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Graphical Abstract

Analyzed structures of silver-based monomer and coordination polymer with organic thiocyanate represent an example where the nature of (non)coordinated ions were found to have the profound influence on coordination mode of the ligand and consequently crystal packing. The monomer showed an excellent antiproliferative activity in tested human tumor cell lines. 

Introduction

In comparison to the widely used thiocyanate ion as inorganic ligand in metallic complexes (more than 7000 structures referenced in the Cambridge Structural Data base [1],

CSD), coordination chemistry of organic thiocyanates [2] (OTCs; R-SCN; R = alkyl, aryl) has been studied in a much lower extend. In the case of Cr, Co, Cd, Mo, Mn, Ag, Pt, Fe as central atoms, OTCs are coordinated via nitrogen atom in a simple monodentate fashion, while there are only two structures in which nitrogen atom acts as a bridge between metal ions [3]. Among 54 ligands employed for preparation of OTC-based coordination compounds (OTCCCs) only 9-(2thiocyanatoethyl)adenine possesses additional donor atoms in R group resulted in formation of 2D coordination polymers (CPs) of corresponding silver(I) and copper(I) complexes [4]. In 14 structures deposited in the CSD, the coordination of OTCs occurs exclusively via nitrogen atom [1].

Among the different families of organometallic complexes, those based on silver as metallic center are particularly interesting in terms of therapeutic perspectives. They have found applications in a wide scope of medicinal applications such as, non-exhaustively, antiseptics, anti-inflammatory or antibacterial agents [5]. More recently such type of complexes has found an interest in the field of cancer treatment and interesting data have been reported. Among them silver-centered complexes based on thiocyanate anion have given very encouraging results against esophageal cancer [6]. Although a large number of silver(I) CPs with diverse topologies and dimensionalities are known [START_REF] Su | Design and Construction of Coordination Polymers[END_REF], to the best of our knowledge, there are no reports on 1D and 3D silver-based CPs with OTC ligands. Neither their synthesis nor their application in medicinal chemistry has been investigated so far.

For these reasons, in the present work, we explored coordination ability of a particular OTC ligand possessing additional nitrogen donor atom incorporated in a pyridine ring, namely 2-pyridylthiocyanate (L), toward silver(I) ion in the presence of different anions (i.e. nitrate and perchlorate). These new organometallic compounds were characterized by a single crystal X-ray analysis (SC-XRD). In order to explore the anion effect on the structure of these complexes, topological analyses of the electron density were performed. Energy distribution of intermolecular interactions was calculated for both species, monomeric nitrate-based compound (1) and 1D polymeric perchlorate-based compound (2). The maps of calculated electrostatic potential for both compounds were used to get insight into intermolecular interactions responsible for formation of respective crystal packings. In order to describe geometry of the dominant intermolecular interactions, a statistical analysis of crystal structures extracted from the CSD was performed. As mentioned previously, such kind of silver-based complexes are promising as antiproliferative agents. Thus, a screening of antiproliferative activity of monomeric complex 1 was performed on a panel of four human solid tumor cell lines, while docking studies were performed in order to test if DNA is a possible target for 1, and whether human serum albumin can be its carrier via bloodstream.

Experimental

General remarks

Silver nitrate (99%) and silver perchlorate (99%) were obtained from Merck. Reaction-solvents were bought anhydrous from Aldrich and used as purchased. 

Synthesis of 2-pyridyl thiocyanate ligand (L) [8]

In a round bottom flask, 1,2-di(pyridin-2-yl)disulfane (110 mg, 0.5 equiv., 0.5 mmol), acetonitrile (3 mL) and tetramethylethylenediamine (232 mg, 2 equiv, 2mmol) were mixed together. Then CuCN (179 mg, 2 equiv, 2 mmol) was added and the mixture was let to stir for 18

h in an open vessel. After a short filtration over Celite ® that was rinsed thrice with AcOEt (3 3 mL), the crude mixture was concentrated under vacuum and purified by flash column chromatography (heptane/ethyl acetate 90/10) to afford the targeted thiocyanate as a brown oil (76%, 104 mg). 

Synthesis of [Ag(NO3)(L)2] (1) and [Ag(ClO4)(L)2]n (2)

Both complexes were synthesized according to a general procedure: into the solution of 0.184 mmol of corresponding metal salt (AgNO3, 31.0 mg; AgClO4, 41.0 mg) in H2O (10 mL), a solution of L (50 mg, 0.367 mmol) in EtOH (10 ml) was added. 

