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Abstract: 

Four new binuclear Schiff base metal complexes [(MCl2)2L] {M = Fe 1, Co 2, Cu 3, Sn 4, L = N,N’-

1,4-Phenylenebis (methanylylidene) bis (ethane-1,2-diamine)} have been synthesized using direct reaction 

between proligand (L) and the corresponding metal chloride (FeCl2, CoCl2, CuCl2 and SnCl2). The structures 

of the complexes have been conclusively determined by a set of spectroscopic techniques (FT-IR, 
1
H-NMR, 

and mass spectra). Finally, the biological properties of the complexes have been investigated with a 

comparative approach against different species of bacteria (E. coli G-, Pseudomonas G-, Bacillus G+, 

Staphylococcus G+, and Streptococcus G+). 

 

Keywords: Antibiotic, Metal complexes, Schiff base, Synthesis. 

 

Introduction:  
             Over decades Schiff base continue attracts 

antibiotic designer’s attention because of distinctive 

chelating features 
1
. Antibacterial activity of such 

ligand containing donor atoms can be enhanced 

significantly by coordination to a metal ion 
2, 3, 4

. 

Moreover, some natural molecules such as 

chlorophyll, hemoglobin, carbonic anhydrase, 

vitamin B12, xanthine oxides, and hemocyanin 

clearly indicate the important linkage between 

organic ligand and metal elements 
5
. Scientists have 

been employed Schiff base in a wide range of 

medical applications such as antibacterial 
6, 7

, 

antifungal 
8
, antitumor 

9
, antiviral 

10
, anti-HIV 

11
, 

herbicidal 
12

, and anti-influenza virus 
13

.  

             In light of these medical facts, we present 

herein the synthesis, spectroscopic characterization 

and biological activity of a series of Schiff base 

metal complexes 1-4. Chemical analysis evidence 

allows proposing a binuclear aggregation mode for 

these M
II
 complexes of tetradentate Schiff-bases. 

The main objective of the present work was to find 

the antibacterial activity of these Schiff base metal 

complexes toward six different pathogens (E. coli 

G-, Pseudomonas G-, Bacillus G+, Staphylococcus 

G+, and Streptococcus G+).  

 

Material and Methods: 
Chemical Materials 
             Terephthalaldehyde, 1,2-ethane-diamine, 

and metals chloride were purchased from 

commercial source Sigma-Aldrich and used as 

received. FT-IR spectra were recorded on a Bruker 

spectrometer. 
1
H-NMR spectra were obtained using 

a Varian 400 NMR spectrometer in DMSO-d6, for 

all compounds using TMS as an internal standard. 

Mass analyses were performed on an Agilent 

Technology (HP) 5973 Network Mass Selective 

Detector. NMR and Mass spectra were collected at 

Department of Chemistry, Tehran University, Iran. 

Ligands Synthesis 

             L (ligand) has been prepared as per 

literature procedure 
14

 by refluxing 

terephthalaldehyde (0.13 g, 1 mmol) and (1,2-

ethane-diamine) (0.12 g, 2 mmol) in methanol (Eqn. 

1). After 4 h of continuous stirring, the reaction was 

cooled to 25 
o
C, filtered and dried in a desiccator 

over anhydrous CaCl2. Orange powder of the Schiff 
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base (Yield = 0.20 g, 80%. mp. = 265-267 
o
C) was 

used for complexation without any further 

purification.  

Schiff Base Metal Complexes Synthesis 

             Complexes 1-4 were synthesised by the 

direct addition of the Schiff base proligand (L) to 

metal chloride in 1:2 molar ratio (Eqn. 2). The 

mixture was dissolved in hot ethanol and the 

obtained solution was boiled for 4 h with reflux and 

continuous stirring led to form colored products 
15-

17
.
 

Physical and Spectral Data 

[(FeCl2)2L] 1  

             An excellent yield of complex 1 (0.18 g, 85 

%, m. p. 140-142 
o
C) was obtained from a typical 

metathesis reaction between FeCl2 and L (equation 

2). IR (KBr): ṽ = 3812 (w), 2578 (w), 2499 (w), 

2293 (w), 2204 (w), 1929 (m), 1691 (w), 1608 (s), 

1488 (s), 1439 (w), 1328 (s), 1211 (w), 1172 (s), 

1098 (w), 1025 (s), 962 (s), 894 (s), 809 (s), 469 (s) 

Fig. (1). 
1
H-NMR (400 MHz, DMSO, 25°C): δ = 

8.51 (s, 4H, Ar), 3.90, (8H, CH2), 2.50 (s, 2H, 

CH=N-). The molecular ion beam (M +.) of the 

complex [(FeCl2)2L] was localized at m/z 386.00. 

