crnuka 10) [94].
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Cnuka 10. Aoanmayuonu mexanuszam 3a sawmumy henuje 00 mokcuuHux egpekama

nunoguanux jeourersa. (1) pecmpykmyuparse gpocgonunuonoe 08ocioja npomeHom
KOH@opmayuje pocorunuoa uz cis y trans, uiu NPOMeHOM MACHUX KUCeTUHA y 3aculieny
dopmy; (Il) Moouguxayuja nunonorucaxapuoa y cnomamreem omomavy I pam-
-Hecamuenux baxmepuja; (I11) nosehare nogezanocmu xoncmumyenama heaujcxoe 3uoa
u/unu npomere y me208oj xuopogurnocmu, (IV) nosehare xuopogurnocmu S-cnoja; (V)

akmuena eKckpeyuja uz henuje.
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2.3.5. MexaHu3MH JejCTBa AHTUMUKPOOHHX jeNbeHha

AHTHOAKTEPHU]CKO JEjCTBO MOXE OUTH YCMEpPEeHO Ha BHIIE CTPYKTypa y
Oaktepujckoj hemmju.  JlejctBOo  Moxke OWUTH ycMepeHO Ha henmjcku  3Wi,
[MTOIUIA3MaTHYHY MEMOpaHy, Kao W Ha yHYTpamrmbocT henwje (MeTabonaudke mpoiiece

henuje, Tj. cUHTE3y HYKJIEMHCKUX KucenuHa u nporenHa) (Cnuka 11) [95].

I'pam - HeraTuBHe 0aKTepHje I'pam - no3utuBHe HaKTepuje

henaujcku 3ua U cno/banimkba MeMOpaHa l
- nopemehaju crpykrype

- nopemehaji MPOMYCTLABOCTH ] HuTomnazmMarnyHa MeMOpaHa

'- mopemehaju y cTpyKTypH H MHTErpUTETY

- nopemehaju y nponycr.bHBOCTH

- nopemehaju y gpyHkumonucamy (pecnupaTopHu
MPOoIeCH, TPAHCIIOPTHH NMPOIECH, eHepreTcKH
NpoLecH..)

nentugormukann (heaujeku 3ma)

uuToIJIazMaTu4Ha Memﬁpaﬂa

JIMnomnoJMcaxapuau

IMuTomiazma

- OMeTame WIH NOTIIYHH NMPEeKUJ CHHTEe3e
HYKJIEMHCKHX KHCEJIMHA ¥ MPOTeHHA

- Koaryiamnuja ynyrapheaujckor cagpkaja

Cnuka 11. Ilomenyujarna mecma na baxmepujckoj henuju 3a oejcmeo anmumukpoOHux

cyncmarnyu

Mexanu3zaM aHTHOAKTEPHJCKOT JIejCTBA 3aBUCH OJ] KapaKTEPUCTHKA ITUJBHUX
MUKPOOpraHu3aMa, a CyIITHHCKA pa3iiuKa je y pa3nuuutocTtu rpale henmjckor omoraua
Koja moctoju m3mely I'pam-HeratuBHMX M ['paM-MO3UTHBHHX OakTepHja Kao IITO je

npuka3ano Ha Cnunu 12.
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Tpars-monroHene GarTepmje Tpanr-ueraTHENe BarTepije

oo TejxofHa

Cnuka 12. I'paha omomaua I pam-necamuenux u I pam-nozumuenux 6axmepuja

I'pam-io3utBHE Oakrepuje uMajy nebeo henmujcku 3ua KOjU je yIriaBHOM
u3rpalheH o1 MenTHAOTIMKAHA, ITO MPEAICTaBJba CIoJballlkbu clioj oko hemuje. Takobe, y
cactaB henujckor 3uma ['paM-mo3uTHBHHX OakTepHja yla3d U TEjXOjHA KHUCEIHHE.
TejxojHa KHcenMHA ce cacToju ox (ocdara u amkoxoma: TaUIepoia U pudburona. 36or
MPUCYCTBAa TEjXOjHE KHCEIMHE HACNEKTPHCAakhe Ha TOBPIIMHHM henujckor 3mma je
HeratuBHO. CiiojkeHa CTpykTypa hemmjckor 3uaa [ paM-mo3uTUBHUX OakTepHja UIaK He
npencTaBiba 3HauajHy Oapujepy [96]. henujcku 3un I'pam-HeraTUBHUX OakTepHja OCUM
clioja MENTUIOTIIMKaHa, KOjU je KOJl OBUX OaKTepHja MHOTO TamH, CACTaBJbCH je W3
JETHOT WJIM BHUIIC CIIOjeBa, a CAAPXHM M Crojbamlmkbu ciioj. Crospammu ¢ioj hemwjckor
3uaa, KOJU C€ Haja3W W3HAJ TEeNTHUIOTIUKAHCKOT CJioja, a KOJU C€ CacTOju C€ Of
dbochomunuaHOT OBOCIOja, TUMONPOTENHA U Iumnonoiucaxapuaa. OyHkuuje oBor cioja
Cy BHIIECTPYKE: HErOBO HETaTHMBHO HAENIEKTPUCAIE CIpedaBa JelIoBambe 0A0paMOeHOT
cucremMa nomahmHa (¢arommros3a), Ka0 M AHTUMHUKPOOHMX CYIICTaHIW (TICHHUIIWIHH),
JM303MMa, JeTeplieHaTa, TeIKUX MeTana u oapehennx 6oja [97]. [TomynponyctipuBa je u
¢byHKIMOHMINIE Kao Tpernpeka 3a wmoiekyse Behe ox 600 Da. XwunpodoOuu
MakKpOMOJIEKYJId HEe Mory mpohu Oapujepy cmosbamimer cioja hemujckor 3uma ['pam-

HEraTUBHHX OaKTepuja.
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Jlumononucaxapuan, KOju c€ Haja3e Ha CHOJballlkbeM Jeny (HocqomumumaHor
cioja XuapoIHA Cy W HAaeNeKTPUCAHM, Ia CTOra MPeACTaBsbajy JA0JaTHY Oapujepy 3a
xunpodobHe cymncranie [94,96].

300r crnoxeHuje CTpykType, ['pam-HeratuBHe OakTepHje IMOCELyjy T'€HEpaTHO
Belly OTITOPHOCT Ha JIEjCTBO PA3MTUYUTHX aHTUMUKPOOHHX CYTICTaHIIM y OJHOCY Ha [ pam-
-no3uTruBHE OakTepuje [98].

[MuspHa MecTa umHTepakiuje Oaktepujcke hemmje cy u henmjcka memOpana u

nuToriaazMa henuje.

1. Reaujcka  memOpana. UMHTepakuujoM  JIHNOPWIHUX  jeAWIEHA  ca
dhochonmunuaHNM AEJIOM YCIOBJ/baBa MPOMEHE y CTPYKTYpH U PyHKIMjU henujcke
MeMOpaHe. YKoIUko ohe 10 akyMmynaiuje OBUX jeAHIbCHha JI0JIa3u 10 TyOuTKa
uHTerpuTeTa henmujcke MeMmOpaHe, Ka0 M pa3HUX MPOMEHAa aKTUBHOCTU E€H3MMa

MemOpane [94].

2. JlejerBo Ha yHyTaphenujcke mpouece. J[ejcTBO aHTUMHUKPOOHUX CYICTAHIIM
MOXKE YTHIIATH M Ha yHyTaphenujcke mpolece y Koje cragajy OMeTame WU
MOTITYHU TIPEKHJI PEIUIMKAIMje W KoaryJaiuje yHyTap hemmjckor caapxkaja [99].
VY HekuM ciydajeBUMa MOXKe JohW 110 mporieca caMOyHHIITeHha henmja, Koju je
nocieana MeTa0oNMYKOor aucOanaHca. AyTONHMIHHM TPOLECH HAcTajy Kao
mocjenuIia J1Ba MeXaHH3Ma JIejCTBa: aKyMyJjalMje CJI00O0JHUX paauKaia u

nopemehaja joHcke xomeocrase [95].

['JbuBe Cy eyKkapuOTCKH OpraHu3MH, 1o rpahu crokenuju ox Oakrepuja. Bemmka
rpymna IJbUBa, YKJbYydyjyhu u ribuBe u3 pona Aspergillus, cy Buiehenujcku opraHuzMu
YHje je BEreTaTUBHO Teso (Muuenuja) m3rpaheHo ox rpaHarux HATH (Xxuda), 10K jenHa
Mama Tpyla Mpe/cTaBba JeIHONEINjCKE OpraHu3Me, OBATHOT OOJIMKA KOjo] MpHUTaaajy
KBacIM. Nenujcku 3ux IJbHMBA je yriIaBHOM H3rpahleH o aMHUHOIOJHMCaXapuaa XUTHHA

KOju je y henmujckoM 31y KBacama MpuCyTaH y HEIITO MAambeM MPOLCHTY.
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bynyhu na cy ripuBe €yKapuUOTCKM OpraHW3MH, MEXaHU3MH aHTHU(YHTaTHOT
JIeJIOBamka Cy CaMUM TUM U KOMIUICKCHUjU. Bpiio decto, 300r BeMKe CIMIHOCTH u3Mel)y
eyKapuoTcke henuje T/pbMBa M aHMMAJIHE WM XymaHe henuje, aHTH(YHraaHU areHCH
TOKCHYHO JIeNyjy M Ha HX, Ia je W TO jeJAaH O]l pasjora 3a OTKPUBAaKkEM HOBHX,
0e30enHuX aHTU(YHTATHUX areHaca. MexaHu3aM BUXO0BOT JIJI0OBamka Ce Orieaa y:

- HapylIaBamy WHTEerputeTa hemmjcke memOpane nmosehasajyhu meny

POy CTJBHBOCT

- ”HXUOUIIMjHU cuHTe3e hemujckor 3uma

- MHXUOWIIMjU CUHTE3€ HYKICHHCKUX KHCEIHHA

- uaxubunuju henujcke neode (murosze) [100].

Mukpoopranu3Mu, KOjH MOTY HW3a3BaTH OOJIECTH, CIanajy y TPYIy MaTOTSHUX
MHKpPOOpraHu3ama, a KBAaHTUTaTUBHA Mepa T€ CITIOCOOHOCTH 30Be ce BupysieHnuja [101].

KapakTepuctuke kojumMa ce MaTOreHH MUKPOOPTaHU3MHU PA3IIMKY]y y OJHOCY Ha
HEMaTOreHe jecy MOCEA0Bae jeTHOT WM BUIlEe (aKTopa BHPYJICHIM]jE y KOje CIaaajy:
CIIOCOOHOCT MHKpPOOpTaHHM3Ma Ja mpojape y nomahuHa, croCOOHOCT aaxepeHiuje U
KOJIOHM3a1uje (MHBAa3WBHOCT), CIIOCOOHOCT M30eraBama UMYHOT oJroBopa jgoMahuHa u

CIOCOOHOCT mpoayKiuje Tokcuna [102].

2.3.6. Pa3Boj HOBUX AaHTUMHKPOOHMX jeIMHeHA

Mukpoopranu3Mu Cy pa3BmiIu OpojHe o10pamMOeHe MEXaHU3Me Ha JICjCTBO Pa3HUX
AHTUMUKPOOHUX CyIcTaHId. To je JoBeno A0 Tmopacta HWH(EKIHja H3a3BaHUX
PE3UCTEHTHUM WM Mame OCETJbHBHM OakTepujama. Takohe, HHQeKIuje H3a3BaHe
natorenuM 6akrepujama Candida albicans w Aspergillus sp. cy y cBe Behem nopacty. To
je HaBeJO MHOTe HayYyHHKE Ha MPOHAIaXeHmhe HOBUX aHTUMHUKPOOHMX areHaca Koju ce
Mory e(puKacHO NmpUMEHHTH y OopOu mpotuB mHbekuuja. Hajupe cy u3Bop pasHHX
HUCTpakMBama OWia MPUPOJIHA jeAUEHa, a KAacHHUje C€ PaJuio Ha CHUHTE3W HOBHUX
jenvmema Koja O mokazama 0oJby  @HTUMHUKPOOHY  aKTHMBHOCT. 3Ha4ajHO
aHTUOAKTEPUJCKO U AaHTU(YHTaIHO J1ejJCTBO Takole cy MOKa3aal M MHOTH KOMIUIEKCH

nmpeliasHuX MeTtana. bpojHu cuHTeTHcaHu Komruieken manmaaujyma(ll) cy mokazamm
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3Ha4YajHy AaHTUOAKTEPHjCKy AaKTHUBHOCT, Kao M YTHIIA] HAa pacT U MeTaboimu3am
Pa3NMYUTHX TPyHia MUKPOOPTaHHU3aMa.

I'yvepa (Guerra) w capagHuid Cy TpUKa3add CHHTE3y TpPU KOMILIEKCA
nanaaujyma(ll) (Cauxa 13) ca anTHOMOTHIIMMA U3 TpyIe TETPALMKINHA U MCIUTHBAIN

IbUXOB YTHIIA] HA TETPALUKIMH OCETJHHBE U pe3UCTEHTHE OakTepujcke cojere [103].

el

Cnuka 13. Ilanaoujym(Il)-jon koopounosan 3a anmubuomuke u3 epyne mempayukiuna
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Tom mpunukom je mokazano na kommuiekc namaaujyma(ll) ca rerpauukimHOM
nokasyje 16 myra 60Jby aKTHUBHOCT Ha PE3MCTEHTHH c0j Echerichia coli HB101/pBR322
y nopehemy ca TeTPauKIHHOM.

Buepa (Viera) u capagnumu cy 2009. roauHe TmpHKa3ald CHHTE3Y U
aHTUMUKPOOHY aKTUBHOCT Komiulekca mnamagujyma(ll) ca Owuonomku akTUBHUM
muraagoM QuoypoxuHonuHoM (Cruka 14), mpu yemy je 3a0ernexeHa 3HadajHa aKTUBHOCT
KOMIUICKCa Ha Oaktepujy Mycobacterium tuberculosis BupyneHTtHH coj [104].
@OnypOXUHONMH U APYTH OMOJIOIIKH aKTUBHH MOJIEKYJH KOpHITheHH Cy Kao JMTaHIu 3a
KOOpJIMHOBAaWkEC M 3a Jpyre MeETaJHe jOoHe, Koju cy Takohe ycnoBibaBaim Behy
AHTUMUKPOOHY aKTHBHOCT.

Y nuteparypu TocTOje OpOjHM pajOoBH Ca CHHTETHCAHUM KOMILJICKCHMA
nanaaujyma(ll) koju cy mokazanu 3HayajHy aKTUBHOCT HA pa3IMYUTE BpCTE OakTepuja u

rspuBa [105-110]

N/
/ \

Cnuxka 14. Ianraoujym(Il) xomnnexc ca (puyopoxuHOIUHOM KAO TUSAHOOM
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MHora paHHMja HCTpaKMBama Cy IMOKa3aja Ja apOMaTHYHA U XETEPOIMKINYHA
rpyra THOETpa Wrpa 3HaudajHy yJIory y aHTUMHUKPOOHO] aKTMBHOCTH. bpojHa jenumema
OBOT' THIIa Cy CHHTETHCaHa W HCIIUTAHA je€ HUXOBa aHTUOAKTEPHjCKAa W aHTU(YHIaTHA
aktuBHOCT [111-114]. BbuxoBa akTUBHOCT 3a0enexkeHa je Ha Oaktepujama Escherichia
coli u Staphylococcus aureus. MHOTM Hay4YHULIM MHCIMPUCAHU OBAKBUM pe3yiTaTHMa
UCTIUTUBAIA Cy aHTUMUKPOOHY aKTUBHOCT S-aJIKWJI JIEPHBATA THOCAIUIIWIHE KHACEINHE
[115] (Cnuka 15). IbuxoBa anTHOaKkTepHjcKa U aHTU(YHralHa aKTUBHOCT MCIIUTaHA je
MUKPOJIUIYIIMOHOM METOJIOM Ha Pa3NuYUTHM OaKkTepHjcKuM cojeBuma Staphylococcus
aureus, Bacillus subtilis, Pseudomonas aeruginosa u Escherichia coli, nox je in vitro

anTu(yHTaIHa akTUBHOCT ucnuTuBaHa Ha Candida albicans w Candida krusei.

Cnuka 15. Cmpyxkmypa oepusama muocaiuyuine KuceiuHe
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24. METOJE 3A OAPEBUBAIBE CTPYKTYPE KOMIIVIEKCA
METAJIA CA JIMTTAHANMA EDDA-THUITA

OnpehuBame CTpPyKType KOMIUIEKCa KOjU cajpxe OHWJEeHTaTHE JIMraHJe
O,0'-puanxun ectpe edda-Tuna u S-ajkui 1epUBaTe THOCATUIMIIHE KHUCEIMHE BpILEHA je
yIoTpeOOM CHEKTPOCKOTICKUX METOJa: HyKJeapHO-MarHeTHo-pe3oHaHinoHe (NMR) u

nH(ppanpsene crnekrockonuje (IR) kao u peHaAreHcKe CTPYKTYypHE aHaIU3e.

2.4.1. Hyk/ieapHO-MarHeTHO-Pe30HAHIIMOHA CIIEKTPOCKONHUja

[IpernocTaBibeHa KOOPAMHALIM]A JIMTAHA/IA MIPEKypcopa MOTBpheHa je IPUMEHOM
MPOTOHCKE HYKJIEAPHO-MarHeTHO-PE30HAHIIMOHE CIIEKTpOCKomuje. 3a ojarosapajyhe
nanamujym(Il) kommiekce y 'H NMR CIIeKTpHMa CHTHAIM 3a METHJICHCKE IIPOTOHE
CTHJICHIUAMHHCKOT Jiesla MoJiekyia u3 edda-Tuma JuraHia cy MOMEpEeHH Ka BHIIEM
MarHeTHOM T1I0Jby Yy OJHOCY Ha CIHeKTpe ojaroBapajyhmx nuranaga Rp-edda
(ma 0,1-0,9 ppm) mTo yka3yje Ha KOOPAMHALIN]Y a30TOBHX aTOMA 3a IICHTPAITHH MECTATHU
jon. IlpucycTBO To ABa cera curHajna y crnekrpuMa komruiekca managujyma(ll) ykaszyje
Ha TIOCTOjamke JWjacTepeon3zomepa IITO je ouekuBaHo mnpema DFT mnpopauyHuma
pahenuM 3a cimyHa jeaumema [28].

Y C NMR crekTpuma KOMIUIEKCA CHIHATH 33 €CTAPCKE YIJbEHHKOBE aTOME
Haja3e ce Ha MNPUOIDKHO WMCTHM BpPEIHOCTHMA Kao Yy CHEKTpuMa ojroBapajyhux
JWraHana, mTo notephyje na Huje JONILIO A0 KOOpIWHAIMje KUCEOHWKOBHX aToMma 3a
LEHTPAJIHU METAJIHM joH. MelyTuM y HEeKMM clly4yajeBHMMa yodaBa ce 3HayajHa pa3iiuka y
MOJIOXKAjIMa CHTHAJIAa 32 €CTAapCKU YIJbEHUKOB aTOM M KapOOKCHIIHM YIJbEHHUKOB aTOM,

IITO yKa3yje Ha TPUJECHTATHO KOOPAMHOBAK-E HEKMX aJKuJI ecTapa edda-Tuma nmuraHaza.
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2.4.2. UudpanpBeHa CIEKTPOCKONUja

VY uHOppaupBeHMM CHEKTpUMa H30JIOBAaHUX €cTapa YyOYeHEe Cy BaKHe
aTICOpPIIIMOHE TpakKe: 3a CeKyHaapHe amoHmjymoBe comu V(RoNH,"), 3a ankun rpyme
v(CH3), ecrapcke rpyne v(C=0) u v(C-O). IlpunukomM KOOpAMHOBama 3a ILEHTPAIHU
METaJIHU JOH J10J1a34 70 (hopMupama CeKyHIapHEe aMHHO TpyTIe.

Kao kpurepujymu 3a pa3IuKOBame€ KOOPAMHOBAHMX OJ HEKOOPAMHOBAHMX
KapOOKCWIIHUX Tpymna y WH(PALpPBEHUM CIEKTpUMa KOPUCTU C€ MOJI0XKa] (peKBEHLHja
aCUMETPUYHHMX BaJICHIMOHMX BHOpamuja oBux rpyna [116-118]. Acumerpuune
BaJICHIIMOHE BHOpaIyje MPOTOHOBAHUX KApOOKCHUJIIHUX Tpyla Hajlaze ce y 00JIacTH Of
1750 mo 1700 cm™, a y ClIy4ajy KOOpAWHOBamba MOMepajy ce Ka HIKUM (DpeKBeHIIHjaMa,
OIHOCHO Hanaze ce y obmactu 1650-1600 cm™.

N-H Banennuone BuOpammje y KOMIUIGKCMMa Cca KOOPJWHOBAaHHWM JIMTaHIAMA

edda-tuma ce Hanase y o6macru 3460-3200 cm’.

2.5. 1INJb N BAJATAK JTOKTOPCKE JUCEPTAIIMJE

Kommiekcn mpenasHux MeTana ca TeTpaJeHTaTHUM M OUJCHTATHUM JIUTaHIMMa
edda-tuma (edda = anjoH erwneHauamMuH-N,N'-nucupheTHe KHCEIMHE) W HUXOBUX
JepuBaTa MpeaMeT Cy H3ydaBamba MHOTUX UCTpaXuBada Beh Tyku HU3 TOIUHA, TIpe CBETa
pazu n3yyaBama CIIEKTPAITHUX 0COOMHA Harpal)eHnx KoMIuIieKca.

[le3necetnx TroAMHAa NPONUIOr BEKAa HWCHHUTHBAaHA j€ MEAMIMHCKA NpPUMEHa
JUraHazia OBOT THIIA y IMJbY E€IMMHUHAILMjE jOHA TEIIKMX MeTajla MPUIMKOM OpaJIHOT
TpoBama. Mako ce muranmam, mpe cBera cam edda xao m edta (edta = aHjoH
eTHJICHANAMUHTETpacupheTHe KucenuHa), yiju je edda nurana ¢pparMeHT, IpuUMemYjy y
MEIULMHN Y HaBEIEHY CBpXYy, MMajy OTPaHUYECHY NPUMEHY C O03UpOM Jaa 00aBibajy

HECENICKTUBHY EJIMMHHAIM]y joHa Mertaia. [lopen enmmMuHaNWje joHA MeTana KOju Cy
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M3a3Balil TPOBAKE, U3 OpPraHM3Ma CE U3NIydyjy M jJOHH MeTajla KOju Cy HEONXOJHHU 3a
HOpMAaJTHO (DYHKIIMOHHCAHkE OpraHu3Ma.

OTtkpuhe aHTUTYMOpPCKHX OCOOMHA IMCIUIATHHE M CIUYHHUX KOMIUIEKCA IJIaTUHE
je moBehasio uHTEpecoBame 3a 100Ujame joul eUKaCHUjUX KOMIUIEKca APYTUX MeTala U
muranaga. Mel)y mpBUM KOMIUIEKCHMMa KOPHUIINEHWM Y KIMHUYKHM HCIHUTHBAKUMA
npotuB Tymopa Owmm cy mnamaaujym(Il) amamo3m unucrutatmae. Mako mpBoOHTHU
pesynTatd HuCy Owim oxpabpyjyhu, KOMIUIeKCH TmTanaaudjyma Ccy MHOTO IIUpe
npoyuyaBanu. [lamagujym(Il) xommuiekcm Cy CKOpO YBEK TIOKa3WBalId  Mamby
AHTUTYMOPCKY aKTUBHOCT O] IIMCIIaTHHE 300T CBOje Benuke nadbunHoctu. Jla Ou ce oBu
npo0JeMH MPeBa3uIILIN, MHOTA UCTPAXKHUBamba Cy Onila ycMepeHa Ka yrnoTpeOu XelaTHUX
JUTaHaIa Koju Ou yMamuiiu peakTuBHOCT manaanjym(I1) kommekca.

Jlo canma je cuHTeTHCAaH Majau Opoj KOMIUIEKCHHX jenumerma nanaaujyma(ll) ca
nuankun ectpuma edda-tuna kao OMJEHTATHUM JIMTAHAMMA, KA0 U S-aJKuJ JepUBaTUMAa
THOCATMLIMIHE KucennHa. Crora je y OKBUPY OBe JJokmopcke oucepmayuje nipenBuhena
CHHTE3a U KapakTepu3alnyja Hekux juraHana edda-tuna, muxoBux O,O'-auankui-ecrapa
Kao W S-ajkui JepuBaTa THOCAIUIMIHE KHUCEIMHE M OJroBapajyhux komruiekca
nananujyma(ll).

Y ToM 1uIBY Yy OKBHPY OBe J{okmopcke oucepmayuje nipenBubhenu cy cienehu
3ajanu:

o (CuHTeTHCATU TETPAACHTATHU JUTaH[ eTuineHauamMuH-N, N'-au-(S,S)-2-nponancky
kucenuny, (Hx-(S,S)-eddp)
e (Cunrerucatu Heke  O,0-muankuil  ecTpe  TETPAJEHTATHOI  JIMTaHJa

-eTwiieHauaMuH-N, N'-iu-(S,S)-2-nporancke kucenune, (R-(S,S)-eddp)

e Cunrerucaru onroapajyhe mamamujym(Il) komruekce ca O,O'-nuankuin ectpuma

(Hz-(S,S)-eddp) nuranga

e (CuHTeTHCATH TETPAJCHTATHU JUTaH] eTuieHauaMuH-N, N'-au-(S,S)-2-(3-meTnn)-

-0yrtancky kucenuny, (H,-(S,S)-eddv)

e (Cunrerucath  HeEKe O,0'-nnankun  ecTpe  TETpPaAEHTATHOT  JIMTaHAa

-eruneHanaMut-N, N'-nu-(S,S)-2-(3-metun)-6ytancke kucenune, (Ry-(S,5)-eddv)
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Cuntetucaru oarosapajyhe nanaaujym(Il) kommnekce ca O,O'-auankui ectpuma
H»-(S,S)-eddv nuranna

CuHTeTHcaTH S-aJKuI JepUBaTe THOCATUIMIHE KUCETHE

Cunrerncatn oarosapajyhe mamamujym(Il) komriekce ca HaBeIEHHM S-aJIKWIT
JepyUBaTUMa THOCATHIIMIIHE KUCETNHE

CuHTeTHCaTH TETpPaJCHTATHU JWUraHa meso-1,2-nudennn-erunenauamMmus-N, N'-
-I1-3-TIPOTIAHCKY KUCEIUHY

Cuntetrucatn oparosapajyhe mnamanumjym(ll) u mmatuna(IV) xommiekce ca
HABEJICHUM TETPaJCHTATHUM JIUTaHIIOM meso-1,2-nudenun-erunenauamMmus-N, N'-
-I1-3-TIPOMAHCKOM KHUCEIUHOM

CactaB noOMjeHMX JUTaHa/Ja ¥ KOMIUIEKCA YTBPAMTH HAa OCHOBY pe3yJjTara
€JIEMEHTAJIHE MUKpOaHaJIn3e

CrpykTypy auraHazna u Harpal)eHuX KOMIUIEKCa MPEIBUAECTH Ha OCHOBY HbHXOBHUX
MHQPALPBEHNX U HYKJI€apHO-MarHEeTHO-PE30HAHIIMOHMX CIIEKTapa, TJe IO je TO
Moryhe

Crpykrypy nuranaga u HarpaleHHX KOMIUIEKCAa NOTBPAUTH HAa OCHOBY
PEHATCHCKE CTPYKTYpPHE aHaju3e, T/Ie ToJ1 je TO Moryhe

Hcnutat aHTUMUKPOOHY M aHTUTYMOPCKY aKTUBHOCT HarpaljeHuX nuraHaga u

oarosapajyhux xommiekca
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3.1. CUHTE3E JIUI'AHA TIA

3.1.1. Cunre3a eruwiaenauamMmuH-N, N'-qu-(S,S)-2-nponancke KuceJInHe,

H»-(S,S)-eddp

Terpanentatau nurann, H,-(S,S)-eddp, je cuHTeTHCaH Ha OCHOBY MPETXOIHO
ormcanor noctynka [119]. ¥V pactBop koju je nodujen pactBapamem 20,00 g (0,50 mol)
HaTPHjyM-XUJPOKCUIA JIaraHo ce, y MaiuM mopuujama, nonaje 44,40 g (0,50 mol)
S-anmanuHa. Peakumona cmema ce mema y3 pedaykroBame M ykanaBame 47,00 g
(0,25 mol) 1,2-gubpom-erana u wuctoBpeMeHo noxaBame 26,00 g (0,25 mol)
aHXUJIPOBAHOT HATpUjyM-KapOoHata. PactBop ce peduykryje jomr Tpu cara. Hakon
xmahema peaknmnone cMeme u nojemanama pH Bpennoct Ha 5 momohy pactBopa HCI
(1:1) u3mBaja ce Oemu Tamor etwieHaUaMuH-N,N'-au-(S,S)-2-npomancke KHCETUHE.
JloOGujenu Tajor ce mporean, 100po ucmepe BOJOM M Cymu Ha Ba3ayxy. [Ipunoc: 5,90 g
(11,60 %).

Pesynratu enementanne mukpoananmmse 3a Hp-(S,S5)-eddp,
M(CsH 6N,04) = 204,25 g-mol
C(%) N H(%)
N3pauynaro: 47,04 13,72 7,90
Haheno: 47,01 13,84 7,81

3.1.2. Cunre3a 0,0'-quanaxkuj ecrapa erujaeHanaMun-N, N'-1u-(S,S)-2-

-MPONAHCKe KUCeJNHe Juxyiopxuapara, R,-(S,S5)-eddp-2HCI

O,0"-nuankun  ectpu  etwieHauamMuH-N,N'-1u-(S,S)-2-nponaHcke  KHUCETHHE

CUHTETHCAaHU CYy Ha OCHOBY IpeTXOJHO omucaHor nocrynka [3]. ¥V 50,00 mL
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onrosapajyher ancomytHor ankoxosna (1-mponanos, 1-OyTaHos U 1-TIeHTaHON) YBOAM C€
TacOBUTHU XJIOPOBOJIOHUK, a MMOTOM JI0/aje TeTpafeHTatHu nurann, Hp-(S,S)-eddp, 1,53 g
(7,5 mmol). Peakunona cmema ce peduykryje 12 catu. Hakon Tora noOujenu Oenu
tamor  O,0'-muankun ectpa etuieHAnamMuH-N,N'-1u-(S,S)-2-nponaHcke KUCEIUHE Y
00JIUKY TUXJIOpXHIpaTa c€ OJBOjH IiehemeM, UCIiepe BOJOM, €TaHOJIOM, €TPOM M CYIIH

Ha Ba3ayxy.

3a O,0"-gunponun ectap eruneHauaMuH-N,N'-mu-(S,S)-2-nponaHcke KuceianHe
nuxjopxunpat tpuxuapart, dpr-(S,S)-eddp-2HCI-3H,0O (L1). IIpunoc: 1,62 g (51,92 %).
"H NMR (200 MHz, D0, ¢ ppm): 3,51 (s, 4H), 3,55 (q, 2H), 1,51 (d, 6H), 4,24 (t, 4H),
1,65 (m, 4H), 0,92 (t, 6H). *C NMR (200 MHz, D,0, 6 ppm): 44,75 (CH,), 59,07 (CH),
17,18 (CH3), 173,34 (COO-pr), 72,04 (CH;-pr), 21,17 (CH,-pr), 12,45 (CHs-pr).

PesynraTtu enemenTanHe Mukpoananuse 3a dpr-(S,S)-eddp-2HCI,
M(C14H3CLLN,07) = 415,35 g-mol™
C%) N(@) H(%)
Hzpauynaro: 40,48 6,75 8,74
Habheno: 40,06 6,71 8,34

3a O,0"-mubytun ecrap erwineHauaMuH-N,N'-nu-(S,S)-2-niporancke KUCETHHE
muxyopxunapar Ttpuxuapar, dbu-(S,S5)-eddp-2HCI-:3H,O (L2). Ilpunoc: 1,84 g
(55,26 %). '"H NMR (200 MHz, D,0, ¢ ppm): 3,34 (s, 4H), 4,26 (q, 2H), 1,35 (d, 6H),
4,32 (t, 4H), 1,67 (m, 4H), 1,47 (m, 4H), 0,92 (t, 6H). *C NMR (200 MHz, D,0, J ppm):
44,59 (CH,), 59,10 (CH), 17,05 (CHs), 173,01 (COO-bu), 70,40 (CH,-bu), 32,62
(CHz-bu), 21,35 (CH;-bu), 15,62 (CHs-bu).
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Pesynratu enementanae mukpoananuse 3a dbu-(S,S)-eddp-2HCI-3H,0,
M(C16H40C1,N,0) = 443,40 g-mol™
C(%) N(®) H(%)
Nzpauynaro: 43,34 6,32 9,09
Haheno: 43,18 6,38 8,54

3a O,0-punentun ecrap etwieHauamuH-N,N'-nu-(S,S)-2-iponaHcke KUCETHHE
nuxaopxunapar puxunpat, dpe-(S,S)-eddp-2HCI-2H,0 (L3). IIpunoc: 1,87 g (55,00 %).
'H NMR (200 MHz, D,0, § ppm): 3,42 (s, 4H), 4,14 (q, 2H), 1,34 (d, 6H), 4,28 (t, 4H),
1,72 (m, 4H), 0,93 (t, 6H). >*C NMR (200 MHz, D,0, 6 ppm): 45,14 (CH,), 58,99 (CH),
17,49 (CHs), 173,98 (COO-pe), 70,50 (CHjy-pe), 30,28 (CHz-pe), 30,19
(CHz-pe), 24,55 (CH;,-pe), 16,16 (CHs-pe).

Pesynratu enemenTanHe Mukpoananuse 3a dpe-(S,S5)-eddp-2HCI-2H,0,
M(C1sH42CLN,Og) = 453,44 g-mol™
C%) N(@) H(%)
H3pauynaro: 47,68 6,18 9,34
Haheno: 46,91 6,12 9,46

3.1.3. Cunre3a erunenauamMuH-N, N'-1u-(S,S)-2-(3-MeTu1)-0yrancke

kuceaune, H,-(S,S)-eddv

Etunenaunamun-N, N'-qu-(S,S)-2-(3-meTmin)-0ytancka kucenuna, Hp-(S,5)-eddv, je
CHUHTETHCaHA Ha HAYMH OMUCaH y o11eJbKy 3.1.1. Y pacTtBop K0ju je 100UjeH pacTBapameM
20,00 g (0,50 mol) HaTpujyM-Xuapokcua JiaraHo ce, y MaluM nopiujama goaaje 58,57 g
(0,50 mol) S-Banmuna. Peakumona cmema ce Mmema y3 pediayKroBambe M yKalaBarbe
47,00 g (0,25 mol) 1,2-qubpom-eTana u uctoBpeMeHo aoxasame 26,00 g (0,25 mol)

HaTpHujyM-KapOoHarta. PacTBop ce peduykryje jour Tpu cara. Hakon xmahema peakimone

49



EKcnepumeHmarnu 0eo

cMmenie u nonemasama pH BpenqnocTr Ha 5 momohy pactBopa HCI (1:1) u3aBaja ce 6enn
tajor eruneHauaMuH-N,N'-nu-(S,S)-2-(3-meTun)-Oytancke kucenune. JlobujeHu Tamor

ce mporiein, 100po ucrepe BOJOM U CyImiu Ha Ba3ayxy. [Ipunoc: 8,15 g (12,52 %).

Pesynraru enementanne mukpoanammse 3a Hp-(S,5)-eddv,
M(C1,H24N,04) = 260,33 g-mol™
C(%) N(®) H(%)
Nspauynaro: 55,36 10,76 9,29
Haheno: 55,21 10,84 9,41

3.1.4. Cunre3a O0,0'-qnankuia ecrapa erujaeHauamMmun-N, N'-qu-(S,S)-2-

-(3-meTHi1)-0yTaHCKe KUCeJNHe JuXJaopxujapara, R,-(S,S)-eddv-2HCI

Huankun ectpu etmneHauamus-N, N'-qu-(S,S)-2-(3-meTnn)-0yTaHCKe KHCETUHE
CUHTCTHCAaHW Cy Ha HayuH omuca y oaesbky 3.1.2. YV 50,00 mL oxaroBapajyher
aTriCoOJIyTHOT ajKoxoja (eraHon, l-mpomanon, l-OytaHonm W 1-TIeHTaHON) yBOAHM C€
TacOBUTH XJIOPOBOJOHHMK, a moToM gomaje Hy-(S,S)-eddv, 2,50 g (7,50 mmol).
Peakimona cmema ce peduykryje 12 caru. Hakon tora nobujenu Oemu tamor O,0'-
-muankmwn  ectpa  ertuneHauamMuH-N,N'-au-(S,S)-2-(3-meTmin)-0yTaHCKe KHCEIIMHE C€

0l1BOju 1iehemem, ucrepe BOJOM, €TaHOJIOM U €TPOM M CYIIIH Ha Ba3ayXy.

3a O,0-gumerun ecrap eruneHnauaMuH-N,N'-nu-(S,S)-2-(3-meTmn)-O0yTancke
kucenuHe amxiopxuapar, det-(S,S)-eddv-2HC1 (L4). IMpumaoc: 1,72 g (59,11 %).
"H NMR (200 MHz, D,0, 6 ppm): 1,1 (m, 12H, C*°Hs), 1,35 (t, 6H, C*Hs), 2,41 (m, 4H,
C'Hy), 3,62 (m, 2H, C*H), 3,69 (d, 2H, C*H), 4,34 (q, 4H, C'H,). *C NMR (50 MHz,
CDCls, 6 ppm): 16,25 (C*Hs), 20,93 (C°Hs), 21,07 (C°Hs), 32,58 (C*H), 46,20 (C'Hy),
68,64 (C*H), 70,30 (C'H,), 173,77 (C’00-et).
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Pesynratu enementanae mukpoananuse 3a det-(S,S)-eddv-2HCI,
M(C16H34C1,N,04) = 389,35 g-mol™
C(%) N(®) H(%)
Nzpauynaro: 49,35 7,20 8,80
Haheno: 48,84 7,37 8,41

3a O,0-punponun ectap etwieHauamuH-N, N"-qu-(S,S)-2-(3-metwin)-0yTancke
kucennue guxopxuapar, dpr-(S,S)-eddv-2HCI (L5). Tpuroc: 1,72 (55,00 %). "H NMR
(200 MHz, D,0, é ppm): 0,91 (t, 6H, C’Hz), 1,21 (m, 12H, C>°Hs), 1,74 (m, 4H, C*H,),
2,37 (m, 4H, C'Hy), 3,52 (m, 2H, C*H), 4,11 (d, 2H, C*H), 4,27 (q, 4H, C'H,). *C NMR
(50 MHz, D,0, 6 ppm): 12,63 (C*Hs), 19,47 (C°Hs), 20,15 (C°Hs), 24,22 (C*H,), 32,48
(C*H), 46,48 (C'H>), 69,35 (C°H), 72,21 (C'H»), 171,6 (C*00-pr). '"H NMR (200 MHz,
DMSO-ds, 6 ppm): 0,86 (t, 6H, C°Hs), 1,18 (m, 12H, C°H;), 1,58 (m, 4H, C*H,), 2,26
(m, 4H, C'H,), 3,46 (m, 2H, C*H), 4,07 (d, 2H, C*H), 4,37 (q, 4H, C'H>), 4,63 (2H, NH).
B3C NMR (50 MHz, DMSO-ds, 6 ppm): 12,48 (C*Hs), 18,96 (C Hs), 20,17 (C°Hs), 24,89
(C*H,), 33,03 (C'H), 46,41 (C'H,), 68,97 (C*H), 72,06 (C'H,), 170,9 (C’00-pr).

Pesynratu enemenTanne Mukpoananuse 3a dpr-(S,S)-eddv-2HCI,
M(CsH33C1LN,04) = 417,40 g-mol™
C%) N(@) H(%)
H3zpauynaro: 51,79 6,71 9,18
Haheno: 51,92 6,73 9,06

3a O,0-gubytun ecrap eruneHauaMuH-N,N'-nu-(S,S)-2-(3-meTui)-OyTaHcke
kucenuHe auxiopxunpat, dbu-(S,S)-eddv-2HC1 (L6). Ilpunoc: 1,74 g (52,00 %).
'H NMR (200 MHz, D,0, 6 ppm): 0,91 (t, 6H, C'°H;), 1,13 (m, 12H, C*°H;), 1,37
(m, 4H, C’H,), 1,70 (m, 4H, C*H,), 2,41 (m, 4H, C'H,), 3,56 (m, 2H, C*H), 3,87 (d, 2H,
C’H), 4,34 (q, 4H, C'H,). °C NMR (50 MHz, D,0, ¢ ppm): 15,80 (C'°Hs), 19,43 (C°Hs),
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19,76 (C°Hs), 21,51 (C’Hy), 32,60 (C*H), 36,38 (C*H,), 46,19 (C'H,), 64,50 (C*H), 70,49
(C'Hy), 171,56 (C*00-bu). '"H NMR (200 MHz, DMSO-d, § ppm): 0,87 (t, 6H, C'°Hs),
1,17 (m, 12H, C**H3), 1,39 (m, 4H, C’H,), 1,66 (m, 4H, C*H,), 2,28 (m, 4H, C'H,), 3,48
(m, 2H, C*H), 3,79 (d, 2H, C’H), 4,26 (q, 4H, C'H,), 4,58 (2H, NH). °C NMR (50 MHz,
DMSO-ds, § ppm): 14,99 (C'°Hs), 19,37 (C°Hs), 19,58 (C°H;), 21,43 (C°H,), 32,54
(C*H), 36,26 (C*H,), 46,03 (C'H,), 64,57 (C*H), 70,48 (C'H,), 171,51(C°00-bu).

Pesynratu enemenTanHe mukpoananuse 3a dbu-(S,S)-eddv-2HCI,
M(C20H42CLN,04) = 445,46 g-mol™!
C(%) N(®) H(®%)
N3pauynaro: 53,92 6,29 9,50
Habewno: 53,48 9,54 6,48

3a O,0-gunentun ecrap ertwieHauaMuH-N,N'-nu-(S,S)-2-(3-meTun)-OyTancke
kucenuHe nuxnopxuapat, dpe-(S,S)-eddv-2HCI (L7). Ilpunoc: 1,82 g (51,00 %).
'H NMR (200 MHz, D,0, ¢ ppm): 0,90 (t, 6H, C''H;), 1,10 (m, 12H, C>°Hs), 1,37
(m, 8H, C*'°H,), 1,72 (m, 4H, C*H,), 2,40 (m, 4H, C'H,), 3,62 (m, 2H, C*H), 4,09 (d,
2H, C*H), 4,39 (q, 4H, C'H,). *C NMR (50 MHz, D,0, J ppm): 16,13 (C''Hs), 19,48
(C°Hs), 20,69 (C°Hs), 24,52 (C'°H,), 30,31 (C°Ha), 32,66 (C*H,), 33,92 (C*H), 46,29
(C'H,), 64,83 (C*H), 70,74 (C'H,), 171,84 (C’00-pe). 'H NMR (200 MHz, DMSO-dg, &
ppm): 0,90 (t, 6H, C''Hs), 1,12 (m, 12H, C*°H3), 1,36 (m, 8H, C”'°H,), 1,68 (m, 4H,
C*Hy), 2,33 (m, 4H, C'H,), 3,64 (m, 2H, C*H), 4,02 (d, 2H, C*H), 4,21 (q, 4H, C'H,),
4,76 (2H, NH). *C NMR (50 MHz, DMSO-ds, d ppm): 16,06 (C''H;), 19,43 (C°Hs),
20,32 (C°H3), 24,45 (C'°H,), 30,29 (C°’H,), 32,69 (CH,), 33,88 (C*H), 46,07 (C'H,),
64,12 (C*H), 70,76 (C'H,), 171,34 (C’00-pe).
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Pesynraru enementanne mukpoanaimse 3a dpe-(S,5)-eddv-2HCI,
M(C2H46C1N204) = 473,51 grmol™
C(%) N(®) H(%)
Nzpauynaro: 55,80 5,92 9,79
Haheno: 55,68 6,02 9,76

3.1.5. CuHTe3a S-aJKWI JepuBaTA THOCAJIMIIMIIHE KHCEJINHE

S-ankun  nmepuBaTH  THOCAIMIWIIHE KHCEIMHE JOOWjEHH Cy PEaKIrjoM
AJIKMJIOBakba THUOCAMIIMIIHE KHCEIMHE OJAroBapajyhuM alKuiI-XaJoreHuauMa y 0a3Hoj
CpPEeIUHU M CMEIM BOAA-€TAaHON Kao pacTBapaudy. Y pacTBOp JOOHjeH pacTBapameM
(1 mmol) Twocanmmmnue kucenmune y 50,00 mL 30% eraHonma momaje ce pacTBOp
HaTpujyM-xuapokcuaa (2,00 mmol y 5,00 mL gectunoBane Bojae). Oarosapajyhu ankui-
-xamoreann (6en3un-(L8), wmerun-(L9), erun-(L10), npommn-(L11), Oytmi-(L12))
(2,00 mmol) ce pactBopu y 5,00 mL eTaHoia ¥ MOCTENEHO [0/1aje y MAJIUM MOpLIHjaMa y
MIPETXOIHO TPUIIPEMIBEHY OUCTpPY peakuoHy cMmenry. Tako mo0ujeHa peakiuoHa cMela
octaBu ce TokoM Hohu Ha 60°C. HakoH Tora pacTBOp ce€ MpEeHece y KpUCTaIU3ALHOHY
II0JbY M yIapu Ha BOJCHOM KyHaTWIy paau ylaabaBama eTaHoia. Y HOOHMjeHH BOJCHU
pactBop noxaaje ce (2,00 mM) pacTBOp XJIOPOBOJOHUYHE KUCEIIMHE YCIIE]] Yera ce cTBapa
6enu Tanor oAaronapajyher S-anmkui gepuBaTa THOCAIUIMIHE KHcenuHe. Tako noOujeHn
MIPOM3BOJI CE€ OJIBOjH IiehemeM, rcrepe BEIMKOM KOJIHMYMHOM JIECTHIIOBAHE BOJE M CYIIH
npeko Hohu Ha BakyyMmy. S-ajKujl JACPUBATH THOCATUIIMIHE KUCEIWHE Cy JOOHjeHU Yy

npuHocy 85-95 %.

S-6ensun THocanuumiHa kucennHa (L8): IR (KBr, cm'): 3414, 3061, 2920,
2648, 2559, 1674, 1584, 1562, 1463, 1412, 1317, 1272, 1255, 1154, 1062, 1046, 897,
743, 711, 652, 551. "H NMR (200 MHz, CDCls, 6 ppm): 4,17 (s, 2H, CH>), 7,21-8,14
(m, 9H, Ar u bz). ®C NMR (50 MHz, DMSO-de, d ppm): 35,9 (CH,), 124,1; 125,9;
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126,7; 127,3; 127.9; 128,3; 128,6; 129,3; 131,0; 132,4; 136,8; 141,3 (Ar u bz), 167,5
(COOH).

S-metun Tnocanuuuinna kucenuaa (L9): IR (KBr, cmﬁl): 3446, 3068, 2916, 2652,
2560, 1674, 1586, 1561, 1466, 1412, 1308, 1291, 1270, 1255, 1151, 1062, 1048, 892,
743, 699, 652, 556. 'H NMR (200 MHz, CDCls, 6 ppm): 2,48 (s, 3H, CH3), 7,16-8,18
(m, 4H, Ar). >C NMR (50 MHz, CDCls, § ppm): 15,6 (CHz), 123,5; 124.4; 125.4; 132,5;
133,6; 144,4 (Ar), 171,6 (COOH).

S-etun TmocanmunuaHa kucenuHa (L10): IR (KBr, cmﬁl): 3435, 3066, 2972, 2652,
2562, 1682, 1588, 1563, 1466, 1414, 1315, 1275, 1252, 1152, 1063, 1049, 884, 740, 704,
690, 651, 550. "H NMR (200 MHz, CDCls, § ppm): 1,42 (t, 3H, CHs), 2,97 (q, 2H, CH,),
7,16-8,17 (m, 4H, Ar). >C NMR (50 MHz, CDCl;, 6 ppm): 13,1 (CH3), 26,2 (CH,),
124,0; 125,9; 126.,4; 132,6; 133,2; 142,9 (Ar), 171,4 (COOH).

S-mpormt THocanuumiHa kucemmaa (L11): IR (KBr, cm '): 3414, 3056, 2979,
2641, 2555, 1678, 1588, 1562, 1462, 1405, 1310, 1271, 1257, 1150, 1062, 1053, 811,
740, 704, 691, 653, 554. '"H NMR (200 MHz, CDCls, 6 ppm): 1,1 (t, 3H, CHs), 1,74
(m, 2H, CH,), 2,92 (t, 2H, CH,), 7,15-8,15 (m, 4H, Ar). °C NMR (50 MHz, CDCl;,
8 ppm): 13.8 (CHs), 21,6 (CH,), 34,1 (CH,), 123.8; 125,6; 126,2; 132,5; 133,1; 143,1
(Ar), 171,6 (COOH).

S-6ytun THocammmmiHa kucemuua (L12): IR (KBr, cm '): 3420, 2955, 2869,
2641, 2556, 1674, 1586, 1560, 1462, 1408, 1320, 1270, 1250, 1153, 1060, 1048, 924,
810, 738, 704, 651, 553. "H NMR (200 MHz, CDCls, § ppm): 0,96 (t, 3H, CH3), 1,46
(m, 2H, CH,), 1,78 (m, 2H, CH,), 2,94 (t, 2H, CH,), 7,15-8,16 (m, 4H, Ar). *C NMR (50
MHz, CDCls, § ppm): 13,7 (CHs), 22,3 (CH,), 30,2 (CH,), 31,9 (CHy), 123.,8; 125,7;
126,3; 132,5; 133,1; 143,1 (Ar), 171,4 (COOH).
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3.1.6. Cunre3a meso-1,2-nudpenuns-eruieHauaMul, 1,2-dphen

Meso-1,2-nudeHnn-eTUICHIMaMUH € CHUHTETHCAaH Ha OCHOBY NIPETXOJHO
ormucanor moctynka [120]. PacTBop mnpumpemMibeH pacTBpameM aMOHH]jyM-alleraTta
(60,00 g) y Genzangexuny (30,00 g) pednykryje ce 3 cara. HakoH Tora peakmmoHa
CMella ce OXJIaJd, a JOOHWjeHHU TaJoT Ce O/IBOjU LiehemeM, UcTiepe eTaHoIOM M CYIIH Ha
Ba3ayxy. IIpekpucranucaBambeM W3 OyTaHona no6wjeH je N-OeH3oua-N-OeH3WIHIeH-
-meso-1,2-nudpeHnn-eTuneHAnaMuH. XUIPOJIU30M OBOT jeAumema mnomohy 70 %
BOJICHOT pPAcTBOpa CYMIIOpHE KHCENIHWHEe, y3 pediayKkToBame moduja ce meso-1,2-

Z[I/I(l)CHI/IH-eTI/IJICHJII/IaMI/IH .

3.1.7. Cunre3a meso-1,2-nupenni-erujieHauaMud-N, N'-1u-3-
-MPoNaHCcKe KUCeJTUHe JUXJOPXUAPAT MOHOXHAPATA,

H,-1,2-dpheddp-2HCI-H,0

PactBop nobujen pacteapamem 4,34 g (0,04 mol) 3-xsop-mponaHcke KUCEIUHE Y
5,00 mL Bome oxymagu ce y JEACHOM KyNaTWiy ¥ HaXJbUBO HeyTpaiuiie mnomohy
5,00 mL xmamnor pactBopa NaOH (1,60 g, 0,04 mol) mazehu npu Tome ma Temmeparypa
He npehe 20°C. JloGujeHOM pacTBOpY ce€ MOTOM J0jaje MOoTpeOHa KOJMYWHA meso-1,2-
-nudenun-erunenauamuna (4,24 g, 0,02 mol). Peakunona cMera ce mocTeneHo 3arpesa
1o temneparype oa 90°C y3 memame H JlaraHo ykamnaBame pactBopa 5,00 mL Hatpujym-
-xuapokcuaa (1,60 g, 0,04 mol) mpu yemy ce onmpkaBa pH BpemHOCT y cMmer Ha 7
TOKOM IIepuojia 3arpeBama oj 3 cara. HakoHn xnahema peakiriona cmenia ce HeyTpaulie
nomohy 5,60 mL 6,00 mol/L xiopoBoOHHYHE KHCENWHE U yMapu A0 3alpeMUHE O]l
7,00 mL. Tako pnmobujeHom pactBopy ce gomaje 6,00 mL KoHIEHTpoBaHE
XJIODOBOJOHMYHE KHCEIIMHE, y3 Mellame, Npu dYeMmy ce wu3aBaja Beha kommumHa
HaTpUjyM-Xjlopuja Koju ce onBoju uehemem. Dwirpaty ce 3atuMm jpomaje 6 mL

KOHIIEHTPOBAHE XJIOPOBOJIOHMYHE Kucenune, 6,00 mL eranona u 6,00 mL eTpa u octaBu
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ce y bpmwkunepy npexo Hohu. 3naBojeru 6eo tajor, meso-1,2-nudeHnn-eTHICHIHaMHH-
-N,N'-nu-3-nponancka kucenuna auxiuopxuapatr (L13), ce oasoju nehemwem. Tako
NoOWjeHU TIPOU3BOJ CE€ MPEKPUCTAIUIIE U3 CMEIIe Boja-eTaHon y ogHocy (1:2). Ha Taj
HAYWH je JOOWjeH KPUCTAJ TIOr0JIaH 3a PeHITCHCKY CTPYKTYypHY aHanu3zy. [Ipunoc: 4,00 g

(44,69 %).

Pesynratu enemenTanne Mukpoananuse 3a Hp-1,2-dpheddp-2HCI-H,0,
M(C2oH23CLN,O5) = 447,34 g-mol”
C (%) N (%) H (%)
W3pauynato: 53,69 6,26 6,31
Habeno: 53,88 6,08 6,70
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3.2. CUHTE3E KOMIIVIEKCA

3.2.1. Cunre3a quxjaopuao-0,0'-nunponuii-eTujaeHanaMun-N, N'-1u-

-(S,S)-2-nponanoaronagaaujym(Il) kommiaekca, [PdClL(dpr-(S,S)-eddp)]

PactBopy nmoOmjenom pactBapamem 0,20 g (0,61 mmol) xkamujym-
-retpaxnopuaonananata(ll) y 10,00 mL nectunoBane Boae nmarano ce mgonaje (0,25 g,
0,61 mmol) O,O"-nunponun ectpa eruwneHauaMuH-N, N'-1u-(S,S)-2-npomnancke KUCeInHE
nuxnopxuapara tpuxuapara (dpr-(S,S)-eddp-2HCI1-3H,0). Peaknmona cMera ce 3arpesa
Ha BOJICHOM KYTIaTHITy y3 MelIame 2 cata. TOKOM OBOT MEpHo/a Yy MaJuM TopIrjama ce
noxaaje pactsop LiOH (0,03 g, 1,23 mmol y 10,00 mL nectunosane Bone). Hacranu xytu
tanor komrmuiekca, [PdCly(dpr-(S,S)-eddp)] (C1), ce onBoju uehemem, wucnepe
JICCTHIOBAHOM BOJOM H CylH Ha Basmyxy. Ilpmuoc: 0,19 g (66,60 %). Uzomep A: 'H
NMR (200 MHz, CDCls, 0 ppm): 2,83 (s, 4H), 3,63 (q, 2H), 2,04 (d, J = 7,37 Hz, 6H),
4,14 (t, 4H), 1,69 (m, 4H), 0,95 (t, 6H), °C NMR (200 MHz, CDCls, d ppm): 48,62
(CHy), 57,26 (CH), 14,63 (CHj3), 170,14 (COO-pr), 67,48 (CHy-pr), 21,76
(CH,-pr), 10,24 (CHs-pr). Msomep B: 'H NMR (200 MHz, CDCl;, 6 ppm): 2,85
(s, 4H), 3,21 (q, 2H), 2,47 (d, J = 7,37 Hz, 6H), 4,53 (t, 4H), 1,76 (m, 4H), 0,92 (t, 6H),
BC NMR (200 MHz, CDCls, 6 ppm): 51,68 (CH,), 58,69 (CH), 15,93 (CH3), 171,46
(COO-pr), 67,14 (CH,-pr), 21,70 (CHz-pr), 10,24 (CH3-pr).

Pesynratu enementanne mukpoananmse 3a [PACly(dpr-(S,S)-eddp)],
M(C14H,5C1,N,04Pd) = 465,68 g-mol™
C(%) N (%) H (%)
W3pauynato: 36,11 6,02 6,06
Haheno: 35,81 5,82 6,01
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3.2.2. Cunre3a auxjaopuao-0,0’-nudyruia-eruaenauamun-N, N'-qu-(S,S)-
-2-nponanoaronajgaaujym(Il) kommiaekca, [PdCl,(dbu-(S,S)-eddp)]

[Tonazehu ox 0,20 g (0,61 mmol) xkanujym-terpaxnopuaonananata(ll) u
0,27 g (0,61 mmol) O,0"-mubytun ectpa eruneHauamuH-N,N'-mu-(S,S)-2-nmponaHcke
KHCeNMuHe nuxiiopxuapata tpuxuapara, dbu-(S,S)-eddp-2HCI-3H,0 Ha HaywH omucaH y
onesbky 3.2.1. cunretucan je [PdCly(dbu-(S,S)-eddp)] (C2), xommiekc xyte Ooje.
[Tpunoc: 0,18 g (59,50 %). N3omep A: "H NMR (200 MHz, CDCls, 6 ppm): 2,83 (s, 4H),
3,62 (q, 2H), 1,29 (d, J = 6,81 Hz, 6H), 4,15 (t, 4H), 1,56 (m, 4H), 1,36 (m, 4H), 0,90
(t, 6H). °C NMR (200 MHz, CDCls, 6 ppm): 48,63 (CH,), 57,25 (CH), 14,64 (CHs),
170,16 (COO-bu), 65,43 (CHy-bu), 33,32 (CHy-bu), 18,97 (CHy-bu), 13,50 (CHs-bu).
N3omep B: 'H NMR (200 MHz, CDCl;, ¢ ppm): 2,49 (s, 4H), 3,20
(g, 2H), 1,37 (d, J = 6,81 Hz, 6H), 4,21 (t, 4H), 1,70 (m, 4H), 1,39 (m, 4H), 0,97 (t, 6H).
BC NMR (200 MHz, CDCls, § ppm): 51,64 (CH,), 58,69 (CH), 16,95 (CHs), 171,45
(COO-bu), 65,77 (CHz-bu), 30,37 (CHz-bu), 19,00 (CH,-bu), 13,55 (CHs-bu).

