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Abstract: 3-Nitro-1H-1,2,4triazolebased amides with a linear, rigid core anditBotriazole

based luconazole analogs were synthesized as dual functioning antitrypanosomal agents. Such
compounds are excellent substrates for type | ediatasgNTR) located in the mitochondrion

of trypanosomatids andt the same timeact asinhibitors of the sterol l&-demethylaseT.

cruzi CYP51) enzymeBecause combination treatmemigainst parasiteare often superior to
monotherapywe believe that this emerging class of bifunctional compoumalg introducea

new generation of antypanosomadrugs.In the present work, the synthesis amditro andin

vivo evaluation of such compounds is discussed.
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A INTRODUCTION
About one sixth of the worl ddés popul ati on,
series ofinfections collective known as neglected tropical diseases (NTDs)addition to
killing more than 500,000 people each year, these illnesspair physical and cognitive
developmenbf children make it difficult to farm or earn a living, and limit proetivity in the
workplace Two NTDs areAmericantrypanosomiasis (also known as Chagas disease), which is
causes by the protozoan paraditgpanosoma cruzind isendemic in 21 countries across Latin
Americg andhuman Africantrypanosomiasi$HAT) (alsoknown asAfrican sleeping sickne$s
which is prevalent across s@ahararAfrica and caused by. brucei rhodesiensandT. brucei
gambienseAlthough the number of incidences$ both infectionshas significantly declined in
the past 20 years due to implementation of vector control initiatiesdiseases still remain a
major global healthissue especially sinceghe number of cases in nemdemicsites (United
StatesAustralia, Europe and Japgis rising, primarily due to international population migration
andtransfusion of contaminated bladd
The therapeutic options for Chagas are currently limited to two drugs, bothetérocyclic
compoundsnifurtimox (Nfx; Lampit®) and benznidazol@nz; Rochagan®)while the success
of treatment depends on the phase of the disease. Thus, cure rat&O%f €é&an be achieved in
the acute phasahereanly 1530% cure rates have been reported among adults in the chronic
stage™ ® Besides the lowféicacy in patients with chronic disease, safety and tblétaissues
are alsomajor drawback for these drugsTherefore,the development of nevsafer and more
effective therapeutic treatmentamairs akey challengdor Chagas disease control.
Currently,inhibitors ofthe fungal sterol 14-demethylase enzyme (CYPSEpresent a new

form of treatment against Chagas diseasd demonstrated promising efficacy in preclinical



studies” ® Additional pathogerspecific drug discovery efforts have red in inhibitors for the
orthdogous enzymeT. cruzi CYP51 (TcCYP51)**? One such compound, VNI, showed
parasitological cures in both the acute and chramiwivo Chagas modéf However, the
antifungal agent posaconazotevealed~80% treatment failure in clinical trialgn human
patients with chroni€hagas disease whiBnz was proven more efficacialis In addition, in
newly designedhn vitro assays, nitroheterocyclic compounds were more efficacious trypanocidal
agentsthan four different CYP51 inhibitors, including antifungal drugs posaconazole and
ravuconazole and two pyridifsased compound§ suggestingthat inhibitors of sterol
biosynthesis may not be as efficient as single chemotherapeutic agents against Chagas disease as
they are against fungal infectionkterestingly,a recent study with Bnz and posaconazole
administeredconcomitarly or in sequene suggested a positive interaction between the two
drugs, at least in an acute murine infection model

We have recentlgemonstrated that another class of nitroheterocyclic compousdsp3
1H-1,2,4triazoles, are very potent antichagasic agbothin vitro andin vivo, whereasseveral
analogs showed very goad vitro efficacy againsfr. brucei rhodesiensas well***® These
studies clearly demonstrated thahi®otriazolebased compounds are significantly more potent
and less toxic than theirr@troimidazolebased counterpart$ 2° with part of the trypanocidal
activity being dependenn of ann oxygyehnsensifiva nypes | t e 6 s
nitroreductase (NTR), an enzyme absent froost other eukaryotéd 1" *° This same enzyme,
via a series of 2 electron reduction reactions which lead to the production of toxic metabolites,
responsible for thérypanocidal activity of Nfx, Bnz and other nitroheterocyclic prodrugs in

generaf*?*



In this work we examined the possibility of synthesizing duattioning 3nitrotriazole
based compoundsuch compounds could potentially act as prodrugs via tadircible nitre
groupand at the same timée inhibitors of CYP51 enzymeéa their trianle-based scaffold®
The synthesis obifunctional agentshasthe advantage of combining the beneficial effects of
nitroheterocyclics with the beneficial effects of ergosterol biosynthesis inhibitors in one
molecule.To accomplish this task, we synthesized and evaluatedio andin vivolinear, rigid
3-nitrotriazolebased amides and-r8trotriazolebased carbinolganalogs of fluconazo)e as

potentialantitrypanosomal/antichagasigents, NTR substrates ahdCYP51 inhibitors.

A RESULTS AND DISCUSSION
Chemistry

The structures ofsynthesized compounds are shown in Table 1. Their synthesis is
straightforward and based on welitablished chemistry outlined in Schem@&Hus, amide2-9
were obtained by nucleophilic substitution of chloroacetamides with the potassium salt of
3-nitrotriazole or 2nitroimidazole under refluxing conditionsSimilarly, nitro(triazole/
imidazole}ketones10-13 were synthesized by nucleophilic substitution adbromoketones.
Carbinols14-19 were obtained in one step by using a modified G&@kgykovskyreaction® in
this onepot reactiontrimethylsulfoxonium iodide was usdd a 2-propanol: aqueous KOH
(1:1) solution and the appropriate ketone was added to form in situ an oxiname 3
nitrotriazole was added followed byhlrefluxing. Although te yields by using this method
were low, the method is attractive due to its simplicity and sfeattiontime. The obtained
carbinols14-19 were used as camic mixtures When 2nitroimidazole was used in the modified

CoreyChaykovsky reaction, the bicyclic compour2® was formedas the final product,



presumably viaan intramoleculararomaticnucleophilic substitutionof the nitregroup by the
hydroxykgroup. The sulfonamid2l was formed by nucleophilic attack of teedium salt of 3

nitrotriazolewith the appropriate aziridingulfonamide (Scheme 1).
Biological Evaluation.

