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Abstract:

Leishmaniasis constitutes a severe public heatthlpm, with an estimated prevalence of 12 milliases. This
potentially fatal disease has a worldwide distiirutand in 2012, the fatal Visceral Leishmaniadit)(was
declared as new emerging disease in Europe, mdimyto global warming, with expected important publ
health impact. The available treatments are toastly or lead to parasite resistance, thus therniurgent
need for new drugs with new mechanism of actiopvidusly, we reported the discovery@TN1122, a potent
imidazo[1,2a]pyrazine-based antileishmanial hit compound tamget -CK1.2 at low micromolar ranges. Here,
we described structurally related, safe and seleatbmpounds endowed with antiparasitic propertietter
than miltefosine, the reference therapy by oralteod -CK1.2 homology model gave the first structura
explanations of the role of 4-pyridyCTN1122) and 2-aminopyrimidin-4-yl (compoungl) moieties, at the
position 3 of the central core, in the low microaolto nanomolar L-CK1.2 inhibition, whereds-

methylpyrazole derivativél remained inactive against the parasite kinase.



1. Introduction

Leishmaniases constitute one of the 20 diseastglint in theNeglected Tropical Diseases (NTDs) program of
the World Health Organisation (WHO). According taexent report from WHO [1], the three clinical rfus,
cutaneous (CL), mucocutaneous (MCL) and viscershiaaniasis (VL), collectively affect 12 million pgle in

98 countries, and 1 billion are at risk of infeatidMoreover, there are almost 1 million new casas 20 000
deaths attributed to leishmaniases each year [@iic@l forms differ in immunopathologies, degrdenmrbidity
and mortality. VL is the most severe form of Leismasis, fatal in the absence of treatment, whe@Gass
significantly associated with morbidity. Indeediskemaniasis-related disabilities impose a greatasdmrden
and impair economic productivity; the social stigassociated with the deformities and disfiguringrsaften
keeps patients hidden. Leishmaniasis has so beadiisease, which impedes socio-economic developréént

is more widely distributed than VL, with 70 to 7586 the global estimated CL incidence occurring ém t
countries: Afghanistan, Algeria, Brazil, Colombi@gsta Rica, Ethiopia, Iran, Peru, Sudan and Skrieontrast,
more than 90% of VL cases occur in six countrieanddadesh, Brazil, Ethiopia, India, South Sudan &uadan
[3]. In 2012, VL was declared as new emerging diseim Europe, due mainly to global warming, with an
expected important public health impact [4]. Acdogdto WHO, despite the measures taken to eradicate
leishmaniasis, the number of cases is increasingedisas the mortalityThe expansion of leishmaniasis and the
alarming rise in number of cases is related torenmental changes such as deforestation, buildindpms,
new irrigation schemes and migration of non-immyreople to endemic areas. The causative agent of
Leishmaniasis is a protozoan of theishmania genus transmitted to its mammalian hosts (humdogs,
monkeys, rodents...) by the bite of an infecteddfigr(Phlebotominae). The form of the disease depends upon
the species; VL is caused leishmania donovani and L. infantum, CL by species such ds. major, L.
amazonensis, L. tropica or L. mexicana and MCL byL. brazliensis [5]. Leishmania parasites present two
morphological stages: extracellular flagellatedmpastigotes in the digestive tract of their sandié¢tor and
non-motile amastigotes inside the cells of thesthmononuclear phagocytic system [2,5].

Despite efforts of the community, there is as yeeffective vaccine in widespread clinical usegogvention of
human leishmaniasis [6] and vector control appreagiemain extremely difficult [7]. Moreover, onlylimited
number of drugs are used in the treatment of Ledstiasis, including pentavalent antimonials, ampficite B,
pentamidine, paromomycin and miltefosine. Miltef@sis the only orally active drug and is highlyeetive (up

to 98% cure rates) [1-3]. Unfortunately, most afgt drugs cause side effects, high toxicities apulay a high
rate of treatment failure in HIV co-infected pat®nThey are costly, require long-term treatmerd kad to
parasite resistance [1-3].

In the last decade, efforts have been made by gmertal, non-governmental and non-profit organiretito
develop leads that moved forward to preclinical almical stages of drug discovery, especially agavL, but
the drug portfolio is still quite limited [8,9].

In this context, Drug for Neglected Disease initi@t(DNDi), through drug repurposing strategy, #bdd
nitroaromatic compounds including nitroimidazol@raimidazo-oxazole and nitroimidazo-oxazine detives.
7-Substituted nitroimidazooxazine compound, idé&adiDNDI-0690 (Figure 1), displaying very good activity

against intramacrophage forms of bathdonovani andL. infantum (EGs, = 60 nM and 93 nM, respectively),



non-toxicity (SI > 1000) for mammalian cells aim vivo efficacy with high oral bioavailability, entered

preclinical trials in September 2015, with thetfirsman studies being carried out by the end Z819.

[insertFigure 1]

In 2016, the 6-carboxamide benzoxabof@NDI-6148 (Figure 1) concluded preclinical VL studies withvivo
efficacy compared to miltefosine in mice at a minimdose of 25 mg/kg/day b.i.d. after a 10-day tresit
[8,9]. Nevertheless, its antileishmanial mode dicecremains unclear.

DNDi, with support from pharma industry, producd taminopyrazole urea lead candidatéDI-5561 to enter

in Phase | clinical trials against VL. Its struauremains unknown but analogues suctDaDI-1044 and
compound (Figure 1) are described in the literature [8,9].

The University of Dundee in collaboration with GéexSmith Kline (GSK) developed a novel series of
pyrazolopyrimidines. Among thengSK-3186899/DDD85365 {Figure 1) showed excelleint vivo activity in a
mouse model of visceral leishmaniasis with good availability and safety profile. In addition, C2icelated
kinase 12 (CRK12) was identified as druggable tafge further optimizations. Its biological datapgqort
progression to definitive preclinical studies andHer phase | clinical trials [8,9].

Novel concepts towards selection of target and hduggs are thus urgently needed to overcome theicu
situation and more efficiently combat and eventuathdicate this deadly disease.

In this context, we identified.eishmania casein kinase | paralog 2 (L-CK1.2) as the potémtimget of 2,3-
diarylimidazo[1,2a]azine series [10,11] with antileishmanial activigainstL. major. Especially, we showed
that imidazo[1,2a]pyrazine derivative CTN1122 (Figure 2) killed intracellular amastigotes at the
submicromolar dose and was highlighted as an efftdi-CK1.2 inhibitor (1G, value of 0.72 pM) with a good
selectivity index (S| = 52.5) towards macrophadely.[

[insertFigure 2]

Interestingly, L-CK1.2 was validated as a drug ¢ar@r antileishmanial therapy [12,13]. L-CK1.2dssential
for intracellular parasite survival and is releasadmacrophages via extracellular vesicles (EVS,14].
Moreover, several evidences suggest that L-CK12 leen evolutionary selected to interact with amd t
phosphorylate host proteins subverting the biolaighnd immune functions of the macrophage [12,15]i6us,
targeting L-CK1.2 not only kills the intracellulparasite but because of its role outside of thegit, could
also limit the emergence of parasite resistance.

In previous work, the 4-pyridyl in the C3 positiohthe imidazo[1,2a]pyrazine central core was proved to be
the best substitution to retain CK1 inhibition cargd to substituted phenyl rings [11]. Startingnfrohe
structure of CTN1122, the introduction of other aza(hetero)aryl appgedawas considered to study their
influence on antileishmanial properties and kinadabitory activity (Figure 2). The biological aeify of
advanced precursors was also evaluated for obtpifunther structure activity relationship (SAR) aat
Additional information of ligand-protein interactis was provided through homology modellohCK1. We
also compared inhibitory activity of L-CK1:rsus mammalian CK1 in order to foresee potential tayiciue

to lack of selectivity Ilm vs Hs). In parallel,in vitro cytotoxicity was measured towards two cell linearfan



fibroblast MRC-5 and murine macrophage RAW264.ii)cdmplement to the study, the determinatiomafivo
toxicity usingGalleria mellonella larvaes guided the choice of the most promisirtgparasitic compounds [17].

2. Results and discussion

2.1. Chemistry

The design of the first series of imidazo[B]pyrazines7-11 (Scheme 1) is considered as the extension of the

synthetic work previously described by our group][1

[insertScheme 1

Thus, derivatives of the reference compo@itN1122 were prepared by modifying the nature of the ahthe
position 3 of the imidazopyrazine scaffold. Ourtiadi SAR efforts were directed toward the introdoist of
diverse azaheterocyclic cores to compare with 4dglring present oi€TN1122 Briefly, the obtention of the
dihalo key intermediatb allowed the sequential functionalization at C-8nleophilic substitution and at C-3
by Suzuki coupling. In the last step, different let@rocyclic moieties such as 3-pyridine, 5-pyriméq 5-(2-
aminopyrimidine), 5-indazole or 4-(1-methylpyrazoleere introduced to provide five final compounéd&l in
low to good yields (Table 1). Poor yields were agsed with problems of purification mainly due tice

polarity of compound3 and9.

[insertTable 1]

Next, we hypothesized that the introduction of an@nopyrimidin-4-yl moiety, in position 3 of the idazo[1,2-
alpyrazine central core, could lead to significartCK1.2 inhibition and parasite cell death [18]. The
introduction of such substituent was not possibleeadly from iodo precurso6 (Scheme 1) since the
corresponding boronic acid was not easily availahtdepicted in schemes 2 and 3, the functionédizat the
level of the 8-chloro analog® and4 by direct arylation procedure was interesting siitcallowed obtaining

various advanced derivatives for broader SAR shatf at the C8 and C3 positions of the imidazoppeaz

[insertScheme 2

[insertScheme 3

The synthesis began with the preparation of thedé-2-(methylsulfanyl)pyrimidind 3 following the procedure
described by Majeed and coworkers [19]. Once thil® iderivative in hand we could perform a regioséle
direct arylation using Fagnou’s conditions [20,2lih compounds3 and4 as starting materials. Subsequent
amination reaction was carried out with dimethylaenand allowed chlorine displacement at the paosi@and
isolation of compound46 and 17. Oxidation of the sulfide group with Oxone® affed sulfonesl8 and 19
which were treated with ammonium hydroxide to g&«aminopyrimidine derivative20 and 21 in moderate
yields (scheme 2) [22].

We further incorporated an amino group ()kh the position 8 to verify the influence of thabstitution at the

level of the nitrogen on the binding mode of thelenale. Indeed, we assume that donor-acceptor seque



between NHN-7 would behave differently than tié-dimethyl substitution in the binding site of therget
protein. Compound5 underwent an amination with ammonia under micr@vaxadiation to furnist22 in a
guantitative yield. The same oxidation / aminats@guence as previously used led to the desired mami24
(Scheme 3).

2.2. Biological evaluation

2.2.1. Invitro antileishmanial activity against intracellular amastigotes

The biological evaluation of compounds11, 14-17, 20-22 and 24 was conducted against five different
species ot eishmania parasite, namell. major andL. amazonensis for CL, L. brazliensis for MCL (Table 2),
L. infantum and L. donovani for fatal VL (Table 3) in the intramacrophage forMiltefosine was used as
reference drug. The intracellular amastigote madebne of the most important assay for time vitro
antileishmanial evaluation, because the amastigfatge is found in mammalian host and its infectianses the
clinical manifestations of leishmaniasis [2].

