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Abstract

Five-membered cyclic compound that contains (C=N-O) bond, like isoxazoline having
bioorganic and pharmacological importance is considered as useful transformation intermediate
to a large number of bioactive molecules. It is well known from scientific literatures that this
class of hetero-compounds has biological activities. So, this discussed the synthetic methods of
these building blocks targeting bioactive molecule containing isoxazoline ring with advanced
and varied medical applications. A large number of research and review studies describe new
synthesis pathways of isoxazolines derivatives would represent a promising matrix for the
further development of the isoxazoline core which could be a leading core for future

developments to obtain safer and more effective therapies.

Keywords: Heterocyclic compounds, Isoxazoline, Biological activities, Anticancer activity,

Antioxidant activity.
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Introduction

Isoxazolines in medicinal chemistry are synthetic and natural occurrence compounds (Figures
1&2). They have pharmacological treatments role in the treatment of some conditions like

inflammatory, cancer, bacterial, fungal, parasitic, Alzheimer, insecticidal and diabetic [1- 6].
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Anti-cancer examples

Figure 1: Isoxazoline derivatives with anti- cancer activity [6].

In research field, 1,3-dipole cycloaddition reactions generate derivatives containing this moiety
even with modification of natural products. These hetero (Nitrogen and Oxygen) partially

saturated compounds with electron-rich structural candidates are

of particular intermediates. These unique architectureded compounds have a high affinity

binding with complementary receptors that assisted target therapeutic applications.
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Antimicrobial examples

Figure 2. Antimicrobial examples having isoxazoline moiety [6].

Natural isoxazoline backbone exhibits remarkable activity that is demonstrated by number of
studies. However, natural components extraction, isolation then modification pointed direct
usage for trial reports and clinical treatment with high pharmacological activity and
physicochemical properties where their biological activity reduces side effects and improves
selectivity [1,3],[7-11].

A highly appreciable number of five-membered heterocycles, containing nitrogen - oxygen
bond compounds have turned out to be potential chemo- and pharmaco- therapeutic agents.
Synthetic analogs of this hetero nucleus with therapeutic properties can be obtained through of
lead compound relationship. Isoxazolines derivatives like other cyclic compounds systems
show cis-trans structural isomerism where four stereoisomers are possible for isoxazolines
containing identical substituents at C3 and C5 positions. These are the two cis- and two trans-
forms [12].
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A lot of modifications Were added to isoxazoline molecules during the last few years, and
chemical and biological activities of these derivatives were studied during the last few years on
isoxazoline molecules and chemical and biological activities of these derivatives have been
studied. Isoxazoline derivatives were converted into different classes of heterocyclic molecules
with different types of potential biological activities including antimicrobial, antiinflammatory,
fibrinogen receptor and glycoprotein receptor antagonist, anticancer, anti-HIV, and
antidepressant activities beside insecticidal, antibiotic, anti-tumor, anti-tuberculosis and
ulcerogenic properties [11]. Because of these applicable importance, this study aimed to cover
more important synthetic approaches to isoxazoline derivatives and their reactivities to increase

researchers interesting of this scaffold in organic synthesis.

Summary of synthesis methods:

a. Quilico experiment: The reaction of Nitrile oxides with unsaturated compounds is the first

path of isoxazole chemistry [13].

b. Huisgen cycloaddition: Nitrile oxides introduced in this synthetic method of isoxazolines

as an example of 1,3-dipolar cycloaddition reactions [14,15]. The, alkene reacts with nitrile
oxide in situ mechanism in moderate yields (Scheme - 1). The method has proven to be just
as versatile for intramolecular nitrile oxide cycloaddition reactions [16].

Crios MeCH
x 2 h
= 80 c-
H

Scheme 1: Efficient synthesis of the target heterocycles from aldoximes using Magtrieve
(CrO2)

c. Oxidative dehydrogenation of aldoxims:, The nitrile where reacted with unsaturated ester

substituted with nitrile group to produce ethyl 3,5-diarylisoxazole-4-carboxylates. It was
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observed that peculiar reaction conditions were done for careful removal of HCN from their

predicted cycloaddition reaction (CAT) isoxazolines[17]. (Scheme-2)

Scheme 2: Synthesis of cycloaddition isoxazolecompined by HCN removal.

