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Abstract
A number of new 1:1 complexes of SnMe2Cl2 with unsymmetrical tetradentate Schiff base ligand with NNOS coordination sphere have been synthesized and fully characterized by a variety of physico-chemical techniques viz. elemental analysis, molar conductivity, [119Sn , 1H] NMR, IR and mass spectroscopy. IR spectral data show that the fifth coordination position of tin atom would be occupied by an oxygen atom of Schiff base ligands, respectively. In the light of titled techniques trigonal bi pyramidal geometry around the tin atom is proposed for the synthesized complexes. The in vitro antibacterial activities of the complexes against Staphylococcus aureus and Escherichia Coli have been studied. It was found that they possessed significant antibacterial activity. Also, DFT/B3LYP method was used to analyze the electronic structures and study of the geometries. Also, the thermodynamic formation constants of the complexes were determined spectrophotometrically at 25ºC in DMF as solvent.
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1. Introduction
Schiff bases have played a special role as chelating ligands in main group and transition metal coordination chemistry because of their stability under a variety of redox conditions and because imine ligands are borderline Lewis bases. Schiff bases as versatile organic blockers have recently attracted great attention due to their preparative accessibilities, molecular architectures and varied denticities.1,2
There are several reports on metal complexes such as Ni(II), Cu(II), Co(II) and Sn(IV) of the Schiff base ligands that they have a variety of applications including biochemical reaction and biological regulator, 3,4 clinical,5,6 analytical7,8 and industrial in addition to their important roles in enhancing the solubility and stability of homogeneous or heterogeneous catalysts.9,10
Over the years, much effort has gone on coordination of Schiff bases to organotin(IV) compounds. An enormous number of organotin compounds, are used as pharmaceuticals, pesticides, stabilizers, fire retardants, miticides, molluscicides, marine antifouling paints, surface disinfectants, wood preservatives in medicinal chemistry and biotechnology and their structural variety.11-14 Organotins with three organic groups can be powerful fungicides and bactericides, depending on the organic group.15 

Tin has a large number of organometallic derivatives that are used commercially. Nowadays, efforts have been devoted to design and synthesis of organotin(IV) compounds with flexible Schiff base ligands that can adopt various coordination modes. The main objective is to produce new functional materials with specific molecular arrangements capable of showing the desirable properties with NNOS flexible donor Schiff base ligands. The competition between chelating and bridging coordination mode is an important factor in producing mono, di and polynuclear metal complexes.16-18
In view of the importance of tin compounds in medicinal chemistry and as part of our ongoing work on metal Schiff base complexes,19-22 herein, we describe the synthesis and characterization of some tin(IV) Schiff base complexes with general formula [SnMe2Cl2(H2L)] (where L= cdacCF3en= methyl-2-{N-[2-(acetone)triflourolidynenitrilo]ethyl}amino-1-cyclopentenedithiocarboxylate, cdacacen= methyl-2-{N-[2-(acetone)ethylidynenitrilo]ethyl}amino-1-cyclopentenedithiocarbox-ylate, cdacPhen = methyl-2-{N-[2-(acetone)phenylidynenitrilo]ethyl}amino-1-cyclopentene-dithiocarboxylate, cdacacMeen = methyl-2-{[1-methyl-2-(acetone)ethylidynenitrilo]ethyl}amino-1-cyclopentenedithiocarboxylate, cdacacpd = methyl-2-{[1-methyl-2-(acetone)ethylidynenitrilo]-propyl}amino-1-cyclopentenedithiocarboxylate). This work is also extended to present some well- known properties of the complexes plausible descriptions of stability constants, HOMO- LUMO orbital energies, dipole moment have been ascribed on the basis of DFT calculations. In addition to the importance of the experimental studies, the formation constants were determined spectrophotometrically and the free energy changes were calculated for the complexes. The effects of the electronic and steric nature of substituents on the Schiff base type ligands on the formation constants resulting from complex formation were studied. The in vitro antibacterial behavior of the ligand and their tin(IV) complexes was studied by well diffusion method.
2. Experimental
2.1. Material and Methods
All the chemicals and solvents were of analytical reagent grade quality. Benzoylacetone, acetylacetone, 1,1,1-trifluoro-2,4-pentanedione, 1,2-ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, ammonia solution, carbon disulfide, dimethylsulfate, cyclopentanone, methanol, ethanol, chloroform, dimethylformamide, hydrochloric acid and dimethyltindichloride were purchased from Merck, Fluka and Aldrich chemical companies and were used as received without further purification. 

