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RESUMO
A isobavachalconalBC) é uma chalcam prenilada de ocorréncia natural com atividade
antibacteriana bem conhecida contra bactérias patogénicas, inckspéoiesesistente a
multiplos farmacos. Considerando as evidéncias das propriedades farmacolotias 2te
analogos déBC com modifia¢bes nos anéis aromaticos A e B, assim como na pante
endnica foram planejados e sintetizados. Dentre esses, seis analogos sao chalconas de
ocorréncia natural (isoliquiritigenina, xantoangelol, isocordoina, hayeanachalcona,
morachalcona A e corilifoB) e quinze sdo substancias inéditas. As substancias foram
sintetizadas em cinco a sete etapas, incluindo iodacado regiosseletiva, condensacao alddlica de
ClaisenSchmidt, acoplamento de SuziMiyuara, reducdes, e rearranjo [ks3ymatropico,
obtendo redimentos globais de 1 a 37%. Inicialmente, a atividade antibacteriaiCda
analogos foi avaliadan vitro contraStaphylococcus aurewsensivel (MSSA) e resistendée
meticilina (MRSA). Nove substancid8C,l BC 1 4,1B8 §IBC 22,IBC 23, eDHIBC)
mostraram valores de concentracao inibitéria minima (CIM) entre 1,56 e 12,5 ug/mL contra
MSSA e MRSA.IBC e seu regioisdmero,-t&droxi-isocordoina IBC 2), foram os mais
promissores contra MSSA (CIM = 1,56 ug/mL) e MRSA (CIM = 3,12 pg/mL), comabaix
toxicidade contra queratinécitos human@&<C eIBC 2 inibiram mais de 50% da formagéo de
biofilme de MSSA e MRSA em concentracdes subinibitot&. e IBC 2 provocaram danos
a membrana dd®acillus subtilis Bioensaios adicionais demonstraram ¢BE e IBC 2
possuem um espectro de acdo antibacteriana c8treptococcus pneumonid€IM = 50
pg/mL), Streptococcus sanguin€IM = 3,12 ug/mL),Streptococcus sobrinysCl1 M = 6, 2!
12,5 pg/mL),Streptococcus mutarf€IM = 6,25 pg/mL). Adicionalmente BBC 2 também
demonstrou atividade contra espécies Grmgativa deHelicobacter pylori(CIM = 3,90
png/mL) eKlebsiella pneumonia@MIC = 100 pg/mL). A atividade antimicobacterianal8&
e analogos foi avaliada contviycobacterium tuberculosid37Rv. Doze chalawas preniladas
(IBC,IBC1 | BIBCSB8,IBC 7,IBC 10,IBC 13 IBC 16,IBC 22eIBC 23) demonstraram
atividade antimicobacteriana contM. tuberculosiscom ClMgo (concentragdo inibitoria
minima de 90%) de 2,7 a 25 pg/mL. A nitrochalcolaC( 14, CIMgo = 2,7 pg/mL) e a
trifluormetilchalcona IBC 13, CIMgo = 3,8 pg/mL) foram as chalconas antimicobacterianas
mais potentes. Esses resultados corrobdB&ncomo uma estrutura privilegiada na descoberta
e desenvolvimento de novos derivados biologicamenteosatpara combater bactérias

patogénicas humanas.

Palavras-chave:Bactéria. Biofilme. Chalconalsoprenila Tuberculose



ABSTRACT
IsobavachalconelBC) is a naturally occurrence prenylated compound with -lusbwn
antibacterial activityagainst pathogenic bacteria, including multidrug resistant species
Considering the pharmacological evidencetfB@, 25 analogs ofBC with modifications on
aromatic rings A and B and at thrans-enonicbridge. 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, includinregioselective iodination, Clais&cthmidt aldol condensation,
SuzukiMiyuara coupling, reductions, and [1-8pmatropic rearrangement, obtaining overall
yields from 1 to 37 %fFirst, IBC and analogs were evaluatedvitro against standard strains
of Methicillin-Susceptible Staphylococcus aureugfMSSA) and MethicillinResistant
Staphylococcus aureMRSA). Nine compounddBC,I BC 1 4,IBCBUBC 22, I1BC
23, andDHIBC) showed Mhimal Inhibitory Concentration (MICyalues between 1.56 and
12.5 pg/mL against MSSA andRSA. IBC and its regioisomer,-Bydroxycordoin [BC 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 keratinocytdC and IBC 2 inhibited more
than 50% of MSSA and MRSA biofilm formation in subinhibitory concentratit®&. and
IBC 2 caused damage to membran®atillus subtilis Additional bioassays demonstrated that
IBC andIBC 2 have a spectral of antibacterial actagrinstStreptococcupneumoniaéMIC
= 50 pg/mL),Streptococcusanguinis(MIC = 3.12 pg/mL),Streptococcusobrinus(MIC =
6. 25 12. mndSugptardcdusnutans(MIC = 6.25 ug/mL) Additionally, IBC 2
demonstrated also demonstrated antibacteriavigctagainst Grammegative species of
Helicobacterpylori (MIC = 3.90 pg/mL)and KlebsiellapneumoniagMIC = 100 pg/mL).
Antimycobacterial activity ofIBC and analogs was evaluated agaiiycobacterium
tuberculosisH37Rv. Twelve compoundsiBC, IBC 1 | B,@C 6, IBC 7, IBC 10, IBC
13 IBC 16, IBC 22 andIBC 23) showed antimycobacterial activity againsét 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 trifluoromethylchalcondBC 13, MIC = 3.8
pHg/mL) were the most potent antimycobacterial chalcones. These results corrtbCratea
privileged structure for discovery and development of new biologically active derivatives
against human pathogenic bacteria.

Keywords: Bacteria Biofilm. Chalconeslsopreny! Tuberculosis
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Chapter |

1. General introduction

Thediscoveryof antibacterial drugs in 194@g&s able to revolutionizthe treatment of
infectious diseaseslecreasingnorbidity and mortality worldwideHowever, the emergence
and fastglobal spread of multidrugesistace (MDR) among humarpathogert bacteria
reduced theefficacy of conventionaddrugs Currently, abou?00 mil people dieannually due
to antibioticresistant infectionsvorldwide, and there is a projection thtitis number may
increase bylO million deaths/year unti2050( O6 NEI L L, 2016 ; VI KESLAI
This scenario represents a significahallenge to be overcome in the 21st Centreguiring
several effortdo develop new antibiotics and improtlee existing one¢ O6 NEI| L L, 20
Many antibacterial drugs amaturalproducts or their derivatives, highlightitigeir relevance
for the combat of infectious diseagedlEWMAN; CRAGG, 2020)

Isobavachalcon€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 fufflUETE; SANDJO, 2012)In this context)|BC has been
considered aersatilecompound, which can be used as a prototypetemical nodification
andoptimizatiors indrug discoverf{WANG et al., 2021)

We selectedBC as prototype to desigeb analogs( B C 1DHEBE, DHIBC 2)
with modifications on aromatic rings A anB an d -unsaturdled fketone bridge.
Compounds were synthesized and evaluateditro against human pathogenic bacteria,
including mycobacteriaMycobacterium tuberculosis, Mycobacterium avium, Mycobacterium
kansasi), Gramnegative bacteriaPseudomonas aerugingsKlebsiella pneumoniag and
Helicobacter pilory, and Granmpositive bacteria taphylococcus aureustreptococcus
pneumoniage Sreptomccus sanguinis Sreptococcus sobrinus Streptococcus mutans
SreptococcupneumoniagandSreptococcusureus.

This thesis was or gaOmnapterd gresented afliteratee revieva pt e
about the problem of MDR bacterial pathogens amel televance of natural prenylated
chalcones as a source of new antibiotics. Among natural products, we highlBGtead its
antibacterial and antimycobacterial activity against several pathogenic bacteria. Moreover, we
review all total synthesis appmdzes described fdBC. At the end of chapter I, we present the

gener al and specific aims of chapters 1|1 Y
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In chapter II, we presented our total synthesisIBC and its antibacterial activity
against six Granpositive S. aureusS pneumoniagS. sanguinis S. sobrinus S mutans S
pneumonia@ndS. aureud and two Grarmmegative Pseudomonas aeruginosadKlebsiella
pneumoniak bacterial species, as well against three mycobacterid( tuberculosis, M.
avium, M. lansasi). Moreover, its synergistic effect, antibiofilm activity, cytotoxicity and
mechanism of antibacterial action were elucidated. This chapter was fully published in
Membranes journg/ASSIS et al., 2022)

In chapter Il , we proposed the desigiynghesis and antimycobacterial activity against
M. tuberculosisof IBC and its analogdBC 1 23 and DHIBC discussing structure
antimycobacterial activityelationship andn silico physicochemicalpharmacokinetic and
druglikeness properties.

In chapter 1V, the antibacterial activity dBC derivatives [BC 1 IBC 23, DHIBC
andDHIBC 2) was evaluated against methicitsasceptibleStaphylococcus aure MSSA)
and methicillinresistantStaphylococcus aureyRSA). 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 agaiSspneumoniagS. sanguinisS. sobrinusS.
mutans S. pneumonigés. aureusP. aeruginosaK. pneumonia@ndH. pylori.

Finally, in chapter V, we presented a general conclusion, highlighting the main
chemical and biological concluding remarkd®€ and its analogs, as well as references and

supplementary material, containing spectra and chromatograms.

2. Literature Review

2.1 Drug resistance &Antibacterial Drugs

Antibacterial druggrecompounds fronmaturalsourcesr synthesis procedures, which
are used to combat human, animal apthnt infections caused bpgrokaryotic species
(WALLER; SAMPSON, 2018)Antibacterial drugs can be classifiedbateriostati, which
inhibit bacterial growth and metabolism without lethal effectd as bactericidal, whidhll s
bacteriaMoreover, antibacterial drugs cangreupedaccording to theimechanisms of action
() inhibition of cell wall biosynthesige.g, b-lactamsandglycopeptide} (ii) inhibition of
protein biosynthesis (e.g, aminoglycosides, macrolides, tetracyclines, oxazolidinones,

lincosamides, streptogramins and amphenjcdiis) increased permeability of bacterial cell
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membrane, leading to leakage of intracellular cont@nts polymyxins) and {v) interference
with replication of bacterial DNAor RNA (e.g, quinolones rifamycin, sulfonamidesand
trimethoprin) (WALLER; SAMPSON, 2018)

The drug therapy againstinary tract infections, pulmonary infections, wounds, sepsis,
sexually transmitted infections, and some forms of diarikéecoming ineffective dui the
high rates of resistance against multippeventionabgentsDrug resistancean be acquired
through severahechanisms, mainly involving drug uptake limitation, drug target modification,
drug inactivation,biofilm formation and active drug efflux, making infections hard or
impossible to treaBEYER; PAULIN, 2020; REYGAERT, 2018)

The major concern itheinfectiors associated with multidrugesistant (MDR) strains
of Pseudomonas aerugingsacinetobacter baumanniStaphylococcus aureug&nterococci
and Enterobacteriaceda general, these MDR bacteria are involved in nosocomial infections;
however, they are becong prevalent causes of communragquired infections. These
pathogens have become resistant to most available antibiotics, including carbapenems and
third-generation cephalosporins, one of the fewer drug classes againsinféotions (VAN
DUIN; PATERSON, 206).

Annually, gproximately 700mil people dieworldwide due to antibiotieresistant
infections and there ig€oncernthat this number may increase by 10 million deaths perbyear
2050 ( O6NEI L L, 2016 ; V| KESgIerNnltidisdiplinaayl effgrts &2e0 1 9 )
required toavoid orreduceimpacts including the discovery and development of inriwea
antibacterial drugs or improving existing ones.

World Health Organization (WHO) suggestedtst ofpriority of pathogenic bacteria
encourage global efforia research & development (R&D) of new antibiot{@gHO, 2017)

This list (Table 1) includedl2 groupsof bacterial speciegroupedaccording topriority
category, critical, high and medium, considering thigsks to human healthThe criteria
applied to establish this ranking awdated to fatality rate of infection, includingolonged
hospitalizationsyesistance ofnicroorganismgo antibiotics in clinical usetransmissibility
between people and people as well as people and animals; success of prevention programs and

conventismal and novel treatments.
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Table 1. Priority Pathogens List fdResearch anBevelopment (R&Dpf New Antibiotics

Priority Bacteria Drug-resistance
Acinetobacter baumannii
Pseudomonaaeruginosa

carbapenennesistant

1-CRITICAL . - .
: carbapenennesistant3' generation
Enterobacteriacedae T
cephalosporifresistant
Enterococcus faecium vancomycinresistant
methicillin-resistant
Staphylococcus aureus o ; .
vancomycinintermediate and resistal
Helicobacter pylori clarithromycinresistant
2-HIGH
Campylobactespp. : .
fluoroquinoloneresistant
Salmonellae
. . cephalosporifresistant
Neisseria gonorrhoeae : :
fluoroquinoloneresistant
Streptococcus pneumonia penicillin-non-susceptible
3- MEDIUM Haemophilus influenzae ampicillin-resistant
Shigellaspp fluoroquinoloneresistant

*Enterobacteriaceae includitebsiella pneumonia&scherichia coliEnterobactespp.,Serratiaspp.,

Proteusspp., andProvidenciaspp,Morganellaspp.

On the other hand, the number of noseproved drugss low in comparisoro therate
that bacteriaftesistance spreads the last ten yeard,5 novel antibacterial agents have been
approved by Food and Drug Administration (FDA) for clinical (B8OWN; WOBST, 2021)
Among them, avibactam1( b-lactamase inhibitdr in combination with ceftazidime,
vaborbactam(2, b-lactamase inhibitor)n combination with meropenem, and lefamulB) (
inhibit bacterial protein synthe$igFigure 1). The other approved drugs aretateof known
antibiotic classessuch as tetracyclins, aminoglycosides, fluoroquinolones and others
(BROWN; WOBST, 2021)

(o]
H,N H OH
2 N_ _o N
Yo on @/\rr 0
\
NS¢ S O __B.
(o] \0 HO o OH H,N
1 2 3
avibactam (2015) in vaborbactam (2017) in lefamulin (2019)
combination with ceftazidime combination with meropenem

Figure 1. Recently approved antibacterial drugs

Another global infectious disease challengetuberculosigTB), which remained as

leading cause of deatlior several yearsworldwide from a single infectious agent
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(Mycobacterium tuberculosgisin 2020, about 1.5 died from TB, the secésading cause of
death worldwide, after severe acute respiratory syndrome cororavi(BARSCoV?2),
responsible fothe COVID-19 pandemi¢WHO, 2021) It was reported 9 million TB cases,
a dight decline (2%) in comparison tihe previous year. However, this reduction may be a
consequencef disruption of health services for several months, which difficulted the diagnosis
of new TBcasesAs an aggravating consequence, the number of TB death rise for the first time
in more than a decadast yea(WHO, 2021) Moreoverpe opl e wi t h pre exi s
have a higher chance of developisgverecomplicationsdue to SARSCoV2 co-infection
(GAO et al., 2021)

Standardized TB treatment has at least six mantlength comprisng a combination
of rifampicin @; RMP), isoniazid %; INH), pyrazinamide &) and ethambutd[7) (Figure 2) In
2020,71% (2.1/3.0 million) of peoplediaghosed withpulmonaryTB were bacteriologically
tested for rifampicin resistand®R-TB), an increase 061% compared witi2019 Among
these, approximatel¥32 mil newcases of multidrugesistant TB (MRBTB; resistant to INH
and RMB were detecteWHO, 2021)

Figure 2. Drugs usedor TB treatmem

The pharmactherapy of MDRTB is relatively more complex,leading to high
abandonment rates and treatment fai(B8UNG; KESHAVJEE; RICH, 2015MDR-TB
treatment requires a combination of a least one fluoroquinolone (ofloxacin, levofloxacin or
moxifloxacin) and one injectable drug (capreomycin, kanamycin oramkfor 18 months.
Moreover, the emergence of extensively dragistant TB (XDRTB), resistant to firstand
secondine drugs, represents massive global health challen¢@EUNG; KESHAVJEE;
RICH, 2015; WHO, 2021)nthe lastenyears, delamani(B), pretomanid9), andbedaquiline
(10) (Figure 3)wereapprovedagainst MDRTB and XDRTB, shortening and improvinthe
anttMDR TB and antXDR TB therap es t o 9 (VIHD, 20621 )nHoweser,drug
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resistance against these drugs baen reportedBLOEMBERG et al., 2015; GOMEZ

GONZALEZ et al., 2021)
o Br.
"O/ \©\ /CF3
O,N N\V’o /©/ °
‘<\’N \)(\0

N.© 8

/\©\ _CF,
9 (o)

Figure 3. Drugs for MDRTB and XDRTB treatment

OtherMycobacteriunspecies ar@volved in pulmonaryiseasevithout causing TB
definedas nontuberculous mycobacteria (NTMJthough aboutl50 speciesof NTM have
beendescribed just a few species are involved in human pulmonary infections, such as
Mycobacteriumavium complex, Mycobacterium kansasiiand Mycobacterium abscessu
NTM is becoming a global concern due to the increasing number of cases reported in the last
years, including those caused by MDR str@iNASSILEW et al., 2016)The infection caused
by NTM is challenging the diagnosis and treatment, requiring a combination of several drugs
for a long time, leading to a high dropout rate neatmentfailure (RATNATUNGA et al.,

2020).

2.2. Natural products & Prenylated Chalcones

FDA and other regulatory agencies for health registration approved 162 antibacterial
agentsfrom 1981 to 2014NEWMAN; CRAGG, 2020) About 55% were nalterednatural
products and their derivatives, highlighting the relevance of natural products as valuable
sources for developingew antimicrobial agent§NEWMAN; CRAGG, 2020; ROSSITER;
FLETCHER; WUEST, 2017)

One of the promising natural product classes includes chalcones. fiiyctinalcones
have a 1,3liaryl-2-propenl-one skeleton which can exist &ans or cis isomers, with the
transisomer being thermodynamically more stable and more abundantly isolated (Figure 4)
(ZHUANG et al., 2017). In nature, chalcones are centedymsors of further flavonoids with
ring C, whi ch 1 s pr odwrsawated Ketore ibridge detweénirioga t | ¢
A and B (ROZMER; PERJESI, 2016).
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G Cpp

(o] B N
trans-chalcone cis-chalcone

Figure 4. Isomers othalconeskeleton

There are threehalconebased compoundsarketed as drugmetochalconel(l), with
cholereticaction;sofalcone 12), with antiulcer and gastroprotectipeoperties; antiesperidin
methylchalconeassociatevith Ruscus aculeatusxtract (Cyclo 3 Fort®, 14) asvasoprotective
agent (Figure 50ALLAERT et al., 2011; KONTUREK et al., 1986; SAHU et al., 201R)the
initial screening of antiulcer assaysfacone(12) was selected among a series of synthetic
derivatives of sophoradine 1(3), which is isolated from rostof Sophora subprostrafaa
Chinese medicinaherb (Figure 5XKYOGOKU et al., 1979) These findings reinforce the
relevance of natural chalcones as a prototype compound in develew d@fiologically active

entities.

HOOC_
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HO
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H Al ’, \
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OH © OH _O0 O
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Figure 5. Metochalcong11), sofalcong12), sophoradin13) andhesperidin methylchalcone
(14)

There is a great diversity of natural chalcone reported in literature due to the variety of
substituents on aromatic rinBHUANG et al., 2017)Most of natural chalcones demonstrates
hydroxyl and methoxyl groups on aromatic rings. Prenyl is another common substituent group
that composes the structure of several natural chal¢G#dsSAR; CECH, 2016; CHEN et al.,
2014)



33

The prenyl side chain is linked at rg14 and B by carbon and oxygen atoms., generating
O-prenylchalcones andC-prenylchalcones, respective@CHEN et al.,, 2014; ROZMER,;
PERJES 2016) Prenyl side chain is a terpenoyl group containing at least five carbon atoms,
which can be found with different organization and lengths, such adirBe@hylallyl in
xanthohumol 15) and 4hydroxycordoin {6) (EPIFANO et al., 2007; SRINIVASAN;
GOLDBERG; HAAS, 2004) as 1,1dimethylallyl in licochalcone AX7) (NIELSEN et al.,
1998) as geranyl f)-3,7-dimethy}2,6-octadienyl)in xanthoangelol X8) (INAMORI et al.,

1991) and as lavandullystmethyl2-isoprophenyhex4-enyl) in kuraridin L9) (SASAKI et

al., 2014)(Figure 6). Moreover, these substituents can be found in their oxidated or cyclized
forms @0 23) (CHIANG et al., 2010; ELSOHLY et al., 2001; FROLIGH al., 2005; YE et

al., 2016)

HO. 0\ OH Y\/o OH HO /0 OH
Z O A O O X 0 O X O N
OH O OH O o
15 16 17

|
o) OH H°° °"' HO o OH
SOUNd N L
OH O o 0
21 22

Figure 6. Natural prenylated chalcones

C-prenylated chalcones are abundant in speckabfceae, Moraceae, Cannabaceae,
Guttiferae, Umbelliferag and Rutaceadamilies (ROZMER; PERJESI, 2016) Several
bioactivities are described for extracts of these plants, including anticancer, antioxidant, anti
inflammatory, antiviral, antibacterial and antifungal. Most of them were related to Gieir
prenyl phenolic compound8OLTON et al., 2019; CAESARCECH, 2016; CHEN et al.,
2014; KIL et al., 2017; KOUL et al., 2019; LIU et al., 2015; PENIGPIEVIA; VERA-KU;
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PERAZA-SANCHEZ, 2018) Moreover, prenyl grougenerally increases the lipophiliciof
phenolic compounds facilitating their penetration tigio biological membranes, which can
increase their biological activity due to higher interaction between chalcone and intracellular
receptorBOTTA et al., 2010)

2.2.1 Isobavachalcone

Isobavachalcon@BC) ( Figure 7)is aC-prenylatedchalcone, which was isolated in
1968 fromPsoraleacorylifolia, a traditional Chinese medicinal plafi@HALLA; NAYAK;
DEV, 1968) IBC has been found in 18 plant species frbabaceaeClusiaceagMoraceae,
Schisandraceae adgiaceadamilies(KUETE; SANDJO,2012)

HO OH
OH O
IBC

Figure 7. IsobavachalconéBC)

Several bioactivities has been described BC, such as anticancer, antiviral,
antibacterial, antifungal and oth¢l’SlUETE; SANDJO, 2012; WANG et al., 2021)ue to he
great variety of bioactivities found féBC, it wasrecently reported as a versatile compound
which can be used for modification and optimization in drug discovery proc@dssslG et
al., 2021) Herein, we highlighted the antibacterial ardimycobacterial activitiesf IBC.

2.2.1.1 Antibacterial Activity of IBC

The antibacterial activity ofiBC is wellknown, including the effects against human
pathogenic bacter@@WANG et al., 2021)Yin and coeworkers(2004)reported for the firsime
theantibacterial activity ofBC from Psoralea corylifolisseedsagainstGrampositive bacteria
(Staphylococcus aurewndStaphylococcus epidermiglisising bakuchiol and magnolol, two
natural antibacterial agents as pogitoontros. IBC showedVinimal Inhibitory Concentration
(MIC) of 5.8 pg/mLand 2.9 pg/mlagainstS. aureusandS. epidermidisrespectively, which
was twice lower than bakuchiol and magng@MlN et al., 2004)

Chachaand ceworkers (2005)solatediBC from Erythrinalatissimistems, which was
assayedagainst S. aureus Bacillus cereus and Escherichia coliusing a thin layer
chromatographyTLC) bioautographic techniquéBC was more active against Grgmositive
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speciesshowng Minimal Inhibitory Amount (MIA) of 0.01 pg/spot again§&. aureusaindB.
cereus Whereas against Granegative Escherichia coli, the MIA was 0.50 pg/spot
(CHACHA; BOJASEMOLETA; MAJINDA, 2005).

Gramypositive bacteriavere more susceptible t®C than Gramnegative bacteria
according to studies of Avila (2008) and Sugamoto (2011). Avila et al. demonstrattRthat
showed MIC and Minimal Bactericidal Concentration (MBC) values of 31.2 pg/mL adainst
aureusandB. cereugAVILA et al., 2008. While in studies of SugamotdBC showed potent
activity againstB. subtilis S. epidermidis and Micrococcusluteus with MIC of 4 pug/mL
(SUGAMOTO et al., 2011)In both studiesIBC was inactive againgeram-negativespecies
(P. aeruginosaE. coli, Proteus mirabilisandPseudomonas fluoresc@AVILA et al., 2008;
SUGAMOTO et al., 2011)

The comparison between antibactemativity of IBC andrelated analogs, such as
isoliquiritigenin (24) and isocordoin @5) (Figure 8), suggested thatpahydroxyl an C-3 6
isoprenylon rings B anding A, respectivelywere essentiatonsidering that their removied
to theloss ofIBC bioactivity (AVILA et al., 2008; SUGAMOTO et al., 20)1Furthermore
the prenyl group attached to the aromatic ring A in its cyclizéd-prenylatedorm, as found
in 4-hydroxylonchocarpindl, Figure 6) and-hydroxycordoin {6, Figure 6), respectively, led
to a significant bioactivitglecreasingSUGAMOTO et al., 2011)The variation of prenylrbm
C36 thad G n b av26 driguad 8¢ and ks pdrmutation to geranyl group in

xanthoangelol48, Figure 6) did not affect antibacterial activity.

24 25 26

Figure 8. Structure ofsoliquiritigenin @4), isocordoin 25) and bavachalcon26)

Mbaveng and cavorkers investigated the antibacteriallBC against several clinical
isolates of Granpositive and Grarmegative specie§MBAVENG et al., 2008) IBC
demonstrated remiaable activity against all Graipositive speciegStreptococcus faecalis.
aureus Bacillus cereus Bacillus megaterium Bacillus stearothermophilusand B. subtilig
with MIC and MBC values ranging from 0.3 to 1.2 pg/mL. Additionalfj3C was active

against most @mnegative bacteria(Citrobacter freundii Enterobacter aerogens
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Enterobacter cloacad. coli, Klebsiella pneumonig®&lorganella morganiiProteus mirabilis
Proteus vulgarisP. aeruginosaShigella dysenterigé&higella flexneriandSalmonella typhi
demonstrating MIC and MBC values ranging from 0.8%al ug/mL. Thelowest MIC value
(0.3ug/mL) observed against Grapositive and Graamegative bacteria strains walout4-
fold lower thangentamycin, which wassed as the reference antibiotic drug.

