CHAPTER II

IODINATION OF SOME FLAVONES AND FLAVANONES



CHAPTER AL, | 17

THEORBTICAL

Iodination of some flavones and flavanoneg

In the review of the work done on the
halogenation of flavones and flavanonss, it has been
Seen that the iodination of flavones and flavanones
has not been studied systematically except by Shah and
Sethna (1) who, in thils laboratory, carried out the
systematic iodination of 5-hydroxy and 7-hydroxyflavone
and obtained different iodo derivatives. The structures

henobe

P
have been assigned on the basis of the hydrolysis to, iodo

acides and iodo ketones of known structures or to whith
the structures have been definitely assigned.

A few iodoflavones have been synthesised by
other methods. Mulchandani and Shah (2) synthesised
6—iodof1avone:mg—iodo-h:methoxyflavone by dehydrogenation
Of the corresponding flavanones with selenium dioxide and
6 -10do-3 ;lc-imethylene dioxyflavone from 2-hydroxy-5-iodo-
3,#qnethylenediquchalcone by treatment with selentum
dioxide. They also obtained 6-iodo-3-hydroxyflavone
from 21hydroxy-5110doehalcone by treatment with alkaline
hydrogen peroxide. Chen and Yang (3) prepared 3110do-
and 4:iodoflavons by dehydrogenation of the corresponding
flavanone with N-bromosuccinimide. Chen and Chang (4&)
synthesised 6-iodo-4:methnxy~3-hydroxyflavone from

1 b
2 -hydroxy -5 -1 odo -4 -methoxychaleone by alkaline hydrogen



peroxide treatment. The same authors (5) obtained
7~iodoflavoneu%rom 21hydroxy-4iiodocha1cone by treating
with selenium dioxide and (ii) by the dehydrogenation of
7 -iodoflavanone obtained from zlhydroxy-#iiodochalcone
with N-bromosuccinimide. 7~Iodo—k:nethoxyf1avone was
obtained from 2ihydroxy-¥:iodo~4-methoxyehalcone by
treatment with selenium dioxide. 7-Iodo-3-hydroxyflavone
and 7viodo-h:nethoxy-3—hydroxyflavone ware obtalned from
the corresponding chalcones by alkaline hydrogen peroxide
treatment. ‘

Jurd (6) reported the synthesis of 7-hydroxy-
8-io0doflavone, 3110d04+:nethoxyf1avone and 7,#1dimethoxy—
8-10doflavone by the cyclisation of the B-diketones
Obtained by the Baker-Venketaraman transformation of the
10d0-0-benzoyloxyacetophenones.

A few workers have also reported the preparétion
of lodoflavanones. Seshadri et al.(7) reported the 3-iodo
derivativesof‘5auydroxy47,4:dimeﬁhoxy35,7—dimethoxy-,
and 5-hydroxy -7,3:kltrim-ethoxyflavanoner . The 3-iodo
derivatives of the above flavanones werecconvertéd into
the corresponding flavone derivatives by the treatment
of potassium acetate and acetic acid. Wheeler et al,(8)

2 rx icodinated 5,7-3:%1tetramethoxy and 5-hydroxy -
7,3:%:trimethoxyf1avanone with silver acetate and
lodine and obtained the 3-iodo derivatives .Kulkarni
et a1.(9) iodinated 5,?~3:#itetramethoxyflavanone with

iodine and silver acetats.

Wadodkar (10) prepared 3-iodo derivatives of

~
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the following flavanones by treating them with iodine
Monochloride in ascetic acids 6-—Methy1-4:-methoxy—,

6 -methyl -3 :u :methyle nedioxy.,7 -methyl -1+3-methoxy.,

6 -methyl -8 ~bromo -1+-’-methom, 6 -nitro-7-hydroxy -4 3-me1:ho::q;v',,g;,n..x.
6 -bromo -7 ~hydroxy -J+3»methoxyflaVanone. A1l the above

3-iodo derivatives were converted intc the corresponding
flavone derivativesby treating with silver acetate and
acetic acid.

The present work is a continuation of thg work
going on in this laboratory on the study of iodination
of flavones. The objec‘t{:whave been mainly to stddy’ the
Pattern of substitution in flavones and flavanones and
to utilise the iodo derivatives for further synthetical
work such as the synthesis of biflavonyls, and cyano
flavenes. ‘ 1

The iodination of flavones and flavanones has
been studiéd with three different iodinating agents:

(1) iodire and iodic acid, (ii) iodine and ammonia and
(111) iodine monochlorides A

The iodination is assumed to take place
according to the following equations :

(1) With fodine and iodiec acld :

SRH + 4I + HIO; —— 5 RI + 3 H,0

(11 ) With iodine ard smmonia :

31, + NH; — NI + 3HI

3RH + NI; —> 3RI + NH,
(111) With: iodine monochloride :

RH + ICl ——— RI + HC1

A
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Iodinatiog with iddine and lodic acid was found
to be quite smooth and better ylelds were obtained in this
method in most of the cases than in the other two methods
and therefore the iodination has been studied mainly with
iodine and lodic acid.

Iodination of 7,41d1hydroxyflavone,7—hydroxy-41
methoxyflavone,7,Hidimethoxyflavoqe95,7~dihydroxyflavone,
6 -nydroxyflavone, simple flavanone, 7-hydroxyflavanone,
7-hydroxy—kimethoxyflavanone and hihydroxyflavanons has now
been sppdied and the structures of the iodo compounds obtained
have been established.

Todination of Z,h:dihzdronglgvone

7,%1Dihydroxyflavone'(1) on iodination with
theoretical amounts of iodine and lodic acid gave a momw
1odo derivative. Itéldimethyl ether on hydrolysis gave the
knoyn 2-hydroxy -3 -lodo % -methoxyacetophenone (IV) (1).
Therefore the mono iodo flavone has been assigned the
8-1odo structure (II). _

7,#1Dihydroxyflavone on lodination with one mole
of iodine and ammonia gave the same iodo derivative (II)
in good yield.

