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(1) Introduction
(1.1) Schiff bases 
The Schiff bases are prepared in 1864 by Hugo Schiff, from reaction of carbonyl compounds (an aldehyde or ketone) with primary amine(1). Schiff bases represent one of the most widely used families of organic compounds and their chemistry is essential material in many organic chemistry textbooks(2,3). The easily preparation route of this kind and its ability of forming metal complexes with different metal ions  make chemists very interestedin synthesis and characterisation of Schiff bases ligands and their complexes(4,5).Schiff bases have many various names(6), depending on the sources of carbonyl compound and primary amine, so it's called aldimines, if its derived from aldehydes and ketimines, if it derived from ketones, while it's called aniles, benzanils and imines when the primary amine is aniline or one of its derivatives(7).
(1.2) Synthesis of Schiff bases 
There are several reaction pathways to synthesis of Schiff bases(7-8),but the most common is an acid catalyzed(9,10) condensation of carbonyl compounds and primary amines, with formation of  characteristic(C=N) double bond usually called   imine  or azomethine  group(3). This reaction may be occurred in different conditions and in different solvents with elimination of water molecule. The presence of a dehydrating agent normally favors the formation of Schiff bases, scheme (1.1).

Scheme (1.1): Formation reaction of Schiff bases
Scheme (1.2) is one of (addition-elimination) mechanisms of formation Schiff base, where in the addition step the nitrogenatom of primary amine attacks the partial positive charged carbonyl carbon, with formation of unstable carbinolamine intermediate(11).This step may be accelerated by using acid catalyst, where the proton attacks the carbonyl oxygen and converts the carbonyl carbon from partial positive charged to carbocation, where the nucleophilic attacks the carbocation faster than the partial positive charged carbonyl carbon.
         Carbinolamine intermediate have both the coming amine group and the departing water molecule, which eliminate in the elimination step after rearranging of carbinolamine intermediate, while the amine is basic, so it may be protonated in acidic conditions (converted to quaternary ammonium salt), and thus cannot function as a nucleophile and the reaction cannot proceed, therefore the acidity of reaction medium should not be increased.  Furthermore, in very basic reaction conditions, the reaction is hindered as sufficiently protons are not available to catalyse the elimination of the carbinolamine hydroxyl group(12). The carbinolamine intermediate either reverses to the starting materials or goes forward with the formation of an imine compound when the hydroxyl group is eliminated(13,14).

Scheme (1-2): Mechanism of formation Schiff bases

         Many factors other than pH of the solution affect the Schiff bases condensation reaction, for example the steric and electronic effects of the carbonyl compound and amine. For the last two reasons aldehydes react faster than ketones because the reaction center (carbonyl carbon) of aldehyde is steric ally less hindered than that of ketone. Furthermore, the extra carbon of ketone donates electron density and thus makes the carbonyl carbon of ketone less electrophilic compared with that of aldehyde(14,15).In general Schiff bases with aryl substituents are readily synthesized and more stable, because of their effective conjugation. So Schiff bases will decompose or polymerizerapidly unless there is at least one aryl group bonded to nitrogen or to carbonatom of azomethine group (16,17,18).


(1.3) Chemistry of Antipyrine
Heterocyclic compounds are important class of compounds in organic chemistry because of their biological activities(19,20,21). Pyrazol is doubly unsaturated five membered ring compound having three carbon and two nitrogen atoms. Several pyrazoline substitution products are used in medicine(22).
In 1884, Knoor reported pyrazol derivatives in which called thermal descending for anti- inflammatory, that is called pyrazol chemistry, which has great importance in wide fields such as pharmaceutical as drug, in dyes synthesis and in biological activities(23), antipyrine derivatives are reported to exhibit analgesic and anti-inflammatory effects, antiviral, antibacterial activities(24,25) and have also been used as hair colour additives(26), to potentiate the local anesthetic effect of lidocaine(27) and in spectrophtometric determination of metal ion, many of these regents give intense colours with  transition metal ions(28). Scheme (1-3) show prepared derivative for pyrazol (Antipyrine) via condensation reaction between ethylacetylacetate with phenyl hydrazine, then added methyl iodide (CH3I) in presence of alkali ethanolic solution.







Scheme (1-3): Preparation method for antipyrine.
In addition to that, antipyrine can be prepared via reaction between ethylacetylacetate with 1,2-methyl phenyl hydrazine(29), Scheme (1-4).



Scheme (1-4): Other method for preparation antipyrine.

