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Abstract

The current anticancer and antileishmanial drugersal presents several
limitations concerning their specificity, efficacgpsts and the emergence of drug-
resistant cells lines, which encourages the urgeetl to search for new alternatives.
Inspired by the fact that gold(l)-based compounds romising antitumoral and
antileishmanial drug candidates, we synthesizedelngeld(l) complexes containing
phosphine and 5-phenyl-1,3,4-oxadiazole-2-thione ewaluated their anticancer and
antileishmanial activities. Synthesis was performeg reacting 5-phenyl-1,3,4-
oxadiazole-2-thione  derivatives  with  chloro(tripghosphine)gold(l)  and
chloro(triethylphosphine)gold(l). The novel compdsrnwere characterized by infrared,
Raman,’H, *C nuclear magnetic resonance, high-resolution repsstra, and x-ray
crystallography. The coordination of the ligands dold(l) occurred through the
exocyclic sulfur atom. All gold(l) complexes weretige at low micromolar or
nanomolar range with Kg values ranging from <0.10 to 1.6/ against cancer cell
lines and from 0.9 to 4.2M for Leishmania infantumntracellular amastigotes.
Compound §-A) was very selective against murine melanoma B16Ea®n cancer
CT26.WT cell lines andL. infantum intracellular amastigotes. Compound-g)
presented the highest anticancer activity agairgh ltancer cell lines while the
promising antileishmanial lead was compoun@-Aj. Tiethylphosphine gold(l)
complexes were more active than the conterpanpédnylphosphine derivatives for
both anticancer and antileishmanial activities.ethylphosphine gold(l) derivatives
presented antimony cross-resistancke.iguyanensisiemonstrating their potential to be
used as chemical tools to better understand mesrthanof drug resistance and action.
These findings revealed the anticancer and arftileasial potential of gold(l)

oxadiazole phosphine derivatives.

Keywords: Gold(l) complexes; 5-Phenyl-1,3,4-oxadiazole-24tigpantitumor activity;

antileishmania



1. Introduction

Cancers and leishmaniasis are considered a speofrdiseases that can affect
different tissues on mammalian hosts. Classified nagllected tropical disease,
leishmaniasis is caused by obligate intracellulestqzoan parasites of the genus
Leishmaniawhich causes clinical manifestations as viscer#tmmeous, mucocutaneous
and diffuse leishmaniasis — depending on tropisraragite species and host
immunological status. In a similar way, clinicaincar manifestations are diverse with
more than hundred types of different cancers [blhRliseases are considered a serious
global public health problem. It is estimated tleééhmaniasis is responsible for 20,000
to 40,000 deaths annually [2] while cancer is aileg causing of death worldwide
contributing to 15% of all deaths, with total of28million in 2012 [3].Leishmania
parasites and cancer cells share similar celluidrraolecular features such as specific
tissue tropisms, metastasis, evasion of the immsy&em, multifactorial drug
resistance mechanisms, high rates of cell protifaraand genome plasticity (genomic
rearrangements, gene deletion, insertion, mutainthgene copy number variations) [1,
4]. Curiously, miltefosine, an alkylphosphocholideug originally developed to treat
cancer is the only oral drug used for more tharydars in India to treat visceral and
cutaneous leishmaniasis [5]. An example of drugumepsing that inspired several
alternative chemotherapeutic schemes.

Chemotherapy is the major strategy to treat betbhimaniasis and cancers,
despite its drawbacks such as limited efficacy seféty, high costs and the emergence
of drug resistant cells, which encourage the urgeatrch for new drugs alternatives.
The available drug arsenal against leishmaniadisnited and the emergence of drug
resistani_eishmaniastrains justifies the urgent search for new atitves. Metal-based
drugs are promising antileishmanial agents. Fomgt@, Cu(ll), Ni(ll) and Co(ll)
triazopyrimidine derivatives were active againgtanellularL. braziliensisamastigotes
and presentedin vivo efficacy against theLeishmania related trypanosomatid
Trypanosoma cruzreducing parasitemia in in 83% [6]. Ni(ll) thiouraad Co(ll) acyl
thiourea complexes were also highly active agdiash L. major and lung carcinoma
cell line H-157, with potency in the nanomolar rarg, 8]. Cisplatin, a platinum-based
DNA biding drug was active against experimental imeiwvisceral leishmaniasis being
able to reduce parasite load in 75% [9]. Sever&(§oand gold(lll) derivatives are

antileishmanial agents acting as DNA intercala{@ or by inhibiting kinetoplastid



parasite-specific enzymes NADH fumarate reductad¢, [cysteine proteases [12] and
TryR [13, 14].

Gold-based compounds are thiophilic agents recegniby their anti-
inflammatory properties and have been shown as ignognanticancer [15-17] and
antileishmanial agents [18]. Solganol, myochrysamel auranofin are gold(l)-derived
compounds used to treat rheumatoid arthritis beirgy latter — a triethylphosphine
gold(l) complex — able to inhibit reductase enzyrassential to redox homeostasis in
cancer cells and parasites, includihgishmania[1l3, 19-21]. Known to exhibit
antitumoral activity even against cisplatin-resisteumor cells [22, 23], auranofin is
currently under clinical trials against severalagpf cancers [24]. Besides the known
anticancer and antileishmanial activity, gold(l)dagold(lll) complexes also present
antiparasitic activities again®lasmodium Schistosomaand other Trypanosomatids
such aslrypanosoma cruandT. brucei[25, 26].

Gold(lll) compounds share electronic and stezatdires with platinum(ll) which
make them alternative anticancer candidates toumivent platinum associated
drawbacks such as resistance and side effectsdmstitag proteins instead of DNA [27].
Gold(ll) compounds act as prodrugs being reducedvo to their metabolite gold(l)
active form [28], showing the importance of biogBrmation on its pharmacokinetics
and pharmacodynamics. Gold-based complexes calayliggplethora of targets due to
the structural diversity of ligands and their résdl complexes. Indeed, the mode of
action of gold compounds can include: cell cycleeration; generation of reactive
oxygen species that could lead to mitochondrial/@n®NA damages; proteasome
inhibition; thioredoxin reductase inhibition angptwsomerase IB inhibition, all leading
to apoptosis [26]. The high affinity of gold-basedmpounds for selenoproteins and
thiol-containing proteins makes them powerful dreendidates targeting important
enzymes involved in redox homeostasis [28].

In addition to the rational drug design of gold@mplexes, heterocyclic
compounds containing five-membered rings gained omapce because of their
versatile biological properties. In particular, quuands bearing 1,3,4-oxadiazole
moiety have been found to potentiate antimicrof#28l] and anticancer activities [30]
which has attracted attention of the chemist insisrch for new therapeutic molecules.
Oxadiazole is considered to be derived from furgrrdplacement of two methane (-
CH=) group by two pyridine nitrogen (-N=) [31]. Theynthesis of gold complexes
containing 1,3,4-oxadiazoles is of considerablerggt due to their potential biological



activities such as antimicrobial [32], analgesiaiti-enflammatory, anti-HIV [31],
antitumoral [33], herbicidal [34], anti-depressivanti-Parkinson,and anticonvulsant
activities [35, 36]. In the course of our studies gold(l) compounds, we recently
synthesized two gold(l) complexes with 5-phenyl4.8xadiazole-2-thione and
phosphine, which have been shown to be potenttauaror candidates [37].

Inspired by the promising properties of gold(l)4ads 1,3,4-oxadiazole
derivatives, here we report the synthesis, chaiaateon and investigate the vitro
anticancer and antileishmanial activity of eighvelogold(l) complexes containing 5-

phenyl-1,3,4-oxadiazole-2-thione and phosphine.

2. Results and discussion

A series of gold(l) triphenylphosphine and tridgiihosphine complexes with
ligands derivatives 5-(phenyl)-1,3,4-oxadiazoldilbte containing different
substituents in position five of the aromatic ri(echeme 1 — experimental section)
were synthesized by reaction of Au(PEY or Au(PPR)Cl and the corresponding
ligand in dichloromethane/acetone 1:1, at room tnaipre, and were isolated by
preparative plate chromatography.

