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Abstract

Indole chalcones were designed and synthesizegasrasing set of compounds against
Hs/Rv strainof Mycobacterium tuberculosis. Within this library of compoundsEj}-1-(furan-3-
yl)-3-(1H-indol-3-yl)prop-2-en-1-one 18), ([E)-3-(1H-indol-3-yl)-1-(thiophen-2-yl)prop-2-en-
1-one (20) and (E)-2-((1H-indol-2-yl)methylene)cyclopentan-1-on24| displayed high anti-
tubercular activity at 50 pg/ml with MIC values 210, 197 and 236 uM respectively. Tine
silico studies revealed that compouh8 exhibit binding modes similar to FAS-II inhibitors
like INH or Thiolactomycin against KasA protein. tGtoxicity assay results suggest that the

compoundd48, 20and24 are non-cytotoxic to human megakaryocytes andmauBicells.

Keywords: Indole chalcones, Anti-tuberculaMycobacterium tuberculosis, Hs/Rv strain,

Luciferase reporter mycobacteriophages (LRP), SKRSA protein, Cytotoxicity
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1. Introduction

Tuberculosis (Tb) is an airborne communicable ailimeith high fatality rates ranking
above HIV/AIDS [1]. Out of 10 million new Tb infestl people in 2018, there were
approximately 1.5 million deaths [1]. Though Tb &e® epidemic during the industrial
revolution, it was brought under control with tteuhch of BCG (Bacillus Calmette—Guérin)
vaccine in 1921 followed by antibiotics such asptomycin (1943), isoniazid (1952) and
rifampicin (1963). Tb incidence also increased viN infection during the 1980s, and out of
10 million Tb deaths in 2018, 2,51,000 people webe¢ positive [1]. To combat this disease,
presently four orally active antimicrobial agent€ls as isoniazid (INH), pyrazinamide (PZA),
rifampicin ( RIF) and ethambutol (EMB) are admieigtd for two months succeeded by INH
RIF combination over a span of 4 months [2]. Evetiall these efforts [3], Tb is widespread
and with emerging drug-resistance such as mulirdesistant Tb (MDR-Tb), extensively-
drug-resistant Tb (XDR-Tb) and totally-drug-resigtarb (TDR-Tb) strains, this disease
increasingly hard to eradicate. The disease coriiplelong period of the treatment,
practicality of drug sensitivity tests and lackpobper diagnosis are considerable challenges. In
addition to this, drugs such as INH and RIF shoveseside effects such as hepatotoxicity. To
overcome these issues, several strategies likerpegpng and revival of drugs such as
Clofazimine [4], structure and mechanism based drug design hwhiwolves genome
sequencing and identification of molecular targ@ molecular hybridisation of active
pharmacophores [6] have been explored to find aalidrug. An ideal Tb drug should fulfil
the criteria of improving the treatment of latefiit, have zero interactions with HIV medicines,
lower dosage with improved efficacy, enhanced kadability and target both MDR and XDR
Tb strains [7]. A wide range of compounds have bs@eened to find a novel ideal drug for

curing Tb [2, 8]. In Tb drug discovery researcheréh are four promising types of targets.

2



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Tetrahydropyrans [9], diarylethers [10], methyl#o&e [2], aminoproline [11], aryl amides
[12], piperazine indoleformamides [13], imidazopiperidifé4] etc. were used for targeting
Fatty acid synthase Il (FASII) enoylacyl carrieofgin reductase (InhA). Adamantyl ureas
[15], phenyl pyrroles [16], benzimidazoles [2], indoldzaamides [17] etc. were used for
targeting Transmembrane transport protein large pPMBZL Benzothiazinone [18],

benzothiazoles [19], 1,4-azaindoles [20], 4-aminoglone piperidine amides [21] etc. were
used for targeting Decaprenylphospho-beta-D-riteofase and phthalimide and quinoline

containing compounds were used for targeting 2-ased DprE1) [2].

Most of these compounds as well as commercial dnage N-containing heterocyclic
moieties and they are one of the most sought-git@rmacophores for designing new and
efficient drugs in the pharmaceutical industry. diedheterocycle is an important bioactive
compound and it serves as a crucial skeleton iaraly occurring alkaloids like tryptophan
(an amino acid), serotonin (a naturally-occurrirgumotransmitter in humans), reserpine (a
tranquillizer isolated from the planRauvolfia serpentina), and indole 3-acetic acid (a
phytohormone) [22]. In addition, marine and baeteimdole alkaloids show anti-cancer [23],
anti-viral [24] , anti-bacterial [25], and anti-HI\26] properties. Moreover, indole derivatives
are known for their role as antimicrobial [27, 28htiviral [29], insecticidal [30], painkillers
[31], anti-inflammatory [32], depression medicagon33], anti-tubercular [20, 34],
antineoplastic [35], antihypertensives [36], aniilaxts [23], and anti-diabetic [33] agents. The
Food and Drug Administration (FDA) has even puldidha database highlighting the
importance of N-containing heterocyclic compound2015 and indole derivatives rank8 9
among the top 25 FDA approved drugs with 17 indadataining drugs in the market [37].
There are two active indole-based lead candiddeERD-304 and NITD-349 (recognised as
MmpL3 inhibitors: sed-ig. 1(a)for structure) which are in the clinical stageewfiluation for
drug-sensitive Tb strains [38]. MmpL3 is a trangpofrom Mycobacterial Membrane Protein

Large (MmpL) and carries mycolic acids as trehalmsmomycolates (TMM) across the cell
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membrane for biosynthesis of Tb cell wall [39]. Mo3as a strategic drug target for MDR and
XDR Tb strains where treatment and survival optiareslimited. Similar to indole derivatives,
chalcones are also important pharmacophores winecfileB-diarylprop-2-en-1-one) flavonoids
found in a number of natural products [40]. Theyart strong colouration to plant pigments
and occur in many plant species suchGhgyrrhiza inflate [41], Angelica keiskei [42], and
Piper aduncum [43]. Chalcones can exist iB andZ forms with E isomer being more stable
[40] and showed antioxidant [44], anti-HIV [45],taalzheimer’s disease [46-48], antibacterial
[49], antileishmanial [48, 50], anticancer [51],tiamalarial [52, 53], antiviral [48] and
antitubercular [48, 52] properties. The alkene béuskd with carbonyl group is accountable
for the bioactivity of chalcones, though the exasechanism of activity is still under
investigation [40, 54]. Chalcones have inhibitoffeets on various enzymes like trypsin and

topoisomerases due to complex formation of chaleatiethe active sites of the enzymes [55].

