CHAPTER II
SOME_STUDIRS ON ALKYL COUMARINS
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~ Extensive studies have been made on substitution
in hydroxyeoumarins and in building up gdditfoncol -+~
heterocyclle rings on the hydroxycoumarins. The stﬁdies
on substitution in alkylcoumazjins have been comparatively
fewer. As the present work deals with studies on
4,6-dimethyle, 4,7-dimethyl-, 7-methyl- and 6-methylcoumarin,
previous studies on substitution in these coumarins have
been briefly reviewed here to illustrate the pattern of
substitution and the types of studies made.

L,6-Dimethyl- and 4,7-dimethylecoumarin on
sulphonation with sulphurie gcid containing 20 4 sulphur
trioxids gave L,6-dimethylooumarirn-8-sulphonic acid and
4,7-dimethylcoumarin-6~-sulphonic acld raspeci:ivelyx.
Their sulphonyl ehlorideson reduction with zine and
hydrochloric asid yielded 4,6-dimsthyleoumarin-8-thiol
and }4,7-dimethyleoumarin-6~thiol.

4,6-Dimethyle and 4,7-dimethylcoumarin on
mercuration with mercury acetamide in alkalime solution
yielded 4,6-dimethyl-8-hydroxy mercury- and %,7-dimethyl-
6-hydroxy mereurycoumar q.nz (n.

Sastri and Ssslmadzri3 carrisd out mercuration of
4, 7~dimethyleoumarin with mercury acetate in methamol and
obtained 3,6-diacetoxy mercury-k,?odimethyl—#umetmiy
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The isolation of the phemolic aleohol (III)
seams to indicate that the formation of the cyelic ether
from counarin occurs by hydrogenation of the ester group
in the mormal manrer giving the dihydroxy compound, followed
by the dehydration of the latter. Similarly, 7-methyle-
eoumarin gave 2-(y-hydroxypropyl)e-5-methylphencl on
hydroganation with Rarey nickel and é-methyleoumarin gave
the Y-methyl isomer, N

'Halogenation of alkyl coumarins has been studied
by Dey ard Dalalao Thay observed that the introduction of a
halogen atom directly into the bangernoid part of the coumarin
molecule is not possible because the substitution occurs
in the lgctone ring which is more susceptible to gttacke.
The diazotrgnsformation of amimocoumarins which are
reagdily obtained by the nitration and reduction of coumarins
is employed in the preparation of substituted coumarins
with the halogen in the bengempid part. They found that
when .4 ,7-dimethylecoumarin was chlorinated or brominated,
the first halogen stom enters the pyrone -ring in gccordarnce
with the usual rule. This was proved by the behgviour of
the compound with alcoholic potash, which removed the
halogen atom and gave 2,5~dimethyleoumarilic gcid. On
further chlorinatien, a dichloro derivative (IV) was
produced which lost a molscule of hydrogen chloride and
yielded g‘momclzloro dimethyleoumarilie seid (Iva) when
heated with boiling aleoholiec potash. In this way, they
proved that the second atom of chlorire is evidently
attached to the benzene ring. Its position was determined
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by the preparation of the same compourd from 6-amino-it,7-
dimethylecoumarin (V) by the diszotransformation and further
chlorination of the product (VI),
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Dey and Ro‘w9 in their study of bromoritrocoumafins,
carried out the nitration and bromination of 4,7-dimethyl-
coumarin and obtained the 3,8-dibromo-6-nitro derivative
(VII) through the following sequence of reactions.

C‘Z; - (o] B‘YQZ CJ?B \ - =
] A B

C:.Hs it 2

HNO;S’

6=Msthylecoumarin gave a dibremo derivative the structurs
of which was mt established, on bromination with bromine
in carbon disnlphide‘,

Sastri and Seshadri.3 brominated 4,7-dimethyl-
coumarin to 396-=dibromo-lf,7-dimethylcoumarin which was
then converted by refluxing with alcohclic potassium
hydroxide into 2,5-dimethyl-4-bromocoumarilic acid, The
action of Nebromosuceinimide on methylated coumarin hgs
been extensively studied by lLecoeg and Bugz—HoiL,muo They
observed that N;bromosuccinimide réeacts only with the methyl

group in the benzene ring but not with the methyl group in
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the heterocyelie ring. Thus they prepared L-methyl-7-
bromome thyl(VIII) , 4-methyl-6-bromomethyl-, and 6-bromo-
methylecoumarine.

a‘:,g O‘ | | ’

c.i+ 2

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

i Taunk et al.lLz synthesised the 3-aryl derivative
of Y4,6-dimethylcoumarin by the application of Meerwein

reaction én 4,6-dimethylcoumarin.

Chloromethylation of coumarins

In the course of the present work the
chloromsthylation of some alkyl coumarins has been studied
with a view to see theipsttern of substitution as both
the steric and polgr effects of tl» methyl group wonld
play their role in directing the incoming group in addition
to the other ﬁactois. Puarther, chloromethylation is an
excellent tool in the synthetic work as the chloromsthyl
groﬁp undergoss sabstitution reactions with various
reagents, for example, the chlorine of the chloromethyl
group can be replgced by hydroxy,cyamd,methoxy,scetoxy or

other groups by treating it with appropriate reagentse.

~

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

Mannich bases which are eompounds of potential
therapeutic value are obtained from the chloromethyl
derivatives on condensation with various secondary amines
such as dimethylamine,diethylamine, morpholina etc,

A survey of chloromethylation upto 1941 has been
made by Fuson and McKesver *3 and some of tle more recent

.work has been ravieyed by Olsh and Tolgyesil * These authors
have reviewed in detail the varilous aspects of chloro-
methylation such as the application of this reaction fo
various classes of con;pounds, the mechanism'of this
régction advanced by different workers;l\étlhe role of the
solvents, catalysts and temperature in‘this“reaction.

Chloromsthylation of a mmber of coumgrin
1591

derivatives has beesn studied by sethna and co-workers
Coumarin, 4-methylcoumarin and 7,8-dimethoxy—h-«-methy1—
coumarin gave jehlommthyl derivatives. 5-Methoxy-4-
methyleoumarin gave the 3,8-dishloromethyl derivative.
7-Methoxy-h-methyleoumarin gave under different corditions,
6-chloromethyl,3,8-dichloromethyl- and 3,6,8-trichloro-
methyl derivatives. 6=Hydroxy-4-methylcoumarin gave the
Sechloromethyl derivative. Its methyl ether gave the
3,7-dichloromethyl derivative. The chloromethylation of

some other substituted eoumarinssuch as methyl-7-hydroxy-
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hemethyl- and methyl-5-hydroxy-4-me thylcoumarin-6-carboxylate
and l&zmethylal‘, 2-maphtha-g-pyrone have also been studied,
The chloromethyl derivatives were reduced to the
correspording methyl derivatives and comparsd with the
methyl coumaring of known orientation. Chloromethylation .
of alkyl substituted coumarins has not been reported so far.
Dey and Radhabaiw obgerved that chlorimation of 7-methyl-
coumarin-f=gcetic acid and é-mesthylecoumarin-k-gcetic acid
in hot acetic gcid with a stream of chlorime led to
simultaneous chlorination and decarboxylation with the
formation of 7-methyl-k-chloromethyl- and 6-methyl-i-
chloromesthyleoumgrin:: respectively.