The melting points of the compounds were determined by a melting point apparatus SMP1 stuart scientific. The IR spectra were recorded by Shimadzu FTIR 8300 infrared spectrophotometer in the range of 400-4000 cm-1 as KBr discs. Mass spectra were obtained on Perkin Elmer R MU-6E instrument. Elemental analyses (CHNS) were performed on a Termo Fininngan-Flash-1200 elemental analyzer. The molar conductance of ca.10-3 M solutions at 25±1ºC of the complexes in DMF were measured by means of a Jenway 4310 conductivity meter and a diptype cell with a platinized electrode. 1HNMR spectra were acquired on Bruker Avance DPX 250 MHz instruments. 119Sn NMR spectra were recorded on Bruker Avance DPX 400 MHz spectrometer using SnMe4 as references.
2.2. Preparation of the Schiff base ligands
The Schiff bases has been synthesized by stirring at room temperature a 1:1 molar ratio mixture of an half unites methyl-2-{N-(2׳-aminoethane)}-amino-1-cyclopentenedithiocarboxylate (Hcden),23,24 methyl-2-(1-methyl-2'-aminoethane)amino-1-cyclopentenedithiocarboxylate (HcdMeen)19,20 and methyl-2-(3-aminopropyl)amino-1-cyclopentenedithiocarboxylate (Hcdpd)22 with diketon's derivatives in methanol following a published procedure. The structures are given in Scheme 1.
2.3. Preparation of the tin(IV) Schiff base complexes

Schiff base ligands (1 mmol) were dissolved in 20 ml of benzene and were added to 20 ml benzene solution of SnMe2Cl2 (2 mmol, 0.44g). The resulting mixture obtained was stirred for 24h. After allowing it to stand in air at room temperature, the yellow precipitated complexes were filtered off, washed with benzene and then dried over anhydrous CaCl2.
2.3.1. [SnMe2Cl2(H2cdacCF3en)]: {methyl-2-[N-[2-(acetonate)triflourolidynenitrilo]ethyl}-aminato(-1)-1-cyclopentenedithiocarboxylate dimethyltindichloride
Yield: 67%; m.p.: 127 ºC; 1H NMR (δ, ppm, 250MHz, DMSO-d6): 1.27 (s, 6H, Sn-Me), 1.89 (m, 2H, H4'), 2.30 (s, 3H, CH3), 2.57 (s, 3H, SCH3), 2.70-2.91 (m, 4H, H3',5' ), 3.51-3.74 (m, 4H, Hen), 5.61 (s, 1H, Ha), 11.64 (br, 1H, NH), 12.43 (br, 1H, OH); 119Sn NMR (δ, ppm, 400MHz, DMSO-d6): 21.7; FT-IR (KBr, cm-1): 3170 (νNH); 2960 (νCH); 1640 (νC=N); 1490 (νC=C); 1238 (νCO); 1100 (νCN+CS); 720 (νCS); 535 (νSnC); 480 (νSnO).
2.3.2. [SnMe2Cl2(H2cdacacen)]: {methyl-2-[N-[2-(acetonate)ethylidynenitrilo]ethyl}aminato(-1)-1-cyclopentenedithiocarboxylate dimethyltindichloride. 
Yield: 61%; m.p.: 120 ºC; 1H NMR (δ, ppm, 250MHz, DMSO-d6): 1.23 (s, 6H, Sn-Me), 1.87 (m, 2H, H4'), 1.93 (s, 3H, CH3), 2.03 (s, 3H, CH3), 2.58 (s, 3H, SCH3), 2.71 (t, 2H, H5'), 2.81 (t, 2H, H3'), 3.51-3.63 (m, 4H, Hen), 5.03 (s, 1H, Ha), 11.03 (br, 1H, NH), 12.43 (br, 1H, OH); 119Sn NMR (δ, ppm, 400MHz, DMSO-d6): 20.02; FT-IR (KBr, cm-1): 3091 (νNH); 2950 (νCH); 1604 (νC=N); 1438 (νC=C); 1275 (νCO); 1010 (νCN+CS); 759 (νCS); 546 (νSnC); 423 (νSnO).
2.3.3 [SnMe2Cl2(H2cdacPhen)]: {methyl-2-[N-[2-(acetonate)phenylidynenitrilo]ethyl}aminato(-1)-1-cyclopentenedithiocarboxylate dimethyltindichloride. 
Yield: 67%; m.p.: 122 ºC; 1H NMR (δ, ppm, 250 MHz, DMSO-d6): 1.25 (s, 6H, Sn-Me), 1.86 (m, 2H, H4'), 2.12 (s, 3H, CH3), 2.58 (s, 3H, SCH3), 2.70-2.88 (m, 4H, H3',5' ), 3.49-3.68 (m, 4H, Hen), 5.71 (s, 1H, Ha), 7.41 (1H, m, H1"Ph), 7.81-7.88 (4H, d, H2",3"Ph); 11.60 (br, 1H, NH), 12.52 (br, 1H, OH); 119Sn NMR (δ, ppm, 400MHz, DMSO-d6): 23.4; FT-IR (KBr, cm-1): 3105 (νNH); 2930 (νCH); 1600 (νC=N); 1470 (νC=C); 1240 (νCO); 1119 (νCN+CS); 750 (νCS); 551 (νSnC); 463 (νSnO).

