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Considerable work has been done on the 

reactivity of various hydroxy coumarins with the hydroxy 

group:1 in the a-pyrone ring or in the benzenoid part but 

hardly any work appears to have been done on 3-(4-hydroxy- 

phenyl)coumarin where the hydroxy group is in the side 

phenyl mcleus. It was therefore thought of interest to 

build up some heterocyclic rings such as a-pyrone, fur an 

and y-pyrone rings on the side phenyl nucleus.

Of the various methods available for the synthesis
i

of 3-phenyl coumarins the Meerweir- reaction was found in

the present study to be the most suitable for the
*

synthesis of 3*“(4-hydroxyphenyl)coumarin.

A diazotised solution of p-anisidlne was mixed 

with a solution of coumarin in acetone containing sodium 

acetate in suspension. A solution of cupric chloride in 

water was used as the catalyst, 3-(4-M3thoxyphenyl)coumarin 

was obtained in aboutt35 % yield. This was then demethylated 
by heating with aluminium chloride in dry benzene at 50° 

for 3 hours.

In the course of present study the following

compounds have been synthesised from 3-(4-hydroxyphenyl)

coumarin.
v1. 3,6-Bicoumarinyl :

i »2. 3~(5-Benzofuranyl)coumarin and its 3-methyl derivative

3. 3-(6-Flavonyl)coumarin and its 4”-methoxy- and 3-benzoyl

derivatives
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2 »Dyson synthesised 3?3-bicoumarinyl by heating

salicylaldehyde with sodium succinate ani acetic anhydride
oin a sealed tube at 1^0 for M3 hours.

3
Huebner and Link reported the formation of the 

3«3“bieoumarinyl derivative (II) from 3-bromo-4—methoxy- 

coumarin (I).
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4 »Lele et al. have synthesised 8,8-bicoumarinyl 
derivatives (Ilia,IIIb,I¥a and IVb) ani 3,3-bicoumarinyl 

derivatives (?a and Vb) by the Ullmann reaction on 

iodocoumarins.

to.) iZ = H
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5 ?Sen and Dutt obtained 6,6-bicoumarinyl by the

action of acetic anhydride and sodium acetate on 4-,4-
^ 6 dihydroxy-diphenyl-3?3-dialdehyde. Harle and Lyons

» 'obtained tetrahydro-4-4-bicoumarinyl as one of the 

products in the reduction of coumarin using zinc and 

acetic acid.

Recently some unsymmetrical bicoumarinyls have
? 9 8been found to occur in plants. Mift&shi and co-workers 

have isolated an uasymmetrical bicoumarinyl derivative 

and named it Matsukaze laetone.It has been assigned the 

6,8-bicoumarinyl structured la)

(jv R=c//j 

R - H
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later Spenser at al« ' isolated bicoumol, a bicoumarinyl 

derivative from ladino clover and assigned the 7,7-dihydroxy- 

6,8-bicoumarinyl structure (VIb).

The only study in the synthesis of unsymmetrical
, 10 
bicoumarinyls has been reported by Dey and Row . They

condensed cquffiarin*4js*acetic ester with salicylaldehyde

under the conditions of Perkin reaction or Knoevenagel

reaction and obtained the *+,3-hicoumarinyl (VII) .

CH^c&CXgHs-

yti

In a similar way, they prepared 7-methyl-,7-methyl~6-bromo-, 
> 1 » ,7“methyl-6“Chloro-, 7“hydroxy**, 7-hydroxy-6-bromo-, 6,8-

diehloro- and 7-acetoxy-6-bromo-4,3-bicoumar1ny1c.
»7-C hloro-4,3-bicoumarinyl (VIII) has been 

ii

syntnesised by Thakar . by the condensation of 7-chloro- 

coumarin-4-acetic acid with salicylaldehyde in the 

presence of piperidir©.

