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Mannleh reaction on soma hydroxycoumarIns

A reaction first described by the German Chemist 

Carl Mannich in 1917 involves the condensation of a compound 

containing acidic hydrogen with an aldehyde, usually 

formaldehyde and ammonia or a primary amine or secondary amine.

B s H + CH20 + MHRR* --------------- ►- BCHal®®’ + HaO

The essential feature of the reaction is the 

replacement of the active hydrogen atom by an aminomethyl or 

substituted aminomethyl group. Phenols, ketones, aldehydes, 

acids, esters, acetylenes, nitroconpounds and heterocyclic ring 

systems containing either oxygen, nitrogen or sulphur are 

found to undergo this reaction.

When aqueous formaldehyde is used the condensation 

may be carried out with or without organic solvents. Alcohol 

and acetic' acid have been generally employed. A mixture of 
equivalent amounij^of benzene and nitrobenzene or benzene alone 

are useful. Burke and co-workers ( J. Am. Chem. Soc., 19^9,

71. 609 ) have used dioxan with very good results. When 

paraformaldehyde is used, an organic solvent is required.

Burke et al. ( loc.cit. )enployed catalytic quantity of 

alcoholic potassium hydroxide to effect the depolymerization 

of paraformaldehyde. The time required for the reaction depends 

upon the nature of the compound containing active hydrogen, and 

of the amine, or amine salt and upon the boiling point of the 

solvent enployed. Thus in reactions of phenols with formaldehyde 

and primary amines the reaction is generally complete in about
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two hours time. Si the ca.se of a few ketones, It is found that 
the reaction may he complete within a few minutes of refluxing. 1

Mechanism of the Mannich Reaction

Dalgliesh ( J. Am. Chem. Soc., 19**9, 21, 1^97 ) 

suggested a mechanism which Involves formation of an 

a-p-unsaturated ketone ( X ) that adds ammonia.

0
li
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Quite a different mechanism was proposed by 
Alexander et al. ( J. Am. Chem. Soc., 19^9, 71.^014 ) for the 

reaction of conpounds containing active methyleim group. They 

made a kinetic study of the reaction of ethyl malonic acid with 

formaldehyde and dimethyl amine and based on their results 
they proposed a reaction mechanism in which the reaction is 
considered to be initiated by the reversible addition of 
dimethylamine and formaldehyde to give dimathylaminomethanol 
( I ). In the presence of an acid HA, a reactive hydrogen 
bounded addition complex formation ( II ) is postulated. A 
properly oriented collision of the complex ( II ) with ethyl
malonic acid, probably, in the transitory enol form ( III )

<g>

would produce water, the conjugate base A and a pro to na ted
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molecule of dimethylaminomethyl malonic acid ( IV ). Reaction 

of the pro to mated molecule with the conjugate base A® 

would give the free amino acid ( ? ).
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The postula-'tion of enolization step ( 3 ), in the

above mechanism was questioned by Grillet et al. ( J. Am. Chem. 

Soc., 1950, 22, 2813 5 22, 5598 ). They found that in Mannich 

reactions involving optically active o«nitro mandelic acids 

the products formed were also optically active* Thus they

enolization step postulated above* 14>wrever, this objection 

has been cleared by the excellent work of Meinwald et al.

( J. Am. Chem. Soc., 1953, 25, W ) who showed that products

Mannieh bases ( I )• They considered the products as salts 

and out of the two possible general structures ( II’) and 

C III' ) they conclusively gave the structure ( II ) to the 

products on the results of infra red absorption spectra and 

nolecular weight determinations carried out on product from 

D-o-nitro mandelic acid, formaldehyde and piperidine.

obtained by Grillot et al. ( loe.cit. ) were not the true

i OH

11 fli
/
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Lieberman and Wagner ( J. Org. Chem., 19^9, 1^.

1011 ) believe that the Mannieh reaction involves a dual 

catalysis in an asp bo ter ie system in whieh the cation 
R2 N - C*- is formed from the condensation products of amine 

and carbonyl compound and combines finally with the anion of the 
reactive hydrogen compound. Formation of cation is induced by 

added acid or by the acidity of the reactive hydrogen compound 

or both. Formation of the anion is promoted by the base present 
or by added alkali or both. She inferences that excessive acid 

would interfere with the primary condensation of amine and 

carbonyl compound and would depress the ionization tendency 
of the reactive hydrogen eonpound,and that excessive,alkali 
would decrease or prevent the formation of cation Ra N - <j;+ - 

and therefore would obstruct or stop the reaction were supported 
experimentally, id.so the probability that the cation originates 

in the alkylidene-bis-amine formed from aldehyde and amine was 
strengthened by demonstration that methylene-bis-amines, used 

instead of aldehydes and amines, produced normal yields.

A large number of different types of compounds 
have been subjected to this reaction. Only a few, illustrative 

reactidnsn are given here.

Reactions with ketones

A prinary amine is the first product formed from a 
Mannieh reaction in which ammonia or ammonium salt and 

formaldehyde react with a ketone* With staple ketones subsequent 
action of the primary amine so formed usually leads to the 

production of secondary amines, salts of which have been
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isolated and found to be .stable, but the free bases change 

to the tertiary amines. In son© instances cyclic products 

are obtained from ketone, formaldehyde and ammonia. For 
example Mannlch and Abdullah ( Ber., 1935, £8, 113 ) obtained 

a substituted piperidine from acetophenone, formaldehyde and 

ammonium chloride.

C0HSCO

k N-Wcl-

CcWsCOCNaCHz

( C6%C0CH2CH2)3 N.HC1

The piperidine derivative readily changes to the 

salt of tri- ( p-benzoyl ethyl ) amine.

Reaction with aldehydes
The a-hydrogen atom of the aldehyde is substituted 

by a substituted amino-methyl group. A secondary reaction which 

some times occurs involves the simultaneous introduction of a 
inethylol group on the a-carbon atom.

Reaction with acids and esters
A number of acids and esters containing highly 

active hydrogen atoms in the a-posit ion undergo Mannieh 

reaction. When an acid is employed the free amine base, rather 
than its salt is used. Decarboxylation of the acid sometimes 
takes place. In the Mannieh reaction of acids with primary 
amines the first product often undergoes further condensation 
to form a tertiary amine. When a primary amine is used with a 

poly carbonyl compound which contains reactive hydrogen atoms
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on carton atoms located in the 1,3-position with respect to 

each other, then pyridones my he expected, for example
CS>H5\^

Rooc/
CH- CO----- CM

'SHS

coop
CNaO +CHgO 

M

RCOO

CH,

If the .pyridon contains hydrogen atom on the 

3 and 5 position the condensation may he carried out one step 

further and a hicyclic ring system Bispidin Is produced.

Reaction with phenols

Decomhe ( Co apt. rend., 1933, 196. 866 ) conclusively 

proved that in the condensation of a phenol with formaldehyde 

and secondary amines the resulting dialkylamino methyl group 

enters the ortho or para position or both and that in no case 

It attaches to oxygen of the hydroxyl group.

Brusson and co-workers ( J. Am. Chem. Soc., 19^1,

270 ) stowed that when phenolic Mannieh bases were treated 

with acetic anhydride their dimethylaminomethyl groups were 

replaced by Aeetoxy methyl groups.

