
CHAPTER III

SYNTHESIS OF SOME (A) CPU MARI NO -p -PYRONBS 

ARP (B) FUROCOUMARINS



CHAPTER III

SSSIaElM.

(A) * ‘

Harttsseh and 2irohar synthesisad eouiS”in}»a- 
pyron©s( X) and (II) by the Pechoann condensation of 

resorcinol and phloroglucinol with ethyl acetoaeetate.

2
Sen and Chakravartl condensed 7-hydroxy- and 

7“hydro*y-^-methyleouJBarin with malic acid in the presence 
of sulphuric add and obtained coumarino-(7^8 3 6^5*5-a - 

pyrone (Ilia) and *+-mathylcoumarii» (718 $ 6j5*)a-pyrone(IIIb) 

respectively*

R -
iv



Similar condensations wera carried out by the above
authors with 7,8-dihydroxy-4-methyl-,7,8-dihydroxy-,
5-hydro xy-7-methyl- and 5-hydroxy-4,7-dlmethylcoumarin and
obtained c oumar i no -a -py ro ra derivatives, the structures of

3which were not established. Rangaswami and Seshadrl reported 
the formation of both the angular (Ilia) and the linear(HT) 
coumarino-a-pyrons derivatives in the condensation of 
7-hydroxycoumarin with malic acid, the latter being 
obtained in poor yield. Under the same experimental 
conditions 7-hydroxy-4-methylcoumarin gives only the angular 
coumarino-a-pyrone (Illb). The structure of(IIIa)was 
established by its synthesis from 7-hydroxy-8-formylcoumaiin 
by Perkin reaetion. In a similar way, the constitution of 

(Illb ) was also established.
Biswas synthesised 3-chloro-4-methylcoumar1no-

» »

(7*8* 6,5 )«-pyrone, 7-methyl-3-c hloro-4-methylcoumarlno-
(5,6*6,5 )a-pyrone and 8-hydroxy-3-chloro-4-methylcoumar i no- 

* »(7*6 *6,5 )a-pyrone by the condensation of 3-chloro-4-
, methyl-7-hydroxy-, 3-chloro-5-hydroxy-4,7-dimethyl- and

3-c hloro-4-methyl-7,8-dlhydroxycoumarln respectively, with
malic acid in the presence of sulphuric acid.

5Trlvedi and Sethna prepared 3,4-dimethyl- 
» *coumarino-(7,8*6,5 )a-pyrone and 3,4,7-trimthylcoumarino- 

(5,6*6,5 )a-pyrone by the condensation of 7-hydroxy-3,4- 
dime thylc oumar in and 5-hydroxy -3, 4,7-tr ime thylc oumari n 
with malic add. Similarly 8-hydroxy-3,4-dimethylcoumarino-

* , j >(7,6*6,5 )a-pyrone, 3-bromo-4-methylcoumarlno(7,8:6,5 )<*-
» »

pyrone and 3-bromo-4-methyl-8-hydroxycoumarino(7,6:6,5 )a-



pyrone were also synthesised from 7*8~dihydro3y-3»4-

dimethyleoumarin, 7-hydroxy-3-bromo-4-msthylc oumar in and

7,8~dihydro:sy«»3~bronio-4-®efchyleouraarln respectively. They

established the structures by Perkin ac®tylation of the

cot*re spending formylated eoumarin derivatives.
6

Dholakia and Trivedi recently synthesised 
coumarino-a-pyror© (VI) from 4—hydroxycoufflarin(V) by the 

Feehmann condensation with malic add.

♦

Similarly, 7«*®ethoxy~8-methyl-4~methyleoumari no 
* » » »(4,3*6,5 )a-pyrone and 6-methylcoumarino(4,3*6,5 )a-pyrone

were also synthesised from 7-methoxy-8-methyl-4-hydroxy-

and 6-me t hyl-4-hy droxycountarin, respectively.
i 7

Shah and co-workers carried out Kostaneeki- 
Robinson acylation of 5-hydroxy «*6-aeyleoumarin3(VII) and 
obtained eoumariro-a-pyrones(VIII) and eoumarino-y-pyrones 
(IX).