(1.4) 4–Aminoantipyrine (4–AAP)
4-Aminoantipyrine, an antipyretic agent(30) is one of the pyrazole derivatives. Numerous synthetic compounds containing pyrazole moiety have been focused in the field of medicinal chemistry(31) because of their pharmacological, photographic, catalytic and liquid crystals applications(21,32).4-aminoantipyrine is a yellow powder, melting point about (107-109)C, stable and  sensitive for light(23). The scientific name for 4-aminoantipyrine is (1-phenyl-2,3-dimethyl-4-amino pyrazole-5-one), the structure of it was shown in Fig. (1-1).
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Fig. (1-1): Structure of 4-aminoantipyrine
The optimized structure(33) of neutral 4-aminoantipyrine was shown in Fig. (1-2).
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Fig (1-2): optimized structure of neutral 4-aminoantipyrine 

4-Aminoantipyrine is a temperature reducing pyrazole derivatives, it is one of the synthetic drugs(30) and it can be used as an intermediate for the synthesis of pharmaceuticals especially antipyretic and antianalgesic drugs(22,32). It's metal complexes have some applications in analytical and pharmacological areas(34). It also used in preparation of azo dyes(35) and at last 4-aminoantipyrine and its formylation derivatives have biological activities like antimicrobial, antifungal, anti-inflammatory, antiviral, analgesic and antibacterial activities(36,37).
(1.5) Glyoxylic Acid
     Glyoxylic acid is a carboxylic acid (Pka= 3.32) with chemical formula OCH-COOH, containing an aldehyde functional group. IUPAC name of glyoxylic acid is oxoethanoic acid, other names for it is oxoacetic acid, formylformic acid, aldehydoformic acid and -ketoacetic acid(38). The structure of glyoxylic acid was shown in Fig.(1-3)(39).




Fig. (1-3): Structure of glyoxylic acid.
Glyoxylic acid is one of the C2 carboxylic acid, it is prepared by organic oxidation of glyoxal with hot nitric acid, the main side product being oxalic acid. Historically gloyxylic acid was prepared from oxalic acid electorsynthetically, scheme (1-5). Hazard of glyoxylic acid on human health when contact with it will cause sever eye and skin burns, vapor exposure may cause eye and skin irritation(40,41).




Scheme (1-5): Preparation of Glyoxylic acid.

Glyoxylic acid likes other acids, reacts with all bases and with cyanide salts to generate gaseous hydrogen cyanide, the reaction is lower for dry(42). Glyoxylic acid and it's derivatives play important roles in natural processes participating in the glyoxylate cycle which functions in plants and some microorganisms(43). It has been widely used in organic synthesis for the manufacture of intermediate products in pharmaceutical(44) or agrochemical industry(38). The odorants used in the food industry such as vanillin and ethylvanilin, are prepared with the use of glyoxylic acid(46). The wide use of glyoxylic acid has brought about the development of new methods for its determination. The spectrophotometric methods are usually based on the reactivity of the aldehyde group(47,48). The direct polarographic method for the determination of glyoxylic acid with the kinetieally controlled reduction of glyoxylic acid requires a very strict constancy of temperature and pH of the system, which makes the determination complicated(49,50).

(1-6) 2-aminopropoinic acid
It's also named Alanine,is an α-amino acid with the chemical formula CH3CH(NH2)COOH. The L-isomer is one of the 20 amino acids encoded by the genetic code. Its codons are GCU, GCC, GCA, and GCG. It is classified as a non-polar amino acid. L-Alanine is second only to leucine in rate of occurrence, accounting for 7.8% of the primary structure in a sample of 1,150 proteins(51). D-Alanine occurs in bacterial cell walls and in some peptide antibiotics, fig.(1-4) showed the structure of 2-aminopropoinic acid.
[image: Chemical structure of alanine]




Fig.(1-4): The chemical structure of 2-aminopropionic acid

The α-carbon atom of alanine is bound with a methyl group (-CH3), making it one of the simplest α-am/ino acids with respect to molecular structure and also resulting in alanine's being classified as an aliphatic amino acid. The methyl group of alanine is non-reactive and is thus almost never directly involved in protein function. Alanine is a nonessential amino acid, meaning it can be manufactured by the human body, and does not need to be obtained directly through the diet. Alanine is found in a wide variety of foods, but is particularly concentrated in meats(51).
Good sources of Alanine include:
· Animal sources: meat, seafood, caseinate, dairy products, eggs, fish, gelatin, lactalbumin.
· Vegetarian sources: beans, nuts, seeds, soy, whey, brewer's yeast, brown rice, bran, corn, legumes, whole grains.
· Alanine can be manufactured in the body from pyruvate and branched chain amino acids such as valine, leucine, and isoleucine.
· Alanine is most commonly produced by reductive amination of pyruvate. Because transamination reactions are readily reversible and pyruvate pervasive, alanine can be easily formed and thus has close links to metabolic pathways such as glycolysis, gluconeogenesis, and the citric acid cycle. It also arises together with lactate and generates glucose from protein via the alanine cycle(51).
· Chemical synthesis: racemic alanine can be prepared by the condensation of acetaldehyde with ammonium chloride in the presence of sodium cyanide by the Strecker reaction, or by the ammonolysis of 2-bromopropanoic acid(52), scheme (1-6) showed synthesis of 2-aminopropionic acid.
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Scheme (1-6): Synthesis of 2-aminopropionic acid
(1.7)  2-Aminophenol
 2-Aminophenol is an organic compound with the formula C6H4(OH)NH2,along with its isomer4-aminophenol, it is an amphoteric molecule and a reducing agent. It is a useful reagent for the synthesis of dyes and heterocyclic compounds(53), reflecting its slight hydrophilic character, white powder is moderately soluble in alcohols and can be recrystallised from hot water, fig.(1-5) showed the structure of 2-aminophenol.
[image: Ball-and-stick model of 2-aminophenol]
Fig.(1-5):The structure of 2-aminophenol

