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ABSTRACT

A number of efforts were made to synthesize a large number of heterocyclic compounds and their derivatives and screened their pharmacological
activities for treating various diseases. Heterocyclic compounds having nitrogen and sulfur in their skeleton are the most fascinated compound by
scientists due to their diverse biological activities. Among the various heterocyclic compounds, pyrimidine and fused pyrimidine plays an
important role in the medicinal chemistry because it posses promising anticancer, antioxidant, antimicrobial, antitubercular, antiparkinsonian,

anti-inflammatory, analgesic and anti-HIV activities. This review is focused on tthiazolopyrimidine and its derivatives that are now in

development and screened for different activities
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1. INTRODUCTION

Heterocyclic nucleus imparts an important role in medicinal
chemistry and serves as a key template for the development of
various therapeutic agents. Synthetic studies of fused pyrimidine
have been reported extensively because of their structural diversity
and association with a wide spectrum of biological activity. It has
been observed over the years that thiazole nucleus possess different
biological activities such as antihypertensive [1], anti-inflammatory
[2], anti-schizophrenic [3], antibacterial [4], anti-HIV [5], hypnotic
[6], anti-allergic [7] and more recently analgesic [8], fibrinogen
receptor antagonists with antithrombotic activity [9], inhibitors of
bacterial DNA gyrase B [10] and antitumor and cytotoxic activities.
In addition, pyrimidine and fused pyrimidine derivatives are one of
the most prominent structures found in nucleic acid including
uracil, thymine, cytosine, adenine, and guanine are fundamental
building blocks for deoxyribonucleic acid (DNA) and ribonucleic
acid (RNA). They also play an essential role in several biological
processes, found in nucleoside antibiotics, anti-bacterials, and
cardiovascular as well as considerable chemical reactions.
Condensed pyrimidine derivatives have been reported as anti-
microbial [11], analgesic, anti-viral, anti-inflammatory [12], anti-
HIV [13], anti-tubercular [14], anti-tumor [15], anti-neoplastic
[16], anti-malaria [17], diuretic [18], cardiovascular [19] agents and
hypnotic drugs for the nervous system [20], calcium-sensing
receptor antagonists [21] and also for antagonists of the human A,,
adenosine receptor [22]. Due to the great potential of both of the
moiety, different scientists synthesized thiazolopyrimidine to
evaluate their various pharmacological activities. Thiazolo[4,5-
d]pyrimidine derivatives have acquired a growing importance in the
field of medicinal chemistry and considered as thia-analogues of the
natural purine bases such as adenine and guanine, because of their
biological potential while some thiazolo[3,2-a]pyrimidines have

been  demonstrated to  be  associated  with  potent
immunomodulating properties [23].

Thiazolo [3, 2-a]pyrimidines are also of pharmacological interest
due to their anti-inflammatory [24-25] psychopharmacological [26]
bactericidal [27] and antiviral activity as inhibitors of HIV-1 reverse
transcriptase [28].

2. SYNTHESIS

A mixture of malononitrile, phenyl/ethyl isothiocyanate and
finely divided sulphur in DMF was added triethylamine very slowly
with constant stirring at room temperature for three hours. The
resulting compound was treated with formamide and formic acid
with heating to yield 7-amino-3-phenyl/ethyl thiazolo [4, 5-d]
pyrimidine-2(3H)-thione (Schemel) [29].
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\w
_N

X
LAY
07 NH, s

NH,

phenyl/ethyl isothiocyanate 1.

An equimolar quantity of aromatic aldehydes 1 and acetophenone
2 react in the presence of alcoholic sodium hydroxide to give
P Y g
chalcone derivatives by cross aldol condensation reaction which was
Y

followed by treatment of chalcone with hydrogen peroxide to

roduce oxirnao derivative 3. In next step, treatment of equimolar
P P q

quantity of oxirano derivatives and thiourea in the presence of HCI

gives pyrimidine derivatives 4 by cyclization reaction.(Scheme 2)

In final step, pyrimidine derivatives react with chloro acetic acid to

derivatives 5 [30].

gives thiazolo pyrimidine
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Scheme?2: Synthesis of Thiazolopyrimidine derivatives 5 from aromatic aldehydes 2 and acetophenone 1

Alkylation of 6-aminothiouracil 1 followed by thiocyanation and cyclisation gave the alkyl thio thiazolopyrimidines 4 (Scheme 3). [31]

OH
fN RBr, NaOH /f\ KSCN, DMF Ne” j\)\)\
N/)\SH “Ethanol HoN )\ Pyrldlne Br
1 l DMF, H,0
R = CgHs, CHs, CoHs, CH,CgHs

