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Abstract

This study describes the synthesis, antimicrobial activity, and in silico assessment of 1,2,4-oxadiazoles from ethyl levulinate.
For that, we prepared arylamidoximes and treated them with ethyl levulinate, obtaining the respective 1,2,4-oxadiazoles through
a reaction sequence of O-acylation followed by cyclodehydration. Then, we assessed the antimicrobial activity of these
compounds against Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, and Candida
utilis using the broth microdilution technique. We analyzed in silico studies using the online bioinformatics platforms
SwissADME and PASS. We obtained arylamidoximes and 1,2,4-oxadiazoles in good yields. The 1,2,4-oxadiazoles showed
moderate antimicrobial activity, inhibiting two microorganisms: the bacterium P. aeruginosa and the fungus C. utilis. In silico
studies of 1,2,4-oxadiazoles have shown promising properties, such as good oral absorption, low probability of toxicity, good
body distribution, and potential to develop metabolic and enzymatic activities. The investigation of the antimicrobial activity
together with the in silico studies showed that the synthesized 1,2,4-oxadiazoles are promising structures for the development
of new therapeutic agents.

Keywords: Antimicrobial activity, computational studies, heterocyclic, organic synthesis.

Sintese, atividade antimicrobiana e estudo in silico de 1,2,4-oxadiazoéis
derivados do levulinato de etila

Abstract

Este estudo descreve a sintese, avaliacdo da atividade antimicrobiana e in silico de 1,2,4-oxadiazéis derivados do levulinato de
etila. Nesse sentido, arilamidoximas foram preparadas e tratadas em seguida com o levulinato de etila, fornecendo os
respectivos 1,2,4-oxadiazéis através de uma sequéncia reacional de O-acilacdo seguida de ciclodesidratacdo. A avaliacdo da
acdo antimicrobiana foi realizada contra Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas
aeruginosa e Candida utilis através da técnica de microdiluicdo em caldo. Os estudos in silico foram realizados através das
plataformas digitais de bioinformatica SwissADME e PASS online. As arilamidoximas e os 1,2,4-oxadiazdis foram obtidos em
bons rendimentos. Os 1,2,4-oxadiazéis apresentaram atividade antimicrobiana moderada, uma vez que apresentaram inibicao
contra dois microrganismos, a bactéria P. aeruginosa e o fungo C. utilis. Os estudos in silico dos 1,2,4-oxadiazéis demonstraram
propriedades promissoras, como boa absor¢do via oral, baixa probabilidade de apresentarem toxicidade, boa distribui¢do
corpérea, bem como potencial de desenvolverem atividades metabdlicas e enziméticas. A investigacdo da acdo antimicrobiana
juntamente com os estudos in silico demostraram que os 1,2,4-oxadiazois sintetizados sdo estruturas promissoras para 0
desenvolvimento de novos agentes terapéuticos.

Palavras-chave: Acdo antimicrobiana, estudos computacionais, heterociclicos, sintese organica.

Introduction undergo genetic mutation through exposure to antimicrobial
drugs, multiplying resistant organisms and thus hindering the
treatment and cure of diseases (Prestinaci, Pezzotti &
Pantosti, 2015).

Microbial resistance is a major public health problem
worldwide, which is partly due to inappropriate and/or
excessive use of antibiotic drugs (Prestinaci, Pezzotti, &
Pantosti, 2015). Resistance occurs when microorganisms
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A report published in 2019 by the US Centers for Disease
Control and Prevention (CDC) estimates that more than 2.8
million infections by antibiotic-resistant microorganisms occur
annually in the USA, resulting in more than 35,000 deaths per
year (CDC, 2019). In addition, a considerable portion of
commercial antimicrobials (for example, posaconazole,
ampicillin, ciprofloxacin) have limited action against resistant
strains of microorganisms (Cunha, Nogueira, & Aguiar, 2018).

These problems motivate the search for new sources of
substances that may have antimicrobial action, stimulating
investments aimed at promising compounds, such as those with
the 1,2,4-oxadiazole ring in their structure. This heterocyclic
nucleus has stood out for presenting several biological
applications, acting as: antiasthmatic, antidiabetic, anti-
inflammatory, antitumor, neuroprotective,
immunosuppressive, antioxidant, and antimicrobial (Freitas et
al., 2012). Several studies highlight the promising
antimicrobial activity of compounds containing the 1,2,4-
oxadiazole ring. Examples include the research by Krishna &
collaborators (2015), Freitas & collaborators (2012), Cunha,
Nougueira, & Aguiar (2018), Srivastava & collaborators
(2003), and Leite & collaborators (2000).

However, active compounds must undergo a rigorous
process until their approval, which includes several obstacles
and demands a lot of time and money. Moreover, many
molecules do not reach the end of this process due to
unfavorable physicochemical and/or biological characteristics
that are only identified during the tests (Silva, 2016).

Thus, to circumvent the obstacles in the development of a
new drug, as well as to identify the most promising molecules
in the early stages of this process, researchers have developed
different in silico tools based on computational and
mathematical methods. These methods have proven
effectiveness in predicting a great diversity of biological and
physicochemical characteristics of the compounds under study
(Papa et al., 2017).

Considering this and the countless reports of the
antimicrobial action of 1,2,4-oxadiazole compounds, this study
describes the synthesis, antimicrobial activity, and in silico
assessment of 1,2,4-oxadizole compounds from ethyl
levulinate.

Materials and Methods

Reagents and equipment

Companies Vetec and Sigma-Aldrich provided the reagents
and solvents with a degree of purity higher than or equal to
98%. We purified the solvents - hexane and ethyl acetate - by
fractional distillation in a Vigreux column. We monitored the
reactions by thin layer chromatography (TLC) using silica gel
plates containing fluorescent indicator Fzsa, which we eluted in
hexane/ethyl acetate systems and visualized using an
ultraviolet lamp.

We purified the resulting products by liquid column
chromatography using Merck silica gel 60 (70-230 mesh) as
the stationary phase and the solvents hexane and ethyl acetate,
in different proportions, as the mobile phase. To evaporate the
reaction solvent, we used a rotary evaporator (Bichi
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Rotavapor, model R-114) connected to a vacuum pump
(KNF Neuberger).

