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ABSTRACT

Fusion of pyrimidine moiety with different heterocycle scaffolds gives rise to a new class of
hybrid heterocycles possessing improved activity. Heterocycles containing sulphur and nitrogen
atoms in the core structure, shows number of pharmacologically and biologically active
compounds. So, various fused pyrimidines like purines, pteridines, quinazolines,
pyridopyrimidines, triazolopyrimidines, pyrazolopyrimidines, pyrimidoazepines, furopyrimidines
and pyrrolopyrimidines were studied in the past decade and were found to possess remarkable
pharmacological properties. The present review provides a broad view of the biological and
medicinal properties expressed by compounds having fused Pyrimidine nucleus.
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INTRODUCTION

The chemistry of heterocyclic compounds is as lklgias that of aliphatic or aromatic
compounds. Their study is of great interest bottmfrthe theoretical as well as practical
importance. Various compounds such as alkaloidgrtgl amino acids, vitamins, haemoglobin,
hormones, large number of synthetic drugs and dgetin heterocyclic ring systems. There are
large number of synthetic heterocyclic compountd® pyrrole, pyrrolidine, furan, thiophene,
piperidine, pyridine and thiazole having importaapplication and many are important
intermediates in synthesis[1l]. Fused pyrimidinesitiome to attract considerable attention
because of their great practical usefulness, piiyndue to very wide spectrum of biological
activities. This is evident in particular from pigdaitions of regular reviews on the chemistry of
systems where the pyrimidine ring is fused to waibeterocycles such as purines, pteridines,
guinazolines, pyridopyrimidines, triazolo pyrimiésy pyrazolopyrimidines, pyrimidoazepines,
furopyrimidines and pyralopyrimidines.

Fused pyrimidine chemistry began in 1776, when 8ehesolated uric acid. However, more
systematic investigations were undertaken arour@ yars later, when the works of well-
known chemists such as Bischler, Riedel, NiementgwSabriel, and Bogert established
significant progress in this field[2]. Particularlgumerous papers on chemistry of pyrimidines
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and purines have been published since the discookthe presence of some purine and
pyrimidine bases in double stranded nucleic acMany simple fused pyrimidines such as
purines and pteridines are biologically active lhgnhselves[3, 4], or are essential components of
very important naturally occurring substandes,(nucleic acids). Some pteridine derivatives are
also used as anti-leukemic drugs[5], or potassianserving diuretics[6]. In addition, several
guinazoline alkaloids exhibit hypnotic[7,8], bromchilatory[9], and antimalarial[10,11] activity.
Some fused thieno[3, @pyrimidines serve as anti-allergy drugs, someaactungicides. A very
important biologically active pteridine system @@dspyrazino[2,3]pyrimidine) is present in
folic acid, as well as in several antibiotics andretics. Pteridine was also found in riboflavin
(6,7-dimethyl-9-(D-1-ribityl) isoalloxazine, vitamiB,), a growth-regulator for microbes and
animals. Examples of some biologically active pydime derivatives are prazosin, quinethazone
(Fig. 1), trimethotrexate, folic acid, riboflavir]L
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Atherothrombotic coronary artery disease, givirsg tio a number of cardio circulatory disorders
such as myocardial infarction (Ml), unstable angjod), or acute stroke associated with deep
vein thrombosis (DVT), is one of the most importaatses of death worldwide. The relevance
of fused pyrimidines as antiplatelet and antithrotitodrugshas been firmly established by
clinical trials. Thus, further exploration of pyridine chemistry appears to be worthwhile[13].

Antibacterial activity:

El-Hossini MSet al.,[14] carried out the reaction of ethyl cyanoatetaith a-cyano chalcone,
lead to the formation of #-enaminoester via Michael addition. This was rehatath ethyl
cyanoacetate, phenyl isothiocyanate and trichlatoedtrile to yield the pyranopyrimidines
(Fig. 2). They have shown antibacterial activities.
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Fig. 2

Ayoob B et al.,[15] reported that a simple, clean and three-cmmept one-pot cyclo-
condensation reaction of barbituric acids, aromaiidehydes and 6-amino-uracils oH-1
pyrazol-5-amines for the synthesis of pyrido[d;8;5-d]dipyrimidines (Fig. 3a) and
pyrazolo[4,3:5,6]pyrido[2,3d]pyrimidines (Fig. 3b). These products were evadat vitro for
their antibacterial activities. Most of the compdanhave a narrow to good spectrum
antimicrobial activity.
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Antihyperlipidemic activity:

Shishoo CJet al.,[16] have prepared some 2-substituted-6-phengl &phenyl thieno[3,2§

pyrimidin-4-ones through cyclocondensation of tbheresponding thiopheno aminoesters with a

variety of nitriles in the presence of dry hydrogelioride gas. Antihyperlipidemic activity has
been reported in a few thieno pyrimidines (Fig. 4).
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Fig. 4

