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1.3-thiazole is a unique heterocycle containing nitrogen and sulphur at-
oms. Thiazole chemistry has developed after the pioneering it of Hofmann
and Hantzsch in 1887. Thiazole occupies an important place in medicinal
chemistry. It is widely found in diverse pharmacologically active sub-
stances and in some naturally occurring compounds. In last decade, heter-
ocyclic compounds containing thiazole moiety and their derivatives were
found exhibiting nanoscale properties. In addition, they exhibit a wide
spectrum of biological activities such as antioxidant, antitubercular, anti-
inflammatory, anti-HIV, antitumor, anticonvulsive, antifungal and anti-
bacterial. Thiazole is an essential in many natural (vitamin B;—thiamine)
and synthetic medicinally important compounds. This review focus on
both the chemical and biological importance of thiazole as a nanoparticle
and the different methods of synthesis of substituted thiazole with poten-
tial activities, which are now in developing phase.

1.3-ria3os € yHiKaIbHUM TeTepPOIIMKJIOM, IO MicTUTh aromMu HiTporemy rta
Cynsdypy. TiazonmeBa xemid posBuHYyJacd micaa s3amouaTkyBaHHs Hel 'ogd-
manHOM i Iamummem y 1887 poiri. Tiason 3aiimae BaskaImBe Miclie B JiKapCh-
Ki#t xemii. Bin mmupoko 3ycTpiuaeTscd B pisHMX (PapMaKoOJOTiYHO aKTUBHUX
peuoBMHAX i B HeAKWX IPUPOAHIX CIOJNyKax. B ocraHHe mecAaTHJIITTA OyJI0
BUABJIEHO, IO TETEPOIUKJIIUHI CIOJYKH, SAKi MIiCTATH Tia30JIOBYy UYacTHUHY,
Ta iXHi mOXimHI HNPOABIAITL HAHOPO3MipHi BaactuBocTi. Kpim TOoro, BoHH
MIPOABJSAIOTL IMINPOKUHA cHeKTep OioJioriuHmMX Aill, TAKUX AK AHTHOKCHUIAHT-
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Ha, NOpOoTUTYOEepKyIbhO3Ha, IpoTH3amajbHa, aHTU-BIJI, nporunyxawmHHAa,
MIPOTHUCYAOMHA, MPOTUTIPUOKOBA Ta aHTHOaKTepisiabHa. Tiasonm € HesaMiH-
HuUM y O0araThbox mpuponHix (Biramim B, — riamin) i cuHTeTMUHUX JiKyBa-
JBHO BaKJIMBUX cHOJyKaxX. lleil orysapx 3ocepemkeHUN AK Ha XeMi4YHOMY,
Tak i Ha OiosloTriuHOMY 3HAUeHHi Tiasosly AK HAHOYACTHHKM, a TAKOMK Ha
PiBHMX MeToJaxX CHUHTEe3W 3aMIiIl[eHOT0 Tias30Jy 3 HMOTEeHIiNHOI0 aKTUBHICTIO,
SAKi 3apas 3HAXOAATHLCS Ha CTalil po3poOKuU.

Key words: thiazole, synthesis, anticonvulsant, antifungal, anti-HIV
pharmacologically active nanoparticles.

Karouosi ciaoBa: Tiazos, cuHTe3a, IPOTUCYAOMHI, IPOTUrpuOKOBi, auTn-BIJI
(dapMaKoJIOTiYHO aKTUBHI HAHOYACTUHKM.

(Received 20 August, 2022; in revised form, 6 October, 2022)

1. INTRODUCTION

A heterocyclic compound is one that possesses a cyclic structure
with at least two different kinds of heteroatoms in the ring [1, 2],
considered to be aromatic as it follows the Hiickel’s rule [3].
Thiazoles are an important class of heterocyclic compounds,
found in many potent biologically active molecules such as fentiazac
and meloxicam (both anti-inflammatory agents), nizatidine (antiul-
cerative agent), and sulphathiazole (antibacterial agent). Thiazoles
are also frequently a vital component of novel and structurally di-
verse natural products that exhibit a wide variety of biological ac-

