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Abstract 
The present work describes the synthesis of a novel heterocyclic azo dye by 
general diazonization of 2-amino-4,5-dimethylthiazole followed by the diazo- 
coupling of the resulting diazonium ion with 5-methyl-2-(propan-2-yl)phenol 
to obtain ligand L. This was characterized using Fourier-transformed infrared 
and electronic spectrophotometry. Ligand L was further coordinated with five 
metal ions, M:L, 1:2 [M = Cu(II), Mn(II), Zn(II), Ni(II) and Co(II)]. The coor-
dination compounds obtained were characterized by electronic, IR spectro-
photometry, magnetic susceptibility and percentage metal analyses. The re-
sults obtained suggested that a thiazoylazo dye was obtained as ligand L. It 
was proposed that two molecules of the solvent coordinated to the metal ion 
in addition with the ligands to give an octahedral geometry for copper(II), 
manganese(II) and nickel(II) complexes. On the other hand, square planar 
geometry was suggested for zinc(II) and cobalt(II) complexes. The anti-infla- 
mmatory activity of the ligand and coordination compounds was evaluated 
using four in vitro-based assays viz: xanthine oxidase and lipoxygenase inhi-
bition assay, membrane stability and protein denaturation assay. The synthe-
sized compounds generally exhibited good anti-inflammatory activity in all 
the assays carried out. However, the reference standards, in this instance, were 
more effective in the case of xanthine oxidase, lipoxygenase and protein de-
naturation inhibitory assays. For the membrane stability study, the coordina-
tion compounds and ligand L elicited more potent anti-inflammatory activity 
than the standard drug. 
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1. Introduction 

The actions of many drugs currently in the market involve enzyme inhibition, as 
such enzymes have been prime targets for drug design [1] [2] [3] [4] [5]. This is 
because altering their activity has immediate and defined effects. Currently, 47% 
of all drugs in the market are enzyme inhibitors [1]. This includes tofacitinib, a 
JAK 3 inhibitor, approved for the treatment of rheumatoid arthritis in 2012 [5]. 
Aspirin, which inhibits cyclooxygenase, used for inflammation, pain and fever, is 
also an example. Another one is penicillin, an irreversible suicidal inhibitor of 
transpeptidase, used to combat bacterial infection [5]. In more recent times, metal 
complexes are increasingly being used to inhibit enzymes as well. This may arise 
from their unique properties that are appealing features for enzyme inhibition. 
These include the facile construction of 3D structures that can increase en-
zyme-binding selectivity and affinity, photophysical and photochemical proper-
ties that may be fine-tuned, to enhance enzyme inhibition [6]-[11]. A commer-
cially available example is auranofin, a gold complex used as an antirheumatic 
agent. 

One of the common conditions of our time that may induce, maintain or ag-
gravate many diseases is chronic inflammation [12] [13] [14]. Inflammation is 
referred to as a complex biological response of vascular tissues to harmful stimu-
li [15] [16]. The response of the body to harmful stimuli is achieved by the pro-
gressive movement of plasma and leukocyte constituents from the blood into the 
injured tissues or locations [15] [17]. Other processes embedded in the response 
to harmful stimuli in addition to inflammation include angiogenesis and re-
modeling [8] [15] [18] [19]. These processes are self-limiting under normal heal-
ing conditions. However, if one or more of those processes are maintained fur-
ther, injury is caused resulting in various diseases which may include chronic in-
flammatory conditions, such as rheumatoid arthritis [20] [21] [22]. 

Azo dyes are a class of organic compounds that are constantly receiving atten-
tion in research. This is due to their versatile applications in various fields such 
as textiles, paint and medicine as anti-bacterial, -cancer, and -inflammatory agents 
[23]-[28]. A class of heterocyclic azo dyes is the thiazolylazo dye. Thiazoles are 
an important class of heterocyclic compounds which are related with many types 
of biological properties, probably by virtue of the -N=C-S- group, these include 
insecticidal, herbicidal, anti-oxidant, -bacterial, -convulsant and -inflammatory 
[29] [30] [31] [32] [33]. Thiazoles are readily capable of crossing cellular mem-
branes owing to their better liposolubility, attributed to the presence of a sulphur 
atom [32]. The thiazole ring is present in several potent pharmacologically active 
molecules such as sulfathiazole (an antimicrobial drug), ritonavir (an antiretro-
viral drug) and abafungin (an antifungal drug) [34]. More importantly, a thiazole 
derivative is widely used as a non-steroidal anti-inflammatory drug, meloxicam. It 
blocks cyclooxygenase, the enzyme responsible for converting arachidonic acid 
into prostaglandins which are mediators of inflammation [35]. 

Although there are a number of anti-inflammatory drugs currently in the 
market, however, they exhibit significant adverse effects. In this respect, coordi-
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nation chemistry may be deemed as a useful tool in curbing this [36] [37] [38] 
[39]. Earlier investigations have revealed that coordination of metal ions to bio-
logically active agents may improve their efficiency and bioavailability and in 
some cases, reduce their well-recognized side effects [36] [37] [38] [39]. In light 
of the foregoing, our group was stimulated to explore the potential of a novel 
thiazoylazo dye derivative and its coordination compounds as lead compounds 
as a chemotherapeutic anti-inflammatory agent and with possibly fewer side ef-
fects. It was therefore considered to synthesize a novel thiazoylazo dye by di-
azo-coupling of the diazonium ion of 2-amino-4,5-dimethylthiazole (Figure 1) 
with 5-methyl-2-(propan-2-yl)phenol (Figure 2) to obtain ligand L (Figure 3). 
This was characterized using FTIR and electronic spectrophotometry. The ligand 
obtained was coordinated to five metal ions viz: copper(II), manganese(II), zinc(II), 
nickel(II) and cobalt(II) to give compounds 1-5. These were characterized using 
FTIR, electronic spectrophotometry, magnetic susceptibility measurement and 
percentage metal analyses. Ligand L and the coordination compounds obtained 
were studied for their enzymatic inhibitory and anti-inflammatory activities. 

 

 
Figure 1. 2-amino-4,5-dimethylthiazole. 

 

 

Figure 2. 5-methyl-2-(propan-2-yl)phenol. 
 

