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ABSTRACT

The diverse pharmacological activities of chalcones, such as antioxidant, antimicrobial, anticancer, and
antihepatotoxic, attract many researchers to isolate and elucidate them from nature and to develop efficient
synthetic method. In the development, chalcones do not only comprise derivatives of trans-1,3-diaryl-2-propen-1-
ones, but also their analog. Chalcones isolated from nature show exotic structure, which is sometime
unrecognizable directly. The structure diversity of chalcone whether from nature or synthetic origin and various
synthetic method of chalcone are discussed. Furthermore the bi-electrophile character of chalcone makes them
more attractive to be used as synthon in the synthesis of heterocyclic compounds, such as pyrazoline, pyrimidinone,
and benzazepine, through cyclo-condensation reaction with a bi-nucleophilic species.
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INTRODUCTION

Chalcones tfans-1,3-diaryl-2-propen-1-ones) are natural productdohg to flavonoid, are considered as
intermediate in the flavonoids biosynthesis, ane wardespread in plants. The existence of détfeunsaturated
ketone moiety in chalcones is a common part found large number of biological active compoundser&fore,
chalcone derivatives from nature or synthetic origikhibit diverse pharmacological activities, sashantimicrobial
[1], antitumor [2], anticancer [3,4], radical scager [5], and inhibitor of topoisomerase | [6]. Hower, isolation of
chalcone derivatives from nature requires a londy @sually complicated procedure which does not aratge to
the yield obtained. Due to time consuming and isiten process in the isolation procedure, and tar ttigerse
pharmacological activities, the development of Hitient synthetic protocol of chalcone derivativaracts many
researchers. A good synthetic method gives us dalgas to obtain chalcone derivatives attachingowari
substituents in excellent yield which possibly di exist in nature. Furthermore, chalcones are knas/the key
intermediate in the synthesis of various biolodicamportant heterocyclic compounds. In this a#iclthe
preparation methods of chalcones, structure diyersble of chalcone as synthon for the synthedisliverse
heterocyclic compounds, and their biological atfiare reviewed.

SYNTHESIZE OF CHALCONES

Chalcone 1) and its derivatives are primarily synthesizedh@ laboratory using Claisen-Schmidt reaction, inclw
acetophenone?j or its derivative is reacted with benzaldehy8g qr its derivative using strong base, such as
NaOH, KOH, or NaH as catalyst in a polar solvenslswn in the following reaction [7]. Other catdfyare also
used, such as sodium phosphate doped sodium [#igad aluminum-magnesium hydroxide hydrate [9].
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Solid phase Claisen-Schmidt reaction employingoerisolid catalysts was applied to synthesize ohele by
different scientific group. Cross aldol condensatiatalyzed by complex of Co(ll)-pyridine polymeasvapplied to
synthesize chalcone. The complex of Co(ll)-croskitig 4-vinyl pyridine-styrene showed the best parfance, in
which no side product was observed [10]. Solid phagnthesis of chalcones using 2-chlorotrytilclderias
supporting resin has also been performed [11]t,Rine hydroxy-acetophenoné) (derivatives was bounded to the
resin, and then treated with derivatives of bergdlaydes using NaOH as catalyst in methanol. The ddrm
hydroxychalconess) were then released by the addition of trichlozeti acid.

g J‘\I:}Fe
2
Pyrldme/DCM
Q—a + Ho - N CHj
L~ NaOH/MeOH/DMF

R4 [e] R4 (e}
S = x _ TFA/DCM X Z \
o | Ry HO—- | R
FF ZF = 5 F

o-Cl = tritylchloride resin

Solid phase cross aldol condensation employing esigm hydrogen sulphate was used to synthesizeari&iin
good yield and self condensation products wereoheerved [12]. In attempt to accelerate the deveéy of green
chemistry, solvent free Claisen-Schmidt reactiors wanducted using polymer as supporting materidl BBD
(1,5,7-trisazabicyclo[4,4,0]dec-en) as catalyst].[I30lid phase synthesis of chalcones was alsowued using
silica-sulfuric acid as catalyst. The conversionreéctants into product proceeded completely bytimgahe
reaction mixture at 8€ for 2 until 3 hours. The catalyst was made byreition of silica gel with chlorosulfonic
acid [14].

o 0 0
- SlOz = stO4
AN S RN
% solvent free. 80°C P X
R = 4-biphenyl X =H, m-NH,, p-NH,, m-Br, m-Cl, p-Cl,
or 9H-2-fluorenyl p-NMe,, p-OH, p-OMe, p-Me, 0-NO,,
m-NO,, p-NO,

Pursuing an environmentally benign reaction coadijtithe use of Zn (L-proling)as catalyst in the synthesis of
chromonyl-chalcones in water was successfully cotetlh The eminence of this protocol was the useaiér as
solvent which is nontoxic, cheap, and non-flammabMoreover, Zn (L-proline) can be easily recovered and
reused several time without significant loss opigsformance [15].

