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1. INTRODUCTION 

Quinazoline and its derivatives are widely known for 

their analgesic, antibacterial, antifungal, anti-convulsant, 

anti-inflammatory, anti-HIV, and anti-cancer activities, 

exhibited physiological and pharmacological interaction 

in targeting the receptors.
[1-4]

 Herein, we describe the 

synthesis and characterization of the quinazoline ligand, 

6-pyridyl-5,6dihydrobenzo[4,5]-imidao[1,2-C] 

quinazoline (I; N-N) and its reaction with cobalt, nickel 

and zinc halides and perchlorates. The synthesized ligand 

(I) was characterized by physical, spectral and single 

crystal x-ray structural analyses was reported.
[5] 
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Bacterial resistance capacity increases with existing 

drugs due to enzyme susceptibility in their cell wall, the 

biological studies such as antimicrobial activity. These 

derivatives possess antibacterial activities especially 

against the gram-positive strains and with few fungal 

species by their interaction with the components present 

in cell wall and DNA molecules present in the nucleus.
[6-

8] 
Substitution of halogen atoms at 2, 6 and 8 positions 

showed the anti-microbial activity in addition to the 

substitution of -CH3, -NH2 group at position 3 and Thiol 

group at position 2. These substitutions are essential for 

biological assay of antimicrobial activity.
[9]

 

 

2. MATERIALS AND METHODS 

Experimental 

Hydrated metal chlorides and metal bromides were 

procured from BDH. Metal iodide and hydrated 

perchlorates were prepared by dissolving metal 

carbonate in 1:1 or 1:2 aqueous hydroiodic acid and 

perchloric acid respectively and evaporating the resulting 

solution to almost dryness under reduced pressure. The 

N-heterocycle (I) was prepared following the procedure 

reported for related N- heterocycles.
[10-12] 

 

Measurements 

C, H and N analyses of the complexes were carried out 

on a Heracus Carlo Erba 1108 microanalyser. Metal 

content was determined using a Spectra AA-30 
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spectrophotometer equipped with a Varian DS-15 

computer. IR (nujol mull)  spectra of the complexes were 

recorded on Shimadzu IR-435. Magnetic moment 

measurements at room temperature were made using a 

Gouy balance with CuSO4.5H2O as the calibrant. 

Conductivity data were obtained using a Systronics –304 

conductivity bridge. NMR spectra were recorded in 

DMSO–d6 on AMX 400 MHz spectrometer using TMS 

as the internal standard at NMR Research centre I.I.Sc., 

Bangalore. TGA was carried out on a Mettler TAHE – 

20 thermal analyzer with a scan rate of 5 C min
-1

 in air. 

 

Preparation of the complexes 

CoX2L.nH2O (n = 1, X =  I;  n = 0, X = Cl or Br) 

To a solution of hydrated cobalt(II)halide (1 mmol) in 

absolute alcohol/acetone-triethyl orthoformate(teof) 

mixture (10 cm
3
), N-N (1 mmol) in absolute 

alcohol/acetone(10 cm
3
) was added. The solution was 

refluxed for 4 hrs when a brown solid separated. The 

solid was washed with absolute alcohol/acetone and 

dried in vacuo. Yield: 70-80%. 

 

[Co(OClO3)2(N-N)] 

To a solution of hydrated cobalt(II) perchlorate (1 mmol) 

in absolute alcohol-teof mixture (10 cm
3
), N-N (2 mmol) 

in absolute alcohol (10 cm
3
) was added. The solution 

was refluxed for 5 hrs when a yellow solid separated. 

The solid was washed with absolute alcohol and dried in 

vacuo. Yield: 80%. 

 

NiX2L.(H2O) (n = 1, X = Cl;  n = 0; X = I)  

To a solution of hydrated nickel(II) halide (1 mmol) in 

absolute alcohol-teof mixture (10 cm
3
), N-N (1 mmol) in 

absolute alcohol-teof mixture (10 cm
3
) was added. The 

solution was refluxed for 5 hrs when a yellow solid 

separated. The solid was washed with absolute alcohol-

teof and dried in vacuo. Yield: 80%. 

