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Abstract: A new R,edda-type ester, diisobutyl (S9-2,2'-(1,2-ethane-diyldi-
imino)di(4-methylpentanoate) dihydrochloride, [(SS)-H,iBu,eddl]Cl,, 1, and
its paladium(ll) complex, dichloro(diisobutyl (S9)-2,2’-(1,2-ethanediyldiimi-
no)di(4-methylpentanoate))pal ladium(l1), [PACl{ (S9-iBuyeddl}], 2, were syn-
thesized and characterized by elemental analysis, as well as IR and NMR spec-
troscopy. It was found that complex 2 was obtained as mixture of two diaste-
recisomers, observed in NMR spectra. The crystal structure of compound 1
was determined by X-ray diffraction studies and is described. The isolated
crystals consisted of one dicationic species [(S,S)-H,iBu,eddl]?* and two Cl-.
The crystal system was tetragonal with the space group P4,. Hydrogen bonds
significant for the manner of packing are N-H1IN---Cl, 3.049(3) A, 159(3)° and
N-H2N---Cl, 3.100(3) A, 164(3)°. An infinite chain was formed building a one
layer structure, usua for these types of compounds. The C, symmetry axis of
the compound passes through the C1-C1' bond vector and lies perpendicular to
the plane N,Cl>.

Keywords: palladium complexes; crystal structure; EDDP ligands; characteri-
zation.
INTRODUCTION

The area of present research is of consequence to studies on Pt(11/1V) and
Pd(I1) complexes with bis(carboxyakylamino)ethane and -propane ligands and
their derivatives. Earlier, structural and antiproliferative investigations were per-
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1250 ZMEKOVSKI et al.

formed on complexes and esters from a family of similar compounds — Hoedda-
and Rpedda-derived ligands and their transition metal complexes.1-8

Palladium(ll) and platinum(ll) have very similar chemistry and analogous
coordination modes, however, palladium(l1) complexes are kinetically less stab-
1e.9.10 Therefore, palladium(l1) derivatives are quite often used in attempts to dis-
cover new cytotoxic compounds and to compare and determine the influence of
the central metal atoms on antiproliferative activity and structure.11-17

Lately, our work has been focused on complexes with branch-chained esters
of a chira acid, (S9-ethylenediamine-N,N’-di-2-propanoic acid hydrochloride,
[(S§9)-Hzeddip]Cl (Fig. 1) and a large amount of structural information was ob-
tained, as well as information on the antiproliferative activity of platinum(l1/1V)
and palladium(ll) complexes,18-20

o o .
RO ) ROJ\‘(S)
N\ N\ /Cl
PtCl1 _Pd
EN/ 5 EN Cl
ROY RO_A®
0] 0]
n=24
R = Et, n-Pr, n-Bu, n-Pe, R =i-Pr, i-Bu,Cpe, Cy
i-Pr, i-Bu
A B
2 ~
O 5
(SH YOM\"‘(S)
Nopg O N -Cl
N N
TN )Vom )
O 6] Fig. 1. Platinum and palladium com-
plexes containing Ryedda-derived li-
c D gands.

In these complexes, three diasterecisomers could be formed (RR), (RS =
= SR) and (SS), due to the formation of chiral centers on the coordinated nitro-
gen atoms (Fig. 2). Experimental data and DFT calculations showed that in the
case of platinum(lV) complexes with Roedda-type esters, a racemic mixture of
(RR) and (S isomers is obtained.? With chiral (S9-Roedda-type esters, only
one diastereoisomer was isolated, the (R,R) isomer, which was determined by
X-ray structure analysis!8 (Fig. 1, A). All synthesized platinum(l1) and palla-
dium(l1) complexes were obtained as a mixture of two diasteroisomeric forms,
i.e, as(RR) and (RS isomers (Fig. 1, A and B), which was verified by 1H- and
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{(S9-iBupeddl} ESTER AND Pd(Il) COMPLEX 1251

13C-NMR spectroscopy and supported by DFT calculations.18-20 In a recent
study, a palladium(ll) complex with a partialy hydrolyzed isopropyl ester of
(59-ethylenediamine-N,N’ -di-2-propanoic acid (Fig. 1, C) was isolated and de-
termined by X-ray structure analysis, and the (R,R)-N,N’ configured isomer with
the «2N,N’',xO coordination mode was found.1® All the other complexes men-
tioned herein had the k2N,N’ coordination mode of the ligand.

