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ABSTRACT

Day by day there has been incerasing consumption of various antibiotics for the treatment of microbial infections
which leads to emergence of multi-drug resistant microbial pathogens. Therefore, there is an urgent demand for
research and synthesis of novel of antimicrobial agents having different mode of action which should be effective
against various types of bacteria and fungi to solve the problem of microbial resistance. Pyrimidine derivatives are
known to have broad spectrum of pharmacological activities, especially potent antimicrobial activities. This review
article is an attempt to provide valuable information on antibacterial and antifungal potential of pyrimidine
derivatives which may help to medicinal chemists in the development of new class of antimicrobial agents for
effective treatment of microbial diseases.
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INTODUCTION

It has been observed that spite of mounting problefresistance to antimicrobial agents [1], thenbar of
innovative antibiotics being brought to the pharmdizal market have been reduced drastically iemetimes for
example only five new antibacterial agents are ieckfor scientific purpose in the USA [2]. Furthérere is
shortage of novel antibiotics and appearance ofitdulg-conflicting microbes being some of the niajballenges
for drug proposal and expansion of narrative amtioliial agents. Gram-negative bacteria are paatituintricate
to eradicate as they have an extra outer film pehility obstruction that antimicrobial compoundsjuge to
overcome to be successful, in addition to reculygmbssessing numerous efflux pumps and intentiodifying

enzymes [3]. Various types of microbes like baetefingi and virus are responsible for lethal micabinfections
for example tuberculosis, anthrax, typhoid, chqledgphtheria, bacterial meningitis, syphilis, whaap cough
pneumonia, bubonic plague, toxoplasmosis and dasis or histoplasmosis [4].

Pyrimidineis a heterocyclic ring system having two nitroggoms at positions 1 and 3 in the rifigig.1) [5].
Amongst a wide variety of heterocycles that havenbexplored for developing medicinally importantletoles,
pyrimidine derivatives occupy an important placethie present day therapeutics. They are reportgubssess a
broad spectrum of pharmacological activities sushamtimicrobial, antitubercular, anti-inflammatognticancer,
antiviral and antimalarial properties which desesbthe significance of this heterocyclic nucleuscurrent
medicinal chemistry [6].
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Antimicrobial Activities

According to the recent literature survey, it maydbserved that novel pyrimidine derivatives anenfbto have
potent antimicrobial activities and this informatibas been summarized in this section as givembelo

Yazdanbakhslet al reportedthe synthesis of 4, 6-dihydroxypyrimidiné®) and evaluated for their antibacterial
activity againstSalmonella typhimurium, Micrococcus luteus, Bacillus subtilis and Pseudomonas aeruginosa at
concentration of 12&%/ml by using Tetracycline and Erythromycin as dtad drugs. One compound showed good
antibacterial activity again&. subtilis andP. aeruginosa when compared with standard drugs [7].
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A series of 8-Aryl-pyrrolo, thiazolo pyrimidine deatives(3) prepared byMohamedaet al. All newly synthesized
compounds were examined for their antibacteriavigtagainstSaphylococcus pyrogens and antifungal activity
againstCandida albicans andAspergillus flavus according to cup plate method at a concentratioch@35mg/ml by
using Chloramphenicol and Flucanazole as standardsntibacterial and antifungal activities respeay. Some
compounds showed promising antimicrobial activitisen compared with their respective standard diB8igs

Cl

Cl
®3)

A series of uridine analogué$) was synthesized tBrulikova et al and tested for their antibacterial activity agains
Pseudomonas aerugenosa and Staphyl ococcus aureus and antifungal activity againgispergillus niger and Candida
albicans. Chloramphenicol and Flucanazole were used as s@sdar comparison of antibacterial and antifungal
activities respectively. Some compounds demonstrsigmificant antibacterial activity agair3taerugenosa andS.

aureus whereas other compounds exhibited appreciableuagiEi activity againsA. niger and C albicans when
compared with their respective standard drugs [9].
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Edrees et al prepared a series of 2-[N-aryl-2-oxo-2-(4-chlorepyl) ethanehydrazonoyl]-6-methyl-4{3}
pyrimidinones derivative€b). All newly synthesized compounds were screenethiair potent antibacterial activity
againstPseudomonas aerugenosa and Saphylococcus aureus and antifungal activity againgtspergillus niger and
Candida albicans. Chloramphenicol and Flucanazole were used as s@smdaome compounds showed promising
antibacterial activity again®. aerugenosa andS. aureus whereas other compounds exhibited significant angél
activity againstA. niger and C albicans. One compound showed good antimicrobial activitgnenimum inhibitory
concentration of 15.1@®/mL against the bacterial stains [10].

