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Mannich reactlon on some hydroxycoumarins
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A reaction first described by the German Chemlst
Carl Mannich in 1917 involves the condensation of a compound
containing ac#dic hydrogen with an aldehyde, usually

formaldehyde and ammnia or a primary amine or secondary amine.

B': H+ CH0 + NHRR! > BCH,NRR' + Hp0

The essentlal feature of the reaction is the
replacement of the active hydrogen atom by an aminomethyl or
* substituted aminomethyl group. Phemols, ketones, aldehydes,
aclds, esters, acetylenes, nltrocompounds and heterocyclic ring
systems contalning either oxygen, nitrogen or sulphur are
found to undergo thls reaction. ’

When aqueous formaldehyde is used the condensation
may be carrled out with or without organic solvents. Alcolol
and acetle acid have been generally employed. A mixture of
equivalent amuntdof benzene and nitrobenzene or benzene alone
are useful. Burke and co-workers ( J. Am, Chem. Soc., 1949,

71, 609 ) have used dloxan with véry good results. When
paraformaldehyde 1s used, an organic solvent 1s required.

Burke et al. ( loc.clt. ) emloyed catalytic quantity of
aleoholic potassium hydroxlde to effect the depolymerization

of paraformaldehyde. The tlme required for the reaction depends
upon the nature of the compound contalning actlve hydrogen, and
of the amine, or amine salt and upon the boiling point of the
solvent employed. Thus in reactions of phemols with formaldehyde
and primary amlnes the reaction is generally complete in about

-



tw hours time. In the case of a few ketones, it s found that
the reaction may be complete within a few mimutes of refluxing. “

Meochanism of the Mannieh Reaction

Dalgliesh ( J. Am. Chem. Soc., 1949, 71, 1697 )
suggested 2 mechanism which involves formatlon of an

a-B-unsaturated ketone ( I ) that adds ammonia.
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ReCeCHy —=H— > R.C=CH, ——> R« CCH + CH, = 0
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ReC-CH,-CH,- 1R, (1)

Qulte a different mechanism was proposeé by
Alexander et al. ( J. Am., Chem. Soc., 1949, 71, 4014 ) for the
reaction of compounds containing active methy?eoﬁ; group. They
made a kinetic study of the reaction of ethyl malonic acld with
formaldehyde and dimethyl amine and based on their resulf;s
they proposed a reaction mechanism in which the reaction 1s
considered to be Initlated by the reversible addition of
dimethylamine and formasldehyde to give dimethylaminomethanol
( I). In the presence of an aclid HA, a reactive hydrogen
bg_;iinded addition complex formation ( II ) 1s postulated. A
properly orlented colllsion of the complex ( II ) with ethyl
malonic acid, probably, in the transitory ehol form ( III)

wuld produce water, the conjugate base A@and a protonated



136

mlecule of dimethylamiromethyl malonic acid ( IV ). Reaction

of the protonated mlecule with the conjugate base A®

wuld give the free amimo zeid ( V).

Ky
0320 + (CH3)‘§”NH - > (CH3)2 EoCHzOHooooaoeotco.o( I‘)
(I)
iy K2 i e
( CHs)z N-CHa--*O + HA """"'"‘"" CCH3)2 N—gHz %‘“HA;.OQQ ( 2 )
+
( I1)
COOH ?OOH
[ _o K OH
= 3 -
H'—-,O——-C\OH somm—————— ? = c\oH *sessses ssese sevse ( 3 )
CZHS 02H5
( I11)
H 5
| =& ?SSH CJH Ky,
CoHs
«I:ooa ®
OH ©
(CH3)20N.CI{2- !C — C<0H <+ H20 + A ceeevee sesas sene ( )'F )
CaHg
(1)
COOH @ COOH
_OH ) [0
( CHB)zoNQCHz“"" (13'-0\ .+ A "'"‘“——)" (CH3)2QNQCHZ—C"—‘C\ +H-é‘=oo(5 )

( Iv) (v)
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The postulation of enolization step ( 3 ), In the
above mechanism was questioned by Grillot et al. ( J. Am. Chem.
Soc., 1950, 72, 2813 § 73, 5598 ). They found that in Mannich
reactions inwolving optically active oxnitro mandelic acids
the products formed were 2also optically active. Thus they
argued that lack of r%cimization rendered inadmissible the
enolization step postulated atove. Fowever, this objection
has been cleared by the excellent work of Melnwald et al.

( J. Am. Chem. Soc., 1953, 75, 485 ) who showed that products
6btained by Grillot et al. ( loc.cit. ) were not the {rue

~ Mannich bases ( I ). They cénsidered the products as salts
and out of the two possible general structures ( Il+) and

( III ) they conclusively gave the structure ( II ) to the
products on the results of infra red absorption spectra and
mleculsr weight determinatlons carried out on product from

D-o-nitro mendelic acld, formeldehyde and pilperidine.
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Lieberman end Wagner ( J. Org. Chem., 1949, 1k,
1011 ) believe that the Mannich reaction inwlves a dual
catalysis in an amploteric system in which the cation
Ry 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 acld or by the acldity of the reactive hydrogen compound
or both. Formation of the anion 1s promoted by the base present
or by added alkali or both. The inferences that excesslve acid
would interfere with the primary condensation of amine and
carbonyl compound and would depress the lonlzation tendency
of the reactive hydrogen compound,and that excessive,alkali
would decrease or prevent the formation of cation R, N = (lf"' -
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 mormal yields.

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

reactidns: are given here.

Reactions with ketonesg
A primary amine is the first product formed from &

Mannich reaction in vhich ammnia or ammonium salt and
formaldehyde react with a ketone. With simple ketones subsequent
action of the primsry =2mine 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 tertlary amines. In some lnstances cyclic products
are obtained from ketone, formaldehyde and ammonia. For
example Mannich and Abdullah ( Ber., 1935, 68, 113 ) obtained
a subs’cifuted plperidine from acetophemons, formaldehyde and

ammonium chloride.

CGHS O
¢ HgcO
——— ( CgHsCOCH,CHp)3 N.HC1
N el R, e a e e
¢ Hg COH,CH, A R

The piperidine derivative readily changes to the
salt of tri. ( p-benzoyl ethyl ) amine.

Reaction with aldehydes
The a-hydrogen atom of the aldehyde 1s subs_tituted

by a substituted amino-methyl group. A secondary reactlon which
some times occurs involves the simultaneous introduction of a “
methylol group on the a-carbon atom.
Reaction with acids and esters

A number of acids and esters containing highly
actlive hydrogen atoms in the a-position undergo Mannich
reaction. When an acid 1s employed the free amine base, rather
than its s21t is used. Decarboxylation of the acid somevtimes
takes place. In the Mannich reaction of aclds with primary
amines the first product often undergoes further condensatlon
to form a tertiary amine. When 2 primary amine is used with a

9015( garbonyl compound which contains reactive hydrogen atoms
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on carbon atoms located In the 1,3-position with respect to
each other, then pyridones may be expected, for example

C2 Hg \ / Ca H5

CH—— CO——CH CHs GH,
Rooc N\ coor
CHo +CHO — Rcoo coor
N
M 4+ H |
| .

It the .pyridon:contains hydrogen atom on the
3 and 5 position the condensation may be carried out one step
further and a bicyelle ring system Bispidin is produced. |

Reaction with phemols :

Decombe ( Compt. rend., 1933, 196, 866 ) conclusively
proved that in the condensation of z phermol wlith formaldehyde
and secondary amines the resulting dlalkylamimo methyl group
enters the ortho or para position or both and that in no case
1t attaches to oxygen of the hydroxyl group. '

Brusson and co-workers ( J. 4m, Chem. Soc., 1941,

63, 270 ) showed that when phemlic Mannich bases were treated
with acetic anhydride thelr dimethylaminomethyl groups were
replaced by Acetoxy methyl groups.