We characterized the structures of the compounds using
hydrogen nuclear magnetic resonance (*H NMR) and carbon
nuclear magnetic resonance (*3C NMR) in a spectrometer
(Varian Unity Plus), applying a frequency of 400 MHz for
the hydrogen nucleus and 100 MHz for the carbon nucleus.
For spectroscopic analyses, we used deuterated chloroform
and dimethyl sulfoxide (CDCI; and DMSO-d6) as solvents.
We calibrated the device using Si(CH3)s (0.0 ppm) as an
external reference for 'H and *C NMR. We expressed the
chemical shifts in & (ppm) and the coupling constants (J) in
hertz (Hz). For the *H NMR spectrum, we analyzed the shifts
in relation to the central peak of CDClIs at 7.27; for the 3C
NMR spectrum, we analyzed the shifts in relation to the
central peak of CDCl; at 77.0.

Procedure for the synthesis of arylamidoximes (2a-c)

We synthesized arylamidoximes (2a-c) by adapting the
methodology of Andrade et al. (2016). For that, we added
hydroxylamine hydrochloride (2.08 g; 30 mmol), sodium
carbonate (1.6 g; 15 mmol), and 40 ml of distilled water at
room temperature to a 125 ml round-bottom flask. Then we
added 10.0 mmol of the corresponding nitrile (la-c)
dissolved in 40 ml of ethanol to the flask. We subjected the
reaction mixture to an ultrasonic bath at 55 £ 5 °C for 30
minutes, verifying the completion of the reaction by TLC.
After completion, we evaporated the ethanol with the aid of
a rotary evaporator for subsequent extraction of the organic
phase. We extracted the organic phase from the aqueous
medium using ethyl acetate (3 x 25 ml) with the aid of a
separating funnel. After collection, we dried the organic
phase with anhydrous Na,SOs. Then, we filtered and
removed the extraction solvent under reduced pressure. We
purified arylamidoximes (2a-c) by crystallization using the
chloroform/hexane system (90:10).

Benzamidoxime (2a): 1.09 g (80% vyield); white solid: m.p.
74-76 °C; IR (KBr pellet): vimax 3448, 3356, 3212, 3059,
2893, 2361, 1645, 1590, 1499, 1446, 1384, 1107, 926, 768,
687 cm?; 'H NMR (400 MHz, DMSO-ds) § 9.63 (1H, s,
OH), 7.69-7.67 (2H, m, Haromaic), 7.38-7.36 (3H, m,
Haromatic), 5.81 (2H, s, NH,); *C NMR (100 MHz, DMSO-
ds) 6 150.8, 133.4, 128.9, 128.1, 125.4 (Tarasenko et al.,
2017).

p-methylbenzamidoxime (2b): 1.35 g (90% yield); white
solid: m.p. 144-146 °C; IR (KBr pellet): vmax 3500, 3367,
3049, 2916, 1664, 1588, 1418, 1391, 1099, 936, 823, 747 cmv’
1 IH NMR (400 MHz, DMSO-ds) & 9.52 (1H, s, OH), 7.56
(2H, d, J = 8.2 Hz, Hawomaic), 7.17 (2H, d, J = 8.2 Hz,
Haromatic), 5.73 (2H, s, NHy), 2.31 (3H, s, aryl-CH3); 3C
NMR (100 MHz, DMSO-ds) 6 150.8, 138.2, 130.5, 128.6,
125.3, 20.8 (Andrade et al., 2016; Tarasenko et al., 2017).

p-chlorobenzamidoxime (2c): 1.45 g (85% yield); white
solid: m.p. 128-129 °C; IR (KBr pellet): vmax 3468, 3346,
3152, 3053, 2893, 2361, 1918, 1655, 1589, 1497, 1380,
1087, 920, 840, 722 cm™; *H NMR (400 MHz, DMSO-dg) &
9.73 (1H, s, OH), 7.69 (2H, d, J = 8.6 Hz, Haromatic), 7.43 (2H,
d, J = 8.6 Hz, Haromatic), 5.86 (2H, s, NH,); °C NMR (100
MHz, DMSO-ds) & 149.9, 133.4, 133.2, 128.1, 127.1
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(Andrade et al., 2016; Tarasenko et al., 2017).

Procedure for the synthesis of 4-(3-(aryl)-1,2,4-oxadiazol-5-
yl)-butan-2-one (4a-c)

We synthesized 1,2,4-oxadiazoles (4a-c) following the
methodology of Freitas & collaborators (2007) with some
modifications. For that, we added ethyl 4-oxopentanoate
(0.111 g, 0.75 mmol), the appropriate arylamidoximes (2a-c)
(2.00 mmol), and K,COs3 (0.12 g, 0.85 mmol) to a small glass
test tube. Then, we thoroughly ground this mixture. We
subjected the glass test tube with the reaction mixture to
irradiation in a domestic microwave oven (100% power, 650
W) for 7 min, and then cooled it. Thereafter, we purified the
crude product by chromatography on silica gel using
hexane/ethyl acetate (9:1) to produce the corresponding 1,2,4-
oxadiazoles (4a-c).
4-(3-(phenyl)-1,2,4-oxadiazol-5-yl)-butan-2-one (4a): 149.2
mg (92% yield); colorless liquid; *H NMR (400 MHz, CDCls)
8 ppm 8.07-8.05 (m, 2H, Haromatic); 7.52-7.58 (m, 3H, Haromatic),
3.22(t, 2H, I =7.2 Hz, Haiyiic); 3.09 (t, 2H, J = 7.2 Hz, Hayiic);
2.27 (s, 3H, Haiyiic), *C NMR (100 MHz, CDCl3) & 205.2;
178.7; 168.1; 131.0; 128.7; 127.3; 126.7; 39.2; 29.7; 20.6
(Freitas et al., 2007).
4-(3-(p-methylphenyl)-1,2,4-oxadiazol-5-yl)-butan-2-one
(4b): 150.25 mg (87% yield); colorless liquid; *H NMR (400
MHz, CDCls3) 6 ppm 7.93 (d, 2H, J = 8.0 Hz, Haromatic); 7.28 (d,
2H,J=7.6 Hz, HAromatic); 3.20 (t, 2H, J=6.8 Hz, HAlkylic); 3.07
(t, 2H, J=6.4 HZl HAIkyIic); 2.41 (S, 3H, HAIkyIic); 2.26 (S, 3H,
Haikyiic); 3C NMR (100 MHz, CDCl3) § 205.3; 178.6; 168.2;
141.4; 129.4; 127.3; 123.9; 39.3; 29.8; 21.5; 20.7 (Freitas et
al., 2007).
4-(3-(p-chlorophenyl)-1,2,4-oxadiazol-5-yl)-butan-2-one (4c):
169.21 mg (90% vyield); colorless liquid; *H NMR (400 MHz,
CDCls) 6 ppm 8.00 (d, 2H, J = 8.0 Hz, Haromatic); 7.46 (d, 2H,
J = 8.8 Hz, Haromatic); 3.20 (t, 2H, J = 7.6 Hz, Hayiic); 3.07 (t,
2H, J=64 HZ, HA|ky|ic); 2.26 (S, 3H, HA|ky|ic); 13C NMR (100
MHz, CDCl3) & 205.1; 179.0; 167.4; 137.2; 129.1; 128.6;
125.2; 39.1; 29.8; 20.6 (Freitas et al., 2007).

