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In the course of studies on the metabolism of saikosaponins, which are the main constituents of Bupleurum falcatum
L., nine new compounds derived from saikosaponin ¢ were isolated. On cleavage of the glycosidic bond of saikesaponin ¢
at 80°C in alcoholic alkali metal solution, prosaikogenins E-1, E-2, and E-3 were isolated, and their structures were
elucidated as 3-0-g-p-glucopyranosyl (1-6)-g-p-glucopyranoside of saikogenin E, 3-O-a-L-rhamnopyranosyl (1-+4)-
B-p-glucopyranoside of saikogenin E ang 3-0-B-p-glucopyranoside of saikogenin E, respectively. Furthermore, on the
treatment of prosaikogenins E-1, E-2, and E-3 with 1N sulfuric acid-dioxane solution for 4 h at 60 °C, prosaikogenins C-
1, C-2, and C-3 were formed [elucidated as 3-0-p-p-glucopyranosyl (1 ~6)-p-p-glucopyranoside of saikogenin C, 3-0-
a-L-rhamnopyranesyl (1-4)-p-p-glucopyranoside of saikogenin C, and 3-O-g-p-glucopyranoside of saikogenin C,
respectively, possessing a heteroannular diene moiety at C-11, 13(18)], together with prosaikogenins B-1, B-2, and B-3
[elucidated as 3-O-g-D-glucopyranosyl (1 —+6)-p-D-glucopyranoside of saikogenin B, 3-O-a-L-rhamnopyranosyl (1-4)-
B-D-glucopyranoside of saikogenin B, and 3-O-p-p-glucopyranoside of saikogenin B, respectively, possessing a

homoannular diene moiety at C-9(11), 12].
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diene; homoannular diene; '*C-NMR spectrum

Introduction

Triterpenoidal saponins of the root of Bupleurum fal-
catum L. have been examined chemically by many in-
vestigators' 7' and their pharmacological actions have
also been reported.'!''? However, the metabolism of
saikosaponins has not been investigated. In our previous
papers,'>'# we reported the cleavage of the ether ring of
saikosaponins a and d by rat gastric juice to produce
saikosaponins b, and b,, possessing a heteroannular diene
moiety. Saikosaponin g, possessing a homoannular diene,
was also obtained from saikosaponin a by the same treat-
ment. Furthermore, the hydrolysis of saponins obtained in
gastric juice by mouse intestinal flora produced monofu-
cosides, prosaikogenins F, A, H, G, and D, and their
aglycones, saikogenins F, A, H, G, and D. As regards
saikosaponin c, we reported'® the cleavage of the ether ring
by rat gastric juice to produce saikosaponin h (possessing a
heteroannular diene) and saikosaponin i (possessing a
homoannular diene), and their hydrolysis to saikogenins E,
C, and B by intestinal flora. However, the prosaikogenins
could not be isolated in the incubation mixture of intestinal
flora, since the amounts involved were too small. On the
other hand, we found a new alcoholic alkali metal deg-
radation to cleave the glycosidic bonds.'*~!” This new
reaction is effective to obtain partial hydrolysis products of
glycosides. By this method, we have obtained the pro-
saikogenins from saikosaponins a and d in satisfactory
yields.

This paper reports the isolation and structural identific-
ation of nine prosaikogenins from saikosaponin ¢ using
alcoholic alkali metal solution and acid, as well as compara-
tive corbon-13 nuclear magnetic resonance (**C-NMR)
studies of the compounds obtained.

Results and Discussion

Treatment of saikosaponin ¢ (1) with alcoholic alkali
metal solution (a mixture of n-butanol and sodium metal)
for 6 h at 80 °C, followed by the separation on a silica gel
column, gave the known saikogenin E (5) and three new

prosaikogenins E-1 (2), E-2 (3), E-3 (4) by the removal of
terminal glucose or/and rhamnose as shown in Chart 1.
Compound 2 was suggested to have a two-glucose moiety
at C3 of saikogenin E on the basis of the observation of the
two anomeric proton signals at §5.08 and 4.69 in the
proton nuclear magnetic resonance (H-NMR) spectrum.
The *C-NMR signals due to the sugar moiety of 2 were
also identical with those of the two glucoses of 1, as shown
in Table I. Thus, the structure of 2 was determined to be 3-
O-B-p-glucopyranosyl (1-—6)-B-pD-glucopyranoside of sai-

sodium metal
in spectroscopic grade n-butanol

Chart 1
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TaBLE I. '3C-NMR Spectral Data for Saikosaponin ¢ and Its Derivatives in Pyridine-ds
Carbon No. 19 2 3 4 59 6” 7 8 9 10 11¢ 12 13 14 159

