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ABSTRACT

The five membered heterocycles isoxazolines arsidemed as important class of compounds in biooigamd
medicinal chemistry. They were treated as usefidrimediates for transforming to large number of daitive
molecules. These classes of compounds were knowavto varied biological activities. In this reviewstical
discussion has been made on synthetic methodologiesloped, utility as building blocks for the $yais of
bioactive molecules and medicinal applicationssofkazoline systems.
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INTRODUCTION
The exploitation of a simple molecule with diffetdanctionalities for the synthesis of heterocydea worthwhile
contribution in the chemistry of heterocycles. Hetgcles containing nitrogen and oxygen atom aresiciered as
useful scaffolds for the synthesis of biologicalgtive molecules. Among such classes of compowsawazolines
occupies a prime position in bioorganic chemistnytheir diverse biological applications.

Isoxazoles 1a) are five membered heterocycles that contains exyand nitrogen atoms at adjacent positions. The
partially saturated analogs of isoxazoles are tdris®xazolines Ib-d) and completely saturated analog is

isoxazolidine Le) [1].
Ol O O O O
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Isoxazolines are considered as versatile synthosganic synthesis, which have been extensivelyedficiently
transformed in to various classes of medicinallypamant molecules. The isoxazolines widely used in
pharmaceuticals and therapeutics because of theirsé applications. They were known to exhibitertgcidal,
antibacterial, antibiotic, antitumour, antifungahtituberculosis, anticancer and ulcerogenic pt@srisoxazoline
analogues are used in the market as COX-2 inhibitdranti-inflammatory drugs.

SYNTHESISAND REACTIONS OF ISOXAZOLINES:

A significant contribution to the development ofxsizole chemistry was from Quilico’s studies on slgathesis of
ring system from nitrile oxides and unsaturated poumds [2].The larger intensity of biological potency exhikite
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by isoxazoline moiety stimulated the researcherskvimo this area to develop new novel synthetic eapphes for
their synthesis and study their activity. The recesview articles reported on Huisgen cycloadditaomd nitrile
oxides describes the method of synthesizing isdieby 1,3-dipolar cycloaddition reactions [3-Hor example,
1,3-dipolar cycloaddition of alkenes with nitril&ides generateth situ by treatment of aldoximes with Magtrieve
(Cr0,) in either toluene or MeCN at 8D afforded isoxazolines in moderate yields (Schéndt was observed that
the formation of minor amount of de-oximination @guct along with isoxazoles and isoxazolines durihg
cycloaddition. The methodology found to be equabysatile for intramolecular nitrile oxide cycloatioh (INOC)
reactions [5].

X
OH
N~ Cro,, MeCN /O
A TN —_—> N o Scheme-1
R” “H 80°C, 2h
Rl

The nitrile oxides generated situ by the oxidative dehydrogenation of aldoximes vaktioramine-T reacted with
ana, B-unsaturated ketone to afford ethyl 3,5-diarylism{a-4-carboxylates. It was observed that the prtsdwere
formed with unusual elimination of HCN from theixpected cycloadduct isoxazolines under reactiorditioms
(Scheme-2) [6].
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Rai et al [7] reported the synthesis of series g-BN-aryl-4,6-dioxo-pyrrolo[3,4d]-7,8-dihydroisooxazolinesvia
1,3-dipolar cycloaddition ofin situ generated nitrile oxides witiN-aryl maleimides (Scheme-3). Later they
demonstrated the use of nitrile oxide as a dipplaite in 1,3-dipolar cycloaddition with acetyl acae and obtained
the substituted isoxazolines in good yield. Hereniftrile oxide gets added to enolic double bondadtyl acetone
(Scheme-3) [8].
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4-Arylidene-3-phenylisoxazol-5-ones were synthesdibg three-component condensation of ethyl benzeytde,
hydroxylamine and aromatic aldehydes in ethanalqu®)ABCO as base under reflux condition (SchemfBh)Iit
was observed that the good yields were obtainet faister reaction rate with the aldehydes beariegt®n-
donating groups when compared to aldehydes witttrele-withdrawing groups.

