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Abstract: This review explores the synthesis, characterization, and pharmacological
evaluation of halogenated benzoxazine derivatives, focusing on their potential therapeutic
applications. The synthesis of these compounds involves various methodologies, including
the use of chloroacetyl chloride and different anhydrides to produce benzoxazine derivatives
with diverse halogen substitutions. Characterization techniques such as melting point
determination, Rf value analysis, and structural elucidation are employed to confirm the
identity and purity of the synthesized derivatives. Pharmacological assessments, including
anti-inflammatory and anti-diabetic evaluations, demonstrate that while some halogenated
benzoxazine derivatives exhibit promising biological activities, their effectiveness varies.
Notably, derivatives with iodine or bromine substitutions show significant anti-inflammatory
potential, although their overall efficacy is moderate. Additionally, the evaluation of these
compounds in diabetic animal models provides insights into their potential as therapeutic
agents for managing diabetes. The findings suggest that halogenated benzoxazine derivatives
have considerable promise as drug candidates, but further research is essential to optimize
their therapeutic efficacy and safety profiles. Future studies should focus on enhancing the
effectiveness of these compounds, elucidating their mechanisms of action, and ensuring their
safety for clinical applications. This review provides a comprehensive overview of current
advancements and highlights areas for future research in the field of benzoxazine derivatives.

Keywords: Synthesis Characterization, Pharmacological Evaluation, Medicinal chemistry
and Halogenated Benzoxazine Derivatives

1. INTRODUCTION

Drugs have existed as long as illness has been part of human history. With globalization, new
diseases have emerged, leading to a continuous quest for cures. Historically, drugs were
derived from plants, animals, and minerals. However, due to limited efficacy, conclusive
cures, and high toxicity, the development of new, less toxic drugs has become crucial.
Synthesizing derivatives has significantly advanced drug development, particularly in
enhancing efficacy and reducing side effects. Today, synthetic derivatives make up over 60%
of medicines in clinical use, and the field of synthetic medicinal chemistry continues to grow,
underscoring the vital role of drugs in modern medicine.

Medicinal chemistry is the science behind the creation of drugs, whether through observation
or design. In the past century, many drugs were discovered by modifying natural substances
or through chemical synthesis. With a growing understanding of disease pathophysiology,
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recent years have seen more innovative approaches to the design, synthesis, and evaluation of
drug candidates. The late 20th century blurred the lines between biological, chemical, and
physical sciences, leading to new interdisciplinary fields like molecular biology,
pharmacology, biomedicine, cellular biology, genetics, and bioinformatics, which are now of
great interest to medicinal scientists.

The drug discovery process has become increasingly multidisciplinary due to the growing
need for new drug molecules. Medicinal chemists now require expertise in both biological
areas, like enzymology and pharmacology, and physicochemical aspects, such as
thermodynamics and quantum mechanics. With advancements in enzyme/receptor principles
and receptor-based assays, the approach has become more mechanistic. Lead discovery and
optimization, essential in medicinal chemistry, have advanced through improvements in
structural biology, combinatorial synthesis, and high-throughput screening techniques.
Benzoxazines display various effects, including anti-inflammatory, analgesic, antibacterial,
and neuroprotective properties. They inhibit bacterial histidine protein kinase and may aid in
treating heart disease and arrhythmia. Their antimycobacterial activity and dual biological
effects, like anti-inflammatory and antibacterial, are of growing interest for microbial
infections. This study synthesizes compounds with these dual properties by reacting aromatic
amines with substituted phenols in formaldehyde and assesses their biological activities
(Mymoona Akhter et al., 2021).
S S S T
1,2-Oxazinium 2H-1,2-Oxazine 4H-1,2-Oxazine 6H-1,2-Oxazine
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®

Figure 1 Example of well-known 1,2-oxazine ring system

The biological activity of 2H-1,4-benzoxazine-3-(4H)-one and 3,4-dihydro-2H-1,4-
benzoxazine derivatives, including their neuroprotective potential, has been extensively
studied. Our research focuses on designing and synthesizing bioactive molecules with a
5,7,8-trimethyl-1,4-benzoxazine core, resembling the antioxidant vitamin E's structure. We
tested six derivatives (Figure 2) for their ability to inhibit PrPSc generation in mouse
neuroblastoma cells (N2a) infected with the scrapie strain 22L. The EC50 of 2-(4-
methoxyphenyl)-5,7,8-trimethyl-3,4-dihydro-2H-1,4-benzoxazine (TC121) is 1.17 uM, and
the EC90 is 3.2 uM. Our results indicate that TC121 effectively reduces PrPSc levels in
ScN2a cells, suggesting its potential therapeutic value.
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Figure 2 Tested six derivatives of Benzoxazine

Poly-benzoxazines are novel thermoset polymers with customizable properties, offering
advantages over traditional phenolic resins. They are used in coatings, adhesives,
microelectronics, and aerospace due to their low water absorption, dimensional stability,
minimal shrinkage, thermal stability, chemical resistance, low dielectric characteristics, and
flame retardance. Additionally, their polymerization is eco-friendly, producing no catalysts or
toxic volatiles and using renewable feedstock. Despite their benefits, poly-benzoxazines face
challenges such as limited solubility, high curing temperatures, and low fracture toughness.
Research is ongoing to develop new benzoxazine monomers with improved properties and
functionalities, focusing on enhancing stability and addressing existing drawbacks (Danuta
Trybu et al., 2020).

Phenolic compounds, including phenols, hydroquinones, coumarins, flavonoids, and tannins,
are widely studied for their diverse chemical and biological properties. Found in microbes,
plants, and animals, phenols play a key role in proton-linked electron transfer and are used in
photo-cleavable probes for mass spectrometry. Synthetic phenol derivatives exhibit various
pharmacological effects: hydroquinone dimethyl ethers have anticancer and antibacterial
properties, while caffeic acid and p-coumaric acid show antioxidant effects. The addition of
hydroxyl or methoxy groups to phenols enhances their antioxidant activity. Phenolic
compounds are also known for their antibacterial, antiviral, anti-inflammatory, and other
therapeutic properties. However, antimicrobial resistance remains a significant global health
challenge. To address this, we synthesized and tested new phenolic derivatives, including two
novel nitrobenzyl-oxy-phenol compounds, for their antibacterial activity.

Benzo-1,3-oxazine features a bicyclic structure with an oxazine ring fused to a benzene ring.
It exists in various isomeric forms depending on the oxidation state and ring system. Figure 3
shows the isomers 2H- and 4H-benz-1,3-oxazine, and 2,3-dihydro-2H-benz-1,3-oxazine. The
semi-chair (A) and semi-boat (B) conformations of 3,4-dihydro-2H-benz-1,3-oxazines are
also illustrated in Figure 3.1. Each conformation can exist in two forms based on the nitrogen
atom's substituent orientation. Dihydro-1,3-benzoxazine monomers can be synthesized using
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Mannich condensation, cycloaddition, and other methods, with studies focusing on reactant
ratios, structures, solvents, temperatures, and durations.

=N N NH
B ) 98
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3
2H-benz-1,3-Oxazine 4H- benz-1,3-Oxazine  3,4-dihydro-2H-benz-1,3-Oxazine

Figure 3 Chemical structure of 1,3 Oxazine
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Figure 4 3,4-Dihydro-2H-benz-1,3-oxazines conformations

The benzoxazine nucleus is widely used as an intermediate in synthesizing various
heterocyclic bioactive compounds and medicinally relevant molecules. Many 1,3-
benzoxazines exhibit notable biological and pharmacological properties. Additionally, acetal
glycosides, synthesized in plants, serve as natural defenses against insects, pests, fungi, and
microbial diseases, making these derivatives valuable in natural product chemistry. This study
examines the chemistry and bioactivities of 3,4-dihydro-2H-1,3-benzoxazine monomers and
their derivatives (Sharaf El Din et al., 2019). Benzoxazines are used as fungicides, anti-
inflammatory agents, anticonvulsants, DNA-binding anticancer agents, and inhibitors of
human leukocyte elastase and Clr serine protease. 1,4-Benzoxazine derivatives inhibit cell
proliferation and angiogenesis in chorioallantoic membrane assays. Notably, 1,2-
dihydrobenzoxazine derivatives have shown promise in developing nonsteroidal
progesterone-receptor agonists and have cytotoxic effects against human cancer cell lines.
Benzoxazine fragments are also found in natural substances, such as antimicrobial alkaloids
in the sea sponge Jaspis splendens. The antibacterial potential of 1,3-benzoxazine derivatives
is of particular interest due to its practical applications (S. P. Zahorulko et al., 2019).

