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Abstract  

Twelve metal complexes derived from ibuprofen, naproxen and paracetamol were synthesized using the 

following metal ions: Zn(II), Ni(II), Fe(II), Co(II), Cr(II) and Mn(II). Metallo-ibuprofen, paracetamol and 

naproxen complexes were investigated by spectral and physical techniques. The complexes were 

characterized by melting point, solubility, conductivity measurement, elemental analysis, UV-Visible, 

infrared and H1NMR spectroscopy. The complexes have higher melting point than their free ligands and 

the lower value of conductivity test showed that the complexes are non-electrolyte in nature. The 

spectroscopic data proposed that naproxen coordinated through oxygen of the carbonyl. Paracetamol 

ligands behaved as a neutral bi-dentate ligand coordinated to the metal ions via the lone pair of electrons 

of the nitrogen and carbonyl-O atoms of the amide group. On the other hand, ibuprofen ligand 

coordinated to the metal ions via the deprotonated carboxylate-O atom. From the micro-analytical data, 

the stoichiometry of the complexes reacts with Mn(II), Co(II), Fe(II) and Cu(II) by molar ratios (2:1) 

(drug: metal ion). All complexes were proposed to be octahedral geometry with ligands acting as bi-

dentate. 

Keywords:  Inflammatory drugs, spectroscopy, mixed ligand complexes, bi-dentate ligand.  

 
INTRODUCTION 

Inflammation is a multi–mediated response of 

tissue and cells to an injury agent involving 

physiological, morphological and biochemical 

changes. As inflammation, especially chronic 

inflammation diseases, affect the quality of 

patient’s life, extensive search for a new drug 

effective to treat inflammation other orthopedics 

has got added impetus. (Mohan et al., 2005). 

Most of the anti-inflammatory drugs, available 

today, reveal a high incidence of gastric 

irritation, apart from the effects on kidney, liver, 

bone marrow and skin. Therefore, there is a need 

for a non-steroidal anti-inflammatory drug 

(NSAIDs) effective in rheumatoid arthritis, 

osteoarthritis, gout and related diseases with 

reduce side effects as compared to the existing 

clinical effective drugs.  (Mohan et al., 2005). It 

is considered   as a primary physiologic defense 

mechanism that helps the body to protect itself 

against infection, burn, toxic chemicals, 

allergens or other noxious stimuli. An 

uncontrolled and persistent inflammation may 

act as an etiologic factor for many of these 

chronic illnesses (Sosa et al., 2002). Although it 

is a defense mechanism, the complex events and 

mediators involved the inflammatory reaction 

can induce, maintain or aggravate many diseases 

(Robbinet al., 2009). Currently used anti-

inflammation drugs are associated with some 

severe side effects. Therefore, the development 

of potent anti- inflammatory drugs with fewer 

side effects is necessary.  

Anti-inflammatory and analgesic 

relieves mild to moderate pain, reduces 

inflammation and fever. These agents are 

effective for somatic pain (e.g musculoskeletal 

pain in joints, muscle and headache). They are 

not effective in reducing discomfort from 

visceral organs(heart, liver and lung). All these 

analgesic and inflammation agents produce their 

therapeutic effects by inhibiting various 
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prostaglandins substances involved in 

development of pain and inflammation as well 

as regulation of body temperature. Due to 

extensive  use of analgesic and anti-

inflammatory agents, the toxicity and untoward  

effects do occurs many times especially when 

therapy of pain, inflammation and fevers involve 

use of higher dose for long period. The common 

organs involved are liver, kidney and GIT. It has 

been estimated that 1 in 5 chronic users (lasting 

over a long period of time) of non – steroidal 

anti – inflammatory drugs (NSAIDs) will 

develop gastric damage which can be silent 

(Rang et al., 1999). 

Anti-inflammatory effect is mainly due 

to their ability to inhibit the activities of 

Cyclooxygenases, enzymes thus, mediate the 

production of prostaglandins from arachidonic 

acid, a dietary fatty acid. Cyclooxygenase -2 

(COX -2) is the inducible form of the enzyme 

and is involved in inflammation. The widespread 

use of NSAIDs has meant that the adverse 

effects of these drugs have become increasingly 

prevalent. The two main adverse drug reaction 

(ADRs) associated with NSAIDs relate to 

gastrointestinal (GI) effect and renal effects of 

the agents. They have potent analgesic and anti-

inflammatory activity, inhibit transmission 

nociceptors and are indicated for prevention and 

treatment of joint oedema and inflammation, 

especially in the musculoskeletal system 

(Lascelleset al., 2007). 

 

MATERIAL AND METHODS  

Materials: 

All the chemicals (solvents and metal salts) that 

were used are analytical grade Sigma Aldrich 

products and obtained from Department of 

chemistry, University of Ilorin, Ilorin Nigeria. 

Metal salts of Zinc (II), Copper (II), Cobalt (II), 

Nickel (II) and Manganese (II) chloride hexa-

hydrate were used. The solvents used are: 

distilled water, ethanol, methanol, acetone, 

petroleum-ether, chloroform, diethyl ether, 

benzene, ethyl acetate, n-hexane and liquid 

paraffin. All the drugs used were obtained from 

Rajrab pharmaceutical company and Department 

of Chemistry, University of Ilorin. They include: 

Ibuprofen, Naproxen and paracetamol. 

