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Abstract: The chemistry of heterocyclic compounds has beentaresting field of study for a long time. The
present review article highlights different syntbedpproaches to synthesize flavanone nucleusyaiaand
synthetic flavanones as well as recently synthddizanone possessing important biological adéésitlt was
found that among the important pharmacophores nsdiple for various activities, flavanone also plays
important role in various medicines.
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| ntroduction

Flavonoids are extensive group of compounds ocmyrin plants. They are prominent plant secondary
metabolites that have been found in dietary compisniacluding fruits, vegetables, olive oil, teadaed wine.

It has been observed that even a high take of plased dietary flavonoids is safe and not assatiait any
adverse health effect. The basic flavanoid strecisia flavone nucleus, In nature, they are availab flavone,
flavonol, flavanone, isoflavone, chalcone and theiivatives[1].

Figure 1: Molecular structure of the flavone backbone
(2-Phenyl-1,4-benzopyrone)

Over 5000 naturally occurring flavonoids have bedwaracterized from various plants. They have been
classified according to their chemical structunag @re usually subdivided into the following subhgrs[2]
(Table: 1). Natural and synthetic flavanoids araldinones have attracted considerable attentiorubeaat
their interesting biological activity including amitycobacterial[3], antimicrobial[4,5], anti-lung reer[6],
antibacterial[7], antiproliferative[8], anti-tubedosis[9], antifungal[10], antiarrhythmic[11], awitial[12],
antihypertensive, antioxidaanhd anti-inflammatory[13].
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Table 1: Classification of Flavoneg[14]
Group Skeleton Examples
Description Functional groups Structural formula
3 2,3
Hydroxyl | Dihydro
Flavone 2- X X Luteolin,
phenylchromen- Apigenin,
4-one Tangeritin
Flavonol 3-hydroxy-2- v X Quercetin,
or phenylchromen- Kaempferol,
3-hydroxyflavone | 4-one Myricetin,
Fisetin,
Isorhamnetin,
- Pachypodol,
Rhamnazin
Flavanone 2,3-dihydro-2- X v Hesperetin,
phenylchromen- @ Naringenin,
4-one O Eriodictyol,
@KTJ Homoeriodictyol
0
Flavanonol 3-hydroxy-2,3- | v v = Taxifolin
or dihydro-2- O (Dihydroquercetin),
3 phenylchromen- R Dihydrokaempferol

Hydr oxyflavanone
or

2,3
dihydroflavonol

4-one

Properties of 2,3-Dihydro-2-Phenylchromen-4-one Nucleus[ 15]

The flavanones are a type of flavonoids. They amecplly glycosylated by a disaccharide at posi§even to
give flavanone glycosides. Being naturally occigraompounds, flavanones have high availability godd
pharmacological profile. It shows many biologiceliaties in the body.

Molecular structure:
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3D Structure:
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Chemical Name: Flavanone Phase: Solid (White crystals)
Chemical formula: C;sH1,0, Melting point: 77 °C
Molecular weight: 224.255 Boiling Point: 356 °C
IUPAC Name: 2-Phenyl-2,3-dihydro#4-chromen- Solubility: In methanol
4-one

Synthesis of Flavanone Nucleus

1. Chalcone method: The appropriate 2-hydroxyacetophenone is congidength benzaldehyde or
hydroxybenzaldehyde to give chalcone. The chalcanebe converted into flavanone[16].

OH OH 0] CeHs
+ NaOH CH.CgHs
OHC.GHs —— | ——
CHj HCl
O 0

0]

2. Algar-Flynn-Oyamada method: 2-Hydroxychalcone, prepared by the interaction of 2
hydroxyacetophenone and benzaldehyde in presenekaf, is treated with alkaline hydrogen peroxide
form 3-hydroxy flavanone by oxidative cyclizatiof]1

OH OH O C6H5
+ NaOH CH.CgHs
OHC.GHy ———> | -
CH H,0
3 2 OH
0 0

o]
3. Conversion of 2-hydroxychalcones to flavanones catalysed by cobalt Schiff base complex: Co (salpr)

catalyzes the conversion of 2-hydroxychalconedateafiones in methanol under oxygen. Base catabysSo
(salpr) (OH) produceth situ is responsible for the reaction, which is foungbtoceed reversibly[18].

