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INTRODUCTION

In the family of heterocyclic compounds, the condensed
structure of thiazole and pyrimidine play an important role in
biology due to its organic processes [1]. Thiazole consists of
5-membered ring containing sulphur and nitrogen atom placed
at 1,3-positions in the heterocyclic ring (Fig. 1). Thiazoles are
important structural units for medicinal chemistry and several
biologically active molecules have been reported, such as
thiamine (vitamin B), as well as antibiotics such as penicillin
[2,3] and a variety of thiazole derivatives exhibit strong medici-
nal and pharmacological behaviours such as antibacterial and
antifungal, anti-inflammatory [4], analgesic [5], antitubercular
[6], central nervous system [7], activity against human immuno-
deficiency virus [8], etc.
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Fig. 1. General structure of thiazole
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Pyrimidine is 1,3-diazine, which is identical to benzene
and pyridine and has nitrogen at the 1,3-position (Fig. 2). It
has a broad variety of biological functions [9] such as anti-HIV,
anti-inflammatory, anticancer [10], antimicrobial action and
in calcium channel modification [11]. The presence of hetero-
cyclic nitrogenous bases cytosine and thymine are present in
DNA, while uracil replaces thymine in RNA [12].
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Fig. 2. General structure of pyrimidine

Thiazolopyrimidine and its analogues are a major class
of fused pyrimidines and thiazoles. Thiazolopyrimidine and
its derivatives have received special attention. Because they
are bioisosteric analogues of purines and possible bioactive
molecules, they are widely regarded as a biologically useful
system [13,14]. Thiazolopyrimidine is a category of bicyclic
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heterocyclic system, in which the [5,4-d] isomers is purine
isostere. The [3,2-a] isomer with bridge-head nitrogen has gained
a lot of interest in terms of its interesting biological properties
and chemical reactivity. The existence of 5H- and 7H-forms gives
it a very unique feature [15]. The ring system of thiazolopyri-
midine was found to have a biological activity such as anti-
microbial activity [16] and found to be an effective insecticide
[17] and have also been reported to have antitumor activity [18],
anti-inflammatory and analgesic agent [19], antiparkinsonian
[20], antiproliferative agent [21] and antioxidant activity [22].

Ritanserin and setoperone are two of the most frequent
used thiazolopyrimidine (Fig. 3). Ritanserin works by blocking
the 5HT2 serotonin receptor, whereas setoperone has anti-
schizophrenic properties [23]. Fig. 4 exhibits some fused
structures of thiazolopyrimidine and its analogues.
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Fig. 4. Structures of thiazolopyrimidine analogues

Synthesis of thiazolopyrimidine derivatives: Several
synthetic routes have been reported in the literature for thiazolo-
pyrimidine derivatives, which are summarized as follows:

(i). The α-halogenation of oxocyclohexane (1) with N-bromo-
succinimide (NBS) followed by cyclization with thiopyrimidines
(2) with p-toluene sulfonic acid (PTSA) and in acetonitrile
solvent medium proceed to synthesize 2,4-diaryl-6,7,8,9-tetra-
hydro-4H-benzo[4,5]thiazolo[3,2-a]pyrimidine hydrobromide
derivatives (3) [24].
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(ii). Under mild conditions, 7-chloro-derivatives (5) were
produced by stirring and heating the isothiocyanates with
5-amino-4,6-dichloro pyrimidine (4) at 50 ºC [25].
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(iii). An equimolar amount of 4-(substituted phenyl)-
thiazol-2-amine (6) and cyanoketene dithioacetal (7) by the
addition of triethylamine (TEA) was heated for 3 h in dry DMF
to obtain 3-cyano-2-methylthio-4-oxo-4H-thiazolo[3,2-a]-
pyrimidine (8) [26].
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(iv). Condensation of 2-amino-4-(3-pyridyl)thiazole (9)
with certain active methylene compound, ketoesters diethyl
malonate and ethyl cyanoacetate in acetic acid yielded 7-substi-
tuted-3-(pyridine-3-yl)-5H-thiazolo-[3,2-a]pyrimidine-5-one
(10) [27].
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(v). Cyclization of 4-amino-3-phenyl-2-thioxo-2,3-dihydro-
thiazole-5-carboxamide (11) to 5-sulfanyl-3-phenyl-2-thioxo-
2,3-dihydrothiazole[4,5-d]-pyrimidin-7-(6H)-one (12) by the
addition of carbon disulfide with sodium hydroxide [28].
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(vi). 2-(Furan-2-yl)thiazolo[5,4-d]-pyrimidine-5,7-diol (14)
was achieved by refluxing 5- amino-6-sulfanyl pyrimidine-
2,4-diols (13) with acyl chloride of furan at 150 ºC, followed
by refluxing with POCl3 to yield compound 15 [29].
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(vii). 4,6-Dichloropyrimidine-5-amine (16) was reacted
with isothiocyanate (17) by the addition of KF/alumina catalyst
to yield thiazolo[5,4-d]pyrimidine (18) subsquently reaction
with 2º-amine was executed to achieve disubstituted thiazolo-
[5,4-d]pyrimidine (19) [30].
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(viii). The cyclization with formamide of 5-amino-2-
methylsulphanyl thiazole-4-carboxamide (20) to 2-methyl
sulphonyl thiazolo[5,4-d]pyrimidine-7(6H)-one (21) was directly
carried out. Another route for the synthesis of 2-methyl sulphonyl
thiazolo[5,4-d]pyrimidine-7(6H)-one (21) using microwave-
assisted organic reaction was applied to obtain formamide
cyclization [31].

S

N
NH2

NH2

O

H3CS HCONH2

180 °C or MW

HN

N S

N

SCH3

O

20 21

(ix). The reaction of (E)-1-(5-methylthiazolidin-2-ylidene)-
propan-2-one (22) with 4-chlorobenzyl isothiocyanates in the
presence of a base diisopropylethylamine (DIPEA) was carried
out in a CH2Cl2 solution and led to the formation of diastereo-
meric 8-acetyl-2-methyl-7-phenyl-2,3,6,7-tetrahydro-5H-
thiazolo[3,2-c]pyrimidine-5-ones (23) [32].

S

NH

O

CH3

H3C

DIPEA

CH2Cl2

0 °C, 6 h

N

NH

S

Ar

R

O

O

H3C
22

23

Ar

NCl
C

O

(x). Equimolar amount of 3-allyl-2-mercapto-6-methyl-
pyrimidin-4(3H)-one (24) and bromine have resulted in the
formation of 2-(bromomethyl)-7-methyl-2,3-dihydro-5H-
thiazolo[3,2-a] pyrimidine-5-one (25). Excess bromine resulted
in the electrophilic substitution to 6-bromo-(2-bromomethyl)-
7-methyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-one (26)
[33].
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(xi). 7-Methyl[1,3]thiazolo[3,2-a]pyrimidine-5-one (29)
was synthesized by reacting 1,3-thiazolo-2-amine (27) with
ethyl acetylacetate (28) in acetic acid [34].
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(xii). 1,3-Dichloro-2-isothiocyanatobenzene with CS2CO3

and acetonitrile at 50 ºC, 5-amino-4,6-dichloropyrimidine (30)
was added to obtain 7-chloro-N-(1,3-dichlorobenzene)thiazolo-
[5,4-d]pyrimidin-2-amine (31) [35].
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(xiii). The reaction of diethyl chloroethynylphosphonate
(32) and ethyl-4-substituted-6-methyl-2-thioxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylate (33) along with K2CO3 and
methyl cyanide yielded 3-phosphorylated thiazolo[3,2-a]-
pyrimidine-6-carboxylate (34) in anhydrous acetonitrile at
room temperature [36].