2.3.4. [SnMe2Cl2(H2cdacacMeen)]: {methyl-2-{[1-methyl-2-(acetonate)ethylidynenitrilo]ethyl}-aminato(-1)-1-cyclopentenedithiocarboxylate dimethyltindichloride. 
Yield: 58%; m.p.: 112 ºC; 1H NMR (δ, ppm, 250 MHz, DMSO-d6): 1.22 (s, 6H, Sn-Me), 1.33 (s, 3H, Me), 1.85 (m, 2H, H4'), 1.95 (s, 3H, CH3), 2.03 (s, 3H, CH3), 2.58 (s, 3H, SCH3), 2.68 (t, 2H, H5'), 2.80 (t, 2H, H3'), 3.40-3.81 (m, 3H, Hen), 5.01 (s, 1H, Ha), 11.12 (br, 1H, NH), 12.52 (br, 1H, OH); 119Sn NMR (δ, ppm, 400MHz, DMSO-d6): 27.61; FT-IR (KBr, cm-1): 3120 (νNH); 2900 (νCH); 1608 (νC=N); 1408 (νC=C); 1261 (νCO); 1130 (νCN+CS); 778 (νCS); 538 (νSnC); 435 (νSnO).
2.3.5. [SnMe2Cl2(H2cdacacpd)]: {methyl-2-{[3-(acetonate)ethylidynenitrilo]propyl}aminato(-1)-1-cyclopentenedithiocarboxylate dimethyltindichloride.
Yield: 67%; m.p.: 120 ºC; 1H NMR (δ, ppm, 250 MHz, DMSO-d6): 1.25 (s, 6H, Sn-Me), 1.88 (m, 2H, H4'), 1.92 (m, 2H, H2"), 1.98 (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.58 (s, 3H, SCH3), 2.71 (t, 2H, H3'), 2.83 (t, 2H, H5'), 3.47 (t, 2H, H1"), 3.53 (t, 2H, H3"), 5.70 (s, 1H, Ha), 10.98 (br, 1H, NH), 12.45 (br, 1H, OH); 119Sn NMR (δ, ppm, 400MHz, DMSO-d6): 25.34; FT-IR (KBr, cm-1): 3098 (νNH); 2958 (νCH); 1606 (νC=N); 1468 (νC=C); 1258 (νCO); 1112 (νCN+CS); 732 (νCS); 538 (νSnC); 453 (νSnO).
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Scheme 1. The scheme for the synthesis of tin(IV) Schiff base complexes
2.4. In vitro antibacterial assay

The synthesized tin(IV) Schiff base complexes were screened in vitro for their antibacterial properties by using Escherichia Coli and Staphylococcus aureous by using disk diffusion method.25 The Tetracycline was used as a standard reference. The activity was determined by measuring the diameter of the inhibition zones (in mm) showing complete inhibition.
2.5. DFT calculations
The gas phase geometry of the tin(IV) Schiff base complexes were optimized by density functional theory calculations using the GAUSSIAN03 program package,26 with the Becke27 three parameter hybrid functional (B3LYP). The calculations were performed using LANL2DZ28 basis set for all atoms including tin. The nature of all stationary points was confirmed by performing a normal- mode analysis. No symmetry constraints were applied in the calculation. Many descriptors were used to recognize and correlate some physical and chemical properties. The most usual descriptors are the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies difference between LUMO-HOMO energies. To understand the stability associated these Schiff base Sn(IV) complexes HOMO- LUMO energies for all complexes were calculated. The electronic properties of model compound such as dipole moment, hardness and atomic charges were also computed at the same level of theory. The natural bond orbital (NBO) analysis was obtained with LANL2DZ basis set. 
2.6. Thermodynamic studies of complex formation 

The formation constants, Kf, of the Sn(IV) complexes were determined by spectrophotometric titration of the ligands H2cdXsalMeen with various concentration of the solution of dimethyltin(IV)dichloride at constant ionic strength (0.1 M NaClO4) at 25°C. The interaction of NaClO4 with the ligands was negligible. In a typical measurement, 2.5 mL of the ligand solution (10-5 M) in DMF was transferred into the thermostated cell compartment of UV-Visible instrument, and was titrated by the dimethyltin(IV)dichloride solution (10-5-10-4 M) in DMF. 

The titration was performed by adding aliquots of the tin ion with a Hamilton μL syringe to the ligand. The UV-Vis spectra were recorded in the range 290-600 nm about 5 minutes after each addition. The formed product showed different absorption from the free ligand, while the metal ion solution shows no absorption at those wavelengths. As an example, the variation of the electronic spectra for (H2cdacCF3en) titrated with various concentration of dimethyltin(IV)dichloride at 25°C in DMF is shown in Figure 1. The same procedure was followed for other systems. The electronic spectra of the formed complexes at the end of titration were the same as the electronic spectra of the separately synthesized complexes.
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Figure 1. The variation of the electronic spectra of (H2cdacCF3en) with Me2SnCl2 in DMF.

