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ABSTRACT. Visceral leishmaniasis is a parasitic diseasedffacts, among other areas, both
sides of the Mediterranean Basin. The drugs claligiased in clinical practice are pentavalent
antimonials (SB) and amphotericin B, which are nephrotoxic, reggarenteral administration,
and increasing drug resistance in visceral leishas&éihas been observed. These circumstances
justify the search of new families of compoundsfital effective drugs against the disease.
Eukaryotic type | DNA topoisomerase (TopIB) hasrbésund essential for the viability of the
parasites, and therefore represents a promisiggttan the development of an antileishmanial
therapy. In this search, heterocyclic compoundsh ss 1,5-naphthyridines, have been prepared
by cycloaddition reaction betweerN-(3-pyridyl)aldimines and acetylenes and their
antileishmanial activity on promastigotes and amgagt-infected splenocytes dfeishmania

infantumhas been evaluated.

In addition, the cytotoxic effects of newly synttzesi compounds were assessed on host murine
splenocytes in order to calculate the correspondgadective indexes (Sl). Excellent
antileishmanial activity of 1,5-naphthyridin®, 21, 22, 24 and 27 has been observed with
similar activity than the standard drug amphoteriBi and higher selective index (SI >100)
towardsL. infantumamastigotes than amphotericin B (SI > 62.5). Spadierest shows the 1,5-
naphthyridine22 with an 1G value (0.58 £ 0.03M) similar to the standard drug amphotericin

B (0.32 + 0.05uM) and with the highest selective index (Sl = 27118 addition, this compound
shows remarkable inhibition on leishmanial ToplBowéver, despite these interesting results,
further studies are needed to disclose other pateatgets involved in the antileishmanial effect

of these novel compounds.



1. Introduction

Similar to other Neglected Tropical Diseases, thattnent of the three forms of leishmaniasis
resides in a limited number of medicines that atieee outdated or plenty of side effects [1].
Briefly, first line pentavalent antimony ($pderivatives are metabolically-activated pro-drugs
that have to be reduced to toxic trivalent antim(®ly"'). The second line drugs include polyene
fungicides, such as amphotericin B (AMB) or the|caaticancer drug miltefosine. AMB,
administered either as sodium deoxycholate salnhdZon€) or as liposomal suspension
(AmBisome®), is nephrotoxic and needs patient Hedpation [2]. For its part, miltefosine is
the most remarkable antileishmanial compound intced in the last decades, except for the
potential embriotoxicity reported in pregnant womg3l. Therefore, an efficient, safe,
economically affordable and self-administrable drhgt accomplishes the Target Product
Profile requirements for leishmaniasis requestedDoyg for Neglected Diseases initiative
(DNDi) is an urgent need (https://www.dndi.org).dddition, new and closer-to-reality disease
models are demanded in order to test under Higluldinput Screening conditions the myriads

of existing and novel small molecules present ffed@nt libraries and repositories [4].

The role played by DNA topoisomerases (Top) in DNAysiology has inspired several
anticancer and antimicrobial drugs based on thevémsible inhibition of these enzymes [5].
Unlike the type Il family, eukaryotic type | Top @pl) have singular features lireishmanialand
other trypanosomatids) that make them a selectinget against these pathogens: i) the enzyme
has an increased expression during the rapidlydingastages of the parasite, and especially ii)
the pathogen’s enzyme has an atypical structuré ¢ha be exploited in targeted-driven

programs of drug design [6]. Several years agoresgarch group found thiat infantumTopl



(LTopIB) had heterodimeric structure composed ob tfferent protomers, which had to be
previously assembled to reconstitute a full aceweyme [7]. Furthermore, it was undoubtedly
demonstrated that the large protomer containedatineamino acids of the active site, whereas
the small protomer contained a catalytic tyrosthe, latter being a phylogenetically conserved

amino acid involved in the introduction of trandiphosphodiester bonds to DNA substrate [8].

To date, two classes of ToplB inhibitors have beéescribed: i) interfacial inhibitors or
poisons that stabilize the enzyme-DNA complex (e complex), thus delaying the religation
step and facilitating the formation of single-sttdoreaks in DNA, and ii) catalytic inhibitors,
which interact either with the substrate DNA or lwitatalytic domains of the enzyme [9].
Camptothecin (CPT) their hydrosoluble derivativesotecan and irinotecan [10], and other non-
CPT poisons such as indolocarbazoles and indenarsaes [11] belong to the first group.
Catalytic inhibitors for their part, reversibly @ract with the enzyme and do not induce DNA
lesions. Amongst them, many natural products antvateses have been reported as potential
Topl catalytic inhibitors: plant terpenoids liketbknic acid, acetylenic fatty acids isolated from
sea animals or plant naphthoquinones. Many of thesmpounds have shown strong

antileishmanial activity [12].

In this study, we assess the antileishmanial efféet series of 1,5-naphthyridines compounds
against both stages — free-living promastigotesiatndcellular amastigotes — bf infantum the
aethiological agent responsible for VL in the OldoNu. For this purpose, an intracellular
screening of macrophages isolated from naturalfgcied BALB/c mice with an infrared-
emittingL. infantumstrain was used [13]. Furthermore, we have stuilieghotential role played

by LToplIB as putative target of these compounds.



Some chemicals showing good human ToplIB inhibitisach as CPT (Figure 1), its
derivatives and indeno[1,5]naphthyridines, havenbstadied as LToplIB inhibitors [14]. From a
chemical point of view, these derivatives preseittogenated fused ring heterocycles. This
feature may be important towards their effectivenas ToplIB inhibitors. In addition, a wide
range of approved drugs [15] and antileishmangd leompounds revealed the importance of the
skeleton of nitrogen-containing heterocycles [1B&king this into account, other quasi-flat
condensed heterocycles, such as naphthyridine aliseg (Figure 1) [17], might be also

adequate candidates as LTopIB inhibitors and oveeceome of CPTs inherent limitations.

Camptothecin (CPT) : Amphotericin B NH, : [1,5]-naphthyridines

Figure 1. Structure of camptothecin (left), amphotericinrBiddle) and newly synthesized 1,5-
naphthyridines (right).

A wide range of six-membered nitrogen-containingeheyclic compounds play a major role in
organic chemistry through their widespread presemo@ature and in their consequent biological
activity with applications in biochemistry, pharnsémgy and material science. [15, 18] Many
strategies are described in the literature fordimethesis of nitrogenated heterocycles, among
which one of the most straightforward is the heferels-Alder reaction (HDAr). This reaction
type is an atom-economic alternative for the carbambon and carbon-heteroatom bond
construction [19] and represents an excellent fimothe generation of six-membered rings with
a high molecular complexity [20], which may havelustrial applications.[21] Among those

strategies, the Povarov reaction [22, 23] allowe ftbreparation of nitrogen-containing



heterocyclic compounds in an excellent way. [24]sTimethodology also represents a direct
route to the naphthyridine core structure of irdéng biologically active compounds as Topl
inhibitors and with antiproliferative activity aget several cancer cell lines as reported in our

research group.

This manuscript describes the synthesis of 1,54hgpkines by cycloaddition reaction between
N-(3-pyridyl)aldimines and alkynes as well as theilaishmanial effect of new heterocyclic
compounds or. infantum the aethiological agent responsible for VL in lam® and dogs in
Mediterranean countries. For this purposeeanvivo intracellular screening on macrophages
isolated from naturally infected BALB/c mice witm anfrared-emittingL. infantumstrain was
used. [13] In addition, the inhibitory effect ofede compounds has been studied on recombinant
TopIB from bothLeishmaniaand human sources. These results point 1,5-naditigs as

promising antileishmanial drugs.

