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ABSTRACT

The worldwide problem of microbial resistance has drawn utmost attention for medicinal chemists because of
failure of currently available antimicrobial therapy against microbial infections. Therefore, there is an urgent need
to develop novel antimicrobial agents with different mode of actions. In the search of better antimicrobial agents,
different heterocyclic compounds have been explored and out of them piperazine derivatives have shown a broad
spectrum of pharmacological activities like antibacterial, antifungal, antitubercular, anticancer, antiviral,
antioxidant activities etc. This communication is focused on to review antimicrobial activities of different piperazine
derivatives in detail and the valuable information provided in this manuscript may help in the drug design and
development of better antimicrobial agents.
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INTRODUCTION

Treatment of microbial infections including bac#rifungal, and tubercular is becoming difficultchase of
everlasting problem of microbial resistance towaadsbiotics hence the need for new generatiorentfinfective
agents, and in particular new antimicrobial ageists;onstant for effective treatment of microbiafeictions [1].
Medicinal chemists have been highly successfuherecent years in reshaping the scaffolds ofezaaltibiotics,
both natural and synthetic in which heterocyclicleus constitutes a part of pharmacophore whigssential for a
particular pharmacological activity [2, 3].

A heterocyclic compound is a cyclic compound thed hetero atoms such as N, O and S as membessrfg(s)
having medicinal importance [4], Piperazi(ig is such a medicinally important heterocyclic nuslevhich consists
of a six-membered ring containing two nitrogen atamh opposite positions in the rinthe piperazine nucleus has
been classified as a privileged structure andeigifently found in biologically active compoundsassr a number of
different therapeutic are§s]. Some of these therapeutic ar@adude antimicrobial, anti-tubercular, antipsythp
anticonvulsant, antidepressant, anti-inflammatoggptoxic, antimalarial, antiarrhythmic, antioxidaand antiviral
activities etc. possessed by the compounds havirgggzine nucleus [6, 7].
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Antimicrobial Activities

Piperazine derivatives are a broad class of chéroarapounds, many with important pharmacologicalperties,

which contain a core piperazine heterocyclic nuléu slight change in the substitution patternhia piperazine
nucleus causes distinguishable difference in thiegrmacological activities. Literature survey o ttecent studies
done on piperazine derivatives indicates that thaye antimicrobial activities like anti-bacterialdaantifungal

activities which have been summarized as givenvizelo

Patil et al. synthesized a novel series of substituted phergtaatide piperazine derivativ€®). The antimicrobial
activities for all the synthesized compounds weraeated against Gram-positive bactdfyphylococcus aureus,

Serptococcus pyrogenes) and Gram-negative bacteriEscherichia coli, Pseudomonas aeruginosa). The

antibacterial activity was evaluated using Ciprefloin as a standard drug. The antifungal activigs vetudied
againstCandida albicans andAspergillus niger. One compound showed good antifungal activity regf#ispergillus

niger when compared with standard drug Greseofulvin [8].

OCH,4

2
A series of substituted piperazine derivati{@swere synthesized by Chaudhatyal. and tested for antimicrobial
activity. The antibacterial activity was tested iagh Staphylococcus aureus, Pseudomonas aeruginosa,
Streptomyces epidermidis and Escherichia coli whereas antifungal activity againgispergillus fumigatus,
Aspergillus flavus and Aspergillus niger. All synthesized compounds showed significantvatgtiagainst bacterial
strains by using Gentamycin as standard drug bt feeind to be less active against tested fungi [9]

N N O
N\
/" P-OC;H,
OCH; C,HsO
3
Sharmaet al. synthesized a series bEnicotinoyl-1-ethyl-6-fluoro-1,4-dihydro-7-piperaeil-yl-4-oxoquinoline-3-
carboxylates(4). All the synthesized compounds were evaluatedaftibacterial activity against four different
stains of bacteria. Some compounds exhibited méel@écasignificant minimum inhibitory concentrati¢gmIC)
values when compared with standard drug [10].
O O

PSR
ﬁN

O N CHs

(4)
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A novel series of [1,3,5]triazinyl piperazine argles(5) was synthesized by Pattlal. and evaluated for thein-
vitro antibacterial activity against two Gram-positive. @erues, B. subtilis), two Gram-negativgE. coli, P.
aeruginosa) and for antifungal activity against two fungal sigs C. albicans and A. niger) by making use of
Ciprofloxacin and Griseofulvin as their respectstandard drugs. Most of the synthesized compoghdsved
promising antimicrobial activity [11].