3. Result and discussion
The chemical equations concerning the formation of the Schiff base complexes are schematically represented in Scheme 1. Analytical data indicated the formation of metal complexes of ligands (H2cdacCF3en, H2cdacacen, H2cdacPhen, H2cdacacMeen and H2cdacacpd) with dimethyltindichloride. The physico-chemical properties of the complexes together with their analytical data are shown in Table 1. The elemental analyses data which was in good agreement with the values calculated, indicating that the composition of the complexes was confirmed to be [SnMe2Cl2(H2L)]. On the other hand elemental analysis shows that dimethyltindichloride react with the ligands in a 1:1 M ratio to afford the neutral adducts [SnMe2Cl2(H2L)] where L represents the biprotonated form of the ligands (H2cdacCF3en, H2cdacacen, H2cdacPhen, H2cdacacMeen and H2cdacacpd). This is supported by molar conductivity measurements of the complexes in 10-3 M DMF. 
The molar conductance values of the complexes are in the range 3.4-8.2 Ω-1cm2mol-1 (Table 1) indicating the non electrolytic nature.29,30 The low conductivity values are in agreement with low solubility of metal complexes in water, ethanol, chloroform, acetone and some organic solvents. These compounds are soluble in strong polar solvents such as DMF and DMSO. All the complexes are stable in air. The purity of the complexes has been checked by TLC.
3.1. IR spectroscopy
The mode of binding of ligands to dimethyltindichloride was elucidated by recording the IR spectra of the adducts as compared with the spectra of free ligands. In the infrared spectra of free ligands, any band is observed in the region 3000-3200 cm-1 attributable to the stretching vibration of the free NH or OH, indicating the intramolecular hydrogen bonding in ligand. These bands shift to lower frequencies and overlap with ν(C-H) in the range 2800-3000 cm-1. 21 In the spectra of tin(IV) complexes, a new band is appeared above 3000 cm-1 attributed to the stretching vibration of NH in diketons moiety. This is due to the coordination of oxygen atom with tin, which weakens the hydrogen bonding and so causing more transferring of proton to nitrogen. However, the position of this band indicates that a ring is formed by the intramolecular hydrogen bond in the ligand is retained in adducts.12
A characteristic strong band at 2739-2762 cm-1 is ascribed to ν(S-H) existence in the spectra of adducts, confirming S-H band still protonation and is not coordination to tin (IV).29 This is further supported by the lower frequency band appeared at 700-750 cm-1 in the ligands and their complexes due to ν(C-S).4, 21, 30
However, the strong band observed in the region 1606-1640 cm-1 in the free Schiff base ligands is assigned to (C=N) vibration.31-33 In the spectra of the tin(IV) complexes, the corresponding ν(C=N) bands of the ligands do not shift at all, confirming that the imine nitrogen atom are not coordinated in these complexes.
A strong and high intensity absorption band in the 1251-1288 cm-1 region in the spectra of the Schiff base ligands can be assigned to the C-O stretching. In the complexes, this band is shifted to the 1238-1275 cm-1 upon complexation with the metal which can be attributed to the coordination of the carbonyl oxygen to the metal tin(IV).5,34,35
Two new bands appearing in the low frequency ranges 423-480 cm-1 are due to the νSn-O vibrations respectively, in the complexes supports the bonding of oxygen to the tin atom and confirm the complex formation as shown in Scheme 1.11,36,37
Table 1. The analytical data and physical properties of the Sn(IV) Schiff base complexes

	Complexes


	F. W.
	Empirical

formula
	Molar conductance (Ω-1 cm2 mol-1)
	Anal. Found (Calc.)(%)

	
	
	
	
	C
	H
	N
	S

	[SnMe2Cl2(H2cdacCF3en]
	572.09
	C16H25N2OS2Cl2SnF3
	8.2
	33.20(33.59)
	4.67(4.40)
	5.23(4.90)
	10.93(11.21)

	[SnMe2Cl2(H2cdacacen]
	518.12
	C16H28N2OS2Cl2Sn
	4.6
	37.36(37.09)
	5.76(5.45)
	5.62(5.41)
	12.57(12.38)

	[SnMe2Cl2(H2cdacPhen]
	580.19
	C21H30N2OS2Cl2Sn
	3.4
	43.21(43.47)
	5.44(5.21)
	5.02(4.83)
	10.98(11.05)

	[SnMe2Cl2(H2cdacacMeen]
	532.15
	C17H30N2OS2Cl2Sn
	4.8
	38.68(38.37)
	5.85(5.68)
	5.35(5.26)
	12.43(12.05)

	[SnMe2Cl2(H2cdacacpd]
	532.15
	C17H30N2OS2Cl2Sn
	4.3
	38.53(38.37)
	5.46(5.68)
	5.47(5.26)
	11.97(12.05)