OH OCOCHa

(CP*;aN H,C CHN(CH), AcehcAnhyd&’xé& CHOCOHe CH,0 cocH;
Sodium Acelale

{ 1
CHN (CHy), CH0COCH,

$
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Reaction with heterocyelie. compounds

A number of heterocyclic systems containing nitrogen
oxygan or sulphur have been studied. In the systems containing
nitrogen atom such as a.-picolines and quineldines, the hydrogen
of the a-methyl group is sufficlently reactive to take part
in the Mannich reactlon. Thus Tseou and co-workers ( Compt.
rend., 1931, 192, 1242 ) found that the condensation of
a=-plcoline with formeldehyde and dimethylamine gave
2 ;3-diethy1ami~mmethy1 ) pyridine.

-~ | CH0% (GaHsJa NH @
Xy s XN CHaSHeN (G Hg),

Mannich reaction wlth pyrrole has been studled by

2 number of workers. Hydrogen on a-carbon atom was substituted
but the resulting Mannich bases belng unstable, they were
characterized by their picrates.

™ N
[f ], R, NH+ CH,0 X [l ]f CHNR,

NBthyl and Nemethyl pyrrole d not undergo Mannich
reaction.

Burke and co-workers ( J. Am. Chem. Soc., 195k, 76,
1294 ) have reported the reactlon of seversl pyrroles with

formaldehyde and primery amines,
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Nixon and co-workers ( J. Am, Chem. Soc., 1946, 68,
1198 ) subjected 2-methyl furan to Mannich reactlon using
formaldehyde and primary and secondary amir(zfs.) In all cases the
expected Mannich bases furfurylamines ( I ) or thelr
hydrochlorides were obtalned. The reactlon was shown to be
taking place In the a-.position.

Hsc@ cn,@ CH,NR,R, ﬁ“z

aNR

Wiley ( J. Am. Chem. Soc., i951, 73, %205 3§ 1952,
74, 4326 3 C.4, 10011 d ) studied Mannich reaction on
6=mg tho XY= 4 6=chloro=-, 6-methyl-, and 7-methoxychromones with
formaldehyde and different secondary amine hydrochlorides and
obtained the corresponding 3-(dlalkylaminomethyl ) chromone
hydrochlorides. The above reaction in case of series of
2-methylchromnes failed.

P.Da Re. et al. ( Mature, 1959, 184, 362 3 J. Org.
Chem,, 1960, 25, 1097 ) studied the Mannich reaction on
7-hydroxy-2,3-dimethyle, 2-methyl-3-ethyle, 2-ethyl-3-methyl-
chromnes with dimethylamine, diethylamine, morpholine and
piperidine and formalin and obtalned the corresponding
8-.dimethyl aminomethylchromones. Similar results were obtained
in case of‘3-methy1 and 3-ethyl flavones. These derivatives
are reported to act as powerful central narwvous systenm
stimlants especially on the brain stem, and have &
cardiokinetic and hyperten§ive action,
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The application of Mannich reaction

In recent years, the Mannieh reaction‘has proved to
be a formidable tool iIn synthetlc organic chemlstry. The
products obtalned in the Mannich reaction may be further
converted into a variety of compounds. A& few of these may be
mentloned here. Some of the Mannich bases and their reduction
products have proved to be Important medlcinal agents.

The mo st Imporitant characteristic property of many of
the products obtained in the Mannieh reactlon, especlally those
derived from secondary amines, 1s the decompositlon into the
amine and unsaturated compound when subjected to heat or steam
distillation. Bowever, when the active hydrogen atom btaklng
part in the Mannlch reaction is on tertiary carbon atom, then
the product cannot decompose to an ethylenic substance.

The phenyl hydrazones of ketonlc bases form pyrazolines
by internal amine exchange under conditions similar to éhose

required for phenyl-hydrazone formation.

C‘Hs

CGHS TH N/N
N " . I || +HNR,

R-C CHyCH,NR,

Mamnich et al. ( Arch. Pharm., 1933, 271, 116 ) found
that g-dimethylaminomethyl ketone and o-nitrobenzaldehyde,
reacted to give a produet which upon reduction lost water to

»

. form 2 substituted quinoline.

H
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CHO H‘T CHN (CHa)z CH=<‘: CHNCCH,), SN CH,N (CHé)z
3 — ¥H “
No, ™ cocn, NOy coeny > NZ

Synthesis of amimo aleohols : The g-substituted amino ketones

or aldehydes have been reduced to the corresponding
y-substituted amino alcohols. Many such amino alcohols in the
form o%ﬁ‘ their esters especially benzate and p-amino benzoates
have been wldely used as 'local anasesthetiecs. '
6a1dwell and Thompson ( J. Am. Chem. Soc., 1939,
. 61, 765 ) bhave developed a new method for nuclear mothylatlon
of pherols which conslsts in the hydrogemolysls of the
dimethylaminomethyl derivative obtalned by Mannich reaction.
Using this method Callin et al. .( J. Am. Chem. Soc., 1950,
.72, 2763 ) achieved a practical synthesis of 2,6-xylemol.

\ .
OH OK OoH

He! (cgs)z NH He CHN Ccn_,,)z +M HyC CHz »
———— e
+ C:Hzo

Synthesis of piperidines and piperidones : Plperidines are

obtained from condensation products from one mle of a primary
amine tw moles of formaldehydes and two mles of ketones,
Conversion of Mannich bages into aldehydes : Synder ( J. Am.
Chem. Soc., 1952, 74, 5110 )observed that when Mannich base

in acetic acld solutlion was treated with hexamethylene Jetramine

LY
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the intermediate quaternary salt decomposed to an aldehyde.
Thus ‘

R-CH,N(CH;)a + (CHp)g My + CHy COOH  —eeeetm
L3 -
(CHy) pNH + RCHp,— N(CHp)¢N; + CH;C00

Ix +
RCH,N(CH,) gNy == RCHD

The intermedlate quaternary salts were of the type encountered
in the Sommelet synthesls ( Sommelet,Compt. rend., 1913, 157,
852 ). The conversion of primary and secondary amines to
aldehydes by mdifled Sommelet reaction was described by
Graymore et al. ( J. Chem. Soc,, 1945, 293 ). One of the mst
fruitful application of 2 number of Mannich bases and thelr
quaternary salts 1s their ability to C-zlkylate substances
that can readily form anions. Generally tertiary amines and
their quaternary salts which can be prepared from ketones,
phermols, heterocyelic compounds and nitrocompounds by Mannich
reaction are capable of engaging in carbon-carbon alkylation
with active methylene compound and thelr sodio derivatives,
alkalic¢yanides, and orgamo metallic compounds. All these
alkylation are described by Brewster and co-workers ( Organic
Reactions’1952, Vol. 7, 99-196 ).

Synthesis of 1,3-0Oxazine derivatives ¢
Although the reaction of phemols with formaldehyde

and secondary amines have been extensively studled, analogous

studies Inwlving primary amines appear to have been limited
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to the use of 2-amimethamol. ( Bruson J. Ame Chem. Soc.,
1936, 58, 1741 ) before the related work of Burke and
co-workers. Reactlons of equimolecular quantitites of this
amine with formaldehyde and certain ortho and para substituted
phemols resulted in crystalline compounds having ortho or para
B-hydroxy ethylaminomethyl groups.

