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Hidrogen replacement by Aryl at R® combined with amine (NHRG) or

halogen elements (Cl or Br) methylthio (SMe) on R® reduced acitivity
increase activity while by Diaryl substitution on R® and R® increase
methoxyl (OMe) group slightly -
decrease potency and reduce toxicity

Changes on R°® and R® position
interfere directly on the activity

Hidrogen substitution by Methylsulfoxyl (SOMe), methylsulfonyl
methoxyl (OMe), OCH_, and (SO,Me), and Aryl groups are the main
Cl are tolerated and not responsible for the acitvity
showed great interference on Their substitution by amine (NHR®) and
the activity methylthio (SMe) reduced potency
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ABSTRACT

Quinoxalines belong to thél-containing heterocyclic compounds that stand aithaving
promising biological activity due to their priviled scaffold. In this work, we report the
synthesis, antileishmanial, and antitrypanosomabp@ries of 46 new 2,3-disubstituted
quinoxaline and 40 previously reported derivativsiong all of the compounds screenedifor
vitro activity against epimastigotes and trypomastigated. cruzi and promastigotes df.
amazonensis as well as mammalian toxicity on LLCMKells and J774 macrophages, analogues
from series5, 6, 7, 9, 12, and 13 displayed high activity at micromolar 4 and EGo
concentrations. Sixteen quinoxaline derivativesens®lected and evaluated Brcruzi and/orL.
amazonensis amastigotes. The most active compounds véerdd and 7d-e on all evolutive
forms of L. amazonensis andT. cruzi evaluated with 16 values 0.1-0.&M on promastigotes
and epimastigotes 1.4-8.6 on amastigotes. Compadreiyd2b and13a were the most selective
(SI = 19.5-38.4) on amastigotes Bfcruz. In general their activity was directly relatedttee
methylsulfoxyl, methylsulfonyl, and amine groupsves| as the presence of chorine or bromine
in the molecules. The current results indicate thase quinoxaline derivatives are novel and
promising agents for further development towardgsreatment for Chagas’ disease and

leishmaniasis.

KEYWORDS: Quinoxaline derivatived;eishmania amazonensis, Trypanosoma cruz; Anti-

trypanosomatid agents



Introduction

Neglected tropical diseases are significant pubkalth problems and have been attracting
increasing worldwide attention [1]. Chagas’ dise@seaused by the protozodmypanosoma
cruzi, which is found in 21 countries and affects apprmately 8 million people, with
approximately 50,000 new cases per year [2]. LAtimerica has most of the cases of Chagas’
disease, which has become a global health probkera eesult of migration to non-endemic
regions, such as Australia, Europe, the UnitedeStaind Canada, resulting in annual treatment
costs of approximately USD$ 600 million [3,4]. psthogenesis is subdivided into an acute
phase characterized by nonspecific inflammationasymptomatic indeterminate phase, and a
chronic phase, during which approximately 30-40% tbe cases develop irreversible
cardiovascular, gastrointestinal, and neurologlesalons [5,6]. The transmission of Chagas’
disease generally occurs through the bite andtiofeevith contaminated feces of insects of the
subfamily Triatominae (Hemiptera, Reduviidae). laymalso be transmitted through blood

transfusion or congenitally and orally, such astigh contaminated food [7,8].

Leishmaniasis is endemic in 98 countries worldwidih approximately 350 million people at
risk of infection and 12 million currently infecte@he disease may be caused by more than 20
different species dfeishamania sp, which are responsible for clinical manifestasi that can be
classified as cutaneous, mucocutaneous, and Visc@waneous leishmaniasis is the most
common clinical form of the disease, with 1.5 roilinew cases per year. The species that stand
out in the New World ark. amazonensis, L. braziliensis, andL. guyanensis [2,9,10]. Among the
cutaneous leishmaniasis cases worldwide, 70-75%rancjust 10 countries, including Brazil,
which experienced approximately 30,000 new case®0h0 [11,12]. Transmission occurs

through the bite of the female phlebotomine sandthe vector in the New World lsutzomyia,



and the vector in the Old World®hlebotomus [13]. Clinical manifestations are characterized by
single or multiple lesions that are usually locawdthe legs, arms, and head. They initially

appear as papules and progress into nodules aity fuhcerative lesions [14,15].

Nitroderivative compounds, such as benznidazole wifuttimox, are currently the primary
treatment options for Chagas’ disease, despite thduced efficacy in the chronic phase and
adverse reactions in approximately 40% of pati¢h@s18]. For antileishmania chemotherapy,
pentavalent antimonials, such as meglumine antiatersind sodium stibogluconate, are the first-
line treatment, whereas amphotericin B, pentamjdpeomomycin, and miltefosine are the
second-line treatment [19-21]. However, the avédabugs for both diseases have severe side
effects, long-term treatment, and variable efficai@ctors that encourage the search for new

therapeutic alternatives [22].

Quinoxalines belong to thél-containing heterocyclic compounds that stand aithaving
promising biological activity because of their pieged scaffold [23,24]. They have numerous
reported biological activities, including antican¢25-27], beneficial effects for sleep disorders
[28], antimycobacterial [29-30], antibacterial [31hntifungal [32], antiviral [33], anti-
inflammatory, and antioxidant activities [34-35]hd antiprotozoal activity of quinoxalines is
relevant, especially their antitrypanosomatid amtjwvhich has been reported for quinoxaline
1,4-diN-oxide [36,37], 3-trifluoromethylquinoxaline N,N’-dioxide [38], and 3-
aminoquinoxaline-2-carbonitrile 1,4-dioxide derivas [39]. Quinoxalines also exhibit
antileishmanial activity, which has been reported 4-substituted pyrrolo[1,2-a]quinoxalines
[40], 3-phenyl-1-(1,4-dN-oxide quinoxalin-2-yl)-2-propen-1-one [41-42], ald¥-diN-oxide

quinoxaline derivatives [43].



Recently, we have reported the activity of 3-chl@rmethoxy-2-(methylsulfonyl)quinoxaline,
againstT. cruzi [44]. A synergistic effect between this quinoxalia@d benznidazole was
observed against epimastigotes and trypomastigatesmpanied by an antagonistic interaction
against LLCMK cells. Based on the above considerations, no&tBubstituted quinoxaline
derivatives were synthesized to evaluate theivitro antitrypanosomal and antileishmanial

activity.

Results and Discussion

The discovery and development of new drugs fortthatment of neglected diseases, such as
leishmaniasis and Chagas’ disease, is necessanyrgedt. Their current treatments have several
limitations, including limited effectiveness, pateral administration, long courses of treatment,
severe side effects, toxicity, and high cost, mgkihem unaffordable for most patients
[22,45,46]. Many studies have reported that quihoga derivatives are promising

chemotherapeutic agents againgshmania sp andT. cruz [36-43].

Several methods have been reported for the systbhésgjuinoxalines [47]. In the present study,
we have focused on straight forward synthetic mugspecially those based on green chemistry
principles, Thus, we synthesized 46 new 2,3-disulst quinoxaline derivative8d; 5e 5fa-fb,

5g, 5ka; 6a-b; 7d; 8a; 10a l1lla-d 11f-p; 12a-p 13a-by 14a-9 and 40 previously reported
compounds X; 2a-p; 3a-¢ 3e 4a-b; 5a-d, 5f, 5h-k; 7a-¢ 7e 9a-¢ 10b-¢c 116 with the goal of

discovering new drugs for the treatment of Chadesase and leishmaniasis.

Initially, quinoxaline derivatives were preparedngsa procedure described by Venkatesh et al.

[48]. The first step was improved by using microed¥W) irradiation [49] and the nitroketene



N,S-acetal derivative®, obtained by vinylic substitution, were cyclizedgroduce quinoxaling.
By using quinoxaline3 as starting material, we also synthesized quinogakab and5ab

through cross-coupling reactions (Scheme 1).
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Scheme 1Synthesis of quinoxalineg 4 and5a-b

Employing a series of sulfur oxidations witm-chloroperbenzoic acid, and solvent-free
nucleophilic substitutions, we synthesized quinmed 6, 7, 9, 10, 11, 12 and 13, using

guinoxalines3 as starting material (Scheme 2) [48].
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Scheme 2Synthesis of quinoxalings 7, 9, 10, 11, 12and13

Quinoxalines8a and 14a-c were synthesizedising 4a as starting material through oxidation
followed by nucleophylic substitution (Scheme 3). eWhave tried to synthesize
aryilaminoquinoxalined.4 at room temperature without success, thus micrewasdiation was

applied under the same conditions used to obtainasulfonylquinoxalinesl1 reaching good

results.
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Scheme 3Synthesis of quinoxalinéda and14a-c



Quinoxalinesbc-k were synthesized through the condensation of ihBddthanediones witk-
phenylenediamine by using ultrasound irradiatioe@ergysource (Scheme 4) [50]. Compounds
5fa, 5fb, and5ka were prepared frorf or 5k by deprotection of the methoxyl group followed

by O-alkylation.
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Scheme 4Synthesis of 2,3-aryldisubstituted quinoxalikes

The screening for antichagasic and antileishmaagtivity was performed on the epimastigote
and trypomastigote forms @f. cruzi and promastigote form df. amazonensis. Epimastigotes
and promastigotes are the extracellular replicdtives inside the insect vectors Bfcruzi and

L. amazonensis, respectively. The easily cultivable and drug-gems epimastigote and
promastigote forms make these models an excellewite for preliminaryin vitro screening.
Trypomastigotes are an extracellular non-replieasitage ofl. cruzi found in the bloodstream of
infected vertebrate hosts. Selective toxicity isi@uportant principle of antiparasitic therapy,
therefore the cell viability was also carried ootverify their cytotoxic effects on mammalian

cells (LLCMK; and J774-A1 macrophages).



Compound |,I-bis(methylthio)-2-nitroethenk that was used in the synthesis of quinoxaline
derivatives was also assayed against both protfkalale 1). Notably, compoundl presented
activity against the epimastigote and promastigfmiems. Thirteen nitroketene N,S-acetal
derivatives2, which were synthesized through the reaction ahmoundl1 with primary or
secondary amines (Scheme 1) [49], showed antil@sihand antitrypanosomal activity at
different levels (Table 1). The presence of benzena and 2-[nitroethenyllbenzenamine rings
in compound®b and 2k, respectively, and the presence of fluorine ardrtte on the benzene
ring (20 and2p, respectively) caused an increase in biologicaviag with 1Cso values < 26 uM
for both protozoa. The presence of the amine groun made it the only active compound in

this group against trypomastigotes.

Table 1. In vitro antileishmanial and antitrypanosomal activities IofL-bis(methylthio)-2-
nitroethene X) and nitroketen&,S-acetals 2)

R1
O2N l R2 O,N O,N HO O,N
MeS” “SMe R3 N]\SMe O\N]\SMe I(ﬁn/\N]\SMe
] R4 H H H
2a-h, k, n-p 2i 2l, n=1
2m, n=0
MM
Comp Promastigote Epimastigote Trypomastigote
R R R® R 1C 501720 S 1C 50196h Sl ECso/06h Sl
1 29.6+2.1 6.0 10.8 0.6 18.3 >50.0 ND
2a H H OMe H 27.9+59 ND 32.0+8.3 ND NT ND
2b H H H H 24.1+0.6 ND 11.4+6.6 ND NT ND
2c H OMe H H 28.7+35 ND 39.0x124 ND NT ND
2d H OCH, CH)O H 423+0.8 ND 61.9+11.0 ND NT ND
2f H OH H H 415+7.3 ND 67.3+15.6 ND NT ND
2h H Br H H 33.0+3.2 ND 20.4+4.3 ND NT ND
2i 219+8.2 ND 70.1+13.6 ND NT ND

2k H F H H 19.7+1.2 ND 19.7 £ 6.6 ND NT ND




02 N R2

R1
]\ OzNj\ 02N HO 02N
| L, Lo
MeS~ "SMe Rs3 N~ “SMe N~ “SMe n N "SMe
R4 H H H

2a-h, k, n-p 2i 21, n=1
2m, n=0
MM
Comp Promastigote Epimastigote Trypomastigote
R R R® R 1C 50/72n Sl 1C 50196h S ECso/06h SI
2l 73648 11.1 >100.0 ND >50.0 ND
2m >100.0 ND 90.1+3.1 9.6 >50.0 ND
2n  H NMe; H H 52.8+4.2 189 31.8+38 6.6 350+6.1 6.0
20 H F H H 172+04 8.4 18.1+14 10.5 >50.0 ND
2p H CI H H 21.3+0.2 6.9 258+1.8 7.3 >50.0 ND

IC: inhibitory concentration; EC: effective concentoati SI: selective index; NT: not tested; ND:
not determined

Using nitroketeneN,Sacetals 2, five 3-chloro-2-methylthioquinoxaline8 were synthesized
(Scheme 1) The changes in the pyrazine ring were not ablentoease the activity levels in
relation to compoun@ but made it more selective against protozoa tlgamat mammalian cells
(Table 2). CompounBa was 19.3-times more selective for epimastigotéereasde was 22.1-

and 16.1-times more selective for promastigotesegmtiastigotes, respectively.