In vitro assay of antimicrobial activity

We assessed the in vitro antimicrobial activity of the
synthesized 1,2,4-oxadiazoles (4a-c) against the bacteria
Staphylococcus aureus (UFPEDA 02), Enterococcus faecalis
(UFPEDA 138), Escherichia coli (UFPEDA 224),
Pseudomonas aeruginosa (UFPEDA 416), and the fungus
Candida utilis (UFPEDA 1009). We kept the microorganisms
on nutrient agar (NA), stored at 4 °C. We used the
antimicrobial drugs metronidazole and fluconazole as positive
controls. We determined the values of the minimum inhibitory
concentrations (MICs) according to the methodology of
Espinel-Ingroff & collaborators (2005).

Computational studies

We obtained the values of consensual log Posw (cLogP),
molecular mass (MM), number of hydrogen bond donors
(nHBD), number of hydrogen bond acceptors (nHBA), number
of Lipinski rule violations, gastrointestinal absorption, blood-
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brain barrier (BBB) permeation, and the presence of
structural alert fragments through the SwissADME online
bioinformatics platform. This platform compiles the
contribution of different authors in the field of medicinal
chemistry and chemoinformatics to process different in silico
analyses (Daina, Michielin, & Zoete, 2017).

We used the PASS online platform to survey the possible
biological activities of compounds 4a-c, evaluating more
than 3500 potential biological activities, including:
pharmacological effects; mechanisms of action; toxic and
adverse effects; interaction with metabolic enzymes and
transporters; toxicological action for some organisms such as
protozoa, microorganisms, and terrestrial and aquatic
organisms that impact the environment; among other
information (Oliveira, 2014).

Results and Discussion

This study initially considered a general strategy for the
synthesis of 4-(3-(aryl)-1,2,4-oxadiazol-5-yl)-butan-2-ones
(4a-c) (Figure 1). In this way, different arylnitriles (1la-c)
reacted with hydroxylamine hydrochloride and basic salt in
hydroethanolic medium under heating. The procedure led to
the arylamidoximes (2a-c) with yields that ranged from 89-
92%, similarly to Freitas et al. (2007). The next step
consisted of subjecting arylamidoximes (2a-c) and ethyl 4-
oxopentanoate (ethyl levulinate) to an O-acylation reaction
followed by cyclodehydration, leading to compounds 4a-c.

It is noteworthy that the synthesis of compounds 4a-c
included microwave irradiation. The application of this form
of heating proved to be very efficient since other procedures
require high temperatures and generate byproducts, usually
hindering purification (Freitas et al., 2012).

The characterization of 1,2,4-oxadiazoles 4a-c by nuclear
magnetic resonance of hydrogen (*H NMR) and carbon (*3C
NMR) led to spectroscopic data that corroborate literature
values (Freitas et al., 2007).

The growing need for new antimicrobial agents has been
driven by several factors, mainly by the frequent cases of
resistant microorganisms, encouraging the constant search
for molecules that can help solve these problems (Lee & Lee,
2018). Among the efforts in the search for new therapeutic
agents, tests aimed at obtaining MIC values of compounds
under development have stood out in the early stages of the
process of discovering new drugs, providing highly reliable
and safe results that help in the identification of promising
compounds (Zorzi, 2013). Thus, the present study assessed
the antimicrobial properties of compounds 4a-c with MIC
values representing the lowest concentration capable of
visually inhibiting 100% of the growth of the tested
microorganism (Espinel-Ingroff et al., 2005). The study
included microorganisms of clinical importance, which are
frequently involved in infectious conditions and in
antimicrobial resistance events. These microorganisms are
the bacteria S. aureus (UFPEDA 02), E. faecalis (UFPEDA
138), E. coli (UFPEDA 224), and P. aeruginosa (UFPEDA
416), and the fungus C. utilis (UFPEDA 1009) (Table 1).
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Figure 1. General strategy for the synthesis of 1,2,4-oxadiazoles 4a-c.

All strains were susceptible to the antimicrobial activity of
the standards used (metronidazole for bacterial strains and
fluconazole for fungal strains), attesting to the feasibility of the
tests. All compounds showed antimicrobial activity (Table 1).
According to Morales & collaborators (2008), MIC values
indicate good antimicrobial activity when in the range of 50-
500 ug mL%, moderate activity when in the range of 500-1500
ug mL?, and poor activity when above 1500 ug mL*. Thus,
the antimicrobial activities of compounds 4b and 4c proved to
be poor or close to the maximum limit of the moderate range
for the strains. Meanwhile, compound 4a had moderate
antimicrobial activity, with MIC values of 625 pug mL™ for P.
aeruginosa and 156.2 ug mL* for C. utilis.

Table 1. Antimicrobial activity of the compounds 4a-c and the
positive controls (metronidazole and fluconazole), represented
by the minimum inhibitory concentration (MIC) in ug mL™.

