Accepted Manuscript =

QSAR-driven design, synthesis and discovery of potent chalcone derivatives with
antitubercular activity o

Marcelo N. Gomes, Rodolpho C. Braga, Edyta M. Grzelak, Bruno J. Neves, Eugene 7,

Muratov, Rui Ma, Larry L. Klein, Sanghyun Cho, Guilherme R. Oliveira, Scott G.
Franzblau, Carolina Horta Andrade

PII: S0223-5234(17)30387-2
DOI: 10.1016/j.ejmech.2017.05.026
Reference: EJMECH 9456

To appearin:  European Journal of Medicinal Chemistry

Received Date: 9 February 2017
Revised Date: 4 May 2017
Accepted Date: 8 May 2017

Please cite this article as: M.N. Gomes, R.C. Braga, E.M. Grzelak, B.J. Neves, E. Muratov, R. Ma,
L.L. Klein, S. Cho, G.R. Oliveira, S.G. Franzblau, C.H. Andrade, QSAR-driven design, synthesis and
discovery of potent chalcone derivatives with antitubercular activity, European Journal of Medicinal
Chemistry (2017), doi: 10.1016/j.ejmech.2017.05.026.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2017.05.026

SAR Rules and Bioisosteric Replacement
(]

T &t
@ \ Ry o Rg /

QSAR-based Virtual Screening

Synthesis of designed

f/»

Blologlcal evaluation

Galk,
,

22 hits
10 lead candidates

Compound 9

MABA = 0.27 yM mRMP = 0.76 uM
LORA=9.67 yM  mINH =0.19 uM
Sl =359

Comgound 19

D

HyC Ly

He L,
MABA =0.22 yM mRMP = 0.14 uM
LORA=4.18 yM  mINH = 0.15 uyM
Sl =454



10

11

12

13

14

15

16

17

18

19

QSAR-driven Design, Synthesis and Discovery
of Potent Chalcone Derivatives with

Antitubercular Activity

Marcelo N. Gome$,Rodolpho C. BragdEdyta M. Grzelak’ Bruno J. Neves! Eugene
Muratov,”£¥Rui Ma,* Larry L. Klein,¥ Sanghyun Chd, Guilherme R. Oliveira Scott G.

Franzblau® Carolina Horta Andrad&

"LabMol — Laboratory for Molecular Modeling and DrBgsign, Faculdade de Farmacia,
Universidade Federal de Goias, Rua 240, Qd.87 &esie Universitario, Goiania, Goias

74605-510, Brazil

*Institute for Tuberculosis Research, Universityliafois at Chicago, 833 South Wood

Street, Chicago, lllinois 60612, United States

TPostgraduate Program of Society, Technology andr@mwent, University Center of

Andapolis/lUniEVANGELICA, Anapolis, Goias, 75083-51Brazil

“Laboratory for Molecular Modeling, Eshelman SchobPharmacy, University of North

Carolina, Chapel Hill, North Carolina 27955-7568itdd States

£ Department of Chemical Technology, Odessa NatiBo#ftechnic University, Odessa,

65000, Ukraine
8 Chemistry Institute, Universidade Federal de Gd&mania, Brazil

¥ Currently Visiting Professor in Universidade Fedefe Goias, Goiania, Brazil



ACCEPTED MANUSCRIPT

1



10

11

12

13

14

15

16

17

18

19

ABSTRACT

New anti-tuberculosis (anti-TB) drugs are urgentigeded to battle drug-resistant
Mycobacterium tuberculosirains and to shorten the current 6-12-monthrreat regimen.

In this work, we have continued the efforts to depechalcone-based anti-TB compounds by
using anin silico design and QSAR-driven approach. Initially, we @leped SAR rules and
binary QSAR models using literature data for tagdetlesign of new heteroaryl chalcone
compounds with anti-TB activity. Using these model® prioritized 33 compounds for
synthesis and biological evaluation. As a resulthéteroaryl chalcone compounds 8, 9,

11, 13 17-2Q0 and 23) were found to exhibit nanomolar activity againsiplicating
mycobacteria, low micromolar activity against ngiigating bacteria, and nanomolar and
micromolar against rifampin (RMP) and isoniazid INmonoresistant strains (rRMP and
rINH) (<1 pM and <10 uM, respectively). The seriglso show low activity against
commensal bacteria and generally show good seiigctowvard M. tuberculosis with very
low cytotoxicity against Vero cells (SI = 11-54%)ur results suggest that our designed
heteroaryl chalcone compounds, due to their highrmy and selectivity, are promising anti-

TB agents.

KEYWORDS: Tuberculosisjn silico design, QSAR, nitroaromatic compounds, chalcone,

anti-TB agents.
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INTRODUCTION

Tuberculosis (TB) is a chronic infectious diseasaused predominantly by
Mycobacterium tuberculosi@V. tb.). Tuberculosis is reported in every country arotimel
globe and the World Health Organization (WHO) eaties that about a third of the world’s
population is infected withM. tb. [1-3]. According to the WHO, in 2014 there were
registered almost 10 million of new TB cases aridniillion deaths; 400,000 of which were
HIV-positive. As a frequent co-infection, TB is aggated by the spread of HIV and is a major

cause of death among HIV/AIDS patients [3-5].

Drug-sensitive TB can be cured by a combinationisoiniazid (INH), rifampin
(RMP), pyrazinamide (PZA), and ethambutol (EMB)daakunder supervision for 4 months,
and 2 months of treatment with only two drugs RMf #\NH, consisting the basis of the
DOTS program Directly ObservedTherapy Short-course). The emergence of multidrug-
resistance (MDR-TB) and extensively drug-resis{afi?R-TB) has created substantial new
challenges for TB treatment [6,7]. The treatmentesistant strains requires a prolongation of
the therapy with drugs that are more toxic, le$éscéifze, and more costly [8]. Over the past
16 years, significant investment by academia, fogdigencies, and initiatives such as WHO
Stop TB Partnership [9] and The Global Alliance & Drug Development [10], has led to a
renaissance of research in the field of TB and tledhe discovery of bedaquiline and
delamanid, two new anti-TB drugs approved in 20d@ 2013 respectively for treatment of

adults with MDR-TB [11,12].

The development of computer science has found bmggdication in the drug
discovery area [13]. Computer-aided drug design@OAhas become an integral part of the
drug discovery process in both academia and pha&ongpanies [13,14]. Elucidation of

guantitative structure-activity relationships (QSAR one of the main approaches of CADD
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[15-18]. QSAR modeling has been widely used foniifieation of novel anti-TB agents. In
many studies, QSAR was used to design new antigeBta [2,19-32]. However, in most the
cases, QSAR has been used to modify previouslydsed congeneric series of chemicals
(Table S1, supplementary material).

Chalcones or 1,3-diaryl-2-propen-1-ones represantabass of natural products and
essential intermediates in the biosynthesis obftaids. Chalcones are low molecular weight
compounds possessing a broad spectrum of biologacdivities [33—46] including

antibacterial [47,48] and anti-TB [38,49,50] adiies.

The goal of this work was the design, synthesis @disdovery of new chalcone and
heteroaryl chalcones with potent anti-TB activityp achieve this goal, we performed the
following steps: (i) collection of available datadarigorous data curation; (ii) generation of
structure-activity relationships (SAR) using matthmolecular pair analysis (MMPA) to
design new chalcones with potential anti-TB acyivity bioisosteric replacement; (iii)
development of rigorously validated binary QSAR rlsd (iv) perform virtual screening of
designed compounds; (v), organic synthesis andtanelidentification (NMR, MS, and IR)
of selected VS hits; and (M) vitro experimental evaluation of designed hits undenmaxic

(MABA) and hypoxic (LORA) conditions.

RESULTS AND DISCUSSION

Design of chalcone and heteroaryl chalcone compousd

For the initial design of new chalcone derivativath anti-TB activity, we retrieved
604 chalcones compounds with inhibition data agaMs tb. H37Rv from PubChem
Bioassay [51], ChEMBL [52], SciFinder database [%8]d from literature. After collecting

and integrating all the data, chemical structumed activity values were rigorously curated
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following the protocols established by Fourches at [54-56]. Briefly, structural
normalization of specific chemotypes, such as atwmend nitro groups, was performed
using ChemAxon Standardizer (v. 15.10.12.0, ChenmAxdBudapest, Hungary,
http://www.chemaxon.com). Inorganic salts, organi@ie compounds, and mixtures were
also removed. After structural standardization, duplicates were identified using ISIDA
Duplicates[57] and HIT QSAR[58]. Analysis of dutes also allowed to estimate inter- and

intra-lab variability. No suspicious data sourcesevfound.

The curated dataset consisted of 571 chalconesshwiiere the subject for SAR
analysis using matched molecular pairs analysis BMMFigure 1). Matched Molecular
Pairs Analysis (MMPA) is a useful approach in dmligcovery to identify and compare
matched molecular pairs from a set of compounds detdrmining the property change
associated [59]. Matched pairs are molecules tlifgrdnly by a particular, well defined,
structural transformation and are used to studyngés in biological properties [60].
Therefore, the MMPA can reveals changes in biokdgroperties between structures with
high similarity. In our work, we used the MACCS kegescriptor [61] and Tanimoto

coefficient [62] to evaluate structural similarigiated with the changes in biological activity

(Figure 1).
(o] o o o
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N Ly (o} N W o v Ly o N f/\" Ly o
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MIC = 0.19 pM MIC = 8.28 uM MIC =0.19 uM MIC = 5.86 uM
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Q © J H‘C\O/L:j%
MIC =1.8 uM MIC =6.10 uM MIC = 0.19 uM MIC =6.06 uM

Figure 1. MMPA of selected molecular pairs of chalcones aeteroaryl chalcones with
anti-TB activity reported in the literature. The mioner above the arrows indicate the
Tanimoto coefficient between the molecular pairgkhistructural similarity, Tanimoto
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coefficient > 0.90). The groups in green and in regresent the structural differences
between the molecules.

