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ABSTRACT

Chalcones, precursors of open chain flavonoids eoflavonoids present in edible plants, and thedrihtives
have attracted increasing attention due to numemmatgntial pharmacological applications. They halsplayed a
broad spectrum of pharmacological activities. Chesign their structure have offered a high degredieérsity that
has proven useful for the development of new mmdieigents having improved potency and lesser itgxi€he
present review highlights the recently synthesiz#thlcones and their derivatives possessing importan
pharmacological activities.

Keywords: Chalconetrans-1,3-diaryl-2-propen-1-one; potential pharmacolaggctivity.

INTRODUCTION

Chalcones tfans-1,3-diaryl-2-propen-1-oneq}l), a biosynthetic product of the shikimate pathwaglonging to
flavanoid family are precursors of open chain flawiols and isoflavonoids, which are abundant in ledgtants.
Chalcones are also key precursors in the synthekisnany biologically important heterocycles such as
benzothiazepine, pyrazolines,1,4-diketones, anafias. Thus the synthesis of chalcones has gederast interest

to organic as well as for medicinal chemists. Taglitional methods for the synthesis of 1,3-di@yropenones
involves the use of strong bases such as NaOH, K&2{DH)2, hydrotalcites, LIHMDS, calcined NaNO3{ai
phosphate. There are also some reports of acitifzath aldol condensations, e.g. AICI3, BF3, dry HCI
ZrH2/NiCl2 and RuCI3 (for cyclic and acyclic ket@)e

Chalcones and its derivatives have attracted isorgaattention due to numerous pharmacologicaliegpdns.
They have displayed a broad spectrum of pharmaimabgctivities,among which antimalarial[1-4],am=ticer[5-
9],antiprotozoal(antileishmanial and antitrypanoadm [10], anti-inflammatory[11, 12],antibacteriafl
14],antifilarial[15],antifungal[16,17],antimicrol{a8],larvicidal[19],anticonvulsant [20],antioxidan [21-23]
activities have been reported.They have also shinhibition of the enzymes,especially mammalian akaimylase
[24],cyclo-oxygenase (COX) [25] and monoamine ogeEl@AO) [26].

Chalcones are,p-unsaturated ketones consisting of two aromatigsrifring A and B) having diverse array of

substituents. Rings are interconnected by a highdgtrophilic three carbon,p-unsaturated carbonyl system that
assumes linear or nearly planar structure [2,4T¢mntain the ketoethylenic group —CO—-CH=CH-[9].{Cbaes
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possess conjugated double bonds and a completielyatizedr-electron system on both benzene rings.The energy
minimized 3D structure of chalcone has been shovtheé figure(2).

Chalcones have crystal structure. The dihedraleabgtween the two phenyl rings is 13.0(1)°, andditnedral
angle from the plane of C7/C8/C9 to the phenyl sif@1 to C6 and C10 to C15) are 13.8(1)° and 26(1)
respectively, indicating that the central C7-C8{f&fyment lies nearly in the phenyl ring plane of0G& C15, but
rather more displaced out of the other benzene oin@l to C6. The molecule forms a zigzag chainChi- - «
(arene) hydrogen bonds along thexis. There also exist intermolecular hydrogen logndhteractions involving
C11 acting as H-bond donor, via H11, to O in thmeeht molecules ak:-y,1-z resulting in a three-dimensional
network [27]. They can be readily synthesized bolatory by the Claisen-Schmidt reaction whichesyweasy and
simple to conduct as well as inexpensive [28]. $tracture of chalcone with plane, centroid and #sion sphere
have been shown in the figu(®.
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Fig:1

Energy Minimised 3D Structure of Chalcone
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structure of Chalcone showing plane of symmetry
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structure of Chalcone showing centroid
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structure of Chalcone showing Exclusion Sphere
Fig:3c

|2. Phar macological Activities

2.1. Antimalarial Activity

Malaria is globally recognized as a serious probtérpublic health, mainly in the tropical and swpiical regions
of the world. The increase of resistant malariatapiie strains represents the largest obstaclentinalarial

chemotherapy. Mottaet al [1] studied chalcone derivatives. He performed djtetive structure-activity
relationships of a series of chalcone derivative8-Diphenyl-2-propen-1-one) as aRfiasmodium falciparum
agents (antimalarial agents). The study investiy#te factors that may be important in the inhityitactivity of
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chalcone derivatives dn falciparumcysteine protease. The obtained models presentatigapacity to explaithe
observed values of biological activity, high adjnsent level, statistical significance and good prtdé capacity.
Hydrophobic and steric properties seemed to playrgortant role in the explanation of the activitiithe dataset.
The results indicated that the activity on W2 arl $irains was favored if ring A had a width-limitedemical
substituent on it. The limited molecular width bese derivatives can be related with the activifgirst the D6
strain. The molecular weight, which is related tolecular volume, appeared to influence only thévigtof D6
strain. The results also indicated that molar rtivdly and molecular length have positive conttibos to the
activity against chloroquine-resistant(W3lasmodium falciparumstrains, while molecular weight against
mefloquine-resistant (D6) strains. The main coriohss of this work were:iY The C2-C3 double bond is essential
for high inhibitory activity. It is not only a conjjated linker between A and B aromatic substityemts it keeps
extended the molecular conformation. In this wag tirug molecule seems to bind much better to thigeasite,
which resembles a cleft on the surface of falcipéin Substitutions on the bridge portion of the chakseries
caused a pronounced decrease in the inhibitoryiggctprobably due to steric interactiondj Y Chloro or fluoro
substitution on the ring B and electron-donatinfstitution on the ring A increased the antimalaaetivity; (iv)
Quinolinyl group in the ring B resulted in incredsactivity.

