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    I am extremely happy to find that Dr. Ashok Kumar Jha, Department of Chemistry, Tilka Manjhi Bhagalpur University, Bhagalpur, has ventured to edit a book titled “Frontiers in Medicinal Chemistry”. Such a treatise is a long-standing requirement for those engaged in research and teaching the subject.




    Medicinal Chemistry in Chemical Science has been serving humankind from the very beginning by way of the discovery of potentially bioactive molecules in the treatment of various ailments. Everybody would agree that the role of medicinal chemists is pivotal in the medical sciences. The development of recent therapeutic agents, secondary metabolites from plants and nano drugs, along with drug delivery targets, has added a new dimension to the field of medicinal chemistry. Methods of computational approaches in drug repositioning have emerged as effective techniques recently to cope with the devastating effects of mysterious diseases and pandemics, too. Different databases such as DrugBank, OMIM, ChemBank, and PubMed are worth mentioning in many drug repositioning prospects. A few discoveries have also taken place on isoxazole derivatives as a potential pharmacophore for new drug development. A lot of biological activities such as antimicrobial, antitubercular, antiepileptic, anthelmintic, and antimalarial have been found in heterocyclic compounds.




    Cancer, arising from uncontrolled cell division, has emerged as a prominent cause of death around the globe. Carcinogenic agents and toxic heavy metals cause lung, breast and liver cancer in general, and cases of lung cancer among workers in chromium-related industries have already been established due to the ingestion of hexavalent chromium. Different types of chemotherapeutic agents and phytochemicals have been investigated for anticancerous activities.




    In addition, nature has a vast treasure of medicinal plants that have not been explored for their therapeutic values till now, and so the mystery has to be unveiled for their medicinal value. From time immemorial, people have been using them as folk medicines to treat ailments. Intensive research is required to characterize the phytochemicals, which are instrumental in the cure of diseases. Some of the chapters on cancer treatment and causative agents, along with the mechanism of uncontrolled cell growth due to metal toxicity, will prove very beneficial for scientists who want to pursue advanced research in the field. Articles in the book “Frontiers in Medicinal Chemistry” have been contributed by experienced and recognized experts in the area of medicinal chemistry with a view to enrich the existing knowledge of those who are engaged in teaching and research in the field.




    I do hope that this book will be appreciated by the faculties, researchers as well as students.




    

      D.C. Mukherjee


      Former President and Advisor


      Indian Chemical Society


      Kolkata


      India


    


  




  




  




  

    PREFACE




    


    


    


    


    


  




  

    In recent times, Medicinal Chemistry has emerged in Chemistry as a very fascinating and challenging area to cope with mysterious diseases, as a result of which this branch of Chemistry has attained prime importance. From the beginning of civilization in ancient times, Chemistry has been designed to serve humankind through Ayurveda, herbal medicines and metals in nano-size for drug delivery. In the Himalayas, there were very good and well-known plants used for the treatment of severe ailments. The ancient concept of Swarna bhasma, iron bhasma, and other bhasmas is nothing but modern time nano drugs. Lead and silver bhasmas were also in practice. There is no doubt that Medicinal Chemistry plays a significant role in the discovery of therapeutic agents or bioactive molecules for use in the treatment of various human ailments. It generally involves chemical, synthetic and computational aspects of identification and modification of molecules known as drugs either from natural or synthetic products.




    This book, titled "Frontiers in Medicinal Chemistry," contains diverse topics from different areas of Medicinal Chemistry, including developments in drug discovery and design, identifying new targets for existing drugs through drug repurposing, along screening new and emerging drug targets. In addition, carcinogenicity due to hexavalent chromium and arsenic with a probable mechanism of mismatch DNA repair and proteotoxic stress have been discussed in the chapter of the book. Biosynthetic pathways, biotechnology, biochemistry, molecular biology and related topics from food science have also been incorporated in the book.




    I do hope that this book will serve as an important repository of scientific information on Medicinal Chemistry to students, researchers and a broad scientific spectrum. We had long sittings in the calmness of the night and even under the fading stars of dawn, completely away from the din and bustle to complete this monumental treatise. We express our sincere thanks to Senior Research Fellow Sri Sachin Verma “Heavy Metal Remediation Laboratory’’ for providing his computer skills and expertise. I also express my thanks to Dr. Ujjwal Kumar, AIIMS Patna, for showing interest in the present book.




    Last but not least, we express our deep sense of gratitude to Prof. D.C Mukherjee for constant encouragement. We sincerely thank and appreciate Bentham Science Publishers for providing an opportunity to complete this project. Finally, we bow before the Almighty, Creator of the Universe, for instilling inner strength in us to complete this arduous task.
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      Abstract




      Isoxazoles are five-membered aromatic heterocyclic compounds in which oxygen and nitrogen atoms are present at positions 1 and 2 of the ring system. Isoxazole derivatives play a vital role due to their diverse biological activities, such as antimicrobial, antifungal, anti-viral, anti-tubercular, anti-epileptic, anti-diabetic, anticancer, anthelmintic, antioxidant, antipsychotic, antimalarial, analgesic, anti-inflammatory, etc. Isoxazole scaffold is present in various drug molecules, such as leflunomide (antirheumatic), valdecoxib (non-steroidal anti-inflammatory drug), and zonisamide (anti-convulsant). Similarly, isoxazole derivatives such as isocarboxazid act as monoamine oxidase inhibitors. It is used to treat symptoms of depression that may include anxiety, panic, or phobias. Whereas the isoxazole derivatives, including sulfamethoxazole, sulfisoxazole, and oxacillin, are used clinically for the treatment of bacterial infections. Isoxazole pharmacophore is also present in β-lactamase resistant antibiotics such as cloxacillin, dicloxacillin, and flucloxacillin. Cycloserine is a naturally occurring antibiotic that possesses isoxazole moiety with anti-tubercular, activity. This study focuses on the therapeutic potentials of isoxazole derivatives in new drug development.
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      1. INTRODUCTION




      Heterocyclic compounds containing nitrogen and oxygen atoms play a significant role as medicinal agents due to their wide range of therapeutic activities [1]. Heterocycles are the common structural moiety present in various clinically available drugs [2]. The cyclic compound with at least two different atoms (one is carbon and the others are heteroatoms such as nitrogen, oxygen, and sulfur) in the ring system is called a heterocyclic compound [3]. Depending on the presence of a type of heteroatoms (N, O, or S), and ring size, the heterocyclic compounds are of different types, including three-membered (oxirane, thiirane, aziridine), four-membered (oxetane, thietane, azetidine), five-membered (oxolane, thiolane, azolidine, triazole, oxadiazole, thiazole, pyrrole, furan, thiophene, imidazole, oxazole, isoxazole), six-membered (pyridine, pyrimidine), seven-membered (azepine), eight-membered (azocine), etc [4]. In addition to this, fused heterocyclic compounds are present such as quinoline, isoquinoline, indole, benzofuran, benzothiophene, coumarin, purine, benzimidazole, etc [4]. Due to the structural diversity of the heterocycles, these compounds possess a wide spectrum of therapeutic applications such as anti-bacterial, anti-malarial, anti-viral, anti-psychotic, anti-fungal, anti-tumor, anticonvulsant, anti-oxidant, antilipidemic, analgesic, and anti-inflammatory [5].