Heterocycles are valuable in pharmaceuticals due to their ability to incorporate substituents in
distinct three-dimensional arrangements. Early studies focused on nitrogen and sulfur-
containing heterocycles, which were integral to the development of organic chemistry and
drug discovery. These compounds remain crucial in biology and industry because their
structures can be finely tuned to achieve specific functions (Dinesh Kumar Jangid et al.,
2019). Several substances are known as NOS inhibitors, including arginates, aminopyridines,
cyclic amidines, and phenylimidazoles. Specifically, 3-amino-2H-1,4-benzoxazines and 3-
amino-2H-1,4-benzothiazines are effective and selective inhibitors of nitric oxide synthases,
as noted in WO 98/50372 and WO 99/12915. Recent findings suggest that these newly
substituted heterocyclic compounds offer advantages over existing agents and have improved
medicinal efficacy (Petro P. On et al., 2017). The palladium-catalyzed oxidative
alkoxycarbonylation of alkynes is an efficient method for creating complex heterocycles from
readily available materials. We have successfully utilized this technique to produce
carbonylated compounds in a one-pot process. Previously, we developed a simple method for
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synthesizing novel functionalized benzo[d][1,3]Joxazines by in situ deprotecting 2-
(trimethylsilanyl)ethynylaniline derivatives, followed by palladium-catalyzed cyclization-
alkoxycarbonylation (Francesco Pancrazzi et al., 2017). Substituted benzoxazinone and
quinazolinone derivatives are significant due to their broad biological activities, including
antitubercular, antihypertensive, anticancer, anti-HIV, antiviral, anti-inflammatory, and
antifungal effects. They are also used as analgesics and inhibitors of cathepsin G, human
leukocyte elastase, selective serotonin reuptake, and Clr serine protease. Additionally,
compounds with aromatic sulfonate or sulfonamide groups exhibit strong acaricidal and
insecticidal activities (Mohamed Suleman Malik et al., 2016).

The 1,4-benzoxazine nucleus is a common heterocyclic scaffold in pharmacologically active
and medicinally relevant molecules. For instance, glycosides with the 2-hydroxy-2H-1,4-
benzoxazine structure, found in gramineous plants, are suggested to play a role in plant
resistance against microbial diseases and insects. The 1,4-benzoxazine moiety is found in
various pharmaceuticals, including antibiotics, antirheumatic drugs, calcium channel
antagonists, CNS drugs, and analgesics. Derivatives such as 3,4-dihydro-2H-1,4-
benzoxazines have shown potassium channel opening activity in vascular smooth muscle,
while some exhibit anti-Mycobacterium tuberculosis properties. Methotrexate derivatives
with the benzoxazine group have shown potential as antirheumatic agents. Additionally, 2,3-
disubstituted-1,4-benzoxazines are promising intermediates for synthesizing bioactive
compounds. Several methods for synthesizing 1,4-benzoxazine derivatives include O-
alkylation of 2-nitrophenols, intramolecular N-substitution of 2-aminophenols, microwave-
assisted synthesis, copper-catalyzed coupling, and the Petasis reaction. We have successfully
synthesized 2-hydroxy-1,4-benzoxazines from 2-aminophenols and aldehydes using the
Petasis reaction with phenylboronic acid at room temperature (Sara Mahdjoub et al., 2016).
Benzo [d][1,3]oxazine and benzothiazine rings are crucial in many biologically active
compounds, used for antifungal, anti-inflammatory, anticonvulsant, and DNA-binding
applications. For example, 2-substituted-4H-3,1-benzoxazin-4-one lowers cholesterol and
triglycerides, and etifoxine, a non-benzodiazepine anticonvulsant, treats psychiatric disorders
effectively. Synthesis methods include thermolysis, electrochemical cyclization, and
palladium-catalyzed reactions, but face issues like toxic chemicals and low yields. Recent
work has investigated o-diazocarbonyl compounds for creating various heterocycles (B. V.
Subba Reddy et al., 2014).

Indolo[2,1-b][1,3]benzoxazines are a new class of photochromic compounds with notable
molecular switching speeds and resistance to photochemical fatigue. Structurally similar to
spiropyrans, these compounds feature fused indole and benzoxazine rings. UV exposure
causes the [1,3]oxazine ring to open, forming two chromophoric systems. This results in a
3H-indolium cation and a 4-nitrophenolate anion with strong absorption around 430 nm. The
ring reverts to its closed state within nanoseconds upon heat. Unlike spiropyrans, these
compounds do not undergo slow trans-cis isomerization, allowing for rapid switching. They
are also resistant to chemical deterioration and can endure thousands of switching cycles. The
photochromic properties of indolo[2,1-b][1,3]benzoxazines, such as absorption spectra,
switching speed, and fatigue resistance, can be modified by introducing substituents. This
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study investigates the impact of phenylic substituents on these properties. Ten new
compounds were synthesized, divided into two groups: Group I has substituents at the Sth
position of the indole ring, and Group II has substituents at the o-position of the phenolic ring
within the [1,3] benzoxazine moiety. This is the first report of such modifications to the
nitrophenolic fragment of indolo[2,1-b][1,3]benzoxazines. The novel compounds were
characterized in acetonitrile (MeCN) by evaluating photochromic parameters like relaxation
periods, quantum yields, and photochemical fatigue resistance, and compared with the parent
compound and other related compounds (Vladislava Voicu et al., 2014).

Benzoxazine consists of an oxazine ring attached to a benzene ring, with oxygen and nitrogen
in the ring. The three types of benzoxazines are categorized based on the ring structure, with
1,3-benzoxazines being the most notable for their biological activity. These derivatives
exhibit a wide range of effects, including antibacterial, antifungal, analgesic, anti-
inflammatory, and more. They have shown potential in treating conditions such as
inflammation, rheumatoid arthritis, and cancer, and are effective in inhibiting acute and
chronic inflammatory responses. The research aims to synthesize various benzoxazines with
different substituted aldehydes and perform docking studies with cyclooxygenase-1, an
enzyme involved in inflammation, to explore their potential for treating inflammatory
diseases (G. Naveen Kumar et al., 2014). One fundamental goal of organic synthesis is to
develop efficient pathways to produce common organic molecules using readily available
reagents. Heterocyclic compounds, particularly oxazines, have been central to many areas of
chemistry due to their broad biological and medicinal activities. Aromatic oxazines were first
synthesized by Holly and Cope in 1944 using Mannich processes with phenols,
formaldehyde, and amines. Oxazine derivatives are prevalent in biological and
pharmaceutical applications, showing activities such as antimicrobial, anticancer, antifungal,
antitubercular, antimalarial, analgesic, anti-inflammatory, antibacterial, antidiabetic,
hypolipidaemic, and antiproliferative. In our research, we synthesized novel 6-chloro-2,4-
diphenyl-3,4-dihydro-2H-1,3-benzoxazine derivatives from parachlorophenol, aromatic
aldehyde, and methanolic ammonia, and evaluated their antibacterial properties (Sayaji S et
al., 2013).

Benzoxazines are key heterocyclic compounds with diverse biological activities, including
antirheumatic, neuroprotective, and anticancer effects. Efavirenz, a 3,1-benzoxazine
derivative, has been used since 1998 for HIV treatment. Benzoxazine derivatives also show
antimicrobial, CNS activity, antitumor, and anti-inflammatory properties. Additionally, 1,3-
benzoxazines can isomerize to 3,1-benzoxazines, with some derivatives offering potential
treatments for Mycobacterium infections. However, synthesis methods for 1,3-benzoxazine-
2,4-diones are limited compared to other benzoxazine types. The synthesis of Schiff bases
and their cyclization into 1,3-benzoxazine-2,4-diones is reported. Synthetic methods for 1,3-
benzoxazine-2,4-diones are rare, and to our knowledge, this is the first report on their
synthesis from Schiff bases and triphosgene (Ali Abdullah Al-Qahtani et al., 2012). In
medicine and materials science, 2H-1,3-benzoxazines are notable for their applications as
anti-inflammatory agents, photochromic compounds, and photo fading-preventive products.
Derivatives of 1,3-benzoxazines I-III are effective potassium channel regulators, potentially
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useful for treating hypertension, angina pectoris, asthma, and urinary incontinence.
Additionally, 2,3-disubstituted-1,3-benzoxazines exhibit fungicidal activity, while
hydrogenated benzo[e][1,3]oxazine and naphtha[2,1-e][1,3]oxazine fragments show
antimicrobial and cytotoxic properties (Osman M. O. Habib et al., 2012).

