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It is known that the leaves of Phellodendron japonicum Max, (Japanese cork tree) and Ph, amurense Rupr. (Amur
cork tree) contain a considerable amount of flavonoid compounds [1-3]. We have studied the flavonoid composition of
the leaves of the Sakhalin cork tree (Ph. sachalinense (F. Schm. ) Sarg) in comparison with the flavonoids of the Amur
cork tree. The plants studied were grown in the Botanical Gardens of AS UKSSR, Kiev. It was found that both species of
cork tree contained about 10% of total flavonoid compounds representing more than ten components,

The combined flavonoids were separated into fractions, and three individual compounds were isolated. One of them,
from its physicochemical properties, was identical with hyperin [3], while the other two are probably new, since they are
distinguished by certain properties from fellamurin [1], amurensin [1], and phellodendroside [2] (see table) which have
been isolated previously from the Amur and Japanese cork trees.

The substances, which we have called phelloside and dihydrophelloside, give a positive cyanidin reaction and may
therefore be assigned to the flavonoid group. The bright red pigments obtained in the cyanidin reaction are soluble in
water, Fehling's solution is reduced by solutions of these compounds only after acid hydrolysis, which is characteristic for
glycosides, On borohydride reduction a red pigment is formed from dihydrophelloside, as in the case of flavanone deriva-
tives [4]. With zirconyl nitrate, solutions of both compounds are colored yellow, but the addition of citric acid decolor-
izes the dihydrophelloside solution [5].

The results of spectral studies in the UV region (see table), together with the qualitative reactions, show that phel-
loside (I) is a flavonol and dihydrophelloside (II) a flavanone [6]. In the presence of sodium acetate, the spectrum of
phelloside shows a considerable hypsochromic shift. This phenomenon is characteristic of flavonols with a free 3, 4'-di-~
hydroxy grouping [6]. In the spectrum of dihydrophelloside, instead of the expected bathochromic shift of the long-wave
maximum by 100-110 my that is observed in flavanones with free 4'- and substituted 7-hydroxy groups [6, 7], a shift of
only 30 mp was found. In the spectrum of dihydrophelloside, zirconyl nitrate caused a bathochromic shift of 60 mu which
disappeared when citric acid was added, and in that of phelloside a shift of 95 mp which merely fell to 50 my. Thus, it
was shown that phelloside has free hydroxy groups in positions 3 and 5 and dihydrophelloside a free hydroxy group only in
position 5 [8].

On oxidation with gaseous oxygen in aqueous solution, dihydrophelloside is slowly converted into phelloside, A
similar but faster conversion takes place when it is oxidized with hydrogen peroxide in an alkaline medium [1, 2]. Con-
sequently, the substance under investigation, provisionally described as 2 flavanone, is converted by oxidation into a
flavonol. As is well known, the same properties are possessed by the 3-hydroxyflavanones of the 2H:3H-trans series [9].
Consequently, dihydrophelloside is probably a flavanonol glycoside.

The aglycones of phelloside and dibydrophelloside obtained after acid and enzymatic hydrolysis contained the same
free hydroxy groups as the initial glycosides and could not be identified with known common aglycones. However, on the
basis of literature information on the flavonoids of the cork tree [1, 2], we assumed that the glycosides studied were de-

rivatives of alkylated compounds.

In order to eliminate a possible alkyl substituent, we treated the agiycone of phelloside with hydriodic acid in
phenol and acetic anhydride, and from the reaction products we isolated kaempferol (VIII) [10]. Alkaline cleavage of
the aglycone and steam distillation of the products gave isovaleric acid (VII) [1, 11]. These results permitted a compari-
son of the aglycones of phelloside and dihydrophelloside with B-anhydronoricaritin (VI) and phellamuretin (V) and the es-
tablishment of their respective identities.

A study of the spectral properties of the glycosides and their aglycones in the UV region showed, from the intensity
of their absorption (E{"i’gm ), that the glycosides must each contain two molecules of D-glucose [12]. This was confirmed
by determining the proportion of aglycones (48-50%) after complete acid hydrolysis of the substances obtained.

