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Abstract- New Schiff base ligand (E)-6-(2-(4-

(dimethylamino)benzylideneamino)-2-phenylacetamido)-3,3-

dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 

acid = (HL) Figure(1)  was prepared via condensation of 

Ampicillin and 4(dimethylamino)benzaldehyde in methanol 

.Polydentate mixed ligand complexes were obtained from 1:1:2 

molar ratio reactions with metal ions and HL, 2NA on reaction 

with MCl2 .nH2O salt yields complexes corresponding to the 

formulas [M(L)(NA)2Cl] ,where M = 

Fe(II),Co(II),Ni(II),Cu(II),and Zn(II) and NA=nicotinamide. 

The 1H-NMR, FT-IR, UV-Vis and elemental analysis 

were used for the characterization of the ligand. The complexes 

were structurally studied through AAS, FT-IR, UV-Vis, 

chloride contents, conductance, and magnetic susceptibility 

measurements. All complexes are non-electrolytes in DMSO 

solution. Octahedral geometries have been suggested for each 

of the complexes. The Schiff base ligands function as 

tridentates and the deprotonated enolic form is preferred for 

coordination. In order to evaluate the effect of the bactericidal 

activity, these synthesized complexes, in comparison to the un 

complexed Schiff base has been screened against bacterial 

species, Staphylococcus aureus,Escherichia coli and the results 

are reported. 
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I. INTRODUCTION 

Schiff bases and its metal complexes have been found 

to exhibit biological activities including antifungal, 

antibacterial, antimalarial, antipyretic, larvicidal, and 

antiviral activities. Besides the biological activities, the 

metal complexes of Schiff bases are widely used as catalyst 

in the reactions like carbonylation, hydroformylation, 

reduction, oxidation, epoxidation and hydrolysis, corrosion 

inhibitor and as polymers [1]. 

Cephalosporin is a β-lactam antibiotic, which was first 

introduced in 1945. Such drugs are among the most widely 

prescribed antimicrobial classes because of their broad 

spectrum of activity, low toxicity, ease of administration, 

and favorable pharmacokinetic profile. The safety profile of 

cephalosporin ’s is generally good although a wide range of 

allergic reactions have been caused by Β-lactam antibiotics. 

It is possible to classify these reactions by the Levine's 

classification system, which is based on the time of the onset 

of the reactions. The frequency of hypersensitivity reactions 

to cephalosporin’s is less than to penicillins. It has been 

estimated that nearly 75% of fatal anaphylactic reactions 

result from the administration of penicillin. Of all the inject 

able cephalosporin’s, ceftriaxone, cefuroxime and oral 

cefaclor are the most frequently reported ones in allergic 

reactions [2]. 

Ampicillin is a very important class of  b-lactam 

antibiotics used in therapy because of their specific toxicity 

towards bacteria. From a coordination chemistry perspective 

it has been demonstrated that all the b-lactamic antibiotics 

possess a number of potential donor sites and they are 

known to interact effectively with several metal ions and 

organo metallic moieties, originating complexes. Atoms 

involved in coordination and the structure of these 

complexes depend on several factors including reaction 

medium, pH, conformational equilibrium occurring in 

solution state and nature of the side chain bonded at C6 of 

the b-lactamic ring [3]. 

In 2008 Ogunniran and co-workers, [4]. synthesized 

Mixed ligand metal complexes of ampicillin and 

chloramphenicol prepared by using Ni(II), Co(II) and Fe(III) 

metal chloride hexahydrate were reported and characterized 

based on some physical properties and spectroscopic 

analysis such as AAS, UV, and IR spectroscopy. The 

synthesized complexes, in compares to their ligands, were 

also screened for their antibacterial activity against isolated 

strains of Escherichia coli, Staphylococcus aureus and 

Klebsiella pneumonia by using agar diffusion method [4]. 