OH ocd" (LY
O 0 o — (L
0 (e}

. O CH,OH O © O
cd' (LY (oCcHy) + O F
0]

O'COIII (Ll)

4. Cyclization of 2-hydroxy-4-methoxychalcone to 4-methoxyflavanone: The cyclization of 2-hydroxy-4-
methoxychalcone to 4-methoxyflavanone was doneeHyxing the corresponding chalcone in acetic deoid
72 hours, although in moderate yield (55%)[19].
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AcOH, 72 h, reflux
N 55 %
(0] (0]

5. Isomerisation of 2-hydroxychalcones to flavanones: An isomerisation of 2-hydroxychalcones into the
corresponding flavanones in ethanol in the preseht@ethylamine[20].

OCHj

R3 Ry
oH Re Ra
Et;N
e Rs
AN ~
R{ EtOH
R1
o}

R

6. Heterogeneous synthesis of Flavanone over MgO catalyst: The effect of several solvents on the
heterogeneous synthesis of flavanone from benzalideland 2-hydroxyacetophenenone over a solid MgO
catalyst was examined. Among the different higHibgipoint solvents examined for the synthesis of
flavanone from benzaldehyde and 2-hydroxyacetopieneer a MgO catalyst, the use of dimethyl suttexi
(DMSO) was found to significantly promote the yielidflavanone[21].

(L) e~ L
—eeeee
A DMSO
O o

7. Microwave accderated solvent-free synthesis of flavanones. A study of the microwave-accelerated
synthesis of flavanones using an unmodified houdemiicrowave oven was undertaken. The use of
trifluoroacetic acid (TFA) in refluxing chloroformalmost doubled the conversion achieved previously i
refluxing acetic acid[22].

Re

Ry OH Rs

/I TFA 30% / Silica gel
| Microwave, 9 min.'
NN 69-80%
Ry
(0]

Ry Rs3

The cyclization of 2'-hydroxychalcones in the pmse of triethylamine, a mild base, using Microwave
irradiation resulted in a “green-chemistry” procesluwith improved yields for the preparation of

flavanones[23].
R4 R4
R OH
2 ‘ | ‘ Re MW, 20-50 sec Ro O o O Re
R{

(C2H5)3N, EtOH R1
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8. Synthesis of flavanones catalysed by L-proline: L-proline is utilized as an efficient organocatalfe the
synthesis of substituted flavanones and chalcongead yields[24].

R 0 R 0 Rz
OH )k L-Proline
+
Ry H DMF, 80°C
Ry 18 h Ry
0

9. Catalytic enantioselective synthesis of flavanones: The enantioselective synthesis of flavanones and
chromanones is described. Bifunctional thiourealgats promote an asymmetric oxo-conjugate additoa
B-ketoester alkylidene in high yields with excellemiantioselectivity (80—-94% ee) for aryl and alkybstrates.
Decarboxylation of the3-ketoester proceeds smoothly in a one-pot procethuiaford the enantioenriched
flavanones and chromanones[25].

\/

Chiral B ]
OH O R thiourea o o
= catalyst CO,t-Bu Oﬁ‘j
Coﬁmu o” "R o R
favorscyclization - R=aryl, alkyl N 80-94 % ee

Single flask

10. Catalytic synthesis of flavanone using Zn-Al hydrotalcite adhere ionic liquid: The Claisen-Schmidt
condensation of 2-hydroxy acetophenone and bertaaddeto chalcone and flavanone show that calcimed Z
Al hydrotalcite is active for synthesis. The adivif this catalyst can be further increased byualdo5 times
by coating ionic liquid triethoxysilane-3-methyligazolium chloride on calcined hydrotalcite[26].