'On iodination with two moles of lodine and
ammonla 1t gave a di-iodo derivative the methyl ether of

'lhe. knovon proglucts:

Which-on alkaline hydrolysis yielded 2-hydroxy -3 -Lodo -4~
methoxyacetOphanoge,(IV) and 2-hydroxy -3 -iodo -4 -methoxy -~
benzoic acid (VII) (1) indicating that one of the two

iodine atoms was in the 8-position. The other fragment
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containing the side phenyl nucleus could not be isolated -
from the reaction mixture after gssdszfrolysis. The 7, 4—
dihydroxy -8, 3~di~iodof1avone (V) ,has been tentatively
assigned to the di-~iodo derivative. This is also supported
by the results obtained with 3 molss of iodine‘and amménia
described below.

With three moles of iodine and ammonia '7,11-:-
dihydroxyflavone (I) gave a tri-iodo derivative the methyl
ether of which on hydroiysis yielded 2-hydroxy-3-iodo-4-
methoxyacetophenone (IV) (1) and 3,5-dl-iodo-4-methoxy -
benzoie acid (X). The latter was synthesised for comparison
by iodination of Y-hydroxybenzoic acld (XI) followed by
Simultaneous methylation and esterification and subsequent
hydrolysis of the ester formed. The tri-iodo derivative .
was therefore, 7,h1dihydroxy-8,3:51tri—iodoflavone (VIII)

Iodinatlion of z~hxdrogg—4;netho§zflavone

7—HydroxyJ+:nethoxyflgvone (XIV) on 1lodination
with theoretical amounts of iodine and iodiec acid and
lodine and ammonia gave a mono iodo derivative. Its methyl
ether was found to be identical with 7,h:dimethoxy-8-iodo-
flavone (III) described above. Therefore the mono iodo-
flavone was 7 ' {.the-8-1odoflavone derivative (XV).

On iodination with twice the theoretical amounts
of iodine and iddic acid 7—hydroxy«4:methoxyfla#one (XIN)
gave only the same 8-1odo derivative but in better yield.
On fodination with three times the amounts of iodine and
lodic acld it gave a di-iodo derivative the methyl ether
of which on alkaline hydrolysls gave the known
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2-hydro_xv-h—-methoxy-_—3,E—m—iodobenzoic acid (XVIII) (1).
The di-1lodo derivative has therefore been assigred the
6,8-di-iodo structure (XVI). B

- o tri-iodoflavone could be obtained evéenon
iodination with large excess of the iodinating agentse

7—Hydroxy-1+—methoxyflavone (XIV) on iodimation

with iodire and ammonia gave the 8-iodo derivative (XV) in
good yield. Mo higher iodo deri\rative could be obtaired
even with excess of iodirme ar_lc'; ammonia.

Iodination of _‘Z.lf:q;methog{flayorg_ o

- "?,41Dimethoxyflgvoz§ (XIT) did mt undergo
iodination with theoretical amounts of iodine and iodie
acid but on iodimation with eight times the theoretical
amounts of iodine and iodic acid it provided a mom iodo A
derivative which was found to be identical with 7, 1+-dimethcmy-—
8-iodoflavone (III) as seen by direct comparison.

N di-lodo deriva’cive could be obtaimd;

Iodination of 2,7-dihydroxyflavore

5 ‘7-—D1hydroxyf1avone (XX) on iodimation with lodire
and_ ioqic acid directly gave a di-iodo derivative. Mo morm
iodo derivative could be isolated. Its methyl ether did mt
provige a céumayrorg derivative on heating with ga.lkali‘.mThferefqre,
there was ro ilodine in the 3 position (11). ‘;5,7—Di.lhydrolqr-6,8—
di-iodoflavore (XXI) structure has, ,tliere‘fho;jg , been tentatively
assigred to the compound. It remaired unchanged on boiling
with alkali. ‘ - N

With twice the pheorétical amounts of iodlne and
lodic acid the same di-iodoflavore was obtaired in good

-
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Yield. No tri-iodoflavone could be obtained even with a

large excess of the iodinating agents.

The same di-iodoflavone was obtained with iodine

and ammonia.

1
OO ot
| LoenHon 1l Ny
OH
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Iodin tioﬁ of 6 -hydroxyflavone

6 -Hydroxyflavone (XXIII) on iodination with
theoretical éﬁoﬁnts of iodine and iodie acid provided a
Dono iodo derivative to which the 5-iodo-6-hydroxyflavone
(XX1IV) structu;e has been tentatively assigned in view of
the results obtained by Iyer and Venkaﬁ}aman (13) in the
coupling of 6ﬂhyd£oxyflavone with diazotised aniline.
Attempts to syntheslise 5-1o0do -6 -hydroxyflavone from the krown
5—amino-6—hydroxyflavone§g§ diazotization and'Sandmayer’s
Teaction falled as on diazotization the diazonium oxide

Separated out as insoluble product as observed by the
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previous workers (13).

A satisfactory MMR spectrum of the iodo derivative
could rot be obtained on accou'n’c of the sparing solubility’
of the iode derivatlive in the usual solvents such as
CIC1 5.

The IR spectra for 6-hydroxyflavone and the moro~
iodo derivative were obtaired (Fig. 2 and 1 respectively).
The iodo derivative shows a band at 835 c;& which suggests
that there is a 1, 2,3,4~-tetra substituted benzere ring, If
the iodire had been in the 7-position the band would have
appeared at about 860 em indicating the presence of
1,2,4,5-tetra substituted benzene ring. The author however
reglises that a definite corclusion can be reached only from

satisfactory MMR spectrum.

M di~-iodo derivative could be obtained even
with a large excess of iodine and iodic adid. With iodire

and ammonia the same moro iodeo derivative was obtzined.