Table 2. In vitro antileishmanial and antitrypanosomal activities &-chloro-2-
methylthioquinoxalies3) and 3-aryl-2-methylthioquinoxalineg)(

2
R® N"Ssme R N” SMe

3a-e 4a-b
UM
Comp Promastigote Epimastigote Trypomastigote
R R’ 1C 501721 Sl 1C50/96h Sl ECso/06h SI

3a H OMe 93.6 £2.6 9.8 38.7x29 19.3 >50.0 ND
3b H H 74.1+7.2 135 529+54 8.1 >50.0 ND
3c OMe H >100.0 ND >100.0 ND >50.0 ND
3d* Br H 579+106 7.4 47826 9.2 >50.0 ND
3e Cl H 453+1.0 221 394+16 161 >50.0 ND
4a OMe >100.0 ND >100.0 ND NT ND
4b H >100.0 ND >100.0 ND NT ND

IC: inhibitory concentration; EC: effective concentoati SI: selective index; NT: not tested; ND:
not determined. *Gray highlights the newly syntlaedi quinoxaline derivatives

Two 3-aryl-2-methylthioquinoxalined were prepared from compour2h (Scheme 2). The
chloride replacement by phenyl group in the pyrazimg in compoundda and4b caused a
reduction of potency, with no activity at the higheoncentration evaluated against all evolutive

forms (Table 2).

Fourteen 2,3-diarylsubstituted quinoxalirfesvere obtained as described in Schemes 2 and 3.
The addition of an extra phenyl group in the pymaziing in these compounds improved the
biological activity againsiL. amazonensis and T. cruzi (Table 3) in relation to quinoxaline
derivatives4a and4b. The additional methoxyl groups in the phenyl sing compoundc gave

rise to compoundk, and this change was responsible for an increagberactivity against
epimastigotes. Althougbk was moderately active against promastigotes amdaggigotes, its

low toxicity to host cells revealed selectivity ioes of 19.7 and 9.0, respectively. Structural



changes irbk gave rise to compouriska, which showed an increase in activity {§G 5.7 uM)
against the promastigote form lof amazonensis. However, higher toxicity against the host cell
was observed compared with its precusiarthereby causing a reduction of the selectiviiex
to 8.2. Compoundf, which has only one methoxyphenyl group oh Ras more active against

both protozoa, especially against promastigotet) an 1G of 12.8 uM.

Table 3. In vitro antileishmanial and antitrypanosomal activities 2B-diarylsubstituted

quinoxalines %)
R5
R2 Ny O
RD: N7
(.

5c¢c-k, fa, fb, ka
MM
Comp Promastigote Epimastigote Trypomastigote
R R R R° ICso72n S ICs096n Sl ECsoi96n SI
5 H OMe H H NT ND NT ND NT ND
50 HOMe H OMe 40.5+17.7 ND >100.0 ND NT ND
5c H H H H 21.1+0.3 ND >100.0 ND NT ND
5d H H Me H 89+12 ND 35.7+17.6 ND NT ND
5e* CI H Me H 243+19 ND 36.0+11.1 ND NT ND
55 H H OMe H 128+0.0 ND 21.5+0.8 ND NT ND
5fa* H H H OCH,CH,NC:sH1g 19+02 296 214+1.1 1.8 20.3+23 1.8
5fo* H H H OCH,CH,NC,HsO 6.2+06 8.7 40.3x45 4.6 >50.0 ND
5g* CI H H OMe 315+16 95 438+£30 65 >50.0 ND
5 H CI H H 281+14 6.6 427+22 6.1 >50.0 ND
5. CI CI H H 53+0.7 38554.0+18 8.7 >50.0 ND
5 CI CI H Me 222+10 3.2 834+6.2 1.3 >50.0 ND
5k H H OMe OMe 30.0+0.6 19.736.6+3.0 9.0 >100.0 ND

5ka* H H OH OCH,CH,;NCsHq 57+04 8.2 39.2+47 10 >50.0 ND

IC: inhibitory concentration; EC: effective concentoati SI: selective index; NT: not tested; ND:
not determined. *Gray highlights the newly syntledi quinoxaline derivatives




Piperidine and morpholine derivativeé$éa and 5fb, respectivelywere synthesized. Similar to
compoundska, these structural changes led to a significantes®e in activity, mainly against
promastigotes, with 1§ values of 1.9 uM fobfa and 6.2 uM forbfb. Such changes increased

their potency, resulting in increased selectivit®.6 and 8.7, respectively.

Furthermore, compounbfa was the only one that showed activity againstdnypstigotes of.
cruz, with an EGy of 20.3 uM. All of the chlorine containing compalsin this group were
active against both protozoa. In quinoxalibe two chlorines at the benzene ring were
responsible for increased activity against the @stigote form (1G = 5.3 pM), with low levels

of toxicity and a high selectivity index of 38.5aldgeneted molecules have been described by

other researchers to improve the antiprotozoalgnas of compounds [51-52].

To investigate the influence of methylsulfoxyl ameéthylsulfonyl groups on biological activity,
3-chloro-2-methylthioquinoxaline3 underwent oxidation reactions led to a series-ofildro-2-
methylsulfoxylquinoxaliness and 3-chloro-2-methylsulfonylquinoxalines (Scheme 1). The
assays performed with these two groups of quinogatierivatives confirmed the influence of
halogens on activity (Table 4). Compoudl, which has two chlorines in its structure, was the
most potent quinoxaline derivative against all etige forms, with an 16 of 0.1 uM for
promastigotes and epimastigotes and agyBC1.7 uM for trypomastigotes. Moreover, it was
the most selective fdr. amazonensis (selectivity index = 107.6). Compourtd was among the
most active (IG > 0.8 uM) and selective (selectivity index = 3ar®tl 27.8) compounds against

T. cruzi andL. amazonensis.



Table 4. In vitro antileishmanial and antitrypanosomal activities &-chloro-2-
methylsulfoxylquinoxalinesg) and 3-chloro-2-methylsulfonylquinoxalinég

2 2
R NICI R N\:[CI
R3: : :N/ SOMe R3: i :N/ SO,Me

6a-b 7a-e

UM
Comp Promastigote Epimastigote Trypomastigote
R® R ICsyn Sl ICso0en S ECsois6n SI

6a* H OMe 08+0.2 2738 0.5+0.1 39.2 4.2+1.2 4.4

6b* Cl H 0.1+0.0 1076 01+00 54.2 1.7+£0.1 2.9
7b H H 1.6£0.6 14.4 0.6+0.1 70.1 6.4+0.3 7.3
7c OMe H 29+0.7 7.6 3.1+04 7.5 98+14 2.4
7d* Br H 02+01 718 0.3+0.1 496 1.8+0.1 7.0
7e Cl H 0.2+0.1 66.0 0.3+0.0 25.9 6.9+1.0 4.1

IC: inhibitory concentration; EC: effective concentoati SI: selective index; *Gray highlights
the newly synthesized quinoxaline derivatives

Compounds/ with a methylsulfonyl group showed excellent atyivsimilar to compounds$.
The most active (I§ > 0.3 uM) and selective (SI = 25.9-71.8) were coumas7d and 7e
which have bromine and fluorine in the structuespectively. The addition of a methoxyl group
in the benzene ring in compouiid resulted in decreased activity and selectivityiregd. cruz
and L. amazonensis. Despite the cytotoxicity observed in host cefiggh levels of selectivity
were obtained. This increase in the antiprotozetividy of compounds in group8 and7 was
directly linked to the introduction of methylsulfgx and methylsulfonyl groups in the

quinoxaline ring.

Compound 4a oxidation gave rise to compound 2-phenyl-3-methidsyl-6-
methoxyquinoxaline8a). Chlorine replacement by phenyl ring resultedécreased activity and

selectivity againsT. cruzi andL. amazonensis. It showed an 16 values of 24.7 and 28.4 uM and



an EGo value of 48.1 uM for the promastigote, epimastgoand trypomastigote forms,

respectively (Table 5).

Table 5.In vitro antileishmanial and antitrypanosomal activitie2 gfhenyl-3-methylsulfonyl-6-
methoxyquinoxalineg), 3-chloro-2-aminoquinoxaline9)and 2,3-diaminoquinoxaline&()

o U AT

N~ "SO,Me
8a 10a-b
UM
Comp Promastigote Epimastigote  Trypomastigote
R® R° ICsu2n  SI ICsosn S| ECsgoen S|
8a 24.7£2.3 41 284+19 9.3 48.1+09 55
%9a "Bu 36.2+1.0 44 495%6.4 7.9 >50.0 ND
9b Bn 245+1.7 54 159+1.6222 >50.0 ND
10a* "Bu "Bu 20.9+09 43 294+50 3.2 >50.0 ND
10b "Bu Bn 13.6£0.8 3.6 38.4+29 0.6 >50.0 ND
10c Ph Ph 6.500 44 456+3410 379+23 1.2

IC: inhibitory concentration; EC: effective concentoati Sl: selective index; ND: not
determined. *Gray highlights the newly synthesigethoxaline derivatives

3-Chloro-2-methylsulfonylquinoxalineg were submitted to nucleophilic substitution reacsi
that provided 3-chloro-2-aminoquinoxalin® and 2,3-diaminoquinoxaline$0 (Scheme 1).
Phenyl ring addition in the amine group made complo2b more active and selective than
compounda. Compoundb had IG, values of 24.5 and 15.9 uM against the promastigatd
epimastigote forms, respectively, which was up2etithes more selective for the protozoa than
for the host cells (Table 5). As well as other guiaine derivatives, 2,3-diaminoquinoxaline3
were considered more active against the promastifgotm of L. amazonensis (ICso = 6.5-20.9

pM) than forT. cruzi epimastigotes ( 1§ = 29.4-45.6 uM, E€; > 50 uM) (Table 5). However,



when evaluated against the trypomastigote fornT.ofruz, these two classes of compounds
showed no activity, with the exception of compol@dthat had an E& value of 37.9 uM. This
loss of antiprotozoal activity was further enhanbgdhe substitution of the methylsulfoxyl and

methylsulfonyl groups for an amine group in thenguialine ring.

A series with sixteen 3-amino-2-methylthioquinorak 11 was synthesized using 3-
chloroquinoxalines3 as starting material through substitution reagig®cheme 1). These
compounds showed different levels of activity sJ®etween 21.5 and > 100 uM) (Table 6).
Despite the large number of compounds obtainedesatliated, no high selectivity index was
found. The best selectivity was obtained with commqubl1f against the epimastigote form Bf

cruz, which was 8.5-times more selective for protozwatfor host cells.



Table 6. In vitro antileishmanial and antitrypanosomal activities @&amino-2-
methylthioquinoxalinesi(1)
R2 N_NHR®
RJC[NISMe
11a-p
UM
Comp Promastigote Epimastigote Trypomastigote
R R® R 1C s0r72n Sl 1C 50/96h SI ECso/06n SI
1l1a* H OMe Me, 42.8+1.3 59 836x15 6.2 >50.0 ND
11b H OMe "Bu 352+40 21 867x15 3.1 >50.0 ND
1lic* H OMe CH,CHOH 829+14 5.0 >100.0 ND >50.0 ND
11d* H H "Bu 759+17 19 0931+£10 1.2 >50.0 ND
lle H H EtOH 96.2+22 2.9 >100.0 ND >50.0 ND
11f* H OMe Cyclohexyl 298+4.4 1.2 305+58 8.5 >50.0 ND
11gr OMe H "Bu 30.2+1.7 35 692+21 1.1 >50.0 ND
11h* OMe H CH,CH,OH >100.0 ND >100.0 ND >50.0 ND
11i* OMe H Cyclohexyl 215+13 24 41.0+87 1.8 >50.0 ND
11j* OMe H 'Bu 26.9+05 47 957+1.0 0.7 >50.0 ND
11k* OMe H Isopentyl 27.1+21 33 79617 0.7 >50.0 ND
111> Br H "Bu 252+27 51 418+35 0.9 >50.0 ND
11m* Br H CH,CH,OH >100.0 ND >100.0 ND >50.0 ND
11n* H OMe 'Bu 27642 6.7 69927 1.0 >50.0 ND
11o0* Cl H "Bu 244+25 46 636+x45 1.0 >50.0 ND
11p* Cl H Cyclohexyl >100.0 ND 523123 4.8 >50.0 ND

IC: inhibitory concentration; EC: effective concentoati Sl: selective index; ND: not
determined. *Gray highlights the newly synthesigethoxaline derivatives

The methylthio groups in quinoxaline derivativeEswere subsequently oxidized to sulfone and
sulfoxide, giving rise to 3-amino-2-methylsulfonylgoxalines 12 and 3-amino-2-

methylsulfoxylquinoxaline43, respectively (Scheme 1).