The compounds were characterized using a combmafiseveral methods that
included’H NMR, *C NMR, infrared, Raman, high-resolution mass speatrd single
crystal X-ray diffraction for ligand¥) and complexes3¢C, 4-D, 5-E and 8-C). The
complexes are insoluble in water and soluble ildromethane, DMSO and present a
high chemical stability in organic solvent mixtures

Ligands @A-E) can display two tautomeric forms (Y) and (Z), Scte 2
(Experimental section).The existence of these taater forms has been reported in the
literature [38-42]. Spectroscopic evidence suggketiat the free ligands are present in
the thione tautomeric form (Y). X-ray diffractiorath showed that in complexes the
ligands are in the thiolate form (Z).

2.1 Vibrational spectra

The absorption correspondingw8H at 2567-2615 crhwas not observed in the
infrared and Raman spectra of ligands and complékiscan observe an absorption
band in the spectra of the free ligands correspanttivNH in the range of 3090-3209
cm® and characteristic thioamide bant#C=S at ~1300-1347 ch{43] indicating that



they are present in the tautomeric form (Y) whicksveonfirmed by X-ray diffraction
data obtained for ligandj.

The infrared spectra of all the complexes have shithe absence oSH, vNH
andvC=S bands and the appearance of new bands at G86rT4 attributed tovCS,
indicating the formation of the complexes. Figure shows infrared spectra of ligand
(C), and gold complexe8{C and8-C).

Raman spectra of all the complexes exhibited la@nisity bands around 250-
340 cm* and 360-390 cihwhich may be attributed t0Au-S and tovAu-P, respectively
[44-46).

2.2 NMR studies

In the'H NMR spectra of complexes, (Scheme 1) the sigoflall aromatic
hydrogen atoms undergo shifts compared to theiitipns in the free ligands in the
order of 0.2-0.4 ppm. It is also noted in thENMR spectra of complexeg-@, 2-B, 3-

C, 4-D and5-E) the appearance of a signal in thé.53-7.66 ppm region corresponding
to aromatic hydrogen atoms of the BBtoup. For complexe${A, 7-B, 8-C, 9-D and
10-E) two signals were observed in the regiang:12-1.24 ppm (CkJ ands 1.94-2.06
ppm (CH) corresponding to hydrogen atoms from f|Rigoup.

In the *C NMR spectra of complexes is observed a chemiciéi ® lower
frequency for carbon (C2) due to the presenceefytiid and a chemical shift to higher
frequency for the carbon atom C5, when comparetth@¢ospectra of the free ligands.
Table S1 shows theC chemical shiftsd) of the ligands and their complexes
and Figures S2 and S3 show representdtivé&lMR and**C NMR spectra of ligand
(D), and gold complexeg{D) and ©-D).

2.3 X-ray structural determination

Single crystals of ligandDY) and complexes3¢C, 4-D, 5-E and 8-C) were
obtained by recrystallization from a mixture of @itinylsulfoxide and dichloromethane
and isolated by filtration. The structure @f)(and complexes3(C, 4-D, 5-E and 8-C)
were determined using single-crystal X-ray diffract(Fig. 1 and Fig. 2). Crystal and
collection data and structure refinement deta#ssaimmarized in Tables 1 and 2.

The resolution of the crystal structure of the higaD) clearly shows the

predominance of the thione form. It can be veritigdhe presence of a hydrogen atom



on N1 and the distance S1-C = 1.643(2) A. One outéeof the solvent DMSO is
present in the crystal lattice of the ligar).(

Insert fig. 1

Insert fig. 2

Insert Table 1

Insert Table 2

Complexes §-C), (4-D) and 8-C) present two crystallographically independent
units of Au-ligand. The ligand 5-phenyl-1-(4-flug¢d,3,4-oxadiazole-2-thiol is
coordinated by the sulfur atom to the central mietal gold(l). The coordination sphere
deviates slightly of the linear geometry that isnpbeted with a tertiary phosphine
(PPh or PES). The bond angle for compleg-C) is P1A-AulA-S1A = 168.93(3)° and
P1-Aul-S1 = 173.42(3)° and for complekD) P1A-AulA-S1A = 173.95(3)° and P1-
Aul-S1 =171,59(2)° and for comple&-C) P1-Aul-S1 = 176.78(7)° and P1A-AulA-
S1A = 175.10(5)°, as shown in Table 2 which showamses other relevant geometrical
features of the complexes. The asymmetric unitaksvilat the two Au(l) atoms present
a nearly linear coordination. The strength of Afu- -attraction may be determined
experimentally being in the range of 7 — 11 kcal @7]. These findings are often
associated with AuAu bond distances in the range of 2.8 A to 3.5 A-48] which is

similar or shorter than the sum of the van der Waalii (3.40 A) [50, 51]. The
Au---Au bond in complexes3(C), (4-D) and 8-C), which display moderate aurophilic

interactions, present average distances of 3.1#(These results are comparable to a
series of gold(l) complexes that have aurophilicteractions, such as
AU(CsH10NOS)(G1H21P) [52], Au(3-GH3S—C=C-S)PPh [50], (2-S-pyridine-Au)(y;-
t-dpen) [53], (2-S-pyridine-Auj;-dppe) [53] and AuSPh(PBh[54] with Au---Au
bond distances of 3.1351(3) A, 3.054(5) A, 2.986%12.9679(2) A and 3.145(2) A,
respectively. The coordination environment of Aul)complexes3-C), (4-D) and 8-

C) are shown in Figure 2.



Similary to complexes3(C), (4-D) and B-C), in complex b-E), the central
metal ion, gold(l), is coordinated to the sulfuorat of the 5-phenyl-1-(4-methoxy)-
1,3,4-oxadiazole-2-thiol ligand and to a tertiahopphine (PPJ) in a linear geometry,
with the bond angle P1-Aul-S1 = 179.01(5)°, as showTable 2. However, it is not
possible to observe the effect of Au---Au inteoactin the asymmetric unit of the
compound. The coordination environment of Au(lzomplex 6-E) is shown in Figure
2. The P—Au-S angles for all the complexes inwlosk diverge from linearity which is
more pronounced for complexe3-C), (4-D) and 8-C). This effect may be related to
the crystal packing structure or the substitutiffieats of groups present in the ligand.
The explanation is not trivial and there is no etation to Au---Au bond distances or
bond angles, but it has been reported in the titegahat gold(l) complexes, which do
not present Au- - - Au bonds, have angles very cw48@°. For instance, ¢8s)sPAuCl
[55] present P—Au—Cl angle of 179.63(8)°, (4-S-gyre-Auk(i:-dppb) [53] exhibit P—
Au-S angle of 178.32(4)° and, [Au{fisNs0.)(PPh)] [56] show N-Au—P angle of
178.70(13)°, similar to the bond angle of 179.01{éund for complexJ{-E).

The crystal structures of complexés(, 4-D, 5-E and 8-C) clearly indicates
the dominance of the thiol form of the ligan@sE), as evidenced by the absence of the
H atom at the N1 atom and the C-S1 distance 1.Jy0®@uch as in complex3{C)
which is intermediate between a single and a dodtued (1.820 and 1.600 A,
respectively).

The crystal packing in ligandDj is limited to the intermolecular hydrogen
bonds formed by the oxygen atom (O4) of the DMSQecwde and nitrogen atom (N1)
of the thione group, in plarex (Figure S4). It is possible to observe weak n@ssical
intramolecular hydrogen bonds formed by C8-HS8.-ifitéractions for the ligand
structure with distances Donor — Acceptor (D---AR®22(3) A. In complexF-E),
hydrogen bonding is restricted to the very weak-dassical intermolecular hydrogen
bonds formed by C19-H19---N2 interactions betwesban atom (C19) of tertiary
phosphine and ligandE} with distances D---A of 3.412(7) A. Similar weakn-
classical intramolecular and intermolecular hydrogends are found in the structures
of complexes §-C), (4-D) and 8-C) having a secundary effect for the building of the
complexes structures (Fig. S5). The relevant paremmef these interactions are given
in Table S2.

