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SUMMARY

Benzo-o-pyrones or coumarins are of interest as
many members of this class of compounds are found in nature
and a number of nagtural and synthetic coumarins are found

to have therapeutic properties,

The'present work was undertaken with a view to
study some aspects of the chemistry of coumaring, It
consigts of studies in the syntheses of cyelohexeno-
coumarin ‘. derivatives, reactions on 7-hydroxy-3,t-
cyelohexenocoumarin, the syntheses of some hitherto
unknown psoralene derivatives and coumarino-g-and Y-
pyrones, reactions on Whydroxy-5,6-benzocoumarin and the

syntheses of bi(coumarinoxy)methanes.

Chapter I , Studies in the svntheses of cyelchexenow

~coumaring

Cyeclohexenocoumarins in which the cyelohexene
ring is attached in the 3,4-position are prepared by the
. condensagtion of phenols with eyclic-6-ketonic esters. It
was therefore thought of interest to synthesise different.
cyelohexenocoumarin derivatives ig which the cyclohexene
ring is fused in the 5,6-position of the coumasrin ring
systems. |

Succinoylation of resorcinol afforded 8-(2,4-
dihydroxybenzoyl) propionic acid which on Clemmenseﬁ;
reduction with zine smalgam and hydrochlorie acid gave

y¥-(2,4~dihydroxyphenyl)butyric acid. The acid on Pechmann
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reaction with ethyi acetoacetate znd suvlphuric acld gave
7-hydroxy-lmethylcoumarin.b-butyric acid and its ethyl
ester, The structure of the latter was proved by
esterification of the former with ethanol and sulphurie
acid and also by hydrolysis. This ester on méthylstion
~afforded ethyl%7~pethoxy;H_methylcoumarin—6~buﬁyrate
. whieh on treatment with sodium hydroxide snd excess of
dimethylgsulphate furnished the corresponding einnanmie
~acid, thus confirming the coumarin structure., 7-Hydroxy-
L.methylcoumarin-é-butyric acid on methylation with
dimethylfsulphate gave methyly7-methoxycoumarin-b-
‘butyrate which on hydrolysis with 6% sodium hydroxide
solution afforded 7-methoxy-lmethylcoumarin-6é-butyric
acid, Thie acid on cyclisation furnished 7-methoxy-l-
mebhyl—%ﬂ-ketocyclohexano(5',6',5,6)coumarin by using
either polyphosphoric acid or by Johnscn'!s inverse process
of eyclisation with phosphorus ventachloride and anhydrous
aluminium chloride,

c-Naphthol condensed with succinle anhydride in
the presence of anhydrous zluminium chloride and nitro -
benzenes and gave (~hydroxynaphthoyl) propionic¢ acid. This
on Clemmensegs reduction afforded (h—hydroxj%@aphthyl)
butyric acid. The acid on condensation with sthyl
acetoacetate and éggjgulphuric acid gave 4-methyl-7,8-
bengocoumarin-b-butyric acid which on eyelisation with
polyphosphoric acid yielded “methyl-lt-ketocyclohexeno

(51,6t,5,6)benzo(h) counarin,
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a—Naphthdi on reduction with sodium and amyl
alconol gave ar-tetrahydro-l-naphthol which on Pechménn
Tegetion with ethyl acetoacetate and ethyl benzoylacetate
vielded Y4-methyleyelohexeno(h)coumarin and 4-phenyl-

cyclohexeno(h) coumarin respectively.

Chgpter II . Reactions oW 7-hyvdroxy-3,t-cyelohexeno—

coumarin

7-Hydroxy-3,4-cyclohexenocoumarin on acetylation
with sodium acetate and acetic gnhydride gave 7-acetoxy-
3,4-cyclohexenocoumarin which on Fries migration with
anhydrous aluminium chloride afforded 7-hydroxy-8-acetyl-
3,-cyclohexenocounarin and 7-hydroxy-6-acetyl-3, k-
cyclohexenocoumarin, These compounds were also prepared
by the condensation of 2-acetyl resoreinol and resaceto-
phenone with ethyﬂ?cyclohexanoneuz_carboxylate respectively,
7-Hydroxy-8-acetyl-3,4-cyclohexenocoumarin was condensed
with ethyﬂbromoacetate to ethylg8-acetyl-3,cycloliexeno-
7—coumari£yloxyacetate and the ester thus obtained was
hydrolysed to the corresponding acid which was eyeclised
by refluxing it with fused sodium scetabe and acetie
anhydridetto 1l-methyl-27-furc(2,3-h)~3,4-cyeclohexeno-
benzopyran-2-one, 7-Hydroxy-6-acetyl-3,4-cyclohexeno-
coumarin on similar series of reactions afforded 8-methyl-

