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Abstract: 
In the present investigation, a set of novel fluorine containing isoxazoline derivatives 3(a-i) 
were synthesized by refluxing fluorinated chalcones 2(a-i) with hydroxylamine hydrochloride 
under basic condition. The synthesized isoxazoline derivatives were confirmed by using 
spectroscopic techniques such as FT-IR, NMR, CHN and HRMS. Synthesized derivatives 3(a-
i) evaluated for in-vitro antimicrobial studies. Antimicrobial study reveals that compounds 3(c-
d) for S. aureus, 3(b, c and f) for B. subtilis, 3(a-e, and i) for E. coli, 3(b-d, and g) for P. 
aeruginosa exhibited excellent antimicrobial activity respectively as compared with standard 
streptomycin. 
Keywords: Chalcone, Isoxazoline, Fluorinated, Antibacterial, gram-positive and negative 
microorganisms. 
  
Introduction: 
The specified derivatives synthesizing using traditional method by condensation of substituted 
aldehydes with aromatic ketones, resulting in α-β unsaturated ketones (chalcones)1-5. This 
derivative further cyclization in alkaline medium by treating with hydroxylamine 
hydrochloride produces the desired isoxazoline derivatives 6. In recent times, growing interest 
in preparing isoxazoline Derivatives due to its potential sources of antibacterial agents7. The 
synthesis isoxazoline derivatives to be a primary attention in research due to their reported 
antifungal 8,9,10, antibacterial 11, anticonvulsant 12, anti-inflammatory 13, and 
analgesic15,16, Anti-oxidant 17, Anticancer 18,19 activities. 
Fluorinated acetophenones, particularly in drugs like ciprofloxacin, have gained significance 
importance in recent years, with the incorporation of fluorine influencing both the reaction 
pathways and biological activities19-20. Additionally, isoxazoline derivatives are find 
extensive applications in organic synthesis21.  
Isoxazole and isooxazoline derivatives due is potent biological activities motivated to 
synthesize a new novel series of fluorine-containing derivatives 3(a-i) Figure 2. This approach 
aims to combine both biologically active Derivatives in a single molecule and subsequently 
assess the antibacterial activities of the newly synthesized molecules. 
The known isoxazoline and oxazole containing clinical drugs and biological importance are 
showed in Figure 1.  
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Figure 1: Biological importance of Isoxazoline and isoxazole derivatives 

Experimental: 
Method and discussion:  
  Melting points recorded without correction using an open capillary on Mettler FP51. 
Elemental analysis was carried out by CIF at Pune University, with results falling within range 
of ±0.5% calculated numbers. Infrared spectra were recorded on a Brucker FT-IR spectrometer 
using KBr pellet and stretching frequency. NMR spectra were obtained on a Bruker Avance 
dpx-400 spectrometer (400 MHz) and TMS as an standard. All analytical grade reagents were 
used to synthesize the specified derivatives. Chemical shifts are denoted in ppm relative to the 
internal standard. Reaction progress were monitored by TLC. The synthesized Derivatives 
were purified by column using silica gel and eluted product with 10-20% methanol in 
dichloromethane as an eluent. The fractions were collected by visualised under UV (254 nm) 
cabinet or iodine stain to assess compound purity. 
Synthesis of Isoxazoline Derivatives 3(a-i): 
The chalcone derivatives synthesis involved the treating the 1-(4-Fluoro-3-methylphenyl) 
ethanone (1) with substituted benzaldehydes (a-i) in the presence of base through the Claisen-
Schmidt condensation method, resulting in the formation of fluorinated chalcones 2(a-i). [22]   
The novel isoxazoline derivatives were synthesized as per the standard protocol with minor 
modifications. A mixture of Chalcone 2(a-i) (1.0 eq.), hydroxylamine hydrochloride (1.0 eq.), 
and 2N aq. sodium hydroxide (0.5 ml) in ethanol (30 mL). The resulting solution was then 
refluxed for a duration of 5-6 hours. After refluxing, the solution was poured into ice-cold water 
and subsequently filtered. The obtained precipitate was collected by filtration and washed with 
water. The obtained crude derivatives were recrystallized using ethanol or silica gel column 
chromatography. Obtained pure derivatives dried in rotary evaporator under vacuum to get 
isoxazoline derivatives 3(a-i).  
   
