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Abstract:

Based on a previously identified antileishmanial8-@ipromo-3-nitroimidazo[l,2pyridine
derivative, a Suzuki-Miyaura coupling reaction asgion 8 of the scaffold was studied and optimized
from a 8-bromo-6-chloro-3-nitroimidazo[1dpyridine substrate. Twenty-one original derivasive
were prepared, screenad vitro for activity againstL. infantum axenic amastigotes arid brucei
brucel trypomastigotes and evaluated for their cytotayicin the HepG2 human cell line. Thus, 7
antileishmanial hit compounds were identified, tigmg ICso values in the 1.1 to 3 pM range.
Compoundsl3 and23, the 2 most selective molecules (S| = >18 or >4&je additionally tested on
both the promastigote and intramacrophage amastigiages of.. donovani. The two molecules
presented a good activity @€= 1.2 to 1.3 pM) on the promastigote stage buy anblecule23,
bearing a 4-pyridinyl substituent at position 8 sveative on the intracellular amastigote stageh wit
good IGg value (2.3 uM), slightly lower than the one of t@iibsine (IG, = 4.3 uM). The antiparasitic
screening also revealed 8 antitrypanosomal hit camgs, includingl4 and20, 2 very active (IG =
0.04 to 0.16 uM) and selective (SI = >313 to 55@)anules toward. brucei brucei, in comparison
with drug-candidate fexinidazole @&= 0.6 & Sl >333) or reference drugs suramin aridreithine
(respective 16 = 0.03 and 13.3 uM). Introducing an aryl moietypasition 8 of the scaffold quite
significantly increased the antitrypanosomal attivbf the pharmacophore. Antikinetoplastid
moleculesl3, 14, 20 and23 were assessed for bioactivation by parasitic rd@ttoctases (either in.
donovani or in T. brucei brucei), using genetically modified parasite strains thatr-express NTRS:
all these molecules are substrates of type 1 edwatases (NTR1), such as those that are respensibl
for the bioactivation of fexinidazole. Reductiont@atials measured for these 4 hit compounds were
higher than that of fexinidazole (-0.83 V), rangingm -0.70 to -0.64 V.

Highlights:

A Suzuki-Miyaura reaction at position 8 of the igedpyridine ring was studied
21 derivatives were testealvitro for their cytotoxicity and antiparasitic activity
7 antileishmanial and 8 antitrypanosomal hit conmatsuwere identified

These nitroaromatic derivatives are bioactivatetlypg 1 nitroreductases

Keywords:
Imidazo[1,2a]pyridine; nitroheterocycles; Suzuki-Miyaura crasmipling reaction; Nitroreductases;

Leishmania; Trypanosoma; In vitro activity, HepG2 cytotoxicity; SARs, redox potefgia



1. Introduction

Trypanosomatids are a group of kinetoplastid ptasinfecting mammalians. Among
trypanosomatidsl.eishmania and Trypanosoma are the two main genera responsible for
human infections that mainly occur in the intertoap region. Although these parasitic
infections are lethal if untreated, there are Vfery efficacious, safe and affordable drugs
available for treating infected patients with lomcome, living in developing countries.
For this reason, the WHO classified trypanosom@dichsites among the infectious agents
causing “neglected tropical diseases” [1, 2].

The Leishmania parasites, mainhL. donovani and L. infantum, are responsible for
leishmaniasis. Visceral leishmaniasis (VL) is thesmsevere clinical form with about
300.000 new cases and 20.000 annual deaths anma@ityrding to the WHO [3]. Briefly,
the parasite is transmitted by the bite gihbebotominae sandfly, as a flagellated motile
promastigote which disseminates into the organisid penetrates into macrophages
where it transforms into an amastigote stage, teagtigo phagocytosis and multiplies,
causing organ and tissue damages, leading to figath

In the Trypanosoma genus,T. brucel (gambiense or rhodesiense) is one of the species
responsible for human infections. It causes Humait@n Trypanosomiasis (HAT), also
called sleeping sickness, affecting about 3.00(blgeannually, mainly in central Africa
[5]. This parasitic disease occurs after the bita tsetse fly and develops in two clinical
stages: a phase 1 peripheral haemolymphatic stdlgevéd by a meningoencephalitic
phase 2 in which the parasite crosses the bload-trarrier and invades the central
nervous system, leading to death [6].

There are very few therapeutic options for treatifigin endemic areas: Antimony V
derivatives are facing high resistance levels amedi@ic molecules, pentamidine is also
quite toxic and must be administered 1V, amphoteri® is very active but also highly
nephrotoxic, must be administered IV and is vergessive as a liposomal formulation
and miltefosine, the only orally available drugtesatogenic [7]. The available treatments
against HAT carry similar disadvantages: pentangidinelarsoprol, an arsenic derivative
that is highly toxic, suramin which is only actie@ the phase 1 of the disease, and the
eflornithine/nifurtimox combination for treating abe 2 [8, 9].

Looking at the molecules studied as antileishmadiia candidates [9, 10], it must be
noted that there is currently no novel chemicaitgnindergoing clinical trial against VL,
at any stage [11], which is quite worrying. Regagdihe antitrypanosomal pipeline, only

acoziborole, a bore-containing molecule [9, 11] afedinidazole, a nitroaromatic



compound, [9, 11, 12] are new chemical entitieslimcal development. At a pre-clinical
stage of development, delamanid (a marketed aetitulbosis treatment) is another
nitroaromatic molecule displaying promising potahtas an oral antileishmanial agent
[13]. Thus, after several decades of abandonmatbaromatic derivatives are re-
emerging as key molecules to fight against critinfdctious diseases, displaying original
mechanisms of action. As an antitrypanosomatid oubde fexinidazole was first studied
as an antileishmanial candidate [14]. It is a Bemhidazole prodrug including a thioether
group that is oxidized into an active sulfone meti#b (Figure 1). Fexinidazole did not
show sufficient clinical efficacy when used oradly a single therapy for the treatment of
VL in a phase 2 clinical trial. Nevertheless, fedazole demonstrated good efficacy in
pre-clinical studies against both peripheral [164 @entral [16] stages of HAT and has
recently completed a phase 3 clinical trial agath&T [12].
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Fexinidazole Sulfone metabolite
Active on Trypanosoma brucei Active on Trypanosoma brucei
Inactive on Trypanosoma cruzi Active on Trypanosoma cruzi
Inactive on Lei ia intr: igote: Active on Leishmania intracellular amastigotes

Figure 1. Structure of drug candidate fexinidazole and atsva sulfone metabolite.

The antitrypanosomatid mechanism of action of fielmole depends on its bioactivation by
parasite enzymes called nitroreductases (NTRshdigg a flavin co-factor, these enzymes
catalyze the 1- or 2-electron reduction of nitreaatic derivatives into electrophilic nitroso
and hydroxylamine metabolites that are cytotoacming covalent adducts with nucleophilic
entities such as cysteine residues or DNA basds [dférestingly, mammalian cells do not
possess NTRs, allowing very good antiparasiticcsi®iéy for nitroaromatic compounds. In
Leishmania, two nitroreductases have been characterizedssengal type 1 mitochondrial
NTR1, catalyzing the 2-electron reduction of nitmraatics [18, 19] and, recently, a type 2
NTR2, catalyzing the 1-electron reduction of nitmaatics [20]. InTrypanosoma, only one
NTR1 was characterized [21]. Unfortunately, apewtrf their primary sequence, there is no
structural data available for any of these pa@$ifiRs. They have never been crystallized
nor co-crystallized, which limits the rational meidal chemistry approaches to the design of

novel substrates of NTRs, as antitrypanosomatididates.



The imidazo[1,23]pyridine ring is a well-known scaffold in pharmadtieal chemistry that
has been extensively studied since the discoverhethypnotic drug zolpidem (Ambi&n
Stilnox®). Some imidazo[1,2]pyridine derivatives were reported @svitro antileishmanial
molecules [22] and our group previously reportezldinthesis and biological evaluation of 3-
nitroimidazo[1,2a]pyridines, active on both promastigote and intraronphage amastigote
stages ot.. donovani [23]. Thus, a hit compound was identified (Fig@jebearing 2 bromine
atoms at positions 6 and 8, a nitro group at pwsi@ and a phenylsulfonylmethyl substituent
at position 2 of the imidazo[1&pyridine ring. In this work, the nitro group apped to be
necessary for providing activity and the introdaotiof a bromine atom at position 8 of the

scaffold appeared to increase antileishmanial iag{i23].

b” 54 )

Initial antileishmanial hit molecule

ICso L. donovani promastigotes = 1.8 uM
ICs50 L. donovani intramacrophage amastigotes = 5.5 yM
CCsp HepG2 > 31 M / CCso THP1 > 25 uM

Figure 2. Structure,in vitro antileishmanial activity and cytotoxicity of theepiously

identified hit molecule 6,8-dibromo-3-nitro-2-(phdsulfonylmethyl)imidazo[1,2a]pyridine.

From these encouraging preliminary results and dbase a strategy that we previously
applied to the antileishmanial pharmacomodulatibhioyclic nitroaromatic molecules using
the Suzuki-Miyaura reaction [24], we decided tadgtthe effect of introducing aryl moieties
at position 8 of the 3-nitroimidazo[1&)pyridine scaffold. Moreover, the new synthesized
derivatives were not only studied for their anilenanial activity, as done for the initial hit
molecule, but also regarding their antitrypanosommivity, to get a broader idea of the

antiparasitic potential of the corresponding pharopaore.

