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'GENERAL_INTRODUCT ION

Benzo-a-pyrones, generally krown as coumarins,
are fourd to be widely distributed in the plant kingdom,
either in the free or in the combined state. Coumarin (1)
scopoletin (2), aesg}etin (3), ayapin (&), fraxetin (5)
and daphretin (6) are a few of the simple coumarins

occurring in nasture.
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Recently: L.Crombie and coworkers  have isolated
four different 4-alkylated coumarin derivatives, mammea
B/BA (7), mammea B/BB (8), mammea B/BC (9) and mammea
C/BB (10) from the seeds of the insecticide bearing
plant Mammea Americana L.( Gutliferae).
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Structures of‘these coumarin derivatives have
been established on the basis of amalysis, I.R., U.V.
and N.M.R.Spectrae
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Govindachari, Pai and coworkers have recently
isolated 4-alkylcoumarin derivative, ferruol-A, from the

trunk bark of Mesua ferrea L.
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The authors have established the structure of (11)
on the basis of analytical data, I.R., U.V., N.M,R. spectral
data and g}so by degradation methods.

Arnother group of the interesting naturally
occurring coumarin derivatives are the furocoumarins.
Psoralene (12), angelicin (13), bergaptan (14),xanthotoxin
(15), pimpinellin (16), isopimpinellin (17) and oreoselone
(18) are a few members of this group.

The interest in coumarin derivatives has
considerably increased in recent years 5ecause of the
discovery of their varied bilochemical properties,
industrial uses and analytical applications § a few of
these may be briefely reviewed heres

Mary natural coumarins affect the living cells of
plants and animals in various ways. 80533 has reviewed the

biochemical properties of matural coumarins. Coumgrin

s



(12)




itself, inhibits the germination and subsequent root .
growth of plantse. Kelbs“ observed its toxic agctionon- - J
algae. Sigmunds roted the effects of both daphnetin

and its isomer aesculetin on seed germimation. It has

since been shown that a number of unsaturated lactones,
including coumarin, possess what is called the
“blastocholine’ effect i.e. the property to suppress the
germination at low concentrations, on seeds’ as well as

on animals7.

There is also a good probability that coumarins
act as growth regulators in a number of plantsg.

Coumarins hgve interesting cytogenetie properties?
Cytohistological and macroscopical effects of coumarin and
its derivatives have been studied by Quer910111?

Coumgrin gets as @ mnarcotic for some animals and
as a sedative ard hyprnotiec for micelf

Fraxin causes paralysis of the central nervous
system of frgﬁgs and mice on tntraverous ingectionslf
Fraxin has been fourd to be superior to atorhan in the
tregtment of goutlB.

Link gfngg.lu discovered that the haemorrhagic
principle of the spoiled sweet clover was é,jimethylene
bis-(4~hydroxyeoumarin) also known as dicoumarol. This
has led to the preparation and testing of several
L -hydroxycoumarin derivatives as anticoagulant drugs armd a
number of very effective drugs of this group such as

warfarin,tromexan,coumachlor and marcoumar are on the

market. It 1s interesting to note that some simple

v



coumarins have the opposite effect. Herniarin and ayapin 6
have been found to possess a remarkable haemostatic property
and are active both in vitro and in vivolf

Nbvobiocinlf an antibiotiec, isolated from
streptomyces sp., has been found to be a coumarin derivative
having the structure (19). The antibacterial spectrum of
this antibiotic corresponds generally with that of
penicillin and erythromycin but in vitro it is less potent

than penicillin and erythromycine.
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Recently Kawaguchl gnd coworkersl? have obtained
new antibiotic coumermycin, a coumarin derivative, from
the filtrate (pr) residue of the fermentation beers of
streptomyces rishiriensis having the structure (20).
Coumermycin 4; iphibits the growth of gram positive,
gram negative and acid fast bacteria and against staphylococal
it is about 30 times more potent than rovobiocin.
Tuberculostatic activity18 is exhibited by

pimpinellin and isopimpinellin.
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Coumarin and some of its derivatives hgving ﬁ;ﬁs.
lower than ‘70—1000 have been generally fourd to possess
strong anthelmintic action}9. An examination of a number of
simple coumarin derivatives employing fish and the turning
time as a measure of toxicity has now established that they
have wegk toxie propertiesaoz21 While coumarins particularly
those with furan ring system are toxic to fishzf

In recent years the discovery of photodynamic
action of some of the furocoumarins has led to considerable
work in this fieidzf

The photodimerization of coumarins is being
increasingly studied. The photodimerization product of
7-methoxycoumarin was formulated as a head to head dimerfk
Simple coumarin however, was found to give both,; the head
to head and the head to tall dimersfS Hammo rd ?E_El"
investigated the mechanism of photodimerization of
coumarin. The solvent effects on the photodimerization
of coumarin have also been studiedf7

A number of substituted coumarin derivatives are
fourd to have optical brightening properties for cellulose,
polyacrylic nitrile, polyamides and polyester fibres and
the literature has been growling in this field2§’29’3o
Yore complex coumarin derivatives such as (21) obtained
by reacting eyanuric chloride with j(p~aminophenyl)
coumarin and treating the compound formed with N-ethyl
cyclohexylamine § 7-(1,2,3-triazol-2-yl)-3-phenyl-2-
coumarin31 and substituted 7—(é-triazinylamino)~3—
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arylcoumarin are a few of the coumarin derivatives

which have good optiecal brightening propertiess
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Buu-Hoi and coworkers3h prepared a seriles of
hydroxylated-3-arylcoumarins as a potential carcinostatic
and virustatic agents and Elderfileld and Roy35 have very
recently synthesised nitrogen mustards from 6-substituted
coumarins as potential anticancer agents.

There are number of methods available for the
synthesis of coumarin derivatives. These have been
reviewed by Sethna and Shah36 and wawzonek37 ard need not
be emamerated here.

The coumarin derivatives have also been subjected

/
to various substitution reactions such as

38939940941 ’ 29439kl u5okbsu7IuByno950
chlorination , brominat ion,

51952 . . 53 54955956957958959
ilodination , chloromethylation, nitration, .

. < 4796096196296326%
Fries amni Friedel-Crafts reactilon,

65966967968369 70971972

formylation, sulphonation and other

reactionse
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The present work deals with some aspecte of the
chemistry of coumarins.

Chapter I deals with the studies on the synthesis
of different 2,5-dioxo~2H,5H~pyrano(3,2-¢)benzopyran
derivatives and furocoumarins, starting with different
Y-hydroxycoumarins. It also deals with the synthesis of
furocoumar ing in which furan ring is built up on benzenoid
part of Y-hydroxycoumarin ring systems.

In chapter II, the syntheses of benzofuro(3,2-c)
coumarins by condensing different L-hydroxycoumgrins with
catechol have been described.

In chapter III, the syntheses of different 4,5-
dioxo -4H, 5H-pyraro (3,2-c)benzopyran derivatives have been

described.
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CHAPTER I

Studles in the Synthesis of Coumarino-g-

pyrores and Furocoumarins



CEAPTER I i5
THEORETICAL

Studies ip the synthesls of coumaripo-a-pyronpes
and_furocoumarins :

The benzo=-g-pyrones or coumarins and the
2~phenylbenzo -y -pyrones or flgvones are fourd in nature
“in abundance. The a~ and y-pyrone derivatives have also
gained importarce in recent years because of their
important physiological properties. Recently they have
been fourd to’have corongry dilatirg activityl.
Hantzsch and Zu'rcher2 condensed resorcinol and
ph&croglucinol»with 2 apd 3 moles of ethyl acetoacetgte
in the presence of sulphuric geild and obtained pyrano-
benzopyran derivatives (1) and (2) respectively in poor

yields.

CH3
}

(1)

Sen and GhakraVarti3 cordensed umbelliferone and
4-methylumbelliferone with malic acid in the presence of
sulphuric acid and obtained 2,6-dioxc-2H,6H-pyrano(2,3-h)
benzopyran (coumarino—7,8~a—pyrone§’(3a) and 8-methyl-2,6~

dioxo -2H, 6H-pyrano (2,3-h)benzopyran (4-methylcoumarino-

¥ Nomenclature of the compounds given in the brackets is
according to the authors as published in the paperse



7,8 -a-pyrone) (3b). Daphnetin,4-methyldaphnetin,homo.- 1&3
umbelliferone and 4-methylhomoumbelliferone on similar

condensation with malic acid gave correspornding pyranobenzo-

pyran derivat ives.

R

C4)

Q) R=H
b, R=chy

They, however, did rot prove the structures of the
coumariro-g-pyrones formed. Rarngaswami and Seshadriu showed
that when umbelliferone is condensed with malic acid both
the angular (3a) and the linear (4) pyranobenzopyran
derivatives are formed bubt the latter is obtained in poor
yield. Under the same experimental conditions L-methyl-
umbelliferone gives only the angular coumarino-g-pyrone
(3b)._They proved the structure of 2,6-dioxo-2H,6H-pyrano
(2,3-h)benzopyran (3a) by its synthesis from 7-hydroxy-8-
formyleoumarin (! by Perkin reaction. In a similar way
the constitution of 8-methyl-2,6-dioxo-2H,6H-pyraro(2,3-h)
benzopyran was also proved.

Bj@w@gi condensed 7-hydroxy-3-chloro-4-methyl-,
5—hydroxy—3—chloro;4,7—dimethyl-, amd 7,8-dihydroxy-3-
chloro-%-methylcoumarin derivatives with malic acid and

obtained the corresponding pyranobenzopyran derivatives.
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6 .
Shah amd coworkers syntheslsed several coumarino-
a-pyrones (6) and coumarimoe-y-pyrones (7) by subjecting
S5ehydroxy-6-acylecoumarin derivatives (5) to Kostanecki~-

Robinson acylation. o
— > I R
=
Oo™0
oH Ryt 6
= COR K.R.
acetylation
OO0 ) R
(5> 07 ™
- / O
o
O™~o

R = atkyl C7r

Limaye and Ghate' obtained l,6-dimethyl-10-ethyl-
2,8~-dioxo-2H,BH-pyrano(3,2-g)benzopyran (4,4’ ~d imethyl -8«
ethylcoumarino -7,6-a -—p&rane) and 7-acetyl-4,8-dimethyl-
2,6-d1ox0~2H,6H-pyrano (3,2-g)benzopyran (2 :4—d imethyl -8~
ethyl-3 :ac etylcoumarino -y -pyrone)from 7 —ﬁyd roxy-8-ethyl-
6-acetyl-4-methylcoumarin by Kostanscki-Robinson
acetylation. 3

Mastafa, Starkovsky and Zaki8 preparad 5-methoxy-
2,8-d1ox0~2H,8H-pyrano(3,2~g)benzopyran (5-methoxy-
coumarino-7,6-a -pyrones (9) by Perkin ac éty].at ion of

apoxanthoxyletin (8),



OCHz OCHy

\ cHo Q.)Z.k n
L P On Auahaiahen

Trivedi and Sethna9 prepared 3,4-dimethyl-2,8~
dioxo -2H,8H-pyrano (2,3 -h)benzopyran (3,4-dimethylcoumarino-
7,8=-a-pyrone) and 3,4,9-trimethyl-2,6-dioxo-2E,6H-pyrano
(2,3-f)benzopyran (3,4,7-trimethylcoumariro-5,6-a-pyrone)
by the condensation of 7-hydroxy=-3,ik-dimethylcoumarin
and 5-hydroxy-3,4,7-trimethylcoumarin with malic acid.

They also synthesised 3,4-dimethyl-10-hydroxy-2,8-dioxo-
2H,B8H-pyramo (352-g)benzopyran (8-hydroxy -3,k-dimethyl-
coumarimo ~7,6-a-pyrone}, 3-bromo-4-methyl-2,8-dioxo-2H SH-—‘
pyrano(2,3-h)benzopyran (3-bromo-4-methylcounarino-7,8-a~
pyrone) ard 3 -bromo -4 -methyl-10-hyd roxy-2,8-dioxo-2H,8H~
pyraro (3,2-g)benzopyran (3-bromo-4-methyl-8-hydroxycoumar iro-
7,6-a-pyrone) from 7,8-dihydroxy=-3,%-dimethylcoumarin,
7-hydroxy-3-bromo -4 -methylecoumarin ard 7,8-dihydroxy-3-
bromo -+ -methyleoumarin respectively. They proved the
structures by Ferkin acetylation of the corresponding
formylated coumarin derivatives.

Mehtam prepared coumarino-g-pyrones by carrying)
out Perkin acetylation and Kmoeveragel reaction on

8 ~hydroxy-7-formylcoumnarin {(10) and obtained 2,9-dioxo-

.



) T
2H,9H~-py rano (3,2-h)benzopyran (a—pyrano—5,6,7;6—conmariﬁ§9
(11) and 3-carboethoxy-2,9-dioxo-2H, 9H-pyram (3,2-h)

* [ T | .
benzopyran (3-carboethoxy-a-pyrano-5,6,7,6-coumarin)(12)

respectivelye.
=
Vs
o7 ™0
? '{\,‘\V\ \‘0‘\ o
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= AN ol (u1y ©
O/LO S CHO kv"’@ue
- - Z
’ o M =
{(1Oo) '
0" ™Mo
O COO&HS
|
ey ©

i1
Mustafa and coworkers carried out Kostaneckl-

Robinson gcetylation on hk-hydroxy-3-benzoylcoumarin (13)
and obtained 4-phenyl-2,5-dioxo-2H,5H-pyramno(3,2-c)
benzopyran (14).

O

N7 €O He K.R.
—_—
ACQ‘S"\QHQV\

O~ 0
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Trivedi and coworkersiz recently synthésised
4,10-d imethyl-6-phenyl-2,8 -dioxo -2H,8H-pyram (3,2-g)
benzopyran (16) by carrying out Kostaneckl-Robinson
acetylation on 7-hydroxy-6-benzoyl-4,8-dimethylcoumarin
(15). The structure of pyrambenzopyran (16) was
established on the basis of I.R.Spectras

CHg Ciiy Ce My
72 -804 Hs K.R. -~ N
7! Acekylation s <
o0 \// OH O™0o 1) 0
CHy CHg
15> (16D

Furocoumarinsg :

If the furan ring is built on a suitably
substituted coumarin derivative, it leads to the synthesis
of furocoumarin. Alternately one can start with an
appropriate coumarénqﬁerivative and build up the g¢-pyrone
ring on it. Eight isémeric forms of furocoumarins are

found in the literzture.







The method's of synthesis of furocoumarins are 27
briefly reviewed here. T

Furocoumarin: of type (A) has been recently
synthesised by Shaikh and Trivedilf 3-Hydroxycoumarin (17)
was allylated with allyl bromide and &he allyl ether(18)
oanlaisen rearrangement in dimethyl aniline afforded
3-hydroxy-#-allyleoumarin (19) which was cycl;sed by
trituration with con.sulphuric gcid. This dihydrofuro-
coumarin (20) was then dehydrogenated with palladised
charcoal to 2-methyl-9-oxo-9H-furo(2,3-c)benzopyran (21).

