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ABSTRACT

A series of novel hybrids-carboline-1,3,5-triazine were synthesized anduatal for
their in vitro antileishmanial activity against promastigote ardastigote forms of
Leishmania amazonensidmong the compounds tested, the hyb@ds 9¢ 16a and
16b showed potent activity against the promastigotenfowith 1G values less than 8
uM. Compound®eand16b were also active against amastigote forms, dispdayCso
values of 1.0 + 0.1 uM and 1.2 £ 0.5 uM, respetyivBesides that, the hybritbb
bearing the 4-methoxyphenyl group at C-1pafarboline and isopropylamino group at
1,3,5-triazine, showed low toxicity, being 23.5 afd@1.4 times more toxic for
promastigotes and axenic amastigotes, respectittedy, for macrophage J774-Al cell
lines. Investigation of action mechanism in prongades showed that compouidéb
caused alterations in cell division cycle and arease of lipid-storage bodies, leading
the cells to death through various factors. Theumedation of lipid bodies may be

associated with apoptotic cell death.
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1. Introduction

Leishmaniasis is considered a neglected diseaskit @ caused by protozoan
parasites of the gendsishmania According to World Health Organization (WHO),
leishmaniasis is endemic in 97 countries and tereis, affecting mainly people in
Africa, Asia and Latin American [1]Leishmaniainfections are manifested in three
clinical different forms: visceral (VL), cutaneo(SL) and mucocutaneous [1]. In South
America, the speciek. amazonensiss one of the etiological agents of cutaneous
leishmaniasis, which may progress to diffuse cuiase leishmaniasis in
immunosuppressed individuals [2]. Current chematpiess for leishmaniasis include
treatment with pentavalent antimonials as firsélidrugs, and amphotericin B,
pentamidine, paromomycin, and miltefosine as set¢meddrugs [3]. However, the
current drugs used clinically exhibit high toxigitesistance, various side effects, and
an increased incidence of treatment failure [28éside this, no vaccines against
Leishmaniainfections are available [6]. Therefore, thera significant need to develop
new more effective and less toxic antileishmanggrds.

In this context, several classes of compoundsri¢luding natural and synthetic
S-carboline alkaloids [8-16], were described as piéé antileishmanial agents.

In our previous work we have demonstrated tfatarbolines containing
substituents at 1- and 3-positions @fcarboline nucleus have shown potent
antileishmanial activity [17-22]. For instance, Tomet al. [19] and Pedroso et al. [20]
demonstrated the potentiality of N-alkyl-(1-phenylsubstitute@-carboline)-3-
carboxamides as antileishmanial agents. The contpltliutyl-1-(4-methoxy)-phenyl-
p-carboline-3-carboxamidd, (Fig. 1), for example, showed gof 0.25uM against
L. amazonensipromastigotes, displaying a selectivity index aatbl) 2,084 times
higher for the parasite than for macrophages J77/E88. Further studies showed that
this compound was also active against axenic amdcellular amastigote forms af
amazonensjsexhibiting high selectivity for the parasite. &es on mechanism of
action demonstrated that compouhdexerts its antileishmanial activity through a
cytostatic effect, thus preventing cellular praiifieon [21]. In the same away, the
analog containing thil-benzyl insteadN-butyl group was active against promastigote
and axenic amastigote forms withs§®f 2.6 and 1.0 uM, respectivelgnd killedL.
amazonensipromastigotes through different cell death pathsyaycluding apoptosis
and autophagy [20, 22].



Additionally, compounds having a 1,3,5-triazinetihpossess a broad range of
biological activities, which makes this heterocyale important scaffold in the search
and development of new drugs [23]. The potentiatityl,3,5-triazine derivatives as
antileishmanial agents has been demonstrated ieraestudies [24-28]. Studies on
structure-activity relationship have pointed thdte t presence of appropriated
substituents at 2-, 4- and 6-positions of the itBa&Zine nucleus can enhance the
antileishmanial activity. For instance, the 1,2jd#ino[5,6-b]indol-3-ylthio-1,3,5-
triazines derivativesll(, Fig. 1) containing N-ethylpiperazine, isopropylamino and
tertbutylamino substituents in 1,3,5-triazine nuslshowed more than 90% inhibition
against promastigotes form of. donovani while compounds with theN-
methylpiperazine and morpholine substituents shaweethhibition or less than 50% of
inhibition [27]. Also, the importance of the chdength between the triazine units of
triazine mimetidll (Fig. 1) was demonstrated by Chauhan et al. [28]; the dnith 5-
aminopentan-1-ol linker was found to be inactivelevthe dimer with 4-aminobutan-1-
ol linker exhibited potent antiamastigote activity L. donovani This compound also
showed significanin vivo inhibition (74.41%) inL. donovani/hambstemodel, and
prevent the progression of leishmania parasiteidBssthis, it was demonstrated that
the incorporation of 1,3,5-triazine ring, bearinffetent amino groups, intg-carboline
nucleus led to compound®/(, Fig. 1) with significantin vivo inhibition of L. donovani
amastigotes [14].

The inefficacy and high toxicity of the drugs ustm treat leishmaniasis
infection, and the antileishmanial properties othbg-carboline and 1,3,5-triazine
nucleus, motivated us to synthetigecarboline-1,3,5-triazine hybridsv( Fig. 1) in
order to obtain new compounds with potent antil@ahial activity and low toxicity.
The novel hybrids were evaluated against promastigmd amastigote forms af
amazonensisand their cytotoxicity were determined. Also, s&sd on the
antileishmanial mechanism of action were carrietl fou the most active derivative

synthetized.
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Figure 1: Structures of-carboline and 1,3,5-triazine derivatives with Ehmanial activity

and ofp-carboline-1,3,5-triazine hybrids proposed.

2. Results and discussion

2.1. Chemistry

The novel designegb-carboline-1,3,5-triazine hybrids were synthesizagd
reaction of appropriatefp-carboline intermediates with cyanuric chloride, a
commercially useful reagent due the reactivitytefchlorine atoms toward nucleophiles
[29], according the synthetic routes illustratedSichemes land 2. The hybrids8a-d,
9a-e and 10a bearing a phenyl substituted group at 1-positbg-carboline nucleus
and chlorine atoms at 6- and 4-positions of 1,8g&zine ring, were obtained from the
intermediatesba-d, 6a-e and 7a, respectively $cheme ) These intermediates were
prepared by a Pictet-Spengler condensation ol ttrgptophan methyl este2) with
benzaldehyde &), 4-methoxybenzaldeyde b), 4-fluorobenzaldeyde c), 2-
chlorobenzaldeyded] and 3-nitrobenzaldehydee)( followed by oxidation of the
cigtrans mixture of3a-ein the presence of sulfur, in refluxing xylene,igthafforded
the derivativedla-e [17-22]. Reaction of the methgtcarboline-3-carboxylategt) with

hydrazine hydrate, ethylenediamine and hexamethgiamine afforded the



correspondingg-carboline-3-carboxamideésa-e 6a-eand7a. Treatment oba-d, 6a-d
and7a with a suspension of cyanuric chloride in a migtof water: acetonitrile 1:1, at
0 °C, followed by addition of sodium hydroxide i, gave the compoun@a-d, 9a-

d and10a respectively, in good yields (45-98%). The hylgewas prepared from the
reaction the intermedia#e with cyanuric chloride, at 0 °C, using®0; as basis and
tetrahydrofuran as solvent. The intermediagewas also submitted to reaction with
cyanuric chloride, under the same conditions; hawrewn this case was observed the

formation of a complex mixture of products.

R!= a) H; b)4-OCHs; ¢)4-F; d)2-Cl; e)3-NO,,

Scheme 1:Synthesis of compounda-d, 9a-eand 10a Reagents and conditions: (a) MeOH,
H,SO, (cat), reflux, 48 h; (b) BPh-CHO, CHCI,, TFA, rt, 48 h; (c) Sulfur, xylene, reflux, 48
h; (d) Hydrazine hydrate, EtOH, reflux, 48 h; (e)th@enediamine, rt, 24 h; (f)
Hexamethylenediamine, MeOH, CHCleflux, 36 h; (g) i) Cyanuric chloridef®: CH;,CN 1:1,
NaOH (1 M)/THF, 0 °C, 1 h fa8a-d and9a-d; ii) Cyanuric chloride, KCOs;, THF, 0 °C, 1 h for
%e

In order to evaluate the effect of other substitsighan chlorine into 1,3,5-
triazine portion on antileishmanial activity, wendlyetized thg-carboline-1,3,5-triazine

hybrids11a-16a bearing different amino substituents in the 4 @&rpositions of 1,3,5-



triazine ring Scheme 2. For this, the intermediata (n = 2) was subjected to reaction
with cyanuric chloride, at 0 °C for 1 hour, using®H as basis and water-acetonitrile
as solvent, followed by addition to the reactiorxtuie, without previous treatment, of
10 equivalents of an appropriate amine. Heatinthefreaction mixture at 70 °C for 48
hours afforded the compounti$a-16a(Scheme 2.

The antileishmanial activity results fdrla-16a (Table 1) showed that the
hybrid 16a bearing the isopropylamino group at 1,3,5-triazimg, was the only one
active compound of this series. Therefore, compsist-d (n = 2)and17a-d (n = 0),
containing the isopropylamino group at 1,3,5-tm&zunity and the phenyl substituted
group at position-1 of th@-carboline nucleus, were synthetized from the reactf the
respective intermediate6b-d and 5a-d with cyanuric chloride in basic medium,
followed by addition of 10 equivalents of isopraguyline Scheme 2. The reaction of
6e with cyanuric chloride in the presence ofdO; and excess isopropylamine afforded

the compound6ein 40% vyield.