This peak (calc. 315.01, found 322.00) attributed to 

NH4Cl fragment. The large peak at 268.10 is related 

to the last ion after loses NH4Cl CH3CH3. 

[(CoCl2)2L] 2  

            Direct reaction between CoCl2 and L in one 

pot {equation 2} leads to formed complex 2 in an 

excellent amount (0.19 g, 90 %, m. p. 251-253 
o
C). 

IR (KBr): ṽ = 3425 (w), 3026 (w), 2500 (w), 2368 

(w), 2292 (w), 2053 (w), 1927 (m), 1602 (s), 1484 

(s), 1436 (m), 1315 (s), 1168 (s), 1025 (s), 960 (s), 

890 (s), 806 (s), 467 (s) Fig. (1). 
1
H-NMR (400 

MHz, DMSO, 25°C): δ = 8.49 (s, 4H, Ar), 3.26, (t, 

8H, CH2), 2.50 (s, 2H, CH=N-). The beam of 

molecular ion (M +.) of the complex 

[(CoCl2)2L].6H2O detected at 591.60 m/z. The Mass 

spectrum shows further two other peaks (calc. 

567.94, found 577.60; calc; 549.93, found 551.60; 

calc. 477.89, found 480.50) (Fig. 10) corresponding 

to [(CoCl2)2L].5H2O, [(CoCl2)2L].4H2O and 

[(CoCl2)2L]+ respectively. Consequently, complex 

[(CoCl2)2L]+ lost Cl and NH4 (calc. 440.93, found 

437.40; calc. 425.92, found 423.40). Losing Cl and 

NH4 showed the following peaks (calc. 390.95, 

found 393.30; calc. 375.94, found 381.40). 

[CuCl2)2L] 3  

            Similarly, as described for complexes 1 and 

2 complex [CuCl2)2L] (3) was synthesised in an 

excellent product (0.20 g, 95 %, m. p. 230-232 
o
C). 

IR (KBr): ṽ = 3302 (s), 3231 (s), 3122 (w), 2940 

(m), 2883 (m), 2402 (w), 2342 (w), 2274 (w), 2194 

(w), 2109 (w), 2050 (w), 1638 (m), 1571 (s), 1458 

(m), 1361 (w), 1307 (w), 1270 (s), 1208 (w), 1128 

(s), 1040 (s), 975 (m), 837 (w), 682 (s), 530 (s), 475 

(m) Fig. (2). 
1
H-NMR (400 MHz, DMSO, 25°C): δ 

= 3.33 (s, 4H, Ar), 2.50 (t, 8H, CH2), 1.23 (br, 2H, 

CH=N-). The peak noticed at 577.60 m/z is related 

to [(CuCl2)2L].5H2O+ the molecular ion. The 

following peaks (calc. 557.93, found 551.60; calc. 

521.91 found 523.60; calc. 487.88, found 480.50) 

assigned to fragments [(CuCl2)2L].4H2O, 

[(CuCl2)2L].2H2O and [(CuCl2)2L]. Peaks at (calc. 

472.87, found 468.40; calc. 385.93, found 393.40) 

attributed to (NH4 and NH4Cl) fragments. These 

peaks (Fig. 11) mentioned above prove the 

proposed structure for complex 2.  

[(SnCl2)2L] 4 

             Complex 4 synthesized by following same 

route that described for complexes 1-3 in a 

moderate yield (0.16 g, 76 %, m. p. 269-271 
o
C). IR 

(KBr): ṽ = 3478 (w), 2580 (w), 2512 (w), 2388 (w), 

2302 (w), 2053 (w), 1925 (w), 1693 (w), 1595 (s), 

1487 (s), 1442 (w), 1327 (m), 1167 (m), 1029 (s), 

965 (s), 901 (m), 813 (s), 777 (w), 606 (s), 477 (s) 

Fig. (3). 
1
H-NMR (400 MHz, DMSO, 25°C): δ = 

8.28 (s, 4H, Ar), 3.07 (t, 8H, CH2), 2.50 (s, 2H, 

CH=N-). The peak at m/z 591.60 belongs to 

molecular ion of [(SnCl2)2L] (Fig. 12). Complex 4 

further lost Cl and appeared at (calc. 560.86 found 

563.50). Strong peak at (calc. 547.85 found 551.50) 

proving NH4 fragment losing. The last ion further 

losing Cl and NH4 were appeared at (calc. 510.88 

found 509.50; calc. 495.87 found 495.40,) 

respectively. Differences in the isotopic abundance 

lead to a difference in overall mass thus, some 

fragments were shifted approximately two units 

than the calculated standard value. 

