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Abstract: The reaction of copper(II) nitrate and pyridoxal S-methylisothiosemi-
carbazone (PLITSC) in the presence of ammonium thiocyanate resulted in the 
formation of two types of complexes. A dimeric complex of the formula 
[{Cu(μ-PLITSC)NCS}2](NCS)2·2MeOH was obtained in the presence of excess 
of ammonium thiocyanate, while in the presence of its nearly equimolar 
amount, crystals of a polymeric complex {[Cu(μ-PLITSC)NCS]NO3∙MeOH}n 
were formed. The complexes were characterized by elemental analysis, con-
ductometry, IR spectroscopy, and their structures are unequivocally determined 
by single crystal X-ray crystallography. In both complexes, the copper atom is 
five-coordinated, situated in a deformed square-pyramidal environment. The 
basal plane of the square pyramid is defined by the oxygen atom of the depro-
tonated phenol group and terminal nitrogen atoms of the isothiosemicarbazide 
moiety of the Schiff base, as well as the nitrogen atom of the coordinated thio-
cyanate ion, while the apical site is occupied by the oxygen atom of the hydro-
xymethyl group of the neighboring asymmetric unit. This coordination mode of 
the PLITSC was hitherto unknown. A survey of the Cambridge Structural 
Database showed that the coordination of the hydroxymethyl group is rare 
within pyridoxal-based Schiff base metal complexes. 
Keywords: dimeric and polymeric Cu(II) complexes; Schiff bases; tetradentate 
coordination mode; X-ray crystallography. 
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INTRODUCTION 
Thiosemicarbazones and their S-alkyl derivatives (isothiosemicarbazones) 

represent a very important group of organic compounds. These compounds are 
interesting not only due to their chemical properties as organic molecules, but also 
their versatile coordination chemistry.1–3 In addition, these compounds, especially 
thiosemicarbazones and their metal complexes, have shown a great variety of bio-
logical activities, such as antiviral, antibacterial, antimalarial, antitumor, etc.4–8 

The mutual property of thiosemicarbazones is that the sulfur atom of the 
thioureido fragment, –NH–C(NH2)=S, is used for coordination, differing from 
isothiosemicarbazones, where coordination through the nitrogen atom of the 
NH2-group of the –N=C(–SR)–NH2 fragment occurs, rather than through the sul-
fur atom of S-alkyl moiety. This was proven by crystallographic analysis of many 
complexes obtained with these ligands.1–3,9 However, some very rare coordin-
ation modes of isothiosemicarbazones are also known, e.g., coordination through 
the sulfur atom of the S-alkyl moiety,10 or lack of coordination of the isothio-
ureido fragment.11 Coordination of the mentioned NH2-group in tridentate iso-
thiosemicarbazones results in its frequent condensation with, for example, sal-
icyl- and pyridine-2-aldehyde12 or 2-(diphenylphosphino)benzaldehyde,13 thus 
forming complexes with tetradentate N2O2, N3O and N2OP donors, respectively. 
It was also found that bis(isothiosemicarbazones) of pentan-2,4-dione are able to 
stabilize some less usual oxidation states: Fe(IV),14,15 Ni(III)16 and Cu(III).17 

The focus of this research was pyridoxal S-methylisothiosemicarbazone 
(PLITSC), one of the isothiosemicarbazone ligands. Complexes of some 3d metals 
with this ligand have been synthesized and structurally characterized,9,18,19 and it 
was found that, without exception, this ligand acts as a tridentate N2O donor, 
which is coordinated to the metal ion through the azomethine and isothioamide 
nitrogen atoms and the phenolic oxygen atom. It should be mentioned that this 
ligand can be coordinated in three different forms: neutral (zwitterionic), 
monoanionic (in which deprotonation of isothioureido fragment occurs) and 
dianionic (with the additional deprotonation of the pyridine nitrogen atom).9 

Herein, the molecular and crystal structures of dimeric and polymeric com-
plexes of Cu(II) with PLITSC, of the formulas [{Cu(μ-PLITSC)NCS}2](NCS)2∙ 
∙2MeOH (1) and {[Cu(μ-PLITSC)NCS]NO3∙MeOH}n (2) are presented. In the 
complexes, the tetradentate N2O2 manner of coordination of the PLITSC was 
found, with additional oxygen atom of the hydroxymethyl group as a fourth 
donor and bridging ligator. 