LeH-er=CH
Angl browide 7 I//éiléC%} 2

(138)
Dimeing)
C(\’\\“V\Q

CHCH = Crly

M50, = Xy oH
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Furocoumgrinfof type (B) forms the subject matter
of this chapter and hence will be discussed later.
. Furocoumarins of type (C) have been synthesised
by several workers. Limaye and Sathelu subjected 6—hy@r0ﬁy—
7-acetyl-3-methylcoumarone (22) to Kostanecki-Robinson ..
acetylation and obtained 3,9-dimethyl-7-oxo -7H-furo (2,3-1)
benzopyran (furo-3:k—dimethle+:5:6,5-coumarin} (23) in
poor yield along with 3,7-dimethyl-9-oxo-9H-furo(2,3+f)
benzopyran (furo—2,31dimethyl—4:5:6,5—chromone) (24),

KR (23)

QCQ"H\Q\“\'O\'\

(24)

Shah and Shahlﬁ synthesised 3-alkyl-7-oxo-7H-
furo(2,3-f)benzopyran (3’-a1kyl—i‘uro4:5:6,5—coumarin)
(26) by condensing 5-hydroxy-6-acetyl-3-carboethoxy-
coumarin (25) with ethyl bromoacetate followed by

hydrolysis,cyclisation and subsequent decarboxylation.
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' \‘36\\0‘3 G5

2. AGONaAc
3 -CO,y

(26)

Chudger and Shah16 synthesised several 3-alkyl-
9-methyl-7-oxo-7H-furo(2,3-f)benzopyran derivatives
(3:alkyl—#—methyl—furo—%:5:6,5—coumarin derivatives) by
cordensing 5-hydroxy-6-acyl-lr-methylecoumarin with ethyl
bromogcetate followed by hydrolysis and subsegquent

cyclisation.

Salvi and Sethnal? also synthesised furc-
coumarins of this type by starting with a benzofuran
derivative-. Methyl-6-hydroxy-3-methylcoumarilate (27)
on regction with hexamine gave the 7-formyl derivative
(28) which on Perkin acetylation gave 2-carbomethoxy-3-
methyl-?—oxo»?ﬂ-furo(2,3-f)benzopyran.(furo—2:carbo-

’ y v
methoxy-3-methyl-5,4,5,6-coumarin)(29).



([) l COOCH, « O I Loouis
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O CoocHy
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O’ >0
(29)

Trivedi and Sethna18 maée new approach to
synthesise furocoumarins. They studied the hydrolysis
of 3-halogen substituted coumarino-u-pyrones and obtained
correspording furocoumarins. Thus 3=-methyl~7-oxo~7H-{uro
(2,3-f)benzopyranv(fufo—31methyl~5:4:5,6—coumarin) (31)
was prepared from coumarimo-g=-pyrane derivative (30)

through the following sequence of reactions.
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Kaufmaﬁn qgugg.lg developed a new method for
the synthesis of furocoumarin of type (D) from o-hydroxy
allyleoumarin. Thus é-hydroxy-5-allyl-4-methylecoumarin (32)
was first acetylated and then brominated. The dibromeo
derivative was cyclised to 2,9-dimethyl-7H-furo(3,2-f)
benzopyran-7-one (33) when refluxed with sodium ethoxide

in absolute ethanol.

CHy  CHCH=CHy CH,  CHyCH=CH,
= oH Acetylation ~ NYyorcocH,
oo oo =
(%2)
B,
——— CHy ‘ \ ?‘“‘
CHg l [ Chig CHyCH -CH By
P ') NGOGt 445\\1 Ry COCH,
o~ o o//l\o/ =
(33%)

They have also synthesised a furocoumarin,
¢/ 9-methyl-7H-furo(3,2-f) (1) benzopyran-7-one. (36D, by
condensing 5~formyl-6~hydroxy-4-methylcoumarin with
methyl bromoacetate, followed by hydrolysis and
subsequent cyclisation with partial decarboxylation.
The above authors prepared the same furocoumarin,
9-methyl-7H-furo(3,2-f) (1) benzopyran-7-one, through an

alternate route. 6-Hydroxy-h-methylcoumarin was converted
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to an allyl ether (34) by reaction with allyl bromide
and the Claisen rearrangement was car?ied out by refluxing
it with dimethyl aniline. The 5-allyl derivative (35%)
was subjected to ozonolysis, catalytic reduction and ‘
then hegted with o-phosphoric acid'to get the furmo-

coumarin (36),

CHB )
l\/ I \ D\ W\i\’hg\ C\V\“‘-he
N N~ |
’ (35)
(34)
1. Ozonotys: 5

2. Reduction

Ha, P 04.

N

Salvi and Sethna% first formylated the i, ¢ =»
ﬁyd roxybenzofurans and then carried out the syntheses
of furocoumarins by Perkin or Kmoevenagel reaction.
Methyl Y-formyl-§-hydroxy-3-methylcoumgrilate (37)
on reaction with diethyl malonate gave ethyl-2-carbo-
methoxy-3 -methyl -6 -0xo -6H~furo (3,2-f)benzopyran=-5-
carboxylate (ethyl furo-2 1c: arbomethoxy -3 1methyl —1+: 5: 5,6~
coumarin-3-carboxylate) (38) which on hydrolysis and

subsequent decarboxylation gave 3-methyl-6-oxo-6H-furo

-
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) B 3 ? 9
(3,2-f)benzopyran (furo-3-methyl-4,5,5,6-coumarin) (40)

€v3 COOCH €H3 .| cOOGHy

0 HgG20

X . s9200c¢
OHC D'{;'Qzﬁ\h;l Vha\()\cn"e ?
HO” g O/i\

¢37) (33)

v

-~ CQOy

A

C40)y - - (39)

Furocoumarin of the type (E) was synthesised

19
by Kaufmann et al. ag follows s

-

: 5-A11lyl-6-hydroxy -4 -methy leoumarin (41) was
catalytically hydrogenated to é-hydroxy-k-methyl-5-n-
propyleoumarin (42), which.was converted to an allyl
ether by reaction with allyl bromide. Refluxing it in
diethyyéniline caused the Claisenn rearrangement and with
the 5-position occupied the allyl group was forced to the
7-position giving 7-allyl-6-hydroxy-5-n-propyl-4-methyl=-
coumarin (43). Ozomolysis, catalytic reduction and
heating with o-phosphoric acid gave 8-methyl-9-n-propyl~-

6-oxo -6H-furo (2,3 -g)benzopyran (4k).
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The synthesis of linear furocoumarlins of type Q]
. 0
(F) such as psoralene, is diffiecult. Two routss are

availgble for its synthesis, either (&) via conversion
of 6-hydroxycoumagran (45) or (b) through umbelliferone

(46). Both of these can be obtained from resorciml ag

follows :

woh

(45)

HO “ OH

I oW
~ ~ OH C 0) 0]
o \ /

0">~0 O

23 .

Spath and Pailer carried out the condensation

of 6-hydroxycoumaran (45) with malic acid in the presence
of con.sulphuric acid and obtalned 2,3-dihydropsoralene

(47) which on dehydrogenation gave psoralene (48).



¥

mealic ceie

(45)

Py,

C49)

22
Later Horning and Reisner  preparsd different

5-substituted-2,3-dihydropsoralenes by condensing
6-acetoxycoumaran with a variety of P-kelonic esters in
the presence of sulphuric gcid. Esse and Ghristensen23
have extended this reaction to cbtain 6-alkyl-2,3-dihydro-
5-methylpsoralenes (50) by comdensing appropriate g-alkyl-
B-ketonic esters with 6=-acetoxycoumaran (49). The main
drawback in this method is that the dehydrogenation of

dihydropsoralene derivatives with pallédised charcoal

gives poor yields of psoralene,

2y
Ray, Silooja and Vaid had approached the
problem of psoralene synthesis by starting with
umbelliferone, In this procedure, they carried out the

cyclisation of 7-acetomyloxycoumarin (51), obtained by



CAD
(55

coc Hg

]
CH.COOG
|

——i] R Ry
R, CO €07 H,50 o

O 4

¥

C49) (50)

Pd/c

CHg

R

o)

*

treating umbelliferons with chloracetone, in the presence

of sodium ethoxide to 3-methylpsoralens (52).

ClLCH,COCH /L:/
- O O O‘Cl_lLQOCH:B
(51)
NaoGHe
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Rodighiero and Antonello  synthesised xanthotoxin
(5%) by first preparing 7-hydroxy-8-methoxy-6-formylcoumarin

(53) and then treating it with ethyl bromoacetate
followed by hydrolysls, cyclisation and decarboxylation.

¥

i\/ . R cHo
O0™~0 OH O,L\O Palelt
OcCH, OCrly
(535

B CH‘LCDOCJHS

“ — | 7 LCHO

Hy C\]D‘ys\ 5

O™~p O/J 2 AL0ENaOAC ote o 'O CHLoOGHg
OCH, OCHy

(54)

(26 ]
Limgye and Gangal  synthesised 3,4-dimethyl-
psoralene from 7 -hyd roxy -6 ~ac etyl- -methylcounarin
using the same procedurs.

-2y
Foster at al. synthesised psoralens by first

subjecting é-hydroxycoumaran to Gattermann aldehyde
synthesis and then condensing the 6-hydroxy-5-formyl-
coumaran with cyanoscetic acid followed by decarboxylation

and dehydrogenation.
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Kaufmanna& prepared 4,5:8-trimethy1psoralene
(57 &) and 5:8~éimethylpsora1ene (57 b) vy first carrying
out Claisen rearrangement of 7-allyloxy-4,8-dimethyl-(55 a)
and 7-allyloxy-8-methylcoumarin (59 b) to 7-hydroxy-6-
allyl-4,8-dimethyl-(56 a) and 7-hydroxy-6-allyl-8-methyl-
counarin (56 b) respectively. Thess were then acetylated,

brominated and cyclised to obtain psoralene derivatives.

. 4
~CH=CH
= [ AN Clossen o CHy Hy
2 s _ Scearangement
C™>o0 . OcuCrzcn 3 O™~o O
CHy L,
(55) (56)
I Acelylation
2. p.)‘l’{)\’i\:\/\ﬁh‘ov\
\
R Bec
'
. NaOGHs = CH,=CH- i B
| O™~o "0 COCH4

cvi3
(a) R=-<ry

(57) b)) R= W

Using fhe similar preocedure Kgufmamn synthesised
435:dgmethylpsoralens. ‘
) Kaufmann and coworker529 synthesised psoralsne
derivatives (58) hgving different groups such as Cl,Br,
CN,N(CH3), etc. in 8-position using 8-aminopsoralene as

an intermediate product.
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R = C1, Br, CN, N(CH;),, Wi, stc.

Seshadrl and ccworkersBo have successfully
obtained psoralens by ozomolysis of 6-dimethylallyl-7-
nydroxycoumarin (59) , followed by cyclisation of the
aldehyde (60) with o-phosphoric acid.

/CHa
ot e oM oLV ~Z7OH
(59 (60)
e
~ |
O O O

Following the same procedure they have also
synthesised xanthotoxin (54).
31
Goudou and Blanchecotts  have cordensed

§-hydroxycoumaran and phenyl diethyl malonic ester in

-

2AD



diphenyl ether and obtained }+: 5:dj.hydro L4 -hydroxy -3 - 3‘?
phenylfuro-—.?:_’,:é,?-comnarin (61) which was then dehydro-
genated over palladium to give L-hydroxy-3-phenylpsoralene
{4=hyd roxy -3 -phenylfuro -2:3:6 ,7-coumarin)(62).

oH
HO o Ph,0 oo

O
(61

Trivedl and coworker332 hgve recently syntheslsed
different alkylpsoralenes having alkyl or aryl substituénts
in 4-position. 7-Acyloxy-4-alkyl or aryl-8-methylcoumarin
(63) on Fries migration afforded 7-hydroxy-6-acyl-i=-
alkyl or sryl-8-methylcoumarin (64) which on condensation
with ethyl bromoacetate, followed by hydrolysis and
subsequent cyclisation yielded 4-alkyl or aryl—’+:8—
alkylpsoralene (65).

Recently Kaufmann amd coworkers 33 hgve
developed a new synthetic route to synthesise psoralene.
Bromimation of ethyl(2-formyl-5-methoxyphenoxy)acetate
gave the L-bromo derivative (66), which was saponified
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E . CH3
(63) . ' (64)
cha_lc_cot_ms
Y
R
COR
I. Rydyolysis < CORy
<
2. Cyclisabion O™~ O CHEOOGHS
CHg
Ry = -CHy,~GHe ek

and simultaneously cyclised and decarboxylated to 5-bromo-
6-methoxybenzofuran (67). Lithium-bromine interchange and
then formylation ard demethylation gave 5-formyl-6-
hydroxybenzofuran (68) which was condensed with diethyl
malonate to furnish psoralene after hydrolysis ard

dec grboxylation of ths Kmwevaenagel product.

34
Pardanani and Trivedi  have synthesised
Le-methylpsoralene by cordensing 2-bromo resorciml with
ethyl acetoacetate in the presence of con.sulphuric acid

arnd obtained 7-hydroxy-8-bromo-i-methyleoumarin (69)
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which was allylated to (70). This allyl ether (70) on
Claisen rearrangement in dimethyl aniline gave 7-hydroxy-
6=211lyl~4-methylcoumarin (71), bromine in the 8-position
being knocked off during the reaction. This coumarin (71)
was then subjected to ozoﬁolysis, hydrogenation and
subsequent cyclisation with o-phosphoric zcid to give

Ye-methylpsoralens (72).

Angelicin is a naturally occurring furocoumarin
35
of type (G) and was synthesised by <path and Paller
by condensing sodium salt of umbelliferon-8-aldehyde with

iodoacetic ester unier pressure and the product thus
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obtained was subjeéted to hydrolysis followed by
cyclisation.

Naik and Thakor36 repeated this work using ethyl
bromogcetate and gcetone. They observed that the melting
point of 7-(8-formylecoumarimoxy)-acetic acid (73) was
248-49° instead of 178-81° as reported by Spath and
Ihiler35. They also observed that on cyclisation of this
product angelicin-2-carboxylic gcid (7%) which was not
isolated by Spath and Paller was obtained gnd it underwent

decarboxylation when heated with copper and quinoline to

angelicin,
7 I Byen,cooqhg Va
Ol\ Or 2 Hyeclrolysis cooH
o) { 7 O o ‘ OCHQ
CHO CHO
(73)

Cyclisation




37
Using the same method Shah and Shah @‘"2

synthesised 3-methyl-5-oxo-5H-furc(2,3-h)benzopyran
(Farano-3 1methy1—1+: 5 ;8 ,7-coumarin) from 7-hydroxy-8-
acetylcoumarin,

Limgy938 synthesised angelicin by preparing
4=hydroxy-5-formylcoumarone from -hydroxycoungrone and
then subjecting it to Perkin reaction.

Aneja, Mukherjes and S—eshadriw synthesised
apgelicin by subjecting first 7-hydroxy-8-allylecoumarin
(75) to ozonolysis and subseguent eyelisation of 7-hydroxy-

coumarin-g-acetaldehyde (76) with o-phosphoric acid.

o9 “ 10
(02 ¥0) ‘/' O O0™~o 2 OH
c"‘;{cH =Crlg C ch HO

C75) (76)

Furocoumarin of the type (H) was synthesised
%0
by Kaufmann and Russey . They carried out the Claisen
rearrangement of 8-allyloxycoumarin (77) and obtained

7 -311yl-8 -hydroxycoumnarin (78), the acetyl der ivative
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of which was bromingted. This bromo derivative urderwent
cyclisation to 2-methyl-8-oxo-8H-furo(3,2-h)benzopyran

* y 2
(2-methylfuro-4,5,7,8-coumarin) (79) when refluxed with

sodium ethoxide in absolute ethanol.

o ~N Claisen =
O™~0 / &_«zcwmn%amaht ’ o~o CHzCn=CHy
oc&-S\CH:CH;{ OCH

I Adevylation

L. Bryownvinalicn

/
B
9] cuicwc&bﬁx

C
OcCo \'\3

(79

Mehta and s{e’chna“’;L synthesised 3-methyl-8-oxo-
8H-furo(3,2-h) benzopyran (furo—3:methyl—l+:5:7,8-—coum£;\rin)
(81) by condensing 8-hydroxy-7-acetylcoumarin (80) with
ethyl bromoacetate, followed by hydrolysis and cyclisation.

