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Ten furostanol saponins were isolated as five pairs of 25R and 258 epimers from the fresh rhizomes of Polygo-
natum kingianum. Seven of them were identified as new compounds, (255)-kingianoside D (2), (255)-kingiano-
side C (4), (25R,22)-hydroxylwattinoside C (5), kingianoside E (7), (255)-kingianoside E (8), kingianoside F
(9) and (255)-kingianoside F (10), together with three known saponins, kingianoside C (1), kingianoside D (3),
and 22-hydroxylwattinoside C (6). The structures of the new saponins were determinded by detailed analysis of
their 1D and 2D NMR spectra, and by comparison of the spectral data with those reported.
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The rhizomes of Polygonatum kingianum CoLL. et HEMSL.
(Liliaceae), one of the original plants known as Huang-jing
in traditional Chinese medicine, were used as a tonic remedy
to lung troubles and ringworm." It was planted mainly in the
provinces of Yunnan, Guizhou and Guangxi. The chemical
constituents of rhizomes of several Polygonatum species have
been studied, and the isolation and identification of steroidal
saponins have also been reported by several groups.” ¢ Fur-
ther phytochemical analysis of the rhizomes of Polygonatum
kingianum with attention to the water-soluble steroidal glyco-
side constituents led to the isolation of five pairs of stereoiso-
meric steroidal furostanol saponins, seven new saponins
named (25S)-kingianoside D (2), (255)-kingianoside C (4),
(25R,22)-hydroxylwattinoside C (5), kingianoside E (7),
(255)-kingianoside E (8), kingianoside F (9), (259)-
kingianoside F (10), and together with three known saponins,
kingianoside D (1), C (3), and 22-hydroxylwattinoside C (6).
This paper describes the structural determination of the seven
new saponins by detailed analysis of their 1D and 2D NMR
spectra, and by comparison of spectral data of some known
compounds.

Results and Discussion

The crude saponin fraction of Polygonatum kingianum was
fractionated by a combination of macroporous resin and sil-
ica gel RP-C18 column chromatography and preparative
HPLC to afford compounds 1—10. Compounds 1, 3, and 6
were identified as kingianoside D, kingianoside C,* and 22-
hydroxylwattinoside C,” respectively, based on their NMR
spectral data and by comparison of their physical properties
with those reported in literature.

Compound 2 was obtained as a white amorphous powder,
which gave positive Liebermann—Burchard and Ehrlish
reagent tests. It suggested 2 to be a furostanol saponin. Its
molecular formula was assigned as C,sH,,0,, on the basis of
the *C-NMR data (Tables 1, 2), high-resolution FAB-MS
(m/z 939.4609 [M(C,sH,,0,,)+Na]") and FAB-MS (m/z 899
[M+H—H,0]"). Furthermore, the prominent fragments at
m/z 737 [M+H-H,0—-162]", 591 [M+H—-H,0—162—
146]*, and 429 [M+H—H,0—162—146—162]" attribute to
the sequential loss of a methylpentose and two hexose
residues. 2 was hydrolyzed with acid to afford p-fucose and
p-glucose. The 'H-NMR spectrum of 2 showed two singlet
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methyl signals at 0 0.94 and 1.14, and two doublet methyl
signals at 6 1.02 (J=6.6Hz) and 1.53 (J=7.2Hz), which
were recognized as typical steroid methyls. Moreover, signals
for three anomeric protons at 6 4.78 (1H, d, J/=7.8 Hz), 4.81
(1H, d, /=7.8Hz), and 5.21 (1H, d, J=7.8Hz), and an
olefinic proton at § 5.31 (H, brs, H-6), could be readily as-
signed. The *C-NMR spectrum of 2 showed three anomeric
carbons at & 102.7, 105.0 and 107.0. The 'H-'H COSY
("H-"H shift correlation spectroscopy), HSQC (heteronuclear
single quantum correlation) and HMBC (heteronuclear mul-
tiple bond correlation) spectra enabled the glucose residue at
C-26 and the disaccharide moiety at C-3 to be assigned. In
regard to the glycosidic moiety, in the HMBC spectrum, the
anomeric proton signals of fucose (8 4.78, H-1), glucose (8
5.21, H-1") and glucose (6 4.81, 26-O-Glc H-1"") showed
correlations with C-3 of the aglycone (6 77.6), C-4 of fucose
(6 83.3) and C-26 of the aglycone (8 75.2), respectively. A
comparison of the data for 2 with those of 1 indicated that
both compounds possessed similar aglycone and sugar
chains.

