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Benzo-a-pyrones, generally known as coumarins, 

are found to be widely distributed in the plant kingdom, 
either in the free or in the combined state* Coumarin (1), 

scopoletin (2), aesc^letin (3), ayapin (4-), fraxetin (5) 
and daphne tin (6) are a few of the simple eoumarins 

occurring in nature.



Recently * L.Crombie and coworkers have isolated 
four different *+-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 B.( Gutliferae).

Structures of these coumarin derivatives have 
been established on the basis of analysis, I.R., TT.V. 

and N.M.R. Spectra*
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Govindachari, JRai and coworkers have recently 

isolated 4—alkylcoumarin derivative, ferruol-A, from the 

trunk hark of Masua 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.B* spectral 

data and also by degradation methods*

Another group of the interesting naturally 

occurring coumarin derivatives are the furocoumarins* 
Psoralene (12), angelic in (13), bergaptan (14-) ,xantho toxin 

(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 because of the 

discovery of their varied biochemical properties, 

industrial uses and analytical applications ; a few of 

these may be briefely reviewed here*

I'&ny natural coumarins affect the living cells of 
plants and animals in various ways. Bose3 has reviewed the

biochemical properties of natural coumarins. Coumarin
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itself, inhibits the .germination and subsequent root

growth of plants. Kelbs observed its toxic action on *
5

algae. Sigmund noted the effects of both daphnetin

and its isomer aesculetin on seed germination. It has

since been shown that a number of unsaturated lactones,

including eoumarin, possess what is called the
'<blastocholine>> effect i.e. the property to suppress the

6
germination at low concentrations, on seeds as well as 

on animals .

There is also a good probability that coumarins
8

act as growth regulators in a number of plants •

Coumarins have interesting cytogenetic properties

Cytohis to logical and macroseopical effects of eoumarin and
1 o

its derivatives have been studied by Quercioli .

Coumarin acts as %. narcotic for some animals and
iias a sedative and hypnotic for mice ,

Fraxin causes paralysis of the central nervous
, , 12 system of frojlgs and mice on intravenous injections .

Fraxin has been found to be superior to atophan in the
13

treatment of gout .
ni-

Link et al. discovered that the haemorrhagic
—- - ^

principle of the spoiled sweet clover was 3,3-methylene

bis-(4-hydroxycoumarin) also known as dieoumarol. This 

has led to the preparation and testing of several 

4--hydroxycoumarin derivatives as anticoagulant drugs and a 

number of very effective drugs of this group such as 

warfarin,tromexan,eoumachlor and marcoumar are on the 

market. It is interesting to note that some simple



eoumarins have the opposite effect, Herniarin and ayapin 6

have been found to possess a remarkable haemostatic property
, 15and are active both in vitro and in vivo .

16
Novobiocin , an antibiotic, 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 erythromycin.

17
Recently Kawaguchi and coworkers have obtained

new antibiotic coumermycin, a coumarin derivative, from
the filtrate (pH5) residue of the fermentation beers of

streptomyces rishiriensis having the structure (20).

Coumermycin inhibits the growth of gram positive

gram negative and acid fast bacteria and against staphylococa

it is about 30 times more potent than novobiocin.
18

Tuberculostatic activity is exhibited by

pimpinellin and isopimpinellin,
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Coumarin and some of its derivatives having m.ps. 
o

lower than 70“100 have been generally found to possess
19

strong anthelmintic action . 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
20 j 21

have weak toxic properties • While coumarins particularly
22

those with furan ring system are toxic to fish .

In recent years the discovery of photodynamic 

action of some of the furocoumarins has led to considerable
23

work in this field •

The photodimerization of coumarins is being 

inereasingly' studied. The photodimerization product of
24.

7~methoxycoumarin was formulated as a head to head dimer.

Simple coumarin however, was found to give both, the head
25 26

to head and the head to tail dimers. Hammond et al.

investigated the mechanism of photodimerization of

coumarin. The solvent effects on the photodimerization
27

of coumarin have also been studied.

A number of substituted coumarin derivatives are

found to have optical brightening properties for cellulose,

polyacrylic nitrile, polyamides and polyester fibres and
28? 29? 30

the literature has been growing in this field .

More complex coumarin derivatives such as (21) obtained 

by reacting cyanuric chloride with 3(p-aminophenyl) 

coumarin and treating the compound formed with N-ethyl 

cyelohexylamine | 7-(l,2,3-triazol-2-yl) -3~phenyl-2- 

coumarin31 and substituted 7"-(3~triazinylamino)-3-



32*33
arylcoumarin are a few of the coumarin derivatives 

which have good optical brightening properties*

X = Cl

Y = N-ethyIcyc lohexy lamine 

34
Buu-Hoi and coworkers prepared a series of

hydroxylated-3-arylcoumarins as a potential care inostatic
35

and virustatic agents and Elderfield and Roy 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
36 37

reviewed by Sethna and Shah and Wawzonek and need not 

be enumerated here*
The coumarin derivatives have also been subjected

to various substitution reactions such as
38*39*4.0*4-1 -42*43*44*45*46*47*48*49*50

chlorination , bromination,
5i*52 53 54*55*56*57*58*59

iodination , chloromethylation, nitration, .
47*60*61*62*63*64

Fries and Friedel-Crafts reaction,
65*66*67*68*69

formylation,
.... 70*71*72

sulpho nation and other

reactions*



The present work deals with, some aspects of the 

chemistry of coumarins.
Chapter I deals with the studies on the synthesis 

of different 2,5-dioxo-2H,5H-pyrano(3,2-c)benzopyran 

derivatives and furocoumarins, starting with different 

if-hydroxycoumarins. It also deals with the synthesis of 

furocoumarins in which furan ring is built up on benzenoid 

part of ^-hydroxycoumarIn ring systems.
In chapter II, the syntheses of benzofuro(3,2-e) 

coumarins by condensing different if-hydroxycoumarins with 

catechol have been described.
In chapter III, the syntheses of different *f,5- 

dioxo -ifH,JH-pyrano (3,2 -c)benzopyran derivatives have been 

described^
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CHAPTER I

Studies in the Synthesis of Coumarino-a 

pyrones and Furocoumarins



CHAPTER I
! H g 0 R E ! I G A I

Stud ie_s_. i el the_synthe s is, of .co.umar.ino -a -uyro nes

The benzo -a -pyrones or couraarins and the 

2-phenylbenzo -y-pyrones or f lavones are found In nature 

in abundance. The a- and y-pyrone derivatives have also 

gained importance in recent years because of their 

important physiological properties. Recently they have

been found to have coronary dilating activity .
2

Hantzsch and Zurcher condensed resorcinol and 

phloroglucinol with 2 and 3 moles of ethyl acetoacetate 

in the presence of sulphuric acid and obtained pyrano- 
benzopyran derivatives (l) and (2) respectively in poor

yields, O

3Sen and Chakravarti condensed umbelllferone and 

methylumbelliferohe with malic acid in the presence of 
sulphuric acid and obtained 2,6-dioxo-2H,6H-pyrano(2r3-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 papers.



7,8-a -pyrone) (3b)* Daphne tin, 4- -met hy ldaphns t in, homo - ®

umbelliferone and 4--methyIhomoumbe 11 if ero ne on similar 

condensation with malic acid gave corresponding pyranobenzo- 

pyran derivatives*
R

C A)

R - H 
h ; R -

They, however, did not prove the structures of the
4-

coumarlno-a-pyrones formed. Rangaswami and Seshadri showed

that when urabelliferone is condensed with malic acid both

the angular (3a) and the linear (4) pyranobenzopyran

derivatives are formed but the latter is obtained in poor

yield. Under the same experimental conditions 4-methyl-

umbelliferone gives only the angular coumarino-a-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-

formylcoumarin by Perkin reaction. In a similar way

the constitution of S-methyl-2,6-dioxo-2H,6H-pyrano(2,3-h)

benzopyran was also proved.
£

3i§m§ condensed 7-hydroxy-3-chloro-4-methyl-,

5^hydroxy-3-chloro-4,7-dimethy 1 and 7,8-dihydroxy-3-

ehloro-4-methylcoumarin derivatives with malic acid and 

obtained the corresponding pyranobenzopyran derivatives*



Shah and coworkers synthesised several cou marl no­
il-py rones (6) and coumar 1 no-y-pyrones (7) toy subjecting 

5-bydroxy-6-aeylcoumarin derivatives (5) to Kostanecki- 
Robinson acylation* P

COR fc. R.

ceKj \ 0.4-1' o o

C 5)

->

R-cu^jt C->

R

?
Limaye and Ghate obtained 4,6-dimethyl-10-ethyl- 

2,8 -d ioxo -2H , 8H-pyrano (3,2 -g) bensopyran (4,4 * -d imethy 1 -8 - 

ethyleoumar ino-7,6 -a-pyrene) and 7-acetyl-4,8-dimethyl- 
2,6-dioxo-2H,6H-pyrano (3,2-g)benzopyran (2^4-dimethyl-8- 

ethyl-3-acetyleoumarino-y-pyrone)from 7-hydroxy-8-ethyl- 

6-acetyl-4-methylcoumarin by Kostanecki-Roblnson 

acetylation,
8

Mistafa, Starkovsky and Zaki prepared 5-®®thoxy- 
2,8 -diox© -2H, 8H-pyrano (3,2-g) be nzopyran (5-oethoxy - 

eoumarino-7,6-a-pyrone) (9) by Perkin acetylation of 
apoxanthoxyletin (8)*
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(Si

9
Trivedi and Sethna prepared 3,if-dimethyl-2)8-

dioxo-2H,8H-pyrano (2,3-h)benzopyran (3,1+-dimethylcoumarino-

7,8-a-pyrone) and 3,if,9“trimethyl-2,6-dioxo-2H,6H-pyrano

(2,3-f)benzopyran (3,4,7-trimethyleoumarino-5,6-a -pyrone)

by the condensation of 7-hydroxy-3,H--dimethylcoumarin

and 5-hydroxy-3,4,7“trimethylcoumarin with malic acid.

They also synthesised 3,*f-dimethyl-10-hydroxy-2,8-dioxo-

2H,8H-pyrano (3f2-g)benzopyran (8 -hydroxy -3, -dime thy 1-

coumarino -7,6 -a-pyrone), 3-bromo-4-methyl-2,8-dioxo-2 H, 8 H -

pyrano (2,3-h)be nzo py ran (3 -bro mo -4 -methylc o umari no -7,8 -a -

pyrone) and 3 -bromo-4-methy 1-10-hydroxy-2,8-dioxo-2H,8H-

pyrano(3,2-g)benzopyran (3-bromo-4--methy 1-8-hydroxycoumarlno

7,6-a-pyrone) from 7,8-dihydroxy-3,4-dimethylcoumarin,

7 -hyd roxy-3 -bromo -4- -methy 1c oumarin and 7,8 -d ihydroxy -3 -
bromo-^-raethylcoumarin respectively. They proved the

structures by Berkin acetylation of the corresponding

formylated coumarin derivatives® 
i 0

Mehta prepared coumariro-a-pyrones by carrying 

out Perkin acetylation and Knoevenagel reaction on 
8-hydroxy-7-formylcoumarin (10) and obtained 2,9-dioxo-



2H,9H-pyrano (3,2-h)benzopyran (a-pyrano-5>,6,7f6-coumarin

(11) and 3-carboethoxy-2,9-dioxo~2HJ9H-pyrai»(3,2-h)
» » >

benzopyran (3-carboethoxy-a-pyrano-5,6,7,6-coumarin) (12) 

respectively®

Mustafa and coworkers carried out Kostanecki- 
Bobinson acetylation on 4-hydroxy-3-benzoylcoumarin (13) 
and obtained 4-phenyl-2$ 5-dioxo-2H,5H-pyrano (3 »2-c) 

benzopyran (14).

I

O



20
Trivedi and coworkers recently synthesised 

4,10-d ime thy 1 -6 -phe nyl-2,8-d ioxo -2H, 8 H-py r am (3 , 2 -g) 

benzopyran (16) by carrying out Kbstaneeki-Robinson 

acetylation on 7 “hydroxy-6 “benzoyl-4,$-dimethylcoumar in 

(155• The structure of pyranobenzopyran (16) was 

established on the basis of I«R.Spectra®

c±5) flG)

Furocoumarins :

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 coumaron^&er ivative and build up the a-pyrone

/

ring on it. Sight isomeric forms of furocoumarins are 

found in the literature.-

< A) C ft )
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The method's of synthesis of furocoumarins are 22 

briefly reviewed here®
Furocoumarin? of type (A) has been recently

13 , .synthesised by Shaikh and Trivedi . 3-Hydroxycoumarin (17)
was allylated with allyl bromide and the allyl ether(18)

on Claisen rearrangement in dimethyl aniline afforded

3-hydroxy-4--allyleoumarin (19) which was cyclised by

trituration with con.sulphuric acid. This dihydrofuro-
coumarin (20) was then dehydrogenated with pailadised

charcoal to 2-methyl-9-oxo~9H-furo(2,3-e)benzopyran (21).

OH Ailjl (i 'f0w>>de

C IT)

WjS°4

( 20)

t IS)

•Dv
0S.V>iU iTiIL

C19)

CH,

C ^1)



Furocoumarin of type (B) forms the subject matter

of this chapter and hence will be discussed later.
. Purocoumarins of type (C) have been synthesised

14.
by several workers. Limaye and Sathe subjected 6-hydroxy- 

7-acetyl-3-methylcoumarons (22) to Kbstanecki-Robinson 

acetylation and obtained 3?9-dimethyl-7-oxo-7H-furo(2,3-f)
5 J ?

benaopyran (f uro-3,‘+-dimethyl-i*15j6t5-cou2xiarin) (23) in 

poor yield along with 3,7-dimethyl-9-oxo-9H-furo(2,3^f) 

benaopyran (furo-2,3-dimethylJ+,5>6,5-ehromone) (24-).

C Z4-)

15
Shah and Shah synthesised 3 -alkyl-7-oxo-7H-

9 9 9
f uro (2,3 -f) be nzo pyr a n (3 -alky 1 -f uro -9-, 5,6,5 -c osama r in) 

(26) by condensing 5-hydroxy-6-acetyl-3-carboethoxy- 

coumarin (25) with ethyl bromoacetate follox^ed by 

hydrolysis,cyclisation and subsequent decarboxylation.



