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ABSTRACT

In the present work, dehydrodieugenol B (1) and its methyl ether (2), isolated from
Nectandra leucantha twigs, were used as starting material for the preparation of two new
derivatives (1a and 2a) containing an additional methoxycarbonyl unit on allyl side chains.
Compounds 1a and 2a demonstrated activity against trypomastigotes (ECso values of 13.5
and 23.0 M, respectively) and against intracellular amastigotes (ECso values of 10.2 and
6.1 M, respectively). Additionally, compound 2a demonstrated no mammalian
cytotoxicity up to 200 M whereas compound 1a exhibited a CCso value of 139.8 M. The
mechanism of action studies of compounds 1a and 2a demonstrated a significant
depolarization of the plasma membrane potential in trypomastigotes, followed by a
mitochondrial membrane potential collapse. Neither calcium level nor reactive oxygen
species alterations were observed after a short-time incubation. Considering the potential
of compound 2a against T. cruzi and its simple preparation from the natural product 2,
isolated from N. leucantha, this compound could be considered a new hit for future drug

design studies in Chagas disease.

Keywords: Trypanosoma cruzi, neolignans, plasma membrane; mitochondrial

membrane.
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1. Introduction

Currently, about one billion people in the world suffer from at least one of the 20
diseases that are classified by WHO as Neglected Tropical Diseases (NTDs) [1]. These
diseases represent a major cause of morbidity and mortality, mainly in tropical regions of
the world and, are considered neglected due to a lack of financial investments in the
Research & Development for development of new drugs [2]. A recent study showed that
among the tropical parasitic diseases that cause mortality in the Brazilian population,
Chagas disease deserves important attention [3]. Caused by the flagellate protozoan
parasite Trypanosoma cruzi, there are only two available drugs for the treatment:
benznidazole and nifurtimox [4]. To contribute to novel therapies, the chemistry of natural
products plays an important role in the search for bioactive compounds [5-7]. The genus
Nectandra is composed of approximately 120 species of predominantly tropical
distribution, with wide diversity in the Brazilian Atlantic Forest [8,9]. Phytochemical studies
performed with Nectandra species have shown great structural diversity of bioactive
metabolites, including lignoids, alkaloids, and terpenoids [8]. N. leucantha, a species with
occurrence in the Atlantic Forest of the Sao Paulo and the Espirito Santo States of Brazil,
accumulated different neolignans formed by oxidative coupling of eugenol with anti-
inflammatory, antitumoral, and antiparasitic potential, especially against Leishmania
infantum and Trypanosoma cruzi [7, 9-14]. In the present work, two new methoxycarbonyl
derivatives of dehydrodieugenol B and methyldehydrodieugenol B, both isolated from
twigs of N. leucantha, were prepared via olefin cross-metathesis with methyl acrylate in
the presence of a ruthenium-based catalyst. Obtained compounds were evaluated against

extra (trypomastigote) and intracellular (amastigote) forms of T. cruzi. Moreover, the
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4
phenotypical mechanisms involved in the parasite death of these compounds in

trypomastigotes of T. cruzi were also investigated.
2. Material and methods
2.1 General experimental procedures

Methylacrylate was purchased from Sigma-Aldrich and stored over 3 A molecular
sieves under an inert atmosphere. Dimethyl carbonate was purchased from Alfa-Aesar
and was distilled under an inert atmosphere of argon and stored over 3A molecular sieves.
Hoveyda-Grubbs Il catalyst M72 (C627) was provided by Umicore. Column
chromatography (CC) was performed with silica gel (230-400 mesh, Merck) and
Sephadex LH-20 (Aldrich), while thin layer chromatography (TLC) separations were
carried out on silica gel 60 PF2s4 (Merck). 'H and '3C nuclear magnetic resonance (NMR)
spectra were recorded, respectively, at 400 and 100 MHz on a Bruker Avance |Il Ascend
400 spectrometer using CDCi3 (Sigma-Aldrich) as the solvent and using the residual signal
of CHCI3 as the internal standard (5 7.26 vs TMS). Electrospray ionization - high resolution
mass spectrometry (ESI-HRMS) data were measured on an Agilent 6510 Q-TOF LC/MS
spectrometer, using an ESI ion source operating at positive mode. Elemental analysis was
obtained in a Perkin-Elmer Elemental Analyzer model 2400 CHN. Infrared (IR) spectra

were recorded with a Shimadzu FT-IR Prestige-21 instrument.
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2.2. Plant material