Ph A
o o Q DABCO _
)l\/ll\ + NH,OHHCI 4 )I\ — > N7 Scheme-4
Ph OEt Ar H \ H
C2HsO0H, o)
Reflux O

Fluorinated isoxazoline were synthesized in onelyyathe reaction of fluorinated chalcones and hyglamine in
acetic acid medium under reflux conditions (Schéngd10]. The products have been evaluated for their
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antibacterial activities. By introducing fluorintoan into specific position of organic molecule ntayse significant
changes in the stability, lipophilicity and biolagl activities of the resulting molecules. Thisdise to the high
electro negativity of halogen, the strong C-F band the similar size of halogen and hydrogen atoms.

NH,OH.HC],

_R NaOAC \ <4 Scheme-5

Acetlc acid,
Reflux

Wei Ming et al synthesized 3,5-disubstituted isatizes by mild deselenenylation reaction of isoMawb
substituted phenyl selenide, which on treatmert ttie organic base 1,5-diazabicyclo[5,4,0]-unden&-DBU) or
NaCN afford 5-methyl-3-substituted isoxazole (Schesh[11].

SePh
CH3| Nal, DMF DBU or NaCN, DMF
O Scheme-6
80°C 20h N / 8000 12h

Amar Saad et al [12] reported a simple one stesetective synthesis of 5-Aminoisoxazoles in tokeiaising a
1,3-dipolar cycloaddition reaction between nitibedes and captodativecyanoenamines (Scheme-7). It is a very
efficient and simple method for the preparatio®-@minoisoxazoles.

CN
® © » Scheme-7
R—C=N—0 *+
NRR, NR¢R;

1,3-Dipolar cycloaddition reaction of nitrile oxislgenerateth situ from aldoximes with 4-methoxy cinnamonitrile
afforded series of isoxazolines in good yield [T}}e dehydration of primary nitro compounds campédormed by
bases in the presence of dipolarophiles. Amongotiganic bases examined, DABCO gave the best reduies
reaction is applicable to activated nitro compouanld to phenylnitromethane and affords isoxazalievatives in
higher yields compared with those of other meth®isheme-8). The reaction, however, is not compatitith
nitroalkanes [14].

R
R
P . /—\ DABCO N\
R NO. N -
2 CH Cly Y Scheme-8
60°C, 20-80h  R" o

A series of isoxazolines derivatives were syntlesbidby the reaction of chalcones with hydroxylamine
hydrochloride in presence of sodium hydroxide. THesy were transformed into Mannich bases by thection
with substituted primary amines and formaldehyde6&d0 h under reflux conditions [15]. A series1ti-3-(4'-
substituted phenyl)-5-(6""-methoxynapthaline)-2xsaolines were synthesized by reacting 1-(4’-stidsti
phenyl)-3-(6"-methoxynapthaline)-2-propene-1-one ithw hydroxylamine hydrochloride (Scheme-9). The
synthesised products exhibited significant to mateantimicrobial activity [16].

R
O O NH2OH HCl

Pyr|d|ne
OCHg,
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An environmentally benign microwave assisted oné @oproach for the synthesis of some 3,5-diarii-
isoxazolines from substituted chalcones with hygltaxine hydrochloride using basic alumina for isdatytic role
as well as energy transfer medium was described.réhction rate is brought down from hours to nésutlong
with improved yield as compared to conventionaltimga[17]. *Isoxazoline derivatives were synthesized in
excellent yields via the titanium tetrachloride-atgted 1,3-dipolar cycloaddition reaction of nitesnwith o,-
unsaturated compounds under neat conditions at temperatures in very short reaction time (Schef)g418].

Me S COOR Me._

\I"\]/ N/O
)|\ + | | T|C|2 (5 mol%) / COOR Scheme-10
Ar H Solvent free Ar
COOR rt, 2-3 h COOR

1-(2-Thienyl)-3-(substituted phenyl)-2-propen-1-aracts with hydroxylamine hydrochloride and aqueeOH in
presence of ethanol medium to give 3-(2'-thienysBbstituted phenyl)-2-isoxazoline [19]1-Butyl-3-
methylimidazolium-based ionic liquids are found &mcelerate significantly the intermolecular 1,3ed@p
cycloaddition of N-benzyl-fluoro nitrone derivedin situ from 2,6-difluoro benzaldehyde and\-
benzylhydroxylamine, with activated alkenes andteten deficient alkynes to afford enhanced rates ianproved
yields of novel isoxazolines [20].