(xiv). To obtain 1-(thiazolopyrimidine-7-yl)thiourea (36)
analogues, 2-(phenylamino)-4-amino-5-cyanothiazole (35)
was refluxed with ammonium isothiocyanate in glacial acetic
acid [37].
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(xv). Chloroacetonitrile reacts with potassium methyl (E)-
cyanocarbonimidodithioate (37), followed by treatment with
triethylamine to yield 4-amino-2-methyl sulphonyl thiazole-
5-carbonitrile (38). This compound yielded 2-methyl-6H-
thiazolo[4,5-d]pyrimidin-7-one (39) when heated with formic
acid [38].
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(xvi). Monoarylidene derivative (42) was formed in the
ethanolic solution of NaOH by reaction of 3,4-substituted (or
4-disubstituted)acetophenone (40) with different substituted
benzaldehyde derivatives (41). Thiazolo[3,2-a]pyrimidine (43)
was prepared by reacting 2-aminothiazole or its derivatives
with α,β-unsaturated ketones in sodium ethoxide [39].
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(xvii). 6-Amino-2-thiouracil (44) undergo cycloconden-
sation on boiling under reflux with ethyl bromoacetate by using
ethanolic KOH as a catalyst for a long period of time to obtain
ethyl 2-(7-amino-3,5-dioxo-2,3-dihydro-5H-thiazolo-[3,2-a]-
pyrimidin-6-yl) acetate (45). The compound was cyclocondensed
to 6,8-dihydropyrrole[2,3-d]thiazolo[3,2-a]pyrimidine-
3,5,7(2H)-trione (46) when treated with sodium ethoxide [40].

(xviii). Synthesis of bicyclic 1-(7-methyl-3,5-diphenyl-
5H-thiazolo[3,2-a]pyrimidine-6-yl) ethanone derivatives (50) by
refluxing 4-phenylthiazolo-2-amine (47), acetylacetone (48)
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and various aldehyde (49) with PTSA and under a solvent medium
of acetonitrile was achieved [41].

(xix). Synthesis of thiazolo[2,3-b]dihydropyrimidinone
(53) was achieved by refluxing ethyl-6-methyl-4-(substituted
phenyl)-2-thioxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylate
(51) and 3-(substituted phenyl)-1-phenyl-1H-pyrazole-4-carb-
aldehyde (52) with anhydrous sodium acetate and chloroacetic
acid under acetyl acetate-glacial acetic acid–acetic solvent
medium [42].
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Pharmacological action: Thiazolopyrimidines have been
focussed due to its potential transfer from antibacterial to anti-
cancer activity due to its mechanical similarities and sequence
homologies for targeting DNA gyrase. In addition to anticancer
and antimicrobial activities, thiazolopyrimidines are also very
effective against viruses, inflammation, tuberculosis, anxiety
and Parkinson’s disease. It also exhibits antioxidant action
(Fig. 5).
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  Anti-
tubercular
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Antianxiety 
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Antioxidant
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 Antiviral
action

   Anti-
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Fig. 5. Pharmacological activities of thiazolopyrimidine

Anti-inflammatory action: The most effective pharma-
ceutical agents used in the treatment of aching and joint inflam-
mation are non-steroidal anti-inflammatory medicines (NSAIMs)
[43]. Their therapeutic potency is closely linked to their capa-
bility to suppress prostaglandin-endoperoxide synthase or COX
enzymes [44]. The product of COX-1 being released constitu-
tively is the formation of gastroprotective prostaglandin (PG)
in the alimentary tract and accumulation of thromboxane in
thrombocytes [45]. The expression of COX-2 is reversible,
short-term and activated by pro-inflammatory mediators inclu-
ding lipopolysaccharides, cytokines and mitogens [46].

For the determination of gastric toxicity, Wistar rats were
used and for the evaluation of analgesic activity, a writhing
test was also used. The analgesic properties of compounds
54a and 54i were shown to be similar to those of acetylsalicylic
acid. Except for 54d and 54h, which were considered to be as
strong as phenylbutazone, all compounds displayed moderate
anti-inflammatory activity [47].
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54b, R=C2H5, R1=H                   
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54d, R=CH3, R1=CH2COC6H5         
54e, R=CH3, R1=CH2CO-4-ClC6H4
54f,  R=CH3, R1=CH2CO-4-BrC6H5     
54g, R=CH3, R1=CH2CO-4-CH3C6H5
54h, R=C2H5, R1=CH2CO-4-CH3C6H5 
54i, R=C6H5, R1=CH2CO-4-CH3C6H5

COX inhibitors: Bekhit et al. [48] prepared a sequence
of thiazolo[4,5-d]pyrimidine containing pyrazole ring, which

exhibited anti-inflammatory action. Indomethacin was used
as a standard drug in the cotton-pellet granuloma method in
mice to check the anti-inflammatory activity. Compounds 55d
and 56b showed a mild anti-inflammatory responses. In addition,
the ulcerogenic capacity in rats and inhibitory action against
human enzymes COX-2 and COX-1 were also studied. Compound
55c demonstrated superior inhibition of COX-2 in contrast to
others. However, no ulceration was found in compound 56b.
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Chemokines antagonist: Chemokines are a type of small
proteins characterized by four conserved residues of cysteine.
These proteins stimulate G protein-coupled receptors via a concen-
tration gradient, cause cells to migrate [49]. α-Chemokines
are chemokines for neutrocytes while β-chemokines are chemo-
kines for leukocytes and a short percentage of lymphocytes.
Increased chemokines are linked to chronic obstructive lung
disease, irritation, inflammatory bowel disease and stiffness
[50,51].

Walters et al. [52] reported 5-thio and 7-amino thiazolo-
[4,5-d]pyrimidine IL8RB antagonists (57a-f), which came
through high-throughput hit rate studies (HTS). The compound
had a strong antagonist effect, but the bioavailability of rats
was surprisingly weak. The structural activity relationship led
the progression to newer derivatives. The substitution at position
5 led to the development of an effective compound 58d and
also 3-chlorophenyl-2-fluoro (58a) and 2,3-difluorophenyl (58b),
which have enhanced potency while retaining appropriate bio-
availability in rats.

Fractalkine receptor antagonists: The special component
of the fourth category of chemokines (CX3C) is fractalkine
and comes in two forms, a membrane-bound and a soluble form,
each mediating different biological activity [53]. Substituted
7-aminothiazolo[4,5-d]pyrimidine (59a-i, 60a-d, 61a-h) is an
effective and selective fractalkine receptor (CX3CR1) antag-
onists [54]. In order to investigate the substituent outcomes at
positions 7 and 5, structural-related properties were created.
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The SAR study shows that the lipophilic replacement in the
benzene ring was accepted at position 5. As in compound 59e,
more polar groups (like nitrile) produce a 2-3 fold decrease in
potential. In contrast to the unsubstituted compound 59e, the
affinity of 2-Br derivative (61a) was 12-times greater.