      

        1.1. Isoxazoles




        Nitrogen-containing heterocycles are considered a major class of compounds in medicinal research [6]. Among these, isoxazole derivatives play a vital role due to their diverse pharmacological activities such as antimicrobial, antifungal, anti-viral, anti-tubercular, anti-diabetic, anticancer, anthelmintic, antioxidant, anti- epileptic, antipsychotic, antimalarial, analgesic, anti-inflammatory, etc [7]. Isoxazoles (1) are unsaturated five-membered heterocyclic aromatic compounds containing three carbon atoms, one oxygen atom, and one nitrogen atom in a ring system, as presented in Fig. (1) [8].




        
[image: ]


Fig. (1))


        Structure of isoxazole.



        It is an azole in which oxygen and nitrogen atoms are present at positions 1 and 2 of the ring system [9], as presented in Fig. (2). The partially saturated analogs of isoxazole (1) are named isoxazolines (2) and the completely saturated analog is called isoxazolidine (3) [10].
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Fig. (2))


        Structure and nomenclature of isoxazole moiety.



        

          1.1.1. General Methods of Synthesis




          The chemistry of isoxazole and its derivatives have been developed extensively due to their diverse synthetic methodologies and potential pharmacological properties. The synthesis of isoxazole derivatives can be performed by the following methods.




          The synthesis of isoxazole and its derivatives involves the cyclization of β-keto esters (4) with hydroxylamine (5) to produce 3-hydroxy-isoxazoles (3-isoxazolyl) (6). This method is called Claisen isoxazole synthesis (Fig. 3) [11].
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Fig. (3))


          Claisen isoxazole synthesis.



          The synthesis of isoxazole derivatives (8) involves the cyclization of O- propioloyloxime (7) (via intermolecular arylidene group transfer using gold as a catalyst (Fig. 4) [12].
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Fig. (4))


          Synthesis of isoxazole derivatives via cyclization of O-propioloyloxime.



          3-phenylisoxazol-5-one (10) is prepared by condensation of ethyl-benzoyl acetate (9) with hydroxylamine (5) in the presence of ethanol (Fig. 5) [13].
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Fig. (5))


          Synthesis of 3-phenylisoxazol-5-one.



          The synthesis of isoxazole derivatives (12) involves the condensation reaction of β-ketoesters (11) with hydroxylamine (5) in the presence of sodium hydroxide (Fig. 6) [14].
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Fig. (6))


          Synthesis ofisoxazole derivatives from β-ketoesters.



          The most common method for the synthesis of isoxazoles (15) involves one-pot three-component reactions of benzaldehydes (13), hydroxylamine hydrochlorides (5), and ethyl acetoacetate (14) using various catalysts such as 2-hydroxy-5-sulfo- benzoic acid (2-HSBA), sodium tetraborate, sodium saccharin, boric acid, sodium silicate, sodium benzoate, sodium azide, DABCO, potassium phthalimide, tartaric acid N-bromosuccinimide (NBS), zinc chloride, citric acid, starch solution and potassium hydrogen phthalate (Fig. 7) [15].
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Fig. (7))


          Synthesis of isoxazoles via one-pot three-component reactions.

        




        

          1.1.2. Green Synthesis of Isoxazoles




          The cycloaddition of ethyl 2-nitroacetate or benzoylnitromethane (16) with terminal alkynes (17) leads to the production of isoxazoles (18) under green conditions. The methodology is free from the use of any base, catalyst, dehydrating agent, or hazardous solvent [16]. The mixture of water-polyethylene glycol (1:1) facilitates this synthetic process (Fig. 8).
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Fig. (8))


          Synthesis of isoxazole derivatives under green conditions.



          Shaikh et al. demonstrated the synthesis of 3-methyl-4-arylmethylene isoxazole- 5(4H)-ones (20) via multi-component reaction of substituted arylaldehydes (19), ethyl acetoacetate (14), and hydroxylamine (5) by using sodium acetate as a catalyst in ethanol. The reaction mixture was subjected to irradiation under visible light (tungsten lamp) at 150W for 4-18min (Fig. 9) [17].
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Fig. (9))


          Synthesis of 3-methyl-4-arylmethylene isoxazole-5(4H)-ones.



          A mild and convenient route for the synthesis of isoxazole derivatives (21) has been developed using ZSM-5 as a heterogeneous catalyst. The reaction was carried out under a solvent-free condition to afford the desired products in good yields. A variety of functional groups was tolerated under the reaction conditions employed. Moreover, the heterogeneous catalyst (ZSM-5) was recovered and reused several times without significant loss of its catalytic activity (Fig. 10) [18].




          
[image: ]


Fig. (10))


          Synthesis of isoxazole derivatives using ZSM-5 as catalyst.



          Bharti et al. reported the different synthetic pathways for the production of 3,4- disubstituted isoxazole. It is based on a one-pot multicomponent reaction (MCR) using different catalysts. MCRs involve the single pot operation in which more than two reactants undergo a reaction in a single vessel to produce the final product without the formation of any by-product. The use of each catalyst exhibits its effect on the rate of synthetic reaction, product yield, and reaction time of the synthetic process. The significant features of the multicomponent reaction include eco-friendly, fewer reaction steps, atom economy, easy work-up, minimum formation of waste product, time-saving, waste reduction, efficient and energy-saving technique, etc. Kiyani et al. performed the multi-component synthesis of disubstituted-isoxazolone derivatives (22) in the presence of 2-hydroxy-5- sulfobenzoic acid (2-HSBA) as an organo-catalyst at room temperature. It involves the three-component reaction between ethyl acetoacetate (14), substituted aryl aldehydes (19), and hydroxylamine hydrochloride (5) in an aqueous medium. In addition to water, other solvents like DMSO, ethanol, dioxane, dichloromethane, hexane, and acetone were also used for the synthesis of isoxazole derivatives (Fig. 11) [19].




          
[image: ]


Fig. (11))


          Synthesis of disubstituted-isoxazolone derivatives.



          Kiyani et al. described the protocol for the synthesis of disubstituted-isoxazolones (23) via one-pot reaction of various substituted arylaldehydes (19), ethyl acetoacetate (14), and hydroxylamine hydrochloride (5) by using a catalytic amount of N-bromosuccinimide (NBS) in an aqueous medium at room temperature (Fig. 12). Various solvents were used for this synthesis include cyclohexane, ethanol, 1,4-dioxane, hexane, and acetone [20].
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Fig. (12))


          Synthesis of disubstituted-isoxazolones via one-pot reaction.



          Liu et al. described the efficient and green methodology for the synthesis of isoxazole derivatives (24). It involves the reaction of ethyl acetoacetate (14), substituted aryl aldehyde (19), and hydroxylamine hydrochloride (5) by using sodium benzoate as a catalyst in an aqueous medium at low temperature (Fig. 13). Sodium benzoate was used as an efficient, novel, and green catalyst for the knoevenagel condensation of aryl aldehydes with active methylene compounds such as ethyl acetoacetate and malononitrile to afford substituted olefins. Various solvents used for this synthesis include water, ethanol, dioxane, cyclohexane, and acetone. But the best results were observed by using water as solvent [21].
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Fig. (13))


          Synthesis of isoxazole derivatives using sodium benzoate as a catalyst.