GENERAL SYNTHESIS 

Synthesis of Anti-Inflammatory-Based Metal 

Complexes: 

The synthetic procedure described by Abdul El–

Wafset. al., (2004) was used in the synthesis of 

the metal complexes. The transition metal 

complexes anti-inflammatory- based ligands 

were prepared by mixing the respective metal 

salts with the anti- inflammatory drug, the 

resulting complexes was then filtered and 

washed repeatedly by appropriate solvent 

extractor and finally dried under vacuum over 

P2O5or CaCl2 desiccators. 

Synthesis of Mixed Ligand Complexes: 

The solution of anti-inflammatory drug was 

mixed before adding it to the metal salt solution. 

The mole ratio was varied. The temperature, 

colour change and effervescence [if any] was 

observed and recorded. The reaction mixture 

was refluxed with constant stirring for some 

hours. The coloured solid products formed in 

each case was then be fattened, washed, re-

crystallized from appropriate solvent and dried 

in a dessicator over CrCl2. (Abdul El–Wafset. 

al.,2004). 

 Synthesis of Mn2+ Complex of Ibuprofen: 

0.206 g (1 mmol) of Ibuprofen was dissolved in 

20 ml of ethanol. 0.194 g (0.5 mmol) of 

hydrated manganese chloride tetrahedrate in 20 

ml of ethanol were each measured and 

dissolved. The resulting mixture was refluxed 

for 3 hrs at 76 ˚C with constant stirring after 

which colorless solution was observed. The 

resulting solution was left few days for crystal 

growth.The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2. And finally characterized. 

(Abdul El–Wafset. al.,2004). 

Synthesis of Cu2+ Complex of Naproxen: 

0.230 g (1 mmol) of Naproxen was dissolved in 

20 ml of ethanol. 0.121 g (0.5 mmol) of 

hydrated copper nitrate in 20 ml of ethanol were 

each measured and dissolved. The resulting 
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mixture was refluxed for 3 hrs at 65 ˚C with 

constant stirring after which light green 

coloration was observed. The resulting solution 

was left few days for crystal growth.The 

precipitates formed was filtered, washed with 

appropriate solvents, dried in a dessicator over 

CrCl2. And finally characterized. (Abdul El–

Wafset. al.,2004). 

Synthesis of Synthesis of Cu2+ Complex of 

paracetamol: 

0.151 g (1 mmol) of paracetamol was dissolved 

in 20 ml of ethanol. 0.250 g (1 mmol) of 

hydrated copper sulphate in 20 ml of distilled 

water were each measured and dissolved. The 

resulting mixture was refluxed for 3 hrs at 65 ˚C 

with constant stirring after which blue coloration 

was observed. The resulting solution was left 

few days for crystal growth.The precipitates 

formed was filtered, washed with appropriate 

solvents, dried in a dessicator over CrCl2. And 

finally characterized. (Abdul El–Wafset. 

al.,2004). 

SYNTHESIS OF MIXED LIGAND 

COMPLEXES 

Synthesis of [Co(Np)(para)Cl2]: 

10 ml aqueous solution of cobalt chloride 

hydrate (0.240 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, mmol) in 

methanol and paracetamol(0.151 g, 1mmol) in 

10 ml of methanol. The resulting mixture was 

refluxed for 2 hrs at 70 ˚C with constant stirring 

after which purple coloration was observed.The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

Synthesis of [Fe(Np)(para)SO4: 

10 ml aqueous solution of Iron 

sulphateheptahydrate chloride hydrate (0.278 g) 

was mixed will 10 ml of aqueous solution of 

naproxen (0.230 g, 1 mmol) in methanol and 

paracetamol (0.151 g, 1mmol) in 10 ml of 

methanol. The resulting mixture was refluxed 

for 2 hrs at 70 ˚C with constant stirring after 

which brown coloration was observed. The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

Synthesis of [Mn(Np)(para)Cl2]: 

10 ml aqueous solution of Mangenese chloride 

tetrahydrate chloride hydrate (0.197 g) was 

mixed will 10 ml of aqueous solution of 

naproxen (0.230 g, 1 mmol) in methanol and 

paracetamol (0.151 g, 1 mmol) in 10 ml of 

methanol. The resulting mixture was refluxed 

for 2 hrs at 70 ˚C with constant stirring after 

which white coloration was observed.The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

Synthesis of [Cu(Np)(para)SO3]: 

10 ml aqueous solution of Copper sulphatepenta 

hydrate (0.249 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1 mmol) 

in methanol and paracetamol (0.151 g, 1 mmol) 

in 10 ml of methanol. The resulting mixture was 

refluxed for 2 hrs at 70 ˚C with constant stirring 

after which blue coloration was observed.The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

 

Synthesis of [Ni(Np)(Ibu)Cl2]: 

10 ml aqueous solution of Nickel chloride 

hexahydrate (0.237 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1 mmol) 

in methanol and ibuprofen (0.206 g, 1 mmol) in 

10 ml of methanol. The resulting mixture was 

refluxed for 2 hrs at 70 ˚C with constant stirring 

after which blue light green was observed.The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 
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dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

 

Synthesis of [Co(Np)(para)Cl2]: 

10 ml aqueous solution of iron Cobalt chloride 

hepta hydrate (0.230 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1 mmol) 

in methanol and paracetamol (0.151 g, 1 mmol) 

in 10 ml of methanol. The resulting mixture was 

refluxed for 2 hrs at 70 ˚C with constant stirring 

after which purple coloration was observed.The 

resulting solution was left few days for crystal 

growth. The precipitates formed was filtered, 

washed with appropriate solvents, dried in a 

dessicator over CrCl2 and finally characterized. 

