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ABSTRACT 

Bis-hydrazones were prepared by condensation of cinnamaldehyde monohydrazone with p-

anisaldehyde, p-chlorobenzaldehyde and m-nitrobenzaldehyde. Manganese (II) complexes of these 

(Schiff base) bis hydrazones were prepared in 1 : 2 ratio. Elemental analysis, IR, 
1
H NMR, UV spectral 

studies and conductance measurement reveals that bis-hydrazones are bidentate ligands with N, N-donor 

atoms. A tetrahedral geometry was suggested for all the complexes. The Schiff base ligands, and their 

complexes were tested against different bacteria as well as fungi. The metal complexes exhibited higher 

antibacterial activities, than the parent ligand and their biopotency is discussed. 
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INTRODUCTION 

During recent years, the transition elements have attracted increasing attention on 

account of their complex forming ability and due to biocidal activity of the resulting 

complexes. Manganese Schiff base complexes have subsequently been found to play an 

important role in many biological processes such as transamination, decarboxylation, 

condensation and   -elimination and racemization  Angadi et al.1 gave complexes of various 

metals with Schiff bases derived from thiazoles and their carbohydrazones having 

antimicrobial activity. Seleem2 reported stability constants and thermodynamic parameters 

of some complexes with Schiff base hydrozones containing pyrimidine moiety. 

Tofazzal et al.3, have reported the biological activity of Schiff base complexes 

derived from the condensation of s-bezyldithiocarbazate with salicyaldehyde.3 while Shi et. 

al. have reported the urease inhibitory activity of manganese4, while Hotchandani et al.5

have studied the redox characteristic of Schiff base manganese and cobalt complexes5. 
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Structural studies have shown that bis–hydrazone exhibits different types of 

bonding depending on the reaction conditions6-9. The interest in such complexes continues 

due to the possibility of their use as models to explain some intricate reactions in biological 

systems10-17. In view of this and our continuous interest in synthesizing biologically active 

complexes, we are reporting in this paper the synthesis, characterization and biological 

activity of manganese (II) complexes of bis–hydrazones derived from cinnamaldehyde and 

p-anisaldehyde, p-chlorobenzaldehyde or m-nitrobenzaldehyde. 

EXPERIMENTAL 

Synthesis of the ligands 

Cinnamaldehyde (1m mol; 1.32 mL) dissolved in absolute ethanol (10 mL) was 

added to the hydrazine hydrochloride (1m mol; 1.04 g.) dissolved in absolute ethanol (10

mL). The mixture was refluxed for 4 hrs. The golden yellow precipitate (I) was filtered and 

washed with absolute ethanol (5 mL) and recrystallised from ether to give the compound. 

(80% yield, mp 120ºC). 

The resultant product (I) was again condensed with p-anisaldehyde, p-chloro 

benzaldehyde and m-nitrobenzaldehyde, respectively. The reaction mixture was refluxed 

for 4 hrs. After cooling, the yellow precipitate was collected, filtered and finally washed 

with absolute ethanol (10 mL) and purified by recrystalization from ether (Fig. l) (77% 

yield mpl30ºC). The physical properties and analytical data are given in Table 1.  

Synthesis of metal complexes 

The requisite amount of bis-hydrazone (3.0 gm) to methanolic solution of 40 mL of

MnCl2.4H2O (1.97 g; 0.l mmol) was added. The reaction mixture was shaken thoroughly, 

refluxed for 2-4 hrs and then cooled at the room temperature. The precipated complexes 

(Fig. 2) were washed with diethyl ether and dried in vacuum over anhydrous CaCl2. The 

purity of the compounds was checked by TLC using benzene-water mixture (3 : 1). Micro–

analytical and physical data of the complexes are reported in Table 1. 

Biological activity 

The bacterial strains studied were obtained from J. L. N. Medical College, Ajmer. 
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Antibacterial studies (in vitro) 

Antibacterial activity of the complexes/ligands was investigated by a previously 

reported method against different bacterial strains such as E. Coli, Klebsiella, S. Aureus, 

Enterococci and fungi species like Candida Albicans and Candida Krusei. 

The nutrient agar medium (Peptone, Beef extract, NaCl and Agar-Agar) and 5 mm 

diameter paper discs (Whatman No. l) were used. The investigated compounds, i.e. ligands 

and their complexes, were dissolved (30 µg) in DMF (0.01 mL). The filter paper discs 

were soaked in solutions of ligands as well as complexes, dried, and then placed in petri 

plates previously seeded with the test organisms. The plates were incubated for 24 h at 

37ºC and the inhibition zone around each disc was measured. The results obtained are 

tabulated in Table 3. 