The activity ofIBC againstAmerican Type Culture CollectiofATCC) strains and
MDR clinical isolates oE. coli, E. aerogenes. pneumoniagP. aeruginosaandEnterobacter
cloacaewas increased witphenylalanine arginine-RaphthylamidgPARN), an efflux pump
inhibitor (KUETE et al., 2010a)Efflux pump isone of the major mechanismmEGramnegative
bacteriathat pump out the antibiotics fronmtracellular mediumto the external environment
IBC aloneexhibited antibacterial activity against mo$tacteriawith thelowest MICvalue
(8 ug/mL) against. aerogeneEA298 MDR isolated oE. aerogensindK. pneumoniaavere
more susceptible ttBC than chloramphenicol In the presence d?PARN the antibacterial
activities ofIBC againstE. coli, K. pneumoniaeP. aeruginosa, E. aerogemmdE. cloacae
were significantly increasedby 4 to 64fold. The antibacterial activity dBC + PARN was
higher than chloramphenicol against six out of elgtgerogenestrains

Antibacterial activity oiBC against Granmegative bacteria was evaluated by Kuete et
al. (2010a) againgtieisseriagonorrhoeasestrains includingone drugsusceptible (MIC = 0.6
ng/mL) andnineresistantlinical isolats (0. 6 Og/ mL O MI C O 9. 8
were lower than or equal to gentamycin, indicatiB§ could be a promising compound to
treatgonorrhealnfections(KUETE et al., 2010b)

Osorio et al(2012)demonstrated thdBC was active againd¥lethicillin-Susceptible
Staphylococcusaureus (MSSA) and fourteenclinical isolates of Methicillin-Resistant
Saphylococcusaureus(MRSA), displayingMIC values of 31.Jjug/mL against MSSA and
MIC ranging from15.6to 62.5ug/mL against MRSAOSORIO et al., 2012)The antiMRSA
activity of IBC from P. corylifolia was tested in the studies©fii and ceworkersagainst two
clinical isolates @M481 and OM58¥with MIC value of 7.8 png/mL(CUI et al., 2015)

Song et al (2021) demonstral&gL antibacterial activity against MSSA,REA (T144)
and VancomycinResistantEnterococcusaecium (VREm) in concentrations lower than 4
pg/mL. Otherwise,IBC was inactive against colistisensitive and resistant strains Bf
aeruginosaA. baumanniiK. pneumoniagandE. coli. However, in combination with colistin,
IBC fully restored the sensitivity of colistiresistantE. coli strains to colistin, decreasing the
MIC values to lower than 0.5 pg/mL. Song andvearkers demonstrated the efficacylBC

in vivoin two mouse modeassociated with bacterial infectionBC at 8 mg/Kg decreased the
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MSSA skin wound infection and VRE gut colonization about 7 to 15 days after infection
(SONG et al., 2021)

The antibacterial mode of action I&fC is related to the disrupting action on bacterial
membrane¢DZOYEM et al., 2013; HE et al., 2018; SONG et al., 202BC damaged th
MSSA membrane, evidenced by di3-(5) dye experiments, leading to macromolecular
biosynthesis inhibitio(DZOYEM et al., 2013) Song and collaborators describe IBC
binding to the MSSA phospholipids, resulting inet dissipation of proton motive force and
metabolic perturbationlSONG et al., 2021)Additionally, the antibacterial effect éBC has
been correlated with the leakage of alkaline phosphdtaséo the impairment of the cell wall
and cell rembrane damage, the inhibition of protein and nucleic acids biosyntaedihie
inhibition of energy metabolisfHE et al., 2018)

2.2.1.2 Antimycobacterial activity ¢BC

Two studies reported the antimycobacterial activityBE (CHIANG et al., 2010;
KUETE et al.,2010b) Kuete et al. (2010k}olatedIBC from D. barteri twigs and assayed it
againstMycobacterium smegmatibl. tuberculosisH37Rv (ATCC 27294), and two clinical
isolates ofM. tuberculosisincluding drugsensitive strain (MTCS2) and INHesistant strain
(MTCS1) (KUETE et al., 2010b)IBC demonstrad activity againsi. smegmatisvith MIC
value equal to ciprofloxacin (MIC = 2.44 pg/mL). This MIC value was also detected against
M. tuberculosifH37Rv, with INH as reference tuberculostatic drug (MIC = 0.31 pg/n&g.
was active against MTCS1 (MIC = 19.5 pug/mL), whereas INH was inactive M 39.1
pg/mL), indicating that the drugesistance mechanism of MTCS1 to INH was not involved or
was less effective again&C . IBC was also active against MTCS2 (MIC = 4.88mb), being
twice less active than INH. MoreovéBC demonstrated mycobactericidal action at MIC x 4
after nine days of exposure, whereaslitii this effect was observed after 15 days at MIC x
4 (KUETE et al., 2010b)

IBC from Fatoua pilosadisplayed antimycobacterial activity agaimét tuberculosis
H37Ryv, with MIC value of 17.5 pg/mL, 2-8old higher than ethambutol used as reference
tuberculostatic dru¢CHIANG et al., 2010)In addition,IBC was an inhibitor of extracellular
nuclease(Rv0888) fromMtb H37Rv, which may act aa wvrulence factorrelated tothe
persistence dfl. tuberculosisn the hos{DANG et al., 2016)
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2.2.1.3Total Syntheses of Isobavachalcone (IBC)
Dong et al. have firstly described the total synthesiBGfin 2000 (Scheme 1JDONG

et al., 2009)From the first total synthesis, other three synthetic routes wereestalbhlished
(GREALIS et al., 2013; SUGAMOTO et al., 2011; WANG et al., 2014, 20AB)synthetic

rout es -disydrakya@impedone 27) as starting material. In the first step described

by Dong (2009)27 was prenylated at-G 6 p osingt isogranyl bromide under alkali
conditions, obtainin@7aand i ts 506 pr e2idb(DOANG etdl., 20@pchenies o me
1). Then, further stepsproceeded as followg-methomethoxylatiorof 27a to obtain 28;
ClaisenSchmidt aldol condensationbetween 28 with 4-methoxymethoxybenzaldehyde
furnishingchalconc intermediary29, which wassubmitted tadeprotection reaction, yielding

IBC (Scheme 1).

OH O
27 27b

Prenylation of resacetophenone: |
HO. HO. HO
BI'/\J\ 2 +
OH O a OH O
27a

Synthesis of IBC:

. Momo. MOMO. OMOM
27a — _—~ _c O ~ O _ 9 . BC
70% z 75% Z 55%
OH O

OH O
28 29

Schemel. First Total Synthesis dBC by Dong et al(2009): (a) 1.3M NaOH, acetone, 3,3
dimethylallyl bromide, reflux (b) methoxymethyl chloride (MOMCIp®0;, acet one, O
rt; (c) 4methoxymethoxybenzaldehyde, KOH, EtOH (d) 3V HCI, MeOH, reflux

Grealis and collaborators reported @wprenylation of 27 using similar conditions used
by Dong et al., yielded four prenylated resacetophen®dnagl2%),27b (12%),3,5-diprenyl
derivative27c (5 %), and a prenyloxyesacetophenorigzd (2%) (Scheme 2). Moreovez/
was recovered more than 50% amount. Due to the difficult in stressful chromatographic
purifications and low regioselectivity, Grealis propose8 -@renylation using regioselective
iodination andStille couplingreaction as key steps (Schemd@GREALIS et al., 2013)First,
27 was regioselectivity iodized at gsition, obtaining30 with 74% yield, which wabis-
methoxymethylated. Then, 2Ris(methoxymethoxygB-iodo-resacetophenone&@a was C-
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prenylated usingnenyltributylstannanand Pd(PP4)s, furnishing prenydted acetophenorgd
(45%). However, there was a release f i odine i n 51 %, f
bis(methoxymethoxy)resacetophen@ia Using this routed BC was obtained with an overall

yield of 15% (GREALIS et al., 2013)
| ;(
(o]

HO.
Q( = - . 27a (12%) + 27b (12%) *+ A + \@(
OH o OH O

OH O
27d (2%)
27¢ (5%)
Scheme2. Prenylation of resacetopheno(fBREALIS et al., 2013)(a) KOH, acetme,3,3

dimethylallyl bromidewater, N2, overnight

iodination and prenylation of resacetophenone

SnBu3
MOMO MOMO. |v|o|v|o
MOMO MOMO MOMO
30
31 (45%) 31a (50%)

synthesis of IBC

MOMO. OMOM
31 - O O IBC

51% 89%

MOMO
32

Scheme3. Total Synthesis ofBC by Grealis et al2013)(a) KIO3, Nal, AcOH,rt, 4 i (b)
NaH, MOMCI, THF, rt, overnight; (c) Pd(PPB)s, DMF, 100 °C, 40 h; (d) 4
methoxymethoxybenzaldehyd€;COz, MeOH, reflux., overnighfe) 2M HCI, MeOH, reflux,
3h.

Sugamotand ceworkers escribed the total synthesisIBIC using[1,3]-sigmatropic
rear r an g g@nmrgloxychalcdne33aid montmorillonite K10 clagSUGAMOTO et al.,
2011) The rearrangement @8 led to formation of twaC-prenylated chalcones atX6 ;5 6C
or both, with yields of 33, 28, and 1 %, respectively (Scheme 4). In this reaction occurred the
rel ease of pr en yhiydrogyd 6-higmethdxymetimokyshdlconevgth Z8%
yield. Excepting digenarylated analogue, these chalcones were deprotected under acid
conditions, givingIBC, bavachalcone2@), and isoliquiritigenin 24), respectivelylBC was
obtained with an overall yield of 17¢8UGAMOTO et al., 2011)
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R
MOMO. MOMO OMOM HO OH
d;e
a. 93%; Q{ 94% w R NS
b. 83% 0O o 0o o OH O
\f\’ 33 Wé\’ 34

IBC. R = H; R! = prenyl (72%)
24. R =H;R'=H (60%)
26. R = prenyl; R' =H (35%)

Scheme4. Total synthesis ofBC, xanthoangelol, andoliquiritigenin by Sugamoto et al
(2011) (a) MOMCI, KoCOg3, acetone, 0°C, 3h; (b) 3@methylallyl chloride, acetone, reflux,
24h; (c) 4methoxymethoxybenzaldehyde, 3M NaOH, EtQH24h; (d) Montmorillonite K10,
CHClz, 0°C, 0.5h; (e) 3M HCMeOH, reflux, 0.5h.

Wang et al. reported the total synthesilB& with a relatively high overall yield (55%),
using regioselective iodination arfluzukiMiyaura crosscoupling reactions as key steps
(Scheme 5JWANG et al, 2014, 2015)3-iodo-resacetophenon8@) was obtained with high
yield (98%), which waBis-MOM protected and used to prepare iodigkdlconic intermeidry
35by ClaiserSchmidt condensation with@ethoxymethoxybenzaldehyde. This intermediary
was sbmitted toSuzukiMiyaura crosscoupling reaction, using prenyl boronic acid pinacol
ester 87) and PdCj(ddpf) as catalyst. Prenylated chalcod2 was MOMdeprotected,
furnishingIBC with 75% vyield.

HO MOMO, MOMO. OMOM
_a
98% ! 95% 95%

OH O OH O MOMO MOMO
27 30 30a

O‘B_/=< MOMO. OMOM HO OH
A SN : ® O
D ¢ . D
d ~ 75% ~
84% MOMO O 32 o

PdCl,(dppf)= Fe Pd

Schemeb. Total Synthesis ofBC by Wang et alWANG et al., 2015)(a) iodine, KIQ,
EtOH:H.O (2:3), rt, overnight. (b) MOMCI, NaH, 0 °C, 2h; (¢) 4
methoxymethoxybenzaldehyde, 60% KCQEQOH, rt, 12h; (d), PdGI (ddpf), CsCOs, DMF,
70 °C, microwave, 2 h; (e) 1M HCI, 8C, 5h.
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3. AIMS
3.1. General aim
In order to design, synthesize and biological evallgfzand itsanaloggIBC 1 IBC

23) (Figure 9) against mycobacteria, Grpwsitive and Grarmegative species.

3.2.Detailed aims of Chapter Il

a) Synthesis and antibacterial activity ¢BC against Staphylococcus aureus
Streptococcus pneumonjaBtreptococcus sanguiniStreptococcus sobrinuStreptococcus
mutans Klebsiella pneumonigePseudomonas aerugingsdlycobacteriumtuberculosis
Mycobacterium aviumgndMycobacteriunkansasij

b) Investigation of the synergetic effectsIBC with vancomycin against MSSA and
MRSA,

c) Evaluation o1BC against MSSA and MRSA biofilm formation;

f) Investigation ofiBC against membrand 8acillussubtilismembrane;

g) Toxicity evaluation oiBC against human keratinocytes.

3.3 Detailed aims of Chapter IlI
a) Design and synthesis ®lC and analogs with modifications simgs A andB and
U ,-umsaturated ketort@idge;
b) Antimycobacterial activity ofBC and its analogs against tuberculosidH37Ry;
c) In silico investigation of physicathemistry, pharmacokineticand druglikeness

propertiesof antimycobacterial compounds.

3.4. Detailed aims of Chapter IV

a) Antibacterial activity ofBC analogs against MSSA and MRSA;

b) Investigation of synergetic effect of selected andBQ 2, abioactiveregioisomer
of IBC, with vancomycin against MSSA and MRSA;

c) Evaluation oIBC 2 against MSSA and MRSA biofilm faration;

d) Investigation ofBC 2 againstBacillus subtilismembrane;

e) Toxicity evaluation ofBC 2 against human keratinocytes.

f) Investigation of antibacterial activity dBC 2 againstStreptococcus pneumonjae
Streptococcus sanguinis Streptococcus  sobrinus Streptococcus  mutansKlebsiella

pneumonia, Pseudomonas aerugingsandHelicobacter pylori
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investigation of electron-donors and

investigation of prenyl
electron-acceptor groups

and 2'-OH subunits

investigation of chalconic
DHIBC: R =4-OH o,B-double bond
DHIBC 2: R =2-OH 16. Ar = 4-pyridinyl ~ 19. Ar = 1-naphthyl
17. Ar = 2-furanyl 20. Ar = 2-naphthyl

‘Seriel T IBC 21-23 IBC 1-1477" 777777 Seriell v
s s . wo
: HO OH :
! ! : O X @ R’
! . : : Z
[ R : IBC : OH 0
R" O © HO OH 1. R=3-OH 9. R =4-Me
IBCL R = LR = -OH : 2. R =2-OH 10.R =4-F
.R=-H,R'=- 3. R=24-diOH  11.R=4-l
IBC 22. R = geranyl, R'= -OH , 4.R=34-diOH  12.R=4-Br
IBC 23.R = prenyl, R'=-H OH O | : 5.R=25diOH 13, R = 4-CF,
: 5 6.R=-H 14. R = 4-NO,
5 ! 7.R =4-OMe
HO : : 8.R =4-NH,
; ! HO
4 L P SUAr =<
OH O . SerielV ; !
"""""""""""""""""""" N ' OH O

15. Ar =3-pyridinyl  18. Ar = 2-tiopheny! !

IBC 15-20 investigation of other
Serie 11T aromatic rings

Figure 9. IsobavachalcondBC) analogsdesigned in this thesis
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ABSTRACT

Isobavachalcone IRC) is a natural prenylated chalcone with a broad spectrum of
pharmacological properties. In this work, we synthesized and investigated the antibacterial
activity of IBC against Granpositive, Grarmegative and mycobacterial specil8C was
active against @mpositive bacteria, mainly against MethicilBusceptibleStaphylococcus
aureus(MSSA) and MethicillinResistantStaphylococcus aureuUsRSA), with minimum
inhibitory concentration (MIC) values of 1.56 and 3.12 pug/mL, respectively. On the other hand,
IBC was not able to act against Graregative species (MIC > 400 pg/mUBC displayed
activity against mycobacterial species (MIC = 64 pg/mL)¢cluding Mycobacterium
tuberculosisMycobacterium aviurandMycobacterium kansasiBC was able to inhibit more

than 50% of the MSSA and MRSA biofilm formation at 0.78 pg/mL. Its antibiofilm activity
was similar to vancomycin, which was active at 0.74mlg/In order to study the mechanism

of action by fluorescence microscopy, the propidium iodide (Pl) and SYTO9 fluorophores
indicated IBC disrupted the membrane &acillus subtilis Toxicity assays using huma
keratinocytes (HaCaT cell line) showC hadnot capacity to reduce the cell viability. These
results suggesteldBC is a promising antibacterial agent with elucidated mode of action and

potential applications as antibacterial drug and medical devices coating.
Keywords: chalcone, membrane, natural guat, antibacterial, biofilm

1. Introduction

Approximately 1 million people died due to antibietesistant infections between 2014
and 2016 around the worldnd there is a projection that multidregsistance will lead 300
million people to premature deaths until 206@6 NE| L L, 2016 ; VIIKESL AI
The fast and global spread of multidrtegsistant bacteria has been recognized as a great
challenge to be overcome in the 21st Century. Thus, ®reffgrts are necessary to investigate
new antibacterial drugs, which must be active against aesigtathogens to current anti
infective therapfO6 NEI LL, 2016)

Natural products (NP) from plants and microorganisms are sources of new antibacterial
compound§NEWMAN; CRAGG, 2020) Among 162 antibacterial agents approved by FDA
between 1981 and 2019, about 55%MReand their derivatives, highlighting their relevance
to modern drug discovefNEWMAN; CRAGG, 2020; ROSSITER; FLETCHER; WUEST,

2017) Among the promising NP, isobavachalcolB«)) is a penylated chalcone isolated from
plants of Fabaceae, Clusiaceae, Moraceae, Schisandraceae and Apiaceae families (Figure 1)
(KUETE; SANDJO, 2012; WANG et al., 2021¥loreover, the concise synthesisIBC has
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been described by several grodp©ONG et al., 2009; GREALIS et al., 2013; SUGAMOTO et
al., 2011; WANG et al., 2014, 2019BC is a privileged compound due to its extensive
pharmacological properties, includiagtibacterial WANG et al., 2021)anticanceYANG

et al., 2019) antifungal(ELSOHLY et al., 2001)antioxidant(ABDULLAH et al., 2017)
neuroprotective(XU et al., 2018)and antiinflammatory (SHIN; SHON; YOUN, 2013)

properties
HO OH
OSN G

OH O

Figure 1. Structure ofisobavachalcondBC)

As part of our continuing search for novel antibacterial drugs that acts on bacterial
membranes, waewly synthesizedBC and evaluated its antibacterial activity against Gram
positive, Grarmegative andvycobacteriaplanktonic cellsAdditionally, we investigated the
antibacterial activity olBC against biofilms of MethicillinSusceptiblé&taphylococcus aureus
(MSSA) and Methicillin-ResistanStaphylococcus aureIRSA). IBC wastestedregarding
its effects on the membrane &acillus subtilis as well as its toxicity toward human

keratinocytes.

2. Materials and Methods
2.1. Isobavachalcone (IBC)

Synthesiof IBC was performed according to Sugamoto and collaborators, ssing
steps(SUGAMOTO et al., 2011)Structure oflBC was confirmed byH and**C Nuclear
Magnetic Resonance (NMRIndmass spectrometry (MS) data analysSdse purity ofIBC
was determinedly high-performance liquid chromatography with a photodiode array detector
(HPLC-PAD). Detailed syntbtic experimental procedures, NMR spectra, mass spectrum and

the HPLC-PAD chromatogram are presented in the Supplementary Material.

2.2. Antibacterial and Antimycobacterial Assays
The strains were purchased directly from the American Type Culture Collection
(ATCC) and weremaintained in the culture collection of the Laboratory of Antimicrobial

Testing (LEA) of the Federal University of Uberlandia state of Minas Gerais, Brazil
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The atibacterial activity was determined against Methiciusceptible
Staphylococcus aureU®TCC 6538), MethicilinResistantStaphylococcus aureU®\TCC
BAA44), Streptococcus pneumonig&@TCC 6305),Streptococcus sanguinfATCC 10556),
Streptococcus sobrinuATCC 33478), Streptococcus mutan@TCC 25175), Klebsiella
pneumoniae (ATCC 10031) and Pseudomonas aeruginosdATCC 15442). The
antimycobacterial activity was determined agaMgtobacterium tuberculosi837Rv (ATCC
27294) Mycobaderium avium(ATCC 25291) andycobacterium kansasiATCC 12478).

The minimal inhibitory concentration (MIC) against Grawsitive and Grarmegative
bacterial species was determined in triplicate using broth microdilution methodviel96
microplates apreviously reported, using resazurin as colorimetric indicator of cell viability
(LEANDRO et al., 2014)IBC was dissolved in DMSO at 1 mg/mL, followed by dilution in
brain heart infusion to achieve final conc.
final DMSO content was 5% (v/v) and this solution was used as negaht®l. The inoculum
was adjusted for each microorganism to reach cell suspension of Z.0eidiy forming units
per mL (CFU/mL), as preconized by the Clinical and Laboratory Standards Institute, with
modifications in culture mediufCLSI, 2012) Growth control (inoculated welfnd sterility
control (noninoculated well free of antimicrobial agent) were also included. Tetracycline and
chlorhexidine were used as positive controls and were tested in concentration ranging from
0.0115 eg/mL to 5.9 ¢g/ mLveln ik 96velld miGoplates 5 9
were sealed with plastic film and incubated
solution of resazurin (0.02%) was added to the microplates and was incubated for 15 min at 37
°C. MIC value was defined asdHhowest concentration able to inhibit the microorganism
growth indicated by the color change of resazurin from blue to pink.

MIC values of IBC against mycobacteria species were determined according to
Palomino and collaborators protocol, with slight mmdifions (ALVES et al., 2020;
PALOMINO et al., 2002) A stock solution ofiBC was prepared in DMSO and diluted in
Middlebrook 7H9 broth to achie final concentrations ranging from 7.8 to 1000 pg/mL.
Isoniazid was dissolved in DMSO and used as positive control in concentrations ranging from
0.015 to 1.0 pg/mL. The inoculum was prepared by introducing a range of colonies grown in
OgawaKudohinattbe containing glass beads with 500C
eL was transferred to a tube containing 2
compared with McFarland scale 1 (3.0 » t@lls/mL). Inoculum was suspended in®wéll
plates at a 1:25 ratio with 7H9 broth. The growth controls (without antibiotic) and sterility
controls (without inoculation) were also included. TheA88ls plates were incubated at 37 °C
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for 7 days. After this period, 30 pL resazurin 0.02% aqueous splutas added to each plate
well. The MIC value was defined as the lowest drug concentration tabiehibit the

mycobacterial growth, which was expressed in pg/mL. The assay was conducted in triplicate.

2.3. Checkerboard Assay

The ombination effect oiBC with vancomycin was evaluated against MSSA and
MRSA using microdilution broth checkerboard assay according to White and collaborators,
adapted from the standard procedure established by CILSI, 2012; WHITE et al., 1996)
The fractional inhibitory concentration (FIC) of combination betwHsd and vancomycin
was determined using Muelletinton broth culture medium into 9&ell plates, with a final
inoculum suspension of 5.0 x?1IOFU/mL. The plates were incubated at 37 °C for 24 h. After
incubation, 0.02% aqueous resazurin solution it was atlledells. Fractional inhibitory
concentration index (FICI) was calculated usingEhjeationl:

"0'06 "006 6 'O00 6 (1)

where the FIC is the ratio between the MIC of the drug in combination with the MIC alone. The
combination was classified as synergistic (
FICI > 1) and an(WkdlBHEoenal., s1096)The @sBdyOnere Penfoéd in

triplicate on independent experiments.

2.4. Antibiofilm Assay
The inhibition ofIBC against MSSA and MRSA biofilm formation was evaluated using
broth microdilution methodology proposed by CLSI (201€).Sl, 2012) The minimum
biofilm inhibitory concentration (MBIC) was established as the concentratitBifable to
inhibit 50% or more of biofilm formatioqWEI;, CAMPAGNA; BOBEK, 2006) The MBIC
values were determined using two protocols, including biomass assessment by optical density
(OD) reading and determination of viable biofilm cells by counting cefonying units per
milliliter (CFU/mL). Two micrglates were used for each protocol. Assays were performed in
triplicate in three independent experiments. The inoculum concentration and optimal incubation
time for this assay were determined by standardizing biofilm formation (data not shown).
Briefly, in 96-well flat-bottom microplates containing Brain Heart Infusion (BHI) broth
supplemented with 2% glucose, serial dilutions of the samples were made from the stock
solution (1600 pg/mL), obtaining a final concentration between 0.195 to 400 pg/mL. From a

24-h culture on BHI agar plates, the inoculum ®f aureuswas prepared in BHI broth



49

supplemented with 2% glucose, with equivalent turbidity on a spectrophotometer operating at
625 nm, to match 0.5 in the McFarland scale (1.5 %CRU/mL). The bacterial spgnsions

were diluted to the final concentration of 1.0 »® OFU/mL. The microplates were incubated

at 37 °C for 24 h. Subsequently, the contents of the wells were aspirated aattheced cells

were removed by washing with Phosphate Buffered Saline)(Biter (pH = 7.2). The biofilm
formed was fixed with methanol for 15 min, dried at room temperature and stained with a crystal
violet solution (0.2%) for 20 min. After removing the crystal and washing the wells with PBS
buffer, 33% acetic acid was addia 30 min to solubilize the crystal retained in the biofilm.

The absorbance of the wells was determined in a spectrophotometer at 595 nm. The
determination of CIMBwas performed using thEquation 2(VIEIRA et al., 2018; WEI;
CAMPAGNA; BOBEK, 2006)

0608 6L wWH BMO Qi BL W BN & 01 QMDD T (2)

For the determination of viable cells, plategre prepared following the same
methodology described above. After the incubation period, the contents of each well were
aspirated and washed with PBS buffer to removeaurered cells. Then, 200 uL of BHI broth
with 2% glucose was added to the wells Hramicroplate was subjected to an ultrasound bath
for 15 min. The content of the wells was homogenized and decimal dilutions was performed
(100 to 10Y). After that, 50 pL aliquots of each dilution were plated on BHI agar plates and
incubated at 37 °C f@4 h. Finally, the colonies were counted and the results expressegin log
scale (CFU/mL).

Vancomycin was used as positive control and was tested in concentrations ranging from
0.0115 to 5.9 pg/mLBacterial cells were evaluated in the absence of the antibacterial
compounds and was used as negative control. Antibiofilm assays data were analyzed by
nonparametric KruskaWallis oneway analysis of variance (ANOVA) with SteBlwass
Critchlow-Fligner parwise comparison test. Results were considered statistically significant
with p<0.05.

2.5. Membrane Disruption Assay

For the membrane permeabilization assBgcillus subtilis strain 168 was kindly
donated by Dr. Frederico Gueirbgho, Department of Richemistry, Institute of Chemistry,
Séo Paulo University.
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B. subtiliswas cultivated in LB/LBagar at 30 °C, with stirring at 200 rpm for liquid
medium.A stock solution olBC at 10 mg/mL was diluted into the wells of a-®@&iltiwell
plate to furnish theiial concentrations ranging from 100 to 0.781 pug/mL, in total volumes of
100 pL/well (NYG medium)(SAMBROOK; FRITSCH; MANIATIS, 2012; SILVA et al.,

2013) The bacteria were inoculated at 1.0 Xddlls per 100 pL of LB medium per well. Plates

were incubated for 12 h &0 °C 15 pL of 0.1 mg/mlresazurin Sigm&ldrich (Taufkirchen,
Germany) was added into each well, followed by a 2h incubati8f & The postreaction

plates were evaluated through excitation and emission wavelengths at 539Gmin,
respectively, using the Fluorescence Synergy H1N1. The data obtained were used to plot the
concentration of the compound versus cell growth inhibition, and through a polynomial curve
regression, it was possible to determine the percentages ableikib cellular metabolism
(MORAO et al., 2019)

The minimum bactericidal concentration (MBC) was establidednoculating the
contents of each REMA well into a 15 cm Petri dish with solid LB medium before the resazurin
addition. The microbial transfer was aided by a stamping replicator fit fomegeB@nicrotiter
plate. The cells were incubated in triplicates at 30 °C for 24 h to quantify their growth.

