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ABSTRACT 

The complexes of Zn
II
, Cd

II
 and Hg

II 
with N-[(Diphenylamino)methyl]acetamide (DPAMAce) have been synthesized 

and characterized. The resulting complexes were characterized by elemental analysis, conductivity measurements, IR and
 1

H 

NMR spectral studies. The Mannich base ligand acts as a neutral bidentate, coordinating through the carbonyl oxygen and 

azomethine nitrogen atoms. The complexes are non-electrolytic in DMSO. The presence of the coordinated water molecules in all 

the complexes was indicated by IR spectra of the complexes. From the analytical and spectral data, all the four complexes exhibit 

octahedral geometry. The antimicrobial activities of ligand and their complexes were screened by disc diffusion method. It is 

found that the metal complexes have higher antimicrobial activity than the free ligand. 
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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[1-3]. 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 [4-7]. 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[8]. However, there is 

no study on any metal complexes of N-[(Diphenylamino) 

methyl]acetamide (DPAMAce).  

In the present work, Mannich base derived from 

the condensation of benzaldehyde, diphenylamine and 

acetamide, and its metal complexes with Zn(II), Cd(II) and 

Hg(II), are synthesized and are characterized using different 

physicochemical techniques. The ligand and its metal 

complexes have biological activity against various microbes 

were tested in vitro against six bacterial species and two 

fungal species by disc diffusion method.  

 

MATERIALS AND METHODS 

High purity acetamide, benzaldehdye and 

morpholine were used as supplied. All other solvents and 

metal salts used were of A.R. grade and used as received.  

Micro elemental data were obtained with Carlo 

Erba 1108 elemental analyzer at RSIC, CDRI, Lucknow. 

Metal contents were estimated by usual procedure, after 

digesting the complexes with con. HNO3. Sulphate was 

estimated gravimetrically as BaSO4 and chlorides were 

estimated volumetrically by volhard’s method [9]. The 

conductance data were obtained in ~10
-3

 M DMF solutions 

of the complexes at room temperature using a systronics 

direct reading digital conductivity meter-304. IR spectra 

were recorded using a spectrum-one Perkin Elmer FT-IR 

spectrometer by using KBr pellets. The UV-Visible regions 

were recorded in DMF solutions using double beam UV-

Visible spectrometer, Perkin EZ-301 of working range 

1100-190 nm. The 
1
H and 

13
C NMR of the ligand and its d

10
 

metal complexes were recorded on a bruker instrument and 

on  a  JEOL-GSX  400  spectrometer employing TMS  as  
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internal reference and  DMSO-d6  as  solvent  at  ambient 

temperature. The FAB mass recorded for the ligand was 

carried out using a JEOL GC mate mass spectrometer.  

 

Synthesis of ligand 

      The ligand DPAMAce was synthesized by 

Mannich condensation reaction[10] between acetamide, 

diphenylamine and formaldehyde in 1:0.5:1 mol ratio. 

Ethanolic solution of acetamide (5.90 g, 0.1mol) was mixed 

with formaldehyde (10 mL, 0.1mol) followed by 

Diphenylamine (8.5 g, 0.05 mol) in acetone. The mixture 

was stirred well in an ice bath and kept aside for about 10 

days. The colorless solid formed was filtered and washed 

with water and with acetone. The compound was dried in an 

air oven and recrystallised from ethanol. The percentage 

yield of the compound was 92 and its melting temperature is 

110
o
C.  

 

Synthesis of the metal complexes 

The hot methanolic solution of the metal salt was 

added slowly with constant stirring to the hot ethanolic 

solution of the ligand in 2:1 mol ratio. The insoluble 

complexes formed were filtered, washed with the solvent 

methanol and ethanol to remove the unreacted metal and 

ligand, dried in air and then in an air oven at 80
o
C.  

 

RESULTS AND DISCUSSION 

Characterization of the ligand 

The elemental analysis of the ligand indicates the 

molecular formula as C15H16N2O. The IR spectrum [11] 

shows a sharp band at 3258 cm
-1

 is due to νN-H stretching 

vibration. The νC=O band at 1637 cm
-1

 and  that observed at 

751 cm
-1

 can be attributed to monosubstituted aromatic ring. 

The medium bands at 1241 and 1067 cm
-1

 pertain to νC-N-C 

of diphenylamine moiety.  

