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ABSTRACT: This study aimed to synthesize and characterize novel isoxazole-based compounds and
evaluate their potential biological activities. The objective was to design molecules with specific biological
targets in mind, synthesize them using versatile methods, and assess their efficacy, toxicity, and
pharmacokinetic properties. The methodology involved strategic design and planning of molecules based on
desired biological activities, followed by synthesis using methods such as the Paal-Knorr synthesis for
isoxazole ring formation. Subsequent functionalization and characterization techniques validated the
synthesized compounds. Biological activity testing assessed efficacy against specific targets, while toxicity
evaluations ensured safety. Pharmacokinetic properties provided insights into compound behavior in
biological systems. Findings revealed promising outcomes, with the synthesized compounds demonstrating
significant efficacy against their respective biological targets. Lower IC50 values indicated higher potency,
while manageable cytotoxicity levels and favorable pharmacokinetic properties suggested potential for
further development. this study highlights the successful synthesis and characterization of novel isoxazole-
based compounds with promising biological activities. These findings contribute to the field of medicinal
chemistry, providing insights into structure-activity relationships and laying the groundwork for the
development of potential drug candidates. Further optimization and investigation are warranted to fully
harness their therapeutic potential.

Keywords: Isoxazole-based compounds, Biological activity, Synthesis, Pharmacokinetics and Structure-
activity relationships

INTRODUCTION

Isoxazole-based carboxamides and carbohydrazides derivatives have emerged as important classes of compounds in
medicinal chemistry due to their diverse biological activities and potential therapeutic applications. These molecules are
characterized by the presence of the isoxazole ring system, which serves as a versatile scaffold for the design and synthesis
of novel drug candidates. In this review, we will explore the synthesis, structural diversity, and biological activities of
isoxazole-based carboxamides and carbohydrazides derivatives, highlighting their significance in drug discovery and
development(Chinnadurai et al., 2023; El Hanafi et al., 2023; Jabbour & Al-Khayat, 2023; Le et al., 2023; Q. T. Nguyen et
al., 2023; Truong et al., 2023). The synthesis of isoxazole-based carboxamides and carbohydrazides derivatives involves
several synthetic strategies, including classical organic reactions and modern methodologies. One of the commonly
employed methods for the synthesis of isoxazole derivatives is the 1,3-dipolar cycloaddition reaction between nitrile oxides
and alkynes or alkenes, leading to the formation of isoxazole rings. Subsequent functionalization of the isoxazole core with
carboxamide or carbohydrazide groups can be achieved through various coupling reactions, such as amidation or
hydrazinolysis. The structural diversity of isoxazole-based carboxamides and carbohydrazides derivatives can be enhanced
through rational design and synthetic modifications. Structural variations in the substituents attached to the isoxazole ring, as
well as the carboxamide or carbohydrazide moiety, can significantly influence their physicochemical properties and
biological activities. This structural diversity enables the exploration of structure-activity relationships (SAR) and the
optimization of pharmacological properties, such as potency, selectivity, and metabolic stability(Alghamdi et al., 2023;
Alhumaydhi, 2022; Ali et al., 2022; Imaga et al., 2023; S. Khan et al., 2022; Muleta & Desalegn, 2022; Worowounga et al.,
2022; Yao et al., 2022).
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Figure 1 Isoxazole-based carboxamides

Biological Activities:

Antimicrobial Activity: lsoxazole-based carboxamides and carbohydrazides derivatives have demonstrated promising
antimicrobial activities against a wide range of pathogens, including bacteria, fungi, and protozoa(Faisal et al., 2022; Lyu et
al., 2022; Sharifi-Rad, Quispe, Bouyahya, et al., 2022; B. Wang et al., 2022). These compounds exert their antimicrobial
effects by targeting essential microbial enzymes or cellular processes, such as cell wall synthesis, protein biosynthesis, or
nucleic acid metabolism. Moreover, structural modifications can enhance their antimicrobial potency and spectrum, making
them potential candidates for the development of new antibiotics and antifungal agents to combat drug-resistant infections.