The present work deals with the chloromethylation
of 4,6-dimethyl-and 4,7-dimethylecoumarin,

) 4,6-Dimethylecoumarin (IX) on chloromethylation
with 1 mole of paraformaldehyde in gcetic acid at room
temperaturs did mt give a pure product. Bat at '700, in
the présence of fused zire chloride, it gave a moro-

- ehloromethyl derivative which on reduction with zinc and
hydrochloric acid gave 3,k,6-trimethyleoumarin (XI),
identical with the krown 3,&_,6—1:1'11:19 thylecoumarin preparad
by the Pechmann reaction of p-cresol with ethyle-a-
methyl acetoacetate. k4,6-Dimethyl-3-chloromethylecoumarin
structure (X) has been therefors assigned to the
chloromethyl pmductf
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On he;;ting with gecetie anhydride in the presence
of fused sodium acetate, the chloromethyl derivative gave
4,6-dimethyl-3 -acetoxymethyleoullarin (XII). When heated
with hexamire in chloroform or in gcetic acid, the product
obtained was mot the 3-formyl derivative. It did mot give a
2,4-dinitro phenylhydrazore mor did the analysis correspond
- to' -that for Wy6-dimethyl-3-formyleoumarin. The structure of
this product has not been established. 4,6-dimethyl-3-
chloromethylecoumarin on reaction with morpholine and }
dimethylamine in dry benzene gave the corresponding Mannich
bases (XIIL,XIV). - v

As mentioned in the general introduction the
Mannich bases from coumarins have been found to act as
central rervous system stimulantsm. A number of Mannich
bases have therefore been prepared in the course of this
work and their physiological properties. are being
investigated. i

On heating with alcoholiec potassium eyanide, the
chloromethyleoumarin afforded 4,6-dimethyl-3-cyanomethyl
coumarin (XV) which was then hydrolysed with 70 %
’su]_phuric acld to 4,6-dimethylcoumarin-3-acetic acid (XVI).
This acid was converted into ethyl 4,6-dimethyleoumarin-3-
acetate (XVII) by heating with ethyl alcohol in the preserce
of comcentrated sulphuric geid. Attempt was then made to
synthe glse 14-,6-dimethyl-3,3-’-bicoumarinyl (XVIII) from this
egter by condensing it with sa]:icylaldehyde in the preserce
of piperidire.
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But the condensation did not take place even on long
heating and the original ester was obtaimed back.

4,7-Dimethy1coumw1n (XIX) on chloromethylation
in acetic acid at 70 in the praseree of fused zinec chloride
gave a monochloromethy:}, derivative (XX) which on reduction
with zinc and hydrochloric acid afforded 3,4,7-trimethyl-
coumarin (¥XI) identical with 3,4,7-trimethyleoumarin
prepared by the Pechmann reaction between m-cresol amnd
ethyl-g-methyl-acetoacetate. The product (m.p. 133 )
obtainad on hegting the chloromethyl derivative with
hexamine in gcetic acici or chloroform was not the 3-formyl
derivative. It did not give a 2,4-dinitrophenyl hydrazons
nor did the analysis correspond to that for 4,7-dimethyl-
3=formylcoumarin. The structurs of t his product has nojt:
baen ascertaired.
k,7-Dime thyl-3-chloromethylcoumarin, on reaction
with morpholine and dméthylamine in dry banzens gé.ve the
corresponding Mamnich bases (XXIT,XXIII) . 4,7-Dimethyl-3-
cyammeth§IGOMarin (XX1IV) wés preparéd by heating %,7-
dimethyl-3-chloromethyleoumarin with aleoholic potassium
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eyanide. This eyanomethylecoumarin was hydroiysed with

70 4 sulphuric geid to 4,7-dimethyléoumariny3oacatie acld
(XXV). This acid was esterified with ethyl gleohol in the
presemnce of concentratsed sulphuric acid and the
condensation of the ester (XXVI) thus obtalnsd, with

¢

salicylaldehyde in the preseme of piperidins to gét the |

< s -

li
bicoumarinyl derivative‘(XXVII) was attempted. But no

condensation took placeé even on prolonged heating.

. (5
, cHy o) Sceiec,“iij( ‘;,ég’ekf :&L Chy
CHCLOC Hy- Pireridine.
Cilg
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Chloromethyldation of 7-methyleand §-methylcoumarin
was attempted under different conditions using zinc chloride
as catalyst but mo pure chloromsthyl derivative could be

isolated from the reaction mixture,

Studies on some bromomethylesoumaring s

Brémomethylecoumarins 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 bromomethylecoumarinsfor further

{ .
synthetic work may be briefly described hers.
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Dey and Radhabaiu reported the formation of two
products in bromination of 7-methyleounmar in-l-acetic zcid
with 50 4 bromine in acetic acid viz. 7-methyleoumarin-i-
bromogeetic acid and 7-methyl-4-bromomethylcoumarin,
Similarly é-methyleoumarin-4-acetic acid also gave
6-methylcoumarin-l-bromo acetic acid amd 6-methyl-l
bromomethyleoumarine Several attempts wers made by them
to confirm the 4 -bromomethylcoumarin structure. Their
attempts to replace the halogen by OH, NH, and C¢HgNH
groups by treatment with appropriate reagents were
unsucoessful. Even by heating the bmmomethyleonmarin
with moist silver oxide at 100 for 5 hours, the halogen
was mot removed. Aqueous alkall however,eliminated the
halogen completely in the course of a few mimtss. This
difference was explained by the fact that the alkali éoes
nqt 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 bromina anmd the phenolic hydrogen.
The preparation of the compounds of the Grignagrd type with
magnesium in dry ether was al@atzsattempted by the same
workers without success.

7-Mathyl-h-bromomethylecoumarin was reduced to
k,?wdimethylcoumarin with zime-copps?r couple in geetons.
Oxidation of 7-methyl-4-bromomethylcoumarin with potassium
permanganate in acetons solution ga:ve m-cr@sotir;ic acid.
6=Methyl-4-bromome thylecoumarin on oxidation yielded
pecresotinie seid.
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Dey and S‘a.1‘1?::ars.na!“a.’:r'aﬁ.r:ia!xL ? established the
structure of 7-methyl-li-bromomethylecumarin by its
synthesis from mecresol and y-bromo acetoacetic ester by
Pechmann reaction.

The present work deals with several synthesis
starting with four bromomethyleoumarins j (1) k-methyl-6-
bromomethylcoumarin (ii) 4-methyl-7-bromomethyleoumarin
(111) 7-bromomsthyl- ard (iv) 6é~bromomethyleoumarin.

ol B b= LN o3 ¥ B X o

L-Methyl-5-bromome thylecoumarin (XXV IIT), prepared
-according to legocq and Bug;fﬁc.il(o gave an acetoxy
derivative (XXIX) on refluxing with acetic anhydride ard
fused sodi\um acetate, When hegted with hexamins in acetie
acid, 4-methyl-6-bromomethyleoumarin gave L-mathyl-6-
formyleoumarin (XXX) which was characterised by the
formation of the 2,4-dinitrophenyl hydrozone derivatives
This formylcoumarin (XXX) canmot be prepared by the
Pechmann condensation of p-hydroxy benzaldehyde with ethyl
acetoacetate as the condensation of phenolic aldehydes
with ethyl acstogcetate in the preserncecsf usual
condensing sgents used in the Pechmgnn regetion gives
unworkable productse.

When heated with acetie anhydride and fused
sodium acetate in an 01l bath gt 170-800 for 12 hours
the formyl coumarin gave P-(4-methyl-6-coumarinyl)acrylic
acid (XXXI) . This acid deeolouﬁ‘iggd reutral potassium

N
permanganate sclution ard bromine water showing the
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presence of unsaturation.

heMathyl<6~-bromomethyleoumarin on condensation
with morpholine and dimethylamin® in dry benzene gave the
corresponding Mannich bases (XXXII, XXXIII)

The g-amimpgeidssare substances of inferast as
many of them are fourd to occur in nature either in the
frae state or as building units of proteins. a-Amimogcids
with oxygen heterocycug units such as benzo-g-pyrone
units, do not appear to be kmown. It was thersfore thought
of interest to synthesise such acids.