The reaction of 1,5-diarylpent-1-yne-3, 5-dione2@-diaryl-4H-pyran-4-ones with hydroxylamine ithanol led
to the formation of 5-hydroxyisoxazolines as wedl igoxazoles as minor products. The isoxazolineddcbe
converted into the latter isoxazoles on prolongeating in xylene [21]tert-Butyl hypoiodite {-BuOl), generateth
situ fromt-BuOCI and Nal, is a powerful reagent for the cgddition of oximes to alkenes or alkynes, leadimg t
various isoxazolines or isoxazoles under mild ctowls (Scheme-11) [22].

1 eq tBuOClI Ar N
1 eq Nal =\
Ar\/N\ + /\R - > O  Scheme-11
OH 1 eq 2,6-lutidine

dioxane, rt, 24 h
R

The reaction of substituted 1H3indol-3-yl)-3-(substituted aryl)-prop-1-en-3-onewith hydroxylamine
hydrochloride under solvent free conditions androvi@ve irradiation was led to new isoxazoline datives. This
approach has advantages such as short reactionrtioderate to excellent yield, over the conventi@yathesis
[23]. 3-Phenylamino-5-(substituted phenyl)isoxazolings (vere prepared by reacting a mixture of purifiéd
phenyl-3-(substituted phenyl)propenamides, hydmaxyhe hydrochloride and a solution of NaOH in ditya@mol by
refluxing for 6 h on a water bath [24].

n — =
SRRY,
2

An efficient and simple procedure has been develofue the oxidation of 1,3,5-trisubstituted 4,5-lilno-
isoxazoles to their corresponding aromatic denesti promoted by bis-bromine-1,4-diazabicyclo[2.@c8dne
complex (DABCO-By) in acetic acid at room temperature. The prodRgtyrazoles and isoxazoles were produced
in good to excellent 87-95 % and 78-95 % vyieldpeesively [25]. lodobenzene diacetate efficientkidizes
aldoximes to nitrile oxides in MeOH containing datgtic amount of TFA. Nitrile oxides may be trajgpia situ
with olefins in a bimolecular or an intramoleculamode. Tandem oxidative dearomatization of
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phenols/intramolecular nitrile oxide cycloadditisequences lead to useful synthetic intermediatekef8e-12)
[26].

/O
NOH R"  PhI(OAc), N =
// + R'\) —,TFA Scheme-12
R 7 MeOH, it R "

Biologically active isoxazoline derivatives werdig@ently synthesized in excellent yields and inadler reaction
times using mild, effective and environmentallyefrdly butylmethylimidazolium bromide as the solveamtd
catalyst. By use of this catalyst, isoxazoline \ives were produceda cyclization reaction of a chalcone and
hydroxylamine hydrochloride in the ionic liquid miadThe separation of the product was facile areddétalyst
could be separated and recycled. The method is nagrig, safe and avoids the use of hazardous apensive
reagents and solvents [27]. Unproted@gropargylic hydroxylamines undergo cyclisationsewtrexposed briefly
to silver nitrate adsorbed onto silica gel to glyg-dihydroisoxazoles [2-isoxazolines] in very godelds, while N-
acetyl derivatives give the corresponding 2,5-dibigbxazoles [3-isoxazolines] in similar yields k®me-13) [28].

N
o— NH2 AgNO,/SIO, o— \
—_— /‘\>7R Scheme-13
R = R' CHiChb20°C

3-Alkylpropargyl or 3-arylpropargyl hydroxylamindsydrochlorides were converted to 2-isoxazolinesggod
yields in refluxing methanol in the presence ofCKs;. Methods for 3-unsubstituted compounds and thectir
transformation ofO-propargyl phthalimide into 2-isoxazolines have rbefeveloped [29]. A mild and efficient
copper-catalyzed trifluoromethylation reaction whiavolves the cyclization of oximes has been dgvetl. The
method provides a convenient access to a varietiseful Ch-containing 4,5-dihydroisoxazoles by constructing a
C-CR bond and a C-0 bond in one step (Scheme-14)[30].