          Kiyani et al. described the eco-friendly and efficient synthesis of 3,4-disubstituted isoxazole-5(4H)-ones by using a potassium phthalimide (PPI) as an organocatalyst (Fig. 14). It involves the single pot reaction of substituted arylaldehydes (19), ethyl acetoacetate (14) with hydroxylamine hydrochloride (5) in water under mild reaction conditions to obtain isoxazole derivative (25) in good yield. In addition to water, other solvents were also used, such as ethanol, 1,4- dioxane, cyclohexane, hexane, and acetone (Table 1). In this synthesis, PPI played a key role and the advantages of this method include green, efficient, clean, easy work-up, high product yields, shorter reaction time, inexpensive, etc [22].
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Fig. (14))


          Synthesis of 3,4-disubstituted isoxazole-5(4H)-ones.



          

            Table 1 Optimised reaction condition for the synthesis of 3,4-disubstituted isoxazole-5(4H)-ones.




            

              

                

                  	Entry



                  	Solvent



                  	
PPI


                  (mol%)




                  	Time (min)



                  	Yield (%)

                


              



              

                

                  	1



                  	H2O



                  	5



                  	89



                  	89

                




                

                  	2



                  	H2O



                  	10



                  	70



                  	95

                




                

                  	3



                  	H2O



                  	15



                  	70



                  	96

                




                

                  	4



                  	H2O



                  	20



                  	120



                  	95

                




                

                  	5



                  	C2H5OH



                  	10



                  	120



                  	55

                




                

                  	6



                  	Acetone



                  	10



                  	120



                  	10

                




                

                  	7



                  	Hexane



                  	10



                  	120



                  	21

                




                

                  	8



                  	H2O/C2H5OH (1:1)



                  	10



                  	120



                  	70

                




                

                  	9



                  	H2O/Acetone (1:1)



                  	10



                  	120



                  	15

                




                

                  	10



                  	H2O/Dioxane (1:1)



                  	10



                  	120



                  	10

                


              

            




          




          Khandebharad et al. reported the synthesis of 3-methyl-4-arylmethylene-isoxazol- 5(4H)-ones (26) via multi-component transformation of various aromatic aldehyde (19), ethyl acetoacetate (14), and hydroxylamine hydrochloride (5) by using different biodegradable organocatalyst in the presence of water as solvent at room temperature (Fig. 15). It was observed that there was good product yield in less reaction time by using dl-tartaric acid as a catalyst (Tables 2 and 3) [23].
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Fig. (15))


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



          

            Table 2 Effect of catalyst.




            

              

                

                  	Entry



                  	Catalyst



                  	Reaction time (min)



                  	Yield (%)

                


              



              

                

                  	1



                  	Sodium citrate



                  	120



                  	85

                




                

                  	2



                  	Sodium saccharin



                  	100



                  	90

                




                

                  	3



                  	Sodium benzoate



                  	150



                  	88

                




                

                  	4



                  	dl-Tartaric acid



                  	100



                  	88

                


              

            




          




          

            Table 3 Effect of mole % of dl -Tartaric acid.




            

              

                

                  	Entry



                  	
dl-tartaric Acid


                  (mole%)




                  	
Reaction Time


                  (min)




                  	
Yield


                  (%)


                


              



              

                

                  	1



                  	2



                  	135



                  	65

                




                

                  	2



                  	5



                  	120



                  	80

                




                

                  	3



                  	7



                  	100



                  	82

                




                

                  	4



                  	10



                  	100



                  	85

                




                

                  	5



                  	15



                  	100



                  	88

                




                

                  	6



                  	20



                  	100



                  	88

                


              

            




          


        


      




      

        



        1.2. Properties of Isoxazoles




        

          



          1.2.1. Physical Properties




          Isoxazole is a colorless liquid with a boiling point of 94.5°C. It is soluble in various organic solvents with a pyridine-like odor. It is a very weak base with a pKa of 1.3. It is less aromatic as compared to other five-membered heterocyclic compounds. Its dipole moment in benzene is 3.3 D [24]. The spectral property of isoxazole is presented in Table 4.




          

            Table 4 Spectral data of Isoxazole.




            

              

                

                  	UV (H2O),


                  λmax (nm) (ε)



                  	
1H NMR (CCl4),


                  δ (ppm)



                  	
13C (CDCl3),


                  δ (ppm)

                




                

                  	211



                  	C3–H, 8.19; C4–H,


                  6.32; C5–H, 8.44



                  	C3, 149.1; C4, 103.7;


                  C5, 157.9

                


              

            




          


        




        

          1.2.2. Chemical Properties




          Isoxazole is a π-excessive heterocycle that contains typical properties of furan and pyridine. Isoxazole is an aromatic heterocycle, and its aromaticity is mainly influenced by the presence of heteroatoms (O and N) in the five-membered ring. It undergoes different reactions, including electrophilic substitution, nucleophilic substitution, oxidation, reduction, Diels-Alder reactions etc [25].




          

            1.2.2.1. Electrophilic Substitution Reaction




            In the case of isoxazole, electrophilic substitution occurs more readily than pyridine. Generally, the electrophilic attack occurs at the C4 position of the isoxazole ring (1) due to the presence of high electron density at this atom. The common electrophilic reactions include nitration, sulfonation, chloromethylation, hydroxymethylation, halogenation (chlorination, iodination), etc. (Fig. 16) [26].




            
[image: ]


Fig. (16))


            Electrophilic substitution reaction.

          




          

            1.2.2.2. Nucleophilic Substitution Reaction




            5-chloro-isoxazole (31) undergoes nucleophilic substitution reaction if there is the presence of activating substituent at the C4-position (Fig. 17) [27].
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Fig. (17))


            Nucleophilic substitution reaction.

          




          

            1.2.2.3. Oxidation Reactions




            Isoxazoles are less stable toward oxidizing agents.3,4,5-triphenyl-isoxazole (34) undergoes oxidation with O3 to produce acyclic benzyl mono-oxime phenyl ester (35). Similarly, the oxidation of isoxazoles in the presence of KMnO4, the unsaturated carbon side chain of isoxazoles is oxidized to the corresponding carboxylic acid derivatives (33) (Fig. 18) [28].
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Fig. (18))


            Oxidation reactions.

          




          

            1.2.2.4. Reduction Reactions




            Isoxazoles (36) readily undergo a reduction in the presence of reducing agents with cleavage of the weak O-N bond that produces acyclic products (37). The formation of the final products depends on the nature of the reducing agent involved in the reaction (Fig. 19) [29].
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Fig. (19))


            Reduction reactions.

          




          

            1.2.2.5. Diels-Alder Reactions




            Isoxazole (40) undergoes a cyclo-addition reaction as dienophiles and reacts with butadienes to produce the Diels-Alder adduct (41). The presence of electron-attracting groups on the isoxazole ring facilitates the reaction. This synthetic protocol is applied successfully to synthesize various pyridoisoxazoles (42) on the reaction of the 4-nitro-3-phenylisoxazole with a suitable diene (dimethylhydrazone or methacrolein) (Fig. 20) [30].
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Fig. (20))


            Diels-Alder Reactions.