2. Chemistry

First, the synthesis of target compounds, 1,5-rigpitines, was accomplished. We started with
the preparation of the correspondidg3-pyridyl)aldimines3-9 by using 3-aminopyridiné and
aromatic aldehyde® in chloroform as solvent and in the presence oeowar sieves (Scheme

1),

Ar /) R2

NH, o/) N RI—

R2
" _2 N 10-15 | Xy CR! ERC
||, msaa N CHCls, reflux. N >
7 BF3-Et,0 (2 equiv) [
1 3-9 30-75% 16

Scheme 1. Preparationof novel 1,5-naphthyridine$7-32. Reagents and conditions: (A) 3-pyridylamihe(1
equiv), aldehyde (1 equiv), molecular sieves 4 A, chloroform, re&fli5-48 h. (B) alkynel0-15, chloroform,
reflux, 15-70h.



Afterwards, the obtained aldiminés9 were reacted with acetylend$-15 (Chart 1). The
reaction without catalyst did not work and the tatgr products were recovered. However, the
use of trifluorboroetherate as Lewis acid catay@te us good results: the optimal ones were
when 2 equivalents of Lewis acid were used and @fydisubstituted 1,5-naphthyridingg-31
were regioselectively obtained (Chart 2) when teahialkynes were used {R H, Chart 1),
while the formation of the other regioisomers, ngni3-disubstituted 1,5-naphthyridines was
not observed. [27] It is noteworthy that not ordynbinal alkyned0-14 (Chart 1) can be used for
the synthesis of 1,5-naphthyridind3-31 but also internal alkynd5 is appropriate for the

formation of corresponding heterocyclic compoursdgh as nahthyiridin®d2 (Chart 2).
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Chart 1. Structures of aldimine3-9 and acetylene$0-15 used.
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The structure of compound7-32 was assigned on basis of NMR spectra and mass
spectrometry. For example, when aldimmhé@Ar = 4-CRCgH,4) and 4-methoxyphenyl acetylene
12 (R' = 4-MeOGH,4, R? = H) were used the 1,5-naphthyridi®® (Chart 2) was obtained. Its
structure was assigned by means of NMR experinardsconfirmed by HRMS. For instance, in
the *F-NMR spectrum of compoun2b one signal was observed&t= - 63.1 ppm and in the
'"H-NMR spectrum the corresponding two signals at fild corresponding to two protons of

the naphthyridine ring, one double doublefat 8.49 ppm with coupling constarith = 8.5



Hz, *Jun = 1.8 Hz and another double doublesat 9.01 with coupling constantd.; = 4.3 Hz
and *Jy4 = 1.8 Hz. In general for 1,5-naphthyridind3-32, in the *H-NMR spectra, a
representatively characteristic signal appearssasgiet approximately at 8.1 ppm for the proton
at 3 position of naphthyridine ring. Moreover,ic NMR spectra signals for aromatic carbons
were observed for 1,5-naphthyridinE&32. Among them two signals could be representatively
characteristic for these compounds, such as sigh@H aromatic carbon at 8 position which
appears ab = 137.9 — 138.2 ppm range and signabat 150.0 — 151.6 ppm range which
corresponds to the CH at 6 position of the napiding ring. Moreover, its structure has been

unequivocally confirmed by X-ray analysis. [27]

NO, OMe

OMe

3
28 (40%) 30 (50%)

Chart 2. Structureof 1,5-naphthyridine47-32 obtained {Reference 27).



Formation of 1,5-naphthyridinel’-32 could be explained by a formal [4+2] process ohes
3-9 with alkynes10-15 and subsequent aromatization under the reactiodittons to afford
corresponding naphthyridind3-32 (Scheme 1). In fact, our previous work based oarabined
experimental and computational study of the Povaeaction betweeN-(3-pyridyl)aldimines
and acetylenes with a Lewis acid suggested a ssepgwit2]-cycloaddition mechanism through a
3-azatriene intermediat#6. [27] A wide scope of 1,5-naphthyridind¥-32 with electron-
donating and electron-withdrawing aromatic substitg, including fluorine substituents, [28]
has been achieved, and in order to increase thesiliy of these compounds also derivatives
with heterocyclic substituents, such as thiophétfe=(3-thienyl),30 and31 were also obtained.
Biological activity against promastigotes and angasés-infected macrophages lofinfantum

has been studied for all these 1,5-naphthyriditerbeyclic compound7-32 (Chart 2).

3. Biological resultsand discussion

Activity of 1,5-naphthyridine against L. infantumTo assess the proficiency of new 1,5-
naphthyridines againgteishmaniaparasites, an improved protocol consisting in @atithg the
effect on both free-living promastigotes and intladar amastigotes that infect natural host cells
were used. This method uses a specially enginéetiathntumstrain that constitutively express
the infrared fluorescent protein (IRFP) calléd infantumiRFP, which provides infrared
emission (708 nm) to both viable promastigotes amdstigotes. In this report we used infected
macrophages harboring amastigotes that were isoladen BALB/c mice infected 5 to 6 weeks
earlier with L. infantumiRFP [13]. This method has several advantagesilows the rapid
assessment of viable pathogens under drug presgutke action of the drugs is performed
under naturaéx vivoconditions, which includes the immunological eoniment that can help to

destroy the invading cells within spleen macropkaff9]. Finally, drug cytotoxicity, was



assessed in free-parasite macrophages obtainedthedgame conditions from spleens dissected

-from uninfected BALB/c mice.

Table 1 shows the antileishmanial effect of the rsmxes of compounds with the 1,5-
naphthyridine core rings by means of dose-respounsees onL. infantumiRFP promastigotes
and amastigotes, fitted by nonlinear analysis hign Sigma-Plot statistical package. For both
forms the drug effect on the pathogen was expreasdtle 50%-reduction of infrared emission
(ICs0) with respect to negative control (that contaifd3D as drug vehicle). Selectivity indexes
of each compound were raised from the ratio betwkem cytotoxicity on uninfected explants
(CGCsp) vs the IG values obtained on infected vivosplenic explants. The leishmanicidal effect

of AMB (drug in clinical use) was included as postcontrol just for comparison purposes.

In the case of fluoro substituted 1,5-naphthyridig@ 23, 26 and31 (Ar = 4-F-GH,, Table
1, entries 5, 8, 11 and 16) a high degree of therophage destruction or low killing capability
of the parasite were observed. Interestingly, tlaes of antiparasitic activity obtained with 1,5-
naphthyridinesl17-32 derivatives were better on intracellular amasggothan on free-living
promastigotes (Table 1). It is noteworthy the rddahble effect observed for compourizs 29,
30 and32 with trifluoromethyl substituents (Ar = 4-GIEgH,), where generally the cytotoxicity
on free-living promastigotes is higher than 1M (Table 1, entries 10, 14, 15 and 17). At the
same time the macrophage destruction is not obddorehese mentioned compounds, showing
in murine splenocytes low cytotoxic values (oveO 1M in almost all these cases), which

means a selective killing effect on intracellulargsites.
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Table 1: Chemical structure and biological activity of -haphthyridine compound4{-32) on L. infantumiRFP promastigotes and
amastigotes (naturally-infecting mouse macrophadeas¢h value is the meansd of at least three different experiments made by

triplicate.
[Cso (UM) CCx (UM)
L. infantum L. infantum Murine

entry Compound Ar R R? Promastigotes = Amastigotes splenocytes SI*
1 Amphotericin B (AMB) 0.77 £0.15 0.32 +0.05 >20 >62.5
2 17 CsHs CsHs H 27.2+12.3 8.42+1.91 54,8 +6,1 6.5
3 18 3,4-F-CgHs CeHs H >100 2.82+0.76 21.7+4.8 7.7
4 19 4-CRH-CgH, CsHs H 37.3+7.1 0.47+0.95 65.7+5.4 139.8
5 20 4-F-GH4 CsHs H >100 7.41+1.26 124 +44.3 16.7
6 21 3-NO,-CgH,4 CsHs H 79.24+2.28 1.02+0.12 145.90+20.83 143.1
7 22 3-MeO-GH, CsHs H >100 0.58+0.03 157.45+2.36 2715
8 23 4-F-CH4 4-CeHs-CeH4 H 45.17+5.26 5.0410.19 152.54+37.49 30.2
9 24 3-NO,-C¢H, 4-CsHs-CeH4 H 15.09+0.42 0.29+0.35 30.13+3.87 103.9
10 25 4-CRH-CgH, 4-MeO-GH, H >100 2.2610.45 151.6 £ 89.7 67.1
11 26 4-F-GH4 4-MeO-GHg4 H 97.1743.5 0.76x0.06 24.16%2.92 31.8
12 27 4-NO,-CgH4 4-MeO-GH, H 20.6910.95 0.58+0.04 108.65+0.35 187.3
13 28 3-NO,-CgH4 4-MeO-GH, H 45.18+8.47 3.7910.81 132.71+1.74 35.1
14 29 4-CH-CgH4 4-CR-CeH4 H >100 9.47+0.12 178.4 +63.2 18.8
15 30 4-CF;-CgH, 3-thienyl H >100 3.67+0.16 181.4 £ 51.5 49.4
16 31 4-F-GH, 3-thienyl H 66.951+1.51 7.93122.26 32.51+12.30 4.1
17 32 4-CRH-CgHy CsHs CH; >100 2.37+£0.12 126.1+39.6 53.2

