
CHAPTER III

MAJfMICH REACTION ON SOME HYDROXYCOUMARIhS
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CgAFTER III

Mannlch reaction on iA'A

Mannich reaction consists in the condensation 

of aranonia, a primary amine or secondary amine usually as 

the hydrochloride, with formaldehyde and a compound 

containing at least one hydrogen atom of pronounced 

reactivity*

c6h5coch3 + ch2o + R2NH«HC1------------- ----- *

C6H 5 CO CH2 GH2 KR2•HC1 + HgO

The essential feature of the reaction is the 

replacement of the active hydrogen atom by an aminomethyl 

or substituted aminomethyl group* The product from 

acetophenone, formaldehyde and a secondary amine salt is 

an example* Phenols, ketones, aldehydes,acids, esters, 

acetylenes, nitrocompounds 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 amounts of benzene and nitrobenzene 

or benzene alone are useful®

Burke and co-workers (1) have used dloxan 

with very good results* When paraformaldehyde is used, an 

organic solvent is required. Burke et al (loc.cit.) employed 

catalytic quantity of alcoholic potassium hydroxide to effect
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the depolymerisation of'paraformaldehyde. The time limit 
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 
employed. Thus in the reactions of phenols with formaldehyde 
and primary amines the reaction is generally complete in 
about two hours time. It is found that the reaction may be 
complete within a few minutes of refluxing,

Mechanism of the Mannlch Reaction %

Mechanism of reaction has not yet been definitely 
established, Dalgliesh (2) suggested a mechanism which 
Involves formation of an a-B-unsaturated ketone/.that adds 
ammonia,

0
|| © 4-<£ -S---- v R - C - CH2 + Cl2 = 0

0
II r2whR-C-CH = CH2 --------- >

0
II

r-c-ch2 -ch2 -nr2

Quite a different mechanism was proposed by 
Alexander et al, (3) for the reaction of compounds containing 
active methynyl group. They mad© 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

-H
R-C-CH3

0
II ©

R-C-CH2-CH2 - 0

-> R-C * CH2
*4*H

-H20
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by the reversible addition of dimethylamine and formaldehyde 
to give dimethylaminoraethanol. 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 malonle acid, probably, in the 
transitory enol form ( III ) would produce water, the 
conjugate base A and a protonated molecule of dimethyl- 
ami nomethyl malonic acid ( IY ). Reaction of the protonated 
molecule with the conjugate base A would give the free 
amino acid ( V ).

( I )

H
I -S0 - HA,...( 2 )

• • • * ( 3 )

( III )

H COOH
(ch3)2 ——~ nch2 — 0 — ha +.

r I

a
(pOH Kl

OH *"

0H20 + (GH3)2 rh

H

(ch3)2 u.ch2oh 
( I )

k2(CH3)2 W.CH2---0 + HA -- (CH3)2 St ____ CH2
4----

( II )
GO OH 0 K, COOH OH
' //H — G - C * I '
C2H5 OH

'^**4 ! /
-- c = c-

I \
c2h5 OH
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©

COOH OH
, 1 ^(CH3)2, M.CH2 —C — C

• \
c2h5 oh

©
Hg0 + A ,»*••• « « *, • «*« ( 4- ]

( IV )

COOH + 
I OH

( CH 3) g « N • UH 2 C ——C
//

x
C?H OH
2n5

( IV )

COOH

© //+ a * (CH3)2.N.CH2---C —C +
' OH 
C2H 5

( V )

The postulation of enoltsatlon step ( 3 ), 

in the above mechanism was questioned by Grillot et al* ( k ), 
They found that in Mannich reactions involving optically 
active q-nitro mandelic acids the products formed were also 
optically active. Thus they argued that lack of raceraizatlon 
rendered inadmissible the enolizatlon step postulated above. 
However, this objection has been cleared by the excellent 

work of Meinwald et al, ( 5 ) who showed that products 
obtained by Grillot et al. ( loc,cit©) were not the true 
Mannich bases ( I ). They considered the products as salts 
and out of the two possible general structures ( II ) and 
( III ) they conclusively gave the structure ( II ) to the 
products on the results of Infra red absorption spectra and 
molecular weight determinations carried out on product from 
D-o-nitro mandelic acid, formaldehyde and piperidine.