3.2. 1H and 119Sn NMR
1H NMR spectra of all the complexes were recorded in DMSO-d6 solvent and the data along with assignments are listed in the experimental section. These data exhibits all expected resonance pattern consistent with the proposed structure. The broad signal at 11 ppm is attributable to the resonance of the (N-H) proton in the ketones moiety. Broadening of the signal at 12 ppm indicates the weakening of the O-H bond and proton transfer to imine nitrogen.12,13,38 The presence of NH and OH protons in 1HNMR spectra of the synthesized complexes indicates that the Schiff base ligands are coordinated to tin in neutral form.
The ligands and their tin(IV) complexes did not show characteristic azomethine proton signal and is not accompanied by 119Sn satellites, revealing the fact that the corresponding nitrogen atom is not coordinated to tin(IV). This is in accordance with that the IR data have revealed.39
The observed signals at 7.41-7.88 ppm are related to the aromatic protons in [SnMe2Cl2(H2cdacPhen)].18,40 The resonances about 5 ppm are consistent with a vinylic hydrogen.32 The multiplet signal of diamine alkyl protons in [SnMe2Cl2(H2cdacCF3en)], [SnMe2Cl2(H2cdacacen)] and [SnMe2Cl2(H2cdacPhen)] were recorded at 3.49-3.74 ppm.41 The propyl protons in [SnMe2Cl2(H2cdacacMeen)] and [SnMe2Cl2(H2cdacacpd)] were assigned about 1-3 ppm.30
Two signals appearing at 1.93 and 2.03, 1.95 and 2.03, 1.98 and 2.05 in [SnMe2Cl2(H2cdacacen)], [SnMe2Cl2(H2cdacacMeen)] and [SnMe2Cl2(H2cdacacpd)] are corresponded the slightly non-equivalent methyl groups in the acetylacetone moiety. The sharp singlet signal due to the methyl group in [SnMe2Cl2(H2cdacCF3en)] and [SnMe2Cl2(H2cdacPhen)] were observed at 2.30 and 2.12 ppm.
The lack of a downfield shift of the signal attributable to SMe indicates no participation of the C=S group in coordination to the tin atom.42
All the complexes exhibited a singlet signal around 1.21-1.27 ppm for SnMe2 protons accompanied by satellites due to 1H-119Sn coupling. 2J(119Sn-1H) for these compound (76.5-90.0 Hz) is larger than original SnMe2Cl2 (68.7 Hz) and falls in the range for five coordinated dimethyltin(IV) species.12, 43,44
119Sn{1H}NMR spectra of the complexes indicate a sharp singlet signal at 10.0-27.6 ppm, respectively. These resonances appear significantly at lower frequency that SnMe2Cl2 (+137 ppm).45 The chemical shifts for the tin atoms in the change in coordination number of 4 to 5 and 5 to 6 were recorded at 60-150 ppm and 130-200 ppm moves upfield of methyltin derivatives.46,47 On the basis of chemical shift data, penta-coordinated structures can be proposed for all investigated complexes. 
3.3. Mass spectra
The mass spectra of the studied tin(IV) Schiff base complexes were characterized by moderate to high relative intensity molecular ion peaks m/z [M]+ (Table 2). The mass spectra of some complexes also show prominent peak corresponding to m/z [M+1]+. It is obvious that, the molecular ion peaks confirming their suggested empirical formula weights (F. W.) as indicated from elemental analyses respectively (Table 1). The mass spectra show the peaks assigned to [ML]+ fragments for the complexes, indicating ligand coordination to the metal atom. The peaks assigned to [ML2]+, [M2L]+ or [M2L2]+ fragments could not be detected for any of the complexes, suggesting a mononuclear nature for all of these compounds. For the [SnMe2Cl2(H2cdacCF3en)], the mass spectrum and the different pathways of the parent molecular ion peaks are given in Figure 2 and Scheme 2.
Table 2. Important mass spectral data of the Sn(IV) Schiff base complexes
	Complex
	m/z

	[SnMe2Cl2(H2cdacCF3en]
	572, 557, 503, 297, 284, 217, 128, 68, 47

	[SnMe2Cl2(H2cdacacen]
	519, 518, 504, 292, 245, 216, 158, 68, 47

	[SnMe2Cl2(H2cdacPhen]
	580, 565, 487, 283, 216, 163, 111, 83, 68, 47

	[SnMe2Cl2(H2cdacacMeen]
	533, 532, 517, 487, 285, 217, 188, 138, 69, 47

	[SnMe2Cl2(H2cdacacpd]
	533, 532, 503, 294, 248, 216, 185, 166, 138, 70, 55, 47
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Scheme 2. The schematic diagram mass fragmentation pattern of [SnMe2Cl2(H2cdacCF3en]
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Figure 2. The mass spectrum of the [SnMe2Cl2(H2cdacCF3en]
3.4. Antibacterial study
The antibacterial properties of the tin(IV) Schiff base complexes were evaluated against Gram positive bacteria (S. aureus), Gram negative bacteria (E. coli) which was summarized in Table 3. The results compared with the standard drug (tetracycline) indicate that the compounds are active, however, their activity were less than the standard drug. Our results showed the [SnMe2Cl2(H2cdacPhen)] could inhibited the growth of S. aureus and E. coli compare with tetracycline as control. But, their activity is less than the control drug. It can be noted that the compounds with phenyl groups showed the greatest inhibitory effect on one or more types of bacteria as compared to Me and CF3 group in the same position.48
Table 3. The antibacterial activity data of the Sn(IV) Schiff base complexes
	Complex
	Diameter of inhibition zone in (mm)