NOH R?2
CuClI (20 mol %)
] - CF3 Scheme-14
R Togni's reagent
R R4

3-Acylisoxazoles were synthesized by the reactioallenes or alkynes with ketones (acetone or abetioone), as
both a reagent and the solvent, by three methoals(lil) nitrate under reflux, iron(lll) salt-nitgen dioxide (NQ)

at room temperature, and iron(lll) nitrate undecmmivave irradiation [31]. The sequential reactidrketones with
arylacetylenes and hydroxylamine in the presenc&®Bu/DMSO followed by the treatment of the reaction
mixture with HO and KOH leads ta*isoxazolines in up to 88% vyield (Scheme-15) [32].

Q R3 /O
k KOBUYDMSO N\ R3
—_—
1 + _
R % NH,OH.HCI Scheme-15
1
R2 KOH R R?

A series of 7-(substituted benzylidene)-3-(subtd phenyl)-3, 3a, 4, 5, 6, 7-hexahydrobenzo[okagole
derivatives were also obtained in quantitative dgelby cyclocondensation of substituteg p-unsaturated
cyclohexanone with hydroxylamine hydrochloride undgcrowave irradiation. The synthesized compounaege
shown excellent activity against some Multi DrugsRe&nt bacteria [33]. Functionalized 3-trifluorcing-2-
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isoxazolines and 3-trifluoromethylisoxazoles wemsily prepared from trifluoromethyl aldoxime underild
conditions by using DIB as oxidant. Theoreticaldss of the reactivity of trifluoroacetonitrile ae toward olefins
and alkynes were carried out. The 3-trifluorome@vsoxazolines were ring-opened with Napkhd NiC} to yield

the corresponding trifluoromethylatgeamino alcohols [34].

BIOLOGICAL APPLICATIONS OF ISOXAZOLINES:

Glycosyl nitrile oxides, generated in situ by réactof glycosyl oximes with N-chlorosuccinimide abdBU, on

1,3-dipolar cycloaddition with substituted alkenesulted in glycosyl isoxazolines in diastereog@tecmanner.
The extent of diastereoselection varies with thieineaof substituents both in sugar and alkenes. ciimepounds
synthesized were screened in vitro against mangi fwherein two of the compounds showed signifidahtbition

against Sporothrix schenckii, Trychophyton mentpgytes, and Cryptococcus neoformans with MIC oblahd
6.25mg/mL, respectively [35].

4,5-Diphenyl-4-isoxazolines possessing a varietguifstituents (H, F, MeS, MeSO2) at the para mositf one of
the phenyl rings were synthesized for evaluatiomrzagesic and selective cyclooxygenase-2 (COXiBibitory
antiinflammatory (Al) agents. Although the 4,5-plkilea-isoxazolines, which do not have a C-3 Me siabsht,
exhibited potent analgesic and Al activities. Inntast, 2,3-dimethyl-5-(4-methylsulfonylphenyl)-thgnyl-4-
isoxazoline exhibited excellent analgesic and Alvites, and it was a potent and selective COXaRilbitor (36).
Isoxazoline derivatives(3) were prepared from commercially available 2-hydraxgto-naphthanone were
exhibited antibacterial activity against four pajkaic bacteria, two Gram negative bacteria and®nam positive
bacteria. Majority of the isoxazoline analoguesikitdd antibacterial activity comparable to ampicibs reference
drug [37].

OH OMe
\ R
N\O
3

3-Aryl-5-(4-methoxyphenyl)-4,5-dihydroisoxazole-drbonitriles 4) [38] and 5-Acetyl-3-aryl-4-(2-furanoyl)-4,5-
dihydroisoxazolesq) [39] synthesized have been screened for theibacterial and antifungal activity. Some
compounds of the series exhibited promising antédsad and antifungal activity compared to standarndgs. The
substitution of fluoro, chloro, bromo and cyano roG-substituted benzene ring of isoxazole ring resultéth
potent antimicrobial activitiesSThe compounds also exhibited remarkable antioxidativity and reducing power
ability. A series of 2-(5-phenyl-4,5-dihydroisoxazol-3-wjtzoic acids®) [40] synthesized were evaluated for their
in vitro protein denaturation activity. The results of gtedy showed that all these compounds possesdisignti
anti-arthritic and anti-inflammatory action.

