
CHAPTER II

SOME STUDIES OH ALKYL (SOUMARINS
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Extensive studies have been made on substitution 
in hydroxyeoumarins and in building up additional ivo 

heterocyclic rings on the hydroxycoumarins. The studies 
on substitution in alkylcoumarins have been comparatively 
fewer. As the present work deals with studies on 
4-,6-dimethyl-, V,7“dimethyl-, 7-methyl- and 6-metfaylcoumarin, 
previous studies on substitution in these eoumarins have 
been briefly reviewed hare to illustrate the pattern of 
substitution and the types of studies made®

4,6-Dimethyl- and 4,7-dime thyleoumarin on 
sulphonation with sulphuric acid containing 20 % sulphur 
trioxid® gave 4,6-dimethyleoumarin-8-sulphonie acid and

i
4-, 7 -d ime t hy le otimar in-6 - sulpho nie acid respectively .
Their sulphonyl chlorides on reduction with zinc and
hydrochloric acid yielded 4,6-dimethylcoumarin-8-thiol
and 4- ,7 -dimethylcoumari n-6-thiol«

4-,6-Dimethyl- and 4,7-dim8thyleou®arln on
mereuratton with mercury acetamide in alkaline solution
yielded 4-,6-dimethyl-8-hydroxy mercury- and 4,?-dlmethyl-

2
6-hydroxy mereuryeoumarin (I).

3Sastri and seshadri carried out mercuration of 
417-dimethylcoumarin with mercury acetate in methanol and 
obtained 3,6-diacetqxy mercury-4,7 -dime thyl-4-methoxy
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.3.8'The isolation of the phenolic alcohol (III) 
seems to indicate that the formation of the cyclic ether 
from coumarin occurs by hydrogenation of the ester group 
in the normal manner giving the dihydroxy compound, followed 
by the dehydration of the latter* Similarly, 7-methyl- 
coumarin gave 2-( y-hydroxy propyl)-5-me thy Iphenol on 
hydrogenation with Raney nickel and 6-meihylcoumarln gave 
the 4—methyl isomer.

Halogenation of alkyl coumarins has been studied 
8by Bey and Dalai « They observed that the introduction of a 

halogen atom directly into the benzene id part, of the coumarin 
molecule is not possible because the substitution occurs 
in the lactone ring which is more susceptible to attack*
The diazotransformation of aminocoumarins which are 
readily obtained by the nitration and reduction of coumarins 
is employed in the preparation of substituted coumarins 
with the halogen in the benzenold part. They found that 
when 4-,7-dimethyleoumarin was chlorinated or brominated, 
the first halogen atom enters the pyrone ring in accordance 
with the usual rule. This was proved by the behaviour of 
the compound with alcoholic potash, which removed the 
halogen atom and gave 2,5-dimathyleoumarilie a°ld. On 
further chlorination, a didilo.ro derivative (17) was 
produced which lost a molecule of hydrogen chloride and 
yielded a monoehloro dimethyleoumarilie acid (IVa) when 
heated with boiling alcoholic potash. In this way, they 
proved that the second atom of chlorine is evidently 
attached to the benzene ring. Its position was determined



by the preparation of the gam© compound from 6-am I no-^7- 
dimethylcouaiarin (V) by the diasotransformatIon and further 

chlorination of the product (VI),
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9
Day and Bow in their study of bromonitrocoumaMns 

carried out the nitration and bromination of 4-#7-dimethyl- 

coufflarin and obtained the 3 j8"dibromo«6-nitro derivative 
(¥11) through the following sequeme of reactions*

6-Methyleoumarin gave a dibrcsno derivative the structure

of which was not established, on bromlnation with bromine
6

in carbon disulphide ,
3Sastrl and Seshadri brom&nated i*,7-dimQthyl- 

coumarin to 3v6-dibromo-4-,7-dimethylcoumarin which was 

then converted by refluxing with alcoholic potassium 
hydroxide into 2,5~dimethyl*»4-bromocoumarille add. The 

action of K-bromosueeinimide on methylated eoumarin has
. iO?il
been extensively studied by Lecocq and Butt-Hot 0 They
observed that N-bromosuceinimide reacts only with the methyl 

group in the benzene ring but not with the methyl group in



the heterocyclic rii^j. Thus they prepared 4-methyl«-7- 
bromofflethyl(VIII) , 4-i9athyl-6**broiDomethyl-, and 6-bromo- 
me thylcouffiar i n.

During these reactions Lacoeq and Buu-Hoi never 
observed nuclear bromination on the ortho or the para
position to the hetero oxygen atom.

1 2
Tau.nk et al. synthesised the 3-aryl derivative 

of if,6-dimethylcoumarin by the application of Meerwein 
reaction in- N-,6-dimethyleoumarin*

Ohioromethylation of eoumarlns s
In the course of the present work the 

chloromethylatIon of some alkyl coumarins has been studied 
with a view to see thetptttern of substitution as both 
the steric and polar effects of the methyl group would 
play their role in directing the incoming group in addition 
to the other factors. Further, chloromethylation is an 
excellent tool in the synthetic work as the chloro methyl 
group undergoes substitution reactions with various 
reagents, for example, the chlorine of the chloromethyl 
group can be replaced by hydroxy,cyano,methoxy,ac®toxy or 
other groups by treating it with appropriate reagents.



Further, on Somme let reaction, the chloromethyl group can 
be replaced by the formyl group. On oxidation, the 
chloromethyl derivative is readily converted into the 
corresponding acid and on reduction it gives rise to the 
methyl derivative.

Mannieh bases which are compounds of potential 
therapeutic value are obtained from the chloromethyl 
derivatives on condensation with various secondary amines 
such as dimethylaminetdiethylamine, morpholine etc.

A survey of chloromethylation upto 1941 has been 
made by Fuson and Me Reaver ^ and some of the more recent ,

ii*.
work has been reviewed by 01 ah and Tolgyesi • These authors 
have reviewed in detail the various aspects of chloro­
methylation such as the application of this reaction to 
various classes of compounds, the mechanism'of this 
reaction advanced by different workers*- the role of the 
solvents, catalysts and temperature in this reaction.

Chloromethylation of a number of eoumarln 
derivatives has been studied by sethna and co-workers15!1,6 

Coumarln, 4-methylcoumarin and 7,8-dimethoxy-4-matbyl- 
coumarin gave 3-chloromethyl derivatives. 5-M9thoxy-4- 
methylcoumarin gave the 3,8-dichloromethyl derivative. 
7-Methoxy-4-methyleouraarin gave under different conditions, 
6**chloromethyl,3,8-dlchloromathyl- and 3,6,8-trlchloro- 
methyl derivatives. 6“Hydroxy-4-methyleoumarin gave the 
5-chloromethyl derivative. Its methyl ether gave the 
3,7-dichloromethyl derivative. The chloromethylation of 
some other substituted ,eoumar ins such as methyl-7-hydroxy-



4-methyl- and methyX-5-“hydr©xy-4-methylcoumarin~6-carboxylate

and 4«methyl-1,2-naphtha-a-pyrone have also bean studied,
The chloromethyl derivatives were reduced to the

corresponding rotthyl derivatives and compared with the
methyl coumarins of known orientation, Ohionomethylation
of alkyl substituted coumarins has not been reported so far,

17Day and Radhabai observed that chlorination of 7-®8thyl- 

coumarin-4-aeetie add and 6-roethylcaumarin-4-acetic acid 

in hot acetic add with a stream of chlorine led to 

simultaneous chlorination and decarboxylation with the 
formation of 7-®0thyl-4»chloromethyl- and 6-methyl-4- 

chloromethylcoumariB:; respectively*

The present work deals with the chloromethylation 
of 4,6~dimethyl~and 4,7-dimethylcoumarin.