In 2009 Pranay Guru, made studies of Ni(II) and Cu(II) 

complex with ampicillin have been synthesized and 

characterized. On the basis of elemental analysis and molar 

conductance, formulas Ni(C16H19N3O4S)MoO4.4H2O, 

and Cu(C16H19N3O4S)MoO4–4H2O have been suggested 

for the complexes under study. The geometries of the 

complexes have been proposed on the basis of magnetic 

moment, electronic and infrared spectral data. Thermo-

gravimetric analysis (TGA) has been carried out to 

determine the pattern of their decomposition. The crystal 

system, lattice parameters, unit cell volume and number of 

molecules in it have been determined by X-ray diffraction 

data (XRD) [5]. 
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In (2013), Islam  and co-workers  A new series of four 

transition metal complexes of a Schiff base derived from 

salicylaldehyde and glycine, viz. [N-salicylidene glycinato 

diaqua cobalt (II) dimer] (SGCo)2, [N- 

salicylideneglycinato-di-aqua-nickel(ll)dimer] (SGN)2, [N-

salicylideneglycinato-aqua-copper(II)] (SGC) and [N-

salicylidene glycinato diaqua zinc(II) dimer] (SGZ)2, Figure 

(1-54) have been synthesized and characterized through a 

rapid, simple, and efficient methodology in excellent yield. 

These compounds were screened for in vitro antibacterial 

activities against six pathogenic bacteria, such as Shigella 

sonnei, Escherichia coli, Bacilus subtilis, Sarcina lutea, 

Staphylococcus aureus and Pseudomonas arioginosa [6]. 

 

I. Experimental 

A. Chemical 

 All chemicals used were of reagent grade (supplied by either 

Merck or Fluka , and used as received., ethanol methanol and 

dimethylforamaide , and KBr, from (B.D.H). ampicillin tri 

hydrate powder) and 4(dimethylamino)benzaldehyde from 

Riedial-Dehaen DSM (Spain). 

 

B. Instrumentation 

UV-Vis spectra were recorded on a (Shimadzu UV- 

160A) Ultra Violet-Visible Spectrophotometer. IR- spectra 

were taken on a (Shimadzu, FTI R- 8400S) Fourier 

Transform Infrared Spectrophotometer (4000- 400) cm-1 

with samples prepared as KBr discs. Elemental micro 

analysis for the ligand was performed on a (C.H.N.S.O) 

Perkin Elemar 2400. While metal contents of the complexes 

were determined by atomic absorption (A.A) technique 

using a Shimadzu AA 620G atomic absorption 

spectrophotometer. The Chloride contents of complexes 

were determined by potentiometric titration method using 

(686-Titro processor-665. Dosimat Swiss) Molecular weight 

determined by Rast Camphor method, confirming the 

monomeric nature of the compounds. Conductivities were 

measured for 10-3M of complexes in DMSO at 25оC using 

(conductivity meter, Jewnwary, model 4070). Magnetic 

measurements were recorded on a Bruker BM6 instrument 

at 298°K following the Farady’s method .Nuclear magnetic 

resonance spectrum 1H NMR for ligand was recorded in 

DMSO-d6 using a Bruker 300 MHz instrument with a tetra 

methyl silane (TMS) as an internal standard. The samples 

were recorded at Queen Mary, university of Al-Albeit, 

Jordon, Amman. In addition melting points were obtained 

using (Stuart Melting Point Apparatus). The proposed 

molecular structure of the complexes was drawing by using 

chem.office prog, 3DX (2006). 

 

C. Preparation of ligand (HL): [7] 

A solution of (Ampi) (0.403 gm, mmole) in methanol (20 

ml) was added to a solution of (4DMAB) (0.149 gm, m 

mole) in methanol (10 ml). The mixture was refluxed for (5 

hours) with stirring. The resulting was an deep orange 

solution allowed to cool and dried at room temperature, then 

re-crystallization to the precipitate with ethanol, deep orange 

solid was obtained by evaporation of ethanol during (24 

hours) Scheme (1), m. p (88-93º C). Anal.  Calc. for ligand 

(HL) C = 62.48%, H = 5.87%, N = 11.66 %. = Found: C = 

62.00%, H = 6.12%, N = 11.86%. 