1 38.4 38.5 38.5 38.6 38.8 38.6 38.4 38.4 38.5 38.8 374 375 37.5 37.6 37.8

2 26.5 26.6 264 26.6 27.9 26.5 26.6 26.4 26.5 28.1 271.3 27.3 27.1 27.2 28.8

3 88.9 88.9 88.9 88.8 78.0 89.0 88.9 88.9 88.8 78.5 88.8 88.8 88.7 88.7 71.7

4 39.6 39.7 39.6 39.7 39.5 39.6 39.6 39.4 39.6 39.6 39.7 39.7 39.6 39.7 39.6

5 55.8 55.2 55.3 55.3 55.3 55.3 55.2 55.3 55.3 55.7 S1.8 51.8 51.9 51.9 51.8

6 18.4 1799 1799 17.99  18.2 18.5 18.5 18.5 18.5 19.0 18.5 18.4 18.5 18.5 18.7

7 31.5 3.6 3199 3199 319 32.7 32.7 32.7 32.7 33.1 324 32.4 32.4 328 325

8 42.1 42.2 42.2 42.3 422 40.4 40.4 40.5 40.5 40.7 4319 431" 431 43.2 431

9 52.7 52.8 52.8 52.9 53.0 54.2 54.2 54.2 54.3 54.6 1547 1547 1546 1546 1549
10 36.2 36.3 36.3 36.4 36.7 36.5 36.5 36.6 36.6 37.3 38.7 38.8 38.7 38.8 39.1
11 1320 1321 1320 1321 132.1 1270  127.0 1269 1269 127.1 1t6.1  116.1 116.1  116.1 116.1
12 131.0 1311 131.3 131.3 131.2 1257 1256 1257 1257 1258 121.2 121.2 121.2 121.2 121.2
13 83.9 84.0 84.0 84.0 84.0 1358 1356 1355 1355 1367 1453 1452 1454 1454 1454
14 45.6 45.6 45.7 45.7 45.6 4439 4439 4407 4439 4469 432" 4320 431 43.3 433
15 36.2 36.1 36.1 36.2 36.3 34,87 3487 348 34.8 3510 361 36.1 36.1 36.1 36.1
16 64.0 64.0 64.0 64.1 64.0 76.6 76.6 76.5 76.6 76.5 66.8 66.8 66.8 66.8 66.8
17 46.9 47.0 47.0 47.1 47.0 44.49 4449 4439 4449 4489 406 40.6 40.6 40.6 40.6
18 52.0 52.1 52.1 52.2 522 1334 1333 1335 1334 1337 427 42.7 42.7 42.7 42,7
19 38.1 37.9 37.8 37.8 37.8 38.5 38.2 38.2 38.2 38.7 47.1 47.0 47.0 47.1 47.1
20 31.5 3167 316" 3179 316 327 32.7 32,7 32.7 32.8 31.0 31.0 31.0 31.1 31.0
21 34.8 34.7 34.7 34.7 34.7 351 3519 351 35.1 3547 341 342 34.2 34.2 34.1
22 25.7 25.8 25.7 25.8 25.7 30.0 30.0 29.9 30.0 30.2 26.1 26.2 26.2 26.1 26.1
23 27.8 27.9 27.9 28.0 28.4 28.0 279 28.0 28.0 28.5 28.4 28.3 28.4 28.4 28.9
24 16.3 16.4 16.4 16.4 15.9 16.4 16.5 16.4 16.5 15.8 17.1 17.1 17.1 17.1 16.6
25 18.1 18.29 1829 18.29 18.2 18.5 18.3 18.5 18.3 18.3 2119 2112 211 21.0 21.0
26 19.9 20.0 20.0 20.0 20.0 17.0 17.0 17.0 17.0 17.2 2120 2120 212 21.3 21.3
27 20.9 20.9 20.9 21.0 20.9 22.0 22.0 22.0 220 22.1 25.4 25.5 25.4 25.5 25.6
28 72.9 73.0 73.1 73.1 73.0 63.9 63.9 63.9 64.0 64.1 69.3 69.4 69.3 69.3 69.4
29 33.6 33.7 33.7 33.7 337 24.8 24.9 24.8 24.8 25.0 33.2 33.2 33.2 33.2 33.2
30 23.8 23.8 23.8 23.8 23.8 323 323 323 323 323 24.0 24.0 24.0 24.1 24.0

