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ABSTRACT

Oxazole is heterocyclic five membered rings thatehbeen investigated in the development of novapoands
with promising therapeutic activities. ThereforBgse compounds have been synthesized as targetustsi by
many researchers and were evaluated for their lgiglal activities. In this review, we report thesttures of 1,3-
oxazole with their corresponding biological actieg as antipathogenic agent.
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INTRODUCTION

Amongst the class of planar heterocycles, the degzarental skeleton is found (scheme 1). Oxazoimique in its
structure and the scaffold is a constituent of sdveatural products with a good biological actvituch as (-)-
hennoxazole A (antiviral) [1] and pimperinine (dtkde) [2] (scheme 2). Also oxazole and its ddiixes have
been incorporated into a number of medicinally vaete compounds, both as exploratory and advancead dr
candidates. Oxazole-containing compounds have beed as diabetes Il treatment e.g. aleglitazardielets

aggregation inhibitor e.g. ditazole [4], as parttgiosine kinase inhibitor such as mubritinib [8hd as COX-2
inhibitors such as oxaprozin [6] (scheme 2).

Scheme.1. Oxazole Structure
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o

o

Scheme.2. Some of the oxazole derivatives foundriature and in some drugs

This review critically evaluates the pharmacolobartivity of the oxazole derivatives as antipatbioig agent that
were reported recently in medicinal chemistry stadi
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1.Preparation of oxazole derivatives

Oxazoles consist of a doubly unsaturated 5-membsngdcontaining one oxygen atom (position 1) safet by
one carbon from a nitrogen at (position 3) of ting (Scheme 1). The first recorded oxazole wash®gized in the
1800s and the chemistry of this heterocycle wasieded during World War Il as part of the peniciléffort, which

was thought to contain an oxazole core. The paremipound is a stable liquid at room temperaturth & boiling

point of 69°C, and was first prepared in 1947 [7].

There are many reported procedures for the symtlefsixazole, among them, The Robinson—Gabrielh&gis in
which a 2-acylamino-ketone reacts intramoleculafigllowed by a dehydrationto give anoxazole. A
cyclodehydrating agent is needed to catalyze thetian [8].

F)(LV\)R\’(R' _ B R%il?

Scheme.3. The Robinson-Gabriel synthesis for oxaeol

Fischer and coworker described an elegant synthafsisxazole derivatives which was introduced in 689
reacting a cynohydrin and an aldehyde in the prsehanhydrous hydrochloric acid to give oxaz{9¢.
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Scheme.4. The Fischer and coworker synthesis for azole

Finally, there was the Van Leusen reactiwhich was first described in 1977 by Van Leusen anevorkers
[10]. Ketones reacted with TosMIC (Toluenesulfongthyl isocyanide) leading to the formation of aitgt When
aldehydes are employed, the Van Leusen reactipariicularly useful to form oxazoles .

R

Scheme.5. The Van Leusen synthesis for oxazole

3. Biological activity of Oxazoles

Oxazole derivatives are among the most useful befelic compounds from both synthetic and medicinal
chemistry aspects and we have highlighted herertbst recent developments in synthesis of oxazotktheir
activity profile as antipathogenic

3.1. Antibacterial Activity

The dramatically rising prevalence of multi-drugistant microbial infections in the past few decad®Emains an
important and challenging task for medicinal chésni® develop new antimicrobial agents with noveémical
structures and oxazoles are important componeanttibacterial drug discovery.

Chokkappagari et al. synthesized a new class ofi@sulfonamido methane linked bisoxazoles, bisties and

bisimidazoles in simple and versatile synthetichondblogies. The lead compounds were assayed foniaribial
activity [11].
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It is noteworthy that the tested compounds comairtixazole in their structure displayed comparalibacterial
activity towards gram-negative bacteria and gramitp@ bacteria when compared to references (1)azObe
containing compound may become a promising clasmtibacterial agents.

