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Synthesis in Coutnarino-pyrooe aa.d · Furocoamaria. Groups. 
Part I. Synthesis of 4,~'-Dimethyl-6-ethylcou:mariao-'7,8-Y· 

pyrone and 4,4'-DiDtethyl-6-ethylcoumariDo-7,&- o<·pyroae 

K. A. Tbakar 

Tho Ko~tanoeki acylation of 4-methyl-6-ethyl-8-acetylumbelliferone furnishes two com:pounda: (A) 
<J, 8u, 6o~. m.p. 198", and (B) C, 611,40 4, m.p. 335". C01n:pound (A) on hydrolysis with canatic alkali 
furni~hes (i) an acid, C,3Ua0:~, m .p. 240", and (ii) a ntutral tr D'·Jo,;:rd, C,f.H 140 4, m.p. 203". 

From chemical evidences compound (A) haa boon proved to be 4,2'-dimethyl3'-acetyl-6-ethylcoumarino-
7,8-y-pyrone &111! ita deaaetylated product, 4:,2'-dimethyl-6-ethylcoumarino-7,8-')'·pyrobe 

Tbe product (B), m. p. 335", ha.a been similarly proved to be isomeric with the coumarino-')' ·pyrone (II), 
m.p. 2r)3', o.nd is represented a.a 4,4'-dimethyl-6-ethylcoumarmo-7, 8- o(-pyrone. 

Cuumarino- o<-pyrones have been synthesised from umbelliferones by the Pechmann 
reaction•. Co11ruarino- o<-pyrones and ·'}' pytones have been prepared from 0-hydroxy
acyl or -aroyl-coumarins by the Kostanecki acylation method•. 

The reaction mass, obtained by the Kostanecki acylation of 4-methyl-6-ethyl-8-acetyl
umbelliferone', "'as fractiona.lly crysta.Wsed, furnishing two compounds: (A) C.aH.&O,, 
m.p. 198°, and (D) 0 1i;H,4 0,4 , m.p. 335°. The constitutionsoftheseweredetermiDed bya 
study of their alka.li hydrolysis, preparation of a derivative, and by subjecting 4-methyl-6-
cthylumbclliferone to the Pechmo.IUl reaction. 

Alkaline hydrolysis of (A) furnished (;) a.n acid C13H,.05 , m.p. 240°, and (ii) a 
neutral compound, C,6H,40 4 , m.p. 203 11

• 

The acid, m.p. 240", showed a violet ferric reacti~n,indicating its nature as of the 
salicylic acid type of compounds. On decarboxylation, the acid provided the Imown 
4:-methyl-6-et.hylumbelliferone. Hence it can be represented as 4-methyl-6-ethylumbelli
ferone-8-ca.rboxylic acid (III}. Tho formation of this o-bydro:xycarboxylic acid during 
·hydrolysis indicates the probable presence of a y ·pyrone ri11g in compound (.A), further 
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BU.ppJrted by the formation of o. 2,4-DNP in quantitative yield (98J::%), assuming one 
OAc group in (A). It is well known that during the formation of a y-pyrone ring by the 
Kl)sto.nc(•ki n.cylation mothorl, acyl group goncra.lly onters the 3-poaition. 

Tho preS!:'>lWB of a. y-pyrone ring in oompound (A) is further supported by the study 
of the nentralcompound(II), m.p. 20:1°. Compound(II) on further hydrolysis furnished the 
auid (III),also obtaincl1 1luring hydrolysis of compound (A). A ~omparison of the molet-ular 
formul~ts uf the cumptmn<ls (A or I) and (II) shows that there is a. difference of one acetyl 
group. (l,·,mpomnd (A) has alr<11Hly heen sho'Wll to contain an acetyl group and it is known 
that th<l n.cl•tyl group prctttmtin the :1-p:,sitionuf a chromone is easily removed. Hence it 
np}I'..Jars tlmt tho neutral <~ompaunr.l 11l, m.p. 20:i") is u. deacetylated product of compound 
(A) p;li!!flfiHing n. collmarin••-y-pyrone stru<:turc. The product (II} did not form any2,4-
DNP uml it was nl!!o pn•parcd by rf'fiH:xing Clornpound (1) with Na 11C05 solution. The 
compound (I) is t.lwr(•forc represent<>do.s 4,2'-rlimethyl-:J'-acetyl-6-ethylcouma.rino-7,8-
y-pyrum~ ancl itM dcact•lyldoo product a-t 4,2' IJimothyl-6-ethylcouma.rino-7,8-y-pyrone. 

