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recent advancements in understanding the pharmacological properties of thiazole
derivatives across multiple therapeutic areas. Key biological activities discussed include
anti-microbial, anti-cancer, anti-inflammatory, anti-oxidant activities.

INTRODUCTION

Thiazole is a heterocyclic organic compound
characterized by its five-membered ring
containing both sulfur and nitrogen atoms. Its
chemical formula is C3H3NS, and it has gained
significant attention due to its diverse biological
activities and applications in drug development.
Thiazole has a planar, aromatic ring structure with

a sulfur and nitrogen atom adjacent to each other.
This ring system imparts unique electronic
properties, influencing its reactivity and
interaction with biological targets. The electronic
distribution and ring tension in thiazole contribute
to its ability to form various derivatives with
altered biological properties.
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Fig 1: 2 D Structure of thiazole
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IUPAC name 1,3 — Thiazole

MOLECULAR C3H3NS

FORMULA

MOLECULAR 85.12g/mol

WEIGHT

MELTING POINT -33°C

BOILING POINT 117 °C

SOLUBILITY Slightly soluble in water
Soluble in polar organic solvents

SYNTHESIS OF THIAZOLE [4,5]

Hantzsch thiazole synthesis

Hantzsch thiazole synthesis is one of the most
reliable ways of synthesizing thiazoles. It is the

0
NH,

condensation of a-haloaldehydes or ketones with

thioureas in neutral, anhydrous solvents to form 2-

aminothiazoles.

N
N S Cl

H

N-phenylthiourea chloroacetone

Similarly, condensation between thiourea and
chloroacetaldehyde results in the formation of 2-
aminothiazole.

anhy. acetone N
Reflux, 1 h /4 \
N
H S

2-(phenylamino)-4-methylthiazole
96% vyield

S 0 S
HZN/LNHZ ' HJK/ ° K:%NHz

thiourea
The reaction proceeds through the nucleophilic
attack of the nitrogen atom via its lone pair of
electrons on the carbon adjacent to the chlorine
that is electrophilic (the electrophilicity of the
carbon atom is attributed to the -I effect of the
chlorine atom), followed by cyclization.
BIOLOGICAL ACTIVITIES
Anti- inflammatory activity [9]
S.N Thore, Sunil V Gupta, Kamalkishor G. Baheti
synthesized thiazole derivatives which exhibited
significant analgesic and anti-inflammatory
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activities. Among all the synthesized compounds,
those possessing 1, 3, 4-oxadiazole2(3H)-thione
(compound 11 and compound 14) and pyrazole
(compound 15 and compound 16) at position 4 of
thiazole (Scheme 2) exhibited more prominent and
consistent anti-inflammatory activity than that of
the standard drug diclofenac sodium. The
compound 9 showed moderate anti-inflammatory
activity. The compounds 11 and 14 exhibited good
activities in both in silico(docking) and in vivo
studies.
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Scheme 1 : Synthesis of intermediate 3 and target compound 6
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Scheme 2: Synthesis of target compounds 7 — 16

Anti-inflammatory activity was evaluated by the 1 h of reaction time with increased activity at 2 h.
carrageenan-induced paw oedema test in rats  Decline in activity was observed at 3 h. All the
(Winter et al., 1962) at equimolar doses equivalent  compounds in the series (compound 6 to
to 25mg/kg (diclofenac sodium) body weight. The  compound 16) exhibited the anti-inflammatory
anti-inflammatory activity data (Table 1) indicated  activity in the range of 14-45 % after 1 h and 21—
that all the test compounds protected rats from 60 % after 3 h. The compounds 14 and 15
carrageenan-induced inflammation moderately at  exhibited 44 and 45 % anti-inflammatory
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activities,  respectively, whereas standard
diclofenac sodium showed 40 % activity at 1 h of
study. The same compounds showed 55 and 60 %
activities at 3 h, whereas standard diclofenac
sodium exhibited 55 % activity at 3 h. The

structural correlation with anti-inflammatory
activity showed that compounds with 1, 3, 4-
oxadiazole-2(3H)-one, and pyrazole moiety
showed better activity.

