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Abstract 


The ligand (2-((4-oxopentan-2-ylidene)amino)benzoic acid) was synthesized by the condensation reaction of anthranilic acid and acetylacetone. The metal(II) complexes of the synthesized ligand (2-((4-oxopentan-2-ylidene)amino)benzoic acid)  with 2,2ꞌ-bipyridine (bipy) and 1,10-phenanthroline (phen) adducts were prepared. Magnetic susceptibility tests, infrared and UV-visible spectroscopies, as well as biological investigations, were used to describe the resultant compounds. The infrared spectra showed the coordination of the ligand 2-((4-oxopentan-2-ylidene)amino)benzoic acid as a tridentate ligand with coordination through the carboxylate oxygen, keto/enol oxygen and azomethine nitrogen, the room temperature magnetic moments showed that copper(II) compounds are magnetically dilute while cobalt(II) compounds are high spin compounds with three unpaired electrons. The infrared spectra showed that there were shift in the vibrational frequencies of the carbonyl (C=O) and azomethine (C=N) of the free ligand to a lower vibrational frequency on complexation. The UV-Visible spectroscopy, metal analysis and magnetic susceptibility measurement reveal possible 4- and the 6- coordinate geometries. The antimicrobial studies revealed that [Ni(L)(H2O)]Phen.2H2O and [Zn(H2O)(L)Phen] compared favourably well with gentamicin except in Staphylococcus aureus and Bacillus substilis where there was resistance.
Keywords: 2-((4-oxopentan-2-ylidene)amino) benzoic acid, Adducts, spectral measurements, magnetic, antimicrobial studies  
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INTRODUCTION

Due to their adaptability and wide variety of uses, schiff bases have been extensively explored (Kumar et al., 2009). Their complexes, particularly those containing transition metals, are more significant in biological activities such as antioxidant, anticancer, antibacterial, and antifungal defenses (Chandraleka et al., 2011; Chung et al., 2015). Schiff bases are crucial class of ligands in coordination chemistry and have drawn much attention because of their importance in organic synthesis (More et al., 2019). Considering the metal binding ability of Schiff base, a large number of them are often used as ligands in coordination chemistry (Nair and Joseyphus, 2008). Schiff bases and their complexes are versatile compounds with a wide range of uses in catalysis and as a starting point for the synthesis of various metal oxides (Gupta and Sutar, 2008; Meghshyam, et al., 2020). Anthranilic acid which is also known as 2-aminobenzoic acid is an amphoteric compound which is an inexpensive starting material for the synthesis of benzofused heterocycles and it plays an important role in the biosynthesis of tryptophan and its derivatives (Wiklund and Bergman, 2006).

A review of the literature reveals that no research has been done on the 2,2′-bipyridine and 1,10-phenenathroline adducts of Ni(II), Co(II), Cu(II), and Zn(II) complexes. Thus, it is necessary to prepare the complexes and adducts and examine their biological characteristics. We have synthesized the Ni(II), Co(II), Cu(II), and Zn(II) complexes and adducts in the search for new compounds with excellent antibacterial characteristics.

EXPERIMENTAL

Materials and Method
The following reagents were used: Anthralinic acid, 2,2′-bipyridine, 1,10-phenanthroline, nickel(II) chloride hexahydrate, cobalt(II) chloride, zinc(II) nitrate hexahydrate, copper(II) chloride, acetylacetone (Aldrich), ammonia/ammonium chloride (NH3/NH4Cl), solochrome indicator, nitric/perchloric acid (1:1). Solvents used include methanol, acetone, distilled water, diethyl ether, chloroform, hexane, EDTA
Preparation of Schiff base of 2-((4-oxopentan-2-ylidene)amino)benzoic acid (L)                

To a hot ethanolic solution of 2-aminobenzoic acid (20.5226 g, 0.1498 mol), acetylacetone (15 g, 0.1498 mol) was added dropwise with constant stirring with about three drops of glacial acetic acid. The solution was refluxed at 70-75 °C for 4 hours and was allowed to cool at room temperature. On cooling in ice-block for about 1 hour, creamy white precipitate was formed. This was filtered, washed with ethanol and dried in vacuo.
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Scheme 1: Preparation of ligand 
PREPARATION OF [Co(L)(H2O)3] COMPLEX
(0.5425 g, 2.28 mmol) of cobalt(II) chloride hexahydrate dissolved in 2 mL of ethanol was added dropwisely to (0.5000 g, 2.28 mmol)  of HL  in 5 mL of ethanol and stirred for about 1 hour. The precipitates formed were filtered and dried in the desiccator. Similar method was used for the synthesis of other complexes. 
PREPARATION OF ADDUCTS