V O ftliDayo and Ghate obtained 4s4-dlmethyl-8-athyl- 
coumanino ~( 7,6:6 ¥ 5 )a-pyror» and 2^-dlaathyl-8«ethyl«3l 

ac©tyleoumar 1 no-pyroae from 7-hydroxy-8-e t hy 1 -6 -ac a ty 1 ~ 
4-methyleoumarin by Ko stanecki=Roblnson acetylation.

*$istafa and eo-workers carried out Kbstaneekl- 
Bobinaon acetylation on 4-hydroxy-3-benzoyleoumarin(X) 
and obtained 4-pbenyleoumarino-(4»3:6|5,)a-pyrone(XI).



99

4-Hyd2*0xyeo\i!narln on Bechaann condensation with ethyl
9 9 9

ace toaeetate yielded *+-®ethylcoumarinD(1+,3J6,5 )a-pyron®.
4 0 *

Trivedi and co-workers synthesised 4-methyl-4-
9 9

phenyleoumarino (7,6*6*5 )o-pyrone (XIII) by carrying out 

Kbstanecki-Robinson acetylation of ?-hydroxy-6-feenzoyl-4-,8- 
dimethylcoumarin (XII). The structure of this eoumarino-c- 

pyrone was established by infra red spectra.

9
Similarly they prepared 4-,8-dimethyl-4-phenyl-

9 9
coumarino (7*6*6*5 )o-pyrons from 7 -hydroxy-6 -benzoyl-4-,8-

■14
dimethylcoumarin. Iiistafa,Starkovsky and Zaki prepared

9 9

5-methoxycoumarino (7*6:6,5 )a-pyrone (XV) by Perkin
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acetylation of thoxy-y^hy droxy-6-forfflyleoumarin (XIV)*

X<V XV
i 2

Jfehta carried out Perkin acetylation and

Knoevenagsl reaction on 8~hydroxy-7“fornyleoumariii (XVI)
* *

and obtained coumarino(8t7*6*5 )a-pyrora (XVII) and 
» » >3-carbathoxycountar ino (8 ? 7 * 6,5 )a-pyrone (XVIII).

o

a.3
Chakravarti and co»workersk condensed 7-hydroxy-

8-foraiyl«»if»ffiethyl»and 6-hydroxy-5*-formyX-4*»niethylcoumarln
»with glycine and obtained 3-acetaffiido-4—methylcoumariro-

~s



t * *1 *
(7*8*6,5 ) a-pyrene (XIX) and 4—methyl-3-ace tamldocoumarino 

(6,5*6,5 )a-pyrona (XX)*

101

14 )
Shaikh and Trivedi synthesised 3-acetamido- 

» » *coumarino(7,8s6,5 )a-pyron9, 4-methy 1-3-acetamidocoumari no
, * * »(7*8*6,5 )a-pyrone and 4~methyl-8-hydroxy-3-acetamido-
coumarlnc»(7,6*6j5,)a-P7PO^ through a similar procedure,

The present work deals with the attempted
synthesis of coumarlno(6,7*6|5*)a'py?one and 4-mathyl- 

» *coumarino(6,7*6,5 )o«pyrone.
Attempted ?^^^i2jQ|LSPil^i^^7jj!42.,Iflr.lffiSP.PS. «

7-Formylcoumarln was synthesised from 7-bromo« 
methylcoumarin as described in chapter II* This was 
subjected to Elbs persulphate oxidation by treating an 
alkaline solution of 7-formylcoumarin with a solution of 
potassium persulphate* The unreacted coumarin was removed 
by acidifying the solution to Congo-red and removing the 
precipitated material* The filtrate on heating with excess 
of hydrochloric add gave a product which was soluble in 
sodium hydroxide solution* It gave reddish brown
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colouration with alcoholic ferric chlorida solution.