          


        


      


    




    

      



      2. PHARMACOLOGICAL ACTIVITIES OF ISOXAZOLE DERIVATIVES




      Isoxazole derivatives possess various promising pharmacological activities such as anti-bacterial, antifungal, diuretic, antiviral, anti-cancer, anti-tubercular, diuretic, muscle relaxant, anticonvulsant, analgesic and anti-inflammatory, etc. (Fig. 21) [31, 32].
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Fig. (21))


      Pharmacological activities of Isoxazole derivatives.



      Isoxazole forms the basis for different drug molecules such as leflunomide (antirheumatic drug), valdecoxib (non-steroidal anti-inflammatory drug), and zonisamide (anti-convulsant drug) [33]. Similarly, isoxazole derivatives, such as isocarboxazid, act as monoamine oxidase inhibitors. It is used to treat symptoms of depression that may include anxiety, panic, or phobias [34]. Whereas, the isoxazole derivatives, including sulfamethoxazole, sulfisoxazole, and oxacillin are used clinically to treat a wide variety of bacterial infections (Table 5) [35].




      

        Table 5 List of drugs used clinically with Isoxazole scaffold.




        

          

            

              	Drug



              	Chemical Structure



              	Pharmacological Activity

            


          



          

            

              	Ibetonic acid



              	[image: ]



              	Brain-lesioning agent

            




            

              	Valdecoxib



              	[image: ]



              	Non-steroidal anti-inflammatory drug (NSAID)

            




            

              	Flucloxacillin



              	[image: ]



              	Antibiotic

            




            

              	Cloxacillin



              	[image: ]



              	Antibiotic

            




            

              	Danazol



              	[image: ]



              	Androgenic hormone

            




            

              	Risperidone



              	[image: ]



              	Antipsychotic

            




            

              	Zonisamide



              	[image: ]



              	Anticonvulsant

            




            

              	Cycloserine



              	[image: ]



              	Antibiotic

            




            

              	Acivicin



              	[image: ]



              	Antineoplastic agent

            




            

              	Sulfamethoxazo le



              	[image: ]



              	Antibiotic

            




            

              	Isoxaflutole



              	[image: ]



              	Herbicide

            




            

              	Isocarboxazid



              	[image: ]



              	Antidepressant

            




            

              	Teriflunomide



              	[image: ]



              	Immunomodulatory

            


          

        




      




      

        



        2.1. Isoxazoles as Antioxidants




        Sherin et al. synthesized 3,5-bis(styryl)isoxazoles (56) derived from curcuminoids by mechanochemical grinding of the curcuminoids with hydroxylamine hydrochloride catalyzed by glacial acetic acid (Fig. 22) and evaluated for antioxidant activity by DPPH, FRAP, and β-carotene assay methods. The presence of hydroxyl and methoxy groups on the terminal aryl moieties of 3,5-bis(styryl)isoxazoles improved the antioxidant activity [36].
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Fig. (22))


        Isoxazole derivatives showing antioxidant activity.

      




      

        2.2. Isoxazoles as Immunosuppressive Agents




        Maczynski et al. reported the synthesis, immunosuppressive properties, and mechanism of action of a new series of isoxazole derivatives (57). It involves the reaction of 5-amino-N,3-dimethyl-1,2-oxazole-4-carbohydrazide with relevant carbonyl compounds (Fig. 23). The tested compounds were found to inhibit phytohemagglutinin A (PHA)-induced proliferation of peripheral blood mononuclear cells (PBMCs). The cytotoxicity of the tested compounds was determined by measuring the growth of the human tumor epithelial lung A549 cell line. The results were presented as optical density (OD) values. The inhibition was significant at a concentration of 6.25 µM [37].
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Fig. (23))


        Isoxazole derivatives showing immunosuppressive activity.

      




      

        2.3. Isoxazoles with Hypolipidemic Activity




        Mokale et al. synthesized a series of 2-methyl-2-(substituted phenyl isoxazole) phenoxyacetic acid derivatives (58) (Fig. 24) and evaluated them for in vivo hypolipidemic activity by triton induced hyperlipidemia in rats. Most of the compounds could lower the elevated lipid levels, amongst which compounds 58a, 58b, and 58c were found to be most active as compared to the standard drug Fenofibrate. Further, SAR studies revealed that the isoxazole ring is important for hypolipidemic activity [38].
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Fig. (24))


        Isoxazole derivatives showing hypolipidemic activity.

      




      

        2.4. Isoxazoles as Anti-Microbial Agents




        Saravanan et al. reported the synthesis, analgesic, anti-inflammatory, and in vitro antimicrobial activities of some novel isoxazole coupled quinazoline-4(3H)-one derivative (60). Target compounds were synthesized by adding hydroxylamine hydrochloride (5) infraction with the well-stirred mixture of 2-methyl-3-(4-(3- (substitutedphenyl)acryloyl)phenyl)quinazoline-4(3H)-one4a–4l (59) in ethanol (25 mL). To this catalytic quantity of sodium acetate and glacial acetic acid was added. The reaction mixture was then refluxed for a period of 10 h. Then the reaction mixture was cooled and poured into ice-cold water. The products were separated by filtration, washed, and vacuum dried. Finally, the products were recrystallized using ethanol to get pure form (Fig. 25) [39].
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Fig. (25))


        Synthesis of isoxazole coupled quinazoline-4(3H)-one derivative.



        Moreover, the electron-withdrawing group substituted derivatives showed remarkable antimicrobial properties than electron releasing group substituted compounds. Among several tested compounds, 2-methyl-3-(4-(5-(4-(trifluoro- methyl) phenyl) isoxazole-3-yl)phenyl)quinazoline-4(3H)-one 60e showed better analgesic and anti-inflammatory activity which is more potent than reference standard Diclofenac (Fig. 26) [40].
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Fig. (26))


        Structure of isoxazole clubbed with quinazoline-4(3H)-one.



        Esfahani et al. demonstrated the synthesis of some novel coumarin isoxazole- sulfonamide hybrid compounds (61). All of the synthesized products were evaluated for the antibacterial property against Escherichia coli (ATCC 25922) as Gram-negative and Staphylococcus aureus (ATCC 25923) as Gram-positive bacteria using the disk diffusion method. Derivatives, including halogen groups (Cl, Br) in para position (61c, 61d), showed higher antibacterial activity against S. aureus than E coli (Fig. 27) [41].
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Fig. (27))


        Structure of biologically active coumarin-isoxazole hybrids.



        Sahoo et al. performed the microwave-induced synthesis of substituted isoxazoles as potential anti-microbial agents. A series of isoxazole derivatives (63) were obtained by the reaction of Chalcones (62) with hydroxylamine hydrochloride in the presence of sodium acetate (Fig. 28). Both microwave and conventional heating techniques are utilized to compare their product yields and reaction time. The antimicrobial activities of the synthesized compounds were evaluated in vitro against different bacterial and fungal strains. Ampicillin and Ketoconazole were used as reference drugs for antibacterial and antifungal activities, respectively. Various bacterial strains include Staphylococcus aureus (MTCC 87), Escherichia coli (MTCC 40), Staphylococcus epidermidis (MTCC 2639), Pseudomonas aeruginosa, whereas fungal stains include Candida albicans (MTCC 183) and Aspergillus niger (MTCC 281). All the tested compounds exhibited promising antimicrobial activity as compared to the standard drugs [42].
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Fig. (28))


        Microwave-induced synthesis of substituted isoxazoles.