 

[Ni (N-N)2(OClO3)2].H2O 

To a solution of hydrated nickel(II) perchlorate (1 mmol) 

in absolute alcohol-teof mixture (10 cm
3
), N-N (2 mmol) 

in absolute alcohol (10 cm
3
) was added. The solution 

was refluxed for 5 hrs when a yellow solid separated. 

The solid was washed with absolute alcohol and dried in 

vacuo. Yield: 80%. 

 

[ZnCl2 (N-N)] 

To a solution of zinc(II) chloride (1 mmol) in ethanol-

teof mixture (10 cm
3
) was added slowly with stirring to 

10 cm
3
 of an ethanolic solution of the N-N (1 mmol) 

when a white precipitate separated out. The solid was 

washed with absolute alcohol and dried in vacuo. Yield: 

80%. 

 

[{Zn (OClO3) (N-N)1.5}ClO4]2 

To a solution of zinc(II) perchlorate (1 mmol) in ethanol 

(20 cm
3
) was added slowly with stirring an ethanolic 

solution (20 cm
3
) of N-N (2 mmol) when a white solid 

precipitated out instantaneously. The mixture was 

allowed to stand at room temperature for about 1 hr and 

then the precipitate was washed with ethanol and dried in 

vacuo. Yield: 60%. Physical properties and analytical 

data of the complexes are listed in Table 1.  

 

APPLICATION OF COMPLEXES 

Antimicrobial activity 

The most common methods were Agar well diffusion, 

Agar Plug diffusion, Cross streak, Poisoned food method 

and disk diffusion. Agar diffusion method was the best 

method to determine the Minimum Inhibitory 

Concentration (MIC) of antimicrobial substance.
[20-22] 

 

Preparation of Culture media
 

Nutrient Agar medium of composition Peptone (5 g), 

Beef extract (3 g) and Agar (15 g) in distilled water 

(1000 ml) at pH 6.8+ 0.2 was used for the growth of 

microbes.  

 

Standard drug 

Amoxicillin is Penicillin antibiotic used to treat various 

bacterial and fungal infections like skin, bronchitis, 

Tonsillitis, Pneumonia, Urinary tract infections etc.
[21]

 

 

Bacterial strains 

As per the literature survey, Mycobacterium Smegmatis, 

M-Tuberculosis, M-Bovis, BCG, E-Coli were used for 

microbial growth on Agar, supplemented with 

Glycerol.
[22]

 

 

Determination of Minimum Inhibitory Concentration 

(MIC) 

MIC is the lowest concentration that prevent bacterial 

visible growth. Series of dilution were carried out to get 

particular concentration. At this concentration, inhibitory 

activity was determined. According to the literature 

survey, Ciprofloxacin was used as a standard drug 

against streptococcus pyrogens, Staphylococcus aureus, 

Pseudomonas aeruginosa and E-coli.
[23-26]

 

 

Herein, we studied the antimicrobial activity against 

Bacillus Subtills, Staphylococcus aureus, Escherichia, 

Pseudomonas Vulgaris and antifungal activity against 

pathogenic fungi i.e. Aspergillus niger, Candida 

albicans, which had shown the zone of inhibition for the 

above complexes at the concentration 1000 mg/mL 

[Complex (10 mg) in DMSO (10 ml)].
[27-28]

 

 

Antibacterial Activity 

In-vitro antibacterial activity was examined for the 

complexes and Amoxicillin-500 as standard). 

Antibacterial activities of the complexes against Gram-

positive bacteria were investigated by the agar diffusion 

method. Further, the complexeswere used for the 

determination of zone of inhibition or sensitivity, against 

Staphylococcus aureus strain, Bacillus Subtillis, E-coli, 

Pseudomonas aeruginosa. 

