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English summary

Today, cancer is becoming a major public health problem with 12.7 million new cancer
cases and 7.6 million cancer deaths registered in 2008. Although the number of people
cured of cancer is increasing, people still die because of cancer. The reasons, besides an
early and correct diagnosis, are the lack of effective treatments and the emergence of
drug-resistant cancers.

Therefore, researchers are interested in new approaches to develop potent and selective
therapies to fight cancer.

To start with, we developed a series of natural compound derivatives related to aurones.
Aurones play an important role in the bright yellow pigmentation of some flowers and
fruits exhibiting a strong and broad variety of biological activities. We combined the
benzofuranone motif of the aurone with other coumarin and chromone motifs inspired
by nature. These new compounds displayed promising anticancer activity because they
are able to block the cell cycle in K562 cancer cells and are able to induce apoptosis being
an interesting scaffold for further development.

Secondly, we focused on an epigenetic target. DNA methyltransferases (DNMTs) are
considered as an interesting target in oncology. The use of specific inhibitors of DNMT
(DNMTi) might reactivate tumor suppressor genes and induce the reprogramming of
cancer cells, leading to their proliferation arrest and ultimately to their death. We
improved the known compound SGI11027 through structure modification leading to novel
non-nucleoside DNMT inhibitors, more potent and more selective than the lead
compound. The anticancer activity of our quinoline and pyrimidine based compounds -
tested in different cancer cell lines - suggests their use as possible potent and selective
future cancer therapy.

A third series of coumarin-based curcuminoid analogues were prepared and tested for
their potential ability to modulate the TNF-alpha induced NF-kB pathway in K562 cancer
cells. However, we were not able to demonstrate the involvement of the targeted

pathway so far. Complementary and deeper investigations need to be conducted in order

Vii



to elicit deeper biological properties of these compounds with the possible involvement

of different pathways.
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Résumé de lathese en francais

Aujourd'hui, le cancer est devenu un probléme majeur de santé publique avec 12,7
millions de nouveaux cas de cancer et 7,6 millions de décées enregistrés en 2008. Méme si
le nombre de personnes, qui guérissent, augmente, les décés sont toujours importants.
Les raisons, malgré un diagnostic précoce et correct, sont |'absence de traitements
efficaces et I'émergence de résistances a la thérapie anticancéreuse.

C'est pourquoi les chercheurs s'intéressent aux nouvelles approches pour développer des
traitements puissants et sélectifs pour vaincre le cancer.

Dans notre premiéere approche, nous avons développé une série de dérivés de composés
naturels appelés aurones. Les aurones jouent un role important dans la pigmentation
jaune lumineuse de certaines fleurs et certains fruits et présentent de nombreuses
activités biologiques. Nous avons combiné le motif benzofuranone des aurones avec
d'autres motifs de la coumarine et chromone issus de la nature. Ces nouveaux composés
montrent une activité anticancéreuse prometteuse, car ils sont capables de bloquer le
cycle cellulaire dans les cellules cancéreuses K562 et peuvent y induire I'apoptose. Ils sont
donc un motif intéressant pour un développement ultérieur de recherches.

Ensuite nous avons concentré notre attention sur un objectif épigénétique. Les
méthyltransférases de ’ADN (DNMT) sont considérées comme une cible intéressante en
oncologie. L'usage d'inhibiteurs spécifiques de la méthyltransferase de I’ADN (DNMTi)
pourrait réactiver les génes suppresseurs de tumeurs et induire la reprogrammation des
cellules cancéreuses, conduisant a I'arrét de leur prolifération et finalement a leur mort.
Nous avons amélioré le composé connu SGI1027 par une modification de la structure.
Nous avons obtenu de nouveaux inhibiteurs non- nucléosidiques de la méthyltransferase
de I'ADN, plus puissants et plus sélectifs que le composé principal. L'activité anti-
cancéreuse de nos composés quinoléiniques et pyrimidiniques est testée sur différentes
lignées cellulaires de cancer indiquant leur future utilisation possible dans un traitement
anti-cancéreux puissant et sélectif.