OH

(CVHNHac AcehcAnMi'ide CH3°c°Hf|

Sodium Acelcale

OCO CH.

c^Cch,),■a

CHgp COCHj

CWjOCOCKj

/V
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Reaction with heterocyclic- compounds

A number of heterocyclic systems containing nitrogen 

oxygen or sulphur have been studied. In the systems containing 

nitrogen atom such as a-picoiines and quinaldines, the hydrogen 

of the o-methyl group is sufficiently reactive to take part 
in the Mannich reaction. Thus Tseou and co-workers ( Corrpt. 
rend., 1931, 192. 12^2 ) found that the condensation of 

a-pieoline with formaldehyde and dimethylamine gave 
2-( p.diethylaminomethyl ) pyridine.

CMz0+CcaH5J2NM
■ ... . >'

N'
CRjCV^n (czh5)

%

Mannich reaction with pyrrole has been studied by 

a number of workers. Hydrogen on a-carbon atom was substituted 
but the resulting Mannich bases being unstable, they were 

characterized by their picrates.

RgNH4 CHaO

N-Ethyl and K-methyl pyrrole do not undergo Mannich

reaction.
Burke and co-workers ( J. Am. Cham. Soc., 195*+, 76. 

1294 ) have reported the reaction of several pyrroles with 

formaldehyde and primary amines.



Nison and co-workers ( J. Am. Chem. Soe., 19W, 68. 

1198 ) subjected 2-methyl furan to Mannich reaction using 

formaldehyde and primary and secondary amines. In all cases the 

expected Mannich bases fur fur yl amines ( I ^or their 

hydrochlorides were obtained. The reaction was shown to be 

taking place in the a-position.

h,c

T
H _ awR.

Wiley ( J* Am. Chem. Soc.j 1951, ^05 ? 1952,
2it, ^326 5 C.A, 10011 d ) studied Mannich reaction on

6- methoxy-,6-chloro-, 6-methyl-, and 7-metboxyehromones with 

formaldehyde and different secondary amine hydrochlorides and 

obtained the corresponding 3-(dialkylaminomethyl ) chromone 
hydrochlorides. The above reaction in case of series of 

2-methylchromones failed.
P.Da Re. et al. ( Hature, 1959, 3J34, 362 $ J. Org. 

Ghem., I960, 25. 1097 ) studied the Mannich reaction on

7- hydroxy-2,3-dimethyl-, 2-methyl-3-ethyl-, 2-ethyl-3-methyi- 

chronones with dimethylamine, diethylamine, morpholine and 
piperidine and formalin and obtained the corresponding
8- dimethyl amino me thylchro mo ne s. Similar results were obtained 

In case of 3-me thyl and 3-ethyl flavones. These derivatives 
are reported to act as powerful central nervous system 
stimulants especially on the brain stem, and have a 
cardiokinetie and hypertensive action.
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The application of Mannlch reaction

In recent years, the Mannlch reaction has proved to 
be a formidable tool in synthetic organic chemistry. The 
products obtained in the Mannlch reaction may be further 
converted into a variety of compounds. A few of these may be 
mentioned here. Some of the Mannlch bases and their reduction 
products have proved to be important medicinal agents.

The most important characteristic property of many of 
the products obtained in the Mannlch reaction, especially these 
derived from secondary amines, is the decomposition into the 
amine and unsaturated compound when subjected to heat or steam 
distillation. However, when the active hydrogen atom taking 
part in the Mannlch reaction is on tertiary carbon atom, then 
the product cannot decompose to an ethylenic substance.

The phenyl hydra zones of ke tonic bases form pyrazollnes
»

by internal amine exchange under conditions similar to those 
required for phenyl-hydra zone formation.

caHs------------ K1H

N

N'

I
-KU

+ HNR,

R-C CHaCWaNR

Mannich et al. ( Arch. Pharm., 1933, 121, 116 ) found 
that p-dimethylaminomethyl ketone and o-nitrobenzaldehyde, 
reacted to give a product which upon reduction lost water to 

. form a substituted quinoline.
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CH°

ii. I _______
N02 COCH3

ch^ccHjnCch,^ 
N°o- coch. + H

Synthesis of amino alcohols 8 The p-substituted amino ketones 
or aldehydes have been reduced to the corresponding 
y-substituted amino alcohols. Many such amino alcohols in the 
form of their esters especially benzoate and p-amino benzoates 
have been widely used as local anaesthetics.

Caldwell and Thompson ( J. Am, Chem. Soc., 1939,
6l, 765 ) have developed a new method for nuclear methylation 
of phenols which consists in the hydrogenolysis of the 
dimethylaminomethyl derivative obtained by Mannich reaction. 
Using this method Callin et al. ( J. Am, Chem. Soc., 1950,
22, 2763 ) achieved a practical synthesis of 2,6-xylenol.

OH

Cch3)2nw 

+ ch2o

^Ccus)z +H

Synthesis of piperidines and pinerldones s Piperidines are 
obtained from condensation products from one Hole of a primary 
amine two moles of formaldehydes and two moles of ketones* 
Conversion of Munich bases into aldehydes s Synder ( J* Am, 
Chem. Soc., 1952, 2hi 5110 )observed that when Mannich base 
in acetic acid solution was treated with hexamethylenetetramine
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the intermediate quaternary salt decomposed to an aldehyde. 
Thus

R-CH2R(CH3)2 + (CH2) 6 % + ch3 cooh ----------- *~
+ —

(GH3)2HH + RCH2- N(CH2) 6% + ch3coo 

'' RGH2N(GH2)6% ---------- RCHD

,/ /

The intermediate quaternary salts were of the type encountered 
in the Sommelet synthesis ( SommaletjCompt. rend., 1913, 1?7. 
8^2 ) . The conversion of prinary and secondary amines to 
aldehydes by modified Sommelet reaction was described by 
Graynore et al. ( J. Chem. Soc., 19^5, 293 )• One of the most 
fruitful application of a number of Mannich bases and their 
quaternary salts is their ability to C-alkylate substances 
that can readily form anions. Generally tertiary amines and 
fcheir quaternary salts which can be prepared from ketones, 

phenols, heterocyclic compounds and nitrocompounds by Mannich 
reaction are capable of engaging in carbon-carbon alkylation 
with active methylene compound and their sodio derivatives, 
alkaliegyanides, and organo metallic compounds. 411 these 
alkylation are described by Brewster and co-workers ( Organic 
Reactions^1952, Vol. 2, 99-196 ).
Synthesis of 1.3-Oxazine derivatives t

.Although the reaction of phenols with formaldehyde 
and secondary amines have been extensively studied, analogous 
studies involving primary amines appear to have been limited
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to the use of 2-amino ethanol. ( Bruson J. Am. Chem. Sac.,

1936, $8, 1741 ) before the related -work of Burke and 
co-workers. Reactions of equimolecular quantitites of this 
amine with formaldehyde and certain ortho and para substituted 
phenols resulted in crystalline conpounds having ortho or para 

p-hydrosy ethylamino methyl groups.
Burke ( J. Am. Cham. Soc., 1949, 21, 609 ) stowed 

that whereas the condensation of equimolecular quantities of 

parasubstituted phenols with formaldehyde and primary amines 
gave o-alkylaminomethyl-p-substituted phenols, when the reaction 

was carried out using phenol^, formaldehyde and primary amine£ 
in a molar ratio of 1*2:1 respectively $sesu3^ed-4n the formation 

of substituted benaoxazine ( I ) a new series of compounds^

OH RNH2,+ 2CH20 

C-2H2o)

Rkihz4 chzo

Wcl — Ccw.O) 
+H30 .

