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ABSTRACT

In the present study, a novel series of Pyrrole -2- carbohydrazide derivatives were synthesized and docking study
was performed to rationalize the possible interactions between the synthesized compounds and active site. Pyrrole -
2- carbohydrazide derivatives were designed as Enoyl-acyl carrier protein reductase inhibitors. All compounds
were screened for antimycobacterial activity against M.tuberculosis H37Rv using Microplate Alamar Blue Assay.
Pyrazinamide (PZA) and Sreptomycin were employed as the reference antimycobacterial agents. Among the series
G$S4 found to be most potent .
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INTRODUCTION

Tuberculosis (TB) is a pandemic disease and itsataue agentMycobacterium tuberculosis is one of the most
prolific infectious agents affecting humans. Theé ®untries reporting to WHO in 2008 notified 5.@lion new
and relapse cases in 2007, of which 2.6 millior?g#évere new smear-positive casesFurthermore, treatment of
tuberculosis with human immuno deficiency virusetted patients (HIV) is difficult and results ae thading cause
of death among HIV positive patients worldwide. #rer factor which contributes to more number dfatths is
the emergence of multiple drug resistance (MBR)and totally drug-resistant tuberculosis (TDRMTE.
Enoyl-acyl carrier protein reductase (ENR) is a kagyme of the type Il fatty acid synthesis (FAgtem. ENR is
an attractive target for narrow spectrum antibaaiteirug discovery because of its essential rolm@iabolism and
its sequence conservation across many bacteriaiespdn addition, the bacterial ENR sequence andttsiral
organization are distinctly different from thoseno&émmalian fatty acid biosynthesis enzyffesSo ENR inhibitors
can be designed for the development of new andnpaatitubercular dru?s. Several Benzylidine pydi
carbohydrazide derivatives have shown good inhipitivity against ENFE*Y. In this work, some Benzylidine
Pyrrole -2- carbohydrazidderivatives were synthesized, docked and screesredntimycobacterial activity. The
newly synthesized heterocycle exhibited prongisiantimycobacterial activity.Till now, no new drings been
introduced since the discovery of Rifampin in sgifemajor advances that have been made in the dissgvery
process.Hence,there is an overwhelming need tdajewevel antimycobacterial agents. Thus our aias Yurther
refined to synthesize Benzylidine pyrrole-2- canmitazide and evaluate them for antimycobacteritiviaz Herein
we report the synthesis, docking and in vitro aptiabacterial activity of a series of Benzylidinermmje-2-
carbohydrazide. The docking study was perfornted rationalize the possible interactions wesn the
synthesized compounds and the active site.

MATERIALSAND METHODS
2.1. Material and Apparatus

All the reactions were carried out with dry, frgsklistilled solvents under anhydrous conditiondess otherwise
noted. Melting points were determined by VeegoVMPEital melting point apparatus and are uncogdcETIR
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spectra of the powdered compounds were recorded) W&r on a Varian-160 FTIR spectrometer using mséf
Reflectance Attachment and are reported iff @md*H NMR spectra were recorded on a Varian Mercury U613
(300 MHz FT NMR) spectrophotometer using TMS asrdernal reference (Chemical shift representedgm).
GCMS were recorded on “2010QP GCMS Shimadzu” imsént by direct injection method. Purity of the
compounds was checked on ‘Silica Gel G’ coatedhamltiyer chromatographic plate procured from Merdkent
was the mixture of different polar and non-polalvents in varying proportions and detection wasedeither by
observing in UV light or exposure to iodine vapoassrequired. The synthetic route used for the titimpounds is
outlined in Scheme 1.
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Figure 1.Scheme for synthesis of title compound

General Procedure:

Step-1: Bromination of pyrrole

A solution of 16.7 gm(0.083mol) of pyrrole-2- carytic acid in 100 ml acetic acid and 10ml of G@las stirred
and cooled to slush. A solution of 26.6(0.166mnl)30 ml of acetic acid added dropwise with corgthiooling.
Product which precipitated from the reaction migturas crystalised from Propanol .