2H=furo(3,2-g)-3,4-cyclohexenchenzopyran~2-one,

7-Hydroxy-3,t-cyclohexenocoumarin on allylation

gave 7-21lyloxy derivative which on Claisen rearrangement



with dimethyl jniline yielded 7-hydroxy-8-allyl-3,4-
cyclohexenpcoﬁmarin,the structure of which was proved by
its n.m,r,.spectra., This on triturgting with céncentrated
sulphuric acid eyelised to 10-methyl-2H.10,11~dihydro-
fure(2,3-h) 3,4cyclohexenobenzopyran-2-one in good yield,
This was dehydrogenated by refluxing it with diphenyl ether
in the preseﬁcé ofAﬁailadiséd charcoal to iO—methy1-2H;furo
(2,3-h) 3,h~benzo~bénzopyran—2—one. Dehydrogenation of i
eyclohexene ring also took place simultaneously,

Bromination of 7~hydroxy;3,hhcyclohexenocoumarin
with one mole of bromine gave 8-bromo derivative, the
structure of which was proved by the preparation of
7-hydroxy-8-bromo-3,4-cyclohexenocounarin from 2-bromo
resorcinol and ethygﬁyclohexenoneaz-carboxylate. With two
moles of bromine it gave 7-hydroxy-6,8-dibromo-3,4
evelohexenocoumarin vhich was also obtained by further
bromination of 7-hydroxy-8-bromo-3,4-cyclohexenocoumarin,

7-Hydroxy-3,t-cyclohexenocoumsrin when treated
with hexamethylen%%%etrémine gave 7-hydroxy-8-formyl-3,i.
eyelohexenocoumarin the structuréfég;déonfirmed by
n.m,r.spectra, Mannich reaction on 7-hydroxy-3,4
cyclohexenocoumarin with formalin and piperidine afforded
7-hydroxy-8-piperidinemethyl-3,t-cyclohexenocoumarin which
on treatment with hex;».methylen%tetramine gave 7-hydroxy-
8-Tormyl-3,%cyclohexenocoumarin, Similarly with morpholine
and formalin 7-hydroxy-3,H-cyclohexenocoumarin gave

8~morpholinomethyl derivative which on Sommelet regction



with hexamine and acetic acid gave 7-hydroxy-8-formyl-3,4-
cyclohezenocoumarin,

Pechmann reaction of 7—hydroxy;3,hacyc}ohexeno-
coumarin with mglic acid furnished 2H,10H-pyrano(2,3-h)
3,4-cyclohexencbenzopyran~2,10-dione, 7-Hydroxy-8-acetyl-

3,4-ceyclohexenocoumarin on Kostanecki-Robinson acetylation
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with sodium acetate and scetic anhydride gave 10-methyl-11-

acetyl-2H,120-pyrano(2,3-h) 3, -cyclohexencbenzopyran~-2,12-
dione,

7-Hydroxy-8-acetyl-3,H-cyelohexenocoumarin on
condensagtion with ethyﬂéhloraformate gave eﬁhylgS—acetyl~
3,hucyclohexenqn7-0oumarinyloxYCarboxylate, which on
prolong”%efluxégﬁ with potassium carbonate in tvoluene
gave the mixture of 7-hydroxy-8-acetyl-3,Y-cvclohexeno-
coumarin snd 8-acetyl-3,4-cyclohexeno-7-coumarinyloxy
carboxylic acid.

7-dydroxy-3,%-cyclohexenocoumarin on
dehydrogenation with palladised charcoal and diphenyl

ether gave 7-hydroxy-3,-benzocoumarin,

Chapter III ., Syntheses of éoumarinouaapyTOﬁes and

i
furocounarinsg

Pechmann condensation of Yhydroxy-5,6-benzo~
coumarin with ethyl acetoacetate afforded t-methyl-2,5-
dioxo-2H, SH-pyrano{3,2-c)benzo(f)benzopyran which on

2
bromingtion gavéfénbromo derivative., This on hydrolysis
with sodiun carbgnate solution gave 2-(o~hydroxy-g-

naphthyl)+-methylfuran-3-carboxylic acid. The cyclisation



of the above acid with hydrochloric acid yielded 3-methyl-
Yeoxo-UH-furo(3, Enc)benzo(f)benzonvragc Similarly
%.hvdroxv~5,§_benvonoumar1n on condensation with malie acid
resv1§23/5~§;dloxo~2H 5H-pyrano(3,2-c)benzo(f)benzopyran,
the 3-bromo derivative of which was hydrolysed to Y~oxo-
YH.furo(3,2~c¢)benzo(f) benzopyran-2-carboxylic acid, The
acid on decarboxylation with copper-quinoline gave “-oxo-
LH-furo(3,2-¢)benzo( ) benzopyran,

The Kostanecki-Robinson acetylation and
benzoylation of 7-hydroxy-6-acyl-8-methyl derivatives was
carried out to synthesise coumarino-o~-and Y-pyrones, the
structures of which were established by their i.r.spectra.