Une troisieme série d'analogues de curcuminoides a base de coumarine a été préparée et
testée pour sa capacité potentielle a moduler la voie TNF-alpha induite par NF-kB dans les

cellules cancéreuses K562. Cependant, nous n'avons pas été capable de montrer



I'implication de la voie ciblée jusqu'a maintenant. Des études complémentaires et plus
approfondies doivent étre menées afin d’estimer les propriétés biologiques de ces

composés dans la participation éventuelle a différentes voies.
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1. General introduction

Known since the ancient Greeks, studied by Hippocrates who gave its name (from
the Greek word "Karkinos"), cancer has been an incurable disease for a long time.
»Cancer" is a general term for a disease that can affect any part of the body caused
by the proliferation of cells, with implications for the entire organism. Other terms
used are malignant tumours and neoplasms. Many of them can be cured nowadays
through the advances in medicine.

Although the number of people cured of cancer is increasing, people still die
because of cancer. It is currently one of the three lead causes of death worldwide,
among cardiovascular and infectious diseases, representing about 13% of global
mortality rates (7.6 million victims in 2008) [1, 2].

The reasons besides a therapeutic point of view and an early as well as a correct
diagnosis are the lack of effective treatments and the emergence of drug-resistant
cancers [3-8].

Cancer is a complex disease, managed by many biological mechanisms. It arises
from one single cell transforming from a healthy one into a tumourous one via
multistage processes from a pre-cancerous lesion to malignant tissue. These
changes are the result of personal genetic risk factors in combination with external

influences, e.g.:

e physical tumourigenic agents, such as ultraviolet and ionizing radiation

e chemical tumourigenic agents, such as asbestos, components of tobacco
smoke, aflatoxin as nutrition contamination and arsenic as potable water
contaminant

e biological tumourigenic agents, such as infections from certain viruses,

bacteria or parasites [1].

Despite of the already existing therapies, the estimates of the WHO show that the
number of cancer victims will double by 2030. This highlights the importance of

developing new treatments that are targeted, more effective and with fewer side
1
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effects.

Today, modern research tries to synthesize, isolate, identify and elucidate how both
natural and synthetic molecules work and researchers improve drug efficiency in a
way to increase the number of therapeutic compounds to fight against different

type of cancers [9-13].

During my PhD research | wanted to study chemical, biochemical and biological
aspects of new agents to fight cancer.

Within my project | anticipated developing new competences in drug design. |
wanted to focus on improving my synthetic chemistry skills particularly in the area
of natural derivatives working closely together with biologists and biochemists in
order to create new bioactive compounds.

To start with, we developed a series of natural compound derivatives related to
aurones. Aurones play an important role in the bright yellow pigmentation of some
flowers and fruits exhibiting a strong and broad variety of biological activities. We
combined the benzofuranone motif of the aurones with other coumarin and
chromone motifs inspired by nature. We will present new compounds displaying
promising anticancer activity in K562 cancer cells.

Secondly, we focused on an epigenetic target. DNA methyltransferases are
considered as an interesting target in Oncology. The use of specific inhibitors of
DNMT (DNMTi) might reactivate tumour suppressor genes and induce the
reprogramming of cancer cells, leading to their proliferation arrest and ultimately to
their death. We prepared new quinoline and pyrimidine based compounds based
on the known compound SGI1027 leading to promising selective novel non-
nucleoside DNMT inhibitors.

As a third series, coumarin-based chalcone analogues were projected and prepared
for their potential ability to modulate the TNF-alpha induced NFkB pathway in K562

cancer cells.
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2. Aurones

2.1 General introduction

Flavonoids represent a large class of natural products in the plant kingdom,
exhibiting multiple biological activities [14]. Aurones play an important role in the
pigmentation of some flowers and fruits and contribute especially to the bright
yellow colour of flowers [15]. They also exhibit a strong and broad variety of
biological activities. For example they have been described as antifungal agents
[16], as insect antifeedant agents [17], as inhibitors of tyrosinase [18], and as
antioxidants [19]. Not widely distributed in nature, aurones, (Z)-2-benzylidene-
benzofuran-3(2H)-ones, are one of the less common and lesser-known
representatives of a flavonoid subclass [20]. This is probably the reason why they
have received little attention in comparison to the structurally similar and widely

investigated flavones and isoflavones [21].