24

Chudger and Shah synthesised several 3-alkyl-
9 -methy 1 -7 -oxo -7H-f uro (2,3 -f) benzopy ran der ivat iv gs
f 5 » »
x3-alkyl-4-methyl-furo-4,5,6,5-eoumarin derivatives) by 

condensing 5~hydroxy-6-acyl-4-methylcoumarin 'with ethyl 

bromoacetate follox^ed by hydrolysis and subsequent 

cyclisat ion,

A?
Salvi and Sethna also synthesised furo- 

eoumarins of this type by starting with a benzofuran 

derivative .. Methyl-6-hydroxy-3-methylcoumarilate (27) 

on reaction with hexamine gave the 7-formyl derivative 
(28) which on Perkin acetylation gave 2-carbotnethoxy-3 - 

methy 1 -7 -oxo -7H-f uro (2,3 -f) benzo py ran (f uro -2 -c ar bo - 

methoxy-3-methyl-5,4,5,6~coumarin}(29).

i



C 2.9)

18
Tr ivedi and Sethna made new approach to 

synthesise furocoumarins. They studied the hydrolysis 

of 3-halogen substituted coumarino-a-pyrones and obtained 

corresponding furocoumarins. Thus 3-®ethyl-7-oxo-7H-furo 
(2,3-f)benzopyran (furo-3-methyl-5,4,5,6-coumarin) (31) 

was prepared from eoumarino-a-pyrene derivative (30) 

through the following sequence of reactions.

[f.TG.
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27
Kaufalarm et al« developed a new method for 

the synthesis of furocoumarin of type (D) from o-hydroxy 

allylcoumarin. Thus 6-hydroxy-5-allyl-lf-methylcoumarin (32) 

was first acetylated and then brominated. The dibromo 

derivative was cyclised to 2,9-dimethyl-7H-furo(3,2-f) 

benzopyran-7-on@ (33) when refluxed with sodium ethoxids 

in absolute ethanol*

(3*)

C66)

They have also synthesised a furocoumarin, 
f 9-methyl-7H-furo(3,2-f) (l) benzopyran-7-one. ^

condensing 5“formyl-6~hydroxy-4~inethylcoumarin with 

methyl bromoacetate, followed by hydrolysis and 

subsequent cyclisation with partial decarboxylation*

The above authors prepared the same furocoumarin, 
9-methyl-7H-f uro (3,2-f ) (1) benzopyran-7-one, through an 

alternate route* 6-Hydroxy-4-methy 1couisarin was converted



to an allyl ether (34) by reaction with allyl bromide 

and the Claisen rearrangement was carried out by refluxing 

it with dimethyl aniline. The 5-allyl derivative (35) 

was subjected to ozo no lysis, catalytic reduction and 

then heated with o-phosphoric acid to get the furo- 

eoumarin (36).

(34 )
(35 )

Oz.OV104jSi 5 

A. R-educWen

^ H OH

C35)

20
Salvi and Sethna first formylated the h.v ^ "o 

hydroxybenzofurans and then carried out the syntheses 

of furocoumarins by Perkin or Knoevenagel reaction* 

Methyl 4-formyl-5-hydroxy-3-methylcoumarilate (37) 

on reaction with diethyl malonate gave ethyl-2-earbo-

methoxy -3 -methyl -6 -oxo -6H -f uro (3,2 -f) be nzo py r an -5 -
* » » »

car boxy lat e (ethyl f uro-2 -c arbomethoxy -3 -methyl -4,5,5,6- 

coumarin-3-carboxylate) (38) which on hydrolysis and 

subsequent decarboxylation gave 3-methy 1-6-oxo-6H-furo



> 5 5 ? ™ w(3 ,2-f)benzop.yran (furo-3-methyl-4,5,5,6-coumarin) (40).

cooch^ ew3 coofflg

ch3

O^

C 40 )

HsczOoc

*r-
co4

o>\

Hooc

CCOH

&r^

C39)

Furocoumarin of the type (B) was synthesised 
1 9by Kaufmann et al, as follows :

- 5-Ally1-6-hydroxy-4-methyIcouraarin (41) was
' *
catalytioally hydrogenated to 6-hydroxy-4-methyl-5-n~ 
propylcoumarin (42), which„was converted to an allyl 
ether by reaction with allyl bromide. Refluxing it in 
die thy ^aniline caused the Clalsenn rearrangement and with 
the 5-position occupied the allyl group was forced to the 
7-position giving 7-ally 1-6-hydroxy-5-n-propy 1-4-methy 1- 
ccumarin (43). Ozonolysis, Catalytic reduction and 
heating with o-phosphoric acid gave 8-methyl-9-n-propyl- 

6-oxo-6H-furo(2,3-g)benzopyran (44)*



C 41) C4£ )

C43)

i. Osfc.&y'o’ii'S'S 

. Rac^UO^i’O o

v
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The synthesis of linear furocoumarlns of type 

(F) such as psora lane, is difficult* Two routes are 

available for its synthesis, either (a) via conversion 

of 6-hydroxyeoumaran (4-55 or (b) through umbel lifer one 

(4-6). Both of these can be obtained from resorcinol as 

follows !

Spath and F&iler carried out the condensation 

of 6-hy droxycoumaran (45) with malic acid in the presence 

of con«sulphuric acid and obtained 2 -dihydropsoralens 

(47) which on dehydrogenation gave psoralene (485.
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22
later Horning and Relsner prepared different

5- substituted-2,3-dihydropsoralenes by condensing

6- acetozycoumaran with a variety of p-ketonic esters in
23

the presence of sulphuric acid. Esse and Christensen 

have extended this reaction to obtain 6-alkyl-2,3-dihydro- 

5-methylpsoralenes (50) by condensing appropriate a-alkyl- 

p-ketonic esters with 6-aeetoxycoumaran (4-9). The main 

drawback in this method is that the dehydrogenation of 

dihydro psoralens derivatives with palladised charcoal 

gives poor yields of psoralen®»

2*f
Ray, Silooja and Yaid had approached the 

problem of psoralene synthesis by starting with 

umbellif erone, In this procedure, they carried out the 

cyclisation of 7-aceto^yloxycoumarin (5D, obtained by



H^coc-O-

C4-9)

COCH^

CH -COCX^l^

R

*x*°a.

00(JtJ

C 50)

treating umbel life rone with chloracetone, in the presence 

of sodium ethoxide to 3-methylpsoralsns (52)«

O

C 53.)



25 - ^ *Rod ighiero and Antonsllo synthesised xantho'toxin 

(54) by first preparing 7~hydroxy-8-methoxy-6-f ormy 1coumarin 

(53) and then treating it with ethyl bromoacetate 

followed by hydrolysis, eyclisation and decarboxylation*

CSZ'i

Bn ch^cooCjH5

N'

OCH3

C 54)

I Hyd>olyS>S

<-------------------------
5 ACjO+NaoAc

,C HO

S

O- O
OCHCoOCjH^

OCH^

26 »Limaye and Qangal synthesised 3,4-dime thy 1-

psoralene from 7“hydroxy-6~acetyl-4-methylcoumarin

using the same procedure*
27

foster at al» synthesised psoralen© by first 

subjecting 6-hydroxycoumaran to Qattermann aldehyde 

synthesis and then condensing the 6-hydroxy-5-formy 1- 

coumaran with cyanoacetie acid followed by decarboxylation 

and dehydrogenation*



28 > O t)
Kaufmann ' prepared 4,5,8-trimethylpsoralens

5(57 a) ara 5,8-dimethylpsoralene (57 b) by first carrying 

out Glaisen rearrangement of 7*'allyloxy-!+,8~dimethyl-(55 a) 

and 7-allyloxy-8-methylcoumarin (55 b) to 7-hydroxy-6- 

allyl-4,8-dimethyl-/56 a) and 7-hydroxy-6-ally 1-8-methy 1- 

coumarin (56 b) respectively. These were then acetylated, 

brominated and eye Used to obtain psoralens derivatives.

£55) CSGO

) Ace<j\«V>ov>

-2 .

Using &he similar procedure Kaufmann synthesised
1

4-,j 5 -dlmethylpsoralene.
2 9

Kaufmann and coworkers synthesised psoralen® 

derivatives (58) having different groups such as Gl,Br, 

CH,N(GH3)2 etc. in 8-position using 8-aminopsoralene as

an intermediate product
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C

R = Cl, Br, CN, N(GH3)2, NHa etc.

S3shadri and coi^orkers30 have successfully 

obtained psoralen® by ozo no lysis of 6-dimethylallyl-7 

hydroxycoumarin (59) , followed by cyclisation of the 

aldehyde (60) with o-phosphoric acid.

Following the same procedure they have also 

synthesised xanthotoxin (54-)•
31

Goudou and Blanchecotte have condensed 

6-hydroxycoumaran and phenyl diethyl malonic ester in



diphenyl ether and obtained 4,5-dihydro-4-hydroxy-3- ^7
phony If uro-2,3,6,7-coumarin (61) which was then dehydro­

genated over palladium to give 4-hydroxy-3-phenylpsoralene 
(4-hy d roxy -3 -phe ny If uro -2,3,6,7 **co uma r i n) (6 2).

C6A)

Trivedi and coworkers have recently synthesised 

different alkylpsoralenss having alkyl or aryl substituents 

in 4-position. 7-Acyloxy-4-aIky 1 or aryl-8-methyleoumarin 

(63) on Fries migration afforded 7-hydroxy-6-acyl-4- 

alkyl or aryl-8-methyleoumar in (64) which on condensation 

with ethyl bromoacetate, followed by hydrolysis and 

subsequent cyclisation yielded 4-alkyl or aryl-4,8- 

alky Ipso rale ne (65) *

33Recently Kaufmann and coworkers have 

developed a new synthetic route to synthesise psoralen®. 

Bromination of ethyl(2-formyl-5-methoxyphenoxy)acetate 

gave the 4-bromo derivative (66), which w&s saponified
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S-* CH^c.oo
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and simultaneously c yells ed and deear bo xylated to 5-bromo- 
6-methoxybenzofuran (67) • Lithium-bromine interchange and 

then formyl at ion and demethylation gave 5-formyl-6- 

hydroxybenzofuran (68) which was condensed with diethyl 

malonate to furnish psoralene after hydrolysis and 

decarboxylation of the Knoevenagel product.«

Pardanani and Trivedi have synthesised 

^--methylpsoralene by condensing, 2-bromo resorcinol with 

ethyl acetoacetate in the presence of con*sulphuric acid 
and obtained 7-hydroxy-8-bromo-4-methy1coumarin (69)
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which was allylated to (70). This allyl ether (70) on 

Glaisen rearrangement in dimethyl aniline gave 7-hydroxy- 

6-allyl-4-methylcoumarin (71), bromine in the 8-position 

being knocked off during the reaction® This coumarin (71) 

was then subjected to ozonolysis, hydrogenation and 

subsequent cyclisation with o-phosphoric acid to give 

4-methylpsoralene (72)*

Angelic in is a naturally occurring furocoumarin
, 35of type (G) and was synthesised by spath and Pailer

by condensing sodium salt of umbelliferon-8-aldehyde with 

iodoacetie ester under pressure and the product thus
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obtained was subjected to hydrolysis followed by 

cyclis at ion®
3 6

Naik and Thakor repeated this work using ethyl

bromoacetate and acetone. They observed that the melting

point of 7-(8-formylcoumarinoxy)-acetic acid (73) was 
o c248-49 instead of 178-81 as reported by Spath and
35

Bailer . They also observed that on cyclisation of this 

product angelic in-2-carboxylic acid (74) which was not 

isolated by Spath and Pailer was obtained and it underwent 

decarboxylation when heated with copper and quinoline to 

angelic in.

o CH CO OH
a

CHO

C74)



Using the same method Shah and Shah 

synthesised 3-methyl-5-oxo-5H-furo(2,3-h)benzopyran 
(ruranD-3-m®thyl-H-,5^»7^oumarin) from 7-hydroxy-8- 

acetyIcoumarin.
Limaye synthesised angelic in by preparing 

N--hydroxy -5-formyleoumaro ne from hydroxycoumarone awd 

then subjecting it''to Perkin reaction.
Aneja, Mukherje® and Seshadri39 synthesised 

angelic in by subjecting first 7-hydroxy-8 -ally Icoumar in 

(?5) to ozonolysis and subsequent cyclisation of 7-hydroxy- 

coumarin-8-acetaldehyde (76) with o-phosphoric acia.

Purocoumarin of the type (H) was synthesised 

by Kaufmann and Russey • They carried out the Claisen 

rearrangement of 8-allyloxycoumarin (77) and obtained 

7-allyl-8-hydroxycoumarin (78), the acetyl derivative



of which was brominated. This bromo derivative underwent

cyclisation to 2-m©thyl-8-oxo-8H-furo (3,2-h)benzopyran
» * ’C2-methylfuro-4.}5?7s8-coumarin) (79) when refluxed with 

sodium ethoxids in absolute ethanol*

och-ch-ch
oL

(77 }

\m AC^V^aViOh 

jL, Vicv^

\|r

4*1
Mehta and sethna synthesised 3-methyl-8-oxo-

9 ) »8H-furo(3,2-h) benzopyran (furo-3-methyl-^,597,8-coumarin) 

(81) by condensing 8-hydroxy-7-acetylcoumarin (80) with 

ethyl bromo acetate, followed by hydrolysis and cyclisation*

As the present work deals with the syntheses 

of pyranobenzopyrans and furobenzopyrans in which a 

pyrone ring or a furan ring is built up either on 

a-pyrona ring or on benzene ring of k-hydroxycoumarin
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cao;

Hyd^o^ys^s

Y

moieties, it will be important to review a "'few'.'of* the 

important methods of synthesis of **-hydroxycoumarin 

derivatives. .
42 43

Sonn and Bauer and Schoder synthesised

4-hydroxycoumarin derivatives by using Hbesch synthesis*

They condensed cyaroacetic ester with resorcinol and

phloroglueinol in the presence of hydrochloric add and

zinc chloride followed by the hydrolysis of the

intermediate ketimine (82) and obtained 4,7 *"dihy droxy-

(83 a) and ^-,5»7'_trihydroxycoumarin (83 b) respectively*
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This method is applicable mainly to m-dihydric 

phenols and their derivatives*

Pauly and Lockemann synthesised ^--hydroxy- 

coumarin derivatives (81*) from methyl acetyl salicylate 

by adding metalic sodium to the molten ester.
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This method involves condensation with sodium

at high temperature. This procedure was reinvestigated by
u-5

Jensen and Jensen but they did not obtain the yields given
46

by Pauly and Loekemann : Stahmann, Wolff and Link reported 

that the optimum temperature for- the condensation is 
24-0-50°*

4?
Anand and Venkataraman synthesised 4--hydroxy- 

7,8-benzocoumarin (86) by the internal condensation of 

o-earboffiethoxy-2-acetyl-l-naphthol (85) in the preseme 

of sod amide, anhydrous potassium carbonate, metallic 

sodium or sodium ethoxids in appropriate solvents*

OH

CSS) c$6)

48
Boyd and Robertson found that o-hydro xy- 

aeetophenone and its w-substituted derivatives readily 

condensed with ethyl carbonate in the presence of sodium 

to give 4--hydroxycournarin derivatives in good yields*
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This is a very convenient method for the 

synthesis of 4—hydroxyeoumarin derivatives and its scope 

has been demonstrated by its application to a variety of 

o -hydroxy ac etophe no nes.
4.9Ziegler and Junek obtained 4—hydroxycoumarin

derivatives by the cyclisation of diaryl malonates in
othe presence of anhydrous aluminium chloride at 180 *

COOC^Hsr

OH a.

