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Abstract:

A series of 4-(aryldiazenyl)-5-trifluoromethyl substituted isoxazole derivatives (3a-n and 3aa-an)
was synthesized to explore their biological potential. All compounds were characterized by
analyzing their FT-IR, 'H/"C/"F NMR spectroscopic, and mass spectrometric data. The DFT
calculations further supported the structural assignment of the hydrazono form (3), among the
possible tautomeric structures. The results of in vitro antimicrobial evaluation revealed that among
all, seven candidates have shown good potential out of which compound 3ak emerged as the most
potent antimicrobial agent, exhibiting remarkable antibacterial activity against Staphylococcus
aureus (S. aureus) and Bacillus subtilis (B. subtilis) with MIC value of 80 ug/mL, comparable to
Ciprofloxacin (MIC = 62.5 ng/mL); and significantly higher antifungal potential against Candida
albicans (C. albicans) with MIC value of 320 pg/mL than Amphotericin B (MIC = 1280 pg/ mL).
Antioxidant screening revealed that 3j, 31, 3aa, 3ae, 3ah—ak and 3al-an displayed strong

antioxidant potential with ECso values of 62.5-125 pg/mL, in comparison to ascorbic acid (ECso =
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132.7 pg/mL). In addition, 3g, 3n, 3f, 3m, 3af, 3ag, 3am, and 3an displayed excellent and 3b, e,
3aa, 3ae, and 3h demonstrated significant DNA protective effects against UV-induced damage at
60 pg/mL concentration. Hence, the results of the present study demonstrated that the synthesized
S-trifluoromethyl substituted isoxazoles have significant antioxidant potential along with good

DNA protective potential.

Keywords: Antimicrobial, Antioxidant, Density functional theory, DNA protection,

Trifluoromethylisoxazoles

1. Introduction

The rapid emergence of multidrug-resistant (MDR) microbial pathogens has become one of the
most serious global healthcare challenges, substantially limiting the therapeutic effectiveness of
currently available antimicrobial drugs [1]. The continuous rise in bacterial resistance to
conventional antibiotics, particularly among Gram-positive and Gram-negative strains, has
stimulated extensive efforts toward the discovery of structurally novel antimicrobial agents with
improved efficacy and reduced resistance potential [2]. In parallel, fungal infections caused by
opportunistic pathogens such as C. albicans have also increased significantly, especially in
immunocompromised patients. Resistance to commonly used antifungal agents has further
complicated treatment strategies [3].

Simultaneously, oxidative stress generated by excessive production of reactive oxygen species
(ROS) further aggravates the deterioration of health conditions [4] and has been recognized as a
major factor responsible for cellular damage and the progression of several pathological disorders,
including inflammation, carcinogenesis, aging, cardiovascular diseases, and neurodegenerative
disorders [5,6]. ROS-induced oxidative damage to proteins, lipids, and nucleic acids may also
result in DNA strand cleavage and mutagenesis [7]. Therefore, compounds capable of exhibiting
antioxidant and DNA protective properties, along with antibacterial and antifungal potential, are
highly desirable and remain an important objective in medicinal chemistry for the development of
a new class of multifunctional therapeutic agents.

Among the various heterocyclic scaffolds, isoxazole (I) derivatives have attracted considerable
attention because of their broad spectrum of biological and pharmacological activities [8—10].
Isoxazoles are known to exhibit antimicrobial, antifungal, antioxidant, anticancer, anti-

inflammatory, antiviral, antitubercular, and neuroprotective properties [ 11-14]. Moreover, several
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clinically important drugs, including Valdecoxib (II) [15], Leflunomide (III) [16],

Sulfamethoxazole (IV) [17], and Zonisamide (V) [18], possess an isoxazole nucleus, highlighting

the significance of this privileged pharmacophore in modern drug discovery (Fig.1).
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Figure 1: Some important drugs containing the isoxazole nucleus.

Recent investigations have demonstrated that aryl-substituted and fused isoxazole derivatives
exhibit promising antimicrobial and antioxidant properties owing to enhanced n-conjugation and
favorable electronic interactions with biological targets. The 3-halo-4,5-dihydroisoxazole scaffold
has emerged as a promising pharmacophore in medicinal chemistry, with its chemical reactivity
and biological activity being strongly modulated by the nature of the halogen substituent[19].

In recent years, fluorinated heterocyclic compounds have attracted substantial attention because
the incorporation of fluorine-containing substituents can profoundly influence the
physicochemical, electronic, and pharmacokinetic properties of bioactive molecules [20-23].
Among fluorinated functionalities, the trifluoromethyl (CF3) group is considered one of the most
important pharmacophoric units in medicinal chemistry because of its strong electron-withdrawing
nature, high electronegativity, lipophilicity, and metabolic stability[24,25]. Chemically, the CFs
group alters the electron density distribution within the molecular framework through a strong —I
inductive effect, thereby modulating the molecular polarity, acidity/basicity, dipole moment, and
intermolecular interactions [26,27]. The incorporation of the CFs group also increases membrane
permeability and receptor-binding affinity while reducing metabolic degradation, leading to

improved pharmacological performance [24,28]. As shown in Figure 2, 5-trifluoromethyl-2-
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isoxazoline derivatives (VI) [29] and (R, S)-2-amino-3-(3-hydroxy-5-trifluoromethylisoxazol-
4-yl)propanoic acid (trifluoro-AMPA) (VII) [30] have been developed as ectoparasiticides and
highly potent AMPA receptor agonists, respectively. Previous studies demonstrated that
trifluoromethyl-containing isoxazole derivatives often display superior biological activities
compared to non-fluorinated analogs [31]. In particular, Pattanayak et al. reported that the
introduction of the CFs functionality into isoxazole-based molecules (VIII) resulted in nearly
eight-fold enhancement in anticancer activity relative to the corresponding non-fluorinated analogs
[32]. Similarly, Bonacorso et al. demonstrated that fluorinated isoxazole systems exhibit enhanced
biological performance owing to favorable electronic distribution and increased molecular stability
[33].

Another important class of biologically active molecules includes azo-linked aromatic compounds
containing the aryldiazenyl (—-N=N-) functionality [34]. Azo derivatives are known to possess
significant antibacterial, antifungal, antioxidant, anticancer, and DNA protective activities [35,36].
The azo linkage enhances n-electron delocalization and molecular conjugation, thereby improving
charge-transfer capability and intermolecular interactions with biological targets [37]. In addition,
the presence of electron-donating and electron-withdrawing substituents on the azo-linked
aromatic ring substantially influences the molecular electronic distribution and redox behavior
[38]. Incorporating aryldiazenyl functionality into heterocyclic systems improves radical-
scavenging activity and DNA protective properties because of enhanced electron delocalization
and stabilization of free radical intermediates [39,40]. Moreover, azo-linked isoxazoles, such as,
5-amino-4-[(4-methoxyphenyl)diazenyl]-3-methylisoxazole (IX) [41] and 3-(2-thien-2-daizenyl)-
4-arylazo-5-hydroxy-5-trifluoromethyl-A*-isoxazoline ~ derivatives (X) [42,43], exhibited
improved antitumor and antioxidant activities, respectively, owing to increased hydrophobic

interactions and stronger binding with microbial biomolecules [44].
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Figure 2: Some biologically potent isoxazoles (VI-X), and design of the target compounds.

Thus, substitution modulates the electronic distribution and biological responsiveness of the
resulting molecules [45]. It has been reported that arylazo functionality not only contributes to
extended conjugation and color intensity but also enhances radical scavenging and potential DNA-
protective properties [46,47]. Further, halo-substitution on the isoxazoline moiety has led to the
development of potent anticancer agents [12,42,48].

Molecular hybridization has emerged as a powerful strategy in medicinal chemistry for the design
of multifunctional molecules through the integration of two or more biologically active
pharmacophores into a single molecular framework [47]. Literature reports indicate that Hybrid
molecules containing isoxazole and fluorinated functionalities often exhibit superior biological
activities owing to the synergistic enhancement of their electronic and physicochemical properties
[50]. However, studies involving the simultaneous incorporation of isoxazole, trifluoromethyl, and

aryldiazenyl functionalities within a single scaffold remain relatively less explored.
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Therefore, in continuation of our ongoing efforts toward the synthesis of biologically active
fluorinated heterocycles [43], herein we report the synthesis of a new series of twenty-eight (E)-
4-(aryldiazenyl)-3-aryl-5-hydroxy-5-trifluoromethyl-4,5-dihydroisoxazole derivatives with the
anticipation that integration of these three pharmacologically important moieties could generate
structurally enriched molecules with multifunctional biological potential. The study also provides
insights into the influence of trifluoromethyl, aryl, and aryldiazenyl groups attached to positions-
5, 3, and 4 of the isoxazoline ring on the biological potential of the synthesized molecular hybrids.
2. Results and Discussion

2.1 Chemistry

A series of (E)-3-aryl-4-(aryldiazenyl)-5-hydroxy-5-trifluoromethyl-4,5-dihydroisoxazoles (3')
were prepared by adopting a multistep procedure according to Scheme 1. To achieve the final
product, the starting precursors, 1-aryl-4,4,4-trifluoromethyl-B-diketones (Illa-g), were prepared
in our laboratory by the Claisen condensation of aryl methyl ketones (Ia-g) with ethyl
trifluoroacetate (II) in the presence of sodium ethoxide, according to a previously reported

procedure [51].
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Scheme 1: Multistep synthesis of (£E)-3-aryl-4-(aryldiazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazoles (3') or (E)-3-aryl-4-(2-(arylhydrazinylidene)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazoles (3)

The reaction of different p-halo substituted aromatic primary amines (IVa-d) with sodium nitrite
in an acidic medium at 0-5 °C yielded the corresponding aryldiazonium salts (IV'a-d), which, on
subsequent treatment with various 1-aryl-4,4,4-trifluoromethylbutan-1,3-diones (IIT) in presence
of sodium acetate, gave the key intermediates, (E)-1-(4-aryl)-4,4,4-trifluoro-2-(4-
aryldiazenyl)butane-1,3-diones (1) in good yields [52]. The reaction of different 1-(4-aryl)-4,4,4-
trifluoro-2-(4-aryldiazenyl) butane-1,3-diones (1) with hydroxylamine hydrochloride (2) in the
presence of sodium acetate under reflux conditions in ethanol afforded the final products (3) in

good yields.
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The structures of the obtained products were assigned based on a combination of FT-IR, NMR
('H, C, and "F) spectroscopy, mass spectrometry, and DFT studies. The appearance of a
characteristic peak corresponding to the C=O stretching vibration at 1698 cm™ and an N=N
stretching peak in the range of 1510-1560 cm™ in the FT-IR spectra of 1 confirms the formation
of diazenyl-substituted trifluoromethyl-f-diketones (1). In contrast, the disappearance of a peak
due to the carbonyl stretching vibration in the FT-IR spectra of the final products (3) confirmed
cyclization and the formation of the isoxazole ring. Furthermore, the appearance of the NH
stretching peak around 3290-3300 cm™' indicates that the final product exists mainly in the
arylhydrazone form (3) rather than the diazo (3') form [53-55].