2. Results and discussion
Suzuki-Miyaura cross-coupling reactions at posit®rof the imidazo[1,2]pyridine ring
were already reported [25]. However, when this igigubstituted by two bromine atoms at
positions 6 and 8, the Suzuki-Miyaura coupling takéace at both positions [26]. To avoid
this double coupling reaction and favor the selecfunctionalization at position 8 while
maintaining a halogen atom at position 6 (to preséne antiparasitic pharmacophore), a new

substrate was prepared (Scheme 1). Adopting aquelyi reported synthesis strategy [27,



28], 2-amino-5-chloropyridine was reacted wikkbromosuccinimide to afford 2-amino-3-
bromo-5-chloropyridinel which was cyclized into the corresponding imiddzag]pyridine
derivative 2 by reaction with 1,3-dichloroacetone. The nitratiof molecule2, in classical
conditions, led to compourgiwhich was engaged into a&reaction with the sodium salt of
benzenesulfinic acid to form molecule Thus, an original substrate was prepared to andu

an antiparasitic pharmacomodulation study at pwsi® via palladium-catalyzed coupling

reactions.
Br Br Br Br
@NHZ a /ﬁj\(NHz b /ﬁ/\r/\N)_/CI c /lf/\r/N Cl d ﬁ/\FN OzS@
o ~eN o~ o N oy Nf oY Nf
1 2 3 NO 4 NO

Scheme 1.Synthesis of substratd: a) NBS, acetonitrile, 80°C, 1 h, 71%; b) 1,3-
dichloroacetone, EtOH, 80°C, 96 h, 60%; c) HNB.SQ,, 0°C—RT, 1 h, 60%; d) Sodium
benzenesulfinate, DMSO, RT, 3 h, 80%.

Next, the Suzuki-Miyaura coupling reaction betwdeand phenylboronic acid was studied by
varying several parameters such as nature and droboatalyst, nature and amount of base,
nature of solvent, reaction temperature and tineekisg an efficient operating procedure
(Table 1). The initial conditions were inspiredrfra previously reported protocol involving
1.3 equiv. of phenylboronic acid, 10 mol% Pd(Pkhand 3 equiv. of N&O; in sealed tubes,
under microwave (MW) heating [29]. The first studliparameter was the nature of the
solvent (entries 1-10). By testing dioxane and dmeyethane (DME), it was rapidly noted
that the total conversion of the substrate requioeehgage 5 equiv. of NaO; (entries 3 and
4). Neither tetrahydrofuran (THF) nor water (or grérganic solvent mixtures) led to the
same reaction yield as DME (49%, entry 4). Thenessd bases were studied (entries 11-16)
and the best result was obtained withCK; (64%, entry 16). The use of three other Pd-
containing catalysts (entries 17-19) did not show enprovement in reaction yield. When
comparing entry 16 (best result) to conventionaltimg (entry 20) or to microwave heating at
95°C (entry 21), it appeared that, with DME, the wé MW was favourable but increasing
the reaction temperature was not. Finally, DME wedaced by THF and a very efficient
procedure (90% yield) was achieved by heating 8fQ@2n a sealed tube under MW for only
1 h (entry 25). In these efficient conditions, @&ging the amount of catalyst to 0.05 equiv.

led to a poor reaction yield (36%, entry 26). Tdidate the operating conditions determined



with phenylboronic acid, 2 other phenylboronic adetivatives were engaged in the same
reaction (entries 27-28), leading to comparablé&lgi€84 and 87%) after 2 h.
Table 1. Optimization of the Suzuki-Miyaura cross-coupliggction between substrateand

phenylboronic acid.
OH
O
OH

Br
/ééN O2S© (1.3 equiv.) P O2S©
S N\/g_/ Catalyst S N\/g_/
NO, 4 ] Base NO,
(1 equiv.)  Solvent
Temperature +/- MW

Entry (E gzcéﬁir:/t') Solvent Base Catalyst Temp (°C) T(iﬂ;e Y(i;i ;j ’
1 Ph-B(OH) Dioxane NaCG;, 3 equiv. Pd(PRjy; 0.1 equiv. 110 24 b.
2 Ph-B(OH) DME NaCOs, 3 equiv. Pd(PPR)4; 0.1 equiv. 85, MW 2 b
3 Ph-B(OH) Dioxane Na,CO;, 5 equiv. Pd(PRJy; 0.1 equiv. 110 24 47
4 Ph-B(OH) DME Na,CO;, 5 equiv. Pd(PRy; 0.1 equiv. 85, MW 2 49
5 Ph-B(OH) THF NaCG0s, 5 equiv. Pd(PRjy; 0.1 equiv. 70, MW 3 L.
6 Ph-B(OH) Water NaCG;, 5 equiv. Pd(PPjy; 0.1 equiv. 100 24 b.
7 Ph-B(OH) Water + TBAB NaCG;, 5 equiv. Pd(PRjy; 0.1 equiv. 100, MW 3 b.
8 Ph-B(OH) Water/EtOH (8:2) Na&CO;, 5 equiv. Pd(PPR)4; 0.1 equiv. 90, MW 3 L
9 Ph-B(OH) Water/EtOH (5:5) N&CO0;, 5 equiv. Pd(PPR)4; 0.1 equiv. 90, MW 3 40
10 Ph-B(OH) DME/Water (9:1) NaCO;, 5 equiv. Pd(PRy; 0.1 equiv. 85, MW 3 b
11 Ph-B(OH) DME CsCG0;, 3 equiv. Pd(PPB)s; 0.1 equiv. 85, MW 15 25
12 Ph-B(OH) DME KsPQOy, 5 equiv. Pd(PRjy; 0.1 equiv. 85, MW 3 20
13 Ph-B(OH) DME CsF, 5 equiv. Pd(PR); 0.1 equiv. 85, MW 3 L
14 Ph-B(OH) DME K>CO;, 3 equiv. Pd(PPR)4; 0.1 equiv. 85, MW 3 L
15 Ph-B(OH) DME K>CO;, 4 equiv. Pd(PPR)4; 0.1 equiv. 85, MW 3 L
16 Ph-B(OH), DME K2COs, 5 equiv. Pd(PPh)4; 0.1 equiv. 85, MW 3 64
17 Ph-B(OH) DME K2CO;, 5 equiv. Pd(dppf)C}; 0.1 equiv. 85, MW 3 53
18 Ph-B(OH) DME K2CO;, 5 equiv.  PdCL(PPh)2; 0.1 equiv. 85, MW 3 51
19 Ph-B(OH) DME K2CO;, 5 equiv. Pd(OAc); 0.1 equiv. 85, MW 3 58
20 Ph-B(OH) DME K2CO;, 5 equiv. Pd(PPR)4; 0.1 equiv. 85 6 49
21 Ph-B(OH), DME K2COs, 5 equiv. Pd(PPh)4; 0.1 equiv. 95, MW 2 58
22 Ph-B(OH), THF K2COs, 5 equiv. Pd(PPh)4; 0.1 equiv. 70 36 73
23 Ph-B(OH) THF KoCO;, 5 equiv. Pd(PPh)s; 0.1 equiv. 70, MW 3 °
24 Ph-B(OH) THF K2CO;, 5 equiv. Pd(PPB)s; 0.1 equiv. 90, MW 5 90
25 Ph-B(OH), THF K ,COs, 5 equiv. Pd(PPh)s; 0.1 equiv. 120, MW 1 90
26 Ph-B(OH), THF KoCOs, 5 equiv.  Pd(PPh); 0.05 equiv. 120, MW 1 36
27 4-CHzO-Ph- B(OH), THF K,COs, 5 equiv. Pd(PPhs)s; 0.1 equiv. 120, MW 2 84



28 4-CF4-Ph-B(OH), THF KoCOs, 5 equiv. Pd(PPhs)s; 0.1 equiv. 120, MW 1 87

#The reaction yield was calculated form the prodsmiated after purification by chromatography colum
POnly partial conversion of starting material wasetved on TLC
In bold: Best reaction conditions

As presented in Scheme 2, after optimizing the atpey procedure, the reaction was
extended to 20 other aryl- or heteroarylboronidscto synthesize a small library of novel
derivatives bearing various aryl groups (substdysbenyl, thiophene, furan or pyridine) at
position 8 of the imidazopyridine scaffold. The ctan yields varied from 90%
(phenylboronic acid) to 41% (2-Giphenylboronic acid) and were generally lower when
using pyridinylboronic (51-53%) or furanylboroni®3%) acids. The X-ray structures of
substratel and coupling produ@3 are presented in Figure 3.

_N ozs N ozs—©
N

No2 NO,
4 (Lequiv.) Ar” 5-25
(1.3 equiv.)

Scheme 2.General procedure for the Suzuki-Miyaura cross-togpreaction between
imidazo[1,2a]pyridine derivative4 and various aryl- or heteroarylboronic acids usihg
optimized protocol: e) 0.1 equiv. of Pd(RRh5 equiv. of KCO;, THF in sealed tube, 120°C,
MW, 30 min to 2 h, 41% to 90% yield.

S

G

Figure 3._X-ray structures of compoundgqleft) and14 (right).



All synthesized compounds were testadiitro for their cytotoxicity on the HepG2 human
cell line and compared to a cytotoxic referencegddoxorubicin (Table 2). Out of the 21
tested compounds, 8 moleculés{, 9, 17, 18, 19, 24 and25) could not be evaluated properly
because of a lack of solubility in the culture madi Thus, in comparison with the initial 8-
brominated hit-compound (cLogP = 3.4), solubilitythe culture medium was improved only
when introducing a 4-pyridinyl or a 2-(hydroxymetfmhenyl substituent at position 8 of the
scaffold. Regarding the link between solubilitythee aqueous culture medium and cLogP
values in the studied series, it can be notedahatoorly soluble compounds (ap2&) were
the ones displaying cLogP values between 3.9 @ha/bereas the 2 most soluble compounds
(14 and23) were the ones displaying cLogP values of 3.42a8drespectively. Compouri®
was the most cytotoxic (Gg= 13 uM), whereas compoudd was the least cytotoxic (G&

= 88 uM). Then, 13 molecules were screeietlitro for their activity against. infantum
axenic amastigotes and compared to 3 references dangdrug candidate): amphotericin B,
miltefosine and fexinidazole (Table 2). Seven moles 6, 13, 15, 20, 21, 22, 23) appeared
as new antileishmanial hit compounds by displagaogd 1G, values (1.1 to 3 uM), close to
the ones of miltefosine (0.8 uM) and fexinidazd@e4(uM), together with selectivity index
values above 10. Regarding antitrypanosomal agtivitolecules were screened on the
trypomastigote stage df. brucel brucel and compared to 3 antitrypanosomal drugs (or drug
candidate): eflornithine, suramin and fexinidaz@lable 2). Eight moleculed.Q, 12, 13, 14,

20, 21, 22, 23) were considered as good antitrypanosomal hit comgls, presenting low kg
values (0.04 to 0.25 pM), in comparison with alference drugs, associated to high
selectivity index values, ranging from >136 to 580th respect to the initial hit compound
(ICs0 = 2.9 uM), it is important to note that introdugia phenyl or a pyridinyl group at
position 8 of the pharmacophore strongly increatfeel antitrypanosomal activity. By
combining all parameters, 5 molecules bearing &y8+oxymethyl)phenyl 13), a Ck-
substituted phenyl2Q, 21) or pyridinyl 22, 23) moiety at position 8 of the imidazo[1,2-
a]pyridine ring, were the ones displaying a globailanetoplastid profile.