(Abdul El–Wafset. al.,2004). 

 

Synthesis of [Zn(Np)(Ibu)Cl2]: 

10 ml aqueous solution of Zinc chloride hepta 

hydrate (0.244 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1 mmol) 

in methanol and ibuprofen(0.206 g, 1 mmol) in 

10 ml of methanol. The resulting mixture was 

refluxed for 2 hrsat 70 ˚C with constant stirring 

after which purple white colouration was 

observed.The resulting solution was left few 

days for crystal growth. The precipitates formed 

was filtered, washed with appropriate solvents, 

dried in a dessicator over CrCl2 and finally 

characterized. (Abdul El–Wafset. al.,2004). 

Synthesis of [Co(Np)(Ibu)SO4]: 

10 ml aqueous solution of cobalt sulphatehepta 

hydrate (0.281 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1 mmol) 

in methanol and ibuprofen (0.206 g, 1 mmol) in 

10 ml of methanol. The resulting mixture was 

refluxed for 2 hrs at 70 ˚C with constant stirring 

after which purple white coloration was 

observed.The resulting solution was left few 

days for crystal growth. The precipitates formed 

was filtered, washed with appropriate solvents, 

dried in a dessicator over CrCl2 and finally 

characterized. (Abdul El–Wafset. al.,2004). 

Synthesis of [Cu(Np)(para)NO3]: 

10 ml aqueous solution of copper nitrate hexa-

hydrate (0.187 g) was mixed will 10 ml of 

aqueous solution of naproxen (0.230 g, 1mmol) 

in methanol and paracetamol (0.151 g, 1mmol) 

in 10 ml of methanol. The resulting mixture was 

refluxed for 2hrs at 70 ˚C with constant stirring 

after which bluish white coloration was 

observed.The resulting solution was left few 

days for crystal growth. The precipitates formed 

was filtered, washed with appropriate solvents, 

dried in a dessicator over CrCl2and finally 

characterized. (Abdul El–Wafset. al.,2004).

PURIFICATION METHODS 

After the synthesis of the complexes, they would 

be purified using crystallization method and thin 

larger chromatography. 

 

Crystallization Method: 

 

The crystallization method depends on choice of 

a suitable solvent in which the sample or 

complexes is soluble while hot but insoluble in 

cold. When the complexes are dissolved in hot it 

is allowed to cool and the pure compound will 

crystallize from the solution. Mixture of solvents 

can also be used where no suitable single solvent 

is available and then the crystals are recovered 

by filtration. 

Thin-Layer Chromatography: 

 

The thin-layer chromatography (TLC) was done 

to ascertain the purity of malt salts, the ligands 

and the complexes (Pescoket. al.,1976). The 

TLC will be carried out using a TLC plate 

coated with silver gel. The solutions of the 

compounds in their respective solvents will be 

spotted on the TLC plate and view under the UV 

light. The retention factor (RF) will be calculated 

using the equation 

Retention Factor =  

Distance moved by solute sample 

 Distance moved by solvent    
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CHARACTERIZATION METHODS 

 

The following characterization techniques will 

be carried out on the metal salts, the ligands and 

the new complexes. 

 

Solubility Test: 

 

 The solubility of metal salts, ligands and the 

new complexes will be determined using 

distilled water, ethanol, methanol, chloroform, 

acetone, petroleum, ether, diethyl ether, n-

hexane, liquid paraffin and benzene at different 

temperatures (cold, warm, hot). The solubility 

test is done to know the medium in each of the 

samples will be dissolved for analysis and to 

determine changes in degree of solubility as a 

result of complexation. 

 

Melting Point Determination: 

 

The melting point of the ligands and the 

complexes will be determined using 

GallenKamp melting point apparatus, open 

capillary tube method and the conventional 

Liquid paraffin (Pescoket. al., 1976). 

 

Conductivity Test: 

 

The conductivity test were carried out with the 

solution of the metal salts, the ligands and the 

complexes. The conductivity of the compounds 

were determined at 250C using conduct meter, 

bridge. The solution of the metal salts, ligands 

and the complexes were prepared. The 

conductivity test was used to determine ions 

present in solution (Lee, 1965). 

 

Magnetic Susceptibility: 

 

The magnetic susceptibility test of the 

compounds was determined from measurement 

made from magnetic Guoy balance. The 

magnetic susceptibility test was carried out in 

any laboratory where available. 

 

Micro Elemental Analysis: 

 

The carbon and hydrogen content will be 

determined by using any available standard 

micro analytical instrument. 