The 'H NMR spectrum of a representative intermediate, 1a, revealed that eight aromatic protons
resonated at 8 7.28-7.80 ppm, and one additional singlet signal (OH/NH) appeared at 6 10.25 ppm,
confirming the formation of 1. In the NMR spectrum of the final product 3a (a representative
compound), two broad singlet signals (D20 exchangeable) were observed at 8 9.86 and 10.45 ppm,
corresponding to the OH and NH groups, respectively. The eight aromatic protons were attributed
to the range of § 7.26-7.98 ppm. In the *C NMR spectrum of compound 1a, the carbonyl carbon
signals appeared due to C-1 and C-3 at § 189.68 and 175.32 ppm (®Jc-r = 33.20 Hz), respectively.
The disappearance of these two signals in '*C NMR spectrum of 3a further supports the cyclization
and formation of the desired product. Carbon-5 of the isoxazole ring resonated at § 98 ppm (%Jcr;
= 35.21 Hz), while C-4 and C-3 gave singlets at 6 131 and 154 ppm, respectively[56]. Moreover,
a sharp singlet was observed at § -78 ppm in the '°F NMR spectrum, confirming the presence of
the trifluoromethyl group at position-5 of the isoxazole ring, which is in close agreement with the
reported values[57]. Further structural confirmation of 3a was provided by the mass spectral data,
which showed a molecular ion peak (M") at m/z =495.9, in accordance with the molecular formula
Ci6H10CIF3IN3Oz2. In addition, DFT studies indicated that the hydrazone form is more stable than
the azo-form owing to its lower HOMO-LUMO energy gap, which reflects greater electronic
delocalization and molecular stability; detailed results are provided in Section 2.4.

The probable mechanism involved in the formation of 5-trifluoromethyl-5-hydroxyisoxazoles (3)
is shown in Scheme 2. According to literature reports, nucleophilic attack by the NHz of
hydroxylamine occurs at the more reactive carbonyl carbon (i.e., COAr) of the diketone, which

then cyclizes, followed by deprotonation to form an isoxazole ring [58].
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2.2 Biological activity

2.2.1 Antimicrobial activity

All synthesized 5-trifluoro-5-hydroxyisoxazole derivatives (3) were screened to explore their in
vitro antibacterial and antifungal potential against five well-known human pathogenic strains using
the agar-well diffusion method [59]. The selected four bacterial strains, namely S. aureus and B.
subtilis (Gram-positive), Escherichia coli (E. coli), and Pseudomonas aeruginosa (P. aeruginosa
) (Gram-negative), along with one yeast strain, C. albicans, are associated with a wide range of
infectious diseases and are routinely employed for the biological evaluation of newly synthesized
antimicrobial agents to assess their broad-spectrum therapeutic potential[60]. Preliminary results
were recorded by measuring the inhibition zones (IZ) of bacterial or fungal growth around the
wells for each tested compound at 4000 pg/mL. The results revealed that most of the synthesized
derivatives displayed moderate to significant antimicrobial activity against both bacterial and
fungal strains (Figs. 3 and 4). Minimum inhibitory concentration (MIC) values were determined
using the two-fold serial dilution method for the selected compounds, which showed inhibition
zones greater than 16 mm compared to ciprofloxacin (22-26.6 mm) and Amphotericin-B (17.6

mm) as positive controls.
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198  The results revealed that among all the synthesized compounds, 3ak emerged as the most potent
199  broad-spectrum antimicrobial agent, exhibiting the lowest MIC value of 80 pg/mL against both S.
200  aureus and B. subtilis and 320 pg/mL against C. albicans. The compound demonstrated excellent

201  antibacterial potential, with IZ of 25.3 and 26.3 mm in comparison with IZ of Ciprofloxacin 26.6
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and 26.0 mm against S. aureus and B. subtilis, respectively. Furthermore, against C. albicans, 3ak

displayed an inhibition zone of 16.3 mm, relative to Amphotericin-B (17.6 mm) (Table 1).

Table :1 Inhibitory potential of the most active compounds against each microbial strain.

Microbial Most  active | MIC Inhibitory Zone of | Standard

strains compound(s) (ng/mL) | potential* inhibition drug (MIC)
(w.r.t. (mm)
standard)

S. aureus 3ak 80 ~78% of | 25.3 Ciprofloxacin
standard (62.5)

B. subtilis 3ad, 3ak 80 ~78% of | 26.3,26.3 Ciprofloxacin
standard (62.5)

E. coli 3ad, 3ak 640 Lower than | 18.6, 18.3 Ciprofloxacin
standard (62.5)

P. aeruginosa 3ak 640 Lower than | 17.6 Ciprofloxacin
standard (62.5)

C. albicans 3ak 320 Significantly | 16.3 Amphotericin-
higher than B (1280)
standard

In case of Gram-positive bacteria, seven (7) compounds, 3j, 3ad, 3ae, 3ah, 3ai, 3aj, and 3ak
exhibited excellent antibacterial activity against B. subtilis with MIC values of 80 ug/mL, relative
to Ciprofloxacin (MIC = 62.5 pg/mL) and exhibited 25.3—26.3 mm inhibitory potential relative to
Ciprofloxacin (26.00 mm). Additionally, eight (8) compounds, 3¢, 3d, 3k, 3aa, 3ac, 3ag, 3al, and
3an, displayed moderate potential with MIC values of 160 pg/mL and IZ of 23.6 -24.6 mm.

In contrast, the synthesized derivatives showed relatively moderate potential against Gram-
negative bacterial strains (E. coli and P. aeruginosa), which may be attributed to the presence of a
highly impermeable lipopolysaccharide-rich outer membrane that restricts the penetration of
antimicrobial agents [61]. Among the tested compounds, 3ad and 3ak exhibited activity against
E. coli with MIC values of 640 pg/mL, relative to Ciprofloxacin (250pg/mL). In addition,
compound 3ak demonstrated the highest potential against P. aeruginosa, exhibiting an inhibition
zone of 17.6 mm, compared to ciprofloxacin (22.0 mm).

Antifungal screening against C. albicans revealed moderate to excellent activity of several
compounds. Compound 3ak exhibited the highest antifungal potency with an MIC of 320 pg/mL
and an inhibition zone of 16.3 mm, in comparison to Amphotericin-B (1280ug/mL and 17.6 mm,
respectively). Compounds 3ad and 3ae also demonstrated significant antifungal activity, with MIC

values of 640 pg/mL and inhibition zones of 16.3 mm (92.6%) and 15.3 mm (86.9%), respectively,

11
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compared to Amphotericin-B. Furthermore, compounds 3d, 3ah, and 3ai exhibited inhibition
zones of 14.3 mm (81.3%), 14.6 mm (83.0%), and 15.0 mm (85.2%), respectively, indicating
antifungal activity comparable to Amphotericin-B. In contrast, compounds 3b, 3i, 3j, 3ab, 3al,
3am, and 3an showed only minimal antifungal activity, with MIC values of 2560 pg/mL and
inhibition zones ranging from 12.9-14.2 mm, corresponding to approximately 73.3—-80.7%
inhibitory activity relative to Amphotericin-B (Fig.5).

Overall, the synthesized compounds exhibited comparatively higher activity against gram-
positive bacteria than gram-negative strains, as evidenced by larger inhibition zones and lower
MIC values. Among the tested microorganisms, B. subtilis was the most susceptible. Among all
the candidates, sixteen (16) compounds showed good antibacterial activity against B. subtilis,
while nine (9) exhibited notable activity against S. aureus. Similarly, seven (7) compounds

displayed promising antifungal potential against C. albicans.
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Figure 5: Antimicrobial activity of compounds 3a-an expressed in MIC (pug/mL)

The antimicrobial activity of the synthesized derivatives was strongly influenced by the nature of
both the halogen substituent (R) and aryl moiety (Ar). A clear trend emerged, with fluorinated and
chlorinated analogs generally exhibiting superior antimicrobial activity compared to their
corresponding brominated and iodinated derivatives. This observation suggests that the smaller

atomic size and favorable electronic characteristics of fluorine and chlorine provide a more suitable
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balance of lipophilicity and target interaction, leading to enhanced microbial growth
inhibition[62].

In the antibacterial study, the fluorinated series showed the most promising activity, particularly
against B. subtilis and S. aureus. Among all the compounds, derivative 3ak (R =F, Ar = p-F-CsHa)
displayed the highest antibacterial potency, indicating that the simultaneous presence of fluorine
on both the isoxazole framework and aryl ring is highly beneficial for activity. Other fluorinated
derivatives, including 3aj (Ar = CsHs) and 3al (Ar = p-OMe-CsHa4), exhibited notable antibacterial
effects, further highlighting the positive contribution of fluorine substitution.

The influence of the aryl group was also evident. In general, compounds bearing phenyl or para-
substituted phenyl rings demonstrated better antibacterial activity than the corresponding 1-
naphthyl and 2-naphthyl analogs. The lower activity of the naphthyl-containing derivatives may
be attributed to the increased steric bulkiness of these substituents, which might reduce the ability
of the molecules to efficiently interact with biological targets[63]. Interestingly, this unfavorable
steric effect was less pronounced in the fluorinated series, where compounds 3am and 3an retained
appreciable antibacterial activity despite the presence of bulky naphthyl groups, suggesting that
fluorine substitution can partly compensate for steric limitations.

A comparison within the chloro-, bromo-, and iodo-substituted series further revealed that
derivatives containing phenyl, p-fluorophenyl, and p-methoxyphenyl groups generally exhibited
greater antibacterial activity than those with p-bromophenyl, p-chlorophenyl, 1-naphthyl, or 2-
naphthyl substituents. These findings indicate that both electronic and steric factors play important
roles in displaying antibacterial efficacy.

The antifungal results followed a similar trend. Compounds containing fluorine and chlorine
exhibited markedly higher activity against C. albicans than brominated and iodinated compounds.
Once again, derivative 3ak (R = F, Ar = p-F-CsHa) emerged as the most active member of the
series, emphasizing the favorable contribution of fluorine substitution toward antifungal activity.
Collectively, these observations demonstrate that the antimicrobial activity within this series is
governed by a delicate interplay of electronic effects, lipophilicity, and steric factors, with

fluorinated derivatives consistently emerging as the most potent antimicrobial candidates.

2.2.2 Antioxidant activity
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All synthesized compounds were also investigated for their free radical scavenging effects on 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals to explore their antioxidant potential. The DPPH assay
measures the ability of a compound to scavenge free radicals by donating an electron and/or
hydrogen atom to the stable DPPH radical (DPPH?¢). Upon reduction, the characteristic violet color
of DPPH gradually faded, accompanied by a decrease in absorbance at 515 nm. The antioxidant
activity observed for the synthesized compounds may therefore arise from their capacity to interact
with and neutralize the radical species. The extent of radical scavenging is influenced by the
electronic characteristics of the molecules, particularly the nature of the substituents and the degree
of conjugation, which can facilitate electron donation and stabilize the resulting radical
intermediates. Accordingly, compounds with more favorable electronic environments exhibited
enhanced DPPH scavenging activity.

All compounds were studied in the concentration range of 100-6.25 ug/mL to evaluate DPPH
radical scavenging ability and determine their ECso values. Ascorbic acid, used as the reference
standard, exhibited excellent antioxidant activity with an ECso value of 13.27 + 1.10 pg/mL and
87.83% radical scavenging at 100 png/mL.

