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Abstract 

 

The condensation of 4-benzyloxybenzaldehyde with S-benzyl dithiocarbazate (SBDTC) in 

absolute ethanol afforded the Schiff base, S-benzyl-β-N-(4-benzyloxyphenyl)methylene-

dithiocarbazate (1). The ligand on further reaction with metal ions in absolute ethanol [for 

Ni(II), Cu(II), Zn(II)] and in methanol [Pd(II)] resulted in the formation of the 

corresponding four coordinate complexes. The ligand and its complexes were characterized 

by physico-chemical techniques, viz., molar conductance, magnetic susceptibility 

measurement, IR, NMR and solution UV/Vis spectroscopic techniques. The complexes 

demonstrated stronger antibacterial activity than the free ligand indicating that coordination 

with these metal ions has enhanced biological potential of the ligand. All the compounds 

exhibited more or less moderate activity against the test organisms. 
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1.   Introduction 

 

Dithiocarbazic acid was first synthesized by Curtius[1]. Since then, considerable number 

of S-alkyl/aryl-esters, the Schiff bases of such compounds and of their corresponding 

complexes have been prepared and investigated for biological applications such as 

antibacterial, anticancer, antifungal, antitumor [2-6], antiamoebic [7-9] and antiinhibitory 

cell migration activities [10] or simply for the different coordination geometry [2,11-13]. 

Besides the medicinal applications, complexes derived from dithiocarbazate esters and 

their Schiff bases have also possible applications in the area of electronic engineering as 

nano-materials [14], solar cell components [15] and non-linear optical materials (NLO) 
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[16]. Dithiocarbazates constitute one of the most important classes of mixed hard-soft 

nitrogen-sulfur donor ligands [2,17], having four potential donor atoms of which two are 

sterically available at a time to chelate metal ions. In fact the presence of hard nitrogen 

and soft sulfur atoms enable these ligands to react with both transition and main group 

metals [18]. In principle both NS (Nitrogen-sulfur) and SS (Sulfur-sulfur) complexes are 

feasible (Scheme 1).  Free dithiocarbazaic acid and its S-benzyl esters behave typically as 

NS donorswith formation of a five-membered chelate ring [14,18,19], but SS coordination 

was also observed making a four-membered chelate ring [19]. However, a change of 

suitable groups at hydrazine moiety of these compounds can modify the donor sequence 

of such ligands giving rise to different coordination geometries [2,20-23]. The present 

work represents the coordination behavior of S-benzyl-β-N-(4-benzyloxyphenyl) 

methylene hydrazine carbodithioate with some transition metal ions and study of their 

antibacterial activities. 

 

2. Experimental 

 

2.1. Materials and instrumentation 

 

All the chemicals and solvents were of reagent grade and used without further 

purification. Hydrazine hydrate (90%), carbon disulfide and potassium hydroxide were 

purchased from Merck (India) while benzyl chloride was obtained from Sisco Research 

Laboratories (SRL) Pvt. Ltd, India. The metal salts: nickel(II) acetate tetrahydrate, 

copper(II) acetate monohydrate and zinc(II) acetate dehydrate and palladium(II) chloride 

were obtained from FlukaChemica (Switzerland). Solvents: chloroform, ethanol, toluene, 

acetonitrile and DMSO (dimethyl sulfoxide) were obtained from Active Fine 

(Bangladesh). The ligand precursor, 4-benzyloxybenzaldehyde (BOB) was prepared 

following the literature procedure [24]. IR spectra (4000-400 cm
-1

) were obtained as KBr 

pellet using IR Affinity 1S spectrometer, (Shimadzu, Japan) from the Department of 

Chemistry, RUET (Rajshahi University of Engineering & Technology). 
1
H NMR (0-14 

ppm, 500 MHz) and 
13

C NMR (0-200 ppm, 125 MHz) spectra were recorded on a JNM-

A500 spectrometer in CDCl3 and d6-DMSO using TMS (tetra methyl silane) as internal 

standard at the Department of Applied Chemistry, University of Toyama, Japan. Magnetic 

susceptibility and molar conductance measurements were made on a magnetic 

susceptibility balance (Sherwood Scientific, UK) and molar conductance measurements 

with a heavy-duty conductivity/temperature meter (Extech Instruments, USA, model No. 

