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Synthesis of coumarino-a-and y-pyrones

The benzo-a -pyrones or eoumarins and the 

2-phenyl benzo-y-pyrones or flavones are found in nature 

in abundance, The a-and y-pyrone derivatives have also 

gained importance in recent years because of their 

important physiological properties® Recently they have been 

found to have coronary dilating activity (1). Hantzsch 

and Zurcher (2) condensed resorcinol and phloroglueinol 

with 2 and 3 moles of ethyl acetoacetate in the presence 

of sulphuric acid and obtained coumarino-a -pyrones (I)and 

(II) respectively in poor yields.

Sen and Chahravarti (3) condensed umbelliferone, 

^-methylumbelliferone, daphne11n,4-methyIdaphnetin, 

homoumbelliferone and if-methylumbellif erone with malic 

acid in the presence of sulphuric acid and obtained 

coumarino-7,8-a-pvrone (III a ), if-methyleoumarino-7,8-a- 

pyrons (III b ), 8-hydroxycoumarino-7,6 -a -pyrone (IV a ), 

if-methyl -8 -hydroxy coumarino -7 ?6 -a -pyrone (IV b ), 

7-methylcoumarino-5,6-G-pyrone (V a ), and if57-dimethyl- 

coumarino-5,6-a -pyrone (V b ) respectively*
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They however did not prove the structures of the 
eoumarino-a-pyrones formed, Rangaswami and Seshadri (4) 
showed that when umbelliferone is condensed with malic 
acid both the angular (III a ) and the linear (VI) 
eoumarino-a-pyrones are formed but the latter is obtained 
in poor yield. Under the same experimental conditions 
4-methylumbelliferone gives only the angular eoumarino-a - 
pyrone (III b )« They proved the structure of eoumarino- 
7,8-a-pyrone by its synthesis from 7-hydroxy-8-formyl - 
coumarin (VII) by Perkin reaction. In a similar way the 
constitution of 4-raethylcoumarino-7,8-a-pyrone was also 
proved,

Biswas (5) condensed 7 -hydroxy-3-chloro -4- 

methyl-, 5-hydroxy-3-ehloro-4,7-<1 imethyl-, and 7*8- 
dihydroxy-3-chloro-4-methylcoumarin with malic acid and



obtained the 3-chloro--i{-“methylcoumarino-7,8-a -pyrone (VIII), 
3~chloro-4,7“difflethylcoumarino-5?6-a-pyrone (IX) and 

3 -chloro -if-methyl-8-hydroxycoumarino -7,6-a -pyrone (X) 

respectively.

00

Shah and coworkers (6) synthesised several
coumarino-a-pyrones (XI) and cournarino-y -pyrones (XII) by 
subjecting 5-hydroxy-6-acylcoumarins (XIII) to 

Kostanecki-Robinson acylation*
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Shah and Contractor (7) carried out the 

Kostanecki-Robinson acylation of 7-hydroxy-8-propionyl- 

(XW a ) and 7 -hydroxy-8-butyryleoumarin (XIV b ) and 

assigned the thylcoumarino-7,8 -a-pyrone (Xv a ) and

4-propylcoumarino-7,8-a-pyrone (XV b ) structures to the 

products obtained.
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Limaye and Ghate (8) obtained ^'t-dlmethyl-S- 
ethylcouraarino -7,6 -a -pyrone (XVI) and 2* 4-dime thy 1-8- 

ethy 1 -3-aeetyIcoumarino-y-pyrone (XVII) from 7-hydroxy-8- 

ethyl-6-acetyl-4-methylcoumarin (XVIII) by Kostaneeki- 

Robinson acetylation*
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Mustafa, S'tarkovsky and Zaki (9) prepared 

5-methoxy -coumarino -7,6 -a -pyrone (XIX) by Perkin 

acetylation of apoxanthoxyletin (XX)«

o~U ovs

*>

The work has been extended to the synthesis of 

coumarino-a-and Y -py rones by the application of Perkin,
'jw.a.tCToivs

Knoevenagel, and Kostaneeki-Robinson acylation^to so-ma-oihe*
^ Jl &.oji

n ’ ’ ’ derivatives#

The present work may now be described®
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Perkin acetylation of 8 -hydroxy-7 ~formvlcoumarin :

8 -Hydroxy-7 -formylcoumarin (XXI) on Perkin 

acetylation with acetic anhydride and sodium acetate gave 

a product which was insoluble in cold dilute alkali and 

did not give alcoholic ferric chloride colouration. On 

the basis of these properties and the analytical results 
it has been assigned the a-pyrono-(5*6-7,8)-coumarin (XXII).

