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BEFORE the synthetic dyestuffs industry developed, anthoxanthins were
commonly employed as mordant dyes and many vegetable sources containing
them were successflflly used for this purpose. More recently it has been
discovered that they have important physiological effects on the animal
system? Hence careful account should be taken of their presence in various
food materials. Among them the parsley plant is known to contain a
considerable amount of anthoxanthin. A number of earlier workers noted
the presence of the glycoside, apiin, in the seeds, leaves and stems of parsley.
This was first obtained in the crystalline condition by Lindenhorn z and was
shown by von Gerichten 3 to be a glycoside of apigenin. Apiin is of special
interest because it contains as a component sugar, a branched chain pentose,
apiose; it is an apiose glucoside of apigenin. The position of the disaccharose unit could be surmised from the earlier results on partial methyla.
tion of apiin and its hydrolysis. It was unequivocally established by the
experiments of Narasimhachari and Seshadri 4 by complete methylation
and hydrolysis whereby 5:4'-dimethyl apigenin (II) was obtained as the
product, thus proving that the 7-position was involved in the linkage with
the sugar unit (I).
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Considerable difficulty was experienced by earlier workers in getting
apiin in a crystalline condition. A successful method adopted by Perkin s
was as follows: To water kept continually boiling the apiin was added so
as to form a strong solution and the yellow liquid very rapidly concentrated
until a semi-solid, crystalline mass was obtained; this was collected while
hot with the aid of the pump, washed with a little hot water and finally
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prcssed, these operations being performed with rapidity. Obtained in this
way it forms a eolourless mass of fine silky needles. But this procedure
is not convenient to carry out and does not always give a crystalline and
non-sticky product. Further, no data has been available for quickly characterising apiin. Its melting point was reported to be 228 ° but its acetyl
derivative was not prepared and characterised. It was, therefore, felt necessary to get more information about apiin. First a convenient method of
crystallising this glycoside has now been worked out. The chief impurity
in apiin, which is very difficult to remove, seems to be of carbohydrate nature.
By the conversion of crude apiin into a lead salt and subsequent recovery
of apiin, it is found possible to effect its purification. On adding neutral
lead acetate to an aqueous solution of crude apiin, a small amount of a
greenish yellow precipitate is formed; it is discarded because it does not yield
any crystalline product on working up. Subsequent addition of basic lead
acetate gives a bulky yellow precipitate from which hydrogen sulphide
liberates apiin which then crystallises ,readily from alcohol. This product
melts at 230-2 ° and also forms a crystalline acetate melting at 249-51 °.
In the earlier work of Narasimhachari and Seshadri 4 complete methylation of apiin and hydrolysis gave a dimethyl ether of apigenin whose melting
point was found to be 265-7 °. The same melting point had also been
recorded by Zemplen et aL e for the dimethyl ether obtained from linarin.
This substance was also obtained by the oxidation of naringin with iodine
and sodium acetate followed by complete methylafion and hydrolysis.4 Its
properties agreed with the given constitution and there seemed to be little
doubt because of the agreement in the properties of the product obtained
from a number of sources. More recently Baker, Hemming and Ollis ~ in
connection with their work on buddleoflavonoloside obtained 5: 4'-dimethyl
apigenin having the melting point as 298 °. They also expressed the opinion
that the earlier preparations of the compound might have been impure. This
discrepancy could be due to (i) the use of not completely purified apiin
yielding impure dimethyl apigenin or (ii) the capacity of the product of
exhiibting dual melting point and hence there was need for the re{nvestigation of this question. The dimethyl apigenin sample melting at 265-7 ° did
not improve after repeated recrystallisation. In order to see if this was due
to the presence of a persistent impurity which could not be removed by
simple crystallisation, acetylation was made. This gave rise to an acetyl
derivative whose melting point agreed with that reported by Baker et al. v
for the acetate of 5 : 4'-dimethyl apigenin. When the acetate was hydrolysed
the resulting apigenin dimethyl ether melted at 297-98 ° agreeing with the
melting point reported by the above authors. In another experiment
A3
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crystalline apiin was fully methylated with excess of dimethyl sulphate and
potassium carbonate in anhydrous acetone medium till the product gave
no colour with ferric chloride, the methyl ether of the glycoside was purified
and then hydrolysed. The resulting dimethyl apigenin gave no difficulty
in purification and melted at 297-8 °. Thus the lower melting point recorded
earlier was due to the presence of a persistent impurity.
Von Gerichten 8 in his study of the parsley plant using leaves and stems
reported that it contained two glycosides. He hydrolysed the mixture and
obtained from the product both apigenin and diosmetin. He, therefore,
concluded that the original glycoside mixture consisted of apiin and tbe
corresponding glycoside of diosmetin. He does not appear to have isolated
apiin itself from the plant. Using seeds provided by Carters, London and
described a s ' Carters Champion Moss C u r l e d ' parsley plants were raised
in Delhi and in the fresh condition were extracted and studied for the presence of the glycosides. The crude product could be separated into two
fractions by treatment with cold acetone. The undissolved portion, when
purified by the lead acetate method, readily yielded pure apiin melting at
230-2 ° and forming an acetate melting at 249-51 ° . These were identical
with the samples obtained from parsley seeds and the identity was established
by taking mixed melting points. Therefore there is no doubt that the parsley
plant also contains apiin.
The acetone-soluble portion when similarly
purified using the lead salt method gave a product melting at 218-20 °.
Though the melting point was lower its reactions were similar to those of
apiin. On acetylation it formed an acetate melting at 249-51° and identical
with apiin acetate. The mixed melting point was undepressed. Thus there
seemed to be no other glycosidic substance in the extract except apiin. Even
the colour of the lead salt seemed to indicate that there was no significant
amount of diosmetin glycoside. This result is different from that of von
Gerichten 8 who reported to have obtained almost equal quantities of apigenin
and diosmetin in his extraction of the parsley plant. This chemical difference may probably be accounted for as due to varietal differences in the
parsley plant used for the experiments or due to the effect of climate.
EXPERIMENTAL

