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Abstract 
 
Zinc(II), cadmium(II) and mercury(II) 
complexes having the general formula 
MLX.H2O and MLX.2H2O (M=Zn

II
, Cd

II
 and 

Hg
II
, L= ligand and X = 2Cl

- 
and SO4

2-
) have 

been prepared with N-[Phenyl(pyrrolidin-1-
yl)methyl]acetamide(PBA). The complexes have 
been characterized by elemental analysis, molar 
conductance values and various spectral studies.  

 
The biological activities of the ligand and its 
complexes have been screened in vitro against 
some bacteria and pathogenic fungi to study 
their capacity to inhibit their growth.  
 
 
*Correspondence 
L. Muruganandam 
lmuruganandam@yahoo.co.in 

 
Keywords: Therapeutic, Splitting, Downfield, Tetragonal, Distorted, Bidentate. 

 
Introduction 
 
Synthetic heterocyclic complexes of transition metals 
have attracted much attention as promising compounds 
in coordination chemistry [1]. Transition metal 
complexes of Mannich base ligands are also widely 
studied due to their potential therapeutic uses[2] because 
these species display a variety of reactivity mode. They 
also possess catalytic and biological activity [3]. They 
have been investigated for their antitumor, anti-HIV and 
antifungal activities [4]. They find use in health and skin 
care products and in paint manufacturing [5].   
 

In this paper, we report the results of the 
structure, functions, and relationship under lying metal 
ion binding by the bidentate and tridentate nitrogen and 
oxygen donor ligand with Zn

II
,
 
Cd

II
 and Hg

II
.      

 
Experimental 
 
All the chemicals and solvents were of AR grade. Metal 
salts were purchased from Merck and Loba chemie 
Mumbai, India. Ethanol, methanol and the solvents were 
dried by the standard procedures [6]. Metal contents 
were estimated by usual procedure after digesting them 
with con. HNO3 and the results were further confirmed 
by atomic absorption spectroscopy. Sulphate was 
estimated gravimetrically as BaSO4 and chlorides were 
estimated volumetrically by Volhard‟s method[6].  The 
elemental analyses were performed using Carlo Erba 

1108 elemental analyzer at RSIC, CDRI, Lucknow. IR 
spectroscopy analyses were recorded on Spectrum-one 
Perkin Elmer FT-IR spectrometer by using KBr pellets. 
The UV visible spectra were recorded on a Schimadzu 
UV spectrometer in the wavelength range 200-800 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. The FAB mass recorded 
for the ligand was carried out using a JEOL –GC mate 
mass spectrometer. 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 with dip type conductivity cell. 
The thermal analyses were recorded on universal V4.3A 
TA instrument. The antimicrobial activity was 
determined with the disc diffusion method.  
 
Synthesis and characterization of the ligand   
 
The ligand N-[Phenyl(pyrrolidin-1-yl)methyl]acetamide 
(PBA) was prepared by  Mannich condensation[7] 
reaction between acetamide, benzaldehyde and 
pyrrolidine in 1:1:1 mol ratio. Acetamide(5.90 g, 0.1 
mol) was dissolved in minimum quantity of ethanol and 
mixed with benzaldehdye(10 mL, 0.1 mol) and 
pyrrolidine (7.1 mL, 0.1 mol) with constant stirring in an 
ice bath. After 12 days, a yellow solid obtained was 
washed with water and with acetone. The compound was 
dried in an air oven andrecrystallised from ethanol. It 
was insoluble in water and soluble in organic solvents.  
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Molecular formula: C13H18N2O, Yield: 93%, MP: 120-
124

o
C, Mol.wt: 218, FT-IR KBr in cm

-1
: 3306(NH), 

1646(C=O), 3053, 3035(νCH aromatic), 2971,  2876(νCH 
alicyclic), 2821(νCH aliphatic), 1149(C-N-C), 1601(νC=C, 
νC-N), 1531(δNH secondary amide), 1029(δCH i.p.b 
benzene), 986 (δCH + o.p.b of pyrrolidine), 879, 851(δNH 
wagging and twisting), 732(δCH  o.p.b benzene), 
704(o.p.b ring C=C). 

