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Abstract
As Alzheimer disease (AD) is a multifactorial condition, it should be tackled with drugs targeting multiple key pathways. A
series of aliphatic (2–8) and aromatic (9–15) edaravone derivatives were synthesized, characterized, and evaluated as
antioxidant agents using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2-2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonate)
(ABTS·+) assays, as well as acetylcholinesterase (AChE) inhibitors. In both antioxidant assays, even though the starting
compound edaravone was more active, the best derivative was 5 with 50% effective concentration (EC50) of 0.0301 and
0.8106 mM respectively, followed by 3 (EC50 of 0.1920 mM and 3.5311 mM). In the AChE inhibition assay, the derivatives
were not as active as the positive control galantamine, but a general better activity was shown from the aromatic compounds.
The best results were for 10, with 41.9% of inhibition (concentration of 150 μg/mL), and 9 with 31.6%. Docking analysis of
compound 10 showed hydrogen bonds with residues Ser200 and His440 in the AChE catalytic gorge. All synthesized
derivatives 2–15 presented drug-like properties and are capable of crossing the blood–brain barrier and not be pumped out of
it. These results indicate edaravone derivatives can function as scaffolds for AD drugs, though further derivatizations should
be conducted to improve their antioxidant and AChE inhibition profiles.
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Introduction

The neurodegenerative disorder Alzheimer’s disease (AD)
is the main cause of dementia in elderly patients [1], AD
being characterized by global cognitive impairment,
including progressive memory loss and declined reasoning
[2, 3]. Several pathogenic mechanisms have been suggested
in the development of AD. Currently, therapeutic inter-
ventions target these proposed mechanisms, namely, the
antioxidant therapy against oxidative stress caused by free
radicals and the inhibition of acetylcholinesterase (AChE)
to compensate the loss of cholinergic function [4].

The aging process diminishes the free radical-scavenging
ability by endogenous mechanisms [5]. Free radicals are
nocent agents able to cause irreversible oxidative damage to
cellular constituents [6]; under normal physiological con-
ditions, the organism exhibits a variety of antioxidant
mechanisms to counterbalance the potential damage of
oxidants [7]. When the balance between free radicals and
antioxidants is disrupted, it leads to a state known as oxi-
dative stress [8], which translates into several pathologies,
including cancer, hypertension, diabetes, and neurological
disorders, including AD [9].

The brain contains an abundance of highly oxidizable
polyunsaturated fatty acids and a high demand for oxygen
[10], hence its vulnerability to damage caused by oxidant
agents. In patients with AD, the brain displays higher levels
of lipid peroxidation products and increased carbonyls
derived from protein oxidation in neuronal cytoplasm; these
abnormalities provide evidence of the connection between
oxidative stress with this neurodegenerative disorder
[11, 12].

AD progression is also related to another pivotal
mechanism: cholinergic dysfunction [13], which states that
deficiency of crucial neurotransmitter acetylcholine (ACh)
in the brain of people with AD is due to insufficient pro-
duction of ACh or the augmented activity of enzyme AChE
[14], leading to the loss of cognitive capacity and general
motor skills [15]. Common treatment for AD relies on drugs
that increase concentration of ACh neurotransmitter by
inhibiting AChE activity, with donepezil, galantamine, and
tacrine, being the most used drugs [16]. Although well
tolerated, AChE inhibitors (AChEIs) cause characteristic
side effects, including nausea, dizziness, and sleep dis-
turbances [17].

Pyrazolone and its derivatives are a pharmacological
important group of compounds; these five-membered het-
erocyclic lactam rings display a wide range of biological
activities, such as antipyretic, analgesic, anti-inflammatory,

antitumor, and antioxidant activities [18, 19]. Edaravone is
a pyrazolone, structure of which can be seen in Fig. 1, along
with a series of related structures such as phenidone, a dual
cyclooxygenase COX-2 and lipoxygenase 5-LOX inhibitor
with chemopreventive profile [20], and dipyrone, a widely
used analgesic, from which recently it has been reported
that one of its metabolites can act as a cannabinoid receptor
1 agonist [21]; these are some examples that show the
importance of the pyrazolone-like moieties in biological
studies.

Edaravone is a free radical scavenger and nootropic, and
its derivatives have been reported to exhibit diverse med-
icinal activities, including antitumoral, antiviral, and pro-
tective effect against sleep deprivation-related memory
impairment [22–26].

Edaravone, which can also be found by the names
methylphenylpyrazolone or norphenazone, to name a cou-
ple, has demonstrated different bioactivities, such as
reduction of inflammation and oxidative stress response in
acute cerebral infarction patients, in the treatment of injury
in acute pancreatitis, in the treatment in craniocerebral
injury, prevention of ferroptosis in amyotrophic lateral
sclerosis (ALS) patients, and in asthma treatment through
anti-inflammatory and antioxidative effects [27–31]. Fur-
thermore, its use with the commercial name Radicava for
the treatment of ALS by the Food and Drug Administration
in USA has been approved [30]. Several of these above-
mentioned edaravone properties point out to its antioxidant

Fig. 1 Edaravone and related compounds structures
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capabilities; therefore, it should be an interesting scaffold to
start our search for antioxidant and AChEIs.

The aim of this study is to design and synthesize edar-
avone derivatives, incorporating in the pyrazolone ring
different acyl fragments with aliphatic and aromatic sub-
stitutions, and evaluate in vitro their antioxidant capacity
and AChE inhibition activity. In addition, in silico deter-
minations were conducted, as docking for the exploration of
AChE inhibition results, and the calculation of the drug-like
properties of the synthesized compounds.

Results and discussion

Synthesis

The synthetic procedure employed was based on previous
works of 4-substituted edaravone derivatives [32, 33] with
some modifications. Reaction between the starting material
edaravone 1 with different alkyl and aryl chlorides was
performed in order to get the 4-substituted compounds. The
main product of each reaction, as seen from the yields
obtained (70–99%), was purified and characterized. How-
ever, no incorporation was detected in position 4 of edar-
avone. Instead, the spectroscopic data shows the
incorporation of the new fragments as ester groups. Ester
derivatives from edaravone after the synthesis by Jensen
[32] have been reported before as side products from the
synthetic procedure, although they can also be synthesized
as the main one [34]. This could be due to the initial basic
conditions, which are intended to remove the acidic
hydrogen in position 4, so that this position can react with
the alkyl and aryl chlorides. After the hydrogen removal,
the pyrazolone ring could rearrange to an enolate form,
where the oxygen would be reacting with the alkyl chlor-
ides, generating the products 2–15, as seen in Scheme 1.
The substitutions in the incorporated carbonyl show ali-
phatic chains with varying lengths (2–8), as well as aro-
matic rings adjacent or separated (9–15) from the
incorporated carbonyl. The proposed structures were ana-
lyzed and confirmed through infrared (IR) spectroscopy and
mass spectroscopy (MS) and with 1H- and 13C-nuclear
magnetic resonance (NMR).