H,N

OH

S N
H.N— ]
N N/)\SR

4

Scheme 3: Synthesis of alkyl thio-thiazolopyrimidines 4 from 6-aminothiouracil 1

4-(2-aminothiazol-4-yl)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one 2 was prepared by reaction of 4-bromoacetyl-3-methyl-1-phenyl-2-pyrazolin-
5-one 1 with thiourea. Then resulting compound was used as a candidate for the synthesis of 5-amino-3-(3-methyl-5-oxo-1-phenyl- 2-pyrazolin-
4-yl)-7-phenyl-7H-thiazolo[3,2-a]pyrimidine- 6-carbonitrile 3 by recting with benzylidene malononitrile [32].
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Scheme 4: Syntheis of known thiazolopyrimidine 3 from 4-bromoacetyl-3-methyl-1-phenyl-2-pyrazolin-5-one 1.
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3. THIAZOLOPYRIMIDINE AS A TEMPLATE FOR
VARIOUS BIOLOGICAL ACTIVITIES

3.1 Antiinflammatory and antinociceptive activity

A new series of thiazolo [3, 2-a] pyrimidine derivatives was
designed and synthesized by Ozair Alam et al [33] using 4-
fluoroaniline and ethylacetoacetate as starting material. Anti-
inflammatory activity was assessed by the rat paw edema method
and antinociceptive activity was evaluated by thermal stimulus
technique. The compounds 5-(4-chlorophenyl)-2-(4-
fluorobenzylidene)-7-methyl-3-oxo-2,3-dihydro-5H-thiazolo [3,2-
a] pyrimidine-6-carboxylic acid (4-fluoro phenyl) amide (1a) and
2-(4-chlorobenzylidene)-  5-(4-fluorophenyl)-7-methyl-3-oxo0-2,3-
dihydro-5H-thiazolo[3,2-a] ~ pyrimidine-6-carboxylic ~acid  (4-
fluorophenyl)amide (1b) (Fig.1) were found to possess significant
anti-inflammatory and antinociceptive activities.
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A series of some substituted 1H-Pyrazolyl thiazolo [4,5-d]-
pyrimidines were synthesized by Bekhit et al [34] and all the
synthesized compounds were evaluated for their anti-inflammatory
activity by using carrageenan inducing rat paw edema method. The
anti-inflammatory potency of all the tested compounds was
compared with the standard drug indomethacin. The
thiazolopyrimidine  derivatives (Fig.2) showed good anti-
inflammatory activity comparable to indomethacin with no or
minimal ulcerogenic activity.
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Figure 2

Mevlut Ertan et al [35] synthesized a series of new 2-
benzylidene-7-methyl-3-oxo-5-(substitutedphenyl)-2,3-dihydro-
5H-thiazolo [3, 2 a] pyrimidine-6-carboxylic acid methyl esters by
reacting 1,2,3,4-tetrahydropyrimidine-2-thiones with chloroacetic
acid and substituted benzaldehydes. Their structures have been

established by IR, '"H NMR, mass spectra and elemental analysis.
The synthesized compounds were tested for their anti-
inﬂammatory activities by using carrageenan inducing rat paw
edema method. Test results observed that compounds 3a 3b, 3c
and 3d (Fig.3) showed moderate anti-inflammatory activity at the
100 mg/kg dose level compared with standard drug indomethacin.
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3.2 Antimicrobial agents

Mohamed Salah K. Youssef et al [32] synthesized a series of 4-
(2-Aminothiazol-4-yl)-3-methyl-5-oxo-1-phenyl-2-pyrazoline by
the reaction of 4-bromoacetyl-3-methyl-5-oxo-1-phenyl-2-
pyrazoline with thiourea. They evaluated these compounds for their
antimicrobial activity against six fungal strains such as Candida
albicans, Geotrichum candidum, Scopulariopsis brevicaulis, Aspergillus
Slavus, Aspergillus niger and Trichophyton rubrum and five bacterial
species Bacillus cereus (Gram positive), Staphylococcus aureus (Gram
positive), Pseudomonas aeruginosa (Gram negative), Serratia marcescens
(Gram negative) and Escherichia coli (Gram negative). Compound 3-
(4,5-dihydro-3-methyl-5-oxo-1-phenyl-1H-pyrazol-4-yl)-6H-thia-
-zolo[3,2-a]pyrimidine-5,7-dione (fig.4) showed a wide spectrum
of antifungal activity but a narrow spectrum of antibacterial activity
with minimum inhibitory concentrations (MIC=5-50mg/ cm’).
They also reported that Gram negative bacteria Escherichia coli,
Pseudomonas aeruginosa, and Serratia marcescens were generally

resistant to the test compounds.
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Figure 4