The SAR study shows a small rise in efficiency in comp-
ound 59a by substituting the methyl group via an ethyl or
isopropyl group at position 7, while a substantial increase in
efficacy was achieved by replacing it with large groups like n-
propyl or isobutyl. Usually, more lipophilic group produce a
more effective compound at this position and the R-enantiomer
binds to the CX3CR1 receptor more preferably than S-enantiomer.
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Antimicrobial action: Chhabria et al. [55] synthesized
and tested a sequence of derivatives for their properties against
fungal infections. In vitro testing was done on every derivative
for antifungal action against Aspergillus clavatus, Aspergillus
niger and Candida albicans. The most active compound among
all fungal strains is compound 62b, which has a phenyl ring in
the third position and a 4-methoxyphenyl ring in the fourth
position. Compounds 62e and 62i showed significant activity
against Aspergillus niger, while compounds 62b, 62f and 62h
showed good activity against A. clavatus.

Rahimizadeh et al. [56] prepared several thiazolo[4,5-d]-
pyrimidine compounds. The antibacterial efficacy of all subs-
tances using streptomycin as a standard drug against S. aureus,
H. bacillus, E. coli and P. aeruginosa was measured. All the
derivatives showed good action against H. bacillus and P.
aeruginosa and poor activity against S. aureus. Compounds
63c-d, 63f displayed strong activity against E. coli.
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Viveka et al. [42] synthesized thiazolo[2,3-b]dihydro-
pyrimidinone and performed in vitro evaluation for antimicro-
bial activity. Compound 64a displayed strong antibacterial
action and the pyrazole ring contained electron-withdrawing
group 3,4-dichloro phenyl. The highest activity for compound
64a was observed among all compounds.

N

N

S

CO2Et

N
N

O R1

R2

R

64a-d 64a, R=3F-4-CH3 R1=Cl R2=Cl
64b, R=2,5-(OCH3)2R1=Cl R2=Cl
64c, R=H R1=Cl R2=Cl
64d, R=4-OCH3 R1=Cl R2=Cl

Anticancer action: One of the world’s most significant
death factors is cancer. Despite the development of innovative
diagnostic techniques to aid in early diagnosis, new successful
antitumor agents are still urgently needed to determine avail-
able targets [57]. No drug was found to date to kill malignant
cells without damaging healthy tissues. Any anticancer agent
must be evaluated in terms of a combination of advantage and
toxicity [58].

The in vitro antitumour efficacy of sythesized compounds
was examined and the results showed that compounds 65i, 66e,
66g and 66h showed significant broad-spectrum antitumour
activity. The activity of compounds 65i and 66e was almost 9
times that of 5-fluorouracil [59]. The in vitro evaluation of
compounds for their antitumour activity was accomplished
by using the MTT assay against (HepG-2) human hepatoma
of the liver, (PC-3) human prostate cancer and (HCT-116) human
rectal malignancy cells. In three types of carcinogenic cells,
all compounds exhibited dose-dependent anticancer action.
Compounds 67a and 67b displayed strong anticancer activity
in HCT-116 malignancy cells, with an IC varying from 92.2
to 120.1. The inhibitory effect of compounds 67a and 67b
indicate the significance of linking glycosyl group with thiazolo-
pyrimidine [60].
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NN

NS

R1

R2

R3

R

R2

R1 R3

Et

66a-j

66a R,R1,R2,R3 = H
66b R= CH3 ,R1,R2,R3 = H
66c R,R1,R3= H ,R2 = Cl
66d R= CH3 ,R1,R3= H ,R2= Cl
66e R,R1,R3= H ,R2= OCH3
66f  R= CH3 ,R1,R3=H,R2= OCH3
66g R1,R2= OCH3 ,R,R3= H
66h R= CH3 ,R1,R2= OCH3 ,R3= H
66i R= H ,R1,R2,R3= OCH3
66j  R= CH3 ,R1,R2,R3= OCH3

N

NS

R1

R2

R3

R3R1

R2

R

65a-j

65a R,R1,R2,R3 = H
65b R= CH3 ,R1,R2,R3 = H
65c R,R1,R3= H ,R2 = Cl
65d R= CH3 ,R1,R3= H ,R2= Cl
65e R,R1,R3= H ,R2= OCH3
65f R= CH3 ,R1,R3=H,R2= OCH3
65g R1,R3= OCH3 ,R,R3= H
65h R= CH3 ,R1,R2= OCH3 ,R3= H
65i R= H ,R1,R2,R3= OCH3
65j  R= CH3 ,R1,R2,R3= OCH3

N

N

N
S

F

S

O

OR

R1
OAc

OAc

67a-c

67a = R= CH2OAc, R1= OAc
67b = R= CH2OH, R1= OH
67c = R= H

Antiparkinson action: Dopaminergic neuron degeneration
is a symptom of Parkinson’s neurodegenerative disease in the
nigrostriatal brain region and indicated by lack of nimbleness
or quickness slow motion, stiffness and loss of reflexes. The
new compounds were synthesized which inhibits cyclic adeno-
sine monophosphate (cAMP) by combining with A2A adenosine
receptor. At nanomolar concentration, all urea derivatives (68a-g)
exhibited chemical attraction to A2A receptors. Compound 68b
showed relatively strong selectivity of A2A binding over A1A.
The urea derivatives (68a-g) have also been strong and more
precise than furosemide derivative (68h-l) as per receptor bin-
ding sequence, which suggests that bonding with hydrogen is
an essential part of the receptor-binding [61].

N

NN

S

R1

NH

S

N
H

O

R2

68a-l

O

O

O

O

O

68a, R= C2H5,      R2=NH2       68h, R= C2H5, R2=
68b, R= C3H7,     R2=NH2
68c, R= C4H9 ,        R2=NH2       68i,  R= C3H7, R2=
68d, R= C3H5,         R2=NH2
68e, R= C6H5 ,     R2=NH2       68j, R= C4H9, R2=
68f, R= C4H4I,     R2=NH2
68g, R= CH2C6H5, R2=NH2       68k, R= C3H5, R2=

68l, R= C3H5, R2=

A sequence of urea and thiourea derivatives were prepared
and evaluated for their antiparkinsonian function. Studies
found that compounds 69c, 69l, were strong and that haloper-
idol induced catalepsy was greatly antagonized. It was proposed
that since oxidative damage of dopaminergic neurons in the
dense part of the basal ganglia is regarded as one of the evidences
of neurodegeneration in Parkinson’s disorder, antioxidants can
help to protect dopaminergic neurons from oxidative damage.
The usage of this compound substantially removed oxidative
damage before 0.5 h haloperidol injection and restored gluta-
thione levels [62].