Benzoxazines are key heterocyclic compounds with diverse pharmacological and therapeutic
uses. They display a range of biological activities, including antirheumatic, neuroprotective,
antioxidant, anticancer, and antihypertensive effects. Efavirenz, a 3,1-benzoxazine derivative
approved in 1998 as Sustiva and Stocrin, is used in HAART for HIV and has promising
analogues. 1,3-benzoxazine derivatives also show antimicrobial, CNS, antitumor, antiviral,
antithrombotic, anti-inflammatory, antidiabetic, and hypolipidaemic activities and can
convert to their 3,1-benzoxazine isomer. Recent research highlights 1,3-benzoxazine-2,4-
dione as a potential treatment for Mycobacterium infections. However, methods for
synthesizing 1,3-benzoxazine-2,4-diones are limited. This study explores the synthesis of
Schiff bases and their cyclization into 1,3-benzoxazine-2,4-diones. Triphosgene, a versatile
and safer alternative to phosgene, is used in this process due to its reactivity and ease of
handling. Schiff bases are valuable in industrial and laboratory synthesis of heterocycles and
non-natural amino acids (Ali Abdullah Al-Qahtani et al., 2012). Sainsbury (84CHEC-I
(3)995) examined 1,2-oxazines and their benzo derivatives, focusing on 3,6- and 5,6-dihydro-
1,2-oxazines as synthetic intermediates. Advancements include asymmetric synthesis of 3,6-
dihydro-1,2-oxazines and characterization of 1,2-oxazinium cations. Figure 5 illustrates
various 1,2-oxazine ring systems. The unique naphth[1,8-de]-1,2-oxazine is the only fully
conjugated, neutral 1-oxazine derivative (Thomas 1. Gilchrist et al., 2011).
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Figure 5 1, 2-oxazine ring system
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Figure 6 1 Naphth [1,8-de]-1,2-oxazine ring system
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The invention pertains to benzoxazine and benzothiazine derivatives, focusing on their
synthesis and pharmaceutical applications. Benzoxazine derivatives, known for their diverse
biological activities including antibacterial, antifungal, neuroprotective, antinociceptive, and
anti-inflammatory effects, are crucial in pharmacology and natural products. They are free
from severe side effects such as nephrotoxicity and reproductive toxicity. Notably, 3-amino-
2H-1,4-benzoxazines and 3-amino-2H-1,4-benzothiazines are effective and selective
inhibitors of nitric oxide synthases (NOS), which are involved in various disorders due to
abnormal nitric oxide levels. Selective NOS inhibitors, including compounds like arginine
derivatives and cyclic amidines, are used to treat diseases associated with pathological NO
levels. The synthesis of novel benzoxazine derivatives involves methods like the
condensation of 3-amino-2-aryl-4-quinazolone with aromatic aldehydes (Verma Manjusha
et al., 2003). Research also highlights the significance of pyrido(4,3-b)(1,5)benzoxazepines
and dibenzoxazepines, which have been studied for their central nervous system effects and
antibacterial properties (Howell et al., 1968; Hayakawa et al., 1982). New drugs, including
pyrido(1,2,3-de)(1,4)benzoxazine, have been synthesized from 8-hydroxy-1,2,3,4-
tetrahydroquinolines (Nagarajan et al., 1974; K. Nagarajan et al., 1992). Additionally, the
synthesis of 1,3-benzoxazine-2,4-diones from Schiff bases and triphosgene introduces a novel
approach, with triphosgene offering advantages over phosgene due to its ease of handling and
lower toxicity (Ali Abdullah Al-Qahtani et al., 2012). Schiff bases are also valuable for
creating heterocyclic ring structures and non-natural amino acids.

2. Anti-Inflammatory Agents

The synthesis of benzoxazine and aminomethyl derivatives of phenols has been reported by
Japanese researchers, highlighting their various biological activities. Benzoxazine compounds
have been evaluated for their antihypertensive, antimicrobial, antifungal, antimycobacterial,
analgesic, and anti-inflammatory properties. Aminomethyl derivatives, in addition to
displaying antimalarial, analgesic, and anti-inflammatory effects, have also shown
antibacterial, anticonvulsant, and anticancer activities. Indonesian researchers have reported
that aminomethyl derivatives of eugenol, as well as benzoxazine derivatives, exhibit
anticancer properties (Kumar, G. Naveen et al, 2013). Inflammation, a complex
physiological response to infections, irritants, and cell damage, involves biochemical
cascades within the vascular system, immune system, and affected tissues. Acute
inflammation is characterized by the influx of plasma and immune cells, such as neutrophils
and macrophages, into the damaged area, while chronic inflammation involves ongoing tissue
destruction and repair with a shift in cell types at the site of inflammation (Ferrero-Milianiet
al., 2007).

Anti-inflammatory agents are essential for treating disorders caused by inflammation, a
protective response to harmful stimuli. Medicinal plants and their isolated compounds have
long been used to manage conditions like lung and skin inflammations. Essential oils,
particularly monoterpenes, are noted for their anti-inflammatory properties. Research
typically involves testing these agents in rats using models such as carrageenan and formalin-
induced edema, along with in vitro and ex vivo studies. The concept of inflammation,
described by Celsius as redness, heat, pain, and swelling, has been studied for centuries.
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Traditional remedies, like willow leaf preparations, led to the development of Aspirin, a key
anti-inflammatory drug. Today, many NSAIDs are available, and the role of anti-
inflammatory foods and natural products, including terpenoids and flavonoids, is increasingly
recognized (Gaofeng Yuan MS et al., 2006). During early inflammation, leukotrienes,
prostaglandins, and histamine bind to endothelial receptors, causing vasodilation, endothelial
cell contraction, and increased permeability. Histamine induces P-selectin and platelet-
activating factor (PAF) on venular endothelial cells, facilitating leukocyte adhesion and
migration toward chemotactic signals like complement protein C5a and leukotriene B4.
Activated macrophages and endothelial cells release cytokines such as tumor necrosis factor
(TNF) and interleukin-1 (IL-1), which sustain the inflammatory response by upregulating E-
selectin and maintaining P-selectin. E-selectin helps leukocytes cross the basement
membrane toward chemokines like interleukin-8 (IL-8) and monocyte chemotactic protein-1
(MCP-1). Inflammation typically involves increased blood flow, metabolism, vasodilation,
mediator release, fluid extravasation, and cellular influx. Phospholipase A2 activation during
inflammation releases arachidonic acid and mediators such as cytokines, serotonin,
histamine, prostaglandins, and leukotrienes, which enhance vascular permeability and
facilitate leukocyte migration (Falcao et al., 2005; Dassoler et al., 2004).

Natural materials have been used for healing since ancient times, and their role in treating
diseases such as cardiovascular disease, cancer, and inflammatory conditions remains
significant. Despite advances in combinatorial chemistry, natural products continue to be
crucial in drug discovery (Puni V. et al., 2004). The inflammatory response, including in
conditions like inflammatory bowel disease, involves various mediators that sustain gut
inflammation. Effective treatment strategies often involve targeting multiple stages of the
inflammatory cascade with medications such as 5-aminosalicylic acid and glucocorticoids
(Bratts R. et al., 1996). Anti-inflammatory natural products have long been employed in folk
medicine for ailments like fevers, pain, and arthritis, and their use is gaining popularity as the
role of inflammation in disease becomes clearer. Terpenoids, flavonoids, and other
phytochemicals are highlighted in reports for their anti-inflammatory properties (Srivastava
R. et al., 1985).

2.1.1 Classification of Anti-inflammatory Drug

Type B adverse drug reactions, as classified by the WHO, are unpredictable and occur in
susceptible individuals, including hypersensitivity reactions to NSAIDs. These should be
distinguished from Type A reactions, which are predictable based on pharmacological
mechanisms and occur in everyone at sufficient doses (Kowalski ML et al., 2012).
Hypersensitivity to NSAIDs can manifest in two ways: cross-reactive and specific. In cross-
reactive NSAID hypersensitivity, symptoms arise from multiple, chemically unrelated
NSAIDs that inhibit the COX-1 enzyme, and the reaction is not immunological. Conversely,
some patients may only react to specific NSAIDs or those from the same chemical group,
while tolerating other unrelated drugs (Table 1 provide examples of NSAIDs by chemical
structure). These specific reactions are considered allergic hypersensitivity reactions and can
be either immunologically mediated (IgE or T-cell) or nonimmunologically mediated (cross-
reactive). The timing of reactions (immediate or delayed) and the range of reacting
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medications can provide clues about the underlying mechanism, but mixed or atypical
reactions may also occur in clinical practice (Caimmi S et al., 2012).

Terminology such as intolerance, pseudoallergy, and idiosyncrasy, previously used to
describe nonimmunologically mediated hypersensitivity reactions to NSAIDs, should be
avoided. NSAIDs, including aspirin, exert their anti-inflammatory effects by inhibiting
cyclooxygenases, which produce prostaglandins and thromboxanes. Historically,
hypersensitivity reactions to NSAIDs were termed "aspirin-induced reactions" (e.g., aspirin-
induced asthma, aspirin-induced urticaria). However, recent data indicate that non-aspirin
NSAIDs are responsible for most hypersensitivity events, making the term "aspirin" less
relevant. Therefore, the term "NSAIDs" is now preferred in describing these reactions
(Stevenson DD et al.,, 2001). According to the EAACI/WAO nomenclature, NSAID
hypersensitivity reactions are classified as either allergic (immunologically mediated) or
nonallergic, based on the presence or absence of immunological mechanisms (Rawlins MD
et al., 1977).