EXPERIMENTAL 
Reagents 

All chemicals used were commercially available products of analytical reagent grade, 
except for the ligand PLITSC, the preparation of which was described earlier.20 
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Synthesis of the complexes 
[{Cu(μ-PLITSC)NCS}2](NCS)2⋅2MeOH (1). A mixture of PLITSC (0.060 g, 0.22 mmol) 

and Cu(NO3)2⋅3H2O (0.045 g, 0.19 mmol) was poured over by 10 cm3 MeOH and heated. 
After 15 min, a solution of NH4NCS (0.030 g, 0.4 mmol) in 2 cm3 MeOH was added to the 
cooled solution, the color of which became intense green. The resulting solution was left at 
room temperature to evaporate. The obtained dark-green single crystals were filtered and 
washed with MeOH. Yield: 0.05 g (45 %).  

{[Cu(μ-PLITSC)NCS]NO3∙MeOH}n (2). A mixture of PLITSC (0.060 g, 0.22 mmol) and 
Cu(NO3)2⋅3H2O (0.060 g, 0.25 mmol) was dissolved in 8 cm3 of hot MeOH. After 15 min, a 
solution of NH4NCS (0.020 g, 0.26 mmol) in 2 cm3 MeOH was added to this solution. The 
resulting solution was left at room temperature to evaporate. The obtained dark-green single 
crystals were filtered and washed with MeOH. Yield: 0.04 g (38 %).  
Analytical methods 

Elemental analyses (C, H, N and S) of air-dried compounds were realized by standard 
micro-methods. Molar conductivity measurements of freshly prepared MeOH solutions (c = 
= 1.0 mmol dm-3) were performed on a Jenway 4010 conductivity meter. IR spectra were 
recorded on a Nicolet Nexus 670 (Thermo Scientific) FTIR spectrophotometer, in the range of 
400–4000 cm-1 using the KBr pellet technique. 
Crystal structure determination 

Diffraction experiments were conducted on a Gemini S (Oxford Diffraction) four-circle 
diffractometer equipped with a Mo-anode sealed tube (Mo Kα X-radiation, λ = 0.71073 Å) and 
a Sapphire3 CCD detector. Diffraction data were processed with the CrysAlisPro.21 Analytical 
absorption corrections were performed based on face indexed crystal models. Structure solut-
ion and space group determination were performed by SHELXT-2018.22 Full-matrix least- 
-squares refinements were performed by SHELXL-2018,23, using ShelXle24 as a graphical 
interface. All non-hydrogen atoms were refined with anisotropic displacement parameters. 
Hydrogen atoms bonded to carbon atoms were introduced in the idealized positions and 
refined by a riding model. Their displacement parameters were approximated as Uiso = kUeq of 
the parent atoms (k = 1.2 and 1.5 for sp2 and sp3 hybridized carbon atoms, respectively). 
Disorder of methyl group of the pyridoxal moiety was treated by the AFIX 123 command in 
SHELXL-2018. Hydrogen atoms bonded to heteroatoms were discovered in the residual den-
sity map and were refined by application of distance restraints (N–H = 0.86 Å; O–H = 
= 0.82 Å), with their Uiso = 1.2Ueq of the parent atoms. In 2, this treatment was used for 
hydrogen atoms bonded to N1 and O2, while for the other heteroatom-bonded hydrogen 
atoms, a riding model was used. Structure validation and additional geometrical calculations 
were performed by PLATON.25 The graphics were plotted with ORTEP3 for Windows.26 
Crystallographic and refinement details are listed in Table S-I of the Supplementary material 
to this paper and are deposited in The Cambridge Crystallographic Data Centre under CCDC 
1890436–1890437. 

RESULTS AND DISCUSSION 

Syntheses and characterization 
Both complexes were obtained in the reaction of MeOH solutions of 

Cu(NO3)2⋅3H2O, PLITSC and NH4NCS. In the presence of excess NH4NCS, the 
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dimeric complex 1 was formed, otherwise, the obtained complex was polymeric 
complex 2.  