As the present work degls with the syntheses
of pyramobenzopyrans and furobenzopyrans in which a
pyrone ring or a furan ring is built up either on

a-pyrone ring or on benzene ring of 4-hydroxycoumarin
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moiéties: it will be imporéant to reviewha”féwfoﬁ the
important methods of synthesis of l4-hydroxycoumarin
derivatives. ; ‘

Sonnu2 and Baﬁer and Sc.:hode::*lFB synthesised
L-hydroxycoumarin derivatives by using Hoesch synthesis.
They cordensed cyamacetic ester with resorcirol and
phloroglucirol in the presence of hydrochloric acid and
zine chloride followed by the hydrolysis of the
intermedigte ketimine (82) and obtained 4,7-dihydroxy-

(83 a) and 4,5,7-trihydroxycoumarin (83 b) respectively.
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This method is applicable mainly to m-dihydric
phenols and their derivatives.

Pauly -and Lockemannuusynthesised 4 -hydroxy -
coumarin derivatives (84) from methyl acetyl salicylate

by adding metalic sodium to the molten ester.

oH
N\, LO0CH, ~ Na R
. cn R ' .
X CcocHy e
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This method involves condensation with sodium
at high temperature. This procedure was reinvestigated by
Jensen and Jensenug but they did not obtain the yields given
by Pauly and Iockemann : Stahmann, Wolff and L:?.nl%:x"6 reported
that the optimum temperature for the condensation is
240-50",

Angnd and Venkataraman“7 synthesised L-hydroxy-
7 48-benzocoumarin (86) by the internal condensation of
o-carbomethoxy-2-acetyl-l-naphthol (85) in the preseme
of sodamide, anhydrous potassium carbonate, metallie

sodium or sodium ethoxilde in appropriate solvents.

OH
HaCOC AN R,CO4 “‘//'
H,c00e 0N~ Toluene ’ 0™~o
|
t86) (86)

' w8
Boyd and Robertson found that o-hydroxy-
acetophenone gnd its Wesubstituted derivatives readily
condensaed with ethyl carbongte in the presence of sodium

to give Y~hydroxycoumgrin derivatives in good yields.



OH
coc FER Na / \ ’R
>
OH EH‘\/‘ Caglbpnate 2 o o

This 1s a very corwvenient method for the
synthesis of Y-hydroxycoumarin derivatives and its scope
has been.demonstratedtby its application to a varlety of
o-hydroxyacetopherones.

Ziegler and Junek“9 obtained Y-hydroxycoumarin
derivatives by the cyclisation o% diaryl malonates in

o
the presence of anhydrous aluminium chloride at 180 .

COOCMg OH
/ Alcly AN
CHy = >
\\\\\ 180
COOLH 070
s

" 50
Shah, Bose and Shah  have prepared L-hydroxy-
coumarin derivatives in good yields by the cordensation
of phernols with malonic scids In the presence of freshly

fused zinc chloride gnd phosphorus oxychloride,




3-41kyl-¥-hydroxyccumarins have been prepared @8
by heating pheml with ethyl moncalkyl malonates at

0 50
200-40 for 48 hours.
N 4
COOGHs .
4+ R-cH A00-Ao” = Ny R
on \coOCJ_HS o o b

R = -CHB’ "C’éHﬁ, "CHQCéHs

Trivedi5l repared 3-methyl-(87) and 3-benzyl-4-
hydroxycoumarin (88) derivatives by the cordensation of
different phenols with athyl methyl malomzte or ethyl
benzyl mglonate in refluxing diphenyl ether. He observed
that in the case of reactive phemols such as resorcimols,
phloroglucirels and o-naphthols the yields are over 60 %

less

but they are poor in the case of;resctive’ phenols such

as phenol and B-naphthol.

OH
,CO0GH Ph,0 X en
4 hcen > 3
[
HOAS OH Cooqg e "o o 3
(87)
cocH o’ on
[ -
’ AR Ph, O
* HceHe-cH 2 S Nyeh,tche
aleg on 0% o :
0&“5

(38)



In recent years 4-hydroxycoumarin derivatijesés}
hgve assumed importance becgusez of their anticoagulant
properties. Link and coworkerssz fourd that cattle,
feeding on spoiled sweet clover hay, suffer from a
condition characterised by a sharp increase of the blood
clotting time. The pathogenic haemorrhagic principle of
swest clover hay was found by them to be 3,31methylene
bis~(4-hydroxycoumarin), popularly called Dicoumarol (%89).
Dicoumarol is synthesisead by r;acting formaldehyde with
Y-hydroxycoumarin and it is a good ant icoggulant of

blood.

oH

~ CH 0

c89%)

v

Since this discovery the chemistry of L-hydroxy-
coumarins has assumed great importance. Tromexan (90 al),
the anglogous cgﬁpbund with a -COCC,Hs; group in methane
carbon bridge has been developed to give more rapid onset

53
of the recovery from anticoaggulant symptoms .

aH R OH
CL LI
O//LO @) O
(%0)

(&) R = -CO0C,H5, (B) R = -CHa0CH3, () R = -CHj.
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Many atteimpts have been made to vary the structugg
of dicoumarol and thereby prepare more active anticoagulant
drugs. (90 b) is obtained by reacting 4-hydroxycoumarin
with B-methoxy propilonaldehyde is another such compourd
with anticoagulant properties similar to that of dicoumarol.

Mantzer, Nsunier, Buu-Hol and Cagniant5“ tested
the compoundg in which heterocoxygens of dicoumarol were
replaced either by sulphur or nitrogen and found them to
be feebly active compounds. |

Lehmann55 showed that the replacem®nt of bridgs
-CH,- by ethylidene bridge -CH:CH;— gave compound (%90 c)
which possessed higher anticoagulant properties than
dicoumarol.

Mgunier g§~§;°56 observed that while the
corresponding 3-bromo (91 b) and 3-chloro-4-hydroxy-
coumarins (91 e¢) hsve slight anticoagulant properties,
3J-mathyl-4-hydroxycoumarin (91 a) possesses coggulant

properties like vitamin K.

o OH R
Xy R N éH~<<:::>
o0 - o~ 0
(91 (92)
(2) R = CH, (b) R = Br (a) R = -CH,COCH,
(e) R=C1 (d) R = maphthyl (b) R = -C,Hy
(e) R = -CH,C4Hs
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Moraux et als  have prepared 3-naphth

hydroxyecoumarin (91 d) which is dgual %o dicoumar
actlivity and less toxic.
3-Bengyl-4-hydroxycoumarin (91 e} has slight
activity but the acetonyl derivative, warfarin (92 a),
iz a powerful anticoggulant and rodenticide and shows a
remarkable specificity for rats in which the getion of
minute doses has fatal fesultsgé
Link €E~22.59 prepared cyclocoumagrol or
3,4(leethyl-elmethoxy~%ipheny1)dihydropyranocaumarim (93)
by tregting warfarin with 4 % hydrogen chloride in methanol

and found that it possessed greater getivity than dicoumarol.
L=

Oh g
NN— (H R
o~ 0O
(93%) (94)

(a) R =C1 § Ry=-CH,-CO-CH,
(b) R =NO, ; R, =-CH,-CO-CH,
Other compounds which are related to warfarin
and possess anticoggulant property are coumarchlor{(94 a),

sintron (9% b) gnd marcoumar (92 ).
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Link and coworkers  prepared different esters of

dicoumarol gmd found that the getivity of these comp
is less than that of dicoumarol.

From their studies of variows 4-hydroxycoumarin

58 have

derivatives, Link and coworkers ; put forward the minimum
structural reguirements for a substance to possess
anticoggulant properties. The first essential condition is
that there should be an intact L-hydroxycoumarin residue and
that the 3 position must be substituted by a C residue.
Svery compourd fulfilling this requirement is active. For
high getivity a big-4-hydroxycoumarin structure is specially
required. Such an arrangement was consifered important also

. 61
by lMentzer et al. An alternation in this structure resuyltis

in decrease in agetivity. Compounds containing one L-hydroxy-
coumarin residue with an alkyl or gryl group in 3 position
show diminished getivity.

Chmielewska and Ciesléké2 analysed the structural
reguirements for coumarin anticoagulants from the point of
view of thei» vitamin X agntagonism, They postulated that
the active forms of wvitamin K can be represented by the
formulae (95) ard (96), On the other hand an anticoagulant
which 1is an auntivitazrin X should have the structure (§7)
and (98) which are cyeclic hemiacetals obtained from the
appropriate j-substitubted-h-hydroxycoumarins. For such
acetal formation the carbon chain in position 3 should
carry a carbomyl group or a potential carbonyl group in
position 2,or 33 Keeping this in viewy they suggested a

revision of the structure of dicoumarol (99).

EN
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Seshadri ard 66worker363 hgve synthesised many
bridge-substituted dicoumarols and studied their
‘anticoaggulant properties. They fourd in agreement with Link
and coworker358 that 3,3:benzylidenebis—M—hydrozycoumarin
-is much less active than dicoumarol. The introductlon of
substituents in the phenyl ring on the bridge has varying
effects deperding on their nmature and on their positionse.

The authors also supported the Chmielewsks and
Cieslak hypothesis of cjclic ketal form of the type (97)
and (98) for anticoagulant activity.

Recently Hutchinson and Tomlinsonéu have revised
the structure of dicoumgrol and suggested the structure

{100) on the basis of NMR and I.R.Spectra.

Cloo)

They studied the EMR spectrg of dicoumgrol and
showed that there is a complex multiplet between 1.5 ard
2.0 T due to two protons as well as multiplet due to six
protons in the region 2.2 to 3.0 7T . The low field
multiplet 1s presumably due to the deshielded protons Cj
and G; and is evidence for the partial C = O character of
the C,- oxygen bond caused by the formation of a hydrogen

bond between the hydroxyl group and the carbonyl group of

-
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the adjﬁacent ring.

- In the I.R.spectrum, the carbonyl stretching
fraquency occurs at 1660 cm-l. This is due to the carbomyl
group in the side chain which is hydrogen bonded to the
'lr-—hydroxy group of the coumarin moiety.,

They have also suggested that in biological
systems, the formgtion of these intramoclecular hydrogen
bonds may hold dicoumarol(100) in a suitable configuration
for binding to an enzyme ard hence may be an important
factor in the biolozical activities of this compound.

It was,therefore, thought of interest to prepare
4-oxo-UH-furo (3,2~¢c)benzopyran (101) and compounds having
substituenbs in the benﬁomiﬁ part as well as in the furan
part of the fuwrocoumarin ring systems to test for
anticoagulant property. The compound (101) is a dehydrated
product of the hypothetical compound (97) as suggested
by Chmielewska and Cieslakm" in their theory.
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The following furocoumarins are synthesised :

1. 4%-Oxo-4H-furo(3,2-c)benzopyran,

2. 3-Methyl-4-oxo-4H-furo(3,2-c)benzopyran.

3. 3,8-Dimethyl-%-oxo-4H-furo(3,2-c)benzopyran,

4o 3-Methyl-7-methoxy-%-oxo-4H-furo(3,2-c)
benzopyran.,

5 « 3,6-Dimethyl-7-methoxy-k-oxo -4H-furo(3,2-c)

benzopyran.

Synthesis of 4-Oxo -4 H-furc{3,2-c)benzopyran (104)

Pechmann condensation of Y-hydroxycoumarin with malic
acid :+ 2,5-Dioxo-2H,5H-pyram (3,2-¢c)benzopyran (102) :

L-Hydroxycoumarin on Pechmann condensation with
malic acid in the presence of sulphuric acid gave a product
which was insoluble in sodium bicarbomate solution § 2,5~
dioxo-2H, 5H-pyram (3,2-¢c)benzopyran (102) structure was

assigned to it.

L-Oxo-4H-furo(3.2-c)bsnzopyran (104) :

2,5-Dioxo-2H, 5H~pyrano (3,2~¢)benzopyran (102)
was brominated with bromine in acetic geid to yield
3-bromo derivative which was hydrolysed by 10 2 sodium
carbonate solution to L-oxo-YH-furo(3,2-c)benzopyran-2-
carboxylic acid (103). This gcid on decarboxylation with

copper and quinoline gave l-oxo-hH-furo (3,2-¢)benzopyran
104).



OH

/l AN +$H1¢00H Ha$04
X o o cri{on) COOH ’
o) CooH
~
00
(105)

Synthesis of 3-Methyl-t-oxo-4H-furo(3,2-c)benzopyran (108):

Pechmanp cordensation of Y-hydrozxycoumarin with ethyl

acetoacetate : 4-Methyl-2,5-dioxo-2H, SH-pyram (3,2-¢c)
benzopyran (106) :

. 65
Mastalfa and coworkers cordensed 4-hydroxycoumarin

with ethyl acetogcetate in the presence of sulphuric acid
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and the product was assigned 4-methyl-2,5-dioxo-2H,5H~ -
pyrano (3,2-¢)benzopyran (106) structure. The same product
was also synthesised by Fatell and U’sgaonker66 when they
condensed 4-hydroxycoumarin with ethyl acetoacetate in the
prasence of anhydrous aluminium chloride.

Wbodsé7 condensed L-hydroxycoumarin with ethyl
acetogcetate in the prese;nce of trifluorocacetic gcid and
claimed to have obtained 2—meth§1—# 5-dioxo -4H, SH-pyramo
(3,2-¢c)benzopyran (105), m.p. 2 5 K principal absorption
banﬁs 1n I.R.region, 334, 1/u/g1631 1613 em f Mustafa
gE_g}. synthesised (105), m.p. 2%6 , carbonyl stretching
frequencies 1754 and 1667 cm’l in I.R.region, by different
routes aﬁd ¢laimed that 1t was identical in all respects
with the compound prepared according to Wbodss7. It has
mw been fourd that 4-methyl-2,5-dioxo-2H,5H-pyrano(3,2-c)
beczopyran (106), m.p. 2%30, carbonyl stretching frequency
in I.R.region 1740 cm-l, is the only 1isolagble product when
the condensation was carried out in the presence of
trifluoroacetic acid. The mixed me.p. with an authentic

65
sample prepared according to Mustafa et al. or Patell

and Usgsonker s was rot depressed, but the mixed m.p.

with the sample prepared according to Mustafsa gi_g}.ss

by heating #-hydroxy~3-acetylcoumarin with sodium grd ethyl

acetate and subsequent eyelisation with 25 % sulphuric acid,
.pe‘246,»carbanylistretcblﬁg irequencies in I.R.region

"1
1760 and 1670 cm s was depressed by 20 e
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Desai,Trivedi and Sethna68 confensed different
pherols with B-ketonic esters in the presence of refluxing
diphenyl ether and obtained benze-y-pyrones. When
L-hydroxycoumarin was condensed with ethyl acetcacetate
in the presence of refluxing diphenyl ether only L4-methyl-
2,5-dioxo -2H, 5H-pyranc (3,2-¢)benzopyran (106) was obtained
ard not the expected 2-methyl-4,5-dioxo-4H,5H-pyrano-
(3,2-¢)benzopyran (105). This was also confirmed by mixed
map. and I.R.spectra.

