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CHAPTER II

Iodinatlon of Coumarins

The -work on the inclination of coumarins it was 
thought would he of interest for various reasons. Extensive 
work has "been carried out on the hromination of coumarins 
and it vould he of interest to see if the iodinatlon of 
coumarins would follow the same pattern. Further^ the pattern 
of substitution sometimes varies with the iodinating agents 
and it would he of interest to see if this is so in the 
iodinatlon of coumarins and lastly the iodo derivatives are 
compounds of synthetic interest and they could he subjected 
to the Ho senmund-von Braun reaction to get the syanocoumarins 
and to Ullmann reaction to synthesise hicoumarinyl derivatives 
and to crossed Ullmann reaction to synthesise arylcoumarins.
It was with these ends in view that the iodinatlon of 

coumarins was undertaken.
Three different iodinating' agents were used *

( 1 ) iodine and ammonia ( ii ) iodine and iodic acid and 
( iii ) iodine monochloride. Under second it is assumed 
that the reaction takes place according to the following 
equation.

5 BH + 2 I2 + H2D3 s $ RI + 3 H20.............. ( l )

iodinatlon of 7-hydroxycoumarin and its methyl ether

7-%droxycoumarin ( I ) on iodinatlon with one mole 
of iodine monochloride gave a no no iodo derivative $ the 
methyl ether of which did not give a coumarilic acid derivative
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on heating with alkali, indicating that the iodine atom had
not entered the 3-position. The alternative positions are
6 and 8. The methyl ether of the mo nolo do derivative was
then subjected to Bibs Persulphate Oxidation in presence of

alkali when a good yield of the oxidation product was
obtained. This indicated that the 6-position in the methyl
ether must be free. If the iodine atom had entered the
6-position and the 8-position had been free, the oxidation

vin this case would have been very difficult ( cf. Safl^i,
Desai and Sethna, J. Indian Chera. Soe., 1951* £§, 366 ).
^breover the oxidation product gave an orange yellow colour
with alkali which is characteristic of 6-hydroxycoumarin
derivatives. The monolodo derivative is therefore 7-hydroxy-
8-iodocoumarin ( II ) and the Bibs Persulphate Oxidation
product has the structure ( IV" ). 7-^0thoxycoumarin ( V )
on iodlnation with one mole of iodine mono chloride gave a
monoiodo derivative different from the 7-methoxy-8-iodo-
eoumarin ( HI ). On boiling with potassium hydroxide

solution it gave a coumarilie acid derivative, which was
I de~n to caJ i&iHs

found on direct comparison to be^-methorycoumrlllc acid 
< VII ) prepared from 7-methoxy-3-bronocoumarin ( VIII ) by 
the action of alkali according to Seshadri and Varadrajan 

( J. Sci. Ind. Besearch/India, 195l» 11B« 39 )• Ihe monoiodo 
product is therefore 7-me tho xy-3 - io do co umar in C VI ).

On iodlnation with two moles of iodine monochloride* 
C I ) did not give a pure product but with excess of iodine 

no nochloride it gave the 3,6,8-triiodo derivative. ( IX ). The
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methyl ether ( X ) on hydrolysis gave a diiodocoumarilie acid. 
The triiodo coumar in is therefore 7-h.ydro.Ty-3 9 6,8-* tri io do coumar in 
( EC ) and the coumar ilic acid mast he 6-methoxy-5,7-diiodo- 

coumarilic acid ( XI ). '

7~^%tho2cyeoumarin on iodination with two noles of 

iodine monochloride gave a diiodo derivative. This gave a 

EDno 3o do coumar ilic acid derivative different from the 

monoiodoeoumarilic acid derivative obtained on hydrolysis of 
the diiodo derivative obtained on further iodination of 
7-methosy-8-iodoeoumarin with iodine monochloride.

The diiodo derivative obtained from ( V ) therefore 

must have the 356-diiodo structure ( XII ) and the one
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obtained from 7-methoocy-8-iodocoumarin mast have the 3,8- 

diiodo structured XIV and the nonoiodocoumarilic acids 

derived from them must be represented by ( XIII ) and ( XV ) 

respectively.

XI X

7-Uydroxycoumarin ( I ) on lodination using moleciSLar 

proportions of iodine and iodic acid as given in equation ( 1 ) 

gave a mixture from which only the 8-iodo derivative could be 

isolated in a pure form. %en the proportions of iodine and

'''"f-0 koH ^ CO OH

XII Xlli

ch3o Id. NP KOH -fo'/.

I

cn3o
6

iCOOH

XIV XV
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iodic acid were doubled it gave directly the 3,6,8-trliodo 

derivative ( IX ), no diiodo derivative could be isolated. 

7-Methoxycoumarin could not be ioclinated at all with iodine 

and iodic acid.

7-%dro2cycoumarin ( I ) on iodination with one mole

of iodine in presence of ammonia gave the 8-iodo derivative.
a

With two moles of iodin@^( I ) gave diiodo derivative 

when the reaction mixture was stirred for five minutes, but 

if it was allowed to react for fifteen minutes it yielded the 

3,6,8-triiodo derivative ( IX ). ( IX ) was obtained in 

quantitative yield when four moles of iodine were used in tKf 

presence of ammonia. Ihe diiodo derivative remained unchanged 

when boiled with alkali, and hence was assigned the 6,8-diiodo 
structure C XVI^ ).

lodination of 7-hydroxycoumarin-6-carboxvl5,c acid 

and -Ssm methyl 7-methoxycoumarin»6-earboxsilate

7-%droxyeoumarin~6-carboxylic acid ( XVIII ) on 

lodination with one mol© of iodine mono chloride gave a 
mo no io do derivative in poor ^rield. Its methoxy ester did 

not give a coumarilic acid derivative on boiling with alkali 

but instead gave an iodocoumarin carboxylic acid. Ihe ester
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is therefore methyl-7-methoxy-8-iodocoumarin-6-carboxylate
, w 'YAfc\Vv*YH
v ) and the acid is 7-hydro^y-8-iodocoumarin-6-carboxylic 
acid ( XXI ).

Id oi'IotfiNp 
4NHaOH HOOC KaCOj CHjOOC

I+HIOj

KOH 

1 ot
I T

cmjO

Hood

XXI

'■
HO

HOOC

KOH 40'/.
I

HOOC

COOH

XXII XXIII XXVII

2he methoxy ester C XXV ) 0n iodination with one role of 
iodine mono chloride gave a ro no iodo derivative 
different from the iodo methoxy ester ( XX ) described above. 
On boiling with potassium hydroxide solution it gave an iodine 

free coumarilic acid derivative which must be 6-methoxy-5- 
carboxycoumarilic acid ( XXVII ). The ro no iodo product is 
therefore methyl-7-metho xy-3-io do co uaarin-6-carbo xyla The
methoxy ester ( XXV ) 0n iodination with excess of iodine
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mono chloride gave a better yield of the 3**iodo derivative 
hut no diiodo confound was obtained.

CHp 
—>— 
HOOC

COOH

XKYI XXVII

Godination of 7-hydroxyeoumarin-6-carboxylic acid 

by using molecular proportions of iodine and iodic acid as 
given in equation ( 1 ) yielded the 8-*iodo derivative. With 
four times the amounts of iodine and iodic acid the same acid 
( XVIII ) yielded diiodo derivative which on

methylation and hydrolysis* with alkali gave an iodocoumarilic 
acid. H@nce the diiodo derivative must he 7-hydroxy-3,8- 

diiodocoumarin-6-carboxyiic acid ( XXII ) and the coumarilic 
acid:6-methoxy-5-carboxy-7-iodocoumarilic acid ( XXVII ).
lodination of the acid ( XVIII ) with one mole of iodine in

/

presence of ammonia gave a mixture from which the 8-iodo 

derivative could be isolated in poor yield, $b further 
iodination was possible even with excess of iodine. The 
methoxy methylester ( XXV ) could not be iodinated at all 
with iodine in presence of ammonia or by iodine and iodic 
acid.