The application of this reaction to coufflarin 
derivatives has been studied by a number of workers and 
it has been shown that the oxidation takes place in the

15opposition of the coumarin ring system . 6 - Hydroxy -7 -fo nn yl - 
coumarin structure (XXI) has therefore been assigned to 
the above oxidation product. This hydroxy coumarin was 
then condensed with diethylmalonate in the presense of 
a few drops of piperidine. The alkali insoMble product 
obtained was assigned 3-carbethoxyoottmarino-(6,7s695)ap 
pyrone structure (XXII). As the hydroxyformylcoumarin (XXI) 
was obtained in a very low yield, the hydrolysis aid 
decarboxylation of the ester (XXII) could rot be attempted • 
Attempts to carry out Perkin acetylation on (XXI) gave a 
polymeric product which was insoluble in various solvents 
and which did rot melt.

Of# a

XX |

Iyi flJfe flKa.(Lcr^tx.L&

pip<a,yid\m_

^aon

XX f/



» »

7-Formyl-4«m@ t hy leoum ar i n, synthesised from 

7-bromomathyl-4-ffiathyIooumarin as described in chapter II, 

on oxidation with potassium persulphate gave 6»hydroxy-7- 

formyl~4-methylcoumarin (XXIII) . This was then condensed 

with die thy Imalo nate In the presence of a few drops of
* t »

piperidine and 3 »c arbethoxy-4-methyIcoumarino( 6, ?: 6,5 )
o-pyrone (XXIV) was obtained. This ester on hydrolysis
with % sodium hydroxide solution gave ^-methyl-3^carboxy- 

» »coumarIm(6,7:6t5 )a-pyrone (XXV) • As this aeid was 

obtained in very low yield, the decarboxylation could rot 

be studied.
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(B> ISgggogBaSlM t g

A number of fmroeoumarins have been Isolated 
from plants. Psoralem,angelic in,bergapten,xantho toxin* 

plffiplBellin,isoplmpinsllin and oreoselone (XXVI, XXVII 

end XXVIII) are a few members of this group*

R

R,

XXVi

Psoralen© 

Xantho toxin 

Bergapten 

Isopimpiueiiin 

Bnperatorin

R

H

Oils

H

om
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H

XXW//

Some farocoumarins such as bergapten,pimpinellin 

and isopimpi is Hi n are toxic to fish and others such as 

Psoralene,xanthotoxin, imperatorin and bergapten are found 
to be photo sensitizing agents. Ffcroeoumarlns such as



, , 105psoralen© and imperatorin have also been found to have
uantifungal activity •

A furoeoumarin can be synthesised (A) by building 
up a furan ring on a suitably substituted eoumarin 
derivative or (B) by building an a-pyrone ring on an 

appropriate benzofuran derivative.
(A) 1- A very convenient method for the synthesis of a

furoeoumarin from a eoumarin derivative is illustrated by 
the synthesis of angeliein by Spa'th and Paile/7.

7 - Hydroxy-8 -fo r my le oumar i n (XXIX) was condensed with iodo- 

acetic ester and the product obtained (XXX) was hydrolysed 
to the acid and eye Used in the presence of acetic 

anhydride to angeliein (XXXI).

Ethyl bromoacetat© is generally used instead of 
ethyl iodoacetate. This method has been extensively used 
by later workers for the synthesis of a number of furo- 

eoumarins. A few examples are given be lows
Shah and Shah4,8synthesised B^aethyl-furo-
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» t i____

(5,4t 5,6)ccmmarin (XXXI la) from 5-hydroxy»6-ac®tyl-3- 
carbethoxycoumarin. C'hudgar and Shah19 prepared 3*4- 
dimethyl-furo ( 5*4 ’: 5,6)eoumarin (XXXIIb) from 5-hydroxy- 

6-acetyl-4-methyleoumarin.

(a) R * H
f

(b) E = CH3

Rodlghiero and Antonsllo2° applied this method 

to the synthesis of xanthotoxin (XXXIII) from 7-hydroxy-8- 

methoxy-6-formylconmarin.

Mmaye and Gangal * synthesised 4,3-dimethyl-furo 

(5,4 *7,6)coumarin from 7-hydroxy-6-acetylthyl- 

eoumarin using the same procedure®

Trlvedi and co-workers have recently synthesised 
different alkyl psoralenes having alkyl or aryl substlt^ehtio



in 4-position* 7“Hydroxy-6~aeyl»4“alkyl or* aryl-8-methyl- 

coumarin on condensation with ethyl bromoaeetat© followed 

by hydrolysis and subsequent e yell sat ion yielded different 

substituted psoralens s (XXXIV).