PREPARATION OF [Co(L)(H2O)Phen] (1:1:1)

(0.5425 g, 2.28 mmol) of cobalt(II) chloride hexahydrate dissolved in 2 mL of ethanol was added dropwisely to (0.5000 g, 2.28 mmol)  of HL  in 5 mL of ethanol. 1,10-Phenanthroline (0.4520 g, 2.28 mol) was dissolved in 2 mL of ethanol and then added to the mixture and stirred for about 1 hour.  The precipitates formed were filtered and dried in the desiccator. Similar method was used for the synthesis of other adducts. 

PHYSICAL MEASUREMENT 

The % metals in the compounds were determined by titrimetric method with EDTA.  Melting points of the complexes were determined by Stuart melting point apparatus. The infrared spectra of the complexes, as pressed KBr disc, were recorded on the Buck 500 Scientific model infrared spectrophotometer in the region 4000-400 cm-1. The electronic solution and reflectance spectra of the compounds in chloroform and Nujol mulls were determined by a Perkin Elmer Lambda 950 UV/VIS spectrophotometer at a fast scan speed. The magnetic susceptibilities of the compounds were carried out on Sherwood magnetic susceptibility balance in the Department of Chemistry, University of Ibadan. Melting points of the complexes were determined by Stuart melting point apparatus. All physical measurements were done in the Department of Chemistry, University of Ibadan, Nigeria.

Antimicrobial Studies

The antimicrobial screening was carried out in the Department of Pharmaceutical Microbiology, Faculty of Pharmacy, University of Ibadan. The microbial susceptibility of the free ligand, their Ni(II), Co(II), Cu(II) and Zn(II) complexes was assessed for their antimicrobial activities against different organisms; bacterial strains. Four microorganisms (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Bacillus substilis) were used in the screening using a disc diffusion test. This test was performed to screen and determine the compounds’ potency according to their inhibition zone diameter. 28 g of the culture medium (Nutrient agar) was weighed and dissolved in 1000 mL of distilled water. The mixture was heated to homogenize in a water bath for 40 minutes and sterilize at 121 oC for 15 minutes. After being removed from the autoclave, it was allowed to cool before being placed into the Petri dishes to solidify. 200 mL of dimethylsulphoxide were used to dissolve 0.02 g of the compounds. The synthesized compounds were serially diluted twice to create three concentrations (100 µg/mL, 50 µg/mL and 25 µg/mL) by employing the twofold dilution procedure. The negative control used was DMSO solvent while gentamycin drug was used as reference for comparison.  A colony from a 24 hours fresh culture of the various organisms was dissolved in 5 mL of sterile distilled water which was spread on the prepared culture agar. Sizeable holes were bored on the cultured plate and the different concentrations of the compounds were added into each hole including the positive control (Gentamycin). The Petri dishes were then incubated for 24 hours for the bacteria and 72 hours for fungi before the inhibition zone diameters were measured. The results are presented in Table 5.

RESULTS AND DISCUSSION

The ligand was obtained by reaction of 2-aminobenzoic acid with acetylacetone to give percentage yield of 40.50% (scheme 1).  The percentage yield of the complexes and adducts are between 18.9 % and 98.3 %. The Schiff base melted around 200 – 202 °C. The metal(II) complexes and adducts decomposed above 300 °C with the exception of [CuL(Cl2)(H2O)] and [CuL(Cl)Bipy]  which melted around 293-295 °C and 294-296 °C respectively. [Ni(L)(H2O)3], [Zn(L)H2O].H2O and [Zn(L)(H2O)Bipy] decomposed at 238, 286 and 298 °C respectively  The schiff base, complexes and adducts exhibit different degree of solubility in the solvent 
used. All the complexes and adducts are insoluble/sparingly soluble in chloroform except [Ni(L)(H2O)3] and [CuL(H2O)(Phen)] which are soluble.