Antifungal activity (in vitro) 

Antifungal activities of all compounds were studied against fungal cultures like -

Candida Albicans, and Candida Krusei. Sabouraud dextrose agar was seeded with 

105 (cfu) mL 1 fungal spore suspensions and was transferred to petri plates. Discs soaked 

in 20 mL (10 µg/mL in DMSO) of all compounds were placed at different positions on the 

agar surface. The plates were incubated at 32ºC for seven days. The results were recorded 

as zones of inhibition in % and were compared with standard drugs. The data are presented 

in Table 4. 

Manganese (II) chloride hexahydrate were obtained from BDH. Organic solvents 

used were purified from computational methods.18, 19 Manganese (II) was estimated 

complexometrically using Erichrome black-T as indicator20. Chlorine was estimated 

argentometrically by the Volhard's method. The solution spectra of the ligand and its metal 

complexes were recorded on a Perkin-Elmer -15 UV/VIS spectrophotometer in the 200-

900 nm range in methanol. IR spectra were recorded using KBr discs on a FT-IR 

spectrophotometer, Shimadzu 8201 PC in the range of 4000-400 cm–1. 1H NMR spectra

were recorded in CDCl3 at room temperature using TMS as internal standard on a Bruker 

Advance 400 MHz FT N.M.R. Elemental analysis were carried out on a Vario EL III 

Elementar Carlo- Erba 1108. Conductance measurements of 10-3 M solutions of the 

complexes in DMF were carried out on an Equiptronics model No Eq-660A. Melting 

points of the ligand and its metal complexes were determined by open capillary method 

using Sunsim electric melting point apparatus. Molecular weight was determined by Rast 

camphor method. The data show that they are monomeric in nature. The conductivity 
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measurements of the complexes in anhydrous DMF at (295 K) show that these are non-

electrolytic in nature. 

CH CH CH N N CH

R

(Where R = Cl, NO
2
, OCH

3
)

 

Fig. l: Structure of ligand 

(Where R = Cl, NO
2
, OCH

3
)

CHCHNNCH

CH CH CH N N CH

M

R

R

 

Fig. 2: Structure of Mn-complexes 

IR Spectra of ligand and metal complexes 

The IR spectra of the ligands HL1, HL2 and HL3 show a peak at 3045, 3018 and

3028 due to (Ar-CH). Peaks at 1629, 1608 and 1615 are due to (C=N-) of HL1, HL2 and 

HL3, respectively. 

In IR spectra of mononuclear complexes (Table 2) the band due to -C=N has 

shifted to lower wave number due to the Coordination of the azomethine nitrogen atom 

with metal. Spectra of metal complexes, show new bands at 560-720, 580-750 and 680-850

that due to (M-N) coordination. 
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Table 2. IR, 1H NMR and UV spectral data of ligands (LH1, LH2 and LH3 )and their 

manganese (II) complexes 

IR spectra (cm–1) 
1H NMR 

spectra (ppm) 

UV spectra 

(nm) Compound 

(M-N) (C=N) (Ar-CH) -(OC-) (Ar-H) (N=H) (-C=C-) (-C=N) 

HL1 - 1629 3045 1612 7.08-7.1 8.76 260 300 

HL2 - 1608 3018 1620 6.98-7.1 8.56 280 320 

HL3 - 1615 3028 1640 6.88-7.0 8.58 270 350 

HL1-Mn
2+ 575 1615 3036 1612 6.20-6.8 8.49 260 210 

HL2-Mn
2+ 625 1595 2996 1620 6.15-6.8 8.19 280 279 

HL3-Mn
2+ 702 1603 3008 1640 6.15-6.5 8.18 270 268 

Table 3. Antibacterial activity of bis-hydrazones and their Mn (II) complexes 

Micro-organisms 

Staphylococus 

aureus (mm) 

Klebsiella  

(mm) 

Enterococci 

(mm) 

E. coli 

(mm) 

Compounds 

0
.0
1
 m

g
/m

L
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 m

g
 /
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1
m
g
/m

L
 

0
.0
 1
m
g
/m

L
 

0
.l
m
g
/m

L
 

1
m
g
/m

L
 

LH1 14 16 18 13 15 20 14 16 19 15 17 20 

LH2 22 23 25 19 20 23 18 20 22 16 18 20 

LH3 16 17 18 19 21 22 21 22 23 15 16 17 

LH1-Mn
+2 20 21 28 15 17 27 18 20 23 14 16 20 

LH2-Mn
+2 24 28 33 20 25 29 23 18 36 22 23 28 

LH3-Mn
+2 24 28 34 21 25 27 24 30 32 20 25 33 
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Table 4. Antifungal activity of LH1, LH2 and LH3 and their manganese (II) metal 

complexes 

Micro-organisms 

Candida albicans (%) Candida krusei (%) 

