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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 obtained from resorcinol on succinoylation and Clemmensen
reduction has yielded butyric acid derivative. This on Pechmann rezction with ethyl acetoacetate, has
furnished 7-hydroxy-4-methylcoumarin-6-butyric acid. The methyl ether has been cyclised to 7-methoxy-
4-methyl-4’-ketocyclohexeno (57, 6-5, 6)coumarin in poor yield using polyphosphonc acid or anhydrous
aluminium chloride as cyclising agents.

Sen and Basu® condensed different phenols with ethyl eyclohexanone-2-carboxylate
in the presencs of cone. sulphuric acid and obtained corresponding cyclohexeno (1%,2°-4,3)-
coumarin derivatives. Chowdhry and Desai® prepared different cyclohexenocoumarins
by the condensation of phenols with cyclic B-ketonic esters using phosphorus oxyehloride,
anhydrous aluminium chloride and sulphuric acid as condensing agents. It was thought
of interest to synthesise different eyclohexenocoumaring in which eyclohexene ring is fused
in 5,8-positions of the coumarin ring systems.

Resorcinol on succinoylation at room temperature gave B-(2,4-dihydroxybenzoyl)-
propionic acid® which on Clemmensen reduction afforded y-(2,4-dibydroxyphenylbuty-
ric acid®?. The above acid on Pechamann reaction with ethyl acetoacetate and sulphuiic
acid gave 7-hydroxy-4-methylcoumarin-6-butyric acid and its ethyl ester. The structure
of the latter was proved by esterification of the former with ethanol and sulphurie
acid as also by hydrolysis. This ester on methylation gave ethy! 7-methoxy-4-methyl-
coumarin-6-butyrate which on treatment with sodium hydroxide solution and excess of
dimethyl sulphate furnished the corresponding cinnamic acid, thus confirming the couma-
rin structures assigned to these products.

This is a unique case of esterification taking place during the Pechmann conden-
sation. The Pechmann condensation of B-resorcylic acid with ethyl acetoacetate and
sulphuric acid as condensing agent gave the decarboxylated product rather than the
esterfied one.® In order to study this esterification process further, the acid was condensed
with ethyl benzoyl acetate in the presence of sulphurie acid when it gave 7-hydroxy-4-
phenyl-coumarin-6-bubyric acid and its athyl ester. Similar condensation with methyl
acetoacetate afforded 7-hydroxy-4-methyleoumarin-6-butyrie acid and its methyl ester.
The structure of the methyl ester was proved by hydrolysis to the above acid and also by
estecification of the acid with methanol and concentrated sulphurie acid.

1. Sen and Basu, #kis Fourzal, 1928, 5, 467.

2. Chowdhry and Desai, Proc. Indian Acad. Sci., 1938, 8A, 1.

3. Desai and Shroff, ¥. Uni. Bombay, 1941, 10, 397.

4, Desai and Figueredo, Proc. Indian Acad. Sci., 1941, 14A, 605,
5. Brown et al., Ber., 1941, 74B, 1772.

6. Shah, et al., this Journal 1937, 14, 717,
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7-Hydroxy-4-methyleoumarin-6-butyric acid on methylation gave methyl-7-methoxy-
coumarin-6-butyrate which on hydrolysis with 6%, sodium hydroxide solution yielded -
7-methoxy-4~methylcouma,rin]-6-butyric acid. This acid on cyclisation furnished 7-
methoxy-4-methyl-4'-ketocyclohexeno(5,6’-5,6)coumarin m very poor yield by using
either polyphosphoric acid or by Johnson’s-inverse process of cychsatmn Wlth phosphorus
pentachloride and anhydrous aluminium chloride”.

EXPERIMENTAL

v-(2,4-Dikydroxyphenylbutyric Aeid —B-(2,4-Dibydroxybenzoyl) i)ropionic acid was
prepaved by succinoylation ofiresorvinol according to Desai and Shroffs,

_ The above acid (10 g.)
(cone. 75 ml) for 15 hr. ¢-(2
and erystallised from benzen

w(vas heated with zinc amalgam (30 ;g.) and hydrochloric acid
,&-Dihydroxyphenyl) butyric acid was extracted with ether

as colorless crystals, m.p. 111°. Julis ef al.® have report-

ed the reduced acid as a viscous oil but Desai and Figueredo* have reported m p. 105°.