To identify new bioactive compounds agaihstshmania, CTN1122 was used as a hit with §¢values of 0.8
MM and 2.74 uM again&t major andL. donovani strains, respectively [11]. Low toxicity againshonophages
(CCs0=42.03 pM) and human MRC-5 cells (§€100 pM) was also highlighted. Neverthele€§N1122
showed a modest or poor anti-amastigote resporaeasidghe three other strains. Notably, differenicethein
vitro drug sensitivities amongeishmania species are a well-known fact that has been regdidr current
antileishmanial drugs [23].

To investigate the SAR for this potential new cheahiclass of antiparasitic drugs, the 4-pyridyltfrthe C3
position of the imidazo[1,2}pyrazine ring was selected for modification (compds 7-11, 17 and 21). In
addition, the synthetic scheme for the obtentiorcaihpound21 allowed us to produce the intermedidte
which gave access to compoun?® and 24, all the molecules varying fror@TN1122 by the C3 and C8
positions (Scheme 2). We were also interested iiifiyireg the influence of the fluorine present ore th-phenyl
ring (R=F, Scheme 2) towards antiparasitic actilaty synthesizing the unsubstituted counterpartsHRer
compoundd. 4, 16 and20, Scheme 2).

[insertTable 2]
[insertTable 3

In a general trend for compoun@sl11, the replacement of 4-pyridyl ring @TN1122 by other azaheterocycle
(3-pyridyl, 5-pyrimidinyl, 2-aminopyrimidin-5-yl, #ndazolyl, 1-methylpyrazol-4-yl) furnished poor tize
compounds orL. major, exceptN-methylpyrazole derivativd1 displaying an |G, value of 8.99 pM. In the
pyrimidin-4-yl sub-series, all the compoundg-17, 20, 22 and 24 remained inactive. Interestingly, only
compound?1 that showed improved potency £¥8.24 uM) was considered as a close analogugeTdf1122
by exchanging the 4-pyridyl ring with the 2-aminapyidin-4-yl appendage. Its analog@6 (IC5,=28.32 uM),

without fluorine atom (R=H), was 3.4 fold less seti



ConsideringL. amazonensis, compound2l (ICs=6.12 uM) was 4.6 fold more potent théme original hit
CTN1122 (IC5=28.36 uM) and was at the level of the control dmitiefosine (IG=4.22 uM) (Table 2). All
the other tested compounds were proved to be ugatixcept the 2-(methylthio)pyrimidin-4-yl deriiat 14
(IC5=3.20 uM, R=CI), more potent than the reference, 46d1Cs5,=5.99 uM, R=N(CHs),). It should be noted
that the results or.. amazonensis encompass a reverse structure—activity relatignstith respect to the
presence of fluorine atom in the pyrimidin-4-y| ssdries. Indeed, when compared to compa2Mm@Cs,=28.35
pM), its fluoro analogu@1 showed a 3.8 fold increased antileishmanial agtivdas previously denoted far.
major results. Neverthless, the introduction of a flaeratome on compoundd and16 was deleterious for the
activity when observing the potency of their resipec analoguesl5 (IC5>100 uM), unactive andl?
(IC5=12.49 uM), twice less active.

No activity was observed agairstbrazliensis amastigotes for all the compounds. This strain &ass not very
sensitive to the reference compound Miltefosing£8.33 uM) (Table 2).

Table 3 depicted the results obtained against rasdeishmaniasis by using classicdly infantum and L.
donovani strains for the assays. Briefly, before discussimgre in depth the antileishmanial activities, gt i
encouraging to see that foursiGralues ranged from 1.27 to 2.74 M, includi@@gN1122 and similar to the
reference drug Miltefosine on both VL strains. tdgion, two compounds displayedsi€ around 6 uM against
L. infantum. Indeed, VL is the deadly form of Leishmaniasisyntreated, and it needs consequently to require
particular attention when designing new antileishiabagents.

Among the seven C3 derivatives G N1122 (compounds/—11, 17 and 21) tested againdt. infantum, only
three compounds showed decreased activity comparde hit (IG;=12.80 pM), indicating that heteroaromatic
modifications on this position could be a promissigategy for enhancing antileishmanial propertindeed,
introducing 3-pyridyl 7), 5-pyrimidinyl 8), 2-aminopyrimidin-5-yl 9) moieties resulted in unactive compounds
(IC50>50 M) but other modulations were in favour ofipatasitic properties. Indazole derivativ@ displayed
the same potency &TN1122 whereas itdN-methylpyrazole counterpattl exhibited high potency with an g
value of 2.60 uM, slightly lower than the referendrig miltefosine. In addition, 2-(methylthio) arii
aminopyrimidin-4-yl derivatived7 and 21, respectively, showed k& around 6 uM, twice more active than
CTN1122 Imidazopyrazind 4, bearing a chlorine atom at the position C8 a2e(methylthio)pyrimidine at the
position C3, was highlighted as the most potentpaund against. infantum (1C5=1.93 puM), 1.5 fold more
active than the reference drug. Again, the incidenicthe fluorine atom ipara position of the C3 phenyl ring
remained unclear since it was detrimental wherothtced on compount4 (ICs¢>100 pM for compound.5)
and favourable for compound$ (ICs;=12.54 pMversus 17) and20 (IC5,>100 pMversus 21).

Regardind.. donovani strain, the profile of antiparasitic activity dfe tested compounds was almost the same as
encountered fok. infantum strain but with decreased level of potency for comuis14, 16, 17 and21 with
ICso values ranging from 9.82 to 17.57 uM. It must lemated that the most active compoutiagainstL.
infantum was 5 fold less active agairistdonovani. Interestingly N-methylpyrazole derivativé1 remained very
active with an IG, value of 1.27 pM, 1.4 times more potent than Nbisne. Whereas displaying poor activity
against_. infantum strain,CTN1122 exhibited a promising I§g value of 2.74 pM.

2.2.2. Cytotoxicity and selectivity index



In order to validate the biological interest of ttlescribed series as a source of antileishmanihtaglow
cytotoxicity profile is mandatory towards the hastls. In this context, all the compounds wereegsin RAW
264.7 macrophages and MRC-5 human fibroblast CEdlbles 2 and 3 show the selectivity index (Slicwated

as the ratio of cytotoxicity (CfgRAW or CGy MRC-5) to activity (IGg value on intracellular amastigotes), and
SI>10 is usually required for the candidate to pesg to thén vivo evaluation [24].

Unfortunately, 8-amino-imidazo[1,&}pyrazines22 and24 showed high cytotoxicity for macrophages withdC
values of 11.51 and 4.69 pM, respectively. Consetlyle such toxicity did not allow measuring
intramacrophage antileishmanial activity for compdu24 and must induce some concerns with the
interpretation of the biological results for compdw22. The indazolyl moiety on compouriD also brought
important cytotoxicity on macrophages. Except tmedé compounds discussed before, no general cititjox
was observed on MRCS5 cells for all the series &rddxicity on macrophages ranged from 15.95 t6560.M.

We previously denoted the interestNdfmethylpyrazole derivativél as antileishmanial agent active against VL
at low micromolar range. Even if its cytotoxicity anacrophages has a significant impact&€5.95 pM), the
Sl reached 6.1 and 12.6 towatdsnfantum andL. donovani, respectively. In addition, no toxicity was measur
on MRC-5 cells. The second promising compound tositer is the 2-aminopyrimidine derivatival,
structurally close taCTN1122 This compound showed phenotypic activity on almaksthe strains and was
accompanied with a Sl from 4.2 to 6.9. 2-(Methy)pirimidine derivativel4 showed a good antiparasitic
activity together with an appealing 8¢érsus macrophages (SI=15.8 fdr. amazonensis and SI=26.2 forl.
infantum).

The greater wax motlG. mellonella, is an insect in the order Lepidoptera which lartiave been widely used
for acute toxicity testing as a great alternativéesting in rodents [25]. The results obtainedwliis alternative
model are considered to be comparable to thosanebtaising mammalian models due Go mellonella’s
immune system that is functionally and structuraliyilar to the mammalian innate immune system.[26]

All compounds were tested for their toxicity & mellonella larvae (Figure 3). Groups of 10 larvae were
injected with 10 pL of compound at a dose varyirggrf 10 mg/kg to 50 mg/kg. No compounds were teateal
higher dose due to poor solubility of the compouandd limitation of DMSO percentage in the solvemt(%).
The mortality was recorded daily for 7 days. Nouattn of viability (or non significative reductipmand no
sign of cuticular darkening were observed for angnpounds at a dose of 50 mg/kg. These resultsateticno
toxic effect.

[insertFigure 3]

2.2.3. Kinase inhibitory activity

We identified L-CK1.2 as potential target of théerence compoun@€TN1122, displaying inhibitory potency
of 0.72 uM against this parasitic kinase [11]. Thas part of our continuous efforts to investigéte
mechanism of action responsible of antileishmapraperties and to discover new ligands targetingKt.2,
all the compounds were tested tarmajor CK1 inhibition [10-13]. Besides kg values againstmCK1, the
results presented in Table 4 showed the selectritfile of the compoundgersus a human CK1 and, an array
of 10 representative human and mammalian proteiades. Interestingly, the activity on these "offjds"
could allow foreseeing toxicity of the describedie in the frame of the therapeutic approach mglhyan host-

pathogen interaction.



[insertTable 4]

2.2.3.1. Comparative results between phenotypic screening and CK1 inhibition assays of the antileishmanial

imidazo[ 1,2-a] pyrazines

For compounds/-9, the results clearly indicated that the replacdnwnd-pyridyl ring in CTN1122 by 3-
pyridyl, 5-pyrimidinyl and 2-aminopyrimidin-5-yl neties dramatically reduced the effectivenes€®N1122
for both antileishmanial and anti-CK1 activitieshel promising 1-methylpyrazol-4-yl derivativél, as
antiparasitic agent against VL (intracellular assapL. infantum: 1C5,=2.60 uM andL. donovani: 1C50=1.27
uM), displayed poor activity againstmCK1 (IC5=12.42 uM), suggesting that its potency is not aedi
through CK1 inhibition. In that sub-series, theragtuction of a 5-indazolyl azaheterocycle in conmmbad0
allowed retaining micromolatmCK1 inhibition, but 2.6 fold less potent than treference with deleterious
impact on antileishmanial potency.

In the pyrimidin-4-yl sub-series, compourid behaved nearly as compoudd since, despite micromolar
antileishmanial activity againgt infantum andL. amazonensis, it showed a moderate 4¢£value of 5.00 UM on
the targeted protein CK1. Moreover, when compagr(gnethylthio)pyrimidine derivative$6, 17 and22 with
their respective 2-aminopyrimidine counterpa®@ 21 and 24, it appears clearly that the amino substitution
enhances the CK1 inhibitory potency (100, 24 antirhés, respectively).