Iodination of 7-hydro xvco umar in-4-acetic acid 
As has been mentioned in the general introduction 

brominatlon of 7-hydroxycoumarin-4-aeetic acid was found to 
take place at the reactive methylene group( Day and Radhabai



37

Indian Chem. Soc.,„ 193S lit 635 )* In view of this 
it was thought of interest to see how the iodination would 
take place*

iodination of 7-hydroxycoumarin-4-acetie acid 
( XXVIII ) with one mole of iodine monochloride furnished 

a monoiodo derivative which on inethylation and hydrolysis 
yielded 7-methoxy«8-iodo~4-methylcoumarln, as seen by direct

conparison with a specimen prepared according to I*ele and 
Sethna ( J. 0rg. Chem., 19?8, ^t 1731 ). % iodination with 

one mole of iodine in presence of ammonia and Iodine and 
iodic acid the acid ( XXVIII ) yielded the^8-iodo derivative 
as described above* With two moles of iodine mono chloride 
it yielded a mixture of compounds from which no pure product 
could be isolated* However, excess of Iodine mo no chloride 
gave a triiodo derivative. Ihis triiodo derivative on 
methylation yielded 7-methoxy-3,6,8-triiodo-4-methyleoumarin
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Identical with the product described by Lele and Sethna 
( loc. eit. ) decarboxylation having taken place during the 
^ethylation. The iodination of the hydroxy acid ( XXVIII ) 
with excess of iodine .and iodic acld^gave the triiodo acid 
derivative ( XXXIV ).

Iodination of ( XXVIII ) with two moles of iodine 
in presence of ammonia yielded a diiodo acid ( ggwa-) 
which on methylation gave the 6,8-diiodo derivative 
( XXXVIII ) Identical with the product described by Lele and

'VO

CWjjCOOW

XXVIII

x2co3 j

I+nh40H

NO

CH,
XXXVH XXXV11I XXXIX



Sethna ( loo. cit. ) hen.ce the original diiodo derivative

must be 7~hydroxy~6,8-diiodocoumarin~!+«acetic acid. Bfo 
, .. a , o4»£cU>**4 A
trilodo derivative could be by this method even
when iodine was taken in excess.

3o&!mtlqn M^JteIJZ-Mr_ojffic.Qumrin--^-garboxvlat^

Ethyl 7~hydroxycouraarin»3-carbo;xylate ( XL ) on
iodination with one male of iodine in presence of ammonia

gave a mono iodo acid. This iodo acid was methylated and
esterified and subjected to Elbs Persulphate Oxidation when
a hydroxy iodo derivative was obtained* It was therefore

presumed that the product obtained on iodination was the
8-iodo derivative ( XLI ) and the Elbs Persulphate Oxidation

product was 6-hydroxy-7-methoxy-»8<«iodo-3»carboxylic acid ( XLXII )

NP I+NH^OW wo

OP let.

No CCH^-SO, \_0
COOW ^C03 COOCH.

XL XU XL1I

Nqoh

HO COOH

xuy xun

Ethyl 7-hydroxycoumarin-3-carboxyla te ( XL ) on 
iodination with iodine monochloride and with molecular
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proportions of iodine and iodic acid gave the same no no Iodo 
derivative ( XLI ). On iodlnation with two soles of iodine and 
iodic acid It gave a dilodo acid to which the 6,8-dliodo 

structure ( XL 17 ) has been assigned.

With one mole of iodine monochloride 6-hydroxyooumarin 
C XLV ) gave a mo no iodo derivative. Its methyl ether remained 

unchanged on heating with alkali indicating that the iodine

atom had not entered the 3-position* Of the alternate structures 
5- or 7-iodo the mono Iodo derivative has been assigned the 5-iodo 

structure ( XLV I ) for the following reasons j

6-Hydro xyeoumarin ( XLV ) on nitration gave a mono- 
fiitro derivative. Its methyl ether remained unchanged on boiling 
with liquor ammonia. On reduction with stannous chloride and 
hydrochloric acid the nitro derivative gave the amino derivative* 

This was hydrolysed with dilute hydrochloric acid in a sealed 

tube to the corresponding hydro xyeoumarin, m.p. 240°.This was 

also obtained by diazotization of the fuaino compound and 
boiling with sulphuric acid. The product gave a yellow colour 

with sodium hydroxide. It was different from 7-hydroxy-6- 

methoxycoumarin synthesised as given below and hence was assigned 
5-hydro xy» 6-metho xyeoumar ins structure ( LII). The nitro 

derivative is therefore 6-hydroxy-5-nitrocoumar in (tLI*) ana 

the amino derivative is 6-methoxy-?-aminocouinarin ( LI ).

6-Msthoxy-5-aminocouraarin { LI ) on diazotization and 
treatment with potassium Iodide gave an iodo derivative which 

was found on direct comparison to be the same as the methyl 
ether of the iodo derivative ( XLVI ) described above which 

proved that the mo no iodo derivative was the ?-iodo compound.
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Iodination of ( -XL? ) with one mole of iodine in 

presence of ammonia or with iodine and iodic acid gave the same 
monoiodo derivative ( XL?I ) . 6-Methoxycouraarin ( XLVII ) on 

iodination with iodine monochloride gave the same 5-iodo 
derivative ( XLVIII ) described above* Ko higher iodination 

product was obtained even with excess of iodine monochloride 
or iodine and iodic acid.

7~Hydroxy-6-methoxyeoumarin ( S copole tin ) has been 

synthesised previously by various methods. C B.Glaser. Arch.



42

Pharm, 1928, 266, 537 ,* A. Robertson^ J. Chem. Soc., 1931,

124-1 | Soka and Kallir., Ber., 1931, 643, 909 ? W.Baker and 

Evans,J. Chem. Soc., 1938, 372 f Chaudhari and Robertson^

1. Chem. Soc., 194-8, l6?l f Amrard and Vollus., Bull. Soc.

Chim* Era nee 194-8, 1109 ? K. Aghoram^rthy and Seshadri^J.

Sci. Ind. Research (India) 1952, 11B, to • Donald^. Org.

Chem., 1961, 1217 ). In the present work it was synthesised 

as follows s

7-Hydroxyeoumarin ( LIII ) on treatment with 

P»toluene sulphonyl chloride gave 7-tosyloxycoumarin ( LI? )

which on Elbs Persulphate Oxidation In pyridine solution gave 

the corresponding 6-hydroxycoumarln derivative ( tv ). This 

was methylated to yield ( LV1 ) which was hydrolysed with 

concentrated sulphuric acid to 7-hydrox-/.6-oethoxyeoumarin
C IVXI ), m.p. 203-20It gave a deep hlue fluorescence in /

alkaline and sulphuric acid solution^- ‘ ^

wo
CWjO

conH2so4 CM3C5ViSOiO

Lvil L V/
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ibdination at methyl 5-methoxycoumarin~6-carboxvlate 
Methyl 5-methoxycoumarin-6-carbo xyla tejjon iodimtion 

.with one mole of iodine raonoehlorlde gave a »»r.oiodo derivative 

whioh on hydrolysis with alkali did not give any iodine free 

coumarilic acid but it gave an lodocoumarin carboxylic acid(LX) 
hence the monoiodo -derivative x-ras methyl 5-me thoxy-8-iodo- 

coumarin-6-carboxylate ( LUC ).

Methyl 5-Eethoxycoumarln=.6«carboxylate could not be 
iodinated by the other two methods viz. (1) iodine and iodic 

acid and (2) iodine and ammonia. Fb higher iodination product 

was obtained when the iodine mo no chloride was taken in excess.

Iodination of 5-hydroxycoumarin has not been studied 

as the yields in the decarboxylation and 1n the demethylation 

were poor.

Iodination of 7»methylcoumarin, 7,8-dihydroxy- 

coumarin and naphtha 1,2-a.pyrone was attempted using the 

different iodinating agents but neither of these coumarins 

gave an iodo derivative.f, the original coumarin was obtained 
in all cases.
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experimental

lo dination of 7-hydroxycoumarin and its methyl ether t 

7- %dro xy- 8- io do co umar in

(a) With iodine and ammonia.

