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ABSTRACT 

A series of halo substituted isoxazole derivatives, 3-(halo substituted anilino) -5-(substituted aryl)-isoxazoles (HAI-1, HAI-2 and HAI-3) were synthesized by both conventional and microwave synthesis process from acetanilide or its derivative. 3-substituted phenyl-1-anilino or 1-substituted anilino-2-propene-1-ones were synthesized by reaction of acetanilide or its derivative compounds in ethanol with aldehyde (or) substituted aldehyde. 3-[halosubstituted anilino]-5-[substituted aryl] isoxazoles were synthesized by refluxing -substituted phenyl-1-anilino or 1-substituted anilino-2-propene-1-ones with hydroxylamine hydrochloride (0.00014 mole) and sodium acetate (0.08 mole) in ethanol. The structures of the synthesized various isoxazole have been characterized by using elemental analysis, Infrared,1 H-NMR spectroscopy and further supported by Mass spectroscopy. All the products have been screened for their antibacterial activity towards Gram-positive and Gram-negative bacterial strains and antifungal activity at a concentration of 30, 60 and 90 µg/ml. It was exposed that the compounds showed inspiring antibacterial and antifungal activity compared to the used reference standard.
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INTRODUCTION 

Among the wide range of heterocycles that have been discovered for developing pharmacologically significant molecules, isoxazoles play a momentous role in the field of medicinal chemistry. Isoxazole is an azole with an oxygen atom next to the nitrogen. Isoxazole rings are found in some natural products, such as ibotenic acid1 and also found in a number of drugs, including COX-2 inhibitor valdecoxib.2 The presence of the isoxazole nucleus in different structures leads to expanded applications in different areas such as pigments3 and agriculture.4 Many isoxazole derivatives has found their applications as marketed drugs such as Zonisamide (antiobecity5), Oxacillin (antibacterial6), Risperidone (antipsychotic7), Acivicin (antitumour and antileishmania8), Leflunomide (Antirheumatic9), Isocarboxazid (Antidepressant10). Furthermore, the chemistry of isoxazoles has been an interesting field of study for decades because of their prominent potential as analgesic,11 anti-inflammatory,12 anticancer,13antimicrobial 14 and antiviral.15 The literature survey revealed that the substitution of various groups on the isoxazole ring imparts different activity. There are different synthetic pathways of synthesis of isoxazoles, using both homogeneous as well as heterogeneous catalysts. Nevertheless, the most broadly researched and reported synthesis of isoxazole derivative is through the [3+2] cycloaddition reaction of an alkyne that acts as a dipolarophile and nitrile N-oxide as the dipole.16 Other synthetic methods included simultaneous formation of one C-N bond and one C-O bond via [2+3] cycloaddition reaction of nitrile N-oxides with captodative olefins or methyl crotonate derivatives.17 Also, the [4+1] cycloaddition reaction of isocyanides with αhaloketone oxime in the presence of sodium carbonate.18 One-pot three component condensation of aryl aldehydes, hydroxylamine hydro-chloride and ketoesters using potassium phthalimide/sodium ascorbate/sodium tetraborate/sodium azide/sodium citrate/ sodium saccharin/N-bromo succinimide or boric acid as a catalyst in aqueous medium at room temperature.19 Recently, The regioselective zw-type [3+2] cycloaddition (32CA) reactions of a series of aryl substituted nitrile N-oxides (NOs) with trichloronitropropene (TNP) have been both experimentally and theoretically studied within the Molecular Electron Density Theory (MEDT), these reactions follow a two-stage one-step mechanism in which formation of the O-C(CCl3) bond takes place once the C-C(NO2) bond is already formed.20 Subsequently, many examples of [2+3] cycloadditions are known which are implemented according to stepwise mechanisms with the participation of biradical or zwitterionic intermediates.21
Taking these considerations into account, herein is reported the synthesis of various -(halo substituted anilino) -5-(substituted aryl)-isoxazoles to study their antimicrobial activity.

MATERIALS AND METHODS

Chemicals and solvents were purchased from Sigma-Aldrich Chemical Co., Merck chemical, Finar, and Spectrochem Ltd. Thin layer chromatography [silica gel G (E Merck) plates] was used to monitor the reactions and purity of newly synthesized compounds. Visualization was achieved with UV light (254 and 365 nm) or with iodine vapor. The melting point were determined by electrothermal apparatus using open capillary tubes and are uncorrected. IR spectra were recorded on a Shimadzu 8400 FTIR instrument in KBr disc and only significant absorbance levels (cm-1) are listed. 1H NMR spectra (400 MHz) were recorded on a "Bruker AVANCE III spectrometer" in CDCl3 solvent using TMS as internal standard. Chemical shift is given in 𝛿 ppm. Mass spectra were determined using direct inlet probe on GCMS-QP2010 mass spectrometer (Shimadzu, Kyoto, Japan). Elemental analysis was performed on a Carlo Erba EA1108 elemental analyser.