HA
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Lieberman and Wagner (6) believe that the Mannich 
reaction involves a dual catalysis in an amphoteric system 
in which 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.

IFormation of the anion is promoted by the base present or
by added alkali or both. The 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 compound, and that excessive,
alkali would decrease or prevent the formation of cation 

• +R2 81 ~ 0 - and therefore would obstruct or stop the
reaction were supported experimentally. Also 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. *
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Various types of compounds having reactive 

hydrogen have been subjected to this reaction* Only a few 
illustrative reactions are mentioned here*
Reactions with ketones :

A primary amine is the first product formed from 
a Mannleh reaction in which ammonia or ammonium salt and 
formaldehyde react with a ketone. With simple ketones 
subsequent action of the primary amine so formed usually 
leads to the production of secondary amines $ salts of which 
have been isolated and found to be stable, but the free 
bases change to the tertiary amines®

Alcohol
C6H5C0CH3 + CH20 + (CH3)2 NH. HC1 —

C6H5COCH2.CHaN(CH3)2. HCL

Certain ketonic amines of the type illustrated afford on 
reduction physiologically active amino alcohols of value 
in therapy.

Reaction with aldehydes s
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 methylol group on the a-carbon atom* 
Reaction with acids and esters ?

Different acids and esters containing highly 
reactive hydrogen atoms in the a-position undergo Mannich 
reaction. When an acid is employed the free amine base 
rather than its salt is used*
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Reaction with phenols 3
Decombe (7) has proved that in the Mannich 

reaction of a phenol with formaldehyde and secondary amines 
the resulting dialkylamino-methyl group enters the ortho 
or para-position or both and in no case it attaches to 
oxygen of the hydroxyl group*

Brusson and co-workers (8) have reported that 
when phenolic Mannich bases were treated with acetic 
anhydride their dimethylaminomethyl groups were replaced by 
acetoxymethyl groups*

oh

nitrogen,oxygen or sulphur have been studied. In case of 
a-picolines and quinaldines the hydrogen of the a-methyl 
groups is sufficiently reactive to take part in the Mannich 
reaction* Thus, Tseou and co-workers (9) have reported the 
formation of 2 -(B -diethyl ami nomethyl) pyridine when 
a-pieoline, formaldehyde and diethyl amine were condensed*

Reactionwith heterocyclic compounds *
A number of heterocyclic systems containing
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c*i°
uzHs\H" CHi, N<X*H >S'i.

Marmtch reaction with pyrrole has been studied 
by number of workers* Hydrogen on a-carbon atom was 
substituted*

Ns
-t

Burke and co-workers (10) have carried out the 
reaction on several pyrroles with formaldehyde and primary 
amines•

2-Methyl furan was subjected to Mannich reaction 
by Nixon and co-workers (11) using formaldehyde, primary 
and secondary amine*

■v
CH,
N



93
Wiley (12) carried out Mannieh reaction on 

6-methoxy-, 6-chloro-, 6-methyl-, and 7-methoxychromones 

with formaldehyde and different secondary amine 

hydrochlorides and obtained the corresponding 

3-(dialkylaminomethyl) chromonehydrochlorides •

P.Dap.e. et al. (13) reported the Mannieh 

reaction on 7-hydroxy-2,3-dimethyl-, 2-methyl-3-ethyl-, 

2-ethyl-3-methyl-chromones with dimethylamine,diethylamina, 

morpholine and piperidine and formalin and obtained the 

corresponding 8-dimethylaminomethyl chromones. Similar 

results were obtained incase of 3-methyl and 3-ethyl 

flavones, These derivatives are reported to act as 

powerful centra&iervous system stimulants especially on 

the brain stem and have a cardiokinetic and hypertensive 

action#

Robertson and Link (1%) attempted to prepare 

Mannieh base from^paraforraaldehyde and the j
aminehydrochlorides but failed instead the bis product 1 J~ 
3* ,3-methylene bis -4-hydroxycoumarin, '•ks

They have observed that the order in which the 

reactants are added is important. A series of 3-substituted )
V£_ /

aminomethyl-4-hydroxycoumarins ha$ been synthesised by an 

application of the Mannieh reaction. ; '
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i.

t'rX
Desai R',B, (15) studiad^Mannich reaction on 

5-hydroxy-, 6-hydroxy and 7-hydroxyeouraarins vith^Srfetan^ ' 

and primary and secondary amines.