7- %dro xy c o umar in ( 1.62 g. § O.Oi mole ) dissolved 

in ammonia ( 22 % \ 10 ml. ) and water ( 35 ml. ) was treated 

drop-wise with iodine ( 2.54 g. j O.Oi mole ) in potassium 

iodide ( 5 g. ) solution with vigorous stirring of the 

reaction mixture. It -ms then poured in ice cold dilute 

sulphuric acid. The separated solid was .filtered and 

crystallised from acetic'acid in needles, m.p. 228-230°.

^ield 1.2 g.

•Analysis '

17.22 mg. of the substance gave 14.04- mg. of 

silver iodide.

Found * I,= 44.07 f0,

C9Hj03I requires s I = 44.10

d\(b) With iodine and iodic acid.

7- Hydro xyco umar in ( 1.62 g. f 0.01 mele ) was dissolved 

in warm alcohol ( 10 ml. ) and Iodine crystals ( l.Oi g. 5 

0.004 mole ) were added. To this clear warm solution iodic 

acid ( 0,35 g. ) dissolved, in minimum quantity of water was 

then added and the mixture stirred for 3 hours. The product 

which separated crystallised from acetic acid in needles.

Melting point and mixed m.p. with the above product was 

228-230°. Yield 0.8 g.
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(c) With iodine monochloride.

A mixture of 7-hydroxycoumarin ( 1,62 g. f O.Oi mDie ) 

in acetic acid C IP ml, ) and hydrochloric acid ( 10 ml, | 

d, 1.11 ) was treated with iodine no chloride ( 1.62 g. j
°.°1 mole ) and the reaction mixture left over-night at 60° 

in an oven. It was then diluted with water and the product" 

which separated crystallised from acetic acid in needles, m.p. 

228-230°. I'he mixed m.p. with the above product was not 

depressed. lieId 0,03 g.

7- -Ha tfaoxv- 8- iodo co umar in

Ihe above lodocoumarin ( 2.8 g. ) in acetone 

( 100 ml, ) was refluxed with dimethyl sulphate ( 2 ml. ) and 

anhydrous potassium carbonate ( 4 g. ) for lG hours. The 

product obtained was washed with sodium hydroxide solution 

and then crystallised from dilute alcohol in needles, m.p. 

158-160°.

Analysis s

10.18 mg. of the substance gave 14.94 mg. of 

carbon dioxide and 2.32 mg. of water.

19.34 mg. of the same substance gave l5.°0mg. 

of silver iodide.

Found s C = ¥).06 % f H = 2.55 % J I = 41.93 %.
cioh7°3i requires * 0 = &9<£& ^ f H = % $ I = $•

The methyl ether on refluxing with alcoholic 

potassium hydroxide solution ( lQ % f 20 ml. ) for 2 hours 

remained unchanged.
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Bibs Persulphate Oxidation of 7-methoxy-8- 

iodocoumarin % 6- Hydro xy- 7- me tho xy- 8- lo do co tanar In

7-*fethoxy-8-iodocoumarin ( 2 g. ) -was dissolved in 

sodium hydroxide solution ( 10 f0 | 50 mi, ) by warming on a 

steam bath. The- solution was then cooled and potassium 

persulphate ( 1,8 g. | 40 no., water ) was added gradually 

from a separating funnel during 2 hours. The solution was 

mechanically stirred and the temperature was not allowed to 

rise above 10°, The reaction mixture ms kept over-night.

The following day it ms just acidified with hydrochloric acid 

when the original 7-methoxy-8-iodocoumarin ( 0,4 g. ) was 

obtained. This was filtered and the filtrate extracted with 

ether twice. The aqueous layer was then heated on a boiling 

water bath with concentrated hydrochloric acid ( 40 mi. ) 

for about an hour. The product which saparated on cooling 

crystallised from dilute alcohol in needles, m.p. 217°.

Yield 0.4 g.

It dissolved in sodium hydroxide solution to give 

a deep yellow solution.

Analysis *

10,48 mg. of the substance gave 14,46 mg. of 

carbon dioxide and 2.32 mg. o f water.

18.46 mg. of the same substance gave 13.62 mg. of 

silver iodide.

Found s C = 37.66 % | H = 2.48 % f I = 39.88 %.
C10H70i,.I requires s C = 37.74 ^ * H = 2.20 % $ I =

\
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7-Methoxy-3-iodocoumarin

7-Methoxycoumarin ( 1.76 g. f O.Oi m>le ) in acetic 

acid ( 5 ml. ) -was treated -with iodine monochloride ( 1.62 g, | 

O.Oi noie ) and the mixture kept at 60° over-night. The-next 

day it was diluted with water and the paste obtained treated 

with cold alcohol. The white residue crystallised from 

alcohol in fine needles, m.p. 155-156°. Yield 0.4 g.

Analysis ‘
16,48 mg. of the substance gave 12.86 mg. of 

silver iodide.

Found : I = 42.18 %,
Ci0H703I requires * I = '$*

6- Methoxveoumarilic acid

The above iodocoumarin C 0.4 g. ) was refluxed with 

alcoholic potassium hydroxide solution 10 % ; ±o ml. ) for 
2 hours on a steam bath. The product which separated on 

acidification was purified through sodium bicarbonate solution 

and crystallised from dilute alcohol in needles, m.p. 20 5-206°. 

Mixed m.p. with the product obtained on hydrolysis of 

7-methoxy-3-bromocoumarin according to Seshadri and Varadrajan 

C A. Sci. and Ind. Research, 1951, llg, 39 ) was not depressed.

7- '%droxy- 6.8- di io do co uma rin

7-%droxycoumarin ( 1.62 g. f O.Oi mole ) in liquor 

ammonia ( 22 % \ 10 ml. ) and water ( 25 ml. ) was treated 
with iodine ( 5.08 g. f 0.02 mole ) in potassium iodide 

( 10 g. ) solution with vigorous stirring of the mixture. As 

soon as all the iodine was absorbed it was immediately



acidified -with cold dilute* sulphuric acid. The separated 

product crystallised from acetic acid in needles, m.p,

232°. Yield 0,5 g,

Analysis s

17.02 mg. of the substance gave 19.44- mg. of 

silver iodide.

Found s I = 61.74 %,

G^OsIa requires : I = 61.3O %,

7-ifethoxy-6.8-diiodocoumarin

The above diiodocoumarin ( 0.5 g. ) was methylated 

by refluxing its acetone solution with dimethyl sulphate 

(0.5 ml. ) in presence of anhydrous potassium carbonate 

( 1.5 g. ) as usual. It crystallised from acetic acid in 

needles, m.p. 168-170°.

Analysis :

10.46 mg. of the substance gave 10.58 mg. of 

carbon dioxide and 1.42 mg. of water.

19.14 mg. of the same substance gave 20.9 mg. of 

silver iodide.

Found * C = 27.59 £ 5. H = 1.52 # f I = 59.01 %

OioH603l2 requires • 0 = 28.04 % ; H = i.4l % \ I = 59.30 %

The methyl ether on heating with 10 % alcoholic 

potassium hydroxide solution ( 15 ml. ) under reflux 

remained unchanged.

7-Hydroxy-3.6«8-triiodo co umarin

7-%droxycoumarin ( 1.62 g. f 0.0i mole ) was 
dissolved in ammonia ( 20 % | 10 ml. ) and water ( 30 ml. )
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and iodine ( 5.08 g. ; 0,0-2 mole ) in potassium iodide 

( 10 g, ') solution was added. The solution wassstirred for 

1° minutes and then acidified with dilute sulphuric acid'' 

and the separated product crystallised from dilute alcohol 

in needles, m.p. 234-235°. Yield 2 g.

Analysis i

15.26 mg. of the substance gave 19.9 mg. of 

silver iodide.

Found s I = 70.49 %, 

c9%°3% requires • 1 = 70.55 %•

The same product was obtained when 7-hydroxycoumarin 

( 1.62 g. 5 O.Oi mole ) in warm alcohol ( 20 ml. ) was treated 

with iodine ( 5.08 g. \ 0.02 mole ) and iodic acid ( 1.8 g. ) 

in water. Yield 2 g.