2-Aminophenol (and its isomer, 4-aminophenol) is industrially synthesised by reducing the corresponding nitrophenol by hydrogen in the presence of various catalysts. The nitrophenols can also be reduced with iron(53).The compound exhibits intra- and intermolecular hydrogen bond involving the neighbouring amine and hydroxyl groups. As a result, 2-aminophenol has a rather high melting point compared to other compounds with a similar molecular mass such as methylphenol(54).2-Aminophenol has a variety of uses, as a reducing agent, it is marketed under the names of Atomal and Ortol to develop black-and-white photographs(53). 2-Aminophenol is an intermediate in the synthesis of dyes. It is particularly useful in yielding metal-complex dyes when diazotized and coupled to a phenol, naphthol, or other aromatic or resonant dye species. Metal complex dyes using copper or chromium are commonly used for producing dull colors(55, 56).
Due to the adjacency of the amino and hydroxyl groups, 2-aminophenol readily forms heterocycles. These heterocycles, such as benzoxazoles, can be biologically active and useful in the pharmaceutical industry(53), scheme (1-7).

[image: 2-aminophenol cyclization.png]

Scheme (1-7): Preparation of benzoxazole from 2-aminophenol.
		(1.8) Benzoin
[bookmark: _GoBack]Benzoin (2-hydroxy-1,2-di(phenyl)ethanone) is an organic compoundwith the formula PhCH(OH)C(O)Ph,it is a hydroxy ketone attached to two phenyl groups,it appears as off-white crystals, with a light camphor-like odor. Benzoin is synthesized from benzaldehyde in the benzoin condensation. It is chiral and it exists as a pair of enantiomers: (R)-benzoin and (S)-benzoin.Benzoin is not a constituent of benzoin resin obtained from the benzoin tree(Styrax) or tincture of benzoin. The main component in these natural products is benzoic acid.Benzoin was first reported in 1832 by Justus von Liebig and Friedrich Woehler during their research on oil of bitter almond, which is benzaldehyde with traces of hydrocyanic acid(57). The catalytic synthesis by the benzoin condensation was improved by Nikolay Zinin during his time with Liebig(58,59), fig.(1-6) showed the structure of benzoin. 
	[image: Benzoin.png][image: Benzoin-3D-balls.png]


Fig.(1-6):The structure of benzoin.

The main uses of benzoin are as a precursor to benzil, which is a photoinitiator(60). The conversion proceeds by organic oxidation using copper(II)(61), nitric acid, or oxone. In one study, this reaction is carried out with atmospheric oxygen and basic alumina in dichloromethane(62).Benzoin is prepared from benzaldehyde via the benzoin condensation(63), scheme( 1-8).

[image: http://www.orgsyn.org/content/figures/CV1P0094.gif]
		Scheme (1-8):Synthesis of Benzoin
(1.9) General survey
In 2007 Raman and co- workers(64) reported synthesized a new series of  transition metal complexes of VO(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) from schiff base (L) derived from 
4-aminoantipyrine (4-AAP), 3-hydroxy-4-nitrobenzaldehyde and 
o-phynylenediamine scheme (1-9). The prepared complexes have molecular formula:[M(L)]Cl2 and [VO(L)]SO4, where: M=Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II)., L=C42H36N10O6. Structural features were obtained from their elemental analysis, magnetic susceptibility, molar conductance, mass, IR, U.V-Vis, 1H NMR and ESR spectral studies. The U.V- Vis, magnetic susceptibility and ESR spectral data of the complexes suggest a square planar geometry a round the central metal ion except VO(II) complex which has square pyramidal geometry, fig. (1-7). Antimicrobial screening tests gave good result in the presence of metal ion in the ligand system.
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Scheme (1-9): Synthesis route of Schiff base (L)
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Fig. (1-7): The proposed structures of prepared complexes.
In 2007, El-Ajaily and co- workers(65) prepared new Schiff base fig. (1-8) derived from 4-dimethylaminobenzaldehyde with 4-amino-antipyrine (L), and it's complexes with Ni(II), Cu(II), Rh(III) and Pt(II). All complexes were investigated using micro- elemental analysis, molar conductivity, thermogravimetric analysis, magnetic moments, infrared, electronic and mass spectra. The elemental analysis (C.H.N) showed the mole ratio (M:L) is (1:1) in all complexes. Molar conductivity measurements revealed that the complexes are non- electrolyte in nature. The thermogravimetric analysis data exhibited the presence of coordinated and hydrated water molecules. The magnetic moment results show paramegnatic phenomena for Ni and Cu complexes and diamagnetic for Rh and Pt complexes. The IR spectral data of all prepared complexes displayed the proper coordination sites of the present schiff base towards the metal ions. The electronic absorption spectral data of the prepared complexes confirmed the electronic transitions and the chemical structures. The mass spectra of the free schiff base and it's complexes with Rh(III) exhibited an interesting fragmentations.
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Fig. (1-8): The chemical structure of the ligand.

