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ABSTRACT. Five 2-aroylbenzofurans were synthesized by condensation between a-bromoacetone and an
ortho-hydroxybenzaldehyde or ortho-hydroxy-acetophenone and evaluated for their in vitro antischistomal
effects against adult Schistosoma mansoni worms. Below 200 pg/mL, none of the tested 2-aroylbenzofurans killed
adult S. mansoni worms. On the other hand, at 200 pg/mL all the tested compounds reduced the motor activity
of adult S. mansoni worms after treatment for 72 h. At 200 pg/mL, compound 1 was the only one to decrease
the motor activity of 67% of the worms after incubation for 24 h. The methyl group at C6 and the nature of the
substituent at ring A play important roles in the efficacy of 2-aroylbenzofurans in reducing the worm motor

activity.
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INTRODUCTION

Neglected tropical diseases (NTDs) comprise a group of
biologically unrelated tropical diseases that have a
disproportionate effect on low-income populations in
developing regions of Africa, Asia, and the Americas
(Ochola et al., 2021). Although the definition of NTDs
can vary, these diseases affect marginalized
populations or populations for which treatment options
are inadequate or vaccines are poorly available.
Occasionally, the affected populations cannot easily
access treatments for an NTD, such as schistosomiasis
(Ochola et al., 2021). Schistosomiasis, a disease caused
by trematode flatworms of the genus Schistosoma, is one
of the most significant NTDs worldwide.
Notwithstanding the significant advances in treating
and preventing this disease, it remains markedly
widespread, has high morbidity rates, and affects over
240 million people globally (Ally et al., 2024). It is
currently estimated that 700 million people
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are at risk of contracting the disease (Wang et al., 2020).
Praziquantel (PZQ) has played a key role in the
implementation of population-based disease control
programs and in the treatment of schistosomiasis, but it
has limited efficacy against juvenile schistosomes
(Nawaratna et al., 2020). Moreover, there are numerous
reports of strains that are less susceptible to PZQ and of
the reduced efficacy of this drug (Summers et al., 2022;
Kuevi et al., 2023; Xu et al., 2023)

Aroyl benzofurans and their derivatives have
significant potential in drug development. They are
particularly useful for their broad range of biological
effects, including analgesic (Radl et al., 2000), antifungal
(Gtindogdu-Karaburun et al., 2006; Rangaswamy et al.,
2012), antibacterial (Coskun et al., 2011; Rangaswamy et
al., 2012; Vasconcelos et al., 2014), antileishmanial (Getti
etal., 2006), antioxidant (Rangaswamy et al., 2012), anti-
HIV (Rida et al., 2006), antitumor (Hayakawa et al,,
2004), anti-inflammatory (Yu et al, 2021),
antiproliferative, and cytotoxic action (Mahboobi et al.,
2007). Several mnatural and synthetic 2-aroyl
benzofurans have gained attention in recent years
(Gong et al., 2020; Jin et al., 2020; Panday et al., 2020).
Furthermore, some 2-aroyl-benzofuran derivatives can
be used as sensors and semiconductors (Oter et al.,
2007; Khatua et al., 2020) and as probes for -amyloid
plaques in Alzheimer’s disease (Ono Saji, 2015).
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As part of our ongoing project on the antiparasitic
activity of benzofuran and benzofuran compounds
(Dias et al., 2018; Pagotti et al., 2023) and based on
previous reports on the antiparasitic activity of 2-aroyl-
benzofurans (Moolman et al., 2021), we have
investigated the in vitro antischistosomal effects of five
synthetic 2-aroyl-benzofurans against adult Schistosoma
mansoni worms.

MATERIAL AND METHODS

Compounds 1-5 were synthesized by carrying out a
condensation reaction between 2-bromoacetophenone
and an ortho-hydroxyaldehyde (Scheme 1) following a
previously reported procedure (Yang et al, 2011).
Briefly, 2-bromoacetophenone (1.08 g, 5.4 mmol) was
added to a 100-mL two-neck round bottom and
dissolved in DMF (10 mL). Next, potassium carbonate
(2.15 g, 15.6 mmol) was added. After 10 min, an ortho-
hydroxyaldehyde (I, II, or III) or an ortho-
hydroxyacetone (IV or V) was added (Table 2). The
reaction was kept under N> atmosphere and magnetic
stirring at 120 °C and monitored by TLC. After 1-3 h, the
reaction mixture was allowed to reach room
temperature; next, water (30 mL) was added, and the
reaction mixture was stirred for 5 min. The reaction
mixtures were vacuum-filtered and dried under
reduced pressure, to afford compounds 1-5 in yields
ranging between 52 and 70% (Table 2).

Table 2. Quantities of aldehydes and ketones used in the synthesis of

compounds 1-5 and the corresponding yields.

