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ABSTRACT

To study the antiparasitic 8-nitroquinolin-2{(tone pharmacophore, a series of 31 derivatives was
synthesized in 1-5 steps and evaludteditro against both_eishmania infantum and Trypanosoma
bruce brucei. In parallel, the reduction potential of all maldes was measured by cyclic
voltammetry. Structure-activity relationships finsticated that antileishmanial activity dependsaon
intramolecular hydrogen bond (described by X-rayraittion) between the lactam function and the
nitro group, which is responsible for an importahift of the redox potential (+0.3 V in comparison
with 8-nitroquinoline). With the assistance of cartgiional chemistry, a set of derivatives presentin
a large range of redox potentials (from -1.1 t@50V) was designed and provided a list of suitable
molecules to be synthesized and tested. This agiproighlighted that, in this series, only subsgate
with a redox potential above -0.6 V display acyiibwardL. infantum. Nevertheless, such relation
between redox potentials and vitro antiparasitic activities was not observed Tinb. brucei.
Compound 22 is a new hit compound in the series, displayinghbantileishmanial and
antitrypanosomal activity along with a low cytotoixy on the human HepG2 cell line. Compoftl

is selectively bioactivated by the type 1 nitroretdiges (NTR1) of. donovani andT. brucei brucei.
Moreover, despite being mutagenic in the Ames sestnost of nitroaromatic derivatives, compound
22 was not genotoxic in the comet assay. Prelimimawtro pharmacokinetic parameters were finally
determined and pointed out a gowmdvitro microsomal stability (half-life > 40 min) and a %2

binding to human albumin.
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HIGHLIGHTS

8-nitroquinolin-2(H)-one derivative 22 is bioactivated bydonovani NTR1

They display suitable redox potentials thanks tintnamolecular H-bond



Introducing a bromine atom at position 3 leads tew antikinetoplastid hit
INTRODUCTION

Kinetoplastids are protozoan parasites responfibldeadly mammalian infectionsgishmania spp
andTrypanosoma spp being the two main genera encountered in humarofmy. These parasites are
transmitted to their mammalian hosts by the bitesécific insect vectors. Among theishmania
genus,L. donovani and L. infantum are the two most important species responsiblevieceral
leishmaniasis (VL), the most severe and often letlical form of the disease. Briefly, VL occurs
humans after the bite of a sandflPh(ebotominae) which injects the metacyclic flagellated
promastigote stage of the parasite into the skanagites are then phagocytized by macrophages and
other types of mononuclear phagocytic cells whéey ttransform into the amastigote stage and
multiply, bypassing the immune system of the hb¥ected cells disseminate in many tissues and
organs such as lymph nodes, liver, spleen and bwweow, leading to deathln the Trypanosoma
genus, in addition td@. cruzi species, causing Chagas disease in South andaCAnterica, theT.
brucel species T. brucei gambiense or T. brucei rhodesiense) are responsible for Human African
Trypanosomiasis (HAT), also called “sleeping sidsie During HAT, the flagellated trypomastigote
stage of the parasites penetrates into the bloedratia the bite of a “tsetse fly” and disseminates
into the whole organism. In a first step of theedse, headaches, anemia, joint pain and varioas org
damage occur. Then, in a second step, the parasigade the central nervous system, causing various
neurological changes such as sleeping disordespdnsible for the name of the disease), abnormal

tone and mobility, ataxia, psychiatric disordeeszsres, coma and finally, dedth.

It is important to note that all these kinetopléstifections are lethal if untreated and that vieny
efficient, safe and affordable drugs are availatsiethe market for the low-income infected patients
living in developing countries, which makes thesaragitic infections belong to the group of
“Neglected Tropical Disease$'Regarding recent epidemiologic data, the WHO iaigis that more
than 1 billion people are at risk of contracting ¥hd that 300.000 new cases occur every yeatr,
responsible for about 20.000 death€oncerning HAT, 61 million people would be at risk

contracting the disease, no clear data being dlaizbout HAT mortality. Approved drugs against



VL are amphotericin B, miltefosine, antimony V detlives and pentamidine. The liposomal form of
amphotericin B, although being quite efficient, atso very expensive and requires parenteral
administration, which makes it unsuitable for tregitmost of infected patienfsPentamidine and
pentavalent antimony derivatives are toxic agerigchivuse is limited by parasitic resistances and
poor efficacy. Miltefosine (Figure 1) remains the only orally dable drug, but it is a teratogenic
molecule, preventing its use in women of child-ir@age® The context of anti-HAT drugs is quite
similar with only one orally available drdgln addition to pentamidine, suramin is used in the
treatment of the first stage of the disease, withurtimox in combination with eflornithine
(NECT,Figure 1) for treatment of the second (caBlstage of HATNECT has largely replaced the

use of melarsoprol, a highly toxic arsenic-containirug?®
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Figure 1: Structures of the antikinetoplastid drugs milssf@ and eflornithine, drug-candidate

fexinidazole and antileishmanial hit 8-nitroquimeR(1H)-one

Unfortunately, there are very few new chemical texgtiunder clinical trial in 2018 against both VL

and HAT? In this worrying context, there is a critical needidentify new active molecules and, as

observed in the field of tuberculosis, variousatigterocycles such as delamanid and fexinidazele ar
re-emerging as key anti-infective molecules’ Fexinidazole (Figure 1) is a 5-nitroimidazole

derivative that was first evaluated against vidckighmaniasis in a phase Il clinical trial. Altgh

not sufficiently efficient for use as a monotherdpy VL, fexinidazole has now demonstrated efficacy

against early and late stages of HAT in a pivotag® Il clinical trial™? Fexinidazole is part of



these nitroaromatic molecules which are selectiaelyvated by parasitic nitroreductases (NTRS) to
generate electrophilic cytotoxic metabolités! Unfortunately, no parasitic NTR X-ray structure is
available and most classical rational medicinahuk&y approaches cannot be used for the design of
new synthetic substrates of these key enzymesidrcontext, our group initiated a research arcand
class of 8-nitroquinoline derivatives with antipsite potential® and identified an antileishmanial
pharmacophore in 2012, corresponding to the 84uiirmlin-2(1H)-one scaffold (Figure 1f Some
more recent modulations of the position 4 of thisnmacophore failed to achieve more active
derivatives.” *® Here, we present a comprehensive study of thetata+activity relationships of this
pharmacophore, especially focusing on the modulated the redox potentials. Thirty one
pharmacophore derivatives, substituted at posittydls 5, 6 and 7, were synthesized and fimeiitro
cytotoxicity and activities against. infantum (axenic amastigotes), and. brucei brucei
(trypomastigotes) were first determined. The oagpharmacophore possessed poor antitrypanosomal
activity, whereas a new derivative (compou@d) was identified, active against all tested
kinetoplastids I(. donovani promastigotesl. donovani intramacrophage amastigotds, infantum
axenic amastigotes arfid brucei brucei trypomastigotes). The antileishmanial mechanismotibn of

this new hit-compound will be discussed along withmutagenicity and genotoxicity, a key aspect
concerning nitroaromatic compounds. Finally, twelninary in vitro pharmacokinetic properties

were measured and appear favorable for furtherldgrent of this anti-kinetoplastid pharmacophore.

RESULTS AND DISCUSSION
Chemistry

Thirty one derivatives of the initial 8-nitroquime2-(1H)-one pharmacophore, including 14 original
ones, were prepared. As presented in Scheme 1,ccomdpl-5 were obtained by classical nitration,
cyclo-condensation dN-acetylation reactions. Nitration at position 8 23€hloro-4-methylquinoline

afforded 6 whose chloroimine moiety reacted with perchlor@dato generate the corresponding

lactam?7, according to a simple and efficient previouslpaged procedur€. Bromination of7 with



N-bromosuccinimide led to the bromomethyl deriva®/e/hich was reacted with sodium hydroxide
to generate hydroxymethyl derivati®e From bromomethy8, by reacting with an amine, it was also
possible to access tth0 and its deprotected counterpdrl. From 2,4-dibromoquinoline, by a

sequential nitration/lactamisation proceddr2and13 were obtained in good yields.
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Scheme 1:Synthetic routes for the preparation of compouhds. (a) SO, HNG;, rt, 1 h; (b) glyoxylic acid,
EtOH, 80 °C, 6 h; (c) CKCOOH, AgO, 120 °C, 3 h; (d) k8Os, HNO;, 1t, 4 h; () CHCOOH, AgO, 120 °C,

24 h; () HSO,, HNO;, 1, 3 h; (g) CHCN, HCIO,, 100 °C, 24 h; (h) NBS, AIBN, CGI80 °C, 24 h; (i) NaOH,
H,O/THF, 50 °C, 24 h; (j) N{{CH,CH,0),CH,CH,NHBoc, THF, 50 °C, 24 h; (k) HCI (5N in isopropapat,

4 h; (I) SOy, HNO;, 1t, 2 h; (M) CHCN, HCIO,, MW, 100 °C, 1 h.

As presented in Scheme 2, the 2-chloroquinoline tvasnain substrate used in this work. It was first
reacted with perchloric acid to generate lactbedrwhich was either nitrated at position 6, to afford
compoundl5 or N-methylated with methyl iodide, to afforth in good yields. The nitration of 2-
chloroquinoline mainly leaded to the 2 positionners17 and 18 which were transformed into the
corresponding lactant® and20. Compound0 was eithelO-methylated with methyl iodide, forming
21, or selectively halogenated at position 3 by pdflg in HBr or HCI in the presence of sodium
bromate or sodium chlorate, to generate derivatiZand23. Note that this specific halogenation

procedure if situ Br, or Chb formation and reaction in refluxing aqueous mediureported by

O'Brien and co-worker&’ is the only one allowing selective halogenatiompagition 3 among many



others that were tested. The 3-brominated deriea®® reacted with methyl iodide to forr®-

methylated derivative4 or was reduced into the amino-derivat&feby using SnGl
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Scheme 2:Preparation of compoundst-25 from 2-chloroquinoline. (a) CH#N, HCIQ,, 100 °C, 72 h; (b)
H,S0,, HNO;, tt, 1 h; (c) DMF, KCOs, CHyl, 80 °C, 48 h; (d) bSO, HNO;, 1t, 2 h; (€) CH,CN, HCIO,, 100

°C, 72 h; () CHCN, HCIQ,, 100 °C, 72 h; (g) Ar., DMF, NaH, GHt, 24 h; (h) NaBr@ HBr, 100 °C, 5 h;

(i) NaClQ;, HCI, 100 °C, 45 min; (j) Ar., DMF, NaH, GH rt, 24 h; (k) EtOH, SnG) 80°C, 3 h.

Finally, as presented in Scheme 3, we also useith@nsynthetic pathway allowing the preparation of
8-nitroquinolinone derivatives bearing substituemsthe benzene moiety. This strategy was reported
by Zaragoza and co-workersFirst, commercial 3,3"-diethoxyethylpropionate veaponified into the
corresponding carboxylic acid which was then rehetgh SOC} to form the acyl chloride. This acyl
chloride was then reacted with varioogho-nitroanilines, to give the correspondiMgacylated
products which were not isolated. In a final steyglization was operated in 98%3%0,, giving the
expected product®6-31 The reaction yields are moderate when using r@anitlines substituted at

position 3 or 5 by electron donating groups bunttw be very low when using 2-nitroanilines

substituted at position 4 by the same groups.

26 : R = 5-CHj (46%)

OEt
cl N N 27 : R = 6-CHj (6%
EtO o R a R b R : R=6-CHj (6%)
. 2, LN 28 : R = 7-CHj (52%)
NH; N0 N° O 29:R=5-0CH; (21%)
EtO NO, NO, NO,

30 : R = 6-OCH (4%)
Not isolated 31: R =7-OCHjz (45%)

Scheme 3:Preparation of compound®-31 from nitroanilines subtrates. (a) @El,, Pyridine, rt, 24 h; (b)
H,SO,, rt, 3-4 h.



Compound evaluation

In vitro activity againstL. infantum and T. brucel brucei: importance of the redox potential

All synthesized molecules were screemeditro toward bothL. infantum axenic amastigotes arid
brucei brucei trypomastigotes and compared with commercial esfee drugs (amphotericin B and
miltefosine against. infantum, suramin and eflornithine againktbrucei) along with drug-candidate
fexinidazole (Table 1). To assess antiparasitieciifity, the cytotoxicity of all compounds was@ls
measured on the HepG2 human cell line, using ddsciruas control. In parallel the LogP of all
compounds were calculated and the reduction patenitvere measured by cyclic voltammetry in
DMSO. The redox potentials measured correspondoteezelectron reduction/oxidation regarding the
redox couple nitro group / anion radical. Only amev hit compound22) was evaluated in greater
depth, as the best compound in the series regabditingactivity and selectivity.

Globally, apart from moleculg4, all synthesized compounds were soluble in aquertedium and
could be evaluateth vitro. Out of the 31 tested compounds, none appearetozit on the HepG2
cell line, nine were active towatd infantum axenic amastigotes (7 u#lCso < 25 uM) and thirteen
were active against. brucei brucei trypomastigotes (2 UM ICso < 25 uM), molecule24 being
excluded from the analysis because of its lackobilslity. As a first approach, we wanted to see if
there was a relationship between activity and liglopty. Computed LogP, ranging from 1.15 to 2.5
did not show any correlation, active molecules @néag either low (compour) or high (compound

22) LogP values.

We then explored the structure-activity relatiopshiSARS) of the pharmacophore by focusing on the
influence of the redox potentials toward the attigigainst_. infantum. Indeed, on the basis that this
nitroaromatic pharmacophore could be the subsiatparasitic nitroreductases, it first appeared
important to understand which chemical criteria ldoonake this pharmacophore suitable for being
efficiently reduced into cytotoxic metabolites. Ti@sic redox potential value of 8-nitroquinolihé¢-

0.84 V) and nitrobenzene (-0.85 V) are quite low do not seem suitable for the catalytic capaéditi



of the parasitic nitroreductases (Figure 2). Oncibrgtrary, when the lactam function is combinechwit
the presence of a nitro group at position 8 (ihtig), a significant increase in the value of tleelox
potential, up to -0.54 V, is observed and the mdkturns active. When keeping the lactam function
while moving the nitro group at position 6 or 5 rfgwounds15 and 19), redox potentials become
lower and the 16, values of the molecules increased, resultinglosa of activity againdt. infantum.
The same effect is noted with inacti@methylated analog (compourii), which redox potential
drastically fell to -0.93 V (Figure 2). Finally, dithig an amide function in thertho position of the
nitrogroup (compound8 and5) did not provide an optimal value of redox potaht0.68 V and -
0.86 V, respectively) resulting in poor antileishma activity of the compounds. Thus the 8-
nitroquinolin-2-(H)-one scaffold definitely appears to be the ardfigianial pharmacophore.
Besides, as presented in the X-ray diffractioncstmes (Figure 3), this pharmacophore presents a
noticeable intramolecular hydrogen bond betweerlabim function and the nitro group at position
8, responsible for a +0.3 V increase in redox paén allowing antileishmanial activity.
Nevertheless, moleculé and 30, which present the same redox potential, do ngt lihe same
antileishmanial activityZ6 being moderately active ard®d being inactive). By examining their LogP
values (respectively 2.05 and 1.38) it could bedtlypsized that antileishmanial activity dependsion

compromise between redox potential values and filicfy.