Microwave irradiation induced reaction in the cloaes synthesis is another alternative procedurgyithesize

chalcones. This reaction method can shorten thetiomatime and simplify the purification procedufeross aldol

condensation by using microwave was used for thehsgis of chalcone analog namely 2,6-bis(benzy)ide
cyclohexanonef]) employing BMPTO (bis-(4-methoxyphenyl)-telluroridas catalyst [16].

BMPTO A ZAr

microwave

+ Ar-CHO
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An attractive single step synthesis protocol oflabye was reported, in which chalcones were syinbdsusing
molecular iodine impregnated over neutral alumigaatalyst, and employing microwave irradiationsaarce of
energy without any solvent [17]. Under this reatticondition, preparation of polyhydroxychalcones dae
conducted by reacting of hydroxylated acetopherame hydroxylated benzaldehyd without using any quiirig
group, which is impossible to be conducted by aticatatalyzed reaction. The molecular iodine astkewis acid,
which facilitates the enolisation of the hydroxyllaketone as well as activates the carbonyl grotiydroxyl
benzaldehyde towards nucleophilic attack. The a¢w@lumina powder serves to enlarge the effectiatalygtic

surface area.
R N | A g L-ALOL MW N .
T + — » R—— —
O I Z > pZ A

(o) O O

Acid catalysed of hydroxylated chalcones synthesis successfully conducted by Jayapal and co-wavkéiout
any protecting step. The acid catalyst was preparesitu from SOG and ethanol [18]. The combination of
continuous flow processes and microwave technolsgyrelatively new method applied in organic sesth. This
technique offers many advantages, both in techmigdleconomical aspects. Applying this techniqyettesis of
chalcone derivatives were successfully conductédgusnix-solution of phenyl acetylenes and benzajydels in
1,2-dichloroethane. Initially, the solution mixtuwas flowed continuously by a pump through the tieacvessel
charged with amberlyst-15 as a solid acid catalystich was inserted in a reactor equipped with avi@ve
generator (50 W) in a defined time. Solution of thhede product was subsequently collected fronmotitéet tube,
and then purified chromatographically. The electrich or electron-poor substrates are tolerabl¢hia reaction
condition and the corresponding products are obthin good yield [18].

More exotic synthetic protocols have also been ldgesl to pursue high reaction yield and to minintize side
reaction. Chalcone could be synthesized using Sueaktion, employing cynnamoyl-chloride and phelgtonic
acids as reagents and Pd as catalyst in baseareaoctdition [20].

0
©\ N Pd / base G
2 o ST — T
OH o)

Coupling reaction between aromatic alkyn&s &nd aldehyde in ionic solution was applied to kgsize of
chalcones with high conversion. It was found thatnaatic aldehydes whether attach electron withdngwar
electron donating group are able to proceed cogpkaction. However, the use of aliphatic alkynessdnot give
any products, even in a prolonged reaction timé. [21

o
/
N O// HBr, BmimOTs AN | N
. + > R
v X 100°C. 12 h T \
0 R
7

R4

R
) 2

The application of Sonogashira isomerisation cagplieaction under microwave-assisted condition used to
synthesize chalcones through a reaction betwed+halige attaching electron withdrawing growd) &nd propargyl
alcohol @) [22]. Using this method, high yield was obtairedhort reaction time (8 — 25 minutes).

25 PACl(PPh;), T

OH S
N Hal = 1% Cul, 5 eq base | A
! 3>
(- + .
EWG O/ THF, 120-150°C, XEWG
8 MW, 8-25 min
9

Carbonylative Heck coupling reaction employing Rdcatalyst is another protocol to produce chaldoynehe
reaction between aryl halide and styrene in thegee of carbon monoxide [23].
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STRUCTURE DIVERSITY

Classical structure of chalcones is the derivatnfes,3-diphenyl-2-propen-1-one and they are uguatim natural
products. However in the development, chalconesatoonly comprise derivatives of 1,3-diphenyl-2peae-1-
one, but also derivatives of 2-propene-1-one, imchviat the position 1 and 3 attached other aronrati or even
non-aromatic ring. The structurally modified chales are usually obtained from the synthetic origin.

