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Abstract

Multicomponent reaction of malononitrile, carbon disulphide and various benzyl halides was developed as an efficient strategy for the synthesis of 2-(bis(benzylthio)methylene)malononitrile derivatives via two different procedures: (a) in the presence of K2CO3 as a base in acetonitrile and (b) under solvent-free conditions in the presence of thriethyamine. Higher yields with shorter reaction times were obtained from later procedure. Inhibitory activity of all derivatives was evaluated against 22 pathogenic bacteria including both Gram-negative and Gram-positive strains. Thioether 4b showed broad-spectrum antibacterial activities according to the antibiogram tests. DFT calculations (B3LYP/6-311++G**) were performed to determine type of drug-receptor interactions. It was found that reversible dipole-dipole forces play a key role in most interactions. 
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1. Introduction

Organic compounds containing C-S-C bonds are known as sulfides or thioethers. These functional groups exist alone or alongside others in various pharmaceutical and biologically active molecules (Figure 1.). L-Methionine is a proteinogenic amino acid that plays an essential role in the growth of new blood vessels. It is a beneficial supplement to treat schizophrenia, asthma, alcoholism, Parkinson's, drug withdrawal, copper poisoning, allergies and depression diseases. Bithionol is a diarylthioether that that used against trematode and cestode infestations especially in animals.1 It should be consumed with caution in human infections due to its photosensitizing effects on skin.2 Cefotiam belongs to a class of antibiotics known as cephalosporin.3 Butoconazole nitrate (Gynazole-1) is used for treatment of vulvovaginal yeast infections.4 Arotinolol is prescribed for the treatment of hypertension and essential tremor.5,6 Probucol as a potent antioxidant drug lowers the level of cholesterol (mainly LDL) in the blood.7 Carbocisteine (S-carboxymethylcysteine), prepared from alkylation of cysteine using chloroacetic acid, improves the symptoms of chronic obstructive pulmonary disorder (COPD) and bronchiectasis.8


Figure 1. Some approved thioether-based drugs.
New methods and procedures were developed to synthesize organic sulfides. For this purpose, metal-catalyzed reactions,9-11 Sandmeyer and Leuckart reactions,12,13 coupling of thiols with Grignard reagents in the presence of N-chlorosuccinimide,14 photocatalytic initiation thiol-ene reaction,15 free radical displacement on alkynes,16 regioselective conjugate addition of thiols to acyclic α,β,γ,δ-unsaturated dienones,17 in situ nucleophilic substitution of aryl bromides with potassium iodomethyltrifluoroborates,18 displacement reaction of halogens by sulfur,19 Stevens rearrangement of thioethers with arynes,20 and synthesis of thiiranes via reaction of epoxides with thiourea in DES21 were proposed by researchers. Alkylation of thiols or their salts is a well-developed method for the preparation of thioether derivatives.22,23 Furthermore, these compounds were successfully synthesized via a variety of one-pot multistep24-26 and multicomponent27,28 alkylation reactions.
Theoretical studies can guide chemists to design and discover new medicines as well as to predict their action mechanism. Some thioether-ester crown ethers were synthesized as potential inhibitors of Klebsiella pneumoniae.29 QSAR calculations including Moriguchi octanol-water partition coefficient, polar surface area, hydrophilic factor, Ghose-Crippen molar refractivity, unsaturation index and weighted holistic invariant molecular were in compliance with MIC value of synthetic compounds.29 Antiplatelet activities of some synthesized 2-(arylmethylthio)-3-phenylquinazolin-4-ones were evaluated on ADP and arachidonic acid-induced platelet aggregation in human plasma.30 Theoretical calculations showed a fairly parabolic correlation between IC50 values of derivatives and their related molecular volume and surface area. Recently, a connection was determined between thioether pleuromutilin derivatives and bacterial 50S ribosomal protein L3 using 3D-QSAR and Topomer CoMFA analysis and ADMET prediction.31 
In this project, some 2-(bis(benzylthio)methylene)malononitrile derivatives synthesized via both in the presence of solvent and under solvent-free conditions. Inhibitory properties of these symmetric thioethers were assessed against different genera of bacterial pathogens. QSAR studies were applied to predict the correlation between biological activities of synthesized thioethers and physicochemical descriptors. 

2. Experimental

2.1 Chemicals
All yields refer to isolated products. Melting points were recorded on a Kruss type KSP1N melting point apparatus and corrected. The reaction progress were affected by aluminium TLC plates pre-coated with silica gel with fluorescent indicator F254 using n-hexane/ethyl acetate (9:1, v/v) as the desired mobile phase. The result TLC plates were visualized under UV radiation (254 nm). The IR spectra of the products were recorded on a Bruker Tensor-27 FT-IR spectrometer using KBr disks. The 1H and 13C NMR spectra of compounds in DMSO-d6 or CDCl3 were recorded on a Bruker FT-NMR Ultra Shield-400 spectrometer (400 and 100 MHz, resp.). CHNS/O analyses were performed on a Thermo Finnigan Flash EA microanalyzer.  Initial bacterial or fungal suspensions were adjusted with a Jenway 6405 UV/Vis spectrophotometer.
2.1.1 General procedure for the synthesis of thioethers 4a-h
2.1.1.1 The classical conditions