N

N N

S

NH

S

N
H

X
R

69a-r

69a, R= H, X= O               69j, R= H, X= S   
69b, R= 4-OCH3, X= O 69k, R= 4-OCH3, X= S
69c, R= 2-OCH3, X= O     69l,  R= 2-OCH3, X= S
69d, R= 2-F, X= O 69m,R= 2-F, X= S
69e, R= 4-F, X= O            69n, R= 4-F, X= S
69f, R= 2-Cl, X= O 69o, R= 2-Cl, X= S
69g, R= 4-Cl, X= O        69p, R= 4-Cl, X= S
69h, R= 2-NO2, X= O      69q, R= 2-NO2,X= S
69i, R= 4-NO2, X=O         69r,  R= 4-NO2, X= S

Antianxiety action: Corticotropin-releasing hormone
(CRH) is a hypothalamus-release neurohormone which is
important in incorporating the total stress response to the body.
In response to stimulus, like chronic stress, CRH is released
in the organism for mounting behavioural, physiological and
endocrinology reaction causing stress in the body. CRH1 and
its role in tension and neurological conditions indicate that a
new class in neuropsychiatric medication could be a new CRH1

antagonist in the therapy of multiple stress-related problems,
including addictive behaviour, anxiety and depression [63,64].
It was found that the opening of thiazole group of thiazolo[4,5-d]-
pyrimidine has another significant sequence of CRH-1 based
pyrimidine antagonists. It was found that these substituted
pyrimidines have excellent binding affinities compared to
antalarmin [65].

HN

N N

S

O

S

X

Ring 
opening

NaOH,RI HN

N

SR

NH

O

X

1) POCl3

2) 2o amine

N

N

NR1R2

SR

NH

X

R,R1,R2 = alkyl groups, X = 2,4,6-trimethyl or 2-Br-4-isopropyl

The interaction with the structure of the non-peptide CRH1

antagonist and its receptors revealed that the antagonist CRH1

is usually made up of three-part: the hydrophobic part upward,
a proton-acceptor part in the centre and an aromatic part down-
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ward. Therefore, it was proposed that the specific pharmaco-
phore is a unicyclic or bicyclic heterocyclic, which has a non-
polar dialkylamino group on a single side and generally has
2-, 4- and 6-positions substituted on aryl ring [66].

X

N Z

Y

R4

R5

R3

N
R1 R2

Heterocyclic core: mono 
or bi-heterocyclic ring:

X= C or N
     Y= C,N or S
     Z= C or N

2,4,6-substituted
aromatic ring

Hydrophobic 
dialkylamino
group

Methyl 
group

Antiviral action: Herpes-simplex virus (HSV) disease is
found all over the world and symptoms vary from moderate
disease in the majority of patients to intermittent, serious and
life-threatening disease in few cases [67]. Acyclovir is used to
treat it but because of its widespread and regular use [68],
resistant cases have emerged; resistance has also occurred to
5-10% of immune-compromized patients [69]. It is clear from
this that new antiviral compounds which can also overcome
resistant strains must be tested [70].

Isatoribine is a selective toll-like receptor 7 (TLR7) agonist
and native immunity is activated. In clinical trials, IV injection
of isatoribine was administered to chronic HCV-infected
patients once or twice a day over a week led to reduced HCV
RNA levels. This was related to improving interferon response
gene expression. Compound 70 had a low pharmaceutical use,
to improve pharmacokinetics issues and to improve the palat-
ability of old isatoribine, ANA975 (71) an isatoribine prodrug
was synthesized which is transformed to isatoribine by hydro-
lysis of esterase and then oxidation by aldehyde oxidase,
offerning bioavailability of more than 85% [71].

O

N

S NH

N

O

NH2

O

OH

OH

HO

O

N

S NH

N

O

NH2

OAc

OAc

HO

Isatoribine 70 ANA975 71

Antioxidant action: Maddila et al. [72] synthesized and
screened a series of biphenyl-3,5-dihydro-2H-thiazolo[3,2-a]-
pyrimidine-6-carboxylate analogues for antioxidant activity.
The entire synthesized compound displayed mild to strong
antioxidant activity. Because of the addition of an aliphatic
group on the benzene ring, compounds 72j, 72i and 72a have
shown higher potency as compared to reference ascorbic acid.
Antioxidant activity is strong in derivatives containing an alip-
hatic group on the benzene ring. Compounds 72a, 72b, 72d,
72f, 72g and 72h shows medium to higher antioxidant activity.

N
N

S

CH3
OEt

O

OEt
O

O

R

72a, R= H 72f, R= 4-N(CH3)2
72b, R= 4-Br            72g, R= 4-Cl
72c, R= 4-C2H5 72h, R=4-CH(CH3)2
72d, R= 4-CH3          72i,  R=4-C(CH3)3
72e, R= 4-OCH3 72j, R=4-NO2

72a-j

Antitubercular action: Cai et al. [73] synthesized and
screened the derivatives of 5H-thiazolo[3,2-a]pyrimidin-5-
ones as antitubercular agent. Using broth microdilution method,
the antitubercular efficacy in vitro against M. semegmatis were
screened. Compounds 73a-d, which has a substituted benzamide
at the C-7 position, is effective towards M. semegmatis.

Mechanism of action: Thiazolopyrimidine exhibits a
variety of biological characteristics. Thiazolopyrimidine may
block topoisomerase of mammalian DNA, while it is 100 times
more vulnerable to DNA gyrase prokaryotic. The development
of thiazolopyrimidine drugs has lately gained considerable
interest because of the molecular similarities of sequence
homologies for the targeting of eukaryotic topoisomerase
enzymes. The mechanism of action of thiazolopyrimidine is
depicted in Fig. 6 [49,52,54,66,74,75].

N

N N

S

Inhibition of prostagladin
synthases

Inhibition of COX-2

Inhibition p21-activated
kinase

Topoisomerase inhibitory
activity

Thrombin inhibitorsActivates the
chemokine receptor

CRH receptor
antagonist

Fractlkine receptor
antagonist

Fig. 6. Mechanism of action of thiazolopyrimidine

Relationship between thiazolopyrimidine analogues
and fraction V: Serum albumins are an important element in
biological processes predominantly present in the circulatory
system [76,77]. Various ligands like fatty acids, proteins, steroids,
antibiotics, pharmaceuticals and transition metals are the most
essential physiological characteristic of this group of proteins
in the bloodstream. Furthermore, they can help to maintain
colloid oncotic blood pressure and blood pH [78,79]. The
binding of serum albumin can affect the pharmacokinetic prop-
erties of the drug and its interactions with tissues [80,81]. Thus,
drug-serum albumin interactions are important to understand
the body’s storage, transportation and distribution and to explain
the action mechanism, pharmacodynamics and pharmaco-

526  Aggarwal et al. Asian J. Chem.



kinetics of drug serum [82,83]. Fraction V is chosen as a protein
model because of its high homology and sequence and confor-
mation resemblance with human serum albumin (HSA).

Spectrofluorometry and UV-visible absorption spectro-
scopy were analyzed in the relationship between thiazolo-
pyrimidine analogues and fraction V. To study the quenching
process, the Stern-Volmer constant and UV-visible absorption
parameters were used. The association constant (Ka), binding
distance (r) were estimated along with binding sites (n). The
potential subdomain on fraction V that binds thiazolopyrimi-
dine was identified by using a displacement experiment. The
molecular configurations of five synthesized thiazolopyrimi-
dines are shown below:

N

N

S

R

O
R= H
R= CH3
R= OCH3

R= SCH3
R= COOCH3

Mechanism of fluorescence quenching of fraction V
by thiazolopyrimidine: In presence of thiazolopyrimidine,
the fluorescence was quenched by a shift in the emission
spectrum. When there are only methyl groups or no substituents
on the benzene ring, the λmax of fluorescence emission of
fraction V showed red shift, while for the other three comp-
ounds, the blue shift will occur at the λmax of fraction V. This
phenomenon indicates that after adding thiazolopyrimidine,
the microenvironment of the fraction V chromophore has
changed [84,85].