Scheme - 3 is a good example of 1,3-dipolar cycloaddition of N-aryl maleimides towards a
series 3-Aryl-5N-aryl-4,6-dioxo-pyrrolo[3,4-d]-7,8-dihydroisooxazolines via a dipolarophile

to obtained the substituted isoxazolines in a good yield[18].
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Scheme 3: Isoxazoles synthesis via 1,3-dipolar cycloaddition.

d. Condensation reaction: Three component condensation reaction in free solvent - basic

medium is considered a favored path like synthesis of 4-Arylidene-3-phenylisoxazol-5-
ones via combination of aromatic aldehyde in the same reaction vessel with ethyl
benzoylacetate, hydroxylamine, and 1,4-diazabicyclo[2.2.2]octane (DABCO) under reflux
condition [19] .
Fluorinated chalcones condensation with hydroxylamine in acidic medium was another
example of isoxazoline preparation under reflux conditions (Scheme-4). The evaluation of the

final products in bacterial resistance section showed a good activity where fluorine presence

altered valuable stability and lipophilicity characters towards good biological activity [20].
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Scheme 4: Condensation reaction towards fluorinated derivatives

e. deselenenylation reaction: Wei Ming et. al. presented another isoxazoline derivatives

functionalized by 3, 5 — substitution sites where aromatic selenide of isoxazoline derivative

produced their substituted isoxazoles (Scheme-5) in basic medium [21].
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Scheme 5: Deselenenylation reaction to synthesis of disubstituted isoxazole and isoxazoline

with use of 1,5-diazabicyclo [5,4,0]-undec-5-ene (DBU) or NaCN as a base under reflux

condition.

f. One-step regioselective - 1,3-dipolar cycloaddition reaction: A quick, efficient and easily

One-step regioselective - 1,3-dipolar cycloaddition reaction was performed to prepare 5-

aminoisoxazoles using nitrile oxides and a-cyanoenamines (Scheme-6) [22].

R—C= N®Oe

CN

NR; R,
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Scheme 6: One step synthesis of 5-aminoisoxazoles via 1,3-dipolar cycloaddition.

g. Dehydration reaction of primary nitro compound: In the reaction mixture aldoxims with 4-

methoxy cinnamonitrile provided 1,3-Dipolar cycloaddition reaction converted to
isoxazolines where dipolar primary nitrophiles (nitro compound) with 1,4-
diazabicyclo[2.2.2]octane (DABCO) base presence. The reaction of activated nitro
compounds affords isoxazoline in excellent yields compared to other methods (Scheme-7)

where nitro alkanes have low reactivity [23]

4 )

R' \N

DABCO )

~"T"NO, + ~ o o
R 2 R R CHCIs

60 °C , 20-80 h

0TI
Il
0z

Scheme 7: Preparation of phenylisoxazol-5-one derivatives.

By returning to chalcone reaction, many isoxazoline derivatives were synthesized with fast
reaction with hydroxylamine.HCI- NaOH mixture. Mannich bases and substituted primary
amines (hydroxylamine. HCI) were reacted with substituted phenyl ketone under reflux
conditions to produce a series of substituted methoxynaphthalene) -2-isoxazolines (Scheme 8)

having a significant to moderate antimicrobial activity. [24]

(
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Scheme 8: Synthesis of some novel Mannich bases of isoxazolines.
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The prepared cyclic nitrile oxide (or substituted isoxazolines) like Pyrrolo[3,4-d]-7,8-
dihydroisooxazolines via in situ 1,3-dipolar cycloaddition of N-aryl maleimides were
introduced in reaction with acetyl acetone towards novel pyroazolines with same mechanism
of reaction (Scheme — 9) [25].
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Scheme 9: Some novel pyrazoline- isoxazolines by 1, 3 cycloaddition (CAT) of N- aryl

imides.

h. Cycloaddition of ketone, O- alkyl nitrite and maleimide (1,3-dipolar cycloaddition reaction)

(Scheme 10):_An effective approach in the subject of isoxazole and isoxazoline derivatives
were constructed by nitrile oxides, alkynes or alkenes bound to a resin and performed on
solid supports bonded (Ar) or (alkyl) building blocks with some limitations in structural
diversity[26]. Also, substituted pyrrolo [3,4-d] isoxazolines have been synthesized with

absence of metallic catalyst [27].
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Scheme 10: One-pot radical - cycloaddition of alkyl ketone by tert-Butyl nitrite (t-BuONO),

and N- substituted maleimide
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Mechanism of this constructed reaction (Scheme -11) was confirmed by X-rays
crystallography, and it was the generation of tert-Butyl nitrite (t-BuO) radical from tert-butyl
nitrite, subtraction of methyl hydrogen in methyl ketone, providing a radical (A) centered at
carbon atom, attacking of NO radical to radical carbon and producing nitrosoketone (B), then
reacting with t-BuO radical presented acyl nitrile oxide (D).

This mechanism ended by 1,3-dipolar cycloaddition of (D) and N- substituted maleimide
towards pyrrolo[3,4- d]isoxazoline product. DMSO as a good solvent and abstracter hydrogen

atom that required lower energy compared to t-BuO radical [28].
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Scheme 11: Mechanism details of hydrogen abstraction — cycloaddtion towards pyrrolo[3,4-

d]isoxazolines.

i. Three-Component 1,3-Dipolar Cycloaddition by Spirooxindole-Fused with Triazole:

Acetophenone reaction with aryl nitrile and aryl azide yielded isoxazoline and isoxazole
cycles combined by spiro-oxindoles or triazole using Cu (1) as a catalyst. X-rays diffraction
verified the regiochemistry and stereochemistry while various antibacterial and antifungal
testing confirmed biological behavior of the resulted derivatives compared to conventional
medicines [29].
Discovering and development of antimicrobial agents are goals of scientific community now
days with high ability to resist known infections through multi-step, multi-components, one -
pot and combinational chemistry [30] towards effective therapies [31]. These powerful tools in
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organic and medicinal chemistry [32] are targeting simplicity in reaction conditions and
economy especially in N-heterocyclic synthesis with high regio — stereo selectivity,

environmental mode, time and yield.