Table 1: Results of docking scores and anti-inflammatory activities of title compounds (6-16) against
carrageenan-induced rat paw edema model in rats

Composnd Change in paw volume o (ml) afer desg troatment (£SEM) Anth - dnflanmmutory sctivity (% inhitation) Dock "
Ih 'h h Ih ' h ‘h
Contronl 0900 & Doy (RIS Al 1200 4 Dluss
Standard 0761 & D04~ Q800 & D09 QRSO & D04~ 000 6 0 49
n OHIS & DO ORES & OOg* QUS4 OO S84 o7 4 4 %K
O N2 & DOB** 0962 &+ D07 182 & D00 MM 114N 9% 4108
~ O8N0 & DOX*~ 1012 £ 007> 1108 4 One- IKIN 25 50 142 amm
9 DRSS £ DO (O ERS & DRs» D93 4 DO M4 4907 dx 41 2 i)
1 OR 2 D4 QUTY & DDt~ 1O74 4 Qs 1515 2314 194 185
1" D75 4 D OTHD & DDn O RA0D 4 DA T.87 537X sOm on2
12 OX6d & DD)*> O99S & OOK"* LU £ DO 145 2151 1 Sx 20978
1) 0787 & DOS*» O9M & D07 000 4 DOae .11 557 275
4 D764 4 s ORI & DU D862 4 DIIes PR ¥ 7T 480 55 194%)
I8 D721 2 D04 0740 £ DK~ 0790 4 DOss 4515 0 un o us2
N DARS) £ DOR> OX7TY 4 00T QW2 4 DX 212 o455 55 2% L OO
Indomethacin 4 559

Dt analyzed by one-way
“ <008, ** p«

Dose

OOF sigmibeant from control

levels: test commpounds and diclofenac sodivm (25

Analgesic activity [9,10]

G. Saravanan, V. Alagarsamy, C.R. Prakash, P.
Dinesh Kumar and T. Panneer Selvam synthesized
a series of thiazole and pyrazole derivatives to
study their analgesic effect. According to the
literature survey thiazoles were reported to possess
anti- microbial, analgesic , anti-inflammatory ,

anti- cancer, anti-tubercular and anti-diuretic
/4 \\ N,
\\ > (l,_('n > rll
NA— CHy £ M,

Acetophenone (1) Thiouma (2)

(/ \ o
— 1 I

2-Hydraziny N4 pheny thiazol-2-yDocetamide (S)

Alcohol
T NHCOGH NHNH,

mpAg, bwpo

NH.NH, H.0
-—

ANOVA followed by Duntett's test, (n o

activity. The title compounds (8a to 8j) were
synthesized by incorporation of pyrazole moiety at
2nd position of position of 2- hydrazinyl-N-(4-
phenylthiazol-2-yl) acetamide (5) by treating with
chalcones (7a to 7j). The 2-hydrazinyl-N-(4-
phenylthiazol-2-yl) acetamide (5) was synthesized
from 2- amino-4-phenyl thiazole (3) through 2-
chloro-N-(4-phenyl thiazol-2-yl) acetamide (4).

/s \
Br /4 \Q
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/
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— 1 I

2-Chloro-N-(d-pheny thiuzol-2-yviacetamide (4)

TNH,

T NHCOGH L

Step 1 : Synthesis of 2-hydrazinyl-N-(4- phenylthiazol-2-yl) acetamide (5).
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Substituted benzaldehyde

Acetophenone (1)
(6a -6))

Step 2 : synthesis of chalcones ( 7a to 7j )

DMF

Elh.mo

C—C'—C

Nl )H

Chalcones (Ta -7j)

S + (7a7)) . : (!‘,H
2

Title compounds (8a - 8)

R = H (8a), 4-OCH (8h). 4-N(CHy); (8¢). 3-NO, (8d), 4-CH; (8¢). 4-OH (80), 4-C1 (8g), 4-NO; (8h).

3.4.5-0CH, (8i) and 3-OCH-4-OH (8j)

Step 3 : Synthesis of title compounds ( 8a to 8j )

Table 2: Analgesic activity of title compounds ( 8a to 8j ) by Tail flick method

COMPOUND DOSE PERCENT ANALGESIC ACTIVITY R R
CODE (mg/kg) Ml min 6d) min 120 min 180 min
Xt 100 TA3 40 06° 54.25+233¢ S9.87+0.506¢ 456841, 107
sh 100 u. 1542 11% 19.7742 61 56 8940 614+ 17.5441.10°
5 100 56 574046 04, 5K+ 1 JHnee 173010 65234020
L] 100 36,4640 85+ 195041 15 A6 248 1 N INS141 00
Ne 100 469341 114+ $9.4240 444 63 560126 55.2740,38¢
8 100 459241070 51854095+ 61.79:205** 42,8341 250
8y 100 435443014 537331 .54 54514095+ 47.3642.15%
sh L) 6742 240 516641 14° SS ML 2K 165241 19%
N 100 496342 38* 578740 66 57634056 28 554018
8) 100 A8 8241 S60 56534112 60 14e] 120" 47, 744000
control 24033 Bl 4N 440 60 14087
Pentazocine 10 65424095+ 726440 7%+ T7ASe 1.03% 71,7840 54*
Eaxch valie ":[HV\CHI\ the mean+S, D, (neb) \p;nllum e kevels p 0.5, * el D1, ***pe 000 s gmnp ared with the rupcm\c controd

The results of analgesic activity indicate that all
the test compounds exhibited significant activity.
When compared with standard drug (Pentazocin
,10 mg/kg) the compounds 8c and 8e exhibited
comparable analgesic activity at 100 mg/kg.
Compounds 8f, 8j, 8a and 8b exhibited moderate
analgesic activity. Among the compounds
synthesized compound 8d exhibited lowest

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

analgesic activity. From the above results it may
concluded that compounds containing electron
donating groups exhibits better activity than
electron withdrawing groups.

