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Targeting Plasmodium Falciparum Asexual and Sexual Stages
with Melatonin-Based Indole Compounds

Abhinab Mohanty,@! Lamark Carlos 1,[®} Euzébio Guimaraes Barbosa,!
Alessandro Kappel Jordao,’®! and Celia R. S. Garcia*!?!

The effectiveness of current treatments against malaria, par-
ticularly artemisinin-based combination therapies (ACTs), is
increasingly jeopardized by the emergence of drug resistance,
underscoring the urgent need for novel antimalarial agents.
Indole-based compounds, including melatonin derivatives, show
promise in influencing parasite development, although their
exact mechanisms of action remain elusive. In this study, we syn-
thesized and evaluated a series of 1H-1,2,3-triazole and benzene
ring derivatives derived from melatonin (2) and tryptamine (9).
Using copper(l)-catalyzed azide-alkyne cycloaddition (CuAACQ),
we produced 20 compounds, 16 of which are novel, and tested
their antimalarial efficacy against Plasmodium Falciparum (P.
falciparum) 3D7 and a genetically modified strain lacking ser-

1. Introduction

Malaria continues to be a significant global health issue, affect-
ing millions each year. The parasite Plasmodium falciparum
(P. falciparum) is the leading cause of malaria-related deaths,
with artemisinin-based combination therapy (ACT) currently
recommended as the first-line treatment for uncomplicated
cases. ACT combines artemisinin or its derivatives with part-
ner drugs with different mechanisms and longer half-lives to
combat resistance. However, the emergence of ACT-resistant
parasites poses a severe threat, with concerns that malaria
mortality rates could rise to levels seen in the 1980s during
the spread of chloroquine resistance in Africal” As resistance
to chloroquine and artemisinin spreads, discovering new com-
pounds to replace traditional treatments has become urgent.
Promising candidates include compounds with unique chemical
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pentine receptor 25 (PfSR25KO). Among these compounds, (13),
(7), and (8) exhibited notable anti-plasmodial activity, with 1Csy
values of 33.38, 31.92, and 11.57 uM, respectively, with favorable
selectivity indexes (SI). Investigation into their effects on the par-
asite’s sexual stages revealed that compound (13) demonstrated
significant gametocidal activity. When tested with melatonin,
these compounds exhibited diverse interactions: some mim-
icked melatonin’s effects, while others acted as competitive
inhibitors. This suggests their mode of action involves modulat-
ing melatonin-related signaling pathways in the parasite. These
findings highlight the potential of triazole-based indole deriva-
tives as promising candidates for therapeutic interventions and
blocking malaria transmission.

structures and mechanisms, such as 4-aminoquinolines, antifo-
lates, aryl-amino alcohols, naphthoquinones, antibiotics, and
endoperoxides.!?3!

Melatonin (N-acetyl-5-methoxytryptamine, 2), a hormone
derived from L-tryptophan (1), primarily synthesized by the
pineal gland, plays a regulatory role in various physiological pro-
cesses and is present across multiple organisms, from plants
and fungi to mammals.!*’! In P. falciparum and P. chabaudi,
melatonin has been found to synchronize the intraerythrocytic
developmental cycle of these parasites, which is believed to
occur through a signaling pathway involving phospholipase
C and inositol triphosphate, resulting in increased cytosolic
calcium and cyclic AMP levels.!®! Synthetic analogs of mela-
tonin and related indole compounds, such as N-acetyl-serotonin,
can modulate parasitemia in vitro.l*" Certain compounds, like
8-oxo-tryptamine, exhibit antimalarial properties, while mela-
tonin receptor antagonists like luzindole disrupt intracellular cal-
cium oscillations and cyclic AMP production, impairing parasite
development during the asexual stages.""?! Additional research
has shown that C2-arylalkanimino tryptamine derivatives and
biofunctionalized indole compounds, such as Flinderoles and
Borreverines, may inhibit melatonin-driven parasite synchroniza-
tion and hinder intraerythrocytic development.™™! Another
promising compound, spiroindolone KAE609, which exhibits
potent antimalarial activity, is undergoing phase Il clinical
trials.[®!

Exploring new therapeutic agents against malaria remains
essential due to the challenges of drug resistance and the
need for more effective treatments.”! In this context, our
research aimed to synthesize new indole-derived compounds
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Figure 1. Structural analogues derived from melatonin (4--8) and tryptamine (14-23).

featuring 1H-1,2,3-triazole and benzene rings with various sub-
stituents, especially by making targeted structural modifications
to melatonin (2) and tryptamine (9) molecules. The synthe-
sis was conducted using the CuAAC methodology, catalyzed
by copper (I) (“click chemistry”), as first described by Sharp-
less et all’®°! This versatile and efficient approach enables
molecular fragments to connect, enhancing their pharma-
cological properties for medicinal applications. Furthermore,
recent scientific literature reports the antimalarial activity of
1H-1,2,3-triazoles derived from indole derivatives.?>22! Qur
study assessed the antimalarial potential of these newly syn-
thesized compounds, focusing on the effects of aromatic
substitution patterns and the influence of the triazole ring
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on derivatives of melatonin (4--8) and tryptamine (14-23)
(Figure 1).

This study examined the antimalarial activity of 20 melatonin-
based compounds against the P. falciparum 3D7 strain and a
modified strain with a serpentine receptor 25 knockout (SR25KO).
We also assessed the impact of these compounds and melatonin
on P. falciparum parasitemia at sub-optimal doses. Moreover, we
have selected the best compounds from this series to investigate
their ability to block P. falciparum sexual development. These
findings underscore the potential of melatonin-based indole
compounds, especially those designed to interfere with mela-
tonin signaling pathways, as promising candidates in the search
for novel antimalarial therapies.[-%!
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Figure 2. Synthesis of two families of 1H-1,2,3-triazoles derived from indole (4-

2. Results

2.1. Synthesis and Characterization of Derivatives from
Melatonin and Tryptamine

We successfully synthesized triazole derivatives from melatonin
and tryptamine using a stepwise approach that showcased
the versatility of copper(l)-catalyzed azide-alkyne cycloaddition
(CuAACQ). Alkylation generated a terminal alkyne intermediate
for melatonin, which was then reacted with various aromatic
azides to produce triazole derivatives (4-8) in good yields (68%-
91%). Similarly, tryptamine was first converted into sulfonamide
intermediates using p-substituted benzenesulfonyl chlorides, fol-
lowed by alkylation with propargyl bromide to create acety-
lene intermediates. These intermediates were then subjected to
CuAAC, yielding triazole derivatives (14-23) with yields ranging
from 59%-91% (Figure 2). The CuAAC method proved robust
and adaptable, accommodating a range of aromatic substituents
with different electronic properties, making it an effective tool
for expanding chemical diversity.

The structures of all synthesized compounds were confirmed
through ™H NMR, ®C NMR, and FT-IR spectroscopy. We observed
clear triazole proton signals in the '"H NMR spectra, distinct car-
bon peaks in the 3C NMR, and characteristic sulfonamide and
triazole bands in the FT-IR. Melatonin derivatives consistently
provided higher yields than tryptamine derivatives, likely due to
steric and electronic factors affecting the latter’s intermediates.
Overall, the synthetic methods used in this study were efficient,
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-8) and (14--23).

reliable, and scalable, resulting in a diverse library of indole-
based compounds. This work provides a strong foundation for
further exploration of their biological activities, particularly in the
search for new antimalarial treatments.

2.2. Anti-plasmodial Activity of Derivatives Against the
Asexual Stages of P. falciparum

In our investigation into the antimalarial potential of this series
of compounds, we began by evaluating their solubility in RPMI
media, a standard aqueous culture medium used for growing
P. falciparum. Ensuring solubility was a crucial first step to con-
firm the compounds were suitable for biological testing. Out of
20 compounds initially tested, 16 were found to dissolve in the
medium at varying concentrations, while three of the remaining
four compounds were deemed insoluble and excluded from fur-
ther experiments. The final compound had previously published
ICs, data and was not re-evaluated in this study.!?

Next, we assessed the ability of the 16 soluble compounds to
inhibit the growth of the asexual blood stages of P. falciparum
using the well-characterized 3D7 strain of the parasite. Dose-
response curves were generated for each compound, and their
half-maximal inhibitory concentrations (ICs values) were calcu-
lated to evaluate their efficacy. A comprehensive summary of the
compound structures and corresponding 1Cso values is provided
in Table 1.

The majority of the compounds (13 out of 16) showed lim-
ited or no antimalarial activity. These compounds either had 1Cso
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PfSR25KO.

Compound Structure

Table 1. Determination of the anti-plasmodial activity of synthetic indole compounds in wild-type parasites (3D7) and the genetically modified strain

ICso (uM) 3D7 strain® ICso (MM) PfSR25KO strain?
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210 & 26

N.SP) N.SP)
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32+ 64 26 + 49
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Table 1. (Continued)

Compound

Structure
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Table 1. (Continued)
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Table 1. (Continued)

Compound Structure ICso (uM) 3D7 strain? ICso (uM) PfSR25KO strain?
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b Not soluble.
9 Not determined.

3 Values are the mean =+ SD of biological repeat experiments performed in triplicate, reported to two significant figures.

values exceeding the highest concentration tested or failed to
demonstrate significant parasite inhibition at any tested dose
(Figure S1). The compounds tested showed antimalarial activity
with the ICsy values in the micromolar range. In contrast, three
compounds, identified as (13), (7), and (8), displayed measurable
antimalarial activity, with 1Cs values of 33 + 15 uM, 32 + 6.4
MM, and 12 & 1.9 pM, respectively (Figure 3). Among these, com-
pound (8) emerged as the most potent, followed by (7) and (13).
These results highlight the potential of these three compounds
as promising candidates for further investigation, providing a
strong foundation for future studies aimed at their optimization
and development as antimalarial agents.

2.3. Differential Activity was not Observed Against the P.
falciparum Knockout Strain for Serpentine Receptor 25
(PfSR25KO)

To investigate the mechanism of action of the three active
indole-based compounds, we assessed their efficacy against a

ChemistrySelect 2025, 10, 04720 (7 of 20)

genetically modified P. falciparum strain, specifically the knock-
out strain for serpentine receptor 25 (PfSR25K0). This approach
was aimed at determining whether the compounds exert their
antimalarial effects through interaction with the SR25 receptor
or its associated downstream signaling pathways. The ICs, val-
ues obtained against the PfSR25KO strain for compounds (13),
(7), and (8) were 38 + 8.6 uM, 26 + 4.9 uM, and 15 £ 0.60 uM,
respectively.

