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SEVERAL h y d r o x y and methoxy stilbenes arc found to occur in nature,
particulafly in the heartwoods of plants. Further, somc stilbene derivatives
havc recently come into promincncc for thcir marked physiological properties; e.g., stilbamidinc is a well-known drug for the treatment of trypanosomc infections and stilbr
is a successful synthetic cestrogen. Coumaryl
styrenes rcsemblc stilbene derivatives in view of the aromatic charactcristics
exhibitcd by the pyronc ¡
Certain coumaryl styrenc de¡
were
needed in connection with an investigation on insecticides and fish poisons.
Besides thesc, thcrc was another interest in the preparation of coumaryl
styrenes. In the course of hcr work on the constitution of carthamidin,
Kuroda z was able to isolate besides the normal flavanone tetra-acctate
(~) (I), and the chalkone penta-acetate (/~) (II), a third acetate by high tempcraturc acetylation, which she designated y-acetate and formulated a s a
coumaryl styrene (III).
This was based on the assumption that the chalkonc structure of the
q
underwent further transformation analogous to Perldn's reaction
producing a couma¡ structure. But, no other cvidence was provided in
support, cxcept analysis for carbon and hydrogen.
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For the preparation of coumaryl styrenes, Dey and Row ~ utilised the
reactivity of the methylene group in coumarin-4-acetic acids such as (IV) and
condensed them with aromatic aldehydes in the presente of piperidine,
whereby eoumaryl styrenes were obtained.
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To serve our purpose, the following coumarin-acetic acids were prepared adopting the general method of Dey and Row 2 which consists in condensing the respeetive phenols with acetone dicarboxylic acid: 7-Hydroxy
coumadn,4-acetic acid (VII), 5: 7-dihydroxy couma¡
acid (V/XI),
5:%dimethoxy coumarin-4-acetic acid (IX), 5 : 7-dimethoxy-6-hydroxy
coumarin-4-acetic acid (X), 5:6: 7-trimethoxy coumafin-4-acetic acid (XI)
and 5: 8-dimethoxy-7-hydroxy coumarin-4-acetic acid (XII).
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Compounds (VID and (VIII) are already known.3 For the preparation
of 5: 7-dimethoxy-coumarin-4-acetic acid (IX), the methylation of the corresponding dihydroxy compound does not lead to good results. The diffieulty
seems to be related in some way with the presence of the 5-hydroxyl group.
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The direct condensation of O-dimethyl phloroglucinol with acetone dicarboxylic acid works smoot!fly and givcs much better yields. On the othcr
hand, 6-hydroxy-5 : 7-dimethoxy-coumarin-4-acetic acid (X) obtained from
2: 6-dimethoxy quinol undergoes methylation quite satisfactorily, and the
trimethoxy couma¡ acetic acid (XI) could be obtained in good yield. For
the preparation of 5: 8-dimethoxy-7-hydroxy coumarin-4-acetic acid (XII),
it has not been found to be necessary to use 2: 5-dimethoxy resorcinol. Its
dibenzyl ether, ah earlier intermediate in its preparation, could be direcfly
employed. If the temperature of the reaction mixture, during the condensation, is kept between 10~ and 12~ and not allowed to go too low, the
coumarin condensation is accompanied by debenzylation giving the required hydroxycoumarin acetic acid.
Of these, 7-hydroxycoumarin-4-acetic acid undergoes condensation with
benzaldehyde and vanillin, giving rise to the corresponding coumaryl
styrenes. There is considerable decomposition of the acid during this
reaction giving rise to the simultaneous formation of 4-methyl umbelliferone which has to be removed by repeated fractional crystallisation. The
products have aU the properties of coumaryl styrenes. Particulafly characte¡
is the colour reaction in alkaline solufions exhibited by the 4'-hydroxy
compound. The other coumarin acetic acids do not undergo condensation
with aromatic aldehydes, but they suffer decomposition yMding the corresponding 4-methyl coumarins. To avoid this, the Kn~venagel condensation
has been tried at temperatures lower than 120~ but the components do not
react. Protection of the carboxylic group by esterifir