Figure 1: Aureusidin, an example of a common aurone

There are, however, a few notable exceptions. Aureusidin, a common aurone (1), is
an inhibitor of iodothyronine- deiodinase, an enzyme involved in hormone synthesis
and regulation [22]. Synthetic aurones bind to the nucleotide-binding domain of P-
glycoprotein [23], to inhibit cyclin-dependent kinases in connection with

antiproliferative properties [24], and to act as anticancer agents [25].
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2.2 Synthesis of aurone derivatives

A very popular way to prepare aurones was developed by Varma et al. His method
is based on the aldol-like condensation of benzofuran-3(2H)-ones with
benzaldehydes [26]. This and some other classical methods for the synthesis were
reviewed by Boumendjel et al. in 2003 [20]. Since then, several new or refined

methods have been published:

Lawrence et al. studied the naturally occurring aurone 1, isolated from Uvaria
hamiltonii, and prepared a series of analogues structurally based on known tubulin
binding agents, which were subsequently evaluated for anticancer activity [21]. The
authors employed well-known methods to afford their aurone derivatives. The
synthetic avenue described by Lawrence et al., for example, consisted of the
preparation of benzofuranone (4) (Scheme 1) via a polyphosphoric acid (PPA)
cyclisation of the phenoxyacetic acid 3, which was in turn prepared by the

condensation of phenol 2 with chloroacetic acid.

The synthesis of aurone 1 required the use of the TBDMS-protected benzaldehyde
5, prepared in high vyield from 3,4-dihydroxybenzaldehyde using tert-

butyldimethylsilyl chloride in the presence of imidazole [27].

OH 0/\002H omMe
i i MeO
— —
MeO OMe MeO OMe MeO o
OMe OMe
2 3 4

Scheme 1: Reagents and conditions (i) CICH,CO,H, NaH, DMF, rt, overnight; (ii) PPA,
809C, 8h [21].

To obtain the aurone, the protected benzaldehyde is condensed with the

appropriate benzofuranone 4 in the presence of neutral alumina. This method was
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originally described by Varma et al. [26]. Subsequent treatment with tetra-

butylammonium fluoride afforded the deprotected aurone 1 (Scheme 2).

OMe o (o]
MeO OTBDMS
+ H
MeO o OTBDMS
4 i, ii ¢¢ 5

OMe

Scheme 2: (i) Al,O3, DCM, rt, overnight, (ii) to remove TBDMS: TBAF, DCM, rt, 30

min.

As for all the natural derivatives isolated by Atta ur Rahman and Choudhary et al.
[31], an example of which is aurone 1, the synthetic approach yielded the geometric

(2)-isomer, this being generally more stable thermodynamically than the (E)-isomer.

As part of an alternative synthetic approach, Kraus et al., employed a Steglich
esterification followed by a Suzuki coupling [28]. They started with the esterification
of commercially available phenol 2 with 3,3-dibromoacrylic acid 6. A Fries
rearrangement led from the ester 7 to ketone 8. After cyclisation of 8, the authors
initially expected a bromoketone, originally assigned as 9. However, Suzuki coupling
with phenylboronic acid 11 provided a different compound. After considering
alternative structures through NMR studies, they revised 9 to 10. This implies that

the Suzuki coupling led to aurone 12 (Scheme 3).

The Suzuki reaction is more commonly conducted with aryl bromides or iodides
than with chlorides [29]. Interestingly, when the authors exchanged 3,3-

dibromoacrylic acid to 3,3-dichloroacrylic acid the reaction led to flavones 9 and not
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to aurones. The rationale for the remarkable divergence still remains unclear.

As a further alternative synthetic pathway, Harkat et al. described a three-step
procedure to form aurone derivatives using a gold(l)-catalyzed cyclisation of 2-(1-
hydroxyprop-2-ynyl)phenols. The classical aldol-like coupling reaction sometimes
results in low yields and requires the synthesis of benzofuran-3(2H)-ones from
substituted 2-phenoxyacetic acids by an intramolecular Friedel — Craft reaction.
Such a reaction is usually carried out under harsh conditions and yields are modest

[30].