The presence of chloride ion would be detected 

by using AgNO3 solution. The chloride content 

will be determined quantitatively by 

spectrophotometric method standardizedAgNO3 

solution. 

The atomic absorption spectroscopy would be 

used to determine the metal contents in the 

complexes. 

 

SPECTROSCOPIC STUDIES 

 

Infrared Spectra: 

 

The infrared spectra of the metal salts, the 

ligands and the complexes were obtained on any 

available infrared spectrophotometer. The IR 

spectrum was used to identify the functional 

groups present and point of co-ordination. 

 

UV/Visible Spectra: 

 

The UV/Visible spectra of the metal salts, the 

ligands and the complexes were obtained on any 

available UV/Visible spectrophotometer. The 

UV/Visible spectrum was used to know the 

transition and chromophore(s) present. 

 

Atomic Absorption Spectra: 

 

The atomic absorption spectra of the complexes 

will be obtained on any available atomic 

absorption spectrophotometer. The AAS 

spectrum is used to determine the percentage of 

the metal content and the ratio of ligands to 

metal used. 

 

X-Ray Crystallographic Studies: 

 

The x-ray crystallographic studies will be 

carried out only on complexes from which signal 

crystal can be obtained. This will be carried out 

in other laboratories where they are available. 
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RESULT AND DISCUSSION  

Results of Analytical and spectroscopic 

properties of mixed Analgesic metal complexes: 

Physical, analytical and thermal properties, 

NMR spectra, FTIR spectra, Solubility, IR, UV-

Visible, Melting point, conductivity test and 

elemental analysis results were summarized in 

Tables below. 

Results of Analytical and spectroscopic 

properties of mixed Analgesic metal complexes: 

The result of some physical properties and 

spectroscopic data of the ligands and its metal 

complexes are presented in table (1-10). 

Result of Solubility test for the drug metal complexes: 

 

Table I: Solubility test for the drug metal complexes 

 

Compound (s) D.water 

 

Ethanol Methanol Acetone water DMSO 

C H C H C H C H C H C H 

[Fe(Np)(para)Cl2] NS NS NS NS NS NS NS NS NS NS S S 

[Co(Np)(para)Cl2] NS NS NS NS NS NS NS NS NS NS S S 

[Ni(Np)(para)Cl2] NS SS NS SS NS NS NS NS NS NS S S 

[Mn(Np)(para)Cl2] SS NS SS NS SS SS SS SS SS SS S S 

[Cu(Np)(para)Cl2] NS NS NS NS NS NS NS NS NS NS S S 

[Co(Np)(Ibu)Cl2] NS SS NS NS NS NS NS NS NS NS S S 

[Ni(Np)(Ibu)Cl2] 

[Zn(Np)(Ibu)Cl2] 

[Ni(para)(Np)Cl2] 

 

NS 

NS 

NS 

NS 

NS 

SS 

SS 

NS 

NS 

SS 

NS 

NS 

SS 

NS 

NS 

SS 

SS 

NS 

SS 

NS 

NS 

SS 

SS 

NS 

SS 

NS 

SS 

SS 

SS 

NS 

 

SS 

SS 

SS 

S 

S 

S 

 

KEYS: 

C- Cold 

H-Hot 

NS- Not soluble 

SS- Sparingly soluble 

Result of physical properties of the ligands and its metal complexes: 

Table II: Analytical test for the ligands understudied 

Compound(s) Colour State  Melting pt (˚C) Conductivity (Ω-1 

cm2 mol-1) 

     

Naproxen White powdery 198.4 6.70 

Paracetamol White powdery 169.7 4.83 

Ibuprofen White powdery 77 9.08 
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Result of physical properties of the ligands and its metal complexes: 

Table III: Analytical data of mixed drug metal complexes 

Compound Colour Melting pt (˚C) % Yield Conductivity (Ω-1 

cm2 mol-1) 

     

[Fe(Np)(para)Cl2] Brownish 195 68 5.20 

[Co(Np)(para)Cl2] Purple 118.6 65 15.21 

[Ni(Np)(para)Cl2] Greenish 176.5 56 4.8 

[Mn(Np)(para)Cl2] Grey 191.0 68 9.2 

[Cu(Np)(Ibu)Cl2] Blue 194.7 78 7.10 

[Co(Np)(para)Cl2] Pale green 147.5 62 8.40 

[Ni(Np)(Ibu)Cl2] Greenish 184.9 65 20.21 

[Cu(Np)(para)NO3] Bluish 197.6 70 

 

13.41 

 

 

The colour of the complexes varied from 

brownish to greenish and bluish to pale green. 

The melting points of the Ibuprofen, Naproxen 

and Paracetamol complexes were higher than 

that of the free ligand, revealing that the 

complexes are much more stable than ligand. 

The molar conductivity values for the ibuprofen 

complexes in DMSO solvent 1.00×10-1mol were 

in the range 6.50-44.40 Ω-1 cm-1 mol-1, 

suggesting them to be non-electrolytes nature. 

