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Abstract: A rapid and efficient methodology for synthesizing substituted thiazole derivatives has been
developed from various substituted phenacyl bromide and thiourea in ethanol as a solvent at 78 °C
temperature. A series of 4-substituted 2-amino thiazoles has been synthesized with an excellent yield.
Copper silicate is used as a heterogeneous and reusable catalyst for this synthesis. Rapid process,
excellent yield, reusable catalyst, and easy workup procedure are some advantages of this protocol;
these advantages make it a more feasible, economic, and environmentally benign process.
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1. Introduction

The substituted 2-amino thiazole is an important structural moiety in medicinal
chemistry [1,2] and can be found as a pharmaceutically important precursor [3,4]. Cyclization
of substituted phenacyl bromide with thiourea is the most extensively used approach in
synthesizing thiazole [5]. Several catalysts were reported, which include the use of copper
acetate [6], 2-hydroxypropyl-p-cyclodextrin [7], PEG-Sulfonyl Chloride Resin [8], lonic
liquids [9], nanocatalysts [10]. Non-conventional heating methods like microwave [1,11],
grinding [5], and ultrasound [12] are also successfully reported. However, these reported
methods suffer from drawbacks, such as longer reaction times, expensive or hazardous
catalysts, and a tedious purification process. Thus, new methodologies for synthesizing
substituted thiazole derivatives are needed. The present protocol offers several advantages,
such as short reaction time, high yield, and simplicity in the workup and purification procedure.
Due to heterogeneous behavior, this catalyst is easy to separate. Non-toxicity, reusability, and
ease of handling are additional advantages of this catalyst.

In our previous work, we employed copper silicate as a heterogeneous catalyst to
develop an efficient process for synthesizing substituted thiazole derivatives [13].
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2. Materials and Methods

Chemicals were purchased from SD Fine and used for further reactions. Melting points
of the products were recorded on SRS optimelt and are uncorrected. The progress of reactions
was monitored by thin layer chromatography (TLC) in 30% (ethyl acetate: n-hexane) on silica
gel precoated aluminum foil (Merck). Infrared spectra were recorded in KBr disc on Shimadzu-
FT-IR Spectrophotometer, and absorption bands are expressed in cm™. *H NMR and **C NMR
spectra were recorded on a Bruker Advance 11 400 NMR Spectrometer instrument in DMSO-
de as solvent and TMS as internal standard. Mass spectra were recorded on Waters Q-TOF
mass spectrophotometer.

2.1. General procedure for the synthesis of substituted 2 amino 4 phenyl thiazole derivatives.

In a round bottom flask, 1 mmole of Phenacyl bromide (1a-j), 1.2 mmoles of thiourea
(2), and 10 mole % copper silicate catalyst were added to 5 ml ethanol. This reaction mixture
was refluxed at 78 °C temperature. The progress of the reaction was monitored by thin-layer
chromatography using hexane: ethyl acetate (8:3) as a mobile phase. After completion of the
reaction, the reaction mixture was filtered to isolate the catalyst and then poured over crushed
ice to obtain a solid product. The obtained solid product is isolated by the filtration method.
The isolated crude product was purified by recrystallization using hot ethanol. Other
derivatives of this series were prepared and tabulated data of various derivatives, as mentioned
in table 4. Their structures have been confirmed by analyzing methods such as *H NMR, $3C
NMR, MS, and IR spectra.

2.2. Spectral analysis
2.2.1. Synthesis of 4-Phenylthiazol-2-amine (3a).

White solid, M. P. 134-136 °C, IR (KBr): 3420, 3210, 3130, 2905, 2845, 1575, 1520,
1470, 1430 1345, 1210, 1075, 910, 840, 770 cm'%; 'H NMR (CDCls): 3 5.97 (s, 2H), 6.89 (s,
1H), 7.51 (m, 3H), 7.78 (m, 2H).; EIMS m/z (%): 177 (m+1), 149, 134, 104, 89, 77, 63, 42.

2.2.2. Synthesis of 4-(4-Nitrophenyl)-thiazol-2-amine (3d).

Yellow solid, M.P. 280-285 °C. IR(KBr): 3450, 3320, 3200, 2980, 1550, 1480, 1365,
1350, 1050, 1030, 830, 740, 680 cm-1; 1H NMR (DMSO-d6): & 5.99 (s, 2H), 6.90 (s, 1H), 7.88
(d, 2H), 7.89 (d, 2H).; 3C NMR (DMSO-d6): 5 179, 168, 139, 140, 136, 133, 103.; EIMS m/z
(%): 222 (m+1), 223, 217, 177, 161.