N
A
N

“~ NN CN
| A

=
H

Q)
A novel series of 2-(4-cyano-3-trifluoromethylphéramino)-4-(quinoline-4-yloxy)-6-(piperazinyl/pipeinyl)-S-
triazines (6) were synthesized by Patel al. Preliminary screening of test compounds agailigit ebacteria
(Staphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Salmonella typhi, Proteus wvulgaris, Shigella flexneria), four fungi (Aspergillus niger, Aspergillus fumigatus,
Aspergillus clavatus, Candida albicans) and Mycobacterium tuberculosis indicated that among twenty one studied
compounds, few were the most active. Ciprofloxarid Pyrazinamide were used as standard drugs [12].
Cl

Cl
N

L/

N

ey
|/ 0" NN CF3

H

(6)
Kumar et al. synthesized a series of 7-[4-(5-aryl-1,3,4-oxadli@-2-yl) piperazinyl] quinoloneq7). The
antibacterial activities of all the synthesized pommwnds were evaluated against identifiable badtstiains using
Ciprofloxacin as standard drug showing inhibitidrgoowth of microbes. Some compounds showed batttvity
than the parent compound against all the seletaioksg13].

O
F COOH
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Talah et al. synthesized a series of 7-[4-(5-amino-1,3,4 thizale-2-sulfonyl)]-1-piperazinyl fluoroquinolonic
derivatives(8) and evaluated for their preliminaig-vitro antibacterial activity against some Gram-positarel
Gram-negative bacteria and selected compounds sezeened for antitubercular activity agaiivbgcobacterium
tuberculosis stain by broth dilution assay method. The antibdat data of the tested compounds indicated that a
the synthesized compounds showed better activdinayGram-positive bacterta aureus, E. faecelis, Bacillus sp.
having MIC values in range of 1tf/ml respectively when compared to their respecttamdard drugs. The MIC
values of tested derivatives denoted that Sparfioxand Gatifloxacin derivatives were most actigmiast the
tested Gram-positive bacterial strains (MIC = jigdml). All the tested compounds showed poor agtiaiainst the
Gram-negative bacteria. The-vitro antitubercular activity reports of selected commtsiagainsMycobacterium
tuberculosis strain showed moderate activity at MIC of dml when compared with standard dfg].

O (@]
F
| OH
H,C N N
N—N
/( »\S/N\) /O A
HoN™ °s™ 75 HsC
o O 3
(8)

Chinnamet al. synthesized a series of novel iminophosphoramieatves of piperazin€d) accomplished through
Staudinger reaction with high yields (70-80%). Themical structures of synthesized compounds waebkshed
by IR, *H, °C, ®P-NMR, mass spectral studies and elemental anakithe titled compoundshowed promising
anti-microbial activity by using Streptomycin astandard dru@l5].

CeHs ~— N
AN
PN N )
CHS N —  N=

~ "N

\NJ

C)
A novel tetradentate salicylic acid—formaldehydmtid containing piperazir(@0) moiety was synthesized by Khan
et al. The antimicrobial screening of the ligand andrdomtion polymers was done by using Agar well usfon
method against various bacteria and fungi. It wadest from the data that antibacterial and antinactivity
increased on chelation and all the polymer metaigiexes showed excellent antimicrobial activityrttilaeir parent