Conductivity measurements have been 

frequently used in elucidation of structure of 

metal chelates (mode of coordination) within the 

limits of their solubility. They provide a method 

of testing the degree of ionization of the 

complexes, the molecular ions that a complex 

liberates in solution in case of presence of 

anions outside the coordination sphere, the 

higher will be its molar conductivity and vice 

versa [Vogel, T. 1989.]. It was clear from the 

conductivity data that the complexes present 

seem to be non-electrolytes. Ibuprofen 

complexes have conductance values in the range 

from 53-to-84 Ω-1 cm mol-1 at 25 ˚C, which 

indicates that the complexes were of a non-

electrolytic nature. The low conductivity values 

were in agreement with the low solubility of 

ibuprofen complexes in water, ethanol, 
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chloroform, acetone and most organic solvents. 

On the other hand, they were soluble in DMSO, 

dimethylformamide ‘DMF’ and concentrated 

acids. 

 

 

 

 

 

Result of Elemental analyses for drug metal complexes:  

Table IV: Analytical data of mixed ligand drug metal complexes 

Compound (s) Colour M.pt (˚C) Elemental analysis, theoretical and Actual result 

(%) 

        

   C H S N O 

Naproxen white 135 68.06 6.04 - 2.65 3.02 

Paracetamol white 199 46.40 4.51 10.31 18.04 20.31 

Ibuprofen white 78 75.62 8.73 - - 15.51 

[Ni(Np)(Ibu)Cl2] Purple  185.1 60.18 

(60.23) 

5.05 

(4.49) 

- 

- 

- 

- 

- 

- 

[Ni(Np)(para)Cl2] Green 108.5 65.75 

(64.15) 

6.13 

(5.46) 

- 

- 

17.35 

(17.40) 

- 

- 

 

The colour of the complexes varying 

from brownish to greenish and bluish to pale 

green. The melting points of the Ibuprofen, 

Naproxen and Paracetamol complexes were 

higher than that of the free ligand, revealing that 

the complexes are much more stable than ligand. 

The elemental analysis results waere 

summarized above. These results were in close 

agreement with the proposed formulae’s. 

 

Result of the spectroscopic properties of the ligands and its complexes: 

Selected IR data (cm-1) of the mixed metal 

complexes of paracetamol and Naproxen Non- 

steroidal anti-inflammatory drug are presented in 

table below. 

Table V: IR spectra (4000-400 cm-1) of Paracetamol, Naproxen and its metal complexes 

Compound(s) () 

 
(−) 

 
(C=O) 

 
(CNH) 

 
(COO) 

(sym) 

 

(COO) 

(sym) 

 

(M-L) 

 
(M-OH2) 

 

         

Naproxen - 3243br 1653m - 1508w 1482m - - 

Paracetamol 3328 - 1663s 1558m - - - - 

[Fe(Np)(para)Cl2] 3382m 3246br 1650m 1590m 1505m 1486w 564w 622m 

[Co(Np)(para)Cl2] 3379m 3240m 1660m 1581w - 1400m 561w 637m 

[Ni(Np)(para)Cl2] 3382m 3246w 1656w 1584w 1479s 1448w 570s 637m 
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The infrared assignmentof the ligands were 

compared with those of metal complexes. The 

infrared spectra data of the ligands and their 

metal complexes are in agreement with the 

expected range. They showed similar bands as 

expected. The strong band in the region 3328 to 

3050 cm-1 in Paracetamolspectrum assigned to 

ν(NH2) (Vogel, 1989; Fessenden and Fessenden, 

1990) also, it appeared as broad bands at 3243 

cm-1 in Ibuprofen ligand. The υ(C=O) stretching 

mode of the carboxylic acid group is observed at 

1653 cm-1. This band appears on deprotonation 

at higher frequency for the complexes of 

[Co(Np)(para)Cl2] and [Ni(Np)(para)Cl2], and in 

the Naproxen salt there are two new bands 

appear at υas(COO) 1508 cm- and(COO)υs1482 

cm-The similar band was observed in the metal 

complexes spectra at lower wavelength 

[Fe(Np)(para)Cl2] (1505 m cm-1) and in 

[Ni(Np)(para)Cl2] (1479 s cm-1) coupled with 

reduction in intensities. The shifting of this 

group to lower frequency when compared with 

the free ligands suggesting a coordination of 

Fe(II) and Ni(III) ion, respectively through 

nitrogen  and oxygen atom of the respective 

amine and carboxylate group (Farrell, 2003; 

Elzahanyet. al., 2008). Also, the nitriles group 

present in paracetamol with a shifting of bands 

from a lower frequency to longer bands in 

complexes of [Fe(Np)(para)Cl2] (1590 m cm -1) 

and [Ni(Np)(para)Cl2] (1584 w) reduction in 

intensity from medium to weak bands 

confirming the involvement of Nitrogen atom in 

coordination. The observations have been 

attributed to coordination of the vibrational 

group to the central metal ion (Nora, 2011).  