3-Methyl-l-oxo -4H-furo (3,2-c)berzopyran (109) :

L4 -Mathyl-2,5-diox0-2H, 5H-pyranc (3,2 -c)benzopyran
. (106) on bromiration with bromine in acetic acid gave
3-bromo derivative, which was hydrolysed by refluxirg it
with 10 % sodium carbonate solution to give 2-(o-hydroxy-
pheryl) ~4-metnylfuran-3 -carboxylic acid (108) and mot the
correspord ing 3-methyl-4-oxc 4H-Turc(3,2-c)benzopyran-2-
carboxylic azcid as obtained in the previous case of
Leyunsubstituted pyrarobenzopyran. This is a typical
behaviour observed in the case of L-methylpyranobenzopyran
derivatives. The formation of (108) can be explained as
follows :

When 4-methyl-3~bromo-2,5-dioxo-2H, 5H-pyrano
(3,2-c)benzopyran is hydrolysed, the rirg contraction of
ring (C) takes place to form a furan ring having a
carboxylic gro{zp in 2-position, but at the same time
' a-pyrone ring (B) of the coumarin rirg system also copens
up to give an intermediate (107) which could not be
i1solated. This intermediate (107) undergoes decarboxylation

A3
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to give 2~(o-hydroxyphenyl)-4-methylfuran-3-carboxylic gg
acid (108). This hydroxy acid was then cyelised by
;efluxing it with hydrochloric acid to 3-methyl-4-oxo-4H-

furo(3,2-=)benzgopyran (109).

Synthesis of 3.8-Dimethyl-b-oxo-ttH-furo(3,2-c)
benzopyran (113) :

Pechmapn cordensation of Y-hydroxy-6-methylcoumarin
with ethyl acetocacetats : 4,9-Dimethyl=2.5-dioxo-2E SH~
pyramo_(3,2-¢) benzopyran (110)

L-Hydroxy -6 -methylecoumarin was condensed with
ethyl acetoacetate in the presernce of trifluoyoacetlc acid
ard 4,9-dimethyl-2,5-dioxo-2H,5H-pyramo (3,2-c)benzopyran
(110), m.p. 1980, carbonyl strstching frequency in I.R.
region 1745 cm“1 was obtained., Mixed m.p. with 2n authentic
sample prepared sccording to Patell arnd Usgaonker66did ot
depress. But the mixed m.p. with 2,9-dimethyl-%,5-dioxo-
LH,5H-pyram (3,2-c)benzopyran (Chapter III) prepared by
hegting Y4-hydroxy-3-ecetyl-S-methylcoumarin with sodium
ard ethyl gcetate and subsequent cyclisation with 25 %
sulphurie acid,map&248g carbonyl stretching fregusrncies
1760 ard 1672 cm_t was depressed. When cordensation was
carrisd out in the presence of refluxing diphenyl ether,
the same 4,5-dimethyl-2,5-dloxo-2H, H-pyrano (3,2-¢)
benzopyran (110) was obtained. M.P., and I.R.spectra were
identical with the compouﬁd prepared by uslng trifluoro-

acetic zcid or aluminium chloride.
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3,S-Dimethyl~4;oxo—kﬁ—furo(3,2;92benzopvran (113) ¢

4,94Dimethyl—2,5—dio£0—2H,5H~pyrano(3,2~c)
benzopyran (110) was brominated with bromine in acetic acid
and the 3-bromo derivative was hydrolysed by 10 % sodium
carbonate solution to give 2—(zihydroxy—5:methylphenyl)—4—
methylfuragn-3~carboxylic acid (112) through the intermediate
(111). This hydroxy acid (112) was then cyclised by
refluxing it with hydrochloric acid to 3,8—dimethy1—§—oxo-
4H-furo(3,2-¢)benzopyran (113).

Sypthesis of 3-Methyl-7-methoxy-i-oxo-bH-Curo(3,2-¢)
benzopyran_ (116) |

Pechmann condensation of 4-hydroxy-7-methoxycoumarin
with ethyl acetogcetars : L=-Methyl-8-methoxy-2,5-dioxo-

2H,53-pyrano(3,2-c)benzopyran (114) :

4 ~Hydroxy -7 -methoxycoumarin on Pechmann cordensation
with ethyl acetoacetate in the presence of sulphuric acid
afforded 4-methyl-8-methoxy-2,5-dioxo~2H,5H-pyranc(3,2-c)
benzopyran (11k). when anhydrous aluminiwn chloride was
used as cordensing agent, the same product was obtained.
Lh-Hydroxy-7-methoxycoumgrin was also condensed with ethyl
acetogeetats in the presence of trifluoroacetic acid ard
refluxing diphenyl ether to give the same h-methyl-8-methoxy-
2,5-dioxo-2H, 5H~pyrano(3,2-c)benzopyran (114), carbonyl
stepetching frequency 1740 c:m“l ard not 2-methyl-8-methoxy-
4,5-dioxo -4tH, 5H-pyrano(3,2~c)benzopyran.
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While prepafing 2—methy1-8-methaxy»4’S—dioxo»..
4, SH-pyraro (3,2~c)benzopyran by heating W-hydroxy-3-
acetyl-7-methoxycoumarin with sodium and.éthyl acetate and
subsequent cyclisation, demethylation took place and 2-methyl-
8 -hydroxy -4, 5-d loxo ~4H, 5H-pyrano(3,2~c)benzopyran (Chapter III),
carbonyl stretching freguencies 1760 ard 1672 cm- y Was
cbtainsd.

3-Methyl-7-methoxy-4-oxo 4H-furo(3,2-¢)benzopyran (116):
4-Methyl-8-methoxy-2,5~dioxo~2H, SH-pyrano

(3,2-c)benzopyran (11%) oh bromination gave 3-bromo
derivative, which on hydrolysis with 10 % sodium carbonate
solution afforded 2—(eihydroxy—kimethoxyphenyl)-#-methyl—
furan-3-carbexyliec gcid (115). This hydroxy acid (119)
on eyclisation with hydrochloric acid gave 3-methyl-7-
methoxy -4 ~oxo 4H-furo(3,2-c)benzopyran (116).

Synthesis._of 3.6-Dimethyl-7-methoxy-l-oxo-4H-furo(3,2-c)

benzopyran (119) :
Pechmann condensation of 4-hydroxy-7-methoxy-8-methyl-

coumprin with ethyl scetoacetate : %,7-Dimethyl-8-

methoxy-2,5-dioxo -2H, SH-pyrano (3,2-c)benzopyran (117):

YHydroxy~7 -methoxy-8 -methylcoumaprin on Pechmann
condensation withmhethyl-acetoadetate in the presence of
anhydrous aluwrinivm chloride afforded a product which was
Insoluble. inrsodium bicarbomate solution j the structure
4,7-dimethyl-8-methoxy-2,5-diox0~2H, 5H~-pyranc(3,2-c)

benzopyran (117) was assigned to it.
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3.6-Direthyl-7-methoxy-4-oxo-#H-furo(3,2-¢c)benzopyran ?Eg
(119) .
4,7-Dimethyl-8-methoxy-2,5-dioxo-2H, 5H-pyram

(3,2-¢)venzopyran (117) on bromination yieldedzg;bromo
derivative which on hydrolysis with 10 % sodium carbonate
soluticn gave 2-(2:hydroxy—3:methy1»kgﬂethoxyphenyl)—4—
methylfuran-3-carboxylic acid (118). This hydroxy acid
was then cyclised by refluxing it with hydrochloric acid
to 3,6-dimethyl-7-methoxy-4-oxo-4H-furo(3,2-c)benzopyran
(119). . "
Pechmapn cordensation of Y-hydroxy-6-methyleoumarin
with malic acid : 9-Methyl-2,5-dioxo-2U,5H-pyrano

(332-c)benzopyran (120) :

L-Hydroxy-6-methylcoumarin on Pechmanr condensation
with malic acid gave a product which was insoluble in
sodium bicarbonate solution § the structure 9-methyl-2,5-
dioxo-2H,5H-pyraro(3,2-c)benzopyran {120) was assigned to
it. It was not possible to prepare a furocoumarin from this
pyrano benzopyran (120) as it was obtained in very poor

Yie 1d.

OH

HaCr” N +w$qic00H Hg504
CREOH) COOH

NN o0
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features of the compourds like warfarin (92 a), marcoumer

t is interesting to know the structural

(92 v), coumachlor (%% a) and sintron (9% b) which possess
anticoagulant activity. The general feature of these
compounds is that they have a phenyl ring separated from
behydroxycoumarin ring by one carbon atom at 3J-position of
coumarin ring system.

Cyclocoumarol or 3,%»(21methy1—21methoxy-4:phebyl)
dihydropyranoeoumarin (93) which also possesses the above
feature prepared by Link ﬁg_g}.éo hasg greater anticoagulant
activity than dicoumarol. .

It is interesting to know here that L-methyl-3-
phenyl-2, 5-3 ioxo-2H, H-pyranc (3,2~¢)benzopyran (121)

possesses anticoagulant activity comparable to that of

69
dicoumarol according to Arora agnd Mathur .

It was,therefore, thought of interest to synthesise
compounds haying similar structurel feagtures present in
(122). To attain this a furan ring or a a-pyrone ring is
buillt up on 3,4%=-position of 4-hydroxycoumarin ring systems
which has a phenyl ring separatad from the coumarin ring

systers by one carbon atom.



Synthesis of 3-Phepyl-b-oxo-H-furo(3,2-¢c)benzopyran(iné):

70
4-Aydroxy~-3~benzoyleoumarin (123) was condénsed
with 2thyl bromoacetate in acetone to give the 2ster
ethyl-3~phenyl-4-oxo-4H-Turo(3,2-c)benzopyran-2-carboxylate

{124) and mot the ethyl 3-benzoyl-h-coumsrinyloxyacetste.

oK
" SNv-colghe B CH o0 G Mg
~ Adlerone
\ O O KJ..CC:S
CL2%)

- Plydrolys.s
v

O i COOH
| j
o o N (Mg

GQuinoline

o0

( 125)
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The ester (124) was then hydrolysed by reéfluxing it with
10 % sodium hydroxide solution to 3J-phenyl-i-oxo-4H-furo-
(3,2-¢c)benzopyran-2-carboxylic acid (125). This acid on
decarboxylation with copper and gquinoline gave 3-phenyl-l-
oxo-4H-furo(3,2-c)benzopyran (126).

Synthegis of L-Hydroxy=-3-benzoyl-6-methyleoumarin (127):

Fries migration of Y-benzovioxy-5-nethylcoumarin

L-Hdydroxy-t-methylecoumrin was benzoylated with
berzoyl chloride in pyridine and a few drops of piperidine
at 0»50, LY -Benzoyloxy-6-methylecoumarin dn Fries migration
with arhydrous aluminium chloride afforded 4-hydroxy-3-

benzoyle-6-methylcoumarin (127).

G COCehs o
o, C oo \\ C - .
£ H O
Fries wwgvation > Nye Sl
070 o0
c1a7)

EsRsicetyvlation of i-hydroxy=-3-benzoyl=-6=-methvicoumarin :

L-Phenyl =Y-nethyl=2,5-dioxo -2, SH-pyraro(3.2-c)

benzopyran (128)

L-Hydroxy=-3-benzoyl-6-~methyleounarin (127) on
Kostaneeri-Robinson acetylation with acatic arhydride ard

sodium acetate gave a product insoluble in sodium

-



&
s n N - . X X
bicarbonate solution. The structure L-phenyl-9-methyl-2,5-

dicxo-2H, 5H-pyrano(3,2-c)berzopyran (128) was assigned

to it , P
O
CH [
HayC | NN OGS .. A Mg
Adeeltyialion
le 0-~0 ’ o-~0
' (128)

Synthesis of 3-Phenyl-8-methyl-l-oxo-LH-furo(3,2-c)

benzopyran (131)
L-Hydroxy=-3-benzoyl-6-methylecoumarin (127) on

condensation with ethyl bromogestate in acetone gave the

) COOE, He
(O3
- -
H3C X CU%HS' R Ct—\aCOOC_;_Hg H3C DN SHe
~ Acztone .
O K'J_C 03 O O
C129)
_ Hychfo‘ys:s
Y
O CCOH

Cu &.

Quinglineg
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, 78
ester ethyl 3 -phenyl:-S .-fmeths,'l--hL -oxo -4H-furo(3,2-c )bézﬁo pyran-
2-carboxylate (129). This ester was then hydrolysed by
refluxing it with 10 % sodium hydroxide solution to 3-phenyl-
8 -methyl--oxo -4H~furo(3,2-c)benzopyran~-2-carboxylic acid
(130) which on decarboxylation afforded 3-phenyl-8-methyl-
4=oxo -4H-furo(3,2-c)benzopyran (131).

Syntheses _of 2-Methyl-4-oxo-4H-furo(3,2-¢c)benzépyran
derivatives :

In recent years, the importance of o-hydroxy
allylcoumarins has been increased because of the fact that
these can-be used as starting materials for the synthesis
of 2—subst1tqted furocoumarins gs well as unsubstituted
furocoumarins which occur in nature. It was, therefore,
thought of interest to study the Claisen rearrangement
of different &-allyloxycoumarin derivatives and thereby
to prepare 2—methy1furob9nzopyran derivat ives'.

The following 2-methyl-l-oxo-4H-furo(3,2-c)
benzopyran derivatives are synthesised :

1. 2-Methyl-4-oxo-4H-furo(3,2-c)benzopyran.

2. 2,8-Dimethyl-4-oxo-4+H~furo(3,2-c)benzopyran.

3. 2-Methyl-7-methoxy--oxo-4H-furo(3,2-¢c)benzopyran,

4. 2,6-Dimethyl~7-methoxy -4 -oxo 4H-furo(3,2-c)
benzopyran. N

5. 2=-Methyl=-6,7-d imethoxy -l -oxo -4H-furo(3,2-c)

benzopyrane.



79

Synthegis of 2@@ehhyl—#-q&o—4H:furb(“:2—c)benZO§yran
{135) :
hHydroxycoumarin was allylated with allyl

bromide and anhydrous potassium carbonate in acetone to

Yeallyloxycoumarin (132).

Fy
N Chy = CH-CHy By N
N ACe¥one i I~
O & KalO3 O ~O
C432)

o |ioo10°

OH

\ CH~CH=C
&'!1 H V‘\{

b-41lyloxycoumarin (132) on Claisen rearrangement
4]
when heated in an oil bath at 200-1C  for 2 hr. gave a
alkali insoluble product, to which 2-methyl-2,3-dihydro-

Yeoxo-4H-Turo(3,2-c)benzopyran (134) structure was assigned
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rearrangement, the allyl group migrated to 3-position but

ard not bke-hydroxy=-3=-2llyleounarin (133). On Claisen

at the same time was cyclised to give dihydrofurccoumarin
(134). This dihydrofurocoumarin on dchydrog@nation with
ralladised charcoal in dipheryl ather alforded 2-methyl-l-

oxo-4H-furo (3,2-¢c)benzopyran (135).

Synthesis of 2,8-Pimethyl-4-oxo-4H-furo{3,2-c)
benzopyran (138) :

Y-Hydroxy~6~methylcoumarin was allylated with

allylbromide in acetone to give Y4-allyloxy-6-methylcoumarin {(136).

G4 CJ-CH(:,:CH:C|-\’i
HyC = NI Clh:(.}-\-LH;lE)g HaC- AN
Aczione i ~
X o0 KaCO o-~0
(436)
A | 200°
‘ @] "‘CH3 I ——
l /‘ OH
R, C ~ fy ¢ N .LHiCH e,
0-~0 o~0
(1%7) - N
Pcl/c
Ph.0
b 3 O—~:IICH3
My X
o0



The above zllyloxycoumarin (136) on Claisen 61
rearrangement gave 2,8~-dimethyl-2,3-dihydro -k-oxo-4H-furo
(3,2-=¢c)benzopyran (137) ard rot h-hydroxy-3-allyl-6-methyl-
coumarin, This dihydrofurocoumarin on ;iehydrogenation

afforded 2,8-dimethyl-t-oxo-4H-furo(3,2-¢)benzopyran (138).

ynthesis of . 2-Methyl-7-methoxy-t-oxo~4H-furo(3,2-c)
benzopyran (141):

2]
-
5

L-Hydroxy-7-methoxycoumarin on allylation with

allyl bromide afforded Y¥-sllyloxy-7-methoxycounarin (139).

