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 A series of isoxazole derivatives, 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazoles 
(5a-j) were synthesized by cyclocondensation reaction between 1-aryl-3-[5-(4-nitrophenyl)-2-
furyl]prop-2-en-1-ones (4a-j) and hydroxylamine hydrochloride in presence of sodium acetate 
in glacial acetic acid at reflux temperature. Formerly, compounds (4a-j) were synthesized by the 
condensation of 5-(4-nitrophenyl) furan-2-carbaldehyde (3) with various aromatic ketones by 
using alkali as catalyst. The structures of the synthesized various isoxazole have been 
characterized by using elemental analysis, Infrared,1H-NMR spectroscopy and further supported 
by Mass spectroscopy. All the products have been screened for their in-vitro biological assay 
like antibacterial activity towards Gram-positive and Gram-negative bacterial strains and 
antifungal activity towards Aspergillus niger at a concentration of 40 µg/ml. It was exposed that 
the compounds 5a, 5c, 5e, 5f, and 5i showed inspiring antibacterial and antifungal activity 
compared to the used reference standard. 
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1. 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,13 
antimicrobial14 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 α-
haloketone oxime in the presence of sodium carbonate.18 One-pot three component condensation of aryl aldehydes, 
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hydroxylamine hydrochloride 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 
 
      From several processes of synthesis for isoxazoles, the most dominant is [3+2] cyclocondensation process. This reaction 
permits obtaining isoxazoles with “full atomic economy” and retention of the primary stereo-configuration. Most of the 
synthesis for isoxazoles in a course of [3+2] cyclocondensation is grasped under mild and non-catalytic condition giving 
high yields. These conditions approach one of the core values of green chemistry. 
 
     Taking these considerations into account, herein is reported the synthesis of various 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-
2,3-dihydroisoxazoles (5a-j) to study their antimicrobial activity. 
 
2. Results and Discussion  
 

2.1 Chemistry and Spectroscopic discussion 

      The target compounds 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazoles (5a-j) were synthesized as charted in 
Reaction Scheme 1. The title compounds, 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazoles (5a-j) were 
synthesized by a four-step procedure starting from 4-nitro aniline (1). Diazotization reaction of 4-nitroaniline (1) (0.01mole) 
in dil. HCl (15%) and water (90 ml) with NaNO2 solution (30%) at 0-5 °C followed by coupling with freshly distilled 
furfural (2) (0.1 mole) in presence of aqueous cupric chloride (2.5 g in 10 ml of water) gives 5-(4-nitrophenyl) furan-2-
carbaldehyde (3). The condensation rection of 5-(4-nitrophenyl) furan-2-carbaldehyde (3) with various aromatic ketones in 
methanol + DMF (15+5 ml) solvent in presence of 40% NaOH (1 ml) afforded 1-aryl-3-[5-(4-nitrophenyl)-2-furyl]prop-2-
en-1-ones (4a-j). Cyclocondensation reaction of (4a-j) and hydroxylamine hydrochloride in presence of sodium acetate in 
glacial acetic acid gives 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazoles (5a-j).  
 
      The purity of all compounds is checked by thin layer chromatography and their characterization is carried out by means 
of elemental analysis, Infrared, 1H-NMR spectroscopy and further supported by Mass spectroscopy.  
 
      Among all, the IR spectrum of compound 5d showed strong bands at 3244 cm-1 which are due to N-H stretching of 
isoxazole ring. The compound showed band at 3007 cm-1 which are due to aromatic C–H stretching vibration respectively. 
The band observed at 1599 cm-1 and 1514 cm-1 is due to aromatic C=C stretching vibration of isoxazole and phenyl ring 
respectively. Bands observed at 1255 cm-1 and 827 cm-1 are due to C-N stretching and N-O stretching respectively. Two 
bands at 1554 cm-1 and 1327 cm-1 are observed due to N=O asymmetric and symmetric stretching vibrations respectively. 
The band observed at 1188 cm-1 and 1107 cm-1 is due to C–O–C asymmetric and symmetric stretching of furyl moiety 
respectively. The mass spectrum of compound 5i showed M+ peak at 350 m/z. The 1H-NMR spectrum of compound 5f (in 
CDCl3) showed singlet signal at 2.40 δ due to Ar–CH3 group. The doublet at 6.61-6.57 δ integrating for one proton is due 
to C–H of isoxazole ring. A doublet at 7.70-7.66 δ (J=16.32 Hz) integrating for one proton is due to =C–H of isoxazole 
ring. A singlet signal at 11.25 δ for one proton is obtained because of N-H of isoxazole ring. The remaining ten aromatic 
protons of furyl moiety and phenyl ring appeared between 6.58 δ to 8.26 δ.  
 