In-vitro Antimicrobial Screening General 

Procedure 

           Pathogenic strains (E. coli G-, Pseudomonas 

G-, Bacillus G+, Staphylococcus G+, and 

Streptococcus G+) were used to screen biological 

activities of complexes [(FeCl2)2L] 1, [(CoCl2)2L] 2, 

[(CuCl2)2L] 3 and [(SnCl2)2L] 4. Disc diffusion 

method was employed in vitro. Microorganisms 

transfer to the nutrient agar under isolated 

atmosphere and using sterilised tools. Standard 

incubation method employed to complete diffusion. 

Dishes were kept at 25 
o
C for 1 h then placed in 

incubator at 37 
o
C for 24 h. Minimum inhibitory 

effect of the examined complexes was determined 

according to microwell dilution technique and 

Muller-Hinton broth used as a culture media. The 

tested compounds (1000 mg/ml) were heated to 50 
o
C for 30 min to increase solubility 

18
.  

Results and Discussion: 
             L proligand has been prepared according to 

previous reported procedure
 14

 that involved 

condensation between terephthalaldehyde and 1,2-
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ethane-diamine (Eqn. 1). Orange powder of the 

Schiff base was obtained after 4 h of refluxing and 

stirring the mixture and used for complexation 

without any further purification.  

 
Equation 1 

 

             A similar synthesis strategy was adopted 

(Eqn. 2) to synthesise complexes 1-4. It is a simple 

one pot reaction involved 1:2 molar ratio between 

the proligand (L) and (FeCl2, CoCl2, CuCl2, SnCl2) 

in ethanol that led to synthesise very stable 

complexes 1-4 toward air and moisture. DMSO is 

the only effective solvent toward these complexes. 

Solubility difficulties of complexes 1-4 blocked our 

path to obtain suitable single crystals for 

crystallography structures analysis in this study. 

Thus, complexes structures were confirmed through 

different spectroscopic analyses.  

 
Equation 2 

  

FT-IR Spectra  

             FT-IR spectra of compounds 1-4 are in 

agreement with free ligand spectrum Figs. (1-4). 

Azomethine (C=N) group of the complexes 1-4 is 

noticed between 1615–1620 cm
−1

 confirming ligand 

synthesis successfully 
18

. The ṽ (C=N) moiety 

exhibit upward shift in 1697 (s) cm
-1

 after 

coordination to metal centre which is in agreement 

with the azomethine function that coordinated to 

metal ion of previous reported complexes 
19

. The 

shift toward higher or lower frequencies is due to 

the interaction between the azomethine moiety and 

metal ions. Also, there are several factors that can 

affect the frequencies such as the metal ion nature 

and the coordination atoms. Moreover, medium 

bands that appear at 3535-2030 cm
-1

 of ligands may 

be assigned to ṽ NH group 
20

. Appearance of a 

strong bands at the range 695-270 cm
-1 

for all 

compounds is assignable to the ṽ (M-N) vibrations 

because of dimeric nuclear of the complex 

confirming the metal azomethine coordination 
21, 22

. 

The spectrum also gave an idea about the successful 

of ligand synthesis through the vanishing of the 

carbonyl (C=O) of aldehyde. The (C-H) aromatic 

vibrations is another evidence that is usually used to 

characterize Schiff bases depending on the bundles 

that appeared at the region (3155-3030). 

 

 
Figure 1. FT-IR spectrum of [(FeCl2)2L] complex 1 
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Figure 2. FT-IR spectrum of [(CoCl2)2L] complex 1 

 

 
Figure 3. FT-IR spectrum of [(CuCl2)2L] complex 

 
Figure 4. FT-IR spectrum of [(SnCl2)2L] complex 
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1
H-NMR Spectra 

             The 
1
H-NMR spectra of the complexes 1-4 

were recorded in DMSO‑d6
 at room temperature 

(Figs. 5-8). After complexation signals have shifted 

down or up field which can help to have better 

understand the behaviour of these complexes in 

solution. Because of the deshielding of protons, it is 

well known that the electron density reduces after 

bonding 
23, 24

. Moreover, the presence bimetallic 

species can increase the NMR spectra complexity 

due to the inequivalent in symmetry consequent of 

the dinuclear species.  

             Iron Schiff base complex [(FeCl2)2L] is 

further confirmed by NMR spectra. The 
1
H-NMR 

spectrum given in Fig. (5) exhibited singlet beam in 

the aromatic region (8.51 ppm) assigned to the 

phenyl aromatic protons and the integrations 

calculation of those protons found to the correspond 

compound. The spectrum also shows one triplet 

bands notice at (3.90 ppm) to the methylene groups. 

