pyridine was extracted with ether and dried (sodium sulfate).
After evaporation of the ether, the product was recrystallized from
benzene to give 0.3 g (40%) of V as pale-yellow crystals, mp 128—
130°.

Anal.—Calc. for C17H13N307: C, 54.98; H, 3.50; N, 11.32. Found:
C, 54.80; H, 3.60; N, 11.40.

2-Methoxy-6-methyl-1-nitro[ 1,4]benzodioxino[2,3-c]quino-
line (VI)—A stirred mixture of 0.37 g (0.001 mole) of V and 10 m}
of an aqueous solution of sodium hydroxide (10%) was gently
warmed on the steam bath for 2 hr. It was then cooled and neutral-
ized with hydrochloric acid (pH 7). The precipitated product was
recrystallized from ethanol to give 0.17 g (52%) of VI as yellowish-
green needles, mp 208-210°. The IR spectrum showed the absence
of an OH group. The NMR spectrum showed: (a) 7 7.41 (protons
of the 6-CHj group, 8), (b) 7 5.98 (protons of the 2-OCHj3 group, s),
(c) » 1.9 and 2.6 (three and four aromatic protons, two doublets
showing an AB system), and (d) r 3.02 (five aromatic protons, s).

Anal.—Calec. for cl7H12N205: C, 62.96; H, 3.70; N, 8.64. Found:
C, 63.06; H, 4.09; N, 8.46.
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Separation of Anthraquinone Glycosides and Aglycones

Using Electropaperography

TU-MING (CHENG) CHANG* and N. M. FERGUSON~*

Abstract 0 A method was developed using an electropaperogra-
phy apparatus for the separation of hydroxyanthraquinone deriva-
tives, both as glycosides and as aglycones. By using this technique,
a mixture of emodin, alizarin, and chrysophanic acid was separated
and identified by paper chromatography. Similarly, emodin mal-
toside and chrysophanic acid maltoside were separated and identi-
fied, and the glycosides of senna leaflets were separated and their
corresponding aglycones were identified.

Keyphrases 00 Anthraquinone aglycones and corresponding glyco-
sides—extraction and separation from plant material by electropa-
perography O Senna leaflets—extraction, separation, and identifi-
cation of glycosides and aglycones by electropaperography O Elec-
tropaperography—separation and identification of anthraquinone
glycosides and aglycones

For a number of years, considerable work has been
done on the identification of naturally occurring hy-
droxyanthraquinone derivatives. Numerous methods
can be found for the separation of anthraquinone de-
rivatives in several vegetable laxative drugs. Most
methods involve the use of either TLC (1) or column
(2) or paper (3) chromatography. Characterizations
of the anthraquinone derivatives by paper electro-
phoresis were first described by Core and Kirch (4)
and Siesto and Bartoli (5). These workers used single
strip paper electrophoresis to accomplish the separa-
tion of some hydroxyanthraquinones. The Ry value of
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each individual compound was determined after each
run.

The principle of applying, to a flowing liquid tnside
a porous medium, an electric field at right angles to
the central stream of the mixture to be separated was
initially proposed by several investigators (6-9). This
method, usually referred to as electropaperography
or continuous electrophoresis, is particularly useful
for the preparative separations of multicomponent
mixtures. The electrolyte solution flows in a direction
normal to the lines of force of the electrical field, and
the mixture to be separated is added continuously at
a small spot in the flowing medium. Components of
the mixture are deflected in different directions ac-
cording to théir electrophoretic mobilities and, after
passage through the entire plane of the flowing medi-
um, can be collected continuously at various posi-
tions. Electropaperography differs from other meth-
ods in one important and fundamental respect, i.e.,
the more slowly migrating components are not re-
quired to move over a path that has been previously
traversed by the more rapidly migrating components;
as a result, absolute separations can be effected. The
main purpose of this research was to use this method
in the separation of certain plant anthraquinone de-
rivatives, a method that has not been reported pre-
viously for these compounds.



