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ABSTRACT

Hydrazide and their heterocyclic derivatives extiilyy wide range of biological activities. Among fdient
biological activities antimicrobial, antituberculaantiamoebic and antimalarial are noteworthy. Fhet, presence
of different substituents and derivatization tognetyclic ring of hydrazide derivatives affect loigical outcomes to
a great extent. Therefore, researchers have symetssompounds containing hydrazides and theirrbeyelic
derivatives with variable substituents as targetfenoles and evaluated their biological activiti€resent review
describes the antimicrobial importance of hydrazitkrivatives along with their structure activityladonship.
Moreover, we have put a light on targets of antnmiidal hydrazide derivatives through which they und
biological effects. Present review will be helpfuldesigning and structure activity relationshipdy of bioactive
hydrazide derivatives.
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INTRODUCTION

Hydrazide-Hydrazone derivatives containing —NHN=CHhbiety represent an over whelming and rapid dgietp
field in modern medicinal chemistry. [1] Reportedtal indicated that hydrazide derivatives have &amt

biological activities such as anti-inflammatory ,[2hntimalarial [3], antimicrobial [4], antileishmiah [5],

anticonvulsant [6], antitubercular [7] and antituni®]. Examples of clinically used drugs having rgzide moiety
presented in Table 1.

Further reported data and studies performed byeusated that antimicrobial activity is most sigeéfint among
different activities for hydrazide derivatives [18]. Therefore, in present study we attempted topite reported
data of most active hydrazides having antimicrobd@ivity and their mechanism of action. Preseunterg will help
the researchers in understanding the structureitgctelationship (SAR) and mechanism of actionhgfirazide
derivatives.

M echanism of action of existing antimicrobial hydrazides and related drugs

Isoniazide (hydrazide of nicotinic acid) activatileads to inhibition of the synthesis of mycolidda@n important
component of the mycobacterial cell wall. Two enegnmnvolved in the cycle of the fatty acid biosygdls, namely
an enoyl-acyl carrier protein reductase (InhA) @akletoacyl- acyl carrier protein synthase, are belieto be
targets of the activated isoniazid. [14]

Thiazolidinones, hydrazide derivative inhibit thegynthesis of the peptidoglycan polymer esseritiakcell wall
via inhibition of MurB enzyme of bacteria. MurB enzyroauses reduction of enolpyruvyl uridine diphospht
acetylglucosamine (EP-UNAG) to uridine diphosphatacetylmuramic acid (UNAM)js a unique target for
antibacterial activity of thiazolidinones. [15]
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Hydrazide derivativewiz. 2-azetidinonesptlactam antibiotics) are one of the most prescribbdmotherapeutic
agents used in medicine to treat bacterial infesti@-Azetidinone molecules act by forming a conabdduct with
membrane-bound bacterial transpeptidase, whicha®@ known as penicillin-binding proteins, involvéad the
biosynthesis of cell walls. On the basis of thischanism, inhibitors prevent the construction ofl eedll and
eventually lead to cell lysis and death. Moreoder to thei-lactamase inhihibitory action, 2-azetidinones blase
heterocycles represent an attractive target agaiitsborganisms. [16]

Table 1 Examples of drugs containing hydrazide moiety [9]

S Name of Drug B|olpg_|cal Chemical Structures
activity
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N /0 \CH
o) 3

Hydrazide derivative as antibacterial and antifungal agents

Biphenyl-4-carboxylic acid hydrazide-hydrazones idgives have been synthesized by Despal All the

compounds were tested for theirvitro antimicrobial activity against two Gram-negatiteams (Escherichia coli
and Pseudomonas aeruginosapd two Gram-positive strair@®acillus subtilisand Staphylococcus aureusind

fungal strainCandida albicansand Aspergillus nigerusing tube dilution method, all synthesized cormutsu
exhibited promising activity (MIC = 25 pM/mL). Rdswof antimicrobial activity indicated that presenof p-NO,

andp-Cl increased antifungal and antimicrobial actesti[17]