1
H NMR (300MHz, DMSO-d6): δ 

8.42(s, NH), 5.86 & 5.83 (d, CH), 7.39 - 7.26(m, CH 
benzene ring) 2.51(s, N(CH2)2 at α, α

1
), 1.65(s, (CH2)2 at 

β, β
1
). 

13
C NMR (300MHz, DMSO-d6): 169.62 (s, C=O), 

δ141.62-127.68(m, 6C phenyl ring), 49.23(s, pyrrolidine 
N(CH2)2 at α, α

1
), 23.59(s, pyrrolidine (CH2)2 at β,  β

1
). 

UV-Vis(DMF): 287(n→π*), 226(π→π*). FABMS: m/z 
= 218 (C13H18N2O), m/z = 127 (C6H11N2O

+
), m/z = 99 

(C5H10N2
+
), m/z = 70 (C4H8N

+
).  

 
Calculated: C 71.60%, H 8.26% and N 12.84%. Found: 
C 71.53%, H 8.31% and N 12.97%.   
 
Synthesis of the metal complexes 
 
The ligand was dissolved in ethanol and warmed and 
mixed with metal salts in methanol solution at hot 
condition with constant stirring in 1:2 mol ratio. The 
insoluble precipitate settled down, was filtered, washed 
first with ethanol and then with methanol to remove the 
unreacted ligand and metal, dried in an air oven at 80

o
C. 

 
Antibacterial and antifungal studies 
 
The ligand as well as the metal complexes were tested in 
vitro against the bacterial species viz E.coli, 
P.aeruginosa, S.typhi, B.subtilis, S.pyogenes, S.aureus 
and the fungal species A.niger and A.flavus by disc 
diffusion method[8] using agar nutrient as medium and 
gentamycin as control. The paper disc containing the 
compound was placed on the surface of the nutrient agar 
plate, previously spread with 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.  
 
Results and Discussion 
 
To find out the stoichiometry[9] of the complexes, the 
percentage of the metal ions, anions and CHN were 
determined(Table 1). The molar conductance values 
“ΛM” suggest that, all the complexes are non-
electrolytes. The CHN analyses are also in good 
agreement with the calculated values.  
 

In the IR spectra of all the PBA 
complexes(Table 2), the stretching frequencies of C=O 
and C-N-C bonds are found lowered, indicating that both 
carbonyl oxygen and CNC nitrogen atoms are 
coordinated to the metal ions. So the ligand acts as ON 
donor[10]. But in Zn(II) sulphato complex, in addition to 

the C=O and C-N-C bonds the amido NH bond was also 
shifted to lower frequency, which indicates the tridentate 
bonding nature of the ligand. The IR spectrum of the 
sulphato complexes shows the presence of coordinated 
sulphato group[10]. The bands at the ranges of 1150, 
1000 and 900 cm

-1
 are due to „SO‟ stretching mode, ν3 of 

sulphato group and the triply degenerate „OSO‟ bending 
mode, ν4 and splits up into its components at the ranges 
of  650, 600 and 580 cm

-1
 in the complex. The 

frequencies 750(ν1) and 500(ν2) cm
-1

 are also observed. 
These frequencies due to coordinated sulphato group are 
associated with bidentate chelation[11]. The bands 
around 3300-3500, 1600-1650, 800-880, 600-690

 
and 

460-530 cm
-1

 found in the spectra of all the complexes of 
PBA indicate the presence of coordinated water 
molecule[12]. The Far-IR absorption bands observed 
around 591&522, 467, 400&360 and 240 cm

-1
 are 

assignable to the M-O, M-N and M-Cl stretching modes 
respectively for Hg

II 
chloro complex. 