Among the synthesized derivatives, six (6) compounds (3ah, 3ai, 3aj, 3al, 3am and 3an)
demonstrated excellent antioxidant activity with ECso values in the range of 6.25-12.5 pg/mL,
comparable to the reference standard (13.27 = 1.10 pg/mL). Furthermore, five (5) compounds (3j,
31, 3aa, 3ae, and 3ak) displayed promising antioxidant potential, with ECso values ranging from
12.5-25 pg/mL (Fig.6 and Fig.7).

Moderate antioxidant activity was observed for ten (10) compounds, 3b, 3d, 3f, 3g, 3m, 3ab, 3ac,
3ad, 3af and 3ag.
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301  Structure—activity relationship (SAR) analysis of the antioxidant data revealed a significant
302  influence of both the halogen substituent (R) and aryl group (Ar) on radical-scavenging activity.
303  Among the investigated derivatives, compounds bearing R = F consistently exhibited superior
304  antioxidant activity compared to the corresponding Cl-, Br-, and I-substituted analogs. The

305 enhanced activity of the fluorinated derivatives may be attributed to the favorable electronic
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properties of fluorine, which facilitate the stabilization of the resulting radical species following
hydrogen atom or electron transfer.

The nature of the aryl substituent plays a crucial role in determining the antioxidant potency.
Irrespective of the halogen present, derivatives containing a p-methoxyphenyl (4-OMe-CsHa4)
group generally displayed enhanced radical-scavenging activity. The electron-donating methoxy
group is expected to increase electron density within the n-conjugated framework via resonance
(+R) or (+M) effect. This enhanced electron density strengthens the overall radical-scavenging
capacity and thermodynamic favorability for hydrogen atom transfer (HAT) to stabilize the
generated radical intermediate[64]. This effect is reflected in the excellent antioxidant activity
observed for compounds such as 3ae and related analogs.

A notable influence of the ring size and aromatic substitution pattern was also observed.
Compounds bearing a 2-naphthyl substituent exhibited higher antioxidant activity than their
corresponding 1-naphthyl analogs, regardless of the nature of R. This behavior may arise from
more effective resonance delocalization of the unpaired electron in the radical form, resulting in
greater stabilization and enhanced free radical scavenging ability.

Overall, the antioxidant activity of the synthesized trifluoromethylated isoxazole derivatives
appears to be governed primarily by electronic effects and radical stabilization energy. Fluorine
substitution at R, presence of electron-donating methoxy groups, and incorporation of a 2-naphthyl
moiety were identified as the most favorable structural features for antioxidant activity, as
evidenced by the low ECso values of compounds 3ah, 3ai, 3aj, 3al, 3am, and 3an.

2.2.3 UV-mediated DNA damage protection activity

Agarose gel electrophoresis was used to explore the DNA damage protection potential of the
synthesized isoxazoles (3). The protective potential of the tested compounds was assessed by
comparing the appearance of bands and their intensities in the control (C) and test compounds
under UV irradiation. It has been reported in the literature that on single-strand breaking, the
supercoiled (SC) form changes into the more relaxed open circular (OC) form; however, double-
strand breaking leads to the transformation of the SC form into the linear circular (LC) form[65].
The experimental results of the present investigation revealed that in the absence of UV irradiation,
plasmid DNA existed in the SC form (lane 1 of Fig. 8); however, on exposure to UV light, most
of it was transformed into the OC form, along with a very low-intensity LC form, as shown in lane

2 of Figure 8.
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Figure 8: Effect of compounds on plasmid DNA under UV-irradiation (3a-3n).
(extracted from Figure 29S)
Lane-1: DNA + DMSO without UV, Lane-2: DNA + DMSO + UV, Lane-3: DNA + 3a + UV,
Lane-4: DNA +3b + UV, Lane-5: DNA + 3¢+ UV, Lane-6: DNA + 3d + UV, Lane-7: DNA + 3e
+ UV, Lane-8: DNA + 3f + UV, Lane-9: DNA + 3g + UV, Lane-10: DNA + 3h + UV, Lane-11:
DNA + 3i + UV, Lane-12: DNA + 3j + UV, Lane-13: DNA + 3k + UV, Lane-14: DNA + 31 +
UV, Lane-15: DNA +3m + UV, Lane-16: DNA +3n + UV
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Figure 9: Effect of compounds on plasmid DNA under UV-irradiation (3aa-3an). (extracted from
Figure 30S)

Lane-1: DNA + DMSO without UV, Lane-2: DNA + DMSO + UV, Lane-3: DNA + 3aa + UV,
Lane-4: DNA + 3ab + UV, Lane-5: DNA + 3ac + UV, Lane-6: DNA + 3ad + UV, Lane-7: DNA
+ 3ae + UV, Lane-8: DNA + 3af + UV, Lane-9: DNA + 3ag + UV, Lane-10: DNA + 3ah + UV,
Lane-11: DNA + 3ai + UV, Lane-12: DNA + 3aj + UV, Lane-13: DNA + 3ak + UV, Lane-14:
DNA + 3al + UV, Lane-15: DNA + 3am + UV, Lane-16: DNA + 3an + UV
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It has been observed that 3g, 3n, 3f, 3m, 3af, 3ag, 3 am, and 3an displayed excellent and 3b, 3e,
3aa, 3ae, and 3h demonstrated moderate DNA damage-protecting effects at 60 pg/mL
concentration under UV radiation. Whereas 3j and 3aj degrade the DNA completely. Therefore,
out of twenty compounds, thirteen are most potent against DNA protection.

Overall, the synthesized trifluoromethylated isoxazole derivatives demonstrated promising
antimicrobial activity, DNA damage protection potential, and antioxidant potential, highlighting

their importance as multifunctional bioactive scaffolds.

2.3 Substitution pattern versus bioactivity

All the synthesized compounds (3) were evaluated for their antimicrobial, antioxidant, and DNA-
damage protective activities. The relationship between substitution patterns and bioactivity is
summarized in Fig. 10. When R = F or CI, the compounds exhibited a good antibacterial profile
against B. subtilis, whereas 1-naphthyl and 2-naphthyl substitutions resulted in diminished activity,
which could be due to steric hindrance from the large moiety. Based on antifungal screening, 4-
fluorophenyl substitution at the 3-position of the isoxazole ring resulted in excellent activity
against C. albicans. Fluorine and chlorine substitutions resulted in better antimicrobial activity
than bromine and iodine. In terms of antioxidant activity, fluorine substitution exhibited excellent
scavenging potential, irrespective of Ar substitution at position-3 of the isoxazole ring, compared
to other halogen substituents. The other compounds exhibited moderate antioxidant activity.
Furthermore, DNA protection study revealed that the nature of the aryl substituent significantly
influenced the activity of the synthesized isoxazoles. Compounds bearing a naphthyl moiety
exhibited the most pronounced protection against UV-induced pBR322 plasmid DNA damage at
60 pg/mL, whereas the phenyl-substituted derivatives showed poor protective activity, resulting
in significant DNA degradation. Overall, the isoxazoles with fluorine substitution displayed

enhanced activity.
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Figure 10: Substitution patterns vs bioactivity

2.4 Computational study

2.4.1 Molecular electrostatic potential

Azo compounds exist in equilibrium with their corresponding hydrazone tautomers, and the
relative stability of these forms is often governed by electronic and structural factors[66]. Since
tautomerism can significantly influence the physicochemical, spectroscopic, and biological
properties of a molecule, it is important to identify the preferentially stabilized form[67].
Therefore, to gain deeper insight into the structural characteristics of the synthesized isoxazole
derivatives, density functional theory (DFT) calculations were performed on representative
compound 3aj in both its azo (3'aj) and hydrazone (3aj) forms using the B3LYP functional with
the 6-311G(d, p) basis set. The molecular electrostatic potential (MEP) maps the electrostatic
potential onto a constant electron density surface and is routinely employed to locate reactive sites
and assess electrophilic and nucleophilic reactivity[68]. The MEP surface is represented by a color
scale, where red and green regions correspond to low electrostatic potential associated with high
electron density, whereas blue regions indicate high electrostatic potential arising from electron-

deficient areas and proton repulsion [69]. The MEP surfaces for both forms 3'aj and 3aj were
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generated using density functional theory (DFT) based on the optimized geometry, as shown in
Figure 11. The maximum positive region, represented by the blue color, is the favored site for
nucleophilic attack, and the negative region, represented by the red color, is the favored site for
electrophilic attack[70]. The pronounced red regions indicate strong electronegativity and
susceptibility to nucleophilic attack, whereas the blue regions indicate potential electrophilic sites.
The minimum total electronic energies calculated for the studied structures 3'aj and 3aj were
1330.62 Hartree and -1330.63 Hartree, respectively, while the calculated dipole moments were
3.49 and 3.68 Debye, respectively. The slightly lower energy of the hydrazone form (3aj) indicates
that it is thermodynamically more stable than the corresponding azo tautomer (3'aj). This
observation is further supported by the higher dipole moment (3.68 Debye) compared to that of
the azo form (3.49 Debye), reflecting a greater degree of charge separation and electronic
stabilization. Therefore, the DFT results only support the preferential existence of the hydrazone

tautomer in the studied isoxazole system.

(3'aj) (3aj)

Figure 11: Optimised geometry of structures of 3'aj & 3aj measured using DFT calculations at
B3LYP /6-311G level

2.4.2 Frontier Molecular Orbital (FMO)

To further investigate the relative stabilities of the azo (3'aj) and hydrazone (3aj) forms, frontier
molecular orbital (FMO) analysis was performed at the B3LYP/6-311G(d, p) level of theory. FMO
analysis is widely employed to explain the optical and electronic properties of organic compounds

[71]. Understanding the HOMO and LUMO, and their properties, such as energy difference, is
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useful for gauging the chemical reactivity of molecules. During molecular interactions, the LUMO
accepts electrons, and its energy corresponds to the electron affinity (EA), whereas the HOMO
represents an electron donor, and its energy is associated with the ionization potential (IP) [72].
The HOMO-LUMO energy gap explains the concluding charge-transfer interaction within the
molecule and is useful for determining the molecular electrical transport properties. In this study,
large energy difference was observed between HOMO-LUMO of 3aj as compared to 3aj'. The
small gap suggests a soft, highly polarizable system with enhanced charge-transfer ability and
increased chemical reactivity, whereas larger gaps are typically associated with greater
thermodynamic stability and reduced reactivity[73,74].

Within the conceptual DFT framework, global reactivity descriptors, such as electronegativity (y),
chemical potential (), global hardness (), softness (S), and electrophilicity index (®), provide
quantitative insights into the stability and reactivity of organic molecules. The chemical hardness
(1), derived from the ionization potential (IP) and electron affinity (EA), reflects the resistance to
charge transfer, whereas the softness (S=1/n) represents the ease of electronic redistribution within
the system [75—77]. Electronegativity (y) describes the electron-attracting ability, and the chemical
potential (u = —y) indicates the tendency of electrons to escape; more negative p values are
associated with enhanced thermodynamic stability [78]. The electrophilicity index, defined as [®
= W?/2n], is a robust measure of electron-accepting capability, with higher values signifying a
stronger electrophilic character [79]. The calculated global reactivity descriptors for the structures
3'aj and 3aj are listed in Table 2. The electrophilicity index values of ® =0.126025 and 0.125833,
respectively, indicate the pronounced electrophilic nature of these compounds. The relatively low
global hardness (= 0.08291 eV), together with a negative chemical potential (u = -0.14456 eV),
confirms the soft character, high polarizability, and enhanced charge-transfer ability of the studied
compounds. The dipole moment () is associated with molecular stability in polar environments
[52]. The calculated dipole moments are listed in Table 2. These parameters provide a deeper

insight into the stability of the investigated tautomers.