R2
0 ° N%P
1) Cyanuric chloride, s
S N/ﬁﬁ NH2  H,0/CH,CN,NaOH /H\NZ/KN){RZ
\ H (IM),0°C, 1h ~ N nj
/N ] 8 N
N 2) Amines (RNH e RNH2)
H k1 70°C, 48 h o
5a-d (n=0) 11a-16a (n = 2); 16b-e (n = 2)
6a-e (n=2) 17a-d (n=0)
1 2 1 2
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11a | Ph e 16a;17a|  Ph }”
H
X . i i N-
12a | Ph ()R 16b; 17b|4-OCHz-Ph }H
13a | Ph o 16¢; 17¢c| 4-F-Ph N-
e N
14a | Ph we W 16d;17d| 2-CHPh )N
/N
15a | Ph O N~ 16€¢ | 3-NO,-Ph }H

3For 16ewas used KCO; as basis and THF as solvent

Scheme 2:Synthesis of compoundda-16a 16b-eand17a-d

All hybrids were characterized by their spectrabd@RMS,*H NMR and™*C).
The characterization of thg-carboline-1,3,5-triazine hybrid8a-d, 9a-e and 10a
bearing chlorine at 6- and 4-positions of 1,3,8#me ring was mainly supported by the
signals ab¢c 167.1 — 170.3 (6}, characteristic of C-Cl bonds, anddgt163.9 — 165.3
(Co) related to C-2 of thel,3,5-triazine ring,'it NMR spectra. The hybridsla-163
16b-eand 17a-d were characterized by the signal of aminoalkylssitieents linked to



6- and 4-positions of 1,3,5-triazine. For examplee compounds containing the
isopropylamino substitueni§a-eand17a-d showed the presence of signals;a0.86
—1.12 (12H, CH), 84 4.01 — 4.09 (2H, CH), ifH NMR spectra, andc 22.5 — 22.7
(CHs) anddc 40.1 — 41.6 (CH), if®C NMR spectra, related to methylene hydrogens

and carbons, respectively.

2.2. Antileishmanial Activity

In this work, novelp-carboline-1,3,5-triazine hybrids synthesiz&a-(, 9a-¢
10a15a 16a-e and 17a-d were evaluatedn vitro against the promastigote and
amastigote forms oL. amazonensisThe antileishmanial assay results are shown in
Table 1 The compounds that showedsdQ50% Inhibitory Concentration) values
greater than 100 uM were considered inactive. ©Re teffects on the host cells were
determined by the selectivity index (SI). The St #®ach active compound was
calculated as the ratio between the cytotoxicitg{dr for the macrophage J774-Al cell
lines and IGp against the promastigote and amastigote fornhs amazonensis

In order to evaluate the influence of the linkeetwieen thes-carboline and
1,3,5-triazine units, firstly, thg-carboline-1,3,5-triazine hybrid&a (n=0), 9a (n=2) and
10a (n=6), bearing the phenyl group at 1-positiongafarboline nucleus and chlorine
atoms at 4- and 6-positions of triazine ring, wassayed for their antileishmanial
activity. As showed in thdable 1, compounds8a (n = 0) and9a (n = 2) were
moderately active foL. amazonensipromastigotes, with £ values of 43.3 uM and
30.9 uM, respectively, while the compoub@da (n = 6) was inactive. The hybrida
and 9a showed also potent activity and high selectivigaiast amastigote forms af
amazonensjswith 1Cso values minor than 2 uM and SI of 85.9 and 70 §yeetively.

Aiming to increase the activity of compouréisand9a against.. amazonensis
promastigotes we introduced electron-donating dectren-withdrawing groups at the
phenyl group in the 1-position of tifecarboline nucleus. The 4-methoxy, 2-chloro and
3-nitro substituents were chosen based on ourque\studies, which demonstrated that
these groups at 1-phenyl provideg@-carboline derivatives with promising
antileishmanial activities [19-21]. Besides that,new withdrawing substituent (4-
fluoro) was chosen in order to compare its effectshe antileishmanial activity with
those of the other groups.

In this work, the introduction of 4-methox8{ and9b) and 4-fluoro 8c and9c)

at 1-phenyl group led to a decrease or loss o¥iactagainst promastigote forms in



comparison toBa and9a. On the other hand, the presence of 2-chloro &ndro
substituents at 1-phenyl group 8d and 9e resulted in a 4- and 6-fold increase,
respectively, in the activity towards promastigotBse hybrid9b and9e, as well a®a
presented potent activity and high selectivity i the amastigote forms.

From the 1@y data for thep-carboline-1,3,5-triazine derivativekla-16awe
verified that only the compountiba, with the isopropylamino group in 1,3,5-triazine
ring, was active, showing ¥gvalues of 7.5 = 2.5 uM and 35.0 £ 0.5 pM, respety
against promastigotes and amastigotes formis. @mazonensisComparison of these
results with those obtained f@a show that replacement of the chlorine atoms at C-4
and C-6 of 1,3,5-triazine ring by isopropylamincogp increases about 4-fold the
activity to the promastigotes form. On the othendhahe insertion of isopropylamino
group in 16a resulted in a decrease of activity for the amastigforms by
approximately 18 times in comparison with thos®af The introduction of the others
amino substituents in 1,3,5-triazine ring1&15a) also led to loss of activity for
promastigote forms.

Finally, we evaluated the antileishmanial activioy the hybrids bearing the
isopropylamino group at C-4 and C-6 of 1,3,5-tm&zand the phenyl substituted groups
at thep-carboline nucleu$6b-e(n = 2) andL7a-d (n=0).

Analysis of IG data for the series where n=2 showed that thetioseof the
isopropylamino group led to a loss and decreasethef activity towards the
promastigotes for compounds$d (ICso > 100 uM) andl6e (IC5=44.6 + 1.2 uM)
compared t®d (ICso = 7.6 + 2.02uM) and9e (ICsp = 5.1 + 0.1 uM), respectively. On
the other hand, the replacement of chlorine atom8bo(ICso = 67.5 + 0.0 uM) by
isopropylamino group in compound6b (ICs = 6.2 + 1.4 uM) increased the
antileishmanial activity against to the promastegfmrms by about 10 times. Compound
16b was also active for amastigotes{JG 1.2 = 0.5 uM), with increase of the activity
by about 30-fold when compared with the compowsa (ICso = 35.0 £ 0.5 uM).
Besides that, the hybritiob showed a decreasing toxicity, being 23.5 and 1fiinds
more toxic for promastigotes and axenic amastigotéke parasites, respectively, than
for the host cellsTable 1). The positive control miltefosine, a drug used tfeatment
of cutaneous leishmaniasis [30], showed,l6f 18.5 and 2.4/M, and SI of 2.2 and
16.9, for promastigotes and amastigotes, respgtable 1). Thus,16b becomes

promising for other studies.



Compounds17a-d (n=0) were moderately active or inactive agairst
amazonensipromastigotes, showing that the best linker betwbers-carboline and
1,3,5-triazine moieties is those having the ethglenity (n=2).



Table 1: Antileishmanial activity data for compoun8a-d, 9a-¢ 11a15a 16a-eand
17a-dagainsi.. amazonensis

R2
) N%N
A J\ 2
> NQN N~ R
l H "H
N~
H 1
R
Promastigotes  Amastigotes J774A1 IS
Comp. n R R?
P ICoc (UM)  ICc(UM)  CGe(UM)  PRO  AMA

8a 0 Ph Cl 43.3+10.3 1.1+0.1 945+7.8 2.2 85.9

8b 0 4-OCH-Ph Cl >100 n.t n.t n.d n.d

8c 0 4-F-Ph Cl >100 n.t n.t n.d n.d

8d 0 2-Cl-Ph Cl 34.1+10.6 n.t 22.0+4.2 0.6 n.d

9a 2 Ph Cl 30.9+0.9 19+04 134.6 +£11.8 4.4 70.8

9b 2 4-OCH-Ph Cl 67.5+0.1 1.0+0.1 201.3+3.9 3.0 201.3

9c 2 4-F-Ph Cl >100 n.t n.t n.d n.d

a9d 2 2-Cl-Ph Cl 7.6 +2.02 n.t 285+3.6 3.8 n.d

9e 2 3-NO-Ph Cl 51+0.1 1.1+£0.2 83.1+7.8 16.3 75.5

10a 6 Ph Cl >100 n.t n.t n.d n.d

1la 2 Ph -NHNH >100 n.t n.t n.d n.d

12a 2 Ph D—N’H >100 n.t n.t n.d n.d

HN-
13a 2 Ph @4 >100 n.t n.t n.d n.d
14a Ph Hic-N_ N- >100 n.t n.t n.d n.d
/\

15a 2 Ph O\_/N- >100 n.t n.t n.d n.d

16a 2 Ph >—H 75+25 35.0+0.5 98.1+6.5 13.1 2.80

16b 2 4-OCH-Ph >—H 6.2+1.4 1.2+05 1457+10.1 235 121.4

16¢c 2 4-F-Ph >—H >100 n.t n.t n.d n.d

-Cl- N’ n.t n.t

16d 2 2-Cl-Ph >—H >100 n.d n.d

16e 2  3-NO-Ph >—H 446+ 1.2 n.t 86.3+11.8 1.9 n.d

17a 0 Ph >—H 39.7+29 325+34 102.7 £ 9.9 2.6 3.16

17b 0 4-OCH-Ph >—H >100 n.t n.t n.d n.d

17c 0 4-F-Ph >—H 43.4+1.2 n.t 50.0+14.1 1.2 n.d

17d 0 2-Cl-Ph >—H >100 n.t n.t n.d n.d
Miltefosing - - - 185+ 1.1 24 +0.1 405+1.7 2.2 16.9

positive control; n.t: not tested; n.d: not detieral.



2.3.Transmission Electron Microscopy

As the compound 6b showed potent activity against promastigotes amhia
amastigotes ok. amazonensjsand higher selectivity index than the other darixes
synthetized for both forms, it was submitted tadsts for investigate their mechanism
of protozoan cell death.