107

aa^

R

*xx/v

R = alkyl or aryl 

Rj, s CH3, *>C?2H5 etc*

Using the above method, Shah and shah
» 9 9

synthesised 3-®®thyl-furo(5,4 s7,8)eoumarin (XXXV) from 

7-hydroxy «8*acetylcoumar i n*

24. 9
Mehta and Sethm synthesised 3-methyl-furo

$ 9
(5,4 :8,7)coumarin (XXXVI) by condensing 8-hydroxy-7- 

acetylcoumarin with ethyl bromoaeetate followed by 

hydrolysis and cyclisation*

Jfehta has also prepared 3*8-dimethy1-furo



108
) »(Jt»f s7,6)coumarin from 7-hyd roxy-6~ac9ty 1 -8-methylcoumarln

9 9 9
and 3»5-dioethyl-furo(5,lJ- *7?8)coumarin from 7-hydroxy-8- 

acetyl-5-osthylcoumarln*
26

(JO* Soshadri and co-workers have developed an
interesting method for the synthesis of furocoumarins.
They synthesised angelic in by subjecting 7-hydroxy-8- 
allylcoumarin (XXXVII) to ozomolysis and eyclised the 
7 ~hydroxycoumarin-8-acet aldehyde (XXXVIII) formed with 

ortho phosphoric acid.

C-H-j CH =C-H,.;4
C-HaC-tfO

O-

n3rot/

27
Pardanani and Trivedi used this method for the 

« * 9 '

synthesis 0^ 8-methyl»4~phenyl-furo(*7,6)eoumarin from

7-hydroxy-4-phenyl-8-me thylcoumarin-6-acetaldehyd© .

Following the same procedure, Seshadri and
26

co-workers also synthesised psoralen© and xantho toxin.
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'■3) Kaufman has developed a versatile method
which has proved useful in the synthesis of several 
furocoumarins* The synthesis of a dimethylpsoralene by 

this method is givenbelow#
7-Ally loxy =>8»me thyleouraarin on Claisen 

rearrangement gave 7-hydrosy»6«»allyl-8-methylcouffiarin 
(XXXIX) • This was then acetylated and brominated. The 
dibroao derivative (XL) was eye Used to get the psoralen# 
derivative (XLI).

C.I1,

6r9 c^oco
CU-Ijt
i 3 « ^
B-r

Xhi

This method was then extended to the synthesis
* ? tof furo~2,4-diffiethyl-( 5,4*6, 5)eoumarin (XLII) from 

6-hydroxy-5»allyl-4»metbylcou®arin29.

CM

ft

-O

XP iH

ft « Cl, 6rf, C-ri , N CCSty
X&ti



30Kaufman arid co-workers synthesised psoralens
derivative (XLIII) having different groups such as Cl,Br,
CNv and N(CH3)2 in th® 8-position using 8-aminopsoralene 
as an intermediate product*

31 »
Kaufman and Bussey also synthesised 2-methyl- 

furo(5,4 *8>7)co«marin (XLI?) from 7-allyI-8-hydro3tycoumarin 
by this method*

118

* » j2-methyl=>ftiro(5,4 s3,4)caumarin (XLVlI)froo 3-hydroxy- 
coumarin. 3~Hydroxycou®arin was allylated and the allyloxy 
coumartn on Claisen rearrangement afforded 3-hydroxy-4- 
allylcoumarin (XLV) which was cyclised by treatment with 
concentrated sulphuric a® id* The dihydrofurocoumarln 
(XLVI)'was then dehydrogenated with pallatised charcoal 
to 2-methyl-furo(5,4 s3,4)eoumariB (XLV II).