R R R
ROOCTNRLH ROOCENYLH  ROOCENILH
NS 7 No o~ No o~
¢, —o— [— M— C—D—— [— M— M
N a N Na < N
ROOC G)((R)"’H R'OOC /5 1y R'00C @<®'~H
R R R
R.E) (O] R.S)

M = Pt(1l), Pd(1l); R = Me, iBu, R' = iPr, iBu,Cpe, Cy

Fig. 2. Possible diastereoi somers of the investigated platinum(I1)
and palladium(l1) complexes.

In this study, a new Roedda-type ester di-isobutyl-(SS)-2,2’-(1,2-ethane-di-
yldiimino)di(4-methylpentanoate) dihydrochloride, [(SS)-H2iBuseddl]Cly, 1, and
its palladium(ll) complex, diisobutyl-(SS) 2,2'-(1,2-ethanediyldiimino)di(4-me-
thylpentanoate))palladium(ll), [PAClx{ (S9-iBuyeddl}], 2 (Fig. 1, D) were syn-
thesized and characterized by elemental analysis, as well as IR and NMR spec-
troscopy. The crystal structure of 1 is also described.

EXPERIMENTAL

Materials and methods

(§9-2,2'-(1,2-ethanediyl diimino)di(4-methyl-pentanoic acid) dihydrochloride, [(S9)-
-H,eddl]Cl,, was prepared using a similar method to that described in the literature.?!
K5[PdCl,] was purchased from Merck and used without further purification. The infrared
spectra were recorded on a Nicolet 6700 FT-IR spectrophotometer using the ATR technique
(4000400 cmrl). TH- and 13C-NMR spectra were recorded on a Varian “Gemini 2000” (200
MHz) spectrometer in DM SO-dg using tetramethylsilane as the interna standard. Elemental
analysesfor C, H and N wererealized onaVario EL 11l C, H, N, S Elemental Analyzer.
Synthesis of [(S,S)-H,iBu,eddl] Cl,, 1

[(§9-H.iBu,eddl]Cl,, 1, was prepared using a previously described esterification reac-
tion.2223, Thionyl chloride (4.0 cm3, 55 mmol) was introduced into a flask containing 50 ml of
ice-cooled isobutanol (2-methyl-1-propanol) (anhydrous conditions) during 1 h. Subsequently,
2.0 g (5.5 mmal) of (§9-2,2'-(1,2-ethanediyldiimino)di(4-methyl-pentanoic acid) dihydro-
chloride, [(S9-H4eddl]Cl,, was added into the flask and the suspension was refluxed for 16 h.
The mixture was filtered and the filtrate was stored for afew days at 4 °C. A white crystalline
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1252 ZMEKOVSKI et al.

solid was obtained. The ester, contaminated with acid, was recrystalized from methanol.
Crystals suitable for X-ray diffraction studies were obtained from the mother liquor which
was stored at room temperature for several days.
Synthesis of [PdCI{(S,S)-iBu.eddl}], 2

K,[PdCl,] (0.200 g, 0.613 mmol) was dissolved in water (20 ml) and 0.290 g (0.613
mmol) of [(S§9-H,iBu,eddl]Cl,, 1, was added. After 2 h of stirring, 10.2 ml of a 0.12 M
solution of LiOH was added in small portions to the reaction mixture. A pale yellow pre-
cipitate was obtained, which was filtered off, dissolved in 5 ml of CHCIl; and filtered. A crys-
talline solid of the pure complex was obtained from the mother liquor.