 

Figure 3. Ligand L. 
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2. Material and Method 

All materials used are of high analytical grade. Melting points were determined 
in an open capillary tube on a Gallenkamp (Variable heater) melting point ap-
paratus. The infrared spectra of all synthesized products were obtained using 
Agilent Cary 630 FTIR. Magnetic susceptibility measurement of the metal com-
plexes was obtained using a MSB Mk1 magnetic susceptibility balance, Sher-
wood Scientific with [HgCo(SCN)4] as standard. The electronic spectra, of all the 
compounds, were obtained in solution, in the wavelength range 400 - 1000 nm 
using 1800 Shimadzu ultra-violet spectrophotometer. The metal analyses for all 
synthesized compounds were obtained using titrimetric method using EDTA. 
The ability of the synthesized compounds to act as enzyme inhibitors, towards 
potential anti-inflammatory ability, was evaluated by carrying out in vitro xan-
thine oxidase and lipoxygenase inhibitory assay of the synthesized compounds. 
The anti-inflammatory studies of the compounds were carried out by assessing 
their red blood cell membrane stabilization and albumin denaturation inhibitory 
activity. The compounds were synthesized according to an adaptation of pre-
viously reported procedure [33]. The synthetic procedure adopted to obtain the 
target ligand is depicted in Scheme 1. The equations of the reactions for the 
coordination compounds are given in Equations (1)-(5). 

( )2 2 2 2
CuCl 2 Cu H O+ →L L  (Compound 1)            (1) 

( )2 2 2 2
MnCl 2 Mn H O+ →L L  (Compound 2)            (2) 

2 2ZnCl 2 Zn+ →L L  (Compound 3)                (3) 
 

 

Scheme 1. Schematic representation for the synthesis of ligand L. 
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( )2 2 2 2
NiCl 2 Ni H O+ →L L  (Compound 4)           (4) 

2 2CoCl 2 Co+ →L L  (Compound 5)              (5) 

2.1. Synthesis of Heterocyclic Azo Dye Ligand L 

The new hetrocyclic thiazolylazo dye ligand was synthesized by the diazotization 
coupling reaction using an adaptation of the method as described by Al-adilec 
and Adnan, 2017 [33]. 2-Amino-4,5-dimethylthiazole (1.28 g, 0.01 M) was dis-
solved in a mixture of 30 mL distilled water and 4 mL of concentrated hydroch-
loric acid (12 M) with continuous stirring and cooling, to about 0˚C - 3˚C, for an 
hour. A solution of sodium nitrite (0.83 g, 0.012 M) in 25 mL distilled water was 
added dropwise to the resultant mixture with stirring for 20 mins, with a drop 
rate of ≈ 1.25 mL/s. The mixture obtained was then left for about 20 mins in or-
der for the reaction to attain completion and the cation obtained becomes stable. 
The resulting diazonium chloride solution was added drop-wise with constant 
stirring, to a solution of 5-methyl-2-(propan-2-yl)phenol (1.50 g, 0.01 M) dis-
solved in 75 ml alkaline ethanol, sodium hydroxide (14 mL, 7%). The mixture 
was cooled to 0˚C and stirred for a further 2 h in an ice bath at (0 - 2)˚C. The 
crude product was filtrated and washed with distilled water to afford an orange 
product. This was recrystallized using methanol/water mixture (70/30, v/v), fil-
tered and dried at 60˚C. Yield: 2.46 g, 72.28%; m.pt: 240˚C - 241˚C (d). The 
product obtained was soluble in water and insoluble in ethanol and methanol. 

2.2. Syntheses of Metal Complexes 
2.2.1. Compound 1 
Copper(II) chloride (0.89 g, 0.005 M) was dissolved in aqueous ethanol. A solu-
tion of ligand L (5.92 g, 0.01 M) was obtained by dissolving it in warm ethanol, 
30 ml hot buffer (ammonium acetate) solution at pH 7 was then added to this 
with stirring. The resultant solution was added drop-wise with vigorous stirring 
to the Copper(II) chloride solution. The reaction mixture was then refluxed for 4 
h. The resulting mixture was then cooled. A pale-yellow precipitate was obtained. 
This was recrystallized using methanol/water mixture (10 mL).  

Yield: 2.46 g, 72.28%; m.pt: 162˚C - 163˚C (d); metal composition (%): calc.: 
9.37; found: 10.24; µeff: 1.98 BM. The product obtained was soluble in water and 
insoluble in ethanol, methanol. 

Similar procedure was adopted for the syntheses of the following complexes. 

2.2.2. Compound 2 
Manganese(II) chloride tetrahydrate (1.01 g, 0.005 M) and ligand L (5.92 g, 0.01 
M) afforded a pale orange precipitate. Yield: 2.23 g, 65.28%; m.pt: 180˚C - 182˚C; 
metal composition (%): calc.: 9.51; found: 9.87; µeff: 5.82 BM. The product ob-
tained was soluble in water and insoluble in ethanol, methanol. 

2.2.3. Compound 3 
Zinc(II) chloride (0.18 g, 0.005 M) and ligand L (5.92 g, 0.01 M) afforded an 
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orange precipitate. Yield: 2.21 g, 69.45%; m.pt: 250˚C - 251˚C (d); metal compo-
sition (%): calc.: 8.62; found: 9.28. The product obtained was soluble in water 
and insoluble in ethanol, methanol. 

2.2.4. Compound 4 
Nickel(II) chloride hexahydrate (1.21 g, 0.005 M) and ligand L (5.92 g, 0.01 M) 
afforded a light blue precipitate. Yield: 2.35 g, 69.23%; m.pt: 248˚C - 249˚C (d); 
metal composition (%): calc.: 8.71; found: 8.56; µeff: 2.98 BM. The product ob-
tained was soluble in water and insoluble in ethanol, methanol. 

2.2.5. Compound 5 
Cobalt(II) chloride hexahydrate (1.19 g, 0.005 M) and ligand L (5.92 g, 0.01 M) 
afforded a light brown precipitate. Yield: 2.64 g, 71.85%; m.pt: 201˚C - 202˚C 
(d); metal composition (%): calc.: 9.19; found: 9.54; µeff: 2.26 BM. The product 
obtained was soluble in water and insoluble in ethanol, methanol. 

2.3. Enzyme Inhibition Studies 
2.3.1. In Vitro Xanthine Oxidase Inhibition Assay 
The Xanthine Oxidase (XO) inhibitory activity of ligand L and compounds 1-5 
was assayed spectrophotometrically under aerobic conditions as described by 
Nguyen et al. 2006, with some modifications [40]. The assay was carried out at 
five different concentrations ranging from 0.03125, 0.0625, 0.125, 0.25, 0.5 to 1 
mg/L for the samples. These were directly dissolved in phosphate buffer-MeOH 
(1%) and screened for xanthine oxidase inhibitory activity at final concentration 
of 50 µg/mL. The mixture assay consisted of 150 µL phosphate buffer (1/15 M, 
pH 7.5), 50 µl sample solution and 50 µl enzyme solution (0.28 units/mL in 
phosphate buffer). The reaction was initiated by adding 250 µL of substrate solu-
tion (0.15 mM in water). Enzymatic kinetic was recorded at 295 nm for 02 min. 
The negative control was prepared and consisted of 1% methanol solution without 
the samples. Allopurinol a well-known inhibitor of xanthine oxidase was used as 
a positive control at a final concentration of 50 µg/mL. All experiments were 
performed in triplicate. Xanthine oxidase inhibitory activity was expressed as the 
percentage inhibition of xanthine oxidase, calculated as (%) inhibition following 
Equation (1) and the IC50 values were determined. The IC50 values were calcu-
lated from the mean values of data from four determinations.  