As shown in Figure 4, the compounds exhibited similar killing
activity against both the wild-type 3D7 strain and the PfSR25KO
strain, with no statistically significant differences observed based
on t-test analysis. However, despite the lack of statistical signif-
icance, a trend was observed: compounds (13) and (8) showed
a slight increase in 1Csy in the PfSR25KO strain, while the knock-
out strain appeared to be more sensitive to compound (7). These
findings suggest that the mechanism of action of these indole-
based compounds does not involve the SR25 receptor or its
downstream signaling pathways. Instead, it is likely that these
compounds act through alternative molecular mechanisms, war-
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Figure 3. Determination of the anti-plasmodial activity of synthetic indole compounds in wild-type parasites (3D7). The figure represents the growth
survival curves of P. falciparum in response to the three best compounds along with their ICsos and cytometric dot-plot figures at their highest working
concentration (left) to the lowest concentration (right). Panels a)-c) display three compounds: (13), (7), and (8). Panel d) illustrates the action of
Chloroquine, which serves as the positive control in this experiment. The asynchronous culture of 3D7 was exposed to compounds for 72h. The parasitemia
calculation was done by double-staining the parasites with SYBR Green | and MitoTracker to separate viable parasites from the population. Experiments
were performed three independent times in triplicates. Error bars represent the standard deviation (SD).

ranting further investigation to fully elucidate their mode of
action.

2.4. Compounds Effective Against P. falciparum are not Toxic
Mammalian Cell Line HEK293T

We further evaluated the cytotoxicity of three compounds with
promising antimalarial activity, specifically for (13), (7), and (8), to
determine their effects on mammalian cells. Using the HEK293T
cell line, survival assays indicated that all three compounds were

ChemistrySelect 2025, 10, 04720 (8 of 20)

non-toxic at the tested concentrations, as evidenced by their sur-
vival curves (Figure 5). The Selectivity Index (Sl), calculated as
the ratio of cytotoxic concentration (CCsp) in HEK293T cells to the
effective antimalarial concentration (ICs), further supports these
observations. Since no cytotoxicity was observed at the highest
concentration tested (50 uM), and higher concentrations could
not be assessed due to solubility limitations, precise S| values
could not be determined. Instead, we report lower-bound esti-
mates: >1.49 for (13), >1.56 for (7), and >4.32 for (8), indicating
selectivity toward the parasite only.
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Figure 4. Indole compounds do not affect the SR25 receptor and its associated signaling pathway as a mechanism of anti-plasmodial action. This figure
demonstrates that the three indole-based compounds do not target the SR25 receptor or its associated signaling pathways as a mechanism of
anti-plasmodial action. Panels a)-c) show the survival curves for compounds (13), (7), and (8), respectively, in response to treatment of both the wild-type
3D7 strain and the genetically modified PfSR25KO strain. Panel d) shows the activity of Chloroquine, which acts as the positive control in this experiment.
The cytometric dot plots in the middle of the figure represent the results obtained at the highest working concentration of each compound for both
strains. The bar graphs to the right summarize the differential ICso values between the two strains, with statistical analysis performed using a t-test.
Asynchronous cultures of both the 3D7 and PfSR25KO strains were exposed to each compound for 72 h. Parasitemia was assessed by double-staining the
parasites with SYBR Green | and MitoTracker, allowing for the separation of viable parasites from the overall population. The dose-dependent activity of
(13), (7), and (8) shows no significant difference between the two parasite strains. Findings suggest that the anti-plasmodial effects do not involve the SR25
receptor, indicating that alternative molecular targets may be responsible for their activity. Experiments were performed in triplicate across three
independent trials. Error bars represent the standard deviation (SD) of the mean.
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Figure 5. Evaluation of cytotoxicity of synthetic indole compounds in Human Embryonic Kidney (HEK293T) cell line. HEK293T cells were incubated for 72 h
with compounds a) (13), B) (7), and C) (8) at concentrations ranging from 0.05 to 50 uM. Cell viability was evaluated using the MTT assay, which measures
metabolic activity as an indicator of cell survival. The cytotoxic concentration for 50% cell death (CCso) was determined from the survival curves, which
were generated by plotting the percentage of viable cells against the compound concentrations. The graphs represent the survival curves from three
independent experiments; each performed in triplicate. Error bars represent the SD. N.D. = Not Determined.

Among the compounds, compound (8) demonstrated the
most favorable profile, with the highest SI lower-bound estimate
(>4.32), suggesting superior antimalarial activity and minimal
toxicity to mammalian cells. These findings highlight the selec-
tive nature of these hybrid compounds, with (8) standing out
as the most promising candidate for further investigation. The
inability to determine S| values across all three compounds due
to a lack of cytotoxicity emphasizes their potential for selec-
tive antimalarial action. Minimal impact of these compounds
on mammalian cells makes them strong candidates for future
therapeutic exploration.

2.5. Gametocidal Activity of Active Compounds Against the
Sexual Stages of P. falciparum

To investigate the potential of indole-based compounds for
transmission-blocking strategies, we evaluated the effects of (13),
(7), and (8) on P. falciparum gametocytes. Late-stage gameto-
cytes (stages IV and V) expressing luciferase were treated with
five serial dilutions of each compound, ranging from 50 to 3.125
UM. Luciferase activity, measured at the end of the assay, served
as a proxy for viable gametocytes, with decreased luciferase
activity indicating effective gametocyte killing.

As shown in Figure 6, a significant difference in gametoci-
dal efficacy was observed across the compounds. At the highest
concentration of 50 uM, (13) demonstrated a robust gametocidal
effect, reducing luciferase activity by 62.69%, indicative of effec-
tive killing of gametocytes. In contrast, both (7) and (8) exhibited
minimal activity, with less than 20% reduction in luciferase
activity at their highest concentrations, suggesting negligible
or no effect on gametocytes. Primaquine, a well-established
gametocidal agent, served as a positive control and exhibited
near-complete activity (nearly 100% reduction in luciferase) at
a concentration of 10 pM, confirming the assay’s validity and
reliability.

Interestingly, although (8) demonstrated the highest selectiv-
ity for the asexual stages of P. falciparum in previous assays, it
failed to show significant gametocidal activity, indicating that its
antimalarial effects are stage-specific and primarily target asex-
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ual stages of the parasite’s lifecycle. These results suggest that
(13) holds promise as a transmission-blocking agent and may
serve as a valuable scaffold for developing new compounds with
enhanced gametocidal activity.

2.6. Triazole Derivatives Mimic and Interfere with Melatonin
Action on Parasites

In this experiment, we investigated the potential of triazole-
based derivatives to interfere with melatonin-mediated signaling
in P. falciparum; we tested 16 compounds synthesized using
tryptamine and melatonin as base scaffolds. Since melatonin
is known to regulate parasite synchronization and prolifera-
tion by binding to an uncharacterized receptor and activating
the PLC-IP3 signaling cascade, this study aimed to evaluate
whether these compounds could mimic or antagonize mela-
tonin’s action. Parasites were exposed to the compounds alone
and in combination with melatonin to assess their effects on
parasitemia. To achieve this end, P. falciparum parasites were
incubated under the following conditions: 1) 500 nM of each
compound alone, 2) 500 nM of each compound combined with
100 nM melatonin, 3) 100 nM melatonin alone (positive con-
trol), and 4) DMSO alone (negative control). We performed the
assay specifically using a suboptimal compound concentration
of 500 nM to determine whether the observed increase in para-
sitemia was due to compound-mediated activation of melatonin-
like signaling or interference with melatonin’s effect when
co-administered.

Parasitemia was measured to assess the effect of each con-
dition on parasite growth. Statistical analysis was performed
using one-way ANOVA with Dunnett’s post-hoc test, comparing
individual compounds to the negative control, and compounds
combined with melatonin to the positive control.

A general trend of increased parasitemia was observed when
parasites were incubated with 500 nM of each compound alone
(Figure 7). Among the compounds, (3) exhibited the most pro-
nounced increase, significantly enhancing parasitemia compared
to the DMSO control (p < 0.001). (12), (13), and (17) also induced
significant increases in parasitemia, albeit to a lesser extent than
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Figure 6. Gametocidal Activity of Indole-Based Compounds Against P. falciparum (NF54) Gametocytes. The figure displays the dose-dependent gametocidal
effects of three indole-based compounds [(13), (7), and (8)], on late-stage P. falciparum gametocytes (stages IV and V). Panels a)-c) show the effects of (13),
(7), and (8) on gametocyte viability, measured by luciferase activity and normalized to control. Panel d) represents the effect of the positive control,
Primaquine. Compounds were serially diluted in five concentrations ranging from 50 to 3.125 puM. (13) exhibited strong gametocidal activity, while (7) and
(8) showed minimal effects at all concentrations tested. Gametocytes were derived from the P. falciparum NF54-GFP-Luc line and concentrated using
magnetic cell separation (Miltenyi VarioMACS™). They were established at 1% gametocytemia and 2% hematocrit in 96-well plates. After treatment with
the compounds, the gametocytes were incubated for 72 h under hypoxic conditions at 37 °C. Luciferase activity, indicative of viable gametocytes, was
measured after mixing parasite lysate with luciferin substrate using the Berthold Tristar 5 Multi-Detection System. Error bars indicate the standard deviation
(SD) from three independent experiments performed in triplicate.
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Figure 7. Triazole-based derivatives mimic and compete with melatonin in modulating parasitemia in P. falciparum. The bar graphs a)-p) depict parasitemia
for the 16 triazole-based compounds: (3), (5), (6), (7), (8), (11), (12), (13), (14), (15), (16), (17), (19), (20), (21), (23). Compounds such as (3), (12), (13), and (17)
significantly increased parasitemia, mimicking melatonin’s effect, while (7) and (8) showed no increase, suggesting no interaction with melatonin pathways.
Combined with melatonin (C + MLT), compounds (7) and (8) strongly inhibited melatonin’s effect, reducing parasitemia significantly compared to
melatonin alone. Asynchronous P. falciparum 3D7 parasites were maintained at 1% parasitemia and 2% hematocrit, treated with compounds (C, 500 nM),
melatonin (MLT, 100 nM), or their combination (C + MLT, 500 nM + 100 nM), and incubated for 48 h. Parasitemia was assessed by flow cytometry using
SYBR Green | and MitoTracker staining. Parasites treated with DMSO served as the negative control. One-way ANOVA followed by Dunnett’s test was used
for statistical comparisons, where compounds were tested against the DMSO control, and compound + melatonin conditions were compared to melatonin
alone. Error bars represent the standard deviation (SD) from three independent experiments performed in triplicate. Abbreviations: C, compound alone;

MLT, melatonin alone; C + MLT, plus melatonin.