ligand [16].
X C—~N N~ jf
LS GO
\
HO OH
)%( X

M= Mn(ll), Co(ll), Cu(ll); X= H,0

(10)
A series of 1-ethyl-6,8-difluoro-4-oxo-7(4-arylpipein-1-yl)-1,4-dihydro-quinoline-3-carboxylic aciderivatives
(11) were synthesized by Srinivasa&h al. and evaluated for antibacterial activity by usi@gprofloxacin and
Norfloxacin as standard drugs. The antimicrobialvaes of the compounds were assessed by theonicoth
dilution technique. The compounds were also evatlidbr antifungal activity againsCandida albicans and
Cryptococcous neoformans pathogens. The preliminaryn-vitro evaluation studies revealed that some of the
compounds had promising antimicrobial activitieg][1
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o O

| OH

(11)
Two new series of chalcones containing piperazir@ety (12) were synthesized byomar et al. All the
synthesized compounds were evaluated for antimigrairtivity. Some of these derivatives were foundbe
potentially active againstaphylococcus aureus andEscherichia coli. One compound was found to be most potent
compound having MIC value of 2.22 pg/mL agai@andida albicans. The MIC value was comparable to that of
Ciprofloxacin, Amoxicillin and Fluconazole as respee standard drug4.8].

HN

M%E—ﬁ@

(12)
Jain et al. synthesized some 4-substituted-1-(4-substitutechydrpiperazine(13) derivatives. The synthesized
compounds were studied for antibacterial activisgng Ampicillin as standard drug against four stsalike S
aureus, S. epidermidis, P. aeruginosa and E. coli. One compound showed excellent antibacterial agtiwihen

compared with standard drug [19]
C3H7_N N CH3

(13)
Hirokawaet al. studied SAR on the water-soluble thioether plewrtilin analogue, which has excelléntvitro and
in-vivo antibacterial activities, led to discovery of thevel pleuromutilin derivatives having a piperazirieg
spaceir(14). These derivatives displayed potent and well-lmdm-vitro antibacterial activity against various drug-
susceptible and resistant Gram-positive bacteti@ gleuromutilin analogues were found to exhilibrsg in-vivo
efficacy agains8&aphyl ococcus aureus [20].

(14)
A series of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-flperazinyl)quinoline-3-carboxylic acid (Norfloxad (15)
derivatives were prepared by ual. according to the principle of combinating bioaetsubstructures and tested
for their activities against five plant pathogebacteria and three fungi vitro. The activities of compounds against
Xanthomonas oryzae were better than norfloxacin and some tested comggowere better in antibacterial activities
as compared to the agricultural streptomycin selfagainstX. oryzae, Xanthomonas axonopodis and Erwinia
aroideae. One compound displayed good antifungal activiigainstRhizoctonia solani having 83% inhibition of
fungal growth [21].
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(15)
The synthesis of titled compound 2faryl-methylidene]-6-fluoro-5-piperazinyl[1,3]-2+@nes(16) was carried out
by Chaithanyat al and evaluated for antibacterial and antifungaiviigs. Some compounds showed significant
antimicrobial activity when compared with respeetistandard drugs like Ofloxacin, Ampicillin and &mazole

[22].
HN/\

Uy

H3C_N\
CH;
(16)
Some novel N-aryl-2,2,2-trifluoroacetimidoyl pipenaylquinolone derivative§l7) were synthesized by Darehkordi

et al. Two selected compounds were evaluated for theiibacterial activities using the Ciprofloxacin and
Vancomycin as standard drugs. These compoundsaglesplgood antibacterial activities [23].

F
BNV O
/>;N N @)
e =
<rN OH

(17)
Mohammacdet al. synthesized a series of 3d-transition metal cengd of 1-acetylpiperazinyldithioc arbamét8).
The ligand and its 3d-transition metal complexesewtested for their antifungal activity kagar well diffusion
method using-usarium and Sclerotina species. One compound showed maximum activity wdwenpared with
standard drug [24].
O

