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Studies in the Synthesis of CyclohexenocouiDarins. Part I 

M. G. Parekh and K. N. Trivedi 

/J-(2 :4-Dihyd,._ybenzoyl) propionic acid obtained from rciOrcinol on succilloylatioa and Clanmca~en 
reduction has yielded butyric acid derivative. This oa Pcchmann reaction with ethyl aa:toacclale, has 
furnished 7-hydroxy-4-melhylcolllnarin-6-butyric acid. The methyl ether has been cyelised to 7-melhOliY-
4-methyl-4'-lr.etocyclohrxcno (5', 6'-5, 6)C'Oumarin in poor yield using polyplu>sphoric: acid or anhydrous 
aluminium chloride as cyc:lising agenu. 

Sen nnd B:tsu' condenlltld different phenols with ethyl cyclohennone-2-oarboxylate 
in lhe pro110nce of cone. sulphuric acid and obtained conespooding cyolohexeno (l ',2' .4,,3)­
coumllrin derivatives. Chowdhry and Desai• prepa.red different cycloh.exenoooumarins 
b)• the condensation of phenols with cyclic ,9-ketonic esters uaing phosphorus oxyohlorido, 
anhydrous o.luminium chloride and sulphuric acid as condensing agenta. It waa thought 
of intere':lt to aynthesi11o diftorent cyclohexonocoumarina in wbich cyclohexene ring ia fused 
in 5,6-positionll of the coumarin ring systems. 

Resorcinol on succinuylatiun at room temperature gave ,8-(2,-l-dihydroxybenzoyl), 
propionic acids whiG11 en Clommcusen reduction afforded y-(2,4-dihydroxyphonyl)buty­
ric acid'•~. The above acid on Pcclllloll\&1111 reaction with ethyl acetoacetate and aulpbutic 
aoiu gave 7-hydroxy-4-methylcoumarin-6-butyrio acid and its ethyl ester. The structure 
of tho la.tter wa11 proved by O<ltorifico.tion of the former with ethanol and sulphuric 
o.cid &s o.lso by hydrolysis. This ester on methylation gave othyl 7-methoxy-4-methyl­
ooumuin-6-butyrate which on tro!l.tment with 11odium hydroxide solution and Ucellll of 
dimethyl sulphate furnished tho oorr011punding oiwUI.IIlic M·id, thus confirming the couma­
rin sl<ructures &118igned l<o thDSe products. 

Tlli11 is a uniquo uo.se of esterification l<aking place during the Peduno.nn conden­
sation. Tho Poclltn&ml oolldonHJ.tion of ,9-reao:cylic acid with othyl aoetoaoet&te &nd 
sulphuric acid u.s condDil!ling agent gave tho dec!l.rboxylated product rather than the 
esto3rfied ouo.6 In order to 11tudy this e.aterification process further, the acid was condensed 
wil<h ethyl bonzoyl acota.te in the prosenoe of sulphuric acid when it. gave '7-hydroxy-4· 
phenyl-coum~~orin-6-butyrk acid and its ·3thyl DSI;or. Similar cundenaatltm with methyl 
a.cetoacelate afEord.6d 7-hydroxy--l-met.hylcoumsrin-6-butyrio acid and its met.hyl 1111ter. 
The s~ructure of the methyl ester wu pro\'od by hydrolysis to the above acid and also by 
o•teriJication of th.e aoid with motb.auol11.nd conwntrated sulphuric acid. 
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7 -Hrclroxy·4-mothylcoumnrin-6-buty~io ooid 011 methylotiongavo Jnetlt)l-7-motho11y. 
oown!lrin-ll-bu~yr&to which on llyrlrolJilliB with O% sodinm hydroxido IY.Jlution yielded 
7-methoxy-4-motbylcoumnrin-0-butyrio aoid. This aoi1l on C)dis!ition fumiahod 7-
metholly·4-methyl-4'-kotooyolohexono(li',0'-5,6)coumo.rin in vtry pool' yield by uaing 
oithor polyphosphorit o.cid or by Johnson'~ invorso pro~01111 of oy~lisa.tion "ith p!Joaphorua 
pontnohlorido and ll.nhydrous alumiuium chlorido7• 

EXPERIMENTAL 

y-(2,4-Dihydro:cyphe!•'!Jlbueyrie; Acill.-~·C2,-I·Dihydroxybonzoyl) propionic acid Wll.ll 

prop~~.~d by suocinoylation of re,.orLinol according· to Df'RI\i ond Shrof£3. 