Table 1 Reduction potentials, calculated LogP, anti-kipddstid activity and cytotoxicity of the

synthesized nitroaromatic compourid81

E° L. infantum axenic T. brucei brucei HepG2
Molecule Structure (VINHE)® LogP® amastigote trypomastigote  Cytotoxicity
ICsc (UM) IC 50 (UM) CCsq (UM)
X
Initial hit Q\/N\/\LO -0.54 1.54 15.5 +/-0.5 23.4 +/-5.7 164 +/-28
No, M
Nitro-
benzene (NB) © -0.85 1.91 > 10b > 5(f > 100
NO,
X
1 N -0.84 2.07 > 10b 17.9 +/-1.8 > 106
NO,
N\
2 @[N o -0.46 1.2 11.0 +/-2.1 7.3+/-0.8 125 +/-19
No, M
CH,
3 PN -0.68 1.15 > 100 > 50 > 100'
" No,
X
4 HoN N -1.1 1.89 > 100 > 5(f > 100
NO,
CHy \
5 0PN N7 -0.86 1.31 > 108 10.8 +/-1.4 > 106
A No,
CHj3
7 @\)1 -0.53 2.05 10.2 +/-1.0 20.9 +/-8.9 110 +/-9
N 6}
NO, H
OH
9 h . - 23.4 +/-4.8 38.3 +/-6.1 > 160
N~ O
NO, M
o
NH H
10 N [0 - - > 100 2.5+/-1.8 > 100
N So n-BoC
NO, H H
o
NH S
11 N [0 - - > 100 7.6 +/-1.8 > 100
N~ 0 TNH,
No, M
Br
13 @\)1 051 1.86 20.3 +/-5.0 5.5 +/-1.3 60 +/-2
N 6}
No, M
X
14 ©\/N\/\Lo -1.8¢ - > 100 > 5(¢f > 100
H



O,N ~
15 @fN\,\LO -0.82
H
CCL
16 N No -
CH,
NO,
19 = -0.67
N o
H
X
21 N ocH, -0.93
NO,
x Br
22 @\/NIO -0.45
No,
I
23 Q\/NIO -0.47
NO, M
N Br
24 oo, -0.86
NO,
N Br
NH, H
CHa
X
26 -0.58
N Yo
NO, M
HaC N
27 mo -0.56
NO, M
X
28 Hacmo 071
NO, M
OCH;4
X
29 - 0.65
N o
NO, M
HaCO N
30 o -0.58
NO, M
X
31 HeCO o -0.75
NO, M

Doxorubicin’
Amphotericin B¢
Miltefosine?
Fexinidazolé"
Suramin”
Eflornithine "

1.54

1.54

251

2.36

2.2

2.05

2.05

2.05

1.38

1.38

1.38

> 100

> 100
> 10b
88.8 +/-13.0
7.1 +/-1.5
16.0 +/-0.9
>6.2

> 5(f

25.2 +/-3.7

23.0 +/-5.0

> 100

> 100

> 100

> 100

0.06 +/-0.001
0.8 +/-0.2
3.4 +/-0.8

2.3 4/-0.6

> 5(f

> 5(f

28.5 +/-8.1

1.9 +/-0.4

1.2 +/-0.2
0.4 +/-0.1

> 50

29.1 +/-4.7

2.1 +/-0.8

> 50

> 5(

> 5(

> 50

0.4 +/-0.2
0.02 +/-0.009
15.8 +/-2.1

> 106

> 100'

> 100'

> 100

92 +/-13

85 +/-4

>6.2

> 100'

> 100

> 100

> 100'

> 100'

> 100'

> 100'

0.2 +/-0.02
5.5 +/-0.25
85 +/-8.8

> 200
> 100
> 100

2Cyclic voltammetry conditions: DMSO/TBARFSCE/GC, 1 electron reversible reduction, valuesgaven in V versus NHE
PWeighted logP were computed with Mar¥i(ChemAxon)

“Irreversible reduction

9ThelCs; or CGy value was not reached at the highest tested ctratien
®The product could not be tested at higher conceotiedue to a poor solubility in aqueous medium
fDoxorubicin was used as a cytotoxic reference drug
9 Amphotericin B, Miltefosine and Fexinidazole werged as antileishmanial reference drugs



"Fexinidazole, Suramin and Eflornithine were usedraiTrypanosoma bruce reference drugs
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Figure 2 The 8-nitroquinolin-2(H)-one pharmacophore presented a characteristic raglox

potential value.

Figure 3. X-ray structures of initial hit and new HR presenting an intramolecular hydrogen bond

between the lactam function and the nitro grouftiéinhit: N-H distance = 0.89 A, H-O distance =



2.01 A, N-H-O angle = 129°; HR2 : N-H distance = 0.84 A, H-O distance = 2.01 AHND angle =

131°).

Contrary to what was observed lieishmania, the antitrypanosomal activity did not depend ba t
redox potential values in the studied series, aatiwlecules presenting either low (compodsy or
high (compoun®2) redox potential values. It could be hypothesitted the enzymatic capabilities of
theT. brucei NTR may be compatible with a broader spectrumedbx potentials than the oneslof

donovani NTR.

Optimization of redox potentials: computational andin vitro studies.

From this point, we investigated the antileishmbapi@armacomodulation of 8-nitroquinolin-24)-

one by introducing various substituents (or hetierog) at all positions of the scaffold and compared
the effect of electron-donating and electron widlvdng groups, to gain access to new optimized
derivatives. Our goal was to synthesize a seriedeaivatives presenting a large spectrum of redox
potentials, not only to gain a better understandifhe electrochemical process, but also to dedme
precisely as possible the lowest redox potentidleva@ompatible with activity in the series. Forttha
purpose instead of synthesizing molecules randoméy,used ab initio calculations to estimate the
redox potential values of many hypothetical denret. Previous studies about the computation of
reduction potentials of nitroaromatic derivativé®wed that the results are very sensitive to tisesba
set applied. Diffuse s and p-type functions, comabimwith polarization functions were shown to be
important for electron affinity calculations of mibenzenéé®® Because accurate results were
obtained with the Pople's 6-311++G basis set oeraewmolecules for which computed potentials
were compared to experimental ones, the 6-311++@2dbasis set was selected as a good
compromise between accuracy and computationalfeoseduction potential calculations. The hybrid
MO06-2x density functional was chosen for its accureo compute thermochemical parameters. The
standard redox potentials were computed with thradggy’s law (see equation (1) in the experimental
section) from the free energy of the one-electamtuction. Figure 4 shows the correlation between th
experimental and theoretical redox potentialsait be seen that the slope of the correlation sedo

1.00 and the correlation coefficient (r) is 0.9helefore, this model was very efficient for preitigt



the standard redox potentials and was used totshemost appropriate compounds to be synthesized

and evaluated.
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Figure 4: Correlation between theoretical and experimestaidard redox potential of nitroquinolines

The studied series was completed with 11 derivatioé the pharmacophore presenting redox
potentials ranging from -0.75 V to -0.45 V. Figérehows that introducing a heteroatom at position 4
of the scaffold (quinoxaline analog) or a halogen atom at position 3 (compou@sand 23)
increased the redox potential values by about %Q.1he corresponding molecules being active
againstL. infantum. When modifying the pyridinone moiety by introdogia methyl group or a
bromine atom at position 4 (compoundand13, respectively), the redox potential almost remaine
unchanged and the molecules were active. By subsgitthe benzene moiety with a methyl group at
position 5 or 6 (compound6 and27), the redox potentials decreased slightly (dowr0t68 V) and
the molecules, were less efficient {4§&€ 25 uM). Compounds bearing a methoxy group at joosits,

6 or 7 (compound®9-31) or a methyl group at position 7 (compouf) showed lower redox

potentials, varying from -0.58 V to -0.75 V, andrevéotally inactive (IGo> 100 pM). Thus, in this



series, it can be noted that the optimal redoxriatievalue to target in order to obtain antileistmial

activity is -0.5 V and that molecules whose redoteptial is positioned below -0.6 V lost all actyvi
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In blue: Less active molecules toward L. infantum ( ICsq > 20 M) 1 electron reversible reduction
In black : Inactive molecules toward L. infantum (ICsq > 100 pM) Values are given in V and are corrected toward NHE

Figure 5: Modulation of the redox potential of the 8-nituigpolin-2[1H]-one pharmacophore.

Mode of action studies, genotoxicity evaluation angreliminary pharmacokinetic properties of

22

Among all synthesized compounds, deriva@Zwas highlighted as a new hit (Tablel). It is niolyo
active against.. infantum (ICso = 7.1 uM), but also againgt brucei brucei (ICso = 1.9 uM), which
was not the case of the initial hit, displaying resdactivity (1Go, = 23.4 uM) toward the latter
parasite. For comparison with the anti-leishmargf¢rence drugs, hit compour2® appears much
less active than amphotericin B and about 10 tilees active than miltefosine (with equivalent
cytotoxicity). Regarding anti-HAT drugs, hit compwl22 appears much less active than suramin, but
more active than eflornithine. It is also importantcompare hit molecul@2 with drug candidate
fexinidazole, as they both belong to the nitroarteri@amily: 22 is about 2 times more cytotoxic and,
depending on the parasite, between 2 to 5 timasdetve than this drug candidate, which remains

interesting for a hit-compound. It was then necgsgaevaluate than vitro activity of 22 against the



amastigote stage dfeishmania in an intramacrophage model, closer to thevivo situation. As
presented in Table 2, the test was dond_odonovani, the other species responsible for VL. Hit
molecule22, displays a low cytotoxicity on the THP1 macrophagll line (CGy = 72 uM) and is
about 3 times less active @C= 18 pM) on this intramacrophage amastigate/itro model than
miltefosine (IGo = 5.4 uM). Fexinidazole is not active on the intecrophage amastigote stages¢IC

> 50 uM) as it first needs to be metabolized intsufone derivativé? Finally, as expected,
compoundl4 (non nitrated) an@5 (8-amino derivative), negative controls derivimgrh hit 22, did

not display any antiparasitic activity.

In order to assess whether this compound seriesavgabstrate of parasitic NTRs, the hit compound
22 was assayed against a wild type straih.afonovani promastigotes and two strains overexpressing
NTR1* and NTR2®, respectively (Table 2). Compou@ was ten times more effective against the
strain overexpressing NTR1 @&= 0.47 uM) vs WT and NTR2 strains, indicating tias selectively
bioactivated by NTR1 oL. donovani. Interestingly, this is the same type 1 nitrorgdse that
bioactivates fexinidazole and its metabolifeEollowing the same approachTnbruce brucei, it was
also demonstrated that type 1 NTR, the unique NTRyme expressed in this parasite, was

responsible for the bioactivation 22 (Table 2).

Nitroaromatic drugs are often suspected to be neaiiagr genotoxic, which has considerably limited
the development of such derivatives in the pastdes’ The most famousn vitro test used for
evaluating mutagenicity is the Ames test, usiBaimondla typhimurium strains. Nevertheless,
considering thagalmonella bacteria possess nitroreducta®ehe Ames test is usually positive when
evaluating nitroaromatics, with no real predicteizaracter for humans, considering that there are no
NTRs in mammalian cells and that most of nitroartienderivatives only exert a genotoxic character
after being bioactivated into reduced metabofiféor that reason, it is nowadays accepted that the
comet assay or the micronucleus assay are lettdro tools for evaluating the potential genotoxicity
of nitroaromaticg’ Indeed, metronidazole, one of the most famousiaf&ctive nitroheterocycles on
the market, is mutagenic in the Ames test, butgesiotoxic in the comet as$aynd fexinidazole is

not genotoxic in the micronucleus assay despitego@nutagenic in the Ames té8tRegarding



compound22, the Ames test (in metabolizing conditions) anel tomet assay were done in parallel
and revealed that, although being mutagenic inAthes test (Table 3) at 0.25 or 2.5 mM, compound
22 was not genotoxic in the comet assay after 2 dr @2exposure, at 1, 10, 20 or 40 uM (Figure 6),
concentrations chosen from the HepG2,£4@40 uM). This lack of genotoxicity is a key poinhen
thinking about further development of this pharn@ore. Finally, preliminaryin vitro
pharmacokinetic evaluations were done with compof@8dTable 2). It presented a very good
microsomal stability (7, > 40 min) and had a strong, but not extreme binds¢puman albumin

(92%), in relation with the relatively high valuéits calculated logP (= 2.36).

