
INTRODUCTION

Ampicillin, belonging to β-lactam antibiotics, is an

influential antibacterial means in pharmaceutical products.

Derivatization and adulteration of curing agents is a need of

time due to rapidly emerging antimicrobial resistance1-3.

Researchers pay their attention in seeking miscellaneous

approaches and novel competent molecules that best endure

with such crisis and widen the range of drugs4-6. Therapeutic

applications of Schiff bases like antibacterial, antifungal,

antiinflammatory, antipyretic, antitumor etc., have been

profoundly studied7-9 and their role as complexing agent is

appreciative10 that put up metal based therapy. Literature

review exposed that some antibiotics show significantly

improved results when chelated with different metal ions rather

than as simple biological molecule11,12 and their chelated

tendency can be increased by condensing it with carbonyl

compounds13,14. The presence of -C=N-, S and O contributors

in chelating ligands concluded excellent biological15,16 evalu-

ation that prompted us to present this piece of writing as a

progress of our research. Bacillus subtilis, Escherichia coli,

Pseudomonas aeruginosa and Staphylococcus aureus strains

were examined for antimicrobial testing.

EXPERIMENTAL

All the chemical reagents and solvents employed for the

syntheses were of AR grade and obtained from E. Merck and
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Sigma Chemicals Company. Ampicillin in its pure form was

obtained form Remington Pharmaceutical Corporation Pvt.

Ltd. and was used with no additional purification. Decompo-

sition points of the complexes were taken on Gallenkamp

melting point device. Molar conductance of Schiff base

transition metal complexes was determined in DMSO at

normal laboratory temperature by using Wescan-212 conduc-

tivity meter. Magnetic moments of the solid complexes under

investigation were determined at room temperature by the

Gouy's technique using mercury(II) tetrathiocyanatocobaltate

as the caliberant. Microanalysis for carbon, hydrogen and

nitrogen was carried out with Carlo Erba-1106 micro analyzer.

The metal contents in selected compounds were determined

by atomic absorption spectrophotometer model A-A 1275. The

electronic absorption spectra were recorded on Hitachi 220S

(UV-VIS) spectrophotometer in DMF in 220-900 nm regions.

The FTIR spectra were recorded using Michaelson Bomen

series spectrophotometer, using KBr disc technique.

Synthesis of Schiff base ligand: An equimolar mixture

of ampicillin (0.349 g) in 50 mL of methanol and D-glucose

(0.180 g) in 50 mL of methanol was well dissolved. To this

homogenous mixture, KOH (0.1 % in methanol) was added

and refluxed about 0.5 h. Yellow coloration in reaction pot

indicated the synthesis of Schiff base ligand (Scheme-I).

Preparation of metal complexes: The coloured solution

obtained above was mixed with the solution of MnCl2·4H2O

(4 mmol, 0.792 g) in methanol and refluxed. The refluxing
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Scheme-I

was continued for about 2 h. The pink solid was filtered off

and washed with distilled water then ethanol and finally with

methanol. It was dried in vacuum over CaCl2 to get complex 1

in 54 % yield. The FeSO4·2H2O solution (4 mmol, 0.748 g)

produced reddish brown colour product as compound 2 in 42

% yield while the dark brown precipitates in 68 % yield were

obtained when 4 mmol CoCl2·6H2O (0.948 g) solution was

used (complex 3). The solution of NiCl2·6H2O (4 mmol, 0.951

g) furnished complex 4 as light green cake in 54 % yield.

Complex 5 as light brown precipitates (58 % yield) was

achieved by taking 4 mmol (0.796 g) of Cu(OAc)2·H2O solution.

The Zn(OAc)2·H2O (4 mmol, 0.806 g) solution furnished complex

6 as dirty white appearance in 52 % yield (Scheme-II).
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All the unique complexes were confirmed by elemental

and spectral analysis.