( ) ( )% inhibition 1 100B A= − ×                  (6) 

where:  
A is the change in absorbance of the assay without the sample (Δabs. with en-

zyme-Δabs. without enzyme); 
B is the change in absorbance of the assay with the sample (Δabs. with en-

zyme-Δabs. without enzyme); 
NB: 1 unit of XO is defined as the amount of enzyme required to produce 1 

µmol of uric acid/min at 25˚C.  
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2.3.2. In Vitro Lipoxygenase Inhibitory Assay 
Lipoxygenase inhibitory activity of ligand L and compounds 1-5 with linoneic 
acid as substrate was measured with a UV/visible spectrophotometer as described 
by Gunathilake et al., 2018, with some modifications [15]. The assay was carried 
out at five different concentrations ranging from 0.03125, 0.0625, 0.125, 0.25, 0.5 
to 1 mg/L for the samples. The samples were screened for lipoxygenase inhibi-
tory activity at final concentration of 50 µg/mL. The assay mixture consisted of 
150 µl phosphate borate (1/15 M, pH 7.5), 50 µL of each sample solution and 50 
µL lipoxygenase solution (0.28 U/ml in phosphate borate). The reaction was in-
itiated by adding 250 µL of linoneic acid solution (0.15 mM in water). Enzymatic 
kinetic was recorded at 234 nm for 02 min. The negative control contained 1% 
methanol solution, without sample solution, to the above mixture. All experi-
ments were performed in triplicate. Lipoxygenase inhibitory activity was ex-
pressed as the percentage inhibition of lipoxygenase, calculated as (%) inhibition 
following Equation (6). Quercetin was used as the positive reference drug. The 
IC50 values were calculated from the mean values of data from four determina-
tions.  

2.4. Anti-Inflammatory Studies 
2.4.1. Assay of Red Blood Cell Membrane Stability Activity 

1) Preparation of Red Blood Cells (RBC) 
The bovine red blood cell was prepared according to the method of Mohamed 

et al., 2014 [16]. Fresh bovine blood was mixed with an anti-coagulant (3.8% 
tri-sodium citrate) in a clean bottle in ratio 2:1 (blood: anti-coagulant) and 
mixed gently by inversion. The blood sample was centrifuged at 3000 rpm on a 
bench centrifuge, Model 90-2, for 10 min. at room temperature. The supernatant 
layer (plasma and leucocytes) was carefully removed while the packed red blood 
cell was washed again in fresh normal saline (0.85% w/v NaCl). The process of 
washing and centrifugation was repeated several times until the supernatant 
layer was clear (colourness). Bovine erythrocytes (2% v/v) were then prepared by 
diluting 2 mL of packed cell with normal saline to 100 mL. This was kept undis-
turbed at 4˚C in the refrigerator. 

2) RBC Membrane Stabilization Assay 
The membrane stabilizing activity for ligand L and compounds 1-5, was car-

ried out according to the modified procedure as described by Oyedapo et al., 
2010 [41]. The assay mixture consisted of hyposaline (1.0 mL), 0.15 M phos-
phate buffer, pH 7.4 (0.5 mL) of varying volumes of solutions of the samples (0 - 
1000 µg), 0.5 mL of 2% (v/v) erythrocyte to give a final volume of 3.0 mL. The 
reaction mixture was incubated at 56˚C for 30 min. The tubes with the mixture 
were then cooled and centrifuged at 3000 rpm for 10 min. The supernatants ob-
tained were collected and the absorbance was monitored at 560 nm against a 
reagent blank. 

The percentage stability was estimated as follows: 
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( )
( )

% membrane stability

Abs of test drug Abs of drug control
100 100

Abs of blood control blank Abs of drug control
 − = − × 

−  

   (7) 

The blood control used was diclofenac, this represents 100% lysis. 

2.4.2. Protein Denaturation Inhibitory Activity Assay 
Protein (albumin) denaturation assay was done according to the method de-
scribed by Gambhire et al., 2009 [42], with some modifications as described in 
Gunathilake et al., 2018 [15]. The synthesized compounds and positive standard 
(diclofenac) were prepared at a concentration of 0.1% each (1.0 mg/ml). The reac-
tion mixture (5 mL) consisted of 0.2 mL of 1% bovine albumin, 4.78 mL of phos-
phate buffered saline (PBS, pH 6.4), and 0.02 mL sample of the synthesized com-
pounds, and the mixture was mixed, and was incubated in a water bath (37˚C) 
for 15 min, and then the reaction mixture was heated at 70˚C for 5 min. After 
cooling, the turbidity was measured at 660 nm using a UV/VIS spectrometer 
(Optima, SP-3000, Tokyo, Japan). Phosphate buffer solution was used as the 
control. The percentage inhibition of protein denaturation was calculated by us-
ing the following formula: 

( )2 1%inhibition of denaturation 100 1 A A= × −            (8) 

where A1 = absorption of the control sample, and A2 = absorption of the test 
sample. 

2.5. Statistical Analysis 

All data are presented as the mean ± standard deviation for all in vitro assays 
tested, and each analysis was done in triplicate. One-way analysis of variance 
(ANOVA) was performed using MINITAB15 software and Pearson’s correlation 
coefficient (r). 

3. Result and Discussion 
3.1. Structural Analysis 
3.1.1. Ligand 
The FTIR spectrum of ligand L (Figure 4) exhibited a weak broad band at 3529 
cm−1 ascribable to the stretching absorption frequency of the hydroxyl substitu-
ent [43] [44] [45]. This was further supported by bands observed at 1379 and 
1148 cm−1 which were assigned to δ(O-H) and ν(C-OH) absorption frequencies 
respectively [43] [44] [45]. Weak extended sharp bands in the high energy re-
gion of the spectrum suggest hydrogen bonding. This may be attributed to in-
termolecular interaction between phenolic substituents of molecules of ligand L. 
The spectrum was devoid of absorption band attributable to the amino (-NH2) 
substituent present in 2-amino-4,5-dimethylthiazole, one of the reactants. This 
therefore suggest the diazotization of the heterocyclic amine and plausible 
coupling of this with 5-methyl-2-(propan-2-yl)phenol. This was however con-
firmed by the appearance of the N=N absorption band observed at 1446 cm−1 
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(Table 1) [43] [44] [45]. The appearance of this absorption band at the observed 
frequency, lower than that expected, suggests conjugation with the heterocyclic 
imine at one end and the aromatic phenol at the other end [43] [44] [45]. It 
should be noted that this frequency was absent in the spectrum of all the rea-
gents. Additional evidence for the formation of the thiazolylazo dye ligand was 
obtained as a result of the band observed at 1543 cm−1 attributable to ν(N N) 
+ ν(N C) [43]. Corroborating this further was the ν(C=N) at 1576 cm−1 [43] 
[44] [45].  