The complexes are crystal substances, soluble in MeOH and DMF, while poorly 
soluble in H2O and Me2CO. Molar conductivities of MeOH solutions of complex 1 
and 2 are in concordance with the values characteristic for 1:1 type of electrolytes.27  

In the IR spectra of both complexes, bands in the region 2780–2850 cm–1 
could be ascribed to ν(NH+) vibrations of the protonated pyridine nitrogen atom 
of the zwitterionic ligand form, which is formed by migration of the hydrogen 
atom located on a phenolic oxygen atom to a pyridinic nitrogen atom.9,19 The 
azomethine band is located at ca. 1560 cm–1 in the spectra of both complexes. In 
comparison to the same band in the spectrum of the free ligand (1655 cm–1), it is 
shifted to a lower energy, due to coordination of the azomethine nitrogen atom. 
Coordination of oxygen atom of the deprotonated phenolic OH-group leads to a 
positive shift of the ν(C–O) band. Namely, this band is located at 1255 cm–1 in 
the spectra of the free ligand, while its positions in the spectra of complexes 1 
and 2 are at 1305 and 1329 cm–1, respectively.19 

Finally, in the spectrum of complex 1, the doublet band at 2115 and 2075 
cm–1, corresponds to ν(C–N) vibrations of coordinated and non-coordinated 
NCS-groups, respectively. Unlike this, in the spectrum of complex 2, only one 
band is found in the same region (2058 cm–1).28 In addition, in the spectrum of 
the latter complex, very strong band at 1385 cm–1 undoubtedly originates from 
ν(NO) vibrations of the NO3-group.28  

Analytical and IR spectral data for the complexes are given in the Supple-
mentary material to this paper. 

Crystal structure description 
Complex 1 consists of dinuclear centrosymmetric complex ion 

[{Cu(μ-PLITSC)NCS}2]2+ and NCS–, while complex 2 is comprised of poly-
meric complex ions {[Cu(μ-PLITSC)(NCS)]+}n and NO3–. Both structures con-
tain methanol molecules as a solvent of crystallization. Molecular structures of 
the dinuclear centrosymmetric complex cation of 1 and polymeric complex cati-
on of 2 are given in Fig. 1, and selected structural parameters are noted in Table 
S-II of the Supplementary material. 

In both complexes, the ligand is coordinated as a N2O2 tetradentate donor, in 
a way that the isothioamide and azomethine nitrogen atoms and phenoxide oxy-
gen atom make bonds to one copper atom, while the oxygen atom of the hydro-
xymethyl group binds a second copper atom. In 1, this results in a dimeric com-
plex, while it results in polymeric catenation in 2. 

A survey of the Cambridge Structural Database (CSD)29 version 5.40 (Nov, 
2018) revealed over 200 structures with a pyridoxal-based Schiff base metal 
complex. It should not escape notice that in a significant number of these (80), 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



 PYRIDOXAL S-METHYLISOTHIOSEMICARBAZONE COPPER(II) COMPLEXES 471 

the ligands are pyridoxal semi-, thiosemi- or isothiosemicarbazones (and their 
derivatives), as well as pyridoxal-aminoguanidine. Furthermore, only 16 of struc-
turally characterized pyridoxal-based Schiff base metal complexes contain a 
coordinated hydroxymethyl function, illustrating how this coordination mode is 
rare. In a sub-set of these containing copper(II) as a central atom, the hydroxy-
methyl group plays the role in dimerization of Cu(II) atoms in six complexes 
(CSD refcodes: ARALAG,30 IVEPAC,31 KAHGIM,32 KAHGOS,32 PEBWEA33 
and QEKRII34), while in three complexes, the hydroxymethyl group plays the 
role in polymerization of Cu(II) atoms (CSD refcodes: QEKREE,34 EBAQOQ35 
and FIVKAW36). 

 a b 

  
Fig. 1. Molecular structures of cations [{Cu(μ-PLITSC)NCS}2]2+ of 1 (a) and  

{[Cu(μ-PLITSC)(NCS)]+}n of 2 (b). In (b), the repeating unit is depicted with filled bonds,  
and neighboring units are drawn without hydrogen atoms for the sake of clarity. 

Symmetry codes are: (i) –x+1, –y, –z+1 (for 1); –x+½, y+½, z (for 2). 