tivities [4].
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Heterocyclic compounds are attractive to medicinal chemists be-
cause of their unique chemical properties and wide-field biological
activities. Sulphur is capable of forming both ¢ and n bonds; there-
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fore, the studies of their binding interaction with receptor moiety
was also an interesting field of research during last few years [5].
As one of basic five-membered heterocycles, the thiazole substruc-
ture is widely found in many bioactive natural products including
the cytology compound thiazole [6—9]. On the other hand, the thia-
zole ring is present in various marine or terrestrial natural com-
pounds that have useful biological activities [10—13]. In the recent
years, experimental researches have introduced some thiazole deriv-
atives as the multitherapeutic effect compounds including anti-
cancer, anti-inflammatory, and inhibitor of the parasites like
Leishmania and the fungi such as Candida [14-1T7].

The pattern of thiazole ring was carefully selected to confer dif-
ferent electronic environment to the molecules [18] therefor, con-
sider it is a principal material for various chemical compounds in-
cluding sulphur drugs, biocides, fungicides, dyes, and chemical re-
action accelerators [18]. In addition, thiazole derivatives are report-
ed to exhibit significant biological activities and are widely used as
pharmaceuticals. Finally, careful science survey that thiazole ring
systems have occupied a unique position in the design and synthesis
of novel biological active agents with remarkable analgesic activi-
ties [19-22].

Nanotechnology takes us to the comprehensiveness of things rep-
resented in the study of the applications of very small things (na-
nomaterials) that can be used in a wide variety of fields from sci-
ence, engineering and even life sciences. From this standpoint, we
find that nanomaterials are the cornerstone and the first and basic
building block in nanoscience and nanotechnology. One of the appli-
cations of nanomaterials is to increase the efficiency of electronic
devices and at the same time reduce their size and reduce the ener-
gy consumed to operate these devices. This is evident in mobile de-
vices, computers and data storage chips. Develop and improve the
world of food, from the cultivation of grain to its packaging, in ad-
dition to working to increase the quality of food, maximizing its
usefulness and maintaining its safety. Work to transfer the drug
directly to the diseased cells.

2. THIAZOLE CHEMISTRY

Although the history of thiazole dates from 1879 with the work of
Hofmann on benzothiazoles, the systematic study of parent hetero-
cycle and its derivatives was reported from Hantzsch laboratory in
1887 [23]. Since then, a vast amount of work in the field of thiazole
chemistry has been reported in the literature covering different as-
pects such as methods of synthesis, physical properties, structure
and reactivity, reaction mechanism, industrial and biological appli-
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Fig. 1. Nomenclature and electronic structure of thiazole.

Fig. 2. The molecular geometry and charge distribution figures.

cations. Excellent books on thiazole containing up to date infor-
mation on the subject have appeared [24]. It was necessary to give
it a gist of modem concepts of structure and reactivity of thiazoles
as a background.

Thiazole is an important aromatic containing sulphur and nitro-
gen atoms as a part of five-membered heterocyclic ring with the
molecular formula of C;H;NS and molecular weight of 85.128
g-mole (Figs. 1, 2). That thiazole is yellow in colour and is liquid
in state. It is completely soluble in water at room temperature and
miscible with most of the organic solvents, boiling point of 117-
118°C having dipole moment 1.6D [25, 26]. Thiazole was character-
ized by larger m-electron delocalization and has therefore greater
aromaticity. This is evidenced by the position of the ring protons in
NMR (between 6, ppm 7.40 and 8.88 ppm) clearly indicating a
strong diamagnetic ring current, and its Fourier infrared (IR) spec-
trum recorded in the 400-4000 cm ' wavenumber region with a nine
fundamental bands are analysed. The calculated n-density marks C5
as the primary electrophilic site and C2 as the nucleophilic site [27].

Thiazole is aromatic on the basis of delocalization of a lone pair
of electrons from the sulphur atom completing the needed 6 =-
electrons to satisfy Hiickel’s rule [23]. The resonance forms are pre-
sented in Fig. 3.

O—0—0—-0—-00

Fig. 3. The resonance forms of thiazole.
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A lot of works has been done in the last few decades on the thia-
zole ring. Additionally, according to various studies conducted on
thiazole and its derivatives, some of the compounds reportedly can
be used to make polymers, liquid crystals, fluorescent dyes, herbi-
cides, and insecticides [28].