qhloroaethylatlon of 4T6-dime thyleoumari n t

4,6-Dimethyleoumas*in (IX) on chloromethylation

with 1 mole of paraformaldehyde in acetic acid at room
otemperature did not give a pure product. But at 70 , in 

the presence of fused zinc chloride, it gave a mono** 

chloromethyl derivative which on reduction with zinc and 
hydrochloric add gave 3,4,6**trimethyleoumarin (XI), 

identical with the known 3,4,6-trimethylcoumarln prepared 

by the Pechmann reaction of p-ere sol with ethyl ra­
ffle thyl ac Q to acetate. 4,6-Dim8thyl-3«chXoromethylcoumarin 
structure (X) has been therefore assigned to the 

chloromethyl product.
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On heating with acetic anhydride in the presence 

of fused sodium acetate, the chloromethyl derivative gave 

k,6-dlmethyl-3-acetoxymethylcou&arin (XII). When heated 

with hexamine in chloroform or in acetic acid, the product 

obtained was not the 3-formyl derivative. It did not give a 

2,if-dinitro phenylhydrazone nor did the analysis correspond 

to' that for &,*6-dimethyl-3-formyleoumarin. The structure of 

this product has not been established. if, 6-dimethyl-3- 

chloromethylcoumarin on reaction with morpholine and 

dimethylainine in dry benzene gave the corresponding Mannich 

bases (XIII,XIV). -

As mentioned in the general introduction the

Mannich bases from eoumarins have been found to act as
18

central nervous system stimulants . A number of Mannich 

bases have therefore been prepared in the course of this 

work and their physiological properties, are being 

investigated.

On heating with alcoholic potassium cyanide, the 

chloromethylcoumarin afforded if,6-dimethyl-3-cyanomethyl 

coumarin (X?) which was then hydrolysed with 70 % 

sulphuric acld to b,6-dimethylcoumarin-3-acetic acid (XVI) • 

This acid was converted into ethyl if,6-dimethylcoumarin-3- 

acetate (XVII) by heating with ethyl alcohol in the presence 

of concentrated sulphuric add. Attempt was then made to 
synthesise if,6-dimethyl-3,3-bicoumarinyl (XVIII) from this 

ester by condensing it with salicylaldehyde in the presence 

of piperidine.



But the condensation did not take place even on long 

heating and the original ester was obtained back*

Chloromethylfitlon of 4,7-dimethylcoumgrin s

4-,7-Dimethylcoumarin (XIX) on chloromethylation 
oin acetic acid at 70 in the presence of fused zinc chloride 

gave a mo nochloromethy^, derivative (XX) which on reduction 

with zinc and hydrochloric acid afforded 3,4,7-trimethyl- 

coumarin (XXI) Identical with 3,4',7-trimethylcoumarin 

prepared by the Pechmann reaction between m«cresol and 

ethyl-a-methyl-acetoacetate. The product (m*p* )

obtained on heating the ehloromethyl derivative with 

hexamine in acetic acid or chloroform was not the 3-formyl 

derivative. It did not give a 2,4-dinitrophenyl hydrazone 

nor did the analysis correspond to that for 4^7-dlmethyl- 

3-formylcoumarln. The structure of this product has not 

been ascertained*

k^7-Dimethy 1-3-chloromethylcoumarins on reaction 

with morpholine and dimethylamino in dry benzene gave the 

corresponding Mannioh bases (XXII,XXIII) . 4,7-©Unethyl~3- 

cyanomethylcoumarin (XXI?) was prepared by heating ifr,7« 

dimethyl-3»chloromethylcouraarin with alcoholic potassium
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cyanide* This eyammefchylcoumarin was hydrolysed with 
70 % sulphuric add to 4$7-dlTnethylcouiaarin-3“acetic acid 
(XXV). This acid was esterified with ethyl alcohol in the 

preseme of concentrated sulphuric add and the 
condensation of the ester (XXVI) thus obtained, with 

sallcylaldehyda in the presence of piperidine to get the 
biooumarinyl derivative (XXVII) was attempted. But no 

condensation took place even on prolonged heating*

Ohioromethylation of 7-methyl-and 6-methyleoumarin 

was attempted under different conditions using aim chloride 
as catalyst -but no pure chloromethyl derivative could be 

isolated from the reaction mixture®

Bromomethyleoumarins are as important as the 
chloromethyl derivatives as the bromomethyl group 

undergoes similar reactions with various reagents as the 
chloromethyl group. The previous work on the synthesis 

and utilization of bromomethyleoumarinsfor further
C

synthetic work may be briefly described here®
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Dey and Radhabai reported the formation of two
products in bromination of 7~m©thyleoamar ln-4-acetic add
with JO % bromine in acetic acid viz. 7-methylcouraarIn-4-
broiaoacetic acid and 7'-methyl-4“bromomethylcoumarin.
Similarly 6-methyleoumar i n-4»ace tic add also gave
6»methyleoumarin«4»bromo acetic acid and 6-methy1-4-
bromomethyleoumarin. Several attempts were made by them
to confirm the 4>~bromomathylcoumarin structure. Their
attempts to replace the halogen by 0H, NHa and
groups by treatment with appropriate reagents were
unsuccessful. Even by heating the bromomethyleouraarin

0
with moist silver oxide at 100 for 5 hours, the halogen 
was rot removed. Aqueous alkali,howevsr,eliminated the 
halogen completely in the course of a few minutes. This 
difference was explained by the fact that the alkali does 
not initially attack the bromine,, but that it is the pyrone 
ring which is first opened up, the subsequent rearrangement 
to the stable benzo-dihydrofuran ring involves the 
Interaction of the bromine and the phenolic hydrogen.
The preparation of the compounds of the Grignard type with 
magnesium in dry ether was also?attempted by the same 
workers without success.

7“lfethyl-4“bromomethylcoumarin was reduced to 
4,7-dimethylcoumarln with zinc-copper couple in acetone. 
Oxidation of 7-®8thyl»4“bromomethylcoumarin with potassium 
permanganate in acetone solution gave m-era sc tints add.
6«*Methyl-4-bromomethylcoumarln on oxidation yielded 
p-cre sot inis acid.



50
, £ j

Dey and Sankaranarayanan established the 
structure of 7-m9thyl-4-broraomathylooumarin by its 

synthesis from m-cresol and y-broao aceioacetlc ester by 
Pechaann reaction*

The present work deals with several synthesis 
starting with four bromomethylcoumarins ; (i) 4-methyl«6- 
bromomethylcoumarin (ii) ^-methyl-7"bromomethylcoumarin 
(ill) 7"bromoaethyl- and (iv) 6-bromomethyleoumarin,

Studies on 4-methyl ^-bromomethyleoumarln s
4-Methyl-6-brotao me thy leoumar In (XXVIII), prepared

10
according to Lecoeq and Buu-Hbt / gave an acetoxy 
derivative (XXIX) on refluxing with acetic anhydride and 

fused sodium acetate. When heated with hex amine in acetic 
acid, 4-methyl-6-bromomethylcoumarin gave 4-methyl-6- 
formyleoumarln (XXX) which was characterised by the 

formation of the 2,4-dinltrophenyl hydmsone derivative. 
This formyleoumarin (XXX) cannot be prepared by the 

Pechmann condensation of p-hydroxy benzaldehyde with ethyl 

acetoacetate as the condensation of phenolic aldehydes 
with ethyl acetoacetat© lathe presfenseodf usual 

condensing agents used in the Pechmann reaction gives 

unworkable products.
When heated with acetic anhydride and fused

osodium acetate in an oil bath at 170-80 for 12 hours 
the formyl coumarin gav© p-(4-methyl-6-coumarinyl)acrylic
acid (XXXI) . This acid decolourised neutral potassium