EXPERIMENTAL

Separation of Emodin, Alizarin, and Chrysophanic Acid
Aglycones—After the components of the electropaperography ap-
paratus! (10) were thoroughly cleaned and the apparatus was as-
sembled, the two electrode vessels were filled with 0.01 M sodium
borate buffer, having an ionic strength of approximately 0.025 (pH
9.6), to approximately 2.5 cm above the horizontal portion of the
platinum electrodes. The three liquid compartments or solvent
vessels on top of the fractionation unit were then filled with the
borate buffer to a given level, depending on the desired speed of
fluid flow down the curtain. The buffer levels of the three liquid
compartments were kept constant by adding fresh buffer solution.
The fractionation surface was then placed on the position that
makes an angle of 18° with the fractionation unit. The precut
paper curtain® was positioned with the fractionation area centered
over the supporting fractionation surface plate; the electrode flaps
as well as the three solvent flaps were then inserted in their respec-
tive containers. The curtain was permitted to be wetted by capil-
larity for 2 hr, and the effluent was removed before applying the
sample to paper.

A 1% solution of equal parts of pure samples of emodin3, aliza-
rin4, and chrysophanic acid® (11) were prepared using 0.1 M aque-
ous potassium hydroxide as the solvent. The sample solution was
then fed by a 1-mm wide filter paper wick to the prewetted paper
curtain at point 1 marked on the paper curtain. A potential of 700
v was then applied across the platinum electrodes. After a steady
state was established, a current of 14 mamp was observed. To
avoid pH gradients that are formed during the experiment, the
electrodes were washed with fresh buffer every 24 hr.

After the potential was applied for 96 hr, the sheet was removed
and dried in a stream of warm air directed perpendicularly to the
fractionation area of the paper. When the sheet was inspected
under visible light, three distinct bands could be seen; the red
band led to drip points 5-7, the purple band led to drip points 9-
12, and the yellow band led to drip points 16 and 17. The various
fractions in the collecting tubes were then acidified with hydro-
chloric acid and extracted with chloroform. The combined chloro-
form fractions of each tube were evaporated in air to about 0.5 ml.

The chloroform fractions were then spotted on paper® and chro-
matographed by the ascending method using toluene alone as the

" running solvent (3). The paper was allowed to remain in the sealed
jar for about 2 hr. Following removal from the jar, the paper was
dried and sprayed with a 0.5% solution of magnesium acetate in
methanol and heated in the 90° oven for a few minutes. The devel-
oped chromatogram showed purple to pink coloration in daylight
and in UV light. The fractions from tubes 5-7 resulted in a spot
having an Ry value of 0.55, which was found to represent emodin
when compared on the same chromatograph with a reference sam-
ple of pure emodind. Similarly, fractions from tubes 9-12 were
shown to contain alizarin (Rf 0.99) when chromatographed with
pure alizarin4,

The final proof of identity was established through a compari-
son of IR spectra of the separated aglycones with those of the pure
compounds.

Separation of Emodin Maltoside and Chrysophanic Acid
Maltoside—The sample was prepared by dissolving equal parts of
emodin maltoside® and chrysophanic acid maltoside3 (11) in ap-
proximately 0.1 M cold aqueous potassium hydroxide to result in a
concentration of 1%. The background electrolyte used was 0.01 M
sodium borate buffer solution. The precut paper curtain? was wet-
ted for 2 hr, and the sample solution was then fed by a 1-mm wide
filter paper wick to point 3 on the paper. A potential of 600 v was
then applied; after a steady state was established, a current of 9
mamp was observed. At the end of 144 hr, the curtain was removed
and dried in the oven. On inspection under visible light, two dis-
tinct bands were seen; the red band led to drip points 6-10 and the
yellow band led to drip points 20-22. The contents in tubes 6-10
were then combined, as were also the contents in tubes 20-22.
Each fraction from the resulting collecting tubes was acidified and
allowed to evaporate in air to about 0.5 ml. Samples of each frac-

1 Misco electropaperography apparatus, Microchemical Specialties Co.,
Berkeley, Calif.

2 Schleicher and Schuell 598.

3 Synthesized by N. M. Ferguson.

4 Fisher Scientific Co., New York, N.Y.

5 Whatman No. 1.

Table I—Fractionation of Senna Leaflet
Glycosides and Their Aglycones

Fraction
14 15 16 17 18 19

R, Value
Glycosides, sodium 0.78 0.70 0.64 0.46 0.45 0.41
borate complexed
Glycosides, in acid 0.64 0.68 0.75 0.10 0.51 0.72
form
Aglycones, 0.98 0.96 0.94 0.92 0.93 0.91
potassium
hydroxide
hydrolyzed
Aglycones, 0.98 0.21 0.98 0.83 0.99 0.98
hydrochloric acid—- 0.20 0.82

