CHAPTER V

CHIOROMETHYLATION OF COUMARINS
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CHAPTER V

Chloromethyvlation of Coumarins

The replacement of 2 hydrogen atom by a chloromethyl
group in a single operation has come to be known as
chloromethylation. A chloromethylated product usually results
when the condensation of formaldehyde with aromatic compounds

is carried out in presence of hydrogen chloride.
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A survey of the chloromethylation of aromatic
compounds has been made by Fuson and McKeever { Organic

Reactions Vol 1 § John Wiley and Sons, New York, 1942, p. 63 )

Chloromethylation is of much value in the synthetic
work inasmuch as the chloromethyl group 1is reactive and the
chlorine atom can be replaced by other groups. Alcohols
result when such compounds are hydrolysed by heating with
water either alone or under pressure. Alcohols can be
prepared indirectly through the saponification of acetic acid
esters obtained from interaction of chloromethylateg‘Egmpound
with acetic acid in presence of fused sodium azcetate. Many
alcohols with various functional groups have been prepared by
this method. Chloromethyl group can be converted to
cyanomethyl group which in its turn would give on saponification
acetic acid derivatives. Op reduction 1t can be converted to

methyl group,
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Mdehydes are obtained by the interaction of
halomethyl compounds with hexamine ( Sommelet reaction ).

RCHCl + ( CHy )g Ny —> R CH, (CHp)g W,C1

% R OmD + HCL + (CHp)g Wy

N

On condensation with secondary amines such as diethylamine
or dimethylamine the chloromethyl derivativéigive various
dialkylaminomethyl derivatives which are substances of

therapeutic value.

Application of the reaction ¢

Aromatic hyﬁrocéfbons such as benzene, naphthalene,
anthracene, phenanthracene, biphenyl and meny of their
defivatives have been chlﬁromethylated. The introduction of
an alkyl group in the benzene nucleus enhances the
reactivity of the hydrocarbon, highly alkylated homlogues
reacting rapidly in the absence of catalyst. Nauta and
Dienske ( Rec. trav. Chim., 1936, 55, 1000 ; C.A.,1937, 31,

1776 ) chloromethylated mesityleme without using any catalyst
énd obtzined the mono as well as the dichloromethyl derivatives.
Bratin and Nells ( Ber., 1934, 67, 109% ) chloromethylated
mexylene and obtained the dichloromethyl derivative. Chloromethyl
group preferentizlly enters the para position with respect to -
an alkyl group but a small amunt of the ortho chlorSmethylated
isomer 1s also formed. & second chloromethyl groub usually

can be introduced and sometimes excellent ylelds of the
dichloromethyl derivative are obtained.

Halogens and nitro group in the arometic ring retard

®

{
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the reaction. Stephen et al. ( J. Chem. Soc., 1920, 117,
sio ) found that nitrobenzene and ortho and p-nitrotoluene '
give chloromethyl derivatives but in low yleld. Substances
such as ortho and p-chloronitrobenzene, p-dichlorobenzene,
p=-chlorotoluene and m-dinitrobenzene fail to react. The
presence of alkyl groups in the nucleus, however, counteracts
the influence of these substituents. Vavon et al. ( Bull. %oc.
Chem., 1939, &, 1025 ) successfully chloromethylated .
bromomesitylene.
~Ketones are generally unreactive. Fuson and

McKeever ( J. Am. Chem. Soc., 1940, 62, 78% ) found that
benz0phenéne could not be chloromethylated. Stephen et al,
( loc.cit, ) falled to chloromethylate anthraquinone. Here
also the presence of alkyl group in the nucleus counteracts
this influence. Thus Fuson and McKeever ( loc.cit. )
successfully chloromethylated acetomesitylene and 2 adimethyle
acetophenone. \

Hydroxyl groups in the nucleus greatly increasef
the rate of reaction, the c&ndeﬁsation proceeding vigorously
vielding polymerlc products. 4 sultable device for getting
around the difficulty with phenols is to convert them to esters
by treatment with ethyl chlorocarbonate. Ethyl aryl carbona%es
can be chloromethylated easily ( Sommelet et al. Colip™. rend.,
1933, 197, 256 3 193k, 198, 2256 ). The activating influence
of hydroxyl group may be sufficiently attenuated by a
deactivating group such as nitro,c&rbox&l or acetyl to make

a smoth reactlion possible. Stoermer and Behn ( Ber., 1901,
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34, 2455 ) successfully” chloromethylated o-nitrophenol.
Buehler, (C.4., 1948, 42, 2244 ) chloromethylated salicylic
acid and obtained the 5-chloromethyl derivative in good yield.

Phenol ethers react smothly. Phenol ethers and
phenolic compounds containing an aldehyde group also react
in a satisfactory manner.

Aromatic amines—react vigorously but the complex
condensation products areuinvariably the result of the
reaction and 1t hes not been possible to isolate simple
chloromethylated products derived from these compounds.

( Wegner, J. Am. Chem. Soc., 1933, 59, 72k ).

. The most important side reaction is that leading
to the formation of the corresponding diaryl methane
derivatives. Highly reactive compounds tend to yield this
type of products and it is impossible to 1solate the
intermediate chloromethyl derivative. Castigloni ( C.A4.,
1937, 31, 8528 ) chloromethylated B-naphthol and obtained

the corresponding dilaryl methane derivative.
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Bole of catelysts, solvents and temperature in

chloromethylation.

A variety of procedures have been utilised for the
chloromethylation. It 1s normally achieved using formalin.
The formaldehyde may be added &s formelin ( WO 4 ) or it may
be generated in the reaction mixture by depolymerisation of
paraformaldehyde. Paraformeldehyde 1s preferred as it can be
weighed accurately and is most sultable whenever anhydrous
éonditions are to be maintalned. Blank ( Bull. Soc. Chim.,
1923, 33, 313 ) introduced chloromethyl group into arometic
hydrocarbon by means.of a mixture of formalin and
paraformaldehyde and hydrochloric acid in presence of
anhydrous zinc chloride. Catalyst may or may not be required.
Among the catalysts which have been found useful are zinc
chloride and acetlc acid. Sulphuric acid, phosphofic acid and
aluminium chloride are also used as catalysts though these
catalysts tend to favour the formation of diaryl methsne
derivatives. Fleser and Seligman ( J. Am. Chem. Soc., 1935,
57, 942 ) found that in the chlorémethylation of p-bromo-
toluene the yield of the chloromethyl product was increased
three fold when a 11ittle anhydrous alumlnium chloride was
used with fused zinc chloride. Sommelet { Compt. rend., 1913,

-

. . ] - -
157, 1443 ) used stannic chloride with succesgs with compounds

1,

which normally resist chloromethylation. For liguid

substances no diluent is required. For solld substances

which do mot dissgolve in hydrochloric acid a solvent is used.
Acetic acid, carbon dilsvliphide, ethylene dlchloride and benzene



are used as solvents.
A varlety of féaction temperatures are used
denending on the type of compound to be chloromethylated.
Hizhly reactive compounds react at 0° while temperatures of
60 - 70° are much favoured for less reactive comnounds;
Sometimes reactions are carried out at 1L40° and under pressure.
Cnloromethylation may be accomplished by the use of
chloromethyl ether ( CH;.0.CHyCL ), or dichloromethyl ether
( CHaCL.0.CHaCl ), the reaction often vroceeds in the absence
of a2 catalyst. Stannic chloride may be used as catalyst wilth
less reactive compounds. Carbon disulphide or other indifferent
solvent may be used as diluent. The chloromethyl ether is
preferably used In excess. The reaction usually proceeds without
hydrochloric acid. Vavon et al. ( Bull. Soc. Chim., 1959, 8,
1025 ) studied the effect of substituents on the ease of
chloromethylation of henzene by chloromethyl ether in the
absance of a catalyst. They found that the rate 1s Increcsed
by CHy, CpHs, C3H,, OCH; and peduced by Cl, Br, I, CHyCl,
COOH and nitro group.

Helsler and Chechek ( U.S., 2486542 3 C.A., 1950,

"l

2037 ) found that gi matic compound containing one or two
aromatic rings can be chloromethylated and the chloromethyl
group can be simultaneously reduced 1f stannous chloride 1s
added to the reactlon mixture.

Stoermer and Oetkar ( Ber., 190%, 37, 192 ) prepared
6-chloromethylcoumarin by heating 6-hydroxymethyleoumarin with
hydrochloric acid. Direct chloromethyletion of coumerins has
not been studled at all. In the present work chloromethylation

[ ]
of some typical coumerin derivatives has been studied,
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Ghlcromethylaticn of Coumarin

Coumarin ( I ) could not be chlor-omethylatéd using
formalin ( 40 Z ) and hydrochloric acid. On chloromethylation
with two moles of paraformaldehyde in glaclal acetlc acid
solutlion using anhydrous zinc chloride as catalyst 1t gave
a monochloromethyl derivative. Yield of the chloromethylated
product was increased when anhydrous aluminium chloride was
used along with zinc chloride. The chloromethylcoﬁmarin on
reduction with zinc and acetic acld gave a product which was
found, on dlrect comparison, to be the 3-methylcoumarin,
Therefore the structure of 3-chloromethylcoumarin ( II ) has
been assigned to the chloromethyletss® product, 3-Methylcoumarin
required for comparlson was prepared according to the method
of Mentzer and Meunier ( Bull.Soc.Chim.,, 1943,10,356-361 //

C. 4. 194%,38,2649) as follovs.
Methyl proplonylsalicylate when trezated with
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sodlum at 165° gave 3-methyl-lL.hydroxycoumarin., On treatment
with phosphorus pentachloride 1t gave 3-methyl.b.
chlorocoumarin which on reduction with zine and hydrochloric
acld gave 3-methylecoumarin ( III ). Simonis ( Ber., 1915,48,
1583 ) prepared 3-methy1§oumarin by condensing phenol with

c-methyl malic acid using sulphuric acid as condensing agent.