Table 2. In vitro antileishmanial I{. infantum) and antitrypanosomal screening and
cytotoxicity of synthesized imidazo[1dpyridine derivatives%-25).

R
JevnY
Y
cl S Nf
NO,

CCso HepG2 ICs0 I;):grf;ia::ntum Selectivity ICS‘E)L?;UCE' Selectivity
Compd R- (=M) amastigotes nggqefngli;f trypomastigote Trl n:\?]xoglr)]ag cLogP"
(M) s (M) »
5 Ph- >15.6 1.6+0.6 >10 0.61+0.2 >25.6 4.1
6 4-Cl-Ph- >3.9 - - 2 - 4.8
7 4-CH;O-Ph- >3.9 - - = - 4.0
8 4-((C;Hs)N)-Ph- >15.8 25+05 >6.2 0.43 +0.06 >36.3 5.0
9 4-CN-Ph- >3.9 - - - - 4.0
10 4-CHO-Ph- >31.9 3.8+0.3 >8.2 0.08 +0.02 >390 3.9
11 4-OH-Ph- >12.% 3.0+0.8 >4.2 0.41+0.08 >30.5 3.8
12 4-CH,OH-Ph- 13.1+6.0 1.5+04 8.7 0.09+0.03 145.6 3.4
13 3-CH,OH-Ph- >25 1.4+0.2 >17.9 0.15 +0.03 >166.7 3.4
14 2-CH,OH-Ph- 88 +32.0 >10F <8.8 0.16 +0.03 550 34
15 4-F-Ph- >15.6 1.3+0.2 >12 0.31+0.2 >50.3 4.3
16 3-F-Ph- >12.% 1.7+05 >7.4 0.2+0.1 >62.5 43
17 2-F-Ph- >3.9 - - - - 43
18 2,4-F-Ph- >7.8 - 3 - - 4.4
19 4-CFy-Ph- >3.9 - - - - 5.0
20 3-CR-Ph- >12.9 1.1+0.3 >11.4 0.04 +0.01 >312.5 5.0
21 2-CR-Ph- 22.7+3.9 1.6+0.4 14.2 0.07 £0.02 324.3 05
22 Pyridin-3-yl- >31.3 2+0.6 >15.7 0.23+0.01 >136.1 2.9
23 Pyridin-4-yl- >5( 3+0.8 >16.7 0.25+0.01 >200 2.9
24 Thiophen-2-yl- >3.9 - - - - 3.9
25 Furan-2-yl- >3.9 - - - - 3.2
Initial hit molecule >31¢ 44+0.8 >7.1 29+05 >10.7 34
Doxorubicirf 0.2 +0.02 - - - -
Amphotericin B 8.8+0.3 0.06 + 0.001 146.7
Miltefosiné® 85+8.8 0.8+0.2 106.3 - -
Fexinidazol&* >200 3.4+0.8 >58.8 0.6+0.2 >333
Suramifi >100 - - 0.03 +0.009 >3333
Eflornithine® >100 - - 13.3+2.1 >7.5

@ Doxorubicin was used as a cytotoxic reference drug

® Amphotericin B, Miltefosine and Fexinidazole wersed as antileishmanial reference drugs
¢ Fexinidazole, Suramin and Eflornithine were usearitrypanosomal reference drugs

9 The product could not be tested at higher conagatrs in aqueous medium

¢ TheCCs or 1Cs value was not reached at the highest tested ctratien

fSI= CGoHepG2 / IGo L. infantum

9Sl=CGoHepG2 /1G, T. brucei brucei

" Weighted LogP were computed with MARVANoftware (ChemAxon)

To deeper evaluate the antileishmanial potentiamofecules13 and 23 (molecules with
suitable agueous solubility, low cytotoxicity, goadtivity and highest selectivity indices), an
in vitro evaluation toward both the promastigote and tharmacrophage amastigote stage of
L. donovani was carried out, after evaluating their cytotayi@n the THP1 macrophage cell
line (Table 3). The results showed that moledBgcontaining a 3-(hydroxymethyl)phenyl
moiety, was active on the promastigote stage bgtwed on the intramacrophage amastigote



one whereas molecul23, presenting a 4-pyridinyl moiety, was active onthbatages.
Considering the key activity toward the intramadrage amastigote stage, molecRBwas
not only more active (1§ = 2.3 uM) than the initial hit compound &= 5.5 pM), but was
also slightly more active and selective (S| > 2@t miltefosine (I6 = 4.3 uM, Sl = 20) and
as selective as amphotericin B (Sl = 22). Nevest)l¢he aqueous solubility of hit molecule
23 remains to improve. Fexinidazole was not aciivevitro toward the intramacrophage
amastigote stage af. donovani; only its sulfone metabolite is able to displayracellular
activity [14-16].

Table 3.In vitro antileishmanial profile of hit compound8 and23.

. IC 50 L. donovani IC5 L. infantum
l(;:)rsg;'ai?i%%\/tzgl intramacrophage axenic CCspo CCso
tructure amastigotes amastigotes ep
N° S ) i i HepG2 THP1
& Slieoss (uM) (UM) (UM) (UM)
ep & S| HepG2 & SI HepG2
HO
NN 05— ) 1.340.2 >10° 1.440.2
N >19.2 i >17.9 >28 >15
NO,
N\
|
=
1.2+0.4 2.310.6 3.0+0.8
23 Q9 os) 417 >217 >16.7 >50 >25
X
cl s
Br
~_N_ 0,8
/Cf O 1.8+0.8 5.5 0.2 4408
/ c
B N{: >17.2 >5.6 >7.0 >3t =
Initial Hit
Doxorubicirf - - - 0.2+/-0.02 1.4 +/-0.5
- 1.2 #0.2 >5(° 3.4+0.8
Fexinidazol& > 166.7 > ~53.8 >200' >62.5
. . 3.1+0.2 4.3 +1.7 0.8 0.2
Miltefosine 274 108 1063 85 +/-8.8 >4(f
W 0.07 £0.01 0.4 £0.01 0.06 +0.001
Amphotericin B 1257 pos 1467 8.8 3.6 +/-0.7

@ Doxorubicin was used as a cytotoxic reference drug

® Amphotericin B, Miltefosine and Fexinidazole weised as antileishmanial reference drugs
¢ The product could not be tested at higher conagafrs in agueous medium

4 TheCGs or ICs value was not reached at the highest tested ctratien

To investigate the antiparasitic mechanism of actd these new nitrated molecules, we
hypothesized that they could be substrates of éptastid nitroreductases. This hypothesis
was tested by comparing thestvalues measured on wild-type parasite strains thighones

measured on recombinant parasite strains overesipgea nitroreductase (Table 4). Thus, the

activities of moleculed.3 and 23 were determined in parallel onla donovani wild-type



strain (promastigote stage) and on tiwadonovani strains overexpressing either NTR1 [19]
or NTR2 [20]. As noted with the initial hit mole@jlcompoundd.3 and 23 are selectively
bioactivated by.. donovani NTR1 as their Ig values are 20 to 40 times lower on the NTR1
overexpressing strain than on the wild type onee Shme approach was followed with
compounds14 and 20. Their activities toward a wild type strain df brucei brucei
(trypomastigote stage) and a recombinant straimesypeessing NTR1 [21] were compared
(Table 4). Like with nifurtimox, used as a refererdrug, the tested molecules were more
active (two-fold increase in activity) on the straiverexpressing NTR1. Interestingly, these
molecules, especially compouf, were much more active than nifurtimox towdrdrucei
brucel. It can then be concluded that molecul8s14, 20 and23 are novel antikinetoplastid
nitroaromatic compounds that are bioactivated Ipet§ nitroreductases (NTR1), the same
enzymes as the ones involved in the mechanism tidnaof fexinidazole by generating

cytotoxic reduction metabolites [14].

Table 4. 8-Aryl-3-nitroimidazo[1,2a]pyridines are bioactivated by kinetoplastid type 1
nitroreductases (NTR1)

L. donovani promastigotes 1Gg (LM)

Wild-type NTR1°% NTR2°F
13 1.4 £0.07 0.07 0.003 1.9 +0.04
23 1.5 +0.05 0.04 +0.009 2.0+0.2
Initial hit molecule 1.9+0.08 0.07 £0.002 3.0+£0.08

T. brucei brucei trypomastigotes G (UM)

Wild-type NTR1°®
14 0.39 +0.07 0.19£0.019
20 0.09 % 0.002 0.04 +0.001
Nifurtimox 1.87 £0.05 0.6 £0.05

Finally, an electrochemical study was done by mmaguthe reduction potentials of 7
molecules belonging to the studied series, usimjjccyoltammetry, and comparing them to
the one of fexinidazole (Table 5). For all testedlenules, a reversible single electron
reduction was observed, corresponding to the faomabf a nitro radical anion (see
supplementary data). The redox potentials of allleswdes belonging to the 3-
nitroimidazo[1,2a]pyridine series ranged from -0.7 to -0.6 V and evaigher than that of
fexinidazole (E° = -0.83 V). When comparing brontethmoleculet to the Suzuki-Miyaura
coupling products, bearing a phenyl moiety, it can be noted thatghenyl ring slightly



reduces the E° value (-0.6&rsus -0.65 V). Introducing electron-donating (-gBH) or
electron-withdrawing (-C§ groups on the phenyl ring at position 2 or 3 hagery limited
influence on the redox potential (+/- 0.01 or 0N whereas substituting a 4-pyridinyl
moiety to the phenyl ring slightly increases thelae potential (-0.64versus -0.69 V).
Comparison of moleculd (8-bromo-6-chloro) to the initial hit (6,8-dibromoshowed that
substituting a chlorine atom for a bromine atonpagition 6 of the imidazo[1,2}pyridine
ring decreases the E° value from -0.59 to -0.69 Mese results indicate that, in the studied
series, it is possible to improve the antikinetepthactivity while significantly decreasing the
redox potential values from -0.59 V (initial hitp +0.70 V (@3 and 14), this last value
remaining compatible with kinetoplastid NTR1 enzyimecapabilities. Starting from the
initial hit compound, this decrease in E° value welieved by introducing a chlorine atom at
position 6 of the 3-nitroimidazo[1,dlpyridine scaffold and by introducing a phenyl gooat

position 8.