0.66 g malononitrile (1) (10 mmol), 0.76 g carbon disulfide (2) (10 mmol), 2.76 g potassium carbonate (20 mmol) and benzylhalides 3a-h (20 mmol) in 20 mL acetonitrile were mixed well. The mixture was heated under reflux for 5-9 h. The end of the reaction was indicated by TLC. The reaction mixture was cooled to room temperature. The contents were added to 20 mL water and extracted with diethyl ether (2×10 mL). The extract was washed with water (3×15 mL), and the organic phase was separated, dried over anhydrous MgSO4, filtered and concentrated under reduced pressure. The solid residues were recrystallized from different mixtures of ethanol and water to give colorless needles.
2.1.1.2 The solvent-free conditions
0.66 g malononitrile (1) (10 mmol), 0.76 g carbon disulfide (2) (10 mmol), 2.02 g triethylamine (20 mmol) and benzylhalides 3a-h (20 mmol) were vigorously stirred to form a macroscopically homogeneous mixture. The mixture was heated at 80 oC for 4-7.5 h. The progress of reaction was monitored by TLC. After cooling to room temperature, the contents were added to 20 mL water. The procedures of extraction and purification were proceed similarly to the classical conditions.
2.1.1.3 2-(Bis(benzylthio)methylene)malononitrile (4a). 
Light orang needles; m.p. 87-88 °C (Ref.32 85-86 °C); IR (KBr) ν 2924, 2214 (C≡N), 1588, 1502, 1449 (CH2), 1248, 1091, 831, 711 cm-1. 
2.1.1.4 2-(Bis((2-nitrobenzyl)thio)methylene)malononitrile (4b).
Dark brown needles; m.p. 82-84 °C; IR (KBr) ν 2925, 2360, 2176 (C≡N), 1635, 1558 (asymmetric NO2 stretching), 1448 (CH2), 1312 (symmetric NO2 stretching), 1236, 1008, 833, 703 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.38 (s, 2H, H-3ʹ), 7.26-7.30 (m, 4H, 2 H-5ʹ,6ʹ), 7.20 (m, 2H, 2 H-4ʹ), 3.74 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, CDCl3) δ 33.1 (2 CH2), 119.4 (NC-C=C), 121.4 (2 C≡N), 127.1 (2 C-6ʹ), 129.5 (2 C-4ʹ), 130.2 (2 C-5ʹ), 131.3 (2 C-3ʹ), 134.8 (2 C-1ʹ), 147.3 (2 C-2ʹ), 166.2 (NC-C=C) ppm. Anal. Calcd. for C18H12N4O4S2: C, 52.42; H, 2.93; N, 13.58; S, 15.55. Found: C, 52.37; H, 2.94; N, 13.62; S, 15.50.
.
2.1.1.5 2-(Bis((4-nitrobenzyl)thio)methylene)malononitrile (4c). 
Light brown needles; m.p. 93-94 °C; IR (KBr) ν 2924, 2360, 2189 (C≡N), 1635, 1558 (asymmetric NO2 stretching), 1456 (CH2), 1345 (symmetric NO2 stretching), 1312, 1236, 1008, 833, 703 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 8.10 (d, J = 7.3 Hz, 4H, 2 H-3ʹ,5ʹ), 7.50 (d, J = 7.3 Hz, 4H, 2 H-2ʹ,6ʹ), 3.79 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, DMSO-d6) δ 34.9 (2 CH2), 120.6 (NC-C=C), 123.9 (2 C-2ʹ,6ʹ), 124.1 (2 C≡N), 130.5 (2 C-3ʹ,5ʹ), 141.7 (2 C-1ʹ), 146.9 (2 C-4ʹ), 170.1 (NC-C=C) ppm. Anal. Calcd. for C18H12N4O4S2: C, 52.42; H, 2.93; N, 13.58; S, 15.55. Found: C, 52.36; H, 2.92; N, 13.63; S, 15.53. 
2.1.1.6 2-(Bis((2,4-dinitrobenzyl)thio)methylene)malononitrile (4d). 
Dark brown needles; m.p. 157-159 °C (decomp.); IR (KBr) ν 2924, 2360, 2218 (C≡N), 1604, 1532 (asymmetric NO2 stretching), 1457 (CH2), 1346 (symmetric NO2 stretching), 1067, 853, 777 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 8.77 (s, 2H, 2 H-3ʹ), 8.58 (d, J = 8.2 Hz, 2H, 2 H-5ʹ), 8.18 (d, J = 8.2 Hz, 2H, 2 H-6ʹ), 3.48 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, DMSO-d6) δ 30.2 (2 CH2), 120.8 (2 C≡N), 127.7 (NC-C=C), 128.4 (2 C-3ʹ), 130.2 (2 C-6ʹ), 130.7 (2 C-5ʹ), 137.0 (2 C-1ʹ), 147.4 (2 C-4ʹ), 148.2 (2 C-2ʹ), 168.2 (NC-C=C) ppm. Anal. Calcd. for C18H10N6O8S2: C, 43.03; H, 2.01; N, 16.73; S, 12.76. Found: C, 43.09; H, 2.02; N, 16.68; S, 12.80%. 
2.1.1.7 2-(Bis((2-chlorobenzyl)thio)methylene)malononitrile (4e). 
Dark brown needles; m.p. 87-88 °C; IR (KBr) ν 2922, 2224 (C≡N), 1746, 1572, 1444 (CH2), 1377, 1237, 1162, 1052 (C-Cl), 823, 760 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.36 (m, 2H, 2 H-3ʹ), 7.22 (m, 6H, 2 H-4ʹ,5ʹ,6ʹ), 3.76 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, CDCl3) δ 41.0 (2 CH2), 121.8 (2 C≡N), 126.7 (NC-C=C), 128.4 (2 C-4ʹ), 128.9 (2 C-3ʹ), 129.7 (2 C-5ʹ), 130.7 (2 C-2ʹ), 130.9 (2 C-6ʹ), 131.5 (2 C-1ʹ), 162.4 (NC-C=C) ppm. Anal. Calcd. for C18H12Cl2N2S2: C, 55.25; H, 3.09; N, 7.16; S, 16.39. Found: C, 55.27; H, 3.08; N, 7.14; S, 16.43. 
2.1.1.8 2-(Bis((2,4-dichlorobenzyl)thio)methylene)malononitrile (4f). 
Dark brown needles; m.p. 88-90 °C; IR (KBr) ν 2926, 2220 (C≡N), 1739, 1587, 1453 (CH2), 1237, 1050 (C-Cl), 867, 727 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 7.56 (s, 2H, 2 H-3ʹ), 7.32-7.45 (m, 4H, 2 H-5ʹ,6ʹ), 3.78 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, DMSO-d6) δ 33.1 (2 CH2), 122.4 (2 C≡N), 125.9 (NC-C=C), 127.7 (2 C-5ʹ), 129.3 (2 C-3ʹ), 132.6 (2 C-1ʹ), 133.5 (2 C-6ʹ), 134.4 (2 C-4ʹ), 135.2 (2 C-2ʹ), 163.7 (NC-C=C) ppm. Anal. Calcd. for C18H10Cl4N2S2: C, 46.98; H, 2.19; N, 6.09; S, 13.93. Found: C, 47.04; H, 2.18; N, 6.08; S, 13.89. 
2.1.1.9 2-(Bis((2-cyanobenzyl)thio)methylene)malononitrile (4g). 
Dark yellow needles; m.p. 94-96 °C; IR (KBr) ν 2925, 2176 (C≡N), 1652, 1488 (CH2), 1373, 1008, 869, 703 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 7.67 (m, 6H, 2 H-3ʹ,4ʹ,5ʹ), 7.46 (m, 2H, 2 H-6ʹ), 3.81 (s, 4H, 2 CH2) ppm; 13C NMR (100 MHz, DMSO-d6) δ 34.9 (2 CH2), 115.4 (2 C-2ʹ), 120.6 (NC-C=C), 122.1 (2 C-4ʹ), 123.9 (2 C-6ʹ), 124.1 (2 C≡N), 124.7 (C≡N-2ʹ), 129.2 (2 C-3ʹ), 130.5 (2 C-5ʹ), 146.9 (2 C-1ʹ), 170.1 (NC-C=C) ppm. Anal. Calcd. for C20H12N4S2: C, 64.49; H, 3.25; N, 15.04; S, 17.22. Found: C, 64.52; H, 3.26; N, 15.02; S, 17.20.
2.1.1.10 2-(Bis(((perfluorophenyl)methyl)thio)methylene)malononitrile (4h). 
Cream needles; m.p. 97-99 °C; IR (KBr) ν 2927, 2199 (C≡N), 1715, 1522, 1474 (CH2), 1311, 1125 (C-F), 993, 965, 752 cm-1; 1H NMR (400 MHz, DMSO-d6) δ 3.92 (s, 2 CH2) ppm; 13C NMR (100 MHz, DMSO-d6) δ 23.2 (2 CH2), 112.9 (NC-C=C), 115.5 (2 C≡N), 118.0 (2 C-1ʹ), 139.3 (2 C-2ʹ,6ʹ), 143.0 (2 C-4ʹ), 146.9 (2 C-3ʹ,5ʹ), 162.1 (NC-C=C) ppm. Anal. Calcd. for C18H4F10N2S2: C, 43.04; H, 0.80; N, 5.58; S, 12.76. Found: C, 43.01; H, 0.80; N, 5.60; S, 12.78.
2.2 In vitro antibacterial activity