Step-2:Esterification of pyrrole
Mixture of 30gm (0.246mol) of 4,5 dibromo pyrrol@-earboxylic acid and 80gm(10ml,2.5mol) of absolute

methanol and 5gm(2.7ml) of conc,$0, were placed 500 ml RBF.Excess of alcohol waslldigtoff by heating
on water bath

The residue was poured into about 250 ml of wateseiperatory funnel.Lower layer of pyrrole methgthoxylate
is extracted in CGland excess of acid is removed by adding of NAHGAll no further evaluation of C{bccurs.
Filter the pyrrole methyl carboxylate and prodectlected was colourless solid
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Step-3: Formation of acid hydrazide
1ml of hydrazine hydrate was placed in test tutbed with reflux condenser .Then 1gm pyrrole méttgrboxylate
was added dropwise and mixture was heated unflex fer 15 min.

Absolute ethanol was added through condenser tupeoclear solution and refluxed to for 2-3 howrystals of
acid hydrazide filtered and recrystalised from atiia

Step-4:formation substituted benzylidine dibromb fyrrole-2-carboxylic acid

Equimolar quantities of carbohydrazide and sulntit aldehyde were refluxed in alcohol for 3 hrpiasence of
few drops of glacial acetic acid.

The solvent was evaporated and product was pouredotd water filtered and dried.The crude solidswa
recrystalised in appropriate solvent system to gieeproduct

2.2. Modelling Studies

2.2.1. Molecular Docking Protocol

The molecular docking tool, GLIDE (Schrodinger ItSA) was used for ligand docking studies in to ¢ineyme
enol ACP CO reductase binding pocket.The crystaictires of enoyl ACP CO reductase were obtaimeth f
protein data bank.(PDB Code: 2IDZ).The proteincttite was prepared for docking using ‘protgireparation
wizard'in Maestro wizard 9.0.The protein prepiama uses the OPLS force fiéftl for this purpose. Group grids
were defined by centering them on the ligand indiystal structure using the default box size. kégp2.2 module
utilized to produce the low energy conformer ofafigs using MMFF94 force fidld.The lower energy
conformations of the ligands were selected and wleaked into the grid generated from protein stmeg using
standard precision (SP) docking mdte

Docking and Scoring Functions

The docked complexes of the designed compoundg aldth the ligand receptor poses have been showhdn
Figure 2.The final evaluation is done with glidese(docking score) and single best pose is gestbas the output
for particular ligand.

G score=& vdw +b*coul+Lipo+H bond +Metal+BuryP+Rot B+Site

Where, vdW: Vander Waal energy; Coul: Coulomb engetgpo: Lipolipophilic contact term; H Bond: hydgen-
bonding term; Metal: metal binding term; BuryP: pity for buried polar groups; RotB: penalty for dring
rotatable bonds; Site: polar interactions at théevacite; and the Coefficients of vdW and Coul:ae= 0.065, b =
0.130.

ADME Prediction

The ADME properties were calculated using Qikpropolt of Schrodinger software. It predicts both
physicochemically significant descriptors and plecokinetically relevant properties. It also evabsatthe
acceptability of analogues based on Lipinski's fi&™> *®'which is essential to ensure drug like pharmacdkine
profile while using rational drug design. All theadogues were neutralized before being used byrQikp

2.2.3. Antimycobacterial Activity

All the newly synthesized benzylidine Pyrrole cdrpdrazide der were assayed in vitro for antitubkarcactivity
againstM.tuberculosis H37Rv using Microplate Alamar Blue Assay (MABA)oOniazide was employed as the
reference antimycobacterial agents.

Microplate Alamar Blue assay (M ABA): 720

Sterile deionized 200ul water was added to alkeoyterimeter wells of sterile 96 wells plate to imized
evaporation of medium in the test wells during lation. The 96 wells plate received 100 pl of theldiebrook
7H9 broth and serial dilution of compounds were enddectly on plate. The final drug concentratibested were
0.01to 20.0 pg/ml.Plates were covered and seaitdparafilm and incubated at 37°C for five dagdter this
time, 25ul of freshly prepared 1:1mixture of AlmBlue reagent and 10% tween 80 was added to the plad
incubated for 24 hrs. A blue color in the well waterpreted as no bacterial growth, and pink celes scored as
growth. The MIC was defined as lowest drug cotragion which prevented the color change from tupink.
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RESULTSAND DISCUSION

