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Abstract

:

The complex [Co(L)(H2O)4](NO3)2 of (E)-4-(2-(3-methyl-5-oxo-1-(pyridin-2-yl)-1H-pyrazol-4(5H)-ylidene)hydrazinyl)-N-(pyrimidin-2-yl)benzenesulfonamide (L) was synthesized via the self-assembly technique. Its molecular and supramolecular structures were analyzed using FTIR, elemental analyses, and single-crystal X-ray diffraction, as well as Hirshfeld calculations. This complex crystallized in the triclinic space group   P  1 ¯    with Z = 2. The crystallographic asymmetric unit comprised one complex cation and two nitrate counter anions. This complex had distorted octahedral geometry around the Co(II) ion. Numerous intermolecular interactions affecting the molecular packing of this complex were conformed using Hirshfeld investigations. The most significant contacts for the cationic inner sphere [Co(L)(H2O)4]2+ were O···H (38.8%), H···H (27.8%), and N···H (9.9%). On the other hand, the main interactions for the counter NO3¯ ions were the O···H (79.6 and 77.8%), O···N (8.0%), and O···C (9.1%). A high propensity for making interactions for each atom pair in the contacts O…H, N…C, N…H, and C…C was revealed by enrichment ratio values greater than 1. The antibacterial efficacy of the complex and the free ligand were assessed. The free ligand had higher antibacterial activity (MIC = 62.5–125 µg/mL) than the [Co(L)(H2O)4](NO3)2 complex (MIC ≥ 250 µg/mL) versus all the studied bacteria.
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1. Introduction


The design of novel drugs is complicated and challenge due to bacterial antibiotic resistance mechanisms. A prodrug that relies on bacterial enzymes to release the active drug at the site of infection can be used as an antibacterial agent [1,2]. Prodrugs also have the potential to improve the pharmacological characteristics of the parent drug molecule. Sulfonamides (sulfanilamides) are among the most commonly used antibiotics in the world, primarily due to their high efficiency against bacterial infections, low cost, and minimal toxicity [3,4]. A number of possible donor atoms, including N(amino), N(pyrimido), N(sulfonamido), and O(sulfonyl) atoms, are present in sulfonamides, making them highly flexible chelating agents [5]. Sulfadiazine is a sulfanilamide which possesses several coordination modes and can act as a monodentate [6], bidentate [7], or bridging ligand via the N-atoms of the pyrimidine ring [8]. Sulfadiazine is used to treat several parasitic diseases, such as malaria and toxoplasmosis, in addition to urinary tract infections [9]. In addition, Sulfadiazine is broadly used as an efficient antibacterial agent for both Gram-positive and Gram-negative bacteria [10]. Interestingly, ligands rich with nitrogen as donor atoms (such as pyrazole and pyridine) are capable of coordinating with different metal ions to yield highly stable metal complexes. Pyrazole is one of the most flexible substances in inorganic chemistry due to its interesting coordination chemistry with different transition metals [11]. Furthermore, its high thermal stability is the most advantageous for its use in many synthetic methods [12]. Pyrazole derivatives are applied widely in many aspects, such as in catalysis and supramolecular chemistry [13]. Additionally, pyridine derivatives have been broadly applied in the field of medicinal drugs [14]. By adding a pyrazole moiety to the sulfadiazine, we designed, produced, and published a new prodrug [15].



