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Synthesis and Biological Evaluation of l{ovel Nf {4-aryloxybenzylidene}-
lH-B,enzimidazole-Z Carbohydrazide Derivatives as Anti-Tubercular
Agents
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Abstract: .A series of siructurally novel, (E)-N'-(4-arylcxl,benzylidene)-.1.H-benzimidazole-?-cartrohydrazide derivatives
were synthesized by molectdar hybridization technique. All these conrpounds were evaluaterl againsl Mycobacteium
tuhereulosis ll37Rv strains using Resazurin Microtit$r assay (REMA) mcthod. These compounds showed good

antihrberculosis activity with miniraum inhibitory concen*ation (MlC) value of the range of I "5-!5 pglrrl--
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IIITRO}L]CTION

'Ihe eomplex chrsnic infectittus tlisease, tuberculosis
(T.B), caused by lvlvcohacterium tulterculn,sls (M.tbi is

responsible ftrr surff*ring of <lne-thirrl of the u,'odd's
population and has been cleclared a glabal health erucrgency
duc to incroase in fatality tnt$ all arilund the world in
cornbination with diseases like HIVlAlllS { I.8 nrillion
psople died front TB including 5,{}0,tJ00 IIIV infectild
people) ancl cliabetcs I I -2]. Bacteria of TB re side in the
nlacrophsges and their unusual cell lvsll trarrier along with
nuiti-drug-resistant ttrbercutrasis {MDR TB) ilnd sxteusive
drug-resistant tutrerculosis .(XnR Tl3) makes TB treatment
ctiiTicult" Atrso- in low-income etnc{ rnidclle -inconre col}rltries,
e$peoially fhose of sub-Saharan Atricit, where tuberculnsis is
still il l,r*dirrg causu of cteath because of inc-r*eased

susceptibility confe re d by HIV inf'ectiorr, treatment i-q

difTicult due to lorv income group society, the unaffordability
of costly clrugs, poor adhererrce altd presoribing pralctices f 3'
5l-' J'

'I'c<lay, in atlelition to incrcasing the knon lr:t1gs of
tuberc$lo$i$, rnore attention flssds to be given to basir;
clinical and operational approaclles. thus provirling new line
diagnostics, treatrnsnt ancl prsvsntiv(J tri$a$$rs$, whictr
remains a cllallenge to eftploy ir'r the infected population.

Many vaccins,s. sHCh as BCG {Bacilli Cahnette-G*erin}
rn'hi*h have been most wi<lely used 1-or the last eight decades

as utsll as other T.Il drugs have lirnitati*ns tbr their
prevsrtion of primary infu.ction, nafiiely toxicitl,'. <lecressed
hinavailability, crlst, etc. This ha,s put press$re on scientists
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t* devslap & nsw class of drugs and vaccines l{t-gl. TB
keatrneflt ft:llor,vs trn'o main aFprrlach*s, the first olle is
ruulti-rhug trerrtment and the o{hrr stratogy invo}ves
atte*rpting to creats nsw and beftcr tlrugs or vaccines r,vith
l*sser side effects. As currcnt studiss in tuberculosis research
are focused en ,ltug c{cvelopment, solieral nsw' i}ntitubercslar
agents are belioved to tre in the pipeline and the standard of
*ars far tube rculusis might l;o$tr change in the nsir future.

CHEMIS'I"R}i

The [3enzimidazole unit is & r,rrell-knotvn hcterocyclic
piutrmacophore and a privilegecl stn,c:tllre of medicinal
chernistry rvtrich plays a wide rcle in biological systems such
as an antibacterial [ 10- 1 31, antiturrcr I l4:], nritimatrarial [1 51,

antit*bercular II {r- l?J, anticanvulsant I I B], anthehnintic I I9-
zAJ, trrlalge.s ic |.2 I I . antiutrcrlr l.?2-731,nnti -in flarmn atory [24-
25J and antitliabstic [26J, etc. The rnajority of
ber:zirnidirzules *.g. Atbendazule (stnrcturo shcwn in Fig. 1)
and their rlsrivtrtives arCI mainly userJ aE antitirngal and
antltelmintic agenf.s. I'lor.rrever, in recent years,
beuzimidazale derivatives hilv$ attractectr mnch attention ctne

to their antimicrobial properties. The positive outcome of
these rnuleuule$ openri a rle\\r duor ibr the soaruh o1' novel

, biologically activr: rnol*cule n in the i'isld r:f tuberculasis.

On the otl'l*r hancl, the biphenyi ether rnoiety which has
besn known since the lsst three decarlss, has been frrund in a

nuffrber of nrolscules such as Vanculn3,'cirr" Difyromycin.
fuIercharrtins {structure shown in I. ig^ l ), cepharanthine,
triclosan, etc., which sholv antibactsrial 127 -29],
antitutlercular [30-32], and elntifirngal asrivit-y t 331. Tiiclosan
shor.vs clirect inhibitiorr uf ENR involvetl in rnycolic acicl
biosynthe$is, whi,;h leads tr: the lysis ol' b'Ivc:ohucterium
lubertttlr.rsi; and it is cnnfirme <t tlrrough pervasive
Lriochemical and strucftiral studies [3a-3S].
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Fig. {1}. A- lvfcrchantins; B- Albr:ndazole.

Drug <liscuvery using sonvsntional rnethuels includes

step-lvise sylrthesis $nd screening of a targe number Llf

corr1ltlunds to uptiruize activity prol'iles. Over the past trvu

decades, research has involr.'ed the uSe tlt'compuler tools filr
cleveloping models of ilew chemic".*l entities to help tlefine

activity profiles, geomefries rrnd reactivities. Being a

repetitivs prooess" clrug desigir begins rvith the iclentification

ol' a colnpound havi ng afI interesting biological prufile by a

chemist and entls r,vhen both thc activity profi le and the

chernical syrrthesis of the tlew cltemical entity have beett

optimizetl. S{olecular hytrriclization is a reccnt corlcel:t where

twr) ph*nnar:u1:horiu moiet.ies of bioactive substancu

combine to gir,'e hybritl rnolecules a tr*tter efficac.y tharr the

parent compaund.

