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CHAPTER III

Stadias In the synthesis of coumarl no-y-py rones

THBORST ICAL

Chromones ana flavones, which are benzo -y -pyrone 
derivatives, oaeurrin a variety of plants either In 

combination with rhamnose and glucose or associated with 

tannins or in the uncombined state.
The structure of a large number of flavones have 

been elucidated and many of them have been synthesised. In 

recent years the interest in the study of these compounds 
has been enhanced as a result of the discovery of their 
interesting biochemical properties. Rutin (3-rhamnoglueoside 

of quercentin) shows vitamin p activity and is important in
i

preventing capillary fragility . Other flavones such as
quercitrin,rhamnetin and 6,8-dihydrocyflavone are reported

2 3to reduce blood pressure and to act as diuretics . Further,
»calycopterin and its ^--methyl ether, herbecetin,gossypetin 

etc. act as fish poisons « The aminomethyl derivatives of 

chromones and flavones are reported to act as powerful 
central nervous system stimulants,especially on the brain 
stem and to have cardiokinetics and hypertensive action.

Methods for the synthesis of chromones and fl^voneg $

A number of methods are available for the 
synthesis of chromones and flavones and are briefly reviewed 
here* i

7
Kostanecki and Rozycki showed that a chromone 

derivative (2) was formed when resaeetophenone(l)was



heated with sodium acetate and acetic anhydride©
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This method was further developed by Allan and
8

Robinson who found that when o-hy droxyacetophenones were 

heated with the sodium salt and the.) anhydride of an 
aromatic acid, a flavone derivative was obtained. This 

method now known as the Kostanecki-Robinson reaction has 
been extensively used for the synthesis of ehromone-; and 

flavone derivatives*
It has been found that the Kostanecki-Robinson 

reaction does not give chromones in all cases. Coumarlns 
or a mixture of coumarlns and chromones may be formed in

9 10
some eases. Barg ell ini and Baker and Eastwood have found 
that when a mixture of phenyl acetic anhydride and. sodium 

phenyl acetate is used, Kostanecki -Robinson reaction leads 

to the formation of coumarlns and not chromones*
The nature of this product formed depends on the 

nature of the o-hydroxyketone, the acid anhydride and the 
salt used.

Considerable amount of work has been done on the
1191291.3 14-915

effect of substituents like alkyl, nltro,
, , i69i?9i8

carboxy and earbomethoxy groups*
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Ruhemann and coworkers condensed sodium 

phenolets (3) with ethyl chlorofethyl phenyl- 

prop iolate and ethyl p-chlorocrotonate. The intermediate 

acids (40 thus obtained were cyclised on treatment with 

con.sulphuric acid,phosphorous pentachloride or aluminium 

chloride to give ehromones (2)®
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20Kostanecki found that when esters of aliphatic 

or aromatic acids were condensed with o-methoxyacetophenones 

(5), jP-diketones (6) were formed which can be cyclised to 

ehromones or flavones by heating with hydriodic acid* 

Alternately esters of o-methoxybenzoic acids can be 

condensed with ketones and the JB-diketones formed cyclised 

with hydriodic acid to the corresponding ehromones or 

flavones.

o-Hydroxyacetophenones on condensation with 

aromatic aldehydes in the presence of aqueous alkali or 

sodium ethylate yield chalkones (7)* These can be converted

directly into flavones (8) by heating with selenium dioxide
21
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or eye Used first to f lave nones by heating with a mineral

acids and then subjected to phosphorous pentachlori.de or
22) 23

selenium dioxide treatment «

The chalkones could be converted into the chalkone
24

dibromides and then heated with alkali to get the flavones •

C83



Baker observed that o-benzoy loxy ac e t o -a ro ne s o' 
their derivatives (9) rearrange to o-hydroxydibenzoyl- 
methanes (10) when treated with anhydrous potassium 
carbonate in the presence of dry benzene or dry toluene 
which can be cyclised to the corresponding flavones (11) 
by treatment with suitable dehydrating agents such as 
sulphuric acid or boiling acetic acid and sodium acetate*

C.QCH-. l\xC O 3
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, 26 At about the same time Mahal and Verikataraman
observed that the action of sodamide on 2-acetyl-1-naphthyl -
benzoate (12) in dry ether solution gave w-benzoyl-2-acetyl-1-
naphthol (13) which with sulphuric acid underwent cyclisation
to yield corresponding flavone (14-)*
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Many other reagents are also used to bring about
27 28 

this transformation like sodium metal and sodium ethoxide .
29

Msntzer and Pullon found that if a phenol was 

heated with p-diketonic esters at a high temperature 
(about 250°) without any condansirg agent, chromones were 

produced instead of coumarins.
~ 30

fv Qesai, Trivedi and Sethna found that the reaction

was more rapid and better products were obtained if 
diphenyl ether was used as a solvent and the reaction 
refluxed with a short condenser to remove the water formed.