OH

X/jV//



, 33 »*f* Trivedi and Sethna synthesised 3-methyl-furo
(594 15,6)couma^in (LII) using a different approach* The

coumarino-a-pyrone (XLIX) obtained from 7-hydroxy-^-methyl-

eoumarin (XI.VIII) was brominated and the 3*broao derivative
(L) obtained was treated with alcoholic potassium hydroxide

and the add (LI) decarboxylated*

v

CJ/j



' 34Dholakia and Trivedl applied this method to
» * -

the synthesis of s453)eoumariia (LIU) starting

from 4«»hydroxycoumarin,

3 5Ray,SilooJa and Vaid prepared 3-methyIpsorale m 
(L?) by the eye li sat ion of /-acetonyloxyoeamarin (LIV) 

with sodium ethoxid©•

J-J i V

e^-oNet

V

A few examples of the other approach viz*
building up a-pyron® ring on a substituted benzo furan

derivative may now b® sited*
„ 36

Spath @t al. carried out tte condensation of 
6-hydroxy®^,3-dlhydro-bensofuran (LVI) with malic acld in



tha presence of sulphuric aeid and obtained 2,3-dlhydro- 

psoralsm (LVIX) which wa3 dehydrogenated to psoralana 
(LVIIX) •

k v//i

37I*ater, Horning and Relsner prepared different 
2,3-dihydropsoral®»§s by condensing 6-acetoxy-2,3-dlhydrc- 

benzofuran with a variety of p-ketonic esters in the 
presence of sulphuric aeid. Isse and Christensen38 have 

extended this reaction to obtain 6-alkyl-2,3-dihydro-5« 

methylpsoralen© by condensing appropriate a-alkyl-B- 

ks tonic ester with 6-ac®toxy-2>3**dihydrobenzofuran.
Soudau and Blanchecott©39 synthesised 4-hydroxy*

3-phenylpsoralem (EXX) from 6-hydroxy-2,3-dihydrobenzofuran*

Poster et al. synthesised psoralen© by first 
subjecting 6-hydroxy-2,3-dihydrobansofuran to Gattermann 

formylation and then condensing the 5-formyl derivative 

(EX) with cyanoacetie acid under the conditions of



poll O

'i

Knoevenag®! reaction. The acid obtained (IXX) was 
decarboxylated and dehydrogenated to psoralen®#



Limaye and Sathe subjected 6-hydroxy-7-acetyl-

3-methylbenzofuran (LXII) to Kostanecki-Robinson
. » » »acetylation and obtained furo-3,4--dimethyl(5,4- s5,6)

coumarin (LXIII) in poor yield along with furp-2,3- 
dimethyl-(5,if,:5,6) chromone (LXIV).

4-2 » »

Salvi and Sethm synthesised 2-carbmethoxy-3-
» »

methylfuro (s5,6)coumarin (1X71) from methyl-6-hydroxy- 

7-formyl-3-methylcoumarilate (LX7) by Perkin acetylation.



U6

^ it. O N clSt-ON cl

o

jt» *V/

(LXVTI) from mathyl-4-formyl-5~hydroxy-3“IQ9thyieousarilat a 

by Knoevenagel reaction with diethyl malonate#

4-hydroxy- 5°f o rmy Xbe nzo fur an from 4-hyds?oxybenzofUran and 

then subjecting It to Perkin reaction.

a new synthetic route to synthesise psoralen® as follows. 

Brominat ion of ethyl(2*>formyl—5**methoxyphenoxy)aeetate 

gar# the 4-brouio derivative (IXVIII) which was saponified 

and simultaneously eye Used and decarboxylated to 5-bromo- 

6-methoxybenzofuran (BOX). Lithium bromide interchange 

and then formylation and demethylation gave 5-forsyl-6- 

hydroxybenzofuran (IXX) which was condensed with



dlatbylraalonate to finish psoralene after hydrolysis and 

decarboxylation of the condensation product*

C-tt o f'^^OCH.C&OC.jhy
-? ! u <-'Nam

$-f K^^yCJiO J)C^c£Cscdt,ao'