Attempted iodination of 6-methoxyflavore and
7,8=dihydroxyflavore

Both the flavores were subjected to the action of
iodine and iédic acid and iodine and amwonia urder varying
conditions of time, temperature and quantities. ¥ lodo
derivagtive could be isolated even with a large excess of
the iodirating agents. Iodination of 6-methoxyflavone was
also tried with iodire momchloride but it did mt

suceead,s
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Iodination of simple flavanone

Simple flavanone (XXVII) could rf:.& be lodinated
even with exfess of iodine and iodic acidy lodine and
ammonia. However, on iodination with 4 moles of iodine
monochloride it yielded a mono iodo derivative in poor
yield. On refluxing with potassium acetate and acetic acid
1t furnished the simple flavone (XXIX). The mono-iodo
derivative was,therefore, 3-iodoflavanone (XXVIII). No

higher iodo derivative could be obtained..

0\1~<i:::> 1l = o 7N
@:6”1 X el

v

g

Iodination of 7-hydroxyflavanone
7 -Hydroxyflavanone (XXX) on ilodination with

theoretical amounts of iodine and iodic acid gave a mono-
iodo derivative which on refluxing with potassium acetate
and acetic acid gave 7-hydroxyflavone (XXXII). The 3-iodo
structure (XXXI) has, therefore, besn assigned to this product.
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On iodination with twice the theoretical amounts
of 1odine and iodic acid 7-hydroxyflavanone (XXX) gave a
di-iodo derivative which on refluxing with potassium
ééetate and acetic acid gave a mono-iodo derivative the
methyl ether of which on hydrolysis with alcoholie potash
gave the known 2-hydroxy -4-methoxy-5-iodoacetophenone
(XXXVI) and 2-hydroxy -%-methoxy-5-iodobenzoic acid (XXXVII)
(1). Therefore, the di-iodo derivative of flavanone was
7 -hydroxy -3,6 -di ~1odoflavanone (XXXIII) and the mono-iodo
derivative was 7 -hydroxy-6-iodoflavone having m.p. 291+0
which was flifferent from 7-hydroxy-8-iocdoflavone, m.p.
2300 as reported by Shah and Sethna (1).

7 -Hydroxy -3 -iodoflavanone (XXX15 on further
iodination with theoretical amounts of iodine and iodic
acid gave the same 7-hydroxy-3,6-dl-iodoflavanone (XXXIII).

7 -Hydroxyflavanone (XXX) on iodination with . °
iodine and ammon;a in molecular proportion gave the 3-iodo
derivative (XXXI) and with twice the amounts of iodine and
ammonia 1t gave the 3,6-dl-iodoflavanone (XXXIII)
described above,

Iodination of 7-hvg£g§Y—#:ggthogz§1QVanne

7-Hydroxy~4:methoxyflavanone (XXXVIII) on

iodination with theoretical amounts of iodine and iodic acid

gave directly a di-iodo derivative. No mowo-iodo derivative
could be obtained. The di-iodo derivative on refluxing with
potassium acetate and acetic acid provided a mono-iodo

derivative? the methyl ether of which on hydrolysis with

1 -

33



aleoholic potash gave the known g-hydroxy-4—methoxy«5-iodo
acetophenone (XXXVI) and 2-hydroxy-4-methoxy-5-iodobenzoie
acid (XXXVII) (1). Therefore, the di-lddo derivative has
been assigned the 3,6-dl-iodo structure (XXXIX) and the
Mono-iodo derivative was assigned the 7—hydroxy-h:methoxy-
6-lodoflavone (XL) structure. The same di-iodo derivative
was obtained on ioﬁination with iodine and ammonia or

with twice the amounts of iodine and iodie acid.
HO OcCHg I1+HIO3 Ho o’ \‘OCH:S
OR Iz-}-NHg'o” I HI;/
CO’ (1
TEXIR

K. acetate+
Ac OH

fga%

(cﬂz),_:o,, HO@[O\-</ \>Oc15
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9
Iodination of L4-hydroxyflavanone

hiﬁydroxyflavanone (XLII) on iodination Vith
the theoretical amounts of iodine and iodic acid gave
directly a di-iodo derivative. No mono-iodo deriﬁative
could be isolated. Its methyl ether on hydrolysis with
alecoholie potassium hydroxide gave 3,5-di-iodo-4%-methoxy -
benzoic acid (X) described earlier. The di-lodo derivative
was, therefore, 3:5:diuiodo-#1hydroxyflavanone (XLIII),
Furthér, on refluxing with pqtaséium acetate and acetic
acid no flavone derivative was obtained. | ’
No higher iodo derivative could be obtained even

fhe
with large excess oftiodinating agentss

I
Gty o1
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Attempted iodination of 6 -hydroxyflavanone

6~Hydroxyflavanon; was subjected to the action
of ilodine and iodlc acid.:’;.odine and ammonia under varying
conditions of time, temperature and quantities. Noyiodo
derivative could be obtained. With L moles of iodine
Bonochloride a chlor&na;ted product was obtained which

has not been investigated further.
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EXPERIMENTAL

9 “ b
Iodination of 7.4%-dihydroxyflavone : Z,4%-dinhydroxy-

8-iodoflayone

?,4:Dihydroxyflavone (D27 g.) was dissolved
in warm alcohol (50 ml.) and iodine crystals (0.5 2e)
were added with stirring. Iodic acid (0.3 g.) dissolved
in minimum quantity of water was then added to the
reaction mixture at room temperature and the stirring
Continued for 2 hours. The sepagated product was

0
erystallised from aleohol,m.p. 233 (decomp.) Yield 1 g.

I = 33.19 %.

33.42 7,

1

Analysis : Found

e

]

C15Hg0,I  requires : I

The same mono iodo derivative was obtaineci on
iodination of 7,%idihyg§?§1£i?vone (0.5 g.) dissolved in
aqueous ammonia (22 % )¢ A solution of iodine (0.86 g.)
and potassium iodide (1.9 g.) was added drop wise to |He -
stirred ammoniacal solution of flavone at room temperature
during half an hour. Finally it was acidifled with q.cold
dilute suiphuric acld. The separated product was
Crystallised from alcohol,

Iodinatiqn with twice the above amounts of
lodine (1 g.) and iodic acid (0.6 g.) gave only the same
8-10odo derivative in better yield (1.2 g.).