407303), at the Department of Chemistry, RUET. The UV-visible absorptions were 

scanned on a T60 UV-visible spectrophotometer (PG Instruments, UK) between 200-1100 

nm in 10
-5

M solution of DMSO at the Department of Chemistry, Rajshahi University of 

Engineering & Technology (RUET) using Win5 software. 
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2.2. Synthesis of 4-benzyloxybenzaldehyde as ligand precursor 

 

A mixture of 4-hydroxybenzaldehyde (12.2 g, 100 mmol) and benzyl bromide (17.1 g, 

100 mmol) was refluxed in of acetone (100 mL) for 30 h in presence of anhydrous 

potassium carbonate (20 g). Then solvent was evaporated and the product was extracted 

from a mixture water and dichloromethane. Finally the product was  purified by column 

chromatography using dichloromethane as mobile phase. After complete evaporation of 

solvent, an off white solid was obtained. (yield: 13 g, 44%, m.p. 71.5°C (Lit. 72 °C). 

 

2.3. Synthesis of S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazate(1) 

 

4-benzyloxybenzaldehyde (1.96 g, 10 mmol) in ethanol (25 mL) was added to a boiled 

solution of S-benzyldithiocarbazate (1.98 g, 10 mmol) in ethanol (40 mL) and the mixture 

was refluxed for 1 h. The white solid which formed was separated by filtration and 

recrystallized from methanol as white crystalline solid (Fig. 1). Yield: 3.74 g (95%). m.p. 

140°C. Selected IR data (KBr pellet, cm
-1

) ν: 3111m (N-H),  3030w (C-H aro.), 2978m, 

2854w (C-H, aliphatic), 1502vs (C=N), 1597s (C=C,  aromatic ring), 1255vs (C-O), 

1165s (C-N), 1094s (C=S), 1020s (N-N), others: 1452ms, 1333s, 1298s, 1221s, 825s, 

744s, 698s. UV-vis spectrum [λmax, CHCl3, nm (logε): 256 (4.76), 276 (4.82), 321 (4.52), 

389 (3.76). 
1
H NMR (400 MHz, CDCl3, ppm) δ: 4.55 (s, 2H SCH2), 5.09 (s, 2H, CH2O), 

7.635 (d, 2H, J =8.8 Hz, C6H4-H-2, 6), 6.97 (d, 2H, J= 8.8 Hz, C6H4 -H-3, 5), 7.40 (m, 5H, 

PhH-2′, 3′, 4′, 5′, 6′
/
),  7.313 (m, 5H, PhH-2′′, 3′′, 4′, 5′′, 6′′), 7.79 (s, 1H, CH=N), 10.27 (s, 

1H, NH). 
13

C NMR (100 MHz, CDCl3, ppm) δ: 39.49 (SCH2), 70.12 (CH2O), 145.09 

(C6H4C-1), 136.35 (PhC-1′), 136.0 (PhC-1′′), 129.59 (C6H4C-2, 6), 129.49 (PhC-2′, 6′), 

128.67 (PhC-2′′, 6′′), 115.27 (C6H4C-3, 5), 128.19 (PhC-3′, 5′), 128.63 (PhC-3′′, 5′′), 

125.71 (C6H4C-4), 127.47 (PhC-4′), 127.47 (PhC-4′′), 161.67 (CH=N), 198.0 (C=S). 

 

 

 

 

 

 

 

Fig. 1.  S-benzyl-β-N-(4-benzyloxybenzyl)methylenedithiocarbazate. 

