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Abstract: In this study, the first complexes of Zn(II) with the N-benzyloxycar-
bonyl-S-alaninato ligand (N-Boc-S-ala) were synthesized. The new complexes
were characterized by elemental analysis, conductometric measurements, IR,
IH-NMR, 13C-NMR and 2D-NMR spectroscopy. On the basis of the experi-
mental data, tetrahedral geometry of the Zn(II) complexes was proposed. A
very good agreement between the NMR and DFT calculated data was obtained.
Investigation of antimicrobial activity of the newly synthesized complexes was
also performed. It was established that [Zn(N-Boc-S-ala),] was selective and
acts only on Candida albicans.

Keywords: antimicrobial activity; DFT; N-benzyloxycarbonyl-S-alanine; NMR,;
Zn(II) complexes.

INTRODUCTION

It is well known that metal complexes with aromatic amino acids can serve
as model systems for the study of various interactions in which aromatic amino
acids residues participate.!=3 In our previous articles, metal complexes contain-
ing aromatic amino acids were described.#© As a continuation, new metal com-
plexes with N-benzyloxycarbonyl (N-Boc) protected amino acids were examin-
ed.” It is interesting to note that the N-benzyloxycarbonyl amino acids and their
derivates were reported as anti-convulsant, anti-inflammatory and anti-neoplastic
agents.8~11 N-Protected amino acids have abilities to function as cholecystokinin
receptor antagonists!2 and derivates of N-Boc amino acids also show a good de-
gree of inhibition of the gastric proton pump.!3
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In spite of interesting biological activities, only a few complexes with N-Boc
amino acids have hitherto been described.!4-18 As N-benzyloxycarbonylglycine
has favorable membrane penetration properties,!9-20 neutral complexes of it with
various metal ions were prepared in a previous study.’” Since in the literature
there are no data concerning the antimicrobial activities of these compounds, the
antimicrobial activities of the obtained metal complexes were also determined. It
was established that among the investigated strains, the Zn(Il) and Co(Il) com-
plexes were selective, acting only against the fungus Candida albicans.

The elaboration of new types of antifungal agents is presently a very urgent
task.2! As a result of this, the aim of this work was to synthesize new neutral
zinc(Il) complexes with the N-benzyloxycarbonyl-S-alaninato ligand (N-Boc-S-
-ala), with or without bipyridine as an additional ligand, and to investigate and
compare the antimicrobial activity of the Zn(II) complexes with N-Boc-S-ala and
N-Boc-gly ligands with mixed complexes containing 2,2’-bipyridine.

EXPERIMENTAL
Materials and measurements

All the employed reagents and solvents were of analytical grade. N-Boc-Glycine, N-Boc-
-S-alanine, 2,2'-bipyridine and the metal salts were obtained from Aldrich and used without
further purification. Elemental analyses for C, H, N were performed on a Vario Il CHNOS
Elemental analyzer, Elementar Analysensysteme GmbH. The solid state IR spectra (KBr pel-
lets) were performed on a Perkin-Elmer FT-IR 1726X spectrometer.

The molar conductivity of a methanolic solution of the complexes (¢ = 103 mol dm™)
was measured at room temperature on a Jenway-4009 digital conductivity meter.

The 'H-NMR (200 MHz) spectra were recorded using a Varian Gemini 2000 spectro-
meter at room temperature in DMSO-d, solution. The 13C-NMR (50.3 MHz) spectra were
recorded using the same instrument in DMSO-dg solution. The solvent peak at 39.7 ppm was
used to calibrate the scale of chemical shifts. 2D-NMR spectra: DQF-COSY, TOCSY (mix-
ing time 40 ms), ROESY (mixing time 80 ms) and {{H-13C}-HSQC, were recorded on a
Bruker 700 MHz instrument.