From the comparative IR spectra of Naproxen, 

ibuprofen and its complexes (Table V), it has 

been noticed a slight red shift of the stretching 

band of the hydroxyl group at 3243 br cm−1 in 

naproxen with a shift of bands to higher 

wavelength in all the complex formed. A slight 

blue shift of the in-plane bending band of the 

carbonyl group of the ibuprofen spectrum at 

1482–1770 cm−1 in the complexes spectra and 

the disappearance of the in-plane bending bands 

of COO at the positions at 1540 cm−1 and 1260 

cm−1. The disappearance of the symmetry 

stretching band and the in-plane bending band of 

the hydroxyl group, with respect to the 

asymmetry stretching moiety at positions 1482 

cm−1with increase in the value of  complexes 

ranging from 1489- 1448 w cm-1, confirmed 

involvement of carbonyl group in complexation. 

However, M→L bands which were found in the 

range of 500 to 780 cm-1 in the spectra of metal 

complexes were conspicuously absent in the 

spectra of the ligands (Obaleyeet al., 2001). 

 

 

Result of the Infrared spectra of mixed metal complexes of Naproxen and Paracetamol: 

Selected IR data (cm-1) of the mixed metal complexes of Naproxen andParacetamol 

Table VI: Selected  IR spectra (4000-400 cm-1) of Naproxen, Paracetamoland its metal complexes 

Compound(s) () 

 
(−) 

 
(C=O) 

 
(CNH) 

 
(COO) 

(sym) 

 

(COO) 

(sym) 

 

(M-L) 

 
(M-OH2) 

 

         

Naproxen - 3243br 1653m - 1508w 1482m - - 

Paracetamol 3328 - 1663s 1558m - - - - 

[Mn(Np)(para)Cl2] 3382m 3246br 1650m 1590m 1505m 1486w 564w 622m 

[Cu(Np)(para)Cl2] 3379m 3240m 1660m 1581w - 1400m 561w 637m 

 

The infrared spectra of the ligand 

complexes are presented in Table 6. The IR 

spectra of the free drug and its metal complexes 

were carefully compared and assigned on the 

114 



 
 

Science View Journal 
Volume 2, Issue 1, 2021                                                                                                         ISSN (Online): 2734-2638 

 

 

 

https://www.scienceviewjournal.org/ 
All rights reserved 

 

basis of comparison. The broad bands in the 

region of 3243 cm-1 and 3328cm-1 in the ligands 

showed a shift to higher wavelength in the 

spectra of the complexes. These differences may 

be due to interaction between the hydroxyl 

group in the naproxen and paracetamol, the 

symmetry and asymmetry stretching vibrations 

of the coordinated ion due the present of 

hydrogen bonding. The band around 1653 cm-1 

in the free ligand was conspicuously absent in 

complexes which suggests coordination at the 

region.  Also, the infrared spectra display strong 

band at 564 cm-1[Mn(Np)(para)Cl2]and 561cm-

1[Cu(Np)(para)Cl2] associated to M-L vibration. 

The water molecule present confirmed to be 

coordinated through metal ion.

 

Result of the Infrared spectra of mixed metal complexes of Naproxen and Ibuprofen:  

Table VII: IR spectra (4000-400 cm-1) of Ibuprofen,Naproxen and its metal complexes 

Compound(s) (C-O) 

 
(−) 

 
(C=O) 

 
(CNH) 

 
(COO) 

(sym) 

 

(COO) 

(sym) 

 

(M-L) 

 
(M-OH2) 

 

         

Naproxen 1220 3243br 1653s - 1511m 1467m - - 

Ibuprofen - 3110br 1723s - 1482m - - - 

[Co(Np)(Ibu)Cl2] 1216m 3378s 1644s - 1514s 1482s 564w 622m 

[Ni(Np)(Ibu)Cl2] 1223w 3379m 1729w 1581w 1511w 1489w 558s 637m 

[Mn(Np)(Ibu)Cl2] 1216w 3376s 1653s 1584w 1511w 1449s 570s 564m 

[Cu(Np)(Ibu)Cl2] 1261s 3236s 1653s - 1514m s 1449s 536s 637m 

 

 

Infrared spectrum of the two ligands 

was compared to the spectra of the metal 

complexes under-examination. It was observed 

the infrared spectra of Naproxen and ibuprofen 

was different from the prepared compound. The 

Naproxen possess three potential donor sites for 

coordination, why ibuprofen has only two donor 

group. The medium broad band in the range of 

3243 cm-1 was attributed to NH2 stretching 

vibration and 3110 cm-1 accounted to carbonyl 

group in ibuprofen moiety. The same band was 

observed in the metal complexes at lower 

wavelength [Co(Np)(Ibu)Cl2]], 

[Ni(Np)(Ibu)Cl2], [Mn(Np)(Ibu)Cl2] and 

[Cu(Np)(Ibu)Cl2]   (3376 cm-1) and 

[Co(Sul)(Ibu)Cl2] (3236 cm-1). The shift of band 

to lower wavelength when compared the free 

ligand in Naproxen and ibuprofen suggests a 

coordination of Co(II), Ni(II), (Mn(II) and 

Cu(II) ions, respectively through the oxygen of 

the hydroxylgroup in Naproxen and oxygen of 

carboxylic group of ibuprofen. Thus, this 

observation was confirmed by C-O bending 

vibration which appeared as strong band in all 

complexes understudied.  