      All synthesized compounds were screened for their in-vitro biological assay like antibacterial activity towards Gram-
positive and Gram-negative bacterial strains and antifungal activity towards Aspergillus niger at a concentration of 40 
µg/ml.  
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2.2 biological activity 

     All the synthesized compounds have been evaluated for antimicrobial activity. 

Antibacterial activity 

     The purified products were screened for their antibacterial activity using cup-plate agar diffusion method. The nutrient 
agar broth prepared by the usual method was inoculated aseptically with 0.5 ml of 24 hr. old subcultures of Bacillus coccus, 
Staphylococcus aureus, Aerogenes, Pseudomonas aeruginosa in separate conical flasks at 40-50 oC and mixed well by 
gentle shaking. About 25 ml content of the flask was poured and evenly spreaded in a Petri dish (13 cm diameter) and 
allowed to set for 2 hr. The cups (10 mm diameter) were formed by the help of borer in agar medium and filled with 0.04ml 
(40 μg) solution of sample in DMF. The plates were incubated at 37 oC for 24 hrs. and the control was also maintained with 
0.04 ml of DMF in a similar manner and the zone of inhibition of the bacterial growth were measured in millimeter and 
recorded in Table 1. 

Antifungal activity 

       Aspergillus niger was employed for testing antifungal activity using cup-plate method. The culture was maintained on 
subouraud’s agar slants. Sterilized sabouraud’s agar medium was inoculated with 72 hrs. old 0.5 ml suspension of fungal 
spores in a separate flask.  

       About 25 ml of inoculated medium was evenly spreaded in a Petri dish and allowed to set for two hrs. The plates were 
incubated at 30 oC for 48 hrs. After the completion of incubation period, the zone of inhibition of growth in the form of 
diameter in mm was measured. Along the test solution in each Petri dish one cup was filled with solvent which act as control. 
Standard drugs like Amoxicillin, Benzyl Penicillin, Ciprofloxacin, Erythromycin and Griseofulvin were used for comparison 
purpose. The zones of inhibition are recorded in Table 1. 

Table 1: Antimicrobial screening results of compounds 5a-j 
Sample ID R Zone of inhibition in mm 

       Antibacterial activity (%)  Antifungal activity (%) 
B. coccus S. aureus Aerogenes Pseudomonas A. niger 

5a H 24 17 22 16 24 
5b 4-Cl 20 18 14 21 20 
5c 2-NO2 18 22 23 19 15 
5d 4-NO2 14 14 15 20 19 
5e 4-OCH3 22 19 19 21 23 
5f 4-CH3 23 20 20 18 14 
5g 4-F 19 21 14 12 18 
5h 4-Br 12 14 18 17 20 
5i 2-OH 22 10 20 16 21 
5j 4-OH 20 15 19 13 14 

Amoxicillin - 25 25 20 22 00 
Benzyl penicillin - 18 19 21 21 00 

Ciprofloxacin - 20 15 22 16 00 
Erythromycin - 22 21 19 23 00 
Greseofulvin - 00 00 00 00 26 