Scheme 01: Synthesis of Isoxazoline Derivatives 3(a-i)  
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Table 01: Physical and chemical properties of 3(a-i) 

Derivative 3(a-i) Appearance M.W. Formula M.P. (°C) Yield (% mole) 

3(a) Off white colour solid 280.30 C17H13FNO 183-185 70.0 
3(b) Off white colour solid 280.30 C17H13FNO 177-179 75.0 

3(c) Off white colour solid 280.30 C17H13FNO 182-184 84.6 
3(d) Pale yellow solid 324.18 C16H12FCl2ON 180-182 67.5 
3(e) Pale yellow solid 324.18 C16H12FCl2ON 187-189 70.0 

3(f) Pale yellow solid 324.18 C16H12FCl2ON 181-182 71.9 
3(g) Pale yellow solid 324.18 C16H12FCl2ON 183-185 67.5 
3(h) Pale yellow solid 324.18 C16H12FCl2ON 190-192 82.1 

3(i) Yellow solid 358.62 C16H11FCl2N 196-199 73.5 

 
Preparation of Microbiology Culture Media: 
  In a clean and dry autoclave dissolved charged the nutrient agar (0.028 kg) in distilled 
water (1.0 L), heated at 121°C and maintained for 15 minutes under 15 lbs pressure. 
Subsequently, at 37°C, pour the prepared media into Petri dishes, suitable for bacterial 
streaking. The pathogens used in this study included B. subtilis, P. aeruginosa, Escherichia coli, 
and Staphylococcus aureus. Solutions for the investigated Derivatives (0.02 g of each 
compound in 5 mL of dimethylformamide) were prepared using dimethylformamide (DMF) as 
a solvent. Subsequently, all derivatives were tested for inhibitory zones. The bacterial cultures 
were incubated for 24 hours at 37 °C and the plates were inspected for inhibitory effects.23 
Results and Discussion: 
FT(IR) Spectra: 
 The infrared spectrum data for derivatives 3(a-i) revealed distinct bands in specific 
regions. The frequency bands in the range of 1582-1672 cm-1 signified the existence of (C=N) 
isoxazole functional group. Additionally, bands in the range 3280-3284 cm-1 signified the 
existence of (Ar-H) aromatic hydrogen groups, while bands at 2887-2971 cm-1 pointed to the 
presence of (-CH2-) methine groups. The presence of chloro (C-Cl) groups was suggested by 
bands at 840-846 cm-1, and bands range 3055-3338 cm-1 signified the existence of (C-H) 
groups in the (CH3) methyl group. Bands range 1283-1362 cm-1 were observed, signified the 
existence of (C-F) groups, and bands at 1450-1596 cm-1 signified the existence of aromatic 
(C=C) bonds. Finally, bands at 1141-1452 cm-1 signified the existence of (C-O) bonds within 
the isoxazole ring.  
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Figure-2: IR data of derivative 3(a) 

1H NMR Spectra: 
 The 1H NMR (DMSO and CDCl3) spectra of derivatives 3(a-i) showed the following 
characteristics peaks in NMR: multiplate in the range of 7.05-8.04 ppm for 7-5H for Ar-H, a 
multiplate or doublet due to adjacent fluorine and methyl groups in the range of  ~2.30 C ppm 
for 3H of CH3, a doublet of doublet of 1H of -CH2 of isoxaline ring at 2.95 to 3.02 ppm,  A 
doublet of doublet of 1H of -CH2 of isoxaline ring at 3.51 to 3.57 ppm, A triplet of 1H of O-
CH at 4.97 to 5.02 ppm  

 
Figure 2: 1H NMR of derivative 3(h) 

Table 2: Structure and spectroscopic data 3(a-i) 
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code Structure Spectroscopic data 

3(a) 

 

IR (KBr): -CH3 (3338 cm-1), -CH2- (2971 cm-1), -CN (nitrile, 

2191 cm-1), C=C str. (1581/1491 cm-1), C–F str. (1362 cm-1), C=N 

(isoxazoline ring, 1644 cm-1), –C–O–C– (sym, 1391 cm-1). 1H 

NMR (CDCl3): δ 7.975-7.946 (m, 2H), 7.894-7.817 (m, 1H), 

7.778-7.722 (m, 2H), 7.615-7.580 (m, 1H), 7,129-6.776 (m, 1H), 

5.764-5.746 (d, 1H), 3,353 (m, 1H), 3,353-3.333 (d, 1H), 2.339-

2.330 (dd, 3H). HRMS: m/z 281.1094. Elemental analysis for 

C17H13FN2O: C: 71.99; H: 4.59; N: 9.98% 

3(b) 

 

IR (KBr): -CH3 (3328 cm-1), -CH2- (2923 cm-1), -CN (Nitrile, 

2229 cm-1), C=C str. (1583/1490 cm-1), C–F str. (1283 cm-1), C=N 

(isoxazoline ring, 1664 cm-1), –O–C– (sym, 1415 cm-1). 1H NMR 

(CDCl3): δ 7.846-7.803 (t, 2H), 7.624-7.246 (m, 4H), 7.106-7.061 

(m, 1H), 4.155-4.121 (t, 1H), 3.543-3.483 (t, 1H), 3.358-3.324 (t, 

1H), 2.340-2.261 (dd, 3H). HRMS (m/z): 279.0841, Elemental 

analysis for C17H13FN2O: C: 71.97; H: 4.58; N: 9.97%. 

