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ABSTRACT  

Two new Schiff base tridentate ligands (E)-2-(3-hydroxy-4-

methoxybenzalidene)-N
4
-methylhydrazinecarbothioamide (L

4
) and 

(E)-2-(3,4-dihydroxybenzalidene)-hydrazinecarboamide (L
5
)  derived 

from simple condensation of 3-hydroxy-4-methoxybenzaldehyde and 

3,4-dihydroxybenzaldehyde with N
4
-methylthiosemicarbazide and 

semicarbazide hydrochloride respectively. Schiff base Copper (II) 

complexes (4a-b, 5a-b) derived from Schiff base bidentate ligand L
4
 

and L
5
 with CuCl2.2H2O (4a and 5a) and CuBr2 (4b and 5b) 

respectively. The synthesized Schiff bases have been characterized by 

microanalysis, FT-IR, 
1
H NMR and 

13
C NMR. The copper (II)  

complexes have been characterized by microanalysis and FT-IR. All Schiff bases and  copper  

(II)  complexes  showed  good  activity  against the Gram- positive bacteria (Staphylococcus 

aureus and Bacillus subtilis), Gram-negative bacteria (Escherichia coli and Salmonella 

paratyphi) and fungi (Aspergillus niger and Candida albicans). The antimicrobial results also 

indicate that the copper (II) complexes are better antimicrobial agents as compared to the 

Schiff bases. 
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INTRODUCTION  

The synthesis of new compounds that are used for the treatment of infections with less 

secondary effects is a biomedical problem.
[1,2]

 Recently research has focused increasingly on 

the synthesis of transition metal complexes with Schiff-type ligands, due to the biological 

properties that they present. Many compounds derived from Schiff bases exhibit antibacterial, 

antifungal, antitumor and anti-HIV activities.
[3–14]

 Schiff bases derived from salicylaldehyde 

represent an important class of ligands due to their ability to be used in various fields.
[15–19] 
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Having a high capacity chelating and redox potential the positive Cu
2+

 ion is biologically 

active, and participates in many processes in the body.
[20–22]

 Copper complexes are also 

among the most potent antiviral, antitumor and anti-inflammatory agents.
[23]

 In addition, it 

was found that most of benzocaine-containing compounds are biologically active. Recent 

research has demonstrated that, these derivatives exhibit antimicrobial activity against 

different species.
[24–26]

 

 

In our previous work, we synthesized and screened an in-vitro anti-bacterial and anti-fungal 

activities of three new Schiff base ligands (L
1
-L

3
) and their copper (II) and Zinc (II) 

complexes (1a-c, 2a-c, 3a-c) of L
1
-L

3 
(Fig.1). Complexes 1a and 1b were found to be very 

active against bacteria and fungi compared to all other ligands and complexes.
[27]
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Fig. 1: Structures of Schiff base ligand L
1
-L

3
 and their complexes 1a-c, 2a-c, 3a-c 

 

In the present work, we report the four copper (II) complexes (4a-b, 5a-b) obtained from 

copper (II) halides with Schiff base tridentate ligands of (E)-2-(3-hydroxy-4-

methoxybenzalidene)-N
4
-methylhydrazinecarbothioamide (L

4
) derived from the 

condensation reaction of N
4
-methyl-3-thiosemicarbazide with 3-hydroxy-4-

methoxybenzaldehyde and (E)-2-(3,4-dihydroxybenzalidene)-hydrazinecarboamide (L
5
) 

derived from semicarbazide hydrochloride with 3,4-dihydroxybenzaldehyde respectively. 

The L
4
, L

5
, 4a-b, 5a-b were tested for their in vitro antibacterial activity against 
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Staphylococcus aureus and Bacillus subtilis (Gram-positive), Escherichia coli and 

Salmonella paratyphi (Gram-negative) and antifungal activity against Aspergillus niger, 

Candida albicans. 

 

MATERIALS AND METHODS 

Chemicals: All chemicals and solvents were of reagent grade and were used as commercially 

purchased without further purification. 