-

O Hi CH = CH':,\

OH
~ Crl, = CH-Ciy, By . O
N Acekone N
CH0 o-~0 W, €04 O o-~0
(1%9)
o
a |ico-i0
v
O Ty _
OH —T
N | ~ Q‘EZ—CH;CH.{
C O O0-~0 e ~o -0
(140) — -
Pl
Ph,0
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#~A11y1@x§»?»methoxycoﬂmarin {(139) on Claisen
rearrangement gave 2-methyl-7-methoxy-2,3-dihydro ~h.e0x0 -
Li-furo(3,2-c )benzopyran (140) as before. This dihydro-
furocoumarin on dehydrogenation afforded 2-methyl-7-methoxy-

l-0x0 -4 H-furo {3, 2-c)benzopyran (141).

Synthesis _of . 2,6-Dimethyl-7-methoxy ~+=-oxo4H-furg

£3,2-cibenzopyran (14k) 3

4-Hydroxy-7-methoxy-d-methylcoumarin on allylation
with allyl bromide gave 4-allyloxy~7-methoxy-8-methyl-

coumarin (142).

OH OCH-CH=CH

4 2
N CH= CH-Ch, By RN
My
O Acetone o g
SR R -
3 00 00, CHy o0
CH3 CH3
ci42)
[}
a lato

OH
N CH_{LH :CH{
\\
O 0
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4-Allyloxy =7 =methoxy -0 -methylecounarin on CYaisan
rearrangenent yielded 2,6ﬂimethyl—?-methoxy—2,3wﬂ.il1ydro-’+-
oxo—#H—furo(3,2»0}5enzopyran (143). This dihydrofurocoumarin
on dehydrogenation zave 2,5=dimethyl -7 -me thoxy -4-0%0 <l H=-

furo (3,2-c)benzopyran (1)

Synthesis_of 2-Methyl-6,7-dimethoxy-t-oxo-4H-furo

{3,2-2)benzopyran (147) :

4-Hydroxy -7 ,8 -dimethoxycoumarin on allylation
with allyl bromide afforded 4-allyloxy=-7,8-dimethoxy-

coumarin (145).

oW OCH.{CH:CH&
N CHy= CH-Crig By ~
Acaet >
C»to Y cetTone .
RN 0-~0 K, con <P 00
o, ocH,
C145)
A |20

O rCHy
4 I T Ovl T
AN

CH-CH=C
N rhﬂcrl_,{

/
N

.
“hg ¢ 0 CHR0”
OcChg ocu

(146)

o0

(e
P h 10

CHAO"
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This 4%-allyloxy-7,8-d imethoxycoumarin on Claisen
rearrarngement gave 2 —rr;ethy1~6 o7 -d imethoxy~-2,3 ~dihydro -t~
oxo-4H-furo (3,2-c)benzopyran (146) which on dehydrogenation
gave 2-methyl-6,7-dimethoxy-4-oxo-tH~-furo(3,2-¢)benzopyran
(147) o

In view of therapeutie properties of furocoumarin-
and 4-hydroxycoumarin derivatives, it was thought of interest
to synthesise furocoumarin derivatives having furan ring
fused to the benzenoid part of the L-hydroxycoumarin ring
moisty. )

Synthesis of Y-Hydroxy-2-methyl-6-0x0-6H-furc(3,2-f)
benzopyran (154) : (Type D)

2,5-Dihydroxyacetophenone (148) was allylated by
heating it with allyl bromide and anhydrous potassium
carbonate in acetone to 2-hydroxy—5—allyloxyacetOphenone?l
It was then treated with pulverised sodium and diethyl
carbonate on a water bath to give 4-hydroxy-6-allyloxy-
coumarin (149) which was subsequently methylated to
Y -methoxy=-6~-allyloxyecoumarin (150); This methyl ether on
Claisen rearrangement in dimethyl aniline afforded
4 -methoxy -6 -hydroxy-5-allylcoumarin (151). The structure
of this allylecoumarin (151) was proved by NMR spectra.

This allylecoumarin was cyclised to L-methoxy-
2-methyl-2,3~-dihydro -6 -oxo -6H-furo(3,2-f )benzopyran (152)
by triturating it with con.sulphuric acid. It was then
dehydrogenated with palladised charcoal in diphenyl ether

to L-methoxy-2~-methyl-6-oxo-6H-furo(3,2-f)benzopyran (153)
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and subsequently demethylated to %-hydroxy-2-methyl-6ro£gz
6H-furo(3,2-f)benzopyran (154) by refluxing it with con.
hydrochloric gcid When this furocoumarin was refluxed with
formaldehyde solution in aleohol 1t ga%e 5,5:methylene bis
G -hyd roxy -2 -methy 1 -6 -0x0 ~-6H-Furo (3, 2-f) bensapyran] (1 59)

Synthesis of furocoumarin of the type (F) =

In recent years furocoumarins of the type (F)
l.¢s psoralere type have received considerable attention
on account of their therapeutic properties. Xanthotoxin or
9-methoxypsoralene 1s a fish pc.’t.son?2 but it is relatively
non-toxiec to mammals., Schoenberg and Latif73 observed that
it possesses molluscacidal activity. It was demonstrated
by Elw:!.?IF that 1t produces fatty degenaration of liver and
adx:enal haemorrhage if 1t 1s administered in large doses
to mammals. In the case of himan beings the compound has
found medical acceptance for the treatment of leucodemna?.’5
The most recent applications have made use of the fact that
it alters the erythermal response to ultra violet light, a
property which has been used elinically to prevent sun-
burns“. There is some evidemce that xanthotoxin under
certain conditions may be carc 1mgenic7z

_ Pathak ard Fellman78 have studied the activating
and fluorescent wave lergths of 37 furocoumarins and their
biological photosensitising action was also investigated.
Furocoumarins which induced difinite photosensitised
erythermal response on mammalian skin showed activation
peaks in the région of 340-380 mp and concomnitantly the
fluorescent peaks in the region of 420-460 mp. The imactive

.
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furocoumarins 4id not show these specific activating ané
fluorescent peaks. Pgsoralene, xanthotaxin, bergapten,etc.
have teen found tc be active but 8-hydroxypsoralene,5,8-
dimethoxypsoralere etc. were found to be inactives

Recently Misajo and coworkers79 have observed
that flavinmononucleotide (FMN) will react only with the
furocoumarins that ars photodynamically active and that
the reactiorn products appear to have been modified mainly
in the furar ring. furthermore, they have demonstrated that
PMW in large amounts acts againét erythsma expected from
the psoralene type molacule. Threse new coumarin derivatives
hgve been isolated in the bargapten photoreaction, namely
7 -hydroxy-5-methoxycoumarin-b-acetic acid, its methyl or
ethyl asther according to the presence of methyl or ethyl
alechol in the irradigted solution and probably #:5idihydro—
%:oxo—5»methoxyfurocoumarina

Two substances have been obtained by the photo-
reaction of #N ard psoralene in a2 water-methyl alechol
solution, namely the methyl ester bf 7 «hydroxycourarine6 -
acetic acid (a) ard 6-formyl~7~hydroxycoumarin (b)., No new

compounds are formed in the photoreaction of MMV and

Rodighiero ard coworkersgo found that psoralene
ard xanthotoxin significantly inhitited the growth of the
tubeccle bacillus. The antifungal activity of furocoumarins
has bean stulled by Chakragborty and coworkersBl who reported
that psoralens and imperatorin wepe the most effective

antifungal agents tested..
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Syrthesis of k-fiydrexy-5,8-dinsthylpsoralers (163) :
2,Q-Dihydroxy—3-methylacet9phenone (156) was
allylated by refluxing it with allyy%romide and anhydrous
potgssium carbonate in acetone to L-allyloxy-2-hydroxy-3-
methylacetophenone (157). This was then treated with
pulverised sodium and diethyl carbonate on a water bath
to give 4-hydroxy-7-allyloxy-8-methylcoumarin (158). This
coumarin was methylated and the methyl ether (159) was
refluxed in diethyl aniline to yield L4e-methoy-6-allyl-7-
hydroxy-8-methylecoumarin (160);
The above allyleoumarin (160) was then eyclised
to 4-methoxy—5:8—dimethy14+:5:d1hydropsorélene (161) vy
tritufating it with con;sulphuric acid., This method of
cyclisation was found superior to earlier methods which
used hydrobromic gcid or\pyridine hydroéhloride. This
dihydrofurocoumarin (161) on dehydrogemation with palladised
charcoal afforded #—metho§y-5:8—dimethylpsoralene (162),
the U.V.Spectrg of which showed the characteristic band
at 326 ma (log e 3.93). It underwent demethylation to
4-hydroxy—5:8—dimethylpsoralene (163) when refluxed with
con.hydrochloric acid. h—Hydroxy—SZS—dimethylpsoralene was
refluxed with formaldehyde solution in alcohol to give
3,3:methylene bis (H—hydroxy-5:8—dimethylpsoralene) (164) .

* The romenclature 1s gecording to A.C.Curtius, J.

Invest.Dermatol., 32, 133 (1959).
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Synthesis of 7-hydroxy-2-methyl-5-o0xo-5H-furo '923
£2,3-h)benzopyran (174) : Type (@)

Resacetophermone (165) was all&lated with allyl
bromide in acetone to hQallyldxyresaee&gphénane7l(166).
This was then converted to 4-hydroxy-7-allyloxycoumarin
(167) by heating it with sodium amd ethyl carbonate. This
was then methylated and the methyl ether (168) on Claisen
rearrangement in dimethyl aniline afforded L-methoxy-7-
hydroxy-8-allylcoumarin (169). This allylcoumarin was
cyclised with con.sulphuric acid to 7-methoxy-2-methyl“
2,3-dihydro-5-ox0-5H-furo(2,3-h)benzopyran (170).

The above dihydrofurocoumarin was also synthesised
by another route. 3—A11y1resacet0phenone7l was c¢yclised
to 2-methyl-4-~hydroxy-5-acetylcoumaran (171) by treating
it with con.sulphuric acid. This was converted to 7 ~hydroxy ~
2-methyl-2,3-dihydro-5-oxo~5H~furo(2,3-h)benzopyran (172)
by heating it with sodium and diethyl carbonate. This was
then methylated to (170),.

It was then dehydrogenated to 7-methoxy-2-methyl-
5-oxo-5H-furo(2,3-h)benzopyran (173) by refluxirg it with
palladised charcoal in diphenyl ether which urderwent B
demethylation to 7-hydroxy-2-methyl-5-oxo-5H-furo(2,3-h)
benzopyran (174) when refluxed with con.hydrochloric acid.
This furocoumarin when refluxed with formaldehyde solution
in aleohol gave 6,61methy1ene bis{7 -hyd roxy=-2-methyl-5-oxo -
5H~§uro(2,3-h)benzopyraﬁ](l75).
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I.R.Spectra (CHC1 ;)were detorminad with a Perkin-

Elmer 237 gratipg spectrophotomater,
~ NMR Spectra wers recorded on Varian A 60
spec trophotometer and DMSO-d; was used as solvent, using
TMS as internal indfcators.
The ultfaviblot absorption spectra was measured

with Beckmann model DU spsctrophotomster.

" malie agid 3 -D H, SH-pyr , bepzopy $
A mixture of lr-hydroxycoumarin (5 g.) and mal:le
aeid (5 g.) was heated on a steam bath with gradual
addition of sulphuric acid (50 mle § 80 %) in 45 mimtes.
period. Heating was contiméd for further 4 hr., The reaction
mixture was added to ice and the product filtered,washed with
sodium bicarbonate solution,dried and crystallised from
acetic acid,m.p. 111»2 . Yield 2 g.
Apalysis ¢ Foumd t C,67.21 § H, 2‘65 %e
cuH"O.l, - - requires 3 0,67.2? $ Hy2.82 %0 -
- =Bromo =2, 5-4ioxo ~2H, SH-pyr 12-¢c)be t
- 2,5—D1°xo-2H,5H-pyram(3,2-e)benzopyran (2 g-) was.

dissolved in minimum amount of ac etic geid and bromine
dissolved in acetic acid (30 ml. § 20 % 3 4 mole) was added
'and the mixture heated on a water bath for 2 hr. The reaction
mixture was then added to 1ce and the bromo derivative was
filtersd,dried and crystallised from acetic acic;,m.p.Ello'
Yield 1 g.
Apalysis s Found t+ Br, 27:22 %;
C; oHg0,Br requires 1 Bry 27.30 %o
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Y wOxo -t id=frro{3, 2-c)benzopyran=-2-carboxylic acid

)
o0

3-Brom0~2,5—dioxo~2H,5H-pyrano(3,2—c)benzopyran
{1 g.) was refluxed with sodium carbonate solution (10 ml.;
10 % ) Tor 45 minutes. The resction mixture was allowed to
cool and acififisd. jhe product was treated with sodium
bicarbonate solution and crystallised from dil.ethyl

o
aleohol, m.p. 290 . Yisld O.% g.

Amlysis ; Found 2 G,62.44 5 H,3.07 %s
Gy 505 requires : G;62.62 § H,2.63 %.

Decarboxylation of 4-oxo-kH-furc(3,2-¢)benzopyran-2-

carboxylic acid : 4-Oxo-4H-furo(3,2-¢c)benzonyran

k-0xo=4H-furo(3,2~c)benzopyran-2-carboxylic
acid (O.% g.) was heated on a sapd btath with quinoline
(5 ce,s) amd coppar bronze (0.2 g.) for 1 hr. The raaction
mixbture was filtered hot and the filtrate geidified with
hydrochloric zcid and filtered again. The Tiltrate was
diluted with water and sxtracted with ather. The product
‘obtained after gvaporation of osther was washed with sodium
bicarbonate solubion, dried and crystallised from petroleum

0
ether, m.p. 93 . ¥Yisld C.1 g.

Amalysis : Found : C,70.71 5 H,3.10 %.
C11HgO3 veguires : C,70.97 5 H,3.25 %

Synthesis of 3-Methyl-Y-oxo-Yli-furo{3.2-¢c)benzopyran @

Pochmann condensation of b -hydroxycouuwaripn with ethyl-

acetoacetate 3 4-Methyl-2.5-dioxo~-2H, SH-pyrano(3,2-c)

benzopyran .

A mixturs of Y-hydroxycoumarin (5 g.) and ethyl
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acetoacatate (8 ml.) in diphenyl ether { 25 ml.) was heated
on a wire gauze for % hr. The resction mixture was kept
overnight. The separated product was filtered and washed
with sodium bicarbonate solution, dried and crystallised
from acetic gcid, M.ps 2420. Yield 2 g.