The information revealed by the matched molecukarspallowed us to derive the
following SAR rules (Figure 2): (i) hydrophobic amgdrogen bond acceptor groups, e.g.,
halogens, phenyl, and heterocyclic aminesp-position of ring A are favorable to anti-TB
activity; (i) substitution of benzene ring B bytmafuran, increases the activity; (iii)) any
substituent in any position of ring B decreases abtvity; and (iv) halogen imrtho- or
metaposition of the ring A decreases the activity. J&AR rules were used to design new
compounds using the bioisosteric replacement in BROOD v.2.0 software [63] and

SwissBioisosteres server [64].

Additional halogens I

Dimethylamino, -OMe,
(’ SMe
Hydrophobic R > R )
Substitutions I & 2 9 8
Hydrophobic groups, Halogens atoms,
hydrogen bonds acceptor \/ < Rs Nitrofuran ring I

Ni  methoxyl ‘_j Aromatic ring I
itro and methoxy Additional halogens
groups atoms

Figure 2. Derived SAR rules for chalcones with anti-TB aityiv Modifications in blue
shading increase the activity; with red — decrehasectivity.

QSAR-DRIVEN design

QSAR modeling. MACCS [65], AtomPairs [66,67], Morgan [67,68], fEe®rgan
[69], and Avalon fingerprints [70] combined with pport vector machine (SVM) [71],
gradient boosting machine (GBM) [72], and randome$b (RF) [73] machine learning
methods were used for the development of 15 diftebgary QSAR models. These models
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were united in a consensus ensemble model (TablEhk)dataset was balanced prior to the
modeling to keep the ratio of active to inactivenpmunds as 1:1. The results of 5-fold
external cross-validation demonstrated high pradicbower of the developed consensus
model (Table 1). Ten rounds of Y-randomization wpegformed (CCRO.5, see Table S2,
supplementary material) and indicated that developwmdels were not obtained due to
chance correlations.

Table 1. Statistical characteristics of developed QSAR medstimated by 5-fold external
CV.

Models CCR Kappa Se Sp Coverage
MACCS-GBM 0.73 0.46 0.76 0.70 0.71
AtomPairs-GBM 0.71 0.41 0.71 0.70 0.71
Morgan-GBM 0.76 0.51 0.77 0.74 0.68
FeatMorgan-GBM 0.74 0.47 0.76 0.71 0.66
Avalon-GBM 0.74 0.47 0.79 0.68 0.77
MACCS-RF 0.75 0.51 0.79 0.72 0.71
AtomPairs-RF 0.75 0.50 0.73 0.77 0.71
Morgan-RF 0.76 0.52 0.79 0.73 0.68
FeatMorgan-RF 0.75 0.50 0.70 0.80 0.66
Avalon-RF 0.74 0.49 0.76 0.73 0.77
MACCS-SVM 0.77 0.53 0.77 0.76 0.71
AtomPairs-SVM 0.74 0.48 0.74 0.74 0.71
Morgan-SVM 0.76 0.53 0.80 0.73 0.68
FeatMorgan-SVM 0.76 0.51 0.75 0.76 0.66
Avalon-SVM 0.73 0.46 0.72 0.74 0.77

Consensus* 0.77 0.53 0.79 0.74 1.00

GBM: Gradient Boosting Machine; SVM: Support Vectbtachine; RF: Random Forest; CCR: correct
classification rate; Kappa: Cohen’s kappa coeffitise: sensitivity; Sp: specificity. *Consensusdabwas
developed by averaging the predictions of all 1glsl models.

Then, the developed consensus model was usedrfoalvscreening of the chalcones
designed by bioisosteric replacement aiming atrpong the compounds for chemical

synthesis. The chalcones obtained by bioisostemacement (Table S3) are drug-like
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compounds and satisfy Veber [74] and Lipinski [#b]es. In addition, the designed

compounds contained no PAINs substructures [76,77].

Chemistry

Based on the results of thesilico design, we synthesized the selected nitrofuan-

17, nitrothiophene-18-24 and chlorothiophen&5 containing chalcones (Scheme 1). The
standard Claisen-Schmidt condensation [78] undsickzndition could not be used because
the starting materials (aldehydes, nitrofuransyothiophenes, and chlorothiophenes) are
alkali-sensitive. Thus, the modified Claisen-Schmidndensation was performed using
acetic acid as solvent and sulfuric acid as catal]y9,80]. Compounds26-35 were

synthesized following standard Claisen-Schmidt emsdtion using 20% NaOH as catalyst
[78] (see Experimental Section of the Supplementaaterial for details of spectra and purity

data).

Scheme 1Synthesis of aryl chalcones and heteroaryl chactarivatives.

R 0 o R, R o]
i orii ZR
R, CH; + H/U\R (—L J(K;H‘\/\ 3
3
R;

R,

@™ 2 (3-35)

(3)R=H, R;=H, R, =Br, R; = 5-nitrofuran (20) R =H, R, =H, R, = N-butyl, R; = 5-nitrothiophene

(49) R=H, R, =H, R, = Morpholine, R,
(5) R=H, R, =H, R, = Piperidine, R; =
(6) R=H, R, =H, R, =Imidazole, R; =

= 5-nitrofuran
5-nitrofuran
5-nitrofuran

(21) R =H, R, =H, R, = cyclohexyl, R; = 5-nitrothiophene
(22)R=H, R1 H, R, = morpholine, R; = 5-nitrothiophene
(23) R =H, R, =H, R, = SCH3;, R; = 5-nitrothiophene

(7)R=H, R1 H, R, = tert-butyl, Ry = 5-nitrofuran (24) R =H, R, =H, R, = CH3, R; = 5-nitrothiophene
(8) R=H, R, =H, R, = cyclohexyl, R; = 5-nitrofuran (25)R=H, R1 H,R,= Imldazole R, = chlorothiophene
(9) R=H, R, =H, R, = piperazine, R; = 5-nitrofuran (26) R =H, R, = H, R, = piperidine, R; = 3-nitrophenyl

(10)R=H, R H, R, = phenyl, R, =5-nitrofuran (27) R =H, R, =H, R, = phenyl, R, = p-dimethylaminophenyl

A1)R= CH3, R,=H, R, =H, R; = 5-nitrofuran (28) R =H, R, =H, R, = phenyl, R; = p-methoxyphenyl
(12) R =H, R, =H, R, = N-butyl, R; = 5-nitrofuran (29)R=H, R1 H, R2 CH;, R; = furan

(13) R=H, R, =H, R, =1, R; = 5-nitrofuran (30) R =H, R, =H, R, =1, R; = p-methoxyphenyl
(14)R=H, RI =CH;, R, = H, R; = 5-nitrofuran (31) R=H, R, =H, R, = piperidine, R, = furan

(15) R =H, R, =H, R, = pyrrolidine, R = 5-nitrofuran (32) R =H, R, =H, R, = Br, R; = p-methoxyphenyl

(16) R =H, R, =Br, R, = H, R; = 5-nitrofuran 33)R=H, R1 =H, R, = tert-butyl, R, = pyrrole
(17)R=H, R, =H, R, = CH;, R; = 5-nitrofuran (34) R = CH;, R, = H, R, = piperidine, R; = p-nitropheny]
(18) R =H, R, = H, R, = imidazole, R; = 5-nitrothiophene  (35) R = H, R, = H, R, = tert-butyl, R, = furan

(19) R =H, R, =H, R, = tert-butyl, R; = 5-nitrothiophene
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Reagents and conditions: (i) 280, conc., AcOH, reflux, 100 °C, 4 — 24 hj)(
acetophenones, 2) nitrofuraldehyde or nitrothiophenecarboxaldehyd8;25 analogs
nitrofurans or nitrotiophenes. (i) 20% NaOH, EtOkpom temperature, 10 h;1)(
acetophenones?) aromatics aldehyde22§-395 phenyl analogs, furan or pyrrole.

Among designed and synthesized compounds, 17 camipcare new and were not
published previously6t9, 11, 14, 15, 17-23 25, 31, and33), and thirty compound${35)

were not tested against tuberculosis before.

Antituberculosis activity

The compounds were submitted to biological assggsatM. tb. H37Rv, under both
aerobic (replicating) andanaerobic (non-replicating) conditions using MABA and LORA
assays, respectively [81,82]. Minimum inhibitoryncentrations (MICs) were defined as the
lowest compound concentration effecting0% inhibition of fluorescence or luminescence,
respectively. We evaluated 33 chalcones includimge known compounds (Table 2) [79].
Twenty-two compounds had low MICs in both the MABAd LORA assays. Compounds
containing substituents in thpara-position of ring A, and containing nitrofurans and
nitrothiophenes as ring B (Figure 2) were the mustent. Ortho- and metasubstituted
compounds were somewhat less active. Ten desigmagaunds4, 8, 9, 11, 13, 17-2Q and
23 had MABA MICs of < 1 uM and LORA MICsf < 10 uM (Table 2). And four this
compounds 9, 18, and 19 were more potent than (MI©.27, 0.19, and 0.22 uM
respectively) of standard drug INH (MIC = 0.41 ulged on treatment of TB. Already the

compound 23 exhibited MIC similar (0.45 pM) to INH.