Burke ( J. Am. Chem. Soc., 1949, 71, 609 ) showed
that whereas the condensation of equimolecular quantities of
parasubstituted phenols with formaldehyde and primary amines
gave o-alkylaminomethyl-p-substituted phemols, when the reaction
was carried out using phenolf, formaldehyde and primary amine g
in a2 mlar ratio of 1:2:1 respectively pesulted—in the formation
of substituted benmxazine ( I ) a new series of compounds; 50K place.’

ucc-:ccuzo)

on R NHy+2CH0 = | OW wlo ON
Lanel D e
C"' 2H,0 ——
R 29) RN NR' + CHyO CHNHE
(" Hgo)
' | I
+ . R N+ cHpo . 4

¢H,0)

These 'benzoxazines could be prepared zlternatively
from o-alkylamino p-substituted phemnols by refluxing them
with excess of formaldehyde In alcoholiec solution in presence
of basic catalyst such as sodium hydroxide. These benzoxazine
derlivatives on heating with hydrochloric acid in alcoholic
solution decompose readily to give formaldehyde and the
corresponding o-alkylaminomethyl-p-substituted phemols.
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Burke and co-workers ( J. Am. Chem. Soc., 1952, 7k,
602 ) showed that a third kind of product Ny Nebis-(2-
hydroxybenzyl)-alkylamines (III) could be directly obtained
iIn the reaction of certain ortho para substituted phenols

with formealdehyde and primary amines.
Rs

OH . OH
R4 @ CHyp— N — Hzc©24
R, Ry

]

Burke and Weatherbee ( J. Am. Chem., Soc., 1950,
72, 4691 3 1952, 74, 3601 ) found thet when poly-
hydroxyphenols were condensed with formeldehyde and primary
anmines poly-1l,3-benzoxazines were zéﬁggﬁiﬁ-naphthol and
@enaphthol with formeldehyde and primary amines in a molar
ratio of 1:2:1 respectively gave the corresponding
naphthoxazim deri?atives. * 'S

There is only one instance in literature of the
appllication of Mannich reaction to coumarin derivatives.
Robertson and Link ( J. Am. Chem. Soc., 1953, 75, 1883 )
reported the preparation of a series of 3-substituted
aminomethyl-lt=hydroxycoumsrins ( II ) from L-hydroxycoumarin

( I) formaldehyde and different primary and secondary amines.

0 _o 00
- | R, NH
> - CH,0 =~ CHaNR,

OH (o1 ]
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~

These Mannich basts were assigned 3J-substituted
amin;:methyl-lt«hydfoxycoumarin structures because of the known
reactivity of the 3-position in U=hydroxycoumarin.

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

( III). Dimeéhylamine and piperidlne gave normal products.

i}
The present work deals with the application of the

Mannich reaction to 7-hydroxycoumarin and its derivatlves and

to 6-hydroxycoumarin. These have been condensed with dimethylamine '
aniline and benzylamine. Primsry amines were particularly

selected because of the interesting results obtalned by Burke

and co-workers ( J. Am. Chem. Soc., 1949, 71, 609 ) which have
been dlscussed earlier.

The condensation was studied in most cases using three
different molecular proportions of formaldehyde viz. 1 and 2
mles and excess. When the coumarin derivative, formaldehyde
and the amine were in equimvlecular proportions, the
corresponding alkylaminomethyl derivatives of coumarins were
obtained. With primary amines when 2 moles of formaldehyde were
used the formatlon of an 1,3-oxazine derivatlve was observed

in most of the cases wherever the reaction took place.

v
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Mannich reaction on 7-hydroxycoumarin (chapt on p.151)
7=-Hydroxycoumarlin ( IV ),formaldehyde and dimethylamine

in equimlecular quantities gava a compound to which 7-hydroxy-
8-dimethy1aminopethy1coumarin (QX ) structure has teen assigned
because on treatment with hexamethylene tetramine 1t gave the
known 7-hydroxy-8-formyleoumarin ( VII ) ( Spath and Pailer,
Ber., 1935, 68, 941 ) as seen by direct comparison. On
treatment with acetic anhydride and sodium acetate ( X )
vielded 7=-acetoxy-8-acetoxymethylcoumarin ( XI ).
7=Hydroxycoumarlin when treated with formaldehyde and \
benzylamine in equimplecular proportions gave two products
( A) and ( B ). The product ( 4 ) obtained in poor yleld has
been assigned 7-hydroxy-8-benzylaminomethylcoumarin structure
( IX ) as on treatment with hexamethylene tetramine in acetle

acid it ylelded the known 7-hydroxy-8-formylcoumarin ( VII ).

The product ( B ) which was obtained in better
vield was also obtained when 7-hydroxycoumarin was treated
with formaldehyde and benzylamine in the molar ratlo of
(1:2¢21). It has been assigned 2'H.3'-benzyl-3',h'-
dihydro-1',3'toxazino-5',6! ,8,7-coumar1n%g%%ucture£ This
structure has been assigned as the product was insoluble in
alkali,and on treatment with alcoholic hydrochloric acid 1t gave
formaldehyde and 7-hydroxy-8-benzylaminomethylcoumarin ( IX )
described above. The work of Burke ( loc.cit. ) on the
formatlon of such compounds from phenols has already been

discussed.



The formation of 8-substltuted compounds in all these
cases and the closing of the 1,3-oxazine ring between 7- and 8-
positiong is as expected from the behaviour of
7-hydroxycoumerin in various other reactions dlscussed in the
General Introduction ( See pages Lh-27). -

7-Hydroxycoumsrin ( IV ) when treated with
formaldehyde and aniline in equimplecular proportlons gave a
product to vwhich 7-hydroxy-8-anilinomethylcoumarin ( VI)
structure has been assigned as on treatment with hexamethylene
tetramine it gave 7-;hydroxy-8-formylcoumarin ( VII ). with
double the molecular proportion of formaldehyde a product
insoluble in alkali was obtained to which 2'H.3'~phenyla
3t.krudihydro-1',3'-0xazino-5',6',8,7-coumarin ( V) structure
ha{s been assignéd. This on hydroiysis with hydrochloric aeid
gave the 8-anilinomethylcoumarin ( VI ) described above.

Mannich reaction on 6é-hydroxycoumarin(chart on p.153)

150

6-Hydrox$rcoumar1n ( XII ) on treatment with formszldehyde

and dimethylamine in equimolecular quantities gave 6-hydroxy-
5-dimethylaminomethylcoumarin ( XIII ). On treatment with
hexamethylene tetramine it furnished the known 6-hydroxy-5-
formyleoumarin ( XVII ),(Naik and Thakorc, « Je Orge C;hem.,
1957, 22, 1626 ) as seen by direct comparison. On treatment
with a_cetie anhydrlde in presence of sodium acetate 1t yielded
b-acetoxy-5-acetoxymethyleoumarin (-XIV ).

6-Hydroxycoumarin ( XII ) when treated with
i‘orn;aldehyde and benzylamine in equimplecular quantities gave

a product insoluble in alkali to which 2'Ha3'-benzyl-3',k4'=-

s
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dihydro-1!* ,3'-oxazino-5' 6',5,6-coumarin ( XI)U) atﬁﬁt?re- . {,f
has been assigned. This on hydrolysls with hydré‘e\hler;é i\&‘2:”’:5.6./< {{://f/
gave 6-hydroxy-5-benzylaminomethylcoumarin ( XV IIT Y. whicm\@nc .
treatment with hexamethylenetetramine yielded the known

6=hydroxy-5-formylecoumarin ( XVII ).

CeHg

0. o 0o
HO 2 -pauyciormeldehyde
~ .+ Anlline ~
v Pavatormcldehyde v
+ Dimelhyl cmime
CHGH, | - Patatormaldehyde
| : Hydiolysis
~ + Benzyl eomine
( CHNHGHg
© z ‘ 00 Ho oo
=~ ~ A~
vt o
el
Hydiolysis Hexamme
CH,NHCH,C Hs o o‘
o)
Ho o Hexamine Hor .~ [ -~ © ° N
—
~ " e
X Wi
| Hexamime
SHococ, THeN v,
o)
CH,co0 \To Acelic cenhydride
v Sodim Acelate

X




With double the molecular. quantity of paraformaldehyde
6-hydroxycoumarin yielded 2'H-3'-benzyl-3',4!'-dihydro-
1',3'~0xazino-5',6',5,6-coumarin In better ;yield.