COOC^

Alcl^ 

18 0°

5 oShah, Bose and shah have prepared 4--hydroxy­

coumarin derivatives in good yields by the condensation 

of phenols with malonic acids in the presence of freshly 

fused zinc chloride and phosphorus oxychloride*

OH



r a3-&l^l*4-hydroxyccumarins have been prepared •*

by heating phenol with ethyl monoallsyl malonates at
o 50200-40 for 4-8 hours.

/coofiHs
R-cH

^COO^Hy

£00-/10° 
------ ------------=>.

R

R = -CH3, -C6H5, -CE2C6Hjf

51Trivadi prepared 3-methyl-(87) and. 3-benzylJ+- 

hydroxycoumarin (88) derivatives by the condensation of 

different phenols with ethyl methyl malonate or ethyl 

benzyl malonate in refluxing diphenyl ether. He observed 

that in the case of reactive phenols such as resorcinols, 

phloroglucinols and a-naphthols the yields are over 60 $
lessbut they are poor in the case of^reactive' phenols such 

as phenol and £-naphthol.

HQ'S^^OH
4- H C-ch 

□

^COOCjH*

I
COOC^Iy

OH

PV°

HO' OH

COOCHr
/ s* ^

‘c°o^H,

PhAo

(8 8)



In recant years 4 -by d r ox y c o urn a r i n derivatives! 9

have assumed importance because of their anticoagulant
52

properties. Link and coworkers found 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 

sweet clover hay was found by them to be 3,3-methylene 
bis-(4~hydroxycoumarin), popularly called Dicoumarol £89). 

Dicoumarol is synthesised by reacting formaldehyde with 

4-hydroxycoumarin and it is a good anticoagulant of 

blood •

Since this discovery the chemistry of 4-hydroxy-
P

coumarins has assumed great importance. Tromexan (90 a),

the analogous compound with a -G0CC2H5 group in methane

carbon bridge has been developed to give more rapid onset
53

of the recovery from anticoagulant symptoms •



Many attempts have been made to vary the structure 

of dicoumarol and thereby prepare more active anticoagulant 

drugs. (90 b) is obtained by reacting ^-hydroxycoumarin 

with p-methoxy propionaldehyde is another such compound

with anticoagulant properties similar to that of dicoumarol.
5k-

ffentzer, Hsunier, Buu-Hbi and Gagniant tested

the compounds in which heterooxygens of dicoumarol were

replaced either by sulphur or nitrogen and found them to

be feebly active compounds*
55

Lehmann showed that the replacement of bridge 

-C5H2- by ethylidene bridge -CH‘C'H3— gave compound (90 c) 

which possessed higher anticoagulant properties than 

dicoumarol.
56

Msunier et al. observed that while the 

corresponding 3-bromo (91 b) and 3~chloro-4-hydroxy~ 

coumarins (91 c) have slight anticoagulant properties,

3-methyl-4-hydroxycoumarin (91 a) possesses coagulant 

properties like vitamin K«

OH

(a) R = CH3 (b) R = Br

(c) R = Cl (d) R = naphthyl

(e) R = -CH2C6H5

C 93.)

(a) R = -CH2C0GH3

(b) R = -C2H5



Si r

57 ( Kw.fijlIbraux et al\ have prepared 3 -naphth,^®^ -„ _ 

hydroxyaoumarin (91 d) which is dqual to dicoumara^in ''' 

activity and less toxic, %(yr-

3-Benzyl-4-hydroxycoumarin (91 e) has slight 

activity hut the aeetonyl derivative, warfarin (92 a), 

is a powerful anticoagulant and rodentieide and shows a

remarkable specificity for rats in which the action of
58minute doses has fatal results •

59
Link et al. prepared cycloeouffiarol or

9 ? 9
3,4- (2 -me t hy 1 -2 ■-m et hoxy -k-phe ny 1) d ihyd ro py r anoc o umar in (93) 

by treating warfarin with k % hydrogen chloride in methanol 

and found that it possessed greater activity than dicoumarol

(34-)

(a) R =C1 | Ri^-GH2-C,0-OH3

(b) R =M02 5 Rx = -GH2-G0-OH3 

Other compounds which are related to warfarin

and possess anticoagulant property are cou.ffiarchlor(94- a), 

sintron (9li- b) and marcoumar (92 b)»



r c>,n . dl
Link and coworkers‘ prepared different esters of 

dicoumarol and found that the activity of these eomj^unds 

is less than that of dicoumarol.

From their studies of various ^-hydroxycoumarin
Jg Wnoa

derivatives, Link and coworkers /.put forward the minimum 

structural requirements for a substance to possess 

anticoagulant properties. The first essential condition is 

that there should be an intact 4-hydroxycoumarin residue and 

that the 3 position must he substituted by a C residue.

Every compound fulfilling this requirement is active. For 

high activity a bis-^f-hydroxycoumarin structure is specially 

required. Such an arrangement was considered important also
6l

by Mentzer et al. An alternation in this structure results 

in decrease in activity. Compounds containing one ^“hydroxy- 

coumarin residue xv-ith an alkyl or aryl group in 3 position 

show diminished activity,
' 62

Chmielewska and Cieslak analysed the structural 

requirements for coumarin anticoagulants from the point of 

view of their vitamin K antagonism, They postulated that 

the active forms of vitamin K can be represented by the 
formulae (95) and (96). On the other hand an anticoagulant 

which is an antivitamin K should have the structure (97) 

and (98) which are cyclic hemiacetals obtained from the 

appropriate 3-substituted-4--hydroxyccumarins* For such 

acetal formation the carbon chain in position 3 should 

carry a carboryl group or a potential carbonyl group in
3 3

position 2 or 3» Keeping this in view they suggested a
revision of the structure of dicoumarol (99).



C 97) ( 98)

( 99)



' 63 w -
Seshadri and coworkers have synthesised many

bridge-substituted dicoumarols and studied their

anticoagulant properties* They found in agreement with Link 
58 >and coworkers that 3}3~bensylidenebis-4-hydroxycoumarin 

-is much less active than dieoumarol. The introduction of 

substituents in the phenyl ring on the bridge has varying 

effects depending on their nature and on their positions* 

The authors also supported the Chmielewska and 

Cieslak hypothesis of cyclic ketal form of the type (97) 

ana (985 for anticoagulant activity.
64

Recently Hutchinson and Tomlinson have revised 

the structure of dieoumarol and suggested the structure 

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

They studied the BTMR spectra of dieoumarol and 

showed thafc there is a complex multiplet between 1.5 and 

2.0 'Y due to two protons as well as multiplet due to six 

protons in the region 2.2 to 3*0 ^ * fhe low field 

multiplet is presumably due to the deshielded protons C5 

and Gj and is evidence for the partial C = 0 character of 

the C4- oxygen bond caused by the formation of a hydrogen 

bond between the hydroxyl group and the Carbonyl group of



55the adjacent ring*,
V

In the I,R«spectrum, the carbonyl stretching 
frequency occurs at 1660 cm \ This is due to the carbonyl 

group in the side chain which is hydrogen bonded to the 

4-hydroxy group of the coumarin moiety*

They have also suggested that in biological 

systems, the formation of these intramolecular hydrogen 
bonds may hold dicoumarol(lOO) in a suitable configuration 

for binding to an enzyme and hence may be an important 

factor in the biological activities of this compound*

It was,therefore, thought of interest to prepare 
4-oxo-4H-furo(3,2-c)benzopyran (101) and compounds having 

substituents in the benzonold part as well as in the fur an 

part of the furocouraarin ring systems to test for 
anticoagulant property* The compound (101) is a dehydrated 

product of the hypothetical compound (97) as suggested 

by Chmielewska and Cieslak in their theory*

I

C lot)



The following furocoumarins are synthesised's 
1* 4-0xo-4H-furo (3,2-e)benzopyran.

2. 3-Me thy 1-4-oxo-4H-f uro(3,2-c)benzopyran*

3* 3,8-Dimethyl-4-oxo-4H-furo(3,2-c)benzopyran» 

k * 3 -Me thy 1 -7 -methoxy -4 -oxo -4H -f uro (3,2 -c) 

benzopyran*

5* 3,6-Dimethy 1 -7-methoxy-4-oxo -4H~furo (3,2 -e) 

benzopyran.

Synthesis of 4-0xo-4H-furo(3,2-o)benzopyran (104-) t 

Pechmann condensation of 4-hydroxyeoumarin with malic 

acid : 2.ft-Dloxo-2H.5H-pyrano(3,2-c)benzopyran (102) :

4-Hydroxycoumarin on Pechmann condensation with 

malic acid in the presence of sulphuric acid gave a product 

which.was insoluble in sodium bicarbonate solution $ 2,5- 

dioxo-2H,JH-pyraco(3,2-c)benzopyran (102) structure was 

assigned to it®

4-Oxo -4H-furo (3.2 -c )bsnzopyran (104) ;

2,5 -Dioxo -2H, 5H-pyrano (3,2 -c) be nzopy ran (102) 

was brominated with bromine in acetic add to yield 

3-bromo derivative which was hydrolysed by 10 % sodium 
carbonate solution to 4-oxo-4H-f uro (3,2-e )benzopyran-2- 

carboxylic ac id (IO3). This add on decarboxylation with 

copper and quinoline gave 4-oxo-4H-furo(3,2-c)benzopyran 

(104).



COOH

\0 /, COo,

Synthesis of 8-Methyl-4-oxo-4H-furo(8T2-c)benzopyra;p (1085: 

Pechmann condensation of 4-hydrox yc oumarIn yith ethyl 

aeetoacetate s 4-Methyl~2. 5 -dioxo-2H.5H-py rano(.8.2-c)
imnrw mti nlhriiirr—iTniwni 'Hi T»TirirT«ifi7 ^tih h Ti ■r«rir^ai ti S' rc*i:w

benzopyran (106) s

Mnstafa and coworksrs condensed 4-hydroxycoumarin

with ethyl acetoacetate in the presence of sulphuric acid



and the product was assigned 4 -ai et hy 1 -2,5 "dioxo-2H,5H- 58
pyrano(3,2-c)benzopyran (106) structure* The same product

6 6
was also synthesised by Ratell and TJsgaonker when they

condensed 4--hydroxyeoumarin with ethyl acetoacetate in the

presence of anhydrous aluminium chloride®
67

Woods condensed 4--hydroxycoumarin with ethyl

acetoacetate in the presence of trifluoroaeetic acid and

claimed to have obtained 2-methyl-4-, 5 ”d ioxo-4-H,5H-pyrano

(3,2-c)benzopyran (105), m.p. 252 , principal absorption
bands in I.R ..region, 3344-, 1*727,1631,1613 cm t Mustafa 

65 0
et al. synthesised (105), m«p. 24-6 , carbonyl stretching

frequencies 1754- and 1667 cm in I.R.region, by different

routes and claimed that it was identical in all respects
67

with the compound prepared according to Woods . It has
now been found that 4--methy 1-2,5-dioxo-2H,5H-pyrano(3,2-c)

0
benzopyran (106), m.p. 24-3 , carbonyl stretching frequency

"1

in I.R.region 174-0 cm , is the only isolable product when

the condensation was carried out in the presence of

trifluoroacetic acid. The mixed m.p. with an authentic
65

sample prepared according to Mustafa et al, or Ratell 
6 6

and Usg&omker was not depressed, but the mixed m.p.
6 5

with the sample prepared according to Mustafa et al.

by heating 4—hydroxy-3-acstyleoumarin with sodium and ethyl

acetate and subsequent cyclisation with 25 ^ sulphuric acid, 
0

m.p.: 24-6^. car bonylC stretching frequencies in I.R.region 

1760 and 1670 cm \ was depressed by 20°.
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DesaisTrivadi arid Sethna condensed different 

phenols with p-ka tonic esters in the presence of ref lint ing 

diphenyl ether and obtained benzo-y-pyrones. When 

4—hydroxyeoumarin was condensad with ethyl acetoacetate 

in the presence of refluxing diphenyl ether only 4-ffiethyl- 
2,5-dioxo-2H,5B-pyrano (3»2-c )benzopyran (106) was obtained 

and not the expected 2-me thyl-4,5^ iox.o-4H,5H-py ranc­

or-c)benzopyran (105). This was also confirmed by mixed 

m.p. and I.R.spectra*
3-Vbthy 1-4-oxo-4H-f uro (l,2~c)benzopy ran (109) s

4 -Methy 1 -2,5 -d iox o -2H, 5H-py rano (3,2 -c) benzo py ra n 

(106) on bromination with bromine in acetic acid gave

3- bromo derivative, which was hydrolysed by refluxing it 

with 10 % sodium carbonate solution to give 2-(o-hydroxy- 

phenyl)-4-methyIfuran-3-carboxylic acid (108) and not the 

correspord ing 3 -methy 1 -4-oxo -4H-furo (3,2-c) benzopyran-2 - 

carboxylic acid as obtained in the previous case of

4- unsubstituted pyranobenzopyran* This is a typical 

behaviour observed in the case of 4-methylpyranobenzopyran 

derivatives* The formation of (108) can be explained as 

follows !
When 4-methyl-3 -bromo -2, *> -d ioxo -2H, 5H-pyrano 

(3,2 -c) benzopyran is hydrolysed, the ring contraction of 

ring (C:) takes place to form a fur an ring having a 

carboxylic group in 2-position, but at the same time 

a-pyrone ring (B) of the coumarin ring system also opens 

up to give an intermediate (107) which could rot be 

isolated. This intermediate (107) undergoes decarboxylation



62

C 107)

■co,«<



to give 2-(o-hydroxyphenyl) -4—methylfuran-3-carboxylic 

acid (108). This hydroxy acid was then cyclised by
'7

refluxing it with hydrochloric acid to 3-methyl A-oxo-h-E- 

furo(3,2-c)benzopyran (109).

oU.