Tho ahon aeid {10 g.) wn.s heg,tod wit-h zinC' n.malgam (!-Ill g.) :J.ml h~·druohlorio acid 
(oonc. 75 ml) for Ia hr. y-(2.~-Dihrdroxyphcnrll bul)·rio a.c.id was e::d.ract.ed with et-her 
and cryeto.lliscdfrom bt>nZI'Ill' llB colorlo~:~~~ OQ'dtal".m.p. 111°. Jnli~ el al.~ have report­
ed the roduoo1l acid DB a dscous oil hut- Desfl.i tm1l Figuo:-mlu4 havo ro1-orted m.p. 106". 

7-llydr~Wy·-l-m~tllylcoum!lril~-6.bulyric: Acid 1111d ita Ethyl Eslrr.-y-(2,-l-Dil>}'liroxy­
pltenyljbutycia aoid (I! g.) W<\11 mixed with eth_vl acetun.cetato (II g.) ond tlli% sulpllud~ 
acid (26 ml) in tho cold. Noxt day it was poured on ice wa.tor. The product "-...~ trea.t.ad 
with bio!lJ'bono.te solution and filtarod. The Jiltra.to on acidification gavo n.n acid which Willi 

crystallised from ll.cet-ic a.cid in shining needl011. m.p. 2:100, yiold 5.4g. (Found: C, 64.2.~; 
H, 6.47. c,,H,,Osrequir!IBC, 64.ll i H, 5.36%). Tho residua WILBfound t.o be ethyl7-hgdrorg-
4-mell!tfktmmarin-6-ln.lt!JrtJie which was CJ"YIItalli90d from dil. othanol in sllhling plat11111, m.p. 
163", yieldO.llg. (Found: C, 06.19; H,6.25. C,6H,00~ reqnir011 C, 60.2; H, 6.i%l· Tho aster 
(0.6 g.) w11.11 hydrolysed whith 6% sodiom hydroxide solut-ion (15 ml). Next da.y it was 
filtered aud acidified. It WBB crystallised from acetic acid in !:lbining ncodlc.s; m.p. of this 
a.cid a.nd the acid prepared as above waa idonti1 al, Thill ester wae also proparcd by rt'fhu:­
ing the above Kid with ethanol a.nd concentrated sul}Jhurlc ac.id for 3 to !I. hr. M.p. 
and mixed m.p. WC>re 153". Acetyl rlmiiG!ive, p1'opored as usuiLl, ho.d m.p. 124°. (Found: 
C, 64.48; II, 5.77. C,1H •• O, requiros C, 05.0; H, 6.li%). Methr»ty derivative, propared 11.11 

UBU!l.l, hadm.p. 116". (Found; c. 67.45; H, 6.4&. c.,H •• o~ requires c. 67-l; H, 6.6%). 

Methyl 7 -Melhoxy-l-melhylcoumar-i11.-6-bulyrate.-7 -Hydruxy-4-methylcowua.rin-6-
butyrio aeid (I g.) wa.a mixed with dry a.cotono (30 ml), anhydrous potoB.!Iium mrbonate 
(l g.), dimethyl 11ulpho.te (I g.) and refluxed on a water botlt for 6 to7 hr. The rO"idue, on 
evll.pora.tion of a.ooton.e, wa.a wa.ahod with dil. sodiom hyc:b:oxide solutioniLnd cryst.alliaud 
frometbnol inc.olorlr.aH plato&, m.p. lHI", yieldO.Og. (Found: C, 66.45; H. O.:n. C,6H,80 1 
requil'CB C, 66.10; H, 6.21i%)· 

7-.Meehoxy-4-methylcoumarin-O-bulyric Acid:.-Metbyl-7-mothoxy-4-meUtylcoumo.riu-
6-buty.ra.te (1 g.) w11.s mixed with 6 % aodiu111 hydroxide IIOlution (2& ml). Next dlty 
it wa.a filterd~ acidified o.ud cryHt11llil!ed from d1l. otha.u.ol in shiniug I10edl011, m.p. 170•, 
yield 0.6 g. (Found: C, 85.48; H, 5.85. C,,B,aO, requi.n.a, C, 65.21 ; H, li.S-i%.). 