Anti-parasitic activity Compounds were tested for antitrypanosomal activity againstuzi
amastigotes and bloodstream form (B®F)T. b. rhodesiense Dose response curves were
constructed from which the concentration of compound that inhibits parasite growth by 50 %
(ICs0) was calculated for each parasite (Table 1). In addition, compounds were tested for toxicity
in L6 rat skeletal myoblas, the host cells foll. cruzi amastigotes, in order to calculate a
selectivity index for each parasite (S| =s4/ICsoparasip (Table 1). The TDR Gpecial
Programme for Research and Training nopical Diseases, World Health Organizajionteria
for activity were adapted to interpret the ddtZhus, forT. cruziamastigotes, an ¥ of <4.0
UM, betweend.06 0 OM or >60 OM, designates Oactiveb
compounds, respectivelwhereasor BSFT. b. rhodesiensdCs values of <0.5 uM, between
056. 0 OM or > 6.0 OM identify oO6actived, Omo
respectively. In addition, S| values should ideally ®& 0 and TO trGzDandfT.obx
rhodesiensgrespectively’

All the 3-nitrotriazole-based rigid amideg2, 3, 5, 6, 8, 9) except4, and all the 3
nitrotriazolebased carbinols14, 17-19), as well as the fluconazel&e 3-nitrotriazolebased
sulfonamide2l, were active antichagasic agents with acceptable selectivity indices (M)able
Only 3 compounds (two -Bitrotriazolebased amides and or@enitrotriazolebasedcarbino)
were active Z) or moderately active5( 14) anttHAT agents with acceptable Sl valuds.

addition, ketonell, the precursor of carbindl9 showed a moderate @®HAT activity with



acceptable selectivity. As observed befa@mpound/, the 2nitroimidazolebased analog d,

wasborderlineactive against. cruziamastigotes buvith an unacceptable Sl value (Table 1).

Analysis of antichagasic activityLinear, rigid amides2-9: Although a detailed SARs
evaluation cannot be conducted due to the limited number of compounds studreddetbe
following observationsA chloro-substituent in thgpara position of a diphenytore in the rigid
amide5 increased the efficacy agairstcruziby a factor of 3 compared to the cyasubstituted
analog2. Although5 was slightly more toxic to L6 cells than compouhadts Sl forT. cruziwas
also increased aboutf@ld compared t@ due to its better antthagasic efficacythis cannot be
attributed to lipophilicity since both compounds share similar clogP vabhugsperhaps to its
lower PSA value(Table 1). Chloro-substitution in the phenylthiazet®re of 3 was also
beneficial for its antichagasic activity and selectivity comparedhi® diluoro-substitution in the
analog6. However, in this casencreased antichagasic efficacy may be related to the increased
lipophilicity of 3 compared t®%. Reversing the order between the thiazahel phenyl rings in
amide8 slightly decreased antichagasic activity compare@ &md once again, this reduction
may be related to slightly lower lipohilicity compared6toFurthermore this reveral lead to a
slightly more toxic compound (compa3do 3 and6). Replacing the terminal phenyl ring in the
biphenyl coe of 2 or 5 with a piperidinic group irf, resulted in reduced efficacy agaifist
cruzi, which seems to be attributed to a decreased clogP value (Tal@erfipound4 with a
thiodiazole ringin therigid core failed to shoveithergood antichagasic activityr acceptable
selectivity However,compound4 hassignificant solubility problems and may have not been
evaluated properlyAlthough @mpound?, the 2nitroimidazole analog 08, showedborderline

antichagasi@ctivity according to the TDR criteridt, was the most toxidgid amidein L6 cells



and failed to show an acceptable SI Torcruzi Compound/ was about 8-7old less active
againsfT. cruzicompared to its-Bitrotriazoleanalog6, even though the latter was 1.5 times less
lipophilic, suggesting that the reasfam the reduced antichagasic activity/ivas related to the
2-nitroimidazole ring. All 3-nitrotriazolebased rigid amidesexcept 4, were more potent
antichagasic agents than Bnz, with compobibeing 45fold more potent than Bnz (Table 1).
Carbinolsand their precursorsWith regard to the carbinols in Tablevithich were racemic
mixtures,we observe the following: Ligahilicity and the presence of the nHgooup in the
triazolering played a significant role in the antichagasic activityus, the ditrotriazolebased
carbinol 14, with a terminalimidazole ring in the corewas significantly less lipophilic than
carbinol 17, with aterminal phenyl ring in the core, and 38ld less potent against. cruzi
amastigoteshan 17 (Table 1) On the other hand, carbindb, the analog ofi4 without the3-
nitro group in the triazole ring, had a negative clogP value and was inactive algagnsri
Interestingly, carbinol6, the analog o017 without the3-nitro group in the triazole ring, was still
active againsT. cruzi most likely because of its reikaly high lipophilicity. However, the lack
of the nitregroup resulted ina 7-fold reduction in antichagasic potency comparedlio
Carbinol 18 is the monanitrotriazole analog of fluconazole. This compound B&sold less
potent than its more lipophilic analdg, which has an additional phenyl ring in the side chain
However, ompoundl8 was 8.5fold more potent than fluconazole, which is less lipophilic and
lacks the nitregroup (Table 1). Carbinol19 was the mospotent antichagasic compound tested
and demonstrated the highest Sl value. In addiii®rwas about 68old more potent than Bnz
(Table 1). The bicyclic compound20 was formedin situ from the corresponding -2
nitroimidazole analog of fluconazolpresumaly by intramolecular nucleophilic aromatic

substitutionof the nitregroup by the hydroxyl grouplhis compound, although slightly more



lipophilic than18, was about Bold less potent again3t cruzi presumably because it lacks the
nitro group. In addition, compourzD was moderately active antharginally selective (SI >
49.4) forT. cruziparasiteln compound1 we rephced the hydroxyyroup with atosylaminc
group. Compound@l wasselectivelyadive againsfl. cruzj butits potency wasbout3-fold less
compared to carbindl7 with a similar lipophilicity. An increased PSA value compared to
may have played a role for this reduction in this case.

Someketones precursorsof the carbinols infable 1 were also evaluated for antichagasic
activity. Interestingly the 3nitrotriazolebased ketoneR) and11, precursors of carbinols8 and
19, respectively,were foundto beselectively active againdt. cruzi(Table 1).The patternof
lipophilicity and the presence of the nigooup in the triazole ringvere consistent with our
predictions for efficacyThus, the more lipophilid1 was more potent thatD, whereas ketone
12, the analog ot1 without the nitregroup, waonly moderaely active against. cruziand did
not fulfill the TDR selectivity criteriaOnce again, the-8itroimidazole analog of1, ketonel3,
wasonly moderately active again3t cruziparasites, bualso the mostoxic compoundto the
host cells. From this evaluation, it appears thaité®triazolebased ketonesepresenanother
class of antichagasic agenEnally, compound22, the precursor of carbinolist and 15, was

inactive against. cruzi(Table 1).

