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Abstract: 

A straightforward and effective methodology was established for the synthesis of 2-(2-

arylidenehydrazinyl)-4,5-diphenylthiazoles (Va-Vg) through the reaction of 1,3-diphenyl-propane-1,3-

dione with suitable aromatic aldehydes to produce 2-methoxy-4,5-dimethylthiazole, which is 

subsequently reacted with hydrazine hydrate and further treated with diverse aromatic aldehydes. The 

synthesized compounds were structurally verified employing IR, NMR, and mass spectrometry. 

Furthermore, investigations into antioxidant activity were performed, demonstrating the promising 

bioactivity of the synthesized thiazole derivatives. Compound Ve exhibited the highest antioxidant 

activity in comparison to the standard, with an IC50 value of 23.71, followed by Vd with an IC50 value 

of 32.11. Compounds Vc and Vf demonstrated moderate antioxidant activity, with IC50 values of 47.3 

and 51.6, respectively. 
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1. Introduction:  

The synthesis of heterocycles has transformed into a sophisticated methodology for the creation of 

innovative molecules pertinent to pharmaceuticals development. Heterocyclic compounds function as 

scaffolds upon which pharmacophores can be arranged to yield effective and selective therapeutics. 

Thiazoles symbolize a well-established class of heterocyclic compounds demonstrating a range of 

biological activities, with their medicinal uses being well-documented. Thiazole is a yellow liquid 

utilized in the synthesis of numerous pharmaceuticals and dyes. The increasing nucleophilicity of alkyl 

groups, combined with the basicity of thiazole, is, however, mitigated by the presence of hetero atoms 

such as nitrogen, which reduces nucleophilicity and basicity 1. Varied reaction conditions, catalysts, and 

solvents significantly influence the synthesis of thiazole derivatives, while environmentally-friendly 

techniques and microwave irradiation are frequently employed methods in their preparation 2. Thiazoles 

are five-membered heterocyclic compounds characterized by the presence of nitrogen and sulfur atoms, 

notably including the isothiazole isomer. Thiazoles serve as fundamental scaffolds in numerous natural 

compounds such as vitamin B1-thiamine, alkaloids, anabolic steroids, and flavones. 3.  
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The academic interest in the synthesis of compounds incorporating the thiazole moiety has been 

progressively escalating, attributed to their applications in photosensitizers, rubber vulcanization 4, liquid 

crystals 5, sensors 6, sunscreens 7, catalysts 8, dyes 9, pigments 10, and chromophores11.Thiazoles have 

attracted persistent attention owing to their varied biological properties which have recently been applied 

in the formulation of pharmaceuticals utilized in the treatment of allergic conditions 12, hypertension 13, 

inflammatory diseases 14, schizophrenia 15, infections caused by microbes 16 HIV 17, and more recently 

for analgesic purposes 18. 

Thiazole derivatives demonstrate a wide range of biological activities, encompassing cardiotonic, 

fungicidal, sedative, anesthetic, bactericidal, and anti-inflammatory properties 19. Consequently, the 

current endeavor was undertaken to synthesize thiazole derivatives and assess their therapeutic potential 

in our ongoing pursuit of novel antioxidant pharmaceuticals. 

2. Materials and Methods 

Preliminary materials were procured from authorized vendors and utilized without additional 

purification. Thin layer chromatography was conducted on glass plates coated with silica gel G, 

employing a mobile phase of ethyl acetate and chloroform in a 1:1 ratio. The observations (spots) were 

conducted utilizing iodine vapors. Employing an open capillary apparatus, the melting points were 

determined and are presented as uncorrected values. Infrared spectra (in KBr) were obtained and 

expressed in cm⁻¹ utilizing the DRS-8000A accessory on a Shimadzu IR Affinity-1 FTIR 

spectrophotometer. Utilizing a suitable deuterated solvent (CDCl3) and tetramethylsilane (TMS) as an 

internal reference; NMR (1H) spectroscopy was performed on a Bruker Avance 500MHz spectrometer. 

Synthesis of 2-methoxy-4,5-diphenylthiazole (III) 

A combination of 25 mmol (5.25 g) of benzil, 25 mmol of anisalaldehyde, and 10 g of ammonium 

thiocyanate was placed in a 250 mL round-bottom flask equipped with a reflux condenser and subjected 

to reflux with 5 mL of glacial acetic acid for a duration of 4 hours. The resulting mixture was allowed to 

stand overnight and subsequently filtered to eliminate any precipitate. Following this, 250 mL of 

distilled water was introduced to the filtrate, and the resulting precipitate was gathered. The filtrate was 

neutralized with ammonium hydroxide, and the secondary crop of solid was collected. Both solid crops 

were then combined and re-crystallized from ethanol.  

The compound was confirmed by its IR Spectrum (KBr) of the compound exhibited characteristic 

absorption bands (cm-1) at: 3122 (C-H,Ar-H),1575 (C=C), 1520(C=N), 1383 (C-N), 1195 (-OCH3), 951 

(C-S). 

