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Abstract  

Natural mesolite type zeolite was collected, modified by sulphuric acid treatment and characterized by 

using Powder-X ray diffraction, Scanning electron microscopy and Energy dispersive spectroscopy, 

Fourier transform infrared spectroscopy. Temperature programmed ammonia desorption, Brunauer-

Emmer-Teller surface area analysis. Modified dealuminated mesolite shows an efficient catalytic activ-

ity for one pot synthesis of 3-methyl-4-arylmethylene-isoxazol-5(4H)-ones derivatives, via one pot three 

component condensation of benzaldehyde, ethylacetoacetate and hydroxylamine hydrochloride. Present 

method offers several advantages over the reported methods like a simple and inexpensive modifica-

tion of catalyst, mild reaction condition, easy separation of catalyst, simple work-up procedure, non-

chromatographic isolation and purification desired product and excellent yield. Furthermore, catalyst 

could be reused without significant loose in activity. Copyright © 2017 BCREC GROUP. All rights re-

served 
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Research Article 

1. Introduction  

Nowadays, the development of green proto-

col for one pot synthesis of heterocyclic organic 

compound has gain much more attention in 

green chemistry. Most of the organic condensa-

tion, alkylation, acylation reaction are carried 

out using mineral acid/base and stoichiometric 

amount of Lewis acids like AlCl3, BF3, ZnCl2 

[1]. Despite its high selectivity, these homoge-

nous classical acid catalysts are inheriting dis-

advantages like high toxicity, corrosive nature 

and generation of maximum waste, tedious re-

covery. Therefore, it is necessary to find sus-

tainable alternatives to these hazardous cata-

lysts by inexpensive, non toxic, reusable solid 

heterogonous catalyst. Accordingly, number 

heterogeneous solid acids such as nano mixed 

metal oxides supported clays, transition metal 

oxide doped mesoporous silica, zeolites are 

playing important role in organic synthesis in 

order to develop cleaner and eco friendly green 

process [2].   

Zeolites are microporous, hydrated alumi-

nosilicates minerals found naturally in the 
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earth crust, containing polymeric three dimen-

sional networks of [AlO4]5- and [SiO4]4- tetrahe-

dron as primary building units. These unites 

are linked to each other by sharing oxygen 

atom, they also possesses channels and pore 

ranging in diameter 3-8 Å and possess Lewis 

and Brönsted acidity in his framework [3]. Zeo-

lites are obtained either from natural deposits 

or synthesized. Over 150 type of framework of 

synthetic zeolites have been reported and six 

different natural mineral of zeolite have been 

found in nature with substantial quantity and 

purity [4]. Natural zeolites are used as water 

softener, cation exchanger, adsorbent for heavy 

metal cations and dye molecules [5]. Natural 

zeolites are the good sensors for ammonia and 

carbon dioxide molecule [6]. Industrially natu-

ral zeolites are used as heterogeneous catalyst 

for alkylation, acylation, isomerization and pet-

rochemical refining [7-10]. 

Mesolite is microporous fibrous natrolite 

type natural zeolite. General molecular formula 

of mesolite is [Si72Al48O240] and NAT framework 

topology [11]. There are several modification 

methods to improve the acidity of zeolites such 

as hydrothermal treatment, acid/base leaching, 

H2O2 and microwave irradiation etc., among 

them dealumination of zeolite is useful tool to 

generate strong Lewis as well as Brönsted 

acidic sites in zeolite framework which can be 

achieved by acid treatment. The selective ex-

traction of aluminium leads to formation of sili-

anol nests and mesoporsity [12] in his frame-

work (Scheme-1).  

In recent years, isoxazoles derivates have 

received strong research interest because of 

their potent biological and pharmaceutical ac-

tivity such antibacterial, antifungal, antican-

cer, anti-inflammatory activity [13-15].  