Analysis of anttHAT activity. Linear, rigid amides2-9: With regard to the antiAT
activity of amides2-9, biphenyl amide® and 5 (which were active and moderately active,
respectivelywere more potent again$t b. rhodesiensthan phenylthiazolamides3, 6, 7 and
8. In fact, none of the latter demonstrated an acceptable selectivgAdntactivity (Table 1).
The phenythiodiazoleamide4 did not show any antiAT activity, in part due to solubility

issues as mentioned earlier, whereas the piperidinophenyl@midsinactive perhaps because
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of planarityissues in the side chaiinterestingly, the zitroimidazolebased phenylthiazole
amide7 demonstrated a lower igvalue against. b. rhodesiensthan its 3nitrotriazolebased
analog6, possibly due to the highdipophilicity of the first Nonethelessboth were inactive
against this parasite.

Carbinols andtheir precursors.Only carbinol14 was moderately active withcceptable
selectivity againsi. b. rhodesienseCarbinol17 with increased lipophilicity was more active
than14 but not selective enough for this parasite. Similarly, cardifiavas more active than the
less lipophilic analod8, but alsolackedan acceptable selectivity foF. b. rhodesiense.inear,
rigid carbnols lacking the nitragroup (5, 16) were inactive againsi. b. rhodesiense
Interestingly, theprecursor of carbindl9, the lipophilic enougl3-nitrotriazolebased ketonél,
was moderately active amddan acceptable selectivity for b.rhodesiense

Involvement of type | NitroreductaseRepresentative -8itrotriazolebased linear rigid
amides and carbinqlsvith 1Csp values against. cruziranging from 33 nM to 3.29M, were
evaluated as substrates of recombinant TONTR and TcNTR enzymes (Table 2). Enzyme specific
activity was measured as oxidized NADH per min per mg of protein. All tested nitrotriazoles
were excellent substrates of Tb and TcNTR enzymes. Thus, testedriagotes were
metabolized by Tb and TcNTR at rates approximatelgl@ higher than Bnz, whereas TObNTR
can metabolize nitrotriazoles (and Bnz) at rates 2 wl@ greater than those of TcNTR. In
addition,blood stream fornT. b. bruceiparasiteverexpressing TONTR were 2 to-f8ld more
susceptible to compoun2l compared toparasites not induced to express elevated levels of
TbNTR (IGso: 0.36° 0.01vs 0.84° 0.16). However, no correlation existed between parasitic
ICs5o values (Table 1) and activation rate by TcNTR or TbNTR, suggesting that antiparasitic

activity was not exclusively dependent on NiFfduced activation.
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TcCYP51 inhibition Azole-based scaffolds are effective inhibitors of thecruzienzyme
st er odemethyhse TcCYP51)* By using eburicol as substrate, TcCYP&la central
enzymein parasitic sterol biosynthesian essentiapathwayin all life stages off. cruzifor the
formation of ergosterol and related structures from lanostefdIBeing azoles, oucompounds
could be potential inhibitors offcCYP51 Moreover, reduction of the nitro grodpy P450
reductase (which normally reduces the’'F® F&* in the heme cofactor of CYP51)could
potentiallycause irreversible binding to the protein. Benznidazole was found to be an irreversible
inhibitor of TcCYP51, although with weak affinifpr the enzymé® Binding of a hererocyclic
compound to CYP5tan bequantifiedspectroscopically by measuring a dessponse type 2
shift that occurs upon coordination of a Lews® atom of theligand to the lremeiron of the
enzyme’ The first 3nitrotriazolebased compounete tested as potentialTcCYP51ligandwas
chlorothiophen&-sulfonamide23, with a flexible core (Table 1). The biological propertie@df
have been described befbrand are included in Tablefar referenceThis compound displayed
a week affinity towardrcCYP51, providing a high Kvalue of 65.2° 5.3 (Table3). Therefore,
we assumed that compounds with a more rigid core coettérfit in the active site of the
enzyme and thuact asstrongerinhibitors. Indeed, compound with a linear rigid corénhibited
the enzyme with an initial/lE, ratio (molar ratio ofinhibitor/enzyme which causes afdd
decrease in enzyme actiVigf 4 in a 5 min reactiontHowever, tlis ratio was increased to 36 in
the 1h reaction, indicating that inhibition Bwas reversibleThe 3-nitro-triazolefluconazole
analog 18 binds to TcCYP51 and induces the same typical type 2 spectral respormse
fluconazole (Figl), indicating at least initial coordination dfe triazole N4 to the P450 heme
iron.® However,18 was aweakerbinderthan fluconazole (0.606 versus 0.239 M (Table3).

To the contrarygarbinol 19, an analog of fluconazole with an e¢mted rigid side chairlicited
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the spectral response in  TcCYP51 with an appargdfKold stronger than fluconazole. In the
reconstituted CYP51 reactioh9 produced I/E; ratios of <1 and 3, in 5 min and 1 h reactions,
respectively (Table 3 and Fig. Furthermore for carbinol19 at highl/Er at i os ( O
inhibition seems to be irreversibethough further experiments are neeétadverification (Fig.
2). Correlaton exiss betweenin vitro antichagasic potency and inhibition of TcCYP51 for the
nitro-compounds2, 19 and 23. However compound18 was more potent in Killingl'. cruzi
amastigotes than fluconazole (Tablesdl)hough the latter was a stronger TcCY R#ibitor
(Table 3) This might be related to the nitggoup of18, makingthis compound bifunctional
Crystallography studies could shed more lightthe orientation of these bifunctional agents in
the TcCYP5Iactive site

In vivo antichagasic activity Compound<?, 5, 18 and 19 were evaluated foin vivo antr
chagasic activitypy using an acutd. cruziinfected murine modeds described befa’é Bnz
was used in parallel as a positive conthafected micg5 mice/group were treated i.p. for up to
10 consecutive days with each compound, at 15 mg/kg/day, except for confpainnch was
administered at 13 mg/kg/day. ThHearasite Index (Pl)which is an indicator for parasite
clearancewas calculated after 5 and 10 daystrefatment® The data fronthese studies are
summarized in Fig. 3All tested compounds reduté¢he Pl to <4% after 16day treatmentvith
statistical significance compared to theddy untreated control.RE linear rigid amide2 and5
were able to redie parasites to undetectable levels even after 5 days of treatmergvedpw
only compound5 yielded a statisticallysignificant differentPl value compared to untreated
control after 5 days of treatmeliiP<0.0001),whereasfor Bnz and compoun@ (treated in the
same experimenthe correspondin@ value was 0.08@nd 0.0819, respectivelyCarbinols18

and 19 provided a PI value of 24.9 and 42.04, respectively, aftdaysadministrationbut