Cells ofB. subtiliswere exposed to tHBC at its MBC. In 1 microentrifuge tubes, 100
eL of °®c.edIls Mere used per treatment. After
were added to each tube to dilute the compound and stop the contact reaction. For the membrane
integrity analyses, cells were stained usitg Live/Dead BacLight kit following the
instructions of the manufacturer. Cells treated with 1% DMSO and nisin (5 pgvareused
as negative control and positive control, respecti{éiRAO et al., 2019) Cells were
immobilized on agaroseovered slides before the microscope observatiainsOlympus BX
61 microscope, equipped with a monochromatic OrcaR2eltamera. Image acquisition and
processing were performed with the software CellSens version 11 (Olympus)aidyses
were conducted with a minimum of 100 cells per treatr(MdARTINS et al., 2010)

2.6. Cytotoxicity Assay

Human keratinocytes cells (HaGat wer e <cul ti vated in Dulb
Medium (DMEM; Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum
(FBS) , penicillin (100 | U/ mL) , strept omyc|

(ThermoFisher, Waltham, MA, USA)inanic ubat or wi t i€ (ISotEmpE&GGher a't
Scientific, Pittsburgh, PA, USA), being subcultured every 2 days. The cells were seeded (5x
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10° cells/well) and préncubated for 24 h. After that, the cells were treated WB@ and
standard drug (chlorhexidie ) a't concentrations ranging f1
microplates for 24h. Then, the culture medium was aspirated, and the cells were incubated with
resazurin (70 €M, Sigma Al-idcubated¥oranotimer 4h.iCell c u |
viahility was read in a spectrophotometer (Biotek, Winooski, VT) at wavelengths of 570 and
600 nm. The values were converted into a percentage of cell viability in comparison to the
negative control (DMEM), which was defined as having 100% cell metabolismmé&has

were determined for each compound.

3. Results and Discussion
3.1.1sobavachalcone (IBC)

Scheme 1 shows our synthetic route for synthesisIBEf. As illustrated,
resacetophenoné)(was used as accessible starting material. A set of six steljpsling MOM
protection/desprotection, [1;3]gmatropic rearrangement and Claisgohmidt reactions
furnishedIBC with an overall yield of 12% (Scheme 1). NMR parameters, including chemical
shifts, coupling constants and multiplicities as well as moégoueight corresponded tBC
structure and were compared with former literature re@USAMOTO et al., 2011; WANG
et al., 2015)HPLCGPAD analysis indicated 99% purity according to greak at 372 nm.

MOMO MOMO MOMO
; " 90% ; " 95% | " 35 %

OH O
la 1b

OMOM
\/©/ MOMO OMOM HO OH
(I (DK
,70% M(\/‘/ - W
OH O
IBC

Scheme 1Synthesis ofBC. Reagents and conditiorsss MOMCI, KoCQOzs, acetone, rt, 12 b)

isoprenyl bromide, KCOs, acetone, rt, 24h; c) montmorillonite K10, DCM, rt, 0.5 hours, d)
KOH 60%, EtOH, rt, B; e) HCl 1 mol L, MeOH:THF (1:1), 5 «C, 6h. MOM =

methoxymethyl.
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3.2. Antibacterial and Antimycobacterial Activities of IBC

In order to assess the antibacterial and antimycobacterial actilB{esyas evaluated
against five Granpositive, two Grammegative and threblycobacteriumspecies (Table 1).
Among these species, five microorganisms are in the World Health Organization (WHO)
priority list, justifying the discovery for innovative antibacterial agéwsiO, 2017) IBC was
active agaist S. aureus, S. pneumoniae, S. sanguinis, S. sobrinus and S. plateienic
cells, exhibiting MIC values ranging from 1.56 to 56@mL. Among theselBC displayed
potent activity against MSSA and MRSA, demonstrating MIC values of 1.56 and @rhP.
These data are according to studies on-&taphylococcus aureustfect of IBC against
standard strains and clinical isola(BZOYEM et al., 2013; HE et al., 2018BC was inactive

againstP. aeruginosandK. pneumonia@lanktonic cells (MIC > 400 pg/mL).

Table 1.Antibacterial and antimycobacterial activitiesIBC

Species MIC (g/mL)
IBC Tetracycline Chlorhexidine Isoniazid
MSSA 1.56 0.20 - -
MRSA 3.12 >5.90 - -
Gramypositive Streptococcus pneunjo.nie 50.0 0.40 - -
Streptococcus sanguinis  3.12 - 1.82 -
Streptococcus sobrinus  6.25 - 3.64 -
Streptococcus mutans 6.25 - 0.91 -
Mycobacterium avium 62.5 - - 0.50
Mycobacteria Mycobacterium kansasii  62.5 - - 1.00
Mycobacte_num 625 i i >1.00
tuberculosis
Gramnegative Pseudomonaaeruginosa >400 5.90 - -
Klebsiella pneumoniae >400 2.95 - -

MSSA = Methicillin-susceptiblestaphylococcus aureuMIRSA = Methicillin-resistantStaphylococcus aureus

Antimycobacterial assays indicated MIC values of GQBEnL againstM. avium M.
kansasiandM. tuberculosigTable 1).Two studies described the antitubercular activit\Ba?
againstM. tuberculosigCHIANG et al., 2010; KUETE et al., 20100 addition,IBC was
described as an inhibitor of extracellular nuclease Rv0888HKtotuberculosidH37Rv, which
acts as a virulence factor and could be related to the persisteiceutferculosisn the host
(DANG et al., 2016)
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3.3. Checkerboard assay

In antrinfective drug therapy,the associationof drugsis a useful strategyto treat
bacterial infections, enhancing the antibacterial potency and decreasingside effects
(COTTAREL; WIERZBOWSKI, 2007; VUUREN; VILJOEN, 2011) In this context,
hydroxychalconesand aminochalconesshowed synergistic associationwith vancomycin
(GARCIA etal., 2021; TRAN etal., 2012) Consideringthe potentactivity of IBC againstS.
aureus we usedthis speciesfor the checkerboardassay.We evaluatedthe effect of the
combinationof IBC with vancomycinagainstMSSA and MRSA planktoniccells (Table 2).
The associatiorbetweenlBC andvancomycindisplayedFICI valuesof 2.5 and 2.0 against
MSSAandMRSA, respectivelyjndicatinganindifferentassociation.

Table 2. Antibacterialactivitiesof IBC in combinationwith vancomycin

S.aureus o MIC (pg/mL) _ FICI Type of
.strain Combination Alone Combined FICECAEICYAN  Combination
IBC VAN IBC VAN
MRSA IBC+VAN 312 0.73 1.56 1.47 2.5 indifferent
MSSA IBC+VAN 1.56 0.73 1.56 0.73 2.0 indifferent

VAN = vancomycin

34. Antibiofilm Assay

Biofilm canbe describedasa highly organizedsessilecommunityof cells, which are
attachedo a substratuminterfaceandcomplexpolymericmatrix (YIN etal.,2019) S.aureus
hasbeenknownto infect andform a chronicbiofilm infectionin medicaldevices beingthe
mostcommonpathogerassociateavith nosocomiainfections(ARCHERetal.,2011;0TTO,
2018) Several chronic infections are associatedwith S. aureus biofilms, including
osteomyelitisperiodontitis,chronicwoundinfections,chronc rhinosinusitis endocarditisand
ocularinfections.After the attachmenstage,S. aureusbiofilms aredifficult to eradicatewith
conventionalantibacteriahgentsandthe hostrespons€ ARCHER et al., 2011)

Currentantibacterialdrugshavenot beeneffective againstS. aureusbiofilms, requir
ing its surgicalremoval(BHATTACHARYA etal., 2015) Sometherapeuti@lternativeave
been investigated,including antibacterial peptides, vaccines, matrix-degrading enzymes,
modulation of quorumsensesystemand small moleculesinhibitors. Most of them are in
preclinicaldevelopmenstage(BHATTACHARYA etal., 2015;0TTO, 2018) Xanthohumol,
a prenylatedchalconefrom hop extracts,showeda potent antradherentand antibiofilm
activitiesagainstS. aureus(BOGDANOVA et al., 2018;ROZALSKI et al., 2013). As partof



54

our effortsin the discoveryof novel antibiofilm agentswe describedhe effect of chalcones
againstacterialandfungalbiofilms (EMERI etal., 2019;GARCIA etal.,2021;SARDI et al.,
2017)

IBC and vancomycinwere evaluatedin concentrationganging from 0.195to 400
pg/mL and0.0115to 5.9 pg/mL, respectivelylBC displayedantibiofilm activity with MBIC
valuesof 0.78 pg/mL againstMSSA and MRSA (Figure 2). At this concentration|BC was
able to inhibit 75% biofilm formation. VancomycindisplayedMBIC value of 0.74 ug/mL
againstMSSA andMRSA, demonstratin@0% biofilm formationinhibition. Moreover,in the
presenceof IBC at MBIC value,the numberof viable cells of MSSA and MRSA decreased

about9 CFU/mL whencomparedvith the untreatectontrol.
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Figure 2. Effect of IBC andvancomycinon MSSA (S. aureus6538)and MRSA (S. aureus
BAA44) biofilm formation.The hatchedbarsrepresenthe MBIC values.Thelinesrepresent
thelogio CFU/mL.



55

3.5. Membrane Disruption Assay

In orderto investigateheactionof IBC onthebacteriaimembranewe usedB. subtilis,
which is a non-pathogenicGrampositive bacteriausedfor studiesof antibacterialmode of
action(MORAO et al., 2019) Bacterialcells weretreatedwith IBC atits MBC value (3.13
pg/mL) for 15min, aswell aswith nisin (positivecontrol),anantibioticthattargetshebacterial
membraneproducing pores (WIEDEMANN; BENZ; SAHL, 2004) Two fluorescentdyes
propidiumiodide (PI) andSYTO9wereaddedwhich staincellswith disruptednembranesgin
red) andintact membranegin blue) (NAVARRO et al., 2020) Representativéluorescence
microscopyimagesof the negativecontrol (cellstreatedwith 1% DMSO), the positivecontrol
(nisinat5.0pg/mL) andIBC werepresentedh Figure3. Thepercentagesf cellswith damaged
membranesverequantified from the microscopemages(Figure4). Culturestreatedwith 1%
DMSO had approximatelyl0% of the cells with membranegpermeabilizedTreatmentwith
nisindemonstrate@5% of the cellsstainedwith PI/SYTO9dueto its ability to makesporesin
thebacteral membraneTreatmenof IBC displayeddamagepercentagesf 75%.
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Figure 3. Percentagef disruptedBacillus subtilis cells. C: cells treatedwith IBC; PC: cells
treatedwith nisin (positivecontrol)andNC: cellstreatedwith 1% DMSO (negativecontrol).
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Figure 4. FluorescenceMicroscopy of Bacillus subtilis stainedwith propidium iodide and
SYTO9.(A) negativecontrol (cellstreatedwith 1% DMSO); (B) positivecontrol(cellstreated
with nisinat5.0 ug/mL). (C) cellstreatedwith IBC. Magnification100x; Scalebar5 em.

Our finds arecorroboratedy otherstudieswhich reportedthatthe antibacteriainode
of actionof IBC is relatedto the disruptingactionon bacterialmembraneslBC wasableto
causedamageo the MSSA membranegvidencedoy diS-C3-(5) dye experiments|eadingto
macromoleculariosynthesisinhibition (DZOYEM et al., 2013). Song and collaborators
describechowIBC bindsto thephospholipidof MSSA membraneresultingin thedissipation
of proton motive force and metabolicperturbationg SONG et al., 2021) PalkcLabuz and
coauthorgdentified IBC asmembraneperturbingagentof humancolorectaladenocarcinoma
cells. IBC wasableto be intercalatednto model membranesaffecting phospholipidphase
transition(PALKO-G A B UeFal.,2021) Additionally, theantibacteriakffectof IBC hasbeen
correlatedwith the leakageof alkaline phosphatasAKP) dueto the impairmentof the cell
wall andcellmembranelamagetheinhibition of proteinandnucleicacidsbiosynthesisswell
astheinhibition of energymetabolism(CUSHNIE;LAMB, 2011;HE etal.,2018)

3.6. Cytotoxicity Assay

Theevaluatiornof newantibacteriatompoundsgainshumancellsis animportantstep
for investigationsof their selectivity and safety. The toxicity of IBC was testedagainst
epidermahumankeratinocytegHaCaTcell line), which waschoserbecauseskin is a typical
siteof S.aureuscolonization(GONGetal.,2006) IBC wasnotableto reducethecell viability
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of HaCaT cells at the highest concentrations(25 pug/mL) after 24 h (Figure 5). This
concentratioris approximatively20 times higherthanthe MIC valuesobtainedfrom assays
MSSA andMRSA, indicatingIBC hasselectivityat its antibacteriatoncentrationMoreover,

IBC demonstratetb belesscytotoxicthanchlorhexidineat concentrationgqualto or higher

than12.5pug/mL.

140 a

nnnlnTnl
%TT“ |
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I b |

25 pg/ml  12.5 pg/ml 6.25 pg/ml 3.12 pg/ml 1.56 pg/mL 0.78 pg/mL 0.39 pg/mL

% cell viahility

EIBC mCHX

Figure 5. Effect of IBC and chlorhexidineon the viability of HaCaT cells. The resultsare
expresseadsmeanst SDs.Differentlowercasdetters(a,b)showstatisticaldifferencebetween

IBC andCHX accordingto ANOVA andT u k etgst§ps<0.05).

In spiteof the nontoxic effectof IBC againstskin cells, severalstudieshavereported
its toxicity againstleukemiccells (YANG et al., 2019)andsolid tumor cells (KUETE et al.,
2015) includingcolorectalHCT116)(LI etal.,2019b) tongue(Tca8113)(SHI etal., 2015)
liver (HepG2)(LI etal., 2019a) breast(MCF-7) (SHI etal., 2018) prostate(PG-3) (LI etal.,
2018) gastric(MGC803)(JIN; SHI, 2016) cervical(HeLa) (SZLISZKA etal.,2012) ovarian
(OVCAR-08) (JING et al., 2010) and neuroblastom&IMR-32) (NISHIMURA et al., 2007)
The mechanisnof IBC cytotoxicity is relatedto apoptosisinduction via the mitochondrial
pathway,decreasingts transmembrang@otential (JIN; SHI, 2016; LI et al., 2019a,2019b;
NISHIMURA etal.,2007;SZLISZKA etal.,2012)

4. Conclusions

In summarywe newly synthesize@dndevaluatedBC aspartof our ongoingsearctfor
antibacteriabgentsIBC haspotentactivity againstGrampositive(MIC =1 . 5 6 u&L) 0
and MycobacteriunspeciegMIC = 62.5ug/mL). The combinationof IBC andvancomycin

exhibitedindifferenteffectsagainstMSSA andMRSA planktoniccells. Antibiofilm activity of
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IBC wasequipotento vancomycin,displayingsimilar MBIC values.The modeof actionof
IBC involved membranedisruption, which is a crucial target for the bacterial survival.
Furthermore jnvestigationsof toxicity againsthumankeratinocytesndicatedthat IBC is a
selectivecompound Altogether,our findings opennew avenuedor IBC asan antibacterial

agentwith potentialapplicationsasa drugcandidateandmedicaldevicecoating.
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CHAPTER 11l

Design, Synthesis andctivity against Mycobacterium
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ABSTRACT

IsobavachalconelBC) is a natural prenylated chalcone with walown antibacterial and
antimycobacterial activities. In this curtestudy, we usetBC as prototype to the design and
synthesis ofwentyfouranal ogs, expl or i ng i tussaturated kepneA an
bridge. Compounds were synthesized with overall yields ranging from 1 to 37%, by using
regioselective iodin#on and Suzukcross coupling reactions as key steps. All compounds were
evaluated againstMycobacterium tuberculosisH37Rv. Thirteen bioactive chalcones
demonstrated Minimal Inhibitory Concentration (MIC) ranging fr@7 to 25.0pg/mL.
Structureactivity relationship (SAR) analyses show@eprenyl group on ring Ap-hydroxyl

on ring B, and carbok}+carbonb double bondvere essential folmntimycobacteriahctivity.
Nitrochalcone IBC 14) and trifluoromethylchalconelBC 13) were the most active
compounds, with MIC of 2.7 and 348y/mL, respectively. All antitubercular chalcones
demonstrated satisfactony silico pharmacokinetic andrug-likenessproperties desired for

oral drug administration. In summary, the exploitation of IBC as antitubercular prototype led

to active analogs anconclusive SAR data.
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1. Introduction

Tuberculosis (TB)is an infectious disease caused Mycobacterium tuberculosis
which is recognized as a ttgihal diseaseaused bynfectious agenfWHO, 2021) According
to annual global TB report,about 9,9 million people fell sick with TB in 2020, and
approximatelyl.5 million people have died. The actual treatment agansgsensitive TB
treatmentconsists of combinations usingampicin (RMP),isoniazid (NH), pyrazinamide
(PZA) and ethambutdEMB) for at least six months. The increase of multidregjstant TB
(MDR-TB), which includes theesistaceagainstat least twdirst-line drugs such asNH and
RMP is a global health challenggVHO, 2021) The treatment of MDR'B is complex,
requiring a combination ofluoroquinolone (ofloxacin, levofloxacin or moxifloxacin) and
injectableaminoglycosidegcapreomycin, kanamycin or amikacifor 18 manths. The long
period, severside effectsandsocioeconomic factoded tofailure of TB treatmen{SEUNG,;
KESHAVJEE; RICH, 2015Moreover, the emergence of extensivelygresistant TB (XDR
TB), which involves theesistancegainstboth first and secondine drugs represennather
massive globaproblem(SEUNG; KESHAVJEE; RICH, 2015; WHO, 2021 this context,
delamanid, pretomanid, and bedaquiline are new drugs an used in drug combinations against
MDR-TB and XDR-TB, which allowed theshorening and improvement of TBtherapy
(IGNATIUS; DOOLEY, 2019) However, drug resistana@gainst these drugs are emerging,
demanding greater and continuoafforts in searchof innovative antitubercuar drugs
(BLOEMBERG et al., 2015)

Natural products are recognized as the biggest source of bioactive compounds,
exhibiting a high chemical diversity which could be explored fodrug discoveryof
antimycobacterial compound@AN et al., 2022) Among highlightednatural products,
chalcones are at central position due to their concise synthesis and prgrhaimgcological
propertieZHUANG et al., 2017)The great chemical diversity of natural chalconesleted
to versality ofsubstituent®n aromatic rings, including hydroxyl, methoxyl and prenyl groups
(CAESAR; CECH, 2016; CHEN et al., 2014; RAMMOHAN et al., 2020; ROZMER; PERJESI,
2016) Prenylgroups are side unsaturated chains, which can be constituted by five (isoprenyl),
ten (geranyl) andifteen (farnesyl) carbon atoms, which canlinked at phenolic ring via a
carbon or oxygen atasnROZMER; PERJESI, 2016)SomeC-prenylated chalcones from
Fabaceae, Moracea@annabaceae, Euphorbiaceae and Asteraceae possess antimycobacterial
activity (CHIANG et al., 2010; FRIISMZLLER et al.,2002; HONG et al., 2010; KUETE et
al., 2010b; LALL; HUSSEIN; MEYER, 2006; LOU et al., 2020) Among them,
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isobavachalcondBC) or corylifolinin from Dorstenia barterdemonstrated antimycobacterial
activity againstMycobacterium tuberculosigncluding its effects against INBusceptible
(MTCS2) andiNH-resistant (MTCS1¢linical isolate CHIANG et al., 2010; KUETE et al.,
2010b) Moreover,IBC is an inhibitor of extracellularutleaseRv0888 fromMtb H37Rv, a
virulence factor associated with tpersistence oM. tuberculosisn the host{DANG et al.,
2016) In our previous studyASSIS et al., 2022)IBC was active against three standard
mycobacterial specied). tuberculosis M. avium,and M. kansasii IBC also demonstrated
activity against Granpositive bacterial specie®UETE; SANDJO, 2012; WANG et al.,
2021)

Considering the antimycobacterial activities IBIC, we selectedt as prototype to
access thestructureactivity relationship(SAR) againstMycobacterium tuberculosisWe
designed and synthesiz2danalogswith structural modifications on prenyl subunBC 2 1
IBC 23), ring B (BC 1 IBC 20) andtrans-enone chalconic bridg®d-I1BC). Among them,
six are known bioactive natural compounds, such as isoliquiritige@ Z1), xanthoangelol
(IBC 22, morachalcone A(IBC 3), corylifol B (IBC 4), isocordoin IBC 6) and
hayneanachalcor{(tBC 7) (BORGESARGAEZ et al., 2009; CUI et al., 2015; DU et al., 2013;
GANAPATY et al., 2006; INAMORI et al., 1991; PENG et al., 200M/hereas two chalcones
(IBC 9 andIBC 11) were found as synthetic derivativdsSNOKI et al., 2004; NARENDER;
REDDY, 2007) and 15 compounds are new chemical entitB€ (1, IBC 2, IBC 10, IBC
1 2IBC 20, andDHIBC). In addition, we determineih silico pharmacokinetic and drug

likeness properties of select analogs.

2. Results and Discussion

2.1. Chemistry
Synthesis of compoundiBC, IBC 1 IBC 23 andDHIBC ) wasachieved using five to

eight steps$chems 1 7). 2646 Dihydroxy-3 fodo-acetophenonéA.2) was obtaineasthe
majority product 90% vyield) from regioselectiveiodination of starting material,2§46
dihydroxyacetophenon@.1) by usingl2/KIO3 (Scheme 1fWANG et al., 2015)26hydroxy-
3 -todo-acetophenone(A.4) was obtained with 60% vyield from iodination of6
hydroxyacetophenon@.3), usingiodine andhydrogen peroxidéScheme 2JGALLO et al.,
2010)
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Scheme 2lodination of4&hydroxyacetophenone

Phenolic hydroxyl groups oA.2 and A.4, as well as thenydroxybenzaldehyde
derivativeswere protected by MOM, with yieldsf 95%. Aldol condensation betweek5 and
A.6 with several respective benzaldehyde derivatives, using KOH and ethanol, furnishing
chalcone intermediarigs . €.14andC . 1C721, with6 0 9ykelis However,using these
conditions pyridinyl derivativesC.15andC.16was not obtaied, with the formation of several
products. Wachter and cavorkers suggested that during aldol condensation involving
pyridinylcarboxaldehyde can ocsuan intramolecular metabmplexationbetween carbonyl
and nitrogen of the intermediate aldolakis intramolecular complexation led to aldol adopt
a gauche conformation, favoring the formation of thermodynamically less sisidlealcone
which canrapidly undergoes Michael addition wigémolae resulting in a symmetric diketone
(WACHTER-JURCSAK; RADU; REDIN, 1998) Bhambra andco-workers successful
obtainechalogenated pyridinylchalcone using LIOH and anhydrouslib¥ane as theatalyst
and solvent, respectively. Herein, similar conditions using a catalytic amount of NdQ&
the formation of the desired pyridinylchalcon€sl5 and C.16, with 30 and 40% yields
respectively(Scheme 3).

ReactanR.1is commercially available with high economical costs, encouraging us to
prepardt (75% yield) using the protocol reported by Miralles et al., with slight modifications,
using bis(pinacolato)dibororand 1,1-dimethylallyl alcohol(Scheme 4 MIRALLES et al.,
2016)(Scheme 4).
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Ar =ring B

Scheme3. Synthetic row for prenylated chalconelBC,| B C IBC 8,IBC 1 0IBC 20 and
IBC 23). a) reaction conditions for chalcon€s. €.14andC . 1C721: 60% KOH, EtOH, rt;
b) reaction conditions for pyridinylchalcon€s15 and16: NaOH, 1,4dioxane, rt

\ /\)\
, > B
MeOH; THF a,’

Cs,CO4; 24h RA
75%

Bis(pinacolato)diboron
Schemed. Preparation oR.1

SuzukiMyiuara aosscoupling reactionsvere performed between chalconé€s. (1
C.21) andtheprenylboronic acid pinacol estéR.1), usingPdCh(dppf) as catalyst and @SOs
as basis in DMF at 70 Q@VANG et al., 2015)furnishingC . 2C242with yields ranging from
6% to 69%. Mo s t of the prenylated chal cerafes wer
chromatographic purifications. Four ehal c
pyridylchalcone C.36, 15%), as well as chalcones substituted by@B838, 6%), Ck (C.34,
10%), and NQ@(C.35, 18%) (Scheme 3).

The last synthetic step involved the deprotectiofCof 2C242 in acidic conditions,
giving therespective phenolic prenylated chalcoheB C IBC 8, IBC 1 0IBC 20, andIBC
23 with yields ranging from30% to 75%. Eight chalcones were obtained with overall yields
between 1 and 10% B C 1,09 dndeleven > 109 B C 7,1BC 9, IBC 17, IBC 18,
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IBC 20). Total synthesis of isobavachalcoi®( ), morachalcone ABC 3), corylifol B (IBC
4), hayeanachalcon¢BC 7) and isocordoinlBC 6) were achieved with yields @2%, 13%,
12%, 35%, and 1%, respectively (Scheme 3).