C4ip
O
fly

JUX v«/

JjXfX

y jL> i fei uiw bV&rYHd'ci uTilptcJ'-iH^S-
t wt/ &o

|/ Ffi'm^ I c-~iiuO

45
Shaikh and Trivedi have synthesised 4=»hydroxy«- 

furo^,1* s5f0)@@Uffla?iBpXXll) by the action of sodium and 

ethyl carbonate on 6-hydroxy«*7«&cetylbenzofttra». Through a 
similar procedure the furoeoumarins (IXXI b and e ) were 

synthesised from 6-hydroxy-7~ac ©tyl-3~m®thylbanzofuran 

and 6-hydroxy-7-propiocyl-3 -ms thylbe nzofuran*

(a) B * B| ~ R2 = H

(b) R * CH3 , Ra - R2 = H

(c) R= R2 = CH3 5 Rj = H

jL/Xx/



{

The following types of furoeoumarins are 
theoretically possible.

JUXXJI
l> XXUl

IjXXVI JUKXVU



As will be -seen from the previous discussion

that many' of these hav® been synthesised,, Ho\f@ver, as far 

as. the type (LXXV) is coroamed, the parent compound has

not been synthesised* Only two derivatives, viz* 4-methyl-
» * * 5-n-propyl»furo(5,4 s6,?)eouBiarin (LZXXIII) and 2,4-

» *
dime t-hylfuro(5$4:6,7 )ccumar 1 r; (LXTHt)have been

3 0
synthesised by Kaufman et al. as follows s

6~Hydrcs:y-5s n-propyl-4-msthylcouinari n (LZXX) was

allylafced and the allyl ether (LXXXI) on Glaisen

rearrangement gave 7°-allyl-6-hydroxy-5-n-propyl-4-me thyl-

couaarin (LXXII1) ♦ This on ozonolysis, c./ " • '.'.a /< • h * n

and heating with o-phosphoric a°id gave 4-methyl-5-n- 
* *propyl-furo(5,4*6,7)coumarin (LXXXIII).

/H^i

L JCXXIII
jjXXKtl



2,4—Bimethyl-furo(5^ 6,7) coumarin (LXXXIV) was 

synthesised by the above authors from 5-hydroxy-2~methyl- 

2,3 -di hydro be nzo fur an by Fechmann reaction with ethyl 

acetoacetate and subsequent dehydrogenation*

120

Grt

» ?
Attempted synthesis of furo(5TIf:6T7)couinariny (LXXV):

The parent furocouroarin (LXX7) cannot be 

synthesised directly from 6-hydroxycou®arin as it formylates 

in 5-position and the allyl group from 6-allylether 

migrates to the 5-position. The present work deals with 

a new approach to the synthesis of this furocoumarin from 

7-methylcoumarin through the sequence of reactions given 

on the next page.
However, the hydrolysis of the ester (LXXXV) 

with 5 % sodium hydroxide gave an acid which does not 

correspond to the desired acid (LXXXVa). The structure 

of this add has not been established.

Because of this difficulty in getting this acid 
9 4*6

Tanaka s method of condensing an o-hydroxy aldehyde with 

ethyl bromomalonate in ethyl methyl ketone in the preseme 

of anhydrous potassium carbonate, was tried.

6-Hydroxy-7-formylcoumarin, prepared as



described before was condensed with ethyl bromomalonate in 

ethyl methyl ketone in the presence of anhydrous potassium 

carbonate.. The solvent was then removed and the residue

when treated with water gave a product which was insoluble
» > »in sodium hydroxide solution. 3-Carbethoxy-furo(5,4:6,?) 

coumarin structure (LXXXVI) has been assigned to this 

product. However, the hydrolysis and decarboxylation met 

with failure. Hydrolysis with sodium hydroxide gave a 

polymeric product and with concentrated ,sulphuric acid 

in the cold no hydrolysis took place*
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Although the removal of th® earbethoxy group
from the above compound was unsuccessful, it was thought,

