' GENZRAL ' INTRODUCTION

Chromones and flavones, which are benzo-y-pyrone
derivatives, occur in a variety of plents elther in
combination with rhamnose and glucose or associated with
tannins or in the uncombined state.

The structures of a large number of flavones heve
been elucidated and\many of them have been synthesised. In
recent years the interest in the study of these compounds
has been enhanced zs s result of the discovery of their
interesting bilochemical properties. Rutin { 3-rhamnoglucoside
cf quercetin ) shows vitamin P activity and is important in
preventing capillery fragility ( Couch ané Krewson, U.S.

Dept. #gr., Bastern Reglonsl Research Labe, 144,48, T.C.-52,

b 3 Cuh.y 1945, 39, 4326 ). Other flavones such as Quercifrin,
Rhamnetin end 6,8-dihydroxyflavone are raported to reduce blood
pressure ( Highby, J. Amer. Pharm. Assoce, 1943, 32, 74 ) and to

act as diuretics ( Nekamurs, et al, J. Pharm. Soc., Japan, 1936,

)
56, 68 § C.4&,, 1938, 32, 5833 ). Further, Calycopterin and its
4temethyl ether, Herbacetin, Gossypetin etc. act as fish poisons
( Marti, Reo end Seshadri, Proc. Indisn Acad. Sci., 1947, 254,
22 § 1948, 274, 33 ; Seshadri and Vishwenadham, ibid, 1947,
géﬁ, 337 Y. The aminomethyl derivatives of chromones and
flavones are reported to act as powerful csntral nervous system
stimilants, especially on the brzin stem and to have
cardiokinetic and hypertensive action ( Da Re et al., J. Org.
Chem., 1960, 25, 1097 ).

Further, the antioxidant properties of a large number

of flavones and flevomols have been studied and Gossypetin znd
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Robinetin have been found to be of great potency ( Simpson and
Uri., Chem. and. Ind., 1956, 956 ; Lea and Swokoda, ibid, 1956,
1426 ). Seshadri ( Tetrahedron, 1959, 6, 169 ) hcs recently
reviewed the recent devélopments in the Chemistry of Flavonoids.

Methods for the synthesis of chromnes ang flawnes ¢

4 number of methods sre availsble for the synthesis
of chromones and flavones. Of these, the Kostanecki Robinson
reaction, which is utilised in the present work hes been
described here in detail and the other methods have been
described briefly.

1. Kostanecki-Robinson Reaction ¢ Kostanecki angd

Rozycki ( Ber., 1901, 34, 102 ) showed that a chromone derivative
was formed when resscetophemone or peonol wes hested with sodium

acetate and acetic anhydride.
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This method was further developed by Allan and
Robinson ( J. Chem. Soc., 192k, 125, 2192 ) win found that when
o-hydroxyacetophernones were heated with the sodium sslt and the
anhydride of an sromatic acld, a flavone derivative was
obtained. This method, mow kmown as the Ko stenecki-Robinson
reaction, has been extensiv§1y used for the synthesis of

chromone and flavone derivatives.



Mechanism for the formation of chromnes and

3-acylated chromones

Baker ( J. Chem. Soc., 1933, 1384 ) k&= suggested

the following mechanism for the production of chromnes and
3-zcylated El}romnes when an g-hydroxyacetophenone is
heated wim‘:{;nhydride and the sodium salt of a carboxylic
acid. According to him the first step i1s the esterification
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of the phenolic hydroxyl group ( a ) then ring closure to 2
2-hydroxyfla%§ne ( ) or possibly 2;acyloxyflavanone

( b* ). Loss of 2 mlecule of water with the production of
chromne ( ¢ ). Alternately to ( ¢ ) the ring of the
2.hydroxyflavanone may open to give the diketone ( d ) under
the influence of the sodium salt of the acid. Then acylation
of the methylene carbon atom to give a triacylmethane
derivative ( e ),ring closure to the 2-hydroxy-3-acylflavanone

( £ ) followed by dehydration to the 3-acylchromne ( g ).

Fdctors governineg the nature of the product formed

in the Kostaneckl-Robinson reaction

It has been found that the Kostanecki-Robilnson
reactlon does not give chromones in all cases. Coumarins
or 2 mixture of coumarins and chronbnesymay be formed in
some cases. | '

Thus both Lk-chloro-b6-acetylphenol and o-hydroxy
acetophenoneﬁon Ko stanecki-Robinson aceﬁylation yield 2
mixture of chromone and coumarin derivatives ( Wittig, Ber.,
1924, 57, 88 3 Nltulg, Bangert and Richter, Ann. 1926, 446,
iﬂé ). It was further observed by Bargellini ( Atti R.
Accad. Lincei, 1925, 2, 178, 201 ) and by Baker and Eastwood
( J. Chem. Soc., 1929, 2900 ) that the use of phenylacetic
anhydride and sodium phenylacetate in the Kostanecki-
Robinson reaction leads to coumsrin and not chromone formation.

The nature of the‘product férmed in Kostanecki-

Robinson reaction depends on the nature of the g-hydroxy

ketone, the acid anhydride and the salt used.



(1) Using sodium acetate 2nd acetic anhydride the
introduction of the higher slkyl substituent in the side
chain of the hyaroxyketone favours chromne formation e.g.
resacetophenone. gives chromne ( Kostaneckl and Rézyckil
loc.cit. ), respropiophenone aiso gives chromne ( Ganter tuvd,
and Robertson J. Chem. Soc., 1931, 1263 ). Chadha, Mahal
and Veukataraman ( J. Chem. Soc., 1933, 1459 ) found that
an W -substituent in the o-hydroxy aryl methyl ketone leads
to chron;one formation and from the point of view of increase
in yleld and ease of purification the groups can be arranged
in the order:methoxyl, methyl, bengzyl and phenyl. They also
found that the chromone formation took place as a rule mre
readily in the naphthalene than in ‘the benzene serles, and

is often quantitative from derivatives of a-naphthol.

