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1. INTRODUCTION 

Metal complexes of Nitrogen chelating ligands have 

attracted considerable attention because of their 

interesting physicochemical properties and pronounced 

biological activities. The Nitrogen atoms play a key role 

in the coordination of metals at the active sites of 

numerous metallo bimolecules. 2-hydroxyacetophenone 

is a natural product found in Carissa spinarum, 

Scutellaria baicalensis, and Carissa edulis. It is used to 

treat bellyaches and also used in spicery.
[1]

 Schiff bases 

containing 2-hydroxyacetophenone possesses antifungal, 

antibacterial properties
[2]

 and it acts as a weak inhibitor 

of tyrosinase, display both antimutagenic and 

comutagenic properties in Escherichia coli.
[3]

 2-Amino-

2-Methyl-1-Propanol is an organic compound.It is 

colorless liquid that is classified as an alkanolamine. It is 

a useful buffer and a precursor to numerous other organic 

compounds. 2-Amino-2-methyl-1- propanol is used for 

the preparation of buffer solutions. It is a component of 

the drugs ambuphylline and pamabrom. It is also used 

in cosmetics. Compounds containing Amine and Amide 

derivatives were used as antifungal
[4,5]

, anti 

inflammatory
[6]

, antiHIV
[7]

, anticancer
[8]

, anticarbonic 

anhydrase
[9]

, diuretic, hypoglycaemic
[10]

, antithyroid
[11]

, 

antimalarial and in therapeutic fields. In view of the 

pronounced biological activities of these compounds, we 

report herein the synthesis and characterization of mixed 

ligand complexes of Cu(II) and Co(II) derived from 2-

Amino-2-Methyl-1-Propanol with 2-hydroxy 

acetophenone (OHAP). The biological screening of free 

ligands and their complexes against different bacteria. 

 

2. MATERIALS AND METHODS 

2.1. Instrumentation 

The percentage compositions of the elements (CHNO) 

for the compounds were determined using an element 

analyzer CHNO model Fison EA 1108.The Infra red 

spectra were recorded as potassium bromide (KBr) discs 

using a JASCO FT/IR-5300. The 1H (400Hz) nuclear 

magnetic resonanance spectra were recorded using the 

ACF200 Broker Germany Spectrometer. Ultraviolet 

Spectra were recorded using Prekin-Elmer lab India UV-

Vis Spectrometer. The Electron spin reasonce spectra 

were recorded using the JES-FA Series and TG-DTA 
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spectra were recorded using the SPTQ600 PA, Thermo 

gravimetric analyses of the metal complexes were carried 

out by using the Perkin Elmer system in thermal analysis 

centre Stick Cochin. Melting points were measured on a 

unimelt capillary melting point apparatus. All materials 

used in this investigation were purchased from 

Sigma/Aldrich and AR (Merck). Solvents used were of 

reagent grade and purified before use by the standard 

methods. 

 

2.2. Preparation of the ligand and its metal 

complexes 

2.2.1. Preparation of 2-Amino-2-Methyl-1-Propanol 

and O-Hydroxy Acetophenone Schiff base 

(OHAPAMP): 

2-Amino-2-Methyl-1-Propanol 4.22g(0.02mole)and O-

Hydroxy Acetophenone 2.442g (0.02mole) were 

dissolved in 50ml of methanol were taken in 250ml 

borosil reflection flask and few drops of con H2So4. The 

mixture was refluxed for 3 hour on water bath and then 

cooled to room temperature, pale yellow colored sharp 

needles were separated out and washed with methanol 

and dried in vacuum desiccators over CaCl2 anhydrous. 

 

 

 

 

 

 

 

 

 

 

 
 

2.2.2. Preparation of 2-Amino-2-Methyl-1-Propanol 

and O-Hydroxy Acetophenone Schiff base 

(OHAPAMP) Metal complexes 

For the Preparation of Cu(II) and Co(II) metal chloride 

salts were used. Dissolve 3.1532g(0.01 Mole)of newly 

synthesized ligand in adequate of methanol. To this 

solution, aqueous solution of 1.3434 g(0.01Mole) 

and1.718g (0.01Mole) metal chlorides, and 1 ml of 

Sodium acetate. The mixture was refluxed for 6hours in 

a water bath and then cooled to room temperature, light 

green colored, light yellow colored sharp needles were 

separated out. The coloured metal complexes were 

washed with water and then methanol, and were 

recrystalised from ether and dried in vacuum dessicator 

over CaCl2 anhydrous. The elemental analysis was 

carried out for the newly synthesized ligand metal 

complexes. The prepared metal complexes were in 1:2 

ratio. Ligands and metal complexes analytical data was 

tabulated in Table-1. 