7-Hydroxy~-6-acetyl-%,8~dimethylcoumarin on
K.R.acetylation with acetic anhydride and sodium acet#te
gave 7-acetyl-l,8,10-trimethyl-2H, 6F-pyrano(3,2-g)
benzopyran-2,6-dione, K.R;ﬁenzoylation of 7-hydroxy-6-
acetyl—h,8~dimethylcoumar£ﬁ with benzoic anhydride and
sodium benzoate afforded 4,10-dimethyl-8-phenyi-2H,6H~
pyrano(3,2-g)bengopyran-2,6-dione.

7-fydroxy-6-acetyl-t,8-dimethylcoumarin on
condensation with benzaldehyde in glcoholie potassium
hydroxide afforded %,10-dimethyl-8-phenyl-7,8-dihvdro-
2H, 6H-pyrano(3,2~-g)benzopyran-2,6-dione, This product on
dehydrogenation with selenium dioxide in amyl 3lcohol
gave 4,10-dimethyl-8-phenyl-2H,6H-pyrano(3,2-g)benzopyran—~
2,6-dione,which was identical with the product obtained
from the K.R%benzoylation of 7-hydroxy~f-acetyl-4,8-

dimethylcoumérin.
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7-Hydroxy-6-propionyl-l,8-dimethylcounarin on
K.R%acetylation gave 4,7,8,10-tetramethyl-2H, 6H-pyrano
(3,2;g)benzopyran~2,6—dione.

7 Hydroxy- 6-benzoyl-t, 8-dimethyleounarin on
refluxigg with acetic anhydride and sodium acetate afforded
the mixture of %,10-dimethyl-6-phenyl-2H,8H-pyrano(3,2-g)
benzopyran-~2,8-dione and 7-acetoxy-b-benzoyl-4,8-dimethyl-
coumgrin,

7-Hydroxy-6b-acetyl-l,8-dimethylecoumarin on
condensation with ethylbromoacetate in the presence of
potassium carbonate in acetone yielded ethyl-l4,8-dimethyl-
6-acetyl-7-coumarinyloxyacetate which on hydrolysis with
alkali solution gave b-acetyl-,8-dimethyl-7-coumarinyloxy-
acetic acid. The cyelisation of this acid was affected by
refluxing it with acetic anhydride and freshly fused
sodium acetagte, Sim§itaneous decarboxylation and ring
closure took place and 4,4 ,8-trimethyl-psoralene was
obtaired.

Similarly L-ethyl-'+,8-dimethyipsoralene and
Y4t _phenyl dimethylpsoralene were synthesised from 7-hydroxy-
6-propionyl and 7-hydroxy-6-benzoyli-l,B8-dimethylcoumarin fespeetivel.

) 4, 51 ,8-Trimethylpsoralene is a naturally
occ@ring furocoumarin and was synthesised by Kaufmann, The
pre;;;t work deals with the synthesis of this compound by

/gﬁ‘aﬂother route with the imﬁroved yield., 7-Hydroxy-b6-
allyl-4,8-dimethylcoumarin was cyclised with concentrated

sulphuric acid to 4,5',8-trimethyl-4',5'-dihydropsoralene



which was dehydrogenated by refluxing it with diphenyl
ether iﬁ the presence of palladised charcoal (10 4 ) to
L, 51 ,8-trimethylpsoralene,

The study of the photodynamic activity of these

_psoralene derivatives by FMN method is in progress.

Chapter IV, Reactions on Y-hydroxy-5,6-benzocoumarin

It has been observed by several workers that
3-alkyl-or 3—argialkyl~hahydroxycoumarin derivatives
possess coagulant, anticoagulant and antibacterial
properties. The present work deals with the study of some
regetions on hydroxy-5,6-benzocoumarin and its pattern
of substitution towards different reagents,

Y tdydroxycoumarin on Pechmann condensation with
ethyl acetoacetate in the presence of trifluoroacetic acldk
furnighed Y-methyl-2,5-dioxo~2H, 5H-pyrano(3,2-c)benzopyran
and not 2-methyl-4,5-dioxo-%4H,5H-pyrano(3,2~c)benzopyran
as reported by Woods. Similarly h~hydroxy~5,6_benzoc6umarin
on condensation with ethyl acetoacetate gave h“methyl-Q,ﬁ;
dioxo-2H, 5H~-pyrano(3,2-¢c)benzo(f)benzonyran, The structures
were confirmed by their i.r.spectra and comparing the
products with the authentic samples prepared by using
either concentrated sulphuric acid or anhvdrous aluminium
chloride as condensing agents, The same products were also
prepared by refluxing ﬁuhydroxycoumarin and Y-hydroxy-5,6-
benzocoumarin with ethyl acetoacetate in the presence of

