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5.66 p.p.m., 0;=5.85p.p.m., Jus=15.5¢C.p.8., Juc=6.0cC.p.8., Jpp=6.0c.p.s. A doublet (J=6.0
c.p.s) at 3.72 p.p.m. is assigned to the two equivalent protons (C). Decoupling shows that
these two protons are coupled to the clefinic proton (A). A quartet (doublet of triplets)
from the two equivalent protons (D) is coupled to the clefinic proton (B) and also to the
two adjacent methylene protons. Therefore, the structure of the metabolite is determined
as 2-(2-heptenyl)-3-methyl-4-quinolinol (XI).
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Studies on the Chemical Constituents of Chinese Drug ‘ Wujiapi”’

A Chinese drug “ Wujiapi” (EmE) was described in Chinese literatures since two
thousand years ago and widely employed as a tonic. As the original plants of this
drug, more than seventeen plants are recorded, most of which belong to .Araliaceae,
but only one, Periploca sepium Bee. LEME), belongs to Asclepiadaceae.'™?

It should be noted that the plants of different families are employed under the same
name for the same purpose. The drug material, ‘“ Wujiapi,”’ which was imported from
China was extracted with hot ethanol. After evaporation of the solvents in vaccum,
the syrupy brown residue was dissolved in water and extracted with benzene. The
benzene-soluble fraction was washed with 2N NaOH [Fr-IJ and then 2N HCI (Fr-13.

Dried material (Wujiapi)
lextd. with MeOH or EtOH
levapd., added H.O

Aq. soln. (suspension)

‘ extd. with benzene

! !
Benzene layer H.0O layer
\ extd. with 2N NaOH extd. with #~BuOH satrd. with H.O
! { ! !
Acidic and phenolic fraction Benzene layer n-BuOH layer Aqg. layer
[Fr. 1] | exta. with 23 HeL - [F© Vi (Fr. V]
l )
Basic fraction Benzene layer (Neutral fraction)
[Fr. I ' [Fr. I

Chart 1. Extraction and Isolation

1) “Zbong Yao Zhi” (dhf%7&), Vol. W, p. 402 (Pharmaceutical Institute, Chinese Academy of Medical

Science, Peking (1961)). 1) J. Sato; On the Chinese Medicinal Plants (#3EDRiE), p. 34 (Japan
Society for Promotion of Science, Tokyo (1959)).
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From Fr-I 4-methoxysalicylaldehyde® (I), C;HgO,, m.p.41° colorless leaflets (from
H,0) (oxime: m.p. 139°), was obtained by steam distillation.  3-Sitosterol and g-
sitosterol-8-p-glucoside Were«obtained from the benzene-soluble neutral fraction (Fr-1IJ,
and no basic substance was detected in- Fr-IL.

After removing benzene layer, the aqueous solution was extracted with #-BuOH
saturated with water [(Fr-IV]. ' »

Hydrolysis of Fr-IV was carried out under various conditions :

1. Refluxed with 0.06N H,SO,~50% MeOH or EtOH for 30 mins.®

2. Refluxed with 0.056N H,SO,-50% dioxane for 30 mins.

3. Refluxed with 3N H,S0,-50% MeOH or EtOH for 30 mins.

4. Refluxed with 3N HCl-Dioxane-Benzene=3:1:1 for 4 hrs.» . :

5. Allowed to stand in conc. HCI-Me,CO=0.1:10 at room temp. for 1 week.?

The thin-layer chromatogram (Kieselgel H; solvent A : AcOEt; solvent B : CHCl-
MeOH=95:5. Color reagent: 10% H,SO, or SbCl,) revealed the presence of more than
fourteen products in the hydrolysate (P-I~P-XIV).

After hydrolysis with acid, the reaction mixture was extracted with chloroform and
then purified on silica gel column developed with AcOEt. Six products,** P-V (0.06%),
P-VI, P-VI, P-WI (0.04%), P-X, and P-X (0.01%) were obtained in crystalline state, and
the chemical structures of three of them were established.

i o
H—C—0R H~C~0OR
) QR -
CHO
OH
RO” RO
OCH,
Ha:R=H ‘ Ila :R=H IVa : R=H
1 Ob : R=COCH, Iib : R=COCH, v IVb : R=COCHjs
Chart 2.

P-V, C,H,,0,-16H,0, m.p. 182°, colorless leaflets (from AcOEt), (@)% —55.5° (c=1.44
CHCl,); diacetate, C,;H;0,, m.p. 146°, (a)3 —55.3° (¢c=1.41 CHCI,). P-V was identified as
A5-pregnene-38,20a-diol® (Ila) by comparing with the authentic sample which was kindly
given us from Dr. G. Anner by mixed m.p., TLC (thin-layer chromatography) and IR
(infrared) spectra. .