The dimethyl ether The above iodoflavone (0.5 z.)

in acetone was refluxed on a stéam bath with dimethyl

i
H LN



L4

sulphate ( 1 ml.) in presence of anhydrous potassium
Carbonate ( 2 g.,) for 8 hours. The product obtained on
Yemoval of acetone was washed with dilute sodium
hydroxide solution and crystallised from alcohol,

m.p. 26%-65.

38

Analysig : Found : C=49,90 3§ H= 3.00 3 I = 31.33 %o
Cyq9Hy 30,1 requires : C = 49,99 5§ H= 3,18 3 I = 31.31 %.

3
Alkaline hydrolysis of 7,4-dimethoxy-8-iodoflavone :
2 -Hydroxy -3-iodo -lr-methoxyacetophenone and 2-hydroxy-3-

iodo-lr-methoxybenzoic acid

~7,M1Dimethoxyv8~iodoflavone (0.7 g.) was reflmxed
with aqueous alecoholie potassium hydroxide (10 7 ; 30 ml.)
for 4 hours. The product obtained on acidification was
first treated with sodium bicarbonate solution and the
residue treated with sodium hydroxide solution. The sodium
bicarbonate extract on acidification gave an lodo acid
which erystallised in white needles from dilute ethyl
aleohol, m.p. 218°(efferv.) Tts alcoholic solution gave
2 deep -red colouration with alcoholic ferric chloride.
Mixed m.p. with 2-hydroxy -3-1odo -+-methoxybenzoic acid,
prepared according to Shah and Sethna (1),was not
depressed.

The sodium hydroxide extract on acidification
Bave the iodo ketone which crystallised from aleohol in
White thick needles, m.p. 1520. Ifs aleoholic solution

gave a deep red colouration with aleoholie ferric chloride.

-
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Mixed m.p. with 2-hydroxy -3-iodo -%-methoxyacetophenone
prepared according to Shah and Sethna (1);was not
depressed.
_24Q;Qihgdrogx~8,3161-iodoflggggg
7,&191hydroxyflavone (0.86 g.) was dissolved
in aqueous ammong (22 2 ) and solution of iodine (1.72 g.)
and potassium iodide (3.5 g.) was added dropwise to the
stirred ammoniacal solution of flavone at room temperature
during half an hour. Finglly it was acidified with cold
dilute sulphuriec acid. The separated product was washed
and crystallised from acetic acid in light yellow
needles, m.p. 25#0(decamp.).Yield 0.9 2

Analysis : Found : I = 50.22 %,
Cy sHg0, I requires : I = 50.19 %,

The dimethyl ether ; prepared by refluxing the above

'1odoflavone (0.5 g.) in acetone on a steam bath with
e

dimethyl sulphate (1 ml.) in presence of anhydrous

potassium carbonate (2 g.) for 8 hours, was crystallised

0
from alcohol in white needles, m.p. 272-73 .

Apalysis : Found : C = 38,55 ; H= 2,41 5 I = 47.78 %,
CipH;20,I, requires ¢ C = 38,20 3§ H= 2.25 5 I = 47.56 %.

) ’ ’
Alkaline hydrolysis of 7.4-dimethoxy-8,3-di-iodoflavone :

2-Hydroxy-3-iodo-L-methoxyacetophenone and 2-hydroxy-3-
lodo -4t -methoxybenzoic acid

k) b
7,4-Dimethoxy -8,3-di ~iodoflavone (1 g.) was
Tefluxed with potassium hydroxide solution (10 % 3 30 ml1.)

X
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for 4 hours. The product obtained on acidification and -
Vorking up as bepo® gave 2-hydroxy-3-iodo -4+-methoxy-
acetophenone and 2-hydroxy-3-iodo-4-mehhoxybenzolic acid

as seen by direct comparison.

_z*ﬁiDihzdrogxm843;§itri—iodof1gvone
7,#:Dihydroxyflavone (Q@86 g2.) was dissolved
in agueous ammonia (22 Z) and a solution of iodine
(2,58 g.) and potassium iodi&e (5.2 go) was added to the
ammoniacal solution of flavone with stirring. The stirring

Was continued for 2 hours. On working up as usual the
 Separalzed, Sl

i

separated product was crystallised from acetic acid,
0
m.p. 283 (decomp.).

1

60,11 %,

Analysis & Found st I
CisHg0,14 requires ¢ I = 60.27 %.

The dimethyl ether ; prepared by refluxing the above
iodoflavone (0.5 g.) in acetone on a steam bath for 8 hours
with dimethyl sulphate (1 ml.) in the presence of
anhydrous potassium carbonate (2 g.), was crystallised

0
from tolyene, mep. 315 .

Analysis : Found : C = 3066 3 H=2.00 3 I = 58,15 7.
Cl7H110)4_I3 requires : C = 30.91 ; H= 1.66 3 : 57971 s

I

Alksline hydrolysis of 7.k1dbnethoxy—8‘3:51tri—iogg~
flavone : 3,5-Di-lodo-l-methoxybenzoic acid and 2-hydroxy-
3-iodo -+ -methoxyacetophenone ‘

7,#1Dimethoxy-8,3:51tri—1odoflavone (1 ga)

Was refluxed with alcohdlic potassium hydroxide (10 % ; 25 ml.)

A4
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ti1l a1l the flavone dissolved. .The product obtained on
acidificatlon, was treated with sodium bicarbonate and
then sodium hydroxide. The latyer on acidification gave
2 -hydroxy -3~iodo jl+-me thoxyacetophenone as seen by
direct comparison.

The sodium bicarbonate extract on acidification
gave a produqt which crystallised from acetic acid,m.pe.
2550(efferv.). Mixed m.p. with 3,5-di -iodo-k-methoxy -

benzoic acid prepared as described below was not depressed.

Analysls : Pound : C= 23,55 3 H=1.88 3 I = 62.68 %,
CgHg03I, requires ¢ C = 23,76 3§ H= 1,49 3 I = 62,87 7,

Iodinastion of L-hydroxybenzoic acid : 3,5-Di-iodo-

4-hydroxybenzoic acid

4-Hydroxybenzoic acid (0.69 g.) was dissolved
in warm ethyl alcohol and treated with iodine erystals
(1 g.) with stirring followed by iodic acid (0.6 g.) in
water. The reaction mixture was stirred for 2 hours. The
separated product was crystallised from aqueous acetone
in white needles, m.p. 2620(efferv@). Yield 0.5 g,
Jones and Richardson (12) prepared the same compound by a
different method and reported the same m.p.