 

Methods: The elemental analyses were determined using a Perkin Elmer EA 2400 Series 

Elemental Analyzer. Infrared spectra of the compounds were recorded on KBr pellets using a 

Perkin Elmer RX1-FTIR Spectrophotometer. 
1
H NMR spectra were recorded on a Bruker 

Avance spectrometer (400 MHz) at 298 K. Chemical shifts δ in ppm were referenced to the 

solvent residual peak as an internal standard. 
13

C NMR was recorded on a Bruker Avance 

spectrometer (400 MHz) and spectra was referenced to the solvent residual peak.  

 

Synthesis of Schiff base ligand L
4
, L

5
 and their complexes of 4a-b and 5a-b  

Synthesis of L
4
, L

5
, 4a-b, 5a-b

 
were done by the methods of our previous work as described 

earlier (Scheme 1).
[27]
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Scheme 1: Synthesis of Schiff base ligand L
4
 and L

5 

 

The color, yield (%), m.p. (ºC), Rf value, elemental analysis, IR (KBr, cm
-1

), 
1
H-NMR 

(DMSO-d6) and 
13

C-NMR (DMSO-d6) data of L
4
 and L

5
 are given as follows: 

 

L
4
: brown crystals, yield (2.3000g, 96%), 143–145ºC, 0.84, Anal. calc. for C10H13N3O2S 

(239.61 g mol
-1

): C, 50.19; H, 5.48; N, 17.56; S, 13.40, found: C, 50.12; H, 5.54; N, 17.59; S, 

13.36%. IR (cm
-1

): υ(OH) 3311, υ(NH) 3384,1343, 635, υ(N-N) 944, υ(C=N) 1555, 1508, 

470, υ(C=S) 829. 
1
H NMR (δ in ppm):  11.28, 9.78, 9.56  (s, 1H, CH=N

1
), 9.02 (s, 1H, OH), 

8.37, 8.36 (d, 1H, Ar-H), 7.42-7.10 (m, 2H, Ar-H), 7.92, (s, 1H, NH), 6.96, 6.94 (s, 1H, NH), 
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3.88, 3.82 (s, 3H, OCH3), 3.01 (s, 3H, N
4
–CH3). 

13
C NMR (δ in ppm): 149.46 (C=S), 146.64 

(CH=N), 142.20 (ArC4–OCH3), 127.17(ArC3–OH), 119.99 (ArC1), 113.54 (ArC6), 113.19 

(ArC2), 111.70 (ArC5), 55.66 (ArC4–OCH3), 30.74 (N
4
–CH3).  

 

L
5
: pale yellow powder, yield (1.8795g, 96%), 155–157ºC, 0.67, Anal. calc. for C8H9N3O3 

(195.29 g mol
-1

): C, 49.23; H, 4.65; N, 21.53; O, 24.59, found: C, 49.28; H, 4.60; N, 21.49; 

O, 24.63%. IR (cm
-1

): υ(OH) 3329, υ(NH) 3425,1372, 620, υ(N-N) 951, υ(C=N) 1588, 1528, 

495, υ(C=O) 1666, 1281. 
1
H NMR (δ in ppm):  10.09 (s, 1H, CH=N

1
), 9.71 (s, 1H, OH), 9.29 

(s, 1H, OH), 7.68 (s, 1H, Ar-H), 7.29, 7.27 (m, 1H, Ar-H), 6.94, 6.92, (s, 1H, NH), 6.75, 6.73 

(d, 1H, Ar-H), 6.30 (s, 1H, NH). 
13

C NMR (δ in ppm): 156.79 (C=O), 146.88 (CH=N), 

145.43 (ArC4-OH), 140.16(ArC3–OH), 128.85, 126.27 (ArC1), 124.44 (ArC6), 119.07 

(ArC2), 115.47, 113.12 (ArC5).  