* ?
df Interest to see If 4-®ethylfuro(5*4 s6»?)coumarin 

could be synthesised starting with 4 -me t hy 1 -7 -fo r my 1 - 

coumarin* It has been possible to achieve this synthesis 
through the following sequence of reactions*

as described before (p.ioi) was condensed with ethyl bromo- 

acetate in acetone in the presence of anhydrous potassium 
carbonate* On Removal of acetone and dilution of the 

residue with water afforded a product, which was insoluble 
in sodium hydroxide solution* 4~Msthyl-6-carbethoxyinQthoxy~ 
7-fownyXeoumarln (IXX30TH) thus obtained was hydrolysed by 

keeping it with 5 % sodium hydroxide solution for 24 hours 
to 6-earboxymeth0xy-4~methyl-7-formylcoumarin (LXXXVIII) • 
This acid on heating with sodium acetate and acetic 

anhydride underwent eyelisation to 3“Carboxy~4-K3thylfu.ro- 
(5,4 :6,7)eoumarin (IXXXIX). This was then decarboxylated 

to 4-methyl-furo(5«4 s6,7)coumarin (XC) by refluxing in 

quinoline with copper bronze.

6-Hydroxy?4-mathyi~7-fornyIcon®srin, prepared

IZhyl brt»-OQ-
' -mo.ionjxbi

izxxxsii
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EXPERIMENTAL 124

6rMraiysgrto.g^ga^£3Ju»
A saturated aqueous solution of potassium

persulphate (0,6 g«) was added during 4 hours to a well
stirred solution of 7~forffiyleoumarin (1 g.) in sodium

hydroxide. On the next day this solution was just
acidified and filtered. The filtrate on heating on a
steam bath for 30 minutes with excess of hydrochloric acid
gave a product which crystallised from nitrobenzene in

opal® yellow prisms (0*25 g*), m.p. 268 , It gave reddish 
brown colour with alcoholic ferric chloride.
Analysis- s Found s C, 62*54 ? H, 2.75 *.
gioh60% requires s C, 63*16 $ H, 3.15

t J t >

A mixture of 6-hydroxy~7-formyXcoumarin (1 g.),
diethyl malonate (0.67 g*) and piperidine (4 drops) was
kept overnight. The reaction mixture was decomposed with
ice cold hydrochloric acid (50 ml. $ Isl ). The product
which separated was washed with dilute sodium hydroxide
solution and crystallised from dilute acetic acid in

0
pale yellow needles (0.55 g*), m.p. 295-97 •
Anplyftjtft s Pound s C, 62.69 $ H, 3,25 %*

ci5Hio°6 requires % G, 62.94 ; H, 3.49$*

4-Methyl-7-formylcoumarin (1 g.) prepared as 
on (p.gi ) was dissolved in sodium hydroxide solution 
(15 ml. | 10 % ) by Heating. A saturated aqueous solution
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of potassium persulphate (1.6 g.) was added during 4

hours with continuous stirring and external cooling.
After keeping this so^utiton overnight^ It was acidified
to Congo red. The precipitated unreacted substance was

removed by filtration. The filtrate was treated with
excess of hydrochloric ;add and heated on a steam bath
for 30 minutes. The product obtained crystallised from

0
acetic acid in yellow needles (0.3 g.), m.p. 287 • It 

gave a reddish brown colour with neutral ferric chloride 
solution.

* Found % C, 64.54 $ H, 3.60
ciiH8°4. requires % C, 64.71 $ H? 3.92

6-Hydroxy-*4~methyl»7-formylcoumarin (lg«) was
mixed with dlethylmalenst# (0.62 g.) and three drops of
piperidine. After keeping the reaction mixture for 24

tours it was decomposed with hydrochloric acid (1*1) •
The product which separated was washed with dilute sodium
hydroxide solution and it crystallised from dilute acetic
acid in pale yellow needles (0.6 g.), m.p.252°.

Analysing s Found s C, 63*93 $ H, 3.92
ci6hi.206 requires * C, 64.00 $ H, 4.00

9 99
3--Ca,rbqa:»4»fflethylcoBmarlno(6f 5 16t7)s-pyrene *

The above ester (>0.5 g.) was mixed with sodium
hydroxide solution (5 ml. ; 5 % ) end kept overnight. The

clear solution was then diluted and acidified. The separated
acid was purified by taking it in sodium hydroxide solution.



