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CHAPTER _II_

Jodination of Coumarins

The work on the iodination of coumarins it was
thought would be of interest for varilous reasons. Extensive
work has been carried out on the bromination of coumarins
and 1t would be of interest to see if the Ilodinatlon of
coumarins would follow the same pattern. Further)the pattern
of substltutlion sometimes varles with the lodinating agents
and 1t would be of interest to see if this 1s so in the
lodination of coumarins and lastly the iodo derivatives are
compounds of synthetic :’Lnterest and they could be subjected
to the Rosenmund-won Braun reaction to get the syanocoumarins
and to Ullmann reactic}n to syntheslse bicoumarinyl derivatives
and to crossed Ullmann reaction to synthesise arylcoumarins.
It was with these ends in view that the iodination of
coumarins was undertaken.

Three different lodinating agents were used *

( 1) lodine and ammwnia ( 11 ) iodine and fodle acid and
( 111 ) dodine mnochloride. Under second it 1s assumed
thet the reactlon takes place according to the followlng
equation.

5B+ 2 Ip + HO3 = 5 RI+ 3 H0..0000ee (1)

Iodination of 7-hydroxycoumarin and its methyl ether

7-Hydroxycoumarin ( I ) on iodinatlon with one mle
of lodine monochloride gave a monolodo derivatlve § the
methyl ether of which d4id not give a2 coumarilic acld derivative
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on heating with alkall. indlcating that the lodlne atom had
not entered the 3-position. The alternative positlons are

6 and 8. The methyl ether of the monolodo derivative was
then subjected to Elbs Persulphate Oxidation in presence of
alkall when a good yieid of the oxidatlon product was
obtained. This indlcated that the 6-position in the methyl
ether must be free. If the lodine atom had entered the
6-position and the 8-position had been free, the 0xidation
in this case would have been very difficult ( ef. Daili,
Desai and Sethna, J. Indian Chem. Soc., 1951, 28, 366 )e
Moreover the oxldation product gave an orange yellow colour
with alkall which 1is characteristic of 6-hydroxycoumarin
derivatives. The mnolodo derivative 1s therefore 7-hydroxy-
8-iodocoumarin ( II ) and the Elbs Persulphate Oxidation
product has the structure ( IV ), 7-Methoxycoumarin ( V)
on iodination with one molé of lodine monochloride g;ave a
mono lodo derivati\}e different from the 7-methoxy-8-lodo-
coumarin ( III j, On boiling with potassium hydroxide
solution 1t gave a coumarilie acid derivative, which was
found on direct comparison to be’igrrg?}foxy‘?owﬁmarilic acid

( VII y prepared from 7-methoxy-3-bromycoumarin ( VIII ) by
;:hé action of alkall according to Seshadri and Véradfajan

( J. Sel. Ind. Research.India, 1951, LL_, 39 ). The mnoiodo
product: is therefore 7-metmxy-3-iodocoumarin ( Vi,

On iodination with two moles of indine mynochloride 'y

( I) did not give 2 pure product but with excess of iodine
mnochloride it gave the 3,6,8-trilodo derivative. ( X ). The

-
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methyl ether ( X ) on hydrolysis gave a dilodocoumarilic acild.
The trilodocoumarin 1s therefore 7~hydroxy-3,6,8-triiodocoumarin
( IX) and the coumarilic acid must be 6-methoxy-5,7-dilodo-
coumarilic acid ( XI ),
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7-Metho‘:ycoumar1n on iodination with tw mles of
lodine mmochloride gave a dilodo derivative. This gave a
mno iodocoumarilic acid derivative different from the
mnolodocoumarilic acid derivative obtained on hydrolysis of
the difodo derivative obtained on further iodination of
7-methoxy~8-iodoc9umar§n with lodine mnochloride.

The dilodo derivetive obtained from ( V ) therefore
must have the 3,6-&5.10&0 structure ( XII ) and the one
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obtained from 7-methoxy-~8-lodocoumarin must have the 3,8
dilodo structure. ( Xiv ))and the monoiodocoumarilic acids

derived from them must be represented by ( XIII Y and ( XV )
respectlvely.
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7-Bydroxycoumarin ( I ) on iodination using mlecular
proportions of lodine and lodic acid as glven in equation ( 1)

gave a mixture from which only the 8-1iodo derivative could be

isolated in a pure form. When the proportions of iodine and
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iodic acid were doubled 1t gave directly the 3,6,8-triicdo
derivative ( IX ), no dliodo derivative could be isolated.
7-Methoxycoumarin could not be lodinated at 21l with iodine
and iodic acid. '

7-Hydroxycoumarin ( I ) on lodination with one mle
of lodine in presence of ammonia gav%v the 8-iodo derivative.
With two moles of iodine)( Iy gave #he diiodo derivative
when the reaction mixture wa'é stirred for flve minutes, but
If it wos Bllowed to react for fifteen minutes 1f ylelded the
3,6,8~trilodo derivative ( IX ). ( IX ) yas obtalned in
quantitative yield when four moles of lodine were used in ke
presence of ammonia. The diiodo derivative remained unchanged
when boiled with alkall, and hence was assigned the 6,8-dilodo
structure ( XV I}I Yo

Nu4on+1 1o~ (CH;),_SO4 CHy0
*KZCOS

Vi

Zodination of 7-hydroxycoumarin-é-carboxylic acid
and s methyl 7-mebhoxyeoumerin-b=carioxylate
7-Hydroxycoumarin-b-carboxylic acid ( XVIII ) on

iodination with one mle of iodine mnochloride gave a
mnoiodo derivative in poor )rield. Its methoxy ester did
not give a coumarilic 2cid derivative on boiling with alkali

but instead gove an iodocoumarin carboxylic acid. The ester
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is therefore methyl-?-methoxy\):B-iodocoumarin-é-carboxylate
W TasY (
( XX ) and the acid is 7-%615'3—8—iodocoumarin-6-ca.rboxylic

écid ( XXI)y,
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The methoxy ester ( XXV ) on iodination with one mle of
lodine monochloride gave 2 monoiodo derivative CIEEE)
different from the iodo methoxy ester ( XX ) described above.
On boiling with potassium hydroxide soiution it gave an ilodine
free coumarilic acid derivative which mist be 6emethoxye5-
carboxycoumarilic acid ( XXVII ), The monoiodo product{ éf\l\ )
therefore methyl-?-methoxy—3-iodocoumarin-é-carboxylatei: The
methoxy ester ( XXV ) on ilodinetion with excess of iodine

-
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mnochloride gave a better yleld of the 3-iodo derivative

but no diiodo compound was obtained.
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Iodination of 7-hydroxycoumarin-6-carboxylic acid
by using mlecular proportions of iodine and lodic acid as
given in equation ( 1 ) yielded the 8-iodo derivative. With
four times the amunts of iodine and iodic acid the same acld
( XVIII ) yielded %é;vdiiodo derivative {(=EEy yhich on
methylation and hydrolysis* with alkali gave an iodocoumrrilic
acld. Hence the diiodo derivative must be 7=-hydroxy=3,8-
dilodocoumarin-6-carboxylic acid ( XXII ) and the coumsriiic
acid:b-methoxy=-5-carboxy-7-iodocoumarilic acid ( XXVII ).
Dodination of the acid ( XVIII y with one mle of iodine in
presence of émmonia gave a mixture from which the 8-icdo
derlvative could be isolated in poor yield. No further
lodination was possible even with excess of iodine. The
methoxy methylester ( XXV ) could not be lodinated at all
with iodine in presence of ammnia or by lodine and iodic
acid.