In 2009 Dodoff and co-workers(66) prepared the ligand (H2GAO) from glyoxylic acid monohydrate and hydroxylamine hydrochloride. Also complexes of ligand (H2GAO) with Pd(II) and Pt(II) have been synthesized. The structure of complex k[Pd(GAO)(HGAO)] has been determined by X- ray diffraction analysis, orthorhombic crystals consist of two non-equivalent anionic complex molecules. Each complex molecule contain one mono- and one di-deprotonated H2GAO molecules coordinated to Pd(II)  via carboxylato oxygen and oxime nitrogen atoms, forming two Cis-Oriented five membered planar chelate rings. The two ligand molecules are connected via intramulecular hydrogen bond of the N-O…H-O-N type. The structure obtained is very similar to that of the analogous complex K[Pt(GAO)(HGAO)].3/4H2O deposited earlier. Pd(II) and Pt(II) complexes were characterized by 1H, 13C and 195Pt NMR spectra in water solution. The Pt(II) complex exhibits a moderate cytotoxic activity and apoptogenic effect against the human leukemic cell line. In comparison with cis-platin, the prepared complex shows a lower level of necrosis in the same cells and a higher aqueous solubility, fig. 
(1-9).
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Fig. (1-9): The chemical structure of complexesK[Pd(GAO)(HGAO)] and K[Pt(GAO)(HGAO)].3/4H2O.

In 2010El-ajaily and Maihub(67) were reported the synthesis of Benzoin complex with Manganese (II) ion. The complex has been characterised usingelemental analyses, infrared, electronic spectra, magnetic moment and molar conductivity. The elemental analysis data exhibited the presence of the metal ion as a part of the complex and show the formation of 1:1[M: L] ratio with formula[Mn(B)(OH)(H2O)3].3H2O  in which B represents the Benzoin, fig.(1-10)



Fig.(1-10): The chemical structure of[Mn(B)(OH)(H2O)3].3H2O.
In 2010 Suresh and Prakash[68] synthesis a novel bidentate schiff base from 1-phenyl-2, 3-dimethyl-4-aminopyrazol-5-one (4-AAP) and vanillin. The schiff base forms stable complexes with transition metal ions such as Cr(III), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), and Cd(II), with molecular formula: [M(L)2(H2O)2]. A where: M=Cr(III), A=Cl3; M=Cd(II), A=Cl2; M=Mn(II), Co(II), Ni(II), Cu(II), and Zn(II), A=SO-24; L=C19H19N3O3. Their structures were investigated by elemental analysis, IR, U.V–Vis, 1H and 13CNMR spectroscopy, thermogravimetric analysis and ESR. On the basis of these studies the coordination sites were proven to be through oxygen of (C=O) ring and nitrogen of azomethine (N=CH). The microbiological studies revealed the antibacterial nature of the complexes. The results suggest that an octahedral structure for all metal complexes, fig. (1-11).
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Fig. (1-11): The suggested structure for prepared complexes [M(L)2((H2O)2].A
In 2011 Abdel Aziz and co-workers(69) were reported the synthesis of complexes M(II) (M = Mn, Co, Ni, Cu and Zn) with N-salicylidene-o-aminophenol (saphH2) in ethyl alcohol afforded new four coordinated complexes with the general formula [M(II)(saph)(H2O)]. The complexes have been fully characterised by microanalysis, molar conductance, magnetic susceptibility, 1H NMR, IR, U.V.–Vis., ESR, mass spectra and thermogravimetric analysis (TGA). The experimental data have been shown that all complexes are mononuclear with the M(II) being coordinated by a dianionic tridentate Schiff base ligand, through the deprotonated two enolic oxygen and the azomethine nitrogen atoms. U.V.–Vis. spectra and magnetic moments have been suggested square planar stereochemistry for Co(II) and Cu(II) complexes, and tetrahedral geometry has been suggested for Mn(II), Ni(II) and Zn(II) complexes. The new complexes have been tested for their abilities to catalyze aerial oxidation of benzaldehyde to benzoic acid. Finally, in view of the biological activity, antibacterial and antifungal tests of the ligand and its complexes have been carried out and the results were compared with some known antibiotics, fig.(1-12).
	




Fig.(1-12): The chemical structure of complexes.