Awasthi et al [2] synthesized several new chalcone analoguesesatliated as inhibitors of malaria parasite.
Inhibitory activity was determineéh vitro against a chloroquine-sensitRidalciparum strain of parasites.The
chalcone ‘3-(4-methoxyphenyl)-1-(4-pyrrol-1-yl-ph#)prop-2-en-1-one(4) was found to be the most active with
50% inhibition concentration (IC50) of 1.6dg/ml. This inhibitory concentration was comparatea prototype
phytochemical chalcone, licochalcone, with an 1G@501.43 pg/ml. The study suggested that small lipophilic
nitrogen heterocyclic at ring B together with smaldrophobic functionality at ring A can enhancdiraalarial
activity. These results suggested that chalconesaarlass of compounds that provides an optionestldping
inexpensive, synthetic therapeutic antimalariahnég@ the future.

In order to accelerate the development of relafiuaxpensive antimalarials that are effective agachloroquine-
resistant strains dP. falciparum Chenget al [3] had developed a methodology for the solid phagghesis of
chalcone analogues in reasonably high yields. @nhiasis of their structure activity relationshipAR§ and
computer modeling data, they expected that thecohal derivatives with hydroxyl functionality on owé the
aromatic rings and with some other appropriate tfukisns on the other ring will be even more paters
antimalarials.They found that the chalcone'l-(2scbguinolin-3-yl)-3-(3-hydroxyphenyl)prop-2-en-1-@G)was
synthesized in the highest percentage yield, 97%.

As a part of the search for novel antimalarial agdrom plants or via chemical synthesis, Létnal [4] prepared
twenty derivatives of flavonoids and chalcones,rfadgrivatives for each of flavones, flavanones, |abrzes,
dihydrochalcones, and 3'-chlorochalcones, and ateduforin vitro antimalarial activity againsP. falciparum
strain FCR-3 and cytotoxicity against FM3A cellsnfause mammary tumor cell). The aim was to derregliptive
structure activity relationships to guide lead commpd design. Among the chalcones tested, the muistea
compound was 3-(3,4-dimethoxyphenyl)-1-(2-hydroxgdthoxy-phenyl)propan-1-one(6) showing 100%
inhibition againstP. falciparumat the final concentration of 54g/ml (EC50 = 1.0ug/ml). The compound also
showed strong cytotoxicity against FM3A cells, adeloof the host, with relatively low EC50 values3(&ug/ml)
and low selectivity index (>3.3) indicating thaetbompound have non-selective antimalarial activity
0
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2.2. Anticancerous Activity
Achantaet al [5] evaluated a series of boronic chalcones foir theticancer activity and mechanisms of action.
Among the eight chalcone derivatives tested, ttedocame ‘3,5-bis-(4-boronic acid-benzylidene)-1-nypiperidin-
4-one{7)exhibited most potent growth inhibitory activity twilC50 values of 1.5 and 06M in the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brodae (MTT) assay and colony formation assay respelgtiv
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The cytotoxic activity of AM114 was shown to be @dated with the accumulation of p53 and p21 prateind
induction of apoptosis. Mechanistic studies shotved AM114 treatment inhibited the chymotrypsireli&ctivity

of the 20S proteasonie vitro, leading to a significant accumulation of ubiguatied p53 and other cellular proteins
in whole cells.In vitro studies showed that AM114 did not significantlyrdjg the interaction of p53 and murine
double minute 2 protein. It was noteworthy that AIMlas a single agent was preferentially toxic tts agith wild
type p53 expression, whereas combination of thispmund with ionizing radiation significantly enhaalcthe cell
killing activity of ionizing radiation in both wildype p53 and p53 null cells. Together, these tesntlicated that
the boronic chalcone derivative AM114 induced digant cytotoxic effect in cancer cells through thkibition of
the cellular proteasome and provided a rationaletfe further development of this class of compauad novel
cancer chemotherapeutic agents.