The bands were observed to have shifted 

to lower frequencies in the metal complexes 

coupled with the reduction in intensity. The 

appearance of COO in- plane and out-plane 

symmetry in stretching in the position further 

supports the involvement of oxygen atom in 

complexation with metal ion under 

investigation. Also, the spectra band display 

strong absorption band at 564 cm-1 

[Ni(Sul)(Ibu)NO3], 1489 cm-1 [Ni(Np)(Ibu)Cl2], 

570 cm-1 [Mn(Np)(Ibu)Cl2]  and 536 cm-1 

[Cu(Np)(Ibu)Cl2] each of the coordination with 

centre metal ions. The band was absent in the 

spectrum of the free ligand. The appearance of 

M-L vibration further supports the involvement 

of nitrogen and oxygen in complexation. Other 

bands observed in the spectra of the ligands 

were also observed in the metal complexes with 

shifting in the position due to effect of the 
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complexation. The water molecules present 

confirmed to be coordinated through the (M-

OH2). 

 

 

 

Table VIII:1HNMR spectral data(δ,ppm) of the ligand and its complexes 

Compounds  O-H N-H -OCH2 -OCH3 C-CH3 CH-Aromatic 

       

Naproxen 11.0 (s) - 3.82 (s) - 1.63 (t) 7.18-7.90 (m) 

Paracetamol 5.25 (s) 7.23 (s) - 2.04 (s) - 6.93-7.45 (m) 

[Ni(Np)(para)Cl2] - 7.23 (t) 3.71 (q) 2.07 (s) 1.52 (d) 6.90 -7.40 (m) 

 

1H-NMR spectrum of the ligand (Nap) and 

paracetamol, showed the following 

characteristics chemical shifts (DMSO as 

solvent). In the 1H-NMR spectrum of Naproxen 

and paracetamol, the protons of hydroxyl (O-H) 

group have a sharp singlet at ~δ 11.0 –5.25; the 

methoxyl (–OCH2) proton has a singlet around δ 

3.82 and absent in the spectra of paracetamol. In 

case of the methoxy (-OCH3) protons, they 

exhibit a sharp singlet at δ 2.04 and the aromatic 

protons present in both paracetamol and 

naproxen appear at around δ 6.93-7.45 and 7.18-

7.90 as a multiplet. Sequentially all of these 

protons shift up-field in complexes; the 

methoxyl proton displays the highest shift δ 

0.22–0.32, whereas the methoxy protons shift 

the least ~δ 0.03. This occurs because of the 

lesser electron withdrawing capacity of metal 

ions in the complexes relative to that of the 

hydroxyl proton in the ligand. The hydrogen 

atom of the -OH group is absent in the metal 

complexes of 1H-NMR spectra (range of 10–

13 ppm). But there present a triplet signal 

around δ 7.23 for the nitrogen atom in primary 

amine in the complex of [Ni(Np)(para)Cl2] and 

doublet signal  ~δ 1.52 with a shift of intensity 

in peak. This data indicates coordination of 

hydroxyl and primary amine group is not 

protonated and the complexation reaction takes 

place 

 

 

Table IX:1HNMR spectral data(δ,ppm) of the ligand and its complexes 

Compounds  O-H -OCH2 C-CH3 CH-Aromatic 

     

Naproxen 11.0 (s) 3.82 (s) 1.63 (t) 7.18-7.90 (m) 

Ibuprofen 11.0 (s) 3.82 (s) 1.8 (m) 7.05-7.25 (m) 

[Ni(Np)(Ibu)Cl2] - 3.82 (q) 1.72 (m) 7.22 -7.77 (m) 
1H-NMR spectrum of the ligand (Naproxen) and 

Ibuprofen, showed the following characteristics 

chemical shifts (DMSO as solvent). In the 1H-

NMR spectrum of Naproxen and ibuprofen, the 

protons of hydroxyl (O-H) group have a sharp 

singlet at ~δ 11.0; the methoxyl (–OCH2) proton 

has a range from singlet-quartet around δ 3.82. 

In case of the methyl (C-CH3) protons, they 

exhibit a sharp triplet at δ 1.63 which was 

observed to shift to up field in the complex of 

Ni(II) and the aromatic protons present in both 

paracetamol and naproxen appear at around δ 

7.05-7.25 and 7.22 -7.77 (m)as a multiplet. 

Sequentially all of these protons shift upfield in 

complexes; the methyl proton displays the 

highest shift δ 0.21–0.30, whereas the methoxyl 

protons shift the least ~δ 0.01. This occurs 

because of the lesser electron withdrawing 

capacity of metal ions in the complexes relative 

to that of the hydroxyl proton in the ligand. The 

hydrogen atom of the -OH group is absent in the 

metal complexes of 1H-NMR spectra (range of 

10–13 ppm). But there present a triplet signal 

around δ 3.82 for the oxygen atom in hydroxyl 

in the complex of [Ni(Np)(Ibu)Cl2] and doublet 

signal  ~δ 1.52 with a shift of intensity in peak. 
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This data indicates coordination of hydroxyl and 

primary amine group is not protonated and the 

complexation reaction takes place. 