By using some of these methods many workers have
synthesised coumarino-y-pyrones.

31
Besai and Hamid carried out .the Kostanecki- 

Robinson acetylation on 7-hydroxy-6-acetyl- and 7-hydroxy-8- 

acetyl-4-methylcoumarin and obtained 2,6-dimethyl-3-acetyl- 
k,8 -dioxo-ifH, 8H-pyrano (3,2 -g) benzopy r an (k, 2ni imethyl-3 - 
acetylcoumarino-7,6-y-pyrone) (15) and 2,8-dimethy 1-3-



1,71
acetyl-^,6-dioxo-4-H,6H-pyraBD(2,3*-b)benzopyran or (4,2- 

dimethyl-3-acetylcoumar ino-7,8-y-pyrone) (16)•

Shah and Shah synthesised several eoumarino- 

y-py rones (18) along with c ouma ri no -a -py ro ns s when they 

subjected 5-hydroxy-6-aeylcoumarins to Kostanecki-Robinson 

acylation.
R

OH

ci7;

K- R -

cxcvficuv-i'ort

coumar i no -a -py ro ne s«.

Limaye and Ghate33 obtained2,6-dlmethyl-10-ethyl- 

3-acetyl-i+,8-dioxo-4H,8H-pyrano(3,2-g) benzopyran or (2^- 

d ime thy 1-8-ethyl-3-acdtylcoumar ino-y-py rone) (20) along 

with a coumarino-a-pyrone from 7-hydroxy-8-ethyl-6- 

acetyl-^-methylcoumarin (19) by Kostanecki-Robinson 

acetylation.
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CjLi"'s

Ulo;>

coumarino -a -pyrone

34.Mehta carried out Kostanecki-Robinson 
benzoylation with benzoic anhydride and sodium benzoate on 
8-hydroxy-7-acetylcoumarin (21) and obtained 2-phenyl-3“ 
benzoy 1 -4,9-dioxo-4H,9H-pyrano(3»2-h)benzopyran or (2-phenyl 

3-benzoyl-y-pyrano(5,6,7»8)coumarin (22)*

,yioc
^5

(.■*■*)

35Mustafa and coworkers carried out Claisen 
condensation of 4-hydroxy-3-ae etylcoumarin (23) with 

ethyl acetate in the presence of sodium to give an 
intermediate p-diketonic compound (24) which was cyclised 
by heating with sulphuric acid to 2-methyl-4,5-dioxo-4H,5H 

pyrano(3,2-c)benzopyran (25)*



They also carried out Kostaneckl-Robinson 

acetylation on if-hydroxy-3-propiorjylcoumarin (26) and 

obtained 2,3-dimethyl-4,5-dioxo-i+H,5H-pyrano(3,2-c) 

benzopyran (27)*
CH3

C^7_)

Cook and Milntyre*6 carried out Kostanecki- 

Robinson acylation on 3-acyl-^-hydroxycoumarin derivatives 

and have obtained coumarlno-a-pyrone and coumarino-y- 

pyrano derivatives deperkting upon the acyl group^acid

anhydride and sodium salt of the acid*



3? 174Recently Trivedi and coworkers subjected 
7-hydroxy-6-acetyl-4,8-dimethy 1 -, 7-hydroxy-6-acetyl-4— 
phenyl-8-methyl-, 7-hydroxy-6-propionyl-4-,8-dimethyl- and
7-hyd roxy-6-prop ionyl-4—pheny 1-8-methylcoumar in (28) to
Kbstanecki-Robinson acetylation and obtained 7-acetyl-4-,8,10- 
t rimethy1-2,6-dioxo-2H,6H-pyrano(3»2-g)benzopy ran, 7-acetyl- 
8,10 -d imet hy1-4—phe nyl-2,6 -d ioxo -2H,6H-pyrano(3, 2-g) 
benzopyran, 4-,7,8,10-tetramethyl-2,6-dioxo-2H,6H-(3,2-g) 

benzopyran and 4—phenyl-7*8,10-trimethyl-2j6-dioxo-2H,6H- 
py r ano (3,2 -g) be nzo py ran respectively (29)* The structures 
of these coumarino-y-pyrone derivatives were established 

on the basis of I*R. spectra*

R = -CH3, -C6H5 
R^= -CH3 y -GOGH 3 
R^= -GH3
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The present work deals with the synthesis of some 

coumarino-y-pyrone derivatives*

li»2ro)„bp.pz,g,py,uu 
SteJivfiftR.g.artlg.BgaMgB.

£aaiaaxio..¥^.tb...^Kyl ,%9§tete. * 3j&gg£flaggi^kTtafl«gz-
6-methylco umarin (31) :

4-Hydroxy-6-methylooumarin was heated with
glacial acetic acid in the presence of phosphorous

, , 38 »3 9oxychloride to give 3-aeetyl-4-hydroxy-6-methylcoumarin
(30).

