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INTRODUCTION.

The flavones, as is well known, form a group of naturally-occurring
chemical compounds widely distributed in the plant world. For some time
past this laboratory has been engaged in a study of the production of flavones
from chalkones. The first synthesis of flavones in this way was accomplished
by heating the dibromides of certain o-acetoxychalkones with alcoholic alkali
(Emilewicz and Kostanecki, Ber., 1898, 31, 696). This synthesis was, however,
found to be unreliable; in certain cases benzylidenecoumaranones (I) were
obtained instead of the expected flavones (II).
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Kostanecki and Tambor (Ber., 1899, 32, 2268) attributed the dual course
of the reaction to variations in the ease of hydrolysis of the acetoxyl group :—
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and owing to the uncertainty of the course of the reaction, Kostanecki devoted
himself to the development of other methods for the synthesis of flavones.
Auwers and Anschiitz (Ber., 1921, 54, 1543) showed that the above view
needed modification, since non-acetylated o-hydroxychalkone dibromides
behaved similarly; they found that low temperatures favoured the production
of a flavone from a chalkone dibromide but were unable to offer any explanation

of the fact.
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Ryan and Ryan (Proc. Roy. Irish. Acad., 1930, 398, 427) considered
that the type of product depended on which bromine atom was the more
labile; this would be eliminated as hydrogen bromide before the acetoxy-
group was hydrolysed :
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They do not seem to have been aware of the work of Auwers and Anschiitz on
the free hydroxy-compounds.

Cullinane and Philpott (J.C.S., 1929, 1761) pointed out that when
chalkones derived from phloroglucinol were brominated, the bromine also
entered the phloroglucinol nucleus, and suggested that this bromine atom
favoured the production of benzylidenecoumaranones,

The object of the work outlined below was to find if possible the reason for
the dual course of the reaction, and then so to modify the conditions of the
reaction as to make it suitable for the synthesis of naturally-occurring
flavones; apart from its uncertainty the reaction has advantages in that
chalkones are, as a rule, easily obtained, and the flavones when produced are
formed in satisfactory yield.

Preliminary to the investigation, a survey of the literature showed that
the chalkone dibromides which gave benzylidenecoumaranones rather than
flavones could be divided into two classes:—

() Those derived from o-hydroxyphenyl p-alkoxystyryl ketones (III)

such as:—
OH
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(b) those derived from 2-hydroxy-4 : 6-dialkoxyphenyl styryl ketones
(IV) such as :(—
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|
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We will consider the two cases separately.!

Chalkones dibromides derived from o-hydroxyphenyl p-alkoxystyryl ketones.
Nearly 40 years ago when Kostanecki was abandoning the chalkone dibromide
reaction for the synthesis of flavones, Pond and Shoffstall (J. Amer. Chem.
Soc., 1900, 22, 658) showed that one of the bromine atoms in phenyl p-methoxy-
styryl ketone dibromide

&
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is labile and ean be replaced by alkoxyl on boiling with an alcohol. They
were incorrect in the view that it is the bromine nearer the keto-group which
is replaceable; various reasons can be adduced to show that it is the halogen
atom next the alkoxyphenyl nucleus that is labile (Dodwadmath and Wheeler,
Proc. Ind. Acad. Sci., 1935, 2, 439), the simplest being that the nucleus con-
taining the activating alkoxy-group may be expected to influence the nearer
halogen atom. Nadkarni, Warriar and Wheeler (J.C.S., 1937, 1798) showed
that the production of benzylidenecoumaranones in place of flavones from
o-hydroxy- or o-acetoxy-aryl p-alkoxystyryl ketone dibromides depends on
whether or no a fB-alkoxy-compound is formed. They found that o-acetoxy
phenyl «f-dibromo-g-3 : 4-methylenedioxyphenylethyl ketone,
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gave 3': 4'-methylenedioxyflavone: (a) on direct heating, (b) with hot
pyridine, (¢) with hot or cold aqueous sodium hydroxide containing acetone,
and (d) with cold aqueous alcoholic sodium hydroxide (Auwers and Anschiitz,
loc. cit.) or sodium carbonate : with (e) hot aqueous alcoholic sodium hydroxide
(Feuerstein and Kostanecki, Ber., 1899, 32, 316) or carbonate, the 3’ : 4'-
methylenedioxy benzylidenecoumaranone is obtained; intermediate formation
of the ethoxy-compound,

0-CO-CH
NS 3 00—
\/\CO-CHBr-CH(OEt)\ > ©

1 Price and Bogert (J. Amer. Chem. Soc., 1934, 56, 2442) have found that the
dibromides derived from 2-hydroxy-3: 4-dimethoxyphenyl o., m- and p-nitrostyryl
ketones also belong to Class (b).



270 T. S. WHEELER : SYNTHESIS OF SOME NATURALLY-

is to be expected with hot alcohol, but not readily in the cold. o-Hydroxy-
phenyl af-dibromo-g-3 : 4-methylenedioxyphenylethyl ketone gave similar
results, except that with hot pyridine no definite product was obtained. o-
Hydroxyphenyl a-bromo-g-ethoxy-g-3 : 4-methylenedioxyphenylethyl ketone,
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on being heated above the m.p. or with pyridine gave the flavone ; with sodinum
hydroxide or sodium carbonate in hot or cold acetone or aleohol the benzyli-
denecoumaranone was obtained. Once the ethoxy-compound is formed,
neither alcohol nor heat is necessary for the production of benzylidenecou-
maranone; all that is required is that sodium hydroxide or sodium carbonate
shall be present.