X-ray crystallography

The diffraction data for 1 was collected at room temperature on Rigaku (Oxford Diffraction) Gemini S diffractometer using program package CrysAlis CCD [START_REF]CrysAlis CCD and CrysAlis RED[END_REF] with graphitemonochromated MoK ( = 0.71071 Å). The data reduction was performed with program package CrysAlis RED [START_REF]CrysAlis CCD and CrysAlis RED[END_REF]. The space group determinations were based on an analysis of the Laue class and the systematically absent reflections. Collected data were corrected for absorption effects by using Analytical numeric absorption correction applying a multifaceted crystal model [START_REF]CrysAlis CCD and CrysAlis RED[END_REF].

The diffraction data for 2 was collected at 173 K on Bruker APEX-II CCD diffractometer using program package Bruker APEX2 [START_REF] Bruker | Bruker APEX2[END_REF] with triumph-monochromated MoK ( = 0.71071 Å). The data reduction was performed with program package Bruker SAINT [START_REF] Bruker | Bruker APEX2[END_REF]. The space group determinations were based on an analysis of the Laue class and the systematically absent reflections. Collected data were corrected for absorption effects by using Multi-scan absorption correction [START_REF] Blessing | [END_REF].

The structures were solved by direct methods using SHELXT [12]. The structures were refined by full-matrix least-squares procedures on F 2 using SHELXL-2014/6 program [12]. For both compounds non-hydrogen atoms were refined anisotropically, the CH hydrogen atoms were included on calculated positions riding on their attached atoms with fixed distances of 0.93 Å.

All calculations were performed using PLATON [13] implemented in the WINGX [14] system of programs. MERCURY [15] was employed for molecular graphics. The crystal data and refinement parameters are summarized in Table 1. 

Computational methods

To describe the crystal packing within analysed structures, quantum-chemical calculations were performed to estimate the strength of interactions between the corresponding Ag complexes. Calculations were performed in Gaussian09 program [16], using wb97xd functional and def2tzvp basis set.

The electron density for Quantum Theory of Atoms in Molecule (QTAIM) topological analysis [17] was obtained from wb97xd/def2tzvp calculation on the geometries of Ag complexes from crystal structures. QTAIM analysis on electron density topology was done with

MultiWfn program [18], while the NCI index and reduced density gradient were calculated with

NCIPLOT program [START_REF] Keith | AIMAll (Version 13.10.19[END_REF][START_REF] Contreras-García | [END_REF].

For docking studies, the structure of 1 was optimized at wb97xd/def2tzvp level. Merz Kollman atomic charges were calculated at same level, according to the scheme via the RESP procedure [21]. Crystal structures of DNA (pdb code: 1BNA) [22] and HSA (pdb code: 1BJ5) [23] were extracted from Protein Data Bank and used for docking study as targets for tested compounds. The structure of DNA represents synthetic double stranded dodecamer d(CpGpCpGpApApTpTpCpGpCpG) with more than one complete turn of right-handed B helix and without DNA intercalation gap. The preparation of DNA and HSA structures have been carried out using AutoDock 4.2 software program [24], and includes the adding of hydrogen atoms and removing other ligands and water molecules from the crystal structures. In order to generate grid and docking parameter files in AutoDockTools program [24] the optimized structures of tested compounds and structures of DNA and HSA were used. The structure of DNA (or HSA) was considered as rigid while coordination bonds of metal complexes were allowed to rotate freely. To accommodate tested compounds during docking study, a grid box, containing the whole DNA (or protein), was used. The virtual screening used Lamarckian genetic algorithm as the search method and 100 runs for each docking screen. Discovery Studio (BIOVIA Software product) [START_REF]Dassault Systèmes BIOVIA, Discovery Studio Modeling Environment (Release 2017)[END_REF] was used to analyse and visualize the results of docking studies.

CSD search

In order to describe the geometry ofinteractions between SCN group and -system of pyridine ring, the search of CSD was performed. The description of interactions is based on statistical analysis of crystal structures extracted from the CSD (version 5.40) [START_REF] Allen | [END_REF]. The search of CSD was performed using the ConQuest program (version 1.23) [27] to extract all structures containing the interacting groups and structures that satisfy the following criteria: 

In vitro antiproliferative activity

The antiproliferative activity of the compounds was studied using our implementation of the National Cancer Institute (USA) protocol [28] against human solid tumor cell lines: HBL-100 (breast) and HeLa (cervix) as drug sensitive lines, as well as T-47D (breast) and WiDr 

Results and discussion

Synthesis and characterization

Silver-based complexes 1 and 2 were obtained by direct reaction of the ligand L and corresponding silver(I) salt. Single crystals of both complexes were separated from the mother liquor by filtration after several days as colorless prismatic crystals in satisfactory yield.