Ddination of Z=hydroxycoumerin-Yuacetic acid

45 has been mentioned in the general introduction
bromination of 7-hydroxycoumarin.l-acetic scid was found to

take place at the reactive methylene group( Dey and Hadhabai
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Jo Indian Chem. Soc., 1934, 11, 635 ). In view of this
it was thought of interest to see how the lodination would
take place.

bbdination of 7-hydroxycoumarin-ke=acetic acid
( XXVIII ) with one mle of iodine monmochloride furnished
a2 mnoiodo derivative which on methylation and hydrolysis

yvielded 7-methoxy~8-iodo~1+-methy1coumar1n, as seen by direct
I

O~ 0
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comparison with a specimen prepared according to Lele and
Sethna ( J, Org,. Chem., 1958, 23, 1731 ). In iodination with
one molé of lodine in presence of ammnia m lodine and
lodic acid the acid ( XXVIII ) yielded the 8-iodo derivative
as described above. i'fith tw moles of lodine monochloride

it yielded a mixture of compounds from which no pure product
could be isolated. However, excess of lodine monochloride
gave a trilodo derivative. This trilodo derivative on
mothylation ylelded 7-methoxy-3,6,8«triiodo-lmethylcoumarin
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identical with the product described by Lele and Sethna

( loc. eit, ) decarboxylation having taken place during the
zﬁethylation. The ilodination of the hydroxy acid ( XXVIII )
wlth excess of iodine .and lodic acid Aga:re the trifodo aud _
derivative ( XXXIV ),

Idination of ( XXVIII ) with two moles of iodine
in presence of ammonis yielded a dilodo acid ¢—EEEVES=)
which on methylation gave the 6,8-difodo derivatlve
( XXXVIII ) identlcal with the product described by Lele and
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Sethna ( loe, cit., ) hence the original diiodo %§§§Vative
mst be 7<hydroxy-56, 8-diiodocoumaiééahnacetic aci%< o
obtai
trilodo derivative could be &3Q§a@@& by this method even

when iodine was taken in excess.

Ethyl 7-hydroxycoumarine-3-carboxylate ( XL ) on

lodination with one mole of iodine in presence of ammonis

gave a mono iodo zcid, This iodo agid was methylated and
esterified and subjected to Elbs Persulphate Oxidation when

a hydroxy lodo derivative was obtained, It was therefore

Presumed that the product obtained on lodination was the

8-i0do derivative ( XLI ) and the Elbs Persulphate Oxidation
product was 6-hydfox?;7-methoxy~8~io&o~3~carboxylic acid ( XLIITI )
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Ethyl 7-hydroxycoumarin-3-carboxylate ( XL ) on

lodination with lodine monochloride and with molécuiar
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proportions of iodine and iodic acid gave the same momo "1odo
derivative \( XLI ). On fodinetion with two moles of iodine and
lodlc acid it gave o diilodo acld to which the 6,8-d1todo
structure ( XLIV ) has been assigned.

droxycoumarin and its methyl ether

With one mole of iodine monochloride 6-hydroxysoumarin

( XLV ) gave a monoiodo derivetive. Its methyl ether remained
Unchanged on heating with alkalil indicating that the iodine
atom had not entered the 3-position, OFf the a\\lternate structures
5= or 7-1odo the mnoiodo derivative has been assigned the 5-iodo
structure ( XLVI ) for the following reasons ¢

6-Hydroxycoumarin ( XLV ) on nitration gave 2 mono-
nitro derivative. Its methyl ether remsined unchanged on boiling
with liquor ammonia. On reduction with stannous chloride and
hydrochloric acid tﬁe nitro derivative gave the amine derivative,
This was hydrolysed with dilute hydrochloriec acid in a sealed
tube to tize eorresponding hydroxycoumarin, m.p. 24%0°,This was
also obtained by dlazotization of the amino compound and
boiling with sulphuric acid. The product gave a yellow colour
wilth sodium hydroxide. It was different from 7=-hyaro Xy« b=
methoxycoumarin synthesised as glven below and hence was assigned
5=hydro xy-6-me thoxycoumarins structure ( LII ), The nitro
derivative is therefore 6-hydroxy-5-nitrocoumarin (Z\II¥) and
the amino derivative is 6-methoxy-5-aminocoumarin ( LI).

6-%tt10xy-5-aminocoumarin ( LI ) on diazotization and
treatment with potassium fodide gave an lodo derivative which
was found on directmcomparison to be the same as the methyl
ether of the lodo derivative ( XLVI ) described shove which

Proved that the mnoiodo derivative was the 5=-1lodo compound.
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Iodinatlon of ( XLV ) with one mole of lodine in
presence of ammonia or with lodine and lodic acid gave the same
monoiodo derivative ( XLVI ) . 6<Mathoxycoumarin ( XLVII ) on
iodination with iodiﬁe monochloride gave the same 5-iodo
derivative ( XLVIII ) described above. No higher iodinatlon
product was(obtainéd even with excess of iodine monochloride
or lodine and iodic acid,

o] o Te)
HNO3+ Hy S0, -~ O
[ 21e] P HO . -

Kpcay

A 4

’ 1/ nmzohzaf’on _Helbm
cryola / And K1 Sealed tube

1 mazchzaf‘ onﬂ“,
H;SO
XLVl 8] Iy l’mh‘f" L

7-Hydroxy-6-methoxycoumarin ( Scopoletin ) has been
synthesised previously by various mathods. ( E.Glaser. Arch,
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Pharm, 1928, 266, 537 5 A. Robertson, J. Chem. Soc., 1931,
1241 ; Soka and Kallir., Ber., 1931, o4B, 909 ; W.Baker and
uvanan. Chem. Soc., 1938, 372 5 Chsudhari and Rooerﬁsonj
J. Chem. Soc., 1948, 1671 ; fmrard &mz Vollus., Bull. Soe.
Chim. Prance 1948, 1109 Keﬁghcrfm}rthy and Seshadri,J.

Sei. Ind. Resesarch (India) 1952, 11B, Y11 Dbnuld J. Org.
Cheme, 1961, 1217 ). Tn the present work it was synthesised

4s follows ¢ ‘

7-H ydroxycoumarin ( LIIT ) on treatment with
P=toluene sulphonyl chloride gave 7-tosyloxvcoumdrin ( LIV)
which on Elbs Persulphate Oxldation in pyridine solution gave
the corresponding b-hydroxycoumarin derivative ( LV ). This
was methylated to yield ( LVI ) which was hydrolysed with
Concentrated sulphuric acid to 7=hydroxy=6-me thoxycoumarin
( LVII ), m.p. 203-20%°, It gave a deep blue fluog;éence in Ki

alkaline and sulphuric acid soluoie*#é

O .o cH o) eHe g 0
HO CHac.;:u4§;";’§,S°9 Ko 5, 03 Het %
T +NGO
P + NaHeo, P NGOH HO —
L Ly kv
(€Hy), S0,
y K2€O,
o c %0
H. 0. e
MO ‘ CONH,S04 4%"450,0 ]\\;T
b
, CHO
CHy0 - / WY NS ~
LV}
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Iodinstion of methyl 5~methoxycoumerI?uéacarboxylate
(L)
Methyl S-methoxycounbrin—é-carboxy7:neApn iodination

With one mole of iodine monochloride gave 2 morolodo derivative
which on hydrolysis with slkeli did mot give any iodine free
coumarilic acid but it gave sn lodocoumarin cerboxylic acid (LX)
hence the mdbrolodo .derivative waé.methyl Semetho Xy—8=i0do-
Coumerin-t-carboxylate ( LIX ),

Methyl 5~meth6xycoumarinpémcarboxylate could ﬁot be
lodinated by the other two methods viz. (1) iodine and iodic
acid and (2) ilodine and smmonia. o higher iodination product
wes obtained when the iodine monochloride was taken in excess.