<-----------------
+ cw2o

C'HgO)

OH

ch2nhe'

C-HgO)

These benzoxazines could be prepared alternatively 
from o-alkylamino p-substituted phenols by refluxing them 
with excess of formaldehyde in alcoholic solution in presence 
of basic catalyst such as sodium hydroxide. These benaoxazine 
derivatives on heating with hydrochloric acid in alcoholic 
solution decompo se readily to give formaldehyde and the 
corresponding o-alkylaminomethyl-p-substituted phenols.
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Burke and cto-workers ( J. Am. Chem. Soc., 1952) 2ib 

602 ) showed that a third kind of product N,N-bis-(2- 

hydroxybenzyl) -alkylamines (III) could be directly obtained 
in the reaction of certain ortho para substituted phenols 

with formaldehyde and primary amines.

Qz %

in

Burke and Weatherbee ( J. Am. Chem. Soc., 1950,
72, 4691 | 1952, 74, 3601 ) found that when poly- 

hydroxyphenols were condensed with formaldehyde and orimary 

amines poly-1,3-benzoxazlnes were ife-ung. p-naohthol and 

a-naphthol with formaldehyde and primary amines in a molar 
ratio of ls2sl respectively gave the corresponding 

naphthaxazino derivatives. . ,,

There is only one Instance in literature of the 
application of Mannlch reaction to coumarin derivatives. 
Robertson and Link ( J. Am, Chem. Soc., 1953, 25, 1883 ) 

reported the preparation of a series of 3-substituted 
amino methyl-4-hydro xycoumarins ( II ) from 4-hydro xycoumar In 
C I ) formaldehyde and different primary and secondary amines.

i !l
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These Mannich basfes -were assigned 3-substituted 
amino me thyl-4-hydro xycoumarin structures because of the known 

reactivity of the 3-position in 4-hydro xycoumar in.

The secondary amines other than dimethylamine and 
piperidine gave only the amine salts of dicoumarol. These 
salts on treatment with mineral acids readily gave dicoumarol 

( III ). Dimethylamine and piperidine gave normal products.

The present work deals with the application of the 
Mannich reaction to 7-hydro xycoumar in and its derivatives and 
to 6-hydroxycoumarin. These have been condensed with dimethylamine' 

aniline and benzylamine. Primary amines were particularly 

selected because of the interesting results obtained by Burke 
and co-workers ( J. 1m. Chera. Soc., 194-9, 2i> 609 ) which have 

been discussed earlier.

The condensation was studied in most cases using three 
different molecular proportions of formaldehyde viz. 1 and 2 

moles and excess. Wien the coumarin derivative, formaldehyde 
and the amine were in equinolecular proportions, the 
corresponding alkylaminomethyl derivatives of coumarins were 

obtained. With primary amines when 2 moles of formaldehyde were 
used the formation of an 1,3-oxazine derivative was observed 

in most of the cases wherever the reaction took place.
f
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Mannlch reaction on 7-hydroxy coumarin (chart on p.l^l) 
7-Hydroxycoumarin ( 17 ), formaldehyde and dimethylamine 

in equimolecular quantities gava a compound to which 7-hydroxy- 
8-dimethylaminomethylcoumarin ( X ) structure has teen assigned 

"because on treatment with hexamethylene tetramine it gave the 
known 7- hydro xy- 8- fo r myl co umar in ( VII ) ( Spath and Pailer,
Ber., 1935> 68? 9^1 ) as seen by direct conparison. On 

treatment with acetic anhydride and sodium acetate ( X ) 
yielded 7-acetoxy-8-acetoxymethylcoumarin ( XI ) •

7-Hydro xycoumarin when treated with formaldehyde and 
benzylamine in equimoleeular proportions gave two products 

( A ) and ( B ). The product ( A ) obtained In poor yield has 
been assigned 7-hydroxy-8-benzylaminomethylcoumarin structure 

( IX ) as on treatment with hexamethylene tetramine in acetic 
acid it yielded the known 7-hydroxy-8-formylcoumarin ( VII ).

The product ( B ) which was obtained in better
yield was also obtained when 7- hydro xyco umar in was treated

with formaldehyde and benzylamine in the molar ratio of
( 1 : 2 s 1 ). It has been assigned 2»E-3'-benzyl-3',4*-

, IVltt)
dihydro-1’ ,3 ’ -oxazino-5’ ,6* ,8,7-couraarin^structure^. This 

structure has been assigned as the product was insoluble in 
alkali,and on treatment with alcoholic hydrochloric acid it gave 
formaldehyde and 7- hydro xy- 8- benzylamino me thyl co umar in ( DC )' 

described above. The work of Burke ( loc.cit. ) on the 
formation of such compounds from phenols has already been 

discussed.
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The formation of 8-substituted confounds in all these 
cases and the closing of the 1,3-oxazine ring between 7- and 8- 

positionp is as expected from the behaviour of 
7-hydro xycoumarin in various other reactions discussed in the 

General Introduction ( See page4 Ik- *7) •
7-Hydroxycoumar In ( IV ) when treated with 

formaldehyde and aniline in equinDlecular proportions gave a 
product to which 7- hydro xy- 8- anil Ino me thylco umar in ( VI ) 

structure has been assigned as on treatment with hexamethylene 
tetramine it gave 7-hydroxy-8-formylcoumarin ( VII ). With 

double the nolecular proportion of formaldehyde a product 
insoluble in alkali'was obtained to which 21H-3 *-phenyl- 
3 -dihydro-1' ^'-oxazino-^* ,6* ,8,7-eoumarin (V) structure 

has been assigned. This on hydrolysis with hydrochloric acid 
gave the 8- anil ino me thylco umar in ( VI ) described above.

Mannich reaction on 6-hydroxycoumaron p.153)
6- Hydro xycoumar in ( XII ) on treatment with formaldehyde 

and dimethylamine in equimolecular quantities gave 6-hydroxy-

5- dimethylaminomethylcoumarin ( XIII ) • On treatment with 
hexamethylene tetramine It furnished the known 6-hydroxy-5>- 

formylcoumarin ( XVII ),(Haik and Thakor^ ( J. Org. Chem.,
1957, 22, 1626 ) as seen by direct cougarison. On treatment 

with acetic anhydride 3.n presence of sodium acetate it yielded
6- ace to xy- 5- ace toxyme thyl co umar in (XIV ).

6-Hydro xyco umar in ( XII ) when treated with 

formaldehyde and benzylamine in equimolecular quantities gave 
a product insoluble in alkali to which 2*B-3*-benzyl-3*
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With double the molecular, quantity of paraformaldehyde 
6-hydroxyeoumarin yielded 21H-3'-benzyl-3 *,4*-dihydro- 

1* 53*-oxazino-5* ,6’ ,5,6-coumarin in better yield.

152

6-Hydroxycoumarin ( XII ) when treated with 

formaldehyde and aniline in equimolecular proportions yielded 
2*H-3'-phenyl-3* ,4*-dihydro-1’ ,3'-oxazino-5' ,5,6-coumarin (XV)

in poor yield.

This on treatment with alcoholic con. hydrochloric 
acid gave 6-hydroxy-5-anilinomethylcoumarin ( XVI ) which on 

treatment with hexamethylene tetramine furnished the known 
6-hydroxy-5-formylcoumarin ( XVII ) . Better yields of ( XV ) 

were obtained when twice the molecular proportion of 

formaldehyde was taken.
(chart on p.155)

Mannich reaction ^ Ethyl 7- hydro xvco umar in-3 - carbo xy 1 a t e ^ 

Ethyl 7- hydro xy co umar in- 3 - c arboxyla t e ( XX ) when 

condensed with formalin and dimethylamine in equimolecular 
proportions gave a good yield of a mono aminomethylcoumarin 

derivative. This product has been assigned the 
8- d ime thylamino me thyl co umar in structure for the following 

reasons s
The Mannich reaction product could be either the 

6 or the 8-dialkylamino me thyl derivative. The dialkylamino- 

methylcoumarin was brominated when a monobrono derivative was 
obtained which could be either the 6-bromo or the 8-bromo 

derivative depending on ‘the position of the alkyl amino me thyl 

group. When ethyl 7-hydroxy-6-bromocoumarin-3-carboxylate was 

subjected to Mannich reaction with formalin and dimethylamine
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it gave a product identical, with the above bromo derivative of 

the dialkylaminomethylcouroarin which proves that the dialkylamino 

methyl group mist be in the 8-position.