Elemental analysis results are in agreement with proposed general formulas.

In the IR spectrum of L, characteristic vibration of thiocyanate group (SC N), as a band of medium intensity was observed at 2162 cm 1 . The most intense bands in the spectrum (1570.0 and 1420.8 cm 1 ) originate from over tones of pyridine (C=N) vibration [START_REF] Pretsch | Structure Determination of Organic Compounds[END_REF]. Almost no shift of (SC N) in the IR spectrum of 1 (2163 cm 1 ) indicates lack of thiocyanate group coordination.

Contrary, a shift of (SC N) to a higher wave number (2168 cm 1 ) in the IR spectrum of 2

indicates coordination of thiocyanate group to silver(I) in this complex. In the IR spectra of both, 1 and 2, there are shifts of over tones of pyridine (C=N) vibrations (1582 and 1423 cm 1 in 1;

1585 and 1427 cm 1 in 2). This is indication of coordination of pyridine nitrogen atom. In the case of 1, two vibrations originating from nitrate group were observed, while in the IR spectrum of 2, the strongest vibration was assigned to vibration of perchlorate ion [START_REF] Nakamoto | Infrared and Raman Spectra of Inorganic and Coordination Compounds[END_REF].

Description of molecular structures

ORTEP drawings of the molecular structures of 1 and 2 are depicted in Figure 1, while selected bond distances and bond angles are given in Table 2. Geometry of Ag(I) in 1 is deformed T-shaped, where two L molecules are coordinated via pyridine nitrogen atom and third coordination site is occupied by one oxygen atom (O1) from nitrate. However, taking into account the distance between Ag1 and O1(2) atom (2: ½ x, ½-y, z) from another nitrate ion (2.957 Å), the coordination number of Ag(I) in 1 can be described also as 3+1 (Figure 1A; additional bonds are shown in light blue). Oxygen atom O1 forms unsymmetrical bridge between two Ag(I) ions, thus due to this additional week coordination an infinite 1D chains are formed along b-axis. The main geometrical features reported in Table 2 show that geometry around Ag(I) in 1 is slightly distorted, but nevertheless pyridine rings from two coordinated L ligands are almost perfectly planar (the angle between pyridine ring planes is 9.67( 14) ).

On the other hand, in 2 Ag(I) ion has coordination number four (Figure 1B) with seesaw geometry and Ag1 O3 distance of 2.669(2) Å. In the inner sphere of the complex two L are coordinated via pyridine nitrogen atoms, third site is occupied by oxygen atom O3 from perchlorate ion, while fourth coordination site is occupied by nitrogen atom N2(4) By comparing the values of respective bond lengths and angles in 1 and 2 (Table 2) it can be concluded that differences are small and are at the margins of statistical significance.

Although nitrate and perchlorate ions do form complexes with metal cations, the tendency of these ions to coordinate is less than for other common ions. XRD analysis for 1 and 2 showed that respective ions are coordinated to Ag(I). In order to check the propensity of perchlorate and nitrate towards coordination to silver(I) a CSD survey has been performed (vide infra). In the crystal structure of 1, two Ag(I) ions are located close to nitrate oxygen atom O1 (d distances of 2.602 and 2.771 Å). However, the length of the longer interaction is outside the range corresponding to the maximum for distribution of d parameter (Figure 2C), while the difference in bond lengths ( d) is greater than 0.1 . On the other hand, the length of the Ag O bond in 2 (2.669 Å) is in the range corresponding to the maximum for distribution of d parameter (Figure 2E).

From the crystallographic point of view, bond lengths and angles are only derived quantities, resulting from the atomic positions described as fraction coordinates. In general SHELX program treats a distance between two non-hydrogen atoms as a bond if the distance is less than r1 + r2 + 0.5 Å, where r1 and r2 are the covalent radii of the atoms in question [START_REF] Bruker | [END_REF].