 

 

Result of UV-visible spectra of ligands and its metal complexes: 

Table X: UV- Visible spectra data of mixed metal complexes 

Compound(s) Wavelength Energy (cm-1) Assignment 

    

Naproxen 365 51839 n → π* 

Paracetamol 395 52109 n → π* 

Ibuprofen 386 51839 n → π* 

[Co(Np)(para)Cl2] 362 55276 3T1g(F)→3T1g(P) 

[Ni(Np)(para)Cl2] 386 51839 3A2g(F)→3T2g(F) 

[Fe(Np)(para)Cl2] 304 65822 π → π* 

[Co(Np)(para)Cl2] 304 65822 3T1g(F)→ 3T1g(P) 

[Mn(Np)(para)Cl2] 306 65392 π → π* 

[Cu(Np)(para)Cl2] 372 53790 4A2g → 2T1g (F) 

[Ni(Np)(Ibu)Cl2] 372 53790 4A2g → 2T1g (F) 

[Mn(Np)(Ibu)Cl2] 304 65822 π → π* 

[Cu(Np)(Ibu)Cl2] 370 54081 3A2g(F)→3T2g(F) 

The electronic spectra of Naproxen, Paracetamol 

and Ibuprofen(Table 10) showed three 

absorption bands at 51839, 52109 and 51839 

respectively.The bands were assigned to n → π* 

all for the ligands due to conjugation (Vogel, 

1989). However, these bands were observed in 

the metal complexes to have shifted to higher 

wavelength due to complexation (Ajibolaet al., 

1998). Extra bands observed in Mn(II), Co(II) 

and Ni(II) complexes were attributed to d-d 

transition. The intense green colour of Ni(II) 

complex showed the medium absorption bands 

at 51839 and 53790 due to the splitting of 

ground 3F term and the presence of the 3P term. 

The absorption bands were attributed to 

[Ni(Np)(para)Cl2] and [Ni(Np)(Ibu)Cl2] 

respectively. The broad peak absorption bands 

observed indicate large distortion from 

octahedral symmetry, as a result of which 

unsymmetrical bands were observed.The bands 

of [Co(Np)(para)Cl2], [Fe(Np)(para)Cl2] and 

[Co(Np)(para)Cl2 exhibit three different 

transition, one in the region 55276, -65822,  and 

65822 cm-1 which are tentatively assigned to 

3T1g(F)→ 3T1g(P), π → π* and 3T1g(F)→ 

3T1g(P), having low spin octahedral geometry, 

another at 65392 cm-1 is assigned to π → π* 

which in some cases not observed at all, but the 

fine structure arises due to symmetry. Sixth 

transition occurs at 53790, 53218 and 65822 cm-

1 is attributed to 4A2g → 2T1g (F), 3A2g(F)→ 

3T2g(F) and π → π* the more intense bands 

beyond 53790cm-1 are charge transfer bands. 

Thus, the complex could be distorted octahedral 

(Cotton and Wilkinson, 1985). The electronic 

spectra of Cu (II) complex displayed one 

absorption bands assigned to 3A2g(F)→ 3T2g(F) 

transitions. These bands are characteristics of 

high spin octahedral Cu(II) complex. 
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Proposed structures of mixed drug metal 

complexes: 

 

From the physical parameter and spectroscopic 

data of the mixed drug metal complexes, the 

following structures have been proposed for the 

mixed compounds formed. 

Proposed structure for Naproxen and 

paracetamol and its metal complexes: 

 
Where M = Cu, Ni, Mn and Co 

Proposed structure for Ibuprofen and 

paracetamol and its metal complexes: 

 

 

 

Where M = Cu, Ni, Mn and Co 

Proposed structure for Ibuprofen and 

naproxen and its metal complexes: 

 

 

 

 

Conclusion: 

Ibuprofen, paracetamol and naproxen are a very 

interesting ligand from point of view of its 

applications. It could form several complexes 

with metal (II) ions. The complexes with the 

empirical formulas: [Ni(Np)(para)Cl2], 

[Mn(Np)(Ibu)Cl2], [Ni(Np)(para)Cl2], 

[Cu(Np)(para)Cl2], [Zn(Np)(para)SO4], 

[Mn(Np)(para)Cl2], [Mn(Np)(para)Cl2] and 

[Fe(Np)(para)So4] were prepared as a solid 

compounds. The structures of the complexes of 

Ibu, Par and Np with Mn(II), Co(II), Fe(III) and 

Cu(II) have been confirmed from the elemental 

analysis, FT-IR and 1H-NMR specctroscopy. 

Thus, from the FTIR spectrum, it is concluded 
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that both Ibu and Par behave as a monobasic bi-

dentate ligand coordinated while naproxen acts 

as bi-dentate to the metal ion. 

From the data analysis obtained, an octahedral 

geometry has been assigned to all the 

complexes. In the complexes, Ibuprofen 

proposed to co-ordinate through oxygen of the 

carboxylic group, Paracetamol coordinated 

through nitrogen atom of primary amine and 

Naproxen proposed to be bi-dentate ligand 

coordinating via oxygen of hydroxyl group. 

However, from the analytical and physical data 

obtained, the complexes possessed better 

properties as compared to the free ligands. 
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