Ti1e C'.Jlubn~ation product (B), m.p. 335°, is isomeric with product (II). That this 
cnmpound is n. cnllffillfino- D( -pyrone hall boen shown by its alkaline hydrolysis, fumishing(i} 
11. mrmoba.r~ic H.<·id, m.p. 2:lll0 and (ii) 4-ethylresorcin. The lnonobasic acid has a compCJiitbl 
C, 6H, 60s as nmpu-od with C,6H, 404 of the compound from which the acid is formed. This 
differem.o.e of HgO in the composition 11huws that the aoid is formed by the opening <If the 
..C-pyronc ring. This ,-iew has been confirmed by the fact that the acid regeJJer&tes the 
origin9.1 compound, m.p. 335", when heated with H.S04 • Hence the acid, m.p 230", can 
p"Jssibly bo f mnul11tcd as ,6-(-l-mcthyl-5-hydroxy-8-ethylbenzo- o<-p}TOne-6)-#J-methyl
acrylic acid (Vl. 

Couma.rino- <-pyrone structure for the compound (B), m. p. 335", waa also suppo~ 
by tho formatiQn of 4-cthylrc~mrcin during hydrolysis, since coumarin& on hydrolyall 
with c:a.ustic alkaH eliminate o<-pyrone ring. 

0.1 c:md~n'lin~ 4-methyl-6-ethylumbellifcrone ·.vH1 acetoacetic e3ter in presenw 
ofH.SOt.• a product, m.p. 335, \Vas isolated, ·which was folLI'!d to be identical with the com
p1und, m.p. 335°, obtained by the Koi'ltanecki acylation method. This compoWld is there
fore represe..11ted as <1,4'-dimethyl-6-etbyl-7,8-coumarino- a<-pyrone (IV). 
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SYNTHESIS IN COUMARINO-PYRONE AND FUROCOUMAB.IN GROuPS 
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EXl'ERIMI!:NTAL 

8119 

4,.)1~thyl-6-ethylumbelliferonu9 was preJlared by condensing cl-ethylresorcinol with 
acetoRc£'tic P-Stor in presence of P .05 in'ltearl of H.S04, UAed by Lima yeS. 4-Ethylresorcin 
(20 g.) was dissoked in acetoacetic ester (20 ml) and P .05 (6 g.) was added to the solution. 
Tho mixLuro Wd.s kept ovemight and then poured over crushed ice. The resulting preci
pitate was crystallittcd from ethanol in colorless needles (15.2g.), m.p. 212°. Mixed m.p. 
with 11.11 authentic so.mple!l showed no depression. 

4:-}[,thyl-6-cthyl-8-acetylumbelliferone was prepared from '-methyl-6-ethylum
belliferone by acetylation and subsequent Fries bligration. 

4,2' -Dim.ethyl-6-sthyl-3' -acetylcovmarino-7 -8-y-pyro11e (I).- A mixture of the above 
o.cetylumbelliferone (5 g.), fused sodium acetate (5g.), and acetio anhydrjde(IOml) was 
hea~cd at 160-70° for 3 hr. and then poured 011 water when a tarry substance was obtained. 
It solidified on keeping for 3 days. The solid was crystallised from ethanol, using a small 
quantity each time; m.p. 175° (crude). Repeated crystallisation from etha.nol or 
toluene raised its m.p. to 198°. It is insoluble in cold caustic alkali and shows negative 
ferric chloride reaction. (Found: C, 69.02; H, 4.76. 0,8H,60_, requires C, 69.23; H, 5.13%). 
The ethanolic mother liquor (B) was preserved for f11rther treatment. 

2,4-DNP of (1).-To compound (I) (0.0104 g.), dissolvrd. in a.ldehyde-free ethanol, 
an excess of 2,4-dinitrophenylhydrazine sult>hate solution was added in hot condition. 
On keepi~g the reaction mixture overnight, an orange precipitate gradualJy separated. 
Th.e solid was filtered, washed with 5N-HCI, and dried; m.p. 277°, yield 0.0172 g.(% of 
carbonyl group found: 9.412; expected: 9.40). (Found: N, 11.22. C.4H 1100aN4 requires 
N, 11.39%). 