Natural origin

The classical substitution pattern of hydroxyl grom ring A of natural chalcone is 2,4,6-trihydroxy 2,4-
dihydroxy, whereas in ring B could be 4-hydroxy-8jhydroxy, 3,4,5-trihydroxy, or no substituentaahed in it
[23,24]. An interesting small group of natural ctwales ig3-hydroxy-chalcones, which occur as the enol tautame
of dibenzoylmethane derivative$0). Galliposin (1) isolated from the stem bark Ghalipea granulose (Rutaceae)
possessin@-hydroxy and dioxymethylene substituens is an @gtng example of this group [26]

MeO OMe 0 MeO OMe o 0
> > o} HO ‘ 0>
° T A
0 o o]
10 !
11

OMe O OMe O H

Tautomerization of dibenzoylmethane

During period 1992 until 2003, more than 80 newpisoylated chalcones have been reported, mostiy fie
Leguminosae. The isoprenyl moiety exists in an agfain or in a cyclic form [25]. Spinochalcone-B) isolated
from Tephrosia is a representative of cyclic farnesylated chadsof27], whereas Xanthohumol-[13) from
Humulus lupulus is a representative of an open chain isoprenylettettones [28].

HO OMe OH
OH
SOV e
OH ©
13

Chalcone dimers or oligomers are also found intpkgpecially in the family of Ochnaceae and Anadiaaeae. To
form a dimer, two chalcones are linked whether tsingle C-C bond or by C-O-C bond. Rushchalcong )

obtained from the twigs and stem barkRbius pyroides (Anacardiaceae) is an example of chalcone dimendd

from two molecules of isoliquiritigenin (2',4’,4itrydroxychalcone) linked by a C-C single bond betweé-3 and
C-5'. On the other hand Rushchalconé3)(and Il (L6) represent unsymmetrical chalcone dimmers linke€4D-

C single bond, which is composed from isoliquietign and its 4’methyl ether derivative [29,30].

OH O OH O OH O
SRR ¢ SR
HO OH MeO OH HO' OH
HO OH o} OMe (o} OH
se
o OH e} OH o OH
15 16

14

Based on their chemical structure, a characterigiture of chalcones is their ability to act asndiphiles in an
enzymatic Diels-Alder reaction. Serving as diemethis reaction are range from isoprene, monoterpesumarine,
and other class of flavonoid. The Diels-Alder addunf chalcone are mostly found in family Moraceldewever,

they can also be found in Annonaceae and Zingikaed24]. The biosynthetic pathway of SanggenorlR (
proposed by Hano et al [31] is an example of theyeratic Diels-Alder reaction between a chalconéiasophile

and an isoprene as diene. The product of thisiceaptoceeds subsequently rearrangement and axidegaction

to form sanggenon R.
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The following compounds fissistinl®), Palodesangren Cl¥), Mulberrofuran U 20), Dorstenone A1), and
Sanggenol MZ22) are some representatives of chalcones formedghrthe Diels-Alder reaction between chalcone
derivatives as dienophile and various kinds of éien

HO OH
O Diels - Alder

HO
ClLPs =2,
N Reaction

\
OH O /'
dienopile g diene
CHALCONE

Synthetic origin

The molecular structure of chalcones of synthetigio comprises both of derivatives of 1,3-dipheBypropen-1-
one and derivatives of 2-propen-1-one in whicthatgosition 1 and 3 other aromatic or non aromatiy attached .
The classical structures of chalcones are not dgégtiiin this part of the article. Cheng and cowsrk#l] have
synthesized chalcones composed of pyridine, quiaaglng, and polyhydroxy aromatic.

o 0 0
HsC N XN N N
© (o SN h N
P - | | —;(©H)n _ |-t
A A N el
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Chalcones possessing benzo-1,4-diox&8 (ing have also been synthesized. The benzo-bxade ring was
made from the reaction between 1,2-dihydroxyberetalde with a derivative of an epoxide. The aldehybi@ined
was then treated with the derivatives of acetophero produce the desired products [32].

MeO R

(i) CHyCN
(ll) HC1/ZnCl, (1) Me, SO,
(i) K COI/Me CO Me
(111) Ether
0°C
" OMe O

(i) Br-CHy-CHy-Br o__X
OH or/ and j/
L
/C[ A OHC 0
OHC

OH H,C—CHj; - CHo-Cl B
X
o)\
0
(i) EtOH
A + B (ii) 40% NaOH R, R4
- IO |

R, = OH; R, = OCHj, R; = H, X = CH,OH, or
R, = OH; R, = OCH;, R; = OCH;, X = CH,OH R, O
23

The synthesis of coumarine-based chalco2d} Wwas successfully conducted by Claisen-Schmiddensation
applying piperidine as catalyst in ethanol [1].

o}
pyperidine
X + RCHO  Abs. Ethanol R
Reflux 7h
(0] 0

e <D O = LD @“:;3

Baviskar and co-workers [33] have synthesized sowneel ben2|m|dazolyl chalcone®y) in attempt to gain
antimicrobial agents by condensation of N-(#{Aenzofllimidazol-2-yl) phenyl)acetamide with aromatic
aldehydes in presence of aqueous potassium hydraxictbom temperature.