XIV Xill
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Ethyl 7-hydroxycoumar in-3-car boxylate ( XX ) on
condensation with formalin and benzylamino in molar ratio

of 1:2:1 yielded a product which was insoluble in alkali

to which the structure 2 ‘ H-3’ -benzyl-3', -dihydro-3-carbethoxy-K.co> omwM
1* ,3’-oxazino-5’»6* ,8,7-coumarin ( XXV )^. As on bromination 

it yielded a bromo derivative identical with the one synthesised 
from ethyl 7- hydro xy- 6- bro mo co umar in- 3 - c ar bo xyla t e through 

‘ Mannich reaction with formalin and benzylamine. The bromo 
derivative is therefore 2,Ik3,-benzyl-3%1*,«dihydro~3-carbethoxy-
6- bromo-l*,3'-oxazino-5*>6*,8,7-coumarin ( XXIV ).

Ithyl 7-hydroxycoumarin-3-carboxylate ( XX ) on 

condensation with formalin and aniline gave a 1,3-oxazine 
derivative to which in aw analogy with the previous work the 
structure 2’ B-3A-phenyl-3’, M-dihydro-3-carbethbxy-l',3‘- 
oxazino-5* ,6* ,8,7-coumarin ( XXVI ) has been assigned. On 

bromination it did not give a crystallisable product. Ethyl
7- hydro xy- 6- bro mo co umar in-3-carbo xyla^e on condensation with 

formalin and aniline under varying conditions also did not 

give any crystallisable product. Unworkable paste was obtained.

Other attempted tfennich reactions 
Condensation of^ coumarin with formalin or para­

formaldehyde and benzylamine or dimethylamine did not succeed. 

Only original coumarin was recovered unchanged.
7- Me tbo xyco umar in also did not condense with formalin 

or paraformaldehyde and dimethylamine or jjf. benzylamine under 

varying conditions. Only the original coumarin was recovered 

unchanged.1
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Mannich reaction on methyl 7-hydroxycoumarin-6- 

carboxylate either with formalin or paraformaldehyde and 

dimethylamine or henzylamine under different experimental 
condition did not succeed. Only the original co umar in was 

recovered unchanged*
Mannich reaction on ethyl 7- hydroxy- 8- bro mo co umar in 

3-carboxylate with formalin and dimethylamine or henzylamine 

or aniline also did not succeed.

XX

N

Formalin 
Benzyl amine

Formalin

cooSHs Benzyl ctminc

Bli

CHaNCcH,}2

COOCjW5

XXH

Formalin 

Dimethyl amine

XXII!
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EXPER IMS HT AL
Kannich reaction on ^-hydrogvcoumarln with # 

Paraformaldehyde and dimethyls.mine s 7-Hydroxy-8-dimethvl- 
aminomathylcoumarin hydrochloride

Paraformaldehyde (0.3 g. f O.Gl mole) was dissolved 
in absolute alcohol ( 5 ml* containing 0.1 g. of potassium 
hydroxide ) by gentle heating. Olmethyiemine ( 1 mL. of 37 % 

aqueous solution ; 0.01 mole ) was added gradually with 
cooling. 7-Hydroacycoumarin (1.62 g. $ 0.01 mole ) and absolute 
alcohol ( 5 ml. ) were then successively added to the reaction 

mixture and it was then gently refluxed on a steam-bath for 
2 hours. It was kept at room temperature over-night. Mext 
day dry hydrogen chloride gas was passed into the solution 
and it was chilled below 0°. The product which separated 
was filtered and washed with little ether. It crystallised 
from alcohol-ether mixture in needles, m.p. 223-224°. Yield 
1.6 g. It was insoluble in ether, benzene, chloroform but 
easily soluble in alcohol, acetone and water, its aqueous 
solution showed brilliant blue fluorescence.

4.662 mg. of the substance gave 10.02 mg. of 
carbon dioxide and 2.384 mg. of water.

7.922 mg. of the same substance gave 0.382 ml. 
of nitrogen at 31° and 746 mm.

9.862 mg. of the same substance gave 5*432 mg, 

of silver chloride.
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Found , S 0*56.2k % I H=5*48 % | N=5.31 % } Ci=i3J&3 

Cial1303N.IKl requires i 0=56.36 % j H=5.48 % ? N=5.48 % j 01=13.9;

7-Acetoxy-8-acetoxymethylcoumarln 
The above hydro chloride (0.5 g.) was heated with 

acetic anhydride ( 5 mi. ) and fused sodium acetate ( 1 g. ) 

on a steam hath for 2 hours. The product obtained on adding 

the reaction mixture to cold water and keeping over-night 
crystallised from benzene-petroleum ether mixture in
needles, m.p. 123-124®.

v Analysis s
4.510 mg. of the substance gave 10.10 mg. of 

carbon dioxide and 1.800 mg. of water.

Pound s C = 6l.ll % | ii = 4.*f6 
gii*H1206 requires s C = 60.87 % | H = 4.38 %.

Sommelet reaction on 7-hydrogy-8-dimathvlamlno- 

methvlcoumarin hydrochloride
The above hydrochloride ( 1 g. ) was refluxed with 

acetic acid ( 10 ml. ) and hexamethylene tetramine ( 2 g. ) 
for 4 hours on a wire gauze on a low flame. Concentrated 

hydrochloric acid ( 10 ml, } was added and the mixture was 

refluxed further for one hour, it was then added to water 
( 500 ml. ) and the solution was extracted with ether. The 

residue obtained on removal of ether crystallised from benzene 
in yellowish white needles, m.p. 189°• field 0.2 g. mixed 

m.p. with an authentic specimen prepared according to Spath 
et al. ( Ber., 1935, 68B. 940 ) was not depressed.



15

aminoraatyiyXcousarin
'Paraibrswldahyd© < 0*3 g* a 0*01 nalo ) 

dissolved in absolute slcotoX ( 5 nfU containing Q»1 g« of 

potassium hydroxide ) by gentle warming. Bonayla mine C 1*1 kI.j 

0*01 ml© ) and absolute alcohol C 5 al* ) wax8© tfeon 

successively added to the reaction aiixtar©* y^Wioxyeouia&rin 

C 1*62 g* % 0*01 Hole ) was added and tile reaction mixture 

gently refluxed on a steam hath for 2 hours and left oi'or-nigbt*

f'oxt day the ^leotol was removed nn& ttie paste obtained w&o 

triturated with potrelodr.i ethos* C b*p« 49-60° j and then 

extracted with ton sons* fho residue obtained after removal 

of bensone on repeated crystal! last ion Smn bonsone-pot mlm® 
otiier gave needles* o*p* 139-132° <> Xlold 10 ri* The

substance was easily soluble in bonssns*, chloroSora.* acetone, 
aleotol and dioxati. 'When the reaction time was stortenod or 

if the reaction was carried out by hooping at room to spore fare
for 24 tours the original couaarin was recovered*

4*390 mg* of the substance gave 11*638 mg. of

carton dioxide and 2*064 aig* of water*
9*928 mg. of the same substance gr.ro 0.444 ol* 

of nitrogen at 30° and 748 mm*
i?buM i C ~ 72*35 si f M w 5*26 #'$ tv » 4*95 7-4

ut ?li| 3O3E requires s c » 72*58 ?; § U » 5*37 ?i § ft 25 4*98
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a'H-31 -benaa-V .y-dltoraro-l* .3'-omzlno-5' .b'. 
b.7-coumarin

ptfs Another product in tbs above reaction was 

obtained when the mother liquor from the above reaction 
mixture was evaporated,aa& this repeatedly crystallised from 
benzene-petroleum ether in needles, m.p. 125-126°• field 
0.4 g. The coapound was soluble in hydrochloric acid and 
insoluble in alkali. This coa|>ound was obtained in better . 
yield when the quantity of paraformaldehyde was doubled.