As expected, the introduction of a fluorine atomtba C2 phenyl ring of imidazopyrazine scaffold didt
interfere with kinase inhibition since compountl§ versus 17 and 20 versus 21 showed close potency.
Considering the slight difference in the structutiee only result that remains unexplained is theabr
antileishmanial activity of compoungil (ICses < 10 pM against four strains over five) in conigam to the
unactivity of compound®0. As pharmacokinetic hypothesis, the improved Ipbgty (cLog P 0)=2.39vs
cLog P @1)=2.53 [27]), due to the presence of the additidheadrine atom, could favour the passive diffusion
through the cell membranes to reach the parasitallfs 8-amino-imidazo[1,&]pyrazines22 and24 displayed
sub-micromolar and nanomolar activities agaleCK1 but, as previously denoted, were too toxicftother
consideration. Their levels of inhibitory activitwere in the same range as the correspondinty,8-(
dimethylamino)imidazo[1,2]pyrazinesl7 and21, respectively.

2.2.3.2. SHectivity profile over a panel of 11 human and mammalian protein kinases including HsCK1

In order to check in early stage kinase selectiisgue, sinceCTN1122 displayed IG, of 0.92 uM against
HsCK1e of the host (SI= 1.3 ovdimCK1, Table 4), and to foreseen potential toxic#tly,the compounds were
tested against a panel of 11 human and mammalesentative protein kinases includiigCK1.

Among the active or very potent compourids 16, 20, 17, 21, 22 and24, againsimCK1, all the analogues
showed emerging or high selectivity oudsCK1, at the exception of compoundl® and 22 furnishing poor
selectivity. The Sl ranged from 3 to 30, for thestbeompoun®0 considering this criterion. It must be denoted
that, in the contrary to antiparasitic activityetipresence of an additional fluorine atom in conmgb@1

decreased the selectivity from 30 to 3.8.



The screening assays over the panel of 10 supptamgekinases highlighted a good selectivity of e
compounds except compoungd2 and 24 displaying micromolar or submicromolar activitiagainst CDK2,
CDKS5, CDK9, GSK3 and CLK1. Interestingly, compouridis 20 and21 were also very active on CLK1.

Thus, we assumed that the poor selectivity of campe22 and24 could explain their enhanced cytotoxicity.

2.2.3.3. In silico binding study

In order to interpret SAR in the framework of thezgme inhibition assay, we devised a homology madel
LmMCK1 based on a crystal structure ©fyza sativa CK1 (sharing 75% of sequence identity witmCK1
ignoring the C-terminal flexible loop, see Figuré B Supplementary data). This model building phass
followed by a short molecular dynamics simulatiarorder to refine the overall structure of the nmpee well
as to explore ATP binding site conformational spdoaeder the hypothesis that active compounds are
competitive inhibitors), so as to take protein iélity into account during the subsequent dockipigase.
Ligands were then docked against a representativees of binding site conformations obtained byvacsite
residues RMSD-based clustering. Combinations etthibthe best score were retained for further asisl{see
Figure S2 in Supplementary data).

Examination of the CK1 binding site showed thatgmificant part is quite hydrophobic due to thegmece of
several Leu and lle residues (Figure 4).

[insertFigure 4]

Analysis of the structure calculated for one of Hest-ranked complex wit@TN1122 suggests that the 4-
pyridyl moiety could penetrate the binding sitestfiand occupy one of the most buried parts of éwity, where
the lone pair beared by the nitrogen atom wouldratt with a strongly polarized N-H group belongtoghe
side chain of the Lys40 residue (which is also imed in a salt bridge with Glu54). This hypothestuld
explain why altering nitrogen atom location andsthiie corresponding lone pair orientation would keeathis
interaction for compounds, 8, 9, 11, as a consequence of dramatic decrease of CKhitioini. Moreover, the
fluorinated aromatic phenyl ring would be accomedédty the above-mentioned lipophilic region of itireding
site.

Ligand-bound state molecular dynamics calculatimmscurrently in progress to further assess tHalisyaand
likelyhood of this binding mode. Similar modellirsgudies on the structure of the human ortholog 61 @re
also being carried out in order to rationaliz&itro finding regarding selectivity.

A similar procedure with compounds, 20, 21, 22 and 24 confirmed that substituted pyrimidin-4-yl as R3
groups (Table 4) could still be accomodated byhimgéed pocket in which they could similarly interagth Lys
40, albeit with a not exactly identical imidazopyiscaffold position. This is likely due to thegsli extra bulk
brought by the amino or methylthio substituentswideer, the possibility to induce further opening thé
pocket in question (which would allow the bindingae of compounds from this subset to accuratelyimidiat
of CTN1122) is expected to be confirmed by the aforementioimegrogress ligand bound-state molecular

dynamics simulations.

3. Conclusion



Optimization of the hit compoun€TN1122 led to generate 13 new imidazo[Bpyrazine analogues to
investigate SAR in the fields of antileishmanialtggcy andLmCKZ1 inhibition, mostly by modifying the
substitution at the level of the positions 3 and@aof the scaffold. Among the tested compoundshenthree
clinical forms of leishmaniasis, four of them (comumdsl11, 14, 17 and21) demonstrated promising efficacy on
VL with micromolar activity against intracelluldr. infantum andL. donovani strains, better than the reference.
Considering CL, the modulations decreased drabtidhe potency against. major strain but furnished
significantly more active compoundd44( 16 and 21) againstL. amazonensis strain. Interestingly, all the
compounds were characterized by very good safedfil@rdisplaying low cytotoxicityin vitro, except 8-
aminoimidazo[1,2a]pyrazine derivative®22 and 24, andin vivo on Galleria mellonella model. As regards
parasitic target, the results bMCK1 inhibition assays coupled with binding modedstuthrough molecular
homology model, gave the structural requirementretain kinase inhibition: whether for the pyridie
pyrimidine ring at the position 3 of the centrateothe presence of a nitrogen atom at the positiasmessential
to establish polar interaction with Lys 40 of thetein ATP-binding site. Interestingly, two of theost active
compounds20 and 21 on LmCK1, at nanomolar range, showed the highest selgctowards their human
ortholog, in favour of further development. Neveidss, additional study is mandatory to explain|éuok of
activity of compound20 on whole parasite. In this context, efforts areoaih progress to lead to a detailed
understanding of the mechanism of antileishmanidividy of N-methylpyrazole derivativell since it was
highlighted as the most active compound of theeseron both VL strains, without displaying any lsea
inhibition. Thus,LmCKZ1 proved to be a valuable parasitic target tokwmr because compour2d, for instance,
inhibiting LmCK1 with an IG, value of 42 nM, with emerging selectivity profiersus HsCK1 and other nine
kinases, displayed a broad antileishmanial potegeynst all the tested strains of CL and VL.

In addition, the results of the biological evaloatdemonstrated that imidazo[lalpyrazine heterocycle can be
considered as suitable central core in the searcheiw drugs for the therapy of leishmaniasis.

All the structural findings will contribute to efii&shing structure activity relationships to guidether design of
new compounds, which may include new motifs at plesitions 3 and/or 8 of the scaffold to promote
antiparasitic activity induced througtmCK1 inhibition and to enhance selectivity indexes.

Finally, assessment of the bioavailabilityvitro (ADME) is in progress, for the most promising caapds of

this study, to go ahead in their potential develepin

4. Experimental protocols

4.1. Chemistry

All commercial reagents were used without furtherification. All solvents were reagent or HPLC gead
Analytical TLC was performed on silica gel 60 F25étes. Open column chromatography was performed on
silica gel 60 (70—-230 mesh ASTM). The flash coluamomatography was performed using a Reveleris® X2
Buchi system, with Buchi cartridge (FlashPure 14@um irregular silica). Yields refer to chromatogragily

and spectroscopically pure compounds. Melting goimere determined on an Electrothermal melting tpoin
apparatus'H NMR and™C NMR spectra were recorded in CR@F in DMSO4ds on a 400 MHz spectrometer.



Chemical shifts are reported asvalues in parts per million (ppm) relative to &etrethylsilane as internal
standard and coupling constani} ére given in hertz. Multiplicities are reportesl ®llows: s = singlet, d =
doublet, dd = doublet of doublets, t = triplet, mimultiplet, bs = broad singlet,,} = apparent triplet. Low
resolution mass spectra were recorded using artr&$pecay lonization (ESI) Method with Waters ZQ 200
spectrometer. UPLC column used was an Acquity UPLEBEH Phenyl (2.1 mm i.d., 50 mm length, 1.7 pm
particle size) from Waters. A linear mobile phasadient was used with a mobile phase A as 100% of
acetonitrile in water (at 2%) and mobile phase B@8% acetonitrile. The gradient table wagl.®min, 0% B;
0.54.0 min 0—100% B; 4.0-5.5% 100% B; 5.5-5.7 min 100—0% B; 5.7-7.5 min 0% B. at flow rate 0.5
mL.min™* and column temperature 35 °C. Formic acid (0.1%$ added in diluent to improve ionization. Pure
compounds/-11 were analyzed at 1 mg/mL in UPLC grade MeOH (Blies) following a 5 pL injection on a
UFLC-ESIHRMS (IT-TOFMS) Shimadzu instrument (Prosmige Ultra Fast Liquid Chromatography coupled
to High Resolution Electrospray lonization Mass @mametry combining lon trap and Time of Flight
analyzers). Analyses were performed by Flow Ingecti(FIA) in the isocratic flow consisting of
H,O/Acetonitrile 85:15 (V/V) at 300 pL/min. The deten using ESI was performed both in positive and
negative ionization modes in the mass range m/z1@@0 with a mass accuracy of 7 ppm and a resalatio
10,000 at m/z 500. For compounti417 and20-24, high resolution mass spectrometry (HRMS) was naeah
on a Waters Xevo G2-XS Qtof spectrometer (coupléth wn HPLC Acquity H-Class) for ESI. Microwave
reactions were carried out in a CEM Discover micaweg/reactor in sealed vessels (monowave, maximwmepo
300 W, temperature control via IR-sensor, fixedgenature).

Compound®-6 were synthesized following procedures previouggadibed [9].

4.1.1. General procedure for the synthesis of compounds 7-11

In a vial were added 2-(4-fluorophenyl)-3-iotlgN-dimethylimidazo[1,2a]pyrazin-8-amine6 (1 equiv.),
boronic acid (1.1 equiv.), 0, (2.5 equiv.) in a 1,4-dioxane/water mixture (25, mL). The vial was purged
twice with N, for 10 minutes, befor and after addition of P4djppf) (0.05 equiv.). The vial was sealed and the
suspension was then heated at 100 °C for 19-23téx. €ooling, the resulting mixture was diluted vEtOAc
and water and the organic layer was extracted twitke EtOAc. The combined organic layers were washe
with brine, dried over N&Q,, filtered and concentrated under vacuum. The cprdduct was then purified by

chromatography to providé-11

4.1.1.1. 2-(4-Fluorophenyl)-N,N-dimethyl-3-(pyridin-3-yl)imidazo[ 1,2-a] pyrazin-8-amine (7)

The reaction was carried out using compo®n(D.147 g, 0.39 mmol), 3-pyridylboronic acid (0.0§20.42
mmol), KsPG, (0.200 g, 0.96 mmol) and PdQ@ippf) (0.020 g, 0.04 mmol). in a 1,4-dioxane/wateéxture (9:1,
15 mL) and the reaction was stirred for 22 h. Thedpct was purified by silica gel column chromatggry
using DCM/EtOH (98:2) as eluent and the compour{@4% yield) was obtained as a grey powder. Mp:.839
°C; 'H NMR (400 MHz, CDC}) & 8.75 (d,2J = 4.0 Hz, 1H), 8.69 (s, 1H), 7.76 (ddd,= 8.0 Hz,"J = 2.0 Hz,"
= 2.0 Hz, 1H), 7.57 (mt, 2H), 7.48 (dt,= 8.0 Hz,"J = 4.0 Hz, 1H), 7.35 (fJ = 4.4 Hz, 1H), 7.17 (F) = 4.4
Hz, 1H), 6.99 (mt, 2H), 3.65 (s, 6HYC NMR (100 MHz, DMSOdg) & 161.72 tJc.r = 243 Hz), 150.88, 150.26,



149.60, 139.40, 138.38, 133.05, 129.8B { = 3 Hz), 129.29%.r = 8 Hz, 2C), 128.78, 125.11, 124.47, 119.15,
115.48 {Jc = 22 Hz, 2C), 107.45, 39.35 (2QYIS (ESI)mVz (%): 334.2 (100) [M+H]; UPLC purity = 100%,
Rt 1.84 min; HRMS (TOF MS ES+): caled. for C1gH:¢FNs [M+H]* 334.1463, found: 334.1461.