On heating with acetic acid in preseﬁce of fused
sodium acetate ( II ) gave the 3-za2cetoxymethylcoumarin ( VI ),
On heating with magnesium methoxide or with methyl alcohol
in presence of anhydrous polassium carbonate it gave
3-methoxymethyleoumarin ( VII ), When heated with agueous
potassium cyanide it gave the 3-cyanomethyleoumarin ( VIII )
which on hydrolysis with potassium hydroxide solution ( 4 %)

'3
gave the known coumarin-3l.azcetic acid ( IX ). D¢y and
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Y.Sankaranarayanen ( J. Indian Chem, Soc., 1931, 8, 817 )} win
vared the same acid by heating salicylaldehyde with dry
sodivm succinate and succeinic anhydride at 170° reported the

same melting point. When heated with diethyl amine, ( IT )
ave 3=dlethylaminomethylcoumarin hydrochloride ( X ).

dichloromethyl derivative of ( I ) could not be obtained even

on chloromethylation with large excess of parasformeldehyde.

Chloromethylation of h-Methylcoumarin.

holMethyleoumarin { XI ) on chloromrthylation in
acetic acid solution ( 80 % ) wlth one mole of paraformaldehyde

gave & monochloromethyl derivative. The yield of the
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monochloromethyl derivative was conslderably Increased when
anhydrous zinc¢ chloride was used as a catalyst. The compound
was assigned the 3-chloromethyl-l-methylcoumarin structure

{ XIT ) as on reduction with zine and acetic acid it gave
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the known 3,4%-dimethylcoumarin ( XIII ), The 3,4
d1imethylcoumarin required for the purpose was prepared
according to Peters and Simonis ( Ber., 1908,41,830 ) by
condensing phenol with ethyl-amﬁethyl acetoacetate in presence

of sulphuric aecid.

The acetoxymethyl and methoxymethyl derivatives
were prepared as before. On chloromethylation with excess of
paraformaldehyde ( XI ) did not give any dichloromethyl

derivatlve.

Qg;oromethy;aticn of 7-methoxy-t-methyleoumarin,

7-Methoxy-t-methylecumarin ( XIV ) on

chloromethylation with one mole of paraformaldehyde gave a
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mixture of various products from which only one monochloromethyl
derivative could be isolated in a pure form. 7-Methoxy-6-
chloromethyl-b.methyleoumarin structure ( XV ) has been assigned
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to this product as on reduction it gave a product which was
found to be identical with the methyl ether ( XVI ) of
7-hydroxy-i,b-dimethylcoumarin prepared from h.methylresorcin51
and ethyl acetoacetate ( Yanagita Ber., 1938,71,2269 ).

The acetoxymethyl and methoxymethyl derivatives
were obtained as before, With aqueous potassium cyanlde the
chloromethylcoumarin ( XV ) gave 7-methoxy-6~cyanomethyltt
methylcoumarin which on hydrolysis with potassiu; hydroxide
solution ( 10 % ) ylelded 7-methoxy~lt=methylcoumarin-bezacetic
acid. When ( XV ) in chloroform solution was treated with
hexamethylene tetramine ( Sommelet reaction ) the hitherto
unknown 7-methoxye6b-formyl-temethyleoumarin ( XVIII ) was
obtained, It was characterised by preparing its 2,4
dinitrophenylhydrazone. Dirgcf formylation of 7-hydroxy-lt-
methylcoumarin with hexametﬁylene tetramine leads Lo the
formation of the 8-formyl derivative ( Seshadri and Rangaswami
Proc.Indian Acad.Sci,,1937,64,112 ).When heated in acetone
solution Qith diethyl amine in presence of anhydrous potassium
carbonate the chloromethyl coumarin ( XV ) gave 7-methoxyabe
diethylaminome thylelteme thylcoumarin,

On chloromethylation with two moles of
paraformaldehyde 7-methoxy-h-methylcoumarin ( XIv ) gave a
mixture of two dichloromethyl. derivatives : ( A ) m.p.198°
and § B3 ) m.p.195-198°. The two dichloromethyl derivatives
were separated by fractional crystalllsations from benzene
solution. The product ( A ) being sparingly soluble comes out
first in the form of needles. The product ( B ) was 1solated
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from the filtrate in the form of buds, These dichloromethyl

derivatives have nearly the same melting points but their

mixed melting point was depressed by over 20°,

( A)on

reduction gave a product which was found to be identical,

on direct comparison,with 7-methoxy=3,l,8~trimethylcoumarin

( ¥XI ) synthesised from 2-methylresorcinol by condensatlion
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with ethyl-a-methyl acetoacetate in the presence of sulphuric

acid and subsequent methylation of the hydroxycoumarin formed.

7=Methoxy-3,8-dichloromethyl-bemethylcoumarin ( XIX ) structure

has therefore been assigned to the product ( 4 ). The product

( B ) on reduction gave a product identical with 7-methoxy-
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3,%,6-trimethylcoumarin ‘( XXII ) synthesised by condensing

h.methylresorcinol with ethyl-a-methyl acetoacetate and
subgequent methylation of the hydroxycoumarin formed, The
product ( B ) is therefore 7-methoxy-3,6-dichloromethyl-lia
methylecoumarin ( XX ), .

The dlacetoxymethyl and the dimethoxymethyl
derivatives of both ( XIX ) and ( X ) have been prepared
as before,

7-Me thoxy-lemethyleoumarin ( XIV ) on
chloromethylation in ethylene chloride solution in presence
of zinc chloride gave a trichloromethyl derivative., The same

trichloromethyl derivative could also be obtained on further
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chloromethylation of the above dichloromethyl derivatives,
It must be 7-methoxy-3,6,8-trichloromethylelamethylcounarin
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( XXVII ) as on reduction it gave 7-methoxy-3,4,6,8-
tetramethylecoumarin ( ZXVIII ) which was synthesised by
the Pechmann condensation of 2,%-dimethylresorcinol with
ethylec-methyl acetoacetate in the presence of sulpburic
acid and subsequent methylation of the hydroxycoumarin
( XXIX ) formed.
The trizcetoxymethyl and trimethoxymethyl
derivatives of ( XXVII ) have! been prepared.
Chloromethylation of methyl-?-hydroxy-b

methylcoumarin-6-carboxylate and the corresponding acid,

Me thyle7-hydroxy-t-mathylcoumarin-b-carboxylate
( XXI ) o chloromethylation in acetic acid ( 80 %)
without a catalyst gave a mixture of products from which no
pure product could be isolated., Chloromethylation wlith one
mole of paraformaldehyde in presence of anhydrous zinc
chloride}kt’gaVe directly the dichloromethyl derivatlve,a
monochloromethyl derivative could not be 1solated. Yield of
the dichloromethyl derivative was increased when excess of
paraformal dehyde was,useé. The dichioromethyl derivative on
reduction gave methyl-7-hydroxy=3,4,8-trimethyleoumarin-5-
carboxylate ( XXXIII ) synthesised for comparison by
condensing methyl-2,4%-4ihydroxy-3-methylbenzoate w%;h ethyl-
a-methyl acetoacetate 1n the presence of sulphuric acid, The
dichloromethyl derlvative is therefore methyl-7-hydroxy-3,S-
dichloromethyl—h—methylcogmarin—6-carboxy1ate ( XXXIT ).
Methyl-?-hydfoxy;3,k,8-trimethylconmarinp6—carboxylate wa s
hydrolysed to the corresponding acid which on decarboxylation
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vielded Pré 7-hydroxy-3,4,8-trimethylcoumarin ( XXVI )
described eariler. The derivatives such as diacetoxymethyi,
dimetivxymethyl and dicyanomethyl of the dlchloromethylcoumarin

( &XII ) have been prepared.
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7-Hydroxy-t-methylecoumarineb-carboxylic acid
( XZXXVI ) on chloromethylation with one mole of wlth excess of
>TParaformaldehyde in presence of anhydrous zinc chloride
gave directly the diehloromethyl derivative, No momnochioro
mathyl derivative could be isolated. This on reduction with
zinc and hydrochloric acld gave 7-hydroxy=-3,k,8-
trimethylcoumarin-b-carboxylic acld ( XXIV ) mentioned earliers



The dichloromethyl derlvative hence wés 7-hydroxy-3,58-
dichioromethyl-lt=methylcounarin-b-carboxyiic acid ( XXXV ),
With methyl alcohol in presence of sulphuric acid it gave
methyl-?-hydroxya3,8-dimethoxymethyl—%:methylcoumarin—ém
carboxylate.

Me thyle7=me thoxy=lttamethylcounarin-6-carboxyliate
" on chloromethylation with one mole or with excess of
paraformaldehyde in pfesence of anhydrous zinec chiloride zave
a monochloromethyl acid, Yo further chloromethylation was

p035ible, The monochloromethyl derivative on reduction with

o (Hu«o) (weuo)arnd - ‘-“)0 Luyoom CJ[;,
* z-v\.wu
“c sot Tntg Wo OC ws,ct / Ty,

cs-\z, t\-\) Chy,
REXYIN KRANVE AR
2 0.0 G
bt
ne / o LRy LOe du- (2113 4 20 . {CHY), 50h ci_\lo
7 4
AN \iko.,,c'fn Y ) D\\SO(' iy kit o WDOC / Ry
?) L“b R > C'HB
C A RLIT RLL

zinc and hydrochloric acid gave 7-methoxy-3,Y-dimethylcoumarin.
6-carboxylic acid. This was synthesised by hydrolysing the
known methyi«?-methoxy;3,h-dimethyicoumarin—6-carboxylate

( XLI ) ( Sethna and Shah J,Indian Chem.Soc,,1938,15,383 ).

®
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The monochloromethyl derivative 1s therefore 7-methoxy-3-
chloromeﬁhyl-h-—methylcoumarin-—é-'carboxylic acid { TYIX ) .
With methyl alcohol in présence of sulphuric acid it gave

methyle-7-methoxy-3-methoxymethyl-k~methylcoumarin-b-carboxylate.