. v
v
\O\( L N;éo

A Ba-NVe.P
(1)

Da-A.Ph

Analogues of the aminoacyl tRNA synthetase inhibitedolmycin, have been synthesized by Witty et dt has
been found that antibacterial and enzyme inhibitoogency is related to steric properties and conédional
preferences for these derivatives. It was obseffvedh the inhibitory results that the better inhibbg were
chromatographically the less polar isomers, andgased the relative stereochemistry of indolmyt#j.[

)

Abdel-Rahman et al. synthesized several new spiloline-based heterocycles by prior preparatiothef4-(20-
oxo-indol-30-ylidene)-oxazol-5-one derivatives asdbsequent reaction of the produced indol-3-ylideased
heterocycles with activated nitrile reagents [13].

The obtained products were allowed to react witthrdigine hydrate in alcoholic basic to give the éagpmpounds.
The antibacterial as well as antifungal activitidsa solution of the synthesized compounds in diyldiormamide
(DMF) were tested and evaluated against some gisitiye Bacillus subtilisand Bacillus megatheriui gram
negative Escherichia coli and fungi Aspergillus nigeand Aspergillus oryzaeand compared with respect to some
reference antibiotics.

The biological results revealed that while mosttioé prepared spiro 3H-indole-3,40-pyrano(30,20-g3zole
derivatives showed comparable activity, the spirbl-irgdole-3,40-pyrazolo(30,40-b)pyrano(30,20-d)oxazo
derivatives (3, 4, and 5) revealed very high attiwiith respect to the used references . On therdtand, nearly all
of the prepared compounds exhibited an interestighg antifungal activity reaching to 90 mm zoneirdiibition
against the reference chemotherapeutics 22 mm.

/
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A series of amine linked bis- and tris-heterocyoleesre prepared from heteroaryl cinnamamides angdef®r
antimicrobial activity by Prakash et al. [14]. Angpthe screened derivatives the compounds that ioedtaoxazole
(6) exhibited excellent antibacterial activity shiow zone of inhibition of that 21 mm at 100mg/weljainst
staphylococcus aureagreference -chloramphenicol- 31 mm) and 22 mm @®nig/well against klebsiella
pneumoniadreference- chloramphenicol- 42 mm) and as expettte oxazole derivatives displayed good activity
as antifungal.

(6)

By combining classical screening and ligand-badetmpacophore modeling approaches in two drug-destiges,
Skedelj et al. have successfully identified andeexpentally characterized the first inhibitors dfet bacterial
enzyme D-aspartate ligase fr&nterococcus faeciufd5].

A series of aminooxazoles and thio-oxazoles wesayasl folin-vitro inhibitory activity toward recombinant Aslfm
using a pyruvate kinase lactate dehydrogenase atiymssay. It has been found that inhibitors stbvow
micromolar activity, and set of inhibitors derivee[dm structure (7) discovered will provide noveatl compounds
in antibacterial drug design efforts to comBafaeciuninfections.

Ry
A
R— N\ N
Rs
(7)

A new class of amido linked bis heterocycles, pytfpyrazolyl-oxazoles, thiazoles and imidazolesravprepared
by cycloaddition to yield different derivatives ascteened for antimicrobial activity by Padmavathal. [16].

From the obtained results, it has been revealedoththat Gram-negative bacteria were more sudaleptowards
the tested compounds containing oxazole (8, amad®® than Gram positive ones.

Regarding antifungal activity, the tested compounbgited the spore germination against testegditun

H H

N

—N /N
Ph A
\ / A Ph A\ /
| |/
(8) NH 9)

Shamsuzzaman et al. report a convenient one-pdhesis of 20-amino-5a-cholest-6-eno [6, 5-d] oxazol
derivatives [17]. The synthesis involves the reactof cholestan-6-ones (1-3) with urea and iodiAk.the
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synthesized compounds (10) were tested for thhibitory action against both types of the bacté@aam-positive
and Gram-negative) and five strains of fungus dreh tthe minimum inhibitory concentration (MIC) df the
synthesized compounds were determined. The bidbgesult showed that all of tested compound haithacterial
as well as antifungal activity against tested bé@aitand fungal strains.

Stokes et al. designed, synthesized and made gteaetctivity relationships of a series of oxazokrdamide
inhibitors (11) of the essential bacterial celligion protein FtsZ ((Filamenting temperature sévesimutant Z)
[18].