Isoxaole derivatives are the building blocks of 

some natural products [16]. Besides these 

isoxaole motifs are important constituents of  

merocyanine dyes [17] and organic optical ma-

terial [18]. Furthermore, isoxaole derivatives 

act as fluorescent chemosensor for fluoride ani-

non [19]. Hence by considering importance and 

applications of isoxaole derivatives several 

catalytic methods have been developed using 

homogenous and heterogeneous catalyst like 

potassium phthalimide [20], n-bromosuccini-

mide [21], sodium oxalate, tetra-butyl-

ammonium perchlorate, glycine [22], Tartaric 

acid [23], boric acid [24], DABCO [25], sodium 

benzoate [26], nano-Fe2O3 [27], and 

H3PW11CuO40 [28]. However, some of them suf-

fered from some problems like harsh reaction 

condition, long reaction time, low yield and te-

dious work up for separation of catalyst which 

generate acidic effluent. Some methods re-

quired special conditions such as visible light 

[29] microwave [30] irradiations and refluxing 

reaction mixture in toxic homogenous Nitrogen 

containing organic bases like pyridine [31]. 

Hence in order to overcome these limitations it 

is necessary to develop simple, efficient and 

eco-friendly method for synthesis of 3-methyl-

4-arylmethylene-isoxazol-5(4H)-ones deriva-

tives. 

In continuation of our research work, on de-

velopment of heterogeneous catalysts and their 

utilization for synthesis of heterocyclic organic 

compounds [32-33]. The present communica-

tion report collection, modification and cata-

lytic application mesolite type zeolite sample 

which was collected from Aurangabad district 

of Marathwada region, Maharashtra state, In-

dia. It was modified by sulphuric acid treat-

ment and characterized by X-ray diffraction, 

FT-IR, NH3-TPD, FT-IR, SEM-EDS, and BET 

and used as heterogeneous solid acid catalyst 

for one pot synthesis of 3-methyl-4-

arylmethylene-isoxazol-5(4H)-ones derivatives, 

(Scheme-2).   

 

2. Materials and Method  

2.1. Chemicals and instruments  

All solvents and chemicals were analytical 

grade and purchased from Merck, Avra and 

Spectrochem chemicals and used as such. Melt-

ing points were taken in an open capillary and 

are uncorrected. FT-IR spectrum was recorded 

Scheme 1. Modification of mesolite by sulphuric acid treatment    
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on Perkin Elmer; thin layer chromatography 

was performed on Merck pre-coated silica 

plates. 1H NMR spectra were recorded on 400 

MHz Bruker avance FT-NMR spectrometer in 

CDCl3 as solvent and chemical shifts values are 

recorded δ (ppm) relative to tetramethylsilane 

(Me4Si) as an internal standard. The X-ray dif-

fraction patterns were recorded on Bruker 8-D 

advance X-ray diffractometer using monochro-

matic Cu-Kα radiation (λ = 1.5405 Å). Scanning 

electron microscope image with energy disper-

sive X-ray spectroscopy was obtained on JSM - 

6390LV6330 LA operated at 30.0 kV. The sur-

face area was calculated by N2 adsorption per-

formed on Quantachrome CHEMBET 3000 in-

strument. Temperature programmed ammonia 

desorption was recorded on micromeritice in-

strument from room temperature to 700 °C 

with heating rate 10 °C/min. 

 

2.2. Modification of natural mesolite type 

zeolite   

Natural mesolite powder was washed and 

refluxed with distilled water for 3 h and dried 

in an oven at 150 °C for 4 h. The 5 g dried sam-

ple was mixed with 20 mL of 0.1 N H2SO4. The 

resulting  mixture was stirred continuously for 

3 h and filtered by sintered glass crucible the 

product  so obtained was washed with distilled 

water and dried in an oven at 110 °C for over-

night. Finally, the resulting material was cal-

cined in a muffle furnace (SONAR) at 500 °C 

for 5 h under air atmosphere. The sample were 

naturally cooled and further named as dealu-

minated mesolite. 