The same di-iodo derivative could be obtained
by iodinating 4-hydroxybenzoic acid (0.69 g.) wiﬁh a
Solution of iodine (2.54 g.) and potassium iodide (5.2 g.)
in water in presence of aqueous ammonia (22 %.)

Anglysis : Found : I = 65;02 7o

C,H,0,1, requires: I = 65.12 %,
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3,5—Di-iodo~1+~hydroxyber_:zoic acid (1 go) in
acetone was refluxéd on a steam bath with dimethyl
sulphate (2 ml.) and anhydrous potassium carbonate (& g.)
for 8 hours. The product obtained on removal of acetone
Was washed with a dilute solution of sodium hydroxide

and crystallised from alcohol in white geedles; M.Pe 93

Apalysis : Found : C=26.01 5§ H=2.12 5 I = 60,87 7.
CgHg031, requires : C = 25,83 53 H= 1,91 ; I = 60,75 7.

3,5-d1 -iodo -k -methoxybenzoic acid :

Methyl -3,5~-di ~iodo-4-methoxybenzoate (0.2 g.)
Was refluxed with alcoholic potassium hydroxide (20 7 3
25 ml,) on a steam bath for 2 hours. The product obtained
On acidification was crystall1sed from acetic acid in white

needies, m.p. 255 (efferv,).

%
Iodination of 7-hydroxy-4-methoxyflavone : Z-Bydroxy -
5
8 -iodo-k-methoxyflavone :

7»Hydroxy~kimethoxyflavone (1.3% g.) was
dissolved in warm ethyl alcohol and iodine crystals (0.5 ge)
Were added with stirring. Iodic acid (0.3 g.) dissolved
in minimum quantity of water was then added to the
reaction mixture at room temperature and the stirring
Contimued for 2 hours. The separated product was
crystallised from acetic gcid as brounish needles, m.p.
26k ° (decomp.). Jurd (6) reports m.p. 27# Yield 0.8 g.

The same 8-iodo derivative was also obtained

AN



When 7-hydroxy—himet%ozyflavons (0,67 g.) was dlssolved -
in aqueous ammonia (22 %) and a solution of iodine

(0,63 g.) and potassium iodide (1.3 g.) was added drop
wvise during half an hour with stirring. Finally it was
acidified with cold dilute sulphuric acid. The separated
product was washed and crystallised from acetic acid.

Yield 0.6 e

Anslysis : Found ¢ I = 32.32 %.
Ci6H110,T requires: I = 32.24 %,
N Todinetion with twice the above mentioned

amounts of iodine (1 g.) and iodic acid (0.6 g.) gave
only the above 8-iodo derivative in better yield.! ..
Yield 1.2 go \

The methyl ether : The above iodoflavone (0.5 ge)

~

dissolved in acetone (200 ml,) was refluxed on a steam
bath with dimethyl sulphate (0.5 ml.) and anhydrous
bPotassium carbonate (1 g.) for 12 hours. The product
Obtained on removal of acetons was washed with dilute
sodium hydroxide solution and the residue after washing
with water cerystallised from ethyl alcohol in colourless
needles, M.p. 264*650. The,mixed~m.p. wiéh 7,h1dimethoxy—

8-10doflavone prepared earlier was not depressed.

The same methyl ether was obtained by the action
of dimethyl sulphate (1 ml.) on.7-hydroxy-8—iodo—himethoxy—

flavone (0.5 g.) in presence of sodium hydroxide solution
(10 7 40 ml.). The reaction mixture was kept at room

temperature for 2 hours with occagsional shaking. The

43
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separated product was washed with water and erystallised

as above.

b .
7-Hydroxy -6,8-di-lodo -i-methoxyflayone

?-Hydroxy~#1methoxyflavone (1.3% go) was
digsolved in ethyl alcohol and treated with iodine
erystals (1.5 :g.) and iodlc acid (0.9 g.) in water,
in hot,and with vigorous stirring for 2 hours. The
separated product was w.isied a:ud erystallised from acetic
acid, m.p. 2830(decomp@). Yield 1.5 g
Found ¢ I = 48,46 %,

*.

Analysis
CigH, 004, : requires: I = 48.82 %,

The product was stable in boiling acetic acid.
With excess of iocdinating agents the same
di-iodo derivative was obtained in better yield.

The methyl ether : It was preparedﬁby refluxing the

above iodoflavone (1 g.) in acetone, on a steam bath,
with dimethyl sulphate (1 ml,) in the presence of
arhydrous potassium carbonate (2 g.) for 8 hours. It was
crystallised from acetic acid in white needles, m.p.
u647°. -

Analysis ¢ Found

oe

C

H
]

38.55 3 H 2,29 H I =¥£z.22 %g
38,20 2.25 1 I =}47.56 7,

i
11

01731201&12 H I‘eqtﬂres c

*
e
--e

- 2
Alkaline hydrolysis of 7.4-dimethoxy-6,8-di-iodoflavone:

2-Hydroxy -3,5-di ~iodo -k -methoxybenzoie acid

: :
7 4 -Dimethoxy-6,8-di -iodoflavons (1 g.) was

-



‘heated with alcoholic 'potassium hydroxide solution (10 7 ;
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© 30 m1l.) for 4 hours. The product obtained on acidification

Was extracted with sodium bicarbonate . The extract on
acidification gave:;Edo acld which was erystallised from
alcohol in white needles, m.p. 2170(efferv.). Its
a2lcoholic solution gave a deep red eoilouration with
alcoholic ferric chloride. Mixed m.p. with 2-~hydroxy -
3,5~-41 -1lodo -4 -methoxybenzoic ‘:a.cid’, prepared according

to Shah and Sethna (1), was not depressed.

