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poured into ice water containing 4.0 cc. of conc. HCl. The separated crystals were collected, washed with
water, and dissolved in 50 cc. of CHCl,. The CHCI; solution was washed with dil. NaHCO, solution and
water, dried over MgSO,, and the solvent was removed. The residue was recrystallized from AcOEt-
CHCI, to 221 mg. of colorless plates, m.p. 241~242°. Anal. Caled. for C,;H;0, (Diacetylgitoxigenin) :
C, 68.33; H, 8.07; COCH,, 18.14. Found: C, 68.30; H, 8.02; COCH,, 17.76. [w]g —6° (c=1.0%, CHCly),
AZOH 916 mu (log & 4.14).

Summary

Rhodexin-B, a cardiac glycoside of Rhodea japonica RoTh., was subjected to the Mannich
hydrolysis and oleandrigenin (16-acetylgitoxigenin) was obtained as the main product, to-
gether with gitoxigenin, dianhydrogitoxigenin, and rhamnose. From these results the existing
formulation for the structure of rhodexin-B and -C were corrected to 16-acetylgitoxigenin
rhamnoside (II) and 16-acetylgitoxigenin rhamnosido-glucoside (III), respectively. This re-
port constitutes the first example of the Mannich hydrolysis of the glycosides of oleandrigenin
linking with a 2-hydroxy sugar. ’

(Received April 30, 1958)
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of Coumarin Derivatives by Paper Chromatography.
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Studies on the metabolism of drugs are usefully applied for finding a drug which is stable
in human body keeping its direct effectivity. As a general method for such studies, several
workers have carried out chemical investigation on metabolic products excreted in urine after
administration of a certain drug in animals. The knowledge induced from the studies con-
cerning the fate of a drug in body and the maintenance period of effectiveness would play
an important part in improvement of medicaments.

A number of metabolic studies on chemicals have been reported, whereas constituents of
crude drugs has not been sufficiently studied. "

The present authors commenced studies on the metabolism of coumarin derivatives which
frequently occur in plants to examine their mode of action and the mechanism of detoxication.
Difficulties of this study arise from the coéxistence of similar constituents in plants and the
poor recovery of excreted product. In such a case paper chromatography was usefully
applied to analyse the excreted substances.

As a first step in this study, separation and identification of more than 30 kinds of
natural and synthetic coumarins were studied by paper chromatography.

The following works have already been published to deal with the paper chromatography
of coumarins:

Swendsen? separated and identified coumarins from Pimpinella saxifraga L., P. magna
L., and Angelica spp. using petroleum ether-benzene-methanol (25:20:10) as a developing
solvent system, but the result was not so satisfactory with variable Rf values.

Riedl and Neugebauer® employed the filter paper impregnated with ethylene glycol or
propylene glycol, and benzine as a mobile phase. Although this system gives fairly good
result for the separation of furocoumarins, it is not so easy to get a uniformly saturated

* Hongo, Tokyo (HHEE—, HE 7).
1) A. B. Swendsen: Pharm. Acta Helv., 27, 44(1952).
2) K. Riedl, L. Neugebauer: Monatsh., 83, 1083(1952).
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stationary phase on the filter paper and to keep the treated filter paper under a constant state.

Mitchell® reported that coumarin and dihydrocoumarin were separated paper chromato-
graphically using a mixture of dimethylcyanamide and formamide as a stationary phase and
petroleum ether as a mobile phase.

A buffered filter paper was first employed by Swain® for the separation of various cou-
marin derivatives and then by Reppel® for hydroxycoumarin derivatives.

The present authors examined various solvent systems for the paper chromatography of
mono-, di-, and tri-hydroxycoumarins and their closely related cinnamic acid derivatives to
obtain satisfactory results,

The multibuffered paper chromatography which had chiefly been used for the separation

of alkaloids® was also applied for hydroxycoumarins. '

The authors wish to thank Prof. S. Shibata of this laboratory for his kind advice. They are also
indebted to Prof. Ty. Ukita of this Faculty and Mr. T. Nakabayashi of Kochi University for their kind
supply of valuable samples.