In 2011 Popov and co-workers(70) reported the Synthesis of Schiff base (hydrazones): benzoxazoyl-, benzthiazol-, 2-quinolinyl- and 
i-pathalazinylhyrazones of glyoxylic acid (H2L) Fig. (1-13). Also their complexes with Mn(II), Ni(II), Cu(II) and Zn(II) have been synthesised. The composition and structure of all synthesised compounds were proved by the data of elemental analysis, IR, U.V-Vis and 1H NMR spectroscopy, magnetic susceptibility and ESR for complexes the hydrazones were shown to form mononuclear octahedral complexes [M(HL)2] with Ni(II) and Mn(II), whereas Cu(II) and Zn(II) binuclear complexes [M2(L)2]  were formed, fig (1-14).
[image: ]
Fig. (1-13): Structures of Schiff bases (hydrazones).
[image: ]
Fig (1-14): Suggested structures of complexes.

In 2011 Raj and Co-workers(71) prepared Schiff base by condensation reaction of 4-aminoantipyrine (4-AAP) and 
4-nitrosalicyldehyde and further with benzene-1,2-diamine. The synthesis of Schiff base has been performed with acid catalyst and their characterization were explained. Also Schiff base complex of Mo metal atom with molecular formula [Mo(L)(CO)3] was prepared. The prepared Schiff base and Mo complex where characterized by elemental analysis IR, U.V– Vis, 1HNMR and magnetic susceptibility. On the basis of analytical data, the Mo chelate are found to have (1:1) Mo: ligand stoichiometry. IR spectrum of Mo complex indicates that the schiff base ligand behaves as tetradentate ligand in complex, fig. (1-15).
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Fig (1-15): The suggested structure of [Mo(L)(CO)3].

In 2012 J. Sh. Sultan(72) was reported the synthesis of new Schiff base, namely (2-Amino-phenylimino)-acetic acid (L) was prepared from condensation of glyoxylic acid with o-phenylene diamine and its complexes with Co+2, Ni+2, Cu+2, Cd+2, Hg+2 and Pb+2. The structure (L) was characterised by, IR, 1H, 13C-NMR and C.H.N. analysis. Metal complexes of the ligand (L) were synthesised and their structures were characterised by Atomic absorption, IR and UV-Visible spectra, molar conductivity, magnetic moment and molar ratio determination (Co+2, Cd+2) complexes. All complexes showed octahedral geometries, Scheme(1-10).
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Scheme (1-10): general route of Schiff base (HL) and its complexes. 
	
In 2012 Anupama and Co-workers(73) synthesised a new series of transition metal complexes of Co(II), Ni(II), Cu(II), and Zn(II), from Schiff base ligand (L) derived from 4-aminoantipyrine (4-AAP) and 
5-bromosalicyldehyede. The structural features of Schiff base and metal complexes were determined from their elemental analysis, thermogravimetric studies, magnetic susceptibility, molar conductance, ESI-mass, IR, U.V-Vis, 1H NMR and ESR spectral studies. The data show that the complexes have composition of [M(L)2].(H2O)type. 
UV-Vis magnetic susceptibility and ESR spectral data suggest an octahedral geometry around central metal ion. Biological screening of complexes reveals that Schiff base transition metals complexes show significant activity against microorganisms. The analytical and spectrophotometric studies of the prepared complexes show that the Schiff base behaves as tridentate ligand and occupies three coordination positions in the octahedral geometry about the metal ion, fig. (1-16).
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Fig. (1-16): Structures of [M(L2)].(H2O)where: 
M(II)=Co, Ni, Cu and Zn.

In 2012 Ebtehil(74) synthesized schiff base ligand (PhHPI) from condensation reaction of 4-aminoantipyrine with -hydroxy benzaldehyde the product reacts with 2-amino pyrimidine. Also three chelate complexes have been prepared by reacting Schiff base (PhHPI) with metal ions Zn(II), Cd(II) and Hg(II). The preparation has been conducted after fixing the optimum conditions of concentration. U.V-Vis spectra of the complexes solution of the above metal ions have been studied for a range of concentration which obey Lampert-Beers law. The structures of metal complexes [M(L2)]Cl2 are deduced according to mole ratio method. The ratio of metal: ligand obtained are 1:2 for all complexes. U.V-Vis absorption spectra of ethanoic solution of all complexes showed bathochromic shift. IR spectra of chelating complexes have been studied and proposed geometrical structures of the all complexes are tetrahedral, fig. (1-17). 
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Fig. (1-17): The suggested structure of complexes [M(L2)]Cl2. L=PhHPI=C22H2ON6O.

In 2012 Raman and Co-workers(75) reported the synthesized of new Schiff base ligand (L) via condensation reaction between 
4-aminoantipyrine and benzaldehyde. Also mixed ligand complexes for new schiff base (L) having imidazole as a potential drug were designed, synthesized and characterized by analytical and spectral methods. The complexes are found to have molecular formula: 
[M(L)(imid)2Cl2], where: M(II)=Co, Ni Cuand Zn; L=C18H17N3O; imid= imadazole ring. The electronic spectra and electronic paramagnetic resonance parameters of Cu(II) complex revealed that Cu(II) ion exhibits a distorted octahedral geometry with the carbonyl oxygen atom of 4-aminoantipyrine ring, nitrogen atoms of two imidazole ring, nitrogen of azomethine group (N=CH) and two coordinated chloride ions. Similarly the Co(II), Ni(II) and Zn(II) complexes adopted the octahedral geometry, revealed by spectral and analytical data, scheme (1-11).
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Scheme (1-11): The general route for synthesis Schiff base ligand and it's metal complexes.