2.1. Spectral Data of Thiazole [29—33]

UV (CH,0H): A,,. 235 nm due to 1 — n* transitions, 210 nm due to
n—> " transitions.

IR (KBr): 3140, 1500, 1360, 1250, 740 cm™ absorptions.

'H-NMR(DMSO0-d6): § 8.8(C—H), 7.4(C—H) and 7.9(C—H).

3C.NMR (DMSO0-d6): & 153.6(C,—H), 119.6(C,—H), and 143.3(C5—
H).
Mass: m/z (relative intensity) 102(8), 101(25), 100(100), 74(3),
73(18), 60(7), 59(4), 58(75), 57(10), 55, 46, 45, 44, 42, 41, 40, 29,
27.

3. SUBSTITUTION REACTIONS OF THIAZOLE
3.1. Nucleophilic Substitution
Conventional structure (I) having a lone pair of electrons on nitro-

gen explains the electrophilic attack of proton acids and alkyl hal-
ides to form thiazolium salts [34, 35]:

O = O

Canonical form (I) accounts for the reactivity of a proton or an
appropriate group towards nucleophilic attack at position 2. The
reactivity of 2-halogenothiazoles by nucleophilic reagents according
to SyAr mechanism is noteworthy [36, 37]:

S S §

3.2. Electrophilic Substitution

Canonical structure (III) of 2-substituted thiazole through the tran-
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sient form (II) is facilitated when delocalisation of T7t-electrons of
(I) from electron donating group at 2-position to 5-position via ring
nitrogen takes place according to the principle of vinylogy [38—40].
The presence of a strong electron-donating group (like NH,, OH,
SH) or their alkyl or acyl derivative promotes delocalization to a
great extent as illustrated by the following structures:

N - .

I I 111

4. SYNTHESIS OF THIAZOLE AND ITS DERIVATIVES

Canonical various synthetic methods exist for the construction of
thiazole ring. The most common and oldest one is Hantzsch thiazole
synthesis that is a reaction between a-haloketones and thioamides.
2-Aminothiazoles can be synthesized cleanly and in high yields via
the Hantzsch thiazole synthesis. The large number of commercially
available a- bromoketones makes this an attractive way to introduce
diversity at the R2 and R3 positions of the thiazole ring [41]:
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3 Br. R3
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1\N NH " _ )\
H 2 R —N
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For example, Deau et al. reported microwave-assisted synthesis of
novel N-(4-phenylthiazol-2-yl)-carboximidamides. The required in-
termediates 2 namely 4-phenylthiazol-2-amines were prepared by
irradiating a mixture of thiourea and substituted o-
bromoacetophenone, in ethanol for 15 min in excellent yields [42]:

R
S A
A I
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)J\ ~ EtOH Ar-CN
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Gabriel’s synthesis is another example of thiazole ring closure
reaction of an acylamino-ketone with phosphorus pent sulphide
yields the corresponding 2,5-disubstituted thiazole [43]:

(0]
)J\ \
R
R N
H heat R R
o

S

The Cook—Heilbron thiazole synthesis describes the reaction of a-
aminonitriles with carbon disulphide to form 5-amino-2-
mercaptothiazoles [44]:

R
A R IN\
. | >—SH
CSy, —
NH; H,N S

The reaction of isocyanides containing active-methylene with me-
thyl carbodithioates in the presence of NaH as a base affords 4,5-
disubstituted thiazoles (this method is simple, rapid, and efficient
[45]):

N

= CN R
N
)J\ . ) 2 eq. NaH ’ \
Ar SMe R DMF , RT
Ar S

R: Ar, TS, CO,ET

A domino alkylation-cyclization reaction of propargylic bromide
derivatives with thioureas yields 2-aminothiazoles. This domino re-
action was performed under microwave irradiation and in the pres-
ence of K,CO;, leading to 2-aminothiazoles in a few minutes and
high yields [46]:

Br S N
leq. K,CO,4 R
VRPN =0 Y
H,N NHR' DMF, MW(300W)
S
R

Suzuki et al. [47] have reported the synthesis of 5-substituted
aminothiazole-4-carboxylic acid by the treatment of methyl a-
isocyanoacetate with a proper isothiocyanate in the presence of po-
tassium tertiary butoxide in tetrahydrofuran (THF) at room tem-
perature:
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HOOC