 

2.4. Bis[S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazato]nickel(II)(2) 

 

A solution of nickel(II) acetate tetrahydrate (0.12 g, 0.5 mmol) in ethanol (15 mL) was 

added to a hot solution of the Schiff base (0.392 g, 1.0 mmol) in ethanol (40 mL) and the 

aliquot was stirred under reflux for 0.5 h. The brown precipitate, which formed, was 

filtered off and washed successively with hot ethanol and pet-ether (40-60 °C) and finally 

dried in vacuum over anhydrous CaCl2. The compound was purified from a mixture of 

chloroform and toluene (5:1; v/v) as brown crystalline solid after crystallization for 15 
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days. Yield: 0.192 g (75%). m.p. 190 °C. Selected IR data (KBr pellet, cm
-1

) ν: 3030 w 

(C-H, aromatic), 1495s (C=N), 1599s (C=C, aromatic), 1258s (C-O), 1171s (C-N), 

1003ms (N-N), 503w (M-N), 410w (M-S). Others: 967m, 881w, 829m, 704m. UV-vis 

spectrum [λmax, CHCl3, nm (logε): 277 (4.38), 296 (4.22), 320 (3.77), 431-447 (2.62), 568 

(2.32).
1
H NMR (400 MHz, CDCl3, ppm) δ: 4.35 (s, 2H SCH2), 5.10 (s, 2H, CH2O), 7.44 

(d, 2H, J =8.8 Hz, C6H4-H-2, 6), 7.00 (d, 2H, J= 8.8 Hz, C6H4 -H-3, 5), 7.44 (m, 5H, PhH-

2′, 3′, 4′, 5′, 6′
/
),  7.33 (m, 5H, PhH-2′′, 3′′, 4′, 5′′, 6′′), 7.56 (s, 1H, CH=N). 

13
C NMR (100 

MHz, CDCl3, ppm) δ: 38.36 (SCH2), 70.12 (CH2O), 137.18 (C6H4C-1), 136.0 (PhC-1′), 

132.77 (PhC-1′′), 129.0 (C6H4C-2, 6), 128.71 (PhC-2′, 6′), 128.60 (PhC-2′′, 6′′), 114.73 

(C6H4C-3, 5), 128.31 (PhC-3′, 5′), 127.66 (PhC-3′′, 5′′), 127.62 (C6H4C-4), 124.85 (PhC-

4′), 124.85 (PhC-4′′), 161.82 (CH=N), 178.91 (C=S). Λ (CHCl3, 10
-5

M, ohm
-1

cm
2
mol

-1
): 

1.59; μeff : diamagnetic. 

 

2.5. Bis[S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazato]copper(II) (3) 

 

A solution of copper(II) acetate monohydrate (0.1 g, 0.5 mmol) in ethanol (20 mL) was 

added to a hot solution of the Schiff base (0.392 g, 1.0 mmol) in ethanol (40 mL) and 

stirred under reflux for 0.5 h.  The reddish brown precipitate, which formed, was filtered 

off and washed successively with hot ethanol and pet-ether (40-60 °C) and finally dried in 

vacuum over anhydrous CaCl2. The compound was obtained as reddish brown crystalline 

solid after crystallization from chloroform and acetonitrile (5:1; v/v). Yield: 0.386g 

(78%). m.p. 165 °C. Selected IR data (KBr pellet, cm
-1

) ν: 3028mw (C-H, aromatic), 

2928w, 2868w (C-H, aliphatic), 1470s(C=N), 1599m, 1583s (C=C, aromatic), 1258s (C-

O), 1171vs (C-N), 1022m (N-N), 529m, (M-N), 412w (M-S), Others: 1560ms, 1502m, 

1306w, 955m, 831m, 744m, 697ms. UV-vis spectrum [λmax, CHCl3, nm (logε): 237 (3.89), 

273 (4.14), 296 (3.87), 363 (2.26), 474 (3.91).  Λ (CHCl3, 10
-5

M, ohm
-1

cm
2
mol

-1
): 2.14; 

μeff : 1.85 B.M. 