        A series of chloro-substituted 4-aryl-isoxazoles (65) have been synthesized by the interaction of chloro-substituted-3-aroylflavones (64) with hydroxyl amine hydro chloride (5) (Fig. 29). The reaction mixture was refluxed for two hours in the presence of ethanol and piperidine. The synthesized compounds were evaluated for their antifungal activity against different fungal strains of Aspergillus niger, Rhizopus species, Curvularia lunata, Drechslera tetramera, Fusarium species, Bipolaris sorokeniana by using the cup plate diffusion method. The tested compounds showed significant antifungal activity [43].
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Fig. (29))


        Synthesis of chloro-substituted 4-aryl-isoxazoles.



        Murthy et al. reported the synthesis of novel 5-(heteroaryl)isoxazole derivatives (67). The synthetic process involves the [3+2] route of isoxazoles containing C-C- C and N=O fragments (Fig. 30). In this case, 3- (dimethylamino)acryloalkanone was employed as C-C-C synthon and hydroxylamine hydrochloride or hydroxylamine-O-sulfonic acid as the N=O synthon. 3-(dimethylamino)acryloalkanone (66) undergoes a reaction with hydroxylamine hydrochloride in methanol to afford the required 5- (heteroaryl)isoxazole derivatives.
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Fig. (30))


        Synthesis of novel 5-(heteroaryl)isoxazole derivatives.



        Antibacterial activity of the 5-(heteroaryl)isoxazoles (67a-n) was evaluated against E. coli (NCIM 2065), Staphylococcus aureus (NCIM 2079), Pseudomonas aeruginosa (NCIM 2200) by the cup plate method. Among the tested compounds, Compounds 67a and 67b exhibited significant activity as compared to the reference standard (Sulfamethoxazole) (Fig. 31), (Table 6) [44].
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Fig. (31))


        Structure of compounds 67a and 67b.



        

          Table 6 Anti-bacterial activity of isoxazoles (200 mg/mL).




          

            

              

                	Compound



                	Zones of Inhibition

              




              

                	E. coli



                	Pseudomonas areginosa



                	Staphylococcus aureus

              


            



            

              

                	67a



                	15±0.2



                	18±0.2



                	30±0.2

              




              

                	67b



                	14±0.2



                	16±0.2



                	26±0.2

              




              

                	Sulfamethoxazole (reference)



                	28±0.2



                	30±0.2



                	40±0.2

              


            

          




        


      




      

        



        2.5. Isoxazoles with Anti-Tubercular Activity




        Substituted isoxazoline derivatives (70) were synthesized by using substituted acetophenones (68) and substituted benzaldehydes (19) via cyclization of substituted chalcone (69) in the presence of hydroxylamine hydrochloride (5) (Fig. 32). The synthesized compounds were evaluated for in vitro anti-tubercular activity against M. tuberculosis. They exhibited promising anti-tubercular activity as compared to the standard drug Rifampicin [45].




        Mao et al. performed the synthesis of mefloquine-isoxazole carboxylic esters and evaluated them for their anti-tubercular activity. Compound 71 (Fig. 33) was found to possess promising activity and specificity against MTB H37Rv both intracellularly and extracellularly [46].




        
[image: ]


Fig. (32))


        Synthesis of substituted isoxazoline derivatives.
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Fig. (33))


        Structure of mefloquine-isoxazole carboxylic esters.



        Harinadha et al. demonstrated the synthesis and antitubercular activity of isoxazole incorporated 1,2,3-triazole derivatives. It involves cyclization of 1-azido-4- methoxy benzene (72) with acetylacetone (73) in the presence of sodium ethoxide to produce 1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl) ethanone (74). Further, compound 74 undergoes Claisen-Schmidt condensation with different aromatic and heterocyclic aldehydes (19) to afford triazolyl Chalcones (75), which on refluxing with hydroxylamine hydrochloride (5) in glacial acetic acid produces 4-(5-(4-substituted phenyl)isoxazole-3- yl)-1-(4- methoxyphenyl)-5-methyl-1H- 1,2,3-triazoles (76) in good yields (Fig. 34).
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Fig. (34))


        Synthesis of isoxazole incorporated 1,2,3-triazole derivatives.



        All the synthesized compounds were evaluated for anti-tubercular activity against Mycobacterium tuberculosis H37Rv and DKU 156 strains by using the broth dilution assay method. Some of the tested compounds exhibited good activity as compared to the standard drug, Isoniazid (Table 7) [47].




        

          Table 7 Anti-tubercular activity of isoxazole incorporated 1,2,3-triazole derivatives.




          

            

              

                	Entry



                	Ar



                	
MIC Values (µg/mL) Mycobacterium tuberculosis


              




              

                	H37Rv



                	DKU 156

              


            



            

              

                	76a



                	[image: ]



                	1.25



                	2.5

              




              

                	76b



                	[image: ]



                	>10



                	>10

              




              

                	76c



                	[image: ]



                	5



                	5

              




              

                	76d



                	[image: ]



                	0.625



                	1.25

              




              

                	76e



                	[image: ]



                	0.625



                	1.25

              




              

                	76f



                	[image: ]



                	2.5



                	5

              




              

                	Isoniazid



                	-



                	0.625



                	10

              


            

          




        




        A series of 3-isoxazolecarboxylic acid esters derivatives (77, 78) was designed and evaluated for their activity against replicating and non-replicating Mycobacterium tuberculosis (Fig. 35). These compounds exhibited good selectivity towards Mtb and displayed no cytotoxicity on Vero cells (IC50> 128 M) [48].
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Fig. (35))


        Structure of 3-isoxazole carboxylic acid esters derivatives (77, 78).



        A new series of 5-aryl-ethenyl isoxazole carboxylate derivatives were synthesized. The synthetic protocol involves the condensation of compound (79) and diethyl oxalate (80) to afford key intermediates (81) and transform into the final isoxazoles (82) by treatment with hydroxylamine hydrochloride (5) in ethanol and H2SO4 (Fig. 36). The target compounds were evaluated for their in vitro activity against Mycobacterium tuberculosis H37Rv. The tested compounds exhibited minimum inhibitory concentrations in the low micro molar range (2.3- 11.4 µM) [49].
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Fig. (36))


        Synthesis of 5-aryl-ethenyl isoxazole carboxylate derivatives.



        Hamadi et al. reported the synthesis of carbohydrate-substituted isoxazoles (83). It involves the [3+2] cyclo-addition reaction of aromatic nitrile oxides with propargyl O-glycoside derivatives (Fig. 37). The synthesized compounds were evaluated for their anti-tubercular activity against the Mycobacterium tuberculosis H37Rv strain (ATCC27294) using the agar dilution method. Several compounds significantly inhibit the growth of the bacterial strain with an MIC of 3.125 µg/mL in comparison with the standard drug, ethambutol [50].
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Fig. (37))


        Structure of carbohydrate-substituted isoxazoles.