N-Boc-S-Alanine (Scheme 1). 'H-NMR (6, ppm): 12.3 (1H, bs, H(1)), 7.62 (1H, d, J =
=7.4 Hz, HNH)), 7.36 (5H, m, H (6,6',7,7',8)), 5.03 (2H, s, H(4)), 4.02 (1H, quintet, J = 7.4 Hz,
H(2)), 1.27 (3H, d, J = 7.4 Hz, H(9)); 3C-NMR (J, ppm): 174.8 (C1), 156.2 (C3), 137.3 (C5),
128.7 (C7,C7"), 128.1 (C8), 128.1 (C6,C6"), 65.7 (C4), 49.5 (C2), 17.3 (C9).
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Scheme 1. Numbering of the C atoms in N-benzyloxycarbonyl-S-alanine and in 2,2’-bipyridine.
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Synthesis of [Zn(N-Boc-S-ala),]-1.5H,0 (1)

To a solution of N-benzyloxycarbonyl-S-alanine (0.20 g, 0.90 mmol) in ethanol-water
(1:1) mixture (5.0 cm?), ZnCl, (0.060 g, 0.44 mmol) dissolved in a minimal volume of water
was added. The resulting solution was allowed to reflux for 30 min, with constant stirring. The
pH value of the obtained system was then adjusted to 6.0 using NaOH solution (0.20 mol dm).

The resulting suspension was stirred for one hour at room temperature. The reaction
mixture was then filtered and the obtained filtrate left at room temperature. After a few days,
the obtained white crystals were separated by suction and then air-dried. Yield: 0.90 g (40 %).
Synthesis of [Zn(N-Boc-S-ala),(bipy)] -2H,0 (2)

To a 50-cm? flask, containing 0.18 g (0.34 mmol) of [Zn(N-Boc-S-ala),]-1.5H,0 in 2.5
cm? of acetonitrile, 0.060 g (0.38 mmol) of 2,2’-bipyridine in 2.0 cm? of acetonitrile was
added. The obtained suspension was stirred for one hour without heating. The transparent
reaction mixture was filtered by suction and the filtrate was left at room temperature. After a
few days, white-yellow crystals were obtained. Yield: 0.19 g (81 %).

Synthesis of [Zn(N-Boc-gly),(bipy)] -H,0O (3)

To a solution of [Zn(N-Boc-gly),]” (0.10 g, 0.21 mmol) dissolved in chloroform (15 cm?),
0.032 g (0.20 mmol) of 2,2’-bipyridine dissolved in chloroform (2.5 cm?) was added dropwise
during 60 min with stirring at room temperature. The mixture was then continuously stirred
for about 120 min. The filtrate was concentrated in a vacuum evaporator and left in a refri-
gerator. White crystals were obtained two days later. Yield: 0.80 g (61 %).

Density functional method calculation

The studied compounds 1 and 2 were subjected to geometry optimization using the den-
sity functional theory (DFT) with the Becke three-parameter exchange functional (B3)*? and
the Lee—Yang—Parr (LYP) correlation functional.?> The DFT method was used as it gives
good results for all 3d-metal complexes.2426 These B3LYP calculations were performed with
the Gaussian03 program.?’ Various rotamers of compounds 1 and 2 were computed. As the
starting point for the calculation, the conformation of the N-Boc residue obtained by the single
crystal X-ray method was used.!>:!® The DFT calculation was performed for several confor-
mations of the N-Boc-S-ala residuals. The conformation search was performed by variation of
the Zn—O—C—N torsion angles. The geometries of conformers of the complexes were fully op-
timized using the LANL2DZ basis set. The optimized geometry of the most stable conformers
of complexes 1 and 2 are given in Figs. 1 and 2, respectively.

I

v

Fig. 1. Proposed tetrahedral geometry of the [Zn(N-Boc-S-ala),] complex (1)
(structure optimized using B3LYP//LANL2DZ).
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Fig. 2. Proposed tetrahedral geometry of the [Zn(N-Boc-S-ala),bipy] complex (2)
(structure optimized using B3LYP//LANL2DZ).

Microbiological assay

N-Benzyloxycarbonyl-S-alanine and its Zn(Il) complexes were screened for their in vitro
antifungal activity against Candida albicans (ATCC 24433) and Aspergillus niger and their
antibacterial activity against: Escherichia coli (ATCC 25922, Gram negative), Staphylococcus
aureus (ATCC 25923, Gram positive) and Micrococcus lysodeikticus (ATCC 4698, Gram po-
sitive). The antifungal and antibacterial activity of these complexes was determined using the
minimal inhibitory concentration (MIC) test.?® The MIC test was performed by making serial
dilutions in the appropriate medium with the investigated substances dissolved in DMSO in a
predetermined range of concentration (5000-625 pg ml!). After plating, the bacteria were
incubated at 37 °C and the growth was observed after 24 h, while fungi were incubated at 27 °C
and growth was observed after 72 h. The media for the growth of the bacteria and fungi were
Mueller-Hinton agar and Sabouraud dextrose agar, respectively. The experiments were perfor-
med in triplicate. The control was DMSO.