Considering the above aspects and in a quest tbrfovel anti-Tb agents, molecular
hybridisation in drug designing is considered ia gresent investigation by hybridising indole
and chalcone. Hybrid molecules can have modifidecseity, contrasting approaches of
action, lesser unwanted aftereffects, improvedkshity and oral bioavailability [56, 57]. There
has been limited exploration of chalcones as awiitular agents and indole chalcones, in
general, are not well reported. There are few itspoi indole chalcones showing biological
activity [58-60] as shown ifrig. 1b. Till date, as per our knowledge, there are nmntspon
using indole chalcones as antitubercular agentacéjein our endeavour to synthesize novel
antitubercular agents [61, 62], we have designedsgnthesized indole-chalcone hybrids with
aromatic, heteroaromatic and fused rings. The lasad the compounds was taken into
consideration for improved cell permeability. Trempounds are analyséalvitro with Hz7Rv
strain of Mycobacterium tuberculosis (MTh) to discover their promising mycobacterial

properties and the results are presented in tipisrpa
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< Insert Fig. 1>

2. Experimental section

2.1. Materials and Methods

Indole-3-carboxaldehyde was bought from Avra Sysif)e Hyderabad, India.
Acetophenones and piperidine were procured fromaASynthesis, Hyderabad, India and
Sigma-Aldrich, USA. Absolute ethanol fro8pectrochem Pvt. Ltd, Mumbai, India was used
directly. Nuclear Magnetic Resonance spectra (NMBje recorded in 400 MHz fdH NMR
and 101 MHz for**C NMR on a Bruker Avance-400 spectrometer. Therimatereference
compound used was trimethylsilane. Mass spectrae wacquired using AGILENT
Technologies 6530B Accurate Mass QTOF-LC/MS. Therhigolet 6700 spectrometer
recorded Fourier transform infrared spectra (FT-Bihgle crystal X-ray diffraction data were
acquired by Xcalibur Eos, Rigaku Oxford Diffractiomstrument X-ray diffractometer of Mo-
Ka radiation { = 0.71073 A). Empirical absorption was done usB8@ALE3 ABSPACK
scaling algorithm. The refinement was carried outXh, in the Olex 2-1.2 package plus
structural solution by SHELXS-97. For cytotoxicithe human megakaryocyte cell line Mo7e
(ACC 104) and Murine pro B cell line BA/F3 (ACC 30Were attained from German
Collection of Microorganisms and Animal Cell Cukst DSMZ, Germany. Mo7e and BA/F3
cells were maintained in RPMI 1640 medium (Gibcaltham, MA USA) with 10 % fetal calf
serum (HiMedia, India) in the presence of 20 nghwmman IL-3 and murine IL-3 (Peprotech

Asia, Rehovot, Israel) respectively.
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2.2. Synthesis of indole chalcone derivatives

In an RB flask, 1H-indole-3-carboxaldehyde (1 mmathd appropriate acetophenones
(1.2 mmol) were taken and 5 ml of ethanol and Ppsrmf piperidine were added. The resulting
solution was then refluxed at T and TLC was used to track the reaction procegmnU
accomplishement of the reaction, the reaction mixtwas transferred into cold water and
further neutralized utilizing 1N hydrochloric aci@ihe crude precipitate formed was filtered
out, dried and recrystallized from chloroform. Ale indole chalconesl(to 25) were
characterized using spectral techniques and thetrapelata are listed in the supplementary

data.

2.3.  Invitro anti-Tb activity studies

2.3.1. Preparation of sample

The initial stock solution was made by the disdotutof 10mg of a sample in 1mL of
DMSO. The working stock solutions of 1 mg/mL an8l thg/mL were prepared from this stock
solution by adding the required volume of Middleiko/H9 broth and further sterilized by

filtration using 0.45 p filter.

2.3.2. Luciferase reporter mycobacteriophages (LRP) assay

Four cryovials per set (two for control and two f@00 pg/mL and 50 pg/mL
concentrations) were taken. 400 ul of Middlebro¢¥7roth was transferred into first two
vials and 350 pl in the third and fourth vial. Ab&® pl of Img/mL of stock was added to the

3rd and 4th vial respectively to get a total coticdion of 400 pl. 100 pl of1.Tb Hs/Rv cell
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suspension was further introduced to the vialsiandbated the vials at 3T for 72 h. Then,
50 pl of phage phAE202 and 40 ul of 0.1M Ga®eére introduced to all the vials (cell-phage
mixture) and incubated at 3C for 4 h. Post incubation, 100 pl of the cell-phagixture was
moved to a luminometer cuvette. 100 ul of D-ludgifewas introduced and thereafter the
relative light unit (RLU) was determined instantly a luminometer (Berthold) at 10S
integration.The percentage of reduction in RLU of the test carag to control was calculated

by using the following equation,

Control RLU — Test RLU

. _ %
Percentage of Reduction in RLU Control RLU 100

Compounds with RLU reduction of 50% and above immparison with control were

considered as active agaihsthb.

2.4. Molecular Docking

Docking was executed using AutoDock Vina v.1.1.2][&t maximum exhaustiveness of
8 for the blind protein-ligand docking. The crystidta of Tb proteins (PDB IDs: 2WGD,
6AJH, 3IFZ, 4B6C, 1ZID, 4FDO, 1N40 ) from the RC8Botein Data Bank (PDB) were used.
The structure was handpicked based on the higlessiution and lowest R factors. Using
AutoDock Tools v.1.5.6., extraneous solvent molesubnd co-crystallized ligands were
removed from the protein. Only polar hydrogens wialeen into account and gaussian and
gasteiger charges were assigned as preparatiodoftking. Energy minimized ligand files
were prepared using Perkin-Elmer Chem3D v15.0. watoon of the docking process was
done with the use of PyRx-Python Prescription f84. Binding affinity values in kcal mdl

were noted provided that root means square derigR»SD) values were below 2A. Analysis
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of binding mode of the selected drug candidates-gosking was performed on BIOVIA

Discovery Studio Visualizer v.19.1.0 [65] to visizal the protein-ligand interactions.

25. Cytotoxicity assay

Cell cytotoxicity assay was carried out using WSTRbche, Basel, Switzerland) by
considering the manufacturer’s protocol. Mo7e aWdA3 cells were plated in 96-well tissue
culture plate at a concentration of 20,000 celisvpell in 100 puL of media. It was stimulated
with different concentrations of compounds 18, 86 a4 for 24 h. Cells were also treated only
with DMSO to exclude solvent-induced cytotoxicitydalO pL of WST-1 reagent was added
after incubation. The absorbance was measured sigaibackground control as blank using
microplate (ELISA) reader at 440 nm. Statisticablggis was done using Graphpad Prism

v.6.0.1 (GraphPad Software, Inc., CA, US) and Realf <0.05 were deemed substantial.

3. Results and Discussion

In a constant attempt to identify potential cantkdaagainst the viruleMITb, novel 2-
aminothiazole derivatives have been successfulyhggized in our lab and reported by our
research group [61, 62]. In continuation of thioef in the extant research library of novel
indole-chalcones was designed, synthesized ancersmie against $Rv strain of MTh.
Furthermorejn-silico anti-Th activities against KasA protein presenMimb were carried out.