Reduction ofiBC 14 using tin(ll) chloride in ethandSONMEZ et al., 2011furnished
aminochalcondBC 8 with 64%yield and an overall yield of 5% (Scheme 5).

y ® ¢ R y ® C "
Z X EtOH, reflux, 2h Z A
OH O OH O

64 %
IBC14 IBC8

Schemeb. Preparatiorof aminochalconédBC 8

Wang and ceworkers synthesized xanthoangelaking granylated boroniacid
pinacol este(WANG et al., 2015)However, this reactant is not commercially availahtel
its synthesis generally furnishes theandZ-isomerg MIRALLES et al.,2016) Thus, we used
procedures described by Sugamoto andvodkers e(SUGAMOTO et al., 2011)Total
synthesis of isliquiritigenin (IBC 21, 75%) and xanthoangeldBC 22, 65%) were achieved
with 22 and 17% overall yields, respectively, after six synthetic steps. First, confpgunds
2 ®©-geranylated with geranyl bromide furnishidd. CompoundA.8 wascondensatwith 4-
(met hoxymet hoxy) ben z-gdradytokyghdlamneC.48 (00 86). $11BJF n g 2
Sigmatropicrearrangement of geranyl group@#3with montmorillonite K10 clay furnished
C-geranylated chalcone&c(45, 38%) and unsubstituted-&06 ¢ h aCl44 8500k Firally,
compoundsC.44 and 45 were submitted to deprotection reaction, furnishing isoliquiritigenin
(IBC 21, 75%) and xanthoangeldB(C 22, 65%) (Scheme 6).
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0Gr 0 e OH O e OH O
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C.44 and C.45

IBC21.R=H
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Gr=
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Schemeb. Synthetic route oisoliquiritigenin (BC 21) and xanthoangelolBC 22)

Ngmeni et al(2007) reported the hydrogenationlBC usingH2and PdC as reducing
agentand catalyst, respectivefNGAMENI et al., 2007) However, the hydrogetion co-
occurredat U ,-doubleand prenyl double bond#ieran, we usedEtsSiH and Pd(©QAc): as
reducing agenand catalyst respectively. We achieved chemoselectiveeduction ofU ,- b
double bond, furnishing thaghydroisobavachalcon®@IBC ) with 11% overall yield(Scheme
7).

HO OH
HO OH
O O Et;SiH/Pd(OAc), O O
Z A EtOH, 5 min, rt z
509
OH O % OH ©

IBC DHIBC

Scheme7. Preparation oDHIBC

2.2. Activity againstMycobacterium tuberculosis

Antimycobacterial activities of compounds were evaluated agdnstuberculosis
H37Rv (ATCC 27294)n concentrations ranging fro@b to 0.09 ug/mL. Minimal Inhibitory
Concentration (MlGy) was the lowest concentratiothat inhibited 90% or more the
mycobacterial growth by using resazurin as viability indicator. Results are presented in Tables
1and 2.

Among 22 chalcones, twelve inhibitéttb growth with MIC values ranging from 2.7
to 25.0 pg/mL (Tables 1 and 2). Chahes displayed the following decreasing
antimycobacterial potencyBC 14> IBC 13 >IBC 1> IBC 2> IBC 22> IBC 10> IBC 16
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>|BC >IBC 3=1BC 7,IBC 15, IBC 23. Chalcone substituted Ipara-nitro on ring B (BC
14) was the most active compoursthowing a MIGo value of 2.7 pg/mL, followed bpara-

trifluoromethylchalconelBC 13) with MICgo value of 3.8 pg/mL.

Table 1. Activity againstMycobacteriuntuberculosisof IBC analogs of series| (B C 2)1

andDHIBC

R O DHIBC
R MIC o0
Cod. R RO6 (ug/ml)
IBC 21 H OH >25.0
IBC 22 geranyl OH 7.7
IBC 23 prenyl H 25.0
DHIBC - - > 25.0
RMP - - 0.01

Table 2. Activity againstMycobacteriuntuberculosisof IBC and its analogs of series Il and

RMP = rifampicin

MIC g0 o
Cod. R or Ar (ug/mL) u
IBC 4-OH 12.5 -0.61 -0.37
IBC1 3-OH 5.9 -0.50 0.12
IBC 2 2-OH 7.2 -0.41 -
IBC 3 2,4-diOH 25.0 - -
IBC 4 3,4-diOH >25.0 - -
"o IBC5 2,5diOH >25.0 - -
Z%. IBC6 H 25.0 0 0
\(\)@\n/%/@ R IBC7 4-OMe 25.0 0.02  -0.27
OH O IBC 8 4-NH> >25.0 -1.30 -0.66
series 11 IBC9 4-Me >25.0 0.56 -0.17
IBC 10 4-F 8.9 0.14 0.06
IBC 11 4-Cl >25.0 0.71 0.23
IBC 12 4-Br >25.0 0.86 0.23
IBC 13 4-CR 3.8 0.88 0.54
IBC 14 4-NO; 2.7 0.22 0.78
o IBC 15 3-pyridinyl 25.0 - :
IBC 16 4-pyridiny! 11.7 - -
Y\)@\'&Ar IBC 17 2-furanyl >25.0 - -
OH O IBC 18 2-tiophenyl >25.0 - -
serics LI IBC 19 1-naphthyl > 25.0 - -
IBC 20 2-naphtyl > 25.0 - -
- RMP - 0.01 - -

" (hydrophobicityfHANSCH et al., 19733ndU (electronic effecQHANSCH; LEO; TAFT, 1991fonstantsefer
to substituent$-R) on phenyl(ring B). RMP = rifampicin

23
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MICgo values of prenylated chalcones agailib allowed a preliminary discussion
about the structurantimycobacterial activity relationship. Series | is constituted by three
chalcones|( B C IRCl 23). Isoliquiritigenin (BC 21) and xanthoangelollBC 22) were
designed to evaluate hydrophobicity effe€tisoprenylon ant-Mtb activity, by removing or
extending thasoprenyl groupat position3 respectively. Kidrophobic nature of the prenyl
grougs have been associated with the bioactivity of phenolic compoufatslitating thar
penetrationthrough biological membrane@AVILA et al., 2008; GO; WU; LIU, 2012;
SHAMSUDIN et al., 2022)Indeed, we found that the isoprenyl groups was essential fer anti
Mtb activity of IBC considering its noimsoprenylated congener isoliquiritigeniBC 21) was
not active (MIGo > 25 pg/mL). In addibn, the elongation of prenyl side chain, from 5 to 10
carbon atoms, increased the antimycobacterial activitB@f22 in about 1.6fold (MICgo =
7.7 pg/mL) in comparison witlBBC (MICgo= 12.5 pg/mL). We investigated the relevance of
2 -dydroxyl group to antimycobacterial activity. Unsubstituted @C analog [BC 23) was
2-fold less active thatBC. Hy d r o xoytho-pasitioned t carbenyl group, allowing an
intramolecular hydrogn bond and forming a pseudix-membered ring §cheme8). This
pseudoring reduces potentialémholecular hydrogen bonds and increases lipophilicity, which
may collaborate with the permeation into biological membranes, increasitgQhactivity.
Moreover, this subunit caochelate different metallic iongJOHNSON; YARDILY, 2019;
SYMONOWICZ; KOLANEK, 2012) which may deregulatehe function of bacterial
metalloproteins(BASIC et al., 2014; GORNIAK; BARTOSZEWSKI; KROLICZEWSKI,
2019)

Series Il explored modifications on ring B with strategic substituents to investigate
electronic(ll) and hydrophobid”) parameter contributianto antimycobacteriabctivity. {
Constantcharacterizeghe electrordonatingor electroracceptor effecof substituentson
phenyl ring (HANSCH; LEO; TAFT, 1991) On the other hand, constantdescribes
hydrophobicly (HANSCH et al., 1973)

First, comparisons among compounds exhibiting ph@B{Z 6), hydroxyphenyl IBC,

IBC 1 andIBC 2), resorcinol [BC 3), catechol IBC 4), and hydroquinondBC 5) as ring B

allowed to verify the effects of the presence, position and number of hydroxyl groups for
antimycobacterial activity. The presence pfphenolic ring B increased -2ld the
antimycobacterial activity oBC (MICgo = 12.5 pg/mL) when compared IBC 6 (MICgo =

25.0 pg/mL). The increasing of Mg value was higher (old) in analogs carryingrtho-

hydroxyl (BC 2) or metahydroxyl (BC 1) , which could be relat

parameter in comparison witBC. Otherwise, an additional hydroxyl group has significantly
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decreased the antimycobacterial activity®€ 3 IBC 5 when compared tbydroxyphenyl
analogsiBC, IBC 1 andIBC 2).

Second, we investigated the substitution of phenyl ring by other eledron groups,
such ap-CH3 (IBC 9), p-OCHs (IBC 7) andp-NH2 (IBC 8). These substitutions reduced the
bioactivity in comparison téBC, suggesting that electratonation was not crucial, but the
weak acidic property of phenol can be required for antimycobacterial activity.

Third, we compared the effects of electmithdrawing groups on ring Br antiMtb
activity, such as FIBC 10), Cl (IBC 11), Br (IBC 12), CFK (IBC 13) and NQ (IBC 14).
Analogs carrying N@ CR and F displayed antimycobacterial activity with My©f 2.7, 3.8
and 8.9 pg/mL, respectively. On the other hand, analogs carrying Gravete inactive (MIC

O 25 OAatbgethe), hese groups promotenaverall increse in * and O parar
compared to unsubstituted ring BBC 6) andIBC (Table 1). B omi ne ( ° = 0.
trifluoromethyl (" = 0.88) have similar hyd

is 2fold higherinCE( & =0.23) than Br (0 =0.54), sugo(
antimycobacterial activitpf IBC 13. T h i +seffe@t on antiMtb activity was clearer when the
substituent group wasMO», the most potent anajoMoreover,the potentantimycobacterial
effect of nitrochalconecould result from enzymatic biotransformation of group nitro by
mycobacterial nitroreductas€lENG; KIM, 2021) Interestngly, fluorine substituentBC 10)
slightly increases the °~ and 0 par ehfoeneer s
(IBC 11) andbromine (BC 12), these parameters are stronger. HoweN&t, 10 showed
antimycobacterial activity -Bold higher tharunsubstituted analodBC 6), whereadBC 11

and IBC 12 were inactive.These data suggest that the stronglectronegativenature of
fluorine in comparison tehlorine and brominemay be an additional property required for
antimycobacterial activity.

For the series 1l of compounddBC 15 IBC 20), the replacement of phenol ring by
homoaryl and heteroaryl rings was proposed. In ordeinvestigate hypothetical ring
bioisosterismgcomparisons werearried outto determine the effect of replacementpbinyl
ring BinIBC6by heter oar y l-electrons, gnsludimgi-2urdnyl ($8C 17), 2-
thiophenyl (BC 18), 3-pyridinyl (IBC 15) and 4pyridinyl (IBC 16). ChalconedBC 17 ard
18 were unable to inhibit mycobacteria growth (MG 25 pg/mL), whereadBC 15 did not
affect antimycobacterial activity (Mg = 25 pg/mL) Otherwise,IBC 16 was twicemore
potent thanBC 6, exhibiting MIGy valueof 11.7 pg/mL. hese compari sons
electron density was not relevant to antimycobacterial activity. On the other hand, the high

activity of IBC 16 compared téBC 17 and18can be attributed to theasicity of pyridine ring.
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In addition we investigated the effet o f e x gelacranumberus;nd homoaryl rings
(1-naphthyl an@-naphthyl) which demonstrate e relectrons1-NaphthylchalconelBC 19)
and2-naphthylchalconelBC 20) wereinactive (MIGy > 25 pg/mL).

Comparison between Migvalues ofIBC and DHIBC s u g g e s-tunsafurated, b
ketone bridge has pharmacophoric contribution, consideringOR#BC was completely
inactive MIGo> 25 O g /Unsht)rated kktorie bridge has potential as Michael acceptor,
reacting with biological neleophiles, such as cysteine residues (JOHANSSON, 2012;
MAUCHER et al., 2017). Besides, this subunit is crucial for pharmacological effects of drugs
(e.g., penicillins, cephalosporins, fosfomycin, acid acethylsalijcylisich can be classified as
covalent inhibitors (BAUER, 2015).

In summary, we presented preliminary structanémycobacterial activity relationship
data forIBC and its analogs. SAR investigation has not been explored in literature so far, and
these finds will contribute to design new analogs with potent antimycobacterial activity
(Schemes).

----------------------------------

IAddIi(t‘ionaI OH feeann ;' variation of p-OH to ortho or
ossidecreases meta increases anti-Mtb activity
---------------------- . bioactivity N N e mmmmmmmmmmmmmmmmmmEEmmmmm————————
increases anti-Mtb H : goTTTToTTTTTmmToTTmmmAASARRmR AR,
: activity : teeen-. s F,CFyorNO, are better for anti-
: : : MeeeeeeeeeoMtbactivity L 3
:W .. ...... - o ove TN .
'-‘_ ) : ' Me, Br, Cl decreases/loss anti- E
"""""""" : e Mtbactivity
: HO OH
. 7 ™ O N 0 4-pyridinyl slight
el Y7 | improves bioactivity
A 0.0 Ar
H '!{ 3-pyridinyl/ 2-thiophenyl,

2-furanyl, 1- or 2-
naphthyl decreases/loss
anti-Mtb activity

Crucial for anti-Mtb
activity of IBC

Scheme8. StructureAntimycobacterialActivity Relationship ofBC and its analogs

2.3.In silico drug-likeness and pharmacokinetic properties investigation
Among drug delivery routes, the oral pathway is frequently desirable for administration

of tuberculostatic drugs due to tleay administration, feasibility for solid formulations



71

controllable deliveryand patient adhesion for periodHOMAYUN; LIN; CHOI, 2019)
Additionally, compounds must have physicochemical parameters to avoid fi#ilnes of
absorpion, distribution, metabolism and excretion (ADME) in advanced clinical phbestss
context, conputational approaches can predict physicochemical and pharmacokinetics
properties that classify the compounddasg like oral route. Using the SwissADME, a free
web tool, (DAINA; MICHIELIN; ZO ETE, 2017) we applied fivein silico filters used by
pharmaceutical companiés improve the quality of theiproprietary chemicalibraries: i)
Lipinski ~ (Pfizer) (LIPINSKI, 2004) Ghose (Amgen)(GHOSE; VISWANADHAN;
WENDOLOSKI, 1999) Veber (GSK)(VEBER et al.,, 2002) Egan (PharmacialEGAN;
MERZ; BALDWIN, 2000) and Muegge (Baye(MUEGGE; HEALD; BRITTELLI, 2001)
Results were summarized in table 3.

Physicochemical properties analyses include the cutde weight (MW), number of
atoms (NA), number of rotatable bonds (NROT), number of hydrogend donor(HBD),
number of hydrogerbond acceptor(HBA), molar refractivity (MR) and topological polar
surface area (TPSALipinski suggests that druglike comppnds shoul d have
g/ mol, HBD O 5, and HBA O 10. MoreoWe&=x, Gh
20to70and MR = 40 130. Muegge stipulated tha
HBD O 5, HBA O 10 and, addi t iaromatck tings, Almo | e
antimycobacterial chalcones did not violate these parameters.

TPSA and NROTB are two parameters used to predict drug absorption, including
intestinal absorption, bioavailability, ca&@ permeability and bloetrain barrier
penetratio (DAINA; MICHIELIN; ZOETE, 2017). TPSA considers the sum surfaces of
polar atoms likeD- andN- in a molecule, while NROTB is a parameter that measures the
degree of moleculdtexibility. According to computational approach, Egaonsiders small
mol ecul es wi t h good or al bi oava&iVembant i t y
coll aborator s, based on st ud%anidn NRaTsB, Oe sltC
optimum values fosatisfactory bioavailability of candidate drugs by oral rqMEBER et
al., 2002) TPSA and NORTB values exhibited by selected chalcones suggest a good

theoretical potential bioavailability by oral route (Table 3).
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Table 3. Physicochemical, Pharmacokinetic & druglike propertiesatimycobacterial
chalcones

IBC1 IBC 2 IBC10 IBC13 1IBC14 IBC16 IBC22 IBC

MW(g/mol) 324.4 324.4 326.4 376.4 353.4 309.4 392.5 324.4

NROT 5 5 5 6 6 5 8 5
HBA 4 4 4 6 5 4 4 4
Physicochemical HBD 3 3 2 2 2 2 3 3
parameter TPSA (R?) 77.76 77.76 57.53 5753 103.35 70.42 77.76 77.76
MR 96.04 96.04 93.97 99.02 102.84 91.81 119.6 96.04
log S -4.3 -4.0 -4.8 -5.6 -5.2 -4.3 -5.0 -4.3
log P° 3.7 3.6 4.2 4.8 4.5 3.6 4.7 3.5
Pharmacokinetic Gl absorption  high high high high high high high High
parameter BBB no no yes no no yes no no
Lipinski 0 0 0 0 0 0 0 0
: Ghose 0 0 0 0 0 0 0 0
p?g‘:)ge'r'i‘igs Veber 0 0 0 0 0 0 0 0
Egan 0 0 0 0 0 0 0 0
Muegge 0 0 0 0 0 0 0 0

MW = molecular weight; HBD = number of hydrogeond donors; HBA = number of hydrogen acceptors donors;
TPSA = topological polar surface area; NROTB = number of rotatable bondsP Lodipophilicity; GI =
gastrointestinal; BBB = bloetrain barrier; LogS = solubility. 3.og S= 0,5-Log P-0,01x(MP-25)YIN GQING;
JAIN; YALKIWSKU, 2003); PDetermined by partition coefficienin{octanol/water), HPLC meth¢@ECD,
1989)

The coefficienpartition betweem-octanol and watelddg Po/w) value is an important
descriptor of lipophilicity, a common physicochemicalparameterused to estimate the
biologicalmembranspermeability A variety of methods can estimdte values ofog P with
satisfactory resultsVe have experimentallgeterminedthe logP valuesby HPLC method
according to procedures described by OECD Guidelines for the Testing of Clsd@IE&ID,
1989) Ghose suggestlag P ranging from-0.4 to 5.6 Lipinski logP O MueggelogP = -2
to 5, and EgalogP O 5 W8 fBund that most poteantimycobacterial chalcone8C, IBC
1,IBC 2,1BC 10,1BC13 IBC 16, andIBC 22) displayedlog P values ranging from 3to 4.8
(Table3).

Satisfactory oral bioavailability is achieved by an optimum balance between aqueous
solubility and lipophilicity properties. Aqueous solubility affects the absorption and
distribution profile (DELANEY, 2004) A log S value between-1 and-5 is desired for a
bioactive compoung aiming to decrease theprobability of failure in clinical phases
(JORGENSEN; DUFF, 2002) Thus, we predicted the aqueous solubility by General
Solubility Equation (GSE)Jlog S = 0.5log P-0.01 x (MP-25) (YINGQING; JAIN;
YALKIWSKU, 2003). According to logS range, compounds were classified as insoluble
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(log S<-10), poorly soluble (log=-10 to-6), moderately soluble (lo§=-6 to-4), soluble
(log S=-4to-2), very soluble (log -2 to 0), and highly soluble (Lo§> 0) (JORGENSEN;
DUFFY, 2002) The results were summarized in table 3. For GSE application, we used the
experimental lo@® (table 3) and experimental melting point (MP) (supplementary material).
Antimycobacterial chalcones were classified as watduble or moderately soluble,
displaying logSranging values fromb.6 to-4.0, which are desired Idgrange for bioactive
compoundfJORGENSEN; DUFFY, 2002)

Permeationthroughgastric tissue anititestinalepithelium(GlI) and blood brain barrier
(BBB) is a central data for biedive compoundsWe investigated the human intestinal
absorption (HIA) andBBB permeation ofintitubercular chalcone3his modelis dependent
on the lipophilicity and molecularpolarity. All chalconesshowed high prediddlA values.
About BBB permeationmostcompoundsre not able to across this barrier, with exception of
IBC 10 and16.

3. Conclusions

In summary, we designed and synthesized isobavachalt®@g énd twentythree
related analogs with modifications on rings A andIBC 1 IBC 23) , as wel | as
unsaturated ketone bridgPHIBC). Among them, ifteen are novel chemical entities, and
seven are naturallgccurring chalcones (isobavachalcone, isoliquiritigenin, xanthoangelol,
hayneanachalconéocordoin, corilyfol B, and morachalcone A). We achieved the first total
synthesis of thehayneanachalconéBC 7), with 37% overall yield. Twelve chalcones
demonstrated activity against. tuberculosiSMIC = 2.7 25 ug/mL) Preliminary $ructure
antimycobacteriahctivity relationshipdata suggesteithiat prenyl side chain, hydroxgh ring
B, anddouble bound beteve n ¢ a rabe@rocial stibunits for antimycobacterial activity of
IBC. Moreover, substitution on ring B by nitrtBC 14) andtrifluormethyl (IBC 13) led to
most potentantimycobacterial agentélso, the most promising antimycobacter@ialcones

demonstrated satisfactoiry silico oral druglikeness profile

4. Material and Methods

4.1. Chemistry
Reagents andolvents were purchased from Mefckrhe reactions were checked by
Thin Layer Chromatograph§f LC) plates (Supelco ®), which were revealed under ultraviolet

at 254 nm and 365 nm. Purification of compounds was perforoest silica gel
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chromatography columf230-400 mesh, Aldricf), using mktures of hexaneandethyl acetate
as mobile phaselH and ¥C Nuclear Magnetic Resonance (NMRypectra HPLC
chromatogramsUV1 Vis spectra and melting points ().pverepresentedn Supplementary

material (Chapter V)

4.1.1.Synthesis

1-(2,4-Dihydroxy-3-iodophenyl)ethanone A.2)

To a mixture of 346-dyhydroxyacetophenon®.82 g, 35 mmglandKIOsz (1.5 g, 7.0
mmol) in ethanol 25 mL) and water 40 mL) was added iodin¢4.0 g, 15.8 mmolpat 0°C
(WANG et al., 2015)The crude producimixture was stirred for 12 ht room temperature
Then 30 mL of 10%sodium bisulfitesolution was added under ice batand he white
precipitatedvas filtrated and recrystallized from hexane and ethyl acetate &fdndingA.2
with 90% yield.

1-(4-hydroxy-3-iodophenyl)ethanone A.4)

To a mixtureof 46hydroxyacetophenon@.7 g, 2 mmadland iodine (0.76 g, 3 mmol)
in distilled water (10 mL) was added 0.7 mL of hydrogen peroxide aqueous solution 30% (m/v)
(GALLO et al., 2010) The mixture reaction was stirred at room temperature for 2 4h. After
that, an agueous solutiaf sodium thiosulfatevas added to the mixture, which was extracted
with ethyl acetate (3 x 25 mL). The combined organic layers were washed with brine, dried
over MgSQ, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatographgversilica gel using a mixture dfexanedichloromethan@acetone
(0.5:0.4:0.1) furnishind\.4 as a white solid witl60%yield.

1-(3-iodo-2,4-bis(methoymethoxy)phenyl)ethanoneA.5)

A mixture of A.2 (10.8 mmol) and anhydrous,€0z (86.4 mmol) in acetone (20 mL)
was stirred at room temperature for 30 (MWANG et al., 2015) Then, methoxymethyl
chloride (5 mL) was added under an ice bath in aliquots for 1 h. The reaction was stirred at
room temperature for 6 h. Crude product was extracted with ethyl acetate (3 x).25haL
combined organic layers were washed witfCRxs solution (1 mol/L)and brine, dried over
MgSQy, filtered and concentrated under reduced pressure to give acetoptiEmasea

yellowish oil with 95% yield.
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1-(3-iodo-4-methoymethoxyphenyl)ethanoneA.6)
The procedure was the same usedAd, usingA.4 as substrate furnishing.6 as a

translucent colorless oil with 95% yield.

2-hydroxy-4-(methoxymethoxy)acetophenone A.7)
The procedure was the same usedAdr, usingA.1 as substrate furnishing.7 as a

translucent colorless oil with0%yield.

(E)-1-(2-((3,7-dimethylocta-2,6-dien-1-yl)oxy)-4-(methoxymethoxy)phenyl)ethanone
(A.8)

A mixture ofA.7 (2 mmol), anhydrous BCOs (4 mmol), andyeranyl bromideZ mmol)
in dry aceton€10 mL)was stirrecunder reflux for 24 FSUGAMOTO et al., 2011)The crude
product was extracted with ethyl acetate (3 x 25 mL), dried over M@®@ evaporated under
reduced pressure, obtainiAg as translucent oil witB0%yield.

Methoxymethoxybenzaldehyde¢ B. 1 6)

The hydroxylated benzaldehydes derivatives were protected by MOM group using the
same protocol reported .5, obtaining the following MOMbenzaldehydes:-@-MOM-
benzaldehyde B.1, 85% yield); 30-MOM-benzaldehyde B.2, 95% yield); 4-O-MOM-
benzaldehydeBR.3, 95% yield), 2,4-BissO-MOM-benzaldehydeR.4, 90% vyield), 3,4Bis-O-
MOM-benzaldehydeR.5, 85% yield), and 2;/Bis-O-MOM-benzaldehydeR.6, 82% yield).

General procedure for synthesis of chalcones. 1 ar&iC.43

Procedure for ¢OG.mpodud il sdatadckstire€kt#olicsolution
(5 mL) of acetophenone (2 mmo§nd respective benzaldehyd€®.2 mmol) was added
dropwise an aqueous solution of KgeD% w/v, 2 mL) at 0°C (WANG et al., 2015)The
reaction was stirred for ® hours at room temperaturélpon total conversion, the crude
productwas extracted witlethyl acetate (3 x 261L). The organic layers were combinauald
washed withsaturated NaHS40aq) solution (2x10 mL) to remove benzaldehyde excess
(BOUCHER et al., 2017dried over MgSQ filtered, and concentrated under regldipressure,
furnishing respective chalcon€s. 1 aridg@. 1 7. 21

Procedure for C.15and C.16 Chalconesvereprepared according ®®hambra et al.,
with slight modifications(BHAMBRA et al., 2017) To a stirred mixture of3- or 4
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pyridinecarboxaldehyd@ mmol) and NaOH (2 mmol) in anhydrous-ti¢xane (5 mL) in ice

bath was added slowly 2 mL of the solutionf0b (1.5 mmol)for 1 h. Themixture reaction

was stirred at room temperature for 30 minutépon conversion, the crude produsias
extracted withethyl acetate (3 x 261L), dried over MgSQ filtered, and concentrated under
reduced pressure. The crude product was purified ovest géil chromatography column using

a mixture of ethyl acetate:hexane (3:7) as mobile phase, furnishing the respective chalcones
C.15andC.16.

Synthesis of 3methyl-2-butenylboronic acid pinacol ester R.1)
In athreeneck rounebottom flaskcontaining a solution dBis(pinacolato)dibarn in
THF (10 mL) was adde@<COs (20 mmol),methano(8 mL) and2-metyl-3-buterr2-ol (8.6
mL; 80 mmol)(MIRALLES et al., 2016)Ihe mixture reaction was stirred underdtmosphere
at 40 °C for 24 h. After this period, crude product was extracted with ethyl acetate (3x25 mL),
washed with brine, dried over Mg%@nd concentrated under reduced pressure toRyilvas

a translucent oil (75% yield).

General procedure for synthesis oprenylated chalconesC. 2 2 4 2

In athreeneck rounebottom flaskwere added the respective chalesrC. 1) (2 1
mmol) in DMF (3 mL), CsC® (4 mmol), PdCGl(ddpf) (0.2 mmol), and3-methy}2-
butenylboronic acid pinacaster R.1) (3 mmol)(WANG et al., 2015) The reaction mixture
was stirred at 80 ainbsphave: Thdn, tie mixture readtenr wasicodled o g
to room temperature, diluted with ethyl acetate (30 mL) and filtrated over celite column. The
filtered was washed with distilled water (4x50 mL) and brine (1x50 mL), dried over magnesium
sulfate, filtratedand evaporated under reduced pressure to give ecdimied oil, which was

purified over silica getolumn chromatography, furnishing the respective prenylated chalcones.