Y-Methyl-6-formylcoumarin was therefore condsnsed
with hippuric ¢id in the presence of fused sadiuz{i acetate
and sestic anhydride when the azlactomss (XXXIV) was
obtained, This azlaeton® on heating with red phosphorous
and hydriodic ycid in gecetic anhydride solution, gave
B-(4emethyl-6-coumarinyl)alanine (XXXV). The above
azlgcton® on hydrolysis with 10 4 gleoholic sulphuric gcid
gave a mixturs of two products , which was s®parated with
sodium bicarbonate solution. The sodium bicarbonate extract
on acidification gave the gcid (XXXVI) amd the .part

insoluble in sodium bicarbonate solution was the ester

(XXXVII). The acid (XXXVI) also gave the gmimo zcid(XXXV)

on reduction with ré& phosphorus ard hydricdic azid.
$ 4

With a view to further exploit the synthetie
possibilitise of the reactive intermediate (XXX) and to
?
synthesise he-methyle-6-(2-chromonyl)ecoumarin,
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Yemethyl-6~formylesumarin was condensed with o-hydroxy-
aeetopﬁemns in the pressme of* alcoholic potassium
hydroxide. After keeping the reaction mixture overnight,

1t was acidified., The yellow solid which separated has

been assigned the B-(Y-methyl-6-coumarinyl)vinyl-o-
hydroxyphenyl ketc;na strueture (XXXVIII) as it gave 5 red
colouration with concentrated sulphuric -g¢id and s positive
Wilson testzg Moraover, it gave an acetoxy derivative (XXXIX)
when heated with acetic anhydride and fused sodium acetate
showing the presance of a free hydroxyl group.

The gbove ketors (XXXVIII) when refluxed with
0
selenium dioxide in iso amyl aleohol at 140-50 for 24
?
hourg, unierwent cyclisation to 4-methyl-6-(2-chromonyl)

coumarin (XL).

Having successfully gecomplished.the above
synthesés, 1t was thought of interest to study similar
raac tionéwith Yemethyl-7-formylecoumarin which could be
synthesised from the known 4-methyl-7-bromomethylcoumarin.

4=Methyl-7 ~bromomethylecoumarin (XLI) prepared
according to Lecocq and Buu-Hoiw on heating with agcetic -
anhydride and fused sodium acetate gave Y-methyl-7-acetoxy-
methyleoumarin (XLII), 4e-Msthyle7-bromomethyleoumarin was
converted into Yemothyl-7-formyleoumarinm (XLIII) by
heating with hexamins in acetic acid. It was chargeterised
by the formgtion of a 2,4-dinitrophenylhydrazone derivatives

heMathyle7-formylcoumarin when heated with gcetic
arhydride and fused sodium scetate at 170-80°for 12 hours,
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yielded ﬁ—(#-methyl-‘?-coumarinyl)acry;ic acid (XLIV),
1+-Méthy1-7ebremomethylcoumarin on condensation
with morpholine gnd dimethylamine in dry benzens gave the
corresponding Mannich bases (XIV, XIVI) respectively.
_B-(4-methyl-7-coumaripyl)alapips (XIVIII) :

M-Methylv?wformylcoumazlin on conde nsafion with
hippuric gcid in the presence of fused sodium gecetate
ard gcetic anhydride gave the corresponding azlgctone
(XLVII)., This aglactore, on heating with red phosphorus
and hydriodic acid in agcetic aphydride solution afforded
B-(4emethyl-7-coumarinyl)alanine (XIVIII). The azlactone
on hydrolysis with 10 4 alcoholic sulphuric acid gave a
mixture of the ester (XLIX) and the aeid (L) which was
séparated by treatment with sedium bicarbonate solution,
This acid (L) also gave the same amim gcid (XIVIII)
on treatment with red phosphorus ard hydriodic acid.

5_0f Yemethyl-7-(2-chromoryl)coumsrin (LIII)s
~ k=Methyl-7-formylcoumarin was cordensed with

o-hydroxyacetophenone in the presence of alcoholie
potassium.hydroxide. The yellow product separaf.ing on
acidification of the reaction mixture gave red colouration
with concentrated sulphuric acid and a positive Wilson
test, It gave an acetoxy derivative (LII) on heatirg
with gcetic aphydride and fused sodium gcetate indicating
the preserce of a free hydroxy group. P=(4-Methyl-7-
‘ coumarinyl) vinyl-o-hydroxyphernyl ketone structure (LI)
was therefore assigned to this product. This ketoné
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on refluxing with sclenium dioxide in igo-amyl alecohol

4
underwent cyclization to h-methyl-7-(2-chromonyl)=
‘coumgrin (LIID),
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' 7-Methylcoumarin on bromination with Nebromo-
succinimide in dry benzens gave 7-bromomethyleoumarin(LIV). v
It gave an acetoxy derivative (IV) on heating with ascetic
anhydride and sodium acetate. 7-Bromomethyleoumarin on
heating with hexamine in gecetic aeld, afforded 7-formyl-
coumarin (IVI), characterised by the formation of a
2,4-dinttrophenylhydrazone derivative,

7-Fornyleoumgrin on Perkin acetylation with
acetiz anhydride and fussd sodium acetate gave
B-(7-coumarinyl) acrylic acid (IVII), Ttcdecolourissd

potassium permanganate solution and bromire water,
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7-Formyleoumarin on comlensation with 0~-hydroxy-
acetophernone in presence of aleoholie potassium hydroxide
solution yielded B-(7-coumarinyl)vinyl-o-hydroxyphe nyl
ketors (IVIII), It gave a rad colour with eorcentrated
sulphuric gcid and a positive Wilson tast. Further, 1%
gave an gcetoxy dsrivative (LIX) when hegted with ascetic
anhydride and fussd sodium acetate indicating the présance
of a frea hydroxyl group. The above ketore (IVIII) on
refluxing -with selenium -dioxide iln iso-amyl aleohol gat
11#0»500 for 24 hours gave 7-(2ichromony1)coumarin (LX),
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7-Formyleoumarin on condesnation with hippurie
acid in preserce of sodium acetate and acetic anhydrids
gave the corrssponding azlactone (LXIL This on heating
‘'with red phosphorus and hydriodic acid in acetie
anhydride solution afforded B-(7-coumarinyl)alanime (IXII).

pHC O (ihtsCONHCH ool o =CH 20
/ - ’ O /
B L X'

C(;HS“

Red P +
139

Hoo o ~CH-CH, =Cs
i

Ny

L Xt

Studies on 6-bromomsthyleoumarin

.~ 6-Bromomethyleoumarin (LXIII),prepared from
6-methyleoumarin gocording to Buu-Hoi and Lecocq“, on
heating with acetic anhydride and fused sodium acetate gave
an acetoxy derivative (LXIV) which was found identieal
with fhe kmwn 6-§cetoxymethylcoumarinuo On Sommelet
reaction with hexamine in élacial acetic acid 6-bromo-
methylcoumarin gave 6-formylecoumarin (IXV). The same

22
formyleoumarin was also preparsd by Sen and Chakrgvarti
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by the Reimer-Tie;nann reagction on simple coumarin. These
authors carried out several synthetical works with this
formylcoumarin and these are mentioned below:

They found that 6-formyleoumarin underwernt
benzoin condensation giving a product which they mamed
coumaroin. The condensation of é-formylcoumarin with
acetone and acetophermone in the presence of sodium hydroxide
afforded dicoumaral acetone and coumaral acetophenone
respectively, |

| Several azomethire dyes were synthesised by
the condensétion of 6-formylecoumarin with (i) monoamires
such as p-toluidime, B-naphthylamine, p-nitroaniline and
amimoazobenzene, (11) diamines such as benzidine, 0-, m-
and p-phenylene diamine amd (111) such dyes as rosaniline,
chrysodine amd safranine, which contain free amino group.
Further, 6-formylcoumarin was condensed with resorciml
in the presemce of sulphuric cid at a temperature of
12(3--3{3o and the product obtained was assigned the structure
(LXVI). No proof for this structure was given,

LXvi



The condensations of 6-formylcoumarin with B-naphthol

and diethylem-aminophenyl have slso been described.
Baner;]ee23 in his attempt to synthesise

Phenanthracoumarin cordensed é6~formylecoumarin with

hippurie acid in the presemce of sodium acetate and

acetic anhydride and obtained the azlactone (LXVII).