20)
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without statistical significarce compared to the untresd control P = 0.1680 and 0.2706,
respectively) Bnz in this latter experiment provided a Pl value of 13.38 af#aybtreatment,
also nat statistically differeh from the untreated contro(P = 0.2706).None of the tested
compounds was toxic to mice at the given dosesadnunistration shedule

In vitro ADME studies To understandetterthein vivo activity of compound2 and19 and
explain the discrepancy betwean vitro and in vivo potency, we performed somie vitro
ADME studies (Tablet). Compound represents the linear rigid amides drfdthe carbinols.
Both compounds demonstrate high C&cpermeability* and similar metabolic stability in the
presence omourineor human microsomefoth compounds werguite stable explainng their
goodin vivo activity after 18day dosing.The fact that compount® was acting slower thaa
may be related to its stronger binding to TcCYP51, a membrane protein, whereas typés| NTR
mitochondral based Thus, if compound metabolitdermed through NTRactivation are the
most toxicchemicalspecies forT. cruzi compound would be expected tact faster thari9.
Obviously, additional pharmacokinetic parameters (such as volume distribution and protein
binding) which can affect the vivobehavior of these compounds cannot be excluded.

It is concludedfrom the above data thatritrotriazolebased linear rigid ardes and
carbinolsare potent antichagasic agents via their dual functioning properties as subfirates
trypanosomatype | NTR and as inhibitors of CYP51. In addition, these compodend®nstrate
excellent Caco 2 permeabilitgnd metabolic stabity in the presence of human orunme
microsomesCarbinols were slower in clearing the parasitesivo compared to the linear rigid
amides, however, both type of compounds were able to €learuzi after 10day treatment.

This is apparent in the images shown in Fig. 4ufaexperiments ira chronicmurinemodelare
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necessary to determine the validitytbése bifunctional compounds for the treatment of Chagas
disease.
A EXPERIMENTAL

Chemistry. General All starting materials and solvents were purchased from SHylichdch
(Milwaukee, WI), were of researdjrade quality and used without further purification. Solvents
used were anhydrous and the reactions were carried out under a nitrogen agnasgher
exclusion of moisture. Melting points were determined by using aTeelp Il Laboratory
Devices apparatus (Holliston, MA) and are uncorrected. Proton NMR spectra were obtained on a
Varian Inova500or an Agilent Hg400spectrometer at 508r 400MHz, respectivelyandwere
referenced to Mgi or to the corresponding solvent if the solvent was not gDidigh-
resolution electrospray ionization (HRESIMS) mass spectra were obtainedi\giheat 6210
LC-TOF mass spectrometer at 11000 resolution. -Fyier chromatography was carried out on
aluminum oxide N/UVs,4 or polygram silica gel G/UYs, coated plates (0.2 mm, Analtech,
Newark, DE).Chromatography was carried out on preparative TLC alumina GF (1000 microns)
or silica gel GF (1500 microns) plates (Analtech). @dmpoundswvere purified by preparative
TLC chromatography osilica gel oralumina platesind also checked by HPLCO 9 5it$). p u

Synthesis of chlorideka-g: Some of the chlorideka-g are knownin the literatureand others
are unknown or known through libraries but without any reference. The synthesis and
spectroscopic data @&-g are provided in the supporting material.

General Synthetic Procedure ainides2-9: The potassium salt ofBitro-1,24-triazoleor 2-
nitroimidazole (1 eq) was formed in GEN (6-10 mL), by refluxing with KOH (1.2 eq) for 30
min. To this suspensiola-g (1.1 eq) was added and theaction mixture was refluxed under

nitrogen atmosphere for 9 h. In certain cagdasy was added IfCHs;CN solution The reaction
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mixture was checked by TLC for completion of the reaction and the solvent was evaporated. The

residue was dissolved in ethgicetate and the inorganic salts were filtered away. Upon

preparative TLC (silica gel or alumina, depending on the mobility of the major; ledmy

acetatepetroleum ethgr the desired product wasbtainedusually asa powder. Purity was

checked also by HPLC and it was > 95%.

N-[4-(4-cyanophenyl)pheny?-(3-nitro-1H-1,2,4triazol-1-yl)acetamid&?2):

White microcrystallicpowder 80%): mp235°C (dec);'H NMR (500 MHz,(CD3),CO)  Qi84
(brs, 1H), 876 (s, 1H), 7.907,75 (m, 8H), 5.44s, 2H). HRESIMS calcd for &H13N¢O3 and
Ci7H1NgNaO; m/z [M+H]" and [M+Na] 349.1044 and 371.0863, found349.1056 and
371.0873.

N-[4-(4-chlorophenyB1,3-thiazot2-yl] -2-(3-nitro-1H-1,2,4triazol-1-yl)acetamide 3):
White powder (64%)mp > 235°C; '*H NMR (500 MHz, (CR),CO) U: 8.82 (s, 1H),7.95 (d,J=8.5
Hz, 2H), 7.64 (s, 1H), 7.46 (d,J=8.5 Hz, 2H), 5.70 (s, 2H)HRESIMS calcd for GH:cCINsO,S and
C13HoCINgNaG;S m/z [M+H]+ and [M+Na] 365.0218 367.0191and 387.0038,389.0011, found

365.0381, 367.020@nd 387.0038389.0012

N-[5-(4-chlorophenyh1,3,4thiadiazo}t2-yl] -2-(3-nitro-1H-1,2,4triazol-1-yl) acetamidg4):

White powder (63%)mp > 235°C; *H NMR (500 MHz, DMSQ6 d ) a: 8 7.963d, ( s,

J=8.5 Hz, 2H), 7.60 (dJ=8.5 Hz, 2H), 5.57 (s, 2HHRESIMS calcd for H;CIN4O,S m/z[M+H]Jr

366.0184, 368.0148, found 366.0178, 368.0158.
N-(4'-chloro-[1,1'-biphenyl}4-yl)-2-(3-nitro-1H-1,2,4triazol-1-yl)acetamide(5): Off white

powder (77%)mp >245°C; *H NMR (500 MHz, CRQOD + a drop of DMSG6 d ) a:

1H), 7.69 (d,J=9.0 Hz, 2H), 7.61 (ddJ=9.0, 4.0 Hz, 4H)7.43 (d, J=8.0 Hz, 2H), 5.32 (s, 2H).

HRESIMS calcd for gH1:CINsO; m/z[M-H] 356.05556, found 356.0563.

8 .