\
permanganate solution and bromine water showing the
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pro sene® of unsaturat'iesa.
4—Mathyl-^-bromomethyleoumarin on condensation 

with morpholine and dimethylawim in dry benzene gave the 
corresponding Mannieh bases (XXXII, XXXIII)

(xxxv) t
The a -ami no a® ids sare substances of interest as 

many of them are found to occur in nature either in the 
free state or as building units of proteins* a-Aminoadds 
with oxygon heterocyclic Uftlts such as benzo°a-pyrpne 
units, do not appear to be known* It was therefore thought 
of interest to synthesise such adds*

4—!fethyl-6-formyleoumarin was therefor® condensed 
with hippuric add in the preseme of fused sodium acetate 
and acetic anhydride when the aslactone > (XXXIV) was 
obtained. This azlacton® on heating with red phosphorous 
and hydriodic aeid in acetic anhydride solution, gave 
|M4‘-methyl-6“Coamarinyl)a!anim (XXXV)* The above 
azlactone on hydrolysis with 10 % alcoholic sulphuric add 
gave a mixture of two products , which was separated with 
sodium bicarbonate solution. The sodium bicarbonate extract 
on acidification gave the add (XXXVI) and the part 
insoluble in sodium bicarbonate solution was the ester 
(XXXVII). The acid (XXXVI) also gave the gaim add(XXXV) 

on reduction with red phosphorus and hydriodic acid*
f

With a view to further exploit the synthetic
possibilities of the reactive intermediate (XXX) and to

»synthesise 4-®ethyl-4-(2-chromoi^rl)coumarin,
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4-methyl -6-formyIcoumarin was condensed with o-hydroxy-
aeetophenons in the presence of alcoholic potassium
hydroxide. After keeping the reaction mixture overnight,
it was acidified. The yellow solid which separated has
been assigned the ^-(4-methyl-6-coumarinyl)vinyl-o-
hydroxyphenyl ketone structure (XXXVIII) as it gave a red
colouration with concentrated sulphuric &cid and a positive 

20Wilson test « Jfereover, It gave an acetoxy derivative (XXXIX) 
when heated with acetic anhydride and fused sodium acetate 
showing the presence of a free hydroxyl group.

The above ketone (XXXVIII) when refluxed with
oselenium dioxide in Iso amyl alcohol at 14^-50 for 2V

»hours, underwent eye li sat ion to 4-methyl-6-(2-chromonyl) 
coumarin (XI).
gtudie s o n 4 rn& thyl»? °bro mome thyle oumarin *

Hawing successfully accompli shed-the above
syntheses, it was thought of Interest to study similar
raactionswith 4-ffiethyl~7-£@rmyleoumarin which could be
synthesised from the known 4-a»thyl-7-broaomethylcoumarin.

4-Mithyl-7-bron»methylcoumarin (XII) prepared
toaccording to lecocq and Buu-Efoi on heating with acetic

anhydride and fused sodium acetate gave 4-»me thyl~7«*acetoxy-
me thyleoumarin (XLII). 4-Me thyl«»7-bromomethylcoumar in was
converted into 4-methylH?«formylcoumaria (XLIII) by
heating with hexamlne in acetic acid. It was characterised
by the formation of a 2,4—dinitrophenylhydrazone derivative*

4-Ifethyl-7~formylcoumarin when heated with acetic
„ oanhydride and fused sodium acetate at 170-80 for 12 hours,
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yielded p»(^-*ethyl-7-eoumarinyi)acrylic acid (XLIV).
Methyl-7 ~bromoiaa thy leoumarl a on condensation 

with morpholine and dlm©thyla®lne in dry benzene gave the 
corresponding Mannich bases (XLV, XLVI) respectively* 
Synthesis of p»(4>methyl»7«coumarlcarl)alanine (XLVIIX) : 

4-Methyl-7«-formylcouniarin on condensation with 
hippuric add in the presence of fused sodium acetate 
and acetic anhydride gave the corresponding azlactone 
(XLVIX). This azlactone, on heating with red phosphorus 
and hydriodic acid in acetic anhydride solution afforded 
p^(4—methyl~7-couciarlnyl) alanine (XLVI I I) . The azlactone 
on hydrolysis with 10 % alcoholic sulphuric acid gave a 
mixture of the ester (XLIX) and the acid (L) which was 
separated by treatment with sodium bicarbonate solution* 
This acid (L) also gave the same amino add (XLVXXI) 
on treatment with red phosphorus and hydriodic add*

Syptheplft of, -methyl >7°-(2>oftromonyl)couniarlxt (LIU)* 
4-Methyl~7-formylcoumarin was condensed with 

o«hydroxyacetophenone in the presence of alcoholic 
potassium hydroxide. The yellow product separating on 
acidification of the reaction mixture gave red colouration 
with concentrated sulphuric add and a positive Wilson 
test* It gave an acetoxy derivative (LXI) on heating 
with acetic anhydride and fused sodium acetate indicating 
the,presence of a free hydroxy group* p-(**.-Methyl-7- 
couraarlnyl)viryl-o-hydroxyphery! ketone structure (LI) 
was therefore assigned to this product. This ketone
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on refluxing vith ssioniuo dioxide in iso-amyl alcohol
>

underwent eyclization to 4-ms thyl-7-( 2-ehromonyl) - 
*coumarin (LIII),

one

C-H 7



7-Metnylcoumar in on brominatlon with N-bromo- 

suecinimide in dry benzen® gave 7-broooaethyleoumarin(Liy)« 
It gave an acetoxy derivative (LV) on heating with acetic 

anhydride and sodium acetate* 7-Bromomethyleomnari n on 

heating with hexamin® in acetic aeid? afforded 7-formyl- 

eoumarin (L?I), characterised by the formation of a 

2»4-d 1 nit rophenyIhydrazons derivative •

7-FormyleoumarIn on Perkin acetylation with 

acetic anhydride and fused sodium acetate gav* 
p~(7~coumarinyl)acrylic acid (IVII). Xtedecolourised 

potassium permanganate solution and broad ne water.

jbVIl



617-12-Ciiroinoml)cp^mflpIn (IX) g

7-Foi®yleoumarin on condensation with o-hydroxy- 
acetophenone in presence of alcoholic potassium hydroxide 
solution yielded |3-(7-eouiaar inyl)v 1 nyl«o-hydroxyph®nyl 
ketone (17III), it gave a red colour with concentrated 

sulphuric add and a positive Wilson test. Further, it 

gave an acetoxy derivative (LIX) when heated with acetic 
anhydride and fused sodium acetate indicating the presence 
of a free hydroxyl group. The above ketona (LVHX) on

i

refluxing with selenium dioxide in iso-aayl alcohol at 
140-50 for 24 hours gave 7-(2-chromonyl)couisarin (LX)©

one. o o~Hy d rco-y g&Uo-
,pkaj)Ot^t—

C§o~ txmyl cJc-c.kif\
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7-Formyleoumarin on oondesnation with hippurie 
acid in presence of sodium acetate and acetic anhydride 

gave the corresponding azlactone (LXI)S This on heating 
with red phosphorus and hydriodic aeid in acetic 

anhydride solution afforded p-(7-coumarinyl)alanim(mi).