The covalent radii stored in the program are based on experience rather than taken from a specific source(s), and are deliberately overestimated for elements which tend to have variable coordination numbers so that 'bonds' are no missed, at the cost of generating the occasional 'nonbond' [START_REF] Bruker | [END_REF]. Additionally, bond lengths determined by XRD analysis are distances between electron density maxima and not between true positions of the nuclei. However, for the structural chemistry, bond distances and angles are the most important molecular characteristics aimed at.

In order to properly describe the nature of Ag O bonds in 1 and 2, as well as crystal packing in respective structures, QTAIM topological analysis was made.

QTAIM topological analysis

QTAIM analysis of wave functions of Ag(I) complexes 1 and 2 has shown the existence of five critical points between Ag and O atoms, corresponding to bond critical points (3,1).

Properties of electron density calculated at these critical points are shown in Table 3. The ∇ 2 (r) parameter for Ag1 O1 interaction in 1 is slightly more positive than ∇ 2 (r)

parameter for Ag1 O3 interaction in 2, indicating a more ionic nature of this interaction in 1. On the other hand, the H(r) parameter for Ag1 O3 bond is less negative than the H(r) parameter for Ag1 O1 bond, suggesting a more covalent nature to the latter. Also, the |k(r)| value of Ag1 O1 bond is higher than that of Ag1 O3 bond, which also means that this type of interaction has the more covalent nature in 1.

Based on the results of QTAIM analysis, it can be assumed that partial covalent character of Ag1 O1 bond reduces the ability of Ag ion in 1 for building additional coordinative bonds.

The Ag O3 bond in 2 has ionic character, hence, Ag ion builds the additional Ag N bond with SCN group, in addition to Ag N bonds with pyridine nitrogen atoms.

Energy distribution of intermolecular interactions

Optimized structures of 1 and 2 are given in Figure 3. In the optimized structure of 4). Layers are packed along a-axis (Figure 4), where every complex interacts with two complexes from one adjacent layer (3D-11 and 3D-12 orientations, Table 4), and one complex from another adjacent layer (3D-13 orientations, Table 4). Nitrate group is involved in interactions in all three 3D orientations, among which 3D-13 orientation has two strongest interaction energies above all six orientations in 1. In this orientation both -SCN groups from one complex forminteractions with pyridine rings of another parallel complex. Parallel interactions of pyridine rings also contribute to stabilization because aromatic ring interactions have significant energy even with great offsets [START_REF] Ninkovi | [END_REF]. Syn oriented chains form interactions with the central chain, which could be described by orientations labeled as 3D-21, 3D-22, and 3D-23 (Table 5). There are stacking interactions between pyridine rings, accompanied by C H/O interactions of pyridine C H bonds with O atoms of perchlorate ions (3D-21, 3D-22 orientations, Table 5). It is known that face to face geometry of pyridine rigs is weaker than displaced one [33]. That is the reason why 3D-22 orientation has lower bonding energy compared to 3D-21 orientation. In 3D-23 orientation perchlorate ion interacts with system of pyridine ring via anion/ type interactions. This type of non-covalent interactions is considered as weak non-covalent interactions. Several studies have shown that the binding energies of non-covalent interactions between electron deficient aromatic rings and anions are comparable to hydrogen bonds (from 4.5 to 12 kcal/mol) [34]. Although these interactions are not typical for pyridine ring, we have shown that in the case of coordinated pyridine it could be very strong ( 11.23 kcal/mol).

Chains oriented anti relative to perchlorate ion also formaromatic interactions of pyridines with the central chain (3D-24 and 3D-25 orientations, Table 5), although in 3D-25 orientation the rings interact with greater displacement. This interaction is additionally stabilized by C H/N type interactions between pyridine rings and both -SCN groups. The parallel interactions with great displacement are recently observed between benzene molecules [33]. It is useful to point out that our calculations show that parallel-displaced orientations with overlapping of coordinated pyridines are more stable than orientations without overlapping.

Based on analysis of packing in the crystal structure of 1, one can conclude that C H/O interactions of pyridine rings are responsible for stabilization of the structure within the layers, while theirstacking interactions are the most common among these layers (Table 4).

However, 2 does not form the layers, and in stabilization of the structure thestacking interactions of pyridine rings dominate (Table 5).