Pharmacological effect of isoxazoline and its derivatives

A new series of phenol — isoxazolines derivatives was synthesized and their analgesic effects

were testing [33], Figure 3.

R=I,CI,CF3,CH3,F,NO2

o J

Figure 3: Indole derivatives linked to isoxazole moiety.

New dibenzoazepine isoxazoline with Dibenzoazepine cycle was synthesized, characterized by
2D NMR, then their biological inhibition or resistance effects were compared to cisplatin and
suramin in murine osteosarcoma cells (LM8G7), human ovarian cancer cells (OVSAHO)
breast cancer cells (MCF-7), and Myeloma cells (RPMI8226-LR5) [34], Figure 4.
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Figure 4: Chemical structure of dibenzo[b,f]azepine — N- linked isoxazoline derivatives.

1,3-dipolar cycloaddition was the applied path in generation of lactone linked to isoxazoline
or isoxazolidine ring and their anticancer activity of these novel spiro derivatives related to
prostate cancer cell (PC-3) and MCF-7 cell lines were evaluated with (0.01- 0.3) mM [35],
Figure 5.

Figure 5: Spiro-isoxazoline derivatives having good anticancer activity.

Nikam research team [36] synthesized a series of isoxazolines by applying sonochemistry
field, starting from chalcones. The in vitro microbial behaviors, molecular docking and
antioxidant of these isoxazolines with the 2,2-diphenyl-1-picrylhydrazyl (DPPH) were

performed, Figure 6.

Figure 6: Strucuture of isoxazoline derivatived from chalcone.

Isoxazoline derivatives based on chalcones were prepared from substituted benzaldehyde and

substituted acetophenone, condensed with NH2OH.HCI then selected to evaluate in vitro
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antibacterial studies against (S. aureus, B. subtilis,, E. coli and P. aureginosa) and antioxidant

- DPPH radical scavenging [37], Figure 7.
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Figure 7: New Indolo[3,2-c]isoquinoline having very good activity against P. aeruginosa.

Thirty isoxazoline derivatives including 3,5-substituted-4,5-dihydroisoxazoline and 3,5-
substituted aryl-4,5-dihydroisoxazoline were prepared by H>SOs catalyzed cyclization of
hydroxylamine hydrochloride and aryl chalcones under solvent-free conditions. The
antimicrobial, antioxidant and insecticidal activities of the synthesized isoxazolines were
evaluated [38].

Synthesis of new heterocyclic fluorene — Isoxazoline derivatives were made up from 2-acetyl
fluorene with aromatic aldehyde in basic medium (NaOH) [39], Figure 8. These prepared
derivatives can be suggested as building blocks of pharmaceuticals, thermosetting plastics,
lubricants and unusual optical or electrical materials such as organic light-emitting diodes, solar

cells and flat panel.
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Figure 8: New fluorene — Isoxazoline derivatives starting from Claisen-Schmidt
condensation.
New quinazolinone— isoxazoline hybrids were targeted compounds via 1,3-dipolar
cycloaddition of aromatic nitrile oxides and quinazolinones with no effect of phenyl ring
substituents through experimental and theoretical (Density Functional Theory (DFT)) studies
[40], Figure 9. These studied can be with further investigation as new drug candidates in fungal,

bacterial, tubercular, malarial and SARS-CoV-2 subjects.
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Figure 9: New quinazolinone— isoxazoline hybrids preparation pathways starting from

anthanilic acid.

For human use, many isoxazolines were structural drug administrated for specific treatment
such as Oxacillin that defines as semi-synthetic antibacterial related to penicillin (Figure 10).
Clinical studies of available isoxazolines such as Afoxolaner, Sarolaner and others had been
reported as veterinarian options like demodicosis treatment of dog and cat or other treatment
with successful use after Food and Drug Administration (FDA) approval [41-43], Figure 11.
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Figure 10: Oxacillin as semi-synthetic antibacterial related to penicillin contains isoxazolines
moiety.
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Figure 11: Isoxazoline derivatives for flea prevention and treatment.
Conclusion

Isoxazoline derivatives are building blocks in organic synthesis for a number cyclic and acyclic
heterocyclic materials can be obtained according to cyclization and rearrangement. Isoxazoline
chemistry remains a unique model associated with various pharmacological activities. They
represent a great interest to the research community for further development for safer and more

effective therapeutics.
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