Isolation of Apiin from Parsley Seeds.--Air-dried powdered seeds of

parsley (600 g.) were soaked in petroleum ether. After 24 hours the extract
was decanted off. Two such extractions with this solvent removed most
of the essential oils, fatty and waxy matter. Then the seeds were extracted
first with cold alcohol (12 hours) and finally with boiling alcohol twice, each
hot extraction taking 6 hours. The combined alcoholic extract was con-
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centrated to small bulk under diminished pressure and cooled when a thick
gelatinous mass separated. Crude apiin was obtained as a fine yellow
powder by extracting the above gelatinous mass with ether in order to remove
chlorophyll, fatty matter and any free flavone that might be present. Yield,
13-0 g. (2"2~o).
Purification and Crystallisation of Apiin.--The above sample of apiin
could not be crystallised from alcohol. It separated as a gelatinous mass
when its hot alcoholic so!ution was cooled. It was purified in the following
manner: To a boiling aqueous solution of the crude apiin (4 g.) a solution
of neutral lead acetate was added dropwise till no more precipitate was
formed and the mixture filtered hot. The greenish yellow precipitate which
was very small in quantity was rejected. A solution of basic lead acetate
was added to the filtrate till no more precipitate separated. The bulky
yellow lead salt was filtered and while still wet was ground up and suspended
in ethanol and hydrogen sulphide was passed into the supension till the
decomposition was complete. The precipitatate of lead sulphide was filtered off. A f t e r boiling off hydrogen sulphide the alcoholic filtrate was
kept overnight when a cream coloured crystalline aggregate of apiin (2 g.)
separated out. On recrystallising from alcohol it was obtained as colourless needles melting at 230-32 ° (m.p. given by von Gerichten a 228°). In
alcoholic solution apiin gives a brown colour with ferric chloride and it
dissolves in 1~o sodium hydroxide and carbonate to form yellow solutions.
A 0"5Yo aqueous solution of apiin containing 0 - 2 ~ of potassium hydroxide
was employed for determining specific rotation; ~ , - - 1 3 0 °. (Found,"
C, 53-8; H, 5"1; C2nH28014, H20 requires C, 53-6; H, 5-2yo).