H,CO0C - HsCOOC,
C,H,0K N
RNCS + C———NCHZCHZOCH; JT—I’;F—> s / —_— / \
R-HN
S

Alvarez Ibarra et al. [48] have further reported the synthesis of
2-etylthio-4-carbethoxy-5-alkyl/arylaminothiazoles by treatment of
EMIC in the presence of potassium t-butoxide with isothiocyanate
in THF:

SMe C,H500C,

K- CO(Me)3
R-NCS + H5C,00C-CH,-N
THF
SMe
Where R= Ph, Et, n-Bu

Takeda et al. [49] have devised an ingenious method of synthesiz-
ing 2-amino-5-arylthiazole-4-carboxylates by the following:

C,H500C,
cl o
CH30ONa NH,CSNH
R-CHO + COOC,Hs ———— cl bl el T N
Ether \
cl R
COOC;H5 R NH,

S

Uli Kazmaier et al. [50] have the synthesis of thiazole derivative
by microwave to the TMSCI-Nal treatment gave the expected thia-
zoles in good to excellent yield:

i s o) R
3
H
)J\ N 1.5 eq TMSCI
Ri T 1.5 eq Nal /N
Ry S MW, acitonitrile Ri N
MeO OMe l /
R, s

Direct conversion of endothiopeptides into thiazoles

Cook—Heilbron synthesis is another versatile method for the syn-
thesis of 2-aminothiazole from amino nitriles [51]:

s
cS2 HS\( NH
NC)\NHZ ,\\‘I

Thioacylisoxazol-5(2H)-ones undergo intramolecular cyclization of
the iminocarbene to afford thiazoles under photochemical conditions
[562]:
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The Jacobson synthesis of benzothiazoles involves oxidative cy-
clization of an arylthioamide using potassium ferricynide in a basic
medium [53]:

S,
_Ky[Fe(CN)g]_ >—Ar
©\ /“\ 1 5 M NaOH N/

Another frequently used method for the synthesis of thiazoles
involves the condensation of acetophenone with thiourea or a thio-
amide [54, 55]:

Ph
\[s
A, =
™~ )j\ NH4OH N/

R

Sunil et al. [56] have the synthesis of benzthiazole derivatives by
using a synthetic route given in scheme as follows:

HC1
HZN—< i}—m Conc —<f >—NH2HCI CS2 KOH, S
EtOH H,0 :C[
Reflux
Ry

In the following reaction between activated acetylenic compounds
and thiourea derivatives, which afforded 1.3-thiazolane derivatives
in good isolated yields [57]:

S

I

Ne(— RO=C—C=C—CO,R _

A, CH3N=C=s : /Q
EtOH R=Me, Et

CO,R

As a continuation of our research devoted to the development of
green organic processes through performing reactions in green sol-
vents such as ionic liquids, herein, we report a versatile [58] envi-
ronmentally friendly synthesis of 2-amino-4-arylthiazole and 2-
methyl-4-arylthiazole in ionic liquid (IL). The treatment of phenacyl
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bromides and thiourea or thioamides in the IL 1,3-di-n-
butylimidazolium tetrafluoroborate ([bbim]BF4) at ambient temper-
ature afforded the corresponding 2-amino-4-arylthiazole and 2-
methyl-4-arylthiazole derivative follows in excellent yields:

Br S

Our initial approach was based on the results of Barrett [59] who
reported conversion of 2-N-(thiobenzoyl)acetamides into 5-
(trifluoroacetylamino) thiazoles in good yields upon treatment with
neat TFAA. The analogous reaction of 2-phenyl-2-
(thiobenzoylamino)acetamide not a substrate investigated by Barrett
was found to result in the formation of an approximately equal
mixture of thiazole and oxazole. This problem of mixed product
formation was overcome by reaction of the base compound with
Lawesson’s reagent prior to treatment with TFAA, resulting in ex-
clusive formation of the desired thiazole product:

S Ph

e, gy

Thiazole derivative can be obtained by condensation of -
haloketone with dithioamide (2.4-disubstituted thiazoles). The cy-
clization of two moles of a-haloketone with dithioamide resulted in
1.4-bis(4-pheny1-2-thiazolyl) benzene in high yield [60]:

L0 O~

2HO

The cyclization of a-thiocyanatoketones in aqueous acid, concen-
trated sulphuric acid in acetic acid and water or alkaline solution
leads to 2-hydroxy thiazoles after dilution in water [61]. These re-
actions can be carried out for several hours at room temperature or
by heating forl or 2 hrs on a steam bath:

R4

o) Ry
N
i
c
Ry s R, s OH

R,Ry= Alkyl, Phenyl
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Carbon disulphide readily reacts with a-aminonitriles giving 2-
mercapto-5-amino thiazoles [62], which can be converted to 5-amino
thiazoles unsubstituted in the 2-position:

R

2 S R
N
N& SJ HoN Is )\w

Thiazoles bearing a variety of substituents such as aliphatic, ar-
omatic, heterocyclic, or alkenyl groups can be prepared by intramo-
lecular nucleophilic substitution reaction of N-(2-bromoprop-2-enyl)
thioamides [63]. This vinyl substitution method would provide
unique synthetic route for a variety of heterocycles:

N
H
)]\/N\ /R1 15eq K2C03 > / \
Br S DMF, 800C Me R1

S

R,= Aliphatic, aromatic, heterocyclic or alkyl groups

From the commercially available methyl benzoate derivatives and
with racemic phenylglycine, a variety of 2,4-disubstituted-5-
acetoxythiazoles were prepared in good to moderate yields using the
following protocol [64]. Because of the high thermal stability of the
thiazole nucleus, the polymers incorporating thiazole ring system
have also been synthesized.

Thiamine is required for the biosynthesis of the neurotransmit-
ters such as acetylcholine and gamma-amino butyric acid [66, 67].
Its deficiency results in Korsakoff syndrome, optic neuropathy and
a disease called beriberi and confusion [68].

Penicillin G is a B-lactam antibiotic used in the treatment of bac-
terial infections caused by gram-positive bacteria [69].

Niridazole is used as schistosomicide [70] and is prescribed for
the treatment of periodontitis (inflammatory disease) too [71, 72].

Fentiazac is a non-steroidal anti-inflammatory agent used for
joint and muscular pain [73].

H

R N =
4 _=_sS
'Yé’x PEDS
)\N/ NH, or © %OOH

Thiamine Penicillin G
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6. THIAZOLE DERIVATIVES UNDER THERAPEUTIC
INVESTIGATION

6.1. Thiazole-Containing Compounds Endowed with Anticancer Ac-
tivity

Thiazole and its derivatives are amongst most active classes of com-
pounds that are known for their broad spectrum of activity e.g. an-
tibacterial activity [74], antifungal activity [75], antimalarial activ-
ity [76], antitubercular activity [77], antiviral activity [78], anti-
inflammatory activity [79], antidiabetic activity [80], anthelmintic
activity [81], anticonvulsant activity [82], antioxidant activity [83],
anticancer activity [84] and cardiovascular activity [85], etc. More-
over, thiazole-containing compounds have marked their presence in
number of clinically available anticancer drugs (Fig) such as
EGFR/VGFR kinase inhibitor, NF-KB inhibitor, CDC7 inhibitor and
inhibitor of enzyme B-RAF [86], etc. Thiazole containing com-
pounds depict anticancer activity profile through diverse mecha-
nisms.

6.2. Antibacterial and Antifungal Agents

The resistance of pathogenic bacteria toward available drugs has
been reported worldwide. Moreover, the incidence of fungal infec-
tions increased rapidly because of unselective antifungal activities
and easily gained resistance. Therefore, the researches have been
focused toward development of new antimicrobial agents with novel
target [87]. In this way, different thiazole bearing compounds show
promising antimicrobial activities. In the following sentences, we
describe some molecules containing thiazole ring systems as novel
antimicrobial agents [88].

In a study by Vijesh and co-workers [89], a series of 2,4-
disubstituted thiazole Schiff bases (1) containing pyrazole moiety
was synthesized by the Vilsmayer—Haack reaction of appropriate
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semi-carbazones [90]. All compounds were screened for their anti-
bacterial activities against S.aureus, B.subtilis, E.coli and

P.aeruginosa [91].
Ph
g
Ar ~ \”/QS
I\
N~p
H

(M

(1). Structure of thiazole antimicrobial agents.