0 (0]
OH H (0]
+ CHTlc
N — |
| \ Zn-Al OH N o X
o Z ; | \/ |
Z R /\/R

11. Synthesis of flavanone using environmental friendly catalyst H[bimBF4]: A high yielding and fast
method for smooth conversion of substitutgfiunsaturated carbonyl compounds chalcones to guneling
substituted 2-phenylchroman-4-one i.e. flavanone gbpnding at room temperature using ionic liquid
H[bimBF4] which is recyclable[27].

H[bimBF,]

gy

Grinding/ 10-15 min.

12. Synthesis of flavanone with boracic acid and ethylene glycol: A series of new flavanone derivatives of
farrerol was synthesized by convenient method. Intypical synthetic procedure, substituted 2-
hydroxyacetophenone was reacted with substituteddidehydes, and boracic acid in ethylene glycai38eC

to yield the product[28].
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CH3 CH3

HO OH
Ethylene glycol

+ RCHO -
CH, Boracic acid, 13%C, 3h HsC

HsC
OH o OH ©

13. Synthesis of flavanone with phosphoric acid: Flavanones were prepared by refluxing the corredipgn
chalcones with phosphoric acid in alcohols for @a$s[29].

XX/ ‘ Z K ‘Y HsPO,
X N X
(o]

14. Synthesis of flavanone via the isoxazoline route: The parent flavanone was prepared by selective
chlorination of salicyaldehyde oxime to salicylhggamoyl chloride, which was cycloadded to styrene.
Reductive cleavage of the isoxazoline ring togkeydroxy ketone and acid catalyzed cyclization gpaeent

flavanone[30].
o ‘
CHO i NH,OH
|| NCS i. Raney-Ni, I—i
iii. Styrene KHCQ ii. H*
OH

15. Synthesis of flavanones from 2-methoxybenzoic acids: Flavanones can be synthesizesl1-(2'-methoxy-
phenyl)-1-oxo-propan-3-phenyl-3-ols from 2’-metheagetophenones which were synthesized by treataient
2-methoxy benzoic acids with 2 equiv of methylilitih in THF for 0.5-2 h at -78°C in 88-93% yieldsaanew

synthetic route[31].

R, Ry

R, OCH, R, OCHj,4 i.1 eq LING-Pr)/THF H0*
i. 2 eq CHLIITHF > s
—_— ii. p-R*-CgH,CHO pr=

OH i H0" CH, - PRECeRd
R3 R3
e} 0
Ry
R, OCH,4 R,
O O 2 eq HBr/HOAC R
_—
100°C, 5 h

R3

(0] OH
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16. Synthesis of flavanones from 2-hydr oxybenzoic acids:

2’-Hydroxyacetophenones were readily prepared bytiibatment of 2-hydroxybenzoic acids with 3-eqi@nt

of CHsLi in THF in 74-93% vyields. 1-(2'-Hydroxyphenyl)-dxo-propan-3-phenyl-3-ols were prepared by the
treatment of the lithium dianions of 2'-hydroxyamgthenones with benzaldehydes, which on cyclodetipdra
by PrP/CCWE:N in CH;CN or DMF/(COCIY Et:N (Vilsmeier reagent) in C}l, gives flavanones[32].

Rl OH RL OH 1) 2 eq LDA/THF ag NH,CI
1) 3 eq CHLI/THF —_— > —>
—_— 2) o
OH + CH 4
2 2) H;0 R? 3 R ©)‘\H
R5
R3 ° R ° R4
4
R RS
R OH R® . @
O O eproeo R 0
R2 CH,Cl,
R2
5 o] OH
R o}
R3

Some examples of Natural Flavanoneswith their Biological activities
1. Alpinetin[33]:

Alpinetin is a phytochemical isolated from a vayiet plants including those of the genus Alpinia.

HO. 0. \\\\\\©

(2S)-7-Hydr oxy-5-methoxy-2-phenyl-2,3-dihydr o-4H-chr omen-4-one

Biological Activity[34-36]: Hepatoprotective, antipruritic, anti-inflammatoneuroprotector, anti-HIV activity
and anti-inflammatory.