Apiin Acetate.--Apiin (0-7g.), anhydrous pyridine (2c.e.) and acetic
anhydride (10 c.c.) were refluxed in an oil-bath at 140-50 ° for 3 hours, cooled
and poured over crushed ice. The solid product was collected, washed
and dried (0.8 g.). It was found to be sparingly soluble in alcohol. It
crystallised from acetone as aggregates of colourless needles and melted
at 249-51 °, unaltered by further crystallisations. (Found: C, 55-4;H,
4.6; C4~H440~-.~ requires C, 56"0; H, 4" 9~o.)
Hydrolysis.--Crystal!ine apiin (0.5 g.) was refluxed with 7~o aqueous
sulphuric acid (100 c.c.) for 2 hours. Yellow ag!ucone started separating
out even after half an hour. It was filtered and crystalIised from aqueous
pyridine ; yellow needles, m.p. 343-5 °. Kostanecki et al. 9 give m.p. of apigenin as 347-8 °. Yield, 0.2g. It was acetylated using acetic anhydride
and pyridine. The acetate (0-I g.) crystallised from alcohol as colourlers
needles melting at 181-2 ° agreeing with the melting point of apigen]n tr]acetate described in the literature. 9
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Partial Methylation of Apiin and Hydrolysis (Acacetin).--Crystalfine

apiin (0-5 g.) was made into fine suspension in dry acetone (150c.c.) and
dimethyl sulphate (0.1 c.c.) and anhydrous potassium carbonate (2 g.) were
added and the mixture refluxed for 15 hours. It was then filtered and the
potassium salts (R) washed with h o t acetone. On distilling off the solvent
from the fiRrate a viscous semi-solid was obtained. It was directly hydrolysed by boiling with 7~o aqueous sulphuric acid for 2 hours when a pale
yellow aglucone separated.

The potassium salts residue (R) was found to contain further quantities
of the methylated glycoside. On dissolving it in water and adding sufficient
quantity of sulphuric acid not only to neutralise the carbonate but also to
raise the acid concentration to 7~o and heating under refluex for 2 hours,
a pale yellow solid was obtained. Combined yield, 0-1 g. It crystallised
from aqueous pyridine in the form of colourless needles melting at 257-8 °
and was identical with an authentic sample of acacetin.

Complete Methylation of Apiin and Hydrolysis.--A fine suspension of
crystalline apiin (2 g.) in dry acetone (150 c.c.) was methylated by refluxing
with an excess of dimethyt sulphate and anhydrous potassium carbonate
for 60 hours. It was then filtered and the potassium salts washed with hot
acetone. On distil!ing off the solvent from the filtrate a yellow sticky mass
separated. The excess of dimethyl sulphate was removed by washing the
methylated product a number of times with petroleum ether. The product
so obtained was dissolved in the minimum amount of boiling acetone. The
dimethyl ether of apiin was precipitated out by the addition of excess of
petroleum ether. After decanting off the acetone-petroleum ether mixture
the precipitated apiin dimethyl ether was dissolved in alcohol. From the
alcoholic solution, the methylated glycoside separated as a white gelatinous
mass which on subsequent filtration and drying melted at 145-50 °. It gave
no colour with alcoholic ferric chloride solution.
The methylated glycoside (1-5 g.) was hydrolysed with 7~o aqueous
sulphuric acid when a yellow solid separated out. The product crystallised
from alcohol as colourless rectangular prisms melting at 297-8 ° d. It dissolved in aqueous sodium hydroxide giving a yellow solution. Its alcoholic
solution gave no colour with ferric chloride.
The impure dimethyl ether of aglucone melting at 265-7 °4 was acetylated
using acetic anhydride and dry pyridine. The 7-acetoxy-5: 4'-dimethoxy
flavone crystallised from ethyl acetate-absolute alcohol mixture as colourless needles melting at 149-51 ° (identical with the melting point reported
by Baker et al.~). It was deacetylated by heating with alcohokand hydro-
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chloric acid (1 : 1) for 20 minutes over a boiling water-bath. The product
crystallised from alcohol as rectangular prisms melting at 297-8 °.

