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Benzo~a -pyrones or coumarins are of intarest
as many members of this class of compounds afe found in
nature and a number of natural and synthetic, coumarins
are found to have therapeutic properties.

The present work consists of studies in the
synthesis of coumarino-g-pyrones and furocoumarins,

benzofurecoumarins and coumarimno -y-pyrones.

CHAPTER I Studies in th thesis of coumari

pyrones and furocoumarins.

Coumgpino-a~pyrones in which a-pyrone ring is
built on 3,4-position of coumarin ring system, are
synthesised by the Pechmann cordensation of L-hydroxy-
coumarin with malie acid and ethyl acetoacetate in the
presence of sulphuric acid and anhydrous aluminium
chloride. B

k-Hydroxycoumarin on Pechmann condensation with
malic acid in the presence of 80 % sulphuric acid gave
2,5-dioxo-2H, 5H-pyrano(3,2-c)benzopyran which on
bromination gave the 3-bromo derivative. This bromo
derivative on hydrolysis with 10 4 sodium carbomte
solution.afforded-4—0xo~4H~furo(3,Z-g)benzopyran—z—
carboxylic acid which on decarboxylation gave L -oxo -4H-
furo(3,2-c)benzopyran. -

4 -Hydroxycoumarin was cordensed with ethyl

acetoacetate in the presence of 80 % sulphuric acid

-
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to give 4-methy1—2,§;dioxo~23,5H—pyrano(3,2-c)benzapyran.
When 4-hydroxycoumarin was condensed with ethyl
acetoacetate in the presence of trifluorocacetic acid
1t gave the same Y-methyl-2,5-dioxo-2H,5H-pyrano(3,2-c)
benzopyran and not 2-methyl-l,5-dioxo-4H, 5H-pyram(3,2-c)
benzopyran as claimed by Woods. The structure was
confirmed by I.R.Spectra and by comparifggthe product
with the authentic sample prepared by using anhydrous
aluminium chloride)as condensing agent. The sanme
coumarimo-a-pyrone was also prepared by refluxing
L-hydroxycoumarin with ethyl acetoacetate in diphenyl
ether.

’ 4-Methyl-2,5-d ioxo -2H, 5H-pyram (3,2-¢c)benzopyran
on brominatlon gave 3~br9mo derivative. This bromo
derivative when hydrolysed by refluxing with 10 % sodium
. carbomate solution it gave 2—(o—hydroxyphenyl)#£:§2£—3—
carboxylic agid and not the corresponding 3-methyl-i-oxo~
YH-furo(3,2-¢)benzopyran-2-carboxylic acid. This acid on
cyclisgtion by refluxing it with con.hydrochloric acid
gave 3-methyl-l-oxo-4H-furo(3,2-c)benzopyran.

Similarly L4-hydroxy-6-methyleoumarin and
4-hydroxy-7 -methoxycoumarin on Pechmann condensation with
ethyl acetoacebate in the presence of trifluorogcetic acid
or diphenyl ether or sulphuric acid or arhydrous aluminium
chloride gave l4,9-dimethyl-2,5-dioxo~2H,5H-pyrano(3,2-c)
benzopyran and 8-methoxy -4-methyl-2,5-dioxo~2H, 5H-pyrano

(3,2-c)benzopyran respectively. These coumarino-g-pyrones
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én bromination.éaée correspording 3-bromo derivatives
- which were hydrolysed by refluxing with 10 % sodium
carbomte solution to 2«(2:hydroxy—S:methylphenyl)
4=methylfuran-3-carboxylic acid and 2-(2:hydroxy-h1
methoxyphenyl)-4-methylfuran—3—carboxylic'acid
regpectively. These acids were then cyclised to
corresponding 3,8~dimethyl-4-oxo-4H-furo(3,2-c)
~ benzopyran and 3-methyl«~7 -methoxy-4-oxo -4H-furo(3,2-¢)
benzopyran. _
i ~Hydroxy -7 -methoxy -8 -methylcoumarin on

Pechmann condensation with ethyl acetoacetate in the
presence of anhydrous aluminium chloride gave L4,7-dimethyl-
8 -methoxy=-2, 5~d ioxo~2H, 5H-pyrano (3,2-¢)benzopyran which
on bromimtion followed by hydrolysis and subsequent
cyclisation gave 3,6-dimethyl-7-methoxy-4-oxo-4H~-furo
(3,2-c)benzopyran. ' .