Knoevenagel condensation of 8-hydroxy-7-

^-carhethoxy-q-pyrono-( -7t8) -coumarin

8-Hydroxy-7-formylcoumarin on condensation with

diethyl malonate In the presence of a few drops of mixture

of piperidine and pyridine furnished a product which was

insoluble in cold dilute alkali and did not give a

colouration with alcoholic ferric chloride. On the basis

of these observations and fche analysis it has been
assigned 3-carb'lthoxy-a-pyrono-( 5?6j7*8) -eoumarin(XXIII)

K
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Kostaneokl-Robinson benzoylation of
eoumarin : 2

8 -Hydroxy-7 -acetylcoumarin (XXIV) on Kostanecki- 
Robinson benzoylation gave a product which was insoluble 
in cold dilute alkali which has been assigned the 2-phenyl-

j 9 93 -benzoyl-y -pyrono-(5,6-7,8) -coumarin structure(XXV) „

Cxxw) C**'0
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Ko^tanecki-Robinson benzoylatlon of 7»r**rTF’4i-«i- 1T_. 1.-vy'.^ITO

^SJMiS * arPhmlr3rbep£2Xl.=LrE^^^p^2^:
if 6- } *-r\-.r T '•Vr'V8i \ «

£bffi£tliylegumarin p ' -':;^C| 1
, \WVf 1.1' " * -4® ‘7 -Hydroxy -6-acetyl -8 -atethylcoun%rin

* ^ £ s 4,1 jj

(p.!? ) was subjected to Hostaneckl-Robinson' bept2OKlat0nv'
. • >L0' UNlV’cV^V*"

The product obtained on working up as usual, waiN*3*y&tallised

from acetic acid in needles. It did not give ferric chloride

colouration. It has been assigned 2-phenyl-3-benzoyl-Y-
pyrono-(5j6^6,7)-8-methyIcoumarin structure (XXVII).

^Xxvo

Kostanecki-Robinson benzoylatlon of 7-hydroxy-8-acetyl • 
i^gth^leoumarin s 2_-M^nyl_-3-benzoyl“/-pyrono-(5!6-8,7) - 

5 -methvleoumarin

7 -Hydroxy -8 -acetyl -5 -methy Icoumar in (XXVIII)

(p. i-H ) on Kostanecki-Robinson benzoylatlon with benzoic 

anhydride and sodium benzoate furnished a product which 

was insoluble in cold dilute alkali and did not give
Otj vYw, A'ASt.s offerric chloride eolouration.^ihis and from analytical data
j »it has been assigned the 2-pheny 1 -3-benzoyl-Y -pyrono - 

(5j6-8,7)-5-methyIcoumarin structure (XXIX)
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Ifooev enageyGondensation of 7-hydroxy -6-formyl-8 -methyl 
SQumarin with diethyl malon^te s 3 -Carhethoxy-g -py rono - 
15*6 -6 ,7) -8 -methylcoumarin

The 7-hydroxy-6-formyl-8-methylcoumarin (XXX) 
was subjected to Knoevenagel reaction with dtethylmalonate 
and the product obtained has been assigned the 3^carbethoxy- 
a-pyrono-(5,6-6,7)-8-methyleoumarln (XXXI) structure* It 
did not give ferric chloride colouration and was also 
insoluble in cold dilute alkali* The above formyl derivative 
is hitherto unknown. It was prepared by direct formylation 
of 7-hydroxy-8-methyleoumarln with hexamethylenetetramine.
It gave purple colouration with alcoholic ferric chloride 
and also underwent Knoevenagel reaction as above, 
therefore it has been assigned 7-hydroxy-6-formyl-8- 
methyleoumarln structure.
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6-Hydroxy -5-acetyl -4 -methyl -7,8 -benzocoumarin 
(XXXII) ( p .17 ) on Eostanecki-Robinson benzoylatlon gave 
a product which was insoluble in cold dilute alkali and 
it did not give colouration with alcoholic ferric chloride.
_ ? » iIt has been assigned 4--methyl-3-benzoyl flavono-(7,8-S,7)- 
coumarin (XXXIII)

Cxjexu)
,,(XXXW)



54

EXPERIMENTAL

Perkin acetylation of 8 -hydroxy-7 -formylcoumaiin :
Synthesis of g-pyrono-(516-7*8) -coumarln

A mixture of 8-hydroxy-7-formylcoumarin (1*9 g*|

0,01 M) acetic anhydride (10 g* | 0*1 M ) and soditaa

acetate ( 4- g. ; 0.05 M ) was heated for 7 hrs. at a
otemperature of 180-90 in an oil bath®

The solid reaction mixture was then poured in
ice cold water arri. the product which separated on keepirg

owas crystallised from acetic acid, m.p, > 350

Analysis s Found t 0=66*2 $ $ H=3o7 5-*
CiaHfiO^ requires s 0=65*7 % » H=3*2

Knoevenagel condensation of 8-hydroxy-7-formylcoumarin
t o

with diethvlmalonate s Synthesis of 3-carb;ethoxy-q-
t)vrono-( 5*6-7 T8) -eoumarin

8-Hydroxy-7-formylcoumarin (1*9 g* 5 0,01 M)
was mixed with diethylmalonate (1*6 g* \ 0*01 M) and a

few drops of pyridine were added and the reaction mixture
was kept overnight. It was then decomposed by dil,
hydrochloric acid and the solid obtained crystallised from