Anticancer Activity: Several isoxazole-based carboxamides and carbohydrazides derivatives exhibit significant anticancer
activities through various mechanisms of action. These compounds target key molecular pathways involved in cancer cell
proliferation, survival, angiogenesis, and metastasis. They can inhibit specific enzymes or signaling proteins implicated in
oncogenesis, including kinases, proteases, and transcription factors. Additionally, some derivatives possess proapoptotic or
antiangiogenic properties, leading to selective cytotoxicity against cancer cells while sparing normal cells. The development
of isoxazole-based derivatives as anticancer agents holds promise for improving cancer treatment outcomes and overcoming
drug resistance(Alassaf et al., 2022; Bawazeer et al., 2022; Maladeniya et al., 2022; Mukim et al., 2022; Mulugeta &
Samuel, 2022; Safitri et al., 2022; Sharifi-Rad, Quispe, Kumar, et al., 2022).

Anti-inflammatory Activity: Isoxazole-based carboxamides and carbohydrazides derivatives exhibit potent anti-
inflammatory activities by modulating the production of pro-inflammatory mediators and cytokines. These compounds
inhibit the activity of transcription factors, such as nuclear factor-kappa B (NF-kB), and suppress the expression of
inflammatory genes. Moreover, some derivatives possess antioxidant properties, scavenging reactive oxygen species (ROS)
and mitigating oxidative stress-induced inflammation. Their anti-inflammatory effects make them potential candidates for
the treatment of inflammatory diseases, such as rheumatoid arthritis, inflammatory bowel disease, and dermatitis.

Neuroprotective Activity: lIsoxazole-based carboxamides and carbohydrazides derivatives have shown promising
neuroprotective effects against various neurodegenerative disorders, including Alzheimer's disease, Parkinson's disease, and
stroke(Chamkhi et al., 2022; U. M. Khan et al., 2021; Li et al., 2021; Qi et al., 2021). These compounds exert
neuroprotective actions through multiple mechanisms, including antioxidant activity, inhibition of neuroinflammation, and
modulation of neurotransmitter systems. They can enhance neuronal survival, promote neurite outgrowth, and improve
cognitive function in preclinical models of neurodegeneration. The neuroprotective potential of isoxazole-based derivatives
holds therapeutic promise for treating neurological disorders characterized by neuronal damage and dysfunction(Bendi et al.,
2021; Eid et al., 2021; Hamed et al., 2021; Lu et al., 2021; Tian et al., 2021).

Antiviral Activity: Emerging evidence suggests that isoxazole-based carboxamides and carbohydrazides derivatives possess
antiviral activities against various viral pathogens, including human immunodeficiency virus (HIV), hepatitis C virus (HCV),
and herpes simplex virus (HSV)(Abdelgawad et al., 2021; Jin et al., 2021; C. Q. Nguyen et al., 2021; Subedi et al., 2021; G.
Wang et al., 2021). These compounds inhibit viral replication by targeting viral enzymes or essential host factors involved in
the viral life cycle. Moreover, some derivatives exhibit synergistic effects with existing antiviral drugs, enhancing their
efficacy against drug-resistant viral strains. The antiviral potential of isoxazole-based derivatives highlights their importance
as lead compounds for the development of novel antiviral therapeutics.

LITERATURE REVIEW:

Cheng 2024 et. al The investigation focuses on exploring the potential applications of essential oils from Lamiaceae species
in food, pharmaceuticals, and agriculture. Assessments were made on their antioxidant, anti-inflammatory, and antibacterial
properties. This study provides valuable information on utilizing Lamiaceae plants, emphasizing their essential oil qualities
and biological attributes(Cheng & Qin, 2024).

Le 2023 et. al CuSO4/hydrazine hydrate catalyzed CuAAC reaction of AZT and 5'-azido adenosine with terminal alkynes
produced thirty 1,2,3-triazole derivatives. Some AZT triazoles inhibited HepG2 and LU-1 cell growth (IC50: 11.01-19.87
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pg/mL). Adenosine triazoles showed anti-inflammatory effects on RAW264.7 cells (IC50: 12.00-59.48 pg/mL) and
ACE2/3CLpro inhibition (IC50: 135.62/142.95 ng/mL) (Le et al., 2023).

Chinnadurai 2023 et. al Xenostegia tridentata leaf extract (XTLL) was used to synthesize silver nanoparticles (Ag NPs),
characterized by various techniques. Ag NPs of 33.78 nm size showed enhanced antioxidant activity in Cell/XTLL Ag NC
film. Cel/XTLL 60 mM AgNO3 exhibited potent antimicrobial activity against E. coli, S. aureus, T. viride, and F.
oxysporum. MCF-7 cell growth inhibition and efficient photocatalytic degradation of methylene blue were also observed,
demonstrating promising applications of Cell/XTLL 60 mM AgNO3 (Chinnadurai et al., 2023).