S. E. E. P. C.
Compound aureus  faecalis coli aeruginosa Utilis
4a + + + 625 156.2
4b + + + + 2500
4c + + + 2500 1250
Metronidazole 19.5 195 195 19.5 -
Fluconazole - - - - 19.5

(+) denotes bacterial growth; (-) not evaluated

Srivastava & collaborators (2003) studied 1,2,4-oxadiazole
compounds with molecular architecture similar to that of the
compounds of the present study, observing moderate
antimicrobial activity. However, these authors synthesized a
compound with greater similarity to compound 4a, which does
not contain a substituent in the aryl group, not showing any
antimicrobial action against the microorganisms of their
experiment. Leite & collaborators (2000) also studied
antimicrobial activity using compounds similar to those of the
present study and obtained satisfactory results, with MICs of
64 pg mL? and 128 pg mL? against E. coli and Proteus
mirabilis, respectively. In that study, the compounds also acted
against P. aeruginosa, however, with little effect.

Considering the low antifungal activity of 1,2,4-oxadiazole
compounds with similar structure (Krishna & collaborators,
2015), the antifungal activity of compound 4a in the present
study is an extremely relevant result.

The antimicrobial evaluation of compounds 4a-c showed
the electronic influence of the substituents introduced in the
aromatic ring. For example, the compound containing the
leaving group (-Cl) showed a lower MIC in relation to the
compound containing the donor group (-CHs).

Aiming to know the theoretical pharmacokinetic,
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toxicological, and chemical characteristics of compounds 4a-
¢, the next step of the present research consisted of the
computational study of these compounds using the
SwissADME platform (Table 2).

Table 2. In silico pharmacokinetic, toxicological, and
chemical properties of compounds 4a-c.

Compound

Property 4a 4b 4c
cLogP 2.12 251 2.64
MM 216.24 230.26 250.68
nHBD 0 0 0
nHBA 4 4 4
Lipinski 0 0 0
Gl Absorption High High High
BBB Yes Yes Yes
Alert fragments No No No

cLogP: consensual Log Poiw; MM: molecular mass; nHBD: number
of hydrogen bond donors; nHBA: number of hydrogen bond
acceptors; Lipinski: number of Lipinski rule violations; Gl
Absorption: gastrointestinal absorption; BBB: blood-brain barrier.

The cLogP value corresponds to the lipophilicity of
compounds 4a-c (Table 2). Before the drug interacts with its
pharmacological target, it must be able to penetrate through
body barriers and reach its place of action, a process driven
by its pharmacokinetic characteristics. According to Barreiro
& Fraga (2015), the ability of drugs to permeate through
body barriers and distribute themselves throughout the body
relate directly to the lipophilicity of the compound. These
authors consider LogP values between 1 and 3 as the ideal
lipophilicity range for a drug. Thus, compounds 4a-c showed
cLogP values within the ideal lipophilicity range, which
points to good pharmacokinetic characteristics.

In this sense, the evaluation of compounds 4a-c followed
the Lipinski ‘Rule of Five’ (2004). Lipinski developed this
rule from the analysis of 2,245 drugs that showed good
standards of oral bioavailability, making it one of the main
starting points in the development of new promising
molecules. The study determines that a molecule will present
a good standard of oral bioavailability when it satisfies a set
of physicochemical parameters, which are: molecular mass
(MM) less than 500 Daltons, partition coefficient (cLogP)
less than 5, maximum of five hydrogen bond donor groups
(nHBD), and maximum of ten hydrogen bond acceptor
groups (nHBA) (Lipinski, 2004). All the compounds of the
present study satisfy all the specifications contained in the
‘Rule of Five’ (Table 2), corroborating the good
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pharmacokinetic potential presented by the cLogP analysis.
This points to the high potential of these compounds to be well
absorbed after oral administration, which is a relevant fact.
This type of administration has unique benefits such as
convenience, low cost, possibility of self-administration,
greater adherence to treatment, and lower risk of triggering
systemic infections in the user (Golan et al., 2014).

Additionally, the high gastrointestinal (GI) absorption and
the ability to cross the blood-brain barrier (BBB), both
indicated by the SwissADME platform, are further evidence of
the good pharmacokinetic characteristics of these compounds.
The estimate of high gastrointestinal absorption reinforces the
results of the other analyses, while the ability to cross the BBB
indicates good patterns of body distribution, showing the
ability of these compounds to access the central nervous
system and fight diseases therein (Table 2) (Daina, Michielin,
& Zoete, 2017).

Compounds 4a-c do not have alert fragments in their
molecular structure, indicating a good toxicity pattern (Table
2). This analysis was performed by the SwissADME platform
following Brenk & collaborators (2008), who created a list of
molecular fragments known to be toxic, chemically reactive,
metabolically unstable, or to be responsible for unsatisfactory
pharmacokinetic standards.

Together, the results of lipophilicity, oral bioavailability,
and toxicity highlight these molecules as good candidates for
the development of new therapeutic agents. It is noteworthy
that 80% of the molecules under research do not reach clinical
studies, and 50% of them are unsuccessful due to unfavorable
pharmacokinetic and toxicological properties (Silva, 2016).

Continuing the in silico studies, the present research
included the analysis of compounds 4a-c on the online platform
PASS, which addresses more than 3500 potential biological
activities expressed as probability “to be active” (Pa) (Oliveira,
2014). The main activities reported by the platform for these
compounds were their effects on different physiological agents
such as enzymes and receptors. These reports highlight their
inhibitory activity on the tyrosine kinase platelet-derived
growth factor receptor (PDGFR), a receptor identified as a
possible target in cancer treatment. For this receptor, the Pa
values ranged from 82.3% to 85.3%.

Compounds 4a-c also showed other important activities, of
which stand out the anti-inflammatory (Pa values ranging from
60.3% to 62.8%), antiprotozoal (Pa values ranging from 42.3%
to 50.2%), and anxiolytic (Pa values varying from 40.0% to
47.2%).