P-Vl, C,H,0, m.p. 251° colorless needles (from EtOH and AcOEt), (a)% —65.0°
(c=0.63 EtOH) and its acetate, CyH,O,, m.p. 183, (a3 —97° (c=0.63 EtOH), were proved
to be identical with 4°-pregnene-38,16a,20a-triol (lla) and its triacetate” (Ib), respectively,
by the mixed fusion, TLC and the comparison of IR spectra with the authentic sample
of triacetate which was given us from Dr. D. K. Fukushima and Dr. H. Hirschmann.

*1 The figures in the parenthesis are the yields of the products obtained from the dried plant material.

2) T. Shimano, T. Kubota : The Annual Proceedings of Gifu College of Pharmacy, 1, 2 (1952).

3) R.E. Winkler, T. Reichstein : Helv. Chim. Acta, 37, 737 (1954). ,

4) C. Bighi, G. Saglietto: J. Chromatog., 18, 297 (1965).

5) C. Mannich, G. Siewert: Ber., 75, 737 (1942). , P

6) P. Wieland, K. Miescher : Helv. Chim. Acta, 32, 1922 (1942). : :

7) H. Hirschmann, et a@l.: J. Am. Chem. Soc., 74, 539 (1952). D.K. Fukushima : J. Org. Chem., 28, 2101
(1963). :
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The chemical structures of P-X, C,,H,,0;, prisms (from AcOEt or MeOH), m.p. 238°
(sint. 140°), [a)%*® +27°(c=0.667, CHCl,), and its monoacetate, C,;H;O,, prisms (from
AcOEt), m.p. 228, [a)%* +49.9°(c=1.22 CHCI,;), were established to be periplogenin (Va)
and its monoacetate® (Nb) by the mixed fusion, TLC and IR spectra with authentic
samples kindly given us from Prof. T. Reichstein.

The chemical structures of another crystalline substances, P-VI, m.p. 230°, colorless
needles (from AcOEt), P-VI, m.p. 239° colorless needles (from AcOEt) and P-X, m.p.
171~172° (sublime), colorless needles (from AcOEt) are now under investigation.

On the other hand, n-BuOH extracted fraction (Fr-V) was revealed to contain many
glycosidic substances (A~N) by TLC (Kieselgel H, solvent CHCIl;-MeOH-H,0=65:35:10
lower layer; color reagent: 10% H,SO,).

Fr-N was chromatographed on silica gel column using 10~15% MeOH-AcOEt
saturated with H,O as the solvent, and then purified on neutral alumina column with
CHCI,-MeOH-H,0=65:35:10 (lower layer).”

By these processes glycoside H was obtained, but it was revealed by PPC (Toyo
Roshi No. 52, inpregnated with formamide; solvent CHCl,-tetrahydrofuran-pyridine/for-
mamide=10:10:2/4;'" color reagent: SbCl;) that glycoside H was consisted of two sub-
stances (glycoside H; and glycoside H,). On repeated recrystallization of glycoside H
- from MeOH-AcOEt saturated with H,0O, glycoside H,, colorless needles, m.p. 180°, (aJ%
—32° (c=1.00 pyridine) (acetate m.p. 141°) was isolated.

Hydrolysis of H, with 3N HCl-dioxane-benzene=23:1:3 under refluxing for 4 hrs.
gave A°-pregnene-33,20a-diol (Ila) as an aglycone, and digitalose and glucose as’ the
sugar portions.

The presence of acetyl group in sugar moiety of glycoside H, was deduced from IR
spectra (1750 cm™), NMR (nuclear magnetic resonance) (r="7.9, 3H singlet in CDCl,;) and
examination of degradation products, but the total structure determination is now in
progress.

From chemotaxonomical viewpoint'? it is very interesting to note that the chemical
constituents of the drug, 4-methoxysalicylaldehyde has been found only in Periplocoideae
of Asclepiadaceae, while periplogenin in Asclepiadaceae, Apocynaceae and Scrophulari-
aceae.

4*~Pregnene-38,20a-diol and A°-pregnene-3p,16«,20a-triol have been known so far
as animal metabolites, and this is the first example of isolation of these substances
from plants.

By the present results, the original plant of the crude drug “Wu]1ap1 widely
used in this country has been shown to be Asclepiadaceae plant. -

The presence of cardiac glycoside and steroidal glycoside in the same plant is
noticeable from the biogenetical point of view.'® Tt would not be so improbable to
assume that the presence of these glycosides in this drug would be responsible for the
tonic effect of this crude drug. The pharmacological investigation is now under progress.