        A series of novel pyrimidine-linked isoxazole derivatives were synthesized that involve acid-catalyzed condensation of 4-substituted acetophenones (85) with isoxazole-3-carbaldehyde (84) to afford chalcones (86). Further, chalcones react with guanidine hydrochloride (87) in the presence of ethanolic potassium hydroxide solution to produce target compounds (88) (Fig. 38).
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Fig. (38))


        Synthesis of clubbed isoxazole-pyrimidine derivatives.



        The anti-tubercular activity of the target compounds was carried out against the strain of Mycobacterium tuberculosis H37Rv. Among the series, compounds 88h and 88j displayed promising anti-tubercular activity with an MIC of 0.78μg/ml and 1.562 μg/mL, respectively, than the reference drug (Pyrazinamide) (Fig. 39), (Table 8) [51].
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Fig. (39))


        Structure of compounds 88h and 88j.



        

          Table 8 Anti-tubercular activity pyrimidine-linked isoxazole derivatives.




          

            

              

                	Entry



                	R



                	
MIC (µg/mL) Mycobacterium tuberculosis H37Rv

              


            



            

              

                	88a



                	Bromo



                	25

              




              

                	88b



                	Chloro



                	50

              




              

                	88c



                	Fluoro



                	50

              




              

                	88d



                	Trifluoromethyl



                	100

              




              

                	88e



                	Methyl



                	6.25

              




              

                	88f



                	Hydroxy



                	3.125

              




              

                	88g



                	Amino



                	3.125

              




              

                	88h



                	Dimethyl amino



                	0.78

              




              

                	88i



                	Methoxy



                	3.125

              




              

                	88j



                	Ethoxy



                	1.562

              




              

                	Standard drug



                	Pyrazinamide



                	3.125

              


            

          




        


      




      

        



        2.6. Isoxazoles with Anti-Stress Activity




        Maurya et al. synthesized 3,5-disubstituted isoxazolines (89) and evaluated their anti-stress potential under acute stress conditions concerning peripheral and biochemical changes. Some compounds 89a and 89b displayed protective effects against acute stress-induced elevation in gastric ulceration, adrenal hypertrophy, hyperglycemia, plasma creatine kinase activity, and corticosterone levels (Fig. 40) [52].
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Fig. (40))


        Structure of 3,5-disubstituted isoxazolines.



        Badru et al. synthesized a series of pyrroloisoxazole derivatives via 1,3-dipolar cycloaddition of azomethine N-oxides with N-(α-naphthyl) maleimide. Compound 90 (Fig. 41) exhibited significant anti-stress activity in immobilization stress- induced increase in non-social behaviour [53].
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Fig. (41))


        Structure of pyrrolo isoxazole derivatives.

      




      

        



        2.7. Isoxazoles as Anticancer Agents




        Wang et al. demonstrated the design and synthesis of a series of isoxazole- naphthalene derivatives (95) as tubulin polymerization inhibitors (Fig. 42). The synthesized compounds were evaluated for their antiproliferative activity against human breast cancer cell line MCF-7. Most of the tested compounds exhibited moderate to potent anti-proliferative activity (IC50< 10.0µM) as compared to the standard drug cisplatin (15.24 ± 1.27µM).
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Fig. (42))


        Scheme for the synthesis of isoxazole-naphthalene derivatives.



        Among the tested compounds, compound 95j containing 4-ethoxy substitution at the phenyl ring was found to be the most active compound with an IC50 value of 1.23 ± 0.16µM. Furthermore, the in vitro tubulin polymerization assay method reported that compound 95j exhibited better inhibition activity on tubulin polymerization with IC50 of 3.4µMas compared to standard drug colchicine (IC50= 7.5µM) (Fig. 43) [54].
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Fig. (43))


        Structure of compound 95j with 4-ethoxy substitution at the phenyl ring.



        Burmaoglu et al. carried out the design, synthesis, and evaluation of 3,5-diaryl isoxazole derivatives (99) as potential anticancer agents. It involves the condensation of trimethoxy-acetophenone (96) with substituted benzaldehydes (19) in an aqueous solution of KOH afforded chalcone derivatives (97)(yield: 70- 90%). Further, the chalcone derivatives (97) react with tosyl-hydroxylamine (TsNHOH) (98) in the presence of K2CO3 and H2O in MeOH afforded the isoxazole derivatives (99) in 60-78% yield (Fig. 44).
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Fig. (44))


        Synthesis of 3,5-diaryl isoxazole derivatives.



        The anticancer potential of target compounds was performed by using cancer PC3 cells and non-tumorigenic PNT1a cells. Within the tested compounds, compound 99c exhibited high selectivity towards cancer cells (PC3 cancer cell line) with IC50 of 15.893 μM as compared to standard drug 5-FU (Fig. 45) [55].
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Fig. (45))


        Structure of compound 99c.



        A series of isoxazole-piperazine analogs (100) were synthesized and evaluated for their antiproliferative activity against hepatocellular carcinoma (HCC; Huh7/Mahlavu) and breast (MCF-7) cancer cells. All the tested compounds displayed potent to moderate cytotoxicity on all cell lines with IC50 values in the range of 0.09-11.7μM (Fig. 46) [56].
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Fig. (46))


        Structure of isoxazole-piperazine analogs.



        A novel series of isoxazole-piperazine hybrids were synthesized. Hence, diethyloxalate (101) is treated with substituted acetophenones (102) in the presence of a base to get β-ketoesters (103). Theintermediates (103) were subsequently cyclized with hydroxylamine hydrochloride to provide isoxazole esters (104). Reduction of compound (104) with LiAlH4 or NaBH4 followed by bromination with CBr4/PPh3 provided isoxazole methylbromides (106). Finally, these intermediate alkyl bromides were treated with 4-trifluoromethyl- benzylpiperazine (107) to achieve target compounds (108) (Fig. 47).
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Fig. (47))


        Synthesis of isoxazole-piperazine hybrids.



        The target compounds were evaluated for their cytotoxic activities against the human liver (Huh7 and Mahlavu) and breast (MCF-7) cancer cell lines. Among the series, compound (108i) exhibited potential cytotoxic activity on all cell lines with IC50 values in the range of 0.3-3.7μM (Fig. 48) [57].
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Fig. (48))


        Structure of compound (108i).



        Thiriveedhi et al. synthesized a new series of isoxazole-chalcone conjugates (108a-k) by the Claisen-Schmidt condensation of the substituted acetophenones with isoxazole aldehydes (Fig. 49). The synthesized compounds were evaluated for their in vitro cytotoxic activity against four different human cancer cell lines by using the sulforhodamine-B (SRB) method. Potential cytotoxic activity was observed for compounds 108a, 108b, and 108d against the prostate DU-145 cancer cell line (Table 9) [58].
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Fig. (49))


        Structure of isoxazole-chalcone conjugates.



        

          Table 9 Anticancer activity of isoxazole-chalcone conjugates (108a-d).




