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RESUMO
A isobavachalcona (IBC) é uma chalcona prenilada de ocorréncia natural com atividade
antibacteriana bem conhecida contra bactérias patogénicas, incluindo espécies resistente a
multiplos farmacos. Considerando as evidéncias das propriedades farmacologicas de IBC, 25
analogos de IBC com modifica¢fes nos anéis arométicos A e B, assim como na ponte trans-
endnica foram planejados e sintetizados. Dentre esses, seis analogos s&o chalconas de
ocorréncia natural  (isoliquiritigenina, xantoangelol, isocordoina, hayeanachalcona,
morachalcona A e corilifol B) e quinze sdo substancias inéditas. As substancias foram
sintetizadas em cinco a sete etapas, incluindo iodacdo regiosseletiva, condensacao alddlica de
Claisen-Schmidt, acoplamento de Suzuki-Miyuara, redugdes, e rearranjo [1,3]-sigmatropico,
obtendo rendimentos globais de 1 a 37%. Inicialmente, a atividade antibacteriana da IBC e
analogos foi avaliada in vitro contra Staphylococcus aureus sensivel (MSSA) e resistente a
meticilina (MRSA). Nove substancias (IBC, IBC 1-IBC 4, IBC 8, IBC 22, IBC 23,e DHIBC)
mostraram valores de concentracdo inibitéria minima (CIM) entre 1,56 e 12,5 pg/mL contra
MSSA e MRSA. IBC e seu regioisdmero, 2-hidroxi-isocordoina (IBC 2), foram o0s mais
promissores contra MSSA (CIM = 1,56 pug/mL) e MRSA (CIM = 3,12 pg/mL), com baixa
toxicidade contra queratindcitos humanos. IBC e IBC 2 inibiram mais de 50% da formacéo de
biofilme de MSSA e MRSA em concentrac¢des subinibitérias. IBC e IBC 2 provocaram danos
a membrana de Bacillus subtilis. Bioensaios adicionais demonstraram que IBC e IBC 2
possuem um espectro de acdo antibacteriana contra Streptococcus pneumoniae (CIM = 50
pg/mL), Streptococcus sanguinis (CIM = 3,12 pg/mL), Streptococcus sobrinus (CIM = 6,25—
12,5 pg/mL), Streptococcus mutans (CIM = 6,25 pg/mL). Adicionalmente a IBC 2 tambeém
demonstrou atividade contra espécies Gram-negativa de Helicobacter pylori (CIM = 3,90
pug/mL) e Klebsiella pneumoniae (MIC = 100 pug/mL). A atividade antimicobacteriana da IBC
e analogos foi avaliada contra Mycobacterium tuberculosis H37Rv. Doze chalconas preniladas
(IBC, IBC1-IBC 3, IBC6, IBC7,1BC 10, IBC 13-IBC 16, IBC 22 e IBC 23) demonstraram
atividade antimicobacteriana contra M. tuberculosis com ClMgg (concentragdo inibitdria
minima de 90%) de 2,7 a 25 pg/mL. A nitrochalcona (IBC 14, CIMg = 2,7 pg/mL) e a
trifluormetilchalcona (IBC 13, CIMg = 3,8 pg/mL) foram as chalconas antimicobacterianas
mais potentes. Esses resultados corroboram IBC como uma estrutura privilegiada na descoberta
e desenvolvimento de novos derivados biologicamente ativos para combater bacterias

patogénicas humanas.