 

The antibacterial activity was performed on nutrient agar 

medium. The nutrient agar medium was prepared, 

autoclaved at 121
0
C for 15 lbs, cooled and poured on 



Chaithra et al.                                                                European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 716 

sterilized petriplates and solidified. After solidification, 

the complex and standard drug were introduced in 

different wells. The petriplates were incubated at 37
0
C 

for 24 hours for the growth of bacteria. The zone of 

diameter was examined for the antibacterial activity
[29-31] 

(Table3). 

 

RESULTS AND DISCUSSION 

The solid state i.r. spectra of the complexes are 

comparable with those of the uncoordinated N-

heterocycle barring minor shifts in the positions of the 

peaks. The spectra of the complexes displayed peaks 

around 1535 and 1616 cm
-1

 due to C = C and C = N 

respectively and a peak at 3100 cm
-1

 due to the νNH 

vibration. The perchlorate complexes, in addition to the 

heterocycle peaks, showed additional peaks due to the 

perchlorate group. The perchlorate complexes of cobalt 

and nickel displayed split peaks around 1095 and 622 

cm
-1 

which are characteristic of coordinated perchlorate 

group. The [{Zn (OClO3) (N-N)1.5}ClO4]2 complex 

exhibited peaks at 1119 and 633 cm
-1

 due to ionic 

perchlorate groups.
[13] 

 

The room temperature magnetic moments of the 

complexes indicate the paramagnetic nature of the metal 

ions. The magnetic moments of the chloro, bromo and 

perchlorate complexes of Co(II) are in the range 4.0 – 

4.4 BM. The values are typical of tetrahedral geometry 

for the complexes. The [CoI(N-N)2]I complex has a 

magnetic moment of 4.9 BM and this is expected for a 

trigonal bipyramidal geometry. The μeff values of nickel 

(II) halo complexes are in the range 3.0 - 3.4 BM. The 

values are in the range expected for tetrahedral/square 

pyramidal geometry.
[14-16]

 The μeff value of  

[Ni(OClO3)2(N-N)2]H2O is 2.98 BM. The value is in the 

range expected for octahedral geometry. The electronic 

spectra of the complexes have been recorded in nujol 

mull.  The spectra of cobalt(II) complexes exhibited 

three multiple absorption bands around 4000, 8000 and 

16000 cm
-1

. The positions of the bands and their 

intensities suggest a tetrahedral geometry for the 

complexes. The bands are assigned to the transitions 
4
A2 

→ 
4
T2(F)( 1), 

4
T1(F)(2) and 

4
T1(P)(3) respectively. 

The electronic spectrum of [Ni(OClO3)2(N-N)2]H2O has 

displayed bands of low intensity at 8291, 11737 and 

28571 cm
-1

 and the bands are assigned respectively to the 

transitions 
3
A2g(F) →

3
T2g, 

3
T1g, 

3
T1g(P). The bands are 

split and the nature of splitting indicates that the 

tetrahedral structure is distorted. The ligand field (10 

Dq), the Racah (B', interelectronic repulsion) and 

nephelauxetic (β) parameters have been calculated for 

the complexes. The 10 Dq values for the halo complexes 

follow the known spectrochemical series order I < Br < 

Cl. The magnitude of B' in the complexes is considerably 

reduced relative to the free ion value (971 cm
-1

) 

indicating appreciable covalent character for the metal–

ligand bonds. 

 

 
 

Thermogravimetric analyses of the chloro complexes of 

cobalt, nickel and [Ni(OClO3)2(N-N)2]H2O revealed the 

presence of lattice water molecule, while the bromo 

complex of cobalt indicated the coordinated water 

molecule. The lattice water is lost below 100C, the 

coordinated water is lost above 100C (Table-2).
[17]  
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The 
1
H n.m.r. spectra of the N-heterocycle N-N, [ZnCl2 