( 2 ) Keeping the g-hydroxy Ketone the same if the .
anhydride and sodium salts of higher aclds like propionic
and butyric acid are taken then there is a tendency towards

coumarin formation.

( 3 ) %Uhen benzoic anhydride and sodium bengzoate or
their derivatives are used the products formed are always
flavone derivatives. With phenylacetic anhydride or acetic
anhydride and sodium phenylacetate the products formed are

m stly 3-phenylecoumarin derivatives.

Effect of the substitutents in the phenolic nueleus

of the o-hydroxyketones on the Xostanecki-Robinson reaction

Conslderaeble amount of work has been done on the

-



efTect of substituents like the alkyl gfoups, halogens and
nitro groups in the phemolic ketones on the course of the
Ko stanscki-Robinson reaction. dn alkyl substituent in the
phemlic nur:}.éusz, while it’my have some effect on the
yield of the proéuc‘c formed does mt sppear? to heve any

effect on the nature of the product formed.

=~

n thelr studies on the Kostanecki-Robinsoh reaction
on the halogengted phenolic ketones Wittig and his co-workers
( Ber., 192%, 578, 88 § Ann., 1925, 446, 155 ) obtained 2

mixture of 2,7~-dimethyl-b-chlorochromne and Y4,7-dimethyl-6-
ehlorocoumarin by the ﬁbstaneckiaﬁobinson acylation of Y-chloro-
bogcetylet=crexl, In the Kostanecki-Robinson scetylation,
propionylation end chloro-acetylation of 2«propionyl=l
chlorophenol they obtzined exclusively the chromnes. The
same suthors ( loc.cit. ) obtained 2° mixture of cowmarin
and chromne Ey heating l=chloro-2-2cetylpbenol with propilonic
anhydride end sodium proplonate. In acetyletlon of 2-bensoyl-
Yechloropherol 2 cowmerin derivetive was formed, Similerly
by heating z;éCetouh-bhloron§Jmethylphehylaéetate with
nropionic enhydride snd sodium propionste 3, Uy 7= trimethyl-ba
chlorocoumarin wes formed § on Kostenecki acetylation of

2-igobutyro-l-chlorophemnl the ssme. scuthors have reported

b

the formation of 2-acetoxy-2,3, 3-trimethyl-b-chloro-8-

acetochromanone.,

Chakrevarti and Bagchi ( J. Indian Chenm. Soc.,

1936, 13, 689 ) subjected Y-chiorc-Z-cceto-l-naphthnl and

Ymchloro=2-propio-l=naphthol to Kostanecki-Robinson seylation.

-



With sodium acetate and acetie anhydride both aceto- and
propionaphthols gav‘eulezggi@l_sjiwly‘ chromnes. With sodium
propiéna,f.e énd propionic anhydride however both the ketones
gave coumarin derivatives. With phenylacetic anhydride and
sodium phenylacetate ls--c:hlcarv:>-.2--&:74:91:0-:L--na;:»lrn:ho1 gave
3-phenylcoumarm derivat:.ve and with benzo 1c anhydride and

" sodium benzoate the 3 benzoylf‘lavone derivative. .

Chakravartl and Maaumdar ( J. Indian Chem. Soc.,
1939, 16 151 ) studled Kostanecki-aobinson reaction on the
halogenated acetow-, propio-, and butyrophenones to find out
whether the halogen atoms have any marked inf‘luence on the
formation of y-pyrones as in Simonis’ react:lon. S-Chloro-B-
methyl-2-hydroxyace ucpheno ne, 3- ehloro- 5- methyl-2-
hydroxyacetophenone, S-c:hloro—3-methy1-2-hydroxypropiophenone-
é-chloro-5—m_et1}yl-é-‘-hydroxypmpioghenone, %—chloro-é-' , |
hydroxyproniophenoﬁe and %—bronn—Z-hydroxypronioghenone were
subjected to the Ko stanecki-Robinson acetjlation, propionylation
and butyrylation. 3 Acetylchromanes were obtained in the
acetyﬁ%ﬁfﬁg\? J.n thexpromonylation coumarins were obtained
which were 1dentica1 with the coumarins obtained from the
pro‘priat;e' phemols and ethyl a-methyl-acetoacetate by Im&
Pechmann reactlon ( Chakravavtl and Banerjee, J. Indian Chem.
lSoc., 1936 __3, 619 ). The helogenated o-hydroxypropiophenones
on acetylation gave exclusively chromones. Similarly the
lnroducts' obtained in the pronionylation‘of —
-Ir:cydroxyproglophenones were also chromones and no trace of &

W2
coumarin was detected . bY)h\Ylttlg' $ method ( Ber., 1924,22,88 )



of separatlon of coumarins ffom chromones. The products
obtained in the bu%%ylation of the halogenated
o-hydroxypropiophenones were also chromones.

The effect of the nitro group on the course of the
Kostaneckl-Robinson reaction has also been studied. Wittig,
Bangert and Richter ( loc.clt. ) obtained 2,6-dimethyl-3-
acetyl-8-nitrochromne in the Kostanecki-Robinson acetylation
of 2-acetyl-Y-methyl-b-nitrophenol. Baker ( J. Chem. Soc.,
1930, 261 ) syntheslsed 7-hydroxy-3-phenyl-2-(o-nitrophenyl )
chromone by heating o-nitrobenzoic anhydride and sodium
o-nltrobenzoate with 2,hadihydroxyphenylben;?zl ketone.

o Naik and Thekor ( Proc. Indian Acéd. Seil., 1953,
374, 774+ ) studied the Kostanecki-Robinson reaction on
varlous nitro p-hydroxyacetophenones. 2,6-Dihydroxy-3-
nitroacetophenone on Kostanecki-Robinson acetylation_ga%e
S5=hydroxy-2-nethyl-6-nitrochromne and 5-hydroxy-2-methyl-
3-~acetyl-b-nitrochromne and on benzoylation gave 5-hydroxy-
6-nitroflavone and 5-hydroxy-3-benzoyl-6-nitroflavone.
2-Hydroxy-3-nitro-b-methoxyacetophenone gave 5-hydroxy=2-
methyl-8-nitrochromne. 2,h-Dihydroxyu5—nitro-écetophenone
onasimilar acetylation and benzoylation gave\?-hydroxy;z-
methyle3-acetyl-b6-nitrochromne and 7-hydroxy-3-benzoyl-b-
nitroflavone respectively. The Kostanecki-Robinson acetylation
and benzoylation of 2,h—dihydroxy-B-nitro-acetopheuone gave
a2 dark unworkable mass.

