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CHAPTER_IV
?
Studies on 3-(4-hvdroxyphenyl)coumarin :

Consider-able work has been done on the
reactivity of various hydroxy coumarins with the hydroxy
group: in the g-pyrone ring or in the benzeroid part but
hardly any work appears to have been done on 3—(4:hydroxyu
phenyl)coumarin where the hydroxy group is in the side
phenyl nucleus; It was therefore thought of interest to
build up some heterocyclic rings such as a=-pyrone ,furan
and y-pyrore rings on the side phenyl micleus.

Of the various methods avallable for the synthesis
of 3-phenyl coumarins the Meerweirn reactionl was found in
the present study to be the most suitable for the
synthesis of 3f(kzhydroxyphenyl)coumarina

A diazotised solution of p-snisidine was miyxed
with a solution of coumarin in acetone containing sodium
acetate in suspension. A solution of cupric chioride in
water was used as the catalyst. 3»(41thhoxyphenyl)eoumarin
was obtained in about:35 % yleld. This was then demethylated
by heating with aluminivm chloride in dry benzere at 500
for 3 hours.

In the course of present study the following
compounds h,ve been synthesised from 3—(41hydroxyphenyl)
coumarin,

1. 3,6:Bicoumarinyl :
2. 3»(S:Benzofuranyl)coumarin and its 31methyl derivative
3. 3»(61F1avonyl)coumarin ard its Y4-methoxy~- and 3ibenzoyl

derivatives.
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Bieoumarinyls s

Dyson2 synthesised 3,3:bicoumariny1 by heating
salicylaldehyde with sodium sucéinate armd acetic anhyéride
in a sealed tube at 1)-:-0O for 40 hours.

Huebner and Link3 reported the formation of the
393:bicoumarinyl derivative (II) from 3~bromo-4-methoxy-

coumarin (I).
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Lele et al. have synthesised 8,8-bicoumarinyl
3
derivatives (IIIa,IIIb,IVg and IVb) ami 3,3-bicoumarinyl

derivatives (Vg and Vb) by the Ullmann resction on

lodocoumarins.
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Sen and Dutt5 obtained 6,6ibicoumarinyl by the
action of scetic anhydride and sodium gcetate on 4 ui
dihydroxy-diphe nyl-3, 3—dialdehyde. Harle and Lyonﬂ6
obtained tetrahydro—#-hvblcoumarinyl as one of the
products in the reduction of coumarin using zinc and
aceticracid.

Recently some unsymmetrical bicoumarinyls have
been found to occur in plants. Mihashi and corworkers?’s
" have 1lsolzted an unsymmetrical bicoumarinyl derivative

and ngmed it Matsukaze lsetonz.It has been assigned the
6,8~bicoumarinyl structure(VIa)

R,C')[ ~N 2O
NN\

Vi  R=CHz
Lb) R = H
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later Spemcer ot al. % isolated bicoumol, a bicoumarinyl
Berivative from ladino clover and assigned the ?,?:dihydréxyv
6,81bicoumarinyl structure (Vib).

The only study in the synthesis of unsymmetrical
bicoumarinyls has besn reported by Dey and Rowlo. They
condensed coumarin-fegcetic ester with salieylaldehyde
under the conditions of Perkin reagetion or Knoevenagel

 J
reaction and obtained the 4%,3-bicoumarinyl (VII) .

- .
-0 Sal.'ayla,(Luyd]A

CH3C00 i

Vit

In a similar way, they prepared 7—methyl-,7«methyl»élbromOw,
7—methy1-6:chloro», 7-hydroxye, 7-hydr0xy—61brom0=, 6:8:
dichloro- and ?-acetoxyuéibromo°h93:bicoumariny1s.
7—Ghlorow4,3:b1coumarinyl (VIII) has been
synthesised by Thakar by the condensation of 7-chloro-
coumarin-f-agcetic aeid with salicylaldehyde in the

presence of piperidime.
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Synthesis of 3,6:Bicgggmgm (X1

With a view to synthesise the unsymmetrical
bicoumarinyl viz,3,6:bicoumarinyl, the Pechmann condensation
of malic zeid with 3«(Hihydroxyphenyl)coumar1n in the
presence of concentrated sulphuric ageid was tried but the
condensation did not take place and the original hydroxy
coumarin was obtained back. Attempt was then made to
condénse the more regctive 2thyl acetogcetate in the
preserce of sulphuric acid with the agbove coumarin but
in this case also no condensation took place and the
original coumarin was obtained back. It was therefore
decided to synthesise the desired blcoumarinyl derivative
through the Perkin reagtio}lan hihydroxy-3:formylcqumarin.