73
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N-(4-(3,4-difluorophenyl)thiazeR-yl)-2-(3-nitro-1H-1,2,4triazol-1-yl)acetamide(6): White
powder (60%)mp 169171 °C; '*H NMR (500 MHz, (CR),CO) ii: 11.71 pr s, 1H),8.80 (s, 1H),
7.83(ddd, J=14, 7.5, 2Hz, 1H), 7.76 (m, 1H), 7.64 (s, 1H), 7.37dd, J= 19, 8.5 Hz, 1H), 5.69 (s, 2H)
HRESIMS calcd for GHgF>NgOsS m/z[M+H] " 367.0419, found 367.0426.

N-(4-(3,4-difluorophenyl)thiazeR-yl)-2-(2-nitro-1H-imidazot1-yl)acetamide(7): Off white
powder (55%)mp 1806183°C (dec);'H NMR (500 MHz, (CR),CO)t: 11.70 (br s, 1H),7.82(ddd,
J=12, 7.5, 2.8z, 1H), 7.77(m, 1H), 7.63(s, 1H), 7.61 (s, 1H), 7.8 (ddd, J= 16.5, 10.585 Hz, 1H),
7.22 (s, 1H), 5.70 (s, 2HHRESIMS calcd for GH:gF-NsOsS and CrHoF-NsNaO:S m/z[M+H] " and
[M+ Na]+ 366.0467and 388.0286 founde®.0466and 388.028.

N-(3-(2-methylthiazol-yl)phenyl}2-(3-nitro-1H-1,2,4triazol-1-yl)acetamide (8): White,
sticky solid (73%)mp 114-115°C (dec):"H NMR (400 MHz, CDC} + 2 drops DMSG6 d )
10.39(s, 1H),8.61 (s, 1H), 8.11s, 1H), 7.62(d, J=7.6 Hz 2H), 7.39(s, 1H), 7.36(t, J=8.0 Hz, 1H),
5.27(s, 2H), 2.75 (s, 3H)HRESIMS calcd for @H1iNs0:S m/iz[M+H] * 345.0764, found 345.0B.

2-(3-nitro-1H-1,2,4triazol-1-yl)-N-(4-(piperidin-1-yl)phenyl)acetamide  (9): Orange
microcrystals(79%): mp 186182°C (dec);'H NMR (400 MHz, CDC} + 1 drop DMSG6 d )
9.19(br s, 1H),8.44 (s, 1H), 7.37 (d1=9.0 Hz2H), 6.87(d, J=9.0 Hz 2H),5.10(s, 2H), 3.10(t, J=5.5
Hz, 4H), 1.68 (m, 4H), 1.57 (m, 2H) HRESIMS calcd for GH1NeOs m/z [M+H] " 331.1513, found
331.1%3.

General Synthetic Procedure of ketod€s13: As in the case aimides2-9, the potassium salt of 3
nitro-1,2,4triazole or 2-nitroimidazole or 1,24riazole (1 eq) was formed in C}&N (6-10 ml), by
refluxing with KOH (1.2 eq) for 30 min and the appropriatdromoketone (1 eq) was added to this

suspension. Thesaction mixture was refluxed under nitrogen atmosphere-&h5The procedure for

separation of the desired ketori€s13 was analogous to that used for amiges

[

enl¢
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1-(2,4-difluorophenyly2-(3-nitro-1H-1,2,4triazol-1-yl)ethanl1l-one (10): White -crystals
(85%): mp 102104 °C; 'H NMR (500 MHz, CDC}) ti 8.30 (s, 1H)8.09 (dd, J=9.0, 7.0Hz, 1H),
7.10(td, J=9.5, 2.5Hz, 1H),7.02 (td, J=9.0, 2.5Hz, 1H), 5.69 (d, J=3.0 Hz, 2H).HRESIMS calcd for
CioH7F>N,Os miz[M+H] * 269.0481, found 269.028

1-(4-phenylphenytp-(1H-1,2,4triazol-1-yl)etharr1l-one (11): White powder (95%):mp
175177 °C; *H NMR [500 MHz, (CD¥),CO] U 8.67 (s, 1H),8.16 (d, J=8.5, 2H), 7.84(d, J=8.5,
2H), 7.70 (d, J=7.5, 2H), 7.48 (t, J=7.5, 2H), 7.41 (t, J=7.5, 1H), 6.15 (s, 2H) HRESIMS calcd for
C1eH1sN4O5 and GeHiNyNaO; m/z[M+H] and [M+Naj 309.0982 and 331.0802 found 309.0983 and
331.0804.

1-(4-phenylphenytR-(1H-1,2,4triazol-1-yl)etharrl-one (12): White microcrystals (65%;
higheryield based onetoveredetone):mp 159161°C; *H NMR (400 MHz, CDC}) 828 (s,
1H), 8.07 (d,J=8.8 Hz, 2H),8.03(s, 1H), 7.76(d, J=8.8 Hz, 2H),7.64(d, J=6.8 Hz, 2H),7.527.44(m,
3H), 5.71 (s, 2H)HRESIMS calcd for GH1,N:0 m/z[M+H] " 264.1131, found 264.1154.

2-(2-nitro-1H-imidazot1-yl)-1-(4-phenylphenyl)ethatti-one (13): White powder (60 %):
mp 163164°C; *H NMR [500 MHz, (CR2),CO] i 8.20 (d,J=9.0Hz, 2H), 7.92(d, J=9.0 Hz, 2H),
7.78(d, J=7.0 Hz, 2H),7.57(d, J=1.0 Hz, 1H), 7.53(t, J=7.5 Hz, 2H),7.46(t, J=7.5 Hz, 1H),7.23(d,
J=1.0 Hz,1H), 6.26 (s, 2H)HRESIMS calcd for GH;aNs0; m/z[M+H] " 308.1030, found 308.1028.

General Synthetic Procedure of carbind419 and compoun@0: The CoreyChaykovsky reaction
was applied for this synthesis and a-pog reaction was adapted from an international pAteetause
of its short time, albeit witfow yields. Briefly, in a 2Znecked 25 mL round bottom flask, KOH (2.4 eq)
was dissolved in 3 mL distiled water and an equal volume gfropanol was added.
Trimethylsulfoxonium iodide (1.2 eq) was added and stirred for 15 min under a nitrogen atmosphere.