Experimental

Materials—The following hydroxycoumarin derivatives were prepared for the present study: 3-
Hydroxy-" (m.p.153°), 4-hydroxy-(m.p.206°),9 5-hydroxy-(m.p.228°)," 6-hydroxy-(m.p. 250~252°),1
7-hydroxy- (umbelliferone) (m. p. 230~231°),*> 8-hydroxy-(m. p. 159~160°),'® 4, 7-dihydroxy- (m. p. 265°),1%
5,7-dihydroxy- (m.p. 272~275° (decomp.)) ,** dihydrocoumarin (b.p;,140~146°),' o-coumaric acid (m.p. 208~
209°),'> melilotic acid (m.p.80°),'> herniarin (m.p. 117~118°),'®) umbellic acid (m. p. 216°(decomp.)),
and umbellic acid 4-methyl ether (m.p.180~185°(decomp.)).?> Other materials used were those kept
in this laboratory. All the compounds were recrystallized, if necessary, to get chromatographically pure
samples. .

The EtOH solution of the samples was prepared for paper chromatography. A glass chamber (31x
22X 50 cm.) with a glass lid was used for developing paper chromatography of 35 sheets of paper (Toyo
Roshi No. 51, size 2X40 cm.). ‘

Solvent System—In the case of two-phase solvent systems, the organic sclvent layer was used as the
mobile phase.

i) n-BuOH-benzene-(NH,),CO; buffer (80:5:15); ii) H,O-saturated »-BuOH ; iii) #-BuOH-AcOH-
H;O (4:1:5); iv) CHCl,-AcOH-H,O (2:1:1); v) benzene-AcOH-H,0 (2:2:1); vi) EtOH-NH,OH-
H,O (80:4:16); vii) 20% KCI and viii) 2% AcOH.

Procedure—All the compounds indicated above were developed by the ascending method, using umbel-
liferone as a standard substance. The temperature was kept at 18°+1°, and the time of development as
given in Table I

Detection of Spots—i) Fluorescence: In almost all cases, the position of spots on the developed
paper was revealed by their fluorescence observed under ultraviolet light. In some cases where the
fluorescence was not observed at all or scarcely observed, 2N NaOH solution was sprayed to intensify the

fluorescence:

3) - L. C. Mitchell : J. Assoc. Offic. Agr. Chem., 40, 1029(1957).

4) T. Swain: Biochem. J., 53, 200(1953).

5) L. Reppel: Die Pharmazie, 12, 654(1957).

6) M. Schmall, E. G. Wollish, E. G. E. Shafer: Anal. Chem., 28, 1373(1956).
7) E. Erlenmeyer, W. Stadlin; Ann., 337, 290(1904).

8) M. A. Stahmann, I. Wolff, K. P. Link: J. Am. Chem. Soc., 65, 2285(1943).
9) H. Boshme: Ber., 72, 2130(1939).

10) H. von Pechmann, W. Welsh: I?id., 17, 1649(1884).

11) W. Bridge, A. J. Crocker, T. Cubin, A. Robertson: J. Chem. Soc., 1937, 1530.
12) H. Bshme: Ber., 72, 2130(1939).

13) S. Iguchi: Yakugaku Zasshi, 72, 125(1952).

14) S. Akai, K. Nakazawa: Ibid., 55, 788(1935).

15) Y. Ito, H. Kitagawa: Ibid., 73, 107(1953).

16) R. Fittig, G. Ebert; Ann., 226, 351(1884).

17) F. Tiemann, H. Herzfeld: Ber., 10, 286(1877).

18) F. Tiemann, C. L. Reimer: Ibid., 12, 996(1879).