A series of chalcone-like agents, in which the dedtond of the enone system is embedded withimoallene ring,
were synthesized and evaluated by Romagablal [6] for antiproliferative activity and inhibition fotubulin
assembly and colchicine binding to tubulin. Thelaepment of the double bond with a thiophene maiath
antiproliferative activity and therefore must nigrsficantly alter the relative conformation of tteo aryl rings.
The synthesized compounds were found to inhibit glenth of several cancer cell lines at nanomotatow
micromolar concentrations. In general, all compauhdving significant antiproliferative activity iifited tubulin
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polymerization with an IC50 < gM. Several of these compounds caused K562 celsrést in the G2/M phase of
the cell cycle. Turning to the effects of an elentreleasing group (ERG) on the phenyl moiety, tloeyd that -
methyl group caused only minor changes in antife@tive activity. Reduced activity occurred whée tmethyl
substituent was moved from tparato ortho position. The more active compounds were evalufatetheirin vitro
inhibition of tubulin polymerization and for theimhibitory effects on the binding of [3H]colchicirte tubulin (in

the latter assay, the compounds and tubulin wesenged at a concentration ofuM with the colchicine at pM).

For comparison, the antitubulin agent CA-4 was dwrath in contemporaneous experiments as a reference
compound. Compounds ‘3,4,5-trimethoxyphenyl-(5€ien-2-yl)thiophen-2-yl)methanone(8) and ‘3,4,5-
trimethoxyphenyl-(5s-tolylthiophen-2-yl)-methanong9) were the most active (IC50, 0,8/), having twice the
potency of CA-4 (IC50, 1.4M).
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Echeverriaet al [7] studied relationships between the structurarabteristic of synthetic chalcones and their
antitumoral activity. Treatment of HepG2 hepatadell carcinoma cells for 24h with synthetic 2'-
hydroxychalcones resulted in apoptosis inductioth @se-dependent inhibition of cell proliferatidine calculated
reactivity indexes and the adiabatic electron &féa using the DFT method including solvent effectuggested a
structure-activity relationship between the chakatructure and the apoptosis in HepG2 cells. THserce of
methoxy substituents in the ring A of synthetich®droxychalcones, showed the major structureagtipéttern
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along the series and because of this, the chal@éefehydroxyphenyl)-3-phenylprop-2-en-1-ond0) was found to
be the most active.

Chalcones exhibit chemopreventive and antitumoreotsf Tumor necrosis factor-related apoptosis-imauc
ligand(TRAIL) is a naturally occurring anticancegeat that induces apoptosis in cancer cells ambistoxic to
normal cells. Szliszkat al [8] examined the cytotoxic and apoptotic effectfisé chalcones in combination with
TRAIL on prostate cancer cells and evaluated thetoyicity by the MTT and Lactate Dehydrogenase )D
assays. The apoptosis was determined using floanwtry with annexin V-FITC. Their study showed th#tthe
five tested chalcones: chalcoif®), licochalcone-A(11), isobavachalcon€l2), xanthohumol(13), butein (14)
markedly augmented TRAIL-mediated apoptosis andtoyicity in prostate cancer cells and confirmeea th
significant role of chalcones in chemopreventiorpadstate cancer. They showed for the first tinat tthalcones
sensitize prostate cancer cells to TRAIL-inducedpapsis. The obtained results suggested that ahedcbelp
anticancer immune defense in which endogenous TRakes part. The TRAIL-mediated cytotoxic and aptipt
pathways may be a target to the chemopreventivataga prostate cancer cells and the overcoming [LRA
resistance by chalcones may be one of the mechamesponsible for their cancer-preventive effects.
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Lango et al [9] synthesized a series of chalcones and evalutitech for theirin vitro cytotoxic activity by
microculture Tetrazolium Test Assay method using tweast cancer cell lines MCF-7 and T47D. The |1€&lde

was calculated at the 0.1-1®1 concentration range. The assay was dependertieonadtivity of mitochondrial
dehydrogenase enzymes that reduce yellow MTT ttua tormazan product and the activity of enzymet iba
directly proportional to cell viability. The resuhowed significant cytotoxicity against both oétbell lines and
value lied between 52-88M. All the compounds showed good cytotoxic activatyd the compound\-(4-hydroxy-

3-(3-(2/3/4-nitrophenyl)acryloyl)phenyl)acetamiflis)showed better activity than other compounds,thiy ina
due to presence of nitro group in the compound.
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2.3. Antiprotozoal Activity

Ten chalcones were synthesized and tested as kasbioal and trypanocidal agents by Lunatal [10] againsin
vitro growth of Leishmania braziliensisand Trypanosoma cruzZihe results showed that the positions of the
substituents seem to be critical for their antipro@l activities. The results also showed that seymehesized
substitution-containing chalcones exhibited prongsiconcentration-dependent (i.e.,at high conceatrpt
leishmanicidal and trypanocidal activities with eeidence of a cytotoxic effect on mouse macrophagés
chalcong(l), which has no substituent groups, revealed bathqarnced leishmanicidal and trypanocidal activities
even at low concentration with no evidence of atyic effect on mouse macrophages.