Compound (3) (p < 0.01). These results suggest that these com-
pounds mimic melatonin’s action, likely interacting with the
same receptor and activating downstream signaling pathways.
Conversely, (7) and (8), which had shown strong antimalar-
ial activity against asexual stages in prior assays, displayed no
effect on parasitemia when tested alone. This indicates that
their activity is specific to asexual stages and unrelated to
melatonin signaling. Other compounds, such as (14) and (20),
induced a modest increase in parasitemia, though these changes
were statistically insignificant, suggesting weak interactions with
melatonin-related pathways.

When compounds were tested in combination with mela-
tonin (500 nM compound + 100 nM melatonin), distinct compet-
itive effects were observed (Figure 7). (7) completely abolished
melatonin-induced increases in parasitemia (p < 0.01), sug-
gesting strong antagonistic activity. Compounds (6), (8), and
(20) also demonstrated strong competitive effects, significantly
reducing melatonin’s action compared to the melatonin-only
control (p < 0.05). Other compounds, including (3) and (12),
displayed mild antagonistic effects, reducing melatonin-induced
parasitemia to some degree, though these reductions were not
statistically significant. The competition observed for these com-
pounds might be partial, reflecting weaker binding affinity or
interaction with secondary signaling components.
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3. Discussion

Malaria remains a significant global health burden, and the
rapid emergence of drug-resistant P. falciparum strains under-
scores the urgent need for novel therapeutic strategies.’*?’! In
this study, we synthesized and evaluated a series of derivatives
based on melatonin and tryptamine scaffolds, focusing on their
anti-plasmodial potential, stage-specific activity, and interaction
with melatonin signaling pathways. Our findings highlight the
potential of these melatonin-inspired compounds as promising
candidates for antimalarial drug development, especially those
designed to interfere with melatonin-mediated pathways.

The design strategy for these derivatives focused on modu-
lating lipophilicity by strategically incorporating benzene rings
into the core tryptamine and melatonin scaffolds. Additional
substituents were introduced onto the aromatic ring to probe
their electronic effects and evaluate their capacity to enhance
inhibition of P. falciparum. In the tryptamine series specifically,
a sulfonamide group was selectively incorporated to expand
chemical diversity. Unlike melatonin, which already carries bulky
and polar functional groups, such as acetamide and methoxyl,
the simpler tryptamine scaffold was well-suited to accommodate
this moiety without compromising solubility or synthetic feasi-
bility. The introduction of sulfonamide was to explore potential
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hydrogen-bonding interactions and to fine-tune polarity, while
also building on an earlier study that demonstrated the influ-
ence of different functional groups on the melatonin signal-
ing pathway via PfelKl. The asymmetric design between the
two series was therefore intentional, allowing a broader explo-
ration of structure-activity relationships and providing further
insight into the role of structural modifications in Plasmodium
metabolism.

Among the synthesized compounds, compound (8) emerged
as the most potent against the asexual blood stages of P. fal-
ciparum, with an 1Csy of 12 + 1.9 pM. Electron density donor
molecular groups coupled to the resonant structure of the tri-
azole nucleus may be associated with the increased antimalarial
activity in (8), when compared to (7) and (13). Compound (13),
an indole-alkyne precursor, was intentionally included as an
indirect precursor of triazoles (7 and 8) and a direct precursor
of compounds (14-23). This design allowed us to test whether
biological activity arose solely from the triazole ring or if the
indolic backbone itself contributed to antiparasitic effects. The
measurable activity of (13) demonstrates that the indolic-alkynic
nucleus makes an intrinsic contribution, likely due to the abil-
ity of the terminal acetylene group to interact with diverse
biological targets. However, comparison with the triazole deriva-
tives highlights that incorporation of the triazole ring, especially
when coupled to a substituted benzene, further modulates and
enhances anti-plasmodial activity. This efficacy, coupled with a
lack of toxicity toward HEK293T cells, indicates strong parasite-
specific activity at a concentration well tolerated by mammalian
cells. The other active compounds, (7) and (13), demonstrated
moderate antimalarial activity, suggesting that specific struc-
tural modifications in the indole scaffold play a pivotal role in
enhancing activity.

Interestingly, compound (8), despite its potency against asex-
ual stages, exhibited no significant activity against late-stage
gametocytes, indicating stage-specific targeting. Conversely,
compound (13) demonstrated robust gametocidal activity, reduc-
ing luciferase activity by 62.69% at 50 uM, making it a potential
candidate for transmission-blocking strategies. Although the
gametocytocidal activity we observed is approximately five-fold
weaker than that of primaquine, it is notable that primaquine’s
transmission-blocking efficacy is largely attributed to its 8-
aminoquinoline core and a flexible aliphatic side chain, which
together balance lipophilicity and basicity to enable efficient
membrane permeation and organelle accumulation in gameto-
cytes. In our series, the alkyne moiety functions as a tunable
vector. The stage-specific activity observed in these compounds
underscores the importance of targeting distinct parasite stages
to achieve comprehensive antimalarial effects. Compounds like
(8), which selectively target asexual stages, could serve as potent
partners in combination therapies, while (13) holds promise
for interrupting parasite transmission. However, future studies
could focus on emulating primaquine’s transmission-blocking
properties by modulating the alkyne substituent to increase
lipophilicity within a drug-like window, maintain a basic core,
extend the aliphatic chain length, and explore linear, branched,
or cycloalkyl termini.
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To determine whether the anti-plasmodial effects of the
active compounds are mediated through the serpentine recep-
tor 25 (PfSR25), a putative G protein-coupled receptor, we evalu-
ated their efficacy against a PfSR25 knockout strain. The absence
of significant differences in ICsy values between the wild-type
and knockout strains suggests that these compounds exert their
effects independently of PfSR25. However, subtle trends, such as
slightly increased 1Cs values for (13) and (8) and enhanced sen-
sitivity of the knockout strain to (7), warrant further exploration
of potential indirect interactions with PfSR25-related signaling
pathways.

PfSR25 is one of four GPCR-like candidates identified in
P. falciparum'®! and functions as a potassium (K*) sensor
that mediates intracellular calcium signaling through the PLC-
IP3 pathway in response to changes in the concentration
of K™ in the parasites’ microenvironment. Beyond signaling,
PfSR25 also contributes to parasite survival under stress con-
ditions such as hyperosmotic shock, nutrient deprivation, and
oxidative stress.?”) Notably, parasites ablated of PfSR25 show
increased sensitivity to antimalarials like lumefantrine and
piperaquine, suggesting a broader role in modulating drug
susceptibility.!

Interestingly, prior studies have demonstrated that chloro-
quine primarily targets the digestive vacuole and shows
similar effects on both wild-type and PfSR25KO strains
whereas, lumefantrine displays greater activity against the
knockout.®! Although the precise mechanism of lumefantrine
remains unclear, it has been implicated in disrupting heme
detoxification,'®! with suggestions that its action may also
involve the transporters implicated in resistance like PfMDR1
and PfCRT.3? The differential response of PfSR25 knockout
parasites to lumefantrine supports the hypothesis that PfSR25
may influence how the parasite copes with drug-induced stress,
possibly through indirect effects on vacuolar or membrane
stability pathways.

Given that previous studies have reported enhanced activity
of 1H- and 2H-1,2,3-triazole-derived compounds against PfSR25-
deficient parasites,® we were particularly interested in evalu-
ating our own triazole-based compounds in the same model.
While our compounds differ in design and complexity from
those previously tested, they share a 1,2,3-triazole core, which
provided further rationale for examining their activity against
the knockout strain. The observed subtle differences in response,
especially for (7), may reflect structural features that interact with
pathways modulated by PfSR25, directly or indirectly. Such find-
ings suggest the potential value of PfSR25 as a modulatory factor
in antimalarial efficacy and highlight the importance of consid-
ering host-pathogen signaling interactions when exploring the
mechanism of action of new compounds.

Melatonin plays a critical role in synchronizing the intraery-
throcytic developmental cycle of P. falciparum through a sig-
naling cascade involving phospholipase C, inositol triphosphate
(IP3), and calcium signaling. The net result of the signalling cas-
cade is observed as increased parasitemia due to coordinated
parasite maturation.[®’ Previous work by Hotta et al. demon-
strated that this effect is most pronounced at 100 nM and is
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believed to aid immune evasion by facilitating the simultane-
ous release of merozoites. This synchronization can be disrupted
in vitro by 250nM of luzindole, a melatonin receptor antagonist,
confirming the involvement of a melatonin-sensitive signaling
pathway. Building on this, our study aimed to identify com-
pounds that could mimic or counteract melatonin’s influence
on the parasite, potentially revealing new strategies to impair
parasite survival or enhance antimalarial efficacy. Using a sub-
optimal concentration of 500 nM allowed us to detect subtle
modulatory effects on melatonin signaling without significant
parasite killing. Since luzindole, a known melatonin receptor
antagonist, is active only at 250 nM, testing our uncharacter-
ized compounds at 500 nM was appropriate to reveal potential
interference with the pathway. This approach helps identify can-
didates that may enhance combination therapies, even if they
lack strong standalone antimalarial activity.