Palavras-chave: Bactérias. Biofilme. Chalcona. Isoprenila. Tuberculose



ABSTRACT

Isobavachalcone (IBC) is a naturally occurrence prenylated compound with well-known
antibacterial activity against pathogenic bacteria, including multidrug resistant species.
Considering the pharmacological evidences of IBC, 25 analogs of IBC with modifications on
aromatic rings A and B and at the trans-enonic bridge. Among them, six analogs are naturally
occurrence (isoliquiritigenin, xanthoangelol, isocordoin, hayeanachalcone, morachalcone A
and corylifol B) and fifteen are new chemical entities. The compounds were synthesized in five
to seven steps, including regioselective iodination, Claisen-Schmidt aldol condensation,
Suzuki-Miyuara coupling, reductions, and [1,3]-sigmatropic rearrangement, obtaining overall
yields from 1 to 37 %. First, IBC and analogs were evaluated in vitro against standard strains
of Methicillin-Susceptible Staphylococcus aureus (MSSA) and Methicillin-Resistant
Staphylococcus aureus (MRSA). Nine compounds (IBC, IBC 1-IBC 4, IBC 8, IBC 22, IBC
23, and DHIBC) showed Minimal Inhibitory Concentration (MIC) values between 1.56 and
12.5 pg/mL against MSSA and MRSA. IBC and its regioisomer, 2-hydroxycordoin (IBC 2),
were the most promising compounds against MSSA (MIC = 1.56 pug/mL) and MRSA (MIC =
3.12 pg/mL) with low toxicity against human keratinocytes. IBC and IBC 2 inhibited more
than 50% of MSSA and MRSA biofilm formation in subinhibitory concentrations. IBC and
IBC 2 caused damage to membrane of Bacillus subtilis. Additional bioassays demonstrated that
IBC and IBC 2 have a spectral of antibacterial action against Streptococcus pneumoniae (MIC
= 50 pg/mL), Streptococcus sanguinis (MIC = 3.12 ug/mL), Streptococcus sobrinus (MIC =
6.25-12.5 pg/mL), and Streptococcus mutans (MIC = 6.25 pg/mL). Additionally, IBC 2
demonstrated also demonstrated antibacterial activity against Gram-negative species of
Helicobacter pylori (MIC = 3.90 pg/mL) and Klebsiella pneumoniae (MIC = 100 pg/mL).
Antimycobacterial activity of IBC and analogs was evaluated against Mycobacterium
tuberculosis H37Rv. Twelve compounds (IBC, IBC 1-IBC 3, IBC 6, IBC 7, IBC 10, IBC
13-1BC 16, IBC 22 and IBC 23) showed antimycobacterial activity against M. tuberculosis
with MICgo (minimal inhibitory concentration of 90%) ranging from 2.7 to 25 pg/mL.
Nitrochalcone (IBC 14, MIC = 2.7 pg/mL) and trifluoromethylchalcone (IBC 13, MIC = 3.8
png/mL) were the most potent antimycobacterial chalcones. These results corroborate IBC as a
privileged structure for discovery and development of new biologically active derivatives
against human pathogenic bacteria.

Keywords: Bacteria. Biofilm. Chalcones. Isoprenyl. Tuberculosis
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Chapter |

1. General introduction

The discovery of antibacterial drugs in 1940s was able to revolutionize the treatment of
infectious diseases, decreasing morbidity and mortality worldwide. However, the emergence
and fast global spread of multidrug-resistance (MDR) among human pathogenic bacteria
reduced the efficacy of conventional drugs. Currently, about 700 mil people die annually due
to antibiotic-resistant infections worldwide, and there is a projection that this number may
increase by 10 million deaths/year until 2050 (O’NEILL, 2016; VIKESLAND et al., 2019).
This scenario represents a significant challenge to be overcome in the 21st Century, requiring
several efforts to develop new antibiotics and improve the existing ones (O’NEILL, 2016).
Many antibacterial drugs are natural products or their derivatives, highlighting their relevance
for the combat of infectious diseases (NEWMAN; CRAGG, 2020).

Isobavachalcone (IBC) is a natural C-prenylated chalcone isolated from medicinal
plants. IBC has a broad spectrum of pharmacological activities, including its antimicrobial
effects against bacteria and fungi (KUETE; SANDJO, 2012). In this context, IBC has been
considered a versatile compound, which can be used as a prototype for chemical modification
and optimizations in drug discovery (WANG et al., 2021).

We selected IBC as prototype to design 25 analogs (IBC 1-23, DHIBC, DHIBC 2)
with modifications on aromatic rings A and B and on o,B-unsaturated ketone bridge.
Compounds were synthesized and evaluated in vitro against human pathogenic bacteria,
including mycobacteria (Mycobacterium tuberculosis, Mycobacterium avium, Mycobacterium
kansasii), Gram-negative bacteria (Pseudomonas aeruginosa, Klebsiella pneumoniae, and
Helicobacter pilory), and Gram-positive bacteria (Staphylococcus aureus, Streptococcus
pneumoniae, Streptococcus sanguinis, Streptococcus sobrinus, Streptococcus mutans,
Streptococcus pneumoniae, and Streptococcus aureus).

This thesis was organized in five chapters (I-V). Chapter I presented a literature review
about the problem of MDR bacterial pathogens and the relevance of natural prenylated
chalcones as a source of new antibiotics. Among natural products, we highlighted IBC and its
antibacterial and antimycobacterial activity against several pathogenic bacteria. Moreover, we
review all total synthesis approaches described for IBC. At the end of chapter I, we present the

general and specific aims of chapters II-IV.
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In chapter 11, we presented our total synthesis of IBC and its antibacterial activity
against six Gram-positive (S. aureus, S. pneumoniae, S. sanguinis, S. sobrinus, S. mutans, S.
pneumoniae and S. aureus) and two Gram-negative (Pseudomonas aeruginosa and Klebsiella
pneumoniae) bacterial species, as well as against three mycobacteria (M. tuberculosis, M.
avium, M. kansasii). Moreover, its synergistic effect, antibiofilm activity, cytotoxicity and
mechanism of antibacterial action were elucidated. This chapter was fully published in
Membranes journal (ASSIS et al., 2022)

In chapter 111, we proposed the design, synthesis and antimycobacterial activity against
M. tuberculosis of IBC and its analogs IBC 1-23 and DHIBC discussing structure-
antimycobacterial activity-relationship and in silico physicochemical, pharmacokinetic and
drug-likeness properties.