AM 58 (26) and AM 114 P7) are examples of chalcone-analogues bearing afniborgroup which showed
anticancer activity [34], whereas two others botochalcones were synthesized as fluorescent prédmes

saccharides signaling analysis [35].

0
(J Uy
_OH HO. _OH
al O/\IIB B N B
)

OH | OH
26 27
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Indanocine 28) is an example of another chalcone analog whidteissified as annulated chalcone. It is a chalcone
where the C-3 part is in a cyclic form [36].

NH, 0o
H,CO O
H,CO
s
H,C  OH
28

FUNCTIONAL GROUP TRANSFORMATION OF CHALCONE

Enone moiety of chalcone is an important part imcfional group or structure transformation, duégaeactivity to

be transformed into other functional group. Thadfarmation can take place whether on the carbongh alkenes
group. The carbon-carbon double bond can be redimtedcarbon-carbon single bond under hydrogen gas
atmosphere using various catalyst such as Ranéglniddam catalyst (Pt), Pd/C, Rh-AJOs;. Although these
heterogeneous catalysts are useful in the hydrdigenarocess, they show bad selectivity if the m@=tlicompound
possesses more than one functional group. Furtlteymthe application of homogeneous catalyst in the
hydrogenation of carbon double bond is also repoetaploying rhodium or ruthenium complex, such akivson
catalyst [(PBPXRhCI] and [(PBP)X:RUCIH]. It is an efficient catalyst for hydrogerati of unconjugated
homogeneous alkene at standard temperature anslpFd86]. An interesting result was obtained bgtédzun &
Gozler [38] when they hydrogenated chalcone 3-(Bmdethoxyphenyl)-1-(3-tolyl)-2-propenone29) using
Zn/acetic acid in attempting to get a saturatedrnet@0) . Indeed they got the desired product, but onlgide
product. The major product obtained was the ddvigaif cyclopentanol3l) as the result of cyclodimerization.

CHALCONE ASSYNTHON IN HETEROCYCLESSYNTHESIS

Chalcones are versatile precursors in the syntliddisterocyclic compounds. From the organic sysithpoint of
view, enone moiety is important for the structurahsformation of chalcones. Acting as an electilepbhalcones
can react with a nucleophile in Michael addition. d cyclocondensation reaction, chalcones can a& hi-
electrophile which reacts with a bi-nucleophiledahis is an attractive route for the synthesisheferocyclic
compounds [22], such as derivative of pyrazolindram, pyran, oxopyrimidine, isoxazoline [39], dexiives of
pyridine [40], derivatives of benzheteroazepine ][4hnd other heterocycles. Furthermore, substituted
cyclohexenone can also be made from substituteldares p0].

0 & O  Nu 0 5 N/U\Nu
P d 2 — IX
Phy 8) Ph, Ph, Ph, Phi” 8" ) TP, Ph; Ph,
Nu-H Q

1H-Nu-Nu-H,

Pyrazoline 82) is a five-ring heterocycle which is composed wb tnitrogen atoms and three carbon atoms, and
several procedures of their synthesis have beeglajged. The most popular preparation procedutgeisgaction of
a,B-unsaturated carbonyl compound with hydrazine. &red can be used as sourcen@funsaturated carbonyl
compound, and the reaction is conducted in weak@acondition [42].
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L
AN > R,
MeCOOH
(0]

This synthesis route of pyrazoline derivatives vedso reported by Katritzky and coworkers [43], Pated
coworkers [44], and Shah et al [45]. An interestsynthesis method of spiro-pyrazoline scaffo&8)(using
exocyclic a,B,y,6-unsaturated ketone as synthon was proposed byealldt to react with diazomethane, and the
reaction proceed regioselective and stereoselel@ble

o _Ry
—_—
Xy

40C, 48h

O H H R Ry

One of the most important six-member heterocydipyrimidine. Pyrimidine scaffold exists in manytural and
synthetic biologically active materials and alsarfd as constituents of DNA or RNA base. Varioustlsgsis route
of pyrimidinone-nucleus has been reported by maumpors, such as through one pot three-componeineli

reaction [47], ring annulation of 2-amino-2-oxareliacting as heteroamidine synthon by using twaeaphilic
sites of the amidine moiety [48], and by tandenttiea of aza-Wittig/heterocumulene-mediated annoitest [49]

However the most applied synthesis route of sulistit pyrimidinones is the reaction of enone modadtghalcone
derivatives with urea or thiourea [50 - 53]. Asat@n example of the transformation of a chalcoeavétive into
substituted pyrimidine34) is displayed in the following reaction [54].