0

F

Chalcone

2.4. Anti-inflammatory Activity

Chalcone derivatives contain,p-unsaturated carbonyl moiety which is responsibbe &nti-inflammatory
activity.Yadavet al [11] synthesized a series of five chalcone deneatiand were subjected to anti-inflammatory
screening using the carrageenan-induced rat hindegigma model. Chalcone derivatives at dose 25grg/loral
route inhibited significantly the formation of edaniTheP value was found to be <0.05 showing significani-ant
inflammatory activity. The compound ‘4-fluoro/4-cinb chalcone’(16) showed more activity comparable to
standard drug indomethacin due to -F/-Cl groupsenrein the compound. Hence, the anti-inflammagmtyvity of
chalcone derivatives was increased when electrdmvéwing groups (EWG) were present on the chalcooiety.
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In an effort to develop potent anti-inflammatoryeats, a series of substituted chalcone derivatixges synthesized
and evaluated for anti-inflammatory activity by Zigaet al[12] throughin vivoinhibition assay monitoring of their
ability to inhibit xylene-induced ear edema in m&@me of the tested compounds exhibited Signifieativity, and
the compound ‘3-(4-chlorophenyl)-1-(2,4 dihydroxgplyl)prop-2-en-1-one’(17) showed the highest anti-
inflammatory activity (68% inhibition) comparableittv or even slightly more potent than the referexceg
ibuprofen (53%).Furthermore, the structure-activitglationship of these substituted chalcone ddrigat
demonstrated that the substituted 2’,4’-dihydroxfchne derivatives was stronger than that of 4’rbygchalcone.
The position of the substituted group on the pheimg greatly influenced the anti-inflammatory ady, with an
activity order of-4-N(CH3)2>-4-OCH3>-3-OCH3-4-OH>430CH20->-4-OH>-3,4-(OH)2.The potency order of
the two Cl-substituted derivatives being 4-Cl>2J2-Ghe potency order of the two NO2-substitutedivdeives
being 3-NO2>2-NO2. These results indicated thatctheracter of the substitution on the ring A hasigmificant
influence on the anti-inflammatory activity.

Cl

O o)

2.5. Antibacterial Activity

Hamdiet al [13] synthesized a series of new coumarin deriegtigontaining a chalcone moiety and evaluated for
possible anti-oxidant and antibacterial activiticehe coumarinic chalcone ‘4-hydroxy-3-f3tolylacryloyl)-
2Hchromen-2-one{18) had been found to be the most active (IC50 = gMy. The derivatives were screenied
vitro for their antibacterial activity against Gram +acteria Staphylococcus aureusing the paper disc diffusion
method for the antibiotic sensitivity technique.showed that the activity against bacteria is makerbut in
addition, it was clearly demonstrated that thigdkifi compound could be an antibacterial agengdtsvity depends
on its chemical composition. The moderate activithbanterial effects observed showed that this kihdompound
could be an antibacterial agent. series of chalaberévatives were synthesized and evaluated foibacterial
activity by Bhatiaet al [14].All the compounds were screened for theirtzantterial activities against four different
bacterial strain$. aureusBacillus subtilis Escherichia coli andPseudomonas aerugino®g the cup plate agar
diffusion method. Dimethyl formamide was used asofvent, and ciprofloxacin as the standard drugARS
equation revealed that selected electronic, sttt lipophilic parameters had good correlation veittibacterial
activity. The findings suggested that the chalcraenework is an attractive template for structuptirnization to
achieve higher potency, lower toxicity, and a widpectrum of antibacterial activity. Although mdrgdrophobic
surface areas tend to favor antibacterial actigitgy Gram -ve and Gram +ve selectivity, the incréagbe size of
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molecules may lead to a decrease in the antibattetivity. The hydrophobic surface area shouldrimeeased
without increasing the molecule size. An increasthe dipole and quadrupole moments leads to ctegearation
which increases biological activity.

OH 0

N

Fig:18 |
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2.6. Antifilarial Activity

Chalcone derivatives were evaluated by Awasthil [15] for their antifilarial activity onSetaria cerviusing
glutathiones -transferase (GST) enzyme as a drug target. Thepoonus ‘1-(4-benzotriazol-1-yl-phenyl)-3-(4-
methoxyphenyl)prop-2-en-1-one’ 1) and ‘3-(4-methoxyphenyl)-1-(4-pyrrolidin-1-yl-phdhyrop-2-en-1-one’
(20)showed a significant suppressioR € 0.01) in GST activity of adult female parasitetragt at 3 uM
concentrationnvitro. However, GST activity was detected along withldiépn in GSH level. More or less, all
compounds showed a paralyzing effect on the mptdibd viability of parasites, ranging from 25% t@%®