This was hydrolysed to the coumarin-6-pyruvic aeid (LXVIII),

LI
=C s CONH c'_ﬂd COOH =
. #+ Ao 0+ Reone
oHC «C T “ =cif
U XV
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' r—:‘o«:x.:.c:c:»::n‘l'3
R X JoX NI

The azlactone (LXVII) was then condensed with
p-toluidire ,a-naphthylamine and aniline and substituted
amides were obtained.

In the course of the preseqt work, 6-formyle-
coumarin was subjected tp Perkin reaction' by heating with
acetic anhydride aind freshly fused sodium acetate gnd
B-(6-coumarinyl) gerylic acid (ILXIX) was obtained.



6-Formylcoumarin was condensed with o-hydroxy-
acetopherone in the preserce of alecholic potassium
hydroxide. The yellow product obtalned on aeidification
of the reaction mixture gave red colocur with concentrated
sulphurie gcié and a positive Wilson test showing the
preserce of a free hydroxyl group. Moreover, it gave an
acetoxy derivative (ILXXI) by heating with acetie anhydride
and sodium geetate. P-(6-Coumarinyl) vinyl-o-hydroxy phenyl
ketore structure (LXX) was therefore assigned to this
product. This ketone on refluring with selenium dioxide
ir iso-amyl alcohol was cyclised to’6»(2zchromony1)
counarin (LXXII).
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\

The use of bromomethylcoumarins for the
synthesig of vgrious furocoumarins and coumarino-g-

pyrones 1s described in chapter III,



68

EXPERIMENTAL
Chloromethylatiop of Y4, 6-dimethylcoumarin s L4,6-Dimethyle-

3-chloromethyleoumarin

Paraformaldehyde (0.6 g.) was dissolved in
acetic geid (10 ml.) by passing hydrogen chloride gas,
k,é»Dimethyléoumarin (1 g.) was then added ard. this vas
followed by fused zine chloride (O.1 go) . Hydrogen
ch;oride gas wasg passed at 709 for % hours. The regction
mixture was then kept overnight znd the solid which
separated crystallised from bsnzene-petrolesum ether
1n white plates (0ol g.), Mmep. 1280.

Apalysis : Fourd t Cy6445 5 HkoBl § C1,16.09 Zo
CyoH;,0,C1  requires : C,64%.86 3 Hyko95 5 C1,15.81 %o

I k. 6=Trimethylcoumarin
4,6-Dimethyl =3 -chlorome thyleoumarin (0.5 g.) was

dissolved in geetic acid and zire dust (2 g.) was added,

(24

This was followed by hydrochloric acid (con.5 ml,)
portiomvise. The reaction mixture after heating for 1
hour on g steam bath was filtered. The filtrate on
dtlution provided 3,4yb-trimethylcoumarin. It was
erystallised from. alcchol. M P, 1650. Mixed mo.p. with
3,4,6-trimethyleoumarin obtained by Pechmgnn regction
between p-erosol with ethyl-gq-methylscetoacetate was

L5 o
not depressed, Chakravarti reported the m,p. 165 .
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Y4,6-Dipethyl-3-acetorymetbyleouarin :

The .chloromethyl derivative (0.5 ge) was
refluxed with acetic arhydride (5 ml.) and fused sodium
acetate (2 go) for 1 1/2 hours. The reaction mixture was
poured in water and the product obtained crystallised from
dilute acetic acid in white needles, m.p. 1360.

Anglysis s Found : C,6861% 5 H,5.62 %
CyuHi 00, requires 3 C,68.29% 3§ H,5.69 %.

Attempted preparatiopn of Y,6-dimethyl-3-formyleoumsrin
by_Sommelet rezction ¢ ‘

A mixture of 4,6-dimethyl-3-chloromethylecoumarin
(0.5 ga) and hexamire (2 g.) in glacial acetic acid (25 ml.)
wag hegted directljr on g wire gauze for 30 mimtes.
Hydrochloric geid (10 ml, 3 1:1) was then added and.
heating contirmed for futher 10 mirmtes. The pfomct
separating on pouring the regzction mixture in cold water
crystallised from dilute geetie zcid in psle yellow
needles, mop. 189og It did mot give.a 2,4-dinitro
phenylhydrazons. It fnalysds | C,76.26 § Hy5.1 %
%,6-Dimethyl-3-formyleoumarin requires C,71.29 § Hy4e95 %o

4 é=Dimethyl-3={morpholiromethyl)coumarin s
4,6-Dimethyl-3-chloromethyleoumarin (0.5 g.)

was digsolved in minimum amount of dry ben’zene' ard

moypholine (2 ml.) was added. The regction mixture was

refiured on a stesm bath for 2 hours. Benzene was removed
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and the product chrystallised from benzens-petroleum
ether in white needies,mepel37ca

Apalysis : Found s C469.23 § H,6.89 5 N,5.32 %e
C,gH,; gO3N requirss 1 C,6%M4k 3 H,7.17 § N,5.28 %,

4, 6=-Dimethyl-3=(dime thylsmipomethyl) goumarin s

#,6—Dimethy1w3~ehlor0methylconmarin’(0;5 go) Was
dissolved in minimum amount of dry benzene and dimethyle
amine (2 ml.) was added and the reaction mixture refluxed
on a sﬁeamkbath for 2 hourse Benzene was then removed and
the product crystallised from benzéne-betrolsum ether in
whita neadles, m,p.123—260. |
Analysis” s Found t $,72.52 § Hy7.21 § Ny5.86 %

Cy uH; 90,N raquires : C,72.73 § H,7.35 3 N,6.06 %.

L 6-Dimethyl-3-cysnomethylconmapin ¢

A solution of Y,6-dimethyl-3-chloromethyleoumarin
(1 g¢) in aleohol was mixed with an aqueous solutlon of
potassium eyanide (1 g.) and the regction mixture refluxed

0n a steam bath for 3 hours. The product ssparating on

dilution of the reaction mixture with water crystalllsed
frqm.dilute aleohol in light pink needles, mep. 15600
-Analysis s Found
C13H, 0N requires

C,73419 3 Hy4.99 3 N,6.26 %o
Cy73.23 3 H,5.16 § N,6.57 Zo

£ 1]

-

AL 1 4

The above cyaromethyleoumsrin was dissolved in
70 4 sulphuric acid and heated on a water bath for 2 hours.

This was then diluted. The separated product was taken

£



in sodium bicarbomte solution. On geidification of the

bilcuarbonate extract the geid obtainzd was crystallised

0
from dilute acetis acid in white needles, m.p. 180 .

Analysis ¢ Found : C,67,00 5 H,5.08 2.
Cy3Hy 20, requires : C,67.23 3 H,5.17 %,

Ethyl-b 6-dimethylecoumarin-3-acetsts :

The abova acid (1 g.) was dissolved in ethyl
aleohol (50 mi.) ard comcentrated sulphuric acid (& ml.)
was added. The mixture was Heatsd 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 crystalliséa from dilute methyl alcohol in
white needles,m.p.lDBoa \
Apolysis. : Found "t Cy68.93 § H 6627 %o
Cy gH; 60y raquires ¢ G,6§.29 3 Hy6.15 %

_ _ -
Attempted synthesis of % §-dimethyl-3,3-bicoumgrinyl
A solution of ethyl-k,6-dimethylecoumarin-3-

acatatas (0.8 g.) was mixed with salicylaldehyde (0.3 g.)
and four drops of piperidine. The rezction mixture was
heated on a steam bath for 8 hours. The solid obtained

on pouring the reagction mixturs in cold ‘hydrochloric acid
was washed with dilute sodium hydroxide solution and
erystallised from dilute aleohol in white meadles,mM.p.

0
108 . Mixed mep. with the original ester was not depressed.