3-Acetyl-4-hydroxy-6-methylcoumarin (30) on 

condensation with ethyl acetate in the presence of pulverised 
sodium gave the product to which 3-acetoacetyl-4—hydroxy-6- 
methylcoumarin (31) structure was assigned*

OH
H2>C U:\vvyl ffi.ceto.Ve

' "X

..  ...... 7*T-\ct

OH
3

(.303



dvcllsation of 3-acetoac aty1-4-hydroxy-6-methyl- 
coumaxln s 

benzopyran (32) t

3 -Acetoac etyl-4-hydroxy-6 -methylcoumar in on 

cyclisatlon with 25 % sulphuric acid gave the product to 
which the structure 2,9-dimethyl-4, 5-dioxo-4H,5H-pyrano 
(3»2-c)b®nzopyran (32) was assigned* ffcincipal absorption 

bands in I.R.region 1760 and 1672 em •

^t^.is _pX.,2r^J^l^,rhydrpyy.-jt4 5 ■fliagp.dfrH»SBs
m&mil*ZrS),bepzgpjrrap (35) :

Cl^isen condensation of 3-aeetyl-4-hydpoxy-7-methoxy- 
coumarin with ethyl acetate t 1-Acetoac ety1-4-hydroxy- 
7-methoxycoumarln (34) :

3-Acetyl-4-hydroxy-7-methoxycoumarin3 ^33) was 

synthesised by condensing 4-hydroxy-7nmethoxycoumarin with 

acetic acid in the presence of phosphorous oxychloride.
3-Acetyl-4-hydroxy-7-methoxycoumarin (33) on Claisen 

condensation with ethyl acetate in the presence of sodium 
afforded 3-acetoacetyl-4-hydroxy-7-methoxycoumarin (34)*

Cvollsatlon of 3-ae etoac e ty 1-4-hydroxy-7-methoxy- 
coumarin s 2 ~¥b thy 1 -8 -hydroxy-4 f 5-dioxo-4Ht 5H- 
pyrano(3T2-c)benzopyran (35) *

Vihe n 3 -ac etoac etyl -4-hyd roxy -7 -methoxyc oumar in 
was heated with 25 % sulphuric acid, it eye Used but at the 
same time demethylation took place to give 2-methyl-8-hydroxy 
4,5-dioxo-4H,5H-pyrano(3,2-c)benzopyran (35). Principal



, ”1 absorption bands in I«R.region 1760 and 1672 cm «

^mthesls_-o£,_a~Phejnyl>9,-iMthyA-^t5-d ioxo -ItH,5H-

majaaii^silzsaaaigigcaiL, (3 7) :
Cl^isen condensation of 3-acetyl-if-hydroxy-6-methyl- 

coumarln with ethyl benzoate : 3-3enzoylacafeylr^r 

hydroxy-6-methylcoumarln (36) :

3-Acetyl-4-hydroxy-6-methylcoumarin (30) was 

condensed with ethyl benzoate in the presence of sodium 
to yield 3-benzoylac9ty1-4-hydroxy-6-methylcoumarin (36)*

Gvcllsatldn of 3-be nzoylacetyl-if-hydroxy-6-methyl- 

coumarln : 2-Ehenyl-?-fflethyl-iff 5«dioxo-4Ht5H-pyrano 

(3»2-c)benzopyran C37) :

3-Benzoylacetyl-V-hydroxy-6-methylcoumarin (36)

on cyclisation with alcoholic 50 % sulphuric acid gave the
\



product to which 2-phenyl-9-methyl-4,5-dioxo-4H, 5H-pyrano 

(3>2-c)benzopyran (37) structure was assigned*

CH OH
COCH

cH'iyl beir^xodt H-C

>
Q.

^^Mgl^o|lJ^4.1^Moxa.^H4iH»By,^ojLa4ZriLt]?.es.SaPXiraa.
2-carboxylic acid (39) :

Claisen condensation of 3-aoetyl-4-hydroxycoiunarin with 

ethvl oxalate : 3-Oxalylacetyl-4—hydroxycoutnarln (38 )s

3§3-Acetyl-4-hydroxycoumarin !,on Claisen condensation 

with ethyl oxalate in the presence of sodium gave a product to 

which 3-oxalylacetyl-l+-hydroxycoumarin (38) structure was 

assigned.

Cycltsat ton of 3-oxalylac ety1 -4—hvdroxvcoumarin s

4-t 5-Dioxo-ifH, ^H-pyrano (3f2-c )benzopyran-2-c^rboxyll(» 

acM (39) s

3-0xalylaeetyl-if-hydroxyeoumarin (38) on 

cyclisation with 50 % sulphuric acid gave the product which



was soluble in sodium bicarbonate solution. On the basis 

of analytical data i+,5-dioxo-4H,5H-pyrano(3,2-c)benzopyran 

carboxylic acid (39) structure was assigned to it.