1’ 106.4 1069 106.7 1069 1067 107.0 106.7 107.0 106.7 1069 106.6 106.9

2’ 75.4 75.6 75.9 75.8 75.2 75.6 75.9 75.8 75.1 75.6 75.9 75.8

3’ 76.7 77.0 77.0 78.8 76.8 77.0 77.1 78.8 76.8 76.9 76.9 78.8

4’ 79.7 71.7 78.5 71.9 79.9 71.7 78.5 71.8 79.8 71.59  78.4 71.8

5 75.4 78.5 76.9 78.4 75.5 78.4 76.8 78.3 75.5 78.5 76.9 78.2

6’ 68.9 70.5 61.8 63.1 69.1 70.5. 61.8 63.1 69.0 70.5 61.7 63.1

1 102.7 105.5 1027 1029 1054 102.7 1029 105.5 1027

2" 72.5 75.2 72.6 72,59 75.2 72.6 72.5 75.2 72.6

3 72.5 78.5 72.8 7269  78.4 72.8 72.6 78.5 72.8

4 73.7 71.7 73.9 73.8 71.7 74.0 73.8 7179 74.0

57 70.5 78.5 70.3 70.6 78.4 70.3 70.6 78.5 70.3

6" 18.1 62.8 18.5 18.2 62.7 18.3 18.5 62.7 18.5

| S 104.9 105.1 105.1

2 74.9 74.8 74.8

37 78.2 78.4 78.5

4 71.3 71.4 71.4

577 78.2 78.4 78.4

6" 62.4 62.5 62.5

13C-NMR spectra were observed at 25°C.

kogenin E. On the other hand, compound 3 was suggest-
ed to have a glucose and rhamnose moiety at C3 on the
basis of the observation of two anomeric proton signals at
85.90 and 4.85 in the '"H-NMR spectrum and two anomeric
carbon signals at 106.7 and 102.7 in the *C-NMR
spectrum, and was concluded to be 3-O-a-L-rham-
nopyranosyl (1—4)-B-D-glucopyranoside of saikogenin
E. Compound 4 was determined to be 3-O-f-D-gluco-
pyranoside of saikogenin E on the basis of the observa-
tion of the anomeric proton signal at §4.92 in the 'H-
NMR spectrum and the anomeric carbon signal at 6 106.9
in the '3C-NMR spectrum.

Treatment of 1 with 1 N sulfuric acid—dioxane (1:1) for
4h at 60 °C, followed by separation on a LiChroprep RP-18
column, afforded saikosaponins h (6) and i (11) as reported

a) Taken from ref. 14. b) Taken from ref. 7.

¢—j) Assignments may be reversed in each column.

in our previous paper'® as shown in Chart 2. They were
identical with authentic samples. Similarly, compound 2
gave prosaikogenin C-1 (7) and prosaikogenin B-1 (12) by

the cleavage of the ether ring. Compound 7 was shown

to be 3-0-f-p-glucopyranosyl (1—- 6)-f-D-glucopyranoside
of saikogenin C based on the observation of an ultraviolet
(UV) absorption maximum at 250 nm, as well as two ole-
finic proton signals at §6.40 and 5.56 in the 'H-NMR
spectrum and four olefinic carbon signals at 6 125.6, 127.0,
133.3, and 135.6 in the '*C-NMR spectrum, indicative of
the existence of a heteroannular diene moiety at Cl1,
13(18). Compound 12 was also characterized as 3-O-8-D-
glucopyranosyl (1-6)-8-D-glucopyranoside of saikogenin
B based on the observation of a UV absorption maximum
at 280 nm, as well as two olefinic proton signals at 6 5.62
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1~ H2S0, : 1, 4-dioxane -