Patel and Sethna (16) have applied Mannich

reaction pfl 7-hydroxycoumarin, 6-hydroxycoumarin, ethyl-7-
hydroxycoumarln-3-carboxylate and obtained^corresponding
a Iky latninorae thy 1 and oxazinoderivatives. For example ^

6/-hydroxycoumarin gave with paraformaldehyde and aniline 
. w*. <oxazmoderivative and with dimethyl amine ^-dimethyl-

f\
aminomethyl derivative.
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Alligation* of Mannich reaction j

Recentlyhe Mannich reaction has proved to be
&aSiL-a important"tool in the^synthetie organic chemistry. The 

resulting products of the Mannich reaction may be further 
transformed into a variety of compounds. A few of these 
may be mentioned here. Some of the Mannich bases and their 
reduction products have proved to be important medicinal 
agents•

The most useful characteristic property of many 
of the products obtained in the Mannich reaction,especially 
those derived from secondary amines, is the decomposition 

into the amine >and unsaturated compoundf $hen subjected 
to heat or steam distillation.

Mannich et al. (17) found that B-dimethylamino-^ 

methyIketone and o-nitrobenzaldehyde reacted to give a 
product which upon reduction lost water to form a 
substituted quinoline.

-V ->

cocw, OtH = C •

Noi tDcH3

h
NCcH3j1

Synthesis of . amino alcohols j
The ^-substituted amino ketones or aldehydes

have been reduced to the corresponding y-substituted 
amino alcohols. Many such amino alcohols in the form of
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their esters especially benzoate and p-ami no benzoates 
have been widely used as local anaesthetics.

Caldwell and Thompson (18) have developed a new 
method for nuclear methylation of phenols which consists 
in the hydrogenolysis of the dimethylaminomethyl derivative

br\ 4Huobtained by Mannich reaction,on tjie^e basis Callin 
et al (19) achieved a practical synthesis of 2,6-xylenol.

oh

Spader (20) observed that when Mannich base in 
acetic acid solution was treated with hexamethylenetetra- 
amine the intermediate quaternary salt decomposed to an 
aldehyde thus

R-CH2iN(CH3)2 + (CH2)6N* + CHjCOOH —------
+

(ch3)2rh + r ch2 - n(cii2)6n3 + ch3coo 
+RCH2 M(CH2)6 N3 --------> R CHO

The intermediate quatermry salts were of the 
type encountered in the Sommalet synthesis (21)e The 
conversion of primary and secondary amines to aldehydes 
by modified Sommalet reaction was described, by Sraymore 
et al (22).
Synthesis of ltl-oxazino derivative :

Burke (23) showed that whereas the condensation 
of equlmolecular quantities of para substituted phenols

NHCtH^
CHgiO

1
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with formaldehyde and primary amines gave o-alkylamina- 
methyl-p-substituted phenols, when the reaction was carried 
out using phenol, formaldehyde and primary amine in a 
molar ratio of 1:2*1 respectively neeuited in the

A C»°lc ,
formation of substituted benzoxazine^ a*»new-ser ies =of 
eoaipounds formed*

These benzoxazines could be prepared alternately 
from o-alkylamino-p-substituted phenols by refluxing the® 
with excess of formaldehyde in alcoholic solution in UrX

OL

presence of^basic catalyst such as sodium hydroxide,, 
Benzoxazine derivatives on heating with hydrochloric acid 
in alcoholic solution decompose readily to give formaldehyde 
and the corresponding o-alkylamino methyl-p-substituted 
phenols•

Burke and co-workers (240 showed that a third 
kind of product -N,N-bis -(2-hydroxybenzyl) alkylamino^ 
could be directly obtained*

2.

iN -------CH----
OH

*2.
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IXe. s.'IHico-Uom

The present work deals with^Mannich reaction os 
7,8-dihydroxy-4--iaethylcoumarin, 5-hydroxy -4-me thy Icoumar In, 

methyl-5-hydroxy-4—methylcoumarln-6-carboxylate and 

8-hydroxycoumarln. Different primary and secondary amines
h&N-e.

used.