2.4 Anticancer activity



The anticancer activity of eight novel gold(l) cdewes and two ligands was
evaluated in comparison with cisplatin in two diéfet cell lines: colon carcinoma
(CT26.WT) and metastatic skin melanoma (B16F10)eyTtvere also examined for
their cytotoxic properties in a non-tumor kidneyl tiee (BHK-21). The third cell line
is a normal cell, which was used to evaluate thecteity index, allowing comparison
of the cytotoxicity of the compounds in tumor aratmal cells. IG values, calculated
from the cell viability dose response curves olgdimfter 72 h drug treatment in the
MTT test, are shown in Table 3.

Insert Table 3

A major activity was found for all complexes in cpanison to cisplatin and
respective oxadiazole ligands and gold precursbree ligands were much less
effective in decreasing cancer viability over thesk lines presenting kg over 50 uM
in some cases. But, other ligands already showeglehicytotoxicity and selectivity
comparing different cancer cells, such as liga@gif CT26.WT cells (IG< 0.10 uM
and Sl > 1000) and ligand) in B16F10 cells (Ig< 0.26 uM and Sl = 42.7). The
anticancer selectivity of ligandC] is impressive. Previous works suggest the infteen
of the fluoro substituent as electron withdrawimgugp improving cytotoxicity in cancer
cells [57].

Even being structurally similar, some ligands pnésé cell-specific anticancer
activity. For instance, ligandhj presented equivalent anticancer activity on bothor-
derived cell lines, while ligandsBf and C) were selectively more active against
melanoma and colon carcinoma-derived cells, resygt Ligand O) has shown low
ICs0 values in both cells. The tumor cells were chasecompose two different tumor
types and assess the activity in cell lines frorfiedint embryonic origin such as
epithelial and fibroblast. This was done as anreffo overcome and control any
difference. Complexe{(B) and {-B), derived from ligandR), still remaining higher
cytotoxicity in B16F10 cells and became at leastti8tes more active in CT26.WT
after gold complexation (l§ from 66uM @) to 1.66uM 2-B) and 0.23 uM7-B)). A
similar pattern is observed for complex8sQ) and 8-C), derived from ligand@) in
B16F10 (IGo from >100uM C) to 1.40 8-C) and 0.43 §-C). Although the ligands in
the free forms showed significant activity, comp@lgan favors the biological activity in
all cases, specially for complex-B) that was about 290 axd43 times more cytotoxic
than ligand B) in CT26.WT and B16F10 cells, respectively.
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Comparing the cytotoxicity values of the gold(Iespes and their differences in
the ligand structure, a better antitumoral activiys observed for complexes presenting
chloride @-B) and {-B) and fluoride 8-C) and 8-C) as substituents (K< 0.10uM).
Another structure-activity relationship was alreadypected about the phosphine
groups, when alkyl phosphine complexes, excép)( were slightly more active than
respective aryl phosphine reported here in antiteenial activity and in other previous
antitumor reports.

Complexation also increased the cytotoxic actiwitynormal cell but we can
notice that complexe2{B) and 3-C) appeared to be very effective as anticancer agent
against B16F10 and CT26.WT respectively, with apramsive high selectivity index
(up to 70) when compared to BHK21 normal cell.

The mechanism of action is still unclear and sdviargets were already cited
specially seleno-enzime TrxR [58]. We have previpshiown the inhibition of TrxR
for similar complexes and additional studies arendpgperformed on new thiolate

compounds [20].

2.5 Gold(l) complexes are highly active against Leishmania spp.

Gold(l) complexes containing phosphine and 5-phé&r8;4-oxadiazole-2-
thione derivatives were active against both promat# and intracellular amastigote
forms of Leishmaniaspp. (Tables 4 and S3; Fig. 3 and 4), presentotgngy (IGo
values) ranging from 0.9 to 106V (Table 4). Unlike anticancer activity (Table 3),
most ligandsA, B, C andE) were not active against the parasites excegdigand D)
that presented intrinsic antileishmanial activityaenst promastigote forms df.
infantumandL. braziliensiswith potency about 3QM. All ligands were not toxic for
THP-1 macrophages. Considering the antiamastigctieityg, complexes §-A), (7-B)
and ©-D) were the most promising candidates withsol©f approximately 1uM,
presenting the highest selectivity index (SlI) val(&able 4). In accordance with what
was observed on anticancer activity, complé&Aj was doubly selective specifically
targeting both tumoral cells arld infantumamastigotes (Tables 3 and 4). Although
gold(l)-based compounds represents a potentiabrfmwhdrug developing as alternative
for leishmaniasis chemotherapy, there are few studkploring this avenue, in which
thein vitro antileishmanial activity reported vary from 0.254 uM [13, 59-61]. Thus,

the antileishmanial activity of Au(Pgtderivatives highlighted in the low micromolar
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range are encouraging for further investigationskilag for lead compounds against
leishmaniasis.

Gold(l) complexes were more active against theiadity relevant intracellular
amastigote forms of. infantumwhen compared to their anti promastigote activity,
being Au(PEj)-derivatives the most active complexes (TableT).investigate this
point, the average of Kgvalues from both Au(PEtand Au(PPk)-derivatives against
Leishmanigoromastigotes, amastigotes and THP-1 macrophagesaléained. Indeed,
when compared to Au(PBh Au(PEg)-derivatives presented highest antileishmanial
activity towardsL. infantumamastigotes but were also more toxic to host maeges
(Fig. 3), however, they still are selective agaimdtacellular parasites (Table 4). A
antiamastigote enhanced activity was previouslyeolesl for benzimidazole derivatives
gold(l)-based complexes agaiistamazonensjd., braziliensisndL. major[60]. This
was also true foL. infantumupon exposition to quinoline-derived gold(l) comysde
[61].

As obligate intracellular parasitekeishmaniasurvives within mononuclear
phagocyte system cells in mammalian hosts causeighrhaniasis [11]. Thus,
intramacrophagic amastigotes obtainedimyitro experimental infection, mimic the
natural environment for antileishmanial drug prasips. Indeed, active compounds
identified by drug screening assays on intracallllaishmaniacan highlight and
suggest the involvement of host cell-dependent ar@sims related to parasite survival
[62]. Here we demonstrate that Au(B)Ederivatives presented increased antiamastigote
activity offering an evidence for the importancehafst cell pathways on drug activity
and corroborating the relevance to the use of ¢ethalar parasite for drug screening
purposes. Since drug action is initially dependamthe uptake/transport through cell
membrane, to reach intracellular amastigotes, actempounds must cross the
macrophage and phagolysosome membranes. Amassigetetive gold(l)-based
complexes could provide insights to infer abouttftiependent drug transport pathways
[63].

Insert Table 4

Insert Fig. 3
Drug susceptibility in_eishmaniaparasites is species-specific or can vary even
among strains of the same species as a resulstficti metabolisms [63, 64]. In this

study we shown that. braziliensiswas less sensitive to Au(REterivatives when
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compared td.. infantumandL. guyanensispresenting mean of kgvalues of 7.3, 4.5
and 3.5uM, respectively (Table 4 and S3; Fig. 3). This fe@h provide clues about the
mode of action of antileishmanial gold(l)-based ptewes focused on species-specific
biochemical properties.

Although Au(PE$)Cl and Au(PPKCI precursors were toxic to THP-1
macrophages and active themselves agdiashmania their use as antileishmanial
drugs can be justified by the reduced cytotoxicity host cells upon 5-phenyl-1,3,4-
oxadiazole-2-thione complexation. For Au(BPtlerivatives the average 4£was 10.5
uM, twice less toxic when compared to precursor @lfrable 4). Here, we found that
Au(PEB)CI exhibited inherent antileishmanial activity witCso of 1.94 and 2.8M
against_. infantunandL. braziliensis respectively (Table 4). In contrast, llari andsco
(2012) observed a lower antileishmanial activityaiagt L. infantumand L. major
presented by Au(PBCI with higher 1G, values of 16.6 and 17,BM, respectively [13].
This difference can be explained by the fact timatirug susceptibility assays they used
Schneider's medium, a very nutrient rich cell crdtumedium that could interfere by
drug binding to its constituents or improving cghowth fitness, masking the real
antileishmanial activity. As mentioned, Au(REterivatives exhibited most promising
antileishmanial activity than Au(PBhones. This is in accordance with Sharlow and
cols. (2013), who shown that chloro(triethylphos@)gold(l) precursor presented
highest antileishmanial effect agairistmajor and L. amazonensisshen compared to

chloro(triphenylphosphine)gold(l) [18].