6-Hydroxycoumarin ( XII ) when treated with
formaldehyde and aniline in equimolecular proportions yielded

| 2'H.3'-phenyl-3',4=dihydro-1t,3*-0oxazino-5',6',5,6-coumarin (xV)

in poor yield. ' ‘ -

This on treatment with aleoholic con. hydrochloric
acld gave 6-hydroxy=-5-anilinomethylcoumarin ( va) which on
treatment with hexamethylene tetramine furnished the known
6-hydroxy=-formylecoumarin ( XVII ). Better ylelds of ( XV )
were obtalned when twicé the mlecular propori:ion of

formaldehyde was taken.
. o (chart on p.15%)

Mennich reaction , Bthyl z-hzdrogcoumarin-}-cagbogzlate\

Ethyl 7-hydroxycoumsrin-3«carboxylate ( XX ) when
condensed with formalin and dimethylamine in equimlecular
proportions gave a good yield of a mno aminomethylcoumarin
derivative. This product has been assigned the
8-diinethy1aminomethylcoumar in structure for the following
reasons ¢

The Mannich reaction product could be elther the
6 or the 8-dialkylaminomethyl derivative. The dialkylamino-
methyleoumarin was brominated when a monobromo derivative was
obtained which could be either the 6-brom or the 8-brom
derivative depending on 'the positlon of the alkyl aminomethyl
group. When ethyl .7-hydroxy-6-bromcoumarin-3-carboxylate was
subjected to Mannich reaction with formalin and dimethylamine
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1t gave a product identical. with the above bromo derivative of

the dialkylaminomethylcoumarin which proves that the dialkylamino

methyl group must be in the 8-position.

o
‘Pecretormeddehyde .
Ho - + Anilime o
Pav’a}m'maldehyde

, +Dimethy! ecmine

.

Pewatormaidehyde
Benzyl ccmine

Hydvo!y.sw
Hel.

@
Hexamine

CHENHCH, Gy
xwnr .
At-e'Tr: anhydride
Sochum Acelede
CHococH, |
Xy

Xy

l Hydiblysis

L

Y drNneH,
Vi

l Hexmine

CHO
i

' Hexamine,

“ 0 o
H

CH N(C“'s)

X
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' Ethyl 7-hydroxycoumarin-3-carboxylate ( XX ) on
condensation with formalin and benzylamino in molar ratio
of 1t 231 ylelded a product which was Insoluble in alkalil
to which the structure 2'H-3'-benzyl.3',4'-dihydro-3-carbethoxy-

Ross haow  amhiomed
1‘,3'-oxazino-‘5' 6',8 7-coumarin ( XXV )/\ As on brominstion
it yielded a brom derivative identlcal with the one synthesised

from ethyl 7-hydroxy-6-bromcoumarin-3-carboxylate through

"Mannich reaction with formalln and benzylamine. The bromo

derivative 1s therefore 2'H-3'-benzyl-3',4'=dihydro~3-carbethoxy-
6-brom=-11,3'-0xazino-5',6',8,7-coumarin ( XXIV ).

Bthyl 7-hydroxycoumarin-3-carboxylate ( XX ) on
condensation with formalin and aniline gave & 1,3-0xazine
derivative to whicfl in zmw analogy with the previo\is work the
structure 2'H-3!-phenyl-3',L'.dihydro-3-carbeshdxys1',3'-
oxazino-5*, 6' 8y7=-coumarin ( XXVI ) has been assigned. On
brommation it did not give a crystallisable product. Ethyl
?-hydroxy-6-bromcoumarin~3-carboxy1a1\:g on condensation with

formalin and aniline under varying conditilons also did mot

“give any crystallisable product. Unworkable paste was obtained.

Other attempted Mannich reactions \
\Q

Condensation oé;mumarin with formalin or para-
forma;.dehyde and benzylamine or dimethylamine d4id not succeed.
Only original coumarin was recovered unchanged,

7-Methoxycoumarin also did not condense with formalin
or pafaformaldehyde and dimethylamine or i{ benzylamine under
varying conditions. Only the original coumarin was recovered

unchanged.
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Mannich reaction on methyl 7-hydroxycoumarineb-
carboxylate either with formalin or paraformaldehyde and
dimethylamine or benzylamine under different experimental
condition did not succeed. Only the original coumsrin was

recoverad unchanged,

Mannich reaction on ethyl 7-hydroxy-8-bromcoumarin

3-carboxylate with formalin and dimethylamine or benzylamine

or aniline also did not succeed.
CeHg

CHzNCCHa)z

O

Mo~ Oy0 vormedin
N | )CO0GHg Dimelhyl amine ./ COOC,H,
XX
Fovmelhin . B,
¥ GreSHs Benzyl cmine.
l/ cnchcH,)
O o o
A C00CHy ~/Cooe,
XXY X¥l
4 A
Formalin
SHagHy | B
N Dimelhyl cemine.
C !
0 o )
~ l/ 0 Formedin Hor {/
AN LAC00CHs  Benzyl amine BY L £/Co0G,Hg
YAV - Xxill
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EXPERIMENTAL
Mapnich Tezction on 7 -nxérogxb coumarin with ¢
Paraformaldehyde and dimethylamine ¢ 7-Hydroxy-8-dimethyl-

aminomethylcoumerin hydrochloride
Paraformaldehyde (0.3 g. 3 0.01 mole) was dissolved

In absolute alcohol ( 5 ml. containing O.1 g. of potassium
nydroxide ) by gentlé heating. Dimethylomine ( 1 ml. of 37 %
aqueous solution § 0,01 mole ) &as added gradﬁally with
cooling. 7-Hydroxycoumarin (1.62 g. § 0.01 mle ) and absolute
aldohol ( 5 ml. ) were then successively added to the reaction
mixture énd it was then gently refluxed on a steam-bath for
2 hours. 1t was kept at room temperature over-night. Next
day dry hydrogen chloride gas was passed Into the solution
and 1t was chilled below O¥, The product which separated
was filtered and washed with 1ittle ether. It crystallised
from alconol-gther mixture in needles, m.p. 223-224v, Yield
1.6 g. It was insoluble 1n ether, benzens, chloroform but
easily soluble in alcolol, acetone and water. lts agueous
solution showed brillient blue fluorescence.

Analvsig ¢

4,862 mg. of the sudbstance gave 10.02 mg. of
carbon diloxide and 2.384/ mg. of water.

7922 mg, of the same substance gave 0.382 ml,
of nitrogen at 31Y and 746 mm,

9.862 mg. of the same substance gave 5432 mz,

of silver chloride.



(4]

C=56. 2’+ %
C=56.36 %

H=5.48 %
H=5.48 %

C1=1363
C1=13.9:

N=5.31 %

Found

e
e
e

-»

Cy2H;303N.HCL “requires

s
e
“he

7=Acetoxy~8~acetoxymethylcoumarin
The above hydrochloride (0.9 g.) was heated with

acetic anhydride ( 5 ml. ) and fuséd sodium acetate ( 1 g. )
on a steam bath for 2 hours. The produet obtained on adding
. the reacilon mixture to c;)ld water and kKeepling over-night
crystallised from benzene-petroleum ether mixture in
Deedles, m.D. 123-124°,
g Analysis ¢

4,510 mg. of the substance gave 10.10 mg. of
carbton dioxide and 1,800 mg. of water.

Found tC =06lll % § H =46 %,
CyuHy20¢  Tequires : C = 60.87 % ; H = 4,38 %.