Recently, the application of metal complexes in medicine, especially in cancer therapy [16,17,18], bacterial infection treatment [19,20], and as antifungal agents [21,22], has attracted widespread interest. In particular, metal complexes of sulfadiazine have drawn much attention by many researchers [23,24,25,26]. These complexes are broadly used as antimicrobial agents, such as silver, zinc, cerium, and cobalt sulfadiazine. Silver sulfadiazine is a good example of an antimicrobial agent for wound healing in the case of burns [27]. Silver sulfadiazine cream is the most widely used cream for treating burns, with sodium sulfadiazine and silver nitrate as its active substances [28]. Furthermore, burned animals are treated with zinc sulfadiazine to avoid infection caused by bacteria. Cobalt(II) sulfadiazine has proven to be as effective as Zn(II) and Ce(III) sulfadiazine at healing burns in rats [29]. Cobalt(II) sulfadiazine complexes have displayed different coordination geometries. Two cobalt(II) complexes of the antibiotic sulfadiazine were studied by Ajibade et al. [30], both of which were six-coordinate. The one that was crystallographically characterized revealed a centrosymmetric 3D structure with a bidentate coordination of the sulfadiazine ligand in the equatorial plane using sulfonamide and pyrimidine nitrogen donor atoms, while the axial position was occupied by a methanol oxygen donor atom; the donor atoms of each kind in the distorted octahedral geometry were related by a center of inversion. Another Co(II) sulfadiazine complex, in which the Co(II) ion was surrounded by a rectangular bipyramid environment, was presented by Gil and coworkers [31]. In addition, other cobalt(II) sulfadiazine complexes have been reported to exist as mononuclear [25,32], trinuclear [33], tetranuclear [8], and hexanuclear [33] complexes.



Thus, our research focused on the use of the sulfadiazine-pyrazole prodrug (E)-4-(2-(3-methyl-5-oxo-1-(pyridin-2-yl)-1H-pyrazol-4(5H)-ylidene)hydrazinyl)-N-(pyrimidin-2-yl)benzenesulfonamide (L; Figure 1) [15] as a ligand (L) in combination with cobalt(II) nitrate hexahydrate for the synthesis of a new coordination complex via the self-assembly method. The newly synthesized complex was characterized using the FTIR spectroscopic technique and an elemental analysis. Moreover, the structure of this complex was determined definitively using single-crystal X-ray analyses; the intermolecular forces in the crystal lattice were investigated using Hirshfeld calculations. Additionally, an antibacterial evaluation was performed for the ligand and its new Co(II) complex.




2. Results and Discussion


2.1. Synthesis and Characterization


The studied [Co(L)(H2O)4](NO3)2 complex was synthesized using the self-assembly method. The ethanolic solutions of both Co(NO3)2·6H2O and the ligand were mixed and refluxed for 2 h (Scheme 1). The resulting clear, dark pink mixture was allowed to evaporate at room temperature. After four weeks, this complex was formed as dark pink crystals that could be used for the single-crystal X-ray diffraction analysis. FTIR spectra and elemental analyses were used to confirm the structure. There were some variations in the FTIR spectra of this complex compared to the FTIR spectra of the free ligand (Figure S1 in Supplementary Materials), confirming the coordination between the Co(II) ion and the free ligand. The broad absorption band at 3391 cm−1 in the FTIR spectra of the Co(II) complex confirmed the existence of H2O molecules. This vibrational band was not detected in the FTIR spectra of the free ligand. In the FTIR spectra of the free ligand, the band observed at 3430 cm−1 was assigned to the N-H vibration, while the bands observed at 3071 and 3021 cm−1 could be assigned to the aromatic C-H vibrational bands, and aliphatic C-H vibrational bands were observed at 2927 and 2864 cm−1. These aromatic and aliphatic C-H vibrational bands, as well as the N-H vibrational band, were masked by a broad O-H band in the FTIR spectra of the complex. In addition, the υ(C=O) was detected at 1679 and 1675 cm−1 in the free ligand and its Co(II) complex, respectively. The coordination of the Co(II) ion via the N(pyridine) and the N(pyrazole) atoms was indicated by the shifts of the imine vibration, as well as the aromatic ring’s carbon–carbon and carbon–nitrogen vibrations. The former was detected at 1624 cm−1, while the latter was detected in the region of 1551–1483 cm−1 in the Co(II) complex. The respective values for the free ligand were observed at 1598 and 1551 cm−1. Additionally, a sharp peak appeared at 1383 cm−1, representing the stretching modes of the NO3¯ vibrations in the Co(II) complex, but in the free ligand spectra, this peak was not observed. The [Co(L)(H2O)4](NO3)2 complex was found to be soluble in ethanol, methanol, acetonitrile, DMSO, and DMF, but insoluble in water.