Chloromethylation of some 5-hydroxy-U-methylcoumarin

derivatives and their methyl ethers.

Methyl-5-hydroxy-t-methylcoumarin-b-carboxylate
( XLIV ) on chloromethylation with one mole of paraformsldehyde
in presence of anhydrous zinc chloride gave a mnochloromethyl
derivative. This weas reduced to thé corresponding methyl
derivative with zinc and acetic acid. The chloromethyl group
can enter either the 3-position or the 8-pos:§tion. Its
reQuction product must have therefore either the 3,4-dimethyl
structure ( XLVI A ) or the L4,8~dimethyl structure ( XLVI B ).
 The rgaduction product was found on direct comparison to be
different from methyl-S-hydroxy-3,%-dimethylcoumarin-6-
carboxylate ( XLVI A ) and must have therefore the alternate

vaust \Wave

structure ( EVI B ) and the chloromethyl derivative/\the

struc ture ‘( XLV B).
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Methyl-Sahydroxy—3,h-dimethylcoumarin—6-carbox&1ate
mentioned above was synthesised as follows ¢ Methyl-f-
resorcylate was condensed with ethyl-c-methyl acetoacetate
in presence of aluminium chloride when two 'products were
obtained which were separated by fractionsl crystallisations
from rectified spirit. One product gave intense blue
fluorescence with alkall and was found to be ldentical with
methyl-7-hydroxy-3,%-dimethylcoumarin-b-carboxylate ( XLVII 4 )
synthesised by Sethna and Sheh ( J. Indian Chem. Soc., 1938,
15, 383 ). The other product did not show any fluorescence
but gave a deep yellow sodium salt with alkall. It was therefore
a S5-hydroxycoumarin derivative. Of the two possible structures
viz. methyl-5-hydroxy-3,4-dimethylcounarin-b-carboxylate
( XLVII B ) and methyl-S-hydroxy-3,%-dimethylcounarin-8-
carboxylate ( XLVII C ) the former structure has been assigned
to the produét becéuse it gave a deep reddish brown colour
with alcoholie ferric chloride. This is supported by the work
of Sethna, Shah and Shah ( J. Chem. Soc., 1938, 228 ) on the
condensation of methyl-g-resorcylate with ethyl acetoacetate

in presence of anhydrous aluminlium chloride.
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Me thyl-5=-hydroxy-lt,8-dimethylcounarin-b-carboxylate
was also synthesised by another method given below.

L-Methylresorcinol on carboxylatioﬁ gave a wWONO
carboxylic acid. This would have either structure ( XLVIII A)
or ( XLVIII B ).
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The methyl ester of ( XLVIII A ) on Pechmann
condensation with ethyl acezoaéetate wuld give methyl-7-
hydroxy-lt, 6-dimethylcoumarin-8-carboxylate ( XLIX ) which
would give fluorescence and on hydrolysis and decarboxylation
wuld give the known 7-hydroxy-l,6-dimethylcoumarin (L)
But the product actually obtained on Pechmann condensation
did not show any ﬂ‘uorescence but gave a deep yellow solution
with alksli indicating that it was a 5S-hydroxycoumarin
derivative. The acld therefore must have the alternate
structure ( XLVIII B ).

fhe methyl ester of ( XLVIII B ) on Pechmann
condensation with ethyl acetoaéetate would give risg to eilther
methyl-5-hydroxy-t,8-dimethylcoumarin-b-carboxylate ( LI 4 )
or methyl-S-hydroxy-h,6-dimethylcoumarin-8-carboxylafe
( LI B ). The product obtatined here gave a deep‘reddisﬁ
brown colouration with alcoholic ferric chloride and so was

( LI 4 ). Further the product obtained was found to be
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. ldentical with the one obtfalned on the reduction of the
monochloromethyl derivative from methyleS-hydroxy=l-
methylcoumarin-b-carboxylate described above. As the
monochloromethyl derivative of ( XLIV ) could only be
3-chloromethyl or the 8-chloromethyl it cannot give the

4, 6-dimethylcoumerin derivative on reduction. Further the
methyl ester of ( XLVIII B ) on Pechmann condensation with
ethylacetoacetaté canmot glve rise to the 6,8-dimethylcoumarin
derivative. Both the products must therefore have the methyl-
5-hydroxy-l,8-dimethylcoumarin-b-carboxylate ( XLVI 4 )
structure. That methyl ester of ( XLVIII B ) on condensation
with ethyl acetoacetate gave the ( LI A ) is supported by

the work of Sethns and Shah ( J. Chem. Soc., 1938, 1066 )
who found that methyl-2,lY-dihydroxy-5-ethylbenzoate on
condensation with ethyl acetoacetate in presence of aluminium

chloride gave methyl-5-hydroxy-b-methyl-8-ethylcoumarin-b-

carboxylate.
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S-Methoxy-h—methylcouﬁarin on chloromethylation with
one mole of paraformeldehyde gave a chloriﬁg free product.
The analysis indicated that orobably it is jn-ethylene bis-
( S5-methoxy-t-methylcoumarin ). It has not been Investigated
further.

5-Méthoxy-k~methylcoumayin ( LIT ) on chloromethylation

with excess of paraformaldehyde gave a dichloromethyl

derivative. It can have either of the feodlewimy structures s
Giehlopomethyl ( LIII A4 ), diehlsremethyl ( LIII B ) or

Gehloromethyl ( LIIT C ). These on reduction would give rise
to the correspoﬁding methyl derivatives ((LIV A ), ( LIV B)
and ( LIV C ) respectively. That the chloromethyl derivative
has the 3,8-dichloromethyl structure ( LIII B ) has been

shown by the following series of reactions.
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Methyl=-5-hydroxy=bte-methylcoumarin-b=carboxylate
( XLIV ) on chloromethylation with excess of paraformaldehyde
in presence of zinc chloride gave a dichloromethyl derivative
which must be methyl-S-hydroxy-3,8-dichloromethyl-l-methyl-
coumarin-6-cartoxylate ( LV ) as there 1s no other possibility.
This on reduction gave ﬁethyl-5—hydro;y-3,4,8-trimethy1coumarin—
6-cartoxylate ( LVI ) which on hydrolysls and decarboxylation
gave 5=-hydroxy-3,k,8-trimethylcoumarin ( LVIII ). On
methylation it gave S-methoxy-3,4,8-trimethylcoumarin identical
with the reductiﬁn product of the dichloromethyl derivative
from S-methoxy-h-methylecoumarin described above.
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coumarins are summarised in the folloing table.

o,
1.
2.

3,

L’"

6

7.

ot
T
G

The results obtained in the chloromethylation of

Substance
Coumarin
L.Methylecoumarin

7-He thoxy-Ymethyl-

coumarin

Methyl-7-hydroxy-Ll-
me thylcoumarine5-

carvoxylate

7-HydroXy-lteme thyl-

coumarin-é-carboxylic

acid
Mothyl-7-methoxy=-li-
me thyleoumarine 6-
carboxylate

5-Ye thoxy-l—me thyl-

coumarin

Me thyl-5-hydroxy-l-
me thylcoumarineb-

carmoxylate

s

Product obtained
3-Chloromethyl-
3-Chloromethyl-

6-Chlorome thyl-
3,6-Dichloromethyl-
3,8-Dichloromethyl-

3,6,8-Trichloromethyl-

3,8-Dichloromethyl-

3,8-Dichloromethyl-

3-Chloromethylcoumarin-

6-carboxylic acid

?,?'-Methylene-bis-

( 5-methoxy-l-methyl-

coumarin )

3,8-dichloromethyl-
8=-Chloromethyl-

3,8-Dichloromethyl-

Yield %
33
73

10
poor
poor

22

80

71

72

27
poor



.EXPERIMENTAL

Chloromethylation of coumarin @ ,

3—Chioromethzlcougarin; A mixture of coumarin
( 7.3 g. § 0.05 mle ) in glacial acetic acid ( 80 ml. ),

paraformaldehyde ( 3 g. ;‘0.1 mle ), anhydrous zinc chloride
(7 g 5§ 0,05 mole ) and anhydrous aluminium chloride ( 1.3 g. §
~0.01 mole ) was treated with dry hydrochloric acid gas at
100° for 3 hours, The reactlion mixture was then cooled and
diluted with water ti1l turbidity appeared. It was then left
overnight in a refrigerator. The separated product was then
f11 tered, washed with‘plgnty of water and dried in a vacuum
desiccator, It crystallised from benzene-petroleum other
mixture in small naedleé;m.p.111°. Yield 1.2 g.
The compound has an irritant aéﬁion on the skin.

The original mother liﬁuér from the reaction mixture on
further dilution gave an impure product from which no other
product th;n the original coumarin could be isolated in a
pure state, N

Analysis ¢

8.63 mg. of thé substanée gave 19,47 mg, of
carbon dloxide and 2,71 mg. of water,

14,08 mg, of the same subsfance~gave 10,24 mg,
of silver chloride. | '
c
C

Found

.-
i
i

6151 %2 § H=3,52% 5 C1
61.69 2 3 H = 3,59 % 3 Cl

17.99 Z.
18,30 4.

Ll]

- C10Hy02C1  requires

3=4cetoxymethylcoumarin ¢
3-Chlofomethylcoumarin.(‘0.5 g2. ) in glacial acetlc
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acid ( 10 ml. ) was refluxed with fused sodium acetate
( 1g. ) for one hour, The reaction mixture éas then poured
;n cold water and the separated product cryétallised from
dl1nte acetic acld in needles,m.p.105-106°,

Analysis

9.18 mg. of the substance gave 22,26 mg, of
carbon dioxide and 3.44 mg. of water.

