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ABSTRACT 

The Schiff base 2-amino-N(2-(R)-2-amino-1-hydroxy-3-phenylpropylidene)amino) ethyl)-3-

phenylpropanimidic was obtained by refluxed condensation of ethylenediamine with phenylalanine. The ligand 

was isolated by filtration, washed with water-ethanol mixture and characterized by FTIR, UV-visible 

spectroscopy, melting point determination and conductivity test. The compound was used to prepare the 

complexes of Mn(II), Co(II), Ni(II), Zn(II) and Cd(II). The metal-ligand ratio was determined using the Job’s 

method of continuous variation. From the result of IR spectroscopy, the structure of the proposed ligand showed 

an absorption of 1558cm-1 due to azomethine which was shifted to higher frequency range of 1559-1624cm-1 

upon complexation with metal ions that coordinated the ligand through both oxygen and nitrogen. 
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INTRODUCTION   

Schiff bases are generally bi, tri, tetra-

dentate ligands capable of forming very stable 

complexes with transition metals Tetradentate 

Schiff bases with N2O2 donor atoms are well 

known to coordinate with various transition metal 

ions (Costamagna et al,. 2000).  

The complexes of transition metal(II) 

which involves derivatives of amino acids and 

diamine have been of interest due to their 

pharmacological activities complexes have been 

increasingly studied because of their interesting 

structure as well as their antimicrobial and 

anticancer properties. However, complexes of 

transition metals with Schiff bases have been 

reported to show better biological activity than the 

free ligands (Hamil et al. 2009). The synthetic 

flexibility and selectivity towards the central metal 

ion of the Schiff bases make them special and 

attractive (Cesar and Angela 2000). This important 

feature makes them relevant in the coordination 

chemistry as they readily form stable complexes ( 

Salga et al, 2011). Literature indicates that the 

biological activity of Schiff bases relies at the 

azomethine linkage which is expected to change 

upon complexation (Revinder, 2014). Being 

transition metals mostly biometals, they show 

special properties on reacting with schiff bases. 

The present study was aimed to synthesize, 

characterized and study the antimicrobial properties 

of tetradentate Schiff base derived from the 

condensation of ethylenediamine with 

phenylalanine and its complexes. 

    

EXPERIMENTAL 

Materials and Methods 

All the chemicals and solvents used in this 

research are of Analar grade, purchased from Zayo-

Sigma. SMP1 Stuart scientific melting point 

apparatus, EC215 conductivity meter and 

Nicolet100 FTIR spectrophotometer was used for 

IR spectral analysis. All the glass wares are 

borosilicates and were washed, rinsed and dried in 

an oven before use.  

 

Preparation of the Schiff base 
Ethylenediamine (3ml, 0.05mol) was 

dissolved in ethanol (50ml) and stirred for 

10minutes. The solution was added into a hot 

ethanolic solution of phenylalanine (16.5g, 0.1mol) 

and the stirring continued for 10minutes.The 

mixture was then refluxed at 600C for 3hour. The 

precipitate formed was filtered, washed with 

ethanol-water mixture at 70:30 ratio, and dried in 

desiccator over phosphorous pentoxide (Salga, 

2008, Meizhu et al, 2012). 

 

Preparation of metal (II) Schiff base complex 

To the methanolic solution (20ml) of the 

metal salts (0.001mol), a solution of the ligand  

(0.001mol) taken also in methanol was added with 

stirring for 5 minutes. The mixture was then 
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refluxed for 2hrs at 800C. After cooling overnight 

at room temperature, a precipitate was formed 

which was filtered, washed with ethanol-water 

mixture (30:70) and dried over phosphorous 

pentoxide. (Iffet et al., 2004 and Meizhu et al., 

2012) as shown in the scheme below: 

 

 

SCHEME OF THE REACTION 

 

Antimicrobial Screening 

 The Schiff base and its metal complexes 

were screened for in-vitro antimicrobial activities 

against bacterial and fungal strains using disc 

diffusion method. The antibacterial activity studies 

were carried out using Staphylococcus aureus 

(gram positive) and Escherichia coli (gram 

negative) isolates while the antifungal activity 

studies were conducted using Aspergillus niger and 

Aspergillus flavus. The isolates were cultured on 

Mueller hinton agar (MHA) and potato dextrose 

agar (PDA) for the bacterial and fungal strains 

respectively. The media MHA (39g) and PDA 

(65g) were dissolved in 1litre of distilled water, the 

media was autoclaved at 121°C for 15minutes, 

20ml of each media was poured in each plate and 

allowed to solidify before inoculation. The 

compounds were dissolved in 10ml distilled water 

using a serial dilution method with a stock of 1g in 

1ml, forming different concentrations. 6mm disc 

was made in the laboratory using Whatman filter 

paper which was sterilized in an autoclave before 

inserting into the prepared concentrations of the 

compounds (Deeni and Husseini, 1991). 

Ciprofloxacin and ketoconazole were used as 

reference standard (positive control) while distilled 

water was used as negative control. The zones of 

inhibition was observed and recorded. 

 

RESULTS AND DISCUSSION 

 

TABLE 1: The Physical Properties of the Synthesized Ligand and Metal Complexes 

S/N MOLECULAR 

FORMULAR 

COLOUR YIELD 

(%) 

Mol. 

Wt. 

M.P. 