Fresh twigs of N. leucantha were collected at Cubatao city, Sdo Paulo State, in
March 2019 from the same previously studied species [12,13]. The plant species was
identified by Dr. Euder G.A. Martins and a voucher specimen (EM357) has been deposited

in the Herbarium of the Institute of Biosciences, University of Sdo Paulo, SP, Brazil.
2.3. Extraction and isolation

Dried and powdered twigs of N. leucantha (200 g) were extracted with n-hexane
(10 x 250 mL). Combined organic extracts were concentrated under reduced pressure to
afford 7.5 g of crude extract. Part of this extract (1.5 g) was chromatographed over a silica
gel column eluted with increasing amounts of EtOAc in n-hexane to afford five fractions
(A - E). Fraction C (396 mg) was composed of pure 2. Part of the fraction D (375 mg) was
chromatographed over Sephadex LH-20, eluted with CHCI3:MeOH 1:1, to afford pure

compound 1 (287 mg).
2.4. Preparation of compounds 1a and 2a via olefin cross-metathesis reaction.

Adry and degassed Schlenk tube was loaded under argon with 50 mg of compound
1 or 2 (0.15 mmol, 1 equiv.), 1.6 mg of p-benzoquinone (1.5 x 102 mmol), 56 uL of methyl
acrylate (0.61 mmol, 4 equiv.), and 1.5 mL of dimethyl carbonate (DMC). Another dry and
degassed Schlenk tube was loaded under argon with 1.9 mg of Hoveyda-Grubbs I

catalyst (3 x 103 mmol, 2 mol%) and 0.5 mL of DMC. The ruthenium catalyst was then
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6
taken by a syringe and was slowly added into the first Schlenk tube through the septum
by means of a syringe pump for 2 h at 80°C. After addition, the reaction mixture was stirred
at 80 °C for an additional time (3 h) [15]. After solvent evaporation under reduced pressure,
products 1a or 2a were individually purified by chromatography column over silica gel

eluted with increasing amounts of EtOAc in n-hexane.

2.4.1. Methyl 4-{4-[2-hydroxy-3-methoxy-5-(4-methoxy-4-oxobut-2E-en-1-yl)phenoxy]-3-
methoxyphenyl}but-2E-enoate (1a): yellowish oil (yield 42%). IR (KBr) vmax 3421, 2947,
2837, 1720, 1654, 1585, 1508, 1429, 1269, 1211, 1155, 1093, 1033, 827 cm'; 'TH NMR
(CDCls, 400 MHz): 8/ppm 7.09 (1H, dt, J = 15.7 and 6.7 Hz, H-8), 7.02 (1H, dt, J = 15.5
and 6.8 Hz, H-8') 6.88 (1H, d, J = 8.1 Hz, H-6’), 6.76 (1H, d, J = 8.1 Hz, H-3’), 6.69 (1H,
d, J=8.1 Hz, H-2"), 6.46 (1H, d, J = 1.7 Hz, H-2), 6.35 (1H, d, J = 1.7 Hz, H-6), 5.84 (1H,
brd, J=15.7 Hz, H-9 ), 5.81 (br s, OH) 5.77 (1H, br d, J = 15.5 Hz, H- 9’), 3.89 (3H, s,
H-10), 3.85 (3H, s, H-10’), 3.73 (3H, s, H-12), 3.71 (3H, s, H-12’), 3.49 (2H, d, J = 6.8 Hz,
H-7’), 3.37 (2H, d, J = 6.7 Hz, H-7); *C NMR (CDCls, 100 MHz): 8/ppm 167.0 (C-11/11’),
150.7 (C-5), 148.2 (C-5), 147.8 (C-8’), 147.5 (C-8), 144.6 (C-3), 144.5 (C-4’), 135.7 (C-
4), 134.2 (C-1"), 128.8 (C-1), 122.1 (C-9’), 121.9 (C-9), 121.3 (C-2’), 119.8 (C-3’), 113.2
(C-6), 112.1 (C-6), 107.5 (C-2), 56.4 (C-10), 56.2 (C-10’), 51.7 (C-12), 51.6 (C-12’), 38.3
(C-7/7"); ESI-HRMS m/z 465.1519 [M + H]* (calcd. for C24H2608Na 465.1525); Anal. C