          

            

              

                	Compound



                	R1



                	R2



                	R3



                	Ar



                	IC50 (µM)

              




              

                	DU- 145



                	
MDA


                MB- 231




                	MCF-7



                	A-549

              


            



            

              

                	108a



                	OCH3




                	OCH3




                	OCH3




                	3,4,5-trimethoxy phenyl



                	1.80



                	3.67



                	5.28



                	5.99

              




              

                	108b



                	OCH3




                	OCH3




                	OCH3




                	3,4-dimethoxy phenyl



                	1.72



                	3.15



                	4.25



                	6.35

              




              

                	108c



                	OCH3




                	OCH3




                	OCH3




                	4-methoxy phenyl



                	2.32



                	2.49



                	3.92



                	5.97

              




              

                	108d



                	OCH3




                	OCH3




                	OCH3




                	4-fluorophenyl



                	2.32



                	4.99



                	6.84



                	7.48

              


            

          




        




        Narsaiah et al. demonstrated the synthesis of a series of novel 5-substituted isoxazole-3-carboxamide derivatives (Fig. 50). The synthesis involves the coupling of 5-substituted isoxazole-3-carboxylic acids (113) with substituted-3- benzyloxy-aniline (117) by using DCC/HOBT as a coupling agent. The target compounds were evaluated for their cytotoxic activity on the A549 lung cancer cell line by the MTT assay method. Tested compounds exhibited moderate proliferative with low cytotoxicity [59].


      




      

        2.8. Isoxazoles with Anti-Diabetic Activity




        Duan et al. reported the anti-diabetic effects of novel isoxazole-based flavonoid (kaempferol) derivatives (119) (Fig. 51). It was found to enhance glucose consumption at the nanomolar level (EC50=0.8 nM) in insulin-resistant HepG2 cells as compared to that of metformin [60].
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Fig. (50))


        Synthetic route to 5-substituted isoxazole-3-carboxamide derivatives.
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Fig. (51))


        Structure of isoxazole-based flavonoid (kaempferol).



        Dacheng et al. performed the synthesis and preliminary evaluation of antidiabetic activity for β-amino ketone-containing isoxazole moiety (122). The β-amino ketones containing isoxazole moiety were synthesized through the Mannich reaction under mild reaction conditions with a product yield of 51.2-89.3%(Fig. 52) [61].
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Fig. (52))


        Synthesis of β-amino ketone-containing isoxazole.



        Preliminary bioassay indicated that most of the tested compounds possess weak α- glucosidase inhibitory activity and protein tyrosine phosphatase 1B inhibitory activity in low concentration. But the compound 1-(3,4-dichlorophenyl)-3-(6- methoxy-naphthalene-2-yl)-3-(5-methylisoxazole-3-ylamino)propane-1-one (123) has the strongest activity (75.3%) (Fig. 53) [62].
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Fig. (53))


        Structure of tested compound (123) with α-glucosidase inhibitory activity.

      




      

        2.9. Isoxazoles with Anti-Inflammatory Activity




        Kapoor et al. reported the synthesis of new series of isoxazole derivatives via chalcone (125) (Fig. 54). The newly synthesized compounds were evaluated for their anti-inflammatory activity in vivo by the carrageenan-induced paw edema method in rats. Among the series, 125c and 125f were found to be the most active compounds due to the presence of the methoxy group [63].
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Fig. (54))


        Synthesis of isoxazole derivatives via chalcone.



        Fantappie et al. demonstrated the synthesis of 3-(3-chloro-phenyl)-5-(4-pyridyl)- 4,5-dihydroisoxazole (126) (Fig. 55). Both in vitro and in vivo anti-inflammatory effects of this compound were studied. It was observed that the target compound diminished the TNF-α and IL-6 release from LPS-stimulated macrophages in a dose-dependent manner. Also, it decreased the levels of COX-2 with subsequent inhibition of PGE2 production [64].
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Fig. (55))


        Structure of 3-(3-chloro-phenyl)-5-(4-pyridyl)-4,5-dihydroisoxazole.



        A series of novel coumarin isoxazoles (128a-f) and (131a-f) have been synthesized in good yield starting from 4-formyl-coumarins (Figs. 56 and 57). All the synthesized compounds were screened for their antibacterial and anti-inflammatory activity. The tested compounds exhibited high selectivity against gram-positive bacterial strains as compared to gram-negative bacterial strains. Similarly, phenyl- sulphonamide substituted derivatives (131a-f) exhibited promising activity against bacterial strains [65].
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Fig. (56))


        Synthesis of coumarin isoxazole (128).



        
[image: ]


Fig. (57))


        Synthesis of coumarin isoxazole-phenyl sulphonamide (131).

      




      

        



        2.10. Miscellaneous Activities




        Solvent-free synthesis of 3-Aryl-1-(2-aryl-1H-indol-3-yl)prop-2-en-1-one has been accomplished in high yields (Fig. 58) and lesser time by using green chemistry techniques (Grindstone chemistry and microwave irradiation). 3-Acetyl- 2-phenyl indoles on treatment with either acidic or basic catalyst generate the corresponding enolates, which react with aryl aldehydes affording the desired title products. They have also been screened for their antibacterial and anti-spermicidal activities and some of them have shown promising results against Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa [66].




        Kalirajan et al. demonstrated the microwave irradiated synthesis of isoxazole substituted 9-anilino acridines (139) (Fig. 59). The titled compounds were evaluated for their antibacterial activity by using the cup-plate method and also screened for their larvicidal activity by the larval bioassay method. The compounds 139d, 139e, 3139f, 139h, 139d, and 1394f exhibited significant antibacterial activity against Gram +ve bacteria like Staphylococcus aureus and Bacillus megaterium, and Gram –ve like Escherichia coli and Klebsiella pneumonia at 25μg/ml. Similarly, compounds 139c, 139f, 4139a, and 139f displayed significant larvicidal activity against culex and anopheles species at an LC50 value of 17-36ppm [67].
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Fig. (58))


        Solvent-free synthesis of 3-Aryl-1-(2-aryl-1H-indol-3-yl)prop-2-en-1-one.
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Fig. (59))


        Microwave irradiated synthesis of isoxazole substituted 9-anilino acridines.



        Multicomponent reaction (MCR) is considered a potential chemical tool in which three or more starting materials react to a single reaction vessel to produce a product. MCR is an environmentally friendly synthetic approach for the efficient generation of highly functionalized heterocycles in a one-pot one-step method. Different name reactions involved during preparation of various heterocyclic compounds via MCRs include Michael reaction, Mannich reaction, Knovenagel reaction, Aldol reaction, Wittig reaction, etc. MCRs is advantageous over multistep reaction in terms of high efficiency, atom economy, reduced waste production, short reaction time, and energy-efficient [68].




        Based on this concept, a series of novel 5-amino-isoxazole-4-carbonitriles (141) are synthesized via green and efficient multicomponent reaction between malononitrile (140), hydroxylamine hydrochloride (5), and different aryl or heteroaryl aldehydes (19) with good product yields in short reaction time (Fig. 60). Glycerol and K2CO3 (4:1 molar) were used as green catalytic media for optimal reaction conditions. All synthesized compounds were evaluated for their in vitro inhibitory activity against different pathogenic bacteria, such as Gram-negative and Gram-positive strains as well as fungal strains. In addition, these compounds were assessed for their free radical scavenging activities against DPPH. Broad-spectrum antimicrobial activities were observed with isoxazoles. It was observed that the in vitro antioxidant activity of compound 141i with pyridine-4yl substituent was presented with an IC50 of 67.51 μg ml−1 (Table 10) [69].
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Fig. (60))


        Multicomponent synthesis of 5-amino-isoxazole-4-carbonitriles.