Physical Characterization: Physical constant, Rf value was determined flosyalthesized compounds.
Phar macophor e optimized by SAR study

Substitution of benzene
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Representative Physiochemical and spectral data of product:

Compound GS1: 3-ethoxy-4-hydroxy benzylidine-4,5 dibromo -1H-mle-2-carbohydrazide: Yield: 70%;m.p
178-182°C; Rf = 0.7 (EtOAc/n-hexane7:3);FTIR (KBr, &n 3451.54 (pyrrole N-H Stretch); 3274.54.5(C-OH
Stretch); 3085.55( aromatic C-H Stretch); 1855.H)CStretch1635.34( N-H aromatic bend); 1376.93(&0O
bend); 1187.94(C-N Stretch),1041.37(C-O-Cstret@#)(6-Br stretctH NMR (400MHz, DMSO )&(ppm):
7.0(s,1H,CHpyrrole);5.0(s,1H,NHpyrrole);8.0(s,1H,N811(s,1H,CH);
7.0(d,1H,CH);6.7(d,1H,CH);5.0(m,1H,0H);1.33(d,5k13)

Compound GS2: 3,4-hydroxy benzylidine-4,5 dibromo -1H-pyrrolezarbohydrazide: Yield:80%; m.p 220-242

; Rf = 0.67 (EtOAc/n-hexane7:3);FTIR (KBr, & 3463.53 (pyrrole N-H Stretch); 3262.97(C-O-H refith);
3070.12 (aromatic C-H Stretch); 1774.19(C=0 amitfet&h); 1608.34( N-H aromatic bend); 1361.15(C-kgthd);
1060.66 (C=Nstretch) 644.248 (C-BrStretchfHNMR (400MHz,DMSO) &(ppm): 7.0(s,1H,CHpyrrole);
5.0(s,1H,NHpyrrole); 8.0(s,1H,NH); 8.1(s,1H,CH)0{@®,1H,CH); 6.6(d,1H,CH); 5.0(m,1H,0H); 5.0(m,1H,pDH
6.9(s,1H,CH); MS(m/z) 402.90(

Compound GS3: 2,5 dimethoxy benzylidine-4,5 dibromo -1H-pyaeét-carbohydrazide; Yield:90%; m.p 202-204
°%C ; Rf = 0.72 (EtOAc/n-hexane7:3):FTIR (KBr, &n 3209.93 (pyrrole N-H Stretch); 3036.37(aromaiic-
Stretch); 1858.08(C=0 amide Stretch);1647.88(N-H®r1269.9(C-N Stretch); 1176.36(C-N Stretch); 1.3%(C-
O-C Stretch);521.65(C-Br stretciH NMR (DMSO) §(ppm):  7.0(s,1H,CH pyrrole); 5.0(s,1H,NH pyrrole);
8.0(s,1H,NH); 8.1(s,1H,CH); 7.0(q,1H,CH); 3.73(d,8KCH;) 6.7(d,1H,CH); 6.7(d,1H,CH); 3.73(s,3H,0QHMS
(m/z) 430.095(M).

Compound G$4: 4-dimethylamino benzylidine-4,5 dibromo -1H-pya¢-carbohydrazide; Yield:75%; m.p 179-
181°C ; Rf = 0.63 (EtOAc/n-hexane7:3);FTIR (KBr, ¢jn32331.15 (pyrrole N-H Stretch); 3031.55(aromtic

156
www.scholar sresearchlibrary.com



Ganesh D. Moteet al Der Pharma Chemica, 2015, 7 (2):153-159

stretch);1880.86 (C=0 amide Stretch);1294(C-N-f2tsh) 1060.66(C=N benzylidine Stretch); 1600.63HN
aromatic bend); 691.355(C-Br StretchH NMR (DMSO P(ppm):  7.0(s,1H,CH pyrrole);5.0(s,1H,NH
pyrrole);8.0(s,1H,NH);8.1(s,1H,CH);7.4(d,1H,CH);&AH,CH)2.85(s,3H,Ckl; 2.85(s,3H,CH); 6.6(d,1H,CH);