64.92, H 6.01% (calcd. for C24H260s, C 65.15, H 5.92%).
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2.4.2. Methyl 4-{4-[2,3-dimethoxy-5-(4-methoxy-4-oxobut-2E-en-1-yl)phenoxy]-3-
methoxyphenyl}but-2E-enoate (2a): yellowish oil (yield 56%). IR (KBr) max 3421, 2947,

2846, 1724, 1658, 1593, 1508, 1433, 1267, 1213, 1157, 1085, 1031 cm™'; "H NMR (CDCls,
400 MHz): /ppm 7.10 (1H, dt, J = 15.5 and 6.8 Hz, H-8), 7.02 (1H, dt, J = 15.6 and 6.7

Hz, H-8'), 6.82 (1H, d, J = 8.1 Hz, H-6’), 6.76 (1H, d, J = 1.8 Hz, H-3’), 6.68 (1H, dd, J =
8.1 and 1.8 Hz, H-2), 6.45 (1H, d, J = 1.8 Hz, H-2), 6.24 (1H, d, J = 1.8 Hz, H-6), 5.85
(1H, dt, J = 15.5 and 1.5 Hz, H-9), 5.77 (1H, dt, J= 15.6 and 1.5 Hz, H-9’), 3.87 (3H, s, H-
10/10), 3.82 (3H, s, H-13), 3.73 (3H, s, H-12), 3.71 (3H, s, H-12’), 3.50 (2H, dd, J = 6.7
and 1.0 Hz, H-7"), 3.37 (2H, dd, J = 6.8 and 1.2 Hz, H-7); "*C NMR (CDCl3, 100 MHz):
/ppm 167.0 (C-11), 166.9 (C-11’), 153.9 (C-5’), 150.9 (C-4’), 150.8 (C-5), 147.6 (C-8),

147.4 (C-8’), 144.5 (C-3), 138.6 (C-4), 133.9 (C-1’), 133.2 (C-1), 122.1 (C-9"), 122.0 (C-
9), 121.2 (C-2’), 119.8 (C-3’), 113.3 (C-6’), 111.7 (C-6), 107.8 (C-2), 61.1 (C-13), 56.3 (C-
10), 56.1 (C-10’), 51.6 (C-12/12’), 38.4 (C-7), 38.5 (C-7’); ESI-HRMS m/z 479.1677 [M +
Na]J* (calcd. for C2sH280sNa 479.1682); Anal. C 65.55, H 6.20% (calcd. for C2sH280sg, C

65.78, H 6.18%).
2.5. Experimental animals

BALB/c mice were obtained by the animal breeding facility at the Instituto Adolfo
Lutz - Sdo Paulo State, Brazil. The animals were maintained in sterilized boxes with
absorbent material under a controlled environment and received water and food ad
libitum. BALB/c mice were used to obtain peritoneal macrophages, and for T. cruzi

maintenance infection [16]. Animal procedures were performed with the approval of the
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Research Ethics Commission (project CEUA-IAL 05/2018), in agreement with the Guide

for the Care and Use of Laboratory Animals from the National Academy of Sciences.
2.6. Parasites and mammalian cell maintenance

T. cruzi trypomastigotes (Y strain) were maintained in Rhesus monkey kidney cells
(LLC-MK2 — ATCC CCL 7), using RPMI-1640 medium supplemented with 2% fetal bovine
serum (FBS) at 37 °C in a 5% CO2-humidified incubator. Murine conjunctive cells (NCTC
clone 929, ATCC) and LLC-MK2 were maintained in RPMI-1640 supplemented with 10%
FBS at 37 °C in a 5% CO2-humidified incubator. Macrophages were obtained from the
peritoneal cavity of BALB/c mice by washing them with RPMI-1640 medium supplemented

with 10% FBS and were maintained at 37 °C in a 5% CO2-humidified incubator [17].
2.7. Determination of anti-trypomastigote and anti-amastigote activity