The most potent compound was the nitrothiophenéognal8 with MABA MIC =
0.19 uM and LORA MIC= 1.73 uM. The substitution of furan ring by thiepie or nitro-
substituted thiophene (e.g,and 18) led to 5.5fold increase of the activity in the MABA

(2.05 uM to 0.19 uM) and 4-fold for LORA (6.94 pM 1.73 uM). The compound® and

10



1 20were the most active in MABA, howeVve0 lost activity in the LORA in comparison to its
2 nitrofuran analogué?2. Nitrothiophene21 and22, unlike theirnitrofuran analogue8 and4,

3 were inactive (MIC>10 pupM) in  both  MABA and LORA as&.
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Table 2. In vitro antituberculosis activity reported in minimum ibibdry concentration (MIC, uM) (MABA and LORA), MAB MIC of
selected compounds against isogenic monodrug-aesist. tb.,, rRMP and rINH, spectrum of activity and seleityivindex of designed

chalcones
Code Compounds Minimum Inhibitory Concentration (UM) Sl
R, (o]
R, = R
¢ MABA LORA rRMP riINH C. alb. E. coli S.aureus M. smeg.
R3
Ry R, Rs R4
7
3 H H Br j\@/N(o_ 2.50+0.62 6.76+0.08 0.76£0.10  0.58+0.02 4230 >10 0.36£0.11  7.12+0.06 ND
o
£ o_ n
4 H H (\N ;\@/N\d 0.81+0.02 9.85+2.93 0.55+0.02 0.11+0.07 >10 >10 940146 >10 123
o]
s ol 0
5 H H O j\@/N\o_ 3.42+0.43 10.91+3.27 0.07+0.04 <0.03 >10 >10 >10 0>1 ND
7
6 H H /_/N;l j\@/N(o_ 1.05+0.29 6.94+0.05 1.19+1.02 1.4441.05 >10 3.1831. 0.34+0.10 >10 94
N=
7
7 H H -C(CH)s j\@/N(o_ 0.351£0.11 >10 0.29+0.16  0.22+0.14 >10 >10 >10 >10 284
7
8 H H ° L _ 0.81+0.04 3.33%0.72 1.12+0.03 1.23+0.06 >10 >10 >10 >10 122
\ / ©
o
Il
9 H H (\N‘%‘“ j o L _ 0.27+0.06 9.67+2.63 0.76x0.08 0.19+0.04 >10 >10 >10 >10 359
HN\) \ / (0]
7
10 H H @ ;\Q/N:o_ 3.0141.95 3.18+0.04 3.45+1.05 0.29+0.08 >10 >10 >10  >10 o5

12



MABA: Microplate Alamar Blue Assay; LORA: Low OxygeRecovery Assay; rRMP: monoresistant to rifamplhH: monoresistant to
isoniazid. Sl: Selectivity Index (Vero Cell gMABA MIC). C. alb: Candida albicansM. smeg Mycobacterium smegmatis.

Code Compounds Minimum Inhibitory Concentration (UM) Sl
R, (0]
R, —
j@)J\/\m MABA LORA rRMP riNH C. alb. E.coli S aureus  M.smeg.
R;
R R2 Rs R4
[o)

/+\

0.57+0.01 4.59+0.01 1.08#0.04 1.07+0.03 6.36+0.09 10> 1.09+0.08 9.50+0.01 41

11 -CH; H H é?\@/ﬁ

o)
1]
12 H H (CH,)sCHs \@/N: 1.31+1.01 4.21+0.22 4.70+0.45 2.23+1.02 >10 >10 320200 >10 57
2
13 H H -1 ;\@/N: 0.60+0.34 4.12+0.14 1.18+0.25 1.08+0.09 >10 >10 >10 4.62 166
0
14 H -CH; H ;\Q/N: 1.27+0.04 4.75+0.18 3.78+1.31 1.93+0.08 >10 >10 320200 >10 43
2
15 H H & \@/N: >10 4.30+0.00 - - >10 >10 >10 >10 ND
7
16 H -Br H ;\@/N( 1.32+0.45 5.65+2.22 1.88+0.30 1.12+1.98 >10 >10 840629 4.84+0.10 52
7
17 H H -SCH; \@/N: 0.66+0.06 5.07+£1.03 0.24+0.07 0.80+0.06 >10 >10 860508 4.81+0.01 61
o)
(\N% A
18 H H - 5\@/«\0_ 0.19+0.15 1.73+0.21 0.60+0.10  0.30+0.06 >10 >10 860230 4.39+0.05 225

13



o

/]
19 H H -C(CHy); 5\@»(0_ 0.22+0.13  4.18+0.55 0.14+0.01  0.15+0.05 >10 >10 >10  >10 454
Code Compounds Minimum Inhibitory Concentration (UM) Sl
R, (0]
R pZ
¢ MABA LORA rRMP riINH C. alb. E. coli S. aureus M. smeg.
Ry
Ri Ry Rs R4
2
20 H H  -(CH,)sCH, }@A{d 0.54#0.31 5.56x0.66 0.48%0.00  0.31+0.02 >10 >10 >10 >10 81
7
21 H H O}v ;5\@/»1;0_ >10  5.75:0.01 - - >10 >10 >10 >10 ND
(\NL}%, A
22 H H @ :0' >10 >10 - - >10 >10 >10 >10 ND
7
23 H H -SCH, ;\Q/N;O_ 0.45+0.20 5.96x2.47 0.14%0.03  0.22+0.01 >10 >10 >10 >10 222
7
24 H H  -CH ;\@/N(O_ 1871031 2.05:0.37 121:0.01 096004  >10 >10 >0 >0 NP
25 H H N(/;/N% %@/"' 9.20:0.45 9.75:0.63 8.89+203 9.03:1.80  >10 >10 >10  >10 ND

o
i,
26 H H O‘}l r’t@/N\d >10 >10 - - >10 >10 >10 >10 ND

14



27 H H ©}1 rr{Ej\w/c& >10 >10 - - >10 >10 >10 >10
|
CH,
28 H H Hi@\ >10 >10 - - >10 >10 1.18+0.40 >10
O/CHs
Code Compounds Minimum Inhibitory Concentration (uM)
R, (o]
R = R
¢ MABA LORA rRMP riNH C. alb. E. coli S. aureus M. smeg.
Rj
R: R R3 R4
o
29 H H -SCH \ / >10 >10 - - >10 >10 >10 >10
30 H -l H F‘J\©\ _cH 4.90+1.83 >10 8.31+1.01  7.75+0.08 >10 >10 >10 >10
o 3
&, o
31 H H O @ >10 >10 . . >10 >10 >10 >10
32 H -Br H F‘J\©\/CH 8.54+2.07 8.20+1.60 9.28+2.01  4.94+1.92 >10 >10 >10 >10
o 3
H
33 H H -C(CH)s fﬁ >10 >10 - - >10 >10 >10 >10
34 H H O‘Z’l ;‘l@\&o >10 >10 - . >10 >10 >10 >10
I

(o)




35 H H -C(CHs)s \ / >10 >10 - - >10 >10 >10 >10
RMP 0.05 0.19 >1 - - - - >10 2000
INH 0.41 >256 - >5 - - - >10
Amph.B - - - - <0.004 - - -
Amp - - - - 1.18 0.25 -

MABA: Microplate Alamar Blue Assay; LORA: Low OxygeRecovery Assay; rRMP: monoresistant to rifamplhH: monoresistant to
isoniazid. Sl: Selectivity Index (Vero Cell gMABA MIC). RMP: rifampin, INH: isoniazid, Amph. Bamphotericin B, Amp.: ampicillin
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Cytotoxicity assay

To verify the possibility that the anti-TB activityf the designed compounds arises
from general toxicity, Vero cells were used torastie than vitro cytotoxicity of the 18 most
potent compounds in MABA and LORA assays. Thesepmmds demonstrated modest to
high selectivity on this assawith selectivity indices (SI) ranging between 1idal54 (Table

2).

Spectrum of activity

We also investigated selectivity of compounds wid#spect to activity against
Candida albicansEscherichia coliStaphylococus aurepandM. smegmatigTable 2). Most
of the tested compounds had MIC >10 uM, exc&m, 6, 11-14 16-18 20, and 28 that

exhibited MICs agains$. aureusof 0.28-2.23 uM.

Conversely, these compounds demonstrated broatHspe@ctivity against non-
tuberculosis mycobacterias (NTMs), i.Bl, abscessydvl. chelonagM. marinum M. avium
M. kansasii andM. bovis(Table S3). Compound3 8-13 15-25 30, and 32had MICs <10
MM againstM. avium M. kansasii,andM. bovis and compound 0 demonstrated MICs of

0.14 uM and 0.08 uM against. kansasiiandM. bovis respectively.

Evaluation in M. tb. resistant strains

We evaluated the subset of most potent compouwsidd, (16-21, 24and 25 against
rifampin- and isoniazid-resistant strains Mf tb. H37Rv (Table 2). All tested compounds
were potent against resistant strains (MIC < 10 udmd compound8-5, 7, 9, and17-21
exhibit MIC < 1 uM against resistant strains. Coonpib5 was the most potent compound
with MIC of 0.07 uM against rRMP and < 0.03 pM agirINH strains, indicating that this

compound is promising for RMP and INH resistardisis.
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CONCLUSIONS

The integration ofin silico design, QSAR-driven virtual screening, syntheaisqg
experimental evaluation in a single pipeline leddiecovery of new and promising anti-TB
compounds. After the compilation of the initial aset and its rigorous curation, the specific
SAR rules were developed and used for designingnef chalcones by bioisosteric
replacement. For instance, hydrophobic groups a+imbitl acceptors are preferred in the
para-position of ring A combined with nitrofuran or rothiophene serving as ring B. Then,
the developed consensus QSAR model of antimicradmélity and applied it for virtual
screening and prioritization of designed compoufridstty-three chalcone derivatives were
synthesized, structures were confirmed by speatmesc methods and tested against

normoxic, replicating (MABA), and hypoxic, non-regting (LORA) cultures oM. tb.

We identified 20 compounds with MIC <10 uM in MABAcluding 10 compounds
(4, 8,9, 11, 13 17-2Q and23) with MIC < 1 uM in MABA and < 10 uM in LORA. All
tested compounds were also active agadihstb. resistant strains to isoniazid or rifampicin.
The compounds were mostly inactive against all rotested bacteria strains and against
mammalian (VERO) cells. Therefore, those compoumds selective for the genus
Mycobacteriawith moderate activity againSt aureusOur compounds satisfy the criteria for
developing new anti-TB hits published by Katsund anauthors[83] and due to their high
potency and activity against resistant strains. rdloee, the designed and synthetized
chalcones and heterochalcones could serve as pgvepstarting points for the development

of anti-tubercular agents.