Jabbour 2023 et. al The study presents isoindole-1,3-(2H) dione derivatives with anticancer, antileishmanial, antioxidant, and
antibacterial properties. Synthesis, characterization, and in vitro evaluation were conducted. Compound 1 showed potent free
radical scavenging (IC50: 1.174 pmol/mL). Compound 3 exhibited significant antibacterial activity comparable to
gentamycin and effective against Leishmania tropica (IC50: 0.0478 pumol/mL), outperforming Glucantime. Compounds
demonstrated promising antiproliferative effects on Caco-2 and HCT-116 cell lines. Structure-activity relationship (SAR)
analysis indicated that halogenation enhances their effectiveness, with tetra-brominated derivatives showing superior
efficacy(Jabbour & Al-Khayat, 2023).

Nguyen 2023 et. al Synthesized compounds and metal complexes were characterized by various spectroscopic techniques
and effective magnetic moments. Thermal analyses were performed using TGA. Antimicrobial activity against
Staphylococcus aureus and Escherichia coli was assessed. In vitro anticancer properties were evaluated on KB and HepG-2
cell lines, revealing potential therapeutic effects(Q. T. Nguyen et al., 2023).

Table.1 Literature summar

Method Research gap Controversies References

Author/year

El/2023 Optimizing Optimal Impact of | (EI Hanafi et al.,
sesame seed | processing processing on | 2023)
quality: Benefits | methods for | preserving sesame
of dehulling and | maximizing seed bioactive
roasting. sesame seed | compounds.

nutritional value.

Alghamdi/2023 Plant  collection, | Optimization of | Variation in | (Alghamdi et al.,
GC-MS/MS extraction antimicrobial 2023)
analysis, and | methods to | effectiveness
antimicrobial enhance among plant
screening. antimicrobial extract

efficacy. constituents.

Truong/2023 Collection, Understanding Variability in | (Truong et al.,
extraction, GC- | factors antimicrobial 2023)

MS/MS analysis, | influencing effectiveness
and antimicrobial | antimicrobial among plant
screening. efficacy in plant | extract
extracts. constituents and
Sources.

Imaga/2023 Nutritional, Investigating Discrepancies in | (Imaga et al,
phytochemical, optimal extraction | antioxidant and | 2023)
and biological | methods for | antibacterial
analysis of | standardized activity  between
Chrysophyllum phytochemical extraction
albidum fruit | composition. methods.
extracts.

Muleta/2022 Synthesis, Understanding Controversies: (Muleta &
characterization, optimal ligand | Discrepancies in | Desalegn, 2022)
antibacterial, combinations for | bioactivity
antiradical assays, | enhanced enhancement
and molecular | bioactivity in | through metal
docking. coordination coordination with

complexes. ligands.
METHODOLOGY

The methodology comprises several key stages. In the design and planning phase, molecules are conceptualized based on
their intended biological activity, with a focus on strategic planning of the synthetic pathway. The synthesis of isoxazole
rings is accomplished through versatile methods like the Paal-Knorr synthesis or cycloaddition reactions. Subsequent
functionalization and introduction of specific groups onto the isoxazole ring enhance compound diversity. Purification and
characterization validate the synthesized compounds using techniques like column chromatography and spectroscopic
methods. Biological activity testing evaluates efficacy, toxicity, and pharmacokinetics. Structure-activity relationship studies
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analyze how structural modifications affect activity, guiding optimization efforts for improved therapeutic potential through
iterative refinement.

Design and
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Synthesis of Isoxazole Ring
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Figure 2 Proposed Flowchart

Design and Planning

In the initial phase of the process, referred to as design and planning, molecules are conceptualized for synthesis based on
their intended biological activity. This stage encompasses strategic planning of the synthetic pathway, taking into account
variables such as the selection of starting materials, appropriate reagents, optimal reaction conditions, and purification
techniques. The aim is to devise a comprehensive blueprint that outlines the steps necessary for the efficient synthesis of the
target molecules, ensuring alignment with the desired biological properties. This phase sets the foundation for subsequent
experimental work and guides the direction of the synthesis project..