Under closely regulated temperature and pH parameters,
collisional quenching and contact quenching are potential
causes of fluorescence quenching. The Stern-Volmer equation
was used to test the fluorescence results to determine a precise
quenching mechanism [86].

q o sv
F

1 K [Q] 1 K [Q]
F

° = + τ = + (1)

F° and F = in the absence and presence of quencher, the relative
fluorescence intensity of fraction V. Ksv = the collisional
quenching constant; Kq = the bimolecular rate constant of the
quenching; Q = concentration quenching.

Binding parameters of thiazolopyrimidine and fraction
V: The binding dimensions between fraction V and thiazolo-
pyrimidine can be calculated using eqn. 2, while the quenching
process is constant:

A
F F

log logK n log[Q]
F

° − = + (2)

The values of ‘n’ are around 1 and demonstrate that the
fraction V to thiazolopyrimidine molar ratio is 1:1. The binding
constants of fraction V and thiazolopyrimidine interaction
decreases in the following order 2 > 5 > 3 > 4 > 1, the binding
capacity from compound 2 to fraction V is greatest and the
binding capacity from compound 1 to fraction V is weakest.
Thiazolopyrimidine alkyl group will interact with the amino
acid group, thereby enhancing fraction V and thiazolopyrimi-
dine binding affinity with any substitutions on the benzene
ring [78,87].

Force acting between thiazolopyrimidine with fraction
V: Thermodynamic variables like change in entropy (∆S),
enthalpy changes (∆H) and change in free energy (∆G) are
measured for determining the force. The H-bonds, Coulomb
force, hydrophobic interaction and intermolecular forces are
the most commonly acting forces in the relationship between
small molecules and macromolecules. When the temperature
is less, the values of ∆H can be stabilized. Therefore, the thermo-
dynamic variables of temperature may be calculated using the
equations [88,89]:

H S
lnK

RT R

∆ ∆= − + (3)

∆G = ∆H – T∆S (4)

Distance between thiazolopyrimidine and fraction V:
The Foster theory state that the energy conversion takes place
when the combination fits the following conditions (a) fluore-
scence can be produced by a donor, (b) the donor’s fluores-
cence emission spectra and the acceptor absorbance spectra
overlap, (c) the distance is less than 7 nm between donor and
acceptor [90]. The separation between the receiver and supplier
determines the ability of energy transfer as well as the crucial
energy conversion distance. As a result, the energy conversion
efficiency E is determined by the following equation:

6
o

6 6
o

R
E

R r
=

+ (5)

A glimpse of recent patents issued or submitted: For
years, thiazolopyrimidine drugs have been useful in antimicro-
bial treatment, but they are currently being studied as potential
anticancer and cytotoxic agents. Similarly, various patents for
the use of thiazolopyrimidine have been issued or submitted
as shown in Table-1.

TABLE-1 
REPORTED PATENTS OF THIAZOLOPYRIMIDINE 

Patent number Title Date Ref. 
W020180854841 Fused thiazolopyrimidine derivatives as MNKS inhibitors 26-05-2018 [92] 
US20150038494A1 Thiazolopyrimidine modulators as immune suppressive agents  05-02-2010 [93] 
US8637527B2 Imidazolo-oxazolo and thiazolopyrimidine modulators of TRPV1 28-01-2014 [94] 
US8901132B2 Thiazolopyrimidine modulators as immune suppressive agents 02-12-2014 [95] 
EP2224929A1 Imidazolo, oxazolo and thiazolopyrimidine modulators of TRPV1 08-10-2010 [96] 
US7893060B2 Thiazolopyrimidine and their use as inhibitors of phosphatidylinositol-3-kinase 22-02-2011 [97] 
W02009042607A1 Thiazolopyrimidine Phosphoinositide-3-kinase inhibitor compounds and methods of use 02-04-2009 [98] 
W02002072585A2 Substituted pyrazolopyrimidine and thiazolopyrimidine 19-09-2002 [99] 
 

[92]
[93]
[94]
[95]
[96]
[97]
[98]
[99]
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Conclusion

This review article had emphasized the recent progress in
the rapidly growing field of thiazolopyrimidine chemistry. In
the context of synthetic methods to the pharmacological activities
of condensed thiazolopyrimidine, references gathered were
regarded to be reviewed and summarized. Their significant
pharmacological potential provided a good foundation for the
systematic exploration of these compounds in the synthesis
and functioning of condensed thiazolopyrimidine.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. L. Chen, Y. Jin, W. Fu, S. Xiao, C. Feng, B. Fang, Y. Gu, C. Li, Y. Zhao,
Z. Liu and G. Liang, ChemMedChem, 12, 1022 (2017);
https://doi.org/10.1002/cmdc.201700175

2. A.K. Prajapati and V.P. Modi, J. Chil. Chem. Soc., 55, 240 (2010);
https://doi.org/10.4067/S0717-97072010000200021

3. L.R. Abdu-Rahem, A.K. Ahmad and F.T. Abachi, Sys. Rev. Pharm.,
12, 290 (2021);
https://doi.org/10.31838/srp.2021.1.46

4. R.N. Sharma, F.P. Xavier, K.K. Vasu, S.C. Chaturvedi and S.S. Pancholi,
J. Enzyme Inhib. Med. Chem., 24, 890 (2009);
https://doi.org/10.1080/14756360802519558

5. R.G. Kalkhambkar, G.M. Kulkarni, H. Shivkumar and R.N. Rao, Eur.
J. Med. Chem., 42, 1272 (2007);
https://doi.org/10.1016/j.ejmech.2007.01.023

6. Y.K. Abhale, A. Shinde, K.K. Deshmukh, L. Nawale, D. Sarkar and
P.C. Mhaske, Med. Chem. Res., 26, 2557 (2017);
https://doi.org/10.1007/s00044-017-1955-1

7. C.B. Mishra, S. Kumari and M. Tiwari, Eur. J. Med. Chem., 92, 1 (2015);
https://doi.org/10.1016/j.ejmech.2014.12.031

8. M. Khan, S. Hameed, T. Akhtar, N.A. Al-Masoudi, W.A. Al-Masoudi,
P. G. Jones and C. Pannecouque, Med. Chem. Res., 25, 2399 (2016);
https://doi.org/10.1007/s00044-016-1669-9

9. N.B. Patel, A.C. Purohit and D. Rajani, Med. Chem. Res., 23, 4789 (2014);
https://doi.org/10.1007/s00044-014-1052-7

10. R.K. Rawal, R. Tripathi, S.B. Katti, C. Pannecouque and E. De Clercq,
Bioorg. Med. Chem., 15, 3134 (2007);
https://doi.org/10.1016/j.bmc.2007.02.044

11. R.L. Sawant, C.A. Bansode and J.B. Wadekar, Med. Chem. Res., 22,
1884 (2013);
https://doi.org/10.1007/s00044-012-0189-5

12. K.S. Patel, K.N. Raval, S.P. Patel, A.G. Patel and S.V. Patel, Int. J.
Pharm. Biol. Sci., 2, 170 (2012).

13. M.B. Buddh, A.H. Bapodra and K.D. Ladva, Rasayan J. Chem., 4, 824
(2011).

14. Z. Hou, N. Zhou, B. He, Y. Yang and X. Yu, Spectrochim. Acta A Mol.
Biomol. Spectrosc., 79, 1931 (2011);
https://doi.org/10.1016/j.saa.2011.05.093