Soumelet reaction on 7-hydrogy-8-dimethylamino-
methylcoumarin hydrochloride

The above hydrochloride ( 1 g« ) was refluxed with
acetic acid ( 10 ml. ) and hexaméthylene 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 fér one hour. it was then added to water
( 500 mlL. ) and the solution was extracted wlth ether. 'the
i'esidue obtained on remval of ether crystallised from benzene
in yellowish white needles, m.p. 189°. Yield 0.2 g. Mixed
m.p. with an authentic specimen prepared according to Spath
et al. { Ber., 1935, 688, 940 ) was not depressed,



marnmieh poactinn on Z=hyvdragyeournin ulth

garaformeldebyde and bongyioning ¢ Zeilygeastymlabon oyl

cmi gmgﬁzgfi,cawzswm
‘Papsformildebydo { 0.3 ge § 0.01 mole )} wos

dicanivod in Qbmlute slcoiol { 5 ml. containing 0.1 ge of
po%assiun hydroxide ) by gentleo weraing, Bouzyliwine ( L.l ml.;
0,02 mle ) ond abgyluto slcohpl { Y mi. ) were thon
sueaogsively added to the rouction mixture. 7-liydroxycoumezrin
{ 1..62{ Ze 3 0.0 mla ) was odded nnd the venchtlon alxture
sontly rofiuxed on o stosn bath for 2 hours ond Laft ovore-nigit,.
Hoxt day the ﬂlwml wan rarnved snd tho paste obitined was
tritirated with petrolovn obtiior { Dede 40=53° § snd then
exrtrscted with bonzone. Tho residuo obitulined after ramvl
of benzone on ropeatod erysiallisation fmon ‘i}az“.g:m@ngmtmlmm
othor gove Noedlios, Deps 130«132°, ¥Yiekd 10 7. Tie

subgstance wag «5slly solublie in bourens, . chlorwoinrn, cetine
. - ‘ . 2 g )

£

nleokol ond dioman. Whon the reactlon timo was ghopriened or

e

T the renctinn wes cnrpled out by keoeping 2% roon Lomporature
for 2b wurs the originsd coum-rin was recovareds

[132&31}7_;*}.‘%,‘5 ¥

4,300 moe of the substonce guve 11.638 mg. of
carbon dloxido nnd 2,06h nas of uater.
9,028 mpe of tho samo cubstones gave U.hbh ol

of nitvogon ot 30° ond 748 ome

Found ¢ = ?é?e;%fi Dog Hom 520 5.5 0 = h95 Te
Coplyg0sE  poauires G = 72:38 5 5 U= 5,37 % 5 § = .98 %
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2 Ha3' bonzyle3' ' =d1hydro=1',3"'-0xazino=5',6',
8,J=coumarin C C
46 hnother product in the atove reaction vas
obtained when the mther .Liquor from the above reactlion
mixture was evaporated, ami.sgnis repeatedly crystalllsed from
benzene-petroleum ether 1in needles, M.p. 125-126°. Xield
0.4 g. The compound was soluble in hydrochloric acid and
Insoluble in alkeli. Enis compound was obtained in better
yield when the quantity of paraformaldehyde was doubled.
Analysis @ |
4,502 mg. of the substance gave 12.156 mg. of
carbon dloxide and 2.128 mg. of water. |
84792 mg. of the same substance gave 0.356 ml,
of nitrogen at 30° and 748 mm,
Found tC=73,68% 35 H=530%3 N =449 %
CygHys03N  requires $ ¢ =73.70 % § H=515% 3 N = 4,78 %.

. Z=tydroxy=3=benzylaminomethylcoumarin

4 mixture of the above oxazino-coumarin derivative
(1.5 g« § 0,005 mle ') in absolute alcohol ( 10 ml. ) and
concentrated hydrochloric aclid ( 5 ml. ) was distilled on a
wire gauze and the distillate célleccea in water ( 25 ml. ).
During the course of dlstillation d!.lute alcohol ( 20 ml. 3
1:1 by volume ) was added and the distillatilon was stopped
after @ solid began to separate out iIn the distilling flask.
Ethyl alcolol was added to effect the solutlon of the

precipitated s011d and the solution was neutralised by

q
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addition of just sufficient so0lid sodium bicarbonates solution.
The solld thus precipitated was washed wlth water dried then
crystallised from benzene-petroleum ether in needles, M.P.
130-132°, Yield 0.8 g. Mixed m.p. with 7-hydroxy-8ebenzyle
aminomethylcoumarin described above was not depressed.
Treatment of a portion of ths distillate with
244%-dinitrophenylhydrazine gave a yefllow erystalline product
which crystallised from ethanol in brigh?; yellow neadles, m.p.
166°, Mixed m.p., with an authentic specimen of the 2,k
dinitrophenylhydrazone of formaldehyde was not depressed.
=fcetoxy-B=(N-acatyl) benzylaminomethylcoumarin
7-Hydroxy-8-iaenzylaminomethylcoumrin (0.5 geo)
was heated with acetic anhydride ( 5 ml. ) and fused sodium
acetete ( 1 g. ) for 2 hours on a steam bath., The so0lid
obtained on adding the reaction mixture to water crysta;lised
from benzene-petroleum ether 1n needles, m.p. 137-1338°.
Analysls ’
4,616 mg. of the substance gave 1l.64% mg. of
carbton dioxide and 2.198 mg. of water.
8.4+ mg. of the same substance gave 0,297 ml,
of nltrogen at 30° and 748 mm.
Found $C =68,84% 3 H=5,33% 3 N = 3,9 %
CayHyg0sN  roquires : G = 69,03 % § H = 5.24 % 5 N = 3.83 %
o Sommelet reaction on 7-hydroxy=-8=benzylaminomethyl

coumarin

7-Hydroxy-8=-benzylaminomethylcoumarin ( 1 g.) was



refluxed with acetic acid ( 10 ml. ) and hexamethylene
tetramine ( 1 g. ) for & 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«hydroxye
8-formylcoumarin described before.

Mannich reaction on 7-hydroxycoumarin with

paraformaldehyde and aniling : Z-ydroxy-8-anilinomethyl
coumarin
Papraformaldebyde ( 0.3 gs ; 0.01 mle ) was

dissolved in absolute aleohol ( 5 ml. containing 0.1 g. of
potassium hydroxide ) by gentle warming. Aniline (0.93 ml. §
0.01 mle ) and absolute alcohol ( 5 ml. ) were then
successively added to the reactioﬁ mixture. 7eHydroxycoumerin
( 1.62 g. § 0.01 mvle ) was added and the reaction mixture
éently rafluxed on a steam bath for 02 hours and left overenight.
Next day tllle alcohol was remved and the paste obtailned was
triturated with petroleum ether ( b.p. 40<-60°) and then
extracted with benzene. The residué obtained after remval
of benzene on rapeated crystallisatMnAfmm dilute alcohol Fave
in needles, m.p. 168=170°, Yield 0.7 g./\

Analysis ¢

4.208 mg. of the substance gave 11.168 mg. of
carbon dloxide and 1.902 mg. of water.