In our survey of existing literature, till datedwle chalcones have not been reported as active
compounds against Tb. Here, indole chalcone derestave been designed with hydrophilic

and lipophilic properties, and the indole core ataimed in all the compounds as the active
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pharmacophoric fragment. The chalcone unit acth@dichael acceptor and various groups

have been introduced in this unit for cell permbgtand solubility.

3.1. Design of indole chalcone derivatives

The pharmacokinetic properties of a drug shouldrmvn before synthesizing the drug
for better biological action. Hence, the indole Ichae compounds were designed using the
Lipinski [66] and Veber rules [67] for drug-likereesindole scaffold was retained in all the
compounds and substituted, fused, heteroaromatigs riwere incorporated to induce
lipophilicity of indole chalcone derivatives. Addihally, aliphatic rings were also incorporated
for this purpose. It is widely accepted that byuaidg lipophilicity, permeation of any drug
into the cell wall of Tb can be achieverhble 1 shows the list of indole chalcones designed
for the present investigation. Molinspiration serf8] was used to gather tpaarmacokinetic
properties of the indole chalcones and the proggedre compiled iable 2 According to the
data, the molar mass of the indole chalcones sstlemn 500 ranging from 211.26-347.42 which
indicates that they can be easily metabolised mparison to larger molecules. The Log P
suggests the lipophilicity and values for indol@lclnes are in the range of 2.49- 5.07. Log P
value of indole chalcones are in the recommendaderaexcept for compourtal which has
higher Log P values of 5.07. Interestingly, all toenpounds possess 1-3 H-bond donors and 2-
5 H-bond acceptors. Out of 25 compounds designé@r@ found to obey Lipinski Rule and
found to have drug-like character. Other paramdiieestopological polar surface area (TPSA)
and a sum of rotatable bonds were also evaluate@ATis associated with the hydrogen
bonding of the molecule and bioavailability of aiglr TPSA values are in the range of 32.86 to
78.69 and the count of rotatable bonds in the rasfg&-5 which indicate promising oral
availability. All the compounds excef@ are found to have drug-like molecular (DLM)

properties and the probability to be lead candglate
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< |Insert Tables 1 and 2 >

3.2.  Absorption, Distribution, Metabolism and Excretion (ADME) properties

To be an efficient drug, the compound should haigg iological activity in lower
effective concentration with low toxicity and shdube active until the desired action takes
place. The drug discovery procedure takes the ADpi&perties of drug candidates into
consideration for better pharmacokinetic profileheTpharmacokinetic properties can be

calculatedin silico using online databases like SwissADME (http://wemissadme.ch/) [69]

and pkCSM (http://biosig.unimelb.edu.au/pkcsm/) |[7The ADME properties of indole
chalcones are given ihable 3. Drug absorption was evaluated using solubilityasugement
and intestinal permeability. The agueous solubgitghe compounds is given as the logarithm
of molar concentration and the solubility of desigrcompounds ranges from -2.90 to -6.045.
The compounds are moderately water-soluble dubagtesence of lipophilic functionalities
aimed at improved cell permeability. As the absorpof an orally administrated drug occurs
mostly through the small intestine, the percentgsorption of the compounds was evaluated.
In general, Caco-2 permeability can predict thakatof oral drugs as Caco-2 from human
colon carcinoma resemble intestinal epithelial scelt is important to mention that the
compound should have Papp > 8 X16m/s for high permeability. Interestingly, all the
compounds show high cell permeability remarkabfhbkr than the standard Tb drugs such as
INH and RIF. All the compounds exceld show highintestinal absorptiom the range of 90-
95% which is twice that of RIF. The presence of ropthilic hydroxy group and higher
molecular weight ofl6 renders the absorption of the drug by the intestiNH shows 96%
intestinal absorption which is slightly higher thal the indole chalconeddowever, 15

showed intestinal absorption similar to INH at 95%.
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The distribution profile of the drug was predictegsing a volume of distribution (VDss),
fraction unbound and blood-brain barrier permeshiliHigher VDss indicates better
distribution of the drug in the tissues than inspi@a, and if Log VDss > 0.45 it shows the
greater distribution in the tissues. All the compdsi are moderately distributed in the tissues,
they show better distribution than INH with compdu2¥ showing a higher range of 0.677.
RIF is highly distributed in tissues with a valuk 1049 which is much higher than all the
designed indole chalcones. Efficacy of drug cateddy fraction bound indicates that it is less
bound to blood proteins and is free to diffuse. Blood-brain barrier (BBB) permeability was
calculated by both SwissADME and pkSCM. The impurta of BBB permeation is in
affecting the central nervous system as in tubestsiimeningitis. Trifluoromethyl derivatives
and nitro derivatives are unable to cross BBB simib the standard drugs, INH and RIF. All
the compounds interact with cytochromes eitherustsates or as inhibitors while INH and
RIF do not show any of these interactions. Thd w&arance of drugs (both hepatic and renal)
was also studied and all the indole chalcones shdawer total clearance of -0.091 — 1.045
logml/min/kg. The compounilé shows a total clearance of 0.6888ml/min/kg similar to INH
and17is showing a total clearance of 1.ddgml/min/kg much higher than both INH and RIF.
It can be concluded that all the compounds showd giBME properties in comparison with

INH and RIF and can be considered as probabledeadidates.

<Insert Table 3>

3.3.  Yynthesis and characterization of indole chalcones

As the compounds are found to possess DLM progertied show good ADME

properties, the designed indole chalcones are sgizttd by aldol condensation as depicted in

Scheme 1Using the literature procedure [40, 71], indoleaBboxaldehyde was reacted with
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304

different substituted acetophenones to yield cpoeding chalcones through Claisen—Schmidt
condensation. The synthesized compounds were ¢barad by spectroscopic techniques like
NMR, FT-IR and Mass spectrometry. The characteripgak of C=C bond of chalcones
appears as doublets, between 7-8 ppm in 1H NMRtrspeand at 125 ppm and 147 ppm in
13C NMR spectra. The NH protons of indole appeawéen 10-12 ppm ifH NMR spectra.
The disappearance of methyl protons from acetoptefarther confirms the formation of the
expected product. In FT-IR spectra, the charadteridNH stretching vibrations appeared
around 3400 cih, stretching vibrations of -C=C in conjugation wi¥O appeared around
1600 cm' and carbonyl stretching vibrations appeared aD1d@ . The mass spectroscopy
results show that the experimental molecular weigtities are matching precisely with the

theoretical molecular weight values.