Found et C=66,17% 3 H=14,19 %,
Cq 2Hi00y requires 2 C = 66,05 % 3 H="4,58 4%,

i

3-Methoxymethylcoumarin ¢

3-Chloromethylcoumarin ( 0.5 g. ) in methyl alcohol

( 10 ml. ) was ref1u§¥ed on a steam bath with anhydrous
potassium carbonate for 4 hours. The mixture was filtered and
diluted with water.-The product obtained crystallised from
dilute aleohol,m.p.126°,

Analysis ¢

8.63 mg. of the substance gave 21,85 mg. of
carbon dioxide and 4,01 mg. of water.
69.11 % 3 H = 5.2 4.
69.47 2 5 H = 5.3 %,

Found :t C

]

Cy1H1003 requires ¢ C

3-Methyleoumarin .

} 3-Chloromethylcoumarin ( 0.5 g. ) in acetic acid
( 80 % 5 10 ml, ) was treated during 1/2 hour at 60.70° with
zine dust ( 1 g. ). The mixture was heated for further one
hour, filtered hot and poured in ice-cold water. The
separated product was filtered,More product was obtained by

extracting the mother liquor with ether. It crystallised from

°
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&

petroleum ether in needles,m.p.90° Mixed mep.with 3=

methylcoumarin obtained by the reduction of 4-chloro-3-

methyleoumarin with zinc and hydrochloric acid according to

Mentzer and Meunler ( loc.cit. ) was not depressed.
3-Cyanomethylcoumarin.

Aqueous potassium cyanide ( 0.5 g. in‘3 ml, water )
was slowly added to 3-chloromethylcoumarin ( 0,5 g, ) in
alcohol ( 10 ml. ) and the mixture refluxed on a water bath
for 2 hours and then diluted with water. The separated
product crystallised from dilute alcohol in needles,m.p.148°,

- Analysis ¢

9.52 mg, of the substance gave 24.8% mg, of
carbon dioxide and 3.28 mg. of water.

8.32 mg, of the same substance gave 0,564 ml, of
nitrogen at t = 33° and p = 756 mm,
C=71.21%3 H=3,85%
Cy1H,0,N requires ¢ C =71,35% 5§ E=3,81%

~ Coumarin-3-acetic acid.

3-Cyanomethyleoumarin (‘1 g. ) was refluxed on a

Found

"

N =752 %.
N=7,56 %e

s

-t

steam bath with alcoholic potassium hydroxide solution
( 10 2 5 10 ml. ) for 2 hours, The mixture was then cooled,
&11uted with water and acidified. The separated product was
purified through sodium bicarbonate solution. It crystallised
from dllute acetlc acld,m.p.150°, |

Dey and'Sankarnarayanén ( loc,cit. ) reported the

same melting point,
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dnalysis ¢ -
9.86 mg, of the substance gave 23.32 mg. of

carbon dloxide and 3,40 mg., of water.
Found s C =654 73 H= 3,854,
64,70 % § H = 3.95 %.

]

Cq41HgOy requires ¢ C

J-Diethylaminomethylcoumarin hydrochloride.
3-Chloromethyleoumarin ( 1 g. ) in diethylamine
( 10 ml, ) was refluxed on a steam bath for 1 hour. The

separated diethylamine hydrochlorlide was filtered and the
filtrate evaporated, The regidue was then dissolved in
alcohol ( 5 ml. ) and the solution saturated with hydrochloric
acid. Ether was then added till turbidity appeared and the
mixture left overnight. The separated product was
recrystallised from chloroform,m.0.115°,

Analysis ¢ '

6.52 mg. of the substance gave 0,303 ml, of
nitrogen at t = 32° and p = 757 mm.

16,34 mg. of the same substance gave 8.86 mg, of
silver chloride. |

Found

"
(]

5,18 4 3 C1 = 13,40 %.
5.23 % 5 C1 = 13,27 %,

H

i

Cq1yHy 802 NC1 requires

*n

Chloromethylation of Y-methylecoumarin @
-Chloromethyl-t=methylcoumarin. A mixture of

Y.methylcoumarin ( 1.6 g. § 0.01 mole ) in acetic acid
- ( 60 % 3 40 ml, ) and paraformaldehydes ( 2,4 g, 3 0,08 mole )
was treated with hydrochloric acld gas for 3 hours at 100°,
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The mixture was then cooled and diluted with water. The
separated product crystallised from benzene-petrolsum ether
mixture in fine colourless plates,m.D.,139-140°, Yield 0.8 g.
Analzéis s
9.28 mg, of the substance gave 21.48 mg. of
carbon dioxide and 3.33 mg. of watgr.
15.40 mg, of the same substance gave 10,34 mg;
5f silver chloride.
Found

Cy1Hg0,C1 requires

+®

63.18 4 3§ H = 4,02 %
63.30 2 5 H =431 9

Cl
c1

16,61 %.
17,00 %,

s

c

"
1
it

1]

3- Ace toxyme thyl-ltame thylcoumarine
This was prepared by refluxing the 3-chloromethylel-

methylcoumarin in acetic acid with fused sodium acetate as
bafore. It crystallised from rectified spirit in needles,
m.p.128°, ‘
| Anaizsis H

9,84 mg. of%the substance gave 24,42 mg. of
carbon diéxﬂdé’and 4,46 mg, of water.

Found 1 C=67,72% 3 H=25.074%.
Cq3Hy 20y requires ¢ C = 67,24 %4 § H = 5¢17.%. .

]

3-Methoxymethyl-lt=methylcoumarin,

This was prezarad by refluxing the 3-chl¢romethyl.
Lh.methylcoumarin in ﬁethyl alcohnl wlth anhydrous potassium
carbonate as before. It erystallised from rectified spirit

in needles,m.p.?72°,
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. : {
Analysis ¢ . ,
10,06 mg., of the substance gave 26.10 mg. of

carbon dioxide and 5,18 mg. of water,
Found tC =708 73 H
C = 70.58 %.53 H
3, 4-Dimethyleoumarin.
3-Chloromethy1~h-methyicoumarin ( 0.5 g« ) in

1

5476 %o
5.88 7.

e

01 231 203 req:'aires

acetic acid ( 80 % 3 15 ml. ) was treated during 1/2 hour at
60-70° with zine dust ( 1 g. ). The mixture was heated for
further 1 hour, filtered hot and poured in cold water. The
separated product crystallised from dilute acetic acid in
needles,meP.117°., Mixed m.p.wlth the product prepared according
to the method of Peters and Simonls ( loc.clt., ) was not

depressed.

Chloromethylation of 7-methoxy=t-methylcoumarin ¢

7=Ye tho xy=b-chlorome thyl-t=-me thylcoumarin,

A mixture of 7-methoxy-lt-methylicoumarin ( 3.8 g. 3

0,02 mole ) in acetic acid ( 80 Z 5 30 ml. ) and
paraformaldehyde ( 0.6 g. 3 0.02 mole ) was treated with
hydrochloric acid gas at 60.70° for one hour, The mixture was
left overnlght in a refrigerator and the product whlch
separated was filtered,washed wlth alcohol and crystallised
from benzene in fine needles,m.p,246°, Yield O.4 g:

Analysis ¢ .

7.22 mg, of the substance gave 16.09 mg. of

carbon dioxide and 3,052 mg. of water.
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12,49 mg. of the same substance gave 7.331 mg.
of silver chloride,
60.81 % 3§ H=14,73 % 5 C1
60,37 2 3 H=14,61% 5 C1

i

14,52 %,
14,88 7.

t

Found ¢ C
C

C«' zH-' 10301 I‘Qqui?es H

The acetoxymethyl derivative was prepared by

rafluxing the above chloromethyl coumarin in acetlc acid wlith
fused sodium acetate as before. It crystallised from rectified
spirit in needles,m.p.191°,

Analysis ¢

9,00 mg, of the substance gave 21.06 mg, of
carbon dioxide and 4.4 mg. of water.

Found e C =63,86%3 H=5u7 %,
CyuHyu0s requires ¢ C = 64,12 % 3 H= 5,3+ %,

The methoxymethyl derivative was prepared by
refluxing the above chloromethyl coumarin in methyl alcohol
wi th anhydrous potassium carbonate as before. It crystallilsed
from rectified spirit in needles,m.p.136°,

“ Analysis ¢ .
9.41 mg., of the substance gave 22,90 mg, of
carbon dioxide and 4.97 mg. of water.
Found e C=6642%3 H=6,0249,
Ci3Hyu0n  requires ¢ C = ?6.63 %3 H=602%, °

7=Me thoxy=lk, 6= dimethylcoumarin. :

7-Me thoxy=-b.chloromethyl-tomethylcoumarin ( 0.5 g. )
in acetic acid ( 80 #Z 3 20 ml. ) was treated during half hour
at 60.70° with zinc dust ( 1 g, ). The mixture was heated for

[
t
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further one hour,filtered hot and poured in cold water, The
separated solid crystallised from dilute acetic acld in
needles,m.p.181° It was found to be ldentical,on direct
comparison,with the product obtained on mathylation of the
known 7-h§droxya#,6-dimethylcoumarin prepared according to
Yanagita ( loc.cit, e

Analysls @

5,01 mg. of the substance gave 12.86 mg. of \
carbon dloxide and 2.55 mg. of water.
70,08 Z 3 H = 5.69 %.
C=70.58%3 H=15,884%.

Found e G

L]

Cq2Hi203 requires

7=Me thoxy=6- formyl.kt.methylcounarin,
7=-Methoxy-5-chlorome thyl-bumethyleoumarin ( 0.5 g. )

in chloroform ( 20 ml, ) was treated with dry hexamine

( 1.2 g. ) and the solution refiuxed on a water bath,
Separation of complex salt started after half an hour and was
complete In about 2 hours, It was then filtered and decomposed
by boiling for half hour with dilute acetic acid ( 1l:l g

20 ml, ). The product obtained crystallised from acetic acid
in needles,m,p.256-257°, Yield 0,06 g.