 

2.6. Bis[S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazato]zinc(II) (4) 

 

A solution of zinc(II) acetate dihydrate (0.054 g, 0.25 mmol) in ethanol (30 mL) was 

added to a boiled solution of the Schiff base (0.196 g, 0.5 mmol) in ethanol (20 mL) and 

stirred under reflux for 1 h. The yellow precipitate which formed was separated by 

filtration, washed with hot ethanol and dried in vacuum over anhydrous CaCl2. The 

compound was purified in chloroform as light yellow crystalline solid. Yield: 0.203 g 

(81%). m.p. 170 °C. Selected IR data (KBr pellet, cm
-1

) ν: 3024w (C-H, aromatic), 

1441s(C=N), 1597s (C=C, aromatic), 1261s (C-O), 1176s (C-N), 1043m (N-N), 527m, 

(M-N), 401w (M-S). Others: 1566m, 1504s, 1394m, 962m, 951m, 831m, 746m, 696m. 

UV-vis spectrum [λmax, CHCl3, nm (logε): 277 (4.60), 296 (4.39). 
1
H NMR (400 MHz, 

CDCl3, ppm) δ: 4.56 & 4.45 (s, 2H, SCH2), 5.11, 5.04 (s, 2H, CH2O), 8.16 (d, 2H, J = 8.8 

Hz, C6H4-2, 6), 6.88 (d, 2H, J = 8.8 Hz, C6H4-3, 5), 7.60 (d, 2H, J = 8.8 Hz, C6H4-2, 6), 

6.96 (d, 2H, J = 8.8 Hz, 3, 5), 7.45 (m, 5H, 2 X PhH-2′, 3′, 4′, 5′, 6′),  7.34 (m, 5H, 2 X 

PhH-2′′, 3′′, 4′′, 5′, 6′′), 7.65 (s, 1H, N=CH). 
13

C NMR (100 MHz, CDCl3, ppm) δ: 36.80, 
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36.60 (SCH2); 70.24, 70.13 (CH2O); 137.68, 137.27 (C6H4C-1); 135.91, 135.55 (PhC-1′); 

131.51, 131.45 (PhC-1′′); 129.23, 129.15 (C6H4C-2, 6); 128.71, 128.65 (PhC-2′, 6′); 

128.89, 128.51 (PhC-2′′, 6′′); 115.10, 114.99 (C6H4C-3, 5); 127.62, 127.58 (PhC-3′, 5′); 

127.44, 127.42  (PhC-3′′, 5′′); 129.1  (C6H4C-4); 128.32, 128.29 (PhC-4′); 127.26, 127.14 

(PhC-4′′); 162.29, 161.14 (CH=N); 178.0 (CSS).Λ (CHCl3, 10
-5

M, ohm
-1

cm
2
mol

-1
): 1.33. 

μeff : diamagnetic. 

 

2.7. Bis[S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazato]palladium(II) (5) 

 

A solution of palladium(II) chloride (0.044 g, 0.25 mmol) in methanol (75 mL) was added 

to a hot solution of the Schiff base (0.196 g, 0.5 mmol) in ethanol (30 mL) and stirred 

under reflux for 0.5 h.  The orange precipitate, which formed, was filtered off, washed 

successively with hot ethanol and pet-ether (40-60 °C). The compound was dried in 

vacuum over anhydrous CaCl2. Yield: 0.152 g (63%), m.p. 220 °C. Selected IR data (KBr 

pellet, cm
-1

) ν: 3028w (C-H, aromatic), 1452s (C=N), 1599s (C=C, aromatic), 1248s (C-

O), 1171s (C-N), 1024ms (N-N), 524w (M-N), 414w (M-S), Others: 1568s, 15410m, 

943m, 825m, 735m, 694ms. UV-vis spectrum [λmax, CHCl3, nm (logε): 244 (4.43), 273 