also lr
to
inactivity. Hencr this method of preparing coumaryl styrenes is of limited
applicability and other altemative methods are being explored.
Meanwhile, some experimental work has been car¡
out to test the
validity of the suggestion of Kuroda I regarding the constitution of 7-acetates,
using simpler and more easily available flavanones and chalkones. 7-Hydroxy
flavanone and 2: 4-dihydroxy chalkone have been subjected to acr
under va¡
conditions. With acetic anhydride and sodium acetate at
I00 ~ both yir as the main product 7-acetoxy flavanone (m.p. 104~ The
diacetate of the chalkone could be obtained as a liquid by treatment of the
dihydroxy chalkone with acetyl chloride and pyridine. Both these acr
do not give any colour with ferric cMoride.
The above 7,hydroxy flavanone and dihydroxy chalkone were heated
with sodium acetate a¡ acetir anhydride at 180~ using cond~tions approximafing as closely as possible to Perkin's reaction, in order to get exclusively
the 7-acetate. Both yield as the main producta substance melting at 118o.
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Its composition agrees with the expectations f o r a coumaryl ztyrene structure, but its properties do not agree with 7-acetoxy-coumaryl styrene. Not
only are the melting points widely different, but on deacetylation with aicoholic hydrochloric acid, the y-acetate yields a colourless product w~ch
melts with decomposition at about 128 o, dees not give colour with ferrie
chlo¡
and dissolves in sodium hydroxide giving a colourles5 solution.
7-Hydroxy coumaryl styrene melts much higher; it is yellow and gives ah
orange coloured solution with alkali.
2-Hydroxy-4-methoxy chalkone, wken acetylated at 180~ with sodium
acetate and acetic anhydride yields a product, which should be considered
to be the chalkone acetate (fl-acetate). This behaviour is markedly different
from that of the hydroxy compound. The nature of the product is clear,
not only from its composition, but also from its hydrolysis giving rise to the
original chalkone. This would indicate that a v-acetate is not invariably
formed when high temperatures are employed for the aeetylation.
A s a more suitable example for verifying Kuroda's suggestion, the
acetylation of naringenin has becn examined next. in this case, the a- and
fl-acetates have been prepared earlier by Asahina: 1 The first was obtained
by hito by boiling naringenin with acetic anhydride and a drop of concentrated
sulphu¡ acid and its melting point was recorded as 55-56 o. A more convenient method ~ adopted in this laboratory is to use acetyl chloride and
pyridine in the cold and the melting point has been found to be higher (80~
The ~-acetate was obtained by Asahina et al. by heating naringenin with
acetic anhydride and sodium acetate. Its melting point has been recorded as
133-36 o. A third acetate has now been obtained by acety!ation of naringenin wŸ acetic anhydride and sodium acetate at 180o. Ir is very spa¡
soluble in solvents and melts at 193 o. These and its eomposition a ~ e e with
the expectations for a y-acetate. For reasons already explained, tbe required
styrene derivative (5:7: 4'-triacetoxy coumaryl styrene) could not be prepared for comparison. But the reactions of the 7,-acetate show definitely
that ir is n o t a coumaryl styrene de¡
Deacetylafion with alcoholic
hydrochloric aeid yields a product which is colourless, does not give fer¡
chlo¡
reaction and forros a pale yellow solution in alkali. On the other
hand, coumaryl styrenes having hydroxyl groups, particularly one in the
4'-position, are yellow in colour and give bright colours with dilute alkali.
From the results described in the above paragraphs, it should be concluded that the ~,-acetates are not eoumaryl styrene derivatives and their
mode of formation cannot be as suggested by Kuroda. Among other possibilities, they could not have the simple chalkone or flavanone skeletons
because the product of deacetylation from naringenin y-acetate does not
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gire any fr241 cbloride colour. This should be observed ir it were a
2-hydroxy chalkone o r a 5-hydroxy flavanonr
EXPERIMENTAL