Table 5. Reduction potential modulation in the studiedeseri

Compd R- E° (V)

-0.65

Br
wde
5 © -0.69

OH
13 -0.70
14 ?VOH -0.70
CF3
20 ?/ -0.67
N\
23 % -0.64

Br

_N_ 0,8
BFQ\I}J Y -0.59

NO,
Initial Hit

Fexinidazole -0.83




Cyclic voltammetry conditions: DMSO/TBARFSCE/GC, 1 electron reversible reduction, valuesggaven in volt and are corrected toward
NHE

Katsuno and co-workers [30] proposed a list ofecid to define antileishmanial and
antitrypanosomal hit compounds, including origisilicture, easy synthesis (up to 5 reaction
steps), 1Go < 10 uM (both on the promastigote and intramacagehamastigote stages for
Leishmania) and selectivity index > 10 (in comparison with mrmaalian cells). Of the 21
tested molecules, compouB8 meets all these criteria for an antileishmanialetale and 13

compounds meet the same criteria for antitrypanasomolecules.

3. Conclusion

To design novel antitrypanosomatid molecules, actiee Suzuki-Miyaura coupling reaction
was developed at position 8 of a 6,8-dihalogenda®imidazo[l,2a]pyridine
antileishmanial pharmacophore which was previouslgntified. A series of 21 new
derivatives was prepared and screenedvitro toward Leishmania and Trypanosoma,
highlighting 1 antileishmanial (molecu®8) and several antitrypanosomal (includibgyand
20) hit compounds with high activities (0.04 pM <5< 3 pM) and good to excellent
selectivity (10 < Sl < 550Yersus the HepG2 human cell line. Replacing the bromioenaat
position 8 by aryl moieties particularly improvedhet antitrypanosomal activity. All
derivatives appeared to be metabolized by typdrbreductases (NTR1) in botleishmania
and Trypanosoma; their mechanism of action is therefore probabiglagous to that of drug
candidate fexinidazole. Indeed, the redox potentdlthese new hit compounds were lower
than that of the previously identified and lessvachit molecule (-0.59 V), ranging from -0.7
to -0.6 V. Although a slight improvement in the aqus solubility of this promising chemical
series was achieved by introducing a 4-pyridinyliehy water solubility remains to be
improved in order to achieve optimal properties foitiating in vivo studies on mouse

models.

Experimental Section

Chemistry

General procedures



All commercially available solvents and reagentsemgurchased from commercial suppliers
(Fluorochem or Sigma Aldrich) and used without Hert purification. Melting points were
determined in open capillary tubes with a Biichiapfus and are uncorrecté#i and**C
NMR spectra were determined on a Brucker Avance 200 or 400 MHz instrument at the
Faculté de Pharmacie de Marseille, Faculté des&esede St Jérome (Marseille) and at the
Laboratoire de Chimie de Coordination of ToulouSbemical shifts are given i& values
referenced to the solvent and using tetramethylsilefrMS) as an internal standard. High
resolution mass spectra were recorded on a QStarrghss spectrometer at the Spectropdle
department of the Faculté des Sciences de St JéRitima Gel 60 (Merk 70-230) was used
for column chromatography. TLC was performed ommatium plates coated with silica gel
60F-254 (Merk) in an appropriate eluent. Visualmatwas made with ultraviolet light (234
nm). Progress of the reactions and purity of th&tlesized compounds were checked with
LC-MS analyses which were realized at the Facutédarmacie de Marseille on a Thermo
Scientific Accela High Speed LC Syst®ncoupled with a single quadrupole mass
spectrometer Thermo MSQ PfusThe RP-HPLC column used is a Thermo Hypersil &old
50 x 2.1 mm (C13 bounded), with particles of 1.9 @Mmeter. The volume of sample
injected on the column was 1 pL. The chromatog@phialysis, total duration of 8 min, is
made with the following gradient of solvents: t =i, water/methanol 50/50; 0 < t < 4 min,
linear increase in the proportion of water to aexatethanol ratio of 95/5; 4 <t < 6 min,
water/methanol 95/5; 6 <t < 7 min, linear decreiasthe proportion of water to return to a
ratio water/methanol of 50/50; 6 < t < 7 min, wateethanol 50/50. The water used was
buffered with 5 mM ammonium acetate. The microwssactions were performed in sealed

vials, using a Biotage Initiator or CEM Discover-BHnicrowave oven.

Synthesis
3-Bromo-5-chloropyridin-2-amine (1) [31]: To a solution of 5-chloropyridin-2-amine (10 g,
77.8 mmol, 1 equiv.) in acetonitrile (150 mlY;bromosuccinimide (13.8 g, 77.8 mmol, 1
equiv.) was added. The reaction mixture was stiemed refluxed for 1 h. Then the solvent
was evaporateth vacuo. Compoundl was obtained, after purification by chromatography
silica gel (eluent: dichloromethane—ethyl acetatid &nd recrystallization from propan-2-ol
as a pale beige solid in 71% vyield. mp: 82 °C,:L&3-84 °C;'H NMR (400 MHz,
[De]DMSO) : 6.43 (2H, s), 7.88 (1H, d,= 2.2 Hz), 7.96 (1H, d] = 2.2 Hz),**C NMR (100
MHz, [Dg]DMSO) ¢: 103.0 (C), 117.1 (C), 139.0 (CH), 145.0 (CH), B¥C); MS ESI
(m/z): 207.27/209.32 [M+H]



8-Bromo-6-chloro-2-chloromethylimidazo[1,2a]pyridine (2): To a solution of 3-bromo-5-
chloropyridin-2-aminél (10 g, 48.2 mmol, 1 equiv.) in ethanol (150 mLB-tlichloroacetone
(6.68 g, 53 mmol, 1.1 equiv.) was added. The reaatiixture was stirred and heated under
reflux for 96 h. The solvent was then evaporatedacuo. Compound?2 was obtained, after
purification by chromatography on silica gel (eluatichloromethane—ethyl acetate 9:1) and
recrystallization from diethyl ether as a whiteigah 60% vyield. mp: 161 °C:H NMR (400
MHz, CDCk) ¢: 4.78 (2H, s), 7.47 (1H, &, = 1.7 Hz), 7.70 (1H, br s), 8.12 (1H, 3 1.7
Hz); *C NMR (100 MHz, CDGJ) §: 39.3 (CH), 111.9 (C), 113.2 (CH), 120.5 (C), 123.1
(CH), 128.7 (CH), 141.9 (C), 145.1 (C); MS ESm/z): 280.99/282.97 [M+H] HRMS
(+ESI): 280.9064 [M + H], Calcd for GHsN2BrCl,: 280.9062.

8-Bromo-6-chloro-2-chloromethyl-3-nitroimidazo[1,2-a]pyridine (3): To a solution of 8-
bromo-6-chloro-2-chloromethylimidazo[1&pyridine 2 (5 g, 18 mmol, 1 equiv.) in
concentrated sulfuric acid (50 mL) cooled by anw@er bath, nitric acid 65% (5 mL, 0.11
mol, 6 equiv.) was added. The reaction mixture staged for 1 h at room temperature. Then,
the mixture was slowly poured into an ice-water toni@ and the desired product precipitated.
The yellow solid was collected by filtration, driedider reduced pressure and recrystallized
from propan-2-ol to give the expected prod8dn 60% yield. mp 165 °C*H NMR (400
MHz, CDCk) d: 5.09 (2H, s), 7.92 (1H, d, = 1.8 Hz), 9.49 (1H, dJ = 1.8 Hz);"*C NMR
(100 MHz, CDCY) ¢: 38.3 (CH), 113.3 (C), 124.8 (CH), 125.3 (C), 129.9 (C), 23¢CH),
141.0 (C), 147.7 (C); MS E5(m/z): 324.00/325.93 [M+H] HRMS (+ESI): 323.8938 [M +
H]™; Calcd for GH4N30,BrCly: 323.8937.

8-Bromo-6-chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (4): To a
solution of 8-bromo-6-chloro-2-chloromethyl-3-nitmadazo[1,2a]pyridine 3 (5 g, 15.39
mmol, 1 equiv.) in dimethylsulfoxide (150 mL), sadi benzenesulfinate (7.58 g, 46.17
mmol, 3 equiv.) was added. The reaction mixture staeed for 3 h at room temperature. The
reaction mixture was then slowly poured into an-vigger mixture, making the desired
product precipitate. The pale orange solid wasectdd by filtration, dried under reduced
pressure and recrystallized from acetonitrile teeghe expected produdtin 80% vyield. mp
196 °C;'H NMR (400 MHz, CDGJ) é: 5.14 (2H, s), 7.52-7.56 (2H, m), 7.66—7.69 (1H, m
7.84-7.89 (3H, m), 9.42 (1H, br $§C NMR (100 MHz, CDGJ) 4: 56.8 (CH), 113.3 (C),
124.8 (CH), 125.4 (C), 128.6 (2CH), 129.4 (2CH)1.83(C), 134.2 (CH), 134.4 (CH), 139.2



(C), 139.8 (C), 141.1 (C); MS ES(m/z): 429.84/431.82 [M+H] HRMS (+ESI): 431.9236
[M + H]™; Calcd for G4HoN3O,SCIBr: 431.9236.