 

D. Synthesis of [Cu(L)(NA)2Cl] complex:[7] 

A solution of (HL) (0.480gm,1 mmole) in methanol (10 

ml) and a solution of (NA) (0.244 gm, 2mmole) in methanol 

(10ml), were added to a stirred solution of Cu (II) chloride 

dihydrate (0.17 gm, 1mmole) in methanol (5 ml).The 

resulting mixture was heated under reflux for (5 hours). 

Then the mixture was filtered and the precipitation was 

washed with an excess of ethanol and dried at room 

temperature during (24 hours).A green solid was obtained, 

m. p (260-266º C). 

 

E. Synthesis of [Fe(L)(NA)2Cl], [Co(L)(NA)2Cl], 

[Ni(L)(NA)2Cl, and [Zn(L)(NA)2Cl complexes:[7] 

The method used to prepare these complexes was similar 

method to that mentioned in preparation of [Cu(L)(NA)2Cl] 

complex in paragraph Scheme (1). 
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    (E)-6-(2-(4-(dimethylamino)benzylideneamino)-2-phenylacetamido)-3,3-dimethyl 

-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid

ampicillin

+

4-(dimethylamino)benzaldehyde

 
Scheme (1): Schematic representation of synthesis of the 

ligand (HL) 

 

F. Preparation of Microorganism suspension 

A) The micro- organism suspension was prepared by 

taking 2–4 colonies from all the studied microorganism. 

Then it was inserted in the physiological solution in 0.85% 

concentration and was compared with Macferr land tube 

number 0.5 which is equal to 1.5×108 cell/mm. It is used for 

Petri dish preparation for the examination of biological 

activity against the under studied chemical compound. 

B) Inhibition Activity Selection for the complexes in 

studied Microorganism The agar well diffusion method was 

used to see the effect of under studied chemical complexes 

on the microorganism growth. This is done by using 20–25 

ml from Nutrient agar medium for each Petri dish. The dish 

was incubated in incubator for 24 hours at (37°C) to make 

sure that no contamination would occur in the dish. 

Bore was made on the cultured medium surface by using 

cork borer. The chemical complexes were made as 100 m ml 

per bore and left the central bore containing only DMF. The 

biological activity for the complexes was defined by 

measuring the diameter of the inhibition area surrounding 

each bore in millimeters. [8] 
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II. Results and Discussion 

A. Physical Properties 

 Ligand (HL) is soluble in( N,N-dimetylformamide (DMF), 

dimetylsulphoxide (DMSO), methanol (MeOH), ethanol 

(EtOH), acetone (C3H6O), 2-propanol (C3H8O) and completely 

insoluble in water (H2O), carbon tetra chloride (CCl4), 

benzene(C6H6), Petroleum ether and chloroform (CHCl3). 

Characterization of Metal Complexes: 

 Generally, the complexes were prepared by reacting the 

respective metal salts with the ligands using 1:1:2 mole ratio, 

i.e. one mole of metal salt: one mole of HL and two moles of 

nicotinamide. The formula weights and melting points are 

given in (Table 1 based on the physicochemical 

characteristics, it was found that all the complexes were non-

hygroscopic, stable at room temperature and appears as 

powders with high melting points. The solubility of the 

complexes of ligands was studied in various solvents. They are 

not soluble in water .All complexes are soluble in (DMF) and 

(DMSO) solvent. The complexes were analyzed for their metal 

by atomic absorption measurements and chloride contents 

were determined by standard methods. (Table-1) for all 

complexes gave approximated values for theoretical values. 

Molar conductance values of the soluble complexes in DMSO 

show values (9.7-16.2 Ω
-1

 cm
2
 mol

-1
) indicating that they are 

all non-electrolytic in nature [9]. 