Iodination of S-hydroxycoumsrin has not been studied
as the yilelds in the decarboxylation znd in the demethylation

Were poor,

cH;00¢C @j CH OOCQLJ HOOC@

OCH, OCH,; OCH,
kv (NP3 %

Some_attempted iodinations
Iodinstion of 7-methylcoumarin, 74 8=dihydroxy-

Coumarin and naphths 1,2-0-pyrone was attempted using the
different iodinating agents but neither of these coumarins
gave an lodo derivatived the originel coumarin wes obtained

in 211 ecases.
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EXPERIMEBEDNTAL

Iodination of 7-hydroxycoumarin and its methyl ether @

7« Hydroxve. 8- iodocoumarin

~(a) With iodine and amonia.

7-Hydroxycoumarin ( 1.62 g, § 0.01 mle ) dissolved

In ammonia ( 22 2 § 10 ml. ) and water ( 35 ml., ) was treated
drov-wise with isdine ( 2.5% g. § 0.01 mle ) in potassium
lodide ( 5 g. ) solution with vigorous stirring of the
reaction mixture. It was then poured in ice cold dilute
sulphuric acid. The separated solid was.filtered and
crystallised from acetic ‘acid in needles, m.p., 228-230°,
Yield 1.2 g.

fnalysis ¢

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

-

silver iodide.

*»
1]

407 2%,
4,10 7,

Found I

CoHz03 1 requires ¢ I

(b)) With iodine and iodic acid.

7-Hydroxycoumerin ( 1,62 g, § 0,01 mle ) was dissolved
in warm aleohwl ( 10 ml. ) and iodine crystals ( 1.01 g. 3
0,004 mole ) were added., To this elear warm solution iodic
acid ( 0,35 g. ) dissolved. in minimum quantity of water wes
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°, Yielg 0,8 g.
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(¢) With jodine monochloride.

A mixture of 7-hydroxycoumarin ( 1.62 g. i 0.01 mole )
in acetic acid ( 10 ml, ) and hydrochloric acid ( 10 ml. j
d. 1.11 ) was treated with iodine momochloride ( 1.62 g. H
0.01 mole ) and the reaction mixture left over-night at 60°
In an oven, It was then diluted with water and the productw
which separated crystallised fxl»om acetic acid in needles, m.p.
228-230°, The mixed m.p. with the above product was mot

depressed. Yield 0,03 g,

7w Mo thoxy- 8- lodocoumarin

The above iodocoumarin ( 2,8 g, ) in acetone

( 100 mi, ) was refluxed with dimethyl sulphete ( 2 ml. ) and
anh;drous potassium carbonate ( 4 g, ) for 10 hours. The
product obtained was washed with sodium hydroxide golt1tion
and then crystallised from dilute alcohol in needles, m.p.
158-160°,

Analvysis ¢ ]

10.18 mg. of the substance gave 14,94 mg, of
carbon dioxide and 2.32 mg. of water.

19.3% mg. of the same substance gave 15.00mg,

of silver iodide.

Found tC =W 06735 H=2,55935 I=14,93¢,
C10H031  requires 2 C =597 % ; H= 2,324 I = 42,89 %

The methyl ether on refluxing with alcoholic
potassium hydroxide solution ( 10 7 $ 20 ml, ) for 2 hours

:c:emained unchanged.



Elbs Persulvhate Oxidation of 7-methoxy-8-

iodocoumarin ¢ 6-Hydroxy-7-methoxy.8-iodocoumarin

7-Methoxy-8-iodocoumarin ( 2 g. ) was dissolved in
sodium hydroxide solution ( 10 4 § 50 ml., ) by warming on a
steam bath, The solution was then cooled and potassium
persulphate ( 1.8 g. § 40 ml, water ) was added gradually
from a separating funnel during 2 hours., The solution was
mechanically stirred and the temperature was not allowed %o
rise above 10°, The reaction mixture was kept over-night,
The following day it was just acidified with hydrochloric acid
when the original 7-methoxy-8-iodocoumarin ( O.% z. ) 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 ¢ %0 mi. )
for about an hour. The oroduct which separated on cooling
crystallised from dilute alecohol in needles, m.p. 217°,
Yiela O,k 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, of water.

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

silver iodide.

v
(@]
i

37.66 4 2.48 %
37.7% % 5§ H= 2,20 4

we
-~
]

39.88 %.
= 1399;9&" %o

Found
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CqoHq0y I requires

~
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7-Mathoxy~3~iodocoumarin

7-Yethoxycoumarin ( 1.76 g. § 0.01 mole ) in acetic

acid ( 5 ml. ) was treated with iodine momochloride ( 1,62 ge %
0.01 mole ) and the mixture kebt at 60° over-night, The next
day it was diluted with water and the peste obtained trested
wlth cold alcohol. The white residue crystallised from
alcohol in fine needles, m.p. 155-156°. Yield O.4 g,

Ans1ysis : | ’

16,148 mg. of the substance gave 12,86 mg. of
silver lodide.

Found : I=1L42,18 4,
I=Y%.,0% %,

2%

i

CyoHs0531I requires

b-Methoxveoumarilic acid

The alove iodocoumarin ( O.% g, ) was refluxed with
alcoholic potassium hydroxide solution § 10 % § 10 ml, ) for
2 hours on a steam bath, The product which separated on
acidification was purified through sodium bicarbonate solution
"~ and crystallised from dilute alcohsl in needles, m.p. 205.206°,
Mixed m.p. with the vroduct obtained on hydrolysis of
7-methoxy-3-bromocoumarin according to Seshadri and Varadrajan
( J. Sci. and Ind. Research, 1951, 11B, 39 ) was not depressed.

7-Hydroxv-6,8-diiodocoums rin

7-Hydroxycoumarin { 1.62 g. § 0.01 mole ) in liquor
amﬁonia (227 § 10 ml, ) and water ( 25 ml., ) wes treated
with iodire ( 5.08 g, § 0.02 mole ) in potassium lodide
( 10 g. ) solution with vigorous stirring of the mizture. As

soon as all the dodine was absorbed it was immedliately

.



acidified with cold dilute« sulphuric acid. The separated
product crystallised from acetic acid in needles, m.p.
232°, Yield 0,5 g.
Analysis ¢
17.02 mg. of the substance gave 19,44 mg. of

silver iodide.
I
I

.
it

Fd und 61 . 724' %'

61.30 %.

[
]

CoHy05 I, requires

7-Mothoxy-6,8-diiodocoumarin

. The above dilodocoumarin ( 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 usval, It crystallised from acetic acid in
needles, m.p. 168-170°,

Analysig @

10.46 mg. of the substence gave 10,58 mg. of
carbon dioxide and 1.42 mg. of water.

19.1% mg. of the same substance gave 20,9 mg., of

silver iodide.