The electronic spectrum in the ultraviolet region exhibited three intense bands 
at 290, 324 and 477 nm (Table 2) ascribable to n→σ*, π→π* and n→π* of the 
major chromophores of the ligand; the phenolic -OH, C=N and N=N substitu-
ents [44] [45]. The first band is assignable to transition in the phenolic substitu-
ent [44]. The second transition is suggested to originate from the imine substi-
tuent which is in conjugation thiazole ring as well as the azo moiety [45]. The 
third band is attributable to transition due to the N=N substituent in addition to 
intermolecular charge transfer taken from the phenolic ring through the azo 
group [45].  

 

 

Figure 4. FTIR spectrum of ligand L. 
 

Table 1. Relevant infrared spectra bands for the ligands and complexes (cm−1). 

Band L 1 2 3 4 5 

ν(O-H) 
ν(C-H) 
ν(C=C) 
ν(C=N) 
ν(N=N) 
ν(C-S) 

δ(O-H)Ar 
δ(C-N) 
ν(M-O) 
ν(M-N) 

3529 
3063 
1602 
1576 
1446 
1237 
1379 
1185 

 
 

3529, 3347 
3127 
1602 
1558 
1423 

1304, 1252 
1367 
1252 

674, 607 
540 

3794w, 3406b, tr 
3170 
1599 

1636, 1532 
1435 
1271 
1379 
1237 

674, 629 
570 

3391 
3175 
1599 
1636 
1438 
1255 
1379 
1241 

- 
521 

3794 
3175, 3060 

1602 
1636 

1490, 1435 
1237 
1323 

1241, 1203 
670, 629 
570, 529 

3585 
 

1606 
1543, 1572 

1423 
1237 
1379 
1185 
682 
555 
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Table 2. Electronic spectra bands (nm), for the ligands and complexes. 

Compound Bands 1, 2, 3, 4 nm d-d 

L 

1 

2 

3 

4 

5 

290, 324, 477 

285, 373, 487 

230, 320 

320, 340 

209, 309, 372, 460 

265, 323, 422 

- 

525 shld, 683, 884 

521, 617, 864 

- 

815 

769 

3.1.2. Compound 1 
The Fourier transformed infrared spectrum of the complex exhibited two broad 
bands at 3529 and 3347 cm−1 attributable to ν(O-H) (Table 1) [43] [44] [45]. 
The former frequency occurred at the same frequency as the free base. This 
therefore suggests that coordination did not occur via this functional group within 
the ligand [43]. The latter frequency occurred lower than that observed for the 
free base. This is suggestive of coordination of solvent from the reaction me-
dium. This was corroborated with the frequency bands observed at 1185 and 
1043 cm−1 ascribed to δ(O-H) and ν(M-OH) for the solvent. According to Pavia 
et al. 2001, a distinguishing feature between a phenolic and other hydroxyl subs-
tituent is the frequency at which the δ(O-H) and ν(C-OH) are observed [44]. For 
phenolic -OH the δ(O-H)Ar and ν(C-OH) are observed at higher energy as a 
result of the oxygen atom in conjugation with the double bond from the ring. In 
this case both δ(O-H) and ν(C-OH) were observed and the one observed at 
higher frequency at 1367 cm−1 was ascribed to the δ(O-H), with the lower fre-
quency at 1110 cm−1 due to ν(C-OH) of the phenolic moiety [43] [44] [45]. 
Bands observed at 674 and 607 cm−1 were attributed to ν(M-O) [46] [47] [48]. 
This further supported the coordination of oxygen atoms of the solvent molecule 
to the metal ion [43]. Evidence for the coordination of the imine moiety was 
provided by the band observed at 1558 cm−1 ν(C=N). A shift of 80 cm−1 was ob-
served for the ν(N=N) in comparison with the free ligand as a consequence this 
suggested coordination of a nitrogen atom of the azo functional group [43]. Ad-
ditional evidence for the coordination of nitrogen atoms to the metal ion was 
provided by the frequency band observed at 540 cm−1 attributable to Cu-nitrogen 
stretching frequency [49].  

The electronic spectrum of compound 1 elicited six bands. In the ultra violet 
region, the spectrum displayed three intense bands at 285, 373 and 487 nm. 
These were ascribed to n→σ*, π→π* and n→π* intraligand transitions of the ma-
jor chromophores of the ligand [43] [44]. This is indicative of a bathochromic 
shift for the least wavelength and hysochromic shifts for the other two wave-
lengths. As a result, it suggests possible coordination of ligand L to the metal ion 
[43]. In the visible region a shoulder was observed at 525 nm and assigned to 
2B1g→2A1g transition [50] [51]. In addition to this, two bands were also observed 
at 683 and 884 nm and attributed to 2B1g→2B2g and 2B1g→2Eg d-d transitions [50] 
[51]. It should however be noted that the electronic spectrum of ligand L did not 
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exhibit absorption bands in the visible region. This appearance of new absorp-
tion bands, in the visible region of the spectrum, which were absent in the li-
gand’s, indicated coordination of the metal ion with ligand L [43]. The transi-
tions are consistent with a Jahn Teller distorted octahedral geometry around 
Cu(II) ion. The magnetic moment obtained at 1.98 BM, indicative of a tetrago-
nally distorted octahedral geometry for a 3d9 configuration for a Cu(II) ion, fur-
ther affirmed this geometry [52].  