(18)
A number of N-substituted piperazinylquinolone datives (19) were synthesized by Foroumasdi al. and
evaluated for antibacterial activity against Graosifive and Gram-negative bacteria. It was showegkréliminary
that most compounds tested in this study demoestredmparable or better activity agai8&tphyl ococcus aureus
and Staphylococcus epidermidis than their parent piperazinyl quinolones as stehddrugs. Among these
derivatives, Ciprofloxacin derivative showed siggdaht improvement of potency agaii@aphylococci, maintaining
Gram-negative bacteria coverage [25].
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H;CS (19)
A series of N-[5-(5-nitro-2-thienyl)-1,3,4-thiadiale-2-yl]piperazinyl quinolones(20) were synthesizedby
Foroumadiet al. and evaluated fain-vitro antibacterial activity against some Gram-positivel Gram-negative
bacteria. The antibacterial data revealed that comgs had strong and better activity against teGtean-positive
organisms than quinolones based standard drugsasuCiprofloxacin, Norfloxacin and Enoxacin. Howe\ad! the
compounds were nearly inactive against Gram-negdbacteria. One compound was found to be mosteactiv
compound against Gram-positive bacteria having Miie 0115 pg/L [26]

)_N O‘ COOCH

(20)
Zych et al. carried out SAR studies of a novel sulfonylureaieseiof piperazine pyridazine-bas¢@l) small
molecule as glucan synthase inhibitors. The opttion of pK profiles within the series led to thisabvery of
several compounds with improved pharmacokinetidilpsowhich demonstrateih-vitro potency against clinically
relevant strains. However, the advancement of camg® from this series into a non-lethal systemicgél
infection model failed to show-vivo efficacy when compared with standard drug [27].

O Y4
(@] N "N
23 O
N\N/

Re
(21)

Some substituted piperazinyl phenyl oxazolidinoompoundg22) having substitution on the distant nitrogen atom
of piperazine ring scaffold were synthesized byragtet al. and evaluated for their antibacterial activityGnam-
positive bacteria. Few compounds showed supeénaftro antibacterial activity againstaphylococcus aureus,
Staphylococcus epidermidis, Enterococcus faecalis and Streptococcus pyogenes than standard drugs like Linezolid

and Eperezolid8].
0]
‘> / \ >\\O COCH3
N N
0 / \/K/
F

(22)
A small library of novel series of 1,4-diarylpipenaes and analog®3) were screened by Forge al. in a rapid
luminometric in-vitro assay against the laboratoiycobacterium tuberculosis stain. The most promising
compounds were evaluated for activity against atirdolig resistant clinical isolate. The group ofidimes were
also tested for their ability to kill intracelluldfycobacterium tuberculosis residing in mouse macrophages using
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first line drug isoniazid as a standard drug. Hinah correlation between the structural differenad the
compounds and their anti-mycobacterial activityeveaported [29].

OO0,
N N
\_/ HN_CGH13

(23)

A new series of 6-substituted-4-methyl-3-(4-arygigwin-1-yl) cinnoline$24) were synthesized by Awaat al. and
evaluated as potential antifungal agents when coedpaith standard antifungal drug [30].

oy
CH N

- N
N
(24)

El-Din et al. reported the synthesis of somevel N-4-piperazinyl derivatives of norfloxaci@s). The antibacterial
activities of newly synthesized compounds were watald and correlated with their physicochemicalpproes.
Results revealed that some of the tested compoerbiited better inhibitory activities than starladrug
Norfloxacin againspseudomonas aeruginosa, Escherichia coli, Klebsiella pneumonia and Staphylococcus aureus
stains. Correlation results showed that there isingle physicochemical parameter that can detexithia effect of
N-4 piperazinyl group on the activity of these floquinolones, where lipophilicity, molecular massl atectronic
factors may influence the antibacterial activit{].3

F
O/\\ N N 7
NN _/ ) —COOH
\ N
&N\> HsCH,C
o
(25)

Hu et al. synthesize®/3-(4-Chlorophenylks-triazolo[3, 4b][1, 3, 4]thiadiazoles containing piperazi(®6) in good
yields. Thein-vitro biological results showed that piperazine groupjugeted with the above fused heterocycles
played an important role in antibacterial activitg-vitro inhibitory activity of one compound was found te b
comparable to that of standard drug Ciprofloxatitha concentration of 0.1 mg/L [32].