Sixteen 3-amino-2-methylsulfonylquinoxalind® were synthesized. The replacement for a
methylsulfonyl group was responsible for an incegasthe antileishmanial and antitrypanosomal
activity, similar to the observations with the cayopds7 (Table 7). Among the products of this
synthesis, derivatives2b, 12¢ and12f differ only in the amine group. The similaritiestiveen
these compounds were also seen with regard todaaloactivity, with high activity against the
promastigote and epimastigote forms (G 2.2-3.6 uM) and moderate activity against the
trypomastigote form (E&g = 27.7 and 39.2 uM). Notably, the butylamine graufi2b caused a
significant reduction of toxicity in host cells cpared with the other compounds, with selectivity

index ratios of 108.5 and 10.0 for epimastigotes taypomastigotes, respectively.



Table 7.
methylsulfonylquinoxalines 1), 3-amino-2-methylsulfoxylquinoxalines1y) and 3-aryl-2-
aminoquinoxalinesl(4)

In vitro anti

leishmanial

H
R2 N_ _NHR® R2 N_ _N
X 10X
R? N“ soMe  R? N” > SsOMe

and antitrypanosomal

N

AN

o
MeO N

activities @&-amino-2-

NHR®
12 a-p 13 a-b 14 ac
Y
Comp Promastigote Epimastigote Trypomastigote
R® R R R’ ICso7n Sl ICsgoen S| ECsoeen Sl
12a* H OMe Me, 359+1.0 45 252+37 6.8 >50.0 ND
12b* H OMe "Bu 25+03 171 3.6+03 1085 39.2+1.8 10.0
12¢c* H OMe C,H,OH 29+04 133 29+08 252 357+x41 20
12d* H H "Bu 29+05 114 44+10 55 157+12 15
12e* H H CHOH 29+08 13.0 42+10 44 226+39 0.8
12f* H OMe Cyclohexyl 29+01 181 22+04 208 27.7+25 16
12g* OMe H "Bu 322+57 55 553+10 16 41.2+12 21
12h* OMe H C,H,OH 69.2+6.1 3.7 909+47 26 >50.0 ND
12i* OMe H Cyclohexyl 147+15 65 29.1+48 27 236+26 3.3
12j* OMe H 'Bu 278+24 36 554+17 15 248+41 33
12k* OMe H Isopentyl 212+21 50 380+x25 26 229+19 4.2
12I*  Br H "Bu 1.6+£05 283 23+01 437 56+05 17.8
12m* Br H CHOH 08+04 403 16+00 34 82+27 07
12n* H OMe 'Bu 26+03 228 31+03 226 11.7+17 6.0
120* CI H "Bu 14+03 506 23+01 934 90+18 238
12p* ClI H Cyclohexyl 22+01 150 2.0+00 383 39+14 196
13a* H OMe 25104 8.0 25+03 728 25415 7.1
13b* ClI H 19+00 338 18+00 218 6.3+14 6.2
l4a* "Bu >100.0 ND 66.8+5.0 125 >50.0 ND
14b* CH0OH 728+43 4.8 >100.0 ND >50.0 ND
14c* CH,NC:Hy,, 50.3+1.9 09 476+24 3.8 >50.0 ND

IC: inhibitory concentration; EC: effective concentati Sl: selective
determined. *Gray highlights the newly synthesigethoxaline derivatives

index; ND: not



The presence of bromine or chlorine in compout2ls 12m, 12g and12p caused a significant
increase activity compared with the other compouhdsbelong to this group, especially against
trypomastigotes, with E{z < 9.0 uM. The introduction of a halogen and a lautyne group in
12l and120 was responsible for the improvement in activity aodsequently more selectivity,

which was 17.8- to 92.0-times more selective ferphotozoa.

3-amino-2-methylsulfoxylquinoxalinesl3 were obtained through oxidation of amino-
methylthioquinoxalined 1. Compoundsl3aand13b showed high activity against promastigotes
and epimastigotes, with ¢ values < 2.5 pM and low levels of cytotoxicity fla 7).
Furthermore13awas almost 73-times more selective for epimastigjoivheread3b was 33.8-
and 21.8-times more selective for promastigoteseguichastigotes, respectively. Compouit8b
was more active against the trypomastigote formrm thda with an EGy of 6.3 and 25.4,

respectively, and a selectivity index > 7.

From a mixture of $henyl-7-methylsulfonyl-2-methoxyquinoxalin®a) and amine derivatives,
three 3-aryl-2-aminoquinoxalindsl were obtained. The changes in the quinoxaline sagh as
the addition of aryl and an amine group, were rasjide for a decrease in the antiprotozoal
activity (Table 7). This low activity against thegetozoa was also seen in analogdesds,

which have an aryl group at the same position ananaine group in compoun@gs and9b.

The results obtained with the quinoxaline derivegiwere compared to the ones obtained with
amphotericin B and benznidazol, antileishmanial astitrypanosomal reference-drugs,
respectively. Benznidazole exhibited andGf 8.1 uM on epimastigotes and ansg8.4 UM on

trypomastigotes [53] while amphotericin B showed@gp 0,75 1M on promastigotes.



Analogues from seri€s, 6, 7, 9, 12, and13 with high activity and selectivity on promastigste
and/or epimastigotes and trypomastigotes may bsidered equally or more potent than the

reference-drugs and were selected to be evaluatedracellular amastigotes.

T. cruz and L. amazonensis are obligate intracellular protozoan parasites.astigotes are the
replicative stage inside mammalian host cells ardthe clinically important stage of these
parasites. Then vitro antiproliferative activity on intracellular amagties were performed dn
amazonensis amastigotes infecting macrophages dndruzi amastigotes infecting LLCMK

cells. The results are presented in Table 8.

Table 8. In vitro activity of quinoxaline derivatives against intelalar amastigotes of.
amazoznensis andT. cruz

Comp Amastigote Amastigote
L. amazonensis T.cruz

IC s0/72n (UM) Sl IC 50196 (LM) Sl
5k NT ND 8.6 +1. 38.4
6a* 4.6+ 1.( 4.6 NT ND
6b* 1.5+0.: 9.C NT ND
7b NT ND >15.0 + 0.l ND
7d* 1.4 +0.( 9.¢ 135+ 1 1.1
7e 3.1+0.¢ 4.3 8.6 +3.0 0.€
9% 25.0 £ 0.( 5.2 >20.0 + 0. ND
12b* 129+ 2! 383 143+ 1. 27.%
12c* 17.3+1. 2.2 40.5 + 1.( 1.8
12f* 202 +2.: 2.€ >25.0 £ 0. ND
12]* NT ND >25.(£ 0.C ND
12m* NT ND 7.4 0. 0.&
12n* NT ND 14.9 £ 0. 4.7
12p* NT ND 9.6 +0.’ 7.¢
13a* 7.2£03 2.E 9.3+ 0.¢ 19.t
13b* NT ND 7.7+0.: 5.1

IC: inhibitory concentration; Sl: selective index; Niot tested; ND: not determined: *Gray
highlights the newly synthesized quinoxaline demnxes



Although all compounds evaluated dn amazonensis amastigotes showed some level of
antiparasite activity, with 163 lower than 25 uM the most active weda, 6b, 7dand 7e with
ICso values less than 4.6 uM. As in the case of arltfprative activity on promastigotes, 2,7-
dichloro-3-(methylsulfinyl)quinoxaline  6p) and 6-bromo-3-chloro-2-(methylsulfonyl)
quinoxaline {d) were the most potent (¢¢values of 1.5 and 1.4 pM, respectively) and salecti
(S1'=9.0 and 9.9, respectively) compounds on aguatss ofL. amazonensis values very similar

to obtained with Amphotericin B (Kgof 0.4 uM).

On amastigotes OF. cruzi the most active compounds weile 7¢ 12m, 12p, 13aand 13b with
ICsp values less than 9.6 uM while benznidazole predélgs of 26.1 uM [54]. Despite the slight
decrease in the activity on cruzi amastigotes, some of them showed a high seleciex. We
have to highlight compoungk, a quinoxaline 2,3-diarylsubstituted, although th& most active
(ICs0: 8.6 M), it becomes the most selective (SI: 38ghinst the amastigotesfcruz due to

its low cytotoxicity on mammalian cells (LLCM{ells).

Other compounds that deserve attention for its haghivity and selectivity onT. cruz
amastigotes are 2-butylamino-3-methylsulfonyl-6moe&iyquinoxaline(12b) and 2-cycloexyl-3-
methylsulfinyl-6-methoxyquinoxalinél3a) with ICso values of 14.3 and 9.3 uM an Sl ratio of

27.3 and 19.5 respectively.

Evaluation of the antileishmanial and antitrypamoab activity led to the identification of a
number of structure activity relationships, whittowed that the new compounds can be equally

or more potent than reference-drugs.



Hidrogen replacement by Aryl at R® combined with amine (NHR®) or methyIthio (SMe) on R®
halogen elements (Cl or Br) reduced acitivity
increase activity while by

methoxyl (OMe) group slightly Diaryl substitution on R” and R® increase potency and reduce toxicity

decrease
N %
.
% Changes on R® and R® position play
.: key-role toward biological activity
'.
4
s AN
Hidrogen substitution by Methylsulfoxyl (SOMe), methylsulfonyl
methoxyl (OMe), OCHy, and CI (SO,Me), and Aryl groups are the main

are tolerated and not showed responsible for the acitvity

great interference on the activity Their substitution by amine (NHR®) and
methylthio (SMe) reduced potency

Fig. 1 General SAR scheme of quinoxaline derivativesragdi cruzi andL. amazonensis

Although clearly defining structure-activity relatiships (SAR) is difficult, the comparisons of
the activities of quinoxaline derivatives agaifstcruzi and L. amazonensis allowed us to
conclude that the methylsulfoxyl and methylsulforybups at the Rin the quinoxaline ring
(compounds 6, 7, 12, and 13) were mainly responsible for the antileishmaniaid a
antitrypanosomal activity (Fig. 1). These charastes of compound$ and 7, coupled with
halogens at Rposition, were generally responsible for the iasgein activity. Unfortunately,
however, they were also responsible for high cyioity and consequently low selectivity.
Replacement by an amino group at the same positioompoundd2 and13 caused a reduction
of cytotoxicity in mammalian cells and an increas¢he selective index. The methylthgooups
at the R position of the quinoxalines (compoun#ls3, 4, and 11) resulted in dramatically
reduced activity. Importantly, the addition of taryl groups in the quinoxaline ring in analogues
5 was responsible for higher activity agaihstamazonensis than againstl. cruzi with low

toxicity levels



The 2,3-diarylsubstituted quinoxalines) (presented a moderate to high antitrypanosomal and
antileishmanial activity with low levels of toxigitand appeared to be more selective than the
other quinoxalines derivatives evaluated. The agsda-b, 8a, and14a-cincluding only an aryl
group at R did not displayed significant activity and indieathat this group alone was not
sufficient for providing antitrypanosomal and asishmanial activity. Recently, 4-
trichloromethylpyrrolo[1,2-a]quinoxalines where &wted againsPlasmodium falciparum, aryl
addition on the same position increase the potandywas able to reduced the toxicity [55].
Compounds with halogen elements at positiohsnRhe quinoxaline ring, resulted in improved
activity while methoxyl group slightly decrease lis improvements in the activity agairist
infantum, L. amazonensis, and P. falciparum by the halogens and methoxyl groups have been
described [43]. Hidrogen substitution by methoXGH, and chloride at Rare tolered and not

showed great activity interference.

Conclusion

In conclusion, among the various quinoxaline deines synthesized and evaluated in the
present study, seriés 6, 7, 12, and 13 exhibited potent antileishmanial and antitrypamoab
activity. Methylsulfoxyl, methylsulfonyl, and amingere the main groups responsible for this
activity. In summary, the present results revedleggh in vitro antiprotozoal activity againdt.
cruzi and L. amazonensis, which encourages further investigations to idgnpiotential targets
and delineate putative mechanisms of action inwblve antileishmanial and antitrypanosomal

properties of these compounds.



Experimental section

Unless otherwise noted, all commercially availabdagents were purchased from Aldrich
Chemical Co. Reagents and solvents were purifieénwhecessary according to the usual
procedures described in the literature. The IR tspeefer to films and were measured on a
Bomem M102 spectrometetH and **C nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker ARX-400 (400 and 100 MHz, eetipely). Mass spectra were recorded on
a Shimadzu GCMS-QP5000. Direct-infusion UltrahigresBlution and Accurate Mass
Spectrometry (orbitrap ESI-FT-MS) was performed hwiin LTQ Orbitrap Velos FT-MS
instrument (Thermo Fischer Scientific, Bremen, Gamg) equipped with an electrospray source
(HESI-II) that operated in full-scan negative-icatibn mode. The elemental analyses were
performed on a Fisons EA 1108 CHNS-O. Analyticahdlyer chromatography (TLC) was
performed on a 0.25 um film of silica gel contamituorescent indicator Ud,supported on an
aluminum sheet (Sigma-Aldrich). Flash column chrtogeaphy was performed using silica gel
(Kieselgel 60, 230-400 mesh, E. Merck). Reactioreyewconducted in an ultrasound bath
Branson mod. 1510 or in a CEM Discovery focusedromi@ve oven. The synthetic compounds

showed purity rates above to 99% in gas chromapbgra

General procedure to synthesize 2-chloro-3-methyltbquinoxalines 3a-e [48]: To a
suspension oN,S-acetals2o-p [49] (0.208 mmol) in CHCN (1 mL), POX (0.625 mmol) was
added dropwise at°C over a period of 15 min with constant stirringtek completion of the
addition, the reaction mixture was heated &C8€br 3-4 h and monitored by TLC. It was then

cooled and neutralized with ice-cold saturated N@kl€olution (2.5 mL), extracted with CHLCI



(3% 2 mL), washed with D (2% 2 mL) followed by brine (X 2 mL), and dried over anhydrous
NaSO;. The solvent was evaporated under vacuum to giueogalines3a-k and5, which were

purified by column chromatography over silica geihg hexane:EtOAc (9:1) as eluent.