The UV-Visible spectrum [12] in DMF exhibited 

an absorption band at 301 nm is due to n→π* transition of 

carbonyl group. The absorption band at 274 nm can be 

assigned to π→π* transition of carbonyl and aromatic 

groups.    

The 
1
H NMR spectrum [13] in DMSO-d6 contains 

four signals of protons. The multiplet in the range δ7.30 to 

6.96 ppm centered at δ7.07 ppm is attributed to the protons 

of benzene ring. The NH proton chemical shift occurs at δ 

8.46 ppm, which gives a broad band. The CH3 protons 

exhibit a signal at δ1.84 ppm and the CH2 protons appear as 

a doublet at δ5.06 ppm and 5.05 ppm. The 
13

C NMR signal 

[13] shows the presence of carbonyl carbon at δ169.60 ppm. 

The chemical shifts of aromatic carbons appear at δ146.61, 

129.25, 121.72 and 120.91 ppm. The methylene carbon 

which is bonded to N exhibits a signal at δ56.12 ppm. The 

methyl carbon resonates at δ22.57 ppm.   

The mass spectrum [14] of the ligand exhibits a 

molecular ion peak at m/z = 252, which corresponds to the 

imposed molecular mass of the compound. Based on the 

data obtained from various physical and chemical studies, 

the molecular structure of DPAMAce is shown in Fig.1. 

 

Characterization of metal complexes 

To find out the stoichiometry of the complexes, the 

percentages of the metal ions, anions and CHN were 

determined. The % of the metal ions & anions, C, H & N, 

conductance data of the complexes are presented in Table-1. 

The analytical data of the complexes consistent 

with the proposed stoichiometry of the complexes are 

follows:ZnSO4.DPAMAce.2H2O, CdSO4.DPAMAce.2H2O,    

HgCl2.DPAMAce.2H2O and HgSO4.DPAMAce.2H2O. The 

molar conductance data in ~10
-3 

M DMF suggest the 

complexes are non-electrolytes and the anions are inside the 

coordination sphere. 

The IR frequencies of the complexes are listed in 

Table-2. A comparison of IR absorption bands of the ligand 

and the Zn
II
, Cd

II
 & Hg

II 
chloro and Hg

II
 sulphato complexes 

shows that the ligand band due to νCO at 1637 cm
-1

 

experiences a negative shift of 26, 31, 39 and 26 cm
-1

 

respectively indicating the coordination of carbonyl oxygen 

to the metal atom [15]. The complex suffer a positive shift 

for νNH band compared to that of free ligand and it occurs as 

a broad band in the complexes since it overlaps with the νOH 

of the coordinated water in the complex. The bands due to 

νCNC for the free ligand at 1241 and 1067 cm
-1

 are shifted to 

lower frequency. These suggest that, carbonyl O and amino 

N atoms are coordinated to the metal atoms in all the 

complexes. 

              Zn
II
, Cd

II
 & Hg

II 
sulphato complexes shows bands 

due to ‘SO’ stretching mode, ν3 of sulphato group at 1132, 

1118 & 984 and 1102, 913 & 877 and 1157, 1121 & 913 

cm
-1

 respectively. The ‘OSO’ bending mode, ν4 appears at 

747, 694 & 619 and 746, 693 & 613 and 748, 693 & 606 

cm
-1 

respectively. The ν1 and ν2 modes of coordinated 

sulphato group occur at 812, 802 & 811 cm
-1

 and 507, 502 

& 504 cm
1
 respectively. These bands indicate the bidentate 

chelating sulphato group [16]. 

There are evidences for the presence of 

coordinated water in Zn
II
, Cd

II
 & Hg

II
 sulphato and Hg

II
 

chloro complexes. The complexes shows bands at 3563, 

3392, 3389 & 3390 and 1611, 1606, 1598 & 1606 and 877, 

877, 877 & 811 and 619, 619, 617 & 606  and 507, 502, 504 

& 504 cm
-1

 respectively which are assigned as νOH, δHOH, 

ρrHOH, ρwHOH and νM-O modes respectively of coordinated 

water. In all the complexes, νNH, νCO and νCNC bands are 

broad and strong due to the combination with some modes 

of coordinated water (Table-3). 