 
The important resonance signals obtained in the 

1
H NMR spectra[13] of the Zn

II
,
 
Cd

II
 & Hg

II
 chloro and 

Hg
II
 sulphato complexes were recorded in DMSO-d6. 

The signal due to amide NH is shifted to upfield when 
compared with that of the free ligand, which occurs at δ 
8.42 ppm. 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 suggests that the amide N is not involved in 
coordination. But in Zn(II) sulphato complex the amide 
NH is shifted to lower frequency indicates the 
coordination with metal centers. The complexes 
experiences a downfield shift in the cases of –CH3 and 
N(CH2)2  protons which are directly attached to CO and 
amine N.  This can be explained on the basis of the 
reduction in electron density around the proton, which 
leads to deshielding. The proton signal moves to a higher 
frequency. The signals due to benzene protons of the 
ligand are not affected due to complexation[14]. The 
new peaks are formed at the range of δ 3.35 ppm 
indicating the presence of water molecules in all the 
complexes (Table 3). These results support the 
coordination suggested by IR data.  

 
The thermograms of the Zn

II
, Cd

II
 and Hg

II
 

sulphates and Hg
II
 chloro complexes show three stage 

decomposition. All the above complexes do not show 
weight loss below 120

o
 C, it indicating the absence of 

lattice filled water in the metal complexes[15]. The first 
stage decomposition is obtained in the temperature range 
140 - 210

 o
C. The % weight loss in this range 

corresponds to the loss of coordinated water 
molecules[16]. The second stage decomposition is 
obtained in the temperature range 210 - 400

 o
C. The % 

weight loss in this range corresponds to % weight loss of 
Mannich base ligand. The third stage decomposition 
range is obtained in the temperature range 400 - 900

 o
C.  

The % weight loss in this range corresponds to % weight 
loss of metal oxide residue. 
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Table 1 Analytical and Conductance Data for Zn
II
, Cd

II
 and Hg

II  
Complexes of PBA 

 

Complex % C 

Obs. 

(Cal.) 

% H 

Obs. 

(Cal.) 

% N 

Obs. 

(Cal.) 

%Metal 

Obs. 

(Cal.) 

%Anion 

Obs. 

(Cal.) 

ΛM 

ohm
-1

cm
2 

mol
-1
 

ZnSO4.PBA.H2O 

 

30.12 

(29.97) 

2.91 

(3.44) 

4.80 

(5.34) 

12.92 

(12.48) 

17.83 

(18.32) 

6.99 

CdSO4.PBA.2H2O 34.00 

(33.77) 

4.25 

(3.90) 

5.62 

(6.06) 

24.48 

(24.33) 

20.17 

(20.78) 

25.68 

HgCl2.PBA.2H2O 29.91 

(29.66) 

3.32 

(3.42) 

5.84 

(5.32) 

37.86 

(38.13) 

13.55 

(13.48) 

20.00 

HgSO4.PBA.2H2O 

 

29.02 

(28.31) 

3.50 

(3.27) 

4.37 

(5.08) 

36.05 

(36.40) 

18.00 

(17.42) 

11.55 

 
Table 2 Important IR Absorption Bands (cm

-1
) of PBA and Zn

II
, Cd

II
 and Hg

II 
Complexes 

 

Compound νNH νC=O νCNC ν3 ν4 ν1 ν2 

PBA  3306 1646 1149 - - - - 

ZnSO4.PBA.H2O 3233 1616 1103 1151, 

1010, 

984 

631, 

611, 

576 

872 463 

CdSO4.PBA.2H2O 3408 1622 1108 1108, 

992, 

894 

656, 

617, 

591 

860 521 

HgCl2.PBA.2H2O 3424 1620 1040 - - - - 

HgSO4.PBA.2H2O 3526 1614 1112 1112, 

1026, 

1020 

620, 

604 

820 465 

 
Table 3

 1
H NMR Resonance Signals (δppm) for PBA and Zn

II
, Cd

II 
and Hg

II
 Complexes 

 