General procedure for synthesis of -(halo substituted anilino) -5-(substituted aryl) isoxazoles
Synthesis of 3-(halo substituted anilino) -5-(substituted aryl)-isoxazoles by conventional heating method
Step-1: Synthesis of 3-substituted phenyl-1-anilino or 1-substituted anilino-2-propene-1-ones: To a solution of acetanilide or its derivative compounds (0.01 mole) in ethanol (25 ml), aldehyde (or) substituted aldehyde (0.01 mole) was added in presence of 2% NaOH solution. The reaction mixture was refluxed for 12 hours and the reaction was closely monitored by TLC for the completion of reaction. Then hot reaction mixture was poured into crushed ice, filtered and purified by column chromatography. 
Step-2: Synthesis of 3-[halosubstituted anilino]-5-[substituted aryl]isoxazoles: Isoxazoles were synthesized by refluxing chalcone (0.01 mole) with hydroxylamine hydrochloride (0.00014 mole) and sodium acetate (0.08 mole) in ethanol, for 6 hours and the reaction was closely monitored by TLC for the completion of reaction. Then hot reaction mixture was poured into crushed ice, filtered and purified by column chromatography.

Synthesis of 3-(halo substituted anilino) -5-(substituted aryl) isoxazoles by microwave irradiation
Step-1: Synthesis of 3-phenyl or substituted phenyl-1 anilino or substituted anilino-2-propene-1-ones: To a solution of acetanilide or its derivatives compounds (0.01 mole) in ethanol (25 ml), aldehyde (or) substituted aldehyde (0.01 mole) was added in the presence of 2% NaOH solution. The reaction mixture was subjected for microwave irradiation (560W) for specified period (as mentioned in the Table No-3.1) in a microwave synthesizer (Fig.3.1). The hot reaction mixture was poured into crushed ice, filtered and purified by column chromatography. 
Step-2: Synthesis of 3-[halosubstituted anilino]-5-[substituted aryl] isoxazoles: Isoxazoles were synthesized by microwave irradiation (560W) of chalcone (0.01 mole) with hydroxylamine hydrochloride (0.00014 mole) and sodium acetate (0.08 mole) in ethanol, for specified period (as mentioned in the Table No-3.1). The hot reaction mixture was poured into crushed ice, filtered and purified by column chromatography.




Fig 1: Working scheme

Compound HAI-1: 3-(4’-Bromoanilino)-5-(3’’-methoxy-4’’-hydroxy phenyl) isoxazole
IR (KBr, cm-1): 3229.38(N-H str); 1670.41(CH=CH str); 3259.81(OH str); 740.69(Ar-CH str) 
1H-NMR (δ ppm): 3.392 (NH); 7.552(ArH); 10.062(ArOH) 
LC-MS (m/z): 362.60 (M+ +1)
Solid(amorphous) White
Molecular formula: C6H3(OH) (OCH3)

Compound HAI-2: 3-(4’-Fluoro anilino)-5-(4’’-dimethylamino phenyl) isoxazole
IR (KBr, cm-1): 3275.38(N-H str); 1660.55(CH=CH str); 732.97(Ar-H str); 1365.65(N=C) 
1H-NMR (δ ppm): 3.140 (NH); 6.705(CH=CH); 7.953(ArH) 2.918(N-CH) 
LC-MS (m/z): 302.10 (M+ +1)
Solid(amorphous) light green
Molecular formula: C16H13N2O3F

Compound HAI-3: 3-(4’-Chloro anilino)-5-(4’’-dimethyl amino phenyl) isoxazole
IR (KBr, cm-1): 3302.24(N-H str); 1670.41(CH=CH str); 748.41(Ar-H str); 1369.50(N=CH str) 
1H-NMR (δ ppm): 3.392 (N-H); 6.707(CH=CH); 7.602(Ar-H) 2.941(N-CH)
LC-MS (m/z): 318.73 (M+ +1)
Solid(amorphous) yellow
C6H4N (CH3)2


Table 1: Synthesized compound

	Sl. No.
	Compound 
	X
	Y
	Ar 
	
	Reaction time (min)
	

	
	
	
	
	
	Conventional 
	% Yield
	Microwave 
	% Yield

	1
	HAI-1
	Br 
	H 
	C6H3(OH) (OCH3) 
	360
	59.2 
	1.5
	76.7

	2
	HAI-2
	F 
	H
	C6H4N (CH3)2 
	360
	57.7 
	2
	78

	3
	HAI-3
	
	
	C6H4N (CH3)2 
	360
	71.5 
	3
	91



Table 2: Physical characterization of 3-(halo substituted anilino) -5- (substituted aryl)-isoxazoles