Table 2: The optimized geometries of HOMO and LUMO, Energy calculated at the B3LYP/6-311G(d,p)

level and values of different parameters in Hartree
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HOMO Potential | (Ea) [64] (D] ess (1) index(®) (D)
1P

0.1491 0.2385 0.0894 0.16400 -0.1640 0.0746 13.14 0.1804 3.49

ELumo= -

0.0894

Euomo= - | ErLumo= -

0.2329 0.0732

Enomo= -

0.2385

3aj

0.1597 0.2329 0.0732 0.1531 -0.1531 0.0798 12.52 0.1467 3.68

3 Materials and methods

3.1 Chemistry

The melting points were determined using the open capillary method and are not corrected. FT-IR
spectra of the compounds were recorded on an FT-IR spectrometer (Model RZX (Perkin Elmer)
using KBr pellets. The 'H, '3C, and "°F NMR spectra were recorded on a Bruker Advance II 400
NMR Spectrometer at 400, 100, and 375 MHz, respectively; the chemical shifts are expressed on
the o-scale downfield from TMS as an internal standard. Mass spectra were recorded on a Waters
Micromass Q-Tof Micro Mass spectrometer equipped with electrospray ionization (ESI) and
atmospheric pressure chemical ionization (APcl) sources with mass ranges of 4000 and 20000 amu
in quadruple and ToF, respectively. The absorbance for antioxidant activity was recorded using a
Spectro 250 Analytikena UV spectrophotometer. Compounds 1 and 3 were prepared as previously
reported [57,80].

3.1.1 Synthesis of (E)-1-(4-aryl)-4,4,4-trifluoro-2-(4-aryldiazenyl)butane-1,3-diones (1)

General Procedure: An appropriate p-substituted aniline (0.02 mol) was dissolved in a mixture of
conc. HCI and water (20 mL, 1:1). It was cooled to 0 °C and a cold aq. solution of sodium nitrite
(0.02 mol in 10 mL water) was added to it slowly by maintaining the temperature at 5°C. The cold
diazotized solution was added dropwise to a pre-cooled mixture of an appropriate 1-aryl-4,4,4-

trifluorobutane-1,3-dione (0.02 mol) and sodium acetate (0.06 mol) in 20 mL of 50% ethanol. The

22



465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

reaction mixture was stirred for 1 h, and the separated crystals were filtered, washed with water,
dried, and recrystallized from ethanol to obtain the final product.

3.1.1.1 (E)-1-(4'-Chlorophenyl)-4,4,4-trifluoro-2-((4"-iodophenyl)diazenyl)butane-1,3-dione
(1a):

Color: pale yellow; Yield: 8.63 g, 85%; Observed m.p. 121 °C; IR (Vmax, cm™): 1698 (CO str.),
3208 (OH str.), 3378 (NH str.); 'H NMR (400 MHz; CDCIl3 + DMSO-ds, 8n): 7.28 (d, 2H, 2", 6"-
H, *Jun = 8.82 Hz), 7.60 (d, 2H, 3', 5'-H, 2Ji.u = 8.56 Hz), 7.74 (d, 2H, 3", 5"-H, *Ji.u = 8.72 Hz),
7.80 (d, 2H, 2', 6'-H, *Juu = 8.84 Hz), 12.50 (s, 1H, NH or OH, D20 exchangeable); °C NMR
(100 MHz; CDCI3 + DMSO-ds, 8¢): 89.59 (C-4"), 116.93 (q, 4-CF3, 'Jc.r = 292.77 Hz), 118.25 (C-
2", 6"), 129.06 (C-3', 5", 130.50 (C-2', 6"), 131.13 (C-2), 134.30 (C-1"), 138.08 (C-3", 5"), 139.45
(C-4"), 141.72 (C-1"), 175.32 (C-3, 2Jcr = 33.20 Hz), 189.68 (C-1); ’F NMR (DMSO-ds, 5F): -
69.19 (s, 3F, CF3).

Other derivatives (1b-n, 1aa-an) were synthesized using a similar procedure.

All experimental details, FT-IR, NMR ('H and '*C), and data of all synthesized compounds are
provided in the Supporting Information.

3.1.2 Synthesis of (E)-4-(aryldiazenyl)-3-aryl-5-hydroxy-5-(trifluoromethyl)-4,5-
dihydroisoxazoles (3)

General procedure: An ethanolic (25 mL) mixture of hydroxylamine hydrochloride (5 mmol) and
sodium acetate (5 mmol) was refluxed in a water bath for 15 min (pH = 6.7). Aryl-1, 1, 1-
trifluorobutane-2, 4-dione (5 mmol) was subsequently added to the reaction mixture, which was
then refluxed for 4 h. The reaction was monitored using TLC. The solvent was evaporated, and
the residue was extracted with chloroform. The organic phase was dried over anhydrous sodium
sulfate and chloroform was distilled off to obtain the final product, 3.

3.1.2.1  (E)-3-(4'-Chlorophenyl)-4-((4"-iodophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3a):Color: Yellow ; Yield: 2.14 g, 87%; Observed m.p. 200-201 °C; IR (Vmax,
cm™): 3005 (OH str.), 3292 (NH str.); '"H NMR (400 MHz; DMSO-ds, 8n): 7.26 (d, 2H, 2", 6"-H,
IJin = 8.80 Hz), 7.63-7.66 (m, 4H, 3, 5', 3", 5"-H), 7.98 (d, 2H, 2', 6'-H, 'Juu = 8.56 Hz), 9.86
(bs, 1H, OH, D20 exchangeable), 10.45 (bs, 1H, NH, D20 exchangeable); '*C NMR (100 MHz;
DMSO-ds, 5¢): 85.72 (C-4"), 98.52 (q, C-5, 2Jcr = 35.21 Hz), 117.00 (C-2", 6"), 122.05 (q, 5-CF3,
lJc.r=288.75 Hz), 125.59 (C-1"), 129.03 (C-3', 5"), 129.40 (C-2', 6'), 131.95 (C-4), 135.56 (C-4"),
137.74 (C-3",5"), 143.12 (C-1"), 154.60 (C-3); '°F NMR (DMSO-ds, 5r): - 78.87 (s, 3F, CF3); MS:
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(m/z, M") Calcd for CisH10CIF3IN3O2: 494.9458, Found: 493.9265 (M'-1), and (m/z, M"+2)
calcd. 496.9429, Found: 495.9168 (M"-2) in a ratio showing a typical chlorine isotope profile (3:1).
3.1.2.2  (E)-3-(4'-Bromophenyl)-4-((4"-iodophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3b): Color: Bright yellow; Yield: 2.37 g, 88%; Observed m.p. 202 °C; IR
(Vmax, cm™!): 3009 (OH str.), 3292 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, u): 7.14
(d, 2H, 2", 6"-H, 'Ju.u= 8.76 Hz), 7.54 (d, 2H, 3", 5"-H, Un.n= 8.72 Hz), 7.64 (d, 2H, 3', 5'-H,
UJin= 8.56 Hz), 7.86 (d, 2H, 2', 6'-H, 'Juu = 8.52 Hz), 9.64 (bs, 1H, OH, D20 exchangeable),
10.16 (bs, 1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCIl3 + DMSO-ds, 8¢): 90.32 (C-
4"), 103.40 (q, C-5, 2Jcr = 35.21 Hz), 121.88 (C-2", 6"), 126.93 (q, 5-CF3, 'Jcr = 288.75 Hz),
129.61 (C-4"), 131.19 (C-1"), 131.61 (C-4), 134.53 (C-2', 6"), 136.86 (C-3', 5'), 142.81 (C-3", 5"),
148.15 (C-1"), 159.66 (C-3);'°F NMR (DMSO-ds, 8r) & : -78.85 (s, 3F, CF3); MS: (m/z, M*) Calcd
for C16H10BrF3IN3O2: 538.8953, Found: 537.8217 (M'-1), and (m/z, M"+2) calcd. 540.89433,
Found: 539.8227 (M*-2) in the ratio showing a typical bromine isotope profile (1:1)

3.1.23 (E)-4-((4"-Iodophenyl)diazenyl)-3-phenyl-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3c¢): Color: Dark yellow; Yield: 1.91 g, 83%; Observed m.p. 187 °C; IR (Vmax,
cm™): 3009 (OH str.), 3297 (NH str.);'"H NMR (400 MHz; DMSO-ds, du): 7.13 (d, 2H, 2", 6"-H,
IJun=8.76 Hz), 7.45-7.47 (m, 3H, 3', 4', 5'-H), 7.52 (d, 2H, 3", 5"-H, "Ju.u= 8.76 Hz), 7.90-7.92
(m, 2H, 2', 6'-H), 9.62 (bs, 1H, OH, D20 exchangeable), 10.11 (bs, 1H, NH, D20 exchangeable);
3C NMR (100 MHz; DMSO-ds, 5¢): 84.90 (C-4"), 98.39 (q, C-5, 2Jc.r = 35.21 Hz), 116.48 (C-2",
6"), 121.93 (q, 5-CF3, 'Jc.r=287.74 Hz), 126.23 (C-1"), 127.54 (C-3', 5"), 128.45 (C-2', 6"), 132.77
(C-4), 130.44 (C-4"), 137.54 (C-3", 5"), 142.97 (C-1"), 155.21 (C-3);'"°F NMR (DMSO-ds, &): -
78.89 (s, 3F, CF3); HRMS: (m/z, M"+1) Calcd for CisH11F3IN3O2: 461.9882, Found: 461.9922
(M'+1).

3.1.2.4  (E)-3-(4'-Fluorophenyl)-4-((4"-iodophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3d):Color: Dusky yellow; Yield: 1.96 g, 83%; Observed m.p. 190-191 °C; IR
(Vmax, cm™): 3008 (OH str.), 3292 (NH str.); '"H NMR (400 MHz; DMSO-ds, §u):7.25 (d, 2H, 2",
6"-H, 'Jun= 8.84 Hz), 7.38-7.44 (m, 2H, 3', 5'-H), 7.64 (d, 2H, 3", 5"-H, 'Ju.u = 8.84 Hz), 8.00-
8.05 (m, 2', 6'-H), 9.84 (bs, 1H, OH, D20 exchangeable), 10.42 (bs, 1H, NH, D20 exchangeable);
3C NMR (100 MHz; DMSO-ds, 8c): 85.65 (C-4"), 98.40 (q, C-5, 2Jcr = 35.21 Hz), 116.01 (d, C-
3", 5", 2Jcr = 21.13 Hz), 116.95 (C-2", 6"), 122.05 (q, 5-CFs, 'Jc.r = 288.75 Hz), 123.25 (d, C-1',
“Jcr = 3.02 Hz), 130.08 (d, C-2', 6', *Jc-r = 9.05 Hz), 132.24 (C-4), 137.23 (C-3", 5"), 143.14 (C-
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1"), 154.60 (C-3), 163.45 (d, C-4', Jc.r = 248.51 Hz); '°F NMR (DMSO-ds, 8F): - 78.89 (s, 3F,
CF3), 109.33 (s, 1F, 4"-F); HRMS: (m/z, M*+1) Calcd for C16H10F4IN302: 491.9987 (M), Found:
492.0029 (M"+1).

