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Abstract:

An antikinetoplastid pharmacomodulation study wased at position 8 of a previously
identified pharmacophore in 3-nitroimidazo[Bpyridine series. Twenty original derivatives
bearing an alkynyl moiety were synthesizéala Sonogashira cross-coupling reaction and tested
in vitro, highlighting 3 potent (40 nM EGs blood stream form 70 nM) and selective (500SI
< 1800) antiT. brucei bruceimolecules 19, 21 and 22), in comparison with four reference
drugs. Among these hit molecules, compo@Adilso showed the same level of activity against
T. cruzi(EGCsp amastigotes = 1.2 uM) as benznidazole and fexzoiéa Anin vitro comet assay
showed that nitroaromatic derivatiu® was not genotoxic. It displayed a low redox pasnt
value (-0.68 V/NHE) and was shown to be bioactidaby type 1 nitroreductases both in
Leishmaniaand Trypanosoma The SAR study indicated that an alcohol functioyproved
aqueous solubility while maintaining good activiipnd low cytotoxicity when the hydroxyl
group was at positiometa of the alkyne triple bond. Hit-compour® was also evaluated
regardingin vitro pharmacokinetic datal9 is BBB permeable (PAMPA assay), has a 16 min
microsomal half-life and a high albumin binding ®&%). Moreover, compounti9 was orally
absorbed and was well tolerated in mouse after bioitjle and repeated administrations at 100
mg/kg. Its mouse plasma half-life (10 h) is als@@encouraging, paving the way toward further
efficacy evaluations in parasitized mouse modealskihg for a novel antitrypanosomal lead

compound.

Keywords: Imidazo[1l,2a]pyridine; Nitroaromatic; Nitroreductases; Kinetaglids; Comet

assay; SARs.
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1. Introduction

Neglected tropical diseases (NTDs) constitute arbgeneous group of communicable diseases
that occur mainly in developing countries and dosaly related to poverty [1]. Among the 20
NTDs listed to date by the WHO, three are causedrypanosomatid protozoa: leishmaniasis
(caused by severakishmaniaspecies) [2], human African trypanosomiasis (HAdnsequence
of an infection byTrypanosoma brucgi3] and Chagas disease (CD, related to an irdedy
Trypanosoma crugi[4]. Half a billion people, mainly in tropical dnsub-tropical areas, are at
risk of contracting one of these 3 NTDs. The numbeérindividuals infected with these
pathogens is estimated at nearly 20 million, caysim to 50,000 deaths per year [5]. Moreover,
it is very likely that these values are underestgdalue to difficulties in data collection in the
most rural and isolated areas. In the absencembhwaccines or chemoprophylaxis to prevent
the transmission of these parasitic diseases imahuthe control of trypanosomatid infections
relies on eradication of vectors, management ofmahireservoirs and chemotherapy. Only a
small number of molecules are currently availaldeaatitrypanosomatid treatments, most of
them associated with significant drawbacks sucla #ésck of efficacy, toxicities, constraining
dosing regimens or non-oral route of administratiokewise, very few new chemical entities
have currently reached the clinical stage of dgualent, even if significant results have been
achieved in the treatment of HAT since the marketwthorization of the nitroaromatic drug
fexinidazole in 2018FKigure 1) [6]. Thus, there are currently only three newilaighmanial
drugs in clinical trials according to DNDI, all Ingj studied in the early phase 1 [7]. Regarding
sleeping sickness, only acoziborole remains in @hblll clinical trial and, more worryingly,
no original antidrypanosoma cruzanolecule is under evaluation in humans at thigfidespite
major needs. Only fexinidazole is currently usedairphase Il proof-of-concept study as a
possible treatment of Chagas disease. Thus, efficisafe and cheap orally available
antikinetoplastid agents are awaited [8], partidulagainst VL and CD [9], considering both

mortality but also the genotoxic character of tlve molecules used against CD: nifurtimox and



benznidazole [10]. Nevertheless, nitroaromatic\dgnves are a major group of antikinetoplastid
molecules Figure 1) and the recent introduction of fexinidazole (an+genotoxic 5-

nitroimidazole derivative) as an oral drug for ttreatment of HAT is certainly a pivotal

milestone [6] which illustrates the interest of d®ping novel nitroheterocyclic drugs to fight
against trypanosomatid infections [11]. In generahti-infective nitroheterocycles act as
prodrugs requiring a bioactivation step [12]. Thecepted mechanism of action for these
compounds involves, first of all, their entry irttee parasite by passive diffusion, their reduction
into various reactive metabolites (nitroso, hydiaryine), and finally the reaction of these
electrophilic metabolites with cellular componestsch as DNA or proteins, to form covalent

adducts that are cytotoxic [13].
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Figure 1. Structures of nitroheterocyclic drug-compounds duse the treatments of

trypanosomatid infections.

The enzymes catalyzing nitrodrugs activation atereductases (NTRs). Two NTRs have been
identified in Leishmania(mitochondrial type 1 NTR1 [14], responsible fbetactivation of 5-
nitroimidazoles such as fexinidazole [15,16]; agtbsolic type 2 NTR2 [17], responsible for the

activation of bicyclic nitroheterocycles such atad®nid or pretomanid [18]), whereas only one



NTR was discovered ifirypanosomdtype 1 NTR, initiating the activation of nifurtom [19]
and benznidazole [20]). As NTRs are absent frormmalian cells, substrates of these enzymes
can be envisaged as selective antikinetoplastididates. Unfortunately, no X-ray structure of
parasitic NTRs was reported and their low degrekoohology with bacterial isoforms restricts
the use of most classical rational medicinal chamegpproaches, such as molecular docking, for
the design of new nitrodrug substrates of thesgmreasg.

Looking for original nitroheterocyclic antikinet@gdtid molecules, our group formerly identified
a first antileishmanial hit molecule in 8-halogeBwmitroimidazo[1,2a]pyridine series (hitA,
Figure 2) [21]. Subsequent work demonstrated the key rbteesubstituent in position 8 of the
scaffold. Introduction of an heteroaryl moiety mst position improvedn vitro activity against
Trypanosoma b. brucdiut was not satisfying regarding water solubi(ityt B, Figure 2) [22].
Introduction of a phenylthio moiety at position Bgbtly improvedin vitro antileishmanial
activity and aqueous solubility (n@, Figure 2) [23]. Nevertheless, hit-compour@l showed a
poor mouse liver microsomal stability = 3 min). Then, in a view to improve both
antitrypanosomal activity and microsomal stabibfythis series, we present herein the benefit of
introducing a hydroxyalkynyl group at position 8tbe 3-nitroimidazo[1,2]pyridine scaffold,

using the Sonogashira cross-coupling reaction.
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ECsp L. donovani intramacro. ama. 5.5 uM ECsp L. donovani intramacro. ama. 2.3 yM ECsp L. donovani intramacro. ama. 1.3 pM
ECso T. brucei brucei BSF 29uM ECso T. brucei brucei trypo. 0.25 uyM ECso T. brucei brucei trypo. 1.3 uM
CCso HepG2 >31 uM CCsp HepG2 >50 yM CCso HepG2 >100 uyM
CCso THP1 >25 uyM CCsp THP1 >25 uyM CCso THP1 >62.5 uM
Microsomal half-life 9 min Microsomal half-life 3 min

compounds in 3-nitroimidazo[1 &pyridine series [21-23].

Figure 2. Structures and biological profiles of previousiyemtified antikinetoplastid hit-



2. Results and discussion

The substrate 8-bromo-6-chloro-3-nitro-2-(phenytswimethyl)imidazo[1,2a]pyridine 4 was
prepared in four steps as previously described. [PB¢ use of the Sonogashira cross-coupling
reaction for the antitrypanosomatid pharmacomodabf a nitroaromatic scaffold is an
interesting option that was already reported byteam [24]. Hence, the Sonogashira reaction
conditions were optimized from previously descrilpedtocols [25-26] to afford 20 original 8-
alkynylimidazo[1,2a]pyridine derivatives $cheme 1 Primary alkyne reagents were chosen to
display a large panel of lipophilicity and flexiiyl, varying from rigid and highly lipophilic
aromatic derivatives to more flexible and hydroghhydroxyaliphatic derivatives. Coupling
products were isolated with moderate to good yi€R%-90%). Finally, the reduction of the

nitro group of19 afforded the amino derivati\&b, considered as a negative control.
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Scheme 1Synthesis of compounds25.
Reagents and condition§) NBS 1 equiv, ACN, 80°C, 1 h, 71%; (ii) 1,3-tloroacetone 1.1
equiv, EtOH, 80°C, 96 h, 60%; (iii) HNG6 equiv, HSQ,, 0°C—RT, 1 h, 60%; (iv) Sodium

benzenesulfinate 3 equiv, DMSO, RT, 3 h, 80%. pprapriate alkyne 1.5 equiv, Pd(RRI0.1



equiv, Cul 0.1 equiv, diisopropylamine 12 equiv,H;HRT, 1 to 24 h, 30% to 90%. (vi) Fe 10

equiv, AcOH, reflux, 30 min, 75%.

All 21 new compounds were evaluatedvitro, first on the HepG2 cell line to determine their

influence on cell viability (cytotoxic concentrati®0% = C(), using doxorubicin as contrdh

vitro activity of these compounds was then measuredhermptomastigote form df. donovani

and on the trypomastigote blood stream form (BSH).d. brucei Their efficacy was compared

to commercial reference drugs amphotericin B, riafime, fexinidazole, suramin, eflornithine

and fexinidazole. The results obtained are predant&able 1

Table 1. In vitro bioevaluation of moleculeS-25 on L. donovanipromastigotesT. b. brucei

BSF trypomastigotes and on the human HepG2 cell lin

o N~ 510 24: X = NO,
25: X = NH,
Cell viability Activity
ECsol. ECsoT. b.
Compd R CCso HepG2 (uM) donovani Sl Leishmania brucei S| Trypanosoma
pro. (UM) BSF (uM)
5 g@ >3.¢°
6 %@oor—g >3.9°
OCH,
7 @ >3.9
HsCO
8 @ >3.9
9 @F >3.9°
F
10 §_® >3.9*
F
11 §_© >3.9
12 @NHZ >3.9
13 T >3.9°
14 @ >3.9°
15 %/OO 8.4+23 1.3+£0.1 6.5 0.16 £0.03 525