2.2. X-ray Structure Description


Single-crystal X-ray crystallography was used to conclusively determine the structure of [Co(L)(H2O)4](NO3)2. This complex crystallized in the low-symmetry triclinic crystal system and   P  1 ¯    space group. The unit cell parameters were a = 7.73330(10) Å, b = 12.5152(2) Å, c = 15.5216(2) Å, α = 76.2120(10)°, β = 77.9620(10)°, and γ = 78.9690(10)°. The volume of the unit cell was 1410.92 Å3 and Z = 2. Figure 2 displays the asymmetric unit of the studied complex, while the selected bond lengths and angles are presented in Table 1.



In the cationic inner sphere [Co(L)(H2O)4]2+, the Co(II) ion was hexa-coordinated with four O-atoms from four H2O molecules, where the Co-O distances were within the range of 2.0635(11)–2.1036(10) Å. In addition, the Co(II) was coordinated with one unit of the ligand via pyridine (N1) and pyrazole (N3) atoms. Hence, the ligand acted as a bidentate NN-chelate. The Co(1)-N(1) and Co(1)-N(3) bond distances were 2.1240(10) and 2.1406(10) Å, respectively, where the Co-N(pyrazole) bond distance was slightly larger than the Co-N(pyridine) one. The bite angle N(1)-Co(1)-N(3) of the ligand was 76.74(4)°. The angles of O(2)-Co(1)-O(4), O(1)-Co(1)-N(1), and O(3)-Co(1)-N(3) were found to be 174.25(4)°, 170.36(4)°, and 171.61(4)°, respectively, which were all deviated from the ideal value of 180°. As a result, a distorted octahedral coordination geometry for this complex was observed. The weak ligand-field strength resulting from the four aqua ligands and the pyridyl-pyrazole coordination moiety of the sulfadiazine indicated that the complex was in the high-spin state. In the high-spin complexes [Co(1-[3-(2-pyridyl)-pyrazol-1-ylmethyl]-naphthalene)3](ClO4) [34] and [Co(3-phenyl-5-(2-pyridyl)pyrazole)2Cl(H2O)]Cl·H2O [35], the Co-N distances were 2.122(4)–2.213(4) Å [35] and 2.1035(19)–2.1831(19) Å [34], respectively, while the Co-O distance was 2.0845(18) Å [35]. These values confirmed the high-spin state of the studied complex.



It is important to notice that the pyridine ring and adjacent pyrazole ring were slightly not co-planar to each other, with a twist angle of 1.68(3)°. In comparison to the free ligand, the twist angle between these two rings was 6.45° [15]. Hence, the coordination between Co(II) and the N-atoms of the pyridine and pyrazole rings increased the co-planarity of the two ring systems. The two nitrate ions represented the outer sphere of this complex, which participated significantly in the supramolecular structure of this complex. The molecular packing of this complex was controlled by significant O-H···O and N-H···O hydrogen bonding contacts, which are shown in Figure 3. Their corresponding geometric parameters are listed in Table 2.



The supramolecular structure of this complex was stabilized by O(1)-H(1A)···O(11), O(3)-H(3B)···O(8), and O(4)-H(4A)···O(12) intramolecular hydrogen bonding contacts with donor to acceptor distances of 2.7190(18), 2.7352(16), and 2.8135(17) Å, respectively. Additionally, the molecular packing was controlled by the O(1)-H(1B)···O(7) intermolecular hydrogen bonding interactions, in which the donor O(1) to acceptor O(7) distance was 2.8154(14) Å, while the O(1)-H(1B)···O(7) angle was 159(2)°. The resulting packing scheme via these O-H···O and N-H···O contacts is shown in Figure 4A. Furthermore, the C(5)···C(15) interactions depicted in Figure 4B are an indication for the existence of aromatic π-π stacking interactions between the monomeric complex units. The C(5)···C(15) interaction distance was 3.37(2) Å.




2.3. Molecular Packing Analysis


An easy and precise method for identifying the various interactions between the atoms in a crystal structure is a Hirshfeld topology analysis. It was used to decompose the intermolecular interactions occurring in the crystal structure of the [Co(L)(H2O)4](NO3)2 complex. The cationic inner sphere [Co(L)(H2O)4]2+ was surrounded by two nitrate anions in the crystal structure of the [Co(L)(H2O)4](NO3)2 complex. Therefore, the Hirshfeld surfaces of the cationic part (F1) and the two counter anions (F2 and F3) were analyzed independently. In Figure 5, the generated Hirshfeld maps are displayed.