KitlLsthyl^cetoaceiats : Ju2d2toazir2^5rSifflE2r2g4iSr 
pyrano (3.2-e) benzopyran (110) s

4—Hydroxy-6-methylcoumarin was condensed with

ethyl acetoacetate in the presence of trifluoroacetic acid
and ifi9-dimethyl-2,5"dioxo-2H,5H-pyrano(3,2-c)benzopyran 

o(110), m.p. 198 ? carbonyl stretching frequency in I.R*

region 17*+5 cm was obtained* Mixed m.p. with an authentic
6 6

sample prepared according to Pate11 and Usgaonker did not 

depress* But the mixed m.p. with 2,9-diffiethyl-4-,5-dioxo- 

4H,5K-pyrano(3,2-c)benzopyran (Chapter III) prepared by 

heating ^--hydroxy-3-acetyl-6-methylcoumarin with sodium 

and ethyl acetate and subsequent cyclisation wich 25 %
v n°

sulphuric acid,m.p«2Iho5 carbonyl stretching frequencies
“i

1760 and 1672 cm , was depressed. When condensation was 

carried out in the presence of refluxing diphenyl ether, 

the same 9-dimethyl-2,5-dioxo-2H,5H-pyrano(3,2~c)

benzopyran (110) v/as obtained. M.P. and I.E.spectra were 

identical with the compound prepared by using trifluoro­

acetic add. or aluminium dfaloride.
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67.2-c)bensopyran (1X3.) ton .....— urn ■ «.» 'ncr-ifci-M..m *» —■ m, m* w mum m*

4,9 -D ime thy 1 -2,5-d ioxo -2H, 5B-pyr ano (3,2 -c) 

benaopyran (110) was brominated with bromine in acetic acid

and the 3-bromo derivative x*as hydrolysed by 10 % sodium
» »carbonate solution to give 2-(2-hydroxy-5-methylphenyl) -4- 

methylfuran-3-carboxylic acid (112) through tile Intermediate 

(111), This hydroxy acid (112) was then cyclised by
4

refluxing it with hydrochloric acid to 3,8 -d ime thy 1 -oxo- 

4H-furo (3,2-c) benaopyran (113)**

benaopyran (116)

Pechaann coi

Mith^ethyl^cetoacetate : Ji^lfethyl^B-niethonrv-P. 

2i4.5&EI£ami3^^enzo£yran (11'+)

J+-Hydroxy-7-methoxycoumarin on Pechmann condensation 

with ethyl acetoacetate in the presence of sulphuric acid 

afforded 4-methyl-8-me thoxy-2,5-dioxo -2H,5K-pyrano (3,2-c) 

benaopyran (114), When anhydrous aluminium chloride was 

used as condensing agent, the same product was obtained, 

4-Hydroxy-7-methoxycoumarin was also condensed with ethyl 

acetoacetats in the presence of trifluoroacetic acid and 

refluxing diphenyl ether to give the same 4-methyl-8-methoxy-

2,5-dioxo-2H,5H-pyrano(3,2-c)benzopyran (114), carbonyl
“1

stretching frequency 1740 cm and not 2-methyl-8-metfcoxy- 

4,5 -d ioxo -4H, 5H -py r a no (3,2 -c 5 be na opyr an *
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While preparing 2-meth7l-8-methoxy~4,5^ioxo- 

4H,5H-pyrafio(3,2-c)benzopyran by heating 4-hydroxy-3~ 

aeetyl-7-methoxycoumarin with sodium and.ethyl acetate and 

subsequent cyclisation, de.methylation took place and 2-methyl-

84hydroxy-4,5-dioxq-4-H,5H*-pyrano(3,2--c)ben2opyran (Chapter III),
“1

carbonyl stretching frequencies 1760 and 1672 cm , was 

obtained®
3 -Methyl -7 ~m ethoxy-4-oxo -4H-f uro (3.2 ~c) be nao pyran (116) s 

4—Methyl-8 -methoxy-2 , 5 -d ioxo -2H, 5H~pyrano 

(3,2-c)benzopyran (114) oh bromination gave 3-bromo 

derivative, which on hydrolysis with 10 % sodium carbonate 

solution afforded 2-(2“hydroxy-if-methoxyphenyl) ^-methyl- 

furan^ -carboxylic acid (115)* This hydroxy acid (115) 

on cyclisation with hydrochloric acid gave 3"®®thyl-7“ 

methoxy-4~oxo-4H-furo(3,2”c)benzopyran (116)«

benzopy^n (119) :

Lehmann condensation, of 4-hydroxy»7-methoxy-8-methyl- 

coumarin with ethyl peetoacetate : 417•"Dimethy 1 -8- 

methoxy-2,5~dioxo-2H,5H>pyrano(3,2-c)benzop1vran (117):

4~Hydroxy-7-methoxy-8-methylcoumarin on Pechmann 

condensation withhethyl^acetoadstate in the presence of 

anhydrous aluminium chloride afforded a product which was 

insoluble, int.sodium bicarbonate solution ; the structure 

4,7 -d imethyl-8 -methoxy-2,5-dioxo -2H, pH-pyrano (3,2-c) 

benzopyran (117) was assigned to it.



o

co.4

C 118) C 119)



(1195 s

^,7-Bimethyl-8-methoxy~2,5-dioxo-2H, 5H-pyrano
Hi 2.

(3s2-c)benzopyran (11?) on brominafcion yielded43“bromo 

derivative which on hydrolysis with 10 % sodium carbonate 

solution gave 2-(2-hydroxy-3-m®thyl‘-4Haethoxyphenyl)-J+- 

methylfuran-3-carboxylic acid (118). This hydroxy acid 

was then eyclised by refluxing it with hydrochloric acid 

to 3,6-dimethyl-7-methoxy-4-oxo-4H-furo(3,2-c5banzopyran 

(119).

Pechmann condensation of 4-hydroxy-mebhylcoumarin

iOikJialic^sS-id. : 2rJ^hlrlrR»ir^i02?£r2iU5HrEmm
(3,2-c)benzopyran (120) :

i*—Hydroxy-6Hmethyleoumarin on Pechmann condensation 

with malic acid gave a product which was insoluble in 

sodium bicarbonate solution \ the structure 9~mefchyl-2?5- 

dioxo-2H,5H-pyrano(3j2-e)benzopyran (120) was assigned to 

it. It was not possible to prepare a furocoumarin from this 

pyrano bensopyran (120) as it was obtained in very poor 

yield.
O

C 1-2.0)



It is interesting to know the structural 

features of the compounds like warfarin (92 a), marcourner
i

(92 b), eoumachlor (94 a) and sintron (94 b) which possess 

anticoagulant activity* The general feature of these 

compounds is that they have a phenyl ring separated from 

4-hydroxycoumarin ring by one carbon atom at 3-position of 

coumarin ring system.
) 5 5

Cycloeoumarol or 3,4-(2-methyl-2-msthoxy-4-pheny1)

dihydropyranocoumarin 03.) which also possesses the above
6 0

feature prepared by Link et al. has greater anticoagulant

activity than dlcoumarol.

It is interesting to know here that 4-methyl-3-

phenyl-2,5-d ioxo-2K55H-pyrano(3,2-c)benzopyran (121)

possesses anticoagulant activity comparable to that of
69

dicoumarol according to Arora and Wathur *

It was,therefore, thought of interest to synthesise 

compounds having similar structural features present in 

(122). To attain this a furan ring or a a-pyrone ring is 

built up on 3?4-position of 4-hydroxycoumarin ring systems 

which has a phenyl ring separated from the coumarin ring 

systems by one carbon atom.



Synthesis of 3-fchenvl-4-oxo-4H-f uro(3T 2-c )benzopyran(126): 

, ?0/H--Hydroxy-3-benzoylcoumarin (123) was condensed 
with ethyl bromoacetate in acetone to give the ester 
ethyl“3 ~Pheny1-4-oxo-4H-furo(3,2-c)benzopyran-2-carboxylate 
(124) and rst the ethyl 3-benzoyl-4-coumarinyloxyacetate.

C 12.10 C U4)

C 116) ( US)



The ester (124) was then hydrolysed by refluxing it with 

lo % sodium hydroxide solution to 3-pbenyl-4-oxo-4H-furo- 

(3s2-c)benzopyran-2-carboxylic acid (125)• This acid on 

decarboxylation with copper and quinoline gave 3-phenyl-4~ 

oxo-4H-furo(3,2-c)benzopyran (126) *

Synthesis of 4-Hydroxy-3-benzoyl-6-methylcoutnarin (12"): 

Fries migration of 4'-bengoyloxy-6-mathylcou[narin :

4-Hydroxy-6-me tbylcouir&r in was benzoylated with

benzoyl chloride in pyridine and a few drops of piperidine 
oat 0-5 , 4-Benzoyloxy-6-methylcoumariB Oft Fries migration 

with anhydrous aluminium chloride afforded 4-hydroxy-3- 

be nzoy1-6-me thylc oumarin (127)»

oh

Fviei. wv'^T«Vi ov\ nocbhs

O

C 1*7)

K.R,Acetylation of 4-hydroxv-3-benzovl-6-methylooumarin 

if-Hienyl-9-methyl-5,5-dioxo-2H. 5H-pyraco(3f2-e)

(128)

4-I?ydroxy-3-benzoyl-6-ffiethylcouMarin (127) on 

Kostanecki-Robinson acetylation with acetic anhydride and 

sodium acetate gave a product insoluble in sodium



77
bicarbonate solution. The structure ^-phenyl-9-methy 1-2,5' 

dicxo~2H,5H-pyrano(3s2“c)benzopyran (128) was assigned 

to it. O

benzopyran (131) :

^-Hydroxy-3-benzoyl-6-inethylcoumarin (!§■?) on 

condensation with ethyl brcmoacetate in acetone gave the

B-acH^cooCxhs- 
A ca.-V

hy4-y0lyS.'S



78
• •

ester ethyl 3-phenyl-8-methyl-4-oxo-4H-furo(3,2-c)benzopyran

2-carboxylate (129). This ester was then hydrolysed by 

refluxing it with 10 % sodium hydroxide solution to 3-phenyl 

8-methyl-4--oxo -4H-furo (3, 2-c) benzopyran-2-carboxylic ac id 

(130) which on decarboxylation afforded 3-phenyl-8-methyl- 

^-oxo *4H-furo (3,2-c)benzopyran (131) •

Syntheses of 2-Methvl-^-oxo“*fH-furo(3t2-c)benzdpyr?.n

derlvatlyes :

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-substituted furocoumarins as well as unsubstituted 

furocoumarins which occur in nature. It was, therefore, 

thought of interest to study the C&aisen rearrangement 

of different *f-allyloxycoumarin derivatives and thereby 

to prepare 2-methylfurobenzopyran derivatives.

The following 2-methyl-if-oxo-ifH-furo(3,2-c) 

benzopyran derivatives are synthesised i

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

2. 2,8 -D iraethy 1 -4--oxo-if H-furo(3,2-c)benzopyran.

3* 2-ffethyl-7-fflethoxy-if-oxo-4-H-furo(3,2-c)benzopyran.

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

benzopyran.

5*2 -Methyl -6,7 -d ime thoxy -4 -oxo -4H-f uro (3,2 -c) 

benzopyran.



(135) :

4-Hydroxycoumarin was allylatad with allyl 

bromide and anhydrous potassium carbonate in acetone to 

4~allylox.yeoumarin (132)®

C^rCH-CH^R-s

A ce^bvie 
K2_CX>3

C 134.)

C 134)

C 1553

\1 /

■iOD-lO

-- ■<

C 133)

4-Allyloxycoumarin (132) on Claisen rearrangement
owhen heated in an oil bath at 200-10 . for 2 hr® gave a 

alkali insoluble product, to which 2-methyl-2,3-dihydro- 

4-oxo-4E«*furo(3,2-c)benzopyran (134) structure was assigned



and not 4-hydroxy-3-allylcoumarin (133)« On Claisen 

rearrangement, the allyl group migrated to 3-position but 

at the same time was eyclised to give dihydrofurocoumarin 

(134)« This dihydrofuroeoumarih on dehydrogenation with 

palladised charcoal in diphenyl ether afforded 2-methyl-4- 

oxo -4H-furo (3,2-c)ben2opyran (135) *

Sy,nthgsis ..pf, ,2.,8.-Mmethyl-4-oxo-4H-furo (3, ?-c) 

bengopypa.fi (138) *

4-Hydroxy-6-msthylcoumarin was allylated with 

allylbromide in acetone to give 4-allyloxy-6-methylcoumarin (I36K

AciSoni 
KiC0 3,

C 136)

C13S)



The above allyloxycoumarin (136) on Claisen n 
rearrangement gave 2,8“dimethyl-2,3-dihytiro-if-oxo-4H-ruro 

(3,2“c)benzopyran (137) and not 4-hydroxy-3-ally 1-6-methyl- 

coumarin* This dihydrofuroeoumarin on dehydrogenation 

afforded 2,8-dimethyl *4-oxo-4H-furo(3,2-e)benzopyrari (138K

4 -Hy drox y -7 -me thoxyc ouma r i n on ally lat ion with 

ally! bromide afforded 1t-allyloxy~7~methoxyconmarin (139)®

t lb9)

(1413



4--Allyloxy-7-Eethoxycoumarin (139) on Claisen 

rearrangement gave 2~mathyl-7-roethoxy-2,3 -dihydro -4-ox.o- 

4H-f uro(3,2-c)bsnzopyran (140) as before., This dihydro- 

furocoumarin on dehydrogenation afforded 2~m8thyl-7“IDotboxy- 

4-oxo-4H-furo(3,2-'c)bensopyran (14-1).

Synthesis of 2 4$-Mraethyl-?s-nethoxy^-ovo^R-fofQ

i3*£=sl£233£2EZEafi (14-4) 1

4"Hydroxy-7“fflQtlioxy-3"iiiethyleouinarin on allylation 

with allyl bromide gave 4-a 11 yloxy-7-methoxy -8 -mefchy 1 - 

coumarin (142)«

OH

ch^ch-c^R-^

A

A ox\o

Cl-4-4)



^-Allyloxy^^ethoxy-fi-methylcoumarin on Claisen 

rearrangement yielded 2,6Hliniethyl-7-fflethoxy-2,3“di3iydro-4- 

oxo-^H-furo(3,2-c)"benzopyran lsm-3^» This dihydrofu.roc.onmar’in 

on dehydrogenation gave 256"dim9thyI-7^ethoxyJ+-o:x:oJ-}-H-- 

furo(3,2-c)henzopyran (144).