A mixture of -hydroxyecoumarin (1 g.) and ethyl
acetogcetate (2 ml.) in trifluoroacetic acid (5 ml.) was
hegted on 2 sard bath for 15 hr. After the completion of
the regetion, a few ml. of 2thyl alcohol were added and
kept overnight. The separated product was filtersd and
washed with sodium bicarbonate solution. The residue
crystallised from acetic acild, Mep. 2%209 Yield 0.3 g.
Mixed m.p. with an authentic sample prepared by Mistafa

ES

et al, and Patell and Usgaonker did not depress. carbonyl
stretching frequency in I,R.region, 1740 em %,
3-Bromo b -nethyl=2,5-dioxo ~2H, SH-pyrano (3, ,2-c)

benzopyran :

L-Methyl -2, 5-d ioxo -2H, SH-pyrano (3,2~ )benzopyran
5 z.) was dissolved in hot acetic acid and a solution of
bromine in acetic acid (35 ml, ; 20 % 3 2 mole) was added
" with stirring and the mixturse was left overnight. The

separated brome derivative was filtered, dried ard

?
)
crystallissd from acetiec acid, m.p. 258 « Yield 2.5 g.
Analysis : Found : Br, 26.15 %.

Br, 26.06 %

(23

Cy3H,0,Br reguifes
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-(o-Hyd envl) 4 -met «3-0arb acid 3

3-Bromo-l¢~methyl-2,5-d1ioxo §2H, 5H-pyrano (3,2-¢)
benzopyran (2 go) was refluxed with sodium carbonate
solution (20 mls § 10 ¥ ) for 3 hr. The reaction mixture
was allowed to cool and acidified, The ssparated product
was treated with sodium bicarbonate solution,dried and
crystallised from hot water, mep. 155 Yield 0.8 ge
Apalysis s Found t €,66.427 % § H,4438 %o
c:;,ﬂ,,oo.‘ roquirOs : 0,66.05 % 3 Hlteb2 %0

WMMW*

2-(0 -Rydroxyphe nyl) -lb-methylfuran-3 -carboxyl 1ic
acid (0.8 g.) was dissolved in ethanol (5 ml,) and refluxed
with hydrochloric acid (5 ml,) for & hr, The separated
product was filtered (charcoal) swashed with sodium
bicgrbomte solution anﬂ erystallised from dil.acetic acid,
RepPe 166 Yield 0.2 geo ~ L
Apalysis ¢ Foumd 1 C,71.89 § Hyk.00 %.

Cy2Hg0, requires 3 C,71.99 3 H,k.oﬁ %e

\ A mixturs of Lc»’--hydr:cxy‘-6--met:hylrzcmmzu-:l.n (3¢5 24 3
1 mole) and ethyl acetogcetate (5.2 g. § 2 mole) in

diphenyl ether (25 ml,) was heai:ed on a wire ganze for

» - - -
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I+ hr, The resction mixture was kept overnight. The
separated product was filtered and washed with sodium
bicarbonate solution,dried and crystallised from acetic
acid, m.p. 1980. Yicld 1.5 ge _ _
A mixture of k-hydroxy-ééméthylcopmarin (1 go) and
ethyl acetoacetate (2 ml,) in trifluoroascetis acid (5 mle)
was refluxed on a ..sérd bath for 15 hre A few ml. of:ethanol
were added after the completion of reaction anl kept
overnight. The separated préduct was filtered, washed with
sodium bicgrbonate solution and erystallised.from acetic
acid, m.p. 198°. Yield 0.3 g. Mixed m.p. with an authentic
sample prepared by Patell and Usgaonker did mot depress.
Carbonyl stretching frequency in I.R. region 1745 em-",

-4 1-2,5-4i0x0 2K, 58~ -
bemsopyrap ¢ : o
4, 9-Dimethyl-2,5-d10x0 -2H, SH-pyrano(3,2-c)
benzopyran (5 g.) was dissolved in hot acetic acid and
solution of bromine in acetic acid (35 1: 34 20 % § 2 mole)
was added with éti-:;ring and the mixﬁurb was kept overnight,.
The s‘pal‘g;ed product was filtered,dried and crystallised |
from acetic acid, m;p; 250?. Yield 2 g'.‘
A__@;w 3 Fould ~ 1 Br, 2%:7? %;
Cy3H;0,Br . requires s Br, 24.92 %.

’ Ly ' o
2=( 228 -5-methyl -methylfuran-3-

carbozylie scid
3-Bromo < ,9-d imethyl-2,5-d ioxo ~2H, SH-pyrano
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(3,2-c)benzopyran (2.0 ge) was refluxed with sodium cyrbonate
‘solntion (20 ml, § 10 2 ) for 6 hre. The reaction mixture was
allowed to cool and acidified., The separated product was
filtered,treated with sodium bicarbonate solution,dried ard
erystallised from water, m.p. 1780. Yield Qe7 2o

Apalysis  + Pound 1 C,67439 § Hy%e75 %.

Cy3H, 20, requires s C,67.23 § H,5.21 %e

musman : Wﬂlﬁm&.ﬂ::w
benzopyran * |
ae(zzfﬂydroxy‘-_-‘j :methylphenyl) <4 -methylfuran=3=-

carboxylis acid (0:7 g:) wag dissolved in ethanol (5 ml.)
and refluxed with hydrochloric acid (6 ml.) for 3 hr. The
separateﬁ product was filtered (eharéoal) and washed with
sodium bicarbonate solution, dr::!.ed\ anl erystallised from
dil.acetic acid, mep. 157 . Yield 0.3 8o
Apalysis s+ Fourd 2 C472.59 § Hy4.43 %.
0131{1003 requiras : 0,72.39 ; Hyto71 %o

A mixture of l-hydroxy-7-methoxyecoumarin (5 g. }
and ethyl acetoacetate (7 ml;} was heated on a steam isaq:h
with gradual addition of sulphuric aeid (50 ml, § 80 %.)
for 45 minutes period: Heating was é&ﬁtiimad for further L4 hr,



a2
The reaction mixturs was then added to ice and the saparaze%d
product was filtered,washed with sodium bicarbonate solution
and erystallised from acetie acid, m.p. 2370. Yield 2.0 ge
Carbonyl stretching frequemcy in I,R.region 1740 cm-‘. '
Amelysis ¢ Founmd  t G,65.16 § H,3.85 %e
Cy4Hy o0s requires 3 0,65;12 $ H,3.90 2.

\ A mixture of 4e-hydroxy-7-methoxycoumarin (5 ge)
and ethyl acetoacetate (10 ml.) was added to a solution of
aphydrous aluminium chloride (6 5 ge) in dry nitrobenzere
(30 ml.) and was heated at 130 in an oil bath for & hr.
The regetion mixture was decomposed with ice and hydrpchléric
acid and nitrobenzens was steam distillled. The separated
product was washed with sodium bicarbonate solution,dried
and ecrystallised from acetic acid, yield 4.5 g. Mixed m.pe
‘with the above sample was rot deprassed.

A mixture of lr-hydroxy-?-methomrcoumarin (1 ge)
and ethyl gcetoacetate (1.5 ml,) was refluzed in boiling
diphenyl ether (10 ml.) on a wire gauze for 4 hr. The
reaction mixf.‘uré was kept overnight. The separated product
was filtered,washed with sodium bicarbomate solution and
crystallised from acetic gcid, yield O.k go Mxed m.p. with
the above sample was not depressed. ]

. A mixture of Y4-hydroxy-7-methoxycoumarin (1 go)
and ethyl acetoacetate (1 ml,) and trifluorcacetic ac 14

(5 ml,) was refluxed on a sand bath for 15 hr. After the
completion of reaction a few ml. of ethamol wers added and

kept overnight. The separated product was filtered,washed

~



with sodium bicarbonate solution amd crystallised from 1(4
acetic gecid. Yield O.4 go Mixed me.pe. with the above preoducts

wvas not depressede

4 -Methyl-8 -methoxy~2, §~d oxo-2H, SH-pyrano

(342+-¢)benzopyran (4.5 ge) was dissolved in hot gcetic acid
and bromine in acetic geid (14 ml, § 20 % § 1 mole) was
‘added with stirring. The bromo derivative,which separated
immediately, was filtered,dried and crystallised from
acetie acid, m.p. 2?&0. Yield 3g.

Apglysis ¢ Fourd ¢ Br, 23;_60 %o

Cy,HgO4Br i;equires s Br, 23.7% %o

r e 3
3-Bromo-4-methyl-8-methoxy 2,5 -dioxo-2H, 5H~
pyram (3 ,2-c)benzopyran (2 g;) was :;efluxed with sodium
carbonate solution (20 mle $ 10 Z) for 5 hre The reaction
mixture was cooled and acidified. The product was filtered

and purified by the treatment with sodium bicarbonate
solution and crystallised from weter, m.p. 201 . Yield 0.8 ge.
Apalysis : Foumd 3 C,62.77 3 H,4.76 Z.

Cy 3H; 205 requires s C,62.90 3 H,4.87 %.
Gvelisation + i-Methyl-7-methoxy=l-oxe-yE-fure(3,2-c)
bepzopyrap -

, o -
2-(2-Hydroxy -4-methoxyphenyl) -4-methylfuran-3-
carboxylic acid (0.8 g.) was dissolved in ethamol (5 ml.)

=
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and refluxed with hydrochloric acid (10 ml.) for 3 hr. The
separated product was filtered (charecoal),washed with
sodium bicarbonate sclution and erystallised from dilute
acetic acid, m.p. 1730. Yield 0.3 g.

‘Mw s Found ¢ Cy67.6% § H4a22 %o

Cy 35y 004 requires : C,67.82 § H,4e38 %

A mixture of l+-hydroxy~7-methoxy—8-methyl—

coumarin (5 g.) and ethyl geetoacetate (10 ml,) was added
slowly %0 a solution of anhydrous aluminium chloride (6.5 gs)
in dry nitroberzene (30 ml.) and was heated in an oil bath
at ].30«-‘1-6.'3o for 4 hr. The reaction mixture was decomposed
with ice and hydrochloric acid and nitrobenzene was steam
distilled. The product was filtered,washeé with sodium
bicgrbonate solution and crystallﬁised from acetic acid,

m.pe 238°, Yie1d k.3 go

Apalysis s Foumnd 3 3,66.67 ] H,lh37 %o

Cy sHy 205 requires s C,66 17 ; H,‘hk’i- %o
-B imethyl -8 -met - {oxo - -py e
MW s

I ?-—Blmethyl-S-methoxy-z S-dioxo -2H, SH-pyrano
(3,2-c)benzopyran (2.5 g.) was dissolved in hot acetic acid

£
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20 £ 3 1 mole) was added with stirring. The produet, which
separated immediately was filtered, dried and crystallised
from acetic gcid, m.p. 2500. Yi?ld 135 e

ppalysis @ Found - 1 Br, 22.76 %o

C,sH,,0sBr  requires : Br, 22.79 %.

and to the hot solutiom bromire in acetic acid (8 ml. j

-capboxyl; 2
3;]§romo <4 ,7-dimethyl-8-methoxy-2,5-dioxo-2H, 50~
pyraro(3,2-c)benzopyran (1.0 g.) was refluxed with sodium
carbonate solution (10 ml. § 10 %) for 5 hr. ‘The reaction
mixture was cooled and acidifled. The product was filtered,

treated with sodium bicarbonate solution,iried and

, 0
erystalliged from water, m.p. 216 . Yield 0.5 g.
Anglysis ¢ Foumnd t 0463463 5 Hy5415 %

CiuHy 1,05 requires ¢ C,64411 § H,5.38 %
€ycllisatiop : 3.6:-Pimetbyl-7-metboxy-i-oxo-bH-furo
{3,2-¢)bepzopyrap 3 :

2«( Q:ﬁydroxy '3;-methyl-lt:methoxyphenyl) <4 -methyl -
furan-3-carbox§i1e acid (0.5 g.) was dissolved in ethanol
(5 ml,) ard refluxed with hydrochloric acid (10 ml,) for
3 hr. The separated produet was filtered (charcoal) ywashed
with sodium bicarbonate solution and crystallised from
dil,acetic acid, m.p. 160,0. Yield 0.2 ge

Analysis : Found C,68.42 § H,5.21 %.
CiuHy 20, requires : C,68484 3 H,4.95 %.

(1



A mixture of li-—hydroxy-é-methylcoumarin (5 ge)
and malic acid (5 g+) was heated on a steam bath with
gradual addition of sulphuric acid (50 ml. § 80 %.) in b5
minutes period. Heating was contimed for further 4 hr. The

reaction mixture was added to ice anmd the sepsrated product
was filtered,washed with sodium bicarbonate solution,dried
q..nd erystallised from dil.acetic acid, m.p. 2,2#0. Yield
0.3 g. - - '

Apalysis & Found 1 C,68.75 3 H,3.96 % :

- Cy3Hg0y requires s C,68.42 3 11‘93.53 %o

muummmmmw..nms

e B - ar=2 =

carbozylate ¢

l+--Hy<1ro:cy-—3 ~benzoylcoumarin was prepared

according to Hidenhausr and- Link.

A mixture of 4—hydroxy-3—benzoy1coumar1n (2 80)9
ethyl bromoacetate (2 ml,), arhydrous potassium carbonate
‘(lf g+) in.dry acetone (50 ml.) was refluxed on a water bath
for 25 hr. After the e‘}aporation of acetone, water was
added to the mixture. The separated product was filtered
and washed with sodium bicarbonate solution. The residue
crystallised from dil.alecohol, m.pse 1620. Yield 1 go
Apalysis s Foumnd 3 G,?lw.93 $ H',3’.77 %o
G2 oy 405 requires : C,71.85 § H,4.22 %.
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. H- ' =2=032
acid 1
Ethyl-3-phenyl-4-oxo-ltH-furo(3,2-c)benzopyran-2~-

carboxylate (1 g.) vas dissolved in ethamol (5 ml.) anrd
refluxed with sodium hydroxide solution (10 ml. § 10 %) on
a water bath for 45 mimtes, i?he reaction mixture was
allowed to ecool and acidified. The separated product was
filtered,treated with gsodium bicarbonate solution and
erystallised from dil.acetic gcid, MeDPoe 2626. Yield 0.6 ge

Apalysis  : Fourd 1 C,70.82 3 H,3.28 %.

3133“,05 requires 3 c 70459 § H,3429 %o
Dssanhgmé.m mw;e;&..:w
bepzopyrap 3

»-.z-cfw,h iﬁt?::,\ gf 3-pheny14+—oxo-ltﬂ-furo(3,2~c)
benzopyranL(OJ g+) ycopper bronze (Ol go) and gquiroline
(5 ml,) was heated on a sand t{ath for 1 hr. The product
: obtained on pouring the reaction mixture in dilute
hydrochloric agid was filtered,washed with sodium
bicarbonate solution and erystallised from dil.acetic gcid,
m.g.lélo. Yield 0.1 g. o B '

Apalysls  : Found i Cy77.76 § Hy3.78 %
G, pH 03 requires : C,77.85 § H,3.84 %.

a - ’ t oumari
~Be loxy-6-methylcoumgri | ‘
To a solution of kaxyé-methy]\.ccumarinJS g:)
in dry pyridine (40 mlv.) am piperidine (1 ml,) . s <i~uTy



benzoyl chloride (7.5 ml.)was slovly added at 00 with 109
stirring. After ti;e addition,the reaction mixture was kept
for 5-10 minutes and then was decomposed with ice ard
hydrochloric acid. The separated product was filtered,
washed with sodium bicarbonate solution,dried and
crystallised from dil.alcohol, mep. 1310. Yield 4.8 g
Apalysis s Fourd : 0,727.61 3 Holtell %o

Cy 7H; 204 requires : C,72.85 § Hy4.32 %,

Frieg migration: 4-Hydroxy-3-bepzoyl-6-methylcoun t

A mixture of L=be nzoyloxy%-methy}eoumarin
(& g:) and aphydrous aluminium chloride (12 g.) was heated
in an oil bath at 110»0-500 for 2 hr. The Eeaction mixture
was decomposed with ice ard hydrochloric acid. The separated
product was filtered and purified by the treatment with
sodium bicarbonate solution. The product was dried ard
eryétallised from dil.acetic acit_i,m.p.155°. Yield 2 g.
‘Anglysis + Fourd : C,7_2;66 $ Hlto21 %0
Cy9Hy 204 requires : C,72.85 ; H,%.32 %.