#Antileishmanial effects (1§ + SD) on promastigotes and amastigotes .oihfantum Cytotoxicity effects (C& + SD) on murine splenocytess!: Selective

Index.
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In addition, when nitro substituted 1,5-naphthyrel27 (Ar = 4-NO,-CgH,) and21
and 24 (Ar = 3-NO,-CgH4) were tested high selectivity indexes (SI > 10Qrav
observed (Table 1, entries 6, 9 and 12). For examyhen27 (Ar = 4-NO»-CgHa4, R* =
4-MeOGH,4, R? = H) was tested no macrophage destruction was\adabevith an 1G,
of murine splenocytes of 108.65+0.@81 and a promastigotes killing capability ofs{C
= 0.58+0.04, which results in a very high seletyivindex (SI = 187.3).Even
trifluoromethyl substituted 1,5-naphthyridid® (Ar = 4-CR-CgHa, R* = CeHs, R = H)
shows an excellent selectivity index (SI = 1391)ese results along with the previous
ones may suggest that the presence of electromhaitiing substituents such as
trifluoromethyl or nitro groups in the aromatic giof position 2 in 1,5-naphthyridines

19, 21, 24, 25, 27, 29, 30 and32 increases the antileishmanial effect.

Interestingly, the inclusion of an electron-dongtisubtituent in the phenyl
substituent at position 2 of the 1,5-naphthyridooee, very much improved both the
antileishmanial effect (amastigote) and the cowadpmg S| values while macrophage
destruction was minimum. In such a way, the compgdh(Ar = 3-MeO-GHa, R* =

CsHs, RZ = H) showed the highest SI value of this family£271.5; Table 1, entry 7).

Inhibition of leishmanial and human ToplB. Previous results reported by the
authors showed that the antileishmanial effect adedes of tetrahydroindeno-1,5-
naphthyridines and indeno-1,5-naphthyridines wag du part to their selective
inhibition on LTopIB [14]. With similar aims we permed conventional DNA
relaxation assays with the new series of compounhlerefore, in order to study the
effect of 1,5-naphthyridines on TopIB from humandaheishmania sources,

conventional relaxation assays were carried out.
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These assays are based on the ability of theseaordp to prevent the relaxation of
circular supercoiled DNA mediated by Topl. For thigpose, recombinahiloplB and
hTopIB genes expressed in a ToplB-defici&#ccharomyces cerevisigdatform and
purified as described elsewhere [7] were used. dffiect of these compounds was
compared with the inhibitory effect of CPT that wased as positive control in these

experiments [14,17].

To assess the effect of 1,5-naphthyridines on Topl&ymes, we performed
previous studies with or without a 15-min preindudra step (Figure 2) of purified
ToplIB with a fixed concentration of compoud (as representative compound of the
whole series) both at 4°C and 37°C. However, s@iéé does not bind the enzyme in
the absence of DNA, the preincubation step was cessary [25]. Preincubation
temperature plays an important role in ToplIB intin of compoundl7 and in the rest
of the compounds, as well, since only when this monmd was in contact with TopIB
at 37 °C, the inhibition was effective. The concatdn of the drug was set at 10
and CPT was used as a positive control at the sameentration. Relaxation assay was
triggered by addition of 0.5ug supercoiled pSK DNA substrate and subsequent
incubation for increasing time periods ranging fr¢ita16 min) (see Supplementary
Material, Fig. 1.SM). Reactions were stopped addB8igS and topoisomers were
resolved by agarose gel electrophoresis at theitiomsl established in Material and

Methods section.

Once established the optimal assay conditions,|@e of each compound was
calculated by means of dose-response curves. Talsleows the inhibition of both
LToplB and hToplB mediated by 1,5-naphthyridinedcatated in terms of the
conversion of supercoiled DNA to its relaxed foras, determined by quantifying the

bands representing relaxed or supercoiled DNA ar@ge gels according to the method

13



ACCEPTED MANUSCRIPT

described in material and methods. Equal concemiabf DMSO were added to each

reaction in order to assess the potential negafieet of the vehicle in the experiments.

a b ¢
Mo preincubation Preincubation at 4°C Preincubation at 37°C
C DM30 CPT 17 C DMSC CPT 17 C DMm50 CPT 17
’1:'
R
SC
d e f
Mo preincubation Preincubation at 4°C Preincubation at 37°C
C DMSO CPT 17 C DMSC CPT 17 C DmsO CPT 17

ﬁd—:ﬂ—bz

Figure 2. Representative agarose gels showing the role afqurieation time in the inhibition of the
relaxation activity of ToplB. Compourt/ was assayed on LdTopIB (top panel) and on hToptitdm
panel) without (figures a and d) and with 10 mieipcubation at 4°C (figures b and e) and at 37 °C
(figures ¢ and f), respectively. The relative positof the negatively supercoiled DNA substrate is
indicated by SC, N is the nicked DNA. Reactionsevstopped with 1% (w/v) SDS. Lanes (C) contain
0.5 pug of pSK plasmid DNA. Lanes (DMSO) show the activif the enzymes in absence of drugs but
with 2.5% (v/v) DMSO. Lanes (CPT) show the inhibbjt@ffect of 100 uM CPT. Lanes (6a) show the
effect of 100 uM of compounty.

Table 2 gathers the igvalues of a total of 16 compounds tested on bdibplB
and hTopIB enzymes. According to the results ¢inéycompound? (Ar = R' = CsHs,
R? = H) showed significant ability to prevent theawdtion of supercoiled DNA by
conventional ToplB assay (¢ = 24.42 uM). However, this compound was not
selective inhibiting the leishmanial enzyme sincerevented hToplB-mediated DNA

relaxation at even lower concentrationssg€ 11.24uM).
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Table 2. Inhibition of relaxation activity of LTopIB and opIB by 1,5-naphthyridines
17-32. Each value is the mean sd of at least three different experiments made by

triplicate.
Leishmania ToplB | Human ToplB
entry Compound Ar R R? | Cso (UM) | Cso (UM)

1 CPT no inhibition

2 17 CeHs CeHs H 24.42 +1.69 11.24+0.95
3 18 3,4-F-CsHs CeHs H 76.57 +1.82 73.11+1.11
4 19 4-CF;-CgH, CeHs H 69.46 + 0.38 72.68+0.94
3] 20 4-F-CH,4 CeHs H 81.94 +4.70 72.77+1.08
6 21 3-NO,-CgH4 CeHs H No inhibition No inhibition
7 22 3-MeO-GH, CeHs H 53.04 + 0.91 82.03+0.97
8 23 4-F-GH,  4-GHs-CeH, H 58.05 + 0.94 83.25+6.50
9 24 3-NO-CeHs  4-GHs-CeHs,  H 78.73 +£0.94 67.53+10.34
10 25 4-CH-CHs,  4-MeO-GH4 H No inhibition No inhibition
11 26 4-F-GH,  4-MeO-GH, H No inhibition No inhibition
12 27 4-NO,-CgHs  4-MeO-GH., H No inhibition No inhibition
13 28 3-NO-CeHs 4-MeO-GH, H No inhibition No inhibition
14 29 4-CR-CsHs  4-CR-CgHq4 H 79.24 +0.73 50.93%3.85
15 30 4-CF3-CgH, 3-thienyl H 62.81+2.46 82.08+1.30
16 31 4-F-GH, 3-thienyl H 49.26 + 0.02 43.85%3.72
17 32 4-CF3-CeH, CeHs CH; 75.69 +3.17 70.61+4.09

dCompounds were preincubated with the enzyme fanitband then 0.;ig supercoiled DNA was added.
For time/course experiments and for dose/respaxserienents IG, values are expressed as mean = sd of
three different experiments by triplicate.