Table 1 NSAIDs classified according to the chemical structure

Chemical group Drug

Salicylic acid |Aspirin (acetylsalicylic acid) Sodium salicylate Salsalate Diflunisal
derivates Salsalate Sulfasalazine

Para-aminophenol  |Acetaminophen (paracetamol)

Propionic acid [[buprofen Fenoprofen, Flurbiprofen, Ketoprofen,
derivates Naproxen

, Oxaprozin
Acetic acid |Diclofenac, Ketorolac, Indomethacin, Sulindac,
derivatives Etodolac

. Tolmetin, Nabumetone

Enolic acid |Pyrazolones, Phenylbutazone, Dipirone

derivatives Oxicams: Piroxicam, Meloxicam, Tenoxicam, Lornoxicam
Fenamic acid Mefenamic acid, Meclofenamic acid, Flufenamic acid, Tolfenamic
derivatives acid

(Fenamates)

Selective  COX- [Celecoxib, Rofecoxib (withdrawn from the market)Valdecoxib
2 inhibitors (withdrawn from the market)

(Coxibs)

3. Antidiabetic Agents

Diabetes mellitus, marked by hyperglycemia due to impaired insulin function or secretion,
leads to complications in the kidneys, eyes, and nerves. Type 2 diabetes (T2D) affects over
90% of diabetes patients and is often managed with a combination of drugs, as single
medications rarely control blood glucose long-term. Novel treatments are needed due to the
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risk of severe hypoglycemia from existing drugs. Small-molecule allosteric glucokinase (GK)
activators, including Piragliatin and AZD6370, show promise in lowering glucose levels and
advancing in clinical trials, though they may cause side effects like hypoglycemia. GK
activators, particularly 3,5-disubstituted benzamide derivatives, are being developed to
improve glucose control by enhancing interactions with GK’s allosteric site (Grewal Ajmer
Singh et al., 2019).

Alpha-glucosidases are enzymes that hydrolyze glycosidic linkages in oligosaccharides and
polysaccharides to release glucose and monosaccharides. Predominantly located at the small
intestine's brush border, these enzymes facilitate glucose absorption (Moorthy NS et al.,
2012). Alpha-glucosidase inhibitors (AGIs) like acarbose and miglitol help manage Type 2
diabetes by slowing glucose absorption and release, thus reducing postprandial blood glucose
levels. However, they can cause significant gastrointestinal issues (Wardrop DJ et al.,
2010). Recent research focuses on developing new AGIs from natural glycosides, including
stable glucosides and benzoxazine derivatives, to improve treatment and minimize side
effects (Macias FA et al., 2009).

Biologically inactive glucosides are converted by B-glucosidases into active aglycones such
as DIMBOA (2,4-dihydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-one) and its desmethoxy
derivative DIBOA, which exhibit anti-auxin, anti-inflammatory, and potent antibiotic
activities. These aglycones spontaneously degrade into benzoxazolinones like MBOA (6-
methoxy-benzoxazolin-2(3H)-one) and BOA, with degradation accelerated by electron-
donating or hydroxyl groups on the benzene ring and amide linkage (Kato-Noguchi H.,
2008). Diabetes mellitus, particularly Type 2 diabetes (T2-DM), is a major global health issue
with around 300 million cases worldwide. It is linked to severe complications such as
cardiovascular disease, stroke, retinopathy, kidney failure, and may lead to limb amputations.
T2-DM treatment includes oral hypoglycemic agents like sulfonylureas, thiazolidinediones,
incretin-based therapies, a-glucosidase inhibitors, and injectable insulin. Recent research
emphasizes early management of diabetes by delaying glucose absorption and enhancing
insulin secretion through a-glucosidase inhibition (Li JM et al., 2007).

3.1 Classification of Diabetes Mellitus:
3.1.1 Earlier classifications

The WHO published the first widely accepted classification of diabetes mellitus in 1980,
which was updated in 1985. The 1980 classification included medical and predictive risk
categories, defining diabetes as Type 1 (IDDM) and Type 2 (NIDDM). In the 1985 update,
the terminology Type 1 and Type 2 was replaced, but IDDM and NIDDM were retained, with
the addition of a new category, Malnutrition-Related Diabetes Mellitus (MRDM). The
classification also covered other types of diabetes, such as Impaired Glucose Tolerance (IGT)
and Gestational Diabetes Mellitus (GDM). These classifications were later incorporated into
the International Nomenclature of Diseases (IND) in 1991 and the tenth revision of the
International Classification of Diseases (ICD-10) in 1992. The 1985 classification remains
widely accepted, providing a clinically useful framework despite not always specifying the
exact etiology of diabetes, and includes considerations for both dialysis and its staging.
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3.1.2 Revised classification

According to Kuzuya and Matsuda, the classification system for diabetes mellitus
encompasses all clinical stages and etiological forms, as well as other types of
hyperglycemia. This system illustrates that diabetes progresses through various clinical
phases throughout its natural history, and individuals can transition between stages in any
direction. Even without precise knowledge of the underlying etiology, diabetes can be
classified by clinical characteristics. Antidiabetic medications aim to manage blood glucose
levels, reducing some of the complications associated with diabetes by keeping blood sugar
levels within or near the normal range. These drugs work by increasing insulin levels,
enhancing the body's sensitivity to insulin, or decreasing glucose absorption in the intestines.

4 General Procedure Preparation of Anthranilic Acid

Dissolve 30 grams of sodium hydroxide in 120 ml of water in a 350 ml flask. Cool to 0°C or
below using an ice and salt bath. Add 26.2 grams (0.16 mol) of bromine slowly, stirring until
it reacts. Cool again to 0°C. Prepare a solution of 22 grams of sodium hydroxide in 80 ml of
water. Add 24 grams of finely powdered phthalimide to the cold sodium hypobromite
solution, stirring to form a smooth paste. Remove from the ice bath and shake for 5 minutes
until a clear yellow solution forms. Add the sodium hydroxide solution quickly, heat to 80°C
for 2 minutes, and filter if necessary. Cool in ice and add concentrated hydrochloric acid
slowly until neutral (about 60 ml). Reserve some alkaline solution in case too much acid is
added. Precipitate anthranilic acid by adding 20-25 ml of glacial acetic acid gradually.
Transfer the mixture to a 1-liter beaker due to foaming. Filter, wash with cold water,
recrystallize from hot water with decolorizing carbon, and dry at 100°C. The yield is 14
grams (62%) with a melting point of 145°C.

0 1.NaOBr NH2
CﬁNH NaOH @iNHz 2.HCl C[:
ONa* COOH
0 Anthranillic Acid
Phthalimide

4.1 Preparation of lodinated Anthranilic Acid

NH> Iy /@iNH2
KOH.Sodium bi Sulphite
@[ [ Rk e ] 'wrrJE.r‘_r‘_r‘r: | COOH

COOH

Using a mechanical stirrer, 25 grams (0.184 mol) of recrystallized anthranilic acid (melting
point 145°C) was dissolved in a solution of 16.9 grams of Shick KOH in 500 ml of water
within a 2-liter beaker. To this well-stirred potassium anthranilate solution, a solution of 46.5
grams (0.184 mol) of iodine in 500 ml of water containing 24.75 grams of Shick KOH was
added slowly. After one minute, 100 ml of glacial acetic acid was quickly introduced, and the
reaction mixture was immediately diluted with 500 ml of water. A dark precipitate began to
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form almost immediately, and stirring was continued for one hour, during which the
precipitate turned a light brown color.

After standing undisturbed for two hours, excess iodine was removed by adding 255 ml of
15% sodium bisulfite and stirring thoroughly. The mixture was then allowed to stand briefly
before the precipitate was collected, washed repeatedly with water, and air-dried.
Crystallization from dilute alcohol yielded 34.84 grams (72.2%) of a pure product with a
melting point of 200-205°C. A portion of this product, when mixed with an authentic
specimen of 2-amino-5-iodobenzoic acid, showed no depression in the melting point,
confirming its identity. Further verification was achieved by comparing melting points with
known samples. Repeating the procedure with different amounts of starting material
consistently gave good yields.

Melting Point: 200-205°C , Yield: 68% , Rf Value: 0.65

4.2 Preparation of Brominated Anthranilic Acid

@[ ooy KOHSedum bisuphie g CooH

Using a mechanical stirrer, 25 grams (0.184 mol) of recrystallized anthranilic acid (melting
point 145°C) was dissolved in a solution of 16.9 grams of Shick KOH in 500 ml of water
within a 2-liter beaker. To this well-stirred potassium anthranilate solution, a solution of 46.5
grams (0.184 mol) of bromine in 500 ml of water containing 24.75 grams of Shick KOH was

added slowly. After one minute, 100 ml of glacial acetic acid was quickly introduced, and the
reaction mixture was immediately diluted with 500 ml of water. A dark precipitate began to
form almost immediately, and stirring continued for one hour, during which the precipitate
turned a light brown color.

After allowing the mixture to stand undisturbed for two hours, excess bromine was removed
by adding 255 ml of 15% sodium bisulfite and stirring thoroughly. The mixture was then
allowed to stand briefly before the precipitate was collected, washed repeatedly with water,
and air-dried. Crystallization from dilute alcohol yielded 34.84 grams (72.2%) of a pure
product with a melting point of 100-105°C. When a portion of this product was mixed with
an authentic specimen of 2-amino-5-bromobenzoic acid, no depression in the melting point
was observed, confirming its identity. Further confirmation was achieved by comparing
melting points with known samples. Repeating the procedure with different amounts of
starting material consistently yielded good results.