diphenyl ether.
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Friedel-Cpafts acetylation of MW-hydroxy-5,6-
bengocoumarin with acetic acid in the presence of phosphorus
oxychloride afforded 3~ace£y1—ﬁuhydroxy~5,6—benzocoumarin
which on Claisen condensation with ethyl acetate gave
3-acetoacetyl-U-hydroxy-5,6-benzocoumarin, The above
g-diketone was cyclised with 25 % sulphuric acid to
2_methy1~h,S;dioxoahﬁ,SH;pyrano(3,é~c)beﬁzo(f)benzopyran.
Similar Glaisen condensation of 3I-acetyl-l~hydroxy-95,6-
bengocoumarin with ethyl oxalate yielded 3-aceto-oxalyl-

Y. hydroxy-5,6~benzocoumarin which on eyclisation gave
2-carboxygh,5udioxo~4H,5H—pyrano(3,2~c)benzo(f)benzopyran.
3-Acetyl-Y-hydroxy-5,6-benzocoumarin on
Kostaneecki-Robinson regetion with acetic anhydride and
sodium acetate gave %—methyl~2,5-dioxo~2H;SB;pyrano(3,2-§)
benzo(f)bengopyran, '

Friedel-Crafts propionylation of Y-hydroxy-5,6-
‘benzocoumarin with propionic acid afforded 3-propionyl-+-
hydroxy-5,6-benzocoumarin,

Pries migration of kbenzoyloxy-5,6-benzocoumarin
yielded 3~benzoy1~4~hydf6xy~5,6_benzocoumarin vhich on
Kostanecki-Robinson acetylation with acetic anhydride and

. ' o e b s dlogo 2T
sodium acetate resulted) —phenyl-2, 5-dioxo-2H, 5H-pyrano-
(3,2-¢)benzo( ) benzopyran.

L. Hydroxy-5,6-benzocoumarin on allylation with
allylpromide gave 4-allyloxy-5,6-benzocoumarin, This on
Claisen rearrangement by heating at 200o afforded 2-methyl-

2,3-dihydro-loxo-UH-furo(3,2-c)benzo(f)benzopyran and not



208

Y-hydroxy-3-allyl-5,b-benzocoumarin, The rearranged
product on dehydrogenation by refluxing it with diphenyl
ether in the presence of palladised charcosl yielded
2-methyl-th-oxo-4H-furo(3,2-c)benzo(f)benzopyran.,
3-Acetyl-b-hydroxy-5,6-benzocounarin on
condensation with benzaldehyde gave the chalkone,3-

cinnamoyl-l-hydroxy-5, 6-benzocounarin,

1t was reported that bridee substituted
dicoumarols possess anticoagulant activity. Y-Hydroxy-
5y6-benzocoumarin on condensation with salicylaldehyde
gave 3,3'-alkylidene bis(h-hydroxyé&pmarin) derivative,
Y Hdydroxy-5,6-benzocounsrin on condensation with eatechol
in the presence of sodium acetate and potassium iodate gave
the angular coumaronocoumarin whieh on methylation afforded i
dimethoxy coumasronocoumsrin derivative.

Nitration of U-hydroxy-5,6-benzocoumarin £ég§£3ed
‘im=3~ni£ro—hahydroxy~5,6~benzocoumarin which on reduction

afforded 3-amino-4-hydroxy-5,6~benzocounarin.

Chapter V . Syntheses of bi(coumsrinoxy)methanes

The present work was carried out with g view
bl , -
to study fthe methylenation of different hydroxycoumaring.

Methylenation was carried out by refluxing the mixture
of hydroxycoumarin, anhydrous potassium carbonate, dry
Pl Q.

acetone and methylene icdide where bimolecular compound

linked by a methylenedioxy group was obtained. Thus



bi~(Humethyl—7~coumé}inoxyxvgﬁ“owa, bi(3~coﬁmarinoxy}3
bi(4-coumarinoxy)y; bi(*-methyl-5-coumarinoxy)s
bi(%,7-dinethyl-5-coumarinoxy)s; bi(M.metﬁyl—6bcoumarinoxy};
bi(7-coumarinoxy) and bi(huphsnyl-7—coumarinoxy) methane
weee synthesised‘from 7~hydroxy—k~methy1~, 3-hydroxy-,
Yohydroxzy-, 5-hydroxy-4-methyl-, S-hydroxy-ly7-dimethyl-,
éahydrcxy-%-methyl—, 7-hydroxy-, and 7-hydroxy-Y-phenyl-

coumarin respectively,