6
MeO OH HOJJ\%Br MeO (o)
\"/\(
DCC, DMAP

. (o] Br
CH,Cl,, DMF 5:1
MeO oGz DN MeO
2 OMe OMe 7
AICI
CICH,CH,CI

MeO. (o} Br

MeO

MeO OH
OMe O €
9 0,02 N NaOH 5
- r
THF, 0°C -rt MeO N
MeO 0 Br OMe O Br
& 8
MeO
ome ©
10
HO\ R
MeO o Br /B—@ 11  MeO
— HO
'
MeO Pd(PPha), (5 mol%)
K,CO;, DMF Dioxane MeO
ome © rt- 90°C ome ©
10 12

Scheme 3: Synthetic route towards aurones via Steglich esterification followed by

Suzuki coupling [28].

10
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R'
o e
Conditon 3

»e=

MeCN, rt

R
OH

13 14

R=H-, Br-, MeO-, NO,- and R’ Cl-, MeO- [30].

15
Scheme 4: Three-step procedure to form aurone derivatives using a gold (l)-catalyst

Conditions Catalyst Additive  Time
(mol%) (mol%) (h)

yield
(%)

1 none K,COs (10) 24
2 AuCl (10) none 0.5
3 AuCl (10) K,COs3(10) 2

0
a

78

Conditions Catalyst Additive  Time
(mol%) (mol%) (h)

yield
(%)

1 none K,COs (10) 24
2 AuCl (10) none 0.5
3 AuCl (10) K,CO3(10) 2

0
a

78

Table 1: Reaction conditions for catalytic condensation of aurones.

a: decomposition

In contrast, the group prepared various 2-(1-hydroxy-3-arylprop-2-ynyl) phenols

(13) by addition of 2 equivalents of lithium arylacetylides, with or without

substituents, at low temperature in THF to yield several substituted salicylaldehydes

(Scheme 4). The propynol obtained was then subjected to cyclisation (Table 1).

Only the combination of gold(l) chloride and potassium carbonate enabled the

cyclisation to the arylidene alcohol 14. Oxidation with MnO, afforded the

corresponding aurones (15). Using this method, the synthesis of different natural

aurones was achieved, including the 4’chloroaurone from Spatoglossum variabile,

11
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which has been isolated previously by Atta ur Rahman and Choudhary [31].

Agrawal et al. described a similar cyclisation using pyridine-Hg (OAc),, as well as
CuBr;, in dimethylsulfoxide (Scheme 5). As part of this procedure, to a molar
amount of Hg( OAc), in cold pyridine the 2'-hydroxychalcone 16 was added and the
solution refluxed for 10-15 min. Then the reaction was cooled, treated with diluted
HCI, and then diluted with ice-cold water. Recrystallization led to the pure Z-isomer
of 17. As part of a second method, the authors used a few milligram of CuBr; in
DMSO and 2-hydroxychalcones. After refluxing this mixture for about 60 to 90 min,
the reaction was cooled and quenched with water. Filtration and recrystallization in

EtOH yielded the desired aurones (17) [32].

Pyridine
OH

Hg(OAc),
CH=—CH R,
Ry DMSO
o CuBr,
16 17

Scheme 5: Cyclisation by mercury(ll) acetate in pyridine and cupric bromide in

dimethylsulfoxide R= H-, Br-; R;= H-, CHs3-; R,= H-, OCHs-, CI- [32].

Thanigaimalai and Yang described a synthetic route to aurones via oxidation of 2-
hydroxy-6-cyclohexylmethoxychalcones with thallium (lll) nitrate (Scheme 6) [33]. In
continuation of their previous work [34, 35] they treated different chalcones (18)
with thallium (IIl) nitrate in methanol, first at room temperature for 24 h, and then
heated to 65°C, followed by addition of hydrochloric acid in a one pot oxidative
cyclisation to achieve the corresponding isoflavones (not shown) and/or aurones
(19) depending on the electronic nature of substituents on ring B of the chalcones.
The strong electron donating groups in the para-position of ring B led to isoflavones,
the weak electron donating group to a mixture of both aurones and isoflavones,
and the electron withdrawing groups ended with aurones (19). Again NMR studies

of the aurone derivatives revealed that their oxidative cyclisation method gave only
12
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Z- isomers, as reported in the literature [36, 37].