With primary amines when 2 moles of formaldehyde 

were used the formation of 1,3-oxazino derivative was 

observed in most cases whenever the reaction took place®

Mannich reaction on 7t8-dihydroxy-^-methylcoumarin

7,8-Dihydroxy-4-methylcoumarin, formalin and 
dimethylamine gave a compound to which 7,8-dihydroxy ~6 - 
dimethylaminomethyl-4-methylcoumarin (I) structure has been 

assigned because on treatment with hexametbylene tetramine 
it gave the known 7,8-dihydroxy-6-f ormyl -^-me thylcoumarin 
(25) (II) as seen by direct comparison®

Condensation of 7,8-dihydroxy-if-methylcouraarin (III), 

formalin and piperidine furnished a product, whieh has 
been assigned 7,8-dihydroxy-6-piperidinomethyl-4--methy 1 - 
coumarin (IV) structure as it gave the known 6-formyl 

derivative on Sommelet reaction*

The 6-morpholinomethylcoumarin (V) derivative 
resulted in the condensation of 7,8-dihydroxy-^-methylcoumarin,
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Mannieh reaction on 8-hydroxycoumarin
8-Hydroxycoumarf.n has been subjected to Mannieh 

reaction with formalin and benzylamine, piperidine and 
aniline.

8-lfydroxycoumarin, formalin and benzyl ami ns in 
equimolecular quantities gave a compound to which 

2’H-3-benzyl-3\k’dihydro-1*3-oxazino-5\6-7,8-coumarin (XI) 
structure has been assigned, as the product was insoluble 
in alkali and on treatment with alcoholic hydrochloric acid 
it gave formaldehyde and 8-hydroxy-7-benzylaminomethyl- 
coumarin (XII). This was further subjected to Sommelet 
reaction when 8-hydroxy-7-foraylcoumarin described earlier 
was obtained as seen by direct comparison.

8-Hydroxycoumarin, formalin and piperidine in 
equimolecular quantities gave a compound to which the 
8-hydroxy-7-piperidinomethylcoumarin (XIII) structure has 
been assigned because on treatment with hexamethylene
tetramine it gave the 8-hydroxy-7-formylcoumarin described 
before.

•*•*-*- * %
The condensation of 7,8“dihydroxy-4-methylcoumarin,

5 -hydroxy -4—me thy lcoumarin, methyl-5-hydroxy-4—methylcoumarin- 
6-carboxylate and 8-hydroxycoumarin with aniline gave 
complex unworkable products under different experimental 
conditions •
Attempted Mannieh reaction on ftt7-dihydroxy-4-methylcoumarin

5,7-Dihydroxy-4-methylcoumarin, formalin and 
dimethylamine on Mannieh reaction gave a polymeric product.
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Mannichjbases from 6-hydroxy-4-methyl -7 T8 -benznf>nnma vi n 

6-Hydroxy4-methyl-7,8 -benzocoumarin has been 

subjected to Mannlch reaction with formalin and benzylamine, 

aniline and morpholine.
6 -Hydroxy -4-methyl -7,8 -benzoconmarin(XIV).',formalin 

and benzylamine in equi|£molecular quantities gave a 
compound to which 2 -H-3 -benzyl -3 Ji+ldihydro -1J3 -benzoxazino -

? 9(7,8,8,7) 4-methylcoumarin (XV) structure has been assigned 

as the product was insoluble in alkali and on treatment
with alcoholic hydrochloric acid it gave formaldehyde and
.1 9