In '"H-'"H COSY and HSQC spectra (Table 3) of 2, the pro-
tone signals of C-26 were observed at § 4.08 (1H, 26-Ha)
and 6 3.49 (1H, 26-Hb) in 2, instead of the proton singals at
6 3.95 (1H, 26-Ha) and 6 3.61 (1H, 26-Hb) in 1, and the dif-
ference (Aab) of the proton signals at C-26 of 2 was 0.59 and
that of 1 was 0.34. Then the configuration of the methyl
group at C-25 of 2 is S and that of 1 is R.*? Thus, these data
led us to assign the structure of 2 as (255)-[(3-O-B-p-glu-
copyranosyl-(1—4)-f-p-fucopyranosyl)oxy]-26-[( 3-p-glu-
copyranosyl)oxy]-22 &-hydroxyfurost-5-en-12-one, which is a
new furostanol saponin, and named (255)-kingianoside D.

Compound 4 was obtained as a white amorphous powder,
which gave positive Liebermann—Burchard and Ehrlish
reagent tests. It suggested 4 to be a furostanol saponin. 4 was
hydrolyzed with acid to afford p-glucose and p-galactose. Its
molecular formula was assigned as C,sH,,0,, on the basis of
the 3*C-NMR data (Tables 1, 2), high-resolution FAB-MS
(m/z 955.4542 [M(C,sH,,0,,)+Na] ") and FAB-MS (m/z 915
[M+H—H,0]"), which was the same as that of 3. Mean-
while, the 'H- and *C-NMR (Tables 1—3) spectra of 4 were
shown superimposable with those of 3, except for the proton
signals of C-26 at 6 4.08 (1H, 26-Ha) and 6 3.49 (1H, 26-
Hb) in 4, instead of the proton singals at 6 3.94 (1H, 26-Ha)
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Fig. 1. Chemical Structures of Compounds 1—10

and 6 3.61 (1H, 26-Hb) in 3, which showed that the configu-
ration of the methyl group at C-25 of 4 is S and that of 3 is
R.3) The 3,26-bisdesmoside structure of 4 was identified by
an HMBC experiment, in which long-range correlations were
observed between the H-1" and the C-4 of galactose, between
the H-1 of galactose and C-3, and between the H-1" and C-
26. Finally, by comparison of the NMR data of 4 with those
of 3, the structure of 4 was determined to be (255)-[(3-O-f-
p-glucopyranosyl-(1—)-B-p-galactopyranosyl)oxy]-26-[( 3-D-
glucopyranosyl)oxy]-22 &-hydroxyfurost-5-en-12-one, which
is a new furostanol saponin, and named (25S)-kingianoside
C.

Compound 5 was obtained as a white amorphous powder,
which gave positive Liebermann—Burchard and Ehrlish
reagent tests. It suggested 5 to be a furostanol saponin. 5 was
hydrolyzed with acid to afford p-glucose and p-galactose. Its
molecular formula was assigned as C,sH,,0,, on the basis of
the *C-NMR data (Table 1), high-resolution FAB-MS (m/z
957.4686 [M(C,H;,0,0)+Na]") and FAB-MS (m/z 917
[M+H—H,0]"), which was the same as those of 6. Mean-
while, the 'H- and *C-NMR (Tables 1—3) spectra of 5 were
shown superimposable with those of 6, except for the proton
signals of C-26 at 6 3.61 (1H, 26-Ha) and & 3.94 (1H, 26-
Hb) in 5, instead of the proton signals at 6 4.07 (1H, 26-Ha)
and 6 3.47 (1H, 26-Hb) in 6, which showed that the configu-
ration of the methyl group at C-25 of 5 is R and that of 6 is
S.” The 3,26-bisdesmoside structure of 5 was identified by
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an HMBC experiment, in which long-range correlations were
observed between the H-1" and the C-4 of galactose, between
the H-1 of galactose and C-3, and between the H-1" and C-
26. Finally, by comparison of the NMR data of 5 with those
of 6, the structure of 5 was determined to be (25R)-[(3-O-f-
p-glucopyranosyl-(1—4)--p-galactopyranosyl)oxy]-26-[( 8-
p-glucopyranosyl)oxy]-1p,3 5,22 £,26-tetrahydroxyfurost-5-
ene (5), which is a new furostanol saponin, and named
(25R,22)-hydroxylwattinoside C.