A similar picture was found with compoun@8 (Ar = 4-F-GHas, R' = GsHs, R? =

H), 18 (Ar = 3,4-B-CeHa, R' = GeHs, RZ = H) and19 (Ar = 4-CR-CgHa, R* = GeHs, R

= H), which displayed from one to two fluorine hei@oms and a trifluoromethyl

group [28] in the 2-aryl substituent, respectivdly.these cases, the introduction of

fluorine atoms to the phenyl substituent did nopriave the inhibitory effect on any

ToplB, despite compountd (Ar = 4-CR-CgHa, R* = GsHs, RZ = H) had an interesting

139.8 Sl over the parasites. Only compouB2lAr = 3-MeO-GHa, R* = CsHs, R =

H) and23 (Ar = 4-F-GsHa, R* = 4-GHs-CeHa, RZ = H) showed relative selectivity over

LTopIB, but their 1Gy values are far from the antileishmanial effectvebd on

intracellular amastigotes and their corresponditsg S
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When an electron-donating methoxy group was inttedun R in position 4 of the
bicyclic ring those compounds were frankly inactoreboth ToplIB (compoundzb, 26,
27 and 28), despite some of them displayed interesting Sgkdndexes on the
bioassays. However, compouB? containing a methoxy group in the 2 position @& th
naphthyridine ring resulted more selective towarddSopIB. Finally, the 1,5-
naphthyridine derivatives with a thienyl group ih @ompounds80 and31) recovered
in part the inhibitory effect on ToplB. Interestipgcompound30 (Ar = 4- CECgHa, R
= 3-thienyl, B = H) was more selective in inhibiting LTopIB thather compounds of

the series and retained an interesting Sl of 49llling leishmania amastigotes.

4. Conclusions

In conclusion, a wide range of substituted 1,5-tlayidines has been prepared, by
using the Povarov reaction, and their antileishidaactivity on promastigotes and
amastigote-infected splenocytes lof infantum has been evaluated as well as their
inhibition of LTopIB and hToplB enzymatic activityThe synthesis of these
nitrogenated heterocycld3-32 involves the Aza-Diels-Alder reaction of functidzad

imines3-9, obtained from 3-aminopyridinewith aldehyde, and acetylenel)-15.

In general, 1,5-naphthyridinek’-32 have shown higher antiparasitic activity on
intracellular amastigotes than on free-living preghgotes. The presence of electron-
withdrawing substituents increases the antileishataeffect. For example, high
selectivity indexes (Sl > 100) were observed faroairyl substituted 1,5-naphthyridines
27 (Ar = 4-NO,-CgH,4) and21 and24 (Ar = 3-NO»-CgHy). In this sense, it is noteworthy
that when compoun@? (Ar = 4-NO,-CgHs, R* = 4-MeOGH,4, R? = H) was tested no
macrophage destruction was observed with amgy I6f murine splenocytes of

108.65+0.35uM and a promastigotes killing capability ofsy>= 0.58+0.04, resulting in
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a very high selectivity index (SI = 187.3). Alddfluoromethyl substituted 1,5-
naphthyridinel9 (Ar = 4-CR-CsHa, R* = GsHs, R? = H) showed an excellent selectivity
index (SI = 139.8). However, among all new derwedi 1,5-naphthyriding2 (Ar = 3-
MeO-GsH., R' = GgHs, R? = H) containing a methoxy group in the aryl in itios 2 of
naphthyridine resulted the most interesting compaomnemerge from these derivatives,
due to its highn vitro antileishmanial activity and low toxicity showirtige highest S

value of this family (SI = 271.5).

Few of these compounds had selective inhibitoryeat$f on LToplB-mediated
relaxation assays compatible to their strong bickzgn vivo and ex vivo effects. This
Is the case oR2, the only compound of the series containing arcteda-donating
methoxy group in the aryl group of position 2 ophthyridines that combines certain
selective effect over the leishmanial enzyme argltha highest SI of the series (Sl =
271.5). Despite the good biological activity 22 is hardly attributable to LToplB
inhibition, this compound can be considered a goattidate and do offer possibilities
for further studies. Whereas, the presence of thée®-CHs group in R in the
position 4 of naphthyridineg5-28 originated a series of 1,5-naphthyridines with no

ToplB activity.

We can conclude, in the light of the current détas the significant antileishmanial
effect displayed by these compounds is poorly edlad LToplIB inhibition, which just
might play a secondary role in their biologicalie&ty. Nevertheless, the strong
antileishmanial activity and the relative safety many of the current compounds

provide a promising basis for further developmertiologically active naphthyridines.
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5. Experimental protocols
5.1 Chemistry
5.1.1. General experimental information

All reagents from commercial suppliers were usethouit further purification. All
solvents were freshly distilled before use from rappate drying agents. All other
reagents were recrystallized or distiled when ssagy. Reactions were performed
under a dry nitrogen atmosphere. Analytical TLCsemgerformed with silica gel 60
F.s4 plates. Visualization was accomplished by UV ligbblumn chromatography was
carried out using silica gel 60 (230-400 mesh ASTMglting points were determined
with a digital melting point apparatus without @mtion. NMR spectra were obtained
on a 300 MHz and on a 400 MHz spectrometers amatded at 25 °C. Chemical shifts
for '"H NMR spectra are reported in ppm downfield from SMhemical shifts fot’C
NMR spectra are recorded in ppm relative to inteodoroform @ = 77.2 ppm for
%), chemical shifts for®F NMR are reported in ppm downfield from
fluorotrichloromethane (CFg). Coupling constantsl) are reported in Hertz. The terms
m, s, d, t, q refer to multiplet, singlet, doubleiplet, quartet’*C NMR, and"*F NMR
were broadband decoupled from hydrogen nuclei. Higbolution mass spectra
(HRMS) was measured by positive-ion electrosprayization (ElI) method using a
mass spectrometer Q-TOF. Aldimin8s5 and 9 [25] and aldiminess, 8 [14] were
prepared as previously described. Compout®jsl9, 25, 27 and29 were prepared as

previously described. [27]
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5.1.2. Compounds Purity Analysis

All synthesized compounds were analyzed by HPLQdtermine their purity. The
analyses were performed on Agilent 1260 infinity LlE@P system (C-18 column,
Hypersil, BDS, fam, 0.4 mmx25 mm) at room temperature. All the gstempounds
were dissolved in dichloromethane, and ®f the sample was loaded onto the column.
Ethanol and heptane were used as mobile phasethanflow rate was set at 1.0
mL/min. The maximal absorbance at the range of 400-nm was used as the
detection wavelength. The purity of all the testeinpounds (compoundk’-32) is

>95%, which meets the purity requirement by thedaiu

5.1.2.1. N-[(3-Nitrophenyl)methylene]-3-pyridinamine(7). To a solution of 3-
aminopyridinel (10 mmol, 0.941 g) in CHE(30 mL) 3-nitrobenzaldehyde (10 mmol,
1.412 g) was added. The mixture was stirred unidieygen at room temperature for 15
h. The reaction product is unstable during distdla and/or chromatography and was
usedin situ for further reactionsH RMN of crude reaction mixture (300 MHz, CRI
5: 7.35 (dddJuy = 0.7 Hz,*Juy = 4.8 Hz,*Juy = 8.0 Hz, 1 H), 7.56 (ddd)y = 1.5
Hz, *Jun = 2.5 Hz,33un = 8.0 Hz, 1 H), 7.68 (dd)un = 7 Hz,*Juw = 8.1 Hz, 1 H), 8.25
(ddd,*Jun = 2.4 HZz,*Jy = 8.2 HZ,2Jyy = 8.3 Hz, 1 H), 8.34 (dddJun = 1.1 Hz,* Iy =
2.2 Hz,%Jy = 8.2 Hz, 1 H), 8.51-8.53 (m, 2 H), 8.56 (s, 1HG=N), 8.75 (dd*Jyy =
1.9 Hz,3Jun = 3.9 Hz, 1 H) ppm**C {*H} NMR of crude reaction mixture (75 MHz,
CDCly) &: 123.7 (HC), 123.9 (HC), 126.2 (HC), 127.4 (HC371 (HC), 130.1 (HC),
133.9 (HC), 134.4 (HC), 137.4 (C), 142.7 (HC), B46C), 148.1 (HC), 148.8 (C),

159.1 (HC=N) ppm.