, 4-Hydroxy-3-benzoylecoumarin was condensed with

ethyl bromoacetate in dry acetone to gilve ethyl- 3-phenyl
| 4-oxo -4H~furo (3,2-¢c)benzopyran-2-carboxylate which was
hydrolysed and subsequently decarboxylated to 3-phenyl-
h—oxo—%H—furoé3,2—c)benzopyran. L ~-Hydroxy-6-methyl-
coumarin was benzoylated with benzoyl chloride in the
‘presence of pyridine and piperidine to give k-benzoyloxy-
6-methylcoumarin which on Fries migration gave L-hydroxy-
3-benzoyl-6-methylcoumarin., This on cormiensation with
ethyl bromoacetate, followed by hydrolysis and
decérboxylation yielded 3-phenyl-8-methyl-i-oxo-4+H-furo

(3,2-c)benzopyran. .
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L -Hydroxyéoumarin was allylated with allyl
bromide in dry acetone to give L-allyloxycoumarin which
on Claisen rearrangement gave 2-methyl-2,3-dihydro-4-oxo-
4H-furo(3,2—c)ben20pyran. This dihydrofurocoumarin on
dehydrogenation with 10 % palladised charcoal gave
2—methyl—4—oxo—hﬁ—furo(3,2-c)behzopyran. Similarly
4 -hydroxy -6 -methylcoumarin, Y-hydroxy-7 —ﬁetho:xyc oumarin,
Y-hydroxy-7-methoxy-8-methylecoumarin and 4-hydroxy-7,8-
dimethpXycoumarin were allylated with allyl bromide and
the allyloxycoumarin derivatives on Claisen rearrangement
gave respective dihydrofurocoumarins which were then
dehydrogenated to;2,8-d1methyl—h—oxo—4ﬁ-furo(3,2-0)
benzopyran, 2-methyl-7-methoxy-4-oxo-4H-furo(3,2-¢c)
benzopyran, 2,6-dimethyl-7-methoxy-4-oxo-ltH-furo(3,2-c)
benzopyran and 2-methyl-6,7-dimethoxy-4-oxo-4H-furo
(3,2-¢c)benzopyran respectively.

A few furocoumarins in which a furan ring is
buiit up on a benzerid part of L-hydroxycoumarin ring
systems were also synthesised.

2,S-Dihydroxyacetoﬁhenone was allylated with
allyl bromide to 2—hydroxy;S—allyloxyacetOphenone which
was converted to L-hydroxy-6-allyloxycoumarin by sodium
and diethyl carbomte. It was then methylated and the
methyl ether on Claisen rearrangemén@ in dimethyl aniline
afforded Y4-methoxy-6-hydroxy-5-allylcoumarin. The
structﬁre was proved by NMR spectra. This allyleoumarin
was then cyclised by triturating it with con.sulphuric
acid to 4-methoxy-2-methyl-2,3-dihydro-6~-oxo-6H-furo
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(3,2-f)benzopyran which was subsequently dehydrogemnated
and then demethylated to h~hydroxy-2-methyl-6-oxo-6H-
furo(3,2-f)benzopyran. When this furocoumarin was refluxed
with formaldehyde solution it gave 5,51methylene bis
c&-hydroxy-zwmethyl-é-oxo—éH—furo(3,2»f)benzopyraﬁ}.

Similarly a linear and an angular furocoumarins
were synthesised.