V/H



Cxi) :

With a view to synthesise the unsymmetrieal

bicoumarinyl viz,3,6-bicoumarinyl, the Pechmann condensation
»

of malic aeid with 3-(4—hydroxyphenyDcoumarin in the

presence of concentrated sulphuric acid was tried but the

condensation did not take place and the original hydroxy

coumarin was obtained back. Attempt was then made to

condense the more reactive ethyl acetoacetate in the

presence of sulphuric acid with the above 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 bicoumarinyl derivative
s i

through the Perkin reaction on 4--hydroxy-3~formylcoumar1.il.
?

3-(4—HydroxyphenyDcoumarin (IX) on heating with

hexamine in acetic acid gave a product which gave a brown
» »

colour with alcoholic ferric chloride. 3-(3-formyl-4—

hydroxyphenyl)coumarin structure (X) has been assigned to

this product. The formyl derivative was then heated with
ofused sodium acetate and acetic anhydride at 170-80 for 

12 hours. A pale yellow product which x*as insoluble in
»

sodium hydroxide solution was obtained to which the 3,6- 

bicoumarinyl structure (XI) has been assigned. This is 

an unsymmetrical bicoumarinyl in which one of the carbon 

atoms of the heterocyclic ring of one coumarin unit is 

linked to a carbon atom of the benze.noid ring of the second 

unit.
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. &ven though several furocoumacrins and benzofurano- 

coumarins have been isolated from plants and also 

synthesised, no work appears to have reported on the 

synthesis of benzofuranyl coumarins. It was therefore 

thought of interest to synthesise such type of compounds.

(xrv).
? i

3-(3-Pormyl-lt-hydroxyphenyl)coumarin (X) was 

condensed with ethylbromoacetate in dry acetone in the

presence of anhydrous potassium carbonate to get
» »

3-(3“formyl-4~carbethoxymethoxyphenyl)eoumarin (XII). This 

on hydrolysis with 10 % sodium hydroxide solution at room 

temperature gave the acid (XIII) f which on simultaneous 

cyclisation and decarboxylation on refluxing with sodium 

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



coumarin (XF),
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§X2Mmi§~(xix).
3~(4—&cetoxyphenyl)coumarin fxv) on heating with

oanhydrous aluminium chloride at 14-0-50 for 3 h©urs gave
i »3-(3—gcetyl-4-hydroxyphenyl)coumarin (XVI). It was soluble 

in alkali and gave a violet colouration with alcoholic 

ferric chloride. On condensation with ethyl bromoacetate 

in dry acetone in the presence of anhydrous potassium
> r

carbonate it gave 3~(3-acetyl-4~carbethoxymethoxyphenyl) 

coumarin (XVII) which was insoluble in alkali. This ebter

was hydrolysed with 10 % sodium hydroxide solution at room
» *temperature to 3-(3-acetyl-4-carboxymethoxyphenyl)coumarin 

(XVIII). The acid on heating with sodium acetate and



acetic anhydride for 3 hours gave on simulfeaneous
? *cyclisation and decarboxylation,3-C3-raethyl-5~hensofuranyl) 

coumarin (XK)«
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A number of methods are available for the builling

up of 2-phe nyl-y-pyrone ring on a suitably substituted

derivative of benzene. In the present work thre@ methods
13

have been used viz. the chalkone method , the Baker-
14

Yehkataraman transformation of an o-benzoyloxyaeetophenone

and the cyclisation of the B-diketone thus obtained and the
15

Kostanecki-Robinson acylation method .

Synthesis of 3”(6~riavonyl)coumarin (XXIla).
» »3-(3-Ac etyl-4-hydroxyphenyl)coumarin was

condensed with benzaldehyde in the presence of alcoholic

potassium hydroxide. The orange yellow product obtained on

acidification gave tests for a styryl ketone derivative viz.

red colouration with sulphuric acid and a positive Wilson 
16

test . It gave an acetoxy derivative (XXIa) when refluxed
s

with sodium acetate and acetic anhydride. 3-(3*"Clnnamoyl-
i

4-hydroxyphenyl)coumarin structure (XXa) has been assigned 

to this product. The above styryl ketone on refluxing with 

selenium dioxide in isoamyl alcohol gave a product which 

gave no colour with sulphuric acid. 3-(6-Flavonyl)coumarln 

structure (XXIIa) has been assigned to this product.