6.3. Antitubercular Agents

Nowadays, the incidence of Mycobacterium tuberculosis infections is
increasing very fast because of poverty and the HIV/AIDS pandem-
ic. Thus, inefficiency of the conventional antitubercular drugs and
appearance of multi-drug-resistant to various strains of
M .tuberculosis, are the main problems [92—-94]. Among antitubercu-
lar agents, some thiazole bearing compounds showed promising an-
titubercular activities.

In a study by Makam and co-workers, a series of 2-(2-
hydrazinyl)thiazole derivatives were synthesized and evaluated
against Mycobacterium tuberculosis. Among the synthesized com-
pounds, ethyl-4-methyl-2-[(E)-2-[1-(pyridin-2-yl)ethylidene]hydrazin-
1-yl]-1.3-thiazole-5-carboxylate (2) showed noticeable inhibitory ac-
tivity against M.tuberculosis [95]:

N s _N_ s OJ

| N \f/

N N (@]
2)

(2). Thiazole-based compound with antitubercular activity.

6.4. Antiviral Agents

Viral infections are considered as one of the most common and dan-
gerous diseases which kill many people annually [96]. Besides recent
advances in the field of antiviral drugs, there is emergency need to
find more effective and efficient agents yet. In this field, many thi-
azole-based compounds were synthesized and evaluated that some of
them are reported here. A new generation of methyl 4-
(dibromomethyl)-2-(4-chlorophenyl)thiazole-5-carboxylate (3), which
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was the most potent derivative among the primary compounds, have
been synthesized and tested by Mayhoub et al. against yellow fever
virus using a cell-based assay [97]:

Br (0]
/
Br X
NYS
Ar
X=0,CH,, N, S

3

(3). Structure of some thiazole derivatives as antiviral agents.

6.5. Anti-Alzheimer’s Agents

The novel benzothiazole fully blocks the dual specific tyrosine phos-
phorylation regulated (4) [98]. The non-carboxylic acid imidazole
derivatives exhibited strong inhibition of plaque deposition [99].

(5) was reported as Alzheimer’s diseases-related glycogen syn-
thase kinase inhibitor, which prevented neurological mitochondrial
apoptosis and reduced inflammation [100, 101].

s o] H,CO o]
oo =g,
"o "

HN—Q jr

N

“ &)

(4), (5). Thiazole derivatives as treatment of Alzheimer’s disease.

6.6. Anti-Inflammatory Agents

Kalkhambkar et al. have synthesized triheterocyclic thiazole deriva-
tives (6) and evaluated for their in vivo analgesic (inhibition up to
88% and 78%), and anti-inflammatory potential (inhibition up to
29% to 42%) [102]:

R _7 R2
AN S —
| N
| VAN g
HN H %
Io) R,=Cl, R,= Br

(6)
(6). Thiazole derivative designed as anti-inflammatory agents.
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6.7. Antiviral Agents

Kampmann et al. have reported thiazole derivative (7), which inhib-
ited dengue virus (DENYV), envelope proteins [103]. A series of thia-
zole containing benzo[d]isothiazol-3-(2H)-one derivatives (8) were
identified as inhibitors of DENV2 [104]. Liy et al. have synthesized
thiazolidines (9) for inhibiting influenza A neuraminidase enzyme
[105, 106].

,_( NH
N NS N
S \N. N V
NN @ Y Hooc_ |
=/ N O<__NH t
o~-s
RO S
HO OCH,

(7 ®) ©

(7), (8), (9). Structures of some thiazole derivatives as antiviral agents.

6.8. Antimicrobial Agents

Rajni et al. have synthesized some thiazole derivatives (10) with po-
tent antimicrobial activity against S. aureus, B.subtilis and E.coli
[107]. Karale et al. have synthesized (11) and evaluated them
against B.subtilis, S.aureus and E.coli [108]. Compound containing
catechol unit improved Gram-negative inhibition [109].