1H NMR Spectrum (DMSO-d6) has been found to exhibit characteristic proton signals (, ppm) at: 7.9 

(d, 1H, ArH), 7.8 (d,1H,ArH), 7.5 (t, 1H, ArH) , 7.4  (t, 2H,ArH), 7.3 (t,1H, ArH), 7.0 (d, 1H, ArH), 6.7 

(t, 1H, ArH), 6.5 (d, 1H, ArH), 3.8 (s, 3H, OCH3).  

By the above spectral data the compound was conformed as 2-Methoxy-4,5-Diphenylthiazole (III) 
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Synthesis of 2-hydrazinyl-4,5-diphenylthiazole (IV) 

A combination of 2-methoxy-4,5-diphenylthiazole (III, 0.01 mol) and hydrazine hydrate (99%) (0.01 

mol) was prepared in 50 ml of alcohol, subjected to reflux on a water bath for 5 hours. The alcohol 

volume was reduced by half and subsequently cooled. The resultant product was filtered, purified 

through washing with small portions of cold alcohol followed by repeated rinses with cold water, and 

then dried. Further purification of the product was achieved through recrystallization using appropriate 

solvents. The compound was characterized utilizing spectral data. The yield of the compound was 

determined to be 77%, with a melting point of 258 °C.  

The IR Spectrum (KBr) of the compound exhibited characteristic absorption bands (cm-1) at: 3133 (C-

H,Ar-H),1633 (C=C), 1549(C=N), 1393 (C-N), 1134 (C-S)., 882 (N-N) . 

1H NMR Spectrum (DMSO-d6) has been found to exhibit characteristic proton signals (, ppm) at: 7.7 

(d, 1H, ArH), 7.6 (d,1H,ArH), 7.3 (t, 1H, ArH) , 7.2  (t, 2H,ArH), 7.1 (t,1H, ArH), 6.9 (d, 1H, ArH), 6.6 

(t, 1H, ArH), 6.5 (d, 1H, ArH), 4.2 (s, 1H, NH), 2.2 (s, 2H, NH2).  

By the above spectral data the compound was conformed as 2-hydrazinyl-4,5-diphenylthiazole 

(IV) 

 

Synthesis of 2-(2-arylidenehydrazinyl)-4,5-diphenylthiazoles (V) 20 

2-hydrazinyl-4,5-diphenylthiazole (IV, 0.01 mol) underwent treatment with diverse aromatic aldehydes 

(0.015 mol) via refluxing in 20 mL of absolute alcohol, accompanied by the addition of minimal acetic 

acid for a period of 8 hours. The resultant product was subsequently filtered, dried, and purified through 

recrystallization employing suitable solvents. The characterization of these compounds was performed in 

accordance with their spectral data, and the physical properties are detailed in Table 1. 

For example, 2-hydrazinyl-4,5-diphenylthiazole (IV, 0.01 mol) underwent treatment with 4-

chlorobenzaldehydes (0.015 mol) through reflux in 20 mL of absolute alcohol, augmented by a few 

drops of acetic acid, over a period of 8 hours. The resultant product was subsequently subjected to 

filtration, drying, and purification via re crystallization employing ethanol. The obtained compound was 

characterized by its spectral data and identified as 2-(2-(4-chlorobenzylidene) hydrazinyl)-4,5-

diphenylthiazole. 

The IR Spectrum (KBr) of the compound exhibited characteristic absorption bands (cm-1) at: 3010 (C-

H,Ar-H),1616 (C=N), 1597(C-C), 1580 (C=C, Ar), 1313 (C-N), 1179 (N-N), 1102(C-Cl),        864 (C-

S). 

1H NMR Spectrum (DMSO-d6) has been found to exhibit characteristic proton signals (, ppm) at: 8.7 

(s, 1H, CH), 7.8 (d, 1H, ArH), 7.7 (d,1H,ArH), 7.6 (d, 2H, ArH), 7.5 (d, 2H, ArH), 7.3 (t, 1H, ArH) , 7.1  

(t, 2H,ArH), 7.0 (t,1H, ArH), 6.8 (d, 1H, ArH), 6.7 (t, 1H, ArH), 6.4 (d, 1H, ArH), 4.2 (s,1H, NH). 
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Evaluation of Antioxidant Activity using DPPH scavenging  

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was prepared as a freshly made 0.004% (w/v) 

methanol solution and stored at 10°C in darkness. A 0.01 mg/mL (0.001% (w/v)) solution of DPPH in 

methanol was prepared, with 1 mL of this solution being added to 4 mL of the synthesized samples in 

methanol to achieve four distinct concentrations (10, 25, 75, and 100 μg/mL). Employing a UV-visible 

spectrophotometer, absorbance measurements were immediately recorded. Following stabilization of the 

absorbance (after 16 minutes), the decrease in absorbance at 517 nm was continuously monitored, with 

data collected at one-minute intervals. Ascorbic acid served as a reference compound, and the 

absorbance of both the DPPH radical and the control (without antioxidant) were concurrently evaluated. 