The same flavonylcoumarin (XXIIa) was also
» »synthesised from 3-(3-acetyl~4~b8nzoylaxyphenyl)coumarin 

(XXIII) through Baker-Venkataraman rearrangement as shown 

be lo w.
9 >

3-(3-Acety1-4-hydroxyphenyl)coumarin was refluxed 

with benzoyl chloride in dry acetone in the presence of



141

x*is
co) R~h 

Jb ft - ov-rtj

C^H y0'0 ^



anhydrous potassium carbonate to get 3-(3-acetyl-4~ 

betizoyioxypheny 1)coumarin (XXIII). When kept with pondered 

caustic potash and pyridine for 4 hours at room temperature 

it gave the p-diketone (XXIV) which on cyclisation by 

keeping it in contact with cold concentrated sulphuric acid 

for 4 hours gave a product which was found to be identical 

on direct comparison with 3-(6-flavonyl)couraarin described 

before.
j

Synthesis of 3~.(4i}";fflethoxy-6-f lavonyl)coumarin (XX lib).
i »3-(3-Acety1-4-hydroxyphenyl)coumarin was 

condensed with anisaldehyde in the presence of alcoholic 

potassium hydroxide. The yellow product obtained on 

acidification gave a red colour with sulphuric aCid and a 
positive Wilson tesfc.3-|[3^-®ethoxycinna/noy^-4-hydroxy- 

phenyfj coumar in structure (XXb) has been assigned to this* *

It gave an acetoxy derivative (XXIb) on refluxing v/ith fused 

sodium acetate and acetic anhydride. The above styryl 

ketone was then cyclised to 3~(45 J»methoxy-6-flavonyl) - 

coumarin (XXIIb) by refluxing with selenium dioxide in 

iso-amyl alcohol for 24 hours.

3“(3“Acetyl*-4-hydroxyphenyl)coumarin on heating
owith benaoic anhydride and sodium benzoate at 180-90 for 

12 hours gave a product v/hich was insoluble in alkali. On
* t

the basis of the analysis results,3(3“benzoyl-6-flavonyl) 

coumarin structure (XXV) has been assigned to this product.

The above benzoylflavonylcoumarin 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
i?

Kostarecki-Robinson acylation is a common feature .

t8
It has been noted that phenols which either do

not react at all or react with difficulty with p-ketonic

esters In the presence of sulphuric acid give chroroones

in the presence of phosphorus pentoxide as the condensing

agent. The condensation of ethyl acetoacetate with v 
}3-(4-hydroxyphenyDcoumarin in the presence of phosphorus 

pentoxide was attempted but the original coumarin 

derivative was recovered unchanged.

Further, as stated in the general introduction 

phenols condense with p-ketonic esters either on prolonged 

heating at high temperature or on refluxing in a high 

boiling solvent to give chromones. 3-(4~Hydroxyphenyl) 

coumarin was therefore refluxed with ethyl acetoacetate 

in diphenyl ether for 2 hours. On removal of the solvent

however the original coumarin was recovered.
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?
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A solution of 3-(4-met ho xy phe ny 1) c ouma r i n( 1 g.)
i

prepared*: according to Jfeerwein et al. in dry benzene
(50 ml.) was mixed with anhydrous aluminium chloride(3 g.)

o
and heated at 50 for 3 hours* The product separating on

decomposing the reaction mixture with cold hydrochloric

acid iijas purified by taking it in sodium hydroxide

solution. It crystallised from alcohol in light brown
0 x 2

needles, m.p.202 • Yield 0.4 g. Bhandari et al. give the

same m.p.

ouma rin :
*A mixture of 3-(4-hydroxyphenyl)couniarin (1 g.),

hsxamethylene tetramine (2*5 g.) and glacial $cetic acid

(25 ml.) was refluxed gently for 1/2 hour/:. Hydrochloric

acid (10 ml. $ Isl) was then added and the heatfcing continued

for further 10 minutes. The solid obtained on dilution of

the reaction mixture with water crystallised from acetic 
oacid®AM.P. 238 . Yield 0.4 g. It gave a brown colouration 

with alcoholic ferric chloride.

