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An Efficient and Green Synthesis of Flavones Using Natural organic Acids

as Promoter Under Solvent-free Condition
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irradiation reduccs tilrrc (5 min) and irnprovcs thc viclds as
cornpared to con\/entional heating. ln this screening slud),
citric (Tablc l, entr.y l), rnalonic (Tablc l, cnrry 4), oxalic
(Table I, entry 5) and tartaric acid (Table l, entry 7) turned
out to be better catalysts than frunaric (Tablc l, entry 2) and
succinic acid (Table l, cntry 6), whereas best resul$ were
obtaincd by using rnalic acid (Table l, enrry 3).

Ncxt, rnalic acid was used as a catalyst to lcst thc scopc
ancl gcnelality of thc abovc mcthodology. Whilc using less
than one rnolc cquivalenr of rhc acid, yicld of the product
was roduccd considcrably witl maximurl rccovcry of start-

HOO

Fumaric Acid

ing matcrial, cvcn allcr continuing rhe reaction for longcr
time. This rcsult suggcsts that one mole equivalent of malic
acid is esscntial for the cornpletion of thc reaction, Thcn cy-
clodehydration of various l-(2-hydroxyphcnyl)-3-aryl-1,3-
propancdioncs was tosled Lrndcr tl'rc abovc reaction condi-
tion. RcsuLts showcd that thc cyclodchydlation of various I-
(2 -h yd roxyplreny l)-3 -ary l- I ,3 -plopanediones proceed ed
srnoothly to compleLion within a short reaction time to give
the corresponding flavoncs il good to excellent yields undcr
both heating conditions (Table 2, cnrry l-14).

CONCLUSION

In conclusion, wc have shown tliat the naturally occur-
ring acids likc citric, oxalic, tartaric, malic, succinic, malonic
and l'umaric acid can bc used as an environment-fiiendly
acid promoters in the synthesis of flavones via the cyclode-
hydration of l-(2-hydroxyphenyl)-3-aryl-1,3-propanediones
uldcr solvenl-free condition. Malic acid showed suoerior

Tablc l. Screcning ofcrtalysts in thc synthesis oftlavone 2a lionr l-(2-hydroxyphcnyl)-3-a11'l-1,3-propancdione la undcrsoh,cnt-
frec condition,'

Acicl Catalysr

Heating. Solvetrt fiee
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L,n t rv ,\cid 'I crnp. (" C) "
Conventional Heating Nlicrowave Heating

''I'lmc (i\tln) Yicld'i%) 'l'ime (Min) Ylcld'(%)

Citric 60 _5 92 5 94

2 Fumaric 290 30 60 tt)

l Malic 40 0 94 5 96
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'Rcag.nts: tl {(l jg), dcid ( I 0 cq ) hl lcatins was clonc in prchcarc.J oil brrh or in nricrorvavc rcac(rr 'lsolurcd } iclds
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Table 2' Malic acid promoted the synthesis uf flavones from l-(2-hydro.ryphenyl)-3-aryl-1,3-propanedigne undcr solvcnt-frcc con-diti0n."

U

R1

,*iC:llt l.(0.5g),lvlrli0acid(l0eq) 6l0mirr inprDhcallrloilbath.'jnrn rnnlcrowavcrqactor
''C NMR and LCMSI

''lsolatcd yiclds 'All rhc prDducts \vcrc ids0lifiL{ spcctoscopically (lR, ,H.

rcactlvlty unclcr conve.ntional as wcll as micro\\.avc irradia_
tion conditions Furthcr, rcsults indicated that microwavc

cacrion rintc and gavc slighLlv highcr
Lional heaLing. The operaLional siurplic_
lly available, biodegradable and r!,r.rcw_
, solvent_free reactiou condition, short

reachon tlne, sir-nple work up and high yields rnake tlrese
promotsrs a more Oonvcnicnl alte rllativs to thc rcDortco cara_
lysts. The application of this protocol to other s\4ithctrc rcac_
titrns is undcr invcstigation.

EXPERIMENTAL SECTION

Rcactions wcrc performcd in ovcn-dricd Rlasswarc and
!\/crc monitorcd by TLC silica gel plarcs 160 F254) u,hich
were visualized by UV and KMnO4 solutiorr, AlI solvents
and reagenls were used as obtained fiotn conrtnercial source.
Melting po inLs (nr. p., uncorrected) were de ter rnined rn opc.n
capillary ubes using paraffin oil bath, All fie microu,avc_
assisted reacrions werc pcrlbrmed in Discovcr Lab Mct mi_

rhc spccificd
on. The l-(2-
prepareo D)/

lishcd bclorc
utjlization by mclting poinr Standard rH NMR ancl rrC-.

NMR wcrc rccordcd on a Varjan Mcr.cury spoolrorlctcr at
300 and 75 MHz rcspective ly in CDCI3 so[ition and with
TN{S as an intcrnal staudard lR spcclra were rccorocd on
Perkin Elmer Model 1600 series FTIR instrument Mass
specua \.vere ellt l200SL_6100 LC/MS (ES_
API) instrurn pounds syntlresized have been
previously re cal and spectroscopic dara are
u] ilgrcclrlcnt ucs.

Gencral Procedure

The mi.rture of I -(2-hydroxyphenyl)-3-aryl_ | .3_
propancdionc ta (0.5 g) and rnalic acid (1.0 eq,) u.as hcatcd
ciLhcr in an oil barh, prcheatcd at 140 "C for ltj rnin or in a
mLcro\!'avs reactor for 5 rnin. Aftcr the completion of rcac-
tion (TLC chcck), the reaction mixturc was allowcd to cool;
at room temperature lvater (10 mL) a:id ethyl acetate (10
mL) were added. Reaction rnixture was neu[ralized by acldi_
tion of solid NaHCO3. Or.ganic layer rvas separarcd and tle
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163.9. 162 8. t62.r, 157.1. r21 .6. 126.7.123.8. tr7.6, |4.2.
114.0, .105.9, 100.2, 55.7, 55.3; LCMS (ES_Apl) ntz: 283
(M+FI)..
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172.7, t63.7, r58.0, 126.7, t t7,5, I13.9, 107,5, 99.9, s5.6,
42.5, 30.3, 25.j, 25.6:LCMS (ES_Apt) m7z: 2s9'(MrH)r. 
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