< Insert Scheme 1>

3.4. Snglecrystal X-ray Diffraction analysis

The stereochemical arrangement of compounds cactatie drug-like properties and
hence the exact configuration of compounds showddétermined for the present indole
chalcones as they can have eithBar E configuration. The single crystals of three conutsi
(7, 11, 12 crystallized in DMSO were selected as represegtatompounds. The solved
single-crystal XRD patterns of the representatimapounds are given ifig. 2 The XRD data
show that C=0O and C=C group exist iconfiguration and compounds are planar. The
packing diagrams of, 11, 12show the presence of intermolecular hydrogen bandetween
different crystals of the same compound. The hyeinogonding exists between N of -NH
group of indoles of one crystal and O of -C=0 obther crystal is at a distance of 1.977 A,

2.021 A, and 1.985 A for, 11, 12 respectively. The presence of hydrogen bondiagil&zes

12



305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

the crystal structure in crystal packing and in tlase of7 and12, in a single unit-cell, the
compounds are arranged in head to tail overlap wittength of 3.370 A and 3.406 A
respectively. The compountdl shows a displaced head to tail overlap in a uglit and the

crystal parameters of the three compounds are givEable 4.

<Insert Fig. 2 and Table 4>

3.5. Invitro antimycobacterial activity of indole chalcones

After successful synthesis and characterizatiomadle chalcones, they were analyzed
for in vitro antitubercular activity againdtz/Rv strain ofMTb. Here, minimum inhibitory
concentration (MIC) of indole-chalcones that yidd@% inhibition using LRP assay was
considered to possess antitubercular activity. iRgiain, the Group D Tb drug is considered
the reference compound in the present investigafidre results ofin vitro analysis are
presented ifmable 2 along with the pharmacokinetic analysis data. T¢tevidy was afflicted
by the presence of different substituents in cosmjiom with chalcones. The different
heterocyclic substituents showed moderate to gobdity with 65% to 85% inhibition having
MIC values from 155 uM to 189 uM.

The substituted phenyl indole chalcordewith fluorine substitutionshows moderate
activity with less than 55% inhibition at both 1@8/ml and 50 pg/ml concentrations with MIC
value of 188 uM. The possibility of fluorine beiag active substituent was further explored by
introducing trifluoromethyl groups in para and metasitions of phenyl ring2(and 3). The
trifluoromethyl groups were inactive with less th&0% inhibition of mycobacterium.
Similarly, the introduction of chloro groug)(in para position of phenyl ring did not show
much difference in activity with only 50% inhibitioat 100 pg/ml and the inhibition further

decreased with lowering of concentration. The &ttant of Cl group at ortho-para positions
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of phenyl moiety (as i5) showed an insignificant increase with more th@#65Snhibition at
both concentrations with MIC value of 164 uM. Thatinaty of halo-substituents was further
studied by introducing bromo substituent at theagaosition as in compour@ Surprisingly,
the compound showed 65% inhibition in 50 pg/ml concentratioheToromo group emerged
as the most active group among the halo substitwegpounds with MIC value of 155 pM.
The inhibitory potential of halo substituted compds are as follows: 4-Br>2,4 di-CI> 4-F> 4-
Cl> CF. The analysis shows that two compounds afd 6) hindered the growth of
Mycobacterium at a concentration not more than 50 pg/ml. Thedhitction of the nitro group
at the meta positiorv] had no effect with compound showing merely 50%6hition albeit at a
higher concentration of 100 pg/ml. Furthermore, lilmsosteres of different substituents were
considered foiin vitro analysis The bioisostere of fluorine substituentyydroxy group §)
showed MIC value of 189 uM at 50 pg/ml with actvéimilar to the compoundl. However,
another bioisostere, amino group) Shows no activity with less than 50% inhibitioFhe
bioisostere of Cl, a methyl group (compoutfd also showed similar activity with only 50%
inhibition at 100 pg/ml concentration. Methoxy stitiosion as in11 and12 is also inactive
against the bacteriumFig. 3a shows the correlation between phenyl substituertd
mycobacterial activity of indole chalcone derivaiv We observed that, based on resonance,
the presence of electron-withdrawing groups in sued phenyl ringsof indole chalcones
augmented the antimycobacterial inhibition. Alsani the decreasing inhibitory potential of
halo substituted compounds, it can be concludettiieae has been an influence of the size of
substituents on activity. All the halogens by meahsductive effect can attract the electrons
from other atoms and the inductive effect will ¢ceea dipole moment within the compound.
This can enhance the water solubility and enalblesrtteraction of a drug with the biological
target. The exception of hydroxyl group being atikespite being an electron-donating group
can be associated with its H-bond forming abilitighwthe target. Here 7 compounds show

promising inhibition at 100ug/ml with more than 50#hibition of Mycobacterium, and 4
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compounds show inhibition at even lower concerdratof 50 pg/ml. Among phenyl
substituted indole chalcones, compouneémerged as a promising candidate with MIC of 155
HM.

The library was further expanded by introducingehetyclic scaffolds substituting
phenyl ring. Different acetyl pyridines were intraed (3, 14, 1% which showed promising
activity. Among these, the presence of 3-pyrididd) (showed higher activity with 70%
inhibition at 100 pg/ml and all the pyridine detives showed MIC value of 201 uM. We
noticed that the replacement of the pyridine rinthwaydroxy phenyl piperazinel§) increased
the activity at 100 pug/ml and displayed moderakebition of 65% at 50 pg/ml. The compound
16 displayed lower MIC value of 143 uM when comparedhe pyridine substituents. This
may be due to the presence of an additional -OMigyapable of forming H-bonding. The
introduction of 1-phenyl imidazol€el{) in place of the 3-pyridine system did not afféo
activity. Both 14 and 17 showed similar activity againstzHRv strain with MIC of17 being
slightly lower at 159 uM. In case &¥, lowering the concentration from 100 pg/ml to Sgml
had no perceivable effect in bacterial growth itiob. The presence of furai® showed
exceptionally high activity with more than 85% ibiion in both 100 pug/ml and 50 pg/ml
concentrations. The most striking aspect of comddl®iis the negligible difference of 2%
inhibition with change in concentration from 100/mgto 50 pug/ml . A similar trend was
observed for 2-thiophene moiety (20), with a sligtiterence of 5% in inhibition with change
in concentration from higher to lower value. Howe&thiophene Z1) when compared ta0
showed lower inhibition of 60%. BotBO and 21 showed lower MIC values of 197 uM
compared to furanl®) counterpart. Surprisingly, one of the more pragninheterocyclic rings,
2-pyrrole 9) showed disappointing results with no inhibitiovee at higher concentration.
Higher activity among N-containing rings is wellnreected to their increasing basicity. The
basicity order and activity of N-rings are as fallo Piperazine>Imidazole>Pyridine>Pyrrole.

Among the three pyridine derivatives, 3-pyridyl igative (14) showed higher activity
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followed by 4-pyridyl (3) and 2-pyridyl {5) derivatives. In 3-pyridyl derivativeld), C=0
group in meta position acts as a deactivating gukst while in the case of 4-pyridyl and 2-
pyridyl derivatives, C=0 group in para and orthosiions respectively act as a slightly
activating substituent. This can decrease the indreffect of C=0 group thereby decreasing
the basicity of pyridine derivatives. Hence, theibidy order of pyridine derivatives follows
the order: 3-pyridyl derivativeld) > 4-pyridyl (13) > 2-pyridyl (L5) which is reflected in their
activity. Aliphatic piperazinel) is showing high basicity and hence shows 76%bitibin
followed by aromatic counterparts. Pyrrol®9) being least basic shows no inhibition and
similarly, furan 8) shows more activity than thiophene due to ithargoasicity. As the ring
size decreases, the activity is found to incred@bke. bioisosteres of pyridine (furan, thiophene
and imidazole) showed higher activity and emerged pgomising scaffolds in drug
developmentFig. 3b shows the effect of heterocyclic substitution be aintimycobacterial
activity of indole chalcones.