(6]
N—NH

Q .
{ )-s AN |
(D"

(10) (11

(10), (11). Structures of some thiazole derivatives as antimicrobial agents

6.9. Anticonvulsant Agents

Epilepsy is characterized by abnormal and excessive discharge of
neurons that cause loss or disturbances of consciousness, with or
without characteristic body movements [110]. Commercially availa-
ble anticonvulsant drugs can control the seizures in only less than
70% of patients. Inefficiency of drugs and their undesirable side
effects such as ataxia, headache, and anaemia show the necessity
for search novel antiepileptic agents with more selectivity and lower



224 Soliman SOLIMAN, Ali SOLIMAN, Khalid ALZOUBAR et al.

toxicity in medicinal chemistry [111, 112]. In the field of anticon-
vulsant agents, many compounds are found with thiazole scaffold,
which several of them are described here. A series of novel 1-[(2-
arylthiazol-4-yl)methyl] azoles were synthesized and screened for
their anticonvulsant properties by Emami et al. in 2011. Anticon-
vulsant activity of synthesized compounds was tested by using two
models, PTZ and MES in mice. Among the target compounds, imid-
azol derivative, 1-[(2-(4-chlorophenyl) thiazol-4-yl) methyl]-1H-
imidazole and triazolyl derivative, 1-[(2-phenylthiazol-4-yl)methyl]-
1H-1,2,4-triazole and its 4-chlorophenyl analog showed the highest
anticonvulsant activity in both models with percentage protection
range of 33-100%. The structure-activity relationship and drug-
likeness studies revealed that thiazole-incorporated (arylalkyl)azoles
which showed good protection in both models of epilepsy (PTZ and
MES) can be regarded as promising candidate for future investiga-
tions [113, 114]:

@zolo

(12)

(12). Structure of some thiazole derivatives with anticonvulsant activity.

6.10. Antioxidant Agents

Increased the level of reactive oxygen species (ROS) under free rad-
ical oxidative stress condition causes some damages in cell growth,
gene expression and host defence. Therefore, controlling the level of
free radicals in cells seems to be essential to decrease damages
[115].

The antioxidant activity of 2,4-dioxo-1,3-thiazolidine thiazoles
have been studied by Yadla team using DPPH method. Based on
their report, para-bromo derivative 13 showed the highest antioxi-
dant potency, comparable to ascorbic acid and luteolin as reference
compounds [116].

In order to find new therapeutic agents for treatment of neuro-
degenerative disorders, Kim et al. designed novel antioxidant 14
containing N-t-butyl-N hydroxyl aminophenyl moiety. The N-t-
butyl-N-hydroxyl amino phenyl scaffold could have potential antiox-
idant activity because of high stability of radical species generated
from abstraction of hydrogen on N—OH by reactive oxygen species
(ROS). This study has indicated that thiazole-possessing compound
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14 remarkably decreased the neurotoxicity induced by ROS at 10
BM concentrations. In addition, the mentioned compound showed
the best lipid peroxidation (LPO) inhibition and in vivo neuroprotec-
tive activities using gerbils as animal models [117, 118]:

t-Bu._ _OH
Br BNl
=~
S
o =N
o NH
HN 07 "NH
- A
o N? s

\—/
(13) (14)
(13), (14). Thiazole derivatives and related compounds reported as antioxi-
dant agents.

7. CONCLUSION

The current review emphasizes on new horizons of anticancer poten-
tial of thiazole nanoparticles based heterocyclic derivatives. Thia-
zoles are a unique moiety that is responsible for various biological
activities and is found in many famous drugs such as penicillin,
nitazoxanide, bleomycin, meloxicam, fentiazac, tiazofurin, ri-
tonavir, etc.

Besides this, we have mainly focused on different series of thia-
zole derivatives with diverse biological activities including antibac-
terial, antifungal, antitubercular, anticancer, anticonvulsant, anti-
inflammatory, and antioxidant.

In addition, we have discussed a few methods of synthesis of thi-
azole derivatives and some therapeutic drugs bearing the thiazole
nucleus. This has been noticed so far that modifications on thiazole
moiety results in the formation of compounds with valuable biologi-
cal activities. It will be interesting to observe that these modifica-
tions can be utilized as potent therapeutic agents in future. Moreo-
ver, several thiazole-based enzyme inhibitors, which may be useful
for treatment of Alzheimer’s disease, diabetes, gout and other
chronic diseases, are also highlighted.

This article helps to find potential future directions on the devel-
opment of more potent and specific analogs of thiazole-based com-
pounds for various biological targets. Development of superior ana-
logs with better efficacy and pharmacokinetics and less side effects
would be incredible contribution for the betterment of human be-
ings.
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