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ABSTRACT 
Para-chlorobenzaldehyde and thiosemicarbazide react in 1:1 molar ratio in MeOH and form the Schiff base, LH (1). 
The Schiff base reacts with divalent Mn(II), Co(II), Ni(II), Cu(II)  and Zn(II) ions in 1:2 molar ratio in MeOH and 
forms the corresponding non-electrolytic, monomeric metal complexes, [MnL2(MeOH)2] (2),  [ML2] (3, M = Ni,  Zn) 
and [ML2] (4, M = Co, Cu) respectively. The stereochemistry of Coordination compounds has been reported on the 
basis of elemental analyses, magnetic susceptibility and molar conductance, IR, electronic and 1H NMR spectral 
studies. The synthesized Schiff base and metal complexes were tested for antimicrobial activities and they show 
significant biological activities. An octahedral structure to 2, a tetrahedral structure to 3 (M = Ni, Zn) and a square-
planar structure to 4 (M = Co, Cu) are proposed.  
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INTRODUCTION 
Thiosemicarbazones are well recognized as a significant category of ligands having sulphur as a donor 
atom, especially for transition metal ions.1,2 The coordination compounds of thiosemicarbazone possess an 
imine group (−N=CH−), which imparts the biological activity and chelating properties towards the central 
metal ion. Thiosemicarbazone structure possesses remarkable biological activities, ion–sensing ability, 
antifungal and antimalarial activities3-5 whilst also displaying antidepressant and hypnotic properties.6-8 
Some thiosemicarbazones are relatively specific inhibitors of ribonucleotide reductase, which is an 
important metabolic target for the development of chemotherapeutic agents against cancer9. 
Thiosemicarbazone derivatives and their coordination compounds are also reported to have diverse 
analytical applications and corrosion inhibition properties.10-12 A number of coordination compounds with 
thiosemicarbazone moiety displayed various bonding attributes and structural diversification and co-
ordinate with metal ion via NS atoms either as a neutral ligand or as a monobasic ligand.13-14 The study of 
above said complexes help investigators to recognize the metal-protein binding in a living organism.15 It 
has also been reported that various coordination compounds synthesized from the same ligands may display 
different biological properties.16 The present study reports the synthesis, characterization and antibacterial 
activities of the Schiff base and its complexes with Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) ions.  
 

EXPERIMENTAL 
The determination of metal content, magnetic moment, IR, Electronic and 1H NMR spectra was done by 
the previously reported procedure.17 The microbial cultures were obtained from Microbial Type Culture 
Collection, Institute of Microbial Technology, Chandigarh. The antimicrobial studies of ligand and 
complexes were done by agar well diffusion method.18  
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Preparation of Schiff base, LH 
Thiosemicarbazide hydrochloride (1.27 g, 10 mmol) was added to sodium acetate (1.23 g, 15 mmol) in 
methanolic medium (30 ml) and stirred magnetically for 10 minutes. After the filtration methanolic (10 ml) 
solution of 4-chlorobenzaldehyde (1.40 g, 10 mmol) was added to the filtrate. The mixture was refluxed 
(60 min) and the yellow-colored compound was filtered, washed with MeOH and dried in vacuo. Yield = 
70%. 
 

Preparation of Coordination Compounds (2-4)  
The appropriate metal acetate (5 mmol) was added to the ligand (2.13 g, 10 mmol) in methanolic medium 
and refluxed for 5-7 h. The mixture was cooled, filtered and washed with MeOH.  
 

RESULTS AND DISCUSSION 
The light-yellow colored Schiff base, LH (1) has been synthesized in EtOH by the reaction between para-
chlorobenzaldehyde and thiosemicarbazide as per Scheme-1. 
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Scheme-1: Synthesis of Schiff Base 
  

The syntheses of metal complexes (2-4) are represented as per Scheme-2:  

           2LH (1) + Mn(OAc)2·4H2O  
Reflux

MeOH   [MnL2(MeOH)2] (2) + 2AcOH + 4H2O 

           2LH (1) + M(OAc)2·xH2O      
Reflux

MeOH   [ML2] (3 or 4) + 2AcOH + x H2O 

           [here M = Cu, Ni, Co, Zn; x = 1, 4, 4,2, respectively]           
 

Scheme-2: Syntheses of Coordination Compounds (2-4) 
 

The above coordination compounds are fairly soluble in DMF and DMSO. The molecular weight 
measurements in diphenyl indicate the monomeric nature of 2-419 (Table-1). 
 