2.6 Gold(l) complexes with 5-phenyl-1,3,4-oxadiazole-2-thione and triethylphosphine
as ligands present cross-resistance to antimony in Leishmania

Drug resistant.eishmaniacan be applied as a tool for understanding parasit
biochemical pathways involved in drug resistancecmanisms of action and for drug
screening purposes [65-68]. To investigate whe#imtileishmanial activity displayed
by gold(l) complexes would be affected by a drugjstant background ibeishmania
we performed growth inhibition assays using the tmamdive Au(PEj)-derivatives
against antimony-resistant and -sensitlveguyanensigoromastigotes. Surprisingly,
gold(l) 5-phenyl-1,3,4-oxadiazole-2-thione triethlybsphine derivatives were 1.5 to
2.2-fold less active in antimony-resistdnt guyanensidbackground, thus presenting

cross-resistance to antimony (Fig. 4 and Table S3).
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Insert Fig. 4

This is suggestive that gold(l) complexes couldrsh&imilar targets or their
mechanisms of action would involve parasite biodcahpathways related to antimony
action/resistance. Trivalent antimony (Sblll) — #etive reduced form from SbV-based
drugs — can act disrupting the redox homeostasisdycing thiol efflux or inhibiting
trypanothione reductase (responsible for recydiipganothione, the major intracellular
antioxidant dithiol), promoting oxygen reactive sjgs accumulation, triggering cell
death by oxidative stress [69]. Auranofin, a gglithhsed compound is also able to
inhibit trypanothione reductase (TryR) akishmaniaparasites [13]. Known by its
clinical application to treat rheumatoid arthrifigd] with recognized antitumor [15],
antiparasitic [19, 71] and antimicrobial activity?], auranofin is a selenoprotein
antagonist inhibiting thioredoxin reductase in @aneells by binding selenium residues
[23]. Unlike in mammals, auranofin-mediated redoxmieostasis disruption in
Leishmaniais not due to selenoproteins [73] but involves TriyRibition through
binding to cysteine residues instead [13]. Trigthgisphine gold(l) complexes are
potent TryR inhibitors showing Kgof 1 uM (L. Tunes and R. Monte-Neto, manuscript
in preparation), more active than the positive cdrtlomipramine — a strong inhibitor
of TryR with 1Gso values of 3.4 and 114M against TryR fromTrypanosoma cruzand
T. brucej respectively [74] — and gold(lll)-based complekes).

It is worthy of note that free Au(P£CI precursor or a gold(l) 5-phenyl-1,3,4-
oxadiazole-2-thione triethylphosphine analog — whphenyl group was replaced by
adamantly [20] presented no cross-resistance imany (Fig. 4 and Table S3). The
differential sensitivity profile provides functiohavidences, based on structure activity
relationship, indicating that 5-phenyl and 5-adatylasubstituents interferes with
gold(l) pharmacophore dynamics in Sb-resistanguyanensigparasites compared to
wild-type background (Fig. 4). A wide variety ofoshemical and biophysical changes
is observed in drug-resistariteishmania parasites including increased membrane
fluidity [75, 76]. Thus, it is tempting to specwdathat triethylphosphine gold(l)
complexes lipophilicity would interfere with thetiransport across membranes altering
the drug target(s) achievement, a point that nezde further investigated. In general,
the presence opara-phenyl ligands chloride, fluoro, nitro and methogyoups
interfered with the global antileishmanial activitglisplayed by their gold(l)
triethylphosphine derivative, reducing its actioga@st promastigote and amastigote
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Leishmaniaparasistes (Table 4 and S3). However, they do ieted (Cl and F) or
slightly decreased (NOand OCH) the resistance index when assayed on Sb-resistant
L. guyanensis (Fig. 4). These observations reinforce the impaeanof
tryethylphosphine gold(l) complexes not only asnpiing antileishmanial agents but
also as chemical tools to better understand cellra molecular mechanisms in drug
resistant parasites. Gold(l) complexes can be egftir drug target elucidation and for
the identification of parasite’s essential biocheahi pathways involved in their
mechanisms of action, which is extremely relevamtdrug specificity approaches on
drug discovery studies. Based on structucture ogdition, gold(l) complexes can be
designed to overcome drug resistanckaishamanigarasites.

These promising results prompted us to evaluateattigishmanial activity of
novel gold(l) oxadiazole phosphine derivatives. W#ge also inspired by the fact that
auranofin (Ridaufd — a gold(l) triethylphosphine thiosugar drug wittnown
pharmacokinetics and pharmacodynamics againstnh@istasis — is able to inhibit
TryR, a crucial enzyme for redox homeostasis ipdanosomatid protozoa including
Leishmania[13, 18]. All gold(l) oxadiazole phosphine derivets tested here were
activein vitro against_eishmanigparasites, with special emphasis on triethylphogphi
derivatives. They were not only promising drug adates to be investigated as their
efficacy against leishmaniasis vivo, but can also be applied as chemical tools to
understand mechanisms of action of gold-contairdnggs inLeishmaniaparasites.
Based on rational drug design approaches, useldflgoontaining drugs represents a
plausible way for the development of new theraestiiategies against leishmaniasis.
Chrysotherapy (treatment of diseases based ondinénestration of gold compounds)

must be further investigated ag@den alternativdor leishmaniasis chemotherapy.

3. Conclusions

A novel series of gold(l) complexes containing g¥ose and 5-phenyl-1,3,4-
oxadiazole-2-thione derivatives as ligands were thegized, characterized and
evaluated for theiin vitro activity against tumoral cell lines ariceishmaniaspp.
Gold(l) complexes were successful synthesized odggelds (mostly 62 to 84%). The
crystal structures of complexe3-C, 4-D, 5-E and 8-C) showed that S-atom of thione
group is coordinated to the metal in all casestheddominance of the thiol form of the

ligands.
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Gold(l) complexes studied here were highly actigaiast murine melanoma
B16F10 and colon cancer CT26.WT cell lines withgpaly on nanomolar range. Most
compounds were more active than the reference astir drug cisplatin against
B16F10 and CT26.WT cell lines with high selectivitydexes. Upon complexation
compound 7-B) was about 300 times more active than the fremtigon CT26.WT cell
line. Ligands also increased gold(l) chloride preows anticancer activity being the
resulting complexes approximately 30 folds moreed®le against tumoral cells.
Complexation also reduces the cytotoxicity on hunmaonnocyte-derived THP-1
macrophages. All phosphine oxadiazole-containindd(¢o complexes were active
againstLeishmaniaspp. Triethylphosphine gold(l) derivatives were thost promising
anticancer and antileishmanial leads, being comgpd6+A) selective to tumoral cells
and L. infantumintracellular amastigotes, the clinically relevdotm of the parasite.
Antimony-resistantL. guyanensiswere cross-resistant when treated with 5-phenyl-
1,3,4-oxadiazole-2-thione gold(l) derivatives, they were still susceptible to precursor
Au(PEBg)CI, showing that gold(l) complexes are not onlpmrsing antileishmanial
candidates but can be also used as tools helpietutidate molecular mechanisms of
drug action and drug resistanceLiaishmaniaparasites. The findings here reveal the
remarkable ability of phosphine oxadiazole-contagngold(l) complexes to selectively
inhibit cancer cell proliferation and the growth lafishmaniaparasitesn vitro. This
first report of phosphine oxadiazole-containing d§l as potential anticancer and
antileishmanial agents encourages the efforts dallndrug prospection to treat cancer
and leishmaniasis. Due to the good yields on swymheand to noteworthy
antiproliferative effect on cancer cells and arghenanial properties, the tested gold(l)
complexes are suitable for furthém vivo efficacy studies against experimental

leishmaniasis and murine tumor models.