In chapter 1V, the antibacterial activity of IBC derivatives (IBC 1-IBC 23, DHIBC
and DHIBC 2) was evaluated against methicillin-susceptible Staphylococcus aureus (MSSA)
and methicillin-resistant Staphylococcus aureus (MRSA). The most promising compound, 2-
hydroxyisocordoin (IBC 2) was selected for additional bioassays such as synergistic test,
antibiofilm activity, cytotoxicity and mechanism of antibacterial action. Moreover, its spectrum
of antibacterial action was investigated against S. pneumoniae, S. sanguinis, S. sobrinus, S.
mutans, S. pneumoniae, S. aureus, P. aeruginosa, K. pneumoniae and H. pylori.

Finally, in chapter V, we presented a general conclusion, highlighting the main
chemical and biological concluding remarks of IBC and its analogs, as well as references and

supplementary material, containing spectra and chromatograms.



94

Chapter V

1. General conclusions and Perspectives

Due to evidences of pharmacological activities of isobavachalcone (IBC), a natural C-
prenylated chalcone, it was used as prototype compound to design 25 analogs, with
modifications on ring A and ring B and on trans-enone bridge. Among these analogs, 15 are
novel chemical entities and 6 are chalcone of naturally-occurrence in plants (xanthoangelol,
corylifol B, morachalcone A, hayeanachalcone, isocordoin, and isoliquiritigenin). The synthetic
route used to achieve the synthesis of IBC and its analogs furnished a total of 85 compounds,
including 59 intermediaries and 26 target compounds. The final compounds were synthesized
in five to seven synthetic steps, with variable overall yields ranging from 1 to 37%. Among
them, we achieved the total synthesis of hayeanachalcone (IBC 7) for the first time, with overall
yield of 37%.

Using IBC as framework, we found seven promising antibacterial chalcones against
MSSA and MRSA, with MIC values ranging from 1.56 to 12.5 pg/mL. Among them, IBC and
its novel regioisomer 2-hydroxyisocordoin (IBC 2) showed the lowest MIC values against
MSSA and MRSA, and low toxicity against human keratinocytes cells, indicating a good
selectivity. IBC and IBC 2 inhibited more than 50% of MSSA and MRSA biofilm formation
at their respective subinhibitory concentrations. Moreover, the antibacterial mode of action of
IBC and IBC involved damages in membrane of B. subtilis. Additional bioassays demonstrated
that IBC and IBC 2 have a spectral of antibacterial action against S. pneumoniae (MIC =50 pg/mL),
S. sanguinis (MIC = 3.12 pg/mL), S. sobrinus (MIC = 6.25-12.5 pg/mL), S. mutans (MIC = 6.25
pg/mL), H. pylori (MIC =3.90 pg/mL), and K. pneumoniae (MIC = 100 pg/mL).

Highlights of promising antibacterial compounds

v" MIC against MSSA = 1.56 pg/mL

Ho 22, v MIC against MRSA = 3.12 pg/mL
Z NN v IBC and IBC 2 inhibited MSSA and MRSA
on © biofilm formation
BCa R o oH v IBC and IBC 2 disrupted B. subtilis cell

membrane

v" IBC and IBC 2 displayed non-toxic against
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Twelve chalcones demonstrated activity against M. tuberculosis H37Rv, including
seven analogs were more active than prototype IBC, demonstrating MIC lower than 12.5
pg/mL. SAR data suggested that isoprenyl side chain, hydroxyl on ring B, and the trans-enone
bridge are crucial subunits for IBC antimycobacterial activity. Moreover, nitro substituent (IBC
14) and trifluormethyl substituent (IBC 13) led to most potent anti-Mtb agents. The in silico
pharmacokinetic investigation demonstrated that antimycobacterial chalcones had a

satisfactory theorical oral drug-likeness profile.

Highlights of promising anti-M. tuberculosis chalcones

IBC 13 IBC 14
HO. CF; HO NO,
W z
OH O OH O
MIC = 3.8 pg/mL MIC = 2.7 pg/mL

In conclusion, this work corroborates the relevance of isobavachalcone as a privileged
scaffold for development of novel biologically active compounds since their derivatives showed
potent antibacterial and antimycobacterial activity. Moreover, these results provide SAR data

that could aid further bioassays and development of new bioactive analogs.
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