O

1, R=Clor NO,

Wang et al synthesized vanillic acyl hydrazone derivativesl a&valuated theimn vitro antibacterial activities
againstE. coli, P. aeruginosa, S. aureusnd B. subtilisby broth dilution method. The result of antimicrabi
evaluation indicated that compound E){N-(3,5-dichloro-2-hydroxybenzylidene)-4-hydroxy-3-tinexy
benzohydrazide2) was most active against coliamong synthesized derivatives (MIC = 0.39 pg/Mile highest
activity of compound® may be due to the formation of hydrogen bond tatiget site by hydroxyl group present in
synthesized derivatives. [18]
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Altintop et al. synthesized hydrazone derivatives by condensation of 2-[(1-iyletii-tetrazol-5-yl)thio)]
acetohydrazide with aromatic aldehydes/ketones ewaluated theirin vitro anticandidal activity against.
albicans, C. krusei, C. parapsilosis byicro dilution method. The result of antimicrob@laluation showed that
compound N'-(4-(dimethyl amino)benzylidene)-2-((1-methyietrazol-5-yl)thio)acetohydrazidé3) was most
active among synthesized derivatives (MIC = 0.03mfigand comparable with standard drug Ketocona@di€=
0.031 mg/ml) againgt. albicans[19]

H
H
e L
N, D N
VST N(CHg)
3

H,C

Pieczonkaet al. reported synthesis of 3-oxidddlimidazole-4-carbohydrazides and evaluated theirvitro
antibacterial activities againgt coli, S. aureusandS. epidermidiy micro dilution methodCompound 1-benzyl-
5-methylN'-[ (2)-(5-nitro-2-furyl) methylidene]-H-imidazole-4-carbohydrazide-3-oxidd) was found to be most
effective againsS. epidermidis having MIC value of 4 pg/mlAntimicrobial results analysis showed that presence
of furyl ring with electron withdrawing nitro group responsible for high potency of compouh{0]

\i\j"'\o—

O O

Kumaret al. synthesized hydrazone derivatives and evalu&din vitro antibacterial activity again&t. aureus.
The most active compound was found to bE)-5-bromo-2-hydroxyN'-(1-(1-methyl)-1H-indole-2-
yl)ethylidene)benzohydrazid&)((MIC = 1 pg/ml}* among the synthesized derivatives due to presehekectron
donating hydroxyl and electron withdrawing bromoups. [21]

Br

Plechet al. synthesized a novel series of 1,2,4-triazole-dipracin hybrids and evaluated their antibacterial
activities againsM. luteus, E. coliP. mirabilis, P. aeruginosaS. aureus, S. epidermidiB, subtilisandB. cereus

by agar diffusion method . Compound 1-cyclopropy#-((4-(2,4-dichlorophenyl)-3-(3-hydroxyphenylthioxo-
4,5-dihydro-H-1,2,4-triazol-1-yl)methyl)piperazin-1-yl)-6-fluord-oxo-1,4-dihydroquinoline-3-carboxylic acié)(
was found to be most potent (MIC = 0.35 uM/ml)iageS. aureusamong the synthesized derivatives due to the
presence ofm-hydroxyl phenyl moiety attached with triazole ring2]
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Emaryet al. reported a novel series of indeno[2,1-e]pyra@ybb]pyrazin-5-one derivatives and studied their
antifungal activities againgtrichophyton rubrum, Aspergillus flaviey broth dilution method. Compound)(2-(3-
methyl-1-phenylindeno[2,1-e]pyrazolo[3,4-b]pyra&i(itH)-ylidene) hydrazine carbothioamid&) vas found to be
most active (MIC = 0.3 mg/ml) among synthesizedwdgives whereas, MIC value of standard drug Ohaéizole
was 0.08 mg/ml again3t rubrum [23]