O/\o 0
O, O
_ i i
OH R
18

19
Scheme 6: (i) Thallium (Ill) nitrate (TTN), methanol, overnight at rt; (ii) hydrochloric

acid, 50°C, 5 h. R=-H, -Cl, -CHO, -COOCHjs, -NO,, -COOH [33].

13
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2.3 Aurones and their role in colouring flowers

There are many beautiful flowers in nature in a variety of shapes and colours. Such
diversity is acquired through evolutionary processes to ensure successful
reproduction by attracting pollinators or by promotion of wind pollination [38]. The
colour is especially important to attract pollinators, such as insects and birds. For
plant breeders, the colour of flowers is one of their most important targets. Such
breeders have come up with many different-coloured hybrids and cultivars using
natural mutants or genetically related species. Recent advances in genetic
modification techniques enable the production of desirable and novel flower
colours [39]. Many researchers exploit the knowledge of flavonoid biosynthesis
effectively to obtain unique flower colours. Transgenic blue-violet flowers, for
instance, are already on the market today and transgenic blue roses have been
reported [40].

For creating transgenic plants with yellow colours, aurones are often used as
pigments of choice. Ono and Fukuchi-Mizutani revealed that regulation of aurone

biosynthesis led to production of yellow flowers in a Torenia hybrid [15].

Scheme 7: Biosynthetic route towards aurones.

Interestingly, the biosynthetic avenue leading to aurones differs somewhat from

14
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the chemical synthetic pathways discussed earlier. In transgenic flowers, the
coexpression of Antirrhinum majus chalcone 4’-O-glucosyltransferase (Am4’CGT) in
the cytoplasm and A. majus aureusidin synthase (AmAS1) in the vacuole combined
with down-regulation of anthocyanin biosynthesis by RNA interference (RNAI)
resulted in yellow flowers. These two enzymes will produce aureusidin 6-O-
glucoside (21) via a 2’,4’,6’,4-tetrahydroxychalcone 4’-O-glucoside 20. The authors
suggested that the chalcones (19) are 4’-O-glucosylated in the cytoplasm, their 4’-0O-
glucosides transported to the vacuole, and therein enzymatically converted to
aurone 6-0-glucosides (Scheme 7).

Shrestha et al. found aureusidin also in Rhus parviflora (Anacardiaceae) [41]

Since chalcones are common throughout the plant kingdom, the strategy to
generate yellow flowers by production of aureusidin 6-O-glucoside is widely
applicable to most plant species producing chalcones. Furthermore, this genetic
“trick” opens the door to molecular breeding strategies, which generate

monotonous yellow flowers that dominantly produce aurone 6-O-glucoside [15].

15
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2.4 Aurones as fluorescent probes with potential applications

Organic molecules that fluoresce in the visible region of the electromagnetic
spectrum might be useful as probes in biological systems [42]. Such probes should
cause minimal perturbation of the biological macro-molecule, they possess
background fluorescence and are easy to use. There are three general types of
fluorophores of interest here: xanthenes (fluorescein, rhodamine), boron
dipyrromethenes and cyanines. Some of them already absorb and fluoresce in the
visible region, but most of these molecules are relatively bulky with small Stokes’
shifts [1, 2]. Shanker and Dilek recently published aurone derivatives as potential
fluorescent probes for biomolecules that can be observed with visible light [42].
Even the largest molecule they prepared for this study is smaller than the xanthene
dyes. The UV—-Vis absorption characteristics of naturally occurring aurones have
been well documented [14, 15]. An amine substituent at the 4-position of aurone
22 |leads to the largest red shift in the absorption maximum compared with that of
the parent molecule. Acetylation of the amine (aurone 23) shifts the absorption and
emission maxima to shorter wavelengths, while restricting the rotation of the amine

nitrogen in 24 shifts the absorption and emission maxima to longer wavelengths.