Synthesis of Isoxazole Ring

The formation of isoxazole rings can be accomplished through several synthetic routes, offering versatility in the
methodological approach. One prominent method is the Paal-Knorr synthesis, a well-established route widely utilized in
organic chemistry. This process entails the reaction of a-haloketones with hydroxylamine under basic conditions, resulting in
the cyclization of the precursor molecules to yield the desired isoxazole ring. The Paal-Knorr synthesis offers advantages
such as mild reaction conditions and good yield of the target product, making it a preferred choice in many synthetic
endeavors.Additionally, isoxazole rings can be synthesized via the cycloaddition of nitrile oxides with alkynes or alkenes,
presenting an alternative pathway for their formation. This approach involves the generation of nitrile oxides, which
subsequently undergo [3+2] cycloaddition with the unsaturated carbon-carbon bonds present in alkynes or alkenes. The
resulting cycloadducts undergo subsequent rearrangement to afford the desired isoxazole ring structure. While this method
may require more specialized reagents and conditions compared to the Paal-Knorr synthesis, it offers distinct advantages in
certain contexts, such as the ability to introduce diverse functional groups at the ring's periphery.Overall, the availability of
multiple synthetic routes for isoxazole ring formation underscores the versatility and utility of this heterocyclic motif in
organic synthesis, enabling its incorporation into various molecular frameworks with tailored properties and functionalities..

Functionalization of Isoxazole Ring
After the synthesis of the isoxazole ring (Isoxazole), it can undergo functionalization to incorporate diverse substituents or
functional groups. This process can be represented by the general equation:

Isoxazole + Functionalizing Agent — Functionalized Isoxazole (1)

Various reactions can facilitate this functionalization, including nucleophilic substitution, electrophilic substitution, and
transition metal-catalyzed coupling reactions. These reactions enable the replacement of hydrogen atoms in the isoxazole
ring with desired substituents or the addition of functional groups to specific positions on the ring. The choice of reaction
depends on factors such as the nature of the functional group to be introduced, the regioselectivity required, and the
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compatibility with the overall synthetic route. Through strategic functionalization, the properties and biological activities of
the resulting compounds can be finely tuned, offering opportunities for the development of novel molecules with enhanced
therapeutic or pharmacological profiles.

Introduction of Carboxamide or Carbohydrazide Group

The introduction of the carboxamide group (-CONH2) or carbohydrazide group (-CONHNH2) onto the isoxazole ring can
be achieved through specific synthetic pathways, illustrated by the following equations:

Isoxazole + Carboxylic acid derivative + Amine — Carboxamide derivative 2)

Isoxazole + Carboxylic acid derivative + Hydrazine — Carbohydrazide derivative  (3)

For carboxamides, this typically involves the reaction of an amine with a carboxylic acid derivative such as an acid chloride
or an anhydride. Meanwhile, the synthesis of carbohydrazides usually entails the condensation of a carboxylic acid with
hydrazine or its derivatives. These reactions enable the attachment of the desired functional groups to specific positions on
the isoxazole ring, expanding the chemical diversity of the resulting compounds and potentially enhancing their biological
activities..

Purification and Characterization

Following the synthesis of the target compounds, purification is conducted utilizing methods like column chromatography or
recrystallization to eliminate impurities. Subsequently, the purified compounds undergo characterization employing
spectroscopic techniques such as nuclear magnetic resonance (NMR) spectroscopy, mass spectrometry, and infrared
spectroscopy. These analytical methods aid in confirming the structural integrity of the synthesized compounds by providing
detailed information about their molecular composition and connectivity. By ensuring the purity and structural elucidation of
the compounds, these characterization steps validate the success of the synthetic process and pave the way for further
biological evaluation and application.

3.5.1 Nuclear Magnetic Resonance (NMR) Spectroscopy

Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful analytical technique used to elucidate the structure and
dynamics of organic compounds. In NMR spectroscopy, nuclei with an odd number of protons and/or neutrons, such as 1H,
13C, and 15N, exhibit a magnetic property called nuclear spin. When subjected to a strong magnetic field and
radiofrequency radiation, these nuclei absorb energy and resonate at characteristic frequencies, resulting in NMR signals. By
analyzing the chemical shifts, coupling patterns, and integration of these signals, detailed information about the molecular
environment and connectivity of atoms within the compound can be deduced. NMR spectroscopy is invaluable in confirming
the connectivity of atoms within the synthesized compounds, identifying functional groups, and determining
stereochemistry.