The percentage contributions of the different intermolecular contacts for the two fragments (F2 and F3), as well as the cationic part (F1), are presented in Table 3. Although the nitrate counter anions did not participate in the complex’s coordination sphere, they contributed strongly to the intermolecular contacts, as shown in Table 3. According to the percentages obtained from fingerprint plots, the F2 and F3 fragments of the two nitrate anions shared slightly different intermolecular contacts.



Numerous short interactions, including O···H, H···H, and N···H interactions, were found to play major roles in controlling the packing of the cationic part of this complex. Their percentages were estimated to be 38.8, 27.8, and 9.9%, respectively. In addition, other short contacts (O···C, C···C, and O···N) participated in the packing of this complex, with smaller percentages of 5.2, 2.4, and 2.1%, respectively. On the other hand, the O···H (79.6%) and O···N (8.0%) contacts for fragment F2 were the major interactions. For fragment F3, the significant contacts were O···H (77.8%) and O···C (9.1%). These interactions represent the short contacts, since they appeared as red areas in the dnorm map, as well as sharp spikes in the fingerprint plots, as shown in Figure 6 and Figure 7, respectively. All the other interactions were of less importance and were often weak, as they appeared as white and blue areas in the dnorm map. In the shape index map, red and blue triangles are observed, indicating aromatic π-π stacking interactions. The flat green areas in the curvedness map additionally supported the presence of π-π stacking interactions. The percentage of C···C interactions was 2.4%.



Additionally, the enrichment ratio which expressed the propensity of the atom pairs (X···X or X···Y) to make contacts in the crystal was calculated based on the equations suggested by Jelsch and co-workers [36]. The percentage contribution of a given contact between two atom pairs, X and Y, is referred to as CXY. Hence, the percentage contribution (SX) of an atom X on the Hirshfeld surface could be calculated using Equation (1).


   S X  =  C  X X   +  1 2   ∑  Y ≠ X    C  X Y    



(1)







In the above equation, the CXY includes the contact X···Y and its reciprocal contact Y···X. Hence, the sum of the SX values is equal to unity (   ∑ X   S X  = 1  ). The ratio of random contacts, RXX and RXY, between the elements X and Y could be calculated based on the relations RXX = SXSX and RXY = 2SXSY, respectively. Furthermore, the sum of the ratios of the random contacts should be unity (   ∑ X   R  X X   +  ∑  X ≠ Y    R  X Y   = 1  ). Then, the enrichment ratio could be calculated based on the ratio between the percentage contributions CXX or CXY to the ratio of random contacts RXX and RXY, respectively. The magnitude of the enrichment ratio (EXY) is generally more than 1 when two atom pairs have a high propensity for forming contacts in crystals. In contrast, the enrichment ratio (EXY) being less than 1 indicates atom pairs which tend to avoid contacts with each other in a crystal. The results of the enrichment ratio calculations for the fragment [Co(L)(H2O)4] 2+ (F1) are depicted in Table 4. The enrichment ratio is greater than 1 for the O···H, N···C, N···H, and C···C contacts, revealing the high propensity of each atom pair for making interactions in the studied crystal structure. In contrast, the O···O, O···N, O···C, C···H, and H···H contacts have enrichment ratios less than 1, revealing the low propensity of each atom pair for forming contacts in the crystal structure.




2.4. Antimicrobial Studies


Testing the free ligand and its Co(II) complex against Gram-positive bacteria; Staphylococcus aureus (S. aureus) and Methicillin-resistant Staphylococcus aureus (MRSA (1)), and Gram-negative bacteria; Klebsiella pneumonia (K. pneumonia), Proteus mirabilis (P. mirabilis), Acinetobacter baumannii (A. baumannii (8)), and Escherichia coli (E. coli) was performed using DMSO as solvent, and the results were compared with Amoxicillin used as a positive antibacterial control. The antibacterial efficacy was determined by evaluating the minimum inhibitory concentrations (MIC) for these bacteria. The results of the MICs are listed in Table 5. The MIC data revealed that the free ligand had more antibacterial efficacy towards all the investigated bacteria and had lower MIC values (MIC = 62.5–125 µg/mL) than its Co(II) complex (MIC ≥ 250 µg/mL). In comparison to Amoxicillin, the MIC values confirmed the potency of the free ligand (MIC = 62.5–125 µg/mL) against all the tested bacteria, except S. aureus with an MIC value of ≤7.8 µg/mL. In contrast, the Co(II) complex showed only promising results against E. coli (MIC = 250 µg/mL) compared to Amoxicillin (MIC > 500 µg/mL).