The same product was also obtained when 7-hydroxy

coumarin ( 1.62 g. 5 O.-Oi mole ) in acetic acid ( 10 ml. ) 

and hydrochloric acid ( 10 ml. ) was treated with iodine 

monochloride ( 12.96 g. j 0.08 mole ) and the reaction 

mixture was kept for 48 tours at 60°. The needles which 

separated crystallised from acetic acid. Yield 0.2 g.

7-Yetto xy-3.6.8-triiodoco umarin

The above triiodocoumarin ( 1 g. ) was methylated 

by refluxing its acetone solution with dimethyl sulphate 

(0.8 ml. ) in presence of anhydrous potassium carbonate 

( 2 g. ) as usual. M.p, 208-210°.
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Analysis s .

10,36 mg, of the substance gay© 8.32 mg. of 

carbon dioxide and 1.16 mg. of ■water.

18.12 mg. of the same substance gave 22.86 mg. of 

silver iodide.

Found * C = 21.92 % | H = 1.25 % | I = 68.19
Cio%o3I3 requires s C = 21.66 % f H s 0.90 % 5 I = 68.77 %•

6- Me tho xv- 5 ,7- d i io do co umar il ic ac id

7- Methoxy-3,6,8-triiodocoumarin ( 0.5 g. ) was

refluxed with alcoholic potassium hydroxide solution ( i0 fa j 
20 mi. ) for 2 hours. The product obtained on acidification 

was purified through sodium bicarbonate solution. It 

crystallised from acetic acid in needles? m,p. 2M3_242°«

Analysis s

10.58 mg. of 'the substance gave 10.62 mg. of 

carbon dioxide and 1.72 mg. of water.

16.21+ mg. of the same substance gave 17.20 mg. of 

silver iodide.
/

Found s G = 27.37 % | H = 1.81 % ? I = 57.24 %.
0ioH60i,I2 requires s C = 27.03 % \ H = 1.35 % - 1 - 57.20 %.

7-Me tho xy-3.6- di io do co umar in

7- Me tho xyco umar in ( 1.8 g. | 0.0i nole ) in acetic 
acid ( 5 ml. ) was treated with iodine nonochloride ( 3.24 g. 5 

0.02 mole ) and the mixture left over-night at 60°. Hext day 

the needles obtained were recrystallised from acetic acid, 

m.p. 246-247°. Yield 1.2 g.



19.28 mg. of the substance gave 21,18 mg. of
►

silver iodide.

Found : I = 59.37 g.

010312 requires ; I = 59.34

6- Methoxy-5-iodocoumarilic acid

7- Methoxy-3,6-diiodocoumarin ( 0,5 g. ) -was refluxed 

with alcoholic potassium hydroxide solution ( lO % j 20 ml. ) 
for 2 hours on a steam bath. The product obtained on 

acidification with hydrochloric acid was purified through 

sodium bicarbonate solution. It crystallised from dilute 

alcohol, m.p. 258-260°.

Analysis :

10.18 mg. of the substance gave 13.98 mg. of the 

carbon dioxide and 1.94 mg. of water.

18,82 mg, of the same substance gave 13.86 mg. of 

silver iodide.

Found ? C = 37.48 % $ H = 2.18 % \ I = 39.80

gioh7°^1 requires * C = 37.74 % ; H = 2.2O % 5 I = 39.94 %.

7- He the xy-3,8- di io doco umar in

7-Hethoxy-S-iodocoumarin ( 3.02 g. ; O.Oi male ) 

was dissolved in acetic acid ( 5° ml. } and treated with 

iodine nonochloride ( 1.62 g. 5 0.Oi rrole ) and the mixture 

kept at 60° for 48 hours in an oven. The product which 

separated crystallised from acetic acid in needles, m.p. 
238-243°. Yield 2 g. The mixed m.p. with 7-methoxy-3,6- 

diiodo-coumarin was depressed by over 20°.
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, Analysts %

4

19*1** mg* of the substance gave 21.08 mg. of 

silver iodide.

Pound t I = 59* ?0 g.

C1 3 Iz requires s 1= 59.3*1- %.

6- MethoTy-7-todocoumarllic acid

The shove diiodocoumarin ( 0,5 g. ) was refluxed 

with alcoholic potassium hydroxide solution ( 10 % f 20 ml. ) 

for 2 hours on a steam hath. The product obtained on 

acidification was purified through sodium bicarbonate solution. 

It crystallised from acetic acid in needles, m.p. 270-280°.

Analysis t ■ ■

10.48 mg. of the substance gave 14.40 mg. of 

carbon dioxide and 2.42 mg. of water.

19*20 mg.' of the same substance gave 14.36 mg. of 

silver iodide.

Pound ; C = 37.50 = 2.58 % f I * 40.43
C1oH70*I requires t C s 37.78| H * 2.20 % | I » 39.94 

fodination of 7-hydro xyco Urns r In- 6-earbo xyl 1c acid 

and its methyl ether''and methyl ester

Z-Hydroxy-8-iodoeoumar in-6-carbo.xyllc acid

7- Hydroxycoumarin-6-carboxylic acid ( 1.03 g. $

0.005 mole ) was dissolved in alcohol ( 40 ml. ) and treated 

with iodine ( 0.508 g. f 0.002 mole ) and iodic acid C 0.2 g. ) 

in water with continuous stirring. The. separated product 

crystallised from acetic acid in needles, m.p. 258-260°

( efferv. ). Yield 1.8 g.



Analysis * >

15.36 mg. of the substance gave. 10.90 mg. 0f 

silver iodide.

Found s I = 38.36 jg.

G10H5O5I requires s I = 38.25 /».

The same product was -sise obtained when 7-hydroxy- 

coumarin-6-carboxylic acid ( 2.06 g. | O.Oq ^ig ) ±n acetic 

acid ( ^fO ml. ) was treated with iodine mono chloride 

( 3.2^ g. | 0.02 mole ) and the mixture left at 60-70° for 

2b hours.

The same product was also obtained when 

7-hydroxycoumarin-6-carboxylic acid ( 2.06 g. | O.Oq )

was dissolved in liquor ammonia ( 25 ml. ) and water 

( 25 ml. ) and then treated with a solution of iodine 

( 2,5b g. j O.Oi moie ) potassium iodide ( 5 g. ). The 

mixture was stirred mechanically for 15 minutes. The^ clear 

solution was acidified with cold dilute sulphuric acid. The

separated product after repeated crystallisation from alcohol
)0^0

and acetic acid gave f product in very poor yield, m.p. 

258-260°. ( efferv. )

Methyl- 7-methoxv-8- idocoumar in- 6-car bo xvlate 

The acetone solution of the above iddo acid 

( 2 g. ) was treated with dimethyl sulphate ( 1 ml. } in 

presence of anhydrous potassium carbonate ( 2 g. ). The 

product crystallised from acetic acid in fine silky needles, 

m.p. 162°.



•Analysis *

10.44 mg, of the substance gave 15.14 mg. of 

carbon dioxide and 2.66 mg. of water.

21.20 mg. of the same substance gave 13.96 mg. of 

silver iodide.

Pound : C = 39.57 % f H = 2.85 % f I = 35.59 %.
Ci 2H9O51 requires s C = 40.00 % ^ H = 2.5° % j I = 35.3° %»

7-thoxy-8- iodocoumarin-6-carboxylic ac id 

The above ester ( 0.5 g. ) was refluxdd with 

alcoholic potassium hydroxide solution ( 10 % f 20 ml. ) on a 

steam bath for 2 hours. The product obtained on acidification 

crystallised from acetic acid in needles, m„p. 235-237°.

Analysis *

IO.36 mg. of the substance gave 14.60 mg. of 

carbon dioxide and 2»l0 mg. of water,

13.82 mg. of the same substance gave 9.42 mg, of 

silver iodide.