3-(4:Hydroxyphenyl)coumarin (IX) on heating with
hexamine in acetic agcid gave a product which gave a brown
colour with alcoholic ferric chloride, 3-(3:formy1»4:
hydroxyphenyl)coumarin structure (X) has been assigned %o
this product. The fomyl derivative was then heated with
fused sodium acetate and acetic anhydride at 170-—800 for
12 hours. A pale yellow product which was insoluble in
sodium hydroxide solution was obtained to which the 3,6i
bicoumarinyl structure (XI) has been assigned. This is
an unsymmetrical bic&ﬁmarinyl in which one of the carbon
atoms of the heterocyeliec ring ¢f ore coumarin unit is
linked to a carbon atom of the benzenoid ring of the second

unit.
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Benzofuranyl coumaring.

. bven though several furocoumarins and benzofuranoc-
coumaring have been isolated from plants and also
synthesised, no work appears to have reported on the
synthesis of benzofurany} coumariné. It was therefore
thought of interest to synthesise such type of compounds.

3
Syntheeis of 3-(5-benzofuranvl)coumarin (XIV).

3-(3:Formy1,41hydroxyphenyl)coumarin (X) was
condensed with'ethylbromoacetate In dry acetone in the
Presence of anhydrous potassium cagrbonate to get
3~(3:formyl—4:carbethoxymethoxyphenyl)coumarin (XII). This
on hydrolysls with 10 % sodium hydroxide solution at room
temperature gave the geid (XIII), which on simultaneous
cyclisation and decarboxylation on refluxing with sodium

b
acetate and acetic anhydride gave 3-(5-benzofuranyl)-

A
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coumarin (XIV).
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Synthesis of 3-{3-methyl-5-benzofuranyl)coumsrin (XIX).

3~(k:Acetoxyphenyl)coumarin?%XV) on heating with
anhydrous aluminium chloride at 140«—500 for 3 hours gave
3—(3:-acetyl«h-:hydroxyphenyl)coumarin (XVI). It was soluble
in 3lkali and gave g violet colouration with slecoholie
ferric chloride. On condensation with ethyl bromoacetate
in dry gcetore in the presence of anhydrous pctassium
carbonate it gave 3o(3:acetyl~%zéarbethoxymethoxyphenyl)
coumarin (XVII) which was insoluble in alkali. This ebter
was hydrolysed with 10 4 sodium hydroxide solution at room
temperature to 3»(3:ace§y1~hicarboxymethnxyphenyl)coumarin

(XVIII). The acid on hesating with sodium acetate and
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acetic anhydride for fs hours gave on similbaneous
9 ]
eyclisation and decarboxylation,3-(3-methyl-5-benzofuranyl)

coumgrin (XIX).

(>

=C O CoCiH2 RO OH
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i
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flavornvlcoumarin "

A mumber of m=2thods are available for the building
up of 2-phenyl-y-pyrone ring on a suitably substituted
derivative of benzere. In the present work three methods
have been used viz. the chalkone methodlS, the Baker-
Venkataraman transformation}u of an o-benzoyloxyacetophenore
and the cyclisation of the Be-diketone thus obtained and the
Kostanecki-Robinson acylation methodlf

4
Synthesis of 3-(6-flavonyl)coumarin (XXIIa).

9 3
3=-{3-acetyl-b-hydroxyphenyl)coumarin was

condensed with benzaldehyde in the presemce of sleoholic
potassium hydroxide. The orange yellow product obtained on
acidification gave tests for a styryl ketore derivative viz.
reéd colourgtion with sulphuric acid amd a positive Wilson
test 16. It gave an gcetoxy derivative (XXIa) when refluxed
with sodium agcetate and acetic anhydride. 3-(3iGirummoy1—
%:hydroxyphsnyl)coumarin structure (¥Xa) has been assigned
to this product. The above styryl ketone on refluxing with
selenium dioxtde in isoamyl alcohol gave a product which
gave m colour with sulphuric acid. 3—(6:Flavonyl)coumarin
structure (XXIIa) has been assigned to this product.

The same flgvonylecoumarin (XX 1Ia) was also
synthesised from 3~(3:acetyl—4:benzoyloxyphenyl)coumarin
(XXIII) through Baker-Venkataraman regrrangement as shown
beloy. ~ .