The synthesized Compounds had potent anti-stapbgtat activity and inhibited the cytokinesis of ttimically-
significant bacterial pathogeBtaphylococcus aureudhis study has provided small-molecule inhibitofsFtsZ
with enhancedh vitro andin vivo antibacterial efficacy.

Rs

11)

A series of fluorine containing 4-(substituted-2hyxybenzoyl) pyrazoles and pyrazolyl benzo[d]oxegowvere
synthesized and evaluated for their antibacterigivity against Staphylococcus aureusEscherichia coli
Pseudomonas aeruginosand Bacillus subtilisand antifungal activity agains€andida albicansby Gadakh et
al.[19].

Among the screened compounds, The 4-substitutefitZ3,4-difluorophenyl) -1H-pyrazo-4-yl]-benzoxazol
derivatives (12) exhibited promising activities enga tested bacterial strains especially agaPs¢éudomonas
aeruginosa reaching to (100upg/ml) for some derivatives comparable to ampicillibut weaker than
chloramphenicol (58gml). None of the compounds showed promising amgiél activity.

F
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Zhang et al. prepared different Chiral 2-(substiduihydroxyl)-3-(benzo[d]oxazol-5-yl) propanoic adérivatives
(13) and their antibacterial activities were evéddaagainst Gram-negative and Gram-positive bactémtifungal
activity was tested also [20].

In general, the derivatives showdvitro activities against all screened Gram-negative @raim positive bacteria,
but poor MIC values for fungu€andida albicans Interestingly the results showed that the (S)figomation
substituted phenoxyl side chain exerted excellatibacterial activity against all screened bacteria

o

R
) o

(13)

Das et alsynthesized 5 derivatives of Ranbezolid, a noxekolidinone, with different substitutions (14) aedted
them against a number of sensitive and resistasteba [21]. The synthesized compound showed priogriesults
as antibacterial agent and further investigatiomeisded.

o/ \jv.;
Y

F
(14)

A series of new 2-(1-(2-(substituted-phenyl)-5-ny&tlkazol-4-yl)-3-(2-substitued-phenyl)-4,5-dihydi¢i-pyrazol-

5-yl)-7-substitued-1,2,3,4-tetrahydroisoquinolineridatives (15) were synthesized by Lu et al. [2R]has been
found that some of the screened derivatives camgly inhibit Staphylococcus aureuBNA gyrase andacillus

subtilis DNA gyrase at very low concentration. On the basite biological results, structure—activity tedaships
were discussed to provide the best knowledge fEseluerivatives.

275



Lubna Swellmeen Der Pharma Chemica, 2016, 8 (13):269-286

High-throughput screening on HIdE-kinase (an enzymelved in the biosynthesis of heptose) actiwfyE. coli

led to the discovery of inhibitors (16) and (17wexcellent 1G,. On this basis, Desroy et al. synthesized a series
related to (16) and (17) and they found that thamdvatives had the potential for being selectiveHtE [23].
Furthermore, a study of the structure—activity tielsship of this series were conducted and resuiteda
considerable improvement of potency for the deniest

(PN 0
O« O
o (16) o (17)

Tanitame et al. have described the synthesis aiRs®Anew pyrazole, oxazole and imidazole deriestithat have
been derived from 1-(3-chlorophenyl)-5-(4-phenoxgmyi)-3-(4-piperidyl)pyrazole, that has previousirown

improved DNA gyrase inhibition and target-relatedilaacterial activity [24]. Among all the oxazolaaogues,
compound (18) showed comparatively strong antilbedtactivity. It possessed potent antibacteridivity against

not only susceptible strains, but also against idmuig resistant strains and against clinically asetl quinolone-
resistant Gram-positive bacteria than sparfloxacin.

Though the inhibitory activity of sparfloxacin agai DNA gyrase was more than 20- fold that against
topoisomerase 1V, the pyrazole, oxazole and imiltaderivatives synthesized in this study showedoalrthe same
inhibitory activity against both enzymes.

These results suggest that the pyrazole, oxazalénaidazole derivatives would not be easily residby bacteria
and they may become promising class as antibalcteria

(18)

3.2. Anti tuberculosis Activity
Tuberculosis is chronic communicable infectiousdie caused bylycobacterium tuberculosispread from one
person to another through air. Tuberculosis mostrmonly affecting lungs and it is curable and preabte.