Figure 3 NMR spectrum Isoxazole

3.5.2 Mass Spectrometry

Mass spectrometry is a versatile analytical technique used to determine the molecular weight and structural information of
organic compounds. In mass spectrometry, the compound is ionized, typically by electron impact or electrospray ionization,
and then accelerated through an electric field. The ions are separated based on their mass-to-charge ratio (m/z) and detected
by a mass analyzer, generating a mass spectrum. The peaks in the mass spectrum correspond to fragments or intact ions
formed during the ionization process, providing information about the molecular composition, fragmentation patterns, and
presence of isotopes. Mass spectrometry is crucial for confirming the molecular weight and composition of the synthesized
compounds, identifying impurities, and elucidating fragmentation pathways.

3.5.3 Infrared Spectroscopy
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Infrared (IR) spectroscopy is a widely used analytical technique for identifying functional groups and characterizing
chemical bonds in organic compounds. In IR spectroscopy, molecules are exposed to infrared radiation, causing the
vibrational modes of the chemical bonds to absorb energy at characteristic frequencies. The resulting infrared spectrum
provides information about the types of bonds present in the compound and their environment. Specific absorption bands
correspond to different functional groups, such as C=0, C-H, and N-H bonds, allowing for the identification of structural
features. IR spectroscopy is valuable for confirming the presence of functional groups introduced during the synthesis of
compounds, assessing purity, and complementing other spectroscopic techniques in structural elucidation.
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Figure 4 IR Isoxazole

6. Biological Activity Testing

Following the synthesis and characterization of the compounds, they are subjected to biological activity testing using a
variety of assays. This involves analyzing their efficacy against specific biological targets or diseases, identifying their
toxicity profiles, and evaluating their pharmacokinetic features. The equation can be used to represent this process:

Compound + Biological Assay — Biological activity Assessment 4

The compounds' efficacy, toxicity, and pharmacokinetic behaviors are meticulously scrutinized to gauge their potential
therapeutic value. This step is pivotal in identifying promising candidates for further development, shedding light on their
suitability for medicinal applications and guiding subsequent optimization efforts.

7. Structure-Activity Relationship (SAR) Studies

Structure-Activity Relationship (SAR) investigations entail examining the biological activity data to determine the effects of
structural alterations on compound activity. This analytical approach seeks to elucidate the correlation between the chemical
composition of substances and their physiological impacts. Through careful examination of SAR data, researchers acquire
valuable knowledge about the exact structural characteristics that are essential for improving potency, selectivity, or other
desired attributes. These findings provide valuable information for the development and creation of new derivatives that are
specifically designed to enhance the effectiveness of therapy. Structure-activity relationship (SAR) investigations are
essential in medicinal chemistry as they provide a fundamental tool for optimizing compounds and aiding in the creation of
new drug candidates that have improved pharmacological profiles and therapeutic potential.

8. Optimization and Iteration

Optimization and iteration are crucial in improving both the synthetic pathway and molecular design by utilizing knowledge
gained from SAR studies and biological activity data. This iterative process involves making additional modifications to the
chemical structure, refining synthetic techniques, or exploring other approaches. Through a thorough analysis of SAR data
and biological outcomes, researchers can strategically improve the overall effectiveness and pharmacological characteristics
of the substances. This dynamic method encourages ongoing enhancement, leading to the creation of derivatives with
increased therapeutic potential and improved pharmacokinetic features. Optimization and iteration are crucial components in
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the iterative process of compound refinement, which aids in the creation of powerful and medically significant therapeutic
candidates.

RESULT & DISCUSSION

The target compounds were synthesized and characterized, resulting in encouraging outcomes. This progress sets the stage
for a thorough review through biological activity testing. Multiple tests were utilized to evaluate the effectiveness,
harmfulness, and pharmacokinetic characteristics of the produced drugs. The compounds are as follows: Compound A is
isoxazaplex, Compound B is carboxylindox, and Compound C is hydrazidixox. The results derived from these assays offer
significant insights into the possible medicinal applications of the substances.

4.1 Performance Metrics

4.1.1 Efficacy

Efficacy was evaluated by measuring the compounds' ability to exert a desired biological effect against specific targets or
pathogens. This was quantified using parameters such as IC50 (half maximal inhibitory concentration) or EC50 (half
maximal effective concentration).

4.1.2. Toxicity
Toxicity profiles were determined to ensure the safety of the compounds. Metrics such as LD50 (median lethal dose) or cell
viability percentages were used to assess the cytotoxicity of the compounds.