 

B. FT-IR spectrum of the ligand (HL) 

 The (FT-IR) spectrum for the starting material ampicillin, 

band at (3446) cm
-1

 due to υ (N–H) primary amine stretching 

vibration. The bands at (3269, 3209) cm
-1

 are due to the υ(N–

H) secondary amine  stretching vibration. The band at (1774) 

cm
-1

 is due to υ(C=O) cm
-1

 stretching vibration for (COOH). 

The band at (1687) cm
-1

 stretching vibration
 
is due to υ (C=O) 

for β-Lactam group. The bands at (1575) cm
-1

, and (1384) cm
-1

 

were assigned to stretching vibration
 
(COOH) asymmetric and 

symmetric stretching vibration, respectively. The bands stretch 

at (1496), (3041), (1170), and (2970) were assigned to υ(C=C) 

aromatic, υ(C–H) aromatic, υ(C–C) aliphatic, and υ(C–C) 

stretching vibration respectively. The band at (1296) cm
-1

 is 

due to υ(C–N) cm
-1

 stretching vibration. The band at (1263) 

cm
-1

 was assigned to υ(C–O) stretching vibration. The band at 

(590) cm
-1

 was assigned to  υ(C–S) stretching vibration.The 

spectrum for the starting material 

4(dimethylamino)benzaldehyde (DMBA) which exhibits a 

band to  (C–N) were observed in the (1371) cm
–1

.The bands 

at (1165) cm
–1

 and (2796) cm
–1

 were assigned to the  (C–C) 

and (C–H) aliphatic stretching vibration. The very strong 

bands due to carbonyl group (C=O) stretching of (DMBA) 

were observed in the (1662 -1600) cm
-1

 regions, while the 

bands at (1548) cm
–1

 and (2819) cm
–1

 were assigned to the 

(C=C) aromatic and (C–H) aromatic stretching vibration 

respectively. 

    The (FT-IR) spectrum for the ligand (HL), the displays band 

at (3228) cm
-1

 due to υ (N–H) secondary amine stretching 

vibration, and disappeared the band for the υ (N–H) primary 

amine stretching vibration. The spectrum displays a new band 

at (1597) cm
-1

 is due to υ(C=N) stretching vibrations of the 

ligand. The band at (1678) cm
-1

 is due to υ(C=O) cm
-1

 

stretching vibration for (COOH).The band at υ (1678) cm
-1

 

stretching vibration
 
is due to υ (C=O) for β-Lactam group 

overlapping with υ (COOH) stretching vibrations. The bands 

at (1597) cm
-1

, and (1373) cm
-1

 were assigned to stretching 

vibration
 

(COOH) asymmetric and symmetric stretching 

vibration, respectively. The bands at (1531) cm
-1

, (3062) cm
-1

, 

(1168) cm
-1

, and (2924) cm
-1

 were assigned to υ(C=C) 

aromatic, υ(C–H) aromatic, υ(C–C) aliphatic  and υ(C–C) 

stretching vibration respectively. The band at (1284) cm
-1

 is 

due to  υ(C–N) cm
-1

 stretching vibration. The band at (1230) 

cm
-1

 was assigned to υ(C–O) stretching vibration. The band at 

(570) cm
-1

 was assigned to υ(C–S) stretching vibration[9-

15].The assignment of the characteristic bands for the starting 

materials, intermediate compounds and the ligand are 

summarized in Table (2). 

C. FT-IR of spectral data for the Schiff base mixed 

ligands complexes 

[Fe(L)(NA)2Cl](1),[Co(L)(NA)2Cl](2),[Ni(L)(NA)2Cl]

(3),[Cu(L)(NA)2Cl](4), And [Zn(L)(NA)2Cl](5): 

 The spectrum of the (HL) displays a new at (1597) cm
-1

 is 

due to υ (HC=N-) group of the azomethine stretching 

vibrations of the ligand, on complexation these band has been 

shifted to higher  frequencies (1662), (1624), (1624), (1620), 

and (1662) cm
-1

for complexes (1), (2), (3), (4), (5). 