Compound Amide -

NH 

Methyl 

-CH3 

Methylene 

-N(CH2)2 

Methine -

CH 

Water 

PBA  8.42 1.89 2.51 6.69 - 

ZnSO4.PBA.H2O - 2.50 2.52 - 3.35 

CdSO4.PBA.2H2O - 2.50 2.52 - 3.35 

HgCl2.PBA.2H2O 8.04 2.50 3.76 7.00 3.33 

HgSO4.PBA.2H2O 8.04 2.64 3.77 6.88 3.35 
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Based on the above observations, the tentative 
structures for the ligand and its complexes are depicted 
in Figures 1- 4. 

 
The antimicrobial property of the ligand was 

compared with that of the complexes. The Zn(II) 
complex shows good activity against the strains of 
bacteria and fungi undertaken for study, when compared 
to the ligand and other metal complexes. The zones of 
inhibition based upon zone size around the discs were 
measured. The measured zone of inhibition against the 
growth of various microorganisms is listed in Table 4 & 
5. The increased activity of the metal complexes can also 
be explained on the basis of chelation theory[17]. 
Chelation reduces the polarity of the zinc ion mainly 

because of the partial sharing of its positive charge with 
the donor groups and possibly the π-electron 
delocalization within the whole chelate ring system thus 
formed during coordination. This process of chelation 
thus increases the lipophilic nature of the zinc ion, which 
in turn favors its permeation through the lipid layer of 
the membrane. This in turn is responsible for increasing 
the hydrophobic character and liposolubility of the 
molecule in crossing cell membrane of the 
microorganism. Hence this property enhances the 
biological utilization ratio and activity of the testing 
drug/compound. The enhanced activity of the complexes 
may also be explained on the basis of their solubility, 
fineness of the particles, size of the metal ion and the 
presence of bulkier organic moieties [18]. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 PBA  
(Tentative structure proposed for  

N-[Phenyl(pyrrolidin-1-yl)methyl]acetamide) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 M.SO4.PBA.2H2O (M = Cd and Hg) 

(Tentative structure proposed for  
Cd and Hg sulphato complex) 

 

 

 

 

 

 

 

 

 

 
Figure 3 ZnSO4.PBA.H2O  

(Tentative structure proposed for  
Zn sulphato complex) 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 HgCl2.PBA.2H2O 

(Tentative structure proposed for  
Hg chloro complex) 
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Table 4 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 09 11 14 08 10 13 08 09 12 09 11 12 08 11 13 08 09 11 

PBA 12 16 21 14 16 20 11 17 23 13 15 19 10 15 22 13 17 20 

ZnSO4.PBA.H2O 27 32 46 23 29 40 26 32 45 19 27 39 21 26 37 20 31 43 

CdSO4.PBA.2H2O 18 25 31 14 20 28 18 24 36 15 21 23 14 22 31 15 18 25 

 

 
Table 5 Antifungal Activity of Ligand and its Complexes 

 

Compound A. niger A. flavus 

Conc. (μg/disc) 10 20 30 10 20 30 

Control 
08 09 12 05 08 10 

PBA 
11 14 17 13 18 21 

ZnSO4.PBA.H2O 
23 31 40 25 34 47 

CdSO4.PBA.2H2O 
18 26 32 18 23 28 

 
Conclusion 
 
The elemental analysis, IR & 

1
H NMR spectral 

observations and thermal analysis suggest the octahedral 
geometry for the Cd(II) sulphato, Hg(II) chloro and 
sulphato complexes. Zn(II) sulphato complex exhibit 
tetrahedral geometry. The Mannich base shows some 
antimicrobial activity to certain extent but their 
complexes exhibit comparatively greater amount of 
activity against the microorganisms.  
 
Acknowledgement 
 
The authors thank the Management, Secretary, 
Dean(R&D) and Principal, Saranathan College of 
Engineering, Tiruchirapalli for their continuous 
encouragement. We thank the Director and HOD of 
Chemistry, National Institute of Technology, 

Tiruchirapalli for permitting us to carry out the 
experimental work. 
 