OCHs

(26)
Novel N-substituted piperazine derivatives containingauffoxy aniline moiety(27) were synthesized by Paktl
al. Antibacterial activities of all the compounds westudied against Gram-positive bactéBacillus subtillis and
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Staphylococcus aureus) and Gram-negative bactefia.coli andSalmonella typhi) using Sulfanilamide as a standard
for comparison [33].

(0]
C | C oIl M /_\©
O,N O0—S N—C—C —N N
| —

(27)
A series of novel substituted 1-[bis(4-fluorophgnaylethyl]piperazine derivativg®8) were synthesized by Chandra
et al. All the synthesized compounds were evaluateditro for their efficacy as antimicrobial agents against
representative strains of Gram-positi{&aphylococcus aureus, Sreptococcus pneumoniae, Bacillus cereus, and
Bacillus subtilis) and Gram-negative bacter{&scherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and
Salmonella typhi) by paper disc diffusion and microdilution methodsnong the newly synthesized compounds,
one showed potent antimicrobial activities, whempared to the standard drug Streptomycin as stdritag [34].

9
@)

/ N\ (@)
N N—!
NIV
W, "
F (28)

Ten new fluorine-containing 2-[4-(4-flourophenylijpprazine-1-yl-methyl]-3,5-substituted phenylpyriies (29)
were synthesized by Parmaral. in yield 80-85%. The structures of synthesizethgounds were confirmed by
UV, IR, *H NMR and Mass spectral data. The compounds weakiated forin-vitro antibacterial activitySome
compounds showed significant antibacterial actiwityen compared with standard di@§].

QO

N

O

Cl

(29)
Well characterized methylpiperazine, mono-quatsrrdimethylpiperazine and di-quaternary trimethyépgeine
derivatives of chitosar(30) with different degrees of substitutions were iriggged by Massoret al. for
antibacterial activity against different stains Gfam-positive and Gram-negative bacteria. The namdive
compound induced gradual decrease in the counibfevrbacteria as compared to standard drug. Itfaasd that
di-quaternary trimethylpiperazine moiety was cdniting most to antibacterial activity of the testrpounds [36].
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OH
O
HO
HN n
+/CH3

o N=CHs

_N

HaC™

(30)

The title compounds, 2-substituted phenyl-3-{1-oprbpyl-6-fluoro-7-[4-(2,3-dichloro phenylpiperazii-yl]-4-
oxo-1,4-dihydroquinoline}carboxamido-1,3-thiazohef-ones(31) were synthesized by Patelal. and tested for
their antibacterial and antifungal activity-vitro against microorganisméz. S aureus, S. pyogenes, E. coli, P.
aeruginosa, C. albicans, A. niger and A. clavatus by taking Gentamycin, Ampicillin, Chloramphenicol,
Ciprofloxacin, Norfloxacin, Nystatin and Greseofahas their respective standard drugs [37]

Fostiss

(31)
Phillips et al. synthesized a series of novel arylcarbonyl-pipesd-5-triazolylmethyl oxazolidinone¢32) and
tested against a panel of Gram-positive and Gragathe bacterial clinical isolates. Some derivaivahowed
strongin-vitro antibacterial activity against susceptible andstaat Gram-positive pathogenic bacteria and were
more active derivatives than others as compared stindard drug. SAR studies concluded that subistit varied
on the phenyl ring in the arylcarbonyl series did alter antibacterial activityignificantly [38].

O

Cl

/™ >\\o _
HsC N\_/N—(E >—N \&N/;/\N
F
(32)

Sriram et al. synthesized some noveN-{1-[2-hydroxy-3-(piperazin-1-ylmethyl) phenyl] eglidene}
isonicotinohydrazide derivatives3g) which were evaluated againdfl. tuberculosis using the alamar blue
susceptibility test. The synthesized compounditdrd Mycobacterium tuberculosis stain with MIC values ranging
from 0.56 to 4.61uM. One compound was found toheenhost active compound with an MIC of 0.56uM, aras
more potent than standard drug Isoniazid having MiDe of 2.04 uM [39].

