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Abstract 
Background: In the current years, there has been significant interest in the chemistry of transitional metal complexes of Schiff’s bases. The 
latter possess pharmacological activities such as antimicrobial, antimicrobial, antitubercular, antitubercular, antiviral and antimalarial. The aim 
of current study was to prepare a new ligand [3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]-phenylimino}-butan-2-oneoxime] (BTBPBO) from 
the reaction of 2-mercptobenzothiazole with 4,4-diaanilinemethane, then the  product of this step reacted with diacetyl monoxime.  
Methods: The complexes in question were prepared from reaction of ligand with transitional metal salts [Co(II), Cu(II), Ag(I), Cd(II) and 
Hg(II)] in the ethanol as solvent. In addition, the synthesized ligand (BTBPBO) and its complexes were characterized by using the physical 
and spectral methods to determine the stereo geometry and the structure of ligand and its complexes.  
Results and Conclusion: the results showed that the stereo geometries of the complexes are tetrahedral except Co (II), Cu (II) complexes 
were octahedral. The ligand (BTBPBO) and its metal complexes exhibited good antibacterial activities.   

Key words: Schiff’s bases, ligand, transional metals, stereogeometry, antibacterial activity, spectral methods.   

INTRODUCTION 
    In current years, there has been significant interest in the 
chemistry of transitional metal complexes of Schiff’s bases due to 
their activities as Fluorimetric Analytical Reagents, intermediates 
for synthesis of heterocyclic antimicrobial agents  and anti-
oxidant products [1,2]. 
      Schiff's base ligands have significant importance in chemistry, 
especially in the development of Schiff's base complexes, because 
they are possibly capable of forming stable complexes with metal 
ions and many of them also show excellent catalytic activity in 
different reactions at high temperature and in the presence of 
moisture [3].         
      A Schiff base (also known as imine or azomethine) is a 
nitrogen analogue of an aldehyde or ketone in which the carbonyl 
group (CO) has been replaced by an imine or azomethine group 
[4]. They have been found to possess pharmacological activities 
such as antimicrobial, antitubercular, antiviral and antimalarial 
[5,6].  
     Benzothiazole is  a heterocyclic compound, with molecular 
formula (C7H5NS), weak base and is one of the biologically active 
heterocyclic compounds formed by the benzene ring fused with 4, 
5 positions of thiazole rings. Benzothiazole Schiff's bases have a 
wide variety of applications in analytical, biological, inorganic, 
medicinal and pharmaceutical fields due to their biological 
activities like antioxidant, antifungal, anti-inflammatory, 
antimicrobial,  anticancer and cytotoxic activity [7-10]. 
     The aim of current study was to prepare a new ligand 
(BTBPBO), derived from benzothiazole, and its compounds with 
divalent transitional metal ions [Co(II), Cu(II), Ag(I), Cd(II), and 
Hg(II)] and characterizing them by spectra and physical methods 
with evaluation of their biological activities. 

MATERIALS AND METHODS 
Chemicals 
     All chemicals are provided  by B.D.H ,Sigma-Aldrich ,GCC 
companies. 
Measurements 
     FTIR Spectra in the range of 400-4000 cm-1 were recorded 
using FTIR 8400S Shimadzu Spectrophotometer (Japan), while 
1H,13C-NMR spectra of the ligand were recorded using Bruker 
model Ultrashild 300 MHz NMR. The solvent was DMSO-d6 and 
the internal reference TMS. The electronic spectra were measured 
on Shimadzu UV-Vis. model 1650PC in the range of 200-1000 

nm at room temperature using absolute ethanol as solvent. The 
molar conductance measurements were obtained from device of 
conductivity meter ER 214 in absolute ethanol solvent and 
concentration (1x10-3M) at room temperature. Melting points of 
all compounds were determined by the Stuart melting point, 
Balances-Magnetic Susceptibility, Model MSB-Mk-1, was used to 
determine magnetic moments effect for complexes. Flame atomic-
absorption spectrophotometer, Shimadzu AA-6300, was used to 
determine metal percentage in the complexes. The percentages of 
elements in the ligand and its complexes were measured using 
elemental analysis and recorded on instrument type EA-99.mth . 