Gram-negative bacterial strains including Acinetobacter baumannii (PTCC 1855), Pseudomonas aeruginosa (PTCC 1310), Klebsiella pneumoniae (PTCC 1290), Escherichia coli (PTCC 1399), Shigella flexneri (PTCC 1234), Shigella dysenteriae (PTCC 1188), Proteus mirabilis (PTCC 1776), Proteus vulgaris (PTCC 1079), Salmonella enterica subsp. enterica (PTCC 1709) and Salmonella typhi (PTCC 1609), and Gram-positive bacterial strains including Enterococcus faecalis (PTCC 1778), Streptococcus pyogenes (PTCC 1447), Streptococcus agalactiae (PTCC 1768), Streptococcus equinus (PTCC 1445), Streptococcus pneumoniae (PTCC 1240), Listeria monocytogenes (PTCC 1297), Staphylococcus aureus (PTCC 1189), Staphylococcus epidermidis (PTCC 1435), Bacillus cereus (PTCC 1665), Bacillus subtilis subsp. spizizenii (PTCC 1023), Bacillus thuringiensis subsp. kurstaki (PTCC 1494), Rhodococcus equi (PTCC 1633) were prepared from the Persian Type Culture Collection (PTCC), Karaj, Iran. IZD, MIC and MBC values were determined by using broth disk diffusion, microdilution and time-kill methods, according to CLSI (Clinical and Laboratory Standards Institute) guidelines M07-A9, M26-A and M02-A11.33 The stock solutions of all derivatives and antibiotics were respectively prepared in 10% DMSO and double-distilled water at concentrations of 10240 and 17.6 mg mL-1. The IZD values were measured at these initial concentrations. All antibiogram tests were performed at least three times independently, and the results were reported as mean values.
2.3 Computational details
All geometries were optimized at the B3LYP level of density functional theory using the 6-31+G(d,p) basis set, and no molecular symmetry constraint was considered.34 All calculations were performed using Gaussian 09 program package at 298.15 K and 1 atm. Vibrational frequency analyses were also performed at the same level to ensure that the optimized structures are local minima. The electron density distribution was analyzed by the atoms in molecules (AIM) and the natural bond orbital (NBO) methods on the wave functions obtained at the B3LYP/6-31+G** level of theory by AIM2000  and NBO 3.1 programs, respectively.35,36
3. Results and Discussion

3.1 Synthesis and spectroscopic characterization of thioethers 4a-h

2-(Bis(benzylthio)methylene)malononitriles 4a-h were prepared under two different conditions (Scheme 1). Malononitrile (1), carbon disulfide (2) and benzyl halides 3a-h were simultaneously reacted under classical conditions and in the presence of potassium carbonate and acetonitrile as reaction promoter and solvent. Shorter reaction times and higher product yields obtained under solvent-free conditions using triethylamine as base (Table 1). As expected, the probability of efficient interactions between the reactants has increased in the absence of solvent.


Scheme 1. Total synthesis of thioethers 4a-h.
Table 1. Multicomponent synthesis of thioethers 4a-h in acetonitrile or under solvent-free conditions.
	Entry
	Ar
	X
	Products
	Time/h
	Yield/%

	
	
	
	
	Acetonitrile
	Solvent-free
	Acetonitrile
	Solvent-free

	1
	C6H5
	Cl
	4a
	7
	5
	90
	96

	2
	2-O2N-C6H4
	Cl
	4b
	5
	4
	92
	98

	3
	4-O2N-C6H4
	Br
	4c
	6.5
	5.5
	88
	95

	4
	2,4-(O2N)2-C6H3
	Cl
	4d
	9
	7.5
	81
	89

	5
	2-Cl-C6H4
	Cl
	4e
	6
	4
	91
	97

	6
	2,4-(Cl)2-C6H3
	Cl
	4f
	5.5
	4
	89
	98

	7
	2-NC-C6H4
	Br
	4g
	6
	4
	87
	93

	8
	C6F5
	Br
	4h
	7
	5.5
	86
	94


Chemical structure of molecules 4a-h were determined according to their spectral data and elemental analyses. In NMR spectra, Hydrogens and carbon of the methylene groups appeared respectively within 3.48-3.92 and 23.17-41.04 ppm. Two carbons of olefin bonds observed in low- and high-field regions of 13C-NMR spectra. In addition, absorption bands associated with C≡N stretching vibrations were assigned at 2176-2224 cm-1.
3.2 Antibacterial evaluation of the synthesized compounds
Inhibitory activities of all synthesized thioethers were evaluated against 22 important Gram-positive and -negative bacterial pathogens. The biological properties of compounds were compared with those of gentamicin antibiotic, and reported as IZD (the inhibition zone diameter), MIC (the minimum inhibitory concentration and MBC (the minimum bactericidal concentration) values in Tables 2 and 3. Thioether 4b containing two 2-nitrobenzyl substituents could inhibit the growth of all tested bacteria. This broad-spectrum antibacterial agent was only effective sulfide on Proteus vulgaris, Streptococcus pneumoniae and Shigella dysenteriae species. The shift of the nitro groups to the para-positions in compound 4c led to significant reduction in antibacterial effects, this compound was ineffective on all tested Gram-negative strains. These effects did not change remarkably by the introduction of the second nitro group in compound 4d. However, a similar change in compounds 4e,f resulted in the expansion of spectrum of action.
Table 2. Inhibitory activities of thioethers 4a-h against Gram-negative pathogenic bacteria.
	