7-Hydroxy coumaryl styrene
7-Hydroxy coumarin-4-acetic acid a (6 g.) was mixed with benzaldehyde
(3-5 g.), piperidine (10 drops) was added and the mixture heated under air
reflux at 130-35 ~ in ah oil-bath for 4 hours.
The resulting dark red sticky
mass was extracted with hot alcohol; the alcoholic solution on standing
f o r a week deposited an yellow crystalline mass of the styrene which was
filtered off and recrystallised from methyl alcohol, when. fine needles were
obtained. The yield was 1-5 g. The styrene melted at 213-14 o, dissolved
readily in aqueous sodium carbonate, and gave no colour with ferric chloride
in alcohol. It dŸ
in 10~ sodium hydroxide to forro ah orange solution wbich on standing of when warmed in a water-bath at 70 ~ for a minute
became colourless and on acidification gave the original substance (Found:
C, 77-7; H, 5" 1. CaTHa~O3requires C, 77.3; H, 5.4%).

7-Acetoxy-coumaryl styrene
7-Hydroxy coumaryl styrene (0"5 g.) was heated with aeetic anhydride
(5 c.c.) and fused sodium acetate (1 g.) in an oil-bath at 100~ for an hour.
The product crystaUised from dilute alcohol as colourless needles (0-4 g.)
melting at 198~ (Found: C, 74.6; H, 4.7. C19H140~ requires C, 74-5;
H, 4-5%).

7-Methoxy-coumaryl styrene
7-Hydroxy coumaryl styrene (0.5 g.) was dissolved in dry acetone (20 c.c.),
anhydrous potassium carbonate (3 g.) and dimethyl sulphate (0.3 c.c.) were
added and the mixture refluxed for 6 hours. The acetone solution was
filtered and evaporated whereby a colourless semi-solid was obtained. It
solidi¡
in contact with alcohol and on crystaUisation from alcohol gave
colourless needles having a pale yeUow tinge and melting at 149-51 ~
(Found: C, 78.2; H, 5.4. C18H~403 requires C, 77-7; H. 5.0yo).

7 : 4'-Dihydroxy-3'-methoxy-coumaryl styrene (VI)
7-Hydroxy coumarin-4-acetic acid (4.8g.) and vaniilin (3.3g.) were
mixed with pipe¡
(10 drops) and the mixture refluxed in an oil-bath, the
temperature of which was gradually raised to 130-35 o. Raising the temperature rapidly causes profuse decomposition of the couma¡
acid
into 4-methyt umbeUiferone. After 3.5 hours the deep red reaction mixture
was allowed to cool, when ah yellow viscous product was obtained. It was
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macerated with a smaU quantity of alcohol and left in the refrigerator when
it solidified to ah yeUow amorphous solid. It was subjected to repeated
fractional crystallisation from alcohol. The more sparingly soluble portion
was collected and crystallised from absolute methyl alcohol, when yellow
rectangular plates melting at 218~ were obtairted. Ir dissolved in aqueous
sodium bicarbonate with difficulty but was readily soluble in aqueous
sodium carbonate. Ir formed a bright red solution in aqueous sodium
hydroxŸ but the solution became colourless on st•
or when warmed
in a water-bath for a short time (Found: C, 67.4; H, 5.0. C18Hx4Os,
89
requires C, 67.7; H, 4.7~).

5: 7-Dimethoxy-coumarin-4-acetic acid (IX)
(i) 5: 7-Dihydroxycouma¡
acid ~ (3-5 g.) obtained from
phloroglucinol and acetone dicarboxylie acid was methylated by boihng with
dimethyl sulphate (5.5 c.c. excess) and potassium carbonate (30 g.) in dry
acetone (120 c.c.) for 6 hours. When the mixture was filtered and the
¡
evaporated 5: 7-dimethoxy-coumarin-4-acetic acid methyl ester
separated out as a pale pink amorphous solid. On re-crystallisation, a
colourless product melting between 120" and 130~ was obtained. !t was
found to be mixed with 5: 7-dimethoxy-4-methyl coumarin from which it
could not be separated. However, after boiling with 10~ sodium carbonate
for an hou r (hydrolysis), ¡
and acidi¡
of the carbonate solution,
5: 7-dimethoxy coumarin-4-acetie acid was obtained. Ir was puri¡
by
dissolution in aqueous sodium carbonate and reprecipitation with hydroclaloi:ic acid. It then melted with der
at 177".
(¡ O-Dimethyl phloroglucinol6 (12-5g.) was condensed in the usual
way with acetone dicarboxylic acid from 24 g. of citric acid, keeping the
temperature of the reaction strictly below 5o. The product (8 g.) was quite
pure and first melted at 205~ with decomposition, but on boihng with alcohol
in which it was very sparingly soluble, it got converted into the stable forro
which melted at 177~ (decomp.) (Found: C, 59.2; H, 5.0. C13Hx~O6
requires C, 59.1 ; H, 5.0H).
5: 7-Dimethoxy-6-hydroxy coumarin-4-acetic acM (X')
2: 6-Dimethoxy quinoF (8 g.) was condensed in the usual way~ with
acetone dicarboxylic acid (from 11-5 g. of citric acid) when 5: 7-dimethoxy6-hydroxy coumarin 4-acetic acid (6.2 g.) melting at 234* was obtained.
The acid dissolved in aqueous sodium carbonate to give an yellow solutiort
with green fluorescente. On recrystallisation from alcohol, extremely long
silky needles of the stable forro of the acid melting at 200~ (decomp.) were
obtained (Found: C, 56.0; H, 4.6. CI.~Hx~O~requires C, 55.7; H, 5.0~).
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5: 6" 7-Trimethoxy-coumarin-4-acetic acid methyl ester
5: 7-Dimethoxy-6-hydroxycoumariff-4-acetic acid (2.1 g.) was suspended
in dry acetone (250 c.c.), anhydrous potassium carbonate (20 g.) and dimethyl
sulphate (4 c.c.) were added and the mixture refluxed for 30 hours. The
potassium salts wcre filtered off and the acctone solution concentratcd. The
solid left behind (1.8 g.) was crystallised from acctone when colourless
needles melting at 140-41 ~ were obtained.
It was insoluble in aqueous
sodium carbonate as well as in sodium hydroxide, sparingly soluble in alcohol
and readily soluble in acetone (Found: C, 58.5; H, 4.5. C15H1sOvrequires
C, 58.4; H, 4"570).
5 : 6 : 7-Trimethoxy-coumarin-4-acetic acid (XI)
The above ester (1 "8 g.) was dissolved in the mŸ
quantity of
alcohol, 10~ sodium carbonate solution (40 c.c.) was added to it and then
heated on a steam-bath. After half an hour the ester was found to remain
unchanged and hence 10~ sodium hydroxide solution (20 c.c.) was added
and the heating continued for a further half hour. The solution was then
filtered from a small quantity of insoluble material and then cooled in ice
and acidified. The crude product on crystallisation from alcohol gave long
stout needles melting at 177 ~ (decomp.). It dissolved in aqueous sodium
carbonate without any fluorescence. It was readily soluble in alcohol and
moderately soluble in acetonc and chloroform (Found" C, 53.4; H, 4-7.
ClaHlaO~, H,O requires C, 53.8; H, 5.1~).