EXPERIMENTAL SECTION

Computational Design
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Dataset. We retrieved 604 chalcone and heteroaryl chalaamepounds with experimental
data tested again®i. tb. H37Rv from the PubChem (AID: 1626 and AID: 1949/]|
ChEMBL [52], SciFinder [53], and from the literaturCompounds that had inconclusive

ICs0 values were considered unreliable and were naided in the modeling.

Data curation. The compiled dataset of 604 compounds was carefuligted following the
protocols proposed by Fourches et al.[54-56] Brje#@xplicit hydrogens were added,
whereas specifics chemotypes such as aromatic @ral groups were normalized using
ChemAXxon Standardizer (v.15.1.26.0, ChemAXxon, Bedgp Hungary,
http://www.chemaxon.com). Polymers, inorganic saltganometallic compounds, mixtures,

and duplicates were removed. Modeling-ready curdédset contained 571 compounds.

SAR analysis. SAR analysis was performed using the MMP (Matcheadlelgular Pairs)
approach [84], Structural similarity was calculategsing Tanimoto coefficient obtained on

MACCS keys.

SAR analysis and bioisosteric replacemenSAR analysis was performed using the MMP
(Matched Molecular Pairs) approach [84]. Structusanilarity was calculated using
Tanimoto coefficient [85] obtained on MACCS keysioiBosteric replacement was
performed in the-substituents on the ring A (Figure 1), i.e., piggre of the most active
chalcone (MIC = 0.19 uM), (2E)-3-(5-nitrofuran-2--[4-(piperidin-1-yl)phenyl]prop-2-
en-1-one, described in literature [79]. Design loése bioisosters were performed using
BROOD v.2.0 software [63] and SwissBioisosteres seeler

(http://www.swissbioisostere.ch) [64].

Molecular fingerprints. Five different types of fingerprints were used: emilar access

system (MACCS) structural key fingerprints [65], oAtPair [66,67], Morgan, [67,68]
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FeatMorgan, [69] and Avalon.[70] All fingerprintsewe calculated using the open-source

cheminformatics toolkit RDKit v.2.4.0 [86].

Dataset analysis and under-samplingThe curated dataset was unbalanced (148 active and
423 inactive compounds), which is not recommendedbtdild binary QSAR models.

Therefore, we decided to balance the dataset lisiegr under-sampling strategy developed
by Braga, R.C. (Neves et al, 2016) [87]. Unlike tnaditional under-sampling methods
which randomly balance the dataset, this strateggins the most representative inactive
compounds in the balanced dataset, thus assuritjghsas possible coverage of original
chemical space. As a result, balanced dataset inongal48 active and 148 inactive

compounds was used for the modeling.

Machine learning techniques. SVM[71], GBM [72], and Random Forest (RF) [73],
approaches implemented in R v.3.0.3 [88] were usedhe building and optimization of

statistically acceptable QSAR models. All machiearhing classifiers were implemented
using the R v.3.0.3 [88]. More details about thesehine modeling techniques are given in

Supplementary material.

External validation of developed QSAR models5-fold external cross-validation is the
standard approach for the estimation of predicpesver of QSAR models [89]. In this
procedure, the dataset is randomly divided in fubsets of equal size (20% of compounds
each). One of these subsets serve as an extetiktioan fold and the other four subsets are
used building of the model. The same procedureepeated five times to place each
compound once in the corresponding external foltenT the predictivity of the models is
estimated based on these external folds. Desamipifostatistical characteristics used for
estimation of robustness and external predictivofydeveloped models is provided in

supplementary material.
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Consensus modelingThe underlying idea of consensus predictions is @namplicit SAR

for a given dataset can be formally manifested byaaety of QSAR models built with
different types of molecular descriptors and diearsachine learning approaches. Rigorously
built individual models form an ensemble that akofer consensus bioactivity prediction
using all models at once. The development of cawsemodels is generally recommended
because usually they result in better predictiaity better coverage of chemical space during
virtual screening [90]. To obtain consensus préalictwe have averaged the predictions of

all individual models.

Chemical synthesis

All the chemicals and solvents were purchased fBigma Aldrictf. The progress of
all reactions was monitored on Merck KGaA precoasdita gel plates 0.25 mm (with
fluorescence indicator U)s) using ethyl acetate/n-hexane as solvent systegrotsSwvere
visualized by irradiation with ultraviolet light $2 nm). Melting points (mp) were
determined using open capillary method on MeltioinPlll Marte® apparatus. ProtofH)
and (°C) NMR spectra were recorded on Bruker Avance 4f¥ttsometer at 400 MHz for
'H and 100 MHz fo*C using DMSOds and CDC} as solvents referenced. Chemical shifts
are given in parts per million (ppm} ¢elative to residual solvent peak fii and **C).
Spectra Mass was performed on a LCMS-2020 Liquido@iatograph Mass Spectrometer
Shimadzu, the column was Agilent XDB-C18, 35uM, 20xm. IR spectra were recorded
on a PerkinElmer model Spectrum 400 (medium, sweEet000 to 400 ci). Synthesized
compounds were96% pure as determined by high performance ligqiicbrmatography
(HPLC) Shimadzu with PDA detector, Nucleodur 10G{8-RP column 205x4.6mm, mobile
phase water/0.1% TFA and acetonitrile with flowlahL/min.

For the synthesis 08-25 substituted acetophenones (0.5 equiv, 0.5 mmuad) a

nitroaromatics (0.5 equiv., 0.5 mmol) were dissdlwe acetic acid (1 mL) and concentrated
21
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sulfuric acid (0.05 mL) and were stirred at 100u@il completion of the reaction (4-24 h).
The cooled mixture and the solid was washed weld imethanol (200 mL) for purification.
For the synthesis &6-35 0.4 mL of aqueous NaOH (20% wi/v) was added to tihatisn of
the acetophenones substituted in 4’ position (1 (MoEtOH. The resulting mixture was
stirred at the room temperature for 10 hours. Thméd precipitate was filtered and washed
with cold water. If no precipitation occurred, tresulting mixture was neutralized with 5%
HCI filtered and dried. The crude was then subpbdi®@ chromatography column with

EtOAc/Hexane (7:3, v/v) as eluent.

(2E)-1-(4-bromophenyl)-3-(5-nitrofuran-2-yl)prop-2-en-1-one (LabMol-63) 3. Yellow
solid; yield 33% (107 mg, 0.33 mmol); mp 182°C; HPpurity 98.13%H NMR (CDCL):
§=7.95 (d, 2H,) = 8.0 Hz), 7.70 (d, 2K = 8.0 Hz), 7.72 (d, 1H] = 15.0 Hz), 7.58 (d, 1H]
= 15.0 Hz), 7.39 (d, 1H] = 4.0 Hz), 6.87 (d, 1H] = 4.0 Hz).**C NMR (CDCE): 5 = 187.1,
152.4,135.4,131.8 (2 C), 130.4, 129.7 (2 C),32828.1, 123.9, 116.4, 112.7. IR (KBv)=

1663 (sv(C=0)), 1607 (sy(C=Cyyp)), 1475, 1301 (Si(Ar-NO).

(2E)-1-[4-(morpholin-4-yl)phenyl]-3-(5-nitrofuran-2-yl )prop-2-en-1-one (LabMol-64) 4.
Red solid, yield 13% (42 mg, 0.12 mmol); mp 86°@ L purity 98.19%H NMR ([D¢]
DMSO): 6 = 8.02 (d, 2H, = 8.0 Hz), 7.88 (d, 1HJ = 15.0 Hz), 7.80 (d, 1H] = 3.6 Hz),
7.51 (d, 1H,J = 15.0 Hz), 7.42 (d, 1H] = 3.6 Hz), 7.04 (d, 2H] = 9.2 Hz), 3.73 (m, 4H),
3.41 (m, 4H).2*C NMR ([Dg] DMSO): § = 185.2, 154.1, 153.8, 130.8 (2 C), 127.1, 126.6,
125.6, 116.9, 114.9, 113.1 (2 C), 65.8 (2 C), 48.€). IR (KBr): v = 1660 (s;»(C=0)),
1601 (s;9(C=Cyp)), 1515, 1355 (sy(Ar-NOy)), 1238 (s(C-N)), 1119 (sy(C-O)). ESI (+)-
MS (MeOH): m/z = 329 [M+H]
(2E)-3-(5-nitrofuran-2-yl)-1-[4-(piperidin-1-yl)phenyl ]Jprop-2-en-1-one (LabMol-65) 5.

Red solid, yield 17% (56 mg, 0.17 mmol); mp 220HPLC purity 98.41%H NMR ([D¢]
22



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

DMSO0): 6 = 7.97 (d, 2HJ = 9.2 Hz), 7.86 (d, 1HJ = 15.0 Hz), 7.80 (d, 1H] = 4.0 Hz),
7.44 (d, 1H,J = 15.0 Hz), 7.40 (d, 1H] = 4,0 Hz), 6.99 (d, 2H) = 9.2 Hz), 4.43 (s, 4H),
1.60 (s, 6H).X*C NMR ([Dg] DMSO): § = 184.9, 154.1, 153.9, 131.0 (2 C), 126.7, 125.8,
125.3,116.8, 115.0, 112.9 (2 C), 47.6 (2 C), 2.€), 24.0. IR (KBr)y = 1642 (sy(C=0)),
1607 (s;(C=Cyp)), 1578, 1354 (sy(Ar-NOy)), 1235 (sp(C-N)). ESI (+)-MS (MeOH): m/z

= 327 [M+H]'