3.1.2.5 (E)-4-((4"-lodophenyl)diazenyl)-3-(4'-methoxyphenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazol3 (3e): Color: Creamish white; Yield: 1.98, 81%; Observed m.p. 182 °C; IR (Vmax,
cm™): 3002 (OH str.), 3297 (NH str.);'H NMR (400 MHz; CDCI3 + DMSO-ds, 51): 3.79 (s, 3H, 4'-
OMe), 7.02 (d, 2H, 3", 5'-H, Un.u= 8.76 Hz), 7.17 (d, 2H, 2", 6"-H, 'Ju.u = 8.64 Hz), 7.55 (d, 2H,
3", 5"-H, Unn = 8.64 Hz), 7.87 (d, 2H, 2', 6'-H, "Ju.u = 8.76 Hz), 9.64 (bs, 1H, OH, D20
exchangeable), 10.17 (bs, 1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCl3 + DMSO-ds,
8c): 55.21 (4-OMe), 85.08 (C-4"), 98.40 (q, C-5, 2Jcr = 35.21 Hz), 114.13 (C-3', 5'), 116.69 (C-
2",6"), 119.00 (C-1"), 122.05 (q, 5-CF3, 'Jcr=288.75 Hz), 129.09 (C-2', 6"), 133.12 (C-4), 137.63
(C-3", 5"), 143.17 (C-1"), 154.67 (C-3), 161.09 (C-4");'°F NMR (DMSO-ds, 5F): - 78.89 (s, 3F,
CF3); MS: (m/z, M™+1) Calcd for Ci6Hi3F4IN303: 491.9987, Found: 492.0029 (M*+1)

3.1.2.6  (E)-4-((4"-lodophenyl)diazenyl)-3-(naphthalen-2'-yl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3f): Color: Sandy yellow: Yield: 2 g, 78%; Observed m.p. 201 °C; IR (Vmax,
cm™): 3011 (OH str.), 3299 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, 81): 7.22 (d, 2H,
2", 6"-H, 'Ji.n = 8.60 Hz), 7.53-8.00 (m, 8H, 3", 5", 3, 4', 5", 6', 7', 8'-H), 8.62 (s, 1'-H), 9.73 (bs,
1H, OH, D20 exchangeable), 10.27 (bs, 1H, NH, D20 exchangeable); *C NMR (400 MHz; CDCl3
+ DMSO-ds, 51): 85.08 (C-4"), 98.40 (q, C-5, Jcr = 35.21 Hz), 116.69 (C-2", 6"), 122.05 (g, 5-
CF3, 'Jcr= 288.75 Hz), 124.18, 124.60, 126.16, 126.63, 127.69, 128.87, 129.60, 129.77, 131.95
(C-4), 132.06, 135.84, 137.63 (C-3", 5"), 143.17 (C-1"), 154.67 (C-5); '°F NMR (DMSO-ds, &F): -
78.82 (s, 3F, CF3); HRMS: (m/z, M'+1) Calcd for C20H13F3IN302: 512.0038, Found: 512.0080
(M™1).

3.1.2.7 (E)-4-((4"-lodophenyl)diazenyl)-3-(naphthalen-1'-yl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3g): Color: Geryish-green ; Yield: 2g, 78%; Observed m.p. 170 °C; IR (Vmax,
cm™): 3007 (OH str.), 3295 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, 8n): 6.28 (d, 2H,
2", 6"-H, "Ju.n = 8.80 Hz), 7.34 (d, 2H, 3", 5"-H, Ju.n = 8.76 Hz), 7.46-8.08 (m, 7H, 2', 3', 4', 5',
6', 7', 8'-H), 9.65 (bs, 1H, OH, D20 exchangeable), 10.19 (bs, 1H, NH, D>0O exchangeable); '*C
NMR (100 MHz; CDCl3 + DMSO-ds, 8¢): 85.09 (C-4"), 98.42 (q, C-5, 2Jc-r = 35.21 Hz), 116.70
(C-2", 6"), 122.07 (q, 5-CF3, 'Jcr = 288.75 Hz), 123.18, 123.60, 124.16, 126.63, 127.70, 128.89,
129.62, 129.79, 131.95 (C-4), 132.08, 135.86, 137.69 (C-3", 5"), 143.17 (C-1"), 154.67 (C-5); °F
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NMR (DMSO-ds, 8F): - 78.83 (s, 3F, CF3); HRMS: (m/z, M™+1) Caled for C20H13F3IN3O2:
512.0038, Found: 512.0081 (M*+1).

3.1.2.8 (E)-4-((4"-Bromophenyl)diazenyl)-3-(4'-chlorophenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3h): Color: Lemon yellow; Yield: 1.95 g, 87%; Observed m.p. 178 °C; IR (Vmax,
cm): 3005 (OH str.), 3293 (NH str.); '"H NMR (400 MHz; CDCl3 + DMSO-ds, 81): 7.34 (d, 2H,
2", 6"-H, 'Jun = 8.96 Hz), 7.43 (d, 2H, 3", 5"-H, 'Ju-u = 8.92 Hz), 7.57 (d, 2H, 3', 5'-H, Jun =
8.56 Hz), 8.00 (d, 2H, 2', 6'-H, 'Ju.n = 8.60 Hz), 9.72 (bs, 1H, OH, D20 exchangeable), 10.27 (bs,
1H, NH, D0 exchangeable); '*C NMR (100 MHz; CDCl3 + DMSO-ds, 8c): 98.52 (q, C-5, 2Jc-F =
36.21 Hz), 114.11 (C-4"), 116.23 (C-2", 6"), 121.89 (q, 5-CF3, 'Jcr= 288.75 Hz), 125.54 (C-1"),
128.70 (C-3', 5", 129.09 (C-2', 6"), 131.72 (C-3", 5"), 132.22 (C-4), 135.72 (C-4"), 142.36 (C-1"),
154.36 (C-3); YF NMR (DMSO-ds, 8r): - 78.84 (s, 3F, CF3); MS (m/z, M*) Calcd for
C16H10BrCIF3N3O2: 446.9597 (M ") 448.9577 (M*+2), Found: 445.9171 (M*-1), 447.9198 (M"+2-
1).

3.1.2.9 (E)-3-(4'-Bromophenyl)-4-((4"-bromophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3i): Color: Creamish yellow; Yield: 2.19 g, 89%; Observed m.p. 174 °C; IR
(Vmax, cm™"): 3006 (OH str.), 3296 (NH str.); 'H NMR (400 MHz; CDCls + DMSO-ds, 8u): 7.36 (d,
2H, 2", 6"-H, "Ji.n = 8.92 Hz), 7.44 (d, 2H, 3", 5"-H, "Juu = 8.92 Hz), 7.73 (d, 2H, 3', 5'-H, 'Ju.n
=8.56 Hz), 7.92 (d, 2H, 2', 6'-H, 'Ju.u = 8.56 Hz), 9.77 (bs, 1H, OH, D20 exchangeable), 10.35
(bs, 1H, NH, D20 exchangeable);!*C NMR (100 MHz; CDCl3 + DMSO-ds, c): 98.54 (q, C-5, 2Jc-
F=36.21 Hz), 114.10 (C-4"), 116.38 (C-2", 6"), 121.93 (q, 5-CF3, 'Jcr= 288.75 Hz), 124.35 (C-
4", 125.97 (C-1"), 129.39 (C-2', 6"), 131.72 (C-3', 5"), 131.76 (C-3", 5"), 132.06 (C-4), 142.46 (C-
1"), 154.53 (C-3); F NMR (DMSO-ds, &r): - 78.83 (s, 3F, CF3); MS (m/z, M") Calcd for
C16H10Br2F3N302 490.9092 (M"), 492.9071 (M™+2), 494.9051 (M"+4), Found: 489.917 (M")
491.817 (M™+2) 493.916 (M'+4).

3.1.2.10 (E)-4-((4'-Bromophenyl)diazenyl)-3-phenyl-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3j):Color:Pale yellow; Yield: 1.78 g, 86%; Observed m.p. 172 °C; IR (Vmax,
cm™): 3002 (OH str.), 3294 (NH str.); 'H NMR (400 MHz; CDCIl3 + DMSO-ds, 8n): 7.35 (d, 2H,
2", 6"-H, 'Ju-u = 8.88 Hz), 7.44 (d, 2H, 3", 5"-H, "Ju.u = 8.88 Hz), 7.52-7.56 (m, 3H, 3', 4, 5'-H),
7.96-7.99 (m, 2H, 2', 6'-H), 9.73 (bs, 1H, OH, D20 exchangeable), 10.30 (bs, 1H, NH, D20
exchangeable); *C NMR (100 MHz; CDCl3 + DMSO-ds, §¢c): 98.38 (q, C-5, 2Jc-r = 36.22 Hz),
113.98 (C-4"), 116.22 (C-2", 6"), 121.99 (q, 5-CF3, 'Jc.r = 287.74 Hz), 126.84 (C-1"), 127.59 (C-
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3',5"), 128.56 (C-2', 6"), 130.52 (C-4"), 131.75 (C-3", 5"), 132.59 (C-4), 142.54 (C-1"), 155.33 (C-
3); F NMR (DMSO-ds, &F): - 78.89 (s, 3F, CF3); HRMS: (m/z, M*+1) Calcd for CisH11BrF3N3O:
414.0020, Found: 414.0066 (M"+1).

3.1.2.11 (E)-3-(4'-Fluorophenyl)-4-((4"-bromophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3k): Color: Light yellow;Yield: 1.83 g, 85%; Reported m.p. 150-154 °C
Observed m.p. 176 °C; IR (Vmax, cm™): 3007 (OH str.), 3295 (NH str.); 'H NMR (400 MHz; CDCl3
+DMSO-ds, d1): 7.31-7.36 (m, 4H, 3', 5", 2", 6"-H, 'Ji.u = 8.80 Hz), 7.44 (d, 3", 5"-H, 'Ju.n = 8.84
Hz), 8.02-8.05 (m, 2', 6'-H), 9.73 (bs, 1H, OH, D20 exchangeable), 10.31 (bs, 1H, NH, D20
exchangeable); *C NMR (100 MHz; CDCl3 + DMSO-ds, 8¢c): 98.40 (q, C-5, 2Jc-r = 36.22 Hz),
114.04 (C-4"), 115.70 (d, C-3', 5', 2Jc.r = 22.13 Hz), 116.28 (C-2", 6"), 121.94 (q, 5-CF3, 'Jc.r=
288.75 Hz), 123.21 (d, C-1', *Jc.r= 4.02 Hz), 129.87 (d, C-2', 6', *Jc.r = 9.05 Hz), 131.73 (C-3",
5"), 132.40 (C-4), 142.46 (C-1"), 154.40 (C-3), 163.43 (d, C-4', Jcr = 249.51 Hz); ’F NMR
(DMSO-ds, 0F) 6 : - 78.89 (s, 3F, CF3), 109.38 (s, 1F, 4"-F); MS (m/z) Calcd for Ci6H10BrF4N3Oz:
430.9893 (M), 432.9872 (M'+2),

3.1.2.12 (E)-4-((4"-Bromophenyl)diazenyl)-3-(4'-methoxyphenyl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (31):Color: Brownish yellow; Yield: 1.86 g, 84%; Observed m.p. 172-173
°C; IR (Vmax, cm™): 3009 (OH str.), 3295 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, n):
3.87 (s, 3H, 4'-OMe), 7.07 (d, 2H, 3', 5'-H, 'Ju.u = 8.88 Hz), 7.32 (d, 2H, 2", 6"-H, "Ji.u = 8.88
Hz), 7.43 (d, 2H, 3", 5"-H, 'Ju.n = 8.88 Hz), 7.95 (d, 2H, 2', 6'-H, 'Ji.n = 8.88 Hz), 9.64 (bs, 1H,
OH, D0 exchangeable), 10.15 (bs, 1H, NH, D20 exchangeable); '*C NMR (100 MHz; CDCl3 +
DMSO-ds, 8c): 55.07 (4'-OMe), 98.13 (q, C-5, 2Jcr = 35.22 Hz), 113.87 (C-4"), 113.92 (C-3', 5"),
116.01 (C-2", 6"), 118.98 (C-1"), 121.94 (q, 5-CF3, 'Jc.r = 287.74 Hz), 129.00 (C-2', 6"), 131.70
(C-3", 5"), 133.18 (C-4), 142.44 (C-1"), 154.57 (C-3), 161.03 (C-4"); "°F NMR (DMSO-ds, 5F): -
78.89 (s, 3F, CF3); HRMS: (m/z, M™+1) Calcd for C17H13BrF3N30s: 444.0126, Found: 444.0170
(M*+1) .