5 : 8-Dimethoxy-7-hydroxycoumarin-4-acetic acid (XH)
2: 6-Dibenzyloxy-l:4-dimethoxy benzene 8 (8 g.) was condensed with
acetone dicarboxylic acid (from 5.5 g. of citric acid) keeping the temperature
of the reaction between lO~ and 12o. If the temperature was kept low,
debenzylation did not take place effectively, the product became pasty and
the yield was considerably reduced. The maximum yield realised was 3.5 g.
The product on crystallisation from alcohol gave rectangular plates melting
with decomposition at 198~ (Found: C, 52-6; H, 4-6. CI~H~~O~, H~O
requires C, 52-3; H, 4.7~).

~,-Acetate o f 7-hydroxy flavanone
7-Hydroxy flavanone (0.6 g.) was suspended in acetic anhyd¡
(9 c.c.),
fused sodium acetate (0-7 g.) added and the,mixture heated under ah: reflux
in an oil-bath at 180~ for 8 hours. It was allowed to cool and the excess of
acetic anhyd¡
decomposed in the usual way by adding crushed ice to the
reaction mixture. After allowing it to stand overnight, the precipitated
acetate was filtered off and repeatedly crystallised from a mixture of one
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part of ethyl acetate and four parts of petroleum ether. The yield was very
poor, 50 m.g., m.p. 118o. The product on recrystallisation from alcohol
gave clusters of colourless needles melting at 119-20 ~ (Found: C, 70.5;
H, 6.0; loss on drying in vacuo at 110 o, 5"9yo. 7-Acetoxy coumaryl
styrene formula: C19H1404, H20 requires C, 70-3; H, 4.9; H~O loss,

5.6%).
AcetyIation of 2: 4-dihydroxy chalkone at elevated temperatures
2:4'Dihydroxy chalkone (1 g.) was suspended in acetic anhydride
(10 c.c.), fused sodium acetate (2 g.) added and the mixture refluxed for
8 hours at 180~ in an oil-bath. The product was worked up in the usual
way, and crystaUised from a mixture of ethyl acetate and petroleum ether.
It melted at the same temperature as the v-acetate of 7-hydroxy flavanone
(118~ o) and the mixed m.p. was undepressed. It gave no colour with
ferric chlo¡
in alcohol solution.