Far IR furnishes information regarding the 

formation of metal-chloride bond. The Far IR absorption 

bands [17] are observed around 565 & 499, 430-390 and 

290 cm
-1

 which are assignable to the M-O, M-N, M-Cl 

stretching modes.  The bands in the spectral range of ligand 

origin at 268 nm have become blue shifted upon 

complexation in the Hg
II
 chloro complex suggesting the 

coordination of the carbonyl O atom. 
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The important resonance signals obtained in the 
1
H 

NMR spectra of the Zn
II
,
 
Cd

II
 & Hg

II
 sulphato and Hg

II
 

chloro complexes was recorded in DMSO-d6 are listed in the 

Table -4 

The signal due to amide NH is shifted to upfield by 

about 0.36, 0.42, 0.44 & 0.68 ppm when compared with that 

of the free ligand, which occurs at δ 8.46 ppm and this may 

be due to the modification of the electron density upon 

coordination of the carbonyl O and the deshielding zone 

developed around these protons. This indicates that the 

amide N is not involved in coordination. The complexes 

experience a downfield shift in the cases of –CH3 and -CH2 

protons which are directly attached to CO and amino N. 

This can be explained on the basis of the reduction in 

electron density around the proton which consequently leads 

to deshielding and moves the proton signal to higher 

frequency. The signals due to benzene protons of the ligand 

are not affected much due to complexation. The new peaks 

are formed at the range of δ 3.75, 3.76 & 3.92 ppm indicates 

the presence of water molecules in all the complexes[18]. 

These support the coordination suggested by IR data. 

Based on the above results, hexa-coordinated 

geometries are assigned for Zn
II
, Cd

II
 & Hg

II
 chloro and Hg

II
 

sulphato complexes. The structures (Fig.2–5) have been 

proposed tentatively as follows: 

 

Antimicrobial studies 

Antimicrobial activities of DPAMAce and their 

two metal complexes
 

were tested in vitro against six 

bacterial species E.coli, P.aeruginosa, S.typhi, B.subtilis, S. 

pyogenes and S.aureus and the fungal species A. niger and 

A.flavus by disc diffusion method using agar nutrient as 

medium and gentamycin as control. The paper disc 

containing the compound (10, 20 and 30 μg/disc) was 

placed on the surface of the nutrient agar plate previously 

spread with 0.1 mL of sterilized culture of microorganism. 

After incubating this at 37
o
C for 24 hrs, the diameter of 

inhibition zone around the paper disc was measured.  

A comparison of the diameters of inhibition zones 

of the compounds investigated shows that Zn
II
 sulphato 

complex exhibit highest antibacterial and antifungal activity 

against all the bacterial and fungal species studied (Table-

5). The Zn
II
 sulphato complex is found more active against 

the bacteria than even the control gentamycin at the same 

concentration and identical conditions. This inhibition can 

be explained on the thermodynamic and kinetic aspects of 

complex-receptor site based on HSAB theory. The Cd
II
 is 

soft metal and Zn
II
 is neither soft nor hard(border line). The 

important endogenous ligating sites in the biological 

systems are O, N and S and their hardness sequence is 

O>N>S. Therefore, a hard metal prefers to bind to oxygen 

(or) nitrogen and a soft metal prefers to sulphur sites. The 

Zn
II
 complex is coordinatively unsaturated. It has a labile 

axial water molecule which can exchange its coordination 

sites with enzymatic –SH group and hence becomes more 

toxic to the bacterium [19]. 

The fungi toxicity of the free ligand is less severe 

than that of the metal chelates (Table-6). A possible 

mechanism of toxicity may be speculated in the light of 

chelation theory [20]. Chelation reduces considerably the 

polarity of the metal ion mainly because of partial sharing 

of its positive charge with donor groups and possible π-

delocalization of electron over the chelate ring. This 

increases the lipophilic character of the neutral chelate 

which favours its permeation through lipoid layers of 

fungus membranes.  

 

Table 1. Analytical and conductance data for the complexes 

Complex 
% C 

Obs.(Cal.) 

% H 

Obs. Cal.) 

% N 

Obs. (Cal.) 

%Metal 

Obs.(Cal.) 

%Anion 

Obs.(Cal.) 