We obtained additional information on the structure of the glycosides in a study of the products of stepwise acid hy-
drolysis. Phelloside formed two monoglucosides, which were isolated by partition chromatography on a column of hydro-
cellulose. One of the monosides was identical in its physicochemical properties with amurensin (III), which contains a
carbohydrate substituent in position 7 [1]. The second had a free 7-hydroxy group and its carbohydrate substituent was
probably attached to an alkyl substituent in the y position. A knowledge of the optical rotation of this glycoside, —38.0°,
also indicates the alkyl nature of the glycoside, which has been named poricariside-1 (IV), since amurensin has an opti-
cal rotation of —66.0°, Furthermore, if the y-hydroxy group in the isopentyl substituent were not substituted by a sugar,
under the conditions of acid hydrolysis the free 7-hydroxy group would undergo dehydration with the appearance of a
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pyran ring, as in the case of phellamuretin and 8- anydrononcarmn [1, 11], formed on the complete cleavage of the
glycosides.

The results of enzymatic cleavage of the monoglucosides and also a comparison of the molecular rotations with the
corresponding phenyl and methyl glucosides give grounds for assuming that the D-glucose (IX) is present in the pyranose
form and the glycosidic linkage with the aglycone has the 8 configuration,

Thus, phelloside and dihydrophelloside are 7,y -di(O-8-D-glucopyranosides). Their structural formulas and chemi-
cal reactions can be represented in the following way:
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Experimental

The chromatographic analysis of the flavonoids and sugars was carried out on Goznak-85 paper in the following sys-
tems: 1) 15% acetic acid; 2) 30% acetic acid; 3) 1-butanol—acetic acid—water (4:1:5); 4) benzene—ethyl acetate—
acetic acid—formamide (24.5:78.5:2:1); 5) 60% acetic acid; 6) ethanol—water—25% ammonia (8:1:1), The spectral
studies in the UV region were carried out on an SF-4A spectrophotometer and those in the IR region on a UR-10 spectrom-
eter. The optical activities were measured on an SPU-3 spectropolarimeter.

Isolation of the flavonoids. One kilogram of the leaves of the Sakhalin cork tree or the Amur cork tree was ex-
tracted with methanol (10 7). The extract was evaporated in vacuum to small volume, diluted with water to 0,57 and
freed from chlorophyll with chloroform. The flavonoids were extracted from the aqueous solution with ethyl acetate, and
after evaporation of the extract the combined flavonoids were again brought into aqueous solution. The substances sepa-
rated into two fractions. The aqueous solution contained mainly dihydrophelloside and the precipitate phelloside. The
phelloside formed yellow needle-like crystals with mp 282~284° C (from 50% ethanol).

Found, %: C 55.07; 54.98; H 5.75; 5.70. Calculated for CsHyOj7, %z C 55.01; H 5.73,

On cooling, the aqueous solution deposited dihydrophelloside in the form of white needle-like crystals with mp 150~
152° C (from water).

Found, %z C 55.67; 56.59; H 6.23; 6.15. Calculated for C33HaO57, %2 C 56.63; H 6,19,

Oxidation of dihydrophelloside. A. Oxidation with oxygen. 2.0 g of dihydrophelloside was dissolved in 200 ml of
boiling water, and at a solution temperature of 50° C oxygen was passed through at the rate of 60 bubbles per min for a
week. The phelloside was produced in the form of a yellow crystalline precipitate,

B. Oxidation with hydrogen peroxide. A solution of 2.0 g of dihydrophelloside in 40 ml of methanol was treated
with 5 ml of 10% caustic potash and 1 ml of perhydrol, and the mixture was left for a day at 4° C. Then it was diluted
with water to 150 ml and neutralized with acid. A precipitate of phelloside deposited.

Complete acid hydrolysis of the glycosides. In drops, 20 ml of concentrated sulfuric acid was added to a suspension
of 1.0 g of phelloside in 20 ml of water. After 20 min, the solution was cooled and neutralized with 10% caustic potash.
This gave a precipitate of the aglycone (0.508 g) with mp 303-305° C (from ethanol).

Found, %: C 67.72; 67.81; H 5.12; 5.17. Calculated for CpHzOs, %oz C 67.79; H 5.08.