' 6-Bromomethylcoumarin (LXIII) prepared from
6-me thylcoumari n according to Bun-Hoi and Leeocq*°$ on

heating with acetic anhydride and fused sodium acetate gave

an acstoxy derivative (LXI?) which was found identical
2.1

with the known 6-aeetoxymethylcoumarin * On Sousielet 

reaction with hexamine in glacial acetic acid 6-bromo- 
methylcoumarin gave 6-forsnyleoumarin (LX?)» The same 
foisnylcoumarin was also prepared by Sen and Chakravarii22
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by the Reimer-Tiemann reaction on simple coumarin. These 

authors carried out several synthetical works with this 
formylcoumarin and these are mentioned below:

They found that 6-formylcounarin underwent 
benzoin condensation giving a product which they mmed 

coumaroin. The condensation of 6-formylcoumarin with 

acetone and acetophenone in the presence of sodium hydroiide 
afforded ,dicoumaral acetone and coumaral acetophenone 

respectively.

Several azomethine dyes were synthesised by
the condensation of 6-formylcoumarin with (i) monoamines

such as p-toluidine, B-naphthylamine, p-nitroaniline and

ami no azo benzene, (ii) diamines such as benzidine, o-, m-

and p-phenylene diamine ani (iii) such dyes as rosaniline,
chrysodine and safranine, which contain free amino group.
Further, 6-formylcoumarin was condensed with resorcinol

in the presence of sulphuric acid at a temperature of 
o120-30 and the product obtained was assigned the structure 

(LXVI). Ho proof for this structure was given*

64
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The condensations of 6-formylcouraarin with B-naphthol

and diethyl-m-aminophenyl have also been described.
23

Banerjee in his attempt to synthesise 

phenanthracoumarin condensed 6-formylcoumarin with 
hippuric acid in the presence of sodium acetate and 
acetic anhydride and obtained the azlactone (LWII).
This was hydrolysed to the cournarin-6-pyruvic acid (LXVIII).

The azlactone (LX\riI) was then condensed with 

p-toluidine,a-naphthylamine and aniline and substituted 

amides were obtained.
In the course of the present work, 6-formyl- 

coumarin was subjected to Perkin reaction by heating with 

acetic anhydride and freshly fused sodium acetate and 
p-(6-coumarinyl) acrylic acid (LXIX) was obtained.



6»FormyIcoumar i n was condensed with o-hydrosy-
aeetophenone in the presence of alcoholic potassium
hydroxideo The yellow product obtained on acidification
of the reaction mixture gave red colour with concentrated
sulphuric add and a positive Wilson test showing the
presence of a free hydroxyl group* Moreover, it gave an
aeetoxy derivative (LXXI) by heating with acetic anhydride
and sodium acetate* fM6“Coumarinyl) vinyl~o-hydroxy phenyl
ketone structure (LXX) was therefore assigned to this
product* This ketone on refluxing with selenium dioxide

»in iso«amyl alcohol was eye Used to 6”(2=»chromonyl) 
coumarin (Lmi)*



The use of bromomethylcoumarins for the 
synthesis of various furocoumarins and coumarlno-a- 
pyrones is described in chapter III®
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Paraformaldehyde (0,6 g.) was dissolved in

acetic acid (10 ml*) by passing hydrogen chloride gas*

4-,6-Dimsthylcouffiarin (1 go) was then added am this was

followed fcy fused sine chloride (0*1 g©). Hydrogen
ochloride gas was passed at 70 for if hours. The reaction

mixture was then kept overnight aEd the solid which

separated crystallised from benzene-petroleum ether
oin white plates (0o4- g»), m.p, 128 .

Apaly.glg. s Found s C,64-A5 | H,4*8l | Cl, 16.09 *•

Gi2H1102Cl requires s C,64>*86 | H,4.95 i Cl, 15*81 %.

4-, 6 ime t hyl°3-ehloromethy 1 coumarin (0*5 g®) was

dissolved in acetic acid and zinc dust (2 g«) was added.

This was followed by hydrochloric acid (con*5 ml*)

portionwise* The reaction mixture after heating for 1

hour on a steam bath was filtered. The filtrate on

dilution provided 3,4-y6-trimethyleoumapin. It was
ocrystallised from.alcohol. M.P. 165 » Mixed m.p. with 

3?if,6“trimethylcoumarin obtained by Pechmann reaction 

between p-eresol with ethyl-a-methylaeetoacetate was
olS" onot depressed. Chakravartl reported the m.p* 165 •



The chlorous©thy 1 derivative (0.5 g*) was

refluxed with acetic anhydride (5 ml*) and fused sodium

acetate (2 g«). for 1 1/2 hourso The reaction mixture was

poured in water and the product obtained, crystallised from
odilute acetic acid in white needles, Hup# 136 •

Anglygig : Found s 0,68.14 j H,5«62 

ci4.Hn*°4. requires * C,68.29 ; H,5«69 %*

1 mixture of 4,6-dimethy 1 -3-chlorousthylcotmarin

(0,5 g») and hexasuine (2 g®) in glacial acetic acid (25 ml*)

was heated directly on a wire gauze for 30 saimtes*

Hydrochloric acld (10 ml, 5 Isl) was then added and

heating continued for futher 10 minutes. The product

separating on pouring the reaetlon mixture in cold water

crystallised from dilute acetic acld in pale yellow
0

needles, m,p, 189 » It did not give.a 2,4-dinitro 

phenylhydraaone* It inalyst«d ; C,76«26 % H,5*1 %« 

4,6-Dimethylr3“fo3®ylcoumarin requires 0,71*29 § H,4«95

4,6~Mmethyl*»3-'ehloromethylcouffiarin (0,5 g«) 

was dissolved in minimum amount of dry benzene and 

morpholine (2 ml*) was added. The reaction mixture was 

refluxed on a stegym bath for 2 hours. Benzene was removed



70
and the product crystallised from bonzane-petroleum

oether in white needles,ra«p«137 •

Apalyplg s Found s C,69«23 $ H,6.89 $ N, 5«32 

gi6hi 9O3N requires s C,69o¥* f H,7.X7 j N,5*28

4,6-Diffiethyl-3»ehloromethylcouraarin (0.5 g.) was 

dissolved in minimum amount of dry benzene and dimethyl- 

amine (2 ml.) was added and the reaction mixture refluxed
1

on a steam bath for 2 hour so, Benzene was then removed and

the product crystallised from benzene-petroleum ether in
0

white, needles, m.p. 123-26 .

Analysis, s Found s 2,72.52 \ H,7.21 f N,5*86 £•

Gi requires : C,72«73 | Ht7„35 ; N,8«06

ev

A solution of 4-,6“dim8thyl-3“^hlorom9thylcouraarin

(1 g«) in alcohol was mixed with an aqueous solution of

potassium cyanide (1 g*) and the reaction mixture refluxed

on a steam bath for 3 hours. The product separating on

dilution of the reaction mixture with water crystallised
0

from dilute alcohol in light pink needles, nup. 156 •

-Analysis : Found s C,73«19 ; H,lf®99 ; N,6.26 %*>

requires % C,73.23 ; H,5«16 ; N,6®57 $>*

^-.6-Dimet^lcouma.rln-I-aoet.ic..,a.Q.14 %

The above cyanometbyleoumarin was dissolved in 

70 % sulphuric acid and heated on a water bath for 2 hours. 

This was then diluted. The separated product was taken
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in sodium bicarbonate solution* On acidification of the
bicarbonate extract the acid obtained was crystallised

ofrom dilute acetic acid in white needles, sup* 180 * 
Analysis t Found s 0,67*00 f H,5«°8 

G13H, aOi*. requires t 0,67*23 ; H,5*T?