Antimicrobial screening: The in vitro biological activities

of all three Schiff base transition metal complexes derived from

ampicillin, glucose (a dextrose sugar) and Mn(II), Fe(II) Co(II),

Ni(II), Cu(II) and Zn(II) metal ions were investigated by agar

diffusion disc method. For these purpose clinically important

gram positive pathogenic bacterial strains like Bacillus subtilis

and Staphylococcus aureus and gram negative infectious

bacterial species like Escherichia coli and Pseudomonas

aeruginosa were selected. The antimicrobial activities of each

of these complexes were compared with pure ampicillin. The

tested concentration of compounds was 10 µg/10 µL in DMSO

solvent. The susceptibility zones after incubation were

recorded in mm carefully.

RESULTS AND DISCUSSION

Physicochemical properties of complexes 1-6: This

work deals with the investigation of complexes prepared

through Schiff base ligand and manganese, iron, cobalt, nickel,

copper and zinc hydrated salts in methanol independently. An

amino functionality in ampicillin antibiotic was accessible to

react at aldehydic centre of glucose to achieve Schiff base.

This alcoholic solution of schiff base was directly reacted with

excess of metal salt in methanol to furnish complexes. Finally

the complexes were filtered off, washed with organic solvents,

dried and save in desiccator till further utilization. The newly

synthesized schiff base metal complexes were solid and very

stable at laboratory temperature. These were soluble in DMF

and DMSO solvents.

The ligand can not be isolated under normal conditions

due to its instability. It is well documented that Schiff bases

usually isolated as metal complexes because they rapidly

hydrolyzed17 when derived from aliphatic carbonyl moieties.

In our experiments, solution colour alteration revealed the

formation of chelating ligand. The presence of colour along

with absorption at 390-400 nm in UV-visible spectrum is a

characteristic feature of azomethine group (-CH=N-)18. These

compounds did not possess sharp melting points but decom-

posed when heated above 200 ºC. The complexes 1-6 were

non-electrolytes as shown by their molar conductivity in

DMSO at room temperature19, in the range of 3.86-4.26 Ω-1

cm2 mol-1 (Table-1).

The elemental analysis of the synthesized compounds

(Table-1) enlightened that the complexes have metal:ligand

anion stoichiometry of 1:2 equivalent to ML2 composition

where L is the Schiff base ligand and M is the metal ion. The

analytical data are in fine harmony with the anticipated

stoichiometry of the complexes. Moreover atomic absorption

TABLE-1 

ANALYTICAL AND PHYSICAL CHARACTERISTICS OF SYNTHESIZED COMPOUNDS 1-6 

Elemental analysis % (theoretical) 
Complex  m.f./ (m.w.) µeff BM λM λmax (nm) 

M C H N 

1 (C22H28N3O9S)2Mn 

(1075) 

5.86 4.26 281 (40016), 335 (6997), 406(12) 4.9 
(5.10) 

48.92 

(49.09) 

5.18 

(5.24) 

7.62 

(7.81) 

2 (C22H28N3O9S)2Fe 

(1075) 

5.23 3.99 286 (40030), 332 (7030) 4.89 

(5.18) 

48.98 

(49.05) 

5.20 

(5.24) 

7.74 

(7.80) 

3 (C22H28N3O9S)2Co 

(1079) 

2.78 4.18 290 (40010), 332(7001) 5.38 

(5.45) 

48.76 

(48.91) 

5.16 

(5.22) 

7.69 

(7.78) 

4 (C22H28N3O9S)2Ni 

(1078.7) 

– 3.86 282 (40022), 329 (7015), 498 (72) 5.36 

(5.44) 

48.88 

(48.92) 

5.13 

(5.23) 

7.71 

(7.78) 

5 (C22H28N3O9S)2Cu 

(1083.5) 

1.96 3.95 278 (40010), 326 (7076), 684 (485) 5.76 

(5.86) 

48.65 

(48.70) 

5.12 

(5.20) 

7.66 

(7.74) 

6 (C22H28N3O9S)2Zn 

(1085.4) 

– 4.18 283 (40021), 332 (70002) 5.93 

(6.02) 

48.57 

(48.62) 

5.09 

(5.19) 

7.59 

(7.73) 

λM = conductivity (Ω-1 cm2 mol-1), M = metal. 
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spectroscopy determined the amount of metal in 1-6 that also

corroborated the ligand to metal ratio as 2:1. Theoretical and

experimental percentage of metals (Mn, Fe, Co, Ni, Cu, Zn)

in such complexes is tabulated. Thermal assessment of these

complexes depicted the absence of coordinated or lattice

water20 as there was no weight loss when heated between 100-

180 ºC and show mainly one step in the decomposition

progression over temperature ranges from 220-638 ºC with

the mass loss of 93.12-92.34 % (calculated 93.41-92.51 %).

