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SUMMARY

. Couma~ins have been subjected to varlous reactions
such as bromination, nitration =2nl sulphonation but there
was no reference in literature to any studles on‘ the
lodlnation and only °one.reference to the application of
Mannich reaction to coumarins. The present work deals with
the 1sdinatlon of some typical coumarin derivatives and the
conversion of the lodo derivatives obtalned into eyanocoumarins
by the Rosenmund-wvon Bra,up reaction9 awéd into bicoumarinyls -
by the Ullmann reaction and into 8-phenylcoumarins by the
'C;‘osseﬁ Ullmann reactlion. Further, some typical cgumarins'
have been subjected to Mannich reaction with primary and
secondary amines, 6,7-Dihydroxy-4-methylcoumarin and its
'methyl ethershave also been subjected to various reactions

and the structures of the products obtained have been
established, |

Chapter I - General introduction E

The previous work on the halogenation of coumerins
has been reviewed., The results obtained in the application
of a few other reactions to coumarins have also been discussed
to show the pattern of substitution in the coumsrin ring systems.
Chapter II - Ipdipation of coumarins
 The iodination of 7-hydroxycoumarin, 7-hydroxy
coumarin-b-carboxylic acid, ethyl-7-hydrocycoumarin-3=
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carboxylate, 7-hydroxycoumarin-leacetic scid, 6-hydroxycoumarin
and methyl%5ahydroxycoumarin«é«carbaxylate,amd~their methyl
ethers and 7,8-dihydroxycouunarin and naptha=l,2=a=pyrone

have bean studisd using (1) i@diné and ammonia (il) iodine

and iodic acid and (iii) iodine mmnoéhloride.

With equimolecular proportions of a2ll these reagents
7=hydroxycoumarin gave a monoiodo derivative to which the
8-iodo structure haé been assigned, asiits methyl ether did
not give a coumarilic acid derivative on alksline hydrolysis
and it gave a product in good yleld on Elbs Persulphate
Oxidation. ﬁsing higher molar proportions of iodine and iodic
acid, and iodine monochloride the 3,6,8-trilodo derivative
Was obteined. With higher prcport@ons of lodine in presence
of ammonia the 6,8uéfiodo and the 3,6,8-triiodo derivatives
Were obtalined. /

7-Eydroxycoumsrin-b-carboxylic ccid and 7=-hydroxye
écumarin»4-acetic acid with equimoleculsr proportions of the
three iodina?ing agente gave the 8-iodo dérivativesa With
double the quantity of iodine in ;resence of ammonia
7=hydrocycoumerineb-acetic acid gave the 6,8-diiode
derivative. 7-Eydroxycoumarinebecarboxylic acid when treated
with & moles of lodine and iodic acid Ffurnished the 3,8-
dliode derivative. 7=Hydrocycoumarin-teacetic acid vielded
the 3,6,8-trifodo derivatives when treated with higher
proportions of lodine and lodic acig. Ethyl 7-hydroxycoumarin-
3-carboxylate yielded fhe 8=icdo derivative when trested with

equimolecgler proportions of these lodinating agents. With
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double the quantity of lodine and lodie acld 1t ylelded the
6,8-dilodo derivative.
b=Hydrozycoumarin with all these iodinsting sgents
furnished %%%-mono-iodo derivative the methyl ether of which
did ot give 8 coumarilic acid. The mono-iodo derivative
was proved to be the 5-iodo derivative as follows:
b=Hydroxycoumarin on nitration gave a moronitro
derivative the methyl efher of which remained unchanged on
Eailing with liquor ammonia indlicating that the nitro group
had not entered the 3-position. (’cf. Clayton J. Chem. Soc.,
~ 1910, 97, 1388 ). The nitro coumarin was reduced to the
‘corresponding aminocoumarin which was converted ibycheating
with diluse hydrochloric aeid in 2 sealed tube as %@11 as
through the cerresponding diass comppundiinto a hydroxycoumarin
which gave a yellow colour with slkall and wes different from
6nmethoxya?~hydroxycoumarin, hence ther nitrocoumarin was
agsigned the 6-hydroxy=5-nitrocoumarin structure and ths
amine was b-methoxy-S-aminocoumarin. The latter was dizmzotized
and treated wilth potagsium iodide which ylelded b«methoxy=5-
iodocoumarine. This was identical with the methyl ether of
the monoiodo derivstive obtained on direct iodinction of
6=-hydroxycoumarin as described above. 7»Méthoxycouﬁérin,
me thyle7-methoxycoumarin-6-carboxylate and methyl S-nmethoxy-
coumarin 6-carboxylate could not be lodinated with iodine
and émmonia and iodlne and iodic acid. With eéuinnlecular
pfogort;ons of iodine monochloride these yilelded the 3-1odo