Analysis Found : 0,71.88 $ H,3«68 %.
ci6hj.o°4 requires : C,72.18 $ H,3*76 $.

» 3icoumarim

The above formyl derivative (1 g.) was refluxed
with fused sodium acetate (3 g.) and acetic anhydride(10 ml, 

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

on pouring the reaction mixture In cold water was 

crystallised from acetic acid in small pale yellow

)



needles (0.3 g.), m.p. 218-20 .

i Pound : <3,74.22 ? H,3.22 %.

Ci8h10Ou. requires : 0,74.49 ; H,3.45 %•

. » »

s 51
3 -O -Phenyl-4**hydroxyphenyDcoumari n( 0.9 g.) v/as

refluxed on a steam bath with hromoacetic 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
0

acetic acid in white shining needles (0.8 g.), m.p.171-72. 

Analysis : Found : 0,68.11 $ H,4.33 g.

a2oHj6°6 requires ? 0,68.19 $ H,4.54

coumarin s
The above ester (1 g.) was halted on a steam bath 

with 5 % sodium hydroxide solution for 15 minutes and then 

kept overnight. The clear liquid on acidification gave the 

acid which crystallised from dilute acetic acid in white 
readies (0.8 g„), m.p. 218°. 

j£al£sig : pound : 0,66.19 j 11,3.26 5l.

gi8r:l2°6 requires s 0,66.68 ; H,3.70 g.
?

lni5-Benao f u r a nvl) coufflarin *

The above acid (1 g.) was refluxed with freshly 

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

on a wire gauae for 2 1/2 hours. The reaction mixture was 

then poured in water and kept overnight. The separated 

solid crystallised from dilute alcohol in tiny yellow



needles (0,3 g*), m.p. 

Aprilsig. s Pound 

gi?hio°3 requires

175-76.

C,77.67 ? %.

C,77.85 i H,3*8l
> »

3-(lf-Acetoxypheny 1)coumarin (1 g.) was heated 
with ahhysdroiis aluminium chloride (3 g.) at l$0-45°tn an 

oil bath for 3 1/2 hours. The solid which separated on 

pouring the reaction mixture in ice cold hydrochloric acid 
(111) was taken in 10 i. sodium hydroxide solution and 

crystallised from dilute acetic acid in colourless needles 
(°«5 g.), m.p. 168 . It gave dark violet colour with 

alcoholic ferric chloride solution.

Anal£si£ 1 Pound 'i C,72*85 * H^.18 g.

Gi7Hi204 requires s Q,72.85 j H,i*.28

’ *
iziirAcetxLdi^carbethoxvmathoxvphanvl)eoumaHn t

The above acetyl derivative (l g.) was refluxed

with ethylbromoacetate (0.7 g») and anhydrous potassium

carbonate (4- g.) in dry acetone on a steam bath for 2 hours.

The product obtained on working up as before crystallised

from dilute acetic acid in white needles (0*7 g.)» m.p.
0 ’
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4£aiZ§is Pound : 0,68.87 $ H,4.8l %,

G2iHl806 . requires 1 C,68.85 ? H,4-.91 %.

» »

^.U.rAcety 1 -4-CajMxy msthoxvuhenvl) cpumar 1 n :

The above ester (1.5 g.) was heated on a steam 
bath for 15 minutes with 5 % sodium hydroxide solution and 
then kept overnight. The solid obtained on acidification
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crystallised from dilute acetic acid in white shining

oneedles(1 g.), m.p,225-26 .

Analysis j Found s C,67«16 $ H,3.89 %•

Cl9H140g requires % 0,67^5 $ H,:4. 14

? >
3-(^--^thyl-5»benzofuranyl)coufflarln ;

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

gauze with freshly fused sodium acetate (3 g*5 aid 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 needles (0.4 g.), m.p. 
o151.