Table-1:  Elemental Analyses, Color, Molar Conductance (mho cm2 mol–1) and Molecular Weight of Ligand and 
Metal Complexes 

S. No. Compound  Stoichiometry       Color 
ΛM 

(mho cm2 
mol-1) 

M.wt.   
      Obs.  
     (Cal.) 

Obs.(Cal.)  

   M           C             H            N              S 

1. LH (1) C8H8N3SCl Yellow –– 
213a 

(213.5) 
   ––       44.28         3.71         20.03      14.91 
             (44.96)      (3.74)      (19.67)    (14.98) 

 
2. 

 
[MnL2(MeOH)2]  

(2) 

 
MnC18H22N6O2S2Cl2 

Brown 
 

11.3 
549.45b 
(543.93) 

 10.04       39.78       4.21        15.12       11.5 
 (10.09)    (39.71)    (4.04)    (15.44)     (11.76) 

3. [NiL2] (3) NiC16H14N6S2Cl2 Brown 6.1 
481.69 b 
(483.69) 

 12.22        39.24        3.04      17.58      13.36 
 (12.13)     (39.69)     (2.89)   (17.36)    (13.23) 
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4. [ZnL2] (3) Zn C16H14N6S2Cl2 
Creamish 
Yellow 

5.7 
482.53 b 
(490.38) 

 13.72        39.43        2.54        17.82      12.88 
 (13.33)     (39.15)     (2.85)     (17.12)   (13.05) 

5. [CoL2] (4) CoC16H14N6S2Cl2 Pink 5.9 
480.47 b 
(483.93) 

 12.26        38.34        2.24     17.18       13.60 
 (12.17)    (39.67)      (2.89)   (17.35)    (13.22) 

6. [CuL2 ] (4) Cu C16H14N6S2Cl2 
Light 
Green 

6.8 
 483.54b 

        
(488.54)             

 13.15        39.18        3.12     17.76       13.59 
 (13.00)    (39.30)     (2.86)    (17.19)   (13.10) 

a. Mass spectral data; b. Rast method data. 
 

Infra-red Spectral Studies 
The prominent IR bands of the ligand (1) and its complexes (2-4) are given in Table-2. The presence of the 
band  ν(N–H) at 3439 cm-1, (C=S) stretch at 820 cm–1 and the absence of the stretch from 2500 cm-1 due 
to ν(S–H), indicates the ligand exist in thione form in uncomplexed thiosemicarbazone.20 The ligand 
exhibits (C=N) band at 1604 cm-1, which shows a negative shift by 19-44 cm-1 in 2-4, confirming the 
coordination via azomethine N atom.21 The (C=S) stretch at 820 cm–1 in 1 displays a decrease by 40–57 
cm–1 in complexes shows the contribution of S atom in coordination.22 The appearance of non-ligand bands 
in the range of 496-542 cm-1 due to (M–N) stretch and between 410-452 cm-1 due to (M–S) stretch in 
complexes also supports the involvement of azomethine N and thiol S atom, respectively towards 
coordination.23, 24 The (C–O)(alcoholic) stretch of MeOH occurs at 1034 cm-1 shows a negative shift by 
74 cm-1  in 2, suggesting the existence of coordinated MeOH molecules.25-27  
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Fig.-1: Proposed Structures of Coordination Compounds 
 

