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Abstract

Using a classical molecular simplification apprgaalseries of 36 quinolines were synthesized
and evaluated am vitro inhibitors of Mycobacterium tuberculosiéM. tuberculosiy growth.
Structure—activity relationship (SAR) studies ledd® potent antitubercular agents, with
minimum inhibitory concentration (MIC) values asmcas 0.3 pM againsM. tuberculosis
H37Rv reference strain. Furthermore, the lead cam@e were active against multidrug-
resistant strains, without cross-resistance witmesdirst- and second-line drugs. Testing the
molecules against a spontaneous mutant strain inorgaa single mutation in thgcrB gene
(T313A) indicated that the synthesized quinolinasgyeéted the cytochromlec; complex. In
addition, leading compounds were devoid of appatexicity to HepG2 and Vero cells and
showed moderate elimination rates in human livefr&&tions. Finally, the selected structures
inhibited M. tuberculosisgrowth in a macrophage model of tuberculosis inmdec Taken
together, these data indicate that this class wipoainds may furnish candidates for the future

development of antituberculosis drugs.

Keywords: Mycobacterium tuberculosisnolecular simplification; multidrug-resistantastrs;

SAR; intracellular activity; cytochromac; complex.
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1. Introduction

Tuberculosis (TB) is an airborne infectious diseakescribed among the top 10 causes of
death worldwide. The disease hslycobacterium tuberculosiéM. tuberculosi¥ as its main
etiological agent, and it was responsible for clagnl.5 million lives in 2018 [1]. In the same
year, about 10.0 million people developed TB, adicwy to the World Health Organization [1].
This public health problem has been aggravatedhbyemergence of rifampicin-resistant TB
(RR-TB), multidrug-resistant TB (MDR-TB), HIV coiattion, and the large number of
individuals infected with latent or dormant bacjlli2]. The recommended treatment includes a
set of four drugs administered in two different domations for six months. Although it has a
high cure rate, the current therapeutic regimefesufrom low adherence of the patients, with
increased drug resistance, adverse effects, anengnessibility of co-administration with some
antiretroviral drugs [3,4]. In the early 2010s, #ygoroval of bedaquiline [5] and delamanid [6]
for the treatment of adult patients with pulmonMpR-TB ended a period of more than four
decades without approval of a new anti-TB drug.sTdddition to the therapeutic arsenal has
been met with caution since these drugs have segsiuitcertain toxicity events, including drug-
induced QT interval prolongation. In addition, tedaptive capacity oM. tuberculosishas
already led to the emergence of bedaquiline- atahtinid-resistant strains [7], indicating the
need for continuous effort to obtain new therapealtiernatives to TB treatment.

Within this context and as part of our ongoing eesb, we evaluated the antimycobacterial
activity of 2-(quinolin-4-yloxy)acetamided (Figure 1) and their derivatives [8,9]. The
compounds demonstrated submicromolar activity agairesistant and non-resistam.

tuberculosisstrains by targeting the QcrB subunit of menadquaybochrome ¢ oxidoreductase
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(bc; complex)[10]. Despite their high capacity to inhitM. tuberculosisgrowthin vitro, their
good membrane permeability, and their synergistigitro effect with rifampin, this chemical
class has shown moderate metabolic stability [B T™icrosomal instability of 2-(quinolin-4-
yloxy)acetamides has been attributed to the amidapglability, which is a probable point of
esterase-mediated hydrolysis [11]. Such instabiiityld reduce the pharmacokinetic exposure of
these molecules when evaluatedimvivo models of tuberculosis. Thus, a change in this
chemical group with a reduction in electrophilictguld lead to compounds containing better
metabolic profiles. Our hypothesis was that molacsimplification of the attached acetamide
group could provide novel compounds with optimizpbperties Figure 1). The major
challenge would be to maintain antimycobacteridlvdag while altering the amide since this
group has been described as an important pharmacopboint of compounds with potent
activity againstM. tuberculosisgrowth [8,9,12]. Furthermore, it has been descrilleat
guinolines containing ether groups at the 4-pasiéice devoid of antitubercular activity [13].
Therefore, in an attempt to obtain new compoundbk activity against drug-susceptible and,
mostly, drug-resistan¥l. tuberculosisstrains, a new series of simplified 2-methyl-6-noady-2-
qguinolines was synthesized. First, the structueguirements for potency of molecules (SAR)
were evaluated using minimal inhibitory concentat{(MIC) values. Subsequently, the most
active structures againkt. tuberculositH37Rv were tested against a panel of well charaeigr
multidrug-resistant strains, while the viability depG2 and Vero cells was used as an indicator
of the toxicity and selectivity of the compoundsndfly, the in vitro metabolic stability and

intracellular activity in a macrophage modeMftuberculosisnfection were also evaluated.
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94  Figure 1. Molecular simplification of the amide group from(@dinolin-4-yloxy)acetamides as a
95 strategy for the discovery and optimization of namtimycobacterial compounds with better
96 metabolic properties.

97

98 2. Results and discussion

99 The designed compounds were obtained in two synth&ps. First, 4-hydroxyquinolin@)(
100 was synthesized in a classical Conrad-Limpach cyeidensation reaction between ethyl 3-
101  oxobutanoate and 4-methoxyaniline, according t@leeady-reported protocol [9]. The second
102  step was accomplished throu@Ralkylation in a second-order nucleophilic subsiom reaction
103  (Sy2). Importantly, the substituents of the alkylatagents were chosen from different electron-
104 donating and electron-withdrawing groups, includibglky alkyl and aryl groups. The
105 quinolines3a—m were obtained from the reaction of 4-hydroxyquimel @) and 2-bromo-1-
106  arylethanones using potassium carbonat€ () as a base and dimethylformamide (DMF) as
107  the solvent. The reactants were stirred for 18 258€C, leading to produca—m with 13—-90%
108 yields Scheme 1 Using the same procedure, the quinolidesw were synthesized by the

109  reaction of 4-hydroxyquinoline2] and benzyl bromides, with 20-97% yieldscheme 1 In
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general, the presence of a carbonyl group in thgladlng agent provided products in lower
yields when compared to alkylation reactions usb®nzyl bromides. Spectroscopic and
spectrometric data were found to be in agreemetit e proposed structuréSupporting

Information).
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Scheme 1Reagents and conditions) € Alkyl halide, K,CO;, DMF, 25°C, 18 h.

The synthesized compoun@sand 4 were evaluated in a whole-cell assay againstMhe
tuberculosisH37Rv strain using isoniazid as positive contrdd,[L5]. The quinoline8a—m
presented good activity against the bacillus, WHE values ranging from 1.3 to 31M under
the tested conditionsTéble 1). The antimycobacterial activity results showedttharbonyl-
containing compoundg8a and 3h yielded lower MICs than the first line drug, isanid.
Positioning the methoxy group at the 4-positiontled benzene ring led to a compound with
reduced activity againg¥l. tuberculosis whereas the unsubstituted compoBadexhibited a
MIC of 1.3 uM; the presence of the methoxy group at the 4-wsiof 3b (MIC = 7.4 uM)
reduced the activity more than 5-fold. Additionalllge presence of the methoxy group at the 3-

(3c) and 2-positions3d) reduced the activity of the molecules to a greatdent, with MIC
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values of 14.8 and 298V, respectively. By changing the electron-donatyngup to 4-methyl,
the potency was also reduced since quincdieshowed a MIC of 15.6M. The same pattern
was observed with the use of electron-withdrawingugs as substituents. The 4-fludsf)(and
4-chloro-substituted3g) compounds showed MICs of 30.7 and 12\, respectively. Notably,
changing the chloro atom from the 4- to 3-positgignificantly altered the antimycobacterial
activity because molecul&h exhibited a MIC value of 1.8M. This value differed only slightly
from 3a (1.3uM) and showed increased potency of nearly 7-folehgared to the 4-substituted
derivative3g. Substitution with chlorine atoms at position 3l a&hof the benzyl ring reduced the
inhibitory activity againsM. tuberculosis 3,4-Dichlorophenyl-substitute8i showed a MIC of
6.6 UM, which was more than 3.5-fold lower than its meulostituted analo@h. Additionally,
the 4-bromophenyl-substitute8j exhibited a MIC of 14.6uM, denoting that the classic
bioisosteric replacement between the chlorine amdnime was able to maintain similar and
reduced potencies. The significant increase inligr@philicity when using 4so-butyl and 4-
phenyl groups did not increase the activity of the@lecules against thd. tuberculosisH37Rv
strain since structure3k and3l presented MICs of 6.9 and 13.M, respectively. Finally, the
presence of an-methyl group in quinolin@m reduced the activity nearly 24-fold, suggesting

that changes in this position do not sustain thigrgigobacterial activity of this chemical class.
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Table 1. ClogP values anth vitro activity of quinolines3 and 4 against thevi