inhibition.
CH,

Fig:19
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Fig:20 CH
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The compounds ‘1-(4-benzotriazol-1-yl-phenyl)-3rethoxyphenyl)prop-2-en-1-one’ and ‘3-(4-methoxypyig
1-(4-pyrrolidin-1-ylphenyl)prop-2-en-1-one’ exhibit major irreversible effects on viability and ésd in parasite
death and also inhibited the GST activity by 84%08 vitro. They reported for the first time the antifilaretivity
of chalcones on GST of adult parasites. This staldp strengthened their previous findings where G&BE
reported as a potential drug target for antifilariddowever, this was a preliminany vivo andin vitro study in
which living worms were incubated with chalconeseTresults of 4-chloro and 4-methoxy-substitutedlanes
strongly supported that small- and medium-sizedchlijidipophilic or hydrophobic groups containing gie or
multiple nitrogen or oxygen in an acetophenone aghghalcone have potent inhibitory effects on titgtiviability,
and GST activity of the parasite, supporting théfitarial efficacy of chalcone. The most signifitaeffect on
parasites was exerted by methoxy-substituted chekosuggesting that these substituents can befoiséatther
studies against filariasis.

2.7. Antifungal Activity

With the aim of developing potential antifungalsagBet al [16]synthesized a series of chalcones incorporating
sulfur either as part of a hetero-aromatic ringitihiene) or as a side chain (thiomethyl group) asted for their
invitro activity.Some of the compounds showed appreciatileity against a fluconazole-sensitive and fluczola-
resistant strain with the chalcone'3-(4-(methyljpivenyl)-1-(thiophen-2-yl)prop-2-en-1-o1i2l) exhibiting the
highest activity. Maximum activity was obtained hwvji-fluoro substitution on ring A.Activity was decreaswith
increasing halogen size. Presence-afiethoxy or hydroxy groups at tlee, m- or, p{position also resulted in good
activity while thep-nitro group as well as the bullpgsphenyl substitution decreased activity as comparita the
unsubstituted compound.The- and p-disubstitution with methoxy led to increased atyivivhile again thep-
phenyl-substituted compounds exhibited considerdbtyeased activity.
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All compounds with the bromo thiophene ring in glaaf ring B exhibited less activity compared witfoge with
the unsubstituted thiophene ring. Bromine subgtituton the thiophene ring B decreased antifungaviac
Compounds with unsubstituted thiophene ring B dmontethyl substitution at the- position of ring A, exhibited
good antifungal activity. Highest activity was fauwhen both thiophene ring B and thiomethyl substih at ring
A were present together in the chalcone ‘3-(4 (iyletio)phenyl)-1-(thiophen-2-yl)prop-2-en-1-one’.

Lahtchevet al [17] reported the synthesis, antifungal evaluatand study on substituent effects of several

chalcones.A lot of genetically defined strains bgiog to different yeast genera and species, namely
Saccharomyces cerevisiae, Hansenula polymorphd Kluyveromyces lactiswere used as test organisms.
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Concerning the mode of the antifungal action ofl@tr@es it was shown that DNA was probably not tteémtarget
for the chalcones. It was revealed that the yeastracellular glutathione and cysteine molecultsy significant
role as defence barrier against the chalcone adtiovas also shown that chalcones may react vathesproteins
involved in cell separation. The antifungal effeofsthe substituted chalcones were compared witsethof the
parent chalcone. The following correlations wersesked:

(i) Introduction of EW substituents (Cl, CN and NO2gys) inp-position in ring A yielded less active chalcones
than the parent chalcone. (ii) Introduction of Eibstituents (OH, CH3 and OCH3 groups)piposition in ring
Aproduced inactive chalcones. (iii) Presence ofrgle hydroxyl group was effective a-position in ring A.
Introduction of a single methoxy groupratposition in ring A led to inactive compound. (iv)@lombination ofm-
hydroxyl andp-methoxy groups in ring A was effective. Loss ofidtt was observed with the interchange of the
positions of the hydroxyl and methoxy groups andemithe hydroxyl group was placed égaposition and the
methoxy group was im-position. (v) Introduction op’-chloro atom in ring B was beneficial only for theatcones
with a single hydroxyl group am- and p-positions. Them-osition was more favourable than the
position.Presence ofn- and p-hydroxyl groups together led to the inactive cha&¢vi) Elongation of the
conjugated system by introduction of one additic@lble bond between the ketovinyl moiety and thg A did
not produce an active compound. Based on thesenathiems, it was concluded that the electronic @ffeof the
psubstituents in ring A of chalcones are not cruitiadisplaying antifungal activity towards theted fungi. This is
contradictory to the antifungal effects, which dwales with EW and ED substituents in ring A havevahagainst
severaldermatophyteand the yeadC. albicans Besides, in this study the position of the hygtayxoup in ring A
was found important for the chalcone activity apaged to some other antifungal studies. Interdstitige favored
location for the hydroxyl group was theposition in ring A.