 
       From activity data, it is observed that compounds 5a and 5f were found to be active which is attributed to the presence 
of simple and 4-CH3-substituted benzene ring at C3-position of isoxazole nucleus, while compounds 5b, 5e, 5i and 5j show 
moderate activity against Bacillus coccus with reference to standard drugs. Compounds 5c and 5g were found to be active 
due to the presence of 2-NO2 and 4-F substituted benzene ring at C3-position of isoxazole nucleus, while compounds 5e and 
5f show moderate activity against Staphylococcus aureus. Against Aerogenes strain, compound 5a and 5c were found to be 
active which is attributed to the presence of simple and 2-NO2 substituted benzene ring at C3-position of isoxazole nucleus, 
while compounds 5e, 5f, 5i and 5j were found to be moderate active. Against Pseudomonas aeruginosa, compounds 5b and 
5e are active due to the presence of 4-Cl and 4-OCH3 substituted benzene ring at C3-position of isoxazole nucleus than 
others. Compounds 5a and 5e were active because of presence of simple and 4-OCH3 substituted benzene ring at C3-position 
of isoxazole nucleus while compounds 5h and 5i show moderate activity against Aspergillus niger as compare to standard 
drugs. Among isoxazole derivatives, it was interesting to notice that, the activity depends on the substituents rather than the 
basic skeleton of the molecule. It was noticed that, groups -CH3, -OCH3, -Cl, -NO2, -F and -H on the benzene ring at C3-
position of isoxazole nucleus, enhanced their antimicrobial activity and are better antimicrobial agents. 
 
3. Conclusions   
 
      The synthetic method involves robust synthesis of dihydroisoxazoles (5a-j) with furyl moiety, starting from freshly 
prepared α, β-unsaturated ketones and dinucleophiles (hydroxyl amine hydrochlorides) in very good yields. The method is 
endowed with several unique merits including benign reaction conditions, stereochemical diversity, broad substrate scope 
etc. The method has successfully applied for synthesis of a diverse library of ten hybrid isoxazoles. Then after, these 
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synthesized isoxazoles evaluated as anti-microbial agents against a group of antibacterial and antifungal strains. They were 
found to possess reasonably good antifungal activity and compounds 5a, 5b, 5e, 5f, 5i and 5j were found to be the most 
potent anti-microbial agents. 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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4. Experimental 
 
4.1. 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. 
 
4.2. General procedure 
 
4.2.1 Procedure for the synthesis of 5-(4-nitrophenyl) furan-2-carbaldehyde (3) 
 
      A mixture of 4-nitroaniline (1) (13.8 g, 0.01 mole), dil. HCl (15%, 60 ml) and water (90 ml) was heated to get a clear 
solution. The solution was cooled to 0 °C and diazotized with NaNO2 solution (30%, 24 ml) and freshly distilled furfural 
(2) (11.1 ml, 0.1 mole) and aqueous cupric chloride (2.5 g in 10 ml of water) were added with stirring. The stirring was 
continued for 5 hrs. The separated solid was collected by filtration and washed with cold methanol, crystallized from a 
mixture of ethanol-DMF (3:7 ratio). Yield 70%, m.p. 187 OC. IR(KBr): 3052 (C=C-H str.), 2745 and 2830 (C-H str. of 
aldehyde), 1729 (C=O str. of aldehyde), 1510 (N=O str. asym.), 1490 (C=C str.), 1354 (N=O str. asym.), 1250 (C-O-C 
str.sym.), 1059 (C-O-C str. asym.) cm-1; 1H NMR (400 MHz, CDCl3): 7.42 (d, J = 3.62 Hz, 1H, Furyl-He), 7.69 (d, J = 3.69 
Hz, 1H, Furyl-Hf), 7.91 (d, J = 8.19 Hz, 2H, Ar-Hb,b′), 8.33 (d, J = 9.12 Hz, 2H, Ar-Ha,a′), 9.72 (s, 1H, -CHO); EI-MS: m/z 
217. (C11H7NO4; required: C, 60.83; H, 3.25; N, 6.45%; found: C, 60.79; H, 3.21; N, 6.39%). 
 