To understand the packing of investigated complexes in the crystal structures, maps of electrostatic potentials for 1 and 2 fragments are made. On the maps (Figure 6), the potential 

Interactions of -SCN group with a pyridine ring -CSD analysis

Based on the above mentioned it can be concluded that substitution of H atom with SCN group in aromatic systems significantly contributes to reinforcinginteractions. In order to determine the geometry of these interactions, a search of CSD was performed. The criteria we used for the search (Figure 7A) is that a distance between the center of pyridine ring (Cg) and the center of C N bond ( ) is shorter than 4.0 Å, and angle is less than 30º (the angle between

Cg vector and the plane of pyridine ring). The search resulted in 60 crystal structures with 76 interactions (27 intermolecular and 49 intramolecular interactions). In most of them, the coordinated SCN groups participate in interactions (70 interactions, Figure 7B), while only 6

interactions have uncoordinated SCN group. In order to analyse the offset values distribution, some offset values needed for a successful distribution interpretation are introduced. The distance from the ring centre to the middle of C C or C N bonds or to C and N atom of ring are found to be in the interval from 1.2 to 1.5 Å. Thus, the atom with offset value less than 1.5 Å can be considered as atom above the ring or in the immediate vicinity of the ring s edges. Since the distance from the centre to H atoms is around 2.4 Å, the interval from 1.5 to 2.4 Å was assigned as C H bond region or the region just behind N. The region above 2.4 Å was assigned as the region outside the ring. From the offset value distributions (Figure 8A) one can conclude that N atoms have a tendency to be above the ring or in the immediate vicinity of its edges, C atom have a tendency to be in the C-H bond region or in the region close to N atoms, while S has a tendency for quite higher values, outside the ring (tendency of certain atoms corresponds to the geometry shown in Figure 7B). In the case of normal distances (R), the distributions show that S has a tendency for the lowest R values, while N goes for the highest (Figure 8B). Thus, we can conclude that the SCN group is slightly tilted with respect to the plane of the ring. This is also confirmed by the distribution of RS-C and RC N values (Figure 8C). The negative values of Rx-y indicate that atom X is closer to the plane of the ring than atom Y. Also, higher value of Rx-y indicates greater deviation of atom X from the parallel orientation. If we conditionally take values of this parameter in the interval from -0.3 to 0.3 which corresponds to the parallel orientation, it is clear that the most common orientations are with parallel orientation and mildly inclined orientation, but so that S is the closest ring level, and N is the most distant. A slightly tilted orientation of SCN group and pyridine ring is the result of simultaneous coordination of S atom from SCN group and pyridine N atom to the same metal ion and the tetrahedral geometry of M S C domain (illustrated in Figure 7B). If we take all these distributions into consideration, the geometry of the SCN group can be displayed by the orientation found in the structure with the TCPYPT refcode (Figure 7B).

Such trends are the result of a large number of structures in which intramolecular interaction occurs between coordinated SCN group and coordinated pyridine. The interactions of uncoordinated SCN group with pyridine ring have no tendency towards some value of the torsion angle T. It is similar with both offset and d values. There is only the tendency toward the parallel orientations. The similar propensity is established in our crystal structures, in which the SCN group has a role of pyridine substituent. In 3D-11 and 3D-13 orientations of 1 (Table 4), the C N group is located above the pyridine ring, with almost parallel alignment and torsional angles T which do not correspond to anti-orientation (T3D-11 = 51.7° and T3D-13 = 126.1°). In the crystal structure of 2, the pyridine rings are overlapping with other ones rather than with SCN substituents. Differences in the mutual orientation of SCN substituent and pyridine ring, established in these crystal structures, can be explained by the differences in metal complex geometries.

Antiproliferative activity

The antiproliferative activity of monomeric compound 1 and L was studied in a panel of representative human solid tumor cell lines. Polymeric complex 2 was not soluble enough to be tested. The results expressed as GI50 values in M are given in Table 6. Overall, the GI50 values in all cell lines were in the low micromolar range. Importantly, in resistant cell lines T-47D and WiDr, the activity of 1 was significantly higher than the standard anticancer drugs cisplatin and 5-FU. 

Docking studies on DNA and HSA

Cellular DNA represents a major pharmacological target of the majority of metal-based drugs [35]. On the other hand, HSA is ligand binder which stores wide range of molecules making it an important factor in pharmacokinetic behavior of anticancer drugs candidates [36].

In this study, we used molecular docking, as an extremely useful tool in drug discovery, for studies of drug/biomolecule interactions [37], to investigate DNA as possible target for 1, and HSA as its possible carrier to blood stream.