4.1.1.2. 2-(4-Fluorophenyl)-N,N-dimethyl-3-(pyrimidin-5-yl)imidazo [ 1,2-a] pyrazin-8-amine (8)

The reaction was carried out using compo6én@®.350 g, 0.91 mmol), 5-pyrimidylboronic acid (25lg, 1.01
mmol), KsPOy, (0.486 g, 2.29 mmol) and PdQippf) (0.034 g, 0.05 mmol). in a 1,4-dioxane/wateéxture (9:1,
15 mL) and the reaction was stirred for 22 h. Thedpct was purified by silica gel column chromatggry
using DCM/EtOH (99:1) as eluent and the compo81ii7% yield) was obtained as a beige powder. Mg.4.2
°C; 'H NMR (400 MHz, DMSOdg) 9.36, (s, 1H), 8.97 (s, 2H), 7.55 (mt, 2H), 7(d48%) = 4.4 Hz, 1H), 7.36 (d,
3)=4.4 Hz, 1H), 7.21 (mt, 2H), 3.55 (s, 6H)C NMR (100 MHz, DMSOdq) & 161.80 tJc.r = 244 Hz), 158.55,
158.46 (2C), 149.54, 140.32, 133.38, 12992 4 = 3 Hz), 129.51%0.r = 8 Hz, 2C), 128.88, 123.91, 116.09,
115.58 fJc.r = 21 Hz, 2C), 107.75, 39.82C); MS (ESI)m/z (%): 335.1 (100) [M+H]; UPLC purity = 100%,

Rt 1.92min; HRMS (TOF MS ES+): calcd. for C1gH1sFNg [M+H] " 335.1415, found: 335.1419.

4.1.1.3. 3-(2-Aminopyrimidin-5-yl)-2-(4-fluor ophenyl)-N,N-dimethylimidazo[ 1,2-a] pyrazin-8-amine (9)

The reaction was carried out using compo@r.300 g, 0.79 mmol), 2-amino-5-pyrimidylboronicich (0.120

g, 0.86 mmol), KPO, (0.410 g, 1.96 mmol) and Pdippf) (0.030 g, 0.04 mmol). in a 1,4-dioxane/water
mixture (9:1, 15 mL) and the reaction was stirred 22 h. The product was purified by flash column
chromatography using cyclohexane/AcOEt (1:1) asrdland the compour@l (24% yield) was obtained as a
beige powder. Mp: 208 °C; *H NMR (400 MHz, DMSOds) 8.30 (s, 2H), 7.66 (mt, 2H), 7.36 {,= 4.4 Hz,
1H), 7.31 (d,3) = 4.4 Hz, 1H), 7.23 (mt, 2H), 7.14 (s, 2H), 3.53 §H) *C NMR (100 MHz, DMSQOd,) &
163.50, 160.04%cr = 242 Hz), 159.67 (2C), 149.51, 139.32, 132.9%).18 (Jcr = 3 Hz), 129.06%0cr = 8
Hz, 2C), 128.42, 117.65, 115.444 = 21 Hz, 2C), 110.98, 107.78, 39.Q%); MS (ESI)m/z (%): 350.1 (100)
[M+H]"; UPLC purity = 100%, Rt 1.74 min; HRMS (TOF MS ES+): calcd. for C1gH16FN; [M+H]" 350.1524,
found: 350.1520.

4.1.1.4. 2-(4-Fluorophenyl)-3-(1H-indazol-5-yl)-N,N-dimethylimidazo[ 1,2-a] pyrazin-8-amine (10)

The reaction was carried out using compo6r{6.200 g, 0.52 mmol),H-indazole-5-boronic acid (0.093 g, 0.58
mmol), KsPQ, (0.278 g, 1.36 mmol) and PdQippf) (0.019 g, 0.026 mmol). in a 1,4-dioxane/watexture
(9:1, 15 mL) and the reaction was stirred for 23 The product was purified by silica gel column
chromatography using DCM/EtOH (98:2) as eluent gnedcompound.0 (77% yield) was obtained as a beige
powder. Mp: 131.3C; *H NMR (400 MHz, DMSOds) 13.35 (s, 1H), 8.18 (s, 1H), 7.93 (s, 1H), 7.5 = 8.4
Hz, 1H), 7.59 (ddJ = 8.8 Hz,% = 5.6 Hz, 2H), 7.35 (dd)) = 8.4 Hz,*J = 1.2 Hz, 1H), 7.28 (fJ = 4.8 Hz,
1H), 7.23 (d2J = 4.8 Hz, 1H), 7.13 (mt, 2H), 3.56, 6H); °C NMR (100 MHz, DMSOds) 6 161.47 tJcr =
243 Hz), 149.55, 139.82, 138.26, 134.12, 132.49.3B (Jcr = 3 Hz), 128.89%cr = 8 Hz, 2C), 128.34,
128.12, 123.50, 123.23, 122.70, 120.31, 115°34(= 22 Hz, 2C), 111.59, 107.49, 39.0&"); MS (ESI)m/z



(%): 373.1 (100) [M+H]; UPLC purity = 100%, Rt 2.14 min; HRMS (TOF MS ES+): calcd. for Cp;H17/FNg
[M+H]" 371.1426, found: 371.1425.

4.1.1.5. 2-(4-Fluorophenyl)-N,N-dimethyl-3-(1-methyl - 1H-pyrazol -4-yl)imidazo[ 1,2-a] pyrazin-8-amine (11)

The reaction was carried out using compo@n(D.250 g, 0.65 mmol), 1-methyHtpyrazole-4-boronic acid
(0.150 g, 0.72 mmol), ¥0O, (0.347 g, 1.63 mmol) and Pd@ippf) (0.024 g, 0.032 mmol). in a 1,4-
dioxane/water mixture (9:1, 15 mL) and the reacti@s stirred for 19 h. The product was purifiedsilica gel
column chromatography using petroleum ether/EtO2d)(as eluent and the compouht (85% yield) was
obtained as a light beige powder. Mp: 125@ *H NMR (400 MHz, DMSOds) 8.07 (s, 1H), 7.73 (mt, 2H),
7.61 (s, 1H), 7.31 (s, 2H), 7.20 (mt, 2H), 3.9534), 3.52(s, 6H); *C NMR (100 MHz, DMSOdg) 5 161.60
(YJc.r = 243 Hz), 149.48, 139.32, 138.94, 132.78, 131188).43 {Jcr = 3 Hz), 128.98 % = 8 Hz, 2C),
128.26, 115.26°c.¢ = 21 Hz, 2C), 114.65, 107.77, 39.25 (2C), 38M3 (ESI)m/z (%): 337.1 (100) [M+H];
UPLC purity = 100%, Rt 1.9%in; HRMS (TOF MS ES+): caled. for CigH17FNg [M+H]" 373.1571, found:
373.1570.

4.1.2. 4-1odo-2-(methylsulfanyl)pyrimidine (13)

4-Chloro-2-(methylsulfanyl)pyrimidind 2 (10.00 g, 62.3 mmol) was added to HI (57% in wa®&r mL). The
reaction mixture was stirred at room temperature/foh. After filtration, the precipitate was dissed in water
(50 mL), and the pH mixture was adjusted to 8 WHHCG;. The aqueous layer was extracted with,ClHand
the organic layer was washed with saturated aquemution of NaS,0; and water, dried over N&QO,, filtered,
and concentrated under reduced pressure. Tritaratith petroleum ether affordeiB (14.85 g, 95% yield) as a
white powder. Mp: 51-52 °C (lit. 52-53 °C) [17H NMR (400 MHz, CDCJ) & 7.99 (d,J = 5.1 Hz, 1H, &),
7.39 (d,3)=5.1 Hz, 1H, H), 2.53 (s, 3H, SCH).

4.1.3. General procedure for the synthesis of compounds 14-15

In a vial were added 2-aryl-8-chloroimidazo[Byrazine (1 equiv.), compount3 (2 equiv.), Pd(OAg) (0.2
equiv.), PPk (0.4 equiv.), C££O; (1.5 equiv.) in DMF. The vial was sealed and pdrgéth N, through the
septum inlet for 10 min. The suspension was thetdaeat 90 °C for 15-20 h. After cooling, the ré&agl
mixture was diluted with EtOAc and water and thgamic layer was extracted twice with EtOAc. The borad
organic layers were washed with water, dried ovaiSR), filtered and concentrated under vacuum. The crude

product was then purified by flash column chromedpdy to providel4—15

4.1.3.1. 8-Chloro-3-[ 2-(methylsulfanyl)pyrimidin-4-yl] -2-phenylimidazo[ 1,2-a] pyrazine (14)

The reaction was carried out using 8-chloro-2-pliengtazo[1,2a]pyrazine3 (2.00 g, 8.7 mmol), compouri8
(4.39 g, 17.4 mmol), Pd(OA£)0.39 g, 1.7 mmol), PBK0.91 g, 3.5 mmol), GEO; (4.26 g, 13.1 mmol) in
DMF (20 mL) and the reaction mixture was heated2®h. Purification by flash column chromatograpising
cyclohexane/AcOEt (90:10) as eluent afforddd(0.97 g, 31% vyield) as a yellow powder. Mp: 1783-2C; *H



NMR (400 MHz, CDC}) 6 9.39 (d,®J = 4.8 Hz, 1H), 8.39 () = 5.2 Hz, 1H), 7.86 () = 4.8 Hz, 1H), 7.67—
7.65 (m, 2H), 7.48-7.45 (m, 3H), 6.89 {d= 5.6 Hz, 1H), 2.66 (s, 3H}*C NMR (100 MHz, CDG)) 5 173.10,
157.24, 156.31, 150.68, 143.87, 138.64, 132.98,6029129.54 (2C), 129.20, 128.97 (2C), 120.44, 499.
115.21, 14.23MS (TOF MS ES+) m/z (%): 354.06 (100) [M+HB76.04 [M+H+Nal; UPLC purity = 98%, Rt
2.89min; HRMS (TOF MS ES+): calcd. for GH;,CINsS [M+H]* 354.0580, found: 354.0569.