Then, the appropriate ketone (1 eq) was added and stirring was continued for 15 min. Fmally 3

1,2,4triazole or 2nitroimidazole or 1,24riazole (1.2 eq) was added and the reaction mixture was
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refluxed for 1 h. ZPropanol was evaporated and the agsesplution was neutralized with 1% HChis
solution wasthenextracted with dichloromethane and the organic layer washed with Nabtih@ion.
The organic layer was dried over J8&, and chromatographed by preparative TLC (silica gel, ethyl
acetate plud% MeOH). When zitroimidazole was used in the reaction mixture, a nucleophilic aromatic
substitution of the nitrgroup by the hydroxyl took place and the bicydampound?0 was obtained as
the final product.
2-[4-(1H-imidazot1-yl)phenyl}1-(3-nitro-1H-1,2,4triazol-1-yl)propan2-ol (14): Off white
powder(15%):mp 133134°C; *H NMR [500 MHz, (CD:),CO| U : 47 8. 1H),8.06 (s, 1H), 7.72
(d, 3=8.5Hz, 2H), 7.60(d, J=8.5Hz, 2H),7.58(s, 1H), 7.10(s, 1H), 5.09 (s, 1H), 4.69 (d=4.5 Hz, 2H),
1.68 (s, 3H)HRESIMS calcd for GH1sNOs m/iz[M+H] * 315.1200, found 315.120
2-[4-(1H-imidazot1-yl)phenyl}1-(1H-1,2,4triazol-1-yl)propan2-ol (15): White powder
(32%): mp 138140°C; 'H NMR [500 MHz, (C3),CO] U 8.20(s, 1H),8.05 (s, 1H), 7.80 (s, 1H),
7.66(d, J=8.5Hz, 2H),7.56(d, J=8.5Hz, 2H),7.10(s, 1H),4.89(s, 1H), 4.54(d, J=4.0Hz, 2H), 1.57(s,
3H).HRESIMS calcd for @H;6NsO m/z[M+H] " 270.1349, found 270.863.
2-(4-phenylphenybl-(1H-1,2,4triazol-1-yl)propan2-ol (16): White powder (37%; based on
recoveredketone the yield was 50%jnp 118120 °C; *H NMR [500 MHz, (CR),CO] U 1H
8.20(s, 1H),7.81 (s, 1H), 7.67.61 (m, 6H), 7.4%t, J=7.5Hz, 2H),7.35(t, J=7.5Hz, 1H), 4.79(s, 1H),
4.43(s, 2H), 1.55(s, 3H). HRESIMS calcd for GH1gNsO miz[M+H] * 280.1444, found280.1453
1-(3-nitro-1H-1,2,4triazol-1-yl)-2-(4-phenylphenyl)propai-ol (17): White powder (9%):
mp was not determinedd NMR (500 MHz,CDCls) W7 (s, 8H),7.637.58(m, 4H), 7.51-7.44
(m, 4H), 7.38(t, J=7.0Hz, 1H), 4.52(d, J=3.5Hz, 2H), 1.67(s, 3H). HRESIMS calcd for GHisNsNaO;
m/z[M+Na]" 347.1115found347.1124
2-(2,4difluorophenyly1-(3-nitro-1H-1,2,4triazol-1-yl)-3-(1H-1,2,4triazol-1-yl)-propan2-

ol (18): White powder (25%)mp 154156°C; 'H NMR (400 MHz, CDC}) U : (s, &H),3 %
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(s, 1H), 7.87(s, 1H), 7.42(ddd, J=8.8, 6.4, 2.4Hz, 1H), 6.886.79(m, 2H), 5.66(s, 1H), 4.99 (d,J=14.4
Hz, 1H), 4.76 (d,J=14.4Hz, 1H), 4.64 (d,J=14.0Hz, 1H), 4.34 (d J=14.0Hz, 1H). HRESIMS calcd for
CiaH1dF>N;0; m/z[M+H] * 352.09697, found 352.89.
1-(3-nitro-1H-1,2,4triazol-1-yl)-2-(4-phenylphenytB-(1H-1,2,4triazol-1-yl)propan2-ol
(19): White powder (33%)mp 9093 °C (dec);"H NMR [500 MHz, (CR3),CO] Ui 8.46(s, 1H),
8.23 (s, 1H), 7.86 (s, 1H), 7.6660 (m, 6H), 7.4%t, J=8.0, 2H), 7.36(t, J=7.5, 1H), 5.57(s, 1H), 4.98(d,
J=14.0  1H), 4.95(d, J=14.0 1H), 4.91 (d,J=14.0 1H), 4.79 (d,J=14.0 1H). HRESIMS calcd for
CigH1gN,05 miz[M+H] * 392.1466, found 392.186
1-{[2-(2,4-difluoropheny2H,3Himidazo[2,1b][1,3]oxazol2-yllmethyl}-1H-1,2,4triazole
(20): White powder (29 %)mp 134137 °C (dec);*H NMR [500 MHz, (C1),CO] U 8.35 (s,
1H), 7.72 (s, 1H),7.49 (dddJ=17.5, 9.0, 6.5 Hz, 1H), 7.21 (dd#;11.5, 9.0,2.5 Hz, 1H),7.05 @ddd
J=11.5, 9.0, 3.0, 1.8z, 1H), 6.66 (d, J=1.5 Hz,1H), 6.51(d, J=1.5 Hz, 1H), 5.04 (d,J=15.0 Hz, 1H),
4.95 (d,J=15.0Hz, 1H), 4.88 (dd J=11.0, 2.0Hz, 1H), 4.46 (ddJ=11.0, 2.0Hz, 1H). HRESIMS calcd
for CraH1oFNsO and GsH1iFoNsNaOm/z[M+H] " and [M+Na] 304.1004and326.0824 found304.1006
and326.0829
4-MethykN-[1-(3-nitro-1H-1,2,4triazol-1-yl)-3-phenylpropar2-yl|benzenel-sulfonamide
(21): 3-Nitro-1,2,4triazole (0.68 mmol) was dissolved in dryplopanol (5mL) and then NaH
(60%, 1.05 eq) was added. Then the commercially available (Aldrig¢h)-Sbenzytl-(p-
tosylaziridine) (0.68 mmol) was added and the reaction mixture was refluxed for 6 h. The
reaction mixture was chromatographed on silica gel platds ethyl acetat@etroleum ether
(60:40) as eluenWhite crystals(36 %):mp 147148°C; *H NMR (400 MHz, CDC}) 818 (s,
1H), 7.43(d, J=8.0Hz, 2H),7.26(m, 3H), 7.18(d, J=8.0 Hz, 2H),7.00(m, 2H), 4.64(d, J=7.2 Hz, 1H),

4.54 (dd,J=14.0, 4.0Hz, 1H), 4.20 (dd,)=14.8, 6.8Hz, 1H), 3.83 (m, 1H), 2.96 (ddi=14.8, 6.8Hz, 1H),
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2.75 (dd,J=14.4, 7.2Hz, 1H), 2.42 (s, 3H)HRESIMS calcd for GH,oNsO4S m/z [M+H]+ 402.1231,
found 402.128.