	
	E. Coli
	S. Aureus

	Tetracycline
	32
	34

	[SnMe2Cl2(H2cdacCF3en]
	12
	16

	[SnMe2Cl2(H2cdacacen]
	18
	18

	[SnMe2Cl2(H2cdacPhen]
	20
	23

	[SnMe2Cl2(H2cdacacMeen]
	18
	20

	[SnMe2Cl2(H2cdacacpd]
	13
	17


3.5. The formation constants and the thermodynamic free energy interpretations 
To interpret the steric and the electronic parameters of the ligands on the formation constants and the thermodynamic free energy of the complexation, the interaction between five ligands (H2cdacacen, H2cdacCF3en, H2cdacPhen, H2cdacacMeen, H2cdacacpd) and dimethyltindichloride (Me2SnCl2) was carried out by UV-Vis absorption spectroscopy through titration of the ligands with various concentrations of the Sn(IV) ion at 25°C. The complex formation constants, Kf, were calculated using SQUAD computer program,49 designed to calculate the best values for the formation constants of the proposed equation model (that given bellow) by employing a non-linear, least-squares approach.

Me2SnCl2 + H2L → [Me2SnCl2. H2L]     

Where H2L= H2cdacacen, H2cdacCF3en, H2cdacPhen, H2cdacacMeen, H2cdacacpd

Also, the free energy change, ∆G°, of the complexes were determined by ∆G° = -RT ln Kf , at 25°C (Table 4). The results show the following trend of complex formation of Sn(IV) with the Schiff bases (Table 4): (H2cdacCF3en) > (H2cdacPhen)] < (H2cdacacen). This is somewhat in agreement with decreasing electron-releasing character of the substituents in the same direction. The withdrawing functional groups (CF3) and (Ph) make the Schiff base as a poor donor ligand and decrease the stability of complexes while the electron donor group (CH3) increasing the stability because they leads to increase the donor ability of Schiff base ligands. With respect to the steric effect, the greater the bulkiness of the phenyl ring in H2cdacPhen, the less is the formation constants (compare CF3 and CH3), so the decrease in formation constants was seen. Meanwhile, the stability of tin complex with the used different bridge decreases according to the following sequence: (H2cdacacMeen) > (H2cdacacen) > (H2cdacacpd). The propylene derivative is considered to produce a weaker ligand field than the ethylene derivative, since the strain in caused by the propylene chain on complex formation. Therefore, H2cdacacpd must produce a weaker ligand field than H2cdacacen and H2cdacacMeen, and formation constant, Kf, for [SnMe2Cl2(H2cdacacpd)] is smaller than [SnMe2Cl2(H2cdacacMeen)] and [SnMe2Cl2(H2cdacacen)]. The formation constants and the free energy data for [SnMe2Cl2(H2cdacacMeen)] is larger than those for [SnMe2Cl2(H2cdacacen)]. It was observed that the addition of methyl group to Schiff base ligand increases the formation constant of the complexes. Similar results have been reported previously for the electrochemical properties of the analogous Cu(II), Ni(II) and Co(III) systems.19,20,22
Table 4. The formation constants, logKf, and the free energy values (∆G°) 
of copper complexes at 25 °C in DMF

	Complexes
	logKf
	∆G° (kJmol-1)b

	[SnMe2Cl2(H2cdacCF3en]
	7.41(0.14)a
	-42.26(0.34)

	[SnMe2Cl2(H2cdacacen]
	7.63(0.17)
	-43.51(0.42)

	[SnMe2Cl2(H2cdacPhen]
	7.32(0.08)
	-41.74(0.19)

	[SnMe2Cl2(H2cdacacMeen]
	7.98(0.18)
	-45.51(0.44)

	[SnMe2Cl2(H2cdacacpd]
	7.21(0.12)
	-41.12(0.28)


a The numbers in parentheses are the standard deviations.

b (G(=-RTlnKf 

3.6. DFT optimized structures
Theoretical investigations have much applicability in investigation of chemical reactions and identification of the chemical compounds. They could be considered as complementary to or replacement for experimental methods. The fully optimized molecular structures of the [Me2SnCl2.H2cdacCF3en] with atomic numbering are shown in Figure 3 and for other complexes are given in supplementary (Figure S1). These complexes has a nearly trigonal bi pyramidal (tbp) geometry with two C-atoms of the CH3 group and the Cl-atom in the equatorial position, while one of the Cl atoms and the O atom of the Schiff base ligand remains above and below the plane (apical or axial position), they are at 180º to each other and at 90º to the equatorial atoms. The DFT calculated C1-Sn-C2, Cl2-Sn-C1, Cl2-Sn-C2 (around 120º) and O-Sn-Cl2, Cl1-Sn-Cl2 (around 90º) angles is very close to tbp geometry. Some important optimized bond angles were listed in Table 5.
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Figure 3. The optimized structures of the [SnMe2Cl2(H2cdacCF3en]
Table 5. The selected bond angles (o) of Sn(IV) complexes (labels for atoms can be found in Figures 3 and S1)