3»(3:Acetyl-#ihydroxyphenyl)coumarin.was refluxed

with benzoyl chloride in dry acetone in the preserce of

&
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anhydrous potassium carbonate to get 3~(3:acetylvkl
benzo¥loxyphenyl)coumarin (XXIII), When kept with powdered
caustic potash and pyridine for 4 hours at room temperature
it gave the P-diketons (XXIV) which on cyclisation by
keeping it in contact with cold concentrated sulphuric aeid
for 4 hours gave a product which was found to be identical
on direct comparison with 3-(6-flavonyl)coumarin described
before.

9
Synthesis of 3-(4-methoxy-6-flavonyl)coumarin (XXIIb).

3—(3:Acatylnkihydroxyphenyl)couMarin‘was
condensed with anisaldehyde in the presemce of glcoholic
potassium hydroxide. The yellow product obtained on
acidification gave a red colour with sulphuric z0id and a
positive Wilson test.3-[3%é—methoxycinnamoyg—kihYdroxyn
phenyg}coumarin structufe (XXb) has been assigned to this.
It gave an acetoxy derivative (XXIb) on refluxing with fused
sodium acetate and acetic anhydride. The above styryl
ketone was then cyclised to 3w(4”wmethoxy-6lflavorwl)-
counarin (XXIIb) by refluxing with selenium dioxide in
igso-amyl alecohol Tfor 24 hours.
3—(3:Benzoz;»§:flavogy;}coumg;in (xxV). “

3»(31Acetyluhlhydroxyphenyl)coumarin on heating
with bernzoic anhydride and sodium benzoate at 180—900 Tfor
12 hours gave a product which was insoluble in alkali. On
the basis of the anglysis result3,3(31benzayl—6iflavony1)
coumarin structure (XXV) has been gssigned to this product.

The above benzdylflavonylcoumarin was heated with

alcoholic caustic potash on a steam bath. On working up the



reaction mixture the original flavonylcoumarin was

obtained back. The formation of 3-acyl derivatives in the
17
Kostarecki-Robinson acylation is a common fegture .

oH|(Ghsee 5
COCH %Hs wuvq

Attempted synthesls of 3= £2-methg -6nchromonglzcoumarin
It has been noted unat pherols which either do

XXV

not react at all or react with difficulty with B-ketonic
esters in the presence of sulphuric acid give chromones
in the preserce of phosphorus pentoxide as the condensing
agent. The condensation of ethyl acetoacetate with |
3—(4ihydroxyphenyl)coumarin in the preserce of phosphorus
pentoxide was attempted but the original coumarin
derivative was recovered unchanged.

Further, as stated in the gereral irntroduction
phenols condense with P-ketonic esterseither on prolonged
hegting at high temperature or on refluxing in a high
boiling solvent to give chromiones. 3w(4:Hydroxypheny1)
coumsrin was therefore refluxed with ethyl acetogcetate
in diphenyl ether for 2 hours. On removal of the solvent

however the original coumarin was recovered.
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EXPERIMENT AL

3
3-gkfﬂydgoxgghegvlZcoumarig H

b
A solution of 3-(4=-methoxyphenyl)coumarin(l g.)

preparedi according to Meerwein et alal in dry benzene

(50 ml.) was mixed with anhydrous aluminium chloride(3 g.)
and heated at 500 for 3 hours. The product separating on
decomposing the reaction mixture with cold hydrochloriec
acid was purified by takirg it in sodium hydroxide
solution. It erystallised from aleohol in light brown
needlesg, m.p.2020. Yield O.4% g. Bhandari et al.lzgive the
Sameé mep.

b .Y
3=(3-Formyl-h-hydroxyphepyl)coumarin :

A mixture of 3-(#lhydroxyphenyl)coumarin (1 gd)y
hexamethylere tetramire (2.5 g.) and glacial geetic zcid
(25 m1.) was refluxed gently for 1/2 hourr. Hydrochloric
acid (10 ml. j 1:1) was then added and the heating contirmed
for further 10 mirutes. The solid obtained on dilution of
the regetion mixture with water crystallised from acetic
acid. M. P. 2380. Yield O.4% g. It gave a brown colourstion
with aleocholic ferric chloride.

Cy71.88 5 H,3.68 4.
CieHL 0, requires : C,72.18 § H,3.76 %.
$ .