Antifungal activity:

Singh JSet al.,[17] synthesized a number of 3,10-diaryl-2-thiagtolo[4,54d]pyrido[2,1-b]
pyrimidines and 3,6,9-triaryl-2-thiothiazolo[4¢BfL,3,4]thiadiazolo[2,3s]pyrimidines from the
Michael adducts which in turn have been preparethéyeaction of arylidenorhodanines with 2-
aminopyridine and 2-amino-5-aryl-1,3,4-thiadiazolé® antifungal activity of the title
compounds has been screened and it was foundhilaablo-thiadiazolo-pyrimidines showed
greater activity than thiazolo-pyrido-pyrimidineBid. 5) whose activity is comparible with
commercial fungicide Carbendazim.

thiazolo pyrimido pyrimidines thiazolo thiadiazolo pyrimidines

Fig. 5

Yakaiah T et al.,[18] reacted Indazole regioisomers such as 3-a#iftrifluoromethyl)-6-
phenyl-H-indazole-7-carbonitrile and 3-amino-6-(trifluorotng)-4-phenyl- H-indazole-7-
carbonitrile independently with formaldehyde folledv by unsymmetrical, symmetrical and
cyclic electron rich olefins in presence of Gg@s catalyst and obtained pyrimidine fused
indazole derivatives. Compound with ethenyl benzemaeity (Fig. 6) showed significant
activity against all species of Gram-positive andr@-negative bacteria, Similarly compound
with cyclohexa-1,3-diene (Fig. 6) showed promisaiogvity against yeast and filamentous fungi.
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Desai JMet al.,[19] carried out the reaction of 2-amino-3-carbamido/cyano-5-styryl-7,7-
dimethyl-6,7-dihydrobenzb]thiophenes in presence of sodium ethoxide withmemide,
yielded benzothieno[2,3-d]pyrimidines (Fig. 6).€yhhave been screened for antimicrobial
activity against various strains of bacteria andgiu Compounds showed moderate to good
antifungal activity and comparable activity agaistwamori.
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Blood related disorders:

Di Braccio Met al.,[20] prepared a number of 3-(dialkylaminé)-pyrimido[1,2-a]quinolin- 1-
ones and 2-(dialkylaminoHtpyrimido[2,1-a]isoquinolin-4-ones by treating the corresponding
chloro derivatives with an excess of dialkylaminglse highestn vitro antiplatelet activity was
obtained when the dialkylamino substituent wasgdemzinyl compounds (Fig. 7a and Fig. 7b).
The novel 2-(l-piperazinyl)-#-pyrido[1,2-pyrimidin-4-one] was also prepared byanalogous
procedure, which resulted in the most active comgotowards all the platelet aggregation
inducers used (ADP. collagen. A 23187).

Analgesic and anti-inflammatory activities:

Olga BA et al.,[21] prepared a series dfi-methylN-pyrimidin-2-yl glycines, having the
pyrimidine ring fused with a cyclohexaneN-methylIN-(5,6,7,8-tetrahydroquinazolin-2-yl)
glycine],cyclohexendf-methylN-(5,6-dihydroquinazolin-2-yl)glycine],1,2,3,4-teftrgdronaph -
thaleneN-methylN-(5,6-dihydrobenzadquinazolin-2-yl)glycine] and benzopyramémethyl-
N-(5-phenyl-31-[1]benzopyrano[4, 3 pyrimidin-2-yl)glycine] and tested for anti-inflamatory
activity. All the described products showed an apjable antiphlogistic activity, particularly
Fig. 8a and Fig. 8b.

N CH,4 N CH HZCOOC
/ 3
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Fig. 8a Fig. 8b
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Birsen T et al.,[22] synthesized sixteen new 2,3-dihyditd-thiazolo[3,2a]pyrimidine-6-
carboxylic acid methyl esters (Fig. 9) by reacting,3,4-tetrahydro pyrimidine-2-thiones with
chloroacetic acid and appropriate benzaldehydessingle step. The compounds were tested for
their anti-inflammatory activities. Results revehl¢hat compounds with R=4-Br ‘R4-
CHs/OCH; and R=2-F R=H/4-OCH; exerted moderate anti-inflammatory activity congghr
with Indomethacin.

Helena SLet al.,[23] described the synthesis of amides of 7-nie3khphenyl-2,4-dioxo-1,2,3,4-
tetrahydropyrido[2,3f]pyrimidine-5-carboxylic acid and their 1-[2-hydn8(4-phenyl-1-
piperazinyl)propyl] derivatives (Fig. 10). Sometbém displayed strong analgesic activity.