5.1.2.2.General procedure for the synthesis of naphthyridines 17-32. To a solution

of of the in situ prepared aldimine8-9 (5 mmol) in chloroform the corresponding
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acetyleneslO-15 (7 mmol) and BEEtO (10 mmol, 1.230 mL) were added and the
mixture was stirred at the opportune temperatuté ThC and*H NMR spectroscopy
indicated the disappearance of aldimine. The reaatixture was washed with 2M
agueous solution of NaOH (25 mL) and water (25 neijracted with dichloromethane
(2 x 25 mL), and dried over anhydrous MgS®he removal of the solvent under
vacuum afforded and oil that was purified by silgeal flash column chromatography

using a gradient elution of 10-40% ethyl acetatkearane to afford producls-32.

5.1.2.2.1. 2,4-Diphenyl-1,5-naphthyridine(17). The compound was prepared and
characterized as previously described. [27] P@&y95 % (EtOH/Heptane = 10/90, Rt

=4.741 min).

5.1.2.2.2. 2-(3,4-Difluorophenyl)-4-phenyl-1,5-naphthyridine (18). The general
procedure was followed using imidgreparedn situ and phenylacetylen (7 mmol,
0.768 mL) and the reaction mixture was stirred eftuxing chloroform for 24 h.
Compoundl8 was obtained (0.954 g, 60 %) as a white solid; 28p-222 °C (ethyl
acetate/hexane) NMR (400 MHz, CDCJ) &: 7.20-7.29 (m, 1 H), 7.41-7.52 (m, 3 H),
7.61 (dd,*Jun = 8.5 Hz,%Juy = 4.1 Hz, 1 H), 7.72-7.75 (m, 2 H,), 7.84-7.89 (rH),
7.96 (s, 1 H), 8.1 (ddd)uy = 11.3 Hz,*Jyy = 7.7 Hz,3Juy = 2.2 Hz, 1 H), 8.41 (dd,
3un = 8.5 Hz,*Jun = 1.9 Hz, 1 H), 8.92 (ddJun = 4.1 Hz,*Juy = 1.9 Hz, 1H) ppm.
3¢ {*H} NMR (100 MHz, CDC}) &: 117.3 (d,Jcr = 67.8 Hz, HC), 117.5 (FJcr =
67.8 Hz, HC), 121.7 (HC), 123.8 (dicr = 6.8 Hz,*Jcr = 3.7 Hz, HC), 124.8 (HC),
128.6 (2 HC), 129.2 (HC), 130.7 (2 HC), 136.2 (tl#r = 5.6 Hz,"Jcr = 3.7 Hz, C),
137.0 (C), 137.9 (HC), 141.4 (C), 144.5 (C), 14&H, 151.0 ( HC), 151.1 (dd) cr =
247.4 Hz,2Jcr = 12.1 Hz, FC), 151.8 (ddJcr = 250.4 Hz2Jcr = 10.1 Hz, FC), 155.4

(C) ppm.**F NMR (282 MHz, CDGJ) &: - 137.3 to -137.1 (m), -136.6 to -136.5 (m)
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ppm. HRMS (EI): calculated for &gH1o:NoF, [M]™ 318.0989 found 318.0992. Purity

99.91 % (EtOH/Heptane = 10/90, Rt = 5.146 min).

5.1.2.2.3. 4-Phenyl-2-(4-(trifluoromethyl)phenyl)-1,5-naphthydine  (19). The
compound was prepared and characterized as prévbescribed [27]. Purity 98.84 %

(EtOH/Heptane = 10/90, Rt = 5.228 min).

5.1.2.2.4.2-(4-Fluorophenyl)-4-phenyl-1,5-naphthyridin€20). The general procedure
was followed using iminé (5 mmol, 1.006 g) and phenylacetylel(7 5 mmol, 0.768
ml) and the reaction mixture was stirred at refigxchloroform for 36 h. Compouri
was obtained (1.125 g, 75%) as a white solid ; G165 °C (ethyl acetate/hexarne).
NMR (300 MHz, CDC}) &: 7.16 (t,°Jun = 7.8 Hz, 2 H), 7.42-7.52 (m, 3 H), 7.59 (dd,
3un = 8.5 Hz,%Juy = 4.5 Hz, 1 H), 7.73-7.76 (m, 2 H,), 8.08 (s, 1 BI12-8.17 (m, 2
H), 8.44 (dd3Jun = 7.9 Hz,"Jun = 1.8 Hz, 1 H), 8.92 (ddJun = 4.1 Hz,"Jyn = 1.8 Hz,

1 H) ppm.**C {*H} NMR(75 MHz, CDCk) &: 116.1 (d,2Jcr = 22.0 Hz, 2 HC), 122.1
(HC), 124.7 (HC), 128.5 (2 HC), 129.0 (HC), 129%7%0cr = 8.5 Hz, 2 HC), 130.6 (2
HC), 135.1 (C), 137.1 (C), 137.7 (HC), 141.3 (QJ4% (C), 149.4 (C), 150.7 (HC),
156.7 (C), 164.2 (d*Jcr = 251.0 Hz, FC) ppm:>F NMR (CDC}) &: - 112.0 ppm.
HRMS (EI): calculated for &H13FN, [M]* 300.1096 found 300.1075. Purity 96.62 %

(EtOH/Heptane = 10/90, Rt = 5.792 min).

5.1.2.2.5.2-(3-Nitrophenyl)-4-phenyl-1,5-naphthyriding21). The general procedure
was followed using imin& (5 mmol, 1.136 g) and phenylacetylet@®(7 mmol, 0.768
ml) and the reaction mixture was stirred at chlorof reflux for 15 h. Compoungl
was obtained (0.572 g, 35%) as a white solid; m70-171 (ethyl acetate/hexarte).
NMR (400 MHz, CDC}) &: 7.58-7.61 (m, 3 H), 7.70-7.76 (m, 2 H), 7.82-7(85 2 H),

8.16 (s, 1 H), 8.34-8.37 (m, 1 H), 8.54 (ddl = 8.7 Hz,*Jun = 1.8 Hz, 1 H) 8.58-8.60
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(m, 1H), 9.04 (dd3Juy = 4.2 Hz,"Juy = 1.8 Hz, 1 H), 9.11 (dfJun = 4.3 Hz,*Jun =

1.8 Hz, 1 H) ppm*C {*H} NMR (75 MHz, CDCE) &: 121.8 (HC), 122.7 (HC), 124.4
(HC), 125.0 (HC), 128.6 (2 HC), 129.2 (HC), 130HC), 130.6 (2 HC), 133.5 (HC),
136.8 (C), 138.1 (HC), 140.8 (C), 141.6 (C), 1443, 150.0 (C), 151.4 (HC), 155.0
(C) ppm. HRMS (EI): calculated for,gH413Nz0, [M]* 327.1008 found 327.1018. Purity

99.95 % (EtOH/Heptane = 10/90, Rt = 7.840 min).