]
]
il

Found C=27.59% 3 H=1.52% § I=159,01 4.
C=280kg ; H=14%; I=59.30 %,

The methyl ether on heating with 10 % alcoholic

*

il

Ci0He03Iy requires

(N 1]

potassium hydroxide solution ( 15 ml, ) under reflux
remained unchanged,

7-Hydroﬁ§h3,6.8-triiodocoumarin

7-Hydroxycoumarin ( 1.62 g. § 0.01 mle ) was i

dissolved in ammonia ( 20 Z § 10 ml., ) and water ( 30 m1, )

-



and iodine ( 5.08 g. § 0,02 mole ) in potassium iodide
( 10 g.") solution was a2dded. The solution wascstirred for
10 minutes and then acidified with dilute sulphuric acid-
and the separated product crystellised from dilute alcohol
in needles, m.p. 234-235°, Yield 2 g,
Analysis ¢
‘ 15.26 mg., of the substance gave 19,9 mg. of

silver iodide.

Hi

Found s I

I

70,49 %,
70.55 %,

..

[t

CoHz03 13 requires

The same product was obtained when 7-hydroxycoumarin
(1.62 g. § 0,01 mole ) in warm alcohol ( 20 ml. ) was treated
with iodine ( 5.08 g. 5 0.02 mole ) and iodic acid ( 1.8 g. )
in water. Yiéld 2 g.

The same product was also obtained when 7-hydroxy-
coumerin ( 1,62 g. § 0,01 mole ) in acetic acid ( 10 ml. )
and hydrochloric acid ( 10 ml, ) wes treated with iodine
mrochloride ( 12.96 g. § 0,08 mole ) and the reaction
mixture was kept for 48 hours at 60°, The needles which

separated crystallised from acetic acid, Yield 0,2 g.

7-Methoxy-3.6,8-triiodocoumarin

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°,



Apalysis ¢ .
10,36 mg. of the substance gave 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,

L1 3

c

68,19 4.
68.77 %

1.25 % 3§
0,90 %

g
)
]

21,66 %

e
1]
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6-Me thoxy-5,7-diiodocoumaril ic acid

7-Yethoxy-3,6,8-triiodocoumarin ( 0,5 g. ) was

refluxed with alcoholic potassium hydroxide solution (10 7 ;
20 ml, ) for 2 hours., The product obtained on acidification
was purified through sodium bicarbonste solution. It
crystallised from acetic acid in needles, e Do éh0-242°.

Analysis ¢

10,58 mg. of ‘the substance gave 10,62 mg. of
carbon dioxide and 1.72 mg. of water.

16.2% mg, of the same substance gave 17,20 mg, of

silver iodide.

~

It

o
[
1}

1.81 %2 57.24 7,
1.39% 3 I =157,20 %e

27.37 %
= 27.03 4

wee
[

Found s C
c H

i

C10HgO3I, requires @

X 1)

7-YMethoxy-3,6-diiodocoumarin

-

7-Methoxycoumarin ( 1.8 g. § 0.01 mle ) in acetic
acid ( 5 ml., ) was treated with iodine momochloride ( 3.2k ge 3
0.02 mole ) and the mikture left over-night at 60°, Next day
the needles obtained were‘recrystallised from acetic acid,

Mape 246-247°, Yield 1.2 Be

.
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Apalysis ¢

19.28 mg. of the substance gave 21.18 mg. of

>
silver iodide.

*"»

I

59.37 Z.
59.3% %.

Found

*

I

]

CioHe031,  requires

6-Me thoxy-5-iodocoumarilic acid

7-Methoxy-3,6~diiodocoumarin ( 0.5 g. ) was refluxed

with alcoholic potassium hydroxide solution ( 10 4 § 20 mi. )
for 2 hours on & steam bath, The product obtained on
acldification with hydrochloric acid was purified through
sodium bicarbonate solution. It crystellised from dilute
alcohol, m.p, 258-260°,

Analysis ¢

10.18 mg. of the substance gave 13,98 mg. of the
carbon dioxide and 1.9% mg. of water.

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

silver iodide.

L1]

c

i
i

39.80 4.
39.9% Z.

37.48 % § H=2,18% 3 I
37.74 % 3 H

Found

L]

c

2,20 4

-
]
1]

CyoHn04 I requires

7=Mathoxy-3,8-diiodocoumarin

7-Methoxy-8-iodocoumarin ( 3.02 g. 3 0,01 mle )
was dissolved in acetic acid ( 50 ml, ) and treated with
lodine momochloride ( 1,62 g, 3 0.01 mle ) and the mixture
kept at 60° for 48 hours in an oven. The product which
separated crystallised from acetic acid in needles, m.D.
238-240°, Yield 2 g. The mixed m.p. with 7-methoxy-3,6-

diiodo-coumarin was depressed by over 20°,



Analysis s
19.1% mg.‘ of the substance gave 21,08 mg. of

silver lodide.
I=59.5 %.
CioHe03Iz requires s I = 59,34 %,
6=Me tho xv=7=10d0coumarilic acid
_ The sbove diisdocoumarin ( 0.5 g, ) wes refluxed
with alecoholic potassium hydroxide solution ( 10 #Z § 20 ml. )

Found

*»

for 2 hours on a steam bath. The product obtained on
acidification was purified through sodium bicarbonate solution.
It crystallised from acetic acid in needles,; m.p. 270-.280°,

Analysis ¢

10,48 mg. of the substance gave 14.4%0 mg, of
carbon dioxide and 2,42 mg. of water.

19,20 mg. of the same substance gave 14,36 mg, of
silver iodide.
H
H

Found t C =375 % 2.58 % 5 I =443 %,
2,20 2 5 I = 39.9% %.
Iodination of 7-hydroxycodmerin-6-carboxylic acid

and 1ts methyl ether ‘and methyl ester J
-Hydroxy-8-1odocounarin.b-carboxylic acig

“e
-1

i

CioHp04T  requires : C = 37.78'%

-5
)

7-Hydroxycoumarin-b-carboxylic acid ( 1.03 g. 3
0,005 mole ) was dissolved in alcohol ( 40 ml. ) and treated
vith lodine ( 0,508 g. § 0,002 mle ) and fodic acid ( 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 3 .
15.36 mg. of the substance gave 10,90 mg. of

silver iodide.

Found : I =38.36 4.
Ci0Hs05I  requires : I = 38,25 %,

The same product was alss obtained when 7=-nydroxy-
coumarin-6-carboxylic acid ( 2,06 g, ; 0,01 mole ) in acetic
acid ( 40 ml, ) was treated with iodine momochloride
( 3.2% g. § 0.02 mole ) and the mixture left at 60-70° for
24 hours,

The same product was also obtained when
7-hydroxycoumarin-b-carboxylic acid ( 2,06 g, § 0,01 mole )
was dissolved in liquor ammonia ( 2% ml., ) and water
(25 ml. ) and then treated with a solution ¢f iodine
( 2,54 g. 5 0.01 mole ) in potassium iodide ( 5 g. ). The
mixture was stirred machanically for 15 minutes, The clear

solution was acidified with cold dilute sulphuric acid. The

separated product after repeated crystallisation from alcohol

e jodo
and acetic acid gave ¢ oroduct in very poor yield, m.p.

258.260°, ( efferv. )

Mo thyl..7~-methoxy-8-~ idocoumarin-b-carboxylate

The acetone solution of the a2bove iddo scid
(2 g. ) was treated with dimethyl sulphate ( 1 ml, ) in
presence of anhydrous potassium carbonste ( 2 g. ). The
product crystallised from acetic acid in fine silky needles,

mep. 162°,



fnalysis ¢

3

10,44 mg, of the substance gave 15.14 mg. of

carbon dioxide and 2,66 mg. of water.

21,20 mg. of

silver iodide.