The treatment of. amazonensipromastigotes with compouridb during 24 h
caused ultrastructural alterations, mainly in nhtmedria and plasma membrane. After
48 h of treatment, it was observed storage-lipidié® mitochondrial swelling and
plasma membrane alterations. The treatment withh 8Bowed alterations in flagellar
pocket with vacuoles and mitochondrial swellinges$é results initially demonstrated
that in promastigotes the compouh@b caused alterations in cell division cycle and,
due to stress, it started a process of energygaqistorage-lipid bodies) [31], leading
the cells to death thought various factd¥gy(re 2). For scanning electron microscopy
(SEM) the treatment after 24, 48 and 72 h causdldreending and cell volume
reduction Eigure 3).

Figure 2. Ultrastructural alterations in promastigotes lafishmania amazonensis
treated with16b, visualized by transmission electron microscopgnit@l cells (A-C)
and parasites treated WithSLC(G.Z pHM) (D¥F) for 24 h (A; D), 48 h (B; E) and 72 h (C;

F). (n) nucleus; (m) mitochondrion; paraflagellar pocket; (*) lipid-storage bodies. Bars
=1pm.



Figure 3. Morphological alterations in promastigotes Lafishmania amazonensis
treated with16b, visualized by scanning electron microscopy. Guantells (A-C)
and parasites treated withs§36.2 uM) (D-F) for 24 h (A;D), 48 h (B; E) and 12
(C;F). Bars =5 um.

2.4. Biochemical assays

Leishmania amazonengsomastigotes were treated with compolsd at the
concentrations corresponding tosgCand 1G, for 24 h, and loaded with 2',7'-
dichlorodihydrofluorescein diacetate APICFDA), a probe that is permeable to the
plasma membrane and chemically reduced in 2',Alaticfluorescein (DCF) when in
contact with reactive oxygen species (ROS), pradudiuorescence. The parasites
treated with positive control (0.5 andi# of H,O,) showed a fluorescence increase of
45.9 and 230.8%, while treatment witBb with concentrations corresponding tosdC
and 1Go showed increase 81.9 and 184.8%. The parasiemq@ubated withiN-acetyl-
cysteine (NAC) and treatment with,®, (0.5 and 4.M) showed reversible effects, but
the treatment witli6b not showed such effectBi(. 4A).

Additionally, the evaluation of lipid bodies wasrfsgmed by using the probe
Nile red. The positive control @@,) at concentrations of 0.5 andi showed an
increase in fluorescence of 19% and 241.2%, respeéet The treatment witli6b at
concentrations corresponding tosp@nd 1Go showed an increase in fluorescence of 9%
and 428.6%, respectivelyonfirming the increase of lipid-storage bodieswduwer, this
accumulates of lipid-storage bodies is not relatgith the ROS generation, initially
observed. The accumulation of lipid bodies is cduse cellular stress, mitochondrial

dysfunction and may be associated with apoptotideath [21, 32] Eig. 4B).
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Figure 4. Total ROS production using the fluorescent prebBCFDA (A) and Nile
Red accumulation (B) in promastigotesd.@ishmania amazonendigated withl6b for

24 h. 1Gp (6.2 pM); 1Go (9.9 uM). The data are expressed as relative fhoerece of at
least three independent experimentsOHwas used as a positive control. Two-way
ANOVA followed by Bonferroni post hoc test.p*< 0.05 compared to untreated
parasites (control).

3. Conclusions

In this work, novel p-carboline-1,3,5-triazine hybrids containing diffat
spacers between thecarboline and 1,3,5-triazine units, chlorine amgireo groups at
6- and 4-position of 1,3,5-triazine ring, and aelestdonating and electron-withdrawing
substituents at the 1-phenyl group tarboline nucleus have been synthesized and
evaluated in promastigote and amastigote formiseacgshmania amazoneni$he assay
results showed that the nature of substituentstethats-carboline and 1,3,5-triazine
moieties influenced the activity. The hyb®& containing the 3-nitrophenyl at C-1 of
[S-carboline was the most active among the compobedsng chlorine atoms at 1,3,5-
triazine ring, displaying potent activity for bgthomastigote and amastigote forms.

The presence of amino groups at 1,3,5-triazineemscled to loss of activity for
almost all compounds, except for those bearingigsbpropylamino groupl®a, 16b,
16e 17a and 17¢9. Compound @b containing the 4-methoxyphenyl at C-1 gf
carboline nucleus showed potent activity and lowidity to amastigote and
promastigote forms df. amazonenisbeing a promising candidate for antileishmanial
agent.

Studies on mechanism of action showed that in pstig@tes the compouribb
caused alterations in cell division cycle and arease of lipid-storage bodies, leading
the cells to death thought various factors. Thuawlation of lipid bodies is caused of
cellular stress, mitochondrial dysfunction and nieey associated with apoptotic cell
death.



In summary, from our results it was possible tcaobhew hybridg-carboline-
1,3,5-triazine with remarkable antileishmanial atyi which can be considered as
potential compounds for future studies in view avelopment of new antileishmanial

agents.
4. Experimental section
4.1.General methods

All reagents were purchased from commercial suppli&he reactions were
monitored by thin layer chromatography conducted\dratman TLC plates (Silica Gel
60 Fs49). NMR spectra were recorded in a in Varian spectier model Mercury plus
BB at 300 MHz (for'H) and 75 MHz (forC), and in a Bruker spectrometer model
Avance Il HD at 500 MHz (fofH) and 125 MHz (forC), with TMS and deuterated
solvents, dimethyl sulfoxide (DMS@s) and chloroform (CDG), as internal standard.
Mass spectra (ESI/MS) were recorded on Thermoeled@orporation Focus-DSQ I
spectrometer. Melting points were determined in rivticiimica apparatus model
MQAPF-301 and are uncorrected.

The following chemicals were used in biologicalagssWarren medium; fetal
bovine serum (FBS); carbonylcyanidem-chlorophenylhydrazone (CCCP),
dimethylsulfoxide (DMSO), Roswell Park Memorial fitgte Medium (RPMI 1640;
Gibco 99 Invitrogen, Grand Island, NY, USA), 3-[4bnethylthiazol-2-yl]-2,5-100
diphenyltetrazolium bromide (MTT), potassium sodibaffer; Nile red (Sigma); 2',7'-
dichlorodihydrofluorescein diacetate AHCFDA-ThermoFisher); sodium cacodilate
(Electron Microscopy Scanning - EMS); glutaraldedy@5% (EMS); potassium
ferrocyanide; osmium tetroxide; EPON resin; acet®rfe; uranyl acetate; lead citrate.

4.2.Chemistry
4.2.1. Synthesis of L-tryptophan methyl est@®r (

To a suspension of commerciatryptophan {) (5.00 g, 24.5 mmol) in
methanol (50 mL) was added dropwise concentratdfilirgu acid until complete
solubilization. The reaction mixture was kept undsftux for 48 hours. The solution
was cooled and neutralized with a solution of 5%iwm carbonate, and extracted with
ethyl acetate (4 x 30 mL). The organic phase wasldrith anhydrous sodium sulfate
and after filtration the solvent was removed inotary evaporator. The pure product

was obtained in 91% yield.



4.2.2. Synthesis of cis e trans 1-(substituted-phenyla®amethoxy-1,2,3,4-
tetrahydrof-carboline Ga-€)
To a solution ofL-tryptophan methyl estel) (4.6 mmol) in dichloromethane

(20 mL) was added 4.6 mmol of aldehyde [benzaldelgl 4-methoxy-benzaldehyde
(b), 4-fluoro-benzaldeydec), 2-chloro-benzaldeyded) and 3-nitro-benzaldehyde)]
and trifluoroacetic acid (9.20 mmol). The reactiomxture was kept at room
temperature and its progress monitored by TLC.rAftenplete consumption of starting
materials (48 h), the solvent was evaporated, hedtude product solubilized in ethyl
acetate and neutralized with a solution of 5% sodrarbonate. The solution was
extracted with ethyl acetate (3 x 30 mL). The orgathase was dried with anhydrous
sodium sulfate, filtered and the solvent was rerdowea rotary evaporator. The solid
obtained was washed with methanol, providing a wunétof cis and trans 1-
(substituted-phenyl)-3-carbomethoxy-tetrahy@xoarboline 8a- in vyields in the
range 75-85%.

4.2.3. Synthesis of methyl 1-(substituted-phetarboline-3-carboxylates
(4a-e)

To the mixture ofcis andtrans 1-(substituted-phenyl)-3-carbomethoxy-1,2,3,4-
tetrahydrog-carbolines3a-e (6.53 mmol) suspended in xylene (30 mL) was adzlzd
mmol of sulfur. The mixture was refluxed and thaatéon progress monitored by TLC
every 12 h. After complete consumption of startmgterials (48 h), the solution was
cooled and left on ice bath at 0 °C for approxirtyaleh. The precipitate formed was
filtered and washed with petroleum ether to affibrels-carbolinesda-e in yields in the
range of 85 - 93%.

4.2.4. Synthesis of 1-(substituted-phengdgarboline-3-carbohydrazide$d-€)

To a solution of compoundéa-e (3.31 mmol) in ethanol (30 mL) was added
hydrazine hydrate 50% (66 mmol). The solution wetlkunder reflux and the reaction
progress monitored by TLC every 12 h. After complebnsumption of starting
materials (48 h), the solution was cooled and deftice bath at 0 °C for 1 hour. The
precipitate formed was filtered in vacuum and wadskath ethanol to afford the
compound$a-ein yields in the range of 53-85%.

4.2.5. Synthesis of of N-(2-aminoethyl)-1-(substitutedaghes-carboline-3-
carboxamidesfa-€e)



The compoundda-e (1 mmol) were solubilized in 1 mL of ethylenediamiand
the resulting solution was stirred at room tempeet The reaction progress was
monitored by TLC every 8 h, and after complete comstion of starting materials (24
h), the solution was treated with 2 mL of distilledater and kept at 0 °C for
approximately 1 hour. The precipitates formed wtered in vacuum and washed with

distilled water to furnish the compoun@as-ein yields in the range of 60-90%.