Analysis : Found : 0,78*16 ; H,4.06tn»» aw 7 * 7 7

2^8^203 requires : 0,78.27 ; H,4«34 %•

» »3-_( 3 ~C.i nmm<rva~4rhy^ s
» 9

A solution of 3-(3-acetyl~4-hydroxyphenyl)coumarin

(1 g.) in alcohol was mixed-with benzaldehyde (0.4 g.) and

potassium hydroxide solution (10 ml.| 100 % ) \iras then

added. After keeping for 24 hours the clear solution was

dilut^dwith cold water and acidified with hydrochloric

acid. A yellow product separated which was washed with

sodium bicarbonate solution. It crystallised from acetic
oacid in yellow needles (0.6 g«), m.p. 214-15 . It gave 

red colour with concentrated sulphuric acid and a positive 

Wilson test.

Analysis : Found ; 0,77.89 ; H,4.33 %• 

requires s 0,78.27 ; H,4.34
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3-(3-Ctnnamoy 1 -4 - a.oetoxyofaeny 1 ) coumajdLn :
» i

; 3 „ (3 „C 1 nnamo yl -4-hy drox yphe nyl) c oum a r in( 1 g«)

was refluxed with sodium acetate (3 g«5 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-
opetroleum ether. M.P. 143-44 •

Analysis ; Found t 0,76.50 ; H,4.39

'-'26^18^5 requires % O',76.10 5 H,4.39 %•

*>

irl^laXOBlUcouiSaXin s
, >3-(3«Oinnamoyl-4-hydroxyphenyl)coumarin (1 g«)

was refluxed with selenium dioxide (3 g.) in iso-amyl
0alcohol (75 ml.) at 140-50 in an oil bath for 24 hours.

was then filtered hot. The product separating from the
0

filtrate crystallised from dilute acetic acid. M.P.251 . 

Yield 0.4 g.

Analysis : Found : 0,78.84 ; H,3.72

C2^14,4,0^ requires : C,78.68 4 H,3.82

» *3-(3-Ace ty1-4-be nzovloxyphenvl)coumarin :
» >3-(3-Acetyl-4-hydroxyphenyl)coumarin (1 g.) was

refluxed with benzoyl chloride (0.5 g.) and anhydrous

potassium carbonate (4 g.)in dry acetone for 6 hours. The

solid obtained on removal of acetone and addition of water
0

crystallised from dilute alcohol.M.P.148 . Yield 0.7 g. 

Analysis : Found : 0,75*34 ; H,4.24

G24Hl605 requires : 0,75.01 5 H,4.16



3 ~ j^j -(U1 -Be nzoylac a tyll^-hxdroxyJlheK^ :

A solution of the above benzoyl derivative(1.5 g.)

in pyridine was mixed with po\*dered potassium hydroxide
(9 g.). ^-fter keeping it at room temperature for 4 hours

ice cold dilute hydrochloric acid was added. The product
obtained was washed with sodium bicarbonate solution. It
crystallised from benzene in yelloxf crystals (0.8 g.), 

om.p.218 .
Analysis s Found : 0,74.78 $ H,4.15 %.

G2ifHj,6°5 requires i 0,75.01 $ H,4.16

0ye lisation ;

The above p-diketone (0.8 g.) was dissolved in
concentrated sulphuric acid (5 ml.) and kept at room
temperature for 4 hours. It was then poured in cold water
and the solid obtained crystallised from dilute acetic acid

0
in white needles (0.4 g.), m.p. 251 *&ixed m.p. with 

, *3*-^6-flavonyl)coumarin described above was not depressed*

To cl mixture of 3"-(3-acetyl-4-hydroxyphenyl)coumarin
(2 g.) and anisaldehyde (3 ml.) in alcohol, potassium

hydroxide solution (20 ml. $ 100 % ) was added and the

mixture was kept for 24 hours at room temperature and then
diluted with water and acidified with hydrochloric acid.
The yellow product obtained was washed with sodium
bicarbonate solution and then crystallised from glacial

0
acetic acid in yellow crysfcals(0.9 g.), m.p.205 . It gave
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red. colour with concentrated sulphuric acid and a positive 