General procedure for the preparation of 8-arylimidazo[1,2a]pyridine derivatives (5 to
25): A mixture of 8-bromo-6-chloro-3-nitro-2-(phenylsoifylmethyl)imidazo[1,2a]pyridine
(400 mg, 1 equiv.), tetrakis(triphenylphosphinejgdum(0) (0.1 equiv., 107.3 mg),
potassium carbonate (5 equiv., 642 mg), and apg@tedooronic acid (1.3 equiv.) in THF (15
mL) under N atmosphere was heated at 120 °C under microweagiation until complete
disappearance of the starting material (as mortdre LC/MS or TLC). Water was then
added and the mixture was extracted three timdsdichloromethane. The organic layer was
washed three times with water, dried over MgSttered and evaporated. The crude residue
was purified by column chromatography on silica @edl recrystallized from the appropriate

solvent, affording compoundsto 25.

6-Chloro-3-nitro-8-phenyl-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (5):
Compound 5 was obtained after purification by chromatographgeluent:
dichloromethane/cyclohexane/diethyl ether 6.5/3/@ud recrystallization from acetonitrile
as a yellow solid in 90% vyield (0.36 g). mp 201 *8.NMR (400 MHz, CDC}J) §: 5.18 (s,
2H), 7.45-7.49 (m, 3H), 7.52—7.56 (m, 2H), 7.68271m, 4H), 7.87—7.89 (m, 2H), 9.47 @,
= 1.9 Hz, 1H).**C NMR (100 MHz, CDG) 6: 56.7 (CH), 124.3 (CH), 126.2 (C), 128.7
(2CH), 129.0 (2CH), 129.4 (2CH), 129.5 (2CH), 13030H), 130.4 (CH), 131.2 (C), 132.0
(C), 133.1 (C), 134.1 (CH), 139.4 (C), 139.7 (LB (C). MS ESI (m/z): 427.98/429.87
[M+H]*. HRMS (+ESI): 428.0464 [M + H] Calcd for GoH14N304SCI: 428.0466.

6-Chloro-8-(4-chlorophenyl)-3-nitro-2-(phenylsulforylmethyl)imidazo[1,2-a]pyridine

(6): Compound 6 was obtained after purification by chromatograp{gluent:
dichloromethane/cyclohexane/diethyl ether 6.5/3/@% a pale yellow solid in 74% yield
(0.32 g). mp 250 °C*H NMR (400 MHz, [Q]DMSO) d: 5.29 (s, 2H), 7.48-7.50 (m, 2H),
7.62-7.69 (m, 4H), 7.80-7.87 (m, 3H), 8.13J&; 1.7 Hz, 1H), 9.37 (d] = 1.7 Hz, 1H)C
NMR (100 MHz, [}]DMSO) ¢: 55.6 (CH), 124.4 (C), 125.1 (CH), 128.3 (2CH), 128.4
(2CH), 128.8 (C), 129.4 (2CH), 130.4 (CH), 131.2kD, 131.7 (C), 132.6 (C), 134.2 (CH),
134.4 (C), 138.6 (C), 139.4 (C), 140.9 (C); MS E@n/z): 461.89/463.84 [M+H] HRMS
(+ESI): 462.0074 [M + HJ, Calcd for GoH13N304SCh: 462.0077.



6-Chloro-8-(4-methoxyphenyl)-3-nitro-2-(phenylsulfaylmethyl)imidazo[1,2-a]pyridine

(7): Compound 7 was obtained after purification by chromatograpl{gluent:
dichloromethane/cyclohexane/diethyl ether 5.5/4/@id recrystallization from acetonitrile
as a yellow solid in 84% vyield (0.36 g). mp 246 *8:NMR (400 MHz, []DMSO) 6: 3.85
(s, 3H), 5.30 (s, 2H), 6.97 (d= 8.9 Hz, 2H), 7.63-7.69 (m, 4H), 7.82—7.86 (m),3344 (d,J

= 1.9 Hz, 1H), 9.31 (d] = 1.9 Hz, 1H)*C NMR (100 MHz, [R]DMSO) J: 55.3 (CH), 55.6
(CH,), 113.8 (2CH), 123.9 (CH), 124.5 (C), 125.0 (C28B (2CH), 129.2 (CH), 129.3
(2CH), 129.8 (C), 130.8 (2CH), 131.0 (C), 134.1 jC188.7 (C), 139.2 (C), 141.1 (C), 160.2
(C); MS ESI (m/z): 457.94/459.96 [M+H] HRMS (+ESI): 458.0569 [M + H] Calcd for
C21H16N30sSCl: 458.0572.

4-(6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-yl)- N,N-
diethylaniline (8): Compound8 was obtained after purification by chromatograpélyént:
dichloromethane/cyclohexane/diethyl ether 4.5/5/@bd recrystallization from acetonitrile
as a red solid in 50% vield (0.23 g). mp 188 3¢ NMR (400 MHz, [Q]DMSO) 6: 1.14 (t,J

= 6 Hz, 6H), 3.40-3.44 (m, 4H), 5.30 (s, 2H), 6(62J = 8.2 Hz, 2H), 7.61-7.68 (m, 4H),
7.80-7.94 (m, 4H), 9.20 (s, 1H)*C NMR (100 MHz, [R]DMSO) 6: 12.5 (2CH), 43.7
(2CH,), 55.7 (CH), 110.8 (2CH), 118.5 (C), 122.4 (CH), 124.7 (C272 (CH), 128.3
(2CH), 129.4 (2CH), 130.4 (C), 130.5 (2CH), 1303,(134.0 (CH), 138.8 (C), 138.9 (C),
141.1 (C), 148.1 (C); MS ES5(m/z): 498.81/500.87 [M+H] HRMS (+ESI): 499.1204 [M +
H]*; Calcd for G4H23N404SCl: 499.1201.

4-(6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-yl)benzonitrile (9):
Compound 9 was obtained after purification by chromatographgeluent:
dichloromethane/cyclohexane/diethyl ether 5.5/3.%#id recrystallization from acetonitrile
as a beige solid in 65% vyield (0.27 g). mp 258 ¥€NMR (400 MHz, [Q]DMSO) §: 5.30
(s, 2H), 7.63-7.67 (m, 2H), 7.81-7.86 (m, 4H), #B82 (m, 3H), 8.22 (s, 1H), 9.42 (s, 1H);
3C NMR (100 MHz, [R]DMSO) §: 55.5 (CH), 111.9 (C), 118.5 (C), 124.3 (C), 125.8 (CH),
128.1 (C), 128.4 (2CH), 129.3 (2CH), 130.2 (2CH}12 (CH), 131.8 (C), 132.1 (2CH),
134.2 (CH), 137.4 (C), 138.5 (C), 139.4 (C), 140089; MS EST (m/z): 452.84/4754.94
[M+H]*. HRMS (+ESI): 453.0418 [M + H] Calcd for GiH1aN4O4SCl: 453.04109.

4-(6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-yl)benzaldehyde

(10): Compound 10 was obtained after purification by chromatograpligluent:



dichloromethane/cyclohexane/diethyl ether 5/4/10 eacrystallization from acetonitrile as a
yellow solid in 62% vyield (0.26 g). mp 221 °@&4 NMR (400 MHz, [Q]DMSO) ¢: 5.31 (s,
2H), 7.64-7.67 (m, 2H), 7.82—7.87 (m, 5H), 7.935719, 2H), 8.22 (dJ = 1.8 Hz, 1H), 9.41
(d,J = 1.8 Hz, 1H), 10.10 (s, 1H}*C NMR (100 MHz, [R]DMSO) é: 55.6 (CH), 124.3 (C),
125.6 (CH), 128.4 (2CH), 128.8 (C), 129.2 (2CH)9R2(2CH), 130.1 (2CH), 131.0 (CH),
131.1 (C), 134.1 (CH), 136.2 (C), 138.4 (C), 13&9, 139.4 (C), 140.9 (C), 192.8 (C); MS
ESI" (m/z): 455.95/458.01 [M+H] HRMS (+ESI): 456.0417 [M + H] Calcd for
C21H14N30sSCl: 456.0415.

4-(6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-yl)phenol (12):
Compound 11 was obtained after purification by chromatographgeluent:
dichloromethane/cyclohexane/diethyl ether 5/3/2) eacrystallization from acetonitrile as a
yellow solid in 66% vyield (0.27 g). mp 267 °@&4 NMR (400 MHz, [Q]JDMSO) 6: 5.30 (s,
2H), 6.76—6.79 (m, 2H), 7.52—7.55 (m, 2H), 7.61771®, 2H), 7.81-7.84 (m, 3H), 7.97 @,
= 1.7 Hz, 1H), 9.28 (dJ = 1.7 Hz, 1H), 9.92 (s, 1H}*C NMR (100 MHz, [Q]DMSO) 6:
55.6 (CH), 115.2 (2CH), 123.4 (C), 123.6 (CH), 124.6 (Q84 (2CH), 128.8 (CH), 129.3
(2CH), 130.2 (C), 130.9 (2CH), 131.0 (C), 134.0 jCcH38.7 (C), 139.15 (C), 141.1 (C),
158.8 (C); MS ESI(m/z): 443.86/445.84 [M+H] HRMS (+ESI): 444.0412 [M + H] Calcd
for CyoH14N30sSCl: 444.0415.