The intra-ligand bond lengths have typical values in accordance with those 
found in structurally related complexes.9 The bond lengths of the C1–N1 and 
C2–N3 bonds are typical for localized double bonds, and the C4–O1 bond length 
clearly indicates electron delocalization of the phenoxide function. Similarly, the 
valence angles of the isothiosemicarbazide moieties of the two complexes match 
within 1–2°. Finally, it is worth noting that the C5–N4–C7 angles have values 
greater than 120° (ca. 124°) which is representative for a protonated pyridine 
moiety.9,37 

In 1 and 2, the copper atom is five-coordinated, situated in a deformed 
square–pyramidal environment. The basal plane of the square pyramid is defined 
by Schiff base donor atoms and the nitrogen atom of the coordinated thiocyanate 
ion, while the apical site is occupied by the oxygen atom of the hydroxymethyl 
group of the neighboring asymmetric unit. Both coordination polyhedrons devi-
ate from the ideal square–pyramid towards trigonal–bipyramid. The application 
of the Holmes method38 (using 174° as the value of the idealized trans-basal 
angles) indicates that transition along the Berry pseudorotation coordinate (D3h 
→ C2v → C4v) for the coordination polyhedrons of the complexes is 89 % for 1, 
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and 84 % for 2, meaning that the coordination polyhedron of 2 is slightly more 
deformed.  

It has been shown39 that in certain classes of copper(II) complexes, formally 
five-coordinate (square–pyramidal) copper complexes could alternatively be des-
cribed as six-coordinate (octahedral) if the sum of corresponding covalent radii is 
increased by ca. 0.1 Å. As the copper atom of the dimeric complex 1 has an addi-
tional short contact (2.9879(16) Å) with the phenoxide oxygen atom O1ii (sym-
metry code (ii) –x, –y, –z+1) of the neighboring asymmetric unit, the coordin-
ation polyhedron of copper atom in 1 could be described as quasi-octahedral (5+1 
coordination) in lieu of square–pyramidal. That would also render the complex 
cation of 1 1-D polymeric, with the repeating unit being a “dimer” and with the 
crystallographic axis a as the propagation direction. It is of interest to note that 
the bridging role of phenoxide oxygen in pyridoxal Schiff base complexes is 
remarkably rare, as it is found only in one complex (CSD refcode ELUVIR40). 

The metal–ligand bond lengths are in accordance with those observed in 
similar Cu(II) complexes with pyridoxal-based thiosemi-, isothiosemi-, and semi-
carbazones.9 As expected, the phenoxide oxygen O1 participates in the shortest 
metal–ligand bond, which is in accordance with the formal negative charge 
located on this atom. In general, the bond lengths within the coordination poly-
hedron are comparable in 1 and 2, with the exception of the apical Cu1–O2 
bonds. Namely, this bond is by 0.1 Å longer in complex 1.  

Cis-valence angles within the basal plane of the coordination polyhedron are 
very similar (within a 2° tolerance), while the cis-valence angles involving the 
apical O2 are significantly different for the two complexes. Among these, 
O2–Cu1–N3 and O2–Cu–O1 are the smallest in 1, while the O2–Cu1–N5 and 
O2–Cu1–N1 are smallest in 2, which reveal that Cu1–O2 apical bond is inclined 
in opposite directions with respect to the basal plane in these complexes. The 
magnitude of inclination is rather similar, as the acute angles between the 
Cu1–O2 apical bond vector and the least squares plane through the basal atoms 
(O1, N1, N3, N5) are 83.05(6)° for 1, and 82.06(7)° for 2.  