A series sf sp1,el rncllecules contsining 'belrzirnirlazol-2-

carbohydrazide and 4-(arytoxyi benzaldehydes moiety were

tlesigned r,vith the help of suitable tootrs {i.e. motrecnlar

Uyliidization) and then synthesized by sirnple ccnden.sation

rnethod.

Electron d*uating & withdrar.ving groups

.{nti-TB sca{lbld

{di phen1,'l ether backbone)

Fig. (t). N'-(4-aryloxyber:.zvliitene)-/I?-hnnzimirlaz*le-2-carho-
hy drazi&e deri vati vss.

Harlier, the synthesis an<l t:valuation t:rf'a novel scries tlf
2- t2 ^ ( 4 -aryluxybenzyliclen e)hy rl razinl'l)benzuth i a z'rle

derivatives dcsigned by rnolecular hy'bridizatian of cotnnron
pharrrracophorei ot' 2-hy drazinyl benzt:rtlriazole <lerivatives

with 4-{aryloxy) benzalde}ryde havc been rcpcrted by our
group t32]. As rve are ccntinuously rn orking ou the synthesis

ot- lovel antitubercular molecules. we have tilrther exptrarecl

tornltirtutorisl Chgnfistry, &. Iligh Thro*ghpr1.Sc:reert ing, 2{}14, tr/ol' trl, No. 7 6-11

ouf prtl vicus method r.qhsre benzr:thiazole nug willi
isostertcally replacecl by henzirniditzole dng. Fig. {2}
rspresents a mutive behind the selectian and design of N'-{4-
arylox,vbenzylidene) - I H-benzimidaztrle-3-cnrbohydrazi<le
derivative$.

EXPERIh{E1\TAL

Scherne I tlepicts the syntlresis af N'-(4-arylcxy-
b en4r lide nc) - / J/-benz i m i da zcl e- 2 - carbohydrazi de deri vatives

{fta-x} u,hich \ffere synthcsized by a sinrple condensation

reauti rlr"r uf 1 ff-b enzimidazale-2-carbuhyclrazicle tleriva ti ves

{4a-e) ancl "4-phencxyber:rr-atrdehy<1e derivatives {74-f}. Et}ryl

lH-b*nzimidazole-?-carbox-vlate derivstir,{ls {3a-e} were
' required as starting sltb,strats a*d I I{-benzimidazol*"-2-
carbohydrazid* tlsrivatives {.ta-e} and 4-phen*xy-
hreilzaldehydo derivatives {?n-l} lvers synt}resized by the

respectir,* methods rnentinrred belcw. All ths synthesized

cornpounds were screened frrr &fi,'c rtbacteriuftt tubetculosls
H37Rv'ancl MI{: r'slues wel:e rbtained rarnging fi'om 1.5 to
25 pgrrnl (T'able l).

General protsdure for synthetis of benzirnidazole-Z-
carboxylate derivatit'es (3a-e) [39] I Sutrstinrted I,2-
cli*mino-benzene (1t) mmol) ancl cliethyl oxitlate {l? rrmotr}

were stin^erJ in 10* mL of EIOH. The reactitn rnixture was

refluxsd far 4h. The reac.tion wa$ tnonitored by Thin Layer
Clhrurnatugraphl, {TLC). After completion uf the rcaction,
the mixture was cooled and dilut*d wittrr Ztl$ml- of ice cold

lvater. A sotid arganic precipitate was obtaiusd (55-859';

yie lcfi rvhich rvit$ filteri]tl, drir:d ,and nsed fur lirrfher
synthesis.

S.Vuthesis of benzimidazcle-2*carhollydrazide deril'a-
tives {{aa-e} trom henzimidazole-Z-carboxylate deriva-
tivcs [a{}l: The *stirriing material 3a {10 rnmol) rryas taksn in
50 nrl- ethanol arrd allou,ecl to stir ftrr l0 nrintttes. A 6 m[,
tnixture cf HsNhiH:"H20 and H{ll (l:l) was prepared at 5 to
I {J "C. This rnixture wa$ transferr*d W the RBF containing
3a at rofim temperatLue. Ihe reaction tnixture was refluxerl
lbr 4h. Progress ul'the re&ction was nlonitorecl by TLC and

after c*rnpleti*n, the reaction mixtrre was poured On ice
water to obtain the crude salid cornpound. Atter filtration
and drying of the cnrde material t${}-7$+ yields), it r.vas

taken to tlrc ncxt step.

Synthesis of 4-phettnxyhenzalclehyde derivntives {?a-0
latl: .,\ rnixtnre of trrhelrt:lic cotrpottltd 5a (19.35 mmol) and

dris{t K:CCI: (58 mrnoli rvas addr'd to 3fi mI- DN4SO solvent.

This mixtlre was stir'r*d for one haur at room temperature. 4-

O R.1

R4 R3

Carboh-vdrazide l ittksr
f Antirnicrrbia'l actir,'ity )

Heterccyurl ic nrtcleus
(Anti-TB)
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/\,-Ntt2lll+
R^^NHZ'

I r-e
la = FI, lb '= CH-i,

It = (1,1d :.N{.):

le *'Ll0Ph

o " .oEr

T {- v* -tr{.-Et
cAttst *AAn' .,

2 rt H 3a ,= H. 3b =LlHl, 3r:

1 Jn_c = 11, Jrl ,,, N(-)z

lU 3* = Cr*lph
l

t
\_*?n-r'iFrr

*AArT,
rta-e

4a = Fl. 4b : tlFlr
4c - {-'1.4d "" tl0;
4c,"' C{)Ph

R2

R1

+

It3

Idr
:tit-t

5a- R:=R3-R*:H, fi"1 -{ll
5b - R1-R2-R4=H, Rr="1'1

5c - trlt-l-t4=I{, trli-,CI, It1-(lH"*
5d = Ri -R+:tr.I. Rz=Rr-cl
5e : R.-R.':R4-H, R.*OCH.
5 f : Ra=R4=H., R1 --R^: -{C}:i)a-

59 "' R!,,-l{r';}'f, R2',"ftO:lil

7t-1'

7a- R2*I{_1*R4:I l, R1 -Cl
7b,,,, RI,,,,ftr,,,:f{*.,,I.1, Rr,,,g1

7c - R;:R4:H, R.r-CI, Rr:CH3
7d : Il1:R4:H, R.3*R1:Ci

7e - R;-R2:R4*I{. R3*(}CI11

71',,,, R3,,,,|14,,,,FI. R1 __f{r,,,, _icl.t),{_

5g : Rt-lt3:H, R1-ftr-91

R2

"qN-..l*Hcq*::
id

* 7n-f

l{ I IN *i\,i R2

}{ \ilR,1Ayn,ll o tA*ry\*
8a-x

Reagsnt md reactioo oonditions: a) EtOfI, reflux. 6h b) [{2NN}12.}l2O : }ICl (l: l), Ethylene glycol.

reflu, 4h c) KzCOr, DMSO. 90'C, l6h d) EtOl{, Acetic acid, rsflux, 3h

Schcme I. Synthesis ofN'-(4-aryloxybenzylidare)-/1r'-benzimi.dazole-2-cartrohydrazide derivatives (scaff:old 1).