K etylation o - drx-‘—be_o -met 10 ri :

Y-Phenyle9-methyl-2, 5-4 ioxo-2H, SH-pyrano (3,2-¢)

benzopyran @
A mixture of lt-hydroxy‘3-benzoyl-6-methylcoumarin

(1 g.) freshly fused sodium acetate (1. 5 g.) and acetie
‘anhydride (20 ml.) was heated at 150.-.60 in an oil _bath
for 6 hr. After the completion of reaction, the reaction
mixture was poured into i1ce and water. The separated

product was filtered,washed with sodium bicarbonate

-
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solution, dried and ¢rystallised from acetic acid, m.p‘.233?
Yield 0.5 ge

Apalysis 3 Found @ C,?k;Bl § He22 %

Cy oM, 204 requifes : C,7%.99 3 H,3.97 4.

A mixture of 4-hydroxy-3-benzoy1-6-methylcomarin
2 g.),ethyl bromoacetate (1.8 ml.),anhydrous potassium
earbonate (% g.) in dry acetone (50 ml.) was refluxed on
a steam tath for 2 5 hre ‘After the evaporation of acetone
the separated product was filtered,washed vith sodium
bicarbonate solution and erystallised from dil.alecohol,
mepel93’s Yiold 0.7 g. 7 ”
Amlysis : Found s C‘,72_.08 3 H 5;10 %e
C21Hy 405 requirea t C,72.40 3 H,lc-.63 %e

Hydrolysilg Mhzl:&&.ﬁﬂ.ﬁu:.&w-met
benzopyran-2-carboxylic gecid s
Ethyl-3-phenyl-8 -methyl 4 -oxo -4 H-furo(3, 2-0)

benzopyran-2-carboxylate (0.5 g.) was dissolved in ethaml
(5 ml.) and was refluxed with sodium hydroxide solution
(10 mle § 10 %.) on a water bath for 45 mimtes. The
reaction mixture was allowed to cool and acidified. The
separated product was filtered and purifled by the

treatment with sodium bicarbonate solution anmd crystallised

-
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__ ! o
from dil.acetic acid, m.pe 261 + Yield 0.3 ge

Analysis : Found s C,71461 § Hy4.13 %
C1 94, 204 requires : C,71.25 § H,3.78 .

-A mixture of 3-phernyl-8-methyl-t-oxo-4H-furo
(3,2-c)benzopyran-2-carboxylic acid (0:3 ge), copper bronze
(0.2 g+) ard quimoline (5 ml.) was heated on a sand bath for
1 hr. The reaction mixture was filtered hot and allowed to
cool, It was decom;;osed with ice and hydrochloric acid amd
the separated product was filtered,washed with sodium
bicarbonate solution and crystallised from dil.acetic gefd ,
MePe ‘1980. Yield 0.1 go
Apalysis s Foumd 1 C,78.1% 3 H,4.50 %
CigH; 203 requires 3 v6,78.é5 3 H}’hjS %o

8 Math o4H-furo(3,2-c)benzopyran s
Allylation of W-hydroxyeoumarin ¢ ;-Al loxyeoumarin 3

| A mixture of 4-hydroxycoumarin (5 g:),anhydrous

| 'potassiii‘gzi carbfm&te (6 ge)yallyl bromide (%bg.) in dry
acetone  (5§) ml.) waé refluxed on a steam 15ath for 20 hr;
The product which ems obtalmed on evaporation of acetone,
was filtered,washed with sodium bicarbonate solution amd
erystallised from benzens-petroleum et:lmm",zn.p;].]_513

' Yield 3 g. ,
Apalysis : Fourd 3 c,71—.e3 § HylboOh %’.
Cy 28,003 requires : C,71.28 ; H,4.99 %.

ALY



4-Allyloxycoumarin (1.5 g.) was he&téd at
210~29° in an 011 bath for 2 hr. After cooling the produét
was washed with petroleum ether and dissolved in benzems.
This solution was then-fun‘over alumina column. The
producéigg;ained on evaporation of benzene,was washed with
sodium bicarbomate solutien.anﬂ erystallised from

petroleun ether (60-80" )y mepe 100° o Yield 0.7 ge

Apalysis : Found : C,71.03 3 H,4.6’+ %o
Gy 2H1 093 requires : C,71.28 j; H,4499 %.

2-Mothyl-2,3-d thydro-4-oxo -4H~furo(3,2-c)

benzopyran (0.5 g+) was refluked with palladiséd charcoal
(043 g4 3 10 £ ) in boiling diphenyl ether (4 ml.) for 8 hr,
The reaction mixture was filtered hot anrd allowed to cool,
.The separated produet was filterad,washed with petroleum
ether and crystallised from dil.acetic acid, m.p.l?%f

Yigl@ 0.2 g

Amlysis ¢ Found 3‘0,71;81 $ H,h;99 %;

G oHg0; requires : 0,71;99"; H,h.ﬁé %e
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A mixture of 4~hydroxy—6fmethyleoumarin (5 ge)y
allyl bromide (3 ml.) and anhydrous potassium carbonate
(6 go) was refluxed in dry acetone (50 ml,) on a water
bath for 25 hr. The produc?:;;a\?bained on evaporatipn of
acetone was washed with petroleum ether and then with
sodium blecarbonate solution. The rssidue crystalliseﬂ

from petroleum sther (60-80 ), m.p. 1080 Yield 1.5 2o

Amlysis : Fourd : C,72.02 3 H 5 38 %e
013H1203 requ.irQS : 0,72.21 H H,5059 %o
"D - o ro X H— I ;
benzopyrap

la---A].:I.ylou!:Jr--6«mm;h:r].ce:n:unaly.-m (1 g.) was heated
at 290 in an oil bath for 2 hr. After cooling, the product
was washed with petroleum ether and dissolved in benzenes
The solution was then run over alumina column, The
producavéggaimd on evaporation of benzene was washed
with sodium bicarbonate solution ard erystallised from
petroleum ether (60-800)', m.p.;lle. Yield 0._5 2.
Apalysis : Found : C,72.33 § H,5.92 %.
Gy 3H; 204 requires 3 C,72.21 j H,5.59 %.



Dehydrogepation of 2,8-dimethyl-2,3-dihydre -_-3;9;9-1 14

bH-fure(3,2=-clbepzopyrap : 2,8-Pimetbyl-4-oxo-4H-
fure(3,2-¢)bepzopyrap s |

2,8 -Dimethyl=-2,3~-dihydro -4 -oxo-4H-furo(3,2-c)
bensopyran (O.4 ge) was refluxed with palladised charcoal
(0e3 go § 10 2 ) in boilirg dipheryl ether (2 ml.) for 6 hr.
The reaction mixture was filtered hot ard allowed to eoole
The separated pioduct was filtered,washed with petroleum
ether and crystallised from dil.acetlic acid, m.p.155°.
Y1eld 0.2 g.

Analysiz : Fourd : 6,72;86 $ H,H#ﬁ? %o
G, 3H; 003 requires : C,72.89 § H,4.71 %.

“ A mixture of 4 ~hydroxy -7-methoxycoumarin (5 g;),
allyl bromide (3 ml.) and freshly ignited potassium -
carbonate (6 g;) was refluxed indry acetons (60 ml.) on
& water bath for 20 hr. The reaction mixture was worked up
as before and the product crystallised from petroleum
ether, m.p. 1140. Yield 1.2 go ,

Apalysis s Found : C,67.07 3 H,5.37 %.

Gy 3H; 20, requires 1 6,67.23 3 H,5.21 %.
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- <7 ~mat - 20 =it He:

-benzopyrap. s

4«Allyloxy~7-methoxycoumarin (1.2 g.) was heated
at 290-2100 ir an oil bath for 2 hr. The reaction mixture
was allowed to cool ard worked up as described before.
The product crystallised from petroleum ether (60-800),
m.p.]_.%o. Yield 0.6 g , ] ‘
Apalysis ¢ Found : @,67;70 3 Hy5.20 %,
€4 3H; 20, requires : C,67.23 § H,5.21 %.

Debydrogepation of 2-methyl-7-methoxy-2,3-dihydro-
=0z it Hofur =¢)benzopyrap : 2-Methyl-7-methoxy=-
4-0x0-4H-fure s‘ 3,2-¢c)benzopyrap
2-Methyl-7-methoxy-2,3-dihydre ~}-0x0 -t H-furo
(3,2—c)benzepyrgn (0:5 g‘.) was refluxed with palladised
éha}cOgl (Ot g ;>10 % ) in 5oiling diphenyl ether )
(3 ml.) for 8 hr. The reaction mixture was filtered hot
and worked up as described before. The product crystallised
from -dil.acet ie acid,m.p.l?éo. Yield 0.2 g.
Apalysis s Found ¢ C,67.63 3 H,4u57 %o

Gy 3H; o0y requires 1 C,67.82 3 H,4.38 %.
esi =Dim =7-met H-fur
(3,2-¢c)benzopyrgn 3
atl ~hydroxy-7-methoxy-8-met oumariy 3

- «7 oot ~Ne leoumar ]

A mixture of L-hydroxy~7-methoxy-8-methylecoumarin
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(5 ge),allyl bromide (3 ml.) and anhydrous potass fum
carbohate (6 g.) was refluxed in dry acetone (50 ml.) on
a water bath for 20 hr. The reaction mixture was worked up
as usuai and the product erystallised from benzene,m.p.
1630. Yield 2 ge

Apalysis  t Foumd 3 C,68425 3 H,5.36 %

CiauH140y " requires 3 C,68.28 § H,5.73 %.

4~Allyloxy~7 -methoxy -8 -me thy leoumarin (2 gig)‘
was heated in an oll bath at 2100 for 2 hr. The reaction
‘mixture was allowed to cool and worked up as usual‘. The
produet crystallised from petroleum ether (60-80 3 5 MeDo
135 o Yield 0.6 g. ) ) ‘
Apalysis ¢ Fourd t C,67.87 § Hy5.77 %.
Cy1yHyu0u requires  C,68.28 3 H,5.73 %.

-'e - -

dihydro-k-oxo-4H-fure(3,2-¢ ibgnzopzrgg t_2,6-Dimethy) -

~metho ~0X0 H-furo(" -C benzo' ran :

2,6-Dimethyl-7 —methoxy-a 03 -dihydro ~4 -oxo -4 H~-
furo(3,2-c)benzopyran (0.5 go) was refluxed with palladised
charcoal (O.4 g. 3 10 % ) in diphenyl ether. The reaction
mixture was worked up as usual and the produet crystallised
from dil.acetic acid, m.p. 155 . Yield 0. 2 ge
Apalysis : Found s C,68.52 3 3,4.81& %o
CyuH; 204 requires ¢ C,68.8% § H,4.95 %.



the of '2-methyl «d ime th -0
S3,2-e2beg§opzm H

«Allyl - ~dimethoxyecounsa H

A mixture of h-h&droxy-7,8 ~dimethoxycoumarin
(4 gm.), allyl bromide (2‘. 5 ml.) and anhydrous potassium
carbomate (6 g.) in dry acetone (50 ml.) was refluxed on
& water bath for éo hr.-Tl;e regetion mixture was worked up
as usual and the product erystallised from petroleum ether
(60-800), MeDe 1340. Yield 2 g.

Analysis AFoufd.:7 5 ;50564457 3 H,5.52 Z.
Clngu05 req_uires : 0,64.11 H H,5038 %-

~- 2zMethyl-6,7-dimethoxy=2,3-dihydro-lt-0xo 4 H-furo
53*,2-g21’)engepz' rap s
4-Allyloxy=?,8-dimethoxycoumarin (1.5 g.) was

heated in.an oil bath at 2100 for 2 hr. The reaction
mixture was allowed to cool ard worked up as described
earlier;. The product crystallised from petroleum ether
(69—800)', mep. 110", Yield 0.8 g.
Apalysis  : Fourd 1 Cy64.31 3 H, 5.6k %:.

013311‘05 requires 4 0,6%'.11 § 3,5‘38 %e
Dehydrogepatiop of 2-methyl-6,Z-dimethoxy-2,3-dthydre-

&;g;g:&ﬁ-:g;og_?,,g-czbenzapxrgn : 2«Mathyl ~dimethoxy ~
h-0x0 4 H-furo ( 3,2-¢ lbenzapzrgg H

2-Methyl-6,7-dimethoxy 2,3 -dithydro -4 -oxo 4 H~-
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furo(3,2-c)benzopyran (0.5 g.) was refluxed with palladised
charcoal (0.3 g. 3§ 10 Z ) in diphenyl ether (3 ml,) for 8 hr.
and the reactlon mixture was worked up as described earlier.
The product crystallised from dil.acetic acid, m.p.1790.
Yield 0.2 go
Apalysis : Pound 1 C,64418 5 H,4433 %o
CyuH; 205 requires : C,64.61 § Hy4e65 %.

Synthesis of &-hzg;ogx—aemethzl;ﬁ-ogo;ﬁH-ggrg§3,2—f2
bepzopyran (Type D )

2—HydroxyTﬁ—allyloxyacetophenone was prepared
according to Baker and Lothian7és follows ¢

A mixture of quinacetophenone (5 go),freshly
ignited potassium carbonate (6 g.) and allyl bromide
(4.5 g.) in dry acetone (50_&1.) was refluxed on a steam
bath for 9 hr. After the evaporation of acetonme the
remaining liquid was acidified and ether extracted. The
ethereal layer was shaken with 10 % sodium hydroxide
solution‘andfgéparated sodium salt was filtered and
acidified. The solution was extracted with ether and
ether was evaporated. The product crystallised from
petroleum ether,

k-Hydroxy-6-allyloxycoumarin . A

A mixture of 2-hydroxy-5-allyloxyacetophemone
(4 go),diethyl carbomate (20 ml,) and pulverised sodium
(3 ge) was heated on a water bath for 2 hr. The unreacted

sodium was decomposed with little gleohol and the reaction

mixture was poured into.water. It waz extracted with ether



and aqueous layer was acidified. The separated pmdz:u:'él 1
was filtered,treated with sodium bicarbonate solution
and erystallised from aeetic acid, m.p.221 o Yield 3.5 ge
Amlysis 3 Fourd -3 C465:63 § H4e26 %o

Gy oH; 004 requires 3 C,66.05 § Hyke62 %.

=Msthox -3 7eo in ¢

A mixture of W-hydroxy-6-allyloxycoumarin (3;5 g;),
anhydrous potassium carboné.te (6 go) and dimethyl sulphate
(3 ml.) in dry acetone (50 ml.) was refluxed on a steam
bath for 6 hr. The prodﬁet,obtained on evaporation of
acetone crystallised from benzene-petroleum ether,m.p.l%?
Yield 2.5 g. ’ _

Apalysig s Pourd : 0,67;61 § HylbeB4 %o
Cy3H, 204 requires : C,67423 § H,5.21 %.