Analysis s
**•502 mg. of the substance gave 12.156 mg. of 

carbon dioxide and 2.12b mg. of water.
b.792 mg. of the same substance gave 0.356 ml. 

of nitrogen at 30° and 74b mm.
Found t u a 73.6b % ? a * 5.30 % f « • 4.49 %.

C18h1503N requires 8 0 * 73.70 % $ H * 5.15 % $ is = 4.7b %.

, 7-hydroxy-b-benzylaminomethylcoumarln 
4 mixture of the above oxazlno-coumarin derivative 

( 1.5 g. | 0.005 mole ) in absolute alcohol K 10 ml. ) and 
concentrated hydrochloric acid ( 5 ml. ) was distilled on a 
wire gauze and the distillate collected in water ( 25 ml. ).
During the course of distillation dilute alcohol ( 20 m. $
1 s l by volume ) was added and the distillation was stopped 
after a solid began to separate out in the distilling flask. 

£thyi alcohol was added to effect the solution of the 
precipitated solid and the solution was neutralised by



addition of just sufficient solid sodium bicarbonate solution. 
The solid thus precipitated was washed with, water dried then 

crystallised from benzene-petroleum ether in needles, m.p.
130-132°. Yield 0.8 g. Mixed m.p. with 7-hydroxy-8-benzyl- 

amlnomethylcoumarln described above was not depressed.
Treatment of a portion of the distillate with

2,4-dinitrophenylhydrazine gave a yellow crystalline product
/

which crystallised from ethanol in bright yellow needles, m.p. 
166°• Mixed m.p. with an authentic specimen of the 2,4- 

d ini trophenyl hydra zone of formaldehyde was not depressed.
7-4cetoxy-8-( N-acetyl) bengvlaminomethvlcoumarln 
7-hydroxy-8-benzylaminomethylcoumar in (0.5 g.) 

was heated with acetic anhydride ( 5 ml. ) and fused sodium 

acetate ( 1 g. ) for 2 hours on a steam bath. The solid 

obtained on adding the reaction mixture to water crystallised 
from benzene-petroleum ether in needles, m.p. 137-138°. 

Analysis s

4.6l6 mg. of the substance gave 11.644 mg. of 
carbon dioxide and 2.198 mg. of water.

8.444 mg. of the same substance gave 0*297 ml* 

of nitrogen at 30° and 748 mm.

Found s C « 68.84 % $ H n 5.33 % } n * 3.90 %.
1**21 Hi9O5N requires s O - 69.03 % f H * 5.24 % ; K s 3.83 %• 

Somraaift-h yAantlon on 7-hvdroxy-8-benzylamlnomethvl

couatarin
7-hydroxy-8-benzylaminomethylcoumarin ( 1 g.) was

C
S>
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refluxed with acetic acid ( 10 ml. ) and hexamethylene 

tetramine ( 1 g. ) for 4 hours on a wire gauze on a low 
flame. The reaction mixture on heating with concentrated 

hydrochloric acid and working up as before gave 7-hydroxy- 
8«formylcoumarln described before.

flannieh reaction on 7-hvdroxvcoumarln with 

paraformaldehyde and aniline : 7-hvdro xr-8-anilinomethyl 
coumarin

Paraformaldehyde C 0.3 g. j Q.Qi mole ) was 
dissolved in absolute alcohol ( 5 ml. containing 0.1 g. of 

potassium hydroxide ) by gentle warming. Aniline (0.93 ml. ; 
0.01 mole ) and absolute alcohol ( 5 ml. ) were then 

successively added to the reaction mixture. 7-hydroxycoumarin 
( 1.62 g. $ O.Oi mole ) was added and the reaction mixture
- <3

gently refluxed on a steam bath for 2 hours and left over-night.
;

Next- day the alcohol was removed and the paste obtained was 

triturated with petroleum ether ( b.p. 40-60°) and then 
extracted with benzene. The residue obtained after removal 
of benzene on repeated cry stall i sa t iori^ from dilute alcohol 
M needles, m.p. 168-170°. field 0.7 g.^

Analysis **"

4-. 208 mg. of the sib stance gave 11.168 mg. of 

carbon dioxide and 1.902 a®, of water.
7.646 mg. of the same substance gave 0.352 ml. 

of nitrogen at 29° and 748 mm.

Found % c » 72.43 % J H » 5.0b % § N = 5.12
t C a 71.91 % | h * 4.87 % | H « 5.24 %.Cj^HijOsN requires
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2<M.y-phenyl-V .‘t-’-dlteraro-l1 .V-oia2lro-5l.6l. 

B.7«coumarin
Another product in the above reaction was

obtained when the mother liquor from the above reaction
VV\G. |»f 0

mixture was evaporated and £fe£»^repeatedly crystallised from 
benzene-petroleum ether In needles, m.p. 13#-140® • Held 

■1,10 %, The confound was soluble in hydrochloric acid and 

insoluble In alkali. It was soluble In benzene, chloroform , 
acetone and alcohol, This compound was obtained In better 

yield when the quantity of paraformaldehyde was doubled, 
Analysis s
4.474- mg* of the substance .gave 12,026 mg, of 

carbon dioxide and 1.9Bd mg, of water,
10,91 mg, of the same substance gave 0.494- ml, 

of nitrogen at 40° and 753 mm*
Sbund ' ?Ca 73.35 % ? M » 4,97 % f « * 4-.B9

Gi7Hi 3O3N requires s Q * 73*11 % i a - 4,09 % $ H * 5.02 j&. 

7-hvdroxy-8-anlilnomethyicoumarln 
To the above eeumarlno-a»oxazlne derivative 

( 1*5 g. | 0.005 mole ) was added absolute alcohol ( 10 ad. ) 

and concentrated hydrochloric acid ( 5 ml. ), The resulting 
solution was distilled on a wire gauze and the distillate 
collected in water ( 25 ml, ), During the course of 

distillation dilute alcohol ( 20 ml. 1 * 1 by volume ) was 
added and the distillation was stopped after a solid began 
to separate out in the distilling flask, Alcohol was added 

to effect the solution of the solid and the solution was
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neutralised by addition,of dust sufficient saturated solution 
of sodium bicarbonate, The solid thus precipitated was washed 
with water and crystallised from dilute alcohol in needles* 
m.p. 168-170°• field 0.7 g. Mixed m.p. with 7-hydroxy-8- 
anilinomethyicoumarin described above was not depressed.

Treatment of a portion of the distillate with 
2,*f-dinltrophenylhydrazlne gave a yellow product which 
crystallised from alcohol in bright yellow needles, m*p.
166°. Mixed m.p. with an authentic specimen of the 2,*f- 
dinitrophenylhydrazone of formaldehyde was not depressed.

