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Abstract 

In the presence of hexamine catalyst in ethanol:water, a clean and efficient multi-component method 
for the synthesis of biologically important isoxazoles using aryl aldehydes, hydroxyl amine 
hydrochloride, and ethyl aceto acetate is reported. One-pot reaction, environmentally friendly 
approach, operational simplicity, broad substrate scope, excellent yields, short reaction time, simple 
workup procedure and use of hexamine as a non toxic, easily available and safe organocatalyst are the 
advantages of the current methodology. 
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1. Introduction 

Multicomponent reactions (MCRs) are one of the most efficient tools in modern synthetic organic 
chemistry because they have all of the characteristics that make for an ideal synthesis such as high 
atom efficiency, time and energy savings,  fast and simple execution, ,environmental friendliness and 
also offering target and diversity-oriented synthesis [1-2] . Furthermore, combining well-known 
multicomponent reactions with post-reaction transformations allows for the creation of a wide range 
of complex and diverse products [3-5]. Isoxazoles are aromatic heterocycles with five membered 
cyclic ring having neighbouring oxygen and nitrogen atoms. The isoxazole ring system can be found 
in a wide range of natural products and physiologically active organic molecules [6],  Isoxazole 
derivatives have  a wide range of pharmacological and biological properties such as anti-HIV [7], 
anticonvulsant [8],  antimicrobial [9], anticancer [10], analgesic [11] and antiviral [12] etc. According 
to reported literature the synthesis of one of the isoxazole scaffolds, aryl-3-methylisoxazol-5(4H)-
ones performed by combining aromatic aldehydes with ethyl acetoacetate and hydroxylamine.  A 
variety of reagents and catalytic systems in recent years have been utilized for the synthesis of these 
aryl-3-methylisoxazol-5(4H)-ones , including guanidine hydrochloride [13] [H-Pyrr][H2PO4] [14], 
sodium silicate [15], Nickel [16] pyridine [17], [TMBSED][OMs]2 [18], DOWEX(R)50WX4 [19]. 
However, some of the published procedures for the synthesis of arylmethyledene-isoxazole-5(4H)-
ones have drawbacks in terms of both economics and the environment. For the first time, we present 
an efficient, new and environmentally friendly easy synthesis of 4-arylidene-3-phenylisoxazol-5-ones 
in an ethanol: water (1:1) medium with hexamine as a basic, cost effective and safe organocatalyst. 
Organocatalysthaving an organic framework, with industrial appeal have piqued the scientific 
community's interest for a variety of reasons, including their low cost, less sensitive to moisture and 
air, vast chiral pool, and non-corrosive in nature [3]. The efficiency of hexamine as an organocatalyst 
has received little attention yet. So in this protocol and in continuation of our previous works towards 
development of convenient protocols [20-26] here we explore the catalytic activity of hexamine as an 
efficient organocatalyst. 
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2. Results and Discussion 

A one-pot multicomponent reaction was utilized to obtain the desired aryl-3-methylisoxazol-5(4H)-
ones by using appropriate substrates catalyzed by hexamine in aqueous ethanol medium (Scheme 1). 
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Scheme: 1. Hexamine promoted synthesis of arylmethyledene-isoxazole-5(4H)-ones 

Initially, a model reaction was set up with p-methoxy benzaldehyde, ethyl acetoacetate and 
hydroxylamine (Scheme 1). Different parameters such as solvent and temperature were investigated to 
develop optimized reaction conditions for the model reaction. The focus for the optimization of the 
reaction was to incorporate green and safer medium and catalyst for the synthesis of these isoxazoles. 
After screening, it was observed that hexamine catalyst has a unique capability to enhance the rate of 
reaction in water: ethanol (1:1). In addition to this, other solvents like acetonitrile and methanol and 
were also studied. In the beginning a mixture of 4- OMe-benzaldehyde, ethyl acetoacetate and 
hydroxyl amine hydrochloride and 20 mol% hexamine in 5ml ethanol afforded the corresponding 
isoxazole with 91% yield in 75min (Table 1, entry 1). When the same reaction is performed in water: 
ethanol (1:1) the reaction gave similar yield as compared to ethanol alone (Table 1, entry 2), whereas 
if the water ratio is doubled then the yield of the product decreases (Table 1, entry 3). When water 
alone was investigated as reaction medium, the yield was only 60%, which may be owing to poor 
solubility of the material in water (Table 1, entry 4). Other solvents such as methanol and acetonitrile 
gave poor yield of the products at room temperature (Table 1, entries 4-5). 

Table 1 Optimization of reaction conditions for the synthesis of arylmethyledene-isoxazole-5(4H)-

one  
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Entry Solvents a  Hexamine Temperature 
(oC)  

Time 
(min) 

Yield 
(%)b 

1 EtOH 20 mole% R.T 75 91 
2 EtOH:H2O (1:1) 20 mole% R.T 75 91 
3 EtOH:H2O (1:2) 20 mole% R.T 80 82 
4 H2O 20 mole% RT 100 60 
5 MeOH 20 mole% RT 240 65 
6 ACN 20 mole% RT 240 55 
a  5mL, bIsolated yields. 