Manjunathaet al. synthesized a series of 1,3,4-oxadiazole derigatiand evaluated their antibacterial activities
againstS. aureusE. coli, P. aeruginosaand K. pneumoniaby serial plate dilution method. Compound 5-(4-
isobutylphenyl)ethyl-3-(morpholin-4-ylmethyl)-1,3pgkadiazole-2(Bi)-thione @) was found to be most potent
having MIC value 6.25 pg/ml against tested ssaiBtructure activity relationship (SAR) of syntizes
derivatives revealed the importance of hydrophabisobutylphenyl ethyl moiety in improving the drdcterial
activity. [24]

S

oA

RS

Patelet al. reported synthesis of thiazolidinone derivativesl @valuated their antimicrobial activities agains
different bacteria.e. S. aureus, B. cereus, E. coli, P. aeruginosggri€umoniae, S. typhi, P. vulgaris, S. flexneri
by micro dilution method. The results of antimicrobiaktivity showed that compound 4-(4-{4-[2-(2,4-
dichlorophenyl)-5-(4-ethylpiperazin-1-ylmethyl)-4athiazolidin-3-yl]-phenyl amino}-6-dimethylamindt[3,5]
triazin-2-yloxy)-1-methyl-H-quinolin-2-one 9) was most potent again&. aureusamong all synthesized
derivatives (MIC = 6.25 pg/ml). SAR analysis of gysized derivatives indicated that high potencgarhpound®
was due to presence of dichlorophenyl moiety. [25]

L
Q*Q e

PN

8

Cl
9 Cl
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Seelanet al. synthesized a novel series of fused 1,2,4-triadelévatives and evaluated their antibacterialvi@ts
against B. subtilis, B. thuringiensis, E. coli, P. aerugga by agar diffusion method. Compound 3-(4-
chlorophenyl)-6-(p-tolyl)-3,3a-dihydok2-pyrazolo[3’,4":4,5] thiazolo[3,2-b] [1,2,4]-triaze (10) was found to
have better activity against all the tested miogaoism than other synthesized derivatives (MIC123 pg/ml).
Analysis of activity data showed that high poterafycompoundl10 due to the presence of electron-negative

chlorine atom. [26]
N7/©/

N
s):N

-

N
HN S

10
Cl

Gaikwad et al. reported thiazole substituted benzotriazole dévga and evaluated their antibacterial activity
against S. aureusE. coli B. subtilisand P. aeruginosaby micro broth dilution method. The results of
antimicrobial activities showed that compound 1&15-bis(trifluoromethyl)phenyl)-2-#-1,2,4-triazol-1-
yl)ethylidene)-2-(4-(4-fluorophenyl) thiazol-2-yhdrazine {1) was most active one agaifst aeruginosaamong
all the synthesized derivatives (MIC = 16 pg/mipeThigh potency of synthesized compouht) due to presence
of electron withdrawing trifluoromethyl group ietetaposition of phenyl ring. [27]

Gaikwad et al. also reported antifungal activity of synthesizegtivhtives against fungal straifs niger, C.
albicans The results of antifungal activities showed tbatpound 1-(1-(3,5-bis (trifluoro methyl) phenyh2H-
1,2,4-triazol-1-yl)ethylidene)-2-(4-(4-chlorophejtyiazol-2-yl)hydrazine 12) was most potent againgt. niger
among all synthesized derivatives (MIC = 16 pg/mlpe present results once again indicated the pcesef
electron-negative trifluoromethyl group in improgirantifungal activity of synthesized hydrazide dafives.
Moreover, above study revealed the significancp-fiioropheny! anch-chlorophenyl ring, attached af' #osition
of thiazole ring in antibacterial and antifungafiaties, respectively. [27]
F F
F