16 @JOH >15.6° 1.6+0.1 >9.8 0.16+0.03 >97.5

17 = ) 18.8+2.2 1.0+0.2 18.8 0.13 +0.04 >144.6
CH3
18 %_/OH 10.1+1.4 3.9+0.1 2.6 0.12 +0.03 84.2
19 i/ OH >1258" 74+05 >16.9 0.07 +0.01 >1785.7
OH
20 442 +11.2 47+0.2 9.4 0.04 +0.01 1105
CHs;
OH
21 £—CHs, >62.5' 3.0+04 >20.8 0.12 +0.03 >520.8
CH3
22 %}j >62.5 1.6+0.7 >39.1 0.04 +0.008 >1562.5
HO CH3
23 %HQO >31.3 17402 >18.4 0.10 +0.03 >313
24 =) >25 1.0+0.4 >25 0.10 + 0.04 >250
HO
25 g_FOH >62.5 >62.5 - 6.8 +1.05 >9.2
Ref. 1 Hit A molecule >312 1.8 +0.¢ >17.2 29+0.! >10.7
Ref. 2 Hit B molecul¢ >5C 1.2+04 >A41.7 0.25+0.01 >20(C
Ref. 3 Hit C molecule >10C 1.0+0.2 >10C 1.3+0.1 >76.¢
Ref. 4 Doxorubicir” 0.2 £0.0: - - - -
Ref.5 Amphotericin E 8.840.Z 0.07+0.01 125.% - -
Ref. 6 Miltefosine" 85+ 8.€ 3.140.2 274 - -
Ref. 7 Fexinidazol“* >20( 1.240.2 >166.; 0.610.2 >33¢
Ref. 8 Suramir® >10C - - 0.03 40.00¢ >333:¢
Ref.9 Eflornithine® >10C - - 13.342.1 >7.k
Ref. 1( Nifurtimox® 452 + 1. - - 26+08 17.¢

#The product could not be tested at higher conatiatrs due to a poor solubility in aqueous medium

b Doxorubicin was used as a cytotoxic reference drug

¢ TheECsp or CGy value was not reached at the highest tested ctratien

4 Amphotericin B, Miltefosine and Fexinidazole weised as antileishmanial reference drugs

¢ Fexinidazole, Suramin, Eflornithine and Fexinidazawere used as anfirypanosoma bruceeference drugs
f'SI= CGoHepG2 / EG L. infantum

9Sl=CGoHepG2 / EG T. brucei brucei

Compound$-14, which did not bear an alcohol function, could betevaluateth vitro because

of a lack of agueous solubility. Most compoundshia series did not show a cytotoxic character
in comparison with doxorubicin: four compoundks (to 18) showed some decrease in cell
viability with CCsp values below 20 uM whereas 6 moleculestp 24) displayed low values on
the HepG2 cell line (>25 to >125 uM). Eleven molesu(l5-25) were tested oh. donovani
promastigotes: their Bgranged from 1 uM to 7.4 uM, values comparablehi fireviously
identified hit molecules in the series. These &y are also very similar to those of
fexinidazole and miltefosine, respectively 1.2 uMi&.1 uM. Good Ckg values in this series,
due to better water solubility of hydroxylated nmlies, allowed to reach selectivity indices (SI)
that are comparable or superior to that of miliefes as for example with the two best

antileishmanial molecules in this series, compowitisnd24 (>39.1 and >25, respectively). All



soluble compounds in the experimental conditidissZ4 were evaluated of. b. bruceiBSF
trypomastigotes. Quite interestingly, they all désied significantly improved E4 values (4G<
ECs0 < 160 nM) compared to previously identified hit maleesA, B andC (25 < EGsp < 2900
nM); these activity values were all better than tmes of fexinidazole (B = 0.6 uM) and
nifurtimox (EGo = 2.6 uM). High selectivity indices were achievadth most of these
derivatives, hit molecul&9 reaching the highest value (> 1786). This Sl vappeared as quite
significant when comparing to those of suramin 8383), fexinidazole (> 333), nifurtimox (17.4)
and eflornithine (> 7.5) and hig (best antitrypanosomal hit previously identifiedtie series
with SI > 200). Derivatives with a tertiary alcoHahction (L7, 21, 23, 24) tend to show reduced
activities onTrypanosoma bruceBSF trypomastigotes than those bearing a secoraleoyol
function @0, 22). Likewise, molecules bearing a hydroxy groumlpha position of the alkyne
function (17, 18, 20) tend to decrease cell viability on the HepG2 ¢eké more than those
bearing a hydroxyl group ibeta position of the triple bondl, 22). As expected, compared
with nitrated moleculd.9, the amino-derivativ@5 showed a 2 log decrease in antitrypanosomal
activity (EGyp = 6,8 uM), pointing out the key role of the nitgooup in the pharmacophore.
Thus, because molecul® presented the best compromise betwaewitro activity, water
solubility, cytotoxicity and selectivity index, was selected as the hit-compound of this novel

series.

To deeper evaluate the antitrypanosomatid poteotidb, its activity was measured against
infantum axenic amastigotes anfl cruzi amastigotes, in addition to its cytotoxicity oreth
human macrophage THPL1 cell lineaple 2). Thus, moleculd 9 did not show a very promising
antileishmanial profile (E§ = 7.4 & 10.7 pM) whereas it displayed a good dnttruziactivity
(ECso = 1.2 uM), similar to those of benznidazole andirfelazole (0.5 and 3.0 uM,

respectively).



Table 2. Summary of thén vitro antitrypanosomatid profile of hit compouté.

ECso (UM) CCso (UM)
Compound L. donovani L.inf. axenic  T.b. brucei T.cruz
promast. amast. BSF amast. HepG2 THPL
19 74+05 10.7+0.7 0.07+0.01 1.2+0.8 >12%' >100'
Doxorubicin® - - - - 0.2 +0.02 0.7 £0.07
Miltefosine® 3.1+0.2 0.8+0.2 - - 85+8.8 3+t24
Fexinidazolé** 1.2+0.2 3.4+0.8 0.6+0.2 3.0£01 >200° >200°
Benznidazolé - - 1.8+0.3 05+0.1 >200° >200°

@ Doxorubicin was used as a cytotoxic reference drug

b Miltefosine and Fexinidazole were used as antileisnial reference drugs

¢ Fexinidazole and Benznidazole were used as guaitysomal reference drugs
4 The product could not be tested at higher conatiatrs in aqueous medium

€ TheCCso or EGy value was not reached at the highest tested ctratien

In order to ensure that this novel series contacmwdpounds that were substrates of parasitic
NTRs (Table 3), hit moleculesl9 and 22 were assayed againkt donovanipromastigotes
corresponding to the wild type, NTR1- and NTR2-ex@ressing strains. Moleculé® and22
were twenty to forty times more effective agairist strain overexpressing (OE) NTR1 than on
the NTR2-overexpressing strain, indicating that thes@pounds are selectively bioactivated by
L. donovanitype 1 NTR. In the same way ih. b. brucei it was also demonstrated that
trypanosomal type 1 NTR was responsible for thadiigation of19 and22, these latter being 3
to 5 times more potent on the NTR-overexpressimgrsthan on the wild type. These results
were consistent with those obtained with previotisriolecules, suggesting that introducing an
alkynyl group at position 8 of the imidazo[laPyridine pharmacophore preserves its

bioactivation by type 1 NTRs.



Table 3. Sensitivity of wild-type and NTR-overexpressihg donovanipromastigotes and.

brucei BSF trypomastigotes strains to hit molecul@and22.

L. donovani promastigote EG(UM)

Compound
Wild-type NTR1°F NTR2°F
19 21.4+6 0.5+0.05 245+5.9
22 7.3+0.6 0.4+0.01 8.5+0.3
Hit Al?2 1.9£0.08 0.07 £0.002 3.0+0.08
Hit B2 1.5 +0.05 0.04 +£0.009 2.0+0.2
Hit c!? 0.26 +0.01 0.033+0.007  0.3+0.01
T. brucei BSF trypomastigote EGg (nM)
Compound
Wild-type NTR1CE
19 124.3+7.2 26.5+1.4
22 200.0 +10.5 66.3+4.8
Nifurtimox 1870 +0.05 600 +0.05

With regard to a mechanism of action involving aitial reductive bioactivation by NTRs, an
electrochemistry study was carried out by measuim@dMSO, the redox potentials of six 8-
alkynylimidazo[1,2a]pyridine derivatives, using cyclic voltammetryigure 3). The redox

potentials values measured were corrected withemtgp the normal hydrogen electrode (NHE).

They correspond to a reversible one electron reshfcixidation (redox couple = nitro

group/anion radical counterpart).
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Figure 3: Redox potentials (E°) determined by cyclic voltaetry and given versus NHE.
Conditions: selected compounds t160l.L™Y) in non-aqueous medium (DMSO + 0.1 méi.L
(n-Bu:N)[PFs]) on GC microdisk (r = 0.5 mm) at room temperatuBean rate: 0.2 Vs
Corriger N° des molécules

Redox potentials within this series appeared tovéy homogeneous, with values of -0.67
VINHE (21, 24) and -0.68 V/NHE &, 19, 22, 23). The nature of the alkyne group at position 8
does not have an influence on the redox potentfathe pharmacophore. However, in
comparison with hiA (-0.59 V/NHE), hitB (-0.64 V/NHE) and hiC (-0.63 V/NHE), molecules
with an alkynyl group at position 8 displayed lowedox potential values, ranging in between
the ones of nifurtimox (- 0.61 V/NHE) and fexiniade (- 0.83 V/NHE).

The mutagenicity of many nitroaromatic molecules bhlways been a major concern, limiting

the development of many of these derivatives. Fexinfdazole, NTR-dependent mutagenic



activity was observed in Ames test, related toetkigression of these enzymes by 8admonella
typhimuriumstrains used in this assay. However, evaluatiotsajenotoxicity by micronucleus
test {n vitro on human cells anph vivo in rats) was negative [27]. Thus, a positive Artest
when evaluating nitroaromatic compounds has limgestlictive values for humans, considering
that there are no NTRs in mammalian cells and thast of nitroaromatics only display
genotoxic properties after being bioactivated irdgduced metabolites. Although the Ames test
remains the most common method for assessing tia&gemnicity of a substance, it is nowadays
accepted that the comet assay or the micronuckesesyausing mammalian cells, are beiter
vitro alternatives for evaluating the potential genatiyi of nitroheterocyclic molecules.
Considering moleculd9, an Ames test in metabolizing conditions and a etoassay were
performed simultaneously and showed that, despéasenting mutagenic properties (Ames test)
at 0.25 or 2.5 mM, compountld was not genotoxic in the comet assay after a Z2oh
exposure, at 20 or 30 pM. These results are cemsistith those obtained with fexinidazole and
with previously identified hit molecules in 3-nitnoidazo[1,2a]pyridine series, representing an
great improvement over nifurtimox and benznidaasléch are known to be genotoxic over
mammalian cells [9].