Cl

Fig. 11

Vachala SD et al.,[243ynthesized some pyridof3:4,5]furo[3,2d]pyrimidin-4(3H)-ones and
evaluated for their antioxidant and anti-inflammmgtactivities. Compound 2-(4-chlorobenzyl)-
7-hydroxy-9-methyl-3-phenyl pyrido furo[3@pyrimidin-4(3H)-one (PFP-HM2) (Fig. 11) was
found to be a potent antioxidant §iGralue 0.129 uM) and anti-inflammatory agent. lbwbkd
76-98.8% inhibition of inflammation.

Anti-cancer agents:

Frederick Cet al.,[25] synthesized a series of inhibitors of mamaraltarget of Rapomycin
(mTOR) kinase based on a quaternary-substitutegbifuropyrimidine by cyclocondensation
of B-keto ester. The compound with 4-acetamido pyrarabeety (Fig. 12) was found to be

most potent.
HsC
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Fig. 12

Aymn ER et al.,[26] made a series of novel substituted pyrd3pded]pyrimidines (Fig. 13)
starting with pyrimidinone derivative. Theim vitro cytotoxicity against human breast
adenocarcinoma (MCF-7) cell lines has been invaty and most of the tested compounds
exploited potent cytotoxic activity compared to e¢oonly used anticancer drug Cisplatin, the
acyclic nucleoside derivative revealed the highe#icancer activity among the other tested
compounds.
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Ailing Z et al.,[27] prepared a series of thieno[2{pyrimidines (Fig. 14) and furo[2,3-
d]pyrimidines by using thieno[2,8}pyrimidin-4(3H)-one as starting material and evaluated for
c-MET inhibition. Thieno[2,3]pyrimidine displayed high inhibitory effect on tekoliferation

in BaF3-TPR-MET cells and showed high selectivity £-MET family. However it was
ineffective in c-MET dependent U-8TMG human glicitama xenograft model.

Xin Z et al.,[28] synthesized classical antifolates with &yitlic benzo[4,5]thieno[2,8}]
pyrimidine scaffold (Fig. 15) as dual thymidylatgnthase and dihydrofolate reductase (DHFR)
inhibitors by oxidative aromatisation of ethyl 2{am4-methyl-4,5,6,7-tetrahydro-1-
benzothiophene-3-carboxylate. Compounds with 2-@kbeity inhibited human Ts but not
human DHFR. Replacement of it with 2-Bllgave increased human Ts inhibition and also
human DHFR inhibition affording dual hTS/hDFHR ihhors.

NH COOH
NH
i |
(@] COOH
HN | X
NN
R N S
Fig. 15

Mohamed RSet al.,[29] reported the synthesis of pyrazolo[&]pyrimidines, triazolo[1,5-
alpyrimidines and pyrimido[1,2]benzimidazoles ring systems incorporating phemyfosyl
moiety and evaluated as Aurora-A kinase inhibitofbe cytotoxic activity of the newly
synthesized compounds against HST116 colon tunibliree was investigated. 2,7-Diphenyl-6-
(phenylsulfonyl)pyrazolo[1,%pyrimidine (Fig. 16a) and itg-methoxy analogue (Fig. 16b)
were found to be equipotent to Doxorubicin as arexfce drug.

_CHj
Fig. 16a Fig. 16b

Sekhar NMet al.,[30] developed a short and efficient synthesisdgrrolo[2,3d]pyrimidines
(Fig. 17) by cyclo condensation af,a-dibromo aldehydes with 2,4-diamino-6-hydroxy
pyrimidine under mild basic conditions in good d®l Application of this protocol has been
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demonstrated in the synthesis of a metabolite aigteexed disodium, a novel multi targeted
antifolate.

NHR
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HoN N N
H cl
Fig. 17 Fig. 18

Elena Det al.,[31] carried out studies to enhance the solybdit pyrazolo[3,4d]pyrimidines
(Fig. 18) to be able to strongly inhibit Src andlAlrosine kinase phosphorylation and to
significantly reduce leukemic and osteosarcoma taks growth. Tests shown a good
enhancement of biological response in comparisiitim mon complexed compounds.

F Ibrahimet al.,[32] synthesized some pyrazolo [3, 4- d] pyrim&s (Fig. 19) derivatives and
their triazole derivatives from p-toluene sulfonflydrazide by reaction with different
electrophilic and nucleophilic reagents. Some @f tlewly synthesized compounds have been
evaluated for their potential cytotoxicity agaibseast cancer cell line (MCF7), which show high
activity.