4.2.6. Synthesis of N-(6-aminohexyl)-1-phefiydarboline-3-carboxamiderg)

To a solution of hexamethylenediamine (0.70 g) hfoform (2 mL), under
reflux, was added a solution 4& (0.3 mmol in 0.5 mL of methanol). The solutionsva
kept under reflux, and the reaction progress mogikdoy TLC every 12 h. After
complete consumption of starting materials (36tlmg, solution was cooled and treated
with 2 mL of distilled water and the precipitaterfeed was filtered and washed with a

mixture of water-ethanol (1:1). The compoufaiwas obtained in 70% yield.

4.2.7. Procedure for the preparation @gkcarboline-4,6-dichloro-1,3,5-triazine
derivatives 8a-d, 9a-d and10a)
To a suspension of cyanuric chloride (0.2 mmolater-acetonitrile 1:1 (0.5

mL), at 0 °C, was added a suspensio®bad (0.2 mmol),6a-d (0.2 mmol) or7a (0.2
mmol) in THF (3 mL). The pH was adjusted to 9-1@hasodium hydroxide 1 mol't
The reaction mixture was stirred at 0 °C for 1 hand treated with distilled water (1
mL). The precipitates formed were filtered and vesshvith distilled water to afford
compoundsa-d, 9a-dor 10ain yields in the range of 45-98%.

4.2.7.1. N'-(4,6-dichloro-1,3,5-triazin-2-yl)-1-phenyt-carboline-3-
carbohydrazide&a): Yellow crystals; Yield: 50%; M.p. > 350 °C (decoypH NMR
(300 MHz):6 ppm: 7.33 (t, J = 7.3, 1H, H-6), 7.56-7.74 (m, $H7, H-8, H-3’, H-4’,
H-5), 8.25 (d, J = 7.2, 2H, H-2", H-6"), 8.44 (d,= 7.8, 1H, H-5), 8.87 (s, 1 H, H-4),
10.98 (s, 1H, CO-NH), 11.98 (s, 1H, NH, H-85C NMR (75 MHz):6 ppm: 112.8 (CH,
C-8), 114.1 (CH, C-4), 120.4 (CH, C-6), 121.2,,(C-4b), 122.1 (CH, C-5), 128.8
(3CH, C-2', C-4’, C-6), 129.0 (CH, C-3, C-5’), B21 (CH, C-7), 129.8 (& C-4a),
134.5 (G, C-9a), 137.2 (& C-1), 138.8 (G, C-3), 141.0 (G, C-1), 141.6 (G, C-8a),
163.9 (G, C-2™), 164.5 (C=0), 169.1 and 170.3(C-4", C-6"); HRMS-ESI calcd for
C21H14CILN,O [M+H]" 450.0631, found: 450.0599, error 7.1 ppm..



4.2.7.2. N'-(4,6-dichloro-1,3,5-triazin-2-yl)-1-(4-methoxygyl)5-carboline-3-
carbohydrazidg8b). Yellow crystals; Yield: 98%; M.p. > 350 °C (decompH NMR
(300 MHz):6 ppm: 3.90 (s, 3H, OCH}, 7.20 (d, J = 8.9, 2H, H-3’, H-5"), 7.32 (t, J =
7.5, 1H, H-6), 7.61 (t, J = 7.6, 1H, H-7), 7.72 Jd5 8.2, 1H, H-8), 8.23 (d, J = 8.9, 2H,
H-2’, H-6"), 8.43 (d, J = 7.8, 1H, H-5), 8.83 (sHl H-4), 10.89 (s, 1H, CO-NH), 11.94
(s, 1H, NH, H-9).2*C NMR (75 MHz):d ppm: 55.4 (OCH), 112.8 (CH, C-8), 113.3
(CH, C-4), 114.1 (2CH, C-3', C-5"), 120.3 (CH, C-8p1.2 (G, C-4b), 122.0 (CH, C-
5), 130.4 (2CH, C-2’, C-6"), 129.6 (CH, C-7), 129, C-4a), 128.7 (& C-9a), 134.0
(Co, C-17), 138.5 (G, C-3), 140.5 (G C-1), 141.6 (G C-8a), 160.0 (¢ C-4), 164.5
(Co, C-2™), 164.5 (C=0), 166.1 and 167.1p(C-4"™, C-6"); HRMS-ESI calcd for
C2:H16CIbN7O, [M+H] " 480.0737, found: 480.0731, error 1.2 ppm.

4.2.7.3. N'-(4,6-dichloro-1,3,5-triazin-2-yl)-1-(4-fluoropngl)-5-carboline-3-
carbohydrazidg8c). Yellow crystals; Yield: 47%; M.p. > 298 °C (decompgH NMR
(300 MHz):0 ppm: 7.32 (td, J = 7.5, 1.1, 1H, H-6), 7.47 (& 8.9, 2H, H-3', H-5),
7.61 (td, J =7.6, 1.1, 1H, H-7), 7.71 (d, J = &H, H-8), 8.28 (dd, J = 8.9, 5.5, 2H, H-
2', H-6"), 8.42 (d, J = 7.8, 1H, H-5), 8.79 (s, 1 H-4), 11.53 (s, 1H, CO-NH), 11.94 (s,
1H, NH, H-9).23C NMR (75 MHz):6 ppm: 112.7 (CH, C-8), 112.7 (CH, C-4), 115.5
and 115.8 (2 CH, C-3’, C-5’), 120.3 (CH, C-6), 121C,, C-4b), 122.1 (CH, C-5),
128.7 (CH, C-7), 130.3 (- C-4a), 130.7 and 130.8 (2 CH, C-2’, C-6’), 1309, C-
9a), 133.8 (G C-17), 133.8 (@, C-3), 141.6 (G C-1), 141.6 (G C-8a), 161.1 (& C-
4), 164.3 (G, C-2"), 164.3 (C=0); HRMS-ESI calcd for,fE1:CLFN;O [M+H]"
468.0537, found: 468.0534, error 0.6 ppm.

4.2.7.4. N'-(4,6-dichloro-1,3,5-triazin-2-yl)-1-(2-chlorophgl)-f-carboline-3-
carbohydrazidg8d). Yellow crystals; Yield: 45%; M.p. > 345 °C (decoyjpH NMR
(300 MHz):6 ppm: 7.31 (m, 1H, H-6), 7.73 (m, 2H, H-7, H-8)60 (m, 4H, H-3", H-4",
H-5", H-6"), 8.43 (d, J = 8.0, 1H, H-5), 8.88 (sHL H-4), 11.04 (s, 1H, CO-NH), 11.71
(s, 1H, NH, H-9)*C NMR (75 MHz):6 ppm: 112.4 (CH, C-8), 114.6 (CH, C-4), 120.2
(CH, C-6), 121.0 (& C-4b), 122.3 (CH, C-5), 127.5 (CH, C-7), 128.8H(CC-5"),
129.8 (G, C-4a), 130.7 (& C-2), 132.2 (CH, C-3), 132.3 (CH, C-6"), 132(6,, C-
4’), 135.4 (G, C-1’), 136.3 (G, C-3), 136.4 (G C-9a), 140.1 (¢; C-1), 141.4 (G, C-
8a); HRMS-ESI calcd for £H15CIsN;,O [M+H]" 484.0242, found: 484.0214, error 5.8
ppm.



4.2.7.5. N-{2-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]ethyl}-phenyls-
carboline-3-carboxamid¢9a): White crystals; Yield: 75%; M.p: 146-150 °&4 NMR
(500 MHz):6 ppm: 3.54 (m, 2H, H-2"), 3.60 (m, 2H, H-17), 7.82dd, J = 7.9, 7.0, 0.9,
1H, H-6), 7.56-7.70 (m, 5H, H-7, H-8, H-3’, H-4'-B), 8.13 (dd, J = 8.2, 1.2, 2H, H-
2', H-6"), 8.42 (d, J = 8.1, 1H, H-5), 8.83 (s, 1 H-4), 8.87 (t, J = 6.2, CONH), 9.25 (t,
J = 5.6, 1H, NH-C2"), 11.84 (s, 1H, NH, H-43C NMR (125 MHz):6 ppm: 37.8 (CH,
C-1"), 40.9 (CH, C-2"), 112.7 (CH, C-8), 113.1 (CH, C-4), 120.2HGC-6), 121.2 (G
C-4b), 122.0 (CH, C-5), 128.6 (CH, C-4"), 128.7 2QC-2', C-6"), 128.8 (CH, C-3,
C-5'), 128.9 (CH, C-7), 129.8 (-C-4a), 134.2 (g, C-9a), 137.5 (§ C-1'), 139.7 (G,
C-3), 140.6 (G, C-1), 141.6 (G, C-8a), 165.3 (§ C-2"), 165.5 (C=0), 168.4 and 169.4
(Co, C-4", C-6"); HRMS-ESI calcd for £H1CLN,O [M+H]" 478.0944, found:
478.0946, error 0.4 ppm.