X-ray crystal structure determination

Data of 1 were collected with a CCD Oxford Xcalibur S (A(Moy,) = 0.71073 A) using
the w and ¢ scans mode. Semi-empirical corrections for absorption were performed with
SCALE3 ABSPACK .24 The structure was solved by direct methods.2> Structure refinement
was realized with SHELXL-97.26 All non-hydrogen atoms were refined anisotropically. The
crystallographic details are listed in Table I. Hydrogen atoms were refined isotropically. They
were placed in the calculated positions with fixed displacement parameters Uo(H) = 1.2
Ug(C) and Ui(H) = 1.5 U(C) (riding model), except for the hydrogen atoms attached to the
nitrogen atoms which were found in the difference Fourier map and refined freely. The
ORTEP-3 program was used for the presentation of the structure.?’

The Cambridge Crystallographic Data Center, CCDC No. 723867, contains the supple-
mentary crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccfdc/cam.ac.uk).

TABLE |. Crystalographic datafor 1

Empirical formula CH46CloN,O,
M, 47351
Crystal system Tetragonal
Space group P4,

alA 15.9708(2)
c/A 5.2426(1)
V/A3 1337.21(3)
VA 2

Deac/ g cm™ 1176
u(Mo-Ka) / mm™ 0.27
F(000) 516

0 Range/ ° 2.85-25.68
RefIn. collected 14178
Refln. Observed (1 > 20(1)) 2469
RefIn. independent 2002
Data/restraints/parameters 14178/3/106
Goodness-of-fit on F? 1.349

R1, wR2 (I > 2¢5(1)) 0.0588, 0.1414
R1, wR2 (all data) 0.0725, 0.1446
Flack parameter, x -0.17(13)
Largest diff. peak and hole/ e A 1.152/-1.018
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RESULTS AND DISCUSSION

Synthesis and characterization

The ester, [(SS)-H2iBuoeddl]Cly, was synthesized using a previously descri-
bed esterification reactionl7:18, This compound is not soluble in chloroform and
is poorly soluble in water. However, it is soluble in methanol and dimethyl sulf-
oxide.

The complex, [PAClx{ (S S)-iBuyeddl}], was synthesized by combining aque-
ous solutions of Ko[PdCl4] and the ester. Under stirring, an agueous solution of
lithium hydroxide was added. The obtained complex is soluble in chloroform and
dimethyl sulfoxide, but not soluble in water. The preparation routes of the ester
and complex are shown in Scheme 1.

|
o (0] F o )\
HO™s /4 )¥O Ko[PdCl,] )\o

] _H SOCl, (S _H )

N -
|: 2HCl (GH3}2CHCH,OH 2HC _LioH [N Pd” Cl
reflux 16 h

H (SN\H 0.8 \H cl
0 \(O\'&( ~ z

2

Scheme 1. Synthesis of the ester, 1 and the palladium complex 2.

The analytic and spectral data for 1 and 2 are as follows (numbering as in
Fig. 3):

[(S,S)-H.iBuyeddl]Cl,> (1). Yield: 1.09 g (41.6 %). Anal. Calcd. for
CooH46CIoN204: C, 55.80; H, 9.79; N, 5.92 %. Found: C, 55.84; H, 9.41; N, 5.77
%. IR (cm1): 2965, 2592, 2523, 2398, 1735, 1535, 1468, 1206, 1063, 973, 802.
IH-NMR (200 MHz, DMSO-dg, § / ppm): 0.90-1.00 (24H, m, C5H3, C6Hs,
C10H3, C11H3g), 1.77 (6H, m, C3H», C4H), 1.94 (2H, m, C9H), 3.42 (4H, m,
C1Hy), 3.98 (4H, d, C8Hy), 4.13 (2H, t, C2H), 9.90-10.40 (4H, br, NH,™). 13C-
-NMR (50 MHz, DMSO-dg, 0 / ppm): 18.9 (C5,6), 21.4 (C10,11), 23.2 (C4),
245 (C9), 27.3 (C3), 41.7 (C1), 57.9 (C2), 71.8 (C8), 169.2 (C7).