2. Butin[37]:

Butin is a flavanone, a type of flavonoid. It cae bound in the seeds dfernonia anthelmintica[38]
(Asteraceae) and in the wood@élbergia odorifera[39] (Fabaceae).

OH
\\\\\\\Oi
" OH

o
(25)-2-(3,4-Dihydroxyphenyl)-7-hydr oxy-2,3-dihydr ochr omen-4-one
Biological Activity[40,41]: Antioxidant and cytoprotective

HO. 0.

3. Eriodictyol[42]:

Eriodictyol is a bitter-masking flavanone, a flawith extracted from Yerba Sant&r{odictyon californicum), a
plant native to North America[43].
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OH

OH

HO N

OH [e]

(29)-2-(3,4-Dihydr oxyphenyl)-5,7-dihydr oxy-4-chromanone
Biological Activity[44,45]: Anti-inflammatory and antioxidant
4. Hesperetin[46]:

Hesperetin is a bioflavonoid and, to be more spedfflavanone. Hesperidin (a flavonone glycosideyater-
soluble due to the presence of the sugar partsirstitucture, so on ingestion it releases its aglgca.e,

hesperetin.
OCHj
Ho o wJ::::::[::
o OH

OH (¢]

(9)-2,3-Dihydr 0-5,7-dihydr oxy-2-(3-hydr oxy-4-methoxyphenyl)-4H-1-benzopyr an-4-one
Biological Activity[47-49]: Hypocholesterolemic, anticancer, antioxidant anarojrotective

5. Homoeriodictyol[50]:

Homoeriodictyol is a bitter-masking flavanone esteal from Herba Santdxiodictyon californicum) a plant
growing in America.

OCH,

OH

HO O

OH o
(2S)-5,7-Dihydr oxy-2-(4-hydr oxy-3-methoxyphenyl)-4-chr omanone
Biological Activity[51,52]: Anti-osteoporosis and anti-inflammatory

6. I sosakur anetin[53]:

Isosakuranetin is a flavanone, a type of flavonttidan be found in the fruit afitrus sinensis (blood orange),
in the fruit ofCitrus paradis (grapefruit) and ilMonarda didyma (Scarlet beebalm).

OCH;
\\\\\\\©/
OH o

(29)-5,7-Dihydr oxy-2-(4-methoxyphenyl)-2,3-dihydr ochr omen-4-one
Biological Activity[54]: Antioxidative

HO. 0.
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7. Naringenin[55]:

Naringenin is a flavanone, a type of flavonoid tisatonsidered to have a bioactive effect on huheaith as
antioxidant, free radical scavenger, anti-inflanomat carbohydrate metabolism promoter, and immuyséem

modulator. It is the predominant flavanone in gfape
©/OH
\\\\

HO. 0.

OH o
5,7-Dihydr oxy-2-(4-hydr oxyphenyl)chr oman-4-one
Biological Activity[56.57]: Anti-inflammatory, anti-oxidant and anti-tumor
8. Pinocembrin[58]:

Pinocembrin is a flavanone, a type of flavonoids kan antioxidant found in damiana, honey and glisp

\\\\\\\\©

OH (0]
(2R,3R)-3,5,7-Trihydroxy-2-phenyl-chr oman-4-one
Biological Activity[59]° Antimutagenic
9. Sakuranetin[60]:

Sakuranetin is a flavanone, a type of flavonoidalt be found ifPolymnia fruticosa[61] and rice.

OH
H3CO. O. ‘\\\\\\©/

(25)-5-Hydr oxy-2-(4-hydr oxyphenyl)-7-methoxy-2,3-dihydr ochr omen-4-one
Biological Activity[62]: Anti-inflammatory

10. Sterubin[63]:

Sterubin is a bitter-masking flavanone extractesnfiHerba SantaEfiodictyon californicum) a plant growing
in America.