7.4(s,1H,CH); MS (m/z) 402.042(\

Compound GS5: 3-chloro benzylidine-4,5 dibromo -1H-pyrrole-2rbahydrazide; Yield:65%; m.p 181-18G ; Rf

= 0.52 (EtOAc/n-hexane7:3);FTIR (KBr, ch 3202.18 (pyrrole N-H Stretch); 3061.44(aromat@-H
stretch);1769.37 (C=0 amide Stretch);1294(C-N-f&tesh) 1060.66(C=N benzylidine Stretch); 1669.52HN
aromatic bend); 691.355(C-Br StretchH NMR (DMSO ¥p(ppm):  7.0(s,1H,CH pyrrole);5.0(s,1H,NH
pyrrole);8.0(s,1H,NH);8.1(s,1H,CH); 7.5(d,1H,CHR®,1H,CH);7.3(s,1H,CH);7.6(s,1H,CH);MS (m/z)
430.095(M).

Compound GS6: 2-nitro benzylidine-4,5 dibromo -1H-pyrrole-2-bahydrazide; Yield:85%; m.p 194-196 ; Rf

= 0.67 (EtOAc/n-hexane7:3);FTIR (KBr, ¢Mm3523.31(pyrrole N-H stretch)2340.19(C-N-O strgtc3021.91

(Aromatic C-H Stretch); 1817.58(C=0 amide stret@®1.77(N-H bend); 1075.12 (C-N stretch); 682.67B{C-
stretch) '"H NMR  (DMSO $(ppm): 7.0(s,1H,CH pyrrole);5.0(s,1H,NH pyrrolep@&,1H,NH);8.1(s,1H,CH);
7.9(d,1H,CH);7.7(d,1H,CH);7.6(d,1H,CH);MS (m/z) 4181(M").

Compound GS7: 3-nitro benzylidine-4,5 dibromo -1H-pyrrole-2-bahydrazide; Yield:60%; m.p 196-198 ; Rf
= 0.66 (EtOAc/n-hexane7:3);FTIR (KBr, ¢ 3580.08 (pyrrole N-H Stretch); 3220.54 (AromafieH Stretch);
2352.73(C-N-O stretch)1897.61(C=0 amide stretcB¥9194 (C-N stretch); 536.114(C-Br stretch) MS @b)H
NMR (DMSO B(ppm): 7.0(s,1H,CH pyrrole);5.0(s,1H,NH pyrrolep&,1H,NH);8.1(s,1H,CH);
8.0(d,1H,CH);7.6(d,1H,CH);8.2(s,1H,CH);8.6(s,1H,84§(m/z) 413.111(M).

Molecular Docking

The designed compounds were found to disgh@pd binding affinity to the receptor. G-scokeBond
Interaction and Contacts .The more negative vafug-score indicates that the compound is moremiaind good
binding affinity (Table 2).G score of compound Saswfound to be -7.1381 and G score of rest of #sgded
compounds were found be comparable with G-scostasfdard Isoniazid (G score:-7.1005) indicated diesigned
compounds have good binding affinity for bindinginbA.The best poses obtained by docking resuésreported
in Fig. 2, where main interaction between ligandsl aeceptors can be observed. Standard Ison&mdvs
interaction with Lysine 165 amino acids by non dew& hydrogen bond. All designed compounds adoperg
similar conformation binding pocket, showing simil@gon-covalent hydrogen binding with Lysine 163sltwell
established and accepted fact that number of yamdler Waals interactions decides the bindingnagfi for any
ligand with receptor enzyme protein and bad, uglytacts indicate steric clashes after docking whlobuld be less
for good activity. Therefore we have analyzed thieding modes and abilities, considering the nendf good,
bad and ugly Vander Waals (vdW) interactions & gtandard and designed compounds with active rgndi
site. ADME Properties were analyzed using Qikpropd @harmaceutically relevant properties of Bermligk
pyrrole-2- carbohydrazide derivatives, which foundbe significant are reported(Table 3) and ampartant for
predicting the drug-like properties of moleculebese properties were:

1)Molecular weight (Mol_MW) (130 - 500)

2)Octanol/water partition coefficient (Log Po/wPR(0 — 6.5)

3)CNS Predicted central nervous system activityir&ctive), +2 (active)
4)Brain/blood partition coefficient (QPlogBB) (-3-01.2)