Our results show that several triazole derivatives mimic
melatonin’s effects, increasing parasitemia when tested alone.
Notably, compounds (3), (12), and (13) significantly enhanced
parasitemia, suggesting that these compounds may act as mela-
tonin agonists, interacting with the same or related receptors
to activate downstream signaling. Interestingly, compound (13)
stands out as a unique case. While it enhanced parasitemia by
modulating the melatonin pathway, it also exhibited a clear anti-
malarial phenotype. The inhibitory activity of (13) appears to
arise from interaction with an additional parasite pathway inde-
pendent of melatonin signaling. The same cannot be said for
the other compounds that increased parasitemia, as no corre-
sponding antimalarial activity was detected. Hence, compound
(13) represents a particularly distinctive and valuable subject for
further study. Conversely, compounds (7) and (8), which lacked
agonistic effects, exhibited strong antagonistic activity when
tested in combination with melatonin. Compound (7) completely
abolished melatonin-induced increases in parasitemia, demon-
strating potent competitive inhibition. Both compounds also
exhibit moderate antimalarial activity with minimal toxicity, posi-
tioning them as promising candidates for combination therapy
or as scaffolds for further optimization in the development of
antimalarial drugs.

These findings reveal a functional diversity in their interac-
tion with melatonin signaling. While some compounds appear
to mimic melatonin and enhance parasitemia, others attenuate
the melatonin-induced increase, suggesting potential antagonis-
tic activity at the receptor level or interference with downstream
signaling. These effects indicate that certain compounds may act
as melatonin receptor antagonists, disrupting parasite synchro-
nization and thereby reducing the survival advantage conferred
by host-derived melatonin. Our results also fall in line with pre-
vious work that demonstrates indole-based compounds to have
moderate antimalarial activity, with many of them either block-
ing or mimicking melatonin activity.!>?*?! This highlights the
potential of the indole class not only as chemical tools to dis-
sect melatonin-mediated pathways in P. falciparum but also as
promising leads for combination therapies aimed at weakening
the parasite’s adaptive mechanisms and enhancing susceptibility
to antimalarial treatment.
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4, Conclusion

The discovery of indole-based compounds that interfere with
melatonin signaling marks a significant advancement in devel-
oping novel antimalarial agents. These compounds show
promise due to their stage-specific activity, low toxicity to mam-
malian cells, and potential to disrupt parasite synchronization
and transmission. Furthermore, their involvement in multiple
biological pathways suggests they could complement exist-
ing therapies, such as lumefantrine, to enhance efficacy and
mitigate the risk of resistance.

We acknowledge that the ICs, values obtained in our study
fall within the low micromolar range, which is substantially
weaker than the potency of established antimalarials. How-
ever, these compounds represent first-generation triazole-indole
derivatives inspired by melatonin, a molecule that lacks intrinsic
anti-plasmodial activity but exhibits clear biological relevance to
parasite signaling. In this context, the modest activity observed
provides important proof of concept and establishes a founda-
tion for further scaffold optimization. Future efforts should focus
on refining the chemical framework to enhance potency and
drug-like properties. Strategies may include introducing aliphatic
chains onto the triazole ring to tune lipophilicity and inter-
actions within P. falciparum, as well as systematically varying
electron-donating and electron-withdrawing substituents at dif-
ferent positions of the aromatic core to probe structure-activity
relationships. Beyond structural optimization, priority should be
given in optimizing the pharmacokinetic and pharmacodynamic
profiles of the most promising compounds, including com-
pounds (8) and (13). Molecular modifications of these candidate
prototypes to improve their efficacy, bioavailability, and selectiv-
ity for parasite-specific targets will be key to maximizing their
therapeutic potential. Investigating the precise molecular targets
and signaling pathways involved in their action will provide criti-
cal insights into their mechanism and guide the development of
next-generation antimalarial agents.

In conclusion, this study highlights the potential of
melatonin-inspired compounds as a novel class of antimalarial
agents that can target both the asexual and sexual stages of the
malaria parasite. These compounds offer a promising strategy
for combating drug resistance and enhancing malaria control by
modulating melatonin-mediated pathways. This work lays the
groundwork for further research into indole-based compounds
as versatile tools in the ongoing fight against malaria.

5. Materials and Methods

5.1. Experimental Section

The chemical reagents and solvents used in this study were all
of analytical grade and were obtained from Merck AG (Darm-
stadt, Germany), ACS Cientifica Quimica Fina Especializada LTDA
(Sao Paulo, Brazil), and Sciavicco Comércio Industria LTDA (Belo
Horizonte, Brazil). Tryptamine and melatonin were purchased
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from Sigma Aldrich Brazil LTDA (Sao Paulo, Brazil). Melting points
were determined using a Quimis device, model 340S, and are
reported without correction. Infrared (IR) spectra were recorded
using a PerkinElmer FT-IR spectrophotometer, models 1600 Series
and Spectrum One, in double-beam mode, on anhydrous potas-
sium bromide pellets or sodium chloride windows, or as films
on anhydrous KBr pellets. Absorption values were expressed in
wavenumbers (cm™'). The 'H and ®C NMR spectra were obtained
in DMSO-dg using equipment model Bruker DPX-300 operating
at 75 MHz for ®C NMR and 300 MHz for 'H NMR and Bruker
Biospin AG 500 MHz for 'H isotopes and 126 MHz for *C NMR.
For all spectra obtained, chemical shifts (5) were reported in
parts per million (ppm) relative to the solvent used. The cou-
pling constant (J) was expressed in Hertz (Hz) and the number
of hydrogens was deduced from the relative integral. Reactions
were monitored by thin-layer chromatography (TLC) on Merck
60 F254 precoated silica gel plates and visualized under UV light
at 254 nm. Column chromatography was performed using a
flash silica gel column with an appropriate hexane/ethyl acetate
mixture as the eluent. High-resolution mass spectra of the com-
pounds were acquired on an Agilent 6230 mass spectrometer
and a Bruker Daltonics micrOTOF-Q II.

5.1.1. Chemistry

General procedure for the synthesis of sulfonamides (10, 11)
derived from tryptamine (9): A solution of tryptamine (9) (1.0
mmol, 1.0 equiv.) in dry THF (5 mL) was prepared and cooled to
0 °C. Subsequently, a mixture of p-substituted benzenesulfonyl
chloride (1.0 mmol, 1.0 equiv.) and triethylamine (1.2 mmol, 1.2
equiv.) in dry THF (10 mL) was added slowly. The reaction mix-
ture was then warmed to 40-45 °C and stirred for 4 h. Upon
completion of the reaction, the formed triethylaminium chloride
was removed by filtration, and the solvent was evaporated under
reduced pressure. The resulting organic residue was purified by
recrystallization from an ethanol/water mixture 1:1 (v/v).

N-(2-(1H-indol-3-yl)ethyl)-4-methylbenzenesulfonamide (10):
Obtained in 832% yield in the form of white needle-shaped
crystals; m.p. 106-108 °C; IR (KBr) vmax (cm™") 3410 (N-H, indole),
3278 (N-H), 1600 (C=C), 1310, 1150 (S=0); '"H NMR (300 MHz,
DMSO-dg) 8 10.78 (bs, 1H, N-H, indole), 7.65 (d, J = 8.1 Hz, 3H,
CH, and CH’, Ar; N-H), 7.31 (dt, J = 12.7, 5.4 Hz, 4H, CH, and CH",
Ar; 2CH, indole), 7.07 (s, 1H, CH), 7.01 (t, J = 7.5 Hz, TH, CH), 6.9
(t, J =74 Hz 1H, CH), 295 (q, J = 6.5 Hz, 2H, CH,), 275 (t, / =75
Hz, 2H, CH,), 2.32 (s, 3H, CH3) ppm; ®C NMR (75 MHz, DMSO-dg)
8 143.0 (Q), 138.1 (C), 136.6 (C), 130.0 (CH), 127.4 (CH), 127.0 (Q),
123.4 (CH), 1214 (CH), 118.7 (CH), 118.4 (CH), 111.8 (C), 1.4 (CH),
43.9 (CH,), 25.8 (CH,), 21.4 (CH3) ppm. HRMS-ESI: Calculated for
CyHigN20,S [M+H]T = 315.1162; Found for C;HigN,0,S [M+H]*
= 315.1194

N-(2-(1H-indol-3-yl)ethyl)-4-nitrobenzenesulfonamide (11):
Obtained in 76% vyield as a shiny brown solid; m.p. 134-136 °C;
IR (KBF) vimax (cm™') 3410 (N-H, indole), 3240 (N-H) 1600 (C=C),
1530, 1325 (NO,), 1350, 1147 (S=0); '"H NMR (300 MHz, DMSO-d;) &
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10.78 (bs, TH, N-H, indole), 8.26 (d, J = 8.9 Hz, 2H, CH, and CH,
Ar), 811 (t, J = 5.7 Hz, TH, N-H), 7.91 (d, J = 8.9 Hz, 2H, CH and
CH”, Ar), 736 (d, J = 7.7 Hz, TH, CH), 7.25 (d, J = 8.0 Hz, 1H, CH),
7.09 (d, J = 2.4 Hz, 1H, CH), 7.01 (t, J = 8.2 Hz, TH, CH), 6.92 (t,
J=74Hz H, CH), 312 (q, / =72 Hz, 2H, CH,), 280 (t, J = 7.3
Hz, 2H, CH,) ppm. ®C NMR (75 MHz, DMSO-d¢) § 149.6 (C), 146.6
(C), 136.6 (C), 128.1 (CH), 127.3 (C), 124.7 (CH), 123.6 (CH), 121.3 (CH),
N8.7 (CH), 118.4 (CH), 111.8 (C), 111.1 (CH), 43.8 (CH,), 25.8 (CH,)
ppm. HRMS-ESI: Calculated for CigHisN3O4S [M+H]™ = 346.0856;
Found for CigHisN304S [M+H]T = 346.0889

General procedure for the synthesis of the terminal alkyne (3)
From melatonin (2): A mixture of melatonin (2) (1.0 mmol, 1.0
equiv.) and sodium hydroxide (1.2 mmol, 1.2 equiv.) in dry DMF
(5 mL) was kept at 0 °C under constant stirring for 2 h. Subse-
quently, an 80% (w/w) solution of propargyl bromide in toluene
(2.0 mmol, 2.0 equiv.) was added, and the mixture was stirred
for an additional 2 h at room temperature. The reaction was
then quenched in water, extracted with ethyl acetate (2 x 20 mL),
and washed with brine and water. The organic phase was dried
over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The crude product was purified by flash col-
umn chromatography on silica gel using an ethyl acetate/hexane
7:3 (v/v) elution gradient to obtain the final product.