H
X N N
ey O
W
12

Ozkayet al. reported benzimidazole derivatives bearing hydrnazmoiety and evaluated their antibacterial agtivit
againstP. vulgaris S. typhimuriumK. pneumonia@ndP. aeruginosay broth micro dilution method. The results
of antibacterial activity showed that compoun#)-4-(1H-benzo[d]imidazol-2-yl)N'-(4-chloro benzylidene)
benzohydrazidel@) was found to be most potent agaistyphimuriumamong all synthesized derivatives (MIC =
6.25 pg/ml). High potency of aforementioned commbuvas due to presence of electron withdrawing afmgor

group. [28]
N O Cl
[ I \>—< >—/< N\/©/
N N™ X
H H

13
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Refat et al. synthesized (benzochromen-2-yl)ethylidene) acet@ride derivatives and evaluated thieirvitro
antibacterial activities againss. aureusand E. coli by broth micro dilution method. Compound 3-aXbf1-(3-
ox0-3H-benzo[flchromen-2-yl)ethylidene)Bbenzo[flchromene-2-carbohydrazidé4) was found to be most
active one agains$. aureuswith MIC value = 62.5 pg/mhmong the synthesized derivatives. The antimictobia
results signify the presence of pyran ring in inyimg the antibacterial activity of synthesized datives. [29]

A series of hydrazide derivatives were evaluatedtiieir in vitro antibacterial activities again&. coli, and S.
aureus CompoundN-((2R,3R)-3-chloro-2-(4-hydroxyphenyl)-4-oxoazetidi-yl)-3-(4-chlorophenyl)-#-pyrazole-
5-carboxamidg15) was found to be most agairist coli having MIC value of 0.010 pg/ml. High potency of
compound 15) may be due to the presence of hydrogen bondifigrihydroxy and electron negative chloro
groups® Result analysis of present study showed the sigmite of azetidinone and pyrazole rings in antraa
and antifungal activities, respectively. [30]

HO

Cl

Pathaket al. synthesized  3-(4-chlorophenyl)- 4-substitutedapgtes derivatives and evaluated thieirvitro
antifungal activities against. krusej C. neoformansA. niger A. flavus by national committee for clinical
laboratory standards. Compound 3-(4-chloropheNy(2-(2-hydroxyphenyl)-4-oxothiazolidin-3-yl)H-pyrazole-5-
carboxamide(16) was found to be most potent having MIC value6d pg/ml. Antimicrobial result analysis
showed that hydrogen bond forming hydroxyl groug afectron withdrawing chlorine group are respaesibr
high potency of synthesized derivatives. [30]

OH
cl H
S
HN-N
TN
N-NH O O
16

Lee et al. synthesized hydrazide derivatives as selectivéiitans of S. aureus3-ketoacyl acyl carrier protein
synthase Il and evaluated théir vitro activity by serial broth dilution method (E)-2, 4-dichloroN'-(2, 3, 4-
trihydroxybenzylidene)benzohydrazidéry was found to be most potent (MIC = 2 ug/ml) ameéime synthesized
derivatives. The highest activity of compourd)(may be due to formation of hydrogen bond by hydraxgups

with target site. [31]
Cl
o L~ K
IjAN,
I
HO 17 °© ¢

Kumar et al. synthesizedenzylidene hydrazides analogues and evaluateditheitro antifungal activities against
A. nigerand C.albicanby tube dilution method. The result of antifungahluation indicated th&{'-benzylidene-3,
5-dimethoxybenzohydrazid&q) was most effective againat nigeramong all synthesized derivatives (MIC = 1.60
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uM/ml).The potency of synthesized derivativel8)( may be due to presence of electron donating mgtho
substituent on the phenyl ring. [32]

HaCO
g::>—J—NHNCH
HsCO @

Kumar et al. synthesizedf benzylidene hydrazide derivatives and evaluateir in vitro antibacterial activities
againstS. aureus, B. subtili@ndE. coli by tube dilution method. Compouit+benzylidenedodecanehydrazid®)
was found to be most active agaiSstaureusamong synthesized derivatives (MIC = 1.49 pM/rihe present
results depicted the importance of long chain fattil in improving antibacterial activity of syntieed hydrazide
derivatives. [32]