(0]
N
Ar—= (@]
Ar CN \O Ho)b/ /N\O
(@) S
\N/ Ar \ COCH;
0 R
5 6

4

A series of isoxazolines synthesised by 1,3-dipolaoaddition exhibited promising antifungal anatibacterial
activities [41]. Curcumin-derived isoxazoleg (42] synthesized were minimize the metal chetajwoperties of
curcumin. Replacement of the 1,3-dicarbonyl moietigh isosteric heterocycles turned curcumin anasogu
isoxazoles into potent ligands of fibrillaP4y aggregates. Curcumin-derived isoxazoles inhilisAcretion, bind to
or inhibit the formation of fibrillar B4, and tau aggregates. The enhancement in potencgmparison with
curcumin is 10-100-fold. It is apparent from theka that curcumin-derived isoxazoles have multiptgets in
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Alzheimer's disease. The multifunctional curcumsexazole 1 displayed interesting properties as @#n-A
modulating agent in primary neuronal cultures.

—0 N-O O—
(A
HO OH
7

A series of 3-[3-(2,4-dichloro-5-fluorophenyl)-5-f@ryl)-4,5-dihydro-H-pyrazol-1-yl]-5-(substituted phenyl/2-
thienyl)isoxazolines prepared were screened far thevitro antibacterial activity using gram-positive bactearad
gram-negative bacteria [43. series of novel 4-(ssubstituted-aryl-45'-dihydro-isoxazole-3yl-amino) phenolsg)
[44] synthesized were investigated for their ansilgand antimicrobial activities. The molecular rficdtion might
result in detection of new potential antimicrokaald analgesic drugs were observed. The substitapfipeared to be
most important for high order of activity in theegtest number of test was fireholoroaryl group. The substitution
of p-nitrophenyl andp-hydroxyphenyl group at 5-position of isoxazoliniegr resulted with potent analgesic and
antimicrobial activities.

HO
Y /O
N N
H
8

A series of tetracyclic nitrofuran isoxazoline attberculosis agents were designed to improve liaenpacokinetic
properties of an initial lead compound, which hatiept anti-tuberculosis activity but suffered framor solubility,
high protein binding and rapid metabolism. The dtrtal modifications were carried on the outer pheand
piperidine rings to introduce solubilizing and mmikcally blocking functional groups. The compourgkenerated
were evaluated for their in vitro antituberculatity, bacterial spectrum of activity, solubilitypermeability,
microsomal stability and protein binding. Compoumndth phenyl morpholine and pyridylmorpholine outéigs
were found to be the most potent anti-tubercul@gents. These compounds retained a narrow antilzdcte
spectrum of activity, with weak anti-Gram positi@ed no Gram negative activity, as well as goodviagtagainst
non-replicating Mycobacterium tuberculosis in a lowygen model. The addition of solubilizing and atwilically
blocked outer rings did improve solubility and deage protein binding as designed [45].

A novel class of activators for chloride conductric the cystic fibrosis transmembrane conductaegelator
(CFTR) protein has been identified. These 3-(2-gkngphenyl)isoxazolines were synthesized employimgy 1,3-
dipolar cycloaddition of nitrile oxides with variswalkene dipolarophiles. Utilizing a fluorescenedl-based assay
of halide transport, the best compounds increas€itRadependent chloride transport with half-maxistahulation
at 20-50 microM [46].

CONCLUSION

The isoxazoline moiety is an important pharmacoghiomodern drug discovery. This review gives aaroiew of

the synthetic strategies developed to obtain biokdly potential molecules, pharmacological studiagied out and
medicinal applications of isoxazolines, appearbdauseful for further research work on the bioacisoxazoline
systems.
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