Preparation of 4-(4-Amino-benzyl)-phenyl]-benzothiazol-2-yl-
amine (compound –A) 
     A solution of 1.67g (10 mmol) of 2-mercaptobenzothiazole 
dissolved in 25ml of absolute ethanol was added to 4,4-dianiline 
methane solution of 1.98g (10 mmol) and dissolved in 25ml of 
absolute ethanol with continuous stirring. The mixture was 
refluxed for 4h.The precipitate was collected and filtered after 
cooled at room temperature. The solid product was recrystallized 
from ethanol and dried (M.P= 123-125 oC, yield% = 74 %) . 

Synthesis of the 3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]-
phenylimino}-butan-2-one oxime (BTBPBO) ligand 
    Diacetyl monoxime (1.01 g; 10 mole) was dissolved in 25ml of 
absolute ethanol , and 2-3 drops of conc. HCl were added to this 
solution. A solution of 3.31g (10mmol) of ([4-(4-Amino-benzyl)-
phenyl]-benzothiazol-2-yl-amine) in 25ml ethanol and added to 
the above solution, refluxed for 4h, cooled and the crystals 
obtained were separated by filtration and recrystallized from 
ethanol. The precipitate was collected after dry (M.P.= 143-145 oC 
) (Yield% = 83%).     

Preparation of [Co (II), Cu (II), Ag (I), Cd (II), and Hg (II)] 
complexes  
     A solution of 0.415g (1mmole) of (BTBPBO) ligand in 15ml 
of ethanol added to 1mmole of the transition metal chloride 
solution in 5ml absolute ethanol (0.237gm, 0.171gm, 0.169gm, 
0.219gm, 0.271gm). Then, the mixture was refluxed with stirring 
for 2h, cooled, filtrated, dried and recrystallized by using absolute 
ethanol to obtain pure complexes. Table (1) showed elemental 
analysis and some physical properties of the ligand (BTBPBO) 
and its complexes. 
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Antibacterial activity 
     All the newly synthesized compounds were evaluated for in 
vitro antibacterial activity against gram positive (Staphylococcus 
aureus) and gram negative (Escherichia coli, Proteus vulgaris, 
Pseudomonas aeruginosa) bacteria. The test microorganisms were 
obtained from College of Biotechnology at AL –Qadisiyah 
University. All the newly synthesized compounds were weighed 
and dissolved in dimethylsulphoxide (DMSO) to prepare stock 
solution of 1000 microgram/milliliter (μg/mL) then diluted to 
prepare other  concentration 250 and 500μg /mL by disc diffusion 
method [18] using Mueller-Hinton agar (MH) (Difco, Detroit, MI) 
was employed as culture media. A volume of 100μL of compound 
solution prepared in DMSO (1%) was added in the cup under 
aseptic conditions with the help of micropipette. A volume of 
100μL of DMSO placed in one of the cups as a blank (negative 
control)  and After 24-48 h of incubation at 37 oC, the zones of 
inhibition were measured in mm. The activity was compared with 
a known antibiotic, Gentamycin . 
 