Table 2 Complementaryn vitro biological evaluations done on hit compoti

@(f
In vitro studies N O
NO,
Compound 22
Cytotoxicity: CC s THP1 (UM)? 72 +/-6
IC 5o L. donovani intramacrophagic amastigotes (UM 18 +/-2
IC 5o L. donovani promastigotes
5.9 +/-0.12
wild type strain (UM)
IC 5o L. donovani promastigotes
0.47 +/-0.02
NTR1 over-expressing strain (uUM)
IC 50 L. donovani promastigotes
4.6 +/-0.12
NTR2 over-expressing strain (uUM)
IC5oT. b. brucel trypomastigotes
17.7 +/-1.0
wild type strain (UM)
IC5o T. b. brucel trypomastigotes
3.9 +/-0.1
NTR1 over-expressing strain (uM)
Microsomal stability: T 1/, (min) > 40
Binding % to human albumin 92

*Reference compounds: Amphotericin B&€ 3.6 +/-0.7 uM; Miltefosine Cé& > 40 uM; Fexinidazole C&> 62.5 uM
Reference compounds: Amphotericin BJ€ 0.4 uM; Miltefosine I1G = 5.4 uM; Fexinidazole 1§ > 50 uM



Table 3 Ames test results for hit compougd

DNA Damage (%Tail DNA)

N Br

” @]

NO, 22

0.25 mM 2.5 mM

TA97a + S9 mix Positive Positive
TA98 + S9 mix Positive Positive
TA100 + S9 mix Positive Positive
TAL102 + S9 mix Negative Positive

benalijyrene was used as a positive control
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Figure 6: results of the comet assay for hit compo@@d

Positive control = MMS = 1 mM methylmethanesulf@nat



CONCLUSION

Starting from the previously identified 8-nitroqalm-2(1H)-one antileishmanial pharmacophore, an
electrochemistry-guided SAR study revealed thahaamolecular hydrogen bond between the lactam
ring and the nitro group is responsible for a +@.8crease in the redox potential value (compared
with 8-nitroquinoline) resulting in improved anigémanial activity. A computational model allowed
the prediction of the redox potential values of agrivative belonging to this series, and we
synthesized a set of derivatives presenting a laagge of redox potential values. Then, it was
highlighted that, to be active, molecules belongmghis series must display a redox potential @alu
of about -0.5 V and that molecules with a redoxeptal below -0.6 V were inactive. By introducing
electron-withdrawing groups on the pyridone momtyhe scaffold, a new original hit compound was
found: 22. Presenting a low cytotoxicity on the human Hep@R line (CGo = 92 uM), it displays
activity towardL. infantum axenic amastigotes (4= 7.1 pM),L. donovani promastigotes (I = 5.9
pM) andL. donovani intramacrophagic amastigotes {JG 18 uM), but also toward. brucei brucei
(ICs0 = 1.9 uM). Moreover, we demonstrated tBatwas not genotoxic in the comet assay and that it
was selectively bioactivated by the mitochondridlRL of L. donovani andT. brucel brucei. This
whole study, completed with two encouraging preatianyin vitro pharmacokinetic parameters (good
microsomal stability and 92% binding to human alm)rmow opens the way to the rational
conception, guided with E° values, of new efficijestlective and safe NTR1 bioactivated 8-

nitroquinolin-2(1H)-ones against VL and HAT.
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NTR, Nitroreductase; SAR, Structure-Activity Retatship; rt, room temperature; NBS\-
bromosuccinimide; AIBN, Azobisisobutyronitrile; THHR etrahydrofuran; MW, Microwaves; DMF,
N,N-Dimethylformamide, Ar., Argon; NHE, Normal Hyolyen Electrode; 1§, half maximal

inhibitory concentration; Cég, half maximal cytotoxic concentration; TBARFetrabutylammonium



hexafluorophosphate; SCE, Saturated Calomel Eldetr&C, Glassy Carbon; E°, standard redox
potential; E°exp, standard experimental redox g@krE°calc, standard calculated redox potential;
HRMS, High-resolution mass spectrometry; NMR, NacléMagnetic Resonance; VL, Visceral

leishmaniasis; HAT, Human African Trypanosomiasis.

EXPERIMENTAL SECTION

Chemistry

All reagents and solvents were obtained from corsiaksources (Fluorochem®, Sigma-Aldrich® or
Alfa Aesar®) and used as received. The progredhefeactions was monitored by pre-coated thin
layer chromatography (TLC) sheets ALUGRAMSIL G/UV.s, from Macherey-Nagel and were
visualized by ultraviolet light at 254 nm. The NMR and *C spectra were recorded orBeuker
UltraShield 300 MHz aBruker lIconNMR 400 MHzpor aBruker Avance NEO 600 MHz instrument, at
the Laboratoire de Chimie de Coordination and datapresented as follows: chemical shifts in parts
per million @) using tetramethylsilane (TMS) as reference, dagplconstant in Hertz (Hz),
multiplicity by abbreviations : (s) singlet, (d) uldet, (t) triplet, (q) quartet, (dd) doublets afublets,
(m) multiplet and (br s) broad singlet. Melting ptsi are uncorrected and were measured Stuart
Melting Point SMP3 instrument. HRMS measurementeevdone on a GCT Premier Spectrometer (DCI,
CH4, HRMS) or Xevo G2 QTOF (Waters, ESI+, HRMS) ingtent at the Université Paul Sabatier,
Toulouse. Microwave reactions were realized in a/dBiscovef® microwave reactor. All products were
purified by chromatography columns and then reatijsed. Purity of the products was determined'dy

NMR.

General procedure for the preparation of 8-nitrogline 1*°, 7-amino-8-nitroquinolinet®, 2-chloro-
4-methyl-8-nitroquinolines®, 2,4-dibromo-8-nitroquinolinel2"’, 6-nitroquinolin-2(H)-one 15'°, 2-
chloro-5-nitroquinolinel 7*°and 2-chloro-8-nitroquinolin&8™:

H,SQO, (98%) was added onto 1 equiv. of the quinolinewdgnes, cooled with an ice bath. 5 equiv. of

65% HNQ were then added dropwise at 0°C and the reactigtura was stirred at rt for 1-4 h. The



reaction mixture was successively poured into mejtralized with NaOH and extracted three times
with dichloromethane. The organic layer was wash#l water, dried over anhydrous £, and
evaporatedn vacuo. The crude residue was purified by chromatogramiysilica gel using adapted

eluent and recrystallized if necessary to give coumglsl, 4, 6, 12, 15, 17 and18.

8-nitroquinolinel (CgHgN,O,) was purified by chromatography on silica gel gdilichloromethane as
an eluent, separated from its 5-nitro isomer anthied to yield a pale yellow solid (35%, 2.7 mmol,
470 mg), mp 90 °C (Lit: 90 °CYH NMR (400 MHz, CDCJ) &: 7.53-7.66 (m, 2 H), 8.04 (d,= 8.0
Hz, 2 H), 8.27 (ddJ = 1.6 and 8.4 Hz, 1 H, H7), 9.70 (dbi= 1.7 and 4.2 Hz, 1 H, H2)*C NMR
(100 MHz, CDC}) &: 122.8 (CH), 123.8 (CH), 125.3 (CH), 129.0 (C)21B(CH), 136.1 (CH), 139.5
(C), 148.2 (C), 152.6 (CH).

7-amino-8-nitroquinoline4 (CgH7N30O,) was purified by chromatography on silica gel gsin
dichloromethane/ethyl acetate (80/20) as an elaedtisolated to yield an orange solid (46%, 0.16
mmol, 30 mg), mp 193 °C (Lit: 194 °CH NMR (400 MHz, CDC)) &: 5.61 (br s, 2 H, NBJ ; 7.00 (d,
J=9.0 Hz, 1 H, H6), 7.28 (dd, 1 H=4.4 and 8.1 Hz, H3), 7.69 (& 9.0 Hz, 1H, H5), 8.00 (dd, 1 H,
J=1.8 and 8.1 Hz, H4), 8.92 (dd, 1 8£1.8 and 4.4 Hz, H2}°C NMR (100 MHz, Acetone d6): 118.90
(CH), 119.8 (CH), 120.9 (C), 131.8 (CH), 135.7 (CH39.7 (C), 142.8 (C), 143.1 (C), 151.2 (CH).
2-chloro-4-methyl-8-nitroquinoliné (C,,H,CIN,O,) was purified by chromatography on silica gel
using cyclohexane/acetone (70/30) as an elueniran from its 6-nitro isomer, isolated and
recrystallized in isopropanol to yield a white dailn (53%, 14.8 mmol, 3.3 g), mp 143 °C (Lit: 142-
143 °C),*H NMR (400 MHz, CDCJ) &: 2.74 (d,J=1.0 Hz, 3 H, CH), 7.35 (d,J=1.0 Hz, 1 H, H3),
7.62-7.66 (m, 1 H, H6), 8.00 (ddz 7.6 and 1.3 Hz, 1 H, H5), 8.18 (dit 8.4 and 1.3 Hz, 1 H,
H7).*C NMR (150 MHz, CDG)) &: 18.9 (CH), 124.2 (CH), 124.5 (CH), 125.4 (CH), 127.8 (CH),
127.9 (C), 138.9 (C), 147.8 (C), 147.9 (C), 1582 (

2,4-dibromo-8-nitroquinolinel 2 (CgH,4BroN,O,) was purified by chromatography on silica gel gsin
cyclohexane/acetone (9/1) as an eluent and isolatgeld a white solid (56%, 6 mmol, 2 g), mp 129

°C (Lit: 129 °C),"H NMR (400 MHz, CDCJ) & 7.72-7.76 (m, 1 H, H6), 8.00 (s, 1 H, H3), 8.08!(



J= 7.6 et 1.4 Hz, 1 H, H5), 8.39 (di; 8.5 et 1.4 Hz 1 H, H7}*C NMR (100 MHz, DMSO}: 125.3
(CH), 126.9 (CH), 127.5 (C), 130.9 (CH), 131.0 (CH35.0 (C), 139.7 (C), 143.6 (C), 147.5 (C).
6-nitroquinolin-2(H)-one 15 (CgHgN.O3) was recrystallized in isopropanol to yield a gell solid
(91%, 6.3 mmol, 1.2 g), mp 279 °C (Lit: 279 °@), NMR (300 MHz, DMSO d6): 6.68 (d,J= 9.8
Hz, 1 H, H3), 7.43 (dJ= 9.0 Hz, 1 H, H8), 8.12 (d= 9.8 Hz, 1 H, H4), 8.33 (dd= 2.6 and 9.0 Hz, 1
H, H7), 8.70 (dJ= 2.6 Hz, 1 H, H5), 12,3 (br s, 1 H, NHfC NMR (75 MHz, DMSO d6p: 116.3
(CH), 118.7 (C), 124.0 (CH), 124.5 (CH), 125.3 (CH}0.3 (CH), 141.7 (C), 143.5 (C), 162.1 (C).
2-chloro-5-nitroquinolinel7 (CyHsCIN,O,) was purified by chromatography on silica gel gsin
cyclohexane/acetone (8/2) as an eluent, isolatddreerystallized in isopropanol to yield a yellow
solid (14% , 4.3 mmol, 0.9 g), mp 134 °C (Lit: 1834 °C),"H NMR (300 MHz, CDC}) &: 7.63 (d,
J=9,1 Hz, 1 H, H4), 7.82-7.87 (m, 1 H, H7), 8.34 (dd 8,6 and 0,7 Hz, 1 H, H8), 8.40 (di; 7.6
and 1.2 Hz, 1 H, H6), 8.99 (d=9.2 Hz, 1 H, H3)}*C NMR (100 MHz, CDGJ) &: 120.1 (C), 125.0
(CH), 125.6 (CH), 129.0 (CH), 135.1 (CH), 135.7 (CH45.6 (C), 148.2 (C), 152.6 (C).
2-chloro-8-nitroquinoline1l8 (CyHsCIN,O,) was purified by chromatography on silica gel gsin
cyclohexane/acetone (8/2) as an eluent, isolatddreerystallized in isopropanol to yield a yellow
solid (50%, 15.3 mmol, 3.2 g), mp 152 °C (Lit: 1%2), '"H NMR (400 MHz, CDC}J) &: 7.56 (d,J=8.7
Hz, 1 H, H4), 7.65-7.69 (m, 1 H, H6), 8.07 (d¢,8.3 and 1.4 Hz, 1 H, H5), 8.11 (di; 7.6 and 1.4
Hz, 1 H, H7), 8.23 (dJ=8.7 Hz, 1 H, H3)*C NMR (150 MHz, CDGJ)) &: 124.6 (CH), 124.9 (CH),

125.8 (CH), 127.6 (C), 131.8 (CH), 138.6 (CH), T8&), 147.1 (C), 153.6 (C).

Preparation of 8-nitroquinoxalin-2¢)-one2

Ethanol (25 mL) was added onto 1 g of 3-nitro-1h2mylenediamine (6.53 mmol, 1 equiv.). 0.6 g of
glyoxylic acid monohydrate (6.53 mmol, 1 equiv.)sathen added at rt and the reaction mixture was
stirred at 80°C for 6 h. The reaction mixture wasined into water and extracted three times with

dichloromethane. The organic layer was washed witlter, dried over anhydrous Mgs@nd



evaporatedin vacuo. The crude residue was purified by chromatography silica gel using
dichloromethane/diethyl ether (80/20) as an elu8atitroquinoxalin-2(H)-one 2 was isolated and
recrystallized in acetonitrile to yield an orangdics (46%, 2.98 mmol, 570 mg).

Compound? (CgHsNzOs): mp 162 °C*H NMR (400 MHz, CDC)) &: 7.45-7.50 (m, 1 H, H6), 8.25
(dd,J=1.5 and 8.2 Hz, 1 H, H5), 8.39 (@2.2 Hz, 1 H, H3), 8.55 (dd=1.5 and 8.2 Hz, 1 H, H7),
11.37 (br s, 1 H, NH):*C NMR (100 MHz, CDGCJ) &: 122.6 (CH), 127.8 (C), 128.0 (CH), 133.1 (C),
133.8 (C), 137.4 (CH), 152.6 (CH), 153.6 (C). HRNISCI CH,) calcd for GHgNsO; [M+H]*

192.0409, found 192.0412.

Preparation oN-(2-Nitrophenyl)-acetamida™

Acetic acid (25 mL) was added onto 525 mg of 2eaitiline (3.8 mmol, 1 equiv.). The reaction
mixture was then stirred at 120°C and 720 pL otia@nhydride (7.6 mmol, 2 equiv.) were added
dropwise. After 3 h under reflux, the reaction migt was poured into ice, neutralized with,S@;
and extracted three times with dichloromethane. driganic layer was washed with water, dried over
anhydrous Ng5O, and evaporatedn vacuo. N-(2-Nitrophenyl)-acetamide3 was isolated and
recrystallized in acetonitrile to yield a yellowlisla(87%, 3.3 mmol, 604 mg).

Compound3 (CgHgN»O3): mp 93 °C (Lit: 92-94 °C)’H NMR (400 MHz, CDCJ) & 2.29 (s, 3 H,
CHs), 7.16-7.20 (m, 1 H, H4), 7.63-7.67 (m, 1 H, H&R1 (dd,J= 8.5 and 1.3 Hz, 1 H, H6), 8,77 (dd,
J=8.6 and 1.3 Hz, 1 H, H3), 10.33 (br s, 1H, NHE NMR (100 MHz, CDCJ): 25.60 (CH), 122.2

(CH), 123.2 (CH), 125.7 (CH), 134.8 (C), 135.9 (CH36.3 (C), 169.0 (C).

Preparation of 7-acetylamino-8-nitroquinolibe

Glacial acetic acid (20 mL) was added onto 60 m@-amino-8-nitroquinoline (0.32 mmol, 1 equiv.).