 

Table 1: Analytical data of the ligand and their metal complexes. 

 

Complex 
OHAPAMP Cu(OHAPAMP)2X2 Co(OHAPAMP)2X2 

Molecular weight 207.29 514.13 509.51 
Co lour pale yellow Light green Light brown 
Yield 68 70 72 
M.P 232-234 282-284 260-262 

Elemental 
Analysis 

C % 
Calculated 69.52 56.01 56.52 
Found 68.44 56.48 56.04 

H% 
Calculated 8.2 7.39 7.45 
Found 8.84 7.42 7.32 

N % 
Calculated 6.75 5.45 5.49 
Found 7.24 5.68 5.64 

O% 
Calculated 5.079 8.764 8.342 
Found 4.999 8.223 8.001 

M% 
Calculated - 12.36 11.56 
Found - 12.14 11.24 
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3. RESULTAND DISCUSSION 

3.1. Infrared spectral analysis 

Infrared spectra were recorded with a JASCO FT/IR-

5300 Spectrometer (4000-400cm
-
1) using KBr pellets. 

By utilizing this spectroscopy, the presence of important 

functional groups in the compound can be identified. 

Table.2 through light on the observation made in 

analyzing IR spectra of ligand and metal complexes. The 

typical IR spectra are presented in the Fig.1, 2 and 3. 

 

 
Fig. 1: IR Spectrum of OHAPAMP Ligand. 

 

 
Fig. 2: IR Spectrum of Cu(OHAPAMP)2 complex. 

 

 
Fig. 3: IR Spectrum of Co (OHAPAMP)2 complex. 
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3.1.1. Interpretation of OHAPAMP and Cu(II) and 

Co(II)complexes 

The Infrared spectrum of the ligand was compared with 

the spectra of Cu(II) and Co(II) complexes. The data was 

summarized in table along their assignment. The typical 

IR spectra were shown in Fig.1, 2 and 3. The IR 

spectrum of the ligand has shows broad band at 1648 cm
-

1[14]
, which was assigned to due υC=N stretching of 

azomethine group. In complexes this band was shifted to 

lower regions, 1615 cm
-
1 and 1612 cm

-1
.
[15]

 for Cu(II) 

and Co(II) complexes respectively, suggesting the 

involvement of azomethine group(>C=N) group in 

complexation. This was due to the reduction of electron 

density on Nitrogen. There by indicating the 

coordination of the metal in through the nitrogen atoms. 

 

The IR spectra of metal chelates shows the 

disappearance of the υ(OH)
[16]

 bond at 3413 cm
-1

. It 

indicates the proton displacement from the phenolic 

(OH) group on complexation. Thus bonding of the metal 

ions to the ligands under investigation takes place 

through a covalent link with oxygen of the phenolic 

group. The IR spectra of Cu(II) and Co(II) metal 

complexes exhibit a broad band
[17]

 around3402 cm
-
1and 

3394 cm
-1

 respectively, which can be assigned to υ(OH) 

of water molecules associated with complex formation. 

New bands were observed in the complexes, which were 

not observed in ligand. The bands at 610 cm
-1 

and 535 

cm
-1

 were assigned to stretching frequencies of (M-O), 

the band at 476cm
-
1and 502cm

-1[18] 
were assigned to the 

stretching frequencies (M-N) respectively.
[19-21]

 

Table 2: The important IR bands of the Ligand and Their Metal Complexes. 

Compound OH(Water) υOH (Phenolic) υ C=N υ N-H υ M-O υ M-N υ C-H 
OHAPAMP - 3407 1628 3315 - - 2958 
Cu(OHAPAMP)2 3402 - 1615 3303 610 476 2788 
Co(OHAPAMP)2 3394 - 1612 3386 535 502 2750 

 

3.2. NMR Spectrum of OHAPAMP Ligand and its 

Metal complexes 

The 
1
H NMR spectra of ligand and metal complexes in 

DMSO-d6 as solvet. The chemical shift values of the 

ligand and metal complexes were shown in Table-3. 