[PACI{(S,S)-iBuyeddl}] (2). Yield: 313 mg (88.4 %). Anal. Calcd. for
CxoHa4CloN>O4Pd: C, 45.72; H, 7.67; N, 4.85. Found: C, 45.94; H, 7.36; N, 4.97
%. IR (cm1): 3130, 2959, 2873, 1735, 1467, 1370, 1237, 1194, 1141, 976, 737.
Isomer A: IH-NMR (200 MHz, DMSO-dg, 6 / ppm): 0.90-1.10 (24H, m, C5H3,
6H3, C10H3, C11H3), 1.68 (6H, m, C3H5, C4H), 1.90 (2H, m, C9H), 2.23 and
2.61 (4H, m, C1H>), 3.88 (4H, m, C8H>), 4.14 (2H, m, C2H), 6.50-6.80 (2H, br,
NH). 13C-NMR (50 MHz, DMSO-dg, 6 / ppm): 19.0 (C5,6), 21.9 (C10,11), 23.8
(C4), 25.4 (C9), 27.3 (C3), 47.0 (C1), 58.4 (C2), 70.9 (C8), 170.1 (C7). Isomer
B: IH-NMR (200 MHz, DMSO-dg, 6 / ppm): 0.90-1.10 (24H, m, C5H3, C6H3,
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1254 ZMEJKOVSKI| et al.

C10Hg3, C11H3), 1.68 (6H, m, C3H5, C4H), 1.90 (2H, m, C9H), 2.40 and 2.85
(4H, m, C1Hy), 3.88 (4H, m, C4H>), 4.14 (2H, m, C2H), 5.85-6.25 (2H, br, NH).
13C-NMR (50 MHz, DMSO-dg, J / ppm): 19.0 (C5,6), 21.5 (C10,11), 22.9 (C4),
25.0 (C9), 27.3 (C3), 47.0 (C1), 59.1 (C2), 70.6 (C8), 171.2 (C7). Ratio of
isomers A/B = 7/1.

The IR spectrum of [PdCIy{(SS)-iBuyeddi}] showed specific absorption
bands v(C=0) at 1735 cm1 (strong), (typical absorption for aliphatic esters),
v(C-0) at 1194 cmr1 (strong), v(-CH3, —CH», —CH) at 2959 and 2873 cm1
(medium) (for comparison [(S,9)-H2iBuxeddl]Cly: 1735, 1206, 2965 and 2871
e, respectively18). All of the mentioned bands including v(C=0), were at si-
milar positions to those in the spectrum of the free ligand, indicating that the oxy-
gen atoms of the COOR moieties were not coordinated. As expected the v(N—H)
absorption bands were at 3130 cmr?, (typical absorptions for secondary amino
groups) and may indicate that coordination occurred via the nitrogen atoms,18-20
In the IH-NMR spectrum of 2, the broad signal of hydrogen atoms belonging to
secondary amino groups appeared in the range 5.8-6.8 ppm (compared with the
ammonium groups of 1: 9.9-10.4 ppm).18-20 The signals of the protons between
the nitrogen atoms of 2 showed coordination-induced shifts in comparison with
those in the spectrum of 1 and also, two signals. The situation was different in the
spectrum of 1, where only one signal was observed, which can also be confir-
mation of nitrogen coordination to the palladium atom. The signal for the hydro-
gen atom of the chiral carbon atom was observed at 4.13 ppm as a triplet for 1,
and at 4.14 ppm as a multiplet for 2. The 13C-NMR spectra of 1 and 2 exhibited
signals for the carbon atom of the COO moiety at similar positions, indicating
that oxygen atoms were not coordinated.18-20 The chiral carbon atom showed a
signal at 57.9 ppm for 1, but two signals at 58.4 and 59.1 for 2. Selected 1H- and
13C-NMR data of 1 and 2 are compared in Table 1.