2,4-Dihydroxy~3-methylacetophenone was allylated
and then converted into 4-hydroxy-7-allyloxy-8-methyl-
coumarin by sodium and diethyl carbonate. It was then
methylated and the methyl ether on Claisen rearrangement
in diethyl aniline afforded 4—methoxy—6—allyl—7—ﬁydroxy—
8-methylcoumarin which was cyclised by triturating it
with con.sulphuric acid to 4—methoxy~5,,8—dimethy1—4:51
dihydropsoralene; This dihydropsoralere was then
dehydrogenated with 10 % palladised charcoal to l-methoxy-
5:8-dimethylpsogalene. It was then demethylated to
4-hydroxy—5:8-d1methylpsoralene and treated with
‘formaldehyde to give 3,31methylene bis(h—hydroxy—5:8-
dimethylpsoralene). ’

Resacetopherone was all?lated armd then
converted to 4-hydroxy-7-allyloxycoumarin. It was then
methylated and the methyl ebher on Claisen rearrangement
in dimethyl aniline afforded 4-methoxy-7-hydroxy-8-allyl-
coumarin which was cyclised by triturating it with con.
sulphuric acid to 7«meth9xy—2-methyl—2,3—dihydr0fS—oxo-
SH-furo(2,3~h)benzopyran..

A}



The same dihydrofurocoumarin was prepared by 206
another route. 4-Allyloxyresacetopherone on Claisen
rearrangement gave 3-allylresacetophenone according to
Baker amd Lothian. This 3-allylmesacetophenone was
eyclised by triturating it with con.sulphuric acid to
2-methyl—1+-—hydroxy‘—s-acetylcoumaran. It was then
comverted to 7 —hydx;oxy -2-methyl-2,3~-d1hydro-5~-oxo -5H~
ft;ro(2,3-h)benzopyran which was methylated to 7 —me;choxy-
2-methyl=-2,3-dihydro-5-oxo-5H-furo(2,3 -h)benzopyran.

This dihydrofurocoumarin was then dehydrogemated
with palladised charcoal and subsequently demethylated
to 7-hydroxy-2-methyl-5-oxo-5H-furo(2,3-h)benzopyran.

It was treated with formaldehyde solution to give
6,6-methylere bis[?-hydroxy-2-methyl-5-oxo-5H~furo
(2,3~h)benzopyranj.

w —

CHAPTER IT : Stud_:l_.es in the synthesis of benzofuro~-

coumarins

. A' few benzofurocoumarin derivatives were prppéred
by oxidative cordensation of catechol with 4-hydroxy-
coumarin derivatives—. B

4 -Hydroxy-6-methylcoumarin on oxidative
condensation with catechol in the presence of potgssium
iodate and sodium acetate gave 2-méthyl-8,9-dihydroxy-

6 ~oxo -6H~benzofuro (3,2-c)benzopyran which was methylated
to 2-methyl-8,9-dimethoxy-6-oxo-6H-benzofuro(3,2-c)
benzopyran.

Similarly 4-hydroxy-6-methoxycoumarin,
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Yehydroxy-7 -methoxy=-8-methyleoumarin, 4~hydroxy-5- 2 0 7
methoxycoumarin, 4-hydroxy=-7,8-dimethoxycoumarin on
oxidative condensat ion~ with catechol gave correspording
2-methoxy=-8,9~d ihydroxy-6 -oxo-6H-benzofuro (3,2~¢)
benzopyran, 4-methyl-3-methoxy-8, 9_Q-d ihydroxy -6 -oxo-6H~-
benzofuro(3,2-c)benzopyran, l-methoxy-8,9-dihydroxy -

6 -oxo -6 H-benzofuro(3,2-c)benzopyran and 3,4-dimethoxy-
8,9-d ihyd roxy-6-oxo -6H-benzofuro(3,2-c)benzopyran. As
these benzofurocoumapins were insoluble in many of the
common organic solvents, they could not be crystallised
and hence were methylated directly to 2,8,9-trimethoxy-
6 -oxo -6H-benzofuro (3,2-¢c)benzopyran, 4-methyl-3,8,9-
trimethoxy-6-0x0 -6H-benzofuro(3,2-c)benzopyran, 1,8,9-
trimethoxy-6 —oxo‘—6H—be nzofuro(3,2re)benzopyran and
3,4,8,9-tetramethoxy-6-oxo ~6H-benzofuro (3,2~¢)

benzopyran respectively.

