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Abstract: An efficient synthesis of 2, 4-substituted thiazole and oxazole derivatives by condensation of substituted acetophenone 
with thiourea and urea respectively was carried out. All the compounds were synthesized by novel green route using three 
different natural red, white and black clay as a catalyst under microwave irradiation in a solvent-free condition. Synthesized 
compounds were characterized and evaluated for their antimicrobial activity. Most of the compounds exhibited moderate to 
significant activities.  
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I. INTRODUCTION 
Since the past few decades, heterocyclic chemistry has been one of the most important disciplines in organic synthesis. Heterocycles 
are key compounds in the development of modern pharmaceutical chemistry. Many of these compounds have emerged as active 
pharmaceutical ingredients in several drugs for their potential anti-inflammatory, anti-tumor, anti-hyperlipidemic, anti-hypertensive, 
anti-HIV infections, and several other biological properties [1]-[7]. The design of amenable synthetic approaches for new 
heterocyclic systems is still significant challenge [8]. One of the most important groups of five-membered heterocycles including S, 
N and O atoms, are thiazole and oxazole compounds.  It is well known in literature that nitrogen and sulfur containing compounds 
are essentially used in medical purpose for the treatment of different kinds of fungal and bacterial infections [9]. Sulfur is capable of 
forming both σ and π bonds therefore the studies of their binding interaction with receptor moiety was also an interesting field of 
research during last few years [10, 11].   
Thiazole is the five membered ring system having two hetero atoms (S, N) placed in heterocyclic ring at 1,3- positions. Thiazole 
heterocycle is a component of many natural products like the thiazole ring present in vitamin B1 serves as an electron sink. 
Synthetic thiazoles have also been shown to exhibit a wide range of biological activity [12]-[15] and other has found application as 
liquid crystal [16] and cosmetic sunscreens [17]. Oxazole is the five member ring system having two hetero atoms (O, N) placed in 
heterocyclic ring at 1, 3- positions. A large numbers of oxazole compounds have emerged as active pharmaceutical ingredients in 
several drugs for their potential as analgesics, anti-inflammatory, antimicrobial, anticancer, antidepressants, antidiabetic and 
antiobesity and other biological properties [18]. 
Classical methods of synthesis of 1, 3-thiazole involves reaction of dimethyl acetylene dicarboxylate (DMAD) with esters and 
amides of dithiocarboxylic acids are well known methods for preparation of five membered S, and S, N-heterocycles [19, 20]. The 
synthesis of thiazoles by Hantzsch process gives good yields for simple thiazoles derived from condensation of α-haloketone with 
thioamide [21] however for some substituted examples low yields have been reported [17]-[22]. Substituted thiazole were 
synthesised by using bromine [23] and iodine [9] from acetophenone and thiourea. Functionalized thiazoles were synthesized via 
four component reaction between acid chlorides, tetramethylthiourea, ethyl bromopyruvate and ammonium thiocyanate [24]. 1, 3 
thiazolane derivatives have been synthesized using activated acetylenic compounds and thiourea derivatives [25]. Substituted 
oxazole derivatives were prepared from condensation of bromo trimethoxyphenyl ethanone and acetamide [26], by dehydration of 
2- acylaminoketones [27], by reacting with aldehyde and TosMIC [28], by condensation of aldehyde and hippuric acid in dry acetic 
anhydride catalyzed by acetate anion [29], boron-catalyzed arylthiooxygination of N-allylamide [30]-[32]. 
Green chemistry move towards hold out significant potential not only for reduction of by products, waste produced, and lowering of 
energy but also in the expansion of new methodologies using existing technologies [33]. Heterogeneous catalysis is crucial to 
chemical technology, and clays in particular are finding increasing applications as catalysts [34]. The challenge in chemistry to 
develop practical processes, reaction media, conditions and/or utility of materials based on the idea of green chemistry is one of the 
most important issues in the scientific community. Microwave-assisted organic synthesis (MAOS) has emerged as an efficient and 
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powerful tool and often leads to simple protocols, short processing times, increased product yields, energy savings [35] and lower 
costs, thereby enabling environmentally friendly processes [36]. As part of our current studies on the development of new routes in 
heterocyclic synthesis [37]-[40]. We report an efficient synthetic route to 2, 4-substituted thiazoles, oxazole derivatives and evaluate 
them for their antimicrobial potential.  