3. Materials and Methods


3.1. Chemicals and Instrumentations


All the chemicals and solvents were purchased from Sigma-Aldrich Company. Using a model 2400 instrument (Inc.940 Winter Street, Waltham, MA, USA), elemental analyses (CHN) were performed. Tensor 37 FTIR equipment (Waltham, MA, USA) was used to measure the FTIR spectra at 4000–400 cm−1 in KBr pellets. Using a Shimadzu atomic absorption spectrophotometer (AA-7000 series, Shimadzu, Ltd., Tokyo, Japan), the amount of Co was measured.




3.2. Syntheses


According to the described method mentioned by our research team [15], the ligand was prepared.



Synthesis of [Co(L)(H2O)4](NO3)2 Complex


A 10 mL ethanolic solution of the ligand (43.6 mg, 0.1 mmol) was added to 29.1 mg of Co(NO3)2·6H2O (0.1 mmol) in 10 mL of ethanol. The resulting mixture was heated under reflux for 2 hr. The resulting clear, dark pink colored solution was filtered and allowed to evaporate at room temperature. Suitable dark pink crystals were collected after 4 weeks and were analyzed using a single-crystal X-ray diffraction analysis.



Yield: 85%; Anal. Calc. C19H24CoN10O13S: C, 33.00; H, 3.50; N, 20.26; Co, 8.52%. Found: C, 33.27; H, 3.35; N, 20.48; Co, 8.69%. [Co(L)(H2O)4](NO3)2. FTIR cm−1: 3391, 1675, 1624, 1551, 1483, 1383, 1158, 936, 780, and 577. Ligand (L) FTIR cm−1: 3430, 3071, 3020, 2927, 2864, 1679, 1598, 1553, 1473, 1434, 1337, 1257, 1156, 932, 734, 702, and 570 (Figure S1).





3.3. Crystal Structure Determination


The method indicated in the Supplementary Materials (Method S1) [37,38,39,40,41] was used to determine the crystal structure of the [Co(L)(H2O)4](NO3)2 complex. Table 6 provides a summary of the crystal data and structure refinements.




3.4. Hirshfeld Surface Analysis


To create 2D fingerprint plots and Hirshfeld surfaces [42] for the topological analysis, the Crystal Explorer 17.5 software [43] was used.




3.5. Antimicrobial Studies


According to Method S2 (Supplementary Materials) [44], the antibacterial activities of the studied ligand and its Co(II) complex were assessed.