4,2'-Dim.ethyl-6-ethylcoumarino-7 ,8-y-pyrone (II).-The pyrone (I, 2 g.) was re:Ouxed 
with Na.OH solution (20 ml) for lhr. The solid soon went into solution which was diluted 
and distilled. The distillate showed presence of acetone. The residue in the flask was cooled 
and filtered. The filtrate on acidification provided a sticky solid v;hich was extracted with 
ether. The solid dissolved partiaUy lea.ving behind a. residue (0) .. • The ether solution was 
extracted wit.h dilute Na.HC09 solution (D). On evaporating the ether, a yellow solid was 
obtained. It was crystallised from boiling ethanol, m.p. 203°, yield 0.3 g. (Found: C, 70.39; 
H, 5.06. C,6H, 40 4 requires C, 71.11; H, 6.18%). 
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-LV ethyl-6-ethylumbellijerone-8-carboxylic .Acid (lii) .. -The Nll.~C03 extrac.t !D), 
mentioned above, was acidified. The resulting solid was crystallised from glac:ial acetie 
o.cid in fine needles, m. p .. 240° (decom}l .. ). The acid developed a. deep ~iolet oolour with 
EM}H-FeCl3 • 0Jl decarboxylation it yielded 4-methyl-6-ethylumbelliforone. (Found: 
C, 62.48; H, 4:.63; equiv., 252.3. C.3H 110 3 requires C, 62.90; H, 4.1}!%; equiv., 248). 

·lA:' -Dim"Jtkyl-6-elhylcoumarino-7 ,8- rl(-pyrcne (IV).-The cthannlic mother Iiquori 
(B) were evRp)ratod and the rosidne was washed repeatedly wit.h small quantititcs of 
b'ilin1 othn.n?l. Tno in~:1luhlo residue WlLB crytttallisod from gla.ciala~etic ac:id,m .. p.335", 
It showed no colour with FcCI3 solution .. (FolUld: C, 70.49; H, 5.01. C16H 1404 reqli.ircsC, 
71.11; H,!U8%). 

By Pechmann RefiCtiou.-Tu 4-m£'thyl-6-cth;\•lumbcllifcrcmo (5 g .. ), di81V•lved in 
acet.oacclic (iFJt.er (aO ml), H 2H04 (£'onl' .. ami) was slowly lldderl. The reaction mass was kPpt 
'\\ith occaFJionnl Ahaking for 11 Wet'k 'Wht•ll IL yellow solid separated. It "·as filtered, wa.shud 
with a. rl.iluto FJ 1hrtion ofN;lOH, and cry~tullisefl from glnrial A.f!etic acid, m.p. 335°. Mixed 
m.p. with the cmnp,mnd, prcparod rthuvo, showed no rlcprossion. 

(l-( 4:-M P.thyl-5-hydm:ry-8-ttbyl- a( -benzopyrone-6)- fl· mt.tliy/acrylic .Acid (V).- The 
preceding pyrone (IV, 0.4.j g.) waR rdlux('(l with N -XaOH solution(6 ml) for 15 min. The 
alkaline solution after filtration waFJ ar·iclifi('(l when a Rticky mass separated .. It n.11 

ex~ract~d wit'1 ether. T11~ cthere3.l solution. wa.s extracted with N1\HC03 solution. The 
resulting soHrl obtained on acidifying the bicarbonate solution was subjected to the 
same process of purification twice, m .. p 230° (decomp.), yiPld 0 09 g. The acid did not 
titrate sharp. (Fo1md: C, 66.18; H, 5 .. 28. C16H 160, requires C, 66.6i; H, 5 .. 56%). 

Sincere thanks of tho author arc due to Dr. R.. C. Shah for his kind help. 

D.r:raT.Y:E:sT OJ!' CHEHJBTBY, 

ll.uu.TBWADA lhUVEB&lTI'. 

AUJlA]IDAJU.D. 

Bece.iwd Man:A 11, J!l&i. 