Compounds 7 and 8, which were each isolated as a white
amorphous power, were positive to Liebermann—Burchard
and Ehrlish reagent tests. It suggested 7 and 8 to be
furostanol saponins. 7 and 8 were found to have the same
molecular formula C5Hg,0,5, which were determined from
their HR-FAB-MS, FAB-MS and *C-NMR data (Tables I,
2). The high-resolution FAB-MS of 7 and 8 gave an
[M+Na] " ion at m/z 1117.5034 and 1117.5056, respectively.
The positive-ion FAB-MS of 7 and 8 showed the feature peak
at m/z 1077 [M+H—H,0]". 7 and 8 were hydrolyzed with
acid to afford p-glucose and p-galactose, respectively. In their
BC-NMR spectra, the proton and carbon signals due to the
sapogenol moiety of 7 and 8 were superimposable on those
of 3 and 4 having a 3f3,22,26-trihydroxyfurost-5-en-12-one
3,26-glycosidic structure. Comparing the *C-NMR data of
the sugar moieties at C-3 of 7 and 8 with those of hecogenin
3-0-B-p-glucopyranosyl-(1—2)--p-glucopyranosyl-(1—4)-
B-p-galactopyranoside,'? it was indicated that 7 and 8 had
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Table 1. 'C-NMR Data for the Aglycone Moiety of Compounds 1-—10 (Pyridine-ds, 125 MHz)

Position 1 2 3 4 5 6 7 8 9 10
1 37.0 37.0 37.0 37.0 77.8 77.8 37.0 37.0 77.8 77.8
2 30.0 30.0 30.0 30.0 41.1 41.1 30.0 30.0 41.1 41.1
3 77.6 77.6 77.8 77.7 753 75.3 77.9 77.9 753 75.3
4 39.1 39.1 39.1 39.1 39.7 39.8 39.1 39.1 39.8 39.8
5 140.9 140.9 140.8 140.7 139.2 139.2 140.8 140.8 139.3 139.3
6 121.4 121.4 121.5 121.5 125.1 125.1 121.5 121.4 125.1 125.1
7 31.8 31.8 31.8 31.8 323 323 31.8 31.8 323 323
8 30.9 309 30.9 309 329 329 30.9 309 329 329
9 52.4 52.4 52.3 52.3 51.3 51.3 52.3 52.3 51.3 51.3

10 37.6 37.6 37.6 37.5 43.6 43.7 37.6 37.6 43.6 43.6
11 37.6 37.6 37.6 375 242 24.2 37.6 37.6 242 24.2
12 212.8 212.8 212.8 212.8 40.5 40.5 212.8 212.8 40.6 40.5
13 55.4 55.3 55.4 55.3 40.6 40.6 55.3 55.3 40.7 40.6
14 559 559 559 559 56.8 56.8 559 559 56.8 56.8
15 31.8 31.8 31.8 31.8 32.7 32.7 31.8 31.8 32.7 32.7
16 79.7 79.7 79.7 79.7 81.1 81.1 79.7 79.7 81.1 81.1
17 54.8 54.8 54.8 54.8 64.1 64.1 54.8 54.8 64.1 64.1
18 16.0 16.0 16.1 16.0 16.7 16.7 16.1 16.0 16.7 16.7
19 18.8 18.8 18.8 18.8 13.7 13.7 18.8 18.8 13.7 13.7
20 413 413 413 413 40.7 40.8 413 413 40.7 40.8
21 15.2 15.2 15.2 15.2 16.5 16.5 15.2 15.2 16.5 16.5
22 110.8 110.8 110.8 110.8 110.7 110.7 110.8 110.8 110.7 110.7
23 37.1 37.1 37.1 37.1 373 37.2 37.1 37.1 373 37.2
24 28.4 283 28.4 283 28.4 28.4 28.4 283 283 28.2
25 343 344 343 344 343 345 343 344 343 345
26 75.2 75.2 75.2 75.2 75.2 75.4 75.2 75.2 75.4 75.4
27 17.4 17.5 17.4 17.5 17.5 17.5 17.4 17.5 17.5 17.5

Table 2. '"*C-NMR Spectral Data for the Sugar Moieties of Compounds 1—10 (Pyridine-d;, 125 MHz)