In IR spectroscopy, the synthesized compounds showed
bands for their aromatic C-H bonds between 3023 and
3069 cm−1, as even the aliphatic derivatives have an aro-
matic ring in their core. For the incorporated fragments, the
carbonyl band appears between 1709 and 1784 cm−1 for the
C=O bond. The expected shifts and multiplicities were
observed for the 1H- and 13C-NMR signals. For the com-
mon core structure, the aromatic hydrogens were present at
δ= 7.62–7.16, with the methyl in position 7 at δ=
2.40–2.28 and the singlet for one hydrogen in position 4 at

δ= 6.26–6.07, in accordance with the reference for the
edaravone ester derivatives [34]. In 13C-NMR, along with
the new signals for the appropriate aliphatic or aromatic
carbons, the carbon position 14 in the appropriate range δ=
172.4–161.9 for ester carbonyls of compounds 2–12, 14,
and 15, with a δ= 149.7 for compound 13 as the incorpo-
rated carbonyl is a carbamate one, can be highlighted.

From the synthesized compounds, 2 [35], 6, 7 [36], 9
[37], 10 [38], 11 [37], and 14 [39], there are previous
reports of their synthesis. However, to the best of our
knowledge products 3, 4, 5, 8, 12, 13, and 15 are reported
for the first time in this work.

Antioxidant evaluation

Previous antioxidant evaluations of edaravone derivatives
and analogs, both in in vitro assays and computational
analysis [40, 41], point out the single electron transfer and
hydrogen atom transfer as the proposed mechanisms for the
antioxidant properties of these compounds [42]. For the
electron transfer mechanism, this depends on the electron
density of the pyrazolone ring of edaravone [43]. In the case
of the hydrogen atom transfer mechanism, such as the 1,1-
diphenyl-2-picrylhydrazyl (DPPH) assay, edaravone sca-
venges DPPH by donation of the H atom at position 4 [40].

By employing acyl chlorides as reacting agents in the
incorporation of fragments in the pyrazolone ring, the
synthesized products have an ester or carbamate (compound
13) carbonyl attached to the before-mentioned ring. These
groups with alkyl and aryl variations incorporated in these
fragments were proposed to further explore the modulation
of the antioxidant activity of edaravone derivatives, which
was measured with the DPPH and 2-2’-azino-bis-(3-ethyl-
benzothiazoline-6-sulfonate) (ABTS·+) assays.

As stated in the methodology section, the synthesized
compounds were prepared and evaluated in serial dilutions,
their EC50 in mg/mL can be seen in Table 1, and in order to
compare the products accounting their different molecular
weights, their EC50 is also reported as mM. In the DPPH
assay, the positive control quercetin showed the best anti-
oxidant activity with an EC50 of 0.0028 mM, being fol-
lowed by 1 with 0.0180 mM, and the derivatives showed
lower antioxidant activity compared to edaravone. How-
ever, through the DPPH assay compounds 1–15 presented
better antioxidant properties, compared with the results
obtained from the ABTS·+ evaluation.

Following 1, the better result for a derivative was for
compound 5, with an EC50 of 0.0301 mM. Product 12 and 3
were the next most active derivatives, with EC50 of 0.1603
and 0.1920 mM, respectively. Both 5 and 3 have aliphatic
non-branched R fragments with four and two carbon atoms
(Scheme 1), while 12 is from the aromatic derivatives and
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Scheme 1 Synthesis of
edaravone derivatives 2–15
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the only one with two aromatic rings (as 13 could not be
evaluated due to poor solubility in the antioxidant assays).

In the ABTS·+ antioxidant evaluation, although this
radical can be neutralized through different mechanisms,
including also hydrogen transfers [44], in this assay the
results were less active compared with the DPPH assay. The
positive control presented an EC50 of 0.2482 mM, and 1
showed 0.2049 mM. As in the DPPH analysis, the deriva-
tives were not as active as edaravone; nevertheless, in both
techniques the better antioxidant derivative was 5, as in the
ABTS·+ assay it showed an EC50 of 0.8106 mM. It also
concurs that the following more active products are 3
(3.5311 mM) and 12 (3.6890 mM). In each of the anti-
oxidant assays, the less active product was 8, with EC50 of
24.6804 and 104.0113 mM in DPPH and the ABTS·+

assays, respectively. As 8 presented such a low activity, and
4 was not as active as 5 and 3, it could be possible that in
the aliphatic derivatives the antioxidant activity is enhanced
by short and non-branched chains adjacent to the incorpo-
rated carbonyl.

AChE inhibitory activity

Edaravone has been related to AD treatment through dif-
ferent mechanisms, mainly by reduction of amyloid-β (Aβ)
peptide deposition, disaggregation of Aβ fibrils, oxidative
stress diminution, attenuating tau hyperphosphorylation,
and neuroinflammation, among other mechanisms [45, 46].
It has been reported that edaravone could inhibit AChE in

rats injected with Aβ [47]; however, in a study with
cisplatin-treated rats, edaravone inhibited the AChE levels
that were increased by concomitant cisplatin treatment, but
edaravone alone did not alter AChE levels [48]. As AD has
been cataloged as a multifactorial disease and currently
there is no effective drug for it, the suggested therapeutic
approach is to target multiple key pathways [45]. Therefore,
we searched for the synthesized edaravone derivatives both
to display antioxidant properties and to act as AChEIs.

The results from the AChE inhibition assay can be seen
in Table 2, where the positive control galantamine presented
the highest inhibition percentage (91.9%). Edaravone per-
centage could not be determined due to the sample color
interference in the analysis. As for the synthesized deriva-
tives, the most active were 10 and 9, with 41.9 and 31.6% of
inhibition, respectively. These two products share as char-
acteristic an aromatic ring adjacent to the ester carbonyl in
the incorporated fragments. The other compound that shares
this structure is 11, being a position isomer of 9; therefore,
the ortho position of the methyl substitution in the aromatic
ring of 11 could be responsible for the decrease in the
activity, as this product only presented 16.3%. This result is
in agreement with the literature, where in some families of
compounds the ortho substitutions tend to be less active
than the para substitutions [49–51].