3ab-Bicoumarinyl :

The above formyl derivative (1 g.) was refluxed

;

Anglyvsis : Found

with fused sodium acetate (3 g.) and acetic anhydride(10 ml.)
0

at 170-80 in an oil bath for 12 hours. The solid obtained

On pouring the regction mixture in cold water was

¢rystallised from acetic acid in small pale yellow
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needles (0.3 go), m.p. 218-20 . 145
Anglysis : Fourd : G, 74622 3 H’3°22.%'
alngooq requires 0,7)‘*0“"9 H H,3al§'5 %o

3-( 2Formyl- :c rbethoxymethoxvphenyl)coumarin s

4 »3-(31Pheny1—4:hydroxyphenyl)coumarin(Oa9 ge) was
refluxed on é steam bath with bromogcetic ester(0.7 g.) in
the presence of anhydrous potassium carbonate (4 g.) in
dry acetone for 2 hours. The acetone was then removed and
water was added. The solid obtained crystallised from dilute
acetic acid in white shining needle s (0.8 Ze), mep.171»72?
Analysis : Found : C,68.11 3 H\4.33 %o '
Caol360¢ requires 3 C,68.19 5 H4.% %.
}—(glFormv1~&:cgrboxzmetgoxzphegvlQcoumgrig :

The above estef (1 g.) was hehted on a steam bath
with 5 % sodium hydroxide solution for 15 minutes and then
kept overnight. The clear liquid on geidification gave the
acid which crystallised from dilute acetic acid in white
needleos (0.8 go), m.p. 2180.

Analysis : Found : C,66.19 5 H,3.26 %.
CigH120¢  requires : C,66.68 3 H,3.70 4.
3—(51Benzafurggy12coumarin 3

The above acid (1 g;) was refluxed with freghly
fused sodium acetate (3 g.) and acetic anhydrids (10 ml.)
on g wire gauze for 2 1/2 hours. The reaction mixturé was
then poured in water amd kept overnight. The separated
solid erystallised from dilute glecohol in tiny yellow

B 0
0T 3 AR? 2

- . v - .
Thaowrd s L0403 KW NS PN SN
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. N o
naedles (003 g«a), fiaDa 175"76t
Anzlysis : Found C,77.67 3 HM,15 4.
CyoH; 603 requires : C,77.85 5 H,3.81 4.

9 } ]
3a(3»Acetyl-h-hvdroxvnhenyl)cogmgrig :

3«(Q:Acetoxyphenyl)coumarin (1 g.) was heated
with ahhydrous aluminium chloride (3 g.) at l&O»#SOin an
0il bath for 3 1/2 hours. The s&iia which separated on
pouring the reaction mixture in ice cold hydrochloric acld
(1:1) was taken in 10 ¢ sodium hydroxide solution and
¢rystallised from dilute acetic acid in colourless reedles
(0.5 go), mep. 1680. It gave dark violet colour with
alcoholic ferric cﬁioride solution.
Analysis : Found 3 C,72.85 5 H,4.18 4.
CigHi20y  requires : G,72.85 ; H,%.28 4.

) 9
3»(%oAcetvlvhacarbg&hoxvmethoxvvhenvlzcoumarin :
The above acetyl derivative (1 g.) was refluxed

with ethylbromoacetate (0.7 go) and anhydrous potéssium
carbonate (4% g.) in dry acetore on a steam bath for 2 hours.
The product $btained on workirg up as befdre crystallised
from dilute acetic acid in vhite needles (0.7 g.), m.p.
135,

Atalysis ¢ Found : C,68.87 5 H,4.81 7.

C21H;80¢ - requires C,68.85 H4,91 %;

e

] ¢
%-(?vAgetvl»%wcarboxv@gthoggnhenxlzcoumagin :

The above ester (1.5 g.) was heated on a steam

bath for 15 mimitesg with 5 % sodium hydroxide solution and

then kept overnight. The solid obtained on acidifieation



crystallised from diiute aeetic gcid in white shining

)
needles(l g.), Meps225-26 &

.
»

AnalESig H FOU.nd . 0,67016 L] I{’3‘89 %“
C, oH, ,0¢ requires : C,67.45 § Hh. 14 Z.

b b
3-(3-Methyl-5-bepzofuranyl)coumarin :

The above acid (0.8 g.) was refluxed on a wire-

gauze with freshly fused sodium acetate (3 g.) and acetic
anhydride (10 ml.) for 2 1/2 hours. The product obtained
on pouring the reaction mixture in water crystallised
from dilute acetic acid in white nesdles (0.4 go), meD.
151, |

Anslysis : Found : C,78.16 3 H,W.06 %.