Position 1 2 3 4 5 6 7 8 9 10
Gla-1 102.9 102.9 103.1 103.1 102.7 102.7 102.8 102.8
2 73.5 735 73.4 73.4 73.3 733 73.3 733
3 75.5 75.4 75.4 75.4 75.6 75.6 75.6 75.6
4 80.0 80.1 79.9 79.9 81.0 81.0 81.0 81.0
5 75.2 75.3 753 75.3 76.8 76.8 76.8 76.7
6 61.0 61.0 60.9 60.9 60.4 60.4 60.4 60.4
Fuc-1 102.7 102.7
2 73.0 73.0
3 76.3 76.3
4 83.3 83.3
5 70.6 70.6
6 17.7 17.7
Gle'-1 107.0 107.0 107.1 107.2 107.1 107.1 105.2 105.2 105.2 105.2
2 75.6 75.6 76.0 76.0 76.0 75.9 86.2 86.1 86.1 86.1
3 78.6 78.6 78.7 78.7 78.7 78.7 78.7 78.7 78.5 78.5
4 71.8 71.8 72.3 723 72.3 723 71.9 71.9 71.7 71.7
5 78.5 78.5 78.5 78.5 78.5 78.5 78.2 78.2 78.2 78.2
6 62.9 62.9 63.2 63.2 63.2 63.2 63.2 63.2 63.2 63.2
Glc"-1 107.0 107.0 107.0 106.9
2 75.3 753 75.1 75.1
3 71.7 71.7 71.7 71.7
4 70.4 70.4 70.3 70.3
5 79.0 79.0 78.9 78.9
6 61.7 61.7 61.6 61.6
Glc"-1 105.0 104.9 105.0 105.0 105.2 105.0 105.0 105.2 105.2 105.2
2 75.3 752 75.3 753 75.0 75.0 75.0 75.0 75.0 75.0
3 78.7 78.7 78.8 78.8 78.5 78.5 78.7 78.7 78.6 78.6
4 71.8 71.7 71.8 71.7 71.7 71.7 71.8 71.8 71.8 71.8
5 78.5 78.5 78.7 78.7 78.6 78.6 78.5 78.5 78.5 78.5
6 62.9 62.8 62.9 62.8 62.9 62.9 62.9 62.9 62.8 62.8
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Table 3. Partial 'H-NMR Data for Compounds 1—10 (Pyridine-d;, 600 MHz)
Position 1 (25R) 2 (258) 3 (25R) 4 (255) 5(25R) 6 (259) 7 (25R) 8(259) 9 (25R) 10 (259)
18 1.14s 1.14s 1.14s 1.14s 0.95s 095s 1.14s 1.13s 0.95s 0.95s
19 092s 0.94s 091s 0.92s 1.20s 1.20s 0.92s 0.90 s 1.20s 1.21s
20 220m 220 m 2.19m 220 m 221m 220m 221m 2.19m 220m 22lm
21 1.53d6.6 1.53d7.2 1.54d 6.6 1.52d6.6 1.29d7.2 1.27d7.2 1.53d7.2 1.51d6.6 128d6.6 1.27d6.6
23 1.49m 1.96 m 149 m 1.95m 149 m 1.96 m 1.49m 1.95m 1.48 m 1.96 m
2.02m 2.05m 2.02m 2.03m 2.02m 2.05m 2.02m 2.05m 2.02m 2.05m
24 1.66 m 1.67 m 1.66 m 1.67 m 1.67 m 1.65m 1.66 m 1.67m 1.67 m 1.67 m
2.03m 2.03m 2.03m 2.03m 2.03m 2.03m 2.03m 2.05m 2.03m 2.04 m
25 1.92m 1.91m 1.92m 1.92m 1.92m 1.91m 1.92m 1.93m 1.92m 1.92m
26 3.61dd 3.49dd 3.61dd 3.49dd 3.61dd 3.47dd 3.60 dd 3.48 dd 3.61dd 3.49dd
6.0,9.0 7.2,9.0 6.0, 9.6 6.6,9.0 6.0,9.0 6.6,9.0 6.0,9.0 6.6,9.0 6.0,9.0 7.2,9.0
3.95m 4.08 m 3.94m 4.08 m 3.94m 4.07 m 3.96 m 4.08 m 395m 4.08 m
27 097d6.6 1.02d6.6 098d6.6 1.02d6.6 0.97d6.6 1.02d6.6 097d6.6 1.01d6.6 097d6.6 1.01d6.6
Gal-1 4.86d7.8 486d7.8 491d7.38 494d78 487d78 487d78 492d78 493d7.8
2 438m 438 m 438 m 438 m 447 m 447 m 449 m 449 m
3 422m 422m 422m 422m 4.08 m 4.08 m 4.08 m 4.08 m
4 4.69 m 471 m 470 m 4.69m 4.57m 4.56 m 4.56 m 4.56 m
5 4.02m 4.03m 4.02m 4.02m 4.05m 4.05m 4.05m 4.05m
6 422 m 422 m 4.14m 4.14m 4.18m 4.18 m 4.12m 4.12m
4.64m 4.65m 4.63m 4.63 m 4.74 m 473 m 471 m 471 m
Fuc-1 4.78d7.8 4.78d7.8
2 434 m 433 m
3 4.12m 4.16 m
4 4.14m 4.16 m
5 3.79m 3.79m
6 1.60d6.0  1.61d6.6
Glc'-1 520d78 521d7.38 528d7.8 528d7.8 527d7.8 527d78 513d738 5.13d7.8 513d7.8 512d78
2 4.06 m 4.08 m 4.13m 412m 4.11m 4.10m 4.12m 4.14m 4.11'm 4.10 m
3 422 m 422 m 422 m 422 m 422 m 422m 425m 426 m 426 m 425m
4 422m 422m 4.05m 4.04 m 4.05m 422m 395m 3.94m 394 m 3.94m
5 3.95m 3.93m 4.02m 4.02m 4.0l m 4.0l m 3.96 m 3.96 m 3.96 m 3.96 m
6 436 m 438 m 4.19m 421m 4.16 m 4.16 m 4.08 m 4.10 m 4.10m 410 m
4.53 m 453 m 4.59m 4.60 m 4.58 m 4.59m 4.6l m 4.6l m 4.6l m 4.63 m
Glc"-1 521d7.38 522d7.8 520d7.8 519d7.8
2 4.06 m 4.05m 4.02m 4.02 m
3 412m 412 m 4.12m 4.12m
4 42l m 421m 420 m 420 m
5 3.82m 3.80 m 3.76 m 3.76 m
6 436 m 436 m 433 m 432m
4.58 m 4.58 m 4.54m 4.54 m
Glc”-1 480d7.8 481d7.8 4.81d78 481d72 480d7.8 480d78 480d72 480d78 480d7.8 480d7.2
2 4.0l m 4.02m 4.02m 4.02m 4.02m 4.0l m 4.02m 4.0l m 4.02m 4.02 m
3 423 m 423 m 422 m 422 m 422 m 421 m 422 m 421 m 422 m 422 m
4 42l m 423m 422m 422m 422m 42l m 42lm 421lm 422m 422m
5 3.94m 3.93m 3.94m 3.94m 3.93m 393 m 395m 3.93m 3.94m 3.94m
6 436 m 436 m 438 m 438 m 437m 438 m 436 m 436 m 438 m 438 m
4.52m 4.53m 454d114 455m 4.54m 4.53m 4.55m 4.56 m 4.53 m 4.54m