ﬁNH

Q»@é

(33)
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Foroumadiet al. prepared a novel array of 7-piperazinylquinolooasying a functionalized 2-(furan-3-yl)ethyl
moiety attached to the piperazine rir8# and screened them for anti-bacterial activityiegiaa panel of Gram-
positive and Gram-negative bacteria. Most of thelsgsized compounds displayed significant antidvéadtactivity
and this activity can be modulated through the meatdi the functionality on ethyl spacer attachegifmerazine ring
and the type of side chain present atNRE position of quinolone ring [40].

O O
F [ oH
NOH ﬁN N
AT
0
(34)

Foroumadiet al. synthesized a series of N-(5-benzylsulfonyl-1,3j&diazol-2-yl) derivatives of piperazinyl quinoks
(35) and evaluated for antibacterial activity agaiGsam-positive and Gram-negative microorganisms. tMdsthe
derivatives displayed high activity against Gransifiee bacteria; Saphylococcus aureus and Staphylococcus
epidermidis. The major findings indicated that both the stoetof the benzyl unit and the sulphur linker dligaintly

improved anti-bacterial activifyt1].

F
NN N 0
S)'\s,\>_ N\_/N%i%j_{O
g 4 7

(35)
Abuo-Rahmeet al. reported the synthesis of some noMed-piperazinyl derivatives of norfloxacir3g). Some of
the compounds exhibited better antibacterial agtithan standard drug norfloxacin agairRseudomonas
aeruginosa, Esherichia coli, Klebsilla pneumonia and Saphyl ococcus aureus stains [42].
O O

O,N

F

N
N
)
(36)

Shafieeet al. reported a series dfl-[2-(2-naphthyl)ethyl]piperazinyl quinolone@7) containing acarbonyl related
functional group (oxo- or oxyimino-) on the ethyaser and evaluated fantibacterial activity. Anti-bacterial data
indicated that some compounds showed good antitelctetivity andmodification of the position 8 and N-1 substituent
on quinolone ring and ethyl spackmctionality produced significant improvement intidacterial activity against

Gram-positive and Gram-negatibacteria [43].

OH
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o O

F | OH

NOH 7N N
¢ A
(37)
A series of novel 6-methoxy-2-(piperazin-1-yjhromen-4-ong38) of biological interest were prepared by
Hatnapureet al. and screened for their antibacterial and antiéiirsgtivities. Some compounds were found to be

potent antibacterial and antifungal agents showawgn 2 to 2.5-fold more potency than standard drugs
Ciprofloxacin and Miconazole respectively [44].

o ot
00
K/N o o-CHa

(38)
Kumaret al. synthesized a series of novel substituted 1-benmghpiperazine sulfonamidg89) and evaluated their
antimicrobial activitiesn-vitro by paper disc diffusion and micro dilution methreghinst standard strains of Gram-
positive (Staphylococcus aureus, Staphylococcus epidermis, Bacillus cereus, Bacillus substilis ) and Gram-negative
(Escherichia coli, Pseudomonas aeruginosa, Proteus wulgaris and Salmonella typhi) bacteria. Among the
synthesized some new compounds showed potent artioml activities compared to the standard drug

Streptomycin [45].

(39)
A series of N-(N-methylpiperazinoacetyl)-2,6-digniyeridin-4-oneg40) were synthesized bAridosset al. All the
compounds were screened for their possible anghattand antifungal activities against a spectafnmicrobial
agents. Biological studies proved that some comgewagainst bacterial and others against fungats&xhibited
promising antimicrobial activities when comparedhatheir respective standard drugs [46].