6 -hydroxy-5 -benzy lam inome thy 14 -me thy 1 -7,8 -benzocoumarin 
(XVI). This was further subjected to Sommelet reaction 

when 6-hydroxy-5-foricyl4-methyl-7,8 -benzocoumarin (XVII)
4u>4*iA o-Ho davLt-ci. Kt-3kft.VsVi\cJ

hither to unknown, was obtained,. It gave light brown ferric
a~

chloride colouration andA2,4-dinltrophenylhydrazone (XVIII), 

was^also- pr$pared0
6-Hydroxy4-methyl-7,8-benzocoumarin ,formalira 

and morpholine in equimolecular quantities gave a compound 
to which the 6-hydroxy-5-morpholinomethyl 4-methyl-7,8- 
benzocoumarin (XlX)^has been assigned because on treatment 

with hexamethylenetetramine it gave the 6-hydroxy-5-formy1- 
4-methyl-7,8-benzocoumarin described before as seen by 

direct comparison.
6 -Hydroxy 4 -methyl -7,8 -benzoc oumari n, formalin 

and aniline gave aid exas4ao desdv-aMve- which on hydrolysis 

gave a polymerised product, insoluble in common organic
TV\«_ vve^ctiO'n'^-^eA.x-t-t I tv, U ,

solvents, %£phas been^signed 2-H-3-phenyl-3,*f-dihydro- 
ll3-t>enzoxazino(7»8^8,7) 4-methylcoumarin (XX)^
Ovi /Iv. to Casy' Ia-I A*
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The physiological activity of the Mannich bases 
prepared in the course of this work has not been studied 
so far but they are being sent for testing their 
physiological activity*



EXPERIMENTAL
"L J1 J" 1 UU U- ■rrilli *'»i*nui-i||ru liii" M «T I m'

Mannlch reaction on 7,8-dlhydroxy-4-methvlcoumarin with 

formalin and dlmethylamine $ 7t8-Dlhydroxy’-6»dlmetliyl- 

amlnoraethyl -4-aethylcoumarin

7,8-Dihydroxy-4Hnethylcoumarin (1,92 g.)

dlmethylamine ( 1 ml.) and formalin (0.6 ml.) were refluxed

in alcohol on a water bath for 2 hr. The product obtained
owas crystallised from alcohol. M.P. 221-23 .

Analysis s Pound : C=62.2 % \ H=6.0 % ; N=5.5

Gi3H1504N requires t C=62.6 % $ H=6.0 $ $ N=5.6

Sommelet reaction on 7T8-dihydroxy-6~dimethylaniinomethyl- 

4-Biethylcoumarln

The above Mannich base (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 

ref lulled 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, wblQh was found to be 
identical with 7»8-dihydroxy-6-formyl-4-methylcoumarin (loc.cit) 

obtained from formylation of 7,8-dihydroxy-4-methylcoumarin.

7,8-Dihydroxy-4-methylcoumarin (1.92 g.) in 

methanol, formalin (0.3 g.) and piperidine (0.85 g.)were
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heated on a water bath for 2 hr* The residue obtained after 
recovering the solvent was washed with benzene and

. ocrystallised from benzene - methanol mixture; m.p®195-7 • 
Analysis s Found s C=66.2 f, ; H=6.4 % ; N=4.8

requires : 0=66*4 % 5 H=6.6 i> ; N=4.8

Soamelet reaction on 7T8-°4ih.vdroxy«-6-plperidinomethvl 
4 -methylcoumarin

7,8 -Dihydroxy-6-piperidinomethyl-4-methylc oumarin 
(l g.) was 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 7,8-dihydroxy-6-formyl-4-methylcoumarin described 
before*
Mannich reaction on 7,8-dlhydroxy-4-methylcounarin with 
formalin and morpholine : 718-Dihvdroxy-6-morphollnomethyl 
4-methyleoumarln

To formalin ( 2 ml. ) in absolute ethanol (10 ml.)
morpholine ( 1 ml,) was added followed by 7,8-dihydroxy-4-
methylcoumarin (1.92 g.) and absolute alcohol (5 ml*), 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,