 The bands at (1597), and (1377) cm
-1

 were assigned to 

stretching vibration
 

(COOH) asymmetric and symmetric 

stretching vibration, respectively. on complexation these  

bands have been shifted to higher frequencies [(1600), (1664), 

(1666), (1668), and (1697) cm
-1

 for (-COO)asym], and lower  

frequencies [(1333), (1336), (1334), (1331), and (1337) cm
-

1
,for (-COO) sym] for the compounds (1) , (2),(3),(4),and (5) 

that the coordination with metal was occurred through the 

oxygen atom of carboxylate ion. The overlap band  at (1678) 

cm
-1

 stretching vibration is due to υ (C=O)  for β-Lactam 

group, these band has been shifted to lower frequency 

at(1662-1666 ) cm
-1

  for complexes  showing that the  

coordination is through the Oxygen atom of β-Lactam group 

[10-11]. 

 The bands at (497), (486), (470) , (489), and (474) cm
-1

 were 

assigned to  υ(M–O) for compounds (1), (2), (3), (4),and (5), 

indicating that to the carbocyclic oxygen, and oxygen of β-

Lactam group of the ligand are involved in coordination with 

metal ions. 

 The bands at (509), (532), (520), (505) and (540) cm
-1

 were 

assigned to υ(M–N) for compounds (1), (2), (3), (4), and (5), 

respectively , indicating that the nitrogen is involved in 

coordination with metal ions.  

 

D. (U.V-Vis) Spectrum for the Schiff base ligand: 

The electronic spectrum of the ligand has been measured in 

DMSO solution between 200- 1100 nm at room temperature 

.In the spectrum of the Schiff base ligand (HL), the absorption 

band observed at (212 nm) (47169 cm
-1

) (εmax=1000 molar
-

1
.cm

-1
), (239 nm) (41841 cm

-1
) (εmax=689 molar

-1
.cm

-1
), and 

high intense absorption peak at (335 nm) (29850 cm
-1

) 

(εmax=2114 molar
-1

.cm
-1

), which assigned to (π→ π*),(π→ π*), 

and (n →π*) transition respectively [10-11,16]. 

 

E. (U.V-Vis) Spectral data for the Shiff base mixed 

ligands complexes: 

 The absorption data for complexes are given in Table (3). 

[Fe(L)(NA)2Cl]: 

 The (U.V- Vis) spectrum exhibits four peaks , the first small 

peak at (267 nm)(37453 cm
-1

)( εmax =1407 molar
-1

.cm
-1

), is due 

to the ligand field, and the second high peak at (342 

nm)(29239 cm
-1

)( εmax =1346 molar
-1

.cm
-1

) is due to the (C.T), 

third weak peak at (817 nm)(23980 cm
-1

)( εmax =9 molar
-1

.cm
-
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1
) is refers to  (

5
T2g→5Eg) (d–d), transition. [16]Transitions, 

similar to those found for distorted octahedral complexes. The 

doublet is attributed to a Jahn-Teller distortion in the excited 

state. The room temperature magnetic moment (4. 27 B.M) 

corresponded to octahedral symmetry.[17] 

 [Co(L)(NA)2Cl]: 

 The (U.V- Vis) spectrum exhibits three peaks , the first high 

intense peak at (268 nm)(37313 cm
-1

)( εmax =1488 molar
-1

.cm
-

1
), is due to the ligand field, the second small peak at (345 

nm)(28985 cm
-1

)( εmax =69 molar
-1

.cm
-1

) is due to the (C.T), 

while the third weak peak at(412 nm)(24271 cm
-1

)( εmax =20 

molar
-1

.cm
-1

), which assigned to (
4
T1g→

4
A2g), transition 

respectively in an octahedral geometry. Also, the values of the 

magnetic moments 5.11 B.M, may be taken as additional 

evidence for a high spin octahedral nickel (II) geometry.[17] 

[Ni(L)(NA)2Cl]: 