Pesyntatu enemenranue mukpoananuse 3a [PdCly(dbu-(S,S)-eddp)],
M (C1¢H3,C1,N,04Pd) = 493,74 g-mol™!
C(%) N (®%) H (%)
Uzpauynato: 38,92 5,68 6,53
Haheno: 38,74 5,57 6,66
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3.2.3. Cunre3a quxjaopuao-0,0'-nuneHTuia-eTuiaeHauamun-N, N'-nu-

-(S,S)-2-nponanoaronanaaujym(Il) kommiaekca, [PdCly(dpe-(S,S)-eddp)]

[Tonazehu ox 0,20 g (0,61 mmol) xkanujym-terpaxnopuaonananata(ll) u
0,28 g (0,61 mmol) O,0-gunentun ecrpa erwieHauamMuH-N,N'-mu-(S,S)-2-ponancke
KucenuHe auxiopxuapara tpuxuapara (dpe-(S,S)-eddp-2HCI-2H,0) Ha HauuH onmcaH y
onesbky 3.2.1. cunrerucan je [PdCly(dpe-(S,S)-eddp)] (C3), xomruiekc xyte Ooje.
Ipuroc: 0,19 g (59,65 %). Mzomep A: 'H NMR (200 MHz, CDCls, 6 ppm): 2,82
(s, 4H), 3,64 (q, 2H), 1,24 (d, J = 7,17 Hz, 6H), 4,14 (t, 4H), 1,85 (m, 4H), 1,31 (m, 4H),
1,39 (m, 4H), 0,90 (t, 6H). °C NMR (200 MHz, CDCls, 6 ppm): 48,64 (CH,), 57,27
(CH), 14,67 (CHs), 170,18 (COO-pe), 65,72 (CHy-pe), 48,64 (CH,-pe), 27,85 (CHz-pe),
22,14 (CHy-pe), 13,79 (CHs-pe). M3omep B: 'H NMR (200 MHz, CDCl;, ¢ ppm): 2,50
(s, 4H), 3,21 (q, 2H), 1,26 (d, J = 7,17 Hz, 6H), 4,11 (t, 4H), 1,69 (m, 4H), 1,42 (m, 4H),
1,59 (m, 4H), 0,94 (t, 6H). °C NMR (200 MHz, CDCls, § ppm): 51,62 (CH,), 58,67
(CH), 15,97 (CHs), 171,45 (COO-pe), 66,04 (CH,-pe), 51,62 (CHz-pe), 28,24 (CHz-pe),
22,10 (CHz-pe), 13,87 (CHs-pe).

Pesynrartu enemenranne mukpoananuse 3a [PdCly(dpe-(S,S)-eddp)],
M(C,sH3CLN,O4Pd) = 521,79 g-mol™
C(%) N (%) H (%)
W3pauynato: 41,43 537 6,95
Haheno: 40,92 5,33 7,11
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3.2.4. Cunrte3a xjopuao((S,S)-erunenauamun-N-(O-etuia-2-(3-
-MeTI1)-0yranoar)-/N'-2-(3-meTnin)-0yranoaronaaaaujym(Il)

koMmIiekca, [PdCl(et-(S,S)-eddv)]

[Tomazehu ox 0,20 g (0,61 mmol) kammjym-terpaxnopuponanamata(ll) u
0,25 g (0,61 mmol) O,O"-muernn ectpa etwieHauamMun-N,N'-nu-(S,S)-2-(3-meTnn)-
-OytaHcke kucenune puxiopxuapara (det-(S,S)-eddv-2HCI) Ha HauuH onMcaH y OJEIbKY
3.2.1. cunrerucan je [PdCl(et-(S,S)-eddv)] (C4), xommuekc xyrte Ooje. Kpucramm
MOTOTHU 33 PEHATEHCKY CTPYKTYpPHY aHanmu3y JIOOWjeHH Cy NpPEeKPUCTAINCABAKHEM
KOMIIIEKCA M3 CHCTeMa AuMeTHicy Iorcna-soga. Ipumoc: 0,15 g (61,02 %). '"H NMR
(200 MHz, CDCls, § ppm): 0,95 (d, 6H, C*"H3), 1,02 (d, 6H, C'"'"*H3), 1,25 (t, 3H,
C"*H3), 2,23 (m, 4H, C'*H,), 2,45 (q, 1H, C’H), 2,87 (q, 1H, C'°H), 3,91 (d, 1H, C°H),
4,16 (d, 1H, C’H), 4,45 (q, 2H, C'*H;). °C NMR (50 MHz, CDCls;, § ppm): 14,23
(C"H;), 17,93 (C®'H3), 19,34 (C'""'*H3), 28,41 (C'°H), 30,58 (C°H), 46,95 (C'H,), 49,76
(C*H,), 50,52 (C°H), 61,88 (C’H), 68,01 (C'*H3), 169,25 (C*00"), 171,93 (C*00-et).

Pesynraru enemenranie mukpoanaimse 3a [PdCl(et-(S,S)-eddv)],
M(C4H27CIN,O4Pd) = 429,25 g-mol
C((%) N (%) H (%)
W3pauynato: 39,17 6,53 6,34
Habewno: 39,34 6,38 6,41
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3.2.5. Cunre3a xqaopuao((S,S)-erunenguammun-/N-(O-nponu-2-(3-
-MeTI)-0yranoar)-/N'-2-(3-meTnii)-0yranoaronaaaaujym(Il)

komIuiekca, [PAdCl(pr-(S,S)-eddv)]

[Tomazehu ox 0,20 g (0,61 mmol) kammjym-rerpaxnopunonananata(ll) u 0,26 g
(0,61 mmol) O,0"-gunponun ectpa erwieHauaMun-N, N'-nu-(S,S)-2-(3-meTnn)-0yTaHcke
kucenune auxiopxuapara, (dpr-(S,S)-eddv-2HCl) na HaumH ommcaH y oxesbky 3.2.1.
cunrerucan je [PdCl(pr-(S,S)-eddv)] (C5), xkommnekc xyrte Ooje. IIpunoc: 0,23 g
(72,00 %). '"H NMR (200 MHz, CDCls, 6 ppm): 0,94 (t, 3H, C'°Hs), 1,11 (d, 6H, C*'H3),
1,21 (d, 6H, C'*"'H;), 1,61 (m, 2H, C'*H,), 1,94 (m, 4H, C'*H,), 2,24 (m, 1H, C’H),
2,48 (m, 1H, C°H), 3,71 (d, 1H, C’H), 4,10 (d, 1H, C*H), 4,28 (t, 2H, C"’H,). *C NMR
(50 MHz, CDCls, § ppm): 10,68 (C'°Hs), 19,25 (C°Hs), 19,34 (C'Hs), 21,15 (C'°Hs),
22,15 (C''H3), 30,58 (C'*H,), 46,83 (C’H), 49,70 (C’H), 50,56 (C'H,), 56,61 (C’Ha),
65,29 (C*H), 68,75 (C*H), 72,99 (C"*H,), 171,73 (C'?), 178,74 (C*). "H NMR (200 MHz,
DMSO-de, 6 ppm): 0,92 (t, 3H, C'°Hs), 1,03 (d, 6H, C*'Hs), 1,23 (d, 6H, C'*''H3), 1,58
(m, 2H, C"*H,), 1,89 (m, 4H, C'*H,), 2,13 (m, 1H, C’H), 2,45 (m, 1H, C’H), 3,59 (d, 1H,
C’H), 4,02 (d, 1H, C*H), 4,29 (t, 2H, C"H,), 5,83 (2H, NH). °C NMR (50 MHz,
DMSO-ds, d ppm): 11,12 (C"°Hs), 18,87 (C°H3), 19,36 (C'Hs), 21,07 (C'°Hy), 22,17
(C''Hs), 30,53 (C'*H,), 46,74 (C°H), 49,72 (C°H), 50,55 (C'Ha), 56,16 (C’Ha), 65,39
(C*H), 68,74 (C*H), 72,87 (C"*H,), 171,56 (C'%), 178,28 (C*).

Pesynratu enementanae mukpoananuse 3a [PACl(pr-(S,S)-eddv)],
M(C15H20CIN,O4Pd) = 443,27 g mol™
C((%) N (%) H (%)
W3pauynato: 40,64 6,32 6,59
Haheno: 41,00 6,43 6,57
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3.2.6. Cunre3a xaopuao((S,S)-erunenauamun-/N-(O-0yTuia-2-(3-MmeTun)-
-0yranoar)-N'-2-(3-meTuin)-0yranoaronanaaujym(Il) kommiekca,

[PAC1(bu-(S,S)-eddv)]

[Tonazehu ox 0,20 g (0,61 mmol) kanujym-terpaxnopuaonananata(ll) u 0,27 g
(0,61 mmol) O,0"-mubytun ectpa erunenauaMut-N,N'-mu-(S,S)-2-(3-meTn)-OyTancke
kucenuue auxiopxuapat, (dbu-(S,S)-eddv-2HCI) na HaumH ommcan y onesbKy 3.2.1.
cuntetucan je [PdACl(bu-(S,S)-eddv)] (C6), xommuekc xyre 6oje. IIpunoc: 0,19 g
(71,00 %). '"H NMR (200 MHz, CDCls, d ppm): 0,91 (t, 3H, C'°Hs), 0,99 (d, 6H, C*"Hs),
1,17 (d, 6H, C'"''H3), 1,35 (m, 2H, C"*H,), 1,59 (m, 2H, C'*H,), 2,19 (m, 4H, C'*H,),
2,56 (m, 1H, C°H), 2,84 (m, 1H, C’H), 3,50 (d, 1H, C’H), 4,08 (d, 1H, C*H), 4,29 (t, 2H,
C"H,). *C NMR (50 MHz, CDCls, 6 ppm): 13,64 (C'°H;), 17,99 (C°Hs), 18,17 (C'Hs),
19,24 (C'°H;), 19,44 (C''H;), 21,58 (C"*H,), 28,34 (C°H), 29,68 (C°H), 30,55 (C'*H>),
38,68 (C'Hy), 41,52 (C*H,), 59,40 (C®H), 61,40 (C°H), 67,21 (C"H,), 170,81 (C"),
177,84 (C*. '"H NMR (200 MHz, DMSO-ds, 6 ppm): 0,88 (t, 3H, C'°H3), 0,93 (d, 6H,
C%"H3), 0,98 (d, 6H, C'*''H3), 1,23 (m, 2H, C"°H,), 1,46 (m, 2H, C"*H,), 2,06 (m, 4H,
C'%H,), 2,51 (m, 1H, C°H), 2,79 (m, 1H, C’H), 3,39 (d, 1H, C°H), 3,56 (d, 1H, C*H),
4,12 (t, 2H, C"H,), 5,85 (2H, NH). *C NMR (50 MHz, DMSO-ds, 0 ppm): 13,53
(C'°H3), 17,85 (C°Hs), 18,79 (C'Hs), 19,70 (C'°H3), 19,87 (C''H3), 21,79 (C'°H,), 21,99
(C°H), 27,83 (C°H), 30,44 (C'*H,), 49,93 (C'H,), 53,96 (C’H,), 64,36 (C°H), 64,64
(C°H), 71,23 (C"*Hy), 171,37 (C'?), 179,20 (C*).

Pesynratu enemenranue mukpoananmuse 3a [PdCl(bu-(S,S)-eddv)],
M(C6H3,CIN,O4Pd) = 457,29 g-mol
C(%) N (%) H (%)
W3pauynato: 42,02 6,13 6,83
Habewno: 42,23 5,99 7,10
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3.2.7. Cunre3a xaopuao((S,S)-erunenauamMun-/N-(O-nenTmi-2-(3-
-MeTI)-0yranoar)-/N'-2-(3-meTni)-0yranoaronaaaanjym(Il)

komiuiekca, [PdCl(pe-(S,S)-eddv)]

[Tonazehu ox 0,20 g (0,61 mmol) kanujym-terpaxnopuaonananata(ll) u 0,29 g
(0,61 mmol) O,0'-gunentun ectpa eruneHauaMut-N, N'-nu-(S,S)-2-(3-meTmn)-OyTancke
kucemuue auxmnopxunpar (dpe-(S,S)-eddv-2HCI) na HaumH ommcan y oxpesbky 3.2.1.
cuntetucan je [PdCl(pe-(S,S)-eddv)] (C7), xommnekc sxyre 0Ooje. Ilpunoc: 0,19 g
(70,53 %). '"H NMR (200 MHz, CDCls, d ppm): 0,93 (t, 3H, C'"Hs), 0,99 (d, 6H, C>"Hs),
1,11 (d, 6H, C'*'"'H3), 1,32 (m, 2H, C°H,), 1,45 (m, 2H, C'°H,), 1,60 (m, 2H, C"*H,),
2,09 (m, 4H, C'*H,), 2,46 (m, 1H, C’H), 2,79 (m, 1H, C°H), 3,51 (d, 1H, C’H), 3,63 (d,
1H, C*H), 4,07 (t, 2H, C"*H,). >C NMR (50 MHz, CDCls, d ppm): 17,92 (C''H3), 18,43
(C°Hs), 19,98 (C'H3), 21,87 (C'°H3), 22,09 (C''H3), 27,79 (C'°Hy), 27,94 (C"*H,), 30,14
(C"H,), 36,72 (C’H), 37,28 (C°H), 41,55 (C'H,), 49,90 (C*H,), 54,07 (C*H), 64,50
(C°H), 71,20 (C"*H,), 171,62 (C'?), 179,46 (C*). '"H NMR (200 MHz, DMSO-d, 5 ppm):
0,91 (t, 3H, C'Hs), 1,02 (d, 6H, C*'H3), 1,13 (d, 6H, C'*''H3), 1,41 (m, 2H, C"°H,), 1,58
(m, 2H, C'°H,), 1,74 (m, 2H, C'*H,), 2,18 (m, 4H, C'*H,), 2,58 (m, 1H, C°H), 2,92 (m,
1H, C’H), 3,50 (d, 1H, C*H), 3,69 (d, 1H, C*H), 4,33 (t, 2H, C"*H,), 6,05 (2H, NH). "*C
NMR (50 MHz, DMSO-ds, d ppm): 18,60 (C'"Hs), 19,08 (C°H3), 19,92 (C'H3), 21,94
(C'H3), 22,87 (C''H3), 28,81 (C'°Hy), 29,35 (C'°H,), 32,34 (C'*Hy,), 38,74 (C°H), 39,93
(C°H), 45,56 (C'H,), 51,18 (C*H,), 55,46 (C*H), 67,53 (C’H), 74,74 (C"*H,), 171,38
(C'), 178,92 (CY).

Pesynrartu enemenrande mukpoanaimse 3a [PdCl(pe-(S,S)-eddv)],
M(C,7H33CIN,O4Pd) = 471,32 g-mol
C((%) N (%) H (%)
Wspauynato: 43,32 5,94 7,06
Haheno: 43,43 5,89 6,98
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3.2.8. Cunre3sa bis-(S-0enzui-tuocaauumniaaro)nanagujym(Il)

KoMILiekca, [Pd(S-bz-thiosal),]

PactBopy noGujenom pactBapawmem 0,10 g (0,31 mmol) xamujym-
-rerpaxiopuaonaitanara(ll) y 10,00 mL nmectmioBane Bome narano ce monaje (0,15 g,
0,61 mmol) S-GeH3wms1 eTap THOCANMIMIIHE KHceauHe. PeakimoHa cMmerna ce 3arpeBa Ha
BOJICHOM KYIMAaTWIIy y3 Mellame 2 cara. TOKOM OBOT MEpHOJa y MaJUM Iopldjama ce
nonaje pactBop nutujym-xuapokcuaa (0,03 g, 0,61 mmol y 10,00 mL nectunoBane
Boze). Hacramm sxytu Tanor xomruiekca, [Pd(S-bz-thiosal),] (C8), ogsoju ce nehemem,
uCriepe JECTHJIOBAHOM M CyIIM Ha Ba3ayxXy. Kpucramm TOrogHM 3a pEeHITreHCKY
CTPYKTYpHY  aHaimu3y  JIOOMjeHH Cy  MNPEKpUCTAMCaBakbeM W3  CHCTEMa
mumetmicyndokcuna-soaa. Ipunoc: 0,11 g (58,70 %). IR (KBr, cm'l): 3420, 3057, 1634,
1616, 1562, 1327, 1146, 753, 708, 698. '"H NMR (200 MHz, DMSO-ds, J ppm): 4,05
(s, 4H, CH,), 7,08-8,10 (m, 9H, Ar u bz). °C NMR (50 MHz, DMSO-ds, 6 ppm): 25,9
(CHy), 124,1; 125,6; 125,7; 126,2; 126,3; 126,8; 127,3; 127,8; 129,5; 133,2; 136,2; 139,7
(Aru bz), 171,5 (COO).

Pesynraru enementanne mukpoanaimmse 3a [Pd(S-bz-thiosal);],
M(C25H2,04S,Pd) = 592,98 g-mol™
C(%) S(%) H (%)
W3pauynato: 56,71 10,82 3,74
Haheno: 56,43 10,75 3,85

3.2.9. Cunre3sa bis-(S-metuia-tuocamuuuniaaro)nanaaujym(Il)

KoMILIeKkca, [Pd(S-met-thiosal),]

[Monazehu ox 0,10 g (0,31 mmol) xamujym-terpaxnopunonananata(ll) wu

0,10 g (0,61 mmol) S-meTun erpa THOCATUIMIHE KUCETUHE HA HAUYUH ONHUCAH y OJEIbKY
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3.2.8. cunrerucan je [Pd(S-met-thiosal),;] (C9), kommiekc xxyrte 60je. [Ipunoc: 0,08 g
(59,80 %). IR (KBr, cm™): 3419, 1619, 1597, 1399, 1385, 1332, 1306, 1142, 960, 865,
741, 693, 654. '"H NMR (200 MHz, DMSO-ds, d ppm): 2,35 (s, 6H, CH3), 7,19-8,08 (m,
8H, Ar). >C NMR (50 MHz, DMSO-ds, d ppm): 14,6 (CH3), 123.6; 125,1; 125,2; 129,0;
132,7; 135,7 (Ar), 171,8 (COO").

Pesynraru enemenranne mukpoaHanuse 3a [Pd(S-met-thiosal),],
M(C6H404S,Pd) = 440,67 g-mol’’
C(%) S(%) H (%)
W3pauynato: 43,61 14,52 3,20
Habeno: 4341 14,21 3,39

3.2.10. Cunre3sa bis-(S-erui-tuocanmuunmiaro)nanaaujym(ll) kommiexca,

[Pd(S-et-thiosal),]

[Monazehu ox 0,10 g (0,31 mmol) xamujym-terpaxnopunonananata(ll) wu
0,11 g (0,61 mmol) S-eTnn eTpa THOCANTHUIIMIIHE KUCEIMHE HA HAYWH OINHMCAH Y OJEJbKY
3.2.8. cunrernucan je [Pd(S-et-thiosal);] (C10), xommieke xyte 60je. IIpunoc: 0,08 g
(57,90 %). IR (KBr, cm™): 3436, 1587, 1518, 1393, 752. "H NMR (200 MHz, DMSO-ds,
d ppm): 1,27 (t, 6H, CH3), 2,83 (q, 4H, CH,), 7,11-8,08 (m, 8H, Ar). °C NMR (50 MHz,
DMSO-ds, 6 ppm): 14,4 (CH3), 13,8 (CH,), 124,8; 125,3; 126,1; 128,7; 133,2; 135,9
(Ar), 172,0 (COO)).

Pesynrartu enemenranne mukpoananuse 3a [Pd(S-et-thiosal);],
M(C5H,304S,Pd) = 468,86 g-mol’’
C%) S(%) H (%)
W3pauynato: 46,11 13,68 3,87
Haheno: 4597 13,54 3,93
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3.2.11. Cunresa bis-(S-nponui-ruocajauuuiaaro)naaagujym(Il)

KkomIuiekca, [Pd(S-pr-thiosal);]

[Tonazehu ox 0,10 g (0,31 mmol) kanmujym-rerpaxnopunonananata(ll) u 0,12 g
(0,61 mmol) S-ipornwt eTpa THOCATHIMIIHE KHCETMHE Ha HAYWH OMUCAaH y OJeJbKy 3.2.8.
cuntetucan je [Pd(S-pr-thiosal);] (C11), xommuekc xyre 0oje. IIpunoc: 0,0889 g
(58,40 %). IR (KBr, cm™): 3421, 1589, 1541, 1520, 1397, 752. '"H NMR (200 MHz,
DMSO-ds, 6 ppm): 0,98 (t, 6H, CH3), 1,76 (m, 4H, CH>), 2,84 (t, 4H, CH,), 7,20-8,25
(m, 8H, Ar). >C NMR (50 MHz, DMSO-d, § ppm): 13,2 (CHs), 22,0 (CH,), 27,6 (CH,),
125,1; 126,6; 126,7; 130,5; 134,2; 137,2 (Ar); 172,5 (COO").

Pesynratu enemenranie mukpoananuse 3a [Pd(S-pr-thiosal);],
M(C20H2,04S,Pd) = 496,91 g-mol’
C%) S(%) H (%)
W3pauynato: 48,34 12,91 4,46
Haheno: 48,52 12,73 4,11

3.2.12. Cunre3a bis-(S-0yrnia-tuocamnmuiaro)nagagujym(Il)

koMILIekca, [Pd(S-bu-thiosal),]

[Tonmazehu ox 0,10 g (0,31 mmol) kamujym-terpaxmopumonamanara(ll) u
0,13 g (0,61 mmol) S-OyTun eTpa THOCATMLMIHE KUCETMHE HA HAUYUH ONHUCAH y OJIEJbKY
3.2.8. cunrerncan je [Pd(S-bu-thiosal),] (C12), kommuiekc xyte 6oje. [Ipunoc: 0,09 g
(58,43 %). IR (KBr, cm™): 3420, 1634, 1616, 1561, 1327, 1146, 753, 698."H NMR (200
MHz, DMSO-ds, 0 ppm): 0,95 (t, 6H, CH3), 1,33 (m, 4H, CH>), 1,62 (m, 4H, CH,), 2,79
(t, 4H, CH,), 7,24-8,19 (m, 8H, Ar). >C NMR (50 MHz, DMSO-ds, 6 ppm): 13,4 (CHs),
20,5 (CH,), 21,6 (CH,), 33,7 (CH), 123,8; 124,4; 126,3; 130,2; 131,9; 135,9 (Ar), 171,9
(COO).
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Pesynratu enementande mukpoanaimmse 3a [Pd(S-bu-thiosal),],
M(C22H2604S,Pd) = 524,96 g-mol™
C(%) S(%) H (%)
W3pauynato: 50,33 12,22 4,99
Haheno: 50,52 12,56 4,51

3.2.13. Cunre3a cis-quxjaopuao(meso-1,2-nudenni-eTuIeHANAMMNH-
-N,N'-nqu-3-nponanoaro)nanaaujym(ll) kommiekca,

cis-[PdCl,(1,2-dpheddp)]

Y pactBop gobmjeH pactBapamem 0,20 g (0,61 mmol) xkamujym-
-trerpaxnopugonaianata(ll) y 10,00 mL Bome momaje ce 0,27 g (0,61 mmol)
meso-1,2-mubennn-ernnenguamMut-N, N'-1u-3-nponancke  KUCENUHE  AMXJIOPXHIpaTra
MoHoOXxuJpaTa. Peakimmona cmema ce 3arpeBa 2 cata y3 wMemame Ha 60°C.
Toxkom TOr mepwoma y MaJMM TOpIMjaMa Jo0jJiaje  Cce pPacTBOp JIUTHjyM-
-xuapokcuaa (0,06 g, 2,45 mmol y 10,00 mL Boge). Hacranu xyTu Tanor koMIuiekca
cis-[PdCl,(1,2-dpheddp)] (C13) onBoju ce mehemem, ucmepe MECTUIOBAHOM BOJIOM U

cymu Ha Ba3ayxy. [Ipunoc: 0,25 g (76,43 %).

Pesynratu enemenTanne Mukpoananuse 3a komriekce cis-[PdCly(1,2-dpheddp)],
M(C20H24CL,O4N,Pd) = 533,73 g-mol™!
C(%) N () H (%)
Wspauynato: 45,00 5,25 4,53
Haheno: 45,64 5,31 4,87
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3.2.14. Cunre3sa s-cis-nuxJaopuao(meso-1,2-nudpeHusr-eTuieHAHAMHAH-
-N,N'-nu-3-nponanoaro)miaatuna(lV) kommiekca,

s-cis-[PtCl,(1,2-dpheddp)]

Y  pactBop nmobujen pactBapamem 0,20 g (0,41 mmol) xkamujym-
-xekcaxynopunoruiatuHaTa(IV) y 10,00 mL Bome monaje ce 0,18 g (0,41 mmol) meso-1,2-
-nudeHnn-eTuieHuaMun- N, N'-u-3-ripomnaHcke KUCEJINHE JTUXJIOpXUIpaTa
MoHoxuapaTa. Peaknuona cMema ce 3arpesa 12 catu y3 memame Ha 60°C. Tokom Tor
neprofia 'y MajuM TopIHjamMa Jojaaje ce pacTtBop JutujymM-xuapokcuga (0,04 g,
1,65 mmol y 10,00 mL Bome). Hacramm KyTd Tamor KOMILIEKca
s-cis-[PtCly(1,2-dpheddp)] (C14) oxBoju ce nehemem, ucrepe ASCTUIOBAHOM BOJOM U

cymu Ha Ba3ayxy. [Ipunoc: 0,09 g (37,25 %).

Pesynratu enemenrtanHe MukpoaHanuse 3a koMiuiekc s-cis-[PtCly(1,2-dpheddp)],
M(C20H,6C1,N,04Pt) = 620,39 g-mol™
C((%) N (%) H (%)
W3pauynato: 38,72 4,52 3,57
Haheno: 38,38 4,61 3,81
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3.3. MEPEIbA

3.3.1. EeMeHTaIHA MUKPOAHAIH3A

Enemenranne anammze (C, H, N, S) cy ypahene Ha anapary Vario /Il C, H, N, S
Elemental Analyzer.

1 1
3.3.2. "H u ®C nyk/1eapHo-MaraeTHo-pe3oHaHIHOHA

CIIEKTPOCKONHUja

CHumame HyKI€apHO-MarHETHO-PE30HAHIIMOHMX  CHEKTapa  CHHTETUCAHHUX
jenumema BpiieHa cy nmomohy crnekrpodoromerpa Varian Gemini-200 NMR kopuctehu
D,O (3a cunrerucane auranae) u CDCl; u DMSO-ds (3a oarosapajyhe kommiekce
nananujyma(ll)) kao pactBapade. Xemujcka ToOMepama Cy JaTa y OJHOCY Ha

tpumetuiicuiad (TMS), ynorpebom DDS kao uneptHor ctanaapaa.

3.3.3. Uu¢dpaupBeHa CieKTPOCKONHUja

NudpanpBenn crekTpu cHUMJbEHHU Ccy nomohy cnekrpodortomerpa Perkin Elmer
FTIR 31725X (KBr Texnuka).
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3.3.4. PEHAI'EHCKA CTPYKTYPHA AHAJIM3A

3.3.4.1. Penarencka cTpyKkTypHa aHaau3a meso-1,2-qugenu-
-eTJIeHAUaMuH-N, N'-11-3-nponaHcke KMceJUHe TUXJIOpXuapara

MoHoxuapara, H,-1,2-dpheddp-2HCI-H,0

MonokpucTanu meso-1,2-mudennn-etunenguaMut-N, N'-1u-3-niponaHcke
kucenuHe auxyopxuapara MmoHoxuapata (H»-1,2-dpheddp-2HCI-H,O) mnorogau 3a
PEHITeHCKY CTPYKTYPHY aHAJIN3y HOOHjEHU Cy MPEKPHCTANNCABAKBEM M3 CMEIE €TaHOI-
-Boja y oxHocy 1:2. JludpakiimoHu mojanyd CakyIJb€HH Cy Ha COOHO] TeMIlepaTypu
nomohy nugpaxkromerpa Oxford Diffraction Xcalibur Gemini S ompemmen CuKa
3pauemeM Ha TaaacHoj xykunu A = 1,54184 A (Ta6ena 2). [Toganu cy o6pahenn momohy
CrysAlis codrrepa [121], a kopuroBanu Cy aHATUTHYKOM HyMEpPHYKOM MeToqoM [122].
Kpucranna crpykrypa je pemieHa TpuMeHOM mupekTHe wmetone, Sir2002 [123], a
yTaumeHa kopuinhewem nporpama SHEXL [124]. 'eomerpujcka u3padyHaBama cCy
m3BpmieHa momohy PARTS97 [125], a ciuka monekyna mpumeHom ORTEP-3 [126].
OCHOBHM KpHCTaNOTpa)CKH MOJAIM M TOAANM y BE3U Ca PEIIaBambEeM H YTaulbaBambeM

ctpykrype 3a Hp-1,2-dpheddp-2HCI-H,0 npukazanu cy y Tabenu 2.
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Tabena 2. OcHOBHM KpucTalorpadcKy TMoAanM W TMOJAIM y BE3W Ca pellaBambeM H

yTaumaBambeM CTpykType 3a Hp-1,2-dpheddp-2HCI-H,O

dopmyna C20H23CILN,OJ F(000) 476

M 445,33 Z 2
Kpucranuu cucrem Tpuknuauyan D, (g'mL) 1,4195
I[IpocTopHa rpyna P, L (A) 1,54184
Besmunna kpucrana (mm) | 0,12 x 0,07 x 0,04 | u (mm™) 3,047
a(A) 8,6989(18) Temmneparypa (K) 293(2)

b (A) 10,086(2) 0 (°) 3,40-27,10
c(A) 13,461(3) CakymsbeHe pediexcuje 4136

a (°) 104,143(17) He3zaBuche peduexcuje 4136
B(°) 105,795(17) [Mocmatpane pednekcuje 3775

v (®) 100,754(18) [>206(1) R;=0,1762
Vv (A% 1060,7(4) wR; 0,3267

3.3.4.2. Penarencka cTpyKkTypHa aHaau3a xaopuao((S,S)-

-eTWieHAuaMuH-N-(0-eTua-2-(3-meTnii)-0yranoar)-N'-2-(3-metTun)-

oyranoaronanaaujym(ll) kommiekca, [PdCl(et-(S,S5)-eddv)]

IIperxomHo

CHHTCTHUCAHHU

KOMIIJICKC

xsopuno((S,S)-erunentuamus-N-(O-

-eTmii-2(3-metun)-0yranoar)-N'-2-(3-metwin)-0yranoatomanaaujym(Il)

KOMILJICKC,

[PACl(et-(S,S)-eddv)], kpucranucao je u3 cucrema AMMETUICYI(HOKCUA-BOAA TaKO MITO je
NOOMjeHN TaJor KOMIUIEKCa pacTBOPEH y Mayloj KOJWYMHU JUMETHICYJI(OKCHUA.
JloOujeH pacTBOp je 3ajeHO ca JalioM OCTaBJheH Yy Behoj Jaly ca JECTHIOBAHOM BOOM.
Beha gama je 3aTBopena mapaduiMoM B ocTaB/beHa HA TAMHOM MecTy. HakoH HEKOJIHMKO
JaHa JTOOWjeHH Cy YKyTO-HApPAHIIACTH KPHUCTAIH KOjU Cy OWIM TIOTOJHM 3a PEHITCHCKY

CTPYKTYpHY aHaJIHU3y.
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Kpucranorpadcku momamu cy cakymsbenun Ha 294 K momohy Bruker-Nonius

Kappa CCD judpakromerpa kopuctehu MoKa (A = 0,71073 A) 3paueme

MOHOXPOMAaTH30BaHO TpPaUTHUM MOHOXPOMATOpOM. JIOpEHIIOBM M TOJapU3aLOHU

epeKTH cy KOpUTOBaHH, a MPUMEHCHA j€é U HyMEpHUKa ancopriuuoHa Kopekuuja [127].

CtpykTypa je pelieHa MPUMEHOM AUPEKTHUX METOJa W MmobOoJbiiana kopunihemem full-

-matrix, least-square nporenypa [128]. Kpucrtanorpadcku nomany kao u mofamnu y Be3u

ca pemaBameM cTpykType komruiekca [PdCl(et-(S,S)-eddv)] mpukazanu cy y Tabemnnu 3.

Tabena 3. OcHoBHM KpucTalorpadcky TMoAanM W MOJAIM y BE3W Ca pellaBambeM H

yTaumaBameM cTpykrype komiuiekca [PdCl(et-(S,S)-eddv)]

®opmyna C14H27CIN,O,Pd | F(000) 880

M 429,23 Z 4
Kpucramau cucrem Oprtopombuyan | D, (g-mL) 1,523
ITpoctopHa rpyma P2,2,2, L (A) 0,71073
Benmunna kpucraza (mm) | 0,55 x 0,35 x0,18 | p(mm™) 1,150

a(A) 6,1062(2) Temmnepatypa (K) 294(2)

b (A) 10,5325(4) CXQ) 3,40-27,10

c(A) 29,1149(11) Cakymibene pedrexcuje 4136

a(°) 90 HesaBuchue peduiexcuje 4136

B(°) 90 [Tocmatpane peduekcuje 3775

v (°) 90 >26(1) R;=0,0583,wR,=0,1402
vV (AY) 1872,5(2) R R=0,0636,wR,=0,1429
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3.3.4.3. Penarencka cTpykTypHa anaau3sa bis-(S-0eH3ui-

-tuocagunuiaaro)nanaaujym(Il) kommiekca, [Pd(S-bz-thiosal);]

Onrosapajyhu KpUCTalu KOMILJIEKCa bis-(S-0eH3UI-THOCAUIINIATO)
namanujym(Il) xommekca, [Pd(S-bz-thiosal),], 3a peHAreHCKYy KpUCTAIHY aHAIN3Y
NOoOMjeHN Cy TPEKPUCTATU3ANMjOM M3 CHUCTEMa IUMETHICYJI()OKCHA-BOJA HA HAYMH
ormucaH y ozaesbky 3.3.3.2. Pesynratu cy cakymbenu Ha 123 K kopumhemem Bruker-
-Nonius Kappa CCD audpakromerpa ca APEXII nperexkropom kopuctehu MoK,
(A =0,71073 A) moHOXpOMAaTH30BaHO 3payeme rpaduTHOr MOHOXpoMaTopa. CTpyKTypa
Harpal)eHOT KOMIUIeKCca je pelieHa MmpuMeHOM aupeKkTHuX Meroma SIR-2004 [129] u
SHELXL-97 [124]. JlopeH110BU U TONapU3allMOH €(DEKTU Cy KOPUTOBaHH, a IPUMEHECHA
je u HyMepuuka arcopriuoHa kopekiuja [130]. OcHoBHE kpucTanorpadcku momamy u
MoJalld 'y BE3M ca pellaBambeM U YTadkhaBambeM CTPYKTYpe KOMIUIEKCa JaTe cy y

Tabemnu 4.

Tabena 4. OcHOBHUM KpuCTalOrpad)CKy TOAAM M TMOJAIM y BE3M Ca pellaBamkbeM U

yTadmbaBambeM CTpyKType komruiekca [Pd(S-bz-thiosal),]

dopmyna CysH,,04S8,Pd F(000) 1200

M 592,98 Z 4
Kpucramau cuctem Monoknuanyad | D, (g-mL) 1,640
IIpocTopHa rpyna P2,/c A (A) 0,71073
Benmunna kpucraga (mm) | 0,16 x 0,04 x 0,02 | u (mm™) 0,981

a(A) 12,0280(5) Temnepatypa (K) 123(2)

b (A) 21,0330(8) 0 (°) 2,96-25,02

c(A) 9,5049(4) CakyrubeHe peduiekcuje 13559

a(®) 90 He3aBuchHe pedaekcuje 4212

B(®) 92,578(2) [Tocmarpane peduekcuje 3775

v (®) 90 >206(I) R;=0,0624,wR,=0,1034
V (A%) 2402,16(17) R R=0,1215,wR,=0,1179
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3.4. BUOJIOLIKA MEPEIbA

3.4.1. In vitro aHTUMHUKPOOHH TeCT

3.4.1.1. TecTupaHu MUKPOOPTraHU3MH

AHTHMUKpOOHA aKTMBHOCT OHMJIEHTATHUX JHMraHajna auajkuiectapa edda-tuma
JWTaHja, JepuBaTa THOCAJIHIMIHE KHUCEIMHE W BUXOBHX OAroBapajyhmx kommiekca je
onpehena TectupameM Ha 26 BpcTa MUKpoopraHuzama. ExcriepuMeHTH cy m3BOl)eHH Ha
14 Bpcta matoreHux OakTepuja, ykibydyjyhum 7 crammapaHux BpcTa M 9 KIMHHUYKHX
n3onata; 4 BpcTe MpoOMOTCKUX OakTepuja u 9 BpcrTa ripbKBa yKJbydyjyhu 5 Bpcta Oyhu u
4 Bpcre kBacma. CBM TECTUpPaHW MHUKPOOPraHWU3MH TpuKazaHu cy y Tabemu 5. Cu
KJIMHUYKHA M30JIaTH TAaTOTeHUX OakTepHja NOOMjeHH Cy Ha MOKJIOH onx MHctuTyTa 3a
jaBHO 3apaBibe, KparyjeBam. Ocrtane BpcTe MHUKpOOpraHM3aMa Cy W3 KOJIEKILIHje
MuKpoopranmnzama JlaGopatopuje 3a MukpoOuonorujy, llpupogHo-maremaTudKor
dakynrera, YauBep3urera y Kparyjesiy.

Bakrepujcke cycmneH3uje u CycleH3Hje€ KBacla Cy NPHUIPEMJbEHE TaKO IITO Cy
KOJIOHHje Yy3MMaHe AMPEKTHO ca TOoAJore W cycrneHaoBane y S5 mL crepuiHor
¢uznonomkor pacteopa. I'ycTHHa MmoYeTHE CyCIEH3Mje je TMOelIaBaHa ynopehupamem
ca 0,5 Mc Farland cranmapmom (0,50 mL 1,17% w/v BaCl, -2H,0 + 99,50 mL 1% w/v
H,SO4) [131]. I'yctuna crangapna 0,5 Mc Farland oarosapa GakTepujckoj cycrieH3Hju
koja cagpxu oxo 10° CFU/mL u cycmemsuju xBacma ox 10° CFU/mL. Ilouerne
cyclieH3uje OakTepuja M KBacama cy paszonaxkene y omnocy 1:1000 crepumamm 0,85%
¢usnonomkum pactBopoMm. CycrneHsmwja cropa TJpHBa j€ MPHUIPEMJbEHA ITaXJBHBHM
CKHJIalbeM criopa ca mutienuje. TakBa cycreHsuja je motoM paszoiaxkeHna y ogrocy 1:1000

CTEPHIIHUM (PU3HOJIOIIKUM PACTBOPOM.
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Tabena 5. Crincak TecTUpaHUX MUKPOOpPraHu3aMa

baktepuje

I';puBe

['paM-nio3uTHBHE OaKTEepH]je

KBaciu

Bacillus subtilis ATCC 6633

Candida albicans ATCC 10231

Bacillus subtilis

Candida albicans

Enterococcus faecalis ATCC 29212

Rhodotorula sp.

Enterococcus faecalis

Saccharomyces boulardii

Sarcina lutea ATCC 9341

Sarcina lutea

['JbuBe n3azuBaun Oyhu

Staphylococcus aureus ATCC 25923

Aspergillus niger ATCC 16404

Staphylococcus aureus Aspergillus niger
Aspergillus restrictus
['pam-HeratuBHe O6akTepuje Aspergillus fumigatus
Escherichia coli ATCC 25922 Aspergillus flavus

Escherichia coli

Pseudomonas aeruginosa ATCC 27853

Pseudomonas aeruginosa

Proteus mirabilis ATCC 12453

Proteus mirabilis

Salmonella enterica

Salmonella typhymurium

[TpobuoTHIN

Bifidobacterium animalis subsp. lactis

Bacillus subtilis 1P 5832

Lactobacillus rhamnosus

Lactobacillus plantarum

3.4.1.2. MuUKpOAWJIYLHMOHA METOAA

OBa meTonma oMmoryhaBa MCIIUTHBakE aHTUMUKPOOHE aKTHBHOCTH OJpehrBameM

MUHUMaTHEe uWHXHOUTOpHe KoHIeHTpanuje (MIK) u MuHMMamHEe MHKPOOHIMIHE

koHueHTpauuje (MMK) ymorpeboM MHUKpPOTHUTpAllMOHUX II0OYa y3 MoMoh pecasypuHa
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[132]. Kopumrhena je muoua ca 96 OyHapuha y xoja cy craBibena mo 100 pl xpansbuBe
nojyore, Mueller-Hinton Oyjon 3a 6aktepuje u Sabouraud dextrose OyjoH 3a rJbHBE U
kBacte. [lo 100 pL pacTBopa HCHUTHBAHUX jeIUE-CHHA TOYETHE KOHIICHTpAIWjE
1000 pg/mL je momatro y mpBH pelx MHUKPOTHTpalHMoOHE 1uiode. J[BocTpykum
paz0naxemeM KopucTehu MynTHKaHaIHY UIIETY TOOMjeHU Cy PacTBOPH KOHIIEHTpAIHja
y obnactu ox 500 no 0,24 pg/mL. 3atum je nonasano no 10 pL cycnensuja Oakrepuja,
KBacla Win cropa. TecTupaHa jeHbeba Cy UCIUTaHa HAa KOHIEHTpalHju OakTepuja of
10° CFU/mL, u KOHIEHTpaIuju KBacia ¥ cropa ribuea ox 10° CFU/mL. Konaumo, y
cBaku OyHapuh nomar je pecasypuH. Pecasypun je mHmukarop hemmjckor pacra. Y
nepuoAy  MHKyOaluje, pecasypuH IUIaBo-JbyOmuacte 0oje  MmMOA  yTUIAjeM
OKCHJIOpeIyKTa3a xuBe henuje mpemnasu y pesopypus pose duryopocuentae 6oje [133].
Tako mpurnpemsbeHe 1uIode cy mHKyOupane Ha 37°C 24 carta 3a Oakrepuje, Ha 28°C
48 catu u Ha 28°C 72 cara 3a rypuBe. MIK je nedumHucana kao HajHUKA KOHIICHTpaIja
MCIUTUBAHUX CYIICTaHIM Ha KOjOj HHUje JIOILIO 10 MpoMeHe 0oje pecasypuHa U3 MiiaBe y
pyxunuacty. Kox tpuBa MIK mnpeacraBiba HajHMKY KOHICHTPALM]y HWCHMTHUBAHUX
jeIMmbema Koja CrpevaBa pacT MHLEIHje. Pe3ynTatu cy ounTaBaHu BH3YEITHO.

MuHuMaiHa MUKpOOUITMIHA KOHIIEHTpanuja je oapehena mpecejaBamem 10 pL
y30pka u3 OyHapuha y KojuMa HHUje yO4YeH pacT Ha IuiouacT arap. KonmeHTtpamuja Ha
KOjOj Mocie Mepuoja HMHKyOaluje HHje youeH pacT neduHucaHa je Ka0 MUHUMAallHA
MUKpPOOHUIIMTHA KOHIICHTPAIIHja.

JlokcuuuiauH 1 QiykoHa30Jl Cy KopuIIheHH Kao MO3WTHUBHA KOHTpousa. Takohe
npaheH je W yTHIa] pacTBapauya eTaHoia u jaumetwicyndokcuna (10%) nHa pact
MHUKpPOOpraHu3ama. Y CTaHOBJBEHO j€ EKCIEPHUMEHTAHO Jla MOMEHYTEe KOHIIEHTpaluje

pacTBapaua He Jelyjy Ha pacT MUKPOOpraHH3aMa.
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3.4.2. In vitro aHTUTYMOPCKAa AKTUBHOCT

3.4.2.1. UcnutuBane henujcke JuHuje

[utorokcuyHocT komiuiekca manaaujyma(ll) u mnatune(IV) je ucnutuBana Ha
henujckum nuHMjama wmumjer Tymopa nojke (American Type Culture Collection,
Manassas, ATCC VA, USA; CRL-2539) u mumijer Mmajuraor meinanoma (American Type
Culture Collection CRL-6323, ATCC, USA). Tymopcke henuje cy KylaTHBUCAHE Y
komiuieTHoM DMEM wmeanjymy (Dulbecco’s Modified Eagles Medium) xoju cagpxku:
4,5 g/L rnykosze, 10% c¢erannor 6oBuHor cepyma (FBS), 2 mmol/L S-rmyramuna,
1 mmol/L narpujym mnupyBara, 10 mmol/L HEPES-a, 100 U/mL nenuumnuna,
100 pg/mL crpentomunivaa 1 1 mmol/L Memrannx HeeceHIWjaTHUX aMHHOKHCEIHMHA
(Sigma, USA).

henuje cy xynruBucane y drnackoBuma-T25(BD Falcon) y crepunaum yciioBuma
y WHKyOaTopy ca cTaHaapaHuM ycioBuma (temmeparypa 37°C u IpOLEHTyalTHH YJe0
yribeH-Tuokcuna, CO,, y Bazayxy 5%). Jennocnojue cyOkoHQuryeHTe henmjcke KyaType
cy macaxxupane cBakor Tpeher mana. Ykpartko, hemuje cy HakoH mpama y PBS (enrm.
Phosphate Buffered Saline-Conun ¢ocdaran nydep, PAA Laboratories GmbH)
NpUKyIUbeHE U3 (1acka TpetupameM TpurncuaoM (0,25% tpuncun ca xenatopom 0,02%
EDTA koju cy pactBopenu y PBS) 2 o 5 MuHyTa y HHKyOaTopy, Kako OU ce oJyIenue.
Renuje cy mocne onanensbuBama TOKYIJbEHE M MpebdadeHe y eNnpyBeTy Koja Caapiku
14 mL xoMIIETHOT MeIWjyMa, 3aTUM Cy pecycIieHIOBaHe W npebaueHe y 3 HoBa T25

¢brnacka (mo 5 mL y cBakwm).
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3.4.2.2. MTT Ko10pUMMETPHjCKHU TECT

Edekar ucnutuBane cyncranie oapehyje ce nopehemem nHTEH3UTETa 00je KOjU
najy henwje w3nmaraHe camMo MEIUjyMy W HWHTCH3UTETa KOjU Aajy henuvje u3maraHe
UCTINTHBAHO] cyncrannu. llponykoBanm ¢opmasaH ce pacTBapa y OpraHCKAM
pcTBapauyuMa M WHTEH3UTET 0oje ce onpehyje crmeKTpopoTOMETPHjCKM Ha TalacHO]
nyxkxuau o 570 nm.

[MutoTokcnunocT komriuiekca je onxpehuBana MTT Tectom [134]. hemuje y
eKCIIOHCHIIMjaJTHO] (ha3u pacTa MPHUKYIUbeHE Cy W3 (hjlacka Ha MPETXOJHO OIHCaHU
HaunH. bpoj henuja je oapehen kxopuutheweMm Neubauer-oBe KOMOpe y3 HCKIby4YeHE
MpTBUX henuja 1j. henuja 060jeHNx Tpunax mwiaBuM. Tpunad miaBo je 60ja Koja MoXxe Ja
npohe camo kpo3 omreheny hemujcky MemOpany HeBujaOwiHMX hennja u O0ju
UTOIUIa3My, JOK je KoJ BHjaOuiaHuX henmja oBa MOryhHOCT MCKJby4yeHa. Remmje cy
pasGmaxene g0 rycrune 3 x 10* hemmja/mL. V muxporturap miaode ca 96 oTBOpa je
cumano 100 pL (3.000 hemwmja) cycneHsuje mo oTBopy. Y IoceOHE OTBOpE je CUIaH
Meaujym 6e3 henuja kako Ou ce ofpeausa ONTHYKA TYCTHHA CaMOT MeIujyma, OJICHK.
[Tnoya ce mpexo Hohu MHKyOHpana Ha Temneparypu ox 37°C u y npucyctBy 5% CO,. 3a
24 cara cy ce henuje monenwie mna je MeIujyM OJJIMBeH | 3aMemeH ca 100 pl komriekca
pacTBOpPEHOT Y KOMIUIETHOM MenujyMy y KoHueHTpamnujama 500; 250; 125; 62,5; 31,25;
7,8; 3,9 umol/L. TectupaHna jequmema cy pacTBapaHa y IUMETHICYI(POKCUIY. 3a CBAKO
pazbnaxeme paleH je TpUIIuKar. Y KOHTPOJIHE OTBOPE j& TIOHOBO CHUIIAH YHCT MEITU)YM.
[Tnoya je nuakyOupana 72 cata o UCTUM yCJIOBHMA.

ITo ucreky 72 cata, u3 cBux OyHapuuha je yKIomeHa TeUHOCT U 1oaato je mo 100
uL yucror DMEM-a ca 15 % MTT pactBopa (5 mg/mL y PBS, Phosphate buffer saline-
-conn (ocdarau mydep). [lmoue cy wmukyOmpane jomr 2 no 4 cara. [lo wucreky

WHKyOalyje MeaujyM je OJUIMBEH M Yy CBakM OTBOp je cumano mo 150 pL
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mumetuicyndokcuaa (Sigma Aldrich, Hemauka) u 20 L rmunmackor mydepa (pH-10,5).
[Tnove cy BopTekcoBaHE 110 pacTBapama KpUcTajda ¢opMmasaHa M ONTHYKA TYyCTHHA
y30paka je MepeHa MyITU(YHKIMOHAIHUM YHWTaueM MHUKPOTHTap Iuioda, Zenyth 3100.
[Tpouenat mpTBUX henwja je n3padyHaT Ha OCHOBY GopMyJie:

% uurotokcuunoctu = 100-((E-B)/(K—b) x 100); E-o3HauaBa 0TBOp ca MCHUTHUBAHUM

cyrncranuama; b-0nenk; K-orBop ca Herperupanum henujama.
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Pesyrmamu 1 OucKycuja

4.1. Cunre3a 0,0'-quanaxkuj ecrapa erujeHanaMun-N, N'-1u-(S,S)-2-
-MPONAHCKe KUCeJNHe JuXjopxujapara, R,-(S,S)-eddp-2HCI n

oarosapajyhux kommiekca nanaaujyma(ll), [PdCL(R,-(S,S)-eddp)]

4.1.1. CunHTe3e JUraHaaa M KOMILIEKCA

Terpanentatan nwurany etuieHaunamMuH-N, N'-1u-(S,S)-2-nponaHcka KuceanHa
(H2-(S,S)-eddp) je noOumjeH y peakuuju HaTpUjyMOBE COJM S-aJaHWHA H
1,2-mubpom-erana y mosickom oanocy 1:1 (Illema 7). I[lonemasamem pH BpenHoct Ha 5

NOOHjeH je HaBeICHH JINTaH T y OOJINKY YHYTpAIIkhe COH (zwitter joHA).

Br

~ o)
CH, V4 pH=5
+ 2 CH3—CH—C\ L
CH, | ONa
Br NH,

H H 0

0
\C—CH—N—CHZ—CHZ—N—CH—C +  2NaBr
& ] LN

0
CH, H H CH, &

Hlema 7. Cunmesa emunenouamun-N,N"-0u-(S,S)-2-nponamncke kucenune,

(H>-(S,S)-eddp),

Ho6ujena H,-(S,S)-eddp xucenuna je ectepuduxoBana mpu demy cy JOOHjEeHU
ponui-, OyTHII- U NEHTHI- €CTpH eTuieHauaMuH-N, N'-nu-(S,S)-2-nponaHcke KUCEINHE

(ema 8).
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I I
HO/C\ch‘\\\\CH3 RO” C\C|H -
NH NH
THz +  oron —H¢ THZ 2HCI
CHz\ CH2\
NH NH
| |
HO CH RO CH
N .
ﬁ/ \ ﬁ e,
0 0

R = pr-(L1), bu-(L2), pe-(L3)

Hlema 8. Cunmesa O,O'-nuankun ectapa erunenguaMun-N, N'-qu-(S,S)-2-

-IPOTAaHCKe KUCeIHe auxjopxuapara, R,-(S,S)-eddp-2HCI

CuHTeTHCaHH eCTpU HHCY J00pO pacTBOPHU Y BOJM U HEKUM OpPTraHCKUM
pactBapaunma. Peakumjom wusmely npobujenux ecrtapa Ry-(S,S)-edpp u xamujym-
-rerpaxnopuaonananara(ll) y moickom omrocy 1:1 u y3 mojmatak JUTHjyM-XHIPOKCHIA
CHUHTETHCAHU Cy oaroBapajyhu kBaapatHo-uiaHapHu kKoMmiuiekcu [PdCly(R,-(S,S)-eddp)]
(Illema 9). CuHTeTHCAaHU KOMIUIEKCH CY PACTBOPHU Y METHIXIJIOPUIY, METUICHXIIOPUAY,
XJIOpohOpMY, YTIbEHTETPAXIOPHUIY, METAHOIIy W €TaHOJNY, ali HUCY PACTBOPHHU Y BOJIH.
Pesynratn eneMeHTarHe MUKpoaHanW3e 3a Harpal)eHe JWTraHge W KOMIUIEKCE Cy ¥y
CarJIaCHOCTH ca M3padyyHaTHUM BPEIHOCTHMA (EKCIIepUMEHTaIHu neo 3.1.2. 3a uranie u

3.2.1.-3.2.3. 3a KOMILIEKCE).
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I I
RO” C\ClH o RO C\C|H o
H
NH . 7 C Cl
K,PdCl, + THZ el —H TH2 \Pd/
CHy_ CHy_ / \c1
NH N
| | u
RO CH RO CH
N N
ﬁ/ \CH3 ﬁ/ \CH3
o) 0

R = pr-(C1), bu-(C2), pe-(C3)

Hlema 9. Cunmesa komnnexca [PdCIly(R,-(S,S)-eddp)]

4.1.2. Uuppaupsenu cnekrpu 0,0'-1uankui ecrapa
eTusenauamMuu-N, N'-qu-(S,S)-2-nponancke KuceJuHe

auxJgopxujapara u oarosapajyhux kommiexca nanaaujyma(Il)

Y Tabemm 6 gate Cy HajBaXHHU]e Tpake y HWHEOpAIPBEHUM CIIEKTpHMa

n3onoBaHux OuneHtatHux juradaga (L1, L2, L3) u oarosapajyhux mnamagujym(Il)

komriekca (C1, C2, C3). HudpaupBeHn CHEKTpU HaBeIEHUX KOMIUIEKca MOTBphyjy

OWIeHTaTHO KOOpAWHOBame Rj-(S,5)-eddp smranama mpeko aBa a3oToBa aroMa 3a

nanaaujym(Il)-jon. IIpermoctaBka ma cy Ry-(S,S)-eddp nuranam KoopAMHOBaHH TPEKO

JBa a30TOBa aToMa MOXXE C€ IMOTBPAMTH TPUCYCTBOM Tpaka Koje MpUIaaajy

BaJICHIMOHNM BHOpAILMjaMa CeKyHIapHe aMHHO Tpyme Ha 3130 cm™ 3a kommexe (C1);

85



Pesyrmamu 1 OucKycuja

3120 cm™” (C2) u 3118 cm” 3a xommiexc (C3). Takolje, HAaBEICHH KOMILICKCH
[PACly(R2-(S,S)-eddp)] Hemajy amcopnuuoHy Tpaky NpPOTOHOBaHE aMMHO IpyIie Koja je
yoUeHa y CIIeKTpHMa IHaIKWI-ectpa Ry-(S,S)-eddp u To Ha 3461 cm™ 3a nuranx (L1), Ha
3461 cm™ 3a (L2) u Ha 3462 cm™' 3a mmrang (L3). Ocralie ancopruoHe Tpake HaljerHe cy
y UCTUM OOJIACTMA y KOMIUICKCHMA, aJld ¥ Y MOJIa3HUM JIMTaHANMa, IIITO HaM yKa3yje

Jla KOOpAMHAIMja HUje U3BpLIEHA IPEKO KUICEOHMKOBHUX aTOMa KapOOKCHIIHUX TpyIIa.