RESULTS AND DISCUSSION
Synthesis

One of the goals of this work was the synthesis of neutral (because of facili-
tated transport through cell membranes) complexes of zinc(Il) ion with the N-ben-
zyloxycarbonyl-S-alaninato ligand with or without 2,2’-bipyridine as an additi-
onal ligand. Compound 1 was obtained by direct synthesis by the reaction of
ZnCl, with the N-Boc-S-ala ligand in the mole ratio 1:2. Complex 2 was obtained
by reaction of compound 1 with 2,2°-bipyridine in the mole ratio 1:1. Compound
3 was obtained by the reaction of the previously synthesized [Zn(N-Boc-gly),]
complex” with 2,2’-bipyridine. This complex was synthesized to compare the
antimicrobial activities of the mixed complexes 2 and 3. The values of the molar
conductivity of the synthesized complexes in methanol (¢ = 10-3 mol dm3), i.e.,
Ap = 49.15, 42.24 and 43.5 ! cm? mol~! for complexes 1, 2 and 3, respect-
tively, confirmed their non-electrolyte type.
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Analytic and spectroscopic characterization

[Zn(N-Boc-S-ala),]-1.5H,0 (1). Anal. Calcd. for CyyHyrs509 5N>Zn: C,
49.22; H, 5.03; N, 5.22. Found: C, 49.40; H, 4.79; N, 5.43. IH-NMR (8, ppm):
3.96 (1H, quintet, J = 7.4 Hz, H(2)), 7.12 (1H, d, J = 7.8 Hz, H(NH)), 5.01 (2H,
s, H(4)), 7.35 (5H, m, H (6,6°,7,7',8)), 1.25 (3H, d, J = 7.2 Hz, H(9)). 13C-NMR
(6, ppm): 178.1 (C1); 155.9 (C3); 137.5 (C5); 128.6 (C7,C7); 128.6 (C8); 128.0
(C6,C6%); 65.4 (C4); 50.5 (C2); 18.8 (C9).

Zn(N-Boc-S-ala) y(bipy)] 2H>0 (2). Anal. Calcd. for C3pH36019N4Zn: C,
54.74; H, 5.13; N, 7.98. Found: C, 54.63; H, 5.03; N, 8.14. IH-NMR (8, ppm):
8.75 (2H, d, J= 4.6 Hz, H(6b,6b"), 8.55 (2H, d, J = 8 Hz, H(3b,3b"), 8.16 (2H, ¢,
J = 7.6 Hz, H(4b,4b")), 7.65 (2H, ¢, J = 5.9 Hz, H(5b,5b"), 7.34 (5H, m, H
(6,6°,7,7.8)), 6.97 (1H, d, J = 7.6 Hz, H(NH)), 4.98 (2H, s, H(4)), 3.89 (1H,
quintet, J = 7.4 Hz, H(2)), 3.49 (H,0), 1.19 (3H, d, J = 6 Hz, H(9)). 13C-NMR (J,
ppm): 177.6 (C1), 155.7 (C3), 151.0 (C2b,2b’), 149.3 (C6b,6b"), 140.0 (C4b,4b’),
137.5 (C5), 128.5 (C7,C7), 128.6 (C8), 127.8 (C6,C6”), 126.0 (C5b,5b%), 121.6
(C3b,3b), 65.2 (C4), 50.8 (C2), 19.0 (C9).

