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Studies in the Synthesis of Cyclohexenocoumarins. Part I

M. G. Parekh and K. N. Trivedi

B-(2:4-Dihydroxybenzoyl) propionic acid obtaincd [rom resorcinol on succinaylation and Clemmenten
reduction has Yielded butyric acid derivative. This on Pechmann reaction with ethyl actloacetate, has
furnished 7-hydroxy-4-methylcoumarin-6-butyric acid. The methyl ether has been cyclised to 7-methoxy-
4-methyl-4'-ketocyclohexeno (5’, 6°-5, 6)coumarin in poor yield using polyphosphoric acid or anhydrous
aluminium chloride as cyclising agents.

Sen and Basu' condeneed different phenols with ethyl cyclohexanone-2-carboxylate
in the presence of cone. sulphuric acid and obtained corresponding eyclohexeno (1°,2-4,3)-
conmarin derivatives. Chowdhry and Desai® prepared different cyclohexenoooumarins
by the condensation of phenols with cyclic 8-ketonic esters using phosphorus oxychloride,
anhydrous aluminium chloride and sulphurie acid as condensing agents. It was thought
of interest to synthesise diffcrent oyclohexcnocoumacins in which cyclohexene ring is fused
in 8,0-positions of the coumarin ring systems.

Resorcinol on succinoylation abt room temperature gave f-(2.4-dihydroxybenzoyl)-
propionic acid® which cn Clommonsen reduction afforded y-(2,4-dibydroxyphonyl)buty-
ric acid»?. The above acid on Pechamann reaction with ethyl acetoncetate and sulphuiic
acid gave 7-hydroxy-4-methylcoumarin-6-butyrio acid and its ethyl ester. The structure
of the latter was proved by esterification of the former with cthanol and sulphurie
ocid as slso by hydrolysis. This ester on methylation gave othyl 7-methoxy-4-methyl-
coumarin-8-butyrate which on trestment with sedium hydroxide asolution and oxcess of
dimethyl sulphate furnished the corresponding oinnamic acid, thus confirming the couma-
rin structures assigned to these produots.

This is a unique onse of esterification taking place during the Pechmann conden-
sation. The Pochmenn condensation of B-resorcylic acid with othyl acetoacetate and
sulphuric acid a8 condensing agent gave the decsrboxylated product rather than the
ostorfied one.® In order to study this esterificabion process further, the acid was condensed
with ethyl benzoyl acetate in the presence of sulphuric aocid when it gave 7-hydroxy-4-
phenyl-coumarin-6-butyric acid and its 3thyl ester. Similar condensation with methyl
acetoacetate afforded 7-hydroxy-4-methylcoumsarin.8-butyrio ecid and its methyl eater.
The structurs of the methyl ester was proved by hydrolysis to the above acid and also by
vatecification of the aeid with methanol and concentrated sulphuric acid.
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7-Hydroxy-4-mothylcoumarin-@-butyric avid on methylation gave Ineth) l-'?-muthmy.
couniarin-t-butycato which on hydrolysis with 8% sodinm hydroxide sslution yielded
7-methoxy-4-methyleoumarin-G-butyric acid. This acid on eyclisation furnished 7.
methoxy-4-methyl-4’-ketocyulohexeno(ii',8°-5.8)coumarin in very poor yield by using
either polyphosphuric acid or by Johnson's inverse procesa of oyclisation with phosphorus
pontadhloride and anhydrous aluminium chloride?.

EXPERIMENTAL

¥-(2,4-Dikydrozyphenylbutyric Acid.—p-(24-Dihydroxybenzuyl) propionic acid wea
prepated by suceinoylation of resorcinol necording to Desni and Shroff?.

The above acid (10 g.) was heated with zinc amalgam (30 g.) and hydrochlorio aeid
(come. 75 ml) for 15 hr. y-(2.4-Dihydroxyphenyl) butyrie acid was extracted with ether
and crystallised from benzene a8 colorless erystals. m.p. 111°. Julis et al.3 have repurt-
ed the roduced acid as & viscous oil but Desai and Figuoredot have reported m.p. 105,

7-Hydroxy -+-methglcoumsarin-0.butyric Acid and its Ethyl Zster.—y.(2.4-Dihydroxy-
phenyl)butyrie acid (6 g.) was mixed with ethvl acstoncetate (8 g.) and 805, sulphucic
acid (26 ml) in the cold. Noxt day it was poured on ice wator. The product was treatad
with biearbonatse solution and filtered. The fltrate on acidification gave nn ecid which was
crystallised from acetic acid in shining needles. m.p. 2307, yicld 5.4 g. (Found : G, 64.25;
H, 5.47. C, ;H,,0, requires C, G+.11 ; H, 5.36%). Thoresiduo was found to be ethyl T-hydrozy-
4-methyleoumarin-08-butyrate which was erystallised from dil. othanol in shining plates, m.p.
163°, yield 0.2 g. (Found : C, 06.19; H,6.25. C,¢H,50, requires C, 66.2 ; H, 6.29,). The ester
{0.6 g.) was hydroiysed whith 6%, sodium hydroxide solution (15 ml). Next day it was
filtered and acidified. It was erystallised from acetie acid in shining ncedles; m.p. of this
acid and the acid prepared as above was identical. This ester waa also propared by reflux-
ing the above acid with ethangl and concentrated sulphuric acid for 3 to 4¢hr. M.p.
and mixed m.p. were 153°. Acetyl derivative, propared ss usual, had m.p. 124°. (Found:
C, 64.48; H, 5.77. C,gH,,0, Tequires C, 05.0; H,6.6%). Metfoxy derivalive, propared as
usual, had m.p. 116°. (Found : G, 67.45; H, 4.45. C,,H,.0, requires C, 67-1; H, 6.6%).