. tuberculosis

H37Rv strain.
R
0 R 0~ "R®
HaCO \ © HsCO
| N” “CH | N” “CH,
3a-m 4a-w
Entry R* R? R® ClogP? MIC (uM)
3a H Ph - 4.18 1.3
3b H 4-MeO-Ph - 4.40 7.4
3c H 3-MeO-Ph — 4.40 14.8
3d H 2-MeO-Ph - 4.40 29.6
3e H 4-Me-Ph - 4.67 15.6
3f H 4-F-Ph - 4.39 30.7
39 H 4-Cl-Ph - 4.96 12.9
3h H 3-CI-Ph - 4.96 1.8
3i H 3,4-(Cl)-Ph - 5.58 6.6
3j H 4-Br-Ph - 5.11 14.6
3k H 4-i-Bu-Ph - 6.13 6.9
3l H 4-Ph-Ph - 6.06 13.0
3m Me Ph - 4.48 31.1
4a - - Ph 4.99 5.6
4b - - 3-MeO-Ph 4.90 32.3




4c 3,5-(MeO)-Ph 4.99 29.5
4d 4-F-Ph 5.13 16.8
4e 3-F-Ph 5.13 16.8
4f 2-F-Ph 5.13 19.2
4g 3,4-(Fy-Ph 5.20 3.9
4h 4-Cl-Ph 5.67 15.9
4i 3-CI-Ph 5.67 7.9
4 2-Cl-Ph 5.70 18.8
4k 3,4-(Cly-Ph 6.29 0.3
4 2,3-(Cl)-Ph 6.29 28.7
4m 3-Cl-4-Br-Ph 6.42 1.6
4n 4-Br-Ph 5.85 13.9
40 3-Br-Ph 5.85 13.9
4p 4-FC-Ph 5.87 7.2
4q 3-RC-Ph 5.87 7.2
4r 4-O,N-Ph 4.73 30.8
4s 4-i-Pr-Ph 6.41 1.9
4t 4-t-Bu-Ph 6.81 3.7
4u Bn 5.31 34.1
4v 2-Naphthyl 6.16 7.6
4w 4.95 30.9
INH - - 2.3
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%ClogP calculated with ChemBioDraw Ultra, versionQL8.3015. INH, Isoniazid.

In the second round of obtaining new anti-TB dragdidates, the antimycobacterial activity
of 2-quinolin-4-yloxy derivativeda-w against théM. tuberculosifH37Rv strain was determined
(Table 1). In general, dihalogenated- or alkyl-substitutednpounds showed the best activities
under the tested conditions. The unsubstituted odjum 4a showed a MIC of 5.6 uM. The
presence of the methoxy group attached at the Bigposf the benzene ring yielded compound
4b, which exhibited a MIC of 32.3 uM. This result demstrates that this electron-donating
group reduced the activity by more than 5-fold camed to the unsubstituted analogde,
Similarly, the use of another methoxy group attachiethe 5-position of the benzene ring led to
molecule4c, which presented a MIC of 25.5 pM. Fluorine atetht the 4-4d) and 3-positions
(4e) generated equipotent compounds, with a MIC oB 16M. Quinoline4f, containing a
fluorine atom at the 2-position, showed a MIC ofZLaeM. When two fluorine atoms were
positioned at the 3- and 4-positions of the benzémg, the capacity to inhibit the bacillus
growth increased. The MIC presented by difluoridatkerivative4g was 3.9 uM. This MIC
value indicated a slightly superior activity comgaduto that presented by compoutal(MIC =
5.6 uM). The chlorine atom attached at the 4- apdS8tions of4h and4i yielded compounds
with MIC values of 15.9 uM and 7.9 uM, respectiveDnce more, the presence of a halogen at
the 2-position reduced the potency agaMstuberculosissince moleculdj exhibited a MIC of
18.8 puM. On the other hand, 3,4-dichlorobenzyl \ddive 4k showed the highest
antimycobacterial activity of the series of synthed quinolines. The presence of chlorine atoms
at the 3- and 4-positions in structdileled to a MIC value of 0.3 uM. This finding indiealt that
compound4k was approximately 7.6-fold more effective thannisaid (MIC = 2.3 uM). The

importance of this molecular arrangement is evidantthe comparison with the activity of



177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

11

structuredl. Changing the chlorine atom from 4- to 2-positggeatly reduced antimycobacterial
activity as quinolinell showed MIC of 28.7 uM. In addition, steric projpestseem to be directly
related to the activity presented by the compouatter than the physicochemical parameters as
CLogP of4k and4l are identical (CLogP = 6.19). Another finding telhto the specificity of
the activity showed by molecukk was that exchanging the 4-chlorine with the 4-breamn
quinoline4m reduced the activity more than 5-fold, leadin@t®lIC value of 1.6 M. Notably,
independent of the position of the bromine atoraciied to the benzene ring in molecues
and4o, the MIC values were 13.9 uM. The same patternatserved with trifluoromethylated
compoundsgip and4q, which exhibited MIC values of 7.2 uM. Additiongllby increasing the
polarization of quinolinedr with the 4-nitro substituent attached to the amgup, the activity
was greatly reduced. This electron-withdrawing groielded a compound that inhibitéd.
tuberculosisH37Rv growth, with a MIC of 30.8 pM. By contrastplacement of the hydrogen
of the benzene ring with alkyl groups at the 4-posiwas well tolerated. However, thesb-
propyl group in moleculds was able to inhibiM. tuberculosiswith a MIC of 1.9 uM. The 4-
tert-butyl group in4t presented a MIC value of 3.7 pM. In particulagsh results showed that
structureds has a slightly higher potency than isoniazid urtlerexperimental conditions used.
Moreover, the use of a methylene group as a sppeatly reduced the activity of quinolidel.
The MIC of this structure was 34.1 uM, which wapragimately 6-fold less effective than
compound4a. Finally, the 2-naphthyl group idv presented a MIC value of 7.6 uM, while
benzofl][1,3]dioxole derivativedw was able to inhibiM. tuberculosiswith a MIC of 30.9uM.
This result reveal that increasing the polarityhia substituent reduced the inhibitory capacity of

the molecule nearly 4-fold.
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Using the MIC value of 2.8M, presented by isoniazid, as a threshold, quiesida, 3h, 4k,
and4swere selected for inhibitory activity against a @laof multidrug-resistantl. tuberculosis
strains Table 2). Due to the antimycobacterial activity of compdsrk and 4m and their
structural similarity, only 3,4-dichlorobenzyl destive 4k was selected\. tuberculosisstrains
PT2, PT12, and PT20 have been described as rdsistaltugs such as isoniazid, rifampin,
streptomycin, ethionamide, and rifabutine. Additittyy, PT12 and PT20 are also resistant to
drugs such as pyrazinamide and ethambutol and Prieksznt additional resistance to amikacin
and capreomycin. The genome of these strains Fasdeguenced, and the genotypic alterations
responsible for the resistant phenotypes have akeady reported [16]. Notably, the evaluated
qguinolines exhibited similar activities, and thegre even more potent against PT2, PT12, and
PT20 strains than thid. tuberculosisH37Rv strain Table 2). Compoundsa and4k exhibited
similar activities between the different drug-sysig#e and drug-resistantl. tuberculosis
strains. Moleculegh and4s were 1.9- to 9.5-fold more potent against MDR isgahan the
drug-susceptibl®. tuberculosidH37Rv strain. From the results obtained, one catlade that
the synthesized quinolines do not sharevitro cross-resistance with some important and
clinically useful anti-TB drugs. These data suggeemising potential of these structures against
drug-susceptible and MDRA. tuberculosisstrains, probably involving different molecular
targets from known drugs.

In an attempt to shed light on the mechanism dbaatf synthesized quinolin€ga, 3h, 4k,
and4s, the MICs of the compounds were determined agairaiquinolin-4-yloxy)acetamide-
resistantM. tuberculosisstrain Table 2). Whole genome sequencing of this spontaneous
resistant strain has revealed a mutation ingtr® gene which substituted an adenine nucleotide

at 937 position by a guanine resulting in the T318Aino acid exchange [10]. The four
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evaluated compounds showed MIC values that weleaat 4-fold higher than those displayed
against theM. tuberculosidH37Rv strain. These data suggested the involveofaheqcrB gene
product in the antimycobacterial activity eliciteyl these molecules. ThyerB gene encodes the
b-subunit of the cytochromiec; complex, which is part of the respiratory electt@msport chain
and required for ATP biosynthesis. Therefore, th@ecular simplification from 2-(quinolin-4-
yloxy)acetamides, which culminates in the withdrewefaamide function in compoundsand4,
maintained the cytochrombc, complex as a possible molecular target for thiseseof

molecules.

Table 2.In vitro activity of the selected quinolines agailkttuberculositH37Rv, MDR strains,
and the 2-(quinolin-4-yloxy)acetamide-resistanaistr Evaluation of the viability of HepG2 and

Vero cells. Metabolic stability evaluated in huniaer S9 fractions.

Entry | MIC | MIC | MIC | MIC | MIC? CCss® | CCsd Clin® ta

H37Rv | PT2 | PT12 | PT20| qcrB- HepG2 | Vero | (mL/min/kg) | (min)

(M) | (uM) | (UM) | (UM) | T313A | (UM) (LM)

(UM)
3a 1.3 20 | 20 | 1.0 | 325 >20 >20 7.1 87.5
3h 1.8 05| 09 | 02| 73 >20 >20 7.7 78.2
4k 0.3 02 | 05 | 02 | 144 [144149| >20 12.6 30.6
4s 1.9 05 | 1.0 | 0.2 7.8 | 13.1513.0 | >20 17.4 10.0

INH 23 | 291.7| 729 | 145.8| 2.3 - - - —

RIF 0.05 | >48.6| >48.6| 12.2 — - - - -
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®2-(Quinolin-4-yloxy)acetamide-resistant spontaneougant containing a unique alteration in
the qcrB gene (ACC to GCC at nucleotide 937 position or 3/J&mino substitution)’The
toxicity and selectivity of the compounds was stadon HepG2 and Vero cells. The 50%
cytotoxic concentration determined by MTT and NautRed assays‘Human S9 intrinsic
clearanceHalf-live. ®Determined by the MTT methotDetermined by the Neutral Red method.