2-Chloro-6-methoxy-3-methylthioquinoxaline (3a)[48]: 54% vyield. MP : 109 — 111 °CH

NMR (400 MHz, CDC}) &: 7.83 - 7.80 (m, 1H), 7.28 — 7.26 (m, 2H), 3.8963H), 2.67 (s, 3H).
13C NMR (100 MHz, CDG) & : 161.08, 157.10, 142.94, 134.68, 129.08, 121108,95, 99.99,
55.80, 13.76. IRW(nax KBr): 3006, 1616, 1494, 1213 €mMS (z) : 240 (M', 100), 205 (88),

190 (35), 159 (40), 63 (29).

2-Chloro-3-methylthioquinoxaline (3b)[48]: 36% yield.*H NMR (400 MHz, CDC}) & :7.99 —
7.93 (m, 2H), 7.73 -7.69 (m,1H), 7.66 — 7.62 (m),1H69 (s, 3H). IR\(max KBr): 2925, 2850,
1527, 1267, 1118, 999, 765 ¢mMS (W2): 210 (M", 100), 177 (47), 175 (80), 160 (52), 129

(55), 102 (60), 75 (35), 50 (30).

2-Chloro-7-methoxy-3-methylthioquinoxaline (3c)[48]: 31% yield. 'H NMR (400 MHz,
CDCly) &: 7.84 (dJ = 9.18 Hz, 1H), 7.33 (ddl = 9.18, 2.84 Hz,1H), 7.23 (d,= 2.84 Hz, 1H),
3.93 (s, 3H), 2.65 (s, 3H}*C NMR (100 MHz, CDGJ) & 159.59, 152.58, 145.50, 140.44,
137.45, 128.41, 122.68, 106.32, 55.79, 13.76. M&){ 240 (M, 88), 207 (100), 190 (25), 63

(20).

6-Bromo-3-chloro-2-methylthioquinoxaline (3d): 30% yield.'"H NMR (400 MHz, CDC}) &:
8.10 (d,J = 2.00 Hz, 1H), 7.83 (d] = 9.07, 1H), 7.77 (dd] = 9.07, 2.00 Hz, 1H), 2.66 (s, 3H).
3C NMR (100 MHz, CDGJ) &: 158.71, 146.23, 140.13, 139.53, 133.68, 130.88,74, 122.23,

13.95. MS (2): 290 (M, 100), 255 (80), 100 (60), 75 (65).



2,7-Dichloro-3-methylthioquinoxaline (3e)[48]: 32% vyield.'H NMR (400 MHz, CDC}) &:
7.91 (d,J= 2.19 Hz, 1H), 7.88 (d] = 8.98, 1H), 7.63 (dd] = 8.98, 2.19 Hz, 1H), 2.66 (s, 3H).
¥C NMR (100 MHz, CDGJ) &: 156.50, 146.32, 139.21, 134.29, 131.07, 128.80,211, 123.41,

13.95. MS (V2): 244 (M, 100), 211 (88), 194 (60), 100 (51), 75 (39).

General procedure for iron catalyzed cross-couplingeactions: synthesis of 4a-48]: A
flame-dried 100 mL two-necked flask was chargedhwgjtinoxalines3a or 3b (1.0 mmol),
Fe(acag (0.10 mmol), and THF (5 mL), and the mixture wa®led to -30C. A solution of
phenylmagnesium bromide or 4-methoxyphenylmagneditomide (2.2 mmol) was added via
syringe to the resulting red solution, causing mmediate color change to dark brown-black.
The reaction mixture was further stirred for 10+t and quenched with brine solution. It was
then extracted with CHEI3 x 5 mL), washed with kO (2x 10 mL) followed by brine (20 mL),
and dried over anhydrous PpBO,. Standard purification by column chromatographyngis

hexane:EtOAc (9:1) as eluent provided the proddatsnd4b.
3-Phenyl-7-methoxy-2-methylthioquinoxaline (4a)[48]: 31% yield. '"H NMR (400 MHz,
CDCly) & 7.93 (d,J = 8.81Hz, 1H), 7.76 — 7.74 (m, 2H), 7.51 — 7.48 &H), 7.30 — 7.24 (m,
2H), 3.98 (s, 3H), 2.63 (s, 3HYC NMR (100 MHz, CDGJ) & 160.86, 155.89, 150.93, 143.13,
137.57, 135.06, 130.19, 129.40, 129.02, 128.39,6520L05.83, 55.75, 13.70. IRy(ax KBTr):

2052, 2923, 2852, 1616, 1222, 1097, 829, 69Z.0iS (z) : 282 (M", 100), 267 (32), 249

(50), 235 (18), 192 (15), 141 (18), 77 (35), 63)(30

3-Phenyl-2-methylthioquinoxaline (4b)[56]: 36% yield.*H NMR (400 MHz, CDC}) &: 8.06 —

8.05 (m, 1H), 7.99 - 7.97 (m, 1H), 7.79 — 7.76 @), 7.70 — 7.66 (m, 1H), 7.64 — 7.59 (m, 1H),



7.52 — 7.51 (m, 3H), 2.64 (s, 3HC NMR (100 MHz, CDGJ) & 155.94, 153.50, 141.68,
139.32, 137.45, 129.75, 129.70, 129.27, 129.01,482828.10, 127.49, 13.77. IRk KBI):
2920, 2852, 1328, 1272, 1128, 1089, 759, 690.duiS (Wz): 252 (M+, 100), 237 (75), 219

(68), 205 (25), 134 (20), 102 (23), 77 (50), 51)(38

General procedure for nickel-catalyzed cross-couplig reactions of 4a: synthesis of 5a and
5b quinoxalines[48]: A solution of the respective Grignard reagent (8.@imol) in EtO was
added dropwise to a stirring suspension of gPBNICl, (30 mol%, 0.027 mmol) in dry benzene
(3 mL) in an argon atmosphere, and the mixture wedisixed for 15 min. After the catalyst
reduction, the Grignard reagent (PhMgBr or 4-MeB{gBr; 0.16 mmol) and a solution of 2-
methylthio-3-phenylquinoxalinda (0.089 mmol) in dry benzene (2 mL) were addedhe t
reaction mixture and refluxed for 12 h. It was tlemwoled, poured into a saturated solution of
NH4Cl (5 mL), and extracted with CHEI3 x 50 mL). The organic layer was dried over
anhydrous Nz50, and evaporated to give the crude prod&et®r 5b, which were purified by

column chromatography using hexane:EtOAc (19:1hasluent.

2,3-diphenyl-7-methoxyquinoxaline (5a]57]: 69% vyield."H NMR (400 MHz, CDC}) &: 8.05

(d, J = 9.16 Hz, 1H), 7.53 — 7.47 (m, 5H), 7.42 (dd 9.16 , 2.85 Hz, 1H), 7.35-7.29 (m, 6H),
3.99 (s, 3H)¥*C NMR (100 MHz, CDG)) & 160.91, 152.17, 150.95, 139.24, 137.41, 130.16,
129.80, 128.65, 128.44, 128.21, 123.32, 106.5846MS (z): 312 (M, 100), 297 (25), 269

(23), 209 (10), 156 (20), 134 (30), 106 (57), 68)(6

3-phenyl-7-methoxy-2-(4-methoxyphenyl)quinoxaline §b) [48]: 31% yield.'H NMR (400

MHz, CDCk) &: 8.03 (d,J = 9.28 Hz, 1H), 7.52 — 7.33 (m, 9H), 6.86 — 6.84 (iH), 3.98 (s,



3H), 3.82 (s, 3H)!3C NMR (100 MHz, CDCJ) & 160.87, 160.15, 152.96, 150.92, 142.85,
139.59, 137.16, 131.62, 131.32, 130.14, 129.73,4028.28.30, 122.95, 113.73, 106.46, 55.83,

55.31.

General experimental procedure for the synthesis oR,3-diarylquinoxalines 5c¢-5k[50]: A
mixture of 1,2-diketone (1.0 mmol), 1,2-diamineQ(dnmol), and absolute ethanol (4 mL) or
absolute ethanol/acetic acid (4 mL/0.4 mL) wasdiated under ultrasound in an open glass at
room temperature (22-26) until completion of the reaction. The progre$she reaction was
monitored by TLC. After the reaction was completdiie mixture was concentrated under
vacuum, and the residue was purified by a flaslorolatography column in silica gel using

EtOAc:hexane (7:3) as the eluent to provide thérel@produch.

2,3-diphenylquinoxaline (5¢)[57]: 82% yield."H NMR (400 MHz, CDC}) & 8.19 — 8.17 (m,
2H), 7.78 — 7.75 (m, 2H), 7.53 — 7.51 (m, 4H) 7-38.31 (m, 6H)*C NMR (100 MHz, CDGJ)
0: 153.43, 141.20,139.06, 129.91, 129.80, 129.18,782 128.23. GC-MS (70 e\fiVz (%): 282

(M*, 100), 281 (85), 179 (46), 76 (36).

2-(methylphenyl)-3-phenylquinoxaline (5d)[57]: 86% yield.'H NMR (400 MHz, CDC}) &:
8.18 — 8.15 (m, 2H), 7.76 — 7.74 (m, 2H), 7.55527m, 2H) 7.42 (d, 2H] = 8.21 Hz), 7.38 —
7.34 (m, 3H), 7.13 (d, 2H] = 8.21 Hz), 2.36 (s, 3H}*C NMR (100 MHz, CDGJ) &: 153.46,
141.29, 141.09, 139.31, 138.82, 136.18, 129.82,7929.29.71, 129.16, 128.95, 128.71, 128.24,

21.28. GC-MS (70 eVijvz (%): 296 (M, 100), 295 (68), 147 (28), 76(24).

6-chloro-2-phenyl-3-(p-tolyl)quinoxaline and 6-chloo-3-phenyl-2-(p-tolyl)quinoxaline (5e)

87% yield'H NMR (400 MHz, CDCI3)5: 8.15 (d, 1H,J = 2.32 Hz), 8.09 (d, 1H] = 8.98 Hz),



7.71—7.67 (M, 1H), 7.54 — 7.49 (m, 2H), 7.42327m, 5H), 7.14 (dJ = 8.26 Hz, 2H), 2.36 (s,
3H). IR (KBr) vmax3043, 2918, 1597, 1466, 1340, 1066 cmGC-MS (70 eV)mz (%): 330
(M*, 100), 329 (65), 315 (40), 165 (27), 75 (23). Ar@alcd. For GHisN.Cl: C 76.24%, H

4.57%, N 8.47%, Found: C 76.49%, H 4.61%, N 8.47%.

2-(4-methoxyphenyl)-3-phenylquinoxaline (5f)58]: 98% vyield.'H NMR (400 MHz, CDC}))

5. 8.16 — 8.14 (m, 2H), 7.76 — 7.72 (m, 2H), 7.55.53 (m, 2H), 7.48 (d, 2H}, = 8.96 Hz), 7.38
—7.34 (m, 2H), 6.85 (d, 2H,= 8.96 Hz), 3.81 (s, 3H}*C NMR (100 MHz, CDG) & 160.20,
153.39, 153.00, 141.29, 140.97,139.42, 131.33,8029.29.71, 129.55, 129.13, 129.04, 128.69,

128.29, 113.70, 55.26. GC-MS (70 ez (%): 312 (M, 100), 311 (57), 297 (35), 179 (23).

6-chloro-2-(methoxyphenyl)-3-phenylquinoxaline and 6-chloro-3-(methoxyphenyl)-2-
phenylquinoxaline (5g): 98% yield."H NMR (400 MHz, CDCJ) &: 8.16 — 8.13 (m, 1H), 8.07
(d, 2H,J = 8.90 Hz), 7.69 — 7.66 (m, 1H), 7.54 — 7.51 (i), 27.48 — 7.45 (m, 2H), 7.39 — 7.33
(m, 3H), 6.85 (d, 2HJ = 8.90 Hz), 3.82 (s, 3H). IR (dichloromethang). 3061, 2933, 1608,
1514, 1466, 1342, 1252, 1175 ¢nGC-MS (70 eVIz (%): 346 (M, 100), 345 (49), 331 (27),
178 (24), 75 (25). Anal. Calcd. For,{;5sN,OCIl : C 72.73%, H 4.36%, N 8.08%, found: C

72.75%, H 4.61%, N 7.72%.