Table 1: Analytical and physical data of Metal(II) complexes of the Synthesized Ligands and their 1,10-Phenanthroline and 2,2-bipyridine adducts

	Compounds
	Mol. wt.

(g mol–1)
	Colour
	M.pt(oC)
	%Metal

Exp (Cal)
	Yield   %
	μeff

(BM)

	L
	219.24
	Creamy white
	200-201
	
	40.50
	

	[CoL(H2O)3]
	332.17
	Pink
	> 300
	18.13(17.77)
	39.74
	5.18

	[Ni(L)(H2O)3]
	329.96
	Green
	298dec
	18.07(17.79)
	50.50
	2.78

	[Zn(L)H2O].H2O
	318.63
	Creamy white
	238dec
	21.18(20.52)
	96.30
	Dia

	[CuL(H2O)].4H2O
	371.83
	Green
	293-295
	17.16(17.08)
	98.30
	1.84

	[CoL(H2O)Phen]
	493.40
	Pink
	> 300
	12.73(11.94)
	62.64
	5.20

	[Ni(L)(H2O)].Phen.2H2O
	510.17
	Light Green 
	>300
	11.73(11.50)
	18.90
	3.49

	[CuL(H2O)(Phen)]
	479.94
	Blue
	> 300
	13.23(12.76)
	51.64
	2.16

	[Zn(H2O)(L)Phen]
	480.82
	Creamy white
	>300
	13.71(13.60)
	66.60
	Dia

	[ L(H2O)Bipy]
	451.36
	Pink
	> 300
	12.73(13.03)
	63.29
	5.15

	[Ni(L)(H2O)].Bipy
	450.11
	Light green
	>300
	13.37(13.04)
	32.60
	3.53

	[CuLH2OBipy]
	438.93
	Green
	294-296
	13.94(14.47)
	64.67
	2.2

	[Zn(H2O)(L)Bipy]
	456.80
	White
	286 dec
	14.12(14.31)
	65.70
	Dia


Dec: decomposition, Dia: diamagnetic

Infrared Spectra

The infrared spectra for the prepared compounds are presented in Table 2. The assignments of the bands were made by comparing the IR spectra of the free ligand (L) with that of the complexes and adducts. The presence of the band around 3390 cm-1 indicate ν(OH)  band  of the carboxylic group. 

The IR bands resulting from uncoordinated C=O, C=N, C=C stretching vibrations appeared in the region 1684-1580 cm-1 while the bands of coordinated C=O, C=N, C=C stretching vibrations showed in the range 1670-1510 cm-1 in the metal complexes and adducts.  νC=O stretching frequency in the spectrum of free schiff  base shifted to lower frequency in all the metal complexes and adducts. This indicates the involvement of oxygen atom of C=O group in bonding with metal ions (Hassan et al., 2016).

The C=N stretching frequency in the spectrum of free schiff base shifted to lower frequency in all the metal complexes and adducts. This indicates the coordination of Nitrogen atom of azomethine group to the metals (Mounika et al., 2010; Hassan et al., 2016).  The νC-O stretching frequency in the spectra of metal complexes and adducts occurred in the range 1222-1261 cm-1 (Hassan et al., 2016).  Bands appearing around 1314-1344 cm-1 of the synthesized compounds have been assigned to the C-N stretching frequency for metal(II) complexes and adducts (Hassan et al., 2016). In the adducts studied, the C-H deformation bands (δC-H) for the bipyridine appeared in the range 756-770 cm-1 while that of the phenanthroline adducts were observed in the range 846-871 and 717-726 cm-1(Woods, 2009a; Woods, 2009b; Omoregie, 2018a; Omoregie, 2018b).
Table 2: Relevant IR Absorption bands (cm-1) of 2-((4-oxopentan-2-ylidene)amino)benzoic acid, its Metal(II) Complexes and their 1,10-phenanthroline and bipyridine Adducts
	Ligand/ Compounds
	ѵ(O-H)

cm-1
	ѵas(C=O), ѵas(C=N), ѵas(C=C) cm-1
	ѵ (C-N) 

cm-1
	ѵ(C-O) cm-1
	δ(C-H)

Phen/Bipy cm-1

	L
	3390b
	1684s,1604s, 1580m
	1312vs
	1280s
	_

	[CoL(H2O)3]