	Compound
	Mol. Wt
	MP oC
	Rf Value
	Rm Value
	% Elemental analysis

	
	
	
	
	
	Calculated
	Found

	
	
	
	
	
	C
	H
	N
	C
	H
	N

	HAI – 1
	361.18
	226
	0.596
	-0.169
	53.20
	3.62
	7.75
	51.48
	2.963
	6.577

	HAI – 2
	300.28
	143
	0.596
	-0.169
	67.01
	4.36
	9.33
	66.01
	4.634
	8.798

	HAI – 3
	314.33
	120
	0.641
	-0.251
	64.95
	5.12
	13.37
	64.80
	5.075
	11.753




BIOLOGICAL EVALUATION
Anti- bacterial activity by Disc Diffusion Method
All synthesized compounds were screened for In-vitro antibacterial activity against six different strains of bacteria i.e Gram negative organisms (Escherichia coli, Pseudomonas aeruginosa) and Gram positive organisms (Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Staphylococcus epidermidis) by paper disc method. 
What man filter paper grade-I disc of 5 mm diameter was sterilized by autoclaving for 15mm at 121°C. The sterile discs were impregnated with different synthesized compounds. Synthesized compounds were dissolved in 10% DMSO in methanol at the concentration level of 30 mcg/disc, 60 mcg /disc and 90 mcg /disc. The nutrient agar of 20m1 was placed in a flat bottomed petri dish. When solidified 4m1 of second nutrient solution seeded with test bacteria was poured evenly on to the first layer (40°C - 48°C). As soon as the second layer was solidified, the impregnated discs were placed on the medium suitably spaced apart and plates were incubated at 5°C for 1 hr. to permit good diffusion and transferred to an incubator at 37°C±1°C for 18-24hr. The inhibition zones caused by various synthesized compounds and standard drugs (Cefotaxime, Gentamicin) on the microorganisms were examined. (Table 3)
Anti-Fungal Activity By Paper Disc Diffusion Method 
All synthesized compounds were screened for In-vitro antifungal activity against five organisms (Aspergillus niger, Aspergillus foetidus, Saccharromyces cerevisiae, Candida albicans, Candida glabrata) by paper disc method. What man filter paper grade-I disc of 5 mm diameter was sterilized by autoclaving at 121°C, 15 lb/sq. inch for 15mm. The sterile discs were impregnated with different synthesized compounds. (Table-4). All test compounds were dissolved in 10% DMSO in methanol at the concentration level of 30 mcg /disc, 60 mcg/disc and 90 mcg/disc. The nutrient agar of 20m1 was placed in a flat bottomed petri dish. When solidified, 4m1 of second nutrient solution seed with test organism was poured evenly on to the first layer (40°C-48°C). As soon as the second layer was solidified, the impregnated discs were placed on the medium suitably spaced apart and plates were incubated at 5°C for 1 hr to permit good diffusion and transferred to an incubator at 28°C±1°C for 72hr. The inhibition zones caused by various test compounds and standard drugs (Fluconazole and Clotrimazole) on the microorganism were examined.
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Table 3:  Antibacterial activity of 3-(halo substituted anilino) -5-(substitutedaryl)-isoxazoles

	S. No.
	Compound 
	Zone of inhibition (in mm)

	
	
	B. subtilis
	B. cereus
	E. coli
	S. aureus
	S. epidermidis
	P. aeruginosa

	
	
	Drug concentration (μg/disc)

	
	
	30
	60
	90
	30
	60
	90
	30
	60
	90
	30
	60
	90
	30
	60
	90
	30
	60
	90

	1
	HAI-1
	6
	10
	13
	5
	9
	6
	5
	7
	12
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	HAI-2
	5
	6
	8
	-
	-
	-
	-
	-
	-
	-
	-
	-
	5
	7
	9
	-
	-
	-

	3
	HAI-3
	5
	6
	8
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	Cefotaxime 
	10
	16
	21
	9
	13
	16
	12
	17
	22
	10
	14
	19
	-
	-
	-
	6
	8
	11

	
	Gentamicin 
	15
	19
	24
	14
	18
	25
	12
	15
	18
	11
	15
	19
	15
	19
	26
	7
	9
	12



Table 4: Anti-fungal activity of 3-(halo substituted anilino)-5-(substituted aryl)-isoxazoles

	S. No.
	Compound
	Zone of inhibition (in mm)

	
	
	A. niger
	A. foetidus
	S. cerevisiae
	C. albicans
	C. glabrata

	
	
	Drug concentration (μg/disc)

	
	