Bacteria
	Products
	Antibiotic

	
	4a
	4b
	4c
	4d
	4e
	4f
	4g
	4h
	Gentamicin

	1855
	IZD
	-
	22.76
	-
	-
	13.10
	15.40
	12.11
	-
	19.63

	
	MIC
	-
	64
	-
	-
	512
	128
	512
	-
	16

	
	MBC
	-
	128
	-
	-
	1024
	256
	1024
	-
	32

	1310
	IZD
	-
	12.56
	-
	-
	-
	-
	11.65
	-
	25.90

	
	MIC
	-
	512
	-
	-
	-
	-
	512
	-
	0.063

	
	MBC
	-
	1024
	-
	-
	-
	-
	1024
	-
	0.063

	1290
	IZD
	-
	13.11
	-
	-
	-
	-
	14.56
	-
	21.78

	
	MIC
	-
	512
	-
	-
	-
	-
	256
	-
	4

	
	MBC
	-
	1024
	-
	-
	-
	-
	512
	-
	4

	1399
	IZD
	-
	11.80
	-
	-
	10.12
	8.90
	-
	-
	23.60

	
	MIC
	-
	256
	-
	-
	512
	1024
	-
	-
	8

	
	MBC
	-
	512
	-
	-
	1024
	2048
	-
	-
	8

	1234
	IZD
	7.39
	30.45
	-
	9.80
	6.89
	9.90
	16.11
	10.62
	19.46

	
	MIC
	512
	16
	-
	256
	1024
	256
	128
	256
	2

	
	MBC
	1024
	64
	-
	512
	2048
	512
	256
	512
	8

	1188
	IZD
	-
	12.65
	-
	-
	-
	-
	-
	-
	21.16

	
	MIC
	-
	128
	-
	-
	-
	-
	-
	-
	0.031

	
	MBC
	-
	256
	-
	-
	-
	-
	-
	-
	0.063

	1776
	IZD
	11.60
	10.40
	-
	-
	-
	-
	10.80
	-
	21.82

	
	MIC
	512
	512
	-
	-
	-
	-
	512
	-
	0.063

	
	MBC
	1024
	1024
	-
	-
	-
	-
	1024
	-
	1

	1079
	IZD
	-
	7.80
	-
	-
	-
	-
	-
	-
	30.26

	
	MIC
	-
	512
	-
	-
	-
	-
	-
	-
	4

	
	MBC
	-
	1024
	-
	-
	-
	-
	-
	-
	4

	1709
	IZD
	-
	21.67
	-
	-
	-
	-
	13.34
	-
	23.84

	
	MIC
	-
	64
	-
	-
	-
	-
	256
	-
	8

	
	MBC
	-
	128
	-
	-
	-
	-
	512
	-
	8

	1609
	IZD
	-
	21.80
	-
	-
	-
	-
	11.67
	-
	21.29

	
	MIC
	-
	64
	-
	-
	-
	-
	512
	-
	0.063

	
	MBC
	-
	128
	-
	-
	-
	-
	1024
	-
	0.125


-: No noticeable antibacterial effect at the initial concentrations; a Values reported as mm; b Values reported as μg mL-1; c Values reported as μg mL-1.
Table 3. Inhibitory activities of thioethers 4a-h against Gram-positive pathogenic bacteria.
	