Reflectance Spectral Studies      
Reflectance spectra of [MnL2(MeOH)2] displays bands at 16220, 21420, 25560 cm-1 assigned to 6A1g → 
4T1g(G)(ν1), 6A1g  → 4T2g(G)(ν2) and 6A1g → 4A1g(G)(ν3) transitions, respectively which suggests octahedral 
environment.28,29 The complex, 4 (M = Cu) exhibits two bands at 14910, 20130 cm–1 due to the 2B1g → 2A1g, 
2B1g → 2E1g transitions respectively in a square-planar environment.30 3 (M = Ni) exhibits bands at 15850, 
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27240 cm–1 owed to the 3T1(F) → 3T1(P) and 3T1 → 3A2 respectively indicating a tetrahedral geometry.31 4 
(M = Co) exhibits bands at 8525 and 22480  cm-1 due to the 1A1g → 1B2g  and 1A1g → 1B1g, respectively 
confirming a square-planar geometry.30  
 

Table-2: IR, Reflectance Spectral Data and Effective Magnetic Moments of the Complexes 
S. No. Compound ν(C=N) 

(azomethine) 
ν(C–S) 

 
ν(M–N) 

 
ν(M–S) 

 
νmax 

(cm - 1) 
Effective mag. 
Moment (B.M.) 

1. LH (1) 1604 820 –– –– –– –– 
2. 

[MnL2(MeOH)2]  (2) 
1575 763 534 418 16220, 21420, 

25560 
5.83 

3. [NiL2] (3) 1585 764 496 448 15850, 27240 2.87 
4. [ZnL2] (3) 1576 776 542 410 –– Diamagnetic 
5. [CoL2] (4) 1582 768 501 452 8525, 22480 2.50 
6. [CuL2 ] (4) 1560 780 541 412 14910, 20130 1.86 

 

1H NMR Spectral Studies 
The 1H NMR spectra of Schiff base (1) and [ZnL2] (3) were analyzed in DMSO-d6. The Schiff base displays 
a singlet at δ 3.62 ppm due to protons assigned to NH2 group and a singlet at δ 6.51 ppm due to (N–H) 
group, respectively. The N=C–H imine group shows a singlet at δ 10.02 ppm and the aromatic protons show 
multiplet between δ 7.14-8.58 ppm. The absence of the signal at δ 6.51 ppm due to (N–H) proton in 3 
indicates the deprotonation of the (N–H) group.32   
 
Magnetic Susceptibility Measurements 
The effective magnetic moment (1.86 B.M.) of 4 (M = Cu) suggests its square-planar geometry.33 The 
magnetic moment of 2 (5.83 B.M.) shows an octahedral geometry.33 3 (M = Ni) shows the magnetic moment 
of 2.87 B.M., which indicates a tetrahedral geometry.34 4 (M = Co) with a magnetic moment of 2.50 B.M. 
favors the low-spin square-planar Co (II) compounds.35 [ZnL2] is diamagnetic as expected.  
  
Antimicrobial Studies 
The antibacterial activities of the ligand, as well as complexes, were assessed by disc diffusion method 
against pathogenic Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus) and Gram-negative 
bacteria (Escherichia coli, Pseudomonas aeruginosa) and compared to the Tetracycline, Gentamicin 
standard drugs. On the basis of the diameter of growth inhibition zones, [ZnL2] showed the highest 
antibacterial activities with a diameter ranging from 18-25 mm against all four tested bacteria, as is evident 
in Fig.-2. The antimicrobial activities of all the compounds against both types of bacteria varies in the 
following order: Bacillus subtilis : Zn > Mn = Co > Cu = Ni ; Staphylococcus aureus : Zn > Co > Mn > Ni 
> Cu ; Escherichia coli : Zn > Mn > Ni = Cu = Co ; Pseudomonas aeruginosa : Zn > Co > Ni > Cu.  
 

 
Fig.-2: Zone of Inhibition 
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CONCLUSION 
The analytical data (Table-1), spectral and magnetic susceptibility measurements suggest an octahedral 
structure to 2, a tetrahedral structure to 3 (M = Ni, Zn) and a square-planar structure to 4 (M = Co, Cu). The 
coordination compounds manifest better antimicrobial activities as compared to the free ligand. Therefore, 
they may be used in pharmaceutical products after analysis of its toxicity to living organisms. 
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