4.1.3.2. 8-Chloro-2-(4-fluorophenyl)-3-[ 2-(methyl sulfanyl) pyrimidin-4-yl] imidazo[ 1,2-a] pyrazine (15)

The reaction was carried out using 8-chloro-2-(#ffophenyl)imidazo[1,2]pyrazine4 (0.50 g, 2.0 mmol),
compoundl3 (1.02 g, 4.0 mmol), Pd(OA£)0.09 g, 0.4 mmol), PRK0.21 g, 0.8 mmol), GEO; (0.99 g, 3.0
mmol) in DMF (5 mL) and the reaction mixture wasatesl for 15 h. Purification by flash column
chromatography using cyclohexane/AcOEt (1:1) asrdlaffordedl5 (0.35 g, 47% yield) as an orange powder.
Mp: 188-189°C; 'H NMR (400 MHz, CDC})  9.36 (d,%J = 4.8 Hz, 1H), 8.43 () = 5.2 Hz, 1H), 7.88 (£J

= 4.8 Hz, 1H), 7.68-7.64 (m, 2H), 7.20-7.16 (m, 26190 (d,%J = 5.2 Hz, 1H), 2.68 (s, 3H); *C NMR (100
MHz, CDCE) & 173.15, 163.68 .- = 248 Hz), 156.94, 156.37, 149.70, 143.90, 131°8@- = 8 Hz, 2C),
129.41, 128.94, 120.35, 119.40, 116.21L £ = 21 Hz, 2C), 115.04,4.28; MS (TOF MS ES+) m/z (%): 372.05
(100) [M+H]"; UPLC purity = 99%, Rt 3.08min; HRMS (TOF MS ES+): calcd. for C;7H:CIFNsS [M+H]*
372.0486, found: 372.0475.

4.1.4. General procedure for the synthesis of compounds 16-17

In a vial were added compourd or 15 (1 equiv.), dimethylamine (40% in water, 20 egui{,COs (1 equiv.)
in DMF. The vial was sealed and the suspensionhveased at 90 °C for 4-17 h. After cooling, the sy
mixture was diluted with EtOAc and water and thgamic layer was extracted twice with EtOAc. The borad
organic layers were washed with water, dried ovaiSR), filtered and concentrated under vacuum. The crude

product was then purified by flash column chromedpdy to providel6-17

4.1.4.1. N,N-Dimethyl-3-[ 2-(methyl sulfanyl)pyrimidin-4-yl] -2-phenylimidazo[ 1,2-a] pyrazin-8-amine (16)

The reaction was carried out using compo@dd500 mg, 1.4 mmol), dimethylamine (40% in wated fnL,
28.2 mmol), KCO; (195 mg, 1.4 mmol) in DMF (15 mL) and the reactimixture was heated for 17 h.
Purification by flash column chromatography usiyglahexane/AcOEt (90:10) as eluent affordgid(282 mg,
55% vyield) as a yellow powder. Mp: 136—137; *H NMR (400 MHz, CDCJ) & 8.57 (d2J = 4.6 Hz, 1H), 8.33
(d,%J = 5.3 Hz, 1H), 7.64-7.61 (m, 2H), 7.48 {d= 4.7 Hz, 1H), 7.42-7.41 (m, 3H), 6.86 {d= 5.3 Hz, 1H),
3.59 (s, 6H, -N(CH),), 2.64(s, 3H); **C NMR (100 MHz, CDG)) § 173.05, 157.33, 157.04, 150.26, 146.63,
134.95, 134.06, 129.37 (2C), 128.97, 128.90 (29,33, 116.00, 110.11, 77.36, 40.46 (2C), 143 (TOF
MS ES+) m/z (%): 363.14 (100) [M+H]JUPLC purity = 98%, Rt 2.50min; HRMS (TOF MS ES+): calcd. for
CigH1aN6S [M+H]* 363.1392, found: 363.1381.



4.1.4.2. 2-(4-Fluorophenyl)-N,N-dimethyl-3-[ 2-(methyl sulfanyl)pyrimidin-4-yl] imidazo[ 1,2-a] pyrazin-8-amine
17

The reaction was carried out using compo@bdd220 mg, 0.6 mmol), dimethylamine (40% in watef L,
11.8 mmol), KCO; (82 mg, 0.6 mmol) in DMF (10 mL) and the reactionixture was heated for 4 h.
Purification by flash column chromatography usinglochexane/AcOEt (1:1) as eluent affordéd (131 mg,
58% yield) as a yellow powder. Mp: 141-142 *H NMR (400 MHz, CDC}) & 8.52 (d,2J = 5.2 Hz, 1H), 8.39
(d, %) = 5.2 Hz, 1H), 7.62-7.59 (m, 2H), 7.51 {d= 5.2 Hz, 1H), 7.14-7.11 (m, 2H), 6.86 {d= 5.2 Hz, 1H),
3.68 (s, 6H), 2.63s, 3H); **C NMR (100 MHz, CDGJ) & 173.17, 163.18 cr = 247 Hz), 157.06, 156.94,
149.76, 145.43, 134.62, 131.004r = 8 Hz, 2C), 129.88, 128.09, 119.31, 11584 £ = 22 Hz, 2C), 115.73,
109.89, 40.49 (2C), 14.281S (TOF MS ES+) m/z (%): 381.13 (100) [M+KUPLC purity = 100%, Rt 2.38
min; HRMS (TOF MS ES+): calcd. for C1gH,7FNgS [M+H]" 381.1298, found: 381.1284.

4.1.5. General procedure for the synthesis of compounds 18-19

In a three-neck round-bottom flask was added comgd® or 17 (1 equiv.) in methanol. Oxone® dissolved in
water was then added dropwise and the suspensisrstiweed vigorously at room temperature for 17-2dte
resulting mixture was evaporated under reducedspres The residue was diluted with EtOAc and thganic
layer was washed with a saturated aqueous NaH&lution, water, dried over MNaQO,, filtered and

concentrated under vacuum. The crude product wet fas the next step without further purification.
4.1.5.1. N,N-Dimethyl-3-[ 2-(methyl sulfonyl ) pyrimidin-4-yl] -2-phenylimidazo[ 1,2-a] pyrazin-8-amine (18)

The reaction was carried out using compod6d0.40 g, 1.1 mmol) in MeOH (19 mL), Oxone® (1.02333
mmol) in water (18 mL) and the reaction was stirfed 17 h. The crude product (426 mg, 98% yieldswa
obtained as a yellow powdéH NMR (400 MHz, CDCJ) 6 8.87 (d,3J = 4.0 Hz, 1H), 8.62 (J = 4.0 Hz, 1H),
7.64-7.60 (m, 3H), 7.50-7.49 (m, 3H), 7.38%1= 5.6 Hz, 1H), 7.26 () = 5.6 Hz, 1H), 3.66 (s, 6H), 3.42 (s,
3H); MS (ESI) m/z (%): 395.1 (100) [M+H] UPLC purity = 99%, Rt 2.09 min.

4.15.2. 2-(4-Fluorophenyl)-N,N-dimethyl-3-[ 2-(methyl sulfonyl)pyrimidin-4-yl] imidazo[ 1,2-a] pyrazin-8-amine
(19

The reaction was carried out using compo@iid130 mg, 0.34 mmol) in MeOH (5.9 mL), Oxone® (31§,
1.03 mmol) in water (5.5 mL) and the reaction wi@ses! for 24 h. The crude product (42 mg, 30%djielas
obtained as a yellow powdétH NMR (400 MHz, CDCJ) & 8.84 (d,2J = 4.8 Hz, 1H), 8.63 (dJ = 4.9 Hz, 1H),
7.63-7.59 (m, 3H), 7.36 (&) = 4.9 Hz, 1H), 7.18 {§, *J., = 8.8 Hz, 2H), 3.60 (s, 6H), 3.48 3H); MS (ESI)
m/z (%): 413.1 (100) [M+H} UPLC purity = 97%, Rt 2.07 min.

4.1.6. General procedure for the synthesis of compounds 20-21



In a vial were added compourd® or 19, ammonium hydroxide (25% in water) in 1,4-dioxamee vial was
sealed and the suspension was heated at 110 2CH@&0-9 h. After cooling, the resulting mixturesadiluted
with EtOAc and water and the organic layer was wdshvith water, dried over N&Q,, filtered and

concentrated under vacuum. The crude product veasphbrified by chromatography to provigdé-21
4.1.6.1. 3-(2-Aminopyrimidin-4-yl)-N,N-dimethyl-2-phenylimidazo[ 1,2-a] pyrazin-8-amine (20)

The reaction was carried out using compo@B8d200 mg, 0.51 mmol), ammonium hydroxide (25% irtexa5
mL) in 1,4-dioxane (5 mL) and the reaction mixtumas heated for 9 h. Purification by flash column
chromatography using cyclohexane/AcOEt (1:1) asrdlafforded20 (85 mg, 51% vyield) as a white powder.
Mp: 224-23 °C; *H NMR (400 MHz, CDCY)) & 8.47 (d,3) = 4.8 Hz, 1H), 8.17 (¢J = 4.9 Hz, 1H), 7.68-7.65
(m, 2H), 7.45 (dJ = 4.8 Hz, 1H), 7.42—7.39 (m, 3H), 6.57 {d= 4.9 Hz, 1H), 5.25 (bs, 2H), 3.60 (s, 6HC
NMR (100 MHz, CDC}) 6 162.87, 158.40, 158.26, 150.53, 145.37, 134.74,188 129.20 (2C), 128.90, 128.53
(2C), 128.46, 119.32, 111.92, 109.82, 39.98 (NS (TOF MS ES+) m/z (%): 332.16 (100) [M+K]JUPLC
purity = 98%, Rt 1.77Znin; HRMS (TOF MS ES+): calcd. for C1gH1/N7 [M+H] " 332.1624, found: 332.1614.

4.1.6.2. 3-(2-Aminopyrimidin-4-yl)-2-(4-fluor ophenyl)-N,N-dimethylimidazo[ 1,2-a] pyrazin-8-amine (21)

The reaction was carried out using compo@Ad84 mg, 0.20 mmol), ammonium hydroxide (25% inaeva8
mL) in 1,4-dioxane (3 mL) and the reaction mixtwas heated for 1 h 30. Purification by flash chrtogeaphy
(dichloromethane/ethanol, 98:2) afford2ti (52 mg, 73% yield) as a white powder. Mp: 172—-2Z3'H NMR
(400 MHz, CDC}) & 8.44 (d,®J = 4.8 Hz, 1H), 8.20 (dJ = 5.6 Hz, 1H), 7.66-7.63 (m, 2H), 7.46 {d,= 4.4
Hz, 1H), 7.12-7.08 (m, 2H), 6.56 (,= 5.2 Hz, 1H), 5.24bs, 2H), 3.60 (s, 6H); *C NMR (100 MHz, CDG))

8 163.00 {Jcr = 247 Hz), 162.90, 158.40, 158.24, 150.41, 144134,62, 130.94°]cr = 8 Hz, 2C), 130.22,
128.89, 119.28, 115583 = 22 Hz, 2C), 111.77, 109.74, 40.02 (2®)S (TOF MS ES+) m/z (%): 350.15
(100) [M+H]"; UPLC purity = 100%, Rt 1.83 min; HRMS (TOF MS ES+): caled. for CygH1gNgS [M+H]"
350.1529, found: 350.1517.