RESULTS AND DISCUSSION 
     A new ligand 3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]-
phenylimino}-butan-2-one oxime (BTBPBO) was prepared by 
reaction of 2-mercptobenzothiazole with 4,4-diaanilinemethane, 
then the product reacted with diacetyl monoxime. The complexes 
for this ligand were prepared from reaction metals chlorides of 
[Co (II), Cu (II), Ag (I), Cd (II), and Hg (II)] with (BTBPBO) 
ligand in ethanol as solvent. This ligand and its complexes were 
soluble in ethanol, methanol and DMSO. The molar ratio method 
was used to determine the metal to ligand ratio and showed that 
this ratio was (1:1). The physical properties and elemental 
analysis are shown in Table (1). 
1H and 13C-NMR spectra of the ligand (BTBPBO) 
    The 1H- NMR spectrum of the ligand (BTBPBO) were 
recorded using DMSO-d6 as a solvent and TMS as an internal 
reference at room temperature. The spectrum showed two singlet 
signals concentrated at (S, δ= 12.367ppm, 1H) and (S, δ= 
10.717ppm, 1H) which were due to two protons of hydroxyl of 
oxime group (-C=N-OH)  and amine group (-NH), respectively 
[11,12]. There were also multiple signals at the range (M, δ= 7.683-
7.709 ppm , 4H) of the benzothiazole ring protons [13]. Multiple 
signals were observed at (M, δ= 7.254 -7.396 ppm, 8H) due to the 
protons of the two phenyl rings [14]. The singlet signal located at 
(S, δ= 3.974 ppm , 2H) was due to the protons of the methylene 
group [15]; whereas the appearance of two singlet signals at (S, δ= 
2.297ppm , 3H) and (S, δ= 1.812ppm , 3H) indicated that there are 
protons of two methyl groups [16]. 
     A 13C-NMR spectrum of free ligand (BTBPBO), which was 
recorded using DMSO-d6 as a solvent and TMS as an internal 
reference at room temperature, showed several signals at the 
ranges (120.825 – 172.295 ppm), related to carbon atoms that 
belong to the benzothiazole ring [17]. The observed signals at 
(123.374 – 133.949 ppm) were due to the carbon atoms of the two 
phenyl rings [18]. The methylene group (-CH2-) showed a signal at 
(40.136ppm), also the two methyl groups (-CH3) showed two 
signals at (17.113, 26.970 ppm) [19], while the two signals at 
(153.190 ,156.659 ppm) were referred to the carbon atoms of the 
azomethine-oxime (-C=N ,-C=N-OH) [20]. 
 
Infra-red spectra 
The Infra-red spectrum of the ligand (BTBPBO) 
    The FTIR spectra were measured using the Shimadzu 8400S 
and KBR disks. The ligand spectrum showed the disappearance of 
the N-H group of the primary amine at (3325 and 3417 cm-1) and 
the appearance of a new band at 1635cm-1 which was due to the 
frequency of the azomethine group (C=N)(21). The bands of 
(OH),(NH) groups[22] is observed at the wave number (3309, 3186 
cm-1), respectively, while the bands at 3039 and 3072cm-1  and at 

833, 2893 and 2962cm-1 were attributed to υ(C-H) aromatic and 
aliphatic [23], while (C=Nimime), (C=Noxime) and  
(C=Nbenzothiazole ring) gave bands at 1635, 1586 and 1558cm-1 
[24,25]. The bands of (C=C aromatic) group [26] were concentrated 
at 1496 and 1537cm-1. 
The Infra-red spectra of the complexes 
     The spectra of the prepared complexes showed a shift in the 
frequencies of some groups in the free ligand spectrum compared 
to the spectra of the complexes at lower frequencies than in the 
free ligand. This is a strong evidence of consistency between 
ligand and transitional metal ions where complexes' spectra 
exhibited an occurrence shifted for frequency of (C = Nimine), (C 
= Noxime) groups by (15-23 cm-1) and (11-28 cm-1) toward lower 
frequencies compared with their frequency in the free ligand 
spectrum [27] . As such,  the frequency of the azomethine group (C 
= N) of benzothiazole ring[28] was reduced by about (6-14 cm-1) 
while NH group of the secondary amine [29] was also shifted to the 
lower frequencies compared to the free ligand spectrum by about 
(14-27cm-1). Another evidence of coordination and complexes 
formation is the appearance of new bands in complexes spectra at 
the region (418-512 cm-1) which were due to the stretching 
vibration of the υ (M-N) [30]. In addition, the new and broad bands 
at (3417, 3559, 3525 cm-1) indicating hydroxyl group of hydrate 
water molecules were shown in the cobalt (II), copper (II) and 
cadmium (II) complexes, respectively [31]. 
 