7-Hydroxy-4-methylcoum

nrin-6-butyric Acid and its Ethyl Ester.-—y—(2,4-Di1\ydrdxy-

phenyljbutyric acid (6 g) was mixed with ethyl acetoacetate (6 g.) and 809, sulphuric
acid (25 ml) in the cold Next day it was poured on ice water. The product was treated
with bicarbonate solution a,ndL{ﬁltered'. The filtrate on acidification gave an acid which was
crystallised from acetic acid i%1 shining needles, m p. 230°, yield 5.4g. (Found : C, 64 25;
H,5.47.CH,,0, requires C, 64.11; H, 5.38%). The residue wasfound to be ethyl 7-hydroxy-
&-methylcoumarin-6-butyrate whmh was erystallised from dil. ethanol in shining plates, m.p.
153°, yield 0.2 g. (Found : C, 66.19; H,6.25. Cy6H,40; requires C, 6.2 ; H, 6.29;). The ester

(0.5 g.) was hydrolysed whith
filtered and acidified. It was ¢
acid and the acid prepared as a
ing the above acid with etha
and mixed m.p. were 153°.

C, 64.48; H, 5.77. C,sH,.0,
usual, had m.p. 116°, (Found :

Methyl  7-HMethoxy-4-mi
butyric acid (1 g.) was mixed
{1g.), dimethyl sulphate (1g.)

6%, sodium hydroxide solution (15 ml). Next day it was
rystallised from acetic acid in shining needles; m.p. of this
bove was identical. This ester was also prepared by reflux-

ol and concentrated sulphuric acid for 8 to 4hr. M.p.

E;etyl derivalive, prepared as usual, had m.p. 124°. (Found :

requires G, 85.0; H,6 6%). Methoxy derivative, prepared as
G, 67.45; H,6.45. C,,H,,0; requires C, 67.1 ; H, 6.59,).

ethylcoumarin-6-bulyraie.—7-Hydroxy-4-methylecoumarin-6-
with dry acstone (30 ml), anhydrous potassium carbonate
and refluxed on a waber bath for 6t07 hr. The residue, on

evaporation of acetone, was w

ashed with dil. sodium hydroxide solution and erystallised

from ethanolin colorless plates, m.p. 118°, yield 0.6 g. (Found : C,66.45;H,6.21. C,gH,50,
requires C, 66.19; H, 6. 25%

7-M etkoxy‘é-methylcoumqrin-6-butym'o Acid —Methyl-7-methoxy-4-methyleoumarin-
6-butyrate (1 g.) was mixed lwith 6 9, sodium hydroxide solution (25 ml). Next day
it was filtered, acidified and crysballised from dil. ethancl in shining needles, m.p. 176°,
yield 0.5 g. (Found : C, 65.48 ; iH 5.85. C,;H,60; requires, C, 65.21 ; H, 5.849,.).

7-Methoxy-4-methyl-4- Icetocyclohea,ene(ﬁ’ 6.5 ,6) coumarin —7 - Methoxy -4 - methyl -
coumarin-6-butyric acid (3.0 g! ) was mixed with phosphotus pentachloride (4 g.) and dry

7. Johnson and Glenn, J. Amelr. Chem. Soc., 1949, 71, 1012,
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benzene (20 ml). The mixture was refluxed on a water bath for 6 to 7hr. Benzone, phosphorus
pentachloride and volatile matter were removed by applying vacuum at 60° to 70°.
Benzene (15-20 ml) was added and the process repeated. The acid chloride was dissolved
in benzene and added slowly to the mixture of anhydrous aluminium chloride (3 g.} and dry
benzene (40 ml) in cold condition. It was stirred for 2 to 3 hr. and about 50 ml of ether was
added with stirring. The organic layer was washed with hydrochloric acid, sodium bicat-
bonate solution and potassium hydroxide solution. On evaporation of the ether the cou-
marin was obtained which was crystallised from benzene light-petroleum (m.p. 160°.)
(Found: C, 69.56, H, 5.21. C,;H,,0, requires C, 69.76; H, 5.429%,).