Then, somen vitro physicochemical and pharmacokinetic parametefrstafompoundl9 were
determined Table 4): 19 is a lipophilic molecule (cLogP = 2.5) that shogsod aqueous
solubility (thermodynamic solubility = 71 uM), dde its hydroxyl group, that strongly binds to
human albumin (98.5%) and whose microsomal stghads significantly improved (> = 16
min), in comparison with previously identified ltbmpounds in the series (7= 3 to 9 min).
Hit compoundl19 was also shown to cross the blood brain barrieoraing to a PAMPA BBB

assay, in accordance with its high CNS MPO scoib5{428].
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Table 4.Physicochemical, pharmacokinetic and toxicologaath regarding hit compouri®

CompoundlL9
cLogP 2.49
Thermodynamic solubility (UM) 70.7+£2.8
Binding to human albumin (%) 98.5
Microsomal stability: T, (min) 16
PAMPA Blood-brain barrier permeability assay,:(fm/s) 346.1 £ 89.2
CNS MPO score 4.35
Cmax in mouse (ng/mL) 393.96 + 156.36
Tmax in mouse (h) 0.83+£0.29
Plasma half-life in mouse (h) 10.01 + 3.02
AUC.ins (ng.h/mL) 1433.05 +69.92
Clearance (mL/h) 2.44 +£0.03
Ames test (0.25 and 2.5 mM + S9mix on 4 strains) sitRe
Comet assay (after 2 and 72 h & 20 and 30 pM) Negat

@ Weighted clogP was computed by Mafii€hemAxon)

Finally, compoundl9 was administered orally to mice to determine itximal tolerated dose
and its mainin vivo pharmacokinetic parameter& once daily repeated oral administration
(intragastrical gavage) df9 at 100 mg/kg for 5 days was well tolerated in miceu3hthe No
Observed Adverse Event Level (NOAEL) in mice wasael00 mg/kg/day. After euthanasia,
no lesions were found on the different organs (@nliver, brain, heart and lung).
Pharmacokinetics parameters were determined torstage the behavior o19 after oral
administration. The main pharmacokinetics pararsedee shown ifable 4 Hit compoundl9

is orally absorbed and shows a long plasma h&ffliD h), parameters that are encouraging for

further development.



3. Conclusion

Pharmacomodulation at position 8 of the imidazef]@&ridine scaffold, using the Sonogashira
cross-coupling reaction, led to 20 original alkyarivatives. These displayed modesvitro
antileishmanial activity, whereas several hydrotgdaderivatives showed very goad vitro
activities onT. b. bruceibloodstream forms and low cytotoxicities againstuanan hepatocyte
cell line (7 molecules with SI > 100 and 2 molesuhgth SI > 1000). The lead compound of this
series 19) was also testenh vitro on T. cruziand showed good Egvalues, two times lower
than that of fexinidazole. Its mechanism of actiowolves activation by the parasite NTR1.
Moreover, nitroaromatic hit-molecull® was not genotoxic in the comet assay which reptsse
a significant improvement over nifurtimox and beidzzole. Study ofn vitro physicochemical
and pharmacokinetic parameters of moled@showed improved properties in the imidazo[1,2-
alpyridine series, regarding in particular waterusdlity and microsomal stability. In the mouse,
19 was orally absorbed and well tolerated after reggadministrations of 100 mg/kg for 5 days.
Its plasma half-life (10 h) is encouraging and \Hlofurther determination of its activity in an

infected mouse model, to try to identify a novditaypanosomal lead compound.

4. Experimental section
4.1. Chemistry
4.1.1. Synthesis

Commercial reagents were used as received withduiti@nal purification. Melting points were
determined in open capillary tubes with a Bichi appus and are uncorrected. Elemental
analysis and HRMS were carried out at the Speckeop@culté des Sciences et Techniques de
Saint-Jéerome, Marseille, France. NMR spectra wezeorded on a Bruker ARX 200
spectrometer or a Bruker AV 250 spectrometer atRheulté de Pharmacie de Marseille, or a
BRUKER Avance Ill nanobay 400 spectrometer at tiee $pectropole, Faculté des Sciences et
Techniques de Saint-Jérbme, Marseille, or on a @&rullitraShield 300 MHz or a Bruker
IconNMR 400 MHz spectrometer at the LaboratoireCiiémie de Coordination, TouloustH¢
NMR: 200, 250, 300 or 400 MHZ*C-NMR: 50, 63, 75 or 100 MHz). NMR references were



following: *H: CHCL & = 7.26, DMSOds § = 2.50, Acetonel; 8 = 2.05 and"3C: CHCE § =
76.9, DMSOd;s 6 = 39.5, Acetonals 6 = 29.9. Solvents were dried by conventional meshod
The following adsorbent was used for column chramgephy: silica gel 60 (Merck, particle
size 0.063-0.200 mm, 70-230 mesh ASTM). TLC wa$opmed on 5 cm x 10 cm aluminium
plates coated with silica gel 60F-254 (Merck) inagopropriate eluent. Visualization was made
with ultraviolet light (254 nm). HRMS spectra werecorded on QStar Elite (Applied
Biosystems SCIEX) spectrometer. PEG was the madrildlRMS. The experimental exact mass
was given for the ion which has the maximum isatopbundance. Purity of synthetized
compounds was checked with LC-MS analyses whicle wesilized at the Faculté de Pharmacie
de Marseille with a Thermo Scientific Accela Higpe®d LC Systefh coupled with a single
quadrupole mass spectrometer Thermo MSQ®Pllike RP-HPLC column used is a Thermo
Hypersil Gold® 50 x 2.1 mm (C18 bounded), with particles of 1rB giameter. The volume of
sample injected on the column was 1 pL. The chrographic analysis, total duration of 8 min,
is made with the gradient of following solvents: © min, water/methanol 50/50; 0 <t < 4 min,
linear increase in the proportion of methanol tocatio water/methanol 5/95; 4 <t < 6 min,
water/methanol 5/95; 6 <t < 7 min, linear decreasthe proportion of methanol to return to a
ratio 50/50 water/methanol; 6 < t < 7 min, waterima@ol 50/50. The water used was buffered
with 5 mM ammonium acetate. The retention timg¥ ¢f the molecules analyzed are indicated
in min.

Moleculesl-4 were previously described [22].

4.1.1.1. General procedure for the preparation of -&lkynylimidazo[l,2-a]pyridine
derivatives (5 to 24)

A mixture of 8-bromo-6-chloro-3-nitro-2-(phenylsaifylmethyl)imidazo[1,2a]pyridine 4 (400
mg, 1 equiv.), tetrakis(triphenylphosphine)pallad{0) (107.3 mg, 0.1 equiv.), copper iodide
(17.7 mg, 0.1 equiv.), diisopropylamine (1.57 mR,eiquiv.), appropriate alkyne (1.5 equiv.), in
THF (15 mL) was stirred under,Nat room temperature until complete disappeararidbeo
starting material (as monitored by LC/MS or TLC)at was then added and the mixture was
extracted three times with dichloromethane. Theaoig layer was washed three times with
water, dried over MgSg) filtered and evaporated. The crude residue wasigul by column
chromatography on silica gel (with appropriate eth@nd recrystallized from the appropriate

solvent, affording compoundsto 20.

41.1.2. 6-Chloro-3-nitro-8-(phenylethynyl)-2-(pheglsulfonylmethyl)imidazo[1,2-
alpyridine (5)



Compound 5 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane/diethyl ether 6.9/3/@rid recrystallization from acetonitrile as a
yellow solid in 90% vyield (0.38 g). mp 228 °H NMR (400 MHz, CDCYJ) §: 5.19 (2H, s),
7.40-7.47 (3H, m), 7.50-7.54 (2H, m), 7.59-7.63,(BH, 7.79 (1H, dJ = 1.9 Hz), 7.88-7.91
(2H, m), 9.41 (1H, dJ = 1.9 Hz).*C NMR (100 MHz, CDGJ) é: 56.9 (CH), 81.5 (C), 99.8
(C), 115.7 (C), 121.6 (C), 124.9 (CH), 125.5 (38T (2 CH), 128.8 (2 CH), 129.3 (2 CH),
130.0 (CH), 131.3 (C), 132.4 (2 CH), 134.2 (CH)4B3(CH), 139.3 (C), 139.8 (C), 143.0 (C).
LC/MS ESI tr 3.99 min, (m/z) [M+H] 451.83/453.84. HRMS (+ESI): 452.0462 [M+HTalcd
for CooH14CIN3O,4S: 452.0466.

4.1.1.3. 6-Chloro-8-(4-methoxyphenylethynyl)-3-ni-2-
(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (6)

Compound 6 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane 9/1) and recrystalbmatrom acetonitrile as a yellow solid in
51% vield (0.29 g). mp 210 °GH NMR (400 MHz, CDC}) &: 3.88 (3H, s), 5.19 (2H, s), 6.92—
6.94 (2H, m), 7.50—7.55 (4H, m), 7.60—7.64 (1H, |Yy4 (1H, dJ = 1.9 Hz), 7.88-7.91 (2H,
m), 9.37 (1H, dJ = 1.9 Hz).”*C NMR (100 MHz, CDGJ) é: 55.6 (CH), 56.9 (CH), 80.7 (C),
100.4 (C), 113.6 (C), 114.3 (2 CH), 116.1 (C), 524CH), 125.5 (C), 128.8 (2 CH), 129.3 (2
CH), 131.3 (C), 134.0 (CH), 134.1 (2 CH), 134.2 [CH39.3 (C), 139.8 (C), 143.0 (C), 161.0
(C). LC/MS EST tg 4.09 min, (m/z) [M+H] 480.61/483.87. HRMS (+ESI): 482.0569 (M H)H
Calcd for G3H16CIN3OsS: 482.0572.

4.1.1.4. 6-Chloro-8-(3-methoxyphenylethynyl)-3-ni-2-
(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (7)

Compound?7 was obtained after purification by chromatogragbeiuent: chloroform/diethyl
ether 9.9/0.1) as a yellow solid in 47% yield (01 mp 171 °C*H NMR (400 MHz, Acetone-
ds) 9: 3.89 (3H, s), 5.22 (2H, s), 7.08-7.12 (2H, m).,747.19 (1H, m), 7.40-7.44 (1H, m), 7.58—
7.62 (2H, m), 7.69-7.73 (1H, m), 7.84-7.86 (2H, &4 (1H, dJ = 1.9 Hz), 9.42 (1H, d] =
1.9 Hz).*C NMR (100 MHz, Acetonel) J: 54.9 (CH), 56.1 (CH), 81.5 (C), 97.9 (C), 114.5
(C), 116.1 (CH), 116.6 (CH), 122.6 (C), 124.1 (Q4.2 (CH), 125.6 (CH), 128.5 (2 CH), 129.0
(2 CH), 129.84 (CH), 131.5 (C), 133.9 (CH), 134CHJ, 139.5 (C), 139.7 (C), 142.7 (C), 159.7
(C). LC/MS EST tg 4.09 min, (m/z) [M+H] 480.70/483.65. HRMS (+ESI): 482.0569 (M )H
Calcd for G3H16CIN3OsS: 482.0572.