15. N.B. Yaragatti, M.V. Kulkarni, M.D. Ghate, S.S. Hebbar and G.R.
Hegde, J. Sulfur Chem., 31, 123 (2010);
https://doi.org/10.1080/17415990903569544

16. M.S. Behalo, J. Heterocycl. Chem., 55, 1391 (2018);
https://doi.org/10.1002/jhet.3174

17. F.Y. Wu, Y. Luo and C.B. Hu, IOP Conf. Ser: Mater. Sci., 292, 012038
(2018);
https://doi.org/10.1088/1757-899X/292/1/012038

18. H.T.Y. Fahmy, S.A.F. Rostom, M.N. Saudi, J.K. Zjawiony and D.J.
Robins, Arch. Pharm., 336, 216 (2003);
https://doi.org/10.1002/ardp.200300734

19. A.A. Abu-Hashem, M.A. Gouda and F.A. Badria, Eur. J. Med. Chem.,
45, 1976 (2010);
https://doi.org/10.1016/j.ejmech.2010.01.042

20. A.E.E. Amr, S.S. Maigali and M.M. Abdulla, Monatsh. Chem., 139, 1409
(2008);
https://doi.org/10.1007/s00706-008-0937-x

21. Z.-H. Li, J. Zhang, X.-Q. Liu, P.-F. Geng, J.-L. Ma, B. Wang, T.-Q. Zhao,
B. Zhao, H.-M. Wei, C. Wang, D.-J. Fu, B. Yu and H.-M. Liu, Eur. J.
Med. Chem., 135, 204 (2017);
https://doi.org/10.1016/j.ejmech.2017.04.056

22. A. Khalilpour, S. Asghari and M. Pourshab, Chem. Biodivers., 16,
e1800563 (2019);
https://doi.org/10.1002/cbdv.201800563

23. K.I. Kaskevich, A.A. Babushkina, V.V. Gurzhiy, D.M. Egorov, N.I.
Svintsitskaya and A.V. Dogadina, Beilstein J. Org. Chem., 16, 1947 (2020);
https://doi.org/10.3762/bjoc.16.161

24. T. Sekhar, P. Thriveni, A. Venkateswarlu, T. Daveedu, K. Peddanna and
S.B. Sainath, Spectrochim. Acta A Mol. Biomol. Spectrosc., 231, 118056
(2020);
https://doi.org/10.1016/j.saa.2020.118056

25. J. Liu, R.J. Patch, C. Schubert and M.R. Player, J. Org. Chem., 70,
10194 (2005);
https://doi.org/10.1021/jo0517702

26. C.N. Khobragade, R.G. Bodade, S.G. Konda, B.S. Dawane and A.V.
Manwar, Eur. J. Med. Chem., 45, 1635 (2010);
https://doi.org/10.1016/j.ejmech.2009.12.040

27. J. Saczewski, A. Paluchowska, J. Klenc, E. Raux, S. Barnes, S. Sullivan,
B. Duszynska, A.J. Bojarski and L. Strekowski, J. Heterocycl. Chem.,
46, 1259 (2009);
https://doi.org/10.1002/jhet.236

28. N.S. Habib, S.M. Rida, E.A.M. Badawey and H.T.Y. Fahmy, Monatsh.
Chem., 127, 1203 (1996);
https://doi.org/10.1007/BF00844696

29. F. Varano, D. Catarzi, F. Vincenzi, M. Betti, M. Falsini, A. Ravani, P.A.
Borea, V. Colotta and K. Varani, J. Med. Chem., 59, 10564 (2016);
https://doi.org/10.1021/acs.jmedchem.6b01068

30. B. Singh, S.K. Guru, S. Kour, S.K. Jain, R. Sharma, P.R. Sharma, S.K.
Singh, S. Bhushan, S.B. Bharate and R.A. Vishwakarma, Eur. J. Med.
Chem., 70, 864 (2013);
https://doi.org/10.1016/j.ejmech.2013.10.039

31. G. Chattopadhyay, D. Saha, P.S. Ray, S. Naskar and S. Sarkar, Indian
J. Chem., 49B, 1229 (2010).

32. M.B. Litvinchuk, A.V. Bentya, N. Yu. Slyvka, E.B. Rusanov, M.V. Vovk,
Chem. Heterocycl. Compd., 56, 101 (2020);
https://doi.org/10.1007/s10593-020-02629-0

33. R. Studzinska, M. Wróblewski, A. Karczmarska-Wódzka and R.
Kolodziejska, Tetrahedron Lett., 55, 1384 (2014);
https://doi.org/10.1016/j.tetlet.2014.01.033

34. E.A. Veretennikov and A.V. Pavlov, Russ. J. Org. Chem., 49, 575 (2013);
https://doi.org/10.1134/S1070428013040143

35. A.D. Lebsack, B.J. Branstetter, M.D. Hack, W. Xiao, M.L. Peterson,
N. Nasser, M.P. Maher, H. Ao, A. Bhattacharya, M. Kansagara, B.P.
Scott, L. Luo, R. Rynberg, M. Rizzolio, S.R. Chaplan, A.D. Wickenden
and J. Guy Breitenbucher, Bioorg. Med. Chem. Lett., 19, 40 (2009);
https://doi.org/10.1016/j.bmcl.2008.11.024

36. D.M. Egorov, A.A. Babushkina, V.E. Leonenok, A.P. Chekalov and
Y.L. Piterskaya, Russ. J. Gen. Chem., 90, 319 (2020);
https://doi.org/10.1134/S1070363220020267

37. A.A. Abd Elhameed, N.S. El-Gohary, E.R. El-Bendary, M.I. Shaaban
and S.M. Bayomi, Bioorg. Chem., 81, 299 (2018);
https://doi.org/10.1016/j.bioorg.2018.08.013

38. R. Lin, S.G. Johnson, P.J. Connolly, S.K. Wetter, E. Binnun, T.V.
Hughes, W.V. Murray, N.B. Pandey, S.J. Moreno-Mazza, M. Adams,
A.R. Fuentes-Pesquera and S.A. Middleton, Bioorg. Med. Chem. Lett.,
19, 2333 (2009);
https://doi.org/10.1016/j.bmcl.2009.02.067

39. G.S. Hassan, S.M. El-Messery and A. Abbas, Bioorg. Chem., 74, 41
(2017);
https://doi.org/10.1016/j.bioorg.2017.07.008

40. A.A. Abu-Hashem, M.M. Youssef and H.A.R. Hussein, J. Chin. Chem.
Soc., 58, 41 (2011);
https://doi.org/10.1002/jccs.201190056

528  Aggarwal et al. Asian J. Chem.



41. U.K. Bhadraiah, S. Ningaiah, V. Basavanna, D.C. Shanthakumar, M.
Chandramouli and T.M. Chandra, Biointerface Res. Appl. Chem., 11,
9443 (2021);
https://doi.org/10.33263/BRIAC112.94439455

42. S. Viveka, G.K. Dinesha, G.K. Nagaraja, G. Basavarajaswamy, K.P.
Rao, P. Shama and M.Y. Sreenivasa, Med. Chem. Res., 27, 171 (2018);
https://doi.org/10.1007/s00044-017-2058-8