7.646 mg, of the same substance gave 0,352 ml,
of nitrogen at 29'° and 748 mm,

Found $C = 72,43 % 5.06 %
4.87 %

e
H
-
]

5¢12 %e
= 5.2l %e

i

as
e
i

CygHy 303N  requires $ € = 71,91 %
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2'H=3'-phonyl=3',!'=dihydro-1',3'-0zazino= ',6',
B,Z-coumariri } - S -
Thé Bnother product in the above reaction was
obtained when the mother 11 w:;r ‘iz;o&:)n; dthe above reaction |
mixture was evaporated and ms-“repeatedly crystallised fro
benzene-petroleum ether in neesdles, m.pe. 138-140°. Yleld
4 10 %. The compound was soluble in hydrochloric acid and
insoluble in alkali, It was soluble in benzens, chloroform ,
acetone and alcohol., This compound was obtained in better
yield when the quantity of paraformaldehyde was doubled.
dnalysis ¢ .
4,474 mg, of the substance gave 12.026 mg. of
carbon dioxide and 1.988 mg. ot water.
10.91 mg. of the same substance gave O.4O4 mi.
of nitrogen at l;p° and 753 mm,
Found = : € =173.35% § H =497 %
CigH 303N  requires ¢ G = 73.11 % § H = 4.69 %

N = 4,89 %«
N = 5,02 %.

e

“e

=Hydroxy-8=-anil inomethylcoumarin

To the above ecoumerimo=meoxazint derivative
( L5 g+ § 0.005 mle ) was added absolute alcohol ( 10 mi. )
énd concentrated hydrocialorlc acid ( 5 mi. ). The resulting
solution was distilled on a wire gauze and the distillate
collected iIn water ( 25 ml. ). During the course of
distillation dilute alcohol ( 20 ml. 1 ¢ 1 by wolume ) was
added and the distillation was stopped after & solid began
to separate out in the distilling flask. &lcolol was added
to effect the solution of the solid and the solution wes

[4
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neutralised by addition,of just sufficient saturated solution
of sodium bicarbonate. The solild thus precipitated was washed
with water and crystallised from dilute alcohol I1n needles,
m.p. 168-170°, Yield 0.7 ge Mixed mep. with 7-hydroxy-8-
anilinomethylcoumarin described above was not depressed.
Treatwent of a portion of the distillate with
2,4-dinltrophenylhydrazine gave a yellow product which
erystallised from alcohol in bright yellow needles, M.De.
166°, Mixed mep. with an authentic specimen of the 2,4=
dinitrophenylhydrazone of formaldehyde wes not depressed.
Sommelet reaction on 7-hydroxy=8-znilinomethyl

counarin

| 7=Bydroxy-8«anilinomethylcoumarin ( 1 g. ) was
refluxed with acetic acid ( 10 ml. ) and hexamethylene
tetramine ( 1 gA. ) for &4 hr;urs on a wire gauze on 2 low flame,
The rezction mixtur&)vt\z%“ working as before gave a product

\

xh.p. and mixed m.p.,\with 7=hydroxy-8«formylcoumarin was 189°,.
’ .

Mannich reaction on é6=-hydroxycoumarin with
paraformaldehyde and dimethylamine : 6=Hydroxy=5-dimethyl-
aminomethylcoumarin ~

Paraformeldehyde (0.3 g. § 0.01 mole ) was dissolved
in werm absolute alcohol ( 5 ml. containing 0.1 g. of
potassium hydroxide ) and dimethylemine ( 1 ml. § 37 %
aqueous solution j 0.01 mle ) was added gradually with
external cooling. 6-Hydroxycoumarin ( 1.62 g. 3 0,01 mole )
in absolute aleobol ( 5 ml. ) was then added. The reaction

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

’
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and then léft over=-night at room temperature. Next day the
Solvent was completely reﬁoved and the residue was extracted
with chloroform. The product obtained after removal of
chloroform erystallised from benzene-petroleum ether mixture
in #ie needles, m.p. 105-106°, Yield 0.8 g.
- . Analysis ¢ ) g
' %.430 fig. of the substance gave 10.700 mg. of
carbon dioxlde a.ndé.%# mg. of water.
- 9.082 mg. of the same substance gave 0.506 ml.
of nitrogen at 28° and 748 mm.
Found 26 = 65,91 % § H=6,22% 3 N = 6.21 %,
CyaHy303F  requires $U = 65.74 % 5 H=5.98% § N = 6,39 %.
6=Hydroxy=5-dimethylaminomethylcoumarin hydrochloride
This was obtained In good yield when the above

reaction mixture after keeping for 24 hours at room tempera;tture
was satureted with dry hydrogen chloride gas. It was chillled
below 0° and the product which separsted erystallised from
alcohol-ether mixture in needles, Mep. 235-236°. Yield 1.2 ge.
dpalysis ’
4,162 mg; of the substance gave 8.572 mg. of
carbon dioxlde and 1.966 mg. of water.
14,420 mg. of the same substance gave 7.966 mg.
of silver chloride.
Found £t C=56.21% 3 H=25,29% § CL =13.66 %
C1al 303Nl requires : € = 56,36 % § H = 5,48 % § U1 = 13.91 %.
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Sommelet reaction on 6-gxdro;2-§~digthzlamino-
me thyl coumarin hydrochloride )

6-Hydroxy«5«-aimethylaminome thyl coumarin hydrochloride
(1 g. ) was refluxed with acetic acid ( 15 ml. ) and
ﬁexamethylene tetramine ( 1 g ) for & iaours on a wire
gauze. Loncentrated hydﬁchlor:lc acid ( 10 ml. ) was added
and the mixture was refluxed further for 1 hour. The
product obtained on working up the reaction mixture as
Usual crystallised from benzene In needles, m.p. 139°. Yield
0,2 g, Mixed melting point with an suthentic specimen of
6-hydroxy=-5-formyleoumerin prepared according to Naik and
Thakor ( J. Oz;g. Chem., 1957, 22, 1626 ) from 6-hydroxy-

coumarin was not depressed. ‘

6-.ﬂ=cgto;g5~§-acgtomthxlcoumarm

6-ﬂydromr-5—dimethy1amimmethylcoumarin hydrochloride
(9.5 g+) was heated with aéetic anhydride ( 5 ml. ) and
fused sodlum acetate ( 1 g. ) on a vater buth for 2 hours.,
The product obtained on working up the reagt:lon mixture as
usual erystallised from petroleum ether in heedles, m.p.
117-118°,

o

Analxsigl s
%856 mg. of the substance gave 10.84% mg. of
carbon dioxide and 2.040 mg. of water.

Found $1C=60.92%; H=47 %,
C1yHy20¢ requires t ¢ = 60.87 % 3 H = 4,38 %,

e



Mannich resction on 6-hydroxycoumarin wyith

paraformalidehyde and benzylamine :_2'H=3'ebengyle3' 4'=
dai =1'.3'-0oxa =516 ,5,6=coumarin

'?ararormaldehy;de ( 0.6 ge § 0,02 mle ) was

dlssolved in absolute alcohol ( 5 ml. containing V.l ge.
of potassium hydroxide ) by geiztle warming. Benzylamine
(1.1 ml. § 0,01 mole ) was added gradually with cooling
followed by 6-hydroxycoumerin (1.62 g. § 0.91 mle) and
absolute alecohol ( Y 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
erystallised from benzene 1n needles, m.p. 1lu45-146°, Yield
1.8 g. 1t was soluble in concentrated hydrochloric acid and
insoluble in sodilum hydroxide. lt was also soluble in
alcohol, acetone, chloroform and benzene. No 6G=hydroxy=5-
benzylamino-methylcoumzrin was obtalned in the above
reaction and 2lso when one mole of paraformaldehyde was
used.

Analysis

4,424 mg, of the substance gave 11.91% mg, of
carbon dioxide and 2.056 mg. of water.

10.49 mg. of the same substance gave O.484% ml.
of nitrogen at 39° and 753 mm.

Found 26 = 73.49 %
Gy gHy 03N requires G = 73.70 %

¢

n .

5'19 % N= 5.0 %u
5015 % § N = 4.76%.