In 2012 Mishra and Co-workers(76) synthesised and characterised new coordination complexes of VO(II), Co(II), Ni(II), and Cu(II), with Schiff base (PCAP) derived from 4-aminoantipyrine with 
2-pyidinecarboxaldehyde by conventional as well as microwave methods. These compounds have been characterized by elemental analysis, molar conductance, electronic spectra, FT-IR, FAB-mass and magnetic susceptibility. FAB-mass data show degradation of complexes. Both the ligand (PCAP) behaves as bidentate and tridentate coordinating through oxygen and nitrogen donor atoms. The complexes exhibit coordination number 4,5or 6. The Schiff base (PCAP) and metal complexes show a good activity against the bacteria; staphylococcus aureus, esherichia coli and streptococcus fecalis and fungi; aspergillus niger, trichoderma polysporum, candida albicans and aspergillus. The antibacterial results also indicate that the metal complexes are better antimicrobial agents as compared to the Schiff base. The minimum inhibitory concentration of metal complexes were found in the range (10-40) Mg/ml. From all analytical data, the molecular formula of all complexes are: [M(L)Cl]Cl.XH2O and [VO(L)H2O]SO4.3H2O, M=Co(II), Cu(II), X=1; M=Ni(II), X=3
L=(PCAP)=C17H16N4O. 
L=2-pyridinecarboxylidene-4-aminoantipyrine 
From the analytical data the geometrical structure is tetrahedral for Co(II) complex, square planner for Ni(II) and Cu(II) complexes while trigonal bipyramid for VO(II) complex, fig. (1-18). 
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Fig. (1-18): The proposed structure of Schiff base (PCAP) and its complexes.

In 2013 BALAMURUGAN and SANKAR(77) were reported the synthesis of Schiff base ligand, N,N’ –bis(benzoin) 1,4 butane diimine and its Ni(II) and Zn(II) complexes. The complexes have been characterised using ,I.R. spectroscopies. The synthesised Schiff base ligand and its Ni(II) and Zn(II) complexes were screened for antibacterial and antifungal activity. Results of IR data show that the complexes are four coordinate. The synthesised complexes were tested against the bacterial and fungal species. The synthesised complexes were showed remarkable zone of inhibition with standards and have good antibacterial and antifungal activities, fig.(1-19).
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Fig.(1-19): The molecular structure of bis(benzoin)- 1,4 butane diimine complex, M=Ni(II), Zn(II).

In 2013 El-Shahawi and co-workers (78) were reported the synthesis of complexes with Rh+3, Ru+3, Pd+2,Cu+2 and Ni+2 with Schiff base containing benzoin moiety. The complexes have been characterised using elemental analysis, (I.R., U.V.-Vis, and 1HMNR) specroscopies which showed an octahedral geometry around metal ion, fig.(1-20).
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Fig.(1-20): The Proposed structures of complexes with Schiff base.

In 2013 Al- Saif(79) reported the synthesis of Pd(II), Pt(IV) and Au(III) complexes of Schiff base derived from 2-furaldehyde and 
4-aminoantipyrine (4APF) and characterised based on elemental analysis, IR, 1H NMR, electronic spectra, molar conductance and thermal analysis. The complexes are found to have the formula:[Pd(4APF)]Cl2, [Pt(4APF)Cl]Cl3, and [Au(4APF) Cl2]Cl. IR spectra show that the ligand (4APF) coordinated to metal ions Au(III) and Pd(II) in a bidentate situation with (NO) donor sites of nitrogen atom of azomethine group and oxygen atom of furan ring, whereas the Pt(IV) metal ion coordinated to the ligand (4APF) in a tridentate situation with (NO2) donor sites of nitrogen atom of azomethine group, oxygen atom of furan ring, and oxygen atom of C=O group of 4-aminoantipyrine ring. The synthesis ligand (4APF), in comparison with its metal complexes, were also screened to their antibacterial activity against bacterial species well as fungi. The activity data show the metal complexes to be more potent antimicrobial than the parent Schiff base (4APF). The data of these measurements suggested a square planer geometry around pd(II), Pt(IV) and Au(III), fig.(1-21).
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Fig. (1-21): The suggested structures of Pd(II), Pt(IV) and Au(III).