N-(2-(5-methoxy-1-(prop-2-yn-1-yl)-1H-indol-3 yl)ethyl)acetamide
(3): Obtained in 70.3% yield as a yellow solid; m.p. 87-89 °C; IR
(KBF) vmax (€m™") 3280 (N-H, Ac), 3080 (C-H, Ar), 2930 (C-H, Alph),
2120 (C=C), 1630 (C=0); 'H NMR (500 MHz, DMSO-d¢) § 7.85 (s, TH,
N-H), 7.35 (d, J = 8.8 Hz, TH, CH), 7.14 (s, 1H, CH), 7.06 (d, J = 2.4
Hz, 1H, CH), 6.81 (dd, J = 8.8, 2.4 Hz, 1H, CH), 495 (d, J = 2.5
Hz, 2H, CH,), 3.78 (s, 3H, CHs), 3.32 (s, 1H, CH), 327 (g, J = 25
Hz, 2H, CH,), 278 (t, J = 7.4 Hz, 2H, CH,), 1.81 (s, 3H, CH3) ppm.
BC NMR (126 MHz, DMSO-ds) § 170.2 (C), 153.9 (C), 1315 (C), 128.8
(C), 126.8 (CH), 112.4 (CH), 111.8 (C), 111.1 (CH), 101.2 (CH), 80.0 (C),
75.5 (CH), 55.9 (CH3), 39.9 (CH,), 35.5 (CH,), 25.4 (CH,), 23.1 (CHs).
HRMS-ESI: Calculated for CigHigN,O, [M+Nal™ = 293.1260; Found
for CigHisN,O, [M+Na]™ = 293.1263

General procedure for the synthesis of terminal alkynes (12, 13)
derived from (10, 11): A solution of (10) or (11) (1.0 mmol, 1.0
equiv.) in dry DMF (10 mL) was mixed with potassium carbonate
(1.2 mmol, 1.2 equiv.) and an 80% (w/w) solution of propargyl bro-
mide in toluene (1.2 mmol, 1.2 equiv.). The reaction mixture was
stirred continuously for 16 h at room temperature. Upon com-
pletion, the mixture was washed with a saturated solution of
ammonium chloride and then extracted twice with ethyl acetate
(2 x 20 mL). The combined organic phases were washed twice
with water and brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting product was
recrystallized from a mixture of ethanol and water 3:2 (v/v).

N-(2-(1H-indol-3-yl)ethyl)-4-methyl-N-(prop-2-yn-1-yl)

benzenesulfonamide (12): Obtained in 73.5% vyield as a shiny
white solid; m.p. 115-117 °C; IR (KBr) vmax (cm™") 3415 (N-H,
indole), 2120 (C=C), 1600 (C=C), 1320, 1150 (S=0); 1H NMR (300
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MHz, DMSO-dg) & 10.84 (bs, TH, N-H, indole), 7.65 (d, J = 8.2 Hz,
2H, CH, and CH’, Ar), 7.46 (d, J = 7.7 Hz, TH, CH), 7.32 (dd, J = 8.1,
4.6 Hz, 3H, CH, and CH”, Ar; CH, indole), 7.15 (s, 1H, CH), 7.03 (t,
J =75Hz 1H, CH), 6.94 (t, J = 7.4 Hz, 1H, CH), 417 (d, J = 25
Hz, 2H, CH,), 3.37-3.33 (m, 2H, CH,), 313 (t, J = 2.2 Hz, TH, CH),
2.96-2.88 (m, 2H, CH,), 2.33 (s, 3H, CHs) ppm. 3C NMR (75 MHz,
DMSO-dg) 8 143.8 (CH), 136.7 (CH), 136.1 (CH), 130.1 (CH), 127.7 (CH),
127.4 (C), 123.5 (CH), 121.5 (CH), 118.8 (CH), 118.5 (CH), 111.9 (CH),
110.9 (CH), 77.9 (C), 76.7 (C), 47.6 (CH,), 36.8 (CH,), 243 (CH,), 21.4
(CH3) ppm. HRMS-ESI: Calculated for CyoHyoN,0,S [M+H]T =
353.1318; Found for C,oHyoN,0,S [M+H]™ = 353.1357

N-(2-(1H-indol-3-yl)ethyl)-4-nitro-N-(prop-2-yn-1-
yl)benzenesulfonamide (13): Obtained in 83.5% yield as a
shiny yellow solid; m.p. 173-175 °C; IR (KBr) vmax (cm™') 3460
(N-H, indole), 3300 (C-H, alkyne), 2120 (C=C), 1600 (C=C), 1528,
1320 (NO,), 1343, 1160 (S=0); '"H NMR (300 MHz, DMSO-ds) § 10.86
(bs, TH, N-H, indole), 8.29 (d, J = 8.8 Hz, 2H, CH, and CH/, Ar),
7.99 (d, J = 8.8 Hz, 2H, CH, and CH", Ar), 749 (d, J = 7.7 Hz, H,
CH), 7.31 (d, J = 8.0 Hz, 1H, CH), 7.24-6.87 (m, 3H, 3CH, indole),
4.6-3.64 (m, 2H, CH,), 3.49 (t, J = 7.6 Hz, 2H, CH,), 3.26-3.09 (m,
1H, CH), 299 (t, J = 7.6 Hz, 2H, CH2) ppm. *C NMR (75 MHz,
DMSO-dg) § 149.7 (C), 144.0 (C), 136.2 (C), 128.7 (CH), 126.8 (C),
124.2 (CH), 123.2 (CH), 121.0 (CH), 118.4 (CH), 118.0 (CH), 111.4 (CH),
110.2 (CH), 77.0 (C), 76.6 (C), 47.2 (CH,), 36.2 (CH,), 23.6 (CH,) ppm.
HRMS-ESI: Calculated for CigH;yN304S [M+H]™ = 384.1013; Found
for CioH;7N304S [M-+H]T = 384.1052

General procedure for preparing 1H-1,2,3-triazoles derived From
melatonin (4-8) and tryptamine (14-23): Copper sulfate pen-
tahydrate (0.5 mmol, 1.0 equiv.) and sodium ascorbate (0.25
mmol, 0.5 equiv.) were sequentially added to a solution contain-
ing substituted aryl azides (0.52 mmol, 1.05 equiv.) and either a
terminal alkyne derived from tryptamine (12) or (13) (0.5 mmol,
1.0 equiv.), or melatonin (3) (0.5 mmol, 1.0 equiv.) in a mixture of
DMF/H20 1:1 (v/v, 10 mL). The reaction was stirred at room tem-
perature until the starting materials were no longer detectable
by TLC. Upon completion, the mixture was extracted with ethyl
acetate and water (3 x 20 mL). The combined organic phases
were dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The crude product was purified by flash
column chromatography on silica gel using varying gradients of
ethyl acetate and hexane to afford the final product.

N-(2-(5-methoxy-1-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-

yl)methyl)-1H-indol-3-yl)ethyl)acetamide (4): Obtained in 70%
yield as a orange solid; m.p. 134-136 °C; IR (KBr) vmax (cm™") 3270
(N-H, Ac), 3090 (C-H, Ar), 2920 (C-H, Alph), 1630 (C=0), 1520, 1320
(NO,), 1340, 1220 (C-N, Ar; Alph); TH NMR (500 MHz, DMSO-d)
8 8.90 (s, MH, CH, triazole), 8.43-8.41 (m, 2H, CH, and CH’, Ar),
8.18-8.15 (m, 2H, CH, and CH", Ar), 7.97 (t, J = 5.7 Hz, 1H, N-H),
746 (d, J = 8.9 Hz, MH, CH), 7.25 (s, 1H, CH), 7.04 (d, J = 2.4 Hz,
1H, CH), 6.78 (dd, J = 8.9, 2.4 Hz, 1H, CH), 5.46 (s, 2H, CH,), 3.75
(s, 3H, CH3), 3.32-3.28 (m, 2H, CH,), 277 (t, J = 7.4 Hz, 2H, CH,),
179 (s, 3H, CHs) ppm. ®C NMR (126 MHz, DMSO-dg) § 167.0 (C),
154.0 (C), 147.3 (C), 146.0 (C), 141.2 (C), 131.8 (C), 128.8 (C), 127.1 (CH),
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125.9 (CH), 122.4 (CH), 121.2 (CH), 112.4 (CH), 111.8 (C), 111.1 (CH),
101.5 (CH), 56.1 (CH3), 41.1 (CH,), 39.9 (CH,), 25.5 (CH,), 23.0 (CHs)
ppm. HRMS-ESI: Calculated for C;,H;,NgO4 [M+Na]t = 457.1594;
Found for C;,H»,NgO,4 [M+Nal™ = 457.1592

N-(2-(1-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-5-
methoxy-1H-indol-3-yl)ethyl)acetamide (5): Obtained in 82%
yield as a white solid; m.p. 144-146 °C; IR (KBr) vpmax (cm™) 3320
(N-H, Ac), 3090 (C-H, Ar), 2930 (C-H, Alph), 1640 (C=0), 1340,
1220 (C-N, Ar; Alph); 'TH NMR (500 MHz, DMSO-ds) § 8.73 (s, TH,
CH, triazole), 7.97 (t, J = 5.7 Hz, 1H, N-H), 7.90-7.87 (m, 2H, CH,
and CH’, Ar), 7.65-7.63 (m, 2H, CH, and CH”, Ar), 7.46 (d, J = 8.9
Hz, 1H, CH), 7.24 (s, 1H, CH), 7.04 (d, J = 2.4 Hz, 1H, CH), 6.78 (dd,
J = 8.8, 2.5 Hz, TH, CH), 5.43 (s, 2H, CH,), 3.75 (s, 3H, CHs), 3.29 (d,
J = 5.4 Hz, 2H, CH,), 2.76 (t, J = 7.4 Hz, 2H, CH,), 1.79 (s, 3H, CH5)
ppm. 3C NMR (126 MHz, DMSO-ds) & 170.0 (C), 153.9 (C), 145.5
(C), 135.7 (C), 133.5 (C), 131.6 (C), 130.3 (CH), 128.8 (C), 127.1 (CH),
122.3 (CH), 122.1 (CH), 112.2 (CH), 111.7 (C), 111.2 (CH), 101.3 (CH), 55.9
(CH3), 41.1 (CH,), 39.9 (CH,), 25.5 (CH,), 23.0 (CH3) ppm. HRMS-ESI:
Calculated for Cy,H5,CINsO, [M+Na]t = 446.1354; Found for
CyHCIN5O, [M+Na]t = 423.1352