Moving onto fused heterocyclic systems, introductad 1,3- benzodioxole2@) adjacent
to chalcone moiety has shown promising inhibitiothwbetter MIC value of 171 pM22
shows good inhibition at 100 pg/ml and a moderatavth inhibition of 66% at 50 pg/ml .
Napthyl group 23) however showed no inhibition. We have introdudea cyclic keto
functionals adjacent to chalcones to study thdiuémce in activity. Aliphatic cyclopentanone
group @4) showed relatively higher result with more thar@8mhibition with MIC value of
236 uM. The replacement of cyclopentanone withdaryclohexanone moietg2%), however,
reduced the inhibition to 53% with MIC of 221 uMhé effect of fused heterocyclic and
aliphatic systems on the anti-mycobacterial agtivie shown inFig. 3c Heterocyclic
compounds showed Log P values in the range of 23188. The relatively low Log P values
indicate the higher lipophilicity of compounds amehce easier cell permeability. The effect of

Log P values on the MIC &fiTb is given inFig. 4.
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<Insert Fig. 3 and Fig. 4 >

The structure activity relationship is explainedenms of bioisosteres which are used in
drug design for improving pharmacological activitmproved target selectivity and reducing
the side effects. The different bioisosteres emgaoy the current study are described @ble
5 with corresponding Log P and MIC values. The suldstd phenyl indole chalconé,with
fluorine substitution shows moderate activity withC value of 188 uM and Log P value of
3.65. When fluorine is replaced by its bioisostehgsliroxy 8) and aminog) groups, there is a
decrease in Log P values with decreasing inhibitbrbacterial growth. A similar trend is
followed when chloro4) and bromo ) substitutions are replaced with hydroxy groupbdth
cases, electron withdrawing groups in para posibiophenyl ring emerged as more potent for
inhibiting the bacterial growth. Electron donatiggoup in para position instead of electron
withdrawing group shows diminishing inhibition ases by replacing chlorine with its
bioisostere methyl10). The presence of dichloro substitution as in cooma 5 is more
efficient than p-chloro substitution despite thelaiion of Lipinski rule regarding Log P. The
trifluoromethyl group, the bioisostere of halogemss inactive with less than 30% inhibition
compared tdl, 4, 6 The bromo group6) emerged as the most active group among the halo
substituted compounds and their bioisosteres witlc Malue of 155 uM which can be
attributed to electron withdrawing efficiency aratder size of bromo substitution. Different
acetyl pyridines 13, 14, 1% showed promising activity with 3-pyridind4) showing higher
activity with 70% inhibition at 100 pg/ml and atle pyridine derivatives showed MIC value of
201 uM. The pyridine ring was replaced with themisosteres furan and thiophene to check
their inhibitory potential. The presence of furd)(showed exceptionally high activity with
>85% inhibition at both concentrations with a difiece of 2% in inhibition from change in
concentration from 100 pg/ml to 50 pg/ml. 2-thiop&enoiety 20) showed similar trend but

with slight difference of 5% in inhibition rate \kitchange in concentration. However, 3-
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thiophene 21) showed lower inhibition than all other bioisosterof pyridine except for 2-
pyridine derivative 15). Furan {8) shows more activity due to its higher basicityl @s the

ring size decreases, the activity is found to iase2

< |Insert Table 5 >

From the above discussions, it can be summarizatl the heterocyclic compounds
showed higher activity in LRP assay and turned toube promising scaffolds for further
modifications. The activity was associated with #itree and basicity of the heterocyclic rings.
Five membered rings show better activity than searbered rings owing to their small size
and hence better cell permeability. Among all tbenpounds,18, 24and20 emerged as most
active compounds with higher inhibition of mycoleaim and MIC values ranging from 170
MM to 210 uM. These compounds exhibit higher irtfohi at 50 pg/ml which is similar to
clinically used PZA showing anti-Tb activity of %@/ml at pH 5.5 and 400 ug/ml at pH 5.95
[72]. The studies reveal that indole-chalcone commgis are promising starting points for drug

candidates and must be further explored for thetietial .

3.6. Docking studies

The successful synthesis and antitubercular pregedf some of the indole chalcones
prompted us to explore the binding of the compoutmlausible molecular targets. The
aforementioned studies helped to identify activadleeompounds]18, 20, 24. Molecular
docking studies were performed to recognize themit@l target for inhibitingMTb. In order to
pin down the mode of binding as well as bindingnaies, a suitable protein target should first
be selected. Several well-known anti-tuberculageheceptors were selected for blind docking

and are listed as follows: mycolic acid transparté?DB: 6AJH) [73], DNA gyrase (PDB:
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3IFZ) [74], GyrB ATPase (PDB4B6C) [75], long-chain enoyl-acyl carrier protein rethge
(PDB: 1zZID) [76], oxidoreductase DprE1l (PDBFDO) [77], cytochrome P450 (PDE:N40Q)

[78], p-ketoacyl synthase KasA (PBRWGD) [79].

Thein silico results which best fit the in-vitro observatiokagA protein, PDB2WGD)
were analyzed post-docking to identify interactamgino acid groups and were compared with
previously studied mechanisms. KasA protein (PDB 2W/GD) inhibition is long known to
suppress th&1Tb disease [80]. KasA protein is essential to théwall synthesis oMTb and
inhibition of this protein by a molecule could be iadicator of its nature as an anti-Th agent.
Thein silico results of the compounds against KasA proteingaren in Table 6. Compound
20 displayed a binding affinity of -6.5 kcal mbland it shows interactions with GLU-40
(electrostatic interactions of N on GLY with indaiags of20), SER-41 (H-bonding of Niéf
20 to C=0 of SER), GLU-224 (H-bonding of GLU OH with=0O of 20) and LEU-371
(hydrophobic interactions with thiophepeesent in20). Compound24 has a binding strength
of -6.9 kcal mol' and it shows interactions with GLU-40 (electrastanteraction of indole
ring with N of GLU), LEU-371 and ARG-225 (both shomydrophobic interactions with
cyclopentanone). Similarly, compourtB shows binding affinity of -7.9 kcal mbland
interacts with THR-313 (H-bonding of C=0 8 and OH on THR), HIS-311 (electrostatic and
hydrophobic interaction between furan B8 and imidazole of HIS). VAL-278, ALA-215,
ALA-279, PRO-280 and ILE-317 also showed hydrophabieractions with indole moiety
present inl8. Post analysis it was noted that compou?@sind24 interacted with two of the
same amino acids namely GLU-40 and LEU-371. What west interesting was thas
showed high binding affinity to KasA protein as g its binding mode was similar to known
FAS-II inhibitors such as INH and ThiolactomycinO]8 The compoundl8 displayed the
highest inhibition oMTb among the synthesized compounds and the spadiéactions o8

with KasA protein are shown iRig. 5. The interaction®f 18 with HIS-311 (a member of the
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catalytic triad), VAL-278, ALA-279 and PRO-280 and proximity to PHE-404 which is a
gatekeeper to the acyl channel present in Kasfepraire the likely the causes for its efficacy
in MTb inhibition. Due to this, compountB may prove to be a useful candidate against INH
resistantMTb strains and could prove to be a valuable stapioigt for new anti-tubercular

drugs.