Fluorotrenzaldchyde 6 (16.13 mmol) wa"s added to the above containing 4-phenoxybervaldohyde derivatives (0.51 mmol)
stined ioh*ion and the reaction nixtrre rvas heated at 90 

uC for and 0.5 mL acetic acid. The reacfion mixtute was stined for l-3
16h. Aftercompletion.of thereaction, thcmixturcwaspoured h at 80 oC. P.rogress of the reaction was monitored by TLC.
on crusheci ice and extractecl with ethyl acelate (50 mL x 3 After completion of the reactioq a precipitate was formed
times). The organic layer was dried over sodium sulphate and which was cooled and filtered to give the desired product in 80-
then evaporated to ge: crude product. The pure product was 9{i%yields.
obtained as a pale yellorv solid (65-15% yields) by silica gel
column chromatography using hexane as solvent. BIOLOGICAL RESULTS ANI) DISCUSSION

Gcneral procedure tbr the synthesis of N'-(+phenorl- T,- - --.-., :.
treazylidcnelll{-benzimiilazote-2-carlrohydrazide cerivrilves ". I!e. :ll"::ized compourtds (8n-x) were screened against

(8a-x) f42l: Benzirnidamle-Z-carbohydmzide dsrivative ll Ji 'il[' tubereulosis ]I37Rv in order to determine the MIC values

mmot) was adctecl to 10 mL 2 necked round *o"- !Y;'ri with the REMA method by using iuoniazir! as the reference
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drrrg. frr this method, hnrnogenolls mycobecterial (H-i7lf.v)
cultnre suspension lvas seeded in rnicrotih'c plates at a

densitl' of 105 cells per rvell containing l0l] pL of the

Middlebruok 7tl9 broth (Dift.o lirborirtorie$, Detroit, Ivll,
USA) and the test compo*ncls were serially cliluted directly
on lhe plate. The control received itn equivalent amount cf
DIvlSO. The plates lvere col'eted, sealecl in tl plastic bag and

iilcnbate d at 37 "C for 7 days. To avoicl evapcration during
the incubation, sterih: rvater \yiis addecl to thr: perirneter
lvells. Freshly prepared R.esazurin dye {{}.t}}tth} was adcled

and plate$ rvere again incubirtecl lbr 48 h. A change in colotlr
firrrn blue to pink inctricnted the growttrr cf bscte ria, ttnd the

MICI rvas defined as the lurvesl c$ncentrirtion o1- drug that

preventecl this uhange in colour iTable I ) |32, 13-44],

Previously. ttrre activ,l benzothiazole derivatives 10i r.rrittrr

?,4-tlichlorobiphenyl ether moiety having antitubercnlar
activity ul' 1.5 gglmL havs bern r*eported by us [321. We
reporterl benzathiazole derir,.atives I flv n ith pyrirlin-4-"1,'l

moiety with antifutrercular actirrity of 1.35 pLgirnl- [45].

totnhinatorisl Chenfistry & Iligh Tltroaghprrr .Sc'reening, 2{114, YoL l7, No, 7 633

Rased orr these fintlings, we prr:di*t that the l:r"r.briti ttf ?.,4-

dichlorniriphenyl ethr.r rnoiety r,vith trcnzirnidazcle may give
gcod ailtitubercular activity. Horrysysr,, benzimiclazole
derivative 8j r.vith 2,4-di,;hlurobiphenyl efher muiety shtwed
*ctirrity ilt a csncentration of 3. 1?5 pgi mL. Among the
currently synthesized benzimidazole derivatives, the
oompounil rvith 3-rn*nth-vl-4-clrlorobiphenyl cther moii:ty Sk
& 8p -qhor,r'ed activif-v at a concentration af L5 pgr'rnl-.

The results af antituberr:ular activiq, are srunnrarized in
Iable I, which showed that compoun+$s (ttb-*, dh-k, Sn and 8p)
pcssessect excellent activity { I .5-3.125 Fg/mL) against
l{3, co h * c: I eri um tu herc:u f osfs H37 Rv stp+ins except conrponnds
8e and 8s. Compouncls Sl, 8o. 8r and 8t-x displayetJ rnoderate
to rn'eak ac'tivity {6.35-12"5 pglnr.L). C*mpounds 8k ancl 8p
having elechun releasing {methyl) and elrlctron lvithdrar.ving

{chloro} subsrituent nn cliph*rryl ether *roiery-" exhibitecl hener
activity {1.5 pgirnl}. whereas other cr}mpouncts showecl good
aoiiviry'- {3.125-1?.5 prg,rn[,] except cornl]ou*tls Se and 8s. It has

been oirselved that S:sara chJoro sutrstitutir:n cn the diphenyl ring

Table l, Antitubercular activ'itiet of synthesized N'-(4-aryloxybenrylitlene)-1}I-benzimid*zole-2-c*rbohydrazide derivatives.