INH, Isoniazid. RIF, Rifampin.

In addition, quinolinesa, 3h, 4k, and4swere evaluated for their cytotoxicity using HepG2
and Vero cellsTable 2). Cellular viability was determined using MTT aNeutral Red uptake
assays [9,17] after exposing the cell lineagesh® duinolines for 72 h [18]. While MTT
determines mitochondrial activity, neutral red asss the lysosomal viability of the cells.
Incubation of carbonyl-containing compoungis and 3h at a concentration of 20M did not
significantly affect the viability of either celineage. Furthermore, the viability of the Vero sell
exposed to 2@M of compoundstk and4s was not affected. By contrast, moleculdsand4s
exhibited CGy (50% cytotoxic concentration) values of 14.4/148 and 13.1/13.0uM,
respectively, when incubated with HepG2 cells. Ehéisdings point out that there is a
difference of 6.8-6.9-fold between the antimycobaat activity elicited by structurés against
M. tuberculosisH37Rv and its cytotoxic concentration. Taking tkista alone, these values
could be considered indicative of toxicity and,rdéiere, motivation for exclusion afs from
subsequent trials. However, when considering th€ Malues of moleculés against MDR
strains, this difference increases to at leastol®-fTherefore, the viability results suggested tha
structures3a, 3h, 4k, and 4s present a reasonable to high degree of selectiatyM.

tuberculosis propelling us to continue our research efforts.
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Afterward, the metabolic stability of quinolings, 3h, 4k, and4s was determined using
human liver S9 fractionsT@ble 2). Compounds3a, 3h, and4k showed moderate elimination
rates based on human S9 intrinsic clearance v@lites Cl; >5 mL/min/kg) [19]. By contrast,
molecule 4s exhibited a high elimination rate under the eviddaconditions (Gl >15
mL/min/kg) [19]. Interestingly, carbonyl-containirstructures3a and3h demonstrated half-lives
that were at least 2.5-fold longer than ether dgrres4k and4s Another finding was that the
presence of the #o-propylbenzyl group reduced the half-life of quinel 4s 3-fold when
compared to 3,4-dichlorobenzyl derivatidd. This may be related to the activation of the
benzene ring by the alkyl group, which is proneaotadation reactions from microsomal
enzymes. However, further studies are needed téireosuch hypothesis. For purposes of
comparison, the metabolic stability of 2-(quinofindoxy)acetamides, determined under the
same experimental conditions, showed half-livedwiean values of 18.7 min [8,9]. This data
suggests, once more [11], that the presence ofmaalegfunction generates a hydrolysis soft spot
that can be circumvented by the molecular simglifan strategy.

In order to evaluate the ability of the compoundgass cell membranes and to inhibit the
intracellular growth of the bacilli, quinolinéa, 3h, and4k were evaluated in a macrophage
model of M. tuberculosignfection. It is important to mention that theseletules were chosen
based on cytotoxicity and metabolic stability sasdiMacrophages from the untreated group
(0.5% DMSO) showed an increase of around 1.21,16§U, within five days, compared to the
early control group. This data denoted the bacteahility to multiply intracellularly Table 3).
Treatments with molecule3h and 4k prevented bacterial growth and kept the bactédoidls
stable inside the macrophages. By contrast, phardtituted compoun8a was ineffective

when statically compared to the early control ahd tintreated group. The data obtained
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suggested that structur8b and4k were able to have a bacteriostatic effect on cettalar M.
tuberculosisgrowth (P<0.05). It is noteworthy that these sifrgal quinolines also exhibited the
best activities against MDRM. tuberculosisstrains, making these lead compounds highly

attractive.

Table 3.Intracellular activity of compound3a, 3h, and4k in murine macrophages infected with

the virulentM. tuberculosifH37Ryv strain.

Entry LoglOCFU/weII (Mean * SD)
Early Control 3.45+£0.07
Untreated 4.66 = 0.23**
3a (5 uM) 4.06 +0.11
3h (5 pM) 3.80 +0.43*
4k (5 uM) 3.80 £ 0.17*

SD, standard deviation;P*< 0.05 compared to untreated group (0.5% DMSOP # 0.01

compared to early control (EC) group.

3. Conclusion

In summary, herein the design and synthesis ofva sexies of simplified quinolines was
shown, and we demonstrated thieirvitro antimycobacterial activity. The synthetic procesur
were performed using readily accessible reagerdsreactants under mild reaction conditions.
In addition, the compounds showed selective agtiaijainst drug-sensitive and MDR.
tuberculosis strains, with MIC values in the low micromolar @ubmicromolar range.

Interestingly, the lead compounds carry out theititabercular activity by targeting the
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cytochromebc; complex. This possible mechanism of action/rescaxpands the potential use
of these structures for non-replicating formavbftuberculosis Furthermore, the design strategy
provided molecules that were metabolically morélstéhan their counterparts, which were able
to inhibit the intracellularM. tuberculosisgrowth with a bacteriostatic effect. Finally, the
submicromolar activity against MDRA. tuberculosisstrains elicited by leading quinolines
coupled to the metabolic stability and intraceltdativity suggests that this class of compounds
may Yyield candidates for the development of newBBtdrugs. New structural modifications of

the compounds, as well as bioavailability studées,currently underway.

4. Experimental section
4.1 Synthesis and structure: apparatus and analysis

The commercially available reactants and solver@sevobtained from commercial suppliers
and were used without additional purification. Timelting points were measured using a
Microquimica MQAPF-302 apparatu$d and**C NMR spectra were acquired on an Avance I
HD Bruker spectrometer (Pontifical Catholic Univerof Rio Grande do Sul). Chemical shifts
(o) were expressed in parts per million (ppm) reatte DMSOeés, which was used as the
solvent, and to TMS, which was used as the intestehdard. High-resolution mass spectra
(HRMS) were obtained on an LTQ Orbitrap Discovergss spectrometer (Thermo Fisher
Scientific, Bremer, Germany). This system combirees LTQ XL linear ion-trap mass
spectrometer and an Orbitrap mass analyzer. Thigsasawere performed through the direct
infusion of the sample in MeOH/GEN (1:1) with 0.1% formic acid (flow rate of 10 prhih) in
positive-ion mode using electrospray ionization IfE$or the elemental composition, the

calculations used the specific tool included in @eal Browser module of Xcalibur (Thermo



319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

18

Fisher Scientific, release 2.0.7) software. The poumd purity was determined using an Akta
HPLC system (GE Healthcare® Life Sciences) equippid a binary pump, manual injector,
and UV detector. Unicorn 5.31 software (Build 748as used for data acquisition and
processing. The HPLC conditions were as follows:c&RRmn, 5 pm Nucleodur C-18 (250 x 4.6
mm); flow rate, 1.5nL/min; UV detection, 254 nm; 100% water (0.1% areicid) was
maintained from 0 to 7 min, followed by a lineaadient from 100% water (0.1% acetic acid) to
90% acetonitrile/methanol (1:1, v/v) from 7 to 15l5-30 min) and subsequently returned to
100% water (0.1% acetic acid) in 5 min (30-35 nanyl maintained for an additional 10 min

(35—45 min). All the evaluated compounds we®€% pure.

4.2 General procedure for the synthesis of quirrgand4

The synthesis of 4-hydroxyquinoling) (was performed in accordance to an already regorte
procedure [9]. The appropriate alkyl halide (1.2 ehmwas added to a mixture of 4-
hydroxyquinoline (1 mmol) and potassium carbon&gCQO;, 3.12 mmol) in DMF (6 mL). The
reaction mixture was stirred at 25°C for 18 h. Aftards, the reaction mixture was diluted in
water (10 mL) with concomitant precipitation of tpeoduct. The solid was separated using a
centrifuge (18,000 RPM, 4°C, 10 min), washed witttev (3 x 15 mL), and dried under reduced
pressure to afford the products in good purity,clhivas measured by HPLC experiments. In
some cases where the purity of the products wasatdtfactory, the solids were washed with
ethyl ether or purified by flash chromatographyngsethyl acetate and hexane in a ratio of 3:7;

1:1, and, finally, 7:3, respectively.

4.2.1 2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-leplylethan-1-oné3a)
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Yield 38%; m.p.: 155-156 °C; HPLC 90% (= 14.53 min);"H NMR (400 MHz, DMSO¢) ¢
2.52 (s, 3H), 3.89 (s, 3H), 5.89 (s, 2H), 6.931¢d), 7.35 (ddJ = 9.1, 2.9 Hz, 1H), 7.48 (d,=
2.9 Hz, 1H), 7.61 (t) = 7.6 Hz, 2H), 7.68 — 7.84 (m, 2H), 8.04 — 8.13 &H). °C NMR (101
MHz, DMSO-dg) 6 24.7, 55.1, 70.2, 99.5, 119.5, 121.2, 127.7 (2@B.4 (4C), 129.3, 133.6,
134.0, 156.0, 156.7, 159.1, 193.2; HRMS (FTMS + PES/z calcd. for GgHi/NOs (M)*:

308.1281; found: 308.1273.