19) E. Posen: Ibid., 14, 2745(1881).
20) L. Barth, J. Herzig: Monatsh., 10, 165(1926).
21) M. Fujita, T. Furuya, H. Itokawa: Yakugaku Zasshi, 78, 395(1958).
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TABLE I. Rf Values and Color Reactions of Coumarin and Related Compounds
UV-Fluo- Emer- Diazo-

Compound Solvent system e son’s l?ze‘d
A B C D E F G H teated NaOH o lic acid
Coumarin 0.86 0.83 0.89 097 0.96 0.85 0432)0.66 — GY(RO) (BrO)
Dihydrocoumarin 090 0.88 0.90 0.97 096 0.862) 0.602)0.762) — — (RB) (Br_O)
3-Hydroxycoumarin 044 081 0.85 095 0.89 064 042204620 — B — O
4-Hydroxycoumarin 038 084 090 085 044 0.75 040 02520 — — 'V Y
5-Hydroxycoumarin 062 085 0.89 084 030 0.67 042 053 — —b RV 10
6-Hydroxycoumarin 0.75 0.82 0.83 0.74 030 0.73 0.382) 0.442) {B —b) RV BrR
7-Hydroxycoumarin (umbelliferone) 055 083 0.88 0.77 031 072 037 046 bB bB — 1Y
8-Hydroxycoumarin 0.58 0.83 0.87 095 0 064 026 052 — — RV 10
4, 7-Dihydroxycoumarin 0.10 058 088 0.04 001 043 018 029 fB V V BrY
5, 7-Dihydroxycoumarin 0.24 085 0.88 0.06 0.01 048 0.17 026 B —b V BrY
6, 7-Dihydroxycoumarin (esculetin)  0.202) 0.542) 0.79 0.14 0.02 050202122030 B GY Br —
7, 8-Dihydroxycoumarin (daphnetin) 0.212)0.74 0.79 0.34 0.17 0452)0.33 042 — —b) Br 10
4,5, 7-Trihydroxycoumarin 0.18 0.272)0.68 002 0 049 008 025 1B B V YO
7-Methoxycoumarin (herniarin) 0.81 0.85 0.89 099 096 0.85 04320512 V V (R_V) (6)'
4-Hydroxy-7-methoxycoumarin 0.35 0.80 0.89 0.78 0.89 0.73 0.20 0 — B V Y
5, 7-Dimethoxycoumarin (citropten) 0.84 0.87 0.88 0.98 096 0.78 0.2920.392) B B (R—O) (BB()
6-Hydroxy-7-methoxycoumarin L
(esculetin 7-methyl ether) 0.62 0.73 0.77 095 0.78 060 0.32 0.34 {B b) P P
6-Methoxy7-hydroxycoumarin 034 078 078 092 040 068 02400310 bB bB V RV
(scopoletin)
6, 7-Dimethoxycoumarin — —_
(dimethylesculetin) 0.77 0.78 0.80 0.97 0.90 0.75 0.392) 0.49a) B B (RV) (O)
5, 7-Dimethoxy-6-hydroxy- 073 080 081 094 080 063 038053 fB — RV Y
coumarin (fraxinol)
7.8 Dihydroxy-6-methoxy- 007 063 0.68 036 007 037017 032 fB BG Br Y
coumarin (fraxetin)
Esculin 0.04 043 059 0 0 045 058 061 B bB — —
Daphnin 0.03 034 053 0 0 031 068 071 — —b RV RO
Fraxin 0.04 032 043 003 0 036 063 066 GB B Vv A%
o0-Coumaric acid 0.23 0.83 0.91 0.672)052 0.54 04420512 fB GY RV O
Melilotic acid 0.37 085 0.88 0.86 063 074 017 079 — — RV O
Umbellic acid 0.072) 0.732) 0.83 0.03 0 0.352) 0.252) 0.242) B bB RV O
Umbellic acid 4-methyl ether 0.15 0.79 091 0.622)0472)042 0162022 fB B RV O
Salicylic acid 0.34 084 0.90 095 093 068 063 067 V V RV 1Y
Gentisic acid 025 078 0.83 024 0.13 054 050206220 B GY IV —
Time taken for solvent front
to reach 30 cm. (hr.) 18 18 18 8 530 9 330 3
a) tailing spot f=faint, b=bright, 1=Ilight,
A : BuOH-benzene-(NH,),CO; buffer (80:5:15) B=blue, G=green, V=violet,
B: Water-saturated BuOH Y =yellow, Br=brown, R=red
C: BuOH-AcOH-H,O (4:1:5) O=orange, P=pink, —=colorless
D: CHCl;-AcOH-H,O (2:1:1) ( )=color produced by cleavage
E : Benzene-AcOH-H,O (2:2:1) 2 of lactone ring
F: EtOH-NH,OH-H,O (80:4:16) b) Brownish yellow in visible light
G: 20% KCl1
H: 2% AcOH

ii) Emerson’s reaction.?? 0.5% Na,CO,, 0.9% 4-aminoantipyrine, and 5.4% K;Fe(CN), solution were
sprayed successively.

iii) Diazotized sulfanilic acid was also used as a reagent for phenolic compounds.