Rearrangement ofchalcone C.43

To a stirred solution of£.43 (1.8g, 3.7 mmal in dry CH.Cl> (50 mL) was added
montmorillonite K10 2 g) at 0°C andthe reaction wastirred forl h at room temperature
(SUGAMOTO et al., 2011)The crude product was filtrated, washed several times with ethyl
acetate and concentrated under reduced presdiegniog a brown oil. The oiwas purified
over silica gelcolumn chromatographwith hexane/ethyl acetdeeetone (9.5:0.25:0.2%)
afford compound C.44andC.45as a yellow solids with yields & and 38%, respectively.
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General procedure for deprotection

To a stirred solution of MOMprotected chalconegs. 2 2andC. 4 4 (1 ol eq)
i n approximately 3 5 mL BGl1rwéL@dueotskdlutiqn(l3 1)
5 mmol eqglat 0 °C. The mixture reaction was stirtgtler reflux for 6 h. The mixture reaction
was poured into crushed ice, and additionally, for pyridinyl derivat:86 andC.37, it was
neutralized with 10% NaHC O The crude product was extracted using ethyl acetate (3 x 20
mL). The organic layera/ere combined, washed with brine, dried over MgSi@rated, and
evaporatedunderreduced pressure. The crude product obtained was punifextsilica gel
column chromatography with hexane/ethyl acetate to afemplective chalconédBC,I BC 1
7andIBC 9. 23

Synthesis ofiBC 8

In a ethanolic solution (2 mL) ofBC 14 (0.08 mmol) was added Sn@H.O (0.4
mmol) (SONMEZ etal., 2011) The mixture reaction was refluxed under stirring for 2h. The
reaction was poured onto crushed ice and neutralized with a solution blabléQ:. The
orange precipitate was filtrated, and purified oséica gel column chromatographusing a
mixture of hexane, ethyl acetate and ethanol (4:0.9:0.1) as mobile phase furiid§héhgs an
orange oil with 64% vyield.

Synthesis of DHIBC

In an ethanolic solution (1 mL) containitigC (30 mg, 0.12 mmol) under stirring, was
added E§SiH (40 pL, 0.24 mmol) and a catalytic amount of Pd¢4A8)mg, 0.01 mmol) at room
temperature. After five min, the color of reaction changed from yellow to colorless, indicating
the end of reaction, whichag confirmed TLC inspection. The mixture was filtrated under
celite column, and the solvent was evaporated under reduced pressure, obtaining a white
powder, which was purified over silica gel chromatographic column using mobile phase with
hexane, ethyl acate and acetone (8:1:1) furnishibliIBC as a white powder with 50% yield.

4.1.2.Partition coefficient (n-octanol/water) measured by HPLC

Log Pow values were determined using a construcberklversus logPo/w plot with
good linear relationshigsy using procedures preconized®gECD Guidelines for the Testing
of ChemicalgOECD, 1989)The theoretical lo§ used for reference compounds was extracted
from SwissADME (DAINA; MICHIELIN; ZOETE, 2017) Capacity factor ) values of
reference compounds were calculaaedording to their respective retention time ifitHPLC
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chromatogram analysigy the formulak = (rti rt0)/rt0, where rt0 is the retention time of
thiourea. Asreference compounds it was usatketophenone, cinnamic acid, benzophenone,
thymol, toluene, biphenyl, fluoranthene, and triphenylaminstandard curve was plotted for
respectivasocratic flowof MeOH:HO (70:30, 75:25 and 80:20).

4.2.Antimycaobacterial assay

The antimycobacterial activity of compounds was determined agdisibacterium
tuberculosisH37Rv (ATCC 27294)sing Resazurin Microtiter Assay (REMA) method from
Palomino et a{PALOMINO et al., 2002)The inoculum was prepared in Middlebrook 7H9
mediaandan aliquotwasincubated at 3 °C for 7 days at 120 rppwhich wascompare with
McFarlandscale.The mycobacterial suspension was diluteca¢bieve3.0 x 16 CFU/mL,
which wasdistributed into 96wvell plates. Stock solutions of compounds were prepared in
DMSO (Synth, Diadema, Brazil) and diluted in Middlebrook 7H9 broth (Difdo Detroit,
MI, USA) to achieve final concentrations ranging fragto 0.09ug/mL. Rifampicinwas used
as reference antitubercular drug. Plates were incubated®@t\Bith 5% CQ for seven days.
Then,30 L of resazurin was added to the websd after24 h the plates were examined by
fluorescence spectrometer at 530 and 590Tima MICy value was defined as th@west drug
concentration able to inhibit 90% of mycobacterial growihich was expressed in pg/mthe

assgswereconducted in triplicate
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2-hydroxyisocordoin inhibits MSSA and MRSA biofilm

formation and targes the cell membrane ofGram-positive

7z

Abstracté ¢ ¢ ¢ ¢ é . . é

1.Introductioné é é ¢ é 6 é ¢ ¢ é é é

2. Materials and Methods é
2.1. Chemical procedureé é
2. 1. 1.
2.2 Antibacterial assay® €
2.3 Checkerboard Assag €

2.4. Antibiofilm Assaye é é

é

s

7

é

e.

7

é .

é .

é

ééé

é
é

é

.e.ééé

é
é

bacteria

é

7

D

éé

7

é

ée

é .

é

o @

D

Synthesi sééeéeéé

eee

eee

7

e

2.5. Membrane Disruption Assag € é .

2.6. Cytotoxicity Assay é .

3. Results and Discussiog é é é é é

é
3.1. Anti-MSSA and anttMRSA activityé é é

3.2. Checkerboard assa§ é
3.3. Antibiofilm Assayé é é

3.4. Membrane Disruption Assag é ¢ € € é € é é .
é

é

e

7

D

[N

3.5. Effect of IBC 2 onkeratinocytes® € é

3.6.Spectrum of antibacterial activity of IB

sz

4. Conclusiong € é é é é

é

é

é

é

é

é

D

é .

[N

é

é

ée
C 2¢

é

[N
[N

D~

7

[N

é

D~
o @

D
D

7

7

s

é é

D~ CD\ D~

D

é é

7

ée

é

é

[N

s

e

é

[N

D

D

é

[N

é

é

D~ D~
D~ CD\ D~

D
D

ée

D~ CD\ D~

D

D~ CD\ D~

D

D~ CD\ D~

D

[N

[N

D

D

[N

[N

D

([N

[N

[N

D

D

([N

D

([N

[N

[N

D

D

[N

(O
[N

D

[N

(O

D

(0]
w

D
D
D
(e}
w



80

Chapter V

2-hydroxyisocordoin inhibits MSSA and MRSA biofilm formation and targets the cell
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ABSTRACT

Staphylococcus aureus one of the most common pathogens in nosoccamalcommunity
acquired infectionsResistance of5. aureusagainst current antibiotics represents a great
challenge to be overcome, requiring efforts in drug discovery ofamtureusgents. Herein,
we evaluated 2€-prenylated analogs againstehicillin-SusceptibleStaphylococcus aureus
(MSSA) and Methicillin-Resistant Staphylococcus aureugMRSA) S. aureus 2-
hydroxyisocordoin IBC 2), 3-hydroxyisocordoin IBC 1), corylifol B (IBC 4), and
dihydroisobavachalcondHIBC) were the most potent compounds, showing MIC of 1.56
12.5 pg/mL against MSSA and MRSA. Among them, we seletB£tl 2 for additional
bioassaysIBC 2 inhibited more than 50% of MSSA and MRSA biofilm formation at 0.78 and
1.56 pg/mL concentrations, respectively. The Live/Dead test Battillus subtilissuggested
that the mode of antibacterial actionlBfC 2 is related to the damage it causes to cytoplasmic
membrane. Nowytatoxic effectwas observed against keratinocytes (HaCaT cells) after their
exposure for 24 h tiBC 2 in concentrations ranging from 0.8912.5 pg/mL. In addition, its
antibacterial activity spectrum indicated action aga8tstptococcus sanguin{IC = 3.12
pg/mL), S. mutansgMIC = 6.25 pg/mL),S. pneumoniadMIC = 50 pg/mL), Klebsiella
pneumoniagMIC = 100 pg/mL), andHelicobacter glori (MIC = 3.90 pg/mL).Altogether,

IBC 2 has promising antibacteriapotentia] which can beexploredin the research &
developmenbf novel antibacteriabdrugs

1. Introduction

The pharmacological treatment of bacterial infections, such as urinary tract infections,
pulmonary infections, wounds, sepsis, sexually transmitted infections, and some forms of
diarrhea, is becoming ineffective dudo the high rates of resistance agaimstiltiple
antimicrobial agentAntibiotic-resistant bacterial infectiomsiuusedaboutl.2 million deaths in
2019 worldwide (MURRAY et al., 2022) and there is a projection that this number will
significantly raise tdOmillion per yeartill 205 O6 NEIl LL, 2016; VI KESLA
Multisectoral approach is urgentigquired to mitigate this problem, whiatcludesdiscovery
and development of new antimicrobaiugs especially against WHG@st priority pathogens
such as Acinobacter baumannii Pseudomonas aerugingsaKlebsiella pneumonige
Helicobacter pylorj EnterobacteispeciesEnterococcus faeciunstrgptococcus pneumonige
Staphylococcus aureusdaemophilus influenzaeMycobacterium tuberculosiand others
(WHO, 2017)
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According to WHO lispriority pathogensS. aureusanks as the highest priority among
Grampositive species S. aureusis welladapted to human hosts and the healthcare
environment. Moreover, it is responsible for endocarditis, bacteremia, osteomyelitis, and skin
and soft tissue infectiong-Lactam anbiotics arefrequentlyused to treatutaneous and
systemicS. aureusinfections However these infectionare becoming difficult teombatdue
to the rise oMethicillin-ResistantStaphylococcus aureyRSA) (TURNER et al., 2019)
Vancomycin, daptomycin, orally active linezolid or ceftaroline and ceftobijpradebeemsed
to treat MRSA infection§dTURNER et al., 2019) The biggest challengs the fast spread of
Vancomycin IntermediateResistant Shaphylococcusaureus (VISA) and Vancomycin
ResistantStaphylococcusureus(VRSA) infections. Thus, there is an urgent need to develop
novel antibiotics to overcome theeveral resistance mechanisms involved in MDR
staphylococci infection§GARDETE; TOMASZ, 2014) S. aureuscan infect and form a
chronic biofilmon abiotic or biotic siaces. Once establishdaopfilms aredifficult to combat
due totheir resistanceagainstsanitizing compoundsantibacterial drugsand host immune
respons€YIN et al., 2019) Currently,antibacteriatherapywith one drugis not enough to
eradicateS. aureusbiofilm infections, requiringcombined therapy, the prevention of its
formation or surgical remov@8BHATTACHARYA et al., 2015) Several efforts are necessary
to combatS. aureudnfections, including investment in new drugs and improvement of the
existingoneg O6NEI LL, 2016)

Chalcones or 1;8iphenyt2-propenl-one are praarsor compoundsf biosynthesis of
flavonoids, abundantly present in pls(ROZMER; PERJESI, 2016Beveral chalcones have
antibacterial activity again®SSA and MRSA planktonic cells and their biofilms, turnthip
class of compoundssvaluableinspirationfor discoveryand development of neantibiotics
(BOCQUET et al., 2019; DAN; DAI, 2020; MEIER et al., 2019; WU et al., 20A®)ong
them, isobavachalcon@BC) or 4-hydroxyisocordoin has been reported to posseseral
biological activities such as antimicrobial, antiviral, anflammatory, antumoral andthers
(WANG et al., 2021)IBC hasin vitro andin vivo antibacterial activity against MSSA and
MRSA strains(AVILA et al., 2008; DZOYEM et al., 2013; HE et al., 2018; OSORIGilet
2012; SONG et al., 2021; SUGAMOTO et al., 2Q1h)this context, we described th#C
preventsMSSA and MRSA biofilm formatiorat subinhibitory concentratiof&SSIS et al.,
2022)

Herein, we evaluated series ofanalogs ofiBC (Figure 9, Chapter I), and evaluated
their anttMSSA and MRSAactivity. Aiming to access antibacterial spectrumatifanalogs,

antibacterialactivities was determinedagainst Granpositive Streptococcugneumoniags.
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sanguinis S. sobrinusandS. mutang andGramnegative bacteridPseudomonas aerugingsa
Klebsiella pneumoniaeand Helicobacter pylor). We investigated the structuaetivity
relationship using modifications on rings A and B, isoprenyl subunittrang-enonic bridge.
Among promising chalcones,enselecte@-hydroxycordoin [BC 2) to furtherassaysgainst
MSSA and MRSAiIncludingcheckerboard assay with vancomycin anautsbiofilm activity.
Wetestedthe effect oBC 2 on the cell membrane &. subtilisand its gtotoxicity of IBC 2

againsthumankeratinocytes (HaCacells).

2. Materials and Methods

2.1. Chemical procedures

General procedureysthesis and structural characterizations of chalcbnBsC IBC
23andDH-IBC were previously reported Chapter lll, item 4.1The structures afompounds
are presented ifigure 9, chapter I.

2.11. Synthesis

The Dihydrochalcon®H-IBC 2 was synthesized using previously reported protocol
(chapter 11). To an ethanolic solution (1 mL) containirgy&iroxyisocordoinlBC 2, 30 mg,
0.12 mmol) was added £iH (40 pL, 0.24 mmol) at room temperature. A catalytic amount of
Pd(Ac) (3 mg, 0.01 mmol) was added to the mixture, and after five minutes, the color of the
reaction changed from yellow to colorless. The mixture was filtrated under celite column, and
thesolvent was evaporated under reduced pressure, obtaining a white crude product, which was
purified over silica gel chromatographic column using hexane, ethyl acetate and acetone (8:1:1)
as mobile phase, obtainiH-IBC 2 with 60% yield.White crystallingoowder; overall yield:
8 %. HPLC purity: °Coa BR (600 MHz, acetbrady : 168 (s, H4 0 )
1.76 (s,H5 0 ) , J3 7.%Hz,(2H, Hb), 3.25 (tJ=7.5Hz, HU), 3.34 (dJ=7.2Hz,H1 6 ) ,
524(dJ=72Hz,H20) , G@=8&8&8Hz,HEOH) , 6J=D.6, 7.4 ahd8.0Hz), 7.03
(ddd,J=1.4, 7.4 and 8.0 Hz), 7.17 (d#l= 1.4 and 7.4 Hz, #6), 7.72 (dJ=8.8 Hz, H6 6 ) ,
8. 70 {©OMns, 180H. (s, 26

2.2. Antibacterial Assays
Antibacterial activity against MSSA, MRSA, S. pneumoniae, S. sanguinis, S. mutans, S.
sobrinus, K. pneumoniae, and P. aeruginosa

Chapter II, item 2.2
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Anti-Helicobacterpylori activity

H. pylori (ATCC 43526) was obtained from the American Type CulturdeCbn
(ATCC) and maintained under cryopreservatid®C) in Mueller Hinton broth (Difco Labs,
Detroit, MI, USA) supplemented with 5 % fetal bovine serum, containing 20 % glycerol and
0.5 mL of defibrinated sheep blood (Bio Boa Vista, Valinhos, SR ilrantibacterial activity
of selected analogs agaitét pylori was determined using protocols reported by Moraes et al
(MORAES et al., 2021)Mueller Hinton broth (Difco) supplemented with 10% fetal bovine
serum was used for microdilution assay. Thenpoundsvere dissolved in 5% DMSO in 96
well plates to reach concentrations rangingnf 1000 to 0.48 pg/mL. The inoculum
concentration was adjusted to 5 > Tblony Forming Units per millilér (CFU/mL). Plates
were prepared in triplicate and incubated at 37 °C for three days in 1Q%at@0Osphere.
Tetracycline (Merck) was used as aatiterial drug referende concentrations ranging from
5.9 to 0.015 e€g/ mL, and DMSO was used as ne
(Merck) (30 €L, 0. 01%) was adBARHERINAHARA C h w
KUMARASAMY, 2007). The Minimal Inhibitory Cconcentration (MIC) was defined as the
lowest concentration able to inhibit visible growth, indicated by coloring change from pink

(metabolically active cells) to blue (nonviabldi€e Three independent assays were performed.

2.3Checkerboard Assay
Chapter II, item 2.3

2.4. Antibiofilm Assay
Chapter Il, item 2.4

2.5.Membrane Disruption Assay
Chapter Il, item 2.5

2.6.Cytotoxicity Assay
Chapter II, item 2.6

3. Results andDiscussion
3.1. Anti-MSSA and anttMRSA activity

First, we determined the minimal inhibitory concentration (MIC) of all compounds
against MSSA (Tables 1 and 2), and the most active compounds, with MIC values ranging from
1.56 pg/mL to 12.5 pg/mL, wertested against MRSA-Bydroxyisocordoin IBC 2) wasthe
most potent compounds agaiMBSA, showing MIC ofl . 5 6 ,dofjowedlby chalcones
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3-hydroxyisocordoin IBC 1), corylifol B (IBC 4), and dihydresobava&halcone DHIBC)

(MIC =3.12¢ g / nThese chi@ones also inhibited the MRSA growth in MIC concentrations
ranging from1.56 to 12.5 umL™>. Among them, corylifolwas the most active compound
against MRSA (MIC = 1.56 Og/mL), followed b
compoundgIBC5 IBC 7,IBC9,IBC14,andl BC 1 3 )w&ewve&kly active (MIC =

50 200 Og/mL) or inactivB8A (MIC > 400 Og/ mL)

Table 1. Anti-MSSA and antiMRSA activitiesof | B C IBC 20

MIC(pg/mL)
Chalcone R or Ar MSSA MRSA
IBC1 3-OH 3.12 3.12
IBC 2 2-OH 1.56 3.12
IBC 3 2,4-diOH 12.5 3.12
IBC 4 3,4-diOH 3.12 1.56
IBC 5 2,5diOH 200 N.T
HO _ IBC 6 -H 100 N.T
+R IBC7 4-OMe > 400 N.T
\f\w IBC 8 4-NH, 6.25 12.5
OH © IBC9 4-Me > 400 N.T
IBC 10 4-F > 400 N.T
IBC 11 4-Cl > 400 N.T
IBC 12 4-Br > 400 N.T
IBC 13 4-CRs > 400 N.T
IBC 14 4-NO; 50.0 N.T
IBC 15 3-pyridinyl > 400 N.T
HO IBC 16 4-pyridinyl > 400 N.T
IBC 17 2-furanyl > 400 N.T
jﬁ;@}(%“ IBC 18 2-tiophenyl > 400 N.T
OH O IBC 19 1-naphthyl > 400 N.T
IBC 20 2-naphtyl > 400 N.T
- TC - 0.20 >5.90

TC =tetracycline; NT = not tested
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Table 2. Anti-MSSA and antMRSA activities of chalcone$BC 21 IBC 23 and di-
hydrochalconesHIBC andDHIBC 2)

. MIC (ug/mL)

Compound R RO MSSA MRSA

HO OH IBC 21 H OH 50.0 N.T

< O N O IBC 22 geranyl OH 12.5 N.T

LA IBC23  isoprenyl H 6.25 6.25

HO O O R DHIBC OH H 3.12 3.12

M DHIBC 2 H OH 100 N.T
OH O R’

IBC isoprenyl OH 1.56 3.12

TC - - 0.20 5.90

TC = tetracycline; NT = not tested

The antiMSSA and antMRSA activities ofIBC was weltexplored in Chapter II.
Herein, we used antibacterial activity I&C for set a structure relationship activity (SAR).
SAR investigation using MIC values froamt-MSSA experiments suggested that isol at
C306 and hydroxyls at 206 and 4MSS8reactieity aflBC ci a l
since their removal led t4- to 64fold feweractive compounds. Moreover, the increasing of
prenyl side chain from isoprenyl to geranyl group decreasexsttindy, considering thaBC
22 (MIC = 12.5 pg/mL) was less active th#BIC about 8fold.

Avila and ceworkers demonstrated the replacement of hydroxy! foana to ortho- or
metapositionsonringBof@ 6 prenyl ated chal cones | ed to
(AVILA et al., 2008) We found that the regioisomersIBIC, carrying hydroxyl at 21BC-2)
and 3 (BC 1) on ring B, demonstrated strong amtESA properties, with MIC values of 1.56
pg/mL and 3.12 pg/mL, respectively, similar to those reportedBGr (MIC = 1.56 pug/mb).
Chalcones with resorcinolBC 3, MIC = 12.5ug/mL), catechol IBC 4, MIC = 3.12ug/mL)
and aminobenzenéBC 8, MIC = 6.2ug/mL) as ring B displayed similar antibacterial activity
in comparison to chalcones carrying a monohydroxylated phenolic ring B. Otherwise, a
hydroquinone as ring BEC 5) demonstrated weak antibacterial activity (MIC = 200 pg/mL),
evidencing the relevae ofparahydroxyl on ring B for antMSSA activity.

For chalcones the U ,-umsaturatedketone moiety has been recognized byits
pharmacophoricontribution for several bioactivitietAN; DAI, 2020; ZHUANG et &,

2017) Thi s subunit h asaccgpton reacting vath bioausleophiledsuchh a e
as cysteine residues present in cellular peptides or proteins, forming a Michael adduct, which
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may play an important rolas covalent modifie(ZJOHANSSON, 2012; MAUCHER et al.,
2017) Many approved and clinically investigated drugs htye c hael 6 s wuaitc cep't
acting apharmacophoric electrophile sifAUER, 2015) We found thatrans-olefin bridge
of IBC 2 is essential foantibacterial activityTable 1), since itseduced analo®H-IBC 2
was significantly less active against most bacterial speltieaontrast, the hydrogenation of
trans-olefin bridgeof IBC wasnot relevant or slightly contributes to antibacterial activity since
DHIBC demonstrated anMSSA activity.

CompounddBC 151 IBC 20 exhibits norphenyl ring B, including pyridinyl, furanyl,
tiophenyl and naphthyl and did not present-8ESA activity. Thepromising antibacterial
activity of IBC 2 encourages us to select it for additional bioassays investigations.

3.2 Checkerboard assay

Former literature has demonstrated that association of chalcones and antibacterial drugs
is a useful strategy to improve antibacterial activity of HGARCIA et al., 2021; SONG et
al., 2021) Thus, we investigated the effect of combinationl®€ 2 and vancomyan by
checkerboaradissayagainst MSSA and MRSAlanktonic cells, aiming the improvement of
their potency in association when compared to their individual activities combinatiorwas
classified as indifferentwith FICI values of2 and3 for MSSA and MFSA, respectively, since
it did not affect or slightly affedhe antibacterial activitcompared to individual MIC values

of IBC 2 and vancomycin (Table 3).

Table 3. Antibacterial effect of combination betwelC 2 and vancomycin against MSSA
andMRSA

MIC (ug/mL)
strain combination Alone Combined FICI type Of.
combination
C \Y C V  FIC+FICV
MSSA CcC+V 1.56 0.73 1.56 0.73 2 indifferent
MRSA C+V 3.12 0.73 3.12 1.47 3 indifferent

C =IBC 2, V = vancomycin

3.3 Antibiofilm Assay

Naturaly-occurrenceC-prenylated chalcones such as xanthohufBQICQUET et al.,
2019; BOGDANOVA et al., 2018)nd licochalcone ASHEN et al., 2015)s well asynthetic
chalconic derivative@BOZIC et al., 2014; EMERI et al., 2019; GARCIA et al., 2021; ZHANG
et al., 2017)are found to prevent the formatianderadicatehe S aureusbiofilm. In previous
studies from our groupASSIS et al., 2022)we found thatBC inhibited the formation of
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MSSA and MRSADbiofilms. Heren, we investigated the antibiofilm activity 8C 2 against
MSSA and MRSA. Vancomycin was used as reference. drug

IBC 2 prevented the MSSA and MRSA biofilm formatidty more than 50% at
subinhibitory concentrations (MIC/2) of 0.748/mL and 1.56 pg/mL in comparison to
untreated control, respectively. The BMIC valdesnonstrated b\BC 2 was similar to those
recorded for vancomycin against MSSA and MRSA biofilm formation (BMIC = 0.74 pg/mL).
In four casesthe MSSA and MRSA biofilns reductios were accompanied by a decrease in
CFU/mL (Figurel).
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Figure 1. Effect ofIBC 2 and vancomycin on MSS/AS( aureu$538) and MRSAS$. aureus
BAA44) biofilm formation. The hatched bars represent the MBIC values. The lines represent
the logo CFU/mL.

3.4. Membrane Disruption Assay
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Bacterialmembranefhavebeenrecognizedas primary targetof phenoliccompounds.
Eugenolis avolatile phenylpropanoiéndcauseslamagedo S.aureusmembrane/ia Reactive
OxygenSpeciegfROS)(DAS etal., 2016) Thebacteriostatieffectof quercetinawidespred
flavonoidin plants,is provokedby disruptng bacterialmembranegWANG et al., 2018) In
ourpreviausstudieswefoundthat|IBC (ASSISetal.,2022) 4-hydroxyderricifl THEODORO,
2022, andsyntheticantibacteriabnalogsof curcuminwereableto disruptbacterialmembrane
of Grampositivebacteria MORAO etal.,2019;POLAQUINI etal., 2019)

Aiming to assess the potential membrane disruptidBGf2, similarly to its prototype
(IBC), the cells ofB. subtilisweresubmitted towith propidium iodide (P1)/ SYTOStainsand
analyzed by fluorescence under microscopy inspecBorsubtilisis a Grampositive non
pathogenic bacteria commonigedin studies of antibacterial mode of actiiMORAO et al.,
2019) SYTOS9 is a blue fluorescent dye that ssdine bacterial nucleoiavhereas IP is a cell
red fluorescent dye that just can cross disrupted cell memi(MASYARRO et al., 2020)

B. subtiliswas treated withBC 2 at its MBC value (6.25 pg/mL), as well as with nisin
(positive contrgl 5.0 ug/mL), andrug that targets the bacterial membrane producing pores
(WIEDEMANN; BENZ; SAHL, 2004) The microscopyanalysisdisplayedthat cells treated
with IBC 2 werepredominantly stained in red, indicating membrane damage (R2yuféis
damage occurs in about 60% of the cetlmparedo negative control (1% DMSO) (Figug.
Treatment with nisin indicated about 95% of membrane damage
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Figure 2. Fluorescence microscopy &acillus subtilisstained with propidium iodide and
SYTO9. A) negative contro(B. subtilistreated with 1% DMSQ)B) positive control(cells
treated with nisirat 5.0 pg/mL) C) cells treated withBC 2 at 6.25 pg/mL.Scale bar £m;
Magnification of 108
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Figure 3. Percentage afisruptedB. subtiliscells C, cells treated witlBBC 2, PC, cells treated
with positive controlnisin); NC, negative contrDMSO 1 %)
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3.5. Effect of IBC 2 on keratinocytes

Toxicity assaywasperformedagainshumanepidermakeratinocytegHaCar). HaCar
cell viability wasnotaffectedat concentrationsf IBC 2 rangingfrom 0.39to 12.5ug/mL after
24h whereasat 25 pug/mL, the viability decreasethy aboutl5to 20% (Figure4). The highest
non-cytotoxicconcentratiorf IBC 2 wasabout4 to 8-time higherthanits MIC valuesrecorded
againstMRSA andM SSA, respectivelyjndicatingthatIBC 2 hasselectivityatits antibacterial
concentrationMoreover,IBC 2 waslesscytotoxicthanchlorhexiding(CHX) at 12.5ug/mL.

m|BC2 mCHX

140
a

120

aa a @ a[ T[ aa
100
| I I
0

25g/mL 12 .ghnLe 6. 2ghmLe 3. 1gmLe 1. SghmLe 0. 7gBnLe O . 3gdmle
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(2] 0]
o o

N
o

N
o

Figure 4. Effect of different concentrations BC 2 and chlorhexidine (CHX) on the viability

of HaCaT cells.The results are expressed as means + SDs. Different lowercase(&tigrs
show statistical differences betwel®C 2 and CHX according to ANOVA
(p <0.05).