83

4-Hyclroxy-7,8-dimethoxycoumarin on allylation 

with allyl bromide afforded Lr“-allyloxy-7,8-dimethoxy- 

coumarin (1^5)*

Cl-Lp

C?C>i,

CHi-
---------------------- >Ac e-tcme

KiCo'S

CiA-5)

A ■llO o

C1-4-7 )



This 4-allyloxy-7,8-d imethoxycouraarin on CXaisen 

rearrangement gave 2 -methyl-6,7 -d imethoxy-2,3 -dihydro -4- 

oxo-4H-furo(3,2-c)benzopyran (146) which on dehydrogenation 

gave 2 -methyl -6,7 -d imethoxy-4 -oxo -4H-furo (3,2 -e) benzopyran 

(147).

In view of therapeutic properties of furocoumarin• 

ard 4-hydroxyeoumarin derivatives, it was thought of interest 

to synthesise furocoumarin derivatives having furan ring 

fused to the benzenoid part of the 4-hydroxycouoarin ring 

moiety.
Synthesis of 4-Hydroxy-2-methyl-6-oxo-6H-furo(3,2-f) 

benzopyran (154) : (Type D)

2,5-Dlhydroxyacetophenone (148) was allylated by 

heating it with allyl bromide and anhydrous potassium
71

carbonate in acetone to 2-hydroxy-5-allyloxyacetophenone.

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 

4-methoxy-6-allyloxycoumarin (150). This methyl ether on 

Glaisen rearrangement in dimethyl aniline afforded 
4-methoxy-6-hydroxy-5-allyIcoumarin (151). The structure 

of this allyleoumarin (151) was proved by NMR spectra.

This allyleoumarin was eye Used to 4-methoxy- 

2 -me thy 1 -2,3 -dihydro -6 -oxo -6H-furo (3,2 -f) be nzopy ran (152) 

by triturating it with con.sulphuric acid. It was then 

dehydrogenated with palladised charcoal in diphenyl ether 
to 4-methoxy-2-methyl-6-oxo-6H-furo (3,2-f) benzopyran (153)



s
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HOr^VVcOCH^

C 14-8)

A c e4 o rti 
ic^COo,

mj5 = H t-l-^C-O /^r\^COCV

OH

Ha 2. DieVhji 
C l^o ?

CISCO C 1.4-9)
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and subsequently demethylated to 4-hydroxy-2-methyl-6.-03ro- 
6H-furo(3,2-f)benzopyran (l5**-> by refluxii^ it with con*

hydrochloric acid .When this furocoumarin was refluxed with
»formaldehyde solution in alcohol it gave 5»5-methylene bis

D*-hydroxy-2-methyl-6-oxo -6H-f uro (3, 2-f) benxdpyrah] (155) • 
Synthesis of furocoumarin of the type (F), s

In recent years furocoumarins of the type (P)

i*e* psoralene type have received considerable attention
on account of their therapeutic properties* Xanthotoxin or

72
9-methoxypsoralene is a fish poison but it is relatively

73
non-toxic to mammals* Schoenberg and Latif observed that
it possesses molluscacidal activity* It was demonstrated 

74
by Elwi that it produces fatty degenaration of liver and 
adrenal haemorrhage if it is administered in large doses 
to mammals* In the case of hdman beings the compound has

75
found medical acceptance for the treatment of leucoderma.
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 clinically to prevent sun- 
_ 76
burns • There is some evidence that xanthotoxin under

77
certain conditions may be carcinogenic •

78
Pathak and Pellman have studied the activating 

and fluorescent wave lengths of 37 furocoumarins and their 

biological photo sensitising action was also investigated* 
Furocoumarins which induced difinite photosensitised 

erythermal response on mammalian skin showed activation 
peaks in the region of 340-380 mp and eoncommitantly the 

fluorescent peaks in the region of 420-460 mji. The inactive



88
furocoumarins did not show these specific activating and

fluorescent peaks. Psoralene, xanthotoxin, bergapfcen etc.

have been found to be active but 8-hydroxypsoralene,5,8-

dimethoxyp'soralene etc. were found to be inactive*
79Recently Mnsajo and coworkers have observed 

that flavinmononucleotide (FMKT) will react only with the 

furocoumarins that are photodynamically active and that 

the reaction products appear to have been modified mainly 

in the furan ring. Furthermore, they have demonstrated that 

FMf in large amounts acts against erythema expected from 

the psoralene type molecule. Three new coumarin derivatives 

have been isolated in the bergapten photoreaction, namely 

7-hydroxy-5-methoxycoumarin-6-aCQtic acid, its methyl or

ethyl ether according to the presence of methyl or ethyl
j >

alcohol in the irradiated solution and probably 4,5-dihydro - 

4-oxo -5-methoxyfurocoumarin.

Two substances have been obtained by the photo - 

reaction of F^IF and psoralene in a water-methyl alcohol 

solution, namely the methyl ester of 7-hydroxycoumarin-6- 

acetic acid (a) and 6-formyl-7-hydroxycoumarin (b). No new 

compounds are formed in the photoreaction of FMN and

xantho toxin.
80

Rodighiero and coworkers found that psoralene 

and xantho toxin significantly inhibited the growth of the 

tubercle bacillus. The antifungal activity of furocoumarins 
has bean studied by Chakraborty and coworkers81 who reporter 

that psoralene and impsratorin wees the most effective

antifungal agents tested*.
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» Jtr -
Synthesis of 4-Hydroxy-5t8-dimethylpsoralene (163) *

2,Dihydroxy-3-methylacetophe none (156) was 
allylated by refluxing it with ally ^bromide and anhydrous 

potassium carbonate in acetone to 4-ally loxy-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 4~methoy-6-allyl-7- 

hydroxy-8-methylcoumarin (160)*

The above allylcoumarin (160) was then cyclised
, » »to 4-methoxy-5,8-dimethyl-4,5-dihydropsor&lene (161) by 

triturating it with con.sulphuric acid. This method of 

cyellsation was found superior to earlier methods which 

used hydrobromie acid or pyridine hydrochloride. This
dihydrofurocoumarin (161) on dehydrogenation with palladised

»charcoal afforded 4-methoxy-5,8-dimethylpsoralene (162), 

the U.Y.Spectra of which showed the characteristic band 

at 326 mu (log e 3*93) • It underwent demethylat ion to

4 -hy d roxy -5,8 -d ime t hy Ip so ra le ne (163) when refluxed with
»eon.hydroehlorie acid* 4-Hydroxy-5,8-dimethy Ip so ralene was

refluxed with formaldehyde solution in alcohol to give
» ,3,3-methylene bis (4-hydroxy-5,8-dimethylpsoralene) (164)*

^ The nomenclature is according to A.C.Curtius, J 

Invest.Dermatol., 32, 133 (1959).
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Synthesis of 7-hydroxv-2-methyl-5-oxo-5H-f uro_ __ oo

(2?l-h)benzopvran (174) : Type (G)

Resaeetophenone (165) was ally la ted with allyl
7ibromide in acetone to 4-a1lyloxyre sacetpphenane (166)*

This was then converted to 4-hydroxy-7-allyloxycoumarin 

(167) by heating it with sodium and ethyl carbonate. This 

was then methylated and the methyl ether (168) on Glaisen 

rearrangement in dimethyl aniline afforded 4-methoxy-7- 

hydroxy-8-allylcoumarin (169)« This allyleoumarin was 

cyclised with con.sulphuric acid to 7-®ethoxy-2-methy 1** 

2,3-dihydro-5-oxo-5H-furo(2,3~h)benzopyran (170)•

The above dihydrofurocoumarin was also synthesised
7i

by another route, 3"Allylre$acetophenone was cyclised 

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*<iibydro-5-oxo-5H-furo(2,3"‘bL)benzopyran (172) 

by heating it with sodium and diethyl carbonate. This was 

then methylated to (170)*

It was then dehydrogenated to 7-ra©thoxy-2-methyl- 
5-oxo-5H-furo(2,3”h)bemopyran (173) by refluxing it with 

palladised charcoal in diphenyl ether which underwent 

demethylation to 7~hydroxy-2-methyl-5-oxo-5H-furo(2,3~h) 

benzopyran (174) when refluxed with eon.hydrochloric acid* 

This furocoumarin when refluxed with formaldehyde solution 
in alcohol gave 6,6-methylene blsC7-hydroxy-2-methyl-5-oxo- 

5H -furo (2,3 -h) be nzopy ra nil (17 5) *
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i X -E B R X H S N T A L A„
97I.B.Spectra (CHCl3)were determined with a Farkln- 

Eimer 237 grating spect nophotometer «

NME Spectra were recorded on Varian A 60 

spectrophotometer and DMS0-d6 was used as solvent, using 
TMS as internal indicator*

The ultraviolet absorption spectra was measured 
with Beckmann model DU spectrophotometer*

Ag.-rfaro (3» 2rg )^,pgopy gaa« 

feqfrPiim gftBflgagallmgf.krh£&mzsgmEln..gi$h

A mixture of 4-hydroxyeoumarin (5 g*) and malic
acid (5 g.) was heated on a steam bath with gradual

addition of sulphuric acid (50 ml* % 80 %) in 45 minutes

period* Heating was continued for further 4 hr* The reaction
mixture was added to lee and the product filtered,washed with

sodium bicarbonate solution,dried and crystallised from
0

acetic acid,m*p« 142 • Yield 2 g*
Analysis * Pound 1 <3,67.21 $ H,2.65 %*

C12H60„ requires % C,67.29 * H,2.82 %.

2,5-Dioxo-2H,5H-pyrano(3,2-c)benzopyran (2 g*) was

dissolved in minimum amount of acetic acid and bromine
dissolved in acetic acid (30 ml* { 20 % ; 4 mole) was added

and the mixture heated on a water bath for 2 hr* The reaction

mixture was then added to ice and the bromo derivative was
0

filtered,drled and crystallised from acetic acid,m*p.211 • 

Yield 1 g*
Analysis % Pound t Br, 27.22 $•

CigHjO^Br requires * Br, 27*30 %*



acid

3 -Br omo -2,5-d ioxo -2H, 5H-pyr ano C 3 ? 2 -c) be nso pyran

(l g.) was refluxed with sodium carbonate solution (10 ml*$

10 ii. ) for 45 minutes. The reaction mixture xras allowed to

cool and acidified, fha product was treated with sodium

bicarbonate solution and crystallised from dil.ethyl
oalcohol, m.p. 290 . Yield 0,4 g.

Am lysis i Found % 0,62*44 5 H,3.07 %»

^12^6^5 requires s G,62.62 \ H,2«63 $4

carboxylic acid

4-0xo -4H-? uro (3 5 2-c )benzopyr an-2-carboxylic

acid (0.4 g.) was heated on a sand bath with quinoline

(5 co») and copper bronze (0.2 g.) for 1 hr. The reaction

mixture was filtered hot and the filtrate acidified with

hydrochloric acid and filtered again. The filtrate was

diluted with water and extracted with ether. The product

obtained after evaporation of ether was washed with sodium

bicarbonate solution, dried and crystallised from petroleum 
0

ether, m.p, 93 . Yield 0.1 g„

Analysis s Foual : C,70.71 5 H,3*10

(-:iih6®3 requires : 0,70.97 $ H,3«25

Synthesis of 3~M3thyl-4-oxo-4H-furo(^.2-c)benzopyran :

benzopyran s

A mixture of 4-hydroxycoumarin (5 g.) and ethyl



acetoacetate (S ml.) in diphenyl ether ( 25 ml®) was heated

on a wire gauze for 4 hr. The reaction mixture was kept

overnight. The separated product was filtered and washed

with sodium bicarbonate solution, dried and crystallised
ofrom acetic acid, m.p. 242 , Yield 2 g.

A mixture of 4-hydroxycoumarin (1 g.) and ethyl

acetoacetate (2 ml*) in trifluoroacetic acid (5 ml®) was

heated on a sand bath for 15 hr. After the completion of

the reaction, a few ml* of ethyl alcohol were added and

kept overnight. The separated product x^as filtered and

washed with sodium bicarbonate solution. The residue
ocrystallised from acetic acid, m.p. 24-2 • Yield 0.3 g. 

Mixed m.p. with an authentic sample prepared by Mustafa

et al* and Patell and Usgaonker did not depress, carbonyl 
stretching frequency in I.R.region, 1740 cm’1.

4- -methyl -2.5-d ioxo -2H, 5H-pyrano C 3,2 ~c)

benzopyran

4-ife thyl -2,5"^ ioxo -2H, %l -pyrano (3,2 -c) benzopyran

(5 a®) was dissolved in hot acetic acid and a solution of

bromine in acetic acid (35 ml® $ 20 % $ 2 mole) was added

with stirring and the mixture was left overnight. The

separated bromo derivative was filtered, dried and
0

crystallised from acetic acid, m.p. 258 . Yield 2.5 g. 

Analysis % Pound % Br, 26.15 

ci3H7°i{.Br requires i Br, 26.06 %*



3 -Bromo -4 -methyl-2, 5 -d ioxo -2H, JH-pyrano (3,2-c)

benzopyran (2 g*) was refluxed with sodium carbonate

solution (20 ml, $ 10 % ) for 3 hr. The reaction mixture

was allowed to cool and acidified* The separated product

was treated with sodium bicarbonate solution,dried and
ocrystallised from hot water, m*p* 155 * Yield 0.8 g*

Analysis : Found t 0,66*2? % { H,4*38 %*
O^jH^qOj, requires t 0,66*05 % | H,4*62

9y.<SUs*M9TI * *

2-(o -Hydroxyphe nyl) -4-methylfuran-3 -carboxyl ic 
acid (0*8 g.) was dissolved in ethanol (5 ml*) and refluxed 

with hydrochloric acid (5 ml*) for 4 hr* The separated 

product was filtered (charcoal),washed with sodium 

bicarbonate solution and crystallised from dll*acetic acid, 
m*p* 166°* Yield 0*2 g*

Analysis x Founl * 0,71.89 ? H,4*©0 %.
C12H803 requires * 0,71.99 * H,4.03 %.