We are grateful to Prof. T. Reichstein, Institute fir Organische Chemie der Universitit Basel, to Dr.
G. Anner, CIBA Ltd., Basel, to Dr. D. K. Fukushima, Institute for Steroid Research, Montefiore Hospital and
Medical Center, to Dr. H. Hirschmann, Department of Medicine, Lakeside Hospital, Western Reserve Univer-
sity, and to Dr. J. Okano, Daiichi Seiyakit Co., Ltd. for their kind supply of the authentic samples.

Thanks are also due to Dr. Y. Kawazoe, National Cancer Research Center Institute, Tokyo, to Dr. T.
Hino, National Institute of Radiological Sciences for 'NMR Spectral measurement, to the members of

8) E. Ruppol, 1. Irukovic: J. Pharm. Belg., 10, 221 (1955). T. Reichstein, ef a@l.: Helv. Chim. Acta, 44,
904 (1961). : : '

9) T. Kawasaki, K. Miyahara : This Bulletin, 11, 1546 (1963).

10) R. Tschesche, G. Wulff : Chem. Ber., 94, 2019 (1961). :

11) R. Hegnauer : Chemotaxonomie der Pflanzen, Band I, Birkhiuser Verlag.

12) T.v. Euw, T. Reichstein : Helv. Chim. Acta, 47, 711 (1964).
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Analytical Laboratory of the Faculty of Pharmaceutical Sciences, University. of Tokyo for elemental analysis
and IR spectra and to the members of Botanical Ins‘atute of Tokyo" Mctropohtan University for the kind
suggestlon about plant material.
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“The Free Radical Reaction of Thiamine

Previously, the pyrolysis of thiamine disulfide and the reaction of S-anion (II) of
- thiamine (I) with potassium ferricyanide (Il) giving thiochrome have been discussed by
A.R. Todd, et al.*>® They have postulated the reaction mechanism involving a radical
process for these reactions. However, no coupling products of the S-radical with the
other free radicals have been obtained. Generally, an anion R-S™ reacts with l-equi-
valent electron abstracting reagent such as potassium ferricyanide to give a radical
R-S., and then the radical dimerizes.¥ This radical would also be able to couple with
some other radicals. For the confirmation of the radical mechanism of this reaction, 4~
. 0x0-2,2,6,6-tetramethylpiperidine-1-oxide (V)5> or 4-methyl-2,6- dl—t-—butylphenoxy radical®
was used as stable free radicals to scavenge the S-radical.

In the presence of V, the anion I reacted with Il at 5° to give a radical (), which
reacted immediately with V to afford a new derivative of thiamine (V) accompanied by
the disulfide (IX). It is considered that the sulfenamide compound VI would be formed

“via the coupling intermediate, (V) or (V[). The reaction mechanism can be illustrated
as shown in Chart 1. :

Vi showed m.p. 179° (from MeOH). Anal. Caled. for C,H,;,O,N,S: C, 57.91; H, 7.64;
N, 16.08; S, 7.36. Found : C, 57.78; H, 7.76; N, 16.29; S, 7.39. UV A2 my (log ¢) ¢
235 (4.17); 276 (3.77) (shoulder). IR cm™ (CHCI,; solution, 1.0 m/mNaCl, Grating): v,-g
3620; voon-m; 3480 vyy.g 33855 veo 1715, NMR (7)® in d,-DMSO : 2.08 (singlet); 2.13
(singlet), -N~CHO and -CH=in Pyrimidine. Rf value of paperchromatography : 0.70 (n-
BuOH, AcOH and H,O (4:1:5), Toyo-filter paper No. 51). And VI was negative to the
the thiochrome test” and turned out to be positive after the reduction with cysteine.
The hydrolysis of VI with hydrochloric acid at 80° gave 2-methyl-4-amino-5-amino-
methylpyr1m1dme dihydrochloride (X) and 4-o0x0-2,2,6,6-tetramethylpiperidine hydrochlo-
ride%(iX[) The reductwn of W with thzophenol in weak: acidic aqueous solution at 25°

1) A. R Todd, P. Sykes J. Chem. Soc, 1951, 534.»

2) P. Nesbitt, P. Sykes : Ibid., 1954, 4584,

3) S. Yurugi:  Yakugaku Zasshi, 77, 259; 264 (1957).

4) R. Stewart: ¢ Oxidation Mechanisms,” 85 (1964), W. A. Benjamin, New York.
5) E.G. Rozantzev, M. B. Neiman: - Tetrahedron, 20, 131 (1964).

6) K. Kotera :. This Bulletin, 13, 440 (1965).

7) W. Karrer : - Helv.- Chim. Acta, 20, 369 (1937).
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