3(c) 

 

IR (KBr): -CH3 (3284 cm-1), -CH2- (2919 cm-1), -CN (nitrile, 

2221 cm-1), C=C str. (1596/1450 cm-1), C–F str. (1329 cm-1), C=N 

(isoxazoline ring, 1663 cm-1), –C–O–C– (sym, 1410 cm-1). 1H 

NMR (CDCl3): δ 7.636-7.618 (m, 1H), 7.558-7.537 (m, 1H), 

7.330-7.291 (m, 1H), 7.103- 7.040 (m, 2H), 6.988-6.926 (m,1H), 

5.629-5.588 (t, 1H), 3.797-3.723 (m, 1H), 3.210-3.110 (m, 1H), 

2.465-2.350 (dd, 3H). HRMS (m/z): 279.9840, Elemental analysis 

for C17H13FN2O: C: 72.66; H: 4.66; N: 9.90%. 

3(d) 

 

IR (KBr): -CH3 (3070cm-1), -CH2- (2971 cm-1), C=C str. 

(1584/1498 cm-1), C–F str. (1305 cm-1), C=N (isoxazoline ring, 

1672 cm-1), –C–O–C– (sym, 1393 cm-1), C–Cl (859 cm-1). 1H 

NMR (CDCl3): δ 7.792-7.787 (m, 1H), 7.614-7.599 (m, 1H) 7.545-

7.531 (m, 1H), 7.518-7.400 (m, 2H), 7.095-7.051 (m, 1H), 6.947-

6.926 (m, 1H), 5.861-5.819 (m, 1H), 3.897-3.832 (m, 1H), 3.033-

2.999 (m,1H), 2.504-2.345 (m, 3H). HRMS (m/z): 325.2278. 

Elemental analysis for C16H12 Cl2FNO: C: 59.19; H: 3.72; N: 

4.31% 

3(e) 

 

IR (KBr):-CH3 (3235cm-1), -CH2- (2921cm-1), C=C str. 

(1501/1466cm-1), C–F str. (1320 cm-1), C=N (isoxazoline ring, 

1582 cm-1), –C–O–C– (sym, 1382 cm-1), C–Cl (862 cm-1). 1H 

NMR (CDCl3): 1H NMR (CDCl3): δ ppm 7.726-7.368 (m, 4H), 

7.223-7.296 (m, 1H), 7.065-7.020 (m,1H), 5.764-5.746 (d, 1H), 

3.353 (S, 1H), 3.353-3.333 (d, 1H), 2.339-2.330 (dd, 3H), HRMS 
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(m/z): 328.2318. Elemental analysis for C16H12 Cl2FNO: C: 59.22; 

H: 3.70; N: 4.31% 

3(f) 

 

IR (KBr): -CH3 (3055cm-1), -CH2- (2919 cm-1), C=C str. 

(1586/1496 cm-1), C–F str. (1304 cm-1), C=N (isoxazoline ring, 

1655 cm-1), –C–O–C– (sym, 1414 cm-1), C–Cl (851 cm-1). 1H 

NMR (CDCl3): δ 7.865-7.432 (m, 3H), 7.316-7.298 (m, 2H), 

7.103-7.040 (m, 1H), 6.988-6.926 (m,1H), 5.629-5.588 (t, 1H), 

3.797-3.723 (m, 1H), 3.210-3.110 (m, 1H), 2.465-2.350 (dd, 3H). 

HRMS (m/z): 328.3742. Elemental analysis for C16H12 Cl2FNO: 

C: 59.00; H: 3.70; N: 4.31%. 

3(g) 

 

IR (KBr): -CH3 (3177cm-1), -CH2- (2887 cm-1), C=C str. 