L4 )

Tound

(3]

requires

7=tethoxv-8-iodocoumarin-b-carboxylic acid

C
C

the same substance gave 13.96 mg. of

i

39.57 % 5 H
40,00 %

e

fi

2.85 4
2,50 4

-e

~ g

I
I

35.59 %.
35.30 Z.

i

The above ester ( 0.5 g. ) was refluxdd with

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

steam bath for 2 hours., The vroduct obtained on acidification

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

Analysig ¢

10036 neg. of

carbon dioxide and 2,10

13.82 mg. of

silver iodide,
Tound :

e

requires

c
c

the substance gave 14.60 mg, of

mg. of water.

the same substance gave 9.42 mg, of

1

i

38,46 7 3 H
38,152 3 H

——
—

2.27 4
2,02 %4

“"e

I
I

7=Hydroxy-3,8-diiodocoumarin.b.carboxylic

36, 8% 4,
= 360 70 %o

acid

7-Hydroxycoumarin-é-carboxylic acid ( 1.03 g, ;

0.005 mole ) in werm aleohol ( 40 ml, ) was treated with

iodine ( 2,03 g. § 0,008 mle ) and iodic acid ( 1 g. ). The

solution was stirred for % hours and then diluted with large

volume of water. The separated product crystallised from

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

24
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Analysis ¢
-y
19.36 mg. of the substance gave 19’Oh?f silver

iodide.

53.05 %.
53.35 %.

Found : I

1

CioH05I3Md requires ¢ I

Méthvl;]—methoxy-B,8~diiodocoumarin-é-carboxyiate

The methoxy ester of the above diiodocoumarin was
prepared by refluxing its ( 1 g, ) acetogé solution with
dimethyl sulphate ( 1 ml. ) in presence of anhydrous
potassium carbonate ( 2 g. ), It crystallised from benzene
vetroleunm ether ( bep, H0-60° ) in buds, m,p, 205-206°,

Analysis ¢ ﬂ

9.12 mg. of the substance gave 9,86 mg. of
carbon dioxide and 1,72 mng, of water.,

19.%0 mg. of the some substance gave 18,76 mg., of

silver iodide.

Found t C

il

29.52 4
C12HgO05I,  requires ¢ C = 29.63 7

H = 2.10 % ; I = 52'25 %'
H=1.,64% 3 I=52269,

Y

i

e

6~Méthoxy-7uiodouS-carboxycoumarilic acid

The above diiodo ester ( 0.5 g. ) in alecoholic
potassium hydroxide solution ( 10 % § 20 ml, ) was refluxed on
a water ba%h for 2 hours. The product obtained was purified
through sodium bicarbonate solutiono\lt crystallised from
acetic acid in needles, m.p. 2729,

Analysis s
10.22 mg. of the substance gave 13.82 mg. of

carbon diloxids and 2.06 mg, of water.



H

19.18 mg. of the same substance gave 12.32 mg. of
silver lodilde.
I= 34,70 %,
I=35.09 %
ylate

Found

L]

= 36.91 % s H = 2,26
Ci4HjOI  requives : C= 36,47 % 5 H= 1,93 %
Methyl 7-methoxycoumarine-$-carboxylate ( 2.3% g. 3
0.01 mole ) in acetic acid ( 20 ml. ) was treated with iodine
monociloride ( 1.62 g. ; 0.01 mole ) and the mixture was kept

e
K2
b

0o

jiodocoumarin-5-carbox

at 60° for 2kahourse Next day the needles which separéted were
recrystallised from acetic acid, m.p. 245°., Yield 1.5 ge The
same product was obtained in a better yieia when iodine
monochloride was taken In excess ( 0.04 moles )

Apalysig ¢

1. 4% mg, of the substance gave 6.92 mg. of
gilver iodide.

Found t I= 3515 %
Cy2Ho05I  requires 3 I= 35.30 %

The above methoxy lodo ester ( 0.5 ge ) was treated

with alcoholic potassium hydroxide solution ( 10 % 3 20 ml.i)
on & steam bath for 2 hours. The product obtéined on working
up as usual crystallised from dilute acetic acld in needies,
m.p. 285-286°,

dnalvsis @

10.9% mg., of the substance gave 22.52 mg, of
carbon dioxide and 3.3% mg. of water.

Found t C = 56,18 % ; H= 3.1 %,
311}1806 I;equires 2 C = 55091"‘ % H H = 36!'*'1 %0

=]



bdination of 7-hydroxveoumarin.ieacetic acid @

7-Hydroxy-8-icdocoumarin-t-acetic 2cid

7-Hydroxycoumarin-l-acetic acid ( 2.24 g, ;

0.01 mle ) was dissolved in liquor ammonis ( 22 % 3 10 ml, )

end water ( 25 ml. ) and was 'treated with iodine ( 2.54% ge §

0,01 mle ) in votassium 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 acidjin walch 1t was

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

Yield 2,9 g,

Apslysis ¢

15.88 mg. of the substance gave 10.76 mg. of

silver iodide,

il

Found I = 36,63 %.
requires ¢ I = 36,70 4,

The same product was obtained whon 7-hydroxycoumerin-

beacetic acid ( 1.1 g. § 0.005 mle ) in warm alcohol

( 10 ml. ) was treated with iodine ( 0.508 g« § 0,002 mle )

and lodic acid ( 0.2 g, ), Yield 2 g.

The same product was also obtained when a mixture

of 7-hydroxycoumarin-Y.acetic acid ( 2,24 g. § 0.01 mole ) in

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

treated with iodine momochloride ( 1.6 g. § 0.01 mle ) anma

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

theyre

.
L v e oy g

—-worked up as ususl. Yield 0.2 ¢

o



Mo thyl..7-methoxy-8-icdocoumarin.t-acetate

The acetone solution of the above iodo coumarin
(2 g. ) was refluxed with dimethyl sulphate ( 2 ml. ) in
presence of anhydrous potassium carbonate ( 6 g. ). The
product obtained was purlfied by washing with sodium
nydroxide solution. It crystallised from benzene-pekiroleum
ether ( b.p. 40-60° ) mixture in silky needles, m.D.

140-1420,

Analysis ¢ .

9,82 mg., of the substance gave 15,20 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 :C =424 9% 5 H=3,30% 35 I=34134%.
C133110§I 1‘equires s C = )-(-1,70 % ; H= 209"*' % ; I= 33'95 %‘

7 Mo thoxy-8-i0do-t-methylcoumarin

The above iodocoumarin ester ( Ok g. ) wes ,
refluxed with alcoholic potassium hydroxide solution ( 10 %
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,
ﬁ.p. 199°, Mixed m.v. with an suthentic specimen of 7-methoxy-
8ciodo~ﬂum§thylcoumarin prepared according to Lele and Sgthn&;
( J. Org, Chem., 1958, 23, 1731 ) was mot depressed.

Decarboxylation took place during the hydrolysis.



ot
el

7-Hydroxy-6,8-diiodocoumarin-beacetic acid

7-Hydroxycoumsrin-l-acetic acid ( 2,24 g. 3}
0,01 mle ) was dissolved in liquor ammonia ( 22 % § 10 ml, )
and water ( 25 ml. )and treated drop-wise with iodine
crystals ( 5,08 g. 5 0,02 mole ) in potassium iodide
solution with stirring. The clear solution wes acidified
with dilute ice cold sulphuric acid and the product obtained
purified through potassium bicarbonate solution. It
crystallised from acetic acid in needles, mp. 235-236°.

Yield 3.5 g.

Analysils
20.3% mg. of the substance gave 19.50 mg. of

sliver iodide.

TFound ¢ I = 51.82 4.
Cq1Hg05 I, H0 requirest I = 51,83 4.