 

2.3. Typical reaction procedure for the 

synthesis of 3-methyl-4-arylmethylene-

isoxazol-5 (4H)-ones derivatives   

A mixture of aromatic aldehyde (1 mmol), 

hydroxylamine hydrochloride (1 mmol), ethy-

lacetoacetate (1 mmol), and catalytic amount 

dealuminated mesolite (0.1 g) was stirred in 20 

ml  of aqueous ethanol  (EtOH:H2O of 3:1) sol-

vent system for the time shown in Table 3. The 

progress of the reaction was monitored by TLC 

(petroleum ether : ethyl acetate 7:3 as eluent). 

After completion of the reaction, the reaction 

solid crude product was dissolved in hot etha-

nol and filtered to recover catalyst the filtrate 

was concentrated under reduced pressure, and 

the crude product obtained was recrystallized 

from ethanol to afford pure product. 

 

2.4. Spectroscopic data a representative 

sample    

The spectroscopy data of the 4-(4-

methoxybenzylidene)-3-methylisoxazol-5-(4H)-

one (3b) yellow solid showed IR (KBr) 3449.25, 

3090.80, 2979.37, 1730.73, 1589.49, 1552.20, 

1425.08, 1265.23 cm-1, 1H NMR 2.279, (s 3H, 

CH3), 3.918 (s, 3H, OCH3) 7.00-7.023 (d, 2H), 

7.341 (s, 1H), 8.428-8.451 7.6 (d, 2H).  

 

3. Results and Discussion 

3.1. X-ray diffraction (XRD)          

XRD patters of parent and dealuminated 

mesolite are given in Figure 1 shows intense  

peaks at 2θ° = 13.57, 19.35, 20.39, 24.599, 

27.81, 31.14, 34.87, 39.84 with corresponding 

planes (0 1 1), (4 1 0), (3 3 1), (5 3 0), (5 1 1), (1 

9 2), (3 21 0), (2 17 2), respectively, which are 

characteristic peaks of mesolite type natural 

zeolites [34]. The diffraction planes of dealumi-

Scheme 2. Synthesis of 3-methyl-4-arylmethylene-isoxazol-5(4H)-ones derivatives   

Figure 1. Powder XRD pattern of (a) parent 

natural mesolite (b) dealuminated mesolite 
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nated mesolite shows low intensity due to loss 

of crytallinity and leaching of aluminum from 

framework, but both the samples are in ortho-

rhombic phase.  

 

3.2. Scanning electron microscopy-energy 

dispersive spectrometry (SEM-EDS)   

Scanning electron microscopy and Energy 

Dispersive Spectroscopy has been extensively 

used to study surface morphology and elemen-

tal composition of catalytic material. The SEM 

image of parent and dealuminated mesolite is 

presented in Figures 2(a) and (b) shows rod 

shaped crystals. The SEM image of sample (b) 

shows small but less bulky crystals, this may 

be due to generation of mesoporsity because of 

acid leaching. The elemental composition of 

mesolite is shown in Figure 3 which show the 

presence of O, Al, Si, Ca, elements, with (atom 

%) 38.47, 20.36, 28.19, 12.2, respectively. From 

EDS spectrum we have calculated empirical 

formula for parent mesolite is Si3Al2Ca1O4. The 

Figure 3(b) present EDS profile of dealumi-

nated mesolite having elemental distribution 

in (atom %) O, Al, Si of 38.47, 2.34, 59.19 % re-

spectively, with corresponding empirical for-

mula Si30AlO19. It has been found that Si:Al ra-

tio increases on acid treatment.  

  

3.3. Fourier transform infrared spectros-

copy (FT-IR)       

FT-IR Spectroscopy is used to study the 

framework and structural building unites of   

zeolites. Figure 4 (a-c) shows the FT-IR spectra 

Figure 3. EDS-Spectrum of (a) parent mesolite (b) dealuminated mesolite    

Figure 2. SEM-images of (a) parent natural Mesolite (b) dealuminated Mesolite.     
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of the mesolite. Figure 4(a) shows peak at 3756 

cm−1  is due to the Si–OH stretching vibration, 

1689 cm−1 for the Si–OH bending mode, and 

965 cm−1 due to the Si–O–Si or Al–O–Si 

stretching vibration mode [35]. Figures 4(b) 

and 4(c) shows disappearance of band at 965 

cm−1 this may be  due to breaking of Si–O–Si or 

Al–O–Si framework and shows broad band be-

tween 3479-3756 cm−1 confirms presence of sur-

face hydroxyl group [36]. 