derivatives and methyl S-methoxycoumarin<ée.carboxylate gave
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the 8-iodo derivative. With higher proportions of lodine
monochloride 7-methoxycoumerin gave the 3,6-diicdo derivative
but the other two did not yield the higher iodination products.
7~Methy1coumarin,79%~dihydroﬁycoumarin and naphtha 1,2-¢-
pyrone did not undergo Iodlnetion with any of the above
iodinating agen‘hsa~
Chapter III - Ullmenn reaction reaction on some iodoccumerins s
Synthesis of some bicoumerinyls and 8-phenyle-
coumarin derivatives

Dey and Row ( J. Indian Chem. Soc., 192k, 1, 107 )
prepared 4,3'-dicoumarinyls by the condensation of various
phenolic aldehydes with becoumerinyl acetic acids. Huebner
and Link ( J. fm. Chem., Soc., 1945, 67, 99)) reported the
formation of the bicoumerinyl derivative from 3=bromo=lie
methoxycoumerin by the Ullmenn reaction. M other work on
the synthesis of bicoumsrinyls was reported when this work
was undertaken. Further, S-phenylcoumarins have mot hitherto
been prepared except for some B-phenyl sulphonylcoumarins
prepared by Aleykutty and Baliah ( J. Indian Chem, Soc., 1955,
32, 773 ) by the Fries migration of 7-coumerinyl benzene
sulphonstes. is‘chapter deals with the synthesis of
several bicoumerinyl and S-phenylcoumarin derivatives by the
Ullmenn reaction on the lodocoumaring described earlier.

7=Methoxy-8=iodocoumarin when subjected to Ullmenn
reaction with copper bronze in boiling diphenyl ether gave
757'=dimethoxy=8,8'=bicoumarinyl. Methyl 7-methoxy-8=iode

coumarinebecarboxylate on similer Ullmann reaction gave the
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corresponding bicoumerinyl derivative. This was hydrolysed
to the corresponding acid and the acid decarhboxylated to
7,7 =dimethoxy-8,8 =bicoumarinyl. Attempts to resolve the
acid into active fdrms using ( - ) brucine failed owing to
the insolubility of the acid in organic solvents.
7-Methoxy=3=iodocoumarin, 6-methoxy-5«iodocoumarin,
methyl 7-methoxy=3=iodocoumarin-b=carboxylate and methyl 5«
metho xy-8«iodocounarin<b-cartoxylete on Ullmann rezction
gave the corresponding bicoumsrinyl derivatives. The esters
have been hydrolysed to the corresponding acids and the acids
decartoxylated. .

Crossed Ulimann reaction between iodobenzene and
7-methoxy-8-iodocoumarin and methyl 7-methoxy-8-iodocoumarin .
b-cartoxylate gave the corresponding 8-phenyl derivatives.
The ester was hydrolysed to the corresponding acid and thes
acid was decartoxylated to §amethoxy-S-phenylccumarin.

As 7,8=dihydroxycoumerin and naphtha 1,29c-pyrone
did not undergo iodination it was thought of Interest to see
if the bicoumarinyl derivatives of these could be prepared
from the brom derivatives of these coumarins.Bdth these
coumarins underwent bromination to give the 3«brome derivatives
2s seen by thelr conversion into coumarilic acid derivatives,.
These on ﬁllmann‘feaction gave the debrominated coumerin and
the unchanged bromo coumarin respectively. In order to see
if other bromy coumsrins would undergo ?Sibﬂégfim%¥?eaction
or mt. 7~M9ﬁhoxyn8»bromsw%nmethylcoumarinLunderwent Ullmanﬁ

reaction and crossed Ullmann rezction with lodobenzene to give
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757 =dimethoxy- 4 cdimethyl-8,8¢=blcoumarinyl and 7-methoxy-
8-pheny1-4~methylcdumarin but in poor yields.