7wl tho xy=6, 8~diiodo-lt.methylcoumarin

The above dilodocoumerin ( 2 g, ) was refluxed in
acetone ( 250 ml, ) with dimethyl sulphate ( 2 ml. ) in
presence of anhydrous potassium carbonste ( 6 g.v) for 8
hours. The product obtained on working uwp the reaction
mixture as ususl crystallised from acetic acid in needles,
MePe 212°, Mixed mep. with an authentic specimen of
7- methoxy-6,8-diiodo-tmethylcoumarin prepared sccording
%o Lele and Sethne ( loc.cit. ) was not depressed.

Decarboxylation took place during the methylstion.
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7-Hydroxyeeaﬁ??%ﬁ-3,6~8—triiodocoumarin-nuacetic‘acid

7-Hydroxycounerin-t-acetic acid ( 1,12 g. § 0,009
mle ) dissolved in alcohol ( 10 ml. ) was treated with
iodine ( 2.03 g, § 0,008 mole ) and iodic acid ( 0.8 g. )
in water., The product obtained was purified through sodium
bicarbonate solution. It erystellised from acetic acid in
thin plstes, mep. 238-240°, Yield 2 g,

Anslysis ¢ .
18.18 mg. of the substance gave 21,58 mg, of

sllver iodide.

64,20 7.
63.70 Z. .

The same product was also obtained when 7-hydroxy-

Found H

It}

I
Cy11H505I3  requires ¢ I

coumarin-h-acetic acid ( 2.24 g, § 0.01 mle ) was dissolved
in a mixture of acetic acid and concentrated hydrochloric
acid ( 10 ml. each ) and the solution was treated with iodine
monochloride ( 6,4 g. 5 0.0k mole ). Yield 1.2 g.
7—Méthoxy;é,6,8-triiodonhamethylcoumarin

The zbove triiodocoumerin ( 2.0 g, ) was dissolved
in acetore ( 250 ml., ) and refluxed with dimethyl sulphate
( 2 ml., ) and anhydrous votassium carbonate ( 6 g. ). The
product obtained crystallised from acetic acid in needles,
MeDe 217°. Mixed mep. with an authentic specimen of
7-metho xy-3, 6, 8-trilodo-btemethylcoumarin prepared according

to Lele and Sethna ( loc.cit, ) was mot depressed.



'Ddination-of ethyl Z=hydroxycoumarin-3-carboxylate :

Z=Hydroxy-8=iodocoumarin.3-carboxylic acid
Ethyl 7-hydroxycoumarine3-carboxylate ( 2.3% g, 3

0.01 mle ) dissolved in ammonia (22% 3 10 m. ) and wvater '
(35 ml. ) was 'treated drop-wise with iodine ( 2.54% go 3
0.01 mole ) in potassium iodide ( 5 g.) solution with
vigoious stirring of the reaction mixture for 10 mimites, It
was then added to ice cold dilute sulphuric acid. The separated -
product was taken up in S°diﬁﬁ»f%ﬁif?3?i£§§§§§"§§353§%%§T%3dﬁ%““¢“M‘
#addiflsd, The product obtainedhgrystallised from acetic ac;d
in cubes. mep. 2652660 ( efferv. )e It was sparingly soluble
in organie solvents.

Anelysis ¢ |

44250 mg. of the substance geve 5.048 mg, of
carbon dioxide and 0,972 mg. of water.

14.476 mg. of the same substance gave 9.398 mg.
of silver iodide.

Found  :.C = 32,41 4 3 H 2.56 % 5 I=35,09 4.
C=32.61%3H=2W%; I=345 4

The same compound was obtained'when ethyl 7«

hydroxycoumarinp3~carboxylate (1.2 g. 3§ 0,005 mle ) was
dissolved in warm alcohol ( 20 ml. ) and treated with iodine
(0,58 g. 5 0.002 mole ) and iodic acid ( 0.2 go ) in minimam

i

e
e

C10Hs505I.2H,0 requires

L]

e

quantity of water, and also when ethyl 7nhydroxycoumarinp3=
carboxylate ( 2,3 g. 3 0,01 mle ) was dissolved in acetic
acid ( 10 ml. ) and hydrochloric azecid ( 10 ml, ) and the

solution treated with iodine monochloride ( 1,62 g. $ 0.01 mole )

Ay
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Mothyl 7-methoxy-8=iodocoumarin-3l-carboxylate
\:k\wglf atove ilodo acid ( 1.0 g. ) was taken up in a
jijhlet'\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 obtzalned on removal of acetone was
washed with dilute 21kall and crystallised from acetlc acid
in needles, m.p. 206-207°, |
dnalysis ¢ ‘
4,91% mg. of the substance gave 7.188 mg. of

2

carbon dioxide and 1.168 mg. of water.

9,884 mg., of the same substance gave 6.392 mg.
of silver lodide.

Found :C=39.92% 3 H=2,66% 5 I= 3496 %.
Ci12Hg05I  requires ¢ C=40.00% 5 H= 2,50 % 5 I= 3528 %.

6=Hydroxy-7-methoxy-8-iodocoumarin-3-carboxylic acid
Methyl 7-methoxy-8-iodo=3-carboxylate ( 1 g. ) was
'warmed on a steam bath with sodium hydroxide solution ( 10 % 3
20 mi. ) m pyridine ( 3 ml. ). The clear solution was
oxidised with.potassium‘ persulphaté (1l ge ) in water ( 20 m.. )
as usual. The product obtained on wofking up the reaction
mixture crystallised from dilute alcohol in needles, m.p.
2552560, Yield 0.2 g.
" Analysls :
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 ng.
of silver lodlde.
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Found . s C = 3)‘*“079 % H = 2030 % s I= 33086 %a
C1 1H7061 320 &I'equirgs : C = 3%&73 % § = 2037 % H I= 3301('2 %9

7=Hvdroxwaéﬁ8cdiiodocaumarinpgacarbogxiic seid

Ethyl 7-hydroxycoumarin-3-carboxylate ( 1.2 g. -

0.005 mole ) was dissolved in warm aleohol ( 20 ml. } and
treated with lodine ( 1,02 g. ; 0.00% mole ) and fodic acid
( 0ol goe ) in minimum quantity of water, and the reaction
mixbure stirred vigorously for 3 hours. The proaﬁct obtained
on dilution of the reaction mixture was purified through
sodium bicartonate solution. It erystallised from acetic
2cid In needles, m.p. 220-222°, { efferv. )

fnalygis ¢

%.918 mg. of the substance gave Y.402 mg. of
carbon dioxide and 0,878 mg, of water.