The results corroborate different scientific studies for other
oxadiazole compounds. Ranjan & collaborators (2018)
explored the anti-inflammatory activity of 1,2,4-oxadiazoles,
pointing out compounds more active and selective than the
standard drug, ketoprofen. Chaves & collaborators (2017)
reported the action of different oxadiazoles against different
species of the genus Leishmania spp., with 1Cso values below
11 uM for promastigote forms and below 5 uM for amastigote
forms. Faizi & collaborators (2012) demonstrated the
anxiolytic activity of oxadiazoles, suggesting activity on
GABA receptors similar to that of drugs used for this purpose,
such as benzodiazepines.

These results show how promising these compounds are,
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with the possibility of becoming good drugs in the future.
The present research corresponds to the first steps in the
process of discovering new drugs and encouraging the
development of future studies on these molecules and their
derivatives.

Conclusion

In summary, the present study synthesized three
compounds containing the 1,2,4-oxadiazole nucleus from
ethyl levulinate, in yields ranging between 87-92%. The in
vitro evaluation of the synthesized compounds against
different bacterial strains and a fungal strain demonstrated
promising antimicrobial activity. The compounds inhibited
the bacterium P. aeruginosa and the fungus C. utilis with
moderate to high minimum inhibitory concentration (MIC)
values. In addition, computational studies have shown
promising properties for the three 4-(3-(aryl)-1,2,4-
oxadiazol-5-yl)-butan-2-ones, indicating the possibility of
these molecules being well absorbed after oral
administration, with low probability of toxicity and good
body distribution. Moreover, these compounds showed good
metabolic and enzymatic activities, also acting as anti-
inflammatory, antiprotozoal, and anxiolytic agents.

The prospecting of new bioactive molecules has stood
out as one of the main initiatives to supply the need for new
drugs, mainly antimicrobials. The present research points to
the need for developing future studies that can help enhance
the demonstrated antimicrobial activity of these compounds.
Further research should also evaluate other possible
activities of these molecules and their derivatives, thus
contributing to the implementation of new therapeutic
agents.

Acknowledgements

The authors thank the development agencies CNPq
(434012/2018-1) for the financial support, FACEPE (IBPG-
1331-1.06/16; IBPG-0094-1.06/17) and CAPES for the
scholarships granted, and the Analytical Center of the DQF-
UFPE for the analyses granted

References

Anderson, K., Goodrich, P., Hardacre, C., Hussain, A., Rooney, D. W. &
Wassell, D. (2013). Removal of naphthenic acids from crude oil using
amino acid ionic  liquids.  Fuel, 108, 715-722. doi:
10.1016/j.fuel.2013.02.030

Azad, F. S., Abedi, J. & Iranmanesh, S. (2013). Removal of naphthenic acids
using adsorption process and the effect of the addition of salt. Journal
of Environmental Science and Health Part A, 48(13), 1649-1654. doi:
10.1080/10934529.2013.815457

Benally, C., Messele, S. A. & EI-Din, M. G. (2019). Adsorption of organic
matter in oil sands process water (OSPW) by carbon xerogel. Water
research, 154, 402-411. doi: 10.1016/j.watres.2019.01.053

Bussmeyer,E. C., & Henkes, J. A. (2015). Gestao ambiental na indUstria do
petroleo: sistema de gestdo ambiental nas sondas de perfuracéo. Revista
Gestéo & Sustentabilidade Ambiental 3(2), 396-462.

Anuério estatistico brasileiro do petroleo, gas natural e biocombustiveis.
(2016). PETROBRAS. Agéncia Nacional do Petréleo, Gas Natural e
Biocombustiveis (ANP). Bussmeyer, E. C. (2015). Gestdo ambiental na
industria do petroleo: sistema de gestdo ambiental nas sondas de
perfuracdo. Revista Gestdo e Sustentabilidade Ambiental, 3(2), 396 -
462. doi: 10.19177/rgsa.v3e22014396-462

Frank, R. A, Fischer, K., Kavanagh, R., Burnison, K., Arsenault, G.,

165


https://doi.org/10.1016/j.fuel.2013.02.030
https://doi.org/10.1016/j.fuel.2013.02.030
https://doi.org/10.1016/j.fuel.2013.02.030
https://doi.org/10.1016/j.fuel.2013.02.030
https://doi.org/10.1016/j.watres.2019.01.053
https://doi.org/10.1016/j.watres.2019.01.053
http://www.portaldeperiodicos.unisul.br/index.php/gestao_ambiental/article/view/2537/1844
http://www.portaldeperiodicos.unisul.br/index.php/gestao_ambiental/article/view/2537/1844
http://dx.doi.org/10.19177/rgsa.v3e22014396-462
http://dx.doi.org/10.19177/rgsa.v3e22014396-462
http://dx.doi.org/10.19177/rgsa.v3e22014396-462

Lima, et al. — Sintese e atividade de 1,2,4-oxadiaz6is

Headley, J. V., Peru, K. M., Van der Kraak, G. & Solomon, K. R. (2009).
Effect of carboxylic acid content on the acute toxicity of oil sands
naphthenic acids. Environmental Science & Technology, 43(2), 266-271.
doi: 10.1021/es8021057

Ghimire, N. & Wang, S. (2018). Biological Treatment of Petrochemical
Wastewater. Petroleum Chemicals - Recent Insight. Intechopen, doi:
10.5772/intechopen.79655

Giles, C. H., Macewan, T. H., Nakhwa, S. N.& Smith, D. (1960). Studies in
adsorption. Part XI. A system of classification of solution adsorption
isotherms, and its use in diagnosis of adsorption mechanisms and in
measurement of specific surface areas of solids. Journal of the Chemical
Society (Resumed), 846, 3973-3993. doi: 10.1039/JR9600003973

Headley, J. V., Peru, K. M., Barrow, M. P. & Derrick, P. J. (2007).
Characterization of naphthenic acids from Athabasca oil sands using
electrospray ionization: the significant influence of solvents. Analytical
Chemistry, 79(16), 6222-6229. doi: 10.1021/ac070905w

Ho, Y. S. & Mckay, G. (1999) Pseudo-second order model for sorption
processes. Process Biochemistry, 34(5), 451-465. doi: 10.1016/S0032-
9592(98)00112-5

Islam, M., McPhedran, K. N., Messele, S. A., Liu, Y. & EI-Din, M. G. (2018).
Isotherm and kinetic studies on adsorption of oil sands process-affected
water organic compounds using granular activated carbon. Chemosphere,
202, 716-725. doi: https://doi.org/10.1016/j.chemosphere.2018.03.149

