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ABSTRACT 

 
The present study deals with the structure and antimicrobial properties of some complexes of Co (II), Ni 

(II), Cu (II) and Zn (II) with a new Mannich base N (1-piperidinosalicylyl) acetamide (PSA). The ligand and the 
complexes have been characterized by various physical-chemical techniques such as elemental analysis, molar 
conductance, magnetic susceptibility measurements, infrared and electronic spectra. Based on these data, we 
propose tetrahedral geometry for Co (II) and Zn (II), square planar geometry for Ni (II) and octahedral geometry for 
Cu (II) complexes. Antibacterial activity of the ligand and its complexes was tested against some select bacteria. 
The ligand and all the complexes showed antimicrobial activity. 
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INTRODUCTION 
 
Mannich base complexes have remained an important and popular area of research due 

to their simple synthesis, adaptability, and diverse range of applications. From the survey of 
existing literature, it appears that metal complexes of Mannich bases played a vital role in the 
development of coordination chemistry [1-5]. Many potent antibacterial and antifungal 
compounds synthesized by the condensation of aldehyde, amine and amide have been 
reported.  Organic chelating ligands containing amide moiety as a functional group have a 
strong ability to form metal complexes and exhibit a wide range of biological activities [6-10]. 
Literature studies revealed that during the past decades, there has been a great deal of interest 
in the synthesis and structural elucidation of transition metal complexes containing amide 
moiety. However, there is no study on any metal complexes of N-(1-piperidinosalicylyl) 
acetamide.  Earlier work reported that some drugs showed increased activity when 
administered as metal chelates rather than as organic compounds [11-13].In the present work, 
Mannich base derived from the condensation of salicylaldehyde, piperidine and acetamide and 
its metal complexes with Co (II), Ni (II), Cu (II) and Zn (II) are synthesized and are characterized 
using different physicochemical techniques. The ligand and its metal complexes have biological 
activity against various microbes such as Bacillus subtilis,Staphylococcus aureus, Proteus 
vulgaris and Candida albicans. 
 

MATERIALS AND METHODS 
 
EXPERIMENTAL 
 
Chemicals 
 

Reagents such as salicylaldehyde, piperidine, acetamide, various metal (II) chlorides 
were of Merck products. IR spectra were recorded on a Perkin Elmer 783 instrument in 
anhydrous KBr pellets.  UV-Visible spectra of the complexes were recorded on Perkin Elmer 
Lambda EZ201 spectrophotometer in DMF solutions. 1H-NMR spectra was recorded on a JEOL 
FX-90X instrument using CDCl3 as a solvent and TMS as an internal standard. Molar conductivity 
was determined using Systronic Conductivity Bridge with a dip type cell using 10-3 M solution of 
complexes in DMSO. Magnetic susceptibility was measured with a Guoy balance.  Muller-
Hinton agar was used for testing the susceptibility of microorganisms to antimicrobial agents 
using the well-diffusion technique.  Tetracycline was used as standard for antibacterial activity 
and amphotericin for antifungal activity. 
 
Synthesis of Mannich base 

 
In a typical procedure [5], an ethanolic solution of salicylaldehyde, piperidine and 

acetamide were taken in 1:1:1 mole ratio.  piperidine 9.9 mL (10 mM), acetamide 5.9 g (10 mM) 
and 10.4 mL of salicylaldehyde (10 mM) were mixed under ice-cold condition. The product 
obtained was a yellow solid (Fig-1) and it was recrystallised from methanol. Thin layer 
chromatography was used to check the purity of the compound.  Yield:  78%, m.p.160-162°C. 
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Synthesis of metal complexes 
 
The Mannich base (dissolved in CHCl3) and the metal chlorides in ethanol were mixed in 

1:1 molar ratio. The reaction mixture was gently warmed on a water-bath for one hour. The 
resulting solid complex formed (Fig-2) was filtered washed with water and recrystallised in 
ethanol and dried in vacuum. 