Fig. 19
Anti-HIV agents:
Olaf DK et al.,[33] described an efficient and reliable synthesi the heterocyclic scaffold
methyl-3-hydroxy-4-oxo-K-pyrido[1,2-a]pyrimidine-2-carboxylate (Fig. 20), the scope bét
synthesis regarding the introduction of substitsiem the pyrido fused ring is explored. Thus
they devised a new scaffold for HIV-1 integrasebitbrs.
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Fig. 20 Fig. 21

CNSréelated agents:

Alexandre Vlet al.,[34] synthesized a series of novel 3-sulfonylgaplo[1,5a]pyrimidines
(Fig. 21) and their 5-Hd receptor antagonistic activities were tested, amafi  3-(3-
chlorophenyl sulfonyl)-5,7-dimethyl-pyrazolo derive , 3-phenyl sulfonyl-5-methoxy methyl-
7-methyl pyrazolo derivative, 3-phenyl sulfonyl-Sethyl-7-methoxy methyl pyrazolo derivative
are the most potent antagonists.

I mmunosuppressants:

Mi Yeon Jet al.,[35] described the synthesis amdvitro andin vivo activity of thiazolo[5,4d]
pyrimidines (Fig. 22) as a novel class of immungsapsive agents, useful for preventing graft
rejection after organ transplantation. Diethyl ammalonate hydrochloride was used as starting
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material for its preparation. They are equally\aetio Cyclosporin A. Therefore these findings
are an excellent starting point for the developnuémew generation immunosuppressive drugs.

Miscellaneous activities:

Yuga Ocet al.,[36] synthesized a series of pyrrolo[3{pyrimidine derivatives and evaluated
their application as type-II inhibitors of vascutardothelial growth factor receptor 2 (VEGFR2)
kinase. Incorporation of diphenylurea moiety atp@sition of pyrrolo[3,2d] pyrimidine core via
an oxygen linker (Fig. 23) resulted in potent intuts.
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Fig. 22 Fig. 23
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Mahesh TCet al.,[37] designed novel imidazo[1@pyrimidines (Fig. 24). The designed
molecules were synthesized by nucleophilic disptea& of chloro group of various substituted
4-chloro pyrimidines by ethanolamine followed byclization of these 4-(2-hydroxy ethyl)
amino pyrimidines to imidazo[l1,8pyrimidines in good vyield. All were screened for

antimycobacterial activity. Some of the synthesizechpounds exhibited potent activity.
R
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Fig. 24 Fig. 25 Fig. 26

Antonino Let al.,[38] prepared derivatives of new ring system pii3,4-€][1,2,3]triazolo [1,5-
ajpyrimidine in high vyields in one step by reactimi 3-azido pyrrole and substituted
acetonitriles. The obtained compound rearrangeah lyeating in DMSO in presence of water to
pyrrolo[3,4d][1,2,3]triazolo-[1,5a]pyrimidine (Fig. 25), they have shown comparable
intercalating activity with those of well-known @rtalating agents such as Amasacrine or
Doxorubicin.

Giuliana Bet al.,[39] carried out nucleophilic replacement of 1ech-3-(2-chlorobenzyl) and 7-
chloro-3-(2-fluorobenzyl)-1,2,3-triazolo[4 @pyrimidines with some hydrazides , gave the
corresponding 7-hydrazido derivatives, these byihganderwent an intramolecular cyclization
to form the new tricyclic 7-substituted-3-(2-chlbemzyl) and 3-(2-fluorobenzyl )-1,2,3-
triazolo[4,5€]1,2,4-triazolo[4,3€e]pyrimidines (Fig. 26). They are evaluated for thaffinity
towards adenosineAand A, receptors, resulted lacking in activity.

Takashi Oet al.,[40] reported a facile synthetic method for fuseazolopyrimidine derivatives
having high affinity and selectivity for human ademe A receptors. The fused
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triazolopyrimidine derivatives were easily prepat®done-pot reaction using acyl hydrazines
and imidates prepared from amine derivatives bgayano group and orthoestenssitu. This
synthetic method was useful in finding new tricgcidenosine Areceptor antagonists and also
in diversifying the substituents at two positiona the fused triazolopyrimidine ring. In
conclusion, they found new scaffolds of pyrazoldid:-1,2,4-triazolo[1,5€]pyrimidines (Fig.
27a) and 1,2 4-triazolo[1,8quinazolines (Fig. 27b) as potent and selective; hnéceptor
ligands.

R R

- iy

e e

\N \N
M e

H3C \N N 3 \N

H

Fig. 27a Fig. 27b

Fakher Cet al.,[41] synthesized some pyrano triazolo pyrimidoherivatives (Fig. 28) by
reacting ethoxy methyleneamino derivatives with raygdles. Antigenotoxic activity of the
obtained compounds was testedinoli PQ37, compounds with;R isopropyl R = Me/ph and

Ri1= Furyl R=ph were found to be more active.

Fig. 28

CONCLUSION

A large number of fused pyrimidines have been disced and reflected significant biological
activities with appreciably wider spectrum. Thesaile synthetic applicability and biological
activity of these heterocycles will help the medatichemists to plan, organize and implement
new approaches towards discovery of novel drugs.
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