5.1.2.2.6. 2-(3-Methoxyphenyl)- 4-phenyl-1,5-naphthyridine(22). The general
procedure was followed using imirfge(5 mmol, 1.062 g) and phenylacetyleti@ (7
mmol, 0.768 ml) and the reaction mixture was dira¢ refluxing chloroform for 20 h.
Compound22 was obtained (0.783 g, 50%) as yellowish oil afterification by flash
chromatography; Rf: 0.67 (50:50 ethyl acetate/hexdhi NMR (400 MHz, CDCJ) §:
3.95 (s, 3 H, OCH), 7.06 (ddd3Jun = 8.1 Hz*Jun = 2.6 Hz,*Jun = 0.7 Hz, 1 H), 7.44-
7.59 (m, 4 H), 7.66 (ddJun = 8.5 HzJun = 4.3 Hz, 1 H), 7.75-7.86 (m, 4 H), 8.11 (s,
1 H), 8.52 (dd3Jun = 8.4 Hz,*Jun = 1.7 Hz, 1 H), 8.99 (dd'Jun = 4.2 Hz,*Jyy = 1.7
Hz, 1 H) ppm.*C {*H} NMR (100 MHz, CDC}) &: 55.5 (OCH}), 112.9 (HC), 115.8
(HC), 120.2 (HC), 122.4 (HC), 124.6 (HC), 128.4HE), 128.8 (HC), 130.0 (HC),
130.5 (2 HC), 137.2 (C), 137.8 (HC), 140.5 (C), BA(C), 144.4 (C), 149.0 (C), 150.5
(HC), 157.6 (C), 160.3 (C) ppm. HRMS (EI): calcelhtfor GiH1eN-O [M]* 312.1263

found 312.1269. Purity 98.85 % (EtOH/Heptane = Q0 = 7.741 min).

5.1.2.2.7. 4-[(1,1'-Biphenyl)-4-yl]-2-(4-fluorophenyl)-1,5-napthyridine (23). The
general procedure was followed using iméhg mmol, 1.006 g) and 4-ethynylbiphenyl
11 (7 mmol, 1.248 g) and the reaction mixture wagsdgkat refluxing chloroform for
36 h. Compoun@3 was obtained (1.034 g, 55%) as a white solid; 206-207 (ethyl
acetate/hexane) NMR (400 MHz, CDCY) §: 7.22-7.27 (m, 2 H), 7.38-7.42 (m, 1 H),
7.47-7.52 (m, 2 H), 7.67-7.71 (m, 3 H), 7.79 3@ = 8.6 Hz, 2 H), 7.92 () = 8.4
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Hz, 2 H), 8.12 (s, 1 H), 8.23 (dt)y = 8.8 Hz,*Jy = 5.3 Hz, 2 H), 8.51 (ddJqn =
8.2 Hz,"Juy = 1.7 Hz, 1 H), 9.01 (ddJup = 4.1 Hz,"Jup = 1.7 Hz, 1 H) ppm-C {*H}
NMR (100 MHz, CDC}) &: 116.1 (d,2Jcr = 21.9 Hz, 2 HC), 121.9 (HC), 124.7 (HC),
127.3 (2 HC), 127.4 (2 HC), 127.7 (HC), 129.0 (2)H29.7 (d Jcr = 8.5 Hz, 2 HC),
131.0 (2 HC), 135.4 (C), 136.1 (C), 137.9 (HC), BALT), 141.4 (C), 142.0 (C), 144.5
(C). 148.9 (C), 150.7 (HC), 156.8 (C), 164.2 {@r = 250.1 Hz, FC) ppnt’F NMR
(CDCl) &: - 112.1 to -112.3 (m) ppm. HRMS (EI): calculatient CygH17FN, [M]*

376.1376 found 376.1383. Purity 99.98 % (EtOH/Heeta 10/90, Rt = 6.735 min).

5.1.2.2.8. 4-[(1,1'-Biphenyl)-4-yl]-2-(3-nitrophenyl)-1,5-naptinyridine  (24). The
general procedure was followed using immhg mmol, 1.136 g) and 4-ethynylbiphenyl
11 (7 mmol, 1.248 g) and the reaction mixture wasesdiat chloroform reflux for 24 h.
Compound24 was obtained (0.604 g, 30%) as a yellowish sahdy. 197-198 (ethyl
acetate/hexane)H NMR (400 MHz, CDCJ) &: 7.38-7.43 (m, 1 H), 7.48-7.52 (m, 2 H),
7.60-7.64 (m, 2 H), 7.68-7.77 (m, 3 H), 7.80-7.88 RH), 7.93-7.95 (m, 2 H), 8.22 (s,
1 H), 8.37 (dd3Jun = 8.4 Hz,*Jun = 2.3 Hz, 1 H), 8.57 (dd)un = 8.4 Hz,*Jyn = 1.8
Hz, 1 H), 8.60-8.62 (m, 1 H), 9.07 (dduy = 4.1 Hz,"Juy = 1.8 Hz, 1 H), 9.13 (£Jun

= 1.8 Hz, 1H) ppm>C {*H} NMR (100 MHz, CDC}) &: 121.6 (HC), 122.8 (HC),
124.5 (HC), 125.0 (HC), 127.4 (4 HC), 127.8 (HQ91L (2 HC), 130.1 (HC), 131.1 (2
HC), 133.5 (HC), 135.7 (C), 138.0 (HC), 140.7 (€30.8 (C), 141.6 (C), 142.2 (C),
144.6 (C), 149.1 (C), 149.7 (C), 151.5 (HC), 156} ppm. HRMS (CI): calculated for
CogH17N3O, [M]* 403.1321 found 403.1334. Purity 97.64 % (EtOH/tdept= 10/90,

Rt = 8.657 min).
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5.1.2.2.9.4-(4-Methoxyphenyl)-2-(4-(trifluoromethyl)phenyl);5-naphthyridine (25).
The compound was prepared and characterized asopsev described [27]. Purity

99.92 % (EtOH/Heptane = 10/90, Rt = 6.601 min).

5.1.2.2.10. 2-(4-Fluorophenyl)-4-(4-methoxyphenyl)-1,5-naphthgine (26). The
general procedure was followed using imiree (5 mmol, 1.006 g) and 4-
methoxyphenylacetylen® (7 mmol, 0.908 ml) and the reaction mixture waatée at
refluxing chloroform for 24 h. Compourzb was obtained (0.495 g, 30%) as a white;
m.p. 174-175 (ethyl acetate/hexanéd NMR (400 MHz, CDCJ) &: 3.90 (s, 3 H,
OCH), 7.08-7.12 (m, 2 H), 7.20-7.25 (m, 2 H), 7.65, iy = 8.6 Hz,%Juy = 4.3 Hz,

1 H), 7.74-7.83 (m, 2 H), 8.04 (s, 1H), 8.18-8.82 R H), 8.47 (dd3Jun = 8.6 Hz,"Ju

= 1.7 Hz, 1 H), 8.98 (dfJun = 4.3 Hz,*Jun = 1.7 Hz, 1 H) ppm**C {*H} NMR (75
MHz, CDCk) & = 55.6 (OCH), 114.1 (2 HC), 116.0 (dJcr = 22.0 Hz, 2 HC), 121.6
(HC), 124.5 (HC), 129.4 (C), 129.7 @k = 8.4 Hz, 2 HC), 132.0 (2 HC), 135.5 (C),
137.8 (HC), 141.5 (C), 144.6 (C), 148.8 (C), 15®i€), 156.8 (C), 160.4 (C), 164.3 (d,
YJer = 248.4 Hz, CF) ppm°F NMR (CDC}) &: - 112.0 to - 112.1 (m) ppm. HRMS
(El): calculated for @HisFN.O [M]™ 330.1168 found 330.1176. Purity 97.25 %

(EtOH/Heptane = 10/90, Rt = 6.566 min).

5.1.2.2.11. 2-(4-Nitrophenyl)-4-(4-methoxyphenyl)-1,5-naphthgine (27). The
compound was prepared and characterized as prévibescribed [27]. Purity 96.92 %

(EtOH/Heptane = 10/90, Rt = 15.835 min).