4.2.2 Procedure for the synthesis of 1-aryl-3-[5-(4-nitrophenyl)furan-2-yl]prop-2-en-1-ones (4a-j) 
 
      A solution of substituted acetophenone (0.01 mole) in minimum quantity of methanol (10 ml) was added to a mixture 
of 5-(4-nitrophenyl) furan-2-carbaldehyde (3) (2.17 gm, 0.01 mole) in methanol + DMF (15+5 ml) and 40% NaOH (1 ml) 
was added to make it alkaline. The reaction mixture was then stirred for 20-24 hrs at room temperature.  The product was 
isolated by filtration and crystallized from suitable solvent to give pure products.  

 
Spectral data of 1-(4-methoxyphenyl)-3-[5-(4-nitrophenyl)furan-2-yl]prop-2-en-1-one (4e) 
Yield 62%; m.p. 120-22°C; IR (KBr): 3055 (C=C-H str.), 1649 (C=O str.), 1517 (C=C), 1250 (C-O-C str.sym.), 1059 (C-
O-C str. asym.) cm-1; 1H NMR (400 MHz, CDCl3): 3.91 (s, 3H, Ar-OCH3), 6.84 (d, J = 3.64 Hz, 1H, Furyl-He), 6.99 (d, J 
= 3.90 Hz, 1H, Furyl-Hf), 7.02 (d, J = 8.84 Hz, 2H, Ar-Hd,d′), 7.60 (d, 2H, vinyl-HA, HB), 7.91 (d, J = 8.92 Hz, 2H, Ar-Hb,b′), 
8.09 (d, J = 8.84 Hz, 2H, Ar-Hc,c′), 8.31 (d, J = 9.20 Hz, 2H, Ar-Ha,a; EI-MS: m/z 349. Anal. Calcd. for C20H15NO5; required: 
C, 68.76; H, 4.33; N, 4.01%; found: C, 68.71; H, 4.29; N, 3.96%). 
 
4.2.3 Procedure for the synthesis of 3-aryl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazoles (5a-j) 
 
      To a solution of 1-aryl-3-[5-(4-nitrophenyl)furan-2-yl]prop-2-en-1-ones (4a-j) (0.01 mole) in ethanol + DMF (15+5 
ml), anhydrous sodium acetate (0.01 mole) and hydroxylamine hydrochloride (0.01 mole) in minimum quantity of acetic 
acid were added. The reaction mixture was refluxed on oil bath for 7-12 hrs. The product was isolated and crystallized from 
suitable solvent to give analytically pure products.  
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4.3 Physical and Spectral Data 
 
4.3.1 3-phenyl-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5a) 
 
Yield 54%; m.p. 108-110°C; IR (KBr): 3240 (N-H str.), 3015 (C=C-H str.), 1599 and 1518 (C=C str.), 1242 (C-N str.), 
1180 (C-O-C str. asym.), 1106 (C-O-C str. sym.), 827 (N-O str.) cm-1; 1H NMR (400 MHz, CDCl3): 6.63-6.57 (d, J = 3.54 
Hz, 1H, Furyl-Hd), 6.67-6.63 (d, 1H, Isoxazole-Hg), 6.96 (d, J = 3.90 Hz, 1H, Furyl-He), 7.20-7.35 (m, 5H, Ar-H), 7.74-
7.62(d, J=16.28, 1H, Isoxazole-Hf), 7.79 (d, J = 7.06 Hz, 2H, Ar-Hc,c′), 8.22 (d, J=7.10 Hz, 2H, Ar-Hd,d′), 11.20 (s, 1H, 
Isoxazole-NH); EI-MS: m/z 334. Anal. Calcd. For C19H14N2O4; required: C, 68.26; H, 4.19; N, 8.38 %; found: C, 68.23; H, 
4.18; N, 8.34%). 
 