The effect of the carboxy and carbomethoxy groups

on the course of the Kostanecki-Robinson reaction has also



been investigated. .

Desal and Desei ( J. Scil. Ind. Research, India,
195%, 13B, 249 ) subjected methyl 2,4=-dlhydroxy-3=-brom«5-
acetylbenzoate to Kostanecki-Robinson acetylstion amd
obtained methyl 7-hydroxy-8«brom=3-z2cetyl-2-methylchromne=
becarboxylate . Joshl and Sheh ( J. Indizn Chem. Soc., 195k,
223 ) studied the acetylation of l-acetyl-2-hydroxy-3-
naphthoic acid and its ester and obtained 2'-methyl-3'-aceltyl-
1,4=f=nephtho-y=pyrone-3-carboxylic acid and ite “este:é
. reépéctively. Desai et al. ( J.” Indian. Chem. Soc., 1960,37,
491 ) subjected S~butyryt 2nd 5-proplonyl derivatives of
methyl 2,4~dlhydroxybenzate to Kostaneckl-Robinson acetylation
and obtained a mixture of the corresponding carbomethoxy and
carboxy derivatives of chromnes. Further, 3-acetyl- and 3=
propionyl derivatives of methyl 2,%.dihydmxybenma te on a
similer acetylation gave a mixture of 5-hydroxy-3-2cyl-2-
methylchromne«b-carboxylic acid, its methyl ester and
S-hydroxy=- B-é eyl=2-methylchromone.

Thus both the nitro and the cartoxy or carbomethoxy
groups have nmo specific effect on the course of the Kostanecki-

Robinson reactlon.
o= aeryie

2. Cyclisation oij%p“hem acids ¢ VWhen sodium

pherolates are condensed with ethyl chlorofumerate, ethyl
c)z,o\.—omki'(/

phenylpropiolate and ethyl-p-chloroesrbenate are obtained
which can be eyclised with concentrated su.iphuric acid,phosphorous
pentachloride or aluminium chloride to chromones ( Ruhemann

et al. J, Chem. Soc., 1900, 77, 1185 etc. § Ber., 1913, 46

-
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3. Cyclisation of B-diketones ¢ When esters of

aliphatic or aromatic acids are condensed with
g-methoxyacetophemones, f-dlketones are formed which can be
cycelised to chromones or flavones by heating with hydriodie
acid ( Kostenecki, Ber., 1900, 33, 330, 471 etc. ). Alternately
esteré of g-methoxybenzoic acids can be condensed with

ketones and the B-diketones formed cyclised with hydriodic
‘acid ( Kostanecki, Ber., 19008, 3%, 32, 1998 ) to the

corresponding chromnes or’flavones.
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4, Cyelisationcof chalkones ¢ o-Hydroxyacetophenones

on condensation with aromatic aldehydes Iin presence of
agqueous alkeli or sodium ethylate yield- chalkbnes ( Kostanecki,
Ber., 1898, 31, 696 ). These can be converted direétly into

flavones by heating with selenium dioxide F Mahal et al. 1

! J. Ghem. Soc., 1935, 806 YEE-F or cyclised first to

flavamones by heating with a mineral acid and then subjected

to phosphorous pentachloride or selenium dioxide treatment
L CKoStomecni amA Sympranswi, Ber:, 4ol , T, 263 -ouien bRin,

. Ber., 192%, 57, 1515 ; Mahal et al. J. Chem. Soc., 1935, 866 Yo,

The chalkones could be converted into the chalkone dibromides
and then heated with alkall to get the flawnes ( Kostanecki
loc.cit, j Wheeler et al., J. Chem. Soc., 1937, 1798 ).

OW | usero Na. O ‘ ov '
P
cocuy B ’ COCH= c|{ -Eacens

5. Simonig Reaction ¢ When phenols are condensed
with P-ketonic esters in presence of phosphorous pentoxide
coumarins are obtained 1f the phenols are reactive but chromones
are obtained if they are mot reactive ( Simonis et al., Ber.,1913,
46,2014 5 191k,}47,692,2229 3 Chekravarti, J. Indian Chem. Soc.,
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8, 31, %07 ). Thus resorcinol, phloroglucinol, a-naphthol

1931,
whe give coumarins when condensed wlth Q-kethic esters but

phenol, p-naphthol, g-anfhrol .. give chromoness
- i

6. Mplecular rearrangeument of o-azeyloxy-aceto-

arones (  Baker- Venkataraman transformation ) :.