	3580b


	1615m, 1591m,1534s
	1344s
	1242s
	_

	[Ni(L)(H2O)3]
	3564b
	1615m, 1593m,1538s
	1328m
	1242w
	_

	[CuL(H2O)].4H2O
	3445b
	1606m, 1557m
	1327m
	
	_

	[Zn(L)H2O].H2O
	3586b
	1615m, 1592m, 1542b
	1327m
	1240m
	_

	[CoL(H2O)Phen]
	
	1582w, 1514m
	1344m
	1222w
	846s,726s

	[Ni(L)(H2O]Phen.2H2O
	3445w
	1670w, 1645m, 1612m, 1591m,1538m
	1328m
	1240vw
	871s,717

	[CuL(H2O)(Phen)]
	3445b
	1625m, 1607m,1586vs, 1515vs
	1322s
	1251w
	853s, 719vs

	[Zn(H2O)(L)Phen]
	3647m

3402
	1591w, 1510w
	1325w
	1256w
	848m,
725s

	[CoL(H2O)Bipy]
	3338b
	1603m, 1572w
	1314m
	1248m
	770s

	[NiLH2OBipy]
	3566m
	1614m, 1593m,1538m
	1328m
	1242vw
	756s

	[CuLBipy]
	3338b
	1611s, 1601vs, 1575m,1566vs,1547m
	
	1246m
	775vs

	[Zn(H2O)(L)Bipy]
	3476b
	1603s,1572w, 1562w
	1315s
	1261w
	768s


s= sharp, vs= very sharp, m= medium, w= weak, vw= very weak, b= broad, vb= very broad

Electronic Spectra/Magnetic moment                                                                                                                  

The electronic spectra data of the synthesized ligand, metal(II) complexes and adducts are presented in Table 3 and 4. 
The ligand bands were observed at 27,322, 33,783, 37,878 cm-1 and are assigned as n→π*, π→π* and CT transitions. The cobalt complex and adducts had absorption bands at 12,330- 12,626 and 15,337-15,385 cm-1 typical of octahedral geometry. The effective magnetic moment of octahedral complexes lies in the range 4.7-5.2 B.M (Woods et al., 2004). Cobalt complex and adducts studied have magnetic moments in the range 5.15-5.20 B.M.  
Three transitions were expected for an octahedral nickel(II) ion in the region 7,000-13,000 cm-1 , 11,000-20,000 cm-1 and 19,000-27,000 cm-1; and they were assigned to the 3A2g(F) → 3T2g(F),    3A2g(F) → 3T1g(F) and 3A2g(F) →3T1g(P) 
respectively. The visible spectra of the synthesized nickel complex and adducts had absorption bands at 15,408-15,455 and 
22,222 cm-1 typical of octahedral complexes and are assigned as 3A2g(F) → 3T1g(F) and 3A2g(F) →3T1g(P) respectively (Lever, 1986; Omoregie, 2018). The magnetic moment of the synthesized nickel complex and adducts are typical of octahedral geometry (Mounika et al., 2010).
The Zn complex and adducts are tetrahedral and octahedral respectively with no d-d transition (Osowole et al., 2011). The solid reflectance spectra of [CuL(H2O)].4H2O showed absorption band at 14,287 cm-1 while the electronic spectra of [CuL(H2O)Phen] and [CuL(H2O)Bipy]  in chloroform displayed broad bands at 13,477 and 14,834 cm-1 respectively.  Octahedral geometries have been proposed for the copper complex and adducts. A moment of 1.73-2.2 B.M. is usually observed for magnetically dilute copper(II) compounds (Odunola et al., 2003).  The synthesized copper complex and adducts had moments in the range 1.84-2.2 B.M.  Proposed structures are presented in figure 1.
Table 3: Relevant Electronic Solid Reflectance Spectra Data of 2-((4-oxopentan-2 ylidene)amino)benzoic acid (L), its Metal(II) Complexes and their 1,10-Phenanthroline and 2,2′-bipyridine Adducts.
	Ligand/ Compounds

	 π→π* /charge transfer/d-d(cm-1)