{4-[6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-

yllphenyl}methanol (12): Compoundl2 was obtained after purification by chromatography
(eluent: dichloromethane/cyclohexane/diethyl etdes/4.5/1) and recrystallization from
acetonitrile as a yellow solid in 54% yield (0.23 gp 244 °C;'H NMR (400 MHz,
[Dg]DMSO) ¢: 4.57 (s, 2H), 4.66 (bs, 1H), 5.30 (s, 2H), 7.33%7(m, 2H), 7.59-7.67 (m,
4H), 7.81-7.85 (m, 3H), 8.08 (d,= 1.9 Hz, 1H), 9.35 (dJ = 1.9 Hz, 1H);"*C NMR (100
MHz, [Dg]DMSO) §: 55.7 (CH), 62.5 (CH), 124.4 (C), 124.5 (CH), 126.3 (2CH), 128.4
(2CH), 129.2 (2CH), 129.3 (2CH), 129.9 (CH), 1303, 131.0 (C), 131.1 (C), 134.1 (CH),
138.7 (C), 139.3 (C), 141.2 (C), 144.0 (C); MS E@N/z): 457.84/459.71 [M+H] HRMS
(+ESI): 458.0571 [M + HJ, Calcd for GiH16N30sSCl: 458.0572.

{3-[6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-
yllphenyl}methanol (13): Compoundl3 was obtained after purification by chromatography

(eluent: dichloromethane/cyclohexane/diethyl eth@t2/2) and recrystallization from



acetonitrile as a yellow solid in 52% yield (0.22 gp 210 °C;'H NMR (400 MHz,
[Dg]DMSO) : 4.54 (d,J = 5.3 Hz, 2H), 5.29 (s, 3H), 7.34—7.50 (m, 3HBO~7.66 (M, 3H),
7.79-7.82 (m, 3H), 8.06 (s, 1H), 9.37 (s, 1 NMR (100 MHz, [R]DMSO) J: 55.8
(CHyp), 62.7 (CH), 124.4 (C), 124.7 (CH), 127.1 (CH), 127.5 (CH)8D (CH), 128.1 (CH),
128.3 (2CH), 129.3 (2CH), 130.2 (CH), 130.5 (C)113(C), 132.7 (C), 134.2 (CH), 138.7
(C), 139.4 (C), 141.2 (C), 143.0 (C); MS ESin/z): 457.80/459.80 [M+H] HRMS (+ESI):
458.0572 [M + HJ; Calcd for GiH16N3OsSCI: 458.0572.

{2-[6-Chloro-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridin-8-

yllphenyl}methanol (14): Compoundl4 was obtained after purification by chromatography
(eluent: dichloromethane/cyclohexane/diethyl e®/@/1) and recrystallization from propan-
2-ol as a yellow solid in 62% yield (0.26 g). mpo1°C; *H NMR (400 MHz, [Q]DMSO) &
4.31 (s, 2H), 5.03 (s, 1H), 5.22 (s, 2H), 7.18-1®@0Q 1H), 7.31-7.36 (m, 1H), 7.45-7.50 (m,
1H), 7.54-7.59 (m, 3H), 7.72—7.75 (m, 3H), 7.911¢d), 9.39 (s, 1H)**C NMR (100 MHz,
[De]DMSO) ¢: 55.7 (CH), 60.9 (CH), 123.9 (C), 125.0 (CH), 126.5 (CH), 127.8 (CH81
(2CH), 128.8 (CH), 129.2 (2CH), 130.4 (CH), 130CH(], 130.9 (C), 131.8 (C), 131.9 (C),
134.0 (CH), 138.7 (C), 139.4 (C), 140.7 (C), 141C); MS ESI (m/z): 457.93/459.98
[M+H]*; HRMS (+ESI): 458.0575 [M + H] Calcd for GiH16N30sSCl: 458.0572.

6-Chloro-8-(4-fluorophenyl)-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine

(15): Compound 15 was obtained after purification by chromatograpligluent:
dichloromethane/cyclohexane/diethyl ether 5.5/4/@d recrystallization from acetonitrile
as a yellow solid in 64% vyield (0.26 g). mp 211 *8:NMR (400 MHz, [Q]DMSO) 6: 5.30
(s, 2H), 7.27 (tJ = 8.8 Hz, 2H), 7.63-7.72 (m, 4H), 7.81-7.87 (m),38109 (d,J = 1.8 Hz,
1H), 9.35 (dJ = 1.8 Hz, 1H);**C NMR (100 MHz, [R]DMSO) é: 55.5 (CH), 115.3 (dJ =
21.6 Hz, 2CH), 124.4 (C), 124.7 (CH), 128.3 (2C#29.0 (C), 129.2 (dJ = 3.1 Hz, C),
129.3 (2CH), 130.2 (CH), 131.0 (C), 131.6 {d= 8.5 Hz, 2CH), 134.1 (CH), 138.6 (C),
139.3 (C), 141.0 (C), 162.7 (d,= 247.7 Hz, C); MS ESI(m/z): 445.81/447.12 [M+H]
HRMS (+ESI): 446.0372 [M + H] Calcd for GoH1aN3O4SFCI: 446.0372.

6-Chloro-8-(3-fluorophenyl)-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine

(16): Compound 16 was obtained after purification by chromatograpligluent:
dichloromethane/cyclohexane/diethyl ether 6/3.5/@sad recrystallization from propan-2-ol
as a yellow solid in 63% vyield (0.26 g). mp 192 8:NMR (400 MHz, [Q]DMSO) 6: 5.30



(s, 2H), 7.31 (tJ = 8 Hz, 1H), 7.44-7.63 (m, 5H), 7.75-7.82 (m, 381}16 (s, 1H), 9.38 (s,
1H); **C NMR (100 MHz, [R]DMSO) 6: 55.6 (CH), 116.0 (dJ = 3.6 Hz, CH), 116.3 (C),
124.3 (C), 125.1 (CH), 125.5 (d,= 2.8 Hz, CH), 128.2 (2CH), 128.6 (d,= 2.4 Hz, C),
129.2 (2CH), 130.3 (d] = 8.4 Hz, CH), 130.6 (CH), 131.1 (C), 134.1 (CH34.9 (d,J = 8.6

Hz, CH), 138.6 (C), 139.3 (C), 140.9 (C), 161.8 Jdz 243.5 Hz, C); MS ESI(m/z):

445.79/447.14 [M+H]} HRMS (+ESI): 446.0370 [M + H] Calcd for GoH13NsO4SFCI:

446.0372.

6-Chloro-8-(2-fluorophenyl)-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine

(17): Compound 17 was obtained after purification by chromatograpligluent:
dichloromethane/cyclohexane/diethyl ether 4.7/9/@3d recrystallization from propan-2-ol
as a yellow solid in 71% vyield (0.29 g). mp 220 *8:NMR (400 MHz, [Q]JDMSO) é: 5.26
(s, 2H), 7.26-7.42 (m, 3H), 7.53-7.61 (m, 3H), #7868 (m, 3H), 8.05 (s, 1H), 9.41 (s, 1H);
3C NMR (100 MHz, [R]DMSO) 6: 55.7 (CH), 115.9 (dJ = 21.6 Hz, CH), 120.8 (d| = 14
Hz, C), 123.8 (C), 124.3 (dl = 3.5 Hz, CH), 125.3 (C), 125.6 (CH), 128.2 (2CHi?9.2
(2CH), 131.1 (C), 131.5 (d,= 8.5 Hz, CH), 132.2 (d] = 2.1 Hz, CH), 132.3 (d] = 2.9 Hz,
CH), 134.0 (CH), 138.7 (C), 139.5 (C), 141.2 (J92 (d,J = 248.5 Hz, C); MS ESI(m/z):
445.88/447.14 [M+H]} HRMS (+ESI): 446.0369 [M + H] Calcd for GoH13N3O4SFCI:
446.0372.

6-Chloro-8-(2,4-difluorophenyl)-3-nitro-2-(phenylsufonylmethyl)imidazo[1,2-a]pyridine
(18): Compound 18 was obtained after purification by chromatograpligluent:
dichloromethane/cyclohexane/diethyl ether 4.5/5/@bd recrystallization from acetonitrile
as a yellow solid in 61% vyield (0.26 g). mp 232 *8:NMR (300 MHz, [Q]DMSO) 6: 5.25
(s, 2H), 7.16-7.23 (td] = 2.2 Hz and 8.5 Hz, 1H), 7.41-7.50 (m, 2H), 7582 (m, 2H),
7.76=7.81 (m, 3H), 8.06 (s, 1H), 9.41 Jd 1.7 Hz, 1H);*C NMR (75 MHz, [Q]DMSO) ¢:
55.6 (CH), 104.4 (tJ = 26.5 Hz, CH), 111.5 (dd,= 3.7 Hz and 21.4 Hz, CH), 117.4 (dd,
= 3.7 Hz and 14.3 Hz, C), 123.8 (C), 124.4 (C),.123&H), 128.2 (2CH), 129.2 (2CH), 131.1
(C), 132.3 (dJ = 3.3 Hz, CH), 133.4 (ddl,= 3.8 Hz and 10.2 Hz, CH), 134.0 (CH), 139.1 (d,
J=62.6 Hz, C), 141.1 (C), 157.9 @z 12.8 Hz, C), 161.2 (d,= 14.7 Hz, C), 164.5 (d, =
12.5 Hz, C); MS ESI(m/z): 463.85/465.80 [M+H] HRMS (+ESI): 464.0280 [M + H]
Calcd for GoH12N304SF,CI: 464.0278.



6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(4-trif luoromethylphenyl)imidazo[1,2-
ajpyridine (19): Compoundl9 was obtained after purification by chromatogragelent:
dichloromethane/cyclohexane/diethyl ether 5/4.5/@iad recrystallization from propan-2-ol
as a yellow solid in 87% vyield (0.40 g). mp 231 *8:NMR (300 MHz, [Q]JDMSO) é: 5.29
(s, 2H), 7.61-7.67 (m, 2H), 7.75-7.86 (m, 7H), 8dQJ = 1.7 Hz, 1H), 9.40 (d] = 1.7 Hz,
1H); **C NMR (75 MHz, [Q]DMSO) §: 55.6 (CH), 124.0 (qJ = 272.4 Hz, CE), 124.4 (C),
125.1 (q,J = 3.7 Hz, 2CH), 125.6 (CH), 128.4 (2CH), 128.6,(039.3 (2CH), 129.5 (q] =
32 Hz, C), 130.2 (2CH), 131.0 (CH), 131.1 (C), 134ZH), 136.9 (C), 138.6 (C), 139.5 (C),
140.9 (C); MS ESI(m/z): 495.80/497.91 [M+H] HRMS (+ESI): 496.0342 [M + H] Calcd
for C1H13N304,SKCI: 496.0340.