NO,

®)

Prachayasittikukt al reported thiopyrimidines derivativg6) as potential therapeutics achieved novel analégs o
bioactive thiopyrimidines-4-3)-ones and investigated their antibacterial agtigijainstPseudomonas aer ugenosa
and Saphylococcus aureus and antifungal activity againstAspergillus niger and Candida albicans.
Chloramphenicol and Flucanazole were used as s@sdiar comparison of antibacterial and antifungetivities
respectively. Some compounds showed promising actiibial activity againsP. aerugenosa and S. aureus and
antifungal activity againsA. niger and C albicans and exhibited potent antimicrobial activity. Onengmund
showed complete inhibition againSireptococcus pyogenes and Branhamella catarrhalis as well as antifungal
action againsCandida albicans and it was found to be the most potent antimiclobépound when compared

with standard drugs [11].

O

HNﬁ
CeHyHoCo s

S N H

(6)
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Sabryet al provided a series of compounds a$l-hromeno pyrimidine derivative¥) and theirin-vitro
evaluation for antibacterial activity against graositive bacteria Enterococcus fecalis ATCC-29212, Bacillus
subtilis) and gram negative bacterigstherichia coli ATCC-25923, Pseudomonas aeruginosa ATCC-27853) and
antifungal activity againstGandida albicans NLTM-3431, Aspergillus Niger) were compared with their respective
standard drugs Amoxycillin and Griseofulvin. Sonampounds showed significant antimicrobial activithien
compared with standard drugs. A new compound wasdohaving potent antimicrobial activities against
Salmonella typhimurium, Micrococcus luteus, Bacillus subtilis and Pseudomonas aeruginosa when compared with
standard drug [12].

Br
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Rameshet al synthesized novel dihydropyrimidines derivati{@ and theirin-vitro evaluation for antibacterial
activity against gram positive bacterignferococcus fecalis ATCC-29212, Bacillus subtilis) and gram negative
bacteria Escherichia coli ATCC-25923, Pseudomonas aeruginosa ATCC-27853) and antifungal activity against
(Candida albicans NLTM-3431, Aspergillus niger) were compared with their respective standard dAumgexycillin
and Griseofulvin. Some compounds showed signifigerimicrobial activity when compared with standairdg.
One of these novel derivative showed potentitro antimicrobial activity at concentration of 15@mL as
compared to the standard drug streptomycin andrefsarted antibacterial activity [13].
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An efficient and environmental benign regioseleethew pyrazol-10-ylpyrazolo pyrimidines derivati @ were
synthesized by Aggarwat al. All compounds were screened for their antibaateactivity against gram-positive
and gram-negative bacteria and antifungal actagginst four phytopathogenic fungi. Two compoundsiifiested
rather broad antibacterial activity than standartibéotics. One lead compound at concentration ®frig/ml and
200 mg/ml exhibited equipotent or more potent aitiobial and antifungal activities against all tebt
microorganisms when compared with standard drugso@oxacin and Fluconazole [14].
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A novel series of thienopyrimidine derivativid®) were synthesized bily et al and investigated their antibacterial
activity againstPseudomonas aerugenosa and Staphylococcus aureus and antifungal activity againgispergillus
niger and Candida albicans. Chloramphenicol and Flucanazole were used as s@sdar comparison of
antibacterial and antifungal activities. Some coomqus showed promising antibacterial activity agaiRs
aerugenosa andS. aureus whereas other compounds exhibited significant angiél activity againsf. niger and C
albicans. One compound was tested against antimicrobial iieswvhich exhibited higher and promising biolaaic
activities when compared with respective standangs[15].

CH
H3CN 3 HZN
N._—~NH / NH
SRR
9) | N
(10)

A novel series of thiazolo quinazoline and pyridoatolo pyrimidine analogue§ll) were designed and
synthesized byAl-Omary et al. Newly synthesized compounds were screeimedtro for their antimicrobial
activity against varieties of bacterial strains ls@aphylococcus epidermidis, Saphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa and fungal stainAspergillus niger by using as Ampicillin and Gentamycin as
standard drugs for antibacterial and antifungalivdiets respectively. One compound showed appréeiab
antimicrobial activity when compared with standahdigs. Some compounds were evaluated for timeuitro

antimicrobial activity against all types of bacteriand compared with standard drugs Ampicillin &sshtamycin
[16].