Docking results to DNA (pdf code 1BNA, Figure 10) showed that 1 has propensity to bind in DNA minor groove. There are three conformers bind in major groove. Three types of ligand binding to DNA are known: intercalation of ligand between adjacent base pairs, ligand binding in the minor groove and binding in the major groove. Small molecules are binding substantially in the minor groove or they intercalate [38 40], although the intercalation is sequentially demanding and requires a GC-rich region [38,40,41]. The majority of drugs that bind in the minor groove have a tendency toward AT-rich region [39,42 44].

Complex 1 shows higher tendency for binding in GC-rich regions ( 5.14 kcal/mol) than to AT-rich region ( 4.68 kcal/mol). The binding for AT region is also conformationally unfavorable. Complex 1 possesses higher conformational freedom for binding in GC-rich region (31 conformers) than to AT-rich region (8 conformers). As previously mentioned, it is reasonable to achieve that 1 will intercalate in DNA, which is in accord to visual analysis of DNA crystal structures archived in Protein Data Base (PDB). Namely, the metal complexes with aromatic ligands in PDB are mainly intercalated between DNA bases.

Beside intercalation, there is a big probability that certain quantity of 1 will be bonded in minor groove, between GC and AT-rich region. Docking results showed that the binding in this region is energetically ( 5.22 kcal/mol) and conformationally favorable (57 conformers), in comparison with two previously described binding regions. By visual analysis of crystal structures of HSA, we concluded that the fatty acids, which are often accompanied the HSA, is also capable to bind at all three binding sites. Therefore, the binding of 1 is competitive to binding of fatty acids. However, analysis of crystal structures of HSA from PDB has shown that the aromatic compounds commonly bounded to all three binding sites in HSA, which leads us to conclude that 1 could bind to these binding sites and transported in the blood. The results of antiproliferative activity indicate that coordination of the ligand to silver is crucial, since metal-free ligand and starting silver salt used in synthesis did not show significant activity. Remarkably, complex 1 showed comparable or even better antiproliferative activity than cisplatin and 5-FU in all tested human solid tumor cell lines. With the aid of docking study it was

shown that 1 could intercalate to DNA and could be transported to blood stream via HSA. 
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  (a) no polymer structures, (b) no powder structures, (d) crystallographic R factor of <10%, (c) error-free coordinates according to the criteria used in the CSD, (e) hydrogen-atom positions that were normalized by using the CSD default X-H bond lengths (O-H = 0.983 Å; C-H = 1.083 Å, and N-H = 1.009 Å).
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  colon) as drug resistant lines. Cells were inoculated at densities of 2 500 (HBL-100 and HeLa) and 5 000 (T-47D and WiDr) cells per well, in a final volume of 100 L, based on their doubling times. The ligand and complex 1 were initially dissolved in DMSO at 40 mM and tested in triplicate at different dilutions in the range of 1 to 100 M. A final concentration of DMSO in each sample never exciding 0.25% (v/v). Cisplatin, 5-fluorouracil (5-FU) and silver nitrate were dissolved in phosphate buffer solution (PBS) while further dilutions have been made in a culture medium. Control cells were exposed to an equivalent concentration of DMSO (0.25% v/v, negative control). The drug treatment started on day 1 after plating. Drug incubation times were 48 h, after which cells were precipitated with 25 µL ice-cold trichloroacetic acid (50% w/v) and fixed for 60 min at 4 °C. Then the sulforhodamine B (SRB) assay was performed[28]. The optical density (OD) of each well was measured at 530 nm, using BioTek's PowerWave XS Absorbance Microplate Reader. Values were corrected for background OD from wells only containing medium. The results are expressed as GI50 values (concentration of the tested substance that produces 50% growth inhibition).

  (4: x, y 1, z) of thiocyanate group from neighboring ligand. The angle between pyridine ring planes in 2 is 23.61(17) . Complex 2 represents 1D CP, where infinite chains are parallel to b-axis.
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 1 Figure 1. ORTEP drawings of the molecular structures of 1 (A) and 2 (B) with labeling of non-H

Figure 2 .