4.1.1.5. 6-Chloro-8-(2-methoxyphenylethynyl)-3-niw-2-
(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (8)



Compound 8 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane/diethyl ether 6.9/3/@rid recrystallization from acetonitrile as a
yellow solid in 67% vyield (0.30 g). mp 204 °& NMR (400 MHz, CDC}) J: 3.96 (3H, s), 5.19
(2H, s), 6.94-7.01 (2H, m), 7.39-7.44 (1H, m), ZA84 (3H, m), 7.58-7.62 (1H, m), 7.80 (1H,
d,J = 1.9 Hz), 7.89-7.91 (2H, m), 9.38 (1H,J 1.9 Hz).*C NMR (100 MHz, DMSQd) J:
56.3 (CH), 56.4 (CH), 86.0 (C), 95.4 (C), 110.4 (C), 112.1 (CH), 11634, 121.1 (CH), 124.2
(C), 126.3 (CH), 128.7 (2 CH), 129.7 (2 CH), 13(C}, 132.2 (CH), 134.0 (CH), 134.6 (CH),
134.9 (CH), 139.2 (C), 139.8 (C), 142.9 (C), 16@%. LC/MS EST tg 3.86 min, (m/z) [M+H]
480.62/483.88. HRMS (+ESI): 482.0570 (M ¥)HCalcd for GsH16CIN;OsS: 482.0572.

4.1.1.6. 6-Chloro-8-(4-fluorophenylethynyl)-3-nitra2-(phenylsulfonylmethyl)imidazo[1,2-
alpyridine (9)

Compound 9 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane 7/3) and recrystalbmatrom acetonitrile as a yellow solid in
49% yield (0.21 g). mp 245 °CH NMR (250 MHz, DMSOek) 5: 5.31 (2H, s), 7.36—7.43 (2H,
m), 7.57-7.67 (4H, m), 7.70-7.73 (1H, m), 7.76—7(34, m), 8.26 (1H, s), 9.35 (1H, sjC
NMR (100 MHz, DMF#¢) 6: 56.7 (CH), 82.3 (C), 97.1 (C), 114.4 (C), 116.7 (2 CHJd; 22.6
Hz), 118.3 (C, dJ = 3.3 Hz), 124.5 (C), 126.5 (CH), 128.9 (2 CH)912(2 CH), 132.1 (C),
134.6 (CH), 134.8 (2 CH, d,= 8.9 Hz), 135.0 (CH), 139.8 (C), 140.1 (C), 14&32, 164.9 (C).
LC/MS ESI tr 4.01 min, (m/z) [M+H] 469.70/471.23. HRMS (+ESI): 470.0371 (M +)H
Calcd for GoH13CIFN3O4S: 470.0372.

4.1.1.7. 6-Chloro-8-(3-fluorophenylethynyl)-3-nitra2-(phenylsulfonylmethyl)imidazo[1,2-
alpyridine (10)

Compound 10 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane/diethyl ether 6.8/3/@rl recrystallization from acetonitrile as a
yellow solid in 38% vyield (0.17 g). mp 240 °é4 NMR (400 MHz, CDCJ) &: 5.19 (2H, s),
7.16-7.18 (1H, m), 7.28-7.65 (6H, m), 7.79 (1H,7s39 (2H, dJ = 7.6 Hz), 9.42 (1H, s}3C
NMR (100 MHz, CDCY) ¢: 56.8 (CH), 82.2 (C), 98.1 (C), 115.2 (C), 117.4 (CH,Jds 21.2
Hz), 119.1 (CH, dJ = 23 Hz), 123.3 (C, d] = 9.43 Hz), 125.3 (CH), 125.4 (C), 128.2 (CH,d,
= 3.23 Hz), 128.2 (2 CH), 129.3 (2 CH), 130.3 (G@H, = 8.54 Hz), 131.3 (C), 134.3 (CH),
134.6 (CH), 139.3 (C), 139.9 (C), 142.9 (C), 16@5 d,J = 247.6 Hz). LC/MS ESlItg 4.03
min, (m/z) [M+H] 469.85/471.98. HRMS (+ESI): 470.0372 (M +")H Calcd for
C2oH13CIFN3O4S: 470.0372.

4.1.1.8. 6-Chloro-8-(2-fluorophenylethynyl)-3-nitra2-(phenylsulfonylmethyl)imidazo[1,2-
alpyridine (11)



Compound 11 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane 8/2) and recrystalbmatrom acetonitrile as a yellow solid in
65% yield (0.28 g). mp 229 °GH NMR (400 MHz, DMSO#) §: 5.30 (2H, s), 7.35-7.45 (2H,
m), 7.56—7.72 (5H, m), 7.80 (2H, 3= 7.1 Hz), 8.28 (1H, dJ = 1.9 Hz), 9.36 (1H, d] = 1.9
Hz). *C NMR (100 MHz, DMSOds) J: 55.8 (CH), 86.7 (C), 90.7 (C), 109.4 (C, d,= 15.4
Hz), 112.9 (C), 116.0 (CH, d,= 20.2 Hz), 123.6 (C), 125.1 (CH, &= 3.58 Hz), 126.4 (CH),
128.2 (2 CH), 129.2 (2 CH), 131.3 (C), 132.5 (CH,J & 8.26 Hz), 133.8 (CH), 134.1 (CH),
135.1 (CH), 138.7 (C), 139.4 (C), 142.3 (C), 16429 d,J = 251.5 Hz). LC/MS ESItg 3.95
min, (m/z) [M+H] 469.83/471.49. HRMS (+ESI): 470.0371 (M +")H Calcd for
C22H13CIFN3O,S: 470.0372.

4.1.1.9. 4-[6-Chloro-3-nitro-2-(phenylsulfonylmeth{)imidazo[1,2-a]pyridin-8-
yllethynylaniline (12)

After washing the crude residue with acetone ahichtiion, compoundl2 was obtained as an
orange solid in 72% vyield (0.31 g). mp 255 *A.NMR (400 MHz, DMSOsg) d: 5.29 (2H, s),
5.90 (2H, s), 6.63 (2H, s), 7.22 (2H, s), 7.60-1B, m), 8.06 (1H, s), 9.24 (1H, $C NMR
(100 MHz, DMSO#k) : 55.8 (CH), 80.2 (C), 101.1 (C), 106.2 (C), 113.6 (2 CH)4BL(C),
123.8 (C), 124.6 (CH), 128.2 (2 CH), 129.2 (2 CH§1.2 (C), 133.1 (CH), 133.2 (2 CH), 134.1
(CH), 138.7 (C), 139.2 (C), 142.4 (C), 150.8 (CL/MS EST tg 3.28 min, (m/z) [M+H]
466.80/468.68. HRMS (+ESI): 467.0572 (M ¥)HCalcd for G,H15CIN4O,S: 467.0575.

4.1.1.10. 6-Chloro-3-nitro-2-(phenylsulfonylmethyh8-(thiophen-2-ylethynyl)imidazo[1,2-
alpyridine (13)

Compound 13 was obtained after purification by chromatographyeluent:
dichloromethane/cyclohexane/diethyl ether 5/4.5/@r recrystallization from acetonitrile as a
yellow solid in 65% vyield (0.28 g). mp 220 °éH NMR (400 MHz, CDCJ) &: 5.19 (2H, s),
7.08-7.11 (1H, m), 7.44-7.66 (5H, m), 7.77 (1H,7s89 (2H, dJ = 7.7 Hz), 9.40 (1H, s)C
NMR (100 MHz, CDCY) ¢: 56.8 (CH), 85.3 (C), 93.2 (C), 115.4 (C), 121.4 (C), 12&2H),
125.5 (C), 127.6 (CH), 128.8 (2 CH), 129.3 (2 Ct9.8 (CH), 131.3 (C), 134.2 (CH), 134.3
(CH), 134.5 (CH), 139.2 (C), 139.8 (C), 142.6 (CE/MS ESI tg 3.79 min, (m/z) [M+H]
457.72/459.88. HRMS (+ESI): 458.0031 (M $)HCalcd for GoH12CIN3O,4S,: 458.0031.

4.1.1.11. 6-Chloro-3-nitro-2-(phenylsulfonylmethyh8-(pyridin-3-ylethynyl)imidazo[1,2-
alpyridine (14)

Compoundl14 was obtained after purification by chromatogragbluent: chloroform/diethyl
ether 8/2) as a yellow solid in 36% yield (0.15mp 240 °C*H NMR (400 MHz, DMSO#)



5.31 (2H, s), 7.56-7.61 (3H, s), 7.68-7.72 (1H7sJ9-7.81 (2H, m), 7.99-8.02 (1H, m), 8.30
(1H, d,J = 1.9 Hz), 8.70 (1H, ddl = 1.6 Hz and 4.9 Hz), 8.77 (1H, 3= 1.6 Hz), 9.37 (1H, d]

= 1.9 Hz)."*C NMR (100 MHz, DMSOdg) §: 55.8 (CH), 85.0 (C), 94.2 (C), 112.8 (C), 118.2
(C), 123.6 (C), 123.9 (CH), 126.5 (CH), 128.3 (2)C#29.2 (2 CH), 131.3 (C), 134.1 (CH),
135.1 (CH), 138.7 (C), 138.9 (CH), 139.4 (C), 142, 150.1 (CH), 151.8 (CH). LC/MS ESI
tr 2.91 min, (m/z) [M+H] 452.77/454.84. HRMS (+ESI): 453.0417 (M +)HCalcd for
C,1H13CIN4O,S: 453.0419.

4.1.1.12. 6-Chloro-3-nitro-8-(3-phenoxyprop-1-yn-1d)-2-
(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (15)

Compoundl5 was obtained after purification by chromatografdyent: dichloromethane/ethyl
acetate 9.8/0.2) as a dark solid in 74% vyield (@B3np 72 °C*H NMR (250 MHz, DMSOl)

0. 5.17 (2H, s), 5.27 (2H, s), 6.98-7.09 (2H, mB2~7.39 (3H, m), 7.56-7.62 (2H, m), 7.70—
7.80 (3H, m), 8.16 (1H, dl = 1.7 Hz), 9.31 (1H, dJ = 1.9 Hz).**C NMR (62.5 MHz, DMSO-
ds) 0: 55.8 (CH), 56.0 (CH), 79.0 (C), 93.8 (C), 112.6 (C), 114.9 (2 CH), #2(CH), 123.5
(C), 126.3 (CH), 128.1 (2 CH), 129.2 (2 CH), 12@5CH), 131.2 (C), 134.1 (CH), 135.2 (CH),
138.7 (C), 139.2 (C), 1425 (C), 157.3 (C). LC/IMSSIEtr 3.73 min, (m/z) [M+H]
480.60/483.76. HRMS (+ESI): 482.0572 (M $)HCalcd for GsH16CIN3:OsS: 482.0572.

4.1.1.13. 6-Chloro-8-[(4-hydroxymethyl)phenylethynlj-3-nitro-2-
(phenylsulfonylmethyl)imidazo[1,2-a]pyridine (16)

Compoundl6 was obtained after purification by chromatograpdyent: dichloromethane/ethyl
acetate 9/1) and recrystallization from propan-2sk pale yellow solid in 68% yield (0.30 g).
mp 187 °C!H NMR (250 MHz, DMSOsg) 6: 4.58 (2H, d,J = 5.4 Hz), 5.31 (2H, s), 5.38 (1H, t,
J = 5.6 Hz), 7.44-7.48 (2H, m), 7.52-7.63 (4H, my0%7.75 (1H, m), 7.79-7.82 (2H, m), 8.24
(1H, d,J = 1.7 Hz), 9.33 (1H, dJ = 1.8 Hz).*C NMR (62.5 MHz, DMSOdg) J: 55.8 (CH),
62.4 (CH), 81.7 (C), 98.0 (C), 113.6 (C), 119.0 (C), 1229, 125.8 (CH), 126.7 (2 CH), 128.2
(2 CH), 129.2 (2 CH), 131.2 (C), 131.5 (2 CH), 1I34CH), 134.5 (CH), 138.7 (C), 139.3 (C),
142.3 (C), 144.8 (C). LC/MS ESIr 3.29 min, (m/z) [M+H] 480.61/483.75. HRMS (+ESI):
482.0571 (M + H). Calcd for GsH16CIN3OsS: 482.0572.