6-chloro-2,3-diphenylquinoxaline (5h)[59]: 95% yield.*H NMR (400 MHz, CDC}) &: 8.15 (d,
1H, J = 2.22 Hz), 8.08 (d, 1H] = 8.94 Hz), 7.67 (dd, 1H] = 8.94, 2.22 Hz), 7.51 — 7.49 (m,
4H), 7.37 — 7.29 (m, 6H)'*C NMR (100 MHz, CDGJ) & 154.17, 153.51, 141.40, 139.63,
138.66, 138.59, 135.55, 130.84, 130.34, 129.96,772929.74, 129.01, 128.93, 128.21, 127.99.

GC-MS (70 eV)nz (%): 316 (M, 100), 315 (80), 178 (40), 75 (35).



6,7-dichloro-2,3-diphenylquinoxaline (5i)[60]: 87% yield.*H NMR (400 MHz, CDC}) &: 8.28
(s, 2H), 7.51 — 7.49 (m, 4H), 7.41 — 7.32 (m, 6HC NMR (100 MHz, CDGCJ) &: 154.50,
139.95, 138.39, 134.43, 129.80, 129.29, 128.37.M8C(70 eV)mVz (%): 350 (M, 100), 349

(80), 315 (10), 247 (20), 212 (30), 177 (57), 188)(

6,7-dichloro-2-(4-methylphenyl)-3-phenylquinoxaline (5j) [61]: 96% yield. *H NMR (400
MHz, CDCk) & 8.23 (s, 2H), 7.52 — 7.48 (m, 2H), 7.41 — 7.32 %), 7.14 — 7.10 (m, 2H), 2.35
(s, 3H).**C NMR (100 MHz, CDGJ) &: 154.49, 140.02, 139.82, 139.48, 138.65, 135.33,28B,
134.15, 130.06, 129.93, 129.81, 129.24, 129.09,37221.40. IR (dichloromethane)., 3055,
2920, 1609, 1450, 1439, 1337, 1107, 879'c®C-MS (70 eV)m/z (%): 364 (M, 100), 363
(60), 349 (45), 177 (25), 109 (26). Anal. Calcd. @1H14N2Cl, : C 69.06%, H 3.86%, N 7.67%,

Found: C 69.28%, H 3.97%, N 7.16%.

2,3-di-(4-methoxyphenyl)-quinoxaline (5k)[58]: 94% yield.'H NMR (400 MHz, CDC}) &:
8.12 (dd, 2HJ = 6.29, 23.51 Hz), 7.72 (dd, 2H,= 6.29, 3.51 Hz), 7.49 (d, 4H,= 8.89 Hz),
6.87 (d, 4H,J = 8.89 Hz), 3.83 (s, 6H}*C NMR (100 MHz, CDGJ) &: 160.15, 153.01, 141.04,
131.67, 131.22, 129.51, 128.96, 113.75, 55.29. GE(ND eV)mVz (%): 342 (M, 100), 341

(32), 311 (34), 209 (12), 166 (48), 133 (54), 103)(

Experimental procedure for 2,3-diarylquinoxalines 5a and 5fb: To a solution of quinoxaline
5f (1.50 mmol) in anhydrous GBI, (20 mL) was added a 1.0 M solution of BBr CH,CI, (6.0
mL or 12.0 mL to producBka) at ®C over 10 min under an argon atmosphere, and tkeirai
was stirred for 15 min at the same temperature. Mheure was allowed to warm to room

temperature, and stirring continued for 21 h. Tie thas added an aqueous saturated solution of



NaHCG; (100 mL), and the mixture was concentrated une@éuced pressure to remove £H.

To a solution of the crude product in DMF (20 mL)-(2-chloroethyl)-piperidine
monohydrochloride (1.75 g, 1.65 mmol), potassiumbcaate (3.3 mmol), and Kl (0.075 mmol)
were added, and the resulting mixture was stirte2baC for 20 h. The solution was then heated
for 45 min at 50C, after which it was cooled, and the solvent waisioved under reduced
pressure. The residue was resuspended HCGKBO mL). The organic layers were washed with
H,O (30 mL) and dried over anhydrous MgS@nd the solvent was removed under reduced
pressure. The products were purified by a chrommapdy column in silica gel using

dichloromethane:methanol (8:2) as eluent.

2-[4-(2-piperidine)ethoxyphenyl]-3-phenylquinoxalire (5fa): 82% yield.'"H NMR (400 MHz,
CDCl;) 6: 8.16 — 8.13 (m, 2H), 7.76 — 7.72 (m, 2H), 7.58.52 (m, 2H), 7.46 (d, 2H} = 8.90
Hz), 7.37 — 7.34 (m, 3H), 6.85 (d, 2Bi= 8.90 Hz), 4.13 (t, 2H, J 6.05 Hz), 2.78 (t, ZH 6.05
Hz), 2.55 — 2.49 (m, 4H), 1.62 (quint, 44 6.05 Hz), 1.49 -1.41 (m, 2HY’C NMR (100 MHz,
CDCl) &: 159.46, 153.43, 153.04,141.31, 141.00, 139.42,.483 131.35, 129.85, 129.75,
129.59, 129.16, 129.06, 128.74, 128.33, 114.4199%557.83, 55.08, 25.85, 24.13. IR
(dichloromethaneymax 3057, 2932, 1605, 1512, 1466, 1344, 1250'c@®C-MS (70 eV)m/z
(%): 409 (M, 1), 98 (100), 96 (5), 70 (4). Anal. Calcd. for#8,:NzO : C 79.19%, H 6.65%, N

10.26%, Found: C 78.96%, H 6.91%, N 10.00%.

2-[4-(2-morpholine)ethoxyphenyl]-3-phenylquinoxalire (5fb): 60% yield. '"H NMR (400
MHz, CDCk) & 8.17 — 8.13 (m, 2H), 7.76 — 7.69 (m, 2H), 7.53.52 (m, 2H), 7.46 (d, 2H]
=8.75 Hz), 7.39 — 7.32 (m, 3H), 6.85 (d, 2H; 8.75 Hz), 4.11 (t, 2H] = 5.65 Hz), 3.73 (t, 4H,
J= 4.76 Hz), 2.79 (t, 2H] =5.65 Hz), 2.57 (t, 4H] = 4.76 Hz).*C NMR (100 MHz, CDG)) &:

159.21, 153.24, 152.80, 141.15, 140.85, 139.27,4631131.24, 129.74, 129.62, 129.50, 129.01,



128.90, 128.60, 128.18, 114.24, 67.77, 65.72, 5/58408. IR (dichloromethan@).x 3059,
2922, 1637, 1607, 1250, 1117 ¢nGC-MS (70 eVymz (%): 411 (M, 1), 100 (100), 70 (5), 56
(10). Anal. Calcd. for €H2sN3O, : C 75.89%, H 6.12%, N 10.21%, Found : C 75.22%, H

5.91%, N 10.08%.

4-(3-(4-(2-(piperidin-1-yl)ethoxy)phenyl)quinoxalin-2-yl)phenol (5ka): 60% yield.'H NMR
(400 MHz, CDC}) &: 8.10 — 8.07 (m, 2H), 7.70 — 7.68 (m, 2H), 7.5L.43 (m, 2H), 7.32 (d] =
8.54 Hz, 2H), 6.89 — 6.79 (M, 4H), 4.46 — 4.44 i), 3.35 — 3.32 (m, 2H), 3.20 — 3.10 (m, 4H),
2.05 — 1.95 (m, 2H), 1.70 — 1.62 (m, 2K5C NMR (100 MHz, CDGCJ) & 157.94, 157.46,
153.24, 152.76, 140.94, 139.27, 131.46, 131.36,802929.65, 128.91, 128.80, 115.66, 114.34,

63.00, 56.49, 54.23, 23.16, 22.09. MS (eletrospray trap)m/z. 426.3.

General procedure for oxidation with mCPBA: A solution ofmCPBA (0.11 mmol) in CECl,

(1 mL) was added dropwise to a stirred solutiorthef quinoxaline (0.11 mmol) in GBI, (1
mL) at OC over a period of 30 min. The reaction mixture Wather stirred at room temperature
for 1-2 h and monitored by TLC. It was then pouistb ice-cold HO, washed with 10%
NaHCGQ; solution (2% 2 mL) and HO (2 mL) followed by brine (2 mL), and dried over
anhydrous Nz50,. The solvent was evaporated under vacuum to giweecproducts that were

purified over silica gel using hexane:EtOAc (2:%)tle eluent to provide the desired product.
2-chloro-6-methoxy-3-(methylsulfinyl)quinoxaline (&): 90% vyield. 'H NMR (400 MHz,
CDCly) &: 7.98 (d,J = 9.07 Hz, 1H), 7.66 (d] = 2.71 Hz, 1H), 7.55 (ddl = 9.07, 2.71 Hz, 1H),
3.99 (s,3H), 3.03 (s, 3H}C NMR (400 MHz, CDGJ) & : 161.93, 156.71, 143.42, 139.86,

139.11, 129.20, 126.36, 107.08, 56.18, 39.71.



2,7-dichloro-3-(methylsulfinyl)quinoxaline (6b): 85% yield.'"H NMR (400 MHz, CDC}) &:
8.31 (d,J = 9.15 Hz, 1H), 7.66 (d] = 2.24 Hz, 1H), 7.55 (dd] = 9.15, 2.24 Hz, 1H), 3.06 (s,
3H). *C NMR (400 MHz, CDGCJ) &: 157.28, 143.16, 139.98, 139.18, 133.24, 132.89,85,

127.43, 39.71.

2-chloro-6-methoxy-3-methylsulfonylquinoxaline (7a)[48]: 87% yield.'"H NMR (400 MHz,
CDCl) &: 7.98 (d,J = 9.26 Hz, 1H), 7.59 (ddl = 9.26, 2.85 Hz, 1H), 7.40 (d,= 2.85 Hz, 1H),
4.01 (s,3H), 3.53 (s, 3HC NMR (400 MHz, CDGJ) & 162.19, 150.00, 140.33, 139.07,
138.67, 129.23, 127.39, 106.68, 56.17, 40.27. MR){ 272 (M’, 63), 210 (68), 193 (90), 158

(100), 117 (50), 77 (36).

2-chloro-3-methylsulfonylquinoxaline (7b)[62]: 78% yield.'"H NMR (400 MHz, CDC}) &:
8.19 — 8.13 (m, 2H), 8.01 — 7.91 (m, 2H), 3.573{3). **C NMR (400 MHz, CDCI3) : 150.16,

142.75, 141.40, 138.25, 133.86, 131.87, 129.61,51280.16. MSr(V2): 242(M’, 20), 180 (45),

163 (58),102 (100), 75 (40), 51 (22).

3-chloro-6-methoxy-2-(methylsulfonyl)quinoxaline (€) [48]: 99% yield."H NMR (400 MHz,
CDCl) 3: 8.02 (dJ= 9.27 Hz, 1H), 7.53 (ddl= 9.27, 2.78 Hz,1H), 7.37 (d,= 2.78 Hz, 1H),
4.02 (s, 3H), 3.53 (s, 3H}*C NMR (100 MHz, CDG)) & : 164.06, 147.25, 145.09, 142.00,
130.58, 130.26, 125.53, 105.85, 56.30, 40.35. MR){272 (M', 70), 193 (85), 181 (100), 117
(88), 77 (75).

6-bromo-3-chloro-2-(methylsulfonyl)quinoxaline (7d) 91% vyield. 'H NMR (400 MHz,
CDCl) &: 8.31 (d,d =1.95 Hz, 1H), 8.03 (d] = 8.90 Hz, 1H), 8.00 (dd] = 8.90, 1.95 Hz, 1H),
3.55 (s, 3H).*C NMR (100 MHz, CDGJ) &: 150.42, 143.07, 142.62, 137.00, 135.65, 130.91,

130.62, 128.75, 40.17.



3,6-dichloro2-(methylsulfonyl)quinoxaline (7e)[62]: 88% yield."H NMR (400 MHz, CDC})
5: 8.12 — 8.08 (m, 2H), 7.86 (dd,= 9.10, 2.27 Hz, 1H), 3.55 (s, 3HC NMR (100 MHz,
CDCls) &: 150.30, 142.97, 133.81, 133.08, 130.67, 130.28,3R, 127.52, 40.19. M®(2): 276

(M*, 30), 214 (70), 197 (78), 136 (100), 100 (84).

2-phenyl-3-methylsulfonyl-6-methoxyquinoxaline (8a)48]: 72% vyield.'H NMR (400 MHz,
CDCl) &: 8.10 (d,J = 9.14 Hz, 1H), 7.87 — 7.85 (m, 2H), 7.58 & 9.14, 2.83 Hz, 1H), 7.54 —
7.53 (m, 3H), 7.41 (d] = 2.83 Hz, 1H), 4.02 (s, 3H), 3.43 (s, 3H)C NMR (100 MHz, CDG)

o: 161.95, 152.13, 148.79, 140.41, 139.08, 136.5%D.31, 130.21, 129.83, 129.73, 126.74,

106.19, 56.12, 40.72. M$1(2): 314 (M, 28), 235 (100), 192 (19), 77 (30).