4.3.2 3-(4-chlorophenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5b) 
 
Yield 62%; m.p. 124-126°C; IR (KBr): 3238 (N-H str.), 3022 (C=C-H str.), 1591 and 1525 (C=C str.), 1236 (C-N str.), 
1178 (C-O-C str. asym.), 1102 (C-O-C str. sym.), 821 (N-O str.), 568 (C-Cl str.)  cm-1; 1H NMR (400 MHz, CDCl3): 6.60-
6.56 (d, J = 3.50 Hz, 1H, Furyl-Hd), 6.63-6.60 (d, 1H, Isoxazole-Hg), 6.96 (d, J=3.92 Hz, 1H, Furyl-He), 7.24-7.22 (d, J=7.96, 
2H, Ar-Ha,a′), 7.38 (d, J=8.04, 2H, Ar-Hb,b′), 7.68-7.61 (d, J=16.34, 1H, Isoxazole-Hf), 7.81 (d, J=7.07 Hz, 2H, Ar-Hc,c′), 8.32 
(d, J=7.10 Hz, 2H, Ar-Hd,d′), 11.20 (s, 1H, Isoxazole-NH); EI-MS: m/z 369. Anal. Calcd. for C19H13ClN2O4; required: C, 
61.78; H, 3.52; N, 7.60%; found: C, 61.73; H, 3.49; N, 7.56%). 
 
4.3.3 3-(2-nitrophenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5c) 
 
Yield 58%; m.p. 138-140°C; IR (KBr): 3240 (N-H str.), 3020 (C=C-H str.), 1590 and 1522 (C=C str.), 1220 (C-N str.), 
1162 (C-O-C str. asym.), 1110 (C-O-C str. sym.), 822 (N-O str.), cm-1; 1H NMR (400 MHz, CDCl3): 6.58-6.50 (d, J= 3.50 
Hz, 1H, Furyl-Hd), 6.68-6.63 (d, 1H, Isoxazole-Hg), 6.97 (d, J=3.92 Hz, 1H, Furyl-He), 7.22-7.47 (m, 4H, Ar-H), 7.68-7.65 
(d, 1H, J=16.28, Isoxazole-Hf), 7.82 (d, J=7.10 Hz, 2H, Ar-Hc,c′), 8.31 (d, J=7.14 Hz, 2H, Ar-Hd,d′), 11.19 (s, 1H, Isoxazole-
NH); EI-MS: m/z 379. Anal. Calcd. for C19H13N3O6; required: C, 60.15; H, 3.43; N, 11.08%; found: C, 60.12; H, 3.42; N, 
11.03%). 
 
4.3.4 3-(4-nitrophenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5d) 
 
Yield 67%; m.p. 134-136°C; IR (KBr): 3244 (N-H str.), 3007 (C=C-H str.), 1599 and 1514 (C=C str.), 1258 (C-N str.), 
1188 (C-O-C str. asym.), 1107 (C-O-C str. sym.), 827 (N-O str.) cm-1; 1H NMR (400 MHz, CDCl3): 6.56-6.52 (d, J= 3.51 
Hz, 1H, Furyl-Hd), 6.67-6.60 (d, 1H, Isoxazole-Hg), 6.87 (d, J=3.90 Hz, 1H, Furyl-He), 7.20-7.26 (d, J=7.92, 2H, Ar-Ha,a′), 
7.32 (d, J=8.00, 2H, Ar-Hb,b′), 7.70-7.63 (d, J=16.30, 1H, Isoxazole-Hf), 7.86 (d, J=7.11 Hz, 2H, Ar-Hc,c′), 8.36 (d, J=7.18 
Hz, 2H, Ar-Hd,d′), 11.21 (s, 1H, Isoxazole-NH); EI-MS: m/z 379. Anal. Calcd. for C19H13N3O6; required: C, 60.15; H, 3.43; 
N, 11.08%; found: C, 60.123; H, 3.42; N, 11.06%). 
 