OH

OH

HaCO. SN

OH (0]

2-(3,4-Dihydr oxy-phenyl)-5-hydr oxy-7-methoxy-chr oman-4-one
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Some examples of Synthetic Flavanoneswith their Biological activities
1. Anti-fungal activity:

To explore the potency of the flavanone analogalijpr Fowler et al (2011) tested the ability of rraatural
flavanones to inhibit the growth the pathogenicgiu@. neoformans and A. fumigatus. Of the compounds
tested, only the 3-hydroxyflavanone (1b) failedptovide significant antifungal ability on any ofetlstrains
tested. The most resistant of the three fungalispewasA. fumigatus and showed only limited growth
inhibition with MIC values all greater than 130 pd)/. One the other hand, three of the four non-mtur
flavanones tested demonstrated MIC values of appeiely 30 pg/mL for the pathogenie. neoformans.
Results of serial dilution on agar growth plates @fneoformans under different exposure times to 4-
chloroflavanone (1d) indicates that the effectdsinhibitory but fungicidal[64].

Compound No. R1 R, R3
la H H F
1b H OH H
1c H F H
1d Cl H H
le F H H
1f F Br H
1g F Cl H
1h F OCH, H

Synthesis and fungicidal activity of some nei+ehromen-4-ones containing some 1,3-thiazole, Higine,
1,2,4-triazine moieties were done by the Ali T.E3&007). All the new compounds then screened feir th
fungicidal activity. Among the compounds so formeéd4-{[(6-Chloro-4-oxo-4H-chromen-3-yl)methylene]
amino}phenyl)-2,5-dihydro-5,6-diphenyl-3-thioxo-]42triazine was found to be the most potent comgdoun

(2)[65].
o S
C|\©£‘j/\ >¥N@
N—< >—N N
o CeHs
2

CeHs

2. Antibacterial Activity:

In an effort to improve the bacterial toxicity davanones, a small library of non-natural flavaroomeas
created by Fowler et al (2011). Synthesis of the-matural flavanones was completed in four reacsi@ps,
which form protected chalcone intermediates and foow with de-protection and ring closure. Thigrary
was first screened against the bacterial spdeiesli andB. subtilis in 96-well plate growth assays and CFU
counting assays. Similar to the natural flavanories, non-natural analogs alone failed to have aster
activity to limit growth ofE. coli. However in the presence of the RND inhibitor PABIN potency of the non-
natural analogs was significantly increased byai@-fold for 4-chloroflavanone (1d). It is importaio note
that 30H-flavanone (1b) was found to have a loweags solubility (approximately 2 mM), making the
potential production and use of this molecule @mrajing[64].

Flavanone was synthesized and tested for antilb@cteifects againsBacillus Subtalis, Escherichia coli,
Saphylococcus aureus andPseudomonas aeruginosa by Sheikh et al (2010). The screening resultscatéi that
only compound (3) was active against a gram-negdtacteriafEscherichia coli with a mean zone of inhibition
12.5 £ 0.3 mm[27].
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HO. l (o}
O

©)

A set of three E-3-arylidene flavanones were s\gitleel by simple base catalysed condensation obpgpte
aryl aldehydes and 2’-hydroxy-4-methoxy acetophenby Joseph et al (2008). In antibacterial studiés
compounds exhibit activity again$. coli. Only compound 4b showed activity agairf3seudomonas.
Compound 4c¢c showed good activity agaiSsiphylococcus aureus. Compound 4b as well as compound 4c
showed good activity againBacillus subtilis[66].