The 50% effective concentration (ECs0) of compounds 1, 1a, 2, and 2a against T.
cruzi was determined in trypomastigotes and amastigotes forms. Trypomastigotes were
obtained from LLC-MK2 cultures previously infected. The parasites were counted in a
Neubauer hemocytometer, seeded at 1 x 10° cells/well (96-well plates), and incubated
with serial dilutions of the tested compounds (150 — 1.71 uM), for 24 h at 37 °C in a 5%
CO2-humidified incubator, with benznidazole as the standard drug. The trypomastigote
viability was evaluated by the resazurin (Sigma) assay [6]. To determine the activity
against intracellular amastigotes, peritoneal macrophages from BALB/c mice were

infected with trypomastigotes forms of T. cruzi. The macrophages obtained from the
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peritoneal cavity of BALB/c mice were plated on a 16-well chamber slide (NUNC plate,
Merck; 1 x 10%well) and incubated for 24 h at 37 °C in a 5% CO2-humidified incubator.
Trypomastigotes obtained as described above, were washed in RPMI-1640 medium,
counted, and used to infect the macrophages (parasite:macrophage, ratio = 10:1). After 2
h of incubation at 37 °C in a 5% CO2-humidified incubator, non-internalized parasites were
removed by washing with the medium [17]. Compounds 1, 1a, 2, and 2a were individually
incubated with infected macrophages (48 h at 37 °C, 5% CO2) at different concentrations
using benznidazole as the standard drug. At the end of the assay, slides were fixed with
MeOH and stained with Giemsa prior to counting under a light microscope (EVOS M5000,
THERMO). ECso values were calculated as described [6]. The data represent the mean
of three independent assays, tested in duplicate. Infected macrophages without drug

treatments were included as a negative control [17].
2.8. Determination of cytotoxicity against mammalian cells

The cytotoxicity determination of compounds 1, 1a, 2, and 2a was performed using
NCTC cells-clone. The cells (6 x 10* cells/well, L929, passage 16) were seeded and
incubated with tested compounds (200 — 1.56 uM) for 48 h at 37 °C in a 5% CO:2 incubator.
The 50% cytotoxic concentrations (CCso) were determined by the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay [6]. The optical density was
determined in FilterMax F5 (Molecular Devices) at 570 nm. The selectivity index (SI)
values were calculated for both forms of the parasite (trypomastigotes and amastigotes)

using the equation: CCsp against L929 cells/ECso against parasites. Cells without drug
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10
treatments were included as a negative control. The data represent the mean of two

independent assays, tested in duplicate [17].
2.9. Evaluation of plasma membrane electric potential (A¥p) in T. cruzi trypomastigotes

Evaluation of plasma membrane electric potential (AWp) with bis-(1,3-
diethylthiobarbituric acid)trimethine oxonol (DISBAC2 - 3) probe in T. cruzi
trypomastigotes treated was performed for 2 h with compounds 1a and 2a. Controls of the
assay were trypomastigotes treated with gramicidin (0.5 pg/mL) (positive control — C+)
and untreated parasites (negative control — C-). Fluorescence was quantified by
calculating the mean percentages of untreated (0%) and gramicidin-treated (100%)
parasites. Evaluation of mitochondrial membrane potential in T. cruzi trypomastigotes was
performed with 1a and 2a labeled with JC-1 probe (0.2 yM). Parasites without drug
treatments were included as a negative control. The fluorescence was measured in a flow
cytometer (ATTUNE) after 1 and 2 h of incubation with tested compounds. Controls of the
assay were trypomastigotes treated with carbonylcyanide m-chlorophenylhydrasone
(CCCP) at 100 uM (C+) and untreated parasites (C-). Fluorescence was quantified by
calculating the ratio between the channels BL2/BL1. *p < 0.05. The data represent the

mean of three independent assays, tested in duplicate [18].
2.10. Evaluation of Ca?* levels in T. cruzi trypomastigotes