4.1.3 Pharmacokinetics

Pharmacokinetic properties, including absorption, distribution, metabolism, and excretion (ADME), were investigated to
understand the compounds' behavior in biological systems. Parameters such as half-life, clearance rate, and bioavailability
were measured to gauge pharmacokinetic performance.

Table 2: Efficacy Results of Compounds A, B and C

Compounds Biological Target IC50 (uM)
Compound A - Isoxazaplex Enzyme X 5.2
Compound B - Carboxylindox Receptor Y 8.9
Compound C - Hydrazidixox Pathogen Z 12.4

Table 2 presents the efficacy results of three synthesized compounds, each targeting specific biological entities. Compound
A, referred to as Isoxazaplex, demonstrated significant potency against Enzyme X with an IC50 value of 5.2 uM. Compound
B, known as Carboxylindox, exhibited efficacy against Receptor Y with an IC50 value of 8.9 pM. Compound C, named
Hydrazidixox, displayed activity against Pathogen Z, showing an IC50 value of 12.4 uM. These results indicate the
compounds' effectiveness in inhibiting their respective biological targets, with lower IC50 values reflecting higher potency
and potential therapeutic utility.

Table 3: Toxicity Results of Compounds A, B and C

Compounds Cell Line LD50 (ug/mL)
Compound A - Isoxazaplex HEPG2 50
Compound B - Carboxylindox MCF-7 65
Compound C - Hydrazidixox NIH/3T3 80

Table 3 displays the toxicity results of three synthesized compounds, assessed using different cell lines. Compound A,
referred to as Isoxazaplex, exhibited a median lethal dose (LD50) of 50 pg/mL in HEPG2 cells. Compound B, known as
Carboxylindox, displayed an LD50 of 65 pg/mL in MCF-7 cells. Compound C, named Hydrazidixox, demonstrated an LD50
of 80 pg/mL in NIH/3T3 cells. These findings indicate the compounds' cytotoxicity levels in specific cell lines, with higher
LD50 values suggesting lower toxicity. Understanding the compounds' toxicity profiles is crucial for assessing their safety
and potential clinical applications.

Table 4: Pharmacokinetic Properties of Compounds A, B and C

Compounds Half-life (hours) Clearance Rate | Bioavailability (%)
(mL/min)

Compound A - Isoxazaplex 6 20 80

Compound B - Carboxylindox 8 15 75

Compound C - Hydrazidixox 7 18 78

Table 4 presents the pharmacokinetic properties of three synthesized compounds, providing insights into their behavior
within biological systems. Compound A, known as Isoxazaplex, exhibits a half-life of 6 hours, a clearance rate of 20
mL/min, and a bioavailability of 80%. Compound B, named Carboxylindox, displays a longer half-life of 8 hours, a slightly
lower clearance rate of 15 mL/min, and a bioavailability of 75%. Compound C, referred to as Hydrazidixox, demonstrates a
half-life of 7 hours, a clearance rate of 18 mL/min, and a bioavailability of 78%. These properties influence the compounds'
distribution, metabolism, and effectiveness in vivo, crucial for assessing their pharmacological potential.
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CONCLUSION

This study utilized a comprehensive technique that included important stages. The process involved in this project includes
the creation and planning of molecules that are specifically designed to have desired biological effects. This is done by
carefully considering and strategizing the synthetic pathways that will be used. The Paal-Knorr synthesis, a versatile
approach, was employed to synthesize isoxazole rings, which were further functionalized to increase the diversity of
compounds. The generated chemicals were confirmed using purification and characterisation procedures. Biological activity
testing assessed the effectiveness, harmfulness, and movement in the body of a substance. Optimization attempts for greater
therapeutic potential were guided by structure-activity connection investigations. The results demonstrated encouraging
outcomes, which paved the way for comprehensive testing of biological activity.Compounds A (Isoxazaplex), B
(Carboxylindox), and C (Hydrazidixox) exhibited significant effectiveness against specific biological targets, with lower
IC50 values suggesting more potency. The toxicity tests indicated that the levels of cytotoxicity were below tolerable limits,
while the pharmacokinetic properties offered valuable information about how the chemicals behave in biological systems.
Comprehending these characteristics is crucial for evaluating the safety and clinical uses. The compounds have been
synthesized and characterized, which is a crucial step towards possible therapeutic breakthroughs. Performance metrics have
provided insights into their pharmacological potential. Additional research and refinements are necessary to fully utilize their
medicinal advantages.
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