Alaa A. El-Tombary et al [36] were reported the synthesis of a
series of new thiazolo[4,5-d] pyrimidine derivatives, such as 7-
substituted amino-5-methyl-3-phenylthiazolo[4,5-d] pyrimidine -
2(3H)-thiones, ethyl 2-cyano-2-(7-substituted-5-methyl-3-
phenylthiazolo[4,5-d]-pyrimidin-2(3H)-ylidene)acetates, 2-(7-
substituted-5-methyl-3-phenylthiazolo [4,5-d] pyrimidin 2(3H)-
ylidene)malononitriles,  5-methyl-7-morpholino-3-phenylthiazolo
[4,5-d] pyrimidine-2(3H)-one, and 7-[4-(1-substituted-5-phenyl-
4,5-dihydro-1H-pyrazolin-3-yl)anUino]-5-methyl-3-phenyl thiazolo
[4,5-d]pyrimidine-2(3H)-thiones (Fig.5) and screened all the
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synthesized compounds for their antimicrobial activity against
Candida albicans, Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus using cup diffusion technique. Compounds 5, 6
and 7 showed both antimicrobial and antifungal activities.
Compound 5, 6, 8 and 9 possess antimicrobial activity against
Escherichia coli with inhibition zone (IZ) 18-20mm and with
minimum inhibitory concentration (MIC) 62.5ug/ml which is one
sixth the activity of ampicillin while compounds 5,7and 10 showed
the most antifungal activity against Candida albicans with 1Z= 20-
25mm and MIC 31.25pg/ml which is one sixth of the activity of
clotrimazole.
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Figure 5

A series of thiazolo[3,2-a]pyrimidine derivatives such as 2,4-
Bis(ethylthio)-9-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)-5-
phenyl-5H-pyrimido[5,4-e]thiazolo[3,2-a]pyrimidine and 4Amino-
2-hydroxy-9-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)-5-

phenyl-5H-pyrimido[5,4 e] thiazolo [3,2-a]- Pyrimidine were
prepared by Mohamed Salah K. Youssef et al [37] using 5-amino-3-
(3-methyl-5-o0x0-1-phenyl-2-pyrazolin-4-yl)-7-phenyl-7H-thiazolo
[3,2-a]pyrimidine-6-carbonitrile as a starting material. All the
synthesized compounds were tested for their antimicrobial activity
against six fungal such as Aspergillus flavus, Aspergillus niger, Candida
albicans,  Geotrichum  candidum,  Scopulariopsis  brevicaulis and
Trichophyton rubrum and against five bacterial strains such as Bacillus
cereus, Staphylococcus aureus, Pseudomonas aeruginosa, Serratia marcescens
and  Escherichia coli. Comparing the minimum inhibitory
concentration (MIC) of all tested compounds with their reference
drugs such as chlotrimazole as antifungal agent and chloramphenical
as antibacterial agent. Compounds 11 (Fig. 6) and 12 (Fig.7)
showed a wide spectrum of antifungal action but narrow spectrum
of antibacterial effect with MIC ranging from 5—50mg/cm3.
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Figure 7

3.3 Antiperkinsonian activity

A series of thiopyrimidine, pyrane, pyrazoline and
thiazolopyrimidine derivatives were synthesized by Abd El- Gail E.
Amr et al [38] prepared from citrazinic acid as a starting material.
They evaluated all the synthesized compounds for their analgesic
and antiparkinsonian activities. Pharmacological screening of these
compounds showed that they have good analgesic and
antiparkinsonian  activity = comparable to  Valdecoxib and
Benzatropine as reference drugs respectively. Among all the
synthesized compounds the thiazolopyrimidine derivatives 7-[(2-
Chloro-6-ethoxypyridin-4-yl)-2-(phenylmethylene)-5-(2-thienyl)-
2,3-dihydro-5-thiazolo[3,2-a]pyrimidine  (Fig.8) showed most
potent antiparkinsonian activity having 0.80 relative potencies
compared to benzatropine. They wused Tremorine and
Oxotremorine to induce parkinsonian signs, such as tremor, ataxia,
spasticity, salivation, lacrimation and hypothermia.
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Faizul Azam et al [29] synthesized a series of 3-phenyl/ethyl-2-
thioxo-2, 3 dihydrothiazolo [4, 5-d] pyrimidin-7-yl urea and
thiourea derivatives. All the synthesized compounds were evaluated
for their antiparkinsonian activity in catalepsy induced by
haloperidol in mice after intraperitoneal administration. Most of the
compounds exhibited significant antiparkinsonian activity. Among
all the synthesized compound, compounds 13 and 14 (Fig. 9)
showed better activity than standard drug levodopa.
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3.4 Antiviral activity