43. N.M. Khalifa, M.A. Al-Omar, A.E.-G.E. Amr, A.R. Baiuomy and R.F.
Abdel-Rahman, Russ. J. Bioorg. Chem., 41, 192 (2015);
https://doi.org/10.1134/S1068162015020090

44. S.A.F. Rostom, I.M. El-Ashmawy, H.A. Abd El Razik, M.H. Badr and
H.M.A. Ashour, Bioorg. Med. Chem., 17, 882 (2009);
https://doi.org/10.1016/j.bmc.2008.11.035

45. C. Puig, M.I. Crespo, N. Godessart, J. Feixas, J. Ibarzo, J.-M. Jiménez,
L. Soca, I. Cardelús, A. Heredia, M. Miralpeix, J. Puig, J. Beleta, J.M.
Huerta, M. López, V. Segarra, H. Ryder and J.M. Palacios, J. Med.
Chem., 43, 214 (2000);
https://doi.org/10.1021/jm991106b

46. A.S. Kalgutkar, B.C. Crews, S.W. Rowlinson, A.B. Marnett, K.R. Kozak,
R.P. Remmel and L.J. Marnett, Proc. Natl. Acad. Sci. USA, 97, 925
(2000);
https://doi.org/10.1073/pnas.97.2.925

47. A. Balkan, Z. Gören, H. Urgun, Ü. Calis, A.N. Cakar, P. Atilla and T.
Uzbay, Arzneimittel-Forschung Drug Res., 52, 462 (2002);
https://doi.org/10.1055/s-0031-1299915

48. A.A. Bekhit, H.T.Y. Fahmy, S.A.F. Rostom and A.M. Baraka, Eur. J.
Med. Chem., 38, 27 (2003);
https://doi.org/10.1016/S0223-5234(02)00009-0

49. E.J. Fernandez and E. Lolis, Annu. Rev. Pharmacol. Toxicol., 42, 469
(2002);
https://doi.org/10.1146/annurev.pharmtox.42.091901.115838

50. A. Baxter, A. Cooper, E. Kinchin, K. Moakes, J. Unitt and A. Wallace,
Bioorg. Med. Chem. Lett., 16, 960 (2006);
https://doi.org/10.1016/j.bmcl.2005.10.091

51. C. Bizzarri, M. Allegretti, R. Bitondo, M. Cervellera, F. Colotta and R.
Bertini, Curr. Med. Chem. Anti Inflamm. Anti Allergy Agents, 2, 67 (2003);
https://doi.org/10.2174/1568014033355844

52. I. Walters, C. Austin, R. Austin, R. Bonnert, P. Cage, M. Christie, M.
Ebden, S. Gardiner, C. Grahames, S. Hill, F. Hunt, R. Jewell, S. Lewis,
I. Martin, D. Nicholls and D. Robinson, Bioorg. Med. Chem. Lett., 18,
798 (2008);
https://doi.org/10.1016/j.bmcl.2007.11.039

53. J.G. D’Haese, I.E. Demir, H. Friess and G.O. Ceyhan, Expert Opin.
Ther. Targets, 14, 207 (2010);
https://doi.org/10.1517/14728220903540265

54. S. Karlström, G. Nordvall, D. Sohn, A. Hettman, D. Turek, K. Åhlin,
A. Kers, M. Claesson, C. Slivo, Y. Lo-Alfredsson, C. Petersson, G.
Bessidskaia and H. Per Svensson, J. Med. Chem., 56, 3177 (2013);
https://doi.org/10.1021/jm3012273

55. M. Chhabria, I. Rathod, K. Vala and P. Patel, Med. Chem. Res., 20, 1450
(2011);
https://doi.org/10.1007/s00044-010-9378-2

56. M. Rahimizadeh, M. Bakavoli, A. Shiri, R. Faridnia, P. Pordeli and F.
Oroojalian, Heterocycl. Commun., 17, 43 (2011);
https://doi.org/10.1515/hc.2011.016

57. M.T.M. Nemr and A.M. AboulMagd, Bioorg. Chem., 103, 104134 (2020);
https://doi.org/10.1016/j.bioorg.2020.104134

58. G.S. Hassan, Med. Chem. Res., 23, 388 (2014);
https://doi.org/10.1007/s00044-013-0649-6

59. F.A.M. Al-Omary, G.S. Hassan, S.M. El-Messery and H.I. El-Subbagh,
Eur. J. Med. Chem., 47, 65 (2012);
https://doi.org/10.1016/j.ejmech.2011.10.023

60. E.M. Flefel, W.A. El-Sayed, A.M. Mohamed, W.I. El-Sofany and H.M.
Awad, Molecules, 22, 1 (2017);
https://doi.org/10.3390/molecules22010170

61. P.M. Luthra, C.B. Mishra, P.K. Jha and S.K. Barodia, Bioorg. Med.
Chem. Lett., 20, 1214 (2010);
https://doi.org/10.1016/j.bmcl.2009.11.133

62. F. Azam, I.A. Alkskas and M.A. Ahmed, Eur. J. Med. Chem., 44, 3889
(2009);
https://doi.org/10.1016/j.ejmech.2009.04.007

63. C. Tsigos and G.P. Chrousos, J. Psychosom. Res., 53, 865 (2002);
https://doi.org/10.1016/S0022-3999(02)00429-4

64. H. Fahmy, K. Spyridaki, B. Kuppast and G. Liapakis, Hormones, 11,
254 (2012);
https://doi.org/10.14310/horm.2002.1355

65. B. Kuppast, K. Spyridaki, G. Liapakis and H. Fahmy, Eur. J. Med.
Chem., 78, 1 (2014);
https://doi.org/10.1016/j.ejmech.2014.03.040

66. M. Teleb, B. Kuppast, K. Spyridaki, G. Liapakis and H. Fahmy, Eur. J.
Med. Chem., 138, 900 (2017);
https://doi.org/10.1016/j.ejmech.2017.07.016

67. S.F. Mohamed, E.M. Flefel, A.E.-G.E. Amr and D.N. Abd El-Shafy,
Eur. J. Med. Chem., 45, 1494 (2010);
https://doi.org/10.1016/j.ejmech.2009.12.057

68. R. Stránská, R. Schuurman, E. Nienhuis, I.W. Goedegebuure, M.
Polman, J.F. Weel, P.M. Wertheim-Van Dillen, R.J.M. Berkhout and
A.M. van Loon, J. Clin. Virol., 32, 7 (2005);
https://doi.org/10.1016/j.jcv.2004.04.002

69. H. Illán and N. Jacob, Rev. Argent. Microbiol., 36, 88 (2004).
70. L. Fu and Y.C. Cheng, Antimicrob. Agents Chemother., 44, 3402 (2000);

https://doi.org/10.1128/AAC.44.12.3402-3407.2000
71. A.X. Xiang, S.E. Webber, B.M. Kerr, E.J. Rueden, J.R. Lennox, G.J.