6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(3-trif luoromethylphenyl)imidazo[1,2-
alpyridine (20): Compound20 was obtained after purification by chromatogragelent:
dichloromethane/cyclohexane/diethyl ether 5.5/4/@id recrystallization from acetonitrile
as a yellow solid in 59% vyield (0.27 g). mp 182 8:NMR (400 MHz, [Q]DMSO) 6: 5.28
(s, 2H), 7.32-7.39 (m, 1H), 7.56-7.70 (m, 3H), #7.86 (m, 3H), 7.93—-7.96 (m, 1H), 8.20—
8.27 (m, 2H), 9.41 (s, 1H}*C NMR (100 MHz, [R]DMSO) ¢: 55.7 (CH), 124.0 (q,J =
272.4 Hz, CE), 124.4 (C), 125.4 (CH), 125.9 (g~ 3.9 Hz, 2CH), 128.2 (2CH), 128.5 (C),
129.2 (2CH), 129.3 (CH), 129.4 (§~= 32 Hz, C), 131.0 (CH), 131.1 (C), 133.6 (CH)3®3
(C), 134.1 (CH), 138.7 (C), 139.4 (C), 141.0 (C)SNEST (m/z): 495.82/497.89 [M+H]
HRMS (+ESI): 496.0340 [M + H] Calcd for G1H1aN3O4SF:Cl: 496.0340.

6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(2-trif luoromethylphenyl)imidazo[1,2-
alpyridine (21): Compound21 was obtained after purification by chromatogragelent:
dichloromethane/cyclohexane/diethyl ether 5/4.5/@sad recrystallization from propan-2-ol
as a yellow solid in 41% vyield (0.19 g). mp 189 8:NMR (300 MHz, [Q]DMSO) é: 5.21
(s, 2H), 7.37=7.39 (m, 1H), 7.51-7.55 (m, 2H), #B57 (m, 2H), 7.70-7.79 (m, 3H), 7.88—
7.89 (m, 1H), 7.92 (s, 1H), 9.44 (s, 1HJC NMR (75 MHz, [Q]DMSO) §: 55.6 (CH),
123.4 (C), 123.7 (] = 274.3 Hz, Cf), 125.8 (CH), 126.2 (g] = 4.9 Hz, CH), 127.6 (d] =
29.8 Hz, C), 128.3 (2CH), 128.8 (C), 129.0 (2CH)95 (CH), 131.1 (C), 131.7 (d,= 2.1
Hz, C), 131.9 (dJ = 1.3 Hz, CH), 132.1 (CH), 132.6 (CH), 134.0 (CH38.5 (C), 139.5 (C),
141.8 (C); MS ESI(m/z): 495.78/497.89 [M+H] HRMS (+ESI): 496.0341 [M + H] Calcd
for Cy1H13N304SFCI: 496.0340.



6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(pyridi n-3-yl)imidazo[1,2-a]pyridine  (22):
Compound 22 was obtained after purification by chromatographgeluent:
dichloromethane/ethyl acetate 9/1) and recrystdlbn from acetonitrile as a yellow solid in
53% vyield (0.21 g). mp 215 °GH NMR (400 MHz, [Q]DMSO) d: 5.30 (s, 2H), 7.44-7.50
(m, 1H), 7.59-7.65 (m, 2H), 7.77-7.83 (m, 3H), #3882 (m, 1H), 8.25 (s, 1H), 8.66 @
4.5 Hz, 1H), 8.92 (s, 1H), 9.40 (s, 1HYC NMR (100 MHz, [R]DMSO) J: 55.6 (CH),
123.2 (CH), 124.4 (C), 125.4 (CH), 127.2 (C), 12@8H), 128.9 (C), 129.3 (2CH), 130.6
(CH), 131.1 (C), 134.2 (CH), 136.8 (CH), 138.6 (€39.4 (C), 141.0 (C), 149.6 (CH), 150.1
(CH); MS ESI (m/z): 428.95/430.89 [M+H] HRMS (+ESI): 429.0418 [M + H] Calcd for
C19H13N4O4SCI: 429.0419.

6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(pyridi n-4-yl)imidazo[1,2-a]pyridine  (23):
Compound 23 was obtained after purification by chromatographgeluent:
dichloromethane/ethyl acetate 9/1) and recrystdlbn from acetonitrile as a yellow solid in
51% yield (0.20 g). mp 230 °CH NMR (400 MHz, CDCJ) §: 5.18 (s, 2H), 7.52—7.58 (m,
2H), 7.67-7.74 (m, 3H), 7.82—7.89 (m, 3H), 8.73X&, 5.5 Hz, 2H), 9.54 (s, 1H}’C NMR
(100 MHz, CDC}) 4: 56.6 (CH), 123.6 (2CH), 125.7 (C), 126.0 (CH), 128.7 (2CH)8.8
(C), 129.4 (2CH), 130.8 (CH), 131.3 (C), 134.3 (CH3}9.4 (C), 139.8 (C), 140.8 (C), 141.2
(C), 150.3 (2CH); MS ESI(m/z): 428.93/430.97 [M+H] HRMS (+ESI): 429.0417 [M +
H]*; Calcd for GoH13N404SCl: 429.0419.

6-Chloro-3-nitro-2-(phenylsulfonylmethyl)-8-(thiophen-2-yl)imidazo[1,2a]pyridine (24):
Compound 24 was obtained after purification by chromatographgeluent:
dichloromethane/cyclohexane/diethyl ether 5.5/4/@%a yellow solid in 60% vyield (0.24 g).
mp 255 °C;*H NMR (300 MHz, [Q]DMSO) 6: 5.33 (s, 2H), 7.21 (s, 1H), 7.61-7.99 (m, 7H),
8.30 (s, 1H), 9.26 (s, 1H}*C NMR (75 MHz, [Q]DMSO) ¢: 55.7 (CH), 123.8 (CH), 123.9
(C), 124.4 (C), 126.9 (CH), 127.8 (CH), 128.2 (2CH)9.4 (2CH), 129.7 (CH), 130.6 (CH),
131.6 (C), 133.8 (C), 134.2 (CH), 138.8 (C), 138®), 141.1 (C); MS ESI (m/z):
433.81/435.84 [M+H] HRMS (+ESI): 434.0050 [M + H] Calcd for GgH1:CIN304S,:
434.0031.

6-Chloro-8-(furan-2-yl)-3-nitro-2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (25):
Compound 25 was obtained after purification by chromatographgeluent:

dichloromethane/cyclohexane/diethyl ether 4/5.5/@ud recrystallization from acetonitrile



as a yellow solid in 53% vield (0.21 g). mp 236 *8:NMR (400 MHz, [Q]DMSO) 6: 5.34
(s, 2H), 6.70 (gJ = 1.8 Hz, 1H), 7.10 (d] = 3.1 Hz, 1H), 7.57-7.62 (m, 2H), 7.75 (& 1.2
Hz and 7.5 Hz, 1H), 7.81-7.84 (m, 2H), 7.97 (@&,0.6 Hz and 1.7 Hz, 1H), 8.02 (@@= 1.9
Hz, 1H), 9.23 (dJ = 1.9 Hz, 1H);"*C NMR (100 MHz, [Q]DMSO) §: 55.6 (CH), 112.7
(CH), 114.9 (CH), 119.6 (C), 123.7 (CH), 124.2 (©34.3 (CH), 128.2 (2CH), 129.2 (2CH),
131.2 (C), 134.1 (CH), 138.3 (C), 138.8 (C), 13@X), 145.5 (C), 145.6 (CH); MS ESI
(m/z): 417.01/418.25 [M+H] HRMS (+ESI): 418.0254 [M + H] Calcd for GgH1,N30sSCl:
418.0259.

Biology

Antileishmanial activity assay on L. infantum axenic amastigotes [32]:L. infantum
promastigotes in logarithmic phase were centrifuge®00 G for 10 min. The supernatant
was removed carefully and replaced by the samenwelof RPMI 1640 complete medium at
pH 5.4 and incubated for 24 h at 24 °C. The a@&difpromastigotes were incubated for 24 h
at 37 °C in a ventilated flask. Promastigotes wien transformed into amastigotes. The
effects of the tested compounds on the growth..ofnfantum axenic amastigotes were
assessed as followd.. infantum amastigotes were incubated at a density of 2.106
parasites/mL in sterile 96-well plates with variascentrations of compounds dissolved in
DMSO (final concentration less than 0.5% v/v), uplicate. Appropriate controls (DMSO,
amphotericin B, miltefosine and pentamidine) weldeal to each set of experiments. After a
48 h incubation period at 37 °C, each plate-wel wacroscope-examined for detecting any
precipitate formation. To estimate the luciferasivéty of axenic amastigotes, 80 pL of each
well were transferred to white 96-well plates, Sie&low® reagent (Promega) was added
according to manufacturer's instructions, and plateere incubated for 2 min. The
luminescence was measured in Microbeta Luminesc@uemter (PerkinElmer). Inhibitory
concentration 50% (I§g) was defined as the concentration of drug requineidhibit by 50%
the metabolic activity ol. infantum amastigotes compared to control.sdalues were
calculated by non-linear regression analysis pmmEmEson dose-response curves, using

TableCurve 2D V5 software. kgvalues represent the mean.