2.8. Antimicrobial Activity

Yayli et al[18] synthesizedN-alkyl derivatives and photochemical dimers 0b6-3 m-, andp-nitro substituted 4-
azachalcones. The monomeric compounds showed guaidiaobial activity against test micro-organismsoli,
K.pneumoniagYersinia pseudo tuberculosiB.aeruginosaEnterococcus faecalisS.aureusBacillus cereusand
Candida tropicalis The most sensitive micro-organisms were Grambiaaeria. The compounds ‘1-decyl-4-(3-(3-
nitrophenyl)-3-oxoprop-1  enyl)pyridinium bromide’(22) and ‘l-decyl-4-(3-(4-nitrophenyl)-3-oxoprop-1-
enyl)pyridinium bromide(23) exhibited broad-spectrum antimicrobial activity.eThIC values (MBC) for the test
micro-organisms were betweer0.35 and 25ug/ml. The synthesized compounds were also testedhkeir
antioxidant activity based on their ability to seage the stable radical DPPH (2,2-diphenyl-1-
picrylhydrazine). Themonomers showed high anti-oxidactivity, while the dimerization products weress$
active.The monomeric compounds exhibited higheiceddcavenging potential in general, with low IC&lues.
The compound ‘1-decyl-4-(3-(4-nitrophenyl)-3-oxoprb-enyl)pyridinium bromide’ was found to have dimnior
even higher activity when compared to the standatdoxidants Trolox and vitamin C, respectively.

NO, X N+/{CH2}5CH3 Br
/

Fig:22
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2.9. Mosquito Larvicidal Activity

A series of chalcone analogues and some of theivadives were synthesized and subjected to theqmoitus
larvicidal study (larvae o€ulex quinquefasciatysSAR and QSAR by Beguet al[19]. The chalcones showed %
mortality ranging from a very low value (10%) toery high value (90%). Chalcones having EDG(s) itimee ring

A or ring B showed high toxicity to larva of the sruito. EWG(s), especially at ring A, reduced tbgvity of
chalcones. The activity was abruptly decreasedtdueplacement of ring B by CH3,extension of coafimn or
blocking of a,p-unsaturated ketone part of chalcones by deriva@d8AR studies of these compounds were
performed using various spatial,electronic and oghemical parameters. Genetic function approxonatvith
linear and spline options was used as the chemamntetd for developing the QSAR models. The invgation had
clearly shown that certain chalcone analogues haténp mosquito larvicidal activity. Most of the hgayl
chalcones showed toxicity against the third intdarae ofC.quinque fasciatusThe favorable chemical structures
were found to be a hydroxyl substituent in ring tB2aposition which may be hydrogen bonded with &lectron
pair ono,pB-unsaturated ketone moiety, thereby decreasingltéwrophilicity of this part of the molecule.Prese

of hydroxyl group at 2’-position of ring B and repgement of ring A (phenyl) by a furan ring alsor@ased the
larvicidal activity. Besides that 3-chlorine suhdiion in ring A was also another feature of favmeaactivity.
Presence of methylenedioxy group at 3,4 positidiing A also enhanced the larvicidal activity dfatcone-type
compound. However, extension of conjugation anakig of o,f-unsaturated ketone part of chalcones had bad
effects toward the activity of these compounds.

The chalcone ‘3-(furan-2-yl)-1-(2- hydroxyphenylpp-2-en-1-one{24) had shown 100% mortality and LC50 was
very low with a value of @mole/dm3. QSAR analysis also suggested that chdisgggbution on molecular surface
and surface area are important determinants ofattvécidal activity. The derived models suggesthdttfor the
good larvicidal activity positively charged surfemeas of the compounds should be limited. Moredhere should
be a balanced distribution of +ve and -ve chargethe molecular surfaces of the compounds.

0

OH Fig:24

2.10. Anticonvulsant Activity
Some new phenoxy chalcones were prepared and sedrefen their anticonvulsant activity using Maximal
Electroshock Method (MES) by Kaushek al [20].Neurotoxicity study was performed using rothraethod. It was
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found that substitution of 4-methoxy and 3,4-dinoeth group in the substituted ring A of phenoxy coale
showed significant anticonvulsant activity withaeurotoxicity while hydrogen and chloro substitatidoes not
showed the significant anticonvulsant activity.lasvalso found that the compounds‘3-(4-methoxyphehy

phenoxyphenyl) prop-2-en-1-on€25) and ‘3-(3,4-dimethoxyphenyl)-1-(4 phenoxyphenyl)pi®en-1-one’(26)

showed the most potent anticonvulsant activity auttneurotoxicity.