OH

CO CH COCOO

(38}

COOH

(35)

At. tamp ted decarboxylation of 4.5-d loxo-4H.t 5H-pyrano 

(3T?-c)bergopyran-2-carboxylic acid :
When 4,5-dioxo-4H,5H-pyrano(3,2-c)benzopyran-2- 

carboxylic acid (39) was heated with copper and quinoline 

or heated above its melting point it gave an unworkable 

product.



ke.PS9£Ig|gzgrSirteJlJ^.,.^JA (41) «. 

Slalgga,S91^gl^aMm.9X.arg.S^yj^^to?.y^ggth3rlj: 

saimriR vtein-§£ia3-.jQ%atete * ajftftlglagfdarlsifcs 
Iggpg.s^-mg.lj^Jff.g^garJja (4o) *

3-Acety1-4-hydroxy-6-methylcoumarin (30) when 

condensed with ethyl oxalate in the presence of sodium it 
gave a p«<licarhonyl compound to which 3-oxalylacety 1-4- 
hydroxy-6-methylcoumarin (40) structure was assigned*

C4-C0

Cycllsatjop of \-oxgilylftcetyl-4-hydroxy-6-iBethyleouffiftrin

2sJS£teato.»5s&iea^ik5IbBZgSBeli^^^
carboxylic ac id (41) *

3-Oxalylacetyl-4-hydroxy-6-methylcoumarin (40) on 

cyelisation with 50 % sulphuric acid gave a product which
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was solubletin sodium4 bicarbonate solution. On the basis 
of analytical data 9-methyl-4,5-dioxo-4H,5H-pyrano(3,2-c) 

benzopyran-2-carboxylic acid (41) structure was assigned* 

When 9ra'ethyl-4,5-dioxo -4H,5H-pyrano (3,2-c) 
benzopyran-2-carboxylic acid (41) was heated with copper 

and quinoline or heated above its melting point it gave 

an unworkable product*

Kbstaneckl-Robinson Ac ety,lat to ruof 3-propionyl-4r .

b&*3ks&mS3*2&)b8B*9Eueui ^3) *

3-ffcopionyl-4-hydroxy-6-methylcoumarin3f 42) was 

prepared by heating 4-hydroxy-6-methy 1coumarin with 
propionic acid in the presence of phosphorous oxychloride* 

3-Propion(yl-4-hydroxy-6-«ethylcoumarin (42) was 

heated with acetic anhydride and sodium acetate to give 
the product to which 2,3,9-trimethyl*4,5-dioxo-4H,5B- 
pyrano(3j2-c)benzopyran (43) structure was given.



Frlede 1-CraftS. nropionylatlon of 4-hydroxy-7-methoxy- 

cpumarin : (440 t

if-Hydroxy-7**fflethoxyeoumarin when heated with 

propionic acid in the presence of phosphorous oxychloride 
it afforded 3-proplony1-hydroxy-7-methoxycoumarin (44).
It gave red colouration with alcoholic ferric chloride 

solution,

hydroxy -7-methoxycoumarln 1
^•y^-dloxo-4Ht 5H-pyrano (ly 2-c)benzopyran (4-5) *

, When 3-propionyl-4-hydroxy-7-methoxycoumarin /was 

heated with sodium acetate and acetic anhydride it gave a 
product to which 2,3-dimethyl-8~methoxy-1+J5*dioxo-h-H,5H-

f

pyrano(3,2-e)benzopyran (4-5) structure was assigned*

. 182

OH OH

C^5>



Chalkone synthesis : 3-Clnnamoyl-4-hydroxy-6-methyl- 
coum^rlp (46) i

3-Acetyl-4-hydroxy-6-me thy Icoumarin (30) was 

condensed with benzaldehyde in the-presence of alcoholic 

potassium hydroxide to give a product to which 3-cinnamoyl- 
4-hydroxy-6-methylcoumarin (46) structure was assigned*

Attempted cycllpation of 3-cinnamoyl-4-hydroxv-()- 

methy Icoumar in to 2-phenyl-ft-methyl-45-dloxo-4H. ftH- 

pyrano(33g-e)benzopyran :

When 3-cinnamoy1-4-hydroxy-6-methylcoumarin (46) 

was refluxed with selenium dioxide in isoamyl alcohol for 

40 hr. only original chalkona was recovered.



gpjjgriii *47) *

3-Acetyl-4-hydroxy-7-methoxycouinarin (33) was 

condensed with benzaldehyde in the presence of alcoholic 
potassium hydroxide to yield 3-cinnamoy 1 -4—hydroxy-7~ 
methoxycoumarin (4-7)*

184

OH

Synthesis of Wo-Methoxy)-ci nnamoy 1-4-hydroxy-ft - 
methylcoumarln (48) t

3-Acetyl-4—hydroxy-6-methylcoumarin (30) was 

condensed with anisaldehyde in the presence of alcoholic 
potassium hydroxide and the product was assigned 3-(p-methoxy)- 
cinnamoyl-4-hydroxy-6-fliethylcoumarin (48) structure.