 

The color, yield (g, %), m.p. (ºC), Rf value, elemental analysis and IR (KBr, cm
-1

) data of the 

complexes are given as follows: 

 

4a: dark brown powder, yield (0.1458g g, 41%), >200ºC, 0.78, Anal. Calc. for 

C10H14N3O3SCuCl (355.46 g mol
-1

): C, 33.80; H, 3.97; N, 11.83; S, 9.02, Cu, 17.89; found: 

C, 33.86; H, 3.94; N, 11.88; S, 8.98, Cu, 17.95. IR (cm
-1

): υ(NH) 3418, 1353, 641, υ(N-N) 

1018, υ(C=N) 1584, 1504, 466, υ(C=S) 873. 

 

4b: dark brown powder, yield (0.1298g, 32%), >200ºC, 0.76, Anal. Calc. for 

C10H14N3O3SCuBr (399.69 g mol
-1

): C, 30.05; H, 3.53; N, 10.51; S, 8.02; Cu, 15.90; found: 

C, 30.10; H, 3.50; N, 10.56; S, 7.98; Cu, 15.95. IR(cm
-1

): υ(NH) 3382, 1353, 641, υ(N-N) 

1021, υ(C=N) 1585, 1505, 464, υ(C=S) 873.  

 

5a: dark brown powder, yield (0.1654g, 53%), >200ºC, 0.79, Anal. Calc. for C8H10N3O4CuCl 

(311.27 g mol
-1

): C 30.88; H, 3.24; N, 13.50; O, 20.57, Cu, 20.42; found: C 30.94; H, 3.21; 

N, 13.54; O, 20.56, Cu, 20.47. IR (cm
-1

): υ(NH) 3420, 1367, υ(N-N) 974, υ(C=N) 1556, 

1538, υ(C=O) 1603. 

 

5b: dark brown powder, yield (0.1255g, 35%), >200ºC, 0.91, Anal. Calc. for C8H10N3O4CuBr 

(335.63g mol
-1

): C, 27.02; H, 2.83; N, 11.82; O, 18.00, Cu, 17.87; found: C, 27.08; H, 2.80; 

N, 11.85; O, 18.05, Cu, 17.92. IR(cm
-1

): υ(OH) 3311, υ(NH) 3417, 1394, 676, υ(N-N) 972, 

υ(C=N) 1556, 1538, υ(C=O) 1614.  
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RESULTS AND DISCUSSION 

The synthesized L
4
, L

5
, 4a-b, 5a-b were checked by comparing the TLC with the starting 

materials, which resulted in a single spot different from the starting materials. The synthesis 

achieved high yields. The structure of synthesized compounds (Fig. 2) was confirmed on the 

basis of elemental analyses, IR, 
1
H NMR and 

13
C NMR spectral data. 
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Fig. 2: Structures of Schiff bases and their copper (II) complexes 

 

Infrared Spectra and Coordination Mode  

The IR data of the spectra of complexes were compared with those of the free ligands L
4
, L

5
 

in order to determine the coordination sites that may be involved in chelation. There were 

some guide peaks in the spectra of the ligands, which were helpful in achieving this goal. The 

position and/or the intensities of these peaks are expected to change upon chelation. New 

peaks are also guide peaks, as is water, in chelation. Upon comparison, it was determined that 

the υ(C=N) stretching vibration is found in the free ligands at 1555 and 1588 cm
−1

 for the L
4
 

and L
5 

ligands, respectively. This band was shifted to higher or lower wavenumbers in the 

complexes, indicating the participation of the azomethine nitrogen in coordination 

Cu←N=C).
[28]

 

 

The phenolic ʋ(C–O) stretching vibrations in the free L
4
 and L

5
 is observed at 1120 and 1123 

cm
−1

, respectively, which is shifted by 6–8 cm
−1

 towards higher or lower wave numbers in 

the complexes. The phenolic ʋ(O-H) at 3311 and 3329 cm
-1 

in free L
4
 and L

5
 respectively, 

Which disappeared in copper complexes, indicating coordination of the phenolic oxygen to 

the Cu
2+

 ion. The complexes 5a and 5b exhibited in the region at 3420 and 3311cm
-1
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respectively, which indicated the presence of one non-chelated phenolic hydroxyl group. The 

band appeared in the region 829 cm
–1 

and 1666 cm
–1 

  in the ligands spectra, were assigned to 

stretching vibration modes ʋC=S and ʋC=O, respectively. This band was shifted to higher 

and lower wavenumbers in the complexes 4a-b and 5a-b, indicating the participation of the 

thiocarbonyl sulfur atom (C=S) and carbonyl oxygen atom (C=O) in coordination (M←X, 

X=S, O) respectively. 