The reaction mixture was then stirred at 120°C 88@ pL of acetic anhydride (1.6 mmol, 6 equiv.)
were added dropwise. After 24 h under reflux, thaction mixture was poured into ice, neutralized

with K,CO; and extracted three times with dichloromethanes ®tganic layer was washed with



water, dried over anhydrous Mgs@nd evaporateth vacuo. The crude residue was purified by
chromatography on silica gel using dichloromethettgl acetate (90/10) as an eluent. 7-acetylamino-
8-nitroquinoline5 was isolated and recrystallized in isopropanoyitdd a yellow solid (53%, 0.17
mmol, 39 mg).

Compound5 (Cy1HsN:O,): mp 189 °C*H NMR (300 MHz, CDCJ) &: 2.28 (s, 3 H, Ch), 7.49 (dd,
J=4.3 et 8.3 Hz, 1 H, H3), 7.96 (d, 18 9.2 Hz, H 6), 8.19 (ddi=1.7 et 8.3 Hz, 1 H, H4), 8.35 (br s,

1 H, NH), 8.54 (dJ=9.2 Hz, 1 H, H5), 8.99 (dd=1.7 et 4.3 Hz, 1 H, H2}°C NMR (150 MHz,
CDCly) &: 25.0 (CH), 121.7 (CH), 121.9 (CH), 125.2 (C), 127.8 (C)1¥3(CH), 131.8 (C), 135.8
(CH), 140.3 (C), 152.6 (CH), 168.7 (C). HRMS (DOHS calcd for GiH1gNsO, [M+H]* 232.0722,

found 232.0719.

General procedure for the preparation of 4-methgit&quinolin-2(H)-one 7%, quinolin-2(1H)-one
14%, 5-nitroquinolin-2(H)-one 19" and8-nitroquinolin-2(H)-one20'.

Acetonitrile (25 mL) and 70 % perchloric acid saat (25 mL) were added onto 1 equiv. of the
quinoline derivatives. The reaction mixture wasratl at 100°C overnight. The reaction mixture was
then poured into ice, neutralized with KOH and asted twice with dichloromethane. The organic
layer was washed with water, dried over anhydrogS®} and evaporateth vacuo. The crude
residues were purified by chromatography on sitieh using adapted eluent and recrystallized if
necessary to give compoungsl4, 19, 20.

4-methyl-8-nitroquinolin-2(H)-one 7 (C,0HsN2O3) was isolated and recrystallized in acetonitrde t
yield a yellow solid (92%, 11 mmol, 2.2 g), mp 2W3 (Lit: 196 °C),"H NMR (400 MHz, DMSO):
3.33 (s, 3H, Ch), 6.63 (s, 1 H, H3), 7.39-7.44 (m, 1 H, H6), 8(ti@, J= 8.0 and 1.3 Hz, 1H, H5),
8.42 (dd,J= 8.4 and 1.6 Hz, 1 H, H7), 10.98 (br s, 1 H, N¥. NMR (DMSO, 100 MHz)5: 19.6
(CHg), 121.6 (CH), 122.0 (CH), 122.6 (C), 127.9 (CH331L (CH), 133.6 (C) 134.6 (C), 148.9 (C),
161.0 (C).

qguinolin-2(1H)-one 14 (CgH;NO) was purified by chromatography on silica gelings

dichloromethane/ethyl acetate (8/2) as an eluethisolated to yield a white solid (74%, 22.7 mmol,



3.3 g), mp 198 °C (Lit: 193 °C}H NMR (400 MHz, CDC}) &: 6.72 (d,J= 9.5 Hz, 1 H, H3), 7.20-
7.25 (m, 1 H, H6), 7.40-7,42 (m, 1 H, H5), 7.5047(f, 1 H, H7), 7.56-7.58 (m, 1 H, H8), 7.82 Jd,
9.5 Hz,1 H, H4), 11.97 (br s, 1 H, NHJC NMR (100 MHz, CDGJ) &: 116.3 (CH), 119.9 (C), 121.3
(CH), 122.7 (CH), 127.7 (CH), 130.7 (CH), 138.5,(C31.1 (CH), 164.7 (C).
5-nitroquinolin-2(H)-one 19 (CyHgN,O3) was isolated and recrystallized in acetonitrdeyield a
yellow solid (92%, 2.2 mmol, 418 mg), mp 302 °Ct(1302 °C),*H NMR (400 MHz, DMSO d6:
6.76 (d,J=10.0 Hz, 1 H, H3), 7.65-7.73 (m, 2 H, H7 H8), 7(88,J= 7.7 and 1.3 Hz, 1 H, H6), 8.25
(d, J= 10.0 Hz, 1 H, H4), 12.3 (br s, 1 H, NHJC NMR (100 MHz, DMSO d6}: 111.9 (C), 118.9
(CH), 121.5 (CH), 125.8 (CH), 130.6 (CH), 134.7 (CE40.7 (C), 146.7 (C), 161.3 (C).
8-nitroquinolin-2(H)-one 20 (CyHgN,O3) was isolated and recrystallized in isopropanoyield a
yellow solid (96%, 10.6 mmol, 2.02 g), mp 163 °Gt(1163 °C),"H NMR (400 MHz, CDCJ) &: 6.79
(dd, J= 9.7 and 2.0 Hz, 1H, H3), 7.32-7.36 (m, 1 H, HBB2 (d,J= 9.7 and 1.4 Hz, 1 H, H4), 7.91
(dd,J= 7.6 Hz, 1 H, H5), 8.53 (dd= 8.4 and 1.4 Hz, 1 H, H7), 11.3 (br s, 1H, NHE NMR (100
MHz, DMSO d6)3: 121.4 (CH), 122.1 (C), 123.8 (CH), 127.9 (CH)313(C), 133.9 (C), 135.6

(CH), 139.9 (CH), 161.6 (C).

Preparation of 4-bromomethyl-8-nitroquinolin-2{tone8

Carbon tetrachloride (15 mL) was added onto 400aing-methyl-8-nitroquinolin-2(H)-one (1.9
mmol, 1 equiv.) and 1.7 g df-bromosuccinimide (9.7 mmol, 5 equiv.). The reattinixture was
heated at 80°C. Thent 31 mg of AIBN (0.24 mmol, €qjuiv.) were added, and stirred overnight. The
reaction mixture was poured into water, extracteiteé with dichloromethane and once with ethyl
acetate. The combined organic layers were washéd water, dried over anhydrous Mggs@nd
evaporatedn vacuo. The crude residue was purified by chromatographysilica gel using ethyl
acetate as an eluent. 4-bromomethyl-8-nitroquird(itH)-one 8 was isolated to yield a yellow solid
(21%, 0.42 mmol, 120 mg).

Compound8 (CyH-BrN,Os): mp 161 °C*H NMR (400 MHz, CDCJ) &: 4.60 (s, 2 H, Ch), 6.87 (d,

J=2.0 Hz, 1 H, H3), 7.40-7.44 (m, 1 H, H6), 8.18,(dd 1.3 and 8.8 Hz, 1 H, H5), 8.57 (di; 1.3



and 8.3 Hz, 1 H, H7), 11.44 (br s, 1 H, NE{C NMR (100 MHz, CDG,) & 27.9 (CH), 120.2 (C),
121.3 (CH), 123.7 (CH), 128.4 (CH), 132.4 (CH), 13@C), 134.4 (C), 146.1 (C), 160.7 (JJRMS

DCI CHy) calcd for GoHgBrN,O3 [M+H] ™ 282.9718, found 282.9723.
(

Preparation of 4-hydroxymethyl-8-nitroquinolin-2{tone9

Fifty millilitres of a mixture HO/THF (1/1) were added onto 150 mg of 4-bromome8ayl
nitroquinolin-2(H)-one (0.53 mmol, 1 equiv). 106 mg of NaOH (2.6 mrboequiv.) were added and
the reaction mixture was stirred at 50°C for 24The reaction mixture was then poured into water,
extracted twice with dichloromethane and twice vethyl acetate. The combined organic layers were
washed with water, dried over anhydrous Mg3@d evaporateth vacuo. The crude residue was
purified by chromatography on silica gel using éthgetate as an eluent. 4-hydroxymethyl-8-
nitroquinolin-2(H)-one9 was isolated to yield a yellow solid (43%, 0.23 ahn®0 mg).

Compound (C;HgN,O,): mp 211 °CH NMR (300 MHz, DMSO): 4.80 (d,J=5.5 Hz, 2 H, CH),
5.67 (t,J=5.5 Hz, 1 H, OH), 6.73 (s, 1 H, H3), 7.37-7.42 (rH, H6), 8,13 (dJ= 7.9 Hz, 1 H, H5),
8.42 (d,J= 8.3 Hz, 1 H, H7), 11,01 (br s, 1H, NHJC NMR (150 MHz, DMSO): 39.5 (CH), 122.0
(CH), 122.1 (C), 123.0 (CH), 128.2 (CH), 133.3 (CH33.8 (CH), 136.5 (C), 141.3 (C), 161.6 (C).

HRMS (DCI CH,) calcd for GoHgN,O4 [M+H] * 221.0562, found 221.0558.

Preparation of 4-{[24{-boc-2-aminoethoxy)ethoxy]ethyl}aminomethyl-8-nigpanolin-2(1H)-one10
THF (50 mL) was added onto 500 mg of 4-bromome&gitroquinolin-2(H)-one (1.8 mmol, 1
equiv.) and 1.3 g oN-Boc-2,2-(ethylenedioxy)-diethylamine (5.3 mmol, 3 equivlyiethylamine
(375 uL, 2.7 mmol, 1.5 equiv.) were then added #ral reaction mixture was stirred at 50°C
overnight. The reaction mixture was evaporatedacuo. The crude product was then resolubilized in
ethyl acetate, washed three times with water, doesl anhydrous MgSQand evaporateth vacuo.
The crude residue was purified by chromatographyiboa gel using diethyl ether/methanol/ 20%

agueous ammonia solution (8.9/1/0.1) as an eluent4-{[2-(N-boc-2-



aminoethoxy)ethoxy]ethyl}aminomethyl-8-nitroquin®2(1H)-one 10 was isolated to yield an orange
oil (84%, 1.5 mmol, 680 mg).

CompoundL0 (C»HzoN405): *H NMR (600 MHz, DMSO)5: 1.36 (s, 9H{Bu), 2.5 (s, 1 H, NH amine),
2.75-2.77 (m, 2 H, C§B'), 3.03-3.06 (M, 2 H, CHL0"), 3.36-3.39 (m, 2 H, CHY'), 3.51-3.54 (m, 6 H,
3XCH,6' 7' 9"), 4.02 (s, 2 H, CHI1’), 6.73 (br s, 1 H, NH carbamate), 6.76 (s, H3), 7.38-7.42 (m, 1
H, H6), 8.31 (dd,J= 8.1 and 1.3 Hz, 1H, H5), 8.42 (dit 8.1 and 1.3 Hz, 1 H, H7), 11.03 (br s, 1 H,
NH).

C NMR (150 MHz, DMSOY: 28.7 (3 CH, tBu), 40.1 (CH), 48.7 (CH), 49.9 (CH), 69.6 (CH),
70.0 (CH), 70.1 (CH), 70.5 (CH), 78.0 (C), 120.5 (CH), 121.4 (C), 121.6 (CH), B{CH), 132.9
(CH), 133.6 (C), 134.5 (C), 150.6 (C), 156.0 (CB1L (C). HRMS (ESI) calcd for &HsN,O;

[M+H]* 450.2114, found 450.2118.

Preparation of 4-{[2-(2-aminoethoxy)ethoxy]ethyl}aramethyl-8-nitroquinolin-2(H)-onell
Hydrochloric acid (15 mL of 5 N HCL in isopropanallas added onto 600 mg of 4-{[RHpoc-2-
aminoethoxy)ethoxylethyl}aminomethyl-8-nitroquin®2(1H)-one (1.33 mmol, 1 equiv.) and the
reaction mixture was then stirred at rt for 4 heTleaction mixture was successively poured into
water, neutralized with }CO; and extracted several times with dichloromethdie organic layer
was dried over anhydrous PO, and evaporated in  vacuo. 4-{[2-(2-
aminoethoxy)ethoxy]ethyl}aminomethyl-8-nitroquine2(1H)-one 11 was isolated to yield an oil in
(43%, 0.57 mmol, 200 mg).

Compoundl1 (CygH-.N40s): *H NMR (400 MHz, DMSO): 2.5 (s, 1 H, NH amine), 2.63-2.66 (m, 2
H, CH;10'), 2.74-2.77 (m, 2 H, C}B’), 3.35-3.38 (m, 2 H, C}PB"), 3.49-3.55 (m, 6 H, 3XxCHV’ 6’

7'), 4.01 (dJ= 1.9 Hz, 2 H, CHY’), 6.76 (br s, 1 H, H3), 7.38-7.42 (m, 1 H, H8)30 (dd,J= 8.1 and
1.3 Hz, 1 H, H5), 8.40 (dd= 8.1 and 1.3 Hz, 1 H, H7), 11.0 (br s, 1 H, NHaage).*C NMR (150
MHz, DMSO0)&: 41.7 (CH), 48.7 (CH), 50.0 (CH), 70.0 (CH), 70.1 (CH), 70.6 (CH), 73.2 (CH),
120.4 (CH), 121.4 (C), 121.5 (CH), 127.7 (CH), B3E&H), 133.7 (C), 134.6 (C), 150.7 (C), 161.2

(C). HRMS (ESI) calcd for GH,3N,Os [M+H] * 351.1668, found 351.1674.



Preparation of 4-bromo-8-nitroquinolin-2{}-one 13"

Acetonitrile (10 mL) and 500 pL of a 70% perchlogicid solution (5.4 mmol, 6 equiv.) were added
onto 300 mg of 2,4-dibromo-8-nitroquinolii®.90 mmol, 1 equiv.) in a sealed tube. The reactio
mixture was then heated at 100°C in a microwavetoealuring 1 h. The reaction mixture was poured
into ice, neutralized with }CO; and extracted three times with dichloromethane ®tganic layer
was washed with water, dried over anhydrous,9®a and evaporatedn vacuo. 4-bromo-8-
nitroquinolin-2(1H)-one13 was isolated and recrystallized in acetonitrilgitdd a yellow solid (87%,
0.78 mmol, 211 mg).