 3.4. Temperature programmed ammonia 

desorption (NH3-TPD)    

The Figure 5(a) and (b) shows NH3-TPD 

profile of parent and acid treated 

(dealuminated) mesolite. The Figure 5(a) 

shows two distinct peaks in the range 150-500 

°C due to the presence of different types of 

acidic sites in the framework. The desorption 

peak observed at 196.2 °C is due to presence of 

bridged hydroxyl group or Brönsted acidic 

sites. While peak observed at 420.9 °C is due 

desorption of NH3 from strong Lewis acidic 

sites. Figure 5(b) shows single peak at 308.9 °C 

is due to desorption of ammonia from Brönsted 

acidic sites [37]. From Table 1, the total acidity 

of parent mesolite and dealuminated mesolite 

is found 0.3724 and 0.5726 mmol.g-1 respec-

tively. Therefore, acid treated mesolite shows 

more acidity than parent mesolite this may be 

due to increase in Lewis acidic sites because of 

dealumination. Surface area and porosity of 

catalyst were measured by Nitrogen adsorption 

desorption method. The BET surface area of 

dealuminated mesolite is found 4.486 m2/g 

which is greater than parent mesolite.   

  

3.5. Catalytic activity result  

In order to investigate optimum loading of 

catalyst and suitable solvent medium for pre-

sent protocol 4-OCH3 benzaldehyde (1 mmol) 

were reacted with ethylacetoacetate (1 mmol) 

Figure 4. FT-IR spectrum of (a) parent mesolite, 

(b) calcined mesolite, (c) dealuminated mesolite.       

Figure 5. (a) NH3-TPD of parent mesolite (b) NH3-TPD of dealuminated mesolite     

Sr. No. Catalyst Total acidity mmol.g-1 BET surface area m2/g 

1 Parent mesolite 0.3724 0.1485 

2 Dealuminated mesolite 0.5726 4.4863 

Table 1. Acid strength and BET surface area of mesolite      
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and hydroxylamine hydrochloride (1 mmol) as 

model reaction with different solvents and 

amount of dealuminated mesolite as catalyst at 

ambient condition (stirring) condition and re-

sults are summarized in (Table 2). In the ab-

sence of catalyst the reaction did not gave satis-

factory yield of desired product (3b), which indi-

cate important role of catalyst, 0.1 gm of dealu-

minated mesolite is suitable to catalyze reac-

tion smoothly. The same reaction was carried 

out under optimum loading of catalyst under 

different solvents, and it is observed that the 

no single solvent  gave excellent yield of desired 

product, hence we have used mixture of EtOH 

and H2O (1:1)  as solvent for reaction, surpris-

ingly reaction proceeds faster and maximum 

yield than other solvent system. 

In order to explore the scope and importance 

of the present method different aromatic alde-

hydes were tested under optimum reaction con-

ditions for synthesis of 3-methyl-4-

arylmethylene-isoxazol-5(4H)-ones derivatives 

(Table 3). The aldehydes with electron donat-

ing groups at para position such as 4-OCH3, 4-

CH3, 4-OH, were react fast and give maximum 

yield in minimum time as compare to alde-

hydes having electron withdrawing group such 

as, 4-Cl which give tracer yield. After optimiz-

ing reaction conditions, efforts have been made 

towards the recovery and reusability of the 

catalyst. After completion of reaction solid 

product was dissolved in hot ethanol and fil-

tered. The recovered catalyst was washed with 

acetone and activated by drying at 150 °C for 3 

hour before the next catalytic run. The reus-

ability of the catalyst was investigated for two 

times and it was found to retain almost consis-

tent activity (Table 3, entry 3b).  