(N-N)] and [{Zn(OClO3)(N-N)1.5}ClO4]2 have revealed 

that the proton resonances of quinazoline ring unit have 

undergone –ve coordination induced shifts (c.i.s  =  

complex - ligand) (upfield shift) on complexation while 

benzimidazole and pyridine ring units have undergone 

+ve c.i.s on complexation. The resonance due to NH of 

quinazoline unit is around 5.42 . On deuteration, this 

peak disappears confirming it is due to the proton of NH 

in the quinazoline unit. The spectra of the complexes 

have revealed the no resonances around 5.4 ppm 

indicated the disappearance of NH group in quinazoline 

unit. The resonance signal for the CH-proton of 

quinazoline group is around 7.72 ppm. According to 

Orellana et al,
[18] 

the c.i.s arise due to electron donation 

from the ligand to the metal via the  bond, metal 

electron -back donation to the ligands, Vander Waals 

interaction and magnetic anisotropy of ring currents.  

 

N-N--- [H – 7(7.64d), H – 8,9 (7.24m), H – 10 (7.32d), 

CH (7.72s), NH (5.4s), H-2' (7.16d), H-3' (7.06t), H – 

4'(6.80t) H – 5'(6.83d), H – 3'' (7.94d), H-4''(7.74t), H-

5''(7.30t), H-6''(8.4d)] 

 

[ZnCl2 (N-N)]--[H –7(7.66d), H – 8,9 (7.22m), H – 10 

(7.35d), CH (7.75s), NH (7.69s), H-2' (7.16d), H-3' 

(7.10t), H – 4'(6.80t) H – 5'(6.88d), H – 3'' (7.94d), H-

4''(7.77t), H-5''(7.30t), H-6''(8.45d)] 

 

[{Zn (OClO3) (N-N)1.5}ClO4]2 ---[H –7(7.65d), H – 8,9 

(7.22m), H – 10 (7.34d), CH (7.73s), NH (7.69s), H-2' 

(7.15d), H-3' (7.11t), H – 4'(6.80t) H – 5'(6.89d), H – 3'' 

(7.95d), H-4''(7.77t), H-5''(7.30t), H-6''(8.45d)] 

 

The
 13

C NMR spectrum of the N-heterocycle exhibits ten 

signals in the range of  110.0 – 158.4 and peak due to 

CH is at  68.50. The assignments of the signals are 

made with the aid of off-resonance decoupled spectrum 

of the heterocycle and literature reports. The resonances 

due to carbon atoms in the coordinated heterocycle are 

shifted upfield.  The coordination induced shifts, (c.i.s = 

complex - ligand).  The negative c.i.s may be 

attributed to greater metal-to-ligand -back donation, 

where as positive c.i.s to ligand–to–metal  -donation.
[19] 

  

N-N—[C-2 (158.4), C-3(112.1), C-4(133.0), C-7(123.9), 

C-8(122.0), C-9 (122.2), C-10(124.6), CH(68.5), C-

2'(110.4), C-3'(114.7), C-4'(118.1), C-5'(118.6), C-

6'(142.9), C-7'(143.8), C-2''(146.9), C-3''(137.4), C-

4''(120.2) C-5''(131.5), C-6''(149.64)] 

 

[ZnCl2 (N-N)]---[ C-2 (158.32), C-3(112.0), C-

4(132.99), C-7(123.94), C-8(122.1), C-9 (122.2), C-

10(124.7), CH(68.43), C-2'(110.4), C-3'(114.74), C-

4'(118.07), C-5'(118.56), C-6'(143.0), C-7'(143.7), C-

2''(146.9), C-3''(137.4), C-4''(120.22) C-5''(131.59), C-

6''(149.44)] 

 

[{Zn(OClO3)(N-N)1.5}ClO4]2-----[C-2(158.36), C-

3(112.08), C-4(133.05), C-7(123.92), C-8(122.103), C-9 

(122.18), C-10(124.76), CH(68.5), C-2'(110.39), C-

3'(114.75), C-4'(118.078), C-5'(118.57), C-6'(142.96), C-

7'(143.84), C-2''(146.9), C-3''(137.39), C-4''(120.22) C-

5''(131.54), C-6''(149.43)] 

 

Stereochemistry 

The analytical data, IR, NMR and electronic spectral 

results have indicated that the N-heterocycle is 

coordinated to the metal ion. The N-heterocycle is planar 

and can serve as chelating or bridging bidentate ligand. 