4.1.1.14. 4-[6-Chloro-3-nitro-2-(phenylsulfonylmetll]imidazo[1,2-a]pyridin-8-yl)-2-
phenylbut-3-yn-2-ol (17)
Compound 17 was obtained after purification by chromatographyeluent:

dichloromethane/methanol 9.8/0.2) and recrystdlbmafrom propan-2-ol as a yellow solid in
72% vyield (0.33 g). mp 160 °CH NMR (250 MHz, DMSOeg) 6: 1.77 (3H, s), 5.30 (2H, s),



6.48 (1H, s), 7.31-7.46 (3H, m), 7.56-7.62 (2H, MJ0-7.75 (3H, m), 7.81-7.84 (2H, m), 8.18
(1H, s), 9.35 (1H, s)*C NMR (62.5 MHz, DMSOdg) 6: 33.5 (CH), 56.0 (CH), 68.7 (C), 76.0
(C), 103.4 (C), 113.5 (C), 123.6 (C), 125.0 (2 CH)5.8 (CH), 127.2 (CH), 128.0 (2 CH), 128.1
(2 CH), 129.2 (2 CH), 131.2 (C), 134.1 (CH), 134CH), 138.8 (C), 139.3 (C), 142.5 (C), 145.8
(C). LC/IMS EST tg 3.66 min, (m/z) [M+NH]* 511.53/512.76/514.32. HRMS (+ESI): 518.0547
(M + Na). Calcd for G4H16CIN3OsS, Na: 518.0548.

4.1.1.15. 3-[6-Chloro-3-nitro-2-(phenylsulfonylmetlgl)imidazo[1,2-a]pyridin-8-yl]prop-2-
yn-1-ol (18)

Compoundl8 was obtained after purification by chromatograpyent: dichloromethane/ethyl
acetate 9/1) as a white solid in 60% yield (0.23ng) 225 °C*H NMR (300 MHz, DMSO#l)
0:4.42 (2H, dJ =5.54 Hz), 5.56 (2H, s), 5.58 (1HJt= 6.2 Hz), 7.58-7.63 (2H, m), 7.74-7.80
(3H, m), 8.11 (1H, s), 9.30 (1H, SYC NMR (75 MHz, DMSO) J: 49.6 (CH), 55.9 (CH),
76.4 (C), 99.0 (C), 113.5 (C), 123.6 (C), 125.9 jCH28.1 (2 CH), 129.3 (2 CH), 131.2 (C),
134.2 (CH), 134.8 (CH), 138.7 (C), 139.1 (C), 142®. LC/MS ESI tz 1.79 min, (m/z)
[M+NH,4]" 422.88/425.02. HRMS (+ESI): 406.0259 (M +)HCalcd for G7H12CIN3OsS:
406.0259.

4.1.1.16. 4-[6-Chloro-3-nitro-2-(phenylsulfonylmetll)imidazo[1,2-a]pyridin-8-yl]but-3-yn-
1-ol (19)

Compound 19 was obtained after purification by chromatographyeluent:
dichloromethane/methanol 9.5/0.5) and recrystdlbnafrom acetonitrile as a beige solid in 67%
yield (0.26 g). mp 185 °CH NMR (400 MHz, CDG}) d: 2.78-2.86 (3H, m), 3.89 (2H, s), 5.15
(2H, s), 7.55-7.67 (4H, m), 7.87-7.90 (2H, m), 9B, s).**C NMR (100 MHz, CDGJ) ¢
24.6 (CH), 56.8 (CH), 60.7 (CH), 75.1 (C), 100.1 (C), 115.8 (C), 124.7 (CH), B28C), 128.6
(2 CH), 129.4 (2 CH), 131.3 (C), 134.1 (CH), 134CH), 139.3 (C), 139.4 (C), 143.6 (C).
LC/MS ESI tg 2.13 min, (m/z) [M+H] 419.81/421.93. HRMS (+ESI): 420.0416 (M +)H
Calcd for GgH14CIN3OsS: 420.0415.

4.1.1.17. 4-[6-Chloro-3-nitro-2-(phenylsulfonylmetll)imidazo[1,2-a]pyridin-8-yl]but-3-yn-
2-ol (20)

Compound 20 was obtained after purification by chromatographyeluent:
dichloromethane/methanol 9.8/0.2) and recrystdlbrafrom propan-2-ol as a beige solid in
67% yield (0.26 g). mp 196 °CH NMR (300 MHz, CDGJ) ¢: 1.60 (3H, dJ = 6.1 Hz), 3.62
(1H, s), 4.88 (1H, bs), 5.18 (2H, s), 7.51-7.56,(&H), 7.64—7.70 (2H, m), 7.85-7.87 (2H, m),
9.36 (1H, s)*C NMR (75 MHz, CDG)) d: 23.6 (CH), 56.6 (CH), 58.5 (CH), 75.9 (C), 102.3
(C), 114.8 (C), 125.0 (CH), 125.3 (C), 128.4 (2 CH)9.3 (2 CH), 131.1 (C), 134.2 (CH), 134.7



(CH), 139.0 (C), 139.4 (C), 142.9 (C). LC/MS ES 2.28 min, (m/z) [M+NH]* 436.88/438.9.
HRMS (+ESI): 420.0418 (M + B. Calcd for GgH14CIN3OsS: 420.0415.

4.1.1.18. 4-[6-chloro-3-nitro-2-(phenylsulfonylmetiil)imidazo[1,2-a]pyridin-8-yl]-2-
methylbut-3-yn-2-ol (21)

Compound21 was obtained after purification by chromatograpéiyént: dichloromethane/ethyl
acetate 9/1) and recrystallization from propan-2ok pale yellow solid in 78% yield (0.31 g).
mp 193 °C!H NMR (400 MHz, DMSO-g) J: 1.50 (6H, s), 5.27 (2H, s), 5.71 (1H, s), 7.5847.
(2H, m), 7.72-7.81 (3H, m), 8.04 (1H, s), 9.30 (3H°C NMR (100 MHz, DMSO-g) J: 31.2
(2 CHg), 55.9 (CH), 63.8 (C), 73.5 (C), 105.0 (C), 113.8 (C), 128X, 125.6 (CH), 128.1 (2
CH), 129.2 (2 CH), 131.2 (C), 134.2 (CH), 134.8 {C#38.8 (C), 139.2 (C), 142.4 (C). LC/MS
ESI tz 2.73 min, (m/z) [M+NH]* 450.37/452.80. HRMS (+ESI): 434.0571 (M $)HCalcd for
Ci19H16CIN3OsS: 434.0572.

4.1.1.19. 6-[6-Chloro-3-nitro-2-(phenylsulfonylmetlyl)imidazo[1,2-a]pyridin-8-yl]hex-5-yn-
3-ol (22)

Compound22 was obtained after purification by chromatogragbluent: cyclohexane/ethyl
acetate 4/5) and recrystallization from propan-2sh white solid in 60% yield (0.25 g). mp 154
°C.'H NMR (400 MHz, DMSOdg) 5: 0.93 (3H, tJ = 7.4 Hz), 1.39-1.70 (2H, m), 2.63 (2H,Xd,

= 5.9 Hz), 3.59-3.69 (1H, m), 4.91 (1H,Xs 5.2 Hz), 5.25 (2H, s), 7.58-7.63 (2H, m), 7.73-
7.79 (3H, m), 8.04 (1H, &, = 1.9 Hz), 9.28 (1H, d] = 1.9 Hz).*C NMR (100 MHz, DMSOds)

0: 10.0 (CH), 27.9 (CH), 28.9 (CH), 55.9 (CH), 69.9 (CH), 74.5 (C), 98.7 (C), 114.4 (C),
123.6 (C), 125.3 (CH), 128.1 (2 CH), 129.3 (2 CH)1.1 (C), 134.2 (CH), 134.6 (CH), 138.8
(C), 139.1 (C), 142.8 (C). LC/MS ESk 2.88 min, (m/z) [M+H] 447.51/448.78/450.54. HRMS
(+ESI): 448.0728 (M + B. Calcd for GoH1gCIN3OsS: 448.0728.

4.1.1.20. 1-{[6-Chloro-3-nitro-2-(phenylsulfonylmeliyl)imidazo[1,2-a]pyridin-8-
yllethynyl}cyclopentanol (23)

Compound 23 was obtained after purification by chromatographyeluent:
dichloromethane/methanol 9.8/0.2) and recrystdlbmafrom propan-2-ol as a white solid in
61% yield (0.26 g). mp 214 °GH NMR (400 MHz, DMSO-g) 6: 1.68-1.81 (4H, m), 1.87-1.99
(4H, m), 5.27 (2H, s), 5.55 (1H, s), 7.59-7.63 (24}, 7.73-7.80 (3H, m), 8.05 (1H, = 1.9
Hz), 9.30 (1H, dJ = 1.9 Hz).**C NMR (100 MHz, DMSO-g) §: 23.1 (2 CH), 41.9 (2 CH),
55.9 (CH), 72.9 (C), 74.4 (C), 104.3 (C), 113.9 (C), 12&9, 125.6 (CH), 128.1 (2 CH), 129.3
(2 CH), 131.2 (C), 134.2 (CH), 134.7 (CH), 138.8,(39.2 (C), 142.5 (C). LC/MS ESk 3.35



min, (M/z) [M+NH]* 476.91/478.71. HRMS (+ESI): 460.0727 (M +"H Calcd for
Cle13C|N3O5SZ 460.0728.

4.1.1.21. 1-{[6-Chloro-3-nitro-2-(phenylsulfonylmehiyl)imidazo[1,2-a]pyridin-8-
yllethynyl}cyclohexanol (24)

Compound 24 was obtained after purification by chromatographyeluent:
dichloromethane/methanol 9.6/0.4) and recrystdlbnafrom acetonitrile as a white solid in 77%
yield (0.34 g). mp 232 °CH NMR (400 MHz, DMSO#) &: 1.26 (1H, bs), 1.49-1.65 (8H, m),
1.84-1.90 (2H, m), 5.25 (2H, s), 7.56—7.63 (2H, Thy1-7.80 (3H, m), 8.07 (1H, d,= 1.83
Hz), 9.31 (1H, dJ = 1.81 Hz).**C NMR (100 MHz, DMSOdg) J: 22.6 (2 CH), 24.8 (CH),
39.4 (2 CH), 56.0 (CH), 67.3 (C), 75.7 (C), 104.2 (C), 113.9 (C), 129, 125.6 (CH), 128.0
(2 CH), 129.2 (2 CH), 131.2 (C), 134.1 (CH), 134GH), 138.8 (C), 139.3 (C), 142.5 (C).
LC/MS ESI tg 3.58 min, (m/z) [M+NH]* 490.94/492.91. HRMS (+ESI): 474.0887 (M +)H
Calcd for G2H20CIN3OsS: 474.0885.