R R 4 \
40% NaOH, EtOH
0, - 1LY o
o~ CHO
0
NH.HCI R
N /|
HN™ “NH, o I\
NaOH N\fN
NH,
34

The classical method to synthesize seven-membeérgdeterocyclic compound is ring enlargement ieactising
Beckmann rearrangement [55]. However, due to isldsitrophilic character, chalcone give an altéweatoute to
build seven-membered ring through reaction withi-auzleophile to form derivatives of azepines, dres, or
thiepins. Using chalcone derivative as intermedaid 1,2-diamino benzene, Bhatia et al [56] hawzessfully
synthesized 2,4-disubstituted 1,5-benzodiazeBbe 4s antibacterial agent. This synthesis route alss used to
synthesize benzodiazepine [57].
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Applying the same synthesize route, many authoi&-6fH have successfully synthesized benzothiazepine
derivatives by the reaction of chalcone or its agatith 2-amino thiophenol,. The reaction equatbthe synthesis
of benzothiazepine36) from chalcone derivative and 2-amino thiophesdlisplayed below [62].

/R
OH O —
S
/@/u\/\@ . C[SH Toluene, TFA @
R, \ NH, N=
Ry

HO

36 R

Beside used in the synthesis of heterocyclic comg@suchalcone is also applied in the synthesis/obbexenone
derivatives 87). Preparation of cyclohexenone derivatives by réction between chalcone and 1,3-dicarbonyl
compound was performed successfully and proceduieddgh Robinson annulations [63].

X F | SN NR/R; NR/R»
X—— —Y
> = 1 eq NaOH S |\_Y
4:1 EtOH/H,0, 70°C (= =
37

BIOACTIVITY OF CHALCONES

Chalcones are valuable chemicals because of their kmown diverse pharmacological activity. A numbmd
chalcones have demonstrated cytotoxic propertieshwih an implication of anticancer activity. Dinotoet al [64]
have studied cytotoxic property of a number of cbaés and their related Mannich base toward mirB&8 and
L1210 leukemia cell lines, as well as human tunadrlmes, and they found that compou2idexhibited the highest
activity toward L1210 and human tumor cells. Commb8 is other compound of interest due to its huge
differential in cytotoxicity between P388 and L12d€lls, whereas compourd@ exhibited a high therapeutic index
by comparison of the toxicity of P388 cells towadIt 4/C8 T-lymphocytes. The study showed that émeral the
Mannich bases were more toxic than the correspgrzhialcones.

MeoN (0]
- OH cl OWA/@
ZZZ[; HO :
38 © 39 40

Attempting to determine the influence of relativeeatation of the two phenyl rings toward cytotdticeffect,
Dimnock et al [65] studied the cytotoxicity propest of 2-arylideneindanoned, 2-arylidenetetralone42, and 2-
arylidenesuberone43 derivatives against murine P388, L1210, and M&lt84cancer cell lines, and found out that
in general the order of cytotoxicity wds > 42 > 41.
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Substituted 6,7-dimethoxy-1-tetralones and 5,6-thimey-1-indanones have also been synthesized aaldated of
their antitumor activity [36] and it was found thposition of the lipophilic substituent affectedetieytotoxic
activity. 2’-amino chalcone derivatives displayeotgntial antitumor activity and also demonstrataghificantly
increased antitumor properties compared with theesponding chalcones. Furthermore, position aedsthe of
substituents are important for the activity of 2iamchalcone [66].

Explorations of the mechanism of action an antiearmgent bring us to a better understanding oferaand can
lead us to design better anticancer drug. Licochmds A @4) and E 45) are retrochalcone isolated from the root of
Glycyrrhiza inflata exhibited the DNA topoisomerase | inhibitory ativin dose dependent manners and this
property might explain the cytotoxic activity ofebe compounds against some human cancer cel[§]ine

x
OH OH
o (] o 4
O | OMe O | OMe
(0]
(0]
44 45

The mechanism of action of cytotoxic property tosdvdmuman prostate cancer cell lines of Pandurati(4é
isolated formKaempferia pandurata has already been explored [4]. Panduratin A wds #&binduce apoptosis
through inhibition of procaspases 9, 8, 6, and th wignificant increase in the ratio of Bax:BcliRindicates that
the process involving a mitochondrial-dependentpapttc pathway. Similar cytotoxic mechanism of antiwas
shown by isobavachalcond7)), a constituent oAngelica keiskei. It reduced significantly pro-caspase-3 and pro-
caspase-9 in neuroblastoma cell lines. Moreovergcaih also activate Bax. These results suggestet tha
mitochondrial-dependent pathway responsible for apeptotic cell death in neuroblastoma by isobastmcime
application [67]. However, although the cytotoxitigity of xanthoangelol48) - a major component dfngelica
keiskei - is through apoptotic pathway, but it does natolme Bax/Bcl-2 signal transduction [68]. A boronic
chalcone derivative AM11449) also exhibited antimitotic activity through inftion of proteasome and did not
significantly disrupt the interaction of protein»DM2 [34]