	30
	60
	90
	30
	60
	90
	30
	60
	90
	30
	60
	90
	30
	60
	90

	1
	HAI-1
	-
	-
	-
	-
	-
	-
	6
	7
	8
	7
	11
	16
	-
	-
	-

	2
	HAI-2
	-
	-
	-
	6
	8
	8
	9
	12
	15
	-
	-
	-
	5
	7
	9

	3
	HAI-3
	-
	-
	-
	7
	9
	10
	9
	16
	19
	-
	-
	-
	-
	-
	-

	
	Fluconazole  
	9
	11
	15
	11
	13
	16
	8
	10
	13
	12
	16
	22
	12
	17
	21

	
	Clotrimazole  
	-
	-
	-
	9
	15
	20
	8
	11
	15
	13
	16
	21
	11
	16
	20



RESULTS AND DISCUSSION

Literature survey revealed that majority of pharmacologically active agents is heterocyclic compounds. Halogen containing drugs entered into usage since 1820. The incorporation of halogen atoms into a lead results in analogues that are more lipophilic, improve the penetration of lipid membranes and better pharmacological activities. The most utilized halogens in medicinal chemistry are fluorine and chlorine. Traditionally, organic reactions are heated using an external heat source such as an oil bath, and therefore heat is transferred by conductance. This is a comparatively slow and inefficient method for transferring energy into the system because it depends on the thermal conductivity of various materials that must be penetrated and in the temperature of the reaction vessel being higher than that of the reaction mixture. By contrast, microwave irradiation produces efficient internal heating by direct coupling of microwave energy with the polar molecules that are present in the reaction mixture. Moreover, microwave offer a number of advantages over conventional heating such as non-contact heating, energy transfer instead of heat transfer material selective and volumetric heating, fast startup and reverse thermal effect. All these valid observations led us to synthesize newer potential therapeutic compounds by conventional and microwave assisted techniques, and were evaluated for their pharmacological profiles like antibacterial, antifungal and anthelmintic activities. In the present investigation some newer heterocyclic compounds like halogenated isoxazoles, thiocarbamoyl pyrazolines, thiazolidinones and quinazolinone formazans were synthesized by conventional and microwave techniques. The products produced by both methods were characterized by IR, 1HNMR and mass Spectral analysis and compared. The experimental results of present investigation indicated that all newer heterocyclic compounds were synthesized by microwave irradiation method in 1.5-6min, while conventional method required 5-12 hrs. reflux. The results (Table 1) also indicated that in conventional method percent yield of various halogenated heterocyclic compounds was lower as compared to microwave irradiation, demonstrating the effect of microwave irradiation not purely thermal irradiation but facilitates the polarization of the molecule under irradiation causing rapid reaction. 
The products produced by both methods were characterized by melting point, Rf values, elemental analysis, IR, 1HNMR and mass spectral analysis and compared. 
Table 2 shows physical characterization of synthesized compound like melting points, Mol. Wt, Rf and Rm values and elemental analysis of products indicated that the reactants were converted to respective products. 
Appearance of IR bands in the regions of 3275 to 3306 cm-1 (N-H str.), 1365 to 1391 cm-1 (N = C str.), 1660 to 1670 cm-1(CH = CH str.) in products (31B, 31J, 31Q, 31X, 31Ab), disappearance of IR bands in the region C = O disappearance of a singlet at δ 2.85 for three protons of COCH3, appearance of singlet at δ 3.5 for one-NH- proton, and mass spectral data of products in comparison to reactants confirmed the formation of products (HAI-1 to HAI-3). All title compounds were evaluated for antibacterial activity. The antibacterial activity of newer halogen containing isoxazoles were given in Table No. 3. Compound HIA-1 was active against Bacillus subtilis, Bacillus cereus, Escherichia coli and Staphylococcus aureus whereas compounds 31J was exhibited antibacterial activity against Bacillus subtilis and Staphylococcus epidermidis. The title compounds were evaluated for antifungal activity. The results of Table 4. indicated that compounds HAI-2 and HAI-3 were active against Aspergillus niger and Aspergillus.

CONCLUSION

The synthetic method involves both the conventional and microwave irradiation   synthesis of halo substituted anilino -5-(substituted aryl)-isoxazoles, starting from freshly acetanilide and its derivatives. The method of microwave irradiation is endowed with several unique merits including good percentage of yield and less reaction time. The method has successfully applied for synthesis of a diverse library of three halo substituted isoxazoles. Then after, these synthesized isoxazoles evaluated as anti-microbial agents against a group of antibacterial and antifungal strains. They were found to possess reasonably good antibacterial and antifungal activity and compounds HAI-1 shows good action against bacteria and HAI-2 and HAI-3 were found to be the most potent antifungal activity. It will be the topic of new research to substitute it with greener reagents and solvents, finding more effective anti-microbial agents. This work confirms the high importance of organic compounds in applied fields as reported before in the previous scientific papers.
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