(2E)-1-[4-(1H-imidazol-1-yl)phenyl]-3-(5-nitrofuran-2-yl)prop-2- en-1-one (LabMol-66)
6. Brown solid; yield 12% (36 mg, 0.12 mmol); mp 2324PLC purity 99.08%'H NMR
([D¢g] DMSO): 5 = 9.07 (s, 1H); 8.32 (d, 2H,= 8.0 Hz), 8.15 (s, 1H), 7.97 (d, 2Bi= 8.0
Hz), 7.94 (d, 1H,] = 16.0 Hz), 7.83 (d, 1H] = 4.0 Hz), 7.63 (d, 1H] = 16.0 Hz), 7.52 (s,
1H), 7.48 (d, 1H,) = 4.0 Hz).™*C NMR ([Ds] DMSO): ¢ = 187.2, 153.2, 152.1, 139.6, 135.9,
135.8, 130.7 (2 C), 129.0, 126.3, 121.0 (2 C), 21918.0, 114.9. IR (KBr)v = 1662 (S;
W(C=0)), 1609 (sy(C=Cyp)), 1566, 1352 (sy(Ar-NO,)). ESI (+)-MS (MeOH): m/z = 310

[M+H] "

(2E)-1-(4-tert-butylphenyl)-3-(5-nitrofuran-2-yl)prop- 2-en-1-one (LabMol-68) 7.Yellow
solid; yield 22% (67 mg, 0.22 mmol); mp 180°C; HPpQrity 99.89%.'H NMR (CDCk): §
=1.37 (s, 9H), 6.84 (d, 1H,= 4.0 Hz), 7.39 (d, 1HJ = 4.0 Hz), 7.55 (d, 1HJ = 15.0 Hz),
7.55 (d, 2H,J = 8.4Hz), 7.77 (d, 1H = 15.0Hz), 8.01 (d, 2H] = 8.4Hz).**C NMR (CDCEk):
§ = 188.3, 157.2, 152.8, 151.8, 134.2, 128.2 (212),.3, 125.4 (2 C), 124.8, 115.8, 112.8,
34.8, 30.6 (3 C). IR (KBr)y = 1651 (s;»(C=0)), 1596 (sy(C=Cy)), 1527, 1354 (sy(Ar-

NO,)), 1391 (my(CHs)). ESI (+)-MS (MeOH): m/z = 300 [M+H]

(2E)-1-(4-cyclohexylphenyl)-3-(5-nitrofuran-2-yl)prop-en-2-one (LabMol-72) 8.Yellow
solid; yield 44% (72 mg, 0.22 mmol); mp 162° C; HPpurity 98.59%H NMR (CDCk): ¢

=8.00 (d, 2H,) = 8.0 Hz), 7.77 (d, 1H] = 15.6 Hz), 7.54 (d, 1H} = 15.6 Hz), 7.38 (d, 1H}
23
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= 3.6 Hz), 7.37 (d, 2H] = 8.0 Hz), 6.84 (d, 1H] = 3.6 Hz), 2.61 (s, 1H); 2.18 (s, 2H): 1.89
(s, 2H), 1.78 (s, 1H), 1.39 (m, 6HFC NMR (CDCE): 187.7, 154.1 (2 C), 152.9, 134.6,
128.5 (2 C), 127.3, 127.0 (2 C), 124.8, 115.8, 8124.3, 33.6 (2 C), 26.3 (2 C), 25.6. IR
(KBr): v = 2925 (sy(C-H)) 1651 (sy(C=0)), 1593 (sy(C=C,p)), 1526, 1353 (4(Ar-NO)),

1481 (m,(CH,)). ESI (+)-MS (MeOH): m/z = 326 [M+H]

(2E)-3-(5-nitrofuran-2-yl)-1-[4-(piperazin-1-yl)phenyl]prop-2-en-1-one (LabMol-73) 9.
Red solid; yield 42% (59 mg, 0.12 mmol); mp 221° KPLC purity 98.07% NMR
(CDCl): & = 8.00 (d, 2H, = 8.8 Hz), 7.79 (d, 1H] = 15.2 Hz), 7.51 (d, 1H] = 15.2 Hz),
7.38 (d, 1H,J = 4.0 Hz), 6.90 (d, 2H] = 8.8 Hz), 6.78 (d, 1H = 4.0 Hz), 3.44 (s, 4H), 1.69
(s, 5H).2°C NMR (CDCE): & 185.2, 154.2 (2 C), 153.5, 130.8 (2 C), 125.9,.12%25.3,
115.1, 112.9, 112.7 (2 C), 47.9 (2 C), 24.9 (223)9. IR (KBr)v = 1618 (sp(C=0)), 1609
(s; v(C=GCy)), 1580, 1354 (sy(Ar-NOy)), 1513 (m,»(N-H)), HR-MS (m/z) (ESI): calcd for

C17H18N304 [M + H]: 328.1291; found: 328.1289.

(2E)-3-(5-nitrofuran-2-yl)-1-(4-phenylphenyl)prop-2-en-1-one (LabMol-74) 10. Yellow
solid; yield 62% (100 mg, 0.31 mmol); mp 200°C; HPpurity 99.29%'H NMR (CDCh):

5 =8.16 (d, 2H,) = 8.4 Hz), 7.83 (d, 1H] = 15.5 Hz), 7.77 (d, 2H] = 8.4 Hz), 7.67 (d, 2H,
J=7.2 Hz), 7.59 (dJ = 15.5 Hz, ® o, 1H), 7.50 (s, 2H); 7.44 (d, 1Bi= 7.2 Hz), 7.40 (s,
1H), 6.86 (s, 1H)™*C NMR (CDCk): 6 = 187.6, 152.7 (2 C), 145.9, 139.2, 135.4, 128.0 (
C), 128.6 (2 C), 128.0, 127.6, 127.1 (2 C), 12@ T}, 124.6, 116.1, 112.8. IR (KBr):=
1660 (s;»(C=0)), 1598 (sy(C=Cyp)), 1597, 1352 (sy(Ar-NOy)), 1513, 1474 (sy(ArC=C)).

ESI (+)-MS (MeOH): m/z = 320 [M+H]

(2E)-1-(2-methylphenyl)-3-(5-nitrofuran-2-yl)prop-2-en-1-ona (LabMol-75) 11. Yellow
solid; yield 9% (12 mg, 0.04 mmol); mp 114° C; HPpGrity 99.20% NMR (CDCk): ¢

=7.61 (s, 1H), 7.44 (s, 1H), 7.41 (s, 1H), 7.351(8), 7.37 (d, 1H)J = 3.6 Hz), 7.31 (s, 2H),
24
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6.83 (d, 1H,J = 3.6 Hz), 2.50 (s, 3H):*C NMR (CDC}): § = 193.0, 152.5, 137.6, 137.3,
131.4, 131.1, 128.7, 128.2, 127.9, 125.3, 115.2,71(2 C), 20.2. IR (KBr)y = 1663 (s;
v(C=0)), 1608 (s;/(C=Cyp)), 1483, 1348 (sy(Ar-NOy)), 1476 (s,v(CHys)). ESI (+)-MS
(MeOH): m/z = 258 [M+H], HR-MS (m/z) (ESI): calcd for GH1oNO4 [M + H™]: 258.0760;

found: 258.0770.

(2E)-1-(4-butylphenyl)-3-(5-nitrofuran-2-yl)prop-2-en-1-one (LabMol-77) 12. Yellow
solid, yield 10% (16 mg, 0.05 mmol); nH0°C; HPLC purity 97.93%'H NMR (MHz
CDCL): § = 8.00 (d, 2H,) = 8.4 Hz), 7.78 (d, 1H] = 15.6 Hz), 7.55 (d, 1H] = 15.6 Hz),
7.39 (d, 1HJ = 4.0 Hz), 7.35 (d, 2H] = 8.4 Hz), 6.84 (d, 1H] = 4.0 Hz), 2.71 (t, 2H) =
8.0 Hz), 1.65 (g, 2HJ = 8.0 Hz), 1.39 (s, 2H = 8.0 Hz), 0.95 (t, 3H] = 8.0 Hz).**C NMR
(CDCl): 0 = 188.5, 161.5, 145.1, 140.8, 139.9, 136.9, 130.@C), 129.8, 127.1, 126.9,
118.6, 114.1 (2 C), 94.0, 55.0. IR (KBK):= 2934 (s;(C-H), 1652 (s;v(C=0)), 1607 (s;
v(C=Cy)), 1594, 1351 (sy(Ar-NOy)), 1481 (s;v(CHs)), 810 (s;v(CHy)). ESI (+)-MS
(MeOH): m/z = 300 [M+H], HR-MS (m/z) (ESI): calcd for GH1gNO4 [M + H']: 300.1230;

found: 300.1235.

(2E)-1-(4-iodophenyl)-3-(5-nitrofuran-2-yl)prop-2-en-one (LabMol-78) 13. Brown
solid; yield 33% (61 mg, 0.16 mmol); mp 194°C; HPp@ity 99.49%'H NMR (CDCL): §
=7.91 (d, 2H,) = 8.4 Hz), 7.78 (d, 2H] = 8.4 Hz), 7.70 (d, 1H] = 15.6 Hz), 7.57 (d, 1H]
= 15.6 Hz), 7.39 (d, 1H] = 4.0 Hz), 6.87 (d, 1H] = 4.0 Hz).**C NMR (CDC}): 6 = 187.4,
152.4 (2 C), 137.8 (2 C), 136.0, 129.5 (2 C), 1282B.9, 116.4, 112.7, 101.4. IR (KBr)=

1658 (s(C=0)), 1606 (sH(C=Cyyp)), 1579, 1351 (Si(Ar-NOy)).

(2E)-1-(3-methylphenyl)-3-(5-nitrofuran-2-yl)prop-2-en-1-one (LabMol-79) 14. Yellow
solid; yield 17% (22 mg, 0.08 mmol); mp 141° C;lPpurity 97.92% NMR (CDCk):

5 =7.86 (s, 2H); 7.76 (d, 1H,= 15.6 Hz), 7.55 (d, 1H] = 15.6 Hz), 7.45 (s, 2H), 7.39 (d,
25
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1H,J = 4.0 Hz), 6.85 (d, 1H] = 4,0 Hz), 2,48 (s, 3H}*C NMR (CDCE): 6 = 188.3, 152.8,
138.4, 138.8, 134.0, 128.7, 128.3, 127.5, 125.5,81216.0, 112.8 (2 C), 20.2. IR (KBr)=
3131 (s;v(C-H)) 1661 (sp(C=0)), 1606 (sy(C=Cyg)), 1579, 1349 (sy(Ar-NO,)). ESI (+)-
MS (MeOH): m/z = 258 [M+H], HR-MS (m/z) (ESI): calcd for GH1:NO4 [M + H':

258.0760; found: 258.0764.