Figure 2: Aurones which may serve as potential fluorescent probes [42].

16
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On one hand, xanthenes have high quantum yields in polar environments, while on
the other hand the aminoaurones investigated need to have a hydrophobic
environment to be useful fluorescent probes. The molecules investigated can also
be observed using common microscopy excitation sources. The authors further
speculated that Z- and E-isomers can be interconverted photochemically and,
therefore, may have applications as photoactivated switches. As a proof of the
concept, they showed that the absorption and emission maxima of aurones may be

varied to suit a particular application through functional group selection [42].

2.5 Aurones as chemosensors

Chen et al. developed novel aurones as chemosensors for cyanide anions like 25.
These compounds exhibit remarkable response to cyanide anions with obvious
changes , colour and fluorescence change owing to a hydrogen bonding reaction
between cyanide anions and the O—H moiety of the sensors, which allows to use the

naked eye to detect cyanide anions [43].

Figure3: Aurone as chemosensor for cyanide anions [43].

17
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2.6 Biological roles, targets and activities

Aurones and others sub-classes of flavonoids, such as flavones and chalcones, have
been studied for their numerous biological activities. Aurones, however, are only
studied sparingly compared with the others sub-classes [44, 45]. Nevertheless,
recent studies have revealed promising biological properties of this group of natural
molecules. We described the most relevant biological properties of aurones

discovered so far in our recently published review too [46].

i. Aurones as antiparasitic agents

Recently, Souard et al. synthesized and analysed 35 aurones for their potential as
antimalarial drugs. All of these compounds were found to be non- cytotoxic in
human cell lines and among them, seven had an ICsy below 5 uM in the
antiplasmodial assay. The most active compound was tested in vivo on mice and
was not toxic to the mouse itself, but the antiplasmodial effect appeared to be less
efficient compared with the in vitro studies due to its low solubility. The structure—
activity relationship analysis revealed that dimethoxylation at positions C4 and C6, a
halogen atom at position 4’, and the substitution of the intracyclic oxygen atom
with an N-H group increased the activity of the compounds. However, a long chain
had an adverse effect. Concerning the azaaurones, an ethyl moiety at C4’ rather
than C2’, substitution of the ethyl group by an ethynyl group, methoxylation at the
4’-position, and a dimethylamino moiety improve the efficiency of the molecules

(26) [47].

ii. Aurones as antimicrobial agents

Aurones also exert antibacterial and antifungal properties. A recent article
published in 2010 reported that a series of synthetic aurone analogues are efficient
antibacterial and antifungal molecules. All of these compounds exhibited moderate

to good antibacterial activity against E.coli, B. subtilis, S. aureus, K. pneumoniae and

18
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P. vulgaris. Concerning their antifungal activity, all of these compounds were able to
inhibit different fungal strains, including A. fumigatus, A. niger, T. virdie, C. albicans
and P. chrysogenum at a concentration of 25 ug/mL and with different efficiency
(27) [48].

Tiwari et al. synthesised ferrocene-substituted aurones and tested them against
antibiotic- sensitive and antibiotic-resistant strains of S. aureus and a resist- ant
strain of S. epidermidis as well as human breast cancer cells. The most active
compound 28 showed not only a bactericidal effect from time-kill assays but it is

also active in human breast carcinoma, with IC5qg value in the low micromolar range

[49].