Acetylation of 2: 4-dihydroxy chalkone at lower temperatures
(i) 7-Aeetoxy flavanone.--2 : 4-Dihydroxy chalkone (0.5 g.), fused sodium
acetate (1 g.) and acetic anhydride (5 c.c.) were mixed together and heated
under air reflux at 100-10 ~ in an oil-bath for 2 hours. The product when
worked up in the usual way, yielded a colourless substance having a pale
yellow tinge and melting at 96-98 o. The yield was quantitative. When
crystallised from alcohol glistening long needles melting at 104-05 ~ were
obtained. The substance was found to be identical with 7-acetoxy flavanone
(see Ellison, 9 m.p. 98~
(ii) Chalkone diacetate.--2: 4-Dihydroxy chalkone, acetic anhydride and
fused sodium acetate were mixed in the same proportions as above and
heated at 125-30 ~ in ah oil-bath for 5 hours. After cooling, acetic anhydride
was removed under reduced pressure, the acetate taken up in ethyl acctate
and petroleum ether was added until turbidity appeared. It was allowcd to
stand for a short time and then filtered and concentrated. The acetate was
obtained as a viscous oil and ir gave no colour with ferric chloride. In contact with water, ir was found to undergo hydrolysis giving positive colour
test with alcoholic ferric chloride.
(iii) 2: 4-Dihydroxy chalkone (1 g.) was acetylated in the cold, with
acetyl chloride (0-72 c.c.) and pyridine (7 c.c.). Tt'e resulting product was
taken up in ethyl acetate and the ethyl acetate solution washed repeatedly
with ice-cold 1~ hydrochloric acid to remove the pyridine and once with
ice-cold sodium bicarbonate solution. It was again waslled with cold water,
the solution dried over sodium sulphate and the solvent finally distilled off.

$42

(MIs0 L. PO~NL~H A_~ T. R. SESHADm

The resulting oiIy product did not solidify even on keeping in the rcfrigcrator
for a l ong time.

Acetylation of 2-hydroxy-4-methoxy chalkone : 2.Acetoxy-4-methoxy chalkone
2-Hydroxy-4-methoxy cbalkone (1 g.) was heated with acetie anhydride
(10 c.c.) and fused sodium acetate (2 g.) at 180~ in an oil-bath for 8 hours.
It was allowed to eool, and crushed ice was added to the reactioa mixture and
the precipitated sticky mass of the acetate was purified by repeated crystallisation from ethyl acetate and petroleum ether mixture, when colourless
rectangular prisms (150mg.) melting at 66-68 ~ were obtained (Found: C,
73-6; H, 5.9; ClsH160~ requiresC, 73.0; H, 5.4~). When deacetylated
with aqueous alcoholic hydrochloric acid it yielded the original chalkoae.

~Acetate of naringenin
Naringenin (1 g.) was suspended in acetie anhydride (10 e.e.), fused
sodium acetate (2 g.) added and the mixture heated under air reflux in ah
oil-bath at 180~ for 8 hours. After cooling, th~ mixture was treated with
crushecl ice and aUowed to stand in order to decompose the excess of aeetie
anhydride. The precipitated solid was crystallised from a large volume of
alcohol when colourless glistening needles were obtained; m.p. 192-93 o.
Yield, 0-2g. (Found: C, 64-9; H, 4-6. Caleulated for 5: 7:4'-triaeetoxy
r
styrene formula: C~sHasOs. C, 65.4; H, 4-2~). The acetato
was dissolved in hot alcohol and ala equal volume of hot concentrated hydrochloric acid was added, when a lemon yeUow eolour was produeed, which
disappearcd after two minutes. The mixture was boilecl for 15 minutes (crea
a longer pefiod, 2 hours gave the sarne result) in a water-bath, aUowed to cool,
diluted with water and extracted with ether. On removal of ether, a colourless
product melting at 270-74 ~ separated out. Recrystallisation from alcohol
yielded colourless plates melting with decomposition at 274--5o. The substance was very soluble in alcohol and gave rto colour with ferrie chloride
and dissolved in aqueous sodium hydroxide to forro a pale yellow solution.
It did not give a positive reaction with magnesium and hydro:hlorie acid
for a flavanone (Found: C, 64.2; H, 4.9; loss on drying in vacuo at 120~
for 10 hours, 5-6~. Coumaryl styrene structure, C1~H~.~O6, H,.O requires
C, 64-9; H, 4.5. Water loss, 5.7~).
SUMMARY
A number of hydroxy and m~.thoxy coumarin acetic acids have been
prepared by the method of De)" and Row with a view to convert them into
the corresponding coumaryl styrenes. Except the simplest of them, Le., 7,
hydroxy coumarin-4-acetic acid, the others do not undergo the condensation with aromatic aldehydes, but suffer only decarboxylation. A study of
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the ~,-acetates obtairted by the high temperature acetylation of simpler
chalkones and flavanones indicates that they are not coumaryl styrenr
derivatives, though their compositiorts agree with such.
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