Chloromethylation of b 7-dimethylcopmarin ¢ 4,7-Dimethyl-

;;ggigrometgglcouggrig g "

Paraformaldehyda (0;6 g.)'was dissolved in
acetic acid (10 ml.) by passing dry hydrogen echloride
gas. The solution was then mixed with 4,7-dimethyl-
coumarin (1 g.) and fused zinec chloride (0.1 g.) and
hydrogen éhloride gas was passed for 4 hours at 7000
On keeping the resction mixturs overnight at room
temperature 5 solid separatéde It crystallised from
benzene-petroleumn ether in white needles{0,.5 g¢;m.p.142°a
Apalysis : Found s G,64.55 5 Hy4.76 5 C1,16.16 %o
Cy2H,,0,C1 requiras : C,64.86 3 Hlk.95 5 C1,15.81 %.

35&,2-Tgimet§xlcogmagig H

The above chloromethyl derivative (0.5 g.) was
dissolved in gcetic geid and zine dust (2 g.) was added.
This was followed by concentrated hydroéhloric acid (5 ml,)
portionvise. The reaction mixture was then heated on a
steam bath for 1 hour. The product which s¢parated on
dilution of the reaction mixture with water crystallised
from aleohol in white nesdles, m.p. 11409 Mixed m.ps
of this product with 3,4,7-trimethylcoumarin prepared

from m=cresol and ethyleg-methyl acetoscetate by Pechmann

dy
regction, was not depressed. Fries and Klostermann
* /

reported the same melting point.
Attempted prepsration ol
by Sommelet reaction :
4 mixtars of %,7-dimethyl-3-chloromsthyleoumarin

(0+5 go) and hexamins (2 g.) in glacial acetic acid (25 ml,)
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was refluxed directly on a wire gauzs for 30 mimtes.
Hydroehloric acid (10 ml. ; 1:1 ) was then added and
heating contiﬁued for further 10 mimutes. The product
s2parating on pouring the reaction mixture in coldd
water crystallised from dilute ageetic zeid in white ,
needles, m.p. 1930. It 414 mot give a 2,%-dinitro phenyl
hydrazore. ": Analyses.C,76.00 § H%.93 %. 4,7-Dimothyl-
3~fomyleoum;rin requires C,71.29 ; H,4.95 %o

4,7-Dimethyl-3-chloromethyleoumarin (0.5 g.) was
digsolved in dry benzeéne 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 shinirg white ncedles,m.pe
137 .
Bpalysis  : Found  : C,69.11 3 H,6.9% 3 N,4.87 4.
CyeHy 903N requires 3 C,69.4% 5§ H,7.17 3 N,5.28 4.

ylamiromethyleoumarin s
A solution of 4,7-dimethyl-3-chloromethyl~-

coumarin (0.5 g.) in dry benzen® was mixed with dimethyl-
amine (2 ml.) and heated on a steam bath for 3 hours. The
solid separating on removal of benzeme crystallised from
be nzene-petroleum ether in white prims,m.p.loao.

Analysig s Found Gy724+35 § Hy6499 3 N,6.13 Zo

G, gHy 90, N requires C,72.73 § Hy7¢35 5 N,6.06 %o
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4,Z=Dimethyl-3-cyaromsthyleoymariy @

%,7-Dimethyl-3-chloromethylecumarin (1 g.) was
Gissolved in alcohol and mixed with a solution of
Potassium cysnide (2 g.) in water. The resgction mizture
vas refluxed on a steam bath for 3 hours. The product
separating on pourirg the reaction mixture ir water
crystallised from dilute alechol ir white needles, mop.
160°,

Anslysis : Found : C,73.03 5 H,4.99 5 N,6.38 %,
Cy3H 0,1 requires : c,?jeza 3 He5.16 3 Ny6.57 %e

L

&,zenimethgleogggginpz—gcet;e acig :

The above cyaromethyleoumarin (0.5 g.) was dissolved
in 70 4 sulphurie acid and heated on a stemm bath for 2 hours.
It was then poured in water. The solic which separated wasg
dissolved in sodium bicarbonate. The solid separating on
acidifieation of the bicarboﬁate extract erystallised from
dilute acetic acid in white needles,mopq193oc
Anglysis ¢ Fourd 3 C;67.16 5 Hy5.14% 2.

C,3H, 20, réquires : C,67.23 § H,5.17 %.

Bthylel,7-dimethyleoumarip-3-acetate : ”

A solution of L,7-dimethyleoumarin-3-gcetic scid
(1 go) in ethyl aleohol was heated under reflux with
corcentrated sulphuric acid (4 ml.) for 5-6 hours. The
reaction mixture was then poured into water ard the separated
solid was washed with sodium bicarbtonste solution. It

-crystallised from dilute methyl alcolol in shining white
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reedles, m.ps 98 .

A%"lggiﬁ : Found H 0968182 $ Hg5e85 %
C,5H,40, requires ¢ C,69.23 ; H,6.15 %.

¥
Attempted synthesis of b Z=dimethyle3, 3=bicourarinyl :

The above ester (0.5 g.) wés dissolved in gbsolute
alechol ard mixed with saiicylaldehyda (0.2 g.) and 3 drope
of piperidin « It was heated on a steam bsth for 8 hours.

The s0lid obtained on pouring the rezetion mixture in ice
¢cld hydrochloric acid was washed with dilute sodium

hydroxide solution. It crystallised from dilute methyl alechol
in white needles, m.p. 980. Mixed mep. with t}v ethyleh,7-

dimathyleoum@rin~3wacetate was not depregsed.

4e=Mothyl-b-gcetoxymethyleoumarip : )

A mixture of 4amethy1»6abromomethylcoumariﬁ?ba5 ga)s
fuged 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 erystallised from
dilute agleochol in white plates, mep.13%0.
C467+67 3 H,5.30 %,

Ci3Hy 20, requires : G,67.23 ; H,5.17 %.

Analvsie t Fourd

*e

YeMothyleb-Fformylooumarin :

b-Mothyleb~bromomathylecunarin (1 g.) was mixed
with hexamine (2.5 g.) ard acetic acid (25 ml.). This
regotion mixture was then reflured gencly for 30 mimites,
Hydroznlorie aeid (10 ml. § 1:1) was then added amd heating
Contimied for further 10 mimites. The product obtained on

1
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dilution of the reaztion migbure with water crystallised
0
from aeetic geid in pale yellow nesdles, mop.211

Yield 005 g»

Apalysis : Found ¢ C,70.18 5 Hwo37 %o
G11§803 l’equires, H 6970021 ; H,)'f‘e.?.!’f’ %a

The 2,! 2.4=8initrophsy

It was propared by heating a mixture of the abovs
formyl dervivative in aleohol and 2 kwdinitropheny?aydraZLne.

hydrovuaarice in alcohol on a steam bath for 30 miﬂuuuae

It was erystallised from nitrobenzene in orangs reedlesy
Mepe 3220a

Anglysis + Found s ¥y 15.3% %.

CypHy 204N, roquires s N, 15.23 %.

gw(h—ﬁethyloé-eoumgriggl2écrglic aeid

The above formyl derivative (0.5 g, ) was heated
under reflux with fused gsodium zcetate ard aretis anhydrids
at 170--80o for 12 hours. The solid obtained on diluting the
reaagctlion mixture with water was taksen in sodium bicarbonate
solution and the sodium bicarbomate extract was acidified .
The product obtained crystallised from apasic acid in
small white needles (0.2 g.), @.p. 303 « GE: decolourised
neutral potassium permanganate solulion and bromine water.
Analysis s Found : C,67.66 3 H+o1l %,

Cy3H,; o0y requires : C,67.82 5§ HL4.34 Z,



kMo thyl-6=morpholiromethyleounarin s

A solution of Ye-methyl-é-promomethylecoumarin
(0.5 g¢) in dry benzene was mixed with morpholire (2 ml.)

| and heated on a’steam bath for 3 hours. The solid obtalned

after the removal of benzene crystallised {rom benzene-

petroleum ether in white needles, m.p. 1050.

Analysis : Found : 896§.66 § Hy6.55 35 N,5.49 %.