(11

A series of novel 1,3,4-thiadiazole derivati(d8) bearing 1,2,4-triazolo pyrimidine moiety were thesized by
Zhanget al. All compounds were assayed for their antimicrba@ivities against five fungi stains and four teaia
stains. The preliminary results indicated that soomnpounds showed good antifungal activities agains
Physaclospora piricola, Rhizoctonia solani and Cercospora beticola. One compound showed better antibacterial
activity against Gram-negative bacterial stains @mdm-positive bacterial stairseudomonas fluorescence and
Escherichia coli as in comparison of standard drugs Ciprofloxacit @riseofulvin [17].
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Kumar et al synthesized new series of substituted 4, 6-subsstitdiphenylpyrimidin-2-amine derivativ€3) and
were investigated for their antibacterial activitgainstBacillilus subtilis, Escherichia coli, Pseudomonas species
and Saphylococcus aureus by using standard drug Ofloxacin. One compound laygal potent antimicrobial
activity against gram negative bacte(a coli) and gram positive bacter{®. aureus) on comparison with the
standard drug [18].

Cl

(13)

Sriharshaet al synthesised a new class of 1,3-thiazolidine nualeoanalogues coupled with the pyrimidine bases
(14) like uracil and thymine etc. The antibacterialivatt of the novel 1,3-thiazolidine pyrimidine nedside
analogues were highlighted and screened for thtibacterial activityin-vitro againstPseudomonas aeruginosa,
Escherichia coli as Gram-negative bacteria afthphylococcus aureus, Serratia, Enterobacter, Acetobacter as
Gram positive bacteria. Few compounds showed reabéek activity towards the gram positive bacteria
Staphylococcus, Enterobacter and Gram negative bactefseudomonas aeruginosa, Escherichia. One compound
with free NH group in the pyrimidine moiety showsinificant biological activity against the bactdrstains
Streptococcus pyogenes andBranhamella catarrhalis as compared with standard drug Ampicillin [19].

@

:iﬁ0|

A
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OH
(14)
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Mohamedet al synthesized pyrido pyrimidines derivativid®). Thein vitro antimicrobial activity of some of the
newly synthesized compounds was examined. All géstetl compounds proved to be active as antibdcterih

antifungal agents. One compound showed potentigctigainst various bacteria tested in comparisbstandard

drugs Chloremphenicol and Nystatin [20].

COOGHs
HINTS
S)\N NI
H
OCH,
(15)

El-Gazzaet al reported a novel series of pyrimido quinolinesazmlo pyrimido quinolines, pyrazol pyrimido
quinolines and 2-pyrazolylpyrimido quinolines detives (16). Synthesized compounds were tested for
antibacterial activity against various bacteria &umgi species at concentration ofy@@mL. One Compound was
found with high antifungal activity toward the fualgstains as compared with the reference drugsatgsand

Nalidixic acid [21].

CgHO
X “N\
| /)N\ NH

N" N H

(16)

Banothuet al reported a series of 8,9-dihydro-2-(2-oxd-2hromen-3-yl)-5-aryl-Bl-chromeno pyrimidine-4,6-
diones derivativeg17). All the synthesized compounds were evaluatedtteir in vitro antimicrobial activity
against different bacterial and fungal stains. @ampound showed potent antimicrobial activity asligiplayed
MIC value of 12.5 mg/mL and showed excellent artibaal activity againsB. subtilis andE. coli on par with
standard drug Ciprofloxacin whereas other composhowed MIC value of 25 mg/mL and it showed good
antifungal activity againgt. albicans as compared with standard drug Amphotericin-B [22]

(17)

Husseinet al achieved an easy and efficient route for the sgithof pyrimido pyrimidine derivatived8) and
evaluatedn vitro antibacterial activity againgischerichia coli, Micrococus luteus and Saphyl ococcus aureus and
antifungal activity againstspergellius flavus, Aspergillus niger and Curvularia lunata by using standard drugs for
antibacterial and antifungal activities. Some comqts showed promising antimicrobial activities aspared with
their respective standard drugs. The potent antohial screening of one derivative was noted agdims tested
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microorganismsC. albicans, B. subtilis andE. coli and found on par with standard drugs Chloramploéraad
Fluconazole [23].