3.1.2.13  (E)-4-((4"-Bromophenyl)diazenyl)-3-(naphthalen-2'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3m): Color: Brown; Yield: 1.82 g, 79%; Observed m.p. 179 °C; IR (Vmax,
cm™): 3009 (OH str.), 3299 (NH str.); 'H NMR (400 MHz; CDCIl3 + DMSO-ds, 8n): 7.41 (d, 2H,
2", 6"-H, 'Juu = 8.92 Hz), 7.48 (d, 2H, 3", 5"-H, 'Juu = 8.88 Hz), 7.58-8.21 (m, 6H, 3', 4, 5', 6/,
7', 8'-H), 8.68 (s, 1H, 1'-H), 9.78 (bs, 1H, OH, D20 exchangeable), 10.39 (bs, 1H, NH, D20
exchangeable); '*C NMR (100 MHz; CDCl3 + DMSO-ds, 8c): 98.16 (q, C-5, 2Jc-r = 35.21 Hz),
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114.00 (C-4"), 116.27 (C-2", 6"), 121.98 (q, 5-CF3, 'Jc.r = 287.74 Hz), 124.09, 124.24, 126.70,
127.40, 127.53, 128.03, 128.18, 128.68, 131.79 (C-3", 5"), 132.39, 133.65 (C-4), 142.63 (C-1"),
155.03 (C-3); F NMR (DMSO-ds, 8r): - 78.89 (s, 3F, CF3); HRMS: (m/z, M'+1) Calcd for
C20H13BrF3IN302: 464.0177, Found: 464.0226 (M*+1).

3.1.2.14  (E)-4-((4"-Bromophenyl)diazenyl)-3-(naphthalen-1'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3n): Color: Dark brown ;Yield: 1.68 g, 73%; Observed m.p. 170 °C; IR
(Vmax, cm™): 3009 (OH str.), 3296 (NH str.);'H NMR (400 MHz; CDCIl3 + DMSO-ds, 51): 7.04 (d,
2", 6"-H, 'Juu = 8.92 Hz), 7.27 (d, 3", 5"-H, 'Jun = 8.88 Hz), 7.57-8.12 (m, 7H, 2, 3", 4', 5, 6', 7,
8'-H), 9.76 (bs, 1H, OH, D20 exchangeable), 10.38 (bs, 1H, NH, D20 exchangeable) *C NMR
(100 MHz; CDCI3 + DMSO-ds, 8¢): 98.18 (q, C-5, 2Jcr = 35.21 Hz), 113.91 (C-4"), 116.09 (C-2",
6"), 121.99 (q, 5-CF3, Ucr=287.74 Hz), 123.20, 123.62, 124.18, 126.69, 127.70, 128.89, 129.62,
129.79, 131.72 (C-3", 5"), 132.08, 133.19 (C-4), 135.86, 142.44 (C-1"), 154.60 (C-3);'°F NMR
(DMSO-ds, 8F): - 78.83 (s, 3F, CF3); HRMS: (m/z, M*+1) Calcd for C20H13BrF3IN3O2: 464.0177,
Found: 464.0222 (M"+1).

3.1.2.15  (E)-3-(4'-Chlorophenyl)-4-((4"-chlorophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3aa): Color: Yellow; Yield: 1.80 g, 89 %; Observed m.p. 169 °C; IR (Vmax,
cm™): 2995 (OH str.), 3293 (NH str.); 'H NMR (400 MHz; CDCIs + DMSO-ds, 8u): 7.33 (d, 2H,
2", 6"-H, 'Jun = 8.92 Hz), 7.43 (d, 2H, 3", 5"-H, 'Jun = 8.88 Hz), 7.61 (d, 2H, 3', 5'-H, Jun =
8.52 Hz), 8.00 (d, 2H, 2', 6'-H, 'Ju.n = 8.56 Hz), 9.80 (bs, 1H, OH, D20 exchangeable), 10.41 (bs,
1H, NH, D0 exchangeable); *C NMR (100 MHz; CDCl3 + DMSO-ds, 8c): 98.52 (q, C-5, 2Jc-F =
35.22 Hz), 116.00 (C-2", 6"), 121.99 (q, 5-CFs, 'Jcr = 288.75 Hz), 125.60 (C-1'), 126.28 (C-4),
128.85 (C-3', 5"), 128.92 (C-3", 5"), 129.25 (C-2', 6"), 131.91 (C-4"), 135.62 (C-4"), 142.10 (C-1"),
154.50 (C-3);"’F NMR (DMSO-ds, &r): -78.89 (s, 3F, CF3); MS: (m/z, M") Caled for
Ci16H10C12F3N302: 403.0102, Found: 402.0289 (M*-1), (m/z, M™+2) caled. 405.0073, Found:
404.0250 (M"+2-1), and (m/z, M"+4) calcd. 407.0043, Found: 406.0495 (M"+4-1).

3.1.2.16  (E)-3-(4'-Bromophenyl)-4-((4"-chlorophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3ab): Color: Pale Yellow ; Yield: 2 g, 90%; Observed m.p. 170 °C; IR
(Vmax, cm™!): 2997 (OH str.), 3295 (NH str.);'"H NMR (400 MHz; CDCl3 + DMSO-ds, 81): 7.32 (d,
2H, 2", 6"-H, 'Ju.u = 8.92 Hz), 7.42 (d, 2H, 3", 5"-H, "Ju.u = 8.92 Hz), 7.75 (d, 2H, 3', 5'-H, 'Ju-n
= 8.56 Hz), 7.92 (d, 2H, 2', 6'-H, "Ji.n = 8.52 Hz), 9.79 (bs, 1H, OH, D20 exchangeable), 10.40
(bs, 1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCl3 + DMSO-ds, 5c): 98.34 (q, C-5,
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2Jcr = 36.21 Hz), 116.00 (C-2", 6"), 121.93 (q, 5-CF3, 'Jc-r = 288.75), 124.34 (C-4"), 125.98 (C-
1), 126.27 (C-4), 128.92 (C-3", 5"), 129.44 (C-2', 6", 131.77 (C-3', 5"), 131.83 (C-4"), 142.08 (C-
1"), 154.58 (C-3); 'F NMR (DMSO-ds, 8k): - 78.81 (s, 3F, CF3); MS: (m/z, M") Caled for
C16H10BrCIF3N3Oz2: 446.9597 (M"), 448.9568 (M*+2) Found: 445.9092 (M*-1), 447.9240 (M*+2-
1).

3.1.2.17 (E)-4-((4"-Chlorophenyl)diazenyl)-3-phenyl-5-hydroxy-5-trifluoromethyl-4,5-dihydro-
isoxazole (3ac): Color: Citron Yellow ;Yield: 1.47 g, 80%; Observed m.p. 165°C; IR (Vmax, cm™):
2998 (OH str.), 3293 (NH str.); 'H NMR (400 MHz; CDCIls + DMSO-ds, &1): 7.30 (d, 2H, 2", 6"-
H, 'Jun = 8.56 Hz), 7.39 (d, 2H, 3", 5"-H, 'Ju.u = 8.56 Hz), 7.55 (appeared as singlet, 3H, 3', 4',
5'-H), 7.98-7.99 (m, 2H, 2', 6'-H), 9.74 (bs, 1H, OH, D20 exchangeable), 10.27 (bs, 1H, NH, D20
exchangeable); '*C NMR (100 MHz; CDCl3 + DMSO-ds, 8c): 98.38 (q, C-5, %Jc-r = 36.22 Hz),
115.72 (C-2", 6"), 121.93 (q, CF3, J = 288.75), 126.23 (C-4), 126.85 (C-1"), 127.57 (C-3', 5"),
128.52 (C-2', 6", 128.85 (C-3", 5"), 130.48 (C-4"), 132.51 (C-4"), 142.05 (C-1"), 155.30 (C-3); IF
NMR (DMSO-ds, 8r): - 78.84 (s, 3F, CF3); HRMS: (m/z, M™+1) Calcd for CisH11CIF3N3O2:
370.0525, Found: 370.0567 (M"+1).

3.1.2.18 (E)-4-((4"-Chlorophenyl)diazenyl)-3-(4'-fluorophenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3ad): Color: Amber yellow; Yield: 1.56 g, 81%; Observed m.p. 162 °C; IR
(Vmax, cm™!): 2998 (OH str.), 3297 (NH str.); '"H NMR (400 MHz; CDCl3 + DMSO-ds, &u): 7.30-
7.37 (m, 4H, 3', 5', 2", 6"-H), 7.41 (d, 2H, 3", 5"-H, 'Juu = 8.76 Hz), 8.02-8.05 (m, 2H, 2', 6'-H),
9.77 (bs, 1H, OH, D20 exchangeable), 10.34 (bs, 1H, NH, D20 exchangeable); '*C NMR (100
MHz; CDCl3 + DMSO-ds, 8c): 98.40 (q, C-5, 2Jc-r = 35.21 Hz), 115.75 (d, C-3', 5', 3Jcr = 22.13
Hz), 115.89 (C-2", 6"), 121.99 (q, 5-CFs, 'Jc.r = 288.75 Hz), 123.24 (d, C-1', “Jcr = 3.02 Hz),
126.24 (C-4), 128.88 (C-3",5"), 129.90 (d, C-2', 6', *Jcr = 8.05 Hz), 132.23 (C-4"), 142.08 (C-1"),
154.44 (C-3), 163.43 (d, C-4', 'Jc.r = 249.51 Hz); "’F NMR (DMSO-ds, 8F): - 78.81 (s, 3F, CF3),
109.39 (s, 1F, 4"-F);

3.1.2.19 (E)-4-((4"-Chlorophenyl)diazenyl)-3-(4'-methoxyphenyl)-5-hydroxy-5-
(trifluoromethyl)-4,5-dihydroisoxazole (3ae): Color: Brown; Yield: 1.65 g, 83%; Reported m.p.
108-112°C; Observed m.p. 165 °C; IR (Vmax, cm™): 2995 (OH str.), 3299 (NH str.); 'H NMR (400
MHz; CDCl3 + DMSO-ds, 8u): 3.86 (s, 3H, 4'-OMe), 7.09 (d, 2H, 3', 5'-H, 'Ju.u = 8.76 Hz), 7.32
(d, 2H, 2", 6"-H, "Ju.u = 8.80 Hz), 7.41 (d, 2H, 3", 5"-H, 'Ju-u = 8.84 Hz), 7.95 (d, 2H, 2', 6'-H,
Ui = 8.76 Hz), 9.71 (bs, 1H, OH, D20 exchangeable), 10.27 (bs, 1H, NH, D20 exchangeable);
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3C NMR (100 MHz; CDCIl3 + DMSO-ds, 8¢): 55.15 (4’-OMe), 98.13 (q, C-5, 2Jcr = 35.21 Hz),
114.06 (C-3', 5), 115.75 (C-2", 6"), 119.01 (C-1"), 122.06 (q, 5-CF3, 'Jcr = 287.74 Hz), 126.07
(C-4), 128.89 (C-3", 5"), 129.06 (C-2', 6"), 132.92 (C-4"), 142.17 (C-1"), 154.66 (C-3), 161.05 (C-
4"); 'F NMR (DMSO-ds, 5): -78.87 (s, 3F, CF3); HRMS: (m/z, M*+1) Calcd for C17H13CIF3N30s:
400.0631, Found: 400.0635 (M"+1).