3.1.3. Compound 2 
The FTIR spectrum for compound 2 (Figure 5) displayed two bands at the high 
energy region. A weak band was observed at 3794 cm−1, the second was a broad 
band with the shape of a trough observed at 3406 cm−1. The first band may be 
ascribed to the phenolic ν(O-H) with intermolecular hydrogen bonding [43] 
[44] [45]. This was corroborated by the δ(O-H)Ar observed at 1379 cm−1 and 
ν(C-OH) at 1148 cm−1. The lower energy band may be ascribed to ν(O-H) from 
water the reaction medium as a result of its shape [43] [44] [45]. This was sup-
ported by δ(O-H) and ν(C-OH) frequency bands observed at 1181 and 1051 cm−1. 
It was further corroborated by the appearance of two bands in the far infrared at 
674 and 629 cm−1. Attributed to (Mn-O) vibrational frequency [49]. The ν(N=N) 
was observed at 1435 cm−1 indicative of a bathchromic shift in comparison with 
that obtained in the free ligand and therefore suggested coordination of one of 
the nitrogen atoms of the azo moiety in the ligand to the metal ion [43]. This 
was supported by the band observed at 570 cm−1 ascribed to the ν(Mn-N). Addi-
tionally, two bands with medium intensities were observed at 1636 and 1532 
cm−1 and were assigned to ν(C=N) and ν(N C) + ν(N N). The former 
stretching frequency indicated a hysochromic shift of 60 cm−1 in comparison 
with the ligand. Therefore, it points to the fact that the azomethine nitrogen 
atom present within the thiazole ring participated in coordination of the metal 
ion with the ligand [43]. 

The electronic spectrum of this compound exhibited two intense bands at the 
ultraviolet region at 230 and 320 nm (Table 2). Assigned to n→σ* and π→π* 
intraligand transitions [44] [45]. Three bands with low intensities were observed 
at the low energy region at 521, 617 and 864 nm. These were attributed to 
6A1g→4E1g(G), 6A1g→4T1g(G) and 6A1g→4T1g(G) d-d transitions of the central metal 
ion [50] [51]. The transitions are in agreement with an octahedral geometry for a 
d5 configuration for Mn(II) [49] [50] [51]. 

According to Greenwood and Earnshaw, the explanation of these features stems 
from the fact that any electronic d-d transition from a high spin d5 configuration 
must of necessity involve the pairing of some electron spins [51]. It follows 
therefore that such transitions are spin and orbital forbidden and that the ab-
sorptions should be of extremely low intensity [50] [51]. That they occur at all is 
due to weak spin-orbit coupling. The magnetic moment of 5.82 BM, indicative 
of high spin 3d5 configuration for Mn(II), this therefore further validates the oc-
tahedral geometry for this compound [49] [50] [51].  
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Figure 5. FTIR spectrum of compound 1. 

3.1.4. Compound 3 
The infrared spectrum of this compound (Figure 6) showed a broad band at 
3391 cm−1 corresponding to ν(O-H) of the phenol substituent [43] [44] [45]. This 
was supported by bands observed at 1379 and 1054 cm−1 which were assigned to 
δ(O-H)Ar and ν(C-OH) [43] [44] [45]. In this case, a 90 cm−1 difference exists 
between the observed ν(C=N) and that obtained in the ligand. This therefore 
suggested coordination of the lone pair of electrons bearing nitrogen atom of the 
imine substituent to the metal ion [43]. This was supported by the absorption 
band at 1241 cm−1 attributable to δ(C-N). Evidence for the coordination of one 
of the nitrogen atoms of the azo moiety was provided by the frequency band ob-
served at 1438 cm−1 ascribed to the ν(N=N) [43]. Further support for the coor-
dination of the nitrogen atoms of the ligand was given by the band at 521 cm−1 
attributable to the ν(M-N) [43].  

Two intense bands were observed in the electronic spectrum of this complex 
at 320 and 340 nm (Table 2). Consistent with π→π* and n→π* intraligand transi-
tions [44] [45]. No distinctive band was observed in the visible region of this 
spectrum [50] [51]. This is not unexpected as the central metal ion has a com-
pletely filled 3d orbital i.e. d10 configuration. The magnetic susceptibility mea-
surement for compound 3 showed a diamagnetic behavior. This is in agreement 
with previous established reports [50] [51].  

3.1.5. Compound 4 
The FTIR of this compound (Figure 7) revealed weak extended bands at the high 
energy region of the spectrum with a weak peak at 3794 cm−1 ascribed to the phe-
nolic ν(O-H), with intermolecular hydrogen bond [43] [44] [45]. This was sup-
ported by the bands at 1323 and 1114 cm−1 which correspond to δ(O-H)Ar and 
ν(C-OH) [43] [44] [45]. The (C=N) frequency band was obtained at 1636 cm−1, 
the blue shift in comparison with the ligand serve to suggest coordination  
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Figure 6. FTIR spectrum of compound 3. 
 

 

Figure 7. FTIR spectrum of compound 4. 
 

of the nitrogen atom to the metal ion [43]. This was supported by the band ob-
served at 1569 cm−1 ascribable to ν(N C) + ν(N N) [43]. Additional support, 
was obtained in the δ(C-N) with a shift of 56 cm−1, serving as evidence for coor-
dination of the nitrogen atom of the imine substituent [43]. In addition to this, 
the ν(N=N) was observed at lower energy in comparison to the ligand at 1435 
cm−1. This suggests shortening of the bond and as a consequence it indicated 
coordination of the ligand via one of the nitrogen atoms of this substituent to 
the metal ion [43]. This was further supported by the ν(N N) + ν(N C) at 
1490 cm−1. Further evidence was provided by the ν(Ni-N) frequency band at 570 
and 529 cm−1 [49]. The spectrum also displayed two medium and broad absorp-
tion bands at 3175 and 3060 cm−1 with the latter shaped as a trough [43] [44] 
[45]. These may be attributed to absorption frequencies due to a hydroxyl subs-
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tituent as a result of its shape with overlap with the absorption frequency for sp3 
hybridized carbon-hydrogen bond [43] [44] [45]. According to Pavia et al., 2001, 
the frequency at which this was observed suggests the presence of hydrogen 
bonding [44]. This was further supported by the appearance of bands at 1203, 
1185 and 1051 cm−1 attributable to δ(O-H), ν(C-O) and δ(M-O-H). They there-
fore suggest coordination of the metal ion with the reaction solvent. Buttressing 
this were the bands observed at 670 and 629 cm−1 which are due to nick-
el-oxygen stretching frequencies [43] [49].  

Three intense bands were observed in the ultraviolet region of the electronic 
spectrum for this compound. They were observed at 209, 309 and 372 nm (Table 
2). Attributed to n→σ*, π→π* and n→π* intraligand transitions [44] [45]. Two 
broad bands were observed at 460 and 769 nm in the visible region of the spec-
trum. These are ascribable to 3A2g(F)→3T1g(P) and 3A2g(F)→3T2g(F), d-d transi-
tions [50] [51]. Indicative of an octahedral geometry [50] [51]. Corroborating 
this is its magnetic moment of 2.98 BM [49] [50] [51]. 