TABLE Il. Selected H- and 13C-NMR data (6 / ppm, numbering as in Fig. 3 and analogous
for [PACI{ (SS)-iBuyeddl}]) of [(SS)-H,iBu,eddI]Cl,, 1, and [PAC{ (SS)-iBueddl}], 2

Compound C5,6,10,11H; ClH, C2H Ci1011,C56 Ci1  C2 C700
1 0.90-1.00 342 4.13 189,214 417 579 169.2
2 Isomer A 0.90-1.10 223and261 4.14 19.0,21.9 470 584 170.1

Isomer B 0.90-1.10 240and2.85 4.14 19.0,21.5 470 59.1 171.2

Crystal structure analysis of [(S,S)-H2iBuoeddl] Clo, 1

The compound [(S S)-H2iBuoeddl]Cl» (1) crystallized in the tetragonal crys-
tal system in the chiral space group P4,. The molecular structureis shown in Fig. 3.
Selected bond lengths and angles are given in Table 1.

The isolated crystals consisted of one dicationic species [(S,S)-
H.iBuyeddl]2* and two CI—. The most significant hydrogen bonds for the manner
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{(S9-iBupeddl} ESTER AND Pd(Il) COMPLEX 1255

of packing are N-H1N---Cl, 3.049(3) A, 159(3)° and N-H2N---Cl, 3.100(3) A,
164(3)° and these interactions form an infinite chain (Fig. 4). The compound has
a Cy symmetry. The axis passes through the C1-C1' bond vector and lies
perpendicular to the plane N2Cl».

Fig. 3. ORTEP presentation of the molecular structure of 1 with the atom labeling scheme
(H-bonds shown by dashed lines). The displacement ellipsoids are plotted at the 50 %
probability level and the H atoms are shown as small spheres of arbitrary radii.

TABLE I1. Selected bond lengths and angles for 1

Bond Length, A Bond Angle, °
0o1-C7 1.196(5) N1-C2—C3 106.2(3)
02-C7 1.334(5) N1-C2-C7 110.8(3)
N1-HIN 0.99(2) C3-C2-C7 109.9(3)
N1-H2N 0.99(2) C7-02-C8 115.9(4)
C3-C4 1.534(5) C1-N1-C2 114.9(3)
c8-C9 1.507(7) C1-N1-HIN 106(3)

Crystal structures of esters such as[(S9)-HaiProeddip] Cl,,18 (HoMexeddp) Cl 28
and [(S9)-H2Cpeyeddip]Cl,20 were previously determined. These structures are
very similar to each other and to [(S,S)-H2iBu»eddl]Cl> having bond lengths and
angles in the same ranges, however the space groups are quite different ([(S9)-
-HiProeddip]Cly, orthorhombic, P22,21; (HoMeseddp)Clo, monoclinic, P2;/c;
[(S9-H2Cpeseddip]Cly, orthorhombic, P2:272). The mentioned compounds
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1256 ZMEKOVSKI et al.

have a Co symmetry axis. All of these esters form layered structures via hyd-
rogen bonding similar to that shownin Fig. 4.

Fig. 4. ORTEP presentation of the packing via intermolecular hydrogen bonding of 1
viewed aong the b-axis.

CONCLUSIONS

Two novel compounds, the Roedda-type ester [(S,S)-HaiBuxeddl]Clo, and its
paladium(ll) complex [PdCly{(SS)-iBuxeddl}] were synthesized and charac-
terized by IR, TH-NMR and 13C-NMR spectroscopy and elemental analysis. The
crystal structure of [(S9)-H2iBuyeddl]Clo was determined by X-ray analysis.
Two diasteroisomers formed in the reaction of potassium tetrachloropalladate(l1)
and [(S,9)-H2iBuxeddl]Cl», as was deduced from the NMR spectra.
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U3BOA

KOMITJIEKCH TTAJIAZINIYMA(I1) CA JIMTAHJIUMA Rpedda TUTIA. JIEO I11.
JTUN30BYTHII-(S9-2,2 -(1,2,-ETAHIUNIAUIMUHO)-IA(4-METWITIEHTAHOAT)-
-IUXUIPOXJIOPUJT U FbETOB KOMIUIEKC CA TIAJIAJTUTYMOM(I1):
CHHTE3A U KAPAKTEPU3ALIJA