From the aliphatic derivatives, compounds 6, 4, 8, and 7
were the less active products (4.8, 3.0, 2.0, and 1.7%,
respectively), so in a similar way to the aliphatic antioxidant
results, a short and linear chain tend to be better for the

Table 1 Percentage of
antioxidant activity of
compounds 1–15

Compound DPPH ABTS

EC50 (mg/mL) EC50 (mM) EC50 (mg/mL) EC50 (mM)

1 0.0031 ± 0.001 0.0180 0.0357 ± 0.042 0.2049

2 0.3704 ± 0.243 1.7127 1.0660 ± 0.658 4.9297

3 0.0442 ± 0.073 0.1920 0.8131 ± 0.499 3.5311

4 1.1367 ± 0.156 4.6531 4.6446 ± 0.807 19.0126

5 0.0078 ± 0.017 0.0301 0.2094 ± 0.866 0.8106

6 0.3966 ± 0.309 1.3849 1.5406 ± 0.082 5.3796

7 1.0867 ± 0.101 3.6175 28.765 ± 0.34 95.7557

8 7.4140 ± 0.953 24.6804 31.245 ± 2.08 104.0113

9 1.3101 ± 0.272 4.7074 3.9011 ± 0.072 14.0171

10 0.5135 ± 0.063 1.7563 9.5909 ± 0.831 32.8073

11 0.4504 ± 0.108 1.5408 6.0331 ± 0.594 20.6373

12 0.0549 ± 0.053 0.1603 1.2631 ± 0.133 3.6890

13 ND — ND —

14 0.4220 ± 0.030 1.3866 6.7344 ± 0.820 22.1272

15 0.5522 ± 0.824 1.6512 12.247 ± 0.20 36.6216
aQuercetin 0.0008 ± 0.037 0.0028 0.075 ± 0.002 0.2482

Values are mean ± SD, n= 3

ND not determined
aServed as reference compound
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AChE inhibition activity. In the case of the aromatic deri-
vatives 9–15, it can be highlighted that, in general, the
aromatic compounds were better inhibitors compared to the
aliphatic ones. The exception to this observation is product
15, which was almost inactive with 2.8% of inhibition. This
could be explained as for the derivative that shows with its
aromatic ring a larger chain separation to the incorporated
ester carbonyl, and as discussed with the aliphatic deriva-
tives, the long aliphatic chain appears to diminish the AChE
inhibition activity.

Molecular docking

In order to further explore the results obtained in vitro in the
AChE inhibition assay, the most active synthesized deri-
vative 10 was evaluated in silico through its docking against
AChE. The enzyme molecular structure was selected from
the Protein Data Bank (PDB ID: 1EVE), corresponding to
the AChE from Tetronarce californica (TcAChE), which
shows a high similarity to the human one and therefore can
be employed for the docking analysis [52]. As galantamine
was employed as positive control in the in vitro assay, it
was also docked against the TcAChE model, as well the
enzyme co-crystallized ligand donepezil.

The docking results can be seen in Table 3, where a more
negative docking score represents a better ligand–receptor
affinity. Galantamine, as a positive control in the in vitro
assay, presented the best AChE inhibition percentage
(91.9%), although in the docking analysis its score of

−9.26 kcal/mol was slightly higher than derivative 10,
which showed −9.70 kcal/mol. The in vitro result could be
explained nevertheless as the docked pose is very similar to
the crystallographic one obtained by [53], where galanta-
mine shows hydrogen bonds with Ser200 and His440, two
of the catalytic enzyme residues, and with Glu199. Com-
pound 10 shows the first two interactions but lack the bond
with Glu199. In the case of donepezil, as the co-crystallized
ligand for the TcAChE model, it scored accordingly the best
docking result with −11.2 kcal/mol.

The synthesized compound 10 was the most active
edaravone derivative in vitro with 41.9% inhibition. In the
docking analysis, it showed a score of −9.70 kcal/mol, and
its resulting docked pose in the TcAChE catalytic gorge
present the residues that could interact with them by
hydrogen bonds and hydrophobic and π–π interactions
(Fig. 2). The oxygen in the carbonyl behaves as the
hydrogen bond acceptor for these before-mentioned inter-
actions. Additionally, compound 10 shows its p-methyl
benzyl ring in the vicinity of hydrophobic residues Phe330
and Phe331, where a π–π interaction is almost established

Table 2 Acetylcholinesterase inhibition of compounds 1–15

Compound % inhibition (150 μg/mL)

1 ND

2 20.7 ± 4.9

3 25.8 ± 7.4

4 3.0 ± 1.0

5 28.9 ± 8.6

6 4.8 ± 1.0

7 1.7 ± 0.8

8 2.0 ± 1.2

9 31.6 ± 8.1

10 41.9 ± 7.3

11 16.3 ± 3.3

12 16.9 ± 1.8

13 23.9 ± 2.8

14 19.5 ± 4.7

15 2.8 ± 1.8
aGalantamine 91.9 ± 0.82

Values are mean ± SD, n= 3

ND not determined
aServed as reference compound

Table 3 Docking scores of 10 and reference compounds with AChE
(PDB ID: 1EVE)

Compound Binding energy
(kcal/mol)

Principal residue interactions

10 −9.70 Phe331, Ser200, His440
aDonepezil −11.2 Trp84, Trp279
aGalantamine −9.26 Trp84, Ser200,

His440, Glu199

aServed as reference compound

Fig. 2 Docking pose and interactions of compound 10 (purple) with
the catalytic gorge of TcAChE. Hydrogen bonds are represented by
black lines
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with Phe331; however, it is very clear that an intramolecular
π–π interaction found as the benzyl ring in the core of 10 is
completely overlapped with the incorporated p-methyl
benzyl ring.