3.6. Spectrum of antibacterial activity of IBC 2

Aiming to access the antibacterial spectramBC 2, it wasevaluated againgither
four Grampositive Streptococcus pneumonijg sanguinisS. sobrinusandS. mutansand
three Gramnegative Pseudomonaseruginosa Klebsiella pneumoniaeand Helicobacter
pylori) (Table4). Among them, four $. pneumonigeP. aeruginosaK. pneumoniaandH.
pylori) areonthe WHOpriority pathogendist that are urgently needed for drug development
(WHO, 2017) IBC 2 was able to inhibit the growth of all Grapositive bacteria (MIC = 3.12
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to 50 pg/mL),H. pylori (MIC = 3.90 pg/mL) an&K. pneumoniaéMIC = 100 pug/mL). Whereas
againstP. aeruginosalBC 2 was inactive (MIC > 40@Qug/mL).

Table 4. Antibacterial spectrum dBC 2 against Granpositive and Graamegative species

MIC (pg/mL)
Species IBC 2 Tetracycline Chlorhexidine

S. pneumoniae 50.0 0.40 -
Grampositive S. sanguinis 3.12 - 1.82

S. sobrinus 12.5 - 3.64

S. mutans 6.25 - 0.91
Gramnegative P. aeruginos_a > 400 5.90 -

K. pneumoniae 100 2.95 -

H. pylori 3.90 1.47 -

4. Conclusions

Twenty-four analogs ofBC were evaluated against MSSA and MRSA. Among them,
2-hydroxyisocordoin IBC 2), 3-hydroxyisocordoin IBC 1), corylifol B (IBC 4), and
dihydroisobavachalcon®HIBC ) were the mogbromisingcompounds, showing MI€alues
of 1.56 12.5 pg/mL against MSSA and RBA. Structureactivity relationship data suggested
t hat i s-bydroxglgrgup on rirg@ and phenyl ring B carrying hydrophilic groups such
as amino and hydroxyl demonstrated a key role inM&EA activity. Among promising
chalcones, we selectedh®droxyisocordoinIBC 2) for detailed bioassay$he combination
of IBC 2 with vancomycin demonstrates andifferent effect againstMSSA and MRSA.
Moreover, IBC 2 inhibited MSSA and MRSA biofilm formation at its subinhibitory
concentrations. The investigation of antibacterial mode of actiolBGf 2 is related to
disruption of the cytoplasmatic membrane, similariB&G . IBC 2 exhibited a low toxic effect
against human keratinocytes. Mower, the antibacterial propertiesIBC 2 were confirmed
againstS. pneumonigeS. mutansS. sanguinisS. sobrinusH. pylori, andK. pneumoniae.
Altogether, this research provid&C 2 as anewantibacteriahgentwith potentialapplication

as a drug candidate the fight against MDR pathogens.
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CHAPTER V

General conclusions, References and Appendix
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ChapterV

1. General conclusionsand Perspectives

Due toevidence®f pharmacological activities asobavachalcon@BC), a natural €
prenylated chalconeit was used as prototype compound to design 25 analogs, with
modifications on ring A and ring B and &érans-enone bridge. Among these analogs, 15 are
novel chemical entities and 6 are chalcone of natutaburrence in plants (xanthoangelol,
corylifol B, morachalcone Ajyayeanachalca isocordoin, and isoliquiritigenin). The synthetic
route used to achieve the synthesi¢B§ and its analogs furnished a total of 85 compounds,
including 59 intermediaries and 26 target compounds. The final compoundsyretesized
in five to seven synthetic steps, with variable overall yields ranging fraen37%.Among
them, we achieved the total synthesis of hayeanachal®@erj for the first time, with overall
yield of 37%.

Using IBC as framework, we foundevenpromising antibacterial chalcones against
MSSA and MRSA, with MIC values ranging from 1.56 to 12.5 pg/mL. Among the@,and
its novel regioisomer -Bydroxyisocordoin IBC 2) showed the lowest MIC values against
MSSA and MRSA and low toxicity against human keratinocytes cells, indicating a good
selectivity.IBC andIBC 2 inhibited more than 50% of MSSA and MRSA biofilm formation
at their respective subinhibitory concentrations. Moreover, the antibacterial mode of action of
IBC andIBC involveddamages in membrane Bf subtilis Additional bioassays demonstrated
thatIBC andIBC 2 have a spectral of antibacterial action agaéhgmeumoniagMIC =50 pg/mL),

S. sanguinigMIC = 3.12 ug/mL),S. sobrinuf Ml C = 6. 25 SintaBMIOg6.25L ) |,
pg/mL), H. pylori (MIC = 3.90 pg/mL),andK. pneumonia¢MIC = 100 pg/mL)

Highlights of promising antibacterial compounds

V MIC against MSSA = 1.5Ag/mL

Ho 22, V MIC againg MRSA = 3.12ug/mL
Z NN V' IBC andIBC 2 inhibited MSSA and MRSA
on © biofilm formation
BCa R ooH V IBC andIBC 2 disruptedB. subtiliscell

membrane

V IBC andIBC 2 displayed noftoxic against
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Twelve chalcones demonstrated activity agaMsttuberculosisH37Ryv, including
seven analogs were more active thpaototypelBC, demonstrating MIC lower than 12.5
png/mL. SARdata suggestetiat isoprenyl side chain, hydroxyl ang B, and thérans-enone
bridge are crucial subunits fBC antimycobacterial activityMoreover, nitrssubstituen{IBC
14) and trifluormethylsubstituen{IBC 13) led to most potent anltb agentsThein silico
pharmacokinetic investigation demonstrated that antimycobacterial chalcones had a
satisfactory theorical oraruglikeness profile

Highlights of promising anti-M. tuberculosischalcones

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, thesds¢solvide SAR data
that could aid further bioassays at®l/elopment of new bioactive analogs
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1. General Procedures

Melting point (mp) was measured using Melt Temperature apparatus MS TecnopehiRFM

open capillary tubes. NMR spectra were recorded on Bruker AVvAuispectrometer, operating

at 600 MHz for'tH NMR and 150 MHz for®C NMR. Chemi cal shifts (
residual nordeuterated solvent signals. Signal multiplicities were reported as singlet (s), and
doublet (d). MS spectrum was recorded ondixa Plus Thermo Scientific Electrospray Mass
spectrometer, operating on positive mode.-\J¥ spectra and chromatograms were obtained

by High Performance Liquid Chromatography (HPLC) with Photodiode Array Detector
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(HPLC-PAD) Agilent Technologi€® 1220 Irfinity LC equipment, photodiode array system
(Agilent Tecnologie® Model 1260 Infinity) and Agilent Zorbax Eclipse Plus18® column
(250 mm I 4.6 mm, 5 e&m) using methanol : wat e

(2.0 mL/min). Purity olBC wasestablished through area of peak at 372 nm.

1.1Synthesis
2 -dydroxy-4 -gmethoxymethoxy)acetophenone (1a)

To a mixture of resacetophenone (3 mmol) and anhydre@©¥(6 mmol) in acetone
(10 mL). The methoxymethyl chloride (MOMQ3.3 mmo) was added in portions for 30 min
(SUGAMOTO et al. 2011) The mixture reaction was stirred for 2 h at room temperature. The
reaction medium was extracted with ethyl acetate (3 x 25 mL) and combined organic phases
were washed with brine, dried over Mg§&@ltered and evaporated under reduced pressure to

give 1a, with 90% vyield.

4-(methoxymethoxy)benzaldehyde (2)

To a mixture of dhydroxybenzaldehyde (3 mmol) and anhydrou€®;s (6 mmol) in
acetone (10 mL). The methoxymethyl chloride (MOMCI) was addgabitions for 30 min
(SUGAMOTO et al., 2011)The mixture reaction was stirred for 5 h at room temperature. The
reactiormedium was extracted with ethyl acetate (3 x 25 mL), and the combined organic phases
were washed with brine, dried over Mg§&@ltered and evaporated under reduced pressure to
furnish 2, with 9% yield.

4 gmethoxymethoxy)-2 prenyloxycetophenone (1b)

A mixture ofla (2.5 mmol) and KCOs (5 mmol) in acetone (5 mL) was stirred for 15
min at room temperatuf&UGAMOTO et al., 2011)soprenylbromide (3 mmol) was added
in portions for 30 min and the reaction mixture was stirred for 24 h at room temperature. The
reaction medium was extracted with ethyl acetate (3 x 25 mL) and the combined organic phases
were washed with brine, dried over MgS@Hered and evaporated under reduced pressure, to

give 4methoxymethoxy2-O-prenyloxyacetophenonélf) as a yellowish oil with 95% yield.

2 -hydroxy-4 -Gnethoxymethoxy3 @renylacetophenone (1c)
To a stirred solution dfb (0.610g, 2.3 mmol) in dry dicatomethane (5 mL) was added
montmorillonite K10 (0.610 g) &C and the reaction medium was stirred for 30 min at room

temperaturdSUGAMOTO et al., 2011)T'he reaction mixture was filtered and washed several
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times with ethyl acetate, which was reduced under vacuum, obtaining a brown oil. This residue
was purified over silica gel column chromatography with hexane/ethyl acetate/acetone
(9.5:0.25:0.25) to affordcwith 35% yield .

2 -hydroxy-4 , -Big(dmethoxymehoxy)-3 -prenylchalcone (3)

To an ethanolic solution (3 mL) db (0.210 g, 0.8 mmol) was added dropwise under
stirring an aqueous solution of KOH (60% w/iv, 2 mL) & [1]. 2
(methoxymethoxy)benzaldehyd2 (0.166 g, 1 mmol) solubilized in EtOH (2 mL) svadded
to the mixture in portions for 1 h at room temperature. The reaction mixture was stirred for 2 h
at room temperature and poured into crushed deionized ice and neutralized with HCI solution
(2 mol/L). The mixture reaction was extracted with ethytate (3 x 25 mL), and the organic
phases were combined, washed with saturated aqueous Nabi§tbn (2 x10 mL) and brine,
dried over MgS@ filtered, and concentrated under reduced pressure, furnishing chalasne
a yellow oil, with70% vyield.

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-hydroxyphenyl)prop-2-en-1-
one (IBC)

To a stirred solution of MOMprotected chalcon8 (0.6 mmol, 0.264g) in 3 mL of
MeOH:THF (1:1) was added 2 mL of HCI aqueous solution (1 mol/E #¢8UGAMOTO et
al., 2011) The reaction mixture was stirred at®5for 6 h and poured into crushed deionized
ice, filtered and the crude yellow powder was purified over silica gel column chromatography
with hexane/ethyl acetate to affdBIC, with yield of 60%.

Yellow powder; HPLC putiy : 99 %; m. p. | i(BUWGAMQ@TOete : 1°
al ., 2011), m. p'H NMRo(600 WHz, atedonds) B&ardinhg to literature
(WANG et al6i(sHE®)5) 1408, ( S=BFHzHIp) , 5= 28 (
72Hz, H2 0 ) | =8BHZ(HB o) , 6= @&Hz,(HE and H5), 7.72 (d,J = 8.6
Hz, H-2 and H6), 7.75 (dJ = 15.4 Hz, HU), 7.83 (d,J = 15.3 Hz, Hb), 7.97 (d,J = 8.9 Hz,
H66), 9.-D6) (bt 40OH). 2@ NMR (IB®MHz, aetoneds): U 17.84 (G5 0 ) ,
2220(G1 0 ) , 2450.)8,0 15067).,9 1(164).,3 181@5).,0 18HEG C5), 118G
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(C-U,1232(G2 06 ) , 112,130.3(C &) , 138 )1, 4 1-8 and G6), 14€.8 (Ch),
160.9 (G4), 162.7 (G2 6 ) , 14666).,1 HBCMU.VY Vi G oma 72 onMdSO H)
(Mwt: 324.136):m/z325.143 (M+1) (base peak).
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Figure S1 HPLC-PAD chromatogram ofBC. Methanol:Water (3:1872nm
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Figure S2 UV-Vis spectra ofBC
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1. General procedure
Appendix |, item 1

1.1'H and C NMR, HPLC chromatogram, melting point and UV-Vis spectra

1-(2,4-Dihydroxy -3-iodophenyl)ethanone A.2)

HO 4' 6l
I 1

OH ©
White crystalline powder y{eld 90%). 'H NMR (600 MHz, DMSQds) identical to
literaturd WANG et al., 2015)1 2.56 (s, 3H, H2), 6.54 (dJ=88Hz,H5 6 ) , J=8380
Hz,H66), 11-0H) ( bt3QHJ.46s, 26

1-(4-hydroxy-3-iodophenyl)ethanone A.4)

o

(0]
White powder (yield 60%):H NMR (600 MHz,acetoneds) identical to literaturd GALLO et
al., 2010) U 2.51 (s, 3H H-2), 7.03(d,J= 84 Hz,H-5)) 7.8 (dd, J = 2.1 and 8.4 HZH-6
8.35 (d,J=2.1 Hz, H2 610.1 (brs,4 -®H).

1-(3-iodo-2,4-bis(methoymethoxy)phenyl)ethanoneA.5)
MOMO

I
MOMO O

yield: 95 %; colorless oitH NMR (600 MHz, CDC#$) according to literatur@ VANG et al.,
2015) 12.60 (s, 3H), 3.51 (s, 3H), 3.56 (s, 3H), 5.06 (s, 2H), 5.29 (s, 2H), 6.96 @7 Hz,
1H), 7.58 (sd, J= 8.7 Hz,1H).

1-(3-iodo-4-methoymethoxyphenyl)ethanoneA.6)

=

o

(d,
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yield: 95 %; colorless oil'H NMR (600 MHz, CDCY): 2.53 (s, 3H, 2 ) , 3.50 (s,
OCHOCHg), 5.30 (sgH, -O€EOCHs), 7.08(d,J=86Hz,H506) , 7J=8Zand(8d d ,
Hz,H6 6 ) 8(d,8=22Hz, H2)%

2-hydroxy-4-(methoxymethoxy)acetophenone (A.7)
MOMO

OH O

The procedure wadisplayedon supporting information of chapter Wield: 90%.

(E)-1-(2-geranyloxy)-4-(methoxymethoxy)phenyl)ethanond€A.8)

(0] (0]
\Tfh\/Njéb\/

Translucid brown oil; yield: 98%.

Methoxymethoxybenzaldehyde¢ B .Bb)

RU __
6

B.1. R = 20MOM,; yield: 85%;Translucid yellowish oil

B.2. R = 30OMOM,; yield: 95%; Translucid yellowish oil

B.3. R = 4-OMOM,; yield: 95%; Translucid colorless oll

B.4. R = 2,4Bis(OMOM); yield: 90%;Translucid colorless oil

B.5. R = 3,4Bis(OMOM); yield: 85%; browa powder

B.6. R =2,5Bis(MOM)benzaldehyde (yield: 82%fdranslucent colorless oil

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(4-(methoxymethoxy)phenyl)pro 2-en-

l-one C.1)
MOMO OMOM
o
,W

MOoMO O
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Yellow oil; yield 95%.H NMR (CDCk, 600 MHz) identical to literatuf@VANG et al., 2015)
U3.48 (s, 3H), 3.50 (s, 3H), 3.53 (s, 3H), 5.03 (s, 2H), 5.21 (s, 2H), 5.31 (s, 2H), 6194 (d,
86Hz, H5 06 ) , 3=8&7Hz Ha8and H5), 7.23 (dJ = 15.8 Hz, HU), 7.56 (d,J = 8.7
Hz, H2 and H6), 7.59 (dJ=8.7Hz, H6 6 ) , J=16.8Hz,(Hd),

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(3-(methoxymethoxy)phenyl)pro 2-en-
1l-one C.2)

MOMO
IOMOM

MOMO O

Yellow oil; yield 95 %.*H NMR (CDCk, 600 MHz):li 3.48 (s, 3H), 3.49 (s, 3H), 3.51 (s, 3H),
5.02 (s, 2H), 5.18 (s, 2H), 5.30 (s, 2H), 6.94)e, 8.6 Hz, H5 6 ) , 7 J9 170, A Ochadd ,
8.0Hz,H4 ) , 7 . 2 42 and HG),27.30 (ofd) = H9 and 8.2 Hz, %), 7.31 (dJ=15.8
Hz, HU0), 7.59 (dJ=8.6 Hz, H6 6 ) , 7= 15.8 Hz( Hb),

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(2-(methoxymethoxy)phenyl)pro 2-en-
1-one C.3)
MOMO,

I~

MOMO (0] oMOoMm
Yellow oil; yield 85%. 'H NMR (CDCl, 600 MHz):1i3.49 (s, 3H), 3.51 (s, 3H), 3.52 (s, 3H),
5.03 (s, 2H), 5.25 (s, 2H), 5.31 (s, 2H), 6.94Xd,8.6 Hz, H5 6 ) ,  7J=0.8, 7.4 ahd d ,

7.8 Hz, H5), 7.15 (dd,) = 0.8 and 8.4 Hz, 13), 7.34 (ddd)) = 1.6, 7.4 and 8.4 Hz,H), 7.38
(d,J =16 Hz, HU), 7.60 (d,J = 8.6 Hz, H6 67.65 (dd,J= 1.6 and 7.8 Hz, ), 8.08 (d.J =
16 Hz, HD).

(E)-3-(2,4-bis(methoxymethoxy)phenyl1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop
2-en-1-one(C.4)

MOMO OMOM
|
MOMO (o] OMOM

Yellow oil; yield 90%.*H NMR (CDCk, 600 MHz):U 3.45 (s, 3H), 347 (s, 3H), 348(s, 3H),
3.49 (s, 3H), 4.98s, 2H), 519(s, 2H),5.24(s, 2H),5.25 (s, 2H), 6.72 (dd,= 1.0 and 8.5 Hz,
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H-3), 6.84 (dJ=1.0 Hz, H3),6.93 (dJ=8.6Hz,H5 6 ) , 3= 1B8iz KWH),, 71 48 (
= 8.5 Hz, H6), 7.57 (dJ=8.6 Hz, H6 6 ) , 7= 18 Bz, Kbd), .

(E)-3-(3,4-bis(methoxymethoxy)phenyl)1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop
2-en-1-one(C.5)

MOMO i i OMOM
l n‘ X l OMOM
MOMO

Yellow oil; yield 95%."H NMR (CDCk, 600 MHz):li 352 (s, 3H), 3.3 (s, 3H), 3.3 (s, 6H),

5.07 (s, 2H), 5.25 (s, 2H), 5.27 (s, 2H), 5.31 (s, B:95 (d,J=85Hz,H5 6 ) , JI=847 ( d,
Hz, H5), 7.20 (dJ = 16 Hz, HU), 7.24 (dd,J = 1.2 and 8.4 Hz, ¥6),7.40 (dJ = 1.2 Hz, H

2),7.58 (d,J=85Hz, H6 6 ) , J= 16 Bz, KBY ,

(E)-3-(2,5-bis(methoxymethoxy)phenyl)1-(3-iodo-2 4-bis(methoxymethoxy)phenyl)prop
2-ent1-one(C.6)

OMOM
MOMO
PN G
MomMO O OMOM

Yellow oil; yield 95%.*"H NMR (CDCk, 600 MHz): 3.46(s, 3H), 347 (s, 3H), 348 (s, 6H),
4.93 (s, 2H), 5.14 (s, 2H), 5.18 (s, 2H), 5.25 (s, B4 (d, J = 8.5 Hz, H5 67.04(dd, J =
2.9and 9.0Hz, H-6), 7.09(dd, J = 9.0Hz, H-3), 7.31(d, J = 2.9Hz, H-6), 7.37(d, J = 16 Hz,
H-U),7.49(d,J = 8.5 Hz, H60 B.0(d,J=16Hz, H-b).

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-phenylprop-2-en-1-one (C.7)
MOMO: ! .
MOMO
Yellow oil; yield 78%. *H NMR (CDCk, 600 MHz):i 3.50 (s, 3H), 3.53 (s, 3H), 5.03 (s, 2H),
531 (s, 2H), 6.98 (d]=86Hz, H56 ) , 2=18Bz, HW, 7. 41 7 .-%35)(,m,
760(dJ=86Hz,H66), 7. 62 72artl#6),(7.61 (dJ2 H6 Hz Hb ) .
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(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(4-methoxyphenyl)prop-2-en-1-one

(C.8)
MOMO O\
PEONG

MOMO (o]
Yellow oil; yield 95%. 'H NMR (600 MHz, CDCJ): i13.50 (s, 3H), 3.53 (s, 3H3,84 (s, 3H),
5.03 (s, 2H), 5.31 (s, 2H), 6.9d, J = 89 Hz, H-3 and H5), 6.94(d, J = 86 Hz, H-5 ) 7.22
(d,J=158Hz, H-U), 7.% (d, J = 8.1 Hz,H-2 and H6), 7.59 (d,J = 8.6 Hz,H-6 }) 7.64 (d, J
= 158 Hz, H-b).

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyly3-(p-tolyl)prop -2-en-1-one (C.9)

MOMO
Yellow oil; yield 90 %. *H NMR (600 MHz, CDCY): {i2.38 (s, 3H), 3.50 (s, 3H), 3.53 (s, 3H),
5.03 (s, 2H), 5.31 (s, 2H), 6.94 @@= 8.6 Hz,H-5 ) 7.20 (d,J = 80 Hz, H-3 and H5), 7.30
(d,J=15.9 HzH-U), 7.51 (d,J = 8.1 Hz,H-2 and H6), 7.59 (d,J = 8.6 Hz,H-6 ¥) 7.66 (d,J
= 15.9 Hz H-b).
(E)-3-(4-fluorophenyl)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop2-en-1-one (C.10)

MOMO
Yellow oil; yield 80%. 'H NMR (600 MHz, CDCY): Ui 3.50 (s, 3H), 3.53 (s, 3H), 5.02 (s, 2H),
5.32 (s, 2H), 6.95 (d]= 8.6 Hz, H5 6 ) , J=.8® and 8.6l Hk, 3 and H5), 7.29 (d,]

= 15.9Hz, H-U), 760(d, J= 8.6 Hz,H-6 9 761 (d, J = 86 Hz, H-2 and H6), 7.64 (d,J= 158
Hz, H-b).

(E)-3-(4-chlorophenyl)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop2-en-1-one

(C.11)
MOMO Cl
JOL LT
o)

MOMO
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Yellow oil; yield 75 %. *H NMR (600 MHz, CDCJ): 11 3.48 (s, 3H), 3.3(s, 3H), 5.02 (s, 2H),
5.31 (s, 2H), 6.95 (dl = 8.6 Hz, H-5 ¥ 7.33 (d,J = 15.9 HzH-U), 7.36 (dJ = 8.5 Hz,H-3 and
H-5), 7.53 (d,J = 8.5 Hz, H2 and H6), 7.60 (d,J = 86 Hz, H-6 ¥ 7.62 (d,J = 15.9 Hz,H-b).

(E)-3-(4-bromophenyl)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop2-en-1-one
(C.12)

l o

Yellow oil; yield 70 %. *H NMR (600 MHz, CDC4): 1 3.49 (s, 3H), 3.2 (s, 3H), 5.02 (s, 2H),
5.31 (s, 2H), 6.95 (dl = 86 Hz, H-5 % 7.3 (d, J = 15.9 HzH-U), 747(d, J = 8.5 Hz,H-2 and
H-6), 7.8 (d, J = 8.5 Hz, H3 and H5), 7.60 (d,J = 86 Hz, H-6 Y 7.6L (d, J = 15.9 Hz,H-h).

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(4-(trifluoromethyl)phenyl)prop -2-en-
1-one(C.13)

MOMO

Yellow oil; yield 60 %. *H NMR (600 MHz, CDC4): 1 3.49 (s, 3H), 3.53 (s, 3H), 5.03 (s, 2H),
5.32 (s, 2H), 6.97 (d1 = 8.7 Hz, H5 % 7.45 (d,J = 15.9Hz, H-U )7.63 (d,J = 8.7 Hz,H-6 \)
7.65 (d,J = 9.0 Hz,H-2 and H6), 7.67 (d,J = 15.9 Hz,H-b), 7.71 (dJ = 9.0 Hz,H-3 and H

6).

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(4-nitrophenyl)prop -2-en-1-one(C.14)

Yellow oil; yield 82%. 'H NMR (600 MHz, CDCY): Ui 3.48 (s, 3H), 3.53 (s, 3H), 5.03 (s, 2H),
5.33 (s, 2H), 6.98 (A1=8.7Hz,H5 6 ) , 7= 15.9 Hz( HD), 7.65 (dJ=8.7Hz, H6 6 ) ,
7.71 (d,J = 15.9 Hz, Hb), 7.76 (d,J = 8.7 Hz, H2 and H6), 8.25 (d,J = 8.7 Hz, H3 and H
5).

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(pyridin -3-yl)prop -2-en-1-one (C.15)
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5
7

| X A IN1

MOMO O
Brown oil; yield 30%. *H NMR (600 MHz, CDCJ): Ui 3.49 (s, 3H), 3.52 (s, 3H), 5.03 (s, 2H),
531(s,2H),6.96 (dl=8.7Hz,H5 06 ) , 7J=8.8and 7Oz, ), 7.44 (dJ=16.0 Hz,
H-U,7.62 (dJ=87Hz,H6 6 ) , 7= 16.0 Hz( Hb), 7.93 (ddd,] = 1.6, 0.9 and.9 Hz,

H-4), 8.61 (d,J= 0.9 and 4.8 Hz, #6), 8.81 (d,J = 1.6 Hz, H2).

MOMO

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(pyridin -4-yl)prop -2-en-1-one (C.16)

MOMO 2NN

| NS \~|

MOMO O
Brown oil; yield 40%. *H NMR (600 MHz, CDCJ): Ui 3.47 (s, 3H), 3.52 (s, 3H), 5.02 (s, 2H),
5.32(s,2H),6.97 (d=8.7Hz,H5 6 ) , J=64%z HJand H5), 7.53 (dJ=15.9 Hz,

H-U) , 7J=8B9Hztb) , 7I=BIHzH6,06) 6 8= 66161z, H2and H6).