4.1.1.22. Preparation of 4-[3-amino-6-chloro-2-(pheylsulfonylmethyl)imidazol[1,2-
a]pyridin-8-yl]but-3-yn-1-ol (25)

A mixture of 8-bromo-6-chloro-3-nitro-2-(phenylsaifylmethyl)imidazo[1,2a]pyridine 4 (400
mg, 1 equiv.) in acetic acid (60 mL), iron powdéd9 mg, 10 equiv.) was stirred and heated
under reflux for 30 min. The mixture was then fi#éé through celite and the solvent was
evaporatedn vacuo The resulting residue was diluted with@Hand basified with saturated
aqueous NaHC® The mixture was extracted three times with diatreethane, dried over
MgSQ,, filtered and evaporated. Then, a mixture of thevipus residue (200 mg, 1 equiv.),
tetrakis(triphenylphosphine)palladium(0) (57.8 ntjl equiv.), copper iodide (9.5 mg, 0.1
equiv.), diisopropylamine (843 uL, 12 equiv.) ang-B-yn-1-ol (57 pL, 1.5 equiv.) in THF (7
mL) was stirred under Nat room temperature for 24 h. The reaction mixives then slowly
poured into an ice-water mixture. The resultingpemsion was filtered. Compourzb was
obtained after purification by flash chromatograp{gluent: dichloromethane/ethyl acetate
20/80) as a yellow solid in 57 % yield (111 mg). &0 °C.*H NMR (400 MHz, DMSO#)
2.63 (2H, tJ = 6.8 Hz), 3.60 (2H, dd] = 10.6, 6.4 Hz), 4.79 (2H, s), 4.94 (1H, s), 528, s),
7.12 (1H, dJ = 1.8 Hz), 7.59 (2H, t) = 7.7 Hz), 7.71 (1H, t) = 7.4 Hz), 7.82 — 7.76 (2H, m),
8.20 (1H, dJ = 1.8 Hz).**C NMR (100 MHz, DMSOdg) d: 23.6 (CH), 54.5 (CH), 59.6 (CH),
75.9 (CH), 95.2 (CH), 113.0 (C), 115.9 (CH), 1173, 120.0 (C), 124.8 (CH), 128.1 (2 CH),
129.0 (2 CH), 132.3 (C), 133.6 (C), 136.1 (CH), B3€C). LC/MS ESI tg 1.86 min, (m/z)
[M+H]" 390.02/392.02. HRMS (+ESI): 390.0671 [M+H] Calcd for GgHieCIN3OsS :
390.0674.



4.1.2. Electrochemistry

Voltammetric measurements were carried out withotemqtiostatAutolab PGSTAT100 (ECO
Chemie, The Netherlands) controlled by GPES 4.08vace. Experiments were performed at
room temperature in a homemade airtight three—+el@etcell connected to a vacuum/argon line.
The reference electrode consisted of a saturatkxined electrode (SCE) separated from the
solution by a bridge compartment. The counter selet was a platinum wire of 1 cm? apparent
surface. The working electrode was GC microdisk fhm of diameter — Bio-logic SAS). The
supporting electrolyte (nBN)[PFs] (Fluka, 99% puriss electrochemical grade) andsibleent
DMSO (Sigma-Aldrich puriss p.a. dried <0.02% wate®re used as received and simply
degassed under argon. The solutions used duringlésrochemical studies were typically>10
M in compound and 0.1 M in supporting electrolyBefore each measurement, the solutions
were degassed by bubbling Ar and the working edéetwas polished with a polishing machine
(Presi P230). Under these experimental conditiompl@yed in this work, the half-wave
potential (&) of the ferrocene Fc+/Fc couple in DMSO wag £0.45 V vs SCE. Experimental
peak potentials have been measured versus SCoandrted to NHE by adding 0.241 V.

4.2. Biology

4.2.1. Antileishmanial activity againstL. donovani promastigotes

Leishmaniaspecies used in this study weredonovani(MHOM/IN/OO/DEVI) purchased from
CNR Leishmania (Montpellier, Francel.eishmania promastigotes forms were grown in
Schneider's Drosophila medium (Life Technologieajn&Aubin, France) supplemented with
100 U/mL penicillin, 100 pg/mL streptomycin, 2 mM-dlutamine and 20% FCS (Life
Technologies, Saint-Aubin, France) at 27 °C. Timevitro evaluation of the antileishmanial
activity on promastigote forms of the tested commbwvas carried out by an MTT assay
according to the protocol of Mosmann with some rficalions. [29] Briefly, promastigotes in
log-phase were incubated at an average densit9°garasites/mL in sterile 96-well plates with
various concentrations of compound dissolved in @M@&nal concentration less than 0.5%
vlv), in duplicate. Appropriate controls treated IMSO, miltefosine, amphotericin B,
fexinidazole and doxorubicin (reference drugs pased from Sigma-Aldrich, Saint-Louis,
Missouri, USA) were added to each set of experisiefstter a 72h incubation period at 27 °C,
parasitic metabolic activity was determined. Ealdtgpwell was then microscope-analyzed for
detecting possible precipitate formation. 20 pL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (Sigma-Aldrich, Salrduis, Missouri, USA) solution (5 mg/mL
in PBS) were added to each well followed and intedbd h at 27 °C. The enzyme reaction was



then stopped by addition of 100 pL of 50% isoprapan10% sodium dodecyl sulfate. Plates
were shaken vigorously at 300 rpm for 10 min. Theoabance was finally measured at 570 nm
in a BIO-TEK EIx808 (Biotek, Colmar, France) absambe microplate reader. Inhibitory
concentration 50% (Ef) was defined as the concentration of drug requiceshhibit by 50%

the metabolic activity of eishmanialpromastigotes forms compared to the controlsoBiere
calculated by non-linear regression analysis pmEx@tsiose-response curves, using TableCurve
2D V5.0 software. E€ values represent the mean value calculated fronkeast three

independent experiments.

4.2.2. Antileishmanial activity onL. infantum axenic amastigotes [30]

L. infantumpromastigotes (MHOM/MA/67/ITMAP-263, CNR LeishmaniMontpellier, France,
expressing luciferase activity) were cultivatedRRMI 1640 medium supplemented with 10%
foetal calf serum (FCS), 2 mM L-glutamine and aiotibs (100 U/mL penicillin and 100 pg/mL
streptomycin) and harvested in logarithmic phasgrofvth by centrifugation at 900 g for 10
min. The supernatant was removed carefully and nepkced by the same volume of RPMI
1640 complete medium at pH 5.4 and incubated fon 24 24 °C. The acidified promastigotes
were then incubated for 24 h at 37 °C in a vemtddtask to transform promastigotes into axenic
amastigotes. The amastigote stage was checkedblyo#thectron microscopy (short flagellum
with small bulbous tip extending beyond a sphergedl body) and RT-PCR for confirming the
overexpression of ATG8 and amastin genes in anmstgcompared to promastigotes. The
effects of the tested compounds on the growth. afifantumaxenic amastigotes were assessed
as follows.L. infantumamastigotes were incubated at a density of 2%paéasites/mL in sterile
96-well plates with various concentrations of comompds dissolved in DMSO (final
concentration less than 0.5% v/v), in duplicatepipriate controls DMSO, amphotericin B,
miltefosine and fexinidazole (reference drugs pased from Sigma Aldrich) were added to
each set of experiments. After a 48 h incubationogeat 37 °C, each plate-well was then
microscopically-examined to detect any precipifatenation. To estimate the luciferase activity
of axenic amastigotes, 80 pL of each well weredfiemed to white 96-well plates, Steady
Glow® reagent (Promega) was added according to faenuer's instructions, and plates were
incubated for 2 min. The luminescence was measureblicrobeta Luminescence Counter
(PerkinElmer). Efficient concentration 50% (&Cwas defined as the concentration of drug
required to inhibit by 50% the metabolic activitylo infantumamastigotes compared to control.
ECso values were calculated by non-linear regressioalyars processed on dose response
curves, using TableCurve 2D V5 software.sE@alues represent the mean of three independent

experiments.



4.2.3. Antitrypanosomal evaluation onrl. b. brucei BSF trypomastigotes

The effects of the tested compounds on the growth. d. bruceiwere assessed by Alamar
Blue® assay described by Rér al [31] T. b. bruceiAnTat 1.9 (IMTA, Antwerpen, Belgium)
was cultured in MEM with Earle’s salts, supplemeénéecording to the protocol of Balét al.
[32] with the following modifications: 0.5 mM menstethanol (Sigma Aldri¢h France), 1.5
mM L-cysteine (Sigma Aldric), 0.05 mM bathocuproine sulfate (Sigma Aldfickand 20%
heat-inactivated horse serum (Gibco®, France)7&C3and 5% C@ They were incubated at an
average density of 2000 parasites/100 L in st@flevells plates (Fish& France) with various
concentrations of compounds dissolved in DMSO, uplidate. Appropriate controls treated by
DMSO on sterile water, suramin, eflornithine angiriedazole (reference drugs purchased from
Sigma Aldrich, France and Fluorochem, UK) were alddeeach set of experiments. After a 69 h
incubation period at 37 °C, 10 uL of the viabilityarker Alamar BIu8 (Fisher, France) was
then added to each well, and the plates were inedbfor 5 h. The plates were read in a
ENSPIRE microplate reader (PerkinElmer) using aatation wavelength of 530 nm and an
emission wavelength of 590 nm. gGvas defined as the concentration of drug necedsary
inhibit by 50% the activity off. b. bruceicompared to the control. E£were calculated by
nonlinear regression analysis processed on dopefiss curves, using GraphPad Prism

software (USA). EG values were calculated from three independentrerpats.
4.2.4. Antitrypanosomal evaluation on the developnmé of T. cruz amastigotes

Vero cells (normal kidney epithelial cells Gfercopithecus aethiopavere obtained from the
Virology Laboratory of the Pitié Salpétriere HogpifParis, France). At late exponential growth
phase, trypsin-treated Vero cells were subcultexesty seven days in RPMI-1640 medium (Life
technologies) supplemented with streptomycin/p#imciLife technologies) and 5% heat-
inactivated foetal bovine serum (FBS) (Life techgads). Subcultures were maintained at 37 °C
in a humidified atmosphere of 5% @QCL Brener strain (collection number: MNHN-CEU-
2016-0159) was a gift from Pr. P. Grellier of theiddum National d’Histoire Naturelle (Paris,
France). T. cruzi stocks were maintained by weekly passage in Veslss.c Infectious
trypomastigotes were collected from culture suptamts.