. 0m.p® 193-4 •
Analysis % Found : 062.0 $ ; H=5*7 # ; N=4.4
ci5Hi7°5N requires : C=6l'*8 t- 5 H=5.8 $> ; N=4.8



110
Sommelet reaction on 7t8-dihydroxy-6-morphollnomethyl-4- 
methylcouroarln

The above base (0*5 g*) was refluxed with acetic 
acid (10 ml®) and hexaraethylena 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 7,8-dihydroxy-6-formyl-4~methylcoumarin 
described before®
Mannich reaction on 5-hvdroxv-4-methylcoumarin s 2*H-3-benzyl- 
il^klbydro »1 *3^oxa.2ino &£2!?iS§.£3£

Formalin (0.6 ml*) was dissolved in absolute 
alcohol (5 ml.) • Benzylamine (1 ml©) was added gradually 
with cooling followed by 5-hydroxy-4-me thy Icoumarin (1.76 g.) 
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 
brown needles separated. The product collected after keeping 
the reaction mixture at room temperature over-night 
crystallised from benzene in needles, m.p. 14-3-4-°*

Analysis : Found s 0=74-.6 % 5 H=5«2 $ $ N=4.3 %*
C19Hi7(>3N requires: 0=74-*2 % ; B=5.5 % ; N=4-»5 ^

The above product was soluble in concentrated 
hydrochloric acid and insoluble in sodium hydroxide.

5 -Hvdroxv -6 -benzv lamlnome thyl -4-me thvlc oumar in
The above oxazine (1.4 g.) was added gradually 

to ethyl alcohol (10 ml.) and concentrated aqueous 
hydrochloric acid (5 ml.). The resulting solution was



distilled on a wire gauke and the distillate collected in
water (25 ml.). During the course of distillation dilute
alcohol (20 ml.i, 1 * 1 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

oether in needles, m*p. 186-7 *
Analysis : Found : 0=72<=,8 % ; H=5*8 % ; N=4®6

requires* 0=73.2 io $ B=5*7 % | N=**.7 fo*

Mannich reaction on methyl-5-hvdroxy-4-methvlcoumarin-6-
carboxylate s Methyl-5-hydroxy -8 -dlmethylam inome thvl -4-
methylcoumarin-6-carboxylate

Methyl -5 -hydroxy-4-methylcoumarin-6-carboxylata
(2.3*f g*), dimethylamine (1 ml.) and formalin ( 1 ml®)
were heated together !&•alcohol for 2 hours on a steam
bath. The paste obtained was dried and washed with
petrol and benzene. The residue was crystallised from

oabsolute alcohol $ m.p. 120-1 .
Analysis * Found * 0=62.1 * \ H=5.3 # ? W=i4-.6 $>•
Ci5H1705N requires* 0=62.0 % 5 H=5.5 $ 5 1M*.8

Methyl-5-acetoxy -8-acetoxvmethyl-4-methvlcoumarln-6- 
carboxylate

The above product (0.2 g.) was refluxed with 
sodium acetate and acetic anhydride (0.5 g*). The reaction 
mixture was poured on ice and the separated product
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crystallised from benzene in yhite needles, m.p. 158-60°. 
Analysis s Found : C=58o4 f $ HN4.2 %*
Ci7Hl60g requires* C= 58.6 % j H=4*5

fhe same acetylated product was obtained by the 
acetylation of methyl-5-hydroxy-8-chloromethy1 -4-methy1- 
coumarin-6 -car boxy late *

Mmlbh reaction on 8-hvdroxycoumarin with formalin and 
benzylamine s 2!l-l-banzyl-3*4-dihydro-lhloxazino-5’6-7T8- 
coumarin

Formalin (0,6 ml©) was dissolved in absolute 
alcohol (5 ml*), benzylamina (1 ml*) was added gradually 
with codling followed by 8-hydroxycoumarin (1©62 g.) and 
absolute alcohol (5 ml*). The reaction mixture was gently 
refluxed on a steam bath for 2 hours* The product went in 
solution within ten 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. 186-7°.