CigH,; 203 requires : C,78.27 3 H,4¢34 %o

-e

3=§3:Ginnamov1-&ihxdrogzghengl}coumgrig s

A solution of 3»(31acetyl~4:hydroxyphenyl)coumarin
(1 g.) in alcohol was mixed.with benzaldehyde (0.4 g.) and
potassium hydroxide solution (10 ml.} 100 % ) was then
added., After keeping for 24 hours the clsar solution was
dilutedwith cold water and acidified with hydrochloric
acid. A yellow product separated which was washed with
sodium bicarbonate solution. It crystallised from acetic
acid in yellow needles (0.6 g.), M.D. 21#»150. It gave
rad colour with coreentrabed sulphuric gcid and a positive

Wilson test.

‘e
»

Amlysls : Fourd C,77.89 5 H,4.33 %.
CoyH; 40, requires : G,78.27 5 Hk.3% 4.

»

>
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e 3i01nngmozl~&:agexaxzphen llcoumarin :

‘ 3w(3iCinnamoxl»%zhydroxyphenyl)coumarin(l 2e)
was refluxed with sodium acetate (3 g.) and acetic
anhydride (10 ml.) for 1 1/2 hours. The product separating
on pouring the reaction mixture in water was washed with
sodium hydroxide solution. It crystallised from benzene-
petroleum ether. M.P, 1¥3wk%o.

Cy76450 5 H,%.39 %.
H,4.39 %.

e

Anglysis : Found
6261'11805 Z’equires ® 0776010

»

~ ¥

3-(6-Flavonyl)coumarin :

3—(3lGinnamoyl—%:hydroxyphenyl)coumarin (1 ge)
was refluxed with selenium dicxide (3 g.) in iso=-amyl
alcohol (75 ml.) at 1%0—500 in an oil bath for 24 hours.
it was then filtered hot. The product separating from the
filtrate crystallised from dilute acetic agecid. NLP.2510.
Yield 0.4 g.
brglysis : Found : C,78.84% 5 H,3.72 %.
CoyHy 404 requires s C,78.68 ; H,3.82 %.

3—(3:Acetyl-%:hydroxyphenyl)coumarin (1 go) was
refluged with benzoyl chloride (0.5 g.) and anhydrous
potassium carbonate (&% g.)in dry acetone for 6 hours. The
solid obtained on removal of acetone and addition of water
crystallised from dilute alcohol.%.P.1%80. Yield 0.7 g.
Apalysis : Found : C,753% 3 Hbh.24 Z.
CouH; 605 requires : C,75.01 5 H,t. 16 %.



k!}:gw—Be_zgggg_l_acetzlz-J+:h§,;dgo hepyld coumarin : 143
A solution of the above benzoyl derivative(l.5 g.)

in pyridine was ﬁixed with powdered potassium hydroxide

(3 g.). After keeping it at room temperature for L4 hours

ice cold dilute hydrochloric geid was added.'The product

obtaired was washed with sodium bicarbomate solution. It

crystallised from benzene in yellow crystals (0.8 g.),

m.p°2180.

Anslysis : Found C,74.78 3§ H,k.15 %.

G,4H, 405  requires : C,75.01 5 Hu4.16 %.

-8

-

Cyclisation @

The above P-diketone (0.8 g.) was dissolved in
concentrated sulphuric acid (5 ﬁl.) and kept at room
temperature for 4 hours. It was then poured in cold water
ard the solid obtalned crystallised from dilute acetic acig
in white needles (0.4 g.), w.p. 2510.M1xed Mep. with

b3
3-(6=T1lgvonyl)coumarin described above was not depressed.

Bnlazi-mgggggxcinnamoy‘Mglhzqrongheny%;coumariﬂ :

To & mixture of 3—(3:acetyl-%lhydroxyphenyl)coumar1n
(2 g.) and anisaldehyde (3 ml.) in alcohol, potassium
hydroxide solution (20 ml. 5 100 % ) was added and the
mixture was kept for 24 hours at room temperature gnd then
diluted with water and acidified with hydrochloric gcid.
The yellow product obtained was washed with sodium
bicarbonate solution anml then crystallised from glacial

0
acetic acid in yellow crystals(0.9 g.), m.p.205 . It gave
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red_colour with concentrated sulphuric acid and a positive
Wilson test.