ADME (Absorbed, Distributed, Metabolized, or
Eliminated) calculations

In Table 4 can be seen the predicted pharmacokinetics and
drug-like properties of the compounds 1–15, as predicted
from the SwissADME server. Having Lipinski’s rule [54] as
a good guideline for the drug-like properties of new com-
pounds (considering descriptors such as H bonds donors
and acceptors, molecular weight, and lipophilicity), only
products 12, 13, and 15 show one Lipinski’s rule violation,
having an MLogP >4.15. The rest of the synthesized
compounds comply fully to these guidelines, presenting
drug-like properties. Furthermore, all compounds show a
high predicted gastrointestinal absorption.

Regarding the aim of the synthesized molecules as
AChEI (and potentially leading to AD treatment), it is
important for them to be capable to cross the blood–brain
barrier (BBB), which is usually related to small and lipo-
philic molecules, of <400–500 Da [55]. As shown in Table
4, the molecular weight of compounds 1–15 fulfill this
requirement, and all their Log P (1.64–4.46) show a more
lipophilic character over a hydrophilic one. The Swis-
sADME server predicts that all our compounds are BBB
permeant, which could help in future in vivo studies in
Alzheimer’s treatment due to this activity. Moreover, the
results show that all the products are not substrate for the
permeability glycoprotein (P-gp). As this protein works by
pumping out xenobiotics of the central nervous system
(CNS), and therefore could interfere with AD treatment
[55], the predicted properties of the synthesized compounds
suggest that they can work as scaffolds for further devel-
oping new and better AD drugs.

Conclusion

In the search for new AD treatments, this work proposes the
derivatization of edaravone, in order to obtain products that
can possess different pharmacological mechanisms to
improve their profile as potential AD drugs. Reacting
edaravone with different aliphatic and aromatic acyl halides,
a family of compounds were synthesized, characterized, and
evaluated as antioxidants and AChEIs.

Compounds 1–15 showed through ADME calculations
to have desirable drug-like properties, highlighting their
capacity to cross the BBB and not to be pumped out by the
P-gp, which could facilitate them to exert their activities in
the CNS. This points out that edaravone derivatives with Ta
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aliphatic and aromatic esters in the pyrazol ring can be a
good scaffold in the search of new AD drugs.

Preliminarily, the antioxidant results indicate that in the
aliphatic derivatives the antioxidant activity is improved by
short and non-branched chains, although further explora-
tions are suggested to improve the current antioxidant
profiles. The AChE inhibition of the synthesized derivatives
again points out to short linear fragment derivatives as more
active compounds compared to the ones with longer ali-
phatic chains. However, the enzyme inhibition was
improved with the aromatic derivatives, especially when the
aromatic ring was adjacent to the incorporated ester car-
bonyl (compounds 10 and 9). Docking analysis of 10 sug-
gest that this could be due to hydrogen bonds, with
hydrophobic and π–π interactions in the enzyme catalytic
gorge with the incorporated aromatic ring. As the products
synthesized in this work were mainly hydrocarbon ones,
further derivatizations with heteroatom groups are proposed
to be incorporated, especially in the aromatic derivatives, to
further improve their antioxidant and AChE inhibition
activities.

Experimental/material and methods

Chemistry

All commercial reagents and solvents were purchased and
used without previous purification. The synthesized pro-
ducts were purified through column chromatography with
silica gel 60 Å, 230–400 mesh (Sigma-Aldrich). Purity of
the products was first monitored by thin-layer chromato-
graphy (TLC) carried out in aluminum backed silica plates
(Merck) revealed by ultraviolet (UV) light at 254 nm. For
the chemical characterization of the synthesized products,
melting points were taken on a Mel-Temp melting point
apparatus (Thermo Scientific). Gas chromatography–MS
was performed on a TRACE 1310 chromatograph and
single quadrupole ISQ LT mass spectrometer (both from
Thermo Scientific). Fourier-transform IR spectroscopy was
performed on a Thermo Scientific Nicolet iS 5 spectrometer.
NMR spectra were obtained on a 400MHz Avance DPX
spectrometer (Bruker). The chemical shifts in NMR spectra
(δ) are presented with tetramethylsilane as the internal
standard (δ: 0.00). Chemical shifts are given in ppm, cou-
pling constants J are expressed in Hertz (Hz) (multiplicity:
s= singlet, d= doublet, dd= doublet of doublet, ddd=
doublet of doublet of doublet, t= triplet, tt= triplet of tri-
plet, q= quadruplet, quint= quintuplet, sext= sextuplet,
sept= septuplet, m=multiplet). UV–visible spectra for the
antioxidant assays were obtained on a Genesys 20 (Thermo
Scientific) spectrophotometer, while a Microplate reader
Multiskan FC was employed for the AChE assay.

Synthesis of edaravone derivatives

In a round bottom flask, 5 Eq of KOH were dissolved in an
acetonitrile and water mixture under magnetic stirring. After
complete dissolution, 1 Eq of edaravone (1) was added, and
the mixture was left under strong stirring for 30 min. Sub-
sequently, 2 Eq of the corresponding acyl halide dissolved
in dichloromethane (DCM) was transferred to the reaction
and the stirring continued for 5 min (Scheme 1). After-
wards, the reaction mixture was washed with a saturated
sodium bicarbonate solution, and the product was extracted
with DCM. The reactions were monitored by TLC and the
products were purified by column chromatography. The
structures of the products were confirmed by MS and NMR
spectra as discussed below and in Supplementary Figs.
S1–S28.

3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (2)

Brownish-orange viscous oil (yield 97%); C12H12N2O2; IR
(attenuated total reflection (ATR) diamond, cm−1) 3063 (C-
H aromatic), 2961 (C-H aliphatic), 1706 (C=O), 1498 (C-
C) cm−1; 1H NMR (CDCl3, 400MHz,): δ= 7.55–7.51 (2H,
m, H-13, H-9), 7.46–7.41 (2H, m, H-12, H-10), 7.34–7.29
(1H, m, H-11) 6.09 (1H, s, H-4), 2.32 (3H, s, H-7), 2.25
(3H, s, H-16); 13C NMR (CDCl3, 100MHz): δ= 166.1 (C,
C-14), 148.9 (C, C-3), 144.3 (C, C-5), 138.1 (C, C-8), 129.1
(CH, C-12, C-10), 127.1 (CH, C-11), 123.0 (CH, C-13, C-
9), 95.9 (CH, C-4), 20.8 (CH3, C-16), 14.5 (CH3, C-7);
electron ionization MS (EIMS) m/z (rel. int.) 216 [M]+ (1),
174(23), 129(5), 91(2), 77(41), 68(5), 51(28), 43(100).