(1591/1500 cm-1), C–F str. (1316 cm-1), C=N (isoxazoline ring, 

1666 cm-1), –C–O–C– (sym, 1422 cm-1), C–Cl (854 cm-1). 1H 

NMR (CDCl3): δ 7.599-7.570 (m, 3H). 7.503-7.498 (m, 1H), 

7.091-7.056 (m, 2H), 4.934-4.884 (dd, 1H), 3.543-3.475 (m, 1H), 

3.024-3.000 (d, 1H), 2.454-2.357 (dd, 3H). HRMS (m/z): 

324.0366. Elemental analysis for C16H12 Cl2FNO: C: 58.89; H: 

3.72; N: 4.30%. 

3(h) 

H3C

N

F

O

Cl

Cl

5-(3,4-dichlorophenyl)-3-(4-fluoro-3-
methylphenyl)-4,5-dihydroisoxazole  

IR (KBr): -CH3 (3243 cm-1), -CH2- (2921 cm-1), C=C str. 

(1560/1500 cm-1), C–F str. (1327 cm-1), C=N (isoxazoline ring, 

1583 cm-1), –C–O–C– (sym, 1327 cm-1), C–Cl (847 cm-1). 1H 

NMR (CDCl3): δ 7.8627.688 (m, 1H), 7.557-7.457 (m, 1H), 7.442-

7.428 (m, 1H), 7.363-7.314 (m, 1H), 7.283-7.146 (m, 1H), 7.141-

7.132 (m, 1H), 7.132-6.806 (m, 1H), 4.934-4.884 (m, 1H), 3.543-

3.475 (m, 1H), 2.360-2.321 (m, 3H), HRMS (m/z): 325.5578. 

Elemental analysis for C16H12 Cl2FNO: C: 59.22; H: 3.72; N: 

4.31%. 

3(i) 

 

IR (KBr): -CH3 (3070 cm-1), -CH2- (2971 cm-1), C=C str. 

(1684/1498 cm-1), C–F str. (1305 cm-1), C=N (isoxazoline ring, 

1672 cm-1), –C–O–C– (sym, 1393 cm-1), C–Cl (859 cm-1). 1H 

NMR (CDCl3): 1H NMR (DMSO-d6): δ 7.744-7.726 (d, 1H), 

7.662-7.648 (m, 1H), 7.634-7.578 (m, 1H) , 7.309-7.258 (m, 2H), 

5.646-5.603 (m, 1H), 3.914-3.838 (m, 1H), 3.269-3.210 (m, 1H), 

2.316-2.219 (dd, 3H). HRMS (m/z): 359.0783. Elemental analysis 

for C16H12 Cl2FNO: C: 53.01; H: 3.00; N: 4.89%. 

  
Antibacterial activity: 
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 The targeted molecules were tested for antibacterial activities against various test 
organism, including S. aureus (Staphylococcus aureus) and B. subtilis (Bascules subtilis) gram-
positive microorganism and E. coli (Escherichia coli) and P. aeruginosa (Pseudomonas 
aeruginosa) gram-negative microorganism. The results reveal that derivatives 3(a-d) exhibit 
high activity, while derivatives 3(e-i) demonstrate poor activity against E. coli. Against P. 
aeruginosa. 
In the case of S. aureus and B. subtilis, derivative 3(c and d) demonstrate high activity, whereas 
other derivative display modest to poor activity. Furthermore, derivatives 3(c), 3(d), and 3f 
exhibit high activity against B. subtilis, while derivatives 3(g) and 3(h) show low activity. 
  

Table 3: Antimicrobial studies of compound 3(a-i) 

Compound 
Antibacterial Activity (zone of inhibition) 

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

3 (a) 7 8 17 8 

3 (b) 7 12 30 10 

3 (c) 12 10 32 13 

3 (d) 11 8 33 11 

3 (e) 7 7 12 8 

3 (f) 0 12 8 7 

3 (g) 0 6 0 12 

3 (h) 8 0 9 6 

3 (i) 8 7 13 0 

Streptomycin 8 7 13 7 

 

 
Figure-3: Antimicrobial activity of derivatives 3(a-i) 
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Conclusion:  
This study presents the synthesis of novel series of 5-(substituted phenyl)-3-(4-fluoro-3-
3methylphenyl)-4,5-dihydro-1,2-oxzole derivatives 3(a-i) and structure confirmed by mass, IR 
and NMR. The antimicrobial activities of all 9 derivatives were evaluated and found some 3(b-
d) are good antibacterial activity 3(a and i) having moderate and 3(e-g) least activity. The 
findings from this study aim to contribute to the design and synthesis of more effective yet safe 
antimicrobial drugs. The novel series derivatives may be the new lead and research area for 
researcher to develop the more potent and safer biological active drugs.        
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