Melting Point: 100-105°C, Yield: 79%, Rf Value: 0.71
5 Benzoxazine Derivatives

5.1 Preparation of 7-bromo-2-(-2-chloronapthalen-6-yl)-4H-benzo[d][oxazine-4-one](K;)
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A stirred solution of 2-amino-5-bromobenzoic acid in dry pyridine was treated with para-
chlorobenzoyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was

removed under vacuum. The resulting liquid was then poured over crushed ice, leading to the
formation of 7-bromo-2-(-2-chloronaphthalen-6-yl)-4H-benzo[d][oxazine-4-one]. The
product was obtained with a melting point of 150-155°C and a yield of 77%. The Rf value
was measured at 0.78.

5.2 Preparation of 2-(-2-chloronapthalen-6-yl)-7-iodo-4H-benzo[d][1,3]oxazine-4-one
(K2)

Con  CiceHscocl 0
I/©:NH2 Dry Pyridine - I N/)\‘
L

A stirred solution of 2-amino-5-bromobenzoic acid in dry pyridine was treated with chloro
benzoyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was
removed under vacuum, and the remaining liquid was poured onto crushed ice. This process
yielded 2-(2-chloronaphthalen-6-yl)-7-iodo-4H-benzo[d][1,3]oxazin-4-one. The product had
a melting point of 250-255°C and a yield of 62%. Its Rf value was 0.60.

5.3 Preparation of 2-(chloromethyl)-7-iodo-4H-benzo[d][1,3]oxazine-4-one (K3)

A stirred solution of 2-amino-5-iodobenzoic acid in dry benzene was treated with
chloroacetyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was
removed under vacuum, and the remaining liquid was poured onto crushed ice to obtain 5-
iodo-2-N-chloroanthranilic acid. This compound was then refluxed with acetic anhydride
under anhydrous conditions, resulting in the formation of 2-chloromethyl-6-i0odo-1,3-
benzoxazine-3,4-dihydro-4-one. The product had a melting point of 220-225°C, a yield of
78%, an Rf value of 0.58, and a mass of 321.67 g/mol.

5.4 Preparation of 7-bromo-2-(naphthalene-3-yl)-4H-benzo[d][1,3]oxazine-4-one (K)

A stirred solution of 2-amino-5-bromobenzoic acid in dry pyridine was treated with chloro-
benzoyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was
removed under vacuum, and the remaining liquid was poured onto crushed ice to yield 7-
bromo-2-(naphthalene-3-yl)-4H-benzo[d][1,3]oxazin-4-one. The product had a melting point
of 50-55°C, a yield of 68%, and an Rf value of 0.76.
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5.5 Preparation of 7-iodo-2-(naphthalen-3-yl)-4H-benzo[d][1,3]oxazine-4-one (K5)

E o
/@ OH  CsHsCOCI /@flo
| NH; Dry Pyridine | N

A stirred solution of 2-amino-5-bromobenzoic acid in dry pyridine was treated with chloro-
benzoyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was
removed under vacuum, and the remaining liquid was poured onto crushed ice, resulting in
the formation of 7-iodo-2-(naphthalene-3-yl)-4H-benzo[d][1,3]oxazin-4-one. The product
exhibited a melting point of 260-265°C, a yield of 58%, and an Rf value of 0.56.

5.6 Preparation of 2-(chloromethyl)-7-Bromo-4H-benzo[d][1,3]oxazine-4-one (Ks)

(0]
Lo ™ r
OH  CICH, COCI U Vet
Br NH Dry Benzene Reflux
? B NHCOCH,CI Br N CH,CI

A stirred solution of 2-amino-5-bromobenzoic acid in dry benzene was treated with
chloroacetyl chloride (0.12 M) and refluxed for two hours. After refluxing, the solvent was
removed under vacuum, and the remaining liquid was poured onto crushed ice to yield 5-
bromo-2N-chloro anthranilic acid. This compound was then refluxed with acetic anhydride
under anhydrous conditions to produce 2-chloromethyl-6-i0odo-1,3-benzoxazine-3,4-dihydro-
4-one. The final product had a melting point of 230-235°C and a yield of 85%.with Rf value
of 0.78.

Table Identification of Benzoxazine Derivates by Physical Parameter

Compound | X R M.P ( ) ‘¢ | Yield (%) R¢ value
no.

K, Br CICcH5COCI1 | 150-155 C. | 85 0.78

K, I CIC¢HsCOCI | 250-255 C° | 68.2 0.60

K; I CICH,COCI |220- 225°C|58.2 0.65

K4 Br CsHsCOCI 55- 55°C | 72 0.76

Ks I CsHsCOCl 260-265 C. | 55 0.56

420



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

Ks Br CICH,COCI |230-235 C. \69 \0.78

6. Pharmacological Activity
6.1 Anti-Inflammatory Activity

Since benzoxazine derivatives are known for their anti-inflammatory properties, several new
derivatives (K1 to K5) were synthesized and evaluated for their anti-inflammatory activity.
The results showed that all these compounds exhibited only moderate to poor anti-
inflammatory effects. The study identified a relationship between the structural modifications
of these benzoxazine derivatives and their anti-inflammatory efficacy. Detailed findings of
the activity are provided below.

6.1.1 Animals

Albino rats, weighing 200-300 g and of either sex, were used in the study. They were sourced
from the Institute of Foreign Trade and Management animal house. The rats were provided
with a standard chow diet and water ad libitum. They were kept in polypropylene cages under
standard conditions with a 12-hour light/dark cycle. Prior to the experiment, the rats were
fasted for 24 hours but had free access to water. The experimental protocol was approved by
the institutional animal ethics committee.

6.1.2 Carrageenan Induced Paw Edema Method

The synthesized compounds were assessed for anti-inflammatory activity using the
carrageenan-induced paw edema method. Albino rats (200-300 g) were divided into seven
groups, each consisting of six animals. Group-I served as the control, Group-II as the
standard, and the remaining four groups were designated as Test Groups K1 through K5. A
mark was made on the left hind paw of each rat just beyond the tibio-tarsal junction to ensure
consistent paw volume measurement. Initial paw volumes were recorded using the mercury
displacement method.

Group-I (control) received an oral dose of 1% carrageenan solution in gum acacia (1 ml/100
g body weight). Group-II (standard) was treated with Diclofenac sodium (10 mg/kg body
weight, orally). Test Groups K1, K2, K3, and K4 received synthesized compounds at a dose
of 200 mg/kg body weight, orally. Thirty minutes after treatment, rats were injected
subcutaneously with 0.1 ml of a 1% carrageenan solution into the plantar side of the left hind
paw. Paw volume was measured using a plethysmometer at 1, 2, and 3 hours post-
carrageenan injection. The percentage increase in paw volume for animals treated with
synthesized compounds and the standard was compared to that of the control group. Percent
inhibition was calculated using the standard formula.

% Inhibition = (1-Vt/ Vc)*100

Where, Vt and Vc are the mean change in paw volume of treated and control rats
respectively.

6.2 Antidiabetic Activity
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6.2.1 Animals

Albino rats (200-300 g) of either sex were used in the study, sourced from the animal house at
Shri Venkateshwara University. The rats were provided with a standard chow diet and water
ad libitum and housed in polypropylene cages under standard conditions (12-hour light/dark
cycle). They were fasted for 24 hours before the experiment, although they had free access to
drinking water. The experimental protocol received approval from the Institutional Animal
Ethics Committee (IAEC).

6.2.2 Experimental Induction of Diabetes

The animals were fasted for 24 hours before diabetes was induced using a single
intraperitoneal injection of freshly prepared alloxan monohydrate solution (130 mg/kg) in
ice-cold 0.9% saline. To counteract drug-induced hypoglycemia, the rats were immediately
given 2 ml of 5% dextrose solution via an orogastric tube. After 72 hours, rats with blood
glucose levels exceeding 200 mg/dL were classified as diabetic. Blood glucose levels were
measured at 0, 30, 60, 90, and 120 minutes using a SUGAR SCAN Glucometer (Thyrocare),
and the rats with the required glucose levels were selected for the experiment (Kankam
Sunitha et al., 2014).

Group I: Rats served as normal- control and receives 5% gum acacia
Group II: Diabetic rats received 5% gum acacia served a diabetic control
Group III: Diabetic rats served as standard received glibenclamide (10mg/kg b.wt).

Group IV - Group VII: Rats were administered with (test compounds, 10 mg/kg b.wt)
orally.

7. CONCLUSION

This review has provided a comprehensive overview of the synthesis, characterization, and
pharmacological evaluation of halogenated benzoxazine derivatives. The synthesis of these
compounds involves a variety of methods and reagents, including chloroacetyl chloride and
various anhydrides, to yield benzoxazine derivatives with potential therapeutic applications.
Characterization techniques such as melting point determination, Rf value assessment, and
structural analysis have been crucial in confirming the identity and purity of these derivatives.