17.140 mg. of the seme substance gave 16.32% mg.,

of silver iodide,

‘Found s C =244 7 ; H=1.99% 3 I = 51.48 4.
CioHu05 124 2H0 roquives s C = 24.30 % 5 H=1.63 % 5 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 trested with iodine momochloride
( 6. g 3 0.0% mole )
| Attempt to methylate the above diiodo derivative
( 2e3tg. ) with dimethyl sulphate ( 1 ml. } or methyl iodide
(1 m, ) in acetone solution in presence of anhydrous

potassium carbonate ( 3 g. ) by refiuxing for 12 hours did

not succeed. Original dliodo acid was recoverad.
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Ibdination of 6-hydroxycoumarin and its methyl ether
6-Hydroxy=5=iodocoumarin

6-Hydroxycoumerin ( 1.62 g. j 0.01 mole ) was
dissolved in liquor ammonis (22% $§ 9 m. ) and water
( 250 ml. ) and treated wlth ilodine ( 2.5% g. § 0.01 mole )
and potassium iodide ( 5 g. ) solution. The clear solution on
acldification with coid dilute sulphuric acid gave a product
which erystallised from alcohol in needles, mep. 2ii=2k5°
( decomp. ). Yield 2.5 g.

s

Analysls
18.9% mg. of the substance gave 15.46 mg. of
silver lodide.
Found s I= 44,12 %,
CoHs031  requires $ I = 44,10 %,
The same product was obtailned when 6-hydroxycoumerin
(1.62 g. 5 0,01 mole ) dissolved in warm alechol ( 20 ml, )Wab
treated with lodine crystals ( 1.01 g. j 0.00% mle ) and
lodic acid ( O.4 g. ) in water. The mixture was stirred for
3 hours and diluted with vater. The lsepérated product
crystallised from alcohol in needles, m.p. 2W4=2k5°, Yield 2.3 g.
The same product was also obtained when 6-hydroxy-
coumarin ( 1.62 g, § 0,01 mle ) was dissolved in acetic
acid ( 25 ml. ) and hydrochloric acid ( 25 ml. ) and treated
with i.o‘din‘a\ monochloride ( 1.62 g. § 0.01 mle ). The mixture
was left over-night at 60° in an oven. On the next day 1t
"was stirred vigorously for 2 hours. The product which



6=Mathoxy=-5~fodocoumarin
Obtained as usual by refluxing an acetone solution
of the lodo compound ( 1 g. ) with dimethyl s.xlpiaate (1 ml.)
and anhydrous potassi{zm carbonate ( 3 g. ) for 8 houré. It
cerystallised from acetic acid in n:eedles, mepe 148-149e°,
dnelysis s -
10,36 mg. of the substance gave 15.0% mg. of
carbon dioxide and 2,46 mg. of water.
1644 mg. of the same substance gave 12.92 mg. of
silver lodide. )
Found 2C=39.52% 5 H=2,66% 3 I=U42,48 %,
CyoH,031I I;equires : C =397 % 3 H= 232 % s I=4207 4.

- The same produf;t was also obtained when 6-methoxy-
coumarin ( 1.8 g, 5 0.01 mle ) in acetic acid ( 5 ml. ) was
treated with iodine monochloride ( 1.6 g. ; 0.01 mle ) and
the reaction mixture worked up as.usizal. Yield 1.2 g.

The iodo derivative remeined unchanged when refluxed
with potassium hydroxide solution ( 10 % § 20 ml, ) for
2 hours on a steam bath, .

_6-Hydroxy=5-nitro coumarin

6-Hydroxycoumarin ( 2.2 g+ ) in concentrated sulphuric
acld ( 10 ml. ) was slowly treated with a mixture of nitric
acid and sulphuric acid ( 1 :.3 § % m. ) at 02. After one
hour the resction mixture was added to crushed” ice when a
yellow solid separated. It was crystallised first from

acetlc acld and then from benzene, Yellow needles, m.Dp.

208-210°, It decomposed on keeping.

ES



Apalvsls ¢

9.634% mg. of the substance gave 0.653 ml. of
nitrogen at 4¥1° and 753 mm,

Found : N=7.30 .
CoHg05N requires ¢ N = 6,80 %.

6=Methoxy=5=-nitrocoumarin

The above nitrocoumsrin ( 1 g. ) was dissolved in
acetone ( 100 ml, ) and reflﬁxed with potassium carbtonste’
( 2 g. ) and dimethyl sulphete ( 1 ml. ) for 12 hours. The
i:roduct obtained on removal of acetone was washed with dilute
sodium hydroxide solution. It crystallised from dilute alcohol
in needles, m.p. 151=152°,
Analysis
ko346 mg, of the substance gave 8.660 mg. of
carbon diloxide and 1.302 mg. of water.
4,910 mg. o;f the substance gave 0.263 mk. of
nitrogen at 30° and 750 mm,
Found tC=5%4,38% §H=3.39% 3 N=5.95 %
Ci0Hp05N  requires 3 C= 54.30 % § H= 3,19 % 5 N= 6.33 %
The above compound ( 0.3 g. ) when refluxed with
liquor ammonia ( 22 % § 20 m. ) on a steam bath for 3 hr.

did not undergo any change.

6=Mathoxy=-5-aminocoumarin
6=Methoxy=5=nitrocoumarin ( 1 g. ) in alcohol

( 5ml. ) was treated with stannous chloride ( 2 g. ) and
hydrochloric sc¢id ( 1% ml. ). The solution waé refluxed on a
sand bath for 2 hours. It was then cooled and made alkaline
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with 22 4 ammonium hydroxide solution. The white emulsion was
extracted repestedly with ether. The yellow product obtalned
on removal of ether cr}stallised from benzene-petroleum )
ether mixture in shining yellow needles, m,p. 1571580, Tt
was soluble In hydrochloric acid.
nalysis ¢

4.412 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 ml,
of nitrogen at 31° and 750 mm,
C=6289% 3 H=4,60% 3 W= 7,564,
C=62.847 ;3 H=4.827% 3 W=7.334%,

6= Me tho xy- 5-hydro xycoumarin

The above amimocoumarin ( 0.2 g, ) was heated in a

Found

L 1]

CioHgO3 N requires

(1]

carius tube with hydrochloric acid ¢ 4% ml, ) and water .
(2% ml. ) at 150-1600 for 3 hours. The oroduct obtained on
extraction with ether crystallised from benzene«alcohol-
petroleum ether mixture in shining yellow needle Sy M.pe 2U0o,
It dissolved in sodium hydroxide to give a yellow solution.’

The same product was also obtained when the
‘aminoeoumarin ( 0.1 2. ) was diazotized and the dlazonium
solutlon was heated with sulphuric acid ( 3073 20 m, ).

Analysis ¢

4,650 mg., of the substance gave 10.70% mg, of
carbon dioxide and 1.770 mg, of water.

Found tC=062.82%;H=4264%,
Cq0HaOy requires : C = 62,50 % ; H=1420 7,

6=Me tho xy=5a g.odoeoumarin

6=Me thoxy=5-aminocoumerin (0.3 g. ) was dissolved
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in conceﬁtrated hydrochloric acid ( 6 nl., ) at 0° and treated
with sodium nitrite ( 0.35 g. ) solution at 0° during 15
minutes. This solution was then added drop-wise to potassium
iodide ( 0.5 g« ) solution at 0° during 15 minutes, and

the reactlon mixture then kept at room temperature for 3 hr.
The separated product was washed with water and treated

with sodfum bisulphite solutlon. Tt was erystalllsed first
from diluse alcohol énd tﬁen fromwbenzene-petroleum mixture.
Needles, m.p. 148-150°. Mixed m.p. with 6-methoxy-5-
lodocoumerin described before was not depressed,

To s mechanically stirred solution of 7=-hydroxy-
coumarin ( 4,9 g. 3 0,03 mle ) and p-toluene sulphonylehloride
( 6 go 530,03 mile ) in acetone ( 100 nil. ), a solution of
sodlum bicarbonate ( 4 g. ) in water ( 30 ml. ) was added in
four loﬁé. After vigorous stirring for 4 hrs, the reaction
mixture was poured in water when shining plates seperated.
The product after washing with sodium hydroxidg solution
was crystallised fﬁom dilute aleohol. Thin plaﬁes, MeDe
152-153°, Yield 4.5 g.