Iodination of 5,7-dihydroxyflavone : 5,7-dihydroxy-

6,8-d1-iodoflavone
5,7 -Dihydroxyflavone (1.27 g.) was dissolved
in warm ethyl alcohol and iodine crystals (0.5 g.) and
iodic acid (0.3 g.) in water were added with stirring,
. was fuwy lKey
aad“The reaction mixture stirred for 2 hours. The
séparated product was crystallised from dioxanein yellow

)
needles, m.p. 284 (decomp.). Yield 0.9 g. Its alcoholic

solution gave bluish colour with alecoholic ferrie cehloride.

No mono-iodo derivative cofild be isolated.

Analysis ¢ Found : I = 50,02 7,
Cy5Hg0, I, requires : I = 50.19 %,

The same di-iodoflavone was obtained in better
yield by iodination of 5,7-dihydroxyflavone (1.27 g.)
with iodine (1 g.) and iodic acid (0.5 g.) under vigorous
stirring. Yield 1.5 g.

The same 6,8-di-iodoflavone was obtained by

<
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iodination of 5,7-dlhydroxyflavone with iodine solution-
in presence of agqueous ammonia as usual.
The product was stable in boiling acetic acid.

The dimethyl ether : The dimethyl ether was obtained

as before by refluxing the di-lodoflavone (0.2 g.) in
acetone (200 ml,) on a steam bath with dimethyl sulphate
(1 ml.) in the presence of anhydrous potassium carbonate
(2 g.) for 48 hours. The product obtained on removal of
acetone was washed with dilute sodium hydroxide solution
and erystallised from ethyl alcohol in vwhite needles, m.p.
209°. -

Analysis s Found : C=38.22 5 H= 1,91 3 I = 48,14 %,
C17M20,I> requires : C = 38,20 37 H = 2,25 3 I = L47.56 %,

Attempted alkaline hydrolysis of 5,7 -dimethoxy-6,8-

di -iodoflavone

5,7 -Dimethoxy ~6,8~di -Lodoflavone (0.5 g.)was
refluxed with aleoholic potassium hydroxide (10 % 5 15 ml,)
for & hours. On working'up)unreacted 5,7 -dimethoxy -6,8-di -

iodoflavone was obtained back.

Iodination of 6-hydroxyflavone : 6-Hydroxy -5-iodoflavone

6-Hydroxyflavone (1.19 g.) was dlssolved in warm
ethyl alcohol and iodine erystals (0.5 g.) were added. To
this stifred solution iodic acid (0.3 g.) in water was
added and the reaction mixture stirred for further 2 hours.
The sepasated product was crystallised from ethyl acetate
1 . o
n brownish plates, m.p. 208-09 (decomp.). Yield 0.9 g.

L]



No d4i-iodo herivative could be obtained even 4?
with a large excess of ilodine and iodic acid.
The same mono-iodo derivative could be obtained

with iodine and ammonia in the ususl manner as described

egrlier.
Apalysis : Found : I = 34,97 7,
= 3}1‘089 %‘

Cy5Hg05I requires 3 I

The methyl ether : The methyl ether was obtained as

before by refluxing on a steam bath the above iodoflavone
(1.7 g.) in acetone with dimethyl sulphate (1.7 ml.) in
the presence of anhydrous potassium carbonate (3.4 g.)
for 8 hours. The product obtained on removal of acetons
Was crystallised from ethyl alcohol in yellow needles,
m.p. 204", "

Analysis : Found : C = 50,66 3 H= 2,70 5 I = 33.50 .
CygHy105T requires : C = 50,79 5 H= 2,91 ; I = 33.59 %,

Attempted preparation of 6-hydroxy-5-iodoflavone from

6 ~hydroxy -5 ~aminoflavone

6 -Hydroxy -5 -aminoflavone (13) (0.2 g£.) was added
to dilute hydrochloric acid (10 ¥ $ 10 ml.) and cooled
to 00. The solution of sodium nitrite (1 Z2.) was added
to the above reaction mixture a% OO, drop by drop during
half an hour,=nd The reaction mixture on pouring into
potassium iodide solution or on treating with cuprous

iodide gave a product which did not contain lodine.



Attempted iodination of 7.8-dihydroxyflavone and

6-methoxyflavone
(a) With lodine snd iodic acid

The flavone derlvative was dissolved in wamm
ethyl alcohol and treated with lodine crystals and iodie
acid in minimum quantity of water. The reaction mixture
after stirring for 2 hours was poured into sodium
hydrogen sulphite solution. The isolated product was the
starting material in every case.

(b) Todipe and ammonig

The flavone derivative was subjected to the
action of iodine solution in the presence of aqueous
ammonla in the usual manner. In all cases the unreacted
product was isolated.

(e) Iodine monochloride

6-Methoxyflavone was treated with iodine
monochloride in acetic acid and kept at 60° in an oven,
overnight. On working up with the reaction mixture

6 -methoxyflavone was recovered unchanged.

Iodination in each case with excess of the
above reagents and keeping the reaction mixture for

different periods failed to yield any iodo derivative.
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Iodingtion of‘siggle flavanone : 3-Todoflayanone

Simple flavanone (1 g.) was dissolved in

glacial acetic acid (5 ml,) and iodine monochloride
(s g.,excess) was added. The reaction mixture was shaken
and kept at 600 overnight., Next day 1t was treated with
Cold sodium hydrogen sulphite solution and the pasty
product on repeated erystallisation from ethyl alcohol
Zave white needles, m.p. 123°(decomp.)

Analysls : Found : I = 36.72 %,

Cy5H3 10,1 requires : I = 36.29 %.

Simple flavone
3-Iodoflavanone (0.5 g.) was treated with glacial
acetic acid (5 ml,) and potassium hydroxide (0.5 g2.) and
the reaction mixture was refluxed for 1 hour. The product
obtained on dilution was washed with dilute solution of
sodium bisulphite and then with water and :gésidue was
crystallised from ethyl alecohol. ﬁbp. and mixdd m.p., with

0
simple flavone was 97 .