4.1.7. 2-(4-Fluor ophenyl)-3-[ 2-(methyl sulfanyl) pyrimidin-4-yl] imidazo[ 1,2-a] pyrazin-8-amine (22)

In a vial were added compourd (0.125 g, 0.34 mmol), ammonium hydroxide (3.3 b% in water) and
isopropanol (1.6 mL). The vial was sealed and litateler microwave irradiation at 120 °C for 1 h=(BO W).
After cooling, water was added and the resultingcymitate was filtered off. The filtrate was extet with
dichloromethane and the organic layer was dried 8&@SQ,, filtered and concentrated under vacuum. The
combined solids were washed with diisopropylic etieeprovide22 (0.118 g, 100% vyield) as a beige powder.
Mp: 185-186°C; *H NMR (400 MHz, CDC}) & 8.70 (d,%J = 5.0 Hz, 1H), 8.37 (£J = 5.0 Hz, 1H), 7.61 (dd)

= 8.4 Hz2) = 5.2 Hz, 2H), 7.47 (d) = 4.8 Hz, 1H), 7.16 (mt, 2H), 6.83 {,= 5.2 Hz, 1H), 5.72, (s, 2H), 2.65
(s, 3H) *C NMR (100 MHz, CDGJ) § 173.10, 163.32")c.r = 248 Hz), 157.00, 156.80, 149.78, 146.93, 133.37,
131.11 fJcr = 8 Hz, 2C), 129.84%)c = 4 Hz), 129.43, 120.08, 116.00d = 22 Hz, 2C), 114.98, 111.92,
14.2% MS (TOF MS ES+) m/z (%): 353.10 (100) [M+HUPLC purity = 97%, Rt 2.09min; HRMS (TOF MS
ES+): calcd. for GH,3FNgS [M+H]" 353.0985, found: 353.0979.



4.1.8. 2-(4-Fluorophenyl)-3-[ 2-(methyl sulfonyl) pyrimidin-4-yl] imidazo[ 1,2-a] pyrazin-8-amine (23)

In a round-bottom flask was dissolved compo@2d100 mg, 0.34 mmol) in MeOH (4.6 mL). Oxone® (263
mg, 0.85 mmol) in water (4.6 mL) was added andrdaetion was stirred at room temperature for 24He
resulting mixture was evaporated under reducedspres Water was added and the mixture was extradtdd
EtOAc and the organic layer was dried ovepd@,, filtered and concentrated under vacuum. The cpudduct
(81 mg, 74% vyield) was used for the next step witHarther purification’H NMR (400 MHz, CDC}) & 8.97
(d,%J = 4.6 Hz, 1H), 8.65 (FJ = 5.6 Hz, 1H), 7.61 (dd) = 8.6 Hz3J = 5.4 Hz, 2H), 7.56 (£J = 4.6 Hz, 1H),
7.35 (d,*J = 5.6 Hz, 1H), 7.24 (mt, 2H), 6.02 (s, 2H), 3423H); MS (ESI) m/z (%): 385.1 (100) [M+H]
UPLC purity = 79%, Rt 1.92 min.

4.1.9. 3-(2-Aminopyrimidin-4-yl)-2-(4-fluor ophenyl)imidazo[ 1,2-a] pyrazin-8-amine (24)

In a vial were added compour®® (70 mg, 0.18 mmol), ammonium hydroxide (3 mL, 2&%water) in 1,4-
dioxane (3 mL). The vial was sealed and the suspengas heated at 110 °C for 1 h 15. After coolivwgter
was added the resulting mixture was extracted ®withAc. The organic layer was dried over,8@y, filtered
and concentrated under vacuum. Purification byhfladtwomatography (EtOAc) afforded (25 mg, 43% vyield)

as a white powder. Mp: 128%; '"H NMR (400 MHz, DMSOs) & 8.57 (d,%J = 4.6 Hz, 1H), 8.16 () = 5.4

Hz, 1H), 7.66 (mt, 2H), 7.35 (4) = 4.6 Hz, 1H), 7.29 (mt, 2H), 7.07 (s, 2H), 6.82ZH), 6.34 (d3J = 5.4 Hz,
1H); *C NMR (100 MHz, DMSOds) § 163.47, 162.15c.¢ = 245 Hz), 158.56, 156.75, 150.32, 144.10, 132.44,
131.06 {Jc.r = 8 Hz, 2C), 130.58'3c.¢ = 3 Hz), 129.29, 120.09, 115.45( = 22 Hz, 2C), 110.35, 108.8MS
(TOF MS ES+) m/z (%): 322.12 (100) [M+H]UPLC purity = 100%, Rt 1.3 min; HRMS (TOF MS ES+):
calcd. for GgH1.FN; [M+H] " 322.1216, found: 322.1208.

4.2. Molecular modelling
4.2.1 Homology modelling

The 2.0 A resolution X-ray crystal structure@fyza sativa CK1 with accession code 3SV0 was retrieved from
the Protein Data Bank, and used as template for the construction of mdhogy model for the amino-acids
sequence associated with entry QINHEL from the tdhiBatabase with the MODELLER v9.22 software
package [28]. A range of structures of #ieinitio C-terminal loop (not covered by the template) waserated
using the same software, and the solution exhipitire best score (and folding) was merged with gag

obtained by homology to yield a complete modehef protein.
4.2.2 Molecular dynamics
The resulting homology model was placed withinrawdation periodic box with a 1 nm margin. The pioteas

solvated with water molecules taken from a librafyre-equilibrated pure solvent model, and sodalmoride

was added in sufficient quantity to reach electéwtrality as well as an ionic strength correspogdo ac =



150 mM salt concentration. Simulation was performéith GROMACS v2019.1 software package [29], using
AMBER99SB-ILDN force field [30] in combination wittheTIP3P water model [31].

The so-built system was energy-minimized usingeapsst descent algorithm then subjected to twoecoiise
100 ps MD simulations for equilibration purposdse(first one with Berendsen [32] and the second witle
Nosé-Hoover [33] thermostat). Production MD simiolatwas then conducted with Nosé—Hoover thermostat
and Parrinello-Rahman pressure coupling [34] ftotal simulated time of 18s. Atom coordinates were saved
every simulated 20 ps for trajectory analysis.

10 representative conformations of the binding sitre selected after binding site residues RMS[zdas

clustering of the trajectory performed using the@ROS algorithm [35] with a cut-off value of 0.66 A.

4.2.3 Molecular docking

Initial coordinates for ligands were generated gsihe MarvinSketch v19.26 software package [361 an
compounds were freely docked in a parallelepipdatiz circumscribed to the ATP binding site using the
AutoDock Vina v1.1.2 software package [37] in eatlhe 10 representative protein structures derfumah the
molecular dynamics calculation. Best-ranked sohgiin terms of scoring function were retained foalgsis
and depiction using the UCSF Chimera v1.14 softwaekage [38].

4.3. Biological evaluation

4.3.1 Antileishmanial activity

4.3.1.1 Cdll lines and cultures

The mouse monocyte/macrophage cell line RAW264.§ maintained in culture in DMEM supplemented with
10% heat-inactivated fetal bovine serum.

The Leishmania strains were obtained from CNRLeish (Centre Natiate Référence desishmania). Strains
used for in vitro experiments were Leishmania donovani (MHOM/ET/67/HU3), L. infantum
(MHOM/FR/2008/LEM5700),L. major (MHOM/PT/92/CRE26)L. amazonensis (MHOM/BR/73/M2269) and

L. braziliensis (MHOM/BR/75/M2903b).

These strains were used forvitro experiments. Promastigotes forms were grown in94-fnedium (Sigma-
Aldrich) supplemented with 40 mM HEPES, 100 uM am@me, 0.5 mg/mL haemin, 10% heat-inactivated foetal
bovine serum (FBS) (Invitrogen Life Technologies&°C in a dark environment under an atmosphe®/of
CO.. For differentiation of promastigotes into axeaimastigotes, plateau-phase cultures of promastigodéee
used and a suspension of parasites was prepat®d@arasites / mL in axenic amastigote medium (1 £99;
supplemented with 40 mM HEPES, 100 uM adenosirieny/mL haemin, 10% FBS; 2 mM MgCR mM
CalCL). The pH was adjusted to pH 5.5. Axenic amastigatere grown at 37 °C in 5% GOThe axenic
amastigote experiments were performed only afteagie differentiation.

Leishmania major (MHOM/IL/81/BNI) promastigotes were maintained teekly subpassages in Schneider’s

insect medium (Sigma chemical Co. St Louis, Mo)pemented with 13% heat-inactivated foetal bovierim



(FBS, Sigma—Aldrich) at 26 °C [39].

4.3.1.2 In vitro antileishmanial evaluation on intramacrophage amastigotes

The mouse monocyte/macrophage cell line RAW 2643maintained in DMEM supplemented with 10% heat-
inactivatedfetal bovine serum. RAW 264.7 cells were seeded &t96-wellmicrotiter plate at a density of
100,000 cells/well in 100 pL ddMEM. After incubation in a 5% Cgincubator at 37 °C for 24 h, tloeilture
medium was replaced with 100 pL of fresh DMEMntaining a suspension of plateau-phase culture of
promastigotes to reach a ratio parasite/macropbfi@é:1.In each plate, 8 wells contained axenic amastigotes
(control of the parasite growth), 8 wells contairedy macrophages (control of the macrophage grpwadtid
finally 8 wells contained infected macrophages famnof the growth of intramacrophage parasitesiie”
incubation in a 5 % CgQincubator at 37 °C for 24 h (the time needed leyghrasite to infect the macrophage),
cells were visualized using an inverted microscupeheck the presence of inside parasites. Thencukture
medium was replaced with fresh DMEM to realize #eeial dilution. Final concentrations of test compod
were obtained by serial dilution ranging betwee 88 and 100 pM for pure compounds. After incubmtio
cells were visualized using an inverted microscmpeheck the cell lysis, their morphology and thesgnce of
outside parasites. The viability of taenastigotes into macrophages was then assessecdthusiS YBR1Green |
(Invitrogen, France) incorporation method. Thug thedium was removed and tbells were lysed in 100 pL
lysis buffer. The plates were then subjected toe8Ze-thaw cycles to achieve complete lysis. Thasie lysis
suspension was diluted 1:1 in lysis buffer with S¥Breen | as previously described. Theyl€alue was
calculated by nonlinear regression using icestimatgebsite 1.2 version: http://www.antimalarial-
icestimator.net/MethodIntro.htm. Fluorescence olgidiwas compared to those from the range obtained with
parasite,infected cell and non-infected cell densities. Twtivity of the compounds was expressed ag IC
(concentration of drug inhibiting the parasite gtovoy 50%, comparatively to the controls treatethvihe

excipient only). Miltefosine was used as the refesdrug.

For Leishmania major (MHOM/IL/81/BNI), compounds were diluted in dimgtbulfoxide (DMSO) in view to
obtain stock solutions (10 mM). Dilutions of eadnpound were realized in medium in accordance e&th
line culture and at a maximum final concentratidril® DMSO. Activity against the intracellular amigste
stage of the parasite was determined after infeatibBalb/c mice peritoneal macrophages (CE Janvier
Genest, France). 106L of a peritoneal macrophage suspension were plateda 24-well plate (Nurfd on
glass slides (10 mm diameter) at 1.8 ¢éll/mL in RPMI 1640 with 15% FBS at 37 °C and &%®,. Following

a 24 h-incubation to allow attachment, macrophagese infected with 100uL of a stationary phase
promastigotes (1.5 x f(romastigotes/mL in RPMI 1640 medium plus 15% FB&)J then incubated for a 24
h-period at 37 °C and 5% Gdor infection. Macrophage culture was washed arpdosed to drugs at
concentrations of 100, 10, 1 and 0.1 uM. After #sdaultures were fixed with methanol, stained withy-
Grunwald-Giemsa and microscopically examined. Therage number of amastigotes per macrophage was
determined by counting the number of amastigotd®thrandomly chosen macrophages in each duphegite
ICs5o values were calculated by using the values ohtimaber of amastigotes per macrophage [39]. Miliatos

was used as a reference at the concentration®ofl00and 1 uM. Experiments were done twice.