(°C) 

D.T 

.(°C) 

Conductivity 

(ohm-1cm2mole-1) 

1 C20H26N4O2 White 83 354.5 180 - - 

2 C20H24MnN4O2Cl2 White 68 478.27  296 5 

3 C20H24CoN4O2Cl2 Blue 74 482.27  285 4 

4 C20H24NiN4O2Cl2 Pale green 73 482.03  278 5 

5 C20H24ZnN4O2Cl2 White 69 488.72  249 7 

6 C20H24CdN4O2Cl2 Milky 78 535.75  230 9 

 
The results of the melting/decomposition 

temperature of the ligand and its metal complexes 

were found to be between 180°- 296°C. These 

sharp values indicate the high purity of the 

compounds under study. However, the higher 

decomposition temperature of the complexes when 

compared with the melting points of the ligands 

designates high thermal stabilities of the 
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compounds. Moreover, the colors observed for the 

ligand and its metal complexes were white, cream, 

pale-green, cream and blue colors for (Cd(II), 

Zn(II),) Mn(II), Ni(II), and Co(II) respectively. The 

color of the ligand may be due to the presence of 

chromophores or electronic/charge transfer within 

the structure of the complex (Gao et al 2013). The 

compounds gives significant yields between the 

ranges 68-83℅ (Table 1). The conductance 

measurement values were quite low indicating the 

non-electrolytic nature of the compounds under 

study (Table 2). 

 
TABLE 2: Solubility test of the ligand and Metal Complexes 

S/N Compounds Chloroform DMSO Ethanol Methanol Water Acetone CCL4 

1 Ligand  IS IS SH SH S S IS 

2 Mn(II)complex IS IS SH SH S S IS 

3 Co(II)complex IS IS SH SH S S IS 

4 Ni(II)complex IS IS SH SH S S IS 

5 Zn(II)complex IS IS SH SH S S IS 

6 Cd(II)complex IS IS SH SH S S IS 

KEY: S=soluble SS=slightly soluble IS=insoluble SH=soluble when hot 

 

TABLE 3: Job’s Method (Complexes of the Ligand)  

            Mole fraction, Absorbance(s) (nm) 

 Mn(II) Co(II) Ni(II) Zn(II) Cd(II) 

      

0.1 0.09 0.19 0.25 0.12 0.15 

0.2 0.15 0.21 0.42 0.24 0.36 

0.3 0.23 0.39 0.55 0.36 0.41 

0.4 0.29 0.47 0.68 0.49 0.57 

0.5 0.54 0.76 0.85 0.59 0.60 

0.6 0.48 0.41 0.59 0.42 0.51 

0.7 0.30 0.36 0.31 0.37 0.42 

0.8 0.21 0.31 0.22 0.28 0.33 

0.9 0.10 0.22 0.13 0.14 0.24 

 

The results of the solubility test shows that the 

compounds were partially soluble in most organic 

solvents and soluble only in water, hot ethanol and 

hot methanol (Table 2). The metal-ligand ratio of 

the compounds was estimated to be 1:1 as obtained 

from the method of continuous variation (Job’s) 

method Table (3). 

 

TABLE 4: Infrared Absorption Frequencies (cm-1) of the ligand and Metal Complexes 

S/N COMPOUNDS (C=N) 

(cm-1) 

(M-N) 

(cm-1) 

(M-O) 

(cm-1) 

C=C 

(cm-1) 

C-C 

(cm-1) 

1 C20H26N4O2 1558 - - 697 1408 

2 C20H24MnN4O2Cl2 1555 699 468 604 1409 

3 C20H24CoN4O2Cl2 1624 696 470 603 1410 

4 C20H24NiN4O2Cl2 1620 625 470 603 1412 

5 C20H24ZnN4O2Cl2 1621 682 469 603 1409 

6 C20H24CdN4O2Cl2 1559 681 468 604 1409 
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IR spectrum of the schiff base does not show any 

band corresponding to primary amine or carbonyl 

group which indicates the formation of the Schiff 

base and complete elimination of water molecule 

due to condensation of the amino group with the 

carbonyl group of the phenyalanine. The IR spectra 

of the free Schiff base shows bands in the region of 

1558cm-1, which can be assigned to (C=N) 

stretching vibration, a fundamental feature of 

azomethine group that is confirming the formation 

of the Schiff base. This band has shifted to various 

frequencies in the spectra of the metal complexes 

indicating that the Schiff base has coordinated to 

the metal ions used. The bands at the wavelengths 

of 603-648cm-1, 1398-1439cm-1 and 468-470cm-1 

can be ascribed to the aromatic carbon (C=C) and 

(C-C), metal to oxygen (M-O) and ligand to metal 

charge transfer (M←N) respectively (Table 4). 

This is in agreement with the literature reported by 

Aliyu and Adamu, 2009. 

 

TABLE 5: Anti bacterial screening Data of the ligand and Metal (II) Complexes 

 

TABLE 6: Antifungal screening Data of the ligand and Metal (II) Complexes 

 

The compounds were further assayed for 

antibacterial and antifungal activities. The metal 

complexes were found to show more activity than 

the free ligands. Moreover, Ni(II) and Co(II) 

complexes demonstrated activity higher than the 

referenced drug in the antibacterial screening 

(Table 5), while Cd(II), Zn (II) and Ni(II) 

complexes illustrated activity higher than the 

reference drug in the antifungal screening (Table 

6). These outstanding activities may be attributed 

to the high molecular weights of the compounds 

and possible metal ions toxicities, (Anna-Maj, 1989 

and Michalak (2006). 
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