" Baker ( J. Chem. Soc., 1933, 1386 ) observed that
o-benzoyloxyaceto-arones or Eheir derivatives (- I ) rearrange
to g~-hydroxydibenzoylmethanes ( II ) wheﬁ treated With
anhydrogs potassium carbonate in presencé of dry benzene or
dry toluene which can be cyclisqd'tokthe corresponding

flavones ( III.) by treatment with sultable dehydrating agents

such as sulphuric acid or boiling acetic acld and sodium

-acetate.
=X & AR N L O CoOny & 'OH
T ——
Toilyevre °*
t_ow5 COC U, tolghg )
T I
H&Soq

At about the same time Mzhal and Venkataramen
( Current.Sei., 1933, &, 21% § J. Chem. Soc., 193k%, 1767 )
while attempting to coniert 2-ace£yl-l-ﬁaphthylbenzoate
( IV) ® a-ﬁaphthylflavﬁna ( VI ) by direct ring closure
‘observed that the action of sodamide on 2-acetyl-l. -

naphthybenzoate ( IV )_in dry ether solution gave
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. .
-benzoyl-Z-acetyl l=ndgpohthol ( V ) which with sulphuric
acld underwent cycllsation to yield flavone ( VI)
o
%74
00 N
2 LO% Ny

_
°°"*§Sa d q - c,oc.aa‘-o%ﬂs* e
RisTH dQ ~

A

Many other reagents are also used to bring about
this transformation viz,sodium metal ( effective in bringing
about the migration of esters of both aliphatiec and aromatic

acids ) (—tabwon—ct-—sl, Io=Chem—Soesy— 19331311 &+

* Virkar and Wheeler, J. Chem. Soc., 1939, 1679 ), potassium

carbonade ( Baker 6 loc. cit). and sqdiun ethoxlde ( Ullal,
Shah and Wheeler, J. Chem. Soc., 1940, 1499 § J. Univ.
Bombay, 1941, X(3), 118 ).

. Condensation of g-ketonic esters with phenol

without the use of any condensing acent

Mentzer et al. ( Bull. Soc. Chem., France, 1953,
538 ) found that if a phenol was heated with p-ketonic
esters at 2 high temperature ( about 250° ) without any
condensing agent, chromones were produced instead of the
coumarins. Desal, Trivedl and Sethna ( J. M.S.University of
Baroda 1955, IV, To. 2 , 1 ) found that the reaction wes
more rapid and better products were obtained 1f diphenyl
ether wes used as a2 solvent.and the reaction mixture

®
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refluxed with a short condenser to remve the water formed.

Subgtitution in ¢chromones and flavones

The chromnes and flavones have been subjected to many
substitution reactions. 4s a part of the present work deals with
the iodination of chromnes and flavones the work on the halogenatiol
of chromones and flavones is described here in detail. In
addition a few other reactions such as nitration,sulphonation,
formylation, Fries and Claisen rearrangemehnts, coupling and
Mannich reactions of some chromnes and flavones, }:hough ot
directly connected with the present work,have been described to
illustratesthe general pattern of substitution in simple and
substituted chromnes and flavones.

( 4 )_Fluoripation ¢

¥ direct fivorination of chromones and flavones 1s
attempted so far but fluorochromones and flavones have been
synthesised indirectly ( Whelley, J. Chem. Soc.,1951, 3229 ;
Chen and Shu, J. Taiwan Pharm.Assoc., 1953,3,49 ;5 C.4. 1955,
%9, 6929 ).

( B) Chioripation

Offe ( Ber., 1938, 71B, 1837 ) cleimed to have

obtained 2-'c1ﬂofomethylchromne by refluxing 2-methylchromone

with manganese dioxlde and hydrochloric acid in acetic acid
solution. 2-ITrichloromethylchromone was obtained in the same way
by using three moles of manganese dioxide. The structures were -
assigned on the assumption that chromne derivatives

halogenated at the double btond between carbon atoms 2 and 3

are very unstable and yield simple salicyclic) acids on ‘
alkaline hydrolysis. Wittig et al. ( Liebig's Ann., 1925, 446,155 )
chlorinated 6-chloro-2-methylchromone using menganese dioxide

and hydrochloric acid and obtained 3,6-dichloro -w7 v “"v=



derivative identical with the product obtained on
Ko stanecki-Robinson acg_}:ylation of Wy5-dichloro-g-
hydro xyacetophenone. ) |

~ Duncanson et al. ( J. Chen. Soc., 1957, 3555)

prepared 5,7-dihydroxy-8-chloro-’+'-methoxyflavone by heating
5, 7-dihydroxyal+'-methoxyf1avohe wi“ch sulphuryl chloride in
acetic acid. Gowan et al. ( Tetrahedron, 1958, 2, 116 )
isolated 7-chloroflavone by heating 7-’1ydroxyf1avz;ne with

. pho sphorous oxychloride.

Bromination s
Sinnﬁis and Herovieci ( Ber., 1917, 50, 646 )
,studied the bromination of 2,3-~dimethylchromone and obtained
a dibrom product. They stated that the compound merely
absorbed bromige at the ethylene linkage and that bromine
atoms were given up when the product was dried. They observed
that under drastic conditions methyl groups were affected
- and benzene nucleus was 6n1y affected in extreme casgses. This
was proved by the fact fhat simpler brom derivatives yilelded
unsubstituted salicylice acids on hydrolysis. Thus tw-brom- - -
and w,:o-dibrom)-z,3-dimetﬁy1chr6mne could be obtained. ﬂ
Brorgination in carbon disulphide with a little lodine gave
tribrom- and tetrabrom- derivatives to which they did not
- assign any definite stfuctures. Arndt et 2l. ( Bers, 1925,
8B, 1612 ) brominated chromne with bromine in carbon
disulphide and obtained a colourless dibromide which on
heating with alcohol or other solvents yielded a monobromo
derivative to which they assigned 3-bromchromone structure.

Later Colonge and Guyot ( Bull. Soc. Chim., France, 1958, 325 )

“ : i
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in their studies on bromination of chromones gnd chi-omanones
obtained 2,3-dibrounchromanoné which on treatment with
piperidiﬁe in ether :y;ielded 3=bromchromne m.p. 93°
‘different from Arndt's 3-bromchromne m.p. 65°. This
Arndt's bromchromné muast have some othef structure. They
a2l so bro.minated 6-methyl<_:hronnne and 7-methylchromone and
obtained 2,(3-d1bronnchromanone derivatives which on similar
treatment with piperidine ;gave 6-methyl-3-brom and 7-methyle
3-bromwchromne. 8-Methylchromne on bromination and
subsequent treatment with piperidine gave 3-brom-8~ -
methylchromne. Desal et al. ( Rasayanam, 1938, 1, 155 j