Tabesna 6. Baxnuje tpake y uadpanpsernm criekrpuma R,-(S,5)-eddp-2HCI nmuranana u
onrosapajyhux namanujym(Il) komriekca

v(C=0) | v(C-0) | v(CH3) | v(R-NH,") | v(R-NH)
dpr-(S,S)-eddp-2HCI (L1) 1745 1231 2968 3461 -
dbu-(S,S)-eddp-2HCI (L2) 1745 1223 2976 3461 -
dpe-(S,S)-eddp-2HCI (L3) 1746 1231 2977 3462 -

[PACly(dpr-(S,S)-eddp)] (C1) | 1735 | 1215 | 2971 - 3130
[PACLy(dbu~(S,S)-eddp)](C2) | 1740 | 1241 | 2960 - 3120
[PACly(dpe-(S,S)-eddp)[(C3) | 1741 | 1229 | 2958 - 3118

4.1.3. HykiieapHO-MarHeTHO-PEe30HAHIIUOHU (IH u 13C) CIIEKTPH
0,0'-nnajaxuni ecrapa erwienauamun-N,N'-1u-(S,S)-2-nponancke
KHCeJIMHe IUXJIOPXUApaTa u oaAropapajyhux komiiekca

nanaaujyma(Il)

NMR cnekTpockorncku nofamu 3a cBa Tpu nanaaujym(Il) kommiekca notephyjy
MPETIOCTaBKY Jia je KoopAWHaIMja Juranaga 3a naixaaujym(Il)-jon u3BpiieHa npeko asa
azoroBa aroma u3 O,0"-mmankun ectpa ertwieHauamuH-N,N'-au-(S,S)-2-nponaHcke
kucenuHe (Ry-(S,5)-eddp) (omemak 3.1.2. 3a nurange u 3.2.1.-3.2.3. 3a KOMIUIEKCE).
[Topehemem xemujckux momepama 3a BomoHmkoBe arome -CH,- rpyne w3

CTUJICHANaMHUHCKOT Jciia JIMra”Hjga ca XeMI/Ij CKHM IMoMEpamkEeM HUCTUX
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BOJIOHMKOBHUX aToMa y oaroBapajyhem kommiekcy (y o6mactu oko 0,9 ppm) notBphyje ce
KOOPJIMHOBaMWkE TPEKO JBa a30TOBa aroma. Takohe, XeMHjcka momepama BOJIOHHKOBHX
aToMa ca YIJbeHHKOBHX aToMa M3 R-ocraTaka ajkoxoyia Haja3e c€ y OUYEKHBAHUM
obnactuma [135-137].

bpoj curmama vy BC NMR CIIEKTPUMA  HW30JIOBAHMX  KOMILIEKCA
[PACly(R»-(S,S)-eddp)] motBphyjy koopauHoBamwe O,O'-muankui ectpa eTHIeHIUaMHH-
-N,N'-nu-(S,S)-2-nponancke kucenune (R,-(S,S)-eddp) 3a mamagmjyma(ll)-jon (omespax
3.1.2. 3a nmurange u 3.2.1.-3.2.3. 3a xomruiekce). KoopaunoBamem nuranaga (R-(S,S)-
eddp) 3a mamammjym(Il)-jon oba acumerpuuna yribeHWKOBa aTtoma u3 eddp ocraTka
3aapxkanu cy S ancoiyTHy kKoHdurypanujy. McToBpeMeHO, KOOPIMHOBAaKHEM a30TOBU
aTOMH M3 ETWICHIUAMMHCKOT MpPCTEHa I0CTajy acuMeTpu4Hu. 30or Tora je moryhe
ouekuBatu Tpu guactepeom3omepa komiuiekca [PdACly(R,-(S,S5)-eddp)] kao mro je
npukazano Ha Ciunu 16 [(R,R), (R,S=S,R) u (§,9)]. 3a (R,R) u (S,S) enantuomepe, 300r
npucytae C, cumerpuje Monekyaa y °C NMR  cCreKTpiMa, MOXKEMO OYEKHBATH CaMo
jeoaH CUTHaN yclle[l MICHTUYHOT MOJIoXKaja ecTapCcKux ocTaraka. IlojaBa mo 1Ba cera
curHama pasmmuntux mHTeHsuTera y C NMR  crmekrpuma [PACLy(Ry-(S,S)-eddp)]
KOMIUIEKCa yKa3zyje Ha nmpucycTtBo (R,S) nujacrepeonzomMepa, Kao MmTo je U MyOJIMKOBAHO

panuje [137-139] 3a nanagujym(Il) komrekce ca uctum tumnom auranaaa (Cruka 16).

NG P% NS \i/
/:
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\\\\ ///,/:\/
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D D

@

Cnuxa 16. Mozcyhu oujacmepeouzomepu komnnexca [PdCIly(R,-(S,S)-eddp)],
R = pr-, bu- u pe-
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4.1.4. MuxpoOuno0mika akTUBHOCT O,0'-1HaJIKHI ecTapa
etujieHauaMuH-N, N'-qu-(S,S)-2-nponancke KuceJanHe

auxJgopxujapara u oarosapajyhux kommiexca nanaaujyma(Il)

VY Tabenu 7 mpukazaHHu Cy pe3yiTaTd in Vitro UCIMTHUBAmba aHTHOAKTEpUjCKE U
aHTH(yHTaJlHE aKTHBHOCTH 3a TPH HOBAa OWJEHTAaTHA JIMTaHAa M TPU KOMILIEKCA
nanaaujyma(ll). ¥ ucroj Tabenu cy takohe mpukaszane u Bpeanoctd 3a MUK 1 MMK
JOKcUIWInHA U (piykoHazona 30or nopehemwa. PactBapau 10% eranon HHje ycrmopaBao
pacT TecTUpaHUX MHUKpoopranuzama. McnurtuBanu xkomiuviekcu mnanaaujyma(ll) cy
MOKa3MBAIIM PA3UYNATE CTENIEHE AaHTUMHKPOOHE aKTHBHOCTH Ha PA3JIMUYHUTE TECTUPAHE
BpcTe. 3ampaBo, WHTEH3UTETH AHTUMHUKpPOOHE aKTHMBHOCTH 3aBHUCE OJf TIpyIie
MUKpoOprannzama (OakTepuje WM TJbUBE) KaO0 W OJ KOHILEHTpAalHje HCIUTHBAHOT
KOMILIeKca. EKCrieprMEeHTalIHO je MOKa3aHOo Jla CBa TPU KOMIUIEKCA MOKa3yjy CIUYHY
aKTUBHOCT y OJHOCY Ha CTaHJapJHE W KIMHUYKMA HW30JI0BaHE cojeBe Oakrepwja. Y
OJTHOCY HA IO3WTHUBHY KOHTPOJIY OBH KOMIUIEKCH ITOKa3yjy YMEpeHYy aHTHOAKTEPH]jCKy
aktuBHOCT. Kao mro ce moxe Buaetn y Tabenmu 7, MUK BpemHocTH Cy y pacmnoHy o
31,25 no 125 pg/mL, a MMK Bpeanoctu ox 125 no 500 pg/mL y 3aBucHOCTH 0f coja
Oaxrepuje. Hajoospy aktuBHOCT mokasao je xomruieke [PdCly(dbu-(S,S)-eddp)] (C2) na
Pseudomonas aeruginosa ATCC 27853 wu Escherichia coli n umao Bpennoct MUK
31,25 pg/mL.

[TpoOuoTHIM Cy TMOKa3ajld OCETJHBUBOCT CIMYHY OCTalMM OakTepHjamMa OCHM Ha
komruiekc [PACly(dbu-(S,S)-eddp)] (C2). Pact Lactobacillus plantarum, Bacillus subtilis
IP 5832, Bifidobacterium animalis subsp. lactis je 6u0 yCTIOPEH IICjCTBOM KOMILIEKCA
[PACl,(dbu-(S,S)-eddp)] (C2) xonuentpanuje 15,6 pg/mL.

Tpeba Harmacutm fAa Cy HCOUTHBAHM KOMIUICKCH IIOKa3ald 3HA4yajHy
anTH(yHraiHy akTUBHOCT. CBa TpW KOMIUIEKCa Cy ycropaBana pact Aspergillus flavus

npu koHneHpauju ox 0,49 ug/mL, nok je [PdCly(dpe-(S,S)-eddp)] (C3) yrumao Ha pact
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Aspergillus fumigatus n Ha HIWKUM KoHHeHTpamujama (MUK = 7.8 pg/mL). MUK
BpenHocTH 3a kBacue Candida albicans cy oune 125 pg/mL 3a cBa Tpu KOMILIIEKca, 0K
cy Bpemnoctm 3a MMK oOwmne 250 pg/mL 3a cBe KOMIUIEKCE OCHM 3a
[PACl,(dbu-(S,S)-eddp)] rae je usnocmma 500 pg/mL.

VYnopehuBambeM BpeIHOCTH 3aKkbydeHO je Ha je y Hajehem Opojy ciydajeBa
aKTUBHOCT CBa TpW JHraHia Ouja Mama OJ] aKTUBHOCTH OATOBapajyhmx KOMIUIEKCa

nananujyma (II) (Tabena 7).

Tabena 7. Pesynratu anTHOaKTEpUjCKE M aHTU(QYHTAJTHE aKTUBHOCTH OMJAEHTAaTHUX

muranana R,-(S,S)-eddp-2HCI u ogrosapajyhux nanaaujym(Il) kommiexca

(L) (C1) (L2) (C2)

MUK | MMK | MUK | MMK | MUK | MMK | MUK | MMK
E. coli ATCC 25922 >500 | >500 | 125 250 125 >500 125 125
E. faecalis ATCC 29212 >500 | >500 | 125 250 125 >500 | 62,5 250
P. aeruginosa ATCC27853 | >500 | >500 | 125 250 >500 | >500 | 31,25 125
P.mirabilis >500 | >500 | 62,5 500 >500 | >500 125 >500
E. coli 125 | >500 | 62,5 125 31,25 | >500 | 31,25 | >250
B. animalis subsp. lactis 125 | >500 | 62,5 125 7,8 >500 15,6 125
L. plantarum 125 | >500 | 62,5 125 15,6 125 15,6 125
B. subtilis IP 5832 125 | >500 | 62,5 125 62,5 >500 15,6 125
S. boulardii >500 | >500 | 125 250 500 >500 125 250
C. albicans >500 | >500 | 125 250 >500 | >500 125 500
A. fumingatus >500 | >500 | 31,25 | 31,25 | >500 | >500 | 31,25 | 31,25
A. flavus >500 | >500 | 0,49 | 0,49 >500 | >500 | 0,49 0,49

89




Pesyrmamu 1 OucKycuja

TabGena 7. Pesynaratu anTHOakTepujcke M aHTU(YHraJHE AKTUBHOCTH OMIEHTATHUX

muranana R,-(S,S)-eddp-2HCI u ogrosapajyhux namaanjym(Il) komrmekca (HacTaBak)

(L3) (C3) JOKCHUIIMIWH | (hIyKOHA30JT

MUK | MMK | MUK | MMK MUK MMK
E. coli ATCC 25922 125 | >500 | 62,5 | 250 25/25 /
E. faecalis ATCC 29212 >500 | >500 | 62,5 | 250 50/50 /
P. aeruginosa ATCC27853 | >250 | >500 | 125 125 12,5/50 /
P.mirabilis >250 | >500 | 125 125 50/>50 /
E. coli >250 | >500 | 125 | >500 12,5/12,5 /
B. animalis subsp. lactis 0,98 | >31,25| 125 | >500 | 0,024/>0,19 /
L. plantarum 1,95 | >62.5 125 | >500 | 0,012/>0,098 /
B. subtilis IP 5832 62,5 | >500 | 62,5 | >500 | 0,003/0,024 /
S. boulardii 62,5 125 125 125 / 6,25/>50
C. albicans 500 500 125 125 / 3,125/>50
A. fumingatus 62,5 125 7.8 7,8 / >500
A. flavus 62,5 125 0,49 | 0,49 / >500

MUK-MuHEManHa HHXHOHTOpHA KoHIeHTpanyja (ng/mL); MMK- MuanMansa MEKpoOHIIIHA KOHIeHTparuja (ug/mL).

"/" — HUje HCTIUTHBaHA; AHTHONOTHK-JOKCUIIWIINH; AHTHMHKOTHK-(ITyKOHA30J1

4.2. Cunre3a 0,0'-qnanxkui ecrapa erwjeHauaMud- N, N'-1u-(S,S)-2-

-(3-MeTHi1)-0yTaHCKe KUCeJNHe Juxjaopxujapara, R,-(S,S8)-eddv-2HCI u

oarosapajyhux kommiekca najgagujyma(Il), [PdCI(R-(S,S)-eddv)]

4.2.1. CuHTe3a JUTaHAAA U KOMILJIEKCA

Etunenmuamun-N, N'-qu-(S,S)-2-(3-metun)-0yTaHcka KHUCENWHA,

noOWjeHa je Ha HayuH ONUCaH y oJesbky 4.1.

Ha-(S,S)-eddv

Y peaknuju HATPUjyMOBE COJIU

S-BanuHa u 1,2-muGpomerana y MosickoMm ojHocy 1:1 u monemaBamem pH BpegHocTH Ha

5 nobuja ce erunenauamuH-N,N'-au-(S,S)-2-(3-meTun)-0yTaHcka KHCETHMHA Koja ce

u3/Bajasia y oOJIMKY YHYTpallme conu (zwitter jona) (Lllema 10).
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/\ /\
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Llema 10. Cunmesa emunenouamun-N,N'-0u-(S,S)-2-(3-memun)-d6ymancke

kucenuwne, H»-(S,S)-eddv

Hakon cymema n1o0ujeHr pou3Bo KopuIlllheH je 3a peakiujy ecrepudukaiyje.
VY 3akuIespeH arcoxyTHU aakoxod (eTaHod, 1-nmpomnanon, 1-OyTaHod, 1-meHTanoN) noaat
je TeTpaJleHTaTHH JINTaHJ etminenauamMuH-N, N'-au-(S,S)-2-(3-metun)-0yTancka
kucenuHa. Hakon pednykroBama ox 12 catu gobujern je O,0-amankun ectap
etwneHauamMuH-N, N'-nu-(S,S)-2-(3-metwin)-0yTancke KUCEJINHE JIAXJIOPXUIPAT,

Ry-(S,S)-eddv-2HCI (Illema 11).
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|C|) /CH3 (|)| CHj;
C CH
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ﬁ CH—CHj [
0 CH, 0 CH;

R = et-(L4), pr-(LS), bu-(L6), pe-(L7)

Llema 11. Cunmesa O,0"-ouanxkun ecmapa emunenouamur-N,N'-ou-(S,S)-2-

-(3-memun)-6ymancke Kucenure ouxaopxuopama, R,-(S,S)-eddv-2HCI

Ho6ujenn ectpu (L4-L7) cy cmabo pactBopHH y XiiopodopMy, anm ce 0oibe
pacTBapajy y BOIH, METAHOIY, TUMETHIICYI(DOKCHIY U OAroBapajyhum aakoxojauMa Koju
cy KopuIheHH y peakiujama ectepudukarmje.

OproBapajyhu komrekcu mnanagujyma(ll) (C4-C7) mnoOujeHn cy IUPEKTHOM
peaknujom kanmujyM-terpaxiopunonananara(ll) u muranma y mosnckom omsocy 1:1, y3
J0JIaTaK BOJICHOT PacTBOpa JIMTH]YM-XUIAPOKCHIA KOjH je KopuIIheH 300T JenmpoTOBama
amuno Tpyna (Illema 12). Tako m00HMjeHN KOMIUICKCH HHCY PAaCTBOPHH Y BOJH, alld CY
BEeOMa J100p0 pacTBOPHHU y XJIOPOPOpMY U IUMETHICYIPOKCcHay. Masa cMO OYEKHBAIU
OWIeHTaTHY KOOpJWHANM]Y cHHTeTHUCaHuX auectapa (S,5)-eddv nmranama xao u y
ciydyajy oaroBapajyhmx ecrtapa (S,5)-eddp smrangma. Pesynratm  enemeHTayHE
MUKpOaHaln3e, WH(QpalpBeHe W HYKJICapHO-MarHeTHO-PE30HAHIIMOHE CHEKTPOCKOIIHje

(NMR 'H u "*C) cyrepuimy 1a je 10110 10 AemMMHYHE XHAPOIHU3E UECTPA, 2 TOTOM JI0
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TpuaeHTaTHe koopauHaiuje 3a nananujym(Il)-jon mro je u moTBpheHo peHareHcKOM
cTpykTypHOM aHanmu3oM 3a koMmiuiekc [PdCl(et-(S,S)-eddv)]. OBa ummeHunna ce Moxe
00jaCHHTH TIOMEpameM XEMHjCKe paBHOTeke m3Mmel)y peakmuje ectepudukanmja u
peakiyje XHIpPOJIM3e Yy MpaBIly XHAPOJIHM3E TalIOXKeHmeM HepacTBopHUX manaaujym(Il)
komruiekca. OBo ce Huje aecuno y ciydajy [PACly(Rx-(S,S)-eddp)] xommiekca jep cy
HaBE/ICHU KOMIUIEKCH JOBOJBHO pacTBOpHH y Boau. CacTaB KOMIUIEKCa W JHMraHaza
noTBpheH je eleMeHTaTHOM MHKPOAHAIM30M YHjH Cy Pe3YyJTaTH y CariacHOCTH ca
M3padyyHaTUM BPETHOCTHMA 3a YIJbEHUK, BOJOHUK M a30T (€KcrmepuMeHTaHu neo 3.1.4

3a nuraszae u 3.2.4.—3.2.7. 3a KOMILUTEKCE).

i /
d e,
RO SN r{
\
NH ‘ ~, /
K,PdCl, + ool — O~ [ / \1
NH \H
r6 Y RO /
CH \
o) \ ©

R = et-(C4), pr-(C5), bu-(C6), pe-(C7)

IHlema 12. Cunmesa komnaexca [PdCI(R-(S,S)-eddv)]
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4.2.2. MuppaupBenn cnekrpu O,0'-1uajkni ectapa eTWieHIHAMWH-
-N,N'-nu-(S,5)-2-(3-MmeTHn1)-0yTaHCKe KUCEeJIMHE JUXJIOPXHAPATA U

oarosapajyhux kommiaekca najgagujyma(ll)

Y Tabemu 8 pnmare cy HajBaXHHU]e Tpake Yy HWH(PpaUpBEeHUM CIIEKTpUMa
O,0"-nuankun ecrapa eruneHanaMmul-N,N'-nu-(S,S)-2-(3-MeTun)-0yTaHCKe KHUCETUHE

muxyopxunpara, Ro-(S,S5)-eddv-2HCI u onrosapajyhux xomruiekca nanaaujyma(ll).

Tabena 8. Hajaxnuje Tpake y uH}panpBeHuM crektpuma Rr-(S,S5)-eddv-2HCI nu

onrosapajyhux xommnekca nanaaujyma(ll)

v(C=0) | v(C-0) | v(CH3) | v(R-NH,") | v(R-NH)
det-(S,5)-eddv-2HCI (L4) 1733 1228 | 2977 3415 -
dpr-(S,S)-eddv-2HCI (L5) 1734 1202 | 2973 3437 -
dbu-(S,S)-eddv-2HCI (L6) 1737 1215 | 2967 3428 -
dpe-(S,S)-eddv-2HCI (L7) 1736 1230 | 2964 | 3439 -
[PACI(et-(S,S)-eddv)] (C4) 1735, 1640 | 1267 | 2970 - 3178
[PACI(pr-(S,S)-eddv)] (C5) 1731, 1652 | 1267 | 2970 - 3181
[PACI(bu~(S,S)-eddv)](C6) 1716, 1640 | 1267 | 2966 - 3180
[PACI(pe-(S,S)-eddv] (C7) 1716, 1642 | 1267 | 2969 - 3180

VY crnekTpuMa JuraHazia youeHe Cy arcopliMOHe TPaKe CeKyHAapHe aMUHO TpyTie
R-NH," u 1o Ha 3415 cm™ 3a (L4), 3437 cm™ 3a (L5), 3428 cm™' 3a (L6), 3439 cm™ 3a
(L7) (TaGena 8), mTo yka3zyje Ha IPOTOHOBaHY (hOpMy a30TOBUX aTOMa y HaBEJICHUM

ecTpuMa.
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VY undpanpeenum cnektpuma komiuiekca managujyma(ll) (C4-C7) nahene cy
aTnCoOpIIIMOHE TPAKE CEKYHJApHE aMUHO Ipyre U To Ha 3178 em™, 3181 cm™, 3180 cm™
u 3180 cm’ mTO yKasyje Ha KOOpAMHALMjy MPEKO a30TOBHX aToMa R,-(S,S)-eddv
muranana 3a manaaujyM(Il)-jon. Takole, mocToju jeqHa ancopmiioHa Tpaka y o0jacTa
oxo 1730 cm™ KapaKTEepPUCTHUYHA 3a ecTapcKy rpymy. MehytuMm, y IR crnektpuma cBux
KOMILIEKCA TIOCTOj€ JIBE AlCOPIIIMOHE TPaKe BAJICHIIMOHUX aCUMETPUYHUX BHOpaluja
C=0 rpymna, koje ykasyjy Ha nocrojame ase pazmuuure C=0 rpymne (Tabena 8). Tpaka y
obmacty oko 1650 cm Moke ce NpHIECATH JEMPOTOHOBAHOj, OXHOCHO
neecteprurUKOBaHO] KapOOKCWIHO] Tpynu Ry-(S,S)-eddv nuranmama, mok je tpaka y
obmactn 1700-1750 cm™ (Tabema 8) Ha TOTOBO MCTHM MOJIOJKajUMa Kao U KOJ
oarosapajyher ecrtpa. Ha 6a3u oBHuX pe3yiTara MOXKe c€ MPETHOCTaBUTHU Ja je JOLLIO J10
XUApoIu3e jeaHe ankui rpyme u3 Ry-(S,S5)-eddv nuranga (Lllema 12).

CBe ocraje arcoprioHe Tpake HaljeHe Cy y OYeKHBaHUM OOJacTHMa 3a CBE

JIMTaHAC U BbUXOBEC O,I[FOBapanhe KOMIIJICKCE.

4.2.3. Hykieapno-marnerno-pesonannuonn (‘H u °C) cnexrpu
0,0'-nnanakui ecrapa erwiaenauamMmun-N,N'-qu-(S,S)-2-(3-meTmn)-
-0yTaHCcKe KHCeJIMHe TUXJI0PXUApPaTa u oAropapajyhux komimjiexkca

nagagujyma(Il)

[Tooxkaju curnana 3a mporoHe y NMR crnekrtpuma q00WjeHUX JHTaHaaga W
komruiekca managujyma(ll) mahenun cy y odexkuBanum obOnactuma. CHUTHaAN 3a MPOTOHE
-CH,- rpyna u3 nuaMuHCKOT Aena jurasaa Ha oko 0,9 ppm moTBplyjy mpeTnocraBibeHy
KOOpJAMHAIM]y JIMTaHJa TPEeKO a30TOBHX JMOHOPCKMX aTtoMa 3a mnanaaujym(Il)-jon.
(excniepuMeHTaHA J1e0 ofesbak 3.2.4.-3.2.7.). XeMmHjcka momMepama 3a MPOTOHE ¢a CBUX
MeTun rpyma Halhena cy y obmactu ox 0,9-1,21 ppm. N,N xoopauHaiujy JuraHaaa

notBphyje u nomepame NH curnana (4,5 ppm 3a nuranzae u 5,8 ppm 3a KOMIUIEKCE).
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Tososkaju cHrHana 3a yribeHnkose atome y -C NMR crekrpuma Ro-(S,S)-eddv
nuraHaga u oarosapajyhux mamaamjym(Il) kommiekca jaBbajy ce y OYEKHBAHUM
obmatuma. YoueHa je 1ojaBa /IBa CUTHANA 32 YIJbeHUKOBE aTOME M3 KapOOKCUIHUX Ipymna
Ha oko 170 ppm 3a cBe cMHTETHCaHE KOMIUIEKce. To MOTBplyje MpeTrnocTaBKy W3BEICHY
Ha 6a3u IR cmekTapa KoMmIuiekca Jia je jelHa ecTapcka rpyna JuraHaa XUApoIn30BaHa 1
1a je KOOpAMHAIMja TaKo NOOHMjeHUX JIMraHaJa M3BpIICHA MPEKO KHCEOHMKOBOT aToMa
neecrepuukoBaHe  KapOOKCWiIHe  Tpymne  (CMTHal  Ha  BHUIIOj)  BPEAHOCTH,

eKCIIEpUMEHTAIHU J1e0 ofesbak 3.2.4.-3.2.7).

4.2.4. MukpoOmnoomka akTuBHOCT O,0'-1uaJIKnI ectapa
eTtwieHauamMuH-N, N'-1u-(S,S)-2-(3-MeTmi1)-0yTaHCKE KHCEeJTHHE

auxJgopxuapara u ogrosapajyhux kommiekca nanaaujyma(ll)

VY Tabenu 9 npukazaHu Cy pe3ysTaTH in vitro aHTUOAKTEpHjCKe U aHTU(]yHranHe
aKTUBHOCTH 3a 4YeTHpU HOBa KoMmiuiekca manmaaujyma(ll) m oaromapajyhmx nuranana.
Taxohe, npukaszane cy BpenHoctu MUK n MMK nokcunununa u QiykoHasona paau
nopehema. Excriepumenrtanio je motepheno na pacreapad (10% aumernncyndokrcum) He
ycropaBa pacT UCIUTUBAHUX MUKPOOPraHU3aMa.

WHTeH3UTeT aHTUMHUKPOOHE AaKTHUBHOCTH Bapupa y 3aBHCHOCTH OJf BpCTE
MHUKPOOpIraHn3aMa, Kao U OJ] TUIA ¥ KOHLEHTPAIl1je HCITUTUBAHOT jeINbEHha. YTIIaBHOM,
ucrutuBann Jwrangn  (L4-L7), ca wmamuMm wm3y3enmMa, II0Ka3yjy BeoMmMa Maiy
AHTUMUKPOOHY akTuBHOCT, MoK manamujym(Il) xkommiekcu (C4-C7) mnokasyjy
CeNIeKTUBHY M yMmepeHy akTuBHOCT (Tabema 9). CraTUCTHMUKM 3HayajHa pas3iHKa
AaHTUMHUKPOOHE aKTHMBHOCTH M3Mel)y JMraHa/ia U BUXOBUX OJIroBapajyhux komrmiekca je
m3pakena Ha HUBoy MUK Bpemnoctm (p < 0,05). Huje 3abenexeHa pazmuamra
aKTUBHOCT HHJEJAHOI OJl TECTUPAHUX JEeJHUHCHA Yy 3aBUCHOCTH O] TIpyme

MHKpOOpTraHnu3aMma.
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JloOujern pe3ynTath TMOKas3yjy Ja KOOpJIWHAIMOHA jeAuema TMokasyjy Behy
aKTUBHOCT oJ1 ojaroBapajyhux nuranaga. [loBehaHa akTHMBHOCT KOMILJIEKCa MOXeE ce
pa3yMeTH caMO ca aclekra XxemaTHe Tteopuje. [Ipema o0Boj Teopuju omaaame
MOJIAPU3a0MITHOCTH METATHOT joHa moBehaBa JMUIMOPMIHOCT KOMIUIEKCHOT jeHbEHA, a
THUME U aHTUMHKPOOHY akTUBHOCT [140].

CBa ucnuTUBaHa jeUIHCHA IOKa3yjy CEIEKTHBHY M yMEpPEHY aHTUMHUKPOOHY
aKTUBHOCT y OJIHOCY Ha TECTHUpaHE CTaHJapJHE W KJIMHUYKE cojeBe Oakrepuja. Y
nopehemy ca MO3UTHBHOM KOHTPOJIOM OBA jEeAHIbEHA Cy TOKa3ajaa HIDKY aHTUMUKPOOHY
akTUBHOCT. 3aHUMJBbMBO je uctahm ga nmurangu (L6), (L7) u xommiekcu (C6), (C7)
MOKa3yjy 3HauajHy aKTUBHOCT Ha FEcherichia coli (xnuanuku uzonar). MUK cy y
obmnactu ox 7,813 pg/mL o 31,25 pg/mL.

[Ipobuotcke OakTepuje cy Tmoka3zane Behy pE3UCTEHTHOCT Ha JI€jCTBO
ucrnutuBaHux jeaumema. MUK BpegHoctu cy Oune y obGnactu usmehy 125 pg/mL u
1000 pg/mL, MMK Bpeanoctu y obnactu uzmehy 500 pg/mL u 1000 pg/mL. Hajsehy
0CeTJLUBOCT je mokasana Lactobacillus plantarum na (C6) u (C7) (MUK je mama of
7,813 pg/mL).

Tectupanu nurangu u oxaromapajyhu mamamujym(Il) xomruiekcu cy mokaszanu
HUKY aHTH(yHranny aktuBHocT. MUK Bpemnocu cy Omne on 125 pg/mL  nmo
1000 pg/mL, nox cy MMK Bpeanoctu u3smehy 500 pg/mL u 1000 pg/mL. McnutuBana
jenvmbema He MoKa3yjy YTHUIQ) Ha pacT KBacla WM je HBUXOBa aKTMBHOCT BEOMa HUCKA

(MUK/MMK Bpeanoctu cy 6mie og 1000 pg/mL u Behe ox 1000 ug/mL).
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Tabena 9. Pesynratu anHTHOAKTEpHjCKE U aHTU(YHTATHE AKTUBHOCTH OMJICHTATHUX

muranana R,-(S,5)-eddv-2HCI u oarosapajyhux nanagujym(Il) kommekca

L4 (C4) ((5) (CS) (L.6)

MUK MMK | MUK | MMK | MUK MMK | MUK | MMK | MUK | MMK
E. coli ATCC 25922 1000 | >1000 500 1000 | >1000 | >1000 500 1000 | >1000 | >1000
P. aerugin. ATCC 27853 1000 1000 500 1000 | >1000 | >1000 500 1000 | >1000 | >1000
E. faecalis ATCC 29212 500 500 500 1000 | >1000 | >1000 500 | >1000 1000 | >1000
E. coli 500 1000 125 500 125 1000 125 500 15.63 500
P. mirabilis 1000 1000 500 1000 | >1000 | >1000 1000 1000 | >1000 | >1000
B. an. subsp. lactis 250 500 125 1000 500 >1000 250 | >1000 62.5 1000
L.plantarum 250 >1000 250 >1000 500 >1000 250 | >1000 62.5 250
B. subtilis TP 5832 125 500 15.63 | >1000 62.5 >1000 | 7.813 | 1000 250 >1000
S. boulardii 1000 1000 1000 | >1000 | >1000 | >1000 1000 | >1000 | >1000 | >1000
C.albicans >1000 | >1000 | >1000 | >1000 | >1000 | >1000 1000 | >1000 | >1000 | >1000
A.niger >1000 | >1000 1000 1000 | >1000 | >1000 500 | >1000 | >1000 | >1000
A. niger ATCC 16404 >1000 | >1000 500 1000 | >1000 | >1000 500 1000 | >1000 | >1000
A. flavus 1000 | >1000 500 500 1000 >1000 500 500 >1000 | >1000
A.fumigatus 1000 | >1000 250 500 >1000 | >1000 500 1000 | >1000 | >1000
A. restrictus 1000 | >1000 500 500 >1000 | >1000 1000 1000 | >1000 | >1000

Tabena 9. Pe3ynrtatu aHTHOaKTepHjcKe U aHTU(yHTaTHE aKTUBHOCTH OMIEHTaTHUX

muranana R,-(S,S)-eddv-2HCI u ogrosapajyhux nanaaunjym(Il) kommiekca (HacTaBak)

IOKCUILIAJIVH /
(©) (L7) (@) ¢ykoHa301

MUK MMK MUK MMK MUK MMK MUK MMK

E. coli ATCC 25922 1000 1000 >1000 >1000 500 1000 7.81 15.63

P.aeruginosa ATCC 27853 500 1000 500 >1000 500 1000 62.5 125
E. faecalis ATCC 29212 500 1000 1000 >1000 500 1000 7.81 62.5
E.coli 31.25 500 15.63 125 <7.813 125 7.81 15.63
P. mirabilis 1000 1000 >1000 >1000 500 1000 250 > 250
Bifidobac.an. subsp. lactis 62.5 1000 62.5 500 125 >1000 31.3 62.5
L.plantarum <7.813 125 62.5 250 <7.813 62.5 0.45 7.81
B. subtilis 1P 5832 500 1000 1000 >1000 500 <1000 1.95 15.63
S. boulardii 1000 >1000 >1000 >1000 1000 >1000 313 1000
C.albicans 1000 >1000 >1000 >1000 1000 >1000 62.5 1000
A.niger 500 1000 >1000 >1000 1000 1000 500 1000
A. niger ATCC 16404 250 500 >1000 >1000 500 1000 62.5 62.5
A. flavus 250 500 >1000 >1000 1000 1000 1000 1000
A.fumigatus 500 500 >1000 >1000 125 500 500 1000
A. restrictus 500 500 500 1000 250 500 500 2000

MUK-mMuHIMalTHa HHXUOUTOPHA KOHIIeHTpanuja (ug/mL); MMK- MUHHUMaIHa MEKPOOUIM/IHA KOHIIEHTpaluja (pg/mL).
"/" — HUje HCTIUTHBAHA; AHTHOUOTHK-JOKCULIMIIMH; AHTUMHKOTHK-()ITyKOHA30I1
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4.2.5. Kpucraana crpykrypa xjaopuao((S,S)-etunenguamun-N-(O-eTui-
-2-(3-metuan)-0yTanoar)-N'-2-(3-metuin)-6yranoaronanaaujym(Il)

koMIuiekca, [PdCl(et-(S,S5)-eddv)]

Peakumjom BogeHor pactBopa numranna (et),-(S,S)-(eddv)-2HCl u pactBopa
Kanujym-terpaxinopuaonananara(ll) y3 momatak JMTHjyM-XHIPOKCHAA Y MOJICKOM
omnocy 1:1:2, xao mro je mnpukazano Ha Illemm 13, noOujeH je KOMILIEKC
[PACl(et-(S,S)-eddv)] (C4). Kao mro je Beh peueno (4.2.2. u 4.2.3.) ananmuza IR u NMR
CIeKTapa yKasaja je Ha JACIMMHUYHY XUIPONu3y ecrtapckux rpymna R,-(S,S)-(eddv)-2HCI
JUTaHaga W TPHICHTAaTHY KOOpIWHAIM]y HacTtanux monyectapa (S,5)-eddv. Osa
MPETHOCTaBKa je notBpheHa PEHITCHCKOM CTPYKTYPHOM aHaITN30M
[PACl(et-(S,S5)-eddv)], omnocno, nmamagujym(Il)-jon je Harpaauo KBaapaTHO IUIaHAPHU
KOMIUIEKC Ca MOJYXHIPOJIHU30BAaHHUM €CTPOM KOOPIMHOBAWKEM MPEKO KHUCECOHHUKOBOT
aToMa W JIBa a30TOBAa aTOMa, JIOK XJIOPHIO JIUTaHJ 3ay3uMa YETBPTO KOOPIMHALMOHO

Mmecto ([1lema 13).

Y

Hlema 13. Cunmesa xomnnexca [PdCl(et-(S,S)-eddv)]
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N3010BaHN KOMIUIEKC KPHUCTAIIUIIE y OPTOPOMOMYHOM KPHUCTAIHOM CHCTEMY

npoctopue rpyne P2,2,2;(Cnuxka 17).

Cnuka 17. ORTEP cnuxa [PdCl(et-(S,S)-eddv)] komnnexca

VY Tabenu 10 npukazane cy oarorapajyhe myKWHEe W YIJIOBH Be3a W30JIOBAHOT
xommiekca [PdCl(et-(S,S)-eddv)]. Jdyxune Pd-N Besa (2,028(7) u 2,043(7)A) nesnaruno
oncTtymajy ox oaroeapajyhux Beza nHahenux y xommiekcy [PdACL{(S,S)-(ipr)eddip}]
(1,995(5)-2,047(6)A) [138] u y xommiekcy namagujyma(ll) ca eTuneHIMAMHHOM
(2,03-2,09 A) [19,141]. C mpyre crpane, Pd-N Bese cy kpahe Hero y KOMIUIEKCHMa
nanagujyma(ll) ca Terpaankun nuranauMa edta-tuma (2,098(4)-2,106(7) A) [24, 16-18].
Pd-O Be3a y uszonosanom kommiekcy je (1,990(6) A) u memro je kpaha ox ucrte Bese y
xommiekcy [PACL{(S,S)-(ipr)eddip}] (2,019(5) A), anu je y ouekuBaHoj obmactu 3a
MeTOYwIaHe ¥ I[IecTowliaHe mnpcTeHoBe koju caapxke Pd-O Besy (1,999(6)-

-2,105(3) A) [142,143]. Taxohe, Be3a Pd-Cl y nobujenom xommuekcy (2,308(2) A) je

100



Pesyrmamu 1 OucKycuja

Hemrto kpaha Hero y kommiekcuma [PACI{(S,S)-(iPr)eddip}] (2,325(1) A),
[PACIy(Rsedta)] u [PACly(edta)]-xH,O (R = Me, Et; x = 5,6; 2,287(2)-2,298(2) u 2,30(1)
A [17,18,24].

Ta6ena 10. [lyxune Be3a (A) u yrnosu Besa (°) y monexyiy [PdCl(et-(S,S)-eddv)]

[PACI(et-(S,S)-eddv)] | (RR)-2¢ | (R.S)-2¢c | (S,R)-2¢ | (S.5)-2¢
Pd-N(2) 2,028(7) 2,051 | 2,054 | 2075 | 2,055
Pd-O(1) 1,990(6) 1,990 | 1,991 | 2,011 | 2,007
Pd-N(1) 2,043(7) 2,079 | 2,095 | 2,120 | 2,099
Pd-CI(1) 2,308(2) 2345 | 2342 | 2345 | 2,343

C(4)-0(1) 1,30(1) 1332 | 1332 | 1349 | 1338
C(4)-0(2) 1,21(1) 1243 | 1,243 | 1259 | 1,243
C(13)-0(3) 1,18(2) 1234 | 1231 1274 | 1232
C(13)-0(4) 1,345(2) 1378 | 1,370 | 1464 | 1367
C(14)-0(4) 1,49(2) 1480 | 1,480 | 1488 | 1,481
C(2)-N(2) 1,486(9) 1498 | 1493 | 1,522 | 1,49
C(1)-N(1) 1,51(1) 1,499 | 1,506 | 1,529 | 1,508
N(2)-Pd-N(1) 87,4(3) 87,2 87,6 85,8 84,9
N(2)-Pd-CI(1) 176,5(2) 1770 | 1760 | 179,1 175,7
O(1)-Pd-N(1) 169,9(3) 1699 | 170,0 | 165, 161,0
0(1)-Pd-CI(1) 93,2(2) 97,4 95,4 98,6 95,9
0(1)-Pd-N(2) 83,3(3) 83,1 82,5 81,2 84,4
N(1)-Pd-CI(1) 96,1(2) 92,0 94.5 943 93,6
N(2)-C(2)-C(1) 109,2(7) 1083 | 1086 | 1108 | 106,6
N(1)-C(1)-C(2) 108,4(7) 1098 | 1122 | 107,6 | 1119
Pd-N(1)-C(1) 104,8(5) 1052 | 1042 | 1003 | 105,
Pd-N(1)-C(9) 122(1) 116,7 | 122,1 118,2 | 1238
Pd-N(2)-C(2) 103,1(5) 1034 | 1044 | 1070 99,0
Pd-N(2)-C(3) 106,5(5) 107,5 | 107,6 | 1022 | 1089
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Y wmonekyny pnobujeHor kommuiekca [PdCl(et-(S,S)-eddv)] yodene cy naBe
MHTpaMoJIeKyJicke BojgoHmuHe Bese N(1)-H:---O(2) nmyxwmme 3,002(9) A, kao u
MHTEpMOJIEKYyJICKa BogoHMYHAa Be3a N(2)-H(2)---Cl(1) ayxume 3,263(7) A. Taxobe,
YOYCHO j€ W HEKOJWKO HEOOWMYHMX HWHTPAMOJICKYJCKHX BOJOHMYHMX Be3a C-H---A
(C(1)---0(3) = 3,07(1) A, C(6)--0O(2) = 2,992) A, C©9)---Cl(1) = 3,36(1) A,
C(14)---0(3) = 2,78(3) A), xao u wuHTEepMOJeKylcka BojgoHM4YHa Beza C-H:---O
(C(2)---O(1) = 3,26(1) A) [144]. Ha ocHOBY pe3ynTaTa peHAreHCKe CTPYKTypHE aHau3e
MOJKE Ce€ 3aKJbYUYHTH Jla Cy HaBeJCHE BOJOHMYHE BE3€ OJrOBOPHE 3a HAYMH IaKOBama
M30JI0BaHOT KoMIUiekcHOr jeaumema [PdCl(et-(S,S)-eddv)] mro ce moxe Buaetu Ha

Cmumu 18.

Cnuka 18. Hauun naxosara xomnaexca [PdCl(et-(S,S)-eddv)]
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4.3. CuHTe32 M KapaKTepu3anuja S-aJKuJ JepuBara

THOCAJMIMJIHE KHCeJTHHEe U oArosapajyhux kommiexkca nanaagujyma(ll)

4.3.1. CunTe3a JUra"Haga 1 KOMILIEKCA

S-anukun  gepuBaTH  THOCAIMLMJIHE KHUCEJIHWHE JOOWJeHH Cy AUPEKTHOM
peaKIjoM THOCATMLMIHE KHUCEIMHE M OJroBapajyhmx ajkuia xajmoreHuga y 0as3HOj

cpenunu. Kao pactBapau kopumrhena je cmemia eranosi-soja (Illema 14).

N\ N/ \

R = 6en3un-(L8), metnn-(L9), etnn-(L10), mponun-(L11), Oytun-(L12)
Hlema 14. Cunmesa S-ankun oepueama muocaiuyuine KUuceiure

OproBapajyhn xommutekcn manaaujyma(ll) — [Pd(S-R-thiosal),] moGujenu cy
peakmujoMm Kanujym-terpaxiopuaonanagata(ll) m S-amkwn gepuBaTa THOCATUITAITHE
KHCEJIMHE Y MOJICKOM OJHOCY 1:2 y3 J0oAarak BOJCHOT pacTBOpA JIMTH)YM-XUIPOKCHIA

Hlema 15). I[Ipunocu peakuuja 6miu cy npexko 50%.
( )- IIp PEeaKIyj y p
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R = 6en3un-(C8), metun-(C9), etnn-(C10), npornmn-(C11), 6ytun-(C12)

Hlema 15. Cunmesa xomnnexca nanaoujyma(ll) ca S-ankun-oepusamuma

muocaituyuine Kuceiurne

4.3.2. MudpanupBeHn CHEKTPH S-aJKWJI IEPUBATA THOCAJIMIIAIHE

KHceJauHe u oarosapajyhux komiiexca naaaaujyma(Il) O

bunenratHa xoopauHanuja (S-O) nuranaga (L8-L12) 3a mamaaujym(Il)-jon je
ouekuBaHa. Hemocrarak S-H BanmeHmMoHMX BHOpamMja y CHEKTpUMa KOMILIEKCa
(C8-C12) y obGmactu 2600-2550 cm™ [145] (2559 cm™ 3a (L8), 2560 cm™ 3a (L9),
2562 cm™ 3a (L10), 2555 cm™ 3a (L11) u 2556 cm™ 3a (L12)) ykasyje Ha YHCHULY J1a
ce nenporoHoBaHa -SH rpymna koopaunyje 3a namagujym(Il)-jon (omespak 3.1.5. 3a
murange u 3.2.8.-3.2.12. 3a komIulekce). AcCHMETpHYHE BaJCHIMOHE BHOpaImje
KapOGOKCUIHUX TpyIa M3010BaHUX nuranana (1674 cm™ 3a (L8) u (L9), 1682 cm™ 3a
(L10), 1678 cm™ 3a (L11) u 1674 cm™ 3a (L12)) cy youeHe Ha HIKHM BPEIHOCTHMA O
ouekmuBanux (1700-1750 cm™) [145, urgoy 0 @ OTJIO OGlTEHI/ITI/I IPUQYCTBOM
Benuke R-S rpyne y orto HOHO»KZ[EOQH 0 Tpaka y oaropépajyhum

xommiekcnma (C8-C12) Hanase ce y oueknBanoj obmacta (1600-1650 cm™) [111] (1633
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1 1616 cm™ 3a (C8), 1619 cm™ 3a (C9), 1587 cm™ 3a (C10), 1589 cm™ 3a (C11) u 1633
u 1615 cm™ 3a (C12)) mro notplyje HHUXOBO JCIPOTOHOBAMKE U KOOPAHHOBAE 34
metan. [lpucyctBo mo aBe amncoprnuuone Tpake 3a COO™ rpyme y MH(panpBeHUM
cnektpuma komiuiekca (C8) m (C12) ykasyje Ha malie pasiiuke y eHeprujama, Koje cy
MOCJIeIUIIA TPUCYTHUX BEIMKUX alKui Tpyna (OeH3wn- u OyTHI-) U HUXOB CTEPHH

yTHLA] Ha (GEHW TpyIIe U3 THOCATIUINUIHE KUCEINHE.

4.3.3. Hyksieapno-maruerno-pesonanmuonn ('H u C) cnexrpn
S-aJIKKMJ1 IepuBaTa THOCAJINIIIHE KUceJIuHe U oAroapajyhux

komiIuiekca najgagujyma(Il)

XeMujcka MmomMepama BOJTOHHUKOBUX U YIJbEHHKOBUX aTOMa JAOOMjEHUX S-aJIKHil
JiepuBaTa THOCAIMLMIHE KHCENHHE, Kao M oaromapajyhux komruiekca nanaaujyma(ll),
Hal)eHa Cy Ha OYEKMBAaHUM U CKOPO MCTHM XEMHjCKHM TOMEpamuMa. YOUeHEe Cy CaMo
HE3HaTHE Pa3JIMKe Y XeMH]CKUM MoMepambiMa YIJbeHUKOBUX aToMa KapOOKCUIIHUX TpyTia
S-anukun gepuBata THOCATUIIMIHE KucenuHe (3a S-Oemsun 167,5; 3a S-metun 171,6;
S-erun 171,4; S-mpormun 171,6; S-0ytun 171,4 ppm) u oaroBapajyhux KoMIUIeKca
namamujyma(ll) (171,5; 171,8; 172,0; 172,5; 171,9 ppm). OBakBe pa3iuKe y XEMH|CKUM
nomMepamuMa KapOOKCHITHE TPyIe MOTY ce€ 00JaCHUTH KOOPAMHOBAHKEM JIMTAHAIa TIPEKO
KHCEOHUKOBOT aroma u3 kapOokcuiHe rpymna 3a namanujym(Il)-jon (omesmak 3.1.5. 3a
nurasge u 3.2.8.-3.2.12. 3a KoMIIeKce).

Ha ocHOBy umH(]pampBeHUX W HyKJICapHO-MarHeTHO PE30HAHIIMOHUX CIIEKTapa
NOoOMjeHNX alKWJI JIepuBaTa THOCATUIIMIHE KHCEIIMHE W oJroBapajyhux komruiekca
nananujyma(ll) moxxe ce 3akbyyuTH Oa je HONLIO A0 OWUIEHTATHOT KOOPAMHOBaMA
S-ankun nepuBara 3a MeradHM joH. Ha oBaj HaumH HUje ce MoOIJia NPEABHICTH

reometpHja Harpahenunx mananujym(Il) komruiekca.
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4.3.4. Kpucraana crpykrypa bis-(S-0eH3uJi-

-tuocaauuuiaaro)naaaaujym(ll) kommiaexca, [Pd(S-bz-thiosal);]

Penarencka crpykrypHa aHannza koMmiuiekca [Pd(S-bz-thiosal),] (C8), notephyje

KBaJ[paTHO-IUIaHAPHY F€OMETPHjy KOMILIEKCa Kao IITo je mpukazano Ha Cnunu 19.

Cnuka 19. Cmpyxkmypa xomnnexca [Pd(S-bz-thiosal),]

Kao mrto ce ca Crnuke 19 moke BuIeTH ABa MoJieKyna S-OeH3uJ JepuBaTa
TUOCAIIMITMITHE KHUCETMHE KOOpJAWHOBaHA Cy OmmeHtaTHo 3a mamamujym(Il) jor mpeko
CyMITOpa ¥ KUCCOHHKA Kao JIOHOPCKUX aroma. PeHAreHcka CTpyKTypHa aHalM3a yKa3yje
Jla OHHM TIocenyjy cis-S-cis-O reomerpujy [147].

Opnabpane nyxuHe M yriaoBu Beza y [Pd(S-bz-thiosal);] xommuekcy natu cy y

Tabenu 11.
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Tabena 11. Jlyxune Be3a (A) u yriosu Besa (°) y monekyny [Pd(S-bz-thiosal),]

AYKHUHE BE3a YIJIOBH BE€3a
Pd(1)-0(2) 2,024(4) | 0(2)-Pd(1)-0(4) 88,4(2)
Pd(1)-O(4) 2,034(4) | 0(2)-Pd(1)-S(1) 89,84(14)
Pd(1)-S(1) 2,246(2) | O(4)-Pd(1)-S(1) 172,52(15)
Pd(1)-S(2) 2,254(2) | O(2)-Pd(1)-S(2) 172,77(14)

S(1)-C(3) 1,778(7) | O(4)-Pd(1)-S(2) 89,70(14)
S(1)-C(8) 1,829(7) | S(1)-Pd(1)-S(2) 92,94(7)
S(2)-C(17) 1,787(7) | C(3)-S(1)-C(8) 105,9(3)
S(2)-C(22) 1,830(7) | C(3)-S(1)-Pd(1) 100,0(2)
0(2)-C(1) 1,278(8) | C(8)-S(1)-Pd(1) 104,4(2)
0(4)-C(15) 12798) | C(17)-S(2)-C(22) 105,93)
0(1)-C(1) 1,229(8) | C(17)-S(2)-Pd(1) 99,1(2)
0(3)-C(15) 1,235(8) | C(22)-S(2)-Pd(1) 105,7(2)
C(16)-C(15) 1,516(10) | C(1)-0(2)-Pd(1) 128,5(4)
C(2)-C(1) 1,518(9) | C(15)-0(4)-Pd(1) 127,5(5)
C(22)-C(23) 1,493(9)
C(9)-C(8) 1,506(10)

VY TaGenu 12 nate cy AyXHHE U YIJIOBHM BOJOHHYHMX Be3a KOje CTaOMIU3Y]y

CHUCTCM U YTUYY Ha HAYWH MMAKOBdka KOMIUICKCHUX je,Z[I/IHI/IL[a Y Kpucraly.

Ta6ena 12. Jlyxune (A), yrnosu (°) kKao U AMENAPCKU YITIOBH HHTEPMOIEKYICKUX M

MHTPAMOJIEKYJICKUX BOJIOHUYHHX Be3a y Mosekyiy [Pd(S-bz-thiosal)]

H---A (A) DA(A) °) )

C(6)-H(6)---O(4)* 3,318(9) | 125 | Pd(1)-S(2)-C(22)-C(23) | -69,1(5)
C(11)-H(11):--0(2)" 3,414(9) | 155 | Pd(1)-S(1)-C(8)-C(9) -52,0(5)
C(14)-H(14)---0(3)° 3,293(9) | 156 | Pd(1)-S(1)-C(3)-C(2) -42,3(6)
C(20)-H(20)---0(1)° 3,305(9) | 127 | Pd(1)-S(2)-C(17)-C(16) | -40,5(6)
C(22)-H(22b)---0(3)" 3,380(9) | 134 | C(3)-C(2)-C(1)-0(2) 29.2(11)
C(24)-H(24)---0(3)" 3.471(9) | 144 | C(17)-C(16)-C(15)-0(4) | 34.2(10)
C(25)-H(25)---0(1)° 3,388(9) | 168

C(27)-H(27)---0(1)* 3,223(10) | 127

C(4)-H(4) - -n*® 2,71 3,653(10) | 174

C(18)-H(18)-*- "¢ 2,71 3,617(10) | 159

C(22)-H(22a)--- n™" 2,87 3,778(10) | 153

n--nh 3,308(10)

Cumetpujcke omneparyje 3a Hojioxkaje oarosapajyhux aroma:

Cx, -y +l, -z P xH ], -yl -z O x, y izt Xy /2, 2412

¢ x,y-1/2, -z+1/2. "x,-y+1/2,2-1/2. ¢ pacrojame Haj6mmxux C aToma
" pactojame ox C 10 Hajémmker C atoma
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Ilecrounann  mpcteHoBu  ykJpyuyjyhu — mamaamjym(Il)-jon  3ay3umajy
nojycronuuacty koHpopmarmjy. Takxobe, OeHzun U ¢(eHws rpyne HUCY MapalielHO
OpHMjEHTHCAHE IITO YCJIOBJbaBa Ja MOJIEKYJ y IENUHH HHje cuMeTpuyad. [IpocropHa
OopHjeHTanuja OEH3WI Tpylna HHje WISHTUYHA, INTO CE MOXE 3aKJbyUYUTH M Ha OCHOBY
BPEAHOCTH Auenapckux yriosa, Pd(1)-S(1)-C(8)-C(9) u Pd(1)-S(2)-C(22)-C(23) ( -52.0(5) u
-69,1(5)) Tabenu 12.

Kao mro ce moxxe Bunetn u3 Tabene 12 youene cy cinabe C-H:--O unTepaknuje u

tpu C-H: - -7 unrepakumje (Cnuxka 20).

Cnuka 20. /[ea monekyna Komniekca ca UHmMepMoIeKyICKUM unmepaxkyujama

4.3.5. MUKpPOOHO/IOIKA AKTUBHOCT S-aJIKWJI IlepuBaTa

THOCAJTUIMJIHE KUCeJIUHEe U oaroBapajyhux kommiekca nagaaujyma(ll)

Pesynratu in vitro ucnutuBama aHTUMHKPOOHE AKTUBHOCTH 3a IET HOBUX

ounentatux nuranana (L8-L12) u onrosapajyhux nmamanujym(Il) kommiekca (C8-C12)
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npuka3anu cy y Tabenu 13. 3a uzBoheme ekcriepumenara kopuinheH je pactBapau 10%
IUMETHICYI(OKCUT 32 KOjU je Hajlpe YTBpHEeHO Ja He ycrmopaBa pacT MCHUTHBAHHUX
MHUKPOOpIraHu3ama.

VHTEeH3UTEeT aHTUMHUKPOOHE aKTUBHOCTH Bapupa y 3aBHCHOCTH O]l BpCTE
MHUKPOOpPTraHW3Ma U THIA HCIIUTHBAHOT jeIMHCHha. AKTHBHOCT KOMIUIEKCHUX jEIHbCHA
Ouna je 3HaTHO BUINA y OAHOCY Ha oaromapajyhe muranme (p < 0,05). MUK u MMK
BPEIHOCTH 3a JIranje cy Ouie y obmactu ox 15,68 no 1000 pg/mL, a 3a koMIuiekce of
7,8 mo 1000 pg/mL. Hajoosmy aktuBHOCT cy mokazamu (L10) u (L11) on ysmranama u
(C10) u (C11) ox xomriekca (p < 0,05).

Manmagujym(Il) xomriekcu Cy TOKa3alu 3HA4YajHy aHTHU(YHTAIHY aKTHBHOCT.
HajocetssuBuje Bpcte cy Oune Aspergillus fumigatus, Aspergillus flavus n Aspergillus
restrictus. AKTUBHOCT KOMIUIEKca je Omia 00Jba OJ1 MO3UTHUBHE KOHTpPOJIC (UIyKOHA30J1a
(p < 0,5). KoHnenrpanuja namxaadjyMOBUX KOMIUIEKCa KOja ycCIopaBa pacT IJbMBa W3
pona Aspergillus je on 7,8 no 500 pg/mL. CtanaapaHu U KIMHUYKY coj Aspergillus niger
HE TMOKa3yje yoOuuajeHy OCeTJbUBOCT, Kao IITO je MpeTnocTaBibeno, a MUK BpenHoctn
cy 6wre ox 250 mo 1000 pg/mL (Tabena 13).

HcnutuBana jeaumema HUCY MOKa3aja YTHIQ] Ha PacT KBacla WIN j€ HHUXOBa
akTuBHOCT Omina Beoma Hucka. MUK u MMK Bpeanoctu 3a kBacue cy ouie ox 500 mo
1000 pg/mL, ocum 3a komruiekce (C10) u (C11) ucnuruane Ha Rhodotorula sp. e je
MUK 6wmra ox 250 mo 1000 pg/mL.

CBa WCNUTHBAaHA jeMCHA Cy TOKazaia cllady aHTHOAKTEPH]CKY aKTHBHOCT.
['pam-mio3uTHBHE OaKTEepHje Cy MOKa3aie 3Ha4YajHUjy OCETJBUBOCT y OAHOCY Ha ['pam-
HeraTuBHe OakTepHje U TO HAa UCTIMTHUBaHe KoMIuiekce. HajBehy oceTspuBOCT mokasana je
Staphylococcus aureus ca Bpaaoctuma MUK 125 pg/mL 3a xommiekc (C12). MUK
BpenHoct ['pam-HeratuBHuXx Oaktepuja Omie cy ox 500 mo 1000 pg/mL. Tectupanu
kommiekcu (C9) u (C10) cy mokasanu 3HayajHO Behy aHTHOAKTEpHjCKy aKTUBHOCT Ha

Pseudomonas aeruginosa ATCC 27853 (MUK = 250 pg/mL).
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[TpobuoTtunu cy nokasanu caudHy ocetsbuBoct. MUK Bpennoctu cy 6mite ox 250

1o 1000 pg/mL, nox cy MMK Bpeanoctu 6une og 500 go 1000 pg/mL.