The complexes are proposed to have a tetrahedral 

geometry in which the N-heterocycle acts as a chelating 

bidentate ligand. The [CoI(N-N)2]I, [Ni(OClO3)2(N-

N)2]H2O complexes are proposed to have trigonal 

bipyramidal/ octahedral geometries respectively.
[13] 
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Zone of inhibition 
The zone of inhibition activity of the complexes was 

compared with Amoxicillin-500 (Fig 1-5) against 

Staphylococcus aureus and (Fig 6-10) against Bacillus 

subtillis.  

 

  
Fig 1: [CoCl2 (N-N)] H2O  Fig 2: [CoBr(N-N).H2O]Br 
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Fig3: [CoI(N-N)]I  Fig 4: [NiCl2 (N-N)]H2O 

 

  
Fig5: [NiI2 (N-N)]                              Fig 6:[Ni(OClO3)2(N-N)2] H2O 

 

  
Fig 7: [ZnCl2 (N-N)]  Fig 8: [{Zn (OClO3) (N-N)1.5}ClO4]2 

 

  
Fig 9:  [Co(OClO3)2 (N-N)]        Fig 10: (N-N) 

 

Table 3: Zone of diameter (antibacterial activity) of the complexes. 

Complex 
Zone of diameter 

(mm) at con. 150 mg 

Zone of diameter (mm) 

at conc. 250 mg 

Activity Index 

(%) 

[CoCl2 (N-N)] H2O 6 1 60 

[CoBr(N-N).H2O]Br 9 3 90 

[CoI(N-N)2]I 1.5 0 15 

[NiCl2 (N-N)]H2O 8 0 80 

[NiI2 (N-N)] 5 0 50 

[Ni(OClO3)2(N-N)2] H2O 0 0 -- 

[ZnCl2 (N-N)] 0 0 -- 

[{Zn (OClO3) (N-N)1.5}ClO4]2 7 2 70 

[Co(OClO3)2 (N-N)] 2 2 20 

(N-N) 3 2 30 

Antibiotic (Amoxicillin-500) 10 10 100 

 

%  
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Pseudomonas aeruginosa E-coli 

 

Results revealed that Staphylococcus aureus shown 

maximum inhibition zone. The gram-negative bacterial 

species E-Coli, Pseudomonas aeruginosa shown 

negligible zone of inhibition. 

 

Antifungal Activity 

In-vitro antifungal activity was examined for the 

complexes of cobalt and nickel using Amoxicillin-500 as 

standard. The antifungal activity of the complexes 

against Penicillium strain was investigated by the agar 

diffusion method. Further, the complexes were used for 

the determination of zone of inhibition or sensitivity.
[32-

35]
 

 
The antifungal activity was performed on nutrient agar 

medium. The nutrient agar medium was prepared using 

Sabouraud Dextrose Agar (SDA) and autoclaved at 

121
0
C for 15 lbs, cooled and poured on sterilized 

petriplates and solidified. After solidification, the 

complex and standard drug were introduced in different 

wells. The petriplates were incubated at 28
0
C for 72 

hours for the growth of fungi. The zone of diameter was 

examined for the antifungal activity (Table 4).
[36-38]

 

 

   

   
 

Table 4: Zone of diameter (antifungal activity) of the complexes.  

Sl No Complex 
a
 

Zone of diameter 

(mm) 

1 *[CoCl2 (N-N)] H2O 0 

2 [CoBr(N-N).H2O]Br 3 

3 *[CoI(N-N)]I 0 

4 [NiCl2 (N-N)]H2O 2 

5 [NiI2 (N-N)] 6 

6 (N-N) 2 

7 Antibiotic (Amoxicillin-500) 10 
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 The concentration of sample - 250 mg/ml 

 The concentration of Antibiotic- 100 mg/ml 

 * No zone of inhibition 
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