4.2.7.6. N-{2-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]ethy}-(4-
methoxyphenylp-carboline-3-carboxamide 9b). White crystals; Yield: 87%; M.p:
194-196 °C}*H NMR (500 MHz):5 ppm: 3.54 (m, 2H, H-2"), 3.60 (m, 2H, H-1"), 3.89
(s, 3H, OCH), 7.19 (d, J = 8.9, 2H, H-3’, H-5"), 7.30 (t, J7-9, 1H, H-6), 7.59 (ddd, J
=8.2,7.1,1.1, 1H, H-7), 7.69 (d, J = 8.2, 1H8H-8.10 (d, J = 8.9, 2H, H-2’, H-6"),
8.39 (d,J =7.9, 1H, H-5), 8.77 (s, 1 H, H-4),8(8 J = 6.1, CONH), 9.26 (t, J = 5.6,
1H, NH-C2"), 11.79 (s, 1H, NH, H-95°C NMR (125 MHz):6 ppm: 37.8 (CH, C-1"),
40.9 (CH, C-2"), 55.4 (OCH3), 112.5 (CH, C-8), 112.7 (CHAE 114.2 (2CH, H-3',
H-57), 120.1 (CH, C-6), 121.3 @ C-4b), 122.0 (CH, C-5), 129.6 {CC-4a), 128.5
(CH, C-7), 129.9 (g C-9a), 130. 1 (2CH, C-2', C-6"), 134.04CC-1"), 139.5 (G, C-
3), 140.5 (G, C-1), 141.5 (G C-8a), 159.9 (g C-4"), 165.3 (@, C-2"), 165.5 (C=0),
168.4 and 169.4 (£ C-4™, C-6™); HRMS-ESI calcd for £H2CloN7O, [M+H]"
508.1050, found: 508.1047, error 0.6 ppm.

4.2.7.7. N-{2-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]ethyl}-(4-fluorophenyl)-
B-carboline-3-carboxamide9¢). White crystals; Yield: 65%:; M.p: 153-157 °CH
NMR (300 MHz):6 ppm: 3.54 (m, 2H, H-2"), 3.60 (m, 2H, H-1"), 3.88 3H, OCH),
7.19 (d, J = 8.9, 2H, H-3', H-5"), 7.30 (t, J = 7IH, H-6), 7.59 (ddd, J =8.2, 7.1, 1.1,
1H, H-7), 7.69 (d, J = 8.2, 1H, H-8), 8.10 (d, 8.8, 2H, H-2’, H-6"), 8.39 (d, J = 7.9,
1H, H-5), 8.77 (s, 1 H, H-4), 8.86 (t, J = 6.1, CAIN9.26 (t, J = 5.6, 1H, NH-C2"),
11.79 (s, 1H, NH, H-9)"*C NMR (75 MHz):6 ppm: 37.8 (CH, C-1"), 40.9 (CH, C-
2"), 112.7 (CH, C-8), 113.2 (CH, C-4), 115.5 and B (2CH, H-3’, H-5), 120.3 (CH,



C-6), 121.2 (G, C-4b), 122.1 (CH, C-5), 128.7 ¢CGC-4a), 130.0 (CH, C-7), 131.0 and
131.1 (2 CH, C-2', C-6"), 131.1 ¢(£-C-9a), 133.8 (6 C-1), 134.1 (G, C-3), 139.6
(Co, C-1), 141.6 (G C-8a), 165.2 (& C-4'), 165.2 (@, C-2™), 165.5 (C=0), 168.4 and
169.4 (G, C-4", C-6™); HRMS-ESI calcd for &H;7CI,FN,O [M+H]" 496.0850,
found: 496.0849, error 0.2 ppm.

4.2.7.8. N-{2-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]ethy}-(2-chlorophenyl)-
p-carboline-3-carboxamide9¢). White crystals; Yield: 55%; M.p: 160-164 °CH
NMR (300 MHz):6 ppm: 3.54 (m, 2H, H-2"), 3.60 (m, 2H, H-1"), 7.8dt, J = 7.9, 4.1,
4.1, 1H, H-6), 7.55-7.72 (m, 6H, H-7, H-8, H-3',41-H-5’, H-6"), 8.43 (d, J = 7.9, 1H,
H-5), 8.73 (t, J = 5.8, CONH), 8.91 (s, 1 H, H€)R1 (t, J = 5.2, 1H, NH-C2"), 11.67
(s, 1H, NH, H-9).2*C NMR (75 MHz):6 ppm: 37.7 (CH, C-1"), 40.9 (CH, C-2"),
112.4 (CH, C-8), 113.8 (CH, C-4), 120.1 (CH, C-B®1.0 (G, C-4b), 122.2 (CH, C-5),
127.5 (CH, C-7), 128.7 (CH, C-5"), 128.9CC-4a), 129.8 (& C-2’), 130.6 (CH, C-
3, 132.1 (CH, C-6"), 132.7 (§; C-4'), 135.2 (G, C-1), 136.4 (G, C-3), 139.2 (G, C-
9a), 139.7 (G C-1), 141.5 (G C-8a), 165.1 (g C-2"), 165.5 (C=0), 168.3 and 169.3
(Co, C-4™, C-6™); HRMS-ESI calcd for £H;/ClsN;O [M+H]® 512.0555, found:
512.0555, error O ppm.

4.2.7.9. N-{6-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]hexy}-phenyls-
carboline-3-carboxamidg104). White crystals; Yield: 74%; M.p: 101-102 °CH
NMR (300 MHz):6 ppm: 1.36 (m, 4H, H-3", H-4"), 1.51-1.62 (m, 4H;#4, H-5"),
3.24-3.29 (m, 2H, H-6"), 3.38-4.42 (m, 2H, H-1")\32 (t, J = 7.1, 1H, H-6), 7.55-7.71
(m, 5H, H-7, H-8, H-3’, H-4’, H-5’), 8.16 (d, J =(, 2H, H-2’, H-6), 8.41 (d, J = 7.9,
1H, H-5), 8.81 (s, 1H, H-4), 8.68 (t, J = 6.2, CONBL14 (t, J = 5.5, 1H, NH-C2"}*C
NMR (75 MHz): 6 ppm: 25.9 (CH, C-4"), 26.1 (CH, C-3"), 28.1 (CH, C-5"), 29.4
(CH,, C-2"), 38.8 (CH, C-1"), 40.7 (CH, C-6"), 112.7 (CH, C-8), 112.9 (CH, C-4),
120.2 (CH, C-6), 121.2 ({>C-4b), 122.0 (CH, C-5), 128.6 (CH, C-4’), 1282CH, C-
2', C-6), 128.8 (CH, C-3', C-5'), 128.9 (CH, C-7329.9 (G, C-4a), 134.1 (& C-9a),
137.5 (G, C-1’), 140.0 (G, C-3), 140.5 (G C-1), 141.6 (G C-8a), 164.7 (& C-2"),
165.1 (C=0), 168.4 and 169.4CC-4", C-6"); HRMS-ESI calcd for £H26CIoN7O
[M+H]" 534.1570, found: 534.1565, error 0.9 ppm.

4.2.8. Procedure for the preparation @gkcarboline-4,6-dichloro-1,3,5-triazine
derivative Qe)



A suspension of cyanuric chloride (0.2 mmol) andapsium carbonate (0.2
mmol) in anhydrous THF (1 mL) was stirred for 10notes at O °C, followed by the
addition of6c (0.2 mmol) suspended in anhydrous THF (2 mL). fdection mixture
was stirred at 0 °C for 1 hour, treated with 1 nildistilled water and maintained in ice
bath for 1 hour. The precipitate formed was filteend washed with distilled water

providing9ein 93 % vyield.

4.2.8.1. N-{2-[(4,6-dichloro-1,3,5-triazin-2-yl)amino]ethyl}-(3-nitrophenyl)s-
carboline-3-carboxamide9g). Yellow crystals; Yield: 93%; M.p: 316-318 °&4 NMR
(300 MHz): 6 ppm: 3.56 (m, 2H, H-2"), 3.63 (m, 2H, H-1"), 7.84l, J = 7.4; 1.2, 1H,
H-6), 7.60-7.71 (m, 2H, H-7, H-8), 7.94 (t, J = 818, H-5), 8.39-8.47 (m, 2H, H-5,
H-4’), 8.56 (d, J = 7.8, 1H, H-6’), 8.83 (m, 1H, 2% 8.91 (s, 1 H, H-4), 8.94 (m, 1H,
NH-C27), 9.25 (t, J = 5.2, 1H, CO-NH), 12.06 (s,,IdH, H-9).°C NMR (75 MHz):6
ppm: 37.9 (CH, C-1"), 40.8 (CH, C-2"), 112.6 (CH, C-8), 114.1 (CH, C-4), 120.5
(CH, C-6), 121.2 (& C-4b), 122.3 (CH, C-5), 123.5 (2CH, C-2’, C-4130.4 (G, C-
4a), 129.0 (CH, C-7), 135.4 ¢0C-9a), 130.4 (CH, C-5"), 138.2 ¢0C-1"), 134.5 (CH,
C-6"), 138.9 (G, C-3), 140.0 (g C-1), 141.7 (G C-8a), 148.3 (6 H-3"), 165.1 (G,
C-2"), 165.6 (C=0), 168.4 and 169.4 o(CC-4", C-6"); HRMS-ESI calcd for
C,3H17CIbNgOs [M+H] " 523.0795, found: 523.0791, error 0.8 ppm.

4.2.9. Procedure general for preparation off-Carboline)-1,3,5-triazine
derivativeslla-15a, 16a-d and17a-d.
To a suspension of cyanuric chloride (0.2 mmolater-acetonitrile 1:1 (0.5

mL), at 0 °C, was addeBla-d (0.2 mmol) or6a-d (0.2 mmol) suspended in THF (3
mL). The pH was adjusted to 9-10 with sodium hyétex1 mol L*. The reaction
mixture was stirred at 0 °C, for 1 hour followed &gdition of 10 equivalents of the
appropriate amine. The mixture was kept at 70 7@, the reaction progress monitored
by TLC every 12 h. After complete consumption acdirshg materials (48 h), the
solution was cooled and treated with 2 mL of detilwater. The precipitates formed
were filtered, washed with distilled water and ystallized with ethanol to afford
compoundd1a15a 16a-dand1l7a-din yields in range of 55-94%.