'.\il IC* *ritri nr un: i nhi b i urry c ovrcen tru litttt.
i'lsnninzid & Triclosart usctl us a standard,

Cnrnp,, R Rr Rz R' Ra
UPIIC 

{pp"m.L}

8a I:I {.:l i-l ti I7 fr^?5

th l{ FI I4 CI r.t 3^ i25

flc It H h,Ie CI TI 3.125

Bd r-l {"1 r-l []l l{ 12.5

8e Ijl Li t_t I TI CI 25

itf LI FI I:{ lr4e{) H 6.75

8g }I Naptrthyl gri)up 12.5

.qh Ii{e CI l{ LI l{ 3.1 25

8i hJe I{ l{ C1 H 3.I25

8j h4r: C:I t{ Ltl t{ 3.1 25

8k Ivle II Mc CI II 1.5

B1 h4r t-l {:l ti. CI 12..t

8m tulc Naphth I group L2.s

8n i{{-h t1 i-{ {:l l{ 1.75

$o NO" {.:t H t.I H 6.25

Sp NOr Ii Me CI II 1.5

8q l'lo: I-t cl L{ C1 12.5

$r ht(-l tl II lvlet} FI ri.15

8.s j\trch l.japhthyl gr$up 25

Ilt CI II Lll ['1 (:rl 12.i

[iu .cl t-l II Iv4et-) 1t t2.5

8v CI ItiaphtirS I grtrup 12.5

8rv Ll()lllr t-t Td {li I4 12.5

8x COPh CI H {::t [.I I3.s

i'.[soniasirl t).40

oTricl*san 5.{i0



634 C1ntltinutrtris' ChemistrJ,, & IIigh Throaghput Screetting, 2014,|/ttl' 17, itia, 7

ha.s & stfong inthrence on th* spectftltll aild ex.t*nt nf
antitutteil)ular activity than ortha substifttion. Inhaduction of
slecfron dorrating (rnethyl) and elechnn u'iihtlrar,ving (nitro)

grCIups at C-6 position ei{'t}re brrnzirniclaztle ffilclsrt$ (8k and Sp)

had a cletriment&l etfect on the inhibitory activify c$mparecl to

Sa-e. F,urther, bicyclic arornatic ring (naphthalene) system rvas

incorporatcd as in 8g, 8m' Ss a*tl Sv in thc c{iphenyl ring. All
the compotrnds (tlg, 8m, 8s and 8v) contirining bicyctric nromatio

ring iu the diphery*l sther rnuiety showecl lower activif' as

c:olnpared to the lnonocyclic ;rromatic dng.

The encorrraging rssul{s from the antituberculilr studies

impelleel us to go lbr prelirrrintry screening oI synthesizsd

nrrrlecules against fufvc:plt*$erium tuherrrul*sis. Due to bstter

arctivity against tr*sted rnjcroorgatrism, compounds Sk and 8p

tvere selected fcr further development and shrdies to acquire

rn or c rcliahl.e ir:r fornration about struc ttrs-activi ty rel atit.rr:rs hip

have cu:rently been unclertaken. Thus, these conrportncls aut as a

good potential lead f?lr further d*r,'eloprnent of nelv

antifubercular dtugs.

Siddiki et str.

Iteplacement of sulplrur atorn in the hcrneothiaeole ring
by -ltl{ (isoste re of sulptrrur at*rn) atrd insertion af carbouyl
groltp in the final tlesigned mnlecule rnay be responsible f'cr

enhancseX ${Jtivity its compared tt} our previously designed

rnolecnl * [,32"]. On ths other hand, t]re ilntitubercnlar- activity
lv&s prerriously explnrectr in otlr laboratory for 4-(aryloxy]
b*nzsldehyrles clsrivatives and tkCIir h{lc valnes fol the

conrpounri 7a rv*s 123.44 pg/ml anel tor cnmpouncl 7b it
lrya$ i 17. 19 pgr'ml [^32] n'ltic]r ]vere $t]n]i]ared with the final
designecl rnalecule, Ttrre molecLnl*r hybrids 8k &. 8p hacl

significantl5r enhanued activity iis cornpirre d to 4'
{ary1ox1,)benzaldetrrycte {MIC: I 1 7. 19 y'glm,\) ancl triclosan

{lv{fc: 5.0t} pglml),

Analytical study involve d Nlclting point (M.P.)

tletennination, Spectial analysis by IR. tl.t t*lulR, M.S land

elenrental analysis of all synthesizect compounds (fi*-x,}. tR

{KBr) speutrum of all the synthesizerJ corr}pouncls had sharp

N::C, C-O an<l C-{} ahsnrption aT l5'7tr^162t) cln-', 1665-

1685 onn-' anrJ 124{t-I?65 cm^',, which tvers zrssigned to

Table 2. QikProp analysis data ofsynthesized Nr-(4-aryloxybcnz.ylidene)-/.[J-henz.imidazolo-2-carhohydr*ziilc derivativcs.

mnge predicted fc this paameter using QikProP is 0-5; whse t)' l indicates no f iolatid d bsl caf,did8k.
bQPlogPou: Tlris gives t1F predicted octailolwetpr lortition c*fiicicnr. Thc mngc prcdicicd for drir pawcter rsing QikProp is - 2'0'6.5.

"QPPCaco: QikProp prcdictiors arc for nonactive tranrport, whsrc <?5 is considcrcd poar ud >500 is mnsidwd cxcclleirt,
4/o Huru!,Od Abst$iion: l"hir gi1€s the predidsl hrmm oral absorptiotr otr 0-l nfi!,; scalp u"han >801/" is fl)nsidered high md <259ro i$ cosidsed
'No of viliation frorir role of live; This pruperly dsfftes $e number olviohtions oilipinski's rule of fivc.

S{rl uf Variation tronr Rule of Five"14H uman {J r:tl Altsor:ptiondQPIugPchvt'

7S1.49ti

781.556

't5..483?i$1.5,i1

96. t 2{i7S1.505

781,582

781,548

96.0i12781.454

q5_{}2I779.3&3

9s.841?81.8{i7

78l.ft 1q

781.862

i?l.761
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c{ o }-N H }{:-c-. -fi ( o 1-ir HN : an d A r((l }:o -{dl iAr stretc}rin g
rospcctively. The '1.1 NMR spectrum exhibitr:d singiets at 8-9
ppm, which were as-rignecl to nzomethine -S=CH-, The Mass
spcctrum shor.ved M+1" All the above spectral dattt are in
agreement rvith the synthesize,J compourrrJs.