Chapter IV - Synthesis of cyanocoumerins from the lodo-
coumarins by the Rosenmund-von Braun reactions

The mono iodocoumarins described in chapter II
have been subjected to the Bpsenmund-von Braun reaction by
heating them 2bove thelr melting point with anhydrous cuprous
cyanide and various cyanccoumarins have been synthesised.
The act%pn of sulphuric acid and alksli on the cyampcoumarins
has also been studied.

7=-Methoxy-Becyaro- and 6-methoxye-S-eyarocoumerins
remained unchanged on boiling with 10 % alkeli, 7-Methoxy-8-
cyanocoumarin when heated with 90 4 sulphuric acid gave the
correspofiding 8-carbamoyl derlvative in excellent yisld. On
further hydrolysis with 50 4 sulphurié acld the carbamoyl
derivative gave 7-methoxycoumarin. Stephen aldehyde reaction
on 7-methoxy-8-cyanocoumarin and 6-methoxy-5-cyanoeoumarin
failed, the original cyano derivatives were recoverad
unchanged. Methyl 7-methoxy-8-cyamoeoumsrin-b-carboxylate,
methyi 7-methoxy-8-cyanocoumarine.3-carboxylate and methyl 7w
methoxy-8-cyamcoumarin-teacetate on heating with 10 % alkeli
hydrolysed ps the corresponding acids but the eyamp group
remained unaffected. However, on heéting with 90 Z sulphuric
acid the cyano group was partially hydrolysed and the

carbamyyl derivatives were obtained.
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Chapter V - Mannich reactlion on some hydroxycoumaring

To work on the &pplication of the Mammich reaction

to coumsrins appears to have been reported“except the one
by Robertson and Link ( J. Am. Chem. Soc., 1953, 75, 1883 )
in which they reported the Mannich reaction on 4=hydroxy-
coumarin. Several coumarin derivatives have now béén subjected

to Mannich reaction with paraformaldehyde and dimethylamine,

" aniline and benzylamlhe and the structures of the products

obtained have been sstablished. 7-Hydroxycoumsrin with
paraformeldehyde and dimethylamine gave 7-hydroxy-8-dimethyl-
aminomethylcoumarin. This on Sommelet reactlon gave the knoﬁn
7-hydroxy=-8-formylcoumarin in good yield. 7-Hydroxy-S -
dimethylaminomethyleoumarin when treated with acetic anhydride
and sodium acetate gave 7-acetoxy-8-acetoxymethyleoumarin,

With equimolecular proportions of benzylamine and paraformaldehyde
7mhydrcxvcoumarin gave 7~hydroxyb8;benzyiaminome%hylcoumarin
which gave 7ahyd@oxyGS«formyleﬂumarin 6n Sommelet reaction.

When the proportions of paraformaldehvde was doubled 7-hydroxys-
coumarin gave wibth benzylamine 2tH=3'wbenzyl-3' b =dihydro-
1'33'«0xa21in0-5"46',8,7-coumsrin. Wiéh aniline 7w5ydroxycoumarin
géﬁe“é'-ﬂg3'-phenyi 3,4 =dihydro-1t,3 -0xazino=5',6,8,7-
coumarin, - , !

Ethyl 7-hydroxycoumarine3-carboxylate with
formaldehyde and dimethylamine gave the 8-dimethylamino
methylcoumarin which on bromination gave 7-hydroxv-S8-
dimethylaminome thyle54=bromocoumarine3-carboxylate identicsal

with the product obtained from the Mannleh reaction on ethyl

-
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7-hydro xy-5-bromcoumarin-3-carboxylate with formalin and
dimethylamine. With double the quantity of formalin ethyl
7-hydroxyconmarin—Bacarboxylate and benzylamine gave 2'H-3'-
benzyl-3',4' -dihydro-3-carboethoxy-1',3'-0xazino=5',6',8,7-
coumaring which on bromination gave éheAcorresponding 6=
bromo derivative identical with the Mannieh reaction product
from ethyl 7-hydroxy-S-brompcoumsrin-3=carboxylate with
benzylamine and 2 moles of formaldehyde.