TabGena 13. Pesynratu aHTHOAKTEpHjCKE W aHTU(YHTaTHE AKTHBHOCTH OWICHTATHUX

JTuraHaza S-aJIMKWI IepyuBaTa THOCATUITMIHE KUCEMHEe U oAroBapajyhux manaaujyma(ll)

KOMIIJICKCAa
(L8) (C8) (L9) (C9) (L10)

MUK | MMK | MUK | MMK | MUK | MMK | MUK | MMK | MUK | MMK
B. anim. subsp. lactis 500 500 | 500 | 1000 | 500 | 500 | 1000 | 1000 | 1000 | 1000
B. subtilis IP5832 500 500 | 500 | 500 | 500 | 500 500 500 | 1000 | >1000
L. plantarum 500 | 1000 | 250 | 500 | 500 | 500 500 500 | 500 | >1000
L. rhamnosus >1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 | 1000 | 1000 | 1000
S. lutea 500 | 1000 | 250 | 500 | 1000 | 1000 | 500 500 | 500 | >1000
E. faecalis 1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 500 | >1000 | >1000
E. faecalis ATCC29212 1000 | 1000 | 500 | 500 | 1000 | 1000 | 500 | 1000 | 500 | 1000
B. subtilis 500 500 | 250 | 500 | 125 | 500 500 500 | 1000 | >1000
B. subtilis ATCC6633 500 500 | 250 | 500 | 1000 | 1000 | 500 500 | >1000 | >1000
S. aureus 250 500 | 250 | 500 | 500 | >1000 | 500 500 | 1000 | >1000
S. aureus ATCC 25923 500 | 1000 | 500 | 1000 | 1000 | 1000 | 500 | 1000 | 1000 | 1000
E. coli >1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 500 | 1000 | >1000
E. coli ATCC25922 1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 500 | >1000 | >1000
P. aaeruginosa 1000 | >1000 | 1000 | 1000 | 500 | >1000 | 500 | 1000 | 1000 | >1000
P. aeruginosa ATCC 27853 | 500 | >1000 | 500 | 1000 | 500 | >1000 | 250 500 | 500 | >1000
P. mirabilis 1000 | >1000 | 500 | 1000 | 1000 | >1000 | 500 | 1000 | 1000 | >1000
S. enterica 1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 500 | 1000 | >1000
S. Typhimurium 1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 | 1000 | 1000 | 1000
C. albicans >1000 | >1000 | 500 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Rhodotorula sp. >1000 | >1000 | 500 | 1000 | 500 | 1000 | 500 | 1000 | 500 | 1000
S. boulardii 1000 | >1000 | 500 | 1000 | 1000 | >1000 | 1000 | 1000 | 1000 | 1000
A. niger >1000 | >1000 | 500 | 1000 | 500 | 500 500 | 1000 | 500 | 1000
A. niger ATCC16404 >1000 | >1000 | 500 | 1000 | >1000 | >1000 | 1000 | 1000 | 1000 | >1000
A. restrictus 500 | >1000 | 125 | 250 | 500 | 1000 | 500 | 1000 | 500 | 1000
A. fumigatus 62,5 | 625 | 625 | 625 | 625 | 250 | <78 | 16,68 | 15,68 | 15,68
A. flavus 3125 | 250 | <7.8 | <7.8 | 1000 | 1000 | 15,7 | 15,68 | 125 125
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Tabena 13. Pesynratu anTuOakTepujcke M aHTHU(YHTaTHE AKTUBHOCTH OWIEHTATHUX
JUraHazna S-auKWI JepuBaTa THOCATHIWIIHE KUCeNInHE U oaroBapajyhux namaaujyma(ll)

KOMIUIEKca (HacTaBaK)

(C10) (L) (C11) (L12) (C12) T

/drykoHa30I

MUK | MMK | MUK | MMK | MAK | MMK | MUK | MMK | MAK | MMK | MUK | MMK

B. anim. subsp. lactis 500 | 500 | 500 | 1000 | 250 | 500 | 1000 | 1000 | 500 | 1000 | 3125 | 62,5
B. subtilis IP5832 250 | 500 | 500 | 500 | 250 | 250 | 1000 | >1000 | 250 | 500 | 1953 | 1563
L. plantarum 250 | 500 | 250 | 51000 | 250 | 500 | 1000 | >1000 | 500 | 500 | 0448 | 7.1
L. rhamnosus 500 | 500 | 1000 | >1000 | 3500 | >1000 | >1000 | >1000 | 1000 | 1000 | 7.81 | 3125
S lutea 250 | 250 | 500 | 51000 | 250 | 250 | 1000 | >1000 | 250 | 300 | <0448 | 3,75
E. faecalis 500 | 500 | 1000 | >1000 | 500 | 500 | >1000 | >1000 | 1000 | 1000 | 7.81 | 62,5
E. faecalis ATCC29212 250 | 500 | 500 | 1000 | 250 | 500 | 1000 | 1000 | 500 | 1000 | 7.81 | 62,5
B. subtilis 250 | 250 | 500 | 1000 | 250 | 250 | 1000 | >1000 | 250 | 500 | 0,112 | 1,953
B. subtilis ATCC6633 250 | 250 | 1000 | >1000 | 250 | 250 | 1000 | >1000 | 250 | 500 | 1953 | 3125
S, aureus 250 | 250 | 250 | 1000 | 250 | 250 | 1000 | >1000 | 125 | 500 | 0448 | 781
S, aureus ATCC 25923 500 | 500 | 500 | 1000 | 500 | 500 | 1000 | >1000 | 500 | 500 | 0224 | 3,75
E.coli 500 | 500 | 1000 | >1000 | 500 | 500 | >1000 | >1000 | 1000 | 1000 | 7,81 | 15.63
E.coli ATCC25922 500 | 500 | 1000 | >1000 | 3500 | 500 | >1000 | >1000 | 1000 | 1000 | 15,625 | 3125
P. aeruginosa 500 | 500 | 500 | >1000 | 500 | 1000 | 1000 | >1000 | 1000 | 1000 | 250 | 250
P. aeruginosa ATCC 27853 | 250 | 500 | 500 | >1000 | 300 | 1000 | 500 | =100 | 500 | 1000 | 625 | 125
P. mirabilis 500 | 500 | 1000 | >1000 | 500 | 1000 | >1000 | >1000 | 500 | 1000 | 250 | 250
S enterica 500 | 500 | 1000 | >1000 | 500 | 1000 | >1000 | >1000 | 1000 | 1000 | 15,625 | 31,25
S. Typhimurium 500 | 500 | 1000 | 51000 | 500 | 1000 | >1000 | >1000 | 1000 | 1000 | 15,625 | 125
C albicans 500 | 1000 | 1000 | 1000 | 500 | 1000 | 1000 | 1000 | 500 | 1000 | 625 | 1000
Rhodotorula sp. 250 | 500 | 1000 | 1000 | 250 | 500 | 500 1000 | 500 | 1000 | 625 | 1000
S boulardii 500 | 1000 | 1000 | 1000 | 500 | 1000 | 500 1000 | 500 | 1000 | 31,25 | 1000
A. niger 500 | 1000 | 500 | 1000 | 250 | 500 | 1000 | >1000 | 250 | 500 500 | 1000
A niger ATCC16404 500 | 1000 | 500 | 1000 | 300 | 500 | 1000 | 1000 | 500 | 1000 | 625 | 62,5
A restrictus 125 | 250 | 500 | 1000 | 313 | 125 | 250 250 | 313 | 250 500 | 2000
A. fumigatus T8 | <78 | 1568 | 125 | <18 | <78 | 625 625 | 313 | 3125 | 500 | 1000
A. flavus 625 | 500 | 125 | 500 | 625 | 625 | 125 1000 | 125 | 250 | 1000 | 1000

MUK-MuHEManHa HHXHOUTOpHA KoHIeHTpauyja (Lg/mL); MMK- MunnMania MEKpoOHIHIHA KOHIeHTpaHja (ug/mL).
AHTHOMOTHUK-TOKCULIIMH; AHTUMHKOTUK-(IIyKOHa30I1
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4.4. IManagujym(Il) m nimaruna(IV) kommiiexkcu ca meso-1,2-

-nueHnI-eTuaeHaAnaAMuH- N, N'-1u-3-NponaHcKOM KHCEJIUHOM

4.4.1. CunrTe3a JUraHaa 1 KOMILIEKCA

Terpanentan nuranyg edda tuma, meso-1,2-mudennn-etunenauamMud-N, N'-qu-3-
-npornancka kucenuHa (L13) nobujeH je nupekTHoMm peakuujom usmely meso-1,2-
- eHUI-eTICHIMaMIHA U 3-XJIOP-TIPOTIAHCKE KHCEIMHE Y MOJICKOM ofHOcy 1:2 kao

mTo ce Moxe Buaetd Ha lemu 16.

)LQQ

ONH, pedmyKrOBaH,e \
N NH

Re

- N-6ensonn- N'-Oensunuaen-neso-1,2-nudpeHnn-eTrieHInaMiuH

60%, CgHo,ON,, mp = 258-259°C

GeHzanuexun aAMOHMjyM-alieTat

Ci4H 6N,
mp =120.5-121.5°C

70% H,S0,|. pedayxroBame

Ero ~ NaOH

eKCTpaKiuja

O O
HN /\//<
OH
L/\ N
HO H
meso-1,2-nudpenunn-eTuneHanaMut-N, N - 11u-3-IpOraHCKOM KHCEITHHOM

Hlema 16. Cunmesa nueanoa H-1,2-dpheddp-2HCI-H,O
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Kon xommiekca mnatune(IV) ca TetpaneHtatHuM jauranauma edda tuma u aBa
MOHOJICHTAaTHa JIMTaHJIa Moryha Cy TpH T'eOMETpHUjcKa H30Mepa: S-Cis, uns-cis u trans

4 4 1
7 7

\\.o X X
S-CIS uns-cis trans

Cnuka 21. Teopujcku mo2yhu eeomempujcku uzomepu oKmaeoapckux KOMnieKca ca

mempadeHmamHum aueanouma edda muna u 06a MOHOOEHMAMHA TUSAHOA

HaBenenm  nwrang — meso-1,2-mudenmn-etwieHauaMut-N, N'-u-3-TiponaHcka
KHCEJIMHA YIOTpeOJbeH je W 3a cuHTe3y oaroBapajyher mamamaujym(Il) kommiiekca, kao
mro je mnpukazano Ha Illemu 17 U TO JTUPEKTHOM pEAKIMjOM KajHjyM-
-rerpaxnopuaonananata(ll) u meso-1,2-mudenmn-ernnenguamut-N, N'-1u-3-niporancke
KHCEJIMHE y MOJICKOM OJHOCY 1:1 y IpHCYCTBY BOJCHOT pacTBOPA JIMTH)jyM-XHIPOKCHUIA.
CunTtetncan je KBapaTHO-TUTAHAPHU cis-nuxnopuno-(meso-1,2-nudennn-

-etunenanaMut-N, N'-nu-nponanoaro)nanaanjym(Il) kommneke (C13) (Lllema 17).

OH
0
0
O NH cl
HN K,PdCl, ~.. .~
0 T Pd
OH LiOH N
/A/\N NH cl
HO H
0
OH

Hlema 17. Cunmesa xomnaexca cis-[PdCl,(1,2-dpheddp)]
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Y oBoM pany s-cis-AMXJIOpHIO-(meso-1,2-mudenun-etunenauamMud-N, N'-qu-3-
-nportaHoato)miatuHa(IV) xomruieke (C14) nobujeH je AMPEKTHOM PEeaKifjoM KajHjyM-
-xekcaxyopunoratuHata(lV) u meso-1,2-mudenmn-etwieHauamMud-N, N'-u-3-
-IpOMaHCKe KHUCEIMHE Y MOJCKOM ofHocy 1:1 y3 momarak BOJEHOT pacTBOpa JIUTH]yM-

xuapokcuaa. Hapemena peakiuja Moxe ce TpUKazaTu clieqehoM peakimoHOM

[Ilemom 18.
HN/\% K,PtCl,
0 o LioH >1|’<
k/\N

NH
6}

Llema 18. Cunmesa komnnexca s-cis-[PtCly(1,2-dpheddp)]

Ho6ujenn komruiekcn nanagujyma(ll) n mmarnae(IV) mokasamu cy Bpio ciady

PacTBOPJFUBOCT Yy BOJU M Y BehHHHM OpraHCKUX pacTBapaya.

4.4.2. MudppaupBenn cnekrpu meso-1,2-
-mupeHuT-eTUIIeHAuaAMUH-/V, N'-1u-3-nponaHcKe KUCEJIUHE U

oaropapajyhux kommiekca najgagujyma(ll) m mnarune(IV)

Kao mro je onmcano y paHujuMm pamoBuMa TIe je IICHTPATHA METATHHU JOH Be3aH

3a amuHOKHCcennHY [148,149] acumeTrpuduHe BajeHIIMOHE BHOpanuje KapOOKCHUITHUX
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rpyna MeTouwlaHux npcTeHoBa [148] nmexe Ha BHUINIUM €Heprujama oJi OAroBapajyhux
(bpekBeHIMja mecTowiaHuX xenaTHux npcreHoBa [149]. Kacamje cy Hunm u Poc (Neal u
Rose) [150] u Harmac u capamgaunm [151,152], koju cy CHHTETHCAIM KOMILUIEKC ca
XEKCaJICHTaTHUM JIMTaHIUMa W CMEUIOM MEeTOWIaHUX U HIECTOWIAHUX MPCTEHOBAa Kao
mro cy trans-(Os)-[M(S,5)-edds)] M = Co(Ill) umu Cr(Ill); (S,5)-edds = (S,5)-
-eruneHauaMun-N, N'-nuhunmmbapaa kucenuna) [150-152], mokaszanu ma moctoje ABe
BeoMa jake W J00po pa3aBojeHe Tpake y o0JacTH acCHMETPHUYHUX BAJICHIIMOHHX
BuOparuja kapOokcuiaHux rpymna. OBe Tpake COO rpymna mpunaaajy KapOOHWIHHM
BaJICHIIMOHUM BUOpalldjaMa y OKBUPY METOUWIAHOT MPCTEHA HA BUIIUM €HEprujama, 0K
Cy 3a IIECTOWIAHH MIPCTEH Ha HIKUM €Heprujama.

N3zonoBarn kxomruiekcu mnatuae(1V) m nmamagmjyma(ll) mokasyjy acumerpudne
BasteHIMoHe BrOpauuje C=0 rpyme y obnactu (1618 cm™ u 1610 cm™  3a xommiexe
mmatuae(IV) u Ha 1643 cm™ u 1580 cm™ y kommmekcy mamagujyma(ll) kao mro je
npukazano y TabGemu 14). [lomenytu ny0ieTu jexke Ha HEUITO HH)KUM €HEprujama of
onropapajyhux Tpaka TETOWIAHMX XEJaTHUX MPCTEHOBA [149,151]. OpncyctBO
ancopruone Tpake mMmely 1700-1750 cm” ykasyje Ha TO 4a je KOOpLHHOBAEHE
H,-1,2-dpheddp nuranna u3BpiieHo npexo ode kapbokcuiaHe rpyne 3a miatuHa(IV)-jon.
JloOujenu nmurana, meso-1,2-qudeHun-etunenanaMua-N, N'-au-3-mpomancka KUcennHa y
WHOAPIPBEHOM CIIEKTPY IIOKa3yje arcOpIIOHE Tpake aCUMETPHUYHUX BaJCHIIMOHHX
BuGpaunja C=0 rpyme y obmacta msmehy 1700-1750 cm™ (1754 cm™ u 1732 cm™,
TabGena 14). [IBe BpemHOCTH amcCOpPNIMOHMX Tpaka YyKa3yjy Ha Maje pasluke y

eHeprujama NpUCyTHUX KapOOKCUIHUX IpyIa.
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Tabena 14. HajpaxkHuje ancopnunoHe Tpake y HHPPALPBEHUM CIIEKTPUMAa HEKUX

KOMIUIEKCHUX jeinmbea ca tnHeapHuM O-N-N-O nurananma

JeILEHHE vas(COOH) Vas(COO) pedepenia

trans-[PtCly(H-edta)] 1775; 1764 1691; 1678 [153]
uns-cis-[PtCly(H,-edta)] 1758; 1742 1692; 1685 [153]
cis-[PtCly(H,-edta)] 1753; 1741 1725; 1716 [153]
trans-[PtCly(eddp)]-H,O - 1637; 1630 [154]
trans-[PtCl,(1,3-pdda)]-H,O - 1696; 1660 [155]
trans-[PtBr,(pdda)]-H,O - 1684; 1648 [156]

s-cis-[PtCl,(1,2-dpheddp)] - 1618; 1610 0Baj pajg

H,-1,2-dpheddp 1754; 1732 - 0Baj pax

cis-[PdCl,(1,2-dpheddp)] - 1643; 1580 0Baj pajg

4.4.3. Kpucraana crpykrypa meso-1,2-nudpennmin-erunenauammun-N,N'-

-zm-3-r[p0r[aﬂc1ce KHCC/IMHE TUXJIOPXHUAPaTa MOHOXHM/IpAarTa,

H,-1,2-dpheddp-2HCI-H,0

Pesynratn peHAareHcke CTPyKTypHE aHaim3e TOTBphyjy Aa je HW30J0BaHO

JeIUBEHE meso-1,2-mubenun-etunenguamu-N, N'-mu-3-nponaHcka KHUCEJINHA
KPHUCTAJIMCAT0 Yy MPETIOCTABILEHO] Meso OpUjeHTaluju (PeHIIT TpyTIa Kao IUXIOPXUIApaT
moHoxuzapaT. Kao mro ce Mmoxxe Bujety Ha Ciunm 22, KpUCTallHA JeJMHNALIA CE CACTOjU

O]l IBa HE3aBUCHA MOJIEKYJIa ca JEIMMHUYHO Pa3INuyuTUM KOH(popMaIijama.
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Cnuka 22. Kpucmanna cmpykmypa monexyia meso-1,2-ougenun-emuieHouamun-

-N,N'-0u-3-nponancke kucenune ouxiopxuopama MoHoxuopama,

H,-1,2-dpheddp-2HCI-H,0

Hexe nyxxune u yrnoBu Be3a y auranny H,-1,2-dpheddp-2HCI-H,O natu cy y
TaGenu 15.
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Tabena 15. [lyxune Be3a (A) u yrnosu Besa (°) y H,-1,2-dpheddp-2HCI-H,O

JTy>KMHE Be3a

YTJIOBHU Be3a

o(1)-C(1) 1,207(12) 0(1)-C(1)-C(2) 122.8(9)
0(2a)-C(1) 1,307(17) 0(2a)-C(1)-0(1) 125(3)
0(2b)-C(1) 1,306(17) 0(22)-C(1)-C(2) 112(2)
0(3)-C(11) 1,234(8) 0(2b)-C(1)-0(1) 118(2)
O(4)-C(11) 1,270(8) 0(2b)-C(1)-C(2) 119(3)
N(1)-C(4) 1,498(8) 0(3)-C(11)-C(12) 120,0(6)
N(1)-C(3) 1,472(9) 0(3)-C(11)-0(4) 124,2(6)
N(2)-C(13) 1,494(11) | O(4)-C(11)-C(12) 115,8(6)
N(2)-C(14) 1,507(9) N(1)-C(3)-C(2) 110,6(6)
C(1)-C(2) 1,482(12) N(1)-C(4)-C(5) 110,5(5)
C(2)-C(3) 1,506(11) | N(2)-C(14)-C(15) 112,3(6)
C(4)-C(5) 1,499(10) | N(2)-C(13)-C(12) 114,6(6)
C(5)-C(6) 1,368(10) C(4)-N(1)-C(3) 115,2(5)
C(5)-C(10) 1,397(10) | C(14)-N(2)-C(13) 110,0(6)
C(6)-C(7) 1,391(11) C(1)-C(2)-C(3) 114,4(7)
C(8)-C(7) 1,372(13) C(4)-C(5)-C(6) 121,6(6)
C(8)-C(9) 1,332(13) C(4)-C(5)-C(10) 119,3(6)
C(9)-C(10) 1,401(12) C(5)-C(6)-C(7) 120,2(7)
C(11)-C(12) 1,498(10) C(5)-C(10)-C(9) 119,7(8)
C(12)-C(13) 1,510(10) C(6)-C(7)-C(8) 119,7(8)
C(14)-C(15) 1,510(11) C(8)-C(8)-C(9) 121,4(8)
C(15)-C(16) 1,380(11) C(8)-C(9)-C(10) 120,0(8)
C(15)-C(20) 1,396(11) C(6)-C(5)-C(10) 119,1(7)
C(16)-C(17) 1377(12) | CA1)-C(12)-C(13) | 114,6(6)
C(17)-C(18) 1368(14) | C(14)-C(15)-C(16) | 118,3(7)
C(18)-C(19) 1377(15) | C(14)-C(15)-C(20) | 119,0(7)
C(19)-C(20) 1352(12) | C(15)-C(20)-C(19) | 120,3(8)
C(15)-C(16)-C(17) | 119,7(8)
C(16)-C(17)-C(18) | 120,9(9)
C(16)-C(15)-C(20) | 119,0(7)
C(17)-C(18)-C(19) | 119,2(8)
C(18)-C(19)-C(20) | 120,9(9)
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VY Tabenu 16 nare cy ay’KMHE W YIJIOBH BOJOHHYHHX Be3a KOj€ Cy OATOBOPHE 3a

KOH(OpMalrje MOJIeKyIa U HAYMH [TaKOBamba MOJIEKYJIa.

Tabena 16. Jyxune (A) wu yrnosu (°) BOJOHMYHHX Be3a y MOJIEKYIY

H;,-1,2-dpheddp-2HCI-H,0O

D-H A (A) D-H H-A|] DA |DH- A
N(2)-H(2b)--0(3)' 0,90 2,16 | 2,750(8) | 122
N(1)-H(1a)---O(3) 0,90 2,00 | 2,786(8) | 145
C(2)-H(22a)--O(3)' 0,97 2,52 |3,176(10) | 125
N(1)-H(la)-O(4)" 0,90 2,56 | 3,111(9) | 120
C(13)-H(13b)--O(1)" 0,97 2,46 |3,076(11) | 121
C(13)-H(13a) - O(5) 0,97 245 |3.415(16)| 174
0(2a)-H(2¢)--O(5)" 0,32 2,06 | 2,72(3) 137
0O(2b)-H(2d)---C1(2) 0,82 2,24 | 3,05(5) 168
N(1)-H(1b)---C1(2)} 0,90 2,20 | 3,089(7) | 169
N(2)-H(2a)--C1(2) 0,90 233 | 3,137(8) | 148
C(20)-H(20) - -CI(1)’ 0,93 2,73 |3,651(10) | 169
C(2)-H(22a)---C1(2)’ 0,97 2,75 | 3,324(9) | 118

CumeTpuuHe onepaiyje 3a Hojoxaje oarosapajyhux atoma:
O x,y, z; @ x+1, -y+2, -z+2; @ x, +y+1, +z; Wk, +y-1, +z.

Ha Cnumm 23 npukasan je HauuH nakoBama Hp-1,2-dpheddp-2HCI-H;O.

Cnuxka 23. Hauun naxosarva monexyia H,-1,2-dpheddp-2HCI-H,0
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4.4.4. MUKpPOOHOJIOIIKA AKTUBHOCT meso-1,2-nudeHmn-eTuIeHTuaMUuH-
-N,N'-nu-3-nponaHcke KUcCeJUHe TUXJIOPXHAPATa MOHOXHAPATA U

oarosapajyhux komiuiekca nanagujyma(ll) u nimarune(I1V)

Pesynratu in vitro ucnuTHBama aHTUOAKTEPHJCKOT M AHTU(YHTATHOT JI€jCTBA
muragna H,-1,2-dpheddp-2HCI'-H,O wu onroBapajyhux komrutekca mnamagujyma(ll) u
miatuHe(IV) xao 1 MUK u MMK Bpegnoctn nokcununuHa u (IyKoHA30ja paiau
nopehema npukazanu cy y Tabemu 17.

Kao u y mperxogHuM pesyiTaTMMa U Yy OBOM CIIMYajy MHTEH3UTET aKTUBHOCTHU
WCIIUTHBAaHUX JeIUICHha j€ 3aBHCHO OJf BpPCTE MHKpOOpTraHW3ama, M O] THIIA
UCIHUTUBAHOT jeAMIEHa. YTIIABHOM je aKTUBHOCT KOMIUIEKCa Ouila BHIIA Y OJHOCY Ha
nurasj, a mocebHo je mpumehena Bucoka aktuBHocT nanaaujym(Il) kommekca. Takobe,
kommuiekcn 1watuae(IV)  w mamagmjyma(ll) mokasyjy 3HaTHO Behm yTHmaj Ha
yCIIOpaBame pacTa OaKTepHja HEro pacTa IJbHBA.

[Managujym(Il) xommieke mokasyje 3HATHO BHINY aHTHOAKTEPHJCKY aKTHBHOCT
(TaGena 16) mro ce moxe BuaeTn Ha ocHOBY Bpeanoct MUK, koja je Ouna y omcery of
15,63 mo 500 pg/mL, nokx je MMK Bpennoct 6una ox 125 no 1000 pg/mL y 3aBucHOCTH
OJ1 BpcTe UcnuTHBaHe Oakrepuje. I'paM-mo3uTHBHE OakTepHje cy mokasaine 3HaTHO Behy
oceTspuBOCT of [ pam-HeratuBHuX Oaktepuja ca BpegnoctumMa MUK y oncery ox 31,25
o 62,5 pg/mL. 3aHUMIBMBO je Ja MCHUTHBAHM KOMIUIEKCH TIOCEAY]Y BEIHKY
aHTUOAKTEpUJCKYy  aKTHUBHOCT Ha  Pseudomonas  aeruginosa ~ATCC 27853
(MUK = 15,63 pg/mL). Kommiekc nanagujyma(ll) mokasyje Beoma cnady aHTu(yHrainy
aKTUBHOCT ocuM Ha Aspergillus niger (MUK = 31,25 pg/mL). Tectupanu nurasng
H;-1,2-dpheddp-2HCI-H,0O u oarosapajyhu kommiekcu managujyma(ll) u mmatune(IV)
cy mokazanu cialy aHTUMHUKpoOHYy akTuBHOCT. MUK BpeaHoctu cy 6uie y omcery ox
125 no 1000 pg/mL, nok cy Bpeanoctu MMK 6une y omcery ox 500 mo 1000 pg/mL.
Kopumhene koHIEHTpalyje MCIUTHBAHUX jelWI-CHa HHUCY IMOKa3ale yTHId) Ha pacT
KIMHUYKUX u3onara: Escherichia coli, Staphylococcus aureus, Enterococcus faecalis,

Proteus mirabilis, Salmonella enteric, Candida albicans w Aspergillus flavus.
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Tabena 17. Pesynratu aHTHOAKTEpHjCKE M aHTH(YHTaTHE AKTHBHOCTH HCIUTHBAHOT

muraiaa Hr-1,2-dpheddp-2HCI'-H,O u onxroBapajyhux komiutiekca mnamagujyma(ll) u

miaTuHe(IV)
(L13) Haggﬁﬁi yel;/[((cn) m;zgiﬁfe(iz/) JOKCUIIWIKMH | (iaykoHa3on
MUK | MMK | MUK | MMK | MUK | MMK MUK/MMK | MUK/MMK
E. coli ATCC 25922 >1000 | >1000 500 1000 500 1000 7,81/15,625 /
P.aeruginosa ATCC 27853 250 >1000 | 15.63 | 500 125 500 62,5/125 /
S. aureus ATCC 25923 500 >1000 | 31.25 | 500 250 500 0,224/3,75 /
Sarcina lutea ATCC 9341 500 >1000 62.5 500 125 500 <0,448/7,81 /
B. subtilis ATCC 6633 500 >1000 62.5 500 250 500 1,953/31,25 /
Enter. faecalis ATCC 29212 | 500 >1000 | 31.25 | 500 250 500 7,81/62,5 /
B. pumilus NCTC 8241 >1000 | >1000 62.5 500 250 500 0,112/7,81 /
E. coli >1000 | >1000 250 500 | >1000 | >1000 7,81/15,625 /
P. aeruginosa 500 >1000 500 1000 500 1000 250/>250 /
S. aureus >1000 | >1000 250 500 | >1000 | >1000 0,448/7,81 /
Sarcina lutea 500 >1000 62.5 500 250 500 <0,448/3,75 /
B. subtilis 500 >1000 | 31.25 | 500 250 >1000 0,112/1,953 /
E. faecalis >1000 | >1000 250 500 | >1000 | >1000 7,81/62,5 /
Proteus mirabilis >1000 | >1000 500 500 | >1000 | >1000 250/>250 /
S. enterica >1000 | >1000 250 500 | >1000 | >1000 15,625/31,25 /
B. animalis subsp. lactis >1000 | >1000 31.25 125 250 500 31,25/62,5 /
L. plantarum 500 >1000 125 500 250 500 0,448/7,81 /
B. subtilis IP 5832 500 >1000 250 500 250 500 1,953/15,625 /
S. boulardii >1000 | >1000 | >1000 | >1000 | 1000 1000 / 31,25/1000
C. albicans >1000 | >1000 | >1000 | >1000 | >1000 | >1000 / 62,5/1000
R. sp. 1000 1000 500 1000 | 1000 1000 / 62,5/1000
A. niger 125 >1000 | 31.25 | 1000 125 >1000 / 500/1000
A. restrictus 250 250 500 500 1000 1000 / 500/2000
A. fumigatus 1000 1000 1000 | 1000 500 1000 / 500/1000
A. flavus >1000 | >1000 | >1000 | >1000 | >1000 | >1000 / 1000/1000

MUK-mMuHIMalTHa HHXUOUTOPHA KOHIeHTpanyja (ug/mL); MMK- MUHHUMaIHA MEKPOOUIM/IHA KOHIIEHTpal#ja (pg/mL).

AHTHOMOTHUK-TOKCULIMIMH; AHTUMHKOTUK-(ITyKOHa30I1
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4.4.5. In vitro aHTUTYMOPCKA AKTUBHOCT KOMILJIEKCA

cis-[PdCly(1,2-dpheddp)] u s-cis-[PtCly(1,2-dpheddp)]

In vitro antuTyMOpcKka akTWBHOCT Komiuiekca cis-[PdCly(1,2-dpheddp)] =
s-cis-[PtCly(1,2-dpheddp)] ucnutBana je Ha henujckuM JWMHWjaMa MUIIHjET TyMopa
nojke (4T1) u mumujer manurHor MenanoMa (B16F1). [luToTokcHYHOCT KOMILIEKCa je
onpehuBan MTT Ttecrom. Ha Camum 24 npuka3aHa je aHTUTYMOpPCKAa AaKTHBHOCT
KOMILIEKca y mopehemy ca nucruiaTiHoM. Kao mro ce Moxe ca CiuKe BHIETH KOMITIEKC
nanaaujyma(ll) mokasyje BuIIy aHTUTYMOPCKY aKTHBHOCT Ha 00e hemmjcke JmHHjE y
OTHOCY Ha akTUBHOCT Komruiekca tuiatuHe(IV). Mehytum, y mnopehemy ca
aHTUTYMOPCKOM aKTHUBHOLINY HUCIUIaTHHE 00a MCIHMTHUBAHA jeUIbCHA MOKA3yj]y HIKY
aKTUBHOCT, ocuM Komruiekca manaaujyma(ll) mpu koHneHTpanujama BummM o 62,5 uM

u To Ha hennjama B16F1.

471

%

i
o
S

cytotoxicity [%]
P
o

0 3.9 7.8 15625 3125 625 125 250
c[um]

A) —e—pt —*—pPd —&— cisplatin

B16F1

120
<100

220
04 -
3.9 7.8 15625 3125 625 125 250 500
c[uM]

B) —4—pt —*—Pd —&—cisplatin

Cnuka 24. In vitro aumumymopcka akmusrnocm xkomniaexca cis-[PdCly(1,2-dpheddp)]
u s-cis-[PtCly(1,2-dpheddp)]. A) 4T1, b) BI6F 1 heaujcke nunuje cy unkyoupame 72

cama ca pasiuvyumum KOHueHmpauujaMa Komnjiekca.
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Crannapnue nesujanuje ICsp BpeJHOCTM HCHMTHBAaHUX jeaumema 3a B16F1
henujcky nuaMjy u3Hoce 3a komruiekc cis-[PdCly(1,2-dpheddp)] 157,51 + 14,09; 3a
s-cis-[PtCly(1,2-dpheddp)] 223,38 + 25,12 u 3a mucmatury 186,63 + 55,3 (Cnuka 25).
Kommekc mamamujyma(ll) mokasyje 3HayajHO BHUINY aKTHBHOCT Ha henmujama 4Tl

(ICso= 17,34 £ 2,25) y nopehemwy ca kommnekcom mnatuHe(IV) (ICsp= 144,69 + 55.3).

4T1

250.00
200.00

150.00

1Cso [UM]

100.00

50.00
— | .
Pd

0.00

cisplatin

cisplatin

Pt

B16F1

Pd

Cnuxka 25. ICsy speonocmu cis-[PdCl,(1,2-dpheddp)] u s-cis-[PtCly(1,2-dpheddp)]

300.00
250.00
200.00
150.00
100.00
50.00
0.00

1Cso [uM]
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5. 3AK/bYYAK



3aKpydax,

VY oBoj [lokmopckoj oucepmayuju ONMCaHe Cy CUHTE3E:
e Ertunennuamun-N,N'-nu-(S,S)-2-nponancke kucenune, (Ha-(S,S)-eddp),
e O,O-mnankun ecrtapa etwieHauamMuH-N,N'-au-(S,S)-2-npomancke KUCEIUHE
nuxaopxuapara, (Rp-(S,5)-eddp-2HCI), (R = nponuin-, OyTui-, meHTHiI-)
e Oprosapajyhux nanagujym(Il) kommnekca ca HaBeaenum O, O'-Iuankuil ecTpuma
(Hz-(S,S)-eddp) kucenune
e Ertunenmuamun-N,N'-nu-(S,S)-2-(3-metun)-0ytancke kucenune, (Hz-(S,S)-eddv)
e O,O-mnankun  ectapa  eruneHauamuH-N,N'-nu-(S,S)-2-(3-meTnn)-0yTaHcke
kucenuHe auxiopxuaparta, (Rp-(S,5)-eddv-2HCI) (R = etun-, nmponui-, OyTui-,
MEeHTUJI-)
e Ogprosapajyhux namanujym(Il) kommuiekca ca HaBeneHuM O, O'-TUaNKUIT ecTpuMa
H,-(S,5)-eddv kucenune
e S-ajKkui JIepuBaTa TUOCAIMIWIHE KHCENWHE (alKuil = OCH3WI-, METHI-, €THII-,
MPOMHJI-, Oy THII-)
e Oprosapajyhux mamagujym(Il) koMIuiekca ca HaBEJACHHM S-ajKujl JepUBaTUMA
THOCATMIIMITHE KUCEITNHE
o meso-1,2-mupennn-ernneHauaMut-N, N'-iu-3-1iporaHcKe KHUCETMHE
e Opropapajyhux mnanaaujym(Il) u mnnaruna(IV) komiuiekca ca HaBeIeHUM
TETPaJACHTAaTHUM  JIMTaHAOM  meso-1,2-nudenun-eTunenimaMun-N, N'-qu-3-
-TIPOTIAHCKOM KHCEIIMHOM
Harpahenn nuranam ¥ KOMIUIEKCHM OKapaKTEpPUCAaHH CY €JIEMEHTAIIHOM
MHUKpPOAHAIN30M, uHpaIpPBEHOM u HYKJI€apHO-MarHeTHO-PE30HAHITIOHOM
CIIEKTPOCKOIIH]OM. PenareHckoM — CTPYKTYpHOM  aHajiW30M Cy  IOTBpheHe
MIPETIOCTaBJBEHE CTPYKTYPE.

PesynTatu enemMeHTaTHUX MUKPOAHATIN3a Cy Y CarlIaCHOCTH ca MPETIOCTaBbEHUM

CaCTaBOM JIMI'aHaJaa U KOMIIJICKCA.
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3aKpydax,

AnanmusoMm IR cmektapa ytBpheno je na ce O,O'-auankui eCTpy eTUJICHInaMUH-
-N,N'-nu-(S,S)-2-nponancke kucenune (Ry-(S,S)-eddp) xoopaunyjy 3a nanagujym(Il)-jon
OWMIIEHTAaTHO TPEKO JIBa a30TOBAa aTOMa M3 JUAMUHCKOT JIaHIla JuraHaaa, 1ok ce O,0'-
-Muankuil  ectpu  etwieHauaMuH-N,N'-nu-(S,S)-2-(3-MeTmn)-0OyTaHCKe  KHCEITUHE
R>-(S,5)-eddv koopauHyjy TpHAEHTATHO, MPEKO a30TOBHX aTOMa JHAMHHCKOT JaHIa 1
MIPEKO jeTHOT KMCEOHMKOBOT aTOMa M3 XHJIPOJHu30Base ectapcke rpyne. Koopaunamuja
OMJEHTATHUX JIMTaHa/la S-aJKU JepuBaTa THOCAIUIMIIHE KUCEIMHE U3BPIICHA j€ TIPEKO
JOHOPCKMX aTOMa CyMIIOpa W3 THOJIHE Tpylne M TPEKO aroMa KHCEOHHWKa |3
KapOOKCHUJIATHOT JieJa.

e Bpoj, monoxaj u msrmen curiama y 'H m C NMR crexrpuma motephyjy
CTPYKTypy TMOJa3HUX JUraHaga u nobujeHux oparosapajyhux mnamaaujym(Il)
KOMILIEKCA.

e Penarencke cTpykTypHe aHajiu3e MOTBphyjy Oa je juranp meso-1,2-nudeHun-
-eTwiieHiuaMuH-N, N'-iu-3-nponaHcka KHCEJIMHA KPHUCTAIUCAO Kao
auxyaopxunpar monoxuzapar, H»-1,2-dpheddp:2HCI-H,O. Takohe, penarencka
crpykrypHa aHamuza  [PdCl(et-(S,5)-eddv)] xommiekca je  moTBpauia
NPETHOCTaBJbEHY CTPYKTYpy Ha 6a3u ananuse uH@panpsenux 1 NMR cnekrapa,
omHocHo pga je xommuieke [PdCl(et-(S,S)-eddv)] wnarpahen TpumeHTaTHHM
KoopauHoBameM O,0'-nuetwi ectapa etwieHauamud-N, N'-nu-(S,S)-2-(3-metun)-
-OyTtaHcke kucenuHe. VICTO Tako peHIreHcKa CTPYKTypHa aHallM3a KOMIUIEKca
[Pd(S-bz-thiosal),] je moTBpawiIa OUIESHTATHO KOOPAWHOBAEKHE S-OCH3MII-
-THOCAJIMIIMIHE KACEIWHE TMPEKO aTOMa CyMIIOpa U aToMa KHCEOHHUKA.

e lcnuTuBameM aHTUMUKPOOHE aKTUBHOCTH CBUX HarpalleHUX JUraHaga u
onroBapajyhux kommiekca manmaaujyma(ll) yBpheHo je nma cy KomIuiekcu
MOKAa3MBaJIM 3HATHO BUIIY aKTUBHOCT Y OJIHOCY Ha oJroBapajyhe nuraspe.

e licnuTuBameM AaHTHTYMOPCKE aKTHMBHOCTH Komruiekca mnamanujyma(ll) wu

mwiatune(IV) ca TerpaseHTaTHUM JUTaHIIOM meso-1,2-nudeHnn-eTuieHImaMuH-
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3aKpydax,

-N,N'-nu-3-nporanckom kucennHoM Ha henujama 4T1 u B16F1 3akspyueno je na
koMmruiekc nananujyma(ll) mokasyje BuIly aHTUTYMOPCKY aKTUBHOCT y Tiopehemy
ca xommiekcom tuiatuHe(IV) Ha o0e henmumjcke nmamMje. MehyTum, Takohe
moTBpheHO je Ja je aHTHTyMOpPCKAa AaKTUBHOCT Ha HaBEJICHUM heJHjCKuM
JUHHjaMa TyMmMOpa 3HaTHO HIDKa y OJHOCY Ha aHTHTYMOPCKY AaKTHBHOCT
IUCIUIATHHE.
Pesynratu oBe /Jokmopcke Oucepmayuje cy Bepu(UKOBaHU O00jaBILHBAHEM
pe3yiTara MCHHTHBama y TPU HayyHa panma y uacomucuma ca SCI mucre, jemne
MoOHOTpadCKe CTYIM]je/TIOTIaB/be Y KIbU3H, TPU HaydHa paja MociaThuX Ha PEreH3Uujy |

Beher Opoja caomnmrema Ha JoMahuM U MelyHapoaHUM KOH(DepeHIjama.
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Buozpaguja

BUOI'PADUIA

l'opnana I1. Paguh (meBojauko Bacuh) je pohena 30. 09. 1980. romune y
KparyjeBuy. OcHoBHy mkomy u Jlpyry KparyjeBauky THMHa3Hjy, OIIITET CMEpa,
3aBpIIMIIA je ca OIMYHUM ycrexoM. CTyauje XeMuje, CMep 3a UCTPaXHBame U PasBoj,
Ha [Ipupoano-maremarnukom (akynrery y Kparyjepmy ynucana je 1999. rogune, rae je
u qumtoMupana 2004. ronuHe ca mpoceyHoM orieHoM 9,14,

Marucrapcke ctyauje, cmep Heoprancka xemuja, ynucana je mkoincke 2004/2005
rOZIMHE, a HAKOH CTyIama Ha CHary HOBOT 3aKOHa O BUCOKOM 00pa3oBamy yIucala ce Ha
Joktopcke cryauje, cmep Heoprancka xemuja, y MHCTUTYTYy 3a XeMHjCKE HayKe
[Ipuponno-matematudkor (axkynrera y Kparyjesiry.

Hakon nunnomupama ox 01. 01. 2005. roguHe anrakoBaHa je Ha [IpojexTy Opoj
142008 mox nacinoBoMm ,,CHMHTE3a HOBHX KOMIUICKCHHX jOHA Ipela3HUX MeTajla M
MEXaHHM3aM HHUXOBHUX peakKiHja ca OWOJIONIKM 3HA4YajHUM JUTaHIuMa” y TMEepPUOIy O]l
2006/2010. romuue kox MmuHHCTapcTBa mpocBeTe M Hayke PemyOmuke CpoOuje. Op
01. 01. 2011. ronune anraxxoBana je Ha IIpojexty 6poj 172016 nox HacnoBoM ,,CuHTE3A,
MOJIENIOBakbe, (PU3MUKO-XEMHjCKE M OMOJIOIIKE OCOOMHE HEOPraHCKHUX jeAUIbeha U
onropapajyhux kommuiekca wmetama” y mepuoay ox  2011/2014. romuHe KOA
MunucrtapctBa npocBeTe M Hayke Penmybnmuke CpOuje. Takolhe akTHBHO yuecTByje y
peanu3anujyu MPOjeKTHUX 3aJaTaka Mporpama Hay4YHe W TEXHOJIONIKE capaame usmely
Peny6muke Cp6uje u Penyonuke benopycuje ,,Pa3Boj HoBuX (apmaneyTckux mpemnapara
3a KoMOWHOBaHy xemotepanujy uHpeknuja” u TEMIIYC mpojekra moa Ha3WBOM
"Modernisation of Post Graduate Studies in Chemistry and Chemistry Related
Programmes” (511044-TEMPUS-1-2010-1-UK-TEMPUS-JPCR).

N3abpana je y 3Bame HCTPaKMBAY-TIPUIIPABHUK Ha [IpupoaHO-MaTeMaTHYKOM
dakynrery y Kparyjepmy 24. 05. 2006. rogunae (omryka 6poj 170/IX-2), a y 3Bame
ucrtpaxkuBad-capaguuk 13. 05. 2009. rogune (omtyka 6poj 310/VII-1). ¥V mepuony

14



Buozpaguja

anmpwi-maj 2009. rogune 6opasuna je y Conyny (I'puka) mo CPCTAS mpojekry (Centre
for Pre-Clinical Testing of Active Substances).

Otkana je ynucana mocienuruiomcke cryauje l'opmana II. Paguh  axTuBHO
y4ecTByje y paay ca ctyaeHTuMa u3Boaehu Bexoe uz mpeamera: AOS Jlekosu 1: Xemuja
1 nu3ajH JekoBa, bO4 MenunuHCcKa XemMuja U AU3ajH JekoBa 1.

On 2007. roguHe akTHBHO ydecTByje y pany LlenTpa 3a tanenrte paaehu ca
TAJICHTOBAHUM YYECHUIIIMA OCHOBHHX M CPEIIHHUX IIKOJIA.

VY OKBHpPY CBOT HCTpa)KMBaukor pana Ha [IpupomgHo-maremaTnykoMm (akyiTeTy
I'opnana I1. Panguh je mo cama o6jaBuia 7 HaydyHHMX pazoBa y BojaechuM dacomucuma ca
SCI nwucre, koayTop je jeqHe MoHorpadcke cTynuje/noryasibe y Kibusu, 10 caonmrema

Ha Mel)yHapOoIHUM U 7 caonTena Ha JoMahuM HaAyYHUM CKYITOBHMA.

144



1.

PAJOBH Y KOJUMA CY HITAMITAHU PE3YJITATHU OBE

JOKTOPCKE JUCEPTALINJE

G. P. Vasi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovi¢, Lj. R. Comié, V.
M. BPinovi¢ and S. R. Trifunovié,

Stereospecific ligand and their complexes. V. Synthesis, characterization and
antimicrobial activity of palladium(Il) complexes with some alkyl esters of (S,S)-
-ethylenediamine-N,N'-di-2-propanoic acid, Inorg. Chim. Acta 363 (2010)
3606-3610; ISSN: 0020-1693; DOI: 10.1016/j.ica.2010.05.046;

M22

G. P. Radi¢, V. V. Glodovi¢, G. N. Kaluderovi¢, F. W. Heinemann and S. R.
Trifunovié,

Palladium(ll) complexes with Redda derived ligands. Part V. Reaction of O,0'-
-diethyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)butanoate with K>/PdCl,],
Trans. Met. Chem. 36 (2011) 331-336

ISSN: 0340-4285; DOI: 10.1007/s11243-011-9473-3;

M23

G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovié, Lj. R. Comié¢, Z.
R. Ratkovié, A. Valkonen, K. Rissanen and S. R. Trifunovic,

Synthesis, characterization and antimicrobial activity of palladium(Il) complexes
with some alkyl derivates of thiosalicylic acids. Crystal structure of bis(S-benzil-
-thiosalicylate)-palladium(ll) ~ complex,  [Pd(S-bz-thiosal);],  Polyhedron,
31 (2012) 69-76: DOI: 10.1016/j.poly. 2011.08.042;

M21

145



4. 1. D. Radojevi¢, V. V. Glodovi¢, G. P. Radi¢, J. M. Vuji¢, O. D. Stefanovi¢, Lj. R.
Comié and S. R. Trifunovié,
From Synthesis to Antibacterial Activity of Some New Palladium(ll) and
Platinum(1V) Complexes, Chapter in "Antibacterial Agents/Bookl"
ISBN: 979-953-307-281-3;
Mi14

5. G. P. Radi¢, V.V. Glodovi¢, Z. R. Ratkovi¢, S. B. Novakovi¢, S. G. Granda, L.
Roces, L. M. Taboada, I. D. Radojevi¢, O. D. Radojevi¢. Lj. R. Comié¢ and S. R.
Trifunovié,

Synthesis, characterization and antimicrobial activity of novel platinum(IV) and
palladium(Il) complexes with 1,2-diphenyl-ethilenediamine-N,N'-di-3-propanoic
acid. Crystal structure of H,-1,2-dpheddp-2HCI-H,0, submitted (J. Mol. Struct.)

6. G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovié, Lj. R. Comié, V.
M. Dinovi¢ and S. R. Trifunovi¢
Stereospecific ligands and their complexes. X. Synthesis, characterization and
antimicrobial activity of palladium(Il) complexes with some alkyl esters of (S,S)-
-ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acid, submitted (Inorg. Chim.
Acta)

7. G. P. Radi¢, V. V. Glodovi¢, Z. R. Ratkovi¢, M. Milovanovi¢, V. Volarevi¢, N.
Arsenijevi¢ and S. R. Trifunovi¢,
Synthesis, characterization and cytotoxicity of novel platinum(lV) and
palladium(ll) complexes with meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoic acid, submitted (Polyhedron)

146



I1.1.

1.2.

1.3.

1.

HAYYHO-UCTPAKUBAYKU PAJ

Cnucak pagoBa

V. M. binovi¢, V. V. Glodovi¢, G. P. Vasi¢, V. Trajkovi¢, O. Klisuri¢, S.
Stankovi¢, T. J. Sabo and S. R. Trifunovié,

Stereospecific ligand and their complexes. 1V. Synthesis, characterization and
cytotoxicity of novel platinum(IV) complexes with ethylenediamine-N,N'-di-S,S-2-
propanoic  acid  and  halogenido  ligands:  Crystal  structure  of
s-cis-[Pt(S,S-eddp)Cl,] - 4H>O and uns-cis-[Pt(S,S-eddp)Br;], Polyhedron 29
(2010) 1933-1938;

ISSN: 0277-5387; DOI:10.1016/j.poly.2010.03.004;

M21

G. P. Vasi¢, V. V. Glodovi¢, I. D. Radojevi¢, O. D. Stefanovi¢, Lj. R. Comié, V.
M. BPinovi¢ and S. R. Trifunovié,

Stereospecific ligand and their complexes. V. Synthesis, characterization and
antimicrobial activity of palladium(Il) complexes with some alkyl esters of (S,S)-
-ethylenediamine-N,N'-di-2-propanoic acid, Inorganica Chimica Acta 363 (2010)
3606-3610;

ISSN: 0020-1693; DOI:10.1016/j.iva.2010.05.046;

M22

S. R. Trifunovi¢, D. D. Dimitrijevié, G. P. Vasi¢, N. Radulovi¢, M. Vukicevi¢, F.
W. Heinemann, R. D. Vukicevi¢,

New Simple Synthesis of N-Substitutde 1,3-Oxazinan-2-ones, Synthesis-Stuttgart

6 (2010) 0943-0946;

ISSN: 0039-7881; DOI: 10.1055/5-0029-1218642; ID:T20509SS

M22

147



1.4.

L.5.

1.6.

1.7.

G. P. Radi¢, V. V. Glodovi¢, G. N. Kaluderovi¢, F. W. Heinemann and S. R.
Trifunovié,

Palladium(1l) complexes with Riedda derived ligands. Part V. Reaction of O,0'-
-diethyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)butanoate with K>[PdCl,],
Trans. Met. Chem. 36 (2011) 331-336

ISSN: 0340-4285; DOI: 10.1007/s11243-011-9473-3;

M23

V. V. Glodovi¢, G. P. Radi¢, S. M. Stani¢, F. W. Heinemann and S. R. Trifunovié,
Stereospecific ligands and their complexes. VI. The crystal structure of (S,S)-
-ethylenediamine-N,N'-di-2-propanoic acid hydrochloride, (S,S)-H-eddp-HCI, J.
Serb. Chem. Soc. 76 (7) (2011)995-1001;

ISSN: 0352-5139; DOI: 10.2298/JSC101025088G

M23

M. Z. Stankovi¢, G. P. Radi¢, V. V. Glodovi¢, I. D. Radojevi¢, O. D. Stefanovic,
Lj. R. Comi¢, O. R. Klisuri¢, V. M. Binovi¢ and S. R. Trifunovi¢,

Stereospecific ligands and their complexes. IX: Synthesis, characterization and
antimicrobial activity of ethyl esters of (S,S)-ethylenediamine-N,N'-di-2-
-propanoic and (S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acids and
corresponding platinum(IV) complexes: Crystal structure of tetrachlorido-(0,0'-
-diethyl-(S,S)-ethylenediamine-N,N'-di-2-propanoato)platinum(IV),
[PtCly(det-S,S-eddp)], Polyhedron 30 (2011) 2203-2209;

ISSN:0020-1693; DOI: 10.1016/j.poly.2011.05.034;

M21

G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovi¢, Lj. R. Comi¢, Z.
R. Ratkovi¢, A. Valkonen, K. Rissanen and S. R. Trifunovi¢
Synthesis, characterization and antimicrobial activity of palladium(Il) complexes

with some alkyl derivates of thiosalicylic acids. Crystal structure of bis(S-benzyl-

146



1.8.

1.9.

1.10.

-thiosalicylate)-palladium(ll) complex, [Pd(S-bz-thiosal),], Polyhedron 31 (2012)
69-76: DOI: 10.1016/j.poly. 2011.08.042;
M21

G. P. Radi¢, V.V. Glodovi¢, Z. R. Ratkovi¢, S. B. Novakovié¢, S. G. Granda, L.
Roces, L. M. Taboada, I. D. Radojevi¢, O. D. Radojevi¢. Lj. R. Comi¢ and S. R.
Trifunovié,

Synthesis, characterization and antimicrobial activity of novel platinum(IV) and
palladium(ll) complexes with 1,2-diphenyl-ethilenediamine-N,N'-di-3-propanoic
acid. Crystal structure of H»>-1,2-dpheddp-2HCI-H,0, submitted (J. Mol. Struct.)

G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovié, Lj. R. Comié, V.
M. Pinovi¢ and S. R. Trifunovi¢

Stereospecific ligands and their complexes. X. Synthesis, characterization and
antimicrobial activity of palladium(Il) complexes with some alkyl esters of (S,S)-
-ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acid, submitted (Inorg. Chim.
Acta)

G. P. Radi¢, V. V. Glodovi¢, Z. R. Ratkovi¢, M. Milovanovi¢, V. Volarevi¢, N.
Arsenijevi¢ and S. R. Trifunovi¢,

Synthesis, characterization and cytotoxicity of novel platinum(lV) and
palladium(ll) complexes with meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoic acid, submitted (Polyhedron)

I. D. Radojevié, V. V. Glodovi¢, G. P. Radi¢, J. M. Vuji¢, O. D. Stefanovi¢, Lj. R.
Comi¢ and S. R. Trifunovi¢,

From Synthesis to Antibacterial Activity of Some New Palladium(ll) and
Platinum(1V) Complexes, Chapter in "Antibacterial Agents/Bookl"

ISBN: 979-953-307-281-3;

Mi14

149



2.1.

2.2.

2.3.

24.

. Cnucak caonmremha Ha Me)yHAPOIHUM HAYYHHM KOH(epeHUHjama KOju cy

HITAMIAHU Y U3BOAY

V. V. Glodovi¢, G. P. Vasi¢, S. R. Trifunovi¢ and V. M. Dinovié,

Synthesis and  characterization of the ruthenium(Ill) complex with
ethylenediamine-N,N'-di-S,S-2-propionate ligand,

37™nternational Conference of COOrdination Chemistry, Cape Town, South
Africa20006, p. 592;

M34

V. V. Glodovi¢, G. Vasi¢, S. R. Trifunovi¢ and V. M. Binovig,

Synthesis and characterization of the platinum(IV) complex with ethylenediamine-
-N,N'-di-S,S-2-propionate ligand,

5™ International Conference of the Chemical Societies of the South-Eastern
European Countries, Ohrid 2006, ICH-13, p. 313;

M34

V. V. Glodovié, G. Vasi¢, S. R. Trifunovi¢ and V. M. DPinovi¢,

Synthesis and characterization of the platinum(lV) complex with (S,S)-
-ethylenediamine-N,N'-(4,4-dimethyl -2, 2-di-pentaoate ligand,

5™ International Conference of the Chemical Societies of the South-Eastern
European Countries, Ohrid 2006, OCH-64, p. 488;

M34

V. V. Glodovi¢, G. Vasi¢, S. R. Trifunovié¢, V. M. Pinovi¢ and T. J. Sabo,

Novel complex of platinum(IV) with ethyl ester of ethylenedimine —N,N'-di S,S-2-
-propanoic acid,

6" International Conference of the Chemical Societies of the South-Eastern
European Countries, Sofia 2008, 3-P25, 166;

M34

150



2.5.

2.6.

2.7.

2.8.

G. P. Vasi¢, V. V. Glodovi¢, S. R. Trifunovi¢ and Z. Ratkovi¢,

Synthesis and characterization of meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoic acid and corresponding platinum(IV) complex,

6" International Conference of the Chemical Societies of the South-Eastern
European Countries, Sofia 2008, 3-P42, 183;

M34

G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovié, Lj. R. Comié, V.
M. BPinovi¢ and S. R. Trifunovié,

Synthesis, characterization and antimicrobial activity of palladium(Il) complexes
with some alkyl esters of (S,S)-etylenediamine-N,N'-di-2-propanoic acid,

10™ European Biological Inorganic Chemistry Conference, Thessaloniki 2010,
PO-085;

M34

G. P. Radi¢, V. V. Glodovi¢, Z. Ratkovi¢, M. Milovanovi¢, V. Volarevi¢, N.
Arsenijevi¢ and S. R. Trifunovi¢,

Antitumor activity of platinum(lV) and palladium(ll) complexes with tetradentate
ligand 1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid,

10" European Biological Inorganic Chemistry Conference, Thessaloniki 2010,
PO-207;

M34

M. Z. Stankovi¢, G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevi¢, O. D. Stefanovié,
Lj. R. Comi¢ and S. R. Trifunovi¢,

Antimicrobial activity of ethyl esters of (S,S)-ethylenediamine-N,N'-di-2-
-propanoic and (S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acids and
corresponding platinum(IV) complexes,

Preclinical Testing of Active Substances and Cancer Research with International

151



2.9.

2.10.

3.1.

Symposium on Anti-cancer Agents, Cardiotoxicity and Neurotoxicity Kragujevac,
2011;
M34

I. D. Radojevi¢, O. D. Stefanovi¢, G. P. Radi¢, V. V. Glodovi¢, Lj. R. Comi¢ and
S. R. Trifunovié,

Antimicrobial activity of novel platinum(1V) and palladium(Ill) complexes with
1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid,

Preclinical Testing of Active Substances and Cancer Research with International
Symposium on Anti-cancer Agents, Cardiotoxicity and Neurotoxicity Kragujevac,
2011;

M34

D. S. baci¢, S. D. Markovié, V. V. Glodovié¢, G. P. Radi¢ and S. R. Trifunovié.
The antiproliferative effects of cisplatin and buthyl and pentyl esters of (S,S)-
-ethylenediamine-N,N'-di-2-propanoic acid and corresponding platinum(IV)
complexes,

Preclinical Testing of Active Substances and Cancer Research with International
Symposium on Anti-cancer Agents, Cardiotoxicity and Neurotoxicity Kragujevac,
2011;

M34

Cnucak caommrema Ha JaomMahum HaydyHuM KoH(pepeHUHjamMa KoOju Cy

IITAMIIAHHU Y U3BOY

S. Trifunovié, M. Stankovi¢, Z. Matovi¢, G. Vasi¢, A. Meetsma, P. J. Van
Koningsburggen,

The Crystal structure of complex [Ni(S,S-eddp)]-2H,0

XIII Conference of the Serbian Crystallographic Society, Novi Sad 2006, 26;

Mo4

152



3.2.