(1:1)
R
1: glc"—gllg~0—
rham
2: glcb-glc-O-
3: rham%-glc-O-
4: glcO-
5: HO-

1295

R R
6:glc—glg-O- 1: gle®glg-O-
rham rham
7. glet—gle-O- 12: glc®gle-O-
8: rham*-glc-O- 13: rham*-glc-O-
9: glcO- 14: glc-O-
10: HO- 15§: HO-

Chart 2

in the "H-NMR spectrum and four olefinic carbon signals
at$116.1,121.2, 145.2 and 154.7 in the 1*C-NMR spectrum,
indicative of the existence of a homoannular diene moiety
at C9 (11), 12. Treatment of 3 and 4 with IN sulfuric acid-
dioxane (1:1) for 3.5h at 60°C, followed by separation
on a LiChroprep RP-18 column, gave prosaikogenins
C-2 (8) and C-3 (9), and prosaikogenins B-2 (13) and
B-3 (14), respectively. Compounds 8 and 9 were conclud-
ed to be 3-O-a-L-rhamnopyranosyl (1—4)-g-D-glucopy-
ranoside of saikogenin C and 3-O-f-p-glucopyranoside
of saikogenin C, respectively, possessing a heteroannular
diene moiety at C11, 13(18), based on analysis of the UV
spectrum and 'H- and *C-NMR spectra. Moreover, com-
pounds 13 and 14 were elucidated as 3-O-a-L-rhamnopy-
ranosy! (1—4)-B-p-glucopyranoside of saikogenin B and
3-O-f-p-glucopyranoside of saikogenin B, respectively,
possessing a homoannular diene moiety at C-9 (11), 12.
Saikogenins C (10) and B(15) were derived from 5 by
similar acidic treatment.

As described above, we isolated 14 kinds of derivatives of
1 by the alcoholic alkali metal treatment and usual acidic
treatment. Saikosaponin c is expected to be converted into
these compounds in the alimentary tract and so these
compounds might be absorbed into the blood after oral
administration.

Experimental

All melting points were measured on a Yanagimoto microscope hot
plate and are uncorrected. Infrared (IR) spectra were determined on a
JASCO IR spectrometer. Optical rotations were measured with a DIP-140
digital polarimeter. UV spectra were taken with a Shimadzu UV-240
spectrometer.' H-NMR spectra were measured on a JEOL FX-100 spectro-
meter with tetramethylsilane (TMS) as an internal standard. The '3C-
NMR signal assignments were carried out by applying known chemical
shift rules and also by comparison with the reported data for known
compounds. The chemicals shifts are given in & values. Thin layer
chromatography (TLC) was performed on Kieselgel 60 (Merck) and
LiChroprep RP-18 (40—60 um) (Merck) was used. Saikosaponin ¢ used
in these experiments was supplied by Takeda Chemical Industries Co.,
Ltd.

Alcoholic Alkali Metal Treatment of Saikosaponin ¢ (1) Compound 1
(1.0 g) was dissolved in n-butanol (150 ml) and sodium metal (5.0 g) was
added. This mixture was allowed to react for 6 h at 80 °C. Then water was
added to stop the reaction. The butanol layer was washed with water three
times and evaporated to dryness. The residue (790 mg) was purified on
silica gel with the lower layer of chloroform—methanol-water (65:35: 10)
to afford recovered 1 (272.0 mg), prosaikogenins E-1 (2) (92.0mg), E-2 (3)
(1589mg) and E-3 (4) (62.3mg), and saikogenin E (5) (161.6 mg).
Compound 2 was obtained as a white powder, mp 221.0—222.5°C, [«]3
+25.3° (¢=0.2 in methanol). Anal. Calcd for C,,H¢s0, ;- 3H,0: C, 60.41;
H, 8.93. Found: C, 60.77; H, 8.58. Compound 3 was obtained as a white
powder, mp 200.5—202.5°C, [a]¥’ +24.7° (c=0.2 in methanol). Anal.