N-(2-(1-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-5-
methoxy-1H-indol-3-yl)ethyl)acetamide (6): Obtained in 91%
yield as a white solid; m.p. 156-158 °C; IR (KBr) vmax (cm™) 3320
(N-H, Ac), 3090 (C-H, Ar), 2920 (C-H Alph), 1640 (C=0), 1340, 1220
(C-N, Ar; Alph), 1070 (C-Br, Ar); 'TH NMR (500 MHz, DMSO-d¢) §
8.68 (s, TH, CH, triazole), 7.83-7.80 (m, 3H, CH and CH’, Ar; N-H),
7.77-774 (m, 2H, CH, and CH", Ar), 7.44 (d, J = 8.9 Hz, TH, CH),
722 (s, H, CH), 7.04 (d, J = 2.4 Hz, 1H, CH), 6.78 (dd, J = 8.8,
24 Hz, 1H, CH), 5.42 (s, 2H, CH,), 3.76 (s, 3H, CH3), 3.33-3.30 (m,
2H, CH,), 277 (t, J = 7.4 Hz, 2H, CH,), 179 (s, 3H, CH;) ppm. BC
NMR (126 MHz, DMSO-d¢) 8 169.8 (C), 153.9 (C), 145.5 (C), 136.2
(C), 133.2 (CH), 131.7 (C), 128.8 (C), 127.1 (CH), 122.5 (CH), 122.0 (Q),
121.8 (CH), 112.2 (CH), 1M11.7 (C), 111.2 (CH), 101.3 (CH), 55.9 (CHs), 41.1
(CH,), 39.8 (CH,), 25.5 (CH,), 23.1 (CH3) ppm. HRMS-ESI: Calculated
for C;,H,,BrNsO, [M-+Na]™ = 490.0849; Found for C,,H,,BrNsO,
[M+Na]* = 490.0852

N-(2-(5-methoxy-1-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-1H-
indol-3-yl)ethyl)acetamide (7): Obtained in 68% yield as a white
solid; m.p. 135-137 °C; IR (KBr) vmax (cm™") 3267 (N-H, Ac), 3080
(C=H, Ar), 2930 (C-H, Alph), 1640 (C=0), 1350, 1225 (C-N, Ar; Alph);
"H NMR (500 MHz, DMSO-dg) & 8.65 (s, TH, CH, triazole), 7.82 (dd,
J =7.6, 1.8 Hz, 3H, CH, and CH’, Ar; N-H), 7.58-7.54 (m, 2H, CH,
and CH”, Ar), 7.48-7.44 (m, 2H, CH, Ar; CH, indole), 7.23 (s, TH, CH),
7.04 (d, J = 2.5 Hz, TH, CH), 6.78 (dd, J = 8.9, 2.4 Hz, 1H, CH), 5.42
(s, 2H, CH,), 3.76 (s, 3H, CHs), 3.39-3.22 (m, 2H, CH,), 278 (d, J = 7.5
Hz, 2H, CH,), 179 (s, 3H, CHs) ppm. *C NMR (126 MHz, DMSO-d;)
§ 170.0 (C), 153.9 (C), 145.3 (C), 136.9 (C), 131.7 (C), 130.4 (CH), 129.2
(C), 128.8 (C), 127.1 (CH), 122.0 (CH), 120.6 (CH), 112.2 (CH), 111.7 (C),
111.2 (CH), 101.3 (CH), 55.9 (CHs), 41.1 (CH,), 39.9 (CH,), 25.5 (CH,),
23.1 (CH3) ppm. HRMS-ESI: Calculated for Cp,Hy3NsO, [M+Na]t =
412.1743; Found for C,,H»3NsO, [M+Na]™ = 412.1745
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N-(2-(5-methoxy-1-((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-
yl)methyl)-1H-indol-3-yl)ethyl)acetamide (8): Obtained in 68.1%
yield as a white solid; m.p. 124-126 °C; IR (KBr) vpax (€cm™") 3270
(N-H, Ac), 3090 (C-H, Ar), 2940 (C-H Alph), 1630 (C=0), 1345, 1250
(C-N, Ar; Alph), 1020 (C-0); '"H NMR (500 MHz, DMSO-d;) § 8.61
(s, TH, CH, triazole), 7.95 (d, J = 5.6 Hz, 1H, N-H), 7.76-7.73 (m,
2H, CH, and CH’, Ar), 7.47 (d, J = 8.9 Hz, 1H, CH), 7.24 (s, TH, CH),
7.12-7.09 (m, 2H, CH, and CH”, Ar), 7.04 (d, J = 2.4 Hz, 1H, CH),
6.78 (dd, J = 8.8, 2.4 Hz, TH, CH), 5.41 (s, 2H, CH,), 3.81 (s, 3H, CHs),
3.76 (s, 3H, CHs), 3.31-3.28 (m, 2H, CH,), 2.77 (t, J = 7.4 Hz, 2H,
CH,), 179 (s, 3H, CH3) ppm. ®C NMR (126 MHz, DMSO-d;) § 170.1
(C), 159.7 (C), 153.8 (C), 145.1 (C), 131.6 (C), 130.3 (C), 128.7 (C), 127.1
(CH), 122.2 (CH), 122.0 (CH), 115.3 (CH), 112.1 (CH), 111.7 (C), 111.2 (CH),
101.1 (CH), 56.0 (CHs), 55.9 (CHs), 41.1 (CH,), 39.9 (CH,), 25.5 (CH,),
23.1 (CH3) ppm. HRMS-ESI: Calculated for C3H;sNsO3 [M+Na]t =
442.1849; Found for C;3HysNsO3 [M+Nalt = 442.1852

N-(2-(1H-indol-3-yl)ethyl)-4-methyl-N-((1-(4-nitrophenyl)-1H-1,2,3-
triazol-4yl)methyl)benzenesulfonamide (14): Obtained in 82%
yield as a light yellow solid; m.p. 167-169 °C; IR (KBr) vpmax (cm™)
3445 (N-H, indole), 3090 (C-H, Ar), 2940 (C-H, Alph), 1600 (C=C),
1520, 1320 (NO,), 1350, 1150 (S=0); '"H NMR (500 MHz, DMSO-ds)
8 10.65 (bs, 1H, N-H, indole), 8.57 (s, 1H, CH, triazole), 8.37-8.35
(m, 2H, CH and CH’, Ar), 8.05-8.03 (m, 2H, CH, and CH", Ar), 7.61
(d, J = 8.2 Hz, 2H, CH, and CHr, Ar), 7.34 (d, J = 7.9 Hz, 1H, CH),
724 (t, J = 8.4 Hz, 3H, CH and CH/, Ar; CH, indole), 7.04 (d,
J =23 Hz 1H, CH), 6.96 (t, J =75 Hz, 1H, CH), 685 (t, J =74
Hz, TH, CH), 454 (s, 2H, CH,), 3.44-3.40 (m, 2H, CH,), 2.90-2.87
(m, 2H, CH,), 2.23 (s, 3H, CHs) ppm. 3C NMR (126 MHz, DMSO-ds)
8 1471 (Q), 144.7 (), 143.7 (C), 141.0 (C), 136.7 (C), 136.6 (C), 130.2
(CH), 127.4 (CH), 127.3 (C), 126.0 (CH), 123.5 (CH), 123.0 (CH), 121.5
(CH), 121.0 (CH), 118.9 (CH), 118.4 (CH), 111.9 (C), 111.0 (CH), 49.0
(CH,), 42.7 (CH,), 24.8 (CH,), 21.3 (CHs) ppm. HRMS-ESI: Calculated
for CysHuNgO4S [M+Nal™ = 539.1471; Found for CysHxuNgO4S
[M+Na]*™ = 539.1481

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-chlorophenyl)-1H-1,2,3-triazol-
4-yl)methyl)-4-methylbenzenesulfonamide (15): Obtained in
83% yield as a white solid; m.p. 172-174 °C; IR (KBr) vmax (cm™)
3400 (N-H, indole), 3090 (C-H, Ar), 2920 (C-H, Alph), 1590 (C=CQ),
1340, 1160 (S=0); TH NMR (500 MHz, DMSO-dg) 10.74 (bs, 1TH, N-H,
indole), 8.43 (s, 1H, CH, triazole), 7.83 (d, J = 8.5 Hz, 2H, CH, and
CH’, Ar), 7.70-7.65 (m, 4H, CH and CH”; CH, and CH, Ar), 7.42
(d, J =77 Hz, 1H, CH), 733 (d, J = 7.8 Hz, 3H, CH and CH//,
Ar; CH, indole), 7.12 (s, 1H, CH), 7.05 (t, J = 7.4 Hz, 1H, CH), 6.94
(t, J = 73 Hz, 1H, CH), 4.60 (s, 2H, CH,), 3.50-3.46 (m, 2H, CH,),
2.98-2.94 (m, 2H, CH,), 2.31 (s, 3H, CHs) ppm. C NMR (126 MHz,
DMSO-dg) § 144.1 (C), 143.7 (C), 136.8 (C), 136.6 (C), 135.6 (C), 133.5
(C), 130.3(CH), 130.2 (CH), 127.4 (CH), 127.3 (C), 123.5 (CH), 122.6 (CH),
122.1 (CH), 121.5 (CH), 118.9 (CH), 118.5 (CH), 111.9 (C), 111.0 (CH), 48.8
(CH,), 42.7 (CH,), 24.8 (CH,), 21.3 (CH3) ppm. HRMS-ESI: Calculated
for Cy6H4CINsO,S [M+H]™ = 506.1412; Found for CysH»CIN;O,S
[M+H]T = 506.1454