0]
HsC CHs;

oBpas
HsC (go CHs
[N

\

CHs

(40)
A series of new piperazinyl 5-triazolylmethyl oxéidmnones containing long chain acyl group at tigepazine N-4
position (41) were synthesized by Philligg al. and evaluated against a panel of standard anitalliisolates of
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Gram-positive and Gram-negative bacteria. Derieatiiaving long chain acyl groups with nine or mawenber of
carbon atoms showed significant decrease in anéhatactivity. Antibacterial activity correlatgabsitively with
heat of formation of the compounds [47].

0]
—~ S
HgC(H,C)s0C—N, ,NON\)\/N/\/N\,\N
= H

(41)
Some novel macrolones with central piperazine rmghe linker (42) were prepared b¥apic et al. The final
macrolones were differ by macrolide moiety and situents at the position N-1 of the quinolone atttvia a
linker. It was found in the study that linker flbRity seems to play an important role for potantibacterial activity
against macrolide resistant respiratory pathog@&hss finding can be utilized further for the drugsign and
development of better antibacterial agents [48].

(42)
Francoiset al. screened a library of 500 piperazine-1-carboxamidlerivatives(43) for antifungal activityvia
induction of endogenous reactive oxygen specieamaatation. Structure-activity relationship studssowed that
piperazine-1-carboxamidine analogues with largenator large side chains substituted on the pherdmwere
characterized by a high reactive oxygen speciesnaglation capacity itCandida albicans and with high antifungal
activity. Moreover this could link the fungicidalade of action of the piperazine-1-carboxamidinévdgives to the
accumulation of endogenous reactive oxygen spgt8ds

Br

N._S Br

)
N
HZN/gNH
(43)
As a part of continuing search for potential ardtbaal agents in the quinolones field, Letagatl. synthesized
novel quinolone agents beariNg[2-(thiophen-3-yl)ethyl] piperazinyl moieti4) in the 7-position of the quinolone

ring. In-vitro antibacterial evaluation of the target compoundswsd that N-[2-(thiophen-3-yl)ethyl] group
attached to piperazine ring served as promising StHistituent for piperazinyl quinolone antibactstisAmong
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these derivatives, ciprofloxacin analogues, fewdress provided a high inhibition against all thstéel Gram-
positive organisms including methicillin-resist&phylococcus aureus superior with respect to the standard drugs
Norfloxacin and Ciprofloxacin [50].

(44)
Foroumadiet al. synthesizedN-(Phenethyl) piperazinyl quinolone derivatives thatir a methoxyimino-substituent
(45) and were evaluated for antimicrobial activagainst Gram-positive and Gram-negative microosgyasi To
define SAR, a few Ciprofloxacin derivatives contag 2-oxo-2-phenylethyl or 2-hydroxyimino-2-phentyigl
moieties at N-4 position of piperazine ring weregared and tested. Ciprofloxacin derivatives, dairtg anN-
(chloro-substituted phenylethyl) piperazine residsl®wedin-vitro Gram-positive and Gram-negative activity
generally comparable to that of standard quinolmemed drugs [51].

0
F COOH
H
o A0
N N
_/
ﬁ A
Cl

(45)
Wang et al. herein designed and synthesized a series of n@ymlofloxacin derivatives with remarkable
improvement in lipophilicity by introducing a sultsted benzyl moiety to the N atom on the C-7 p#zére ring of
Ciprofloxacin(46). Antimycobacterial and antibacterial activity bEtnewly synthesized compounds was evaluated.
Results revealed that compounds showed goadtro antibacterial activity against all of the testedh@-positive
stains including MRSA and MRSE with MIC value 006-32ug/mL which is two to eightfold more potent than the
parent drug Ciprofloxacin having MIC value of 0.288ug/mL. Some compounds showed better antibacterial
activity against Gram-negative bactefa aeruginosa and M. tuberculosis at MIC values of 0.54g/mL and
1lug/mL respectively [52].