7-Ms!Any-4-m!lhyl-4'-ketooyclokezsne (6', 6' -5,0)coumt~rin..-7 -Mat1wxy -4 ·lli.Eithyl­
coum:t.rin-6-butyrio aoid (3:0 g.) was mixed with J.!ltoapllotua pont11.ohloride (4 g.) 11.nd dt1 
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benwne (20ml). Themixl;umwasrell.uxed on& water bath forO to7hr.BilliZ8ne, plwsphoru~~o 

1~ont.acbloride and volu.t.ile matter were 1"6IIloved by applying vaouum at 60" to 70". 
Benzene ( 15-20 ml) W8ll added and the p-rocllBB repeated. The o.oid ohloride Wild! dissolved 
in benzene and o.dded alowly t.o the mixl;ure of anhydrous o.luminium chloride (3 g.) and dry 
benzene ( 40 ml) in cold condition. H was stirred for 2 to 3 hr. and about 50 ml of ether was 
added with stirring. The organio layer wae washed with hydroohloric acid, sodium bioar­
b,ltl&te solution and potaBIIium hydroxide solution. On evaporation of the ether the cou· 
m!trit& Wd.S obtained which wo.a crystallifll!d from benzeno light-potroleum (m.p. 160".) 
(Found: C, 69.66; H, 5.21. C,1H,,.O+ requires C, 69.76 ;_ H, 5.42%). 

It wo.s o.lso prepared by heating the mixture of the acid ( I g.) o.nd polyphoaphorio 
atcid ( 10 g.)at 170"for::IO min. Tho mixture was ruided toice-water,filteredo.nd washed with 
~odium hydroxido solution. The compound was crystallised from benzene-light-petroleum. 
m.p. a-nd mixed m.p. with above BBmple was 160". 

i -Hyd.ro.~;g-4-phll-ykou.marin-6-lrutyric Aeid rmd. ils Elhyl Esler.-y-(2,4-Dihydroxy­
Jlhen)-1) but.)'l"io acid ( 5 g.) was mixed with ethyl benzoylacetate ( 5 g.) and 80% eulphlU'io 
acid (:20 ml). Next dn.y the mixture was poured on ice wate~. and worked up aa above. The 
acid was <.rystallised from eth1U1ol in roseyplates, m.p. ~35°, yield 4.2g. (Found~ 0, 70.39; 
H. 4.7~. C, 0H,s05 requires C, 70.36: H, -1.96%). 

Eth-yl i -Hyd.rcu:y-4-phertylcoumarin.-6-bulyrate was cryat-a.Uiaed from et-lumol in shining 
pl.u.tes, m.p. 156°, yield, 0.1 g. (Found: C, 72.2; H, 5.63. c.,B..,05 requiresC, 71.9;H,6.0ii%). 

7 -Jlydrcu:y-4.-melhylcoumarin-6-butylic Acid and iiB Methyl Esttr.- y-(2,4-Dihydroxy­
phenyl) butyric acid (2 g.) W&B mixed with methyl acetoacetate ( 2 g.l nnd 80% sulphuric 
o.oid (10 ml) and worked up as above. 7-Hydroxy-4-methyltonmnrin-6-butyrio acid WMI 

cry~:~tallised from ethanol in colod898 uystals, m.p. 230", yield, 1.6 g. Matnyl-7-hyrlrozy-4-
mBth.ylcoumar&:n.-6-lndyrale was crystalli~ed from ethanol in shining plat1111, m.p. 154". 
(Fouml : C. 65.57 ; H, 5.90. C,~H,s05 requires C. 65.:21 ; H, 5.84%). 

:!,-1-Dimethozy-5-carlxn:ypropyZ-fl-mtthykin.fUlmi.c .4cid.-E~hyl7-metho.xy-4-met.hyl­
coum~~oriu-6-buty•·ate (0.5 g.) was heated with 5% sodium hydroxide solution (15 mlJ for 
15 min. Dimethyl sulphate (2 ml) wa.s then added with mnst.ant !!hooking. MOI"II sodium 
hydroxide and dimethyl sulphate were .W.ded and the mixture-s he~~otedfor a few minutBB. 
Th~ alku.line solution was lefli ovoo:night. It is .filtered and the filtrate on acidi.lleation g&VII 

tho allove product which Wild! oryatalli~ from ethanol in oolorleaa orystals, m.p. 190", 
yiold, 0.1 g. (Fuund : C, 6UH; H, 6.42. C,1H •• O. requires C, 62.33; H, 6.~9%). 

Thanks nrt. duo to Prof. Sure~~h Sathna. for t.o.king keon intcrBSt in the wDl'k and al11o 
t.u Dr. t:l. S. Lola fur carryiog out the microanalysis of the so.mplos. 
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