Haley, T. Wang, J.S. Ng, M.R. Herbert, D.L. Clark, V.N. Banh, W. Li,
S.P. Fletcher, K.R. Steffy, D.M. Bartkowski, L.I. Kirkovsky, L.A.
Bauman and D.R. Averett, Nucleot Nucl., 26, 635 (2007);
https://doi.org/10.1080/15257770701490472

72. S. Maddila, G.L.V. Damu, E.O. Oseghe, O.A. Abafe, C.V. Rao and P.
Lavanya, J. Korean Chem. Soc., 56, 334 (2012);
https://doi.org/10.5012/jkcs.2012.56.3.334

73. D. Cai, Z.H. Zhang, Y. Chen, X.J. Yan, L.J. Zou, Y.X. Wang and X.Q.
Liu, Molecules, 20, 16419 (2015);
https://doi.org/10.3390/molecules200916419

74. T.P. Selvam, V. Karthik, P.V. Kumar and M.A. Ali, Toxicol. Environ.
Chem., 94, 1247 (2012);
https://doi.org/10.1080/02772248.2012.703204

75. U. Baettig, L. Brown, D. Brundish, C. Dell, A. Furzer, S. Garman, D.
Janus, P.D. Kane, G. Smith, C.V. Walker, X. Cockcroft, J. Ambler, A.
Mitchelson, M.D. Talbot, M. Tweed and N. Wills, Bioorg. Med. Chem.
Lett., 10, 1563 (2000);
https://doi.org/10.1016/S0960-894X(00)00282-1

76. R. Raoufinia, A. Mota, N. Keyhanvar, F. Safari, S. Shamekhi and J.
Abdolalizadeh, Adv. Pharm. Bull., 6, 495 (2016);
https://doi.org/10.15171/apb.2016.063

77. E.L. Gelamo and M. Tabak, Spectrochim. Acta Mol. Biomol. Spectrosc.,
56, 2255 (2000);
https://doi.org/10.1016/S1386-1425(00)00313-9

78. Z. Cheng and Y. Zhang, J. Mol. Struct., 889, 20 (2008);
https://doi.org/10.1016/j.molstruc.2008.01.013

79. X. Yu, R. Liu, R. Yi, F. Yang, H. Huang, J. Chen, D. Ji, Y. Yang, X. Li
and P. Yi, Spectrochim. Acta A Mol. Biomol. Spectrosc., 78, 1329 (2011);
https://doi.org/10.1016/j.saa.2011.01.024

80. D. Ran, X. Wu, J. Zheng, J. Yang, H. Zhou, M. Zhang and Y. Tang, J.
Fluoresc., 17, 721 (2007);
https://doi.org/10.1007/s10895-007-0226-9

81. N. Wang, L. Ye, F. Yan and R. Xu, Int. J. Pharm., 351, 55 (2008);
https://doi.org/10.1016/j.ijpharm.2007.09.016

82. Y.J. Hu, H.G. Yu, J.X. Dong, X. Yang and Y. Liu, Spectrochim. Acta A
Mol. Biomol. Spectrosc., 65, 988 (2006);
https://doi.org/10.1016/j.saa.2006.02.004

83. T. Wang, Z. Zhao, B. Wei, L. Zhang and L. Ji, J. Mol. Struct., 970, 128
(2010);
https://doi.org/10.1016/j.molstruc.2010.02.061

84. X. Shi, X. Li, M. Gui, H. Zhou, R. Yang, H. Zhang and Y. Jin, J. Lumin.,
130, 637 (2010);
https://doi.org/10.1016/j.jlumin.2009.11.008

85. P. Qu, H. Lu, X. Ding, Y. Tao and Z. Lu, J. Mol. Struct., 920, 172 (2009);
https://doi.org/10.1016/j.molstruc.2008.10.041

86. H. Lin, R. Chen, X. Liu, F. Sheng and H. Zhang, Spectrochim. Acta A
Mol. Biomol. Spectrosc., 75, 1584 (2010);
https://doi.org/10.1016/j.saa.2010.02.023

Vol. 34, No. 3 (2022) Thiazolopyrimidines: A Retrospective Study of Synthesis, SAR and Pharmacological Actions: A Review  529

https://doi.org/10.1016/S0223-5234(02)00009-0
https://doi.org/10.1016/S0022-3999(02)00429-4
https://doi.org/10.1016/S0960-894X(00)00282-1
https://doi.org/10.1016/S1386-1425(00)00313-9


87. Y. Ni, S. Wang and S. Kokot, Anal. Chim. Acta, 663, 139 (2010);
https://doi.org/10.1016/j.aca.2010.01.053

88. C.F. Barsalobres-Cavallari, F.E. Severino, M.P. Maluf and I.G. Maia,
BMC Mol. Biol., 10, 1 (2009);
https://doi.org/10.1186/1471-2199-10-1

89. X.Y. Jiang, W.X. Li and H. Cao, J. Solution Chem., 37, 1609 (2008);
https://doi.org/10.1007/s10953-008-9323-x

90. C.X. Wang, F.F. Yan, Y.X. Zhang and L. Ye, J. Photochem. Photobiol.
A, 192, 23 (2007);
https://doi.org/10.1016/j.jphotochem.2007.04.032

91. X. Yu, Y. Yang, Q. Yao, H. Tao, S. Lu, J. Xie, H. Zhou and P. Yi,
Spectrochim. Acta A Mol. Biomol. Spectrosc., 96, 690 (2012);
https://doi.org/10.1016/j.saa.2012.07.035

92. J.J. Winter-Holt, E.G. Mciver, M. Ambler, S. Lewis, J. Osborne and K.
Webb-Smith, Fused Thiazolopyrimidine Derivatives as MNKS Inhibitors,
US20180346483A1 (2018).

93. P. Herdewijn, S. De Jonghe, L.J. Gao, M.Y. Jang, B. Vanderhoydonck,
M.J.A. Waer, Y. Lin, J.F. Herman and T.A.M. Louat, Novel Bicyclic
Heterocycles, WO2010103130A2 (2010).

94. B.J. Branstetter, J.G. Breitenbucher, A.D. Lebsack, J. Liu, J.C. Rech
and W. Xiao, Imidazolo-, Oxazolo-, and Thiazolopyrimidine Modulators
of TRPV1, US Patent 8637527B2 (2014).

95. P. Herdewijn, S.D. Jonghe, L.J. Gao, M.Y. Jang, B. Vanderhoydonck,
M.J.A. Waer, Y. Lin, J.F. Herman and T.M. Louat, Thiazolopyrimidine
Modulators as Immunosuppressive Agents, US Patent 8901132B2
(2014).

96. B.J. Branstetter, J.G. Breitenbucher, A.D. Lebsack, J. Liu, J.C. Rech
and W. Xiao, Imidazolo-, Oxazolo-, and Thiazolopyrimidine Modulators
of TRPV1, EP2224929A1 (2010).

97. T.C. Hancox, N.A. Pegg, M.C. Beswick, T.J. Blench, E.A. Dechaux,
J.J. Kulagowski, A.J. Nadin and S. Price, Thiazolopyrimidines and their
Use as Inhibitors of Phosphatidylinositol-3 kinase, US Patent 7893060B2
(2011).

98. G.M. Castanedo, J.L. Gunzner, K. Malesky, S. Mathieu, A.G. Olivero,
D.P. Sutherlin, S. Wang, B.Y. Zhu, I. Chuckowree, A. Folkes, S. Oxenford
and N.C. Wan, Thiazolopyrimidine p13k Inhibitor Compounds and
Methods of Use, WO2009042607A1 (2009).

99. M. Gerlach, C. Maul, U.-P. Jagusch, B. Sundermann, M. Fuhr, A.P.
Ijzerman, M.D.-D. Groote, WO2002072585A2 (2002).

530  Aggarwal et al. Asian J. Chem.