        

          Table 10 Reaction conditions for the synthesis of isoxazole derivatives via MCR.




          

            

              

                	Entry



                	Conditions



                	Catalyst



                	Time (min)



                	Yield (%)

              


            



            

              

                	1



                	EtOH, reflux



                	DABCO



                	1.5–15



                	65–85

              




              

                	2



                	aq. EtOH, hν



                	CH3COONa



                	5–10



                	61–89

              




              

                	3



                	H2O, rt



                	Potassium


                phthalimide



                	30–150



                	85–96

              




              

                	4



                	H2O, rt



                	Boric acid



                	50–1440



                	82–95

              


            

          




        




        Kalirajan et al. reported the convenient synthesis of novel isoxazole-substituted 9- anilinoacridine derivatives (143) (Fig. 61). The compounds were screened for in vitro antioxidant activity by the DPPH method, reducing power assay, and total antioxidant capacity method. The cytotoxic activity of the compounds was also studied in the HEp-2 cell line [70].
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Fig. (61))


        Synthesis of novel isoxazole-substituted 9-anilino acridine derivatives.



        A novel series of 3-methyl-4-nitro-5-(substituted styryl) isoxazoles (147) were synthesized (Fig. 62) and subjected for evaluation for antioxidant, anti- inflammatory, and analgesic activities. Compounds with sterically hindered phenolic groups displayed promising anti-inflammatory properties with significant antioxidant activity. These compounds were found to have low ulcerogenic at a dose of 100mg/kg, p.o. and found to be less toxic [71].




        A series of substituted benzofuran chalcones were prepared by the reaction of 2- acetyl benzofuran (148) with different aromatic aldehydes (19) in the presence of a strong base. Further, benzofuran chalcones (149) on cyclo-condensation with hydroxylamine hydrochloride (5) in the presence of sodium acetate furnished various 3-(1-benzofuran-2-yl)-5-phenylisoxazoles (150) (Fig. 63). The benzofuran isoxazoles were evaluated for their, antitubercular, antimicrobial, and anti- inflammatory activities. Some of the compounds have shown promising antitubercular and antibacterial activity [72].




        
[image: ]


Fig. (62))


        Synthesis of 3-methyl-4-nitro-5-(substituted styryl)isoxazoles.
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Fig. (63))


        Synthesis of 3-(1-benzofuran-2-yl)-5-phenyl isoxazoles.



        Bhalgat et al. also performed the in vitro cytotoxic activity on HeLa cell lines of 3- (1-benzofuran-2-yl)-5-(substituted phenyl)isoxazole. Among these derivatives, 4- hydroxy benzaldehyde (151), 3-ethoxy,4-hydroxy benzaldehyde substituted derivative (152) showed good cytotoxic activity (Fig. 64) [73].
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Fig. (64))


        Structure of 3-(1-benzofuran-2-yl)-5-(substituted phenyl)isoxazole.



        Joseph et al. reported the syntheses of novel isoxazole derivatives via chalcones. First of all, chalcones (155) are prepared by a reaction between aromatic aldehydes (153) and aromatic ketones (154) in the presence of aqueous-alcoholic alkali solution. Then chalcones react with hydroxylamine hydrochloride (5) in the presence of sodium acetate to produce title compounds (Fig. 65). The prepared compounds were subjected to anti-bacterial and in-vitro antidiabetic activities. The antibacterial activity was determined by using the agar disc diffusion method. Similarly, the evaluation of antidiabetic activity was carried out by yeast and enzymatic method. Several tested compounds displayed potential anti-bacterial activity as compared to standard drug ciprofloxacin. Whereas isoxazole derivatives with halogen and nitro substitution on phenyl ring exhibited promising antidiabetic activity [74].
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Fig. (65))


        Syntheses of isoxazole derivatives via chalcones.



        Aisa et al. performed the design and synthesis of a new series of chalcone derivatives (157a-f), bearing isoxazole scaffold (Fig. 66). The target compounds were evaluated for their anti-vitiligo activity on mushroom tyrosinase and melanin synthesis in murine B16 cells. Among the series, compounds 157b, d, and f demonstrated significant activity with an EC50 of 11.9, 1.71, and 14.6 µmolL-1, respectively, as compared to the positive control 8-methoxy psoralen (8-MOP, EC50 =14.8 µmolL-1) (Table 11) [75].
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Fig. (66))


        Structure of chalcone derivatives bearing an isoxazole scaffold.



        

          Table 11 Anti-vitiligo activity of titled compounds (157a-f).




          

            

              

                	Compound



                	Substituent (R)



                	EC50(µM)

              


            



            

              

                	157a



                	3-OCH3




                	37.4±2.2

              




              

                	157b



                	3-Cl



                	11.9±0.9

              




              

                	157c



                	4-Cl



                	23.9±2.6

              




              

                	157d



                	3,4-Cl2




                	1.71±0.23

              




              

                	157e



                	3-F



                	5.6±0.5

              




              

                	157f



                	4-F



                	14.6±1.4

              




              

                	8-MOP


                (positive control)



                	-



                	14.80±1.5

              


            

          




        




        Bustos et al. reported the one-pot synthesis of 3,4,5-trisubstituted isoxazoles (159) in good yields by the treatment of β-diketo-hydrazones of the type (3-(2-(4-R- phenyl)hydrazinylidene)pentane2,4-dione (158) with hydroxyl ammonium chloride (5) in ethanol and acetic acid as a catalyst (Fig. 67).
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Fig. (67))


        One-pot synthesis of 3,4,5-trisubstituted isoxazoles.



        The cytotoxic activity of the synthesized compounds was evaluated on human promyelocytic leukemia cells, HL-60 by using the MTT reduction method. Compounds (E)-3,5-dimethyl-4-(p-tolyldiazenyl)isoxazole 160 and (E)-4- ((4-chlorophenyl)diazenyl)-3,5-dimethylisoxazole 161 are the compounds that exhibit significant cytotoxic activity, with IC50 values below 100 µM (Fig. 68) [76].




        Chalcones were synthesized by reacting indole-3-aldehyde (163), prepared by Vilsemeir Haack reaction with 4-substituted acetophenone (164) in ethanolic KOH solution. These chalcones were immediately reacted with hydroxylamine hydrochloride in the presence of glacial acetic acid as a reagent to obtain the corresponding isoxazole derivatives (Fig. 69). These compounds were tested for acute anti-inflammatory activity and antibacterial activity using the carrageenan- induced rat paw edema method and cup-plate method, respectively. The tested compounds showed significant anti-inflammatory activity comparable to ibuprofen. Whereas the compounds 166b and 166j showed good activity against S. aureus. Compounds 166b, 166c, 166d, and 166j showed moderate activity against P. aeruginosa [77].
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Fig. (68))


        Structure of compounds 160 and 161.



        
[image: ]


Fig. (69))


        Synthesis of isoxazole derivatives from indole-3-aldehyde.
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