3.1.2.20  (E)-4-((4"-Chlorophenyl)diazenyl)-3-(naphthalen-2'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3af):Color: Turmeric yellow ; Yield: 71.59 g, 76%; Observed m.p. 162 °C;
IR (Vmax, cm™): 2999 (OH str.), 3299 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, 8n): 7.35
(d, 2H, 2", 6"-H, 'Ju.n = 8.84 Hz), 7.47 (d, 2H, 2", 6"-H, 'Ju.1 = 8.92 Hz), 7.59-8.22 (m, 6H, 3', 4',
5,6, 7, 8-H), 8.69 (s, 1H, 1'-H), 9.79 (bs, 1H, NH, D20 exchangeable), 10.40 (bs, 1H, NH, D20
exchangeable); '>*C NMR (100 MHz; CDCl3 + DMSO-ds, 5¢): 98.50 (q, C-5, %Jc-r = 35.21 Hz),
115.86 (C-2", 6M), 122.09 (q, 4-CF3, 'Jcr = 287.74 Hz), 124.12, 124.26, 126.24 (C-4), 126.71,
127.41, 127.54, 128.05, 128.20, 128.68, 128.94 (C-3", 5"), 132.40, 132.44 (C-4"), 133.66, 142.21
(C-1"), 155.07 (C-3); ’F NMR (DMSO-ds, 8r): -78.91 (s, 3F, CF3); HRMS: (m/z, M*+1) Calcd
for C20H10CIF4N302: 420.0682, Found: 420.0723 (M"+1).

3.1.2.21  (E)-4-((4"-Chlorophenyl)diazenyl)-3-(naphthalen-1'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3ag): Color: Greenish yellow Yield: 1.52 g, 73%; Observed m.p. 160 °C;
IR (Vmax, cm™'): 2994 (OH str.), 3298 (NH str.);'"H NMR (400 MHz; CDCl3 + DMSO-ds, 81): 7.00-
8.18 (m, 11H, 2', 3", 4", 5", 6', 7', 8', 3", 5", 2", 6"-H), 9.66 (bs, 1H, OH, D20 exchangeable), 10.24
(bs, 1H, NH or OH, D0 exchangeable); '*C NMR (400 MHz; CDCl3 + DMSO-ds, 5u): 98.16 (q,
C-5,%2Jcr = 35.21 Hz), 115.77 (C-2", 6"), 122.09 (q, 4-CF3, "Jcr = 287.74 Hz), 123.20, 123.62,
124.18, 126.09 (C-4), 126.69, 127.70, 128.89 (C-3", 5"), 128.91, 129.62, 129.79, 132.08, 132.92
(C-4"), 135.86, 142.17 (C-1"), 154.67 (C-3); "’F NMR (DMSO-ds F): - 78.90 (s, 3F, CF3); HRMS:
(m/z, M™+1) Caled for C20H10CIF4N302: 420.0682, Found: 420.0725 (M"+1).

3.1.2.22 (E)-3-(4"-Chlorophenyl)-4-((4'-fluorophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3ah): Color: Greyish yellow ;Yield: 1.53 g, 73%; Observed m.p. 160 °C; IR
(Vmax, cm™!): 2994 (OH str.), 3298 (NH str.); 'H NMR (400 MHz; CDCl3 + DMSO-ds, 81): 7.00-
8.18 (m, 11H, 2', 3", 4", 5", 6', 7', 8', 3", 5", 2", 6"-H), 9.66 (bs, 1H, OH, D20 exchangeable), 10.24
(bs, 1H, NH or OH, D20 exchangeable); >*C NMR (400 MHz; CDCl3 + DMSO-ds, 51): 98.16 (q,
C-5, 2Jcr = 35.21 Hz), 115.77 (C-2", 6"), 122.09 (q, 4-CF3, 'Jcr = 287.74 Hz), 123.20, 123.62,
124.18, 126.09 (C-4), 126.69, 127.70, 128.89 (C-3", 5"), 128.91, 129.62, 129.79, 132.08, 132.92
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(C-4"), 135.86, 142.17 (C-1"), 154.67 (C-3); 'F NMR (DMSO-ds, 8r): -78.90 (s, 3F, CF3); HRMS:
(m/z, M™+1) Caled for C16H10CIF4N302: 387.04, Found: 386.03794 (M*+1).

3.1.2.23 (E)-3-(4"-Bromophenyl)-4-((4'-fluorophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3ai): Color: Sunny yellow ; Yield: 1.92 g, 89%; Observed m.p. 165 °C; Lit m.p.
166 °C [40]; IR (Vmax, cm™): 3129 (OH str.), 3320 (NH str.); 'H NMR (300 MHz; CDCls, 81): 3.78
(bs, 1H, OH, D20 exchangeable), 7.03-7.10 (m, 4H, 2", 3", 5" and 6"-H), 7.56 (d, 2H, 3', 5'-H, 'Ju-
n=28.1 Hz), 7.80 (d, 2H, 2, 6'-H, "Ji.u = 8.4 Hz), 9.21 (bs, 1H, NH, D20 exchangeable); *C NMR
(100 MHz; CDCl3, 8c): 98.75 (q, C-5, %Jcr = 38.25 Hz), 115.27 (d, C-2", 6", *Jc.r = 8.25 Hz),
116.43 (d, C-3", 5", 2Jc.r = 23.25 Hz), 121.75 (q, CF3,'Jc.r=285.75), 125.12 (C-4"), 125.77 (C-1"),
129.54 (C-2', 6'), 131.32 (C-4), 131.93 (C-3', 5'), 138.18 (d, C-1", *Jc.r = 3 Hz), 155.13 (C-3),
159.18 (d, C-4", 'Jcr= 240.75 Hz); '°F NMR (DMSO-ds, r): - 78.89 (s, 3F, CF3), 109.37 (s, 1F,
4"-F). :-HRMS: (m/z, M"+1) Calcd for CisH10BrF4sN3O2: 432.17, Found: 431.921012 (M"+1).
3.1.2.24 (E)-4-((4"-Fluorophenyl)diazenyl)-3-phenyl-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3aj): Color: Pale yellow ;Yield: 1.50 g, 80%; Observed m.p. 164 °C; Lit m.p.
166 °C [40]; IR (Vmax, cm™): 3122 (OH str.), 3319 (NH str.); 'H NMR (300 MHz; CDCl3, 8x): 3.80
(bs, 1H, OH, D20 exchangeable), 6.97-6.99 (m, 4H, 2', 3', 5', 6', 2", 3", 5", 6"-H), 7.41-7.44 (m,
3H, 3',4',5'-H), 7.91 (d, 2H, 2', 6'-H, 'Jun = 7.6 Hz), 9.27 (bs, 1H, NH, D20 exchangeable); *C
NMR (300 MHz; CDCl3, 8n): 98.40 (q, C-5, 2Jc.r = 38.25 Hz), 115.16 (d, C-2", 6"-H), 116.20 (d,
C-3", 5", 2Jcr=23.25 Hz), 121.70 (q, CF3,'Jcr= 285.75), 126.36 (d, C-1', *Jcr = 285.75), 128.58
(d, C-2', 6',°Jcr= 8.25 Hz), 128.16 (d, 3", 5'-H, %Jcr = 21.75 Hz), 130.98 (d, C-4', 'Jcr = 249.75
Hz), 132.11 (C-4), 138.45 (d, C-1", “Jcr = 3.00 Hz), 156.02 (C-3), 158.96 (C-4"); ’F NMR
(DMSO-ds, 8r): - 78.81 (s, 3F, CF3), 109.36 (s, 1F, 4"-F); HRMS: (m/z, M*+1) Calcd for
Ci16H11F4N302: 354.0821, Found: 354.0863 (M"+1).

3.1.2.25 (E)-3-(4'-Fluorophenyl)-4-((4'-fluorophenyl)diazenyl)-5-hydroxy-5-trifluoromethyl-4,5-
dihydroisoxazole (3ak): Color: Sandy yellow ;Yield: 1.54 g, 78%; Observed m.p. 169-170 °C;
Lit m.p. 170 °C [40]; IR (Vmax, cm™): 3130 (OH str.), 3328 (NH str.); 'H NMR (300 MHz; CDCl3,
on): 3.82 (bs, 1H, OH, D20 exchangeable) 7.06-7.18 (m, 6H, 3', 5', 2", 3", 5", 6"-H), 7.97 (dd, 2H,
2', 6'-H, 'Ji.n = 7.6 Hz, “Ju-r= 3.3 Hz), 9.23 (bs, 1H, NH, D20 exchangeable); '*C NMR (100
MHz; CDCl3, 8¢): 98.97 (q, C-5, 2Jcr =36.00 Hz), 114.93 (d, C-2", 6", *Jcr= 7.50 Hz), 115.65
(C-3',5", 116.06 (d, C-3", 5", 2Jcr=23.25 Hz), 122.13 (q, CF3, 'Jcr= 287.25 Hz), 123.23 (C-1"),
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129.91 (C-2', 6", 133.27 (C-4), 138.79 (d, C-1", *Jc-r= 3.0 Hz), 154.52 (C-3), 158.59 (d, C-4", 'Jc-
r=240.75 Hz), 164.02 (C-4"); ’F NMR (DMSO-ds, 8r): - 78.89 (s, 3F, CF3), 109.36 (s, 1F, 4"-F).
3.1.2.26 (E)-4-((4"-Fluorophenyl)diazenyl)-3-(4'-methoxyphenyl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3al): Color: brownish yellow ; Yield: 1.63 g, 80 %; Observed m.p. 143 °C;
Lit m.p. 145-146 °C [40]; IR (Vmax, cm™): 3123 (OH str.), 3320 (NH str.); 'H NMR (300 MHz;
CDCl3, 8n): 3.81 (bs, 1H, OH, D20 exchangeable), 3.83 (s, 3H, OCH3), 6.92 (d, 2H, 3', 5-H, 'Ju.
1= 8.4 Hz), 7.02-7.05 (m, 4H, 2", 3", 5" and 6"-H), 7.90 (d, 2H, 2', 6'-H, "Ju.n = 8.4 Hz), 9.22 (bs,
1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCl3, §c): 55.32 (4"-OMe), 98.86 (g, C-5,
2Jcr= 36 Hz), 113.99 (C-3', 5", 115.11 (d, C-2", 6", 3Jc.r= 7.5 Hz), 116.20 (d, C-3", 5", 2Jcr =
22.25 Hz), 118.71 (C-1"), 122.08 (q, CF3, 'Jcr = 285.75), 129.60 (C-2', 6'), 132.44 (C-4), 138.53
(d, C-1", *Jcr= 3 Hz), 155.15 (C-3), 158.77 (d, C-4", 'Jc.r=240.75 Hz), 161.61 (C-4"); '’F NMR
(DMSO-ds, 8F): - 78.85 (s, 3F, CF3), 109.37 (s, 1F, 4"-F); HRMS: (m/z, M"+1) Calcd for
C17H13F4N303: 384.0927, Found: 384.0966 (M*+1).