It was also prepared by heabing the mixture of the acid (1 g.) and polyphosphoric
acid (10 g.)at170°for 30 min. The mixture was added to ice-water, filtered and washed with
sodium hydroxide solution The compound was erystallised from benzene-light-petroleum.
m p. and mixed m.p. with above sample was 160°.

7-Hydrozy-4- phenylcoumarin-6-butyric Acid and its Ethyl Ester —y-(2,4-Dihydroxy-
phenyl) butyric acid (5 g.) was mixed with ethyl benzoylacetate (5 g.) and 869, sulphuric
acid (20 ml). Next day the mixturewas poured on ice wate~, and worked up as above. The
acid was crystallised from ethanol in rosey plates, m.p. 235°, yield 4.2 g. (Found: C, 70.39;
H, 4 72. C, H,60; requires C, 70.36 ; H, 4£.958%).

Ethyl 7-Hydroxy-4-phenylcoumarin-6-butyrate was erystallised from ethanol in shining
plates, m.p. 156°, yield, 0.1 g. (Found : ¢!, 72.2; H, 5.63. C,,H,,0; requires C, 71.9; H, 5.689%,).

7-Hydroxy-4-methyleoumarin-8-butyric Acid and its Methyl Ester— y-(2,4-Dihydroxy-
phenyl) butyric acid (2 g.) was mixed with methyl acstoacetate (2 g.) and 809, sulphuric
acid (10 ml) and worked up as above. 7-Hydroxy-4-methylcoumarin-6-butyric acid was
orystallised from ethanol in colorless crystals, m.p. 230°, yield, 1.5 g. Meshyl-7-hydrozy-4-
methylcoumarin-6-butyrate was crystallised from ethanol in shining plates, m.p. 154°.
{Found : G, 65.567; H, 5.90. C;;H,40, requires C, 65.21; H, 5.849,).

2,4-Dimethoxy-5-carboxypropyl-B-methyleinnamic Acid.—Ethyl 7-methoxy-4-methyl-
coumarin-6-butyrate (0.5 g.) was heated with 59, sodium hydroxide solution (15 ml) for
15 min. Dimethyl sulphate (2 ml) was then added with constant shaking. More sodium
hydroxide and dimethyl sulphate weve added and the mixture was heated for a fow minutes.
The alkaline solution was left overnight. Itisfiltered and the filtrate on acidification gave
the above product which was crystallised from ethanol in colorless erystals, m.p. 195°,
yield, 0.1 g. (Found : C,61.84; H,6.42. C;gH,,Og requires C, 62.33; H, 6.49%).

Thanks are due to Prof. Suresh Sethna for taking keen interest in the work and also
to Dr. 8. 8. Lele for carrying out the microanalysis of the samples.

DerarTMENT OF (HEMISTRY,
FAGULTY OF SGIENCE, Received Fanuary 29, 1966,
M. S. Unrversity or Baropa, ‘
BARODAS
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NOTES

Studies in the Synthesis of Coumarino-«<-Pyrones and

'Furoc_oumarins s Part IIL.*

M. G. Parekh and K. N, Trivedi

In order to study the relationship between structure and anti-coagulant activity
of benzopyranyl (3,2-c) pyran-2, 8-diones’ and 4H furo (3, 2-c) benzopyran-4-ones,
it was thought of interest to synthesise benzo (3, 4) benzopyranyl (3, 2-c) pyran-2, 8-
dione (Ia) and its 10-methyl derivative (Ib) and degrade them respectively to 4H-furo
(3, 2-¢) benzo (6,7) benzopyranyl-4-one (Ifa) and its 3-methyl derivative (1Ib) accord-
ing to the method developed by Trivedi and Sethnat,