The above acid (1 g®) was dissolved in ethyl
alcohol (50 ml*) and concentrated sulphuric acid (4 ml*)

was added. The mixture was heated on a steam bath for
6 hours. The product separating on dilution of the reaction
mixture with water was washed with sodium bicarbonate
solution and crystallised from dilute methyl alcohol in

owhite needles,tup.108 .
Analysis, s Found 1 C,68.93 $ H,6.27 %*

ga5®i6®m. requires ? C,69*29 ; H,£*15 %•

A solution of ethyl-**,6-dimethylcoumarin-3~
acetate (0*8 g«) was mixed with salicylaldehyde (0.3 g„)

and four drops of piperidine. The reaction mixture was
heated on a steam bath for 8 hours. The solid obtained
on pouring the reaction mixture in cold \ hydrochloric acid
was washed with dilute sodium hydroxide solution and
crystallised from dilute alcohol in whit© needles,m»pa 

0
108 . Mixed m.p. with the original ester was not depressed®
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Paraformaldehyde (0.6 g.) was dissolved in
acetic acid (10 ml.) by passim dry hydrogen chloride
gas* The solution was then mixed with 4,7-dimethyl-
couniarin (1 g.) and fused zinc chloride (0.1 g.) and

ohydrogen chloride gas was passed for 4- hours at 70 .
On keeping the reaction mixture overnight at room 

temperature a solid separated* It crystallised from 
benzane-petroleum ether in white needle s£Q»5 g*)/m*Pol42° 

Analysis : Pound ? <2,64*55 ; H,4.76 ; Gl,16.16 %* 
Gi2aii°2cl requires t C,64.86 ; H,4*95 ; Cl,15.81 %.

The above chloromethyl derivative (0.5 g.) was
dissolved in acetic add and zinc dust (2 g.) was added*
This was followed by concentrated hydrochloric add (5 ml*)

portlonwise* The reaction mixture was then heated on a
steam bath for 1 hour. The product which separated on
dilution of the reaction mixture with water crystallised

, ofrom alcohol in white needles, m.p* 114 * Mixed m*p. 
of this product with 3,4,7-trimrfchylcoumarin prepared 

from m-cresol and ethyl-a-methyl acetoacetate by Pechmarm
SlU

reaction, was not depressed. Fries and Klostermann
/

reported the same melting point®

A mixture of 4,7 -dime thyl-3 -ehloromathyleoumar 1 n 
(0*5 go) and hexamine (2 g.) in glacial acetic add (25 ml.)
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was refluxed direbtly on a wire gauze for 30 minutes.

Hydrochloric acld (10 ml. 5 1*1 ) was then added and
heating continued for further 10 minutes. The product

separating on pouring the reaction mixture in cold
water crystallised from dilute acetic acid in white

0
needles, m.p. 193 . It did not give a 2,4~dinitro phenyl 
hydrazone. Tc Analyst;G,76.00 $ H,4-.93 4,7-Dimethyl-

3-formylcoumarin requires 0,71.29 \ H,4.95 %*

k^rMJiethylr3j“ffiorpMllnomethylcoumar,in 1

4-,7-Dimet hy 1 -3-cbioromethyIcoumarin (0.5 g.) was 
dissolved in dry benzene and morpholine (2 ml.) was added* 

This was,heated on a steam bath for 3 hours. After the 

removal of benzene the solid which separated was crystallised 
from benzene-petroleum ether in shining white needles,m.p«

m .
AjJaJZMlM • Found * 0,69*11 | H,6*94- 5 N,4>.87
Ci6Hi9°3N requires * C,69®M* § H,7.17 5 N,5»28 g«

A solution of 4>,7~dtoethyl~3-chlorons3thyl-
coumarin (0.5 g.) in dry benzene was mixed with dimethyl-
amine (2 ml.) and heated on a steam bath for 3 hours. The

solid separating on removal of benzene crystallised from
0

benzene-petroleum ether in white prims,m.p.108 .
JfialZaU. « Found * 0,72.35 ? H,6.99 | N,6.13 %.

G19H1?02K requires 1 0,72.73 ? H,7«35 | N,6.06 *•



k57-Dimethyl-3-chlorome thylccumarin (1 g8) was
dissolved in alcohol and mixed with a solution of
potassium cyanide (2 g«) in water* The reaction mixture
was refluxed on a steam bath for 3 hours* The product
separating on pouring the reaction mixture in water
crystallised from dilute alcohol in white needles. m.p. 

o160 .

Angtoii : Pound t 0,73.03 * H,4.99 ? N,6.38 %»
ci3Hii°2^ requires s 0,73*23 \ H,5.16 \ N,6.57 %%

The above cyanomethylcoumarin (0*5 g.) was dissolved 

in 70 % sulphuric acid and heated on a steam bath for 2 hours.
was then poured in water# The solid which separated was 

dissolved in sodium bicarbonate# The solid separating on 

acidification of the bicarbonate extract crystallised from 
dilute acetic acid in white needles,®.p. 193°.

ai& * Pound ? 0,67.16 | H,5»14 %m
ci3Hi20% requires s 0,67*23 | H,5,17 %m

A solution of 4-,7»dimethylcoumar in-3-ace tie add 
(1 g.) in ethyl alcohol was heated under reflux with 

consent rated sulphuric acid (4 ml.) for 5-6 hours. The 
reaction mixture was then poured into water and the separated 
solid was washed with sodium bicarbonate solution. It 

crystallised from dilute methyl alcohol in shining white



75oneedles, m.p. 98 » '

s Found • C,68,82 $ H,5®85 %*
CA5Hi60is. requires % C,69*23 $ H,6.15 %•

The above ester (065 g®) was dissolved in absolute

alcohol and mixed with salicylaldehyde (0.2 g.) and 3 drops

of piperidine. It was heated on a steam bath for 8 hours.

The solid obtained on pouring the reaction mixture in ice

cold hydrochloric add was washed with dilute sodium

hydroxide solution. It crystallised from dilute methyl alcohol
oin white needles, m.p. 98 . Mixed m.p. with tN; ethyl-4,7- 

dimathyleouma?ln-3'“acetate was not depressed.

k^Jb^^cet^xymsthylcoumarin :
ioA mixtui*e of 4—methyl“•6'“broiaoffiethylcouiiarin(0e5 g«), 

fused sodium acetate (1«5 g©) and acetic anhydride (10 ml.) 

was heated gently for 1 1/2 hours. The solid separating on 

addition of the reaction mixture in water crystallised from 
dilute alcohol In white plates, m.p,131+°. 

dmk£§i& » Found : G,67©6? 5 H,5©30 g.

Ci3Hi2°4 requires : C,67.23 § H,5.17 %m

isazlsssaacifi s
4-Methyl*=6“bromoaethylsourflailin (1 g„) was mixed 

with hexamine (2o5 g.) and acetic add (25 ml.). This 

reaction mixture was then refluxed gently for 30 minutes. 

Hydrochloric acid (10 ml. j Ijl) was then added ami heating 

continued for further *10 minutes. The product obtained on



dilation of the reaction mixture with water crystallised
ofrom acetic acid in pal® yellow needles, m«p.2ll «

Yield 0,5 g*
Analysis s Found i CT,70*18 | H,4*3?
C11H803 requires- : 0,70*21 ; H,*f.2*f %•
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The 2A-dlnlti
It was prepared by heating a mixture of the above

formyl derivative in alcohol and 2,^—dini trophenylhydraaine
hydrochloride in alcohol on a steam bath for 30 minutes.
It was crystallised from nitrobenzene in orange nsedl&s'f 

0
m.p. 322 •
Analysis : Found 1 <N, 15«3^ 
C1?Hi206N4 requires s H, 15.23 $>*

The above formyl derivative (0.5 g«) was heated

under reflux with fused sodium acetate ana acetic anhydride 
0

at I7O-8O for 12 hours. The solid obtained on diluting the

reaction mixture with water was taken in sodium bicarbonate
solution and the sodium bicarbonate extract was acidified •
The product obtained crystallised from acetic acid in

osmall white needles (0.2 g.) 9 m„p, 303 « Wdj decolourised 

neutral potassium permanganate solution and bromine water, 
Anaiysij 5 Found s £,6?.66 |

^13% 0^4 requires : C,67.82 5 H,4-.3h- %a
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t

A solution of -methyl-6-i>romomeihyicoum arin
CO,5 g.) in dry benzene \<?as mixed with morpholine(2 ml*)

and heated on a steam bath for 3 hours. The solid obtained

after the removal of benzene crystallised from benzene-
opetroleum ether in white needles, ffi.p. 105 •

Analysis : Found t C,69*66 § H,6*55 | N,5*49 %• 

C15Hi703N requires i 0,69-50 § H,6.56 | N,5A0

^-Methyl-

Methyl-6“bromomethyleoumarin (1 g«) mixed with

dimethylamine (2 ml.) in dry benzene was heated on a steam

bath for 3 hours. Benzene vras removed and the separated

solid crystallised from petroleum ether in whits needles, 
om,p,85 .