FOJAHA b. 3MEJKOBCKI/I1, T'OPAH H. KAHYT)EPOBI/ITll, SANTIAGO GOM EZ—RUIZ2 n TUBOP J. CAEO3

II/Ich_mmym 3a xemujy, iiexHoaozujy u meitarypaujy - Llenitiap 3a xemujy, Ynusep3uitieiti y Beozpady, CitiyOeniticku
iupz 12—16, 11000 Beozpao, 2 Departamento de Quimica Inorganica y Analitica, E.SC.E.T., Universidad
Rey Juan Carlos, 28933 Mdstoles, Madrid, Spain u 3Xemujcxu akyaitieit,
Ynueepauitieii y beozpaoy, i. ip. 158, 11001 beozpao

HoBu ecrap Rpedda-tuna auuzoGytuin-(SS)-2,2 -(1,2-eTaH iuunaunMuHO)-1u(4-MeTuIneH-
tanoar)-auxuapoxiopun [(SS)-HaiBuyeddl]Cl,, 1, u mweros kommieke nanamujyma(ll), amxio-
ponunzo0ytui-(S,S)-2,2'-(1,2-etan iuuaanuMuHO) - 1 (4-metunnenranoat)-nanagujym(l 1)
[PACIA{(SS-iBuyeddi}], 2, cunterrcanu cy u okapaktepucaHu y3 nmomoh eneMeHTanHe aHaiuse, IR
n NMR crexrpockonuje. Haherno je ma je xommiekc 2 noOujeH Kao cMemia 1Ba IHjacTEPEOH30-
Mepa, mTo je mpumeheno y NMR cnekrpuma. Kpucramna crpykrypa 1 je pemena u ommcaHa.
M30710BaHM KPUCTAIM Ce cacToje 3 jeaHe aukatjoHcke Bpere [(S9)-HaiBuyeddl]®” u xsa CI-.
Kpucranuu cucreM je TeTparoHajaH ca MPOCTOPHUM rpynoM P4,. 3HauajHe BOJZOHHYHE Be3e 3a
HaunH naxoBama ¢y N-HIN---Cl, 3,049(3) A, 159(3)° u N-H2N---Cl, 3,100(3) A, 164(3)°. Tume
ce (opmupa OeckoHadaH JIaHAIl M jEAHOCIIOJHA CTPYKTypa, KOjU Cy YyOOHW9ajeHH 3a OBE THIIOBE
cTpykrypa. Oca cumetpuje C, jenmerha mpoia3u Kpo3 c1-C1' BEKTOp Be3€ U JIe)KH HOPMaJIHO Ha
N,Cl, paBan.

(Ilpumsbeno 3. anpuia, peuaupaso 8. jyna 2009)

REFERENCES

1. G. N. Kauderovi¢, H. Schmidt, D. Steinborn, T. J. Sabo, in Inorganic Biochemistry: Re-
search Progress J. G. Hughes, A. J. Robinson, Eds., Nova Science Publishers, Haup-
pauge, NY, 2008, p. 305

2. G. N. Kauderovi¢, H. Schmidt, S. Schwieger, C. Wagner, R. Paschke, A. Dietrich, T.
Mueller, D. Steinborn, Inorg. Chim. Acta 361 (2008) 1395

3. T.J. Sabo, G. N. Kauderovi¢, S. R. Grguric’-éipka, F. W. Heinemann, S. R. Trifunovi¢,
Inorg. Chem. Commun. 7 (2004) 241

4. B. B. Zmegkovski, G. N. Kauderovi¢, S. Gomez-Ruiz, T. J. Sabo, Acta Crystallogr., Sect.
E 65 (2009) 0656

5. T.J Sabo, G. N. Kauderovi¢, D. Poleti, Lj. Karanovi¢, A. Boccarelli, F. Cannito, G. Na-
tile, J. Inorg. Biochem. 98 (2004) 1378

6. S. Mijatovi¢, D. Maksimovi¢-lvani¢, J. Radovi¢, D. Miljkovi¢, G. N. Kaluderovi¢, T. J.
Sabo, V. Trajkovi¢, Cell. Mal. Life Sci. 62 (2005) 1275