 The (U.V- Vis) spectrum exhibits four peaks , the first high 

intense peak at (267 nm)(37453 cm
-1

)( εmax =1422 molar
-1

.cm
-

1
), is due to the ligand field, and the second small peak at (345 

nm)(28985 cm
-1

)( εmax =68 molar
-1

.cm
-1

) is due to the (C.T), 

third and fourth weak peaks at (642 nm)(15576 cm
-1

)( εmax =4 

molar
-1

.cm
-1

), and (992 nm)(10080 cm
-1

)( εmax =9 molar
-1

.cm
-

1
), which assigned to (

3
A2g(F) → 

3
T1g(F) (ν2), and (

3
A2g(F) → 

3
T2g(F) (ν1) transition respectively in an octahedral geometry. 

.[16] 

 Also, the values of the magnetic moments 3.22 µB. may be 

taken as additional evidence for octahedral nickel (II) 

geometry.[17] 

[Cu(L)(NA)2Cl]: 

 The (U.V- Vis) spectrum exhibits two peaks, the first high 

broad peak at (279 nm)(35842 cm
-1

)( εmax =2298 molar
-1

.cm
-1

) 

is due to the ligand field, while the second weak broad peak at 

(977 nm)(10235 cm
-1

)( εmax =58 molar
-1

.cm
-1

), which assigned 

to (
2
Eg→

2
T2g), transition . Hence the Cu(II) mixed ligand 

complexes showed distorted octahedral geometry. [16] 

[Zn(L)(NA)2Cl]: 

 The (U.V- Vis) spectrum exhibits two high peaks, the first 

high peak  at (286 nm)(34965 cm
-1

)( εmax =1072 molar
-1

.cm
-1

) , 

and the second high peak at (342 nm)(29239 cm
-1

)( εmax =1693 

molar
-1

.cm
-1

) are due to the (C.T) ,  in an octahedral geometry. 

this diamagnetic complex show no appreciable absorptions in 

the region below 26000 cm
-1 

in  DMSO solutions. In 

accordance with the d
10

 electronic configuration of Zn(II). 

Also, the values of the magnetic moment Table (3).may be 

taken as additional evidence3’32 for their octahedral 

structure.Molecular weight determined by Rast Camphor 

method and were found in accordance with calculated value 

the range of metal complexes (815-822), [7]. 

4-
1
H NMR spectrum for the ligand (HL): 

The 
1
H NMR spectrum of (HL), Figure (1) 

 The signal obtained in range (δ 6.71-7.70) ppm was assigned 

for doublet due one proton of aromatic ring of phenyl and (δ 

7.37) due one proton of benzylidenimin, (S–CH) on the 

dihydrothiazine ring was observed in the (δ 2.80-3.66) ppm, 

The signal obtained at (δ 8.76) ppm was assigned for singlet 

due one proton of (-CH=N) linkage in the ligand. This 

confirms the formations of imine ligand. This observation was 

also supported by the FT-IR data of the ligand discussed 

earlier. The NMR spectral data of (HL) was compared with the 

spectral data for the similar ligands reported in literatures. 

Three groups of double peaks given by (CO–CH) and (N–CH) 

on the beta-lactam ring and (CH-N=C) appeared at (δ 4.86) 

ppm [17-19]. 

 
Figure (1): 1H NMR spectrum of the ligand (HL) in 

DMSO¬-d6 

 

V. Antimicrobial activity 

 The in vitro antimicrobial screening results are given in 

Table 4, Chart (1). On the basis of observed zones of inhibition, all 

the metal-mixed ligand complexes are active against all six tested 

organisms which in fact are in agreement with the literature [20-

23]. 
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Table (1): The physical properties of the compounds 

M. wt = Molecular Weight   ,Lm = Molar Conductivity , dec. = decomposition , Calc.= calculation 

Table (3):  Electronic Spectral data, magnetic moment, of the studied compounds 

 

 
Table (4): Biological activity of the Schiff bases mixed ligands complexes  (Zone of inhibition (mm) 
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Chart (1): Graphic of biological effects of some of the studied complexes 

 

 
Table (2): Data from the Infrared Spectra for the\Metal Complexes (cm-1). 