4. Experimental section

4.1 Chemistry

All reagents and solvents were reagent grade am@ wsed without prior
purification. The progress of all reactions was itwed by thin-layer chromatography
which was performed on 2 x 6 cm aluminium sheets@ated with silica gel 60 (HF-
254, Merck) to a thickness of 0.25 mm. Infrared)(Epectra were recorded on a
Bomem FTIR MB-102 spectrometer in the region of @800 cni as a KBr pellet,
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with 4 cni® of spectral resolution, and average of 64 scandy §ignificant peaks were
recorded.'™H NMR (300 MHz) and®™C NMR (75 MHz) spectra were recorded as
solutions in CDG and DMSOsds on a Bruker spectrometer. The chemical shifts were
expressed a8 (in ppm) with respect to a standard internal TM&mrence {H NMR).
Raman spectra were obtained using a Bruker RFS-T8Raman instrument equipped
with a germanium detector refrigerated by liquittagen, with excitation at 1064 nm
from a Nd: YAG laser, power between 103 mW for skmip solid phase, in the range
between 4000 and 50 €mand with a spectral resolution of 4 ¢pand an average of
500 scans. The high-resolution mass spectra wererded on a Micromass LCT
spectrometer, with electrospray ionization, at bhstitut de Chimie des Substances
Naturelles at Gif-sur-Yvette, France. Diffractioata for single crystals of g8sN303S
(D), GoeH1sN2OFPSAuU B8-C), CyeH19N3O3PSAU @-D), Co7H2oN.O.PSAu 6-E) and
C14H10N2,OPSAUF 8-C) were collected using a Oxford GEMINI A Ultra ddttometer
with Mo Ka (A = 0.71073 A) and temperature of 120 K or 298 KtaDeollection,
reduction and cell refinement were carried out IRYSALIS RED, Oxford diffraction
Ltd — Version 1.171.32.38 software [77]. The stoues were solved using SHELXS-97
[78] and refined using SHELXL-2013 [79]. An empaldsotropic extinction parameter
x was refined according to the method describedLbyson [80]. A Multiscan
absorption correction was applied [81]. The strreguwere drawn by ORTEP-3 for
Windows [82] and MERCURY programs [83].

4.2 Synthesis of ligands

We have recently published the synthesis of lig@)d37]. Ligands B-E) were
prepared from 4-chlorobenzoic, 4-fluorobenzoic,itlebenzoic and 4-methoxybenzoic
acids in three steps as previously described [32838, 85]. The characterization data of

the ligands are described in supplementary matseition.

4.3 Synthesis of Gold(l) complexes

Precursors Au(PEXCI and Au(PPECIl were respectively, purchased from
Sigma-Aldrich and synthesized from K[Auflaccording to the Baenziger and cols
(1976) [86]. Synthesis of complexe§-A) and 6-A) was performed as previously
published [37].

Complexes2-B, 3-C, 4-D, 5-E and 7-B, 8-C, 9-D, 10-E were prepared
according to the following procedure: to a solutamu(PPR)CI (0.198 g, 0.4 mmol)
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or Au(PEg)CI (0.140 g, 0.4 mmol) in dichloromethane (3 mlygands B-E) (0.4
mmol) were dissolved in acetone (3 mL) and slovdgled during 3 h. After stirring for
9 h at room temperature in the dark, solvent wasoxed under reduced pressure to
furnish a white residue that was purified by pregigse chromatography (eluent:
dichloromethane) to give the desired compoudB,(3-C, 4-D, 5-E) and {-B, 8-C, 9-

D, 10-E) in 64%, 69%, 62%, 63%, 67%, 84%, 51% and 65%dgietespectively
(Scheme 1).

Insert Scheme 1
Insert Scheme 2

4.3.1 [5-(4-Chlorophenyl)-1,3,4-oxadiazole-2-thifitphenylphosfine)gold((R2-B)
yield, (64%) as a white solid, m.p. 181-182°C. 4R« KBr (cm): 3054; 1481; 1068,
710; Ramarmay (cm?): 3059; 1547; 744*H NMR (300 MHz, DMSOds) &: 7.59-7.66
(m, 15H, ArPPE); 8.07 (d, 2HJ7.5= J11.10= 9.0 Hz, H7, H11); 8.34 (d, 2Hg.7= J1o.
11= 9.0 Hz, H.8, H.10)**C NMR (75 MHz, DMSOs) &: 124.5 (C8, C10); 126.9 (C7,
C11); 128.3 (d, C1J;.p= 58.7 Hz); 129.1 (C6); 129.7 (d, C3’, C)g.p = Js.p= 11.5
Hz); 132.3 (C4); 133.9 (d, C2’, C6Jp.p= Js-p = 14.0 Hz); 148.6 (C9); 162.6 (C5);
169.9 (C2).

4.3.2 [5-(4-Fluorophenyl)-1,3,4-oxadiazole-2-thibftephenylphosfine)gold(3-C)
yield, (69%) as a white solid, m.p. 159-160 °C.viR.KBr (cm™): 3056; 1499; 1062;
713; Ramanmay (cm™): 3064; 1560; 725'"H NMR (300 MHz, DMSOds) &: 7.38 (t,
2H, Jg.7= Jg.¢= 8.7 Hz, H8, H10); 7.57-7.61 (m,15H, Ar-PH7.80 (dd, 2H,J, 5= 8.7
HZ, J..= 5.4 Hz, H7, H11)}*C NMR (75 MHz, DMSOds) &: 116.4 (d, C8, C10Qls.
= JioF= 22.4 Hz); 120.4 (C6); 128.3 (d, C7, CI4¢= Ji1¢= 9.0 Hz); 128.4 (d, C1’,
Jrp= 58.1 Hz); 129.6 (d, C3', C5')s.p = Js.p = 11.4 Hz); 132.2 (C4’); 133.8 (d, C2,
C6’, Jo-p= Jg.p = 13.9 Hz); 163.0 (C5); 163.6 (d, CB,r= 247.9 Hz); 168.2 (C2).

4.3.3 [5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-thioftephenylphosfine)gold(1§4-D)

yield, (62%) as a yellow solid, m.p. 223 °C. ¥R KBr (cm™): 3029; 1555; 1515;
1339; 1068; 707; Ramatmay (cm™): 3057; 1553; 1341; 694H NMR (300 MHz,
DMSO-t) &: 7.59-7.66 (m, 15H, ArPRJ 8.07 (d, 2HJ7.s= J11.10= 9.0 Hz, H7, H11);
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8.34 (d, 2H,Js.7= J10.11= 9.0 Hz, H8, H10):3C NMR (75 MHz, DMSO#dg) & 124.5
(C8, C10); 126.9 (C7, C11); 128.3 (d, Cl;p= 58.7 Hz): 129.1 (C6); 129.7 (d, C3,
C5, Jop= Jsp= 11.5 Hz); 132.3 (C4’); 133.9 (d, C2’, Cllp.p= Jo.p = 14.0 H2);
148.6 (C9); 162.6 (C5); 169.9 (C2).

4.3.4 [5-(4-Methoxyphenyl)-1,3,4-oxadiazole-2-tlaf{triphenylphosfine)gold({(b-E)
yield, (63%) as a white solid, m.p. 178-181 °C.viRKBr (cm™): 3055; 1499; 1065;
710; Ramanmax(cm™): 3059; 1560; 629'H NMR (300 MHz, DMSOdg) &: 3.83 (S,
3H, OCH); 7.07 (d, 2HJg.7= J10.12= 8.7 Hz, H8, H10); 7.57-7.66 (m, 15H, ArRPph
7.78 (d, 2H,J7.5 = J11.10= 8.7 Hz, H7, H11)*C NMR (75 MHz, DMSOds) &: 55.9
(OCHg); 115.2 (C8, C10); 116.5 (C6); 128.1 (C7, C11)8.92(d, C1',J;.p= 58.4 Hz);
130.1 (d, C3', C5',J3.p= Js.p = 11.5 Hz); 132.7 (C4’); 134.3 (d, C2’, Clz.p= Js-p
= 14.0 Hz); 162.1 (C9); 163.9 (C5); 168.7 (C2); HRMS(): m/z calculated for
[C27H22N,0.PSAU] [M+H]" calc.(667.0883) found (667.0870).