Equimolecular gquantities of 6-hydroxycoumarin,
paraformaldehyde and dimethylamine gave the‘corresponding
j-dimethylaminomethylcoumarin which on treatment with
hexametnylene tetramine gave the krnown 6~hydroxy«Saformylcoumarin»
b-Hydroxycoumarin with two moles of formalin amd benzylamine
gave 2'H-3'=benzyl-3',4'=dihydro-1',3'-0xazin0=-5",6'-5,6-
coumerin and with aniline and double the gquantity of
paraformeldehyde 2'H.3'.phenyl-3',6'-dlhydro-1',3!-0%xazino-
5t,6'=5,6=coumarin, Ali the 1',3'}-=oxazino derivatives were
hﬁdrolysea with concentrated hydrochlorie acid‘in alenhol
to the corresponding alkygg;g;@ metnyl coumarin derivatives.
whicﬁ on treatment with hexamethylene tetramine gave the

Known formyl derivatives.

Chapter VI - Studies on 6,7=-dihydroxy=Y-methyicoumarin and its

methyl ethers

The pattern of substitution in 6,7-dihydroxy-ts
methyleoumarin is of interest as both the 5-znd 8-positions
are capable of substitution and it wéuld be of interest to
see which one 1Is more reactive.

6,7-Dihydroxy-lrme thylcoumsarin, 6=hydro xy-7-me thoxy-
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Lemethylcoumarin and 6,7adimethoxye%amethyicoumarin wlth one

X,

mole of bromine gave the 3J=bromo derivgtiVe. T%elfﬁtnyl

ether of the above bromocoumarin gave a coumarilic acld on

alkaline hydrolysis. 6,7-Dihydroxy-temethylcoumarin and its

dimethyl ether with two moles of bromine gave dibromo

derivatives which on alkaline hydrolysis gave a bromo-

coumerilic acid derivaetive which fixed the position of one

of the bromine atoms. That tﬁe other bronine atom had entered

the 8-position was shown by the following synthesis. ~
2mBromolresorciﬁol on Pechmann condensa§i6ﬁ(with

ethyl acetoacetate gave 7-hydroxy-3-brom-'-methylcoumarin

which was methylated snd subjected to Elbs Persulphate

Oxidation when‘S-hydroxi»7~methoxya8-brom@-#ametﬁyicoumarin

was obtained. With one moleculerof bromine it gave 2 dibrowd

derivative the methyl ether of which gave a bromo coumerilic

acid. The dibromo derivative was ldentical with t%éié;brcmo

product obtained on direct bromination of 6,7adi$ethoxye%u\

methylcoumarin, 6=Hydroxy«7-methoxy=t=nethylcoumarin furnished

the 3,5-dibromo derivative with two moles of bromine. The

methyl ether of this gave a broms coumarilic ecid on boiling

with alkali which wad different from the bromo coumarilie

acld obtained from 6,7«aimefhoxya3,8udibromaohamethylcoumarin.

6,7-Dihydroxy-4-methylcoumarin on nitration gave an
unworikable.mass but 6,7-dimethoxy-t-mathylcoumarin gave a2
mononitro. derivative wiiieh could be hydrolysed with liguor

ammonia to the known 2-hydroxy-i,5-dimethoxyacetophenone which

«



indicated that the nitro group had entered the 3 position.
The nitro derivative was reduced to the corresponding 3-
aminocoumarin which was hydrolysed to the 3=hydroxy
derivative. Similarly 6-hydroxy-7-methnxy-t-metnylcoumarin
on nitration gave the S-nitro derivative « It was different
from an authentic gpecimen of 6-hydroxy-7=metho xy=8-nitro=-
hemethylcoumarin synthesised by the Elbs Persulphate
Oxldation of 7-metwxy-8-nitro=l-methylcoumerin and did not
glve any hydroxy ketone on treatment with liquor ammonia,
Ibdinntion, Friedel-Crafts acetylation and Fries
nmigration of 6,7-dihydroxy and 6ahyar0xy~7-methoxy-h;
methyleoumarin were carried out under varying conditions
without any success. Only original coumarin was obtained.
Chloromethylation of 6,7-dihydroxy-lt-methyleoumarin gave a
polymeric product while that of 6-hydroxy=7-methoxy-l-nethyl-
coumarin gave a pasty pro@uct. 6, 7=-Dime £ho xyet-me thylcounarin
on chloromethylation yielded 2 2 ?.usthylene-bls- (6,7-
dmmmW&mMWMwmﬁme%e&@@w%%m&m%%mmﬂm
coumarin on Qiegtment with hexamine yielded the S-{ormyl
derivativgiﬁ%&e 6,7udimethozyek«méthylcoumafin on treatment

with hexamine vielded the above methylens bis coumarin.
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