Iodination of 7-hydroxyflavanone : 7-Hydroxy-3-
1odoflavanone

7 -Hydroxyflavanone (1.2 g.) was dissolved in

Warm ethyl alcohol (20 ml.) and iodine crystals (0.5 g.)
were added with stirring. Jodie acid (0.3 gz.) dissolved
in minimum quantity of water was added to the reaction

Mmixture at room tempersture, and the-stirring continued

Tor 2 hours. The separated product was crystallised from

<
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benzens in buff coloured buds; M.pP. 1920(decempg)@
Yield 0.6 g

The same mono-iodo derivative was also isolated
when 7-hydroxyflavanone (0.6 g.) was dissolved in agueous
ammonia (22 7) and solution of iodine (0.6 g.) and
potassium iodide (l;’% g.) was added dropwise to the
stirred solution of,flavanone at room temperature during
half an hour. It was then acidified with cold dilute

sulphuric acid. The separated product was washed with

water and crystallised {rom benzene as before.

Analysis : Found : I = 35.22 %,
015}{11031’- ‘ I‘equires s I = 3)‘?070 O/:;@

~L-Hydroxyflayons -

7 -Hydroxy -3 -iodoflavanone (1 g.) was dissolved
in glacial acetic acid (10 ml,) and potassium hydroxide
(1 ge) &as‘added to the well cooled reacfion mixture and
then refluxed for 2 hoursg. The separated product was
Washed with sodium bisulphite solution and then with water
and finally erystallised from acetic acid. The melting point
and mixed m.p. with 7-hydroxyflavone was'235°.

3,6-Di-iodo~7 -hydroxyflavanone

7 -Hydroxyflavanone (1.2 g.) was dissolved in
Wwarm ethyl alcohol (20 ml) and iodine crystals (1 g.) were
added with stirring. Todic acid (0.6 g.) dissolved in
minimum quantity of water was then added to tle reaction

mixture and the stirring continued for 2 hours. The

-
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separated product was crystallised from bénzene rﬁ\violeﬁbj
\ J V‘,f’
needles, mMsps 187 (decomp ). Yield 1 g 45%. 3 6;3
RN g

The same 3,6-di-iocdoflavanone cou1d°g%§?f§lf/
obtained on iodination of 7-hydroxyflavanone (0.6 ge)
with soluuion of 1o¢ine (1.27 g.) and potassium iodide
(2.5 g.) in presence of agueous ammonia (22 7) or when
3 -io0do -7 -hydroxyflavanone (1.83 g.) was dissolved in
warm ethyl alcohol and iodine crystals (0.5 g.zﬁ?dded
followed by iodic acid (0.3 g.) 1ln water as in‘previous
case. The product separatirgon stirring was crystallised

from benzene. The mixed m.,p. with 3,6-di-iodo-7-hydroxy-

flavanone was not depressed.

Analysis : Found : I = 51.59 %,
Cy 5Hy 00312 requires : I = 51.62 7.

7 -Hydroxiy-6-iodoflavone

3,6-Di-iodo-7 ~hydroxyflavanone (1 g.) was
dissolved in glaclzl acetic acid (10 ml.) and potassium
. hydroxide (1 g.) addéd to the well cooled solution of
di -iodoflavanone and then the reaction mixture was refluxed
for 2 hours. The separated product was washed wit h sodium
bisulphite solution and then with water and finally
crystallised from gcetic acid in buff coloured needles,
m,p. 29#0(decompm). Yield 0.7 ge

Analysis : Found : C= 49,22 § H= 2,14 53 I = 34.51 %,
C;,_ HgOaI I‘equil'es s+ C '—'-' 1}9345 H H= 2-“’7 ; I-= 3’4‘;89 %0

The methyl ether : The mono-iodoflavone (0.5 g.)

dissolved in acetone (200 ml,) was refluxed on a steam bath
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with dimethyl sulphaté (0,5 ml,) and anhydrous potassium
carbonate (1 g.) for 8 hours. The product obtained on
removal of acetone was washed with dilute sodium hydroxide
solution and the residue washed with water and crystallised
from acetic acid in brownish needles, m.p. 172-?30.

Yield OJ4 g.

Analysis : Found : C = 50.66 3 H= 3.26 3- I = 33.60 %.
C14Hi;03I  requires : C = 50.79 3 = 2,91 5 I = 33.60 7,

Alkaline hvdrolysis of 6-iodo-7-methoxyflayvone :
2 ~-Hydroxy -t -methoxy -H~iodobenzoic acid and 2-hydroxy-i-

methoxy -5 -iodoacetophenone

6-Iodo -7 -methoxyflavone (0;8 g.) was refluxed
with alcohﬁlic potassium hydroxide (10 ¢ 3 30 ml,) for
4 hours. The product obtained on acidification was first
treated with sodlum bicarbonate solution and tle residue
treated with sodium hydroxide solution. The sodium
bicafbonate extract on acidification gave an iodo acid
Which erystallised from acetic acid in yellow needles.
Its alcoholic solution gaveza red colouration with
alcoholic ferric chloride. M.p. and mixed m.p. with
2 -hydroxy -4 -methoxy -5 ~iodobenzoic acid prepardd accordin
to Shah and Sethna (1) was 2450(efferv). The sodium
hydroxide extract on acidification gave an iodo ketone
Which erystalligsed from ethyl glcohol in white needles.
Its alcoholic solution gave:}ed colouration with alcoholic

ferric chloride. M.p. and mixed m.p. with 2-hydroxy -4 -

methoxy-5-iodoacetophenone, prepared according to Shah and
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o .
Sethna (1)’was 161 .
b
Todination of 7-hydroxy -4-methoxyflavanone : 3,6-Di-
9
iodo -7 ~hydroxy -4 -methoxyflavanone

7»Hydroxy—hzmethoxyflavanone (1.35 g.) was
dissolved in warm ethyl alcchol and treated with iodine
nystals (0.5 go) and iodic acid (0.3 ge) in water with
stirring. The reaction mixture was stirred for 2 hours
and the product which separated, was crystallised from
benzene, m.p. 2010(decomp.). Yield 0.8 g.

No mono-iodo derivative was obtained.