Nagarajan et al. reported the synthesis of 2,3eltitvp-nitroimidazo [2,1-b] oxazoles derivatives [2&mongthe
synthesized derivatives, two compounds (19,20)kétdd excellent antimycobacterial activity vivo andin vitro
that are comparable for some standard antitubar duligs such as isoniazid and ethambutol.
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Lu et al. synthesized a series of 4-(2, 6-dichleratyloxy)phenyl thiazole, oxazole and imidazoleidgives (21,
and 22) and the derivatives were evaluated far Hgi-tubercular activity [26]. The derivativesre screened for
in vitro anti-tubercular activities and promising resulesreobtained.

)@I\%@o
(21)
&mc

a
(22)

A class of fused oxazoloquinoline derivatives wggathesized by Eswaran et ahd were evaluated for their
vitro antibacterial againstEscherichia coli Staphylococcus aureusPseudomonas aerugingslebsiella
pneumoniaeand antituberculosis activity againdfycobacterium tuberculosifH37Rv ATCC 27293 [27].
Preliminary results indicated that most of the \ives such as (23, and 24) demonstrated very gatidacterial
and antituberculosis activities which are comparatith the first line drugs.

The structure—activity relationship (SAR) studweals that with the introduction of 1,3-oxazole gritnas
tremendously increased the activity of the derivadlecules.

H HN—R

o YN\R O/<
N A \N
> Ri = Ry
Re (23) R (24)

Moraski et al reported elaboration of SAR as well as the symhesd evaluation of a hundred oxazoline- and
oxazole-containing compounds derived from an effitithree step process: 1) formatiordfydroxy amides with
serine or threonine; 2) cyclization to afford ox&zes; and 3) dehydration to give the correspondirgzoles [28].
An impressive activity againg¥lycobacterium tuberculosisvith extremely low toxicity had been shown from
synthesized compounds (25) and therefore high pleertec indexes.
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(25)

Recently, a new series of 1-adamantyl-3-heteroarghs was designed and synthesized by North 2%,
replacing the phenyl substituent of the originaiesewith pyridines, pyrimidines, triazines, oxazsl isoxazoles,
oxadiazoles and pyrazoles. This study producedtisuesi adamantyl ureas with improvedvitro pharmacokinetic
profiles, increased selectivity and good anti-TBepgies and compound (26) is a good example irsthidy.

s

(26)

Twenty-three naphthoimidazoles and six naphthoxazelere synthesised and evaluated against sudeeptid
rifampicin- and isoniazid-resistant strains Mf/cobacterium tuberculosiby Moura et al. [30]. Among all the
compounds evaluated, fourteen presented MIC valuéise range of 0.78 to 6.25 Ig/mL against susbéptand
resistant strains oM. tuberculosisThese substances (27, 28, and 29) are promistigya&obacterial prototypes.

NO, R

Ry Rs

Ry

R=NCE
Me

(27) (28) (29)
3.3. Antifungal Activity
Fungus are eukaryotic microorganisms which are rotwsely related to humans than bacteria at cellelel and

can cause important number of human diseases.

Despite the recent introduction of new antifunggérets with promising activity, the incidence of aswe fungal
infections has been increasing dramatically dutivegpast two decades.
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There is an emergent need to develop new antifuhggls with novel chemical structures and novellmasm of
action.

Mulder et al. prepared Analogs of the potent antil agent, bengazole A, and evaluated them ag@mstlida
spp using both microbroth dilution and disk diffusiaasays [31]. Good activity was observed in sonmepounds
analogs of bengazole A such as compound (30) thatkimed one or two 1,3-oxazole rings but none weoee
potent than bengazole A.

(30)

In 2011, Chung et al. reported a series of novedZ0be-containing macrolides isolated from the nmesponge
Chondrosia corticataand evaluated them for their actin depolymerizaugivities by monitoring fluorescent
intensity of pyrene F-actin [32]. These studiesttethe identification of (19 Z)-halichondramidelf3as a new actin
depolymerizing agent. The actin depolymerizing\aistiby (192)-halichondramide (31) was four timesnma potent
than that of halichondramide (32). Both compourids &ave potent antifungal activity and preliminatyucture—
activity relationship of these compounds was cotetlito elucidate the essential structural requirgme

e

(31)
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(32)

Yamamuro et al. reported the synthesis of ninete¢#-Methoxyphenyl)-oxazole (MPO) derivatives amdtéed
them as an inhibitor of hatch and growthQ#enorhabditis elegan83]. The structure activity releationship study
of the derivatives suggested that the whole straadbfi MPO (33) is essential for ar@ii- elegansactivity that has to
be taken in consideration in the design of antiddragent.