OH

Cf-OCtfsX^CHO

fcoH

C30 > C4&)

Sy.ltfha.s j-g.. of.. .3..-( PdSethoxjl c innampyl.-4.-hydr.0xy-Z- 
methoxycoumarifi (49) *

3 -Acety 1-4-hydroxy -7-methoxycoumarin (33) was



condensed with anisaldehyde in the presence of alcoholic 

potassium hydroxide to yield a chalkone, 3-(p-methoxy) - 

cinnamoyl-4-hydroxy-7-methoxycoumarin (49)*

185

C33J> CUQ)

Attempted cvclisation of chalkone g to the 
corresponding coumarino-y-pvronep :

When above described 3-cinnamoyl-4-hydroxy- 
coumarin derivatives were heated with selenium dioxide 
in isoamyl alcohol for a very long time only original 
chalkone derivatives were recovered*

Attempted Baker-Yenkatararoap transformation op 
^-acetyl-4-hydroxy-6-methylcoumarin to synthesise 
grPl>9pylr.9.iB.eWL4u^J2XoAHjiHrpyrapp,i;a<.2,-pl 

benzopyrpn :
When 3-acetyl-4-bydroxy-6-methyleoumarin was 

refluxed with benzoyl chloride and potassium carbonate in 
dry acetone for 40 hr. it did not meet with success and 
only original coumarin was recovered.



Attempted Clalsen conden5ation_ of_A^cetyl^-hy_droxz- 

eoumarln with, ethyl formate to synthesise 5-dfomr 

^fff.-pyrapp,) ke.P-Zp.eE£&B *

When 3-acetyl^-hydroxycoumarin was heated with 

ethyl formate in the presence of sodium it did not give 

the corresponding 4,5-dioxo-4H, 5H-pyrano (3»2-c)benzopyran, 

but only the original compound was recovered*
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Sg-athegAs. gf.

0 4 2rS.) b,p,rigppyrap *

Sl^ga.i?^g.pgj^lg.p^.t.3r^^^^^y.drpjyrtoefcbyjc: 
gaaBagjjLgtofa. .§£twJ. ag.s..ta£.& * 3atoJ^^Jdfcdg&ca»E-

6-ffiethylcournarln s

A solution of 3-acetyl-4-hydroxy-6-methyl-

coumarin (1 g.) in freshly distilled ethyl acetate (25 ml*)

was added to pulverised sodium (1 g.). The reaction

mixture was heated on a water bath for 6 hr. After the

completion of reaction a few ml. of ethanol were added to

decompose unreacted sodium. It was then added to ice and

water and ether extracted. The aqueous layer was acidified

and the separated product was filtered,dried and
6

crystallised from dil.acetic acid,m.p*153 • Yield 0.7 g* 

Analysis s Found s C,64.49 \ H,4.?2 %•
•X X _ k

Gi4Hi2°5 requires * C,64*61 ; H,4.65 %*

Cvcllsatlon of 1-^c eetoac etyl-4-hydroxy-6-methvl- 

coumarin : 2,9-Dimethyl-4,5-dloxo-4Ht5H-pyrapo 

(3,2-c) benzopyran :

3-Acetoacatyl-4-hydroxy-6-methyIcoumarin (0*5 g*5 

was heated with sulphuric acid (50 ml. $ 25 % ) on a 

sand bath for 1 hr. The reaction mixture was allowed to 

cool and neutralised with sodium carbonate. The separated 

product was filtered,dried and crystallised from dil.
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Q '

acetic acid,m.p.24$ ’• Yield 0.2 g* Principal absorption 

bands in I.R.region 1760 and 1672 cm •
Analysis s Found i 0,69*69 *, H,3.76 %•
®xuRxo°k. requires * 0,69*4-2 5 H,4-.l6 %•

Bygapali+g-rs) kena9.Eyr.au *

coumarln with ethyl ac etate : 3.-Acetoacetyl-4-ftydroxy- 

7 -methox yc o uma r i n t

A solution of 3-acetyl-4-hydroxy-7-methoxy- 
coumarin (1 g*) in ethyl acetate (25 ml.) was added to 

pulverised sodium (1 g.) and the reaction mixture was 

refluxed on a water bath for 6 hr. The reaction mixture 

was decomposed with ice and water and ether extracted. The 
aqueous layer was acidified and the separated product was 
filtered,dried and crystallised from dil.acetic acid,m*p.
153°. Yield 0.8 g.