ferric chloride
hydrolyzed

tion as well as samples of the pure glycosides were chromato-
graphed on paper® using a mixture of water-acetone-benzene (2:
1:4). After 2 hr, the paper was dried and developed with magne-
sium acetate solution. Fractions from tubes 6-10 showed a single
spot (Ry 0.10) corresponding to emodin maltoside when compared
with the reference sample of emodin maltoside3. Fractions from
tubes 20-22 showed a single spot (Ry 0.32) corresponding to chry-
sophanic acid maltoside when compared in like manner with pure
chrysophanic acid maltoside?.

As a further proof of the completeness of separation of the gly-
cosides, samples from each set of tubes were hydrolyzed with 10%
hydrochloric acid by refluxing in a boiling water bath followed by
extraction with chloroform. The chloroform fractions were evapo-
rated in air and chromatographed using toluene as the running sol-
vent. Tubes 6-10 yielded a single spot (R 0.55) corresponding to
emodin when chromatographed with the pure emodin®. Similarly,
tubes 20-22 yielded chrysophanic acid (R; 0.98) when chromato-
graphed with pure chrysophanic acid3,

Separation and Identification of Senna Leaflet Hydroxyan-
thraquinone Glycosides and Their Aglycones by Electropap-
erography—The extraction procedure of the crude drug was
based on the method described by Su and Ferguson (12) using
powdered senna®.

Separation of Aglycones—The chloroform layer was completely
air dried, and a 1% solution of the residue was prepared using 0.1
M aqueous potassium hydroxide solution. The background electro-
lyte solution (0.01 M sodium borate buffer, pH 9.6) was fed contin-
uously at point 3 by a 1-mm wide filter paper wick to the prewet-
ted? paper curtain. A voltage of 400 and a current of 12 mamp were
maintained for 144 hr after which fractions 1-22 were removed, air
evaporated to about 5 ml, spotted on paper®, and chromato-
graphed using toluene as the running solvent. Pure samples of
rhein3, aloe-emodin3, and chrysophanic acid3 were spotted on the
same paper for comparison. Following removal from the jar, the
paper was developed using the magnesium acetate solution pre-
viously described.

Fractions 12 and 13 yielded single spots with R; values of 0.02
and 0.03, respectively, corresponding to rhein. Similarly, fractions
15 and 16, with Ry values of 0.98 and 0.99, respectively, corre-
sponded to chrysophanic acid. Fractions 17 and 18, with Ry values
of 0.83 and 0.82, respectively, corresponded to aloe-emodin.

Separation of Glycosides from Senna—The alcoholic extract
was air dried, and a 1% solution was prepared in 0.1 M aqueous po-
tassium hydroxide. This solution was fed continuously by a 1-mm
wide wick to the borate buffer prewetted paper curtain? at position
3. A voltage of 400 and a current of 10 mamp were maintained dur-
ing 96 hr, after which the contents of fractions 1-20 were trans-
ferred to beakers and air evaporated to about 5 ml. These fractions
containing the sodium borate-complexed glycosides were then
spotted on paper® and chromatographed using water-acetone-ben-
zene (2:1:4). The chromatogram was developed using magnesium
acetate solution. The Ry values of those fractions showing spots are

6 Senna leaves, Cassia augustifolia, Delile, Tinnevelly No. 1, NF X, 40
mesh, Lot No. WEB-414, E-10317, S. B. Penick & Co., New York, N.Y.
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shown in Table 1. The remaining solution from each fraction was
then acidified to release the glycosides from the sodium borate
complex, dissolved in alcohol, spotted, chromatographed, and de-
veloped as before. The Ry values obtained are shown in Table I.

To determine the exact composition of the glycosides of senna
leaves as separated by electropaperography, samples of each frac-
tion were treated with potassium hydroxide and refluxed for 2 hr
in a boiling water bath. The solutions, after being cooled, were aci-
dified with hydrochloric acid followed by extraction with chloro-
form. The latter solutions were in turn evaporated in air to 20 ml,
and samples were chromatographed on paper® using toluene as the
running solvent. Development of the spots with magnesium ace-
tate solution resulted in the Ry values shown in Table 1.