3.1.6. Compound 5 
Extended sharp bands with a weak band was observed in the high energy region 
of the Fourier transformed infrared spectrum of the complex. The band at 3585 
cm−1 is attributable to the vibrational frequency due to hydroxyl substituent in 
the ligand [43] (Figure 8). In support of this was the band at 1379 cm−1 ascribed 
to δ(O-H)Ar. The extended bands are suggestive of hydrogen bond relatable to 
the hydroxyl moiety [44]. In this complex the ν(N=N) gave a bathochromic shift 
of about 23 cm−1 in relation with the ligand. This suggest the elongation of the 
bond, thereby it may serve as evidence of coordination of the ligand to the metal 
ion [43]. Corroborating this further was similar shift observed in the ν(C=N) to 
1572 cm−1. The metal-nitrogen bond observed at 555 cm−1 also stands to confirm 
the coordination of a nitrogen atom with the cobalt(II) ion. Additional evidence 
was provided by ν(N C) + ν(N N) absorption frequency at 1543 cm−1. Bands 
observed at 1107 and 1047 cm−1 were ascribed to δ(O-H) and ν(M-OH) suggest 
coordination of water molecules. The ν(Co-M) observed at 682 cm−1 corrobo-
rates this further. 

In this present case the electronic spectra elicited three intense bands at 265, 
323 and 422 nm. These may be ascribed to n→σ*, π→π* and n→π* intraligand 
transitions of the major chromophores of the ligand [44] [45]. Additionally, a 
broad band was observed near infrared region at 815 nm which may be assigned 
as 4T1g(F)→4T2g(F) [50] [51]. A magnetic moment of 2.26 BM was obtained for 
compound 5. This may be interpreted according to previous reports to be attri-
butable to four-coordinate, square planar geometry for a cobalt(II) complex [50] 
[51] [53] [54].  

The diazonium salt obtained with 2-amino-4,5-dimethylthiazole reacted with 
5-methyl-2-(propan-2-yl)phenol to give the thiazolylazo dye ligand L (Scheme 
1). A polyfunctional ligand, bearing substitutes with lone pair of electrons viz: 
-OH, C=N and N=N substituents, with potential donor atoms. From the results  
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Figure 8. FTIR spectrum of compound 5. 
 
obtained, in the case of compounds 1, 2 and 4 two bands were observed at the 
high energy region of their spectra and were assigned to the ν(O-H). Initially, 
one may tend to ascribe both to the asymmetric and symmetric stretching modes 
for the hydroxyl substituent. However, further analysis of the spectra suggested 
the presence of water molecule within the coordination sphere of the metal ions. 
This was alluded to by the presence of absorption frequencies attributable to the 
δ(O-H) and ν(M-OH). The results obtained from the FTIR spectra, was further 
corroborated by data obtained from their electronic spectra, magnetic suscepti-
bility measurements and metal analyses. Therefore, based on these an octahedral 
geometry is proposed for these compounds. This is depicted in (Figure 9). In 
similar vein, the spectrum of compound 5 exhibited only one band for the 
ν(O-H), it was attributed to the stretching vibrational frequency of the phenolic 
substituent. Although, in addition to this, frequency bands ascribable to δ(O-H), 
δ(O-H)Ar and ν(M-OH) were observed. According to Nakamoto et al., 2009, 
water in inorganic salts may be classified as either lattice or coordination water 
[43]. There is, however, no definite borderline between the two. The former term 
denotes water molecules trapped in the crystal lattice, either by weak hydrogen 
bonds to the anion or by weak coordinate bonds to the metal, or by both. In this 
case we propose that the water molecule, as suggested from the FTIR spectrum, 
is lattice water [43]. This is in agreement with that obtained from the electronic 
spectrum, magnetic moment and percentage metal analysis. Therefore, com-
pound 5 is proposed to assume a square planar geometry (Figure 10). For com-
pound 3, the Zn(II) complex, the FTIR spectrum exhibited a band for the ν(O-H), 
δ(O-H)Ar and ν(C-OH). Contrary to the other compounds, in this case it is in-
teresting to note that similar absorption bands due to coordination of water was 
absent in this spectrum. The electronic spectrum and magnetic susceptibility 
measurement data indicated that the complex is diamagnetic. This is not unex-
pected, as a result of the fully filled penultimate, 3d shell. This in collaboration  

https://doi.org/10.4236/abc.2021.115013


T. O. Aiyelabola 
 

 

DOI: 10.4236/abc.2021.115013 194 Advances in Biological Chemistry 
 

 

Figure 9. Pictorial representation for compounds 1, 2 and 4; M = Cu, 
Mn and Ni. 

 

 

Figure 10. Pictorial representation for compounds 3 and 5; M = Zn, Co 
respectively. 

 
with the FTIR and percentage metal analysis suggest a four-coordinate geometry 
for this compound. Indicating either a tetrahedral or square planar geometry for 
this complex. Theoretically a tetrahedral geometry is more readily assumed by 
this metal ion, to afford sp3 hybridization [50]. However, a square planar geo-
metry is proposed (Figure 10). This is because of the nature of the ligand and 
more importantly the limited flexibility along the substituents bearing the po-
tential donor atoms.  

Additionally, the results obtained suggest that the ligand chelated with the 
metal ion as a bidentate ligand. It coordinated to the metal ion through the ni-
trogen atom of the imine substituent and via one of the nitrogen atoms of the 
azo moiety. Theoretically, coupling of the phenol to the diazonium ion ought to 
take place at either the ortho or para position, with the ortho position taking 
precedence if available. The result obtained suggested that this was not the case 
for ligand L (Figure 3). It is proposed that the diazo-coupling took place at the 
para position to the phenol substituent in the benzene nucleus of 
5-methyl-2-(propan-2-yl)phenol as a result of steric effect.  

3.2. Enzyme Inhibition Studies 
3.2.1. Xanthine Oxidase Inhibitory Activity 
According to Borges et al., from rheumatological diseases point of view, Xan-
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thine Oxidase (XO) is an enzyme responsible for catalyzing the oxidation of hy-
poxanthine to xanthine which further leads to the formation of uric acid [40] 
[55] [56]. When it is elevated above normal level, it has been reported to be the 
underlying reason of gouty arthritis attack and other inflammatory related dis-
eases [55] [56] [57]. Considering the present study, all the analyzed samples ex-
hibited more than ≥50% inhibition against XO activities at 1.00 mg/mL concen-
tration. This signifies that the analyzed compounds effectively inhibited XO from 
catalyzing the action of converting xanthine to uric acid at a considerably low 
concentration of 0.1%. Compound 2 was found to exert the highest inhibition 
capacity at this concentration with 75.63% ± 0.001% inhibitory capacity. It 
however elicited IC50 at 0.36 mol/L (Table 3). 