The same di-iodo derivative was obtained in
better yileld by i&dinating 7»hydroxy-41methoxyflavanone
(1.35 g.) with iodine erystals (1 g.) and iodic acid
(0.6 g.) in water as described above. Yield 1.7 g.

The same 3,6-di-iodoflavanone was also obtained
by iodinating 7~nydroxy-himethoxyflavanone with iodine

in presence of aqueous ammonia in the usual manner,

{

Analysis t Found - : I = 48,41 %,
}'{'8060 %‘

i

CJ. 6H1201,_I2 TequiPeS e I

The methyl ether was obtained by refluxingnon a steanm
bath, the above di-iodoflavanone (0.5 g.) in dry benzene
With dimethyl sulphate (0.5 ml.) in the presence of
anhydrous potassium carbonate (1 g.) for 8 hours. It was
crystallised from ethyl alcohol in white thick needles,
MeDo 1250.

-l
B

Analysis : Found : C = 38.22 3§ H= 2,48 3 4742 7,
= 38966 H H= 2,61 : I-= )'1'7039 %a

CipHy0,I2  requires.: C
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b ]
6-TIodo -7 -hydroxyt-methoxyflavone
3,64Di»iodo-?»hydroky*#zmethoxyflavanone (1 g.)

was treated with glacial acetic acid (20 ml.) and potassium
hydroxide (1 ge). The reaction mixture was then refluxed
for one an&:half hours and diluted with water containing
alittle sodivm bisulphite. The producﬁ, vhich separated,

Was washed and crystallised from acetic acid in brownish

0
needles, m.p. 280-83 (decomp.).

u

id

Analysis ¢ Found : C = 48,66 3 H= 2,55 3 I = 32.00 %,

CyeH110,1 requires ¢+ C = 48,73 3 H= 2,79 3 I = 32.24 %.

e
we
\f

The methyl ether : The above iodoflavene (1 g.) was
dissolved in acetone and refluxed on a steam bath with
dimethyl sulphate (1 ml,) and potassium carbomate (2 g.)
for 8 hours. The separated product on removal:gcetone
was erystallised from ethyl aleohol in white needles,
Mepae 208—100°

30.89 %,

Analysis ¢ Found : C=49,72 3 H= 3,02 5 I =
C17H130u1 PGQUiTeS : C = #9099 : = 3.18 3 I= 31®13 %0

) H
Alkaline hydrolysis of 6-iodo-7.4-dimethoxyflavone

L]

2 -Hydroxy -4 -methoxy -B~iodobenzoic acid and 2-hydroxy -i-

methoxy -5 -1odoacetophenone

: . \
6-Iodo -7 ,4~dimethoxyflavone (0.8 g.) was refluxed

with alcoholic potassium hydroxide (10 Z 3 30 ml.) for

L hg@?s. On working vp the reaction mixture in the usual

¢
way sodium bicarbonate extractEss on acidification gave

2 -hydroxy -4+-methoxy -5 -iodobenzoic acid as seen by direct

-~



lhe , . 39
comparison andhsodium hydroxide extract on acidification
gave 2-hydroxy -4+-methoxy -5-iodoacedophenone as seen by

direct comparison.

Todination of h:hvdgoggflavanone :‘335131—1og9-41

hydroxyflavanone

%1Hydroxyflavanone (1.2 g.) was dissolved in
warm ethyl alcohol and iodinated with iodine (0.5 g.)
and iodic acid (0.3 g.) in water as described in sarlier
cases. The product, which separated, was crystallised from
benzene in white needles, m.p. 178—790(decomp.). Yield 0.5 gs

The game 3:51di-iodo—#ihydroxyflavanone was
obtained in better yield by lodinating ﬁihydroxyflavanone
(1.2 g) with fodine (1 g.)and iodic acid (0.6 g.) in
water. Yield 0.9 g.

Analysis : Found + I = 51,51 %,
015H100312 requir‘es s I ; 51.62 %@

No tri-iodo derivative could be obtained even
with large excess of iodinating agents.

The methyl ether : The above iodoflavanone (1 g.) was
g8issolved in dpy benzene and refluxed on a steam bath with
dimethyl sulphate (1 ml.) and potassium carbonate (2 g.)

.for 8 hours. The product obtained on removal of benzene
was washed with dilute sodium hydroxide solutlon and then
with water and erystallised from ethyl zlcohol in white
needles, m.p. 147 . Yield 0.7 g.

Apalysis ¢ Found : C=37.88 3 H= 2,11 3 T = 49.88 4.
Ci1gH; 03I,  reguires : C = 37.9% 3 H = 2,37 3 I =50.19 %,

~
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v s 3 ’ .
Alkaline hydrolysis of 3,5-di-iodo-l-methoxyflavanone :

3.5-di-iodo+-methoxybenzoic acid

3;5191 -iodo#;netho:{yflavanone (0.7 g2-) was
refluxed with alcoholic potassium hydroxide (10 Z ;3 20 ml,)
for 4 hours. The reaction mixture was acidified and
extracted with ether. The ether extract was treated with
sodium bicarbonate which on acidification gave a product
Wwhich erystallised from ethyl alecohol, m.p. 2550(efferv¢).
_The mixed m.p. with 3,5~di-1odo -k -methoxybenzoic acid
_descwabed sarlier was not depressed.

Attempted iodination of 6-hydroxyflavanone

(a) With iodine and iodic acid

6-Hydroxyflavanone (1.2 g.) was dissolved in
warm ethyl alcohol and treated with iodine crystals
- ag wsal
(0.5 go) and iodic acid (0.3 g.) in water. On working up,

the unreacted 6-hydroxyflavanone was obtained.

(b) With iodine and ammonia

6-Hydroxyflavanone (0.6 g.) was treated witha
solution of iodine (0.6 g.) and potassium ilodide (1.2 g.)
in the presence of agqueous ammonia (22 %.). On working

up as usual the unchanged product was obtained.

{e) With iodine mornochloride

6-Hydroxyflavanone (1 g.) was dissolved in
glacial acetic acid and iodine monochloride ( 2 g.excess)
R O
added. On working up w1 the reaction mixture, schlorinated

product was isolated.
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