(2E)-3-(5-nitrofuran-2-yl)-1-[4-(pyrrolidin-1-yl)pheny l]prop-2-en-1-one (LabMol-81) 15.
Red solid; yield 36% (57 mg, 0.18 mmol); mp 242° KPLC purity 96.87% NMR
(CDCL): ¢ = 8.03 (d, 2H,) = 8.8 Hz), 7.82 (d, 1H] = 15.6 Hz), 7.52 (d, 1H, J = 15.6 Hz),
7.38 (d, 1HJ = 4.0 Hz), 6.77 (d, 1H] = 3.6 Hz), 6.59 (d, 2H] = 8.8 Hz), 3.42 (s, 4H); 2.07
(s, 4H).**C NMR (CDC}): 6 = 185.0, 153.6, 151.1, 130.9 (2 C), 125.6, 125233, 114.9,
113.0, 110.7 (2 C), 42.2 (2 C), 24.0 (2 C). IR (KBr= 2854 (sy(C-H)), 1643 (sy(C=0)),
1610 (s(C=Cyp)), 1578, 1354 (sy(Ar-NOy)) 1199 (sp(C-N)). ESI (+)-MS (MeOH): m/z =

313 [M+H]*

(2E)-1-(3-bromophenyl)-3-(5-nitrofuran-2-yl)prop-2-en-1-one (LabMol-82) 16. Brown
solid, yield 32% (62 mg, 0.19 mmol); mp 158°C; HPpQrity 99.98%H NMR (CDCk): ¢
=8.18 (s, 1H); 7.98 (d, 1H,= 7.6 Hz), 7.76 (d, 1H] = 8.0 Hz), 7.69 (d, 1H] = 15.6 Hz),
7.57 (d, 1H,J = 15.6 Hz), 7.44 (t, 1H), = 7.6Hz,J, = 8.0 Hz), 7.39 (d, 1H] = 4.0 Hz), 6.88

(d, 1H,J = 4.0 Hz).**C NMR (CDC}): 6 = 186.9, 152.3, 151.9, 138.5, 136.0, 131.2, 130.0,
128.4, 126.7, 123.9, 122.8. 116.5, 112.7. IR (KBB:1664 (sy(C=0)), 1607 (sy(C=Cyy)),
1566, 1354 (sp(Ar-NO,)). ESI (+)-MS (MeOH): m/z = 321 [M+H] HR-MS (m/z) (ESI):

calcd for C13H9BrNO4 [M + H: 321.9709; found: 321.9701

(2E)-1-[4-(methylsulfanyl)phenyl]-3-(5-nitrofuran-2-yl)prop-2-en-1-one (LabMol-92) 17.
Brown solid; yield 24% (35 mg, 0.12 mmol); mp 160° HPLC purity 99.15%'H NMR

(CDCl): ¢ = 8.00 (d, 2H,) = 8.0 Hz), 7.76 (d, 1H] = 16.0 Hz), 7.56 (d, 1H] = 16.0 Hz),
26
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7.39 (d, 1HJ = 4.0 Hz), 7.34 (d, 2H] = 8.0 Hz), 6.84 (d, 1H] = 4.0 Hz), 2.56 (s, 3H}C
NMR (CDCk): 6 = 186.6, 152.8 (2 C), 146.6, 132.9, 128.7 (2 Q).4, 124.7 (2 C), 124.5,
115.9, 112.8, 14.3. IR (KBr) = 3117 (m(C-H)), 1658 (s(C=0)), 1607 (S¥(C=Cyyp)),
1589, 1354 (sp(Ar-NO»)), 1394 (syv(CHa)). ESI (+)-MS (MeOH): m/z = 290 [M+H] HR-

MS (m/z) (ESI): calcd for C14H12NO4 [M +'H 258.0760; found: 258.0770

(2E)-1-[4-(1H-imidazol-1-yl)phenyl]-3-(5-nitrothiofen-2-yl)prop- 2-en-1-one (LabMol-84)
18.Green solid; yield 55% (180 mg, 0.55 mmol); mp 2€3HPLC purity 98.99%H NMR

([D¢g] DMSO): 5 = 9.80 (s, 1H), 8.42 (d, 3H,= 8.0 Hz), 8.17 (d, 1H] = 4.0 Hz), 8.05 (d,
1H, J = 16.0 Hz), 8.05 (d, 2H] = 8.0 Hz), 7.95 (d, 1HJ = 8.0 Hz), 7.94 (d, 1H] = 16.0
Hz), 7.84 (d, 1H, = 4.0 Hz).2*C NMR ([Dg] DMSO): 6 = 187.2, 151.9, 146.4, 138.5, 137.1,
135.5, 135.2, 131.5, 130.6 (2 C), 130.6, 125.1,a22C), 121.7, 120.6. IR (KBry:= 1663
(s; ¥(C=0)), 1605 (sy(C=Cyp)), 1595, 1339 (sy(Ar-NO,)), 1284 (m;v(C-NAr)). ESI (+)-
MS (MeOH): m/z = 326 [M+H]. HR-MS (m/z) (ESI): calcd for H1,N3OsS [M+H']:

326.0593; found: 326.0607.

(2E)-1-(4-tert-butylphenyl)-3-(5-nitrothiophen-2-yl)pr op-2-en-1-one (LabMol-86) 19.
Green solid; yield 63% (99 mg, 0.31 mmol); mp 1€2°HPLC purity 99.55%'H NMR

(CDCl): 6 = 7.96 (d, 2H,J = 8.4 Hz), 7.88 (d, 1H] = 4.4 Hz), 7.80 (d, 1H] = 15.6 Hz),
7.55 (d, 2HJ = 8.4 Hz), 7.52 (d, 1H] = 15.6 Hz), 7.27 (d, 1H]l = 4.4 Hz), 1.37 (s, 9H}3*C

NMR (CDCk): ¢ = 187.8, 157.1, 151.6, 146.1, 134.2, 134.09, 1292B.7, 128.1 (2 C),
125.4 (2 C), 124.6, 34.8, 30.6 (3 C). IR (KBr)= 2962 (sy(C-H)), 1657 (sy(C=0)), 1691
(s; v(C=Cyp)), 1586, 1334 (sp(Ar-NOy)), 1366 (m;v(CHz)). ESI (+)-MS (MeOH): m/z =
316 [M+H]’, HR-MS (m/z) (ESI): calcd for GH1gNOsS [M + H]: 316.1001; found:

316.1006.
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(2E)-1-(4-butylphenyl)-3-(5-nitrothiophen-2-yl)prop-2-en-1-one (LabMol-87) 20.Green
solid; yield 38% (61 mg, 0.19 mmol); mp 145° C; HPpurity 99.76%H NMR (CDCh): &
=7.95 (d, 2H,) = 8.0 Hz), 7.89 (d, 1H] = 4.4 Hz), 7.80 (d, 1H] = 15.6 Hz), 7.51 (d, 1H]

= 15.6 Hz), 7.34 (d, 2H] = 8.0 Hz), 7.27 (d, 1H] = 4.0 Hz), 2.71 (t, 2H) = 8.0 Hz), 1.65
(q, 2H,J = 8.0 Hz), 1.38 (s, 2Hl = 8.0 Hz), 0.95 (t, 3H] = 8.0 Hz) 3H)**C NMR (CDC}):

§ = 187.7, 151.5, 149.1, 146.1, 134.5, 134.0, 12828,7, 128.5 (2 C), 128.3 (2 C), 124.6,
35.3, 32.8, 21.9, 13.4. IR (KBry:= 2928 (s)(C-H)), 1657 (sy(C=0)), 1598 (sy(C=Cyp)),
1593, 1330 (sv(Ar-NOy)), 1366 (m;v(CHs)), 816 (m;v(CHy,)). ESI (+)-MS (MeOH): m/z =
316 [M+H]’, HR-MS (m/z) (ESI): calcd for GH1gNOsS [M + H]: 316.1001; found:

316.1005

(2E)-1-(4-cyclohexylphenyl)-3-(5-nitrothiofen-2-yl)prg-2-en-1-one  (LabMol-88) 21.
Green solid; yield 64% (110 mg, 0.32 mmol); mp 182°HPLC purity 99.79%'H NMR
(CDCL): § = 7.95 (d, 2H, = 8.0 Hz), 7.88 (d, 1H] = 4.0 Hz), 7.79 (d, 1H] = 15.2 Hz),
7.52 (d, 1H,J = 15.2 Hz), 7.37 (d, 2H] = 8.0 Hz), 7.27 (d, 1H) = 4.0 Hz), 2.61 (s, 1H),
1.89 (s, 4H), 1.79 (s, 1H), 1.47 (s, 4H), 1.301¢d). **C NMR (CDCE): 6 = 187.7, 154.0,
151.5, 146.1, 134.6, 134.0, 129.1, 128.7, 128.€)2126.9 (2 C), 124.7, 44.3, 33.6 (2 C),
26.3 (2 C), 25.6. IR (KBr)v = 2926 (sy(C-H)), 1656 (sy(C=0)), 1606 (sy(C=C)), 1589,

1334 (s(Ar-NOy)), 1427 (Mmy(CHy)).