Then, sterile, 6-well plates were seeded with egptially growing Vero cells (40,000 cells per
cn? in 2, 2 mL RPMI with serum per well) harvestednfrdhe preceding subcultures, were
added to each well. After incubation at 37 °C fata¥s in 5% C@in air, the cells were infected
with T. cruzitrypomastigotes in ratio 3:1 (parasites : hoslsgeAfter 24 h, the non-infecting
trypomastigotes removed by washing twice with HBS&er (without C&" and Md") and the
chemical compounds in completed RPMI media wereeddchmediately, to be tested to their

inhibitory effects on parasite growth and developmeCulture plates were incubated for an



additional 120 h at 37 °C with 5% GO@hree replicate wells for each condition were dabe
days 5 and 6 post-infection, trypomastigotes weleased from the cells. On day 6, the culture
medium was removed and transferred to a centrifulge. Attached infected cells were washed
with 5 mL of HBSS buffer. The culture medium andsWacontaining trypomastigotes were
mixed and centrifuged at 1000 g for 15 min at rdemperature. Subsequently, trypomastigotes
re-suspended in 2 mL and counted in a haemocytor(tetea cells) using a light microscope.
For 50% effective concentration (Eff determinations, compounds were serially diluted 2-
fold in RPMI media, with final assay concentratio@gging from 0.1 to 25 uM. The 50%
inhibiting concentrations (Ef), defined as the drug concentration that resuitech 50%
reduction of trypomastigotes compared to the neatéd controls was estimated by non-linear
regression analysis. E&£values represent the mean value calculated from ihdependent

experiments that were performed in triplicate.

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

expressing strain.

The clonalLeishmania donovargell line LABOB (derived from MHOM/SD/62/1S-CL2Was
grown as promastigotes at 26 °C in modified M19%liaeas previously described [33]. LABOB
promastigotes overexpressing NTR1 (LinJ.05.0666)] find NTR2 (LinJ.12.0730) [17] were
grown in the presence of nourseothricin (100 pg/nib) examine the effects of test compounds
on growth, triplicate promastigote cultures weredssl with 5 x 19 parasites/mL. Parasites
were grown in 10 mL cultures in the presence ofydar 72 h, after which 200L aliquots of
each culture were added to 96-well plates, B0 resazurin was added to each well and
fluorescence (excitation of 528 nm and emissiorb® nm) measured after a further 4 h
incubation [15]. Data were processed using GRARI@rgion 5.0.4; Erithacus software) and
fitted to a 2-parameter equation, where the datacarrected for background fluorescence, to
obtain the effective concentration inhibiting grovity 50% (EGo):

100

)
ECy,

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

y:

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

4.2.6 Antitrypanosomal activity onT. brucel NTR1 over-expressing strain.
Trypanosoma brucdbloodstream-form 'single marker' S427 (T7RPOL TEYRO) and drug-
resistant cell lines were cultured at 37 °C in HMI®nedium [34] supplemented with 2u§/mL

G418 to maintain expression of T7 RNA polymerasd #re tetracycline repressor protein.



Bloodstream trypanosomes overexpressingrtharuceinitroreductase (NTR1) [35] were grown
in medium supplemented with 2u§/mL phleomycin and expression of NTR was induced by the
addition of 1pg/mL tetracycline. Cultures were initiated with 1 x*1@lls/mL and sub-cultured
when cell densities approached 1-2 (¥)/L.
In order to examine the effects of inhibitors oe tirowth of these parasites, triplicate cultures
containing the inhibitor were seeded at 1 X fiffpanosomes/mL. Cells overexpressing NTR
were induced with tetracycline 48 h prior to gg@nalysis. Cell densities were determined after
culture for 72 h, as previously described [36].sE@lues were determined using the following
two-parameter equation by non-linear regressionguGRAFIT:
where the experimental data were corrected for drackd cell density and expressed as a
percentage of the uninhibited control cell density.

100
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EC,

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

y:

4.2.7. Cytotoxicity evaluation on HepG2 cell line

HepG2 cell line was maintained at 37 °C, 6%,@@th 90% humidity in RPMI supplemented
with 10% foetal bovine serum, 1% L-glutamine (200 )nhand penicillin (100
U/mL)/streptomycin (100 mg/mL) (complete RPMI mediu The evaluation of the tested
molecules cytotoxicity on the HepG2 (hepatocarciaall line purchased from ATCC, ref HB-
8065) cell line was performed according to the meétlof Mosmann [29] with slight
modifications. Briefly, 5 x 1dcells in 100 mL of complete medium were inoculaitet each
well of 96-well plates and incubated at 37 °C ihwuanidified 6% CQ. After 24 h incubation,
100 mL of medium with various product concentragiaiissolved in DMSO (final concentration
less than 0.5% v/v) were added and the plates weubated for 72 h at 37 °C. Triplicate assays
were performed for each sample. Each plate-well thee microscope-examined for detecting
possible precipitate formation before the mediuns aspirated from the wells. 100 mL of MTT
(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenylktetrazolium bromide) solution (0.5 mg/mL in
medium without FCS) were then added to each wells@vere incubated for 2 h at 37 °C. After
this time, the MTT solution was removed and DMS@Q(ImL) was added to dissolve the
resulting blue formazan crystals. Plates were giakgorously (700 rpm) for 10 min. The
absorbance was measured at 570 nm with 630 nmfexenmee wavelength using a BIO-TEK
ELx808 Absorbance Microplate Reader. DMSO was wsetlank and doxorubicin (purchased
from Sigma Aldrich) as positive control. Cell vilityi was calculated as percentage of control

(cells incubated without compound). The 50% cytataoncentration (C&) was determined



from the dose-response curve by using the TableCRBr v.5.0 software (Jandel scientific).

CGCsp values represent the mean value calculated froee independent experiments.

4.2.8. Cytotoxicity on THP-1 cell line

The evaluation of the tested molecules cytotoxicitythe THP-1 cell line (acute monocytic
leukemia cell line purchased from ATCC, ref TIB-2@2as performed according to the method
of Mosman [29] with slight modifications. Brieflgells in 100 uL of complete RPMI medium,
were incubated at an average density of 5 %cBlls/mL in sterile 96-well plates with various
concentrations of compounds dissolved in DMSO [feencentration less than 0.5% v/v), in
duplicate. The plates were incubated for 72 h at@7Each well plate was then microscope-
examined for detecting possible precipitate fororatiefore the medium was aspirated from the
wells. 100 pL of MTT solution (0.5 mg/mL in mediuwithout FCS) were then added to each
well. Cells were incubated for 2 h at 37 °C. Aftieis time, the MTT solution was removed and
DMSO (100 pL) was added to dissolve the resultilg fiormazan crystals. Plates were shaken
vigorously (300 rpm) for 10 min. The absorbance wasasured at 570 nm with 630 nm as
reference wavelength spectrophotometer using a HI®Q- ELx808 Absorbance Microplate
Reader. DMSO was used as blank and doxorubicirciased from Sigma Aldrich) as positive
control. Cell viability was calculated as percemtagf control (cells incubated without
compound). The 50% cytotoxic concentration {gfQvas determined from the dose-response
curve by using the TableCurve 2D v.5.0 software.s{C@lues represent the mean value
calculated from three independent experiments.

4.2.9. Ames test

Mutagenicity test was carried out by using a medifversion of the liquid incubation assay of
the classical Ames test [373. typhimuriuntester strains (TA97a, TA98, TA100 and TA102)
were grown overnight in a Nutrient Broth n°2 (Oxoferance). After this period, 5 - 50 mM
DMSO solutions of the tested drugs were addedlarl of culture and incubated with 4% S9
mix for 1 h at 37 °C with shaking. Each sample wssayed in duplicate. After incubation, 2 mL
of molten top agar were mixed gently with the predbated solution and poured onto Vogel-
Bonner minimal agar plates. After 48 h at 37 °Ghia dark, the number of spontaneous and drug
induced revertants per plate was determined fon dase with a laser bacterial colony counter.
A product was considered mutagenic when it induzedsvo-fold increase of the number of
revertants compared with the spontaneous frequémegative control). For eacBalmonella

strain, a positive- (using benafpyrene) and solvent-control were performed witim89

4.2.10. Comet assay



The alkaline comet assay was used to detect DNAndtrbreaks and alkali-labile sites.
Trypsinized HepG2 cells were embedded in 0.7% lositing point agarose (Sigma “Low
Gelling Temperature”) and laid on pre-cut sheetpafester film (Gelbond film) to perform
minigel deposits as previously described [38]. Rilere then placed in lysis solution (NaCl 2.5
M, Na&EDTA 0.1 M, Tris 10 mM, 1 % Triton X-100, 10 % DMS@H 10) for 18h at 4 °C.
Electrophoresis (with a solution which contained@ BL NaOH, 1 mM NgEDTA, pH > 13) was
processed for 24 min in a tank with a power sugpyng 28 V (resulting in 0.8 V/cm). After
electrophoresis, films were immersed 2 x 5 min BSHor neutralization, followed by fixation
in 100% ethanol for 1.5 h and drying. After stafinith SYBR® Gold (Life Technologies) at 10
000 X dilution for 20 min, films were observed & 2 magnification with an epifluorescence
microscope equipped with an automated platform gNINIE) and coupled to a camera (DS-
Q1Mc) and the software Nikon NiS Element Advanceelséarch to automatically capture
images. In these images, for each cell, the lef/&NA damage was evaluated using a semi-
automated scoring system, by measurement of teasity of all tail pixels divided by the total
intensity of all pixels in head and tail of comy, means of the software “Lucia comet assay”
(Laboratory Imaging, Prague Czech Republic). Fdells per deposit and three deposits per

sample were analyzed. The median from these valas<alculated, and named “% tail DNA”.

4.3.1n vitro Pharmacokinetic and physicochemical studies

4.3.1. Plasma protein binding procedure

Plasma doped with the tested compound is incubate@7 °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 h at 300 rpm, a 2k aliquot of each compartment is taken and diluted;
the dilution solution is adapted to obtain an id=dtmatrix for all the compartments after
dilution. In parallel, the reprocessing of a plaso@ed but not incubated will allow to evaluate
the recovery of the study. The LC-MS used for stisdy is a WatefsAcquity I-Class / Xevo
TQD, equipped with a WatétsAcquity BEH C18 column, 50 x 2.1 mm, 1.7 pM. Thebite
phases are (A) ammonium acetate 10 mM and (B) aite® with 0.1% formic acid. The
injection volume is 1 pL and the flow rate is 600/min. The chromatographic analysis, total
duration of 4 min, is made with the following gredi: 0 <t < 0.2 min, 2% (B); 0.2 <t <2 min,
linear increase to 98% (B); 2 <t < 2.5 min, 98%; (B5 <t < 2.6 min, linear decrease to 2%
(B); 2.6 <t <4 min, 2% (B). Carbamazepine, oxarepwarfarin and diclofenac are used as

reference drugs and propranolol is used as intestaldard. The unbound fraction)(fis



APlasma,4h_APBS,4h

calculated according to the following formulg:= %X 100. The percentage of

APlasma,4h

recovery is calculated according to the followingula:

(Veps X Appsan) + (Vplasma X Aplasmah)

(VPlasma X APlasma,Oh)

% Recovery =

Where A is the ratio of the area under peak ofstiuelied molecule and the area under peak of
the internal standard (propranolol 200 nM). V is thiolume of solution present in the
compartments (Mss= 350 pL and Wasma= 200 pL).