4-Hydroxy-5, 6-benzocoumarin on Pechmann condensation with malic acid in °
the presence of 80%sulphuric acid gave (Ia) which on bromination yielded its 9-bromo
derivative (Ic). This bromo derivative on hydrolysis with 10% sodium carbonate
solution afforded 4H-furo (3, 2-c) benzo (6, 7) benzopyranyl-4-one-2-carboxylic acid
(1Ic) which was decarboxylated to (Ila).
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Ja:R=Ri=H Ila: R=R1=H
b:R=CH, ; Rt=H b:R=H; Rt=CH,
c:R=H; Ri=Br c:R=COOH ; R1=H
d:R=CH,; R1=Br d:R=COOH ; R*=CH,

4-Hydroxy-5, 6-benzocoumarin on a similar condensation with ethyl acetoacetate
gave 10-methyl benzo (3, 4) benzopyranyl (3, 2-¢) pyran-2, 8-dione (Ib) as reported
by Patell and Usgaonker?* This on bromination gave the 9-bromo derivative (Id),
which on hydrolysis with 10% sodium carbonate solution afforded 2-(o-hydroxy-«-
naphthyl) -4-methyl furan-3-carboxylic acid (ITD) and not 3-methyl-4H-furo (3, 2-c)

+ Part I, This Journal, 1966, 43, 804.
1. Trivedi and Sethna, This Journal, 1963, 40, 563.
2. Patell and Usgaonker, This Journal, 1966, 43, 536.
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, I X
benzo (6, 7) benzopyranyl-4-one-2--carboxylic acid (IId). The formation of (IIf)

from the expected (IId)‘ is shown according to following route through the inter-
mediate (IV), which could not be isclated.

MmN
gy 1% O, VV\ o, Y'Y om
( /j/COOH — (N7coon
COOH em, | %,
av) (aun

The acid (III) was cyclised to (IIb) when refluxed with hydrochloric acid.

EXPERIMENTAL

Benzo (3,4) benzopyranyl (3, 2-¢) pyran-2, 8-dione (la): A mixture of 4-
hydroxy-5, 6-benzocoun!1arin (49 and malic acid (4 g; was heated on a steam
bath with gradual addition of 80% sulphuric acid (40 ml) in 45 min. period.
Heating was continued | for further 4 hr. The reaction mixture was added to ice
and the product filtered, washed with sodium Dbicarbonate solution, dried and
crystallised from benzene in shining crystals, 310°. Yield 1 g. (Found : C, 72.38 ;

H, 3.31. C, H0, requires C, 72.73 ; H, 3.03%).

9-Bromo benzo (3,4) benzopyranyl (3, 2-¢) pyran-2, 8-dione (Ic }: (la) (0.66 g)
was dissolved in minimum amount of acetic acid and bromine, dissolved in acetic
acid (9 ml ; 20%; 4 mole) was added and the mixture heated on a water bath for
3 hr. The reaction mixture was then added to ice and the bromo derivative filtered,
dried and crystallised frolm benzene m.p. 282°. Yield 0.5 g. ( Found: Br, 23.68.
C,H,0,.Br requires Br,; 23.32%).

4H-Furo ( 3,2-¢ ) béenzo (6,7} benzopyranyl-4-one carboxylic acid {{Ic): (Ic3
(0.5g) was mixed with{ sodium carbonate solution (10 ml ; 10%) and was refluxed
for 4 hr. The solution was allowed to cool and filtered. The filtrate on acidification
gave the product wluch was crystallised from acetic acid in yellowish crystals, m.p.
318°, Yield 0.1g ( Found C, 68.47; H, 2.50. C,,H,O; requires C, 68.57;
H, 2.85% ). §

‘
4H-Furo (3, 2-¢) benzo (6,7) benzopyranyl-4-one (Ifa): (llc) (0.4) was
heated on a sand bath Wlth quinoline ( 5 ml) and copper bronze (0.2 g) for 1 hr.
The reaction mixture was filtered hot, acidified with hydrochloric acid and filtered
again. The filtrate was diluted with water and extracted with ether. The product

!
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obtained after evaporation of ether was washed with sodium bicarbonate solution and
crystalli-sed from dil. acetic acid in colourless needles, m.p. 181°. Yield 0.1 g.
(Found : C, 76.51 ; H, 3.16. C,,;Hy0;, requires C, 76.27 ; H, 3.41%).