HaC(H,C)oH,C——NHN=CH
H H

H H
19 H

Malhotraet al. reported a novel series oZ){2-(5-(biphenyl-4-yl)-3-(1-(imino)ethyl)-2,3-dihyd-1,3,4-oxadiazol-
2-yl)phenol derivatives and evaluated thairvitro antibacterial activities againstS. aureusE. coli, B. subtilis
and P. aeruginosaantifungal activity againsC. albicanandA. niger by disc-diffusion method. The results of
antibacterial activity showed that compourdj-2-(5-(biphenyl-4-yl)-3-(1-(4-nitrophenylimino)egh-2,3-dihydro-
1,3,4-oxadiazol-2-yl)phenol() was found to be most potent agaiBstsubtilis C. albicanandA. niger among
the synthesized derivatives (MIC = 6 ug/ml). Thghhpotency of compound®0) may be due to the presence of
electron withdrawing nitro group paira position of phenyl ring. [33]

o

Na
\O_

O

N
20

Tajudeen et al. reported isonicotinohydrazide and evaluated thatibacterial activities again&. subtilis S.
aureus S. pyogeneskt. faecalis E. coli, K. pneumoniaby agar diffusion and macro dilution tube method.
Compound E)-N'-(3,5-dimethoxybenzylidene)isonicotinohydrazi@&)(was found to be potent (MIC = 250 pg/ml)
against all microorganisms as compared to othethsgized derivatives, due to the presence of eleabnating
OCH; group atmetaposition of phenyl ring. [34]

OCH3

OCHj

Thomas and their research group reported 4-hyd8asttifftuoromethyl-quinoline derivatives and evaledttheir
antibacterial activities againgt coli, S. aureus, P. aeruginosa, K. pneumonia@S. pyogenesaising serial plate
dilution method. Compound 2-{[4-hydroxy-8-(trifluomethyl) quinolin-3-yl] carbonylN-(4-
methoxyphenyl)hydrazine carboxamid®?) showed better antibacterial activity agaiksippneumoniaemong all
synthesized derivatives (MIC = 0.1 pg/ml). The leigthpotency of compoun@3) was due to the presence mpf
methoxy substituted phenyl and trifluoromethyl gr@i quinoline ring. [35]
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22

Zhanget al. synthesized benzimidazole derivatives and evalu#teir antimicrobial activities against different
bacteriai.e. Methicillin-resistantS. aureus, B. subtilis, M. luteus, E. coli,dysenteriae, P. aeruginosa, E. typhosa
by micro broth dilution method. N2, N'>-bis((1-decyl-H-benzoimidazol-2-yl)methyl)-3,4-dimethylthiophene-
2,5-dicarbohydrazide?B) was found to be most potent agaiisaureusamong all synthesized derivatives (MIC
= 2 pg/ml).The SAR of above antimicrobial resutidicated the importance of long chain alkyl grompniproving
antibacterial activity. Increased potency of commb@3 is due to the high lipophilicity and hence thewy @asily
penetrate inside lipophilic cell wall. [36]

(@)
<a
S H

\N

Kocyigit-Kaymakciogluet al. synthesized 3-acetyl-2,5-disubstituted-2,3-dihytly®4 oxadiazoles derivatives and
evaluated theirin vitro antifungal activity againstC. albicansusing the micro-dilution broth assa¥){1-(2-(4-
(dimethylamino)styryl)-5-(4-fluorophenyl)-1,3,4-adiazol-3(H)-yl)ethanone Z4) was found to be most effective
having MIC value 125 pg/ml and equal to standatdyd¢etoconazole (125pg/ml) agaittalbicans [37]

I=

ii N H
N~
N/>\/

23

Naranget al. reported (naphthalen-1-yloxy)-acetic acid benayiie/(1-phenyl ethylidene)hydrazide derivatives and
evaluated theiin vitro antibacterial activitieggainst S. aureus, B. subtiligndE. coli by serial tube dilution
method. Compound Ej-N'-(4-hydroxy-3-methoxybenzylidene)-2-(naphthalegtdxy)acetohydrazide 26) was
found to be most active one agaiBstsubtilis among all synthesized derivatives (MIC = 1.45 U}/®AR studies

of synthesized hydrazide derivatives indicated ithportance of hydrogen bond forming hydroxyl groapd
electron donating methoxy group in improving anttieaial activity of synthesized derivatives. [38]