Caled for C,,Hg50,, - 3/2H,0: C, 63.69; H, 9.04. Found: C, 63.54; H, 8.83.
Compound 4 was obtained as a white powder, mp 213.5—214.0°C, [«]¥}
+42.5° (¢=0.2 in methanol). Anal. Calcd for C;oH 304 H,0: C, 67.90; H.
9.50. Found: C, 67.54; H, 9.45.

Acidic Treatment of 2, 3and 4 Compound 2 (92.0 mg) was dissolved in
dioxane (10ml) and IN sulfuric acid (10 ml) was added. The mixture was
stirred at 60°C for 4h. After cooling to room temperature, the mixture
was neutralized with 109/ sodium hydroxide solution and extracted with n-
butanol. The n-butanol layer was washed with water and evaporated to
dryness. The residue (56.5 mg) was separated into prosaikogenin C-1 (7)
(30.0mg) and prosaikogenin B-1 (12) (14.0mg) on a LiChroprep RP-18
column. The solvent system employed was metanol-water (3:1).
Compound 7 was obtained as a white powder, mp 202.5—205.0 °C, [«]}
—52.5° (¢=0.2 in methanol). UV AM%Hnm (¢): 242 (28580), 250 (31620),
258 (19980). Anal. Caled for C,,H30,,-3/2H,0: C, 62.43; H. 8.86.
Found: C, 62.45; H, 8.85. Compound 12 was obtained as a white powder,
mp 198—201.5°C, [«]’ +67.9° (c=0.2 in methanol). UV AMnm (¢):
280 (7530). Anal. Caled for Cy,Hgg0,5-4H,0: C, 59.14; H. 8.98. Found:
C, 59.89; H, 8.62.

Compound 3 (158.9mg) was dissolved in dioxane (10ml) and 1IN
sulfuric acid (10 ml) was added. The mixture was stirred at 60 °C for 3.5h.
After cooling to room temperature, the mixture was neutralized with 10%
sodium hydroxide and extracted with n-butanol. The butanol layer was
evaporated in dryness and the residue (87.6mg) was separated into
prosaikogenin C-2 (8) (32.8 mg) and prosaikogenin B-2 (13) (13.2mg) on a
LiChroprep RP-18 column. The solvent system employed was methanol-
water (5:1). Compound 8 was obtained as a white powder, mp 218.5—
220.0°C, [a]¥’ —46.7° (c=0.2 in methanol). UVAMOH nm (¢): 242 (26220),
250 (29190), 259 (18700). Anal. Calcd for C,,H¢50,,-H,0: C, 64.43; H,
9.01. Found: C, 64.34; H, 9.16. Compound 13 was obtained as a white
powder, mp 200.5—203.0°C, [a]5’ +68.1° (¢=0.2 in methanol). UV
MOH nm (g): 281 (6970). Anal. Caled for C,,He0,,2H,0: C, 62.98; H,
9.06. Found: C, 62.88; H, 9.27.

Compound 4 (62.3 mg) was dissolved in dioxane (10 mg) and 1 N sulfuric
acid (10 ml) was added. The mixture was stirred at 60 °C for 3.5h. After
cooling to room temperature, the mixture was neutralized with 109
sodium hydroxide and extracted with n-butanol. The organic layer was
washed with water and evaporated to dryness. The residue (39.5 mg) was
separated into prosaikogenin C-3 (9) (18.2 mg) and prosaikogenin B-3 (14)
(6.4mg) on a LiChroprep RP-18 column. The solvent system employed
was methanol-water (7:1). Compound 9 was obtained as a white powder,
mp 199.0—200.5°C, [a} —35.7°(c=0.2inmethanol). UV AMOH nm (¢): 242
(24020), 250 (26980), 259 (17190). Anal. Caled for C3;4H 04 H,0: C,
67.90; H, 9.50. Found: C, 67.24; H, 9.39. Compound 14 was obtained as a
white powder, mp 186.5—190.5°C, [«]¥’ +106.8° (c=0.2 in methanol).
UV A¥%H hm (¢): 280 (6780). Anal. Caled for C;4Hs30q - 2H,0: C, 66.03;
H, 9.54. Found: C, 66.07; H, 9.81.
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