Fluo-4 acetoxymethyl ester (Flu4-AM) probe was measured spectrofluorimetrically

(excitation 360 nm and emission 500 nm) by 260 min of incubation after treatment of
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11
trypomastigotes with compounds 1a and 2a at ICsp value. Untreated trypomastigotes and
treated with triton-X 100 (TX-100) at 0.5% were used as a negative (C-) and positive (C+)
control, respectively. Fluorescence was reported as a percentage relative to untreated
trypomastigotes (100%). Parasites without drug treatments were included as a negative
control. The data represent the mean of three independent assays, tested in duplicate

[18].
2.11. Statistical analysis

ECs0 and CCso data represent the mean of three independent representative
assays tested in duplicate and were calculated using sigmoid dose-response curves in
Graph—Pad Prism 6.0 software (San Diego, CA, USA). Mechanism of action studies were

analyzed using ANOVA test turkey for significance (p < 0.05).
3. Results and discussion

Previous studies demonstrated the anti-T. cruzi activity of neolignans
dehydrodieugenol B (1) and methyldehydrodieugenol B (2), both isolated from Nectandra
leucantha [14]. Further studies also indicated that different semi-synthetic compounds,
especially those containing chemical differences of the allyl side chain, displayed higher
anti-T. cruzi potential in comparison with natural products 1 and 2 [19]. Inspired by our
previous works on cross-metathesis of acrylic derivatives with unsaturated natural
products [20 — 24] including 4-allylphenol substrates [25, 26], the cross-metathesis

reaction was conducted with natural dehydrodieugenol B (1) and its methyl ether (2). This
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procedure, catalyzed by the second generation Hoveyda catalyst [27] and dimethyl
carbonate as solvent [28, 29] afforded new compounds 1a and 2a both containing an
additional methoxycarbonyl group at C-9/C-9’ (Figure 1) in 42 and 56% yield, respectively.

ESI-HRMS spectra of compounds 1a and 2a, showed [M + Na]* ion peaks at m/z
465.1519 and 479.1677, respectively, compatible with molecular formulas C24H260s and
C2s5H280s. 'TH NMR spectra of both derivatives exhibited similarities to those observed for
compounds 1 and 2, especially in the region of aromatic hydrogens in the range 6.88 —
6.24. However, the main detected difference was the presence of two coupled systems at
7.09 (ddt, J=15.7 and 6.7 Hz) and 5.84 (d, J = 15.7 Hz), assigned to H-8/8" and H-9/9",
respectively. Based on the value of the coupling constant between H-8/8" and H-9/9’ (15.7
Hz), it was possible to infer the E stereochemistry of both double bonds [30]. Furthermore,
the presence of one singlet at 3.71 (6H) was indicative of two additional methoxy groups,
attributed to H-12/12". Analysis of '3C NMR spectra indicated also the similarities between
these compounds and natural products 1 and 2, especially signals attributed to the
carbons of aromatic rings ranging from 154 to 107. However, the presence of
methoxycarbony! unity was confirmed by the presence of additional signals at 167.0 (C-
11/11°) and 51.6 (C-12/12°). Therefore, structures of compounds 1a and 2a were
determined, respectively, as methyl 4-{4-[2-hydroxy-3-methoxy-5-(4-methoxy-4-oxobut-
2E-en-1-yl)phenoxy]-3-methoxyphenyl}but-2E-enoate and methyl 4-{4-[2,3-dimethoxy-5-
(4-methoxy-4-oxobut-2E-en-1-yl)phenoxy]-3-methoxyphenyl}but-2E-enoate, as shown in
Figure 1.