4.3.5 [5-(4-Chlorophenyl)-1,3,4-oxadiazole-2-thifteethylphosphine)gold(IY7-B)
yield, (67%) as a white solid, m.p. 127-129 °C.v}RKBr (cm™): 3070; 1478; 1070;
689; Ramarmay (cm?): 3076; 1553; 750'H NMR (300 MHz, DMSOsd) &: 1.09-1.21
(m, 9H, CH); 1.92-2.02 (m, 6H, C}); 7.60 (d, 2HJs.7 = Ji0.11= 8.4 Hz, H8, H10);
7.85 (d, 2H,J7.s = J11.10= 8.4 Hz, H7, H11)C NMR (75 MHz, DMSOdg) &: 9.1
(CHs); 16.9 (d, CH, Jcnop = 34.6 Hz); 122.6 (C6); 127.6 (C7, C11); 126.5,(C80);
136.0 (C9); 162.7 (C5); 169.7 (C2); HRMS(ESI): m/ealculated for
[C14H1oN,OPSAUCI] [M+H]' calc.(527.0388) found (527.0378).

4.3.6 [5-(4-Fluorophenyl)-1,3,4-oxadiazole-2-thidpfteethylphosphine)gold(1)8-C)
yield, (84%) as a white solid, m.p. 65-66 °C. W KBr (cm™): 3071; 2962; 1498;
1065; 693; Ramanmax(cm™): 3083; 2920; 1565; 706H NMR (300 MHz, DMSOds)
5:1.10-1.21 (m, 9H, C); 1.92-2.04 (m, 6H, CB; 7.40 (t, 2HJg.7= Jg.r= 8.7 Hz, H8,
H10); 7.92 (dd, 2HJ7.s= 8.7 HZ J,= 5.4 Hz, H7, H11)':3C NMR (75 MHz, DMSO-
de) 3: 9.1 (CHy); 16.9 (d, CH, Jorzop = 34.6 Hz); 116.6 (d, C8, C10s.¢ = Jio.r= 22.4
Hz); 120.4 (C6); 128.4 (d, C7, C1lk,r= J11..= 9.0 Hz); 162.7 (C5); 163.4 (d, C®,¢
= 247.9 Hz); 168.2 (C2); HRMS(ESI): m/z calculated [iG14H10N,OPSAUF] [M+H]
calc.(511.0684) found (511.0665).
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4.3.7 [5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-thiofteethylphosphine)gold((p-D)

yield, (51%) as a yellow solid, m.p. 180-181 °C.R«KBr (cm™): 3066; 2964; 1552;
1519, 1345; 1070; 706; Ram&ﬂax(cm'l): 3082; 2947; 1554; 1343; 7584 NMR (300
MHz, DMSO-dg) &: 1.11-1.23 (m, 9H, ChJ; 1.94-2.06 (m, 6H, Ch); 8.10 (d, 2HJ7¢

= Ji1.10= 9.0 Hz, H7, H11); 8.34 (d, 2Hg.7= J10.11= 9.0 Hz, H8, H10)*C NMR (75
MHz, DMSO-dg) &: 9.0 (CH); 16.9 (d, CH, Jorzp = 34.6 Hz); 124.6 (C8, C10); 126.9
(C7, C11); 129.2 (C6); 148.6 (C9); 162.3 (C5); B7EC2); HRMS(ESI): m/z calculated
for [C14H1o0N30sPSAU] [M+H] calc.(538.0629) (found 538.0615).

4.3.8 [5-(4-Methoxyphenyl)-1,3,4-oxadiazole-2-tkaftriethylphosphine)gold({(L0-E)
yield, (65%) as a white solid, m.p. 103-104 °C.viRKBr (cm™): 3069; 2967; 1499;
1070; 703; Ramanmay(cmy): 3078; 2920; 1565; 646H NMR (300 MHz, DMSOs)
0: 1.10-1.21 (m, 9H, C§J; 1.92-2.03 (m, 6H, C}J; 3.82 (S, 3H, OC#h); 7.10 (d, 2H,
Jg.7= J1011= 8.7 Hz, H8, H10); 7.79 (d, 2H7.5= J11.10= 8.7 Hz, H7, H11)}*C NMR
(75 MHz, DMSO#s) &: 9.1 (CH); 16.9 (d, CH, Jenzp = 34.6 Hz); 55.4 (OCh); 114.7
(C8, C10); 116.2 (C6); 127.5 (C7, C1ll); 161.5 (C3B3.4 (C5); 168.2 (C2);
HRMS(ESI): m/z calculated for [@HasN.0.PSAuU] [M+H] calc. (523.0883) found
(523.0869).

4.4 Cytotoxicity and antitumoral activity

In vitro cytotoxicity and antitumoral activity were evaledtby quantifying the
ability of living cells to reduce the yellow dye (3;5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) to a purptahazan product [87]. Anticancer
activity was investigated against tumor derived lbeés CT26.WT (colon cancer cells)
and B16-F10 (mouse metastatic skin melanoma), vayiietoxicity (cell viability) was
evaluated on human monocyte-derived THP-1 macragshaand non-tumor Baby
Hamster Kidney (BHK-21) cell lines. All cell linesere propagated in RPMI 1640
culture medium pH 7.4, supplemented with 10% heattivated Fetal Bovine Serum
(FBS), Hepes (4 mM), NaHCGO(14 mM), ampicillin (0.27 mM), and streptomycin
(0.06 mM). Adherent cells were harvested by trygsition and seeded in 96-well
tissue culture plates(1 x i@iable cells/well in 100 pL) and incubated at &7 if a
humidified atmosphere of 5% G@r 24 h. For THP-1 macrophages differentiation, 5
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10° precursors monocytes/well were seeded in 96-watlep treated with 20 ng/mL
phorbol myristate acetate [43] and incubated 48th84a °C in 5% C@ humid
atmosphere. Stock solutions of gold(l) complexesewsepared in DMSO and serially
diluted in RPMI 1640 medium (<1% DMSO). After 72hdrug exposure at 37 °C/5%
CO,, cells were incubated with MTT (10mM in water dan — 10 pL/well) for 4 h at
37 °C and 5% C® MTT is metabolized by viable cells resulting irparple product
that, after being solubilized in 100 pL of DMSOndae quantified through colorimetric
assay using a plate reader (absorbance at 570 Negptive control was performed
considering untreated cells in RPMI 1640. Cisplaid amphotericin B (AmB) were
purchased from Sigma-Aldrich (St. Louis, MO, USAjdaMiltefosine [88] obtained
from Cayman Chemical (Ann Arbor, MI, USA). Cisplatwas used as reference

anticancer agent, while AmB and MIL as antileishrabdrugs.
4.5 In vitro antileishmanial assays

4.5.1 Parasite strains

L. (Leishmanid infantum (strain MHOM/BL/1967/ITMAP263);L. (Viannia)
braziliensis (strain MHOM/BR/1975/M2904) and.. (Viannig guyanensis(strains
MHOM/BR/1975/M4147 sensitive, wild-type WT and antiny resistant, $t650.4)
promastigotes were maintained in minimum esseatiilire mediumd«-MEM) (Gibco,
Invitrogen NY, USA) supplemented with 10% (v/v) heaactivated FBS (Cultilab,
Campinas, SP, Brazil), 100 mg/mL kanamycin, 50 ntg/ampicillin, 2 mM L-
glutamine, 5 mg/mL hemin, 5 mM biopterin (Sigma-Adth, St Louis, USA), at pH 7.0
and incubated at 25 °C. (V. guyanensisvas selected for Sblll resistance (LgSbR)
through stepwise drug selection as previously desdr[65]. This resistant line is >
18.6-fold more resistant to Sblll than its parenw®IT counterpart. Briefly,L.
guyanensipromastigotes were seeded in 25 dfasks containing 5 mL of-MEM in

the presence of increasing concentration df 8bm 40 up to 65QM.