OCH;

HNOC
N
N ESS DN
o N*N =
H CHj
(18)

A series of novel (E)-N-(2-chloropyrimidin-4-yl)-K&-cyano-2-hydroxy-6-phenylpyrimidin-4-yl) formaniig
derivatives(19) was synthesized by Mallikarjunaswaralyal andin vitro antimicrobial activity was evaluated.
Antimicrobial data revealed that among all the comps screened against bacteria IBacillus subtilis,
Escherichia coli, Saphylococcus aureus, and Pseudomonas aeruginosa and fungal stains lik@lternaria solani and
Fusarium oseysporum, one compound was found to have promising antiobied activity against all the selected
pathogenic bacteria and fungi when compared wahdsrd drug Amoxicillin [24].

Br

(19)

A novel series of 5-(2-benzylsulfanyl-pyridin-3-2}(substituted)-sulfanyl-1,3,4-oxadiazoles deiived (20) were
synthesized by Patet al. All compounds were evaluated for their antimicedkactivities. The compound with
benzothiazole moiety showed promising activity agbiEscherichia coli compared to Ampicillin as standard drug.
The antibacterial screening results reveal thatt rmbthe final compounds showed good bacterialkition against

S aureus. One compound was bearing epichlorohydrin exhibitighest activity again® aureus and S. pyogenes
[25].

N-N
/ %s/\do
O
S

(20)
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A series of novel 2-(5-bromo-2-chloro-pyrimidin-fsyifanyl)-4-methoxy-phenylamine derivativg®1) were
synthesized by Mallikarjunaswanet/al. and observed an elevated antibacterial actiggirest Gram positive (zone
of inhibition 29-33 mm) and Gram negative (zonerdfibition 32-33 mm) bacteria. Some compounds sldowe
good antibacterial activity against all the testedyanisms. One compound showed most pofentitro
antimicrobial activity as compared to standard drGgntamicin, Bacteriomycin and Nystatin [26].

Kanth et al synthesized novel pyrido pyrimidines derivatiy@?) and evaluatedn-vitro antibacterial activity
againstEscherichia coli, Micrococus luteus and Staphylococcus aureus and antifungal activity againgtspergellius
flavus, Aspergillus niger and Curvularia lunata by using Chloramphenicol and Fluconazole as stahdergs for
antibacterial and antifungal activities respectivédome compounds showed promising antimicrobitiVies as
compared with their respective standard drugs.cAthpounds were screened against Gram positive agdaltine
bacteriain vitro. Compounds showed potent activity against all igseaf Gram positive bacteria and Gram negative
bacteria. Both compounds were also active agéisstdomonas aeruginosa at the maximum concentration of 200
ng/ ml as compared to standard drugs [27].

CF; NH,
XN

LA

N” N
cl
(22)

Narayanaet al synthesized novel dihydropyrimidines derivati\@8) and screened them for their antimicrobial
activities. One of novel compounds showed poienttro antibacterial and antifungal activity having MI@lwve of
14.72 ug/ml against all species of Gram positive bacteml Gram negative bacteria likgacillus subtilis,
Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa and fungal stains likélternaria solani and
Fusarium oseysporum and compared with standard drugs Ciprofloxacin Elndonazole [28].

O
NC| I\|,CHH3
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N~ N~
Y

F
HaN- ookt

(23)
Goudaet al reported that 3-aminopyrazole utilized as keyrimediate for the synthesis of pyrazolo pyrimidine

derivatives(24) and evaluated them agairdeudomonas aeroginosa, Escherichia coli as Gram negative bacteria
and Saphylococcus aureus, Treptococcus pneumonia and Klebsila pneumonia as Gram-positive bacteria. One
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compound was evaluated as potent antimicrobialtaageoompared to standard drugs Ampicillin, Chlgueemicol
and Cloxacillin. One compound also exhibited prangisactivity with maximum zone of inhibition valud 25mm

against various bacterial stains [29].
O N=
AQ. y/
N =
NH N
: (24)

Rashadet al substituted some acyclic S-nucleosides of pyrapgtimidine derivativeq25) and tested for their
antimicrobial activity against bacteridanthomonas, Erwinia amylovora, and filamentous fungPyrenophora
avenae, Fusarium graminearum. One compound showed promising antimicrobial agtigis compared to standard
drug [30].

OCH;,

S
oc

(25)

Mohamedet al synthesized a series of pyrazolopyridine and pypydimidine derivative$26). Some of the tested
compounds, especially with a fluorine substituentttee para-position in the phenyl ring and thosehwa
pyridopyrimidine-2-thione with a free —NH or —SHxhébited greaterin vitro antibacterial activity against
Staphylococcus aureus, Pseudomonas aeruginosa and antifungal activity again§tandida albicans. Some of the test
compounds were found to have excellent to modexatinicrobial activities when compared with stamtdrug
Nystatin [31].