Compounds 1a and 2a were effective in killing trypomastigotes of T. cruzi with ECso
values of 13.5 and 23.0 M, respectively, as observed in Table 1. Furthermore, compound

1a showed moderate cytotoxicity (CCso of 139.8 M) while compound 2a was non-toxic
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to the highest tested concentration of 200 uM. Considering the selectivity index (SI), which
is the relation between the cytotoxicity in NCTC cells and the activity against
trypomastigote forms, it was possible to calculate values of 10.3 and > 8.7 for compounds
1a and 2a, respectively. When tested against the intracellular amastigotes, the most
relevant clinical form of T. cruzi, compounds 1a and 2a exhibited high potential, with ECso
values of 10.2 and 6.1 pM, respectively, superior to the positive control benznidazole (ICso
of 18.7 uM) (p<0.05). Concerning the toxicity against NCTC cells, compounds 1a and 2a
displayed Sl values of 13.7 and > 32.8, respectively, higher than those calculated for
benznidazole (S| > 10.7) (p<0.05). Considering chemical structures of natural products 1
and 2 and derivatives 1a and 2a, the inclusion of the methoxycarbonyl group at the allyl
side chain of natural neolignans provided considerable impact on parasite activity,
especially against amastigote forms of T. cruzi. As presented in Table 1, an increment in
the potency of the derivative 1a (ECso of 10.2 uM) in comparison to natural product 1 (ECso
of 86.5 uM) was observed (p<0.05), but with higher toxicity against NCTC cells (CCso of
139.8 uM) (p<0.05), a similar effect already observed with other chemically related
phenolic derivatives [7]. The increment in the bioactivity caused by chemical derivatization
was more intense when ECso values of compounds 2 and 2a were compared (p<0.05).
As observed, natural product 2 showed to be inactive against both trypomastigote and
amastigote forms of T. cruzi (ECso > 150 uM) while compound 2a exhibited excellent
potential (ECso of 6.1 uM) and reduced toxicity (CCso > 200 uM). Considering these
results, it could be suggested that methoxycarbonyl unity plays an important role in the
anti-T. cruzi activity, especially against amastigote forms of this parasite. Based on the
obtained results and the criteria preconized by the Drug for Neglected Diseases initiative

(DNDi) [31] for the discovery of new hit compounds for T. cruzi that include ECso values
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lower than 10 uM against amastigotes and S| >10, it is possible to suggest that derivative

2a could be considered a hit compound for future chemical optimizations for Chagas
disease.

Considering the potency of compounds 1a and 2a, different assays were performed
to evaluate their mechanism of action on the trypomastigotes. The plasma membrane is
the first contact of an exogenous compound with the cell and damage to its structure can
lead to irreversible effects. Using the SYTOX Green fluorescent probe, compounds 1a
and 2a showed no interference in the permeability of the plasma membrane permeability
(data not shown), differently from that observed for 1-[(7S)-hydroxy-8-propenyl]-3-[3’-
methoxy-1’-(8-propenyl)-phenoxy]-4,5-dimethoxybenzene, a natural neolignan isolated
from N. leucantha, but structurally different of compound 2 due to the presence of an
additional hydroxyl group at C-7 position [14]. However, compounds 1a and 2a caused a
significant depolarization of the plasma membrane electric potential, similar to that
observed in chemically related neolignans isolated from N. leucantha [14] as well as their
semi-synthetic derivatives [19]. As observed in figure 2, compound 1a induced the
disturbance after 2 h of incubation (p < 0.001), whereas with compound 2a it was only
after 1 h of incubation (p < 0.05). This effect might be ascribed to a transient depolarization
caused by 2a in the membrane, which reverted to a homeostasis after this period. The
membrane potential is the result of the movement of numerous ions through ion channels
and transporters, resulting in different electrostatic charges across the cell membrane.
The maintenance of plasma membrane integrity is essential for normal cell viability and
function and damage can directly affect the homeostasis [32].

Differently from the mammalian cells, Trypanosomatidae parasites present a

unique mitochondrion, being considered an interesting target for drug discovery studies
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[33]. Using JC1 as a fluorescent probe, compounds 1a and 2a showed a depolarization

of the mitochondrial membrane potential (AWm) after 1 h of incubation (Figure 3A).
Undoubtedly, cell life critically depends on the maintenance of the mitochondrial
membrane potential. If the repair machinery starts a robust response, this electric potential
can be restored. Compounds 1a and 2a were incubated for more than 1 h, but the
depolarization effect continued even after 2 h treatment (Figure 3B). The A¥Ym is
generated by proton pumps and is an essential component in the process of energy
storage during oxidative phosphorylation. However, continued changes may be
deleterious, resulting in the loss of cell viability [34].