H
O N. — O
o“ﬂ/ N
© OH
25

In same study synthesized hydrazide derivative®aéso evaluated theiin vitro antifungal activities agains.
albicans and A. niger The results of antifungal activity showed that mpmund N'-(1-(2-bromo-4-
cyanophenyl)ethylidene)-2-(naphthalen-1-yloxy)abgtra -zide 26) was most effective againsC. albicans
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among all synthesized derivatives (MIC = 2.13 uyfole to presence of electronegativBr andp-CN substituent

on phenyl ring. [38]
Br
H
O N—N:Q@—CN
j/ CHs,
O
0 =

Tasneenet al. reported synthesis of schiff bases and azetidmdeeivatives with 1,2,4-triazoles and screeneif the
antibacterial activity again®. subtilis, S. aureus, E. coli, P. aeruginosafdecalis, K. pneumoniad he results of
antibacterial activity showed that compound 244atetyl-5-phenyl-4,5-dihydroH-pyrazol-3-yl)-phenyl]-4-[3-
chloro-2-(4-ani-syl)-4-oxo-azetidin-1-yl]-5-meth@loxo-2,4-dihydro-[1,2,4]-triazole 2f) was most effective
against all microorganisms among all synthesizadalives (MIC = 12 pg/ml). The present antimicralbiesult
revealed the importance of 2-azetidinone gmdhethoxy phenyl ring in contributing antibacteriattivity of
synthesized derivatives. [39]

27 %

ZA Kaplancikli synthesized oxadiazole derivativeesd evaluated thein vitro antifungal activities againscC.
albicans C. glabrata C. tropicalis, C. krusej C. parapsilosis andC. albicans by micro broth dilution method.
Compound 2-[5-[(pyrimidin-2-ylthio)methyl]-1,3,4-axliazol-2-ylthio]Jacetophenon@§) was most active (MIC =
0.007 mg/ml) among synthesized derivatives, whek&éi&s value of standard drug Ketoconazole was 0.@@Imi
againstC. glabrata [40].

0]
S._O
\W N=
s )
28 N

Khidre et al. synthesized 1- substituted amino-4,6-dimethyl-2-pxadine-3-carbonitrile analogues and evaluated
their antibacterial and antifungal activitiagainstS. aureusB. subtilis, P. aeruginoséE. coli, A. fumigatusG.
candidum C. albicansand S. racemosumby agar well diffusion method. Compoura®(a-b) showed better
antibacterial and antifungal activities as comparedther synthesized derivatives agaistaureugMIC = 24.4
and 26.4 pg/ml) and. fumigategMIC = 19.2 and 22.5 pg/ml). SAR study showed significance of bromine
substituted phthalimide ring in improving antimibial activity [41].

CHj
N—N / CHj
R
0 O CN

29a, R =H and 29b, R = Br

Secciet al. reported (4-(4-iodophenyl)-thiazol-2-yl) hydraziderivatives and evaluated their antifungal ag#sit
againstC. albicans and C. kruséiy Microtiter plate method. (E)-2-(2-(1-(furan-2-yijglidene)hydrazinyl)-4-(4-
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iodophenyl)thiazole 30) was found to be most potent among all synthdsdarivatives (MIC value = 0.25-2.00
png/ml) and even more active as compare to standtaigl clotrimazole (MIC= 2 pg/ml) again€t albicans.SAR
study of synthesized derivatives showed incorponatf furan ring improved antifungal activity [42].