Analysis Found s C,75+51 5 Hyb. k5 %.

Cos5H;805 requires : G,75.37 5 H4e52 %o

y . k]
3-[3:B-lethoxve innamoy-t-acetoxyphenylhcoumarip :

" The above product (0.5 g.) was heated with fused
sodium acetate ard acefic anhydride for 1 1/2 hours. The
solid obtaired on pouring /the reaction mixture in water
was washed with sodium hydroxide solution and crystallised
from acetic acldy M.F. 1680.

Amalysis : Found : C,73.28 5 H,4.57 %.
CagH2006 requires 3 C,73.62 5 Hl. 5% %.

3-(4P-Methoxy-  flayonyl)coumarin

The above hydfoxy ketone (0.5 g.) was refluxed
with selenium dioxide (1.5 g.) in isoamyl glcohol at
140-50° in an oil bath for 2% hours. The product obtained
on working up the reaction mixture as before crystallised
from nitrobenzens in pale yellow needles (0.2 g.),m.p.298?
Analysis : Fourd s C,75.61 5§ Hh.02 %,
C25H; 603 requires s C,75.75 § H,4.04 %a

3-=§33-Beggczl—§:~flavonzllcog,gg rin

7 A mixture of 3-(3:acetylo’-l--,-hydroxyphenyl)coumarin
(1 g+),fused sodium henzoate (3 g.) and benzoic anhydride
(5 g+) was heated in an oil bath at 180-900 for 12 hours.
The solid obtained on dilutton of the reaction mixture

N 7S
with water,washed with sodium bicarbonate solution. It



crystallised from glacdal acetic acid in tiny yellow 1951
needles (0.3 go), MeDs 263«640.

Apglysis : Found s ©,78.72 5 H,3.86 %,

C3,H 805 requires : C,7%14% § H,3.82 %.

Attempted debenzoylation :

The above 3~(3:benzoy1o :flavonyl)coumarin (0.5 ga)
was refluxed with glcoholic potassium hydroXide solution
(10 % 3 10 ml.) for 2 hours. The product obtaired on
acldification of the reactlon mixture crystallised from
glacial acetic ageid. M,P. 2620. Mixed m.p. with the
original flgvonyl coumarin was not depressed.

Attempted condengation of 3~(4ihxdroxvp@g;ggggggg@g;g;gigg
(i) malic acid in the presence of sulphuric acid and

(1i) ethylacetoacetate in the presence of _(a) sulphuric
acid_(Db) phosphorus penbexide (c) in boiling diphenvl

ether without any condesning agent.

(1) Condensstion wwith mglic acid ip the presence of

sulphuric acid :

A mixturs of 3-(%1hydroxypheny1)coumarin (1 g4),
mglic acid (1 g.) and corcentrated sulphuric acid (90 % j
3 ml.) was heated at 140-500 until the effervescence
cegsed. The solid separating on adding the reaction
mixture to water was found to be identical with the

Original coumarin on direct compgrison.

(iia) Copdensation with ethylacetoacetate in the presence

of corcentrated sulphuric acid :

S ,
3-(4-Hydroxyphe nyl)coumarin (1 g.) was mixed with
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ethyl acetogcetate (1 g.).and sulphuric acid (2 ml, ; 80 %)
was added slowly. The reaction mixture was kept for 24 hours.
and then poured in ice. The product obtaired crystallzsed
from dilute alcoholiin-white neédles, m.p. 201 . Mixed

mep. with the original coumarin was ot depressed.

(i1b) Condensation with ethyl aceboacetate in the presernce

of phogphorus pentoxide :

A mixture of 3-(h;hydroxyphenyl)ccumarin (0.5 ga)s
ethyl acetoacetate (0.5 g.), absolute alecohol (10 ml.)
and phosphorus pentéxide (1.8‘g.) was heated 6n a steam b4
bath for 2 hours. The product separating on pouring the
reaction mixture ;m.water was found to be the original
coumarine

(1ic) Copdensation with ethyl acetoacetate in bollineg

diphenyl ether :

A solution of 3~(h1hydroxyphenyl)coumarin (0.8 gza)
in diphenyl ether (5 ml.) was refluxed with ethyl aceto-
acetate (0.8 g.) for 4 hours. The product obtained on

remnova: dfetheasdlventivherthe orilginal coumarin,
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