4. Conclusions


In this research, a new self-assembled [Co(L)(H2O)4](NO3)2 complex of a sulfadiazine-pyrazole derivative (L) was synthesized and analyzed using several experimental (FTIR, elemental analysis, and single-crystal X-ray diffraction) and theoretical (Hirshfeld analysis) techniques. The crystal structure of this complex was confirmed using a single-crystal X-ray diffraction analysis. The Co(II) ion was coordinated with four O-atoms from the four water molecules and two N-atoms from the bidentate ligand in a distorted octahedral coordination environment. The intermolecular interactions of the different fragments of this complex were analyzed with the aid of a Hirshfeld surface analysis. The O···H (38.8%), H···H (27.8%), and N···H (9.9%) hydrogen bonds represented the majority of interactions for the cationic inner sphere [Co(L)(H2O)4]2+. The predominant contacts for the counter NO3¯ anions were the O···H, O···N, and O···C contacts. The atom pairs in the O…H, N…C, N…H, and C…C contacts had a high propensity for making interactions, as revealed by their greater enrichment ratio than 1. The complex and free ligand’s antibacterial effectiveness were examined. The free ligand exhibited greater antibacterial activity (MIC = 62.5 ≥ 125 µg/mL) than the [Co(L)(H2O)4](NO3)2 complex (MIC ≥ 250 µg/mL) against all the bacteria under study.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/inorganics11100382/s1, Figure S1: FTIR spectra of the ligand L (upper) and [Co(L)(H2O)4](NO3)2 complex (lower); Method S1: Crystal Structure Determination; Method S2: Antibacterial activity assay.
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Figure 1. Structure of (E)-4-(2-(3-methyl-5-oxo-1-(pyridin-2-yl)-1H-pyrazol-4(5H)-ylidene)hydrazinyl)-N-(pyrimidin-2-yl)benzenesulfonamide (L). 
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Scheme 1. Synthesis of [Co(L)(H2O)4](NO3)2 complex. 
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Figure 2. Structure of the asymmetric unit of [Co(L)(H2O)4](NO3)2 with atom numbering. Thermal ellipsoids are at the 50% probability level. Atom color codes are: Co: purple; O: red; N: blue; C: dark grey; H: light grey; and S: yellow. 
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Figure 3. The important O-H···O and N-H···O contacts in the crystal structure of [Co(L)(H2O)4](NO3)2 complex. 
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Figure 4. Packing scheme of the [Co(L)(H2O)4](NO3)2 complex via O-H···O and and N-H···O interactions along bc plane (A) and π-π stacking interactions along ab plane (B) in this complex. 
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Figure 5. Hirshfeld surfaces mapped over dnorm, shape index, and curvedness for the studied three fragments (F1 to F3) of [Co(L)(H2O)4](NO3)2 complex. 
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Figure 6. The dnorm maps and fingerprint plots of the most significant contacts in the cationic complex unit [Co(L)(H2O)4]2+ (F1). 
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Figure 7. The dnorm maps and fingerprint plots for the most important interactions in the two nitrate anions (F2 and F3). 
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Table 1. Selected bond lengths (Å) and angles (°) for [Co(L)(H2O)4](NO3)2 complex.






Table 1. Selected bond lengths (Å) and angles (°) for [Co(L)(H2O)4](NO3)2 complex.











	Bond
	Distance
	Bond
	Distance



	Co(1)-O(2)
	2.0635(11)
	Co(1)-O(1)
	2.1036(10)



	Co(1)-O(4)
	2.0909(11)
	Co(1)-N(1)
	2.1240(10)



	Co(1)-O(3)
	2.0986(10)
	Co(1)-N(3)
	2.1406(10)



	Bonds
	Angle
	Bonds
	Angle



	O(2)-Co(1)-O(4)
	174.25(4)
	O(3)-Co(1)-N(1)
	96.86(4)



	O(2)-Co(1)-O(3)
	90.11(4)
	O(1)-Co(1)-N(1)
	170.36(4)



	O(4)-Co(1)-O(3)
	86.97(4)
	O(2)-Co(1)-N(3)
	94.99(4)



	O(2)-Co(1)-O(1)
	85.00(5)
	O(4)-Co(1)-N(3)
	88.51(4)



	O(4)-Co(1)-O(1)
	90.00(4)
	O(3)-Co(1)-N(3)
	171.61(4)



	O(3)-Co(1)-O(1)
	89.31(4)
	O(1)-Co(1)-N(3)
	97.76(4)



	O(2)-Co(1)-N(1)
	87.57(4)
	N(1)-Co(1)-N(3)
	76.74(4)



	O(4)-Co(1)-N(1)
	97.69(4)
	
	










 





Table 2. The geometric parameters of the O-H···O and N-H···O contacts in [Co(L)(H2O)4](NO3)2 complex.
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	D-H···A
	d(D-H)/Å
	d(H···A)/Å
	d(D···A)/Å
	<(DHA)/°
	Symm. Code





	O(1)-H(1B)···O(7)
	0.80(3)
	2.06(3)
	2.8154(14)
	159(2)
	x − 1,y − 1, z



	O(1)-H(1A)···O(11)
	0.84(2)
	1.92(3)
	2.7190(18)
	159(2)
	



	O(2)-H(2B)···O(8)
	0.81(3)
	2.03(3)
	2.8323(17)
	171(2)
	−x, −y, −z



	O(2)-H(2A)···O(10)
	0.84(2)
	2.02(2)
	2.8583(19)
	174(2)
	x + 1, y, z



	O(3)-H(3B)···O(8)
	0.96(3)
	1.78(3)
	2.7352(16)
	170(2)
	