J. Indian Chem. Soc., 1952, __2, 447 ) brominated 2',3'-
dimethyl-l 2-nanhtho-~r-pyrone and its Ybromw-and h—nitm
derivatives as well as 2‘-meth;f1-3'-ethy1,1,2-naphtho-~f-.
pyrone with bromine in chloroform and found that in each
case 2 berbromide was obtained and fchis was assumed to be
formed by addition of two bromine a%oms to the pyrone oxygen.
- These brdmine atoms were remved on treatment with sulphurous
aclid with the regeneration of the orlginal pyrones. They )
also observed that chromones with hydroxyl groups react with
bromine ‘in chloroform to yield substituted pyrones. Baker
and Robinson ( J. Chem. Soc., 1925, 142% ) brominated
7-methoxy-3-h hﬁmpiperonylné-methylchmmﬁe and obtained the
dibromide which on boiling in water gave 7-methoxy-3-(6-
bromapineronyl-) 2-methylchromne. 0ffe ( loc.clit. )
‘brominated 2-methylchromone by reifluxmg its acetic aci@

solution with bromine and manganese dioxide and obtained a

"
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brom derivative to whilch he a2ssigned 2-brommethylchromne
‘structure as it was stable and gave salieyclic acid on
alkaline hydrolysis. Bromination with bromine in acetic acid
( with or without sodium acetate ) gave the di—_and tri—ﬁromo
derivatives to which no definite structures were assigned.
Winter and Hamilton ( J. Amer. Chem. Soc., 19}52,'1‘19399'9 )\ for
the first time used N-brom suceinimide for bromination of
chromones. They obtained the same monobromo-2-methylchromne
from 2-methylchromne 2s regor‘ced‘ by O0ffe wlth. either

N-bromo succinimide in carbon tetrachloride or bromine in
acetlc acid, They assigned 3-brom:>;-2-methylchronnne structure.
In assigning the structure particular emphasis was laid on _
the low reactivity of the bromine atom‘which‘ is characteristic
of a-brom-a,p-unssturated carbonyl compounds. This was
confirmed by an ilodine release study which gave negative
results characteristic of such a system. But they found that
it reacted with piperidine to yield 3-plperidino derivative
and this was explained 2s due to initial 1,4-eddition and
subsequent removal of hydrobromic acid with simultaneous
rearrangement. Wiley ( J. Amer. Chem. Soc., 1952, 74, 4326 j
4329 ) brominated 7-methoxy-2-methylehromone and 6-methoxy-
2-methylchromone with N-bromosuccinimide 2nd obtained the
mnobromo derivatives In both the cases, which were
considered to be 2-brommethylchromnes. The support of these
structurés he converted the 6~-methoxy compound into '
dimethylaminomethyl derivative which wvas different from the
Mannich reaction product of 6-methoxy-2-methylchromne,

‘\
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gbrmaldehyde and dimethylamine hydrochloride. The Mannich
reaction was considered to take place in 3-position and
hence the product obtained in the initial bromination was
considered to be substituted in 2-position. Seshadri and
co-workers ( J. Sci. Ind. Research, India, 195%, 138, 160 )
br&minated 7-metho xy-2-methylchromne with N-bromo succinimide
using benzoyl peroxlide as a catalyst and with bromine in
acetic acid and obtained the same brom compound as reported
by Wiley ( loc. cit. ). They directly synthesised 7-methoxy-
2-bromomethylchromne by treating 2-ethoxymethyl-7-
methoxychr&nnne(with hydrobromic acid. This was different
‘from the above bromochromone derivative. Therefore they
assigned 7-methoxy-3-bronn-z-methylchronnne structure to
Wiley's bromo compound. 7-Acetoxy—2-methylchromone on
bromination with N-brompsuccinimide in presence of benzoyl
ﬁeroxide gave ’7-_30etoxy—3-brom-2—methylchronnne.

Naik and Sethna (. J. Indian Chem. Soc., 1952, 29,
493 ) were—the £irat 45 systematically investigated the
reactivity of hydroxychromnes in bromination. They brominated
7-hydroxy-2-methylchromne and S«hydroxy-2-methylchromne with
bromine iq:acetic acid. Mnobromination of these chromones
furniShegtg;bromo derivatives and the dibromination products
were the é,S-dibromo derivatives. Structures were assigned
by degradation to the known brom-acetopherones. Further
bromination with liquid bromlne ylelded tribrom derivatives
to which the tentative structures of 3,6,8-tribrom

derivatives were assigned. They also brouminated 5-hydroxy-S8



nitro-2-methylchromne and obtained the 6=brom derivative.
Desai and Desai ( J. Scl. Ind. Research, India, 1954, 13B,
249 ) brominated 7-hydroxy-6eethyl- and 7=-hydroxye6-propyle
2-methylchromone with bromine in acetic acid and assumed
the Tformation of the 8-bromo derivatives. Desal et al. ( J.
Indian Chem. Soc., 1954, 145 ) brominated 7-hydroxy-2,3-
dimethylchromohne and 7-hydroxy-2-methyl-3-ethylchromne and
obtalned the B-brom and the 6,8-dibrom derivatives. Structures
were assigned by hydrolysis to the known resorcimol derivatives.
6-Hydroxy=-2-methylchromne on bromination gave the 8-brom and
the 5,8-dibromo derivatives ( Desai et al. J., Sci. Ind.
Research, India, 1954, 13B, 328 ). The structures were assigned
from the results of their hydrolysis to the krmown
bromquinacetophenones. Schonberg et al. ( J. Amer. Chem. Soc.,
1953, 75, 4992 ) found that the action of bromne in
chloroform on 5S=-methoxXy=7=hydroxy«-6=ormyl-2=-methylchromnne
resulted in the 8-bromo derivative.