$YI^h»8^g.of.3eg^gJfeY3l.Tks^9.?^Hrf3Cpl3<.2.-g),bepsgpyp,a|t

Kith.«Sby k .ftQ^toasgt&tft. * ^9-^gt&xlrga.S.ri,lasg^

t -- _.
A mixture of 4-hydroxy-6-methylcoumarin (3.5 g. |

1 mole) and ethyl acetoacetate (5.2 g* $ 2 mole) in 

diphenyl ether (25 ml*) was heated on a wire gauze for



10.1
if hr* The reaction mixture was kept overnight* The
separated product was filtered and washed with sodium
bicarbonate solution,dried and crystallised from acetic 

oacid, ra«p* 198 • Yield 1*5 g*
A mixture of 4-hydroxy-6 HBethylcoumarin (1 g*) and

ethyl acetoacetate (2 ml*) in trIfluoroacetic acid (5 ml*)
was refluxed on a sand bath for 15 hr* A few ml* of 'ethanol
were added after the completion of reaction and kept
overnight* The separated product was filtered, washed with
sodium bicarbonate solution and crystallised from acetic 

oacid, m«p* 198 , Yield 0*3 g* Mixed m*p. with an authentic 
sample prepared by Pat ell and Bsgaoriker did not depress* 
Carbonyl stretching frequency in I*R* region 174-5 cm 1*

feS|gg.BmD *
4,9-Dimethyl -2,5-d too -2H, 5H-pyrano ( 3,2 «c )

benzopyran (5 g*) was dissolved in hot acetic acid and
solution of bromine In acetic acid (35 ml* $ 20 % $ 2 mole)
was added with stirring and the mixture was kept overnight*
The separated product was filtered,drled and crystallised

ofrom acetic acid, m*p* 250 • Yield 2 g*
Analysis t Found i Br, 24-*77 %*

CijHyO^Br requires t Br, 24-*92 %+

saj:l>oSYMs,.ig.i4 *
3 -Bromo 4f, 9-d imethyl-2,5 -d ioxo -2H, 5H-pyrano



(3,2-c)benzopyran (2*0 g.) was refluxed with sodium Carbonate 
solution (20 ml* ; 10 % ) for 6 hr* The reaction mixture was 
allowed to cool and acidified* The separated product was 
filtered,treated with sodium bicarbonate solution,dried and 
crystallised from water, m*p* 178 • Yield 9*7 g*

* froiind I 0,67*39 * H,4*75 %*

ci.3Hi20¥ requires t 0,67*23 | H,5*21 %*

CzcUsatlgp *
fe§i»apxcan <

2-( 2 -Hydroxy* 5 -methyIphenyl) -4~methylfuran-3 - 
carboxylic acid (0*7 g*) was dissolved in ethanol (5 ml*) 
and refluxed with hydrochloric acid (6 ml*) for 3 hr* The
separated product was filtered (charcoal) and washed with

* \

sodium bicarbonate solution, dried and crystallised from
_ odil.acetic add, m*p* 157 * Yield 0*3 g*

Analysis * Found * 0,72*59 % H,4.43 %m 

requires t C,72*&9 | H,4*71 %*

EspggfiXgaiL.*
fe.gfegann.99i^9Pgat^ga^f.*i:^yAggyjr2.tmqthgiycgumag,ip

with ethyl acetoacstate t 4-Jfethy l_-8-methoxy-2t57

A mixture of 4-hydroxy-7-methoxyeoumarin (5 g* ) 
and ethyl acetoacetate (7 ml*) was heated on a steam bath 
with gradual addition of sulphuric acid (50 mi* $ 80 £*) 

for 45 minutes period* Heating was continued for further 4 hr*



The reaction mixture wasthen added to ice and the separated 
product was filtered, wash ad with sodium bicarbonate solution 
and crystallised from acetic add, sup* 237 • Yield 2*0 g* 
Carbonyl stretching frequency in l*ft*reglon 1740 cm • 
bmUllS * Pound i £,65*16 | H,3*85 %•
C^j^HxoC; requires * 0,65*12 $ H,3*90 %*

A mixture of 4«hydrcacy*7*methoxycoumarln (5 g«) 
and ethyl asetoacetate (10 ml*) was added to a solution of 
anhydrous aluminium chloride (6*5 g*) In dry nitrobenzene

o(30 ml*) and was heated at 130 in an oil bath for 4 hr*
The reaction mixture was decomposed with ice and hydrochloric 
acid and nitrobenzene was steam distilled* The separated 
product was washed with sodium bicarbonate solution,dr led 
and crystallised from acetic acid, yield 4*5 g* Mixed m.p* 
with the above sample was not depressed*

A mixture of 4-hydroxy-7-methoxycoumarin (1 g*) 
and ethyl acetoacetate (1*5 ml*) was refluxed in boiling 
diphenyl ether (10 ml.) on a wire gauze for 4 hr* The 
reaction mixture was kept overnight* The separated product 
was filtered,washed with sodium bicarbonate solution and 
crystallised from acetic add, yield 0*4 g* Bftxed m.p. with 
the above sample was not depressed*

A mixture of 4-hydroxy-7-methoxyeoumarin (1 go) 
and ethyl aeetoacetate (1 ml*) and trifluoroacetic acid 
(5 ml.) was refluxed on a sand bath for 15 hr. After the 
completion of reaction a few ml. of ethanol were added and 
kept overnight* The separated product was filtered,washed

' 10



with sodium bicarbonate solution and crystallised from 104 
acetic acid. Yield 0,4- g* Hlxed m*p* with the above products 
was not depressed*

l3efcg)frm8«aEia *
4 -Methyl -8 -methoxy -2 , 5 *d iox© -2H, 5H-pyrano

(3,2*c)b#nzopyran (4*5 g*) was dissolved in hot acetic acid
and bromine in acetic acid (14 ml* $ 20 % \ 1 mole) was
added with stirring* The bromo derivative,which separated
immediately, was filtered,drled and crystallised from

oacetic acid, sup* 278 . Yield 3 g*
4pfilyfr?.fr s Found t Br, 23*60 %•

Ci^ljOjBr requires t Br, 23*74 %*

zasteMUibj«J& *
3 -Bromo -4-methyl -8 -methoxy -2,5 -d ioxo -2H , 5H-

pyrano(3,2-c)benzopyran (2 g*) was refluxed with sodium
carbonate solution (20 ml* $ 10 $) for 5 hr* The reaction
mixture was cooled and acidified* The product was filtered
and purified by the treatment with sodium bicarbonate

0solution and crystallised from water, m*p* 201 • Yield 0*8 g* 
Apfrlyg3.fi * Pound x 0,62*77 | H,4*76 %•

ci3Hi2°5 requires * 0,62*90 | H,4*87 %*

QS$M8$U9$ * 
bgxgopYraE *

2-( 2-Eydroxy -4-methoxyphenyl) -4-methylfuran-3 - 
carboxylic acid (0.8 g*) was dissolved in ethanol (5 ml*)



105
and refluxed with hydrochloric acid (10 ml*) for 3 hr* The
separated product was filtered (charcoal),washed v1th
sodium bicarbonate solution and crystallised from dilute

oacetic acid, m.p. 173 * Yield 0*3 g.
Analysis t Found t 0,67.6** $ H,4*22 %•.
Ci3H100„ requires x 0,67.82 % H,4.38 *•

.(3« 2rg)frg.ngg.pycaiu»

iastmm. g.gpflg jsrt tgn^fJfcdar.g£g?yr7.riglbg3;y^8rig^liyl*

asstoasstet a.

A mixture of **Thydroxy-7HBethoxy-8-methyl-
coumarin (5 g.) and ethyl acetoacetate (10 ml.) was added
slowly to a solution of anhydrous aluminium chloride (6.5 g.)
in dry nitrobenzene (30 ml.) and was heated in an oil bath 

oat 130-40 for 4 hr. The reaction mixture was decomposed 
with ice and hydrochloric acid and nitrobenzene was steam 
distilled. The product was filtered,washed with sodium 
bicarbonate solution and crystallised from acetic acid, 
m.p. 238Yield 4.3 g.
Analysis * Founfl 1 G,66.67 | H,4.37 %.
Ci5Hi205 requires * <3,66.17 \ H,4.Mf %.

.i3»2rp)P.mmm »
4,7 dimethyl -8 -methoxy-2,5-dioxo -2H, 5H-pyrano 

(3*2-e)benzopyran (2.5 g.) was dissolved in hot acetic add



and to the hot solution bromine in acetic acid (8 ml. $ u

20 % | 1 mole) was added with stirring* The produet, which

separated immediately was filtered, dried and crystallised
ofrom acetic acid, m*p* 250 • Yield 1*5 g* 

telYSAS. * Pound * Br, 22*76 %*

CijH^OjBr requires t Br, 22*79 %*

frrWEffy&P., pfr# *

3 -Br omo -4,7-d ime t hy 1 -8 -methoxy -2,5 -d ioxo -2H ,5H-
pyrano(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 acidified* The product was filtered,
treated with sodium bicarbonate solution,dried and

ocrystallised from water, sup* 216 • Yield 0*5 g*
Analysis : Found * 0,63*63 $ H,5*15 %•

Oi^Hi^Oj requires t 0,64*11 ; H,5*38 %•

SxsUsitlM *
i3»£rg.)kgpggsmB *

2-(2-Hydroxy-3.*®othyl«4-methoxyphenyl) 4-methyl
furan-3-carboxylic acid (0*5 g*) was dissolved in ethanol

(5 ml*) and refluxed with hydrochloric acid (10 ml*) for
3 hr* The separated product was filtered (charcoal),washed

with sodium bicarbonate solution and crystallised from
, odil.aeetic acid, m*p* 160. • Yield 0*2 g*

Analysis t Found i 0,68.42 ; H,5*2l %•

Gni.Hi204- requires s 0,68*84 § H,4*95 %•



'fecteagpLsQMsmtiten&t. ^r^^j^rJglte'Ag.sgBa.r.ta.l 0 ? 

*3JfojnaUg..agig J .9r&$l^lr.2«JraiflEgrgg»5BrPY reap. 
ilOz&lteimimm *

A Mixture of 4-hydroxy-6-aethyleoumarin (5 g*)
and malic add (5 g*) was heated on a steam hath with
gradual addition of sulphuric acid (50 ml* $ 80 £•) In 45
minutes period* Heating was continued for further 4 hr* The
reaction mixture was added to ice and the separated product
was filtered, washed with sodium bicarbonate solution,dr led

„ oand crystallised from dll*acetic acid, m*p* 224 • Yield 
0*3 g.
Ap4yfiiy 8 Found i 0,68*75 * H,3*% g.

CAjHgO* requires t 0,68*42 $ H,3*53 %*

^hYl^rPl^liyXr^rggg.^rfttrg £3«2rg )tozs>Pmn.-2:- 
Sa£fegll3&£.& t

4-Hydroxy-3-benzoylcoumarln was prepared
ro

according to Siseiahauar and link.
A mixture of 4-hydroxy-3-benzoyleoumarin (2 g.),

ethyl bromoacetate (2 ml*), anhydrous potassium carbonate
(4 g*) In.dry acetone (50 ml*) was refluxed on a water bath

for 25 hr. After the evaporation of acetone, water was

added to the mixture* The separated product was filtered
and washed with sodium bicarbonate solution* Bie residue

ocrystallised from dll.alcohol, m.p. 162 . Yield 1 g.
Analysis 8 Found t 0,71.93 1 H,3.77 %.
G2cHi*05 requires 8,0,71.85 $ H,4.22 $.
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3rR»Jgl.riL-9»gritBrfl»gl3<?,r?)^9Wgpywnr8rSiir.bCTy3.fe
gplfl S

Ethyl 3-phenyl-4-oxo -4H-furo (3,2 -e )benzopyran-2-
carbosylate (1 g.) was dissolved In ethanol (5 ml*) and
refluxed with sodium hydroxide solution (10 ml. 4 10 %) on
a water hath for 45 minutes* The reaction mixture was
allowed to cool and acidified. The separated product was
filtered,treated with sodium bicarbonate solution and

0crystallised from dil.aeetic acid, m.p. 262 • Yield 0.6 g« 
Analysis : Found 1 C,70.82 4 H,3*28 %.

®i8hio°5 requires s 0,70.59 4 H,3.29 %*

imA£k2M2&U9& *

fegflggp-Yran *
A mixture of 3-phenyl-4-oxo-4H-furo(3,2-c)

"‘-^-C(WlLfa03<.yHc K.Ca'4. • - .

benaopyrant(0*5 g.),copper bronze (0.4 g.) and quinoline 
(5 ml.) was heated on a sand batk for 1 hr. The product 

obtained on pouring the reaction mixture in dilute 
hydrochloric a$id was filtered,washed with sodium 
bicarbonate solution and crystallised from dil.aeetic acid, 
m.p.l61°. Yield 0.1 g.

Apalyslp * Found s 0,77*76 4 H*3*78 %•

Gi7HiO03 ' requires 8 0,77*85 4 H,3.84 *•

.£gj«gyte$igii atm »

To a solution of 4-hydroxy-6-methylcoumarin,(5 g.) 
in dry pyridine (40 ml.) and piperidine (1 ml.) m 5



0
benzoyl chloride (7*5 pi*)*®* slowly added at 0 with j[Qg 
stirring* After the addition^the reaction mixture was kept 
for 5*10 minutes and then was decomposed with ice and 

hydrochloric acid* The separated product was filtered, 
washed with sodium bicarbonate solution,dried and 
crystallised from dil.alcohol, m.p. 131°. Yield **.8 g. 

Apftlyffjjfr * Found * C,72,61 $ H,4-*1I %*

Gi?Hi20n. requires t C,72*85 $ H^4-*32 %*

Pr£.eg.g-igr§?.?g.p» ^r^to^rar^QEggx^j6^gjt^igpum,acxc t

A mixture of 4- -be nzoy loxy -6 -me thyle o uma ri n
(4- g.) and anhydrous aluminium chloride (12 g*) was heated

oin an oil bath at 14-0-50 for 2 hr. The reaction mixture
was decomposed with ice and hydrochloric add. The separated
product was filtered and purified by the treatment with
sodium bicarbonate solution. The product was dried and

ocrystallised from dll,acetic acid,m.p,155 • Yield 2 g. 
Analysis s Found * 0,72*66 $ H,4-.21 %•

C4yHi20^ requires s 0,72.85 ; H,4-*32 #.

K«R.Acetylation of ‘t-hyaroxy-^-bep»)rl-6-g9thyIeoamarln 

i»-Ph8nyl-9-methyl-2.5-d loxo-2H. M-pyrano (1.2 -e ) 
benzopyrap s

A mixture of 4—hydroxy-3-benzoyl-6-methylcoumar in 
(1 g.),freshly fused sodium acetate (1.5 g*) and acetic 
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 ice and water. The separated 
product was filtered,washed with sodium bicarbonate



solution, dried and crystallised from acetic add, m.p.233« 
Yield 0,5 g.
Am lysis * Found * C,74.81 $ H,4*22 %*

Gt9Hi204 requites s 0,74.99 | H,3.97 %•

kgagamaa *

2rs.ai:teYl§iia *

A mixture of 4-hydroxy -3 -b enzoy 1 -6 -methy Icounar in 
(2 g.),ethyl bromoacetate (1.8 ml,),anhydrous potassium 
carbonate (4 g.) in dry acetone ($0 ml.) was refluxed on 
a steam bath for 25 hr. After the evaporation of acetone 
the separated product was filtered,washed ^idth sodium 
bicarbonate solution and crystallised from dil.alcohol, 
m,p.l93°. Yield 0.7 g*

Analysis : Found s 0,72.08 ; H,5*10 %•

G2tHl605 requires * 0,72.40 | H,4.63

gYgx.QlzaAa *
bensopyran-2-carboxyllc acid i

Ethyl 3-phenyl-8-methyl-4-oxo-4l-furo(3,2-c) 
bensopyran-2-earboxylate (0.5 g*) was dissolved in ethanol 
(5 ml.) and was refluxed with sodium hydroxide solution

i

(10 ml. $ 10 %*) on a water bath for 45 minutes. The 
reaction mixture was allowed to cool and acidified. The 
separated product was filtered and purified by the 
treatment with sodium bicarbonate solution and crystallised



Ill0
from dil.acetic acid, m.p* 261 • Yield 0.3 g.