Compounds 

0
.0
l 

m
g
/m

L
 

0
.1
 

m
g
/m

L
 

1
.0
 

m
g
/m

L
 

0
.l
 

m
g
/m

L
 

0
. 
1
 

m
g
/m

L
 

1
.0
 

m
g
/m

L
 

HL1 60 68 76 49 56 63 

HL2 80 84 88 66.5 70 73.5 

HL3 76 80 92 59.5 63 70 

HL1-Mn
2+ 72 76 80 73.5 77 80.5 

HL2-Mn
2+ 76 80 88 69 79 76.5 

HL3-Mn
2+ 86 90 98 62.5 69.5 80 

NMR spectra of ligands and their metal complexes 

The 1H NMR spectra of the ligands (Table 2) HL1 HL2 and HL3 in CDCl3 showed 

signals at 8.76, 8.56 and 8.58 ppm corresponding to the N=CH- group. The signals at

7.08-7.18, 6.98-7.18 and 6.88-7.08 is due to aromatic -CH.   The signals due to the 

aromatic rings appeared at 6.20 -6.80 6.15 -6.82 and 6.15-6.52 ppm in spectra of Mn (II) 

complexes. The -CH-N signal appeared at 8.49, 8.19 and 8.18 ppm in the spectra of Mn 

(II) complexes. 

UV spectra of bis-hydrazone 

The UV-VIS spectra of ligands (HL1, HL2 and HL3) showed two bands between 

250-270 nm and 300-360 nm (Table 2). The first band may be due to π–π* transition 

within the aromatic ring. The second band would be due to n-π* transition within the -C=N 

group.  

Molar conductance of the metal complexes 

The conductance measurements, recorded for 10–3M solutions of the metal 

complexes in DMF are listed in Table 1. All complexes are non-electrolyte in nature. 
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Magnetic moment 

The magnetic susceptibilities of manganese (II) complexes have been determined 

by Guoy method. The magnetic moment value of Mn (II) complexes have been found 

between 5.87-6.12 BM, which suggest the high spin nature for these complexes with a four 

coordinate tetrahedral geometry21.  

ESR spectra 

The ESR spectra of 1 : 2 manganese (II) complexes of p-anisaldehyde, p-chloro 

benzaldehyde and m-nitrobenzaldehyde at the room temperature showed only one isotropic 

signal centered at g = 2.022 - 2.012, which further suggests a four coordinated geometry 

for these complexes22. 

Biological activity 

The antifungal and antibacterial activities of ligands and their Mn (II) complexes 

were evaluated by the agar plate techniques23 at three different concentrations. The 

numbers of replications in each case were three and the inhibition zones were measured in 

mm. 

The results of antibacterial and antifungal activity are given in (Tables 3 and 4) 

show that these compounds exhibit greater antibacterial and antifungal activity against the 

E. Coli, Klebsiella, Enterococci, S. Aureus and Candida Albicans, Candida Krusei at all 

the three concentrations.   Further the antibacterial and antifungal activity of ligands and 

their metal complexes decreases on lowering the concentrations. The increased 

antibacterial and antifungal activity of the complexes as compared to the ligand may be 

due to the presence of the metal ion24-26. In antifungal activity, the number of replications 

in each case were three and the percentage inhibition (Table 4) was calculated by using the 

formula: 

 
C - T  100

% Inhibition = 
C

×
 

RESULTS AND DISCUSSION 

The reactions between manganese dichloride and bidentate unsymmetrical 

bis-hydrazone were carried out in bimolar ratio in methanol. The successive replacement of 

chlorine by the ligands resulted in the formation of the product [MnL2] as shown below. 
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These reactions have been found to be quite facile and could be completed in 

2-4 hrs for refluxing. The resulting complexes were obtained in the form of colored solids 

and soluble in methanol, benzene, DMF and DMSO. The cryoscopic determinations of 

molecular weights of these complexes S. M. E. Khalil and M. Shebl have reported the 

potentiometric and spectrophotometric studies of the complexation of Schiff-base 

hydrazones containing the pyrimidine moiety.2 

CONCLUSIONS 

The results of this investigation support the suggested structures of all the metal 

complexes. Tetrahedral geometry has been suggested for all the complexes The Schiff base 

ligands were found to be biologically active and their metal complexes display enhanced 

antimicrobial activity against one or more strains. Chelation tends to make the ligands act 

as more powerful and potent bactericidal agents. 
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