Pound % 0 = 38.4-6 % | H a 2.27 % f I = 36.8b %,
requires s G a 38,15 % f H = 2.02 % % I = 36.7O %,

7-%droxy-3.8-dilodocoumarln-6-carboxylic acid 

7-Hydroxycoumari n- 6- c ar bo xy 1 ic acid ( I.O3 g. |

0.005 mole ) in warm alcohol ( 40 ml. ) was treated with 

iodine ( 2.O3 g. ; 0.008 mole ) and iodic acid ( 1 g. ). The 

solution was stirred for 4 hours and then diluted with large 

volume of water. The separated, product crystallised from 

alcohol in needles, m.p. 272°. Yield 0.2 g.
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Analysis

19.36 mg. of the substance gave 19„0*of silver

iodide.

Found : I = 53.05 %,

C1 qH^Orequires s I = 53.35 %•

..th?l‘.Zr.jg§.tho2grr3_,_8-,d i io do co umar in- 6- c a r bo xv 1 a. t e»

The method ester of the above diiodocoumarin was 

prepared by refluxing its ( 1 g. ) acetone solution with

dimethyl sulphate ( 1 ml. ) in presence of anhydrous

potassium carbonate ( 2 g. ). It crystallised from benzene 

petroleum ether ( b.p. 40- 60° ) in buds, m.p. 205-206°.

Analysis s

9.12 mg. of the substance gave 9.86 mg. of 

carbon dioxide and 1.72 mg. of water.

19.40 mg. of the same substance gave 18,76 mg. of 

silver iodide.

Found : C = 29.52 % f H = 2.10 % | I = 52.25 %.

CiaHsO-fla requires : C = 29.63 % 5 H = 1.64- % | I = 52.26 %.

6rife.t6o^-7~iodo-5-carboxycoumarilic aMd

The above diiodo ester ( 0.5 g. ) in alcoholic 

potassium hydroxide solution ( 10 % f 20 ml. ) was refluxed on 

a water bath for 2 hours. The product obtained was purified 

through sodium bicarbonate solution. % It crystallised from 

acetic acid in needles, m.p. 2720.

Analysis s

10.22 mg. of the substance gave 13.82 nig. of 

carton dioxide and 2.06 mg^. of water#



19*18 mg. of the same substance gave 12*32 mg* of 

silver iodide*
Found : C s 36.91 % | 'H s 2.26 % 5 Is 34.70 %.

Ct1H706I requires s C ■* 36.47 % f H = 1.93 % f I s 35.09 & 
Methyl 7~methoxv-»l>»iodocoumrin~6«carboxylata 

Methyl 7-methoxycoumar in-6-carboxyla te ( 2*3^ g* $ 
0*01 pole ) in acetic acid ( 20 ml* ) was treated with iodine 
monochloride ( 1.62 g» ? 0.01 mole ) and the mixture was kept 
at 60° for 24 hours. Next day the needle s which separated were 

recrystallised from acetic acid, m.p. 245°. Yield 1.5 g. The 

same product was' obtained in a better yield when iodine 
monochloride was taken in excess ( 0.04 moles )

Analysis 8
14.44 mg. of the substance gave 6.92 mg. of - 

silver iodide.

Found s I * 35.15
requires s I » 35*30 %• 

6-MBthoxy-5«»carboxycomaarilic acid 

The above msthoxy iodo ester ( 0.5 g# ) was treated
i

with alcoholic potassium hydroxide solution ( 10 % f 20 ml. ) 
on a steam bath for 2 hours. The product obtained on working 

up as usual crystallised from dilute acetic acid in needles, 
sup. 285-286°.

Analysis %

10.94 mg. of the substance gave 22.52 mg. of 
carbon dioxide and 3.34 mg. of water.

Found i 0 = 56.18 % f H s 3.4l %.

OitHgO5 requires s C a 55*94 % f H = 3.41
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.of 7^hydroxycoumarin~4..acetic acid :
2~Hydroxy~8-iodocoufflarin-4--acetic acid

7-%droxycoumarin-4~acetic acid ( 2.24 g. f 

O.Oi mole ) ws dissolved in liquor ammonia. ( 22 % f 10 mi. ) 

and water C 25 ml. ) and was'treated with'iodine ( 2.54 g. | 

0.01 mole ) in potassium iodide (5 g. ) solution. The clear 

solution was acidified with dilute sulphuric acid. The- 

separated product was purified through sodium bicarbonate 

solution. It crystallised from acetic acid^in which it was 

sparingly soluble ?in needles, m.p. 227-228°. ( efferv. )

Yield 2.5 g.

Analysis :

15.88 mg. of the substance gave 1O..76 mg. of 

silver iodide.

Found ft I = 36.63 %.

Gi 1 H?051 requires % I = 36.70 %,

Ihe same product was obtained when 7—hydroxycoumarin- 

^h-acetic acid ( 1,1 g, | 0.005 mole ) in warm alcohol 

( 10 ml. ) was treated with iodine ( O.5O8 g. f 0,002 mole ) 

and iodic acid ( 0.2 g. ). Yield 2 g.

Tne same product was also obtained when s mixture 

of 7-hydroxycoumari n-> 4- ae e tic acid ( 2.24 g. j 0.0i mole ) in 

acetic acid ( 15 ml. ) and hydrochloric acid ( 15 ml, ) was 

treated with iodine monochloride ( 1,6 g. f 0.0i mole ) and 

the reaction mixture left over-night at 60° in an oven and 

thgqre&o-tion mixture -worked up as usual. Yield 0,2 g.
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Methyl- 7- me t ho xy- 8- io do c o umar i n- 4- ac e t a t e

The acetone solution of the above iodo coumarin 

( 2 g. ) was refluxed vrith dimethyl sulphate ( 2 ml. ) in 

presence of anhydrous potassium carbonate ( 6 g. ). The 

product obtained was purified by washing with sodium 

hydroxide solution. It crystallised from benzene-petroleum 

ether ( b.p. *40-60° ) mixture in silky needles, m.p.

1*40-1*4-2°.

Analysis : ■

9.82 mg. of the substance gave 17.20 mg. of 

carbon dioxide and 2.9 mg. of water.

16.28 mg. of the same substance gave 10.28 mg. of 

silver iodide.

Found s 0 = 4-2.24 % f H = 3.3O % j I = 34.13 %.

C13Hii05I requires s G = 4l.7° % $ H = 2.94 % f I = 33.95 %.

7-Me thoxy- 8- iodo-4-methyl coumarin

The above iodocoumarin ester ( 0.4 g. ) was ,

refluxed with alcoholic potassium hydroxide solution ( 10 % 5 

10 ml. ) for 2 hours on a steam bath. The product which 

separated on acidification was Insoluble In sodium bicarbonate 

solution. It crystallised from rectified spirit in needles, 

m.p. 199°. Mixed m.p. with an authentic specimen of 7-methoxy- 

8-iodo-4-methylcoumarin prepared according to Dele and Sgthna^

C J. Org. Cham., 1958, 21, 1731 5 was not depressed. 

Decarboxylation took place during the hydrolysis.
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7_Hydroxy-6,8-d4iodocoumar in-^-acetic acid 

7-Hydroxycoumarin-1!--acetic acid ( 2.2!+ g. |

O.Oi role ) -was dissolved in liquor ammonia ( 22 % f 10 ml, ) 

and water ( 25 ml. )and treated drop-wise with iodine 

crystals C 5.°8 g. | 0.02 role ) in potassium iodide 

solution with stirring. The clear solution was acidif-ied 

with dilute ice cold sulphuric acid and the product obtained 

purified through potassium bicarbonate solution. It 

crystallised from acetic acid in needles, m.p. 235-236°. 

field 3.5 g.

Analysis ‘

20.3*+ mg. of the substance gave 19.50 mg. of 

silver iodide.

7-Found : I = 5l. 82 %.

Cl 1 H^OjI2,H20 requires: I = 51.83 %.