2.2.3. Synthesis of 4-(4-Bromophenyl)-thiazol-2-amine (3i).

Brown solid, M.P. 165-168 °C. IR(KBr): 3410, 3260, 3100, 2900, 1520, 1450, 1350,
1320, 1050, 1020, 810, 720, 660 cm™; *H NMR (DMSO-ds): 5 4.80 (s, 2H), 6.70 (s, 1H), 7.30
(d, 2H), 7.60 (d, 2H).; 3C NMR (DMSO-d6): 5 168, 160, 132, 130, 128, 123, 101.; EIMS m/z
(%): 257 (m+1), 255, 225, 149,

3. Results and Discussion

Here, we report a rapid and efficient protocol for synthesizing substituted thiazole
derivatives catalyzed by copper silicate.
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Scheme 1. Reaction of Phenacyl bromide (1a-j) and thiourea (2) is considered a model reaction.

The reaction proceeded smoothly and obtained a high yield using copper silicate in
ethanol (Table 1, entry 6). When the reaction was carried out without a catalyst, the product
formed in only a less amount (Table 3, entry 1). In our experiments, we investigated the model
reaction under catalyst-free conditions at room temperature in ethanol, but the reaction did not
proceed according to expectations and yielded a negligible product. To improve the yield of
the product, screening of various catalysts was carried out (Table 1, entries 1-4).

Table 1. Screening of various catalysts for synthesizing substituted 2 amino 4 phenyl thiazole derivatives.

Entry Catalyst Solvent Temp (°C) Time (h) Yield (%)
1 Sulfamic acid Ethanol 78 4 50
2 I-Proline, Ethanol 78 7 65
3 Acetic acid Ethanol 78 4 76
4 Eaton’s reagent Ethanol 78 5 No reaction
5 Copper silicate Ethanol RT 6 65
6 Copper silicate Ethanol 78 0.5 93

To study the screening of solvents, reactions were carried out in various solvents for
the synthesis of substituted thiazole derivatives (Table 2, entries 1-7). The best results were
obtained in ethanol as a solvent at 78 °C temperature (Table 2, entry 7), making it the most
suitable solvent.

Table 2. Screening of solvent for synthesizing 2 amino 4 phenyl substituted thiazole derivatives.

Entry Solvent Catalyst Time (h) Temp (°C) Yield (%)
1 DCM 10 % 4 78 30
2 Methanol 10 % 1 78 75
3 Toluene 10 % 1 78 56
4 Acetonitrile 10 % 1 78 75
5 DMF 10 % 0.5 78 78
6 Water 10 % 5 78 30
7 Ethanol 10 % 0.5 78 93

To optimize the catalyst concentration in the model reaction, we investigated 5, 10, 15,
and 20 mol % catalyst (Table 3). When the reaction was carried out without a catalyst, the
product formed was only a trace amount (Table 3, entry 1). Optimal results were obtained with
a 10 mole % catalyst (Table 3, entry 4).

Table 3. Effect of concentration of catalyst for the synthesis of 2 amino 4 phenyl substituted thiazole

derivatives.
Entry Catalyst (Mole %) Solvent Time (h) Temp (°C) Yield (%)
1 - Ethanol 8 78 40
2 5 Ethanol 7 78 60
3 10 Ethanol 0.5 78 93
4 15 Ethanol 0.5 78 93
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To explore the scope of the method, different substituted Phenacyl bromide 1(a-j) were
reacted with thiourea in the presence of 10 mol % of copper silicate as a catalyst and using
ethanol as a solvent, as indicated in table 4.

Table 4. Synthesis of thiazole derivatives using Phenacyl bromide (1a-j) (1 mmol), thiourea (2) (1.2 mmoles),
and catalyst (10 mol %) at reflux condition.

Entry Phenacyl bromide (1a-i) Time (Min.) Yield? (%) M.P. (°C)
1 -H 30 93 136-139°C
2 4-OCHs 40 89 206-209°C
3 4-Cl 35 86 168-170°C
4 4-NO2 15 92 280-285°C
5 4-NH. 55 84 177-182°C
6 4-F 35 87 120-123°C
7 4-CHs 40 93 132-136°C
8 3-NO2 40 87 180-183°C
9 4-Br 30 88 165-168°C
10 -OH 4 85 133-134°C

2solated yield

After optimizing the reaction conditions, we examined the recycling of the catalyst. The
results are summarized in Table 5. Data indicate that there is a marginal decrease in the yield
of the product as the number of cycles increases.

Table 5. Data for recycling of catalysts for the synthesis of substituted 2 amino 4 phenyl thiazole derivatives.

Entry Number of cycles Temp (°C) Yield (%)
1 Fresh 78 93
2 1 78 90
3 2 78 85
4 3 78 80

4. Conclusions

This methodology is useful for the rapid and efficient synthesis of 2-amino-4-phenyl
substituted thiazole derivatives. Copper silicate is used as a heterogeneous, reusable catalyst
which reduces reaction time considerably and high yield product. This procedure is successful
with a wide range of structurally diverse phenacyl bromide.
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