Frq:m the QikProp anillS,sis ul'designeci mulecules, it r.vas

observed that the designed rnolecules extrribited good drug
likeness {Table 2). S4ost of the moleclr}es exhibited
ph-vsicacheinical properties rvhich fall in tlre range of known
rJrtrgs as evident from # stars far ccml:annds being I or ?

t461. Also, ttrre motrecule s did not contilirr ilny knorvn
tuxiuaphorcs or reactive trunctiunal gnlLtp$. The partition
coefficient calculateet by QPlogPo/w lvere within thtl range
nt'3.5-6.1" tt \v&s observecl that most of the rtesignecl
molecules exhibited QPPCaco r,vithin rtcceptalrle limits (8a-
m ancl 8t-v exhibited cxcellent vatue of QPPCaca)^ Hurnan
aral absorptiorr o1'majority ul'$rlrrlpounds wa,s >8{J, r.vhiuh is
co:rsitlered to tre good. Most of the designed molecules also
sstisfied the Lipinski's rnle of five.

CONCLUSION

Ln continuation of our previous wo.rk on the s,vnthesis of
a serie s of novcl, ?-t2-t4-aryloxybenzylidene)
hydrazinyllbenzothiazole derivatives, a nnvel series of N'-4"4-

a rylo x 1.b*n zyl i de n e ) - l 1 /-b e nz i mi dazol e ^ ?.- carboh y dr azi de
clcrirratives wore su.cccssfully synthesizerl hy molecu.lar
hybridizatiun {echniqure ancl evaluatetl against
MJ,colsacteriu*t lubercr.rlosi,s I'I3TRv strains. Experimental
sttdies clenronstrated that the newly sirnthesized compourrtis
can act as promising lcads for thc developrnent of uovcl
antimycobacterial agents.

APPENDIX

Supplernentary Data t'or Compound {8a-x}

l. (E)-N'-(4-{2-chloroptrrenoxy}benrylidene}-1H-benzc[dl
irnidrrzale-2-carboh3'dr*zide (8a): Bufl' r.vhite solicl;
nB-244 "fJ; yield VYtl'a; IR {KBr): 3451= 3191- 3076,
2951, 161-q. 1578, I 503, 1442, I 2611, L 123, ?48 um-r ; 

1 H
Nb,IR. ti{J0 MHz, CDCii}: S (pprn) 8.73 {s. I H, -N:.QH-
Ar)" 7.Q2-7.{}9 {5n, lzH, Ar-Hh LC-h,1S : 392 [htl+l]';
Elrlrtreutal Analysis fcrr C:iHrsClN+Oz {39t}.tl?}: C,
64.54. H, 3.871 l.t, 14.34 fbuncl: [], 64.04: H, 3.6?; N,
r 3.87.

2. (It)-h'-(4-{4-*hlnrophenoxy}henrylidene}-lH-henEoldl
imid*zale-2-mrbohydrazide {8b}: ButT u,'hite solid:
224-?26 ''C; yielrl 76Yo ; lR (Kftr): 3422,3182, -1066,
2951, ltil5, l5?5, 1503, 148?, 1?36, 748 crn-l: ',H Nh,{R
(300 tulHz, CDCII): 6 (ppru) 8.71 {s, lH, -N:Cg-Ar),
7.95-?.06 {rn, l?H, Ar-H); l-C-M$: :191.89 [i!{+l]*;
Elemental .,4,na13'sis for CzrIIr5Cl;\aO3 (39t1.82'} IC,
64.54; H,3.8?; b,i" 14.34 fonncf: C,64.lel: H- 3.57; N,
14.{fi.

3, {E}-it{'-(4-(4-chluro-3-rnethylphenoxy)benzylidene}
Ill-henzoldlinrid'az*lv2-*arbohydrazide {8c}: ButT
white solicl; 232-234'uLl; yielcl 68 9'o; IR {KBr): 3413,
3172,3.07$, 2l,i8l, lt2t), 1595, 1490. 1445, 1?67, I 1?8,
6?3cmr; rH 

h{N,tR {3t}Oh{Hz, CDCI3}: s {ppn* g,i4
(s,1H,-N=gH-Ar), 7.8S-6.9? (m, 1lH, Ar-H), 2.41fs,

tom$inatorisl C*r,'rrislriv &, I'Iigh Throughpat Sffeening, 2t)14, ?'rtl I7, hla, 7 6-15

3H. - CHjh t..C-lV{S:4t}5"84 pvl.+ll*; Filementnl
,A.nalysis for CzztlsClN+O; {4t}4.85}: C. 65.27; I{' 4.23;
N, 13.84 tburd: t:,65.A4: H, 3.95; hi. 13.4?.

benzo ld I im idazol+.Z-ca rbohydrazitls {8rN} : B uf f rvhite
srrlid; 235-?37 uC; vield 72Q/6 ; IR (KBr): 3422. 3lBZ,
306{i, 2951, 1625, l5?5, 15fi3, 1482, 1236,?43cm-r; rH

NlvlIt (30t) h,trHz, ClDCll3): & {pprn} 8.6S (s,lH, -t.l-C4-
Ar), 7.95-7"t 6 (rn^ IIH, Ar-H); t.C-tulS: 426"2 [N{+l ]';
Elernental Anal,v*sis for C:rHr+Cl2hia03 t425.?7)l Cn

5t.31; H.3.3?; N" 13.17 foirnd: C,58.9i1; H.3.t)2; N,
t?.94.

{f,)-f{'-{4-{3,5*dichlnrnphenoxy} tlenz3'lidene}-l H-
benzo I d}irru idnzole*2**a rb oh y dr azide (8e) : Brrff rn'hi te
solid; ?34-236.C; yield 69 %; IR {KBr): 3441, 3134,
3Q17,2941, 295,1^ 1611, 1560. t5t]2, 144$, 1251^ 1t27,
?43c:ra-r; lH Nh{R {Jfi0 MHz, {IDCI3): il g.s6 {s, lH, -
N{H-Ar}, {ppru} 8.03-6.8S {nr" I l H. Ar-H); L-,C-MS:
415.8 fht+ 1l-; Elernental Analysi.s for C:rl{rqCl-"N+O:
{4?5.27}: C, 59.3 1; H,, 3.3?; N. 13.17 firrurd: Cl, 58.91;
I I, 3,tJ2; ld, I 3. 1 0.