Ligand shows singlet at 2.34ppm
[21]

, which is due to 

protons bonded to Schiff base group. Another singlet is 

observed at4.52ppm due to the hydroxyl proton of 

hydroxymethyl group. The aromatic ring protons form a 

multiplet at 6.60 - 7.80 ppm. Hydroxyl proton
[22]

 shows 

singlet at 12.24ppm is due to hydroxyl proton attached to 

the phenyl group. 

 

In the 1H NMR spectrums of the Cu (II) and Co (II) 

complexes the signal due to azomethine protons were 

shifted 2.34ppm to 2.42-2.48ppm respectively. This 

shifting indicates the deshielding of the azomethine 

group. In Cu(II) Complexes the aromatic ring protons 

that are seen in the 6.54-7.48 ppm become thin and more 

intense compared with the corresponding Schiff base. In 

Co(II) Complexes the aromatic ring protons that are seen 

in the 6.84-8.20 ppm
[22]

 become broad and less intense 

compared with the corresponding Schiff base. The 

following complexation to the metal ion3.42ppm, 

3.28ppm inthe case of Cu(II) and Co (II) complexes 

indicates the complexation of water molecules by 

coordination with metal ion. 

 

 

 

Table 3: 
1
H NMR Spectrum of the ligands and its metal complexes in DMSO-d6 in ppm. 

Compound H3C-C=N Ar-H Ar-OH H-OR 
OHBP 2.34 6.60-7.80 12.24 4.52 
Cu(OHAPAMP)2 2.42 6.54-7.48 - 4.58 
Co(OHAPAMP)2 2.48 6.84-8.20 - 4.54 

 

3.3. Conductivity measurements 

The molar conductance of complexes in DMF (~10
-3

 M) 

was determined at 27+20C using Systronic 303 direct 

reading conductivity bridge. A known amount of solid 

complexes is transferred into 25ml standard flask and 

dissolved in dimethyl formamide (DMF). The contents 

are made up to the mark with DMF. 

 

The complex solution is transferred into a clean and dry 

100ml beaker. The molar conductances of the complexes 

were less than 20 Ohm
-
1 cm

2
 mol

-1
 indicating the Non-

electrolytic
[23] 

nature. These values suggest non-

electrolytic nature of the present complexes. The molar 

conductance values of these metal complexes are given 

in the Table 4. 

Table 4: Conductance data for Metal-OHAPAMP Complexes: Cell constant: 1.00. 

S.No. Metal Complex 
Conductance 

Ohm-
1 

Specific Conductance 
Ohm

-
1 cm

-1 
Molar Conductance 

Ohm
-
1 cm2 mol

-1 
1. Cu(OHAPAMP)2 0.00018 x 10

-3 0.00018 x 10
-3 18 

2. Co(OHAPAMP)2 0.00012 x 10
-3 0.00012 x 10

-3 12 
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3.4. Electronic spectra 

In UV-Visible electromagnetic radiation, the transitions 

are associated with the electronic energy levels of the 

compound under investigation. The electronic spectra 

were recorded on a Thermo Spectronic Heylosa 

spectrophotometer. The transition metal ions occur in a 

variety of structural environments. Because of this the 

electronic structures are extremely varied. The electronic 

structures have been identified with UV-Visible 

spectroscopy OHAPAMP and its metal complexes: 

The electronic spectral of ligand and its metal complexes 

were given in the transitions were reported in the Table-

5. Ligand shows signal band at 292 nm
[24]

, assigned to π- 

π* transition. In complexes this band was shifted to 

higher wavelength regions. New bands were observed in 

the complexes at corresponding to the charge transfer 

transitions. In high concentration spectra of complexes d-

d transitions were observed in visible region. 

 

Table 5: Electronic spectral data Cu, Co-OHAPAMP Complexes. 

Complexes λmax of the complex in nm λmax of the ligand in nm 
Cu(OHAPAMP)2 328 292 
Co(OHAPAMP)2 319 292 

 

3.5. Magnetic susceptibility measurements of copper 

(II) and Cobalt (II) complexes 

The effective magnetic moment values for all the 

complexes are represented in the Table.7. Thereare 

considerable orbital contribution and effective magnetic 

moments for octahedral complex at room temperature. 