Sommelet reaction on 7-hydroxy-d-an 11 inomethyl
co untar in

7 - Hydro xy- d-an il ino me t hyl couma r in ( 1 g. ) was 
refluxed with acetic acid ( 10 ml. ) and hexamethylene 
tetramine ( 1 g. ) for lours on a wire gauze on a low flame. 
The reaction mixture on working as before gave a product

gv
m.p, and mixed m.p.^with 7-hydro xy-8-formylcouinarln was 189*3.

Mannlch reaction on 6-favdroxycoumarln with 
paraformaldehyde and dlmethvlamlne % 6-Hydroxy-5-dlmethyl- 
amino methyl co umarin

Paraformaldehyde (0.3 g. § 0.01 mole ) was dissolved 
in warm absolute alcohol ( 5 aflL. containing 0.1 g. of 
potassium hydroxide ) and dimethylamine ( 1 ml. $ 37 %

aqueous solution $ 0.01 mole } was added gradually with\

external cooling. 6-Hydroxycoumarin ( 1.62 g. $ 0.01 mole ) 
in absolute alcohol ( 5 ml. ) was then added. The reaction 
mixture was then gently refluxed on a steam bath for 2 hours

f



and then left over-night at room temperature. Next day the
■*r

solvent was conpletely removed and the residue was extracted 
with chloroform. The product obtained after removal of 
chloroform crystallised from benzene-petroleum ether mixture 
in p** needles, m.p. 105-106°. 2ield 0.8 g,

■Analysis %
- >

4,430 £ag* of the substance gave 10,700 mg. of 

carton dioxide and 2,464 mg. of water,
/ 9*062 mg, of the same substance gave 0,506 ml.

of nitrogen at 28° and 748 mm.
Found :C = 65.91 % | h * 6.22 % % Si = 6.21 %.

0,2^ 3O3N requires to - 65.74 % § S = 5*96 % ; H * 6,39 %*
6-gydroxy-5-diffiethylaminomethylcoumarin hydrochloride 
This was obtained in good yield when the above 

reaction mixture after keeping for 24 hours at room temperature 
was saturated with dry hydrogen chloride gas, it was chilled 
below 0° and the product which separated crystallised from 
alcohol-ether mixture in needles, m.p. 235-236°. field 1.2 g.

■Analysis 8
4.162 mg. of the substance gave 8.572 mg. of 

carbon dioxide and 1.966 mg. of water.
14,420 mg. of the same substance gave 7.966 mg. 

of silver chloride*
Found s G = 56.21 % $ H ■ 5.29 56 | Cl a 13.66 %

oiah13o3l«.iiil requires 8 c = 56.36 % $ ti * 5.48 % | U1 * 13.91 %



Somslet reaction on 6-faydroxv-5-dlme thyiaminn- 

methylcoumarin hydrochlorida

6-Hydroxy-5-dImethylaminomethylcoumarIn hydrochloride 
( 1 g* ) was refluxed with acetic acid ( 15 ufl.. ) and 

hexamethylene tetramlne ( 1 g. ) for 4 hours on a wire 

gauze* concentrated hydrochloric acid ( 10 mi. ) was added 
and the mixture was refluxed further f£>r 1 how. The 

product obtained on working up the reaction mixture as 

usual crystallised from benzene in needles, m.p. 1S9®. field 
0.2 g. Mixed melting point with an authentic specimen of 
6-hydroxy-5-formylcoumarin prepared according to Naik and 

Thakor ( J. Org. Chem., 1957, 22, 1626 ) from 6-hydroxy- 

coumarin was not depressed. i

6-4cetoxy-5-ace to xymethylcoumarln
6-Hydroxy-5-dlinethylaminomsthylcouma rin hydrochloride 

(0-5 g.) was heated with acetic anhydride < 5 ml. ) and 

fused sodium acetate ( 1 g. ) on a water bath for 2 hours*.
3?h© product obtained on working up the reaction mixture as 

usual crystallised from petroleum ether in needles, m.p. 
117-116°.

^lysis s

4.856 mg. of the substance gave 10.84 mg. of 
carbon dioxide and 2.040 rag. of water.

R>una t C * 60.92 % f H = 4.70 %m 
Ot *H12o6 requires s 0 * 60.87 % | H = 4.38 %m
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mnnich reaction on 6-hvdroxycouroar In with 

paraformaldehyde and benzylamine s 2«M-31-benzyl-3 ’ .4V- 
dlhydro-l1.3«-oxazlno-S1. 6». 5. 6-coumarin

Paraformaldehyde ( 0.6 g. $ 0.02 mole ) was 
dissolved In absolute alcohol ( 5 ml* containing O.i g. 

of potassium hydroxide ) By gentle warming, benzylamine 
( 1.1 ml. | 0.01 mole ) was added gradually with cooling 
followed by 6-hydroxycoumarin (1.62 g. ; 0.°1 mole) and 

absolute alcohol ( 5 ml* )• The reaction mixture was gently 

refluxed on a steam bath for 2 hours, The product went in 
solution within fifteen minutes and then bright shining 

yellow needles separated. The product collected after keeping 
the reaction mixture at room temperature over-night 

crystallised from benzene in needles, m.p. 145-146°. field 
1.8 g. It was soluble in concentrated hydrochloric acid and 
insoluble in sodium hydroxide, it was also soluble In 

alcohol, acetone, chloroform and benzene. Ifo 6-hydroxy-5- 
benzyiamino-methylcoumarln was obtained in the above 

reaction and also when one mole of paraformaldehyde was 

used.
Analysis s

4.424 mg. of the substance gave 11.914 mg. of 

carbon dioxide and 2.056 mg. of water.
10.^9 mg. of the same substance gave 0.484 ml. 

of nitrogen at 39° and 753 mm.

fbund * u ■ 73.49 % f H * 5.19 % 5 » = 5.0 %.

U, aH, 503a> requires f u « 73.70 % f a * 5.15 % ? N = 4.78^.
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b-avdroxy-5- ben 2Vl amino iBatfaylcouroar In
Tile above .ooamarinb..z^&aazine ( 1.4 g. f 0.00$

mole ) was added gradually to ethyl alcohol ( 10 ml. ) and 
concentrated aqueous hydrochloric acid ( 5 mL. ). The 
resulting solution was distilled on a wire gauze and the 
distillate collected in water ( 2$ ml. ). During the course 
of distillation dilute alcohol ( 20 n£L. ; 1 s l by volume ) 
was added and the distillation was stopped when a solid 
began to separate out In the distilling flask. It was 
dissolved by addition of more ethanol. The resulting solution 
was just neutralised by addition of saturated solution of 
sodium bicarbonate* The solid obtained crystallised from 
benzene-petroleum ether in needles, m.p. 132° • Held 0.6 g. 
Treatment of a portion of the distillate with 2,4-dlnitro- 
phenylhydrazine hydrochloride gave the 2,1f-dinitrophenyl 
hydrazone of formaldehyde.

teAyjig *

4.3b mg. of the substance gave 11.636 mg. of 
carbon dioxide and 2.10 mg. of water.

8.$92 mg. of the same substance gave 0.377 ml. 

of nitrogen at 30° and 790 mm.

Found ! C ■ 72.84 % | J1 as 5.39 % • JJ a 4.88
C17H1 5°3n requires s u * 72. $8 % ? H * $.37 % % N » 4.98 %.

6-hvdro3cy-5- benzylamlnomethylcoumarin hydrochloride 
The above hydrochloride wee obtained when 6-hydroxy- 

5-benzylaminomethylcoumarin ( 0.2 g. ) was dissolved in
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alcohol and treated with hydrogen chloride. The product 

obtained on cooling and diluting the reaction mixture with 

ether was recrystallised from alcohol-ether mixture in 

needles, m.p. 229°•
Analysis 8
4.522 mg. of the substance gave 10.634- mg. of 

carbon dioxide and 1.936 mg* of water.
11.374 mg. of the substance gave 5.062 a®, of 

silver chloride-
Found s U S 64.18 % I H * 4.60 % ! 01 a 11.06 %* 

U,7i15G3W.J*;i requires 8 u * 64.24 % $ H » 5.03 % j ci » 11.18 %.