Analysis : Found : 0,60.95 $ H,4-.23

c*aH1206 requires s C96O.87 * H,4-.38

uyclisation of 3-acetoacetyl-4-hydroxy-7-methoxy- 

couffijgirln : 2 -Efe thyl -8 -hydroxy-4- .5-d ioxo -4-H, 5H-pyra no 
(3t2-c)ben?opyran :

3-Acetoacetyl-4—hydroxy-7-methoaycouraarin (0.7 g*) 
was refluxed in sulphuric acid (75 ml. 5 25 %) on a sand 

bath for 1 hr. The reaction mixture was allowed to cool 
and neutralised with sodium carbonate. The separated



product waspfiltered and purified by the treatment with 

dilute sodium hydroxide solution. On acidification the 

product was separated,which was filtered,dried and 

crystallised from dil.acetic acid, m.p. 221 . Yield 0,3 g* 
Principal absorption bands in I.R.region 1760 and 1672 cm • 
Analysis ; Found : C,63.M+ ; H,3.80

*} x ’S

Gi3H805 requires : 0,63.9** 5 H,3.30 %*

EYmoiilT.2r9,)b9,naoj)yr.an :

Clalsen condensation of 1 racetvl-4-hydroxy»6-methyl» 
coumarln with ethyl benzoate t l-3enzoylacetyl-4~ 

hydroxy-6-methylcoumarIn :

A mixture of 3-acetyl-4—hydroxy-6-mathylcoumarin
(1 g.),ethyl benzoate (25 ml.) and pulverised sodiumCl g«)

owas heated in an oil bath at 180 for 5 hr* After the 

completion of reaction little alcohol was added to 
decompose unreacted sodium and then added to water. It 
was ether extracted and aqueous layer was acidified. The 

separated product was filtered,dried and crystallised from
. -a •» *» * »*, _

odil.acetic acid, m.p.168 . Yield OA f *
Am lysis : Pound s 0,70.72 ; H,**.*f7 %*

Gi9Hi4°5 requires * 0,70.80 j H,*f.38

Cycllsation of 3-bonzoylacety 1 -4-hydroxy-6-methyl- 
coumarln : 2-fhenyl~9-methyl-4.5>dloxo-4H. 5B-pyrano

3-Benzoylacetyl-4-hydroxy-6-m9thylcoumarin(0.*f g.)



was heated with alcoholic sulphuric acid (50 ml* ; 50 %•) 

on a sand bath for 2 hr. The reaction mixture was diluted 

with water and the separated product was filtered,washed

with sodium bicarbonate solution,dried and crystallised
1 ' 6

from dil.acetic acid, m.p. 275 • Yield 0.2 g«

\ 7 ^
Analysis t Found i 0,7^.69 ; H,1f.05 %*

9Hi 2O4, requires •• C,7^*99 ; H,3*97 %•

to2gpyra,pr^rp,ar,^xyliq.^,M *

Glalsen condensation of 3-acetyl-4-hydroxycoumarln 

with ethyl oxalate s 3 »Qxalylac etyl -4 -hydroxycoumar in

A mixture of 3-acatyl-4 -hydroxycoumarin (1 g.) ,

ethyl oxalate (12 ml.) and pulverised sodium (1 g.) was

heated on a steam bath for 6 hr. After the completion of

reaction little alcohol was added to decompose unreacted

sodium and then added to ice and water. It was then

ether extracted and aqueous layer was acidified. The

separated product was filtered,dried and crystallised
6 ;

from acetic acid, m.p. 168 . Yield 0.6 g*

Analysis t Found t 0,59.1^ $ H,3.85

C15Hi207 requires s 0,59.21 $ H,3*98 %.
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Cycllsatlon of 3K>xalylace£yl^rhydro;gycoumar In. 

it»irDteP^S»SrPyr.ai^i3.^rg)b.e|^opyj,JJ?r£rg^rbgxjlJ-.&

^0 Id :
3-0xalylacetyl-4-hydroxycoumarin (0*5 g.) was

heated with sulphuric acid (25 sal* ; 50 %) on a sand bath

for 2 hr. The reaction mixture was diluted with water and

the separated product was filtered,treated with sodium

bicarbonate solution,dried and crystallised from acetic 
oacidf m.p, 270 . Yield 0.2 g.