The color reaction of these reagents developed on the paper chromatogram is indicated in Table I

Multibuffered Paper Chromatography—Atkins and Pantin buffers, ranging from pH 7.4 to pH 11.0,
was applied to the filter paper (Toyo Roshi No. 51, 2X40 cm.) within the 2-cm. zone by dipping a glass
rod. Each buffered zone was followed by unbuffered zone, 1cm. wide. pH Zones on the paper started with
pH 7.4 and increased in pH at intervals of 0.2. The paper treated as above was then developed by

21) M. Fujita, T. Furuya, H. Itckawa : Yakugaku Zasshi, 78, 395(1958).
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descending method in a glass chamber of Toyo Roshi Co., Model C, using ether as a developing solvent
for almost all the samples except dihydroxycoumarins for which BuOH was used (cf. Table II).
The spots on developed paper were detected as mentioned above.

TABLE II. pH Zone stopping Coumarin and Related Compounds on Multibuffered Paper

Compound pH zone Compound pH zone
3-Hydroxycoumarin 10.6 Coumarin >11
4-Hydroxycoumarin — Dihydrocoumarin >11
5-Hydroxycoumarin 10.8 7-Methoxycoumarin (herniarin) >11

. 6-Hydroxy-7-methoxycoumarin
6-Hydroxycoumarin 11.0 (essrculetgfn 7—methylyether) >
7-Hydroxycoumarin 10.6 6-Methoxy-7-hydroxycoumarin 88

(umbelliferone) : (scopoletin) :
8-Hydroxycoumarin 10.8 6, Z d]i) r::,:ilt}}:ﬁ }s{g,l(;feliilsrm >11
4, 7-Dihydroxycoumarin 7.4 0-Coumaric acid 8.4
5, 7-Dihydroxycoumarin 84 Melilotic acid 84
6.7 Dibydroxycoumarin 74 Umbellic acid 78
7,8-Dihydroxycoumarin 76 Umbelli :d 4-methyl eth 8.2

(daphnetin) . mbellic aci methyl ether .
4,5, 7-Trihydroxycoumarin — Salicylic acid 9.0

—: not developed

Results and Discussion

The Rf values of coumarins and their related compounds obtained by the present study
using various solvent systems are shown in Table I. The Rf values were taken from the
average of five experimental results.

The two-phase solvent systems resulted in round or slightly elliptical spots while the
one-phase solvent systems frequently gave tailing spots, especially in the case of separation
of methoxycoumarins and phenolic acids.

The acidic solvents, in particular that contain butanol, showed higher Rf values. Using
butanol-acetic acid-water, chloroform-acetic acid-water, and benzene-acetic acid-water, the
mono- and dihydroxycoumarins were separated, giving well-defined spots.

A successful separation of phenolic acids, and glycosides and their aglycones resulted by
using chloroform-acetic acid-water as the solvent. 2% Acetic acid, however, gave no agreeable
result, producing tailing spots.

Although most of the neutral solvent systems so far used in the present study frequently
gave tailing spots, water-saturated butanol was applied successfully for the separation of
dihydroxycoumarins, and coumarin glycosides and their aglycones. In this system, contrary
to the two-phase the glycosides showed higher Rf wvalue than that of the corresponding
aglycones (Fig. 1). '

The alkaline solvent system gave satisfactory result for the paper chromatographical
separation of coumarins in general, particularly butanol-benzene-ammonium carbonate buffer,
which was most usefully applied for monohydroxy- and methoxy—coumarins giving well-
defined spot without tailing. This solvent system was also used for quantitative determina-
tion of coumarins. -

The Relationship between Structure and Rf-Value of Coumarins—On examination of
the present paper-chromatographical study, noticeable relationship between Rf values and
the structures of coumarin derivatives was found, which might provide appropriate evidence
for the analysis of excreted metabolic products of coumarins.