<Insert Table 6 and Fig. 5>

3.7.  Plausible mechanism of action

The metal chelation is important in Tb infectionM3b needs iron to grow inside the
host organism. The bacteria take iron from the host hence, withholding the supply of iron
can, in turn, reduce the multiplication of bacteti@n chelators can reduce bacterial growth
either by withholding iron or by forming free radis which may be toxic to bacteria [81, 82].
The iron chelator should be permeable to the cambrane and hence, the presence of
lipophilic functional groups is important. In chale, the carbonyl oxygen and other
heteroatoms can act as electron donors to form lest@p with metal atoms. The properties of
chalcones such as smaller size, higher chargetgehigher stability and presence of electron-
donating heteroatoms in the ring allow for the akieh of metals. This can have a considerable
role in the improved activity of chalcones. The ortance of metal chelation can be explained
by overtone concept of cell permeability and Tweégdheory of chelation. As stated by
overtone theory, cellular membranes are made ujpids and allow the entry of lipophilic
molecules only. Chalcones can chelate metal iodaciag the polarity of metal ions by the
overlap of ligand orbital and metal orbital. Theslectrons are delocalised on chelating ring
augmenting the complex to enter into the cell memés. This can block the binding sites for

metal which is important for the bacterium itse3], hence increasing antimycobacterial
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properties of the metal chalcone complexes. Theegmee of heterocycles in conjugation with
the carbonyl oxygen further strengthens the pdgyilof metal chelation by donating the lone

pair of electrons. The possible binding modes alaines with metal [84] are shownHig. 6.

<Insert Fig. 6>

3.8.  Evaluation of cytotoxicity

Compounds K)-1-(furan-3-yl)-3-(H-indol-3-yl)prop-2-en-1-one 18), E)-3-(1H-indol-
3-yl)-1-(thiophen-2-yl)prop-2-en-1-on@0) and(E)-2-((1H-indol-2-yl)methylene)cyclopentan-
1-one R4) were tested for cytotoxicity in human megakaryoagaé line (Mo7e) and Murine
pro B cell line (BA/F3). Compounds which inhibit neathan 50% cell growth were considered
to be cytotoxic to cells. We observed that morentt@% cell viability in a human
megakaryocyte cell line, Mo7e when treated with poonds18, 20 and 24. Similarly, in
murine Pro B cell line BA/F3, cell viability of merthan 60% was observed when treated with
compoundd 8, 20and24. Overall the results suggest that the compoli®l20and 24 are not
cytotoxic to human megakaryocytes and murine Bsdercentage cell viability of Mo7e and

BA/F3 cells against test compountly, 20and24is given inFig. 7.

<Insert Fig. 7>

4. Conclusion

A library of indole chalcone derivatives was syrsized and its potency against/Rv
strain of M.Tb is studied. Among these, 3 compoundsE)-X-(furan-3-yl)-3-(H-indol-3-
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yhprop-2-en-1-one8), E)-3-(1H-indol-3-yl)-1-(thiophen-2-yl)prop-2-en-1-on@0) and(E)-
2-((1H-indol-2-yl)methylene)cyclopentan-1-one24) were found to be potential drug
candidates against tuberculosis with MIC of 2107,1836 uM respectively. The activity is
linked to the size of the heterocyclic ring andirthebility to chelate metal atoms vital to
mycobacterium. The docking studies run to compreéhéme binding manner of indole
chalcones indicate that compoub@ showed binding modes similar to FAS-II inhibitdilee
INH or Thiolactomycin against KasA protein. Cytottky assay results suggest that the
compoundsl8, 20and 24 are noncytotoxic to human megakaryocytes and raulBncells.
Compound20 is showing high potential againstTb with lower cytotoxicity. Overall, the
studies reveal that the compounds show potentiainasnportant drug backbone against Tb.
The structural modifications for enhancement in-emtcobacterial activity is worth exploring

and is under progress in our laboratory.
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Figures and Scheme legends

Fig. 1. (a) Indole drugs in a clinical trial for MDR-Tb (IBiologically active indole-chalcones

in literature

Fig. 2. Single-crystal XRD data. The ORTEP diagrams (@)dPacking diagrams (b, e, h) and

Hydrogen bond interaction diagrams (c, f, i) of gmunds7, 11, 12.

Fig. 3. Correlation diagram of percentage inhibition withiffetently substituted indole

chalcones.

Fig. 4. Effect of Log P values of indole chalcones agatinstMIC values.

Fig. 5. Post docking analysis (a) KasA protein interactisith 18 (b) Ligand receptor

interactions of KasA andl8 (c) 2-D interaction diagram df8 with KasA.

Fig. 6. () and (b) show two different binding modes oélcbnes with metal, (c) shows a
binding mode of chalcone with heterocyclic groupsl gd) shows the presence of back

bonding in heterocyclic chalcones causing chelatiareasing lipophilicity and activity.

Fig. 7. Percentage cell viability of Mo7e and BA/F3 celtgmst test compounds3, 20 and

24. (a) Mo7e cells and (b) BA/F3 cells were stimuliateith indicated concentrations of
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587 =~ compoundsl8, 20 and24 for 24 h. Cytotoxicity of cells was studied usM{T-1 assay. Data

588 are represented as mean = s.e.m. P value is daidulaing student t-test. *P < 0.05.