(E)-3-(furan-2-yl)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)prop2-en-1-one (C.17)

A
! 3
MOMO (o)
Brown oil; yield 92%. *H NMR (600 MHz, CDC}): 11 3.51 (s, 3H), 3.52 (s, 3H), 5.03 (s, 2H),
5.30 (s, 2H), 6.49 (dd) = 1.75 and 3.30 Hz, #4), 6.69 (dJ = 3.3 Hz, H3), 6.93 (d,J = 8.6
Hz, H56) , J=158BHZ KU) , 7J=4186HzdHb) , 7J=5109 HzdH5),
7.59 (d,J=8.6 Hz, H6 0 ) .

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(thiophen-2-yl)prop -2-en-1-one (C.18)

MOMO
OO
| XX

MOMO O
Brown oil; yield 92%. *H NMR (600 MHz, CDCJ): 1i 3.51 (s, 3H), 3.52 (s, 3H), 5.03 (s, 2H),
5.30 (s, 2H)6.94 (d,J=8.6 Hz, H5 67.07 (ddJ= 3.7 ancb.0Hz, H-4),7.14 (d,J=15.6 Hz,
H-U)7.,41 (d,J=5.0 Hz, H3),7.33 (dJ=3.7 Hz, H5), 7.59 (dJ=8.6 Hz,H6 6 ) , 7. 80
=15.6 Hz, Hb ) .
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(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyl)3-(naphthalen-1-yl)prop-2-en-1-one (C.
19)

MOMO O
Yellow powder yield 90%.*H NMR (600 MHz, CDCJ): i 3.51 (s, 3H), 3.54 (s, 3H), 5.07 (s,
2H), 5.33 (s, 2H), 6.98 (d,=8.6 Hz, H506) , J=WBHAHWJ), 7. 49-62.55
H-7), 7.57-37.,60. @8@;2Hband HY), 824 (dd=8.5Hz, H4), and 8.56
(d,J=15.6 Hz, Hb )

(E)-1-(3-iodo-2,4-bis(methoxymethoxy)phenyly3-(naphthalen-2-yl)prop -2-en-1-one
(C.20)
MOMO

|
MOMO O
Yellow powder; yield 95%H NMR (600 MHz, CDC4): ti3.51 (s, 3H), 3.54 (s, 3H), &(s,

2H), 5.32 (s, 2H), 6.97 (d,=8.7Hz, H5 6 ) , J=188Hz(HD) , 7. 50-6and5 4

H-7),7.64 (dJ=8.7Hz,H6 6 ) , 7J=T.Gand8bdz, 3 ) , 7. 8 2-4,H5ar8
H-8), 7.83 (dJ=158Hz,Hb ) , 8 -10.0 (s, H

(E)-1-(3-iodo-4-(methoxymethoxy)phenyl}3-(4-(methoxymethoxy)phenyl)prop2-en-1-

one(C.21)
MOMO OMOM
poUN )
o]

Yellow powder;yield 89%. *H NMR (600 MHz, CDCJ): 113.49 (s, 3H), 3.52 (s, 3H), 5.22 (s,
2H), 5.32 (s, 3H), 7.07 (d,= 8.7 Hz, H3 and H5), 7.13 (dJ=86 Hz, H56 ) , 3= 36

(

(

(m,

(

155Hz, HU) , 71=B0 HZ id2,and H6), 7.77 (dJ=155Hz, Hb ) , 7 .J9BO ( dd,

and8.6 Hz, H6 6 ) , 8= 24064z, 21§ ) .

(E)- 1- (2- (((E)- 3,7- dimethylocta- 2,6- dien- 1- yl)oxy)- 4- (methoxymethoxy)phenyl} 3-
(4- (methoxymethoxy)phenyl)prop2-en-1-one(C.43)
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MOMO OMOM

O O
W

Yellow olil; yield 90%.

3-methyl-2-butenylboronic acid pinacol ester 22)

A[c’:B_/=<
‘7 (o]

Translucent yellowiskiquid; yield: 75%.

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- (methoxy
methoxy)phenyl)prop-2-en-1-one(C.22)

Yellow oil; yield 50 %.1H NMR (CDCk, 600 MHz) identical to literatur@VANG et al., 2015)

1 1.80 (s, 3H), 1.69 (s, 3H), 3.44 (s, 3H), 3.46)d,7.3 Hz, 2H), 3.477 (s, 3H), 3.48 (s, 3H),

4.91 (s, 2H), 5.21 (s, 2H), 5.22 Jt= 7.3 Hz, 1H), 5.25 (s, 2H), 6.94 @=86Hz,H5 6 ) , 7. O
(d,J= 8.7 Hz, H3 and H5), 7.23 (dJ = 15.9 Hz, HU), 7.47 (dJ=8.6Hz,H6 6 ) , 3. 55 |
= 8.7 Hz, H2 and H6), 7.62 (dJ = 15.9 Hz, Hb).

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (3- (methoxy
methoxy)phenyl)prop-2-en-1-one(C.23)

Yellow oil; yield 51 %. *H NMR (600 MHz, CDCJ): 111.80 (s, 3H), 1.69 (s, 3H3,44 (s, 3H),
3.46 (d,J = 7.3 Hz, 2H)3.47 (s, 3H),3.48 (s, 3H), 4.91s, 2H),5.19(s, 2H),5.22 (t,J=7.3
Hz, 1H), 5.25 (s, 2H%.%4 (d,J=8.6 Hz, H-5 9 7.07 (dddJJ = 0.8, 2.4 and 8.0 Hz,H), 7.24
(dd,J = 0.8 and2.4 Hz, H2), 7.26 (ddd,J = 0.8, 2.4 and 7.7 Hz,#d), 7.31 (ddJ = 7.7 and
8.0 Hz, H4),7.32(d,J = 159 Hz, H-U), 748(d,J= 86 Hz,H-6 Yp 7.60(d,J= 159 Hz, H-b).
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(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (2- (methoxy
methoxy)phenyl)prop-2-en-1-one(C.24)

MOMO (0] OMOM
Yellow oil; yield 46 %. 'H NMR (CDChk, 600 MHz):li 1.69 (s, 3H), 1.8@s, 3H),3.45 (s, 3H),
3.46 (d,J = 7.0 Hz, 2H);3.48 (s, 3H), 350 (s, 3H), 593 (s, 2H),5.23 (t,J = 7.0 Hz, 1H)5.25
(s, 2H), 526 (s, 2H), 6.94 (dJ =87 Hz, H5 6 ) | 7)=0.Q 7.5ant8.4Hz, H-5), 7.6
(dd,J = 1.0and 8.4 Hz, FB), 7.3 (ddd,J = 17, 75 and8.4 Hz, H4), 742(d,J = 16 Hz, H
0), 750 (d,J = 8.6 Hz, H6 67).54(dd,J= 17 and 75 Hz, H-6), 8.6 (d, J = 16 Hz, Hb ) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (2,4 bis(met
hoxymethoxy)phenyl)prop-2-en-1-one (C.25)

MOMO O OMOM
Yellow oil; yield 45%.*H NMR (CDCk, 600 MHz):t11.69 (s, 3H), 1.80 (s, 3H), 3.45 (s, 3H),
3. 45 3.-283.4] (.3H),H48 (s, 3H),3.49 (s, 3H)4.92(s, 2H),5.19 (s, 2H)5.1 9
5.25 (m H-2), 5.24 (s, 2H), 5.5 (s, 2H),6.72 (dd,J = 1.6 and 8.7 Hz, ¥), 6.84 (dJ= 1.6
Hz, H3),6.93 (dJ=86Hz,H56 ) , J=1858Hz(HD) , 7J=88 Hz H6), 7.57
(d,J=8.6Hz,H6 6 ) , J=18.9Hz(Hb) .

(E)- 1- (2,4 bis(methoxyme(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1
- yl)phenyl)-3-(3,4-bis(methoxymethoxy)phenyl)prop2-en-1-one (C.26)

Yellow oil; yield 45 %. *H NMR (600 MHz,CDCls): ti1.67 (s, H5 0 ) , 1-48845(ss , H
3H),3.46 (d,J = 7.2 Hz, H1 0 3.48 (s, 3H), 351 (s, 3H), 353 (s, 3H),4.91(s, 2H), 5.22 (t,J
=7.2Hz, H2 095.25(s,2H), 5.26(s, 2H), 5.27(s,2H), 6.94 (d,J=8.7 Hz, H5 6 )17 (d,J=

8.4 Hz, H5), 7.20 (dJ = 15.8 Hz, HU), 7.23 (dd,J= 2.0 and 8.4 Hz, ), 7.41 (dJ= 1.7 Hz,

H-2), 7.45(dJ=8.7Hz,H6 6 ) , J=15.8 Hz( Hb),
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(E)- 1- (2,4 bis(methoxyme(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1
- yl)phenyl)-3-(3,4-bis(methoxymethoxy)phenyl)prop2-en-1-one (C.27)
OMOM

Yellow oil; yield 50%. *H NMR (CDCk, 600 MHz):1i1.69 (s, H5 0 ) , 1-4889.46(ss , H
3H),3. 46 3.-13348,3H)H48(s,3H), 4.92 (s, 2H), 5.14 (s, 2H), 5.18 (s, 2H),
5.20 5.-286) ( m, 5 8&Hd, (=86 Hz2H5)6,).03(dd, J=2.9and 9.0Hz, H

4), 7.09(dd, J = 9.0Hz, H-3), 7.31(d, J = 2.9Hz, H-6), 7.37(d, J = 16.1Hz, HU),7.49(d, J =

86 Hz, H66 B.0(d,J=16.0Hz, H-b).

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-phenylprop-2-en-1-

one(C.28)
MOMO
MOMO O

Yellow oil; yield 46%. *H NMR (CDCk, 600 MHz):li 1.70 (s, 3H), 1.81 (s, 3H), 3.44, 3H),

3.47 (d,J = 7.0 Hz, 2H):3.48 (s, 3H),4.92(s, 2H),5.23 (1, = 7.0 Hz, 1H), 5.2%s, 2H),6.9%
(d,J=8.6 Hz, H50, 7.3 (d,J=15.9Hz, HU) 7. 38 7. 82 5qped, J 386, H
Hz, H6 0 )60(d,J= 2.3 and 7.1 HzH-2 and H6), 766 (d, J= 15.9Hz, H-b ) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en 1- yl)phenyl)- 3- (4- methoxy
phenyl)prop-2-en-1-one(C.29)

Yellow oil; yield 69 %. 'H NMR (CDCk, 600 MHz):1i 1.69 (s, 3H), 1.80 (s, 3Hi 3.45 (s,

3H), 3.47 (dJ = 7.5 Hz, 2H)3.48(s, 3H), 3.84 (s, 3H, 4OMe), 4.91 (s, 2H, 5.22 (t,J= 7.5

Hz, 1H), 5.24 (s, 2H), 6.92 (d,= 8.7 Hz, H3 and H5), 6.94 (dJ=86Hz, H56 ) , d. 22 |
=15.8 Hz, HU), 7.47 (dJ=8.6 Hz, H6 6 ) , 7= 85 %z, H2and H6), 7.62 (d)=15.9

Hz, H-b).
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(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- methylph
enyl)prop-2-en-1-one(C.30)

Yellow oil; yield 35%. *H NMR (CDCk, 600 MHz):U 1.69 (s, 3H), 1.80 (s, 3H),3B (s, 4
Me), 3.45 (s, 3H), 3.46 (dl = 7.0 Hz, 2H), 3.48 (s, 3H), 4.92 (s, 2H), 5.23¢,7.0 Hz, 1H),
5.25 (s, 2H), 6.94 (d1= 8.7 Hz, H5 6 J.20 (d,J= 7.9 Hz, H3 and H5), 7.30 (d,J = 15.9
Hz, HU) , 7J=88Hz H6,0) , JI=8%00Hz(H2 and H6), 7.64 (dJ=15.9 Hz,
H-b) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- fluorophe
nyl)prop-2-en-1-one(C.31)

Yellow oil; yield 37 %. 'H NMR (CDCk, 600 MHz):D 169 (s,H50), 1429, (8, 4H4
3H),3.47 (dJ=72Hz,HL0) , 4.92 (s72H2H20) 5.82226¢t (Js, 2F
=87Hz,H56) , 7J=B8 an( 86lHz, 3 andH-5), 7.29 dJ=159Hz, Hb ) , 7. 49
(d,J=87Hz,H6 6 ) , 7J=5.9and &l6cHz, 2 and H6), 7.62 (dJ = 15.9 Hz, Hb ) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- chloroph
enyl)prop-2-en-1-one(C.32)

Yellow oil; yield 35%. *H NMR (CDCk, 600 MHz):U 169 (s,H50) , 1480, (8, 48
3H), 3.46 (dJ=7.1Hz,H16) , 3. 48 ( s) 528()=7.1Hz19210)(,s,5 .2
2H),6.95(dJ=8.7Hz,H56 ) , J=159Hz(Hb,) , 7J1=8B6 HZ Hd3,and H5),

749 (dJ=8.7Hz,H6 6 ) , J=8%BHz, HAand H6), 7.61 (dJ=15.9Hz, Hb ) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- bromoph
enyl)prop-2-en-1-one (C.33)
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MOMO Br
MOMO (o)

Yellow oil; yield 6%. *H NMR (CDCk, 600 MHz):t11.69 (s, H5 0 ) , 1-480 , ( 8, 48
3H),3.46 (dJ=72Hz,HL 0) , 3. 48 (2B),5.23 ({)=,7.2 ¥z 19210 )(,s ,5. 2 5
2H), 6.95 (dJ=8.7Hz, H5 6 ) , 3=158Hz(HU,) , 7J=88 HZ Kd2,and H6),
7.49(dJ=8.7HzH60) , I=84Hz, H3land H5), 7.59 (dJ=15.9 Hz, Hb ) .

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- (trifluoro
methyl)phenyl)prop-2-en-1-one (C.34)

MOMO CF,
MOMO (o]

Yellow oil; yield 10%. *H NMR (CDCk, 600 MHz):ti1.70 (s, H5 0 ) , 1480, (8, 4H4
3H),347(dJ=73Hz,H10), 3.48 ( $521KP573Hz,HA0) s, G 2H7 (
=87Hz,H56 ), JI=158Hz(HD) , 7J=BZHzH6,060), I=82%z HA,

and H6), 7.67 (dJ=15.9Hz, Hb ) , 7J=B.Q2 Hz HB,and H5).

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- nitrophe
nyl)prop -2-en-1-one (C.35)

MOMO NO,
W SUNg
MOMO O

Yellow power, yield 18%. 'H NMR (CDChk, 600 MHz):ti1.68 (s, H50) , 1-480, ( 8§, 4
(s,3H), 3.46 (dJ=7.3Hz,H10 ) , 4 .0820(t3=73MHH20), 5.26 (s,
(d,J=87Hz,H50), JI=1BOHAHKI), 7I=BIH{H606), I=158 (d,
Hz, Hb ) , 7J=B.8 Hz HR,and H6), 8.25 (dJ = 8.8 Hz, H3 and H5).

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-(pyridin -3-yl)prop -

2-en-1-one(C.36)
MOMO _
|
W
MOMO O

Brown oil; yield 30%. *H NMR (600 MHz, CDCJ): i1.69(s,H50) , 1.80 (s, 40)
3.46 (dJ=7.0HzH-1 0 ) , (s,2H),8.21 (tJ=7.0Hz, H2 0 ) , (s,2H), .86 (dJ=8.7
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Hz, H5 6 ) , 7J.=3.8 and dUHz, ), 7.5 (d,J = 16.0 Hz, HU), 751(d, J = 8.7 Hz,
H-6 6 ) 4(d,3= 16.0 Hz, Hb), 7.91 (d, J = 7.9Hz, H-4), 8.8 (d, J = 4.8 Hz, H-6), 8.81 §,
H-2).

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-(pyridin -4-yl)prop -

2-en-1-one(C.37)
MOMO y |N
_ AN
MOMO O

Brown oil; yield 15%. *H NMR (600 MHz, CDCJ): i1 1.69 (s, H5 0 ) , 1480, (8, 48
3H), 3.46 (dJ=6.9Hz, H1 0 3.48 (s, 3H)4.90 (s, 2H),5.20 1=6.9Hz,H2 0 ) , 6. 97 (
=87Hz,H56 ) , J= BL74Hz,HBand H6), 7.52(d)J=8.7Hz,H6 6 ) , JI=168 ( d,
Hz, HU) , (ZJ=3&0Hz,Hb ) , 8J=6.8 Hz HB,and H5).

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-(furan-2-yl)prop - 2-
en-1-one(C.38)
MOMO

MOMO O
Brown oil; yield 43%. 'H NMR (CDCk, 600 MHz):ti1.68(s,H50) , 1409, ( 8. 484
3H), 3.46 (dJ= 70Hz,H10 ), 3.47 (s)53KY57.0Hz,H20) s, 5 2H5
2H), 6.49 (ddJ = 1.8 and 3.3 Hz, H), 6.67 (dJ = 3.3 Hz, H3), 6.93 (dJ=8.6 Hz, H5 0 ) ,
724 (d,J=156H, HU) , 7J=4186HzdHp) , 7I=88Hz(HB,6), J=50 (
1.8 Hz, H5).

(E)- 1- (2,4 bis(methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (thiophen- 2-

MOMO
NS S\\
2
MOMO O

Brown oil; yield 32%.'H NMR (CDCk, 600 MHz):ti1l.69 (sH-50) , 1-480, (8, 48 (
=70Hz,H10), 3.466 (s, 3H), 3.a3I7DHL&H20)3,H)5. 245 ¢
2H), 6.94 (dJ=8.7Hz,H5 6 ) , 7J.=8.8 and SI0cHz, H), 7.16 (dJ = 15.6 Hz, HU ) |,

yl)prop-2-en-1-one (C.39)
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7.31(d,J=3.6 Hz, H3), 7.39 (dJ=5.0 Hz, H5), 7.48 |,J=86 HzZ,H6 6 ) , J=188 ( d,
Hz, Hb ) .

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-(naphthalen-1-
yl)prop-2-en-1-one(C.40)

Yellow oil; yield 42%. 'H NMR (600 MHz, CDCJ): G 1.70 (s, H5 0 ) .81 (s, H4 0 3.45(s,

3H), 3.49 (s, 3H)3.49(d, J = 7.0 Hz, H1 }) 4.97(s, 2H),5.25 (t,J = 7.0 Hz, H2 0 5.27 (s,
2H),6.9(d,J=87Hz,H506 ) , J=18@Hz(Hl),, 7. 49 -FeH¥d ,((m56H 7.
(m H3) , 7.(8,827MH5%8 H8),8.24 (d,J=8.3 Hz, H4), 8.53 (d,J = 15.6 Hz, H

b) .

(E)-1-(2,4-bis(methoxymethoxy}3-(3-methylbut-2-en-1-yl)phenyl)-3-(naphthalen-2-
ylprop-2-en-1-one(C.41)

Yellow oil; yield 50%. *H NMR (600 MHz, CDC#): i1.71(s,H506) , 1-48®), (8, 48
3H),3.48 (dJ=73Hz,H10), 3. 49 ( s),528(M)=7.3H4z19240)(,s ,5.2H
2H), 6.97 (dJ=87Hz,H56) , 3JI=BBHzHJ), 7.50-6andHB),763n, H
(d,J=87Hz,H6 6 ) , 7J=T.0and8bdz, ¥ ) , 7. 8 2-4,H585m HY), 83 H
(d,J=159Hz, Hb ) , 7J=8.9 Hz( Hil).

(E)- 1- (4- (methoxymethoxy} 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- (methoxymet
hoxy)phenyl)prop-2-en-1-one(C.42)

MOMO OMOM
z O NS O
0]

Yellow oil; yield 70%. 'H NMR (600 MHz, CDCY): li1.74 (s, H5 0 ) 75(s, H4 0 )39(d,3 .
= 7.3 Hz, H1 03.49(s, 3H), 3.49 (s, 3HB.21(s, 2H, 5.8 (s, 2H),5.32(t, J=7.3 Hz, H2 0 ) ,
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7.07 (dJ=8.7Hz, H3 and H5), 7.12 (dJ=88Hz, H5 6 ) , JI=1B6HzHD) , 7. 75
(d,J=155Hz,Hb ) , 7J=@3Hz HR,6) , 7J=8.Band&SHZ-6 6 )

(E)-1-(2-hydroxy-4-(methoxymethoxy)phenyl}3-(4-(methoxymethoxy)phenyl)prop2-en-

1-one(C.44)
MOMO OMOM

OH O
Yellow crystal powder yield 35%. *H NMR (600 MHz, CDCJ) in according to literature
(SUGAMOTO et al., 2011)i 3.489 (s, 3H), 3.493 (s, 3H), 5.22 (s, 2H), 5.23 (s, 2H), 6,59 (dd,
J=25and89Hz, ¥ 6), 6=DB5Hz,HEO) , I=878Hz,H8and H5), 7.47
(d,J=15.4 Hz, HU), 7.61 (dJ= 8.7 Hz, H2 and H6), 7.84 (dJ=89Hz,H6 6 ) , 1-3. 3 (
OH).

(E)-1-(3-((E)-3,7-dimethylocta-2,6-dien-1-yl)-2-hydroxy-4-(methoxymethoxy)phenyl}3-
(4-(methoxymethoxy)phenyl)prop-2-en-1-one (.45

Yellow crystal powder; 8 %. H NMR (Acetoneds, 600 MHz) in according to
literaturd SUGAMOTO et al., 2011)11.56 (s,H9 6 ) , 1-16d) ( s 28 A)3, (1s.,9 ™
J=77Hz,H4d), 2.055&).,083(AMHzHiO), 3.47 (s, 3H)
5.08 (tJ=7.0Hz, H6 05.27 (t,J=7.0Hz,H2 0 ) , 5.29 (s, 2390 5. 3¢
Hz, H56 ) , 3= 874Hz (H8 and H5), 7.85 (dJ = 8.7 Hz, H2 and H6), 7.88 (dJ =

15.9 Hz, Hb )7.89 (d,J=15.9 Hz, Hb )8,14 (d,J=9.0HzZ, H6 6 ) , 1-®BH)8 (s, 26

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-hydroxyphenyl)prop-2-en-1-

one(IBC)
HO OH
OH O

DeprotectionYield: 60%; Overall yield23%
Characterizatiowlata Supporting information of Chapter II
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(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(3-hydroxyphenyl)prop-2-en-1-

one(IBC 1)
SOUN¢
- N OH
OH O

Yellow powder; yield75%, overall yield30%. HPLC purity: O9®NRMR m. p
(600 MHz, @etoneds): 11.64 (s,H5 0 ) 1-48Y, ( 89B3Hz,HHo ) , b= 27 (
73Hz,H20) , G@8=&9%Hz,HE O ) , 6 J9D141, 2(4daddd7,8 Hz,-H),7.27 (dd,J

=1.1and 2.4 Hz, ¥2), 7.28 (dd,J= 7.8 and 7.8 Hz, ¥), 7.31 (dddJ = 1.1, 2.4 and 7.8 Hz,

H-6), 7.79 (d,J = 15.4 Hz, HU), 7.86 (d,J = 15.4 Hz, Hb), 8.0 (d,J = 9.0 Hz, H6 68.75 (brs,

4-O0H) , 9. 50H)(,b ri1s30H¥T MMR (180MHz, @etoneds): U 1 7 .-5803) ,( C
22.18(C10) , 2450.)8,0 HH@B).,1 H164).,2 12)AHI6.D(CIAEC) , 4),8. 5
1209 (G6), 121.7(GU) , 123)1 (Bd).,5 1BX031F(C L), +13,7. 2 (
1446 (Cb ) , 18)81630(C2® ) , 146065).,1 1p962)..9 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(2-hydroxyphenyl)prop-2-en-1-
one(IBC 2)
HO

OSUNY

OH O OH
Y ellow powder;,deprotection yield: 70%; overall yiel@0%; HPLC purity: 99 %; m.p. 115
120°C.'H NMR (600 MHz, @etoneds): 1 1.64 (s,H50) , 1408 , ( 97 BBHz,( d,
H-10), &=728z,H20), 06=89Hz HB$6.92 (dddJ=1.1,7.2and 8.0 Hz,
H-5), 7.0 (dJ=7.28 (ddd,J= 1.7, 7.2 and 8.0 Hz,H),7.93 (dJ=88Hz, H6 6 ) , 7. 81
J=1.7 and 7.2 Hz, ), 7.96 (dJ = 15.6 Hz, HU), 8.26 (dJ=15.6 Hz, Hb),9 . 34 { br s,
OH) , 1 40H).3C¢ MR (13®MHz, @etoneds): i 1 7 .-88%) ,( C212a)2,1 A . 8
(C40), 19M).,0 Y1064).,4 16165).,1 1B)CI20.8(CR,a21.1(CU) , 122. ¢
(C-1),1232(C206) , 16,9302 (6 &) , 1330l1).,4 HHA4048 (CH X, 157 . ¢
(C-2),162.7(C2 6 ) , 14605).,1 16963)..3 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(2,4-dihydroxyphenyl)prop - 2-
en-1-one(IBC 3)
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HO OH
OH O OH

yellow powder; yieldd5%, overall yield: #%.HPL C pur i ty: 99 %up.lim. p. :
204 2 EBOY@IONACHE et al., 1995)H NMR (600 MHz, acetonés) according to
literaturdMONACHE et al., 1995)41.64 (s, H5 0 ) , 1-4@Y, ( 85732z, Hdq ) ,

528 (t,J=7.2Hz,H20) , 6J=28 anfl 8.51Hz, ¥%),6.51 (dJ=89Hz, H56), 6. 5.
(d,J=2.3Hz, H3),7.79 (d)=15.4 Hz, HU), 7.88 (dJ=89Hz,H6 6 ) , 8=18.2Hz( d,
H-b), 7.68 (dJ=8.5Hz, H6 ) , 1 4O0H).Q N8R (1200MHz, acetones): 1117.92 (G

50), 2120)3,0 2450 )8,8 I13R07.8(CFaC) , BPvI43(CC), 115, 2
1),116.0(G3 6 ) , 12U, 723.46(GZCC) , 163d0).,0 ¥3361).,4 HEICL40.8 (C( C

b), 159.9 (G2), 162.2 (G4), 1624 (C2 6 ) , 146064).,7 16 . 9 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(3,4-dihydroxyphenyl)prop - 2-

en-1-one (BC 4)
HO OH
Y\/\’Y\/( H~ Ak,
OH O

yellow powder; yield40% overall yield: 12%HPLC purity: 99%;m.p : 97 WOAMRUC.