Different derivatives are prepared, as shown in Table 2, to investigate the efficiency and scope of the 
developed process, and it was found that this new procedure works with a variety of substrates. The 
reaction was carried out with seven different types of substituted aromatic aldehydes, while all of the 

Journal For Basic Sciences

Volume 22, Issue 11, 2022

ISSN NO : 1006-8341

PAGE NO: 98



aldehydes produced the corresponding products in good to excellent yields where as aromatic 
aldehydes with electron donating substituents produced the products in comparatively high yields. 
 

Table 2 Hexamine catalyzed synthesis of arylmethyledene-isoxazole-5(4H)-ones 

Entry R P Yield  
(%)a 

Time 
(min) 

M. p (oC) 

  Observed     Literature 
1 4-CH3O 4a 91 75 175-178 175-177 [15] 
2 4-NO2 4b 88 85 180-182 183-184 [6] 
3 2-NO2 4c 80 80 138-140 ---- 
4 4-CH3 4d 90 70 131-133 132-134 [3] 
5 4-OH 4e 89 70 220-225 213-215 [18]  
6 H 4f 85 80 138-140 141-143 [15] 
7 2-OH 4g 87 65 196-198 197-199 [21] 

8 4-Cl 4h 86 75 124-126 128-130 [18] 

            aIsolated yields. 

In the mechanism the amino group of hydroxyl amine hydrochloride attacks the carbonyl carbon of 
ethyl acetoacetate to form an oxime intermediate. Hexamine abstracts the proton from the active 
methylene position of the oxime intermediate to form a carbanion, which attacks the electrophilic 
carbonyl carbon atom of aldehydes via the Knoevenagel condensation reaction. The oxygen atom of 
the oxime group attacks the carbon atom of the ester, followed by proton transfer and elimination of 
the ethanol molecule resulting in isoxazole-5(4H)- ones (Figure: 1). 
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Figure1: Possible Mechanism for the hexamine catalyzed synthesis of isoxazole-5(4H)-ones 
 
3. Experimental 
Chemicals were purchased from SD Fine Chemical Companies. The physical properties of the 
synthesized derivatives were confirmed by comparing the physical data of those described in the 
literature. A Bruker Advance DPX-250 was used to record NMR spectra. Mass spectra were recorded 
on the Waters GC-MS spectrophotometer. Silica gel TLC plated were used to monitor the reactions' 
and the product's purity. 
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2.1. Typical Procedure for the synthesis of arylmethylidene-isoxazol-5(4H)-ones (4a-h) 
Aromatic aldehyde (1 mmol) was added to a stirred mixture of ethyl acetoacetate (1 mmol), 
hydroxylamine hydrochloride (1 mmol), and hexamine (20 mol%) in EtOH: H2O (5 mL, 1:1), and the 
mixture was agitated at room temperature for the necessary amount of time and monitored by TLC 
(ethyl acetate:hexane, 2:8). After indication of reaction completion, 5 mL of water was added, and the 
resulting solid crude precipitate was filtered. To obtain the pure product, the crude product was 
recrystallized from EtOH-H2O (4:1). 

2.2. Spectral data 

3-Methyl-4-(4-methoxyphenyl)methylene-isoxazole-5(4H)-one (4a) M.p. 175-178 oC; 1H NMR (500 
MHz, DMSO-d6) δ(ppm): 2.27 (3H, s, CH3), 3.90 (3H, s, OCH3), 7.17 (2H, d, J = 8.9 Hz, HAr), 7.87 
(1H, s, =CH), 8.53 (2H, d, J = 8.9 Hz, HAr); 13C NMR(125 MHz, DMSO-d6) δ(ppm): 11.16, 56.9, 
114.57, 115.13, 125.69,136.79, 151.13, 162.28, 164.15, 169.77;Mass, m/z: 218.10 [M+1]. 

3-Methyl-4-(4-hydroxyphenyl)methylene-isoxazole-5(4H)-one (4e) M.p. 220-225 oC;  1H NMR (500 
MHz, DMSO-d6)δ(ppm): 2.23 (3H, s, CH3),6.94 (2H, d, J = 8.8 Hz, HAr), 7.74 (1H, s, = CH),8.43 
(2H, d, J = 8.7 Hz, HAr), 11.00 (1H, s, OH);13C NMR(125 MHz, DMSO-d6) δ(ppm): 11.16, 113.79, 
116.05, 124.48, 137.42, 151.31, 162.11, 163.75, 168.72;Mass, m/z: 204.07 [M+1]. 

4. Conclusion 

We have developed a new procedure for the synthesis of different substituted isoxazole derivatives 
(4a-4h) by one-pot three-component reaction between substituted aldehydes, ethyl acetoacetate and 
hydroxylamine hydrochloride in the presence of hexamine as an efficient organocatalyst in aqueous 
ethanol medium. The current methodology has numerous benefits, such as simple process, use of safe 
and easily accessible hexamine oraganocatalyst and ethanol:water as green medium, less reaction time 
and maximum yields. 
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