3.3.

3.4.

3.5.

S. R. Trifunovi¢, V. V. Glodovi¢, G. P. Vasi¢, V. M. Dinovi¢, T. J. Sabo, O.
Klisuri¢ and S. Stankovi¢

Cryustal structure of uns-cis-dibromo(ethylenediamine-N,N'-di-S,S-2-
-propionato)platinum(IV) complex, uns-cis-[Pt(S,S-eddp)Br;],

XV Conference of the Serbian Crystallographic Society, Donji Milanovac 2008,
24;

Mo4

G. P. Vasié, S. R. Trifunovi¢ V. V. Glodovi¢, V. M. binovi¢, T. J. Sabo, O.
Klisuri¢ and S. Stankovic,

The crystal structure of the s-cis-dichloro-(ethylenediamine-N,N'-di-S,S-2-
-propionato)-platinum(IV) complex, s-cis-[Pt(S,S-eddp)Cl,],

XV Conference of the Serbian Crystallographic Society, Donji Milanovac 2008,
28;

Mo4

G. P. Radié, V. V. Glodovi¢, S. G. Granda, L. M. Taboada, Z. Ratkovi¢ and S. R.
Trifunovié

Crystal structure of 1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid
dihydrochloride,

XVII Conference of the Serbian Crystallographic Society, Ivanjica 2010, 36;

Mo4

G. P. Radi¢, V. V. Glodovi¢, F. W. Heinemann and S. R. Trifunovig,

Synthesis and crystal structure of palladium(Il) complex with O,O'-diethyl-(S,S)-
-ethylenediamine-N,N'-di-2-(3-methyl)butanoate,

XVII Conference of the Serbian Crystallographic Society, Ivanjica 2010, 60;

Mo4

153



3.6.

3.7.

M. Z. Stankovi¢, G. P. Radi¢, V. V. Glodovi¢, O. R. Klisuri¢, S. R. Trifunovi¢
Synthesis  and  crystal  structure of  tetrachlorido-(O,O'-diethyl-(S,S)-
-ethylenediamine-N,N'-di-2-propanoato)-platinum(IV)

XVIII Conference of the Serbian Crystallographic Society, Andrevlje, Fruska
Gora, 2011, 42;

Mo64

D. P. Dimitrijevi¢, G. P. Radi¢, V. V. Glodovi¢, 1. D. Radojevié, O. D. Stefanovié,
Lj.R. Comi¢, Z. R. Ratkovié, A. Valkonen, K. Rissanen, S. R. Trifunovié,

Crystal  structure  of  bis-(benzyl-thiosalicylate)-palladium(ll)  complex,
[Pd(S-bz-thiosal),],

XVIII Conference of the Serbian Crystallographic Society, Andrevlje, Fruska
Gora, 2011, 42;

Mo4

154



HPH/IOI



Inorganica Chimica Acta 363 (2010) 3606-3610

journal homepage: www.elsevier.com/locate/ica

Contents lists available at ScienceDirect

Inorganica Chimica Acta

Note

Stereospecific ligands and their complexes. V. Synthesis, characterization
and antimicrobial activity of palladium(Il) complexes with some alkyl esters
of (S,5)-ethylenediamine-N,N'-di-2-propanoic acid

Gordana P. Vasi¢?, Verica V. Glodjovi¢?, Ivana D. Radojevi¢®, Olgica D. Stefanovi¢?, Ljiljana R. Comi¢®,

Vesna M. Djinovic €, Srecko R. Trifunovic **

2 Department of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovi¢a 12, 34000 Kragujevac, Serbia
b Department of Biology and Ecology, Faculty of Science, University of Kragujevac, R. Domanovi¢a 12, 34000 Kragujevac, Serbia

€Faculty of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade, Serbia

ARTICLE INFO ABSTRACT

Article history:

Received 26 November 2009

Received in revised form 30 March 2010
Accepted 21 May 2010

Available online 1 June 2010

Keywords:

Palladium(II) complexes
(5,5)-ethylenediamine-N,N'-di-2-propanoic
acid

Antimicrobial activity

activity.

Three new ligands and their palladium(II) complexes of general formula [PdCl,(R,-S,S-eddp)] (R = n-pro-
pyl, n-butyl and n-pentyl) have been synthesized and characterized by microanalysis, infrared and 'H and
13C NMR spectroscopy. Antimicrobial activity of these ligands and complexes was tested by microdilution
method and both minimal inhibitory and microbicidal concentration were determined. These tested
complexes demonstrated the significant antifungal activity against pathogenic fungi Aspergillus flavus
and Aspergillus fumigatus. On the other hand, these complexes demonstrated moderate antibacterial

© 2010 Published by Elsevier B.V.

1. Introduction

Microorganisms have developed numerous defensive mecha-
nisms against antimicrobial factors. That led to the increase of
infection number caused by resistant or less susceptible bacteria.
Besides, opportunistic infections caused by pathogen Candida albi-
cans or mold infections caused by Aspergillus sp. are increasing.

Faced with this problem, the search for new antimicrobial
agents has been intensified in the last decade. The main aim of
many research groups is to find medicines that could be efficient
in the infection treatment. The natural occurring compounds or
synthesized compounds are great source of inspiration for the
future researches.

Pd(II) has a very similar chemistry to Pt(Il) forming square pla-
nar complexes and less frequently trigonal bipyramidal. Both Pd(II)
and Pt(II) are soft Lewis acids and form stronger bonds with nitro-
gen or sulfur donors (soft bases) than oxygen donors (hard bases).
In general, Pt(II) complexes are thermodynamically and kinetically
more stable than those of Pd(II). Pd(Il) complexes undergo aqua-

* For Part IV see V.M. Djinovi¢, V.V. Glodjovi¢, G.P. Vasi¢, V. Trajkovi¢, O. Klisuri¢,
S. Stankovi¢, T.J. Sabo, S.R. Trifunovi¢, Polyhedron (2010), doi:10.1016/j.poly.2010.
03.004
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0020-1693/$ - see front matter © 2010 Published by Elsevier B.V.
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tion and ligand exchange reactions 10° time faster than corre-
sponding Pt(Il) complexes.

The synthesis and evaluation of the biological activity of the
new metal-based compounds is the field of growing interest.
Numerous complexes based on palladium(Il) ion have been syn-
thesized and their different biological activities have been docu-
mented [1-3]. The impact of different palladium complexes on
the growth and metabolism of various groups of microorganisms
has been studied. Garoufis et al. [4] reviewed numerous scientific
papers on anti-viral, antibacterial and antifungal activity of palla-
dium(Il) complexes with different types of ligands (sulfur and
nitrogen donor ligands, Schiff base ligands and drugs as ligands).
Guerra et al. [5] synthesized three palladium complexes with anti-
biotics of the tetracycline family and they tested their effects on
tetracycline sensitive and resistant bacterial strains. The palladium
complex with tetracycline was 16 times stronger than the tetracy-
cline itself against resistant strain. Vieira et al. [6] prepared new
palladium(Il) and platinum(Il) complexes with fluoroquinolones
which showed activity to Mycobacterium tuberculosis. There are
other papers in the literature showing different intensity of palla-
dium complexes activity on various species of bacteria and fungi
[7-12].

Pd(II) complexes with R,-S,S-eddp ligands (R =iPr [13a], iBu
[13b], cPe [14] and Cy [14] were synthesized and characterized.
The authors concluded from NMR spectra that the mixture of
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diastereoisomers of the [PdCl,(R,-eddip)] complexes was obtained.
The antitumoral investigations of these complexes were performed
[14].

The aim of this paper is to synthesize new palladium complexes
and in vitro research of their antibacterial and antifungal activities.
The second objective is to evaluate the impact of newly synthe-
sized palladium complexes on probiotics. Probiotics are used as
supplements and they play significant role in protecting and main-
taining the balance of intestinal microflora in antibiotic therapy.

2. Experimental
2.1. Chemistry

2.1.1. Reagents and instruments

All chemicals were obtained commercially and used without
further purification. For infrared spectra a Perkin-Elmer Spectrum
One FT-IR spectrometer was employed. 'H and '3C spectra were re-
corded on a Varian Gemini-2000 (200 MHz) NMR spectrometer
using TMS in CDCl; for complexes and TMS in D,0 for ligands. Ele-
mental microanalysis for C, H and N were performed by standard
methods on a Vario Ill CHNS Elemental Analyzer, Elemental Anal-
ysensysteme GmbH. (S,S)-ethylenediamine-N,N'-di-2-propanoic
acid (H,-S,S-eddp) was prepared using a previously described pro-
cedure [15].

2.1.2. Preparation of 0,0’-dialkyl esters of the (S,S)-ethylenediamine-
N,N'-di-2-propanoic acid dihydrochloride, R,-S,S-eddp-2HCI
In 50 mL of dry alcohol (1-propanol, 1-butanol or 1-pentanol),
saturated with gas HCl, 1.53 g (7.5 mmol) of H,-S,S-eddp was
added and the mixture was refluxed for 12 h. The mixture was fil-
tered and left in the refrigerator over night. The obtained white
powder was filtered and air-dried.
0,0'-dipropyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate dihy-
drochloride trihydrate, dpr-S,S-eddp-2HCI-3H,0 (L1) Yield: 1.62 g
(51.92%). Anal. Calc. for C;4H36C1,N,07 (M, = 415.348): C, 40.48; H,
8.74; N, 6.75. Found: C, 40.06; H, 8.34; N, 6.71%. 1H NMR
(200 MHz, D,0, 6 ppm): 3.51 (s, 4H), 3.55 (q, 2H), 1.51 (d, 6H), 4.24
(t, 4H), 1.65 (m, 4H), 0.92 (t, 6H), >*C NMR (200 MHz, D0, § ppm):
44.75 (CH,), 59.07 (CH), 17.18 (CH3), 173.34 (COO-n-Pr), 72.04
(CH,-n-Pr), 21.17 (CHy-n-Pr), 12.45 (CH3-n-Pr).
0,0'-dibutyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate dihy-
drochloride trihydrate, dbu-S,S-eddp-2HCI-3H,0 (L2) Yield: 1.84 g
(55.26%). Anal. Calc. for C16H4oCI;N;05 (M, =443.4): C, 43.34; H,
9.09; N, 6.32. Found: C, 43.18; H, 8.54; N, 6.38%. 'H NMR
(200 MHz, D50, § ppm): 3.34 (s, 4H), 4.26 (q, 2H), 1.35 (d, 6H),
4,32 (t, 4H), 1.67 (m, 4H), 1.47 (m, 4H), 0.92 (t, 6H). '3C NMR
(200 MHz, D,0, § ppm): 44.59 (CH;), 59.10 (CH), 17.05 (CHs),
173.01 (COO-n-Bu), 70.40 (CH,-n-Bu), 32.62 (CH,-n-Bu), 21.35
(CH,-n-Bu), 15.62 (CH3-n-Bu).
0,0'-dipentyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate dihy-
drochloride dihydrate, dpe-S,S-eddp-2HCI-2H,0 (L3) Yield: 1.87 g
(55.00%). Anal. Calc. for C1gH4,CI,N,06 (M, = 453.436): C, 47.68; H,
9.34; N, 6.18. Found: C, 46.91; H, 9.46; N, 6.12%. 'H NMR (200 MHz,
D,0, 6 ppm): 3.42 (s, 4H), 4.14 (q, 2H), 1.34 (d, 6H), 4,28 (t, 4H),
1.72 (m, 4H), 0.93 (t, 6H), '3C NMR (200 MHz, D,0, § ppm): 45.14
(CH;), 58.99 (CH), 17.49 (CH3), 173,98 (COO-n-Pe), 70.50 (CH,-n-
Pe), 30.28 (CH,-n-Pe), 30.19 (CH,-n-Pe), 24.55 (CH,-n-Pe), 16.16
(CHs-n-Pe).

2.1.3. Preparation of dichloro-(0,0’-dipropyl-(S,S)-ethylenediamine-
N,N'-di-2—propanoate)-palladium(Il), [PdCly(dpr-S,S-eddp)]
K,[PdCl4] (0.200g, 0.613 mmol) was dissolved in 10 mL of
water on a steam bath and 0,0’-dipropyl-(S,S)-ethylenediamine-
N,N'-di-2-propanoate dihydrochloride trihydrate, dpr-S,S-eddp-

2HCI-3H,0, (0.2546 g, 0.613 mmol) was added. The mixture was
stirred for 2 h and during this period water solution of LiOH
(0.0294 g, 1.226 mmol in 10 mL of water) was introduced. The
complex, [PdCly(dpr-S,S-eddp)] (C1) as a yellow precipitate, was
filtered, washed with water and air-dried. Yield: 0.19 g (66.60%).
Anal. Calc. for Cy4H»5CI,N,04Pd (M, =465.68): C, 36.11; H, 6.06;
N, 6.02. Found: C, 35.81; H, 6.01; N, 5.82%. Isomer A: 'H NMR
(200 MHz, CDCl3, 6 ppm): 2.83 (s, 4H), 3.63 (q, 2H), 2.04 (d,
J=7.37 Hz, 6H), 4.14 (t, 4H), 1.69 (m, 4H), 0.95 (t, 6H), >C NMR
(200 MHz, CDCl3, 6 ppm): 48.62 (CH,), 57.26 (CH), 14.63 (CHs),
170.14 (COO-n-Pr), 67.48 (CH,-n-Pr), 21.76 (CH»-n-Pr), 10.24
(CH5-n-Pr). Isomer B: '"H NMR (200 MHz, CDCl;, 5 ppm): 2.85 (s,
4H), 3.21 (q, 2H), 2.47 (d, J=7.37 Hz, 6H), 4.53 (t, 4H), 1.76 (m,
4H), 0.92 (t, 6H), *C NMR (200 MHz, CDCls, 6 ppm): 51.68 (CH,),
58.69 (CH), 15.93 (CH3), 171.46 (COO-n-Pr), 67.14 (CH,-n-Pr),
21.70 (CH,-n-Pr), 10.24 (CHs-n-Pr).

2.1.4. Preparation of dichloro-(0,0'-dibutyl-(S,S)-ethylenediamine-
N,N'-di-2-propanoate)-palladium(Il), [PdCly(dbu-S,S-eddp)]

The complex, [PdCly(dbu-S,S-eddp)], (C2) was prepared as de-
scribed in Section 2.1.3, using 0,0'-dibutyl-(S,S)-ethylenediamine-
N,N'-di-2-propanoate dihydrochloride trihydrate, dbu-S,S-eddp:
2HCI-3H,0, (0.2718 g, 0.613 mmol) instead of dpr-S,S-eddp-
2HCI-3H,0. Yield: 0.18 g (59.50%). Anal. Calc. for C;gH3,CI;N,04Pd
(M; =493.74): C, 38.92; H, 6.53; N, 5.68. Found: C, 38.74; H, 6.66;
N, 5.57%. Isomer A: '"H NMR (200 MHz, CDCl;,  ppm): 2.83 (s,
4H), 3.62 (q, 2H), 1.29 (d, J = 6.81 Hz, 6H), 4.15 (t, 4H), 1.56 (m,
4H), 1.36 (m, 4H), 0.90 (t, 6H), '3C NMR (200 MHz, CDCl;, &
ppm): 48.63 (CH;), 57.25 (CH), 14.64 (CHs), 170.16 (COO-n-Bu),
65.43 (CHy-n-Bu), 33.32 (CH,-n-Bu), 18.97 (CH,-n-Bu), 13.50
(CH3-n-Bu). Isomer B: 'H NMR (200 MHz, CDCls, § ppm): 2.49 (s,
4H), 3.20 (q, 2H), 1.37 (d, J=6.81 Hz, 6H), 4.21 (t, 4H), 1.70 (m,
4H), 1.39 (m, 4H), 0.97 (t, 6H), *C NMR (200 MHz, CDCls, &
ppm): 51.64 (CH,), 58.69 (CH), 16.95 (CH3), 171.45 (COO-n-Bu),
65.77 (CHy-n-Bu), 30.37 (CH,-n-Bu), 19.00 (CH,-n-Bu), 13.55
(CHs-n-Bu).

2.1.5. Preparation of dichloro-(0,0’-dipentyl-(S,S)-ethylenediamine-
N,N'-di-2-propanoate)-palladium(ll), [PdCl,(dpe-S,S-eddp)]

The complex, [PdCl(dpe-S,S-eddp)], (C3) was prepared as de-
scribed in Section 2.1.3, using 0,0’-dipentyl-(S,S)-ethylenediamine-
N,N'-di-2-propanoate dihydrochloride dihydrate, dpe-S,S-eddp:
2HCI-2H,0, (0.2780¢g, 0.613 mmol) instead of dpr-S,S-eddp-
2HCI-3H,0. Yield: 0.19 g (59.65%). Anal. Calc. for C;gH3¢CI;N,04Pd
(M, =521.79): C, 41.43; H, 6.95; N, 5.37. Found: C, 40.92; H, 7.11;
N, 5.33%. Isomer A: '"H NMR (200 MHz, CDCls, 6 ppm): 2.82 (s,
4H), 3.64 (q, 2H), 1.24 (d, J=7.17 Hz, 6H), 4.14 (t, 4H), 1.85 (m,
4H), 1.31 (m, 4H), 1.39 (m, 4H), 0.90 (t, 6H). '>C NMR (200 MHz,
CDCl;, 6 ppm): 48.64 (CH,), 57.27 (CH), 14.67 (CH3), 170.18
(COO-n-Pe), 65.72 (CH,-n-Pe), 48.64 (CH,-n-Pe), 27.85 (CHy-n-
Pe), 22.14 (CH,-n-Pe), 13.79 (CHs-n-Pe). Isomer B: 'H NMR
(200 MHz, CDCl3, 6 ppm): 2.50 (s, 4H), 3.21 (q, 2H), 1.26 (d,
J=7.17 Hz, 6H), 4.11 (t, 4H), 1.69 (m, 4H), 1.42 (m, 4H), 1.59 (m,
4H), 0.94 (t, 6H). 1*C NMR (200 MHz, CDCls, 6 ppm): 51.62 (CH,),
58.67 (CH), 15.97 (CH3), 171.45 (COO-n-Pe), 66.04 (CH,-n-Pe),
51.62 (CH,-n-Pe), 28.24 (CH,-n-Pe), 22.10 (CH,-n-Pe), 13.87
(CHs-n-Pe).

2.2. In vitro antimicrobial assay

2.2.1. Test substances

The tested compounds were dissolved in ethanol and then
diluted into nutrient liquid medium to achieve a concentration of
10%. An antibiotic, doxycycline (Galenika A.D., Belgrade), was
dissolved in nutrient liquid medium, a Mueller-Hinton broth
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(Torlak, Beograd), while an antimycotic, fluconazole (Pfizer Inc.,
USA) was dissolved in Sabouraud dextrose broth (Torlak, Belgrade).

2.2.2. Test microorganisms

Antimicrobial activity of three palladium complexes was tested
for 12 microorganisms including five strains of pathogenic bacteria
(standard and clinical strains): Escherichia coli ATCC 25922, Entero-
coccus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853,
Proteus mirabilis (clinical isolate) and E. coli (clinical isolate); two
species of pathogenic fungi Aspergillus fumigatus PMFKG-F23 and
Aspergillus flavus PMFKG-F24 and one yeast species C. albicans; four
species of probiotics: Lactobacillus plantarium PMFKG-P31, Bacillus
subtilis 1P 5832 PMFKG-P32, Bifidobacterium animalis subsp. Lactis
PMFKG-P33 and Saccharomyces boulardii PMFKG-P34. All clinical
isolates were a generous gift from the Institute of Public Health,
Kragujevac. The other microorganisms were provided from a col-
lection held by the Microbiology Laboratory Faculty of Science,
University of Kragujevac.

2.2.3. Suspension preparation

Bacterial suspensions and yeast suspension were prepared by
the direct colony method. The colonies were taken directly from
the plate and were suspended in 5 mL of sterile 0.85% saline. The
turbidity of initial suspension was adjusted by comparing with
0.5 McFarland’s standard (0.5 mL 1.17% w/v BaCl,-2H,0 + 99.5 mL
1% w/v H3SO4) [16]. When adjusted to the turbidity of the 0.5
McFarland’s standard, bacteria suspension contains about 108 col-
ony forming unites (CFU)/mL and suspension of yeast contains
108 CFU/mL. Ten-hold dilutions of initial suspension were addi-
tionally prepared into sterile 0.85% saline. The suspensions of fun-
gal spores were prepared by gentle stripping of spore from slopes
with growing aspergilli. The resulting suspensions were 1:1000 di-
luted in sterile 0.85% saline to obtain inoculum of approximately
10* CFU/mL.

2.2.4. Microdilution method

Antimicrobial activity was tested by determining the minimum
inhibitory concentration (MIC) and minimum bactericidal or fungi-
cidal concentration (MBC/MFC) by using microdilution plate meth-
od [17]. The 96-well plates were prepared by dispensing 100 pL of
nutrient broth, Mueller-Hinton broth for bacteria and Sabouraud
dextrose broth for fungi and yeasts, into each well. A 100 pL from
the stock solution of tested compound (concentration of 1000 pg/
mL) was added into the first row of the plate. Then, twofold, serial
dilutions were performed by using a multichannel pipette. The ob-
tained concentration range was from 500 to 0.24 pg/mL. A 10 pL of
diluted bacterial, yeast suspension and suspension of spores was
added to each well to give a final concentration of 5 x 10° CFU/
mL for bacteria and 5 x 10> CFU/mL for fungi and yeast. Finally,
10 pL resazurin solution was added to each well inoculated with
bacteria and yeast. Resazurin is an oxidation-reduction indicator
used for the evaluation of microbial growth. It is a blue non-fluo-
rescent dye that becomes pink and fluorescent when reduced to
resorufin by oxidoreductases within viable cells [18]. The inocu-
lated plates were incubated at 37 °C for 24 h for bacteria, 28 °C
for 48 h for the yeast and 28 °C for 72 h for fungi. MIC was defined
as the lowest concentration of tested substance that prevented res-
azurin color change from blue to pink. For fungi, MIC values of the
tested substance were determined as the lowest concentration that
visibly inhibited mycelia growth.

Doxycycline and fluconazole were used as a positive control.
Solvent control test was performed to study an effect of 10% etha-
nol on the growth of microorganism. It was observed that 10% eth-
anol did not inhibit the growth of microorganism. Also, in the
experiment, the concentration of ethanol was additionally de-
creased because of the twofold serial dilution assay (the working

concentration was 5% and lower). Each test included growth con-
trol and sterility control. All tests were performed in duplicate
and MICs were constant.

Minimum bactericidal and fungicidal concentration was deter-
mined by plating 10 pL of samples from wells, where no indicator
color change was recorded, on nutrient agar medium. At the end of
the incubation period the lowest concentration with no growth (no
colony) was defined as minimum microbicidal concentration.

3. Results and discussion
3.1. Synthesis and characterization

The synthesis of the propyl, butyl and pentyl esters of the
(S,S)-ethylenediamine-N,N'-di-2-propanoic acid (H,-S,S-eddp) as a
dihydrochoride, can be presented by the next reaction scheme
(Scheme 1).

The esters are slightly soluble in water and in common organic
solvents. The [PdCI,(R,-S,S-eddp)] complexes were synthesized by
mixing aqueous solution of the K;[PdCl4] and corresponding esters
(Scheme 2). The resulting complexes are soluble in chloromethane,
dichloromethane, threechloromethane and tetrachloromethane,
methanol and ethanol, but not in water and other common organic
solvents. The results of microanalysis confirmed the predicted con-
tent of the isolated complexes.

The most important bands in the infrared spectra of the isolated
dialkyl esters (L1, L2 and L3) of the S,S-eddp ligand and corre-
sponding palladium(Il) complexes (C1, C2 and C3) are given in
Table 1. The infrared spectra of the listed complexes confirm the
expected N-N coordination of the R;-S,S-eddp ligands to the palla-
dium(II) ion. Indication of the R,-S,S-eddp coordination via nitro-
gen ligand atoms can be proved by the presence of the bands for

<CH; 5
HO RO :
NH

R =n-Pr(L1), n-Bu(L2), n-Pe(L3)

Scheme 1. The preparation of the propyl, butyl and pentyl esters of H,-S,S-eddp.
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K,PdCl, + 2JHC] ———— /Pd\
Cl

NH
SH
RO. RO
CH;, CH,
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R = n-Pr(C1), n-Bu(C2), n-Pe(C3)
Scheme 2. The preparation of the [PdCl,(R2-S,S-eddp)].
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Table 1
The most important IR absorption bands of ligands and [PdCl,(R,-S,S-eddp)]
complexes (cm™!).

Compound v(C=0) ¥(C-0) w(CHs) v(R—NH,*) V(R-NH)

dpr-S,S-eddp2HCl (L1) 1745 1231 2968 3461 -

dbu-S,S-eddp2HCI (L2) 1745 1223 2976 3461 -

dpe-S,S-eddp2HCl (L3) 1746 1231 2977 3462 -

[PdCly(dpr-S,S-eddp)] 1735 1215 2971 - 3130
(c1)

[PdCly(dbu-S,S-eddp)] 1740 1241 2960 - 3120
(€2)

[PdCl,(dpe-S,S-eddp)] 1741 1229 2958 - 3118
(€3)

secondary amino groups [3130cm™' (C1); 3120cm™! (C2) and
3118 cm™! (€3)] and none of the [PdCly(R,-S,S-eddp)] show the
absorption band for the protonated secondary ammonium group,
as it was found in spectra of R,-S,S-eddp precursors [3461 cm™!
(L1); 3461 cm™! (L2); 3462 cm™! (L3)] (Table 1). All other absorp-
tion bands are found at almost the same positions as in the corre-
sponding spectra of the free ligands, indicating that oxygen atoms
from carboxylic groups are not coordinated.

NMR spectroscopic data for all three complexes give proofs for
their structures and N-N coordination R,-S,S-eddp esters to the
palladium(Il) ion. Chemical shifts arising from the carbon and
hydrogen atoms of this type of esters are found at the expected
positions [14,19,20].

Comparison of chemical shifts of methylene hydrogen atoms
from ethylenediamine part of esters with chemical shifts of the
same hydrogen atoms in the complexes (up to 0.9 ppm) indicates

My,

N
. \ / i iy,
() | (S) (s>;\ : /g/ (S);
(0] (e} 0,0
i |
: R |
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that the coordination of the R;-S,S-eddp esters performed via nitro-
gen ester atoms.

The number of the signals in >*C NMR spectra of the isolated
[PACI,(R;-S,S-eddp)] complexes confirm the coordination of the
R,-S,S-eddp esters to the palladium(Il) ion. By the coordination of
the R,-S,S-eddp esters to the palladium(Il) the both asymmetric
carbon atoms from the eddp part of the molecule retain S absolute
configurations. But, in the same time the nitrogen atoms from the
diammine ring of the eddp ligand become asymmetric. Thus three
diastereoisomers can be expected for [PdCl(R;-S,S-eddp)] com-
plexes [(RR), (RS =S,R) and (S,S), Fig. 1]. The (R,R) and (S,S) enan-
tiomers, due to C; symmetry, should give rise to one signal in NMR
spectra, each for their ester branches. The last (R,S) diastereoisomer
will give rise to two sets of NMR signals because the ester branches
are not equivalent. The presence of two sets of signals in NMR
spectra of the isolated complexes with different intensities sug-
gests the mixture of the diastereoisomers, as it was concluded in
previously published results [13a,20,21] for Pd(II) complexes with
the same type of ligands.

3.2. Microbiology

The results of in vitro testing antibacterial and antifungal activ-
ities of the three new palladium complexes are shown in Table 2.
For comparison, MIC and MBC/MFC values of doxycycline and
fluconazole are also listed in Table 2. The solvent (10% ethanol)
did not inhibit the growth of the tested microorganisms. The tested
palladium(Il) complexes showed different degrees of antimicrobial
activity in relation to the tested species. The intensity of antimicro-
bial action varied depending on the groups of microorganisms

i /CI CI\ /CI

Pd H H Pd
i/

7,

<)N

RO m O RO o
(& Clz
(R,R) (S,9) (R,S)

Fig. 1. Diastereoisomers of [PdCl,(R,-S,S-eddp)], R = n-Pr, n-Bu and n-Pe.

Table 2
Antibacterial and antifungal activity of the tested [PdCl,(R,-S,S-eddp)] complexes and corresponding ligands.

Species L1 c1 L2 c2 L3 c Doxycycline /fluconazol
MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC/MMC MIC/MMC
Escherichia coli ATCC 25922 >500 >500 125 250 125 >500 125 125 125 >500 62.5 250 25/25 /
Enterococcus faecalis ATCC 29212 >500 >500 125 250 125 >500 62.5 250 >500 >500 62.5 250 50/50 /
Pseudomonas aeruginosa ATCC 27853 >500 >500 125 250 >500 >500 31.25 125 >250 >500 125 125 12.5/50 /
Proteus mirabilis >500 >500 62.5 500 >500 >500 125 >500 >250 >500 125 125 50/>50 /
Escherichia coli 125 >500 62.5 125 31.25 >500 31.25 >250 >250 >500 125 >500 12.5/12.5 /
Bifidobacterium animalis subsp. lactis 125 >500 62.5 125 7.8 >500 15.6 125 098 >31.25 125 >500 0.024/>0.19 /
Lactobacillus plantarum 125 >500 625 125 15.6 125 15.6 125 195 >62.5 125 >500 0.012/>0.098 |
Bacillus subtilis IP 5832 125 >500 62.5 125 62.5 >500 15.6 125 62.5 >500 62.5 >500 0.003/0.024 /
Saccharomyces boulardii >500 >500 125 250 500 >500 125 250 62.5 125 125 125 / 6.25/>50
Candida albicans >500 >500 125 250 >500 >500 125 500 500 500 125 125 / 3.125/>50
Aspergillus fumigatus >500 >500 31.25 31.25 >500 >500 31.25 3125 625 125 7.8 7.8 / >500
Aspergillus flavus >500 >500 0.49 0.49 >500 >500 0.49 0.49 62.5 125 049 049 / >500

MIC, minimum inhibitory concentration (pg/mL).
MMC, minimum microbiocidal concentration (pg/mL).
/, not tested.
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(bacteria or fungi) and on the type and concentration of the
complex.

All three complexes demonstrated approximately similar activ-
ity in relation to the tested standard and clinical strains of bacteria.
Being compared to positive control, these complexes showed mod-
erate antibacterial activity. MIC values were in range from 31.25 to
125 pg/mL, and MBC values from 125 to 500 pg/mL depending on
the species of bacteria. The best activity was shown by [PdCl,(dbu-
S,S-eddp)] to P. aeruginosa ATCC 27853 and E. coli (MIC was
31.25 pg/mL).

The probiotics showed sensitivity similar to the sensitivity of
the other bacteria to the tested complexes, except in the case
of [PdCly(dbu-S,S-eddp)]. The growth of Lactobacillus plantarum,
B. subtilis IP 5832, B. animalis subsp. lactis was inhibited at concen-
tration of 15.6 pg/mL [PdCl,(dbu-S,S-eddp)].

Compared to the tested fungi, the complexes showed significant
antifungal activity. All three complexes inhibited the growth of A.
flavus at concentration of 0.49 pg/mL while [PdCl,(dpe-S,S-eddp)]
affected A. fumigatus at low concentration (MIC was 7.8 pg/mL).
MIC values for yeast C. albicans were 125 pg/mL for all three com-
plexes, while MFC was 250 pig/mL except for [PdCly(dbu-S,S-eddp)]
where it was 500 pg/mL.

In most cases the activity of free ligands was lower than that of
the complexes (Table 2).

4. Conclusion

R;-S,S-eddp-type esters and the corresponding Pd(II) complexes
were synthesized and characterized by IR, 'H and *C NMR spec-
troscopies and elemental analysis. From NMR spectra we can ob-
serve the presence of the mixture of diastereoisomeric forms.

The results of antimicrobial activity show that [PdCl(R,-S,S-
eddp)] complexes have significantly higher activity than corre-
sponding ligands. The antimicrobial activities of complexes vary
depending on the group of microorganisms and the type of com-
plexes. Pd(II)-complexes showed limited activity to strains of path-
ogenic bacteria (standard and clinical strains), probiotics and yeast.
Fungi Aspergillus sp. were extremely sensitive to the reported com-
plexes, so these complexes could be evaluated as potential phar-
maceutical agents.
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Abstract The reaction of K,[PdCly] with [(S,S)-H,(Et),-
eddv]Cl, diester (0,0’ -diethyl-(S,S)-ethylenediamine-N,N'-di-
2-(3-methyl)butanoate) (1) resulted in [PACL{(S,S)-(Et)eddv-
K*N,N',k0}] (2) complex with one hydrolyzed ester group.
The compound was characterized by spectroscopic meth-
ods and it was found that the reaction is diastereoselective
(lH and *C NMR; one diastereoisomer of four possible).
In addition, the structure of 2 was confirmed by X-ray
diffraction analysis, indicating that the product is the
(R,R)-N,N'-configured isomer. DFT calculations support
the formation of one diastereoisomer of 2.

Introduction
The reactions between [H,(R),eddp]Cl, ligand precursors

(Reddp = esters of ethylenediamine-N,N'-di-3-propanoic
acid; R = Me, Et, nPr, nBu, nPe) and potassium hexa-
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chloroplatinate(IV) have been recently investigated.
Depending on the R moiety, the reaction gave different
products (Fig. la, b) [1, 2]. For R shorter than nBu, these
reactions proceeded with the hydrolysis of the ester groups
yielding trans-[PtCly(eddp-k*N,N',k*0,0’)] (Fig. 1a), which
was confirmed by X-ray structural analysis. On the other
hand, when R was nBu or nPe, the isolated platinum(IV)
complexes were [PtC14(Rzeddp-K2N,N’ )] with intact ester
functions of the ligand (Fig. 1b) [1]. In contrast, sodium
hexachloroplatinate(IV) reacted with homologous acetato
[Ha(R),edda]Cl, ligand precursors (esters of ethylenedia-
mine-N,N'-diacetic acid; R = Me, Et, nPr) yielding only
[PtCl(Ryedda-k>N,N')] complexes (Fig. 1c), without hydro-
lysis of the ester function [2].

Chiral branched-chain [(S,S)-H,(R),eddip]Cl, esters [(S,S)-
R,eddip = (S,S)-ethylenediamine-N,N'-di-2-propanoic acid;
R = Et, nPr, nBu, nPe, iPr, iBu] were also used in the
synthesis of corresponding platinum(II/IV) complexes,
[PtC1,,{(S,S)-Ryeddip}] (n = 2, 4; Fig. 1d) [3]. The reaction
of [(S,5)-Hx(R),eddip]Cl, and hexachloroplatinate(IV)
affords complexes in which the ligands have retained their
ester functional groups without hydrolyzing. This class of
platinum(II/IV) complexes is also interesting regarding
antitumoral activity. In some cases, platinum(I'V) complexes
with Rjyedda-derived ligands showed higher cytotoxicity
than cisplatin, and the kinetics of the tumor cell death process
induced by these complexes is considerably faster in com-
parison with that induced by cisplatin [4, 5].

Because of the similar coordination modes and chemical
properties of palladium(Il) and platinum(II) compounds
(besides the fact that palladium(II) complexes are kineti-
cally less stable than platinum(I) complexes [6, 7]), syn-
thesis and characterization of palladium(Il) complexes with
edta tetraalkyl esters and ethylenediammonium-N,N'-di-3-
propanoic acid were performed [8, 9]. Nevertheless, some
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Fig. 1 Platinum(II/IV) and palladium(Il) complexes containing
R,edda-derived ligands

palladium(II) complexes with R,edda-derived ligands
exhibited very high antiproliferative activity [10-13]. Fur-
thermore, the diisopropyl ester of (S,S)-eddip reacts with
K,[PdCly] and yields two complexes [PdCl,{(S,S)-(iPr)ed-
dip}] and [PACI{(S,S)-({Pr)eddip}] (Fig. le, f), with intact
and with partly hydrolyzed ester ligand, respectively.

The reactivity of K,[PdCl,] with [(S,S)-H,(Et),eddv]Cl,
diester ligand precursor is reported further in this paper.
The obtained compound 2 was characterized by IR, 'H and
3C NMR spectroscopy, elemental analysis, and X-ray
crystallography. In addition, DFT calculations were per-
formed for four possible diastereoisomers of the complex.

Experimental

All chemicals were obtained commercially and used
without further purification. For infrared spectra, a Perkin-
Elmer Spectrum One FT-IR spectrometer was employed.
'"H and >C NMR spectra were recorded on a Varian
“Gemini 2000” (200 MHz) NMR spectrometer in CDCly
using tetramethylsilane as internal standard for the com-
plex and in D,O using tetramethylsilane as internal stan-
dard for the ligand precursor. Elemental analyses for C, H,
and N were done on a Vario /Il C, H, N, S Elemental
Analyzer, Elemental Analysensystem GmbH.

Synthesis of O,0’-diethyl ester of the (S,S)-
ethylenediamine-N, N’'-di-2-(3-methyl)butanoic acid
dihydrochloride, [(S,S)-H,(Et),eddv]Cl, 1

[(S,S)-H,(Et),eddv]Cl,, 1, (Fig. 2) was prepared using an
esterification reaction as previously described [14]. To

@ Springer

Fig. 2 Numbering of compounds used for NMR data

50 mL of dry ethanol, saturated with HCI gas, 2 g (6 mmol)
of [(S,5)-Hseddv]Cl, was added and the mixture was
refluxed for 12 h. The mixture was filtered and left in the
refrigerator overnight. The obtained white powder was fil-
tered and air-dried. Yield: 1.21 g(51.71%). Found: C, 49.84;
H, 8.41; N, 7.37 (%). Anal. Calcd. for 1, C;sH3,CLN,O,: C,
49.35; H, 8.80; N, 7.20. IR (cm’l): 3,414.93, 2,977.11,
2,759.11, 2,533.10, 1,733.29, 1,469, 1,227.63, 1,047,
850.93, 563.48. "H NMR (200 MHz, D,0, 8, ppm): 1.1 (m,
12H, C>®H;), 1.35 (t, 6H, C®H3), 2.41 (m, 4H, C'H,), 3.62
(m, 2H, C*H), 3.69 (d, 2H, C°H), 4.34 (q, 4H, C'H,). 1°C
NMR (50 MHz, CDCls, 8, ppm): 16.25 (C®), 20.93 (C),
21.07 (C®), 32.58 (C*), 46.20 (C"), 68.64 (C?), 70.30 (C7),
173.77 (C3).

Synthesis of {PdCI[(S,S)-(Et)eddv)]}, 2

K,[PdCl,] (0.200 g, 0.613 mmol) was dissolved in water
(10 mL) on a steam bath and 1 (0.2546 g, 0.613 mmol) was
added. The mixture was stirred for 2 h, and during this
period, a solution of LiOH (0.0294 g, 1.226 mmol in 10 mL
of water) was introduced. The complex, {PdCI[(S,S)-(Et)-
eddv)]}, 2 (Fig. 2) as a yellow precipitate, was filtered off,
washed with water, and air-dried. The compound was
crystalized from DMSO-water. Yield: 0.1473 g (61.02%).
Found: C, 39.34; H, 6.41; N, 6.38 (%). Anal. Calcd. for 2,
C,,H,,CIN,O,Pd: C, 39.17; H, 6.34; N, 6.53. IR (cm™'):
3,435.93, 3,177.78, 3,108.09, 2,970.05, 1,735.14, 1,640.49,
1,394.11, 1,266.68, 1,197.50, 1,022.50, 865.20, 591.67,
463.46. "H NMR (200 MHz, CDCls, 6, ppm): 0.95 (d, 6H,
C%"H,), 1.02 (d, 6H, C'"'?H3), 1.25 (t, 3H, C'°H;), 2.23
(m, 4H, C'*H,), 2.45 (q, 1H, C*H), 2.87 (q, 1H, C'°H), 3.91
(d, 1H, C°H), 4.16 (d, 1H, C°H), 4.45 (q, 2H, C"*H,). 1°C
NMR (50 MHz, CDCls, 8, ppm): 14.23 (C'), 17.93 (C®7),
19.34 (C'"'%), 28.41 (C'°), 30.58 (C%), 46.95 (C"), 49.76
(C?), 50.52 (C%), 61.88 (C%), 68.01 (C'), 169.25 (C*),
171.93 (C").

X-ray crystallographic data collection and refinement

A single crystal of the complex suitable for X-ray data
collection was mounted on a Bruker-Nonius Kappa CCD
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diffractometer equipped with graphite-monochromated
MoKo (A = 0.71073 A) radiation. The diffraction inten-
sities were corrected for Lorentz and polarization effects.
The absorption effects were corrected on semiempirical
basis using multiple scan (SADABS) [15]. The structure
was solved by direct methods and refined by full-matrix,
least-square calculations against F* [16]. All non-hydro-
gen atoms were refined with anisotropic displacement
parameters. The positions of all hydrogen atoms were
derived from a difference Fourier synthesis, and all
hydrogen atoms were refined with individual isotropic
displacement parameters. Disorder was observed for the
atoms O3, 04, and C9-C15, where two different orien-
tations were refined, resulting in site occupancy factors of
64(1) % for the major fraction and 36(1) % for the minor
fraction (O3A, O4A, C9A-CI15A). SAME restraints were
applied in the refinement of the disordered structure part
(atoms O3—C15 and O3A-C15A). SIMU restraints were
used for the refinement of the atoms O4, O4A, C14, and
C14A, and ISOR restraints for the atoms C9A, C12, C15,
and CI15A. The distances N1-C9 and NI1-C9A were
restricted to be of approximately the same length using an
SADI restraint. Empirical formula, C;4H,;CIN,O,Pd;
formula weight, 429.23; crystal system, orthorhombic;
space group, P2,2,2;; a (A), 6.1062(2); b (A), 10.5325(4);
¢ (A),29.115(1); 0 = B = 7 (°), 90; volume (A%), 1,872.5(1);
Z, 4; Deyeq (g cm™), 1.523; p Mo-Ka (mm™"), 1.150;
F(000), 880; Oangea (°), 3.40-27.10; refin. collected,
4,136; refin. observed [/ > 20(1)], 3,775; refln. independent,
4,136; data/restrains/parameters, 4136/60/289; goodness of
fit (F7), 1.031; R1 [I > 2a(I)], 0.0574; wR2, 01376; R1 (all
data), 0.0627; wR2, 0.1400; Ap (e/A%), 1.53/-2.36.

CCDC 795802 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Computational details

Geometry optimizations were performed by the Gaussian
03 package [17]. All the structures were optimized using
the MPWI1PWO1 functional [18]. The SDD basis set for
all atoms was employed in the calculations [19, 20]. The
appropriateness of the chosen functional and basis set
for palladium has been stated elsewhere [21]. All sys-
tems were optimized without symmetry restrictions. The
resulting geometries were characterized as equilibrium
structures by the analysis of the force constants of normal
vibrations. Supplementary data associated with quantum
chemical calculations can be obtained from the authors
upon request.
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Scheme 1 Reaction of K,[PdCl,] with [(S,S)-H,(Et),eddv]Cl,

Results and discussion

The reaction of an aqueous solution containing ligand
precursor [(S,S)-H,(Et),eddv]Cl, with the solution of a
K,[PdCl,] followed by the addition of a stoichiometric
amount of base (molar ratio 1:1:2) results in the formation of
2 (Scheme 1). The k*N,N',kO coordination mode of [(S,S)-
(Et)eddv]™ ligand in 2 arises from the hydrolysis of one of the
two ester groups of the original [(S,S)-(Et),eddv] ligand.

Spectroscopic properties

The IR spectrum of compound 2 shows specific absorption
bands v(C=0) at 1,735 cm ™! (strong) (typical absorption for
aliphatic esters), v(C-0) at 1,230 cm ™! (strong), v(CH3) at
2,970 cm™! (medium) (for comparison 1: 1,733, 1,228, and
2977 ecm™!, respectively [3]). For 2, there are two absorption
bands for v(C=0) at 1,735 and 1,640 cm ™!, which indicates
two different C=0 groups, being in correspondence with
hydrolysis of one of the ethyl groups, and coordination of the
residual oxygen atom. The v(N-H) absorption bands at 3,215
(for 1) and 3,177 cm ™! (2) (both typical absorptions for
secondary amino groups) may indicate that coordination
occurred via nitrogen atoms [1-3].

The constitution of complex 2 has been proved by NMR
spectroscopic measurements. In the "H NMR spectrum, the
signals of methylene hydrogen atoms from ethylenedia-
mine moiety show shifts up to 0.9 ppm, which indicate that
the coordination occurred via nitrogen atoms. Chemical
shifts for carbon atoms belonging to the COO moiety were
found in the same area but at very different shift values in
the '*C NMR spectrum. From comparison of the '*C NMR
spectra of 1 and previously reported [PdCI{(S,S)-(iPr)ed-
dip}] complex with 2, it can be concluded that the signal at
169.2 ppm belongs to the ester carbon atom, and the signal
at 171.9 ppm belongs to the carbon atom of the carboxyl
group that participates in coordination with its oxygen
atom. The coordination of the N atoms gives rise to the
formation of chiral centers, thus in principle four diaste-
reoisomers are possible: (R,R)-, (S,5)-, (S,R)-, and (R,S)-2
(vide infra Quantum Chemical Calculations), but only one
set of signals was found in both "H and '*C NMR spectra.
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Fig. 3 Molecular structure of
[PACI{(S,S)-(Et)eddv}] (2)

(50% probability ellipsoids,

hydrogen atoms drawn at

arbitrary size, disorder not

shown for clarity) c6

Table 1 Selected experimentally found bond lengths (A) and angles
(°) in molecular structure of 2 and calculated values (2c¢) for diaste-
reoisomers of 2

Compound 2 (R,R)-2¢ (R,S)-2¢ (S,R)-2¢ (5,9)-2¢

Ao
Pd-N2 2.028(7) 2.051 2.054 2.075 2.055
Pd-0O1 1.990(6) 1.990 1.991 2.011 2.007
Pd-N1 2.043(7) 2.079 2.095 2.120 2.099
Pd-Cl1 2.308(2) 2.345 2.342 2.345 2.343
C4-01 1.30 (1) 1.332 1.332 1.349 1.338
C4-02 1.21(1) 1.243 1.243 1.259 1.243
C13-03 1.18(2) 1.234 1.231 1.274 1.232
C13-04 1.345(2) 1.378 1.370 1.464 1.367
Cl14-04 1.49(2) 1.480 1.480 1.488 1.481
C2-N2 1.486(9) 1.498 1.493 1.522 1.496
CI-N1 1.51(1) 1.499 1.505 1.529 1.508
N2-Pd-N1 87.433) 872 87.6 85.8 84.9
N2-Pd-CI1  176.52) 177.0 176.0 179.1 175.7
O1-Pd-N1  169.9(3) 169.6 170.0 165.1 161.0
01-Pd-Cl1 932(12) 974 954 98.6 95.9
O1-Pd-N2 83.3(3) 83.1 82.5 81.2 84.4
N1-Pd-Cl1 96.12) 92.0 94.5 94.3 93.6
N2-C2-C1  109.2(7) 108.3 108.6 110.8 106.6
N1-C1-C2 108.4(7) 109.8 112.2 107.6 111.9
Pd-N1-C1  104.8(5) 105.2 104.2 100.3 105.1
Pd-N1-C9 122(1) 116.7 122.1 118.2 123.8
Pd-N2-C2  103.1(5) 1034 104.4 107.0 99.0
Pd-N2-C3  106.5(5) 107.5 107.6 102.2 108.9

Solid-state structure of 2

The complex [PACI{(S,S)-(Et)eddv}] is found to crystallize
in orthorhombic crystal system in the chiral space group
P2,2,2,. The molecular structure is shown in Fig. 3, and
selected bond lengths and angles are listed in Table 1.
The Pd atom is in a square—planar coordination geometry
with one tridentate [(S,S)-(Et)eddv]™ ligand coordinated

@ Springer

through one carboxylic oxygen and two nitrogen atoms
(k*N,N' kO coordination mode). The chloro ligand occupies
the fourth coordination site. A five-membered ring is
formed by the coordination of the [(S,S)-(Et)eddv]™ ligand
to Pd(II), and ethylenediamine and aminocarboxylato are
in envelope conformation on C2 and N2, respectively.
The X-ray structural analysis showed that the isolated
compound is the (R,R)-N,N'-configured isomer.

The Pd-N bond lengths (2.028(7) and 2.043(7) A) are
comparable with those found in [PACI{(S,S)-(iPr)eddip}]
complex (1.995(5)-2.047(6) ;\) [22] and in Pd(II) com-
plexes with ethylenediamine ligands (2.03-2.09 A) [23,
24]. On the other hand, the Pd-N bond lengths are shorter
than those found in palladium complexes with edta tetra-
alkyl ester ligands (2.098(4)-2.106(7) A) [8, 25-27]. The
Pd-O bond length in 2 (1.990(6) A) is shorter than that in
[PACI{(S,S)-(iPr)eddip}] (2.019(5) A) but within the range
of values for five- and six-membered chelates containing
Pd-O bonds (1.999(6)-2.105(3) A) [28, 29]. Also, the Pd—
Cl bond length (2.308(2) 10\) is shorter than in [PdCI{(S,S)-
(iPr)eddip}] (2.325(1) A) and comparable with those found
in [PdCly(R4edta)] and [PdCly(edta)]-xH,O complexes
(R = Me, Et; x = 5, 6; 2.287(2)-2.298(2) and 2.30(1) A,
respectively) [8, 26, 27].

Intramolecular N1-H---02 (N1---02 = 2.838(9) A) and
intermolecular N1-H---O3 (N1---O3 = 2.997(8) A) hydro-
gen bonds were observed in the structure of [PdCI{(S,S)-
(iPr)eddip}], while in the structure of 2, two intermolecular
hydrogen bonds are found (N1-H1---O2 = 3.002(9) A and
N2-H2---Cl1 = 3.263(7) A). Apart from this, some non-
classical intramolecular C-H---A (C1---O3 = 3.07(1) A
C6--02 = 2.99(2) A, C9---Cll = 3.36(1) A, C14--03 =
2.78(3) A) and intermolecular C-H---O interactions
(C2--01 = 3.26(1) A) were located [30].

Quantum chemical calculations

In order to investigate the selectivity of formation of only
one of the four possible isomers of 2, quantum chemical
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calculations were employed. DFT calculations were con-
ducted for the isomers resulting from the coordination of
[(S,5)-(Et)eddv]™ to the chloropalladium(II) moiety. The
structures were fully optimized without any symmetry
constraints and were found to represent equilibrium struc-
tures. Optimized structures of the [PdCI{(S,S)-(Et)eddv}]
complex (2¢) were represented in Fig. 4.

From the quantum chemical calculations, it is obvious
that three of the four isomers of 2¢ have more strain, and
they are higher in energy than (R,R)-2¢ by 4.4-59.8 kcal/
mol (Fig. 4). Therefore, this indicates that the (R,R)-2c
isomer is thermodynamically more stable than the other
isomers and that the energy differences correlate well with
the results from X-ray crystallography and NMR spectro-
scopic investigations. As can be seen from comparison of
calculated and experimental bond lengths and angles
shown in Table 1, the calculated values for (R,R)-2¢ are
well matched with the results obtained from X-ray struc-
tural analysis.

Conclusion

The present investigation shows that [(S,S)-H,(Et),-
eddv]Cl, ligand precursor reacts with K,[PdCl,] yielding
a palladium(I) complex with partly hydrolyzed ester
[PACI{(S,S)-(Et)eddv}] (2). The reaction is diastereose-
lective, and only one out of the four possible diastere-
oisomers was formed, (R,R)-2 (‘H and 'C NMR

59.83 kcal/mol
(S.R)-2¢c

spectroscopy, X-ray structural analysis). Quantum chemi-
cal calculations for 2 supported formation of (R,R)-N,N'
diastereoisomer for 2.
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S-Alkyl (R = benzyl, methyl, ethyl, propyl and butyl) derivatives of thiosalicylic acid and the correspond-
ing palladium(Il) complexes were prepared and their structures were proposed on the basis of infrared,
'H and '3C NMR spectroscopy. The cis geometrical configurations of the isolated complexes were pro-
posed on the basis of an X-ray structural study of the bis(S-benzyl-thiosalicylate)-palladium(II), [Pd(S-
bz-thiosal),] complex.

Antimicrobial activity of the tested compounds was evaluated by determining the minimum inhibitory
concentration (MIC) and minimum microbicidal concentration (MMC) in relation to 26 species of micro-
organisms. The tested ligands, with a few exceptions, show low antimicrobial activity. The palladium(II)
complexes, [Pd(S-R-thiosal);], have statistically significant higher activity than the corresponding ligands.
The complexes [Pd(S-et-thiosal),] and [Pd(S-pro-thiosal),] displayed the strongest activity amongst the
all tested compounds. The palladium(Il) complexes show selective and moderate antibacterial activity

and significant antifungal activity. The most sensitive were Aspergillus fumigatus and Aspergillus flavus.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Thiosalicylic acid and its derivatives have many various applica-
tions: as reagents for metal determination [1,2], modificators for
graphite paste electrodes [3], as photoinitiators for free radical
polymerization [4] and in cosmetics in hair growth treatment [5].
They are useful in numerous disease treatments, in particular
inflammatory, allergic and respiratory diseases [6] as well as Ras-
tumor growth inhibitors [7]. Ketones derived from thiosalicylic
acids have application as bile acid transport inhibitors [8].

The synthesis and evaluation of the biological activity of new
metal-based compounds are fields of growing interest. Numerous
complexes based on the palladium(Il) ion have been synthesized
and their different biological activities have been documented
[9-11]. The impact of different palladium complexes on the growth
and metabolism of various groups of microorganisms has been
studied. Garoufis et al. [12] reviewed numerous scientific papers
on anti-viral, antibacterial and antifungal activity of palladium(II)
complexes with different types of ligands (sulfur and nitrogen do-
nor ligands, Schiff base ligands and drugs as ligands). There are
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other papers in the literature showing different intensities of palla-
dium complex activity on various species of bacteria and fungi
[13-20].

S-Alkyl (alkyl = benzyl, methyl, ethyl, propyl and butyl)
derivatives of thiosalicylic acid have already been prepared and
characterized using IR and elemental microanalysis [21-24], and
the S-methyl derivate has also been characterized using NMR spec-
troscopy [22,23].

Thiosalicylic acid has been used for the synthesis of palla-
dium(II) complexes [25-28], but corresponding S-alkyl derivatives
have not. Our investigations are focused on the synthesis of the
corresponding Pd(I) complexes of S-alkyl derivatives as well as
the in vitro antimicrobial activity of the ligands and the complexes.
The structures of the isolated complexes are proposed on the basis
of their infrared, 'H and '3C NMR spectra. The structures as well as
the cis geometrical configurations of the isolated complexes are
proposed on the basis of an X-ray structural study of the cis-S-
cis-O bis(S-benzyl-thiosalicylate)-palladium(II) [Pd(S-bz-thiosal),]
complex. Our investigations are focused on the impact of the newly
synthesized Pd(Il) complexes on probiotics, since they are used as
supplements and they play a significant role in the protection and
maintenance of the balance of intestinal microflora during antibi-
otic therapy.


http://dx.doi.org/10.1016/j.poly.2011.08.042
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2. Experimental
2.1. Chemistry

2.1.1. Reagents and instruments

All chemicals were obtained commercially and used without
further purification. For the infrared spectra, a Perkin—-Elmer Spec-
trum One FT-IR spectrometer was employed. Elemental microanal-
yses for C, H and S were performed by standard methods on a Vario
III CHNS Elemental Analyzer, Elemental Analysensysteme GmbH.

2.1.2. General procedure for the synthesis of S-alkyl thiosalicylic acids
(L1)~(L5)

The thioacid ligands L1-L5 were prepared by alkylation of thio-
salicylic acid by means of the corresponding alkyl halogenides in
alkaline water-ethanol solution.

Thiosalicylic acid (1 mmol) was added to a 100 cm? round bot-
tom flask containing 50 cm? of 3a 0% solution of ethanol in water
and stirred. A solution of NaOH (2 mmol in 5 cm? of water) was
added to the acid suspension, whereupon the solution became
clear. The corresponding alkyl halogenide (2 mmol) was dissolved
in 5cm® of ethanol and transferred to the stirred solution. The
resulting mixture was kept overnight at 60 °C. The reaction mix-
ture was transferred into a beaker and ethanol was evaporated
off on a water bath. Diluted hydrochloric acid (2 mol/dm?) was
added to the resulting water solution and S-alkyl thiosalicylic acid
was precipitated as a white powder. The liberated acid was filtered
off and washed with plenty of distilled water. The product was
dried under vacuum overnight. Yield: 85-95%.

S-Benzyl-thiosalicylic acid (L1): M.p. 179-180 °C, white powder.
IR (KBr, cm™'): 3414, 3061, 2920, 2648, 2559, 1674, 1584, 1562,
1463, 1412, 1317, 1272, 1255, 1154, 1062, 1046, 897, 743, 711,
652, 551. 'TH NMR (200 MHz, CDCls, 6 ppm): 4.17 (s, 2H, CHy),
7.21-8.14 (m, 9H, Ar and bz). >C NMR (50 MHz, DMSO-dg, &
ppm): 35.9 (CH,), 124.1, 125.9, 126.7, 127.3, 127.9, 128.3, 128.6,
129.3, 131.0, 132.4, 136.8, 141.3 (Ar and bz), 167.5 (COOH).