Analysis
3.48 mg, of the substance gave 8,47 mg, of

carbon dioxide and 1.5l mg. of water. i
Found s C=66.25% 3 H=42834%,

lr.
Cy2Hy 004 requires : C = 66,05% 3 H = ﬁ.58 Ze

" The 2,hodinitroghenzlhxgrazéng prepared as usual
was crystallised from acetic acid,m.p.292°,
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Analysis :. ’
7.32 mg. of the substance gave 0,879 ml, of

nitrozen at t = 31°%and p = 761 mm,
FOu.nd s N = 130 50 %o A
Cy8Hy408Ny, requires ¢ N = 13,52 Z.

7-Methoxy-6-cyanomethyl-ti-methylcoumarin.
Aqueous potassium cyanide ( 0.5 g. in 5 ml, water }

was slowly added to a suspension of 7-methoxy-6-chloromethyl-
homethyleounarin ( 0.5 g. ) in aleohol ( 60 Z § 20 ml, ) and
the mixture refluxed on a water bath for 2 hours, The solid
which separated crystallised from acetic acid in needles,
m. p«2%48.250°,

Analysls ¢ |

8.52 mg. of the substance gave 21.28 mg, of
carbon dioxide and 4,83 mg. of water.

\ 8.68 mg, of the same substance gave 0,456 ml.

of nitrogen at t = 30%and p = 755 mm.

Found  :C =68,16% 3 H=14,83%3 N
Cy3Hy403N  requires : C =68,11% 3 H=4,847 3 N,

5.88 7.
6.11 2.

i

7=Methoxy-l.methylcoumarin-b-acetic acid.

7<Methoxy=6cyanome thylatemethylcounarin ( 0.5 g. )
was refluxed on a steam bath with alcoholic potassium
hydroxide solution ( 10 Z 5 10 ml. ) for 2 hours. The product
obtained on acidification wﬁs purified through sodium
bilcarbonate solution and erystallised from acetle acld,

meP 02)"‘70.
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Analysis =
8.6% mg, of the substance gave 19.9% mg, of

carbon éioxiée and 3.84% mg, of water,
Found : C=62,98% 3 H=497 %,
013H1205 requ‘lres st C = 62190 % H H = l"'083 %0

Z-Metho;xp6-diethxlaminomethg;-huggthylgoumarih.
Diethylamine ( 0.5 ml. ) was slowly added to a

suspension of the 6-chloromethylcoumarin derivative ( 0.5 g.)
in aleohol ( 20 ml., ) and the mixture refluxed on a water
bath for one hour, The product which separated on dilution
with water was purified through dilute hydrochloric acld
solution, It crystallised from alcohol in the form of buds,
It melts to a translucent liquld at 98° which clears up at
130°,
' Analysis ¢

9.3% mg, of the substance gave 23,82 mg., of
carbon dioxide and 6,20 mg. of water.

9,62 mg. of the same substance gave 0,436 ml.
of nitrogen at t = 30°and p = 75% mm.

Found ”3 C = 69.61 % ; H= 7.1+2 % H = 5007 %o
C16H2¢03N requires 2 C =69,79 % 3 H=7.69% 3 N=5,00 %
(1) 7-Me thoxy- 3, 8-dichloromethyl.-me thylcounarin,

A mixture of 7-methoxy-li-methylcoumarin ( 1.9 g. }
0,01 mole ) in acetic acid ( 80 % 3 50 ml. ) and
paraformaldehyde ( 0.7 g. ;’0.023 mole ) was treated with
hydrochloric acid‘gas at 60-70° for 2 hours and the mixture
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1

was left overﬂigﬁt at room temperature. The next day the
separated product was filtered and dried. It was dissolved
in benzene by warming and allowed to cool. The 3,8-
dichloromethyl derivative started separating in the form of
neesdles, When the other 1somer,which separates in the form
of buds,started separating,the benzene solution was filtered.
The filtrate was treated as described under (ii) later. The
residue on recrystallisation from benzena yleldad pure
3,8=d1chloromethyl derivative,m.p.198°, The yield was poor.

Analysis ¢

4,668 mg, of the, substance gave 9.é§8 mg. of
carbon dioxide and 1.69 mg. Bf water,

16.29 mg. of the same substance gave 16,33 mg.
of silvegc chloride,

Found e C=5436%3 H=406¢% 3 C1 = 24,79 %,
C13H1203C1; requires ¢ C = 54,357 § H=4,18 % 5 C1 = 24,73 %,

The diacetoxymethyl derivative was prepared by
refluxing the above 3,8«dichloromethylcoumarin in acetic acld

with fused sodium acetate as before., It crystallised from
rectified spirit in needles,m.p.174°,

Analysis .
8.80 mg, of the substance gave 19,80 mg., of

carbon dioxlde and 3.92 mg., of water. *
61.40 %

61.07 %

Pound :+ C
c

H
H

4,08 %,
5.43 4.

The dimethoxymethyl derivatlive was prepared by
refluxing the above dichloromethylcoumarin derivative in

e

*e
]
H

Cy9Hq 8049 requires

e



methyl alcohol with anhydrous potassium carbonate as before,
It crystallised from benzene-petroleum ether mixture in Vs
fieedles,mp.174°,

Analysis

8,42 mg, of the substance gave 19,90 mg, of
carbon dloxide and %.95 mg. of water.

Found : C=64,50%3H

Cy5Hy 805 requires ¢ C = 64,73 4 3 H

i

6.58 %.
6.52 %

1]

7-Me thoxy=-3,4, 8- trimethylcoumarin.

7-Methoxy-3,8-dichloromethyl-k-methylcoumarin

( 0.5 g, ) in acetic acid ( 80 % 5 20 ml. ) was treated
auring half an hour at 60-70° with zinc dust ( 1 g. ). The
mixture was heated for further one hour, filtered hot and
poured in cold water. The separated product crystallised from
rectified spirit in needles,m.p.188-190°, Mixed m,p. with
7-methoxy=-3,4,8-trimethylcoumarin synthesised as shown below
was not depressed.

dnalysls ¢

4,724 mg, of the substance gave 12,316 mg., of
carbon dioxlde and 2.560 mg, of water.
C=7115% 5 H = 6.07 %,
H=64 %,

Found

*"»

Cy3Hiu03  requires ¢ C = 71,55 %

e

Pechmann condensation of 2.methylresorcinol with

ethyl-a.methyl acetoacetate * 7-Hydroxy=3.lt,8-trimethylcoumarin.
A mixture of 2-methylresorcinol ( 1.24 g. ) and

ethyl-a-methyl acetoacetate ( l.44 g, ) was treated with
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sulphuric acid ( 80 Z 3 10.ml., ) and left overnight at room
temperature; The product obtalned on pouring the reaction
mixture in cold water crystallised from rectified spirit in
needles,m.p.274°,

Analysis ¢

8.96 mg, oftthe substance gave 23.16 mg. of
carbon dioxlde and 4%.58 mg. of water,
70.5% % 5 H
70.58 4 ¢ H

i
il

Found s C 5¢72 %e

5.88 7%.

i
i)

Cy2Hy 203 requires ¢ C

The methyl ether. Prepared by refluxing 7-hydroxy-

3,4, 8-trimethyleoumarin in acetone solution with dimethyl
sulphate in presence of anhydrous potassium carbonate as
usual was crystallised from rectified spirlt 1n needles,

m.p.188-190°,

(11) 7=Methoxy=-13,6-dichloromethyl-b-methylcoumarin.

The filtrate from above experiment (1) was cooled
further when the 3,6-dichloromethyl derivative separated. It
was crystallised from benzene.petroleum ether mixture in fine
colourless buds,m.p.195-198°, Yield was poor.

Apalysis

8.?6 mg. of the substance gave 17,02 hg. of
carbon dioxide and 3.00 mg. of water. - |

10,756 mg. of the same substance gave‘10.688 mg.
of sllver chloride.

Found e C =54,28 4 s H=3.92% 3 C1 = 24,60 7,
c,3H1203C},2 I'GQUJ.I'QS ¢ C = 51"'35 % H H= "9018 % H Cl = 2"‘373 %o



172

The diacetoxymethyl derivative prepared as before
crystallised from rectified splrit in needle s,m.p.180°,

Analysis

4,04 mg, of the substance gave 9.00 mg. of
carbon dioxide and 2.05 mg. of water,
60,72 %4 § H
= 61,07 %

i

5,68 %,
= 5.38 %Z.

i

Found e C
C47H, 809 requires : C

-e
I

The dimethoxymethyl derivative prepared as before

was crystallised from benzene-petroleum ether mixture,
meD. 164°.

Analysls @

8.23 mg. of the substance gave 19,4C mg. of
carbon dioxide and %.77 mg. of water.
64,32 %

64.73 %

H= 6,48 %,
H=6,52 %

Found s C

~“ae

il

01 5H1 805 requires s C

b L]

7-Methoxy=3,U4,6-trimethylcoumarine.
The above 3,6-dichloromethyl derivative ( 0.5 g. )
in acetic acid ( 80 4 § 20 ml. ) and hydrochloric acid

( 1 ml. ) was reduced with zinc dust as in the case of
1someric 3,8-dichloromethyl derivative, The product obtained
was washed with petroleum ether ( 60-80° ) and then
crystalllised from dilute acetlc acid in needles,m.p.195°,
Mixed m.p.with 7-meth9xy-3;h,6-tr1methy1coumarin prepared
as shown below was not depressed,

Analysis ¢

3.262 mg, Qf the substance gave 8,480 mg, of
carbon dioxide and 1.950 mg, of water.

L 4
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#

6.68 7.
= 6,42 %,

70.95 %
71.55 4

(13
(o}
i

Found

e

"
i

Cy3H1 403 requlres

A
[t

Pechmann condensation of 4=methylresoreinol with

ethylec.methyl acetoacetate ¢ 7-Hydroxy-3.%,6-trimethylcoumarin,.