Anti-microbial activity [11]

In 2014, Liaras and co-workers synthesized two
thiazole-based aminopyrimidine derivatives and
eight  N-phenylpyrazoline derivatives. Ten
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derivatives were tested against 9 g-positive and
negative bacteria. The evaluations showed all
structures have antibacterial activities. In addition,
two compounds (1a and 1b) among all compounds
(Table 3) had excellent activity. Streptomycin and
ampicillin were used as reference drugs. Most of
the derivatives showed comparable or Dbetter
activities than the reference drugs. Among all
derivatives, compound la had the best activity.
Compound 1b showed the best inhibitory effect

antibacterial activity against gram-positive and
negative bacteria showed by compound 1la. In
addition, compound 2d displayed the lowest
antibacterial activity, and had no activity against
En. cloacae. Also, all derivatives had potent
activity against S. aureus and L. monocytogenes
compared to streptomycin (except compound 2 g).
In the case of compounds 2a-h, compounds 2e, 2f
and 2 h increased the activity in comparison with
compound 2a, while compounds 2d and 2 g

against gram-positive bacteria. The best showed the opposite effect.
N_/ g 28:R=NHMe R'=H
5\1»«‘/ A ) \ =% 2b: R= NHCH,CH;, R'=H
R—<S | AN <K’ R™Ng 1 A | 2¢:R=Ph,R=H
; l N=N 2d: R= NHMe, R'=4-Me
N.2N 2¢: R= NHMe, R'= 4-OMe
\1512 @ 2f: R= NHMe, R'=4-NO,
2g: R= NHMe, R'=4-F
Show the best activity la-b B 2h: R= NHMe, R'= 4-Cl
la: R= ;ﬁ._ [HMe, R'= H
1b: R=/Ph, R'=H
7

show the best inhibitory effect
against gram-positive bacteris

Table 3: Compounds 1a to 2h

Compound 1a

CHg

Compound 1b

N|\(N

NH,

0;4«\?
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Compound 2a CHj3
N
HaC /( \
NH
> \
N—N

Compound 2b

Compound 2c

Compound 2d

Compound 2e

HaC

%
I
27
C;

0;4«?\
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Compound 2f

CHy \o_

N/N

Compound 29

2

Compound 2h

HaC—NH

Cl

Anti-oxidant activity [12]

Vladimir N. Koshelev, Olga V. Primerova, Stepan
V. Vorobyev, Anna S. Stupnikova and Ludmila V.
Ivanova conducted a study in which a series of
thiazoles and thiazolines were synthesized from
four thiosemicarbazones with phenol scaffold
(Scheme 4). The target compound 1 to compound
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5 were prepared as it is shown in Scheme 3 and 4.
Initially, the number of thiosemicarbazones was
synthesized by the  condensation of
thiosemicarbazide and series of aldehydes:
formylresorcinol-1a; vanillin-1b; 2,3-dihydroxy-
4,6-ditert-butylbenzaldehyde-1c; and 4-hydroxy-
3,5-di-tert-butylbenzaldehyde-1d.
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Scheme 4: Preparation of thiazoles and thiazolidinones 2-5

Resorcinol derivatives showed a high iron-
reducing activity among thiazoles, and alkylated
catechol derivatives showed a high iron-reducing
activity among thiazolidinones. Thiazolidinones ,
containing a carboxyl group, showed the greatest
activity in both ABTS assay and Feric ion
reducing capacity assay . In addition, both types of
activity increase with the introduction of the
coumarin moiety.

Anti-cancer activity [13,14,15]

Fawziah A. Al-Salmi , Abdulmohsen H.
Alrohaimi , Mohammed EI Behery , Walaa
Megahed , Ola A. Abu Ali , Fahmy G. Elsaid ,
Eman Fayad , Faten Z. Mohammed and Akaber