Analysis * Found i 0,72*35 $ H,?012 $ N,6.21 %. 

^UHi5°2N requires s C,71.88 | H,6S91 ? N,6A5 %.

An intimate mixture of 4--methyl»6-f ormylcoumarin
(1 g.) hippuric acid (2 g.),fused sodium acetate (2 g.) and

acetic anhydride (15 ml*) was heated on a steam bath for

1 hour. This mixture was then cooled and mixed with alcohol
(20 ml.). This was then again heated on a steasm bath for

30 minutes to removed acetic anhydride. The yellow product

separating on cooling was filtered,washed with boiling

water and cold alcohol successively* It crystallised from
0nitrobenzene in yellow needles,. Yield 0,9 g*
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AnstalS * Found ' s G,72.40 * H,3*59 * H,3*98 %.
g2oHi30^N requires : 0,72*51 * H,3*92 * N,4.23 t.
§cSbzMe£bxlz6r9S>up3rZ]w]Jalaxi1.ne *

A mixture of the above azlaetone (1 g.),red 
phosphorus (0.8 g.), acetic anhydride (5 ml*) and hydrlodic 
acid (5 ml* $ 50 $ ) was refluxed for 3 hours. The reaction 

mixture was cooled,filtered and the residue was washed with 
two 5 ml* portions of glacial acetic acid and then with 

excess water. The water extract gave a product on 

concentration. This was again dissolved in water and made 
just neutral with dilute ammonia solution. The product 
obtained on concentrating the solution was crystallised

ofrom minimum water in white granules (0.4 g,)m.p.245-50 • 

Analysis : Found : 0,62.86 ? H,5*55 * N,5*51 *. 
Cl3Hi30*N requires* 0,63*15 ? H,5*26 5 N,5*66 *•

&rBg.^^3-4^jPrl.¥.r^etl^3»^.s.oy.gari,py:A.).aoyy3-^..aPLd..»
A solution of the above azlactone (0.8 g.) in ethyl

alcohol was mixed \#ith sulphuric add (10 ml.| 10 % ) and
heated until the reaction mixture became colourless. This
was then diluted with water. The solid obtained was
extracted with sodium bicarbonate solution. The bicarbonate
extract on acidification gave the acid which was crystallised

0
from acetic acid. M.P. 256.

Analyses : Pound * 0,68.50 ; H,4.00 5 N,3*99 %* 
G2oHi5°5® requires: 0,68.77 } H,4*29 $ N,4.0l %.
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The insoluble residue in the above hydrolysis

which was the ethyl ester of the above acid crystallised
ofrom acetic acid in white wooly needles, sup.186 •

Analyst * Pound : C,69.68 5 H,5.l4 *, N,3.47 %.
C22H1905N requitess; : 0,70.03 ; H,5.04 $ N,3.71 %.

The above acid (0.8 g.) was refluxed with red
phosphorus (0.6 g.), acetic anhydride (4- ml.) and hydriodic

acid (4- ml. 5 50 % ) for 3 hours. The reaction mixture was

filtered after cooling. The residue was washed with two

5 ml. portions of glacial acetic acid. The product separating

on cooling the filtrate was dissolved in water and treated

with ammonium hydroxide until the solution was neutral.

This on concentration gave a product which crystallised
0

from water in white gramles (0.3 g.), m.p. 24-5-48 . Mixed 

m.p. with ]p-(4-methyl-6-coumarinyl)alanine described above 

was not depressed.

Condensation of 4-methvl-6-formylcoumarln with o-hydroxy- 
acetophenone s |3-(4-M3thyl-6-coufflarlnyl) vinyl-o-hydroxy - 

Phenyl ketone :

A solution of 4-methyl-6-formylcoumarin (1 g. ;

1 mole) in alcohol was mixed with o-hydroxyacetophenone 

(0.7 g. 5 1 mole) and potassium hydroxide (10 g. in 10 ml. 

water). After keepiig overnight, the react ion mixture was 

diluted with ice water and acidified. The precipitated



yellow product cry stall! sad frost acetic acid In yellow 
needles <0,5 ge), m.p, 218°.

k&UMs. s Found s 0,74.69 * H,4.4l %%

ci9Hi*°* requires s 0,74.50 5 H,4.57 %>*

ghe_jjgetoxy derivative s

The above chalcons (0,5 g.) was heated with acetic 
anhydride <5 ®1») and fussd sodium acetate <2 ga) for 
1 1/2 hours. It crystallised from dilute alcohol in light 
yellow plates, m.p. 15X°S,

Agalx§i& s Pound * 0,72*69 ; H,4.59 %*

GaiHi605 requires s 0,72,41 $ H,4.59 £,

krlfethyl^6rl2rchromonyl)coum^r^n s

A mixture of the above ketone <1 g„) in £s0 amyl
alcohol and selenium dioxide (2.5 g.) was refluxed at 

0
140-50 for 24 hours. It was filtered hot. The solid obtained 

on cooling the filtrate crystallised from acetic acid in tiny 
white needles (0.4 g*), m.p, 300?

Analysis s Found s 0,74.80 5 H,3.91 %•

Gi9Hia04 requires : 0,74.99 * H,3.94 jg.

k^fethZlrT^aCftoxymethylcoumprIp %

A mixture of 4-methyl-7-bromomethylcoumarin(5 g.) 
fused sodium acetate (2 g.) and ac©tic anhydride (5 ml.) 

was refluxed gently for 11/2 hour3. The product separating 
on dilution of the reaction mixture was crystallised from
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benzeiB-petroleum ethqr In whit# needles, m.p.ll8° 81 
MalxMs i Fourd t C,67,39 * H,5.15 *.
Gi3Hio0i» requires . : 0,67.23 \ H,5.17 %•

MU*

4- Me thy1-7 -bro mo me thyleoumarin (1 g„) was mixed 
with hexamine (2*5 g») and acetic acid (25 ml©) and refluxed 

gently for 30 minutes. Eydrochloric acid was then added 
(10 ml. $ 1*1 ) and heating continued for further 10 minutes* 

The product obtained on adding the reaction mixture in 

water was crystallised from acetic acid in pale yellow 
needles, m.p* 201°. Yield 0*3 g* 

ie&ipijl s Found S 0,70*38 ? H,4.34
ghH803 requires % 0,70.21 $ E,4.24 %* ■

This was prepared by refluxing a solution of 
4-metby1-7-formyIcoumarin and 2,Winitrophenylhydrazine 

hydrochloride in alcohol on a steam bath for 15 minutes. 
The hydr&zoce crystallised from nitrobenzene in orange 
yellow medles.lt decomposed at 310°.