(26)
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Two series of 5-ethyl-2-amino-3-pyrazolyl-4-metiybphenecarboxylate and 2-thioxo-N3-aminothieno
pyrimidines derivativeg27) were preparedby Hafezet al and evaluated as antimicrobial agent. All compsund
were screened for antimicrobial activity, one coommb showed the highest activity against all b@aterwo
compounds exhibited stronger activity than AmpiciigainsB. cereus andS. typhi [32].

S
HLN<\ \
N‘H N .

0
HsC
| N\
EtOOC™ S NH;
(27)

Bazgiraet al synthesized pyrazolo pyrido pyrimidine-dione datives(28) and evaluated their antibacterial activity
againstStaphyl ococcus aureus, Pseudomonas aeruginosa and antifungal activity again€andida albicans. Some of
the test compounds were found to have excellemhdderate antimicrobial activities when comparedchwiteir
respective standard drugs. One compound was fauhedwve potent antibacterial activity as compareti wfandard
drug Ciprofloxacin [33].

(28)

Some novel pyrazolo thiazolo pyrimidin-4-one detives (29) were prepared by Khobragade al. All the
compounds of the series were screened for thébiaaterial and antifungal activities against baeteviz.Bacillus
megaterium (MTCC 1684),Bacillus subtilis (MTCC 1789),Klebsiella pneumoniae (NCIM 2957), Saphyl ococcus
aureus (MTCC 96), Pseudomonas aeruginosa (MTCC 2488),Proteus vulgaris (MTCC 1771),Escherichia coli
(MTCC 1650) andSerratia marcescens (MTCC 86) and fungi vizTrichoderma viridae (MTCC167),Penicillium
chrysogenum (MTCC1996), Aspergillus flavus (MTCC 2501), Aspergillus niger (MTCC 1781) andCandida
albicans. The result revealed that one compound showedifisgm antimicrobial activities as compared to
respective standard drugs Tetracycline and Nysfasih

H,N
HO QA
\Q\[N»\\ﬁ\!\l
NH
/ S)>N

(29)

Bondock et al found a new class of antimicrobial agents contgnpyrazolo pyrimidine derivative€0). All
compounds were screened for their antibacterialincagainst Gram-positive bacter{&aphylococcus aureus and
Streptococcus pyogenes), Gram-negative bacterig@seudomonas phaseolicola and Pseudomonas fluorescens) and
antifungal activity againgfusarium oxysporum and Aspergillus fumigatus. One compound showed potent activity
when compared with Chloroamphenicol as a standarg dgainstS. aureus (MIC = 3.125 mg/mL),S. pyogenes.
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Pyrazolo pyrimidine derivative was found to exhitiie most potenitn vitro antifungal activity with MIC at 6.25

mg/mL againsf. fumigates [35].
N
N N
T
S PhHN

(30)

Darandaleet al reported 1,3,4,5-tetrasubstituted 1,2,3,6-tetredyygfimidines derivative§31) having promising
antibacterial and antifungal activities and screeftg their antibacterial activity againStaphylococcus pyrogens
and antifungal activity again€andida albicans and Aspergillus flavus according to cup plate method at different
concentrations by using Chloramphenicol and Fluraleaas standards for antibacterial and antifuregtilvities.
The antimicrobial activity data revealed that oeenpound was most potent as compared to standags.dfhese
compounds were found to be most active againstetted fungal and bacterial stains, having MIC &sl(15-60
pg/mL for bacteria and 12.5-50 pg/mL for funguanpatible with standard drugs [36].

NH,
ROO?NO
J

ROO N
O
N
R= 0 X o~
NH2 O
(31) Diethylbut-2-ynedioate

Abunadaet al obtained pyrazolo pyrimidin-4t8one derivativeg32) against a selection of Gram-positive cocci,
Gram-negative rods and yeasts. Some compounds dhamtébacterial activity against Gram-positive leaict
having MIC values in range of 50 to 208/mL. One of these compounds also exhibited paetifungal activity
against theCandida stains likeC. albicansandC. parapsilosis as compared with standard drug [37].

NO,
(32)

El-Gabyet al prepared some novel substituted pyrazol pyrimsligerivativeq33). Most of these compounds were
also testedn vitro for their antibacterial activity against Gram give and Gram negative bacteria. Most of the
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synthesized compounds were found to possess hitibaeterial activity towardss marcescens (IMRU-70), S.
aureus (NCTC 7447) as compared to the Streptomycin ageaeece drug [38].