 2 Figure 2. The distribution of parameters describing the geometry of coordination of an oxygen
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 0127 Symmetry code (2): ½ x, ½ y, z The (r) parameter, as an indicator of the bond strength, shows a stronger interaction between Ag1 and O1 atoms of 1 then other Ag O pairs (Ag1 O1 bond lies in the same plane with two coordinative Ag N bonds). The positive ∇ 2 (r) values indicate the ionic nature of theseAg O interactions, while the negative value of H(r) parameter suggests a covalent character of Ag1 O1 interaction. Therefore, all Ag O interactions in 1 can be considered as interactions with ionic character, except the Ag1 O1 interaction that has partial covalent characters. Also, the value of |k(r)|>1 indicates the covalent character of Ag1 O1 interaction.

Figure 3 .

 3 Figure 3. Optimized structures of 1 (A) and 2 (B).

Figure 4 .

 4 Figure 4. The packing in the crystal structure of 1, illustrated by supramolecular structure within

Table 4 .Contrary to 1 ,

 41 Illustrations of orientations, corresponding interactions and interaction energies (in kcal/mol), used to describe the packing in the crystal structure of 1. complex 2 represent coordination polymer stretching along b-axis direction in which Ag atom has coordination number four and syn geometry of perchlorate ion (Figure5).The polymeric chain interacts with six chains. Three adjacent chains are syn, while other three are in anti position relative to perchlorate ion of the central polymeric chain.

Figure 5 .Table 5 .

 55 Figure 5. The chain (A) and packing of chains (B) in the crystal structure of 2.

  above non-coordinated O atoms are the most negative, while the potential above coordinated O atoms and N atoms of SCN groups is slightly negative. Neutral potential is located above Ag and S C bonds of SCN group, and partially above -system of the pyridine rings. The remainingsystem has a slightly positive potential, although the most positive potential is located above the H atoms. Based on maps, the greatest contribution of electrostatic attraction should be expected for interactions of pyridine C H groups with O atoms (C H/O interaction) and for C H/N interactions between C H groups and N atoms of SCN groups. Significant contribution of electrostatic attraction should also be expected ininteractions of SCN group with -system of pyridine ring.

Figure 6 .

 6 Figure 6. Map of the electrostatic potential for 1 (A) and 2 (B).

Figure 7 .

 7 Figure 7. The illustrated criterion and geometric parameters used for a search of the CSD (A):

Figure 8 .

 8 Figure 8. Distribution of offset values (A) and normal distances (B) for S, C, and N atoms of

Figure 9 .

 9 Figure 9. Distribution of d values for S, C, and N atom of SCN group (A) and

Figure 10 .

 10 Figure 10. Structure of DNA with labeled sequence (left) together with binding clusters of 1

Figure 11 .

 11 Figure 11. Structure of human serum albumin (HSA) with labeled binding sites (left) and
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Table 1 .

 1 Crystallographic data and refinement parameters for 1 and 2

				1	2
	Chemical formula	C12H8AgN5O3S2	C12H8AgClN4O4S2
	Mr			442.22	479.66
	Temperature (K)	293(2)	173(2)
	Crystal system	Orthorhombic	Triclinic
	Space group	P b c a	P 1
	a (Å)			13.8940(9)	7.7822(3)
	b (Å)			9.2116(3)	8.2177(3)
	c (Å)			24.2131(8)	14.1789(5)
	(°)			90	104.7850(10)
	(°)			90	91.7410(10)
	(°)			90	112.0350(10)
	cal(Mg/m	3 )	1.896	1.980
	V (Å 3 )			3098.9(2)	804.61(5)
	Z			8	2
	µ (mm 1 )			1.591	1.704
	F(000)			1744	472
	Crystal size (mm)	0.804 0.188 0.089	0.250 0.200 0.180
	Completeness to = 25°	99.9%	99.8%
	Absorption correction	Analytical	Multi-scan
	Tmin, Tmax		0.755, 0.875	0.988, 1.000
	Reflections collected	7510	20903
	Independent reflections	2719 [R(int) = 0.0220]	5566 [R(int) = 0.0203]
	values (°)	max = 24.996, min = 2.783	max = 31.992, min = 1.500
	R[F 2 > 2 (F 2 )], wR2	0.0347, 0.0674	0.0251, 0.0593
	R[all data], wR2	0.0488, 0.0726	0.0314, 0.0617
	Goodness-of-fit (S)	1.128	1.034
	No. of parameters	208	217
	No. of restraints	0	0
	max,	min (eÅ 3 )	0.568, 0.373	0.810, 0.779

Table 2 .