Gy 5Hy 903N reguires : C,69.50 5 H,6.56 5 N,5.40 %Z.

14

L-Methylebedimethylaminomethylooumgrin ¢
LeMethyle-b=bromomethyleoumarin (1 g.) mixed with
dimethylamine (2 mlé) in dry benzene was heated on 5 steam
bath for 3 hours. Benzere was removed and the separated
solid erystallised from petroleum ether In white needles,
m.pOBSOa
Anglysis : Found : C,72e35 5 H,7.12 § Nyb5.21 %o
Ci3H; 50, requires ¢ C,71.88 3 H,6491 § N,645 %.

&—g#1Matnzl;élcouqéringlz2»Qhe911»5—Ongg;g§g :

An intimate mixture of Le-methyl-6-formyleoumarin
(1 g.) hippuric acid (2 g.),fused sodlum acetate (2 g.) and
acatic anhydride (15 ml.) was heated on g steam bath for
1 hour. This mixturs was then cooled and mixed with gleohol
(20 m1,). This was then again heated on a steawn bath for
30 minutes to removed acetic anhydride. The yellow product
separating on cooling was filtered,washed with boiling
waber and cold alechol successively. It erystallised from

(8]
nitrobenzene in yellow meedles,m.p.241 . Yield 0.9 g.
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Apalysis ¢ Found 3 3,720"1'0 H H93059 H Ng3098 %e
CyoH; 30,N requires : C,72,51 § H,3.92 3 N,ke23 %,

B-g&-Me;hgl—ﬁ:gg;;mazgm)a].an‘zng :

A mixture of the above azlactore (1 g.),red
phosphorus (0.8 g.), acetic anhydride (5 ml.) and hydriodic
acid (5 ml, § 50 Z ) was refluxed for 3 hours. The reaction
mixture was cooled,filtered and the residue was washed with
two 5 ml. portlons of glacial acetic acid and then with
excess water. The water extrgct gave a product on
corcentration. This was again dissolved in water ard made
Just neutral with dilute ammonla solution. The product
obtalred on cercentrating the solution was crystallised

) o]
from minimum water in white gramles (0.4 g.)m.p.245-50 .

Analysis : Pound : C,62.86 § H,5.55 3 N,5.51 %.
013H1 30“1\7 requires: 3,63015 3 H,5026 3 N,soéé %0
~Be =B (b -mat - <— n ri c ic gcid

A solution of the above azlgetone (0.8 g.) in ethyl
alcohol was mixed with sulphuric aeid (10 ml.; 10 % ) and
heated until the regction mixture became colourless. This
was then diluted with water. The solid obtained was
extrgeted with sodium bicarbomate solution. The bicarbonate
extract on gcidification gave the acid which was crystallised
from acetic acid. M.P. 256? A ’

Apalysis = - : Found 3 C,68.50 3 H4.00 3 N,3.99 .
CooH; 504N requires: C,68.77 3 H,4.29 3 N,4.01 %.

nt



' Etgzl-g»begggmi@o—ﬁ—t&-methgl-é-cggggr;ggllachlate :

The insoluble residue in the above hydrolysis
which was the ethyl ester of the above acid crystallised
from acetic acid in white wooly needles, m.p.1860.
Apalysis : Found t Cy,69.68 3 Hy5.14 § N,3.47 %
C22H, 905N  requiress:: C,70.03 3 H,5.04 3 N,3.71 %.

The above acid (0.8 g.) was refluxed with red
phosphorus (0.6 g.), acetic anhydride (4 ml.) and hydriodie
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 disgolved in water and treated
with ammonium hydroxide until the solutlon was neutral.
This on corncentration gave a product which crystallised
from water in white gramles (0.3 g.), m.p. 245-480. Mixed
m.p. with p—(#-methyloé-coumarinyl)alanine deseribed above
was not depressed.

Condensation of h-methyl-6-formylecoumarin with o-hydroxy-
acetophenone : B-(4-Methyl-6-coumarinyl)vinyl-o-hydroxy-
Phenyl ketope :

A solution of 4-methyl-6-formylcoumarin (1 g. 3
1 mole) in aleohol was mixed with o-hydroxyacetophenore
(017 g+ 3 1 mole) and potassium hydroxide (10 g. in 10 ml.
water). After keeping overnight, the re;ction.mixture was

diluted with ice water and acidified. The precipitated
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y2llow product crystalliéad from acetic geid in yellsw‘
neadles (0.5 go), maps 2180.

Anglysis ¢ Found : Cy74.69 3 Hbko4l %,

Ci oM, 40, requires : C,74.50 § H,4.57 4.

The_acetoxy derivative

The above chalcone (0.5 g.) was heated with acetie
anhydride (5 ml,) and fused sodium gcetate (2 g.) for
1 1/2 hours. It erystallised from dilute alcohol in light
yellog plates, m.p. 151°m

Analysis : Found s C,72:69 3 H}h.§9 %o

C21H; 605 requires 1 C,72.41 ; H,%.59 %.

A mixture of the above ketome (1 g.) in iso amyl
aleohol and selenium dioxide (2.5 g.) was refluxed at

140-500 for 2% hours. It was filterad hot. The solid obtained
on cooling the filtrate crystallised from acetic acid in tiny
white needles (0.4 g.), m,p..300°

Analggis : Found H G,‘?’+.80 H H,3091 %e
Cy gHy 20, requires : C,74.99 5§ H,3.%M %

A mixturs of ke-methyl-7-bromomethylcoumarin(5 g;)
fused sodium geetate (2 g.) and gcetic anhydride (5 ml,)
'was refluxed gently for 1 1/2 hours. The product separating
on dilution of the regction mixture was erystallised from



. : 0
benzene-petroleum ether in white needles, m.p.118 81

Analysis : Fourd : Cy67¢39 3 H,5.15 2.
C13H100.‘ requires H c’67023 $ H’SC]-? %0

. Sommelet rescition on bemethyl-7-bromomethyleoumerin :

4-Methyl-7-formyleoumarip ¢
%-Methyl»?abromomathylcomtarin (1 g‘.) was mixed

vith hexamine (2.5 g.) and geetic acld (25 ml.) and refluxed

gently for 30 minutes. Eydrochloric acié was then added

(10 ml, § 1:1 ) and heatirg contirmed for further 10 mimtes,

The preduct obtained on adding the reasction mixture in

water was crystallised from acetlc geid in pale yellow

needles, m.p. 201 + Yielé 0.3 g.

Analysis : Found : G470.38 5 Hy4o34 .

Ce70.21 5 Hb, 2k 7,

(2]

Cy1HgOy requires

H

The

This was prepared by refluting a golutien of
i -methyl -7 -formyleoumarin ard 2,k-dinitrophenylhydrazire
hydrochlo}ride in alcohol on a steam bath for 15 mirmtes,

The hydrezore crystallised from nitrobenzene irn orange

’ 0
ye]tlowrnesdleselt decomposed at 310 .,

Apslysis s Found s Ny15.17 4.
GL7H1206N¥ requir'es H N,15.22 %o

A mixture of Y-methyl-7-formyleoumarin (0.8 8o)y
fused sodium acetate (2.4 g.) and scetic anhydride (8 m1.)
(¢}
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 p}oduet erystalliced from gcetic acid
in white reedles, mop. 315°e It was soluble in sodium
bicartonazte with efferveserce. It decolourised rsutral
potazssium permanganate solution ard bromine water.
Anzlysis : Found 3 G674 5 Hobo25 %6

Hy4o3% %e

clBHl 003‘_ requii‘@s 8 c,é?éea

L. 44

A soluticn of 4amethy1-7-bromamethylcoumarin
(0;5 ge) in dry benzeme was mixed with morpholire (2 ml.)
aﬁd refluxed on a steam bath for 3 hours. The solid
obtained on removal of benzene erystallised from \

0
petroleum ether in white needles, m.p. 85 .