(©)
Compound No. R
4da Furfuraldehyde
4b p-Methoxy
benzaldehyde
4c p-Chloro benzaldehyde

3. Antimicrobial Activity:

The cyclization of the 2'-hydroxychlcones under roigave irradiations afforded the variously subsgit
flavanones. All the synthesized flavanones wertedetor antimicrobial activity by Kamboj et al (2D1 The
flavanones 5a and 5b were found to be most efiectiainst two bacteri&, aureus (MTCC 96) andB. subtilis

(MTCC 121) and flavanones 5a, 5b along with 5c aféective against two fungh. niger andA. flavous[23].

cl
o)
5)
Compound No. R1 R, R5
5a H H OH
5b H OH H
5¢c CH CH; H

Vatkar et al (2010) were synthesized various arsatfgflavanone by oxidative cyclization of chalcen@he
synthesized compounds (6a-f) were screened for thaiitro antibacterial activity againd. coli and P.
aeruginosa and antifungal activity againsh, niger and A. flavus by measuring the zone of inhibition.
Compounds 6a, 6b, 6d & 6e possessed good antilzetetivity and Compounds 6a,6b,6¢,6d & 6f haverbe
found to be good antifungal activity[67].
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o]
(6)

Compound No. R1 R, Rs
6a H NG H
6b H H F
6¢C H H Ch
6d OH OH H
6e OH NQ H
6f OH H CH

4. Anti-tubercular Activity:

A new class of alkylated flavanones were synthestzg Babu et al (2013) and screened for anti-tublarc
activity onMycobacteriumtuberculosis. Among 17 compounds compound 7 was found moshj6&].

CHg

H,CO o
OCH,

OCH; O

(7)
5. Antioxidant Activity:

Three E-3-arylidene flavanones have been synthidigeone pot method which reduces the usual tedious
multistep involved in the synthesis of medicinampmunds by Joseph et al (2008). Considering aridiaox
activity, compound 4c showed maximum activity anchpound 4b showed least activity[66].

6. Analgesic Activity:

All the synthesized compounds synthesized by Joseph (2008) were expected to exhibit analgesiwviag

as per the studies two were found to exhibit arsadgaction. The results shows less analgesic acfior all
tested compounds than the standard drug namelpf®iEdc sodium. Among the three compounds compound
4c showed maximum analgesic activity. Compound Howed least analgesic activity. Among the three
compounds exhibited analgesic activity, the compotmshowed more activity than others, probablytdube
presence of halogen atom[66].

7. Anti-inflammatory Activity:

A series of chalcones and related compounds wexgaped by Claisen-Schmidt condensation of apprepria
acetophenone with appropriate aromatic aldehydek the anti-inflammatory activities of these synitet
compounds were studied on inhibitory effects onahtivation of mast cells and neutrophils by Hsathal
(1998). Only one flavanone i.e. 4’-hydroxyflavandBg exhibited potent inhibitory effects on thee@te off—
glucuronidase and lysozyme from rat neutrophilmstated with formyl-Met-Leu-Phe (fMLP)[69].
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94

o)
)
8. AChE Inhibitor Activity:

A new series of flavonoid derivatives have beenghesi, synthesized and evaluated as potent AChEitots
by Sheng et al (2009). Most of them showed moremidhhibitory activities to AChE than rivastigminghe
most potent inhibitor flavonone derivative (9) ibii AChE with a 1G, of 0.248 yuM and showed high
BChE/AChOE inhibition ratio (194-fold), superior tdonepezil (IG=12nM, 389-fold). Molecular docking
studies were also performed to explore the detéailiedaction with AChE[70].

HyCO |

H3CO

)
9. Anti-VSMCs Vegetation Activity:

A series of new flavanone derivatives of farreralswdesigned and synthesized by Shi et al (2014)pagent
inhibitor of vascular smooth muscle cells (VSMCggegtation according to a convenient method. The
biological activities of these compounds againsMZS in vitro were evaluated. The assay results indicate that
two compounds, 5,7-dihydroxy-6,8-dimethyl-2-(2-ajihenyl)chroman-4-one (10a) and 2,3-dibromo-4,5-
dihydroxydiphenyl methanone (10b) exhibited higtivity against VSMCsn vitro with ICs, values of 9.9 and
6.7 umol/L, respectively, and the preliminary structaivity relationship (SAR) was described[71].
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10. Vasor elaxant Activity:

A series of 6-prenyl (or its isomers)-flavanonesevgynthesized and evaluated for their vasorelaxetitities

against rat aorta rings pretreated with 1 uM phegiyline (PE) by Dong et al, 2011. In this studyneo
synthesized flavonoid derivatives were charactdriae agents with remarkable vasorelaxant activifié®

preliminary structure-activity relationships stuglieevealed that the introduction of a cyclic pregybup

resulted in good vasorelaxant activity, as exengalifn dihydropyranoflavones 11a and 11b [72].