3-methyl-1-phenyl-1H-pyrazol-5-yl propionate (3)

Dark orange viscous oil (yield 99%); C13H14N2O2; IR (ATR
diamond, cm−1) 3069 (C-H aromatic), 2928 (C-H aliphatic),
1776 (C=O), 1506 (C-C) cm−1; 1H NMR (CDCl3,
400MHz,): δ= 7.54–7.52 (2H, dd, J= 8.8, 1.5 Hz, H-13,
H-9), 7.45–7.41 (2H, m, H-12, H-10), 7.33–7.29 (1H, m, H-
11), 6.09 (1H, s, H-4), 2.52 (2H, q, J= 7.6 Hz, H-16), 2.32
(3H, s, H-7), 1.19 (3H, t, J= 7.5, H-17); 13C NMR (CDCl3,
100MHz): δ= 169.7 (C, C-14), 148.9 (C, C-3), 144.4 (C,
C-5), 138.0 (C, C-8), 129.0 (CH, C-12, C-10), 127.1 (CH,
C-11), 123.1 (CH, C-13, C-9), 95.8 (CH, C-4), 27.5 (CH2,
C-16), 14.5 (CH3, C-7), 8.8 (CH3, C-17); EIMS m/z (rel.
int.) 230 [M]+ (16), 175(22), 174(100), 129(18), 105(11),
77(75), 57(99), 51(14), 39(8), 29(35).

3-methyl-1-phenyl-1H-pyrazol-5-yl isobutyrate (4)

Dark yellow viscous oil (yield 90%); C14H16N2O2; IR (ATR
diamond, cm−1) 3066 (C-H aromatic), 2980 (C-H aliphatic),
1773 (C=O), 1506 (C-C) cm−1; 1H NMR (CDCl3,
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400MHz,): δ= 7.54–7.50 (2H, m, H-9, H-13), 7.45–7.40
(2H, m, H-10, H-12), 7.33–7.31 (1H, m, H-11), 6.08 (1H, s,
H-4), 2.73 (1H, sept, J= 7.0 Hz, H-16), 2.32 (3H, s, H-7),
1.22 (6H, d, J= 7.0 Hz, H-17, H-18); 13C NMR (CDCl3,
100MHz): δ= 172.4 (C, C-14), 149.1 (C, C-3), 144.8 (C,
C-5), 138.2 (C, C-8), 129.1 (CH, C-10, C-12), 127.3 (CH,
C-11), 123.5 (CH, C-9, C-13), 95.8 (CH, C-4), 34.2 (CH,
C-16), 18.8 (CH3, C-17, C-18), 14.6 (CH3, C-7); EIMS m/z
(rel. int.) 244 [M]+ (1), 174(5), 129(2), 117(1), 105(3), 91
(2), 77(38), 71(73), 51(11), 43(100), 41(9).

3-methyl-1-phenyl-1H-pyrazol-5-yl pentanoate (5)

Brown solid (yield 92%); C15H18N2O2; mp 108–110 °C; IR
(ATR diamond, cm−1) 3047 (C-H aromatic), 2914 (C-H
aliphatic), 1709 (C=O) cm−1; 1H NMR (CDCl3, 400MHz,):
δ= 7.55–7.48 (2H, m, H-13, H-9), 7.46–7.37 (2H, m, H-12,
H-10), 7.34–7.25 (1H, m, H-11), 6.08 (1H, s, H-4), 2.49
(2H, t, J= 7.4 Hz, H-16), 2.32 (3H, s, H-7), 1.70–1.55 (2H,
m, H-17), 1.41–1.22 (2H, m, H-18), 0.89 (3H, t, J= 7.1 Hz,
H-19); 13C NMR (CDCl3, 100MHz): δ= 164.5 (C, C-14),
144.4 (C, C-3), 139.9 (C, C-5), 133.4 (C, C-8), 124.6 (CH,
C-10, C-12), 122.6 (CH, C-11), 118.8 (CH, C-9, C-13), 91.4
(CH, C-4), 29.2 (CH2, C-16), 22.0 (CH2, C-17), 17.5 (CH2,
C-18), 10.0 (CH3, C-7), 9.2 (CH3, C-19); EIMS m/z (rel.
int.) 258 [M]+ (1), 175(1), 174(10), 173(1), 129(1), 105(2),
85(42), 77(39), 57(100), 51(13), 41(36).

3-methyl-1-phenyl-1H-pyrazol-5-yl heptanoate (6)

Yellow viscous oil (yield 93%); C17H22N2O2; IR (ATR dia-
mond, cm−1) 3069 (C-H aromatic), 2928 (C-H aliphatic),
1782 (C=O), 1504 (C-C) cm−1; 1H NMR (CDCl3,
400MHz,): δ= 7.54–7.51 (2H, m, H-9, H-13), 7.45–7.40
(2H, m, H-10, H-12), 7.33–7.29 (1H, m, H-11), 6.08 (1H, s,
H-4), 2.49 (2H, t, J= 7.4 Hz, H-16), 2.32 (3H, s, H-7), 1.65
(2H, quint, J= 7.4 Hz, H-17), 1.33-1.23 (6H, m, H-18, H-19,
H-20), 0.87 (3H, t, J= 6.8 Hz, H-21); 13C NMR (CDCl3,
100MHz): δ= 169.2 (C, C-14), 149.1 (C, C-3), 144.6 (C, C-
5), 138.3 (C, C-8), 129.1 (CH, C-10, C-12), 127.3 (CH, C-11),
123.4 (CH, C-9, C-13), 95.9 (CH, C-4), 34.2 (CH2, C-16),
31.5 (CH2, C-17), 28.7 (CH2, C-18), 24.7 (CH2, C-19), 22.5
(CH2, C-20), 14.6 (CH3, C-7), 14.1 (CH3, C-21); EIMS m/z
(rel. int.) 286 [M]+ (3), 174(100), 157(2), 145(3), 129(7), 113
(94), 105(8), 95(11), 85(86), 77(61), 57(48), 42(77), 39(8).