Analysis s Found 3 Cy69.26 § Hy6650 5 N,5.3% %o
0151{17031\! rGQ\Iir@S g 6969a50 H H96°56 3 N,5e40 %o

4=Yethyl:-7 -aimetbylanirore thyleoumariy ¢ ,

_ A mizture of 4e-methyl-7-bromomethyleoumarin
(0.5 ge¢) 1in dry benzene and dimethylamirve (2 ml.) was
refluxed on a steam bath for ﬁ hours. Benzene was then
removed . The solid obtaired crystallised from petroleunm
ether irn white needles, m,p. 750.

Anslysie : Found : C,72.07 § Hy7.13 § N,6.16 %o
C,i3H;50,W requires : C,71.88 j H,6.91 5 N€.45 %
b= (e thyl-7 ecoumarinal) 2=phenyl=5-oxazolone :

An intimazte mixture of Ye-methyl-7-formyl=

&

coumarin (2 g.), hippuric acid (4 g.),fused sodium
acetate (2 go) and acetic arhydride (15 ml.) was heated

on a steam bath for 1 hour. It was then cooled and
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aleohol (20 ml,) was' added. The heating on tle steam bath
was contirued for further 1/2 hour. The yellow product
separating on cooling tle reazction mixture was washed
with water and cold aleohol successively. It crystallised
from nitrobenzene in yellow needles, mo.p. 2630° Yield

O.§ e

Analysis : Found : G,72.10 5 H,3.99 3 Ny4.55 %o

C20H;30,N requires : C,;72.51 § H,3.92 3 Nyk.23 %.

B={4=Yethyl-7-coumarinyl)alanins :

A mixture of the above azlactone (1 g.) ,
reé phosphorus (0.8 g.), acetic aphydride (5 ml.) and
hydricdic acid (5 ml. 3 50 % ) was refluwed for 3 hours.
It was then cooled ard filtered. The residue was washed
crwith 5 ml. portions of glacial acetic acid. The solid
obtained on cooling the filtrate was 8issolved ir water
and just reutralised with ammonium hydroxide solution.
This solution, on evaporation gfforded g solid whieh
crystallised from water In tiny white needles (O go),
MoDe 2550. It is soluble in sodium bicarbonate solution

an@ hydrochloric acid.

Apnslysis : Found t C,62.78 3 H,5:.48 § N,5.79 %,

¢=Benzanido=B=(k-methyl-7-coumariryl) acrylic acid :

The azlactone (0.5 ge) in ethyl alecohol was
rafluxed with sulphurie Qcid (5 ml. 3 10 ¢ ) until the
cclour of the solution changed. The product separatirg

on dilution of the regetion mixture with water was
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treated with sodium b;carbonate solution. The bicarbonate
extrget on acidificatioﬁ gave the aeid. It erystallised
from acetic acid in white reedles, m.p. 2580.

Aralysis : Found i C,68.30 3 Hykolt7 5 N,4.44% 4.
CaoH; 505N requires : C,68.77 3 H/4e29 5 N,4.01 2.

Ethzl:g—benga@ldg»ﬁ-gk—methzl—z—Qogggr;gzlzacgzlgte :

The part which was insoluble in sodium
bicarbonate in the above hydrolysis erystallised from
acetic acid in white shining needles, m.p. 2210.
Anglisis + Found Cy69.69 5 H,5.18 § N,3.67 %o
C2.H 905N  requires : €,70.03 3 H,5.04 ; N,3.71 %f

, A mixture of a-benzamido-B=(4-methyl-7-
coumarinyl)acrylic acid (1 g.), red phosphorus (0.8 g.),
acetic anhydride (5 ml.) and hydriodic acid (5 ml. j 50 %)
Was refluxed for 3 hours. The cold reaction mixture was
then filtered and the residue was washed with minimm
amount of acetic acid. The total filtrate on cooling
gave a product. This was dissolved in water and just
reutraglised with ammonium hydroxide solution. This
solution on concentration afforded the amino acid which
Crystallised from water in tiny white needles (0.5 g.),
m.p.255°. Mixed m.p. with B-(4-methyl«7~coumarinyl)

alanine described earlier was mot depressed.
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Copdersation of b=usthyl-7-fornyleounarin wlth_o-hydroxy
acetopherors + P=(=Methyle7-coumarinyl) viryl-o-hydrozy-
phenyl ketors : »

4 solution of Yemethyl-J-formyleoumarin
(1 gﬁ)‘in alconol was kept overright with o=hydroxy -
acetophenons (0.7 g.) and potassium hydroxide (10 z. in
10 nml. water). It was then diluted ard geldified. The
precipitated yellow product was sthed wit h sodium
bicarbonate solution and erystallised from zcebic acigd
1n dark yellow rsedles (0.8 Ze), m.p@2140. It was
sparingly soluble ir soéium hydroxide solution. It gave
a red colour with corcentrated svlphuric acid ard a
positive Wilson test,
Aualysis s Foung ¢ C,7%.71 5 HL.80 %,
Cy oH, 4,0, requires : C,74.50 ; H,4.57 4.

The acetory derivative t \

It was preparsd by heating a mixture of (fo obove
ckebaez (0.5 ge), fused sodium scetate (2 g.) am
acetic arhydride (5 ml.) for 2 houzs. It’crystallised

0
from dilute gcetic acid in yellow needles, m,po156.

Analysis } Found ¢ Cy72.06 3 Hh.52 7,
Co H 405 requires : C,72.%0 ; Hh,59 4,

s
g;ggggg;;zgﬁg;chromongl)coumarina:

The above hydroxy ketone (0.5 S.) dissolveqd
in is0-amyl aloohol (50 ml.) was mized with salenium

0
dioxide (1.25 g.) and refluxed at 140-50 for 24 heurs.
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The solution was €iltersd hot. The product obbainsd

on cooling erystallised from nitrobsnzene in pale yolloyw

o
CLILQS, MePs 262 &

Anslysis : Pound ¢ C475.09 5 Hy3479 %

{:19H1,20“- I‘ani‘?es 3 '::,7)‘%‘099 ; H,36% f‘)lz"?’

Erominstion of

with Nebromosuceinimide

Z—Bmcmometnylco dumari

ﬁ

_.»,_a

N-Bromosuceinimide (1 g.) in dry benzene was
mixed with a éolution of 7emethyleoumarin {1 g.) in dry
benzens. Benzoyl peroxide (0,01 g.) was then addsd,
After refluxing the reaction mizturs on a steam bath fop
6 hours, the solution beesme eolourless. Benzene was
removed and the solid was washed with hot water to remove
any unregcted Nebromosuccinimide. It céya“al1;seﬂ from
acetic acid in colourless needles (0.6 g.), mep.182 .
Analysis s Found : Bry 33445 2.

CioHs08r requires : Br, 33.4%7 %.

3%

f-Acstoxymet “ecw marin

A mixture of 7-bromomethylecounmarin (0.5 g2s)
fused sodium gcetate (1.5 g.) and geetio avhydride{5 ml.)
was heated for 1 1/2 hours. The soliad gseparating on
adding the reaction mixture to water crystallisad from

o
dilute alcohol, m.p. 10% ,

Analysis ¢ Found ¢ Cy89.86 § Hh.68 4.
Cxaongk raquires H '3,66.06 ; 51,4958 %0
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Z=Formylooumaprin -

A mizxture of P-bromomethylecowarin (1 g.) ard
hexamine (3 go) in glacial acetic acid {50 ml.) was
reflused for 30 mimtes. Hyarochloric acid (10 ml. j
1:1) was then added and heating contirued for further
10 mimtes. The rezetion mixture was then added to
¢cld water and the product obtaired erystallised from
acetic acid ir pale yellow needles (O ge), map.205?
fnalysis  : Found  : G,68.93 5 H,3.62 %.

Sy oHe03 requires : G,68.98 ; H,3.4k %.

g&gggin&royhagylhgdrggong s

‘ t was prepesred as deserited earliesr. It
crystalliced from nitrobenzerne in ﬁellow reedles, m.p.
> 3000.
Anolysis s Found : Ny15.63 %e

Cy6¥1 006N, requires s N;15.82 %.