2-dimethylamino-3-methylsulfonyl-6-methoxyquinoxalhe (12a): 15% vyield.'H NMR (400
MHz, CDCk) & 7.69 (d,J = 9.23 Hz, 1H), 7.38 (dd] = 9.23, 2.91 Hz, 1H), 7.19 (d,= 2.91
Hz, 1H), 3.93 (s, 3H), 3.42 (s, 3H), 3.26 (s, 68 NMR (100 MHz, CDG)) &: 158.26, 149.71,
144.21, 138.37, 138.28, 127.55, 125.77, 106.33&52.01, 41.95. MSn{z): 281 (M', 72),

252 (28), 202 (70), 159 (100), 219 (20), 117 (47).

2-butylamino-3-methylsulfonyl-6-methoxyquinoxaline(12b): 63% yield.*H NMR (400 MHz,
CDCly) & 7.63 (d,J = 9.26 Hz, 1H), 7.36 (ddl = 9.26, 2.90 Hz, 1H), 7.20 (d,= 2.90 Hz, 1H),
3.90 (s, 3H), 3.58 — 3.53 (M, 2H), 3.38 (s, 3HJ21- 1.65 (M, 2H), 1.47 (sext= 7.35 Hz, 2H),
0.98 (t,J = 7.35 Hz, 3H).2*C NMR (100 MHz, CDG)) & 157.44, 147.42, 140.22, 140.10,
135.55, 127.24, 125.96, 107.09, 55.70, 40.81, 4(Ba&6l4, 20.26, 13.85. MSn(z): 309 (M,

42), 266 (100), 230 (62), 159 (90), 147 (30).

2-(2-hydroxyethanolamina)-3-methylsulfonyl-6-methoyquinoxaline (12c): 95% yield. *H

NMR (400 MHz, CDCJ) &: 7.61 - 7.59 (m, 1H), 7.39 — 7.36 (m, 1H), 7.1208 (m, 1H), 3.95 —



3.88 (m, 5H), 3.80 — 3.75 (m, 2H), 3.41 (s, 3HE NMR (100 MHz, CDGJ) &: 157.81, 140.68,

138.98, 135.95, 133.34, 126.82, 126.32, 107.0982%5.70, 44.35, 40.59.

2-butylamino-3-methylsulfonylquinoxaline (12d): 98% yield."H NMR (400 MHz, CDC}) 5 :
7.87 - 7.84 (m,1H), 7.73 — 7.65 (m, 2H), 7.43 -97(B, 1H), 3.62 - 3.57 (m, 2H), 3.42 (s, 3H),
1.74 - 1.66 (m, 2H), 1.47 (sex= 7.68 Hz, 2H), 0.98 (] = 7.68 Hz, 3H)°C NMR (100 MHz,
CDCl3) o: 148.08, 144.06, 141.07, 134.62, 132.89, 129.26,3P, 125.31, 40.82, 40.48, 31.02,

20.24, 13.85. MSni/2): 279 (M, 30), 236 (100), 200 (75), 129 (95), 102 (48).

2-(2-hydroxyethanolamino)-3-methylsulfonylquinoxalne (12e): 91% vyield. '"H NMR (400
MHz, CDCk) &: 7.90 — 7.86 (m, 1H), 7.71 — 7.69 (m, 2H), 7.4B44 (m, 1H), 3.94 - 3.92 (m,
2H), 3.83 — 3.79 (m, 2H), 3.45 (s, 3HJC NMR (100 MHz, CDCJ) &: 143.06, 141.51, 139.94,
133.29, 130.12, 129.53, 125.97, 125.93, 62.72,1441@.46. MS 1{V2): 267 (M’, 35), 236 (100),

129 (100), 102 (47).

2-cycloexylamino-3-methylsulfonyl-6-methoxyquinoxahe (12f): 65% yield.'"H NMR (400
MHz, CDCk) &: 7.61 (d,J = 9.37 Hz, 1H), 7.35 (ddl = 9.37, 2.86 Hz, 1H), 7.18 (d,= 2.86
Hz, 1H), 4.14 — 4.08 (m, 1H), 3.89 (s, 3H), 3.383(d), 2.10 — 2.05 (m, 2H), 1.80 - 1.62 (M, 4H),
1.50 — 1.32 (m, 4H)**C NMR (100 MHz, CDGJ) &: 157.34, 146.68, 140.16, 140.04, 135.46,
127.21, 125.93, 107.03, 106.85, 55.70, 49.11, 4(8B2%0, 25.80, 24.66. MSn(2): 335 (M,

50), 278 (68), 253 (100), 174 (32), 55 (20).

2-butylamino-3-methylsulfonyl-7-methoxyquinoxaline(12g): 71% vyield.*H NMR (400 MHz,
CDCly) &: 7.73 (d,J = 9.03 Hz, 1H), 7.05 (ddl = 9.03, 2.86 Hz, 1H), 7.02 (d,= 2.86 Hz, 1H),
3.95 (s, 3H), 3.60 — 3.56 (m, 2H), 3.38 (s, 3HJ31- 1.68 (m, 2H), 1.48 (sext= 7.85 Hz, 2H),

1.00 (t,J = 7.85 Hz, 3H)."*C NMR (100 MHz, CDGJ) &: 163.58, 148.61, 146.20, 137.67,



130.61, 130.41, 118.52, 104.38, 55.83, 40.79, 481708, 20.26, 13.87. MSn(2): 309 (M,

32), 266 (99), 230 (80), 159 (100), 147 (28), 77)(3

2-(2-hydroxyethanolamino)-3-methylsulfonyl-7-methoyquinoxaline (12h): 77% yield. 'H
NMR (400 MHz, CDC}) &: 7.74 (d,J = 9.02 Hz, 1H), 7.08 (ddl = 9.02, 2.61 Hz, 1H), 6.97 (d,
J= 2.61 Hz, 1H), 3.94 — 3.90 (m, 5H), 3.80 — 3.76 @), 3.39 (s, 3H)**C NMR (100 MHz,
CDCl) &: 163.91, 149.03, 145.29, 137.91, 130.80, 130.69,16, 104.04, 63.90, 55.94, 44.42,

40.78.

2-cycloexylamino-3-methylsulfonyl-7-methoxyquinoxahe (12i): 80% yield.'H NMR (400
MHz, CDCk) & 7.70 (d,J = 9.08 Hz, 1H), 7.03 (dd] = 9.08, 2.71 Hz, 1H), 6.99 (d,= 2.71
Hz, 1H), 4.18 — 4.11 (m, 1H), 3.95 (s, 3H), 3.3631d), 2.10 — 2.05 (m, 2H), 1.80 - 1.75 (m, 2H),
1.67 - 1.64 (m, 2H), 1.52 — 1.28 (m, 4HJC NMR (100 MHz, CDCI3)3: 163.55, 147.89,
146.31, 137.51, 130.59, 122.99, 118.44, 104.34815%19.09, 40.86, 32.45, 25.77, 24.65. MS

(m/2): 335 (M, 37), 278 (62), 253 (100), 174 (38), 162 (40).

2-isobutylamino-3-methylsulfonyl-7-methoxyquinoxalie (12j): 62% vyield. '"H NMR (400
MHz, CDCk) & 7.72 (d,J = 9.08 Hz, 1H), 7.04 (dd] = 9.08, 2.72 Hz, 1H), 7.00 (d,= 2.76

Hz, 1H), 3.94 (s, 3H), 3.43 — 3.40 (m, 2H), 3.3734d), 2.07 — 1.97 (m, 1H), 1.04 @= 6.59

Hz, 6H). *C NMR (100 MHz, CDGJ) &: 163.61, 148.78, 146.20, 137.64, 130.62, 130.46,
118.55, 104.37, 55.84, 48.43, 40.81, 27.94, 20M® (W2): 209 (M', 18), 266 (100), 253 (60),
159 (68).

2-isopentylamino-3-methylsulfonyl-7-methoxyquinoxahe (12k): 78% yield.*H NMR (400
MHz, CDCk) &: 7.72 (d,J = 8.89 Hz, 1H), 7.04 (dd] = 8.89, 2.65 Hz, 1H), 7.01 (d,= 2.65

Hz, 1H), 3.95 (s, 3H), 3.61 — 3.56 (m, 2H), 3.373H), 1.81 — 1.71 (m, 1H), 1.63 — 1.58 (m,



2H), 0.98 (d,J = 6.81 Hz, 6H)*°C NMR (100 MHz, CDCJ) & 163.61, 148.61, 146.25, 137.64,
130.64, 130.43, 118.55, 104.40, 55.84, 40.80, 3B3D3, 26.00, 22.57. M3nz): 323 (M,

15), 267 (100), 159 (62), 77 (12).

7-bromo-2-butylamino-3-methylsulfonylquinoxaline (221): 80% yield.'H NMR (400 MHz,
CDCl;) &: 7.89 (d,J = 2.04 Hz, 1H), 7.69 (d] = 9.02 Hz, 1H), 7.48 (dd} = 9.02, 2.04 Hz, 1H),
3.59 — 3.54 (m, 2H), 3.41 (s, 3H), 1.72 - 1.65 Pid), 1.46 (sext) = 7.56 Hz, 2H), 0.98 () =
7.56 Hz, 3H).*C NMR (100 MHz, CDGJ) &: 148.34, 144.68, 141.32, 133.26, 130.55, 128.87,
128.77, 127.51, 40.90, 40.47, 30.91, 20.22, 13E3.(M/2): 359 (M?, 20), 357 (M, 18), 316

(100), 314 (97), 280 (80), 278 (84), 209 (80), 2T8).

7-bromo-2-(2-hydroxyethanolamino)-3-methylsulfonylginoxaline (12m): 95% yield. 'H
NMR (400 MHz, CDC}) &: 7.88 (d,J = 2.04 Hz, 1H), 7.72 (d] = 8.56 Hz, 1H), 7.52 (dd] =
8.56, 2.04 Hz, 1H), 3.93 — 3.91 (m, 2H), 3.81 -73(M, 2H), 3.43 (s, 3H)*C NMR (100 MHz,
DMSO-d;) o: 143.84, 133.54, 130.58, 130.16, 129.78, 129.48.51, 127.91, 62.14, 44.11,

40.45.

2-isobutylamino-3-methylsulfonyl-6-methoxyquinoxalie (12n): 79% vyield. 'H NMR (400
MHz, CDCk) & 7.62 (d,J = 9.41 Hz, 1H), 7.36 (dd] = 9.41, 2.84 Hz, 1H), 7.20 (d,= 2.84
Hz, 1H), 3.90 (s, 3H), 3.42 — 3.38 (m, 5H), 2.06.96 (m, 1H), 1.03 (d] = 6.65 Hz, 6H)*°C
NMR (100 MHz, CDC}) &: 157.44, 147.56, 140.19, 129.84, 127.23, 126.01,.417, 107.07,
55.72, 48.51, 40.69, 27.94, 20.40. M&3): 309 (M, 23), 266 (100), 253 (43), 176 (22), 159

(65).

7-chloro-2-butylamino-3-methylsulfonylquinoxaline (120): 75% yield.*H NMR (400 MHz,

CDCly) &: 7.77 (d,J = 8.96 Hz, 1H), 7.71 (d] = 2.24 Hz, 1H), 7.35 (dd] = 8.96, 2.24 Hz, 1H),



3.60 — 3.55 (m, 2H), 3.41 (s, 3H), 1.73 - 1.65 @), 1.46 (sext) = 7.85 Hz, 2H), 0.98 (t, J -

7.85 Hz, 3H). MSitV2): 313 (M, 23), 270 (100), 234 (78), 163 (82), 136 (31).

2-cycloexylamino-3-methylsulfonyl-7-chloroquinoxalne (12p): 82% yield. '"H NMR (400
MHz, CDCk) &: 7.76 (d,J =8.79 Hz, 1H), 7.70 (d] =1.96 Hz, 1H), 7.33 (dd] = 8.79,1.96 Hz,
1H), 4.15 — 4.11 (m, 1H), 3.40 (s, 3H), 2.09 — 286 2H), 1.80 - 1.75 (m, 2H), 1.49 - 1.25 (m,
6H). 1°C NMR (100 MHz, CDGJ) & 147.64, 141.08, 138.93, 135.82, 132.97, 130.28,15,
125.37, 49.39, 40.54, 32.25, 25.71, 24.59. Mi&) 339 (M, 65), 282 (98), 257 (100), 178 (55),

55 (53).