CompoundL3 (CsHsBrN,Os): mp 239 °C (Lit: 240 °C)*H NMR (300 MHz, CDCY) &: 7.20 (d,J= 2.0
Hz, 1 H, H3), 7.37-7.42 (m, 1 H, H6), 8.36 (d¢,8.0 and 1.4 Hz, 1 H, H5), 8.58 (dif; 8.3 and 1.4
Hz, 1 H, H7), 11.42 (br s, 1 H, NH¥C NMR (100 MHz, DMSOY: 121.0 (C), 122.6 (CH), 126.9

(CH), 129.4 (CH), 132.7 (C), 134.8 (C), 135.5 (CH}6.5 (C), 159.5 (C).

Preparation oN-methylquinolin-2(1H)-ond 6

DMF (30 mL) was added onto 1 g of quinolinedafdone (6.9 mmol, 1 equiv.), 1.43 g 0f®O; (10.3
mmol, 1.5 equiv.). The reaction mixture was heatie®l0°C and 430 pL of methane iodide (6.9 mmol,
1 equiv.) were added dropwise. After 48 h, the teaamixture was poured into water and extracted
three times with dichloromethane. The organic layas washed 5 times with water, dried over
anhydrous Ng5O, and evaporated in vacuo. The crude residue waBeguby chromatography on
silica gel using dichloromethane/ethyl acetate/g/3) as eluentN-methylquinolin-2(1H)-ond.6 was
isolated and recrystallized in isopropanol to yiglhite solid (71%, 4.90 mmol, 780 mg).
Compoundl6 (CiHgNO): mp 76 °C (Lit: 74 °C)*H NMR (400 MHz, CDC}) &: 3.73 (s, 3 H, CH),
6.71 (d,J=9.4 Hz, 1 H, H3), 7.21-7.25 (m, 1 H, H6), 7.3d,(d 8.1 and 1.0 Hz, 1 H, H5), 7.55-7.59
(m, 2 H, H7 - H8), 7.67 (d]=9.5 Hz, 1 H, H4)}*C NMR (100 MHz, CDCJ) &: 29.4 (CH3), 114.1

(CH), 120.6 (C), 121.7 (CH), 122.1 (CH), 128.7 (CH30.6 (CH), 138.9 (CH), 140.0 (C), 162.3 (C).



Preparation of 2-methoxy-8-nitroquinoliga*®

Under Argon atmosphere, 100 mg of 8-nitroquinolfaF®-one (0.53 mmol, 1 equiv.) were
solubilized in 5 mL of DMF and were added onto a B&blution (5 mL) of 42 mg of 60% sodium
hydride (1.05 mmol, 2 equiv.). After 10 min of gtig at rt, 65 pL of methyl iodide (1.05 mmol, 2
equiv.) were added dropwise. After one night stgrat rt, the reaction mixture was poured into ice.
The resulting precipitate was filtered and dried vacuo. The crude residue was purified by
chromatography on silica gel using diethyl etheelagnt. 2-methoxy-8-nitroquinolir#l was isolated
and recrystallized in cyclohexane to yield a patétevsolid (64%, 0.34 mmol, 70 mg).

Compound21 (CyoHgN,O3): mp 125 °C (Lit: 114 °C)'H NMR (400 MHz, CDCJ) &: 4.09 (s, 3 H,
CHs), 7.05 (d,J= 8.9 Hz, 1 H, H3), 7.42-7.46 (m, 1 H, H6), 7.98/,(@ 8.1 and 1.4 Hz, 1 H, H5),
7.99 (dd,J= 7.6 and 1.4 Hz, 1 H, H7), 8.07 (@ 8.9 Hz, 1 H, H4)**C NMR (100 MHz, CDGJ) &:
54.1 (CH), 115.1 (CH), 122.6 (CH), 124.0 (CH), 126.2 (C315 (CH), 138.2 (C), 138.5 (CH), 146.6

(C), 163.7 (C).

Preparation of 3-bromo-8-nitroquinolin-2{}-one22

Fifty milliliters of a 48% hydrobromic acid solutiovere added onto 1.34 g of 8-nitroquinolin{2jd
one (7.05 mmol, 1 equiv.). The reaction mixture wasn stirred at 100°C. Then 3.2 g of sodium
bromate (21.1 mmol, 3 equiv.) were added with pugoa (Br, formation). After 5 h under reflux, the
reaction mixture was left for 2 h under the hoodetacuate remaining Bvapors, and then poured
into ice, neutralized with }CO; and extracted three times with dichloromethanee ®@tganic layer
was washed with water, dried over anhydrougS®aand evaporateih vacuo.

The crude residue was purified by chromatographgilica gel using cyclohexane/ethyl acetate (1/1)
as an eluent. 3-bromo-8-nitroquinolin-2{tone 22 was isolated and recrystallized in acetonitrile to

yield a yellow solid (68%, 4.8 mmol, 1.3 g).



Compound22 (CsHsBrN,Os): mp 216 °C,'H NMR (400 MHz, CDCJ) &: 7.36-7.40 (m, 1 H, H6),

7.89 (dd,J= 8.4 and 1,4 Hz, 1 H, H5), 8.6 (s, 1 H, H4), 8(88,J= 7,7 and 1,6 Hz, 1 H, H7), 11.51
(br s, 1 H, NH)3C NMR (100 MHz, CDGJ) & 119.9 (C), 122.1 (CH), 122.3 (C), 128.0 (CH), 182
(C), 133.2 (C), 134.8 (CH), 141.0 (CH), 157.5 (BRMS (DCI CHy) calcd for GHgBIN,Os [M+H] *

268.9562, found 268.9554.

Preparation of 3-chloro-8-nitroquinolin-24)-one23

Fifty milliliters of a 37% hydrochloric acid solath were added onto 1 g of 8-nitroquinolin-&jione
(5.3 mmol, 1 equiv.). The reaction mixture was tisémred at 100°C before 1.7 g of sodium chlorate
(15.8 mmol, 3 equiv.) were added with precautiof, {Grmation). After 45 min under reflux, the
reaction mixture was left for 2 h under the hoodet@cuate remaining £Vvapors, and then was
poured into ice, neutralized with,€O; and extracted three times with dichloromethane dilganic
layer was washed with water, dried over anhydroasSf), and evaporateih vacuo. The crude
residue was purified by chromatography on silich ugng diethyl ether as an eluent. 3-chloro-8-
nitroquinolin-2(H)-one23 was isolated and recrystallized in acetonitrilgitld a yellow solid (62%,
3.3 mmol, 738 mg).

Compound3 (CsHsCIN,O5): mp 195 °C*H NMR (400 MHz, CDC)) &: 7.37-7.41 (m, 1 H, H6), 7.88
(dd,J= 7.7 and 1.4 Hz, 1 H, H5), 8.04 (s, 1 H, H4), 886,J=8.4 and 1.4 Hz, 1 H, H7), 11.56 (br s,
1 H, NH).**C NMR (100 MHz, CDGJ) &: 121.8 (C), 122.2 (CH), 127.9 (CH), 129.2 (C), BB(),
133.1 (C), 134.9 (CH), 137.0 (CH), 157.5 (C). HRNISCI CH,) calcd for GHsCIN,Os [M+H]*

225.0067, found 225.0070.

Preparation of 3-bromo-2-methoxy-8-nitroquinol2ve

Under Argon atmosphere, 250 mg of 3-bromo-8-nitiaglin-2(1H)-one (0.93 mmol, 1 equiv.) were
solubilized in 5 mL of dry DMF and were added omtdMF solution (5 mL) of 74 mg of 60%
sodium hydride (1.86 mmol, 2 equiv.). After 10 naifistirring at rt, 115 pL of methyl iodide (1.86

mmol, 2 equiv.) were added dropwise. The reactiotture was stirred at rt overnight, before being



poured into ice. The resulting precipitate wasefdtd and driedn vacuo. The crude residue was
purified by chromatography on silica gel using oywxane/acetone (9/1) as eluent. 3-bromo-2-
methoxy-8-nitroquinolin4 was isolated to yield a pale white solid (55%, hiihol, 146 mg).
Compound24 (C,oH/BrN,Os): mp 208 °C*H NMR (300 MHz, CDCJ) &: 4.15 (s, 3 H, CH), 7.43-
7.49 (m, 1 H, H6), 7.86 (dd= 8.1 and 1.4 Hz, 1 H, H5), 8.02 (di 7.7 and 1.4 Hz, 1 H, H7), 8.35
(s, 1 H, H4).*C NMR (100 MHz, CDGJ) & 55.4 (CH), 110.4 (C), 123.5 (CH), 124.4 (CH), 127.1
(C), 130.6 (CH), 136.7 (C), 140.6 (CH), 146.2 (AB9.2 (C). HRMS (DCI Ck) calcd for

CioH/BrN,O3[M+H] " 282.9718, found 282.9722.

Preparation of 8-amino-3-bromoquinolin-2{}tone25

Ethanol (20 mL) was added onto 300 mg of 3-bromut®quinolin-2(1H)-one (1.11 mmol, 1 equiv.)
and 1.1 g of tin (I) chloride (5.55 mmol, 5 eqyivThe reaction mixture was refluxed for 3 h. The
reaction mixture was then neutralized into an agaemlution of NgCO;, filtered on celite, extracted
three times with dichloromethane and once with lelgetate. The combined organic layers were
washed with water, dried over anhydrous,$@, and evaporateth vacuo. The crude residue was
purified by chromatography on silica gel using tiicbmethane/methanol (95/5) as eluent. 8-amino-3-
bromoquinolin-2(H)-one25 was isolated to yield a pale brown solid (53%90v&mol, 140 mg).
Compound25 (CgH;BrN,O): Dec. 248 °C*H NMR (400 MHz, DMSO-d6): 5.60 (br s, 2 H, NbJ,
6.84 (ddJ= 7.5 and 1.5 Hz, 1 H, H7), 6.90 (di¥; 7.7 and 1.5 Hz, 1 H, H5), 6.95-6.99 (m, 1 H, H6),
8.40 (s, 1 H, H4), 11.35 (br s, 1 H, NHIC NMR (100 MHz, DMSO-d6}: 115.2 (CH), 115.5 (CH),
116.6 (C), 120.6 (C), 123.5 (CH), 125.6 (C), 13823, 143.2 (CH), 158.3 (C). HRMS (DCI GH

calcd for GoH7BrN,Os[M+H] " 238.9820, found 238.9820.

General procedure for the preparation of 5-methgit®quinolin-2(H)-one 26, 6-methyl-8-
nitroquinolin-2(H)-one 27°', 7-methyl-8-nitroquinolin-2(#M)-one 28, 5-methoxy-8-nitroquinolin-
2(1H)-one 29, 6-methoxy-8-nitroquinolin-2¢)-one 30°® and 7-methoxy-8-nitroquinolin-2d)-one

31



In a first step, according to a previously reporfdceduré! 1.2 equiv. of 3,3-diethoxyacryloyl
chloride (prepared from ethyl 3,3'-diethoxypropitedy successive saponification and reaction with
SOC}) was reacted at rt with 1 equiv. of the appropridteaniline derivative in dichloromethane, in
the presence of 2 equiv. of pyridine. The reactioxtures were then poured into water and extracted
three times with dichloromethane. The organic layeere washed with brine, dried over anhydrous
NaSQ, and evaporateth vacuo. In a second step, each crude residue was reaitte®8% sulfuric
acid and stirred at rt for 3-4 h (monitored by TLThe reaction mixtures were then poured into ice,
neutralized with KCO; and extracted three times with dichloromethane. driganic layers were washed
with water, dried over anhydrous $£, and evaporatedh vacuo. The final crude residues were
purified by chromatography on silica gel.

5-methyl-8-nitroquinolin-2(H)-one26 (C;0HsN,O3) was purified by chromatography on silica gel gsin
cyclohexane/ethyl acetate (90/10) as eluent, msolaind recrystallized in acetonitrile to yield depa
brown solid (46%, 2.39 mmol, 490 mg), mp 213 g NMR (400 MHz, DMSO-d6): 2.67 (s, 3 H,
CHs), 6.78 (dd,J= 10.0 and 2.2 Hz, 1 H, H3), 7.15 (d&; 8.5 and 0.6 Hz, 1 H, H6), 7.99 @@ 10.0

Hz, 1 H, H4), 8.40 (dJ= 8.5 Hz, 1 H, H7), 11.5 (br s, 1 H, NHJC NMR (100 MHz, DMSO-d6p:
19.8 (CH), 120.1 (C), 123.1 (CH), 123.3 (CH), 127.8 (CH31T (C), 134.1 (C) 136.6 (CH), 145.4

(C), 161.3 (C). HRMS (DCI CH calcd for GoHoN,O; [M+H] * 205.0613, found 205.0608.

6-methyl-8-nitroquinolin-2(H)-one 27 (C,0HsN.O3) was purified by chromatography on silica gel
using cyclohexane/ethyl acetate (90/10) as eluastisolated to yield a brown solid (6%, 0.34 mmol,
70 mg), mp 200 °C (Lit: 199-2003H NMR (400 MHz, CDCJ) &: 2.50 (s, 3H, Ch), 6.74 (ddJ=9.7
and 2.0 Hz, 1 H, H3), 7.69 (s, 1 H, H5), 7.74%D.7 Hz, 1 H, H4), 8.33 (d=2.0 Hz, 1H, H7), 11.22
(br s, 1 H, NH)}*C NMR (100 MHz, CDGJ) & 20.5 (CH), 122.0 (C), 123.7 (CH), 128.4 (CH), 131.7

(C), 131.8 (C), 132.8 (C), 135.9 (CH) 139.7 (CH)1® (C).

7-methyl-8-nitroquinolin-2(H)-one 28 (CyoHsN,O3) was purified by chromatography on silica gel

using cyclohexane/ethyl acetate (90/10) as elusoigted and recrystallized in acetonitrile to giel



yellow solid (52%, 3.42 mmol, 700 mg), mp 233 @, NMR (400 MHz, CDCJ) &: 2.64 (s, 3 H,
CHs), 6.69 (d,J= 9.6 Hz, 1 H, H6), 7.15 (dd= 8.0 and 0.6 Hz, 1 H, H3), 7.64 (@ 8.0 Hz, 1 H,
H4), 7.74 (dJ= 9.6 Hz, 1 H, H5), 10.12 (br s, 1 H, NHJC NMR (100 MHz, CDGJ) &: 21.2 (CH),
119.7 (C), 122.7 (CH), 125.5 (CH), 132.2 (CH), B3gC), 135.6 (C) 137.6 (C), 139.9 (CH), 161.7

(C). HRMS (DCI CH) calcd for GiHgN,O3[M+H]* 205.0613, found 205.0615.