The magnetic moments of the present (OHAPAMP)2 Cu 

complex is 2.2 B.M. and the value is less than the spin 

only value, it shows reduced Para magnetism, which 

suggest the formation of low-spin complex
[25] 

having 

octahedral geometry. The magnetic moments of the 

present (OHAPAMP)2 Co complex is 3.2 B.M. and this 

value is less than the spin-only value, showing reduced 

paramagnetism
[26]

, which suggest the formation of low-

spin complex having octahedral geometry.  

Table 6: Magnetic moments of Cu, Co-OHAPAMP Complexes. 

S.No. 
Metal 

Complexes 
Effect. In B.M. 

Theoretical Observed 
1. Cu(OHAPAMP)2 2.4 2.2 
2. Co(OHAPAMP)2 3.4 3.2 

 

3.6. Thermal analysis 

The thermal studies of these complexes are carried out to 

know the stability of the complexes on thermal 

decomposition, as well as to know the different final 

products that are obtained in thermal decomposition 

having novel catalytic properties. 

 

3.6.1. Study of OHAPAMP and its Cu (II) and Co 

(II) metal complexes by TGA-DTA spectra 

Thermo analytical data of metal complexes were given in 

the Table.7. The Cu complexes are thermally stable upto 

1000
0
C. The first stage of the decomposition 

corresponding to endothermic dehydration
[27] 

of the 

complex and the two lattice water molecules are lost in 

the temperature range 120-315
0
C to give anhydrous 

complex.
[28] 

The second decomposition stage with two 

endothermic is known as stable intermediate formed 

around 460-595
0
C.

[29-30] 
Exothermic decomposition 

express to give the corresponding metal oxides as final 

decomposition product at a high temperature i.e. above 

595
0
C. The decomposition behavior of the complexes 

was observed in nitrogen atmosphere. All the 

experimental mass loss has shown Table.8. 

 

The Co complexes are thermally stable up to 1000
0
C. 

The first stage of the decomposition corresponding to 

exothermic dehydration of the complex and the two 

lattice water molecules are lost in the temperature range 

140-305
0
C to give anhydrous complexes. The second 

decomposition stage with two exothermic is known as 

stable intermediate formed between 495-580
0
C. 

Exothermic decomposition express to give the 

corresponding metal oxides as final decomposition 

product at a high temperature i.e. above 580
0
C. The 

decomposition behavior of the complexes was observed 

in nitrogen atmosphere. All the experimental mass loss 

has shown Table.8. At high temperatures, the 

corresponding metal oxides were formed, as stable 

products. All the experimental percentage mass loss was 

compared with the calculated weights. Based on thermal 

data it was shown that the stability order of the 

complexes was Cu (II)> Co (II). 
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Table 7: Thermal analytical data of the Ligand and their metal complexes. 

Complex 

X=H2O 
Molecular 

weight in gms 

Weight of the 
complex take 

in mgs 

Temperature 
Range during 

weight loss in 0C 
Probable assignment 

[Cu.L2.X2] 
L= C12H17No2 

514.13 11.120 
120-315 
460-595 

Above 595 

Loss of 2H2O molecule. 
Loss of two L molecules. 
Remaining residue 
Corresponds to CuO. 

[Co.L2.X2] 
L= C17H17No2 

509 10.230 
140-305 
495-580 

Above 580 

Loss of 2H2O molecule. 
Loss of two L molecules. 
Remaining residue 
Corresponds to CoO. 

 

4. ANTIBACTERIAL ACTIVITY 

Method Employed 

To prove the antibacterial activity of the ligand and metal 

complexes on bacteria, paper disc diffusion procedure 

was employed. 

 

Medium 

Nutrient agar medium was employed for the testing. 

Peptone (5g) was dissolved in a liter of distilled water. 

Beef extract (5g) was added to the peptone solution and 

agar (15g) was mixed. The contents were mixed 

thoroughly and the pH was adjusted to 7.4–7.6. The 

solution was sterilized in the autoclave for 10–15 

minutes at 15 Ibs. per sq. inch pressure, to prove the 

same. 

 

Testing Equipment 

Petri dishes, hot air oven, autoclave, sterilized pipettes, 

spreader, suitable Whatman filter paper and incubator. 