[Zn(N-Boc-gly) »(bipy)] -H>0 (3). Anal. Calcd. for C3gH39O9N4Zn: C, 54.93;
H, 4.58; N, 8.54. Found: C, 54.63; H, 4.52; N, 8.50. IH-NMR (6, ppm): 8.68 (2H,
d,J=8 Hz, H(6b,6b")), 8.58 (2H, d, J = 4.4 Hz, H(3b,3b”)), 8.19 (2H, ¢, J = 7.6 Hz,
H (4b,4b"), 7.68 (2H, ¢, J= 6.1 Hz, H(5b,5b”)), 7.33 (5H, s, H (6,6°,7,7',8)), 7.13
(1H, ¢, J= 5.5 Hz, HINH)), 4.99 (2H, s, H(4)), 3.51 (2H, d, J= 6 Hz, H(2)). 13C-NMR
(0, ppm): 174.8 (C1), 156.5 (C3), 151.0 (C2b,C2b’), 149.3 (C6b,C6b"), 140.3
(C4b, C4b’), 137.5 (C5), 128.6 (C7,C7’), 128.6 (C8), 127.9 (C6,C6’), 126.2
(C5b, C5b%), 121.8 (C3b,C3b"), 65.4 (C4), 43.8 (C2).

IR spectroscopy of complexes 1-3

On the basis of the differences in the frequencies of the asymmetric and
symmetric skeletal vibration of the carboxylic group (1600—-1350 cm™! region) in
free (Av = 182 cm™!) and coordinated N-Boc-S-ala it can be concluded that the
modes of coordination of the carboxylic group in the complexes of zinc(Il) with
N-Boc-S-ala (1 and 2) are different.2% Namely, in the case of complex 1 (Av =
= 146 cm™!), chelate bidentate coordination of the carboxylic group occurs. These
findings are in agreement with the coordination mode of the carboxylic group in
the previously described [Zn(N-Boc-gly),] complex.” In the case of the mixed
complex 2 (Av= 208 cm~!), monodentate coordination of the carboxylic group
seems likely, i.e., the introduction of 2,2’-bipyridine into the coordination sphere
of the metal ion changes the coordination mode of carboxylic group from biden-
tate to monodentate.

The complexes 1-3 crystallize with 1-2 water molecules. Since in the IR
spectra of the new compounds, bands that could be assigned to vibration of coor-
dinated water are missing,2% tetrahedral geometry around the Zn(II) ion in all
complexes was proposed.
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DFT calculation

Since all attempts to obtain a single crystal suitable for X-ray crystallo-
graphy failed, DFT calculation was applied to check the hypothesis that the new
zinc(Il) complexes with N-benzyloxycarbonyl-S-alaninato ligands adopt tetrahed-
ral geometry (Figs. 1 and 2).

Another goal was to determine which geometry of the complex of stoichio-
metric composition [Zn(N-Boc-S-ala),bipy] (2) is more stable, the tetrahedral one
with monodentate coordination of the carboxylic groups (as assumed) or the
octahedral one with bidentate coordination of the carboxylic group. DFT calcu-
lation was performed for several conformations of the N-Boc-S-ala residuals. The
conformation search was performed by variation of the Zn—O—C—N torsion angle.
Each starting geometry was allowed to be fully optimized. The DFT calculation
revealed that the most stable geometry is tetrahedral with monodentate coordi-
nation of carboxylic groups (Fig. 2). The most stable octahedral geometry is
higher in energy by 2.6877 kJ mol~! than the most stable tetrahedral geometry.
The results of the DFT calculations confirmed the assumption based on IR spec-
troscopy that coordination of 2,2’-bipyridine caused a change in the coordination
mode of the carboxylic groups of the N-Boc-S-ala ligands, from bidentate to mo-
nodentate. Monodentate coordination of N-Boc-S-ala through carboxylate oxygen
atom is also in accordance with monodentate coordination of N-benzoylalaninato
and DL-alaninato ligands in mixed Zn(Il)-complexes, the structures of which
were determined by single crystal X-ray analysis.30:31

In the case of complex 3 (Av =211 cm™1), coordination of 2,2’-bipy causes a
change in the coordination mode of the carboxylic group from bidentate (in the
previously synthesized [Zn(N-Boc-gly),] complex)’ to monodentate. Tetrahedral
geometry is proposed for this complex, as in the case of complex 2.

NMR spectroscopy of complexes 1-3

Assignment of 1H- and 13C-NMR chemical shifts was obtained from analy-
sis of DQF—COSY, TOCSY and {1H-13C}-HSQC spectra.