Further work in this Iaborato‘ry (S. N. Rao and R. K. Kamat) has shown
that a p-benzyloxy-group in the styryl nucleus of a chalkone dibromide also
renders labile the neighbouring bromine atom, so that an ethoxy-compound is
readily formed with aleohol; with alkali this ethoxy-compound gives the
benzylidenecoumaranone.

It has recently been found here (M. Samiulla, W. A. Hutchins and 8. N.
Rao) that with alcoholic potassium cyanide, the flavone is at once obtained
from compounds of the type
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It has also been shown (B. G. Acharya) that the o-alkoxy-group in the
benzostyryl nucleus of the chalkone dibromide:—
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also energises the nearer bromine atom, and that the ethoxy-compound which
can be obtained with alcohol gives rise to benzoflavones with alcoholic potas-
sium cyanide, and to naphthylidenecoumaranones of the type

0
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with alcoholic alkali. Tt may be mentioned that it has been shown (N. A.
Bhagwat) that the bromine atom in p-alkoxy-styryl compounds is more labile
than in the o-alkoxy-compounds; alkoxyl in the m-position has no activating
effect (cf., Bauer and Vogel, J. pr. Chem., 1913, 88, 329). The presence of a
nitro-group in the alkoxy-styryl nucleus renders the bromine inactive
(Dodwadmath and Wheeler, loc. cit.); the chlorine in chalkone dichlorides is
less active than the bromine in dibromides.

This theory it will be seen not only explains the observation of Auwers
and Anschiitz that working in the cold favours the formation of flavones, but
also their discovery that some dibromides under all conditions give flavones
only; if there be no activating alkoxyl group in the styryl nucleus, there is no
possibility of formation of an alkoxyl compound with alcohol.

We may write, therefore,
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It is known that the bromoethoxy-compounds of the type (V) readily eliminate
a molecule of alcohol to form an «-bromochalkone (see for example, Nadkarni,
Warriar and Wheeler, loc. cif.) which with alkali will give the benzylidene-
coumaranone (Kostanecki and Tambor, Ber., 1899, 32, 2267). An apparent
exception to this view is afforded by the o-hydroxynaphthyl p-alkoxystyryl
ketone dibromides which yield flavones with hot alcoholic alkali (Kostanecki,
Ber., 1898, 31, 708). This anomalous result has been traced (A. P. Khanolkar
and G. V. Deshmukh) to the fact that these dibromides are not readily soluble
in hot alcohol so that the formation of the ethoxy-compound is slow. If the
solubility of the dibromide is increased by addition of chloroform, ethoxy-
compounds which give benzylidenebenzocoumaranones with alcoholic alkali are
readily obtained.

The use of the ethoxy-bromides provides a certain synthesis of benzyli-
denecoumaranones. It may be noted that the method employed by Ingham,
Stephen and Timpe (J.C.S., 1931, 895), for the synthesis of benzocoumaranones
from a-naphthyloxyacetyl chlorides is ambiguous, and can give rise to either
of two compounds as shown:—
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These compounds can be condensed with aldehydes to give benzylidene
derivatives.

It will be clear, therefore, that a flavone can always be obtained from an
o-hydroxyphenyl alkoxystyryl dibromide by working without alcohol, so as to
prevent the formation of an ethoxy-compound. Direct heating will also
give the flavone. A better method, however, is to use potassium cyanide
and alcohol; this gives the flavone even though the ethoxy compound be
formed.

Chalkone dibromides from dzalkylpkloroacetphenone chalkones. Chalkone
dibromides derived from (IV) are known to give benzylidenecoumaranones
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with hot or cold alkali (Cullinane and Philpott, loc. cit.), and this has
precluded the synthesis by the method under investigation of some important
naturally occurring 5 : 7-dihydroxyflavones. The course of the reaction is here
to be referred to the fact that the bromine atom 8 to the keto-group is readily
eliminated as hydrogen bromide to form an a-bromochalkone (VI) and, in
fact, Kostanecki and Tambor (loc. ¢it.) obtained (VII) directly by bromination
of (VIII).
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A variety of experiments, however, showed, that when 2-hydroxy-4 : 6-
dimethoxyphenyl styryl ketone dibromides were heated above the melting
point or better in alcoholic solution with potassium cyanide the corresponding
flavone was obtained. Hot or cold alkali even in the absence of alcohol
yielded the benzylidenecoumaranone.

Synthesis of some naturally-occurring flavones: (W. H. Hutchins). Many
natur&lly~oceurring flavones require for their synthesis chalkone dibromides
falling within both of the above classes; that is 2-hydroxy-4 : 6-dimethoxy-
phenyl p-alkoxystyryl ketone dibromides. However, the observation that heat
or the action of potassium cyanide in alcoholic solution produces flavones
from both types of dibromides has enabled the three naturally-occurring
flavones, chrysin, apigenin and luteolin to be synthesised by the following
series of reactions:—
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For details of some of the work described above see :—Proc. Ind. Acad. Sci.,

2, 439; J. Uriv. Bombay, 1937, 6, 107; J.C.S.,
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