A mixture of Y-methylresorcinol ( 1.24 g. ) and
ethyl-c-methyl acetoacetate ( l.44+ g, ) was treated with
sulphuric acid ( 80 % 3 10 ml., ). The product obtained on
working up the reaction mixture as before crystallised from
rectified spirit in needles,m.p.,266°,

Analysis @
3.458 mg, of the substance gave 8,904 mg. of

4

carbon dioxide and 1.668 mg. of water.
Found ¢+ C=70,27% 35 H= 5,39 %,
01 231203 requires :+ C = 70, 58 % H H= 5o88 %c

The methyl ether. Prepared by refluxing 7-hydroxy-

3,4,6-trimethylcoumarin in acetone solution with dimethyl
sulphate in presence of anhydrous potassiuum carbonate was
cerystallised from rectified spirit in needles,m.p.195°,

Z-Methoxy=3,6, 8- trichloromethyl-t-methyleoumarin.
A mixture of 7-methoxy-b-methylcoumarin ( 1.9 g. 3

0.01 mole ) in ethylene chloride ( 50 mi. );parafbrmaldehyde

( 2,4 g, 5 0,08 mole ) and anhydrous zinc chloride ( 1.39 g. )
was -treated with hydrochloric acid gas at 60° for 4 hours.
More ethylene chloride was added from time to time. On
cooling the reaction mixture some pasty mass separated which

was filtered and the filtrats diluted with petroleum ether,

v
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The separated product crystallised from benzene-petrolsum
ether mixture in needles,m.p.1568°. Yield 1.6 g.

Analysis ¢

8.91 mg. of the substance gave 16.37 mg. of
carbon dloxide and 3.042 mg, of water.

13.36 mg, of the same substance gave 17.29 mg.
of sllver chlorlde,

Found e G

i

50,13 %
50,06 %

“s
5]
i

= 3.82 4
= 3,87 %

Cl = 32,02 %.
C1 = 31.74 %,

-

Cy4Hy303C13 requires ¢ C

TS
¢

~he

The same product was obtained when a mixture of
7-methoxy-3, 8-,and 7-methoxy;3,6~dichloromethylnh-methylcoumarin,
déscribed earlier, in acetic acid ( 80 Z ) and paraformaldehyde
{ excess ) was treated with hydrocﬁloric acid gas at 60-70°

for % hours.

The triacetoxymethyl derivatlve prepared as before

was crystalllsed from rectified spirlt In needles,m.p. 203,
Analysis ¢
7.92 mg, of the substance gave 17,13 mg, of
carbon dioxide and 3.69 mg. of water,
Found e C=1%5,027%3 H

59.11 % 3 H

5,22 4,
5,46 %

020H2209 requ‘lres ¢t C

The trimethoxymethyl derivative prepared %s before

was crystallised from rectified spirit in nesdles,m.D. \ g2°,
Analysis
8.79 mg. of the substance gave 20,55 mg, of
carbon dioxide and 5.09 mg. of water,
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G
c

63.80 %2 3 H = 6,48 %,
63.3+ % 3 H = 6,88 %,

Found

L2 ]

C| 7;{2 206 requires

7-Mathoxy-34l4,6,8=tetramethylcoumarin.
7-MethoxY~396,8-trichloromethyl-h-méthylcoumarin

( 0.5 g, ) in acetic acid ( 80 % 3 20 ml, ) was reduced with
zine dust ( 1 g. ) as before, The product crystallised from
rectified spirit in needles,m,p.131°, Mixed m.p.with
7-methoxy-3,4,6,8-tetramethylcoumarin synthesised as shown
below was not depressad.

dnalysis ¢

8.70 mg, of the substance gave 23.08 mg, of
carbon dioxide and 5.06 mg. of water.
C =724 %3 H= 6,51 %.
72.39 % 5 H = 6,9% 7.

Found

"

i

CiuHy1603 requires ¢ C

Pechmann condensation of 2.%-dimethyiressrcinol

with ethyl-a-methyl acetoacetate : Z-Hydroxy-3,4,6,8-
tetramethyleoumarin,. )
A mixture of 2,4-dimethylresoreinol ( 1.38 g. )

and ethyl-g-methyl acetnacetate ( 1.4% g, ) was kept with
sulphuric acid ( 80 % 3 10 ml, ) overnight. The product
obtained on working up the reaction mixture as before
crystallised from rectified spirit: in needles,m.p.232°,
Analysis ¢ ‘
9.36 mg, of the substance gave 2L, 42 mg, of
carbon dloxlds and 5.12 mg. of water.

Found e C =71,20 % 3 H=6,12 4%,

013H“‘03 raquires ¢ C = 71.5"" % H H = 60‘"‘7 T
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The methyl ether, Prepared by refluxing 7-hydroxy-
3,%,6,8«tetramethyleounarin in acetone solution with
dimethyl sulphate in presence of anhydrous potassium carbonate

was crystallised from rectified spirit in needles,m.p.131°,

Chloromethylation of methyle7-hydroxy-lte

methylcoumarin.b-carboxylate.
Me thyla7-hydroxy=3,8-dichloromethyl-

methylcoumarin.b.carboxylate ¢ A mixture of methyl-7-
hydroxy-k-me thylcounarin-b-carboxyiate ( 2.3% g. 3 0.01 mole )
in glaclial acetic acid ( 60 ml, ) paraformaldehyde ( 4.8 g. 3
0.16 mole ) and anhydrous zinc chloride ( 4.1 g, 3 0.03 mle )
was treated with hydrochloric acid gas at 100° for one hour.
The product which separated on cooling was filtered,washed
with alcohol and dried., It erystallised from banzene in

<

nsedles,m.p,206°, Yield 2,5 g,

Analysis ¢

4,80 mg, of the substaneé gave 9,00 mg. of
carbon dioxide and 1.56 mg. of water.

14,51 mg, of the same substance gave 12,56 mg.

of silver chloride.

Found : C=051,26% 3 H=3,63% 3 Cl =21.141 %,
C1uH1205C12 requires : C = 50.75 %4 5 H = 3,62 7 5 C1 = 21,45 7,
! .
The/ acetoxymethyl derivative prepared as before 54\/

/-

was crystallfsed from rectified spirlt in needles,m.p.198°,



Analysis ¢
9,68 mg, of the substance géve 20.32 mg. of

carbon dioxide and 3.78 mg., of water,
57429 %
57.1% %

i

Found s C H= )'*'0 36 %'

H =476 4%

“e

i

Cq18H1 809 requires ¢ C

e

The dimethoxymethyl derivative prepared as before
crystallised from rectified spirit in needles,m.p.138°.

Analysis ¢
4,06 mg, of the substance gave 8.84% mg, of
carbon dioxide and 1.99 mg. of water.
Found st C=59,42 % ;3 H
H

548 %,

Cy6Hyg09  requires ¢ C = 59.62 % 5¢ 59 %

]

e

Methyle7-hydroxy=3,k, 8= trimethylcoumarineb=

carboxylate,
Methyl-7-hydroxy=3,8-dichloromethyl-la

methylecoumarin-6-carboxylate ( 0.5 g. ) in aéatic aecid

( 80 % g 20 ml, ) was treated during half an hour with zinec
dust ( 1 g, ) at 60.70°, The mixture was heated for further

2 haufs. The product obtained on working up as baefore
crystallised from acetic acid in needles,m.p.187°, Mixed
m.p.with the product obtained by the condensation of methyl-
2,4.dihydroxy-3-methylbenzoate ( 1.82 g, ) with ethAyl-a-
methyl acetoacetate ( 1l.44% g. ) in presence of sulphuric acid
( 80 Z 3 12 ml. ) was not deprassed,
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Analysis @
4,60 mg, of the substance gave 10,83 mg. of

carbon dioxide and 2.172 mg., of water,
Found ¢+ C=64,30% 3 H=5.287%,
C“,_Hﬂ‘,Og requ‘ires e C = 6’4%12 % ; H= 5.3’*’ %-

Z-Hydroxz-g,h,8-trimethxicouma;in-é-carboxz;1c

i

acid.

The above ester ( 0.5 g. ) was heatsd on a steam
bath for one hour with sodium hydroxide solution ( 10 % ;
10 ml, ). The mixture was then cooled and acidified. The
saparated product was purified through sodium bicarbonate
solution. It crystallised from dilute acetic acid in needles,
m.p.280° ( effer. ).

Analysts ° |

9.16 mz. of the substance gave 21,08 mg, of
carbon dloxide and 3.78 mg. of water,
C =628 %; H=k624%,
Cy3Hy 205 requires ¢ C = 62,90 2 3 H = 4,83 %,

(1]

Found

72=-Hydroxy=3,l,8=trime thylcoumarin,

The above acid ( 0,5 g. ) in quinoline ( 5 ml. )
was heated at 200° in an oll bath with a speck of copper
powder till effervescence ceased,The mixture was then
filtered and poured in dilute hydrochloric acid solution,
The separated product crystallised from rectified spirit in
nesdles,m,p.274°,Mixed melting point with the compound

obtained on Pechmann condensation of 2-methylresorcinol with

L4
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ethyl-g-methyl acetoacetate described earlier was not
depressed.

Methzlmz-hzdrogz-3,8-diczannmethxl—humethzlcoumarin-
6=carboxylate. :

Aqueous potassium cyanide ( 1 g. in 5 ml, water )
was slowly added to-a suspension of methyl-7-hydroxy-3,8-
dichloromethyl-h-methylcoumarip»6ncarboxylate (1lg. ) in
alcohol ( 25 ml., ) and the mixture refiuxed on a water
bath for one hour, The product obtained on dilution with
water and acidification was washed with sodium bicarbonate
and then crystallised from acetic acid in needles,m.p.232°,

Analysis ¢

9.46 mg, of the substance gave 21,26 mg. of
carbon dioxide and 3.02 mg, of water.

7.56 mg., of the same substance gave 0,605 ml.
of nitrogen at t = 32°Cand p = 757 mm.