In the 'H-NMR spectra of complexes 1-3, a signal assignable to carboxylic
group protons was absent, indicating that deprotonation of carboxylic group oc-
curred and that coordination through this group took place.

The complexes 1-3 were also characterized by means of 13C-NMR spectros-
copy. The higher values of the chemical shift of C(1), C(2) and C(9) atom signals
in complexes 1-3 in comparison with those of the signals in the respective non-
coordinated ligands,’ strongly suggest that coordination through the carboxylate
groups had occurred. On the other hand, the absence of a change of the chemical
shift of the carbamate carbon C(3) indicates that the carbamate group does not
participate in the coordination. The assumption that coordination through nitro-
gen atom does not occur (except in complexes of Pb(II), Cd(II) and Cu(Il) with
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N-sulfonylamino acids) is in accordance with the data concerning the coordi-
nation abilities of other N-acylated amino acids.!5:18:32-34 The NMR spectra of
the 2,2’-bipyridine complexes show that both pyridine nitrogen atoms participate
in the coordination.

The most direct evidence for the DFT calculated geometry is the close con-
tacts between the protons seen in the 2D-ROESY spectrum of 2 (Fig. 3). Thus,
the proton at position 6b of the 2,2’-bipyridine ligand is close in space to the
methyl protons at position 9 of the N-benzyloxycarbonyl-S-alaninato ligand. The
data presented in Fig. 3 give a good example of how theoretical and experimental
data can fit.
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Fig. 3. ROESY spectrum of [Zn(N-Boc-S-ala)ybipy] complex (2) exhibits inter-proton close con-
tacts in agreement with the DFT calculated structure. 'H spectral axis is in ppm relative to TMS.
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Microbiological assay

The complexes 1-3 and N-benzyloxycarbonyl-S-alanine were screened for
their in vitro antifungal and antibacterial activity against representative strains.
The investigated complex 1 was inactive against bacterial and fungal strains, ex-
cept against Candida albicans. The complex was more efficient in suppressing
the growth of this pathogen than both the ligand and a simple zinc salt. The MIC
value (625 pg ml-1) was the same as that obtained for the analogue complex with
the N-Boc-gly ligand.” The small increase in lipophilicity caused by the introduc-
tion of a methyl group did not change the MIC value.

Mixed complexes 2 and 3 suppressed the growth of neither C. albicans nor
of any other investigated strains. These results are in agreement with those of
recently in vitro performed antimicrobial studies of Cu(Il) and Mn(II) complexes
with 2,2°-bipy, which also did not suppress the growth of clinical isolates of Can-
dida species, although their complexes with 1,10-phenanthroline were extremely
toxic to the cells.35-37 Although the MIC values for the present complexes were
higher in comparison to those obtained, for example, for the Ag(I) complex with
N-acetylglycine,38 complexes of Zn(II) with N-Boc-gly and N-Boc-S-ala ligands
were selective in suppressing the growth of C. albicans. Only the established se-
lectivity of zinc(Il) complexes with N-benzyloxycarbonylamino acids against one
of the investigated strains may be of interest for further studies on antimicrobial
activities of similar compounds.

Acknowledgement. This work was supported by the Serbian Ministry of Science, Grants
Nos. 142062 and 142010.

N3BOJ

CHUHTE3A, NMR U DFT ITPOPAUYHABABA U UCITMTUBAE AHTUMHWKPOBHE
AKTHUBHOCTU Zn(II) KOMIIJIEKCA CA N-BEH3MJIOKCUKAPBOHUMJI-S-AJTAHVHOM

JIPATAHA M. MUTUR!, BEHAHA V. MUOJIPATOBUR!, AVILAH M. CIAZIMR!, )KEJBKO J. BUTHUK', 30PAH M.
MUOJIPATOBUR!, KATAPUHA K. AHBEJIKOBUR!, MIJIAHKA B. PAJIYJIOBUR? 1 HEHAJL O. JYPAHUR?