7-1% tho xy-6,8- d 1 lo do - 4- me thy 1 c o urns r in 

The above diiodocoumerin ( 2 g. ) was refluxed in 

acetone ( 25° ml. ) with dimethyl sulphate ( 2 ml. ) in 

presence of anhydrous potassium carbonate ( 6 g. ) for 8 

hours. The product obtained on working up the reaction 

mixture as usual crystallised from acebic acid in needles, 

m„p. 212°. Mixed m.p. with an authentic specimen of 

7- method-6,8-diiodo-4-methylcoumarin prepared according 

to Lele and Sethna ( loc.cit. ) was not depressed. 

Decarboxylation took place during the methylstion.



7-Hydroxy®'sia*r>yixi-.3.6-8-triiodocoumarin-4-acetic acid 

7-%droxyeoumari n- 4-- ac e t ic acid ( 1.12 g. j 0.007 

mole ) dissolved in alcohol ( 10 ml. ) was treated with 

iodine ( 2.03 g. 5 0.008 mole ) and iodic acid ( 0.8 g. ) 

in water. The product obtained was purified through sodium 

bicarbonate solution. It crystallised from acetic acid in 

thin plates, m.p. 238-240°. Yield 2 g.

Analysis ’•

18.18 mg. of the substance gave 21.78 mg. of 

silver iodide.

Found s I = 64-. 20 %,

C11H5O5I3 requires s I = 63.7° %•

The same product was also obtained when 7-hydroxy- 

coumarin-4--acetic acid ( 2.24- g. f O.Oq 133ie ) was dissolved 

in a mixture of acetic acid and concentrated hydrochloric 

acid ( l0 ml. each ) and the solution was treated with iodine 

mo no chloride ( 6.4- g. § 0.04- mole ). Yield 1.2 g.

7- Me t ho xy- 3.6,8- tr i io do- 4^. me thyl co umar in 

The above triiodocoumarin ( 2.0 g. ) was dissolved 

in acetone ( 270 ml. ) and refluxed with dimethyl sulphate 

( 2 ml. ) and anhydrous potassium carbonate ( 6 g. ). The 

product obtained crystallised from acetic acid in needles, 

m.p. 217°. Mixed m.p. with an authentic specimen of 

7-methozy-3j 8,8-triiodo-4-methylcoumarin prepared according 

to Lele and Sethna ( loc.cit. ) was not depressed.



'■3h.diM.tfon-of ethyl 7-hyaroxycoumarin-3-carboxvlate t 
7"Hyaroxy-8«-lodocoumarin-3-carboxvlic acid

Ethyl 7-hydroxycoumarin-3-c arboxyl a te ( 2.34- g. §
°.01 mole ) dissolved in ammonia ( 22 10 M. ) and water
( 35 ml, ) was treated drop-wise with iodine ( 2,54 g* j 

0,01 mole ) in potassium iodide ( 5 g* ) solution with 

vigorous stirring of the reaction mixture for 10 minutes. It 

was then added to ice cold dilute sulphuric acid. The separated '

product was taken up in sodium bicarbonate«and the.fjjt™ste 1 l,

The product obtainedNcry stallised from acetic acid ' 
in cubes, m.p. 265-266° ( efferv.- ), It was sparingly soluble 

in organic solvents.

Analysis s
4,250 mg, of the substance gave 5.048 mg. of 

carbon dioxide and 0.972 mg. of water.
14.47© mg. of the same substance gave 9.398 mg. 

of silver iodide.

Pound s -C = 32.41 % ? H = 2.56 % | 1 = 35.09 %.
C1oH505I.2H20 requires s C = 32.61 % f H = 2.44 % | I » 34.51 %.

The same confound was obtained when ethyl 7-
hydroxyconmarin-3-carboxylate ( 1.2 g. f 0.005 mole ) was

dissolved in warm alcohol ( 20 ml. ) and treated with iodine
( ,0.508 g. | 0.002 mole ) and iodic acid ( 0.2 g. ) in minimum •

quantity of water, and also when ethyl 7-hydro xycoumar in-3- 
carboxylate ( 2.3 g. f 0.01 mole ) was dissolved in acetic 
acid ( 10 mL. ) and hydrochloric acid ( 10 ml, ) and the 

solution treated with iodine no no chloride ( 1.62 g. # 0.01 mole )4
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/ Methyl 7-methoxy-8-lodocoumarln-3-earboxylate

The above iodo acid ( 1.0 g. ) was taken up in a tWvAU^
soxhlet and potassium carbonate < 2 g. ) and acetone ( 250 ml. ) 

was taken in a flask and the reaction mixture was refluxed for 
10 hours. The product obtained on removal of acetone was 

washed with dilute alkali and crystallised from acetic acid 
in needles, nup. 206-207°.

Analysis :
4.914 mg. of the substance gave 7.188 mg. of 

carbon dioxide and 1.168 mg. of water.
9.884 mg. of the same substance gave 6.392 mg. 

of silver iodide.
Found i C a 39.92 % f H = 2.66 % $ I a 34.96 %.

C12H905I requires * C = 43.00 % f H = 2.50 % f I * 35.28 %.

6-Hydro xy-7-aQthoxy-8-iodocoumarin-3-car bo xylic acid 
Methyl 7-®ethoxy-8-iodo-3-carboxylate ( 1 g. ) was 

warmed on a steam bath with sodium hydroxide solution ( 10 % |
20 ml. ) pyridine ( 3 ml. ), The clear solution was 
oxidised with.potassium persulphate ( 1 g. ) in water ( 20 id. ) 

as usual. The product obtained on working up the reaction 

mixture crystallised from dilute alcohol in needles, m.p. 
255-256°. Yield 0.2 g.

Analysis s
4.018 mg. of the substance gave 5.122 mg. of 

carbon dioxide and 0.828 mg. of water.
10.744 mg. of the same substance gave 6.730 mg. 

of silver iodide.
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Found . s C = 34.79 % f H = 2.30 % ; I = 33.86 %. 

C, tH?OgI Hao requires t 0 = 34.73 % ? H = 2.37 % f 1 ~ 33.42

?'°Hydroxy-6,i8~diiodocoumarin-3-eag'boxyllc acid

Ethyl 7»hydroxycoumarin-3“Carboxylate ( 1.2 g. $ 
0.005 mole ) %*as dissolved in warm alcohol ( 20 ml. ) and 

treated with iodine ( 1.02 g. f 0.004 mole ) and iodic acid 

( 0.4 g. ) in minimum quantity of water, and the reaction 

mixture stirred vigorously for 3 hours. The product obtained 

on dilution of the reaction mixture was purified through 

sodium bicarbonate solution. It crystallised from acetic 

acid in needles, m.p. 220-222°. ( efferv. )

4.918 mg. of the substance gave 4.402 mg* of 

carbon dioxide and 0.878 mg. of water.

17.140 mg. of the same substance gave 16*324 mg. 

of silver iodide.
‘ Found % 0 = 24.42 % f H = 1.99 %*!■=. 51.48 %,

Ci0H405I2.2H20 requires : G = 24.30 % § H = 1.63 % | I = 51.42 %.

The same compound was obtained when ethyl 7- 
hydroxycoumarin-3-carboxylate ( 2.3 g. | 0.01 mole ) was 

dissolved in acetic acid ( 20 ml. ) and hydrochloric acid 

( 20 ml. ) and the solution treated with iodine mo no chlo ride 

( 6.4 g. | 0.04 mole )

At temp t to methylate the above diiodo derivative 
C 2.3 g. 5 witn dimethyl sulphate ( 1 ml. ) or methyl iodide 

( 1 ml. ) in acetone solution in presence of anhydrous 

potassium carbonate ( 3Ng. ) by refluxing for 12 hours did 

not succeed. Original diiodo acid was recovered.
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Jbdinatlon of- 6-hvdroxvcouraarin and its methyl ether 

6-Hydroxy- 5- iodocouiaar In
6-Hydroxycomnarin ( 1.62 g. $ 0.01 mol© ) was 

dissolved in liquor ammonia ( 22 % $ 5ml. ) and water 
( 250 ad. ) and treated with iodine ( 2.54 g. f 0.01 mole ) 
and potassium iodide ( 5 g* ) solution. The clear solution on 
acidification with cold dilute sulphuric acid gave a product 
which crystallised from alcohol in needles, m.p. 244-245°
( decomp. ). Yield 2.5 g.