 
1
H-NMR and 

13
C-NMR spectra 

A review of the literature revealed that NMR spectroscopy has been proven to be useful in 

establishing the nature and structure of many Schiff bases, as well as their complexes in 

solutions. The NMR spectra of Schiff bases were recorded in d6-dimethylsulfoxide (DMSO-

d6) solution, using tetramethylsilane (TMS) as internal standard. The 
1
H-NMR spectra of L

4
 

and L
5
 showed a low field one proton singlet at 11.28 and 10.09 ppm (1H) due to the –CH=N 

respectively. The O–H proton signal is observed at 9.17 ppm (1H) in L
4
, 9.71 (1H) and 9.29 

(1H) ppm in L
5
. The methyl protons signal are observed as a doublet at 3.01 ppm (3H) and 

singlet at 3.88, 3.82 (3H) due to N-CH3 and O-CH3 protons in L
4
 respectively.  

 

The 
13

C-NMR spectra of L
4
 and L

5
 showed a singlet at 149.46 and 156.79 ppm due to the 

C=S in L
4 

and C=O in L
5 

respectively. The –CH=N peak observed at 146.64 ppm in L
4 

and 

146.88 ppm in L
5
. The two singlets observed at 55.66 and 30.74 ppm due to N-CH3 and O-

CH3 protons in L
4
 respectively.  

 

Anti-microbial Screening 

The anti-bacterial and anti-fungal activity of L
4
, L

5
 and their copper (II) complexes (4a-b, 

5a-b) were tested and the zone of inhibition calculated (Table 1) as described earlier.
[27]

 

 

Table 1: Anti-microbial activity of L
4
, L

5
 and their copper (II) complexes 

Ligand/ 

Complex 

Inhibition zone (mm) 

Antibacterial activity Antifungal activity 

B. subtilis E. coli S. paratyphi S. aureus A. niger C. albicans 

L
4
 10 17 11 11 15 12 

4a 12 17 10 12 18 20 

4b 15 16 10 16 14 18 

L
5
 13 12 12 11 14 10 

5a 12 15 10 11 14 12 

5b 12 14 11 12 19 26 

Ciprofloxacin 28 25 25 33 - - 

Clotrimazole - - - - 32 38 
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All the new copper (II) complexes showed a remarkable biological activity against bacteria 

and fungus. From the results it is clear that the copper (II) complexes are found to have good 

biological activity than the parent ligands (Graph 1 and Graph 2).  

 

Graph 1: Antibacterial activity of Schiff bases and their copper (II) complexes 

 

 

Graph 2: Antifungal activity of Schiff bases and their copper (II) complexes 

 

CONCLUSION 

The approach of the present study was to synthesize two Schiff base tridentate ligands, their 

copper (II) complexes and evaluate the anti-bacterial and anti-fungal activities. The results 

generated in this study lead to the following conclusions. (i) Tested complex 4b was found to 

possess good anti-bacterial activity against Bacillus subtilis and Staphylococcus aureus. 

While the complex 5a and 5b were found to possess good anti-bacterial activity against 

Escherichia coli. (ii) Tested complex 4a and 5b were found to possess good anti-fungal 
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activity against Aspergillus niger. While the complex 4a, 4b and 5b were found to possess 

very good anti-bacterial activity against Candida albicans.  

 

As the copper (II) complexes possess wide spectrum of activities, the synthesized compounds 

lead to a promising tool for extrapolating the biological activities. 
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