1-(4-(2-methyloxiranr2-yl)phenyl}1H-imidazole (22): This compound was isolated during
the synthesis of compounti. White crystals (17%): mp 7981 °C; *H NMR [500 MHz,
(CD3),CO] U 8.05(s, 1H),7.58(d, J=8.5Hz, 2H),7.56(s, 1H), 7.53(d, J=8.5 Hz, 2H),3.00(d, J=5.5
Hz, 1H), 2.77(d, J=5.5 Hz, 1H), 1.71(s, 3H). HRESIMS calcd for GH:aN,O m/z[M+H] " 201.1022
found201.1024

Biological evaluation. In vitro screeningin vitro activity againstl. cruzj T. b. rhodesiense,
and cytotoxicity assessment using L6 cells (rat skeletal myoblasts) was deteusimpe 96
well plate formatas previously describeéd Data were analyzed with the graphic program
Softmax Pro (Molecular Devices, Sunnyvale, CA, USA), which calculatggvilues by linear
regression from the sigmoidal dose inhibition curves.

Enzymatic activity studies with Type | N'Hecombinant TONTR was prepared and assayed
as previously described® The activity of purified higagged TbNTR was assessed
spectrophotometrically at 340 nm using various nitrotriazole substrates (100 uM) and NADH
(100 pM) and expressed as nmol NADH oxidized ting™* of enzyme.

Testing T. cruzi CYP51 as a potential inhibition targglected compoundg, 18 and 19)
were evaluatedas CYP51 ligand/inhibitors using purified #déingth T. cruzi CYP51 protein
sample® Binding affinities of the compounds were estimated using spectral titration. The
experiments were performed on a dualbeam Shimadz+24AWNPC spectrophotometer in the
wavel ength range 35071450 nm ateMPB50 a4n@ ligand 2 mL
conentrations ranging from 0.5 to 10 & M. The a

by plotting the absorbance changes in the dif
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free ligand concentration and fitting the data to a rectangular hylparb Sigma Plot Statistics.
Inhibitory potencies of the compounds were compared in the reconstituted CYP51 reaction 5 min
and 1 h, at 50/2/1 molar ratio substrate/inhibitor/enzyme. P450 concentration in the reaction
mi xXture was 1 ¢ M. s eteeanalyzedaon ta irevensieage rH®LCusgstem
(Waters) equipped with -RAM@Oeedtdr INUS SyBtanks, Iitd | u mn

In vivo antichagasic activity assessment of selected compo&dsn vivo studies, a
Brazilian strain trypomastigasefrom transgenicl. cruziparasites expressing firefly luciferase
were used as described befbteBriefly, parasites were injected in Balb/c mice Y10
trypomastigotes per mouse) and three days later mice were anesth®ginaidalation of
isofluoraneg followed by an injectiorwith 150 mg/kg of Bluciferin potassiurrsalt in PBS. Mice
were imaged 5 to 10 min after injection of luciferin with an IVIS 100 (Xenogen, Alameda, CA)
and the data acquisition and analysis were performed with the software Livggg(Penogen)
as described befard Treatment with test compounds was stadedays after infection at a
specific concentration (usually 15 mg/kg/dayl0 day$ by i.p. injection. The vehicle control
was2% methylcellulose + 0.5% Tween &hd groups 05 mice/group were used. In the vehicle
control group 10 mice were used. Mice were imaged on days 5 and 10 as above. Parasite index
was calculated as the ratio of parasite levels in treated mice compared to the control group and
multiplied by 100. The ratioof parasite levels is calculated for each animal dividing the
luciferase signal after treatment by the luciferase signal on the first imaging (before treatment).
Mean values of all animals in each gréupD werethenused to calculate the parasite index

In vitro ADME studiesADME in vitro studies were performed by APREDICA (Watertown,
MA). Samples were analyzed by LC/MS/MS using an Agilent 6410 mass spectrometer coupled

with an Agilent 1200 HPLC and a CTC PAL chilled autosampler, all controlled by MassHunter
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software (Agilent). After separation on a C18 reverse phase HPLC column (Agiletets\\a
equivalent) using an acetonitdeater gradient system, peaks were analyzed by mass
spectrometry (MS) using ESI ionization in MRM mode.

Microsomal stability screerEach test compound was dissolved in DMSO and incubated (37
UC) at 1 enatibniwithaOl3 mg/mlnoé microsomal protein in 100 mM potassium
phosphate, 3 mM Mggl pH 7.4, in the presence or absence of 2 mM NADPH (to detect
NADPH-free degradation) for up to 60 nais has been described befbrBata were reported as
% remainingparent compound.

Caco2 monolayer permeability studie€ace2 cells grown in tissue culture flasks were
trypsinized, suspended in medium, and the suspensions were applied to wells of a-collagen
coated BioCoat Cell Environment in 9&ll format. The cells were allowed to grow and
differentiate for three weekdegeding at 2day i nterval s. For Api cal
permeability, the test agent was added to the apical (A)aside 10 &M f i nand c onc¢
amount of permeation was determined on the basolateral (B)afiiele 2 h assay time as
described befre’® Data were expressed as permeabilPagp: Papp = (dQ/dt)/CA, where
dQ/dt is the rate of permeationg {S the initial concentration of test agent, and A is the area of

the monolayer*
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CYP51, steroll4a-demethylase enzymd&,cCYP51,T. cruzi CYP5Z, ICsy, concentration for
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Table 1. In vitro antiparasitic activity, host toxicity and physical properties of tested compounds.

T.b.rhod." sl T. cruzi® sl Cytotox. L6 Chemical Bnz/comp clogP PSA (&%)
IDNo  IC-50 pM 1C-50 uM 1C-50 puM Structure
Melars. 0.007 £0.001
Bnz 218 £0.08

2 490 1194 164.7 % 1077 275  129.42
Cl.
3 4.060 24 973 98.8 i N% 724 323 11852
k \h
4 73.870 >16.5 >273.6 U\Q__{AN 0.04 233 131.41
\"k%
C
o]
5 140 2797 125.9 */Mr'“}_n 451  2.716 108.87
T
.
6 16.066 192 88.1 442 1625 121.23
H
\N £l

E

oM
7 10 3.986 15.6 62.1 FD\[N i 0.51 2.436 108.87
?\’d“k,@

] o PN

g 7.035 10 122 67.3 ‘)\Of”\ﬂ/\hﬂ 367 1183 121.23
" {TQ‘

9 17.015 186 103.0 Q}T‘« 366 0901 112.11

10 34.067 205.6 245.5 WS 1.29 1.85 93.6

11 125 1164 219.5 S 11.9 3.21 93.6
\lgg‘
12 51.71 22.775 4.9 112.6 2.393 45.03
[l
13 76.55 14.229 9.7 NA 3.048 84.48
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Table 1. (continuation)
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16