II. EXPERIMENTAL  
Reactions were monitored by thin layer chromatography on 0.2 mm silica gel F-252 (Merck) plates. All chemicals were obtained 
from Aldrich Chemicals. All solid components were employed as grained powders. Natural red, white and black clay used as a 
catalyst. Melting points were measured in open capillary tubes and are uncorrected. Infrared spectral studies were carried out using 
KBr discs on a Perkin Elmer FTIR/4000 spectrophotometer. 1H NMR and 13C spectra were recorded in DMSO-d6 on Bruker 
Advance II 400 NMR spectrometer. All products were characterized by FT-IR, 1H NMR, 13C NMR and by comparison of physical 
characteristics with authentic samples.  

A. Procedure For Synthesis Of Thiazole And  Oxazole  Derivatives  
A mixture of substituted acetophenone (0.01mol), thiourea/ urea (0.02 mol) and red clay (a)/white clay (b)/black clay (c) as a 
catalyst (0.5g) was subjected to microwave irradiation for appropriate time without solvent. Completion of reaction was checked by 
TLC 7:3 (Pet ether: Ethyl acetate). A reaction mixture was cooled to room temperature. Water was added to the reaction mixture 
and was heated until most of the solid gone into the solution. Reaction mixture was filtered when it was hot, filtrate was cooled and 
spent catalysts were collected and. Filtrate was made alkaline (pH 8-9) with ammonium hydroxide to separate the product. The 
product was filtered, washed with water and dried. All products were characterized by FT-IR, 1H NMR, 13C NMR spectroscopy. 
Physical properties of thiazole (Scheme 1) and oxazole (Scheme 2) compounds as shown in Table I and Table II. 

                                  
Scheme                               Scheme 2 

Table I 
Physical data of Thiazole compounds 

Code Product Red 
clay(a) 

Time 
(min) 

White clay 
(b) 

Time 
(min) 

Black clay 
(c) 

Time 
(min) 

M.P. (˚C) 

1AT 

 

 
71 

 
2 

 
58 

 
 

 
3 

 
52 

 
4 

 
146-148 

2AT 

 

 
84 

 
3 

 
75 

 
5 

 
49 

 

 
3 

 
215-218 

3AT 

 

 
58 

 
4 

 
51 

 
5 
 

 
56 

 
4 

 
183-186 

 
4AT 

 

 
66 

 
2 

 
37 

 
3 

 
60 

 
2 

 
206-208 

5AT 

 

 
40 

 

 
4 

 
------- 

  
------- 

  
280-283 

6AT 

 

 
65 

 
5 

 
---- 

 
---- 

 
---- 

 
---- 

 
176-179 
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Table II 
Physical data of Oxazole compounds 

Code Product Red clay 
(a) 

Time 
(min) 

White 
clay (b) 

Time 
(min) 

Black 
clay(c) 

Time 
(min) 

M.P.(˚C) 

7AU 

 

 
89 

 
4 

 
64 

 
3 

 
73 

 
4 

 
113-116 

8AU 

 

 
62 

 
2 

 
76 

 
4 

 
70 

 
4 

 
103-106 

9AU 

 

 
58 

 
6 

 
51 

 
7 

 
73 

 
6 

 
269-272 

10AU 

 

 
---- 

  
---- 

  
----- 

  

11AU 

 

 
81 

 
5 

 
56 

 
7 

 
63 

 

 
4 

 
281-283 

12AU 

 

 
------ 

  
------ 

  
----- 

  

B. Biological Screening Of Synthesized Thiazole And Oxazole Derivatives 
All the synthesized compounds were subjected to antimicrobial screening at a concentration of 10 mg/ml involving one Gram – ve 
bacteria (Escherichia coli); one Gram + ve bacteria (Staphylococcus aureus) and two fungal strains (A. niger and C. albicans) using 
Chloramphenicol as a standard for bacteria and Ketoconazole for fungi at the same concentration. Antimicrobial activity was 
studied using agar cup diffusion method. Samples were prepared as 10 mg/mL stock in Dimethyl sulfoxide. The samples were 
stored at RT till further analysis.  
1) Antimicrobial activity: The bacterial and fungal cultures were grown in Luria Bertani and Potato Dextrose broth for 24h and 