4.3.5 3-(4-methoxylphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5e) 
 
Yield 60%; m.p. 158-160°C; IR (KBr): 3234 (N-H str.), 3017 (C=C-H str.), 2970 (C-H str.), 1585 and 1522 (C=C str.), 
1224 (C-N str.), 1150 (C-O-C str. asym.), 1106 (C-O-C str. sym.), 821 (N-O str.) cm-1; 1H NMR (400 MHz, CDCl3): 3.85 
(s, 3H, Ar-OCH3), 6.62-6.57 (d, J=3.54 Hz, 1H, Furyl-Hd), 6.77-6.63 (d, 1H, Isoxazole-Hg), 6.93 (d, J=3.89 Hz, 1H, Furyl-
He), 7.26-7.32 (d, J=7.91, 2H, Ar-Ha,a′), 7.36 (d, J=8.03, 2H, Ar-Hb,b′), 7.68-7.59 (d, J=16.24, 1H, Isoxazole-Hf), 7.79 (d, 
J=7.14 Hz, 2H, Ar-Hc,c′), 8.31 (d, J=7.22 Hz, 2H, Ar-Hd,d′), 11.26 (s, 1H, Isoxazole-NH); EI-MS: m/z 364. Anal. Calcd. for 
C20H16N2O5; required: C, 65.93; H, 4.06; N, 7.69%; found: C, 65.90; H, 4.03; N, 7.65%). 
 
4.3.6 3-(4-methylphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5f) 
 
Yield 49%; m.p. 146-148°C; IR (KBr): 3238 (N-H str.), 3011 (C=C-H str.), 2947 (C-H str.), 1590 and 1518 (C=C str.), 
1230 (C-N str.), 1152 (C-O-C str. asym.), 1110 (C-O-C str. sym.), 815 (N-O str.) cm-1; 1H NMR (400 MHz, CDCl3): 2.40 
(s, 3H, Ar-CH3), 6.59-6.58 (d, J=3.56 Hz, 1H, Furyl-Hd), 6.61-6.57 (d, 1H, Isoxazole-Hg), 7.00 (d, J=3.96 Hz, 1H, Furyl-
He), 7.24-7.22 (d, J=7.96, 2H, Ar-Ha,a′), 7.38 (d, J=8.04, 2H, Ar-Hb,b′), 7.70-7.66 (d, J=16.32, 1H, Isoxazole-Hf), 7.89 (d, 
J=7.08 Hz, 2H, Ar-Hc,c′), 8.26 (d, J=7.12 Hz, 2H, Ar-Hd,d′), 11.25 (s, 1H, Isoxazole-NH); EI-MS: m/z 348. Anal. Calcd. for 
C20H16N2O4; required: C, 68.96; H, 4.59; N, 8.04 %; found: C, 65.90; H, 4.56; N, 8.01%). 
 
4.3.7 3-(4-fluorolphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5g) 
 
Yield 61%; m.p. 163-165°C; IR (KBr): 3244 (N-H str.), 3015 (C=C-H str.), 1582 and 1510 (C=C str.), 1220 (C-N str.), 
1145 (C-O-C str. asym.), 1108 (C-O-C str. sym.), 811 (N-O str.), 1327 (C-F str.) cm-1; 1H NMR (400 MHz, CDCl3): 6.61-
6.55 (d, J = 3.51 Hz, 1H, Furyl-Hd), 6.67-6.62 (d, 1H, Isoxazole-Hg), 6.98 (d, J=3.90 Hz, 1H, Furyl-He), 7.26-7.20 (d, J=7.97, 
2H, Ar-Ha,a′), 7.40 (d, J=8.02, 2H, Ar-Hb,b′), 7.69-7.63 (d, J=16.28, 1H, Isoxazole-Hf), 7.76 (d, J=7.00 Hz, 2H, Ar-Hc,c′), 8.30 
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(d, J=7.08 Hz, 2H, Ar-Hd,d′), 11.22 (s, 1H, Isoxazole-NH); EI-MS: m/z 352. Anal. Calcd. for C19H13FN2O4; required: C, 
64.77; H, 3.69; N, 7.95%; found: C, 64.75; H, 3.67; N, 7.90%). 
 