4.5.2 Antipromastigote activity

Log-phasel. infantumandL. braziliensispromastigotes (1 x f@arasites/mL)
were seeded in 24-wells cell culture plates corgaln5 mL ofa-MEM and incubated
under shaking at 25 °C during 72 h in the pres@fc®veral concentrations of gold(l)

complexes. Controls were performed using cultunethé presence of amphotericin B
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and miltefosine. Non-treated parasites were estadydi for growth comparison. Stock
solutions of gold(l) complexes were dissolved in 8®1 and diluted ira-MEM cell
culture medium to obtain the range of tested comagons. The final DMSO
concentration did not exceed 1%, which is knownb® nontoxic toLeishmania
parasites [89]. For drug susceptibility assdyishmania growth curves were
constructed by measuring absorbance at 600 nm T9%. antileishmanial activity is
expressed as K72 h, which is the concentration that reduces gewth by 50%
compared to untreated control (growth inhibitioA)l. experiments were done at least
three times as independent experiments performeglitate. Gold(l) complexes(A,
7-B, 8-C, 9-D and 10-E) were also evaluated vitro for their activity against both $b
sensitive and -resistaht guyanensiparasites.

4.5.3 Antiamastigote activity

For this assay. infantumparasites were transfected with an episomal vector
containing the firefly luciferase as reporter gép8P72HYGaLUC1.2) as previously
described [91]. Human monocyte-derived macrophagle lme THP-1 (1.5 x 10
cells/well) was maintained in RPMI 1640 medium deppented with 10% FBS and
differentiated in presence of 20 ng/mL PMA, incdshtat 37 °C in a 5% GO
containing humid atmosphere for 3 days. Cells weashed with pre-warmed RPMI
medium and subsequently infected wittinfantum LUC promastigotes (1.5 x 10
parasites/well) at a parasite/macrophage ratioOdtf for 3 h in a blank 96-well tissue
culture plate. Non-internalized parasites were negdoby three washes with pre-
warmed HEPES/NaCl buffer (20 mM HEPES, 0.15 M Nd®I,mM glucose, pH 7.2).
Experimentally infected macrophages were then eeghds different concentrations of
gold(l)-derived complexes and incubated during 7 B7 °C in a 5% C@containing
humid atmosphere. After 3 days incubation RPMI waapirated and the luciferase
activity was assessed by adding (20 of reconstituted One-Glo™ Luciferase Assay
System solution as enzyme substrate, following rfaanturer’s instructions (Promega,
Madison, WI, USA). Luciferase activity was measubsgdluminescence detection in a
luminometer SpectraMax M5 (Molecular Devices, Swahy, CA, USA) using 1
second integration/well. Non-infected THP-1 macigds were used as signal
background while non-treated infected THP-1 wasduss control for growth

comparison. AmB and MIL were used as positive aintr
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4.6 Statistical analyses

IC50 and C(p values were calculated based on concentratiorensgpcurves
applying a sigmoidal dose-response equation witialke slope carried out using the
software GraphPad Prism version 6.0 (GraphPadSadtive., San Diego, CA, USA).
When applied, data were analyzed by Student’s toteanalysis of variance (ANOVA)
followed by correction performed using Bonferromigltiple comparison test. A

value < 0.05 was considered statistically significa
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Fig. 1. Perspective view of ligandj, ellipsoids are drawn at the 50% probability leve
and hydrogen atoms are shown as spheres of ayhiaair.
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Fig. 2. Structural perspective of gold(l) complexes. (A, 8 and D) represent
complexes 3-C), (4-D), (5-E) and 8-C); ellipsoids are drawn at the 50% probability
level and some hydrogen atoms were omitted for mlznéty. All the ligands used are
present in the thiol form.

Fig. 3. Comparative antileishmanial and citotoxicity effe€ gold(l) triethylphosphine
and triphenylphosphine derivatives. Compounds \assayed against promastigote and
amastigote forms ofLeishmania infantumand Leishmania braziliensis Gold(l)
triethylphosphine were selectively more active agaamastigote forms af infantum
however, they also presented higher toxicity adali#P-1 cells. The average of 4
values from chloro(triphenylphosphine)gold(l) (Kaccolumns - Ph) and
chloro(triethylphosphine)gold(l)-derived complexXgsey columns — Et) were obtained
from Table 4. Students t testg* 0.0017; ***p = 0.0009

Fig. 4. Sensitivity profile ofLeishmania guyanensisild-type (continuous line) and
antimony-resistant. guyanensis (dashed line) to gold(l) triethylphosghcomplexes:
(6-A) (A); (7-B) (B); (8-C) (C); (9-D) (D) and (10-E) (E). 5-adamantyl-1,3,4-
oxadiazole-2-thione (F) and chloro(triethylphosghgold(l)-(G) were used as controls.
L. guyanensipromastigotes were cultivated in 24-well cell crdtyplates containing 2
mL of a-MEM medium for 72 h at 25 °C. The resistant linese previously selected
vitro by step wise drug selection. All data represen¢raye of, at least, two
independent experiments. Concentration-responsesuvere obtained using sigmoidal
equation with variable slope on GraphPad Prisns6fivare RI;_Resistance Index

Fig. S1.IR spectra in the 4000-500 €megion for ligand C), gold complexes3-C)
and 8-C)

Fig. S2.'H NMR spectra in the 8.5-1.0 ppm region for liggy, gold complexes4¢
D) and(9-D)

Fig. S3.°C NMR spectra in the 180-10 ppm region for ligaB), (gold complexes4¢
D) and ©-D)

Fig. S4.Intermolecular hydrogen bonds for ligari) (
Fig. Sb5. Intermolecular hydrogen bonds of gold(l) complexés, B, C and D)
represent complexe8-C), (4-D), (5-E) and 8-C). Some atoms were deleted for more

clarity.

Scheme 1Schematic representation of the synthesis of gobifinplexes

Scheme 2Thione-thiol tautomerization of ligands



Table 1

Crystal data and structure refinement parameters for compounds Ci0H1:N304S, (D),
Cst]_gNzOFPSAU (3-C), C25H19N303PSAU (4-D), C27H22N202PSAU (5-E) and
C14H19N>,OPSAUF (8-C)

Compound Ligand (D) Complex B-C) Complex (@-D) Complex 6-E) Complex 8-C)
Formula C10H11N304& C26H19AUFN20PS CZGngAUNao:gPS C27H22AUN202PS C14H19AUFN20PS
Formula weight 301.34 654.43 681.44 666.46 510.31

/ g mort

Temperature / 298(2) 120(2) 120(2) 298 (2) 298(2)

K

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Triclinic
Space group C2/c P2,/n P2;/n C2/c P1
alA 28.7300(18) 13.6239(4) 13.2854(2) 29.4025(9) 7.8973(2)
b/A 7.3287(4) 17.9514(5) 18.1873(3) 8.7631(2) 11.0693(3)
clA 13.9388(8) 19.5453(5) 20.5524(4) 20.7691(7) 20.5122(5)
al° 90 90 ) 90.00 96.043(2)
B/° 113.442(7) 103.760(3) 103.197(2) 111.930 (4) 100.128(2)
y/° 90 90 ) 90.00 94.847(2)
V/IA3 2692.6(3) 4643.0(2) 4834.84(15) 4964.1(3) 1745.63(8)
z 8 8 8 8 4
Crystal size / 0.93x0.37x 0.49x0.17x0.12 0.23x0.12x 0.38x 0.25x 0.42 x 0.18 x 0.06
mm 0.11 0.06 0.09

Dea g cm® 1.487 1.872 1.872 1.784 1.942
u(Mo Ka) / cm? 0.408 6.526 6.273 6.103 8.647
Transmission 0.929/0.988 0.979/0.994 0.990/0.997 0.986/0.995 0.960/0.991
factors

(min/max)

Reflections 8510/2757 77916/9493 189708/13135 38125/5062 18498/7138
measured /

unique

Observed 2182 8086 10706 4228 5561
reflections

Ne. of 177 595 631 308 379
parameters

refined

R[F>26(Fo)] 0.0415 0.0240 0.0269 0.030 0.0349
WR[F,2>26(F,)?] 0.1169 0.0440 0.0426 0.059 0.0690

S 1.036 1.093 1.050 1.045 1.048
RMS peak/ 0.046 0.119 0.135 0.079 0.162




Table?2

Selection of the main geometric parameters, bosthce and bond angles to tiy (

ligand and 8-C), (4-D), (5-E) and 8-C) complexes.