17

18

19

20

21

22

Fluconazole

23

153.16

65.6
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2.877

220.86

11.59%6

76.25

=2.43

1.74

78.9
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sl Cytotox. L6 Chemical Bnzfcomp | clogP | PSA (A?%)
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*T_b. rhodesiensestrain STIB 900 trypomastigote$; T. cruzi,strain Tulahuen C4 amastigotes;
Sl is the ratio: 1G in L6 cells/IG, in each parasit€Cytotoxicity in hostL6 cells. Reference
drugs: Melarsoprol (Melarsggnd Benznidazole (Bnz). The Kgvalue of each reference drug is
the mean from multiple measurements in parallel with the compounds of interest. #&utive
moderately active compounds with acceptable selectiviye colored greenand pink,
respectively compounds with ra unacceptable selectivitgre coloredblue whereadnactive
compounds are colorlesBSA: polar surface area. All physical properties were predicted by

using the Marvin Calculatomfww.chemaxon.com Values are means of 2 to 3 measurements.

The SD was < 5%Data for compoun@3 are taken fronmef. [17].


http://www.chemaxon.com/
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Scheme 1. Preparation of compounds 2-21

ol i H ii ON - 2.6,8,9
R-NH, + C'/\n/ —> c|/\[]/ SR
NO,

(@] H

° A N
N N/\n/ R
la-g \__/ 5
7

10: R1=3-N02, X=N

N ki N\A/N/\H/R 11: R;=3-NO,, X=N
e —> R1/=x I r2ir=m xen

Ri 13: R;=2-NO,, X=C

14 (R,S): R;=3-NO,, X=N

R\“/ NP v R\}/\N/VF“ 15 (R,S): R;=H, X=N
+ (CH3);80I + o ;77" — v /N 16 (R,S): Ri=H, X=N
o) /=x x=/ !

R4

OH 17 (R,S): R,=3-NO,, X=N
10_ —> 18(R,S)
+ (CH3);SOI  + SZ\N,NH at
12 O=N —— 19(R,S)
F F NO2
N\i\lN + (CH;),SOI + N\;/NH l, 20
—N

0
O,
s
%, N7 NZ NH v
</ oy — > 21(RS)
S-

i) Ei;N, CH,Cl,, RT; ii) 3-Nitro-1,2,4-triazole/2-nitroimidazole, KOH, CH;CN, reflux 9h;
ii1) 3-Nitro-1,2,4-triazole/2-nitroimidazole, KOH, CH;CN, a-bromoketone, reflux 5-6 h;
iv) KOH in H,O:2-propanol, reflux 1h; v) NaH (60%), propanol-1, reflux 6 h.



Table 2. Enzymatic ativity of recombinant TONTRand TcNTRtoward

Bnz and representativerdtrotriazolesfrom Table 1.

Specific activity values

(nmol NADH oxidized per min per mg

compound

TbNTR TcNTR
Bnz 1540 + 67 680 + 8
2 3172 +11 888+ 24
14 3456+ 6 1067 + 16
18 3063 + 43 1178 £ 10
19 2681 + 21 1160 + 19

A precipitation issueccurred with compounglin the assay

buffer usedEnzyme assays were carried outriplicate and

repeated twice.
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Table 3. Binding of compounds to recombinahtcruziCYP51

Compound Kq (€M) I/E;(5min)  I/E, (1 h)
2 ND 4 36
18 0.606 + 0.023 5 32
19 0.023 £ 0.012 <1 3
23 65.2+5.3 ND ND
Fluconazole 0.230° 0.029 <1 16
Bnz* ND 43.2 45

Kgq: Dissociation constant/E,: Molar ratio of inhibitor/enzyme
which causes a-fld decrease in enzyme activity 5 min and 1
hour reactios. ND: Not determined*Values for Bnz were taken

from Ref.[30].



35

Table 4. In vitro ADME data for compound2 and19.

mean A->B Mean remaining Mean remaining
Compound Papp Test species  parent, with parent, free of
(xlO'Gcm sh NADPH (%) NADPH (%)
5 18.7 Human 96.8 84.8
' Mouse 79.4 110
19 16.5 Human 90.7 106
' Mouse 77.6 102
Verapamile Human 8.4 89.4
P Mouse 6.0 96.5
. Human 102 96.7
Warfarin 25.3 Mouse 104 101
Ranitidine 0.24

Papp:Caco 2apparent permeability. Permeability rankihgw: <0.5; Moderate:
0.5- 5; High: > 5 For permeability measurements&l concentration was used
and 2 hassay timeFor metabolic stability, £M concentration and 8nd60 min

incubation time was usedest species represent either human or mouse microsomes.
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Fig. 1. Binding of fluconazole and compouri@ (NO,-fluconazole) toT. cruzi CYP51. Both
compoundgroduce typical type 2 spectral responsé&.ioruzi CYP51, indicating at least initial

coordination of triazole N4 to the P450 heme iron. However, comptirsda weaker binder.
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10¢

LEE Y —a— 5 min reaction
—®— 1 hour reaction

\\\ IIE:('Ihoul'leacbon)-B

AA425:390)

Activty, %

e - — -
2 o s Al 15 20

19 free, uM Molar ratio of 19/CYP51

Fig. 2. Binding (left panel) andnhibition (right panel)of T. cruzi CYP51 by compound?9 in 5
min and 1 h reactionsThe same results were obtained independently of the sequence that
substratesburicol(S) or inhibitor (1) were added, nameReaction mixture- I/+NADPH, 5 min

incubation at 3%C /+Sor, Reactiommixture+ | +S /+NADPH
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Fig. 3. In vivo evaluation of the antichagasic efficacy of compoutids 18 and19 in the acute
murine model. Benznidazole (Bnz) data from 2 experiments in parallel were included. All
compoundsexcepts were administered (i.p.) at 15 mg/kg/day. Compobnglas administered
(i.p.) at 13 mg/kg/day. ThE values refer to comparisons between treated groups and control
group.WhenP values are not given, there was no statistical differeBoaups of Smice/group

were usedOccasionally, 10 mice were used in the control group.
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Fig. 4. Images frommice treated with vehicle or compourtgland19.
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Entry ICgq (nM) SI TcNTR activity

T. cruzi (nmol NAD/min/mg)
2 138 1194 888 +/- 24
19 33 3808 1160 +/- 19
Entry T. cruzi CYP51 binding

Kd (uM) VE, (5 min) /E, (1 h)

Fluconazole 0.230 <1 16

19 0.023 <1 3
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