(2E)-1-[4-morpholin-4-yl)phenyl]-3-(nitrothiofen-2-yl) prop-2-en-1-one (LabMol-89) 22.
Yellow solid; yield 9% (17 mg, 0.04 mmol); mp 24@% HPLC purity 98.62%*H NMR
(CDCL): 6 = 7.99 (d, 2H,J = 9.2 Hz), 7.89 (d, 1HJ = 4.0 Hz), 7.79 (d, 1H] = 15.2 Hz),
7.53 (d, 1HJ = 15.6 Hz), 7.25 (d, 1H] = 4.4 Hz), 6.93 (d, 2H] = 9.2 Hz), 3.88 (t, 4H] =
4.0 Hz), 3.38 (t, 4HJ = 4.0 Hz).**C NMR (CDCE): § = 185.6, 154.1, 146.6 (2 C), 133.1,

130.4 (2 C), 128.7, 127.3, 124.8, 112.9 (2 C), §B.C), 46.8 (2 C). IR (KBr)v = 1648 (s;
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W(C=0)), 1604 (sy(C=C.p)), 1584, 1335 (sy(Ar-NOy)), 1428 (m;»(CH,)), 1119 (w;»(C-

0)). ESI (+)-MS (MeOH): m/z = 345 [M+H]

(2E)-1-[4-(methylsulfanyl)phenyl]-3-(5-nitrotiophen-2-yl)prop-2-en-1-one (LabMol-93)
23.Green solid; yield 61% (189 mg, 0.61 mmol); mp 2G4HPLC purity 99.21%'H NMR
(CDCL): § = 7.95 (d, 2H, = 8.0 Hz), 7.89 (d, 1H] = 4.0 Hz), 7.81 (d, 1H) = 16.0 Hz),
7.50 (d, 1H,) = 16.0 Hz), 7.34 (d, 2H] = 8.0 Hz), 7.29 (d, 1H] = 4.0 Hz), 2.57 (s, 3H}*C
NMR (CDCk): 6 = 186.9, 146.6, 146.0, 134.2, 133.0, 129.2, 12B88,5 (2 C), 124.7 (2 C),
124.3, 14.3. IR (KBr)y = 1654 (sp(C=0)), 1604 (sy(C=Cy)), 1589, 1331 (sp(Ar-NO»)),

1428 (M;v(CHg)).

(2E)-1-(4-methylphenyl)-3-(5-nitrothiophen-2-yl)prg-2-en-1-one (LabMol-95) 24Green
solid; yield 68% (186 mg, 0.68 mmol); mp 194° C;lldPpurity 99.4%. *H NMR (CDCh):
7.94 (d, 2H,J = 8.0 Hz), 7.90 (d, 1H] = 4.0 Hz), 7.81 (d, 1H] = 16.0 Hz), 7.53 (d, 1H] =
16.0 Hz), 7.35 (d, 2H] = 8.0 Hz), 7.28 (d, 1H] = 4.0 Hz), 2.47 (s, 3H}3C NMR (CDC}):
188.1, 146.4, 144.6, 134.7, 134.5, 129.6 (2C), 8,2929.1, 128.7 (2C), 125.0, 21.7. IR
(KBr): v = 3077 (m;¥(CHg)), 1659 (s;v(C=0)), 1609 (sy(C=Cy)), 1594, 1336 (sy(Ar-

NO,)). ESI (+)-MS (MeOH): m/z = 274 [M+H]

(2E)-3-(5-chlorothiophen-2-yl)-1-[4-(H-imidazol-1-yl)phenyl]prop-2-en-1-one
(LabMol-94) 25. Green solid; yield 17% (54 mg, 0.17 mmol); mp 1T3°HPLC purity
99.2%.*H NMR (CDCh): § = 8.13 (d, 2H,J = 8.0 Hz), 7.98 (s, 1H), 7.84 (d, 1Bi= 16.0
Hz), 7.54 (d, 2H,) = 8.0 Hz), 7.38 (s, 1H), 7.24 (d, 2H, J = 16.0 Hz19 (s, 1H), 7.17 (d,
1H,J = 4.0 Hz), 6.94 (d, 1H] = 4.0 Hz).”*C NMR (CDCk): § = 188.6, 140.5, 138.8, 137.1,
136.5, 135.3, 134.0, 132.1, 131.1, 130.3 (2C), 2,2I20.8 (2C), 119.9, 117.7. IR (KBr)=
1645 (s;v(C=0)), 1608 (sp(C=C,)), 810 (s;¥(C-Cl)). ESI (+)-MS (MeOH): m/z = 315

[M+H] "
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(2E)-3-(3-nitrophenyl)-1-[4-(piperidin-1-yl)phenyl]pro p-2-en-1-one  (LabMol-67) 26.
Yellow solid, yield 84% (84 mg, 0.25 mmol); mp 181°HPLC purity 99.97%H NMR
(CDCl): 8.51 (s, 1H), 8.23 (d, 2H,= 8.0 Hz), 8.01 (d, 2H] = 8.0 Hz), 7.91 (d, 1H] = 8.0
Hz), 7.80 (d, 1H,) = 16.0 Hz), 7.69 (d, 1H] = 16.0 Hz), 7.60 (t, 1H] = 8.0 Hz), 6.91 (d,
2H, J = 8.0 Hz), 3.43 (s, 4H), 1.69 (s, 6H}°C NMR (CDCE): 186.5, 154.1, 148.3, 139.1,
136.8, 133.8, 130.6 (2 C), 129.5, 126.1, 124.4,7,2R1.6, 112.6 (2 C), 48.0 (2 C), 25.0 (2
C), 24.2. IR (KBr):v = 2933 (m,»(C-H)), 1651 (sy(C=0)), 1610 (sy(C=C)), 1588, 1349

(s;v(Ar-NOy)), 1227 (sy(C-N)). ESI (+)-MS (MeOH): m/z = 337 [M+H]

(2E)-3-[4-(dimethylamino)phenyl]-1-(4-phenylphenyl)prg-2-en-1-one (LabMol-69) 27.
Yellow solid; yield 53% (143 mg, 0.43 mmol); mp 264 HPLC purity 99.36%'H NMR
(CDCl): 8.07 (d, 2H,) = 4.0 Hz), 7.81 (s, 1H), 7.69 (d, 2Bi= 4.0 Hz), 7.63 (d, 2H] = 4.0
Hz), 7.56 (d, 2H,) = 8.0 Hz), 7.45 (d, 2H] = 8.0 Hz), 7.38 (d, 2H] = 4.0 Hz), 6.68 (d, 2H,

J =4.0 Hz), 3.02 (s, 6H§?’C NMR (CDCB): 190.3, 152.3, 146.0, 145.1, 140.4, 138.0, 130.7
(2 C), 129.1 (3 C), 128.3 (2 C), 127.5 (2 C), 122.X), 122.9, 112.1 (2 C), 40.3 (2 C). IR
(KBr): v = 1647 (sy(C=0)), 1603 (sy(C=Cy)), 1228 (sy(C-N)) ESI (+)-MS (MeOH): m/z

= 328 [M+H]"

(2E)-3-(4-methoxyphenyl)-1-(4-phenylphenyl)prop-2-en-bne (LabMol-70) 28. Yellow
solid; yield 25% (79 mg, 0.25 mmol); mp 152°C; HPpGrity 100.00%'H NMR (CDCh):
7.81 (d, 1H,J = 15.0Hz), 8.09 (d, 2H] = 10 Hz), 7.71 (d, 2H) = 5.0 Hz), 7,64 (d, 2H] =
10 Hz), 7.61 (d, 2H) = 10 Hz); 7,45 (d, 1HJ = 15.0 Hz), 6.93 (d, 2H] = 5.0 Hz). 3.84 (s,
3H). 1*C NMR (CDCE): 190.2, 161.9, 145.5, 144.8, 140.2, 137.4, 18D.8), 129.3 (3 C),
128.4 (2 C), 127.9, 127.5 (2 C), 127.4 (2 C), 120117 (2 C), 55.6. IR (KBr): = 1647 (s;
v(C=0)), 1597 (s;y(C=Cy)), 1303, 1037 (sy(C-0)). ESI (+)-MS (MeOH): m/z = 315

[M+H]"
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(2E)-3-(furan-2-yl)-1-[4-(methylsulfanyl)phenyl]prop-2-en-1-one (LabMol-71) 29.
Yellow solid; yield 19% (49 mg, 0.20 mmol); mp 1T4°HPLC purity 99.05%H NMR

(CDCly): 7.95 (d, 2HJ = 6.8 Hz), 7.58 (d, 1H] = 12.4 Hz), 7.51 (s, 1H), 7.43 (d, 18i=

12.4 Hz), 7.29 (d, 2H] = 6.8 Hz), 6.70 (d, 1H] = 2.4 Hz), 6.50 (q, 1H] = 2.4 Hz), 2.52 (s,
3H). 1*C NMR (CDCE): 188.6, 151.9, 145.7, 145.0, 134.6, 130.5, 129.Q), 125.2 (2 C),
119.2, 116.2, 112.8, 14.9. IR (KBn):= 1656 (s(C=0)), 1596 (sy(C=Cyp)), 1549, 1476
(ArC=C), 1336 (s;»(CHa)), 1297, 1094 (sy(C-O)). ESI (+)-MS (MeOH): m/z = 245

[M+H] "

(2E)-1-(3-iodophenyl)-3-(4-methoxyphenyl)prop-2-en-14me  (LabMol-76) 30. White
solid, yield 6% (22 mg, 0.06 mmol); mp 110°C; HPparity 99.64% H NMR (CDCk): 6 =
8.32 (s, 1H), 7.96 (d, 1H} = 8.0 Hz), 7.89 (d, 1H] = 8.0 Hz), 7.79 (d, 1H] = 15.6 Hz),
7.61 (d, 2HJ = 8.4 Hz), 7.33 (d, 1H] = 15.6 Hz), 7.24 (t, 1H] = 8.0 Hz), 6.95 (d, 2H] =

8.0 Hz), 3.86 (s, 3H)1.3C NMR (CDCE): 0 = 188.5, 161.5, 145.1, 140.8, 139.9, 136.9, 130.0
(2 C), 129.8, 127.1, 126.9, 118.6, 114.1 (2 C)0985.0. IR (KBr):v = 1657 (s;»(C=0)),
1600 (5;9(C=Cyp)), 1559, 1510 (sy((ArC=C)), 1323 (s¥(CHs)). ESI (+)-MS (MeOH): m/z

=365 [M+H]".