OCHj
‘_____...-'-'D
OCH,

Fig:26

OCH,

Fig:25

O
2.11. Antioxidant Activity
Vasil'ev et al[21] studied six anti-oxidants from the class oéicones (ArOH), compounds from which flavonoids
are obtained in nature. The antiradical activitcbélcones and a number of related compounds wasmaed by
a chemiluminescence method using the scavengipgroikide radicals ROOs + ArOH> ROOH + OAre (with the
rate constarit7) in a model reaction of diphenylmethane (RH) atich. The structures and energies of the reagents
and intermediates were determined by semi-empirgpaintum chemical (PM3, PM6) calculations. 3-(3,4-
Dihydroxyphenyl)-1-phenylprop-2-en-1-or(@7) and caffeic acid, which have a catechol structthaf is, two
neighboring OH groups in phenyl ring A, exhibiteigh antioxidant activity K7 ~ 107 I/mol/s); this is consistent
with the lowest bond strengtiXArO-H) of 79.2 and 76.6 kcal/mol, respectively.eTabstraction of a hydrogen
atom by the ROOe radical is the main reaction patthese compounds; however, the low stoichiometde
efficients of inhibition { = 0.3-0.7) suggested a contribution of secondadyarside reactions of ArOH and OAre.
In the other chalcones, the ArO—H bond was stro(igekrO—H) = 83-88 kcal/mol) and the antioxidant aitiiwas
lower(7 = 104-105 I/mol/s).
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OH

Sivakumaret al [22] synthesized 25 of chalcone derivatives anduatad their antioxidant activity, and (QSAR).
Antioxidant activity was evaluated through fourfdient methods namely,superoxide radical-scavengiydrogen
peroxide scavenging, reducing power, and DPPH ahdiravenging assays at pf/ml in vitro. The antioxidant
potential of the compound was related tdliiteydrogen or electron donation capacfii), its ability to stabilize and
delocalize the unpaired electron, &g potential to chelate transition metal ions. Thesgoas were achieved
either by the hydrogen atom or single electronsi@m In the case of ferric reducing anti-oxidaatver (FRAP), it
was due to the single electron transfer and in dhges of superoxide radical-scavenging, hydrogeoxjuke
scavenging, and DPPH radical-scavenging activittesas due to the transfer of hydrogen atom. Ti@o&idant
activity of the flavonoids was due to the inhibitiof the enzyme responsible for the superoxidecedgiroduction,
chelation of the metal ions and scavenging of RG&nerally, compounds with —SCH3 and OCHS in plaea
position of the ring A and —OH in the ring B wer@shactive than others. The chalcone ‘1-(4-hydriweypyl)-3-(4-
(methylthio)phenyl)prop-2-en-1-on€28) was showing the highest superoxide radical-scangngctivity (>50%),
reducing power activity (>46%), DPPH scavengingvitgt (>20%). In few cases, some of the compoundsew
more active than ascorbic acid or butylated hydrdgjuene. QSAR was developed correlating the aidiant
activity with the structural features of the compds and the predictive capability of the models wsSmated
using internal and external validation methods. tA# predictions were within the 99% confidencesleBpatial,
structural, and lipophilic properties of the compds determined their antioxidant properties.

o}

HO Fig:28

SCH;

Vogel et al[23] established a general strategy for the syighafs3’-prenylated chalcones and synthesizedriase
of prenylated hydroxychalcones, including the h@fumulus lupulusL.)secondary metabolites xanthohumol,
desmethyl xanthohumol, xanthogalenol, and 4 metagthohumol. They investigated the influence of ting A
hydroxylation pattern on the cytotoxic activitythie prenylated chalcones in a HelLa cell line anéaked that non-
natural prenylated chalcones, like 2’,3,4’,5-teyidtioxy-6’-methoxy-3’-prenylchalcong9) ( IC50 3.2 + 0.4M) as
well as the phase | metabolite of xanthohumol, 8rbyy xanthohumol‘l-(2,4-dihydroxy-6-methoxy-3-(3-
methylbut-2enyl)phenyl)-3-(3,4-dihydroxyphenyl)pr@pen-1-one(30) (IC50 2.5 + 0.5uM), were more active in
comparison to xanthohumol (IC50 9.4 + 1.M1). A comparison of the cytotoxic activity of xamtiumol and 3-
hydroxyxanthohumol with the non-prenylated analogslichrysetin (IC50 5.2 +* 0.8) and 3-hydroxy
helichrysetin(IC50 14.8 + 2.1) showed that the pkeside chain at C-3’ has an influence on the @auity against
Hela cells only for the dihydroxylated derivativihis offers interesting synthetic possibilities fbe development
of more potent compounds. The ORAC (Oxygen Radihsorbance Capacity) fluorescein activity of the
synthesized compounds was also investigated fdar #gioxidant activity evaluation and revealed thighest
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activity for the compounds helichrysetin‘l-(2,4-gilnoxy-6-methoxyphenyl)-3-(4-hydroxyphenyl)prop-2-&-
one'(31),4’methylxanthohumol,and desmethy Ixanthohumol,hwit4 + 0.6, 3.8 + 0.4, and 3.8 + 0.5 Trolox
equivalents,respectively.