This was followed by compound 1 (51.03% ± 0.001%) with IC50 0.52 mol/L. 
Following closely is compound 4, which elicited an inhibitory capacity of 54.22% 
± 0.001% also at this concentration. It however had IC50 of 0.83 mol/L. On the 
other hand, ligand L exhibited it highest inhibitory capacity of 54.22% ± 0.001% 
at 1.00 mg/mL with IC50 of 0.85 mol/L. The order of activity for the analyzed 
compounds is 2 > 1 > 5 > 4 > L > 3. This observed order suggests that, with re-
spect to inhibition of xanthine oxidase, coordination of metal ions to ligand L 
improved the activity of ligand L, with the exception of compound 3. Therefore, 
this validates the hypothesis that coordination compounds of biologically active 
compounds may enhance their activity. The exception of compound 3 in this case 
indicates that the geometry assumed by the complex and the central metal ion 
are factors related with the reactivity of coordination compounds [50] [51]. It 
also reiterates the fact that these factors may be used in fine-tuning coordination 
compounds towards appropriate usage [58]. The positive control, allopurinol, rec-
orded maximum inhibition of XO activities with 68.36% at 0.025 µg/mL and IC50 
of 7.08 mol/L. It had been reported previously that samples causing > 50% XO 
enzyme inhibition at concentration of 50 µg/L warranted further investigation 
(Sweeney, 2001) [59]. Although the compounds tested in this research exhibited 
relatively good activity, they do not fall within this category.  

3.2.2. Lipoxygenase Inhibitory Activity 
Two important approaches for the design and syntheses of anti-inflammatory 
agents are based on the inhibition of two enzymes, one of which is lipoxygenase, 
(LOX). LOX is involved in the biosynthesis of mediators in inflammation. This 
is because it is involved in the metabolism of arachidonic acid, a precursor to 
leukotrienes. As a consequence, it is a key target for the development of new an-
ti-inflammatory agents [15] [17] [60] [61] [62] [63]. Results for the lipoxygenase 
inhibitory activity of ligand L and compounds 1-5 are presented in Table 4. In 
this case the result obtained points to the fact that ligand L is a better inhibitor of 
LOX in comparison with the coordination compounds. This therefore suggests 
that coordination, in case of ligand L, with respect to the metal ions used, may 
not necessarily improve the LOX inhibitory ability of ligand L. The compounds 
exhibited a dose dependent activity with the highest activity observed at 1.00 
mg/mL. Inhibition levels were within the range of 6.90% - 89.35% within the 
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Table 3. Xanthine oxidase inhibitory activity. 

Compound IC50 SD SEM 

L 0.854456 0.009029 0.006384 

1 0.520345 0.030722 0.021724 

2 0.362232 0.010108 0.007147 

3 0.855845 0.007767 0.005492 

4 0.832874 0.063932 0.045207 

5 0.660201 0.028611 0.020231 

 
Table 4. Lipoxygenase inhibitory activity. 

Compound IC50 SD 

L 

1 

2 

3 

4 

5 

0.220278 

0.320623 

0.962777 

0.848486 

0.778577 

0.55096 

0.107314 

0.010894 

0.170421 

0.034688 

0.279866 

0.004602 

 
concentration of 0.03 - 1.00 mg/mL. The order of the lipoxygenase inhibitory ac-
tivity of the assayed compounds was L > 1 > 5 > 4 > 3 > 2. Ligand L exhibited 
the best activity with 89.35% ± 0.001% and IC50 of 0.22 mol/L. It was followed by 
compound 1 with 71.29% ± 0.001% with IC50 0.32 mol/L. The least inhibitory 
activity, at this same concentration, was expressed by compound 2 with 48.70% 
± 0.001% and IC50 of 0.96 mol/L. The standard, quercetin, similar with the syn-
thesized compounds, elicited a dose dependent inhibitory activity with maxi-
mum activity of 71.50% ± 0.001% at 100 µg/ml. It however, gave an IC50 of 55.91 
mol/L.  

3.3. Anti-Inflammatory Studies 
3.3.1. RBC Membrane Stabilization Assay 
During inflammation, as part of their defensive roles, leukocytes release their 
lysosomal enzymes, causing further tissue damage and subsequent inflammation 
[15] [64]. Damage to cell membranes will further make the cell more susceptible 
to secondary damage by means of free radical-induced lipid peroxidation [15] 
[65]. Regulation of the volume and water content of cells may occur, through 
membrane proteins, by controlling the movement of sodium and potassium ions 
and damage to the membrane will affect this function [15] [64]. As the red blood 
cell membrane is similar to that of lysosomal membrane, inhibition of red blood 
cell hemolysis may provide insights into the inflammatory process [21]. Stabili-
zation of these cell membranes may retard or inhibit the lysis and subsequent 
release of the cytoplasmic contents which, in turn, minimize the tissue damage 
and, hence, the inflammatory response [15] [64]. Therefore, substances that con-
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tribute significant protection of cell membrane against injurious substances are 
important in the event of inhibiting the progression of inflammation. 

The membrane stabilizing activities of the ligand L and compounds 1-5 are 
presented in Table 5(a)-(f). The results showed that the activities of the assayed 
compounds were higher than that of the standard drugs even at lower concen-
tration ranges. This suggests that they are highly potent on human erythrocyte, 
adequately protecting it against hypotonic induced lyses. All the tested compounds, 
i.e. ligand L and compounds 1-5, showed dose dependent membrane stabilizing 
activity over all the concentration ranges. Ligand L exhibited a minimum mem-
brane stability of 38.166% ± 0.27% at 2 mg/mL and maximum activity of 91.3199% 
± 1.55%, at 0.20 mg/mL. The mode of response of the erythrocyte was both mo-
nophasic and biphasic (Table 5(a)). Similarly, the response of the red blood cells 
to compound 1 was monophasic and biphasic at lower and higher concentrations of 
the compound, respectively (Table 5(b)). Compound 1 exerted a minimum mem-
brane stability of 15.27% ± 8.53% at 0.4 mg/mL and maximum activity of 62.51% 
± 10.27%, at 1 mg/mL. 

Compound 2 also exerted minimum and maximum percentage stability activ-
ities of 12.89% ± 3.61% and 75.63% ± 8.40%, at 0.2 and 0.6 mg/mL respectively. 
The response of the red blood cell was also monophasic and biphasic at all the 
tested concentrations (Table 5(c)). 

At 0.4 and 0.6 mg/mL concentration compound 3 exerted minimal and max-
imal percentage stability activities of 8.13% ± 0.25% and 67.70% ± 0.78% respec-
tively (Table 5(d)). The response of the red blood cell was also monophasic and 
biphasic at all the tested concentrations for this compound. For compound 4 the 
lowest percentage activity was 9.31% ± 2.29% at 0.40. On the other hand, the 
highest percentage activity was 66.67% ± 0.78% at 1.00 mg/mL concentration 
(Table 5(e)).  