4.3.8 3-(4-bromolphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5h) 
 
Yield 57%; m.p. 157-159°C; IR (KBr): 3243 (N-H str.), 3016 (C=C-H str.), 1580 and 1513 (C=C str.), 1224 (C-N str.), 
1147 (C-O-C str. asym.), 1106 (C-O-C str. sym.), 814 (N-O str.), 622 (C-Br str.) cm-1; 1H NMR (400 MHz, CDCl3): 6.62-
6.58 (d, J=3.53 Hz, 1H, Furyl-Hd), 6.69-6.64 (d, 1H, Isoxazole-Hg), 6.73 (d, J=3.94 Hz, 1H, Furyl-He), 7.28-7.21 (d, J=7.82, 
2H, Ar-Ha,a′), 7.42 (d, J=8.04, 2H, Ar-Hb,b′), 7.68-7.64 (d, J=16.30, 1H, Isoxazole-Hf), 7.79 (d, J=7.04 Hz, 2H, Ar-Hc,c′), 8.23 
(d, J=7.04 Hz, 2H, Ar-Hd,d′), 11.24 (s, 1H, Isoxazole-NH); EI-MS: m/z 413. Anal. Calcd. for C19H13BrN2O4; required: C, 
55.20; H, 3.15; N, 6.78%; found: C, 55.23; H, 3.16; N, 6.73%). 
 
4.3.9 3-(2-hydroxylphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5i) 
 
Yield 68%; m.p. 114-117°C; IR (KBr): 3542 (O-H str.), 3240 (N-H str.), 3020 (C=C-H str.), 1590 and 1511 (C=C str.), 
1226 (C-N str.), 1140 (C-O-C str. asym.), 1102 (C-O-C str. sym.), 812 (N-O str.), 1125 (C-OH str.) cm-1; 1H  NMR (400 
MHz, CDCl3): 6.58-6.47 (d, J=3.50 Hz, 1H, Furyl-Hd), 6.70-6.62 (d, 1H, Isoxazole-Hg), 6.70 (d, J=3.91 Hz, 1H, Furyl-He), 
6.96-7.64 (m, 4H, Ar-H), 7.62-7.53 (d, J=16.28, 1H, Isoxazole-Hf), 7.69 (d, J=7.02 Hz, 2H, Ar-Hc,c′), 8.20 (d, J=7.00 Hz, 
2H, Ar-Hd,d′), 11.20 (s, 1H, Isoxazole-NH), 12.96 (s, 1H, -OH); EI-MS: m/z 350. Anal. Calcd. For C19H14N2O5; required: 
C, 65.14; H, 4.00; N, 8.00%; found: C, 65.11; H, 3.99; N, 7.97%). 
 
4.3.10 3-(4-hydroxylphenyl)-5-[5-(4-nitrophenyl)-2-furyl]-2,3-dihydroisoxazole (5j) 
 
Yield 63%; m.p. 124-126°C; IR (KBr): 3552 (O-H str.), 3238 (N-H str.), 3022 (C=C-H str.), 1589 and 1509 (C=C str.), 
1219 (C-N str.), 1136 (C-O-C str. asym.), 1100 (C-O-C str. sym.), 810 (N-O str.), 1123 (C-OH str.) cm-1;  1H NMR (400 
MHz, CDCl3): 6.57-6.46 (d, J=3.48 Hz, 1H, Furyl-Hd), 6.73-6.67 (d, 1H, Isoxazole-Hg), 6.74 (d, J=3.86 Hz, 1H, Furyl-He), 
6.94 (d, J = 8.31 Hz, 2H, Ar-Ha,a′); 7.69 (d, J = 8.84 Hz, 2H, Ar-Hb,b′), 7.65-7.58 (d, J=16.30, 1H, Isoxazole-Hf), 7.65 (d, 
J=7.05 Hz, 2H, Ar-Hc,c′), 8.12 (d, J=7.03 Hz, 2H, Ar-Hd,d′), 11.12 (s, 1H, Isoxazole-NH), 12.94 (s, 1H, -OH); EI-MS: m/z 
350. Anal. Calcd. For C19H14N2O5; required: C, 65.14; H, 4.00; N, 8.00%; found: C, 65.12; H, 3.98; N, 7.97%). 
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