{EFIV'-t4-(4-methoxyph en*xy} he rzylid en+}- 1 H-
benzCI {d|iru iclnzole-2-carb* hyd razide {Sf} : Buff rv}rirc
salicl; 2?2-724 uCl; yield 80 9/o; lR {KBr): 343?. 3193,
3085, ?989, 16V7 , 1587, l4fi5. 1364. 1?50, I l?7cnr-r;tu NntR {3f10 MHz, cDclli: 6 (pprn} g.6.4 is, I H. -
li:$-H-,fu-), ?.9S-?.{}8 {rn" I 2H, Ar-H). 3.84 {s,3 H'
OCHr)t LC-MS: 3,36,4 [h,{+11"; Elemental Analysis for
(l21H1sN4O3 {3S6.4A}: C, 68.38; H, 4."7A; N' 14.50 iound:
C, 6S.13; H,4.35; N, 14.10.

{fi }:\ | -{4-{n aphth alen-X -ylo.ry}bemzr,'lidcne}- t H-
hcn za I d I imid nznls"2-ca rh nhydrazide (8 g) : Buff u,'hi re

solid; 221-2?3 "C; yield 66%; lR {Ktsr}: 3442, 3182,
3{}67, 2955, 162{-}. 1565, 149CI, 1434, tzg{J, 112g. 74ti
cnr-'; 'H ruRttt {30il MHz, CDCI3}: S tppm) g.46(s,1H^ -
N:eH-Ar). 8.25-7.26 (nt, I !H. Ar-I{),; LC-h4S: 407 .2

lM+lJ*; Elementnl AnaiS'.sis for Llz:Hrab,[+O: t4t]6.6{r):
C,73,88: I.I. 4"4{t; N" 13.78 four,ld: C,73.35; II, 4.72;N,
I 3 "47"

{U-fi'-t4-{2-t h lorophen oxy} ben4rlidene}4-rnethyl-
1H-benzaldlirnldazole-2-carbohydrnzide {8h): Buff
rvlrite solicl: 227-?29 uCi 

3"ielcl 780zir; IR {KBr}: 3451,
3191. 30?6,3951. 1619, 1578, 15CI3, 1442, 126Q= 1123,
718sn-i; tt.t NMR {300 I\rlI{2, Ct}Cl:): 6 {pprn) E.T3 {s,
11.1, -bJ*ell-,tu),7.92-1 ,fi9 (m. llH, Ar-lli, ?.43 (s, 3I.I,
- tiHr), LC-lvIS: 40{r fil{+tr J*; Etreinenral Analysis fbr
C:zHr."Cll,i+0: (404.85): C, 65.27; H, 4.23; hl, 13.84
fbund: C,65.07; H,4.1?l N, 13,77.

(f)-N'-t4-(4-chlo rup henrxy) ben 4,lidcne)4-methyl-
1H-benzo Idlimicl az*le-}-carboh.y- drazide (Si]l Btrft'
w'lrite solirl 234-236 *'C; yield ?fi9,6 ; lR {KBr): 3422,
318?,.30S6, 2951 , 1621 . 15?5, 1503. 1492, 123{r, 719
crn-'; 'H Ntl,4R {300 h,tHz, fit}Crl3): I (ppm} g.TUs,lH, -
i\-.(JH*.4r), 7.S5-7.06 (rn, I l.H, Ar-H). 2.43 (s,, 3H. -
CH:); LC-MS: 406 [ha+l]"; Elemunral Analysis {or
{l:rHr7CllN+Oz $04.85}: C, 65,77; H, 4.23; N, 13.84
t?nrn<l: C,65.1?; H, 4"{}3:}i, .l3"6^i.

tnFll{'-{4-{2,,4-d ich loraphenoxy}benzylid*ne}-fi-meth-
vl- I H-henzo I d I imidnznle-2-cnrbo hyd raride {Sj } : ButT

4.

8.

9.

10,
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white solid; 22g-?3l o{.'-; yieltl ltt %; ltt (KBr): j441,
321A,3p9.5, 297A, 7625, 1595. 1506, 14{t0, 1261, I 133,
? I lcm '; 'H NMR i30$MHz, CflCh).: rr (pprn) S.?0 (s,
lH, -N=-C.JJ-Ar), l.riq-1.a4 {m, l0H, lr-H),':.+: (s' jH,
- C:H3); LLr-MS: 439 fh{+11-'; Elernental Analysis fin
C:zI{rrCl2NaOl {439.29)l C, {i(}.15; H, 3,87; N',, IZ.js
found: C, 59.85; I-I, 3,51; li, 12,67.

(E)-f{' -t4-{4-chtors-3-meth ylphenoxy}b cnzylidenr)i-.d-
rnethyl-l fl trenzn[dlinridazale*2*carhshyttrazide 17 .

(8k): Btlff white solicl; 23{t-?38 !'Ct; 3rield 6S %; IR
{KB{: 3413, 3172, 3076,2883, 16ld, tsgj', 1490, 1445,
1267, I l2B, 6?3cnf r; rH NMR (3{)0MHz, CDCts): t}

{ppn4 8.54 {s,1H,-N{H-Ar}, 7.ti$-6.92 {rn,10H, Ar-H},
2.41ts, 6H, - CH3 at benzimidaznle ring S/, -CH3 at
plrenoxy ring); LC-]!{S: 41{} [M-r-l ]''': Elemental
Analysis tirr {J23H1eClNaO t {a18.88}: {t, 65.95; H, 4.57;
N, 13.3S ftrund: C, 65.S9; H. .4.3t1; l*i, 13.22.

{ EFN' -{+{3,s-dic hl*roph enoxy-}b err zylidenc)-d*n erh -
yl- I FI'. be nza [d I i rnid azole-?-carbch-vclr nzirl e {t}I} : Buff
white solicl; 218-22* "Cl: yield 67 9,0; IR {KBr): 3441, lB.
3210,3.081, 297tJ,7625,1595. 1506, 14$A, 1261, 1133,
71 tcm-r; rH NMR (3otIvIHz, CDCI3): 6 qppni) s.6i
(s.1 lt, -N:CI-l-Ar), 7.98-7 .tj2 {rn, l0H, Ar-l{, 2.41 (s,
3II, - CIl3); LC-MS: 439.8 fh{+-?l*; Elementatr Analysi.s
fcrr Cl2;HroCltr:i\i,ro2 t439.?9): L1, 60.15; H, 3.{:7; N. l ?.?5.
fcrund: C, 6f]. 10; H, 3.57; I\. I 2.63 .