5-methoxy-8-nitroquinolin-2(#)-one 29 (C;HsN,O,) was purified by chromatography on silica gel
using cyclohexane/ethyl acetate (90/10) as elusoniated and recrystallized in acetonitrile to giel
dark orange solid (21%, 0.61 mmol, 135 mg), mp 246H NMR (400 MHz, CDCJ) &: 4.09 (s, 3 H,
OCHy), 6.68 (ddJ= 10.0 and 2.1 Hz, 1 H, H3), 6.73 (t; 9.4 Hz, 1 H, H6), 8.17 (di= 9.9 Hz, 1 H,
H4), 8.52 (dJ= 9.4 Hz, 1 H, H7), 11.45 (br s, 1H, NHYC NMR (100 MHz, CDGJ) &: 56.8 (OCH),
102.8 (CH), 110.7 (C), 121.8 (CH), 127.0 (C), 13(08), 134.6 (CH) 135.6 (C), 161.7 (C), 161.8

(C). HRMS (DCI CH) calcd for GoHgN,O3 [M+H] * 221.0562, found 221.0561.

6-methoxy-8-nitroquinolin-2(@#)-one 30 (C,0HsN,O,) was purified by chromatography on silica gel
using cyclohexane/ethyl acetate (90/10) as eluedtisolated to yield a pale brown solid (4%, 0.05
mmol, 12 mg), mp 210 °C (Lit : 210-211 °CH NMR (400 MHz, CDCJ) &: 3.93 (s, 3 H, OCH,
6.76 (ddJ= 9.7 and 1.8 Hz, 1 H, H3), 7.42 @ 2.9 Hz, 1 H, H5), 7.73 (d= 9.7 Hz, 1 H, H4), 8.07
(d, = 2.9 Hz, 1 H, H7), 11.15 (br s, 1H, NH}C NMR (100 MHz, CDG)) &: 56.3 (OCH), 113.5

(CH), 113.9 (C), 120.7 (CH), 122.9 (C), 124.4 (CH}8.3 (C) 139.4 (CH), 153.5 (C), 161.4 (C).

7-methoxy-8-nitroquinolin-2(#)-one 31 (C;HgN,O,) was purified by chromatography on silica gel
using dichloromethane/ethyl acetate (90/10) asng¢lusolated and recrystallized in acetonitrile to
yield a yellow solid (45%, 0.79 mmol, 175 mg), m2C,"H NMR (400 MHz, CDC}J) &: 4.04 (s, 3
H, OCH), 6.57 (dJ= 9.6 Hz, 1 H, H3), 6.93 (d= 8.9 Hz, 1 H, H6), 7.68 (d= 9.3 Hz, 2 H, H4 H5),

9.9 (br s, 1H, NH)®*C NMR (100 MHz, CDGJ) & 57.2 (OCH), 105.0 (C), 106.9 (CH), 114.3 (C),



120.6 (CH), 133.5 (CH), 133.7 (C) 139.9 (CH), 1569, 161.8 (C). HRMS (DCI CH calcd for

CigHoN203 [M+H] " 221.0562, found 221.0556.

Electrochemistry

Voltammetric measurements were carried out witlbtantiostaAutolab PGSTAT100 (ECO Chemie,
The Netherlands) controlled by GPES 4.09 softwdEgperiments were performed at room
temperature in a homemade airtight three—electicede connected to a vacuum/argon line. The
reference electrode consisted of a saturated caleletrode (SCE) separated from the solution by a
bridge compartment. The counter electrode was @inpta wire of approximately 1cm? apparent
surface. The working electrode was GC microdisl (hm of diameter — Bio-logic SAS). The
supporting electrolyte (nBM)[PFs] (Fluka, 99% puriss electrochemical grade) andstiteent DMSO
(Sigma-Aldrich puriss p.a. dried<0.02% water) wesed as received and simply degassed under
argon. The solutions used during the electrochdrstcalies were typically TOM in compound and
0.1 M in supporting electrolyte. Before each measw@nt, the solutions were degassed by bubbling
Ar and the working electrode was polished with dighing machine (Presi P230). Under these
experimental conditions employed in this work, Hadf-wave potential (k) of the ferrocene Fc+/Fc
couple in DMSO was = 0.45 V vs SCE. Experimental peak potentials Hzen measured versus

SCE and converted to NHE by adding 0.241 V.

Computational studies

All the calculations were carried out with the GASIEN 09 suité’. Geometry optimizations were
performed with the M06-2R density functional and the 6-311++G (2d,2p) basis Previous studies
have indicated that extended basis sets, withs#ifet and p-type functions and polarization fumgio
were important for the description of the electeoaidfinity of nitrobenzene derivativés>. The effect

of solvation were described with the self-consisteaction field (SCRF) method using the integral



equation formalism polarizable continuum Model (FEEM) with DMSO as solvefit Vibrational
frequency calculation were used to confirm the eogence to local minima and to calculate the
unscaled zero-point-energy (ZPE) and the entropsections at 298 K. The standard variation of the
Gibb’s free energies were calculated as the endiftgrence between anion-radical and neutral forms
after full geometry optimization according to thaldwing equation: R-N@ + 1 é . R-NGO,".
Reduction potentials of the nitro-compounds weileutated using the equation based on Faraday’s

law:

_ AGred
nF

E° =

+ El?, (1) where AG,q is the Gibbs free energy of reduction, n is thenber of

electrons transferred (i.e. one electrdh)is the Faraday constant which equals 23.06 kcéf.wvd
andEj is the absolute potential of the normal hydrogectebde. TheéE] value was taken as -4.28 V.
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Biology

Antileishmanial activity on L. infantum axenic amastigotes.*?

L. infantum promastigotes (MHOM/MA/67/ITMAP-263, CNR LeishmaniMontpellier, France,
expressing luciferase activity) in logarithmic phazultivated in RPMI 1640 medium supplemented
with 5% foetal calf serum (FCS), 2 mM L-glutaminedaantibiotics (100 U/mL penicillin and 100
pg/mL streptomycin), were centrifuged at 900 g X6rmin. The supernatant was removed carefully
and was replaced by the same volume of RPMI 164ipteie medium at pH 5.4 and incubated for 24
h at 24 °C. The acidified promastigotes were intetbefor 24 h at 37 °C in a ventilated flask.
Promastigotes were then transformed into axenicstagmes. The effects of the tested compounds on
the growth ofl. infantum axenic amastigotes were assessed as followsfantum amastigotes were
incubated at a density of 2°1parasites/mL in sterile 96-well plates with vasatoncentrations of
compounds dissolved in DMSO (final concentratiossi¢han 0.5% v/v), in duplicate. Appropriate
controls DMSO, amphotericin B, miltefosine and faeatazole (reference drugs purchased from Sigma
Aldrich) were added to each set of experimentserAdt 48 h incubation period at 37 °C, each plate-

well was then microscope-examined for detecting@egipitate formation. To estimate the luciferase



activity of axenic amastigotes, 80 ul of each vaet transferred to white 96-well plates, Steady
Glow® reagent (Promega) was added according to faatwrer's instructions, and plates were
incubated for 2 min. The luminescence was measunedVicrobeta Luminescence Counter
(PerkinElmer). Inhibitory concentration 50% {fCwas defined as the concentration of drug required
to inhibit by 50% the metabolic activity &f infantum amastigotes compared to controlsd@alues
were calculated by non-linear regression analysiscgssed on dose response curves, using

TableCurve 2D V5 software. igvalues represent the meafrthree independent experiments.

Antileishmanial activity on L. donovani promastigotes.

The effects of the tested compounds on the growth Lo donovani promastigotes
(MHOM/IN/OO/DEVI) were assessed by MTT as$ariefly, promastigotes in logarithmic phase in
Schneider's medium supplemented with 20% foetaf satum (FCS), 2 mM L-glutamine and
antibiotics (100 U/mL penicillin and 100 pg/mL gitemycin), were incubated at an average density
of 10 parasites/mL in sterile 96-well plates with vasotoncentrations of compounds dissolved in
DMSO (final concentration less than 0.5% v/v), uplicate. Appropriate controls treated by DMSO,
miltefosine or amphotericin B (reference drugs pased from Sigma Aldrich) were added to each set
of experiments. After a 72 h incubation period at°Z, parasite metabolic activity was determined.
Each plate-well was then microscope-examined ftealieg possible precipitate formation. 10pL of
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetzalium bromide) solution (10 mg/mL in PBS)
were added to each well followed by incubation &mother 4 h. The enzyme reaction was then
stopped by addition of 100 pL of 50% isopropano$l€odium dodecyl sulfate. Plates were shaken
vigorously (300 rpm) for 10 min. The absorbance Waally measured at 570 nm in a BIO-TEK
ELx808 Absorbance Microplate Reader. Inhibitory aamiration 50% (Ig;) was defined as the
concentration of drug required to inhibit by 50%e timetabolic activity ofL. donovani and
promastigotes compared to the controlsol@ere calculated by nonlinear regression analysis
processed on dose-response curves, using Table@Dr5.0 software. g values represent the

mean value calculated from three independent exjeeits.



Antileishmanial activity on L. donovani intracellular amastigotes.

The effects of the tested compounds on the groWiteishmania donovani intracellular amastigotes
(MHOM/IN/OO/DEVI) were assessed according to the method of Daeta.* 400 uL of THP-1
cells activated with Phorbol 12-Myristate 13-Acet#final concentration: 50 ng/ml) were seeded in
sterile chamber-slides at an average density dtélls/mL and incubated for 48 h at 37 °C and 6%
CQ.. L. donovani promastigotes were centrifuged at 900g for 10 mich e supernatant replaced by
the same volume of Schneider 20% FCS pH 5.4 arubated for 24 h at 27 °C. THP-1 cells were
then infected by acidified promastigotes at an ayerdensity of 10cells/mL (10:1 ratio) and
chamber-slides incubated for 24 h at 37 °C. Thanduplicate, the medium containing various
concentrations of tested-compounds was added (EMM&BO concentration being inferior to 0.5%
viv). Appropriate controls treated with or withosmlvent (DMSO), and various concentrations of
miltefosine and amphotericin B (reference drugspased from Sigma Aldrich) were added to each
set of experiments. After 120 h incubation at 37afd 6% CQ, well supernatant was removed. Cells
were fixed with analytical grade methanol and sdiwith 10% Giemsa. The percentage of infected
macrophages in each assay was determined microatlgpby counting at least 200 cells in each
sample. 1G, was defined as the concentration of drug necessgrsoduce a 50% decrease of infected
macrophages compared to the controlsgl@ere calculated by non-linear regression analysis
processed on dose-response curves, using TableCDrx5.0 software. 1§ values represent the

mean value calculated from three independent exeeits.

Antileishmanial activity on L. donovani promastigotes NTR1 and NTR2 over-expressing strain.

Cell lines and culture conditions:The clonalLeishmania donovani cell line LABOB (derived from
MHOM/SD/62/1S-CL2D) was grown as promastigotes 6t °Z in modified M199 media, as
previously describéd LdBOB promastigotes overexpressing NTR1 (LinD660f’ and NTR2
(LinJ.12.0730% were grown in the presence of nourseothricin (1§@nii"). In vitro drug sensitivity
assays:To examine the effects of test compounds on growipljcate promastigote cultures were
seeded with 5 x f(arasites mil. Parasites were grown in 10 ml cultures in thesgnee of drug for

72 h, after which 20QL aliquots of each culture were added to 96-wedtgd, 5QuUM resazurin was



added to each well and fluorescence (excitatiob28 nm and emission of 590 nm) measured after a
further 4 h incubatioll. Data were processed using GRAFIT (version 5Br#thacus software) and
fitted to a 2-parameter equation, where the datacarrected for background fluorescence, to obtain

the effective concentration inhibiting growth by%QEG;): y:%. In this equation [l]

1+[[|]
EC,,
represents inhibitor concentration and m is th@esltactor. Experiments were repeated at least two

times and the data is presented as the mean phaastl deviation.

Antitrypanosomal activity on T. brucei brucei trypomastigotes.
Assays were performed ofrypanosoma brucei bruce AnTat 1.9 strain (IMTA, Antwerpen,
Belgium). It was cultured in MEM with Earle’s sgl®ipplemented according to the protocol of Baltz

etal.®®

with the following modifications, 0.5 mM mercaptbanol (Sigma Aldrich®, France), 1.5 mM
L-cysteine (Sigma Aldrich®), 0.05 mM bathocuproiselfate (Sigma Aldrich®) and 20% heat-
inactivated horse serum (Gibco®, France), at 37°@n atmosphere of 5% GO'he parasites were
incubated at an average density of 2000 parasgdisiwsterile 96-wells plates (Mc2®, France) with
various concentrations of compounds dissolved inSOM Sigma Aldrich®), in duplicate. Reference
drugs suramin, pentamidine, eflornithine, and felamole (purchased from Sigma Aldrich, France
and Fluorochem, UK) suspended in NaCl 0.9% or DMB&re added to each set of experiments. The
effects of the tested compounds were assesseck byathility marker Alamar Blue® (Fisher, France)
assay described by Razatf" After a 69 h incubation period at 37 °C, 10 plLAd&mar Blué€ was
then added to each well, and the plates were ineddar 5h>? The plates were read in a PerkinElmer
ENSPIRE (Germany) microplate reader using an exmitavavelength of 530 nm and an emission
wavelength of 590 nm. kg were calculated by nonlinear regression analysiegssed on dose-
response curves, using GraphPad Prism software US4 was defined as the concentration of drug

necessary to inhibit by 50% the viability Dfbrucei brucel compared to the control. dgvalues were

calculated from three independent experiments plickte.



Antitrypanosomal activity on T. b. brucei trypomastigotes NTR1 over-expressing strain.

Trypanosoma brucel bloodstream-form 'single marker' S427 (T7RPOL TENEO) and drug-
resistant cell lines were cultured at 37°C in HMI9nediunt® supplemented with 2.5g.mL™ G418

to maintain expression of T7 RNA polymerase andt#tecycline repressor protein. Bloodstream
trypanosomes overexpressing tAe brucei nitroreductase (NTRI) were grown in medium
supplemented with 2.6g.mL™ phleomycin and expression of NTR was induced byatidition of 1
ng.mL™ tetracycline. Cultures were initiated with 1 x*1€ells.mL"* and sub-cultured when cell
densities approached 1-2 (>*LoL ™.