' GHAPTER III : Studies ip the synthesis of coumarino-y-

.pyrones -
3~-Acetyl-4-hyd roxy -6 -methyleoumarin on Claisen

condensation with ethyl acetate in the presemce of
sodium gave 3-acetoacety1-l+—l}ydroxy—6—methylcoumarin
which was subsequently cyclised by 25 % sulphuric acid
to 2,9-dimethyl-l4,5-d ioxo-4H, SH-pyramno (3,2-¢c)benzopyran.
The structure was confirmed on the basis of I.R.spectra.
~ Similarly 3-acetyl—h-hydroxy;7 -methoxjgoumarin,
on Claisen condensatian‘ with ethyl acetate gave
3-acetoacetyl-lf—hydroxy-‘?-methoxydoumarin. This

~
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P-dicarbonyl compound on cyclisation with 25 % sulphuric
acid gave corresponding coumarino-y-pyrone but at the same
time it was demethylated to give 2-methyl-8-hydroxy-i,5-
dioxo-4H,5H-pyrano(3,2~c)benzopyran. The structure of
this compound was proved by I.R.spectra.
3-Acetyl-k-hydroxy-6-methylcoumarin was
condensed with ethyl benzoate in the presemce of sodium
to give B-diketonic compound, 3-be nzoylacetyl-4-hydroxy -
6 -methylcoumarin which was cyclised with 50 % sulphuric
acid to 2-phenyl-9-methyl-k,5~dioxo-4H, SH-pyram(3,2-c)
benzopyrans N -
3-Acetyl-k-hydroxycoumarin and 3-acetyl-l-
hydroxy -6 -methylcoumarin on Claisen condensation | with |
ethyl oxalate gave corresponding 3-oxalylacetyl —ii»-hydroxy—
coumarin apd 3-oxalylacetyl-4-hydroxy-6-methylcoumarin
which were cyclised by refluxing with 50 % sulphuric
acid to 4,5-dioxo-4H,5H-pyramo(3,2-c)benzopyran-2-
carboxylic acid and 9-methyl-4,5-dioxo-+H, 5H-pyrano
. (3,2-¢)benzopyran-2-carboxylic acid respectively. These
acids when heated with copper and quinpl ine or heated
above their melting points only unworkable products were
obtained. o
3-Prop fonyl-l-hydroxy -6 -methylcoumarin on
Kostanecki-Robinson acetylation gave 2,3,9-trimethyl-
Y4,5-d toxo -4H, 5H-pyrano(3,2-c)benzopyran.
4 -Hydroxy -7 —zﬁethoxycoumar in on Friedel -Crafts
propionylation gave 3-propionyl-y4 —hydrbxy»? -methoxycoumarin
which on Kostanecki—Roizinson acetylation gave 2,3-dimethyl-



8—methoxy~#,5~ﬁioi044H,5H—pyrano(3,2—é)begzopyran. 2(}9
3-Acetyl-4-hydroxy-6-methylcoumarin and
3 ~acetyl-~hydroxy-7-methoxycoumarin on condensation
with benzaldehyde in the presence of potassium hydroxide
gave corresponding chalkone derivatives,3-cinmamoyl-l-
hydroxy -6 -methylcoumarin and 3-¢cinmamoyl-4-hydroxy-7-
methoxycoumarin. Attempts to eyclise these chalkone
derivatives to correspofding coumarino-y-pyrone
derivatives by refluxing with selenium dioxide in
isoamyl aleohol were unsuccessful. _
Similarly 3-acetyl-4-hydroxy-6-methylcoumarin
and 3-acetyl-l-hydroxy~7-methoxycoumarin were condensed
with anisaldehyde in the presence of potassium hydroxide
to give 3—(p—methoxy)~cinpamoyl-#—hydroxy—é-methyl—
coumarin and 3-(b;methoxy)-cinnamoyl-h—hydpoxy—?—methoxy—
coumarin. When these chalkone derivatives were refluxed
with selenium dioxide in 1soamyl alcohol;could mot be
'cyclised and only original chalkone derivatives were

recovered,