Ligand (D)
Bond distance (A)

S2—C1 1.643 (2) 0o1—-C2 1.367 (2)

0o1—-C1 1.376 (2) 04—S2 1.5006 (17)

C6—N3 1.473 (3) C1—N1 1.325(3)

N3—O2 1.220 (3) N1—N2 1.379 (2)

N2—C2 1.282 (2) 0O3—N3 1.214 (3)

C9—Ss2 1.770 (3) C10—S2 1.761 (3)

Bond angle(®)
C2—01—-C1 105.95 (14) C7—C6—N3 118.62 (17)
N1—C1—O1 104.98 (17) C5—C6—N3 118.75 (17)
N1—C1—S1 131.33 (17) 0O5—N3—02 123.3 (2)
0l1—Cl1—s1 123.69 (14) 0O3—N3—C6 118.56 (19)
C1—N1—N2 112.47 (17) 02—N3—C6 118.14 (19)
C2—N2—N1 103.75 (15) N2—C2—O01 112.85 (15)
04—S2—C10 106.57 (12) N2—C2—C3 128.18 (16)
04—S2—C9 105.67 (12) 01—C2—C3 118.96 (15)
C10—S2—C9 98.30 (16)
Complex (3-C)
Bond distance (A)
AulA—P1A 2.2584 (9) AulA—S1A 2.3137 (9)
AulA—Aul 3.1189 (2) Aul—P1 2.2531 (9)
Aul—S1 2.3143 (9)
Bond angle(®)
P1—Aul—S1 173.42 (3) P1A—AulA—S1A 168.93 (3)
Complex (4-D)
Bond distance (A)

Aul—P1 2.2551 (7) Aul—S1 2.3132 (7)
Aul—AulA 3.1545 (1) AulA—P1A 2.2559 (7)
AulA—S1A 2.3147 (7)

Bond angle(®)
P1A—AulA—S1A 173.95 (3) P1—Aul—S1 171.59 (2)
Complex (5-E)
Bond distance (A)
Aul—P1 2.2609 (11) Aul—S1 2.2991 (13)
Bond angle(®)
P1—Aul—S1 179.01 (5)
Complex (8-C)
Bond distance (A)
AulA—P1A 2.2602 (13) AulA—S1A 2.3220 (14)
AulA—Aul 3.0573 (3) Aul—P1 2.2447 (19)
Bond angle(®)
P1—Aul—S1 176.78 (7) P1A—AulA—S1A 175.10 (5)




Table 3

Anticancer activity against tumoral and non tumasll lines.

|C50(HM + SD)

Compound Tumor cells Non tumor cells
B16F10 sb CT26.WT SP BHK-21
(A) Ligand 6.53+0.60 12.8 8.28+0.40 10.10 83.60+1.00
(B) Ligand 4.30+0.50 14.74  66.87%£1.10 0.95 63.4+1.30
(C) Ligand >100.00 1.00 <0.10 >1000.00 >100.00
(D) Ligand 0.26+0.10  42.70 1.89+0.20 5.87 11.1+0.10
(E) Ligand >100.00 1.00 53.74+1.00 >1.86 >100.00
(1-A) 0.12+0.03 27.9 <0.10 33.50 3.35+0.50
(2-B) <0.10 >68.80 1.66+0.10 4.14 6.88+0.20
(3-0) 1.40+0.50 5.06 <0.10 >70.80 7.08+0.50
(4-D) 0.14+0.10 13.00 1.43+0.20 1.27 1.82+0.20
(5-E) 1.01+0.20 2.02 0.48+0.10 4.25 2.0410.10
(6-A) 0.18+0.05 34.2 0.40+0.04 15.40 6.15+0.20
(7-B) <0.10 >2.30 0.2310.10 1.00 0.2310.10
(8-C) 0.43+0.30 0.77 <0.10 >3.30 0.33+0.10
(9-D) <0.10 >19.20 0.51+0.10 3.76 1.92+0.20
(1C-E) 0.18+0.20 15.90 0.36+0.10 7.94 2.86+0.10
Au(PPh)Cl 0.90+0.10 5.70 1.76£0.10 3.74 6.59+0.20
Au(PEt5)CI 0.50+0.10 14.18 1.80+0.10 3.94 7.09+0.30
Cisplatin 6.40+£2.20 1.30 0.7040.20 12.0 8.40£1.90

SD: standard deviation of triplicate of two indegdent experiments.
b S| — selectivity index.



Table 4 Antileishmanial activity of gold(l) derivatives against Leishmania promastigote and intracelular amastigote forms. Selectivity indexes are shown based

on cytotoxic activity performed on THP-1 macrophages.

Compound CCs (uM) (95% CI) [Cs (M) (95% CI) prom. Sl prom. [Cs (M) Sl ama.
Int. ama.

THP-1M® L. infantum L. brazliensis Li Lb L. infantum Li
(A) Ligand >50 > 100 > 100 ND
(B) Ligand > 50 > 100 > 100 ND
(C) Ligand > 50 > 100 > 100 ND
(D) Ligand >50 27.56 (21.94-34.63) 32.4(29.47-3562) >181 >154 ND
(E) Ligand > 50 > 100 > 100 ND
(1-A) 11.54 (10.89-12.23) 4.69 (3.92-5.60) 7.03 (6.38-7.74) 2.46 164 2.98 (2.66-3.33) 3.87
(2-B) 10.67 (10.02-11.38) 4.75 (3.99-5.66) 6.46 (5.98-6.96) 2.24 1.65 2.76 (2.11-3.61) 3.86
(3-0) 8.46 (7.97-8.98) 3.89 (3.16-4.78) 5.68 (5.22-6.18) 2.17 15 3.71(2.94-4.7) 2.28
(4-D) 10.7 (9.45-12.11) 4.66 (3.92-5.53) 9.17 (8.37-10.06) 2.3 1.16 3.64 (3.08-4.31) 2.93
(5-E) 11.12 (10.46-11.82) 6.15 (5.32-7.11) 8.34 (7.5-9.27) 18 1.33 4.25 (3.86-4.68) 2.61
(6-A) 4.41 (3.65-5.32) 4.02 (3.75-4.31) 7.2 (6.63-7.8) 1.09 0.61 0.97 (0.82-1.14) 4.54
(7-B) 7.84 (6.62-9.3) 6.85 (6.59-7.13) 10.57 (9.96-11.21) 1.14 0.74 1.7 (1.4-2-2) 4.61
(8-C) 6.7 (6.12-7.34) 2.73(2.31-3.23) 4.69 (4.4-5.01) 2.45 142 2.21 (1.82-2.68) 3.03
(9-D) 6.37 (5.48-7.41) 5.38 (5.17-5.6) 9.27 (8.33-10.33) 1.18 0.68 1.41 (1.16-1.71) 451
(10-E) 7.05 (6.32-7.86) 3.41 (2.86-4.08) 4.89 (4.58-5.23) 2.06 1.44 2.41 (1.95-3) 2.92
Au(PPh;)CI 4.98 (4.64-5.33) 4.53 (3.91-5.26) 5.25 (4.65-5.93) 1.09 0.94 0.9 (0.58-1.36) 5.53
Au(PEt;)CI 5.43 (5.08-5.79) 1.94 (1.61-2.33) 2.79 (2.51-3.10) 2.8 194 1.35(1.15-1.60) 3.77
AmB 12 (11.43-12.59) 0.1(0.1-0.112) 0.1 (0.09-0.11) 120 120 0.09 (0.08-0.09) 133
Miltefosine 39.08 (37.65-40.57) ND ND ND ND 0.57 (0.54-0.60) 68.56

Sl: selectivity index; Cl: confidence interval; 1Csy: inhibitory concentration that reduces 50% of cellular growth; CC: cytotoxic concentration that reduces cellular viability by 50%;
prom: promastigote forms; Int. Ama: intracellular amastigotes;, Au(PPhg)Cl: chloro(triphenylphosphine)gold(l); Au(PEt3)Cl: chloro(triethylphosphine)gold(l); AmB: amphotericin B; not
determined
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Highlights

Gold(l) complexes are active against cancer cell lines and Leishmania parasites.

Most compounds were more active than cisplatin against B16F10 and CT26.WT cell
lines.

Compound (6-A) was very selective against colon cancer CT26.WT cell line.

Gold(l) complexes can be applied to better understand drug resistance in Leishmania.
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