The rationale for the difference in coordination polyhedra geometry could be 
expressed as follows. As the Cu1–O2 bond is longer in 1, and inclined away from 
the coordinated thiocyanate ion, the steric repulsion between these two groups is 
lower in 1. This allows for a wider trans basal angle N3–Cu1–N5 in 1 
(178.64(7)°), whereas in 2, this angle is narrower (169.32(8)°) due to the repul-
sion of the coordinated water molecule and the thiocyanate ion. Due to the larger 
N3–Cu1–N5 angle in 1, the Cu(II) ion is less displaced from the mean basal 
plane in 1 (0.0602(3) Å) than in 2 (0.1254(3) Å). An additional reason for the 
wider trans basal angle N3–Cu1–N5 in 1 may be found in the existence of the 
O1ii atom occupying the sixth quasi-octahedral site. 
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A further difference between the cations in 1 and 2 is the degree of planarity 
of the coordinated ligands (abstracting hydroxymethyl group). Namely, the lig-
and is quite planar in 2, which is also true for five- and six-membered metal-
locycles. On the other hand, the coordinated ligand significantly deviates from 
planarity in 1, which renders the six-membered metallocycle puckered. The con-
formation of the Cu1–O1–C4–C3–C2–N3 ring is 1S2 screw-boat, slightly def-
ormed towards 4T2 twist-boat (nomenclature after Boeyens41), according to the 
Cremer & Pople42 puckering parameters Q = 0.2494(14) Å, θ = 63.4(4)°, φ = 
= 34.9(5)°. 

Polymeric cations of 2 propagate in the crystallographic b direction, with the 
repeating units being symmetry related by a glide plane. Closest Cu…Cu dis-
tances were found between neighboring dimers/chains in both complexes 
(Cu…Cuii = 3.7035(6) Å, symmetry code (ii) –x, –y, –z+1 for 1, and Cu…Cuii =  
= 3.9228(6) Å, symmetry code (ii) –x+1, y, –z+³∕₂ for 2), while the intra-dimer 
Cu…Cui separation is 7.1439(6) Å in 1, and intra-chain Cu…Cui separation is 
7.1064(3) Å in 2 (symmetry codes as in Table S-II). 

Both structures have developed complex hydrogen bonding networks that 
connect structural units in a 3-D network (1) or double layers parallel to the bc 
plane (2). Common to both hydrogen-bonding patterns is that all hydrogen 
donors are involved in hydrogen-bonding interactions (with the exception of the 
N4H4 group in 2) and that N2H2 groups and MeOH molecules donate hydrogen 
bonds to the uncoordinated anion. The hydrogen bonding geometry is presented 
in Table I. 

TABLE I. Selected hydrogen-bond parameters 
D–H…A D–H / Å H…A / Å D…A / Å D–H…A / ° Symmetry operation on A 

1 
O2–H2B…S3 0.782 (16) 2.431 (17) 3.2046 (17) 170 (3)  
N1–H1…S2 0.827 (16) 2.786 (17) 3.5706 (18) 159 (2) -x, -y-1, -z+1 
N2–H2…N6 0.827 (16) 2.045 (16) 2.871 (3) 176 (2)  
N4–H4…O3 0.825 (16) 1.868 (16) 2.693 (2) 178 (2) x, y, z+1. 
O3–H3…N6 0.777 (17) 2.16 (2) 2.906 (3) 161 (3)  

2 
O2–H2O…O6 0.822 (17) 1.820 (17) 2.640 (2) 176 (3)  
N2–H2…O3 0.86 1.96 2.772 (3) 157.7  
N4–H4…O5 0.86 1.95 2.802 (2) 171.1 x, -y+1, z-½ 
O6–H6…O5 0.82 1.99 2.799 (3) 169.9  

CONCLUSIONS 

The obtained results show that the ligand, pyridoxal S-methylisothiosemicar-
bazone, besides the usual tridentate N2O mode of coordination (terminal nitrogen 
atoms of the isothiosemicarbazide moiety, and the oxygen atom of deprotonated 
phenolic OH-group), can also be coordinated as a tetradentate ligand. In this 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



474 RODIĆ et al. 

case, the oxygen atom of the hydroxymethyl group acts as an additional donor 
atom of the chelate ligand. In 1, this resulted in a dimeric complex, while in 2, it 
resulted in polymeric catenation. A perusal of the Cambridge Structural Database 
showed that coordination of the hydroxymethyl group is rare within pyridoxal-
based Schiff base metal complexes. 