Analysis : Found : 0,60.22 ; H,2*05

ci3H6°6 requires : 0,60.47 ; H,2.34 t*

Att empted dec prboxylat lo n of 4,5~df°xo -4H, 5H-pyrano

( 3, ?-c) benzonyran-£-carboxyl 1c acid :

4,5-&ioxo-4H,5H-pyrano(3,2-c)benzopyran (0.5 g«) 

was dissolved in freshly distilled quinoline (4 ml.) and 

was refluxed with copper bronz-e (0.1 g.). The reaction 

mixture was decomposed with ice and hydrochloric acid 

and then ether extracted. On evaporation of ether an 

unworkable product was obtained. Attempt to decarboxylate 

the acid by heating above its melting point also met with 

failure.
Synthesis of 7-Methyl-4. 5~dloxo-4Ht 5H-pyr^no (1,2~c) 

benzopyran-£-carboxyl ic ^c id s

Qlalgp.P-gPl^gl?g.^l&l!i..9l‘.3r#PJl:^^r&.ydroxy^.rfflfAhy38"

^pHiapin y^th ethyl oxalate s 3 -Oxalyl^cetyl-4-hydroxy

IpP PBgJlE •

A mixture of 3-acetyl-4-hydroxy-6-methylcoumarin



(1 g.),ethyl oxalatd (12 ml#) and pulverised sodium (1 g.)

was heated on a steam bath for 6 hr# The reaction mixture

was poured into ice and water and extracted with ether. The
aqueous layer was acidified and the separated product was

ofiltered,dried and crystallised from acetic acid,m.p,169 * 

Yield 0.7 g.
Analysis : Found : G,60*11+ . H,i+.0*+ $.
Qi6Blh07 requires s 0,60.38 $ H,if .1+3 %.

fiBHBaEta *• 9r^g?&y,^45jdigxgJ^H^-pyxamil^c&).

benzopyran-g-c^rboxyllc acid *

3-Qxalylacety 1 -4--hydroxy-6-methylcoumarin (0.5 g#)
was refluxed with sulphuric acid (25 ®1. i 50 %) on a sand

bath for 2 hr. The reaction mixture was poured into ice
and water and the separated product was filtered,treated
with sodium bicarbonate solution and crystallised from

oacetic acid,m.p.262 . Yield 0.2 g.
Analysis i Found : C,61.52 } H,2.88 £.
Ci*H806 requires s 0,61.77 5 H,2.96 *.

Attempted decarboxylation of ft-roethyl-l*, 5"^^oxo*
4-H,5H-pyrano(3t2-c)benzopyran-2-carboxylic acid t

9-Methyl-4,5-<i ioxo -4H, 5H-pyrano (3,2-e) benzopyran - 
2-carboxylic acid (0*5 g#) was dissolved in freshly distilled 
quinoline (*+ ml.) and was heated with copper hronze(0.1 g.) 

on a sand bath for 1 hr. On working up the reaction .
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mixture as usual an unworkable product was obtained.

ssumrSn* ZeaeMri-Magiduisgteg^jU^grpyjaitt
i34.gr£lke-P£0.gS£a£ *

A mixture of 3-p rop io ny 1-4-hydroxy-6-met hyl-

coumarin (1 g.), freshly fused sodium acetate (3 g.) and

acetic anhydride (20 ml.) was heated in an oil bath at 
o140-60 for 6 hr. The reaction mixture was cooled and

poured into ice and water. The separated product was

filtered,washed with sodium bicarbonate solution,dried
oand crystallised from dil.acetic acid, m.p.247 • Yield 

0.3 g«

Analysis : Found s C,70.00 $ H,4*30 %,

Ci5Hi2<V requires s C,70.30 | H,4.72 %.

Frledel-Grafts nropiorylatlon of 4 -hydroxy-7-methoxy- 

coumarin : 3 -Frop to ny 1-4-hydroxy -7-methoxycoum^rin s

A mixture of 4-hydroxy-7-methoxycoumarin (3 g.), 

propionic acid (15 ml.) and phosphorous oxychloride (6 ml.) 

was refluxed on a wire gauze for 45 minutes. The reaction 

mixture was decomposed with ice and water. The separated 

product was filtered,dried and crystallised from acetic 
acid,m.p.l68°. Yield 1.5 g.

AnalysIs s Found s G,62.91 $ H,4.67 %•

Si3H1205 requires ; C,62.90 5 H,4.87

x



t9i
*

SQWaZiR i 

.Ol>2rcjbgnzopY,r^|i t

A mixture of 3 -p rop io ny 1 -4 -hyd r oxy -7 -roe thoxy-

coumarin (1 g.),freshly fused sodium acetate (3 g«) and

acetic anhydride (20 ml.) was heated in an oil bath at 
olifO-60 for 6 hr. The reaction mixture was decomposed

with ice and water and the separated product was filtered,
odried and crystallised from dil.acetic acid,m.p.228 .

Yield 0.4 g.