4.3.2 Cytotoxicity determination
4.3.2.1 Evaluation of compounds cytotoxicity using SYBR Green method

Cytotoxicity was evaluated on mouse monocyte/mdtagp-like cell line RAW 264.7 (Cell collection CNRS
UMR 8076 BioCis, University Paris-Saclay). The RAWR284.7 cells were cultured in Dulbecco’s modified
Eagle's minimal essential medium (DMEM) (Invitrogeife Technologies) supplemented with 10% heat-
inactivated fetal bovine serum, at 37 °C in a hufieid atmosphere containing 5% G@ells were seeded into a
96-well microtitration plate at a density of 10000¢ells/well in 20QuL. After incubation in a 5 % CQncubator

at 37 °C for 24 h, the culture medium was replas@t 100 puL of fresh DMEM containing two-fold seria
dilutions of the tested compounds. Final conceiatnatof tested compounds or extracts were obtdiyeserial
dilution ranging between 49 nM and 100 pM for paoenpounds and between 49 ng/mL and 100 pg/mL for
extracts. Miltefosine was used as the referencg dnd cells without drug treatment as growth cdntdter
incubation, cells were visualized using an invert@droscope to check their morphology and to cdritre drug
solubility. After a 48 h incubation time at 37 °Gthv5% CQ, growth was determined by using SYBR Green 1
as previously described [40]. The cytotoxicity diet compounds was expressed assC(Tytotoxic
Concentration 50%: concentration inhibiting the mabages growth by 50%). The €Gvas calculated by
nonlinear regression using icestimator website 1.version: http://www.antimalarial-

icestimator.net/MethodIntro.htm.
4.3.2.2. Cytotoxicity assay on MRC-5 fibroblat cells

Cytotoxicity of compounds was studied with humabrdblast (MRC-5). Cells were grown in RPMI 1640
medium (Sigma-aldrich) supplemented with 10% fobtalin serum (Sigma-aldrich). Drugs were testethiae
concentrations (100, 10 and 1 uM) in triplicate £86 h-incubation time. Cytotoxicity was measuoedthe
Fluorolite 1000 (Dynatech, France) after a 4-h bation time with 10 pL of resazurin solution (7O0Mu

Inhibitory concentration 50 (l§g) is a mean of triplicate values [41,42].
4.3.2.3. Evaluation of compounds cytotoxicity using in vivo Galleria mellonella model

G. mellonella larvae were bred in [ICiMed laboratory at 30-32ifiG mixture of flour, honey, oat meal, glycerol
and pollen until 260 to 320 mg"{&levelopmental stage). Groups of ten larvae werdamly selected for the
experiments. Each larva was injected in thdedt pro-leg with 10 pL of antifungal compoundsasr equivalent
volume of PBS/DMSO for control group at a dose iragybetween 10 mg/kg and 50 mg/kg using a 0.3 mL -
30G-Insulin syringe. Larvae were incubated in thekdat 37 °C and survival was evaluated daily fatays.
Death was assessed by the lack of movement inmespo stimulus, with or without discolourationré&ntage
survival was plotted using GraphPad Prism and sahanalyses were determined using the log-rankated

the Kaplan-Meier survival curves. Two independedpeiments were performed.



4.3.3 Kinase inhibition assays

Two different methods were used to study the eftéahe compounds on kinase activities: (i) a rautric
assay usingy[>*P] ATP and (i) a luminescent ADP detection as#s)R-Glo assay, Promega, Madison, WI).

4.3.3.1. Experimental details on the radiometric assay

Kinase activities were assayed in appropriate kinasffer, with either protein or peptide as sulietia the
presence of 15 uMy**P] ATP (3,000 Ci/mmol; 10 mCi/mL) in a final voluna 30 pL following the assay
described in [43]. Controls were performed with mppiate dilutions of dimethylsulfoxide (DMSO). Fgngth
kinases are used unless specified. Peptide sudsstratre obtained from ProteoGenix (SchiltigheinanEe) or
Sigma for Histone H1 (#H5505), Casein (#C4032) P (#M1891).

4.3.3.2 Experimental details on ADP-Glo™ assay

Kinase enzymatic activities were assayed in 384-plates using the ADP-GIY assay kit (Promega, Madison,
WI) according to manufacturer's recommendationgl|([fbr details on this method). Briefly, reactiongre
carried out in a final volume of 6 uL for 30 min 2@ °C in appropriate kinase buffer, with eitheotgin or
peptide as substrate in the presence of 10 uM ANR.experimental conditions used to perform théousr
kinase assays are reported in [45]. In order terd@he the half maximal inhibitory concentratiolCdj), the
assays were performed in duplicate in the absengeesence of increasing doses of the tested comgsou
Kinase activities are expressed in % of maximaiviygt i.e. measured in the absence of inhibit@sglvalues
were determined from the dose response curves Wgisgn-GraphPad (GraphPad Software, San Diego, CA,
USA).

Buffers: (A) 10 mM MgCh, 1 mM EGTA, 1 mM DTT, 25 mM Tris-HCI pH 7.5, 50 fogl. heparin; (B) 5 mM
MOPS pH 7.2, 2.5 mMs-glycerophosphate, 4 mM Mg£12.5 mM MnCh, 1 mM EGTA, 0.5 mM EDTA, 50
ug/mL BSA, 0.05 mM DTT; (C) 25 mM MOPS, pH7.2, 128V B-glycerophosphate, 25 mM MggCIs mM

EGTA, 2 mM EDTA, 0.25 mM DTT.

Native or recombinant protein kinases used durirtgg study were:

LmCK1 (LmjF35.1010, fronlLeishmania major, recombinant, expressed in bacteria [12], wasyaska buffer

A with 170 uM of the following peptide: RRKHAAIGSPASITA (“Sp” stands for phosphorylated serine) as
CK1-specific substrate.

HsCK1e (human, recombinant, expressed by baculovirugdnirsect cells) was assayed in buffer A with 170
UM of the following peptide: RRKHAAIGSpAYSITA.

HsCDK2/CyclinA (human, cyclin-dependent kinase-2, dtinprovided by Dr. A. Echalier-Glazer, Leicester,
UK) was assayed in buffer A with 37.2 uM of histdthe as substrate.

HsCDK5/p25 (human, recombinant, expressed in bagtesaa assayed in buffer A, with 37.2 uM of histdiie

as substrate.



HsCDK9/CyclinT (human, recombinant, expressed by lmdws in Sf9 insect cells) was assayed in buffer
with 83 uM of the following peptide: YSPTSPSYSPTSBPTSPSKKKK, as substrate.

SscGSK-3u/f (Sus scrofa domesticus, native porcine enzyme, affinity purified from pore brain) was assayed
in buffer A with 20 pM of GS-1 peptide, a GSK-3-ewive substrate
(YRRAAVPPSPSLSRHSSPHQSpEDEEE).

HsPIM1 (human proto-oncogene, recombinant, expregsbdcteria) was assayed in buffer A with 18.6 pM o
histone H1 (Sigma #H5505) as substrate.

HsRIPK3 (human, recombinant, expressed by baculowitisf9 insect cells) was assayed in buffer B véith
UM of MBP as substrate.

HsHASPIN (human, kinase domain, amino acids 470 & v&combinant, expressed in bacteria) was assayed
buffer A with 8 uM of Histone H3 (1-21) peptide (ARQTARKSTGGKAPRKQLA) as substrate.

HSAURKB (human Aurora kinase B, recombinant, exprdsigg baculovirus in Sf9 insect cells, SignalChem,
product #A31-10G) was assayed in buffer C with 8w of MBP as substrate.

MmCLK1 (from Mus musculus, recombinant, expressed in bacteria) was assayedffer A with 57.3 uM of
the following peptide: GRSRSRSRSRSR as substrate.

RnDYRK1A (Rattus norvegicus, amino acids 1 to 499 including the kinase domanpmbinant, expressed in
bacteria, DNA vector kindly provided by Dr. W. Betk Aachen, Germany) was assayed in buffer A wetfr 1
UM of the following peptide : KKISGRLSPIMTEQ as siifate.

Controls inhibitors:

To validate each kinase assay, the following manleibitors were used under the same conditions than
tested compounds: Barasertib (AZD1152-HQPA, #S113&lJeckchem) for AuroraB; Staurosporine from
Sreptomyces sp. (#S5921, purity 95%, Sigma-Aldrich) for CGKand LmCK1; Indirubin-3’-oxime (#0404,
Sigma-Aldrich) for CDK2/CyclinA, CDK5/p25, CDK9/CYiaT, SscGSK-30/f3, RnDYRK1A and MmCLK1;
CHR-6494 (#SML0648, Sigma-Aldrich) for HASPIN; GS¥2 (GSK2399872A, #S8465, Selleckchem) for
RIPK3; SGI-1776 (#S2198, Selleckchem) for PIM1.
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Table 1Yields of Suzuki coupling reaction to obtain imidfk,2-a]pyrazines7-11from compoundb.
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Reagents and conditions: (a) 1) HI (57% aq), rth72) HO, NaHCQ, 95%; (b)13, Pd(OAc), PPh, CsCO;,
DMF, 90 °C, 20 h, 31%1@) and 15 h, 47%1(); (c) Dimethylamine 40% aq.,.KOs;, DMF, sealed tube, 90 °C,
4-17 h, 55-58%; (d) Oxone®, MeOHB, rt, 17-24 h, 25-98%; (e) NBHaq, 1,4-dioxane, sealed tube, 110
°C, 9 h, 51%20) and 1 h 30, 73%2().

Scheme 3Synthesis of compoun@®-24
Reagents and conditions: (a) NH,OHaq, isopropanol, p-wave, 120 °C, 1 h, 100%; (kdpri@®aq, MeOH, rt, 24
h, 74 %; (c) NHOHaq, 1,4-dioxane, sealed tube, 110 °C, 1 h 15,.43%

Table 2 In vitro antileishmanial activities against intracellular major, L. amazonensis and L. brazliensis
amastigotes and cytotoxicity evaluation of imiddzafa]pyrazinesCTN1122, 7-11, 14-17, 20-22and24.

Table 3 In vitro antileishmanial activities against intracellularinfantum and L. donovani amastigotes and
cytotoxicity evaluation of imidazo[1,8}pyrazinesCTN1122, 7-11, 14-17, 20-22and24.

Figure 3. Evaluation ofin vivo cytotoxicity of imidazo[1,2a]pyrazinesCTN1122, 7-11, 14-17, 20-22 and24 on
G. mellonella model. Percentage of survival 7 days after injectf a dose of 50 mg/kg for each compound.