Pharmacological evaluations, including anti-inflammatory and anti-diabetic activities, reveal
that while halogenated benzoxazine derivatives exhibit promising biological activities, the
effectiveness varies significantly among different compounds. The reviewed studies highlight
that certain derivatives, such as those with iodine or bromine substitutions, show notable anti-
inflammatory effects, although their overall efficacy remains moderate. Additionally, the
induction of diabetes in experimental models and subsequent treatment with these derivatives
provides insight into their potential as therapeutic agents for managing diabetes.

Overall, the reviewed literature underscores the potential of halogenated benzoxazine
derivatives as valuable candidates for drug development. However, the variations in
pharmacological responses suggest that further research is necessary to optimize their
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therapeutic profiles. Future studies should focus on improving the efficacy of these
compounds, understanding their mechanisms of action, and evaluating their safety profiles to
enhance their potential for clinical use.

REFERENCES

1) Akhter Mymoona, Husain A, Akhter N, Khan MSY., 2021 Synthesis, Antiinflammatory
and Antimicrobial Activity of Some New 1-(3-Phenyl-3,4-Dihydro- 2H-1,3-Benzoxazin-6-
yl)-Ethanone Derivatives, volume 104, page 1-12.

2) Trybula Danuta, HarychMarszalek Aleksandra, GazinskaMalgorzaska, Berski Slawomir, J
drzkiewiczDawid, Ejfler Jolanta., 2020 N Activated 1, 3-Benzoxazine Monomer as a Key
Agent in Polybenzoxazine Synthesis, volume 53, page 8202-8215.

3) Sharaf eldinElsalam, Abd Nabaweya., 2019 3.4 dihydro 2h 1,3 benzoxazines and their oxo
derivatives chemistry and bioactivities,volume 7,page.01-03.

4) Zahorulko S. P, VarenichenkoSvetlana A., 2019 Investigation of Antimicrobial Activity of
1, 3-benzoxazine Derivatives, volume 35, page 349-355.

5) Jangid Dinesh Kumar, Dhadda Surbhi., 2019 Phenacyl Bromide: An Organic Intermediate
for Synthesis of Five- and Six-Membered Bioactive Heterocycles, volume 168, page 2-21.

6) Onys ko Petro P, Zamulko Kateryna A, SyzonenkoYaroslav A, Kyselyova Olenal., 2017
Novel 2H-1,3-benzoxazine ring formation by intramolecular heterocyclization of N- -
aryloxyalkyl)imidoyl chlorides, volume 63, page 421-428.

7) Pancrazzi Francesco, Motti Elena, Elena Mirco, Mancuso Raffaella, Gabriele Bartolo,
Della Nicola.,, 2017 (Z)-4-(Carbomethoxymethylene)-2-(4-fluorophenyl)- 4H-benzo[d]
[1,3]oxazine, volume 116, page 2-5.

8) Mohamed Suleman Malik, MakiToshihide, ShahMohammad Monir, IchinoseYoshio.,
2016 Synthesis and Antimicrobial Activity of Nitrobenzyl-oxy- phenol Derivatives, volume
39,page-1888-1892.

9) Mahdjoub Sara, DerabliChamseddine, BoulcinaRaouf.,2016 Design and synthesis of novel
2-hydroxy-1,4-benzoxazine derivatives through three-component Petasis reaction catalysed
by pyridinium-toluene-sulphonate, volume 40, page 449-452.

10)  Subba Reddy B. V,BabuR. Anji, ReddyM.Ramana, ReddyB. Jagan Mohan, Sridhar
B., 2014 Intramolecular C O/C S bond insertion of adiazoesters for the synthesis of 2-aryl-
4H-benzo[d] [1,3]Joxazine and 2-aryl-4 benzo[d][1,3]thiazine derivatives, volume 106, page
44629-44633.

11) Voiciuk Vladislava, Redeckas Kipras, MartynaitisVytas, Steponaviciute Rasa, Sackus
Algirdas, VengrisMikas., 2014 Improving the photochromic properties ofindolo[2,1-
b][1,3]benzoxazines with phenylic substituents, volume 278, page 60-68.

12) G. Naveen kumar, Subramanian N. S, Devi M. R, Harathi P, Latha N. S, Thapaswini
G, Ravikanth.N., 2014 synthesis, characterization pharmacological evaluation and molecular
docking studies of novel benzoxazine derivatives for the treatment of inflammation, volume
5, page 3987-3994.

13)  Didwagh Sayaji S, PistePravina B et al., 2013 Novel one - pot Synthesis and
Antimicrobial Activity of 6-chloro-2,4- diphenyl 3,4-dihydro-2H-1,3-benzoxazine derivatives
International Journal of ChemTech Research CODEN( USA): [JCRGG ISSN : 0974-4290
Vol.5, No.5, pp 2199-2203.

14) Al-Qahtani Ali Abdullah, Al-Turki Turki M, Mousa Ahmed Amine, Al-Mazroa Sara
Abdullah, Khan M., 2012 Simple and selective synthesis of1, 3-benzoxazine derivatives, vol.
28, oriental journal of chemistry, page no. 287-295.

15)  Habib Osman M. O, Hassan Hussein M, El-Meka Ahmed., 2012 Studies on Some
Benzoxazine-4-one Derivatives with Potential Biological Activity, page no.45-51.

423

s l I*"/\ I\I =~

l!!:]l | l'l‘l| :ll
I




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

16)  Al-Qahtani Ali Abdullah, Al-Turki Turki M, Mousa Ahmed Amine, Al-Mazroa Sara
Abdullah, Khan M., 2012 Simple and Selective Synthesis of 1,3-Benzoxazine Derivatives,
volume 28, page 287-295.

17) Gilchrist Thomas 1, Wood Jane E., 2011 1, 2-Oxazines and their Benzo Derivatives,
volume 102, page 280-282.

18) Rehwinkel Hartmut, HolscherPeter, JarochStefan, SulzleDetlev, Hillmann Margrit,
Burton Gerardine, Mc Donald Fiona., 2005 Benzoxazine and benzothiazine dervatives and
the use thereof in medicaments, volume 275, page 1-20.

19)  Verma Manjusha, Singh Sundaram, Singh N., 2003 synthesis of some new
benzoxazine derivatives of biological interest, volume 9, page no.5.

20)  Nagarajan K, Goud , A Nagana, Rao V Ranga, Shah. R K, Shenoy S J., 1992
Condensed heterocycles (pyrido 1,2,3- de) (1,4) benzoxazines, pyrido (1,2,3- ef) (1,5)
benzoxazepines and pyrido (1,2,3- fg) ( 1,6)benzoxazocine,volume 104, page 549-550.

21) Kumar G. Naveen, Subramanian N. S, Devi M. R, Harathi P, Latha N. S, Thapaswini
G, Ravikanth.N., 2013 Comparative evaluation of calcium channel blocking activity of novel
amlodipine containing benzoxazine nucleus against amlodipine. Indo American Journal of
Pharmaceutical Research.; 3 : 8146-8153.

22) Miliani Ferrero, Nielsen O H, Andersen P S, Girardin S E., 2007 Chronic
inflammation: Importance of NOD2 and NALP3 in interleukin-1beta generation. Clin. Exp.
Immunol, 147, 227 235.

23)  Yuan Gaofeng, WahlqvistMark L, HeGuoqing, Yang Min, Li Duo ., 2006 Natural
products and anti-inflammatory activity, Asia Pac J Clin Nutr volume 15 (2) page 143- 152.
24) Falcao Heloina de S, LimaVanda L, Igara O. SantosHarlan dos, de F.
DantasMargareth de F.F.M. DinizJos¢é M. Barbosa-FilhoLeonia M. Batista., 2005 Review of
the plants with anti-inflammatory activity studied in Brazil. Braz. J. Pharmacogn, 15, 381
391.

25) Dassoler, M, Lima Igara O, dos Santos Vanda L, Dantas Harlan de F ., 2004
Perfilfitoquimico e ensaiofarmacoldgico de Averrhoa carambola L. (Oxalidaceae). J. Bras.
Fitom, 2, 4 8.

26)  Punj V, Daghfal Sharon, Kanl'war J R,. 2004 Microbialbased therapy of cancer: a
new twist to age old practice. Cancer Biol Ther 2004; 3: 708-714.

27)  Brattsand R, Linden M. Cytokine modulation by glucocorticoids: mechanisms and
actions in cellular studies. Aliment PharmacolTher 1996; 10: 81+90.

28) Srivastava R, Srimal R C. 1985 Modification of certain inflammation induced
biochemical changes by curcumin.Indian J Med Res 1985; 81: 215-223.

29) Kowalski ML, Asero R, Bavbek S, Blanca M, Blanca-Lopez N, Bochenek G,
BrockowE., 2012 Hypersensitivity to drugs and biological agents. In: R Pawankar, W
Canonica, ST Holgate, RF Lockey, editors. WAO White Book on Allergy, Milwaukee: WAO,
:57 61.

30) Caimmi S, Caimmi D, Bousquet P, Demoly P ., 2012 How can we better classify
NSAID hypersensitivity reactions? Validation from a large database. Int Arch Allergy
Immunol ; 159: 306 312.