-Matho =hydroxy-5-all 0 t

4~M thoxy -6 -allyloxycoumarin (2 gA.'») was refluxed
on a wire gauze in dimethyl aniline (6 ml‘.) for 3 hre The
reaction mixture was kapt overnight éndm;aparatad product
was filtered,treated with dilute sodium hydrozxide solutien,
dried and crystallised from dilute acetic ac id,m.p.208°.
Yield 1 g . ) 4
Analysig : Found s C,67_.20 3 H',5;10 %;
C13H:20, requires : C,67‘.23 3 HyS5421 %o



isation of Y-metho - oxy=5-allyl :
t=Methoxy-2-methyl-2,3-dihyd =0 H- 2=
benzopyran

4-Methoxy-6-hydroxy-5-allylcoumarin (0.8 g.) was
triturated with con.sulphuric acid (3 ml.) for 10 mimtes.
The reaction mixture was then decomposed with ice and
ﬁater. The separated product was filtered,washed with
dilute sodium hydroxide solution and crystallised from
dil.acetic aeid, m.p. 18? o Yield 0.6 g.
Apslysis : Fourd ¢ C,66. 94 3 Hy5.29 %.
Cy3H; 20, requires 0,67.23 3 Hy5e21 %

Dehydrogeration of &—methoxz-anmetgxl-g.3-d1hgdro-
~6H=fure qf‘benzo ran s 4-Msthoxy-2-methyl-
é#oxo-ﬁH-furog3,2—f2beg§ogzran s ‘

4-M§thoxy-2—methy1-2,3-dihyéro-é—oxo—éH—ruro

3, Z-f)benzopyran (0.5 go) was refluxed with palladised
_charcoal (0.4 g. ;’10 %) in boiling diphenyl ether (3 ml,)
for 8 hr. The reaction mikture was filtered hot and allowed
it to cool. The separated product was filtered,washed with
petroleum eﬁher_and erystallised from dil.acetic acid ,m.p.
20}0, Yield 0.3 ge B '

Apalysis : Found C,676% 5 Hyka32 %o

C; 3H; o0 requires : C,67.82 3 H,h.iB %e
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Demethy2atiop : ;H dr ~2emethyl ~5 ~0x0 ~6H~-f1uro
(3,2-f2benzo§zrgg :

4 -Methoxy=-2-methyl-6-oxo-6H~furo (3,2~f)benzopyran
(0.3 g) was dissolved in ethanol (5 ml.) and refluxed
with con.hydrochloric acid (5 ml.) for 1 hr. The reaction
mixture was diluted with water and the separated product
was filtered,treated with sodium bicarbonate solution
and crystallised from dil.acetic acid, m.p.2950. Yield
0.1 g.

Amalysis  : Found : C,66.58 3 H,3.87 %.
C, 2Hg0, requires : C,66.67 § H,3.73 %.

‘ ) ’
Synthegis of 5,5-methzlene bigf&—gzdroxx~g-methzl—
6-0x0 ~6H-furo(3,2-f)benzopyran]:

4 -Hydroxy-2-methyl-6-oxo-6H-furo (3,2-f)benzopyran
(011 g.) was dissolved in ethaml (5 ml.,) ard refluxed
with formaldehyde solution (0.2 ml.) for 30 minutes. The
separated product was filtered ard dried, m.p. 3350. t

C,67.1 3 H,3.4k 7.
C,67.57 5 H,3.63 %

Amalysis : Found
CZ5H1 608 requires

"y
»



- A mixture of 2,4-dihydroxy-3-methylacetophenone
(5 g;'):, anhydrous potassium carbonrate (10 go) amd allyl
bromide (4.5 g+) in.dry acetore (5Q;m1.~)_ was refluxed on
a staam‘Bath for 8 hr, After the‘ovaporation of acetone
the remaining solution was acidified and extracted with
ether. The ethereal layer was shalﬁon with 10 £ sodium
hydroxide solution gm;h;eparated sodium salt was filtered
off. It was then acidified a;xd extracted with ether. On
evgporation of ether yellow colour liquid was obtained
which was used for further regction.

-Hydroxy-7-allylox thyleo in s

A mixture of 2-hydroxy-3-methyl-8-allyloxy-

acetophenane (5 g.),diethyl carbonate (25 ml,) and .
pulverised sodium (4 ge) was heated on a water bath for
1 hre Little ethanél was added to decompose unreacted
sodium and -then mixture was poured into water. It was
then extracted with ether anl aqueous layer was acidifieds
The separated product was filtered,treated with sodium
bicarbonate solution,dried and crystallised from dil,
acgt}.;: acid,m.pe 2159. Yield 4 g.
Amlysis s+ Foumd ' s C,66l7*+ 3 H,5;1k %o
Cy 3H; 204 requires 6,67.23 $ Hy5.21 2.
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4-Methoxy=7-a1lylox leo s

A mixture of 4-hydroxy-7-allyloxy-8-methylcoumarin
(5 ge),arhydrous potassium carbonate (10 g.) and dimethyl
sulphate (4 ml.) in dry acetons {60 ml,) was refluxed on a
steam bath for 8 hre. Acetone was evaporated and+:;eparated
product was filtered,washed with sodium biearbonate solution
and crysfallised from dil.aeotic ac 1d,m.p.173. Yield 345 ge
Apalysis s Found = : Cy68.5% 3 H,5.79 %

CL“quOg raquiras $ 6’68028 $ H,5073 %o

i arrangement of Yemethoxy-7-allyloxy-8-methyl-

goumarin s Y-Methoxy-7-hydroxy-6-allyl-8-met 1-
goumgpin 3

4-Methoxy-7-allyloxy -8 -methyleoumarin (3 g_.) was
refluxed in dlethyl aniline (5 ml.) on a wire gauze for
3 hr. The regction mixture wés allowed to cool. The
sgparated product was filtered and treated with dilute
sodium hydroxide solution, dried and crystallised from
acetic acid, m.p. 218°. Yield 1.5 g.
Apalysis : Found s C,68.10 3 H,5.62 %o
C1uH140y requires : C,68.28 3 H,5.73 %.

Cye ' tion of Lhematho =Z=-hydrox ~a1lyl-8-methvl -

k2 |
goumapipn ¢ 5-&@0;1-5’&4@“&1&: 5-d thydro -

rene:

lt»Mei:hcm:y—?--hydz-m:y-6--a].].y}.--s---mei:h:rlccmmarirx
(1.2 g.) was triturated with con.sulphurie acid (3 ml,) for

-
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10 minutes. The reaction mixture was decomposed with ice
and wvater. The product was filtered off, washed with dilute
sodium hydroxide solution and crystallised from dil.acetic
acid, m.p. 1980. Yield 0.8 g '
Apalysis ¢ Fourd : C,68.27 3 Hy5.30 %o
CinHin0 requires s C,68.28 3 H,5.73 %.

d;l_zxgggggg;a;og s k=Mothoxy-5.8-d1imethylpsorale
l4-~-Mot;1'1c>:!:y--5,8--rmnei;h:;arll.-lf s-dihydmpsoralem
(0.7 ge .) vas refluxed with palladised charcoal (0.5 g. !
10 %) in diphenyl ether (5 ml.) for 8 hr. The reaction
mixture was filtered hot and allowed to cool. The
soparated product was filtered,dried aﬁd erystallised from
dil.acetic acid, m.p. 232°. Yield 0.4 g '
b ;xg:!:xanol (log e) 288 ’(3.12)!, 326 F3.93).

Apalysis 3 Found : 0,68;41 $ Hy5.39 %o
G,,.,H,, éo., i'aquires : C,68.84 H‘,lt.95 %o

methylation droxy- -dimet 1) lere 3
h-Methcxy-ﬁ,B-d1methy1psoralene (0.3 ge) was
dissolved in ethanol (5 ml.) and refluxed with con,
hydrochloric gcid (5 ml.,) on a wire gauze for 1 hr. The
reaction mixture was then diluted with water ami the ,
separated product was filtered off, treated with sodium
bicarbonate solution and crystallised from dil.acetiec



1+] ¥
Qcid, BePe 305 ¢« Yield 0.1 Be
A chloroform

7 max. (log o) 286 (4.06), 29 (4.09), 326 (3.89).
Apalysis : Pourd & C,67.51 § H,4.19 %.
Cy 3H; o0 requires @ 0,67.8? 3 H,h.éS Do
| - ) : | ..l a | -5 8. £ -
psoralese)

, fl»-Hydroxy-5:8-dimethylpsoralene, (0.1 g.) was
dissolved in etharol (5 ml.) amd refluxed with formaldehyde
solution (0.2 ml.) on a water bath for 30 minutes. The
separated product was filtered hot and dried, m.p. above
320", Yield 0.1 g. »

Apalysis ¢ Found t 0,68.68 3 Hylke26 %o
629Hz008 requires : C,68.64 § H,4e27 %.

Syrthesis_of 7:-Hydroxysj-methyl= 500 -5H-furo(2,3-h)
bepze Type % . |
| 4-Allyloxyresacetophenone was prepared by Baker
and Iothian as follows 3 L '
A mixture of resacetopherone (5 g.),allyl bromide
(4 g.),anhydrous potassium carbonate (6 g.) in dry acetone
(5(} ml.) was refluxed on a steam bath for 6 hr. After the
évaporation of acetone the remairing solution was
acidified and extxjacted with ether. The ethereal layer o
was shaken with 10 % sodium hydroxide solution. The separated
sodium salt was filtered off and acidified. It was once
again extracted with ether and on evaporation of ether a

A



faint yollow colour liguid was obtained which was used 126
for further regctions.

- roxy-7-allyl H

A mixture of 4-allyloxyresacetopherone (5 g.),
diethyl carbonate (25 ml,) and pulverised sodium (4 ge)
was hgated on a waﬁer bath for 1 hr. After the completion
of regetion a few ml, of ethanol were added to decompoée
unreacted sodium and then poured into ice and water. It was
extracfed with ether and aqueous layer was acldified. The
separated product was,fiitered,treated with sodiunm
bicarbonate solution,dried anrd erystallised from acetic
acld, m.p. 231 . Yield h.5 g.

Apslysis s Fourd  : C465.99 3 Hyk 68 %o
Cy2H, 004 requires : C,66.05 3 Hh.62 %.

=Mathoxy-7-allylox : ‘

A mixture of 4-hydroxy-7-allyloxycoumarin (4 g:),
dimethyl sulphate (3 ml;) and -anhydrous potassium cafbonate
(7 go) ir dry acetons (50 ml.) was refluxed on a water bath
for 6 hr. After the completioszf regetion it was worked up
as usual and the product erystallised from benzene~
petroleum ether,m.p. 930. Yield 2.5 g.
Amlysis : Fourd ] 6,67;66 3 H,5;16 %o
Ci3H,204 requires 6,67.é3 3 Hy5.21 %.



127

Clalse @ ame -methoxy=7~al oumarin 3

4 ~Methoxy-7-allyloxycoumarin (2 g.)v was refluxed
in dimethyl anilire (5 ml.,) for 3 hr. The reaction mixture
was allowed to cools The separated product was filtered,
pu:éified by the treatmentt with sodium hydroxide solution
and crystallised from acetic ac;d,m.p.altSo. Yield 1 g

Arelysig : Found t C,66.96 § H,5.28 %.
G, 3H; 20, requires s C,67.23 § H,5.21 %. -
Cyclisatlon of Y-methoxy-7-hydroxy-8-allylcoumarin s
~Methoxy-2-methyl-2,3-4 ihydro~5-0x0 ~5H-fur =h
benzopyran |

’ h-Mothoxy~7-hydroxy-8-allylecoumarin (1 g«) was
triturated with con.sulphuric acid (3 ml.) for 10 mimmtes.
The reaction mixture was then decomﬁosed with ice and
water. The separated product was filtered,washed with dilute
sod ium hydroxide solution and crystallised from dil.acetie
acid, m.p. 1780. Yield 0.8 g.

rApalysis : Found : C,67.17 § H,5.30 %o
Glaﬁlzou requires H C,'67.23 H H,S.?.l %e

Debydrogeration of 7-methoxy-2-methyl-2,3-dihydro-5-
oxo~§H-§grggz,}-pzbenzopxgan t 7-Methoxy-2-methyl=5«

X0 =5Hef ' ~h ) benzo an o

) 7 -Methoxy -2-methyl-2,3 -dihydre ~5-oxo ~5H-furoe
(2,3-h)benzopyran (0.6 g.) was refluxed with palladised

-



charcoal (0.3 ge § 10 £ ) in diphenyl ether (5 ml.) for %2h81?.
The reactigm mixture was filtered hot and allowed to cool.
The separated product was filtered,washed with petroleum
ether and crystallised ‘from acetic acid, m.p.21§°.

Yield 0.3 g.

Analysis : Found t C,67.63 3 Hltlt5 %e
Cy3Hy o0y requires 3 C,67.82 § H,ke38 %.
 Demethvlgtion : Z-Hydroxy-2-methyl-5-0xo-5H-

(2,3-h)be an s

7-Methoxy~-2~methyl=5-oxo0-5H~furo (2,3 -h) benzopyran
(0.2 g+) was dissolved in ethamol (5 ml.) amd refluxed with
éon.l;ydrochlpric acid (5 ml.) on g wire gauze for 1 hr, The
reaction mixture was diluted with water and the separated
product was filtered off,treated with sodium blecarbomate
solution and erystallised from acetic acid,m.p.310°.
Yield 0.1 g

Apalysis t Pound & C,66.28 § H,3.53 %.

Gy oHgOy requires: C,66.67 3§ H,3.73 %.

Synthesis of 6,6-methylére bis[7-hydroxy-2-methyl-
5-0x0 -§§-fg§o (é o3-h) bfex_xgégzrgn’ 3 )

7 » 7 -Hydroiy-z-methyl ~5«0x0~5H-furo (2,3 -h)benzopyran
(0.1 g.) dissolved in ethaml (5 ml.) amd refluxed with
formaldehyde solution (0.2 ml,) on a water bath for 30
minutes. The separated product was filtered hot ani dried,
m._p.328°. Yield 0.1 g. . _

Apalysis : Found : C,67.45 5 H,3..50 %-.
CasH; ¢0g ‘requires : C‘,6‘7.'57 § H.3463 %o



- | 129
Cyclisation of 3-:?al;z;rgsacgtgphemm : 2-Methyl-
Y+hydroxy-5-acetyleoumaran l

3--AllyJ.resa,cetc»pheno3:13I (2 g.) was triturated with
con.sulphuric acid (5 ml.) for 10 mimtes. The reaction
mixture was then decompoéed with ice and water ar;i the
separated pasty product was extracted with ether. On
evaporation of ether only pasty pro@uct was obtained

which was used for further reaction. )

- w? et - -d thydro -5 -0x0 ~5H-fu «h
benﬁogzrag t

A mixture of 2-methyl-4-hydroxy~5-acetylecoumaran
(l..S g;), diethyl carbomate (10 ml.) amd pulverised sodium
(1 g.) was heated on a water bath for 2 hr. The unreacted
sodium was decomposed with alcohol and the reaction
mizxture was poured into water. It was extracted with ether
arnd -aqueous layer was acidified. The separated product was
filtered,treated with sodium bicarbonate solution and
crystallised from dil.acetic acid, m.p.258°. Yield 0.8 g
Analysis : Fourd ¢ C,65.87 § H,4492 %o

31 2H100u req\lires H 0,66005 ; H,‘f.62 %0
Y -Methoxx ~2=mathyl-2,3-dihydro =5~0x0 -5H-furo g 253-h 2
benzopyran

A mixture of 7-hydroxy-2-methyl2,3~-dlhydro 5=
oxo~5B-furo (2,3 -h)benzopyran (0.5 g.),dimethyl sulphate
(0.3 ml.) and anhydrous potassium carbonate (1 g.) in



I

acetone (§O ml.) was refluxed on a water batth for ‘5 hr. 139
The reaction mixture was worked up as usual and the
product crystallised from dil.acetie acid, m.p.l?S?
Miyed mep. with Z~methoxy-2-methyl-2,3=-dihydro=-5-oxo-5E-
furo(2,3-h)benzopyran as prepared earlier (p.127)

was not depresseds
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