SUPPLEMENTARY MATERIAL 
Additional analytical and crystallographic data are available electronically from http:// 

//www.shd.org.rs/JSCS/, or from the corresponding author on request, or are deposited in the 
Cambridge Crystallographic Data Centre under CCDC 1890436–1890437, obtainable free of 
charge from www.ccdc.cam.ac.uk/structures. 
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И З В О Д  
СИНТЕЗА И КРИСТАЛНА СТРУКТУРА КОМПЛЕКСА БАКРА(II) СА НОВИМ НАЧИНОМ 

КООРДИНАЦИЈЕ S-МЕТИЛИЗОТИОСЕМИКАРБАЗОНA ПИРИДОКСАЛА 

МАРКО В. РОДИЋ1, МИРЈАНА М. РАДАНОВИЋ1, ЛИЉАНА С. ВОЈИНОВИЋ-ЈЕШИЋ1, СВЕТЛАНА К. 

БЕЛОШЕВИЋ2, ЖЕЉКО К. ЈАЋИМОВИЋ3 и ВУКАДИН М. ЛЕОВАЦ1 

1Универзитет у Новом Саду, Природно–математички факултет, Трг Д. Обрадовића 3, 21000 Нови Сад, 
2Факултет техничких наука, Универзитет у Приштини, Књаза Милоша 7, 38220 Косовска Митровица 
и 3Металуршко–технолошки факултет, Унивезитет Црне Горе, Булевар Џ. Вашингтона бб, 81000 

Подгорица, Црна Гора 

Реакцијом бакар(II)-нитрата и S-метилизотиосемикарбазона пиридоксала (PLITSC) у 
присуству амонијум-тиоцијаната добијена су два типа комплекса. Димерни комплекс фор-
муле [{Cu(μ-PLITSC)NCS}2](NCS)2⋅2MeOH је добијен у присуству вишка амонијум-тио-
цијаната, док је полимерни комплекс формуле {[Cu(μ-PLITSC)NCS]NO3∙MeOH}n добијен 
у присуству приближно еквимоларне количине амонијум-тиоцијаната. Комплекси су 
окарактерисани елементалном анализом, кондуктометријом и IR спектроскопијом, а 
њихове структуре су недвосмислено утврђене рендгенском структурном анализом. У оба 
комплекса је атом бакра пента-координован и налази се у квадратно-пирамидалном окру-
жењу. Базалну раван квадратне пирамиде чине атом кисеоника депротоноване фенолне 
групе, и терминални атоми азота изотиосемикарбазидног остатка Шифове базе, као и 
атом азота координованог тиоцијанатног јона, док је апикално место заузето атомом 
кисеоника хидроксиметил групе из суседне асиметричне јединице. Наведени начин коор-
динације PLITSC је први пут нађен у овим комплексима. Претрага Cambridge Structural 
Database је показала да је координација хидроксиметил групе ретка код комплекса метала 
са Шифовим базама пиридоксала. 

(Примљено 14. јануара, прихваћено 28. јануара 2019) 

REFERENCES 
1. S. Padhyé, G. B. Kauffman, Coord. Chem. Rev. 63 (1985) 127 

(https://dx.doi.org/10.1016/0010-8545(85)80022-9)  
2. J. S. Casas, M. S. Garcı́a-Tasende, J. Sordo, Coord. Chem. Rev. 209 (2000) 197 

(https://dx.doi.org/10.1016/S0010-8545(00)00363-5) 
3. T. S. Lobana, R. Sharma, G. Bawa, S. Khanna, Coord. Chem. Rev. 253 (2009) 977 

(https://dx.doi.org/10.1016/J.CCR.2008.07.004) 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



 PYRIDOXAL S-METHYLISOTHIOSEMICARBAZONE COPPER(II) COMPLEXES 475 

4. H. Beraldo, D. Gambino, Mini-Reviews Med. Chem. 4 (2004) 31 
(https://dx.doi.org/10.2174/1389557043487484) 

5. C. B. Scarim, D. H. Jornada, M. G. M. Machado, C. M. R. Ferreira, J. L. dos Santos, M. 
C. Chung, Eur. J. Med. Chem. 162 (2019) 378 
(https://dx.doi.org/10.1016/j.ejmech.2018.11.013) 

6. B. Atasever, B. Ülküseven, T. Bal-Demirci, S. Erdem-Kuruca, Z. Solakoğlu, Invest. New 
Drugs 28 (2010) 421 (https://dx.doi.org/10.1007/s10637-009-9272-2) 