(4.65), 533 (3.99), 571 (3.98), 619 (3.94); 659 (3.89). 
1
H NMR (400 MHz, CDCl3, ppm) 

δ: 4.40 (s, 2H SCH2), 5.15 (s, 2H, CH2O), 7.48 (d, 2H, J =8.0 Hz, C6H4-H-2, 6), 6.88 (d, 

2H, J= 8.0 Hz, C6H4 -H-3, 5), 7.46 (m, 5H, PhH-2′, 3′, 4′, 5′, 6′
/
), 7.32 (m, 5H, PhH-2′′, 3′′, 

4′, 5′′, 6′′), 7.62 (s, 1H, CH=N). 
13

C NMR (100 MHz, CDCl3, ppm) δ: 40.02 (SCH2), 

69.92 (CH2O), 145.90 (C6H4C-1), 140.0 (PhC-1′), 134.23 (PhC-1′′), 129.95 (C6H4C-2, 6), 

129.62 (PhC-2′, 6′), 128.45 (PhC-2′′, 6′′), 113.77 (C6H4C-3, 5), 128.39 (PhC-3′, 5′), 

128.16 (PhC-3′′, 5′′), 127.77 (C6H4C-4), 124.77 (PhC-4′), 126.88 (PhC-4′′), 162.50 

(CH=N), 182.0 (N=CSS).  Λ (CHCl3, 10
-5

M, ohm
-1

cm
2
mol

-1
): 1.52. μeff : diamagnetic. 

 

3. Qualitative Antibacterial Assay 

 

The Schiff base (1) and its complexes (2-5) were assayed for antibacterial sensitivity 

against two gram negative (viz., E. coli, and S. dysenteriaei) and two gram positive (S. 

lutea and S. aureous) bacteria. Antimicrobial activity was determined by disc diffusion 

method [25]. Briefly, a lawn of microorganisms was prepared by pipetting and evenly 

spreading 10 μL of inoculums, adjusted turbidometrically to 10
5
-10

6
 CFU/ cm

3
 (CFU = 

colony forming units) onto agar set in Petri dishes, using nutrient agar  for the bacteria. 

Whatman No. 1 filter paper discs of 5 mm diameter were impregnated with dimethyl 

sulphoxide stock solution of the compounds. The stock solution was prepared by 

dissolving 8 mg of each compound in 1 mL of DMSO. 200 μg discs were prepared by 

soaking 25 μL of the stock solution onto the filter paper discs using a 0.1 μL sensitive 

micropipette. The dried dishes were then placed on previously inoculated agar surfaces. 

The plates were inverted and incubated for 24 h at 35±2 ºC for the bacteria. Antibacterial 

activity was obtained from the diameter (mm) of the inhibition zone in the discs. 

Kanamycin was used as standard drug for comparison. 
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4. Results and Discussion 

 

4.1. Chemistry 

 

The reaction of 4-benzyloxybenzaldehyde with S-benzyl dithiocarbazate (SBDTC) 

afforded a Schiff base (1), which on subsequent reaction with metal ions in absolute 

ethanol [for Ni(II), Cu(II), Zn(II)] and in methanol [Pd(II)] resulted in the formation of the 

corresponding four coordinated complexes (Scheme 1). All the compounds were soluble 

in non-coordinating organic solvents such as CHCl3, DMF, DMSO, THF etc. The room 

temperature molar conductance values at 10
-5

M solution of the complexes in CHCl3 are 

within the range of 1.52-6.2 ohm
-1

 cm
2
 mol

-1
, suggested non-electrolytic nature of the 

complexes [26].  