Found ¢ C=61,31%3 H=3,57%
Cy6Hy 2050, requires : C = 61,542 3 H=3,87 4

N
N

8.92 %.
8.97 %.

H

13

g

Attempted Sommelet reaction on methyl-7-hydroxy-

3.8-dichloromethyl-tteme thylcoumarin-b-carboxylata.

Me thyl.7-hydroxy=-3,8-dichlorome thyleb.methylcoumarin-
b-carboxylate ( 0.5 g. ) in chloroform ( 40 ml., ) was
treated with dry hexamine ( 2.4 g. ) andt the sol&tion
refluxed on a water bath for 2 hours., & large amount of

complex sslt separated . It was filtered and boiled for
half an hour with dilute acetic acid ( 1l:1 j 20 ml, ).

No definite product was obtained on dllution or ether
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extraction of the above.sslution.
Chloromethylation of 7-hydroxy=lt-methyleoumparin-

6-carboxylic acid.
7=-Hydroxy=3, 8=dichlorome thyl-4-me thylcoumarin.b6-

carboxylic acid. A mixture of 7-hydroxy-t-methylcoumarineb-
carboxylic acid ( 2,2 g. § 0.01 mole ) suspended in glaclal
acetlc acid ( 50 ml. ), paraformaldshyde ( 4,8 g, § 0,16
mole ) and anhydrous sinc chloride ( k.1 g. § 0.03 mole )
was heated at 100° whlle a current of dry hydrochloric acld
gas was passed through it for one hour. The product which
separated on cooling cr&stallised from glacial acetic acid
in colourless cubic crystals. It decomposed at 214° but did
not give a clear melt. Yield 2,0 g.
\ Analzéis :

9,32 mg., of the substance gave 16,97 mg, of
carbon dioxide and 2.59 mg., of water.

17.27 mg, of the same substance gave 15,47 mg.
of silver chloride.

Found

L]

H = 3012'%
H=3,15 %

C1
C1

22,16 %.
22,39 %.

“we

C =k49,70 %
C13H1005C12 requires ¢ C = 49,21 %

e

e
-0
]

* The dimethoxymethyl derivative was prepared by

refluxing the above chloromethyleoumarin ( 0.5 g..) in
methyl alcohol ( 50 ml. ) with concentrated sulphuric acid
( 5 ml. ) for 6 hours, The product obtained on diluting the
reactlon mixture crystallised from rectified spirit in
needles,m.p.l§8°. Mixed m.p.wlth methyl-7-hydroxy-3,8-
dimethoxymethyl-bemethyleoumarin-b-carboxylate,described
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earlier, was not depressed.

7-Hydroxy=23.!, 8- trimethyleoumarin- b-carboxylic

acid,

The above dichloromethyl coumarin ( 0.5 g. )
was reduced by heating 1ts solution in acetic acid
( 80 % 5 40 ml, ) with zine dust ( 1 g. ) at 60-70° for
2 hours. The product obtained on working up as usual
crystallised from acetic acid in needles,m.p.280°( effer, ).
Mixed m.p.with 7-hydroxy-3,h,8—trimethylcoumarin-6-

carboxylic acid,described earlier, was not’depressed.

Chloromethylation of methyla7-methoxy-ls

methylcoumarin-6f-carboxylate.

7=Me tho xy= J=chlorome thyl.t.methyl coumarin-f-

carboxylic acid ¢ A mixture of methyl-7-methoxy=lt
methylecoumarin-é-carboxylate ( 2.48 g,3 0,01 mole ) in
glacial acetic acid ( WO ml. ), paraformaldehyde ( 2.4 g. 3
0,08 mole ) and anhydrous zinec chloride ( 4,1 g. 3 0.03
mole ) was treated with hydrochloric acid gas at 100° for
one hour, On c¢ooling the reaction mixture a crystalline
product separated., It crystallised from benzene in

colourless needles,m.p.188.190°, Yield 122 g.

Analysis ¢ , . |

4,262 mg., of the substance gave 8.690 mg, of
carbon dioxide and 1.528 mg. of water.

9,14 mg, of the same substance gave 4,606 mg,
of silver chloride. |
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u
i
1}

Found <

55. 6% %
55.22 %

4,01 % 3 C1
3.88 4 3 C1

12,07 %.
12.56 %.

~ae

i
]
]

A
C43H1105C1 requires ¢ C

s

The methoxymethylcoumarin derivatlve was prepared

by refluxing its solution in methyl alcohol with
concentrated sulphuric acid for 10 hours; Esterification
took place simultaniously. The product crystallised from
rectified spirit in needles,m.p.175°.

Analysis

8.92 mg, of the substance gave 20,16 mg. of
carbon dioxlde and 4.38 mg, of water.

Found t C=61,67% 3 H
61.64 % 3 H

5.49 Z.
5" 52 %.

it

Cy5Hy6¢06 requires ¢ C

it

7-Methoxy-3,4-dimethyicounarin.b-carboxylic acid,

The above chloromethylcoumarin ( 0.5 g, ) in
acetic acid ( 80 Z ;3 20 ml. ) was reduced by heating with
zine dust ( 1 g. ) at 60.70° for 2 hours, The product
obtained on pouring the reaction mi%tura in cold dilute
hydrochloric acid erystallised from acetlic acid 1n needles,
m.p.248° ( effer. ).

Analysis ¢
9,12 mg, of the substance gave 21,02 mg. of
carbon dioxide and 3.68 mg. of water. .
Found t+ C =62,88 % 3 H=".4,51%,
Cy3Hy205 requires 2 C = 62,904 3 H = 4,87 4,
The same ?roduct was obtalned when methyl-7.

me thoxy-3,4-dimethylcoumarin-b-carboxylate ( 0.5 g. ),
prepared according to the method of Sethna and Shah
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( loc.cit, ), was refluxed with aleoholic potassium
hydroxide solution ( 107 § 20 ml. ) for one hour.

Chloromethylation of methyl-S-hydroxy=-k-

methylcoumarin-6é-carboxylate.
Methyl-5-hydroxy-8-chloromethyl.k.methylcoumarin. -

carboxylate ¢ A mixture of methyl-5-hydroxy-t.-methyleoumarin-

67carboxy1ate ( 4,68 g, § 0.02 mole ) in glacial acetic acld
( 40 ml, ), paraformaldehyde ( 0.72 g. § 0.02% mole ) and
anhydrous zine chloride ( 4.1 g.3 0.03 mole ) was treated
wlth hydrochloric ac¢id gas at 1060 for 2 hours., The product
which separated on cooiinglthe reaction mixture was filtered
and washed with aleohol. It crystallised from benzene in
fine colourless needles,m.p.215.217°, Yield 0.5 g.

Analysis

8.82 mg, of the substance gave 17.84% mg, of
ecarbon dioxlde and 2.96 mg. of water.

14,07 mg. of the same substance gave 7.02 mg.
of silver chloride.

c

H
H

55420 %
55.22 %

Found

-l
]
it

3.75 %
3.88 %

Cl 12,66 %,
Cl = 120 56 %o

s
A

i}
i

C13H'105C1 I;equires t C

Ao
“e

Me thyl=S-hydroxy-lt, 8-dime thylcoumarin.b-carboxylate.
The above cploromethyl coumarin ( 0.5 g..) was
reduced by heating its solution_in acetic aeld ( 80 7% 3
20 ml. ) with zinc dust ( 1 g, ) at 60-.70° for 2 hours, The
product which separated én working up the reaction mixturse
as before was refluxed with benzene ( 10 ml. ), The
insoluble portion cryétailised from dilute acetic acid in

[ ]
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on
[Kig ¥

colourless shining needlaes,m.p.229°,

Analysis ¢ -

9.80 mg. of the substance gave 22.52 mg. of
carbon dioxide and 4,10 mg. of water. '

Found s+ C=62,71% 3 H=468 %,
Cy3Hy205 requires ¢ C =62,90% s H = 4,87 %,

Pechmann condensation of methyl-2,k-dihydroxy-5-
methylbenzoate with ethyl acetoacetate.

2 4-Dihydroxy-5-methylbenzolc acid.

A mixture of temethylresoreinol ( 10 g. ),potassium
bicarbonate ( 50 g. ) and water ( 100 ml, ) was first heated
on a steam bath for 5 hours and then heated vigorously on a
wire gauze for half an hour. The mixture was then cooled and
acidified with concentrated hydrochloric acid, The separated
product was purified:through sédium bicarbonate solution. It
crystallised from hot water in shining yellow needles,m.p{
212° ( effer, ). Yield 4,5 g.

Analysis ¢

8.82 mg. of thessubstance gave 18,48 mg. of
carbon dioxide and 3.76 mg. of water,

Found 2 C=57218% 3 H=4797 %,
CgHgOy requires : C = 57,14 4 § H = 14,80 4.

[ ]

Methyl-2,4-dihydroxy-5-methylbenzoate.
A mixture of the above acid ( 10 g. ) in methyl

alcohol ( 50 ml, ) was heated on a steam bath for 10 hours
with concentrated sulphuric acid ( 5 ml. ). Excess of methyl

alcohol was then removed by distillation and the mixture
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’diluted with large volume of water. The separated product
crystallised from benzene-petroleum ether mixture in needles,
m.p.122.12%°, Yield 8.0 g.

Analysis @

9,12 mg, of the substance gave 19.76 mg. of
carbon dioxide and 4.50 mg., of water.

Found : C=95,13 %
59.33 %

= 5.52 %.
5.53 %.

1]
§

I
i

CoHyo0y regquires ¢ C

e

Methyl.5-hydroxy-Uk,8-dimethylcoumarin-6-carboxylate.