7. D. X. West, S. B. Padhye, P. B. Sonawane, Structural and physical correlations in the 
biological properties of transition metal heterocyclic thiosemicarbazone and S-
alkyldithiocarbazate complexes, in Complex Chemistry, Structucture and Bonding book 
series, Vol. 76, Springer, Berlin, 1991, pp. 1–50 (https://dx.doi.org/10.1007/3-540-53499-
7_1) 

8. C. Santini, M. Pellei, V. Gandin, M. Porchia, F. Tisato, C. Marzano, Chem. Rev. 114 
(2014) 815 (https://dx.doi.org/10.1021/cr400135x) 

9. V. M. Leovac, V. S. Jevtović, L. S. Jovanović, G. A. Bogdanović, J. Serb. Chem. Soc. 70 
(2005) 393 (https://dx.doi.org/10.2298/JSC0503393L) 

10. M. Revenco, P. Bulmaga, E. Jora, O. Palamarciuc, V. Kravtsov, P. Bourosh, Polyhedron 
80 (2014) 250 (https://dx.doi.org/10.1016/J.POLY.2014.05.006) 

11. V. M. Leovac, G. A. Bogdanović, V. I. Češljević, V. Divjaković, Acta Crystallogr., C: 
Cryst. Struct. Commun. 56 (2000) 936 (https://dx.doi.org/10.1107/S0108270100007228) 

12. V. M. Leovac, V. I. Češljević, J. Serb. Chem. Soc. 59 (1994) 13 
13. G. A. Bogdanović, A. Spasojević-de Biré, B. V. Prelesnik, V. M. Leovac, Acta 

Crystallogr., C: Cryst. Struct. Commun. 54 (1998) 766 
(https://dx.doi.org/10.1107/S0108270197019677) 

14. V. M. Leovac, R. Herak, B. Prelesnik, S. R. Niketic, J. Chem. Soc., Dalt. Trans. (1991) 
2295 (https://dx.doi.org/10.1039/DT9910002295) 

15. N. V. Gerbeleu, Y. A. Simonov, V. B. Arion, V. M. Leovac, K. I. Turta, K. M. Indrichan, 
D. I. Gradinaru, V. E. Zavodnik, T. I. Malinovskii, Inorg. Chem. 31 (1992) 3264 
(https://dx.doi.org/10.1021/ic00041a019) 

16. V. Arion, K. Wieghardt, T. Weyhermueller, E. Bill, V. Leovac, A. Rufinska, Inorg. 
Chem. 36 (1997) 661 (https://dx.doi.org/10.1021/ic960802o) 

17. U. Knof, T. Weyhermüller, T. Wolter, K. Wieghardt, J. Chem. Soc., Chem. Commun. 
(1993) 726 (https://dx.doi.org/10.1039/C39930000726) 

18. J. S. Casas, M. D. Couce, J. Sordo, Coord. Chem. Rev. 256 (2012) 3036 
(https://dx.doi.org/10.1016/J.CCR.2012.07.001) 

19. V. M. Leovac, L. S. Vojinović-Ješić, S. A. Ivković, M. V. Rodić, L. S. Jovanović, B. 
Holló, K. M. Szécsényi, J. Serb. Chem. Soc. 79 (2014) 
(https://dx.doi.org/10.2298/JSC130622084L) 

20. V. M. Leovac, V. S. Jevtović, G. A. Bogdanović, Acta Crystallogr., C: Cryst. Struct. 
Commun. 58 (2002) m514 (https://dx.doi.org/10.1107/S010827010201586X) 

21. Rigaku Oxford Diffraction, CrysAlisPro Software system, Rigaku Corporation, Oxford, 
2018 

22. G. M. Sheldrick, Acta Crystallogr., A: Found. Adv. 71 (2015) 3 
(https://dx.doi.org/10.1107/S2053273314026370) 

23. G. M. Sheldrick, Acta Crystallogr., C: Struct. Chem. 71 (2015) 3 
(https://dx.doi.org/10.1107/S2053229614024218) 

24. C. B. Hübschle, G. M. Sheldrick, B. Dittrich, J. Appl. Crystallogr. 44 (2011) 1281 
(https://dx.doi.org/10.1107/S0021889811043202) 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2019 SCS.