In order to examine the effects of inhibitors om trowth of these parasites, triplicate cultures
containing the inhibitor were seeded at 1 X tt@panosomes.mt Cells overexpressing NTR were
induced with tetracycline 48 h prior to E&nalysis. Cell densities were determined aftetuogilfor

72 h, as previously descritedEG;, values were determined using the following twoapaeter

equation by non-linear regression using GraFit:

100
)
EC,,

where the experimental data were corrected fordrackd cell density and expressed as a percentage

y:

of the uninhibited control cell density.In this edjon [I] represents inhibitor concentration andsm

the slope factor.

Cytotoxic evaluation on HepG2 cell line.

The evaluation of the tested molecules cytotoxiotythe HepG2 (hepatocarcinoma cell line from
ECACC purchased from Sigma-Aldrich, ref 8501143Q-1&értificated without mycoplasma) was
done according to the method of Mosman with sligbtifications®* Briefly, cells (5 x 10 cells/mL)

in 100 puL of complete medium, [Alpha MEM Eagle fradAN BIOTECH supplemented with 10%



foetal bovine serum, 2 mM L-glutamine and antilwisti(100 U/mL penicillin and 100 pg/mL
streptomycin)] were seeded into each well of 96Hplaltes and incubated at 37 °C and 5%, Giter

a 24 h incubation, 100 pL of medium with variousduct concentrations and appropriate controls
were added and the plates were incubated for 7237 4C and 5% C@© Each plate-well was then
microscope-examined for detecting possible preatipiformation before the medium was aspirated
from the wells. 100 puL of MTT solution (0.5 mg/mih Alpha MEM Eagle) were then added to each
well. Cells were incubated for 2 h at 37 °C and 6%,. After this time, the MTT solution was
removed and DMSO (100 uL) was added to dissolveréisalting formazan crystals. Plates were
shaken vigorously (300 rpm) for 5 min. The absodeawas measured at 570 nm with a microplate
spectrophotometer (Eon BioTek). DMSO was used askband doxorubicin (purchased from Sigma
Aldrich) as positive control. C& were calculated by non-linear regression analpgsicessed on
dosee response curves, using TableCurve 2D V5 a@twCG, values represent the mean value

calculated from three independent experiments.

Cytotoxic evaluation on THP1 cell line.

The evaluation of the tested molecules cytotoxioitythe differenciated THP-1 cell line (acute
monocytic leukemia cell line purchased from ATC€f, TIB-202) was performed according to the
method of Mosman with slight modificatiof{sBriefly, cells in 100 pL of complete RPMI medium
with Phorbol 12-Myristate 13-Acetate (final conaaion: 50 ng/ml) were incubated at an average
density of 18 cells/mL and in sterile 96-well plates. After 4@nsubation, 100 pL of medium with
various product concentrations dissolved in DMS@a{fconcentration less than 0.5% v/v) were
added and the plates were incubated for 72 h &€3Each plate-well was then microscope-
examined for detecting possible precipitate fororabefore the medium was aspirated from the wells.
100 pL of MTT solution (0.5 mg/mL in medium withob€S) were then added to each well. Cells
were incubated for 2 h at 37 °C. After this tinfeg MTT solution was removed and DMSO (100 pL)
was added to dissolve the resulting blue formazgsials. Plates were shaken vigorously (300 rpm)

for 10 min. The absorbance was measured at 570itin680 nm as reference wavelength



spectrophotometer using a BIO-TEK ELx808 Absorbaviceroplate Reader. DMSO was used as
blank and doxorubicin (purchased from Sigma Aldria$ positive control. Cell viability was
calculated as percentage of control (cells incubatithout compound). The 50% cytotoxic
concentration was determined from the dose—respnurse by using the TableCurve 2D V5.0

software.

Ames test method

Mutagenicity test was carried out by using a medifversior® of the liquid incubation assay of the
classical Ames tesSS typhimurium tester strains (TA97a, TA98, TA100 and TA102) wgrewn
overnight in a Nutrient Broth n°2 (Oxoid, FrancAjter this period, 5 - 50 mM DMSO solutions of
the tested drugs were added to 0.1 mL of cultuceimcubated with 4% S9 mix for 1 h at 37 °C with
shaking. Each sample was assayed in duplicater ivtabation, 2 mL of molten top agar were mixed
gently with the pre-incubated solution and pouratbd/ogel-Bonner minimal agar plates. After 48 h
at 37 °C in the dark, the number of spontaneousdamgl induced revertants per plate was determined
for each dose with a laser bacterial colony coumteproduct was considered mutagenic when it
induces a two-fold increase of the number of rewved, compared with the spontaneous frequency
(negative control). Benzo[a]pyrene was used as satip® control with allSalmonella strains in

presence of S9 mix.

Comet assay

The alkaline comet assay was used to detect DNsdtbreaks and alkali-labile sites. Trypsinized
HepG2 cells were embedded in 0.7% low-melting pagdrose (Sigma “Low Gelling Temperature”)
and laid on pre-cut sheets of polyester film (Gatt® film) to perform minigel deposits as previously
described’. Film were then placed in lysis solution (NaCl RI5Na&EDTA 0.1 M, Tris 10 mM, 1 %
Triton X-100, 10 % DMSO pH 10) for 18h at 4 °C. &lephoresis (with a solution which contained

0.3 M NaOH, 1 mM NzEDTA, pH>13) was processed for 24 min in a tankhvat power supply



giving 28 V (resulting in 0.8 V/cm). After electropresis, films were immersed 2 x 5 min in PBS for
neutralization, followed by fixation in 100% etha&ar 1.5h and drying. After staining with SYBR®
Gold (Life Technologies) at 10 000 X dilution fo® 2Znin, films were observed at 20x magnification
with an epifluorescence microscope equipped withw@omated platform (Nikon NiE) and coupled to
a camera (DS-Q1Mc) and the software Nikon NiS Elm&dvanced Research to automatically
capture images. In these images, for each celletred of DNA damage was evaluated using a semi-
automated scoring system, by measurement of tlemgity of all tail pixels divided by the total
intensity of all pixels in head and tail of comél means of the software “Lucia comet assay”
(Laboratory Imaging, Prague Czech Republic). Fdiyls per deposit and four deposp sample

were analysed. The median from these 200 valuesalaslated, and named “% tail DNA”.

Microsomal stability and plasma protein binding assays

Microsomal stability protocol.

The tested product and propranolol, used as refereme incubated in duplicate (reaction volume of
0.5 mL) with female mouse microsomes (CD-1, 20 mmgl,/BD Gentest™) at 37 °C in a 50 mM
phosphate buffer, pH 7.4, in the presence of Md&€ImM), NADP (1 mM), glucose-6-phosphate
dehydrogenase (0.4 U/mL) and glucose-6-phosphatsNg. For the estimation of the intrinsic
clearance: 5QL aliquot at 0, 5, 10, 20, 30 and 40 min are ctdld@and the reaction is stopped with 4
volumes of acetonitrile (ACN) containing the interrstandard. After centrifugation at 10000 g, 10
min, 4 °C, the supernatants are kept at 4 °C fonadtiate analysis or placed at -80 °C in case of
postponement of the analysis. Controlsafd §.,) In triplicate are prepared by incubation of the
internal standard with microsomes denatured byoade€le. The LC-MS used for this study is a
Waters® Acquity I-Class / Xevo TQD, equipped withaters® Acquity BEH C18 column, 50 x 2.1
mm, 1.7um. The mobile phases are (A) ammonium acetate 10ami1(B) acetonitrile with 0.1%
formic acid. The injection volume is 1 pL and tHew rate is 600 puL/min. The chromatographic
analysis, total duration of 4 min, is made with tbkkowing gradient: 0 <t < 0.2 min, 2% (B); 0.2t<

< 2 min, linear increase to 98% (B); 2 <t < 2.51n88% (B); 2.5 <t < 2.6 min, linear decrease%o 2

(B); 26 <t < 4 min, 2% (B). 8-Bromo-6-chloro-3tmi-2-(phenylsulfonylmethyl)imidazo[1,2-



alpyridine is used as internal standard. The quaatibn of each compound is obtained by converting
the average of the ratios of the analyte/internahdard surfaces to the percentage of consumed
product. The ratio of the control gtdorresponds to 0% of product consumed. The cdlonlaf the

half-life (t;) of each compound in the presence of microsomeloie according to the equation:

t1 = % Where k is the first-order degradation constdmé Glope of the logarithm of compound
2

concentration versus incubation time). The intaredearancen vitro (Cli,, expressed iplL/min/mg)

is calculated according to the equation:

dose

Cliy = AUCo/ . Where dose is the initial concentration of pradacthe sample, AUC
[microsomes]

is the area under the concentration-time curveapgtated to infinity and [microsomes] is the

microsome concentration expressed inyhg/

Plasma protein binding procedure.

The plasma doped with the tested compound is irtedbat 37 °C in triplicate in one of the
compartments of the insert, the other compartmentaining a phosphate buffer solution at pH 7.2.
After stirring for 4 hours at 300 rpm, a 2b aliquot of each compartment is taken and dilutee;
dilution solution is adapted to obtain an identipatrix for all the compartments after dilution. In
parallel, the reprocessing of a plasma doped butneabated will allow to evaluate the recovery of
the study. The LC-MS used for this study is a WseAcquity I-Class / Xevo TQD, equipped with a
Waters® Acquity BEH C18 column, 50 x 2.1 mm, lunh. The mobile phases are (A) ammonium
acetate 10 mM and (B) acetonitrile with 0.1% forra@d. The injection volume is 1 pL and the flow
rate is 600 pL/min. The chromatographic analysigltduration of 4 min, is made with the following
gradient: 0 <t < 0.2 min, 2% (B); 0.2 <t < 2 miimear increase to 98% (B); 2 <t < 2.5 min, 98%
(B); 2.5 <t < 2.6 min, linear decrease to 2% @§ < t <4 min, 2% (B). Carbamazepine, oxazepam,
warfarine and diclofenac are used as referencesding Propranolol is used as internal standard. The

Aplasma,4h—APBS 4h

unbound fraction (fu) is calculated according te tfollowing formula: f, = X

APlasmaA-h

100. The percentage of recovery is calculated accortinthe following formula:% Recovery =



Vpgs XA +(V) XA . . .
(Vess *Apss an)+ (VeiasmaXAriasmatn) \phere A is the ratio of the area under peak efdtudied molecule
(VPlasmaXAPlasma,()h)

and the area under peak of the internal standaggprgnolol 200 nM). V is the volume of solution

present in the compartments (VPBS = @k0and Vplasma = 200L).

REFERENCES

(1) Pace, D. (2014) Leishmaniaslsinfect. 69, $10-S18. DOI: 10.1016/j.jinf.2014.07.016.

(2) Buscher, P., Cecchi, G., Jamonneau, V., Pridgo (2017) Human African trypanosomiasis.
Lancet 390, 2397-2405. DOI: 10.1016/S0140-6736(17)31510-6

(3) http://mww.who.int/neglected_diseases/diseases/

(4) World Health Organization: http://www.who.int&giacentre/factsheets/fs375/en/. updated
04/2017

(5) World Health Organization: http://www.who.in#aliacentre/factsheets/fs259/en/. updated
01/2017

(6) Zulfigar, B., Shelper, T. B., Avery, V. M. (20 Leishmaniasis drug discovery: recent progress
and challenges in assay developmerbrug Discov. Today 22, 1516-1531. DOI:
10.1016/j.drudis.2017.06.004.

(7) Ponte-Sucre, A., Gamarro, A., Dujardin, J.EBarrett, M. P., Lopez-Vélez, R., Garcia-Hernandez,
R., Pountain, A. W., Mwenechanya, R., Papadopouku(2017) Drug resistance and treatment
failure in leishmaniasis: A 21st century challendtos Negl. Trop. Dis. 11, e0006052. DOI:
10.1371/journal.pntd.0006052.

(8) Field, M. C., Horn, D., Fairlamb, A. H., Fergus M. A. J., Gray, D. W., Read, K. D., De Rycker,
M., Torrie, L. S., Wyatt, P. G., Wyllie, S., Gillget. H. (2017) Anti-trypanosomatid drug discovery:
an ongoing challenge and a continuing neétht. Rev. Microbiol. 15, 217-231. DOI:
10.1038/nrmicro.2016.193.

(9) Patterson, S., Wyllie, S., Norval, S., Stojasioy L., Simeons, F. R. C., Auder, J. L., Osuna-
Cabello, M., Read, K. D., Fairlamb, A. H. (2016)eTanti-tubercular drug delamanid as a potential

oral treatment for visceral leishmaniagisife, 5, e09744. DOI: 10.7554/eLife.09744.



(10) Ang, W. C., Jarrad, A. M., Cooper, M. A., Btasich, M. A. T. (2017) Nitroimidazoles:
molecular fireworks that combat a broad spectrunntgctious diseased. Med. Chem. 60, 7636-
7657. DOI: 10.1021/acs.jmedchem.7b00143.

(11) DND:i: https://www.dndi.org/diseases-projectstfolio/ updated 12/2017.

(12) Mesu, V. K. B. K., Kalonji, W. M., BardonneaQ,., Mordt, O. V., Blesson, S., Simon, F.,
Delhomme, S., Bernhard, S., Kuziena, W., Lubakk.JVuvu, S. L., Ngima, P. N., Mbembo, H. M.,
llunga, M., Bonama, A. K., Heradi, J. A., SolomolJL., Mandula, G., Badibabi, L. K., Dama, F. R.,
Lukula, P. K., Tete, D. N., Lumbala, C., Scherir, Strub-Wourgaft, N., and Tarral, A. (2018) Oral
fexinidazole for late-stage Africaffrypanosoma brucei gambiense trypanosomiasis: a pivotal
multicentre, randomised, non-inferiority tridlancet 144-154. DOI: 10.1016/S0140-6736(17)32758-
7.

(13) Patterson, S., Wyllie, S. (2014) Nitro drugs the treatment of trypanosomatid diseases: past,
present, and future prospecIsends Parasitol. 30, 289-298. DOI: 10.1016/j.pt.2014.04.003.

(14) Wyllie, S., Patterson S., Stojanovski, L., 8&ms, F. R. C., Norval, S., Kime, R., Read, K. D.,
Fairlamb, A. H. (2012) The anti-trypanosome drugjrfidlazole shows potential for treating visceral
leishmaniasisSci. Trand. Med. 4, 119rel. DOI: 10.1126/scitranslmed.3003326.

(15) Verhaeghe, P., Rathelot, P., Rault, S., Vandl. (2006) Convenient preparation of original
vinylic chlorides with antiparasitic potential iniigoline series. Lett. Org. Chem. 3, 891-897. DOI:
10.2174/157017806779467997.