 

Organisms selected for testing: Escherichia coli, 

Klebsiella, 

Bacillus subtilis 

 

Maintenance and Sterility 

All the required apparatus was sterilized before use and 

every reasonable precaution was taken to avoid 

contamination throughout the operation. 

 

Procedure of Testing  

The solutions of the synthesized compounds were 

prepared at different concentrations viz 50ppm, 100ppm 

concentrations DMF solvent. Few sterilized filter paper 

(What man) discs soaked in the solvent were used for 

preparing test solution. These sterilized paper discs were 

soaked in the 5ml of the solution of known concentration 

of the corresponding test samples, for 2–3 minutes. 

Sufficient time was allowed for the solvent to evaporate 

from the paper discs. Sterilized nutrient agar 15–20ml 

was poured into Petri dishes under aseptic conditions. 

The bacterial culture was poured over the solidified 

surface of the nutrient agar in Petri dishes and spread 

evenly for uniform distribution with spreader. Paper 

discs soaked with the solution of known concentration of 

the desired test samples were placed under aseptic 

conditions at a distance in each Petri plates, containing 

known bacterial suspension. These Petridishes were 

labeled with the compound number and the incubated for 

24 hours at 25–30°C in incubator. After 24 hours of 

incubation each Petri plate was observed for bacterial 

growth. Later the zone of inhibition of bacterial growth 

in each Petri plate was measured. The discs soaked with 

the respective solvents of test solution were used as 

controls. The bacterial growth in the test Petri plates was 

compared with the growth in the controls. Then zone of 

inhibition of bacterial growth in the Petri plates under 

examination were measured. 

 

Experimental studies 

The author in this present investigation attempted to find 

out antibacterial activity of ligand and their metal 

complexes against Klebsiella pneumonia, Bacillus 

subtilis and Escherichia coli choosing serial paper disc 

method Table. 8. The results of the biological activity
[31]

 

of the metal complexes indicated the following facts. A 

comparative study of the ligand and their complexes 

indicates that the metal chelates exhibited higher 

antibacterial activity than that of the free ligand. The 

increase in the antibacterial activity of metal chelates 

was found due to the effect of metal ion on the metal 

chelates which could be explained on the basis of 

overtones concept and chelation theory. On chelation the 

polarity of the metal ion reduced to a greater extent due 

to the overlap of the ligand orbital and partial sharing of 

positive charges of metal ion with donor groups. 

 

It was further noted that the delocalization of electrons 

over the whole chelate ring enhanced the lipophillicity of 

the complexes. This increase dlipophillicity
[32]

 enhanced 

the penetration of the complexes into lipid membrane 

and blocking the metal sites on enzymes of 

microorganism. The zones of inhibition of the ligand 

metal complexes were in the Table.9. The activity was 

compared with zone of inhibition was measured in mm 

and reported in of Cu (II) and Co(II) Complexes of 

Schiff base is found to be more. 
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Table 8: Antibacterial Activity of the Metal complexes Total Area of Zone of clearance in mm. 

S.No. Compound Klebsiella pneumonia Bacillus subtilis Escherichia coli 
1 OHAPAMP 6 12 15 
2 Cu(OHAPAMP)2 8 17 18 
3 Co(OHAPAMP)2 10 16 17 

 

  
1. Klebsiella pneumonia, 2. Bacillus subtilis 

 
3. Escherichia coli 

Figure 4: Plate showing antibacterial activity of Schiffs base and its Metal complexes against. 

 

5. CONCLUSION 
The outcome of the above results confirms the 

stoichiometry of the complexes to be 1 : 2 [M: L] as 

indicated by elemental analysis and Conductometric 

measurements. IR spectra suggest that the ligand behaves 

as bidentate and coordinates to the central metal ion 

through azomethine nitrogen and phenolic –OH group. 

This has been further confirmed on the basis of NMR 

spectral studies. Thus, on the basis of above 

physicochemical and spectral studies the complexes are 

found to have higher biological activities as compared to 

the respective ligand and the parent drug that, somehow 

justifies the purpose of the research work. The present 

work will be further extended to the synthesis of metal 

complexes using other biologically active metals and 

evaluation of their biological activities. All the metal 

complexes carry on charge and are thermally stable. As 

such no single technique is independent of predicting 

final structures of the complexes. 
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