589  Scheme 1: Synthesis of indole chalcone derivatives.
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Table 1: Library of Indole chalcone derivatives

Category |: Substituted phenyl indole chalcone deviatives (1-12)

N \
N
H N

7 9

Category Il: Six-membered heterocyclic indole chalones (13-16)
o. /7 N N=
Y/ ° /)
D \
i y
13 15
Category lll: Five-membered heterocyclic indole ch&ones (17-21)
/=N o @) HN
Q O N // O A\
N
H N N
17 18 19




Category 1V: Fused indole chalcones (22-23)

Category V: Aliphatic indole chalcones (24,25)

N\ N\ o
@_\UO ©\/N>_\2:/§
H H
24 25

26



590 Table 2: Pharmacokinetic analysis andin vitro mycobacterial analysis result of indole
591 chalcones
Lipinski’s Rule of 5 Veber Rule % Inhibition MIC
No. of against
Mol. H H No of TPSA 100 50
Code.| Log P rotatabl MTb
Wit donor | acceptor | violations | (A% pg/ml | pg/mi
e bonds (UM)

1. 3.65 | 265.29 1 2 0 32.86 3 54.25 50.26 18¢
2. 4.68 | 315.29 1 2 0 32.86 4 31.17 2968 >3l
3. 4.68 | 315.29 1 2 0 32.86 4 26.31 24.p2 > 31
4. 446 | 281.74 1 2 0 32.86 3 50.65 48.65 >35
5. 5.07 | 316.19 1 2 1 32.86 3 55.16 52.26 164
6. 459 | 326.19 1 2 0 32.86 3 65.86 64.86 155
7. 3.72 | 292.29 1 5 0 78.69 4 51.73 48.70 > 34
8. 3.30 | 263.30 2 3 0 53.09 3 55.12 54|9 189
9. 2.83 | 262.31 3 3 0 58.88 3 48.f 37.24 > 38
10. 423 | 261.32 1 2 0 32.86 3 50.85 41.68 > 38
11. 3.81 | 277.32 1 3 0 42.10 4 36.68 27.12 > 36
12. 3.43 | 307.35 1 4 0 51.33 5 31.69 27.05 > 32
13. 2.49 | 248.28 1 3 0 45.75 3 64.2 58.85 201
14. 2.49 | 248.28 1 3 0 45.75 3 70.72 63.09 201
15. 2.61 | 248.28 1 3 0 45.75 3 62.05 53.10 201
16. | 3.10 | 347.42 2 5 0 59.57 3 76.44 63.83 143
17. | 3.11 | 313.36 1 4 0 50.69 4 70.73 63.57 15¢
18. 2.73 | 237.26 1. 3 0 46.00 3 87.67 8534 21(
19. 294 | 236.27 2 3 0 48.65 3 49.37 26.38 > 472
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20. 3.68 | 253.33 2 0 32.86 87.18 81.97 197
21. 3.37 | 253.33 2 0 32.86 63.38 62.05 197
22. 3.98 | 291.31 4 0 51.33 75.72 66.[/6 171
23. 494 | 297.36 2 0 32.86 41.83 308 > 33
24. 2.96 | 211.26 2 0 32.86 86.34 84.9 236
25. 3.47 | 225.29 2 0 32.86 61.97 53.07 221
1.4
INH -0.96 | 137.14 4 0 68.01 > 99%
(2 pg/ml)
2.4
RIF 2.62 | 822.95 16 3 220.1 > 99%
(2 pg/ml)
592
593 Note: Pharmacokinetic analysis obtained frome thtMolinspiration server
594  (http://www.molinspiration.com)
595
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596 Table 3: ADME properties of indole chalcones
Code Absorption Distribution Metabolism Excretion
Log S Caco-2 perm. Int. abs. VDss Fract. BBB BBB Total clearance
(log (log Papp in (% (log Unb perm pred (logml/min/kg)
mol/L  10° cm/s) Absorbed)  L/kg) (Fu)  (log BB)
)
1. -4.71 1.802 92.088 0.241 0.038 0.29 Yes CYP2D&R8~4 0.249
substrate. CYP1A2,
CYP2C19, CYP2C9,
CYP2D6 inhibitor
2. -5.098 1.592 91.295 0.356 0.017 0.251 No CYP3A4 substrate. 0.171
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor
3. -5.11 1.59 92.161 0.383 0.019 0.23 No CYP3A4 satest 0.182
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor
4, -4.711 1.615 92.498 0.347 0.031 0.268 Yes CYP3A4 substrate -0.091
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor
5. -5.217 1.627 91.274 0.416 0.002 0.255 Yes CYP2D6, CYP3A4 0.024
substrate. CYP1A2,
CYP2C19, CYP2C9,
CYP3A4 inhibitor
6. -5.093 1.685 91.166 0.395 0.015 0.276 Yes CYP2D6, CYP3A4 -0.112

substrate. CYP1A2,

N
(\e]



CYP2C19, CYP2C9,
CYP3A4 inhibitor

-4.647

0.804

92.966

0.272

0.017

-0.14 No

CYP3A4 substrate.

CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor

0.411

-3.873

1.33

91.274

0.151

0.072

0.037 Yes

CYP3A4 substrate.

CYP1A2, CYP2C19,
CYP2C9, CYP2D6
inhibitor

0.345

-4.017

1.308

92.61

0.418

0.078

-0.087 Yes

CYP3A4 substrate
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor

0.409

10.

1.518

93.13

0.275

0.039

0.319 Yes

CYP2D6, 8P
substrate. CYP1A2,
CYP2C19, CYP2C9,
CYP2D6, CYP3A4

inhibitor

0.384

11.

-4.545

1.714

93.963

0.148

0.044

0.157 Yes

CYP3A4 substrate
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor

12.

-4.812

1.376

95.374

0.355

0.046

0.105 Yes

CYP3A4 substrate
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor

0.408

13.

-3.649

1.372

94.71

0.015

0.142

0.278 Yes

CYP3/Attzate.

0.451

30



CYP1A2, CYP2C109,
inhibitor

14.

-3.661

1.362

94.71

-0.038

0.149

0.273

Yes

CYP3A4 substrate
CYP1A2, CYP2C19,
inhibitor

0.443

15.

-3.555

1.349

95.081

-0.137

0.191

0.337

Yes

CYP3A4 sulestrat
CYP1A2, CYP2C109,
inhibitor

0.307

16.

-4.186

1.023

89.456

0.208

0.052

0.097

Yes

CYP2D6, CYP3A4
substrate. CYP1A2,
CYP2C19, CYP2C9,

CYP3AA4 inhibitor

0.688

17.

-2.923

1.396

90.611

0.287

0.022

0.261

Yes

CYP3A4 substrate
CYP1A2, CYP2C19,
CYP2C9, CYP2D6,

CYP3A4 inhibitor

1.045

18.

-3.771

1.353

93.39

0.061

0.148

0.248

Yes

CYP2D6, CYP3A4
substrate. CYP1A2,
CYP2C19 inhibitor

0.405

19.

-3.66

1.291

91.393

0.057

0.23

0.30

Yes

CYP2D6tsates
CYP1A2, CYP2C109,
CYP2D6 inhibitor

0.455

20.

-4.434

1.679

90.897

0.19

0.045

0.314

Yes

CYP2D6, CYP3A4
substrate. CYP1A2,
CYP2C19, CYP2C9

inhibitor

0.114

21.