_ . odil .acetic acid in shining plates, m,p* 255 "6 «
Analysis s Found : 0=63®1 ^ j H=3*7
ci5Hio°6 requires : 0=62.9 % ? H=3*5
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Kostaneckl -Robinson benzoylatlon of $-hydroxy-7- 
acetylcoumarin s Synthesis of 2-phenyl-3 -benznvl-y-pyrono- 
lll6 »? .8) -eournarin

A mixture of 8-hydroxy~7-acetylcoumarln (2.2 g. $ 
O.Ol M ) , benzoic anhydride (10 g. $ 0.05 M ) and sodium 

benzoate (2*8 g. ; 0.02 M ) was heated for 9 hrs. at a 
temperature of 180-90° in an oil bath. The solid reaction 

mixture was then washed with hot water several times and 
finally with sodium bicarbonate. This was then crystallised 
from methanol in fine yellowish brown needles, m.p. 253-4°.

Analysis : Pound : C = 76.1 % | H = 3,4
C25Hi4°5 requires x 0 - 76.1 f 5 H = 3.5

Kostaneckl-Robinson benzovlation of 7-hvdroxv-6-acetyl- 
8^methylcoumarin : Synthesis of 2-nhenyl-3-benzovl-y- 
pyrono -(5*6r6AZ)- -8 -methylcoumarin

A mixture of 7-hydroxy-6-acetyl-8-methylcoumarin 
(2.18 g. ; 0.01 M ) benzoic anhydride (6*6 g. ; 0.03'M) and 
sodium benzoate (2.8 g. $ 0.02 M ) was heated for 8 hours 
at a temperature of 180-90° in an oil bath. The reaction 

mixture was then poured in ice-water. The product obtained 
on working up as usual crystallised from acetic acid in 
buff-needles, m.p. 255-57°.

Analysis ; Found : C = 76.3 % H = 3.8 #.
g26hi6% requires : C = 76.4 % $ H = 3.9 56.
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Kostanecki-Robinson benzpylation of 7-hydroxy-8-acetyl- 

5-me thylcoumar in s Synthesis of 2-nhenvl-3-benzoyl-y- 
pyrono-( 5*6^8 T7) -5-methylcoumarln

7-Hydroxy-6 -acety 1 -5-me thylcoumarin (2*18 g. ;
O.Ol M) benzole anhydride (6*6 g. ; 0.03 M ) and sodium

obenzoate were mixed and heated in an oil bath at 180-90
for 8 to 9 hrs. The product obtained on- working up as
usual was crystallised from acetic acid in brown-needles, 

om.p. 228-30 .
Analysis : Pound : C = 76.1 % ; H = 4«1 %%
c2 6^i6°5 requires s C = 76.4 $ ; H = 3«9

Knoevenagel condensation of 7 -hydroxy-6-formyl-8 - 
me thylc oumarin :

7-Hydroxy -6 -formyl -8 -methylcoumarin s 7-Hydroxy -8- 
methylcoumarin (1.76 g. ; O.Ol M ) and hexamethylene
tetramine (5.62 g. ; 0.04 M ) in glacial acetic acid 
(30 ml) were heated on a steam bath for 7- hours. 
Hydrochloric acid (1:1) was then added and the heating 
continued for further two hours. The product obtained on
extraction with ether crystallised from glacial acetic

0acid in needles, m.p. 191-92 .
Analysis : Found : C = 65.1 % ; H = 4.3 %•
CnHgOjj. requires : C = 64.7 $ $ H = 3.8

Synthesis of tethyl-
coumarin

7-Hydroxy-6-formyl-8-methy lcoumarln (2.04 g. $ 
0.01 M ), mixed with die thyImalonat e (1.6 g. ; 0.01 M )

k
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and a drop of piperidine was added and the reaction 

mixture was kept overnight. It was then decomposed by 

dilute hydrochloric acid and the solid obtained was 
crystallised from acetic acid, m.p, 205-06°

* found j C = 63.9 % ? H = 3.7

Ci6H12Q6 requires s C = 64-.0 % $ H = 4-.0 %m

Kostanecki-Robinson benzoyl.a
* 4- -Methyl Ibenzny 1. -

IlsXgnojlZ^k^reopmjtrin

A mixture of 6-hydroxy-5-ac etyl-4-methyl-7,8- 

benzocoumarin (2.68 g. ; O.Oi M),benzoic anhydride 

(6.6 g. § 0,03 M ) and sodium benzoate (2.8 g. ; 0.02 M ) 
was heated for 8 hrs, at a temperature of 180-90° in an 

oil bath. The reaction mixture was then poured in ice 

water and worked up as usual. The product crystallised 
from acetic acid in yellow needles, m.p. 311-12°.
(softens at 295°)•

Analysis: Found : 0 = 78,3 ^ J H = 4-.0 $.

C3oHi805 requires : C = 78.5 % ; H = 3.9
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