(2E)-3-(furan-2-yl)-1-[4-(piperidin-1-yl)phenyl]prop-2 -en-1-one (LabMol-80) 31.Yellow
solid; yield 30% (86 mg, 0.30 mmol); mp 182° C; HPpurity 99.32%'H NMR (CDCh): &
=8.00 (d, 2H,) = 8.8 Hz), 7.58 (d, 1H] = 15.2 Hz), 7.54 (m, 1H), 7.50 (d, 18z 15.2 Hz),
6.90 (d, 2H,J = 8,8 Hz), 6.67 (d, 1H] = 3.2 Hz), 6.50 (dd, 1H] = 3.2 Hz), 3.40 (s, 4H),
1.68 (s, 6H)X*C NMR (CDCE): § = 186.8, 153.9, 151.7, 143.9, 130.3 (2 C), 128%.6,
119.2, 114.6, 112.9 (2 C), 112.0, 48.1 (2 C), 2.€), 23.9. IR (KBr)y = 2941 (m;»(C-H),
1648 (s;»(C=0)), 1604 (sy(C=Cyp)), 1597, 1559 (sy(ArC=C)), 1390 (sy(C-N)). ESI (+)-

MS (MeOH): m/z = 282 [M+H].
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(2E)-1-(3-bromophenyl)-3-(4-methoxyphenyl)prop-2-en-Ione (LabMol-83) 32. Brown
solid; yield 41% (130 mg, 0.41 mmol); n90°C; HPLC purity 99.66%H NMR (CDCk): §
=8.13 (s, 1H), 7.93 (d, 1H,= 8.0 Hz), 7.80 (d, 1H] = 15.6 Hz), 7.70 (d, 1H] = 8.0 Hz),
7.62 (d, 2H,J = 8.0 Hz), 7.39 (d, 1H] = 8.0 Hz), 7.35 (d, 1H] = 15.6 Hz), 6.95 (d, 2H =
8.0 Hz), 3.87 (s, 3H):*C NMR (CDCE): § = 188.6, 161.5, 145.1, 139.9, 134.9, 131.0, 130.0
(2 C), 129.7, 126.9, 126.5, 122.5, 118.6, 114.C)255.0. IR (KBr):v = 1662 (s;(C=0)),

1594 (s(C=Cy)), 1570, 1513 (S;(ArC=C)), 1260, 1042 (s)(C-0)), 556 (my(C-Br)).

(2E)-1-(4-tert-butylphenyl)-3-(1H-pyrrol-2-yl)prop-2-en-1-one (LabMol-85) 33. White
solid; yield 7% (20 mg, 0.07 mmol); mp 158° C; HPpGrity 99.81% NMR (CDCk): ¢
=9.07 (s, 1H), 7.95 (d, 2H,= 8.4 Hz), 7.77 (d, 1H] = 15.6 Hz), 7.50 (d, 2H] = 8.4 Hz),
7.19 (d, 1H,J = 15.6 Hz), 7.00 (s, 1H), 6.72 (s, 1H), 6.34 (d),11.36 (s, 9H)°C NMR
(CDCl3): 0 = 189.6, 155.7, 135.5, 133.9, 128.9, 127.8 (21€5.1 (2 C), 122.6, 115.4, 114.6,

111.0, 34.6, 30.7 (3 C). ESI (+)-MS (MeOH): m/z54IM+H]".

(2E)-3-(4-nitrophenyl)-1-[4-piperidin-1-yl)phenyl]prop -2-en-1-one  (LabMol-90) 34.
Yellow solid, yield 89% (300 mg, 0.89 mmol); mp 288 HPLC purity 99.50%H NMR
(CDCL): ¢ = 8.25 (d, 2H,J = 8.0 Hz), 7.99 (d, 2H] = 8.0 Hz), 7.78 (d, 1H] = 16.0 Hz),
7.77 (d, 2HJ = 8.0 Hz), 7.68 (d, J = 16.0 Hz), 6.90 (d, 2t 8.0 Hz), 3.41 (s, 4H), 1.69 (s,
6H). 1*C NMR (CDC}): 6 = 186.2, 154.1, 147.8, 141.3, 139.0, 130.6 (218].0, 128.2 (2
C), 126.0, 125.6, 123.7 (2 C), 112.7 (2 C), 48.CJ224.9 (2 C), 23.9. IR (KBr) = 2942
(m, v(C-H)), 1655 (sy(C=0)), 1609 (sy(C=GCyp)), 1595, 1514 (s4(ArC=C)), 1593, 1336 (s,

V(Ar-NO)), 1196 (s¥(C-N)), 556 (my(C-Br)). ESI (+)-MS (MeOH): m/z = 337 [M+H]

(2E)-1-(4-tert-butylphenyl)-3-(furan-2-yl)prop-2-en-1-one (LabMol-91) 35.Yellow solid;
yield 7.8% (20 mg, 257 mmol); mp4°C; HPLC purity 99.8%'H NMR (CDCk): § = 7.99

(d, 2H,J = 8.4 Hz), 7.60 (d, 1H] = 15.2 Hz), 7.52 (d, 3H] = 8.4 Hz), 7.48 (d, 1H] = 15.2
32
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Hz), 6.72 (s, 1H), 6.52 (s, 1H), 1.37 @). *C NMR (CDCE): 6 = 188.7, 156.1, 151.3,
144.3,135.1, 129.9, 128.0 (2 C), 125.1 (2 C), A1915.5, 112.2, 34.7, 30.7 (3 C). IR (KBr):
v = 2962 (m(C-H)), 1655 (sp(C=0)), 1605 (sy(C=Cyp)), 1285 (s(C-0)). ESI (+)-MS

(MeOH): m/z = 255 [M+H].

Biological Evaluation

Anti-TB activity. MICs againsi. tb. H37Rv (ATCC 27294) as well as the rifampin (rRMP,
ATCC 35838) and isoniazid (rINH, ATCC 35822) momsistant strains under normoxic,
replicating conditions were determined using therbplate Assay Blue Alamar (MABA) as
previously described [91-93]. Briefly, cultures weéncubated in 200 pL Middlebrook 7H12
medium together with test compound in 96-well @ater 7d and 37° C. Resazurin and
Tween 80 were added and incubation continued fdr a4 37° C. Fluorescence was
determined at excitation/emission wavelengths di/530 nm, respectively. The MIC was
defined as the lowest concentration effecting aicgdn in fluorescence of 90% relative to
controls®® MICs againstM. tb. H37Rv under hypoxic, non-replicating conditionsreve
determined using the Low Oxygen Recovery Assayrasiqusly described [82,93] except
that the luxABCDE reporter[95] was used insteathefluxAB reporter gene. The MIC was
defined as the lowest concentration of compoundcciwheduced luminescence by 90% after
10 days exposure to compound under hypoxic comditfollowed by 28 hours of normoxic

recovery and comparison to untreated controls.

Cytotoxicity in mammalian cells.Vero cells (ATCC CRL-1586) were cultured in 10%dtet
Bovine Serum (FBS) in Eagle minimum essential medplus penicillin and streptomycin.
Cells were prepared and washed in HBSS (1x pH Fahd Trypsin-EDTA 0.25%, and then
morphology was verified by microscopy. After adjngtthe density to 3-5x£0cells/mL in

MEM media, 100 pL of the cell suspension were iratat with test compounds at 37° C for
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72 hours; visual inspection was performed eachd#<h Then, 20 pL of 0.6 mM resazurin
were added into each well and incubated for 4 holinge fluorescence was determined by
excitation/emission wavelengths of 530/590 nm. Tdwmcentration of test compound
effecting a reduction in fluorescence of 50% rghatio untreated cells was calculated as the

ICso.

Spectrum of activity. Mycobacterium abscessU®\TCC 19977), M. chelonae(ATCC
35752),M. marinum(ATCC 927),M. avium(ATCC 15769)M. kansasii{ATCC 12478), and
M. bovis(ATCC 35734) were cultured in Middlebrook 7H9 Brawith 0.2% (v/v) glycerol,
0.05% Tween 80, and 10% (v/v) albumin-dextrosetaaga(BBL'™ OADC Enrichment, Cat.
N°. 212352).M. smegmatiJATCC MC2155) was cultured in 7H12 mediuischerichia
coli (ATCC 25922) andStaphylococcus aureuATCC 29213) were cultured in cation-
adjusted Mueller Hinton (CAMH) broth an@andida albicans(ATCC 90028) in RPMI
media until an absorbance at 570 nm of 0.2-0.5 aghgeved. Cultures were diluted 1:5000
to 1:10,000 into fresh media in 96-well plates amubated at 37° C with test compounds.
Incubation times were 3 days fok. smegmatis3-7 days for other mycobacteria, 36-48 hours
for C. albicansand 16-20 hours fd8. aureusandE. coli. The MIC forC. albicans S. aureus
and E. coli was defined as the lowest concentration effecaimgduction 0£90% in Ags7o
relative to untreated cultures. The MABA MICs foyeobacteria are defined as described

above.
ASSOCIATED CONTENT

Supporting Information. More computational details regarding moleculargérprints
calculation and QSAR model development are avalablthe Supporting Information, as
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Relationship; MACCS, Molecular ACCess System k&M, Support Vector Machine; RF,
Random Forest; CCR, correct classification rate; Smsitivity; Sp, Specificity; NMR,
Nuclear Magnetic Resonance; MS, Mass SpectrometBL.C, High-Performance Liquid
Chromatography; MABA, microplate alamar blue assayRA, low oxygen recovery assay;
MIC, minimum inhibitory concentration; Sl, selectiv index; NTM, non-tuberculosis
mycobacterias; AD, applicability domain; DMSO, dimmgdsulfoxide; ATCC, American
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Highlights

e Predictive QSAR models aided design and synthesis of chalcone derivatives anti-TB
* Ten chalcone-like derivatives exhibited high anti-TB activity and selectivity
e Compounds also showed broad spectrum against others mycobacterium strains

e Compounds’ high activity against monoresistant strains implies new mode of action