Chemical integrations show the singlet that 

appeared at (2.50. ppm) related to azomethine. 

Noticeable overlap in signals due to the 

paramagnetic of Iron and dinuclear species that 

formed in solution which lead to increasing the 
1
H-

NMR spectra complexity 
25

. Cobalt Schiff base 

complex [(CoCl2)2L] was studied using 
1
H-NMR 

spectroscopy that confirm the formation of fully 

condensed Schiff base complex. The triplet signal 

appearing in (3.26 ppm) of the 
1
H-NMR spectra of 

cobalt complex are attributed to the methylene 

groups. In addition, independent signal is observed 

at 8.49 ppm related to aromatic protons of the 

phenyl group. The azomethine (HC=N) is observed 

at 2.50 ppm for [(CoCl2)2L]. The bonding between 

the nitrogen atom of azomethine and metal centre is 

proved by the downfield chemical shift 

observations. The aromatic signal is downfield 

shifted in the spectra of [(CuCl2)2L] complex due to 

the paramagnetic. Methylene group shows one 

signal at 2.50 ppm. Azomethine protons are affected 

and shifted down field in comparison between 

NMR spectra of complex with free ligand. The 
1
H-

NMR spectra of [(SnCl2)2L] complex exhibit a peak 

at 8.28 ppm, which is due to aromatic protons. The 

sharp singlet at 5.7 ppm and 6.047 ppm respectively 

assigned to for the (CH=N-) proton which clearly 

prove the magnetic effect that leads to up field shift 

in such protons 
26

. The azomethine signal is noticed 

at 2.50 ppm for [(SnCl2)2L]. The chemical shift 

belongs to the NH2 protons in the proligand was not 

observed in any of the complexes 1-4. It is well 

known that such NH2 protons did not detect so these 

peaks disappeared from spectrum.  

 

 
Figure 5. 

1
H-MNR spectrum of [(FeCl2)2L]   

 

 
Figure 6. 

1
H-MNR spectrum of [(CoCl2)2L] 
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Figure 7. 

1
H-MNR spectrum of [(CuCl2)2L]                           

 
Figure 8. 

1
H-MNR spectrum of [(SnCl2)2L] 

 

Mass Spectra 

             Seventy V cone voltage are employed to 

complexes 1, 2, 3 and 4 to record mass spectra. 

Such voltage can minimise dissociation on ligand 

axials. Some peaks belong to a range of fragments 

that exhibited different values more or less than the 

calculated values. This behaviour is commonly 

known in mass spectra analysis due to the 

differences in isotopic abundance that occurred 

naturally for chemical elements. While, the voltage 

amount and the size of the substitution groups 

relatively can affect peak intensity.  
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Figure 9. Mass spectrum of [(FeCl2)2L] complex 

 

 
Figure 10. Mass spectrum of [(CoCl2)2L] complex. 
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Figure 11. Mass spectrum of [(CuCl2)2L] complex 

 

 
Figure 12. Mass spectrum of [(SnCl2)2L] complex. 

 

Biological Activity 

             The collected antibacterial results are 

presented in Table 1 according to the minimum 

inhibitory concentration and the inhibition zone. 

Anti-bacterial behavior of complexes 1, 2, 3, and 4 

were screened in vitro toward a set of pathogens 

according to standards guidelines
 18

 using
 

disc 

diffusion method and broth culture method. The 

minimum effective concentrations of compounds 

were also investigated. Complexes at low dose 

showed good to excellent inhibition toward tested 

bacteria (E. coli G-, Pseudomonas G-, Bacillus G+, 

Staphylococcus G+, and Streptococcus G+).  
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Table 1. The effects of chemical compounds (inhibition zone) on Gr- bacteria and Gr+ bacteria 

*number = the number of compound appears on disc. 
Isolates  Chemical compounds 

Streptococcus Staphylococcus Bacillus Pseudomonas E. coli 

0 mm 4 mm 0 mm 0 mm 3 mm [(FeCl2)2L] (1) *5 

35 mm 37 mm 38 mm 34 mm 31mm [(CoCl2)2L] (2) *2 

33 mm 30 mm 30 mm 32 mm 35 mm [(CuCl2)2L] (3) *3 

31 mm 27 mm 19 mm 30 mm 20 mm [(SnCl2)2L] (4) *4 

 