Sommelet reaction on 6-hydroxv-5- benzvlamlnomethyl-

Coumarin
6-Hydroxy-5- benzylaminomethylcoumsrin ( 1 g. ) was 

refluxed with acetic acid ( 15 mOL. ) and hexamethylene 

tetramine ( 1 g. ) for 4 hours. The reaction mixture on 
working up as before gave 6-hydroxy-5-formyleouserin• fhe 

mixed melting point with an authentic specimen synthesised 
as mentioned earlier was not depressed.

Mannlch reaction on 6-hydroggrcoumar in with 

paraformaldehyde and aniline s 21H-3♦-phenyl-3*.4*-dlhydro- 
1! .V-oxazino-S1.6>*5.6-coumarin

Paraformaldehyde ( 0.6 g. ; 0.02 mole ) was 
dissolved in absolute alcohol ( 5 ml* containing 0.1 gm.

7

of potassium hydroxide ) by gentle warlmg and aniline 
( O.93 ml. | Q.Qi mole ) was added gradually with cooling.



>ai$cf 6-Hydroxy couma r in ( 1*62 g. $ O.Qi mole ) -was then added 

and the reaction mixture gently, refluxed on a steam hath for 
2 hours. The product which separated on keeping the reaction 
mixture over-night crystallised from benzene-petroleum ether 
mixture in needles, m.p. 193-195°• Held 1*4- g. it was 
insoluble in alkali and soluble in hydrochloric acid*

Analysis :
4*34- mg* of the substance gave 11.650 mg. of 

carbon dioxide and 1.650 mg. of water*
8.332 mg. of the same substance gave 0*375 ml* 

of nitrogen at 31° and 74b nan.
Found • C * 73.25 % ? H » 4.25 % | N = 4*97 %•

Gt 8hi 5O3N requires s C a 73*10 % ; H » 4.69 % | * = 5.02 %*

6-Hydro xy-5-anilino ate thylcoumarin
The above oxazinocoumarin derivative ( 1.4 g. ;

0.005 mole ) and ethyl alcohol ( 10 mi. ) and concentrated 
hydrochloric acid ( 5 ml. ) were heated on a wire gauze in 
a distilling flask and the distillate collected in water 
( 25 ml. ).MOTe dilute alcohol ( 20 ml. $ 1 : 1 by volume ) 
was added and the distillation was continued till a solid 
began to separate out in the distilling flask, it was 
dissolved by addition of more ethanol and the solution was 
neutralised with just sufficient sodium bicarbonate solution. 
The yellow solid obtained crystallised from dilute alcohol, 
m.p. 198-200*. Held 0.7 g.



* Analysis 8
4,232 mg. of the substance gave 11,176 mg. 

of carbon dioxide and 1.852 mg. of water.
8.922 mg. of the same substance gave 0.4-18 ml. 

of nitrogen at 300 and 750 mm.
**ound s C a 72.07 % | a » *.90 % J a = 5.20 %

0t6H1303I requires 8 a a 71.91 % f 8 « 4-.87 % f JS * 5.24- %

Sommelet reaction on 6-hydroxy-5-anmnomethyi-

coumarln
6-Hyoroxy-5-anilinom9thyicounarin ( i g. ) was 

refluxed with acetic acid ( 15 ml. ) and hexamethylene 
tetramine ( 1 g, ) for 4- Hours. The reaction mixture on 
working up as before gave 6-hydroxy-5-formylcoumarin as seen 

by direct comparison with an authentic specimen synthesised 

as mentioned earlier.

JMannich reaction on ethyl 7-hydro xycoumar in-3- 

carboxylate with formalin and dimethylamine 8 .Ethyl 7- 
hydro xy-8-dimathylamlno me thylcoumarin-3-car ix> xvla ta

to formalin ( 2 mi. ; 0.02 mole ) m absolute 
ethanol C 10 ml. ), dimethylamine ( 1 ml. ? 0.01 mole ) 

was added followed by ethyl 7-hydroxycoumarin-3-earboxyiate 
( 2*3 g. | 0.01 mole ) and absolute alcohol ( 5 mi. )• The 

reaction mixture was gently refluxed on a steam bath for 
2 hours and then left over-night. The residue remaining 

after removal of alcohol was extracted with cold benzene 
and the solid obtained from the benzene extract crystallised 
from benzene-petroleum ether mixture in yellow needles,
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sup. 162° • field 1.2. g.

Analysis %
4,228 lag, of the substance gave 9,580 mg. of 

carbon dioxide end 2.334 mg* of water.
8.142 mg. of the same substance gave 0.257 ml* 

of nitrogen at 38° and 754 mm.
Found s 0 * 61.83 % | M - 6.18 % | a • 4.59 %•

0| 7O5F requires t u * 61.85 % f H ** 5*88 % ; W = 4.81

JSthyl 7-nvaroxy-6-broBP-8-dlmethylamlnomathvl- 

coumarin-3-carboxylata

The above coumarin ester ( 0.3 g. ; 0.001 mole ) 

and sodium acetate ( 1 g. ) were dissolved in acetic acid 
( 2 ml. ) and bromine ( 0,16 g. } in acetic acid ( 0.001 mole ) 

was added drop-wise with stirring. The reaction mixture was 
then added to water and the product obtained crystallised 

from benzene-petroleum ether in needles, sup. 218°. Mixed
im.p, with ethyl 7-hydroxy-8-dimeth^minomethyl-6-bromoT» 

coumarln-3-cartoxylate prepared by the mannich reaction on 
ethyl 7-hydroxy-6-broHDcoumarin-3-carboxyiate with formalin 

and dimethylamine described below was not depressed.
Formalin ( 1 ml. f 0.01 mole ) was added to 

absolute ethanol ( 5 mi* ) followed by dimethylamine 
C 0.5 ml. | 0.005 mole )• JSthyl 7-nydroxy-6-bromocoumarin- 

3-carboxylate < 1,6 g. 3 0.005 mole ) and absolute alcohol 
( 5 ml. ) were then added and the reaction mixture was 

gently refluxed on a steam bath for 2 hours. The solid 
which separated on keeping the reaction mixture over-night
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at room temperature crystallised from "benzene-petroleum 

ether mixture In needles, m.p. 218°. field 0*8 g.

■Analysis s

8*122 mg. of the substance gave 0*278 ml* 

of nitrogen at 28° and 746 mm.

ID.490 mg. of the same substance gave 

5*298 mg. of silver bromide.

Found s H = 3.81 % $ hr * 21*49 %•
H - '

UtjH^OyBr requires s » » 3.80 % $ Sr - 21*68 %m

Ifannich reaction on ethyl 7-nydroxvcoumarin-.l- 

carboxylate with formalin and bengyfamine s 2lB-3t-benzyl- 

3*«ttt -dlhyaro-^-carfaoetboxv-11.3,»oxaziiK>-5t .6* .8.7-eoumarin 

fo formalin ( 2 ml. f 0.02 mole ) in absolute 

ethanol ( 10 mL. ),benzylamine (, 1.1 mi. f 0.01 mole ) was 

added gradually followed by ethyl 7-hydroxycoumarin-3- 

carboxylate C 2*3 g. ? 0*01 mole ) and absolute alcohol 

( 5 mL. ). fhe reaction mixture was gently refluxed on a 

steam bath for 2 hours and left at room temperature, the 

separated needles were recrystallised from benzene-petroleum 

ether, m.p. 148-150®. field 2.1 g.
1

*

4.612 mg. of the substance gave 11*718 mg. of 

carbon dioxide and 2.260 mg. of water.
9.992 mg. of the same substance gave 6.315 mL. 

of nitrogen at 29° and 7$0 mm.