Analysis 1

2.8.94 mg. of the substance gave 15.46 mg. of 
silver iodide.

Found s I sb *f4.l2 %•

CjHyOjI requires 5 la 44.10 %,

The same product was obtained when 6-hydroxycoumarln 
( 1.62 g. $ 0,01 mole ) dissolved in warm alcohol ( 20 ad. )**!<** 
treated with iodine crystals ( 1.01 g. j 0.004 mole ) and
iodic acid ( 0.4 g. ) in water. The mixture was stirred for

/

3 hours and diluted with water. The separated product
1

crystallised from alcohol in needles, m.p. 244-245°. Yield 2,3 g.
The same product was also obtained when 6-hydroxy- 

coumarin ( 1,62 g. ; 0.01"mole ) was dissolved in acetic 
acid ( 25 nd. ) and hydrochloric acid ( 25 ml. ) and treated

* >t

with iodine mono chloride ( 1,62 g. f 0.01 mole )• The mixture 
was left over-night 60° in an oven. On the next day it 
was stirred vigorously for 2 hours. The product which 
separated on dilution with water crystallised as above. Yield 2 g.
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6-ijethoxy- 5-lodo couiaarin
Obtained as usual by refluxing an acetone solution 

of the iodo compound ( 1 g. ) with dimethyl sulphate ( 1 ml. ) 
and anhydrous potassium carbonate ( 3 g. ) for 8 hours. It 
crystallised from acetic acid in needles, m.p. 148-149®.

Analysis :
IO.36 mg. of the substance gave 15.04 mg. of 

carbon dioxide and 2.46 mg. of water.
16.44 mg. of the same substance gave 12.92 mg. of 

silver iodide.
Pound s C * 39.52 % •, H = 2.66 % * I = 42.48 %.

CtoH703I requires s C =3$A Hs % $ I = 42.<X? %,

s fhe same product was also obtained -when 6-methoxy-
coumarin ( 1.8 g, f 0.01 mole ) in acetic acid ( 5 mi. ) was
treated with iodine monochloride ( 1.6 g. * O.oi mole ) and
the reaction mixture worked up as usual. Yield 1,2 g.

The iodo derivative remained unchanged when refluxed 
with potassium hydroxide solution ( 10 % $ 20 nil. ) for 
2 hours on a steam bath.

_6-HydrQxy« 5-nitro coumarin
6-Hydroxycoumarin ( 2.2 g* ) in concentrated sulphuric 

acid ( 10 ml. ) was slowly treated with a mixture of nitric 
acid and sulphuric acid ( 1 s 3 | 4 ml. ) at Of.. After one 
hour the reaction mixture was added to crushed' ice then a 
yellow solid separated. It was crystallised first from 
acetic acid and then from benzene, fellow needles, m.p.
208-210®. It decomposed on keeping.
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Matola * .
9.63*f mg. of the substance gave 0.653 ml. of 

nitrogen at 41° and 753 mm.

Found : N = 7.30 %»

C9H5O 5K requires s N = 6.80 %*

6«Metiioxy»^-nitro coumar in

The above nitro coumar in ( 1 g. ) was dissolved in 

acetone < 100 ml. ) and refluxed with potassium carbonate'

( 2 g. ) and dimethyl sulphate < 1 ml. ) for 12 hours. The 

product obtained on removal of acetone was washed with dilute 

sodium hydroxide solution. It crystallised from dilute alcohol 

in needles, m.p. 151-152°.

S : "

4.346 mg. of the substance gave 8.660 mg. of 

carbon dioxide and 1*302 mg. of water.

4.910 mg. of the substance gave 0.263 aft. of 

nitrogen at 30° and 750 mm.

Found s C = 54.38 Kf E« 3.35 % | N * 5.95 %.

G,oH705N requires s C = 5^.30 % J H = 3.19 % $ K = 6.33 %.

The above compound ( 0,3 g. ) when refluxed with 

liquor ammonia ( 22 % 5 20 ml. ) on a steam bath for 3 hr. 

did not undergo any change.

6«Methoxy«5<»amlno coumar in

6-Methoxy-5-nitroeoumarin ( 1 g. ) in alcohol 

( 5 ml. ) was treated with stannous chloride ( 2 g. ) and 

hydrochloric acid ( 14 ad. ). The solution was refluxed on a 

sand bath for 2 hours. It was then cooled and made alkaline
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with 22 $ ammonium hydroxide solution. The white emulsion was 

extracted repeatedly with ether. The yellow product obtained 

on removal of ether crystallised from benzene-petroleum 
ether mixture in shining yellow needles, m.p. 157-158°. It 

was soluble in hydrochloric acid.
, „ i

Analysis j
^.4-12 mg. of the substance gave 10.168 mg. of 

carbon dioxide and 1.808 mg. of water.
6.182 mg. of the same substance gave 0.422 n£L. 

of nitrogen at 31° and 750 mm.

Pound s C a 62.89 % f H = 4.60 % ;! = 7.56 %.
C1oH903N requires : C = 62.84 % * H - 4.82 1= 7.33 %m

6-Methoxy- 5-hydro xvcoumar in

The above aminocoumarin ( 0.2 g. ) was heated in a 
carius tube with hydrochloric acid ( 4 nflL. ) and water 
( 24 ml. ) at 150-1$3° for 3 hours. The product obtained on 

extraction with ether crystallised from benzene-alcohol- 
petroleum ether mixture in shining yellow needles, m.p. 243°. 
It dissolved in sodium hydroxide to give a yellow solution.* 

The same product was also obtained when the 
aminodoumarin ( 0.1 g. ) was digitized and the diazonium 

solution was heated with sulphuric acid ( 30 $ 20 n£L. ).

Analysis :
4.650 mg. of the substance gave 10.704 mg. of 

carbon dioxide and 1.770 mg. of water.

Pound s C s 62.82 % f H = 4.26 %. 
ctoHs04 requires s C = 62.50 % | H = 4.20 %,

6-Methoxy- 5- jodocoumayin

6-Methoxy-5-amirocoumarin ( 0.3 g. ) was dissolved
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in concentrated hydrochloric acid ( 6 ml. ) at 0° and treated 
with sodium nitrite ( 0.3? g. ) solution at 0® during 1? 
minutes. This solution was then added drop-wise to potassium 
iodide ( 0.? g. ) solution at 0® during 1? minutes, and 
the reaction mixture then kept at room temperature for 3 hr.
The separated product was washed with water and treated
with sodium bisulphite solution. It was crystallised first

* {

from dilute alcohol and then from benzene-petroleum mixture. 
Needles,, ra.p. 148-150®. Mixed m.p. with 6-methoxy-5- 
iodocoumarin described before was not depressed.

7-To svloxvcoumarln
To a mechanically stirred solution of 7-hydroxy- 

coumarln ( 4.9 g. J O.03 mole ) and p-toluene sulphonylchloride 
( 6 g. | 0.03 mole ) in acetone ( 100 ml. )? a solution of 
sodium bicarbonate ( 4 g. ) in water ( 30 mi. ) was added in 
four lots. .After vigorous stirring for 4 hrs. the reaction 
mixture was poured in water when shining plates separated.
The product after washing with sodium hydroxide solution 
was crystallised from dilute alcohol. Thin plates, m.p. 
152-153®. Yield 4.5 g.

Analysis :
4.652 mg. of the substance gave 10.344 mg. of 

carbon dioxide and 1.680 mg. of water.
Found : C = 60.68 ^ ; H = 4.04

ci 6Hia0jS requires s 0 = 60.75 % \ H = 3.79
6- Hydro xv-7—to svloxycoumarin
7- Tosyloxycoumarin ( 3.3 g. ) dissolved in pyridine



( 75 nil. ) was mechanically stirred and potassium hydroxide 

C 8 g. ) in water ( 100 ml. ) was added* The solution was 

externally cooled and potassium persulphate ( 8 g, ) in 

water ( 200 ml. ) was then gradually added during 3 hrs.

day the solution was just acidified and the separated 

paste filtered. The clear solution was washed with ether 

and then treated with sodium sulphite ( 8 g. ) and 

hydrochloric acid ( 100 nil. ), warmed on a steam hath for 

**5 minutes and cooled. The separated solid crystallised from 

dilute alcohol in thin plates, m,p, 204-205°. Yield 0.2 g. 