Methyl  7-Methoxy-t-methylcoumarin-8-butyrate.—T-Hydroxy-4-methylcoumarin-6-
butyric acid (1 g.) was mixed with dry acetone (30 ml), anhydrous potassivm carbonate
(1 g.), dimethyl wulphete (1 g.) and refluxed on a water batl for 8 ta7 lir. The residue, on
evaporation of acotone, was washed with dil. sodium hydroxide solation and crystallised
from ethanol in colorless plates, m.p. 118°, yield 0.0g. (Found : C,86.45; H, 6.21. C,gH,50,
requires O, G6.10; H, 6.20%).

. 1-Methoxy-4-methyleoumarin-G-butyric Acid —Matby)-7-mothoxy-4-inethylcoumarin-
8-butyrate (1 g.) was mixed with 6 %, sodium hydroaide molution (26 ml). Next day
it was filtered, acidified and crystallized from dil. othanol in shining needles. m.p. 176°,
yield 0.5 g. (Found : C, 65.48 ; H, 5.85. C,,H,0, requires, C, 65.21 ; H, 5.84%,.).

7-Methoxy-d-methyl-&'-ketooyclobezene (5°, 8'-5,0) coumarin.—T - Methoxy -4 - methyl -
coumarin-8-butyrie acid (3.0 g.) was mixed with Elmnp]mtuu pentachloride (4 g.) and dry
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hienzene (20 ml). The mixture was refluxed on & water bath for 8 to7 hr. Benzene, phosphorua
pontachloride and volatile matter were removed by applying vacuum at 80° to 70°
Benzene (15-20 ml) wes added and the procses repeated. The adid ohlorids wes disaclved
in benzene and added slowly to the mixture of anhydrous aluminium chloride (3 g.) and dry
benzene (40 ml) in cold condition. Itwas stirred for 2 to 3 hr. and about 50 ml of ether was
added with stirring. The organio layer was washed with hydroohloric acid, sodium bioar-
bunate solution and potassium hydroxide solution. On evaporation of the ether the cou-
merii Was obtained which wus crystallived from benzene light-potroleum (m.p. 160°.)
(Found: C, 69.56; H, 5.21. C,,H,,0, requires C, 69.76; H, 5.42%).

It was also prepared by heating the mixture of the acid { 1 g.) nnd polyphosphorio
acid (10 g.) at 170° for J0 min. The mixture was added toice-water, filtered and washed with
sodium hydroxide solution. The compound was crystallised from benzene-light-petroleurs.
m.p. and mixed m.p. with above sample was 160°.

7-Hydrozy-1-phenylcoumarin-6-butyric Acid and ils Ethyl Kster—1y-(2,4-Dibydroxy-
phenyl) butyric acid ( & g.) was mixed with ethyl benzoylacetate (5 g.) and 80%, sulphurie
acid (20 ml). Next doy the mixture was poured on ice wate>, and worked up as above. The
aeid was cryatallised from ethanol in rosey plates, m.p. 235°, yield 4.2 g. (Found: C, 70.39;
H. 1.72. C,,H,0; requires G, 70.36 : H, £.989}).

Ethyl 7-Hydrozy-+-phenylcoumarin-8. butyrale was crystallised from ethanol in shining
plates, m.p. 156°, yield, 0.1 g. (Found : C, 72.2; H, 5.63. C,, Hy,0, requires C, 71.9; H, 5.869}).

T-Hydrozy-4-methylcoumarin-6-butyric Acid and its Methyl Ester.— y-(2,4-Dihydroxy-
phenyl) butyric acid (2 g.) wes mixed with methyl acetoacetate (2 g.) and 809 sulphuric
acid {10 ml} and worked up as above. 7-Hydroxy-4-methylcoumarin-6-butyric acid was
crystallised from ethanol in colovless crystals, m.p. 230°, yield, 1.6 g. Methyl-7-hydrozy-4-
melhylcoumarin-6-butyrate was crystallised from ethanol in shining plates, m.p. 154°,
(Found : €. 65.57; H, 5.90. C,,H,;0, requires C, 65.21 ; H, 5.84%,). ’

2,4- Dimethozy-5-carbozypropyl-B-methyleinnamic Acid. —Ethy! T-methoxy-4-methyl-
coumnerin-G-butyrate (0.5 g.) was heated with 5%, sodium hydroxide solution (15 ml) for
15 min, Dimethyl sulphate (2 ml) was then added with constant eheking. More sodium
Liydroxide and dimethyl sulphate were added and the mixture was heated for a fow minutes.
The alkaline solution was left overnight. It is fltered and the filtrate on acidification gave
the above pruduct which was erystallised from ethanol in oolorlesa orystals, m.p. 185°
viold, 0.1 g. (Found : C,61.84; H,6.42. C;H, .04 requires C, 62.33; H, 6.48%).

Thanks are due to Prof. Suresh Ssthna for taking keon interast in the work and also
1o Dr. 8. 8. Lele for carrying out the microanalysis of the ssmplos.
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