4.2.2 2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-Eethoxyphenyl)ethan-1-o(&b)

Yield 58%; m.p.: 145-146 °C; HPLC 97% & 14.72 min);*H NMR (400 MHz, DMSOdg) &
2.52 (s, 3H), 3.88 (s, 6H), 5.81 (s, 2H), 6.881(4), 7.12 (dJ = 8.7 Hz, 2H), 7.35 (dd] = 9.1,
2.9 Hz, 1H), 7.48 (dJ = 2.8 Hz, 1H), 7.79 (dJ = 9.1 Hz, 1H), 8.06 (dJ = 8.8 Hz, 2H)°C
NMR (101 MHz, DMSOe€) ¢ 25.0, 55.8, 70.5, 99.8, 102.4, 114.0 (2C), 1194,.4, 127 .4,
129.4, 130.3 (3C), 144.1, 156.5, 156.9, 159.4,8,6891.6; HRMS (FTMS + pESIn/z calcd.

for CogH19NO4 (M)™: 338.1387; found: 338.1401.

4.2.32-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-(3-methiphenyl)ethan-1-on@c)

Yield 78%; m.p.: 93-95 °C; HPLC 90%x( 15.80 min)*H NMR (400 MHz, DMSOd) & 2.53

(s, 3H), 3.86 (s, 3H), 3.89 (s, 3H), 5.88 (s, 26183 (s, 1H), 7.29 — 7.31 (m, 1H), 7.35 (dd;
9.1, 2.9 Hz, 1H), 7.48 (d,= 2.9 Hz, 1H), 7.53 (] = 7.9 Hz, 1H), 7.57 — 7.59 (m, 1H), 7.68 (dd,
J=6.7, 1.2 Hz, 2H)7.79 (d,J = 9.1 Hz, 1H)}*C NMR (101 MHz, DMSOdg) § 25.5, 55.8,
55.9, 71.0, 100.2, 103.0, 113.2, 120.2, 120.3,8,2022.0, 130.0, 130.3, 136.1, 144.7, 156.7,
157.4, 159.8, 160.0, 193.8; HRMS (FTMS + pE®Iy calcd. for GoH10NO4 (M)*: 338.1387;

found: 338.1379.
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365

366  4.2.42-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-(2-methiphenyl)ethan-1-on@d)

367  Yield 57%; m.p.: 140-142 °C; HPLC 90% E 14.93 min);*H NMR (400 MHz, DMSO¢) 6
368 2.51 (s, 3H), 3.86 (s, 3H), 3.96 (s, 3H), 5.58(4), 6.75 (s, 1H), 7.11 (8 = 7.5 Hz, 1H), 7.26
369 (d,J = 8.4 Hz, 1H), 7.34 (dd] = 9.1, 2.9 Hz, 1H), 7.41 (d,= 2.8 Hz, 1H), 7.65 (J = 7.8 Hz,
370  1H), 7.78 (d,J = 8.9 Hz, 2H).X*C NMR (101 MHz, DMSOdg) 6 24.9, 55.3, 56.0, 73.4, 99.8,
371 102.2, 112.6, 119.8, 120.7, 121.4, 124.6, 129.9,712134.8, 144.2, 156.2, 156.8, 159.1, 159.5,
372 194.5; HRMS (FTMS + pESin/zcalcd. for GgH1gNO4 (M)*: 338.1387; found: 338.1385.

373

374  4.2.52-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-(p-tggthan-1-ong3e)

375  Yield 25%; m.p.: 138-139 °C; HPLC 90% (= 15.01 min);*H NMR (400 MHz, DMSOds) ¢
376 2.52 (s, 3H), 3.88 (s, 3H), 5.84 (s, 2H), 6.911¢8), 7.35 (ddJ = 9.1, 2.9 Hz, 1H), 7.41 (d,=
377 8.0 Hz, 2H), 7.48 (dJ = 2.8 Hz, 1H), 7.79 (d] = 9.1 Hz, 1H), 7.98 (dJ = 8.2 Hz, 2H).°C
378 NMR (101 MHz, DMSOdg) ¢ 21.2, 25.1, 55.3, 70.3, 100.1, 102.5, 119.8, 12124.8 (2C),
379 129.3 (2C), 129.4, 131.8, 144.1, 144 .4, 156.3,8,5659.4, 192.7; HRMS (FTMS + pESt)/z
380 calcd. for GoH1gNO3 (M)™: 322.1438; found: 322.1451.

381

382  4.2.61-(4-Fluorophenyl)-2-((6-methoxy-2-methylquinolifioxy)ethan-1-oné3f)

383 Yield 31%; m.p.: 128-130 °C; HPLC 92% E 14.69 min);*H NMR (400 MHz, DMSOds) &
384 2.53 (s, 3H), 3.89 (s, 3H), 5.88 (s, 2H), 6.951¢4), 7.36 (ddJ = 9.2, 2.7 Hz, 1H), 7.42 — 7.49
385 (m, 3H), 7.80 (dJ = 9.1 Hz, 1H), 8.18 (dd] = 8.3, 5.8 Hz, 2H). 13C NMR (101 MHz, DMSO-

386 d6)o 25.0, 55.3, 70.3, 99.7, 102.5, 115.9J¢ 22.0 Hz, 2C), 119.8, 121.5, 126.9, 129.6, 131.0
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387 (d,J=5.4 Hz, 2C), 144.2, 156.3, 156.9, 159.3, 168,4 € 252.2 Hz), 192.2. HRMS (FTMS +
388  pESI)m/zcalcd. for GgH1FNOs (M)*: 326.1187; found: 326.1188.

389

390 4.2.7 1-(4-Chlorophenyl)-2-((6-methoxy-2-methylglim-4-yl)oxy)ethan-1-on3Qg)

391 Yield 13%; m.p.: 134-136 °C; HPLC 93%E 15.26 min);*H NMR (400 MHz, DMSO¢s) 6
392 2.53 (s, 3H), 3.88 (s, 3H), 5.87 (s, 2H), 6.95148), 7.35 (ddJ = 9.1, 2.9 Hz, 1H), 7.47 (d,=
393 2.9 Hz, 1H), 7.69 (dJ = 8.6 Hz, 2H), 7.79 (dJ = 9.2 Hz, 1H), 8.09 (d] = 8.6 Hz, 2H).**C
394 NMR (101 MHz, DMSO#€) ¢ 25.0, 55.3, 70.4, 99.7, 102.5, 119.7, 121.5, 12829,5, 129.9
395 (2C), 131.9 (2C), 138.8, 144.2, 156.3, 156.9, 15892.8. HRMS (FTMS + pESH/zcalcd. for
396  Cy9H16CINO3 (M)*: 342.0891; found: 342.0897.

397

398  4.2.8 1-(3-Chlorophenyl)-2-((6-methoxy-2-methylglim-4-yl)oxy)ethan-1-oné3h)

399 Yield 63%; m.p.: 141-142 °C; HPLC 99% E 14.76 min);*H NMR (400 MHz, DMSO#dg) &
400 2.53 (s, 3H), 3.89 (s, 3H), 5.90 (s, 2H), 6.991(3), 7.36 (ddJ = 9.1, 2.9 Hz, 1H), 1H), 7.47 (d,
401 J=2.9 Hz, 1H), 7.65 () = 7.9 Hz, 1H), 7.76 — 7.84 (m, 2H), 8.10 — 8.15 {#), 8.02 (d] =
402 7.7 Hz, 1H).*C NMR (101 MHz, DMSOdg) ¢ 25.4, 55.8, 71.0, 100.2, 103.1, 120.2, 122.1,
403 127.0, 128.3, 129.9, 131.3, 134.03 134.2, 136.8,.514156.8, 157.4, 159.8, 193.1;, HRMS
404  (FTMS + pESI)m/zcalcd. for GgH16CINOs (M)*: 342.0891; found: 342.0893.

405

406  4.2.91-(3,4-Dichlorophenyl)-2-((6-methoxy-2-methylquinet-yl)oxy)ethan-1-oné3i)

407  Yield 53%; m.p.: 149-151 °C; HPLC 95% E 15.80 min);*H NMR (400 MHz, DMSOds) 6
408 2.53 (s, 3H), 3.89 (s, 3H), 5.88 (s, 2H), 6.991¢4), 7.35 (ddJ = 9.1, 2.9 Hz, 1H), 7.46 (d,=

409 2.9 Hz, 1H), 7.79 (dJ = 9.1 Hz, 1H), 7.89 (d] = 8.3 Hz, 1H), 8.01 (dd] = 8.4, 2.0 Hz, 1H),
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8.31 (d,J = 2.0 Hz, 1H).*C NMR (101 MHz, DMSQOde) § 24.9, 55.3, 70.5, 99.7, 102.5, 119.7,
121.6, 129.7, 129.4, 130.0, 131.2, 131.9, 136.8,.014156.3, 156.9, 159.2, 191.8; HRMS

(FTMS + pESI)m/zcalcd. for GoH1sCIoNO3 (M)*: 376.0502; found: 376.0508.