Intracellular calcium participates in the different processes including cell
differentiation, proliferation, and motility. It can be altered in response to a number of
stimuli including chemical, electrical, and physical. Alterations of these levels can trigger
specific cellular responses, affecting cell viability [35]. In this study, the T. cruzi Ca®* levels
after treatment with compounds 1a and 2a were also investigated, but no alterations could
be observed after 2 h (data not shown), suggesting other initial targets rather than calcium

storage organelles like acidocalcisomes.
4. Conclusion

In this work, dehydrodieugenol B (1) and its methyl ether (2), both isolated from N.
leucantha, were used as starting material for the preparation of derivatives 1a and 2a via
olefin cross-metathesis reaction. These modified compounds showed a promising
trypanocidal effect, with antiparasitic selectivity and affecting the unique mitochondrial

system of the parasite. Especially for compound 2a, insertion of the methoxycarbonyl
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group resulted in a promising efficiency without mammalian cytotoxicity. Mechanism of
action studies of both compounds 1a and 2a demonstrated a depolarization of the plasma
membrane potential, followed by a mitochondrial membrane potential collapse. On the
other hand, neither Ca?* level nor ROS alterations were observed after a short-time
incubation. Considering the hit criteria for new candidates, tested compounds but
especially derivative 2a, could be considered prototypes for optimization studies for the

design of new derivatives against T. cruzi.
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Figure 1. Chemical structures of derivatives 1a and 2a (in red - addition of
methoxycarbonyl group) prepared by olefin cross-metathesis reaction from natural
products 1 and 2, isolated from twigs of N. leucantha

(chemical structures were drawn using ChemDraw Ultra 12.0)
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Figure 2. Evaluation of plasma membrane electric potential (AWp) with DISBAC2 (3)
probe in T. cruzi trypomastigotes treated for 1 h (A) and 2 h (B) of incubation with
compounds 1a and 2a. Parasites were treated with gramicidin as a positive control, and
with a drug-free medium as a negative control. A representative experiment is shown. * p

< 0.05; ** p < 0.001
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Figure 3. Evaluation of mitochondrial membrane potential (AWm) in T. cruzi

trypomastigotes treated with compounds 1a and 2a labeled with JC-1 probe (0.2 pM) for

(A) 1h and 2 h (B) incubation. A representative experiment is shown. *** p < 0.001.
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Table 1. Anti-T. cruzi activity (trypomastigotes and amastigotes) and cytotoxicity (NCTC

cells) for positive control benznidazole (BZD), for natural products 1 and 2 as well as for

derivatives 1a and 2a.

ECso (nM) CCso (nM) Si
trypomastigote amastigote NCTC trypomastigote = amastigote
1 38.6+13.6 86.5+10.4 > 200 >52 >2.3
1a 13.5+11.0 10.2+2.8 139.8 £ 19.3 10.3 13.7
2 NA NA > 200 - -
2a 23.0+ 2.1 6.1+0.7 > 200 > 8.7 >32.8
BZD 55+0.9 18.7 £ 4.1 > 200 > 36.4 >10.7

ECso — 50% effective concentration, CCso — 50% cytotoxic concentration, S| — selectivity
index, calculated by the ratio CCso against NCTC cells/ECso against parasites
(trypomastigote and amastigote forms), NA — not active at the higher tested concentration

(150 uM).
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Figure S2. 'H NMR spectrum (400 MHz, CDCIs) of compound 1a.
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Figure S3. *H NMR spectrum (400 MHz, CDCIs) of compound 1a

(expansion of region 6 7.5 — 5.3)
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Figure S4. 13C NMR spectrum (100 MHz, CDClIs) of compound 1a.
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Figure S6. Positive mode ESI-qTOF-MS of compound 2a.
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Figure S9. 3C NMR spectrum (100 MHz, CDCls) of compound 2a.
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Figure S10. IR (KBr) spectrum of compound 2a.
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