3-methyl-1-phenyl-1H-pyrazol-5-yl octanoate (7)

Orange-yellow liquid (yield 98%); C18H24N2O2; IR (ATR
diamond, cm−1) 3066 (C-H aromatic), 2926 (C-H aliphatic),
1784 (C=O), 1504 (C-C) cm−1; 1H NMR (CDCl3,
400MHz,): δ= 7.56–7.53 (2H, m, H-9, H-13), 7.47–7.42
(2H, m, H-10, H-12), 7.35–7.31 (1H, m, H-11), 6.10 (1H, s,

H-4), 2.51 (2H, t, J= 7.4 Hz, H-16), 2.34 (3H, s, H-7), 1.67
(2H, quint, J= 7.4 Hz, H-17), 1.33–1.27 (8H, m, H-18, H-
19, H-20, H-21), 0.90 (3H, t, J= 6.7 Hz, H-22); 13C NMR
(CDCl3, 100MHz): δ= 169.0 (C, C-14), 148.9 (C, C-3),
144.5 (C, C-5), 138.1 (C, C-8), 129.0 (CH, C-10, C-12),
127.1 (CH, C-11), 123.2 (CH, C-9, C-13), 95.8 (CH, C-4),
34.0 (CH2, C-16), 31.5 (CH2, C-19), 28.8 (CH2, C-18), 28.8
(CH2, C-20), 24.5 (CH2, C-17), 22.5 (CH2, C-21), 14.5
(CH3, C-7), 14.0 (CH3, C-22); EIMS m/z (rel. int.) 300 [M]+

(2), 174(100), 157(2), 145(3), 127(84), 109(17), 105(9), 91
(4), 77(62), 67(16), 56(91), 43(36).

3-methyl-1-phenyl-1H-pyrazol-5-yl 2-propylpentanoate (8)

Yellow liquid (yield 92%); C18H24N2O2; IR (ATR diamond,
cm−1) 3050 (C-H aromatic), 2926 (C-H aliphatic), 1768
(C=O), 1506 (C-C) cm−1; 1H NMR (CDCl3, 400MHz,):
δ= 7.55–7.53 (2H, m, H-9, H-13), 7.46–7.42 (2H, m, H-10,
H-12), 7.35–7.31 (1H, m, H-11), 6.08 (1H, s, H-4), 2.56
(1H, tt, J= 8.8, 5.4 Hz, H-16), 2.34 (3H, s, H-7), 1.70–1.60
(2H, m, H-20), 1.53–1.46 (2H, m, H-17), 1.27 (4H, sext,
J= 7.4 Hz, H-18, H-21), 0.88 (6H, t, J= 7.3 Hz, H-19, H-
22); 13C NMR (CDCl3, 100MHz): δ= 171.7 (C, C-14),
148.9 (C, C-3), 144.6 (C, C-5), 138.0 (C, C-8), 128.9 (CH,
C-10, C-12), 127.2 (CH, C-11), 123.7 (CH, C-9, C-13),
95.6 (CH, C-4), 45.3 (CH, C-16), 34.2 (CH2, C-17, C-20),
20.5 (CH2, C-18, C-21), 14.5 (CH3, C-7), 13.9 (CH3, C-19,
C-22); EIMS m/z (rel. int.) 300 [M]+ (1), 174(1), 127(5), 99
(10), 77(13), 57(100), 43(8).

3-methyl-1-phenyl-1H-pyrazol-5-yl benzoate (9)

Cream color powder (yield 99%); C17H14N2O2; mp 118 °C; IR
(ATR diamond, cm−1) 3069 (C-H aromatic), 1755 (C=O),
1504 (C-C) cm−1; 1H NMR (CDCl3, 400MHz,): δ=
8.01–7.96 (2H, m, H-17, H-21), 7.59–7.48 (3H, m, H-9, H-13,
H-19), 7.43–7.29 (4H, m, H-10, H-12, H-18, H-20), 7.25–7.17
(1H, m, H-11), 6.19 (1H, s, H-4), 2.28 (3H, s, H-7); 13C NMR
(CDCl3, 100MHz): δ= 161.9 (C, C-14), 149.1 (C, C-3),
144.5 (C, C-5), 138.1 (C, C-8), 134.4 (C, C-16), 130.5 (CH,
C-19), 129.1 (CH, C-10, C-12), 128.9 (CH, C-18, C-20),
127.9 (CH, C-11) 127.2 (CH, C-17, C-21), 123.2 (CH, C-9, C-
13), 95.9 (CH, C-4), 14.7 (CH3, C-7); EIMS m/z (rel. int.) 278
[M]+ (1), 106(8), 105(100), 77(62), 51(15).

3-methyl-1-phenyl-1H-pyrazol-5-yl 4-methylbenzoate (10)

Cream color crystals (yield 99%); C18H16N2O2; mp
105–106 °C; IR (ATR diamond, cm−1) 3058 (C-H aro-
matic), 1752 (C=O), 1504 (C-C) cm−1; 1H NMR (CDCl3,
400MHz,): δ= 7.96–7.90 (2H, m, H-17, H-21), 7.61–7.54
(2H, m, H-9, H-13), 7.44–7.22 (5H, m, H-10, H-11, H-12,
H-18, H-20), 6.24 (1H, s, H-4), 2.40 (3H, s, H-22), 2.34 (3H,
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s, H-7); 13C NMR (CDCl3, 100MHz): δ= 162.0 (C, C-14),
149.2 (C, C-3), 145.5 (C, C-5), 144.7 (C, C-19), 138.1 (C,
C-8), 130.5 (CH, C-10, C-12), 129.6 (CH, C-18, C-20),
129.2 (CH, C-17, C-21), 127.3 (CH, C-11), 125.2 (C, C-16),
123.3 (CH, C-9, C-13), 96.0 (CH, C-4), 21.9 (CH3, C-22),
14.6 (CH3, C-7); EIMS m/z (rel. int.) 292 [M]+ (1), 119
(100), 91(38), 77(20), 65(15), 51(7).