476 RODIĆ et al. 

25. A. L. Spek, Acta Crystallogr., D: Biol. Crystallogr. 65 (2009) 148. 
(https://dx.doi.org/10.1107/S090744490804362X) 

26. L. J. Farrugia, J. Appl. Crystallogr. 45 (2012) 849 
(https://dx.doi.org/10.1107/S0021889812029111) 

27. W. J. Geary, Coord. Chem. Rev. 7 (1971) 81 (https://dx.doi.org/10.1016/S0010-
8545(00)80009-0) 

28. K. Nakamoto, Infrared and Raman spectra of inorganic and coordination compounds. 
Part B, Applications in coordination, organometallic, and bioinorganic chemistry, Wiley, 
New York, 2009, pp. 92–127 

29. C. R. Groom, I. J. Bruno, M. P. Lightfoot, S. C. Ward, Acta Crystallogr., B: Struct. Sci. 
Cryst. Eng. Mater. 72 (2016) 171 (https://dx.doi.org/10.1107/S2052520616003954) 

30. M. B. Ferrari, F. Bisceglie, G. Pelosi, P. Tarasconi, R. Albertini, P. P. Dall’Aglio, S. 
Pinelli, A. Bergamo, G. Sava, J. Inorg. Biochem. 98 (2004) 301 
(https://dx.doi.org/10.1016/J.JINORGBIO.2003.09.011) 

31. P. Adak, B. Ghosh, A. Bauzá, A. Frontera, A. J. Blake, M. Corbella, C. Das 
Mukhopadhyay, S. K. Chattopadhyay, RSC Adv. 6 (2016) 86851 
(https://dx.doi.org/10.1039/C6RA14059A) 

32. L. S. Vojinović-Ješić, M. V. Rodić, B. Barta Holló, S. A. Ivković, V. M. Leovac, K. 
Mészáros Szécsényi, J. Therm. Anal. Calorim. 123 (2016) 2069 
(https://dx.doi.org/10.1007/s10973-015-4891-7) 

33. M. M. Lalović, L. S. Vojinović-Ješić, L. S. Jovanović, V. M. Leovac, V. I. Češljević, V. 
Divjaković, Inorg. Chim. Acta 388 (2012) 157 
(https://dx.doi.org/10.1016/J.ICA.2012.03.026) 

34. M. Belicchi-Ferrari, F. Bisceglie, C. Casoli, S. Durot, I. Morgenstern-Badarau, G. Pelosi, 
E. Pilotti, S. Pinelli, P. Tarasconi, J. Med. Chem. 48 (2005) 1671 
(https://dx.doi.org/10.1021/jm049529n) 

35. S. Mandal, Y. Sikdar, R. Sanyal, S. Goswami, J. Mol. Struct. 1128 (2017) 471 
(https://dx.doi.org/10.1016/J.MOLSTRUC.2016.09.011)  

36. K. Aoki, H. Yamazaki, J. Chem. Soc., Chem. Commun. (1987) 1241 
(https://dx.doi.org/10.1039/C39870001241) 

37. S. A. Ivković, L. S. Vojinović-Ješić, V. M. Leovac, M. V. Rodić, S. B. Novaković, G. A. 
Bogdanović, Struct. Chem. 26 (2015) 269 (https://dx.doi.org/10.1007/s11224-014-0491-6) 

38. R. R. Holmes, Five-Coordinated Structures, in Progress in Inorganic Chemistry, Vol. 32, 
S. J. Lippard, Ed., Wiley, New York, 1984, pp. 119–235 
(https://dx.doi.org/10.1002/9780470166338.ch2) 

39. V. Chaurin, E. C. Constable, C. E. Housecroft, New J. Chem. 30 (2006) 1740 
(https://dx.doi.org/10.1039/b610306e) 

40. D. Vidovic, A. Radulovic, V. Jevtovic, Polyhedron 30 (2011) 16 
(https://dx.doi.org/10.1016/J.POLY.2010.09.022) 

41. J. C. A. Boeyens, J. Cryst. Mol. Struct. 8 (1978) 317 
(https://dx.doi.org/10.1007/BF01200485)  

42. D. Cremer, J. A. Pople, J. Am. Chem. Soc. 97 (1975) 1354 
(https://dx.doi.org/10.1021/ja00839a011).

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2019 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