Analysis t Found * C=74.0 $ ; H=5*0 % $ N=4«4 
ci8hi5°3w requires* C=73*7 % 5 H=5*l f 5 «=4*7 %*

The above product was soluble in concentrated 
hydrochloric acid and insoluble in sodium hydroxide*
8-Hydroxy-7-benzylaminomethylcoumarln

The above oxazino derivative (1.4 g.) was added 
gradually to ethyl alcohol (10 ml*) and concentrated aqueous 
hydrochloric acid (5 ml«). The resulting solution was
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distilled on a wire gauze and the distillate collected In
water (25 ml.). Daring the course of distillation dilute ,
alcohol (20 ml. $ 1 s 1 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

oether in needles, m.p. 143*4 .

Analysis t Found s C=72.3 f \ H=5»3 $ \ N=4*8
C17Hi503M requires : C=72,6 % % H=5®3 % 5 N=4«9 15*

e.Sorm^let reaction on 8 -hydroxy -7-benzylaminomethyleoufflarln
The above Mannich base (2,6 g.) and hexamethylene

tetramine (5©6 g®) in glacial acetic aeifi were heated for 
6 hrs® on a steam bath and then hydrochloric acid (Cone.
15 ml*) was added and the heating continued for 2 hrs. The 
product obtained on ether extraction crystallised from 
glacial acetic acid, aup. 238-40°. Mixed m.p. with 

8-hydroxy-7-formylcoumarin was not depressed.

A mixture of formalin (0.3 g«), piperidine (0.85 g®)
and 8-hydroxycoumarin (1,62 g. ) was refluxed in alcohol
(5 ml.) on a water bath for 2 hours. The reaction mixture
was then evaporated;? to dryness. The paste obtained was
treated first with petrol and then with benzene and the
residue crystallised from benzene-methanol mixture in

oneedles, m.p, 148-50 •
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Analysis : Pound : C=69.7 f 5 H=6,5 $ ? N=5«lf
G15H17O3K requires * C=69*5 £ ? H=6.6 Jg ; N=5«5

e.Spmmlet reaction on 8-hydroxy -7-plperidinomethvlcomnarln

The above Mannich base on refluxing with glacial
acetic acid and hexamine for k hours J Qn a water bath. o>)

<k r '
Wbrking up as usual gave^residue which was crystallised
from acetic acid in yellow needles, m.p. 238-9°. Mixed

m.p* with 8-hydroxy-7 ~f ormylcoumarin -s*d this pro duet W«vo
144 not depress Col,



ll 5
Mannieh. rg^t .-methyl -? .8 -frenzoconmart m

irSr3 rP*P?Y 3-r3 jkrdthydro -1*3 -benzoxazino -(7 *8 ^8,7) - 

kL-fflethylcoumartp

Formalin (0.6 ml.) was dissolved in alcohol 
(5 ml.)* Benzyl amine ( 1 ml.) was added gradually with 

cooling followed by 6-hydroxy-4-methyl-7 >8 -benzocoumarin 

(2.6 g.) in alcohol. The reaction mixture was gently 

refluxed on a steam bath for 2 hrs. The product went in 

solution within 10 minutes and then bright shining yellow 

plates separated out. The product collected after keeping 

the reaction mixture at room temperature overnight 

crystallised from benzene-petrol mixture in needles, "
m.p. 208-09°.

Analysis : Found : C = 77.6 * $ H = 5.6 * ? W=3.8

c23Hi9°3N requires C= 77.3 * ; H = 5.3 4 . u = 3.9 4
\

9 9
6rHydroxy -5.-benzylaminomethyl -4-methyl -7 T8 -benzocmima r-f r>

The above oxazine derivative (1 g,) was added 

gradually to ethyl alcohol (10 ml.) and con.hydrochloric 

acid (1:1). The resulting solution was distilled on a 

wire gauze and $he distillate collected (25 ml.). During 

the course of distillation dilute alcohol (1 : 1 5 20 ml.) 

was added and the distillation was stopped when solid began 

to separate out in the distilling flask. It was just 

neutralised by addition of saturated solution of sodium 

bicarbonate. The solid obtained crystallised from benzene- 
petrol mixture in \*hite tufts, m.p. 160°.
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Analysis : Pound : C '= ?6.4 f \ -H= 5.4 * •, N=3.8^.
^22^1,9O3N requires s 0 = 76.5 * 5 H = 5.5 ffJ ; N=4.0^