The remaining chloroform fractions were then evaporated in air,
dissolved in dilute potassium hydroxide solution, and transferred
to the reflux flasks. They were hydrolyzed with a combination of
hydrochloric acid and ferric chloride by refluxing in a boiling water
bath for 3 hr. The content of each flask was then evaporated in air
to one-half the volume and extracted with chloroform. The chloro-
form solutions were evaporated in air to 3 ml and chromato-
graphed on paper® using toluene as the running solvent. Develop-
ment of the spots with magnesium acetate solution resulted in the
R values shown in Table L.

RESULTS AND DISCUSSION

Although the technique of electropaperography was applied in
the last decade to the separation of proteinaceous substances, it
has not yet been developed to a state where it can be routinely ap-
plied to the separation and purification of many plant constitu-
ents.

In this study, this method was applied to the separation of some
hydroxyanthraquinone glycosides and their aglycones, using 0.01
M sodium borate buffer solution as the background electrolyte.
The borate ions complex with the free hydroxy groups and, since
the position of the free hydroxy groups varies with each isomer,
the degree of borate complexing also varies and, in turn, changes
the molecular charge on the compound. The results were reproduc-
ible when constant conditions were maintained with respect to the
concentration of the buffer and the sample, the pH, the applied
potential, the rate of fluid flow, and the kind of paper curtain em-
ployed.

Electropaperography is not always the best method of separa-
tion even for the substances that it can separate. Older methods
such as fractional precipitation by organic solvents, salting out, di-
alysis, ion exchange, paper chromatography, and TLC are often
considered to be faster or more efficient. Electropaperography
should be used only for those separations for which it is more effi-
cient. It is an ideal tool for the separation of substances that have
high electrophoretic potentials and large differences in mobility.

Good separations were obtained when using a mixture of the
pure aglycones chrysophanic acid, alizarin, and emodin. A mixture
of pure glycosides consisting of chrysophanic acid maltoside and
emodin maltoside was satisfactorily separated, and the identity of
the fractions was proved by determination of their R; values as
well as the Ry values of their aglycones. Further proof was obtained
from IR spectral studies. In applying this method to a crude drug,
senna leaflets were extracted and the free aglycones were sepa-
rated and identified. The glycosides present were separated, hy-
drolyzed, and identified through the Ry values of their aglycones.
Since some senna leaflet glycosides occur in the dimeric form,
more than one aglycone may be produced through hydrolysis.

From Table I it is seen that the senna leaflet glycosides were
separated into six fractions. Fraction 14, on hydrolysis with potas-
sium hydroxide, produced chrysophanic acid (Rf 0.98). No further
change in Ry value occurred on hydrolysis with hydrochloric acid-
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ferric chloride solution, showing fraction 14 to consist of the mono-
meric glycoside chrysophanic acid glycoside. Fraction 15 yielded a
single spot (R; 0.96) on hydrolysis with potassium hydroxide. On
further hydrolysis in hydrochloric acid-ferric chloride solution,
only one spot (R; 0.21) was seen. Therefore, this fraction consisted
principally of di-rhein glycoside. Through a similar line of rea-
soning, fraction 16 was found to contain the aglycones rhein and
chrysophanic acid, resulting in the dimeric compound rhein-chry-
sophanic acid glycoside. Similarly, fraction 17 consisted of di-aloe-
emodin glycoside, fraction 18 of aloe-emodin—chrysophanic acid
glycoside, and fraction 19 of di-chrysophanic acid glycoside.

SUMMARY AND CONCLUSIONS

Methods were developed for the isolation and identification of
some hydroxyanthraquinone compounds from plant materials and
for the isolation of some hydroxyanthraquinone glycosides from
plant material together with a means of identifying them through
their corresponding aglycones. By using these techniques, senna
leaflets were shown to contain rhein, chrysophanic acid, and aloe-
emodin as free aglycones together with chrysophanic acid glyco-
side, di-rhein glycoside, rhein—chrysophanic acid glycoside, di-
aloe-emodin glycoside, aloe-emodin-chrysophanic acid glycoside,
and di-chrysophanic acid glycoside. The methods described here
should find wide application in the isolation of other types of plant
constituents from drug plants, because electropaperography pro-
vides larger amounts of individual constituents than the conven-
tional paper chromatography or TLC systems.
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