31)  Stenson, Willium F., 1994 Inflammatory mediators in inflammatory bowel disease.
CurrOpin Gastroenterol; 10: 384+9.

32) Rawlins MD., 1977 Pathogenesis of adverse drug reactions. In: DM Davies
editor. Textbook of Adverse Drug Reactions. Oxford: Oxford University Press: 10.

33)  Grewal Ajmer Singh, Sharma R.K.,2019Classification of allergic and pseudoallergic
reactions to drugs that inhibit cyclooxygenase enzymes. Ann Allergy Asthma Immunol ; 87:
177 180.

424




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

34)  Moorthy N S H N, Ramos M J, Fernandes P A., 2012 Studies on a-glucosidase
inhibitors development: magic molecules for the treatment of carbohydrate mediated
diseases. Mini Rev Med Chem 12: 713 720.
35)  Wardrop DJ, WaidyarachchiSamanthi., 2010 Synthesis and biological activity of
naturally occurring a-glucosidase inhibitors. Nat Prod Rep 27: 1431 1468.
36) Mac Francisco A, Marin David, Oliveros-Bastidas Alberto, Molinillo José M. G .,
2009 Rediscovering the bioactivity and ecological role of 1,4-benzoxazinones. Nat Prod Rep
26: 478 489.
37)  Kato-Noguchi Hisashi., 2008 Effects of four benzoxazinoids on gibberellins induced
alpha-amylase activity in barley seeds. J Plant Physiol 165: 1889 1894.
38)  Jian Mei Li, Chun Tao Che, Clara B S Lau, Po Sing Leung, Christopher H K Cheng.,
2007Desoxyrhaponticin (3,5- dihydroxy-4 -methoxystilbene 3-O-beta-D-glucoside) inhibits
glucose uptake in the intestine and kidney: In vitro and in vivo studies. J Pharmacol Exp Ther
320: 38 46.
39)  Rui Yang, WangYuting, HaoBoran., 2020 Synthesis of ortho-
methyltetrahydrophthalimide functional benzoxazine containing phthalonitrile group:
Thermally activated polymerization behaviors and properties of its polymer, volume 33, page
196-204.
40) Lixiang Zhu, Xiaoyu Ren, Juan Du, Jia-Hong Wu, Jian-Ping Tan,Jixing Che, Jianke
Pan, Tianli Wang.,, 2020 A transition-metal-free multicomponent reaction towards
constructing chiral 2H-1,4-benzoxazine scaffoldsl, volume 7, page 1-158.
41) Saad R Atta-Allah,Ismail Nasser S.M, Nassar Ibrahim F., 2020 Design, synthesis and
anti-inflammatory activity of novel 5-(Indol-3-yl)- thiazolidinone derivatives as COX-2
inhibitors, J PharmacolTher Res . 2020; 5 (2):1-16.
42)  AsahinaYoshikazu, Masaya Takei, Tetsuya Kimura, Yasumichi  Fukuda., 2008
Synthesis and antibacterial activity of novel pyrido [1, 2, 3-de][1, 4] benzoxazine-6-
carboxylic acid derivatives carrying the 3-cyclopropylaminomethyl-4-substituted-1-
pyrrolidinyl group as a C-10 substituent. Journal of medicinal chemistry.;51 (11):323849.
43)  Gurupadayya B, Manohara Y, Gopal M., 2005Synthesis and biological activities of
some 2H-3-(6'-fluoro-7'-substituted-2'-benzothiazolyl)-3, 4-dihydro-1, 3- benzoxazines.
Indian journal of heterocyclic chemistry.; 15(2):113.
44) Yamamoto Satoshi, Shohe Hashiguchi , Shokyo Miki , Yumiko Igata , Toshifumi
Watanabe , Mitsuru Shiraishi.,, 1996 Synthesis and biological activity of novel 1, 3-
Benzoxazine derivatives as K+ channel openers. Chemical and pharmaceutical bulletin. ;44
(4):734-45.
45)  Rajanarendar, Kumar Ramaswami ., 2017 Synthesis and antimicobial activity of new
isoxazolyl-1,3-benzoxazines.Indian Journal of Chemistry - Section B 2008;47(B)(1):112-6.
46) G. Naveen kumar, Subramanian N. S, Devi M. R, Harathi P, Latha N. S, Thapaswini
G, Ravikanth.N,. 2014synthesis, characterization pharmacological evaluation and molecular
docking studies of novel benzoxazine derivatives for the treatment of inflammation IJPSR,
2014; Vol. 5(9): 3987-3994.
47) Mosaad S. Mohamed,Mohsen M Kamel, Emad M M Kassem, NagehAbotaleb, M
Khedr, Marwa F Ahmed., 2011synthesis, biological evaluation and molecular docking of
quinazoline-4(1h)-one derivatives as anti-inflammatory and analgesic agents, Acta Poloniae
Pharmaceutica fi Drug Research, Vol. 68 No. 5 pp. 6651675.
48) Mymoona Akhter, Husain A, Akhter N, Khan M. S. Y., 2011 Synthesis,
Antiinflammatory and Antimicrobial Activity of Some New 1-(3-Phenyl-3,4-Dihydro- 2H-
1,3-Benzoxazin-6-yl)-EthanoneDerivatives,Indian J Pharm Sci, 2011, 73 (1): 101 104.
49) Lakovou K , Kazanis M, Vavayannis A, Bruni G, Romeo MR, Massarelli P, Teramoto
S, Fujiki H, Mori T., 1999 Synthesis of oxypropanolamine derivatives of 3, 4-dihydro- 2H-1,
425

s l I*"/\ I\I =~

l!!:]l | l'l‘l| :ll
I




[JFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876

Research Paper © 2012 IJFANS. All Rights Reserved

4- benzoxazine,[beta]-adrenergic affinity, inotropic, chronotropic and coronary vasodilating
activities. European journal of medicinal chemistry. ;34 (11):903-17.

50)  Chandrika, M.P,Yakaiah T, Rao A Raghu Ram, Narsaiah B, Reddy N Chakra, Sridhar
V, Rao J Venkateshwara., 2008 Synthesis of novel 4,6-disubstituted quinazoline derivatives,
their anti-inflammatory and anticancer activity (cytotoxic) against U937 leukemia cell lines.
European journal of medicinal chemistry, (43), page 846-852.

51) Siddapa K, Reddy Tukaram, Mallikarjun M, Reddy C.V., 2008 Synthesis,
characterization and antimicrobial studies of 3-[2-Hydroxy-quinolin-3-ylmethylene)- amino]-
2-phenyl-3H-quinazoline-4-one and its metal complexes. European journal of chemistry,
volume (5), page 155-162.

52)  Maninder S, Singh KM., 2008 3, 3-Dicubstituted-1,2,3,4,5,6,7,8-octahydroquinazolin-
2-thiones: synthesis, antimicrobial evaluation and QSAR investigations using Hanch analysis.
Arch.Pharm.Chem, volume (341), page 231-239.

53) Dolzhenko Anton V, Dolzhenko Anna, Chui Wai Keung., 2008 Simple synthesis of 2 -
amino-4-(het) aryl-4,6-dihydro-1(3)(11)H-[1,3,5] triazino[2,1-b] quinazoline-6-ones. Journal
of Heterocyclic Chemistry, volume (45), page 173-176.

54)  Yong Ho Na, Sung Ho Hong, Jung Hyang Lee, Woo-Kyu Park, Du-Jong Baek, Hun
Yeong Koh, Yong Seo Cho, Hyunah Choo, Ae NimPae., 2008 Novel quinazoline derivatives
as 5-HT receptor ligands. Bioorganic and Medicinal Chemistry, volume (16), page 2570-
2578.

55)  Thurmond John, Matthew E R Butchbach, Palomo Marty, Pease Brian, RaoMunagala,
Bedell Louis, Keyvan Monica, Grace Pai, Mishra Rama, Haraldsson Magnus,
ThorkellAndresson, GisliBragason, Margret Thosteinsdottir, Jon Mar Bjornsson, Daniel D
Coovert, Arthur H M Burghes, Mark E Gurney, SinghJasbir., 2008 Synthesis and biological
evaluation of novel 2,4-diaminoquinazoline derivatives as SMN2 promotor activators foe the
potential treatment of spinal muscular atrophy. Journal of Medicinal Chemistry, volume (51),
page 449-469.

56) Jatav Varsha, Mishra Pradeep, Kashaw Sushil, Stable J.P et al., 2008 Synthesis and
depressant activity of some novel 3-[5-substitutedl, 3, 4-thiadiazole-2-yl]-2-styryl
quinazoline-4(3H)-ones. European Journal of Medicinal Chemistry, volume (43), page 135-
141.

57) VaranoFlavia, Catarzi Daniela, Colotta Vittoria, OmbrettalLenzi, Guido Filacchioni,
Alessandro Galli, Chiara Costagli et al., 2008 Novel AMPA and kinate receptor antagonist
containing the pyrazolo[1,5-c] quinazoline ring system: synthesis and structure activity
relationship. Bioorganic and Medicinal Chemistry Letters, volume (16), page 2617-2626.