A series of substituted pyrimidine, thiopyrimidine and
thiazolopyrimidine derivatives were synthesized by Abd El-Galil E.
Amr et al [30] by using 1-(5,6,7,8-tetrahydronaphthalen-2-
yl)ethanone as starting material and all the synthesized compounds
were evaluated for their antiviral activity against HSV-1 virus. The
antiviral screening showed that many of these obtained compounds
have good antiviral activities comparable to Acyclovir as reference
drug. Compound 5-(3,4-Dimethoxyphenyl)-2-methyl-7-(5,6,7,8-
tetrahydronaphthalen-2-yl)-2H-thiazolo[3,2-a]pyrimidine-3,6(5H,
7H)-dione (Fig.10) gave over 90% inhibition and considered to be
most promising activity and comparing them to antiviral activity of
Acyclovir.

OCH;
Figure 10

Revankar et al [39] synthesized a series of Thiazolo[4,5-
d]pyrimidine derivatives from guanine analogs 5-aminothiazolo-
[4,5-d]pyrimidine-2,7(3H,6H)-dione as a starting material. All the
synthesized compounds were tested for their antiviral activity
against human cytomegalovirus (HCMV). Compound 5-amino-3-
(4-hydroxybut-2-enyl)thiazolo[4,5-d]pyrimidine-2,7(3H,6H)-dione
(Fig. 11) possess antiviral activity against human cytomegalovirus
(HCMV).
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3.5 Anticancer activity

Fahmy et al [40] synthesized a series of novel fluorinated
thiazolo[4,5-d]pyrimidine derivatives and sceened their anticancer
activity against 60 human tumor cell lines. Compounds 15 (Fig.12)
and 16 (Fig.13) showed better anticancer activity against tumor

cell lines.
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3.6 Antipsychotic activity

Beck et al [41] synthesized a series of Thiazolo [4,5-
dJpyrimidinethiones and —ones and evaluated their antipsychotic
activity by antagonizing the activity of corticotrophin releasing
factor. Compounds 17 (Fig. 14) showed better antipsychotic

activity.
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Figure 14

4. MARKETED PRODUCT:

Ritanserin:

Chemical Name: 6-[2-[4-[Bis(4-fluorophenyl)methylene]-1-
piperidinyljethyl]-7-methyl-5H-thiazolo[3,2-a]pyrimidin-5-one
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5. CONCLUSION

Due to the presence of sulphur and nitrogen in the heterocyclic
compounds  skeleton, they show diverse biological activities.
Pyrimidine and fused pyrimidine are the important heterocyclic
compounds which show promising pharmacological activities i.e.
anticancer, antioxidant, antimicrobial, antitubercular etc.
Combination of thiazole nucleus with pyrimidine and fused
pyrimidine can be a potential therapy for the treatment of large
number of diseases because over the year’s thiazole nucleus has
been showing different biological activities such as antihypertensive,

anti-inflammatory, antibacterial, hypnotic etc.

This review focus on the various synthesis and pharmacological
activity of the thiazolopyrimidine could be synthesized by using
malonitril, phenyl/ethyl, isothiocynates, triethylamine, aromatic
benzaldehyde, acetophenone, 6-aminothiouracil as a starting

reagent,

After literature review it is concluded that 5-(4-chlorophenyl)-
2-(4-fluorobenzylidene)-7-methyl-3-oxo0-2,3-dihydro-5H-thiazolo
[3,2-a] pyrimidine-6-carboxylic acid (4-fluoro phenyl) amide and
(22)-2-((E)-2-((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl)methylene)
hydrazono)-2,3,5,6-tetrahydro-3-phenyl-5-thioxothiazolo[4,5-d]
pyrimidin-7(4H)-one derivatives have great potential of anti-
inflammatory activity, it revaled that the substitution of substituted
benzene and pyrazole moiety enhance the anti-inflammatory
activity of the compounds . The series of 4-(2-Aminothiazol-4-yl)-
3-methyl-5-oxo-1-phenyl-2-pyrazoline and  various substituted
thiazoloprimidine derivatives have efficient antimicrobial activity
against various fungal and bacterial strains like Candida albicans,
Geotrichum  candidum, ~Scopulariopsis brevicaulis, ~Aspergillus ﬂavus,
Bacillus cereus (Gram positive), Staphylococcus aureus (Gram positive),
inc]uding gram Negative strain  Pseudomonas aeruginosa, Serratia
marcescens and Escherichia coli. It observed that cyclic structure with
minimum substitution with electron withdrawing groups like
SC,H; -OH and Fluoro were showed good potential activity and
electron donating groups like —NH,, -CH; showed less active
compounds. Substitution of electron withdrawing group also
showed better antiviral, anticancer and antipakinsonian activity.
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