Bacteria
	Products
	Antibiotic

	
	4a
	4b
	4c
	4d
	4e
	4f
	4g
	4h
	Gentamicin

	1778
	IZDa
	-
	13.90
	-
	-
	14.80
	-
	-
	14.80
	15.64

	
	MICb
	-
	128
	-
	-
	128
	-
	-
	128
	0.5

	
	MBCc
	-
	256
	-
	-
	256
	-
	-
	256
	1

	1447
	IZD
	-
	10.46
	-
	-
	-
	7.40
	11.81
	-
	14.19

	
	MIC
	-
	1024
	-
	-
	-
	2048
	512
	-
	2

	
	MBC
	-
	2048
	-
	-
	-
	4096
	1024
	-
	2

	1768
	IZD
	-
	15.56
	7.24
	8.60
	-
	7.12
	-
	7.89
	-

	
	MIC
	-
	256
	1024
	1024
	-
	1024
	-
	1024
	-

	
	MBC
	-
	512
	2048
	2048
	-
	2048
	-
	2048
	-

	1445
	IZD
	-
	9.95
	-
	9.40
	8.67
	-
	-
	17.67
	19.87

	
	MIC
	-
	128
	-
	256
	512
	-
	-
	64
	2

	
	MBC
	-
	256
	-
	512
	1024
	-
	-
	128
	2

	1240
	IZD
	-
	10.80
	-
	-
	-
	-
	-
	-
	24.74

	
	MIC
	-
	256
	-
	-
	-
	-
	-
	-
	1

	
	MBC
	-
	512
	-
	-
	-
	-
	-
	-
	1

	1297
	IZD
	-
	24.12
	-
	-
	-
	9.67
	-
	9.90
	18.71

	
	MIC
	-
	16
	-
	-
	-
	1024
	-
	1024
	2

	
	MBC
	-
	32
	-
	-
	-
	2048
	-
	2048
	2

	1189
	IZD
	-
	10.89
	-
	-
	-
	-
	7.49
	-
	22.19

	
	MIC
	-
	512
	-
	-
	-
	-
	1024
	-
	1

	
	MBC
	-
	1024
	-
	-
	-
	-
	2048
	-
	1

	1435
	IZD
	8.55
	17.67
	14.97
	-
	9.70
	9.23
	-
	7.34
	27.20

	
	MIC
	1024
	256
	256
	-
	512
	512
	-
	1024
	1

	
	MBC
	2048
	512
	512
	-
	1024
	1024
	-
	2048
	2

	1665
	IZD
	-
	17.55
	-
	8.50
	-
	8.66
	10.56
	-
	25.51

	
	MIC
	-
	128
	-
	1024
	-
	1024
	512
	-
	0.25

	
	MBC
	-
	256
	-
	2048
	-
	2048
	1024
	-
	4

	1023
	IZD
	-
	9.11
	7.50
	
	8.13
	6.12
	-
	8.29
	27.20

	
	MIC
	-
	512
	1024
	
	1024
	1024
	-
	1024
	1

	
	MBC
	-
	1024
	2048
	
	2048
	2048
	-
	2048
	2

	1494
	IZD
	-
	22.89
	-
	-
	-
	10.48
	-
	-
	26.82

	
	MIC
	-
	16
	-
	-
	-
	512
	-
	-
	1

	
	MBC
	-
	32
	-
	-
	-
	1024
	-
	-
	1

	1633
	IZD
	-
	11.53
	-
	-
	-
	-
	-
	8.94
	20.17

	
	MIC
	-
	128
	-
	-
	-
	-
	-
	1024
	2

	
	MBC
	-
	256
	-
	-
	-
	-
	-
	2048
	2


-: No noticeable antibacterial effect at the initial concentrations; a Values reported as mm; b Values reported as μg mL-1; c Values reported as μg mL-1.
QSAR studies were used to correlate biological activities of compounds into their physicochemical parameters. It is well known that the antibacterial activity of antibiotics is related to intermolecular interactions between drug and receptor. Identification of the type of forces involved to explore drug-receptor interactions is necessary. Intermolecular interactions are mainly divided into reversible dipole-dipole forces, weak London dispersion forces and stronger irreversible covalent bonding. The challenge of determining these interactions particularly in antibacterial agents has been the subject of a vast amount of both theoretical and experimental studies.
In this investigation, the IZD values of synthesized thioethers 4a-h were computationally related to their physicochemical descriptors. For this purpose, all three classes of intermolecular interactions has been considered. Figure 2 shows the typical structure of studied ligands.
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Figure 2. Typical structure of thioethers 4a-h.
SN2, Schiff base formation and Michael addition are chemical interactions involved in drug-receptor complexes. Covalent bonds can be usually formed via nucleophilic attack on electron-deficient sites of biological macromolecules. The Pearson's Hard and Soft, Acids and Bases (HSAB) theory predict the significant degree of selectivity that occurs in such nucleophile-electrophile interactions.37-39 Accordingly, important electronic descriptors including hardness (HD), softness (SOF), electronegativity (EN) and electrophilicity (EPH), which obtained from energies of HOMO and LUMO, were used to characterize irreversible covalent interactions. They respectively describe stability, reactivity, electron affinity and a measure of energy lowering due to maximal electron flow between donor and acceptor.40 They can be calculated as HD = (LUMO-HOMO)/2, SOF = 1/HD, EN = -(LUMO+HOMO)/2 and EPH = -(EN)2/(2HD).41 Moreover, maximum and minimum local electrostatic surface potential (Max.LESP, Min.LESP) as well as average positive and average negative electrostatic potential (AESP(+), AESP(-)) were applied to characterize relatively strong dipole-dipole interactions namely hydrogen and halogen bonds in ligand-receptor complexes.42 Furthermore, the weak intermolecular dispersion forces have been outlined by molecular volume (MV) molecular surface area (MSA), and polarizability (PL). The numerical values of the molecular descriptors were calculated and presented in Table 4.
Table 4. The numerical values of the calculated descriptors. 
	              
	Products
	
	
	
	
	
	
	

	Descriptors
	4a
	4b
	4c
	4d
	4e
	4f
	4g
	4h

	HOMOa
	-0.2533
	-0.2561
	-0.2721
	-0.2766
	-0.2515
	-0.2570
	-0.2650
	-0.2709

	LUMOa
	-0.1046
	-0.1227
	-0.1281
	-0.1482
	-0.0982
	-0.1050
	-0.1123
	-0.1196

	HLGa
	0.1487
	0.1334
	0.1441
	0.1284
	0.1533
	0.1520
	0.1527
	0.1512

	HDa
	0.0743
	0.0667
	0.0720
	0.0642
	0.0766
	0.0760
	0.0764
	0.0756

	SOFb
	13.45
	15.00
	13.88
	15.57
	13.05
	13.16
	13.09
	13.23

	ENa
	-0.1790
	-0.1894
	-0.2001
	-0.2124
	-0.1748
	-0.1810
	-0.1886
	-0.1953

	EPHa
	-0.2155
	-0.2689
	-0.2779
	-0.3511
	-0.1994
	-0.2155
	-0.2330
	-0.2521

	AESP(+)c
	13.13
	14.79
	19.53
	20.76
	11.96
	12.41
	14.71
	15.38

	AESP(-)c
	-13.38
	-16.27
	-15.55
	-12.44
	-12.52
	-12.61
	-17.37
	-8.29

	Max.LESPc
	32.67
	30.56
	42.30
	43.18
	31.50
	39.62
	33.10
	33.77

	Min.LESPc
	-37.66
	-35.96
	-31.52
	-29.63
	-38.29
	-36.12
	-33.64
	-32.87

	MVd
	969.0
	1045.1
	1078.5
	1181.6
	1033.0
	1120.4
	1021.2
	1034.3

	MSAe
	570.4
	589.0
	662.6
	712.7
	607.8
	672.0
	556.9
	619.0

	PLf
	37.49
	41.17
	41.17
	44.60
	41.35
	45.20
	42.28
	36.58


a Values reported as hartree; b Values reported as hartree-1; c Values reported as kcal.mol-1; d Values reported as Å3; e Values reported as Å2; f Values reported as a.u.
The information mathematical models obtained from four Gram-negative (1855, 1234, 1399, 1776) and five Gram-positive (1447, 1297, 1665, 1768, 1435) bacteria has been shown in Table 5. The inhibitory activity of thioethers 4a-h against Gram-negative strains were correlated to their both chemical and reversible physical descriptors, and has been presented in Figures 3 and 4.
Table 5. The correlation coefficient (r2) and rate of change sign (+) or (-) of QSAR calculations.
	
Descriptors
	Bacteria
	
	
	
	
	
	
	
	

	
	1855 
	1234
	1399
	1776
	1447
	1297
	1665
	1768
	1435

	HOMO
	-
	0.9909: (-)
	-
	0.9927: (+)
	-
	-
	-
	-
	-

	LUMO
	-
	0.9982: (-)
	-
	-
	-
	-
	0.9540: (-)
	-
	-

	HLG
	0.9384: (-)
	0.9998: (-)
	0.7779: (-)
	-
	-
	0.9995: (-)
	0.9435: (-)
	-
	0.8253: (-)

	HD
	0.9384: (-)
	0.9998: (-)
	0.7779: (-)
	-
	-
	0.9995: (-)
	0.9435: (-)
	-
	0.8253: (-)

	SOF
	0.9362: (+)
	0.9999: (+)
	0.7840: (+)
	-
	-
	0.9997: (+)
	0.9456: (+)
	-
	0.8215: (+)

	EN
	-
	0.9963: (-)
	-
	-
	0.8611: (-)
	-
	-
	-
	-

	EPH
	0.6554: (-)
	0.9958: (-)
	0.6281: (-)
	-
	-
	-
	0.9853: (-)
	-
	-

	AESP(+)
	-
	0.9985: (+)
	0.6973: (+)
	-
	0.8931: (+)
	-
	-
	-
	-

	AESP(-)
	-
	-
	0.8084: (-) 
	0.8007: (+)
	0.9938: (-)
	0.6947: (-)
	0.9984: (-)
	0.7188: (-)
	0.7278: (-)

	Max.LESP
	0.7828: (+)
	0.9951: (+)
	-
	-
	0.7027: (-)
	0.6088: (-)
	0.9202: (-)
	0.8041: (+)
	-