Jesus, F. A, Silva, J. V., Santos, T. M., Silva, M. S., Aragdo, M. G. B. & Silva,
G. F. (2019). An evaluation of different preparation methods of the M.
Oleifera-based natural coagulating agent in the treatment of produced
water from petroleum. Aguas Subterraneas, 33, 221-228. doi:
10.14295/ras.v33i2.29197

Khan, M. K., Riaz, A., Yi, M. & Kim, J. (2017). Removal of naphthenic acids
from high acid crude via esterification with methanol. Fuel Process
Technology, 165,123-130. doi: 10.1016/j.fuproc.2017.05.015

Martinez-Iglesias, A., Niasar, S. H., Xu, C. & Ray, B. M. (2015). Adsorption
of Model Naphthenic Acids in Water with Granular Activated Carbon.
Adsorption Science Technology, 33(10), 881-894. doi: 10.1260/0263-
6174.33.10.881

Nasir Shah, S, Mutalib, M. I. A, Pilus, R. B. M. & Lethesh, K. C.
(2014). Extraction of naphthenic acid from highly acidic oil using
hydroxide-based ionic liquids. Energy Fuels, 29(1), 106-111. doi:
10.1021/ef502169q

Niasar, H. S., Li, H., Kasanneni, T. V. R., Ray, M. B. & Xu, C. C. (2016).
Surface amination of activated carbon and petroleum coke for the removal
of naphthenic acids and treatment of oil sands process-affected water
(OSPW). Chemical Engineering Journal, 293, 189-199. doi:
10.1016/j.cej.2016.02.062

Santaella, S.T., Silva, F.C.G., Costa, K.O., Aguiar, R., Arthaud, 1.D.B., Leitao,
R. C. (2009). Tratamento de efluentes de refinaria de petrdleo em reatores
com Aspergillus niger. Engenharia Sanitaria Ambiental, 14(1): 139-148.
doi: 10.1590/S1413-41522009000100015

Santo, C. (2010). A induUstria de refinagdo de petréleo: caracteristicas e
tratamento das aguas residuais. e-LP Engineering and Technology
Journal, 1.

Varadaraj, R. & Brons, C. (2007). Molecular origins of heavy crude oil
interfacial activity part 2: Fundamental interfacial properties of model
naphthenic acids and naphthenic acids separated from heavy crude oils.
Energy Fuels, 21(1), 199-204. doi: 10.1021/ef0604240

Wu, J., Montes, V., Virla, L. D. & Hill, J. M. (2018). Impacts of amount of
chemical agent and addition of steam for activation of petroleum coke with
KOH or NaOH. Fuel Processing Technology, 181, 53-60. doi:
10.1016/j.fuproc.2018.09.018

Yang, S., Wang, F., Tanga, Q., Wang, P., Xu, Z. & Liang, J. (2019). Utilization
of ultralight carbon foams for the purification of emulsified oil wastewater
and their adsorption kinetics. Chemical Physics, 516, 139-146. doi:
10.1016/j.chemphys.2018.08.051

Yassine, M. M. & Dabek-Zlotorzynska, E. (2017). Application of ultrahigh-
performance liquid chromatography—quadrupole time-of-flight mass
spectrometry for the characterization of organic aerosol: searching for
naphthenic acids. Journal of Chromatography A, 1512, 22-33. doi:
10.1016/j.chroma.2017.06.067

Yu, L., Han, M. & He, F. (2017). A review of treating oily wastewater. Arabian
Journal of Chemistry, 10, 1913-1922. doi: 10.1016/j.arabjc.2013.07.020

166

Andrade, D., Freitas Filho, J. R. & Freitas, J. C. R. (2016) Aplicacéo de
amidoximas como catalisadores da reagdo de alilagdo por
aliltrifluoroborato de potassio em meio bifasico. Quimica Nova, 39(10),
1225-1235. doi: 10.21577/0100-4042.20160158.

Barreiro, E. J. & Fraga, C. A. M. (2014) Quimica Medicinal: As bases
moleculares da agdo dos farmacos (3 ed.). Porto Alegre: Artmed.

Brenk, R., Schipani, A., James, D., Krasowski, A., Gilbert, I.H., Frearson,
J. & Wyatt, P.G. (2008) Lessons learnt from assembling screening
libraries for drug discovery for neglected diseases. ChemMedChem,
3(3), 435-444. doi: 10.1002/cmdc.200700139

CDC. (2019) Antibiotic Resistance Threats in the United States, 2019.
Atlanta, GA: U.S. Department of Health and Human Services, CDC.

Chaves, J. D. S, Tunes, L. G., Franco, C. H. D. J., Francisco, T. M., Corréa,
C. C., Murta, S. M., Monte-Neto, R. L., Silva, H., Fontes, A. P. S. &
Almeida, M. V. (2017) Novel gold(l) complexes with 5-phenyl-1,3,4-
oxadiazole-2-thione and phosphine as potential anticancer and
antileishmanial agents. European Journal of Medicinal Chemistry,
127, 727-739. doi: 10.1016/j.ejmech.2016.10.052

Cunha, F.S., Nogueira, J. M. R. & Aguiar, A. P. (2018) Synthesis and
Antibacterial Evaluation of 3,5-Diaryl-1,2,4-oxadiazole Derivatives.
Journal of the Brazilian Chemical Society, 29(11), 2405-2416. doi:
10.21577/0103-5053.20180118

Daina, A., Michielin, O. & Zoete, V. (2017) SwissADME: a free web tool
to evaluate pharmacokinetics, druglikeness and medicinal chemistry
friendliness of small molecules. Scientific Reports, 7(1), 42717. doi:
10.1038/srep42717

Espinel-ingroff, A., Fothergill, A., Ghannoum, M., Manavathu, E.,
Ostrosky-Zeichner, L., Pfaller, M., Rinaldi, M., Schell, W. & Walsh, T.
(2005) Quality Control and Reference Guidelines for CLSI Broth
Microdilution ~ Susceptibility Method (M38-A Document) for
Amphotericin B, Itraconazole, Posaconazole, and Voriconazole.
Journal of Clinical Microbiology, 43(10), 5243-5246. doi:
10.1128/JCM.43.10.5243-5246