4.2.9.1. N-{2-[(4,6-dihydrazinyl-1,3,5-triazin-2-yl)amino]kyl}-1-phenyls-
carboline-3-carboxamidel1¢a). Yellow crystals; Yield: 86%; M.p: 186-189 °CH
NMR (500 MHz):6 ppm: 3.42-3.57 (m, 4H, H-1", H-2"), 4.12I(2H, NH,), 6.88 (4,



1H, NH-C2"), 7.31 (t, J = 7.3, 1H, H-6), 7.58-7.{0, 5H, H-7, H-8, H-3’, H-4’, H-5"),
8.12 (d, J=7.3, 2H, H-2’, H-6’), 8.41 (d, J = 7A#, H-5), 8.83 (s, 1 H, H-4), 8.80 (d, J
= 5.3, CONH), 11.83 (s, 1H, NH, H-9¥C NMR (75 MHz):6 ppm: 38.9 (CH, C-1"),
40.4 (CH, C-2"), 112.7 (CH, C-8), 113.0 (CH, C-4), 120.H_-6), 121.2 (G C-4b),
122.1 (CH, C-5), 128.6 (CH, C-4"), 128.7 (2CH, G-2-6’), 128.8 (CH, C-3’, C-5)),
129.0 (CH, C-7), 129.9 ((C-4a), 134.2 (¢; C-9a), 137.5 (& C-1'), 139.8 (G, C-3),
140.6 (G, C-1), 141.6 (g C-8a), 165.1 (3¢ C-27, C-4™, C-6™), 167.6 (C=0);
HRMS-ESI calcd for ggH24N1:0 [M+H]" 470.2160, found: 470.2160, error O ppm.

4292 N-{2[(4,6-bis(cyclohexylamino)-1,3,5-triazin-2-yijéno]ethyl}-1-pheny)-
carboline-3-carboxamide 12a). White crystals; Yield: 74%:; M.p: 201-202 °CH
NMR (500 MHz):6 ppm: 1.07-1.82 (m, 10H, H-2"", H-3™, H-4"", H-5"] H-6""),
3.54-3.67 (m, 5H, H-1", H-2", H-1"), 7.32 ( m, 1H§-6), 7.55-7.70 (m, 4H, H-7, H-3’,
H-4', H-5), 7.69 (d, J = 8.2, 1H, H-8), 8.10,(8H, H-2’, H-6"), 8.41 (d, J = 7.9, 1H, H-
5), 8.82 (s, 1H, H-4), 8.73I(SCONH), 11.84 (s, 1H, NH, H-9°C NMR (125 MHz):6
ppm: 25.0 (2CH C-3™, C-5"), 25.4 (CH, C-4™), 32.9 (2CH, C-2, C-6"), 39.4
(CH,, C-1"), 41.4 (CH, C-2"), 48.6 (CH, C-1™), 112.7 (CH, C-8), 112.€H, C-4),
120.2 (CH, C-6), 121.2 (£ C-4b), 122.0 (CH, C-5), 128.7 (3CH, C-2’, C-4’;6Q,
128.9 (3CH, C-7, C-3, C-5), 129.9 (CC-4a), 134.2 (¢ C-9a), 137.5 (g C-1"),
139.8 (G, C-3), 140.6 (g C-1), 141.6 (g C-8a), 165.0 (¢ C-2"), 165.0 (C=0),
166.0 (G, C-4™, C-6"). HRMS-ESI calcd for H4o,NgO [M+H]™ 604.3507, found:
604.3496, error 1.8 ppm.

4.2.9.3. N-{2-[(4,6-bis(benzylamino)-1,3,5-triazin-2-yl)anojethyl}-1-phenyls-
carboline-3-carboxamide 18a). White crystals; Yield: 65%; M.p: 144-145 °CH
NMR (300 MHz):6 ppm: 3.43-3.52 (m, 4H, H-1", H-2"), 6.63-6.94 (i, NHC2"),
7.21-7.35 (m, 6H, H-6, H-2"", H-3"", H-4"", H-5"",H-6""), 7.53-7.71 (m, 5H, H-7, H-
8, H-3', H-4', H-5"), 8.11 (d, J = 7.2, 2H, H-2", "), 8.42 (d, J = 7.9, 1H, H-5), 8.84
(s, 1H, H-4), 8.71-8.74 (m, CONH), 11.84 (s, 1H, N#9).*C NMR (75 MHz): ¢
ppm: 39.7 (CH, C-1"), 40.2 (CH, C-2"), 43.0 and 43.3 (2GHCH,-Ph), 112.7 (CH, C-
8), 113.0 (CH, C-4), 120.2 (CH, C-6), 121.3,(C-4b), 122.1 (CH, C-5), 126.4 (CH, C-
2, C-6"), 126.9 (CH, C-4™), 127.4 (CH, C-1")128.0 (CH, C-3™, C-5™), 128.7
(3CH, C-2’, C-4’, C-6'), 128.9 (C-3, C-5), 129.(CH, C-7), 129.9 (g C-4a), 134.2
(Co, C-9a), 137.5 (6; C-1"), 139.8 (G, C-3), 140.7 (g C-1), 141.6 (G C-8a), 165.1



(C=0), 165.9 (G, C-2™), 166.0 (G C-4™, C-6"); HRMS-ESI calcd for GzH34sNgO
[M+H]" 620.2881, found: 620.2859, error 3.5 ppm.

4.2.9.4. N-{2-[(4,6-bis(4-methylpiperazin-1-yl)-1,3,5-triaeR-yl)amino]ethyl}-1-
phenylg-carboline-3-carboxamideléa). Beige crystals; Yield: 55%; M.p: 158-160 °C,;
'H NMR (300 MHz):6 ppm: 2.00-2.27 (m, 10H, H-3™, H-5", 2C§), 3.44-3.63 (m,
8H, H-1", H-2", H-2", H-6"), 6.88 (t, J = 5.1, IHNHC2™), 7.32 (t, J = 7.3, 1H, H-
6), 7.56-7.71 (m, 5H, H-7, H-8, H-3’, H-4’, H-5’'8.07 (d, J = 6.7, 2H, H-2’, H-6),
8.41 (d, J = 7.8, 1H, H-5), 8.82 (s, 1H, H-4), 8(74 = 5.5, CONH), 11.84 (s, 1H, NH,
H-9). °C NMR (75 MHz):6 ppm: 39.4 (CH, C-1"), 40.1 (CH, C-2"), 42.4 (CH, C-
2", H-6"), 45.7 (CH3), 45.9 (CH), 54.3 (CH, C-3™), 54.5 (CH, C-5™), 112.7 (CH,
C-8), 113.0 (CH, C-4), 120.2 (CH, C-6), 121.2,,(C-4b), 122.0 (CH, C-5), 128.7
(3CH, C-2', C-4’, C-6’), 128.8 (C-3', C-5'), 128.&CH, C-7), 129.9 (g C-4a), 134.2
(Co, C-9a), 137.5 (g; C-17), 139.8 (@, C-3), 140.5 (G C-1), 141.6 (G C-8a), 164.6
(Co, C-4", C-6"), 165.0 (C=0), 166.1 (§ C-2"). HRMS-ESI calcd for &HsoN1:0
[M+H]" 606.3412, found: 606.3409, error 0.5 ppm.

4.2.9.5. N-{2-[(4,6-dimorpholino-1,3,5-triazin-2-yl)amino]eyl}-1-phenyls-
carboline-3-carboxamidelba). Beige crystals; Yield: 84%; M.p: 193-194 °& NMR
(500 MHz): 6 ppm: 3.50-3.60 (m, 12H, H-1", H-2", H-2"", H-3"H-5"", H-6™"), 6.97
(t, J=5.4, 1H, NHC2™), 7.31 (t,J = 7.5, 1H,6)- 7.55-7.64 (m, 4H, H-7, H-3’, H-4’,
H-5), 7.69 (d, J = 8.1, 1H, H-8), 8.10 (d, J =,72¥, H-2’, H-6"), 8.41 (d, J = 7.8, 1H,
H-5), 8.83 (s, 1H, H-4), 8.76 (t, J = 5.8, CONH), &3 (s, 1H, NH, H-9)*C NMR (125
MHz): 6 ppm: 39.4 (CH, C-1"), 40.1 (CH, C-2"), 43.1 (CH, C-2™), 43.2 (CH, C-
6"), 66.0 (CH, C-3™), 66.1 (CH, C-5"), 112.7 (CH, C-8), 113.0 (CH, C-4), 120.2
(CH, C-6), 121.2 (g C-4b), 122.0 (CH, C-5), 128.6 (CH, C-4'), 1282CH, C-2’, C-
6"), 128.8 (C-3’, C-5), 128.9 (CH, C-7), 129.9(4C-4a), 134.2 (§; C-9a), 137.5 (&
C-17), 139.8 (G, C-3), 140.5 (G C-1), 141.6 (G C-8a), 164.7 (& C-4™, C-67),
165.0 (C=0), 166.0 (§ C-2"). HRMS-ESI calcd for £HssNgO3 [M+H]" 580.2779,
found: 580.2761, error 3.1 ppm.

4.296. N-{2-[(4,6-bis(isopropylamino)-1,3,5-triazin-2-yheino]ethyl}-1-pheny)-
carboline-3-carboxamide 16a). White crystals; Yield: 94%; M.p: 200-201 °CH
NMR (500 MHz):é ppm: 1.05 (5 12 H, CH), 3.45-3.55 (m, 4H, H-1", H-2"), 4.02 (dq,
J =13.0, 6.7, 2H, CHCH) 6.06-6.64 (m, 3H, NH), 7.31 (t, J = 7.4, 1H, H-B.55-7.70



(m, 5H, H-7, H-8, H-3', H-4’, H-5"), 8.11 (d, J =@, 2H, H-2', H-6), 8.41 (d, J = 7.9,
1H, H-5), 8.82 (s, 1 H, H-4), 8.74 (t, J = 5.6, GAN11.83 (s, 1H, NH, H-9)*C NMR
(125 MHz):6 ppm: 22.7 (CHCH), 39.8 (CH, C-1"), 39.9 (CH, C-2"), 40.1 (CHCH),
112.9 (CH, C-8), 112.7 (CH, C-4), 120.2 (CH, CB)1.2 (G, C-4b), 122.0 (CH, C-5),
128.6 (CH, C-4"), 128.7 (2CH, C-2’, C-6’), 128.80R, C-3, C-5'), 128.9 (CH, C-7),
129.9 (G, C-4a), 134.2 (g C-9a), 137.5 (g C-1'), 139.8 (G, C-3), 140.6 (G C-1),
141.6 (G, C-8a), 164.9 (g C-2™), 165.0 (2G, C-4", C-6"), 165.9 (C=0); HRMS-ESI
calcd for GgHaaNgO [M+H]" 524.2881, found: 524.2868, error 2.5 ppm.