4.2.101-(4-Bromophenyl)-2-((6-methoxy-2-methylquinolighbxy)ethan-1-on€3))

Yield 55%; m.p.: 134-136 °C; HPLC 91% & 15.37 min);'H NMR (400 MHz, DMSOdg) &
2.53 (s, 3H), 3.89 (s, 3H), 5.86 (s, 2H), 6.951¢d), 7.35 (dd,J = 9.1, 2.9 Hz, 1H), 7.47 (d,=

2.9 Hz, 1H), 7.77 — 7.85 (m, 3H), 8.01 (= 8.6 Hz, 2H)°C NMR (101 MHz, DMSOd) &
25.0, 55.3, 70.4, 99.7, 102.5, 119.7, 121.5, 12B0,5, 129.9 (2C), 131.9 (2C), 133.2, 144.2,
156.3, 156.9, 159.3, 192.8; HRMS (FTMS + pE@&Icalcd. for GeH16BrNOs (M)*: 386.0386;

found: 386.0391.

4.2.111-(4-Isobutylphenyl)-2-((6-methoxy-2-methylquineliyl)oxy)ethan-1-oné3k)

Yield 90%; m.p.: 130-132 °C; HPLC 96% E 15.99 min);"H NMR (400 MHz, DMSO#dg) &
0.88 (s, 3H), 0.89 (s, 3H), 1.85 — 1.93 (m, 1Hp22(s, 3H), 2.56 (d) = 7.2 Hz, 2H), 3.88 (s,
3H), 5.86 (s, 2H), 6.92 (s, 2H), 7.35 (dds 9.1, 2.9 Hz, 1H), 7.35 — 7.42 (m, 2H), 7.48J¢

2.9 Hz, 1H), 7.79 (dJ = 9.1 Hz, 1H), 7.97 — 8.04 (m, 2H}C NMR (101 MHz, DMSOds) ¢
22.6 (2C), 25.5, 30.0, 45.0, 55.8, 70.8, 100.2,9,0R20.3, 122.0, 128.4 (2C), 129.8 (2C), 130.0,
132.6, 144.7, 148.4, 156.7, 157.4, 159.9, 193.5M8R(FTMS + pESI)m/z calcd. for

Co3HosN O3 (M)+: 364.1907; found: 364.1894.

4.2.121-([1,1'-Biphenyl]-4-yl)-2-((6-methoxy-2-methylgoim-4-yl)oxy)ethan-1-on€3l)
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Yield 38%; m.p.: 160-162 °C; HPLC 97% & 16.25 min);'H NMR (400 MHz, DMSOdg) &
2.54 (s, 3H), 3.89 (s, 3H), 5.93 (s, 2H), 6.971¢d), 7.36 (ddJ = 9.2, 2.9 Hz, 1H), 7.44 — 7.50
(m, 4H), 7.48 — 7.58 (m, 3H), 7.75 — 7.84 (m, 3HB7 — 7.94 (m, 2H), 8.14 — 8.21 (m, 2iiC
NMR (101 MHz, DMSO€e) § 25.0, 55.3, 70.4, 99.7, 102.5, 119.8, 121.5, 128@), 127.0
(2C), 128.5, 128.7 (2C), 129.1 (2C), 129.5, 13388.8, 144.2, 145.3, 156.3, 156.9, 159.4,

193.0. HRMS (FTMS + pES/zcalcd. for GsH,:NO3 (M)*: 384.1594; found: 384.1596.

4.2.132-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-phengpan-1-ong3m)

Yield 71%; m.p.: 142-144 °C; HPLC 94%g(E 14.58min);*H NMR (400 MHz, DMSOs) §
1.71 (d,J = 6.8 Hz, 3H), 2.48 (s, 3H), 3.87 (s, 3H), 6.30X¢ 6.7 Hz, 1H), 6.75 (d] = 1.2 Hz,
1H), 7.35 (ddd)] = 9.2, 2.9, 1.1 Hz, 1H), 7.43 (dd,= 2.9, 1.1 Hz, 1H), 7.57 — 7.63 (m, 2H),
7.69 — 7.74 (m, 1H), 7.77 (dd= 9.1, 1.1 Hz, 1H), 8.12 (dd,= 8.4, 1.2 Hz, 2H)**C NMR (101
MHz, DMSO-) ¢ 18.1, 25.0, 55.3, 75.1, 99.9, 102.5, 119.9, 12128.5, 129.0 (2C), 129.5
(2C), 133.95, 134.01, 144.2, 156.3, 156.7, 1589%,.2;, HRMS (FTMS + pESIin/z calcd. for

C20H190NO3 (M)™: 322.1438; found: 322.1433.

4.2.144-(Benzyloxy)-6-methoxy-2-methylquinol{de)

Yield 49%; m.p.: 140-142 °C; HPLC 90% E 14.59 min);"H NMR (400 MHz, DMSO#dg) &
2.56 (s, 3H), 3.85 (s, 3H), 5.38 (s, 2H), 7.001¢8), 7.34 (ddJ = 9.1, 2.9 Hz, 1H), 7.41 — 7.49
(m, 2H), 7.57 (dt) = 6.3, 1.4 Hz, 2H), 7.78 (d,= 9.1 Hz, 1H)*C NMR (101 MHz, DMSOds)

0 25.0, 55.3, 69.5, 99.7, 102.4, 119.9, 121.2, 1223, 128.0 (2C), 128.5, 129.6, 136.3, 144.1,
156.2, 156.9, 159.5; HRMS (FTMS + pESiyz calcd. for GgH17NO, (M)*: 280.1332; found:

280.1324.



24

455

456  4.2.15 6-Methoxy-4-((3-methoxybenzyl)oxy)-2-methytgine (4b)

457  Yield 86%; m.p.: 103-104 °C; HPLC 98% E 14.63 min);*H NMR (400 MHz, DMSOds) &
458  2.56 (s, 3H), 3.79 (s, 3H), 3.86 (s, 3H), 5.352d), 6.91 — 6.97 (m, 1H), 6.99 (m, 1H), 7.10 —
459  7.16 (m, 2H), 7.33 — 7.43 (m, 3H), 7.79 §c= 9.1 Hz, 1H)*C NMR (101 MHz, DMSOdg) &
460 25.6, 55.6, 55.8, 69.9, 100.2, 103.0, 113.5, 11¥0,1, 120.4, 121.9, 130.1, 130.3, 138.4, 144.6,
461 156.8, 157.6, 159.9,60.1; HRMS (FTMS + pESIn/zcalcd. for GeH1gNOs (M)*: 310.1438;
462  found: 310.1452.

463

464  4.2.164-((3,5-Dimethoxybenzyl)oxy)-6-methoxy-2-methylgjine (4c)

465  Yield 88%; m.p.: 106-108 °C; HPLC 93% (E 15.04 min);"H NMR (400 MHz, DMSOd) &
466  2.57 (s, 3H), 3.77 (s, 6H), 3.87 (s, 3H), 5.32(), 6.50 (d,J = 2.2 Hz, 1H), 6.72 (d] = 2.2 Hz,
467 2H), 7.36 (ddJ = 9.1, 2.9 Hz, 1H), 7.00 (s, 1H), 7.41 (d= 2.8 Hz, 1H), 7.79 (d] = 9.1 Hz,
468  1H).'C NMR (101 MHz, DMSOdg) 6 25.3, 55.6 (3C), 70.0, 100.1, 100.2, 103.0, 108Q0)(
469 120.4, 122.0, 129.7, 139.0, 144.1, 156.8, 157.8,26161.1 (2C); HRMS (FTMS + pESt)/z
470  calcd. for GoH21NO4 (M)™: 340.1543; found: 340.1534.

471

472 4.2.174-((4-Fluorobenzyl)oxy)-6-methoxy-2-methylquinolihd)

473 Yield 67%; m.p.: 113-114 °C; HPLC 96% E 15.01 min);*H NMR (400 MHz, DMSOds) &
474  2.58 (s, 3H), 3.85 (s, 3H), 5.35 (s, 2H), 6.981(3), 7.28 (t,J = 8.9 Hz, 2H), 7.34 (dd] = 9.0,
475 2.9 Hz, 1H), 7.38 (dJ = 2.7 Hz, 1H), 7.63 (dd] = 8.6, 5.6 Hz, 2H), 7.80 (d,= 9.0 Hz, 1H);
476 °C NMR (101 MHz, DMSOds) 6 25.1, 55.3 (d,J = 1.8 Hz), 68.9, 99.8, 102.5, 115.5 (d=

477 21.4 Hz, 2C), 119.9, 121.3, 129.6, 129.9 Jds 8.3 Hz, 2C), 132.6 (d) = 3.0 Hz), 144.1,
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156.31, 157.1, 159.5, 162.0 (d, = 243.9 Hz); HRMS (FTMS + pESIjn/z calcd. for

CiaH16FNO, (M)*: 298.1238; found: 298.1251.