Electronic spectra 
     The electronic spectra of the ligand and all of its complexes 
were obtained in ethanol as solvent at room temperature and 
(1x10-5 and 1x10-3 M) concentration. The (BTBPBO) ligand 
spectrum showed peaks at 202 nm (49504 cm-1) and 238 nm 
(43103 cm-1) which were due to the π → π* transition of the 
phenyl and benzothiazole rings. The peak at 323 nm (30959 cm-1) 
refers to the n→ π* transition of azomethine groups [32]. 
     The Co(II) complex  spectrum showed peak at 335 nm (29850 
cm-1) referred to charge transfer while the absorption peaks at 572 
nm (17482 cm-1), 622 nm (16077 cm-1), 656nm (15243cm-1), 
indicated to (4T1g (F) → 4A2g (F) transition while the other two 
peaks referred to the transitions (4T1g (F) → 4T1g (P) and 4T1g (F) 
→ 4T2g (F), respectively [33]. These transitions referred to the 
octahedral geometry around the metallic ions. 
     A Cu(II) complex spectrum appeared absorption peak 
concentrated at 285nm (35087cm-1) which belonged to charge 
transfer.The absorption peak at 624nm (16025cm-1) which is 
attributed to the transition 2Eg → 2T2g which referred to distorted 
octahedral copper complexes [33]). 
     The electronic spectra of Ag(I), Cd(II) and Hg(II) were not 
important in determining the complex structure due to absence of 
d-d transitions in their spectra. The latter because the (d) orbitals 
were completely occupied in metal ions. 
     The above complex showed several peaks at 405, 409, 393 
(24691, 24449, 25445 cm-1). It referred to the charge transfer of 
the type (metal-ligand) [34]. 
 
Magnetic moment measurements 
     The values of the magnetic moment of the prepared complexes 
were measured at the laboratory temperature by using the Freaday 
method .The effective magnetic (μeff) values of the complexes are 
presented in Table (4). The magnetic effective moment of the 
Co(II) complex was 3.84 B.M. which corresponds to octahedral 
geometry. In addition, the magnetic moment of Cu(II) complex 
was 1.72B.M. which corresponds to octahedral geometry around 
Cu(II) ion while the magnetic moments of Ag(I), Cd(II) and 
Hg(II) complexes were zero due to the saturation of their orbitals. 
As a result, these complexes are diamagnetic with tetrahedral 
geometry [33,34]. 
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Scheme 1 Synthesis of the 3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]-phenylimino}-butan-2-one oxime (BTBPBO) ligand 

 
 

Table 1 Elemental analysis and some physical properties of the ligand (BTBPBO) and its metal complexes 

 
 

Table 2 The 1H-NMR and 13C-NMR spectral data of the synthesized ligands (BTBPBO) 
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Table 3 The important infrared spectral bands for the synthesized ligand (BTBPBO) and its complexes 

 
 
 

Table 4 Electronic spectra, Magnetic Moments and Molar conductivity of the ligand (BTBPBO) and its metal  complexes 
 

 
 

Table 5 Biological activity data (zone of inhibition in mm) of ligand (BTBPBO) and its metal complexes 
Corresponding effect on microorganisms 

Compounds Escherichia coli Pseudo P. vulgaris S. aureus 
250 
gm 500 gm 250 

gm 
500 
gm 250 gm 500 gm 250 gm 500 

gm 
8 10 11.5 15 9.5 14 18.5 22.5 )BTBPBO(Ligand 
11 13.5 8.5 11.5 11.5 14.5 7.5 10 [Co(BTBPBO)Cl2].H2O 
8 10.5 20.5 25.5 7.5 10.5 8 13 [Cu(BTBPBO)Cl2].H2O 
0 10 12.5 15.5 21 25.5 8 11 [Ag(BTBPBO)] NO3 
0 8.5 7.5 11 8 13 13 18 [Cd(BTBPBO)] Cl2.H2O 
15 29 19.5 25 20 25.5 15 30.5 [Hg(BTBPBO)] Cl2 