N
Xy - N
Nj//J,Qfl
S/
30

Guptaet al. reported salicylaldehyde schiff bases of 2-aminimjye derivativesand evaluated their antibacterial
activity againstS. aureusand E. coli by serial dilution method. (E)-4-bromo-2-((pyridiylimino)methyl)phenol
(31) was found to be most potent agaifistaureusamong all synthesized derivatives (MIC value = 6.68/ml).
Antimicrobial results once again proved the impoct of electron negative bromine group and hydrdgemd
forming hydroxyl group (with target sites) in enbamg antibacterial activity [43].

jo¢
Br /N X

31 NIZ

Malladi et al. synthesized schiff bases analogues and screengdatiidbacterial activities again8. aureus, B.
subtilis, E. coliandP. aeruginosdy serial dilution method. Compound 5-ethyl-4-((@3fluorophenyl)-1H-pyrazol-
4-yl)methylene)amino)-4H-1,2,4-triazole-3-thi(82) showed better antibacterial activity againSt aureusMIC
=3.125 pg/ml). High potency of compour2) due to the presence of electron withdrawing ftugroup on phenyl
ring [44].

F

— /N\N/<SH
\/L\N\’N

32

Hydrazide as antimalarial agents

Thuy et al. synthesized quinolinyl hydrazone derivatives aoteened theirin vitro antimalarial activities to
chloroquine-sensitive (T96) and chloroquine-resisték1) strains ofP. falciparum Among the synthesized
compounds, 4-8)-((3-((E)-1-(2-(7-chloroquinolin-4-yl)hydrazono)ethyl)phdjignino)methylphenol 83) exhibited
strong antimalarial activity at kgof 103.4 ng/mL and 18.76 ng/mL against both sgaif P. falciparum.The high
potency of compound38) may be due to presence of hydroxyl group, as iharmally involved in H-bond
formation with target [45].

Cl N

HN .
S
N
AN

33

Acharya et al. synthesized 1,3,5-trisubstituted pyrazolines dgives and evaluated thein vitro antimalarial
efficacy against chloroquine sensitive (MRC-02Wa&dl as chloroquine resistant (RKL9) straindoffalciparumby

serial tube dilution method. Compound 3-(4-hydr@henyl)-5-(3,4,5-trimethoxyphenyl)-4,5-dihydro-pyod-1-

yl]-pyridin-3-yl methanone 34) was most active one among all synthesized déreat(IGy = 0.0425 pM). The
presence of hydroxyl and methoxy moities provedtf@ortance in enhancing antimalarial activity [46]
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34

Hydrazide as antituber cular agents

Telvekaret al. reportedN -benzylidene benzofuran-3-carbohydrazide derivatiaed evaluated theiin vitro anti-
tuberculosis (anti-TB) activity again$f. tuberculosisby micro titer plate method. The results of antirobial
activity showed compoundEJ -N -benzylidenebenzofuran-3-carbohydrazidis)(was most potent among all
synthesized derivatives (MIC = 2 pg/ml). The SARdst indicated that the presence of benzofuran viag
significant in improving the antimycobacterial adly of synthesized hydrazide derivatives. [47]

O
Y
I\!H
N\
35

Pathak et al. synthesized 3-(4-chlorophenyl)-4-substituted pyiazhydrazides and evaluated their vitro
antitubercular activity againdd. tuberculosiusing the BACTEC 460 radiometric system. CompoNH@R, 3R)-
3-chloro-2-(2-hydroxyphenyl)-4-oxoazetidin-1-yl)8-chlorophenyl)-H-pyrazole-5-carboxamid€36) was found
to be most effective having MIC value of 0.35 pg/frthe highest antitubercular activity of compoufé)(may be
due to presence of hydrogen bond forming hydroxglig and electron withdrawing chloro group [30].