Afi&taig t Found 1 1,15.17 %.
Gi7H1206% requires s N, 15,22

A mixture of 4-methyl-7 =*formyleoumarin (0.8 g®), 
fused sodium acetate (2.4 g.) and acetic anhydride (8 ml.) 

was refluxed at 170-80 for 12 hours in an oil bath. The 
reaction mixture was then added to water and kept overnight.
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The precipitated product crystallised from acetic acid

oin white needles, map„ 315 * It was soluble in sodium 

bicarbonate with ©fferves©nee. It decolourised neutral 

potassium permanganate solution and bromine water# 

&m&X§3£. * Pound t C,67<M } H,^25 %*

Gi3HioO^ requires s C,67*82 § Eth^b %«

A solution of if methyl -7 -bromom ethyleoumar i n 
(0,5 g») in dry benzene was mixed with morpholine (2 ml®) 

and refluxed on a steam bath for 3 hours. The solid 

obtained on removal of benzene crystallised from 
petroleum ether in white needles, m*p, 85°,

&&2&A s Pound i C,69.26 | H,6.50 * N,*.3»f %. 

ci5Hi7°3N requires % C,69*50 | H,6.56 5 H,5.*f0 %.

A mixture of if-me thyl-7-bromomethyIcouaari n
(0,5 g.) in dry benzene and diraethylamine (2 mla) was

refluxed on a steam bath for 3 hours. Benzene was then

removed • The solid obtained crystallised from petroleum
0

ether in whit® needles, m.p. 75 •

t Pound s C,72.07 | H,7.13 I H,6.16 *«
Gi33i5°2H requires x G,71.88 5 H,6,91 | N,6A5£»

An intimate mixture of h-methy1-7-f or my 1- 
coumarin (2 g,), hippurie acid (4 g.),fused sodium 

acetate (2 gs) and acetic anhydride (15 ml.) was heated 

on a steam bath for 1 hour. It was then cooled and



alcohol (20 rala) was'added* The heating on tie steam hath

was continued for further 1/2 hour* The yellow product

separating on cooling tin reaction mixture was washed

with water and cold alcohol successively* It crystallised
ofrom nitrobenzene in yellow needles, hup* 263 * Yield

0*8 g.

Analysis z Pound : C,72*10 ; H,3*99 | N,i*.55 

C2oH1304,H requires s C,72*5l | H,3*92 | N,4.23
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A mixture of the above azlactone (1 g«) ,

red phosphorus (0.8 g*), acetic anhydride (5 ml*) and

hydriodic acid. (5 ml* § 50 % 5 if as refluxed for 3 hours*

It was then cooled and filtered* The residue was washed

hwith 5 ml* portions of glacial acetic acid* The solid

obtained on cooling the filtrate was dissolved in water

and just neutralised with ammonium hydroxide solution.

This solution, on evaporation afforded a solid which

crystallised from water in tiny white needles (0 A g,), 
oaup. 255 . It is soluble in sodium bicarbonate solution 

and hydrochloric acid*

An§l£|d§ : Pound : C,62*78 \ H,5«48 § N,5®79 
^i3^i3®4N requires : C;,63*15 $ H,5«26 ; N,5*68

°-methyl~7~coumarlnyl)«crvlic pc:
The azlactone (0*5 g*) in ethyl alcohol was 

refluxed with sulphuric add (5 ml* ; 10 % ) until the 

colour of the solution changed* The product separating 

on dilution of the reaction mixture with water was



treated with sodium bicarbonate solution* The bicarbonate
extract on acidification gave the acid. It crystallised
. ofrom acetic acid in white needles, m*p. 258 •

imlZMiJS. * Pound s G,68*30 ; H,4.47 5 N,!+.¥f %.

G2oHl505N requires : C,68*77 ? H,*+.29 ? N,^.01

rmethyl-7 -coumarimllacnylate •

The part which was insoluble in sodium
bicarbonate in the above hydrolysis crystallised from

. ° acetic acid in white shining needles, m.p. 221 •
Analysis •: Pound : 0,69*69'? H,5*18 ? N,3.67 %.
G22Hi9°5N requires s 0,70.03 ? 11,5*0^ § N,3»71 % +

A mixture of a-benzamido-f^=-()+-aiethyl-7-
coumarinyl)acrylic acid (1 g.), red phosphorus (0.8 g.),
acetic anhydride (5 ml.) and hydriodic acid (5 ml* ; 50 50

was refluxed for 3 hours. The cold reaction mixture was
then filtered and the residue was washed with minimum
amount of acetic acid. The total filtrate on cooling

gave a product. This was dissolved in water arri .’just
neutralised with ammonium hydroxide solution. This
solution on concentration afforded the amino acid which
crystallised from water in tiny white needles (0.5 g.),

0
m.p.255 . Mixed m.p. with p-(^-methyl-7-eoumarinyl) 

alanine described earlier was not depressed.
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A* solution of 4-methyl-7-formylcoutnarin 
Cl g») in alcohol was kept overnight with o-hydroxy- 

acetophenons (0*7 g.) and potassium hydroxide ClO g, in 

10 ml, water)® It was then diluted and acidified® The 

precipitated yellow product was washed with sodium 
bicarbonate solution and crystallised from acetic acid 

in dark yellow needles (0.8 g*), m.p.2l4°. It was • 

sparingly soluble in sodium hydroxide solution. It gave 

a red colour with concentrated sulphuric acid and a 

positive Wilson test, .

* Found i 0,74*71 ; H,4.8C g.
ci9HiiA. requires s 0,74.50 | H,4.57

It was prepared by heating a mixture of Lfe oisove- 
cksh*#3 (0.5 g.), fused sodium acetate (2 g.) ard 

acetic anhydride (5 ml.) for 2 hours. It crystallised 

from dilute acetic acid in yellow needles, m.p.156?

&&2Z&S- : Found t C,72.06 $ H,4.52

G2iHx6°$ requires : 0,72.40 $ H,4.59 %%

g^ILoj^P^y 1) coimia ri n_;

The above hydroxy ketone (0.5 g.) dissolved 
j.n iso-amyl alcohol (50 ml.) was mixed with selenium 
dioxide (1,25 g.) and refluxed at 140-50° for 24 hours.



The solution was 'filtered hot* The product obtained

on cooling crystallised from nitrobenzene in pale yellow 
ocubes, m*p* 262 *

kmXlL&Ji s Found £ 0,75*09 } H,3„79 
ci9H2.2°4 requires t 3,74.99 i H,3e94 %*
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N-Bromo slice inimtde (l g*) in dry benzene was 

Mixed with a solution of 7“*m®thyIcoumarin (l g „) in dry 

benzene, Benzoyl peroxide (0*01 g.) was then added.

After refluxing the reaction mixture on a steam bath for 

6 hours, the solution became colourless* Benzene was 

removed and the solid was washed with hot water to remove 

any unreaeted ft-bromosuacinimida. It crystallised from 
acetic acid in colourless needles (0,6 g,), m*p*182°. 

k£&kL2k§. • Found : Br, 33*45 >1.

CloH?023r requires t Br, 33*4-7 %•

Z^Aceto^ymet^rlso^arifi s

A mixture of 7-bromomet}iylcoumarin (0.5 g.) , 
fused sodium acstate (X»5 g») and acetic anhydride(5 ml.) 

was heated for 1 1/2 hours. The solid separating on 

adding the reaction mixture to water crystallised from 
dilute alcohol, m.p* 104-°.

imlMM. • Found j 0,65*86 | H/f.68 $.

Gi2HiO0¥ requires s 0,66.06 $ H,4»58 %,



A mixture of ^-bromomethylcoisnarin (1 g») and

hexamins (3 ge) in glacial acetic acid (5$ ml®) was
refluxed for 3° aimtes. Hydrochloric acid (10 ml, |

Isl) was then added and heating continued for further

10 mimtes. The reaction mixture was then added to

cold water and the product obtained crystallised from
oacetic acid in pale yellow needles (0.4- g«), sup.205. 