 
Invitro Antibacterial and Antifungal Assay 

 
The biological activities of synthesized Mannich base and its Co (II), Ni (II), Cu (II) and Zn 

(II) complexes have been studied for their antibacterial and antifungal activities by well 
diffusion test using Mueller-Hinton Agar (MHA) and Sabouraud Dextrose Agar (SDA). The 
antibacterial and antifungal activities were done at 60 μg/mL concentrations in DMF solvent 
using bacteria (S aureus, Bsubtilis, P vulgaris) and fungi (C. albicans) at the minimum inhibitory 
concentration (MIC) method. These bacterial strains were incubated for 24h at 37ºC and fungi 
strains were incubated for 48h. at 37ºC. Standard antibacterial (tetracycline) and antifungal 
drug (amphotericin) was used for comparison under similar conditions. Activity was determined 
by measuring the diameter of the zone showing complete inhibition (mm). 
 

RESULTS AND DISCUSSION 
 
The complexes prepared are variously coloured microcrystalline powders; air stable, 

some of them are hygroscopic solids, insoluble in common organic solvents, but soluble in 
dimethylformamide. The results of elementalanalysis (C, H, and N), along with molecular 
formulae are presented in Table 1. Molar conductivities show that all the complexes are non-
electrolytes14 withλM= 1.7-4.0 Ω−1cm2mol−1in 10−3 DMF solutions at room temperature. 

 
TABLE-1Physical Characterization, Analytical, Molar conductance, Magnetic susceptability data 

 

Compound 

Found / (Calculated) 

Molwt 
Yield 

% 

λ-m 
mho 
cm

2
 

mol
-1

 

µ-eff 
B.M. M % C % H % N % Cl % 

PSA - 67.68 
(67.71) 

8.09 
(8.12) 

11.11 
(11.28) 

- 248.33 62 - - 

Cu(II) 
Complex  

15.03 
(15.17) 

40.21 
(40.15) 

5.82 
(5.78) 

6.63 
(6.69) 

(16.93) 418.81 55 4 1.8 

Co(II) 
Complex 

15.63 
(15.58) 

44.51 
(44.47) 

5.28 
(5.33) 

7.57 
(7.41) 

(18.75) 378.17 53 1.7 3.8 

Ni(II) 
Complex 

15.55 
(15.53) 

44.58 
(44.49) 

5.24 
(5.33) 

7.47 
(7.41) 

(18.76) 377.95 56 2.8 - 

Zn(II) 
Complex 

17.03 
(17.10) 

43.81 
(43.72) 

5.12 
(5.24) 

7.03 
(7.28) 

(18.44) 384.61 58 1.8 dia 
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Infrared spectra 
 

The IR spectra of the Mannich base ligand (PSA) and its complexes are recorded. The IR 
spectra of the complexes were compared with those of the free ligand in order to determine 
the coordination sites that may be involved in coordination. In PSA, the infrared bands 
observed at 3252, 1653 and 1155 cm-1 have been assigned to νN-H, amide νC=O and νC-N-C of 
piperidine group respectively. In IR spectra of all the complexes, the νN-H band remained at the 
same position as in the free ligand, indicating that the secondary nitrogen is not coordinated. A 
band due to νC−N−Cstretching vibration of the piperidine ring appeared at 1155 cm-1in the 
Mannich base. This band is shifted to 1110-1120 cm-1in the metal complexes, suggesting the 
involvement of the nitrogen atom from the piperidine ring to the central metal ion. The oxygen 
atom from the amide to be involved in coordination of the metal ion. The new bands at 512-
544 and 427-477 cm−1in the spectra of the metal complexes were assigned to νM−Oand 
νM−Nstretching vibrations15-18. The presence of coordinated water molecules in Cu (II) complex is 
determined by the appearance of bands at 3400-3300 cm−1 and a peak at 850 cm−1assignable to 
the OH stretching and rocking mode of coordinated water molecules.  The rocking vibration of 
water is not observed in the IR spectra of Ni (II), Co (II) and Zn (II) complexes. This is confirmed 
that water molecule is not coordinated in these complexes. 
 
Magnetic moment and UV-Visible spectra 
  

Electronic spectra and magnetic measurements were recorded in order to obtain 
information about the geometry of the complexes. The μeff(1.8)value of the Cu (II) representing 
an octahedral geometry of the ligand around the central metal ion. The four coordinated Co (II) 
complex shows μeff value of 3.8which indicates the presence of three unpaired electrons, 
supports tetrahedral geometry. The observed zero magnetic moment value confirms the square 
planar environment for the Ni (II).  The Zn (II) complex is found to be diamagnetic as expected 
for d10 configuration. 
  