7. G. N. Kaluderovi¢, H. Schmidt, C. Wagner, K. Merzweiler, D. Steinborn, Collect. Czech.
Chem. Commun. 72 (2007) 560

8. G. N. Kaluderovi¢, F. W. Heinemann, N. Z. KneZevi¢, S. R. Trifunovié, T. J. Sabo, J.
Chem. Crystallogr. 34 (2004) 185

9. J Ruiz, J. Lorenzo, L. Sanglas, N. Cutillas, C. Vicente, M. D. Villa, F. X. Avilés, G.
L6pez, V. Moreno, J. Pérez, D. Bautista, Inorg. Chem. 45 (2006) 6347

10. E. R. Jamieson, S. J. Lippard, Chem. Rev. 99 (1999) 2467

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS




1258 ZMEKOVSKI et al.

11.

12.
13.
14.
15.

16.

17.
18.

19.
20.
21.
22.
23.
24.

25,
26.

27.
28.

E. Budzisz, B. K. Keppler, G. Giester, M. Wozniczka, A. Kufelnicki, B. Nawrot, Eur. J.
Inorg. Chem. (2004) 4412

E. Budzisz, U. Krgjewska, M. Rozalski, Pol. J. Pharmacol. 56 (2004) 473

G. Zhao, H. Lin, P. Yu, H. Sun, S. Zhu, X. Su, Y. Chen, J. Inorg. Biochem. 73 (1999) 145
F. Hug, H. Tayyem, P. Beale, J. Q. Yu, J. Inorg. Biochem. 101 (2007) 30

L. TuSek-Bozi¢, J. Matijasi¢, G. Bocelli, P. Sgarbotto, A. Furlani, V. Scarcia, A. Papa
ioannou, Inorg. Chim. Acta 185 (1991) 229

L. TuSek-Bozi¢, J. MdtijasSi¢, G. Bocelli, G. Calestani, A. Furlani, V. Scarcia, A. Papa
ioannou, J. Chem. Soc., Dalton Trans. (1991) 195

T. A. K. Al-Allaf, L. J. Rashan, Boll. Chim. Farm. 140 (2001) 205

B. B. Krgj¢inovié, G. N. Kauderovi¢, D. Steinborn, H. Schmidt, C. Wagner, Z. ZiZak, Z.
D. Jurani¢, S. R. Trifunovi¢, T. J. Sabo. J. Inorg. Biochem. 102 (2008) 892

B. B. Krgj¢inovi¢, G. N. Kaluderovi¢, D. Steinborn, Ch. Wagner, K. Merzweiler, S. R.
Trifunovi¢, T. J. Sabo, J. Serb. Chem. Soc. 74 (2009) 389

B. B. Zmgjkovski, G. N. Kaluderovié, S. Gomez-Ruiz, Z. Zizak, D. Steinborn, H. Schmidit,
R. Paschke, Z. D. Jurani¢, T. J. Sabo, Eur. J. Med. Chem. 44 (2009) 3452

L. N. Schoenberg, D. W. Cooke, C. F. Liu, Inorg. Chem. 7 (1968) 2386

G. N. Kauderovi¢, T. J. Sabo, Polyhedron 21 (2002) 2277

D. B. Haydock, T. P. C. Mulholland, J. Chem. Soc. C (1971) 2389

SCALE3 ABSPACK: Empirical absorption correction, CrysAlis — Software package,
Oxford Diffraction Ltd., Oxford, 2006

G. M. Sheldrick, SHELXS-97, Program for Crystal Structure Solution, Gottingen, 1997
G. M. Sheldrick, SHELXL-97, Program for the Refinement of Crystal Sructures, Gottin-
gen, 1997

L. J. Farrugia, ORTEP-3 for Windows, version 1.076, J. Appl. Crystallogr. 30 (1997) 565
G. N. Kauderovi¢, A. Paethamon, Ch. Wagner, T. J. Sabo, H. Schmidt, Acta Crystal-
logr., Sect. E 64 (2008) 01232.

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