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-bromophenyl)-1H-1,2,3-triazol-
4-yl)methyl)-4-methylbenzenesulfonamide (16): Obtained in
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87% yield as a white solid; m.p. 170-173 °C; IR (KBr) vpax (cm™)
3400 (N-H, indole), 3090 (C-H, Ar), 2920 (C-H, Alph), 1590 (C=C),
1335, 1150 (S=0); '"H NMR (500 MHz, DMSO-ds) § 10.79 (bs, TH,
N-H, indole), 8.47 (s, TH, CH, triazole), 7.74 (s, 4H, CH and CH’;
CH and CH”, Ar), 7.64 (d, J = 7.9 Hz, 2H, CH and CH, Ar), 7.38
(d, J =79 Hz, 1H, CH), 7.27 (d, J = 7.9 Hz, 3H, CH and CH///, Ar;
CH, indole), 7.10 (s, TH, CH), 7.00 (t, J = 7.6 Hz, 1H, CH), 6.89 (t,
J =75 Hz, 1H, CH), 4.56 (s, 2H, CH,), 3.42 (t, J = 8.0 Hz, 2H, CH,),
2.90 (t, J = 8.0 Hz, 2H, CH,), 2.25 (s, 3H, CH3) ppm. *C NMR (126
MHz, DMSO-dg) & 144.2 (C), 143.6 (C), 136.9 (C), 136.6 (C), 136.1 (C),
133.2 (CH), 130.1 (CH), 127.4 (CH), 127.3 (C), 123.5 (CH), 122.6 (CH),
122.3 (CH), 121.7 (CH), 121.4 (CH), 118.8 (CH), 118.5 (CH), 111.9 (C), 111.0
(CH), 48.8 (CH,), 42.7 (CH,), 24.9 (CH,), 21.3 (CH3) ppm. HRMS-ESI:
Calculated for CysHuBrNsO,S [M+H]T = 550.0907; Found for
CasH24BrNsO,S [M+H]* = 550.0948

N-(2-(1H-indol-3-yl)ethyl)-4-methyl-N-((1-phenyl-1H-1,2,3-triazol-

4-yl)methyl) benzenesulfonamide (17): Obtained in 82% yield
as a light yellow solid; m.p. 44-47 °C; IR (KBr) vmax (cm™") 3400
(N-H, indole), 3060 (C-H, Ar), 2920 (C-H, Alph), 1590 (C=C), 1335,
150 (S=0); '"H NMR (300 MHz, DMSO-ds) & 10.73 (bs, TH, N-H,
indole), 8.36 (s, 1H, CH, triazole), 7.77 (d, J = 7.8 Hz, 2H, CH and
CH’, Ar), 768 (d, J = 8.2 Hz, 2H, CH and CH”, Ar), 759 (t, J = 7.8
Hz, 3H, CH and CHrz; CH, Ar), 749 (t, J = 7.4 Hz, 1H, CH), 7.42 (d,
J =79 Hz, 1H, CH), 7.33-7.31 (m, 2H, CH and CH///, Ar), 7.12 (d,
J =21Hz, 1H, CH), 7.04 (t, J = 73 Hz, 1H, CH), 6.93 (t, / = 7.3 Hz,
1H, CH), 4.60 (s, 2H, CH,), 3.49-3.46 (m, 2H, CH,), 2.97-2.94 (m, 2H,
CH,), 2.30 (s, 3H, CHs) ppm. *C NMR (126 MHz, DMSO-d¢) § 143.9
(C), 143.7 (C), 136.8 (C), 136.6 (C), 130.4 (CH), 130.2 (CH), 129.2 (CH),
127.4 (CH), 127.3 (C), 123.5 (CH), 122.5 (CH), 121.5 (CH), 120.4 (CH),
118.9 (CH), 118.5 (CH), 111.9 (C), 111.1 (CH), 48.7 (CH,), 42.6 (CH,),
24.8 (CH,), 21.3 (CH3) ppm. HRMS-ESI: Calculated for CgHsNsO,S
[M4+-H]* = 472.1802; Found for Cy6Ha5N50,S [M4+-H]T = 472.1848

C
C

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-methoxyphenyl)-1H-1,2,3-
triazol-4-yl)methyl)-4-methylbenzenesulfonamide (18):
Obtained in 91% vyield as a white solid; m.p. 118-120 °C; IR
(KBF) vmax (€cm™") 3400 (N-H, indole), 3090 (C-H, Ar), 2920 (C-H,
Alph), 1600 (C=C), 1335, 1156 (S=0), 1000 (C-O); 'H NMR (500 MHz,
DMSO-d6) § 10.74 (bs, 1H, N-H, indole), 8.27 (s, TH, CH, triazole),
7.69-7.66 (m, 4H, CH and CH’; CH and CH", Ar), 742 (d, J = 82
Hz, 1H, CH), 7.33 (dd, J = 8.1, 4.3 Hz, 3H, CH and CHr, Ar; CH,
indole), 7.13 (d, J = 9.0 Hz, 3H, CH and CH///, Ar; CH, indole), 7.05
(t, J =75 Hz 1H, CH), 6, 94 (t, J = 7.4 Hz, 1H, CH), 459 (s, 2H,
CH,), 3.84 (s, 3H, CH3), 3.48-3.45 (m, 2H, CH,), 2.97-2.93 (m, 2H,
CH,), 2.33 (s, 3H, CH3) ppm. ®C NMR (126 MHz, DMSO-dg) § 159.7
(C), 143.7 (C), 143.6 (C), 136.8 (C), 136.6 (C), 130.3 (C), 130.2 (CH),
127.4 (CH), 1273 (C), 123.5 (CH), 122.5 (CH), 122.1 (CH), 121.5 (CH),
18.9 (CH), 118.5 (CH), 115.3 (CH), 111.9 (C), 111.1 (CH), 56.0 (CHs), 48.7
(CH,), 42.6 (CH,), 24.8 (CH,), 21.3 (CH3) ppm. HRMS-ESI: Calculated
for C;yHyNsO3S [M+Nalt = 524.1726; Found for Cy;Hy;NsO;S
[M+Na]™ = 5241726

N-(2-(1H-indol-3-yl)ethyl)-4-nitro-N-((1-(4-nitrophenyl)-1H-1,2,3-
triazol-4-yl)methyl)benzenesulfonamide (19): Obtained in 83%
yield as a orange solid; m.p. 165-168 °C; IR (KBr) vmayx (cm™) 3410
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(N-H, indole), 3090 (C-H, Ar), 2930 (C-H, Alph), 1600 (C=C), 1520,
1320 (NO2), 1330, 1150 (5=0); '"H NMR (300 MHz, DMSO-d;) § 10.79
(bs, 1H, N-H, indole), 8.85 (s, 1H, CH, triazole), 8.40 (d, J = 9.0
Hz, 2H, CH and CH/, Ar), 8.14 (t, J = 8.4 Hz, 4H, CH and CH”; CH
and CHr, Ar), 791 (d, J = 87 Hz, 2H, CH and CH/, Ar), 7.38
(d, J =77 Hz, 1H, CH), 722 (d, J = 8.0 Hz, 1H, CH), 7.10 (s, TH,
CH), 6.97 (t, J = 7.5 Hz, 1H, CH), 6.87 (t, J = 7.3 Hz, TH, CH), 4.71
(s, 2H, CHy), 3.53 (t, J = 7.3 Hz, 2H, CH,), 2.95 (t, J = 7.3 Hz, 2H,
CH,) ppm. BC NMR (75 MHz, DMSO-ds) § 149.8 (C), 147.2 (C), 145.3
(Q), 144.4 (), 1411 (C), 136.6 (C), 128.7 (CH), 127.3 (C), 126.0 (CH),
124.6 (CH), 123.7 (CH), 123.2 (CH), 121.4 (CH), 121.0 (CH), 118.8 (CH),
118.5 (CH), 111.8 (C), 110.7 (CH), 48.7 (CH,), 42.3 (CH,), 24.5 (CH,)
ppm. HRMS-ESI: Calculated for CpsHy;N;O06S [M+Nal™ = 570.1166;
Found for Cy;sH,1N;O6S [M+Na]™ = 570.1179

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-chlorophenyl)-1H-1,2,3-triazol-
4-yl)methyl)-4-nitrobenzenesulfonamide (20): Obtained in 76.5%
yield as a orange solid; m.p. 156-158 °C; IR (KBr) vmayx (cm™") 3410
(N-H, indole), 3100 (C-H, Ar), 2920 (C-H, Alph), 1600 (C=C), 1520,
1320 (NO,), 1330, 1160 (S=0); 'H NMR (300 MHz, DMSO-d;) § 10.80
(bs, TH, N-H, indole), 8.65 (s, 1H, CH, triazole), 8.14 (d, J = 8.5 Hz,
2H, CH and CH’, Ar), 7.86 (dd, J = 187, 8.4 Hz, 4H, CH and CH";
CH and CH, Ar), 7.61 (d, J = 8.4 Hz, 2H, CH and CH//, Ar), 7.38
(d, J =79 Hz 1H, CH), 7.23 (d, J = 8.1 Hz, TH, CH), 7.10 (s, 1H, CH),
6.93 (dt, J = 31.2, 7.3 Hz, 2H, 2CH, indole), 4.68 (s, 2H, CH,), 3.52 (t,
J =75 Hz, 2H, CH,), 2.94 (t, J = 7.6 Hz, 2H, CH,) ppm. *C NMR
(75 MHz, DMSO-ds) 8 149.7 (C), 145.3 (C), 143.8 (C), 136.6 (C), 135.6
(C), 133.4 (C), 130.3 (CH), 128.7 (CH), 127.3 (C), 124.6 (CH), 123.7 (CH),
122.8 (CH), 122.1 (CH), 121.4 (CH), 118.8 (CH), 118.5 (CH), 111.8 (C), 110.7
(CH), 48.6 (CH,), 42.3 (CH,), 24.5 (CH,) ppm. HRMS-ESI: Calculated
for C5H»CINgO4S [M+H]T = 537.1106; Found for CysH»CINgO,4S
[M+H]*t = 537.1148

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-bromophenyl)-1H-1,2,3-triazol-