References 
 
[1] L.Muruganandam, K.Balasubramanian, M.Ramesh, 

A.Sebastiyan, Journal of Chemical, Biological and 
Physical Sciences, 2012, 2(3), 1184-1191.  

[2] N.Niklas, O.Walte, F.Hampel, and R.Alsfasser, J. 
Chem. Soc., 2002, 73, 3367.   

[3] L.Muruganandam,K.Krishnakumar, 
K.Balasubramanian, Che Sci Rev Lett., 2012, 1(2), 
78–83 

[4] M.T.H.Tarafder, N.Saravanan, and K.A.Crouse, 
Trans Met. Chem., 2001, 26, 613. 

[5] S.Krishnan, K.Sridhara and A.Ramesh, Indian J. 
Chem., 2001, 06, 297. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TG5-4NP985T-4&_user=1562340&_coverDate=08%2F01%2F2007&_alid=760233036&_rdoc=1&_fmt=high&_orig=search&_cdi=5245&_sort=d&_docanchor=&view=c&_ct=28&_acct=C000053730&_version=1&_urlVersion=0&_userid=1562340&md5=56078670403a7b7ce98038a6bedee24f#bbib8#bbib8


Chemical Science Review and Letters                                                                 ISSN 2278-6783  

 

Che Sci Rev Lett 2013, 1(4), 218-223                                                                        Article CS02204212                          223 

[6] M.Tramontini, and L.Angiolini., Tetrahedron, 
1990, 46, 1791. 

[7] A.I.Vogel, Quantitative Chemical Analysis, 6
th

 
edn., 2004, 465. 

[8] G.J.P.Filion, S.Zhenilo, S.Salozhin, D.Yamada, 
E.Prokhortchouk, P.A.Defossez, Mol. Cell. Biol., 
2006, 26, 169. 

[9] L.Muruganandam, K.Krishnakumar, E-Journal 
of Chemistry, 2012, 9(2), 875-882. 

[10] K.Nakamoto, “Infrared and Raman spectra of 
inorganic and coordination compounds”, 5th 
Edn, John Wiley & Sons, Toronto, 1997 Part B, 60. 

[11] L.Muruganandam, K.Krishnakumar, 
K.Balasubramanian, Chem Sci Trans., 2013, 2(2), 
379-384.  

[12] N.C.Kasuga, R.Yamamoto, A.Hara, A.Amano, and 
K.Nomiya, Inorg. Chim. Acta., 2006, 359, 4412. 

[13] “High Resolution NMR Spectra Catalog”, Varian 
Associates, Palo Acto, California, 1963, Vol.2. 

[14] G.Parkin, Chem. Rev., 2004, 104, 699. 
[15] C.K.Modi, S.H.Patel, and M.N.Patel,  J. Therm. 

Ana.l Cal., 2007, 87, 441. 

[16] U.Pal Chaudhuri, L.R.Whiteaker, L.Yang, and 
R.P.Houser, Dalton Trans. 2006, 38,  1902. 

[17] G.L.Eichhorn, Metal ions in Biological 
Systems,1980, 10, 1. 

[18] L.Muruganandam, K.KrishnaKumar and 
K.Balasubramanian, Asian Journal of  

       Chemistry- 2013, 25(4), 2189-2191  
 

© 2013, by the Authors. The articles published 
from this journal are distributed to the public 
under “Creative Commons Attribution License” 
(http://creativecommons.org/licenses/by/3.0/). 
Therefore, upon proper citation of the original 
work, all the articles can be used without any 
restriction or can be distributed in any medium in 
any form. 

 
Received  : 11

th
 March 2013          

Revised  :  20
th

 April 2013 
Accepted  :           25

th
 April 2013 

Online       : 18
th

 May 2013
 

 

 

 

 

 

http://creativecommons.org/licenses/by/3.0/