(11a) (11b)

Support vector machine (SVM) was applied by Dongle2008 to predict vasorelaxation effect of diffet
structural molecules. A good classification modadl lheen established, and the model was used tiptieel
activity of a series of prenylated flavonoids. Addiag to the estimated result, different chalcoflespones and
flavanones were selected and synthesized. Theadilatory activities were determined experimentatyrat
aorta rings that were pretreated with phenylephR&). Structure—activity relationship (SAR) anays
revealed that flavanone derivatives showed the potnt activities, while flavone and chalcone dives
exhibited medium activities [73].

/ |
l—R
HO (0] \
OH O
(12)

Compound No. R

12a H

12b 3',4’-OCHO-

12c 3'-Br

12d 3’-OCH;, 4'-OH

11. Aromatase inhibitory Activity:

Two (E)-pyridinyl-substituted flavanone derivatives wexgnthesized and UV irradiation of these compounds
afforded a Z-enriched mixture. These products wiested for their ability to inhibit the cytochroni&t50
aromatase. It was observed that the introductiom @yridinylmethylene group at carbon 3 on flavamon
nucleus led to significant increase of aromatasebitory effect. Morever, configuration had a suwdial
influence on the aromatase inhibitory activity ®n)-isomers were found to be more active that (2)-
isomers[74].
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N,

(B) 2

(13)
Compound No. R
13a H
13b OCH

12. Anti-tumor Activity:

Choi et al (2011) were designed this study to itigate the anticancer activity of 4',7-dimethoxyféaone
(14) in vitro. When human breast cancer MCF-7 cells were treatérdcompound 7 at various concentrations
(1-200 uM) for 24 h, antiproliferative effects were firsbgerved at luM and the IG, was 115.62uM.
Conversely, compound 14 was not cytotoxic (measaedhctate dehydrogenase release in CHO-K1 cells)
under the same conditions. MCF-7 cells exposedéocbompound 14 at the dCconcentration showed cell
cycle arrest and apoptosis. Compared to the ragpembntrol level, exposure to compound 14 resuited
remarkable increase of small DNA fragments at thie-G1 phase and an increase in the G2/M phase cell
population. Moreover, when compound 14 treatmeunsed G2/M phase arrest, an increase in CDK1 togethe
with an increase in cyclin B was observed. Basedhese results, compound 14 may be a useful antcan

agent[75].
O.
N
P ° ‘

O(14)

A series of new flavanone derivatives of farreralswsynthesized by Shi L. et al (2010) and evaluatgihst
human Bel-7402, HL-60, BGC-823 and KB cell line #otti-tumor activity. The data indicate that compadu
15with an ortho nitro group on ring B, had the stresigactivity (1G;=9.9uM)[28].

O,N
CH,
HO I o

HyC

OH

(15)

A series of synthetic chalcones, flavanones anebfias has been synthesized by Cabrera et al (20QV)
evaluated for antitumor activity against the humkidney carcinoma cells TK-10, human mammary
adenocarcinoma cells MCF-7 and human colon adeciocana cells HT-29. Fourteen out of 53 analyzed
compounds resulted very active against at least divthe studied tumoral cells. Flavanone 16 wasy ver
cytotoxic in the series and this activity couldtbe result of metabolic hydroxyl chalcones[76].
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(16)

A series of 2,4-diarylchromane[4,8}-A*"1,2,3-thiadiazolines were synthesized by cyclomti of
corresponding 2-arylchroman-4-one-arylhydrazondh ®0OC} then treated with alcohol by Ying et al (2007).
All the compounds were tested for their antiprofifeve activityin vitro against six human tumor cell lines
including Bel-72, ECA-109, PC-3, MCF-7, HL-60 & A48 cells; and the highly potent derivative 17 eithith

in vivo inhibitory effect on tumour growth[77].