In 2013 metal complexes of Schiff base ligand (L) which was prepared via condensation of 4-chlorobenzaldehyde and 
4-aminoantipyrine are reported by Pearl and Reji(80). The ligand (L) was characterised based on elemental analysis, mass, IR and 1H NMR spectra. Metal complexes of Co(II), Ni(II), Cu(II), Zn(II), and Cd(II) are reported and characterised based on elemental analysis, IR, U.V-Vis spectra, magnetic moment, molar conductance and cyclic voltammetry (CV). For the elemental analysis 1:2 metal, ligand complexes are prepared with general formula [M(L)2(Cl)2], where: M(II) = Co, Ni, Cu, Zn, and Cd. 
L= C18H16N3OCl.The IR spectra results demonstrate that the coordination sites are the azomethine nitrogen and carbonyl oxygen sites. The electronic spectra and magnetic moment data indicate that the complexes exhibit octahedral geometry around the metal ion center, fig. (1-22). The invert biological screening effects of the synthesized compounds were tested against various microbial species and the result show that the metal complexes are more biological active than the ligand.
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Fig. (1-22):The proposed structure of Schiff base complexes.

In 2013 Manjula and Antony(81) reported synthesised a new series of transition metal complexes of Co(II), Ni(II), Cu(II), and Zn(II) from Schiff base ligand (L) derived from 4-aminoantipyrine and vanillin. All complexes have molecular formula: [M(L)(OAC)2], M(II) = Co, Ni, Cu, and Zn, L= C19H19N3O3, OAC = Ch3COO-. The structural features were derived from their elemental analysis, IR, U.V-Vis, 1H NMR and ESR spectroscopy, DSC and XRD measurements. The analytical and spectral data suggested that square planar geometry to Cu(II) complex and tetrahedral geometry of Co(II), Ni(II) and Zn(II) complexes. The XRD patterns indicated the crystaline nature of complexes, fig.(1-23),     antimicrobial screening tests were performed against bacteria and fungi. The study showed that the metal complexes exhibit greater antimicrobial and antifungal activity than the free ligand.
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Fig. (1-23): The proposed structures of prepared complexes [M(L)(OAC)2].

In 2014 Abd-Elzaher and co-workers(82) were reported the synthesis of Manganese(II), cobalt(II), nickel(II), copper(II), zinc(II), cadmium(II), mercury(II) and lead(II)complexes of ferrocenyl Schiff base ligand containing antipyrine moiety were prepared in a good yield. The complexes have been characterised using IR, 1H NMR, UV/Vis., mass spectra, magnetic susceptibility and molar conductivity measurements as well as elemental analysis. The analyses showed that the ligand behaved as neutral tetradentate ligand coordinated to the metal ions viathe carbonyl oxygen and azomethine nitrogen atoms forming an octahedral geometry around the metal ions. The biological activity of the ligand and its complexes were carried out against fungal strains of Aspergillus niger and bacterial strains of Bacillus subtilis (+), Esherichia coli (-) using the disk diffusion method. The biological results indicated that the ligand is inactive while its complexes have mild activity. The complexes showed mild antibacterial activity against Bacillus subtilis (+), Esherichia coli (-) and Aspergillus niger (fungi). The biological results are compared with a standard drugs, fig.(1-24).
[image: ]

Fig.(1-24): The chemical structure of complexes, M(II)= Mn, Co, Ni, Cu,Zn, Cd, Hg and Pb.

In 2014 Lateef and Alkam(83) reported synthesised Schiff base ligand (L) type (NO) via condensation reaction of 4-aminoantipyrine with benzyl, the Schiff base ligand (L) was characterised based on elemental analysis, FT-IR, electronic spectrum, 1HNMR along with melting point. Metal complexes of Mn(II), Cu(II), Zn(II), and Cd(II) were reported and characterized based on elemental analysis, FT-IR, U.V-Vis spectra, magnetic moment, molar conductance, 1HNMR for Zn(II) complex only and chloride content along with mole ratio method and melting point. From the elemental analysis and the mole ratio method, (1:2) metal :ligand for Mn(II) and Cu(II) complexes and (1:1) metal ligand for Zn(II) and Cd(II) complexes, were found with molecular formula: [Mn(L)2Cl2].H2O, [Cu(L)2(H2O)Cl].Cl, [Zn(L)Cl2].H2O, and [Cd(L)Cl2]. L=C25H21N3O2=1,5-dimethyl-4-(2-oxo-1,2-diohenylethylideneamino-2-phenyl-1,2-dihydropyrazol-3-one.From the IR spectral data, the ligand behaves as bidentate on complexation with metal ions via the azomethine nitrogen and carbonyl oxygen atom of five member ring. The electronic spectral data and magnetic moment indicate that the complexes exhibit octahedral geometry around Mn(II) and Cu(II), while tetrahedral geometry around Zn(II) and Cd(II), fig.(1-25).The results of antibacterial activity showed that only Cd(II) complex has a high activity (22 mm) for Eschirichia Coli.



Fig. (1-25): The suggested structures of complexes.

(1.10) Uses and applications of (N, O) type ligands and their complexes
Compounds with (N, O) donor atoms played an important role in many fields like biology, industry, analytical chemistry and radiopharmacology.