Barly attempts at the brominmation of naturally
occuring flavones yielded the bromo derivatives torwhich o
definite structures were assigned ( ?iccaré?;:‘i'S‘?B, 6, 88k 3
Jahns, Ber., 1881, 14, 2389, 2809 § Perkin et al., J. Chem,
Soc., 1896, 69, 209, 1897, 71, 807 j 1902, 81, 58 Fainberg
and Kostanecki, Ber., 190%, 37, 2626 ). Limaye et al.
(Rasayanam, 1956, 2, 121 ) brominated flavone and obtained
3-bromoflavone, the position of the bromine atom being
proved by its conversion to coumamnerwith alkeli. Jadhav

and co-workers ( J. Unl. Bombay, 1957, 29, 1 ) brominated

°
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6-nitro-?-hydroxy~2{*me%howye5' bromflavone and obtained
‘,3 8 5' tribrom.- 6-n1tro~7~hydroxy32'-methoxyflavone. 6-Titro-
7-benzyloxy=b’-methoxyflavope and a-methyl-S-nltroflavcve

on bromination gave the corresponding 3-bromflavone
derivatives in both the cases. Gowan et al. ( loc. ecit. )
isolated 7-bromflavone on fusion of 7-hydroxyflavone with
phosphbrous peﬁtabromide and sodium chloride. Wagh and
Jaghav ( J. Uni. Bombay, 1958, 26, 28 ) brominated by
refluxiﬁg with bromine and acetic acid 6-bromo-3*,k! -
dimethoxya7,8-benéqf1avpné and 6-bromo;3,@-methylenédipxy—
7,8=-benzoflavons and obtained the correspoﬁding 3-brom flavone

derivatives.

Iodination @
‘ Piceard ( Ber., 1878, 6, 887 ) iodinated 5,7-
dihydroxyflavone wiﬁh iodine énd iodic acid and obtained a
di-iodo'derivative'toiwhich‘he did not assign any Etructuré.
Offe ( loc. cit, ) iodinated 2-methylchromne with iodine
and menganese dloxide by refluxing its chloroform solutlon
and obtalned a mnoiodo derivatiye ﬁo which he assigned the
2-Iodomethylchromne structure as it could be converted into
a phenyl ether by heating with phenol. Mo other work on the
dodination of chromhes and flavones appears to have been
reported.

'*»hmﬂon ehafew
The results obtained in the)othei substitution
®w
,reactlons = chromones snd flavones may now be briefly
descrlbed to indicate the range of the work done and the

pattern of substitution:



Nitration .

Simnis end co-wrkers ( Ber., 1913, 46, 201k
1917, 0,79 ) obtaineésg-nitro derivatives from 2,3-
dimethyl- and 2,3,527;tetramethylchromone on nitration.
They established the structureszon the basis of the
nitrosalieylic acid derivatives obtained on oxlidation. Sheh
and co-wrkers ( Proc. Indian Acad. Sci., 1949, ggé; 31k
1953, 384, 31,) nitrated 7-hydroxy- and 5-hydroxy-2-
methylchromne and thelr methyl ethers and obtained the
8-nitro and the 6,8-dinitro derivatives. Demethylation
occurred in the dinitration of 5-methoxy-2-methylchromne.
The structures were assigned from thelr hydrolysis to the
known nitro-acetophenones. Nalk and Sethna ( J. Indian Chem.
Soc., 1952, 29, 493 ) obtained the bé-nitro derivative in the
nitration of S-hydroxy-B-bromo~2-méthylchromone. The
corresponding 6,8;dibronbchronbne on nitration at room
temperature gave the 6-nitro-8-brompchromne and at 100°
it gave the 6,8-dinitro derivative, both the bromine atoms
being repleced by the nitro groups. Schonberg et al., ( J.
Amer. Chem. Soc., 1953, 75, 4992 ) found thst 5,7-dihydroxy-
6-fOrmyluz-methylchrbmone and its 5-0-methyl derivative gave
the 8w-nitro derivstives. Desai et 2l. ( J. Indian. Chem. Soc.,
1954, 31, 145 ) nitrated 7-hydroxy-2,3-dimethyl- end 7-
hydroxy;g-methy1-3-gthylchronone and obtained the 8B-nitro
compounds.. Witration under more drastic conditions yielded
in 3,5-dinitroresoreylic acid. Da Re ( Farmaco ( Pavis ) Ed.-

Sei., 1956, 11, 662 )nitrated chromne, 3-methyl- and 3
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ethylchromne and obtained the 8~-nitrochromnes but in thé
nitration of 2-methyl-, 2-ethyl- and 2,3-dimethylchromone
the 6-nitrochromon§ derivatives were obtained. Joshl et al.
( J. Indian Chem. Soc., 1959, 36, 59 ) obtained ke
8-nitrochromne deriy§§ives from 7-hydroxy-,5-methoxy- and
7-methoxychromne an§§%;nitro derivative in the case of
6-chlorochromne.

Barly attempts at nitration of the naturally
occurring flavones yielded nitro products of which, the
structures were mot established ( Piccard, Ber., 1873, 6,
888 3 Perkin, J. Chem. Soc., 1900, 77, 417 j Watson, J. Chem.
Soc.y 1914,-105, 306 ; 31% 3 1915, 107, 207 ). Bogert and
Marcus ( J. Amer. Chem. Soc., 1919, 41, 83 ) nitrated flavone
but failed to isolate any pure nitroflavone. After reduction
2'-2mino-, 3'-amino- and 4'.aminofkavone were ksolated. Shah
and co-wrkers ( loc. cit.') nitrated 7-hydroxy- and 5-
hydroxyflavone and their methyl ethers snd degraded ke
nitroflavones obtained to the known nitro-acetophenones.
5-Hydroxy-, 7-hydroxy- and 7-methoxyflavone gaveiginitro and (we
6,8-dinitro derivatives. Further, 7-hydroxyflavone and its
methyl ether gave the 6,8,4!'-trinitro derivatives. 6-nitro-
or,8—nitro-S-hydroxyflavone{gave the same 6,8-dinitro

derivative. 5-Methoxyflavone gave & dinitro derivative the

structure of whichuwls not established.