iii.  Aurones as anti-viral agents

A series of different flavonoids has been analysed for neuraminidase inhibition
potency, a glycoprotein involved in the infection process of the influenza virus.
Among this list of 25 flavonoids, most of the aurones tested were described as good
neuraminidase inhibitors. The structure—activity relationship revealed that a
glycosyl group at any position, and a hetero-function at C3 or C4 decrease this
effect, and an OH group at C6 or C4’, a double bond between C-2 and the
phenylidene, and a hetero-function at C3 are essential for the activity (29) [50].
Several aurone derivatives synthesized by Haudecoeur and Belkacem were analysed
to target the hepatitis C virus RNA-dependent RNA polymerase. The authors
identified the aurone target site by site—directed mutagenesis as the thumb pocket |
of the polymerase. They identified seven aurone derivatives as potent inhibitor
molecules with an ICsg below 5 uM. Interestingly, all of these compounds are non-
cytotoxic towards cultured human Huh7 and HEK293 cells. This data permitted the
authors to identify important substituents for biological activity: on the A ring, a
hydroxy group at position C4 or a dihydroxy substitution at positions C4 and C6; on
the B ring, hydroxy groups at positions C2’, C4’ — or C3’, C4’ or a hydrophobic and a

bulky substituent or an alternative core (30) [51].

19
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iv. Aurones as anti-inflammatory agents

The aurone derivatives synthesized by Bandgar and Patil, described as antibacterial
and antifungal molecules, also show anti-inflammatory properties. They are able to
inhibit the production of TNF-a (tumour necrosis factor-alpha) and IL-6 (interleukin-
6), two cytokines that are often involved in diseases, such as autoimmune diseases,
diabetes, arthrosclerosis and cancer [48].

The anti-inflammatory potential of aurone derivatives was confirmed by a second
study. Several aurones were synthesized as derivatives of sulfuretin, a molecule
already described as an anti-inflammatory agent able to reduce the production of
nitric oxide and prostaglandin E,, two pro-inflammatory molecules. Results show
that these synthetic compounds are less cytotoxic and some of them are more
efficient than sulfuretin. Analysis of the structure—activity relationships revealed
that a hydroxyl-function at C6 is important to decrease the synthesis of
prostaglandin E, and that methoxy groups on the B ring are useful to reduce the

production of nitric oxide (27, 31) [52].

V. Aurones as anti-cancer agents

A series of aurones have been synthesized and analysed for their ability to target
ABCG2 (ATP — binding cassette sub — family G member 2), an ABC protein
transporter responsible for the breast cancer multidrug resistance mechanism.
Results have shown that aurones are able to inhibit the ABCG2 efflux transporter in
a dose-dependent manner and have a low cytotoxic effect against several cancer
and healthy cell lines (32) [53]. Lewin et al. synthesised a series of novel aurones
and evaluated them on KB human buccal carcinoma cells. The best aurone 33 has

an IC50 =0,4 uM [54]

In another study, Cheng and Zhang synthesized a series of 4’—substituted 5-
hydroxyaurone derivatives. These compounds have been tested for their cytotoxic
effects on both cancer and non-cancer cell lines. Results show that some aurones
are cytotoxic toward cancer cell lines, but exert weaker activities against non-cancer
cell lines. These compounds have also been tested in vitro regarding their ability to
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inhibit cell motility and angiogenesis, two processes implicated in cancer cell
invasion and metastasis development. The authors identified two synthetic
compounds that are able to beneficially modulate these two mechanisms involved

in cancer development (34) [25].

vi. Aurones to treat skin diseases

Some aurones are able to inhibit human tyrosinase, an enzyme which plays a role in
the melanin synthesis pathway. Melanin is the natural pigment of human skin and
has been implicated in several dermatological diseases. Analysis of the structure—
activity relationship indicates that hydroxyl groups on the B ring are necessary for
the activity and hydroxyl groups at the 4,6 and 4’ positions strongly increase

efficiency (35) [18].

vii. Aurones in Alzheimer’s disease

A novel series of aurone derivatives has been synthesized as radiolabelled probes to
detect B-amyloid plaques in Alzheimer’s disease. In vitro results show that these
compounds have only one high affinity binding site for B-amyloid peptides.
Biodistribution performed on mice revealed that these molecules have a good brain
uptake and a fast clearance from the brain, which are two important properties for
in vivo amyloid probes [55]. Shrestha et al. found aureusidin, above mentioned for
colouring Antirrhinum majus, also in Rhus parviflora (Anacardiaceae). They tested
this compound 36 against CDK5/p25, which could be useful in the treatment of
Alzheimer’s disease showing a significant in vitro inhibition capacity (