	L
	37,878, 33,783, 27,322

	[CoL(H2O)3]
	38,911, 33,783, 33,333, 15,337, 12,626

	[Ni(L)(H2O)3]
	38,610, 33,898, 22,222, 15,408

	[CuL(H2O)3].2H2O
	38,911, 33,784, 30,769, 14,287 

	[Zn(L)H2O].H2O
	39,216, 31,056, 26,247

	[CoL(H2O)Phen]
	38,760, 30769, 33,784, 21,834, 12,330

	[Zn(H2O)(L)Phen]
	39,063, 33,784, 26,455

	[Ni(L)(H2O)]Phen.2H2O
	38,911, 33,898, 15,455

	[CoL(H2O)Bipy]
	39,062, 33,003, 29,411, 15,385, 12,531

	[Ni(L)H2OBipy]
	38,911, 32,051, 15,527

	[Zn(H2O)(L)Bipy]
	38,911, 32,468, 29,240


Table 4: Relevant Electronic Solution Spectra Data of 2-((4-oxopentan-2 ylidene)amino)benzoic acid  Cu(II) Complex and its 1,10-Phenanthroline and 2,2′-bipyridine Adducts.

	Compounds
	
	 π→π* /charge transfer(cm-1)

	[CuL(H2O)3].2H2O
	IS
	IS

	[CuL(H2O)Phen]
	14,834
	42,194, 36,232, 31,447, 

	[CuL(H2O)Bipy]
	13,477
	47,170, 37,113, 31,447, 28,249, 24,390


Antimicrobial Activity of Metal(II) Complexes and Adducts                                                                                                                                              

The microbial growth inhibitory activity of the ligand and compounds was evaluated in-vitro against Gram-positive bacteria Staphylococcus aureus and Bacillus substilis, Gram-negative bacteria Pseudomonas aeruginosa and Escherichia coli. The results are shown in Table 5. The ligand was moderately sensitive in all the tested bacteria strains (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Bacillus substilis). [Ni(L)(H2O)3], [CuL(H2O)].4H2O and [Zn(L)H2O].H2O were resistant in all the tested bacteria except in Bacillus substilis where [CuL(H2O)].4H2O showed moderate activity. [CoL(H2O)3] was sensitive in Escherichia coli, moderately active in Pseudomonas aeruginosa and Bacillus substilis but resistant in Staphylococcus aureus.  [Ni(L)(H2O)]Phen.2H2O and [Zn(H2O)(L)Phen] were both moderately active in Escherichia coli and Pseudomonas aeruginosa but resistant in Staphylococcus aureus and Bacillus substilis. The antibacterial activity of [CoL(H2O)3] compared favourably well with gentamicin used at 8 µg/mL and 4 µg/mL except in Staphylococcus aureus where it showed resistance. [Ni(L)(H2O)]Phen.2H2O and [Zn(H2O)(L)Phen] also compared favourably well with gentamicin except in Staphylococcus aureus and Bacillus substilis where there was resistance.

 Table 5: Antibacterial studies of the investigated complexes at 100 µg/mL 
	
	E.coli
	S.aur
	P.aer
	B.sub

	L
	MS
	MS
	MS
	MS

	[CoL(H2O)3]
	S
	R
	MS
	MS

	[Ni(L)(H2O)3] 
	R
	R
	R
	R

	[CuL(H2O)3].2H2O
	R
	R
	R
	MS

	[Zn(L)H2O].H2O
	R
	R
	R
	R

	[Ni(L)(H2O)]Phen.2H2O
	MS
	R
	MS
	R

	[Zn(H2O)(L)Phen]
	MS
	R
	MS
	R

	Gentamycin
	MS
	MS
	MS
	MS

	DMSO
	No activities


S. aur = Staphylococcus aureus ; E. coli = Escherichia coli; P. aer = Pseudomonas aeruginosa; B.sub= Bacillus substilis; S= organism sensitive to extract; MS=organism moderately sensitive to extract; R= organism resistant to extract
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Figure 1: PROPOSED STRUCTURES OF COMPLEXES AND THEIR ADDUCTS

Conclusion
Metal(II) complexes containing 2-((4-oxopentan-2-ylidene)amino) benzoic acid and their 2,2′-bipyridine and 1,10-phenanthroline were prepared and characterized by  spectral measurements, magnetic, and antimicrobial studies. The assignment of a 6-coordinate, octahedral geometry for the metal(II) complexes and adducts is corroborated by magnetic, infrared and electronic spectral measurements except Zinc complex with a four coordinate tetrahedral geometry.
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