Analysls ¢ .
4,652 mg., of the substance gave 10.34% mg, of
carbon dioxide and 1.680 mg. of water.
Found t C=60.68%; H=Yo04 4,
Cy6Hy 2055 requirés 2 C=60.75%3 H=23.79 %,
| 6 H: =7=%o syloxycoumarin

7=Tosyloxycoumarin ( 3.3 g, ) dissolved in pyridine

=
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( 75 ml. ) wes mechanically stirred and potassium hydroxide
( 8 g. ) in water ( 100 ml. ) wes added. The solution was
externally cooled and potassium persulphste ( 8 g. ) in
water ( 200 ml. ) was then grsduslly added during 3 hrs.
FVext day the solution wss just scidified and the separsted
paste filtered. The clear solution was washed with ether
and then treated with sodium sulphite (8 g, ) and
hydrochloric acid ( 100 ml. ), wé?med on a steam bath for
45 mimites and cooled. The séparated s0lld crystallised from
dilute aleohol in thin plates, m,p. 204.205°, Yield 0.2 g.
The paste on working up gave the original product,

Analysis ¢

L.412 mg. of the substance gave 9.338 mg. of
carbon dioxide and 1.420 mg, of water.
= 57.76 % § H=3.60 %,
Ci8H;204S requires : C = 57.89 % § H = 3,61 %,

6-g§§ggxzez-tosxlogz@oumarin

The above coumarin ( 0.5 g. ) in acetone ( 100 ml. )
" was refluxed with anhydrous potassium carbonate (1g.)

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

Founa

(1]

obtained on working up as usual crystallised from acetlc
acig in cubes, m.p. 208-210°,

Analysis ¢

L 434 mg, of the substance gave 9,608 mg. of
carbon dioxide and 1.598 mg. of water.

Found C =59.13% 3 H=14, 03 %o
Ci7H14068 requires : C = 58.95 % 3 H = 4,04 %,



concentrated sulphurile acid ( 10 ., ) and kept for 24 hours.
Next day 1t was poured over éruéhed ice. The s0lid obtained
was purified through sodium hydroxide tréatment. It
crystallised from water in needles, mp. 203-204°, The same
m.p. has be%E given in the literature. Its alcohalicj

AL

sulphuric(and alkaline solution ghowed brilliant blue

fluoreseance.

Analysis’ ¢

3.972 mé. of the substance gave 9,112 mg. of
carbon dioxide and 1,508 mg. of water.
C=62,60% g H= 4,25 %,

62.50 % ? H= 11'025 %w

Found

e

]

CioHgOy éequires g C

Iodination of methyl F=methox

ggthyl,SmgéthagyaBuiodoccumarin~6»earbogxlatg

, Methyl 5F-methoxycoumarin-b-carboxylate { 1.2 g.
0,005 mole ) in acetic acid ( 20 ml. ) was treated with iodine
monochloride ( 0.8 g. § 0,005 mle ) and the reaction mixture
was kept at 609 forp 24 hours, HNext day it was stirraed with-e
wagneble—shirrer for 3 hours and then diluted with water. The
precipitated product erystallised from dilute aleohol in
needles, MeDe 157=158°, Yield 0.8 g.

o dnalysis "¢

19.2% mg. of the substance gave 12,36 mg. of

silver lodide.

Found

te

I - 31*'570 %B
I=35.30 %

8

Ci2Hs05I  requires



The above ester ( 0.3 g. ) wds refluxed with alcoholic

potassium hydroxide so}.utién (10 %Z 5 25 ml. ) on a steam
bath for 2 hours. The_product&obtained on acidification was
purifisd through sodium bicarbonate solution. It crystallised
from acetlc acid in needles, m.p. 238-240° ( efferv. ).

Analysis o

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 ¢ G 2.37 % 5 I = 36.97 %
Ci1Hy05I  requires 2 C=38.15% §H=202%3 I=36.70 %

£
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(a)l\ iodine and ammondia
7,8eDihydroxycoumarin (1.78 g« § 0,01 mole ) was
dissolved in ammonia ( 22 7 3 10 ml. ) and treated with iodine

( 2.5% g. 3 0,01 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. No product could be isolated
from the solution,.
(b) With lodine and iodic acid
7,8=Dihydroxycoumarin ( 0,9 g. 3 0,005 mle ) was
dissolved in aleohol ( 5 ml. ) and treated with iodine
( 0,508 g, 3 0,002 mle ) and iodic seld ( 0.2 g. ) in minimm

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



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

(c) Indine monochloride

;7,8-D1hydroxycoumrin ( 1.78 g. 5 0.01 mole )
dissolved In acetic acid ( 8 ml. ) and hydrochloric acid
( 8 mi, ) was treated with iodine monochloride ( 1.62 g. 3
0.01 mle ) and the reaction mixture was kept at 60° for 2k
hours. Next day it was stirred for 2 hours and then diluted
with water. No product could be isolated from the reaction

mixture,

Attempted iodinstion of naphthal32-a-pyro

(2) With iodine and ammonia

Naphtha«ls2-a=-pyrone ( 1.96 g. 3 0.01 mole ) prepared
according to Koelsch and Masley ( J. Am. Chem. Soc., 1953, 73,
3596 ) was dlssolved in dioxan ( 10 ml, ) and trested with
amwonia ( 22 Z 5§ 20 ml. ) followed by lodine ( 2.5’# ge §
0.01 molé ) in potassium iodide ( 5 g. ) sclui'.icn with
vigorous stirring. After one hour 1t was acidified with dilute
ice cold sulphuric acid. The product which separated was the
original coumarin,

(b) Iodine and lodic acid

ivaphtha-lzz-a-pyrone (1.96 g. 3 0.?01 mle ) was
dissolved in alcohol ( 10 ml, ) and treated with lodine
(1g. 3 0.00% mole )!and iodic acid ( 0.2 g ) in minimm
duantity of water. The reaction mixture was stirred for 6 hours,
and then diluted with water . The product obtalned was found
to be originadl coumarin,



‘3

(c) With iodine monochloride
haphtha-lsa-a¢pyrone ('1.96 g. § 0.01 mole ) was

dissolved in acetic acid ( 10 ul, ) and hydrochloric acid

( 10 ml., ) was treated wi%h iodine monochloride ( 1.62 g. 3
6.01 mle ) and the reaction mixture was kept at 60° for 2k
hours. Next day it was stirred for 3 hours and then diluted
with water. The product obtained was found to be the original

coumarin,

Attempted Jodination of 7-methylcoumarin
(a) With iodine and jodic secid |

7-Methyleoumarin (1.6 g. 5 0.01 mole ) was dissolved
in aleohol ( 10 ml. ) and iodine ( 4.0k4 ge § 0.00% mole ) was
added. Then 1t was treated with fodic acid ( 1.6 g. ) in

minimum quantity of water. The solution wss stirred for 6 hours
and kept over~-night. Next day it was dlluted with water and the
eXcess of lodine was remavegzgéshing with sodium bisulphite,
The brownish liquid which ssparated was taken in aether and
washed with alkall. The residue obtained on evapora¢ion of
ether gave a brown paste from which the original coumarin was

obtained in a2 small gquantity,

(b) With iodine monochloride

7-Methylcoumarin (1.6 g. 3 0.01 mole ) dissolved in
acetlec acid ( 5 ml. ) was added to iodine morochloride (6,48 g. 3
0.0% mole ). The soiution was stirred for 3 hours and kept at
60° for 48 hours. It was then further stirred and diluted with
water. The s0lid was treated with sodium bisulphite. The product
obtained %ﬁgMcrystallised from alcohol amiskelde was found to be

the original 7-methylcoumarin,