S-Methyl-thiosalicylic acid (L2): M.p. 165-166 °C, white powder.
IR (KBr, cm™'): 3446, 3068, 2916, 2652, 2560, 1674, 1586, 1561,
1466, 1412, 1308, 1291, 1270, 1255, 1151, 1062, 1048, 892, 743,
699, 652, 556. 'H NMR (200 MHz, CDCl;, 6 ppm): 2.48 (s, 3H,
CHs), 7.16-8.18 (m, 4H, Ar). 3C NMR (50 MHz, CDCl;, § ppm):
15.6 (CH3), 123.5, 124.4, 125.4, 132.5, 133.6, 144.4 (Ar), 171.6
(COOH).

S-Ethyl-thiosalicylic acid (L3): M.p. 133-134 °C, white powder. IR
(KBr, cm™'): 3435, 3066, 2972, 2652, 2562, 1682, 1588, 1563, 1466,
1414, 1315, 1275, 1252, 1152, 1063, 1049, 884, 740, 704, 690, 651,
550. '"H NMR (200 MHz, CDCls, 6 ppm): 1.42 (t, 3H, CHs), 2.97 (q,
2H, CH,), 7.16-8.17 (m, 4H, Ar). '3C NMR (50 MHz, CDCl;, §
ppm): 13.1 (CHs3), 26.2 (CHy), 124.0, 125.9, 126.4, 132.6, 133.2,
142.9 (Ar), 171.4 (COOH).

S-Propyl-thiosalicylic acid (L4): M.p. 104 °C, white powder. IR
(KBr, cm™'): 3414, 3056, 2979, 2641, 2555, 1678, 1588, 1562,
1462, 1405, 1310, 1271, 1257, 1150, 1062, 1053, 811, 740, 704,
691, 653, 554. 'H NMR (200 MHz, CDCls, & ppm): 1.1 (t, 3H, CH3),
1.74 (m, 2H, CH,), 2.92 (t, 2H, CH,), 7.15-8.15 (m, 4H, Ar). '3C
NMR (50 MHz, CDCl3, 6 ppm): 13.8 (CH3), 21.6 (CH;), 34.1 (CH),
123.8, 125.6, 126.2, 132.5, 133.1, 143.1 (Ar), 171.6 (COOH).

S-Butyl-thiosalicylic acid (L5): M.p. 82-83 °C, white powder. IR
(KBr, cm™'): 3420, 2955, 2869, 2641, 2556, 1674, 1586, 1560,
1462, 1408, 1320, 1270, 1250, 1153, 1060, 1048, 924, 810, 738,
704, 651, 553. 'TH NMR (200 MHz, CDCl;, § ppm): 0.96 (t, 3H,
CH3), 1.46 (m, 2H, CH,), 1.78 (m, 2H, CH;), 2.94 (t, 2H, CH;),
7.15-8.16 (m, 4H, Ar). NMR (50 MHz, CDCl, § ppm): 13.7 (CHs),
22.3 (CHy), 30.2 (CH;), 31.9 (CH,), 123.8, 125.7, 126.3, 132.5,
133.1, 143.1 (Ar), 171.4 (COOH).

2.1.3. Preparation of the bis(S-benzyl-thiosalicylate)-palladium(II)
complex, [Pd(S-bz-thiosal),] (C1)

K,[PdCl,] (0.100 g, 0.3065 mmol) was dissolved in 10 cm?® of
water on a steam bath and (S-benzyl)-2-thiosalicylic acid
(0.1497 g, 0.613 mmol) was added into the solution. The resulting
mixture was stirred for 2 h and during this time an aqueous solu-
tion of LiOH (0.0256 g, 0.613 mmol in 10 cm® of water) was intro-
duced. The complex [Pd(S-bz-thiosal),] (C1) as a yellow precipitate
was filtered, washed with water and air-dried. Yield: 0.11g
(58.70%). Anal. Calc. for CygH,,04S,Pd (M, =592.98): C, 56.71; H,
3.74; S, 10.82. Found: C, 56.43; H, 3.85; S, 10.75%. IR (KBr, cm™'):
3420, 3057, 1634, 1616, 1562, 1327, 1146, 753, 708, 698. 'H
NMR (200 MHz, DMSO-dg, 6 ppm): 4.05 (s, 4H, CH,), 7.08-8.10
(m, 9H, Ar and bz). *C NMR (50 MHz, DMSO-dg, 6 ppm): 25.9
(CH,), 124.1, 125.6, 125.7, 126.2, 126.3, 126.8, 127.3, 127238,
129.5, 133.2, 136.2, 139.7 (Ar and bz), 171.5 (COO").

2.1.4. Preparation of the bis(S-methyl-thiosalicylate)-palladium(II)
complex, [Pd(S-met-thiosal),] (C2)

The complex [Pd(S-met-thiosal);] (€C2) was prepared as de-
scribed in Section 2.1.3 using (S-methyl)-2-thiosalicylic acid
(0.103 g, 0.613 mmol) instead of (S-benzyl)-2-thiosalicylic acid.
Yield: 0.08g (59.80%). Anal. Calc. for CygH1404S,Pd
(M, =440.672): C, 43.61; H, 3.20; S, 14.52. Found: C, 43.41; H,
3.39; S, 14.21%. IR (KBr, cm™'): 3419, 1619, 1597, 1399, 1385,
1332, 1306, 1142, 960, 865, 741, 693, 654. 'H NMR (200 MHz,
DMSO-dg, 6 ppm): 2.35 (s, 6H, CHs), 7.19-8.08 (m, 8H, Ar). '3C
NMR (50 MHz, DMSO-dg, 6 ppm): 14.6 (CH3), 123.6, 125.1, 125.2,
129.0, 132.7, 135.7, (Ar), 171.8 (COO").

2.1.5. Preparation of the bis(S-ethyl-2-thiosalicylate)-palladium(II)
complex, [Pd(S-et-thiosal),] (C3)

The complex [Pd(S-et-thiosal),] (C3) was prepared as described
in Section 2.1.3 using (S-ethyl)-2-thiosalicylic acid (0.1117 g,
0.613 mmol) instead of (S-benzyl)-2-thiosalicylic acid. Yield:
0.0832 g (57.90%). Anal. Calc. for C1gH304S,Pd (M, = 468.856): C,
46.11; H, 3.87; S, 13.68. Found: C, 45.97; H, 3.93; S, 13.54%. IR
(KBr, cm™'): 1436, 1587, 1518, 1393, 752. 'H NMR (200 MHz,
DMSO-dg, 6 ppm): 1.27 (t, 6H, CH3), 2.83 (q, 4H, CH;), 7.11-8.08
(m, 8H, Ar). 3C NMR (50 MHz, DMSO-ds, & ppm): 14.4 (CH3),
13.8 (CH,), 124.8, 125.3, 126.1, 128.7, 133.2, 135.9 (Ar), 172.0
(CO07).

2.1.6. Preparation of the bis(S-propyl-2-thiosalicylate)-palladium(II)
complex, [Pd(S-pro-thiosal),] (C4)

The complex [Pd(S-pro-thiosal);] (C4) was prepared as de-
scribed in Section 2.1.3 using (S-propyl)-2-thiosalicylic acid
(0.1203 g, 0.613 mmol) instead of (S-benzyl)-2-thiosalicylic acid.
Yield: 0.0889g (58.40%). Anal. Calc. for CyoH2204S,Pd
(M, =496.908): C, 48.34; H, 4.46; S, 12.91. Found: C, 48.52; H,
4.11; S, 12.73%. IR (KBr, cm™'): 1421, 1589, 1541, 1520, 1397,
752. '"H NMR (200 MHz, DMSO-dg, § ppm): 0.98 (t, 6H, CH3), 1.76
(m, 4H, CH,), 2.84 (t, 4H, CH,), 7.20-8.25 (m, 8H, Ar). '3C NMR
(50 MHz, DMSO-dg, 6 ppm): 13.2 (CH3), 22.0 (CH,), 27.6 (CH;),
125.1, 126.6, 126.7, 130.5, 134.2, 137.2 (Ar), 172.5 (COO™).

2.1.7. Preparation of the bis(S-butyl-2-thiosalicylate)-palladium(Il)
complex, [Pd(S-bu-thiosal),] (C5)

The complex [Pd(S-bu-thiosal),] (C5) was prepared as described
in Section 2.1.3 using (S-butyl)-2-thiosalicylic acid, (0.1289 g,
0.613 mmol) instead of (S-benzyl)-2-thiosalicylic acid. Yield:
0.0941 g (58.43%). Anal. Calc. for Cy,H»604S,Pd (M, = 524.960): C,
50.33; H, 4.99; S, 12.22. Found: C, 50.52; H, 4.51; S, 12.56%. IR
(KBr, cm™"): 3420, 1634, 1616, 1561, 1327, 1146, 753, 698. 'H
NMR (200 MHz, DMSO-dg, § ppm): 0.95 (t, 6H, CHs), 1.33 (m, 4H,
CH,), 1.62 (m, 4H, CH,), 2.79 (t, 4H, CH,), 7.24-8.19 (m, 8H, Ar).
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Table 1

Crystal data and structure refinement for the [Pd(S-bz-thiosal),] complex (C1).
Identification code CCDC 824331
Empirical formula CygH»,04S,Pd
Formula weight 592.98
T (K) 123(2)
2 (A) 0.71073
Crystal system monoclinic
Space group P2,/c
Unit cell dimensions
a(A) 12.0280(5)
b (A) 21.0330(8)
c(A) 9.5049(4)
o (°) 90
B(°) 92.578(2)
7 (°) 90
V (A3) 2402.16(17)
V4 4
Dca]c (g/Cm3) 1.640
Absorption coefficient (mm™') 0.981
F(000) 1200

Crystal size (mm?) 0.16 x 0.04 x 0.02

Theta range for data collection 2.96-25.02°

Index ranges -13<h<14, -23 <k <25,
-11<I<11

Reflections collected 13559

Independent reflections 4212 [Rine = 0.1276]

Completeness to 0 = 25.02° 99.3%

Absorption correction multi-scan

Maximum and minimum 0.9807 and 0.8589
transmission
Refinement method full-matrix least-squares on F?
Data/restraints/parameters 4212/78/316
Goodness-of-fit (GOF) on F? 0.981
Final R indices [I>20(I)] R; =0.0624, wR, = 0.1034
R indices (all data) Ry =0.1215, wR, =0.1179
Largest difference in peak and hole 0.587 and —0.637
(eA3)

13C NMR (50 MHz, DMSO-ds, & ppm): 13.4 (CHs), 20.5 (CH,), 21.6
(CH,), 33.7 (CHy), 123.8, 124.4, 126.3, 130.2, 131.9, 135.9 (Ar),
171.9 (COO™).

2.2. Crystal structure determination

Cystals of the [Pd(S-bz-thiosal),] complex (C1) suitable for X-ray
determination were obtained by slow crystallization from a MSO-
water system. The structural data were collected by a Bruker-Nonius
Kappa CCD diffractometer equipped with an APEXII detector using
graphite monochromatised Mo Ko radiation. The COLLECT [29] data
collection software was used and obtained data were processed with
DENZO-SMN [30]. The structures were solved by direct methods,
using SIR-2004 [31], and refined on F?, using sHElxt-97 [32]. The
reflections were corrected for Lorenz-polarization effects and
multi-scan absorption correction was applied [33]. The hydrogen
atoms were inserted at their calculated positions with isotropic tem-
perature factors [Uiso(H) factors of 1.2 times Ueq(C)] and refined as
riding atoms. The figure was drawn with ORTEP-3 [34]. Other exper-
imental X-ray data are shown in Table 1.

2.3. In vitro antimicrobial assay

2.3.1. Test substances

The tested compounds were dissolved in DMSO and then di-
luted into nutrient liquid medium to achieve a concentration of
10%. An antibiotic, doxycycline (Galenika A.D., Belgrade), was dis-
solved in nutrient liquid medium, a Mueller-Hinton broth (Torlak,
Belgrade), while an antimycotic, fluconazole (Pfizer Inc., USA), was
dissolved in Sabouraud dextrose broth (Torlak, Belgrade).

2.3.2. Test microorganisms

The antimicrobial activity of the ligands L1-L5 and the corre-
sponding palladium(ll) complexes C1-C5 was tested against 26
microorganisms. The experiment involved 14 strains of pathogenic
bacteria, including five standard strains (Escherichia coli ATCC
25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC
6633) and nine clinical isolates (Escherichia coli, Enterococcus faecalis,
P. aeruginosa, S. aureus, Sarcina lutea, Bacillus subtilis, Proteus mirabilis,
Salmonella enterica, Salmonella typhimurium). Also, four species of
probiotic bacteria (Lactobacillus plantarum PMFKG-P31, Bacillus
subtilis 1P 5832 PMFKG-P32, Bifidobacterium animalis subsp. lactis
PMFKG-P33, Lactobacillus rhamnosus PMFKG-P35), five species of
mould (Aspergillus niger ATCC 16404, Aspergillus fumigatus PMFKG-
F23, Aspergillus flavus PMFKG-F24, Aspergillus restrictus PMFKG-F25,
A. niger PMFKG-F26) and three yeast species (Candida albicans
(clinical isolate), Rhodotorula sp. PMFKG-F27, Saccharomyces boulardii
PMFKG-P34) were tested. All clinical isolates were a generous gift
from the Institute of Public Health, Kragujevac. The other microorgan-
isms were provided from a collection held by the Microbiology
Laboratory Faculty of Science, University of Kragujevac.

2.3.3. Suspension preparation

Bacterial and yeast suspensions were prepared by the direct
colony method. The colonies were taken directly from the plate
and were suspended in 5 cm? of sterile 0.85% saline. The turbidity
of the initial suspension was adjusted by comparing it with 0.5
McFarland’s standard (0.5 cm® 1.17% w/v BaCl, x 2H,0 +99.5 cm?
1% w|v H,SO4) [35]. When adjusted to the turbidity of the 0.5
McFarland’s standard, the bacteria suspension contains about
108 colony forming units (CFU)/cm? and a suspension of yeast con-
tains 10® CFU/cm®. Ten-fold dilutions of the initial suspension were
additionally prepared into sterile 0.85% saline. The suspensions of
fungal spores were prepared by gentle stripping of spore from
slopes with growing aspergilli. The resulting suspensions were
1:1000 diluted in sterile 0.85% saline.

2.3.4. Microdilution method

Antimicrobial activity was tested by determining the minimum
inhibitory concentrations (MIC) and minimum microbicidal
concentration (MMC) using the microdilution plate method with
resazurin [36]. The 96-well plates were prepared by dispensing
100 pL of nutrient broth, Mueller-Hinton broth for bacteria and
Sabouraud dextrose broth for fungi and yeasts, into each well. A
100 pL aliquot from the stock solution of the tested compound
(with a concentration of 2000 pg/cm?) was added into the first
row of the plate. Then, twofold, serial dilutions were performed
by using a multichannel pipette. The obtained concentration range
was from 1000 to 7.81 pg/cm®. A 10 pL aliquot of diluted bacterial
yeast suspension and suspension of spores were added to each well
to give a final concentration of 5 x 10° CFU/cm? for bacteria and
5 x 10° CFU/cm? for fungi and yeast. Finally, 10 uL resazurin solu-
tion was added to each well inoculated with bacteria and yeast.
Resazurin is an oxidation-reduction indicator used for the evalua-
tion of microbial growth. It is a blue non-fluorescent dye that be-
comes pink and fluorescent when reduced to resorufin by
oxidoreductases within viable cells [37]. The inoculated plates
were incubated at 37 °C for 24 h for bacteria, 28 °C for 48 h for
the yeast and 28 °C for 72 h for fungi. The MIC was defined as
the lowest concentration of the tested substance that prevented
the resazurin color change from blue to pink. For fungi, the MIC
values of the tested substances were determined as the lowest con-
centration that visibly inhibited mycelia growth.

Doxycycline and fluconazole were used as a positive control. A
solvent control test was performed to study the effect of 10% DMSO
on the growth of microorganisms. It was observed that 10% DMSO
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did not inhibit the growth of microorganisms. Also, in the experi-
ment, the concentration of DMSO was additionally decreased be-
cause of the twofold serial dilution assay (the working
concentration was 5% and lower). Each test included growth con-
trol and sterility control. All tests were performed in duplicate
and the MICs were constant. Minimum bactericidal and fungicidal
concentrations were determined by plating 10 pL of samples from
wells where no indicator color change was recorded, on nutrient
agar medium. At the end of the incubation period the lowest con-
centration with no growth (no colony) was defined as the mini-
mum microbicidal concentration.

2.3.5. Statistical analysis

All statistical analyses were performed using SPSS package.
Mean differences were established by the Student’s t-test. Data
were analyzed using one-way analysis of variance (ANOVA). In
all cases P values <0.05 were considered statistically significant.

3. Results and discussion
3.1. Synthesis and chemical characterization

S-Alkyl (R = benzyl, methyl, ethyl, propyl and butyl) derivatives
of thiosalicylic acid were prepared by the alkylation of thiosalicylic
acid using the corresponding alkyl halogenides in alkaline water—
ethanol solution (Scheme 1). The corresponding [Pd(S-R-thiosal);]
complexes were obtained by the direct reaction of K;[PdCl4] with
the S-alkyl derivative of thiosalicylic acid (molar ratio 1:2) in water
solution with satisfactory yields (more than 50%) (Scheme 2).

A bidentate S-O coordination of the ligands L1-L5 to the Pd(II)
ion is expected. The lack of S-H stretching absorption bands in the
complexes C1-C5 in the range 2600-2550 cm™! [38] (2559 cm™!
for L1, 2560 cm ™! for L2, 2562 cm ™! for L3, 2555 cm™! for L4 and
2556 cm™~! for L5) suggests the deprotonation of the S-H groups
of the ligands and their coordination to the Pd(II) ion in the com-
plexes. The carboxylate asymmetric stretching bands of ligands
(1674 cm~! for L1 and L2, 1682 cm~"' for L3, 1678 cm~! for L4

and 1674 cm™! for L5) are located at lower energies than expected
(1700-1750 cm™') [38,39]. This could be explained by the pres-
ence of big R-S groups in the ortho position. The positions of these
bands in corresponding C1-C5 complexes are in the expected re-
gion (1600-1650cm™') [18] (1633 and 1616cm~! for C1,
1619 cm™! for €2, 1587 cm™' for €3, 1589 cm™' for €4 and 1633
and 1615cm™! for C5), confirming their deprotonation and
coordination in the complexes. The presence of two bands for C1
and C5 suggests small energy differences. These differences could
be explained due to the presence of large benzyl and butyl groups
and their steric impact to the phenyl part of the thiosalicylic acid.

Chemical shifts arising from carbon and hydrogen atoms of this
type of thioether and the corresponding palladium(Il) complexes
are found at the expected, and almost the same positions. Some
differences in the chemical shifts of the carbon atoms of the car-
boxylic groups of the S-benzyl, S-methyl, S-ethyl, S-propyl and S-

Fig. 1. Molecular structure of the [Pd(S-benzyl),] complex (C1) (heteroatoms are
shown with an octant shaded mode).
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Table 2

Selected bond lengths (A) and angles (°) for the [Pd(S-benzyl),] complex (C1).
Bond lengths (A) Bond angles ©)
Pd(1)-0(2) 2.024(4) 0(2)-Pd(1)-0(4) 88.4(2)
Pd(1)-0(4) 2.034(4) 0(2)-Pd(1)-5(1) 89.84(14)
Pd(1)-S(1) 2.246(2) 0(4)-Pd(1)-5(1) 172.52(15)
Pd(1)-5(2) 2.254(2) 0(2)-Pd(1)-5(2) 172.77(14)
S(1)-C(3) 1.778(7) 0(4)-Pd(1)-5(2) 89.70(14)
S(1)-C(8) 1.829(7) S(1)-Pd(1)-S(2) 92.94(7)
S(2)-C(17) 1.787(7) C(3)-S(1)-C(8) 105.9(3)
S(2)-C(22) 1.830(7) C(3)-S(1)-Pd(1) 100.0(2)
0(2)-C(1) 1.278(8) C(8)-S(1)-Pd(1) 104.4(2)
0(4)-C(15) 1.279(8) C(17)-S(2)-C(22) 105.9(3)
0(1)-C(1) 1.229(8) C(17)-S(2)-Pd(1) 99.1(2)
0(3)-C(15) 1.235(8) C(22)-S(2)-Pd(1) 105.7(2)
C(16)-C(15) 1.516(10) C(1)-0(2)-Pd(1) 128.5(4)
C(2)-c(1) 1.518(9) C(15)-0(4)-Pd(1) 127.5(5)
C(22)-C(23) 1.493(9)
C(9)-C(8) 1.506(10)
Short contacts H---A(A) D---A(A) ©) Dihedral angles ©)
C6-H6. --04° 3.318(9) 125 Pd(1)-S(2)-C(22)-C(23) ~69.1(5)
C11-H11.--02° 3.414(9) 155 Pd(1)-S(1)-C(8)-C(9) —52.0(5)
C14-H14--.03¢ 3.293(9) 156 Pd(1)-S(1)-C(3)-C(2) —42.3(6)
C20-H20..-01° 3.305(9) 127 Pd(1)-S(2)-C(17)-C(16) ~40.5(6)
C22-H22B. --03¢ 3.380(9) 134 C(3)-C(2)-C(1)-0(2) 29.2(11)
C24-H24---03¢ 3.471(9) 144 C(17)-C(16)-C(15)-0(4) 34.2(10)
C25-H25---01¢ 3.388(9) 168
C27-H27---01* 3.223(10) 127
C4-H4-. . .ntd8 2.71 3.653(10) 174
C18-H18. . .md# 2.71 3.617(10) 159
C22-H22A. - -n*h 2.87 3.778(10) 153
...t 3.308(10)

Symmetry operators:

X, -y+1, -z
b _x+1,-y+1, -z
Cxyz+1.

dx, —y+1/2,z+1/2.

€ —x,y-1/2, —z+1/2.

fx, —y+1/2,z-1/2.

& Distance to closest C atom.

" Distance from C to closest C atom.

butyl derivatives of thiosalicylic acid (167.5, 171.6, 171.4, 171.6,
171.4ppm) and the corresponding palladium(ll) complexes
(171.5, 171.8, 172.0, 172.5, 171.9 ppm), respectively, can be ob-
served. These differences could be explained by the coordination
of the carboxylic group to the palladium(II) ion.

It can be concluded from IR and NMR spectra of the ligands and
the corresponding complexes that the ligands are bidentately coor-
dinated to the palladium(Il) ion, but nothing can be concluded
about geometry of complexes.

3.2. Description of the crystal structure

The [Pd(S-bz-thiosal),] complex (C1) crystallizes in the P2¢/c
space group of the monoclinic crystal system. The molecular struc-
ture of the C1 complex is shown in Fig. 1 Selected geometric
parameters are listed in Table 2. The crystal structure analysis
shows the bidentate and a long cis-S—cis-O coordination (known
for Pd-complexes) [40] of the S-benzyl-thiosalicylic acid ligand
L1 to the Pd(II) ion (Fig. 1.) and the expected square-planar geom-
etry. All the bonds are in the expected region. But a small deforma-
tion of the geometry around Pd(II) [angles O(2)-Pd(1)-0(4)
88.37(19)° and S(1)-Pd(1)-S(2) 92.94(7)°] is expected and can be
explained as a consequence of the presence of large S atoms in
cis positions.

The two six-membered rings involving the Pd atom are in skew-
chair conformations in C1 (Fig. 1) and are practically equal, as ex-
pected due to restrictions of the coordination geometry around Pd
and the stiff thiosalicylic moieties. This is the reason for the orien-

tation of benzyl groups, almost over the phenyl residues originat-
ing from another S-benzyl-thiosalicylic ligand. The non-parallel
positions of the phenyl and benzyl groups, and therefore non-sym-
metric structure of the [Pd(S-bz-thiosal),] complex, can also be

Fig. 2. A pair of C1 complexes formed by intermolecular interactions: C-H---O
(green, accepted by 03), m-- -1 (red, closest C25---C28) and C-H- - -mt (blue, closest
accepted by C24 or C21). (Colour online.)
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Table 3
In vitro antimicrobial activity of the tested ligands L1-L5 and the corresponding palladium(Il) complexes C1-C5.
Species L1 C1 L2 2 L3 Cc3 L4 C4 L5 c5 Doxycycline/
fluconazole

MIC*  MMC® MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC
Bifidobacterium animalis subsp. lactis 500 500 500 1000 500 500 1000 1000 1000 1000 500 500 500 1000 250 500 1000 1000 500 1000 31.25 62.5
Bacillus subtilis IP 5832 500 500 500 500 500 500 500 500 1000 >1000 250 500 500 500 250 250 1000 >1000 250 500 1.953 15.63
Lactobacillus plantarum 500 1000 250 500 500 500 500 500 500 >1000 250 500 250 >1000 250 500 1000 >1000 500 500  0.448 7.81
Lactobacillus rhamnosus >1000 >1000 1000 1000 1000 >1000 500 1000 1000 1000 500 500 1000 >1000 500 >1000 >1000 >1000 1000 1000 7.81 31.25
Sarcina lutea 500 1000 250 500 1000 1000 500 500 500 >1000 250 250 500 >1000 250 250 1000 >1000 250 500  <0.448 3.75
Enterococcus faecalis 1000 >1000 1000 1000 1000 >1000 500 500 >1000 >1000 500 500 1000 >1000 500 500 >1000 >1000 1000 1000 7.81 62.5
E. faecalis ATCC 29212 1000 1000 500 500 1000 1000 500 1000 500 1000 250 500 500 1000 250 500 1000 1000 500 1000 7.81 62.5
Bacillus subtilis 500 500 250 500 125 500 500 500 1000 >1000 250 250 500 1000 250 250 1000 >1000 250 500  0.112 1.953
Bacillus subtilis ATCC 6633 500 500 250 500 1000 1000 500 500 >1000 >1000 250 250 1000 >1000 250 250 1000 >1000 250 500 1.953 31.25
Staphylococcus aureus 250 500 250 500 500 >1000 500 500 1000 >1000 250 250 250 1000 250 250 1000 >1000 125 500  0.448 7.81
S. aureus ATCC 25923 500 1000 500 1000 1000 1000 500 1000 1000 1000 500 500 500 1000 500 500 >1000 >1000 500 500  0.224 3.75
Escherichia coli >1000 >1000 1000 1000 1000 >1000 500 500 1000 >1000 500 500 1000 >1000 500 500 >1000 >1000 1000 1000 7.81 15.63
Escherichia coli ATCC 25922 1000 >1000 1000 1000 1000 >1000 500 500 >1000 >1000 500 500 1000 >1000 500 500 >1000 >1000 1000 1000 15.625 31.25
Pseudomonas aeruginosa 1000 >1000 1000 1000 500 >1000 500 1000 1000 >1000 500 500 500 >1000 500 1000 1000 >1000 1000 1000 250 >250
P. aeruginosa ATCC 27853 500 >1000 500 1000 500 >1000 250 500 500 >1000 250 500 500 >1000 500 1000 500 >1000 500 1000 62.5 125
Proteus mirabilis 1000 >1000 500 1000 1000 >1000 500 1000 1000 >1000 500 500 1000 >1000 500 1000 >1000 >1000 500 1000 250 >250
Salmonella enterica 1000 >1000 1000 1000 1000 >1000 500 500 1000 >1000 500 500 1000 >1000 500 1000 >1000 >1000 1000 1000 15.625 31.25
Salmonella typhimurium 1000 >1000 1000 1000 1000 >1000 500 1000 1000 1000 500 500 1000 >1000 500 1000 >1000 >1000 1000 1000 15.625 125
Candida albicans >1000 >1000 500 1000 1000 1000 1000 1000 1000 1000 500 1000 1000 1000 500 1000 1000 1000 500 1000 62.5 1000
Rhodotorula sp. >1000 >1000 500 1000 500 1000 500 1000 500 1000 250 500 1000 1000 250 500 500 1000 500 1000 62.5 1000
Saccharomyces boulardii 1000 >1000 500 1000 1000 >1000 1000 1000 1000 1000 500 1000 1000 1000 500 1000 500 1000 500 1000 31.25 1000
Aspergillus niger >1000 >1000 500 1000 500 500 500 1000 500 1000 500 1000 500 1000 250 500 1000 >1000 250 500 500 1000
Aspergillus niger ATCC 16404 >1000 >1000 500 1000 >1000 >1000 1000 1000 1000 >1000 500 1000 500 1000 500 500 1000 1000 500 1000 62.5 62.5
Aspergillus restrictus 500 >1000 125 250 500 1000 500 1000 500 1000 125 250 500 1000 313 125 250 250 313 250 500 2000
Aspergillus fumigatus 62.5 62.5 625 625 625 250 <7.8 1568 1568 1568 <7.8 <7.8 1568 125 <78 <78 62.5 62.5 313 31.25 500 1000
Aspergillus flavus 31.25 250 <7.8 <7.8 1000 1000 157 15.68 125 125 625 500 125 500 62.5 62.5 125 1000 125 250 1000 1000

92-69 (Z10Z) L€ uoipayAjod /o 32 1ppy ‘d'D

3 MIC values (pg/cm?) - means inhibitory activity.
P MMC values (pg/cm®) - means microbicidal activity.
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explained by a skew-chair conformation of the six-membered rings
and, also, by the larger orientational freedom of the benzyl groups
bonded to the S(1) and S(2) atoms. The spatial orientations of the
benzyl groups are not similar, as can be seen from the values of
the Pd(1)-S(1)-C(8)-C(9) and Pd(1)-S(2)-C(22)-C(23) dihedral
angles (Table 2). Although the aromatic rings of the phenyl and
benzyl groups seem to be over each other, the distance between
them is too long for any reasonable intramolecular 7- - -7 interac-
tions to occur. The deprotonated carboxyl groups are also twisted
out of the adjacent aromatic plane, as can be seen from the C(3)-
C(2)-C(1)-0(2) and C(17)-C(16)-C(15)-0(4) dihedral angles from
Fig. 1.

The spatial orientation of the benzyl groups in the crystal struc-
ture is, of course, much more significantly defined by intermolecu-
lar interactions during the crystallization process, in which the
attractive and repulsive contacts compete with each other and a
stable balance between them must be achieved. The lack of strong
hydrogen bond donors gives space for much weaker C-H- - -O inter-
actions to dominate as attractive ones in the crystallization process
of C1. Eight such interactions are found from the structure (Table
2). Three potential C-H.--m-type interactions were also found.
Two complexes seem to form a pair involving two C-H.--0, all
three C-H.- - and one additional 7 - -7 contact in the x, —y + 15,
z + Y4 direction (Fig. 2).

Based on S,0-coordination of all the ligands and the crystal struc-
ture of the [Pd(S-bz-thiosal),] complex, it can be assumed that the
other complexes occur in the form of a cis-S-cis-O geometric isomer.

3.3. Microbiology

The results of in vitro testing of antimicrobial activities for the
five new palladium complexes are shown in Table 3. The solvent
(10% DMSO) did not inhibit the growth of the tested
microorganisms.

The intensity of the antimicrobial action varied depending on
the species of microorganism and on the type of tested compound.
In general, the activity of the complexes was higher than the corre-
sponding ligands (p < 0.05). MICs and MMCs values for ligands
were in range 15.68 to >1000 pg/cm?, and for complexes <7.8 to
1000 pg/cm?>. The best effect was observed for L3 and L4 for the li-
gands, and C3 and C4 for the complexes (p < 0.05).

The palladium(II) complexes showed significant antifungal activ-
ity. The most sensitive was A. fumigatus, A. flavus and A. restrictus.
The activity of the complexes was better than the positive control
fluconazole (p < 0.05). The obtained concentrations of palladium(II)
complexes which inhibit the growth of moulds were from <7.8 to
500 pg/cm?>. Antimicrobial testing of newly synthesized complexes
of palladium(lI), done by Vasic et al., led to similar results [41]. The
standard and clinical strain of A. niger did not show sensitivity
similar to that mentioned, where the MIC went from 250 to
1000 pg/cm?.

The tested compounds did not affect the growth of yeasts or
their activities were very low. The MIC and MMC values for yeasts
were from 500 to >1000 pg/cm?, except for the complexes €3 and
C4 against Rhodotorula sp., where the MIC was 250 pg/cm®.

All the tested compounds demonstrated weak and moderate
antibacterial activity. The Gram-positive bacteria were more sensi-
tive than the Gram-negative bacteria, especially for the activity of
the complexes. The most sensitive was S. aureus with a MIC value
of 125 pg/cm? for the complex C5. The MICs for Gram-negative
bacteria were 500 and 1000 pg/cm®. The tested complexes C2
and C3 exhibited somewhat stronger antibacterial activity towards
P. aeruginosa ATCC 27853 (MIC = 250 pg/cm?).

The probiotics showed sensitivity similar to the sensitivity of
the other bacteria. The MICs were from 250 to >1000 pg/cm® and
the MMCs were from 500 to >1000 pg/cm>.

4. Conclusion

The results of antimicrobial activity showed that the tested li-
gands and the corresponding palladium(Il) complexes showed dif-
ferent degrees of antimicrobial activity in relation to the tested
species. The tested ligands, with few exceptions, showed low anti-
microbial activity. The palladium(Il) complexes showed selective
and moderate activity. A difference in the antimicrobial activity
was observed between the ligands and the corresponding palla-
dium(Il) complexes, with higher activities being displayed for the
palladium(Il) complexes. Interesting results were obtained for
Aspergillus species, which are common in the environment and
which cause the infection known as aspergillosis. The tested com-
plexes reacted better than the positive control. The molecular
structure in the crystalline state was obtained for complex C1
and showed an unsymmetrical cis configuration around the Pd
atom. The crystal structure was found to be stabilized by C-
H---0, C-H.. -m-type and 7 - -7 interactions.
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1. Introduction

Simultaneously with the rapid development of a wide range of antibacterial agents since the
1940s, bacteria have proved extremely adept at developing resistance to each new employed
agent. The rapidly increasing incidence of bacterial resistance to antimicrobial agents has
become a serious problem worldwide. Resistance mechanisms have been identified and
described for all known antibiotics currently available for clinical use (Fluit et al., 2000).

The synthesis and evaluation of the biological activity of the new metal-based compounds is
the field of growing interest. Numerous complexes based on palladium(Il) and platina(IV)-
ion have been synthesized and their different biological activities have been documented
(Agarwal, 2007; Mishra et al., 2007a; Mishra & Kaushik, 2007). The impact of different
palladium and platinum complexes on the growth and metabolism of various groups of
microorganisms has been studied. Garoufis et al. (2009) reviewed numerous scientific
papers on anti-viral, antibacterial and antifungal activity of palladium(II) complexes with
different types of ligands (sulfur and nitrogen donor ligands, Schiff base ligands and drugs
as ligands). There are other papers in the literature showing different intensity of
palladium(II) and platina(IV) complexes activity on various species of bacteria and fungi
(Kovala-Demertzi et al., 2001; Brudzinska et al., 2004; Coombs et al., 2005; Guerra et al., 2005;
Ali et al., 2006; Manav et al., 2006; Aghatabay et al., 2007; Kizilcikli et al., 2007; Mishra et al.,
2007b; Biyala et al., 2008; Al-Hazmi et al., 2008; Vieira et al., 2009).

The aim of this paper is to describe synthesis of some new palladium(II) and platinum(IV)
complexes and in vitro research of their antibacterial activities. The second objective is to
evaluate the impact these compounds have on probiotic bacteria. Probiotics are used as
supplements and they play significant role in protecting and maintaining the balance of
intestinal microflora in antibiotic therapy.
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2. Experimental

2.1 Chemistry

The palladium(Il) and platinum(IV) complexes were obtained by direct reaction of the
corresponding starting compounds (K;PdCly and K;PtCls) and newly synthesized
tetradentate or bidentate ligands. The next compounds were synthesized:

O,0’-dipropyl-(S, S)-ethylenediamine-N,N'-di-2-propanoate (L1)
dichlorido-(O,O’-dipropyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate)-palladium(II)
(1)

O,0’-dibutyl-(S, S)-ethylenediamine-N, N'-di-2-propanoate (L2)
dichlorido-(O,0’-dibutyl-(S, S)-ethylenediamine-N,N'-di-2-propanoate)-palladium(II)
(€2)

O,0’-dipentyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate (L3)
dichlorido-(O,0’-dipentyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate)-palladium(II)
(C3)

O, 0’-ethyl-(S,S)-ethylenediamine-N,N’-di-2-(3-methyl)-butanoate (L4)
chorido((S,S)-ethylenediamine-N-(O-ethyl-2-(3-methyl)-butanoate)-N"-2-(3-methyl)-
butanoato)-palladium(II) (C4)

tetrachlorido(O,O'-diethyl-(S, S)-ethylenediamine-N,N'-di-2-(3-methyl)butanoate)-
platinum(IV) (C4a)

O,0’-dipropyl-(S, S)-ethylenediamine-N,N’-di-2-(3-methyl)-butanoate (L5)

chorido((S, S)-ethylenediamine-N-(O-propyl-2-(3-methyl)-butanoate)-N’-2-(3-methyl)-
butanoato)-palladium(II) (C5)

O,0’-dibutyl-(S,S)-ethylenediamine-N, N’-di-2-(3-methyl)-butanoate (L6)

chorido((S, S)-ethylenediamine-N-(O-butyl-2-(3-methyl)-butanoate)-N"-2-(3-methyl)-
butanoato)-palladium(II) (C6)

O,0’-dipentyl-(S,S)-ethylenediamine-N, N’-di-2-(3-methyl)-butanoate(L7)

chorido((S, S)-ethylenediamine-N-(O-pentyl-2-(3-methyl)-butanoate)-N’-2-(3-methyl)-
butanoato)-palladium(II) (C7)

O,0’-diethyl-(S,S)-ethylenediamine-N, N’-di-2-(4-methyl)-pentanoate (L8)
dichlorido(O, O’-diethyl-(S,S)-ethylenediamine-N, N’-di-2-(4-methyl)-pentanoate)-
palladium(II) (C8)

O,0’-dipropyl-(S, S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoate (L9)
dichlorido(O,O’-dipropyl-(S,S)-ethylenediamine-N, N'-di-2-(4-methyl)-pentanoate)-
palladium(II) (C9)

O,0’-dibutyl-(S,S)-ethylenediamine-N, N’-di-2-(4-methyl)-pentanoate (L10)
dichlorido(O,0’-dibutyl-(S, S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoate)-
palladium(II) (C10)

O,0’-dipentyl-(S,S)-ethylenediamine-N, N’-di-2-(4-methyl)-pentanoate(L11) -
dichlorido(O,0’-dipentyl-(S, S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoate)-
palladium(II) (C11)

S-benzyl-thiosalicylic acid (L12)

bis-(S-benzyl-thiosalicylate)-palladium(II) (C12)

S-methyl-thiosalicylic acid (L13)
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- bis-(S-methyl-thiosalicylate)-palladium(II) (C13)

- S-ethyl-thiosalicylic acid (L14)

- bis-(S-ethyl-2-thiosalicylate)-palladium(Il) complex (C14)

- S-propyl-thiosalicylic acid (L15)

- bis-(S-propyl-2-thiosalicylate)-palladium(II) (C15)

- S-buthyl-thiosalicylic acid (L16)

- bis-(S-butyl-2-thiosalicylate)-palladium(II) (C16)

- meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid (L17)

- dichlorido-(meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoate)-palladium(II)
(L17a)

- s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoate)-
platinum(IV) (L17b)

- 0,0'-diethyl-(S,5)-ethylenediamine-N,N'-di-2-propanoate (L18)

- tetrachlorido(O,O'-diethyl-(S,S)-ethylenediamine-N,N'-di-2-propanoate)-
platinum(IV)(C18)

- 0,0'-diethyl-ethylenediamine-N,N'-di-S,5-(2,2'-benzyl)acetate (L19)

- tetrachorido(O,O'-diethyl-ethylenediamine-N,N'-di-S,S-(2,2'-benzyl)acetate)-
platinum(IV) (C19)

- O,0'-dipropyl-ethylenediamine-N,N'-di-S,5-(2,2'-benzyl)acetate (L20)

- tetrachorido(O,0'-dipropyl-ethylenediamine-N,N'-di-5,5-(2,2'-benzyl)acetate)-
platinum(IV) (C20)

- O,0'-dibutyl-ethylenediamine-N,N'-di-S,5-(2,2'-benzyl)acetate (L21)

- tetrachorido(O,O'-dibutyl-ethylenediamine-N,N'-di-S,S-(2,2'-benzyl)acetate)-
platinum(IV) (C21)

2.1.1 The synthesis of the ligands - L1, L2, L3 and corresponding palladium(ll)
complexes — C1, C2, C3

In 50 mL of dry alcohol (1-propanol, 1-butanol or 1-pentanol), saturated with gas HCI, 1.53 g
(7.5 mmol) of H»-S,S-eddp was added and the mixture was refluxed for 12 h. The mixture
was filtered and left in the refrigerator over night. The obtained white powder was filtered
and air-dried.

Complexes were obtained by mixing K>[PdCly] (0.200 g, 0.613 mmol) and equimolar amount
of the dpr-S,S-eddp 2HCI 3H,O (L1) (0.2546 g, 0.613 mmol), dbu-S,S-eddp 2HCI 3H,O (L2)
(0.2718 g, 0.613 mmol) or dpe-S,S-eddp 2HCI 2H,O (L3) (0.2780 g, 0.613 mmol) esters.
During 2 h of stirring 10 cm3 of water solution of LiOH (0.0294 g, 1.226 mmol) was added in
small portions to the reaction mixture. Within this period, pale yellow precipitates of the
complexes C1-C3 were obtained, filtered off, washed with cold water, ethanol and ether and
air dried (Vasi¢ et al., 2010) (Fig. 1.).

2.1.2 The synthesis of the ligands - L4, L5, L6, L7 and corresponding palladium(Il)
complexes — C4, C5, C6, C7

In 50 mL of dry alcohol (ethanol, 1-propanol, 1-butanol or 1-pentanol), saturated with gas
HCI, 2.50 g (7.5 mmol) of (Hx>-(S,S)-eddv) was added and the mixture was refluxed for 12 h.
The mixture was filtered off and the filtrate was left for a few days in a refrigerator at 4°C.
The esters were recrystallized from hot alcohol used for each reaction.
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Fig. 1. The preparation of some alkyl esters of H>-S,S-eddp and corresponding palladium(II)
complexes

Complexes were obtained by mixing K>[PdCl] (0.200 g, 0.613 mmol) and equimolar amount
of the L4 (0.241 g, 0.613 mmol), L5 (0.256 g, 0.613 mmol), L6 (0.273 g, 0.613 mmol) or L7
(0.290 g, 0.613 mmol) esters. During 2 h of stirring 10 cm3 of water solution of LiOH
(0.0294 g, 1.226 mmol) was added in small portions to the reaction mixture. Within this
period, pale yellow precipitates of the complexes C4-C7 were obtained, filtered off, washed
with cold water, ethanol and ether and air dried (Fig.2.). The crystal structure of C4 was
confirmed by X-ray analysis (Radi¢ et al., 2010b; 2011a).
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13 Fig. 2. The preparation of some alkyl esters of H>-S,S-eddv and corresponding palladium(II)
14 complexes
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2.1.3 The synthesis of the ligands - L8, L9, L10, L11 and corresponding palladium(Il)
complexes — C8, C9, C10 and C11

Thionyl choride (4 cm3, 55 mmol) was introduced into a flask containing 50 cm3 of
corresponding ice cooled alcohol (ethyl, n-propyl, n-butyl or n-pentyl; anhydrous
conditions) for 1 h. After addition of 2 g (5.54 mmol) [(S,S)-Hseddl]Cl, the reaction mixture
was refluxed for 16 h, filtered off and the filtrate was left for a few days in a refrigerator at
4°C. The esters were recrystallized from the hot alcohol used for each reaction.

Complexes were obtained by mixing Ko[PdCly] (0.2 g, 0.61 mmol) and equimolar amount of
the L8 H,0 (0.267 g, 0.61 mmol), L9 H,O (0.277 g, 0.61 mmol), L10 H,0 (0.301 g, 0.61 mmol)
or L11 ‘H;O (0.318 g, 0.61 mmol) esters. During 2 h of stirring 10 cm3 of water solution of
LiOH (0.0293 g, 1.22 mmol) was added in small portions to the reaction mixture. Within this
period, pale yellow precipitates of the complexes C8-C11 were obtained, filtered off, washed
with cold water, ethanol and ether and air dried (Vuji¢ et al., 2010) (Fig.3.). The crystal
structure of C11 was confirmed by X-ray analysis (Vuji¢, et al., 2011).

\\\\\ \\\ /< )% \\\\\
_H

Ko[PdCl,] /
+ ROH ﬂ& 2HCI #» \
reflux 16h LiOH / \
™S
HO
0
R = EY(L8), n-Pr(L9), R = E4(C8), n-Pr(C9),
n-Bu(L10), n-Pe(L11) n-Bu(C10), n-Pe(C11)

Fig. 3. The preparation of some alkyl esters of H»>-S,5-eddl and corresponding palladium(II)
complexes

2.1.4 The synthesis of the ligands - L12, L13, L14, L15, L16 and corresponding
palladium(ll) complexes — C12, C13, C14, C15, C16

The thioacid ligands (L12)-(L16) were prepared by alkylation of thiosalicylic acid by means
of corresponding alkyl halogenides in alkaline water-ethanol solution.

Thiosalicylic acid (1 mmol) was added to a 100 cm3 round bottom flask containing 50 cm3 of
30% solution of ethanol in water and stirred. A solution of NaOH (2 mmol in 5 cm3 of water)
was added to acid suspension. The solution became clear. The corresponding alkyl
halogenide (2 mmol) was dissolved in 5 cm3 of ethanol and transferred to the stirred
solution. The resulting mixture was kept overnight at 60°C. The reaction mixture was
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transferred into a beaker and ethanol was evaporated off on a water bath. Diluted
hydrochloric acid (2 mol/dm3) was added to the resulting water solution and S-alkyl
thiosalicylic acid was precipitated as a white powder. The liberated acid was filtered off and
washed with plenty of distilled water. The product was dried under vacuum overnight.

0 OH 0 ONa
[0} OH
SH S - S C — O O — C

R ~ R
Ethanol/H,Q H" K,PdCl
—_—l — 2 4

2NaOH, R-X LiOH
R= Benzy(L12), methyl(L13), R= Benzy(C12), methyl(C13),

ethyl(L14), propyl(L15), butyl(L16)  ethyl(C14), propyl(CI5), butyl(C16)

Fig. 4. The preparation of alkyl eters of 2-thiosalicylic acid and corresponding palladium(II)
complexes

Ko[PdCly] (0.100 g, 0.3065 mmol) was dissolved in 10 cm3 of water on a steam bath and
(S-benzyl)-2-thiosalicylic acid (0.1497 g, 0.613 mmol), (S-methyl)-2-thiosalicylic acid (0.103 g,
0.613 mmol), (S-ethyl)-2-thiosalicylic acid (0.1117 g, 0.613 mmol), (S-propyl)-2-thiosalicylic
acid (0.1203 g, 0.613 mmol) or (S-butyl)-2-thiosalicylic acid, (0.1289 g, 0.613 mmol) was
added into the solution. The resulting mixture was stirred for 2h and during this time an
aqueous solution of LiOH (0.0256 g, 0.613 mmol in 10 cm3 of water) was introduced. The
complexes (C12- C16) as a yellow precipitate were filtered, washed with water and air-dried
(Radi¢ et al., 2011) (Fig.4.). The crystal structure of C12 was confirmed by X-ray analysis
(Dimitrijevi¢ et al., 2011).

2.1.5 The synthesis of the ligand L17 and corresponding palladium(ll) complex C17
and corresponding platinum(lV) complex C17a

Benzaldehyde (30 g) was refluxed with ammonium acetate (60 g) for 3 hours. The reaction
mixture was cooled and the product was filtered and washed with ethanol. Recrystallization
from  1-butanol gave  N-benzoyl-N'-benzylidene-meso-1,2-diphenyl-ethylendiamine.
Hydrolysis of that compound with 70% sulphuric acid under reflux for 1h gave meso-1,2-
-diphenyl-ethylenediamine as the basic product of hydrolysis.

3-Chloro-propanoic acid (4.34 g, 0.04 mol) was dissolved in 5 cm?3 of water on ice bath and
carefully neutralized with cold water solution of 5 cm® NaOH (1.6 g, 0.04 mol). 1,2-
Diphenyl--ethylenediamine (4.24 g, 0.02 mol) was added to this solution. The mixture was
being stirred for 4 hours at 90°C, and during this period 5 cm3 NaOH water solution (1.6 g,
0.04 mol) was introduced. After that, 5.6 cm?® 6 mol/dm3 HCI was added and resulting
solution was evaporated to the volume of 7 cm3; 6 cm? conc. HCl, 6 cm3 of ethanol and 6 cm3
of ether were added to the mixture. The white precipitate of H»-1,2-dpheddp 2HCI 1.5H,O
(L17) was separated by filtration and refined with solution water : ethanol =1 : 2. The crystal
structure of L17 was confirmed by X-ray analysis (Radi¢ et al., 2010a).
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Potassium-hexachloridoplatinate(IV) (0.2 g, 0.411 mmol) was dissolved in 10 cm?® of water
on a steam bath and 1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid (0.1876 g,
0.411 mmol) was added. The reaction mixture was heated for 12 hours and during this
period 10 cm3 of LiOH water solution (0.0394 g, 1.65 mmol) was added in small portions and
the solution was filtered and evaporated to small volume. The orange precipitate of s-cis-
[PtClx(1,2-dpheddp)] C17b) was separated by filtration, washed with cold water and air-
dried (Fig. 5).

2.1.6 The synthesis of the ligands L4, L18 and corresponding platinum(lV) complexes
C4a, C18

Ko[PtClg] (0.100 g, 0.205 mmol) and det-(S,S)-eddv (0.080 g, 0.205 mmol) were dissolved in
25 cm? of water. The reaction mixture was heated on a steam bath for 3 h during which
water solution of LiOH ‘H,O (0.017 g, 0.41 mmol in 10 cm? of water) was introduced. The
complex, [PtCly(det-(S,S)-eddv)] (C4a), as a yellow precipitate was separated by filtration,
washed with water and air-dried (Fig. 6.).

In 50 cm3 of dry ethanol, saturated with gas HCI, 1.53 g (7.5 mmol) of H»-S,5-eddp was
added and the mixture was refluxed for 12 h. The mixture was filtered and left in the
refrigerator over night. The obtained white powder of O,0O'-diethyl-(S,S)-
-ethylenediamine-N,N'-di-2-propanoate dihydrochloride, det-S,S-eddp 2HCI (L18) was
filtered and air dried.

Ko[PtClg] (0.100 g, 0.205 mmol) and det-(S,S)-eddp (0.068 g, 0.205 mmol) were dissolved in
25 cm? of water. The reaction mixture was heated on a steam bath for 3 h during which
water solution of LiOH ‘H,O (0.017 g, 0.41 mmol in 10 cm? of water) was introduced. The
complex, [PtCly(det-(S,S)-eddp)] (C18), as a yellow precipitate was separated by filtration,
washed with water and air-dried (Stankovic et al., 2011b) (Fig. 7.). The crystal structure of
C18 was confirmed by X-ray analysis (Stankovi¢ et al., 2011b).

0 H;C 0 HC 0 HC
ﬂ (\:H/CHS H,C c| \CH/ o H,C c| éH/CH3
2 - 2
HO™ \ClH/ neo o7 \C|H e o7 \ClH/
NH NH NH G
H,C CH;CH,0H Hz(ll K,PtCl H,C \1|)t J/
HCl LiOH |
HyC( HyC( H,C. /l \Cl
TH T N|H cl
HO CH H,C o) CH H,C o) CH
N \CH\CH N N Nen e NN
| / ’ H | [ “cn, = I /" cn
o HiC fo) H;5C 0 HC 3
(L4) (C4a)

Fig. 6. Synthesis of the ester det-(S,S)-eddv 2HCI and platinum(IV) complex
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Fig. 7. Synthesis of the ester det-(S,S)-eddp 2HCI and platinum(IV) complex

2.1.7 The synthesis of the ligands L19, L20, L21 and corresponding platinum(lV)
complexes C19, C20, C21

In 50 cmd of dry alcohol (ethanol, 1-propanol, 1-butanol) saturated with gaseous HCl, 1.50 g
(3.65 mmol) of ethylenediamine-N,N'-di-S,5-(2,2'-dibenzyl)acetate acid threehydrate
(H2-S,S-eddba 3H>0) was added and the mixture was refluxed for 12 h. The mixture was
filtered and left in the refrigerator over night. The obtained white powder was filtered and
air-dried.

Ko[PtClg] (0.100 g, 0.206 mmol) and 0.206 mmol of R>-S,S-eddba 2HCI (0.100 g of de-S,S-
-eddba 2HCI (L19), 0.106 g of dp-S,S-eddba 2HCI (L20), 0.112 g of db-S,S-eddba 2HCI
(L21)) were dissolved in 15 cm3 of water. The reaction mixture was heated at 40 °C for 12 h
and during this period 3.92 cm?3 of aqueous 0.105 mol/dm?3 LiOH ‘H;O (0.412 mmol) were
added in small portions The complexes (C19-C21) as a yellow-orange precipitates were
collected by filtration, washed with water, corresponding alcohol and ether and air-dried
(Fig. 8.). The crystal structure of L20 was confirmed by X-ray analysis (Dimitrijevi¢ et al.,
2010).
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R = ethyl (C19), propyl (C20), butyl (C21)
b)
Fig. 8. The synthesis of: a) esters (R»-S,S-eddba 2HCI); b) complexes [PtCly(Ro-S,S-eddba)]

2.2 In vitro antimicrobial assay
2.2.1 Test substances

The tested compounds were dissolved in DMSO and then diluted into nutrient liquid medium
to achieve a concentration of 10%. Antibiotic, doxycycline (Galenika A.D., Belgrade), was
dissolved in nutrient liquid medium, a Mueller-Hinton broth (Torlak, Beograd).

2.2.2 Test microorganisms

Antimicrobial activity of twenty-one palladium(II) and platinum(IV) complexes and their
ligands was tested against 9 species of bacteria: 6 strains of pathogenic bacteria (including 4
standard strains: Pseudomonas aeruginosa ATCC 27853, Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 25923; Sarcina lutea ATCC 9341 and 2 clinical isolates: Escherichia
coli and Salmonella enterica) and 3 species of probiotic bacteria (Bacillus subtilis IP 5832
PMFKG-P32, Bifidobacterium animalis subsp. lactis PMFKG-P33 and Lactobacillus rhamnosus
PMFKG-P35 ). All clinical isolates were a generous gift from the Institute of Public Health,
Kragujevac. The other microorganisms were provided from a collection held by the
Microbiology Laboratory Faculty of Science, University of Kragujevac.

2.2.3 Suspension preparation

Bacterial suspensions were prepared by the direct colony method. The colonies were taken
directly from the plate and were suspended in 5 mL of sterile 0.85% saline. The turbidity of initial
suspension was adjusted by comparing with 0.5 McFarland’s standard (0.5 ml 1.17% w/v
BaClyx2H>0O +99.5 ml 1% w/v Hz50y4) (Andrews, 2005). When adjusted to the turbidity of the 0.5
McFarland’s standard, bacteria suspension contains about 108 colony forming unites (CFU)/mL.
Ten-hold dilutions of initial suspension were additionally prepared into sterile 0.85% saline.

2.2.4 Microdilution method

Antimicrobial activity was tested by determining the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) by using microdilution plate method
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with resazurin (Sarker et al., 2007). The 96-well plates were prepared by dispensing 100 uL
of nutrient broth into each well. A 100 puL from the stock solution of tested compound
(concentration 2000 pg/mL) was added into the first row of the plate. Then, twofold, serial
dilutions were performed by using a multichannel pipette. The obtained concentration
range was from 1000 ug/mL to 7.81 pg/mL. A 10 uL of diluted bacterial suspension was
added to each well to give a final concentration of 5 x 105 CFU/mL. Finally, 10 puL resazurin
solution was added to each well inoculated with bacteria. Resazurin is an oxidation-
reduction indicator used for the evaluation of microbial growth. It is a blue non-fluorescent
dye that becomes pink and fluorescent when reduced to resorufin by oxidoreductases
within viable cells (Banfi et al., 2003). The inoculated plates were incubated at 37 °C for 24 h.
MIC was defined as the lowest concentration of the tested substance that prevented
resazurin color change from blue to pink. Doxycycline was used as a positive control.
Solvent control test was performed to study an effect of 10% DMSO on the growth of
microorganism. It was observed that 10% DMSO did not inhibit the growth of
microorganism. Also, in the experiment, the concentration of DMSO was additionally
decreased because of the twofold serial dilution assay (the working concentration was 5%
and lower). Each test included growth control and sterility control. All tests were performed
in duplicate and MICs were constant. Minimum bactericidal concentration was determined
by plating 10 uL of samples from wells, where no indicator color change was recorded, on
nutrient agar medium. At the end of the incubation period the lowest concentration with no
growth (no colony) was defined as minimum bactericidal concentration.

3. Results and discussion

The results of in vitro testing of antibacterial activities of the ligands and corresponding
palladium(II) and platinum(IV) complex are shown in Table 1-10. For comparison, MIC and
MBC values of doxycycline are listed in Table 11. The solvent (10% DMSO) did not inhibit
the growth of the tested microorganisms.

The intensity of antimicrobial action varied depending on the species of microorganism and
on the type and concentration of tested compounds. The difference between antimicrobial
activity of the ligands and corresponding palladium(ll) and platinum(IV) complexes is
noticed and, in general, the most active were palladium(II) complexes.