 

4.2. IR spectra 

 

The IR spectra of the ligand and its complexes are reported in Fig. 2, where the Schiff 

base showed a medium intensity absorption band at 3111 cm
-1

, corresponding to the ν(N-

H) stretching frequency that was absent in the complexes, suggesting that the ligand 

underwent coordination through the thiolate anion [27,28]. The Schiff base contained 

strong bands at 1502 and 1094 cm
-1

 for the ν(C=N) and ν(C=S) stretches, respectively 

[27-29]. The absence of ν(C=S) band in the complexes also indicated thiolate binding with 

the respective metal ions in the complexes [27,28]. The ν(C=N) band of the ligand was 

shifted to lower wave numbers (~7-61 cm
-1

) in the complexes, suggesting its coordination 

through the azomethine nitrogen atom [26-28]. The stretching frequency of the ν(N–N) 

band, observed in the free ligand at 1020 cm
-1

, also shifted merely (1043–1003 cm
-1

) in 

the spectra of the complexes. This also supported the azomethine nitrogen bonding to the 

metal ions [26-28]. The ligand also showed a very strong band at 1255 cm
-1

 for the ν(C-O-

C), which showed no significant change in the complexes [2]. The IR spectra of metal 

acetates show broad bands within the region of 1610-1520 cm
-1

 and 1420-1395 cm
-1

 for 

the asymmetric and symmetric stretching vibrations, predicting various modes of 

coordination with metal ions [30]. In the present study, both the ligand and its complexes 

exhibited sharp bands in these regions, as described above, suggesting the non-

involvement of acetate ion as coligand.  
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Fig. 2. IR spectra of ligand and its complexes as KBr pellet. 

 

4.3. NMR spectra 

 

The 
1
H NMR of the ligand (1) showed a broad singlet at 10.27 ppm assigned to the (N–H) 

proton [2,20,26-28]. Usually these species may exist in solution as an equilibrium mixture 

between the thione and thioltautomeric forms. It is worth noting that ligand (1) does not 

display any signal for the SH proton (~ 4.0 ppm), indicating the absence of the thiol form 

[2,20,26-28]. The absence of the NH signal in the 
1
H NMR spectra of complexes (2, 4-5) 

indicated that the complexation occurred via deprotonation of this group [2,20,26-28]. The 

ligand had another singlet at δ 7.79 for the azomithine proton [2,20,26-28], which was 

shifted to the up field in the complexes, validating it coordination through the azomethine 

nitrogen atom [2,20,26-28]. However, the singlet bands in the ligand for the SCH2 (δ 4.55 

ppm) and CH2O (δ 5.09 ppm) as well as the multiplet bands for the phenyl rings (δ 7.40-

7.30 ppm) showed no significant change in the complexes [2,20]. The ligand in its 
13

C 

NMR spectrum showed resonances at ca. δ 198.91 and 161.67 ppm for the C=S and 

CH=N carbons respectively [12,20,28], while in the complexes the former was shielded 

(δ~ 178-182 ppm) [2,20,26-28]. These considerable shifts with respect to the ligand 

indicated the involvement of thiolate sulfur during coordination. However, the azomethine 

carbon atom showed no significant change in the complexes. Similarly, the SCH2, and 

CH2O carbons were observed in the free ligand at δ 39.49 and 70.12 ppm respectively 

[2,20]. Although the former was shielded, the later remain the same in the complexes.  

The resonance of phenyl carbons were reported in the experimental section. 

 

4.4. Solution electronic spectra 

 

The UV-visible spectra of all the compounds were scanned at 10
-5

M solution in DMSO 

and reported in Fig. 3. In the Fig. the Schiff base showed medium to strong intensity 

absorption bands at 256, 276, 321 and 389 nm, tentatively, assigned to the π→π* 

(aromatic), π→π* (CH=N), n→π* (CH=N) and n→π* (dithiocarbazate) transitions, 
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respectively [31]. It was reported that similar ligands showed another band at 364 nm for 

the π→π* (dithiocarbazate) transition [31]. However, this band was not observed in the 

present study, because it might be overlapped with the n→π* (dithiocarbazate) transition. 