Mean of two independent experiments
Figure 4. Putative binding mode @TN1122within the ATP binding site of a homology modellohCK1.
Table 4 Inhibition of Leishmania major CK1 and human CK1 activities of imidazo[lglpyrazinesCTN1122,

7-11, 14-17, 20-22 and 24, and their selectivity profile against an arrayldf native or recombinant protein

kinase8
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Reagents and conditions: (a) MbH, sealed tube, 100 °C, 17 h, 70%; (b) BsCB(4-RGH.), CH:CN, 80 °C, 11 h, 58%3} and 18 h, 55%
(4); (c) NIS, DMF, 60 °C, M 7 h, 84%; (d) Dimethylamine 40% aq.;G¢Os;, DMF, sealed tube, 100 °C, 5 h, 70%; (e) (Het)A8],,
PdCL(dppf), KsPOQy, dioxane/HO (9:1), sealed tube, 100 °C, 20 h, 24—85%.
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Reagents and conditions: (a) 1) HI (57% aq), rthi72) HO, NaHCQ, 95%); (b)13, Pd(OAc), PPh, CsCO;, DMF, 90 °C, 20 h, 31%l4)
and 15 h, 47%1(5); (c) Dimethylamine 40% aq.,.KO;, DMF, sealed tube, 90 °C, 4-17 h, 55-58%; (d) @&rMeOH/HO, rt, 17-24 h,
25-98%; (e) NHOHagq, 1,4-dioxane, sealed tube, 110 °C, 9 h, &A®eand 1 h 30, 73%2().
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Scheme 3 Synthesis of compoun@2-24
Reagents and conditions: (a) NH,OHaq, isopropanol, p-wave, 120 °C, 1 h, 100%; (kyri@®aq, MeOH, rt, 24 h, 74 %; (c) MBHaq, 1,4-
dioxane, sealed tube, 110 °C, 1 h 15, 43%.



Table 21n vitro antileishmanial activities against intracellulamajor, L. amazonensis andL

evaluation of imidazo[1,2]pyrazinesCTN1122, 711, 14-17, 20-22 and24.

RB
Y
O
Rs

. braziliensis amastigotes and cytotoxicity

Macrophages MRC-5 L. major thgﬁio ITilear;?
cd R 5 . RAW 264.7 cells ICso s sr o SI SI °r SI SI
8 8 CC50 (l-l’\A)a CC50 (l-l’\A)a RAW MRC-5 (MMSSJa RAW MRC-5 (MMSSJa RAW MRC-5
+SD (uMm)? +SD +SD + SD
— 3680+ 144+ 422+ 8331
Miltefosine 4301516 000 e 209 255 4% 102 87 3 52 44
CTN = 080+ 28.36 + 57.92 +
Ty F ! N(CH),  42.03+45 >100 %% 525  >125 oo 15 35 B 07 17
7 F \ N(CHy),  43.91+3.94 42-%3’—' S5 n.d. n.d. >50 n.d. n.d. >50 nd.  nd
K .
= 3358 + 2284+
8 F 4<\:;> N(CHy),  39.12+331 >100 3338 1.2 530 50 n.d. nd. 2% 17 44
9 F {%—NHZ N(CHy),  48.95+2.18 >100 >50 n.d. n.d. >50 n.d. n.d. >50 nd.  nd
N
SN
10 F @&H N(CHs),  7.41+2.36 2‘5';%’—' >12.5 06 20  >125 06 2.0 >125 06 20
) 8.99 +
11 F . N(CHy),  15.95+255 >100 S 18 11.1 >25 06 40 >25 06 40
CH, :
SCH,
14 H _@N cl 50.64 + 1.30 33.5 >160 nd. n.d. 3i2§5i 15.8 10.5 177'2571' 2.9 1.9
p . .
SCH
— 5.99 + 4558 +
16 H _<\_/N N(CHy),  33.42+288 81.0 >160 n.d. nd. o 56 135 50 07 18
) . .
NH
20 H = N(CH),  44.10+2.98 58.4 2882 15 21 2885% 44 25 9654+ 454 10
M’“ )2 A0+ 2. : : ' : 4.48 : : 15.7 ' n.d.
SCH,
N 74.02 +
15 F _<\_/N cl 49.78 +2.79 79.9 >160 n.d. nd.  >100 n.d. nd. 3% 07 1.1
) .
SCH,
17 F _@N N(CHy).  36.50 +1.22 67.0 >160 nd. nd. 121":3%1' 2.9 5.4 6‘}%* 0.6 11
p . .
H2
21 F _<j/<: N(CHy),  42.16+1.08 100.0 8.94 5.1 12.1 661521' 6.9 16.3 2‘;%’—' 17 41
) . .
SCH,
2 F _@N NH; 11,51 +0.23 18.4 5461 0.2 03  >125 >0.9 15 >12.5 >09 15
/
NH
32.8 34.12 0.1 1.0 *n.d. n.d. n.d. *n.d. n.d. n.d.

24 F _@N NH. 4.69 +0.99
//

#Mean from two determinations.

P Slkaw = Cytotoxicity on RAW cells (C&)/Amastigotes (16).

¢ Shurc.s = Cytotoxicity on MRC-5 cells (Cé)/Amastigotes (16).
4 Miltefosine was used as antileishmanial referairog. Its cytotoxicity on MRC-5 cells was in accande with the literature [42].
L. major strains MHOM/IL/81/BNY and MHOM/PT/92/CREZ6

n.d.: not determined.
SD: Standard Deviation.



*: toxicity on macrophages.

Table 3In vitro antileishmanial activities against intracellulainfantum and L. donovani amastigotes and cytotoxicity evaluation of

imidazo[1,2a]pyrazinesCTN1122, 711, 14-17, 20-22 and24.

Rg
oy
Cr-O-
R3

Macrophages L. infantum L. donovani
RAW 264.7  MRC-5cells o nogp s ' n SI SI
Cpd R Rs Rs ce a a ICs0 (ULM) ICs0 (UM)
50 (M) CCso (UM) +SD RAW MRC-5 +SD RAW MRC-5
+SD * *
Miltefosine® 4301+516 3680+520 296+031 145 124. 183+027 235 201
ﬂg‘z F ! N(CHy),  42.03+45 >100 1280+1.81 33 7.8 274+014 153 365
7 F \ N(CHy),  43.91+3.94  48.85+6.07 >50 nd.  nd. >50 nd. .d.n
N
8 F 4<\: ) N(CHy),  39.12+331 >100 >50 nd.  nd. >50 n.d. n.d.
N
9 F 4<\:h>—NH2 N(CHy),  48.95+2.18 >100 >50 nd.  nd. >50 n.d. n.d.
N
=N
10 F @&H N(CH),  7.41+236  2479+036 12924201 06 2.0 512. 0.6 2.0
=N
1 F N N(CHy):  15.95+255 >100 260+008 61 385 1274003 12.6 787
CH3
SCH,
14 H _@N cl 50.64 + 1.30 335 1934011 262 173  982®1 52 3.4
//
SCH,
16 H _@N N(CHy),  33.42+2.88 81.0 1254+432 27 65 1757215 1.9 46
/
NH,
20 H ACSN N(CHy),  44.10+2.98 58.4 >100 nd.  nd. >100 n.d. nd.
/
SCH,
15 F _@N cl 4978 +2.79 79.9 >100 nd.  nd. >100 n.d. nd.
//
SCH,
17 F _@N N(CHy),  36.50+1.22 67.0 620+084 59 108 1039409 35 6.4
//
NH2
21 F _@N N(CHy),  42.16+1.08 100.0 655+0.83 64 152 997853 42 10.0
/
SCH,
2 F _@N NH; 11,51 +0.23 18.4 >12.5 >09 15 >12.5 >0.9 15
/
NH,
24 F = NH; 4.69+0.99 3238 *n.d. nd.  *nd. 030003 156 109

#Mean from two determinations.
P Skkaw = Cytotoxicity on RAW cells (C&)/Amastigotes (16).
¢ Shurc.s = Cytotoxicity on MRC-5 cells (Cé)/Amastigotes (16).

4 Miltefosine was used as antileishmanial referairog. Its cytotoxicity on MRC-5 cells was in accande with the literature [42].

n.d.: not determined.
SD: Standard Deviation.

*: toxicity on macrophages
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Figure 4. Putative binding mode @TN1122within the ATP binding site of a homology modelLofiCK1.



Table 4 Inhibition of Leishmania major CK1 and human CK1 activities of imidazo[lalyrazinesCTN1122, 7-11, 14-17, 20-22 and24,

and their selectivity profile against an array 6frfative or recombinant protein kinases

RB
R
K/N 7/
R3
ICs0 (UM)®  ICso (UM)®  ICso (UM)® b b
ICs0 (UM)®  ICso (UM)° c ICs0 (UM) ICs0 (UM)
cpd R Rs Re Slexe HsCDK2/ ~ HSCDK5/  HsCDK9/
LmCK1 HsCK1e CyciinA 025 CyclinT  SSGSK3a/B  MmCLK1
CTN =
1122 F N\ N N(CHs), 0.72 0.92 1.3 > 10 > 10 > 10 > 10 > 10
7 F \ 7 N(CHa)z > 100 > 100 n.d. > 10 > 10 > 10 > 10 > 10
N
8 F 4<\j> N(CHa)z 29 > 100 n.d. > 10 > 10 > 10 > 10 > 10
N
9 F {%—NHZ N(CHa); 15.91 > 100 n.d. > 10 > 10 > 10 > 10 >10
N
N
10 F AC;,GH N(CHa), 1.88 2.08 1.1 > 10 > 10 >10 > 10 >10
=N
11 F N\ N(CHa); 12.42 > 100 n.d. > 10 > 10 > 10 >10 >10
CH,
SCH,
14 H = cl 5.00 2.90 0.6 > 10 > 10 > 10 > 10 > 10
/)
SCH,
16 H —<ij N(CHs), 3.50 >10 >238 > 10 > 10 > 10 > 10 0.90
/
NH2
20 H _@N N(CHs), 0.035 1.05 30 > 10 > 10 > 10 > 10 0.59
/
SCH,
15 F N=( cl > 10 > 10 n.d. > 10 > 10 > 10 >10 >10
/)
SCH,
17 F _@N N(CHa), 1.00 >10 > 10 > 10 > 10 > 10 > 10 > 10
//
NH2
21 F _@N N(CHa)z 0.042 0.16 3.8 >10 >10 >10 > 10 0.25
/
SCH,
2 F —<ij NH. 0.65 0.18 0.3 10.0 1.00 > 10 450 0.16
/
NH,
N4
24 F NH, 0.04 0.20 5 0.80 10.0 0.50 1.10 0.035

@ All the compounds remained inactive agairsPIM1, HsRIPK3, HSHASPIN (exceptll ICso = 7.35 pM and24 ICso = 4.5 uM),

HSAURKB, RnDYRK1A (except22ICs, = 2.0 uM). Kinase ADP-GI¢' assay for compound®TN1122, 7-11 and kinase radiometric assay
for compoundd.4-24, except foHsCK1e

 Mean from three determinations.
€ Sleki = 1C50 HSCK1e/ 1C50 LMCKL.



Highlights

13 new imidazo[1,2-a] pyrazines related to CTN1122 were synthesized as antileishmanials
The most promising and safe compounds displayed |ow micromolar range potency against VL
L-CK1.2 homology model gave the first structural explanations of inhibitory activity

6 compounds showed low micromolar to nanomolar range L-CK 1.2 inhibition
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