@)

O‘ COOCH
S S

(46)
A novel series of thiazolidinone derivatives naméi4-dimethylamino-6-{4-[5-(4 ethylpiperazin-1-mgkthyl)-4-
ox0-2-phenylthiazolidin-3-yl]-phenylamino}-[1,3,51azin-2-yloxy)-1-methyl-1H-quinolin-  2-one (47) were
synthesized by Patet al. The newly synthesized compounds were evaluateth&r antimicrobial activity against
eight bacterial straingSaphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Salmonella typhi, Proteus vulgaris, Shigella flexneri) and four fungal strainfAspergillus
niger, Candida albicans, Aspergillus fumigatus, Aspergillus clavatus) using the standard drug Ciprofloxacin and
Ketoconazole respectively at the concentration08f.dy. Some compounds showed promising antimicr@loig@lity
when compared with standard drug [53].

2483
www.scholar sresear chlibrary.com



Rajeev Kharb et al Der Pharma Chemica, 2012, 4 (6):2470-2488

HyC O)l\N/)\H—@-N}/SK/ @\I/\CH3

(47)
Piperazines and modified piperazines, such as hipa@zines and 2-methylpiperazines, are foundwide range
of pharmaceutical substances and biologically activolecules. In this study, Taylat al. synthesized 2,5-
diazabicyclo[4.1.0]heptanes, in which a cycloprapaimg is fused onto a piperazine ri(#8) were described as
modified piperazine analogues. These analogues m&nated similar antibacterial activity as compredhe parent
drug Ciprofloxacin [54].

(48)
A novel series of organotin (IV) 4-(4-methoxyphBnpiperazine-1-carbodithioate@9) were synthesized by
Rehmaret al. and evaluated for their antimicrobial activitiéssubsequent antimicrobial study indicated thatéh
compounds were active biologically active in congxar to standard drug Streptomycin and hence mawige the
basis for drug design and development of new daastimicrobial agents [55].

QNC/\N S” >®@

(49)
Piperazine derivatives are being used successfulbfinical therapy like Ciprofloxacin, Sparfloxaci Ofloxacin,
Norfloxacin, Gatifloxacin, Ketoconazole, Posacori@zand Itraconazole etc. for treatment of variousrabial
infections. Some of the clinically used piperazimsed drugs have been compileda@ble no. 1
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Table 1: Piperazine Nucleus Based Clinically Usedrgs [56-58].

S. No. Drug Chemical Structure Pharmacological Activity
O O
F
Ciprofloxacin | OH
1. Antibacterial
N N
w X
NH, O O
F
| OH
. H-C . )
2. Sparfloxacin 3 /"//\N N Antibacterial
HN F A
CHs
O O
F
| OH
3. Ofloxacin //\ Antibacterial
N
l
N CH.
H3C/ \) CHs
O O
F
| OH
4. Norfloxacin Antibacterial
N N
HN
\) CH3
O O
F
| OH
5. Gatifloxacin Antibacterial
She
HN._CH ©O &
CH; CHjy
CHs
0]
: OO
L O@N \=N  CHy
6. Posaconazole N’N Antifungal
F
F
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Table 1 (Continued)

CHj3
I WY
oy e Om OO
=N
<N’N\’%\O -

7 Itraconazole Antifungal
Cl
N \
Cl
8. Ketoconazole Antifungal
\}
< > O
H3C Z cl
H
O O
F
= | | OH
9. Enoxacin ~ Antibacterial
ﬁN N Nk
HN\)
CH;
N/\
10 T Cl i
. erconazole Antifungal
\}
C O ¢
HOH,COC.
2 N/\l
LN
T2 ¢
11. Eperezolid = NJ(O Antibacterial
-::uH
H3;COCHN
rCH3
b
oy
12. Piperacillin O~ " >NH Antibacterial
’z:
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CONCLUSION

This manuscript has complied significant informatebout antimicrobial activities of various derivas based on
piperazine heterocyclic nucleus and also someeotlinically used drugs having piperazine moietpasthe recent
most literature survey. It may be concluded by tirissent review article that piperazine nucleus i&rsatile and
medicinally important nuclei having promising antinobial potential which may provide lead compoufatsdrug
design and development of potent antimicrobial &yéor future to provide effective antimicrobialettapy to the
patients suffering from fatal microbial infections.
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