When the main constituent of the acidic solvent system is more lipophilic, as in order of
butanol, chloroform, and benzene, the Rf value of mono- and dihydroxycoumarins with the
solvent shows much lower value (Fig. 2). Coumarin itself which has no substituent and
methoxycoumarins are not affected by the variation of lipophilic constituent of the developing
solvent system (Fig. 3).
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Fig. 1. One-phase Solvent System
containing Water
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In regard to the coumarin deriva-
tives which possess both hydroxy and
methoxyl groupings in the same mole-
cule, the effect of :lipophilic constitu-
ent in the developing solvent system is
not so essential in the 6-hydroxy com-
pounds, such as esculetin 7-methyl
ether, and is markedly observed in the
7-hydroxy compounds, such as scopo-
letin and fraxetin.

The Rf wvalues of phenolic acids
given with the solvent system of (a)
chloroform-acetic acid-water or (b) ben-
zene-acetic . acid~water depend on the
solubilities of the samples in the devel-
oping solvents as shown below (Fig. 3) :

Umbellic acid (Rf: (@) 0.03; (b)
0.00), gentisic acid (Rf: (a) 0.24; (b)
0.13), umbellic acid 4-methyl ether
(Rf: (@) 062; (b) 047), o-coumaric
acid (Rf: (a) 0.67; (b) 0.52), and sali-
cylic acid (Rf: (a) 0.95; (b) 0.93).

The Rf wvalues of mono- and di-
hydroxycoumarins were examined using

Rt Monoh hydroxycoumarins

Fig. 2. Acidic Solvents

Di-and  trifydroxycoumarins
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Fig. 3. Acidic Solvents
Rt Pono-ard dimethory- Coumarin and
. coumarns related compounds
10 Forniarin Ditydrocounann
Citrapten Coumarin
= Xmethlesculetin Salieylie acd
I Hdroxyheriarin
- Fraxind
Lsculetin Tnethy!-
-ether
Foalin Meliiotic aced
Deptnin
05| Covnaric acid
Umbellic acd
Fraxin A-methyl ether
- Scopoletin
\ \Genfz;s[c acid
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O | [ ] 1 r,//‘/ﬁ?ﬁdu//f acid
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Solvent system

acidic, neutral, and alkaline two-phase solvent systems which contain butanol as the main
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constituent. These compounds show
marked decrease of Rf values as the
reaction of the developing solvent

Fig. 4. Solvents containing Butanol

Morohydroxycoumarins — Di-and trikydrogycoumarins

changes from acidic to neutral and 10
alkaline (Figs. 4,5). This fact would -,
be explicable by the salt formation E ”5;3}
of hydroxycoumarins in alkaline ¢ 6 67
solvent. 8
The alkaline solvent system is -
suitable for the separation of mono- 48T
hydroxycoumarins whose Rf values - ;
rise as the acidity of the hydroxyl 7
decreases : 4-Hydroxy- (Rf 0.38), 3~ 0.5
hydroxy- (Rf 0.44), and 6-hydroxy- 3
coumarins (Rf 0.75). -~ .
The alkaline developing solvent
also gave a well-defined chromato- ~
gram of esculetin derivatives whose 51
Rf values decrease in the order ~ 8
shown below : Dimethylesculetin 457
0.77), esculetin 7-methyl ether B 47
(0.62), scopoletin (0.34), esculetin i : | | I |
(0.20), esculin (0.04). C B A C B A
The relative increase of Rf value Solvent system
of scopoletin in comparison with
Fig. 5. Solvents containing Butanol esculetin 7-methyl ether was almost
to the same extent as observed in
o MOM'C';”Z ::’:_’)’L”;Moxy— %‘;’Z@Zf wf;fa s umbelliferone and 6-hydroxycoumarin.
1o Therefore, it appears that the presence
Sardl of methoxyl in the ortho position of
2o Hergiarin é’i’@” Ditydrocsumarin hydroxyl group gives no marked effect
| Cotmpten G144} Counaren on the Rf values.
iy Dinethyl- As for multibuffered paper chro-
i fooulelin matography, 4-hydroxy- and 4,5, 7~
Fraxetry trihydroxycoumarins  failed to de-
- 755&722” Esculin velop with commonly used solvents
(Table II).
05— Dgptnin This method was also not so suita-
A ble for separation of individual com-
Fraxin .
= pound of mono- and dihydroxycouma-
ff%@fﬁ gﬁé’?j ;‘f rins, while it was successfully applied
- in the separation of monohydroxy- and
g;f;ﬁ;;fma%d dihydroxycoumarin groups. ‘
B The attempt to separate coumarin
g’”zﬁ;ﬁ;‘z and dihydrocoumarin, and o¢o-coumaric
i - etin - Unbellie avid and melilotic acids failed when using
| | | | | i multibuffered chromatography, but it
C B A C B A gave a quite agreeable result in the