Aldehyde mmol Reaction Compound
or ketone time (h) (yield)
I 6.0 3 1(55%)
11 6.0 15 2 (66%)
111 6.0 2 3 (59%)
vV 6.0 1 4 (70%)
\% 6.0 3 5 (52%)

Compounds 1-5 were identified on the basis of their
IR, NMR, and MS data and by comparison with
literature data (Dias et al., 2017). The corresponding
spectral data are listed in Supporting Information.

The S. mansoni LE (Luiz Evangelista) strain was
maintained by transmission through Biomphalaria
glabrata snails and Balb/c mice. Adult S. mansoni
worms, both male and female, were recovered after
eight weeks from mice infected with 200 cercariae;
aseptic methods were used to perfuse the livers and
mesenteric veins (Paula et al., 2022). The worms were
washed in RPMI 1640 medium (Inlab Diagnonostica,

Sao Paulo, BR) and kept at pH 7.5 with 20 mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic  acid)
supplemented with 100 UI/mL penicillin, 100 g/mL
streptomycin, and 10% fetal bovine serum (FBS;
Cultilab, Campinas, BRA).

For the in vitro tests with S. mansoni, one of the tested
compounds was dissolved in DMSO (Sigma-Aldrich)
and used at concentrations ranging from 12.5 to 200
ug/mL. To this end, one of the tested compounds at a
certain concentration was added to the medium
containing two adult worms after the worms had
adapted to the culture medium for 24 h. The parasites
were kept for 120 h and monitored for mortality and
alterations in motor activity every 24 h (Manneck et al.,
2010). Alteration in the motor activity was classified as
either decreased or minimal.

Decreased motor activity was defined as reduced
movement compared to the negative control; minimal
motor activity was defined as total absence of
movement or minimal movement for 2 min (Manneck
et al, 2010). After observation (120 h), the culture
medium was removed, fresh culture medium without
the assayed compound was added, and motility was re-
examined for up to 24 h. Parasites in RPMI 1640
medium with 0.1% DMSO or in 1.6 uM (0.48 ng/mL)
praziquantel (PZQ, purity = 98%, Sigma-Aldrich Co., S.
Louis, MO, USA) were used as the negative and
positive control groups, respectively. All the
experiments were carried out in quadruplicate and
repeated at least three times.

RESULTS AND DISCUSSION

The procedure that was used to synthesize 2-aroyl-
benzofurans 1-5 (Scheme 1) afforded the compounds in
only one synthesis step in yields that varied from
satisfactory to good. The reaction times for the synthesis
of compounds 2 and 4, which derive from aromatic
aldehydes, were lower as compared with those of
benzofurans 1, 3, and 5, which are derived from
aromatic methylketones. This can be explained on the
basis of the higher reactivity of aromatic aldehydes
compared to aromatic  methylketones.  The
methodology was simple, the reaction time was
relatively short, and the reaction was performed under
mild conditions. Moreover, the compounds were
isolated by vacuum filtration without the need for
further chromatographic separation steps. These
synthetic advantages make this methodology attractive
to obtain these compounds for biological and
pharmacological assays.
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Scheme 1. Synthesis of compounds 1-5.

Table 1 lists the in vitro antischistosomal effects of 2-
aroyl-benzofurans 1-5 against adult S. mansoni worms
after treatment for 24, 48, or 72 h. At 12.5, 25, and 50
pug/mL, none of the compounds affected the worm
motor activity significantly (data not shown). On the
other hand, all the worms incubated with compounds
1-5 at 200 pg/mL displayed decreased motor activity
after treatment for 72 h. In addition, at this same
concentration, compounds 1, 2, and 5 reduced the
motor activity of all the worms after treatment for 48 h,
whereas compound 1 decreased the motor activity in
67% of the worms after incubation for 24 h.

Several biological activities have been reported for
2-aroylbenzofurans 1-5. For example, compound 3
displays antifungal activity against C. albicans (MIC =
25 pg/mL) and C. glabrata (MIC = 12.5 pg/mlL)
(Gtindogdu-Karaburun et al., 2006). Compound 4 is
active against HIV (Lambert et al.,, 2013), whereas
compound 5 weakly inhibits DPPH and ABTS radicals
(Rangaswamy et al., 2014). However, data on the
antiparasitic activity of 2-aroyl-benzofurans are scarce
(Moolman et al., 2021). Additionally, no study on the
antischistosomal activity of these compounds has been
reported.

Dias et al. synthesized the benzofuran neolignan 7
from the dihydrobenzofuran neolignan 6 (Fig. 1) and
investigated their in vitro schistosomicidal activity
against adult S. mansoni worms (Dias et al., 2018). At 200
uM, neolignan 6 killed 50% of the treated worms after
72 h, whereas the benzofuran neolignan 7 at 200 pM did
not kill any worms after 72 h. These results suggest that
neolignans bearing a benzofuran ring are less active
than  the  corresponding  dihydrobenzofuran
derivatives. Here, compounds 1-5 at concentrations
below 200 pg/mL did not affect adult S. mansoni worm
mortality, which reinforces the previous findings
reported by Dias and co-workers and suggests that the
benzofuran moiety may not be as important for the
antischistosomal activity as the dihydrobenzofuran
ring.