Antileishmanial activity assay onL. donovani promastigotes: The effects of the tested
compounds on the growth &f donovani promastigotes (MHOM/IN/OO/DEVI strain) were
assessed by MTT assay [33]. Briefly, promastigate$og-phase in Schneider's medium



supplemented with 20% feetal calf serum (FCS), 2 mglutamine and antibiotics (100
U/mL penicillin and 100 pg/mL streptomycin), wereibated at an average density of 10
parasites/mL in sterile 96-well plates with variascentrations of compounds dissolved in
DMSO (final concentration less than 0.5% v/v), uplicate. Appropriate controls treated by
DMSO, miltefosine or amphotericin B (reference drypgirchased from Sigma Aldrich) were
added to each set of experiments. After a 72 hbaton period at 27 °C, parasite metabolic
activity was determined. Each plate-well was theitroscope-examined for detecting
possible precipitate formation. 10 pL of MTT (354imethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) solution (10 mg/mLRBS) were added to each well followed
by incubation for another 4 h. The enzyme reactrans then stopped by addition of 100 pL of
50% isopropanol-10% sodium dodecyl sulfate. Theeplavere shaken vigorously (300 rpm)
for 10 min. The absorbance was finally measuredc® nm in a BIO-TEK ELx808
Absorbance Microplate Reader. Inhibitory concemrat50% (IGg was defined as the
concentration of drug required to inhibit by 50% tmetabolic activity ot.. donovani and
promastigotes compared to the controkgl®ere calculated by nonlinear regression analysis
processed on dose-response curves, using Table@Dvé&/5.0 software. Ig values

represent the mean value calculated from thregemient experiments.

Antileishmanial activity assay onL. donovani intramacrophage amastigotesThe effects

of the tested compounds on the growthLeishmania donovani amastigotes were assessed
according to the method of da L&t al. [34]. 400 puL of THP-1 cells with Phorbol 12-
Myristate 13-Acetate (final concentration: 50 ng)miere seeded in sterile chamber-slides at
an average density of 16ells/mL and incubated for 48 h at 37 °C and 6%.QCOdonovani
promastigotes were centrifuged at 900 G for 10 amd the supernatant was replaced by the
same volume of Schneider 20% FCS pH 5.4 and inedbfar 24 h at 27 °C. THP-1 cells
were then infected by acidified promastigotes atamerage density of f@ells/mL (10:1
ratio) and chamber-slides were incubated for 24 87a°C. Then, in duplicate, the medium
containing various concentrations of tested compewmas added (final DMSO concentration
below 0.5% v/v). Appropriate controls treated withwithout solvent (DMSO), and various
concentrations of miltefosine and amphotericin Bravadded to each set of experiments.
After a 120 h incubation at 37 °C and 6% e well supernatant was removed. Cells were
fixed with analytical grade methanol and stainedhwi0% Giemsa. The percentage of
infected macrophages in each assay was determiieedseopically by counting at least 200

cells in each sample. igwas defined as the concentration of drug necegdsapyoduce a



50% decrease in infected macrophages comparee tootitrol. 1Go were calculated by non-
linear regression analysis processed on dose—respaurves, using TableCurve 2D V5.0
software. 1G, values represent the mean value calculated fromeethndependent

experiments.

Antitrypanosomal activity assay on trypomastigotesThe effects of the tested compounds
on the growth off. brucei brucei were assessed by Alamar Blue® assay describedibgtR
al. [35] Trypanosoma brucei brucei AnTat 1.9 (IMTA, Antwerpen, Belgium) was cultured
MEM with Earle’s salts, supplemented accordingh® protocol of Baltzt al. [36] with the
following modifications: 0.5 mM Mercaptoethanol ¢&a Aldrich®, France), 1.5 mM L-
cysteine (Sigma Aldrich®), 0.05 mM Bathocuproinéate (Sigma Aldrich®) and 20% heat-
inactivated horse serum (Gibco®, France), at 3ai€ 5% CQ. They were incubated at an
average density of 2000 parasites/100uL in st@&Bewvell plates (Fisher®, France) with
various concentrations of compounds dissolved inSGMin duplicate. Appropriate controls
treated by DMSO on sterile water, suramin, efl¢tnnié and fexinidazole (reference drugs
purchased from Sigma Aldrich, France and Fluorocheik) were added to each set of
experiments. After a 69 h incubation period at 87 20 uL of the viability marker Alamar
Blue® (Fisher, France) was then added to each am,d, the plates were incubated for 5 h.
The plates were read in a PerkinElmer ENSPIRE (@eyn microplate reader using an
excitation wavelength of 530 nm and an emissionelength of 590 nm. 1§ was defined as
the concentration of drug necessary to inhibit ®¢65the activity of T. brucei brucel
compared to the control. igwere calculated by nonlinear regression analysisgssed on
dose-response curves, using GraphPad Prism sofiiu&a). 1G values were calculated

from three independent experiments.

Cytotoxicity assay on HepG2 cell lineThe evaluation of the tested molecules cytotoxicit
on the HepG2 cell line (hepatocarcinoma cell limechased from ATCC, ref H-8065) was
performed according to the method of Mosman [33hwlight modifications. Briefly, cells in
100 pL of complete RPMI medium, [RPMI supplementgth 10% FCS, 1% L-glutamine
(200 mM) and penicillin (100 U/mL)/streptomycin (L@ug/mL)] were inoculated into each
well of 96-well plates and incubated at 37 °C irhamidified 6% CQ. After a 24 h
incubation, 100 pL of medium with various produchcentrations dissolved in DMSO (final
concentration less than 0.5% v/v) were added amgbldites were incubated for 72 h at 37 °C.

Duplicate assays were performed for each sampleh pate-well was then microscope-



examined for detecting possible precipitate fororatoefore the medium was aspirated from
the wells. 100 pL of MTT solution (0.5 mg/mL in mech without FCS) were then added to
each well. Cells were incubated for 2 h at 37 °@eAthis time, the MTT solution was
removed and DMSO (100 pL) was added to dissolvergékalting blue formazan crystals.
Plates were shaken vigorously (300 rpm) for 5 niitme absorbance was measured at 570 nm
with 630 nm as reference wavelength spectrophowmasing a BIO-TEK ELx808
Absorbance Microplate Reader. DMSO was used akladad doxorubicin (purchased from
Sigma Aldrich) as positive control. Cell viabilityas calculated as percentage of control
(cells incubated without compound). The 50% cytat@oncentration was determined from

the dose—response curve by using the TableCurwé20software.

Cytotoxicity assay on THP1 cell lineThe evaluation of the tested molecules cytotoxioit

the differentiated THP1 cell line (acute monocyakemia cell line purchased from ATCC,
ref TIB-202) was performed according to the methold Mosman [33] with slight
modifications. Briefly, cells in 100 pL of comple®PMI medium with Phorbol 12-myristate
13-acetate (final concentration: 50 ng/mL) wereubmted at an average density of 10
cells/mL and in sterile 96-well plates. After a A8incubation, 100 pL of medium with
various product concentrations dissolved in DMS@a(f concentration less than 0.5% v/v)
were added and the plates were incubated for 72 37&C. Each plate-well was then
microscope-examined for detecting possible prestipiformation before the medium was
aspirated from the wells. 100 pL of MTT solutiong®ng/mL in medium without FCS) were
then added to each well. Cells were incubated fbr& 37 °C. After this time, the MTT
solution was removed and DMSO (100 pL) was addetissolve the resulting blue formazan
crystals. Plates were shaken vigorously (300 rpmlLO0 min. The absorbance was measured
at 570 nm with 630 nm as reference wavelength spaubtometer using a BIO-TEK ELx808
Absorbance Microplate Reader. DMSO was used akladad doxorubicin (purchased from
Sigma Aldrich) as positive control. Cell viabilityas calculated as percentage of control
(cells incubated without compound). The 50% cytat@oncentration was determined from

the dose—response curve by using the TableCurwé22Dsoftware.

Metabolism of 13 and 23 inL. donovani promastigotes: The clonalLeishmania donovani
cell line LABOB (derived from MHOM/SD/62/1S-CL2D)as grown as promastigotes at 26
°C in modified M199 media, as previously describf§&r]. LdBOB promastigotes
overexpressing NTR1 (LinJ.05.0660) [19] and NTRihJL12.0730) [20] were grown in the



presence of nourseothricin (100 pgMLThen to examine the effects of test compounds on
growth, triplicate promastigote cultures were seledéth 5 x 10 parasites.mt. Parasites
were grown in 10 mL cultures in the presence ofjdan 72 h, after which 200L aliquots of
each culture were added to 96-well plates,udD resazurin was added to each well and
fluorescence (excitation of 528 nm and emissiorb@ nm) measured after a further 4 h
incubation [14]. Data were processed using GRARKArgion 5.0.4; Erithacus software) and
fitted to a 2-parameter equation, where the dagacarrected for background fluorescence, to

obtain the effective concentration inhibiting grovity 50% (EGo):
100
[ \"
1+ (g,

In this equation [I] represents inhibitor concetitna and m is the slope factor. Experiments

y:

were repeated at least two times and the datasepted as the mean plus standard deviation.

Metabolism of 14 and 20 inT. brucei: Trypanosoma brucel bloodstream-form 'single
marker' S427 (T7TRPOL TETR NEO) and drug-resistafit Imes were cultured at 37°C in
HMI9-T medium [38] supplemented with 2i&.mL " G418 to maintain expression of T7
RNA polymerase and the tetracycline repressor prot8loodstream trypanosomes
overexpressing theT. brucei nitroreductase (NTR1) [21] were grown in medium
supplemented with 2.%g.mL™* phleomycin and expression of NTR was induced by the
addition of 1ug.mL* tetracycline. Cultures were initiated with 1 x°I@lls.mL* and sub-
cultured when cell densities approached 1-2 @10 ™.

In order to examine the effects of inhibitors oa growth of these parasites, triplicate
cultures containing the inhibitor were seeded atx110° trypanosomes.mt Cells
overexpressing NTR were induced with tetracycliBenrior to EGp analysis. Cell densities
were determined after culture for 72 h, as previouescribed [39]. E€ values were
determined using the following two-parameter equmatby non-linear regression using
GraFit:
where the experimental data were corrected for drackd cell density and expressed as a
percentage of the uninhibited control cell density.

100

L]
EC,,

In this equation [I] represents inhibitor concetitma and m is the slope factor.

y:
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Highlights:

A Suzuki-Miyaurareaction at position 8 of the imidazopyridine ring was studied
21 derivatives were tested in vitro for their cytotoxicity and antiparasitic activity
7 antileishmanial and 8 antitrypanosomal hit compounds were identified

These nitroaromatic derivatives are bioactivated by type 1 nitroreductases