Λm 

ohm
-1

cm
2 

mol
-1

 

ZnSO4. DPAMAce.2H2O 34.09 (34.37) 3.03(2.86) 5.30(5.92) 12.38(11.52) 18.19(18.63) 18.63 

CdSO4. DPAMAce.2H2O 40.18(39.77) 3.57(3.23) 6.25(6.86) 25.09(24.51) 21.44(21.02) 21.24
 

HgCl2. DPAMAce.2H2O 35.16(35.82) 3.13(3.54) 5.47(4.93) 39.18(39.40) 13.85(13.61) 42.75 

HgSO4. DPAMAce.2H2O 47.49(48.20) 4.22(3.98) 7.39(7.14) 7.37(7.79) 12.67(12.51) 17.11 
 

Table 2. Important IR absorption bands (cm
-1

) of ligand and its Zn
II

, Cd
II

 and Hg
II

 complexes  

Compound νNH νC=O νCNC ν3 ν4 ν1 ν2 

DPAMAce 3258 1637 1241, 1067 - - - - 

ZnSO4.DPAMAce.2H2O 3564 1611 1118 1132, 984, 878 747, 694, 619 812 507 

CdSO4.DPAMAce.2H2O 3392 1606 1119 1102, 913, 877 746, 693, 619 807 502 

HgCl2.DPAMAce.2H2O 3389 1598 1176 - - - - 

HgSO4.DPAMAce.2H2O 3564 1611 1118 1132, 984, 878 747, 694, 619 812 507 
 

Table 3. IR absorption bands (cm
-1

) due to coordinated water in the complexes 

Complex νOH δHOH ρrHOH ρwHOH νM-O 

ZnSO4.DPAMAce.2H2O 3563 1611 877 619 507 

CdSO4.DPAMAce.2H2O 3392 1606 877 619 502 

HgCl2.DPAMAce.2H2O 3389 1598 877 617 504 

HgSO4.DPAMAce.2H2O 3390 1606 811 606 504 
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Table 4. 
1
H NMR resonance signals (δppm) for ligand and its Zn

II
, Cd

I 
and Hg

II
 complexes  

Compound Amide NH Methyl CH3 Methylene CH2 Phenyl CH Water 

DPAMAce 8.46 1.84 5.06&5.05 7.30-6.96 - 

ZnSO4.DPAMAce 2H2O 8.08 2.50 6.76 & 6.74 7.22-6.94 3.75 

CdSO4.DPAMAce 2H2O 8.04 2.50 6.78 &6.76 7.24-6.93 3.75 

HgCl2.DPAMAce 2H2O 8.02 2.52 6.76 & 6.74 7.24- 6.94 3.76 

HgSO4.DPAMAce 2H2O 7.78 2.51 6.77 & 6.75 7.21- 6.91 3.92 
 

Table 5. Antibacterial activity of ligand and its complexes 

Compound 
Escherichia 

coli 

Pseudomonas 

aeruginosa 

Salmonella 

typhi 

Bacillus 

subtilis 

Streptococcus 

pyogenes 

Staphylococcus 

aureus 

Conc.(μg/disc) 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 

Control 12 15 20 10 13 18 14 17 22 11 14 18 10 12 16 12 17 20 

L 16 20 22 14 18 20 10 18 22 16 20 20 18 18 24 14 20 26 

ZnSO4.L.2H2O 21 28 39 18 23 29 14 20 31 19 26 35 20 29 40 17 25 30 

CdSO4.L.2H2O 18 24 27 15 20 26 11 18 28 18 23 29 18 27 32 16 24 28 
 

Table 6. Antifungal activity of ligand and its complexes 

Compound A. niger A. flavus 

Conc. (μg/disc) 10 20 30 10 20 30 

L 04 04 05 04 05 05 

ZnSO4.L.2H2O 11 18 20 10 14 19 

CdSO4.L. 2H2O 14 18 21 13 15 23 
 

Figure 1. N-

[(Diphenylamino)methyl]acetamide 

 

Figure 2. ZnSO4.DPAMAce.2H2O 

 

Figure 3. CdSO4.DPAMAce.2H2O 

 

Figure 4. HgCl2.DPAMAce.2H2O 

 

Figure 5. HgSO4.DPAMAce.2H2O 

 
 

Furthermore, the mechanism of antifungal action of the 

compound involving the formation of hydrogen bond 

through the uncoordinated hetero atoms O, S and N with the 

active centers of the cell constituents resulting in the 

interference with the normal cell process. 

 

CONCLUSION 

A new Mannich base ligand, N-[(Diphenylamino) 

methyl]acetamide(DPAMAce) and some of its metal 

complexes of Zn
II
, Cd

II
 and Hg

II 
were synthesized and 

characterized. Based on the analytical and spectral data, the 

ligand acted as bidentate to the metal ions and all the four  

complexes exhibit octahedral geometry. 
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