9-Bromo-10 methyl benzo ( 3, 4) benzopyranyl ( 3, 2-c') pyran-2, 8-dione (I1d):
(Ib) (1.5 g ) was dissolved in minimum amount of acetic acid and bromine dissolved
in acetic acid ( 18 ml; 20% ; 4 mole ) was added slowly with constant stirring and
the mixture was heated ona water bath for 3 hr. The compound separated was
filtered, dried and crystallised from benzene in yellow shining needles, m.p. 235°.
Yield 1 g. ( Found : Br, 22.67 ; C,,H,0,Br requires Br, 22.4% ).

2-( o-H. ydroxy-ac-napktityl)—4-methyl furan-3-carboxylic acid (IIT): (Ic) (0.8 g)
was refluxed with sodium carbonate solution (15 ml ; 109%) -for 2 hr. The reaction
mixture was allowed to cool, filtered and acidified. The product was purified by
dissolving it in sodium carbonate solution reprecipitated and crysttllised from hot
water in colourless crystals, m.p. 182°. Yield 0.1 g. (Found: C17.94; H, 4.75.
C.H,.0, requires C, 71.-61 ; H, 4.48%).

3-Methyl-4H-furo ( 3, 2-¢ ) benzopyranyl-4-one (IIb) : 2-(o-Hydroxy-«-naphthyl)-
4-methyl furo-3-carboxylic acid (0.5 g) was dissolved in ethanol and refluxed with
hydrochloric acid ( 5 ml ) for 4 hr. The separated product was filtered and crystallise ~
from acetic acid in shining needles, m.p. 247°. Yield 01 g. (Found: C, 74.72;
H, 427. C, H,,0; requires C, 74.33 ; H, 4.43% ).

Thanks are due to Professor Sethna for taking keen interest in the work and
also to Dr. Lele for carrying out the microanalysis of the samples.

DEePARTMENT OF CHEMISTRY,

FACULTY OF SCIENCE,

M. S. UNIVERSITY OF BARODA, ) .
BARODA. Received, February 29, 1968.
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Short Communication reprinted from the
AUSTRALIAN JOURNAL OF CHEMISTRY

STUDIES IN 4-HYDROXY COUMARINS*

IIt o~ AND y-PYRONES FROM 4-HYDROXY COUMARINS

By V. N. Deoraxia,i M. G. Pareru,] and K. N. Triveni§

Arora and Mathur! reported that a methyldioxophenylpyranobenzépyran (Ta)
possesses anticoagulant activity comparable to that of dicoumarol. It was thought of
interest to prepare o- and y-pyrones having different groups in the benzenoid part of
the coumarin ring system and to study their anticoagulant activity.

Me
o™
2
R X X0
R 0~ 0
Rl RZ R3 Rl R2
() H H Ph M) H. H
) H H H (M) H Me
) H Me H (c) OH H

(&) OMe H H

Woods? condensed 4-hydroxycoumarin with ethyl acetoacetate in the presence
of trifluoroacetic acid and claimed to have obtained 2-methyl-4,5-dioxo-4H 5H-
pyrano3,2-c]benzopyran (I1a), m.p. 252°, principal absorption bands in the i.r. region,
3344, 1727, 1631, 1613 cm~*, Mustafa et al.® synthesized (Ila), yellow crystals, m.p.

* Manuscript received March 19, 1968.

1 Part 1, J. scient. ind. Res. B, 1962, 21, 402,

} Chemistry Department, Faculty of Seience, Baroda-2, India.

§ Present address: Chemistry Department, Wollongong University Collegs, Wollongong,
N.8.W. 2500,

1 Arora, R. B., and Mathar, C. N., Brit. J. Pharmac. Chemother., 1963, 20, 20.

2 Woods, L. L., J. org, Chem., 1962, 27, 6986.

3 Mustafa, A., Hsihmat, O. H., Zayed, 8. M. A. D., and Ahmed Nawar, A., Tetrahedron,

1963, 19, 1831.