              [(FeCl2)2L] metal complex showed a small 

inhibition zone (3 mm) on E. coli G- growth and did 

not exhibit any destruction action against 

Pseudomonas G- (0 mm). While in comparison with 

complex 1 complexes 2-4 exhibited significant 

inhibition activity toward E. coli G- and 

Pseudomonas G- Table 1 (Fig. 13 and 14). Complex 

1 also was found to have very limited destruction 

activity (4 mm) on Staphylococcus G+ and appear 

to have no growth inhibition activity on Bacillus 

G+ and Streptococcus G+ with MIC values (0 mm) 

Table 1 (Fig. 15, 16 and 17). Complexes 

[(CoCl2)2L] and [(CuCl2)2L] exhibit approximately 

a similar appreciable antibacterial activity against 

all screened pathogens with minimum inhibition 

zones ranged (30-38 mm, Figs. 13, 14, 15, 16, 17, 

Table 1). While complex [(SnCl2)2L] was found to 

be less active than [(CoCl2)2L] and [(CuCl2)2L] but 

more active than [(FeCl2)2L] against examined gram 

negative and gram positive bacteria. It showed 

moderate to good antibacterial activity ranged (19-

31 mm, Figs. 13, 14, 15, 16, 17, Table 1). As seen 

in (Figs. 13, 14, 15, 16, 17, Table 1), tested 

compounds 2-4 clearly showed promising inhibition 

activity against the selected gram-negative and 

gram-positive pathogens. Collected biological data 

in this study is compatible with previously 

published studies of Schiff base metal compounds 
27-30

. Complex [(FeCl2)2L] did not show any 

destruction activity toward Pseudomonas, Bacillus, 

and Streptococcus. However, it showed very limited 

inhibition activity toward E. coli and 

Staphylococcus.  

 

 
Figure 13. Shows inhibition zones of E. coli G- by 

the effect of (1, 2, 3 and 4) was (13, 15, 20 and 13 

mm). 

 

 
Figure 14. Shows inhibition zones of 

Pseudomonas G- by the effects of (1, 2, 3 and 4) 

was (4, 28, 45 and 48 mm) respectively. 
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Figure 15. Shows inhibition zone of Bacillus G+ 

by the effects of (1, 2, 3 and 4) were (0, 25, 30 and 

15 mm) respectively.  

 

 
Figure 16. Shows inhibition zone of 

Staphylococcus G+ by the effects of (1, 2 and 3) 

was (0, 0, 0 and 0 mm) respectively. 

 

 
Figure 17. Shows inhibition zones of 

Streptococcus G+ by the effect of (1, 2, 3 and 4) 

was (22, 0, 0 and 42mm). 

Conclusions:  
             Schiff base metal complexes [(MCl2)2L] 

were synthesized as mentioned before 
21-23

. 

Complexes exhibit an excellent stability toward air 

and mixture. These complexes 1-4 were synthesised 

and characterized by different techniques. The 

melting points, Mass spectra, IR, and 
1
H-NMR, 

confirmed the formation of the binuclear 

complexes. A distorted square planar geometry was 

proposed for the metal centers of complexes (1-4) 

based on structure analysis. Complexes revealed 

promising antibacterial activities toward different 

pathogenic strains of bacteria (E. coli G-, 

Pseudomonas G-, Bacillus G+, Staphylococcus G+, 

and Streptococcus G+). 
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 تخليق وتشخيص ودراسة الفعالية البايولوحية لعدد من معقدات قواعد شف
 

حسن موازي عبد الرضا
1

صفاء حسين علي                          
2

سعد شهد محمد     
3

 
 
1

 مدرية تربية ذي قار, الشطرة, العراق 
2

 كلية الطب البيطري, جامعة ذي قار, الشطرة, العراق  
3

 كلية العلوم, جامعة ذي قار, الناصرية, العراق 

 

 :الخلاصة
ثنائي -1,4ليكاند =  } M} Fe (1) ,(2) Co ,Cu (3) ,Sn (4) = [2L(MCl2)]اربع معقدات قاعدة شف ثنائية النواة جديدة 

حضرت بطريقة التفاعل المباشر بين اليكاند وعدد من هاليدات الفلزات. الصيغ التركيبية  امين(.فنيلين )ميثان دايين( ثنائي)ايثان ثنائي 

للمركبات اثبتت من خلال عدد من التقنيات الطيفية مكيف الاشعة تحت الحمراء وطيف الرنين النووي المغناطيسي وطيف الكتلة. حددت 

كتيرية السالبة والموجبة الغرام مثل العصية القولونية, الزوائف, العصيات, المكورات الفعالية الحيوية للمركبات تجاه عدد من العزلات الب

 العنقودية, المسبحات العنقودية. 
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