.
“-e

e
L]



6= -5« benzylaminome thylcoumarin
The above .coumerind-s-gxazine ( le# g. § 0.005

mle ) wasA added gradually to ethyl alcohol ( 10 mi, ) and
concentrated aqueous 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, 3§ 1 2 1 by volume )
was added and the distillation was stopped when a solid
began to separate out in the distilliing flask., it wes
dissolved by é.aait:l.on of mre ethanol. The resulting solution
was just neutrallised by additlon of saturated solution of
sodium bicartonate. the solid obtained crystallised from
benzene-petroleum ether in needles, mep. 132°, Xleld 0,6 g.
Treatment of a portion of the distillate with 2,4%=dinitro-
phenylhydrazine hydrochloride gave the 2,4-dlnitrophenyl
hydrazone of formaldehyde.

Analysig ¢

4.36 mge of the substance gave 11.638 mg. of
carbon dioxide and 2,10 mg.'of water.

8.592 mg. of the same substance gave 0.377 ml.
of nitrogen at 30° and 750 mm,

Found $C=72,84% 3§ H=05,3% 3 N = 4,88 %.

4,98 %.

Ci9Hy 503N  requires 2 C =72,58 % 3 H=5.37% 3 N

6=Hydroxy=5=bangzylaminome thylcoumsrin hydrochloride
The above hydrochloride w&s obtalned when b-hydroxy-

5=-benzylaminomethylcoumarin ( 0.2 g. ) was dissolved in
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alcohol and treatec} with hydrogen chloride. The product
obtained on cooling and diluting the reaction mixture with
ether was recrystallised from alcoholeether mixture in
needles, M.pP. 229,

Anai“x' sis ¢

4,522 mg. of the substance gave 10,634 mg. of
carbon dloxide and 1.936 mg. of water.

11.37% mg. of the substance gave 5.082 mg. of
silver chloride.
Cl = 11.06 %.
G1L = 11.18 %.

-

Found tC =64,18 % 5§ H= 4,8 %
¢

UygHy 503N.HC1 requires & G = 64,24 % § H = 5.03 %

e

Sommelet reaction on 6-hydroxy-5=-bengylaminomethyl-
coumsrin

6=lydroxy-5«tenzylaminomethylcoumerin ( 1 g ) was
refluxed with acetic aeid ( 15 ml. ) and hexamethylene
tetramine ( 1 g. ) for 4% hours. The reaction mixture on
working up as before gave 6Ge=hydroxyeS-formylcoumerin. The
mixed melting point with an authentlc specimen synthesised
as mentioned earlier was not depressed.

Mannich reaction on 6-hydroxycoumarin with
paraformaldehyde and aniline ¢ 2'He3'-phenyle3! 4'-dinydro-
1!,3'=0xaziNn0-5',6'g5, b=coumarin ) l

‘ Parafdrméldehyde ( 0.6 g 5 0.02 mle ) was
dissolved in absolute alcobol ( § mi. containing 0.1 gm.
of potassium hydroxide ) by ge;ztle warimg and aniline
( 0.93 ml. § 0.01 mle ) was added gradually with cooling,

-
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a1 b-fydroxycoumarin ( 1.62 g. § 0.01 mole ) ;oxas then added
and the reaction mixnture gently. refluxed on a steam bath for
2 hours. The product which separated on keeping the reaction
mixture over-night crystallised from benzene-petroleum ether
mixture in needles, mep. 193-195°. Yleld l.4 g. 1t was
insoluble in alkali and soluble in hydrochloriec acid.
Analysis ¢
4,3% 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 748 mm,

Found. : C = 73,25 %

“e
i

4,25 % 3 N = 4,97 %,
H= 4,60% 5 N=5.027%.

e

“-e
i

CygHy 503N  requires : € = 73.10 %

6=t -5=anilinomethylcoumarin

The above oxazinocoumsrin derivative ( 1.4+ g. 3
0.005 mle ) and ethyl alcohol ( 10 mi. ) and concentrated
hydrochloric acid ( 5 ml. ) weré heated on a wire gauze In
a distilling flask and the distillate collected in water
( 25 ml. ),tore dilute alcobol ( 20 ml. § 1 ¢ L by volume )
Qras added and the distillatlon was continued till a solid
began to separate out in the dlstilling flask. it was
dissolved by addition of more ethanol and the solution was
neutralised with just sufficient sodium blcarbonate solution.
The yellow solid obtained crystallised from diluta alcohol,
m.p. 1982009, Yield 0.7 g. '



»
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Analysis ¢
#.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 O.4l8 ml.
of nitrogen at 30° and 750 mm.
Found $C=7207% 35 H="49 2%
€y4H 303N requires : ¢ = 71.91 % § H = 4.87 %

'Sogmlet reactlon on 0=-1ydroxXy=5-anilinome thyl«

N = 5020 %0
N= 502’* %e

b 1]

“ae

coumzarin

b=tHydroxy-S=anilinomethylcoumerin ( 1 g. ) was
refiuxed with ascetic acid ( L5 mli. ) and hexamethylene
tetramine ( 1 g. ) for 4 hours. The reaction mixture on
working up as before gave b-hydroxy-S5-formylcoumarin as seen
by direct comparison with an authentic speclmen synthesised
as mentioned earlier.

Mannich reaction on ethyl 7-hydroxvcoumarine3e-

carboxylate with formalin and dimethylamine ¢ Lthyl 7=
hydro xy=-8-dimethylaminome thylcoumarine3=carboxylats
‘to formalin ( 2 m. 5 0.02 mole ) 1n absolute

ethanol ( 10 ml. ), dimethylamine ( L1 ml. § 0.01 mole )

was ad.ded followed by ethyl 7-hydr6xyeoumarin-3-carbozy1ate
( 2.3 g. 5 0.01 mle ) and absolute alcohol ( 5 miL. ). Lhe
reaction mixture was gently refluxed on a steam bath for

2 hours and then left over-night. ‘he residue remaining
after removal of alcohol was ’extracted with cold benzene
and the solid obtained from the benzene extract erystallised

from benzene-petroleum ether mixture in yellow neecdles,

L]
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mepe 1829, Yield 1.2 g«
Analvelg ¢
4,228 mg. of the substance gave 9.580 mg. of
carbon dioxide and 2.334% mg. of water.
' 6.142 mg. of the same substance gave 0.257 ml.
of nitrogen at 36° and 754 mm.
Found :C=61.83% 3 4=618%
H=5,88%

N =459 %,
N = 4,81 %o

e

“we

1)

CQ §H1 705N xlequires $ é = 6.!..85 %

Kthyl 7-hydroxy-b-bromy-B-dimethylaminomothyle

coumarine3-carboxylate
Tthe above coumarin ester ( 0.3 g. § 0.001 mle )

and sodiunm acetate ( 1 g. ) were diésolved in acetic acid
( 2 ml. ) and bromine ( V.16 g. } in acetic acid ( 0,001 mole )
was added drop-wise w:!.:ch stirring. the reaction mixture was
then added to water and the product obtained crystallised
from benzene-petroleum ether in needles, m.p. 218°. Mixed
m.p. with ethyl 7-nyamxy-8—d1metny';eminometnyl-o-‘isrom“f.
coumarin-3-carboxylate prepared by the mannich reaction on
othyl 7-hydroxy-6-bromcoumarine3-carboxylate with formalin
and dimethylamine described below was not depressed.
Formalin ( 1 ml. § 0,01 mole ) was added to
absolute athanol ( 5 ml. ) tollowed by dimethylamine
( 0e9 mi. 5 0,005 mwole ). Hthyl 7=hydroxy-bebromcoumarine.
3-carboxylate ( 1¢6 g« 3 0,005 mle ) and absolute alcohol
( 5 ml. ) were then added and the reaction mixture was
éently refluxed on a steam bath for 2 hours. The solld
which ‘separated on keeping the reaction mixture over-night



at room temperature crystallised from benzene-petroleum
ether mixture in needles, m.p. 218°, Yield 0.8 g.

Analysis
8.122 mg., of the substancs gave 0.278 ml.

s

of nitrogen at 28° and 746 mm.