Aust. J. Chem., 1968, 21, 2345-7
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and claimed that it was i
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s

g frequencies, 1754 cm~! and 1667 cm—*, by different routes
dentical in all respects with the compound prepared according

to Woods.2 On repeat:iing Woods’s work, it has now been found that 4-methyl-2,5-
dioxo-2H,6H-pyrano[3,2-c]benzopyran (Ib), colourless crystals, m.p. 243°, carbonyl

stretching frequency in
the condensation is carrl

the i.r. nregion, 1740 em~1, is the only isclable product when
ed out in the presence of trifluoroacetic acid. The mixed m.p.

with an authentic samplle of (Ib) prepared by using either concentrated sulphuric acid3-4
or anhydrous alumininvm chloride* was not depressed; but the mixed m.p. with an

authentic sample of (Tla
the i.r, region, 1760 cm
depressed by 20°.

This ‘observation
coumarins are condense
acid: they yield the sam
by using either cone. st
ing agent. 3-Acetyl-4-

, yellow crystals, m.p. 246°, carbonyl stretching frequencies in

-1 and 1670 cmL, prepared accordingvto'Musta.fai et al.® was

is further supported when three substituted 4-hydroxy-
d with ethyl acetoacetate in the presence of trifluoroacetic
ie known compounds (Ic), (Id), and (III) which were obtained
phuric acid or anhydrous aluminium chloride as condens.
:hydroxy-ﬁ-methyleoumarin, 3-acetyl-4-hydroxy-7-methoxy-

coumarin, and 3-acetyl-4-hydroxybenzo[ fjcoumarin when subjected to Claisen conden-

sation followed by eyelization with 25%, sulphuric acid gave (IIb), (Ile), and (IV)

respectively; demethyla

differed considerably fro
point. The carbonyl stre

are (Io), 1745; (Id), 17
(IV), 1760, 1670 o1,

Experimental
Infrared spectra (CH
meber. All melting points w

4,9-Dimethyl-2,5-dioxo-2H,5H-pyrano 3,2-c]benzopyran (Ic)

kion took place during cyclization to yield (IXe). (Ic) and (XII)
m the corresponding (IIb) and (IV) ini.r. spectra and melting
tching frequencies in the i.r. region of the above compounds
40; (III), 1745; (1Ib), 1760, 1672; (Ilc), 1760, 1672; and

;) were determined with & Perkin—Elmer 237 grating spectrophoto-
ere uncorrected. ’

4-Hydroxy-6-methyleoumarin {1 g) was heated with ethyl acetoacetate (1 ml) in trifluoro-
acetic acid (S mljon a sa,nd-lfath for 15 hr. After the completion of the reaction, a fow millilitres of
ethanol were added and the mixture kept overnight. The product which separated was filtered off
and washed with sodium bicarbonate solution. The residue was crystallized from acetic acid, colour-
less crystals, m.p. 197-198° ((lit.“ 197-198°), yield 0-3 g. Mixed m.p. with an authentic sample
prepared by using conc. sulphuric acid as condensing agent was not depressed.

8-Methomy-4-methyl-2,5-dioz
4-Hydroxy-7-methox;

trifluoroacetic acid using the

a~2H,m-pyrqno[3,2-e]benzog;yran (Id) -

yeoumarin was condensed with ethyl acetoacetate in the presence of
above procedure. M.p. of the colourless crystals and ruxed m.p. with

an authentic sample was 237° (lit.> 237°).

4-Methyi-2,5-diowo-ZH,5H-p

yranof3,2-clbenzolf1benzopyran (I1I)

4-Hydroxybenzo[ f]coumarin was condensed with ethyl acetoacetate in the presence of

trifluoroacetic acid using the

246° (16,8 245-246°),

above procedure. M.p. and mixed m.p. with an authentic sample was

4 Patell, J., and UsgaTnker, R. N., J. Indian chem. Soc., 1965, 42, 217.

§ Dholakia, V. N., and Trived:, XK. N., J. Indian chem. Soc., 1966, 43, 804.

§ Patell, J., and Usgaonker, R. N., J. Indian chem. Scc., 1966, 43, 536.
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3-Acstoacetyl-4-hydroxy-6-methylcoumarin

A solution of 3-acetyl-4-hydroxy-6-methylcoumarin (1 g) in freshly distilled ethyl acetate
(25 ml) was added to pulverized scdium (1 g}. The reaction mixture was heated on a water-bath
for 6 hr. It was then decomposed with ice and extracted with ether. The aqueous layer on acidifi-
cation gave 3-acetoacetyl-d-hydroxy-6-methylcoumarin, which crystallized from dil. acetic acid,
yellow needles, m.p. 153°, yield 07 g (Found: C, 64-5; H, 4 7. C,;H;,0, requires C, 64-6; H,
4:65%,).