Sulphonation @

Barly attempts at sulphonation conslisted only in

sulvhonsting a2 number of naturally occurring flavones but

-



the structures were not assigned to the sulphonated products.
( Benedikt and Hazura, Monatsh, 1884, 5, 667 3 Herzig,
Yonatsh, 1896, 17, 421 5 Watson and Sen, J. Chem. Soc.,
191%, 105, 393 ). |
Kruger ( Ber., 1923, 56B, 487 ) did mot succeed in

the sulphonation 53‘3 chrom:‘ne but obtained a monosulphonic

acid in the sulphonation of 2,3-dimethylchromone with sulphuric
acid of 50 % anhydride content to which hg arbitrarily
assigned the 6—su1phor;ic acld structure. This was confirmed

by Shah and co-workers ( J. Org. Chem., 1956, 21, 1104% ') who
further foﬁnd that in the sulphonation of 7-hydroxy-2- ‘
methylchromne and its methyl ether the 8- sulphonic acids

\' were formed. On further sulphonation toth gave the 6,8-

disulphonic acids. In the case of 5-hydroxy-2-me{:hylchromne
and its methyl ether only monosulplonlc acids were obtained
to which no definite structures :were a‘ssigneci. 7-Hydroxy-
and S5-hydroxyflavone on sulphonation yilelded the 8-

sulphonlc aclds and the 6,8-disulphonic ac‘ids. They also .
obtained the 6,8,2!-trisulphonic acid dérivgtives. The
structures were aséigned from the results of nitration on the
‘aésumption that the sulphonic acld group was replaced by the

/7

nitro group.

Formylation :
' 8~-Formyl deri?ratiVes were obtained from 7-hydroxy-

3-methoxy- and 7-hydroxy=3-methoxy-2-methylchromne on
heating with hexamin. 5-Hydroxy-2-methyl-7-(carbethoxymethoxy)

chromone gave the 6-formyl derivative on similar treatment.



94
On hexamin treatment 6-hydroxyflawne ylelded the Swformyl
derivative and 7-hydroxy- and S-hydroxyfiavone the 8-formyl
derivatives. §,7=-Dihydroxy-8-methylfiawone gave the 6-

formyl derivative on a similar treatment. 5,7,8-Trihydroxy-
flavone and 5,7,8-trihydroxy-2-methylchromne however 4id

not give any formyl derivative on hexamin treatment but -

on Gattermann reaction the 6-formyl derivatives were obtalned.
Their Bemethyl ethers however gave the 6-formyl derivatives
on hexamin treatment. ( Seshadri and co-workers, Proc. Indlan
head. Sei., 1939, 94, 7 ; 1949, 304, 107 ; 1951, 334, 148
168 § 1950, 324, 250 3 1952, 364, 217 ; 1959, 504, 192 ).

Seshadri and co-workers ( J¢ Sci., Ind. Research,
India, 1954, 13B, 539 § Australian J., Ghem., 1955, 8, 409 ;
J. Chem. Soc., 1955, 3908 ) obtained 8-formyl derivatives
from 5,7=-4ihydroxy-3,3',4'-trimsthoxyflavone and 5,7
dihydroxy=2,8~dimethyl chro‘n:o ne and the S5«formyl derivatives
from 6=hydroxy=-3,7-dimethoxyflavone, 6-hydroxy-3,4',7-
ctrimethoxyfizavone and 6nhydroxya3,3‘,4',7»tetrametﬁoxyflavone

on reaction with hexemin.

Seshadri and co-wrkers { éroc. Indian Acad. Sci.,
1950, 314, 31 ) reported the synthesis of é-~forumyl derivative
from S-hydroxy-8-fethoxyflawne by hexamin treatment but
Wheeler et al. ( Tetrahedron, 1958, 2, 120 ) obtained mainly
ai( 5«hydroxyaBQmethoxyflavonpé-yl )= methane from this

reaction. The structures of the formyl derivatives have been
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generally proved by Dakin Oxldation of Lhe:rformyl derivatlves

to the corresponding hydroxy derivatives.

Pries migration ¢ |

Wittig et al ( Ann. 1925, 446, 105 ; Ber., 1926,
598, 116 ) obtained the 8-acyl derivetives on heating

7=acetoxy- and 7«prop io nyloxy=-2-methylchrormone with 2luminium

C-QLHj
CHOLO THy A\CQ no cH;
3 3 S

\

A

chloride. Kelkar and Limaye ( Resayanam, 1936, 1, 60 )
observed that in the case of 5-acetoxy- and 7=2cetoxy-3=
acetyl=2=-methylchromne only 5-hydroxy.and 7=hydroxy=3
acetyl-2=-methylchromne were obtained. o 8<acetyl

derivatives of S-hydroxy- and 7-hydroxy-2-methylchromne

were obtained as reported by Baker ( J. Chem. Soc., 1934, 71 ).
The same authors ( Rasayznam, 1939, 1, 183 ) slso failed in
the Fries migratién of 7=benzoyloxy=3-acetyl-2=-nethylchromne.,
Howeve-r, they obtained the 8-2cyl derivatives from 7-

benmyloxy-2-nethylchromne and 7-acetoxy- and 7-proplonyloxy-



2,3-dimethylchromne. Baker ( J. Chem. Soc., 193%, 1953 )
obtained the 6-acetyl derivative from S-acetoxyflavone but
bmzcetoxyflavone did mot undergo the Fries migration, only
6-hydroxyflawne belng obtelned. Venkataramen and co-workers
( Proc. Indian Acad. Sci., 1936, 34, 206 ) observed that in
the Fries rearrangement of 7-benzyloxyflavone only the wipohssmssd
7-hydroxyflavone was obtained. ‘ ’

| Row and Seshadri ( Proc. Indian Acad. Sci., 1940,
114, 206 ) in their attempted Fries migration of
7-chloroacetoxy-3-methyo xyflavone and 7-chloroacetoxyflavone
obtained 3-hydroxyflavin=7,8-g-furanone and flavino=7,8-3-
f‘uramne, showing that the cyclisation had also occurred.