3-methyl-1-phenyl-1H-pyrazol-5-yl 2-methylbenzoate (11)

Cream color powder (yield 95%); C18H16N2O2; mp 104 °C;
IR (ATR diamond, cm−1) 3066 (C-H aromatic), 2923 (C-H
aliphatic), 1744 (C=O), 1506 (C-C) cm−1; 1H NMR
(CDCl3, 400MHz,): δ= 8.02 (1H, dd, J= 7.8, 1.4 Hz, H-
17), 7.62 (2H, dd, J= 8.7, 1.4 Hz, H-9, H-13), 7.49 (1H,
ddd, J= 7.5, 7.5, 1.5 Hz, H-19), 7.46–7.41 (2H, m, H-10,
H-12), 7.35–7.27 (3H, m, H-11, H-18, H-20), 6.26 (1H, s,
H-4), 2.61 (3H, s, H-22), 2.40 (3H, s, H-7); 13C NMR
(CDCl3, 100MHz): δ= 162.2 (C, C-14), 149.0 (C, C-3),
144.7 (C, C-5), 142.2 (C, C-21), 138.2 (C, C-8), 133.4 (CH,
C-19), 132.1 (CH, C-20), 131.1 (CH, C-17), 129.0 (CH, C-
10, C-12), 127.2 (CH, C-11), 126.8 (C, C-16), 126.1 (CH,
C-18), 123.4 (CH, C-9, C-13), 95.9 (CH, C-4), 21.8 (CH3,
C-22). 14.5 (CH3, C-7); EIMS m/z (rel. int.) 292 [M]+ (1),
173(2), 120(18), 118(100), 106(2), 91(75), 77(31), 65(27),
51(9), 39(8).

3-methyl-1-phenyl-1H-pyrazol-5-yl 2-(naphthalen-1-yl)
acetate (12)

Yellow viscous oil (yield 70%); C22H18N2O2; IR (ATR
diamond, cm−1) 3031 (C-H aromatic), 2920 (C-H aliphatic),
1714 (C=O) cm−1; 1H NMR (CDCl3, 400MHz,): δ=
7.93–7.89 (2H, m, H-20, H-26), 7.87 (1H, d, J= 8.0 Hz, H-
23), 7.55–7.48 (2H, m, H-10, H-12), 7.46–7.40 (2H, m, H-
24, H-25), 7.26–7.24 (2H, m, H-9, H-13), 7.22–7.18 (3H,
m, H-11, H-21, H-22), 6.16 (1H, s, H-4), 4.26 (2H, s, H-
16), 2.33 (3H, s, H-7); 13C NMR (CDCl3, 100MHz): δ=
166.5 (C, C-14), 148.8 (C, C-3), 144.3 (C, C-5), 137.8 (C,
C-8), 133.9 (C, C-19), 132.0 (C, C-18), 128.9 (C, C-17),
128.8 (CH, C-10, C-12), 128.7 (CH, C-20), 128.6 (CH, C-
26), 128.5 (CH, C-24), 126.8 (CH, C-22), 126.8 (CH, C-
11), 126.1 (CH, C-21), 125.5 (CH, C-25), 123.3 (CH, C-
23), 122.8 (CH, C-9, C-13), 95.7 (CH, C-4), 39.0 (CH2, C-
16), 14.5 (CH3, C-7); EIMS m/z (rel. int.) 342 [M]+ (2), 174
(3), 168(28), 141(100), 115(23), 105(2), 91(2), 77(46), 63
(5), 51(13), 40(7).

3-methyl-1-phenyl-1H-pyrazol-5-yl diphenylcarbamate (13)

Cream color crystals (yield 98%); C23H19N3O2; mp
95–96 °C; IR (ATR diamond, cm−1) 3061 (C-H aromatic),

1747 (C=O), 1504 (C-C), 1303 (C-N) cm−1; 1H NMR
(CDCl3, 400MHz,): δ= 7.40–7.32 (5H, m, H-9, H-10, H-
11, H-12, H-13), 7.29–7.20 (10H. m, H-19, H-20, H-21, H-
22, H-23, H-24, H-25, H-26, H-27, H-28), 6.23 (1H, s, H-
4), 2.34 (3H, s, H-7); 13C NMR (CDCl3, 100MHz): δ=
149.7 (C, C-14), 148.8 (C, C-3), 144.9 (C, C-5), 141.4 (C,
C-17, C-18), 137.9 (C, C-8), 129.3 (CH, C-10, C-12), 128.8
(CH, C-20, C-22, C-25, C-27), 127.1 (CH, C-11, C21, C-
26), 126.6 (CH, C-9, C-13), 122.8 (CH, C-19, C-23, C-24,
C-28), 95.1 (CH, C-4), 14.5 (CH3, C-7); EIMS m/z (rel. int.)
369 [M]+ (1), 196(100), 168(53), 167(27), 139(1), 115(2),
93(8), 77(53), 65(4), 51(12), 39(3).

3-methyl-1-phenyl-1H-pyrazol-5-yl cinnamate (14)

Cream color powder (yield 93%); C19H16N2O2; mp
107–108 °C; IR (ATR diamond, cm−1) 2920 (C-H ali-
phatic), 1747 (C=O), 1504 (C-C) cm−1; 1H NMR
(CDCl3, 400 MHz,): δ= 7.83 (1H, d, J= 16 Hz, H-17),
7.60–7.57 (2H, m, H-9, H-13), 7.56–7.53 (2H, m, H-19,
H-23), 7.47–7.39 (5H, m, H-10, H-12, H-20, H-21, H-
22), 7.34–7.29 (1H, m, H-11), 6.51 (1H, d, J= 15.9 Hz,
H-16), 6.20 (1H, s, H-4), 2.35 (3H, s, H-7); 13C NMR
(CDCl3, 100 MHz): δ= 162.1 (C, C-14), 149.0 (C, C-3),
148.5 (CH, C-17), 144.5 (C, C-5), 138.2 (C, C-8), 133.7
(C, C-18), 131.3 (CH, C-21), 129.1 (CH, C-10, C-12),
129.1 (CH, C-20, C-22), 128.5 (CH, C-19, C-23), 127.1
(CH, C-11), 123.1 (CH, C-9, C-13), 115.4 (CH, C-16),
95.8 (CH, C-4), 14.6 (CH3, C-7); EIMS m/z (rel. int.) 304
[M]+ (1), 173(3), 131(61), 104(4), 103(45), 77(100), 51
(37).