3.1.2.27  (E)-4-((4"-Fluorophenyl)diazenyl)-3-(naphthalen-2'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3am): Color: Dark yellow Yield: 1.68 g, 78%; Observed m.p. 159 °C; IR
(Vmax, cm™): 3129 (OH str.), 3323 (NH str.); 'H NMR (300 MHz; CDCl;, 8u): 3.81 (bs, 1H, OH,
D20 exchangeable), 7.02-7.05 (m, 4H, 2", 3", 5" and 6"-H), 7.53-8.00 (m, 7H, 2', 3', 4', 5', 6', 7',
8'-H), 8.62 (s, 1'-H), 9.27 (bs, 1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCl3, &c):
98.86 (q, C-5, 2Jcr= 36 Hz), 115.11 (d, C-2", 6", *Jc-r= 7.5 Hz), 116.20 (d, C-3", 5", 2JcF=22.25
Hz), 122.08 (q, 5-CF3, 'Jcr = 285.75), 124.17, 124.62, 126.18, 126.69, 127.71, 128.87, 129.60,
129.77, 132.06, 132.44 (C-4), 138.53 (d, C-1", “Jc.r= 3 Hz), 135.84, 155.15 (C-3), 158.77 (d, C-
4", 'Jc.r=240.75 Hz); ’F NMR (DMSO-ds, &r): -78.90 (s, 3F, CF3), 109.37 (s, 1F, 4"-F); HRMS:
(m/z, M™+1) Caled for C20H13F4N302: 404.0977, Found: 404.1018 (M™+1).

3.1.2.28  (E)-4-((4"-Fluorophenyl)diazenyl)-3-(naphthalen-2'-yl)-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole (3an): Color: Greenish yellow Yield: 1.55 g, 72%; Observed m.p. 149 °C;
IR (Vmax, cm™!): 3128 (OH str.), 3320 (NH str.); 'H NMR (300 MHz; CDCl3, 8n): 3.86 (bs, 1H,
OH, D20 exchangeable), 7.02-7.07 (m, 4H, 2", 3", 5" and 6"-H), 7.53-8.00 (m, 7H, 2', 3', 4', 5, 6',
7', 8'-H), 9.29 (bs, 1H, NH, D20 exchangeable); *C NMR (100 MHz; CDCl3, 5¢): 98.86 (q, C-5,
2Je-r=36 Hz), 115.11 (d, C-2", 6", *Jc.r= 7.5 Hz), 116.20 (d, C-3", 5", 2Jc.r= 22.25 Hz), 122.08
(q, 5-CF3, 'Jcr=285.75), 123.20, 123.62, 124.18, 126.69, 127.70, 128.89, 129.62, 129.79, 132.08,
132.44 (C-4), 135.86, 138.53 (d, C-1", “Jcr=3 Hz), 155.15 (C-3), 158.77 (d, C-4", 'Jc.r=240.75
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Hz);'°F NMR (DMSO-ds, &F): - 78.92 (s, 3F, CF3), 109.38 (s, 1F, 4"-F); HRMS: (m/z, M*+1) Calcd
for C20H13F4N302: 404.0977, Found: 404.107 (M™+1).

3.2 Biological activity

3.2.1 Antimicrobial activity

The antimicrobial activity of the synthesized compounds was evaluated against clinically
important microbial strains relevant to human infections. The selected test organisms included five
microbial strains. These strains include two Gram-positive bacteria (S. aureus MTCC 96 and B.
subtilis MTCC 121), two Gram-negative bacteria (E. coli MTCC 1652 and P. aeruginosa MTCC
741), and one yeast strain (C. albicans MTCC). These microorganisms were selected to assess the
broad-spectrum antimicrobial potential of the synthesized derivatives. All microbial cultures were
purchased from the Microbial Type Culture Collection (MTCC) at IMTECH, Chandigarh.
Bacterial strains were subcultured on nutrient agar (NA), and yeast was cultured on malt extract
agar (MEA) plates.

Determination of zone of inhibition

The zones of inhibition for all the synthesized compounds were evaluated using the agar well
diffusion assay[81]. Inoculum suspensions of the test microorganisms were prepared using 16-h-
old cultures adjusted to 10® cfu/mL, referring to the 0.5 McFarland standard. A total of 20 mL of
agar medium (NA for antibacterial and MEA for antifungal) was poured into each Petri plate, and
the plates were swabbed with 100 pL of inoculum of the test microorganisms and kept for 15 min
for adsorption. Wells were bored into the seeded agar plates using a sterile cork borer of diameter
8 mm, and these were loaded with a 100 pL volume with a concentration of 4.0 mg/mL of each
compound reconstituted in dimethylsulphoxide (DMSO). All plates were incubated at 37 °C for
24 h. The antimicrobial activity of each compound against the test organisms was evaluated by
measuring the zone of inhibition using a zone reader (Hi Antibiotic zone scale). Ciprofloxacin and
amphotericin B were used as positive controls for bacterial and yeast strains, respectively. This
procedure was performed in triplicates for each organism.

Determination of minimum inhibitory concentration (MIC)

The MIC of the various compounds against bacterial and yeast strains was tested using a modified
agar well diffusion method [82,83]. The agar dilution method was used for MIC determination
owing to its robustness, reproducibility, and ability to provide clear and reliable endpoints for

evaluating the antibacterial activities of synthetic compounds. In this protocol, a two-fold serial
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dilution of each compound was prepared by first reconstituting the compound in dimethyl
sulfoxide (DMSO), followed by dilution in DMSO to achieve a decreasing concentration range of
4-0.0625 mg/mL. A 100 pL volume of each dilution was introduced into wells (in triplicate) in
the agar plates seeded with 100 puL of a standardized inoculum (10® cfu/mL) of the test microbial
strain. All test plates were incubated aerobically at 37 °C for 24 h and observed for inhibition
zones. The MIC, defined as the lowest concentration of the chemical compound that inhibited
microbial growth, was indicated by a clear zone of inhibition and recorded for each test organism.
Ciprofloxacin and amphotericin B were used as positive controls, and DMSO was used as a
negative control.

3.2.2 Free radical-scavenging of the compounds using DPPH analysis

DPPH radical scavenging activity is based on the fact that the methanolic solution of DPPH, which
imparts a vivid purple color and gives a strong absorption band at 515 nm, is reduced in the
presence of an antioxidant compound [56]. Different concentrations of the compounds under
evaluation (50-400 pg/mL) were added to 4mL of a DPPH solution (120 uM) in methanol and
incubated at 37 °C temperature for 30 min in the dark. The absorbance was determined at 515 nm,
and the percentage of free radical scavenging (%) was calculated using the following equation:
Scavenging % = [(Acontrol — Asample) / Acontrol] X 100

where Acontrol 1s the absorbance of the control reaction (containing all reagents except the test
compounds), and Asample is the absorbance of the test compound. Ascorbic acid was used as a
positive control, and the tests were conducted in triplicate.

3.2.3 UV-mediated plasmid DNA damage-protecting activity

Treatment of plasmid DNA with the samples

The stock solutions of all the tested compounds were prepared by dissolving 0.005 g of the
compound in 0.5 mL of DMSO. All synthesized compounds 3a-u (50 pg) in DMSO were added
separately to a volume of 2 puL containing plasmid DNA in 7ris 10 mM, EDTA 0.01 mM, pH 8.0
(TE) buffer solution. The same volume of DMSO used to prepare the solution of the tested
compounds was added to A and control C. The reaction volumes, except A were held in
polyethylene microcentrifuge tube caps, which were directly irradiated on the surface of a trans-
illuminator (8000 mW/cm) at 360 nm for 1 h at room temperature. Thereafter, A, control (C), and
test samples were incubated at 37 °C for 0.5 h.

Agarose gel electrophoresis
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After the treatment, electrophoresis was performed according to the method described below [57]:
To a2 mL 50X Tris-acetate-EDTA (TAE) buffer (40 mM Tris, 20 mM acetic acid, | mM EDTA,
pH 8.0), 98 mL of autoclaved water was added to obtain a 1X TAE buffer solution. Agarose (0.8
g) was dissolved by boiling the mixture. When the gel reached a temperature of 55 °C, 10 mg/mL
of ethidium bromide (EtBr) was added, and the mixture was poured into a gel cassette fitted with
a comb. The gel was then allowed to solidify. The comb was carefully removed, and the gel was
placed in an electrophoresis chamber flooded with Tris-acetate-EDTA buffer (40 mM Tris, 20 mM
acetic acid, | mM EDTA, pH 8.0). The treated DNA sample mixed with 6 loading dye (0.25%
bromophenol blue and 30% glycerol) was carefully loaded into the wells along with the control
(C) and A, and electrophoresis was carried out at 5V/cm for 2.0 h, after the bands were observed
under a UV trans illuminator.

4. Conclusion

In the present study, a series of twenty-eight 4-(aryldiazenyl)-3-aryl-5-hydroxy-5-trifluoromethyl-
4,5-dihydroisoxazole derivatives were successfully synthesized using a multistep approach and
comprehensively characterized using FT-IR, 'H, *C, and '°F NMR spectroscopy, along with mass
spectrometry. The data revealed that the compounds exist in the arylhydrazone form (3) instead of
the aryl diazo form (3'), which was further supported by DFT calculations. The synthesized
compounds were evaluated for exploring in vitro antibacterial, antifungal, antioxidant, and DNA
damage-protective activities. Biological screening demonstrated that 3j, 3ad, 3ae, 3ah, 3ai, 3aj,
and 3ak exhibited significant antibacterial activity against B. subtilis, while 3ak showed strong
inhibition against S. aureus with nearly 78% efficacy compared to Ciprofloxacin. Antifungal
evaluation revealed that 3k displayed significantly higher activity against C. albicans than
Amphotericin B, whereas 3ad and 3ae showed comparatively lower enhanced activity.
Antioxidant studies indicated that compounds 3e, 3j, 3ah-aj, and 3al-an possessed remarkable
radical-scavenging potential, outperforming Ascorbic Acid. Furthermore, 3g, 3n, 3f, 3m, 3af, 3ag,
3am, 3an, 3b, 3e, 3aa, 3ae, and 3h demonstrated significant DNA-protective ability against UV-
induced damage at 60 pg/mL. Overall, the present work provides important insights into the
structural features and biological potential of 5-trifluoromethylated isoxazoline derivatives,
highlighting their significance as promising multifunctional bioactive candidates for future

medicinal and pharmaceutical applications.
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