The remaining weight 7.18-6.45 % (calculated 7.49-6.59 %)

corresponds to respective metal oxides21.

Infrared spectral analysis of complexes 1-6

The IR data of all the complexes are specified as: Pure

ampicillin: 3210s [NH (amide)], 2716w,b (NH3
+), 1770s [C=O

(β lactam)], 1690s [C=O (amide)], 1610s (COO, asym), 1458s

(COO, sym), 1072s (CN), 600w (CS); Complex 1: 3276s [NH

(amide)], 1772s [C=O (β lactam)], 1692s [C=O (amide)],

1652s (COO, asym), 1598s (C=N), 1422s (COO, sym), 1072s

(CN), 602w (CS), 565m (M-N), 469m (M-O); complex 2:

3278s [NH (amide)], 1772s [C=O (β lactam)], 1692s [C=O

(amide)], 1652s (COO, asym), 1600s (C=N), 1424s (COO,

sym), 1074s (CN), 602w (CS), 562m (M-N), 460m (M-O);

Complex 3: 3273s [NH (amide)], 1770s [C=O (β lactam)],

1688s [C=O (amide)], 1656s (COO, asym), 1600s (C=N),

1424s (COO, sym), 1074s (CN), 602w (CS), 562m (M-N),

468m (M-O); Complex 4: 3276s [NH (amide)], 1772s [C=O

(β lactam)], 1688s [C=O (amide)], 1656s (COO, asym), 1600s

(C=N), 1425s (COO, sym), 1070s (CN), 604w (CS), 565m

(M-N), 469m (M-O); Complex 5: 3276s [NH (amide)], 1774s

[C=O (β lactam)], 1688s [C=O (amide)], 1654s (COO, asym),

1598s (C=N), 1425s (COO, sym), 1072s (CN), 604w (CS),

565m (M-N), 468m (M-O); complex 6: 3278s [NH (amide)],

1772s [C=O (β lactam)], 1688s [C=O (amide)], 1656s (COO,

asym), 1598s (C=N), 1424s (COO, sym), 1072s (CN), 602w

(CS), 564m (M-N), 469m (M-O).

The FTIR spectrum of pure ampicillin shows stretching

vibration at 3210 cm-1 due to amino group and absorption band

at 1774-1770 cm-l is assigned to β-lactam ν(C=O) stretching

mode22,23. Absence of band at 3210 and 2840 cm-l due to free

carbonyl group present in D-glucose in all the complexes 1-6

indicated the condensation of NH2 moiety of ampicillin and

aldehydic CO of glucose to formulate -CH=N- functionality.

An absorption band at 1600-1598 cm-l is assigned to the

presence of azomethine (-CH=N-) group coordinated to metal

ions in the complexes. The characteristic IR band in Schiff

bases for -CH=N- functionality was observed in 1650-1630

cm-l in literature24,25. The decrease in frequency for this group

was observed in all the complexes that assigned the involvement

of azomethine nitrogen in coordination26, 27. The spectra of all

the investigated complexes showed strong absorption bands

at 1774-1770 cm-l is assigned to β-lactam ν(C=O) stretching

mode present in antibiotic. The presence of absorption band

at this region also ruled out the utilization of β-lactam ν(C=O)