The results of antibacterial testing for the ligands (L1, L2, L3) and corresponding
palladium(II) complexes (C1, C2, C3) are shown in Table 1. The results for 3 strains of
pathogenic bacteria and 2 species of probiotic bacteria were reported in the paper Vasi¢ et
al., (2010). Results for S. enterica, Staphyl. aureus ATCC 25923, S. lutea ATCC 9341 and L.
rhamnosus were first presented in this paper. These ligands and complexes, being compared
to positive control, showed low to moderate antibacterial activity. MIC and MBC values
were in range from <7.81 to >1000 ug/mL, depending on the species of bacteria. Gram-
positive bacteria showed higher sensitivity. The most sensitive was S. lutea ATCC 9341,
where MIC was for C1 and C2 <7.81 pg/mL. The best activity at Gram-negative bacteria
was shown by C2 to P. aeruginosa ATCC 27853 and E. coli (MIC was 31.25 ug/mL). The
probiotics showed sensitivity similar to the sensitivity of the other bacteria to the tested
compounds. Exception is B. animalis subsp. lactis where L2, C2 and L3 inhibited its growth at
these concentrations: 7.81 pg/mL, 15,63 pg/mL and <7.81 ug/mL.
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The results of testing the ligands (L4, L5, L6, L7) and their palladium(II) complexes (C4, C5,
C6, C7) are shown in Table 2 and Table 3. The results of testing for L4 were reported in the
paper by Stankovi¢ et al., (2011a; 2011c). The tested ligands, with few exceptions, show very
low antimicrobial activity, while palladium(Il) complexes show selective and moderate
activity. Interestingly, L6, L7 and C6, C7 exhibit strong antibacterial activity towards E. coli,
Staphyl. aureus ATCC 25923 and S. lutea ATCC 9341, MIC ranged <7.81 pg/mL to 31.25ug/mL.
Probiotic bacteria showed high resistance to the effects of tested substances. The most sensitive
was B. subtilis IP 5832 to C5 and C4 (MIC was 7.81pg/mL and 15.63 pg/mL).

The results of testing the ligands (L8, L9, L10, L11) and palladium(II) complexes (C8, C9,
C10, C11) are shown in Table 4 and Table 5. The ligands and complexes, being compared to
positive control, with few exceptions, showed low antibacterial activity. MIC and MBC
values were in range from <7.8 to >1000 pg/mL, depending on the species of bacteria. L9,
L10 and L11 showed excellent results to S. lutea ATCC 9341 (MIC and MBC <7.81 pg/mL)
and L10 and L11 to S. [utea ATCC 9341, Staphyl. aureus ATCC 25923 and L. rhamnosus (MIC
<7.81 ug/mL). In this case the ligands acted better than corresponding complexes and it is
an exception. The complexes have weak antimicrobial activity and some better influence
was seen on B. subtilis IP 5832 were MIC was in range from 39.06 to 312.5 ug/mL.

The results of testing the ligands (L12, L13, L14, L15, L16) and corresponding palladium (II)
complexes (C12, C13, C14, C15, C16) are shown in Table 6 and Table 7. The results for these
testing were accepted for publication in the paper by Radi¢ et al., (2011b). All tested
compounds demonstrated selective and moderate antibacterial activity. Tested ligands, with
a few exceptions, show very low antimicrobial activity. The activity of corresponding
complexes was higher than with the ligands. MICs values for ligands were in range from
250 pg/mL to >1000 pg/mL, and for complexes from 62.5 pg/mL to 1000 pg/mL. The
Gram-positive bacteria were more sensitive than the Gram-negative bacteria especially by
the activity of the complexes. The best effect was observed in C16 to S. lutea ATCC 9341
were MIC and MBC 62.5 ng/mL. MICs for Gram-negative bacteria were at 500 pg/mL and
1000 pg/mL. The tested complexes (C13) and (C14) exhibited somewhat stronger
antibacterial activity towards P. aeruginosa ATCC 27853 (MIC = 250 pg/mL). The probiotics
showed sensitivity similar to the sensitivity of the other bacteria (Radi¢ et al., 2011b).

e 1 C1 2 2 3 3
pecies MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC
Escherichia coli 1 125 | >500 | 625 | 125 | 313 | >500 | 31,25 | >250 | 250 | >500 | 125 | >500
Salmonella enterica >1000 [ >1000| 125 125 nt nt 250 500 | 1000 |>1000| 250 500

Pseud. aeruginosa ATCC 27853 1| >500 | >500 | 125 | 250 | >500 | >500 | 31,25 | 125 | 250 | >500 [ 125 | 125

Enter. faecalis ATCC 29212 1 >500 | >500 | 125 | 250 | 125 | >500 | 62,5 | 250 | >500 | >500 | 62,5 | 250

Staphyl. aureus ATCC 25923 >1000 | >1000| 625 | 125 nt nt 625 | 125 | 250 | 1000 | 625 | 125

Sarcina lutea ATCC 9341 1000 | 1000 | <7.8 | <7.8 nt nt <78 | 156 | 31,25 | 125 | 31,25 | 31,25
Lactobacillus rhamnosus nt nt 625 | 500 nt nt 625 | 250 nt nt 625 | 125

Bifidobact. animalis subsp. lactis 1| 125 | >500 | 62,5 | 125 | 7.81 | >500 | 156 | 125 | <7.81 |<31.25| 125 | >500
Bacillus subtilis IP 58321 125 | >500 | 625 | 125 | 625 | >500 | 156 | 125 | 625 | >500 | 62,5 | >500

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL), nt, not tested

Table 1. Antibacterial activity of the ligands (L1,L2,L3) and corresponding complexes
(C1, C2, C3).

1 Vasic et al., (2010)
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. L42 C4 L5 C5
Species MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC

Escherichia coli 500 1000 125 500 125 1000 125 500
Salmonella enterica 1000 >1000 1000 1000 >1000 >1000 | 1000 1000
Pseud. aeruginosa ATCC 27853 1000 1000 500 1000 >1000 >1000 500 1000
Enter. faecalis ATCC 29212 500 500 500 1000 >1000 >1000 500 >1000
Staphyl. aureus ATCC 25923 500 500 250 500 250 500 125 500
Sarcina lutea ATCC 9341 31.25 125 250 250 1000 1000 250 250
Lactobacillus rhamnosus 1000 1000 500 1000 nt nt 500 1000
Bifidobact. animalis subsp. lactis 250 500 125 1000 500 >1000 | 250 | >1000
Bacillus subtilis IP 5832 125 500 15.63 | >1000 62.5 >1000 7.81 1000

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL), nt, not tested

Table 2. Antibacterial activity of the ligands (L4, L5) and corresponding complexes (C4, C5).

Species L6 C6 L7 C7

MIC MBC MIC MBC MIC MBC MIC MBC
Escherichia coli 15.63 500 31.25 500 15.63 125 <7.81 125
Salmonella enterica 1000 1000 250 500 1000 1000 1000 1000
Pseud. aeruginosa ATCC 27853 >1000 | >1000 500 1000 500 >1000 500 1000
Enter. faecalis ATCC 29212 1000 >1000 500 1000 1000 >1000 500 1000
Staphyl. aureus ATCC 25923 31.25 125 125 125 31.25 125 500 500
Sarcina lutea ATCC 9341 31.25 31.25 | 31.25 | 31.25 | <7.81 <7.81 250 250
Lactobacillus rhamnosus 31.25 250 62.50 125 62.50 250 500 1000
Bifidobact. animalis subsp. lactis 62.50 1000 | 62.50 | 1000 | 62.50 500 125 >1000
Bacillus subtilis IP 5832 250 >1000 500 1000 1000 >1000 500 >1000

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL)

Table 3. Antibacterial activity of the ligands (L6, L7) and corresponding complexes (C6, C7).

Species L8 C8 L9 C9

MIC MBC MIC MBC MIC MBC MIC MBC
Escherichia coli 625 >1000 625 >1000 | 312.5 | >1000 | >1000 | >1000
Salmonella enterica >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000
Pseud. aeruginosa ATCC 27853 >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000
Enter. faecalis ATCC 29212 >1000 | >1000 | >1000 | >1000 | >1000 | >1000 625 >1000
Staphyl. aureus ATCC 25923 250 500 500 1000 31.25 125 250 500
Sarcina lutea ATCC 9341 250 250 500 500 <7.8 <7.8 250 250
Lactobacillus rhamnosus 1000 1000 500 1000 15.63 125 500 1000
Bifidobact. animalis subsp. lactis 78 >1000 78 >1000 | >1000 | >1000 | >1000 | >1000
Bacillus subtilis IP 5832 7813 | >1000 | 39.06 625 625 >1000 78 >1000

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL)

Table 4. Antibacterial activity of the ligands (L8, L9) and corresponding complexes (C8, C9).

2 Stankovic et al., (2011a, 2011c)
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. L10 C10 L11 C11
Species MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC
Escherichia coli >1000 | >1000 | >1000 | >1000 625 >1000 312.5 >1000
Salmonella enterica >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | >1000
Pseud. aeruginosa ATCC 27853 >1000 | >1000 | >1000 | >1000 | >1000 | >1000 312.5 >1000
Enter. faecalis ATCC 29212 156.3 >1000 625 >1000 | >1000 | >1000 156.3 >1000
Staphyl. aureus ATCC 25923 <7.8 125 31.25 125 <7.8 125 500 500
Sarcina lutea ATCC 9341 <7.8 <7.8 31.25 31.25 <7.8 <7.8 250 250
Lactobacillus rhamnosus <7.8 <7.8 31.25 62.5 <7.8 <7.8 500 1000
Bifidobact. animalis subsp. lactis >1000 | >1000 | >1000 | >1000 | >1000 | >1000 625 >1000
Bacillus subtilis 1P 5832 >1000 | >1000 78 >1000 | >1000 | >1000 3125 >1000

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL)

Table 5. Antibacterial activity of the ligands (L10, L11) and corresponding complexes (C10,C11).

Species L12 C12 L13 C13 L14 Cl4
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC

Escherichia coli >1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 | 500 | 1000 | >1000 | 500 | 500
Salmonella enterica 1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 { 500 | 1000 | >1000] 500 | 500
Pseud. aeruginosa ATCC 27853 500 | >1000 | 500 | 1000 | 500 | >1000 | 250 | 500 | 500 | >1000 | 250 | 500
Enter. faecalis ATCC 29212 1000 | 1000 | 500 | 500 |1000| 1000 | 500 | 1000 | 500 | 1000 | 250 | 500
Staphyl. aureus ATCC 25923 500 | 1000 | 500 | 1000 | 1000 1000 | 500 | 1000 | 1000 ] 1000 | 500 | 500
Sarcina lutea ATCC 9341 250 500 | 250 | 250 |1000| 1000 | 250 | 250 | 500 | 500 | 250 | 500
Lactobacillus rhamnosus >1000 | >1000 | 1000 | 1000 | 1000 | >1000 | 500 | 1000 | 1000 ] 1000 | 500 | 500
Bifidobact. animalis subsp. lactis 500 500 | 500 | 1000 | 500 | 500 | 1000 1000 |1000] 1000 | 500 | 500
Bacillus subtilis IP 5832 500 500 | 500 | 500 | 500 | 500 | 500 [ 500 ] 1000 |>1000| 250 | 500

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL)

Table 6. 3 Antibacterial activity of the ligands (L12, L13, L14) and corresponding complexes
(C12, C13, C14).

Speci L15 C15 L16 Cl6
pecies MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC
Escherichia coli 1000 >1000 500 500 >1000 >1000 | 1000 | 1000
Salmonella enterica 1000 >1000 500 1000 >1000 >1000 | 1000 1000
Pseud. aeruginosa ATCC 27853 500 >1000 500 1000 500 >1000 500 1000
Enter. faecalis ATCC 29212 500 1000 250 500 1000 1000 500 1000
Staphyl. aureus ATCC 25923 500 1000 500 500 >1000 >1000 500 500
Sarcina lutea ATCC 9341 250 250 500 500 1000 1000 62.5 62.5
Lactobacillus rhamnosus 1000 >1000 500 >1000 >1000 >1000 | 1000 1000
Bifidobact. animalis subsp. lactis 500 1000 250 500 1000 1000 500 1000
Bacillus subtilis 1P 5832 500 500 250 250 1000 >1000 250 500

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum bactericidal concentration (ug/mL)

Table 7. 4 Antibacterial activity of the ligands (L15, L16) and corresponding complexes (C15,C16).

3 Radi¢ et al., (2011b)
4 Radié et al., (2011b)
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The results of in vitro testing of antibacterial activities of the ligand (L17) and corresponding
palladium(II) (C17a) and platinum(IV) (C17b) complexes are shown in Table 8.

Speci L17 Cl7a C17b
pecies MIC MBC MIC MBC MIC MBC
Escherichia coli >1000 >1000 250 500 >1000 >1000
Salmonella enterica >1000 >1000 250 500 >1000 >1000
Pseud. aeruginosa ATCC 27853 250 >1000 15.63 500 125 500
Enter. faecalis ATCC 29212 500 >1000 31.25 500 250 500
Staphyl. aureus ATCC 25923 500 >1000 31.25 500 250 500
Sarcina lutea ATCC 9341 500 >1000 62.5 500 125 500
Lactobacillus rhamnosus 125 >1000 62.5 >1000 31.25 >1000
Bifidobact. animalis subsp. lactis >1000 >1000 31.25 125 250 500
Bacillus subtilis IP 5832 500 >1000 250 500 250 500

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum microbiocidal concentration (ug/mL)

Table 8. 5Antibacterial activity of the ligand (L17) and corresponding palladium(II) (C17a)
and platinum(IV) (C17b) complexes.

The best activity manifested palladium(Il) complex C17a with also the best seen result on
P. aeruginosa ATCC 27853 (MIC 15.63 pg/mL). The same one at Gram-positive bacteria had
MIC 31.25 - 62.5 pug/mL. Platinum (IV) complex C17b has weaker activity and the best
result manifested on L. rhamnosus where MIC was 31.25 ug/mL (Radojevi¢ et al., 2011).

oecics L4 Cla L18 C18

P MIC MBC MIC MBC MIC MBC MIC MBC
Escherichia coli 500 1000 1000 1000 >1000 | >1000 | >1000 | >1000
Salmonella enterica 1000 >1000 1000 >1000 >1000 >1000 1000 >1000
123 ;g’;g aeruginosa ATCC 1000 1000 1000 | >1000 1000 >1000 1000 >1000
Enter. faccalis ATCC 29212 500 500 1000 1000 500 1000 1000 1000
Staphyl. aureus ATCC 25923 | 500 500 500 1000 500 500 1000 1000
Sarcina lutea ATCC 9341 3125 125 3125 62.5 62.5 125 3125 625
Lactobacillus rhamnosus 1000 1000 1000 1000 1000 1000 1000 1000
l'; ’fti”b act. animalis subsp. 250 500 500 1000 500 500 1000 >1000
Bacillus subtilis IP 5832 125 500 500 1000 500 500 500 1000

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum microbiocidal concentration (ug/mL)

Table 9. 6Antibacterial of the ligands (L4, L18) and corresponding complexes (C4a, C18).

Antibacterial activity of the tested platinum(IV) (C4a, C18) complexes and corresponding
ligands (L4, L18) are shown in Table 9. Results for these testing was reported in the papers
Stankovi¢ et al., (2011a.c). The ligands and corresponding platinum(IV) complexes
demonstrated low antimicrobial activity. There was no difference in activities between the

5 Radojevié et al., (2011)
6 Stankovic et al., (2011a; 2011c)
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ligands and corresponding complexes. The ligands and corresponding platinum(IV)
complexes showed significant antibacterial activity against S. lutea ATTC 9341. MICs values
were in range from 31.25 pg/mL to 62.5 ng/mL, and MBCs values were from 62.5 pg/mL to
125 pg/mL. The tested compounds did not affect the growth of Gram-negative bacteria or
their activities were very low (MIC ranged from 500 pg/mL to >1000 pg/mL, MBC from
1000 pg/mL to >1000 pg/mL). Also, probiotic bacteria showed high resistance to the effects
of tested substances. MICs were from 125 pg/mL to 1000 pg/mL, and MBCs were from
500 pg/mL to >1000 pg/mL (Stankovi¢ et al., 2011a,c).

The results of in vitro testing of antibacterial activities of the ligands (L19, L20, L21) and
corresponding platinum(IV) (C19, C20, C21) complex are shown in Table 10.

Species L19 C19 120 C20 121 C21
MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC
Escherichia coli >1000>1000 1000 |>1000|>1000 {>1000{ 1000 | 1000 | >1000 |>1000] 1000 | 1000
Salmonella enterica >1000>1000]>1000| >1000 | >1000 {>1000{ 1000 | 1000 | >1000 |>1000| 1000 | 1000
Pseud. aeruginosa ATCC 27853 |>1000{>1000] 1000 | >1000 | >1000 |>1000] 1000 {>1000{>1000|>1000] 1000 |>1000
Enter. faecalis ATCC 29212 1000 |>1000] 1000 | 1000 | 1000 |>1000| 250 | 500 | 1000 | 1000 | 125 | 500
Staphyl. aureus ATCC 25923 1000 |>1000] 500 | 1000 | 1000 |>1000| 250 | 250 | 1000 |>1000| 125 | 250
Sarcina lutea ATCC 9341 1000 |>1000] 7.81 |15.625] 1000 |>1000]15.625| 31.25 | 1000 |>1000| 31.25 | 62.5
Lactobacillus rhamnosus >1000]>1000]>1000>1000 | >1000 | >1000| >1000 | >1000| >1000 | >1000|>1000|>1000
Bifidobact. animalis subsp. lactis | 125 | 250 | 1000 | 1000 |<31.25] 125 | 500 | 500 |<31.25| 250 | 125 | 500
Bacillus subtilis IP 5832 125 | 250 | 250 | 1000 | 250 | 250 | 250 | 250 | 250 | 250 | 125 | 250

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum microbiocidal concentration (ug/mL)

Table 10. Antibacterial activity of the ligands (L19, L20, L21) and corresponding complexes
(C19, C20, C21).

The difference in action between ligands and corresponding complexes can be seen at
Gram-positive bacteria. Ligands have significant antimicrobial effect on probiotic bacteria
(L20, L21), and complexes on Gram-positive bacteria (C19, C20, C21). C21 has better
antimicrobial effect than two other complexes. The lowest antimicrobial action of
compounds was on Gram-negative bacteria, where tested concentrations of ligands
almost didn’t have the influence, while corresponding complexes had some better action,
but still weak and limited. L. rhamnosus also showed similar resistance to the action of
tested compounds (none of the tested concentrations had the influence on its growth),
while the other probiotic bacteria were more sensitive, especially to the action of ligands,
where MIC goes from <31.25 pg/mL to 250 pg/mL. At complexes MIC is in the range
from125 pg/mL to 1000 pg/mL.

The gram-positive bacteria were more sensitive than the gram-negative bacteria. The
platinum(IV) complexes showed high antibacterial activity against Gram-positive bacteria.
MIC values were in range from 7.81 pg/mL to 1000 pg/mL, and MBC values were from
15.63 pg/mL to 1000 pg/mL depending on the species of bacteria. The most sensitive was S.
Iutea ATCC 9341 (MIC values are 7.81 pg/mL, 15.625 pg/mL and 31.25 pg/mL for different
complexes.
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: Doxycycline
Species MIC MBC
Escherichia coli 7.81 15.625
Salmonella enterica 15.625 31.25
Pseud. aeruginosa ATCC 27853 62.5 125
Enter. faecalis ATCC 29212 7.81 62.5
Staphyl. aureus ATCC 25923 0.224 3.75
Sarcina lutea ATCC 9341 <0.448 7.81
Lactobacillus rhamnosus 7.81 31.25
Bifidobact. animalis subsp. lactis 31.25 62.5
Bacillus subtilis IP 5832 1.953 15.625

MIC, minimum inhibitory concentration (ug/mL),
MBC, minimum microbiocidal concentration (ug/mL)

Table 11. Antibacterial activity of the positive control - doxycycline

In general, the ligands demonstrated low and selective antimicrobial activity (with few
exceptions) and the complexes showed selective and moderate antibacterial activity. MIC
values were in range from <7.8lug/mL to >1000 pg/mL and MBC values from
15.625 pg/mL to >1000 ng/mL depending on the species of bacteria. The Gram-positive
bacteria were more sensitive than the Gram-negative bacteria. The most sensitive species is
S. lutea ATCC 9341. Tested probiotics, with a few exceptions, indicate high resistance toward
tested compounds. L. rhamnosus shows the highest resistance among them. The tested
complexes C1, C2, C3 and C17a exhibit strong activity towards E. coli, P. aeruginosa ATCC
27853 and E. faecalis ATCC 29212. The L6, L7 and C6, C7 exhibit strong antibacterial activity
towards E. coli. The tested compounds did not affect S. enterica or their activities were low.
Some activity showed palladium(Il) complexes (C1, C2 , C3, C6 and C17a). At the ligands
the most effective antimicrobial activity show L6, L7, L9, L10 and L11 while the most active
complexes are C1, C2, C3, C6 and C17a. For eleven ligands (L1 - L11) and corresponding
palladium(Il) complexes (C1 - C11) antifungal activity is investigated. Palladium(Il)
complexes showed good antifungal activity opposite to ligands. This study are in keeping
with our research to a great extent (Radojevic et al., 2010).

4. Conclusion

The intensity of antimicrobial action varied depending on the species of microorganism and
on the type of tested compounds. The tested ligands, with few exceptions, show low
antimicrobial activity. The difference between antimicrobial activity of the ligands and
corresponding palladium(Il) and platinum(IV) complexes is noticed and, in general, the
most active were palladium(Il) complexes. The Gram-positive bacteria were more sensitive
than the Gram-negative bacteria. The most sensitive species is Sarcina lutea ATCC 9341 and
the most resistant is Salmonella enterica where the tested compounds did not affect or their
activities were low. Tested probiotics, with a few exceptions, also indicate high resistance
toward tested compounds.
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Abstract

In the reaction of meso-1,2-diphenyl-ethylenediamine (1,2-dphen) with neutralized
3-chlor-propanoic acid, the new linear tetradentate edda-like ligand
(edda = ethylenediamine-N,N'-diacetic 1on) meso-1,2-diphenyl-ethylenediamine-N,N'-di-

-3-propanoic acid dihydrochloride monohydrate (H,-1,2-dpheddp-2HCI-H,0) was prepared. The
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corresponding platinum(IV) complex, s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-
-N,N'-di-3-propanoate)-platinum(IV) ([PtClx(1,2-dpheddp)]) was synthesized by heating
potassium-hexachloridoplatinate(IV) and H»-1,2-dpheddp-2HCI-H,O on steam bath for 12 hours
with neutralization by means of  lithium-hydroxide. The palladium(II)
complex, cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoate)-
-palladium(IT) ([PdCl,(1,2-dpheddp)]) was obtained in the similar way using potassium-
-tetrachloridopalladate(Il), H;-1,2-dpheddp-2HCI-H,0 and lithium-hydroxide. The compounds
were characterized by elemental analysis and infrared spectroscopy. The spectroscopically
predicted structure of the synthesized tetradentate ligand was confirmed by X-ray analysis of the
H,-1,2-dpheddp-2HCI-H,O0.

Antimicrobial activity of the ligand and corresponding palladium(Il) and platinum(I'V)
complexes is investigated against 25 species of microorganisms. Testing is preformed by
microdilution method and minimum inhibitory concentrations (MIC) and minimum microbicidal
concentration (MMC) have been determined. The difference between antimicrobial activity of
the ligand and corresponding platinum(IV) and palladium(II) complex is noticed and, in general,

palladium(II) complex was the most active.

Keywords: meso-1,2-diphenyl-ethylenediamine-, N'-di-3-propanoic acid; platinum(IV) complex; palladium(II)

complex; infrared spectroscopy; crystal structure; antimicrobial activity

1. Introduction
A geometrical isomerism in metal complexes of linear flexible tetradentate ligands
having the donor atom array ONNO such as edda (edda = ethylenediamine-

-N,N'-diacetato ion) or eddp (eddp = ethylenediamine-N,N'-di-3-propanoate ion) has been an
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interesting field studied by numerous authors [1-14]. Such ligands occupy four octahedral sites
around the central ion and the other two sites may be occupied by other ligands. In that case
three geometrical isomers are possible, as shown in Figure 1.

In most synthetic routes [1-14] edda takes a symmetric coordination position
(s-cis) rather than unsymmetric one (uns-cis) [3]. It has been suggested that the observed chelate
strain of chelate rings in uns-cis-edda complexes may be a contributing factor in determining the
configuration of the edda ligand [6]. 1,3-pdda ligand (1,3-pdda = 1,3-
-propylenediamine-N,N'-diacetate ion) and eddp (eddp = -ethylenediemine-N N'-di-3-
-propanoate ion), with a longer diamine and carboxylate chelate rings than edda, prefer
unsymmetric coordination [1,15,16], suggesting that the size of the chelate rings in linear
tetradentate edda and similar ligands have a profound effect on the distribution of the
geometrical isomers of the complexes.

The synthesis and evaluation of the biological activity of the new metal-based compounds
is the field of growing interest. Numerous complexes based on palladium(II) and platinum(I'V)-
-ion have been synthesized and their different biological activities have been documented
[17-19]. The impact of different palladium and platinum complexes on the growth and
metabolism of various groups of microorganisms has been studied. Garoufis et al. [20] reviewed
numerous scientific papers on anti-viral, antibacterial and antifungal activity of palladium(II)
complexes with different types of ligands (sulfur and nitrogen donor ligands, Schiff base ligands
and drugs as ligands). There are other papers in the literature showing different intensity of
palladium(Il) and platinum(IV) complexes activity on various species of bacteria and fungi

[21-34].
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The aim of this paper is to synthesize new palladium(Il) and platinum(IV) complexes and
in vitro research their antibacterial and antifungal activities.

We wanted to extend the investigation of platinum complexes with derivatives
ethylenediamine-/, N'-di-3-propanoate. The initial idea of this work was to prepare a new linear
edda-like ligand, meso-1,2-diphenyl-ethylenediamine-/N, N'-di-3-propanoic acid
(Hz-1,2-dpheddp) and corresponding platinum(IV) and palladium(I) complexes. In all our
attempts we prepared only s-cis geometrical isomer of Pt(IV) with low solubility in water and

common organic solvents.

2. Experimental

2.1. Materials and measurements

The reagents were obtained commercially and used without further purification. Infrared
spectra were recorded on Perkin-Elmer FT-IR spectrophotometer, Spectrum One, using the KBr
pellet technique. Elemental analyses were done on a Vario III CHNOS Elemental Analyzer,

Elemental Analysensysteme GmbH.

2.2. Syntheses

2.2.1. Preparation of meso-1,2-diphenyl-ethylenediamine, 1,2-dphen
The meso-1,2-diphenyl-ethylenediamine was prepared according to the procedure
described earlier [35]. Benzaldehyde (30.00 g) was refluxed with ammonium-acetate (60.00 g)

for 3 hours. The reaction mixture was cooled and the product was filtered and washed with
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ethanol. Recrystallization from 1-butanol gave N-benzoyl-N'"-benzylidene-
-meso-1,2-diphenyl-ethylendiamine. Hydrolysis of that compound with 70% sulphuric acid

under reflux for 1h gave meso-1,2-diphenyl-ethylenediamine as the basic product of hydrolysis.

2.2.2.  Preparation of  meso-1,2-diphenyl-ethylenediamine-N,\N'-di-3-propanoic  acid
dihydrohloride monohydrate, H, -1,2-dpheddp-2HCI-H,0O

3-Chloro-propanoic acid (4.34 g, 0.04 mol) was dissolved in 5.0 mL of water on ice bath
and carefully neutralized with cold water solution of 50 mL NaOH
(1.60 g, 0.04 mol). Meso-1,2-diphenyl-ethylenediamine (4.24 g, 0.02 mol) was added to this
solution. The mixture was being stirred for 4 hours at 90°C, and during this period 5.0 mL NaOH
water soltion (1.60 g, 0.04 mol) was introduced. After that, 5.6 mL 6 mol/L HCI was added and
resulting solution was evaporated to the volume of 7.0 mL; 6.0 mL conc. HCI, 6.0 mL of ethanol
and 6.0 mL of ether were added to the mixture. The white precipitate of meso-1,2-diphenyl-
-ethylenediamine-N, N'-di-3-propanoic acid dihydrochloride-monohydrate,
H,-1,2-dpheddp-2HCI-H,O was separated by filtration and refined with solution
water : ethanol = 1 : 2. Yield: 4.00 g (44.69 %). Anal. Calcd. for
H,-1,2-dpheddp-2HCI-H,0 = C,0H23CLLbN,Os (Mr = 447.344): C, 53.69; H, 6.31; N, 6.26. Found:

C, 53.88; H, 6.70; N, 6.08.

2.2.3. Preparation of  s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoate)-platinum(1V), s-cis-[PtCl,(1,2-dpheddp)]

Potassium-hexachloridoplatinate(IV) (0.2000 g, 0.411 mmol) was dissolved in
10.0 mL water on a steam bath and meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic

acid dihydrohloride monohydrate (0.1839 g, 0.411 mmol) was added. The reaction mixture was
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heated for 12 hours and during this period 10.0 mL of LiOH water solution (0.0394 g,
1.65 mmol) was added in small portions and the solution was filtered and evaporated to small
volume. The orange precipitate of s-cis-[PtCl,(1,2-dpheddp)] was separated by filtration, washed
with cold water and air-dried. Yield: 0.095 g. (37.25%). Anal. Calc. for
s-cis-[PtCly(1,2-dpheddp)] = Cy0H2CLN,O4Pt (Mr = 620.396): C, 38.72; H, 3.57; N, 4.52.

Found: C, 38.38; H, 3.81; N, 4.60.

2.24. Preparation of  cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoate)-palladium(ll), [PdCl,(1,2-dpheddp)]

K,[PdCl4] (0.200 g, 0.613 mmol) was dissolved in 10.0 mL of water on a steam bath and
meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid  dihydrohloride monohydrate,
H,-1,2-dpheddp-2HCI-H,0, (0.2742 g, 0.613 mmol) was added. The mixture was stirred for 2h
and during this period water solution of LiOH (0.059 g,
2.452 mmol in 10.0 mL of water) was introduced. The complex cis-[PdCl,(1,2-dpheddp)], as
yellow precipitate, was filtered, washed with cold water and air-dried. Yield: 0.25 g (76.43%).
Anal. Cale. for cis-[PdCly(1,2-dpheddp)] = C,0H24CLLN,O4Pd (Mr = 533.732) (%): C, 45.00; H,

4.53; N, 5.25. Found: C, 45.64; H, 4.87; N, 5.31.

2.3. Crystal structure determination

The single-crystals of H,-1,2-dpheddp-2HCI-H,O suitable for X-ray structure analysis
were obtained by recrystallization of powdered substance from a small amount of water-ethanol
mixture (1:2). The diffraction data were collected at room temperature on Oxford Diffraction

Xcalibur Gemini S diffractometer equipped with CuKa radiation (L = 1.54184 A) (Table 1). The
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data were processed with CrysAlis software [36] and corrected for absorption by analytical
numeric method [37]. Crystal structure was solved by direct methods, using Sir2002 [38] and
refined using SHELXL [39]. The carboxyl O2-H group was found to be disordered over two
sites whose occupancies were held at 50% during refinement. H atoms were placed at
geometrically calculated positions with the D-H distances fixed to 0.93, 0.97, 0.90 and 0.82 A
from C(sp®), C(sp’), N and O atoms respectively. The corresponding isotropic displacement
parameters of the hydrogen atoms were equal to 1.2 U,q of the parent C and N and 1.5 Ugq of the
parent O atoms. The details of the X-ray structural analysis are given in Table 1. Hydrogen
bonds are listed in Table 2. The complete list of bond lengths and angles between non-hydrogen
atoms as well as additional figures can be found in the supplementary material, Table SI.
Geometrical calculations were made with PARST97 [40] and molecular graphics with ORTEP-3

[41].

2.4. In vitro antimicrobial assay

2.4.1. Test substances

The tested compounds were dissolved in DMSO and then diluted into nutrient liquid
medium to achieve a concentration of 10%. An antibiotic, doxycycline (Galenika A.D.,
Belgrade), was dissolved in nutrient liquid medium, a Mueller-Hinton broth (Torlak, Beograd),
while an antimycotic, fluconazole (Pfizer Inc.,USA) was dissolved in Sabouraud dextrose broth

(Torlak, Belgrade).
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2.4.2. Test microorganisms

Antimicrobial activity of the ligand and corresponding palladium(Il) and platinum(IV)
complexes was tested against 25 microorganisms. The experiment involved 15 strains of
pathogenic bacteria, including 7 standard strains (Escherichia coli ATCC 25922, Enterococcus
faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC
25923; Sarcina lutea ATCC 9341; Bacillus subtilis ATCC 6633; Bacillus pumilus NCTC 8241)
and 8 clinical isolates (Escherichia coli; Enterococcus faecalis; Pseudomonas aeruginosa;
Staphylococcus aureus; Sarcina lutea; Bacillus subtilis; Proteus mirabilis; Salmonella enterica).
Also, four species of pathogenic fungi (Aspergillus fumigatus PMFKG-F23; Aspergillus flavus
PMFKG-F24; Aspergillus restrictus PMFKG-F25; Aspergillus niger PMFKG-F26); two yeast
species (Candida albicans (clinical isolate) and Rhodotorula sp. PMFKG-F27) and four species
of probiotics (Lactobacillus plantarium PMFKG-P31, Bacillus subtilis TP 5832 PMFKG-P32,
Bifidobacterium animalis subsp. lactis PMFKG-P33; Saccharomyces boulardii PMFKG-P34)
were tested. All clinical isolates were a generous gift from the Institute of Public Health,
Kragujevac. The other microorganisms were provided from a collection held by the

Microbiology Laboratory Faculty of Science, University of Kragujevac.

2.4.3. Suspension preparation

Bacterial suspensions and yeast suspension were prepared by the direct colony method.
The colonies were taken directly from the plate and were suspended in 5 mL of sterile 0.85%
saline. The turbidity of initial suspension was adjusted by comparing with 0.5 McFarland’s

standard (0.5 mL 1.17% w/v BaCl,x2H,0 + 99.5 mL 1% w/v H,SO4) [42]. When adjusted to the
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turbidity of the 0.5 McFarland’s standard, bacteria suspension contains about 10°* colony forming
unites (CFU)/mL and suspension of yeast contains 10° CFU/mL. Ten-fold dilutions of initial
suspension were additionally prepared into sterile 0.85% saline. The suspensions of fungal
spores were prepared by gentle stripping of spore from slopes with growing aspergilli. The

resulting suspensions were 1:1000 diluted in sterile 0.85% saline.

2.4.4. Microdilution method

Antimicrobial activity was tested by determining the minimum inhibitory concentrations
(MIC) and minimum microbicidal concentration (MMC) by using microdilution plate method
with resazurin [43]. The 96-well plates were prepared by dispensing 100 puL of nutrient broth,
Mueller-Hinton broth for bacteria and Sabouraud dextrose broth for fungi and yeasts, into each
well. A 100 puL from the stock solution of tested compound (concentration of 2000 pg/mL) was
added into the first row of the plate. Then, twofold, serial dilutions were performed by using a
multichannel pipette. The obtained concentration range was from 1000 to 7.81 pg/mL. A 10 pL
of diluted bacterial, yeast suspension and suspension of spores was added to each well to give a
final concentration of 5 x 10° CFU/mL for bacteria and 5 x 10’ CFU/mL for fungi and yeast.
Finally, 10 pL resazurin solution was added to each well inoculated with bacteria and yeast.
Resazurin is an oxidation-reduction indicator used for the evaluation of microbial growth. It is a
blue non-fluorescent dye that becomes pink and fluorescent when reduced to resorufin by
oxidoreductases within viable cells. The inoculated plates were incubated at 37 °C for 24 h for
bacteria, 28 °C for 48 h for the yeast and 28 °C for 72 h for fungi. MIC was defined as the lowest

concentration of tested substance that prevented resazurin color change from blue to pink. For
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fungi, MIC values of the tested substance were determined as the lowest concentration that
visibly inhibited mycelia growth.

Doxycycline and fluconazole were used as a positive control. Solvent control test was
performed to study an effect of 10% DMSO on the growth of microorganism. It was observed
that 10% DMSO did not inhibit the growth of microorganism. Also, in the experiment, the
concentration of DMSO was additionally decreased because of the twofold serial dilution assay
(the working concentration was 5% and lower). Each test included growth control and sterility
control. All tests were performed in duplicate and MICs were constant. Minimum bactericidal
and fungicidal concentration was determined by plating 10 pL of samples from wells, where no
indicator color change was recorded, on nutrient agar medium. At the end of the incubation
period the lowest concentration with no growth (no colony) was defined as minimum

microbicidal concentration.

3. Results and discussion

The meso-1,2-diphenyl-ethylenediamin-N, N'-di-3-propanoate ligand was obtained in
reaction between meso-1,2-diphenyl-ethylenediamine and 3-chloro-propanoic acid (Fig. 2.).
Three geometrical isomers of 1,2-dpheddp-Pt(IV) complex with two identical monodentate
ligands are theoretically possible, s-cis, uns-cis and trans (Fig. 1.). In reaction between K,[PtCle]
with  Hj-1,2-dpheddp ligand only one isomer of  neutral octahedral
1,2-dpheddp-Pt(IV) complex, s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-
-propanoate)-platinum(IV), s-cis-[PtCl,(1,2-dpheddp)], with tetradentate coordination of the

H,-1,2-dpheddp ligand was obtained (Fig. 3.). The complex is slightly soluble in water and,
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unfortunately, almost insoluble in organic solvents. In reaction between K,[PdCls] with
H,-1,2-dpheddp ligand only one isomer of neutral square-planar 1,2-dpheddp-Pd(II)
complex, cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoate)-
-palladium(Il), cis-[PdCl,(1,2-dpheddp)], with bidentate coordination of the H,-1,2-dpheddp

ligand was obtained (Fig. 4.).

3.1. Infrared Spectra

As it was demonstrated for metal aminocarboxylic acid complexes [44,45], the
asymmetric stretching frequency of the carboxylate groups of the five-membered [44] rings lies
at higher energy than the corresponding frequency of the six-membered chelate rings [45]. Later,
this was supported by Neal and Rose [46] and Douglas et al [47,48] who found that edta-type
hexadentate complexes with mixed and equivalent (two five- and six-membered) carboxylate
arms, such as trans(Os)-[M(S,S-edds)]” (M = Co(III) or Cr(III); S,S-edds = S, S-ethylenediemine-
-N,N'-disuccinic ion) [46-48] and trans(Os)-[M(eddadp)]” (eddadp = ethylenediamine-N,N'-
-diacetato-N, N'-di-3-propionato ion) [47,48] exhibited two very strong and well-separated bands
in the asymmetric stretching carboxylate frequency region. The bands were assigned to the
carbonyl stretching vibrations of the five-membered rings at higher energy and six-membered
rings at lower energy.

The isolated platinum(IV) and palladium(II) complexes do not show any well resolved
doublets in the asymmetric C=0O stretching region (at 1618 cm™ and 1610 cm™ for platinum(IV)
and at 1643 cm™ and 1580 cm™ for palladium(II) complex; Table 3), and mentioned doublets lie
at lower energy than the corresponding bands of five-membered chelate rings [47,49]. The lack
of absorption between 1700-1750 cm™ indicates that the both carboxyl groups of the

H,-1,2-dpheddp ligand are coordinated to the central platinum(IV) ion. The prepared ligand,
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meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid, has absorption bands in the same
asymmetric C=0 stretching region between 1700-1750 cm™ (1754 cm™ and 1732 cm™, Table 3)

suggesting some small differences in energies of COO™ groups.

3.2. Description of the structure

X-ray diffraction analysis of 1,2-diphenyl-ethylenediamine-N, N'-di-3-
-propanoic acid confirmed expected meso orientation of the phenyl residues and dihydrochloride
form of the molecule. The crystal structure of this compound is composed of two independent
molecules with partly different conformations and molecules of crystal water, Fig. 5. Since the
both acid molecules are centrosymmetrical, the asymmetric unit contains two halves, one from
each of the independent molecules labelled as A and B. In molecule A the carboxyl O2-H group
was found to be equally disordered over two sites. The two molecules have relatively similar
bond distances and angles, however, having in mind a weak quality of X-ray diffraction data
caused by small size of single-crystals, the presence of the solvent water molecule as well as the
mentioned disorder in A, the direct comparison should be taken with care.

The values of C2—C3-N1-C4 torsion angle in A and the equivalent C12-C13-N2-C14
torsion angle in B are equal to 180.0(6) and 172.3(6)° respectively, indicating somewhat
different, but essentially planar forms of these parts of the aliphatic chains. The difference
between the molecules becomes more significant if we compare the orientation of their carboxyl
groups. In molecule A the carboxyl group is approximately coplanar to the rest of the aliphatic
chain with the C1-C2—C3—NT1 torsion angle of 175.3(7)°. In molecule B the directionality of this
group is significantly changed and the corresponding C11-C12—C13-N2 torsion angle is equal to
55.3(10)° (Fig. S1). Such a conformation of molecule B allows the formation of intramolecular

N-H...O hydrogen bond, which lacks in molecule A (Fig. S2).



278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

The difference in conformation of two molecules could be explained by the fact that their
carboxyl groups form quite diverse hydrogen bonding. While the acceptor O1 from the molecule
A engages only in one interaction (C13—H13b---O1), the corresponding O3 acceptor in molecule
B, forms three interactions, where two represent the strongest hydrogen bonds of the crystal
structure, N2—H2b---O3 and N1-Hla---O3 (Table 2). Furthermore, the O2—H group in molecule
A is disordered over two positions as the crystal packing allows its simultaneous interaction with
two different H acceptors (OS5 and Cl2) and formation of two relatively strong hydrogen bonds
(Table 2). In contrast to this, the equivalent O4-H group in molecule B does not form any
significant interaction except the relatively weak N1-H...O4 hydrogen bond.

Apart from the carboxyl groups, the crystal structure contains additional hydrogen
bonding sites such as Cl anions, molecule of crystal water and N-H groups which together build
a rather complex 3D hydrogen bonding network. However as a dominant structural motif in this
crystal packing one can identify the chain formed by direct interaction of molecules A and B via
the strongest hydrogen bond, N1-Hla---O3. The neighbouring molecules A and B within this
chain are additionally interconnected by several O-H...Cl and N-H...Cl hydrogen bonds, with a

short H...Cl distances ranging from 2.20 to 2.33 A (Fig. S3).

3.3. Microbiology

The results of in vitro testing of antibacterial and antifungal activities of the ligand and
corresponding palladium(Il) and platinum(IV) complex are shown in Table 4. For comparison,
MIC and MMC values of doxycycline and fluconazole are also listed in Table 4. The tested
ligand, palladium(II) and platinum(IV) complex showed different degrees of antimicrobial

activity in relation to the tested species. The intensity of antimicrobial action varied depending
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on the species of microorganism and on the type of tested compounds. In general, the activity of
complexes, especially of palladium(II) complex, was higher than the ligand. Also, platinum(IV)
and palladium(II) complexes demonstrated more potent inhibitory effects on the growth of
bacteria than fungi.

The palladium(II) complex showed significant antibacterial activity. MIC values were in
range from 15.63 pg/mL to 500 pg/mL, and MMC values were from 125 pg/mL to 1000 pg/mL
depending on the species of bacteria. The Gram-positive bacteria were more sensitive than the
Gram-negative bacteria with MIC values at 31.25 pg/mkL,
62.5 pg/mL. Interestingly, the tested complex exhibits strong antibacterial activity towards
Pseudomonas aeruginosa ATCC 27853 (MIC=15.63 pg/mL). The palladium(Il) complex
showed low antifungal activity, except for Aspergillus niger (MIC = 31.25 pg/mL).

The ligand and corresponding platinum(IV) demonstrated low to moderate antimicrobial
activity. MICs were from 125 pg/mL >1000 pg/mL while MMCs were from 500 pg/mL to
>1000 pg/mL. The tested concentrations of the compounds did not affect the growth of clinical
isolates of Escherichia coli, Staphylococcus aureus, Enterococcus faecalis, Proteus mirabilis,

Salmonella enterica, Candida albicans and Aspergillus flavus.

4. Conclusion

In this paper we reported syntheses and crystal structure of tetradentate
H,-1,2-dpheddp ligand. On the basis of the elemental analyses, infrared spectroscopy the
s-cis  geometry  of the dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-

-propanoate)-platinum(IV), s-cis-[PtCly(1,2-dpheddp)] prepared by the direct reaction of
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K,[PtClg] and Hj-1,2-dpheddp in water solution, was proposed. The syntheses
of cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoate)-palladium(II),
cis-[PdCly(1,2-dpheddp)] were also reported. Antimicrobial activity of ligand and corresponding
palladium(Il) and platinum(IV) complexes was investigated against 25 species of
microorganisms. The difference between antimicrobial activity of the ligand and corresponding
platinum(IV) and palladium(II) complex was noticed and, in general, the most active was
palladium(II) complex. Also, the complexes demonstrated more potent inhibitory effects on the

growth of bacteria than fungi.
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CCDC 852978 contains the supplementary crystallographic data for crystal structure
H,-1,2-dpheddp-2HCI-H,O. These data can be obtained free of charge via
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Figure 1. Possible geometrical isomers of [PtX,(eddp)] complex (X = monodentate ligand):
s-cis (1), uns-cis (I1) and trans (111).
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455  Figure 2. Reaction pathways in synthesis of meso-1,2-diphenyl-ethylenediamine-N, N'-di-

456  -3-propanoic acid.
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466  Figure 3. Reaction pathway in synthesis of new platinum(IV) complex.
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Figure 5. Crystal structure of meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid with
atom numbering scheme. As molecules are centrosymmetric, only atoms belonging to
asymmetric unit are labeled. Selected bond lengths (A), Molecule A (left): O1-C1 1.207(12);
C1-C2 1.482(12); C2—C3 1.506(11); N1-C3 1.472(9); N1-C4 1.498(8); C4—C5 1.499(10);
C5-C6 1.368(10). Molecule B (right): O3—-CI11 1.234(8); 04-Cl11 1.270(8); C11-CI12
1.498(10); C12—C13 1.510(10); N2—C13 1.494(11); N2—C14 1.507(9); C15—C16 1.380(11).
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Table 1. Crystal data, data collection and structure refinement

H,-1,2-dpheddp-2HCI-H,O0.

Empirical formula C,oH25C1,N, 05

Formula weight 445.33

Temperature (K) 293(2)

Wavelength (A) 1.54184

Crystal system Triclinic

Space group P1—

a(A) 8.6989(18)

b (A) 10.086(2)

c(A) 13.461(3)

a (%) 104.143(17)

B () 105.795(17)

v () 100.754(18)

V (A% 1060.7(4)

Z 2

u(mm™) 3.047

F(000) 476

Crystal size 0.12x 0.07 x 0.04

Reflections collected 16321

Unique reflections 4006

Ring 0.1762

Ry, wRy [1>20(1)] 0.1071, 0.2637

Table 2. Geometrical parameters (A,°) of selected hydrogen bonds.
D—HA4 (4) D-H H-—A D4 D—H-4

N2-H2b---03' 0.90 2.16 2.750(8) 122

Nl1-Hla---03" 0.90 2.00 2.786(8) 145

C2-H22a---03' 0.97 2.52 3.176(10) 125

NI-Hla--04" 0.90 2.56 3.111(9) 120

C13-H13b---O1" 0.97 2.46 3.076(11) 121

Cl13-Hl13a'--05' 0.97 245 3.415(16) 174

02a—H2c---O5" 0.82 2.06 2.72(3) 137

O2b—H2d---C12' 0.82 2.24 3.05(5) 168

NI1-Hlb---CI2' 0.90 2.20 3.089(7) 169

N2-H2a---CI2" 0.90 2.33 3.137(8) 148

C20 —H20---ClI1"’ 0.93 2.73 3.651(10) 169

C2-H22a---CI2' 0.97 2.75 3.324(9) 118

*Symmetry codes: (i) x,y,z; (ii) -x+1,-y+2,-z+2; (iii) x,+y+1,+z; (iv) x,+y-1,+z.

details

for



522
523 Table 3. The most important IR bands (cm”') of some compounds with linear

524 O-N-N-O ligands.

Compund Va5 (COOH) v, (COOY) Ref.
trans-[Pt(Hyedta)Cl, ] 1775; 1764 1691; 1678 50
uns-cis-[Pt(Hedta)Cl;] 1758; 1742 1692; 1685 50
s-cis-[Pt(Hpedta)Cl,] 1753; 1741 1725; 1716 50
trans-[Pt(eddp)Cl,]-H,O - 1637; 1630 13
trans-[Pt(1,3-pdda)Cl,]-H,O - 1696; 1660 51
trans-[Pt(pdda)Br;]-H,O - 1684; 1648 52
s-cis-[Pt(1,2-dpheddp)Cl,] - 1618; 1610 this work
H,-1,2-dpheddp 1754; 1732 - this work
cis-[Pd(1,2-dpheddp)Cl;] 1643; 1580 this work
525
526
527
528
529
530
531
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537
538
539
540
541
542
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547 Table 4. Antibacterial and antifungal activity of the tested ligand and corresponding
548  palladium(Il) and platinum(IV) complexes.

Species L1 p alclgrciliulr: )((H) p litélrlrllmlléiv) Doxycycline Fluconazol
MIC | MMC | MIC | MMC | MIC | MMC | MIC/MMC MIC/MMC
fggﬁ;”th’” coli ATCC | _1000 | >1000 | 500 | 1000 | 500 | 1000 | 7.81/15.625 /
123;??31 aeruginosa ATCCH 550 | ~1000 | 15.63 | 500 | 125 | 500 | 62.5/125 /
f%féhévlgggggus aUrewS 1 500 | >1000 | 31.25 | 500 | 250 | 500 | 0.224/3.75 /
Sarcina lutea ATCC 9341 | 500 | >1000 | 62.5 [ 500 | 125 | 500 | <0.448/7.81 /
ggg”“s subtilis - ATCC | 506 | >1000 | 625 [500 |250 | 500 | 1.953/31.25 /
Enter. faecalis ATCC 29212 | 500 | >1000 | 31.25 | 500 | 250 | 500 | 7.81/62.5 /
ggﬁ”us pumilus - NCTC | 1600 | >1000 | 62.5 | 500|250 | 500 | 0.112/7.81 /
Escherichia coli >1000 | >1000 | 250 | 500 | >1000 | >1000 | 7.81/15.625 /
Pseud. aeruginosa 500 >1000 | 500 1000 | 500 1000 | 250/>250 /
Staphylococcus aureus >1000 | >1000 | 250 500 >1000 | >1000 | 0.448/7.81 /
Sarcina lutea 500 | >1000 | 62.5 |500 |250 | 500 | <0.448/3.75 /
Bacillus subtilis 500 | >1000 | 31.25 | 500 | 250 | >1000 | 0.112/1.953 /
Enter. faecalis >1000 | >1000 | 250 | 500 | >1000 | >1000 | 7.81/62.5 /
Proteus mirabilis >1000 | >1000 | 500 | 500 | >1000 | >1000 | 250/>250 /
Salmonella enterica >1000 | >1000 | 250 500 >1000 | >1000 | 15.625/31.25 /
f;yggb;iﬁsrmm animalis | _1000 | >1000 | 31.25 | 125 | 250 | 500 | 31.25/62.5 /
Lactobacillus plantarum 500 >1000 | 125 500 250 500 0.448/7.81 /
Bacillus subtilis TP 5832 500 | >1000 | 250 | 500 |250 [500 | 1.953/15.625 /
Saccharomyces boulardii >1000 | >1000 | >1000 | >1000 | 1000 | 1000 / 31.25/1000
Candida albicans >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | / 62.5/1000
Rhodotorula sp. 1000 | 1000 | 500 | 1000 | 1000 | 1000 | / 62.5/1000
Aspergillus niger 125 | >1000 | 31.25 | 1000 | 125 | >1000 | / 500/1000
Aspergillus restrictus 250 250 500 500 1000 | 1000 / 500/2000
Aspergillus fumigatus 1000 | 1000 | 1000 | 1000 | 500 1000 / 500/1000
Aspergillus flavus >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | / 1000/1000

549 MIC, minimum inhibitory concentration (pg/mL)
550 MMC, minimum microbiocidal concentration (pug/mL)

551 /, not tested.
552
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(S,S)-ethylenediamine-N,N’-di-2-(3-methyl)-butanoic acid”

Gordana P. Radi¢?, Verica V. Glodovi¢?, lvana D. Radojevi¢®, Olgica D. Stefanovic®,

Ljiljana R. Comi¢®, Vesna M. Binovi¢® and Srecko R. Trifunovi¢™

4Department of Chemistry, Faculty of Science, University of Kragujevac,
R. Domanoviéa 12, 34000 Kragujevac, Republic of Serbia
"Department of Biology and Ecology, Faculty of Science, University of Kragujevac,
R. Domanoviéa 12, 34000 Kragujevac, Republic of Serbia
“Faculty of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade, Republic of Serbia

Abstract

Three new ligand precursors and their palladium(I1) complexes of general formula
[PACI{(S,S)-(R)eddv}] (R = n-propyl, n-butyl and n-pentyl; S,S-eddv = (S,9)-
-ethylenediamine-N,N'-di-2-(3-methyl)-butanoate)  have  been  synthesized and
characterized by microanalysis, infrared, *H and *C NMR spectroscopy and mass
spectrometry. In vitro antimicrobial activity for these ligands and complexes is
investigated. Testing is performed by microdilution method and minimum inhibitory
concentration (MIC) and minimum microbicidal concentration (MMC) have been
determined. Testing is conducted against 15 microorganisms (five strains of pathogenic
bacteria, three species of probiotic bacteria, two yeast species and five pathogenic fungi).
Tested ligands, with a few exceptions, show very low antimicrobial activity.
Palladium(ll) complexes show selective and moderate activity. The difference in
antimicrobial activity between ligands and corresponding palladium(ll) complexes is

noticed and it is always higher with palladium(ll) complexes.

*Part X: J. Vuji¢, G.N. Kaluderovi¢, B.B. Zmejkovski, M. Milovanovi¢, V. Volarevi¢, N. Arsenijevi¢ and
S.R. Trifunovi¢ (submitted)
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1. Introduction

In parallel with the rapid development of a wide range of antibacterial agents
since the 1940s, bacteria have proved extremely adept at developing resistance to each
new employed agent. The rapidly increasing incidence of bacterial resistance to
antimicrobial agents has become a serious problem worldwide. Resistance mechanisms
have been identified and described for all the known antibiotics currently available for
clinical use [1].

In some previous papers synthesis and characterization of the palladium(ll)
complexes with R»-S,S-eddp ligands (S,S-eddp = (S,S)-ethylenediamine-N,N'-di-2-
-propanoate, R = n-Pr [2], n-Bu [2], n-Pe [2], i-Pr [3a], i-Bu [3b], c-Pe [4], Cy [4]) were
published. It was concluded from NMR spectra that the mixture of diastereoisomers of
the [PdCl,(R2-eddip)] complexes was obtained. The antitumoral investigations of some of
these ligands and complexes were performed [4].

This study is focused on the synthesis, characterization and antimicrobial activity
of four novel Rjedda-type ligand precursors: O,0'-diethyl- (L1) [5], O,0O’-dipropyl-
(L2), O,0'-dibutyl- (L3), 0O,0’-dipentyl-(S,S)-ethylenediamine-N,N’-di-2-(3-methyl)-
-butanoate dihydrochloride (L4) and their corresponding palladium(ll) complexes:
chlorido((S,S)-ethylenediamine-N-(O-ethyl-2-(3-methyl)-butanoate)-N'-2-(3-methyl)
butanoato-palladium(ll) [5], (C1), chlorido((S,S)-ethylenediamine-N-(O-propyl-2-(3-
-methyl)-butanoate)-N'-2-(3-methyl)butanoato-palladium(Il) (C2), chlorido((S,S)-
-ethylenediamine-N-(O-butyl-2-(3-methyl)-butanoate)-N’-2-(3-methyl)butanoato-
-palladium(ll) (C3), chlorido((S,S)-ethylenediamine-N-(O-pentyl-2-(3-methyl)-
-butanoate)-N’-2-(3-methyl)butanoato-palladium(ll) (C4).

The synthesis and evaluation of biological activity of the new metal-based
compounds has been the field of growing interest. Numerous complexes based on

palladium(I1)-ion have been synthesized and their different biological activities have been
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documented [6-8]. The impact of different palladium complexes on the growth and
metabolism of various groups of microorganisms has been studied. Garoufis et al. [9]
reviewed numerous scientific papers on antiviral, antibacterial and antifungal activity of
palladium(ll) complexes with different types of ligands (sulfur and nitrogen donor
ligands, Schiff base ligands and drugs as ligands). Guerra et al. [10] synthesized three
palladium complexes with antibiotics of the tetracycline family and they tested their
effects on tetracycline sensitive and resistant bacterial strains. The palladium complex
with tetracycline was 16 times stronger than the tetracycline itself against resistant strain.
Vieira et al. [11] prepared new palladium(ll) and platinum(ll) complexes with
fluoroquinolones which showed activity to Mycobacterium tuberculosis. There are other
papers in the literature showing different intensity of palladium complexes activity on
various species of bacteria and fungi [12-17].