	angle
	Cl1-Sn-Cl2
	C1-Sn-C2
	O1-Sn-Cl1
	O1-Sn-Cl2
	Cl2-Sn-C2
	Cl2-Sn-C1

	[SnMe2Cl2(H2cdacCF3en]
	95.776
	129.551
	179.234
	79.413
	111.993
	113.697

	[SnMe2Cl2(H2cdacacen]
	93.990
	129.910
	180.023
	81.483
	112.200
	115.349

	[SnMe2Cl2(H2cdacPhen]
	96.226
	129.980
	179.231
	82.961
	114.027
	113.012

	[SnMe2Cl2(H2cdacacMeen]
	93.803
	129.741
	180.021
	81.394
	112.798
	115.013


In the optimized structure of the tin(IV) complexes, ketones moieties and with cyclopentene rings are not in the same plane, but their plane make approximately a 20º dihedral angle to each other. The calculated dihedral angles N1-C4-N2-C11 and C3-O1-C12-S1 in [SnMe2Cl2(H2cdacCF3en)], [SnMe2Cl2(H2cdacacen)], [SnMe2Cl2(H2cdacacMeen)] and N1-C4-N2-C10, C3-O1-C11-S1 in [SnMe2Cl2(H2cdacPhen)] are (-34.53, -150.32), (-32.27, -149.144), (-46.58, -150.34) and (-65.49, -178.23), respectively. On the basis of these results, these complexes are twisted. Some responsible factors will be represented later by NBO analyses.
As can be seen from Table 6, the calculated Sn-O and Sn-Cl1 bond length in the axial position is greater than the Sn-C1, Sn-C2, Sn-Cl2 bond length in equatorial position, these is excellent agree with the tbp structures. The axial bonds in tbp complexes are then not longer (as in usual) than the equatorial bonds. The VSEPR model predicts that in the tbp geometry, the donors with longer effective bond lengths will take the axial positions.50 On the other hand; bond distance between two atoms is affected by neighboring functional groups in the structure. Although in these structures, differences of the length of bond are little, we compared some important bond lengths of these complexes. If the CH3 on the carbon atom of C=N group is replaced by a CF3 and Ph group in [SnMe2Cl2(H2cdacCF3en)] and [SnMe2Cl2(H2cdacPhen)] complexes, there is a steric effect and the electronic effect comprising the other complexes is lifted. The withdrawing groups (CF3 and phenyl) causes a decreases of the density of electron along carbon bonds while the methyl group is a donating group and increase electron density along carbon bonds. However, the two Sn-N bond lengths are different significantly. 
Table 6. The selected bond lengths (Å) of Sn(IV) complexes (labels for atoms can be found in Figures 3 and S1)
	Complexes
	Sn-O
	Sn-Cl1
	Sn-Cl2
	Sn-C1
	Sn-C2
	C5-C6 

	[SnMe2Cl2(H2cdacCF3en]
	2.471
	2.468
	2.222
	2.124
	1.123
	1.576

	[SnMe2Cl2(H2cdacacen]
	2.494
	2.488
	2.212
	2.122
	1.122
	1.532

	[SnMe2Cl2(H2cdacPhen]
	2.461
	2.464
	2.223
	2.123
	1.124
	1.565

	[SnMe2Cl2(H2cdacacMeen]
	2.495
	2.499
	2.216
	2.122
	1.123
	1.534


The electronic parameters of tin(IV) Schiff base complexes optimized in the ground state configuration were summarized in Table 6. To understand the stability of these complexes, we had calculated the highest occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO) gap for all these complexes (Table 7). The corresponding density plots of HOMO and LUMO for [Me2SnCl2.H2cdacCF3en] complex obtained from their optimized geometries is visualized in Figure 4 and for other complexes can be seen in supplementary (Figure S2). In which the HOMO surface mostly is localized on the imine side for all complexes. In the surface shown for the HOMO level, the N2-CX group is overlapped (X=10 in [SnMe2Cl2(H2cdacCF3en)] and [SnMe2Cl2(H2cdacacen)], X=9 in [SnMe2Cl2(H2cdacPhen)] and X=11 in [SnMe2Cl2(H2cdacacMeen)] ). The LUMO surface of the complex mostly localized within the Sn side, and for the HOMO level, the O-C3 group is overlapped. In [SnMe2Cl2(H2cdacPhen)] complex the LUMO surface is localized on the aromatic ring.