(600 MHz, acetongls) according to literatu®'IN et al., 2004) 1 1.64 (s, H5 0 ) 1- 77 (

40), 3JI=B2Mz,HHo ), Bb=72Hz,H2q0), 6=B8Hz,HEO), JI. 69 |
=15.3 Hz, HU), 7.77 (dJ = 15.3 Hz, Hb), 7.97 (dJ=8.8 Hz, H6 6 ) , 6=8R2MHz Hd ,

5), 7.27 (ddJ = 1.7 and 8.2 Hz, ¥), 7.34 (dJ= 1.7 Hz, H2), 1 4-0R). 3*C RMR (150

MHz, acetoneds): U 1 7 -5902) ,( 120.)3,0 24506.)8,8 16067).,9 1164 .,4 1(1G .
(C-2),116.0(C3 6 ) , 151 B18.6(CU)C, 123%)3 (63 328.3(CL),T30.3(C

60), 13301).,5 HM(3,. 81 4)314@1 (€3;162.6 (C2 6 ) , 146064).,7 K92 . 9

bo).

(E)-1-(2 5-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(3,4-dihydroxyphenyl)prop -2-
en-l1l-one (IBC5)
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yellow powder; yieldd0%;overall yield:13%. HPLC purity:99%; m. p: 1HNSMR1 8 0 UC
(600 MHz,acetoneds): 11.64 (s,H5 0 ) , 14068, ( 9B2MHz,H2A¢o) , b= 27 (
72Hz,H10), G=8&&Hz(HB O ) , 61=2.8and 8.4Hz, +5), 6.85 (dJ=8.7

Hz, H-3), 7.23 (dJ = 2.8 Hz, H6), 7.87 (dJ = 15.5 Hz, HU), 7.93 (dJ=8.8Hz,H6 6 ) , 8. 2|
(d, J = 15.5 Hz, Hb), 8.06 (Iss, 50H), 8.73 (brs, DH) , 9. 4®H)(,b ris40OH}¥ 6( s ,
13C NMR (150 MHz, @etoneds): U 1781 (C-5 © )5.,79 (@1 0 28,49(C-4 0 ) , 4 (Q-DYB .
115.2(C-4), 117.8(C-5), 120.1 (G1 6 ) , 113, 121.2 (G0 X114.2 (C-3 6 )21.1(CV),

1236 (C-2 0 ) 2.0(Q-636 ) 2.6 (Ct330 )23.1(C-6), 1404 (C-b), 151.3 (C-5), 151.4(C-2),
163.6(C-2 6 ) 5.8(C2460 ) 3.0(Cib8 ) .

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-phenylprop-2-en-1-one (IBC 6)

Yellow powder; yield38%, overall yield:14 %. HPLC purity: 99 %mp : 12 8 HNBIR UC.
(600 MHz, @etoneds) according to literatu(ORGESARGAEZ; PEARODRIGUEZ;
WATERMAN, 2002} U1.64(s,H50) , 1498, ( S=BBHzHLEO), 5= 27 (
73Hz, H20), B=SFHzZ,(HEO), 7. 45 7B. B9 ,( rd= BGaho(7dH

Hz, H-2 and H6), 7.88 (d,J = 15.5 Hz, HU), 7.96 (d,J = 15.5 Hz, Hb), 8.03 (d,J = 8.9 Hz,
H66), 9.-O8) ( bd 8OH. 2@ NMR (IBOMHz, @etoneds): i 1 7 .-0&8) ,( C
2234(GL o), 2450)9,5 M008).,3 1164).,4 18168).,2 QL. 91 ABC) 3 ( C
129.7 (G2 and G6), 129.9 (C3 and G5), 1306 (G6 6 ) ,  13301).,4 HAC136.6 (C( C
1),1446(CH) , 1€D)1 (46065).,3 16963)..0 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-methoxypheny)prop-2-en-

1-one(IBC 7)
HO O\
Z O NS O

OH O
Yellow powder; yield66%; overall yield:37 %. HPLC purity: 99%mp : 120 125UC,
112 11#C(GANAPATY et al., 2006) 'H NMR (600 MHz, aceton€s) according to
literaturd GANAPATY et al., 2006)1 1.64 (s, H5 0 ) , 1408 , ( 8=8BHHz,(H ,
10), 330G, 5p84tJ=M2Hz,H20) , 6=88Hz,H1d) , JI=8BHz ( d,
H-3 and H5), 7.79 (dJ = 15.4Hz, H-U), 7.80 (d,J = 8.8 Hz, H2 and H6), 7.85 (dJ = 15.4
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Hz, Hb), 7.8 (d,J=89Hz, H6 6 ) , 9 .60H), 14.04 rs SQHR ¥C NMR (150 MHz,
acetoneds): 1786 (C-5 0 ) , 2 (@124 )2, 3 (2454 58,75 (40CHs), 1080(C-56) ,3 114 .
(C-1 6115.2 C-3 and G5), 116.1 (G3 6 )19.1(Ct0), 1232(C-2 0 ) , 27(CB ©130.0 (G

3 0 )31.4 (@2 and G6), 128.5(C-1), 1445 (C-h), 162.8 (G4), 162.8 (C-26 ) , 1 (C-&d).

192.9 (C-bo ) .

(E)-3-(4-aminophenyl}1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)prop-2-en-1-

one(IBC 8)
HO NH,
Z O NS O

OH O
Orange oil yield 64%;overall yield:5 %. HPLC purity: 99 % H NMR (600 MHz,DMSO-
dg): U160(s,H50) , 1-406), ( 8RWHz,EHHo ) , H=716z,6820), 5. 9:
(brs, 4NH2), 6.44 (dJ=89Hz,H5 6 ) , 6=88BMHz, H3land H5), 7.56 (dJ = 8.6 Hz,
H-2 and H6), 7.56 (d,J = 15.1 Hz, HU), 7.68 (d,J = 15.1 HzH-b), 7.96 (dJ=8.9Hz, H6 6 ) ,
14 . 2 -OHpC NMR (150 MHz, DMSQde): 117.81 (G5 0 ) , 211a)4,1 240 )5,9 (
1076 (G5 6 ) , 1116213.3(C-84hd G5),114.2(G3 6 ) , Ul #22.5(GX 0122.7
(C-1),129.5(C-6 6130.3 (G3 01231.4(C-2 and G6), 145.1 (Cb )152.1(C-4), 162.8(C-2 6 ) ,
163.6(C-4 6 ) 1.4(Ctb96 ) .

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-methylphenyl)prop-2-en-1-

one(IBC 9)
HO
OH O

Yellow powder; yieldb3%; overall yield:14 %. HPLC purity: 99%mp : 1 4 0 HNME U C.
(600 MHz, @etoneds): 11.64 (s,H5 0 ) , 1-4 337 (s54CH3)}8.38 (dJ=7.2Hz, H

10), 9=728Hz,H20) , =8&AAHz,HE8 ) , J=&08Hz,(H8 and H5),

7.73 (d,J = 8.0 Hz, H2 and H6), 7.84 (d,J = 15.4 Hz, HU), 7.89 (d,J = 15.4 Hz, Hb), 8.0
(d,J=89Hz,H66), 9.-0B) ( bi 30QH). #*ONMR (1300MHz, @etoneds): U

1791 (G5 0) , 2CH3),2%26 (C¥0 ) , 2450)8,9 H0@B).,1 H164).,4 H1®B . 1
30), #O. 7123 3 (3260d.GC3),180@6(6 6) , 1-2dnd@BBI3(.
(C30), 113,3419(c4),a446((Ch), ECd)0 14605).,2 1p963)..0 ( C
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(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-fluorophenyl)prop -2-en-1-

one(IBC 10)
HO F
OH O

Yellow powder yield 40%; overall yield:10%. HPLC purity: 97 %m.p:1 3 0 1 HAMK .

(600 MHz, acetongls): 01.64(s,H5 0 )78 (s, H4 0 ) , 3=7B2Hz,HHO) , H= 28 (
72Hz,H20) , G=&%BHz,HEO) , 7J=38.Band8dldz, H3 and H5), 785(d,
J=155Hz, H-b), 790(d,J= 155 Hz, H-b), 7.92(dd,J = 5.5 and & Hz, H-2 and H6),e 8.0
(d,J=89Hz,H6 0 ) 9. 400H)b,r s1 3 .48). CONMR (150Mblz, acetonel):
1797(C50) , 2120)3,2 240 )9,3 X3@8).,2 H164).,4 1B8165).,2 1016 . 8
=22 Hz,G3and G6), 121.8(C20) , @2)3, 21 F@®)6 (13301).,6 1L(3Ix. 91 |
8.6 Hz, G2 and G6), 132.60 (dJ=3.2 Hz,C1),143.3(Chb ) ,3.1CR 6 ) , 162492 ( d,
Hz, G4),1653 (G4 6 ) , 1b962)..9 ( C

(E)-3-(4-chlorophenyl)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)prop-2-en-1-

one(IBC 11)
HO cl
OH O

Yellow powder; yieldd7%; overall yield:11 %. HPLC purity:99%mp : 150 HNBB UC.
(600 MHz, @etoneds): U1.64(s,H50) , 1-488 , ( 8B2MHz,HUO) , I= 28 (
72Hz,H20) , B6=&®BHz,(HEO) , 3= 58z, H8and H5), 7.83 (dJ = 15.5

Hz, Hb), 7.87 (d,J = 8.5 Hz, H2 and H6), 7.96 (d,J = 15.5 Hz, Hb), 8.0 (d,J = 8.9 Hz, H

66), 9.-@H ,( Ar3s 0HY®B NMR,(158MHz, acetongls): 17.93(G50) , 22. 2
(C10), 2450.)8,9 M0G8).,3 1164).,3 1816H).,2 1228).,7 HPRY3,. 21 A K. ¢
(C-2 and G6), 130.6 (@6 6 ) ,  13%dd.CH), 1340 (G1), 136.6 (C4),1429(Cb) , 163 . :
(C26), 14605).,3 10962)..7 ( C

(E)-3-(4-bromophenyl)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)prop-2-en-1-

one(IBC 12)
HO Br
OH O
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Yellow powder; yield38%; overall yield:1 %. HPLC purity: 97 %mp : 1 4 5 HINMB U C.
(600 MHz, @etoneds) : U 1564W, (540¥, ( 8B2MHz,EHHo) , 5= 27 (
72Hz, H2 0 ) , =8BHz,H8 p ) , 3= &Hz (H8 and H6), 7.80 (dJ = 8.5

Hz, H-3 and H5), 7.80 (d,J = 15.5 Hz, HU), 7.98 (d,J = 15.5 Hz, Hb), 8.00 (d,J = 8.9 Hz,
H66), 9.-08) ( bna8 -OHBBC(NMR (150 MHz, acetoneds): 17.95 (G5 0 )
2231(GL o) , 240a)9,2 ¥S@B).,3 XUGL).,4 MIG).,2 H262).,8 H2C3. 2
U), 1251306 (G600 ) ,4 (@Bahd G6), 131.6 (B30 ) , 14,3437 (Cb L,
1632(G2 6) , 14605).,3 1b92.. 8 ( C

(E)- 1- (2,4 dihydroxy - 3- (3- methylbut- 2- en- 1- yl)phenyl)- 3- (4- (trifluoromethyl)phe
nyl)prop-2-en-1-one (IBC 13)

HO CF,
OH O

Yellow powder; yield45%; overall yield:2 %. HPLC purity: 99 %mp : 150 HINMR U C.
(600 MHz, @etoneds) : 1.684(s,H50) , 1-468 , ( 8§B2Hz,HUO) , I= 28 (
72Hz,H20) , 6=896¢z HH6) , JI=18.9Hz(Hi), 8.02(dJ=89Hz, H60) ,

8.06 (d,J = 8.1 Hz, H2 and H6), 8.07 (dJ = 8.1 Hz, H3 and H5), 7.67 (dJ = 15.9 Hz, H

b), 9. 4®H{) br 4 30H.6°¢ MMR (180MHz, acetoneds): 17.97 (G50) , 22 . 3
(C10), 2450)9,3 M008).,4 M164).,4 14165).,3 12263).,2 Howwe& ( C
(q,J = 3.6 Hz, H3 and H5), 130.2 (G2 and G6), 130.8 (G6 6 ) ,  :3dl).,7 KO . 9 (
1425(Ch), 1®@®)4 (14605).,4 1092).cranai(olBerved.

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-nitrophenyl)prop -2-en-1-one

(IBC 14)
HO NO,
OH O

Yellow powder; yields0%; overall yield:8 %. HPLC purity: 99 %mp:1 4 0 1 HNVR

(600 MHz, @etoneds) : 1.86(s,H50) , 1-480, ( 8§72BHz, g ), 5= 29 (
72Hz,H20), 6=89Hz, #3160 ) , JI=19.83Hz(Hi), 8.05(dJ=89Hz, H66) ,

8.14 (d,J = 8.7 Hz, H2 and H6), 8.15 (dJ = 15.5 Hz, Hb), 8.32 (dJ = 8.7 Hz, H3 and H

5), 9. 5@H)(,b ris30H}E NMR (1300MHz, acetoneds,): 1798 (G50) , 22 . 3
(C10), 2450.)9,4 H0@8).,5 1164).,4 1816p).,3 1p263).,1 1xaMd.G8 ( C
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6), 126.1 (CU) , 1 B@NdE5),(180.9 (C66) , 13BoLl).,8 LML, 61 4. 3

149.5 (G4), 1635 (C2 6 ) ,  14605).,4 1p962)..4 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(pyridin -3-yl)prop -2-en-1-one
(IBC 15)

HO

=
N

NN
OH O

Yellow powder; yields5%; overall yield:5 %. HPLC purity: 99 %mp : 18 1 HIN&IB UC.

(600 MHz,DMSO-dg): 11.62 (S,H5 0 ) , 1. 72 (=s7.2H48)0) ,3.R=42g d( t ,

Hz,H20), 6=&9Hz,HE6) , 7J=4.8and HoHz, +5), 7.82 (dJ = 15.6 Hz,
H-U, 8.09 (dJ=8.9Hz,H6 6 ) , 8= 15.6 Hz( Hb), 8.35 (dJ = 7.9 Hz, H4), 8.61 (d,
J=4.8 Hz, H6), 9.02 (s, 2 ) , 1 3-OH); lu(es; not dbgerved*C NMR (150 MHz,

DMSO-de,): 17.73(G5 0 ) , 2D ) 3 @4504)5,1 X007).,6 K162).,7 1B164).,6
1223(GU) , 12202, ( G,2308 (CB)CL305(C30) , 1BD) ,6 XX5. 2

140.1(Gb ) , 1®R)D15M0 (@BC162.9(C2 6) , 146063).,7 1p96l). 4 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(pyridin -4-yl)prop -2-en-1-one
(IBC 16)

HO

Z "N
<~

NN
OH O

Yellow powder; yield35%; overall yield:2 %. HPLC purity: 99 %mp : 1 4 5 HINMR U C.

(
(

(600 MHz, DMSQde): 11.62 (S,H5 0) , 1. 72 (s7.2H48)0) 3. B4R d( t ,

Hz,H20), G=&9Hz,HE 0 ) , J=1b.8Hz( HD), 7.84 (dJ=5.6 Hz, H3 and
H-5), 8.09 (dJ=9.0 Hz, H6 6§ ., 4 2 {Obl); 8s18 (d,#=015.5 Hz, Hb), 8.67 (dJ=5.6

Hz, H2 and H6 ) , 1 3-OH. 3C MR (1IZ3®MHz, DMSO-de): 17.73(G50) , 2 1.
10), 2450)50 NOO7).,8 H162).,7 18164).,6 18262d.GR), 122 (G2 0 ) ,

1257 (GU) , 13®)5 (t@B0)40B (GG , 1-4)11504 (€2@nd G5), 163.2
(C206), 146063).,8 1p961)..3 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(furan -2-yl)prop -2-en-1-one
(IBC 17)
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OH O
Yellow powder; yields5%; overall yield:22%. HPLC purity: 99 %mp : 16 5 HNBIR U C.
(600 MHz acetoneds,): 01.63 (s, H5 0 ) , 1407, (8 38BHzKHL0o), 5. 27
=73Hz,H2 06 ), O0=8&9%Hz,HE O ) , 6J=6.8and JH4dHz, H), 7.01(dJ=3.4
Hz, H-3), 7.60 (d,) = 15.6 Hz, HU), 7.68 (d,J = 15.6 Hz, Hb), 7.78(d,J = 1.8 Hz, H5), 7.88
(d,J=89Hz,H6 69.,53 O s, 1-8H).FCNMRGL50MHz, acetoneds,): 17.96
(C50), 2120.)3,1 2450 )9,3 1009133(C-B)Cl143(CL06) , 13108173 ( C
(C-4),1189(C-U) , 123)3.2(C-5,1308(C606 ) , 13301).,6 HxNpE52.8 ( C
(C-2),163.0(C2 6 ) , 14605).,2 1p962)..4 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(thiophen-2-yl)prop -2-en-1-one
(IBC 18)
HO

OH O
Yellow powder yield 60%, overall yield:15 %. HPLC purity: 99%mp : 1 8 0HNMERB UC.
(600 MHz, @etoneds): U1.64 (s, H5 0 ) , 1-4068, ( 9B2MHz,HUo) , b= 27 (
70Hz,H20), 6=&%¥Hz,HEO6) , 7J=B.6and H0dHz, H), 7.62 (dJ=15.1
Hz, HU), 7.62 (d,J = 3.6 Hz, H3), 7.70 (dJ=5.0 Hz, H5), 7.91 (dJ=89Hz, H6 6 ) , 8. O
(d,J=15.1 Hz, Hb), 9.49 (b s ;O HA § 1 3-OH.*q NMR (1800MHz, acetoneds,):
1783 (C50) , 212a)2,9 ZHEn)8,9 X5EB). ,2 Yi&4).,2 3165).,2 K20 . 3
u), 123)2 (18,2303 (c4),A306(C606) , 13301).,6 HHCA37.3(C( C
b), 14)11621(C® ), 14605).,2 1p962)..4 ( C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(naphthalen-1-yl)prop -2-en-1-

one(IBC 19)
HO
®
SO L

OH O
Yellow powder yield 30%, overall yield:10%. HPLC purity: 98 %mp : 18 5 HN®R UC.
(600 MHz, @etoneds, 600 MHz ) 500, 1. @450797Qs ,3sM3tHE, HH0 ) ,
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530 (t,J=7.3Hz,H20) , O=&8Hz,HEO) , 7J=6.6and t7dHz, ), 7.61

(ddd,J = 1.8, 7.0 and 8.0 Hz,H), 7.68 (ddd,) = 1.3, 7.0 and 8.5 Hz,4d), 8.00(dd,J = 1.8

and 8.5 Hz, B), 8.01 (dJ = 15.2 Hz, HU), 8.04 (ddJ = 7.7 and 1.9 Hz, +2), 8.06 (dJ =
88Hz,H6 6) , 8J=1.8and M6Hz, H), 8.36 (dd,]) = 1,3 and 8.5 Hz, 8), 8.74 (dJ

=15.2 Hz, Hb), 9.54 (brs -QH) , 1 3-0OB)9'°CNBKIR (152 BIHz, @etoneds): 17.95
(C50), 2R060)3,1 ZED)9,1 IIB) 3 ¥1HM).,4 KACB).,3 KH2B).,2 (
124.1(GU) , 1-3)412644 (G8)C126.5 (C7), 127.2 (G2), 128.0 (G6), 129.7 (G4), 130.7
(C66), 153031.8(C3 L), 15,1327 (C10% 132.9 (), 134.8 (G1), 140.8
(Ch), 1@®B).,2 1-805.,3 1(bG@) 8 (C

(E)-1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(naphthalen-2-yl)prop - 2-en-1-

one(IBC 20)
D
Z NS
OH O

Yellow powder; yield 30%woverall yield:12%; HPLC purity: 99%mp : 155 HNHB UC.
(600 MHz, acetongls, 600 MHz):41.65 (s, H5 0 ) 1-409, ( 8BFHz,HH 0 ) ,

529 (tJ=73Hz,H20), ©O=&7HzMHBOH), 7. 566andHr9 ,( M, 983 8
(m, H3 and H4), 7.97 (dJ=88Hz,H6 6 ) , 8= 16.5 Hz( H), 8.09 (dJ = 15.9 Hz,
H-b),8. 05 8 .-Fdnd§q), 29 (1), °C NMR (150 MHz, acetonds): 17.99 (G5 0 ) ,
2235(G1 0) , 2450.)9,4 H008).,3 1164).,5 18165).,3 HRA23.3(GX X ,
125.1 (G3), 127.7 (C7), 128.3 (G6), 128.7 (C4), 129.5 (C1), 129.6 C-5), 130.6 (GC6 6 ) ,
1316 (G30) , 18,1335 (C2),A34.5(C10), 135.4 (9), 144.6 (Cb), 163.1 (G2 6 ) ,
1653(C46), BR2.9 (C

(E)-1-(2,4-dihydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (IBC 21)

OH O
Orange powder; yiel@5 %, overall yield:20%. HPLC purity: 99 9%; m. |
°C (SUGAMOTO et al.,, 2011) m. p. f o u n'#:NMR B@® MHA DMSO-@).
according to literaturéSUGAMOTO et al., 2011)i6.28 (d,J=2.3 Hz, H3 6 ) , 6J=40 (d
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23and89Hz K 6) , 6= 8%Hz H3land H5), 7.73 (dJ = 15.3 Hz, HU), 7.75 (dJ

= 8.6 Hz, H2 and H6), 7.76 (d,) = 15.3 Hz, Hb), 8.16 (dJ=8.9Hz,H6 6 ) , 1 6QHYL ( br ¢
10. 7 {OH)s, 180OH.3C NMR (MBOd): 1026 (G3 6) , 150068).,1 1(1C3 .
(C-1%115.9 (G3 and G5), 117.4 (€U), 125.8 (G1), 132.9(C6 6 ) ,  123uid GB), 160G
(C-4),165.0 (G2 6 ) , 14605).,8 16CQL . 6 ( C

(E)- 1- (3- ((E)- 3,7 - dimethylocta- 2,6- dien- 1- yl)- 2,4- dihydroxyphenyl)- 3- (4- hydrox
yphenyl)prop-2-en-1-one (IBC 22)

HO I ! OH
7 7 N

OH O
Yellow powder; yield65%; overall yield: . HPL C purity: 99 %; m. p.:
122. 7 Q(BBGAMOTO et al., 2011) *H NMR (600 MHz, @etoneds) according to
literature(SUGAMOTO et al., 2011)i1.54(s,H9 060) , L4 0®&Q , ( B8 ®B)0, (JIs.,9 6H
=76Hz,H40), 2.035@2) 073£2®H,HAO), 3J=M01MHz,HE6EOQ) ,
6.53(dJ=88Hz,H56) , 6=®6Hz H8and H5),7.73 (dJ=8.8 Hz, H2 and H
6), 7.75 (dJ = 15.4 Hz, HU), 7.84 (dJ=15.4 Hz, Hb), 7.97 (dJ=8.8Hz,H6 6 ) , 9. 18 |
4®H) , 140H).C NMR (1300MHz, acetondgs): 16.30 (G9 0 ) , 3170 07)0, (22 . :
(C10) , 250)8,1 Z50 ¥, 1 440 )54 ¥aIB) 0 ¥1A). .4 KAG). ,2  (
116.8 (G3 and G5), 118.5(CU), 123.3(G2 0 ) , 1&%).,2 HIXI308(Cg&) , 13 1.
(C-70), 1ZBahdGh), 1352 (C30) , 10,4619 (G4, A628(E46), 165. 3
26), H8B. 0 (C

(E)-1-(4-hydroxy-3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one
(IBC 23)

HO OH
z O NS O
0]
Yellow powder; yield65%;overall yield:23%. HPLC purity:99%;m. p. : 115 118 U
75.1 €. *H NMR (600 MHz, @etoneds) according to literatur€YEONG-HO LEE, 2020) i

1.73 (s, H5 0 ).74 (s,1H4 0 ).39 (d,J3 7.3 Hz, H1 0 ).38 (t, 5= 7.3 Hz, H2 0 ).91 (d,6
= 86 Hz, H3 e H5), 636 (d,J = 84 Hz, H5 6 )65 (d,J= 155 Hz, HU), 7.66 (d,J = 8.6 Hz,
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H-2 e H6), 7.69 (d,J = 155 Hz, Hb), 7.90 (dd,J = 2.3 e 84 Hz, H6 6 )94 (d,3 = 2.3 Hz,

H-2 6 ).99 (sIB40H), 92 1  ( -©OMH),3C MMR (150 MHz, @etoneds): 1 17.90 (G5 0 ) ,
2590(G1 0) , 2490)1,0 16105).,5 1BHIIGCH), 1190(CU), 123%)3 @ae7.
(C36), 1129292 (R 6), 123add.GB), 181C4 (6 6 ) , 11361).,6 K32 . 9
30), 104)B60.83(G4),E60.5(G406) , (Cthsos)..2

1-(2,4-dihydroxy -3-(3-methylbut-2-en-1-yl)phenyl)-3-(4-hydroxyphenyl)propan-1-one

(DH-IBC)
HO OH
OH O

White powder; yield: 50 %; overall yiel#2%; m. p . : 8 NNMR (6D@NHZ, Gcetone

de): U1.63(s,H50) , 1-4D6 , ( 95 BBHz HH),3.23 (tJ= 7.7 Hz, HU), 3.33
(d,J=72Hz,H1 0 ) , B=725z H2x0), O=8HzH506), 6=86%Hz (d,
H-3 and H5), 7.11 (dJ = 8.5 Hz, H2 and H6), 7.68 (dJ=88Hz, H6 6 ) , 1®H)2 ( s,
13C NMR (150 MHz, acetonds): U 1 7 .-48%) ,( C2R2a)1,7 ZEd )8,7 FMH )2,6 (
4050(GU) , 1®3)3 (IT64).,7 1B8HHBICH), 1{7@(C36) , 12203).,1 1(3CL .
(C-66), 123a0d GB), 18135 (Cl), 132.7 (C3 0 )56.6 (G4),1625(G26 ), 164. 1
406) ,8(@b0065). .



Figure S1 *H NMR spectrum ofA.2 (DMSO-ds; 600 MHZz)
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Figure S3. IH NMR spectrum ofA.5 (CDCls; 600 MHz)
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Figure S5. IH NMR spectrum ofC.1 (CDCls; 600 MHz)
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Figure S7. 'H NMR spectrum ofC.3 (CDCls; 600 MHz)
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Figure SQ *H NMR spectrum ofC.5 (CDCls; 600 MHz)
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Figure S11. *H NMR spectrum ofC.7 (CDCls; 600 MHZz)
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Figure S13. 'H NMR spectrum ofC.9 (CDCls; 600 MHZz)
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Figure S15. *H NMR spectrum ofC.11 (CDCls; 600 MHZz)
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Figure S16. 'H NMR spectrum ofC.12 (CDCls; 600 MHz)
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Figure S17. *H NMR spectrum of£.13 (CDCls; 600 MHZz)
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Figure S18. *H NMR spectrum ofC.14 (CDCls; 600 MHz)