17 15 20 19 G 
G: Gentamycin 

Compounds λ 
(nm) 

υ- 

(cm-1) Transitions µeff 
(B.M) 

Λ 
(ohm-1.cm2. mole-

1) 
Geometry 

 )BTBPBOا
202 
238 
323 

49504 
43103 
30959 

π-π* 
π-π* 
n-π* 

 ــــــــ ــــــ ــــــــ

[Co(BTBPBO)Cl2].H2O 

335 
572 
622 
656 

29850 
17482 
16077 
15243 

Charge transfer 

4T1g →4A2g (F) 
4T1g →4T1g (P) 
4T1g →4T2g(F) 

3.84 
(Para.) 17.5 Octahedral 

[Cu(BTBPBO)Cl2].H2O 285 
624 

35087 
16025 

Charge transfer 

2Eg→2T2g 
1.72 

(Para.) 14.3 Octahedral 

[Ag(BTBPBO)] NO3 405 24691 Charge transfer(MLCT) 0.00 
(Dia.) 39.4 Tetrahedral 

[Cd(BTBPBO)] 
Cl2.H2O 409 24449 Charge transfer(MLCT) 0.00 

(Dia.) 79.4 Tetrahedral 

[Hg(BTBPBO)] Cl2 393 25445 Charge transfer(MLCT) 0.00 
(Dia.) 73.9 Tetrahedral 
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Figure 1: Statistical representations for biological activity of the synthesized ligand   and its metal complexes 

 
 

Molar conductance measurements 
     The molar conductivity of all the complexes was measured in 
the ethanol solvent at a concentration of 10-3 M and laboratory 
temperature. It was found that the conductivity measurements in 
the solvent correspond to the assumed formulas of the complexes. 
Copper and cobalt complexes showed conductivity values equal to 
17.5 and 14.3 ohm-1cm2mole-1, respectively, indicating that these 
complexes have non-ionic characteristics. On the other hand, the 
other complexes showed molar connectivity at the range (39.4-
79.4ohm-1cm2mole-1) which indicated that the silver complex has 
a 1:1 ionic properties while the cadmium and mercury complexes 
have an ionic ratio of 1: 2 [35]. 
 
Biological Activity  
      Figure 1 and Table (5) presents the maximum activity shown 
by mercury complex against S. aureus and it was more active than 
antibiotic (Gentamycin). In addition, it exerted good antibacterial 
activities against all other test bacteria. However, Co(II) and 
Cu(II) complexes at a concentration of 250mg/ml were not 
effective against  E.coli. All BTBPBO complexes have shown 
good antibacterial activity against all test bacteria at a 
concentration of 500 mg/ml.  

 
CONCLUSION 

     In current study, the new ligand was prepared by reacting 2-
mercaptobenzothiazole with 4,4-diaanilinemethane, then the 
product reacted with diacetyl monoxime. The ligand (BTBPBO) 
and its complexes with metals chlorides of [Co (II), Cu (II), Ag 
(I), Cd (II), and Hg (II)] were characterized by physical and 
spectral methods. The ligand coordinates with transitional metal 
ions through the nitrogen atoms of the azomethine group of imine, 
oxime and benzothiazole ring as well as the nitrogen atom of the 
secondary amine group which made the ligand behave as tetra-
dentate ligand. 
      From above results, the structures of the complexes are 
tetrahedral geometry, except Co(II) and Cu(II) complexes are 
octahedral geometry. Also, all BTBPBO complexes have 
produced good antibacterial activity against all test bacteria . 
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