4.2.184-((3-Fluorobenzyl)oxy)-6-methoxy-2-methylquinolie)

Yield 84%; m.p.: 79-80 °C; HPLC 98%x(= 15.80 min);'H NMR (400 MHz, DMSO¢s) & 2.57
(s, 3H), 3.87 (s, 3H), 5.40 (s, 2H), 6.98 (s, 1HP2 (td,J = 8.4, 2.0 Hz, 1H), 7.33 — 7.44 (m,
4H), 7.46 — 7.54 (m, 1H), 7.80 (d,= 9.1 Hz, 1H).3C NMR (101 MHz, DMSO-d6p 25.5,
55.8, 69.2 (dJ = 2.1 Hz), 100.2, 103.0, 114.7 @= 22.1 Hz), 115.3 (d] = 20.9 Hz), 120.3,
121.9, 123.9 (dJ = 2.8 Hz), 130.0, 131.2 (d,= 8.4 Hz), 139.7 (dJ = 7.5 Hz), 144.6, 156.8,
157.5, 159.8, 162.7 (d,= 243.7 Hz), 163.9; HRMS (FTMS + pESI) m/z calfat. CigH16FNO;

(M)+: 298.1238; found: 298.1251.

4.2.194-((2-Fluorobenzyl)oxy)-6-methoxy-2-methylquinoli4g

Yield 52%; m.p.: 139-141 °C; HPLC 90% E 14.59 min);"H NMR (400 MHz, DMSO#dg) &
2.58 (s, 3H), 3.83 (s, 3H), 5.42 (s, 2H), 7.071¢d),7.26 — 7.38 (M, 4H), 7.43 — 7.52 (m, 1H),
7.68 (td,J = 7.5, 1.7 Hz, 1H), 7.75 — 7.83 (m, 1£C NMR (101 MHz, DMSOdg) 5 24.9, 55.2,
64.0 (d,J = 3.8 Hz), 99.7, 102.3, 115.4 (@= 20.9 Hz), 119.7, 121.1, 123.0 (= 14.3 Hz),
124.6 (d,J = 3.5 Hz), 129.5, 130.3 (d,= 4.0 Hz), 130.5 (dJ = 8.3 Hz), 144.1, 156.2, 156.9,
159.3, 160.3 (dJ = 246.4 Hz); HRMS (FTMS + pESIn/z calcd. for GgHigFNO, (M)™:

298.1238; found: 298.1229.

4.2.204-((3,4-Difluorobenzyl)oxy)-6-methoxy-2-methylqlime (49)
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Yield 90%; m.p.: 119-121 °C; HPLC 95% E 15.33 min);"H NMR (400 MHz, DMSO#dg) &
2.57 (s, 3H), 3.86 (s, 3H), 5.36 (s, 2H), 6.991¢3), 7.34 (ddJ = 9.1, 2.9 Hz, 1H), 7.39 (d,=
2.8 Hz, 1H), 7.39 — 7.47 (m, 1H), 7.46 — 7.55 (id),17.65 (ddd,) = 11.4, 7.8, 2.0 Hz, 1H), 7.78
(d, J = 9.1 Hz, 1H)*C NMR (101 MHz, DMSO#dg) 5 25.0, 55.3, 68.3, 99.8, 102.5, 116.8 (dd,
=17.5, 3.9 Hz), 117.7 (d,= 17.2 Hz), 119.8, 121.4, 124.6 (dds 6.8, 3.5 Hz), 129.55, 134.06
(dd, J = 6.1, 3.8 Hz), 144.09, 148.07 (dii= 24.7, 12.6 Hz), 150.52 (dd,= 24.6, 12.5 Hz),
156.96, 157.80 (d] = 301.4 Hz, 2C); HRMS (FTMS + pESt)/zcalcd. for GgH1sFNO, (M)™:

316.1144; found: 316.1144.

4.2.214-((4-Chlorobenzyl)oxy)-6-methoxy-2-methylquinolihe)

Yield 73%; m.p.: 159-160 °C; HPLC 92% (= 15.61 min);'H NMR (400 MHz, DMSOds) ¢
2.57 (s, 3H), 3.86 (s, 3H), 5.35 (s, 2H), 6.951(3), 7.34 (ddJ = 9.1, 2.5 Hz, 1H), 7.39 (s, 1H),
7.50 (d,J = 8.3 Hz, 2H), 7.59 (d] = 8.2 Hz, 2H), 7.80 (d] = 9.0 Hz, 1H);*C NMR (101 MHz,
DMSO-dg) 0 25.1, 55.4, 68.8, 99.8, 102.6, 119.9, 121.4, 1280), 129.5, 129.6 (2C), 132.7,
135.4, 144.1, 156.3, 157.1, 159.4; HRMS (FTMS + IpES/z calcd. for GgH16CINO, (M)™:

314.0942; found: 314.0956.

4.2.224-((3-Chlorobenzyl)oxy)-6-methoxy-2-methylquinolhi¢

Yield 90%; m.p.: 101-102 °C; HPLC 93% & 15.65 min);"H NMR (400 MHz, DMSO#dg) &
2.57 (s, 3H), 3.87 (s, 3H), 5.40 (s, 2H), 6.991¢4), 7.35 (dd,J = 9.1, 2.9 Hz, 1H), 7.40 (d,=
2.8 Hz, 1H), 7.41 — 7.51 (m, 2H), 7.54 {d= 7.2 Hz, 1H), 7.62 (s, 1H), 7.79 @= 9.1 Hz, 1H);

13C NMR (101 MHz, DMSOde) 6 25.0, 55.3, 68.7, 99.7, 102.5, 119.8, 121.4, 12627.3,
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128.0, 129.4, 130.6, 133.2, 138.8, 143.9, 156.3,0,9.59.4; HRMS (FTMS + pESiy/z calcd.

for CrgH16CINO, (M)*: 314.0942; found: 319.0945.

4.2.234-((2-Chlorobenzyl)oxy)-6-methoxy-2-methylquinolhg

Yield 86%; m.p.: 86-87 °C; HPLC 94%x(= 14.92 min)'H NMR (400 MHz, DMSO¢s) § 2.56
(s, 3H), 3.85 (s, 3H), 5.38 (s, 2H, @H7.00 (s, 1H), 7.34 (dd,= 9.1, 2.9 Hz, 1H), 7.37 — 7.40
(m, 2H), 7.41 — 7.49 (m, 2H), 7.57 @z= 6.8 Hz, 1H), 7.78 (d] = 9.1 Hz, 1H):*C NMR (101
MHz, DMSOg) 0 25.0, 55.2, 67.2, 99.7, 102.4, 119.8, 121.2, 121729.5, 129.6, 130.0, 130.1,
132.7, 133.5, 144.1, 156.2, 157.0, 159.3; HRMS (BT™pESI)m/z calcd. for GgH16CINO,

(M)*: 314.0942; found: 314.0935.

4.2.244-((3,4-Dichlorobenzyl)oxy)-6-methoxy-2-methylqlims(4k)

Yield 63%; m.p.: 141-143 °C; HPLC 97% & 16.21 min);*H NMR (400 MHz, DMSO#dg) &
2.56 (s, 3H), 3.85 (s, 3H), 5.38 (s, 2H), 7.001¢d), 7.34 (ddJ = 9.1, 2.9 Hz, 1H), 7.39 (d,=
2.9 Hz, 1H), 7.45 (t) = 7.3 Hz, 2H), 7.53 — 7.59 (m, 1H), 7.78 {d= 9.1 Hz, 1H):*C NMR
(101 MHz, DMSO¢k) 0 24.8, 55.1, 67.8, 99.5, 102.2, 119.5, 121.1, 121/28.2, 129.4, 130.4,
130.6, 131.0, 137.3, 143.9, 156.1, 156.7, 159.0,M8R(FTMS + pESI)m/z calcd. for

Ci1aH1sCLNO, (M)*: 348.0553; found: 348.0546.

4.2.254-((2,3-Dichlorobenzyl)oxy)-6-methoxy-2-methylqlime(41)
Yield 93%; m.p.: 127-129 °C; HPLC 99% E 15.73 min);"H NMR (400 MHz, DMSO#ds) ¢
2.59 (s, 3H), 3.86 (s, 3H), 5.47 (s, 2H), 7.061¢d), 7.34 — 7.42 (m, 2H), 7.46 @,= 7.9 Hz,

1H), 7.66 — 7.71 (m, 2H), 7.77 — 7.84 (m, 1EC NMR (101 MHz, DMSOdg) 6 25.3, 55.9,
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68.1, 100.3, 103.1, 120.2, 122.1, 128.7, 129.0,7,2880.8, 131.0, 132.6, 136.6, 144.1, 156.9,
157.5, 159.9; HRMS (FTMS + pESHV/z calcd. for GgHisCLNO, (M)*: 348.0553; found:

348.0541.

4.2.264-((4-Bromo-3-chlorobenzyl)oxy)-6-methoxy-2-methylgline (4m)

Yield 96%; m.p.: 150-152 °C; HPLC 99% E 15.99 min);'H NMR (400 MHz, DMSOdg) &
2.57 (s, 3H), 3.87 (s, 3H), 5.37 (s, 2H), 6.971¢d), 7.35 (dd,J = 9.0, 2.8 Hz, 1H), 7.39 (d,=

2.9 Hz, 1H), 7.47 (ddj = 8.2, 2.1 Hz, 2H), 7.76 — 7.86 (m, 3JC NMR (101 MHz, DMSO-
ds) 0 25.4, 55.8, 68.5, 100.2, 102.9, 120.2, 121.4, 1218.3, 129.8, 129.9, 133.7, 134.5, 138.5,
144.4, 156.8, 157.4, 159.8; HRMS (FTMS + pE®i)z calcd. for GgHisBrCINO, (M)™:

392.0047; found: 392.0035.