Each determination was performed in triplicate, and the average was subsequently calculated 21.  

The DPPH radical's percentage inhibition (PI) was then computed according to the formula:  

PI = [{(AC- AT)/ AC} x 100] 

Where AC = Absorbance of the control and AT = absorbance of the sample+DPPH . 

The 50% inhibitory concentration (IC50), the concentration required to inhibit DPPH radical by 50%, 

was estimated from graphic plots of the dose response curve. 

 

RESULTS & DISCUSSIONS  

The free radical scavenging capacities of synthesized compounds and ascorbic acid (Vitamin C) at 

various concentrations were assessed using the DPPH assay. Antioxidants engage with DPPH, a 

nitrogen-centered radical exhibiting a distinctive absorption at 517 nm, resulting in the formation of 1,1-

diphenyl-2-picryl hydrazine. The extent of discoloration (color change) reflects the scavenging 

capacities of the antioxidant compounds, wherein all tested representative pyrazole derivative 

compounds, alongside ascorbic acid (Vitamin C) as the positive control, demonstrated a dose-dependent 

reduction of the DPPH radical. Radical scavenging activity was quantified as the concentration (µg/mL) 

necessary to diminish DPPH (40 µg/mL) by 50% (IC50). 

All newly synthesized derivatives were subjected to in-vitro screening using DPPH at varying 

concentrations of 10 µg/ml, 25 µg/ml, 50 µg/ml, 75 µg/ml, and 100 µg/ml. 

IC50 values of all the newly synthesized compounds were compared with the IC50 value of the standard 

Ascorbic acid (45.21). The results were produced in the Table 2. 

All the newly synthesized compounds showed the Anti-Oxidant activity in the range of 23.71-68.56. 

Among all the synthesized compounds Compound Ve (Ar= 4-methoxypheny) showed highest Anti-

oxidant activity when compared with the standard with the IC50 23.71, which was followed by the 

Compound Vd  (Ar=4-aminophenyl) with IC50 value of 32.11. 

Compounds Vc (Ar= 4-chlorophenyl) and Compound Vf (Ar= 4-hydroxyphenyl) showed moderate 

anti-oxidant activity with IC50 values of 47.3 and 51.6 respectively. 

Compound Va (Ar= pheny;) and compound Vb (Ar=α-propylene phenyl) showed very less anti-

oxidant activity with with IC50 values of 65 and 68.56 respectively. 

Conclusion: 

The notable free radical scavenging activity observed via the DPPH method may be ascribed to the 

presence of electron-donating groups. 
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Table1. Physicochemical properties of 2-(2-arylidenehydrazinyl)-4,5-diphenylthiazoles (Va-Vg) 

 

Compound Ar Mol. Formula Mol. Weight M.P 

(in OC) 

% of 

Yield 

Va Phenyl C
22

H
17

N
3
S 355 220-222  59 

Vb Cinnamalyl  C
24

H
19

N
3
S 381 245-247 68 

Vc 4-Chlorophenyl C
22

H
16

ClN
3
S 390 214-216  71 

Vd 4-aminophenyl C
22

H
18

N
4
S 370 216-218  75 

Ve 4-methoxyphenyl C2
3
H

19
N

3
OS 385 202-204  74 

Vf 4-hydroxyphenyl  C
22

H
17

N
3
OS 371 221-223 61 

Vg 4-dimethylaminophenyl C
24

H
22

N
4
S 398 263-265 72 

 

Table 2: Percentage of Inhibition of 2-(2-arylidenehydrazinyl)-4,5-diphenylthiazoles (Va-Vg) 

Percentage of Inhibitions 

Con  Va  Vb  Vc  Vd  Ve  Vf  Vg  

10ug/ml  23.36 36.09 45.7 50 66.46 23.36 36.09 

25ug/ml  22.33 26.55 43.5 46.77 69.42 22.33 26.55 

50ug/ml  26.17 39.67 51.32 69.01 77.3 26.17 39.67 

75ug/ml  35.53 46.57 62.52 75.1 84.86 35.53 46.57 

100ug/ml  40.94 54.03 64.97 67.22 87.42 40.94 54.03 
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Table 3: IC50 Values of Anti-Oxidant activity of 2-(2-arylidenehydrazinyl)-4,5-diphenylthiazoles 

(Va-Vg) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Compound Ar IC50 Value 

Va  Phenyl 85.3  

Vb  Cinnamalyl 55.71  

Vc  4-Chlorophenyl 82.86 

Vd  4-aminophenyl 45.85 

Ve  4-methoxyphenyl 39.93 

Vf  4-hydroxyphenyl 65.19 

VIg  4-dimethylaminophenyl 39.29 

Ascorbic Acid  - 45.21  
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Fig.1. Bar diagram comparing anti-oxidant activity of test Thiazoles 

 

 

 
Fig 2. Bar diagram comparing anti-oxidant activity of test novel thiazoles 
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Scheme-1 
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