10.490 mg. of the same substance gave
5.298 mg. of silver bromide.

Found s N=3,8L% 3 Br =21.49 %.
c,;ﬁ,go%r éequir’es z’ N=23,8 %3 Br = 21.68 %.

Yaunnich reaction on ethyl 7-hydroxycoumarin-j.
cartoxylate with formalin and benzylaming : 2! He3'«benzyl-
3! 4! =dihydro-3-carpoethoxy=1"',3" -og{a zino=5" ,E;' ,8;2-coumarin
" o formalin ( 2 ml. j 0.02 mle ) in absolute
ethanol ( 10 ml. ),benzylamine ( 1.1 ml. ; 0.01 mle ) was
added grédually followed by ethfrl 7=hydroxycoumarine3-
carboxylate ( 2.3 g. § 0.01 mole ) and absolute alcohol
( 5 ml. ). The reaction mixture vas gently refluxed on a
steam bath for 2 hours and left at room temperature. The
segparated needles were recrystallised from benzene-petroleun
ether, m.p. 148-150°, XYield 2.1 g.
‘ Ana;'xgig s
1;.612 mg. of the substance gave 11.718 mg. of
carbon dloxide and 2.260 mg. of water.
9.992 mg. of the same substance gave 04315 mle
of nitrogen at 29° and 750 mm.
Found $C=69.34% 3 H=548% 3 N = 3,51 %
C21Hy 05N  requires € =69.03% ; H=524%;N=3.83 %
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2'He3!'wbonzyl-3',l!'~dihydro=-3-carboetho
bromel' ' 20xazIN0=5" 46! ,8, 7=coumarin
' ‘fhe above e&umairin ester ( 0.36 g+ § 0.001 mle )
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. ihe productwhich
separated almst 1mmed1ate1y} crystallised from benzenee
petroleum ether in needles, m.p. 195°+ Mixed melting point
with 2'H,3'=benzyl=3",4' -dihydro=3-carboethoxy=5-brome=
1 ,3'-oxazino-5’ 6! ,8 7=coumarin prepared by the Mannich
reaction on ethyl ?-hydroxy-é-bromcoumarin-B—carboxylate
with formalinuzdnd benzylamine as under was not depressed.
Formalin ( 1 ml. ;3 0.01 mle ) was added to
absolute alcolol ( 5 ml. ) followed by benzylamine ( 0.5 ml. j
0.005 mle ). Ethﬁrl 7=hydroxy-5-bromecoumarin-3-carboxylate
( 1.6 go 3 0.005 mle ) and absolute alecohol ( 5 ml. ) were
then added and thejl reaction mixture gently refluxed on a
steam-bath for 2 hours. it was kept at room temperature
overenight, The separated solid crystallised from benzene-
Petroleum ether mixture in needles, m.p. 195°. Yield 1 g.
‘The substance was soluble in benzene, acetons, alcohol and
chloroform. Ik was soluble in concentrated hydrochloric acid
and insoluble in sodium hydroxide solution.
Analysis
© 8,922 mg. of the substance gave 0.256 ml.of
nitrogen at 28° and 746 mm.
11.21% mg. of the same substance gave 4.722 mg.
of silver bromide. =
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Found s-N = 3,20 %
Ca4HygOgNBr requires ¢ N = 3,15 %

Mannich reaction on ethyl 7-hydroxycoumarine3=
carboxylate with formalin and anlline ¢ 2'5-3' =phenyle3’ ile

dihydro=3ecarboethoxy-1 ,3’-oxaz1m-5‘.6'.8 7-eoumarin
To formalin ( 2 ml. $§ 0.02 mle ) in absolute

ethanol ( 10 ml. ) aniline ( 0,93 ml. § 0,01 mle ) was

e

Br = 17092 %e
Br = 18,02 %.

“we

added followed by ethyl 7-hydroxycoumarinej-carboxylate
( 2.3 g« 5§ 0.01 mle ) and absolute alcohol ( 5 ml. ). The
reaction mixture was gently refluxed on a steam bath for «
2 hours and then left over-night. The separated solid
crystalllsed from benzene-petroleum ether in needles, Mep.
168«170°, Yield l.8 g.
Analysis ¢

4,792 mg. of the substance gave 12.052 mg.
of carbon dloxide and 2.178 mg. of water.

9.47 mg. of the same substance gave 0,376 mi.
of nitrogen at 40° and 753 mm.

Found t U =68.63% 3 H= 5.08 % $ N = 4,29 %,
Ca0H17058  requires U = 68,37 % § H = 485 % § N =3.99 %

ttempted bromination of 2'H,3'ephenyle ‘-
my_d;g-a-carbogtmgz ,3' -oxagino-B'}b' 384 7-coumdrin

The above eoumarin ester ( 0.3 g. § 0,001 mole )
and sodium acetate ( 1 g2. ) were dissolved In acetlec acid
( 2 m. ) and bromine ( 0.16 g. ) in acetic acid ( 0.001
mle ) 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 productg.

™
Lt tad nnich reactlon on ethyl 7«hydroXyeb=

bromcoumsrin-3-carboxylate with formalin end sniling
Formalin ( 1 ml. j 0,01 mle ) was added to
absolute alcohol ( 5 ml. ) followed by aniline ( 0.5 mi. §
0.95 mle ), ethyi 7-nydroxy-e-bronncoumarin-B-éarmxylate
( 1.5 g+ § 0.05 mole ) and absolute alcohol ( 5 mi. ). The
i'eaction mixture was gently refluxed on a stéam-bath for 2
hours and then kept at room temperature over-night. Next day
the solvent was remved,and ¥he paste obtained could not be
crystallised through any solvent.

Attemp ted &nnich reaction on 7emethoxycoumarin

with paraformaldehyde and dimethylsmine
Paraformaldehyde ( 0.3 g, § 0.01 mle ) was

dissolved in absolute alcohol ( 5 ml. containing 0.1 g.

of potassium hydroxide ) by gentle warming and dimethy]:amine
(1 m. ; 0.01L mle ) was added gradually with cooling.
7=-Methoxycoumarin ( 1.76 g. § 0.01 mle ) and absolute
alcohol ( 5 ml. ) were then added to the reaction mixture
and 1t was then gently refluxed on & steam bath for 2 hours.
On wrking up the reaction mixture as usual only the
ofiginal 7-methoxycoumarin was recovered. Increase in the
heating time from 2 to 16 hours did not give any mannich
base. Reactlons with benzyl amine and aniline also did mot

succeed.

s
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Attempted meannich reaction on meth ~Rydro Xy~
coumarin-b=carboxylate with formalin and dimethylamine

Formalin ( 1 mi. § 0.01 mole ) was dissolved
in absolute alcohol ( 5 ml. ) and dimethylamine ( 1 ml. §
0.01 mole ) was added gradually with cooling. Methyl~
7-hydroxycoumarin—$-earboxylate ( 2.2 go § 0.01 mle ) and
absolute alcohol ( 5 ml. ) were then added and the reaction
mixture was gentlﬁr 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.

Attemp ted i nnich reaction on eth =hydroxy=-8=-
bromcoumarin-3-cartoxylate with formalin and dimethyleming

Formalin ( 2 mle. § 0,02 mole ) was dissolved in
absolute aleohol ( 5 ml. ) and dimethylamine ( 1 ml. §
0.01 mle ) was a&ded gradually. lkthyl 7-hydr6:¢-8-brom-
coumarine3-carboxylate ( 1.9 g § 0.05 mle ) and absolute
alcohol ( 6 ml. ) were then added and the reaction mixture
was gently refluxed on a steam bath for 2 hours. 4 paste

Ccmai igmined on removal ofk\is\flvent from which no pure product

obtained by treatment with various solvents. Reactlons with -

bengylamine and formalin also did not succeed.