Jordao et al. synthesized N-benzylidene benzofuran-3-carbohydrazide derivativand evaluated their
antimycobacterial activities againgt tuberculosisusing broth macro dilution method. CompoyBj-5-methylN'-
((5-nitrofuran-2-yl)methylene)-1-(phenylaminold11,2,3-triazole-4-carbohydrazide37) was most active one
among all synthesized derivatives (MIC = 2.5 ug/rilhe presence of the furyl ring with electro-négatNO,
group was responsible for improving antitubercaletivity of synthesized hydrazide derivatives [48].

o | D—NO,
N o
| N
NGO HH
N™ “CH,
H-N
Q, -
H
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Thomaset al. also reported thein vitro antimycobacterial activity against. tuberculosisM. smegmatiand M.
fortuitum by Resazurin assay method. The results of actisitgwed compound 4-hydroxy-8-trifluoromethyl-
quinoline-3-carboxylicacid(5-methylF8imidazol-4-ylmethylene)hydrazide3§) was most active one against
tuberculosis among all synthesized derivatives (MIC = 0.62%nplgand this may be due to the incorporation of
lipophilic indole and 8- trifluoromethyl-quinolindéydrazone moieties in synthesized derivatives.[35]

F
FF
N
N
N. ~
= N \
NH

OH O
38

Pavanet al. synthesized thiosemicarbazones, semicarbazontgoadirbazates and their hydrazide/hydrazones
derivatives and evaluated their antitubercularvéies againstM. tuberculosisby Resazurin Microtiter Assay. 2-
(Di(pyridin-2-yl)methylene)N-phenyl hydrazine carbothioamid@9j was found to be most potent among all
synthesized derivatives (MIC = 0.78 pg/ml). Thesprg antimicrobial results revealed the importaofcpyridine
ring in contributing antitubercular activity of Syresized derivatives [7].

Shaharet al.reported 1,3,4-oxadiazole derivatives and evalutiten in vitro antimycobacterial activitpgainstM.
tuberculosis using BACTEC 460 radiometric system. 2-(2-naphtkymethyl)-5-phenoxymethyl-1,3,4-oxadiazole
(40) was found to be most effective having MIC valug5%pug/ml. The presence of hydrophoBimaphthyloxy
methyl group at position 2 and a phenoxy methylugrat position 5 of 1,3,4-oxadiazole lead to inomeat in
antitubercular activity as compared to other sysittesl derivatives [49].

W'MOQ
o
40
Hydrazide as antiamoebic agents
Siddiquiet al. synthesizedybrids of hydrazones and benzimidazole derivatauss evaluatedh vitro antiamoebic
activity againste. histolyticaby micro dilution method. Compound-(4-methylbenzylidene)isonicotinohydrazide
(41) was most active among synthesized derivatives, #C0.131 pM). Further, analysis of antiamoebic kitssu

showed the importance pfmethyl substituted phenyl ring in improving actyvof synthesized hydrazide derivative
(41) againstE. histolytic[50].

Wani et al. reported synthesis of pyrazoline derivatives bgliggtion of chalcones with 2-[5-(4-methoxyphenyl)-
1H-tetrazol-1-yl]lacetohydrazide and evaluatadvitro for antiamoebic activity againsE. histolyticaby micro
dilution method. The results of antiamoebic acfivthowed that compound 1-(3,5-di-p-tolyl-4,5-dihydH-
pyrazol-1-yl)-2-(5-(4-methoxy phenyl) Httetrazol-1-yl)ethanone4) was most potent among all synthesized
derivatives (IGy = 0.86 uM). SAR results revealed that presenceledtron releasing groups (OgHCHs) on
phenyl ring was important for antiamoebic acitis ][5
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CONCLUSION

Reported data showed that hydrazide derivativese havgood antibacterial, antifungal, antimycobaateri
antimalarial and antiamoebic potential. Differentidies indicated that hydrazide-hydrazone derieatiwith

electron withdrawing group«ig. NO,, Cl) and electron donating groupsz( OCHs, N(CHs)) have significant role
in antimicrobial and antimalarial activities. Fugthderivatization of hydrazides to nitrogen comtaj heterocyclic
rings {viz. pyrazole, oxadiazole, azetidin-2-onetc) also improved the antimicrobial activities. Inseaof

antitubercular activity presence of azetidin-2-gnpgrazole, pyridine, nitro substituted furan migst and

triffluoromethyl group enhanced the activity. Preserof electron donating methyl and methoxy groufs® a
improved the antiamoebic activity of hydrazide-tgolae derivatives.
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