in the coordination. Both ν(C-S) and ν(C-N) were almost

unaffected relatively to the absorption bands of pure ampi-

cillin22,23 and also ruled out the involvement these groups in

coordination. Free carboxylate (COO) in uncomplexed ampi-

cillin shows absorption band at 1610 and 1485 cm-1 region for

asymmetric and symmetric vibrations22,23. In all the complexes

the carboxylate ν(COO)sym were shifted towards lower wave

numbers at 1424-1422 cm-1 while ν(COO)asy were shifted

towards higher wave numbers at 1656-1652 cm-1. This investi-

gational judgment clearly indicates that carboxylate is involved

in coordination in all complexes. The ∆ν value [∆ν = ν(COO)sym

– ν(COO)asy] is equal to 151 for pure ampicillin. The ∆ν values

in all the complexes increased by 232-228 cm-1 which are

characteristic of monodentate carboxylate ion in coordination

with metal28. In the spectra of complexes, new bands observed

in 565-562 and 469-460 cm-1 regions can be said due to ν(M-N)

and ν(M-O), respectively29,30. This substantiates the chelation

of metal ions through nitrogen and oxygen in the ampicillin

transition metal complexes.

Electronic spectral and magnetic moment studies: The

electronic absorption spectra exhibit the significant information

for the explanation of transitions present in complexes 1-6.

The strong band around 278-290 nm reveals the existence of

phenyl ring π-π* transition31. Band display at 326-335 nm

attributed to the π-π* transition originating in -CH=N

chromophor31,32. Lower energy bands in the UV-visible spectra

are assigned to the d-d transition in the complexes. Magnetic

moments of 1-6 were observed and listed in Table-1. Normal

magnetic moment values of all the complexes pointed toward

their mononuclear nature. Magnetic moment value of Co(II)

complex is 2.83 BM and posses square planar geometry33 while

for Ni(II) complex is zero which indicates that complex has

square planar structure34,35. For Fe(II) complex, it is 5.30 MB

that may refer tetrahedral or octahedral shape. Planar geometry

is expected for Cu(II) and Zn(II) complexes. As the Mn(II)

and Fe(II) complex under investigation is four-coordinated,

tetrahedral geometry is purposed for this34,35.

Biological screening: The antibacterial behaviour of all

the synthesized Schiff base transition metal complexes were

evaluated against Bacillus subtilis, Escherichia coli, Staphy-

lococcus aureus and Pseudomonas aeruginosa. The extent of

effectiveness was determined by measuring diameter of clear

inhibitory zone caused by samples and reported in Table-2.

All the six complexes demonstrated amplified bactericidal

consequences when contrast with unadulterated ampicillin as

indicated in Fig. 1. A cursory outlook of data displays the

succeeding tendency in microbiological studies of drug metal

complexes: Co(II) > Ni(II) > Zn(II) and Fe(II) > Cu(II) and

Mn(II) > pure ampicillin.

TABLE-2 

ANTIMICROBIAL ASSESSMENT 
STATISTICS OF STUDIED COMPLEXES 

In vitro inhibitory zone (mm) 

Ampicillin/complex B. 

subtilis 

E. 

coli 

P. 

aeruginosa 

S. 

aureus 

Ampicillin ++ ++ ++ ++ 

(Glu-ampi)2Mn +++ +++ +++ +++ 

(Glu-ampi)2Fe +++ +++ +++ +++ 

(Glu-ampi)2Co ++++ ++++ ++++ ++++ 

(Glu-ampi)2Ni +++ +++ ++++ +++ 

(Glu-ampi)2Cu +++ +++ +++ +++ 

(Glu-ampi)2Zn +++ +++ +++ +++ 

Inhibition zone diameter mm: ++, 15-20; +++, 21-25; ++++, 26-30. 
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Fig. 1. Biological assay of metal complexes

Conclusion

Based on the results acquired from elemental and spectral

analysis, all complexes reported in this work appear to be four-

coordinated. Coordinating groups, depicted by FTIR data, are

-C=N and -COO that are present in Schiff ligand. The unique

molecular structures of newly synthesized complexes high-

light pronounced antibacterial properties as compared to

uncomplexed ampicillin thus introducing as new class of metal-

based bactericides. Cobalt complex showed excellent inhibitory

effects against growth of microorganism. Thus, derivatization

of antibiotics with carbonyl compound and metal ions possesses

immense potential as medicinal agents and offering an invigo-

rating spot for research.
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