Analysis : Found s 0,66.05 $ H,4.47 %•

C'i5%20j requires : 0,66.17 ; H,4.44 %*

Chalkone synthesis : 3-Cinnamoy 1 -4--hydroxy-6-methy 1 - 

coumarln :

4-Hydroxy-3-acetyl-6-methylcoumarin (1 g.) was

dissolved in ethanol (20 ml.) and to the solution

benzaldehyde (1 ml.) and potassium hydroxide solution

(10 ml. ; 50 % ) were added. The mixture was shaken and

kept for 3 days at room temperature. It was diluted with

water and extracted with ether. The aqueous layer was

acidified and the separated product was filtered,dried
oand crystallised from acetic acid,m.p.207 .Yield 0.8 g# 

Analysis : Found s 0,74.44 ; H,4.62 %•

requires : 0,74.45 $ H,4.60 %.



Attempted cycllsatlon of ^-cinnamoyl-4—hydroxy-6-methyl- 

coumarin to 2-phenyl-9-methyl-4-t 5-dioxo-4-HT 5H-pvrano 

l3U2.rstopagpy.fflB 5

3-Cinnamoyl-4-hydroxy-6-methylcouraarin (0.7 g.) 

was refluxed with selenium dioxide (1 g.) in isoamyl 

alcohol (10 ml,) on a wire gaize for 40 hr. Isoamyl alcohol 

was then steam distilled and the separated product was 

found to he the original coumarin .

3 -Cinnamoy1-4-hydroxy-7«methoxvcoumarin :

To a solution of -hydroxy-3-acetyl-7-methoxy- 

coumarin (1 g.) in ethanol (25 ml.5, benzaldehyde (1 ml.) 

and potassium hydroxide solution (10 ml. $ 50 % ) were 

added and the reaction mixture was kept for 3 days at room 

temperature* On working up the reaction mixture as usual 

the product was obtained which crystallised from acetic 
acid,m.p.236°. Yield 0.8 g.

Analysis * Found s C,70.33 5 H,4.11 %•

^19214O5 requires s C,70.§0 ; H,lf.38 %%

\ -(p-Methoxy)oirmamoyl-4-hydroxy-6-methylcoumprin :

To a solution of 4-hydroxy-3-acetyl-6-methyl - 

coumarin (1 g.) in ethanol (20 ml.),anisaldehyde (1 ml.) 

and potassium hydroxide solution (10 ml. $ 50 % )were 

added gradually with stirring and kept for 3 days at room 

temperature. The reaction mixture was worked up as usual 

and the product crystallised from acetic acid,m.p,2l8 .

Yield 0.6 g.

Analysis s Found : G,71.89 ; H,5«15 %•

G2oHi6°5 requires s C,71.42 ; H,4.80 $.
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3- (p-ifethoxy)ei nramo yl-4-hydroxyx7 -met hoxycQumarin :

To a sp^ution of 4-hydroxy-3-acetyl-7 -methoxy-
coumarin (1 g.) in ethanol (20 ml*),anisaldehyde (1 ml.)
and potassium hydroxide solution (10 ml. ; 50 %) were

added with stirring and was kept for 3 days at room
temperature. The reaction mixture was worked up as usual

oand the product crystallised from acetic acid,m.p.213 • 
Yield 0.6 g.
Analysis : Found s 0,67*70 ; H,4*70

g2oHi6°6 requires : 0,68.18 ; H,4.58 %•

Attempted cycllsatlon of 3-cinnampyl-4-hydroxy-7- 
methoxycoumari nt ^-(p-methoxy)-c lnnamovl-4-h.vdroxy- 

6-methylcoumarin and 3-(p-methoxy)-cinnamoyl-4- 

hydroxy-7-methoxycoufflarln to corresponding coumarlno- 

y -pyrone derivatives :

A mixture of 3-cinnamoyl-4-hydroxycoumarin 
derivative (0.5 g*),isoamyl alcohol (5 ml.) and selenium 
dioxide (0.5 g*) was heated'on a wire gauze for 40 hr.

The reaction mixture was filtered hot and isoamyl - 
alcohol was steam distilled. The separated product was 
found to he unchanged 3-clnnamoyl-4-hydroxycoumarin 

derivative.



Attempted Baker-Verikataraman transformation on J / 

1-ac etvl-4-hydroxy -6 -met hy lcouma pinto synthesise

benzopyrap :

A mixture of hydroxy-3-acetyl-6-methylcoumarin 
(1 g.),anhydrous potassium carbonate (3 g.) and benzoyl 

chloride (1.5 ml.) in dry acetone (30 ml.) was refluxed 

on a steam bath for 40 hr. On evaporation of acetone and 

working up as usual original eoumarin was isolated.

Attempted Claisen condensation of 1-acetyl-4-hydroxy- 

eoumarin with ethyl formate *

A mixture of 3-acatyl-4-hydroxyeoumarin (1 g.), 

ethyl formate (20 ml.) and pulverised sodium (1 g.) was 

refluxed on a water bath for 10 hr. The reaction mixture 
was filtered and the separated product on-:evaporation 

acptone.;itas. fo.updrto be the original eoumarin.
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