In the complexes, the π→π* (CH=N) band and the n→π* (dithiocarbazate) bands were 

blue shifted with reduction in intensity, as a result of coordination with the azomethine 

nitrogen and thiolate sulfur atoms respectively [32]. The nickel(II) and palladium(II) 

complexes showed a strong intensity band at 431 and 533 nm respectively, for the S→M 

charge transfer transition, indicating the coordination of the Schiff base to the metal atom 

via the thiolate sulfur [2,20,31]. Moreover, the nickel(II) complex showed another broad 

band at 568 nm for d-d band and the palladium(II) complex showed three bands at 571, 

619 and 659 nm (Fig. 5) for the 
1
A1g→

1
A2g, 

1
A1g→

1
B1g and 

1
A1g→

1
Eg transitions [2,20] 

respectively, consistent with square planar geometry. The solution electronic spectrum of 

Cu(II) complex was also investigated at 10
-3

M solution in order to detect its d-d 

transitions, as reported in Fig. 4.  As evident from the Fig., the compound displayed a 

weak intensity broad band centered at 820 nm with molar absorption co-efficient of 70 

Lmol
-1

cm
-1

, diagnostic to square planar Cu(II) [32], such transition is not normally 

observed for zinc(II) complex with d
10

 configuration.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. The UV-visible spectra of the ligand (HL) and its complexes at 10-5 M solution in 

chloroform. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. UV-visible spectrum of copper(II) complex at 10-3M solution. 
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Fig. 5. UV-visible spectrum of palladium(II) complex at 10-5 M solution. 

 

4.5. Qualitative antibacterial sensitivity 

 

The antibacterial sensitivity test of the complexes was studied against four pathogenic 

bacteria. The test results are depicted as the clear zone of inhibition in diameter (mm) in 

Table 1 and their comparative activity is shown in Fig. 6 as bar diagram. The results 

indicated that the complexes have shown smaller zone of inhibition than the standard drug 

(kanamycin), this implies that the complexes are less sensitive to the organisms than the 

standard drug. The data indicate that the complexes demonstrated stronger activity than 

the free ligand [2,28], indicating that coordination with this metal ions has enhanced the 

biological potential of the ligand. Specially, the Cu(II) complex (3), showed moderate to 

strong activity, while the zinc(II) complex (4), showed resistance against S. aureous, and 

S. lutea. The palladium(II) complex (5), showed moderate activity against E. coli.  These 

values are comparable many similar bis-chelated metal(II) complexes of dithiocarbazate 

ligands [32,33]. However, the reason behind the increased or decreased antibacterial 

activity of complexes compared to the free ligand was studied extensively [3,32,34-36]. 

Therefore, further study is required to establish the structure activity relationship. 

 

Table 1. Antibacterial profile of compound (1-5) in terms ofthe inhibition zone (mm). 
 

Compounds 
Conc. 

(g disc-1) 

Gram-positive Gram-negative 

S. a. S. l. E. c. S. d. 

1 

200 

10 9 10 10 

2 12 10 11 - 

3 13 12 14 13 

4 - - 9 7 

5 11 12 13 9 

Kanamycin 30 25 30 25 28 

“-” means no activity 
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Fig. 6. Antibacterial sensitivity of compounds (1-5) in bar diagram. 

 

4.6. Proposed structure of complexes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Preparation of Schiff base and its complexes (1-5). 
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5. Conclusion  

 

The ligand, S-benzyl-β-N-(4-benzyloxyphenyl)methylenedithiocarbazate (1), exsist in 

thionetautomeric form both in the solid state and in solution. It underwent 

thioltautomerism followed by deprotonation and subsequent coordination with the metal 

ions resulting in bis-chelated ML2 complexes.  The Schiff base bonded with the metal ions 

as uni-negative bi-dentate mode, there by forming four coordinate inner complexes. Both 

the ligand and its complexes showed moderate antibacterial activity. 
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