4.2.274-((4-Bromobenzyl)oxy)-6-methoxy-2-methylquinof4r®

Yield 78%; m.p.: 173-174 °C; HPLC 98% & 15.72 min);*H NMR (400 MHz, DMSO#dg) &
2.55 (s, 3H), 3.86 (s, 3H), 5.36 (s, 2H), 6.981(4), 7.34 (ddJ = 9.1, 2.9 Hz, 1H), 7.38 (d,=
2.8 Hz, 1H), 7.52 (dJ = 8.3 Hz, 2H), 7.60 — 7.67 (m, 2H), 7.78 Jd= 9.1 Hz, 1H)*C NMR
(101 MHz, DMSO#€) & 24.9, 55.2, 68.7, 99.9, 102.4, 119.7, 121.0, 121294, 129.5 (2C),
131.3 (2C), 135.7, 144.0, 156.2, 156.8, 159.3; HRKEMS + pESI) m/z calcd. for

C1H16BINO, (M)*: 358.0437; found: 358.0455.

4.2.284-((3-Bromobenzyl)oxy)-6-methoxy-2-methylquino{d®
Yield 95%; m.p.: 111-112 °C; HPLC 97% & 15.68 min); )'H NMR (400 MHz, DMSO¢g) ¢

2.56 (s, 3H), 3.87 (s, 3H), 5.39 (s, 2H), 6.981(d), 7.35 (ddJ = 9.1, 2.9 Hz, 1H), 7.39 (d,=
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2.7 Hz, 1H), 7.42 (d) = 7.7 Hz, 1H), 7.58 (dd] = 7.8, 1.8 Hz, 2H), 7.74 — 7.82 (m, 214¢c
NMR (101 MHz, DMSO¢e) J 25.0, 55.3, 68.6, 99.7, 102.5, 119.8, 121.4, 12128.5, 129.5
(2C), 130.2, 130.8, 130.9, 139.1, 144.0, 156.3,0,5759.4; HRMS (FTMS + pESHvzcalcd.

for C1gH16BrNO, (M)*: 358.0437; found: 358.0440.

4.2.296-Methoxy-2-methyl-4-((4-(trifluoromethyl)benzyiyquinoline(4p)

Yield 81%; m.p.: 171-173 °C; HPLC 94% E 15.81 min);"H NMR (400 MHz, DMSO#dg) &
2.57 (s, 3H), 3.88 (s, 3H), 5.52 (s, 2H), 7.041(3),7.38 (ddJ = 9.2, 2.9 Hz, 1H), 7.44 (d,=
2.9 Hz, 1H), 7.76 — 7.84 (m, 5H)°C NMR (101 MHz, DMSOds) § 25.0, 55.2, 68.6, 99.7,
102.5, 119.8, 121.4, 123.9 @= 3.8 Hz), 124.1 (¢) = 272.4 Hz), 124.7 (d] = 3.8 Hz), 129.3
(q,J = 31.8 Hz), 129.6, 129.7 (2C), 131.4, 137.9, 14456.3, 157.0, 159.3; HRMS (FTMS +

PESI)Ym/zcalcd. for GgH16FsNO, (M)™: 348.1206; found: 348.1191.

4.2.306-Methoxy-2-methyl-4-((3-(trifluoromethyl)benzylyquinoline(4q)

Yield 90%; m.p.: 103-104 °C; HPLC 96% E 15.80 min);"H NMR (400 MHz, DMSO#dg) &
2.57 (s, 3H), 3.86 (s, 3H), 5.49 (s, 2H), 7.011(3), 7.35 (ddJ = 9.1, 2.9 Hz, 1H,), 7.41 (d,=
2.8 Hz, 1H), 7.67 — 7.77 (m, 2H), 7.80 {c= 9.1 Hz, 1H), 7.89 (d] = 7.6 Hz, 1H), 7.95 (s, 1H);
3C NMR (101 MHz, DMSOQsdg) § 25.0, 55.4, 68.7, 102.3, 119.8, 121.4, 124.1 (251.5 Hz),
125.5 (g, = 3.7 Hz, 2C), 127.9 (2C), 128.7 &= 31.7 Hz), 129.6 (2C), 141.2, 144.2, 156.4,
157.0, 159.3; HRMS (FTMS + pESH/z calcd. for GgHi6FsNO, (M)*: 348.1206; found:

348.1207.

4.2.316-Methoxy-2-methyl-4-((4-nitrobenzyl)oxy)quinol{de)
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Yield 64%; m.p.: 198-199 °C; HPLC 98% (= 14.94 min);'H NMR (400 MHz, DMSO¢) ¢
2.56 (s, 3H), 3.89 (s, 3H), 5.56 (s, 2H), 6.991¢d), 7.36 (ddJ = 9.2, 2.9 Hz, 1H), 7.45 (d,=
3.1 Hz, 1H), 7.81 (m, 3H), 8.31 (d,= 8.4 Hz, 2H);**C NMR (101 MHz, DMSOdg) ¢ 25.1,
55.4, 68.4, 99.8, 102.6, 119.8, 121.5, 123.8 (223.2 (3C), 129.6, 144.2, 147.2, 156.4, 157.1,

159.2; HRMS (FTMS + pESn/zcalcd. for GgH16N2O4 (M)*: 325.1183; found: 325.1199.

4.2.324-((4-1sopropylbenzyl)oxy)-6-methoxy-2-methylquime{4s)

Yield 80%; m.p.: 124-126 °C; HPLC 91% E 16.32 min);"H NMR (400 MHz, DMSO#dg) &
1.21 (d,d = 7.0 Hz, 6H), 2.56 (s, 3H), 2.91 (m, 1H), 3.853H), 5.32 (s, 2H), 7.01 (s, 1H),7.24
— 7.43 (m, 4H), 7.48 (dl = 7.8 Hz, 2H),7.78 (d] = 9.1 Hz, 1H)*C NMR (101 MHz, DMSO-
de) 5 23.7 (2C), 25.0, 33.1, 55.3, 69.6, 99.8, 102.8.8,1121.2, 126.4 (2C), 127.8 (2C), 129.6,
133.6, 144.3, 148.5, 156.1, 156.9, 159.7; HRMS (BMpESI)m/zcalcd. for GiH23NO, (M)™:

322.1802; found: 322.1780.

4.2.334-((4-(Tert-butyl)benzyl)oxy)-6-methoxy-2-methyhqline (4t)

Yield 97%; m.p.: 133-134 °C; HPLC 97% & 15.83 min);'H NMR (400 MHz, DMSO#) 5
1.29 (s, 9H), 2.57 (s, 3H), 3.84 (s, 3H), 5.322(4), 6.99 (s, 1H), 7.30 — 7.36 (m, 1H), 7.37 —
7.41 (m, 1H), 7.42 — 7.50 (m, 4H), 7.77 (dck 9.1, 3.3 Hz, 1H)**C NMR (101 MHz, DMSO-
de) 6 25.5, 31.6 (3C), 55.8, 69.9, 100.3, 102.9, 12024,.2, 125.8 (2C), 127.8, 127.9 (2C),
130.0, 133.8, 144.6, 151.0, 156.8, 157.5, 160.1;MBR(FTMS + pESI)m/z calcd. for

CaaH2sNO, (M)*: 336.1958; found: 336.1974.

4.2.346-Methoxy-2-methyl-4-phenethoxyquinol{de)
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Yield 20%; m.p.: 90-92 °C; HPLC 90%(= 15.80 min);"H NMR (400 MHz, DMSO¢s) & 2.55
(s, 3H), 3.19 (tJ = 6.5 Hz, 2H), 3.85 (s, 3H), 4.40 Jt= 6.6 Hz, 2H), 6.89 (s, 1H), 7.24 (m, 1H),
7.28 — 7.36 (m, 4H), 7.42 (d,= 7.2 Hz, 2H), 7.75 (dd] = 8.2, 1.4 Hz, 1H)**C NMR (101
MHz, DMSO-dg) 6 25.0, 34.7, 55.2, 68.6, 99.6, 101.9, 119.7, 121253, 128.2 (2C), 129.1
(2C), 129.5, 138.3, 144.0, 156.1, 157.1, 159.6; HRIATMS + pESIm/zcalcd. for GoH1NO,

(M)*: 294.1489; found: 294.1482.

4.2.356-Methoxy-2-methyl-4-(naphthalen-2-ylmethoxy)quime{4v)

Yield 64%; m.p.: 156-158 °C; HPLC 92% E 16.14 min)*H NMR (400 MHz, DMSOdg) &
2.58 (s, 3H), 3.85 (s, 3H), 5.54 (s, 2H), 7.061¢3), 7.36 (ddJ = 9.2, 2.9 Hz, 1H), 7.44 (d,=

2.9 Hz, 1H), 7.52 — 7.57 (m, 2H), 7.66 — 7.73 (iM),17.81 (d,J = 9.1 Hz, 1H), 7.92 — 8.02 (m,
3H), 8.10 (s, 1H)**C NMR (101 MHz, DMSOdg) d 25.1, 55.3, 69.7, 99.7, 102.6, 119.9, 121.4,
125.5, 126.3, 126.4, 126.5, 127.6, 127.9, 128.9,612132.6, 132.8, 133.9, 144.2, 156.3, 157.0,

159.6; HRMS (FTMS + pEStn/zcalcd. for GoH1gNO, (M)™: 330.1489; found: 330.1476.