Analysis i Found t 0,71.61 ; H,4.13 %.

®i9Hia05 requires * 0,71.25 | H,3.78 %*

BftgastoylaUofl * 3r.jfogn.Ylr8rnsttel.'fa&JQ.MrlwiSi

A mixture of 3-pheryl-8**methyl-4-oxo-4H-furo

(3,2-c)benzopyran-2-carboxylic acid (0,3 g.), copper bronze

(0.2 g.) and quinoline (5 ml.) was heated on a sand bath for

1 hr. The reaction mixture was filtered hot and allowed to

cool. It was decomposed with ice and hydrochloric acid and

the separated product was filtered,washed with sodium

bicarbonate solution and crystallised from dil.acetlc acid , 
„ om.p. 198 . Yield 0.1 g«

Analysis * Found t 0,78.14 $ H,4*50 %* 

ci8Ha.2°3 requires t 0,78.25 | H,4.38 %•

gggfchjMil.Q£..2iNa1U?Yl^^.o,r4Hrfa^lllt^rQ)t9ng^r^ s

UlXlfrMm.gJLfcfo&ggSEgtfBMJfl * 4-AllyloxycotiiBarln t

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

potassiiim carbonate (6 g.),allyl bromide (4 g.) in dry

acetone (50 ml.) was refluxed on a steam bath for 20 hr.

The product which mm obtained on evaporation of acetone,

was filtered,washed with sodium bicarbonate solution and
ocrystallised from benzene-petroleum ether,m.p*115.

Yield 3 g.

Analysis i Found * 0,71.03 ; H,4.94 %•

Gia^ioOj requires * 0,71.28 $ H,4*99 %*
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Sialssn. Mtrr«raPB%M. ‘t-aUytomguaarJ.B ■

N
(3»2.-e )Hmpyrap *

4-Allyloxycoumarin (1,5 g.) was heated at 
o210-20 in an oil bath for 2 hr. After cooling the product 

was washed with petroleum ether and dissolved in benzene* 
This solution was then run over alumina column* The

<wVv ch

product^obtained on evaporation of benzene,was washed with
sodium bicarbonate solution and crystallised from

, o opetroleum ether (60-80 ), m.p# 100 • Yield 0*7 g*

Analysis s Found * 0,71.03 ; H,4#64 %•

si2Hi©§3 requires * 0,71.28 $ H,4#99 %•

.(3»2rg) Preppy rap * £is.l
benzopyran s

2-Methy 1-2,3-d lhydro *Ah-oxo-4H-furo ( 3,2-c )

benzopyran (0*5 g*) was refluxed with palladlsed charcoal
(0*3 g* ; 10 % ) in boiling diphenyl ether (4 ml,) for 8 hr#
The reaction mixture was filtered hot and allowed to cool#
The separated product was filtered,washed with petroleum

oether ait crystallised from dil*acetic acid, m*p#174#
Yield 0#2 g#
Analysis t Found * 0,71.81 \ H,4#09 %•

ci2H8°3 requires : C,71#99 5 H,4#©3
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MgaPBmg *

mxl*tSff.n.&-kto#&z^^§P.l^s>M2£lzi t krUteiQZi?
6=«g$|glfi.P»I&jriB *

A mixture of 4-hydroxy-6-methylcoumarin (5 g.)$ 

allyl bromide (3 ml*) and anhydrous potassium carbonate 

(6 g*) was refluxed in dry acetone (50 ml.) on a water
' , CoVocA* (

bath for 25 hr* The product^obtained on evaporation of

acetone was washed with petroleum ether and then with

sodium bicarbonate solution* The residue crystallised
o ofrom petroleum ether (60-80 ), m*p* 108. Yield 1.5 g.

Analysis s Found s 0,72*02 ; H,5*38 %•

Gi3Hi2°3 requires : 0,72.21 ; H,5.59 %•

temsBum *

4-Allyloxy-6-methylcoumarin (1 g.) was heated
©

at 200 in an oil bath for 2 hr. After cooling, the product 

was washed with petroleum ether and dissolved in benzene* 

The solution was then run over alumina column*.The
uv.cch

product ^obtained on evaporation of benzene was washed

with sodium bicarbonate solution and crystallised from
o , ©petroleum ether (60-80 ), m.p.lll . Yield 0*5 g*

Angtfosi? * Found * 0,72.33 $ H,5.92 %•

Gi3Hi2°3 requires t 0,72.21 $ H,5*59 %•



114Dehydrogenation of 2te«dlm9thyl>2f3-d ihydro^roxp-- 

*&~fiUff-(34£rg,3 Egpsgjm-P * 2t8,tPM^faglArg?.Srillfc=

2,84>lmethyl-2,3ni:ihydro^^xo-4H«-furo(3,2«c)

beniopyran (0*4 g*) was refluxed with palladlsed charcoal

(0*3 g* I 10 % ) In boiling diphenyl ether (2 ml*) for 6 hr*

The reaction mixture was filtered hot and allowed to eool*
The separated product was filtered,washed with petroleum

0ether and crystallised from dll*acetic acid, m*p*155 •

Yield 0*2 g.
Analysis * Found t 0,72*86 | H,4.67 %*

®i3HiO03 requires t 0,72.89 | H,4*71 %*
j

Pampxrm *

* ±zU2z2qmz

7 -laethoxvcomearln *

A mixture of 4-hydroxy-7-methoxycoumar 1 n (5 g*),
allyl bromide (3 ml*) and freshly ignited potassium -•

carbonate (6 g*) was refluxed In dry acetone (60 ml*) on

a water bath for 20 hr* The reaction mixture was worked up
as before and the product crystallised from petroleum 

, 0ether, m*p* 114 • Yield 1*2 g*

Analyst? s Found s G,67*07 $ H,5*37 %*
j

Gi3Hi2°4 requires t C,67*23 | H,5*21 %*



,l»«igMrXMU

^-Allylosy-7-methoxycoumarin (1,2 g.) was heated 
oat 200-210 in an oil bath for 2 hr* The reaction mixture

was allowed to cool and worked up as described before*
oThe product crystallised from petroleum ether (60-80 ), 

om*p.l06 • Yield 0*6 g*
i Found t 0,67*70 ; H,5*20 %.

Gi3Hi2°4 requires t 0,67*23 § H,5*21 %•

Dehydypgepajfeion of 2-methyl-7-methoxy-2,3-dlhydror 

k-oyo -4H-furo ( 3f 2-c)benzopyrgp * 2-Methylr7 -methpxy,-

2 -Msthy 1 -7 -methoxy-2,3 -dihydro -4-0x0 4-H-furo
(3*2-c)benzopyran (0*5 g*) was refluxed with palladised

charcoal (0*4- g* \ 10 % ) in boiling diphenyl ether
(3 ml*) for 8 hr* The reaction mixture was filtered hot

and worked up as described before* The product crystallised
,ofrom dil.acetic acid,m.p.l76 • Yield 0*2 g*

Analysis * Pound * C,67*63 * H,4.J>7 %*

Gi3HioG4 requires t 0,67*82 | H,4.38 %•

Ally lat Ion of k -hydroxy-7-me thoxy-8 -metftyIcouroarip * 
4-ftllyloxy-7-methoxy-8 Haethylcoumarin t

A mixture of 4—hydroxy-7-methoxy-8-methy lcoumar in
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(5 g*),allyl bromide (3 ml*) and anhydrous potassium 
car bo pate (6 g*) was refluxed In dry acetone (50 ml*) on 
a water bath for 20 hr* The reaction mixture was worked up 
as usual and the product crystallised from benzene,m*p* 
163°. Yield 2 g.

Analysis t Found s C,68*25 | H,5*36 %• 
ci4hi^°4. requires i 0,68*28 $ H,5*73 %*

246d^Bgttolr2rfB^03cya243gditoto..r^rg8gj^Brl,ttr8 
i3^g.)bgpgg.pyjag *

4-Ally loxy-7-fflethoxy-8-methylcoumarin (2 g*)
owas heated In an oil bath at 210 for 2 hr* The reaction

mixture was allowed to cool and worked up as usual* The
oproduct crystallised from petroleum ether (60-80 ) , m.p* 

135°. Yield 0*6 g*

&mlz§u * Found t c,67.87 ? H,5.77
^i*3!*0* requires * 0,68*28 \ H,5*73

J^idmgj^tteiLaOe^tog|toXrZaRg3;bg3grr2.»3r.
aXfegg,£gArg?odtI=£ai:gia»gre?be?gopyy§P
7 -methoxy-4-oxo -4H-furo (VT 2-c )benzopyran s

2,6-Dlmethyl-7-methoxy-2,3-dihydro -4-oxo -4H-
furo(3,2-c)benzopyran (0*5 g*) was refluxed with palladised
charcoal (0*4 g. $ 10 % ) in diphenyl ether* The reaction
mixture was worked up as usual and the product crystallised

ofrom dll*acetic acid, m*p. 155 • Yield 0.2 g*
Analysis * Found s 0,68*52 | H,4*84 %*
2j,,Sj,2O4. requires * 0,68*84 $ H,4*95 %*



117Synthesis of<2Hflethyl^>?AjUpethoyyr»^Q^Hrfxx

i3»2rsil>.glisgpxgas *

4XlyXs^lgi3Lg^-^^ir.sgx^Sr#,iffigJ^2?X9ggs»arJ^ * 
^rA3,lylo^yry4grg.lmgth9Xjsa»B§f^ *

A mixture of 4-hydroxy-7,8-41methoxycoumarin 
(4 g.), allyl bromide (2.5 ml.) ana anhydrous potassium 
carbonate (6 g.) in dry acetone (50 ml*) was refluxed on 

a water bath for 20 hr* The reaction mixture was worked up 
as usual and the product crystallised from petroleum ether 
(60-80°), m.p* 134°. Yield 2 g.

Analysis /Found.: / *, ':;50f#^57 ; H,5*52 %.
CiaHiaO, requires s 0,64.11 | H,5.38 %m

- 2-Methyl-6t 1 -dlmethoxy , 3 «d lhydrp -^-0x9 _-^H-f uyo 

J3 j2zS).)>ep?.9£YJ®£ *

4-Allyloxy-7,8 -dimethoxycoumarin (1.5 g.) was
0heated in an oil bath at 210 for 2 hr. The reaction 

mixture was allowed to cool and worked up as described 

earlier. The product crystallised from petroleum ether 
(60-80°), m.p. 110°. Yield 0.8 g.

Analyst? t Found * 0,64.31 * H,5.64 %.
Gj.4Hi4.O5 requires t 0,64.11 % H,5.38 %*

Ba&Y&gggg&lftP- ft, »3 lhydpg-

toamsjtggfyggi3egrg)t>gfl89pyj^n : 2riWtok6eZrfllggflfflg£ 
^rPJQ.T^.HrYu£gi3»2rg.3l>g.Sg9EY£ag *

2-Methyl-6,7-dlmethoxy-2,3 -dihydro -4-oxo-4H-



furo(3,2-c)benzopyran (0*5 g«) was refluxed with palladised 

eharcoal (0*3 g. $ 10 % ) in diphenyl ether (3 ml*) for 8 hr*

and the reaction mixture was worked up as described earlier*
0

The product crystallised from dil.aeetic acid, m,p*17$ * 

Yield 0*2 g*

Analysis * Pound * €2,64-.18 ; H,4-*33 

G^Hi 205 requires : C,64-,61 $ H,4-*65 %•

benaopyran (Type D ) *

2-Hydroxy-5-allyloxyacetophenone was prepared 
according to Baker and Lothian7as follows :

A mixture of quinacetophenone (5 g*),freshly 

ignited potassium carbonate (6 g«) and allyl bromide 

(4.5 g*) in dry acetone (50 ml*) was refluxed on a steam 

bath for 9 hr. After the evaporation of acetone the 

remaining liquid was acidified and ether extracted. The 

ethereal layer was shaken with 10 % sodium hydroxide
Mm

solution and^separated sodium salt was filtered and 

acidified. The solution was extracted with ether and 

ether was evaporated. The product crystallised from 

petroleum ether.

4—Hydroxy -6 -allyloxyeoumarln :

A mixture of 2-hydroxy -5-allyloxyac etopheno ne 

(4- g.),diethyl earbonate (20 ml,) and pulverised sodium 

(3 g.) was heated on a water bath for 2 hr. The unreacted 

sodium was decomposed with little alcohol and the reaction 

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



jl9and aqueous layer was aP id if led. The separated produc

was filtered,treated with sodium bicarbonate solution
oand crystallised from acetic acid, m.p*221 . Yield 3*5 g* 

Analysis * Found * 0,65*63 $ H,4*26 %%

Gi2Ha.o©* requires t 0,66.05 $ H,4*62 %*

A mixture of 4-hydroxy-6-ally loxycoumar in (3*5 g*) 
anhydrous potassium carbonate (6 g.) and dimethyl sulphate 
(3 ml*) in dry acetone (5© ml.) was refluxed on a steam 

bath for 6 hr. The product,obtained on evaporation of
oacetone crystallised from benzene-petroleum other,m.p.106. 