4-yl)methyl)-4-nitrobenzenesulfonamide (21): Obtained in 76%
yield as a orange solid; m.p. 160-162 °C; IR (KBr) vyax (cm-1) 3425
(N-H, indole), 3100 (C-H, Ar), 2930 (C-H, Alph), 1600 (C=C), 1525,
1320 (NO,), 1350, 1160 (5=0); 'H NMR (500 MHz, DMSO-ds) § 10.81
(bs, 1H, N-H, indole), 8.65 (s, 1H, CH, triazole), 8.20-8.18 (m, 2H,
CH and CH/, Ar), 7.94-7.92 (m, 2H, CH and CH”, Ar), 7.80-7.78 (m
4H, CH and CH/7; CH and CHr//, Ar), 7.42 (d, J = 7.9 Hz, 1H, CH),
7.27 (d, J = 8.1 Hz, 1H, CH), 7.13 (d, J = 2.3 Hz, 1H, CH), 7.04-7.01
(m, TH, CH), 6.94-6.90 (m, TH, CH), 4.71 (s, 2H, CH,), 3.57 (d, J = 1.5
Hz, 2H, CH,), 3.01-2.96 (m, 2H, CH,) ppm. ®C NMR (75 MHz,
DMSO-d6) § 149.8 (C), 145.3 (C), 143.9 (C), 136.6 (C), 136.0 (C), 133.2
(C), 128.7 (CH), 127.3 (C), 124.6 (CH), 123.7 (CH), 122.8 (CH), 122.3 (CH),
121.9 (CH), 121.4 (CH), 118.8 (CH), 118.5 (CH), 111.9 (C), 110.8 (CH),
487 (CH,), 42.3 (CH,), 24.5 (CH,) ppm. HRMS-ESI: Calculated for
CysHyBrNgO4S [M+Na]™ = 603.0420; Found for CysHyBrNgO4S
[M+Na]*™ = 603.0424

N-(2-(1H-indol-3-yl)ethyl)-4-nitro-N-((1-phenyl-1H-1,2,3-triazol-

4yl)methyl)benzenesulfonamide (22): Obtained in 59.4% yield
as a orange solid; m.p. 139-141 °C; IR (KBr) vmax (cm™") 3415 (N-H,
indole), 3060 (C-H, Ar), 2920 (C-H, Alph), 1600 (C=C), 1525, 1320
(NO,), 1350, 1160 (S=0); '"H NMR (300 MHz, DMSO-d;) § 10.80 (bs,
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1H, N-H, indole), 8.60 (s, TH, CH, triazole), 8.16 (d, J = 9.0 Hz, 2H,
CH and CH’, Ar), 791 (d, J = 8.9 Hz, 2H, CH and CH", Ar), 7.77
(d, J = 7.9 Hz, 2H, CH and CH/, Ar), 7.56-7.50 (m, 2H, CH and
CHs/', Ar), 743 (dd, J = 18.8, 7.8 Hz, 2H, CH, Ar; CH, indole), 7.24
(d, J=8.0Hz, 1MH, CH), 711 (d, J = 24 Hz, 1H, CH), 6.99 (t, J = 77
Hz, 1H, CH), 6.88 (t, J = 7.4 Hz, 1H, CH), 4.69 (s, 2H, CH,), 3.64-3.47
(m, 2H, CH,), 3.07-2.85 (m, 2H, CH,) ppm. '3C NMR (75 MHz,
DMSO-dg) 8 149.8 (C), 145.4 (C), 143.5 (C), 136.8 (C), 136.6 (C), 130.3
(CH), 129.2 (CH), 128.7 (CH), 127.3 (C), 124.6 (CH), 123.6 (CH), 122.7
(CH), 121.4 (CH), 120.4 (CH), 118.8 (CH), 118.5 (CH), 111.8 (C), 110.8
(CH), 48.6 (CH,), 42.3 (CH,), 24.6 (CH,) ppm. HRMS-ESI: Calculated
for CysHNgO4S [M+HIT = 503.1496; Found for CosHpNgO4S
[M+H]* = 503.1538

N-(2-(1H-indol-3-yl)ethyl)-N-((1-(4-methoxyphenyl)-1H-1,2,3-
triazol-4-yl)methyl)-4-nitrobenzenesulfonamide (23): Obtained
in 72% yield as a yellow solid; m.p. 115117 °C; IR (KBr) vpmay (cm™)
3410 (N-H, indole), 3100 (C-H, Ar), 2920 (C-H, Alph), 1600 (C=C),
1520, 1320 (NO2), 1350, 1150 (S5=0), 1020 (C-0); 'H NMR (300 MHz,
DMSO-dg) 8 10.81 (bs, 1H, N-H, indole), 8.51 (s, 1H, CH, triazole),
8.15 (d, J = 8.5 Hz, 2H, CH and CH’, Ar), 7.90 (d, J = 8.5 Hz, 2H,
CH, and CH”, Ar), 7.67 (d, J = 8.7 Hz, 2H, CH, and CH/, Ar), 7.38
(d, J =77 Hz, 1H, CH), 723 (d, J = 8.0 Hz, 1H, CH), 7.11-7.04 (m
3H, CH and CHs/, Ar; CH, indole), 6.99 (t, J = 7.4 Hz, 1H, CH),
6.88 (t, J = 7.3 Hz, TH, CH), 4.67 (s, 2H, CH,), 3.78 (s, 3H, CHs),
3.56-3.48 (m, 2H, CH,), 2.99-2.89 (m, 2H, CH,) ppm. *C NMR (75
MHz, DMSO-dg) § 159.7 (C), 149.7 (C), 145.3 (C), 143.3 (Q), 136.6
(C), 130.2 (C), 128.7 (CH), 127.3 (C), 124.6 (CH), 123.6 (CH), 122.7
(CH), 122.1 (CH), 121.4 (CH), 118.8 (CH), 118.5 (CH), 115.3 (CH), 111.8
(C), 110.7 (CH), 56.0 (CHs), 48.5 (CH,), 423 (CH,), 24.5 (CH,) ppm.
HRMS-ESI: Calculated for CogHasNgOsS [M4+H]+ = 533.1602; Found
for Ca6H24NOsS [M+H]™ = 533.1648

5.1.2. Culture of P. falciparum

The P. falciparum strains 3D7 and SR25KO were cultured at 37 °C
in RPMI-1640 medium (Gibco, Waltham, MA, USA), supplemented
with 0.21% sodium bicarbonate (Sigma, Burlington, MA, USA)
and 50 mg.L-1 hypoxanthine (Sigma). This culture medium was
enriched with 0.5% AlbuMAX | (Gibco) and maintained under
controlled atmospheric conditions with 5% CO,, 5% O,, and
90% N,. The cultures were refreshed daily with fresh complete
medium, and rapid-stained blood smears (Panotico stain) were
prepared to assess parasite growth and morphology.

5.1.3. Drug Susceptibility Testing in P. falciparum

To study how synthetic compounds, impact the intraerythrocytic
stages of P. falciparum, we used a flow cytometry-based assay to
measure parasitemia. An initial parasitemia level of 0.3% and 1%
hematocrit were set for the assay, and cultures were exposed to
varying concentrations of each compound, from 0.1 to 100 uM,
over a 72-h period. For staining, SYBR Green | (SG-I; Invitrogen,
Waltham, MA, USA) targeted nucleic acids, while MitoTracker
Deep Red (MT-Red; Invitrogen) labeled the mitochondria, allow-
ing for detailed cytometric analysis. Around 10,000 cells were
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analyzed per sample using an Accuri C6 flow cytometer (Bec-
ton Dickinson, San Jose, CA, USA) and FlowJo software. Dot plots
(side scatter versus fluorescence) facilitated the determination
of parasitemia. Parasites treated with 0.125% DMSO served as
negative controls to establish baseline responses.

5.1.4. Cytotoxicity Assay in HEK293T Cells

Human embryonic kidney (HEK293T) cells were cultured in
vented 75 cm? flasks (Greiner Bio-One, Frickenhausen, Germany)
under humidified conditions at 37 °C with 5% CO,, using Dul-
becco’s Modified Eagle Medium (DMEM; Gibco) supplemented
with 10% fetal bovine serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin (Sigma). To assess cytotoxicity, we employed the
MTT assay,'Z?"! which measures cell viability and proliferation.
Cells (10* per well) were plated in 96-well plates and exposed
to compounds at concentrations from 0.1 to 100 uM for 72 h.
Following this incubation, the MTT reagent was added for 3 h,
and absorbance was recorded at 570 nm using the FlexStation
3 Multi-Mode Microplate Reader (Molecular Devices, Sunnyvale,
CA, USA). Controls included DMSO (0.13%) as a negative control
and digitonin as a positive control to validate assay specificity.
The selectivity index (SI) for each compound was calculated
as the ratio of the CGCs, (cytotoxic concentration for 50% cell
viability) to 1Csy (inhibitory concentration for 50% reduction in
parasitemia) values, to assess whether the compounds exhibited
higher toxicity to P. falciparum or the host cells (HEK293T).

5.1.5. Evaluation of Indole Derivatives on Gametocyte Stages of
P. falciparum

Gametocytes derived from P. falciparum NF54-GFP-Luc line were
established at 1% gametocytemia and 2% hematocrit for the
assay in 96-well plates. Gametocytes were then treated with
various test compounds, dissolved in DMSO, and incubated
under hypoxic conditions at 37 °C for 72 h. Following incuba-
tion, luciferase activity in the gametocytes was quantified. For
this assay, the parasite lysate was created by following the manu-
facturer’s protocol, and 20 pL of this lysate was mixed with 20 pL
of luciferin substrate (Promega Luciferase Assay System) at room
temperature, and bioluminescence was measured over a 10-s
integration period using the Berthold Tristar 5 Multi-Detection
System.

5.1.6. Evaluation of Indole Derivatives on P. falciparum
Parasitemia

To investigate the impact of indole derivatives on P. falciparum
parasitemia, we treated 1% 3D7 cultures at 2% hematocrit with
500 nM of 1H-1,2,3-triazole and benzene ring derivatives for 48
h. Melatonin (100 nM) served as a positive control, while DMSO
(0.0013% v/v) acted as the negative control. The DMSO con-
centration was matched to the level present in the compound
solutions at 500 nM. Parasite activity and parasitemia were
assessed using SG-I and MT-Red staining, with the data normal-
ized against DMSO-treated controls. Furthermore, we evaluated
the potential of indole compounds to interfere with melatonin’s
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effects on parasitemia by incubating 3D7 parasites with 500 nM
indole derivatives alongside 100 nM melatonin for 48 h.
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