Due to the important role of 1,4-dioxane ring isplaying antihepatotoxic activity, chalcones begrind-dioxane
ring system have been successfully designed, ssimtiek and tested to their antihepatotoxic activ@gmpounds
(50) and(51) exhibited potent activity compared to standard drylgbon-70 [69]

CH,OH CH,OH

o o
o 0

HaCO Q OH O H3CO O 0H| O
0 OCH;0

50 51

Derivatives of chalcones are also known for thatiraalaria activity. Oxygenated chalcone such dsdimethoxy-
4’butoxychalcone §2) exhibited potent activity against human malar&@agite Plasmodium falciparum in vitro
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[70]. Ferrocenyl chalcone derivative$3] showed antiplasmodial activity in vitro. Paramstenfluencing
antiplasmodial activity were location of ferroceamrad the polarity of the carbonyl linkage. Chalcowith ferrocene
adjacent directly to the carbonyl linkage were [igpd more selective and potent antiplasmodialigti71].

H3C\/\/O OMe
(0] OMe

52

Another well known property of chalcones is theitimicrobial activity, and many authors have beeported
about it. The chalcones of 2-hydroxy-1-acetonaphitand 3-acetyl coumarin had been synthesized ateldtef
their antimicrobial activity. These compounds shdweoderate to considerable of antibacterial andfuengial
activity compared to the standard drugs chloramjgieéand fluconazole as positive control at dos@é @90 pg/mL
[72]. Furthermore it was found out that chalcontéaching electron releasing group such as methoxyhgdroxyl
group displayed better antibacterial activity thidwe others not having such functional groups [#8hereas
chalcones having chloro, dichloro, or fluoro groupshibited more antifungal activity. Chalcones lregr
benzimidazolyl moiety exhibited active antibactergand fungicidal properties [33], whereas the exise of
phenyloxy moiety in chalcones is important for theitibacterial activity [74].

The existence of phenolic moiety in a compound datdis its antioxidant property. Synthesis of dibygtated
chalcone derivatives and their radical-scavengibiity toward DPPH free radicals have been reporig
Furthermore study of the structure-activity relatibip was also conducted. It was indicated that/érg important
structural factors to increase radical scavengutiyigy is the substitution pattern of two hydroxgioups on ring B.

CONCLUSION

Chalcones are intermediate in the biosynthesitagbhoid. They are valuable compounds whether foamactivity

aspects or from organic synthesis aspects. Chacexleibit diverse pharmacological activities and searve as
intermediate for synthesis of heterocyclic compauridue to these reasons, various preparation puoegdvere
developed by many working groups, including ecaoitig protocol.

Acknowledgement

The authors are thankful to the Directorate GenefaHigher Education, Ministry of Education and Cueé,
Republic Indonesia for supporting the research fimmdugh the PUPT Airlangga University researchesot year
2013.

REFERENCES

[1] YR Prasad; PR Kumar; CA Deepti; MV RamaBajournal of Chemistry., 2006, 3(13), 236- 241.

[2] SK Kumar; E Hager; C Pettit; H Gurulingappa; NE bigeon; SR Khan). Med Chem., 2003, 46, 2813-2815.
[3] J Tatsuzaki; KF Bastow; K Nakagawa-Goto; S Nakambrdtokawa; K-H LeeJ Nat Prod, 2006, 69(10),
1445-1449, doi: 10.1021/np060252z.

[4] J-M Yun; M-H Kweon; H Kwon; J-K Hwang; H MukhtaiCarcinogenesis., 2006, 27(7), 1454-1464.

[5] B-T Kim; K-J O; J-C Chun; K-J Hwang@ull. Korean Chem. Soc., 2008, 29(6), 1125-1130.

[6] G Yoon; BY Kang; SH Cheomrch. Pharm. Res., 2007, 30(3), 313-316.

[7] HD Durst; GW Gokel, Experimental Organic Chemistr§® Edition, McGraw-Hill Publishing Company,
New York,1987, 428-430.

[8] S Sebti; A Solhi; R Tahir; S Boulaajaj; JA MayoradM Fraile; A Kossir; H Oumimountetrahedron Lett.,
2001, 42, 7953-7955.

[9] J Lopez; R Jacquot; F Figuer&ud. Surf. Sci. Catal., 2000, 130, 491-496.

[10] K Watanabe; A Imazaw&ull. Chem. Soc. Jpn., 1982, 55, 3208-3211.

[11] MS Cheng; RS Li; G Kenyor€hin Chem Lett., 2000, 11(10), 851-854.

[12] P Salehi; MM Khodaei; MA Zolfigol; A KeyvanMonatshefte fuer Chemie., 2002, 133, 1291-1295.