5.1.2.2.12. 2-[(3-(Nitrophenyl)-4-(4-methoxyphenyl)]-1,5-naphyhidine (28). The
general procedure was followed using imine (5 mmol, 1.136 g) and 4-
methoxyphenylacetylen¥ (7mmol, 0.908 ml) and the reaction mixture was et at

refluxing chloroform for 70 h. CompourzB was obtained (0.714 g, 40%) as a white
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solid; m.p.193-194 (ethyl acetate/hexan&)l. NMR (400 MHz, CDCY) &: 3.92 (s, 3 H,
OCH), 7.12 (d,*Jun = 8.8 Hz, 2 H), 7.69-7.76 (m, 2 H), 7.83 {d,4 = 8.8 Hz, 2 H),
8.14 (s, 1H), 8.35 (dddJuy = 8.1 Hz,*Jun = 2.2 Hz,*Jun = 1.1 Hz, 1 H), 8.53 (ddJu+

= 8.5 Hz,*Jun = 1.8 Hz, 1 H), 8.59 (dddJun = 8.0 Hz, "3y = 1.7 Hz,*Juy = 1.0 Hz, 1
H), 9.03 (ddJun = 8.6 Hz,33uy = 4.0 Hz, 1H), 9.10 (' = 1.7 Hz, 1H) ppm™>C
{H} NMR (75 MHz, CDCE) &: 55.6 (OCH}), 114.2 (2 HC), 121.3 (HC), 122.7 (HC),
124.4 (HC), 124.9 (HC), 128.9 (C), 130.1(HC), 13RHC), 133.5 (HC), 138.0 (HC),
140.8 (C), 141.7 (C), 144.6 (C), 149.1(C), 149.5, (51.2 (HC), 155.0 (C), 160.6 (C)
ppm. HRMS (EI): calculated for £H1sFN>O, [M]* 342.4005 found 342.4009. Purity

96.99 % (EtOH/Heptane = 10/90, Rt = 11.464 min).

5.1.2.2.13.2,4-Bis-(4-Trifluoromethyl)phenyl-1,5-naphthyriding29). The compound
was prepared and characterized as previously tescri27]. Purity 99.85 %

(EtOH/Heptane = 10/90, Rt = 5.316 min).

5.1.2.2.14. 4-(Thiophen-3-yl)-2-(4-(trifluoromethyl)phenyl)-1maphthyridine (30).
The general procedure was followed using imme(5 mmol, 1.250 g) and 3-
ethynyltiophenel4 (7 mmol, 0.693 ml) and the reaction mixture wasesd at refluxing
chloroform for 40 h. Compoun80 was obtained (0.890 g, 50%) as a yellowish solid;
m.p.195-196 (ethyl acetate/hexar®).NMR (300 MHz, CDCY) &: 7.43 (dd 33y = 5.0
Hz, %Jun = 3.0 Hz, 1 H), 7.61 (dfJqn = 8.5 Hz,*Jyy = 4.1 Hz, 1 H), 7.71-7.74 (m, 3
H), 8.14 (s, 1H,), 8.24-8.25 (m, 3 H), 8.41 (@l = 8.5 Hz,"Juy = 1.7 Hz, 1H), 8.95
(dd, 3Jun = 4.1 Hz,*3un = 1.7 Hz, 1H) ppm™3C {*H} NMR (75 MHz, CDC}) &: 120.7
(HC), 123.9 (qXJcr = 271.8 Hz, CE), 124.7 (HC), 125.7 (HC), 126.0 e = 3.8 Hz,

2 HC), 128.1 (2 HC), 128.3 (HC), 129.1 (HC), 13(g6%Jcr = 32.9 Hz C-CR), 137.0

(C), 138.1 (HC), 141.2 (C), 142.5 (C), 143.2 ()4 T (C), 150.8 (HC), 156.5 (C) ppm.
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F NMR (CDCE) &: - 63.0 ppm. HRMS (El): calculated foridE1:FsN,S [M]*

356.0595 found 356.0592. Purity 99.67 % (EtOH/Heeta 10/90, Rt = 5.695 min).

5.1.2.2.15.2-(4-Fluorophenyl)-4-(thiophen-3-yl)-1,5-naphthyride (31). The general
procedure was followed using imise(5 mmol, 1.006 g) and 3-ethynyltiophehé (7
mmol, 0.693 ml) and the reaction mixture was heateckfluxing chloroform for 48 h.
Compound31 was obtained (0.459 g, 30%) as a white solid; M@5-107 (ethyl
acetate/hexane)H NMR(300 MHz, CDC}) &: 7.21-7.25 (m, 2 H), 7.49-7.52 (m, 1 H),
7.64-7.69 (m, 1 H), 7.78-7.80 (m, 1 H), 8.16-8.22 @ H), 8.29-8.31 (m, 1 H), 8.46
(dd, ®Jun = 8.6 Hz,*Jun = 1.8 Hz, 1H, H), 9.00 (ddJun = 4.0 Hz,*Juy = 1.8 Hz, 1H,
H) ppm.**C {*H} NMR (75 MHz, CDCE) &: 116.0 (d,Jce = 21.7 Hz, 2 HC), 120.6
(HC), 124.6 (HC), 125.6 (HC), 128.0 (HC), 129.1 (H1€29.6 (d3Jcr = 8.9 Hz, 2 HC),
135.5 (C), 137.1 (C), 137.9 (HC), 141.1 (C), 14Q), 144.6 (C), 150.3 (HC), 157.0
(C), 164.0 d,YJcr = 252.3 Hz, C) ppm™°F NMR (CDC}) &: -112.1 to -112.0 ppm.
HRMS (EI): calculated for GH11FN,S [M]* 306.0627 found 306.0633. Purity 99.97 %

(EtOH/Heptane = 10/90, Rt = 5.679 min).

5.1.2.2.16 4-Phenyl-3-methyl-2(4-trifluoromethylphenyl)-1,5-qdathyridine (32). The
general procedure was followed using imig5 mmol, 1.250 g) and propyl-1-yl-
benzenel5 (7 mmol, 0.802 ml) and the reaction mixture wasitbeé at refluxing
chloroform for 58 h. Compoun8 was obtained (0.910 g, 50%) as a yellowish solid;
m.p. 189-190 (ethyl acetate/hexarn®).NMR (400 MHz, CDC}) &: 2.25 (CH), 7.38-
7.40 (m, 2 H), 7.48-7.52 (m, 1 H), 7.55-7.61 (M43 7.79 (q.3Jun = 8.5 Hz, 4 H), 8.45
(dd, ®Jun = 8.5 Hz,*Jun = 1.8 Hz, 1 H), 8.95 (ddJun = 4.1 Hz,*Juy = 1.8 Hz, 1 H)
ppm. *C {*H} NMR (100 MHz, CDC}) &: 19.1 (CH), 123.8 (HC), 124.7 (qiJcr =
275.0 Hz, CB), 125.5 (q,3)ce = 3.7 Hz, 2 HC), 128.1 (HC), 128.4 (2 HC), 12925 (
HC), 130.1 (2 HC), 130.5 (C), 130.6 {dcr = 32.5 Hz, C-CP), 136.6 (C), 137.3 (HC),

26



141.8 (C), 142.2 (C), 144.6 (C), 149.3 (C), 151&), 160.3 (C) ppm°F NMR
(CDCl) &: - 63.0 ppmHRMS (EI): calculated for &H1sFN,> [M]* 364.1187 found

364.1189. Purity 97.43 % (EtOH/Heptane = 10/905 Bt507 min).

5.2 Biology

All used protocols described in this work were awed by the Animal Care Committee
of University of Leon, project license P112/00108 complies with European Union