The product obtained on acidification was crystallised
o

from dilute acetic acid. M.P. 300 . Yield 0.3 g.

Analysis : Found : 0,61.65 » H,3.02 

Gi^H8°6 requires s 0,61.76 5 H,2.94 %•

6rC>arbethoxymethoo^»f^mylC-pmar±n s

A solution of 6-hydroxy-7-formylcoumarin (1 g.)

in dry acetone was refluxed with anhydrous potassium

carbonate (3 g.) and ethyl bromoacetate (3 ml.) on a

steam bath until the solution became colourless. The solid

obtained on removal of acetone was treated with water.

The separated product crystallised from benzene-petroleum
0

ether in white needles£0.4 g.), m.p.128 .

Analysis : Found s 0,60.91 ; H,4.66 $.

Sii,.H1206 requires : C,60.87 ; H,4.34

6-Carboxymethoxy-7 -formylooumar in :

The above ester (0.3 g.) was mixed with sodium 

hydroxide solution (5 ml. 5 5 % ) and kept overnight.

This was then diluted and acidified. The solid separated 

was extracted with sodium bicarbonate solution and the 

bicarbonate extract on acidification afforded a product.

It crystallised from dilute acetic acid in white needles
(0.1 g.), m.p. 178°.

Analysis -s Found : 0,57.38 ; H,3.68

6 -G arboxymet hoxy-7 -for mylcoumar i n

126

requires s 0,58.06 $ H,3*22



6-Hydroxy-7-foemylcoumar in (l g.) was dissolved

in ethyl methyl ketone (50 ml.) by warming and ethyl

bromo malonate (0.56 g.) and anhydrous potassium carbonate

(3 g.) were added, This mixture was heated on a steam bath

for 5 hours. The solvent was then removed and the residue

was treated with water. The solid obtained crystallised

from acetic acid in pale yellow needles (0.55 g.), m.p. 
o238.

Analysis : Found : C,65«39 ? H, 3.89 %•

Gm.Hio°5 requires s 0,65.12 $ H, 3.87

6-Garbethoxymethoxy-4-methyl-7-formvlcoumarin :

A solution of 6-hydroxy-ii—methyl-7-formyl - 

coumarin (1.5 g.) in dry acetone was mixed with ethyl 

bromoacetate in the presence of anhydrous potassium 

carbonate and heated on a steam bath until the solution 

became colourless. Acetone was then removed and the 

residue was treated with excess of water. The solid 

obtained crystallised from benzene in white needles 
(O.75 g.), m.p, 173°.

Analysis : Found : 0,62.19 ; H,if.97 %•

Gi5Hi4°6 requires i 0,62.07 5 H,l|-.82
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The above ester (0.5 g*) was kept wStth sodium
hydroxide solution (10 ml. $ 5 % ) for 2k hours when a

clear solution was obtained. This solution was then
diluted and acidified. The precipitated add crystallised

, ofro>m acetic acid in white tiny needles (O.39 g*>, aup*237 * 
Analysis s Found : C, 59*14 \ H, 4-.00 g.
Gi3Hio°6 requires t C, 59*54- | H, 3.81 %•

/ -

< The above add (0,5 §•) was heated with fused
sodium acetate (2*5 g*) and acetic anhydride (5 ml.)
for 2 1/2 hours directly on a wire gauze. The solid

separating on addirg the reaction mixture to water
0

crystallised from dilute acetic acid, ifof* 320-25 •
Yield 0.3 g* The product was soluble in sodium bicarbonate 

solution.
&J3aiZ§lg * Found * G, 63*98 ; H, 3.23 *•
ci3H8°5 requires * C, 63^93 j H, 3.28 %.

The above acid (0.45 g*) was refluxed with
quinoline (5 ml*) and copper bronze (1 g.) for 1 hour. The

solution was filtered hot and the filtrate on decomposition
with ice cold hydrochloric acid gave a product which

crystallised from dilute alcohol in yellow wooly needles 
0

(0,2 g.)m.p.l86 •

Ana.lyjsftg z Found s C, 72.33 $ H, 4-.08
Gi2®8®3 requires : C, 72*00 $ H, 4.00
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