4.3.2. Microsomal stability protocol

The tested product and propranolol, used as refereare incubated in duplicate (reaction
volume of 0.5 mL) with female mouse microsomes (G20 mg/mL, BD Gentest™) at 37 °C
in a 50 mM phosphate buffer, pH 7.4, in the preseat MgCL (5 mM), NADP (1 mM),
glucose-6-phosphate dehydrogenase (0.4 U/mL) aodogg-6-phosphate (5 mM). For the
estimation of the intrinsic clearance: 50 pL aligabO0, 5, 10, 20, 30 and 40 min are collected
and the reaction is stopped with 4 volumes of au#gte (ACN) containing the internal
standard. After centrifugation at 10000 g, 10 nrf,C, the supernatants are kept at 4 °C for
immediate analysis or placed at -80 °C in caseostgonement of the analysis. Controfsaftd
trinar) iN triplicate are prepared by incubation of theernal standard with microsomes denatured
by acetonitrile. The LC-MS used for this study isMater§ Acquity I-Class / Xevo TQD,
equipped with a WatetsAcquity BEH C18 column, 50 x 2.1 mm, 1.7 um. Thehife phases
are (A) ammonium acetate 10 mM and (B) acetonitnith 0.1% formic acid. The injection
volume is 1 pL and the flow rate is 600 pL/min. Tdeomatographic analysis, total duration of
4 min, is made with the following gradient: 0 < t02 min, 2% (B); 0.2 <t < 2 min, linear
increase to 98% (B); 2 <t < 2.5 min, 98% (B); 2.6< 2.6 min, linear decrease to 2% (B); 2.6 <
t <4 min, 2% (B). 8-Bromo-6-chloro-3-nitro-2-(phgsulfonylmethyl)imidazo[1,2a]pyridine is
used as internal standard. The quantification cheampound is obtained by converting the
average of the ratios of the analyte/internal saeshcsurfaces to the percentage of consumed
product. The ratio of the control atdorresponds to 0% of product consumed. The cdionlaf

the half-life (t,2) of each compound in the presence of microsomekme according to the

equationt: = In® ' \where k is the first-order degradation const#re §lope of the logarithm of
2

===
compound concentration versus incubation time). imtre1sic clearancen vitro (Cli,; expressed

in uL/min/mg) is calculated according to the equation:

dose

ClL.. = AUCx
int [microsomes]



Where dose is the initial concentration of prodmcthe sample, AUC is the area under the
concentration-time curve extrapolated to infinitypda [microsomes] is the microsome

concentration expressed in mg/uL.

4.3.3. Blood brain barrier parallel artificial membrane permeability assay (BBB-PAMPA)

The BBB-Pampa experiments were conducted using Rampa Explorer Kit (Pion Inc)
according tomanufacturer's protocoBriefly, the stock compound solution (20 mM in DMBO
was diluted in Prisma HT buffer pH 7.4 (pION) to010M. 200 pL of this solution (n = 6) was
added to donor plate (P/N 110243). 5 pL of the BBBipid (P/N 110672) was used to coat the
membrane filter of the acceptor plate (P/N 1102280 pL of the Brain Sink Buffer (P/N
110674) was added to each well of the acceptoe plEtie sandwich was incubated at room
temperature for 4 h, without stirring. After thecibation the UV-visible spectra were measured
with the microplate reader (Tecan infinite M200yahe permeability value {Pwas calculated
by the PAMPA Explorer software v.3.7 (pION). Coasterone (P= 138.6 £ 22.0 nm/s), and
theophylline (R = 5.5 + 0.3 nm/s) were used as high and low péebitiga standards,
respectively. Each measure was performed in sixgic

4.3.4. Thermodynamic solubility at pH 7.4 of compond 19

Thermodynamic solubility at pH 7.4 of compounds watermined according to
a miniaturized shake-flask method (Organisation Eobnomic Cooperation and Development
guideline n°105) [39]. Phosphate Buffer solutiopsl (7.4, 10 uM, ionic strength 150 pM) were
prepared from N&POy, KH,PO, and KCI (Sigma Aldrich, Saint Quentin Fallavierafkce); 10
pL of 20 mM stock solution were added to 5 mL gladse containing 990 mL buffer (n =
3). Tubes were briefly sonicated and shacked bergion during 24 h at room temperature.
Then, tube contents were put in a microtube whids wentrifuged at 12,225 g for 10
min; 100 puL supernatant was mixed with 100 pL auétte in a Greiner UV microplate.
Standard solutions were prepared extemporaneoilstind 20 mM DMSO stock solutions at 0,
5, 10 and 20 mM; 5 pL each working solution wasitéil with 995 pL buffer and 100 puL was
then mixed in microplate with 100 pL acetonitriekeep unchanged the final proportions of
each solvent in standard solutions and samplegribatation of solubility at pH 7.4 was made
with an Infinite M200Pro (Tecan, Lyon, France) rojalate reader in spectrophotometric mode
(230 to 450 nm) from the specifigax 0f each compound. The calibration curve obtaimedf
the three standard solutions of tested compoun@s 25, 50, and 100 uM in a 50:50 (vol/vol)
mixture of buffer with acetonitrinile/DMSO (99:1pl/vol). Calibration curves were linear with
Rz > 0.99.



4.4.1n vivo studies

Female Swiss mice of 8 weeks (weight 30-32 g) aegluAll animals were kept under the same
conditions according to laboratory animal care gligts (European convention SPE123), and
all protocols were approved by the ethical comnaitted the Ministry of Higher Education,
Research and Innovation with the agreement numB&AS#19730-2019031215178087 v1.
The determination of maximal tolerated dose usesl gnoup of 4 mice which received an oral
administration (intragastrical gavage) % at 100 mg/kg.15 was prepared as a suspension
comprising 5% Tween 80/ 95% carboxymethylcelluldgfs in water.

Observations of side effects were codified. The esgarotocol was used with repeated dose
during 5 days.

4.4.1. Chemicals

The internal standard (IS), ornidazole, was obthiinem Sigma Aldrich. LC-MS Optima grade
Acetonitrile (ACN) and Methanol (MeOH), acetic aaad formic acid (FA) were purchased
from Fisher Scientific. Ready-to-use QUEChERS s@tg MgSQ/1.5 g NaCl/1.5 g sodium
citrate dihydrate/750 mg sodium citrate sesquinygdnaere supplied by VWR

4.4.2. Sample preparation

Samples were stored at -20 °C until extraction. gQ0f ACN containing ornidazole (internal
standard; IS) at a concentration of 625 ng/mL veelged to 100 pL blood samples. The mixture
was vortexed during 30 sec. After 10 min, 40 m@QaEChERS salts were added. Samples were
briefly vortexed and centrifuged at 16,000 g forrh. Ten microliters of the upper layer was
directly transferred in an injection vial beforergediluted (1/10; v/v) in a 0.1 % formic acid in
water. Finally, L was injected in the LC-MS-MS system. Calibratistandards (9 levels,
from 5 to 1,000 ng/mL) and quality controls (QCP(T5 and 625 ng/mL) were obtained by
adding appropriate 20 x working standard solutiongdank whole blood.

4.4.3. LC-MS/MS conditions

The chromatographic system consisted in two Shimna@=30 AD pumps (NexeraxX2), a CTO
20AC oven, and a SIL-30AC autosampler (Shimadzu, rniglda-Vallée, France).
Chromatographic separation was performed using-&£8Column (Poroshell 120, 2.1 mm x 75
mm, 2.7 uM; Agilent) at a flow rate of 0.25 mL/mising a gradient of 0.1% acetic acid in water
(A) and 0.1% acetic acid in MeOH/ACN 50:50 (B) praxpmed as follows: 0-0@.1, 20% (B);



0.1-1.0, 20 to 70% (B); 1:01.0, 70% to 100% (B); 4-3.5, 100% (B); 5.56.0, 100 to 20% (B);
and 6.68.0 column equilibration with 20% (B). Oven tempgara was set at 60 °C.

A Shimadzu 8060 triple quadrupole mass spectromessr used in the positive electrospray
ionization mode. The main common parameter settimg® as follows: interface voltage, 1.5
kV; nebulizing gas flow, 3 L/min; heating gas flod) L/min; interface temperature, 300 °C;
desolvatation line (DL) temperature, 250 °C; hdatk temperature, 400 °C; and drying gas
flow, 10 L/min. All parameters (collision energyL@3 pre-bias) were optimized from standard

flow injection analysis. Dwell time was set at 18 per transition.
4.4.4. Validation procedure for whole blood

Validation protocol and the set of acceptance aiteere as follows:

- Linearity: Calibration curve was generated bytiohg the peak area ratios (analyte/internal
standard) vs the expected concentration. Lineafitthe calibration curve was evaluated by a
guadratic regression analysis using a 1/x2 weigh#nvalue greater than 0.99 was expected for
the coefficient of determinatiom?.

- Precision and accuracy of the method were assegsewer limit of quantitation (LLOQ); 5
ng/mL) and at the two quality control concentrasiofiO, 75 and 625 ng/mL). Precision is
calculated as the coefficient of variation (CV%)thim a single run (intra-assay; n = 5) and
between different assays (inter-assay; n = 5), arclracy is the percentage of deviation
between nominal and found concentration with thabd#shed calibration curve. Acceptance
criteria were intra-assay and inter-assay preci@?o) and an accuracy (bias) less than 20%.

- The lower limit of quantification (LLOQ) was estated to be the minimal concentration with
accuracy and precision within £ 20%. The lower tiofidetection (LLOD) was calculated based
on a signal-to-noise ratio >3.

- Extraction recoveries were determined by compgatime LLOQ and the quality controls
samples (n = 5) with their extracted blank wholedodl counterparts spiked at the correct
concentration after extraction (n = 3). CV% in &hraction recovery had to be less than 20%.

- The effect of dilution was investigated on sam@piked at MQC and HQC then analyzed after
1.25-, two- and four-fold dilutions. Precision CYidabias were set less than 25% to successfully
validate.

- The absence of carryover was checked by injedilagk samples just after the analysis of the
most concentrated sample (1,000 ng/mL).

4.4.5. Pharmacokinetics
The same samples used for the validation were fegetthe analysis. Monolix Lixoft software

was used to analyze data by noncompartmental niodi€lpharmacokinetics parameters.
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20 original derivatives were synthesized in 3-nitroimidazopyridine series

Introducing an alkynyl group at position 8 of the 3-nitroimidazopyridine scaffold improves
antitrypanosomal activity

1 potent and selective hit-compound was identified against T. b. brucei & T. cruzi

The hit compound showed good in vitro and in vivo PK parameters
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