(1.10.1)Applications in biochemistry
A search for reagents which can efficiently act as fluorescence sensor for znII has been an active area of research(84,85), and zinc complexes with (N, O) type ligand have been investigated. In 2007 Banerjee and co-workers(86) reported the reactivity and the importance of ZnII complex with 4-methyl-2,6-bis(((phenyl methyl)imino) methyl)phenol (HL) type (N2O). The importance of zinc in the biological domain primarily lies in the fact that it is an essential trace element acting as a structural component of proteins and peptide. Its role in the catalytic site of enzymes is also well-known(87). A topic of substantial current interest, however, stems out of the functionality of zinc in neurobiology(88). Recent studies have shown that a fraction of ZnII is found in free or chelatable form in some organs example: brain(89), pancreas(90) and spermatozoa(91).
          A considerable amount a chelatable ZnII sequestered in the vesicles of presyraptic neurons is released from brain when the neurons become active(92).However, the effective role of ZnII is poorly understood with neuronal disorders(93).Also organic compounds with (N,O) donor atoms used to synthesis complexes with Cu, Ni and Fe as mimic for some biological systems(94).

 (1.10.2)  Applications in industry
The complexes containing (N,O) donor atoms played a very important role in industry, manganese complexes which containing (N,O) used as a catalytic agent in epoxidation of olefins in presence of benzene iodide as oxidation agent(95).
Nickel complexes were used as colour to the ratinges thermal resistance when the relative of the user chelate not increased on 10% of the ratinge weight(96). The mixture of Schiff bases ligands used with transmission metal as pixie to the gasoline and polymer(97).4-aminoantipyrine (4-AAP) was tested as a corrosion inhibitor for mild steel in(2M) HCl solution using differenttechniques: weight loss, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). Theresults showed that 4-AAP is an inhibitor for mild steel in this medium(98), and in 2012
Acha U. Ezeoke and co-workers(99) reported the study of  the inhibitive effect of 4-Aminoantipyrine (4-AAP) on the corrosion of mild steel in (0.5 M) H2SO4 solution at (303 – 323) K by weight loss measurement as well as computational techniques. Results obtained showed that 4- aminoantipyrine (4-AAP) is a good inhibitor for the corrosion of mild steel in sulphuric acid solution. In the same year R. T. Vashi and Diksha Naik(100)have been studied the corrosion of zinc in phosphoric acid containing 4-aminoantipyrineat different acid concentrations, inhibitor concentration and temperatures. Corrosion increases with the concentration of acid and the temperature. Inhibition efficiency (I.E.) of 4-aminoantipyrine increases with the concentration of inhibitor and decreases with the increase in concentration of acid. As temperature increases, percentage of inhibition decreases.

(1.10.3) Applications in analytical chemistry
One of the analytical application of 4-aminoantipyrine compounds (containing N,O as a donor atoms) is their uses for determination of phenylephrine hydrochloride(101), Scheme (1-13).



Scheme (1-12): probable mechanism reaction for complex.
A Novel, rapid, sensitive and selective spectrophotometric method(102), using 4-aminoantipyrine (4-AAP) as an electrophilic coupling reagent and iminodibenzyl (IDB) as a chromogen, is proposed for the determination of trace amounts of Fe(III) in water, industrial effluent and soil samples. The method is based on the reduction of Fe(III) by 4-AAP, which subsequently couples with IDB in a mild hydrochloric acid medium to form a blue colored product, Scheme (1-13).
 (
Fe(
III)
)[image: ]
Scheme (1-13): Proposed mechanism of the reaction between 4-AAP and IDB.


(1.11.4)  Applications in radiopharmacology
The Tc99-m, Re188 and Re186 complexes play an important role in nuclear medicine, in both diagnostic and therapeutic applications, and a wide range complexes of Tc99m, Re188 and Re186 with ligands containing (N,O) are reported. One of these compounds is the cationic Tc99m complex in which the oxidation state of Tc is +3 and the proposed structure is distorted octahedral Fig.(1-26). This kind of complexes has been on trial to be used as a heart agent (103).
	





Fig.(1-26): The chemical structure of Tc complex.





(1.11) The aim of the work  
It’s well documented that Schiff base ligands and their complexes have several applications in medicine, industry, biochemistry, and due to these facts, the aim of this work could be summarised:
· Synthesis of three ligands type (N4O3), including 4-aminoantipyrine, glyoxilic acid, 2-aminopropionic acid, 2-aminophenol and benzoin.
· Preparation of metal complexes of these ligands with some metal ions: VO(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II).
· Characterization of the structure for all prepared compounds using different spectroscopic techniques (FT-IR, UV-VIS, A.A, 1HNMR and 13CNMR) along with molar conductance, elemental microanalysis (C.H.N), melting point, chloride content.
· Study the stereochemistry and the possible structures of the prepared compounds.
· Antibacterial Properties of the synthesised compounds towards gram positive and gram negative bacteria.            
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