3

/*\‘5\
3
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T. Keshta developed and designed a safe and
efficient anticancer drug, a novel series of thiazole
derivatives (compounds 4a—c) and their acetyl
derivative (compound 5) were synthesized
(Scheme 5) through the reaction of
thiosemicarbazone with chloroacetyl chloride,
followed by cyclization with boiling ethanol in the
presence of fused sodium acetate. Acetyl
derivative (compound 5) was obtained via the
acetylation of 4a with acetic anhydride. Utilizing
elemental analyses and spectroscopic methods (IR
and NMR), the structures of the synthesized
compounds were verified. Using the MTT assay,
all of the synthesized thiazole derivatives
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(compounds 4a—c) and compound 5 suppressed the
growth of the cancer cell lines MCF-7 and HepG2.
Compound 4c was examined in vitro using the
VEGFR-2 enzyme assay, cell cycle analysis, and
Annexin 'V FITC/Pl assay. Compound 4c

exhibited promising and potential
antiproliferative, cell cycle arrest, and apoptosis
activation of MCF-7 cancer cell lines compared to
the reference drug and MCF-7 control.

as AT K (=) i
RRASEARSTRIR HaNT N N=— R
H
(1) 2)
I(b)
o - _-_.::I,_Ol {
~ 1l .
Ci- A ™ g
) =
3)
l (<)
), e ~OH
o= _.\l Al
<N"' ~n- N = TR
4n-c
a: R=H b R= Br
c: R= N=N-Ph
(d) L (e) i
Q
S O _CH )_ . _OH
-5 e =y e N =
o= 3 e :ﬂ, el K g
NTT N T M‘/ 87 TN ST
= - ~
=) HaCO—~ g _/>
HO (6)

Scheme 5: Synthesis of 2- [2- [4-hydroxy -3-subtituted benzylidene] hydrazinyl]-thiazole 4[5H]-one
derivatives.

In Vitro Cytotoxic Activity against Breast
Cancer and Liver Cell Lines (MCF-7 and
HepG2)

The MTT assay was used to determine the
synthetic compounds’ (4a—c) and 5 in vitro
cytotoxic activity (1C50): MCF-7 for breast cancer
and HepG2 for liver cancer, and Staurosporine
(STU) was used as the positive control drug. Their
findings revealed that all synthesized thiazole
derivatives (4a—c) and 5 exhibited antiproliferative
activity of MCF-7 and HepG2 cells compared to
the standard drug because of the thiazole moiety in
their structure, which contains sulfur and nitrogen.
The introduction of different substitutions and

replacements on  2-(4-hydroxybenzylidene)
(Scheme 5) may, in turn, increase or decrease the
IC50 of the synthesized compounds (4a—c) and 5,
as shown in (Table 4). Consequently, compound
4c, which contains a substitution on 2-(4-
hydroxybenzylidene) (R=NH=NH-Ph), showed
efficient cytotoxic activity toward MCF-7 and
HepG2, with IC50 values 2.57+0.16 uM and 7.26
+ 0.44 uM, respectively, followed by 12.7 = 0.77
pM and 6.69 + 0.41 uM, respectively, for
compound 4a, which does not contain any
substitutions on 2-(4-hydroxybenzylidene) (R=H)
compared to 6.77 = 0.41 uM and 8.4 = 0.51 uM,
respectively, of the standard drug.

Table 4 : In vitro cytotoxic activity (IC50) of thiazole derivatives (4a—c) and 5 in the MCF-7 and HepG2
cancer cell lines when compared to STU.
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1Cs0 Values (UM) of Compounds MCE-7 HepG2
4a 12.7+£0.77 6.69 +0.41
4b 315191 51.7+3.13
4c 2.57+0.16 7.26+0.44
5 28.0+1.69 26.8+1.62
Staurosporine 6.77£0.41 8.4+0.51

VEGFR-2 inhibitory activity

The ability of compound 4c to inhibit VEGFR-2, a
trans-membrane tyrosine Kkinase receptor that
promotes tumor angiogenesis, growth, and
proliferation was investigated.It is necessary to
comprehend the mode of operation of synthetic
thiazole derivatives and their capacity to cause
cancer cell death. Sorafenib, a popular VEGFR-2

inhibitor, served as the positive control in the
experiment. The outcomes demonstrated that
compound 4c was somewhat effective at inhibiting
the VEGFR-2 enzyme (IC50 = 0.15 uM)
compared to Sorafenib (IC50 = 0.059 puM) (Table
2). This result confirms the cytotoxic capacity of
compound 4c to arrest cancer cell growth and
division.

Table 5: VEGFR-2 inhibitory activity in vitro of compound 4c compared to Sorafenib.

Compounds | VEGFR-2 IC50 Values (UM)
4c 0.15
Sorafenib 0.059

FUTURE PERSPECTIVES

The review highlights that thiazole derivatives

exhibit a range of beneficial biological activities,

including anti-cancer, anti-inflammatory, anti-

bacterial, anti-oxidant, and analgesic effects. This

indicates a promising avenue for future research.

The development of thiazole derivatives with these

properties suggests they could provide effective

and selective therapeutic options with fewer

unwanted side effects.
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