	Min.LESP
	-
	0.9990: (-)
	-
	0.9854: (-)
	0.5978: (+)
	-
	-
	-
	-

	MV
	0.9647: (+)
	-
	-
	-
	0.9953: (-)
	-
	0.9024: (-)
	0.8740: (-)
	-

	MSA
	0.9749: (+)
	-
	-
	-
	0.9992: (-)
	0.6159: (-)
	0.9663: (-)
	0.9995: (-)
	-

	PL
	0.7474: (+)
	-
	-
	0.7617: (-)
	0.7074: (-)
	-
	0.9311: (-)
	0.8883: (-)
	-
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Figure 3. The correlation between descriptors and the IZD values of the ligands 4b,e-g and 4a,b,d-h against Gram-negative bacteria 1855 (A) and 1234 (B), respectively. Descriptors with large outlying numerical values (superscripted by *) are divided by them of ligand 4c because the charts able to cover the all numbers.
In Figure 3-A, the IZD values of compounds 4b,e,f,g against bacterium 1855 were reasonably related to covalent bond descriptors including HLG (HOMO-LUMO gap), HD, SOF and EPH. This implies that covalent bonds are formed because of a charge transfer process from the nucleophilic centers to the electrophilic sites. Furthermore, moderate to weak correlations were observed against reversible physical descriptors (Max.LESP, MV, MSA and PL), removal of 4b strikingly improved them. It can be deduced that less effective ligands (molecules with less IZD values) preferably act via establishing dipole-dipole and short distance dispersion forces. Inhibitory activity against strain 1234 was observed with all thioethers except compound 4c. However, as indicated in Figure 3-B, their action mechanism is not the same. Different trends against irreversible covalent descriptors were found in series 4b,f,g,h and 4a,d,e. The former series except ligand 4f behaved differently from later ones toward the dipole-dipole descriptors. No reasonable relationship was found between antibacterial activities of synthesized compounds against specie 1234 and the dispersion forces descriptors, it reflects dominate contribution of dipole-dipole and covalent interactions. Similar weak correlations on dispersion forces descriptors were observed against bacterial species 1399 and 1776, as shown in Figure 4.
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Figure 4. The correlation between descriptors and the IZD values of the ligands 4b,e,f and 4a,f,g against Gram-negative bacteria 1399 (A) and 1776 (B), respectively.
The antibacterial effects of thioethers 4a-h on five Gram-positive strains have been correlated to their physicochemical descriptors in Figures 5 and 6. Moderate to good relationships were established between the IZD values of ligands 4b,f,g and all reversible descriptors against bacterium 1447, EN was the only irreversible parameter that can make a meaningful correlation (Figure 5-A). This probably represents a more prominent role of reversible interactions in observed effects.
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Figure 5. The correlation between descriptors and the IZD values of the ligands 4b,f,g and 4b,f,h and 4b,d,f,g against Gram-positive bacteria 1447 (A), 1297 (B) and 1665 (C), respectively.
The irreversible descriptors including HLG, HD and SOF show better correlations with the inhibitory properties of ligands 4b,f,h on bacterium 1297 than reversible ones including AESP(-), Max.LESP and MSA, as illustrated in Figure 5-B. The orbital overlapping is the most probable type of interactions occurred between ligands and microorganisms. The same results can be seen in the Figure 5-C. While the antimicrobial activities of the ligands 4b,f,g on strain 1665 have been strongly correlated to irreversible descriptors, any clear relationship was observed on the reversible dipole-dipole and London dispersion descriptors. Acceptable correlations were found with reversible interactions when compounds 4d,f,g without considering molecule 4b were included in calculations. This indicates that the action mechanism of the highly active ligand 4b against bacterium 1665 is preferably through covalent interactions. Two Gram-positive bacteria 1768 and 1435 exhibited quite different behavior. As indicated in Figure 6, while the former strain is affected by a few ligands (4c,f,h) with relatively low activities, all ligands except thioether 4d could more efficiently inhibit the growth of the later strain. Low activities of the ligands 4c,f,h against bacterium 1768 via only reversible interactions can be seen in Figure 6-A. However, covalent descriptors such as HLG, HD and SOF were dominant interactions in thioethers 4a,b,c,e,f,g,h against bacterium 1435, as shown in Figure 6-B.
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Figure 6. The correlation between descriptors and the IZD values of the ligands 4c,f,h and 4a-c,e,f,h against Gram-positive bacteria 1768 (A) and 1435 (B), respectively.
The resulting data Table 5 shows that the inhibitory activity of the ligands on 4 Gram-negative bacteria, was mainly related both to irreversible chemical and reversible physical (dipole-dipole and short distance dispersion forces) interactions. However, no logical correlation was observed between short distance descriptors of ligands and their antibacterial activities against microorganisms 1234 and 1399. In contrast, acceptable relationships were stablished on Gram-positive bacteria when only dipole-dipole interactions was considered. There is no such relations between the IZD values on bacteria 1768 and 1435, and covalent and London dispersion interactions, respectively. As a result, associations between Gram-positive bacterial receptors and host ligands were interpreted by dipole-dipole interactions including hydrogen and halogen bonding rather than the chemical bonding and dispersion forces. The presence or absence of interactions contributing to our QSAR calculations were summarized in Table 6.
Table 6. The presence (P) or absence (A) of interactions contributing to QSAR calculations.
	
Interactions
	Bacteria
	
	
	
	
	
	
	
	

	
	1855 
	1234
	1399
	1776
	1447
	1297
	1665
	1768
	1435

	Covalent bonding
	P
	P
	P
	P
	P
	P
	P
	A
	P

	Dipole-dipole
	P
	P
	P
	P
	P
	P
	P
	P
	P

	Dispersion forces
	P
	A
	A
	P
	P
	P
	P
	P
	A



The numerical values of some descriptors associated with inhibitory activity of ligands 4a-c,e-g against bacteria 1855, 1234, 1297, 1665 and 1435 were compared with each other to elucidate a basis for the significantly highest activity of the ligand 4b (Figure 7). Information of ligand 4d was not considered because of lack of its correlation with 4b. The minimum HD, the maximum SOF and the minimum Max.LESP was belonged to thioether 4b as illustrated in Figure 7-A, -B and -C, respectively. As a result, it is predicted that derivative 4b should have the least stability and the most reactivity toward the nucleophile-electrophile chemical interactions.
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Figure 7. Comparison of HD (A), SOF (B) and Max.LESP (C) of all ligands except 4d with them of highly active ligand 4b.
4. Conclusions