4.2.364-(Benzo[d][1,3]dioxol-4-yImethoxy)-6-methoxy-2-mdtuinoline(4w)

Yield 90%; m.p.: 128-130 °C; HPLC 91% E 14.83 min);"H NMR (400 MHz, DMSO#dg) &
2.56 (s, 3H), 3.85 (s, 3H), 5.25 (s, 2H), 6.052¢d), 6.94 — 7.00 (m, 2H), 7.05 (d,= 9.2 Hz,
1H), 7.13 (s, 1H), 7.29 — 7.37 (m, 2H), 7.77J& 8.9 Hz, 1H)*C NMR (101 MHz, DMSOds)

0 24.9, 55.1, 69.5, 99.8, 101.0, 102.4, 108.2, 10813.9, 121.2, 121.6, 129.5, 129.9, 144.1,
147.1, 147.4, 156.2, 156.9, 159.5; HRMS (FTMS + DEB/z calcd. for GeHi7NOs (M)*:

324.1230; found: 324.1237.
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4.3 Susceptibility testing against M. tuberculosis

The compounds were tested for their inhibitory poté againstM. tuberculosisH37Rv
reference strain (ATCC 27294) by the resazurin cédno microplate assay (REMA), as already
thoroughly described [9,14,15]. Stock solutionsn@ mL™) of the test compounds were made in
neat DMSO (Sigma-Aldrichjand aliquots were stored at —20°C. The compounds Wuether
diluted in 1 mL of Difco™ Middlebrook 7H9 broth (B®n Dickinson, BD), supplemented with
10% (v/v) BBL™ Middlebrook ADC enrichment (albumidextrose, and catalase; BD) and 5%
(v/v) DMSO. The maximum concentration tested focheaompound ranged from 5 to 40 ug
mL™ due to differences in solubility. The compoundsevprepared as 10-point, 2-fold serial
dilutions directly in 96-well plates. Three indepent experiments were performed, and the MIC
was considered to be the lowest compound concemtréhat prevented resazurin (Sigma-
Aldrich) reduction, which, otherwise, is indicatbyg a color conversion from blue to pink. The
MIC value reported for each compound was the mesjuent value among the three assays or

the highest value obtained, and it was expressatblar concentration (LM).

4.4 Susceptibility testing against MDR strains oftierculosis

Compounds3a, 3h, 4s and4k were further tested by REMA, as described in sack.3, for
their inhibitory potential against three MDR clialcisolates ofM. tuberculosis[16] and one
laboratory strain oM. tuberculosighat carries a mutation in tlgerB (Rv2196) gene [10]. The
clinical isolates (named PT2, PT12, and PT20) webtained from patients in the Lisbon Health
Region, Lisbon, Portugal. INH and RIF were usecc@astrol drugs to demonstrate the MDR

phenotype of these isolates.
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4.5 Cytotoxicity investigation

Cellular viability determination after incubationttvthe test compounds was performed using
two different methods: the MTT method and neuted uptake assay [12]. First, HepG2 and
Vero cells were grown in Dulbecco's Modified Ealjledium (DMEM) supplemented with 10%
inactivated fetal bovine serum, 1% antibiotic (genicin) and 0.01% antifungal (amphotericin
B). Cells were seeded at 4 x*{BlepG2) or 2 x 1Bcells/well (Vero) in a 96-well microtiter
plate and incubated for 24 h. Test compounds wiuited in three different concentrations (1, 5
and 20 puM) using 2% DMSO and were incubated wiehd#ll lines for 72 h at 37 °C under 5%
CO,. For the MTT assay, the cultures were incubateat MITT reagent (5 mg/mL) for 4 h. The
absorbance was measured with excitation and emisaiavelengths of 570 and 655 nm,
respectively (SpectraMax M2e, Molecular Devices,A)USThe precipitated purple formazan
crystals were directly proportional to the numbetive cells with active mitochondria. For the
neutral red assay, after 72 h of incubation with ¢dbmpounds, the cells were washed with PBS
before the addition of 206L of neutral red dye solution (2®/mL, Sigma) prepared in serum-
free medium. The plate was incubated for an adwti® h at 37 °C under 5% GOAfter
incubation, cells were washed with PBS, followed ibgubation with 10QL of a desorb
solution (CHCOOH/EtOH/HO, 1:50:49) for 30 min, with gentle shaking to extr neutral
red dye from the viable cells. The absorbance waasored at 562 nm using a microtiter plate
reader. The percentage of cell viability for theated groups was reported by considering the
control wells (2% DMSO) as 100% of cell viabilityell viability (%) = (absorbance of treated
wells/absorbance of control wells) x 100. Statadtianalysis was performed using one-way

analysis of variance using GraphPad Prism 5.0 so&J{San Diego, CA, USA).
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4.6 Metabolic stability

In brief, the human liver S9 fraction was prepabsdhomogenizing liver, centrifuging at
9,000 xg, and saving the post-mitochondrial supernatans Hoteworthy that the S9 fraction
contains both cytosolic and membrane-bound drugibadizing enzymes. Test compounds at a
concentration of 2 uM were incubated with 1 mg/niLtlle enzyme preparation containing
NADPH at 37°C. Consumption of the compounds fromiticubation mixture was measured at
0, 5, 15, and 30 min using the HPLC-MS/MS technitpudetermine thén vitro disappearance
half-life. Verapamilwasusedas the positive control. The intrinsic clearance been described

as low (<5 mL/min/kg), moderate (5 to 15 mL/min/kaghd high (>15 mL/min/kg) [19].

4.7 Intracellular activity in a macrophage modelMf tuberculosis infection

Compounds3a, 3h, and 4k were evaluated in a macrophage modelMof tuberculosis
infection, as previously described [9,20], withghli modifications. Murine macrophage RAW
264.7 cells were cultured in RPMI 1640 medium (Gjhcsupplemented with 10% heat-
inactivated fetal bovine serum (FBS), without péfie-streptomycin, and about 5 x 1@ells
were seeded in each well of a sterile flat-bottaw2|l plate. After an incubation period of 24 h
in a bacteriological chamber (at 37°C with 5% Dd a humid atmosphere), the adhered cells
were washed once with pre-heated sterile PBS (@) t@.remove non-adherent cells, and the
infection occurred as follows. One isolated colamfythe M. tuberculosisH37Rv strain was
cultured in 5 mL of 7H9-ADC broth, supplementedmt05% (v/v) Tween 80 (Sigma-Aldrich)
and 0.2% (v/v) glycerol (MERCK) until the mid-lodnase (Olgyp~0.5). The culture was diluted
in pre-heated RPMI medium, and approximately 2.50kCFU was added to each well. The

infection was allowed to continue for 3 h at 37°@hwb% CQ. Afterwards, the infected cells
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were washed twice with sterile PBS to remove nderiralized mycobacteria. Cells of the early
control (EC) group were lysed on the day of treatimenset with 1 mL of 0.025% SDS
(dissolved in sterile 0.9% saline). Lysates wemrgabyg diluted in sterile 0.9% saline and plated
on Difco™ Middlebrook 7H10 Agar (BD), supplementgiith 10% BBL™ Middlebrook OADC
enrichment (oleic acid, albumin, dextrose, andlaatga BD) and 0.5% (v/v) glycerol. Thereatfter,
the infected cells were treated with 5 uM of eadt tompound in triplicate. Compourts 3h,
and4k were first solubilized (4 mM) in neat DMSO, aneéthdiluted in 2 mL of RPMI medium
to a final concentration of 5 uM. The final DMSOncentration was maintained at 0.5% in each
well. After 5 days of treatment, the RPMI mediumswa&moved, and each well was gently
washed with PBS. The treated macrophages were l#dd0.025% SDS, serially diluted in
0.9% saline, and plated on 7H10 agar. After anbation period of 2—3 weeks at 37°C, the CFU
were counted, setting a limit of detection (LOD)ivieeen 20 and 200 CFU per plate. The
calculated CFU values were converted into logarstlaihnCFU before statistical analysis, and the
result was expressed as the mean of theg IGFU values per well £ the standard deviation
(mean logy CFU/well £+ SD). Groups were compared by one-wawplysis of variance
(ANOVA), followed by the Tukey post-test, using @hdad Prism 5.0 (GraphPad, San Diego,

CA, USA). Significance between groups was deterchumgngP < 0.05.
Supporting information

'H and**C NMR spectra of the compoundhis material is available free of charge and can b

obtained via the Internet.
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Highlights:

Compounds with minimum inhibitory concentration (MIC) vaues in the low

micromolar or submicromolar range

Activity against drug-susceptible and multidrug-resistant Mycobacterium tuberculosis

(Mtb) strains

Structures carry out their antitubercular activity by targeting the cytochrome bc;

complex

Compounds devoid of apparent toxicity to HepG2 and Vero cells

Molecules with improved metabolic properties able to inhibit the intracellular Mtb

growth
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