4.2.9.7. N-{2-[(4,6-bis(isopropylamino)-1,3,5-triazin-2-yhaino]ethyl}-1-(4-
methoxyphenylp-carboline-3-carboxamidelgb). White crystals; Yield: 75 %; M.p:
262-264 °C;'H NMR (300 MHz):6 ppm: 1.05 (5 12H, CHCH), 3.55 (m, 4H, H-1",
H-2"), 3.89 (s, 3H, OCH), 4.03 (m, 2H, CHCH), 7.18 (d, J = 8.4, 2H, H-3', H-5),
7.30 (t, J =7.3, 1H, H-6), 7.58 (t, J = 7.3, 1H7} 7.69 (m, 1H, H-8), 8.07 (d, J = 8.1,
2H, H-2’, H-6"), 8.38 (d, J = 7.7, 1H, H-5), 8.7, @ H, H-4), 8.73 (sCONH), 11.79
(s, 1H, NH, H-9)°C NMR (75 MHz):6 ppm: 22.7 (CHCH), 38.6 (CH, C-1"), 41.2
(CHCHg), 41.7 (CH, C-2"), 55.4 (OCH3), 112.4 (CH, C-8), 112.7 (CHAE 114.3
(2CH, H-3’, H-5"), 120.2 (CH, C-6), 121.3 ¢C-4b), 122.0 (CH, C-5), 128.5 4CC-
9a), 129.7 (¢ C-4a), 130.0 (CH, C-7), 130. 1 (2CH, C-2’, C-6134.0 (G, C-1),
139.6 (G, C-3), 140.5 (G C-1), 141.5 (G C-8a), 160.0 (6 C-4'), 165.0 (G, C-2"),
165.1 (C=0), 166.0 ( C-4", C-6"); HRMS-ESI calcd for 4gHzeNgO, [M+H]”
554.2986, found: 554.2990, error 0.7 ppm.

4.2.9.8. N-{2-[(4,6-bis(isopropylamino)-1,3,5-triazin-2-yhano]ethyl}-1-(4-
fluorophenyl)g-carboline-3-carboxamidel6c). White crystals; Yield: 48 %; M.p: 190-
195 °C;*H NMR (500 MHz):é ppm: 1.05 (d, J = 6.90, 12H, CH@H3.30-3.60 (m,
4H, H-1", H-2"), 4.03 (dd, J = 13.5; 6.8, 2H, CHg)H7.46 (t, J = 8.8, 2H, H-3’, H-5"),
7.32(t, J = 7.5, 1H, H-6), 7.60 (t, J = 7.5, 1H7H 7.68 (d, J = 8.2, 1H, H-8), 8.18,(s
2H, H-2’, H-6"), 8.42 (d, J = 7.8, 1H, H-5), 8.74,(CONH), 8.82 (s, 1 H, H-4), 11.86
(s, 1H, NH, H-9).2*C NMR (125 MHz):6 ppm: 22.6 (CHCH), 39.3 (CH, C-1"), 40.9
(CHy, C-2"), 42.1 (CHCH), 112.6 (CH, C-8), 113.0 (CH, C-4), 115.6 (CH, H-B15.8
(CH, H-5"), 120.2 (CH, C-6), 121.2 (< C-4b), 122.1 (CH, C-5), 128.7 {CC-9a),
130.0 (G, C-4a), 130.8 (CH, C-2'), 130.9 (CH, C-6’), 133CH, C-7), 134.1 (& C-
1), 139.5 (G, C-3), 139.7 (G C-1), 141.6 (G C-8a), 161.6 (& C-4'), 163.6 (C=0),



164.9 (G, C-2™, C-4™, C-6"); HRMS-ESI calcd for gH3sFNgO [M+H]" 542.2787,
found: 542.2802, error 2.8 ppm.

4.2.9.9. N-{2-[(4,6-bis(isopropylamino)-1,3,5-triazin-2-yhano]ethyl}-1-(2-
chlorophenyl)g-carboline-3-carboxamide 16d). White crystals; Yield: 69 %; M.p:
152-157 °C*H NMR (300 MHz): ppm: 1.05 (d, J = 4.3, 12H, CHG}H3.38-3.52 (m,
4H, H-1", H-2"), 4.01 (d, J = 6.0, 2H, CHGH{ 7.31 (ddd, J = 7.9; 4.9; 3.1, 1H, H-6),
7.56-7.71 (m, 7H, H-7, H-8, H-3’, H-4’, H-5’, H-6NH), 8.42 (d, J = 7.8, 1H, H-5),
8.62 (¢, CONH), 8.90 (s, 1 H, H-4), 11.66l(sH, NH, H-9). HRMS-ESI calcd for
C29H33CINGO [M+H] " 558.2491, found: 558.2486, error 0.9 ppm.

4.2.9.10.N'-[4,6-bis(isopropylamino)-1,3,5-triazin-2-yl]-fphenyls-carboline-3-
carbohydrazide(17a). White crystals; Yield: 49 %; M.p: 204-206 °¢4 NMR (300
MHz): 6 ppm: 1.12 (5 12H, CH), 4.05 ($, 2H, CHCH), 6.58 ($, 2H, NH), 7.33 (t, J =
7.2, 1H, H-6), 7.59-7.73 (m, 5H, H-7, H-8, H-3',#-H-5’), 8.25 ($, H-2’, H-6’), 8.45
(d, J = 7.6, 1H, H-5), 8.84 (s, 1 H, H-4), 10.17GONH), 11.91 (s, 1H, NH, H-9°C
NMR (75 MHz):0 ppm: 22.5 (CHCH), 40.7 (CHCH), 112.7 (CH, C-8), 113.4 (CH, C-
4), 120.3 (CH, C-6), 121.2 (<C-4b), 122.1 (CH, C-5), 128.7 (CH, C-4"), 1284&H,
C-2', C-3, C-5, C-6'), 129.0 (CH, C-7), 129.8 {OC-4a), 134.2 (& C-9a), 137.4 (&
C-17), 139.3 (G, C-3), 140.6 (G C-1), 141.5 (G C-8a), 164.0 (C=0), 165.0 (3CC-
2", C-4", C-6™); HRMS-ESI calcd for &HzoNgO [M+H]" 496.2568, found: 496.2553,
error 3.0 ppm.

4.2.9.11. N'-[4,6-bis(isopropylamino)-1,3,5-triazin-2-yl]-4{methoxyphenyl}-
carboline-3-carbohydrazidelyb). White crystals; Yield: 98 %; M.p: 182-183 °¢H
NMR (500 MHz):6 ppm: 0.86-1.13 (m, 12H, CHGMH 3.90 (s, 3H, OCk), 4.04-4.09
(m, 2H, CHCH), 7.19 (d, J = 8.9, 2H, H-3', H-5"), 7.32 (t, 7=, 1H, H-6), 7.60 (td, J
=7.7;,1.1, 1H, H-7), 7.71 (d, J = 8.2, 1H, H-8R3B(d, J = 6.4, 2H, H-2’, H-6"), 8.42
(d, J = 7.9, 1H, H-5), 8.79 (s, 1 H, H-4), 10.15G©ONH), 11.85 (s, 1H, NH, H-9)°C
NMR (125 MHz):6 ppm: 22.5 (CHCH), 41.6 (CHCH), 55.4 (OCH3), 112.7 (CH, C-
8), 112.9 (CH, C-4), 114.1 (2CH, H-3', H-5"), 12q@H, C-6), 121.3 (§, C-4b), 122.0
(CH, C-5), 129.6 (g C-4a), 128.5 (CH, C-7), 129.8 {GC-9a), 130.2 (2CH, C-2’, C-
6'), 134.0 (G, C-1'), 139.1 (G, C-3), 140.6 (g C-1), 141.5 (G, C-8a), 160.0 (& C-
4'), 164.1 (G, C-2", C-4", C-6"), 165.0 (C=0); HRMS-ESI calctbr CogHa:NgO,
[M+H]" 526.2673, found: 526.2639, error 6.5 ppm.



4.2.9.12. N'-[4,6-bis(isopropylamino)-1,3,5-triazin-2-yl]- 4{fluorophenyl)s-
carboline-3-carbohydrazidel{c). White crystals; Yield: 60 %; M.p: 176-180 °¢H
NMR (300 MHz):6 ppm: 1.03-1.11 (m, 12H, CHGMH 4.04 ($, 2H, CHCH), 6.57 (4,
2H, NH), 7.32 (td, 7.2, 1.0, 1H, H-6), 7.46 (t, 89, 2H, H-3’, H-5"), 7.61 (td, J = 7.7;
1.1, 1H, H-7), 7.71 (d, J = 8.2, 1H, H-8), 8.3k &H, H-2', H-6’), 8.44 (d, J = 7.9, 1H,
H-5), 8.84 (s, 1 H, H-4), 10.22 (s, CONH), 11.921(d, NH, H-9).2*C NMR (75 MHz):

0 ppm: 22.6 (CHCH), 41.3 (CHCH), 112.7 (CH, C-8), 113.5 (CH, C-4), 115.5 and
115.7 (2CH, C-3’, C-5’), 120.3 (CH, C-6), 121.2¢(C-4b), 122.1 (CH, C-5), 128.7
(Co, C-4a), 129.9 (CH, C-7), 131.1 and 131.2 (2 CH’'CE-6"), 133.8 (G, C-9a),
134.1 (G, C-17), 139.3 (G, C-3), 139.6 (G C-1), 141.5 (G C-8a), 161.0 (6 C-4)),
164.1 (G, C-2"), 164.3 (C=0), 165.0 (2,CC-4", C-6"); HRMS-ESI calcd for
Co7H29FNO [M+H]* 514.2474, found: 514.2460, error 2.7 ppm.