[13] F Fringuelli; F Pizzo; C Vittoriani; L Vaccaci@hem. Commun., 2004, 130, 2756-2757.

[14] G Thinurayanan; G VanangamugtJournal of Chemistry., 2007, 4(1), 90-96.

[15] ZN Siddiqui; TNM MusthafaTetrahedron Lett., 2011, 52, 4008-4013.

[16] M Zeng; L Wang; J Shao; Q Zhorgynth Commun., 1997, 27(2), 351-354.

[17] D Kakati; JC SarmaChemistry Central Journal., 2011, 5, 8.

[18] MR jayapal; KS Prasad; NY SreedhdrChem. Pharm. Res., 2010, 2(3), 127-132

1086



Hery Suwito et al J. Chem. Pharm. Res., 2014, 6(5):1076-1088

[19] M Rueping; T Bootwicha; H Baars; E Sugioml®jIstein. J. Org. Chem., 2011, 7, 1680-1687.

[20] S Eddarir; N Cotelle; Y Bakkour; C Rolanddgtrahedron Lett., 2003, 44, 5359-5363.

[21] LW Xu; L Li; CG Xia; PQ ZhaoHelv. Chem. Acta., 2004, 87, 3080-3084.

[22] OG Schramm, Multi-component Heterocycle Synthesasedh Upon Sonogashira Coupling Isomerization,
Dissertation, Ruprecht-Karls University, Heidelbhe@&grmany2006.

[23] XF Wu; H Neumann; A Spannenberg; T Schulz; HJ JMdeller, J. Am. Chem. Soc., 2010, 132, 14596-
14602.

[24] J Mann, Secondary Metabolisni® Edition, Oxford Science Publication, Oxfok92, 275-278.

[25] NC Veith; RJ Grayer, Flavonoids: Chemistry, Biocligtny and Applications, CRC Press-Taylor & Francis
Group, Boca Rator2006, 1003-1070.

[26] JA Lopez; W Barillas; J Gomes-Laurito; GE Martint.if; AJ Al-Rehaily; MA Zematis; PL Schiff JrPlanta
Med., 1998, 64, 76.

[27] EV Rao; YR Prasad?hytochemistry., 1992, 31, 2121.

[28] N Eitteldorf; H BeckerNaturforsch., 1999, 54, 610.

[29] IB Masesane; SO Yeboah; J Liebscher; C Mugge; BMgalz Phytochemistry., 2000, 53, 1005.

[30] LK Mdee; SO Yeboah; BM Abegaa, Nat. Prod., 2003, 66, 599.

[31] Y Hano, Heterocycles., 1995, 41, 191.

[32] SA Khan; B Ahmed; T Alam/Pak. J. Pharm. Sci., 2006, 19(4), 290-294.

[33] BA Baviskar; BB Baviskar; MR Shiradkar; UA Deokat®S KhadabadiE-Journal Chemistry., 2009, 6(1),
196-200.

[34] G Achanta; A Modzelewska; L Feng; SR Khan; P Huang), Pharmacol., 2006, 70, 426-433.

[35] N DiCesare; JR LakowicZetrahedron Lett., 2002, 43, 2615-2618.

[36] HC Shih; L Deng; CJ Carrera; S Adachi; HB Cottamdy Darson,Bioorg Med Chem Lett., 2000, 10, 487-
490.

[37] W Carruthers; | Coldham. Modern Methods of Orga®jmthesis, % Edition, Cambridge University Press,
Cambridge 2004, 405-440.

[38] V Alptuzun; B Gozler,J. Fac. Pharm. Ankara., 2004, 33(2), 91-99.

[39] OA Fathalla; SM Awad; MS Mohame@rch. Pharm. Res,, 2005, 28(11), 1205-1212.

[40] MMM Ramiz; WA El-Sayed; Al El-Tantawy; AAH Abdel-taman,Arch. Pharm. Res., 2010, 33(5), 647-654.
[41] RU Braun; K Zeitler; TJJ Muelle©rg. Lett., 2000, 2(26), 4181-4184.

[42] A Levai; J JekoARKIVOC., 2008, xvii, 234-240.

[43] AR Katritzky; M Wang; S Zhang; M Voronkoy,Org Chem., 2001, 66(20), 6787-6791.

[44] MR Patel; BL Dodiya; RM Ghetiya; KA Joshi; PB Vekar; AH Bapodara; HS JosHint J ChemTech Res.,
2011, 3(2), 967-974.

[45] S Shah NN; HM Ziauddin; M Zameer; SS Hingole; MAsBar,J. Chem. Pharm. Res., 2010, 2(6), 441-445.
[46] A Levai; A Simon; A Jenei; G Kalman; J Jeko; G T,GARKIVOC., 2009, xii, 161-172.