! Xemujcxu paxyaitiei, Ynusepauitieini y Beozpady, Citiydeniicku ifipz 12—16, 11001 Beozpad, *Llenimiap 3a xemujy,
Hnciuiiyim 3a xemujy, ifiexnoaozujy u smeimanypzujy, lbezowesa 12, 11000 Beozpad u Mayo Clinic and Foundation,
Rochester, 59905 Minnesota, USA

VY oBoM paxgy cy cuHTeTH30BaHH NpBU KoMmiutekcu Zn(Il) ca N-GeH3mnokcukapOoHMI-S-ana-
HuHATo JuranaoM (N-Boc-S-ala). KoMiuiekcn cy okapakTepucaHU €IEMEHTATHOM aHATU30M, KOH-
nykToMerpujckuM MepemeM, IR, TH-NMR, 13C-NMR u 2D-NMR cnexrpockorujom. Terpaemap-
cka reomerpuja Zn(Il) komruiekca MpeTnocTaBbeHa je Ha OCHOBY CKCICPHMEHTAIHUX IMOJATaKa.
Jlo6ujeHo je Beoma n00po ciarame u3Mel)ly NMR u DFT monmaraka. McnutrBaHa je aHTUMHKPOOHA
AKTHBHOCT HOBOCHHTETHU30BaHUX KOMIUIEKCa. Y CTAHOBJBEHO je 1a je [Zn(N-Boc-S-ala), ] kommieke
CEJIEKTUBAH U Ja Jemyje camo Ha TibuBy Candida albicans.

(ITpumbeHo 23. janyapa, pesuaupano 1. anpuma 2008)



14.
15.

16.

17.

18.

19.
20.

21.

22.
23.
24.
25.
26.
27.

ZINC COMPLEXES WITH N-BENZYLOXYCARBONYL-S-ALANINE 823

REFERENCES

. T. Yajima, R. Takamoto, A. Shimazaki, A. Odani, Y. Nakabayashi, O. Yamauchi, J.

Chem. Soc., Dalton Trans. (2007) 299

N. Niklas, A. Zahl, R. Alsfasser, J. Chem. Soc., Dalton Trans. (2003) 778

S. Novokmet, F. W. Heinemann, A. Zahl, R. Alsfasser, Inorg. Chem. 44 (2005) 4796

D. U. Miodragovi¢, Z.7J. Vitnik, S. M. Milosavljevi¢, M. J. Malinar, 1. O. Jurani¢, Eur. J.
Inorg. Chem. (2005) 3172

G. A. Bogdanovi¢, D. U. Miodragovié, M. J. Malinar, Acta Cryst. C 58 (2002) 338

D. U. Miodragovi¢, S. M. Milosavljevi¢, M. J. Malinar, M. B. Celap, N. Todorovié, N.
Juranié¢, Enantiomer 7 (2002) 375

D. U. Miodragovi¢, D. M. Miti¢, Z. M. Miodragovi¢, G. A. Bogdanovié, 7. J. Vitnik, M.
D. Vitorovi¢, M. D. Radulovi¢, B. J. Nastasijevié, 1. O. Jurani¢, K. K. Andelkovi¢, Inorg.
Chim. Acta 361 (2008) 86

. M. Geurts, J. H. Poupaert, G. K. E. Scriba, D. M. Lambert, J. Med. Chem. 41 (1998) 24
. S. Sussan, A. Dagan, M. Bialer, Epilepsy Res. 33 (1999) 11

10.
11.
12.
13.

Z. Sajadi, M. Almahmood, L. J. Loeffler, I. H. Hall, J. Med. Chem. 22 (1979) 1419

W. Koch, M. Scheer, U. Wolke, A. Kaiser, US Patent App. No. 189 (1971) 371

P. N. Maton, V. E. Sutliff, R. T. Jensen, J. D. Gardner, Am. J. Physiol. (1985) 248

P. Sharma, S. Singh, T. I. Siddiqui, V. S. Singh, B. Kundu, P. Prathipati, A. K. Sawena,
D. K. Dikshit, L. Rastogi, C. Dixit, M. B. Gupta, G. K. Patrik, M. Dikshit, Eur. J. Med.
Chem. 42 (2007) 386

Y.-S. Kim, R. Song, H. C. Chung, M. J. Jun, Y. S. Sohn, J. Inorg. Biochem. 98 (2004) 98

L. Antolini, L. Menabue, M. Saladini, M. Sola, L. P. Battaglia, A. B. Corradi, Inorg.
Chim. Acta 93 (1984) 61

L. Antolini, L. Menabue, G. C. Pellacani, M. Saladini, L. P. Battaglia, A. B. Corradi, J.
Chem. Soc., Dalton Trans. (1984) 2325