58) Lakovou K , Kazanis M, Vavayannis A, Bruni G, Romeo MR, Massarelli P, Teramoto
S, Fujiki H, Mori T.,1999 Synthesis of oxypropanolamine derivatives of 3, 4-dihydro- 2H-1,
4- benzoxazine,[beta]-adrenergic affinity, inotropic, chronotropic and coronary vasodilating
activities. European journal of medicinal chemistry. ; 34(11):903-17.

59)  AlgarsamyV, Solomon V Raja, Dhanabal., 2008 Synthesis and pharmacological
evaluation of some 3-phenyl-2-substitited-3H-quinazolin-4-one as analgesic, anti-
inflammatory agents. Bioorganic and Medicinal Letters, volume (15), page 235-241.

60) Reddy P. Srinivasa, Rao Gopal Krishna, Pal Sanjay,
VenugopalaKatharigattaNarayanswamy., 2007 Synthesis of some quinazoline as analgesic
and anti-inflammatory agents. Indian Journal of Heterocyclic Chemistry, volume (16), page
243-246.

61) Patel Tarosh, Vanparia Satish, Dixit Ritu.B, Patel Urmila.H., 2007 2, 3-Disubstituted
quinazoline-4(3H)-ones as antimicrobial agents. Indian Journal of Heterocyclic Chemistry,
volume (16), page 247-250.

426

s l I*"/\ I\I =~

l!!:]l | l'l‘l| :ll
I




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

62) Sharma R.L, Singh Jasvir, Kumar Surindra, Kaur Daljeet, Sachar Anand, Shallu,
Bhavna, Poonam., 2007Synthesis of quinazolinophanes containing bridgehead nitrogen
atoms from quinazolin-2,4(1H,3H)-dione. Journal of Heterocyclic Chemistry, volume (44),
page 1501.
63) Liu.Gang, Yang Song, Song Baoan, Hu Deu, Lu Ping., 2006 Microwave assisted
synthesis of N-Aryl heterocyclic substituted 4-aminoquinazoline derivatives. Molecules,
volume (11), page 272-278.
64) HaytaS Alper, Aki-Sener E, Tekiner-Gulbas B, Yildiz I, Temiz-Arpaci O, Yalcin I,
Altanlar N., 2006 Synthesis, antimicrobial activity and QSARs of new benzoxazine- 3-ones.
European journal of medicinal chemistry.; 41(12):1398-404.
65) Nandy, Nandy P, Vishalakshi M.T, Bhat A.R., 2006 Synthesis and antitubercular
activity of Mannich bases of 2-methyl-3H-quinazolin-4-ones. Indian Journal of Heterocyclic
Chemistry, volume (15), page 293-294.
66) Sharma Chetan, Aneja Deepak K , Lohan Poonam, Arora Sanjiv, Kamal R Aneja, Om
Prakash., 2006 Synthesis of 1, 2, 4-tetrazolo-and 2-pyazolyl-quinazolines. Indian Journal of
Heterocyclic Chemistry, volume (15), page 101-104.
67) Kumar Mahendra, Sharma Sulochana, Sharma Kailash, Pathak Sakshi, Sharma
Praveen Kumar.,2005 A catalyst and solvent free selective approach to biologically important
quinazolines and benzo [g] quinazoline Tetrahedron. Volume (61), page 3533-3538.
68) Varano Flavia, Catarzi Daniela, Colotta Vitoria, Calabri Francesca Romana et al.,
2005 1-Substituted pyrazolo[1,5-c] quinazolines as novel Gly/NMDA receptor antagonist:
Synthesis, biological evaluation and molecular modeling study. Bioorganic and Medicinal
Chemistry, volume (13), page 5536-5549.
69) Jantova Sona, StankovskyStefan ,Spirkova Katarina., 2004 In vivo antibacterial
activity of ten series of substituted quinazolines. Biologia, Bratislavia, volume (59), page
741-752.
70) Bhattacharjee Stanton,B, Hamont,V.E.J, Milhous,K.W., 2004 Structure activity
relationship study of antimalarial indolo[2,1-b] quinazoline-6,12-diones (tryptanthrins). Three
dimensional pharmacophore modeling and identification of new antimalarial candidates.
European Journal of Medicinal Chemistry, volume (39), page 57-59.
71) Cumming John G , McKenzie Caroline L, Bowden Stuart G, Campbell Douglas,
Masters David J, Breed Jason, Jewsbury Philip.,2004 Novel, Potent and selective
anilinopyrimidines inhibitors of p38 MAP kinase. Bioorganic and Medicinal Chemistry
Letters, volume (14), page 5389-5394.
72) Archana, Shrivastava V.k, Kumar Ashok., 2004 Synthesis of some newer derivatives
of substituted quinazolinyl-2-oxo/thiobarbituric acid as potent anticonvulsant agents.
Bioorganic and Medicinal Chemistry, volume (12), page 1257-1264.
73)  Park hyenJoo, Kim Young Shin, Kim Jin Sung, Lee Eun Sung., 2004 6-Arylamino-7-
chloro-quinazoline-5,8-diones as novel cytotoxic and DNA topoisomerase inhibitory agents.
Bioorganic and Medicinal Chemistry Letters, volume (14), page 3385-3388.
74)  Collotta, et al., 2004 3-Hydroxy-quinazoline-2,4-dione as a useful scaffold to obtain
selective Gly/NMDA receptor antagonist. Bioorganic and Medicinal Chemistry Letters,
volume (14), page 2345-2349.
75)  Bowman, W. Russell, Heaney Harry, Smith Philip H. G., 2003 Synthesis of 1H-
quinazoline-4-ones using intramolecular aromatic nucleophillic substitution. ARKIVOC,
page 434-442.
76)  Tobe Masanori, Nagasaki Takahiro, Tomizawa Hideyuki., 2003 Structure activity
relationships of 6-fluoroquinazolines: Dual acting compounds with inhibitory activities
towards both TNF- production and T cell proliferation. Bioorganic and Medicinal Chemistry,
volume (11), page 609-616.

427

s l I*"/\ I\I =~

l!!:]l | l'l‘l| :ll
I




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved

77) Jantova Sona, StankovskyStefan ,Spirkova Katarina., 2003 Introduction of
cytotoxicity a DNA breaks by 9-morpholino-tetrazolo [1, 5-¢] quinazoline in tumor cells
cultured in vitro. Toxicology, volume (17), page 457-463.

78)  Okozumi A.Y., 2002Efficient solid phase synthesis of quinazoline-2, 4-diones with
various substituents on aromatic rings. Tetrahedron, volume (59), page 5603-5608.

79) Rioja Inmaculada, Terencio M Carmen, Ubeda Amalia, Molina Pedro, Tarraga
Alberto, Gonzalez-Tejero Antonia, Alcaraz M José., 2002 A pyroloquinazoline with anti-
inflammatory and analgesic activity by dual inhibition of cyclooxygenase-2 and 5-
lipooxygenase. European Journal of Pharmacology, volume (434), page 177-185.

80) Chiua R, Benabdelouahab F, Chioua M, Martinez-Alvarez R, Herrera Fernandez A.,
2002 Synthesis of novel quinazoline derivatives via pyrimidines ortho-quinodimethane.
Molecules, volume (7), page 507-510.

81)  Patel Tarosh, Vanparia Satish, Dixit Ritu.B, Patel Urmila.H., 2002 Fused heterocyclic
11-amino-13H-acenaphtho [1,2-e] Pyridazino [3,2-b] quinazoline-13-one based monoazo
disperse dyes. Dyes and Pigments, volume (52), page 191-198.

82) FringuelliRenata, Nicola Giacche, Milanese Lara, Cenci Elio, Macchiarulo Antonio,
Vecchiarelli Anna, Costantino Gabriele, Schiaffella Fausto.,(2009) Bulky 1, 4-benzoxazine
derivatives with antifungal activity. Bioorganic & medicinal chemistry. ;17(11):3838-46.

83)  UsifohCyril O., 2000 Synthesis and anticonvulsant activity of acetylenic
quinazolinone derivatives. Arch.Pharm. Pharmaceutical. Medicinal, Chemistry, volume (333),
page 261-266.

84) Pritchard Kaylene , Al-Rawi Jasim, Bradley Christopher.,(2007) Synthesis,
identification and antiplatelet evaluation of 2-morpholino substituted benzoxazines. European
journal of medicinal chemistry. ; 42(9):1200-10.

85)  Arora Rashmi, Gill N.S, Kapoor Ashish., 2013 synthesis of quinazolinone based
Schiff bases as potential anti-inflammatory activity, Journal of Pharmacy and Allied Health
Sciences 4 (1) : 15-23.

86) Sunitha Kankam, Kumar Murahari Kiran, Reddy Bhuphathi Kalam,
DasariVarapraprasad, Rao Gangula Mohan, Baru Vijay Kumar.,, 1997 Synthesis And
Pharmacological Evaluation Of New 3,4-Dihydro-2h-Benzo-[1,4]-Oxazine-7- Sulfonamide
Derivatives As Anti Diabetic Agents, Int J Pharm Bio Sci; 5(4).

428