Yield 2*5 g*
Analysis * Found : 0,67*01 $ H,4.84 %•

Gi3Hi2©4 requires *. G,67*23 | H,5*21 *«

4-Methoxv-6 -hydroxy-5-allvlooumarln t

4-Mb thoxy-6-allyloxycoumarin (2 g.) was refluxed 
on a wire gauze in dimethyl aniline (6 ml.) for 3 hr* The

(V> e
reaction mixture was kept overnight andkseparated product
was filtered,treated with dilute sodium hydroxide solution,

odried and crystallised from dilute acetic aeid,m*p*208 « 
Yield 1 g*
Analysis : Found * 0,67*20 * H,5*10 %m 

Gi3Hia0* requires s 0,67*23 | H,5*2l



12

lS2M2PZ£m *

4-lfethoxy-6-hydroxy-5-allylcouBiarin (0.8 g.) was
triturated with con.sulphuric acid (3 ml.) for 10 minutes*

The reaction mixture was then decomposed with ice and
water. The separated product was filtered,washed with
dilute sodium hydroxide solution and crystallised from

0
dil.acetie acid, m.p. 187 • Yield 0.6 g.
Analysis t Found * 0,66*94 § H,5*29 %*

requires * 0,67*23 * H,5*2l %*

Behydyogenat ton of 4-methoxy-£-methyl-2y 1-dlhydro- 

6-oxo-6H-furo(3, ?-f)benzopyran s 4--Wethoxy-4.»methyj.~ 

6-oxo-6H-f uro(3 f 2-f)benzopyran s

4 -Jfethoxy-2-methy 1-2,3 -d ihydro -6 -oxo -6H-furo 
(3,2-f) benzopyran (0.5 g*) was refluxed with palladised 

charcoal (0.4 g. ; 10 %) in boiling diphenyl ether (3 ml*) 

for 8 hr. The reaction mi&ture was filtered hot and allowed 

it to cool. The separated product was filtered,washed with 

petroleum ether a®d crystallised from dil.acetie acid,m.p* 
201°. Yield 0.3 g.

Analysis s Found : 0,67*64 $ H,4*32 %•

C*i3®i0O4. requires : 0,67*82 $ H,4*38 %•
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Demethylat top s k--Hydroxy-g-methvl-6-oxo -6H-furo 

(3T2-f)benzopyrp.]a s

lf-lfethoxy-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
0

and crystallised from dil.acetic acid, m*p*295 • Yield

0.1 g *

Analysis : Found : 0,66.58 ; H,3.87 %•
GA2Hg04 requires t G,66.67 \ H»3*73

Synthesis of 5,5-methylene bistk-hydroxy-2-methvl- 

6 -oxo -6H-furo (3,2-f )benzopyr ^n]:

if-Hydroxy-2-methyl-6-oxo -6H-furo (3,2-f )benzopyran

(0.1 g.) was dissolved in ethanol (5 ml.) and refluxed

with formaldehyde solution (0.2 ml.) for 30 minutes. The
0

separated product was filtered and dried, m.p. 335 •

Am lysis : Found s C,67.Mf ; H,3.M* %.
C2jH1608 requires i C,67.57 | H,3.63 *.
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^lYlaUaiL^l.,2^^AWxgMrlrigl^ka9toPlifln<?nfl * 
2rjKto^j3ri9StelAr§iJyagI^g.alg£&9£giia *

A mixture of 2,4—dihydroxy-3-methylAoetephenone 
(5 g*), anhydrous potassium carbonate (10 g*) and allyl 
bromide (4-*5 g*) in dry acetone (50 ml*) was refluxed on 
a steam bath for 8 hr* After the evaporation of acetone 
the remaining solution was aeldified and extracted with 
ether. The ethereal layer was shaken with 10 % sodium 
hydroxide solution andAseparated sodium salt was filtered 
off* It was then acidified and extracted with ether* On 
evaporation of ether yellow colour liquid was obtained 
which was used for further reaction*

A mixture of 2-hydroxy-3-methyl-8-allyloxy-
acetopheniine (5 g*),diethyl carbonate (25 ml*) and
pulverised sodium <4- g*) was heated on a water bath for
1 hr* Little ethanol was added to decompose unreaeted
sodium and then mixture was poured into water* It was
then extracted with ether and aqueous layer was acidified*
The separated product was filtered,treated with sodium
bicarbonate solution,dried and crystallised from dil*

oacetic acid,m.p* 215 * Yield 4- g*
Analysis t Pound s C,66*74- $ H,5*14 %* 

ci3Ha,2°* requires : G,67*23 \ H,5*2l %.



1234—Mathoxv-7 -allvloxv-8«ne thvlcoumarin t

A mixture of 4-hydroxy-7-allyloxy-8-methylcoumarin 
(5 g.) ,anhydrous potassium carbonate (10 g.) and dimethyl 
sulphate (4 ml.) in dry acetone (60 ml.) was refluxed on a

-f h tL,
steam bath for 8 hr* Acetone was evaporated andAseparated

product was filtered,washed with sodium bicarbonate solution
oand crystallised from dil.acetic acid,m.p.l73. Yield 3*5 g.

* Pound t 0,68.54 ? H,5,79 *•
requires : 0,68*28 ; H,5*73 %*

glaiaen rearrangement of 4-roethoxy-7-ally loxy-8-methyl- 

coumarln j 4-M>thoxv-7-hydroxy-6 -allvl-8-methyl- 

couinarln t

4-Methoxy-7-allyloxy-8-methyleoumarin (3 g.) was 
refluxed in diethyl aniline (5 ml.) on a wire gauze for 

3 hr. The reaction mixture was allowed to cool. The 

separated product was filtered and treated with dilute 
sodium hydroxide solution, dried and crystallised from

O''

acetic acid, m.p. 218 • Yield 1*5 g»
Analysis t Found t 0,68.10 $ H,5«62 %%

requires * 0,68.28 $ H,5*73 %•

Cyclisatlon of 4-methoxy-7-hydroxy-6-allyl-8-methyl- 
GSmazte • 4thoxv-5.8 rd iae thy 1 -4*. 5-d lhydro - 

psoralens *

4-Msthoxy-7 -hydroxy-6 -ally 1 -8 -methy lcoumar in 
(1*2 g*) was triturated with con*sulphurie acid (3 ml.) for



10 minutes. The reaction mixture was decomposed with ice

and water. The product was filtered off, washed with dilute
sodium hydroxide solution and crystallised from dll.acetic 

oacid, m.p. 198 • Yield 0.8 g.
Analysis * Found j 0,68.2? ; H,5.3© %* 

ci*hi,40* requires * 0,68.28 ; H,5*73 %*

Ma&£&&§3®MQSLf}t.

dihydropsoralent * *
j * *

4-Msthoxy**5*8-dimethyl-4,5-dihydropsoralene 
(0.7 g.) was 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 
separated product was filtered,drled and crystallised from

odll.acetic acid, m.p. 232 • Yield p.4 g.
^ methanol (log e) 288 (3.12), 326 (3«93)« 

max. ,

mUm * t C,68.41 * h,5.39 *•
Gi»»Hia0% requires : 0*68.84 ; H,4.9? $•

pemethvlatiop t 4-Hydroxy«-^|8«dimethylp^or^lene 1 

4-MethoxyA*8«dimethylpsoralene (0.3 g.) was 
dissolved in ethanol (5 ml.) and refluxed with eon. 
hydrochloric aeid (5 ml.) on a wire gauze for 1 hr. The 

reaction mixture was then diluted with water and the 
separated product was filtered off, treated with sodium 
bicarbonate solution and crystallised from dll.acetic



0 iacid, m.p. 305 • Yield 0.1 g.

X chloroform , , ^ %^ max. (log e) 286 (4.06), 296 (4.09), 326 <3•89>.

Analysis * Pound * 0,67*51 ) H,4.19 %*

c13hio0» requires * 0,67*82 $ H,4.38 %*

aratbgglfi. g&3«a-ig$byiai%^J?ia,i4rMgg?yr5lg.tfl.iigfefez3c

RS9IM&J&) *

4 -I*y droxy - 5 J 8 -d ime thy Ip so ra lene (0.1 g.) was 

dissolved in ethanol (5 ml.) and 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.

" - v

Apalyplp * Found 1 0,68.68 $ H,4.26 %•

^27^20^8 requires • 0,68.64 $ H,4.27 %•

Synthesis of 7>41ydroxy^-inethyl- »oxo-S?B-f uro (2.3-h) 

fegJ?o.PYJaflJlY.Ee..5X 8

4-Allyloxyresacetophenone was prepared by Baker 

and Lothian as follows *
A mixture of resacetophenone (5 g*),allyl bromide 

(4 g.),anhydrous potassium carbonate (6 g.) in dry acetone 

(50 ml.) was refluxed on a steam bath for 6 hr. After the 

evaporation of acetone the remaining solution was 
acidified and extracted with ether. The ethereal layer 
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

■■■ 125

v



faint yellow colour liquid was obtained which was used ^ ^ ^ 

for further reactions*

A mixture of if-allyloxyresaeetophenone (5 g.), 
diethyl carbonate (25 ml*) and pulverised sodium (if g*) 

was heated on a water bath for 1 hr* After the completion 
of reaction a few ml* of ethanol were added to decompose 
unreacted sodium and then poured into ice, and water*. It was 
extracted with ether and aqueous layer was acidified. The 
separated product was filtered,treated with sodium 
bicarbonate solution,dried and crystallised from acetic 
acid, m*p. 231°. Yield b.5 g.

Analysis s Pound * 0,65*99 ; H,if*68
ci2HiO°4. requires * 0,66*05 | H,if.62

A mixture of if-hydroxy -7-allyloxyco umar in (if g*),
dimethyl sulphate (3 ml*) and anhydrous potassium carbonate
(7 g.) in dry acetone (50 ml.) was refluxed on a water bath
for 6 hr. After the completion of reaction it was worked up
as usual and the product crystallised from benzene-

0
petroleum ether,m.p. 93 • Yield 2.5 g*
Anstlys.lp : Found s 0,67.66 $ H,5*16 %•

requires * 0,67*23 * H,5*21 %.c13h12o*
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Cj^lsep reftr^thgemept of, 4-methoxy-7-allyloxyooumar In x

4-Methoxy-7 -allyloxycoumarin (2 g*) was refluxed

in dimethyl aniline (5 ml*) for 3 hr* The reaction mixture

was allowed to cool* The separated product was filtered,

purified by the treatment with sodium hydroxide solution
oand crystallised from acetic acid,m*p.248 • Yield 1 g*

AnftlysIg t Pound * C,66*96 | E,5*28 %.

ci3Hi2°i* requires : C,67*23 $ B,5*21 %.

Cycllsatlon of 4-methoxy-7-hydroxy-8->allylcoumarin t 

7 -ffethoxy r2rmethy 1-? 13 -d lhvdro-5-oxo -5H -furo (2,1-h)

4-Methoxy-7-hydroxy-8-allylcoumarin (1 g«) was

triturated with con.sulphuric acid (3 ml*) for 10 minutes*

The reaction mixture was then decomposed with ice and

water. The separated product was filtered,washed with dilute

sodium hydroxide solution and crystallised from dil.acetic 
0

acid, m*p* 178 • Yield 0*8 g*

■ Analysis s Found s C,67*17 $ B,5*3° %*

ci3Hi2°4 requires s C,’67*23 ; H,5*21 %•

Dghydroge nation of 7-methoxy-methyl-ftr1-d ihydpo-5- 
oxo -ftB-furo (1 -h)benzopyran t 7-Methoxy-g-methy l-«>- 

9?9.r«?ffr/l*r.gibgm>PYI.§S *

7-Methoxy-2-methyl-2,3 -dihydro -5-oxo -5H-f ur© 

(2,3-h)benzopyran (0.6 g*) was refluxed with palladised



charcoal (0.3 g. \ 10 % ) in diphenyl ether (5 ml-) for 

The reaction mixture was filtered hot and allowed to cool-
r.

The separated product was filtered,washed with petroleum
-o

ether and crystallised from acetic acid, m-p-217 *

Yield 0.3 g-
Analysis * Pound s 0,67-63 } H,4-A5 %•

Gi3Hio°4 requires : 0,67-82 \ H,i+,38 %,

lfego.thyiatipa * Zd^toxy.-^m^^

(2<3,rh),fee.pap.pxraSi s

7-MBihoxy-2-methyl -5 -oxo-5H-furo (2,3 -h) benzopy ra n

(0.2 g«) was dissolved in ethanol (5 ml-) and refluxed with

con-hydrochloric acid (5 ml.) on a wire gauze for 1 hr. The

reaction mixture was diluted with water and the separated

product was filtered off,treated with sodium bicarbonate
osolution and crystallised from acetic acid,m-p-310 - 

Yield 0.1 g-
Analysis t Pound * 0,66-28 $ H,3*53 #.

OiaHgO* requires* 0,66.67 $ H,3.73 %,

Synthesis of 6,6-methylene b is &-hydroxy-2-ffiethyl-

isaaajSBsAStouagHoaifl»
7 -Hydroxy-2-methyl -5 -oxo -5H-furo (2,3 -h) benzopy ra n

(0-1 g-) dissolved in ethanol (5 ml*) and refluxed with
formaldehyde solution (0.2 ml-) on a water bath for 30

minutes. The separated product was filtered hot and dried, 
om-p-328 • Yield 0.1 g.

t Found s C,67A5 5 H,3.50 %.
g2 5hi6<>8 requires * 0,67-57 ? H,3-63
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aycllsatlon of ^4llylr,asaA^tx>j?Mn5.a9. * fcMM--, 

^-hydroxy-5-acetylcoumaran $

71 . ‘ '

3-Allylresacetophenone (2 g.) was triturated with 

oon.sulphurlc acid (5 ml,) for 10 minutes* The reaction 

mixture was then decomposed with ice and water and the 

separated pasty product was extracted with ether. On 

evaporation of ether only pasty product was. obtained 

which was used for further reaction. >

i

benzonyrap *

A mixture of 2-methyl-4-hydroxy-5-acetylcouitiaran

(1*5 g.), diethyl carbonate (10 ml.) and pulverised sodium

(1 g.) was heated on a water bath for 2 hr. The unreacted

sodium was decomposed with alcohol and the reaction

mixture was poured into water. It was extracted with ether

and aqueous layer was acidified. The separated product was

filtered,treated with sodium bicarbonate solution and
ocrystallised from dil.aeetie acid, m.p.258 • field 0.8 g* 

Analysis s Pound s 0,65.87 $ H,**.92 %* 

si2Hio°* requires s 0,66.05 $ H,**.62

7 -Methoxy -2 -methyl -2 T 3 -d ihvdro -5-oxo »5H-f uro (2t3-h) 

benzopyran s

A mixture of 7-hydroxy-2-me thy1-2,3-dIhydro-5- 
oxo-5H-furo(2,3-h)benzopyran (0.5 g.),dimethyl sulphate 

(0.3 ml.) and anhydrous potassium carbonate (1 g.) in



acetone (30 ml.) was refluxed on a water bath for 5 hr*

The reaction mixture was worked up as usual and the
oproduct crystallised from dil*acetic acid, m.p.178. 

Mixed m.p* with 7-ffiethoxy~2-methyl-2,3-dihydro-5-oxo-5S 

furo(2,3-h)benzopyran as prepared earlier (p. )

was not depressed*
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