[47] PM Kumar; KS Kumar; SR Poreddy; PK Mohakhud; K Makk; M Pal, Tetrahedron Lett., 2011, 52, 1187-
1191.

[48] J-J Bosc; L Latxague; JM Leger; J Balzarini; | Boyf C Jarry; J GuillorEur J Med Chem., 2010, 45, 831-
839.

[49] G Blanco; N Segui; JM Quintela; C Peinador; M CHag;oba,Tetrahedron., 2006, 62, 11124-11135.

[50] ES Al-Abdullah,Molecules., 2011, 16, 3419-3419.

[51] SG Khanage; SA Raju; PB Mohite; RB Pandhadyanced Pharmaceutical Bulletin., 2012, 2(2): 213-222.
[52] MF EI Shehry; RH Swellem; ShM Abu-Bakr; EM El-Tetba Eur J Med Chem., 2010, 45, 4783-4787.

[53] YM Patel; KM Mehta; KC Patelnt J Chem Tech Res., 2011, 3(4), 1734-1739.

[54] VD Joshi; MD Kshirsagar, S Singh&gr Pharmacia Snica., 2012, 3(3), 343-348.

[55] X-Q Deng; C-X Wei; F-N Li; Z-G Sun; Z-S QuaBur J Med Chem., 2010, 45, 3080-3086.

[56] MS Bhatia; PB Choudhari; KB Ingale; BE Zarek&riental Journal of Chemistry., 2008, 24(1), 147-152.
[57] VD Joshi; MD Kshirsagar; S Singhdi,Chem. Pharm. Res., 2012, 4(6), 3234-3238

[58] A Levai; J JekoARKIVOC., 2008, xvii, 234-240.

[59] O Prakash; A Kumar; A Sadana; R Prakash; SP SiRjh; Claramunt; D Sanz; | Alkorta; J Elguero,
Tetrahedron., 2005, 61: 6642-6651.

[60] RN Patel; KS Nimavat; KB Vyas; PV Patél,Chem. Pharm. Res., 2011, 3(6), 409-415.

[61] SR Cherkupally; PR Gurrala; N Adki; S Avularg Commun., 2008, 1(4), 84-94.

[62] A Levai. Heterocyclic Communication., 1999, 5(4), 359-364.

[63] DG Powers; DS Casebier; D Fokas; WJ Ryan; JR TithCoffen, Tetrahedron., 1998, 54, 4085-4096.
[64] JR Dimnock; NM Kandepu; M Hetherington; JW Quail; Rligazhenthi; AM Sudom; M Chamankhah; P
Rose; E Pass; TM Allen; S Halleran; J SzydlowskMBtus; M Tannous; EK Manavathu; T Myers; E de Cigrd
Balzarini,J Med Chem., 1998, 41, 1014-1026.

[65] JR Dimnock; NM Kandepu; AJ Nazarali; TP Kowalchi;Motaganahalli; JW Quail; PA Mykytiuk; GF

1087



Hery Suwito et al J. Chem. Pharm. Res., 2014, 6(5):1076-1088

Audette; L Prasad; P Perjesi; TM Allen; CL SantdsSzydlowski; E de Clercq; J BalzaridiMed Chem., 1999,
42, 1358-1366.

[66]Y Xia; Z-Y Yang; P Xia; KF Bastow; Y Nakanishi; K-Hee,Biorg Med Chem Lett., 2000, 10, 699-701.

[67] R Nishimura; K Tabat; M Arakawa; Y Ito; Y Kimura; Akihisa; H Nagai; A Sakuma; H Kohno; T Suzuki,
Biol Pharm Bull., 2007, 30(10), 1878-1883.

[68] K Tabata; K Motani; N Takayanagi; R Nishimura; Safs; Y Kimura; M Ukiya; D Hasegawa; T Akihisa; T
Suzuki,Biol Pharm Bull., 2005, 28(8), 1404-1407.

[69] SA Khan; B Ahmed; T AlamPak J Pharm Sci., 2006, 19(4), 290-294.

[70]M Chen; SB Christensen; L Zhai; MH Rasmussen; T@aRder; S Frokjaer; B Steffansen; J Davidsen;
Kharazmi,Journal of Infection Diseasses., 1997, 176, 1327-1333.

[71] X Wu; ERT Tiekink; | Kostetski; N Kocherginsky; ALCan; SB Khoo; P Wilairat; M-L Gadzur J Pharm
Sci., 2006, 27, 175-187.

[72] YR Prasad; PR Kumar; CA Deepti; MV RamaBajournal of Chemistry., 2006, 3(13), 236-241.

[73] YR Prasad; AL Rao; R RambatirJournal of Chemistry., 2008, 5(3), 461-466

[74] N bashkar; MK Reddy]. Chem. Pharm. Res., 2011, 3(3), 759-765.

1088