5)Percent human oral absorption (>80% is high, <Z5pe@or)

Antimycobacterial activity

Amongst the compound tested GS4 had shown good mygtdbacterial activity against
M.tuberculosis.GS1,GS2,GS3, GS5 ,GS6 and S7 wenedftess potent than GS4(Table 4).The obtainedtresu
reveals that electron withdrawing group amend tlgophilicity of the test compounds, which in tusiters
permeability across the bacterial cell membramnether, results shows that the presences of reteetithdrawing
groups at 2nd and 3rd position of benzene derigathave shown good antimycobacterial activity.Asbstitution

at para position to benzene by electron releasingmi.e dimethyl amine shows better antimycobéaitactivity.
Antimycobacterial activity for synthesized composmndas expressed as the minimum inhibitory conctoira
(MIC) in pg/ml.The synthesized compounds were eatald for antitubercular activity. Compounds wersagsd
for their antimycobacterial activity againkt. tuberculosis Hs/Rv. Antimycobacterial activity was carried out at
100, 50, 25 12.5,6.25,3.125,1.6 and 0.8ug/mibi@4d) For comparison, isoniazid was employechasé¢ference
antitubercular agentiowever remarkable activity was found for GS4 commbwhich is comparable to isoniazid
while compound GS2, GS3 and GS5,GS6,GS7 had shoad response to MABA assay. This is well supported
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by the docking studies performed, as more @hescore of the test compounds better the &gtand binding
ability of molecule into the active site.

CONCLUSION

In present work a series of Benzylidine pyrrolecarbohydrazide derivatives were synthesized andactexized.
Molecular docking studies were performed to idgntifie possible interaction of ligand with receptémd
evaluated for their antimycobacterial activity. Mampounds exhibited significant antimycobactegativity.

. However remarkable activity was found for GS4 compmb which is comparable to Isoniazid while compound
GS2, GS3 and GS5,GS6,GS7 had shown positive respgonthe MABA assay. The obtained results shdwasb t
the presences of electron withdrawing groupsnat &1d 3rd position of benzene derivatives hawsvshgood
antimycobacterial activity.Also substitution at @gvosition to benzene by electron releasing groaimethyl
amine shows better antimycobacterial activity. e docking score also supports this fact. LargeiGtscore better
the binding affinity of test molecules and is refed in antimycobacterial activity indicating aedit correlation
between observed activity and G score. So, thegerfacollectively indicate the importance, simipficand wide
applicability of designed series as antimycobaategents.

Fig 2:(a) Docking interaction of Standard Isoniazid (b) Docking interaction of GS4 Compound

(b)

Table 2. Results of molecular docking studies using standard precision mode of Glide

Sr.No | Title | G-score H-Bond | Good VDW | Bad VDW | Ugly VDW
1. GS1 | -6.01571 1 245 13 0

2. GS2 | -5.88602 1 217 6 0

3. GS3 | -5.33502 1 231 4 0

4. GS4 | -7.138179 1 277 6 0

5. GS5 | -5.68179 1 217 6 0

6. GS6 | -5.12194| 2 173 4 0

7. GS7 | -5.73224 1 260 13 0

8 INH | -7.10055 3 161 1 0

Table 3.Prediction of ADME propertiesof designed derivatives using gikprop

. % Human Oral

Sr.no. | Title | Mol M.\W. | logP o/w | logBB Absorption CNS
1. GS1 | 430 5.523 -0.319 100 0
2. GS2 | 402 5.124 -0.419  85.66 -2
3. GS3 | 430.095 4.001 -2.500 100 0
4. GS4 | 402.042 4.431 -0.393 100 0
5. GS5 | 430.095 5.666 -0.773 100 1]
6. GS6 | 413.111 5.022 -1.158 100 0
7. GS7 | 413.111 -0.663 -0.778 100 1
8 INH 100

All designed compounds have shown the ADME properties in acceptable range.
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Table 4.Antimycobacterial activity assay

Sr.no. | Compound code MIC jiM
1. GS1 >50.00
2. GS2 50.00
3. GS3 >50.00
4 GS4 12.50
5 GS5 50.00
6 GS6 50.00
7 GS7 50.00
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