After evaporation to dryness and extraction with ethanol, the aqueous fraction was analyzed by paper chromatog-
raphy, and glucose was found. The hydrolysis of dihydrophelloside (1.0 g) under similar conditions gave the aglycone
(0.510 g) in the form of white needle-like crystals with mp 218-~220° C (from water).
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Found, %¢ C 67.47; 67.51; H 5.59; 5.63. Calculated for CygHpOg, %: C 67.41; H 5.61,
After chromatographic analysis, the carbohydrates of the hydrolyzate were identified as D-glucose.

Enzymatic cleavage of the glycosides. A solution of 1.0 g of phelloside in 1 ml of dimethylformamide was diluted
with water to 50 ml, 0.2 g of emulsin was added, and the mixture was left to hydrolyze in the thermostat at 36° C for 24
hr. Then ethanol was added to a volume of 150 ml and the mixture was heated on the water bath for 30 min. The precip-
itate that deposited was filtered off, and the ethanol was driven off from the filtrate. On cooling, a yellow crystalline
precipitate of the aglycone deposited with mp 304-305° C (from ethanol). The carbohydrates were identified as D-glu-
cose. Dihydrophelloside was hydrolyzed under similar conditions. This gave an aglycone with mp 219-220° C and D-

glucose.

Stepwise acid hydrolysis of phelloside. A solution of 2.0 g of phelloside in 200 ml of 50% ethanol containing 8% of
sulfuric acid was hydrolyzed by being heated in the water bath, the cleavage products being analyzed every 5 min. The
maximurm amount of intermediate products was formed after 30 min. At this stage the hydrolysis was stopped, and the so-
lution was neutralized with barium carbonate and evaporated to small bulk. The mixture of flavonoids was separated on a
column of regenerated cellulose with elution by means of 30% acetic acid. After well-separated zones had formed on the
column, elution was stopped and the column was divided according to the zones. Each portion of sorbent was eluted with
cold water to neutrality and the flavonoids were extracted with 70% ethanol. The extracts were analyzed by paper chro-
matography in several systems of solvents. The first portion was found to contain the pure starting material Ry 0.31, 0,54,
0.78), the third portion noricariside-1 composition CagH3¢052, mp 293-294° C (from ethanol), and Rf 0.25, 0.41, 0.64,
and the fifth amurensin Cpgt3y012, mp 290~291° C (from 50% ethanol, Rf 0.15, 0.27, and 0.54 in systems 1, 2, and 5,
respectively).

Dealkylation of the aglycone of phelloside. A mixture of 0.2 g of the aglycone with 4 ml of hydriodic acid (sp. gr.
1.7), and 3.2 ml of liquid phenol was heated at a gentle boil for 10 hr, After cooling, the reaction mixture was poured
into 60 ml of 20% sodium thiosulfate solution. The precipitate that deposited was filtered off and dissolved in ethanol,
the insoluble part being separated off, The filtrate diluted with water yielded kaempferol Cyst;(Os with mp 278-279° C.

Alkaline cleavage of the aglycone of phelloside. A solution of 1.0 g of the aglycone in 30 g of fused caustic potash
and 1 ml of water was kept in the fused state for 10 min. Then it was cooled and the mixture was dissolved in 200 ml of
water and neutralized with 10% hydrochloric acid to pH 3.0. The steam-~distilled cleavage products were found by paper
chromatography with reference samples in systems 3 and 6 (with Bromothymol Blue as the staining agent) to contain iso-

valeric acid.

Summniary

1. About ten substances of a flavonoid nature have been found in the leaves of Phellodendron sachalinense (F.
Schm, ) Sarg. and Ph. amurense Rupr.

2. The two species of cork tree each contain two new flavonoids, which have been called phelloside and dihydro-
phelloside. The results of chemical and spectroscopic studies have permitted phelloside to be characterized as the 7,y -
di-O-B-D-glucopyranoside of noricaritin and dihydrophelloside as the 7,y -di-O-8-D-glucopyranoside of dihydronoricari-
tin, the base of which contains kaempferol and aromadendrin,

3. Amurensin (the 7-8-D-glucopyranoside of noricaritin) and icariside-1 (the A~-O-8-D-glucopyranoside of noricari-
tin) have been isolated as intermediates in the stepwise hydrolysis of phelloside; the latter has not been previously found
in the Amur and Japanese cork trees,
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