2,8-Dimethyl-4,5-diozo-48,58-pyrano| 3,2-clbenzopyran (11b)

A solution of 3-acetoacetyl-4-hydroxy-6-methylecoumarin (05 g} in 50 ml dil. sulphuric acid
(26%) was heated on & sand-bath for 1 hr. The cooled reaction mixture was neutralized with
sodium carbonate solution, the separated product was erystallized from dil. acetie acid, yellow
needles, m.p. 248°, yield 0-2 g (Found: C, 69-7; H, 3-8, C,H,,0, requires C, 69-4; H, 4-29,).

3- Acetoacetyl-d-hydroxy-7-methoxycoumarin

A solution of 3-acetyl-4-hydroxy-7-methoxycoumarin (1 g} in ethyl acetate (25 ml) was
added to pulverized sodium (1 g) and the reaction mixture refluxed on & water-bath for 6 hr. The
reaction mixture was worked up as before. 3-Acetoacetyl-4-hydroxy-7-methoxycoumarin crystallized
from dil. acetic acid, yellow needles, m.p. 153°, yield 0-8 g (Found: C, 60-9; H, 4-2. C;H,,0,
requires C, 60-9; H, 4-4%). -

§-Hydrowy-2-methyi-4,5-dioxe-4H,5H-pyrano] 3,2-cJbenzopyran {(Iic)

A solution of 8-acetoacetyl-4-hydroxy-7-methoxycoumarin (0-7 g) in 75 ml dil. sulphuric
acid (25%,) was refluxed on & sand-bath for 1 hr. The cooled reaction mixbture was basified with
gsodium hydroxide solution and filtered, The filtrate on acidification gave 8-kydrovy-2-methyl-
4,5-dioxo-4H,5H-pyranol 3,2-clbenzopyran, which crystallized from dil. acetic acid, yellow needles,
m.p. 221° (Found: C, 63-4; H, 3-8. C,H O requires C, 63-9; H, 3-3%).

3-Acetyl-4-hydrozybenzo[ficoumarin

4-Hydroxybenzo[ flcoumarin (1 g) was dissolved in acetic acid (5 ml) and phosphorus
oxychloride (2 ml) and the reaction muxture was gently refluxed for 40 min and then added to ice-
water. 3-Acstyl-d-hydrowybenzo[ficowmarin crystallized from acetic acid, m.p. 201°, yield 0-68 g.
It developed a red coloration with aleoholic ferric chloride solution (Found: C, 70-4; H, 4-1.
CysH,,0,4 requires C, 70-8; H, 4-0%).

3-Acetoacetyl-4-hydroxybenzo[f] in

3-Acetyl-4-hydroxybenzo[ flcoumarin (0-5 g) dissolved in ethyl acetate (15 ml) was added
to pulverized sodium (06 g) and refluxed for 6 hr. On working up the réaction mixture as before,
B-acetoacetyl-4-hydrozybenzo[flcoumarin ecrystallized from benzense, yellow needles, m.p. 166°,
yield 0-2 g (Found: G, 68-9; H, 4-5. C,,H,,04 requires C, 68-9; ¥, 4-19%).

2-Methyl-4,5-dioxo-4H,5H-pyrano(3,2-clbenzo{f benzopyran (IV)

3-Acetoacetyl-4-hydroxybenzo[ fleoumarin (0-4 g) was refluxed with 25 ml of dil. sulphurie
acid {259) on a-sand-bath for 2 hr. On working up the reaction mixture as before, 2-methyl-
4,5-dioxo-4H,5H-pyrano[3,2-c]benzo[ fibenzopyran orystallized from acetic acid, yellow needles,
m.p. 282° yield 0-1 g (Found: G, 73-1; H, 8-9. C;,H,,0, requires C, 73-4; H, 3-6%,).
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