A mixture of methyl-2,4dihydroxy-5-methylbenzoate
( 1.82 g. ) and ethyl acetoacetate ( 1.30 g. ) was treated
with sulphuric aecid ( 80 Z 3 10 ml., ) and -the mixture left
overnlight at room teﬁperature. Next day the mixture was
poured in cold water. The separated solid was filtered and
washed wlith plenty of water. The residue was then treated
with saturated solution of sodium bicarbonate and filtered
and the residue washed with wéter. It erystallised from
rectified spirit,in needles,m.p.229°, Mixed m,p. with the
product obtained on reduction of mefhylas-hydroxbea
chloromethyl—h-methylcoumarin.6-barboxy1ate, de seribed

earllier, was not depressed.

Condensation of methyl-g-resorcylate witheethyl-.a.

methyl acetoacetate in presence of anhydrous aluminium

chloride Methy;-7-hygroxy—andﬁgethy;-5-hydrox?53qub

dimethylcoumarin-b-carboxylate.

Anhydrous methyl-f-resorcylate ( 16.8 g. 3 0.1 mole )
and ethyl-c-methyl acetoacetate ( 15.8 g. § 0.11 mole ) were

®
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‘dissolved in hot dry nitrobenzene ( 20 ml. ) and a solution
of anhydrous aluminium chloride ( 32 g. 3 0.2 mole ) in
nitrobenzene ( 120 ml., ) added. The mixture protacted from
mois%%%e was heated at 125.130° for one hour until the
evolution of hydrochloric acid gas was negligibls., It was
then cooled and ice and hydrochloric acid ( 10 ml, ) added
and the nitrobenzene distilled in steam. The brown residue

( 4,0 g. ) was collected and dissolved completely in hot
rectified spﬁrit and the solution allowed to cool.

The separated product crystallised from rectified
spirit in needles,m.p.21%°, Mixed m.p.wlth methyl-7-hydroxy=
3,h—dimethylcoumarin-6-caiboxy1aﬁe prepared by the Pechmamn
condensation of methyl-8-ressrcylate with ethyl-c.mathyl
acetoacetate in presence of sulphuric acid according to the
method of Sethna and Shah ( loe.cit, ) was not depressed,

The substance obtained after diluting the
origlinal alcoholic filtrate wlth water crystallised from
dilute acetic acid in needles,m.p.191°, Yield O.4 g. Mixed
MmoD »with methyl-7-hydroxy=3,%-4dimethylecounarin-b-carboxylate
was depressed by over 209,

It forms a yellow sodium salt with 10Z sodium
hydroxide, .

Analysis *

10,20 mg, of the substance zave 23.42 mg, of
carbon dioxide and 4,50 mg. of water,

Found e C = 62,66 %
62.90 %

H =490k 7,
H=4287 %

we

At

Cy13Hy 205 requires s C
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Me thyl-9=hydroxy=-3,8-dichlorome thyl-l.

‘ma thylcoumarin.b-carboxylate.

A mixture of mathyl-S-hydroxw;%umethylcoﬁmarin.6-
carboxylate ( 2.34 g. § 0.01 mole ) in glaclal acetlc acid
( 60 ml. ), paraformaldehyde ( 4.8 g. § 0.16 mole ) and
anhydrous zinc chloride ( .1 g. 3 0.03 mole ) was treated
wlth hydrochloric acid gas at 100° for one hour. On cooling
the reaction mixture a crystalli?e product saparated. It
was filtered washed with aloohol and dried. It crystallised
from benzene in needles,m.p.168°, Yield 2.2 g.

Analysts *

9,.54% mg. of the substance gave 17.72 mg. of
carbon dloxide and 3.06 mg., of water.

9.83% mg. of the same substance gave 8,396 mg.
of sllver chloride,
50,70 %
50.75 %

i
]

21.13 %.
210 45 %o

= 3,58 % § C1
3.62 % 3 C1

e
i

Found s G
Cc

]
i
i

CyuHy205C1,; requires ¢

]

The dlacetoxymethyl derivative prepared as before

was crystallised from rectified spirlit in needles,m.p.
125-127°,
’ Analysis ¢

‘ '10.h2 mg., of the substancs gave 21.8%wmg, of
earbon dioxide and 4,52 mg. of water,

57.20 %
57.1% %

Found + C

H=14285 7%,
H = 4,76 4,

e

]

Cqi8H;809  requires ¢ C

e
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The dimethoxymethyl derivative prepared as before

erystallised from rectifie? spirit in needles,m.p.144°,
Analysis ¢
9,82 mg. of the substance gave 21,42 mg., of
carbon dioxide and 4.82 mg. of water,
C =59.53 %
Cy6Hy 805 requires ¢ C = 59,62 %

(1]

H = 5% %,
H =155 %.

Methyle5- hydroxy=3,14, 8- trime thylcounarin. b~

carboxylate,

Found

wa

e

The above 3,8-dichloromethylcoumarin ( 1 g. ) was

reduced by heating its acetic acid solution ( 80 % ;
40 ml, ) with zinc dust ( 2 g. ) at 60-.70° for two hours,
The product obtained on working up the reaction mixture as
before was bolled with benzene ( 5 ml. ) for 5 minutes and
filtered. The insoluble portlon crystallised from acetic acld
in shining needles,m.p.218°,

fnalysis ¢

9.16 mg, of the substance gave 21,54 mg. of
carbon dioxide and 4.36 mg., of water.

Found 2 C =64,16 % ; H=75.32 %,
4,12 4 3 H = 5,34 4,

]

CyyHyu05 requires ¢ C

5-Hydroxy=3,4,8-trimethylcoumarin-b-carbbxylic

acld.
The above ester ( 0.5 g. ) was heated on a steam
bath for one hour with sodium hydroxide solution ( 10 Z

10 ml., ). The mixture was then cooled and acidified with



1

m
D

dilute hydrochloric acid, The separated product was purlfied
through sodium bilcarbonate treatment. It crystallised from
dilute acetic acld in needles,m.p.274° ( effer. ).

Analysis ¢

9,18 mg., of the substance gave 21.1% mg, of
carbon dloxide and 3.82 mg. of water.
62,84+ 4 3 H = 4,66 Z.
62,90 % 3 H = 4,83 %,

5- Hydroxy-3,%, 8- trimethyleoumarin.
The above acid ( 0.5 g, ) in quinoline ( 10 ml. )

Found ¢t C

c

L2 ]

1

C13H1 205 requires

wvas refluxed on a sand bath for 1/2 hour with a speck of
copper powder. The mixture was thon filtered and poured in
dilute hydrochloric acid solution., The sepafated product
crystallised from rectified spirit in needles,m.p; ales’.
Analysis ¢ »
7,98 mg, of the substance gave 20,48 mg. of
carbon dioxide and 4.02 mg. of water.
| 70,04 % 5 H = 5.64 %,
70.583 % 3 H = 5.88 %,

Found

)

s C
Cy2H 203 requires ¢ C

5=Methoxy=13,k%, 8- trimethyleounarin,

The above coumarin was methylated in acetone
solution with dimeth&l sulphate in presence of anhydrous
potassium carbonate asitbefore. It crystallised from dilute
acetic acid in colourless needles,m.p.198°,

Ansiysis ¢
9,04 mg, of the substance gave 23,60 mg, of
carbon dioxide and 5.1% mg. of water. 4

Goumd : ¢ = vy ¥ ;W s 6 Y. .

c\'5\’\ Lo} L “\oM . - -
Wb At : €~ Tvsgy, ; Wz by



Chloromethylation of Semethoxy-temethvlcoumarin ¢

?Rthkthylgne bis- ( S-methoxy-lt-methyleoumarin )

A suspension 5f 5= e tho xy-t=methylcoumarin
£ Le9 go § 0,01 mole ) in water ( 50 ml.') and paraformaldehyde
{ 0.3 g¢ 3 0.01 mole ) was treated with hydrochloric acid
gas at 60-70° for 1 hour. The separated product was filtered.
It crystallised from glacial acetic acid in colourless silky
needles, m.p. 268°,
, Analysis 2

9.62 mg. of the substance gave 2%.78 mg. of carbon

dioxide and 4.72 mg. of water.
70.29 %
70,40 %

H 50)"9 % .
H 5010 0/; s

il
]

Found ¢ C

e

It}
4

Ca3Hy504 requires ¢ C

e

=Mothoxy-3,8-dichloromethyl-temethylconmerin

A mixture of S-methoxy-l=methylcoumarin ( 1.9 z.
0.01 mole ) in acetic acid ( 80 % § 40 ml., ) and ‘
paeraformaldehide { 2.4+ go § 0.08 mole ) was treated with
hydrochloric acid gas at 60-70° for 3 hours and the mixture
left over-night. The next day the separated solid was filteréd
and dried. It crystallised from benzene in needles, m.p.
173-75°. Yield 0.8 g. ‘

Aﬁalxéis : ‘ .

8.32 mg. of the substance gave 16.4% mg. of
carbon dioxide and 3.0% mg. of water.

18.24% mg., of the substance gave 18.l2vﬁg. of

A

silver chloride.
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H
it

24,58 7.
24,73 %.

Found ~ ¢ C
c

'53.93 % 5 H= 4,08 % 3 C1
5’)—"935‘ % ; H = 4-18 % Cl

)
it
i

C, 3H1 203(}12 requires

-9

The diacetoxymethyl derivative prepared as before
crystallised from rectified spirit in needles, m.p. 168-70°,
Analysis ¢
10.0% mg. of the substance gave 22.46 mg. of carbon
dioxide and 4,68 mg. of water.

Tound : C=61.03% 5 H= 5,21 %.
CypHygl0y; requires ¢ C = 61,07 % § H= 5.43 %,

SeMathoxy=3 4, 8=trimethylcoumarin

The above dichloromethylcoumarin { 0.5 g. ) was
reduced by heating its solution in acetic acid ( 80 %
20 ml. ) with éinc dust ( 1 g. ) at‘60«70° for 2 hours. The
product obtained on working up as usual crystallised from
rectified spirit in needles, m.p. 193°. Mixed m.p. with
S-methoxy-3,4,8~trimethylcoumarin, mentioned earlier, was

not depressed.