4.2.9.13. N'-[4,6-bis(isopropylamino)-1,3,5-triazin-2-yl]-122{chlorophenyl)s-
carboline-3-carbohydrazidelfd). White crystals; Yield: 56 %; M.p: 177-181 °¢H
NMR (300 MHz):6 ppm: 1.08 (5 12H, CHCH), 4.04 ($, 2H, CHCH), 6.56 ($, 1H,
NH), 7.32 (ddd, J = 7.9; 4.8; 3.2, 1H, H-6), 7.594 (m, 4H, H-3’, H-4’, H-5', H-6),
7.71-7.74 (m, 2H, H-7, H-8), 8.45 (d, J = 7.9, HH5), 8.91 (s, 1 H, H-4), 9.91I(s
CONH), 11.73 (s, 1H, NH, H-9}3C NMR (75 MHz):6 ppm: 22.5 (CHCH), 41.2
(CHCHg), 112.4 (CH, C-8), 114.2 (CH, C-4), 120.2 (CH, -B21.1 (G, C-4b), 122.3
(CH, C-5), 127.5 (CH, C-7), 128.8 (CH, C-5"), 129®, C-4a), 130.7 (& C-2"), 132.2
(CH, C-3), 132.5 (CH, C-6’), 132.5 (-C-4’), 135.3 (@, C-1"), 136.3 (@, C-3), 138.8
(Co, C-9a), 139.8 (6; C-1), 141.4 (G C-8a), 163.8 (C=0), 164.9 (2,C-4", C-6™),
167.3 (G, C-2™); HRMS-ESI calcd for §HxCINgO [M+H]* 530.2178, found:
530.2162, error 3.0 ppm.

4.2.10.Procedure for the preparation gtcarboline-4,6-bis(isopropylamino)-1,3,5-
triazine derivative 16e)

A suspension of cyanuric chloride (0.2 mmol) andapsium carbonate (0.2
mmol) in anhydrous THF (1 mL) was stirred for 10notes at O °C, followed by the
addition of6e (0.2 mmol) suspended in anhydrous THF (2 mL). fdection mixture
was stirred at 0 °C for 1 hour, followed by additf 10 equivalents of isopropylamine.
The mixture was kept at 70 °C, and the reactiogmss monitored by TLC every 12 h.

After complete consumption of starting material8 (), the solution was cooled and



treated with 2 mL of distilled water. The precipggdormed was filtered and washed

with distilled water, providind.6ein 40% vyield.

4.2.10.1. N-{2-[(4,6-bis(isopropylamino)-1,3,5-triazin-2-yhano]ethyl}-1-(3-
nitrophenyl)#-carboline-3-carboxamidelfe). Yellow crystals; M.p. > 350 °C; Yield:
40 %;*H NMR (300 MHz):6 ppm: 1.10 (dd, J = 7.8; 6.7, 12H, CHgH2.78 (t, J =
6.1, 2H, H-2"), 3.41 (q, J = 6.1, 2H, H-1"), 3.941.05 (m, 2H, CHCH), 7.34 (m, 1.2,
1H, H-6), 7.60-7.70 (m, 3H, H-7, H-8, NH), 7.94 Jt= 8.0, 1H, H-5), 8.39-8.46 (m,
2H, H-5, H-4"), 8.58 (d, J = 7.8, 1H, H-6’), 8.808-86 (m, 2H, H-2’, NH), 8.91 (s, 1 H,
H-4).*C NMR (75 MHz):6 ppm: 22.0 (CHCH), 41.2 (CH, C-1"), 41.6 (CH, C-2"),
42.0 (CHCH), 112.6 (CH, C-8), 113.9 (CH, C-4), 120.4 (CH, £-821.2 (G, C-4b),
122.2 (CH, C-5), 123.5 (CH, C-2’), 123.6 (CH, C;41P9.0 (G, C-4a), 130.4 (CH, C-
7), 130.4 (G, C-9a), 134.4 (CH, C-5), 135.4 ¢CC-1’), 138.1 (CH, C-6’), 139.0 (£
C-3), 140.1 (G C-1), 141.7 (G C-8a), 148.3 (& H-3), 164.5 (G, C-2™), 164.5
(C=0), 164.7 (G, C-4", C-6"); HRMS-ESI calcd for £H33N100s [M+H] " 569.2732,
found: 569.2702, error 5.3 ppm.

4.3. Antileishmanial activity

4.3.1. Parasites and cell culture

Leishmania amazonensgomastigotes were maintained at 25 °C in Warren
medium and axenic amastigotes forms were maintaete@5 °C in Schneider's
medium, supplemented with 10% FBS. J774-A1 macrgghavere maintained at 37 °C
under 5% CQ@ atmosphere in RPMI 1640 medium (pH 7.2) suppleswntith 10%
FBS.

4.3.2. Antiprotozoal activity

The effects of synthesized compounds were evalustegromastigotes and
axenic amastigotes forms af amazonensig log phase of growth (48 h and 72 h,
respectively) at concentration of 1 x®éells mL*. The inoculants were introduced into
sterile 96-well micro plates containing increastancentrations of compoun@s-d,
9a-¢ 10a-15a 16a-d and 17a-d After incubation for 72 h at 25 °C and 32 °C for
promastigotes and axenic amastigotes forms, wasda80 pL of solution of XTT/
PMS (0.5 and 0.3 mg/mL) in the absence of lighteA#l h, the absorbance was read in

a spectrophotometer at 450 nm. The concentratiah dacreased 50% (g} of the



absorbance values compared with the negative dontae determined by regression
analysis of the data. Th6b also was determined the concentration that deete@8%

(ICqp) of the absorbance values. Miltefosine was usqubagive control.
4.3.3. Cytotoxicity assay

The cytotoxicity was evaluated in J774-A1l macro@saglo a suspension of
macrophages in log phase growth (72 h) at condénraf 5 x 10° cells mL* was
cultured in RPMI 1640 medium supplemented with 1BBS, were introduced into
sterile 96-well micro plates and incubated for 24tt87 °C and 5 % of C{Qension.
After this period, the supernatant was removed iagdeasing concentrations of the
substances were added. After 48 h of incubatioreutite same conditions mentioned
above, the cells were washed with phosphate bufffeséne 0.01 M and 50 puL of MTT
(2 mg mLY) was added to each well and incubated at absdtlighbat 25 °C. After 4
h, 150 uL of DMSO was added in order to disrupt tiells and solubilize purple
formazan crystals. The absorbance was read at B7@hmmicroplate reader (Biotek
Power Wave XS spectrofluorometer). The concenmmatiat decreased 50% (gL of
the absorbance value compared with the negativeatomas determined by regression

analysis of the data.
4.3.4. Electron Microscopy

Promastigotes (1 x £Qparasites/mL) were treated withsiGralue of16b and
incubated for 24, 48 and 72 h at 25 °C. The celsewfixed with 0.1 M cacodylate
buffer buffer and 2.5% of glutaraldehyde. For thteastructural analysis, promastigotes
fixed were post-fixed with 1% OsOand 0.8% potassium ferrocyanide in 0.1 M
cacodylate buffer for 1 h. After that, the samplesre dehydrated in acetone and
included in EPON resin. Ultrathin sections of 60 were obtained and contrasted with
uranyl acetate and lead citrate. The samples wesereed in Microscopy Jeol JM 1400
TEM. For scanning electron microscopy (SEM), proigases were placed on a glass
support with poly-L-lysin, dehydrated with ethanahd submitted at critical point
(replacement of ethanol by GOAfter that, the samples were metalized with gard
observed in FEI Quanta 250 SEM.

4.3.5. Oxidative stress analysis



Promastigotes (1 x f@arasites/mL) were pre-incubated or no witiacetyl-
cysteine (NAC) (1QuM) for 3 h and after that, treated withsfand 1Ggand incubated
as previously described. After 24 h of incubatitre cells were washed in PBS and
loaded with 2QuM H,DCFDA for 45 min. The fluorescence was determimed Victor
X3 spectrofluorometer at, of 488 nm andern of 530 nm [33].

4.3.6. Storage-lipid bodies analysis

Promastigotes (1 x f0parasites/mL) were treated with stCand 1G, and
incubated as previously described. After 24 h albation, the cells were washed in
PBS and loaded with 10 pug/mL Nile red for 30 miheTluorescence was determined

in a Victor X3 spectrofluorometer ax of 485 nm anden, of 535 nm [21].

4.3.7. Statistical analysis

The data shown in the tables and graphs are expgressthe mean + standard
deviation of at least three independent experimdrite statistical analysis was realized
using GraphPad Prism 6.0 software. The samples avexlyzed using one-way analysis
of variance (ANOVA), and the Tukgyost hoctest was used to compare means when

appropriate. Values g@f of <0.05 were considered statistically significant.
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HIGHLIGHTS

Novel hybrids p-carboline-1,3,5-triazine were assayed for antileishmanial activity.
Hybrids 9d, 9e, 16a and 16b were strongly active against Leishmania amazonensis.
Hybrid 16b showed low toxicity, and potent activity to amastigotes and promastigotes.

Compound 16b caused alterationsin cell division cycle, and led to protozoan cell death.