Extraction of the Parsley Plant.--Fresh stems and leaves of parsley
(29 lb.) were cut into small pieces and extracted twice by keeping them
immersed in cold ethyl alcohol for 48 hours each time. Final extraction
was effected by heating under reflux with alcohol for 6 hours on a water-bath.
Most of the alcohol was distilled off under diminished pressure from the
combined alcoholic extract (10 litres) and the concentrated solution filtered
hot under suction in order to remove some sticky greenish impurity. On
cooling the filtrate, a thick greenish gelatinous mass separated out. It was
filtered from the mother-liquor (M) and extracted with cold ether to dissolve
out chlorophyll and fatty matter. The resulting solid product was extracted
with cold acetone and filtered. The undissolved fraction was marked (A).
On distilling off acetone from the filtrate was obtained the more soluble
fraction (B). It was a semi-solid mass which was dried and subsequently
extracted with ether. It then became a definite solid.
By concentrating the mother-liquor (M) in stages till final evaporation
further fractions of solid were obtained. They were also extracted with
ether and separated using acetone into two fractions which were added to
A and B respectively. T o t a l yield of (A) was 75 g. and of (B)30 g.

Purification of Fraction (A).--The crude glycoside (2 g.) was purified
by means of lead acetate as described in the case of apiin from the seeds.
The behaviour of the sample was exactly the same. The crystalline glycoside melted at 230-2 °. Yield, 0-8g. The mixed melting point with
the authentic sample of apiin obtained from the seeds was undepressed.
It gave a brown colour with alcoholic ferric chloride and dissolved in 1~o
sodium carbonate to form a yellow solution. A 0- 5~o solution of this glycoside containing 2 ~ potassium hydrorSde gave a specific rotation of--130 °.
This was acetylated with acetic anhydride and pyridine and the acetate melted
at 249-51 °. The mixed melting point with apiin acetate from the seeds
was undepressed.
Purification of Fraction (B).--The procedure adopted for the purifica-

tion of this fraction was exactly similar to the one employed above. The
decomposition of the basic lead acetate fraction with hydrogen sulphide
gave a crystalline substance melting at 218-20 ° with sintering a few de~ees
earlier. The melting point was unaltered on recrystallisation from alcohol.
An alcoholic solution of the compound gave a brown colour with alcoholic
ferric chloride and dissolved in sodium carbonate solution giving a yellow
colour, A mixture of this with the apiin from the seeds melted between
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220 and 230°; there was no depression. Acetylation o f this glycoside was
carried out just as in the previous cases using acetic anhydride and pyridine.
The acetate crystallised from acetone as aggregate o f colourless fibrous
needles and melted at 249-51°. The mixed melting point with the authentic
sample o f apiin acetate was undepressed.
SUMMARY
An effective method for purifying apiin from parsley seeds is to convert
it into the lead salt and recover it by decomposition with hydrogen sulphide.
It then crystallises readily from alcohol and yields a crystalline acetate. The
work on the complete methylation and hydrolysis has been revised using
the pure sample and also purifying the methylated glycoside obtained as
intermediate. The resulting 5:4'-o-dimethyl apigenin is found to melt correctly at 297-8 ° as mentioned by Baker e t aL Even the impure sample
obtained earlier from crude apiin can be purified through its acetate, and
then its melting point is found to be higher as mentioned above.
Extraction of the parsley plant grown in Delhi yielded only apiin as
the anthoxanthin component and the presence of luteolin glycoside reported
by von Gerichten coc,id not be detected.
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