2-cycloexyl-3-methylsulfinyl-6-methoxyquinoxaline {3a): 54% yield.'H NMR (400 MHz,
CDCl) &: 7.59 (d,J = 8.92 Hz, 1H), 7.28 (ddl = 8.92, 2.98 Hz, 1H), 7.12 (d,= 2.98 Hz, 1H),
4.13 - 4.09 (m, 1H), 3.88 (s, 3H), 3.01 (s, 3HLM- 2.05 (M, 2H), 1.78 — 1.74 (m, 2H), 1.48 -
1.24 (m, 6H).**C NMR (100 MHz, CDGJ) &: 156.90, 149.64, 145.81, 138.24, 136.07, 127.12,
123.87, 107.08, 55.64, 48.61, 39.09, 32.72, 323488, 24.70. MSnW2): 319 (M, 23), 302

(100), 147 (23), 55 (30).

2-cycloexyl-7-chloro-3-methylsulfinylquinoxaline (Bb): 87% yield. '"H NMR (400 MHz,
CDCL) & 7.96 — 7.94 (m, 1H), 7.66 — 7.64 (m, 1H), 7.29.25 (m, 1H), 4.16 - 4.07 (m, 1H),
3.02 (s, 3H), 2.08 - 2.05 (m, 2H), 1.78 — 1.74 2#), 1.52 - 1.26 (m, 6H}*C NMR (100 MHz,
CDCl) &: 150.77, 146.59, 143.19, 137.31, 133.85, 129.38,311, 125.25, 48.81, 39.45, 32.43,

32.12, 25.77, 24.61. MSn(2): 323 (M, 12), 306 (100), 178 (38), 55 (65).

General procedure to synthesize 2-chloro-3-amino-guoxalines 9a and 948]: A mixture of

quinoxaline7a (1.00 mmol) andN-butyl amine or benzyl amine (2.00 mmol) in DMF(2) was



stirred at 28C for 6 h and monitored by TLC. The reaction migtwas then diluted with CHEI
(20 mL) and washed with 4@ (2 x 20 mL) followed by brine (20 mL), and the orgatdger was
dried over anhydrous N&O,. The solvent was evaporated under vacuum to dieectude
products9a and9b, which were purified by column chromatography gsirexane:EtOAc (1:1)

as the eluent.

2-chloro-7-methoxy-3-butylaminoquinoxaline (9a)[48]: 75% yield. 'H NMR (400 MHz,
CDCl) &: 7.66 (d,J = 8.99 Hz, 1H), 7.07 (d] = 2.72 Hz, 1H), 7.01 (dd} = 8.99, 2.72 Hz, 1H),
3.91 (s, 3H), 3.60 - 3.55 (m, 2H), 1.74 — 1.67 2i), 1.48 (sext) = 7.56 Hz , 2H), 1.00 (f] =
7.56 Hz, 3H).*C NMR (100 MHz, CDGJ) &: 161.14, 148.43, 143.05, 134.97, 131.63, 128.79,
116.69, 105.05, 55.65, 41.26, 31.30, 20.23, 13v8B.(m/2): 265 (M+, 28), 230 (50), 222 (51),

209 (72), 159 (100), 77 (17).

2-chloro-7-methoxy-3-benzylaminoquinoxaline (9b)[48]: 81% yield.'"H NMR (400 MHz,
CDCly) &: 7.69 (d,J = 9.07 Hz, 1H), 7.43 - 7,30 (m, 5H), 7.08 {d; 2.69 Hz, 1H), 7,.04 (dd}
= 9.07,J = 2.69 Hz, 1H), 4.79 (d] = 5.56 Hz, 2H), 3.91 (s, 3H}*C NMR (100 MHz, CDG))
& 161.23, 148.15, 134.77, 132.00, 129.01, 128.88.5D, 128.29, 127.96, 127.71, 117.11,

105.16, 55.68, 45.55. MS (m/z) :299 (M+, 37),108001 91 (63), 65 (20).

Synthesis of 2,3-diaminoquinoxalines 10a-kA mixture of quinoxaline®a or 9b (1 mmol) and
N-butylamine (1 mL) was heated at 2A0for 20 h in a pressure tube with constant styrand
monitored by TLC. TheN-butylamine was evaporated under vacuum to giveptioductslOa

and 10b, which were isolated by column chromatography aiica gel using hexane:EtOAc

(2:1).



2,3-dibutylamino-6-methoxyquinoxaline (10a):98% yield.'H NMR (400 MHz, CDC}) & :
7.57 (d,J = 9.22 Hz, 1H), 7.11 (d] = 2.94 Hz, 1H), 6.96 (dd] = 9.22, 2.94 Hz, 1H), 3.88 (s,
3H), 3.55 - 3.48 (m, 4H), 1.67 — 1.59 (m, 4H), 1-48.38 (m, 4H), 0.97 — 0.93 (m, 6HjC
NMR (100 MHz, CDC§) 6 : 157.11, 145.02, 143.32, 137.99, 131.67, 126132,75, 106.23,
55.66, 41.64, 41.51, 31.50, 31.44, 20.39, 13.91.(M&) :302 (M, 80),259 (78), 246 (38), 229

(53),203 (100), 147 (22).

3-benzilamino-2-butylamino-6-methoxyquinoxaline (10) [48]: 82% yield. MS V2): 336

(M+, 80), 280 (35), 245 (72), 202 (38), 91 (100).

General procedure for the synthesis of 2-amino-quiskalines 10c, 1la-p and 14a-cA
mixture of 2-chloro-quinoxalines (1 mmol) and thepeopriate amines (1 mL) was placed in
sealed glass and irradiated for 30 min in a micke@maven at 13T. The 2-aminoquinoxalines

were purified by flash chromatography using hexat@Ac (2:1).as eluent.

2,3-dianilino-6-methoxyquinoxaline (10c)63]: 93% yield."H NMR (400 MHz, CDC}) &: 7.90

— 6.45 (m, 13H), 3.81(s, 3H). M&Wz): 342 (M, 80), 341 (100), 298 (12), 224 (20), 77 (31).

2-dimethylamino-3-methylthio-6-methoxyquinoxaline (1a): 82% vyield.'H NMR (400 MHz,
CDCly) & 7.68 (d,J = 8.93 Hz, 1H), 7.20 (d] = 2.82 Hz, 1H), 7.15 (ddl = 8.93, 2.82 Hz, 1H),
3.90 (s, 3H), 3.00 (s, 6H), 2.63 (s, 3LC NMR (100 MHz, CDGJ) & : 158.46, 153.45, 152.27,
140.14, 133.71, 127.98, 119.42, 106.25, 55.59,841.8.35. MS ifV2): 249 (M', 39), 234 (100),

219 (20), 117 (21).

2-butylamino-3-methylthio-6-methoxyquinoxaline (11B: 67% yield. 'H NMR (400 MHz,

CDCl) 5: 7.59 (d,J = 8.87 Hz, 1H), 7.19 (d] = 2.95 Hz, 1H), 7.12 (dd] = 8.87, 2.95 Hz, 1H),



3.89 (s, 3H), 3.57 — 3.53 (m, 2H), 2.72 (s, 3HJ11- 1.64 (m, 2H), 1.46 (sext= 7.79 Hz, 2H),
0.98 (t,J = 7.79 Hz, 3H).”*C NMR (100 MHz, CDCI3)5: 156.71, 148.11, 146.73, 137.97,
134.74, 126.87, 119.12, 106.92, 55.59, 41.24, 312B®9, 13.91, 12.70. MSnz): 277 (M,

100), 262 (38), 234 (70), 221 (95), 188 (48).

2-(2-hydroxyethanolamino)-3-methylthio-6-methoxyiqunoxaline (11c): 44% yield.'H NMR
(400 MHz, CDC}) &: 7.54 (d,J = 8.87 Hz, 1H), 7.19 — 7.11 (m, 2H), 3.91 — 3.85 §id), 3.75 —
3.70 (m, 2H), 2.72 (s, 3H}*C NMR (100 MHz, CDGJ) &: 157.11, 148.32, 146.99, 138.25,
133.37, 126.34, 119.44, 106.90, 63.56, 55.59, 4512779. MS I{V2): 265 (M", 80), 247 (38),

234 (95), 221 (100), 159 (49).

2-butylamino-3-methylthioquinoxaline (11d): 85% yield.*H NMR (400 MHz, CDC}) & : 7.77
(dd,J = 8.36, 1.49 Hz, 1H), 7.68 (dd,= 8.36, 1.49 Hz, 1H), 7.47 - 7.43 (m, 1H), 7.34 307.
(m, 1H), 3.62 - 3.57 (m, 2H), 2.73 (s, 3H), 1.7B65 (m, 2H), 1.47 (sexd,= 7.71 Hz, 2H), 0.99
(t, J = 7.71 Hz, 3H)C NMR (100 MHz, CDCJ) & : 146.71, 139.71, 137.29, 128.99, 127.96,
127.09, 125.97, 124.13, 41.20, 31.42, 20.27, 138F3. MS {2): 247 (M, 50), 232 (51), 200

(68), 191 (100), 129 (45).

2-(2-hydroxyethanolamino)-3-methylthioquinoxaline (1e) [64]: 49% yield.'"H NMR (400
MHz, CDCk) &: 7.79 (dd,J = 8.12, 1.43 Hz, 1H), 7.64 (dd,= 8.12, 1.43 Hz, 1H), 7.49 - 7.45
(m, 1H), 7.39 — 7.34 (m, 1H), 3.92 - 3.90 (m, 2Bl)9 — 3.76 (M, 2H), 2.75 (s, 3HIC NMR
(100 MHz, CDC}) o: 138.39, 137.51, 128.29, 127.92, 127.47, 127.25,4B, 124.77, 63.57,

45.30, 12.85. MSni/2): 235 (M, 32),204 (65), 191 (100), 129 (38).

2-cycloexylamino-3-methylthio-6-methoxyquinoxaling11f): 90% yield.'*H NMR (400 MHz,

CDCly) &: 7.58 (d,J = 8.91 Hz, 1H), 7.18 (d] = 2.93 Hz, 1H), 7.12 (dd} = 8.91, 2.93 Hz, 1H),



4.13 — 4.06 (m, 1H), 3.90 (s, 3H), 2.72 (s, 3H}52= 2.09 (m, 2H), 1.80 - 1.73 (m, 2H), 1.79 —
1.62 (m, 3H), 1.53 - 1.43 (m, 2H), 1.33 — 1.24 @H). *°C NMR (100 MHz, CDGJ) & 156.61,
147.31, 146.73, 137.84, 134.77, 126.85, 119.09,85065.59, 49.46, 33.05, 25.89, 24.88, 12.75.

MS (m/2): 303 (M, 48), 288 (20), 221 (100), 188 (43), 55 (14).

2-butylamino-3-methylthio-7-methoxyquinoxaline (11 92% yield. 'H NMR (400 MHz,
CDCl) &: 7.66 (d,J = 8.88 Hz, 1H), 7.06 (d] = 2.74 Hz, 1H), 6.97 (ddl = 8.88, 2.74 Hz, 1H),
3.90 (s, 3H), 3.60 — 3.56 (M, 2H), 2.71 (s, 3HJ21- 1.67 (M, 2H), 1.47 (sext= 7.69 Hz, 2H),
0.99 (t,J = 7.69 Hz, 3H).”*C NMR (100 MHz, CDGJ) &: 159.63, 149.46, 143.37, 141.08,
132.82, 128.09, 115.43, 105.50, 55.59, 41.20, 312830, 13.94, 12.83. MSn2): 277 (M,

85), 230 (84), 221 (100), 188 (90).

2-(2-hydroxyethanolamino)-3-methylthio-7-methoxyqunoxaline (11h): 80% yield.'*H NMR
(400 MHz, CDC}) &: 7.67 (d,J = 9.72 Hz, 1H), 7.01 — 6.98 (m, 2H), 3.92 — 3.87 %), 3.77 —
3.73 (m, 2H), 2.71 (s, 3H}3C NMR (100 MHz, CDGJ) &: 159.82, 149.81, 143.54, 139.81,

133.09, 128.14, 116.11, 105.00, 63.61, 55.63, 439.3®@3.

2-cycloexylamino-3-methylthio-7-methoxyquinoxaling(11i): 94% yield.'H NMR (400 MHz,
CDCl) & : 7.65 (d,J = 8.75 Hz, 1H), 7.05 (d] = 2.40 Hz, 1H), 6.96 (ddl = 8.75, 2.40 Hz, 1H),
4.15 — 4.12 (m, 1H), 3.90 (s, 3H), 2.70 (s, 3H152- 2.10 (m, 2H), 1.80 - 1.64 (m, 3H), 1.53 -
1.43 (m, 2H), 1.34 — 1.26 (m, 3HC NMR (100 MHz, CDG)) & 159.58, 148.64, 143.37,
141.14, 132.73, 128.05, 115.30, 105.48, 55.56,4%2.99, 25.86, 24.88, 12.86. M®/{): 303

(M*, 35), 288 (22), 221 (100), 188 (56), 55 (18).