Legislation (2010/63/UE) and Spanish Act (RD 53/201

5.2.1 L. infantum strain and culture conditions. A genetically modified.. infantum
BCN150 strain that constitutively produces the neémared fluorescent protein iRFP
(L. infantumiRFP) as readable reporter [13] was used in tipemxents. Promastigotes
are routinely cultured in M199 medium supplemematt 25 mM HEPES (pH 6.9), 10
mM glutamine, 7.6 mM hemin, 0.1 mM adenosine, (M folic acid, 1x RPMI 1640
vitamin mix (Sigma, Aldrich), 10% (v/v) heat-inagdted foetal calf serum (FCS) and
antibiotic cocktail (50 U/mL penicillin and 5@Qg/mL streptomycin). To test the
leishmanicidal effect of compounds on promastigof® cells/mL were seeded in
black 96-well plates with clear bottom. Stock swing of each naphthyridine were
prepared in DMSO and stepwise (three-fold) diluiredM199 media and growing
concentrations of each compound (0.07 to 300 mMjevaelded to each well. Final
concentration of DMSO in each well was never highan 0.1% (v/v). The viability of
promastigotes was monitored recording the infrageditted fluorescence of living
promastigotes in an Odyssey facility €xc. 684 nmj em. 708 nm) (LI-COR, USA).
AMB deoxycholate was used as positive control, wher0.1 (v/v) DMSO - the
maximum concentration of solvent used in the expents — was included as negative

control. All compounds and controls were assayettiplcate.
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5.2.2.Intracellular ex vivoinfections. The effect of 1,5-naphthyridines on intracellular
amastigotes of. infantumwas performed irex vivosplenic explants prepared from
infected mice according to [13]. Female BALB/c migere infected intravenous with
108 metacyclic promastigotes lofinfantumiRFP. Briefly, after 5 weeks post-infection,
animals were euthanized, and their spleens werptiealy recovered to obtain a
primary culture of infected splenic explant. Spkeemere washed in cold phosphate-
buffered saline (PBS) and cut in small pieces. btaio a single cell suspension, the
tissue was incubated with 5 mL of collagenase Dc[R®) at 2 mg/mL prepared in
buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 5 mM Kal,mM MgClI2, 1.8 mM
CaCl2) for 20 min at 37 °C. The cell suspension gedaining tissue fragments were
gently passed through 100 mm mesh to remove theetifagments. After washing 3x
by centrifugation (500 x g for 7 min at 4 °C) wiBBS, splenocytes were seeded in
black 384-wells clear bottom plates in RPMI sup@eated with 20% (v/v) FCS, 1 mM
sodium pyruvate, 1x RPMI vitamins, 10 mM HEPES 460 U/mL penicillin and 100
mg/mL streptomycin. Cells were counted and diludedifferent cell densities in order
to fix the fluorescence level per well. Differemncentrations (in a concentration range
between 10 and 0.Q/M) of naphthyrydines were added to the culturesafoextended
period of 72 h. Amastigote viability was assessed récording the fluorescence
emission of infected splenocytes at 708 nm in ags®ely (Li-Cor) infrared imaging

system.

5.2.3. Cytotoxicity assessment and selectivity index (SlI) determination. The

cytotoxicity of substituted 1,5—-naphthyridines wassessed on mouse uninfected
splenocytes. The splenocytes used to determingéosytdy were obtained and cultured
as described above. Cells were seeded in 96-watéglin the presence of different

concentrations (in a concentration range of 100.8uM) of the assayed compounds
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for 72 h at 37 °C. Alamar Blue staining method {fragen) was used to determine the
viability of the cultures, following the manufactuis instructions. Cytotoxic
concentration 50 (C4) was determined by dose-response curves usingaSkigiot
program. Selectivity Indexes (Sl) for the compoundsre determined as the ratio
between the C& values for non-infected mouse splenocytes and@gg values for

amastigotes in infected splenocytes.

5.2.4. Production of recombinant ToplB enzymes. Cloning, expression and
purification of LTopIB and hTopIB open reading frasnwere carried out according to
previously published protocols [7]. Briefly, Sacobyces cerevisiae EKY3 strain
deficient in TopIB activity [MATa ura3-52 his3200 leu2Al trpl A63 toplA:TRP1],
was transformed with the pESC-URA vector, whichriearboth LTopIB or hTopIB
ORFs. Single colonies were incubated overnightGaugacil media supplemented with
2% dextrose (w/v). The induction of GAL1/GAL10 protars was performed with 2%
galactose (w/v) for 6h. Yeasts were harvested, aestith cold 1 x TEEG buffer (50
mM Tris—HCI pH 7.4, 1 mM EDTA, 1 mM EGTA, 10% glya#) and resuspended in
15 mL of the same buffer supplemented with 0.2 M K@ protease inhibitors cocktail
(Roche Farma SA, Spain). Yeasts were disruptedobigxing in a glass bead-beater at
4 °C. Protein extracts were obtained by centrifiogaat 15,000 x g for 45 min in cold
and precipitated with ammonium sulphate added @ Baturation at 4°C. Enzymes
were further purified by ion-exchange (P-11 phosefialose) and hydrophobic

interaction (phenyl-Sepharose) using an Akta FPedat (GE Healthcare).

5.2.5 DNA relaxation assays. Relaxation activity were detected by incubating
recombinant LToplIB or hTopIB enzymes with negatyvelipercoiled plasmid DNA.
The reaction mixture contained Qu§ of circular supercoiled pSK DNA, 10 mM Tris-

HCI buffer pH 7.5, 5 mM MgGl| 0.1 mM EDTA, 15 mg/mL bovine serum albumin, 50
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mM KCI, and 1 unit of the corresponding enzyme iimnal volume of 2QuL. Reaction
mixtures were incubated at different times in aewdtath at 37 °C. Enzyme reactions
were stopped by the addition of 1% SDS (w/v) (fio@hcentration). DNA topoisomers
were resolved by agarose gel 1% (w/v) electropl®neepared in 0.1 M Tris borate
EDTA buffer (pH 8.0) at 20 V/cm O/N. Gels were \adimed with UV illumination
after ethidium bromide (0.pg/mL) staining and the images of gels were acquivitd

a G-BOX (Syngene UK).
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Figure 1. Structure of camptothecin (left), amphotericin Biddle) and newly
synthesized 1,5-naphthyridines (right).

Scheme 1. Preparation of novel 1,5-naphthyridinesl7-32. Reagents and conditions: (A) 3-
pyridylaminel (1 equiv), aldehyd® (1 equiv), molecular sieves 4 A, chloroform, refli5-48 h. (B)
alkyne10-15, chloroform, reflux, 15-70h.

Chart 1. Structures of aldimine3-9 and acetylene$0-15 used.

Chart 2. Structuresof 1,5-naphthyridine47-32 obtained {Reference 27).
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Table 1. Chemical structure and biological activity of -h&phthyridine compounds
(17-32) on L. infantumiRFP promastigotes and amastigotes (naturallyctifg mouse
macrophages). Each value is the mea of at least three different experiments made
by triplicate.

Figure 2. Representative agarose gels showing the role dfiquieation time in the inhibition of the
relaxation activity of TopIB. Compountl’ was assayed on LdTopIB (top panel) and on hToptBtdm
panel) without (figures a and d) and with 10 mieipcubation at 4°C (figures b and e) and at 37 °C
(figures ¢ and f), respectively. The relative piositof the negatively supercoiled DNA substrate is
indicated by SC, N is the nicked DNA. Reactionsevstopped with 1% (w/v) SDS. Lanes (C) contain
0.5 ug of pSK plasmid DNA. Lanes (DMSO) show the acyiviff the enzymes in absence of drugs but
with 2.5% (v/v) DMSO. Lanes (CPT) show the inhibjteffect of 100 pM CPT. Lanes (6a) show the
effect of 100 uM of compounty.

Table 2. Inhibition of relaxation activity of LTopIB and lopIB by 1,5-naphthyridines
17-32. Each value is the mean sd of at least three different experiments made by
triplicate.
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HIGHLIGHTS.

1. Several 1,5-naphthyridines were prepared with b Higersity of substituents.

2. Synthesized compounds show inhibitory effects agalilopl and hTopl mediated
relaxation comparable to those observed for therakinhibitor, camptothecin (CPT).

3. Some of prepared compounds present significanteattmanial activity comparable to
the activity of amphotericin B.

4. Some of prepared compounds show excellent selgcindexes (SI).