Thioether derivatives 4a-h were synthesized via two procedures. The antimicrobial activity of all synthesized ligands were evaluated against a variety of both Gram-negative and -positive pathogenic bacteria. Theoretical calculations were conducted to correlate inhibitory activity of ligands into their physico-chemical descriptors. It found that highly active ligands could affect both Gram-positive and -negative bacteria via covalent bonding interactions. Less active ligands preferably bound bacteria through both hydrogen bond and short distance London dispersion forces. Relatively strong dipole-dipole interactions of hydrogen and halogen bonding contribute in all ligand-receptor interactions. Furthermore, the same rate of change of sign was observed at both at both classes of bacteria for irreversible covalent descriptors (Table 5). However, signs in descriptors including Max.LESP, Min.LESP, MV, MSA and PL were opposite each other. These models convey that calculations must be focused on short distance dispersion forces and dipole-dipole interactions rather than covalent bonding to find differences in the mechanism of action of ligands against Gram-negative and -positive bacteria. The models proposes that high softness of ligand 4b is probably the main cause of its widespread and strong antibacterial activities. Indeed, it efficiently link to targets via the chemical covalent bonding. 
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HLG	0.15196000000000004	0.13337000000000002	0.15326000000000001	0.15274000000000001	15.4	22.76	13.1	12.11	HD	7.598000000000002E-2	6.6685000000000008E-2	7.6630000000000004E-2	7.6370000000000007E-2	15.4	22.76	13.1	12.11	SOF*	0.94807848445352239	1.0802279860355199	0.94003658161005665	0.94323691565770118	15.4	22.76	13.1	12.11	EPH	-0.215541987365096	-0.26889773281097701	-0.19941297403105834	-0.23295323359958101	15.4	22.76	13.1	12.11	Max.LESP*	0.93649371556087169	0.7445707031905614	0.78241444439979291	15.4	22.76	13.1	12.11	MV*	1.0388880646836289	0.95779244863140722	0.94688821304057569	15.4	22.76	13.1	12.11	MSA*	1.0142781676854578	0.91736472719040074	0.8405856161799109	15.4	22.76	13.1	12.11	PL*	1.0978868107845519	1.0043721156181686	1.0269613796453729	15.4	22.76	13.1	12.11	



HLG	0.15196000000000004	0.13337000000000002	0.15326000000000001	8.9	11.8	10.119999999999999	HD	7.598000000000002E-2	6.6685000000000008E-2	7.6630000000000004E-2	8.9	11.8	10.119999999999999	SOF*	0.94807848445352239	1.0802279860355199	0.94003658161005665	8.9	11.8	10.119999999999999	EPH	-0.215541987365096	-0.26889773281097701	-0.19941297403105834	8.9	11.8	10.119999999999999	AESP(+)*	0.6356352960215006	0.75749200080299239	0.61229187748630609	8.9	11.8	10.119999999999999	AESP(-)*	-0.81123183698148171	-1.0466350415200654	-0.80551756964500509	8.9	11.8	10.119999999999999	Max.LESP*	0.93649371556087169	0.72242801320949623	0.7445707031905614	8.9	11.8	10.119999999999999	MSA*	1.0142781676854578	0.88898951022564343	0.91736472719040074	8.9	11.8	10.119999999999999	PL*	1.0978868107845519	1	1.0043721156181686	8.9	11.8	10.119999999999999	

HOMO-(r²=0.9927)	-0.25606000000000001	-0.26500000000000001	-0.25329000000000002	10.4	7.8	11.6	AESP(-)*-(r²=0.8007)	-1.0466350415200654	-1.1174419008535574	-0.86086938064026453	10.4	7.8	11.6	Min.LESP*-(r²=0.9854)	-1.1407944872571758	-1.0671897257905374	-1.194786117888178	10.4	7.8	11.6	PLRZ*-(r²=0.7617)	1	1.0269613796453729	0.91061452513966479	10.4	7.8	11.6	

EN	-0.18098	-0.18937500000000002	-0.18863000000000002	7.4	10.46	11.8	AESP(+)*	0.6356352960215006	0.75749200080299239	0.75314401217598648	7.4	10.46	11.8	AESP(-)*	-0.81123183698148171	-1.0466350415200654	-1.1174419008535574	7.4	10.46	11.8	Max.LESP*	0.93649371556087169	0.72242801320949623	0.78241444439979291	7.4	10.46	11.8	Min.LESP*	-1.1459531657978979	-1.1407944872571758	-1.0671897257905374	7.4	10.46	11.8	MV*	1.0388880646836289	0.96903975966174605	0.94688821304057569	7.4	10.46	11.8	MSA*	1.0142781676854578	0.88898951022564343	0.8405856161799109	7.4	10.46	11.8	PL*	1.0978868107845519	1	1.0269613796453729	7.4	10.46	11.8	


LUMO	-0.105	-0.12268999999999999	-0.11226	8.66	8.5	17.55	10.56	HLG	0.15196000000000004	0.13337000000000002	0.15274000000000001	8.66	8.5	17.55	10.56	HD	7.598000000000002E-2	6.6685000000000008E-2	7.6370000000000007E-2	8.66	8.5	17.55	10.56	SOF*	0.94807848445352239	1.0802279860355199	0.94323691565770118	8.66	8.5	17.55	10.56	EPH	-0.215541987365096	-0.26889773281097701	-0.23295323359958101	8.66	8.5	17.55	10.56	AESP(-)*	-0.81123183698148171	-0.80037821531257436	-1.1174419008535574	8.66	8.5	17.55	10.56	Max.LESP*	0.93649371556087169	1.0208212675726724	0.78241444439979291	8.66	8.5	17.55	10.56	MV*	1.0388880646836289	1.095643869149173	0.94688821304057569	8.66	8.5	17.55	10.56	MSA*	1.0142781676854578	1.0756471209720022	0.8405856161799109	8.66	8.5	17.55	10.56	PL*	1.0978868107845519	1.0833130920573233	1.0269613796453729	8.66	8.5	17.55	10.56	


HLG-(r²=0.9995)	0.15196000000000004	0.13337000000000002	0.15121999999999999	9.67	24.12	9.9	HD-(r²=0.9995)	7.598000000000002E-2	6.6685000000000008E-2	7.5609999999999997E-2	9.67	24.12	9.9	SOF*-(r²=0.9997)	0.94807848445352239	1.0802279860355199	0.95271793742598399	9.67	24.12	9.9	AESP(-)*-(r²=0.6947)	-0.81123183698148171	-1.0466350415200654	-0.53313905844970322	9.67	24.12	9.9	Max.LESP*-(r²=0.6088)	0.93649371556087169	0.72242801320949623	0.79839916412349976	9.67	24.12	9.9	SRF.ARA*-(r²=0.6159)	1.0142781676854578	0.88898951022564343	0.93426911176514982	9.67	24.12	9.9	
AESP(-)*	-1.0000001929669964	-0.81123183698148171	-0.53313905844970322	7.24	7.12	7.89	Max.LESP*	1	0.93649371556087169	0.79839916412349976	7.24	7.12	7.89	MV*	1	1.0388880646836289	0.95898857651509528	7.24	7.12	7.89	MSA*	1	1.0142781676854578	0.93426911176514982	7.24	7.12	7.89	PL*	1	1.0978868107845519	0.88851105173670142	7.24	7.12	7.89	