(16) Paloque, L., Verhaeghe, P., Casanova, M. e@afiucros, C., Dumetre, A., Mbatchi, L., Hutter,
S., Kraiem-M’'Rabet, M., Laget, M., Remusat, V., RaB., Rathelot, P., Azas, N., Vanelle, P. (2012)
Discovery of a new antileishmanial hit in 8-nitraopline seriesEur. J. Med. Chem. 54, 75-86. DOI:
10.1016/j.ejmech.2012.04.029.

(17) Kieffer, C., Cohen, A., Verhaeghe, P., Hutter, Castera-Ducros, C., Laget, M., Remusat, V.,
Kraiem M'Rabet, M., Rault, S., Rathelot, P., Azaé, Vanelle, P. (2015) Looking for new
antileishmanial derivatives in 8-nitroquinolin-2{tone serieskur. J. Med. Chem. 92, 282-294. DOI:

10.1016/j.ejmech.2016.09.029.



(18) Kieffer, C., Cohen, A., Verhaeghe, P., Palodue Hutter, S., Castera-Ducros, C., Laget, M.,
Rault, S., Valentin, A., Rathelot, P., Azas, N., néde, P. (2015) Antileishmanial
pharmacomodulation in 8-nitroquinolin-2{)-one seriesBioorg. Med. Chem. 23, 2377-2386. DOI:
10.1016/j.bmc.2015.03.064.

(19) Andreev, V. P., Nizhnik, Y. P. (2002) Reactifi2,4-dibromoquinoline with hydrogen chloride.
Russ. J. Org. Chem. 38, 137-138. DOI: 10.1023/A:1015331531268.

(20) O'Brien, N. J., Brzozowski, M., Wilson, D.D., Deady, L. W., Abbott, B. M. (2014) Synthesis
and biological evaluation of substituted 3-anilinomwlin-2(1H)-ones as PDK1 inhibitorsBioorg.
Med. Chem. 22, 3781-3790. DOI: 10.1016/j.bmc.2014.04.037.

(21) Zzaragoza, F., Stephensen, H., Peschke, B.,valimK. (2005) 2-(4-Alkylpiperazin-1-
ylquinolines as a New Class of Imidazole-Free &itshe H Receptor Antagonistd. Med. Chem.
48, 306-311. DOI: 10.1021/jm031028z.

(22) Zubatyuk, R. I., Gorb, L., Shishkin, O. V., €fa, M., Leszczynski, J. (2010) Exploration of
density functional methods for one-electron redurctpotential of nitrobenzened. Comput. Chem.
31, 144-150. DOI: 10.1002/jcc.21301.

(23) Uchimiya, M., Gorb, L., Isayev, O., Qasim, M., Leszczynski, J. (2010) One-electron standard
reduction potentials of nitroaromatic and cycli¢raninine explosivesEnviron. Pollut. 158, 3048-
3053. DOI: 10.1016/j.envpol.2010.06.033.

(24) Torreele, E., Bourdin Trunz, B., Tweats, Daiser, M., Brun, R., Mazué, G., Bray, M. A,
Pécoul, B. (2010) Fexinidazole — A new oral nitridlazole drug candidate entering clinical
development for the treatment of sleeping sicknéd®s Negl. Trop. Dis. 4, e€923. DOI:
10.1371/journal.pntd.0000923.

(25) Wyllie, S., Patterson, S., Fairlamb, A. H. 13D Assessing the essentiality of Leishmania
donovani nitroreductase and its role in nitro dagtjvation.Antimicrob. Agents Chemother. 57, 901-
906. DOI: 10.1128/AAC.01788-12.

(26) Wyllie, S., Raoberts, A. J., Norval, S., Patter, S., Foth, B. J., Berriman, M., Read, K. D.,
Fairlamb, A. H. (2016) Activation of bicyclic nitrdrugs by a novel nitroreductase (NTR2) in

LeishmaniaPLoS Pathog. 12, €1005971. DOI: 10.1371/journal.ppat.1005971.



(27) Purohit, V., Basu, A. K. (2000) Mutagenicitf ditroaromatic Compound£hem. Res. Toxicol.

13, 673-692. DOI: 10.1021/tx000002x.

(28) Rosenkranz, E.J., McCoy, E.C., Mermelstein, Rosenkranz, H.S. (1982) Evidence for the
existence of distinct nitroreductases in Salmongf&imurium: roles in mutagenes(Sarcinogenes's,

3, 121-123. DOI: 10.1093/carcin/3.1.121.

(29) Buschini, A., Ferrarini, L., Franzoni, S., @@l S., Lazzaretti, M., Mussi, F., Northfleet de
Albuquerque, C., Araujo Domingues Zucchi, T-M., iP8&. (2009) Genotoxicity revaluation of three
commercial nitroheterocyclic drugs: nifurtimox, keidazole and metronidazolé. Parasitol. Res.
2009. DOI: 10.1155/2009/463575.

(30) Misani, F., Bogert, N.T. (1945) The search $mperior drugs for tropical diseases; further
experiments in the quinolone groupOrg. Chem. 10, 458-463. DOI: 10.1021/j001181a012.

(31) Moores, I. G., Smalley, R.K., Suschitzky, H1982) Alkaline Hydrolysis of 2-
(Trifluoromethyl)imidazo[4,5-f] and —[4,5-h] quinoks. J. Fluor. Chem. 20, 573-580. DOI:
10.1016/S0022-1139(00)82282-4.

(32) Ishikawa, M., Kikkawa, I. (1955) Studies oni@line Derivatives. IV. Yakugaku Zasshi 75, 36-
39. DOI: 10.1248/yakushi1947.75.1_36.

(33) Patil, V. V., Shankarling, G.S. (2015) Sterdmdrance-Induced Regio- and Chemoselective
Oxydation of Aromatic Aminesl. Org. Chem. 80, 7876-7883. DOI: 10.1021/acs.joc.5b00582.

(34) Johnson, O. H., Hamilton, C. S. (1941) Syrgkas the quinoline series. Ill. The nitration of 2
chloro-4-methylquinoline and the preparation of so2rhydroxy-4-methyl-8-(dialkylaminoalkyl)-
aminoquinolinesJ. Am. Chem. Soc., 63, 2867-2869. DOI: 10.1021/ja01856a003.

(35) Todorov, A. R., Wirtanen, T., Helaja, J. (2DPhotoreductive Removal @-Benzyl Groups
from OxyareneN-Heterocycles Assisted b®-Pyridine-pyridone Tautomerisnd. Org. Chem. 82,
13756-13767. DOI: 10.1021/acs.joc.7b02775.

(36) Rosenhauer, E. (1924) Uber Reaktionen von RHAd-methylen-chinolanen, I.: Diazo-
Kupplung der Methylenbase in neutraler Losung. ipErbeitet von O. DannhoferBur. J. Inorg.

Chem. 57, 1291-1294. DOI: 10.1002/cber.19240570813.



(37) Hashimoto, T. (1955) Amyostatic poisons. VBlyntheses of alkyl derivatives of 3-amino-3,4-
dihydrocarbostyril and diamino-3,4-dihydrocarbostyrYakugaku Zasshi 75, 340-342. DOI:
10.1248/yakushil947.75.3_340.

(38) Mislow, K., Koepfli, J. B. (1946) The Synthesif Potential Antimalarials. Some 2-substituted 8-
(3-Diethylaminopropylamino)-quinolines J.  Am. Chem. Soc. 68, 1553-1556. DOI:
10.1021/ja01212a050.

(39) Frisch, M. J., Trucks, G. W., Schlegel, H. Bcuseria, G. E., Robb, M. A., Cheeseman, J. R,,
Scalmani, G., Barone, V., Mennucci, B., Peters€®n,A., Nakatsuji, H., Caricato, M., Li, X,
Hratchian, H. P., 1zmaylov, A. F., Bloino, J., ZigerG., Sonnenberg, J. L., Hada, M., Ehara, M.,
Toyota, K., Fukuda, R., Hasegawa, J., Ishida, Makdjima, T., Honda, Y., Kitao, O., Nakai, H.,
Vreven,T., Montgomery Jr., J. A., Peralta, J. Egli@o, F., Bearpark, M., Heyd, J. J., Brothers, E.
Kudin, K. N., Staroverov, V. N., Keith, T., KobayasR., Normand, J., Raghavachari, K., Rendell,
A., Burant, J. C,, lyengar, S. S., Tomasi, J., Cdds Rega, N., Millam, J. M., Klene, M., Knox, .,
Cross, J. B., Bakken, V., Adamo, C., Jaramillo, Gomperts, R., Stratmann, R. E., Yazyev, O.,
Austin, A. J., Cammi, R., Pomelli, C., Ochterski\., Martin, R. L., Morokuma, K., Zakrzewski, V.
G., Voth, G. A., Salvador, P., Dannenberg, J. dpiich, S., Daniels, A. D., Farkas, O., Foresndan,
B., Ortiz, J. V., Cioslowski, J., Fox, D. J. (201Gaussian 09, Revision D.01, Gaussian, Inc.,
Wallingford CT.

(40) Zhao, Y., Truhlar, D. G. (2008) The MO06 suibé¢ density functionals for main group
thermochemistry, thermochemical kinetics, noncaval@teractions, excited states, and transition
elements: two new functionals and systematic tgstih four MO6-class functionals and 12 other
functionalsThero. Chem. Acc. 120, 215-241. DOI: 10.1007/s00214-007-0310-x.

(41) Tomasi, J., Mennucci, B., Cammi, R. (2005) Quen mechanical continuum solvation models
Chem. Rev. 105, 2999-3093. DOI: 10.1021/cr99040009.

(42) Kelly, C. P., Cramer, C. J., Truhlar, D. GO@B) Aqueous Solvation Free Energies of lons and
lon-Water Clusters Based on an Accurate ValuelferAbsolute Aqueous Solvation Free Energy of

the Protonl. Phys. Chem. B 110, 16066-16081. DOI: 10.1021/jp063552y.



(43) Zhang, C., Bourgeade-Delmas, S., Alvarez, A.\Rlentin, A., Hemmert, C. Gornitzka, H.
(2018) Synthesis, characterization, and antileishahaactivity of neutralN-heterocyclic carbenes
gold(l) complexeskur. J. Med. Chem. 143, 1635-1643. DOI: 10.1016/j.ejmech.2017.10.060.

(44) Mosman, T. J. (1983) Rapid colorimetric askaycellular growth and survival: application to
proliferation and cytotoxicity assaysl. Immunol Methods, 65, 55-63. DOI: 10.1016/0022-
1759(83)90303-4.

(45) Da Luz, R. I, Vermeersch, M., Dujardin, J, Cos, P., Maes, L. (2009) In Vitro Sensitivity
Testing of Leishmania Clinical Field Isolates: Rneditioning of Promastigotes Enhances Infectivity
for Macrophage Host Cells. Antimicrob. Agents Chemother. 53, 5197-5203. DOI:
10.1128/AAC.00866-09

(46) Goyard, S., Segawa, H., Gordon, J., Showalkey,Duncan, R., Turco, S.J., Beverley, S.M.
(2003) An in vitro system for developmental and ejen studies ofLeishmania donovani
phosphoglycandviol. Biochem. Parasitol. 130, 31-42. DOI: 10.1016/S0166-6851(03)00142-7.

(47) Wyllie, S., Patterson, S., Fairlamb, A.H. (2D1Assessing the essentiality of Leishmania
donovani nitroreductase and its role in nitro dagtjvation.Antimicrob. Agents Chemother. 57: 901-

6. DOI: 10.1128/AAC.01788-12.

(48) Wyllie, S., Roberts, AJ., Norval, S., PattersS., Foth, B.J., Berriman, M., Read, K.D.,
Fairlamb, A.H. (2016) Activation of Bicyclic Nitrdrugs by a Novel Nitroreductase (NTR2) in
LeishmaniaPLoS Pathog. 12, e1005971. DOI: 10.1371/journal.ppat.1005971.

(49) Wyllie, S., Patterson, S., Stojanovski, Lm8ons, F. R. C., Norval, S., Kime, R., Read, K. D.
Fairlamb, A.H. (2012) The anti-trypanosome drugirieazole shows potential for treating visceral
leishmaniasisSci. Trand. Med. 4, 119rel. DOI: 10.1126/scitransImed.3003326.

(50) Baltz, T., Baltz, D., Giroud, C., Crockett, (1985) Cultivation in a semi-defined medium of
animal infective forms ofT. brucei, T. equiperdum, T. evansi, T. rhodesiense and T. gambiense.
EMBO J. 4, 1273-1277.

(51) Raz, B., Iten, M., Grether-Buhler, Y., KamigsiRk. (1997) The AlamarBlfeBlue assay to
determine drug sensitive of African trypanosomebfuce rhodesiense andT. brucei gambiense) in

vitro. Acta. Trop. 68, 139-147. DOI: 10.1016/S0001-706X(97)00079-X.



(52) Guillon, J., Cohen, A., Nath Das, R., Boud6t, Gueddouda, N., Moreau, S., Ronga, L.,
Savrimoutou, S., Rubio, S;, Amaziane, S., Dasslmkilimpt, A., Asas, N., Courtioux, B., Mergny,
J.L., Mullie, C., Sonnet, P. (2018) Design, synihieand antiprotozoal evaluation of new 2,9-
bis[(substituted-aminomethyl)phenyl]-1,10-phenaolihe derivativesChem. Biol. Drug Des. 1-22.
DOI: 10.1111/cbdd.13164.

(53) N. Greig, S. Wyllie, S. Patterson, A. H. Fanb,FEBS J. 2009 276, 376-386.

(54) S. Wyllie, B.J. Foth, A. Kelner, A.Y. Sokolav®. Berriman, A.H. FairlambJ. Antimicrob.
Chemother. 2016 71, 625-634.

(55) D. C. Jones, |. Hallyburton, L. Stojanovski,[X Read, J. A. Frearson, A. H. Fairlar@bochem.
Pharmacol. 201Q 80, 1478-1486.

(56) De Méo, M., Laget, M., Di Giorgio, C., GuirguH., Botta, A., Castegnaro, M., Duménil, G.
(1996) Optimization of the Salmonella/mammalian nmsome assay for urine mutagenesis by
experimental designdutat. Res. 340, 51-65.

(57) Perdry, H., Gutzkow, K.B., Chevalier, M., Hdc, Brunborg, G., Boutet-Robinet, E. (2018)
Validation of Gelbond® High-Throughput Alkaline arftbg-Modified Comet Assay using a linear

mixed model. Environ. Mol. Mutagen. DOI: 10.1002/2&204.