N
(33)

Benzo[d]oxazole-4,7-diones derivatives (34, 35, 8B)l were synthesized by Ryu et al. and testedrforitro
antifungal activity [34]. Remarkable antifungal ibition of some compounds (MIC 0.8 pg/ml) agai@Gsalbicans
andA. nigerhad been obtained. The obtained biological resulggested that benzo[d]oxazole-4,7-diones would be
potent antifungal agent%

o S\Rl
<\
Ry |s

Re (34) R (39)
o
H
Ry
<\
Br Re
(@)
(36)

Zhang et al. synthesized a series of novel anakgfiaatural product pimprinine [35]. Bioassay coctegd showed
that several of the synthesized compounds exhilfitedicidal activity. Compounds (37a, b) in partamushowed
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activity against the four pathogens screened ifficial media; Pythium dissimileAlternaria solanj Botryotinia
fuckelianaandGibberella zeae.
/\N

Q
/
X
N
\ s
Ry
(35)
In 2015, Zhang et al. also synthesized a serigsdofe modified streptochlorin analogues [36]. Thegasured their

activities against seven phytopathogenic fungi. Agqnthe screened compound there were seven comp¢d8ds
39, 40, 41, 42, 43 and 44) were identified as tbhetmpromising candidates for further study.

/\N /\ N S N
=N =g =~ Na
a
AN N\ N
N (38) N (39) N (40)

\N
=N (@] a

3 = %
= B N
a < N\ =
N \\ﬂ \
(42) N (43)

\H 41

NH

/
7\, (/
/ \B

a
N (44) Streptochiorine

3.4. Antimalarial Activity
Today there are huge effort to find effective treamt for malaria which is one of the most serimmsnplex and
refractory health problem facing humanity this cent

Human malaria caused by four species of protoz@aasfies of thg@lasmodiumgenus and is transmitted from
person to another by an insect vector, the fenadglaeline mosquito.

There are optimistic perspectives on the continunnwgstigation for the treatment of malaria, aneiytivill certainly
lead the scientific community to find solution tug disease along with improvements in the exissyigthetic and
semi synthetic drugs.

In 2011, Gordey et al. carried out the synthesiall§8ium -mediated coupling strategy) of a shonieseof
quinoline—oxazole hybrid compounds (45, 46) andnébthat these compounds were moderately activensigai
Plasmodium falciparunn vitro, with activities in the sub-micromolar range, atisiplay acceptable cytotoxicity to
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mononuclear leukocytes. Chemical modification styas, with the intention to increase the biololgmatency of
this new class of anti-malarial agents, had bescudised in this search [37].

R

-\\\\\\\ R

:Fum/;u

X AN

a 7 (45) a 7 (46)

The synthesis and antimalarial activity of a noseties of first generation 4-aminoquinoline-coritain2,4,5-
trisubstituted aminoxazoles against two strainghef Plasmodium falciparunparasitein vitro is described by
Musonda et al. [38]. A number of compounds (deivest of 47, and 48) significantly more potent thiae standard

drug chloroquine were identified.

H T/\g\l\l/\\c
H\‘/\% '\(ko \\/
\ R
a 7 (47)

i ~
- D
s (48)

A set of 7-chloro-N-(heteroaryl)-methyl-4-aminoqoiime and 7-chloro-N-(heteroaryl)-4-aminoquinolineas
synthesized and test@dvitro against 2 strains ¢flasmodium falciparurby Casagrande et §89]. All compounds
exhibited from moderate to high antiplasmodialhatiéis. The activity was strongly influenced boththe presence
of a methylenic group, as a spacer between theidegminoline and the heterocyclic ring, and by pinesence of a
basic head. The molecules that contained oxazdietasoatom inhibited the growth of both strain® ofalciparum
in good micromolar concentration and were not tagainst human endothelial cells (49). These resudhfirm
that the presence of a heteroaryl moiety in the stthin of 7-chloro-4-aminoquinoline is useful tbe design and

development of new powerful antimalarial agents.