Solvent System

separation of esculetin, scopoletin, and
esculetin 7-methyl ether.
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Summary
The paper chromatography of more than 30 kinds of natural and synthetic coumarin
derivatives was studied using 8 different solvent systems.

The relationship between Rf values and structure of compounds in regard to the pro-
perties of the developing solvent systems was discussed.

The separation of coumarin derivatives by multibuffered chromatography was also
studied.

(Received May 12, 1958)
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102. Mitiiti Fujita and Tsutomu Furuya: Studies on the Metabolism of Naturally
Occurring Coumarins. IL.Y Urinary Metabolites of Umbelliferone.

(Faculty of Pharmaceutical Sciences, University of Tokyo*)

The metabolism of umbelliferone (7-hydroxycoumarin), which is one of the most widely
distributed coumarins, was studied by Williams, et «l.,? who isolated its crystalline glucuronide
as a rabbit urinary metabolite. The paper chromatographical method was adopted for this
work for the qualitative and quantitative analysis of urinary metabolites of umbelliferone
using rabbit as an experimental animal.

Details of paper chromatography of coumarins were given in the preceding paper.

Experimental

Material —Umbelliferone, m. p. 230~231°, was synthetically prepared for this study.

Animals and Diet—Female rabbits (2.3~2.7 kg. body wt.) were kept on a diet of 350 g. lees of bean-
curd and 350 g. cabbage per day.

Dosing—Umbelliferone emulsified with 5 drops of Tween 80 and 10cc. of distilled water was ad-
ministered by stomach tube. The urine was collected 24 and 48 hrs. after administration of umbelliferone,
and covered with toluene to prevent bacterial contamination.

Identification of Urinary Metabolites—Urine excreted during 48 hrs. after oral administration of
520mg. of umbelliferone was acidified with dil. H,SO,, and then continuously extracted with ether for 6 hrs.
After drying over anhyd. Na,SO,, the brownish extract was evaporated to dryness at a low tempera-
ture. The residue was taken up in 30 cc. of acetone (Fraction F, Table II). After the addition of 100 cc.
of 18N H,SO,, the residual urine was hydrolysed by boiling for 2hrs. and then extracted with ether.
The residue after removal of the solvent was taken up in 30 cc. of acetone (Fraction C, Table II).

TABLE I. Rf Values and Color Reactions of Resacetophenone and g-Resorcylic Acid.

Solvent system UV-Fluorescence Emerson’s  Diazotized
Compound A D G H  Untreated 2N NaOH reagent sulfanilic acid
Resacetophenone 059 091 043 0.56 — — Vv Br
B-Resorcylic acid 0.17 050 042 0.52 — — RV Br-Y
TABLE II. Identification of Urinary Metabolites by Paper Chromatography
Compound F C
Umbelliferone + 4

4, 7-Dihydroxycoumarin — —
5, 7-Dihydroxycoumarin — —
6, 7-Dihydroxycoumarin (esculetin) — i -
7,8-Dihydroxycoumarin (daphnetin) — —
Umbellic acid —
Resacetophenone —
B-Resorcylic acid -

* Hongo, Tokyo (RHEE—, LA J7)
1) Part I: This Bulletin, 6, 511(1958).

2) J. A. R. Mead, J. N. Smith, R. T. Wiliams: Biochem. J., 61, 569(1955).
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