Although at 200 pg/mL none of the compounds
affected adult S. mansoni worm mortality, at the same
concentration all the compounds reduced the motor
activity after treatment for 72 h. However, their effects
on the motor activity differed slightly after 24 and 48 h

probably due to the small structural differences of
compounds 1-5. For example, a comparison between
the results obtained for compounds 4 and 5 indicates
that the methyl group at C1 may boost the motor
activity after 24 and 48 h. On the other hand, the higher
activity of compound 2 (an H at C1 and an OCHjs at C6)
compared to compound 3 (a CH3 at C1 and a Cl at C6)
suggests that the nature and the position of the
substituents at ring A also plays an essential role in the
effects of 2-aroylbenzofurans 1-5 on the motor activity.
The presence of a methoxy group in the structure of
compound 2 is likely responsible for its increased
activity compared to compound 4, whereas a Cl at C6
decreases the bioactivity of compound 3 compared to
compound 5. The role played by the aromatic methoxy
and chlorine groups on the antiparasitic activity of
curcuminoids has been addressed by Souza and co-
workers (Souza et al., 2021). The authors reported that
adding electron-releasing groups increases the anti-
Trypanosoma cruzi activity, whereas incorporating an
electron-withdrawing chlorine substituent in the
aromatic rings of monoketone curcuminoids lowers or
completely abolishes the anti-T. cruzi activity (Souza et
al., 2021). Nevertheless, the presence of a Br at C6 boosts
the antischistosomal activity of compound 1 compared
to compound 5. Although bromine is an electron-
withdrawing group like chlorine, the former is bulkier
than the latter. Therefore, differences between the
effects of compounds 3 and 5 may have a steric origin.
These results indicate that the effects of these
benzofuran compounds on the adult Schistosoma
mansoni motor activity are potentialized by the presence
of a methyl group at Cl, and an electron-releasing
methoxy group or a bulky bromine atom at Cé.
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Figure 1. Chemical structures of dihydrobenzofuran neolignan 6 and

benzofuran neolignan 7 reported by Dias et al. (Dias et al., 2018).

The reduced mobility of Schistosoma mansoni worms
can be interpreted as an indication of compromised
viability and neuromuscular integrity of the parasite.
This reduction in locomotor activity may reflect the
direct action of the compound tested on molecular
targets involved in the motor control of the worm,
which may impair its ability to migrate, mate, and
evade the host’s immune response. In addition, worms
with reduced mobility tend to have a lower capacity for
feeding, mating, and oviposition, which contributes to
the interruption of the parasite’s life cycle and,
consequently, to the reduction of the parasite load in the
host (Doenhoff et al., 2008).
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Table 1. In vitro antischistosomal effects of compounds 1-5 on Schistosoma mansoni.

Concentration Time of Dead worms Motor activity
incubation (h) (%) Decreased Minimal
0.1%DMSOa 24 0£0 0+0 0+0
48 00 0£0 0£0
72 00 0£0 0£0
1 (200 pg/mL) 24 00 6710 0£0
48 0£0 100+0 0+0
72 0£0 100+0 0£0
2 (200 pg/mL) 24 0£0 50+0 0+0
48 00 100+0 0£0
72 00 100+0 0£0
3 (200 pg/mL) 24 00 0£0 0£0
48 0£0 0+0 0+0
72 0£0 100+0 0£0
4 (200 pg/mL) 24 0£0 0+0 0+0
48 00 0£0 0£0
72 00 100+0 0£0
5 (200 pg/mL) 24 00 5010 00
48 0£0 100+0 0+0
72 0£0 100+0 0£0

PZQb (1.6 uM or 0.48 pug/mL)

2 Negative control; ® Positive control; PZQ: praziquantel

CONCLUSION

Below 200 pg/mL, none of the compounds tested in this
study killed adult S. mansoni worms. On the other hand,
all the tested compounds at 200 pg/mL reduced the
motor activity of adult S. mansoni worms after treatment
for 72 h. The methyl group at C6 and the nature of the
substituent at ring A play important roles in the efficacy
of the compound in decreasing worm motor activity.
This is the first study on the antischistosomal activity of
2-aroylbenzofurans. To obtain a more detailed idea of
the structure-activity relationship for 2-aroyl-
benzofurans, various compounds containing other
substituents at rings A and B should be investigated.

SUPPORTING INFORMATION

Supplementary information (IR, 'H and ¥C NMR, and
ESI-MS/MS  spectra and the results of the
antischistosomal assays with compounds 1-5 at

concentrations of 12.5, 25, 50, and 100 pg/mL) is
available with the article through the journal website.
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