(E)-6-ruthyl-N'-{4{n a glh tha len- l-ylox.y}benzylitlen e}
-lH-benzofdlirnidazole-2-cnrbohydrazide (8mll Buff
r,vlrite solid; 22Lj^222 "C; yieltl 7*{,k; IR (KBr): 34J8,
3192,3056, 29Q6, 1612. r575, 1503, 1492, lJsg, 123(f.,

I I lS, 1054, gg5,74gcm-'; 'H NMR {:i00 lv{Hz. cDcl:): lg.
6 (ppm) 8,56 {s,l H. -N-EH-Ar), 8.34-?. 16 {rn, 14H, Ar-
H), 2.38 (s, 3H, - CH:); LC,tr{S: 421.3 [M+l]';
Elernentatr Analysis ftrr C26H29N40: t420.46): C,74.2.7:
H,4.79;N, 13.33 fautrd: C,74.12;H,"1.63; N, 13.13.

{E}-N' -{.4-{4-chto rophenox 1,}benrylidene)-{r-nitnr- l H-
benzofdJirnidazole-?-carbohydrazide (8n]: BufT r.vhite
solid; 251-7rr3'C; yield 71gzo; IR. {Ktsr): 3122, 3170,
3{t76,2{}6A, 16]9., 1569, 15fi5" 1493, 1437, 1335, lZ3g,
1123 , "147 crn-" tl.l h;'MR (3fi0 l\rtHz, CDCIr): S-lpprnj
8.65 (s, lII,, -lt=CFI-An), S.38{S" 1ll, O3N-C-[H-C-),
8,04(d, ./=8.9 Hz, lH, OzN-C-CH-CH-), 7.65(d, J=B.g ?0,
I7z, lII, CJzN-C-CH-QHj. S.02-?.05 (m, BI.I. Ar--l{);
t-C-tuIS: 437 [N{fl ]=; hlernental ;\nalysis f,)t
C21I'IIaCINEO+ (435.8?): C, 57.87; l.I^ 3.24; N, ltt,{}7
fbund: C,57.68; H,3,16; li, 15.79.

{E}-N'-t4-t2,4-dichlurophrno x3}benzy,lirtene}-6-ni{ ro-
I H-be nzo[dl imid azols-Z-ca rbohl'tlraride (sa):
Yetrlow solid; 247-249 "C; liield T4 g6; IR iKBri: 3422.
317fi, 3A76" ?960' L6?2? 1569, 1505, 1483,, 143'l , I 325,
1238,, l1?3, 747 cm'|; ',H Ntl,ftt {30{} MHz, CDCIr): tr 21 .

{ppm} 8.6? (s, lH, -N:CH-Ar). 8,38{s, lH, {_}zN-C-ClH-
C-), 8.04td, ,/=,3.9 Hz, lH, 0?N-C-CH-CH-), 7.65(ci,
,J=-8.9 Hz, lH. O2N-CI-CH-CH-), 8.02-7.0d (m, ?H, Ar*
H); LCI-h,IS: 471 [M+l f ': Elernentatr Analysis tbr-
C:iHr.Cl2N5Oa (47{0.27): Cl, 53.63; H, 2.19; N, l4.Bp
tountl: C, 53 .52;H,2,63; N, 14.7S

(E)*N'*(4*{4-chlo ro-3*m eth.1,lph eno x"v} b enzyliden e}-6-
nitrc-l H-benzn[d lirniclarrrlc-?-carbnhyrtrazide (Sp) :
Yellow soiirJ; 250-252 'C; YieltlT4 i/o; IR (KBr): 3412,

Siddiki et sl.

317tJ, 3{}76,?g6t}, 16?3,1569+ 15ti5, l4g:i, 1437, 1325,
1238, t123, 147 crn"l; ',H XMR (300 h{l{2, cDCl3): g
(ppm) 8.{>2 {s, lH, -N*eS--At}, 8.38{s, lH, O?N-C-(H-
C-), B.{}4(d, ,./:8.9 Hz, lH, OIN-C-CH--CH-), 7.65{&
J:8,9 Hz, 1H, O3F{-C-CH-C_H-), lt"0?-7.09 (m, TH' Ar-
lt), :"41(s, 3It^ - CI{3}; LC-&{$: 451 lh{+ll*; Eternerrkl
., ,nalysis fal'C;:l'lrr,Cli\qCI.r {449,85}: C' 58.74; I-I. 3.59;
N, 15.57 tourrd: Cl, 58.631 H, 3.51; li, lS.4g.

{n}-l:{'-{4-{3,S-clich loroph e nnx y}hemzyl irlene}*Fnif ro*
1H-benzoldlinridazole-2*carbuhl'drszide {Sq}: yel-
tror.v solici; 254-256 "C; Yielcl 60 ,h; IR tKBi): 34?2,
317{J, 3$l6, 296{J, I 6tr9, I 56i}, 1 505, I 493, 1437 , l3?5,
tr?38, H23. 747 cm-t; tH l.iMR. (300 MHz, CDCtr): S

{frprn) 8.6,4 {s, lH, -l.u:(.1$.-r\r'), 8.42 (s, lH,02N-C-CH-
C-), 8.12 {d, J:8.9 }.{2, llt, O2N-C-glJ-C}l-). l.Al g,
.l:8.1) Hz. iH, O1I\i-C-CH-CHj, 8"02-7"11 {r:n, TH. Ar-
H); LC-S45: 471 [],I+21'; Elernenral Analysis fur
C:rHrrCl:Ns{,}a (7{L27i: C, 53"63i H, 2,79; i{, l.q.Bg
fourrd: C, 53.57; H" 2.{i8; h, 14"81"

{fr,}-hi'-(4-{4-ruethoxyph enoxy}benzylid ene}-Guitro- I
I'I-lr enzo I d I imidazule-2-carbohl'd x azide {f r }: yell ow
solitl; 258-26t1 "{J; Yie I d 74 Yu'r,; IR (KBr): 34?2, 317{},
3tl7{;, ?960, 1{ I !, 1 569, I 505, 1493. 1437 , 1325, 1239,
\!23, 747 t:n"'l 'Il NMR $a.$ MIlz, CDCI;): E tpp*i
8.64 {s, l}I, -N=CH-Ar}, 8.41 (s, tH. O:N-C-CjH-C-
),8"13 {d, .,/:8.8 IIz, 11,1, O3N-C-Cl_{-Ct-t-), 7 .61 {d, J:B.g
Hz, lH, O:N-C-ClH-eHt, "7.98^?.t)& (m. BH. Ar-H),
3^84 (.s, 3ll, -OClt.); LCI-h{S: 1JZ [M-Fl]*; Elemenral
Analysis for Clr:HrrNj0j {431.40,}: C,6l.Z5; H. 3.gT; N,
16.23 {ound: Cl, 6l .15; H., 3.91 ; N, ld.0l.