Found s C = 69.34 % | H « 5.48 % f M » 3*51 %*

o21Hi 905U requires f C = 69.03 % $ H ■ 5.24 % | W ■ 3.83 %•
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21 ii-31-benzyl-3* .**’ -aihydJO-3»Qarto_o.$Mx]c^ 

bromo-11.3* -oxazino-S* .6' .8.7-coumarin
The above coumarin ester ( 0*36 g. $ 0,001 mole ) 

and sodium acetate ( 1 g.) were dissolved in acetic acid 
( 3 ml* ) and bromine ( 0.16 g* ) in acetic acid ( 0.001 

mole ) added gradually with stirring. The product ^which 

separated almost immediately^crystallised from benzene- 
petroleum ether in needles, m.p. 195°• Mixed melting point 
with 2*H,3*-benzyl-3’ >4'~dihydro-3-carboetboxy-6-bromo- 

1',3’-oxazino-5’,6’,8,7-coumarin prepared by the Mannieh, 
reaction on ethyl 7-hydroxy-6-broraocoumarin-3-carboxylate 

with formalinisdnd benzylamine as under was not depressed.

Formalin ( 1 ml. ; 0.01 mole ) was added to 
absolute alcohol ( 5 ml. ) followed by benzylamine (0.5 ml. § 
0.005 mole ). Ethyl 7- hydro xy- 6- bro no cournar in-3-car bo xyla te 

( 1.6 g. | 0.005 mole ) and absolute alcohol ( 5 mi. ) were 
then added and the^ reaction mixture gently refluxed on a 

steam-bath for 2 hours, it was kept at room tesg>erature 

over-night. The separated solid crystallised from Denzene- 

t petroleum ether mixture in needles, m.p. 195°• Xield l g.
The substance was soluble in benzene, acetone, alcohol and 

chloroform. Ifc was soluble in concentrated hydrochloric acid 

and insoluble in sodium hydroxide solution.
.analysis s

8.922 mg. of the substance gave 0.256 ml.of 
nitrogen at 28° and 746 mm.

11.214 mg. of the same substance gave 4.722 mg. 

of silver bromide. ^



174

Found t- H ■ 3.20 % $ Br « 17.92
021Ht 805Nflr requires 5 H * 3*15 % $ Br * 18.02 %.

Mannich reaction on ethyl 7-hydroxY-coumarlri-H- 
carboxyl ate with formalin and aniline s 2* B-V-phenyl-V .4-1- 
dihvdro-VcarboQthpxy-l' .■V-oxazino-S' .6* .8.7-coumarin 

To formalin ( 2 ml. § 0.02 mole ) in absolute 
ethanol ( 10 ml. ) aniline ( 0.93 ml. f 0.01 mole ) was 
added followed by ethyl 7-hydroxycoumarin-3-carboxylate 
( 2.3 g. | 0.01 mole ) and absolute alcohol ( 5 ml. }. The 
reaction mixture was gently refluxed on a steam bath for v 
2 hours and then left oyer-night. The separated solid 
crystallised from benzene-petroleum ether in needles, m.p. 
168-170°• field 1.8 g.

Analysis s
4.792 mg. of the substance gave 12.052 mg. 

of carbon dioxide and 2.178 mg. of water.
9.4-7 mg. of the same substance gave O.376 ml. 

of nitrogen at 40° and 753 mm.
Found s 0 » 68.63 % 5 H = 5*08 % $ N = 4-.29 %.

\

OaoH1705N requires s O « 68.37 % $ M * 4-.88 % f is = 3.99 %.

Attempted bgomination of 2*11.31 -phenyl-3*.4'- 
dlhydro-3-car boethoxy-1*.3,-oxazino-5t.61.8.7-coumsrln

The above coumarin ester ( 0.3 g. ; 0.001 mole ) 
and sodium acetate ( 1 g. ) were dissolved in acetic acid 
( 2 ml. ) and bromine ( 0.16 g. ) in acetic acid ( 0.001 
mole ) was added drop-wise with stirring. The solid obtained
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on adding the reaction mixture to water did not crystallise
to give a pure product^.

H
Attempted rfannieh reaction on ethyl 7-favdroxy-6- 

broriPcoumarln-^-car boxylate with formalin and aniline 
Formalin ( 1 ml. ; 0.01 male ) was added to 

absolute alcohol ( 5 ml. ) followed by aniline ( 0*5 ml* f 
0*95 mole ), ethyl 7-hydroxy-6- broKDeoumar ln-3-ear coxyiate 
( 1*5 g. $ 0.05 mole ) and absolute alcohol ( 5 ml. ). The 

reaction mixture was gently refluxed on a steam-bath for 2 
hours and then kept at room temperature over-night* Next day 
the solvent was removed^a^ 'fhe paste obtained could not be 

crystallised through any solvent.
Attempted lannlch reaction on 7-methoxycoumarln 

with paraformaldehyde and dimethvlamlne
Paraformaldehyde ( 0*3 g. f 0.01 mole ) was 

dissolved in absolute alcohol ( 5 ml. containing 0,1 g. 
of potassium hydroxide ) by gentle warming and dimethylamine 
( 1 mi. $ 0.01 male ) was added gradually with cooling.
7-i'flethoxycoumarin ( 1.76 g. f 0.Q1 mole ) and absolute 
alcohol ( 5 ml. ) were then added to the reaction mixture 
and it was then gently refluxed on a steam bath for 2 hours. 
On working up the reaction mixture as usual only the 
original 7-me tho xycoumarin was recovered, increase in the 
heating time from 2 to 16 tours did not give any mannich 
base. Reactions with benzyl^amine and aniline also did not 

succeed.
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At team ted mannich reaction on methyl 7-hydroxy- 

coumarin-fe-cartoxyla te wit la formalin and dlmethylamlne 

Formalin ( 1 ml. $ 0.01 mole ) was dissolved 

in absolute alcoiiol ( 5 n£L. ) and dimethylaralne ( 1 ml. j 

O.Oi mole ) was added gradually with cooling. Methyl*
7-hydro xycoumarin-&-carboxylate ( 2.2 g. f O.Oi mole ) and 

absolute alcohol ( 5 ml. ) were then added and the reaction 

mixture was gently refluxed on a steam bath for 2 hours.

The product which separated on keeping the reaction mixture 

at room temperature over-night was the original coumarin. 

increase in the duration of heating of the reaction mixture 

also gave the same results.

Attempted rfetnnich reaction on ethyl 7-hvdroxy-8-

broaocouinarln-i-car toxvla te with formalin and dlmetfavlamlna

Formalin ( 2 ml. $ 0.02 mole ) was dissolved in

absolute alcohol ( 5 ml. ) and dimethylamine ( 1 ml. ?

0.01 mole ) was added gradually. JBthyl 7-hydroxy-8-bromo-

eoumarin-3-earboxylate ( 1.5 g. ; 0.05 mole ) and absolute

alcohol ( 6 ml. ) were then added and the reaction mixture

was gently refluxed on a steam bath for 2 hours. 4 paste
Wewas obtained on removal of/ solvent from which no pure product 

Covil^ \s<L
^obtained by treatment with various solvents. Reactions with ' 

benzylamine and formalin also did not succeed.