3-methyl-1-phenyl-1H-pyrazol-5-yl 5-phenylpentanoate
(15)

Light yellow viscous oil (yield 90%); C21H22N2O2; IR (ATR
diamond, cm−1) 3023 (C-H aromatic), 2928 (C-H aliphatic),
1779 (C=O), 1504 (C-C) cm−1; 1H NMR (CDCl3,
400MHz,): δ= 7.52–7.49 (2H, m, H-9, H-13), 7.42–7.37
(2H, m, H-10, H-12), 7.31–7.26 (3H, m, H-22, H-23, H-24),
7.21–7.16 (1H, m, H-11), 7.13 (2H, dd, J= 8.2, 1.6 Hz, H-
21, H-25), 6.07 (1H, s, H-4), 2.60 (2H, t, J= 7.5 Hz, H-16),
2.52 (2H, t, J= 7.0 Hz, H-19), 2.32 (3H, s, H-7), 1.74–1.59
(4H, m, H-17, H-18); 13C NMR (CDCl3, 100MHz): δ=
169.0 (C, C-14), 149.1 (C, C-3), 144.6 (C, C-5), 141.8 (C,
C-8), 129.2 (CH, C-10, C-12), 128.5 (CH, C-22, C-24),
128.5 (CH, C-21, C-25), 127.3 (CH, C-23), 126.1 (CH, C-
11), 123.4 (CH, C-9, C-13), 95.9 (CH, C-4), 35.6 (CH2, C-
16), 34.1 (CH2, C-19), 30.7 (CH2, C-17), 24.3 (CH2, C-18),
14.6 (CH3, C-7); EIMS m/z (rel. int.) 334 [M]+ (1), 175(9),
174(56), 143(3), 133(3), 117(76), 104(5), 91(100), 77(40),
65(8), 51(5), 39(4).
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DPPH assay antioxidant evaluation

The radical-scavenging activity was analyzed based on the
methodology by Salazar-Aranda [56] with slight modifica-
tions. The products were dissolved with methanol and dif-
ferent concentrations were obtained by serial dilutions. An
aliquot of 0.5 mL from each dilution was mixed with
0.5 mL of a DPPH methanolic solution (prepared at a
concentration 7.5 mg/250 mL). The mixtures were incu-
bated for 30 min in the dark at room temperature. After this
time, the spectrophotometric measurement of the mixtures
was performed at 517 nm, employing methanol as a blank.
The radical-scavenging activity was calculated as the per-
centage of DPPH discoloration with the formula:

DPPH %ð Þ ¼ 1� B

A

� �
� 100;

where the value of a DPPH solution as control is
represented by A and the sample by B. All determinations
were performed in triplicate. The DPPH discoloration was
plotted against the concentration of each dilution, and by
interpolation employing a linear regression analysis, the
concentration needed to decrease the absorbance of DPPH
by 50% (EC50) was obtained. As a reference compound,
quercetin was employed.

ABTS assay antioxidant evaluation

The ABTS radical cation (ABTS·+) scavenging assay was
analyzed based on reported methodologies [57, 58] with
slight modifications. An aqueous solution of ABTS was
prepared at a 7 mM concentration. The radical cation
ABTS·+ was produced by the reaction between the ABTS
solution with a 2.45 mM potassium persulfate solution; the
mixture was kept at room temperature in the dark for
16–18 h before use. Then 150 μL of the ABTS·+ solution
was diluted with methanol to obtain an absorbance 0.7 ±
0.02 as an initial absorbance, at a wavelength of 754 nm. A
volume of 980 μL from this solution was mixed with 20 μL
of the different concentrations prepared of the samples. The
mixture was stirred and incubated for 7 min at room tem-
perature, before reading the final absorbance. The percen-
tage of inhibition was calculated using the formula:

% of inhibition ¼ A1 � A2

A1

� �
� 100;

where the initial absorbance of the ABTS·+ solution is A1

and the final absorbance in the presence of the sample is A2.
All determinations were performed in triplicate. For each
compound, the concentration of each dilution was plotted
against the percentage of inhibition, and the EC50 value was
obtained by interpolation from a linear regression analysis.
As a reference compound, quercetin was employed [59].

AChE inhibitory activity

AChE inhibitory activity was determined employing a
previously reported methodology [15] with slight mod-
ifications. In a 96-well plate, 75 μL of a 50 mM Trizma-HCl
buffer (pH= 8) was added with 75 μL of a solution of the
synthesized compound to analyze, obtaining at the end a
final concentration of 150 μg/mL (0.15% for dimethyl
sulfoxide). Then, to each well, 25 μL of a buffer solution of
15 mM acetylthiocoline chloride was added, along with
125 μL of a 3 mM buffer solution of Ellman’s reagent
(DTNB), with final concentrations of 1.25 mM for both.
Employing a microplate reader every 45 s, the absorbance
was measured at a wavelength of 405 nm, three consecutive
times. Afterwards, to each well 25 μL of a 2 U/mL AChE in
buffer solution was added, enriched with bovine serum
albumin (0.1 mg/mL), with a final concentration of the
enzyme at 0.15 U/mL. Five consecutive lectures were taken
every 45 s. Six wells from each plate had no tested com-
pound in them in order to serve as the control for the
enzyme 100% activity. To correct the substrate’s sponta-
neous hydrolysis, the absorbance from before the enzyme
addition was subtracted from the absorbance obtained after.
The percentage of inhibition was calculated using the for-
mula:

% of inhibition ¼ 1� Asample

Acontrol

� �
� 100;

where the absorbance difference between time 0 and
225 s in the presence of the compound to test is represented
by ASample and the corresponding absorbance difference of
the 100% AChE activity control is represented by AControl.
All experiments were performed in triplicate. As a positive
control, galantamine was employed [60].

Molecular docking

The methodology was based on a previous work [61].
Molecular models were generated for the analyzed pro-
ducts through their SMILES strings with the use of UCSF
Chimera [62]. These models were energy minimized
employing Chimera default conditions with Antechamber
parameters [63]. With AutoDock Tools 1.5.6 [64] were
defined the rotatable bonds and the atomic charges for
each model. The crystallographic structure of the AChE
receptor (PDB ID: 1EVE) was retrieved from Protein
Data Bank (http://www.rcsb.org/), which was prepared
with AutoDock Tools removing the co-crystalized ligand
(donepezil) along with the water molecules, hydrogen
addition, and Gasteiger charge calculation. For the
docking analysis, AutoDock Vina was employed [65],
with a grid of 28 × 28 × 28 Å, with center coordinates at
x= 3.11011, y= 66.7013, and z= 63.9449. For each
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ligand, ten poses were generated with an exhaustiveness
of eight, making the docking runs by triplicate. The
visualization and analysis of the docked poses was made
with UCSF Chimera.

ADME calculations

The drug-likeness prediction of the synthesized compounds
was made by obtaining their pharmacokinetic and physi-
cochemical properties using the SwissADME web server
[66].
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