3.5. Antiviral Activity
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Viruses are parasites that can cause seriousimrfisdor human such as HIV disease. The numbekisfieg drug
as antiviral is not enough and development of @afidrugs is still in requirement, because of tiral resistance.

The discovery and optimization of a novel classgafnolone small-molecules that inhibit NS5B polyise,
nonstructural protein 5B, a key enzyme of the hgpal virus viral life-cycle, is described by Kumet al. [40].

The research led to the replacement of a hydreljyi¢abile ester functionality with bio-isostetieterocycles such
as oxazole and oxazdiazoles. Compound (50) wasipetth IG5, (1.8 uM).

a (50)

A series of novel (5-oxazolyl)phenyl amine derivat were synthesized and their antiviral activitgginst the
hepatitis C virus (HCV) and the coxsackie virus(B¥B3) and B6 (CVB6) were evaluatédvitro by Zhong et al.
[41]. Bioassays showed that the synthesized congmerhibited potent antiviral activity against H@wd most
synthesized compounds had low cytotoxicity, comghdretelaprevir. The derivatives of compound (54pwsed
strong activity against the hepatitis C virus at kkoncentrations (163 < 2.0 uM).

/\o

N
/

~ N

H (51)

New oxazole containing inhibitors of HIV-1 (52) leatkeen discovered through cell-based screening of-house
library and subsequent scaffold modification by Katnal [42]. The SAR study focusing on substituent on She

aryl moiety of the oxazole core led to the identfion of potent inhibitors.
¢ X2

H (52)

Replacement of the pyridylmethyl moiety in indimawiith a pyridyl oxazole yielded HIV-1 protease iinitors (PI)
with greatly improved potency against Pl-resistHifiV-1 strains had been tested by Zhang et al. [#A3meta-
methoxy group on the pyridyl ring and a gem-dimethgthyl linkage afforded compound (53) with notainl vitro
antiviral activity against HIV-1 viral strains witteduced susceptibility to the clinically availatités. Compound
(53) also demonstrated favoralevivo pharmacokinetics in animal models.
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(53)

Synthesis and SAR of 2-alkyloxazoles (54) as clHsshosphatidylinositol-4-kinase beta (P14Klllbyhibitors is
described by Keaney et al. [44]. These compoundwodstrate that inhibition of PI4KIlIb leads to poténhibition

of HCV replication.

The 2-alkyloxazole series represents a new claswipounds that are highly potent and selectivébitdns of
P14KIllIb that targets cellular proteins as a pagnbute toward novel HCV therapies.

Ghosh et al. described the design, synthesis addical evaluation of a series of novel HIV-1 masge inhibitors
bearing isophthalamide derivatives [45]. Their warés based on investigation a range of acyclictegtdrocyclic
amides. In particular, they examined substitutedlipes and oxazoles which contain hydrogen bondod@amd
acceptor groups for specific interactions. Thedwgbitors displayed good to excellent HIV-1 proteaskibitory
activity. Compound (55) containing isophthalamidmethyloxazolylmethyl amide has shown an enzymdTie

inhibitor constant) of 0.17 nM and antivirald{f 14 nM.
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A series of novel and potent 4-azaindole core doimg compounds was prepared and evaluated fonpateutility
as inhibitors of HIV-1 attachment and infectionvitro by Wang et al. [46].

Synthetic chemical approaches were successfullgldped that allowed for the investigation of SARward the
key 7-position of 4-azaindole. Modifications at tffeposition of the 4-azaindole core modulated pogen
significantly and SAR showed that certain compouwits a 5-membered ring heteroaryl group at thagitmm
were the most potent (56, and 57).

\;u\ wa ) Q%Ph

\_/ (56) \/ (57)

CONCLUSION

The oxazole heterocycle is often incorporated imligieal chemistry studies, and this review repottesistructures
of oxazole derivatives with their correspondinglbgical activities as antipathogenic agents.
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