The electronic spectra of the ligand and its complexes were recorded in DMSO solution. 
The Cu (II) ion with d9 configuration in a complex can be either octahedral or tetrahedral or 
rarely square planar.  The octahedral coordinated Cu (II) ion has the ground state 2Eg (t2g)

 6 (eg)
 3.  

The only excited state should then be 2Tg (t2g)
5 (eg)

4, the energy difference being 10 Dq.  The Cu 
(II) complex under the present study exhibits a broad band in the region 15198 cm-1.  The 
broadness of the band may be due to Jahn-Teller distortion19, 20. These observations indicate 
that the complexes have distorted octahedral structure.  Co (II) complex displays a band at 
15823 cm-1 which assigned to 4A2→4T1 for tetrahedral geometry21.  The Ni (II) complex is a 
diamagnetic suggesting a square planar geometry. It showed a broad band at  16,611cm-1and 
20170 cm-1 which is assigned to 1A1g →

1B1g.  The spectra of this complex consistent with this 
assignment. The spectra of Zn (II) complex exhibited band assigned to L → M charge transfer. It 
is diamagnetic as expected.  
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1H-NMR and 13C-NMRspectra 
 

Evidence for the bonding mode of the ligand is also provided by the 1H-NMR spectra of 
the Mannich base and the diamagnetic Zn (II) complex, which were recorded in CDCl3. The 1H-
NMR spectrum of the ligand shows the following resonance signals: Signals due to aromatic 
protons appear at 6.9-7.2 δ.The N-H proton chemical shift occurs at 5.9 δ which gives rise to a 
weak doublet. The piperidinering proton signal occur at 2.5 δ due to piperidine N-CH2. The 
methyl group protons exhibit an intense signal at 2.1 δ. The aliphatic methine proton signal 
appears at 6.6 δ.  The peak at 10.7 ppm is attributed to the phenolic –OH group present in 
salicylaldehyde. The presence of this peak noted for Zn (II) complex confirms that the –OH 
proton is free from complexation.  In Zn (II) complex, the doublet of N-H proton shifted slightly 
down field to 5.9-6.0 δ reveals the coordination of carbonyl oxygen to Zn (II) ion. The signal due 
to piperidine N- CH2 protons is also shifted slightly downfield and appeared at 2.7 δ in the 
complex.  This is an indication of the coordination of piperidine nitrogen. Therefore, it is 
concluded that the Mannich base behaves as a neutral bidentate ligand in all the complexes. 
  

The 13C-NMR spectrum of the ligand shown signals at 163, 126-134 (four signals) 45, 34, 
30, 25 and 161 ppm due to the carbon atoms of carbonyl groups, benzene ring, piperidine 
carbon adjacent to oxygen, piperidine carbon adjacent to nitrogen, aliphatic carbons and 
carbon attached to the hydroxyl group respectively. The 13C-NMR spectra of its zinc complex 
shown similar signals. 
 
In vitro antimicrobial assay 

 
TABLE-2Antimicrobial Activity of Metal Complexes of PSA 

 

Compound Bacillus 
subtilis 

Staphylococcus 
aureus 

Proteus vulgaris Candida albicans 

PSA 11 12 13 12 

Cu (II) 17 14 13 16 

Co (II) 17 14 13 14 

Ni (II) 21 19 21 16 

Zn (II) 26 21 25 22 

 
For in vitro antimicrobial activity, the synthesized compounds were tested against the 

bacteria Bacillus subtilis,Staphylococcus aureus and Proteus vulgaris andfungi Candida 
albicans[22,23]. The minimum inhibitory concentration (MIC) values of the investigated 
compounds with the standard drugs are presented in Table.2.Antimicrobial activity of metal 
chelates can be explained on the basis of chelation theory [24]. On chelation, the polarity of the 
metal ion will be reduced to a greater extent due to the overlap of the ligand orbital and partial 
sharing of the positive charge of the metal ion with donor groups.  Further, it increases the 
delocalization of π-electrons over the whole chelate ring and enhances the presentation of the 
complexes into lipid membranes and blocking of the metal binding sites in the enzymes of 
microorganism.  These complexes also disturb the respiration process of the cell and thus block 
the synthesis of proteins, which restricts further growth of the organism. 
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Figure 1Formation of Mannich base 

 

 
 

Figure-2 Proposed structure of metal complexes 
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