2-isobutylamino-3-methylthio-7-methoxyquinoxaline {1j): 89% vyield.'*H NMR (400 MHz,

CDCly) &: 7.66 (d,J = 9.05 Hz, 1H), 7.06 (d] = 2.76 Hz, 1H), 6.96 (dd}= 9.05, 2.76 Hz, 1H),



3.90 (s, 3H), 3.43 — 3.40 (m, 2H), 2.71 (s, 3HP62- 1.96 (m, 1H), 1.03 (d,= 6.65 Hz, 6H).
13C NMR (100 MHz, CDGJ) &: 159.63, 149.55, 143.39, 141.07, 132.84, 128.08,42, 105.50,
55.59, 48.82, 28.12, 20.40, 12.83. M&4): 277 (M, 40), 262 (18), 234 (55), 221 (100), 188

(50).

2-isopentylamino-3-methylthio-7-methoxyquinoxaling{11k): 82% yield.'"H NMR (400 MHz,
CDCl;) &: 7.66 (d,J = 8.90 Hz, 1H), 7.07 (d] = 2.85 Hz, 1H), 6.97 (dd} = 8.90, 2.85 Hz, 1H),
3.90 (s, 3H), 3.62 — 3.57 (m, 2H), 2.70 (s, 3H$11= 1.69 (m, 1H), 1.63 — 1.58 (m, 2H), 0.99 (d,
J = 6.48 Hz, 6H)."*C NMR (100 MHz, CDGJ) &: 159.63, 149.43, 143.37, 141.10, 132.82,
128.09, 115.42, 105.53, 55.59, 39.77, 38.31, 2@Q7/5, 12.81. MSn§2): 291 (M', 50), 244

(30), 235 (35), 220 (100), 188 (52).

7-bromo-2-butylamino-3-methylthioquinoxaline (111): 65% vyield. 'H NMR (400 MHz,
CDCl) &: 7.83 (d,J= 2.17 Hz, 1H), 7.60 (d] = 8.67 Hz, 1H), 7.38 (ddl = 8.67, 2.17 Hz, 1H),
3.59 — 3.54 (m, 2H), 2.71 (s, 3H), 1.71 - 1.64 Pid), 1.45 (sext) = 7.53 Hz, 2H), 0.98 ({J =

7.53 Hz, 3H). MSiV2): 327 (M+2, 40), 325 (N} 38), 312 (48), 310 (45), 269 (100), 238 (45).

7-bromo-2-(2-hydroxyethanolamina)-3-methylthioquinoaline (11m): 46% yield.*C NMR
(100 MHz, DMSO-¢) &: 149.11, 147.67, 140.29, 135.12, 128.46, 127.26,5D, 120.33, 58.87,

43.37, 12.30.

2-isobutylamino-3-methylthio-6-methoxyquinoxaline {1n): 92% vyield.'H NMR (400 MHz,
CDCl3) 6:7.59 (dJ= 8.84 Hz, 1H), 7.20 (d] = 2.94 Hz, 1H), 7.12 (dd] = 8.84, 2.94 Hz, 1H),
3.89 (s, 3H), 3.41 - 3.48 (m, 2H), 2.73 (s, 3HP42- 1.95 (m, 1H), 1.02 (d,= 6.78 Hz, 6H).

¥C NMR (100 MHz, CDGJ) &: 148.21, 146.77, 137.97, 134.71, 130.91, 126.89,14, 106.89,



55.60, 48.90, 28.11, 20.42, 12.72. M&4): 277 (M, 47), 262 (15), 234 (78), 221 (100), 188

(30).

7-chloro-2-butylamino-3-methylthioquinoxaline (110) 92% yield. '"H NMR (400 MHz,
CDCly) &: 7.69 - 7.66 (m, 2H), 7.26 (dd,= 7.11, 2.42 Hz, 1H), 3.60 — 3.55 (m, 2H), 2.72 (s,
3H), 1.72 - 1.65 (m, 2H), 1.46 (sedts 7.50 Hz, 2H), 0.99 (1 = 7.50 Hz, 3H)**C NMR (100
MHz, CDCk) &: 149.30, 147.05, 140.39, 135.74, 133.23, 128.25,117, 124.62, 41.19, 31.33,

20.24, 13.88, 12.72. M$n(z): 281 (M, 53), 266 (60), 234 (70), 225 (100), 192 (40).

2-cycloexylamino-3-methylthio-7-chloroquinoxaline {1p): 90% vyield.'H NMR (400 MHz,
CDCL) & 7.67 — 7.65 (m, 2H), 7.24 (dd,= 8.69, 2.40 Hz, 1H), 4.16 — 4.07 (m, 1H), 2.71 (s,
3H), 2.13 — 2.09 (m, 2H), 1.80 - 1.65 (m, 3H), 1:58.43 (m, 2H), 1.34 — 1.23 (m, 3HyC
NMR (100 MHz, CDC}) &: 148.49, 147.06, 140.45, 135.66, 133.19, 128.298,.16, 124.50,

49.63, 32.87, 25.82, 24.85, 12.78. M82): 307 (M, 28), 292 (18), 225 (100), 192 (30), 55 (25).

2-butylamino-3-phenyl-7-methoxyquinoxaline (14a)79% yield.*H NMR (400 MHz, CDC})

5. 7.78 (d,J = 9.06 Hz, 1H), 7.70 — 7.65 (m, 2H), 7.57 — 7.48 3i), 7.10 (dJ = 2.63 Hz, 1H),
7.01 (dd,J = 9.06, 2.63 Hz, 1H), 3.94 (s, 3H), 3.56 -3.51 @H), 1.65 — 1.58 (m, 2H), 1.41
(sext,J = 7.51 Hz , 2H), 0.96 () = 7.51 Hz, 3H).**C NMR (100 MHz, CDCJ) &: 161.19,
150.85, 148.10, 144.12, 137.37, 132.68, 130.16,662929.59, 128.73, 116.37, 105.40, 55.93,

41.37, 31.69, 20.61, 14.19. M&Vg): 307 (M, 48), 264 (90), 250 (100), 131 (27), 77 (34).

2-(2-hydroxyethanamino)-3-phenyl-7-methoxyquinoxatie (14b): 82% yield.'H NMR (400
MHz, CDCk) &: 7.79 (d,J = 9.61 Hz, 1H), 7.69 — 7.66 (m, 2H), 7.56 — 7.49 8MH), 7.06 — 7.03

(m, 2H), 3.92 (s, 3H), 3.88 - 3.86 (m, 2H), 3.78.67 (m, 2H)'3C NMR (100 MHz, CDGJ) &:



161.23, 150.99, 143.90, 142.00, 136.64, 132.75,8829.29.59, 129.38, 128.47, 116.85, 104.55,

63.86, 55.72, 45.32.

2-(2-piperidinylethylamino)-3-phenyl-7-methoxyquinoaline (14c): 86% yield.*H NMR (400
MHz, CDCI3)&: 7.78 (d,J = 9.06 Hz, 1H), 7.72 — 7.70 (m, 2H), 7.56 — 7.45 &), 7.09 (d,]
= 2.88 Hz, 1H), 7.00 (dd] = 9.06, 2.88 Hz, 1H), 3.93 (s, 3H), 3.60 -3.56 @), 2.57 (t,J =
6.19 Hz, 2H), 2.42 — 2.34 (m, 4H), 1.49 — 1.41 Ghi). **C NMR (100 MHz, CDG)) &: 161.19,
150.85, 148.10, 144.12, 137.37, 132.68, 130.16,662929.59, 128.73, 116.37, 105.40, 55.93,

41.37,31.69, 20.61, 14.19. M&/f): 111 (52), 98 (100).

Preparation of the compound solutions:The compounds were dissolved in dimethylsulfoxide
(DMSO) and finally diluted in culture medium prito the assay. The DMSO concentration
never exceeded 1% in thwe vitro assays. Benznidazole (Laboratério Central de Mad@ntos,

Pernambuco, Brazil) and amphotericin B (Cristalidd, Sao Paulo, Brazil)) were used in all of

the experiments as positive controls Tocruzi andL. amazonensis, respectively.

Parasites and cell culture:The epimastigote forms df. cruzi (Y strain) were maintained in
culture at 28C with weekly transfers in liver infusion tryptoddT) medium supplemented with
10% fetal bovine serum (FBS; Gibco Invitrogen, Gr#sland,NY, USA). Four-day-old cultured

forms (exponential growth phase) were used foofalhe experiments.



The promastigote forms a&f. amazonensis (WHOM/BR/75/JOSEFA strain) were maintained in
culture at 28C with weekly transfers to fresh Warren’s mediurpgamented with 10% FBS.

Three-day-old cultured forms (exponential growtlagd) were used for all of the experiments.

LLCMK;, cells (epithelial cells from the kidney of the nkey Macaca mulatta) were cultured
and maintained in Dulbecco’s modified Eagle med{MEM; Gibco Invitrogen, Grand Island,
NY, USA) supplemented with 2 mM-glutamine and 10% FBS at 7 in a humidified 5% C®

atmosphere.

JJ74-A1l macrophages were cultured and maintain€bswell Park Memorial Institute medium
(RPMI-1640; Gibco Invitrogen, Grand Islandy, USA) supplemented with 2 mit-glutamine

and 10% FBS at 3T in a humidified 5% C@atmosphere.

The trypomastigote forms of. cruzi were obtained from the supernatant of a monolayer
infected LLCMK; cells in DMEM supplemented with 10% FBS af@7n a humidified 5% C®

atmosphere.

In vitro growth inhibition assay for the epimastigote and pmastigote forms: Epimastigote
or promastigote (¥ 1 cells/mL) cultures were inoculated in a 24-webtplin the absence or
presence of different concentrations of quinoxatiravatives (0.1-10QM). Activity against the
epimastigote and promastigote forms was evaludted 3 and 72 h, respectively [53,65]. The
cell density for each concentration was determimgdounting in a hemocytometer (Improved
Double Neubauer). The concentration that inhib@ell growth in 50% (IG) was determined by

nonlinear regression analysis.



Effect on viability of the trypomastigote forms: The tissue culture-derived trypomastigotes (1
x 10" cells/mL) were added in 96-well microplates in thiesence or presence of different
concentrations of quinoxaline derivatives (0.1¢8). The parasites were incubated for 24 h at
37°C in a 5% CQ atmosphere. The results were obtained by obseminigity, which allowed
the determination of the viability of the parasitesing the Pizzi-Brener method [66]. The
effective concentration of the drug to reduce pagasability by 50% (EGo) was calculated by

nonlinear regression analysis.

In vitro cytotoxicity in cellular lines: LLCMK , cells and J774-A1 macrophages (2.50° and 5

x 10° cells/mL, respectively) were seeded in 96-well nmjdates. The cells were allowed to
attach for 24 h at 3T in a 5% CQ atmosphere. The medium was then replaced by difter
concentrations of quinoxaline derivatives (1-1@M0). Cytotoxicity in LLCMK; cells and J774-
Al macrophages was evaluated after 96 and 48 Ipectgely, using the standard MTT
colorimetric assay [67]. The cytotoxic concentratihat reduced cell viability by 50% (G&
was estimated by nonlinear regression analysis. Sélectivity index was used to compare
cytotoxicity between mammalian cells and protozeaid: CG divided by 1Go or EGy of the

compound in the protozoa).

In vitro activity on intracellular amastigote form of T. cruzi: LLCMK, cells (2.5 x 18

cells/mL) were seeded in 24-well plates with ro@oderslips and then maintained at-87in a



5% CQ for 24h until confluent monolayer was obtainedypomastigotes were added to the
wells at a concentration of 10 parasites per helt &fter 24 h, non-internalized parasites were
removed by washing, and the infected LLCp€lls were treated with different concentrations
of quinoxaline derivatives (0.1 to 5@M). After 96 h the cells were fixed with methaneida
stained with Giemsa, and the coverslips were peemtiynprepared with Entellan (Merck). By
counting 200 cells under a light microscope (Olym@X 31), we estimated the percentage of
infected cells and number of intracellular amagggoThe survival index (percentage of infected
cells x number of amastigotes per cell) was catedland G, values were then determined by

nonlinear regression analysis.

In vitro activity on intracellular amastigote form of L. amazonensis

Peritoneal macrophages from healthy BALB/c miceenwarvested and plated (3 x> 1@lls/mL)

in a 24-well plate with round coverslips using RPiMédium supplemented with 10% FBS and
allowed to adhere for 2 h at 37 °C in 5% L£@dhered macrophages were then infected with
promastigotes in the stationary growth phase uairgtio 1:7 at 34 °C for 4 h. Afterwards, non-
interiorized parasites were removed by washing #edinfected culture was incubated with
different concentrations of quinoxaline derivatiy@sl to 50uM) for 48 h at 34 °C. The cells
were fixed, stained and prepared as described atoov@mastigotes of. cruzi. The survival

index was calculated anddJ@values were then determined by nonlinear regressialysis.
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Synthesized 46 new 2,3-disubstituted quinoxaline derivatives and 40 previously
reported.

Evaluated cytotoxicity and activity on all evolutive forms of T. cruz and L.
amazonensis.

Anaogs from groups 5, 6, 7, 12 and 13 exhibited promising activity and selectivity.

Activity related to the methylsulfoxyl, methylsulfonyl, and amine groups.