@N:N N NH2

~Z ~CN

OH,N C
Y
\

(33)

Bekhit et al synthesized a novel series of structurally reldtdepyrazolyl of thiazolo pyrimidines derivativg€34).
Newly synthesized compounds were evaluated for flnevitro antimicrobial activity againgEscherichia cali, a
Gram negative bacteri&aphylococcus aureus as Gram positive bacteria, a@dndida albicans as a representative
of fungi. The results revealed that most of thespldiyed appreciable antibacterial activities whempgared with
Ampicillin, especially againsS. aureus. One compound was the most potent derivative Igayironounced
antibacterial activity comparable to Ampicillin [B9

(34)

Gaikwadaet al described the synthesis of dihydropyrimidoneswvdiies(35) and screened for their antibacterial
activity againstStaphylococcus pyrogens and antifungal activity againgandida albicans and Aspergillus flavus
according to cup plate method at a concentratiof.@®5mol/ml by using Chloramphenicol and Flucatazs
standards. These novel compounds was tested fbaatdrial activity and found them to be effectagainst some
gram positive and gram negative bacteria. One camghevas found to be the most potent antimicrobjgna as
compared with the standard drug [40].

(35)

Pandeyaet al synthesized 4-(4-chlorophenyl)-6-(4-methylpherdxminopyrimidine compound$§36). When
compared to Trimethoprim, all compounds were actigminst bacterial stains likBalmonella typhimurium,
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Staphylococcus aureus, Enterococcus faecalis, P. aeruginosa, Klebsiella pneumoniae, Saphylococcus albus,
Aeromonas hydrophila, Vibrio cholerae, Bacillus subtilis andProteus rettgeri. One of the tested compounds showed
more potent activity (MIC=10 mg/ ml) than Sulphahwtazole [41].

CHj

o
N=
D]/QN ]

L O

Hz\C\N/\\O
(N

(36)

A series of 2,4-Diamino-5-[30,40-dimethoxy-50-(54maxy-1-pentynyl)]benzylpyrimidine and 2,4-diamibe-
[30,40-dimethoxy-50-(4-carboxyphenylethynyl)benzyimidine derivativeg37) were synthesized by Forsehal

. The selectivity index (SI) for each compound wakulated by dividing its 50% inhibitory concertioa (IC50).

These novel analogues may be viewed as promisitigniarobial activity with respective to their refarce drugs
Gentamycin, Ampicillin and Norfloxacin [42].

COOH

(37)

Tedderet al reported that structure-based design, synthesishmlogical activity of novel inhibitors of S-adesyl
homocysteine/methylthioadenosine (SAH/MTA) nucldasie derivative$38). These compounds were active in
antimicrobial assays, inhibiting the growth of thremportant pathogenic genera and showed promising
antimicrobial activity with respective to their eeénce drug Ampicillin [43].

R = (CH,),C-CsHg  R'= COCHs

ﬁNH !
T
N~ N NH
38) R = (CH)C-CsHy Rl:CéH
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Rai et al synthesized novel chromeno pyrimidine to affordoahmenopyrimidines derivative€39). All newly
synthesized compounds were screened for antibalctectivity against all bacterial stains. These poonds
showed excellent antibacterial activity at 1.612%'mlL concentration again$t aureus bacteria as compared to the
standard drug Ceftriaxone. One compound showedpattivity as that of the standard which was activ1.6125
mg/mL against bacterial staifis coli andP. aeruginosa, B. subtilis [44].

HN g

b
0 N’

(39)

Dave et al reported a series of (E)-3-(2-chloroquinolin-3-$#(2-hydroxyphenyl) prop-2-en-1-one and its
pyrimidine analogues e.g. 2-[2-amino-6-(2-chloragulin-3-yl)-5,6-dihydro pyrimidin -4-yl]phenols deatives
(40) . All the newly synthesized compounds were evaldidbr theirin vitro growth inhibitory activity against
Escherichia coli, Pseudomonas vulgaris, Bacillus subtilis, Staphylococcus aureus,Saphylococcus typhi, Candida
albicans, Aspergillus niger and Pseudomonas chrysogenum. Their zone of inhibition values were comparedchwvtite
standard drugs Ampicillin and Amphotericin B andwlked maximum inhibition of growth of microorganisah

concentration of 200 ug/ml [45].