The aim of this paper is to synthesize new palladium complexes and to research in
vitro their antibacterial and antifungal activities. The second aim is to investigate the
impact of newly synthesized palladium complexes on probiotics, since they are used as
supplements and they play significant role in protection and maintenance of balance in

intestinal microflora during the use of the antibiotic therapy.
2. Experimental

2.1. Chemistry
2.1.1. Reagents and instruments

(S,S)-Ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acid, (H,-(S,S)-eddv) was
prepared using similar methods described in literature [18]. Kj[PdCl,] was purchased
from Merck and used without further purification. Alcohols were dried by standard
methods. Infrared spectra were recorded by Perkin-Elmer Spectrum One FT-IR
spectrometer using the KBr pellet technique (4000-400 cm™) and mass spectra were
recorded by Agilent 5973B. *H and *C NMR spectra were recorded by Varian Gemini-
2000 (200 MHz) spectrometer in D,O (ligand precursors) and CDClI;z (palladium(Il)

complexes) using tetramethylsilane as internal standard and in DMSO-dg (ligands and
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complexes). Elemental microanalyses for C, H and N were performed by standard
methods by Vario EL Il C, H, N Elemental Analyzer.

2.1.2. Preparation of O,0'-dialkyl esters of the (S,S)-ethylenediamine-N,N'-di-2-
-(3-methyl)-butanoic acid dihydrochloride, R,-S,S-eddv-2HCI

In 50 mL of dry alcohol (ethanol, 1-propanol, 1-butanol or 1-pentanol), saturated
with gas HCI, 2.50 g (7.5 mmol) of (H,-(S,S)-eddv) was added and the mixture was
refluxed for 12 h. The mixture was filtered off and the filtrate was left for a few days in
the refrigerator. The esters were recrystallized from hot alcohol used for each reaction.

0,0'-diethyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoate
dihydrochloride det-S,S-eddv-2HCI (L1) was previously synthesized [5].

O,0'-dipropyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoate
dihydrochloride dpr-S,S-eddv-2HCI  (L2) Yield: 1.72 g (55%). Anal. Calc. for
CisH3sCLN,Os (M, = 417.404) (%): C, 51.79; H, 9.18; N, 6.71. Found (%): C, 51.92;
H, 9.06; N, 6.73."H NMR (200 MHz, D,0, § ppm): 0.91 (t, 6H, C°Hs), 1.21 (m, 12H,
C>°H3), 1.74 (m, 4H, C®H,), 2.37 (m, 4H, C'H,), 3.52 (m, 2H, C*H), 4.11 (d, 2H, C*H),
4.27 (g, 4H, C'H,). °C NMR (50 MHz, D,0, & ppm): 12.63 (C®H3), 19.47 (C°Hs), 20.15
(C®H3), 24.22 (C®H.), 32.48 (C*H), 46.48 (C'H,), 69.35 (C°H), 72.21 (C'H,), 171.6
(C*00Pr). *H NMR (200 MHz, DMSO-ds, 6 ppm): 0.86 (t, 6H, C°Hs), 1.18 (m, 12H,
C>°H3), 1.58 (m, 4H, C®H,), 2.26 (m, 4H, C'H,), 3.46 (m, 2H, C*H), 4.07 (d, 2H, C*H),
4.37 (g, 4H, C'H,), 4.63 (2H, NH). *C NMR (50 MHz, DMSO-ds, 5 ppm): 12.48 (C®Hs),
18.96 (C°Hs), 20.17 (C®Hs), 24.89 (CH,), 33.03 (C*H), 46.41 (C'H,), 68.97 (C*H), 72.06
(C'H,), 170.9 (C*0O0Pr).

O,0'-dibutyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoate
dihydrochloride dbu-S,S-eddv-2HCI (L3) Yield: 1.74 g (52%). Anal. Calc. for
CaoH42ClaN20,4 (M, = 445.456) (%): C, 53.92; H, 9.50; N, 6.29. Found (%): C, 53.48; H,
9.54; N, 6.48. 'H NMR (200 MHz, D,0, § ppm): 0.91 (t, 6H, C*°H3), 1.13 (m, 12H,
C>®Hs), 1.37 (m, 4H, C°H,), 1,70 (m, 4H, C®H,), 2.41 (m, 4H, C*H,), 3.56 (m, 2H, C*H),
3.87 (d, 2H, C?H), 4.34 (g, 4H, C'H,). **C NMR (50 MHz, D,0, § ppm): 15.80 (C'°Hs),
19.43 (C°Hs), 19.76 (C°H3), 21.51 (C°H,), 32.60 (C*H), 36.38 (C°H,), 46.19 (C'H,),
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64.50 (C*H), 70.49 (C'H,), 171.56 (COOR). *H NMR (200 MHz, DMSO-ds, J ppm):
0.87 (t, 6H, C*°H3), 1.17 (m, 12H, C>®Hs), 1.39 (m, 4H, C°H,), 1,66 (m, 4H, C®H,), 2.28
(m, 4H, C'H,), 3.48 (m, 2H, C*H), 3.79 (d, 2H, C?H), 4.26 (g, 4H, C'H,), 4.58 (2H, NH).
3C NMR (50 MHz, DMSO-ds, 6 ppm): 14.99 (C'°Hs), 19.37 (C°Hs), 19.58 (C°®Hs), 21.43
(C°H,), 32.54 (C*H), 36.26 (C®H,), 46.03 (C'H,), 64.57 (C°H), 70.48 (C'H.),
171.51(C°00R).
0,0'-dipentyl-(S,S)-ethylenediamine-N,N'-di-2-(3-methyl)-butanoate

dihydrochloride dpe-S,S-eddv-2HCI  (L4) Yield: 1.82 g (51%). Anal. Calc. for
C2HasClN20,4 (M, = 473.508) (%): C, 55.80; H, 9.79; N, 5.92. Found (%): C,55.68; H,
9.76; N, 6.02. *H NMR (200 MHz, D,0O, ¢ ppm): 0.90 (t, 6H, C*Hs), 1.10 (m, 12H,
C>®Hg), 1.37 (m, 8H, C**°Hy), 1.72 (m, 4H, C°Hy), 2.40 (m, 4H, C'H,), 3.62 (m, 2H,
C*H), 4.09 (d, 2H, C?H), 4.39 (q, 4H, C'H,). *C NMR (50 MHz, D,0, J ppm): 16.13
(C'H3), 19.48 (C°Hs), 20.69 (C°H3), 24.52 (C°H,), 30.31 (C°H,), 32.66 (C®H.), 33.92
(C*H), 46.29 (C'H,), 64.83 (C*H), 70.74 (C'H,), 171.84 (C°0O0R).'H NMR (200 MHz,
DMSO-ds, 6 ppm): 0.90 (t, 6H, C**Hs), 1.12 (m, 12H, C>®Hs), 1.36 (m, 8H, C*'°H,),
1.68 (m, 4H, C®H,), 2.33 (m, 4H, C'H,), 3.64 (m, 2H, C*H), 4.02 (d, 2H, C?H), 4.21 (q,
4H, C'H,), 4.76 (2H, NH). **C NMR (50 MHz, DMSO-dg, 5 ppm): 16.06 (C*'H3), 19.43
(C°H3), 20.32 (C°Hs), 24.45 (C'°H,), 30.29 (C°H.), 32.69 (C°H,), 33.88 (C*H), 46.07
(C'H,), 64.12 (C?H), 70.76 (C'H,), 171.34 (C*OOR).

2.1.3. Synthesis of the palladium(ll) complexes, C1-C4

The complexes were obtained by mixing K[PdCl,] (0.200 g, 0.613 mmol) in
10 cm® of water and equimolar amount of the L1 (0.241 g, 0.613 mmol), L2 (0.256 g,
0.613 mmol), L3 (0.273 g, 0.613 mmol) or L4 (0.290 g, 0.613 mmol) esters. During 2 h
of stirring, 10 cm?® of water solution of LiOH (0.0294 g, 1.226 mmol) was added in small
portions to the reaction mixture. Within this period, pale yellow precipitates of the
complexes C1-C4 were obtained, filtered off, washed with cold water, ethanol and ether
and air dried.

Chlorido((S,S)-ethylenediamine-N-(O-ethyl-2-(3-methyl)-butanoate)-N’-2-(3-
-methyl)butanoato-palladium(Il) [PdCI{(S,S)-(Et)eddv}] (C1) was previously synthesized
[5].
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Chlorido((S,S)-ethylenediamine-N-(O-propyl-2-(3-methyl)-butanoate)-N'-2-(3-
-methyl)butanoato-palladium(ll) [PdCI{(S,S)-(Pr)eddv}] (C2) Yield: 0.232 g (72%).
Anal. Calc. for (M, = 443.272): C, 40.64; H, 6.59; N, 6.32. Found: C, 41.00; H, 6.57; N,
6.43. MS, m/z: 442.09. *H NMR (200 MHz, CDCls, 6 ppm): 0.94 (t, 3H, C'°H3), 1.11 (d,
6H, C®'Hs), 1.21 (d, 6H, C*''Hy), 1.61 (m, 2H, C*H,), 1.94 (m, 4H, C*?H,), 2.24 (m,
1H, C°H), 2.48 (m, 1H, C°H), 3.71 (d, 1H, C*H), 4.10 (d, 1H, C®H), 4.28 (t, 2H, C**H,).
3C NMR (50 MHz, CDCls, 6 ppm): 10.68 (C*°Hs), 19.25 (C°Hs), 19.34 (C'H3), 21.15
(C'Hs), 22.15 (CMH3), 30.58 (C¥*H,), 46.83 (C°H), 49.70 (C°H), 50.56 (C'H,), 56.61
(C°H,), 65.29 (C®H), 68.75 (CH), 72.99 (C*H,), 171.73 (C'?), 178.74 (C*). 'H NMR
(200 MHz, DMSO-ds, d ppm): 0.92 (t, 3H, C*H3), 1.03 (d, 6H, C®'Hs), 1.23 (d, 6H,
C!%H,), 1.58 (m, 2H, C**H,), 1.89 (m, 4H, C*?H,), 2.13 (m, 1H, C°H), 2.45 (m, 1H,
C°H), 3.59 (d, 1H, C®H), 4.02 (d, 1H, C®H), 4.29 (t, 2H, C*H,), 5.83 (2H, NH). **C
NMR (50 MHz, DMSO-dg, 6 ppm): 11.12 (C*™Hj3), 18.87 (C°Hs), 19.36 (C'H3), 21.07
(C'°H3), 22.17 (CMHs), 30.53 (C*H,), 46.74 (C°H), 49.72 (C°H), 50.55 (C'H,), 56.16
(C?H,), 65.39 (CH), 68.74(C3H), 72.87 (C**H,), 171.56 (C*?), 178.28 (C*).

Chlorido((S,S)-ethylenediamine-N-(O-butyl-2-(3-methyl)-butanoate)-N’-2-(3-
-methyl)butanoato-palladium(ll) [PACI{(S,S)-(Bu)eddv}] (C3) Yield: 0.198 g (71%).
Anal. Calc. for (M, = 457.298): C, 42.02; H, 6.83; N, 6.13. Found: C, 42.23; H, 7.10; N,
5.99. MS, m/z: 458.10. *H NMR (200 MHz, CDCls, 6 ppm): 0.91 (t, 3H, C**H3), 0.99 (d,
6H, C®'Hs), 1.17 (d, 6H, C'®*H3), 1.35 (m, 2H, C*H,), 1.59 (m, 2H, C**H,), 2.19 (m,
4H, C*?Hy), 2.56 (m, 1H, C°H), 2.84 (m, 1H, C°H), 3.50 (d, 1H, C*H), 4.08 (d, 1H, C®H),
4.29 (t, 2H, C**H,). *C NMR (50 MHz, CDCls, § ppm): 13.64 (C**H3), 17.99 (C°Hy),
18.17 (C'Hs), 19.24 (C'°Hs), 19.44 (C"H3), 21.58 (C™®H,), 28.34 (C°H), 29.68 (C°H),
30.55 (C'*H,), 38.68 (C'H,), 41.52 (C*H,), 59.40 (C®H), 61.40 (C°H), 67.21 (C*H,),
170.81 (C*), 177.84 (C*. *H NMR (200 MHz, DMSO-dg, 6 ppm): 0.88 (t, 3H, C*°Hy),
0.93 (d, 6H, C*'Ha), 0.98 (d, 6H, C**"Hy), 1.23 (m, 2H, C**Hy), 1.46 (m, 2H, C**Hy),
2.06 (m, 4H, C*?H,), 2.51 (m, 1H, C°H), 2.79 (m, 1H, C°H), 3.39 (d, 1H, C*H), 3.56 (d,
1H, C®H), 4.12 (t, 2H, C*H,), 5.85 (2H, NH). *C NMR (50 MHz, DMSO-ds, 5 ppm):
13.53 (C**Hj3), 17.85 (C°Hs), 18.79 (C'Hs), 19.70 (C°Hs), 19.87 (C*Hs), 21.79 (C*Hy),
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21.99 (C°H), 27.83 (C°H), 30.44 (C**H,), 49.93 (C'H,), 53.96 (C°H,), 64.36 (C®H), 64.64
(C*H), 71.23 (C*H,), 171.37 (C*%), 179.20 (C*).
Chlorido((S,S)-ethylenediamine-N-(O-pentyl-2-(3-methyl)-butanoate)-N’-2-(3-

-methyl)butanoato-palladium(ll) [PdCI{(S,S)-(Pe)eddv}] (C4) Yield: 0.217 g (75%).
Anal. Calc. for (M, = 471.324): C, 43.32; H, 7.06; N, 5.94. Found: C, 43.43; H, 6.98; N,
5.89. MS, m/z: 470.12. *H NMR (200 MHz, CDCls, 6 ppm): 0.93 (t, 3H, C*"Hs), 0.99 (d,
6H, C®'Hs), 1.11 (d, 6H, C®*H3), 1.32 (m, 2H, C**H,), 1.45 (m, 2H, C*H,), 1.60 (m,
2H, C*H,), 2.09 (m, 4H, C**H,), 2.46 (m, 1H, C°H), 2.79 (m, 1H, C°H), 3.51 (d, 1H,
C3H), 3.63 (d, 1H, C®H), 4.07 (t, 2H, C**H,). *C NMR (50 MHz, CDCls, § ppm): 17.92
(C'"H3), 18.43 (C°H3), 19.98 (C'H3), 21.87 (C*Hs), 22.09 (CMHs), 27.79 (C*H,), 27.94
(C¥H,), 30.14 (C*H,), 36.72 (C°H), 37.28 (C°H), 41.55 (C'H,), 49.90 (C*H,), 54.07
(C®H), 64.50 (C*H), 71.20 (C'*H,), 171.62 (C'¥), 179.46 (C*. 'H NMR (200 MHz,
DMSO-ds, d ppm): 0.91 (t, 3H, C'"Hs), 1.02 (d, 6H, C®'Hs), 1.13 (d, 6H, C***'Hy), 1.41
(m, 2H, C*®H,), 1.58 (m, 2H, C**H,), 1.74 (m, 2H, C**H,), 2.18 (m, 4H, C**H,), 2.58 (m,
1H, C°H), 2.92 (m, 1H, C°H), 3.50 (d, 1H, C*H), 3.69 (d, 1H, C®H), 4.33 (t, 2H, C**H,),
6.05 (2H, NH). *C NMR (50 MHz, DMSO-ds, § ppm): 18.60 (C*'H3), 19.08 (C°Hs),
19.92 (C'Hs), 21.94 (C*°H3), 22.87 (C'*Hs), 28.81 (C™**H,), 29.35 (C'°H,), 32.34 (C**H,),
38.74 (C°H), 39.93 (C°H), 45.56 (C'H,), 51.18 (C°H,), 55.46 (C®H), 67.53 (C*H), 74.74
(C¥*H,), 171.38 (C*?), 178.92 (C*).

2.2 In vitro antimicrobial assay
2.2.1. Test substances

The tested compounds were dissolved in DMSO and then diluted into nutrient
liquid medium to achieve a concentration of 10%. An antibiotic doxycycline (Galenika
A.D., Belgrade) was dissolved in nutrient liquid medium, a Mueller—Hinton broth
(Torlak, Beograd), while an antimycotic fluconazole (Pfizer Inc., USA) was dissolved in

Sabouraud dextrose broth (Torlak, Belgrade).

2.2.2. Test microorganisms
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Antimicrobial activity of four ligands and corresponding palladium(Il) complexes
was tested for 15 microorganisms including five strains of pathogenic bacteria (standard
and clinical strains): Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212,
Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis (clinical isolate) and E. coli
(clinical isolate); three species of probiotics: Lactobacillus plantarum PMFKG-P31,
Bacillus subtilis IP 5832 PMFKG-P32 and Bifidobacterium animalis subsp. lactis
PMFKG-P33; two yeast species Candida albicans (clinical isolate) and Saccharomyces
boulardii PMFKG-P34 and five pathogenic fungi Aspergillus fumigatus PMFKG-F23,
Aspergillus flavus PMFKG-F24, Aspergillus restrictus PMFKG-25, Aspergillus niger
PMFKG-26 and standard strain Aspergillus niger ATCC 16404. All clinical isolates were
a generous gift from the Institute of Public Health, Kragujevac. The other
microorganisms were provided from the collection held by the Microbiology Laboratory

Faculty of Science, University of Kragujevac.

2.2.3. Suspension preparation

Bacterial suspensions and yeast suspension were prepared by the direct colony
method. The colonies were taken directly from the plate and were suspended in 5 mL of
sterile 0.85% saline. The turbidity of initial suspension was adjusted by comparing with
0.5 McFarland’s standard (0.5 mL 1.17% w/v BaCl,x2H,0 + 99.5 mL 1% w/v H,SOy,)
[19]. When adjusted to the turbidity of 0.5 McFarland’s standard, bacteria suspension
contains about 10® colony forming unites (CFU)/mL and suspension of yeast contains
10° CFU/mL. Ten-hold dilutions of initial suspension were additionally prepared into
sterile 0.85% saline. The suspensions of fungal spores were prepared by gentle stripping
of spore from slopes with growing aspergilli. The resulting suspensions were 1:1000

diluted in sterile 0.85% saline.

2.2.4. Microdilution method

Antimicrobial activity was tested by determining the minimum inhibitory
concentration (MIC) and minimum microbicidal concentration (MMC) by using
microdilution plate method with resazurin [20]. The 96-well plates were prepared by

dispensing 100 pL of nutrient broth, Mueller-Hinton broth for bacteria and Sabouraud
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dextrose broth for fungi and yeasts, into each well. A 100 puL from the stock solution of
tested compound (concentration of 2000 ug/mL) was added into the first row of the plate.
Then, twofold serial dilutions were performed by using a multichannel pipette. The
obtained concentration range was from 1000 to 7.813 pug/mL. A 10 pL of diluted
bacterial, yeast suspension and suspension of spores was added to each well to give a
final concentration of 5 x 10° CFU/mL for bacteria and 5 x 10° CFU/mL for fungi and
yeast. Finally, 10 pL resazurin solution was added to each well inoculated with bacteria
and yeast. Resazurin is an oxidation-reduction indicator used for the evaluation of
microbial growth. It is a blue non-fluorescent dye that becomes pink and fluorescent
when reduced to resorufin by oxidoreductases within viable cells [21]. The inoculated
plates were incubated at 37°C for 24 h for bacteria, 28°C for 48 h for the yeast and 28°C
for 72 h for fungi. MIC was defined as the lowest concentration of the tested substance
that prevented resazurin color change from blue to pink. For fungi, MIC values of the
tested substance were determined as the lowest concentration that visibly inhibited
mycelia growth.

Doxycycline and fluconazole were used as a positive control. Solvent control test
was performed to study an effect of 10% DMSO on the growth of microorganism. It was
observed that 10% DMSO did not inhibit the growth of microorganism. Also, in the
experiment, the concentration of DMSO was additionally decreased because of the
twofold serial dilution assay (the working concentration was 5% and lower). Each test
included growth control and sterility control. All tests were performed in duplicate and
MICs were constant.

Minimum bactericidal and fungicidal concentration was determined by plating
10 puL of samples from wells, where no indicator color change was recorded, on nutrient
agar medium. At the end of the incubation period the lowest concentration with no

growth (no colony) was defined as minimum microbicidal concentration.

2.2.5. Statistical analysis

All statistical analyses were performed using SPSS package (SPSS for Windows,
ver. 17, 2008) (Chicago, IL, USA). Mean differences were established by Student’s t-test.
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The data were analyzed using one-way analysis of variance (ANOVA). In all cases p

values <0.05 were considered statistically significant.

3. Results and discussion

3.1. Synthesis and characterization

Esters (L1-L4) and neutral palladium(ll) complexes (C1-C4) were prepared by
using appropriate modifications of known methods (Scheme 1) [2,4,5,22-28]. These
esters are not soluble in chloroform, but rather in water, methanol, dimethyl sulfoxide and
hot alcohols used in individual esterification reactions. The complexes were synthesized
by combining aqueous solutions of K;[PdCl,] and the corresponding esters. Although we
expected bidentate coordination of synthesized diesters of S,S-eddv as with corresponding
esters of S,S-eddp [2], the results of elemental microanalysis, MS, IR, NMR (*H and *3C)
spectra suggest that partial diester hydrolysis and then tridentate coordination to the
palladium(l1)-ion occurred which was confirmed by X-ray structure analysis for complex
[PACI{(S,S)-(et)eddv}] [5]. This fact can be explained by moving chemical balance in
the direction of hydrolysis by precipitation of insoluble palladium(Il) complexes. This did
not happen in the case of S,S-eddp-Pd(Il) complexes since the complexes in question are
enough water soluble. Based on the structure of the ligands (Scheme 1) bidentate
coordination for the palladium(ll) ion was expected. From the spectra, it can be
concluded that the synthesis of the complex occurred during the partial hydrolysis of the
ligand and it was tridentate coordinated to the central metal ion. The resulting complexes
are soluble in chloroform and dimethyl sulfoxide, but not in water. The results of
microanalysis and MS spectra confirmed the predicted content of the isolated ligands and
complexes. Also, the data from mass spectra of the C1-C4 match the proposed molecular
formulae of the complexes.

The most important bands in the infrared spectra of the isolated dialkyl esters and
corresponding palladium(1l) complexes are given in Table 1.

Absorption bands for secondary amino groups were found for C1-C4 at 3178,

3181, 3180, 3180 cm™, respectively, indicating coordination via nitrogen atoms (for

10
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ligand precursors only bands for secondary ammonium groups can be observed; L1-L4:
v(RoNH,") at 3415, 3437, 3428, 3439 cm™). There is one absorption band at ~1730 cm™
in the spectra of all ligands characteristic for ester group. There are two absorption bands
forv(C=0) in spectra for all complexes, which indicates two different C=0O groups, being
in correspondence to the hydrolysis of one of the alkyl groups, and coordination of the
residual oxygen atom. All other specific bands were found at similar positions for
corresponding ligand precursors and complexes.

The expected signals were found in *H NMR and **C NMR spectra. The signals
of CH; protons of the ethylenediamine bridge showed coordination induced shifts in
spectra of complexes (up to 0.9 ppm) giving a clear indication of nitrogen coordination.
The signals for all methyl protons for all compounds were found within the range of 0.90-
-1.21 ppm. N,N’-ligand coordination is confirmed by NH chemical shift (4.5 ppm for
ligands and 5.8 ppm for complexes)

In *C NMR spectra of complexes carbon atoms resonances were found as
expected. There are two signals around 170 ppm for all complexes, signal at a lower
chemical shift belongs to the ester carbon atom and signal at a higher chemical shift
belongs to the carbon atom of the carboxyl group that participates in coordination with its

oxygen atom.

3.2. Microbiology

The results of in vitro testing antibacterial and antifungal activities of the four new
palladium complexes and their ligands are shown in Table 2. For comparison, MIC and
MMC values of doxycycline and fluconazole are also listed in Table 2. The solvent (10%
DMSO) did not inhibit the growth of the tested microorganisms.

The intensity of antimicrobial action varied depending on the species of
microorganism and on the type and concentration of the substances. In general, the tested
ligands, with few exceptions, show very low antimicrobial activity, while palladium(ll)
complexes show selective and moderate activity. The difference in antimicrobial activity
between ligands and corresponding palladium(ll) complexes is noticed and is always

higher with palladium(1l) complexes. Statistically significant difference in antimicrobial
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action between the ligands and their appropriate complexes is at the level of MIC
expressed at all (p < 0.05). The tested substances do not show statistically significant
difference in activity against investigated groups of microorganisms.

The obtained results of the coordination compounds show enhanced activity
compared to the ligand, with indicates that the coordinated metal has an influence on the
antimicrobial effects. However, the higher activity of the complexes, as compared to the
free ligands, can be understood in terms of the chelation theory. This theory explains that
a decrease in the polarizability of the metal could enhance the lipophilicity of the
complexes [29].

All tested compounds demonstrated selective to moderate antibacterial activity in
relation to the tested standard and clinical strains of bacteria. Being compared to positive
control, these substances showed low antibacterial activity. Interestingly, L3, L4 and C3,
C4 exhibit strong antibacterial activity towards Escherichia coli (clinical isolate), MIC
ranged <7.813 pg/mL to 31.25 pg/mL.

Also, probiotic bacteria showed high resistance to the effects of tested substances.
MICs were from 125 pg/mL to >1000 ug/mL, and MMCs were from 500 pg/mL to
>1000 pg/mL. The most sensitive was Lactobacillus plantarum to C3 and C4 (MIC was
<7.813 pug/mL).

Tested ligands and the corresponding palladium(ll) complexes showed low
antifungal activity. MICs were from 125 pg/mL to >1000 pg/mL while MMCs were from
500 pg/mL to >1000 pg/mL. The tested compounds did not affect the growth of yeasts or
their activities were very low (MIC/MMC values were 1000 pg/mL and >1000 pg/mL).

Conclusion

Ligand precursors (L1-L4) and corresponding palladium(ll) complexes (C1-C4)
were synthesized and characterized by IR, MS, *H and **C NMR spectroscopies and
elemental analysis. The results of antimicrobial activity showed that tested ligands and
the corresponding palladium(ll) complexes demonstrated different degree of
antimicrobial activity in relation to the tested species. The difference in antimicrobial

activity between ligands and corresponding palladium(ll) complexes is noticed and it is

12
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always higher with palladium(Il) complexes. Escherichia coli (clinical isolate) was
particularly sensitive to the L3, L4, C3 and C4, especially to the C4, so this complex
could be used as potential pharmaceutical agent. Our research showed that the change of
ligand structure and corresponding palladium(ll) complexes had a significant impact on
their biological activity. We are going to track biological activity of the palladium(Il)

complexes as a consequence of ligand structure change.
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Dear professor Belluco,

We have done our best to improve the paper

“Stereospecific ligands and their complexes. XI. Synthesis, characterization and antimicrobial
activity of palladium(l1) complexes with some alkyl esters of (S,S)-ethylenediamine-N,N"-di-2-
-(3-methyl) butanoic acid”

by the authors

Gordana P. Radi¢, Verica V. Glodovi¢, Ivana D. Radojevié, Olgica D. Stefanovié, Ljiljana R.
Comi¢, Vesna M. DPinovi¢ and Srec¢ko R. Trifunovié¢

according to the suggestion of the reviewers.

The following are our answers to the suggestions of the reviewers.

Reviewer #1:

In the abstract, there is no need for a new paragraph on line 20 (page 1).
The whole abstract is in one paragraph.

Please define eddp on page 2, line 35.

Eddp was defined (line 41).

In some previous papers synthesis and characterization of the palladium(Il) complexes with R,-S,S-
eddp ligands (S,S-eddp = (S,S)-ethylenediamine-N,N'-di-2-propanoate, R = n-Pr [2], n-Bu [2], n-Pe
[2], i-Pr [3a], i-Bu [3Db], c-Pe [4], Cy [4]) were published.

Antiviral on page 2 line 55, should not have a hyphen to be consistent with the other "anti’
studies.

Garoufis et al. [9] reviewed numerous scientific papers on antiviral, antibacterial and antifungal
activity of palladium(11) complexes with different types of ligands (sulfur and nitrogen donor
ligands, Schiff base ligands and drugs as ligands).



Experiments, the yields have too many significant figures, for instance 54.97% should be just
55%. Also, Page 3, line 75, the first word should have the e of ethylenediamine capitalised.

The yields of the all substances were given in the form of numbers without decimals.
(S,S)-Ethylenediamine-N,N'-di-2-(3-methyl)-butanoic acid, (H-(S,S)-eddv) was prepared using
similar methods described in literature [18].

Page 8, line 237 Scheme is misspelled.

Esters (L1-L4) and neutral palladium(ll) complexes (C1-C4) were prepared by using appropriate
modifications of known methods (Scheme 1) [2,4,5,22-28].

Ethylenediamine is misspelled on page 9, line 255.

The signals of CH, protons of the ethylenediamine bridge showed coordination induced shifts in

spectra of complexes (up to 0.9 ppm) giving a clear indication of nitrogen coordination.

Please add ppm when discussing chemical shifts on page 9.

The expected signals were found in *H NMR and **C NMR spectra. The signals of CH, protons of
the ethylenediamine bridge showed coordination induced shifts in spectra of complexes (up to
0.9 ppm) giving a clear indication of nitrogen coordination. The signals for all methyl protons for
all compounds were found within the range of 0.90-1.21 ppm.

Please remove the last line on page 263 as this is not necessary.

The last line was removed.

The sentence on page 10, line 278 does not make any sense, please correct.

The tested substances do not show statistically significant difference in activity against investigated

groups of microorganisms.



In the conclusions the reader is left to wonder what the impact of this work has on the
scientific community and where this study will lead. Perhaps a line or two discussing future
work would be helpful.

Our research showed that the change of ligand structure and corresponding palladium(1l) complexes
had a significant impact on their biological activity. We are going to track biological activity of the
palladium(I1) complexes as a consequence of ligand structure change.

Schemes 1 and 2 should be combined into one scheme.

Schemes 1 and 2 were combined into Scheme 1.

Reviewer #2:

To avoid this hypothesis ESI mass spectra of the complexes should be collected.

Mass spectra of the complexes were collected.

The results of microanalysis and MS spectra confirmed the predicted content of the isolated ligands
and complexes. Also, the data from mass spectra of the C1-C4 match the proposed molecular
formulae of the complexes.

On row 254 the authors say that the coordination through the N atoms of the ligand happened
because there is a shift up to 0.9 ppm of the methylene protons; this comparison cannot be
made because the spectra of the ligands are collected in D,O and those of the complexes in
CDCI3, the same solvent should be used to make this comparison. | suggest to analyze the
spectra also in deuterated DMSO for the reason reported above and for two other important
reasons:

1) see NH signals (the chemical shift of NH is important to understand the coordination mode)
2) the antimicrobial studies are performed in this solvent (maybe the structure in this

coordinating solvent is destroyed).



N,N’-ligand coordination is confirmed by NH chemical shift (4.5 ppm for ligands and 5.8 ppm for
complexes). NMR spectra (*H and *3C) of all synthesized compounds were recorded in DMSO-dg

too.

Many typographical errors are present in the papers and only few of them are reported below

(one careful check must be needed).

We accepted Your suggestions.

Row 6: Vadic instead Radic

Radi¢ is correct.

Row 81: missed one parenthesis after complexes.

We accepted Your suggestions.

Row 118: in which solvent is performed the reaction?
The reactions are performed in water solution.

Row 237: Scheme and not Sheme

We accepted Your suggestions.

Row 240: corresponding and not cooresponding

We accepted Your suggestions.

Rows 45, 46, 48, 125, 128, 137, 147 chlorido and not chorido.

We accepted Your suggestions.



Reviewer #3:

Check the spelling and English grammar throughout the text.

We accepted Your suggestions.

The first paragraph of the introduction should state that the authors refer to previous work in

order to make it clear that they are not starting to discuss the present work.

We accepted Your suggestions.

In parallel with the rapid development of a wide range of antibacterial agents since the
1940s, bacteria have proved extremely adept at developing resistance to each new employed agent.
The rapidly increasing incidence of bacterial resistance to antimicrobial agents has become a
serious problem worldwide. Resistance mechanisms have been identified and described for all the
known antibiotics currently available for clinical use [1].

In some previous papers synthesis and characterization of the palladium(ll) complexes with
R,-S,S-eddp ligands (S,S-eddp = (S,5)-ethylenediamine-N,N'-di-2-
-propanoate, R = n-Pr [2], n-Bu [2], n-Pe [2], i-Pr [3a], i-Bu [3b], c-Pe [4], Cy [4]) were published.
It was concluded from NMR spectra that the mixture of diastereoisomers of the [PdCl,(R2-eddip)]
complexes was obtained. The antitumoral investigations of some of these ligands and complexes

were performed [4].

As stated in section 2.1.3, two equivalents of LiOH were used.

Two equivalents of LiOH were used for neutralization of protonated amino groups.

Can the authors explain why only one ester was hydrolyzed?

Although we expected bidentate coordination of synthesized diesters of S,S-eddv as with
corresponding esters of S,S-eddp [2], the results of elemental microanalysis, MS, IR, NMR (*H and

13C) spectra suggest that partial diester hydrolysis and then tridentate coordination to the

palladium(l1)-ion occurred which was confirmed by X-ray structure analysis for complex



[PACI{(S,S)-(et)eddv}] [5]. This fact can be explained by moving chemical balance in the direction
of hydrolysis by precipitation of insoluble palladium(1l) complexes. This did not happen in the case
of S,S-eddp-Pd(Il) complexes since the complexes in question are enough water soluble.

Page 10, line 126 - the formula of the complex reported in reference 4 is wrong. It presents 2

chlorides.

The formula of the complex reported in reference 4 is wrong. The correct formula is
[PACI{(S,S)-(Et)eddv}].

Page 15. The authors explain the higher activity of the complexes, compared to the ligands,
based on the *chelation theory". Unfortunately, the reference is not accessible. Is there

another reference they could give?

We replaced reference

[28] S.O. Podunavac-Kuzmanovi¢, V.M. Leovac, N.U. PeriSi¢-Janji¢, J. Rogan, G. Balas,
J. Serb. Chem. Soc. 64 (1999) 381.

with

[28] R.S. Srivastava, Inorg. Chim. Acta 56 (1981) 65.
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Prof. Srecko R. Trifunovic
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Prof. Srecko Trifunovic

Department of Chemistry, Faculty of Science,
University of Kragujevac,

Radoja Domanovica 12, 34000 Kragujevac
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Table(s)

Table 1

Thelmost important IR absorption bands of ligands and [PdCI{(S,S)-(R)-eddv)}] complexes

(cm™)
Compound v(C=0) v(C-0) | v(CH3) | v(R-NH,") | v(R-NH) | Ref.
det-S,S-eddv2HCI (L1) 1733 1228 2977 3415 - 5
dpr-S,S-eddv2HCI (L2) 1734 1202 2973 3437 -
dbu-S,S-eddv2HCI (L3) 1737 1215 2967 3428 -
dpe-S,S-eddv2HCI (L4) 1736 1230 2964 3439
[PACI{(S,S)-(Et)-eddv)}](C1) | 1735, 1640 1267 2970 - 3178 5
[PACI{(S,S)-(Pr)-eddv)}] (C2) | 1731,1652 | 1267 2970 - 3181
[PACI{(S,5)-(Bu)-eddv)}] (C3) | 1716,1640 | 1267 2966 - 3180
[PACI{(S,5)-(Pe)-eddv)}] (C4) | 1716, 1642 | 1267 2969 - 3180




Table(s)

Table 2.
Antibacterial and antifungal activity of tested ligands and corresponding palladium(Il) complexes

Doxycycline /

L1 c1 L2 c2 L3 c3 L4 c4 A
Species MIC® | MMC*{ MIC | MMC | MIC | MMC | MIC | MMC | MIC | MMC | MIC | MMC | MIC | MMC | MIC | MMC | MIC | MMC
i‘l%)g B 1000 | >1000 | 500 1000 | >1000 | >1000 | 500 1000 | >1000 | >1000 | 1000 | 1000 | >1000 | >1000 | 500 | 1000 | 7.81 | 1563
i?fcagrzu%ggsa 1000 | 1000 500 1000 | >1000 | >1000 | 500 1000 | >1000 | >1000 | 500 1000 500 | >1000 | 500 1000 | 625 125
/E”Ttgcfgggi'z's 500 500 500 1000 | >1000 | >1000 | 500 | >1000 | 1000 | >1000 | 500 1000 | 1000 | >1000 | 500 1000 | 781 | 625
Egﬁhe”cma 500 1000 125 500 125 1000 125 500 1563 | 500 | 3125 | 500 | 1563 | 125 | <7.813 | 125 | 7.81 | 15.63
E:f;%‘:ﬁs 1000 | 1000 500 1000 | >1000 | >1000 | 1000 | 1000 | >1000 | >1000 | 1000 | 1000 | >1000 | >1000 | 500 | 1000 | 250 | > 250
Edgggﬁiit?;‘ 250 500 125 1000 500 | >1000 | 250 | >1000 | 625 | 1000 | 625 | 1000 | 62.5 500 125 | >1000 | 313 | 625
F';ﬁfrff;’rﬂ'”s 250 | >1000 | 250 | >1000 | 500 | >1000 | 250 | >1000 | 625 250 | <7.813 | 125 62.5 250 | <7813 | 625 | 045 | 781
Eigcgggzs“bt”is 125 500 1563 | >1000 | 625 | >1000 | 7.813 | 1000 250 | >1000 | 500 1000 | 1000 | >1000 | 500 | <1000 | 1.95 | 15.63
giﬁf:fgi‘i’myces 1000 | 1000 | 1000 | >1000 | >1000 | >1000 | 1000 | >1000 | >1000 | >1000 | 1000 | >1000 | >1000 | >1000 | 1000 | >1000 | 313 | 1000
gg?g;ﬂ‘; >1000 | >1000 | >1000 | >1000 | >1000 | >1000 | 1000 | >1000 | >1000 | >1000 | 1000 | >1000 | >1000 | >1000 | 1000 | >1000 | 625 | 1000
’r?isgpeerrg”'us >1000 | >1000 | 1000 1000 | >1000 | >1000 500 >1000 | >1000 | >1000 | 500 1000 | >1000 | >1000 | 1000 1000 500 1000
’:\-T”Ci%erl 6404 >1000 | >1000 | 500 1000 | >1000 | >1000 | 500 1000 | >1000 | >1000 | 250 500 | >1000 | >1000 | 500 | 1000 | 625 | 625
/?Isapveursgi"us 1000 | >1000 | 500 500 1000 | >1000 | 500 500 | >1000 | >1000 | 250 500 | >1000 | >1000 | 1000 | 1000 | 1000 | 1000
ﬁfnﬁfggg':s 1000 | >1000 | 250 500 | >1000 | >1000 | 500 1000 | >1000 | >1000 | 500 500 | >1000 | >1000 | 125 500 500 | 1000
ﬁi@fﬁ%{'{:‘;s 1000 | >1000 | 500 500 | >1000 | >1000 | 1000 | 1000 | >1000 | >1000 | 500 500 500 1000 250 500 500 | 2000

“MIC values (ug/mL) — means inhibitory activity

“MMC values (ug/mL) — means microbicidal activity
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Abstract

In the reaction of meso-1,2-diphenyl-ethylenediamine (1,2-dphen) with neutralized
3-chlor-propanoic acid, the new linear tetradentate edda-like ligand (edda = ethylenediamine-
-N,N'-diacetic ion) meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid dihydrochloride-
dihydrate (H,-1,2-dpheddp-2HCI-1.5H,0) was prepared. The corresponding platinum(IV) complex, s-
cis-dichlorido-(meso-1,2-diphenyl—ethylenediamine-N, N'—di-3-propanoate)-platinum(I'V), [Pt(1,2-
dpheddp)Cl,]-H,O, was synthesized by heating potassium-hexachloridoplatinate(IV) and H,-1,2-
dpheddp-2HCI-1.5H,0 on steam bath for 12 hours with neutralization by means of lithium-hydroxide.

The compounds were characterized by elemental analysis, infrared, "H and *C NMR spectroscopy.
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1. Introduction

A geometrical isomerism in metal complexes of linear flexible tetradentate ligands
having the donor atom array ONNO such as edda (edda = ethylenediamine-
-N,N'-diacetato ion) or eddp (eddp = ethylenediamine-N,N'-di-3-propanoate ion) has been an
interesting field studied by a numerous of authors [1-14]. Such ligands occupy four of the
octahedral sites around the central ion and the other two sites may be occupied by other ligands,
in which three geometrical isomers are possible, as shown in Fig. 1.

In most synthetic routes [1-14] edda takes a symmetric coordination position
(s-cis) rather than unsymmetric one (uns-cis) [3]. It has been suggested that the observed chelate
strain of chelate rings in uns-cis-edda complexes may be a contributing factor in determining the
configuration of the edda ligand [6]. 1,3-Pdda ligand (1,3-pdda = 1,3-
-propylenediamine-N,N'-diacetate ion) and eddp (eddp = -ethylenediemine-N N'-di-3-
-propanoate ion), with a longer diamine and carboxylate chelate rings than edda, prefer
unsymmetric coordination [1,15,16], suggesting that the size of the chelate rings in linear
tetradentate edda and similar ligands have a profound effect on the distribution of the
geometrical isomers of the complexes.

Since the seventies, when cisplatin with antitumor activity was discovered by Rosenberg

and co-workers [17,18], thousands of platinum complexes have been synthesized in order to



obtain new Pt(IV) compound with improved properties in comparison to the parent drug
cisplatin [19-21]. Platinum(IV) compounds are more inert than platinum(Il) species and this
property may allow oral usage. Jolley et. al. reported the synthesis and cytotoxicity of several
platinum(Il) and platinum(IV) complexes containing ethylenediamine derivates, including the
complex with the ethylenediamine-N, N'-diacetato ligand. The later complex can be considered as
a variant of JM-216, having the carboxylato groups tethered to the amine ligands. The authors
found the complexes of the type [Pt(edda)Cl,] were less active than JM-216 [22] (JM-216 is
pharmaceutical abbreviation for the trans, cis-cis-diacetato-dichlorido-ammino-
cyclohexylammino-platinum(IV) complex, trans, cis-cis-[Pt(CH3COO),Cl,(NH3)(c-CsH11NH»)] )

Natile and co-workers [23] investigated how the substitution edda with eddp (eddp =
ethylenediamine-N, N'-di-3-propanoate ion) influenced to their biological activity and concluded
that eddp-Pt(IV) had smaller activity than corresponding edda-Pt(IV) complex. They supposed
this fact as due to the different complex geometry, s-cis in the case of edda and trans in the case
of eddp.

We wanted to extend the investigation of platinum complexes with derivatives
ethylenediamine-N, N'-di-3-propanoate. The initial idea of this work was to prepare a new linear
edda-like ligand, meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid
(Hz-1,2-dpheddp) and corresponding Pt(IV) complexes in s-cis and/or trans geometries. In all
our attempts we prepared only s-cis geometrical isomer, with a low solubility in water and
common organic solvents.

Here we report synthesis the meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic
acid and  corresponding  s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-

propionato)-platinum(IV) complex using the same method as Liu [24]. The ligand has been



characterized by elemental analysis, infrared, 'H and >C NMR spectroscopy. The geometric
configuration of the isolated complex is assigned on the basis of their infrared, 'H and *C NMR

spectroscopy.

2. Experimental

2.1. Materials and measurements

The reagents were obtained commercially and used without further purification.

Infrared spectra were recorded on Perkin-Elmer FT-IR spectrophotometer, Spectrum
One, using the KBr pellet technique. 'H and C NMR spectra were recorded on a Varian
Gemini-200 NMR spectrometer using TMS as an internal reference, using D>O solutions for
meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoic acid and s-cis-dichlorido-(meso-1,2-
-diphenyl-ethylenediamine-N, N'-di-3-propanoate)platinum(I'V) complex,
s-cis-[Pt(1,2-dpheddp)Cl,], and CDCl; solution for meso-1,2-diphenyl-
-ethylenediamine (1,2-dphen) at 22°C, using 10 mM solutions. Elemental analyses were done on

a Vario III CHNOS Elemental Analyzer, Elemental Analysensysteme GmbH.

2.2. Syntheses



2.2.1. Preparation of meso-1,2-diphenyl-ethylenediamine, 1,2-dphen

The meso-1,2-diphenyl-ethylenediamine was prepared according to the procedure
described earlier [25]. Benzaldehyde (30 g) was refluxed with ammonium acetate (60 g) for 3
hours. The reaction mixture was cooled and the product was filtered and washed with ethanol.
Recrystallization  from  1-butanol gave  N-benzoyl-N'-benzylidene-meso-1,2-diphenyl-
ethylendiamine. Hydrolysis of that compound with 70% sulphuric acid under reflux for 1h gave

meso-1,2-diphenyl-ethylenediamine as the basic product of hydrolysis.

2.2.2.  Preparation of  meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic  acid
dihydrohloride-monohydrate, H, -1,2-dpheddp-2HCI-1H,0

3-Chloro-propanoic acid (4.34 g, 0.04 mol) was dissolved in 5 cm’ of water on ice bath
and carefully neutralized with cold water solution of 5 cm’ NaOH (1.6 g, 0.04 mol). 1,2-
Diphenyl-ethylenediamine (4.24 g, 0.02 mol) was added to this solution. The mixture was being
stirred for 4 hours at 90°C, and during this period 5 cm® NaOH water soltion (1.6 g, 0.04 mol)
was introduced. After that, 5.6 cm’ 6 mol/dm’® HCIl was added and resulting solution was
evaporated to the volume of 7 cm3; 6 cm® conc. HCIL, 6 cm’ of ethanol and 6 cm® of ether were
added to the mixture. The white precipitate of meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-
propanoic acid dihydrochloride-monohydrate, H,-1,2-dpheddp-2HCI-1H,O was separated by
filtration and refined with solution water : ethanol = 1:2. Yield: 4.00 g (43.83 %). Anal. Calcd.
for H-1,2-dpheddp-2HCI- 1H,0 = Cy0H23CloN2Os (Mr = 456.352): C, 52.63; H, 6.40; N, 6.14.

Found: C, 52.88; H, 6.70; N, 6.08.



2.2.3. Preparation of  s-cis-dichlorido-(meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-
-propanoate)-platinum(1V), s-cis-[Pt(1,2-dpheddp)Cl,]

Potassium-hexachloridoplatinate(IV) (0.2 g, 0.411 mmol) was dissolved in 10 cm’ water
on a steam bath and 1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid (0.1876 g, 0.411
mmol) was added. The reaction mixture was heated for 12 hours and during this period 10 cm® of
LiOH water solution (0.0394 g, 1.65 mmol) was added in small portions and the solution was
filtered and evaporated to small volume. The orange precipitate of s-cis-[Pt(1,2-dpheddp)Cl,]
was separated by filtration, washed with cold water and air-dried. Yield: 0.095 g. (37,2 %). Anal.
Calc. for s-cis-[Pt(1,2-dpheddp)Cl:] = Cy0H26CLLN,O4Pt (Mr = 620,40): C, 38.72; H, 3.57; N,

4.52. Found: C, 38.38; H, 3.81; N, 4.61.

2.3. In vitro cytotoxicity studies

2.3.1. Preparation of drug solutions

Platinum complexes were dissolved in dimethylsulfoxide (DMSO) at a concentration of 20 mM
and filtered through a 0.22 mm Millipore filter. These stock solutions were diluted in culture
medium immediately before use. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide was dissolved (5 mg/ml) in a phosphate buffer saline having a pH of 7.2, and filtered
through the 0.22 mm Millipore filter before use. All reagents were purchased from Sigma

Chemicals

2.3.2. Cell lines

The mouse breast tumor cell line 4T1 and mouse malignant melanoma cell line B16F1

were purchased from the American Type Culture Collection (ATCC). The cells were maintained



in in RPMI 1640 supplemented with 10% fetal bovine serum (FBS), 100 IU/ml penicillin G and

100 mg/ml streptomycin.

2.3.3. Assessment of Cytotoxicity

Cytotoxic effects of Pt and Pd complexes and cisplatin on 4T1 and B16F1 cell lines were
determined using MTT colorimetric technique [26]. The cells were diluted with medium to 5 x
10* cells/ml and aliquots (5x10°cells/100ul) were placed in individual wells in 96-multiplates.
About 24h later, after the cell adherence, each well received 100ul of either Pt, Pd, cisplatin
which had been serially diluted 2-fold in medium to concentrations ranging from 500 uM to 3.9
uM. Cells were incubated at 37°C in a 5% CO; incubator for 72h. After incubation supernatant
was removed, fresh medium and MTT (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium-
bromide) solution (5 mg/ml in phosphate buffered saline) were added to each well and the plates
were incubated for additional 4 h. Upon incubation the cell-free supernatants were suctioned off,
and DMSO (150 pl) and glycin buffer were added to dissolve the crystals. The plates were
shaken for 10 min. The optical density of each well was determined at 595 nm using microplate
multimode detector Zenyth 3100. The percentage of cytotoxicity was calculated using the
formula: % cytotoxicity = 100-((TS—-BGO)-E/(TS—BGO0) x 100), where ,,.BG0” is for
background of medium alone, ,,TS” is for total viability/spontaneous death of untreated target

cells, and ,,E” is for experimental well.

3. Results and discussion
The meso-1,2-diphenyl-ethylenediamin-N, N'-di-3-propanoate ligand was obtained in

reaction between 1,2-diphenyl-ethylenediamine and 3-chloro-propanoic acid (Fig. 2.). Three



geometrical isomers of 1,2-dpheddp-Pt(IV) complex with two identical monodentate ligands are
theoretically possible, s-cis, uns-cis and trans (Fig. 1.). In reaction between K,[PtClg] with H,-
1,2-dpheddp ligand only one isomer of neutral octahedral 1,2-dpheddp-Pt(IV) complex, s-cis-
dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-propanoate)platinum(IV), s-cis-
[Pt(1,2-dpheddp)Cl,], with tetradentate coordination of the 1,2-dpheddp ligand was obtained.

The complex is slightly soluble in water and, unfortunately, almost insoluble in organic solvents.

3.1. Infrared Spectra

As it was demonstrated for metal aminocarboxylic acid complexes [27,28], the
asymmetric stretching frequency of the carboxylate groups of the five-membered [27] rings lies
at higher energy than the corresponding frequency of the six-membered chelate rings [28]. Later,
this was supported by Neal and Rose [28] and Douglas et a/ [30,31] who found that edta-type
hexadentate complexes with mixed and equivalent (two five- and six-membered) carboxylate
arms, such as trans(Os)-[M(S,S-edds)]” (M = Co(III) or Cr(III); S,S-edds = S, S-ethylenediemine-
-N,N'-disuccinic ion) [29-31] and trans(Os)-[M(eddda)]” (eddadp = ethylenediamine-N,N'-
diacetato-N,N'-di-3-propionato ion) [30,31] exhibited two very strong and well-separated bands
in the asymmetric stretching carboxylate frequency region. The bands were assigned to the
carbonyl stretching vibrations of the five-membered rings at higher energy and six-membered
rings at lower energy.

The isolated Pt(IV) and Pd(II) complexes do not show any well resolved doublets in the
asymmetric CO stretching region (at 1618 cm™ and 1610 cm™ for Pt(IV) and at 1643 cm™ and
1580 cm™ for PA(IT) complex; Table 1, and mentioned doublets lie at lower energy than the
corresponding bands of five-membered chelate rings [30,32]. The lack of absorption between

1700-1750 cm™ indicates that the both carboxyl groups of the 1,2-dpheddp ligand are



coordinated to the central platinum(IV) ion. The prepared ligand, meso-1,2-diphenyl-
ethylenediamine-N, N'-di-3-propanoic acid, has absorption bands in the same asymmetric CO
stretching region between 1700-1750 cm™ (1754 cm™ and 1732 cm™, Table 1) suggesting some

small differences in energies of COO groups.

3.2. 'H and C NMR Spectra

The resonance frequency assignments are summarized in Table 4.

The NMR spectra of the synthesized meso-1,2-diphenyl-ethylenediamine (1,2-dphen) are
recorded in CDCl; and for its N-derivative, meso-1,2-diphenyl-
-ethylenediamine-N, N'-di-3-propanoic acid (H,-1,2-dpheddp) in D,O. In spite of low solubility
in water and other common organic solvents of the s-cis-dichlorido-(meso-1,2-diphenyl-
-ethylenediamine-N, N'-di-3-propanoate)platinum(IV) complex, s-cis-[Pt(1,2-dpheddp)Cl,], we
successfully recorded its 'H and '*C NMR spectra in D,0.

The 'H and "“C NMR spectra in heavy water solution of the prepared
[Pt(1,2-dpheddp)Cl;] complex reveals s-cis geometry (Fig. 1.).

The 'H and °C NMR spectral peaks of both prepared compounds (a and b), given in Fig.
X, are compatible to their molecular structures (Table 2). The resonances of hydrogen and carbon
atoms arising from the ethylenediamine chain and phenyl groups in 1,2-dphen and H»-1,2-
dpheddp were found at similar positions but the signals are slightly shifted to the higher
positions in H,-1,2-dpheddp compound as a due to the presence of residue of propanoic acid
(Table 2). The lack of the NH hydrogen peak in '"H NMR spectrum of H»-1,2-dpheddp could
be explained with fast exchange of hydrogen atoms with deuterium atoms from D,O.

The signals positions of the hydrogen and carbon in NMR spectra of synthesized

[Pt(1,2-dpheddp)Cl,] complex are also expected and confirm the coordination of the 1,2-



-dpheddp ligand to the Pt(IV) central ion. But the two signals from ethylenediamine carbon
atoms and, also, the two signals from carbon arising from COO" groups (Table 2) suggest small
differences in energies of these atoms. Those differences in energies of mentioned carbon atoms
could be explained by the coordination of the 1,2-dpheddp ligand to the Pt(IV) central ion which
leads the voluminous phenyl groups in the neighborhood in the contrary to their positions in a
free H-1,2-dpheddp ligand (Fig. x, compound b). The model analysis suggests the almost
parallel orientation of the phenyl groups. Therefore, the diamine ring conformation becomes

rigid forcing the carbon atoms to be different in energies.

3.3. In vitro cytotoxic activity

In order to investigate in vitro cytotoxic potential of platinum and palladium complexes
various concentrations of complexes were added to target cells and the cell number was
determined after 72h by MTT assay. The complexes showed a dose dependent cytotoxic effect
toward both cell lines. (figures). Palladium(Il) complex showed higher cytotoxic effect in
compare to platinum(IV) complex on both cell lines. Both complexes were less active than
cisplatin, exception were the concentrations above 62.5 uM of platinum complex on B16F1 cell
line. Taking in consideration standard deviations, ICsy values for the B16F1 cell line were
approximately the same (Pt-223.38+25.12, Pd-157.51+14.09, cisplatin-186.63+28.11).
Palladium(I) complex showed significantly higher cytotoxic effect on 4TIl cells
(ICs50-31.94£13.38) in compare to platinum(IV) complex (ICsp-144.69+£55.3) and cisplatin

(ICso-17.34+2.25).



4. Conclusion

On the basis of the elemental analyses, infrared, 'H and '>*C NMR spectroscopy the s-cis
geometry of the dichlorido-(meso-1,2-diphenyl-ethylenediamine-N, N'-di-3-
-propanoate)platinum(IV), trans-[Pt(1,2-dpheddp)Cl,] prepared by the direct reaction of
K,[PtClg] and Hj-1,2-dpheddp in water solution, was proposed. In this paper we also report
syntheses and characterization of tetradentate 1,2-dpheddp ligand. Palladium(II) complex
showed higher cytotoxic effect in compare to platinum(IV) complex on both cell lines. Both

complexes were less active than cisplatin.
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Table 1

The most important IR bands (cm™) of some Pt(IV) complexes with linear O-N-

-N-O ligands
Compund v, (COOH) V4 (COOY) Ref.
trans-[Pt(Hyedta)Cly] 1775; 1764 1691; 1678 32
uns-cis-[Pt(H,edta)Cl,] 1758; 1742 1692; 1685 32
s-cis-[Pt(H,edta)Cl,] 1753; 1741 1725; 1716 32
trans-[Pt(eddp)CL]-H,O - 1637; 1630 13
trans-[Pt(1,3-pdda)Cl,]-H,O - 1696; 1660 33
trans-[Pt(pdda)Br,]-H,0O - 1684; 1648 34
s-cis-[Pt(1,2-dpheddp)Cl,] - 1618; 1610 this work
H,-1,2-dpheddp 1754; 1732 - this work

Table 2 Characteristic 'H and ""C NMR shifts of 1,2-dphen, H,-1,2-dpheddp and

s-cis-[Pt(1,2-dpheddp)Cl;]

Group 1,2-dphen H,-1,2-dpheddp s-cis-[Pt(1,2-dpheddp)Cl,]
NH 1.43 (s) - -
CH 4.02 (s) 4.78 (s) 4.82 (s)
Ph 7.33 (m) 7.70 (m) 7.3 (m)
'H N-CH,-CH, - 2.93 (m) 3.05 (m)
CH,CH,COOH - 2.46 (m) 2.70 (m)
CH 62.8 66.33 18.5;42.4
Ph 132.97 134.98;133.71;131.98;131.28 128.3;128.3;126.4;137.2
CH,-COOH - 178.74 172.66; 172.07
e N-CH,-CH, - 4543 18.3;42.2
CH,CH,COOH - 32.70 37.1

s-singlet, m-multiplet




Fig. 1. Possible geometrical isomers of [Pt(eddp)X;] complex (X = monodentate ligand):

s-cis (1), uns-cis (I1) and trans (I11)
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Fig. 2. Reaction pathways in synthesis of meso-1,2-diphenyl-ethylenediamine-N,N -di-3-

-propionic acid
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Fig. 3. Cytotoxicity of investigated complexes on mouse breast tumor cell line 4T1 after 72
hours of growth in the presence of tested complexes. Results are means of three experiments.
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Fig. 4. Cytotoxicity of investigated complexes on mouse malignant melanoma cell line B16F1

after 72 hours of growth in the presence of tested complexes. Results are means of three
experiments.
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Fig. 5. ICso (uM) for the 72 h of action of investigated compounds on 4T1 cells, determined by
MTT assay
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Fig. 6. ICso (uM) for the 72 h of action of investigated compounds on B16F1 cells, determined
by MTT assay
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