Faizi, M., Sheikhha, M., Ahangar, N., Ghomi, H.T., Shafaghi, B., Shafiee,
A. & Tabatabai, A. S. (2012) Design, Synthesis and Pharmacological
Evaluation of Novel 2-[2-(2-Chlorophenoxy) phenyl]-1,3,4-oxadiazole
Derivatives as Benzodiazepine Receptor Agonists. Iranian Journal of
Pharmaceutical Research, 11(1), 83-90. doi:
10.22037/1JPR.2012.1066

Freitas, J. J. R., Freitas, J. C. R., Silva, L. P., Freitas Filho, J. R. Kimuraa,
G. Y. V., Srivastava, R. M.(2007) Microwave-induced one-pot
synthesis of 4-[3-(aryl)-1,2,4-oxadiazol-5-yl]-butan-2-ones under
solvent free conditions. Tetrahedron Letters, 48 (35), 6195-6198. doi:
10.1016/j.tetlet.2007.06.116

Freitas, J. J. R., Silva, E. E., Regueira, J. L. L. F., de Andrade, S. A,,
Calvalcante, P. M. M., Oliveira, R. N. & Freitas Filho, J. R. (2012)
1,2,4-Oxadiazdis: Sintese e aplicagdes. Revista Virtual Quimica,
4(6),670-691. doi: 10.5935/1984-6835.20120051

Golan, D. E., Tashjian Junior, A. H., Armstrong, E. J. & Armstrong, A. W.
(2014) Principios de farmacologia: a base fisiopatologica da
farmacoterapia (3 ed.). Rio de Janeiro: Guanabara Koogan.

Krishna, C., Bhargavi, M. V., Rao, C. P. & Krupadanam, G. L. D. (2015)
Synthesis and antimicrobial assesment of novel coumarins featuring
1,2,4-oxadiazole. Medicinal Chemistry Researach, 24(10), 3743-3751.
doi: 10.1007/s00044-015-1399-4

Lee, H. & Lee, D. G. (2018) Novel Approach into Efficient Antifungal Drug
Action. Journal of microbiology and biotechnology, 28(11), 1771-
1781. doi: 10.4014/jmb.1807.07002

Leite, A. C. L., Vieira, R.F., Faria, A. R., Wanderley, A.G., Afiatpour, P.,
Ximenes, E. C. P. A,, Srivastava, R.M., Oliveira, C.F., Medeiros, M.V.,
Antunes, E. & Brondani, D.J. (2000) Synthesis, anti-inflammatory and
antimicrobial activities of new 1,2,4-oxadiazoles peptidomimetics. Il
Farmaco, 55(11-12), 719-724. doi.org/10.1016/S0014-
827X(00)00099-9

Lipinski, C. A. (2004) Lead and drug-like compounds: the rule-of-five
revolution. Drug Discovery today: Technologies, 1(4), 337-341. doi:
10.1016/j.ddtec.2004.11.007

Morales, G., Paredes, A., Sierra, P. &Loyola, L. A. (2008) Antimicrobial
activity of three baccharis species used in the traditional medicine of
Northern Chile. Molecules, 13(4), 790-794. doi:
10.3390/molecules13040790

Acta Brasiliensis 4(3): 161-167, 2020


https://doi.org/10.1021/es8021057
https://doi.org/10.1021/es8021057
http://dx.doi.org/10.5772/intechopen.79655
http://dx.doi.org/10.5772/intechopen.79655
https://doi.org/10.1039/JR9600003973
https://doi.org/10.1039/JR9600003973
https://doi.org/10.1039/JR9600003973
https://doi.org/10.1039/JR9600003973
https://doi.org/10.1021/ac070905w
https://doi.org/10.1021/ac070905w
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1016/S0032-9592(98)00112-5
https://www.sciencedirect.com/science/article/pii/S0045653518305642#!
https://doi.org/10.1016/j.chemosphere.2018.03.149
https://doi.org/10.1016/j.chemosphere.2018.03.149
https://doi.org/10.1016/j.chemosphere.2018.03.149
https://doi.org/10.14295/ras.v33i2.29197
https://doi.org/10.14295/ras.v33i2.29197
https://doi.org/10.14295/ras.v33i2.29197
https://doi.org/10.1016/j.fuproc.2017.05.015
https://doi.org/10.1016/j.fuproc.2017.05.015
https://doi.org/10.1016/j.fuproc.2017.05.015
https://doi.org/10.1260/0263-6174.33.10.881
https://doi.org/10.1260/0263-6174.33.10.881
https://doi.org/10.1260%2F0263-6174.33.10.881
https://doi.org/10.1260%2F0263-6174.33.10.881
https://doi.org/10.1021/ef502169q
https://doi.org/10.1021/ef502169q
https://doi.org/10.1021/ef502169q
https://doi.org/10.1016/j.cej.2016.02.062
https://doi.org/10.1016/j.cej.2016.02.062
https://doi.org/10.1016/j.cej.2016.02.062
https://doi.org/10.1016/j.cej.2016.02.062
https://doi.org/10.1590/S1413-41522009000100015
https://doi.org/10.1590/S1413-41522009000100015
https://revistas.ulusofona.pt/index.php/revistae-lp/article/view/1542
https://revistas.ulusofona.pt/index.php/revistae-lp/article/view/1542
https://doi.org/10.1021/ef0604240
https://doi.org/10.1021/ef0604240
https://doi.org/10.1021/ef0604240
https://doi.org/10.1016/j.fuproc.2018.09.018
https://doi.org/10.1016/j.fuproc.2018.09.018
https://doi.org/10.1016/j.fuproc.2018.09.018
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.chemphys.2018.08.051
https://doi.org/10.1016/j.arabjc.2013.07.020
https://doi.org/10.21577/0100-4042.20160158
https://doi.org/10.21577/0100-4042.20160158
https://doi.org/10.21577/0100-4042.20160158
https://doi.org/10.1002/cmdc.200700139
https://doi.org/10.1002/cmdc.200700139
https://doi.org/10.1016/j.ejmech.2016.10.052
https://doi.org/10.1016/j.ejmech.2016.10.052
https://doi.org/10.1016/j.ejmech.2016.10.052
http://dx.doi.org/10.21577/0103-5053.20180118
http://dx.doi.org/10.21577/0103-5053.20180118
https://www.doi.org/10.1038/srep42717
https://www.doi.org/10.1038/srep42717
https://www.doi.org/10.1038/srep42717
https://www.doi.org/10.1128/JCM.43.10.5243-5246.2005
https://www.doi.org/10.1128/JCM.43.10.5243-5246.2005
https://www.doi.org/10.1128/JCM.43.10.5243-5246.2005
https://dx.doi.org/10.22037/ijpr.2012.1066
https://dx.doi.org/10.22037/ijpr.2012.1066
https://dx.doi.org/10.22037/ijpr.2012.1066
https://doi.org/10.1016/j.tetlet.2007.06.116
https://doi.org/10.1016/j.tetlet.2007.06.116
https://doi.org/10.1016/j.tetlet.2007.06.116
https://www.doi.org/10.5935/1984-6835.20120051
https://www.doi.org/10.1007/s00044-015-1399-4
https://www.doi.org/10.1007/s00044-015-1399-4
https://www.doi.org/10.4014/jmb.1807.07002
https://www.doi.org/10.4014/jmb.1807.07002
https://doi.org/10.1016/S0014-827X(00)00099-9
https://doi.org/10.1016/S0014-827X(00)00099-9
https://doi.org/10.1016/j.ddtec.2004.11.007
https://doi.org/10.1016/j.ddtec.2004.11.007
https://doi.org/10.3390/molecules13040790
https://doi.org/10.3390/molecules13040790
https://doi.org/10.3390/molecules13040790