Scmmelet, reaction on 6-hydroxy^-benzylaminomethyl -4- 
SS.fe.feyl-7.8 -benzoeoumarin : 6-Hydroxy -5-f ormyl -4-methyl - 
2+8 -benzoeoumarin

The above Mannich base (2 g.) and hexamethylene
tetramine (5.6 g.) In glacial acetic acid were heated for 
4 hrs. on a steam bath and then hydrochloric acid (contl5 ml.) 
was hdded and the heating continued for 2 hrs. The product 
obtained on ether extraction was crystallised from acetic 
acid in yellow needles, m.p. 265-66°.

Analysis : Pound : C = 68.5 % } H = 3.5
ci5Hio°ii. * V2 H20 requires t C = 68.4 t 5 H = 3,5

The 2.4-dlnltrophenyl hydrazone
2,4-Dintrophenyl hydrazine (0.1 g.) was dlls solved 

in glacial acetic acid and then added to 6-hydroxy-5- 
formyl-4-methyl-7,8-benzocoumarin (0.1 g.) in glacial 
acetic acid. The mixture was refluxed for 30 minutes when 
2,4-dinitrophenylhydrezone separated out. It was insoluble 
in all common organic solvents. It crystallised from 
nitrobenzene in needles, m.p, 295-97°.

Analysis : Pound s U - 13,5
c2iHi tjOyWi,. requires : N = 12.9 %*



Hr
■jMannlch reaction on 6-hydroxy -4--methyl -7 T8 -banzocoumortm

9 9with formalin ana morpholine { 6~1Tvdroxy-5-morphollnomethyl-
4--methyl ~?t8 -be rtzocourmrl n

k mixture of formalin (0*3 g„) morpholine (0*87 g«)
and 6^ydroxy-4-m.ethyl~7,8-benzoeoumarln (2*6 g*5 was
refluxed in alcohol (5 ml*) on a water bath for 2 hours*
The mixture gets clear after ten minutes and the product
separated reeryst&lllsed from benzene-petrol mixture as

owhite plates, m*p* 200 *

Analysis : Pound : C = 69.9 * ; H = 5.5 * | N=4-.l *
C19H1904N requires : C = 70.1 < 5 H = 5.9 * ; N=4-.3 *

j »Sommelat rapction on. 6-hydroxy~5-moraholinomethyl- 
4—methyl -718 -benzocouaiarin

Ulfc/Q JL>tTho aba?© Mannich base ©a refluxkag with glacial 
acetic acid and hexamin® for 4- hra* on a water bath* 9* w^o 
decomposed by hydrochloric acid ( 1 i 1 )in working up as 
usual gay© a residue which was crystallised from acetic

Gacid in yellow plates, m*p* 265*66 * Mixed m*p* with 
6-hydroxy-5*formyl-4-methyl-7,3-henzocouraarin doseribed 
earlier was not depressed*

Mpnnieh reaction on 6-hydroxy-4-methyl-7.8-benzocoumarin
9 9 9 9 9 9with aniline $ 2-H-3-phenyl-3T4—dlhydro-1.3-benzoxazlno-

| f( 7,8 -8 ,7) -4-'-methyls oumarin
6-Hydrosy*^-methyl-7,8-benzocoumarin (2*6 g*) 

was dissolved in alcohol and aniline ( 1 ml*) was then 
added to it and cooled. This was followed by formalin
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(0*7 ml*) and the reaction mixture was gently refluxed

on a water bath for 2 hrs. The product separated was
ocrystallised from benzene, m.p. 201-02 •

Analysis s Found t C = 77*5 4 ; H = 4.9 a- ; N=3.9

C22Hl703N requires : G = 77*0 ^ ; H = 5.0 ^ ; W=4.0

On hydrolysis the above base gave a polymeric 
pro due t ^inso luble in all organic solvents andj^very 

high melting
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