-4.434

1.679

90.897

0.19

0.045

0.314

Yes

CYP2D6, CYP3A4
substrate. CYP1A2,

0.028
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CYP2C19, CYP2C9
inhibitor
22. -4.482 1.323 93.861 0.085 0.042 0.237 Yes CYP3A4 substrate 0.257
CYP1A2, CYP2C19,
CYP2C9, CYP3A4
inhibitor
23. -6.045 1.695 92.541 0.02 0.08 0.318 Yes CYP2D6, CYP3A4 0.343
substrate. CYP1A2,
CYP2C19, CYP2C9,
CYP2D6, CYP3A4

inhibitor
24, -3.099 1.63 93.421 0.677 0.256 0.416 Yes CYP3A4 substrate. 0.285
CYP1A2, CYP2C19,
inhibitor
25 -3.591 1.654 92.479 0.404 0.2 0.4 Yes CYP3A4 substrate. 0.297
CYP1A2, CYP2C19,
inhibitor
INH -2.024 0.695 96.452 0.053 0.776 -0.002 No - 0.703
RIF -2.914 -0.219 41.095 1.49 0.209 -2.577 No - -0.624

597
598 NOTE: The pharmacokinetic properties are calculatesdlico using online databases like SwissADME (http://wsmissadme.ch/) and pkCSM

599  (http://biosig.unimelb.edu.au/pkcsm/).
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600 Table 4: Single-crystal XRD data

601
Compound/ CompoundL1 Compoundl?2
CCDC Number 1988479 1988481 1988480
Empirical formula Ci17H12N203 CigH15NO2 CigH17NO3
Formula weight 292.29 277.33 307.34
Temperature/K 298 298 298
Crystal system monoclinic monoclinic triclinic
Space group P2/n P2/c P-1
alA 7.4684(8) 7.2538(9) 7.4097(13)
b/A 24.813(2) 22.917(2) 8.3495(19)
c/A 8.1427(8) 9.1443(11) 13.317(3)
al° 90.00 90 89.266(17)
B/° 110.558(13) 111.331(14) 85.961(15)
v/° 90.00 90 67.969(19)
Volume/A® 1412.8(2) 1416.0(3) 761.7(3)
Z 4 4 2
peag/ent 1.374 1.3008 1.340
p/mm™ 0.096 0.085 0.091
F(000) 608.0 584.3 324.0

Crystal size/mnt

0.46 x 0.38 x 0.14

0.48 x 0.42 x 0.3®.54 x 0.38 x 0.22

MoKa (A = Mo Ko (A = MoKa (A =
Radiation
0.71073) 0.71073) 0.71073)
20 range for data
6.28 to 58.66 6.28 to 58.72 5.94 to 58.68

collection/®
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-6<h<10,-33<xk -9<h<9,-30<k
Index ranges
<31,-11<1<10 <20,-12<I<11

-9<h<9,-11<k

<10, -17<1<17

Reflections collected 7950 7854 4737
3338 [Rnt = 3076 [Rnt =
3289 [Ry = 0.0251,
Independent reflections 0.0313, Rigma= 0.0176, Rigma=
Rsigmaz 0.0335]
0.0503] 0.0320]
Goodness-of-fit on E 1.021 1.030 1.036
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602  Table 5: Structure activity relationships of indolechalcones

MIC =189 M  MIC =188 uM MIC = > 381 uM MIC =>355uM MIC=155uM — MIC= 188 uM

Log P =4.46 Log P =5.07 Log P =4.23 Log P =3.65 Log P =4.46 Log P =4.59 Log P =4.68

MIC = >355 UM MIC = 164 uM MIC = > 382 uM MIC = 188 uM MIC =>355uM  MIC =155 pM MIC = > 3luM
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Log P =2.49

MIC =201 uM

Log P =2.49

MIC =201 pM

Log P =2.61

MIC = 201 pM

Log P =2.73

MIC = 210 uM

Tz _

20

Log P =3.68

MIC = 197 uM

Log P =3.37

MIC = 197 uM

603

604

605

606

607

608

609

610
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611 Table 6:1n silico studies with KasA protein

In silico studies with KasA protein
Code Binding Affinity Binding constant (Ki) Interacting amino acids
(kcal/mol) (UM)
1 -7.3 4.39666 GLU224, GLU40, LEU371, SER41
2 -7.9 1.59526 GLU224, GLY387, GLU40, LEU371, SER41
3 -7.8 1.88892 GLU40, GLU224, ASN372, GLU40, GLU4gU371
4 -7.5 3.13588 GLU40, LEU371, GLU224, ASN372
5 -1.4 3.71314 LEU371, LEU371, HIS44, GLU224, ASR37
6 -7.5 3.13588 GLU224, GLU40, LEU371, SER41
7 -7.9 1.59526 HIS311, ILE317, GLY318, ASP319, MEZ2ALA215, ALA279, PRO280
8 -7.1 6.16434 GLU40, SER41, LEU371
9 -7.3 4.39666 LEU371, SER41, GLU224, ASN372, GLW22
10 -7.5 3.13588 GLU40, LEU371, GLU224, ASN372
11 -7.3 4.39666 GLU224, GLU40, LEU371, SER41
12 -1.4 3.71314 GLU224, GLU40, LEU371, SER41, GLY39
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612

13 -8.5 5.78816 THR313, HIS311, ILE317, ALA279, PR3O, ALA215

14 -7.1 6.16434 LEU371, ASN372, SER41, GLU224

15 -6.8 10.2337 LEU371, GLU224, ASN372, GLU224, 8&ER

16 -8.5 0.578816 GLY387, GLU40, ASN372, LEU371, T31R, TYR373, GLY39
17 -7.9 1.59526 GLU40, LEU371, THR370

18 -7.9 1.59526 THR313, HIS311, ILE317, ALA215, VAIS, ALA279, PRO280
19 -6.8 1.02337 GLU224, GLU40, LEU371, SER41, GLY39

20 -6.5 16.9894 GLU224, GLU40, LEU371, SER41

21 -6.6 14.3482 LEUS371, GLU224, ASN372

22 -7.9 1.59526 GLU224, ASN372, GLU40, LEU371, SER4

23 -8.1 1.13781 GLU40, LEUS371, PRO369, GLU224

24 -6.9 8.64272 GLU40, ARG225, LEU371

25 -6.9 8.64272 GLU40, ARG225, LEU371

INH -6.1 33.3969 VAL 278, GLY 403, HIS 311, PRO 280

RIF -7.8 1.88892 GLU 224, LEU 371
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Appendix A. Supplementary data

The Supplementary data of this article is availavikne, at .

These data include the spectroscopic data of allinidole chalcones and silico studies of
indole chalcones against different Tb proteins dieed in the paper.
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Highlights

* Indole chalcones having DLM properties were desigared synthesized.

 Out of 25 indole chalcones, 15 compounds with loetglic moieties showed
inhibition against BRv strain ofMTb with MIC value in the range of 143 and 236
HM.

» Three best compounds, 3-furyl, 2-thiophenyl, cyelayl substituted indole chalcones
were non cytotoxic against Mo7e and BA/F3 cells.

* In-gilico analysis against KasA protein was studied to wtdrd plausible mode of

antitubercular activity.
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