48h respectively and then used for the study. The optical densities of the culture were adjusted using 0.5 McFarland standard 
(106 cfu/mL) and then taken ahead for checking the antimicrobial activity using agar cup diffusion method.  Each plate 
contained four samples- a positive control (Chloramphenicol for bacteria) (Ketoconazole for fungi), a negative control (DMSO) 
and two samples of a single concentration. 0.1mL volume of each sample was loaded into the wells and the plates were 
incubated at 37°C for 24h for bacteria and 48h for fungal growth. The zone of inhibition was further measured in mm. Results 
obtained are shown in Table III. 

  
C. Spectral analysis of thiazole and oxazole compounds 
1) Compound 1AT: FT-IR (KBr, cm-1): 3245, 3292, 3116, 2926, 1627, 1605, 1315; 1H NMR (DMSO, δ ppm): 7.51-7.48 (m, 5H), 

6.6 (s, 1H), 3.95 (s, 2H); 13C NMR (DMSO, δ ppm): 172, 145, 128, 126, 123, 114, 112 
2) Compound 2AT: FT-IR (KBr, cm-1): 3463, 3255, 3228, 3093, 1636, 1456, 1327, 1296, 1176; 1H NMR (DMSO, δ ppm): 7.29-

7.32 (m, 4H), 9.2 (s, 1H, D2O exchangeable), 6.9(s, 1H), 4.5 (s, 2H); 13C NMR (DMSO, δ ppm): 174, 141, 137, 130, 127, 114, 
103 
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3) Compound 3AT: FT-IR (KBr, cm-1): 3353, 3312, 3123, 1638, 1587, 1268, 1093, 820; 1H NMR (DMSO, δ ppm): 6.34-6.37 (m, 
4H), 7.21(s, 1H), 3.96 (s, 2H); 13C NMR (DMSO, δ ppm): 171, 143, 135, 130, 129, 119, 117 

4) Compound 4AT: FT-IR (KBr, cm-1): 3373, 3246, 3054, 1632, 1504, 1336, 1253, 1103; 1H NMR (DMSO, δ ppm): 7.25-7.29 (m, 
4H), 6.30(s, 1H), 4.24 (s, 2H); 13C NMR (DMSO, δ ppm): 56, 168, 157, 130, 129, 123, 126, 121 

5) Compound 5AT: FT-IR (KBr, cm-1): 3367, 3265, 3169, 1640, 1590, 1387, 1094; 1H NMR (DMSO, δ ppm): 6.65-7.01 (m, 4H), 
7.41(s, 1H), 3.92 (s, 2H); 13C NMR (DMSO, δ ppm): 170, 135, 128, 124, 121, 119, 117 

6) Compound 6AT:  FT-IR (KBr, cm-1): 3429, 3284, 3114, 1638, 1536, 1390, 1039; 1H NMR (DMSO, δ ppm): 6.34-6.38 (m, 4H), 
7.21(s, 1H), 3.83 (s, 2H); 13C NMR (DMSO, δ ppm): 178, 167, 150, 148, 136, 134, 131, 123, 112 

7) Compound 7AU:  FT-IR (KBr, cm-1): 3428, 2970, 1620, 1358, 1118, 789; 1H NMR, (DMSO, δ ppm): 7.52-7.45 (m, 2H), 7.30-
7.25 (m, 2H), 7.08 (m, 1H), 6.71 (s, 1H), 5.10 (s, 2H); 13C NMR, (DMSO, δ ppm):  164, 142, 139, 131, 130, 127, 125 

8) Compound 8AU: FT-IR (KBr, cm-1): 3476, 2940, 1611, 1414, 1350, 1290, 1174; 1H NMR (DMSO, δ ppm) : 6.85-6.53 (d, 2H), 
7.43-7.49 (d, 2H), 7.41 (s, 1H), 9.31 (s, 1H), 4.8 (s, 2H); 13C NMR (DMSO, δ ppm):  169, 160, 142, 138, 128, 124, 115 

9) Compound 9AU: FT-IR (KBr, cm-1): 3471, 2937, 1627, 1582, 1411, 1354, 1118, 1020; 1H NMR, (DMSO, δ ppm): 6.60-6.65 (d, 
2H), 7.75-7.78 (d, 2H), 7.01 (s, 1H), 3.90 (s, 2H); 13C NMR (DMSO, δ ppm):  175, 143, 140, 133, 130, 127, 124 