Analysis j Found s 0,68.93 $ H,3«62 
0* c^6°3 requires % C,68»98 ; 3,3®^ %*

It was prepared as described earlier. It 

crystallised from nitrobenzene in yellow needles, sup*
> 300°.

s Found : N* 15*63 %*

Gi6Hio°6% requires i N,15.82

A mixture of 7»formylcoumarin (0.5 g®),fused
sodium acetate (1.5 g«) and acetic anhydride (5 ml®) was

cheated at 1/0-80 for 12 hours. It x-?as then added to

water. The solid obtained crystallised from acetic acid
o ^in yellow cubes (0.3 g.)a«p.275 ® At decolourised 

potassium permanganate solution and bromine water. 
Analysis : Found i 0,66.58 § H,3®72

requires s G,66®67 | H,3 *70 3»®



£&§J£J£. * &EX2^2SiBal^m3^^£lrQHy^£££h§ml-MfeS£-£ *

A solution of 7 -f o rmylc cum a r in (1 g.) in
i

alcohol (25 ml®) was mixed with o-hydroxyacetophenone

(2 ml9) and potassium hydroxide (10 g. in 10 ml.water)

and kept at room temperature for 24 hours. This mixture

was then diluted and acidified. The yellow product which

separated was washed with sodium bicarbonate solution.
It crystallised from acetie acid in yellow needles (0.5 go) 

0
m.p.204-6 . This was soluble in sodium hydroxide solution . 

It gave a red colouration with concentrated sulphuric 

acid and a positive Wilson test, 

ikaalyjij s Found s 0,74.3? 5 H,3.94

ci8Hi20»i. requires s 0,73.98 $ H,4.11

Zli^^re.toS^J®rA2§ti2S *
A mixture of theJygfei^O.5 g.),fused sodium

acetate (2 g.) and acetic anhydride (5 ml.) was refluxed

for- 1 1/2 hours. The reaction mixture was poured in

water and the product crystallised from dilute alcohol
0

in pal© yellow shining plates. M.P. 130 .

AnglZSls. * Found t C,71-81 5 H,4.26
X

C2O“i%05 requires s 0,71.86 ; H,4.19 %•

sZxi2^0hr2ffi2i}lllSOMB£iB *

The above hydroxy efi&fe*e;3 (0.8 g.) in iso-amyl

alcohol (50 ml.) was refluxed with selenium dioxide(2 g.)
0at 140-50 for 24 hours. This solution was filtered hot



89
and the product obtained on cooling the filtrate,

crystallised from dilute acetic add in pale yellow
o

powder (0*5 g«), m.p* 250 *
Analysis t Found i £,74*09 $ H,3®12 %*

^iS^ioOii. requires : C,74*49 \ H,3*44

CQMsns^td.on_of_Z-;^m^,co^a£i|L^thuM£Burle^cM 

4 -(7~Cou3rmrinal) 2rP.heraLl.r5.rPxgigol-om »
A mixture of 7-formylcoumarin' (2 g*), hippuric

acid (4 g •), fused sodium acetate (2 g*) and ac®tic

anhydride (20 ml*) was warmed till a clear solution

was formed* This was then refluxed for 1 hour. The

reaction mixture was cooled and alcohol (20 ml*) was

added* It was heated for further 30 minutes* The yellow-

solid which separated on cooling was washed with boiling

water and cold alcohol successively* It crystallised
ofrom nitrobenzene in yellow plates (2g.), m»p*230 * 

Analystp j Found : C,71*55 » H,3»55 $ N,4«53 %• 

9H1204N requires % 0,71*69 \ H,3*77 » N,4*40 %&

The above azlactone (1*5 g*) was heated under 

reflux with red phosphorus (1*2 g*), acetic anhydride 

(7 ml.) and hy dr iodic acid (5 ml. } 50 ti ) for 3 hours* 

The reaction mixture was cooled and filtered. The solid 

obtained from the filtrate on cooling was dissolved in

water and neutral! 

The solid separati 

crystallised from

sed with ammonium hydroxide solution, 

ng on concentration of the solution , 

water in white needle § (0,5 g *) ,



, m-,p. 280 . It was soluble in so dints

bicarbonate solution, and hydrochloric acid.

Analysis 5 Found : 0,61.*+5 5 H,V®66 ; N, 5*50Ml 
ci2HiiO^N requires ; C,61.80 $ H,*k72 5 N,6.00 t.

A mixture of 6-bronomethyIcoumarin (0,5 g»), 

fused, sodium acetate (1,5 g*) and acetic anhydride (5 ml®) 

was heated under reflux for 1 1/2 hours. The reaction 

mixture was than added to water and the separated solid 

crystallised from .methyl alcohol in white flat needles,
O 21

sup, 108 . Stoarmer and Oetker reported the melting 
opoint 108-9 «

6~b ro mom a ■; hr 1 e o um a r 1 n s $-Formyl r-

S.2i£!&££fi :
A mixture of 6-bromomethylcoumarin (2 g»)^.fuJ 

hex am ins (5 g.) in glacial acetic acid (50 ml.) .was 

refluxed directly on a wire gauae for 30 mimtas. 

Hydrochloric acid (20 wl,\ Isl) was then added and 

heating continued for further 15 minutes. The white 

solid obtained on diluting the reaction mixture with

ice cold water,crystallised from acstic acid in whits
O 22

plates (0*8 g«), sup, 189 « Sen and Chakravarti 

reported the same melting point®

J=i6sSsaffiaje3^K3^mlisL^id s
A mixture of 6-formylcoumarin (l g«),fused

sodium acetate (3 g.) and acetic anhydride (10 ml.)
owas heated in an oil bath at 175-80 for 10 hours. The
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cold water was taken in sodium bicarbonate solution*
The sodium bicarbonate extract on acidification gave the 

acid which crystallised from acetic add in whit® needles 
(O*7 g»), m.p* 306 » It decolourised potassium permanganat 

solution andbbromine water.
4nalZ§.t& : Found : C’, 66.4-0 $ H,3*91 %«
Gi2%0^ requires % G?66®67 5 Hs3®?0

Gondensation of_6-formylcoumarin with. 0L-hydroxy-
acetonhenone s 
ketone s

A solution of 6-formylcoumarin (2 g.) in

alcohol was kept for 24- hours with o-hydroxy
acetophenone (4- ml,) and potassium hydroxide (20 ml, 5

100 % ). The yellow solid obtained on dilution and

acidification of the reaction mixture was washed with
sodium bicarbonate solution, it crystallised from acetic

0
acid in yellow plates (0.8 g«), m.p, 218 • It is 

soluble in sodium hydroxide solution and gives red 

colour with concentrated sulphuric acid and a positive 

Wilson test.
. Analysis s Found % Cs74-,24- \ H,4-«25 %•

requires : G973«98 | H,V.ll %.

Prepared by heating the above ketone (0.5 g*) 
with fused sodium acetate (1.5 g«) and acetic azfoydride 
(5 ml.) for 1 1/2 hours. The solid separated on diluting



the reaction mixture w'ith water crystallised r from

dilute alcohol in light yellow shining prisas, sup. 
o157 .

t Found s 0,71,64 § H,4®43 ;£< 
requires s 0,71*86 | H,4.19C2oH^05

/

6»(2-Ghromoayl) -coumarln i
The &bova hydroxy ketone (0,6 g®) in iso- 

amyl alcohol was refluxed with selenium dioxide (2 g.) 
at 145-50° for 24 hours. It x*as filtered, hot and the 

separated product from the cold filtrate crystallised
ofrom acetic acid in brown needles (0,3 g.), sup, 260 

Maj-ysig : Found : 0,74.67 ; H,3.31

Ci8Hio°4 requires : 0,74.49 ? H,3.44 t.
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