To specify the advantages of proposed 

method, results of different reported methods 

Table 2. Optimization of catalyst loading with different solvents for the synthesis of 3a   

Entry Solvent 
Catalyst 

amount (g) 

Time 

 (min) 
Yield(%)a 

1 Ethanol - 120 33 

2 Methanol - 120 30 

3 Acetonitrile - 120 28 

4 1,4-dioxane - 120 27 

5 Tetrahydrofuran - 120 25 

6 Water - 120 53 

7 Ethanol 0.05 60 65 

8 Ethanol 0.1 60 67 

9 Ethanol 0.15 60 67 

10 Ethanol 0.2 60 68 

11 Ethanol:Water (3:1) 0.1 60 95 

12 Ethanol:Water (1:3) 0.1 60 85 

13 Ethanol:Water (1:1) 0.1 60 89 

aisolated yield  

Table 4. Catalytic performance of different catalysts for the synthesis of 3-Methyl-4-arylmethylene-

isoxazol-5(4H)-ones derivatives      

Entry Catalyst Condition 
Time 

(min) 

Yield 

(%) 
References 

1 Pottasium phthalimide Water, R.T. 70 96 (20) 

2 N-bromosuccinimide Water, R.T. 100 88 (21) 

3 Sodium oxalate Water, R. T. 70 90 (22) 

4 Tartaric acid Water R.T. 35 93 (23) 

5 Sodium tetraborate Water R.T. 50 90 (24) 

6 Pyridine reflux in ethanol 60 93 (31) 

7 Dealuminated mesolite Starring in ethanol : wa-

ter (3:1) 

60 95 Our results 
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Table 3. Dealuminated mesolite catalyzed cyclocondensation of aromatic aldehyde, elthylacetoacetate 
and hydroxylamine hydrochloride.    

Entry Aldehyde (R) 
Time 
(min) 

Yield (%)a 
M.P. (°C) 

Observed Literature 

  
3a. 

 

  
110 

  
90 

  
140 

  
140-14221 

  
3b. 

 

  
60 

  
95(93,92,)c 

  
174 

  
175-17721 

  
3c. 

 

  
60 

  
93 

  
211 

  
210-21121 

  
3d. 

 

  
120 

  
85 

  
198 

  
199-20120 

  
3e. 

 

  
130 

  
80 

  
190 

189-202120 

  
3f 

 

  
120 

  
88 

  
212 

  
213-21520 

  
3g 

 

  
120 

  
85 

  
145 

  
145-14729 

3h 

 

  
120 

  
Trace 

  
------ 

  
----- 

3i 

 

  
100 

  
90 220 220-22121 

Reaction conditions: benzaldehyde (1 mmol), ethylacetoacetate (1 mmol), hydroxyl aminehy-
drochloride (1 mmol), catalyst 0.1 g, and ethanol : water (1:1) 15 mL. aIsolated yields. cYield 
after consecutive cycle     
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are compared with our results and are summa-

rized in Table 4. It is found from tabulated re-

sults that, dealuminated mesolite promotes re-

action more effectively under mild condition 

than other reported methods. Furthermore re-

ported methods require additional workup to 

recover and reuse catalyst.  

  

4. Conclusions 

In summary, we have successfully modified 

natural mesolite zeolite by heat and H2SO4 

treatments. Present modification method is 

simple and inexpensive. XRD and SEM-EDS 

analysis confirms the mesolite phase of natural 

zeolite. FT-IR, analysis identifies bridged and 

surface hydroxyl groups present in a zeolite.  

NH3-TPD analysis confirms presence of both 

weak and strong acidic sites in a natural zeo-

lite. It has been found that the active sites and 

surface area was increased by H2SO4 treatment 

as compared to parent natural zeolite. The 

modified dealuminated mesolite is used as het-

erogeneous catalyst for the synthesis of 3-

methylarylmethylene-isoxazol-5(4H)-ones de-

rivatives by condensation reaction between al-

dehyde, ethylacetoacetate and hydroxyl amine 

hydrochloride. Present method offers remark-

able advantages such as non-toxic, non-

corrosive and an inexpensive reaction condi-

tions. Simple recovery and reusability of the 

catalyst make the reaction successful under en-

vironmental benign conditions.   
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