Wilson test.
^nal^jig : Found 0,75.51 ? H,4.4-5 £•
GggHigOs requires i 0,75*37 , H,4-.52 %•

5 5
3-r3-^“j-htho.xyclnnamoylV4-a5etoxyphenyf|coumariTi :

The above product (0.5 g.) was heated with fused
sodium acetate and acetic anhydride for 1 1/2 hours. The

solid obtained on pouring the reaction mixture in water
was washed with sodium hydroxide solution and crystallised

ofrom acetic acid<, M.P. 168 .
Amlisis... : Found : 0,73.28 § H,4.57 %.
g27h20°6 requires % 0,73*62 ; H,4-.54 %,

3-(4i}~Methoxy»6»flavonyl)coumarl n :
The above hydroxy ketone (0.5 g*) was refluxed

with selenium dioxide (1.5 g*) in isoamyl alcohol at 
o14-0-50 in an oil bath for 24 hours. The product obtained 

on working up the reaction mixture as before crystallised
ofrom nitrobenzene in pale yellow needles (0.2 g.),m.p.298. 

Analysis : Found s 0,75.61 $ H,4.02
G2sHi603 requires t C,75.75 $ H,4-.04-

3 ■°(3 -Benzo yl-6-flavonvl) c otama p 1 n s
A mixture of 3 - (3 -ac e t yl-4—hy droxypheny1)coumarin

(1 g.),fused sodium benzoate (3 g«) and benzoic anhydride
0(5 g*) was heated in an oil bath at 180-90 for 12 hours.

The solid obtained on dilution of the reaction mixture
00a&

with waterAwashed with sodium bicarbonate solution. It



crystallised from glacial acetic acid in tiny yellow 151
oneedles (0*3 g»), m*P* 263-64' .

Analysis : Found s 0,78*72 ; H,3.86 %,
c3iHi8°5 requires : 0,79*14 $ H,3.82 %*

Attempted debepaoyla.tian t
The above 3-(3-benzoyl»6-fla^onyl)coumarln (0.5 g»)

was refluxed with alcoholic potassium hydroxide solution

(10 % ; 10 ml.) for 2 hours. The product obtained on

acidification of the reaction mixture crystallised from
oglacial acetic acid, M.P. 262 . Mixed m.p. with the 

original flavonyl coumarin was not depressed.
i

(i) Condensation w-yith malic acid in the presence of 

sulphuric ^ id s

A mixture of 3-(4-hydroxyphenyl)coumarin (1 g.),

malic acid (1 g.) and concentrated sulphuric acid (90 % $
o3 ml.) was heated at 140-50 until the effervescence 

ceased. The solid, separating on adding the reaction 

mixture to water was found to be identical with the 

original coumarin on direct comparison.

(iia) Condensation with ethylacetoacetate In the presence

of concentrated sulphuric acid ;
»3-(4-Hydroxyphenyl)coumarin (1 g.) was mixed with



ethyl ace to acetate (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 obtained crystallised
ofrom dilute alcoho] ii.nv:white -needles, m.p. 201 . Mixed 

m*p. with the original coumarin was not depressed.

(iib) Condensation with ethyl, acetoa^etats_An-the„,pr§,senoe 

of phosphorus pent oxide j

A mixture of 3-(4-hydroxyphenyl)coumarin (0.5 g»), 

ethyl acetoacetate (0.5 g.), absolute alcohol (10 ml.) 

and phosphorus pentoxide (1.8 g.) was heated On a steam b& 

bath for 2 hours. The product separating on pouring the 

reaction mixture In water was found to be the original 

coumarin.
(iic) Condensation with ethyl g.petopcetate in boiling 

diphenyl ether s
A solution of 3-(4-hydroxyphenyl)coumarin (0.8 g.) 

in diphenyl ether (5 ml*) was refluxed with ethyl aceto­

acetate (0.8 g.) for 4 hours. The product obtained on 

remotal 6Se t he..solventi wfesrfche original eoumajrin.
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