(40)

Pyrazolo pyrimidines derivativgg1l) were synthesized by Zaharetnal via the reaction of ketene dithioacetals and
5-aminopyrazoles. Most of the synthesized compourele found to possess various antimicrobial andusigal
activities with minimal inhibitory concentration (&) values ranging between 100-250 mg/ml. Howewag of
the tested compounds showed superior antimicralsiality than the reference drug Ampicillin [46].

H,N
CN
N7 T
N CeH
\ / l/\l 615
N =N
CeHsOC N
H,N
(41)

Faidallah et al introduced fluorinated pyrazoles and benzenesylfwea derivatives as well as their cyclic
sulfonylthioureas derivative§42). Biological screening of prepared compound revkaignificant antibacterial
activities. All the compounds showed antimicrobéattivities againstEscherichia coli, Saphylococcus aureus,
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Aspergillus niger andCandida albicans. Two compounds exhibited potent activities agauastous stains of micro-
organisms in the comparison to reference drug @iptacin [47].

CF,
Br {
C
(@) H,
SO,NHCSNH
Cl
(42)

Petraet al reportedsome versatil@-Ethoxymethylene-3-oxobutanenitrile pyrimidine igatives (43) and found
broad spectrum of antimicrobial activity which wasfective against various bacteriBacillus subtilis,

Staphylococcus aureus andfilamentous fungiAspergillus niger andS. aureus, A. niger and Saphyl ococcus aureus.

One compound manifested the highest antimicrolutbity which was most active as compared to Anipiciand
Amphotericin [48].

NO,

N~ CN
(43)

Two novel series of N-[5-(2-furanyl)-2-methyl-4-oxbl-thieno pyrimidin-3-yl]-carboxamide and 3-subdiitd-5-
(2- furanyl)-2-methyl-8i-thieno pyrimidin-4-ones derivativgg4) were synthesized b@hambhare et al. All the
compounds were assaydd vitro for antibacterial activity against two differentams of Gram-negative
(Escherichia coli and S. typhi ) and Gram-positivdS. aureus , B. subtilis ) bacteria. In general, along with the
thienopyrimidinone ring, substituted amido or imside chain is essential for antimicrobial activiBne compound
was found to be the most potent and found to retaxric up to a dose level of 200 mmol/L when conegawith
the standard drugs Ampicillin, Rifampin, IsoniazZrgnicillin and Chloramphenicol [49].
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O,N
.CH
\_ CH
N 3
g
o =N
W
(44)

Prakashet al introducedthree compounds, namely 3,9-di-(40-fluoropheny$-bj2,4-triazolo pyrimidine 3,9-di-
(40-nitrophenyl)- bis-1,2,4-triazolo pyrimidine  dn 3,9-di-(50-nitro-20-furyl)-bis-1,2,4-triazolo  pymidine
derivatives(45) associated with substantially higher antibactea@lvity than some commercial antibiotics against
Gram-positive bacteria nameftaphyl ococcus aureus, Saphylococcus epidermidis and Bacillus subtilis and two
Gram-negative bacteria namedglmonella typhi andEscherichia coli at MIC (minimum inhibitory concentration)
10 mg/ml as compared with the reference drug @nighenicol [50].

N-N

[
Kﬂ < }No2
N" N

=\

(45)

Narayana et al synthesized 2-Substituted-5,7-dimethyl pyrido pydin-4(1H)-ones derivatives(46). All
compounds were screened for antibacterial actigigjpinst Gram positive and Gram negative bactertee T
synthesized compounds were screened for theiitro antibacterial activity against Gram positi{ subtilis and

S aureus) and Gram negativeE( coli and K. pneumoniae) bacteria. One compound was obtained containing
antibacterial activity at minimum inhibitory condeation at 1.25 mg/ml and showed greater activiggiast all
species of Gram positive and Gram negative bacterigared to Ampicillin [51].

CHs; O
NUNH
HC N~ N OCHs
OCH,
OCH,
(46)

El-Sayedet al synthesized pyrazolo pyrimido pyrimidine derivasg47). The entire compounds were screened for
their antibacterial and antifungal activities. T¢erial dilution techniquavas applied for the determination of MIC
of the testedcompounds against species of bactestdins E. coli, Saphylococcus aureus (MTCCB),
Saphylococcus epidermidis and Escherichia coli and species of fungal stain&. niger, A. alternate, Aspergillus
fumigatus, Aspergillus niger and Alternaria alternate. One of the tested compounds showed superior ambbial
activity than the reference drug Ampicil[i52].
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H 3C H
(47)