HLG-(r²=0.8253)	0.14406999999999998	0.15196000000000004	0.13337000000000002	0.15326000000000001	0.15121999999999999	0.14865	14.97	9.23	17.670000000000002	9.6999999999999993	7.34	8.5500000000000007	HD-(r²=0.8253)	7.2034999999999988E-2	7.598000000000002E-2	6.6685000000000008E-2	7.6630000000000004E-2	7.5609999999999997E-2	7.4325000000000002E-2	14.97	9.23	17.670000000000002	9.6999999999999993	7.34	8.5500000000000007	SOF*-(r²=0.8215)	1.0000000451000022	0.94807848445352239	1.0802279860355199	0.94003658161005665	0.95271793742598399	0.96918941471616071	14.97	9.23	17.670000000000002	9.6999999999999993	7.34	8.5500000000000007	AESP(-)*-(r²=0.7278)	-1.0000001929669964	-0.81123183698148171	-1.0466350415200654	-0.80551756964500509	-0.53313905844970322	-0.86086938064026453	14.97	9.23	17.670000000000002	9.6999999999999993	7.34	8.5500000000000007	
Max.LESP	1	2	4	5	6	7	8	1	0.93649371556087169	0.72242801320949623	0.7445707031905614	0.79839916412349976	0.78241444439979291	0.77235366842462339	Max.LESP (in Kcal mol-1

HD	1	2	4	5	6	7	8	7.2034999999999988E-2	7.598000000000002E-2	6.6685000000000008E-2	7.6630000000000004E-2	7.5609999999999997E-2	7.6370000000000007E-2	7.4325000000000002E-2	HD (in hartree)

SOF	1	2	4	5	6	7	8	13.882140626084544	13.16135825217162	14.995876134063131	13.049719431032232	13.22576378785875	13.0941469163284	13.454423141607803	SOF (in hartree-1 )
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Sheet1

				BACTETERIUM		IZD		HOMO		LUMO		HLG		HD		SOF*		EN		EPH		AESP(+)*		AESP(-)*		Max.LESP*		Min.LESP*		VLM*		SRF. ARA*		PLRZ*

		1		1234		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1234		9.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

																																				3		1234		9.8		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1234		30.45		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1234		6.89		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1234		10.62		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1234		16.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1234		7.39		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1399		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1399		8.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1399		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1399		11.8		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1399		10.12		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1399		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1399		0		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1399		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1855		0.00		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1855		12.40		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1855		0.00		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1855		22.76		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1855		13.1		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1855		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1855		12.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1855		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1776		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1776		0		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1776		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1776		10.4		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1776		0		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1776		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1776		7.8		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1776		11.6		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251
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				BACTETERIUM		IZD		HOMO		LUMO		HLG		HD		SOF*		EN		EPH		AESP(+)*		AESP(-)*		Max.LESP*		Min.LESP*		VLM*		SRF. ARA*		PLRZ*

		1		1234		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1234		9.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

																																				3		1234		9.8		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1234		30.45		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1234		6.89		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1234		10.62		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1234		16.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1234		7.39		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1399		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1399		8.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1399		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1399		11.8		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1399		10.12		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1399		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1399		0		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1399		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1855		0.00		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1855		12.40		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1855		0.00		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1855		22.76		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1855		13.1		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1855		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1855		12.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1855		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1776		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1776		0		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1776		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1776		10.4		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1776		0		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1776		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1776		7.8		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1776		11.6		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251
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				BACTETERIUM		IZD		HOMO		LUMO		HLG		HD		SOF*		EN		EPH		AESP(+)*		AESP(-)*		Max.LESP*		Min.LESP*		VLM*		SRF. ARA*		PLRZ*				SOF

		1		1234		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1				13.8821406261

		2		1234		9.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108				13.1613582522

																																								15.5714730614

		4		1234		30.45		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1				14.9958761341

		5		1234		6.89		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156				13.049719431

		6		1234		10.62		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517				13.2257637879

		7		1234		16.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796				13.0941469163

		8		1234		7.39		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251				13.4544231416

																																						3		1234		9.8		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		1		1399		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1399		8.9		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1399		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1399		11.8		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1399		10.12		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1399		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1399		0		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1399		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1855		0.00		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1855		12.40		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1855		0.00		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1855		22.76		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1855		13.1		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1855		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1855		12.11		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1855		0		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251

		1		1776		0		-0.27213		-0.12806		0.14407		0.072035		1.0000000451		-0.200095		-0.2779066358		0.9999998464		-1.000000193		1		-1		1		1		1

		2		1776		0		-0.25696		-0.105		0.15196		0.07598		0.9480784845		-0.18098		-0.2155419874		0.635635296		-0.811231837		0.9364937156		-1.1459531658		1.0388880647		1.0142781677		1.0978868108

		3		1776		0		-0.27659		-0.14815		0.12844		0.06422		1.1216911126		-0.21237		-0.3511446348		1.0630139561		-0.8003782153		1.0208212676		-0.9401390242		1.0956438691		1.075647121		1.0833130921

		4		1776		10.4		-0.25606		-0.12269		0.13337		0.066685		1.080227986		-0.189375		-0.2688977328		0.7574920008		-1.0466350415		0.7224280132		-1.1407944873		0.9690397597		0.8889895102		1

		5		1776		0		-0.25145		-0.09819		0.15326		0.07663		0.9400365816		-0.17482		-0.199412974		0.6122918775		-0.8055175696		0.7445707032		-1.2147165106		0.9577924486		0.9173647272		1.0043721156

		6		1776		0		-0.27086		-0.11964		0.15122		0.07561		0.9527179374		-0.19525		-0.2521000033		0.7874109949		-0.5331390584		0.7983991641		-1.0428969819		0.9589885765		0.9342691118		0.8885110517

		7		1776		7.8		-0.265		-0.11226		0.15274		0.07637		0.9432369157		-0.18863		-0.2329532336		0.7531440122		-1.1174419009		0.7824144444		-1.0671897258		0.946888213		0.8405856162		1.0269613796

		8		1776		11.6		-0.25329		-0.10464		0.14865		0.074325		0.9691894147		-0.178965		-0.2154623022		0.6723926817		-0.8608693806		0.7723536684		-1.1947861179		0.8984682145		0.8608859709		0.9106145251





Sheet2

		





Sheet3

		






image1.emf
NH

2

S

OH

O

S

OH

Cl

Cl

Cl

OH

Cl

S

S

N

N

H

O

S

N

NH

2

O

CO

2

H N

N

N

N

N

S

Cl

Cl Cl

N

N

S

N

S

S N

H

t-Bu

OH

H

2

N

O

S S

OH

t-Bu

t-Bu

HO

t-Bu

t-Bu

HO

S OH

O

O NH

2

L-Methionone             Bithionol

Butoconazole                    Arotinolol                                   Cefotiam

Probucol                        Carbocisteine