L. Antolini, L. Menabue, G. C. Pellacani, M. Saladini, M. Sola, L. P. Battaglia, A. B.
Corradi, J. Chem. Soc., Dalton Trans. (1984) 2319

L. Antolini, L. Menabue, M. Saladini, P. Prampolini, M. Saladini, J. Chem. Soc., Dalton
Trans. (1982) 2109

D. M. Lambert, G. K. E. S. Sriba, J. H. Poupaert, P. Dumont, Eur. J. Pharm. Sci. 4 (1996) 159

D. M. Lambert, M. Geurts, G. K. E. Scriba, J. H. Poupaert, P. Dumont, J. Pharm. Belg.
150 (1995) 294

N. V. Loginova, T. V. Koval’chuk, R. A. Zheldakova, A. A. Chernyavskaya, N. P. Osipo-
vich, G. K. Glushonok, G. I. Polozov, V. N. Povalishev, V. L. Sorokin, O. I. Shadyro,
Polyhedron 25 (2006) 3603

A. D. Becke, J. Chem. Phys. 98 (1993) 5648

C. Lee, W. Yang, R. G. Parr, J. Chem. Phys. Rev. B 37 (1988) 785

N.J. Henson, P. J. Hay, A. Redondo, Inorg. Chem. 38 (1999) 1618

L. A. Berben, J. R. Long, Inorg. Chem. 44 (2005) 8459

P. E. M. Siegbahn, R. H. Crabtree, J. Am. Chem. Soc. 119 (1997) 3103

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman,
V. G. Zakrzewski, J. A. Montgomery, Jr., R. E. Stratmann, J. C. Burant, S. Dapprich, J.
M. Millam, A. D. Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J. Tomasi, V. Barone,
M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochterski, G. A.
Petersson, P. Y. Ayala, Q. Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K.



824 MITIC et al.

Raghavachari, J. B. Foresman, J. Cioslowski, J. V. Ortiz, A. G. Baboul, B. B. Stefanov,
G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R. L. Martin, D. J. Fox, T.
Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, C. Gonzalez, M. Challacombe, P.
M. W. Gill, B. Johnson, W. Chen, M. W. Wong, J. L. Andres, C. Gonzalez, M. Head-
Gordon, E. S. Replogle, J. A. Pople, Gaussian 98, Revision A. 7, Gaussian, Inc.,
Pittsburgh PA, 1998

28. K. Nomiya, K. Tsuda, T. Sudoh, M. Oda, J. Inorg. Biochem. 68 (1997) 39

29. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination, Wiley,
Toronto, 1997

30. A.-Y. Fu, Y.-L. Sun, D.-Q. Wang, W.-S. Zhang, A.-K. Ren, Acta Crystallogr., Sect. E,
Struct. Rep. Online (2004) m701

31. M. S. Nandhini, R. V. Krishnakumar, S. Natarajan, Acta Crystallogr., Sect. E: Struct.
Rep. Online (2002) m127

32. M. Saladini, D. Iacopino, L. Menabue, J. Inorg. Biochem. 78 (2000) 355

33. M. Borsari, L. Menabue, M. Saladini, J. Chem. Soc., Dalton Trans. (1996) 4201

34. G. Battistuzzi, M. Borsari, L. Menabue, M. Saladini, M. Sola, norg. Chem. 35 (1996) 4239

35. M. McCann, M. Geraghty, M. Devereux, D. O’Shea, J. Mason, L. O’Sullivan, Metal
Based Drugs 7 (2004) 185

36. M. Devereux, M. McCann, D. O’Shea, R. Kelly, D. Egan, C. Deegan, K. Kavanagh, V.
McKee, G. Finn. J. Inorg. Biochem. 98 (2004) 1023

37. M. Devereux, M. McCann, V. Leon, M. Geraghty, V. McKee, J. Wikaira, Polyhedron 19
(2000) 1205

38. N. C. Kasuga, R. Yamamoto, A. Hara, A. Amano, K. Nomiya, /norg. Chim. Acta 359
(2006) 4412.




<<
  /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