N—N cl

SO,Me

(17)

The antitumor effects in colorectal carcinoma c@fi$29, COL0O205, and COLO320HSR) of eight flavarene
including flavanone, 2'-OH flavanone, 4'-OH flavare 6-OH flavanone, 7-OH flavanone, naringeningimar
and taxifolin were investigated by Shen et al (306&sults of the MTT assay indicate that 2’-OH/8laone
showed the most potent cytotoxic effect on thegeetbells, and cell death induced by 2'-OH flavamaas via
the occurrence of DNA ladders, apoptotic bodies] agpodiploid cells, all characteristics of apopos
Induction of caspase 3 protein processing and eazgtivity associated with cleavage of poly (ADBege)
polymerase (PARP) was identified in 2’-OH flavandreated cells, and a peptidyl inhibitor (Ac-DEVIMK)

of caspase 3 attenuated the cytotoxicity of 2'-Qévdnone in COLO205 and HT-29 cells. Elevation 21 p
(but not p53) and a decrease in Mcl-1 protein weumnd in 2’-OH flavanone-treated COLO205 and HT-29
cells. Elevation of intracellular reactive oxyggresies (ROS) was detected in 2’-OH flavanone-tceagdis by
the 2',7'-dichlorodihydrofluorescein diacetate (DEDA) assay, and ROS scavengers including 4,5-ddyyd
1,3-benzene disulfonic acid (tiron), catalase, smpde dismutase (SOD), and pyrrolidine dithiocanbte
(PDTC) suppressed the 2’-OH flavanone-induced oyiot effect. Subcutaneous injection of COLO205
induced tumor formation in nude mice, and 2'-OH/#laone showed a significant inhibitory effect omtu
formation. The appearance of apoptotic cells wig&HEHtaining, and an increase in p21, but not p53tgin by
immunohistochemistry were observed in tumor tissueder 2'-OH flavanone treatment. Primary tumolscel
(COLO205-X) derived from a tumor specimen elicited COLO205 were established, and 2’-OH flavanone
showed an significant apoptotic effect in COLO20%efls in accordance with the appearance of DNAldas|
caspase 3 protein processing, PARP protein cleaagk increasing p21 protein. These results regaale
vitro, ex vivo, andin vivo antitumor activities of 2’-OH flavanone via apogioinduction, and indicates that 2'-
OH flavanone is an active compound worthy of depalent for cancer chemotherapy[78].
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0
(18)
Compound Name -OH -rhamnoglucoside
Flavanone - -
2’-OH flavanone 2 -
4’-OH flavanone 4 -
6- OH flavanone 6 -
7 -OH flavanone 7 -
Naringin 45 7
Naringenin 4'57 -
Taxifolin 3,34 5,7 -

3176

Several classes of flavanoids (flavones, flavanoelydroxychalcones and flavan-4-ols) having aetst of

substituents on A ring were investigated by Poegel (2001) for their antiproliferative activitgainst MCF-7
human breast cancer cells. Structure-activity i@iahips of these compounds were discussed. Melduexy
flavanones (19a-c) were found to be potent inhibitd MCF-7 cell growth[79].

Ry o
C
R, o]
(19)

Compound No. R1 R,
19a OCH H
19b H OCH
19c OCH OCH;

Conclusion

This particular review article, in reference, woektend great deal of help to researchers as ottedjoal of
medicinal chemistry research and drug discovetyp develop compounds that both show desirable dicdd
activities and are easily accessible. Such composhduld be either isolated from natural resouccethey
should be easily synthesized in large amounts énldboratory. The present literature survey of dmone
nucleus have rendered that flavanones are significamportant class of heterocyclic compounds émeir
applications in ever challenging chemotherapy ofoues ailments.
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