The paste on working up gave the original product.

Analysis t

4.412 mg. of the substance gave 9.338 mg. of 

carbon, dioxide and 1.420 mg. of waiter.

Found s C a 57.76 % | H a 3.60 %%
C1 6Hta06S requires s C s 57.89 % | H a 3.6l %9

The above coumarin ( 0.5 g. ) in acetone ( 100 ml. ) 

was refluxed with anhydrous potassium carbonate C 1 g. ) 

and dimethyl sulphate ( 0.3 ml. ) for 8 hours. The product 

obtained on working up as usual crystallised from acetic 

acid in cubes, m.p. 208-210°.

Analysis 5

4.434 mg. of the substance gave 9,608 mg. of 

carbon dioxide and 1.598 mg. of water.

Found t C = 59.13 % * h a 4.O3 %.
%

°17H1*06S requires s S = 58.95 % * H a 4.04



7°Hydro%y«°6«>methQxycouinarin ( Scopoletin_),
The above methyl ether ( 0*3 g* ) was dissolved in 

concentrated sulphuric acid ( 10 ml, ) and kept for 24 hours. 

Next day it was poured over crushed ice. The solid obtained 
was purified through sodium hydroxide treatment. It 
crystallised from water in needles, m«p. 203-204°. The same 

m.p. has bee|i given in the literature. Its alcoholic
<X<x )

sulphuric,and alkaline solution flowed brilliant blue
*s

floorssenee.

3.972 mg. of the substance gave 9*112 mg. of 
carbon dioxide and 1.508 mg. of water*

Pound s G a 62.60 % f H a 4,25 %•

Gio^sOsj. requires ? C s 62.50 % f H a 4.25 %*

Jbdination of methyl 5<-methoxveounarin«6«»earboxVlate t 

Methyl 5°°methoxy«»8«iodocouflB,riii«6»oarboxylate

Methyl 5-m9thoxycoumarin«6-carboxylat9 ( 1.2 g. } 

0,005 mole ) in acetic acid ( 20 sflU ) was treated with iodine 

mono chloride ( 0.8 g. f 0.005 mole ) and the reaction mixture 
was kept at 60° for 24 hours. Next day it was stirred 

ma^tetie—stirrer for 3 hours and then diluted with water. She 

precipitated product crystallised from dilute alcohol in 
needles, m.p. 157-158°. Yield 0.8 g. 

w Maly sis i
19*24 mg. of the substance gave 12.36 mg. of 

silver iodide.
Pound s I a 34.70 %»

C|2H9Q5I requires s I a 35*30

o
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5-Methoxy-8-iodocoumarin«»6->earboxyl lo acid

The above ester ( 0.3 g. )‘ whs refluxed with alcoholic 

potassium hydroxide solution ( 10 % f 25 mU ) on a steam 
bath for 2 hours. The product obtained on acidification was 
purified through sodium bicarbonate solution. It crystallised 
from acetic acid in needless m»p. 238-2M0® ( efferv. ).

Analysis 1
10.22 mg. of the substance gave 14.20 mg. of 

carbon dioxide and 2.16 mg. of water.
20,00 mg. of the same substance gave 13*68 mg. of 

silver iodide.

Found 1 C a 37.92 % | H « 2.37 % f 1 * 36.97 %•
Ct1H?0?I requires s C a 38.15 % f H * 2.02 % f X s 36.70 %m

Attempted iodination'of 7.8»dihydroxycoumarin

(a) Iodine and ammonia
7f8«Dihydroxycoumarin ( 1.78 g. f 0.01 mole ) was 

dissolved in ammonia ( 22 % f 10 n£L. ) and treated with iodine 
( 2.54 g. | 0*0i mole ) in potassium iodide ( 5 g. ) solution. 

The colour of the solution became dark brown. The reaction 

mixture was vigorously stirred and acidified with ice cold 

dilute sulphuric acid solution. Mo product could be isolated 

from the solution.
(b) With iodine and Iodic acid
7„ 8«Dihydroxycoumar in ( 0.9 g. j 0.005 mole ) was 

dissolved in alcohol ( 5 ml, ) and treated with iodine 
( 0.508 g. | 0.002 mole ) and iodic acid ( 0.2 g. ) in minimum 

quantity of water. The solution was stirred for 2 hours and



72

added to water. No product was obtained as such or after 
extraction of the clear solution with ether.

(c) Iodine mono chloride
7,8-Dihydroxy coumarin ( 1.78 g. \ 0.01 mole ) 

dissolved in acetic Acid ( 8 ml. ) and hydrochloric acid 
( 8 afl.. ) was treated with iodine mono chloride ( 1.62, g. J 
0.01 mole ) and the reaction mixture was kept at 60° for 24 
hours. Next day it was stirred for 2 hours and then”diluted 

with water. No product could be isolated from the reaction 
mixture.

Attempted iodlnatlon of naphtha-112-a-oyron.a
(a) With iodine and ammonia
Naphtha-l:2-a-pyrone ( 1.96 g. f 0.01 mole ) prepared 

according to Koelseh and Masley ( J. Am. Chem. Soc., 1953» 75.
3596 ) was dissolved in dioxan ( 10 mi. ) and treated with

. /

ammonia ( 22 % ; 20 Bft. ) followed by iodine ( 2.54 g. ;
0.01 mole ) in potassium iodide ( 5 g. ) solution with 
vigorous stirring. After one hour it was acidified with dilute 
ice cold sulphuric acid. The product which separated was the 
original coumarin.

(b) Iodine and iodic acid
Naphtha-1s2-a-pyrone ( I.96 g. f 0.^01 mole ) was 

dissolved in alcohol ( 10 aCL. ) and treated with iodine 
( 1 g. | 0.004 mole ) and iodic acid ( 0.2 g. ) in minimum 
quantity of water. The reaction mixture was stirred for 6 hours, 
and then diluted with water . The product obtained was found 
to be original coumarin.
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(c) With iodise monochlorIda
Naphtha-1:2 -a-pyrone ( 1.96 g. f 0.01 Bole ) was 

dissolved in acetic acid ( 10 aL. ) and hydrochloric acid 
( 10 ml. ) was treated with iodine mo no chloride ( 1.62 g. $
0.01 u»le ) and the reaction mixture was kept at 60° for 24 
hours. Next day it was stirred for 3 hours and then"diluted 

with water. The product obtained was found to be the original 
coumarln.

Attempted iodination of 7-methylcoumarin
(a) With iodine and iodic acid
7-Methylcoumarin (1.6 g. j 0.0i mole ) was dissolved 

in alcohol ( 10 id. ) and iodine ( 4.04 g. $ 0.004 u»le ) was 

added. Then it was treated with iodic acid ( 1,6 g. ) in 
minimum quantity of water. The solution was stirred for 6 hours 

and kept over-night. Hext day it was diluted with water and the
Hrexcess of iodine was remcved^washing with sodium bisulphite.

The brownish liquid which separated was taken in ether and 

washed with alkali. The residue obtained on evaporation of 
ather gave a brown paste from which the original coumarln was 
obtained in a small quantity.

(b) With iodine monochloride
7-Methylcoumarin (1.6 g. j 0.01 male ) dissolved in 

acetic acid ( 5 ml. ) was added to iodine rco no chloride (6.48 g. j 
0*04 mole ). The solution was stirred for 3 hours and kept at 

60° for 48 hours. It was then further stirred ana diluted with 

water. The solid was treated with sodium bisulphite. The product 
obtained wsws crystallised from alcohol was found to be
the original 7-methyl coumarln.