ﬁ;&z;Coumgfin Dacrylic acid

A mixture of 7-formyleoumgrin (0.5 g.),fused
sodium geetate (1.5 g.) ard acetic anhydfide (5 ml.) was
heated gt 170»800 for 12 hours. It was then gdded to
water. The g0lid obtaired erystallised from acetic ocid
in yellow cubes (0.3 ge)mgp¢2?50. It decolourised
potassium pewmanganzte solution grd bromire water.
Anslysis : Fourd 66,58 3 H3.72 %.
G, 2HgCu requires : C;66.67 § H 3.70 %.

L1



ith_o=-hydroz

Condensation of Z-formyleoums; _ :
phemre : B=(7-Coumarinyl)yiryl-o=hydroxyphenyl ketone :

Y .5 R Kb

4 solution of 7-formylcoumarin (1 z.) in |
alcohol (25 ml.) was mixed with o-hydroxyacetopherors
(2 ml.) and potassium hydroxide (10 g. in 10 ml.water)
ard ‘kept at voom temperature for 2% hours. This mixturas
was then diluted and geidified. The yellow product which
separated was washed with sodium bicarbonate solution.
It erystallised from geetic z¢id in yellow reedles (0.5 go)
mep.eole«-éoa This was soluble in sodiur hydroxide solution .
It gave g red colouration with corcentrated sulphurie

acid and 5 positive Wilson test.

Anglzﬁig s Pound ¢ Co7%:37 5 Hy3.94 %o
Ci1gH;20, requires : G,73.98 ;5 H,h.11 %,

The aceltoxy derivative

A mixture of the abo@rkefond0.5 g.),Tused sodiwm
acetate (2 g.) and acetic anhydride (5 ml.) was refluxes
f&f 1 1/2 hours. The resction mixiture was poured in
water arnd the producet crystallised from dilute alechol

0
in pale yellow shining plstes. M.P. 130 .

Analyelis s Found + C,71.81 5 HM4.26 4.

o

b
7={2=Chromoryl)coutarin ,
The above hydroxy cketese: (C.8 g.) in iso-amyl
“alechol (50 ml.) wes refluxed with selenium dioxide(2 g.}

X
at 14050 for 24 hours. This solution was filtered hot
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and the product obtained on cocling the filtrate,
crystallised from dilute scetie gcid in pale yellow

e}
powier (065 ge)q; NaPo 250 PY

Analysis ¢ Fourd : C,7%.09 § H;3.12 %o
Cys®i o0y pequires : C,74.149 j H,3.kk 7.

Condensation of 7-formyleoumarin with hippuric _acid :
2
4 -(7-Coumaringl) 2-pheryl-2-ox8zolorng ¢

A mixture of 7-formyleoumarin (2 g.), hippuric

acid (4 g.), fused sodium acetate (2 ge)‘ard scetie
arhydride (20 ml.) was warmed till a elear solution
was formed, This was then refluxed for 1 hour. The
regetion mixture was cooled and alechol (20 ml.) was
added. It was heated for further 30 miﬁnéessfﬂe yallow

solid vhich separated on cooling was washed with boiling

5

ater and cold aleohol successively. It erystalllsed

(¢]
from nitrobsnzene in yellow plates (2 ga), Wepe23C &

Analysis : Found : C,71.55 5 Hy,3.55 3 Ng4sb3 %o
S 9H; 20, N requires 1 C,71.69 § H,3.77 3 NLh0 %o

o

B={7-Counarinyl)alanipe
The sbove azlactone (1.5 g.) was neated under

reflux with red phosphorius (1.2 g.), acetic anhydride
(7 ml,) and hydriodie acid (5 ml. 5 50 % ) for 3 hours.
The reyztion mixturs was coolad grd fllterad., The solid
obtalned Prom the Filtrate on cooling was dissolvsd in
wstar and reutealised with ammonium hydroxide solution.
The solid separating on concéntration of the solution ,

crystallised [rom water in white meedles (0.9 g«),
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[¢]
 Meps 280s il oot ze2n) o It was soluble in sodium
bicarbonat? solution. and hydrochloris acid.
Anplysis : Found : To61M45 3 Hbkob6 3 N,5.50.%8
Glgﬁl\_f_oh_N rogquires 0961«83 H H,)i‘e72 ;Nié‘oo %o

f=Apetorymethylcounarin
A mixture of &-bromomethyleoumarin (0.5 g.),
fused. sodium acetate (1.5 g.) and acetic aohydride (5 ml.)

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

s
[o 7}

mixtare was then added to water and the separated sol
erystallised from methyl aleohol in thte £lat medlesg,
MePs 1080. Stoarmer and OetkeraL reported the melting
point 108»90»
Sommelst regetion on 6«broiome$hy;coum@rin s f-Fornyle
cowngrein

4 mixture of G-bromomethyleoumarin (2 g.)end
hexamive (5 g.) in glacial acetic geid (50 ml.) was
rafiuxsd directly on a wire gauze for 30 mimtes.
Hyarochloric acld (20 mle} 1:1) was then added and
heabing contimwed for further 15 mimtes. The white
solid obialined on dilating the rezction mixture with
ice cold water,crystallised from gcetic gcid in whits

- 2

platas (0.8 go), Mepe 18906 Sen and Chakravartiba
réported the same nmelting point.

B-{6-Coumarinyl)acrylic a2id :

A mixturs of é-formyleoumarin (1 g.),fused
sodium acetate (3 g.) and acetic grhydride (10 ml.)

0
wag heated in an oil bath at 175-80 for 10 hours. The

*
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s01id obtalned on pouring the reaction mixturs to ice
cold water was taken in sodium bicarbonate solution.
The sodium bicarbonate extract on geidificzation gave ths
acid ghizsh crystallised from zeetic acid in white wedles
(0.7 go)s Mepe 3060, It desolourised potassium permanganste

solution andbbromins water.

g—,n@,};ﬁé—,g : fournd : C"ééol‘ﬁ‘g 3 H93093» %o
C,2Hg0y requires s C,66.87 § Hy3.79 %.

condengation of 6-formylsoumarin with o-hydroxy-
agabophenone s Pelé=Coumarinyl)vinyl-o-hydroxyphenyl

ketons

A solution of 6-formyleoumarin (2 g.) in
alechol was kept for 2% hours with o-hydroxy
acetophenone (4 ml,) amd potassium hydroxide (20 ml. j
100 ¢ ). The yallow solid ohtained on dilution and
acidification of the reaction mixture was washed with
sodiun bicarbonate solution. ¥t erystallised from geetie
aeld in yellow plates (0.8 ge), mep. 23.80e It is
soluble in sodium hydréxiae gsolution and gives red
colour with concentrated sulphuric acid and a positiﬁe
Wilson test.

Co4%e24 5 Ho%o25 %
C,73.98 3 H%.11 %.

CAnalysis 1 Pound

L

Ci8H; 20, reguires

e

The acetoxy derivative s
Prepared by hsating the above ketons (0.5 g.)
with fused sodium geetate (1.5 go) and acetic anhydride

(5 m1.) for 1 1/2 hourz. The solid separated on diluting



f
i

the reaction mixture with water crystallised I Drom

dilute aleohol in light yellow shining prisis, mep.

0
157 .

Sy

Apalysis : Found s Co71.6% § Hokoltd %o

Co0Hi1ul5 requires 3 C,71.86 § H4.19 %o

, ‘
=(2-Chromonyl) ~eoumarin :

O

The gbove hydroxy ketone (0.6 ge) in iso-
cide (2 g.)

amyl aleohol was refluxed with se}enium dins

0
at 550 for 24 hLours. It was filtered ho:

saparated product from the cold filtrate crystallised

0
y mepa 260 L

from geebic acid in brown needles (0.3 g.)

Ahglysis : Found : C,7%.67 3 Hy3.31

CyigH, o0y requires : C,74.49 ; Hy3.44 %.
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