	O(4)-H(4A)···O(12)
	0.92(3)
	1.90(3)
	2.8135(17)
	172(3)
	



	O(4)-H(4B)···O(13)
	0.75(3)
	2.05(3)
	2.7922(18)
	168(3)
	−x, −y, −z + 1



	N(5)-H(5)···O(5)
	0.77(2)
	2.13(2)
	2.7657(16)
	139(2)
	










 





Table 3. The percentages of all potential interactions in [Co(L)(H2O)4](NO3)2complex.
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Contact

	
%Contact




	

	
[Co(L)(H2O)4]2+ (F1)

	
NO3− (F2)

	
NO3− (F3)






	
O···O

	
0.9

	
2.9

	
1.8




	
O···N

	
2.1

	
8.0

	
7.2




	
O···C

	
5.2

	
5.2

	
9.1




	
O···H

	
38.8

	
79.6

	
77.8




	
N···N

	
0.6

	
0

	
1.3




	
N···C

	
2.3

	
0.5

	
0.6




	
N···H

	
9.9

	
3.8

	
2.2




	
C···C

	
2.4

	
0

	
0




	
C···H

	
10

	
0

	
0




	
H···H

	
27.8

	
0

	
0











 





Table 4. Results of the enrichment ratio € calculations for [Co(L)(H2O)4] 2+ (F1).
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	X···X/X···Y
	C
	R
	E
	Atom
	S





	O···O
	0.9
	5.74
	0.16
	O
	23.95



	O···N
	2.1
	3.71
	0.57
	H
	57.15



	O···C
	5.2
	5.34
	0.97
	N
	7.75



	O···H
	38.8
	27.37
	1.42
	C
	11.15



	N···N
	0.6
	-
	-
	
	



	N···C
	2.3
	1.73
	1.33
	
	



	N···H
	9.9
	8.86
	1.12
	
	



	C···C
	2.4
	1.24
	1.93
	
	



	C···H
	10
	12.74
	0.78
	
	



	H···H
	27.8
	32.66
	0.85
	
	










 





Table 5. MICs (µg/mL) of the [Co(L)(H2O)4](NO3)2 complex and its free ligand.
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Tested Compound

	
L

	
[Co(L)(H2O)4](NO3)2

	
Amoxicillin






	
Gram-positive bacteria

	




	
S. aureus (ATCC 25923)

	
125

	
>500

	
≤7.8




	
MRSA (1)

	
125

	
500

	
>500




	
Gram-negative bacteria

	




	
E. coli (ATCC 25922)

	
125

	
250

	
>500




	
K. pneumonia (ATCC 700603)

	
125

	
>500

	
>500




	
P. mirabilis

	
125

	
>500

	
125




	
A. baumannii (8)

	
62.5

	
500

	
>500











 





Table 6. Crystal data of [Co(L)(H2O)4](NO3)2 complex.
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	CCDC
	2282609





	empirical formula
	C19H24CoN10O13S



	fw
	691.47



	temp (K)
	170(2)



	λ (Å)
	0.71073



	cryst syst
	Triclinic



	space group
	   P  1 ¯    



	a (Å)
	7.73330(10)



	b (Å)
	12.5152(2)



	c (Å)
	15.5216(2)



	α (deg)
	76.2120(10)



	β (deg)
	77.9620(10)



	γ (deg)
	78.9690(10)



	V (Å3)
	1410.92(4)



	Z
	2



	ρcalc (Mg/m3)
	1.628



	μ(Mo Kα) (mm−1)
	0.765



	No. reflns.
	50692



	Unique reflns.
	14152



	Completeness to θ = 25.242°
	99.8%



	GOOF (F2)
	1.028



	Rint
	0.0239



	R1 a (I ≥ 2σ)
	0.0416



	wR2 b (I ≥ 2σ)
	0.1172







a R1 = Σ||Fo| − |Fc||/Σ|Fo|. b wR2 = {Σ[w(Fo2 − Fc2)2]/Σ[w(Fo2)2]}1/2.
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