OH

OH
CH;
j\?&\r
Fig:29 0 OH CH,
OH
CHj
\(;/K/\‘/
0 OH

Fig:30 CHs
HO nc—"° OH
0 OH
Fig:31

2.12. Cyclooxygenase (COX) I nhibitory Activity

Zarghi et al[25] synthesized chalones possessing a methaneadoifdo (MeSO2NH) or an azido
(N3)pharmacophore at thpara-position of the C-1 phenyl ring and evaluated rthiiological activity as
cyclooxygenase-1/-2 inhibitorén vitro COX-1/COX-2 structure-activity relationships weretermined by varying
the substituents on the C-3 phenyl ring (4-H, 4-Mié€;, and 4-OMe). Among the chalones possessinglpata-
MeSO2NH COX-2 pharmacophore‘l-(4-methanesulfonaptiéoyl)-3-(4-methylphenyl)prop-2-en-1-of@2)was
identified as a selective COX-2 inhibitor (COX-29C€ = 1.0uM; selectivity index >100) that was less potentntha
the reference drug rofecoxib (COX-2 IC50 = 0\8@; S| > 200).The corresponding chalcone analogissessing a
C-1 para-N3 COX-2 pharmacophore‘l-(4-azidophenyl)-3-(4-méthgnyl)prop-2-en-1-ong33), exhibited potent
and selective COX-2 inhibition (COX-1 IC50 = 221”; COX-2 IC50 = 0.3uM; Sl = 60). A molecular modeling
study where these two chalcones were docked imitiding site of COX-2 showed that tpeMeSO2NH and N3
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substituents on the C-1 phenyl ring are orientetha vicinity of the COX-2 secondary pocket (His#0g513,
Phe518, and Val523).The structure-activity datauaeq indicated that the propenone moiety const#tut suitable
scaffold to design new acyclic 1,3-diphenylpropr2ieones with selective COX-1 or COX-2 inhibitorgtiaity.

)
N CH3
H,C
0
/
Fig:32 o
ﬁ
N-“--“:E CH3
Fig:33 o

2.14. Monoamine Oxidases (M AQs) I nhibitory Activity

Chimentiet al[26] synthesized a large series of substitutedocimas testeth vitro for their ability to inhibit human
monoamine oxidases A and B (hMAO-A and hMAO-B). Towential effects of the test drugs on hMAO atyivi
were investigated by measuring their effects onpttogluction of hydrogen peroxide (H202) fratyramine using
the Amplex Red MAO assay kit and microsomal MAOfisms prepared from insect cells infected with
recombinant baculovirus containing cDNA inserts fdIAO-A or hMAO-B. While all the compounds showed
hMAO-B selective activity in the micro- and nanodaroranges, the best results were obtained in thsepce of
chlorine and hydroxyl or methoxyl substituents.Thest active compounds,‘3-(4-chlorophenyl)-1-(2-foydr-4-
methoxyphenyl)prop-2-en-1-or({84)and*3-(4-chlorophenyl)-1-(2,4dihydroxy phenyl) prapen-1-one(35)
(IC50=0.0044+0.0002jiM and 0.0051+0.000108M, respectively), are disubstituted in the 2- ango4ition of the
B aromatic moiety with two hydroxyls or hydroxyl&amethoxy groups and in 4’-position of the A aroimatoiety
with a chlorine atom.
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To better understand the enzyme-inhibitor intecsctind to explain the selectivity of the most azttompounds
toward hMAO-B, molecular modeling studies were iegrrout on new, high resolution, hMAO-B crystallaghic

structures. For the only compound that also shoesility against hMAO-A as well as low selectivitthe

molecular modeling study was also performed onhi&O-A crystallographic structure. The docking teitjue

provided new insight on the inhibition mechanisnd ahe rational drug design of more potent/selectitvdAO

inhibitors based on the chalcone scaffold. In #heersibility and irreversibility tests, hMAO-B irtition was found
to be irreversible in presence of the compound4-8klorophenyl)-1-(2-hydroxy-4-methoxyphenyl) pragen-1-

one'and‘3-(4-chlorophenyl)-1-(2,4dihydroxy phenglpop-2-en-1-one’ (chosen for docking experiments).

CONCLUSION

From the above review, it can be said that chalk@mal their derivatives display a wide range ofrpizological
activities, such as antimalarial, anticancer, aotigzoal(antileishmanial and antitrypanosomal)jimffammatory,
antibacterial, antifilarial, antifungal, antimicrialy larvicidal, anticonvulsant and antioxidant igities. They also
show inhibition of the enzymes, especially mammmalépha-amylase, cyclooxygenase (COX) and monoamine
oxidase (MAQO) and antimitotic activity too. Becausé this, chalcones and their derivatives haveaettd
increasing attention of the scientists for the cgle@f new potent pharmacological activity in it.
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