Ababsaet al reported Dipyrido pyrimidin-11-one and dipyridorjpwyidin-5-one derivative$48) and evaluated for
antimicrobial and antifungal activities. Dipyridgyrimidin-5-one and pyrido pyrimidino isoquinolinehe
derivative showed good fungicidal activity agaifatsarium and dipyrido pyrimidin-11-one derivative against
Candida albican Fusarium, Aspergillus niger. One compound showed a excellent bactericidal iactagainst
various bacteria Hscherichia coli and Pseudomonas aeroginosa), similar to that of Ciprofloxacin, against
Pseudomonas vaeroginosa, and alsashowed a good fungicidal activity, similar to tloétNystatin, againsfusarium
and agains€Candida albicans. One compound was found to have more promisingiaes compared to a reference
drug Doxorubicin [53].

|\ N\ X
N~ N~
O
(48)

Gileset al reported that the indane-1,3-dione a new groupydmidine derivativeg49) aiming at the synthesis of
new compounds having antimicrobial activity in agiée component and evaluated for antimicrobial antifungal
activities. The chlorophenyl substituted pyrimididerivatives exhibits good antifungal and antimiab agent
againstEscherichia coli and Bacillus subtilis. Some compounds showed good inhibition at 31.2mhgAgainst
Pseudomonas aeruginosa, Saphylococcus aureus, Aspergillus niger andCandida albicans. Amongst this series, one
compound showed good inhibition against all theettdacterial and fungal stains as compared taatdndrugs
Ampicillin and Fluconazole [54].

Cl

(49)

Yakaiah et al reported a series of 4,8-diphenyl-10-(trifluoromd}- 1,2,3,4-tetrahydropyrimido indazole-7-
carbonitrile derivative$50) which were evaluated for antibacterial activity. All tbempounds showed significant
activity against all species of Gram-positivg gubtilis, S. aureus) and Gram-negativeP( aeruginosa, E. coli)
bacteriain vitro. In conclusion, the MIC values of the tested coomuts were compared with Penicillin and
Streptomycin as standard drugs. Only one compohaded promising activity against yeast and filarestfungi
at maximum concentration of 150 mg/ml [55].
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CFs yN— H
-
CeHs N HO

CN
(50)

Some of the clinically used pryimidine based drhgse been enlisted in the table no. 1 as givenwbe&bich

indicates the importance of pyrimidine nucleus iodern clinical therapy.

TableNo.1: Successful Pyrimidine Based Drugs Availablein Clinical Therapy [56-74].

S. No. Brand Name Chemical Structure Phar macological Use
N H2
N~ N-C. =
1. Tioconazol® (- CH‘O\C/QS Antifungal
H>
Cl
OCH,
HsC
2. Trimethoprinf? H3CO Antibacterial
_ | NH,
Nﬁ/N
NH,
N NH,
N
3. Brodiprinf NH, Antibacterial
HsC OCH,
Br
_N__CHg
4 Nimustin& EO H \lNr Antit
: imustin ntitumor
O
COOH
/\/\/COOH CH;
N=
5. Raltitrexe@ HN NH Antitumor
S
O% Nr<\ HO
CHs
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N
HN )
6. Thienotriazolopyrimiding N Anti-inflammatory
(L
Oy S O
7. Acetiami& Y Analgesic
o CHO
)\CH3
3c: CHj
HC N\l//O
8. Proquazorie O ~-N Anti-inflammatory
O
O
9. Ketanserifi Antihypertensive
@)
F
NH,
o
o HaC NN | |
10. Trimazosifi K/N o Antihypertensive
Cf,
H,C.
2 (,:HZ
CHs
11. Minoxidil® Antihypertensive
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12. Risoperidorfe \fg/\/\ O\(@ Antipsychotic
F

i
13. Thimylaf General Anaesthetic
C Hs
14. Pyrimethamirfé \©j\)\ NH Antimalarial
C

oHE N NH»

CONCLUSION

Microbial diseases are accountable for increasiveg global mortality rates every year as per repoft$VHO
therefore innovation and advancement of effectintén@icrobial drugs with novel modes of action hacdme a
great concern for medicinal chemists working irstfield. Pyrimidine derivatives play an imperatirae in the
pharmaceutical field because they possess compatgimhicrobial biological activities. This manusgatriis an
endeavor to report the antimicrobial activitiesnolvel pyrimidine derivatives during recent yearghma mission to
resolve the global problem of microbial resistatmgards antibiotics and to develop efficient antirabial agents.
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