Lima, et al. — Sintese e atividade de 1,2,4-oxadiaz0is

Oliveira, M. L. G. (2014) Avaliacéo in silico do potencial farmacolégico e
toxicoldgico de friedelanos, lupanos e derivados (Tese de doutorado).
Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais.

Papa, E., Arnod, J A., Sangion, A. & Gramatica, P. (2017) In Silico
Approaches for the Prediction of In Vivo Biotransformation Rates, In:
ROY, K. Advances in QSAR Modeling. (1ed., Cap.11, pp. 425-451). Nova
York: Springer International Publishing.

Prestinaci, F., Pezzotti, P. & Pantosti, A. (2015) Antimicrobial resistance: a
global multifaceted phenomenon. Pathogens and Global Health, 109(7),
309-318. doi: 10.1179/2047773215Y.0000000030

Ranjan, C., Jagdish, K., Sharma, K., Akhter, M., Siddiqui, A.A. & Chawla, G.
(2018) 1, 2, 4 Oxadiazole Incorporated Ketoprofen Analogues in Search
of Safer Non-steroidal Anti-inflammatory Agents: Design, Syntheses,
Biological Evaluation and Molecular Docking Studies. Letters in Drug
Design & Discovery, 15(6),590-601. doi:
10.2174/1570180814666170810115134

Silva, D. F. (2016) Avaliagio da atividade bioldgica do fS-citroneol sobre
Candida albicans (Dissertagdo de mestrado). Universidade Federal da
Paraiba, Jodo Pessoa, Paraiba.

Srivastava, R. M., Lima, A. A, Viana, O. S,, Silva, M. J. C., Catanho, M. T. J.
A. & Morais, J. O. F. (2003) Antiinflammatory Property of 3-Aryl-5-(n-
propyl)-1,2,4-oxadiazoles and Antimicrobial Property of 3-Aryl-5-(n-
propyl)-4,5-dihydro-1,2,4-oxadiazoles: Their Syntheses and
Spectroscopic Studies. Bioorganic & Medicinal Chemistry, 11(8), 1821-
1827. doi: 10.1016/s0968-0896(03)00035-x

Tarasenko, M., Duderin, N., Sharonova, T., Baykov, S., Shetnev, A. &
Smirnov, A. V. (2017) Room-temperature synthesis of pharmaceutically
important carboxylic acids bearing the 1,2,4-oxadiazole moiety.
Tetrahedron Letters, 58(37), 3672-3677. doi: 10.1016/j.tetlet.2017.08.020

Zorzi, R. R. (2013) Planejamento, sintese e avaliacdo da atividade
antimicrobiana de furfurilidénicos frente a micro-organismos causadores
de infeccBes hospitalares (Dissertagdo de mestrado). Universidade de Sdo
Paulo, So Paulo, S&o Paulo.

License: Creative Commons CC BY 4.0

This article was published with open access for distribution under the terms of
the Creative Commons Attribution License, which allows unrestricted use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

Acta Brasiliensis 4(3): 161-167, 2020

167


http://hdl.handle.net/1843/SFSA-9TMMQF
http://hdl.handle.net/1843/SFSA-9TMMQF
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.2174/1570180814666170810115134
https://doi.org/10.2174/1570180814666170810115134
https://doi.org/10.2174/1570180814666170810115134
https://repositorio.ufpb.br/jspui/bitstream/123456789/11095/1/Arquivototal.pdf
https://repositorio.ufpb.br/jspui/bitstream/123456789/11095/1/Arquivototal.pdf
https://doi.org/10.1016/S0968-0896(03)00035-X
https://doi.org/10.1016/S0968-0896(03)00035-X
https://doi.org/10.1016/S0968-0896(03)00035-X
https://doi.org/10.1016/S0968-0896(03)00035-X
https://doi.org/10.1016/j.tetlet.2017.08.020
https://doi.org/10.1016/j.tetlet.2017.08.020
https://www.teses.usp.br/teses/disponiveis/9/9135/tde-24022014%20122239/publico/DISSERTACAO_RODRIGO_ROCHA_ZORZI_CORRIGIDA.pdf
https://www.teses.usp.br/teses/disponiveis/9/9135/tde-24022014%20122239/publico/DISSERTACAO_RODRIGO_ROCHA_ZORZI_CORRIGIDA.pdf
https://www.teses.usp.br/teses/disponiveis/9/9135/tde-24022014%20122239/publico/DISSERTACAO_RODRIGO_ROCHA_ZORZI_CORRIGIDA.pdf