10) Compound 11AU: FT-IR (KBr, cm-1): 3411, 3291, 3125, 1628, 1591, 1351, 1113, 1023, 809; 1H NMR (DMSO, δ ppm): 8.39-
8.30 (d, 2H), 8.05-7.94 (d, 2H), 7.50 (s, 1H), 3.86 (s, 2H); 13C NMR (DMSO, δ ppm):  170, 150, 141, 138, 137, 127, 125  

III. RESULT AND DISCUSSION  
In this paper, we have developed the novel method for the synthesis of 2, 4-substituted thiazole and oxazole compounds. In many 
papers they have used bromine or iodine as a catalyst for this synthesis. Here, we had used natural red, white and black clays as a 
heterogenous catalyst. Clays are cheap, non-toxic and reusable.  
A series of substituted phenyl thiazole (1AT-6AT) and oxazole (1AU-6AU) compounds were synthesized by reaction of substituted 
acetophenone and thiourea/urea with red clay, white clay and black clay in microwave oven (400W) in solvent-free condition. 
Compounds 1AT and 2AT obtained in excellent yield with red clay as catalyst as compared to white and black clay. Compound 
3AT obtained in good yield with all three red, white and black clay as a catalyst. Compound 4AT obtained in good yield with red 
and black clay as compared to white clay as a catalyst. Compound 5AT, 6AT obtained in moderate and good yield respectively only 
with red clay as a catalyst.  
Compound 1AU obtained in excellent yield with red clay as catalyst than white and black clay. Compound 2AU obtained in very 
good yield with white clay as a catalyst than red and black clay. Compound 3AU obtained in good yield with black clay as a catalyst 
than red clay and white clay. Compound 5AU obtained in excellent yield with red clay as a catalyst than white and black clay. 
Compounds 4AU, 6AU, 10AU, 12AU obtained in negligible yield. Synthesized compounds were screened for anti-microbial 
activity. 

 
Table III 

Antimicrobial Activity of synthesized thiazole and oxazole derivatives 
Samples Zone of inhibition in mm 

 P. C. S.aureus 
+ve bacteria 

P. C. E.coli 
-ve bacteria 

P. C. A.niger 
Fungi 

P. C. C.albicans 
Fungi 

1ATa 10 10 15 10 22 10 15 13 
2ATa 10 14 15 13 21 10 13 16 
3ATb 10 10 15 10 22 10 15 14 
4ATa 10 12 15 12 22 14 14 14 
6ATa 10 10 15 12 21 10 13 13 
7AUa 10 10 15 10 22 10 14 10 
8AUa 10 15 15 13 24 10 15 16 
9AUa 10 10 15 10 24 10 15 12 

11AUa 10 16 15 16 20 20 16 10 
P.C.- Positive control 
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All the synthesized compounds showed good antimicrobial activity.  From the Table III, we can see that hydroxy, methoxy 
substituted thiazole derivatives show significant activity while  bromo, nitro, hydrogen substituted thiazole derivatives show good 
activity against S.aureus. In case of oxazole derivatives, hydroxy, 4-nitro substituted oxazole derivatives show significant activity 
while hydrogen, bromo, methoxy, 3- nitro substituted oxazole derivatives show good activity against S.aureus. Both thiazole and 
oxazole substituted derivatives show moderate activity against E.coli except compound 11AUa which show good activity. All the 
compounds show moderate activity against A.niger. Compound 2ATa containing hydroxy substituent show significant activity 
while other compounds show good activity against C.albicans. 

IV. CONCLUSION 
In conclusion we have synthesized 2, 4-substituted thiazole and oxazole compounds from substituted acetophenone and 
thiourea/urea respectively by using three red, white and black clay as a catalyst. The attractive features of this protocol are simple 
procedure, cleaner reaction, satisfactory yields of products, simple reactions, isolation of products as well as its compliance with the 
green chemistry protocols which makes it useful protocol for the synthesis of these classes of compounds.  Synthesized compounds 
were tested for antimicrobial activity. All compounds were shown good to significant activity against standard used.  
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