( f; )- f {' - {4- {n ap h t h nlen * | -l,lo x ;*) tr e n rry li d en e } 4 *ri tr o- l
FI -h enzu I d I im id *zole-2 -cn rl:* h.vd r azidr {Bs} r y el I orv
scrlicl; 255-257 "C; Yield 6A -ozi,: IR (KBri: 3422, 3fiA,
3076, 296{}. 16"1t, 1569,1505, 1493, 1437. 1325.1?3g,
I123, 747 cm''; 'H NMR {300 h{Hz" CtXJlr): S (ppnrj
S.64 {s, lH, -N:Cl|I-r\r}, 8.42 (s, lH, 02N-C-_C-H-C-),
8. I i (d, ./:8.9 tIz |H, O3N-C-_(.H-CH-), 7.62 (rl, ./:11.9
Hz, lH, O2N-C-CH-[,H-], t3^26-7.19 (m. llH, Ar-H];
LC-lvIS: 451.23 [M+1]-; Elenreural Analysis lbr
{i2-5H'tNlrg* {451"53}: C, 6fi"51; H, -i.80; N, 15.-51;
fcrund: {)" 6{t.38t }1, 3.fig; N, 1 5.47.

{f}-$chloro-,N'-(4-(S,Sdidrlorophencq,} benzytiden*}
-l Ftr-benzofdlimidazole-2-carb'ohydrazide t8t]r Buff
n'hite solitl; 731-23-i ''c; yielrL '17 al:; Ill (KfJr): i4r 3,
3$1, 3A1(i^ ?96{}, l62tt. 1571 , 150}, l47tt, 144S, IZST,
1133, 762cm"t; rH NMR {3il0 }r,{Hz. CDCIr}: r\ (ppmj
.1.61 (s, I H, *lrl:{H-Ar), B.1S-7.*g {m, 10H, Ar,$l LC-
il{S: 4fi0 []\4.-i-l ]*; Elernenral Analysis ftn C;rl"lr3C[N4O3
{459.71}: C. 54.t17; H. 2.85; N,, lZ.!,{) fbunil: C, 54,80;
Li,2.75 N" l2.l l.

{trFtrc hloro-N'-(4-(4-merhoxy phenoxy)benzylidene}-
1H-benzolrllirnidazolc-2-carboh.vdrnzide {su}: Bur
r,vlritc solid: ?35-237 "C; yielcl {r6-ozi, ; IR (KBr): j436,
3046,"?955, 162A, 1565, 14gt), 1434. I2St), 113S, ?49
cnr-'; 't{ Nh,IR {i00 MHa LtDLit:): r\ {ppm) g.64(s,trH, -
N:CH-,tu*), 8.36-1 .2t1 (m, I tF[., Ar-H). 3,84 {s, 3H, -
OCHI) ; LCI-hIS: 4?2 [M*2J*; Elemental Arralysis for
{]xH17CIN+O: (4zil.Sj): C* 62,7g; H. 4.Q7; N, l3.Jl
fsunrl: C, 62,68; H. 4.01 : l\, j,3.Zg.

11.

12.

13.

14.

15.
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27. (E)-6-chlaro-N'-{it-{naphthalen-l-vloxy}bcnryIidene}-
1[I-benzo{dlirnidazole-2-carb$hydrazide {{gv): Buff
white solid; 221-223' n{-l; yielcl $6% ;.IR (KBr): 34j6,
3(X7,.2955, 1.62.l, 1565, r4g10, 1434, 1290, 1129, 74ti
crn't; tH Nh4R {iOfi MHz" CDCtrr): s {pptr} 8.64 (s,lH" -
N{!.LA$, 8.36-7.2A tn\ 14F1, Ar-I{}; LC-tvIS: 442
[tr4-r-3l.' ; Elernental Analysis far C::I-I r rCll{+02 (440.IB) :

C,68.ll: H,3.89; li. 12.71fbuncl: C,6tl.0l; H,3,84: N,
12.66.

23, (E)-s-bernzovl-lrl'-(4-(4-chtarophenoxy)benzyridene]-
lH-benzoldlimidseole-2-carbohydrazide {8w}: Bnff
nhite soliel; 241-243 uC; yiel,J 62%; IR (KBr): j422,
3192..3{.}66, 2951, 1615, 1575, 1503. 1432, 1236, 748
*rn-t; 'H NIvR {3t}0 mHz, CtD{:13): S (ppn$ g.sg (s,lH, -
N-"eH-,{r), 7.98-7.08 {nL l{i}I, Ar-}l); LC-h.IS: 4t}{t

[to{+2]." Hlenrental Analysis fbr c2sHr.iclN4or {49a.93):
C,6?,95; H,3.8?; N, 11.32 fuund: Ct, d7.ti8; H,3.Bl; N,
lt.22.

24. (tr)4-benzoyl-lt'-{4-{2,4-dichtrorophenoxy}benrylidene}
-1H-benzo[dlirnidazole-2-carhohydrazide (8x]r Buff
white solitl; 244-?46 "C; yield 659'r, ; IR (KIh): 3441,
3220, 3tt47. 2937, lSg3, .l606, 1 5?1, 1505, 147?, 1-i90,
1263, I I6l, ltlgT, g2S cm l; rt-i FJMR (300 IvII{2,
CDCI:): S {ppm) 8.58 1s,lII, -N:C_II-Ar},"7.99-7.02 {rn,
I5H- fu-lt); LCI-hdS: 530 [h4*2"J*; Elemental Analysis
for CzaIIlsCl;NaO_r {529"37}: C,63.53; I.l. 3.43; N-, 10.58.
f'ound: Ll, 63.47; H, 3.37: lt, 10.41.
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