 2 Selected bond lengths (Å) and angles (°).

	1		2	
	Bonds (Å)			
	Ag1 N1	2.262(3)	Ag1 N1	2.1887(14)
	Ag1 N3	2.254(3)	Ag1 N3	2.1871(14)
	Ag1 O1	2.602(3)	Ag1 O3	2.669(2)
	Ag1 O1 2	2.771	N2 Ag1 3	2.5834(16)
	S1 C1	1.779(4)	S1 C1	1.7801(18)
	S1 C6	1.683(4)	S1 C6	1.6891(18)
	S2 C7	1.777(3)	S2 C7	1.7822(17)
	S2 C12	1.680(4)	S2 C12	1.678(3)
	Angles (°)			
	N3 Ag1 N1 159.01(11) N3 Ag1 N1 170.43(5)
	C1 N1 Ag1 124.7(2)	C1 N1 Ag1 125.05(11)
	C5 N1 Ag1 118.3(2)	C5 N1 Ag1 117.76(10)
	C7 N3 Ag1 126.2(2)	C7 N3 Ag1 125.24(11)
	C11 N3 Ag1 117.0(2)	C11 N3 Ag1 117.46(12)
	N1 C1 S1	110.5(3)	N1 C1 S1	110.71(12)
	C1 S1 C6	100.64(18) C1 S1 C6	100.57(9)
	C7 S2 C12	101.32(18) C7 S2 C12	99.11(9)
	N3 C7 S2	110.4(3)	N3 C7 S2	112.53(12)
	Symmetry codes: (2): ½ x, ½ y, z; (3): x, y+1, z.

Table 3 .

 3 Properties of electron density calculated at Ag O bond critical point (3, 1) for 1 and 2 with QTAIM method; strength of bond (d), the electron density ( (r)), the Laplacian of electron density (∇ 2 (r)), total electron energy density (H(r)), the ratio of potential (V(r)) and kinetic (G(r)) electron energy density (k(r)).

	Complex	d (Å)	ρ(r) (au)	2 ρ(r) (au) H (au)	V(r) (au) G(r) (au)	k(r)
	1							
	Ag1 … O1	2.602	0.0294	0.1111	-0.0014	-0.0307	0.0293	-1.0478
	Ag1 … O2	2.952	0.0148	0.0545	0.0010	-0.0117	0.0127	-0.9213
	Ag1 … O1(2) a	2.771	0.0214	0.0750	0.0002	-0.0192	0.0193	-0.9948
	Ag1 … O2(2)	2.957	0.0144	0.0507	0.0008	-0.0111	0.0119	-0.9328
	2							
	Ag1 … O3	2.669	0.0241	0.0936	-0.0003	-0.0240	0.0237	-1.

Table 6 .

 6 Antiproliferative activity of tested substances

		GI50 ( M)			
	Compound				
		HBL-100 HeLa	T-47D	WiDr
	L	15 ± 5	19 ± 8	29 ± 7	37 ± 2
	1	2.3 ± 0.3	2.4 ± 0.7	2.8 ± 0.7	4.2 ± 0.5
	cisplatin	1.9 ± 0.2	2.0 ± 0.3	15 ± 2.3	26 ± 6
	5-FU	5.5 ± 2.3	15 ± 5	47 ± 18	49 ± 7
	AgNO3	15 ± 4	16 ± 1	19 ± 2	13 ± 2
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Coordination ability of nitrate and perchlorate to Ag(I) -CSD survey

By analysis of the crystal structures extracted from the CSD, in which the oxygen atom of nitrate ion is simultaneously coordinated to two Ag(I) ions (Figure 2A), it was shown that the values of angle between Ag O bonds (Ag O Ag angle) are in the range from 70 to 160°, with the maximum at 100 120° (Figure 2B). The lengths of Ag O bonds (d1 and d2) are mainly in the range from 2.3 to 2.6 Å (distribution of d parameter, Figure 2C). The difference of d1 and d2 distances ( d parameter, d= d1-d2|) is not significantly large, because in the most of the structures d values are lower than 0.1 (Figure 2D).

In the crystal structures in which perchlorate ion is monodentately coordinated to Ag(I) (Figure 2A), lengths of Ag O bonds are mainly in the range from 2.4 to 2.7 Å (distribution of d parameter, Figure 2E), while values of Ag O Cl angles are in the range from 90 to 170°, with the maximum at 100 120° (Figure 2F).

Although this is the first study on antiproliferative activity of 1, current results strongly approve its further testing onto other cancer models and elucidation of its mechanism of action.
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