Claisen Rearrangeuecnt @

Seshadrli and Rangaswaml { Proc. Indian Acad. Sci.,
1939, 94, 1 ) obtained almst a quanbitative yield of 8esllyl

derivative on rearrangement of 7-3allyloxyflavone.

< H&: (}-\(“‘{0

7-4811yloxy-8-31lylflavone underwent further migration to yileld
7-hydroxy-5,8-diallylflavone.

8-411yl derivatives were obtained from 7-allyloxye-
2-methylchromne, 7-211lyloxy=3=methoxy-2-methylchromne,
7-81llyloxy=-3=-metioxyflavone, 5-; hydroxy=7-8llyloxy=3=methnxy-
2-methylehromne ( Davis and lorrls, J. Chem. Soc., 14949, 3080 ;
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Seshadri and co-workers, froc. Indian Acad. Sci., 1941, 1ud,

289 ; J. Sci, and Ind. Research, India., 1953, 12B, 283 ).

Coupling Reaction ¢

Perkzin ( J. Chem. Soc., 1898, 73, 666 ) obtained
bls=az derivativés, from apigenin, chrysin and morin by
reaction with dlazobenzene to which no structures were
agsigned. Rangaswami aﬁd Seshadri ( Proc. Indian Acad.

Sei., 1939, 94, 1 ) found that 7-hydroxy-8-21lylflawone,
7nhydroxy-8~zﬁethylflavbne; 7=hydro xy=-8-methyl-3-methoxyflavone,
‘7-hydroxym8~allylu2~methyl-_’iamethoxyéhrom:)‘ne vielded highly
coloured dyes when coupled in alkaline solution with |
diazotised p-nitraniline, indicating the reactlvity of

the. 6e=position in compounds which are already substituted

in the 8-position. The same authors ( Proc. Indian Acad.

Sci., 1939, 94, 526 ) examined the b;zhaviour O0f 7=hydro Xy=le
methyl-3=methoxychromne and 7-=hydroxyf1avone with regard

to the formatlon of az dyes in order to study the extent

of rigidlty of the £ississ «f double bonds. In the case

of the former they dbserVed a congiderable formation of
bis-azy dye even when a molecular proportion of dlazoniun
salt was employed, T.;Iith mre than two mlecular progortions
the formation of bis-azo dye was complete. On the other hand
in the case of 7=hydroxyflawone the mom-ag dye was obtained
pure with one mlecular proportlon while with a large excess
of the dlazonium salt only a small quantity of bils-azo dye
was produced along with a large amunt of the mm-azm

compound, which was stil) the main component. Mahsl—axg
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omd Co-wevken

Venkataraman)( Current Sci., 1938, 6, 450 § Proc. Indian
Acad, Sci., 191&6, 234, 278 ) observed the formtion of only
5.phenyl azo dye in the case of bwhydroxyflavone in
accordance wilth tﬁe fization of double bonds. Iyer and
Venkataraman ( Proc. Indian Acad. Sel., 1953, 374, 629 )
condensead 5-h$rdroxyflavona with diagotised anillne and
obtained the 8-phenyl azla dye. They also obtained B«phenyl
azo dyes from 5-hydroxy-3-benzoylflavone, tectochrysin and
5-hydroxy-6-methoxyflawne. |

1

Mannich Reaction ¢

Wiley ( J. Amer. Chem. Soc., 1952, 7%, 4326 ) carried

out the Mannich reaction on chromone with formaldehyde and
dimethylamine and aséigned the 3-dimethylaminomethylchromone
structure to the product obtained. 3-Piperidimmethyl- and

" Jemorpholinomethylchromone were also’prepared. Similar
reactions on 6-methoxychromne,7-metioxychromne, 6
met}iylchrom)ne and 6-chlorochromne gave 3w-substituted
derivatives. 2-Methylchromne falled to condense with any
base in this reactlon. Structures have baen assigned
arbitrarily in 2ll the cases. Da Re et al. ( J. Org. Chem.,
1960, 25, 1997 ) studied the Mannich reaction on 7-hydroxy=2,3e
dimethyl and 7-hydroxy-3-methylflawne with formaldehyde and
a numher of bases and obtained the 8-gubstituted derivatives.
In thed case of 2,3-dimethyl-7-hydroxyéhromne with two mles
of piperidine and formaldehyde they obtained thé 6,8
dipiperidinomethyl derivative. The structures were assigned
from a consideration of the reactivity of different positions

and conversion to the 8-formyl derivatives in a few cases.



PRESENT WORK

A survey of the literature shows that lodimation of
chromnes and flawones has not been systematlcally studied.

It was thought of interest to study the iodination
of chromnes and flawones to find out‘the pattern of
substitution and compare 1t with similar bromination studiles
made by others. Further, the lodo compounds are substances of
synthetical valué and can be converted inic tthe cyano compounds
by the Rosenmund-von Braun reaction and into the bichromnyls
and biflavonyls by the Ullmann reaction.

Part I deals with the synthesis of iodo chromnes
and flavones. In section ( 1 ) of this part the iodination of
chromones and flavones ﬁsing three different iodinating
agents viz. ( 1 ) lodine and iodic apcid, ( 2 ) iodine and
ammnia and ( 3 ) iodine mr;ochloridx; has been described.

The structures of the iodo deriv%tives obtained have been
established by hydrolysis to the corresponding lodo phemolic
ketones, the structures of whicl have been proved.

Section ( i1 ) of tkiis part deals with the synthesis
of the iodochromones and flavones by the Xosbtanecki-Robinson
acetylation and benzoylation respectively of iodo derivatives
from 2,%- and 2,6~dihydroxyacetophenones. Though the effect
of the presence of various groups in the phémlic ketones on
the course of the Kostanecki-Robinson reaction has been
studisd, m observations s far were aavailable regarding the
behaviour of the iodo éompounds in the Kost‘anecki«Robinson

reaction.