Compound 5 gave membrane stability of 93.40% ± 1.04% and 71.92% ± 8.85% 
as maximum and minimum percentage activity respectively. The response of the 
red blood cells was also monophasic and biphasic to this compound (Table 
5(f)). It is interesting to note that the ligand L and compounds 1-5 all elicited 
significantly better membrane stabilizing ability in relation with the standard 
drug (diclofenac). 

The result obtained indicated that ligand L provided the highest protection 
against induced lyses of the tested cells (Table 5(a)). This therefore suggest that 
coordination, in this case, did not enhance the membrane stability activity of li-
gand L. Earlier workers have suggested that one of the possible modes of action 
of anti-inflammatory drugs involves their binding to the erythrocyte membranes 
with subsequent alteration of the surface charges of the cells [41] [66] [67]. A 
consequence of this is that they prevent physical interaction with aggregating 
agents. It is therefore, suggested that this may be the reason behind the better ac-
tivity of ligand L in comparison to its coordination compound counterparts. 
Other researchers further suggested that anti-inflammatory drugs may promote  
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Table 5. (a) Membrane stability activity for Ligand L; (b) Membrane stability activity for 
compound 1; (c) Membrane stability activity for compound 2; (d) Membrane stability 
activity for compound 3; (e) Membrane stability activity for compound 4; (f) Membrane 
stability activity for compound 5. 

(a) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

91.3199 
95.9752 
70.2161 
41.8702 
38.166 

1.55351 
1.11085 
11.0807 
1.68595 
0.27248 

(b) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

38.8647 
15.2745 
15.7856 
33.4467 
62.5122 

3.92197 
8.53448 
0.85955 
0.75453 
10.276 

(c) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

75.6482 
76.99 

12.8954 
33.7634 
19.6234 

8.40456 
0.83649 
3.6144 
1.45265 
3.02634 

(d) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

66.3678 
67.7096 
8.13472 
24.483 
10.343 

8.34449 
0.7861 

0.25595 
1.51365 
2.98993 

(e) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

54.5145 
66.6784 
13.8832 
23.4519 
9.31179 

0.46124 
0.78081 
5.68393 
1.52054 
2.98599 

(f) 

Concentration % Stability SEM 

0.2 
0.4 
0.6 
0.8 
1 

81.23 
93.4017 
71.9273 
92.5036 
89.8916 

0.862 
1.04516 
8.8526 
1.7808 
2.16915 
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dispersal of like charges which are involved in the haemolysis of red blood cells, 
by mutual repulsion [41]. This may also be the case for ligand L, which is purely 
organic in nature. Buttressing this fact are reports that allude to the fact that cer-
tain phenolic compounds exert profound stabilizing effect on lysosomal mem-
brane both in vivo and in vitro [41] [66] [67]. In addition to this, some phenolic 
compounds have been reported to bind to cations and other macromolecules on 
the membrane, forming insoluble complexes thereby stabilizing erythrocyte 
membranes [41] [66] [67]. In this research, our investigation revealed that both 
ligand L and compounds 1-5 were able to prevent lysis of the tested erythrocyte 
membranes significantly. This therefore, suggests the potential of these com-
pounds as good anti-inflammatory agents. The observed activity may be attri-
butable in part to the phenolic substituent and the ability of these compounds to 
bind with ions and molecules on the erythrocyte membrane. The result obtained 
may therefore stand to further validate, the aforementioned mechanisms of ac-
tivity. 

3.3.2. Protein Denaturation Activity 
The fact that denaturation of protein molecules is linked with inflammation 
process in conditions like arthritis is well documented in literature [15]. In fact, 
according to Gunathilake et al., 2018, one of the main mechanisms of action of 
non-steroidal anti-inflammatory drugs, NSAIDs, in the market, is the protection 
against protein denaturation [15]. The results obtained demonstrated that ligand 
L and compounds 1-5 can significantly and dose dependently protect against 
protein denaturation. Compound 2 exhibited a significantly higher (p ≤ 0.001) 
level of inhibition compared to other compounds studied with percentage activ-
ity of 63.38% ± 0.001% at 1.00 mg/mL and IC50 of 0.47 mol/L (Table 6). Whe-
reas compound 5 showed the lowest inhibition levels with 42.08% ± 0.001% also 
at 1.00 mg/mL with IC50 1.41 mol/L. The order of the inhibition by the com-
pounds is 2 > 3 > 1 > L > 4 > 5. The result obtained from this investigation sug-
gested good ability of the tested samples in small concentrations to protect 
against protein denaturation (Table 6). However, the standard drug, diclofenac, 
at all tested concentration, depicted significantly (p ≤ 0.001) better anti-denatura- 
tion activity compared to all the synthesized compounds. The standard drug ex-
hibited its highest activity at 70.04% ± 0.001% at 10 µg /mL with IC50 1.59 mol/L.  
 
Table 6. Inhibition of protein denaturation activity. 

Compounds IC50 SD SEM 

L 

1 

2 

3 

4 

5 

0.9207815 

0.7031428 

0.4788195 

0.5467983 

1.0127851 

1.4113157 

0.012531472 

0.020174767 

0.041849947 

0.013976678 

0.005460281 

0.055923536 

0.00886 

0.01427 

0.02959 

0.00988 

0.00386 

0.03954 
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Inflammation is primarily a bodily response to injury, infection or destruction 
disturbed physiological functions, which entails various processes [15]. Previous 
researches suggested that most of the non-steroidal drugs act as an anti-in- 
flammatory agent either by inhibiting hydrolytic enzymes, denaturation of pro-
teins or by membrane stabilization process [15]. It may therefore be deduced 
from the results obtained that chemically and structurally the synthesized com-
pounds are better suited as anti-inflammatory agents by preventing or retarding 
the rupturing of lysosomal membrane. One of the fundamental goals of this re-
search was to enable us to streamline and put in perspective the biological activ-
ity of the synthesized compounds. This is geared toward tailoring the anti-infla- 
mmatory activity. In this respect, further definitive studies are necessary, this 
with further structural analysis for the compounds are currently underway. 

4. Conclusion 

The present work demonstrated that the diazo-coupling of 2-amino-4,5-dime- 
thylthiazole with 5-methyl-2-(propan-2-yl)phenol affords a thiazoylazo dye, li-
gand L. Coordination of Cu(II), Mn(II) and Ni(II) metal ion with this ligand 
gave octahedral geometry. The Zn(II) and Co(II) complexes assumed square 
planar geometry. The study further investigated the enzyme inhibitory and an-
ti-inflammatory activities of the synthesized compounds. It was concluded that 
the primary mode of anti-inflammatory activity of the compounds was by the 
prevention of lysosomal membrane from lyses. 
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