The HOMO-LUMO gap is used as a direct indicator of stability.51-54 A large HOMO-LUMO gap increases stability and decreases chemical reactivity. The results show the following trend in HOMO-LUMO gap for the complexes: 
[SnMe2Cl2(H2cdacacMeen)] > [SnMe2Cl2(H2cdacacen)] 
and

[SnMe2Cl2(H2cdacCF3en)] > [SnMe2Cl2(H2cdacPhen)] >  < [SnMe2Cl2(H2cdacacen)]
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Figure 4. HOMO (left) and LUMO (right) orbital of [SnMe2Cl2(H2cdacCF3en)]
Table 7. The computed electronic properties of Sn(IV) complexes with B3LYP/LANL2DZ.

	Complexes
	HOMO/eV
	LUMO/eV
	gap/eV
	Dipole/ Debye

	[SnMe2Cl2(H2cdacCF3en]
	-0.1919
	-0.0913
	0.101
	8.36

	[SnMe2Cl2(H2cdacacen]
	-0.2033
	-0.1194
	0.084
	14.01

	[SnMe2Cl2(H2cdacPhen]
	-0.2054
	-0.1224
	0.083
	21.00

	[SnMe2Cl2(H2cdacacMeen]
	-0.1990
	-0.1136
	0.085
	14.28


The [SnMe2Cl2(H2cdacphen)] have a small gap between all the complexes and is less stable than other complexes. The charge donation from Schiff base n and π molecular orbital into Sn(IV) atom is increased by electron donating groups on the Schiff base ligands. Thus, the stability of complexes decreases according to the sequence acacMeen> acacen > acacpd and CH3 > Ph > CF3 i.e. in order of a decrease in both electron-withdrawing and π-acceptor qualities of the substituents and the acceptor ability of the ligand Schiff base groups. A large HOMO–LUMO gap indicate explain the experimental formation constant values. This result shown by NBO analysis.

Stability of the molecule arising from hyper conjugative interactions and charge delocalization have been analyzed using natural bond orbital analysis (NBO).The optimized structures of the title compound were employed for NBO analysis at B3LYP/LANL2DZ level in gas-phase .
A useful aspect of the NBO method is that gives information about interactions in both filled and virtual orbital spaces that could enhance the analysis of intra and intermolecular interaction. This delocalization of electron density between occupied Lewis-orbital (bond or lone pair) and non-Lewis unoccupied (anti bonding) orbital, correspond to a stabilizing donor-acceptor interaction. In the NBO analysis, for each donor NBO (i) and acceptor (j), the stabilization energy E (2) associated with the delocalization [image: image9.wmf](ij)
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  and are NBO orbital energies, and 

 is the Fock operator.
The quantities of transferred charge from a given donor orbital to a given acceptor orbital 
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 may be estimated again using the perturbation theory arguments, leading to the following approximate formula.
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In Table 8, the perturbation energies of signiﬁcant donor–acceptor interactions of Sn(IV) complexes are presented. The result shows Intramolecular Charge Transfer (ICT) causing stabilization of the system. The most important interactions in the Sn complexes are the charge donation from n molecular orbital of Schiff base ligand into the Sn(IV) atom, that is presented in Table 7 for each complex.

That sum of stabilization energy and charge transfer shown for each complex in the same table. The results show the following trend:
[SnMe2Cl2(H2cdacacMeen)] > [SnMe2Cl2(H2cdacacen)] > [SnMe2Cl2(H2cdacCF3en)] > [SnMe2Cl2(H2cdacPhen)]
This results indicate of the stability of complexes decreases according to the sequence CH3 > CF3 > Ph. The charge donation from Schiff base n and π molecular orbital into Sn(IV) atom is increased by electron releasing groups on the Schiff base ligands.
The electric dipole moment is a measurement of the separation of positive and negative electrical charges in a system. The trend of electric dipole moment of the tin(IV) complexes decreases as follow:

[SnMe2Cl2(H2cdacPhen)] > [SnMe2Cl2(H2cdacacMeen)] > [SnMe2Cl2(H2cdacacen)] > [SnMe2Cl2(H2cdacCF3en)] 
Table 8. Results of second-order perturbation theory analysis of the Fock matrix within the NBO basis for the Sn complexes s calculated at B3LYP/ LANL2DZ.
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4. Conclusion

This paper describes the synthesis of five new tin(IV) complexes containing NNOS coordination sphere. Then, these complexes have been characterized by several spectroscopic methods. The analytical results show 1:1 metal:ligand stoichiometry. The spectral data shows that the complexation takes place through oxygen atom. The complexes were screened against various bacteria to access their potential as antibacterial agents. The geometry of the complexes were optimized with DFT calculations using the GAUSSIAN03 program package, with the Becke three parameter hybrid functional (B3LYP). The calculations were performed using LANL2DZ basis set for all atoms including tin. The stability of these complexes has been calculated with frontier orbital gap. The results show the following trend in HOMO-LUMO gap for the complexes: [SnMe2Cl2(H2acacMeen)] > [SnMe2Cl2(H2acacen)] and [SnMe2Cl2(H2acacen)] > [SnMe2Cl2(H2acCF3en)] > [SnMe2Cl2(H2acPhen)]. According to the thermodynamic studies, the formation constants of the complexes depend upon the steric and the electronic characteristic of the ligands.
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