a) The assignments were based on the 'H-'H COSY, TOCSY, HSQC and HMBC experiments.

the same sequence of sugar linkage at C-3 as the reference
compound, and HMBC experiments on 7 and 8 showed long-
range correlations between the following protons and car-
bons: H-1" and C-2’, H-1" and C-4 of galactose; H-1 of
galactose and C-3; H-1" and C-26. The protons signals as-
signable to the 26-methylene group (26-Ha, & 3.96; 26-Hb, &
3.60) in the '"H-NMR spectrum of 7 were very similar to
those of 3, while the protons signals assignable to the 26-
methylene group (26-Ha, & 4.08, 26-Hb, & 3.48) in the 'H-
NMR spectrum of 8 were very similar to those of 4. On the
basis of the above evidence, the structures of 7 and 8 were
formulated as (25R)-[(3-O-B-p-glucopyranosyl-(1—2)-f-p-
glucopyranosyl-(1—4)-B-p-galactopyranosyl)oxy]-26-
[(B-p-glucopyranosyl)oxy]-22 &-hydroxyfurost-5-en-12-one
(7), named kingianoside E, and its 25S-isomer (8), named
(258)-kingianoside E.

Compounds 9 and 10, which were each isolated as a white
amorphous power, were positive to Liebermann—Burchard
and Ehrlish reagent tests. It suggested 9 and 10 to be
furostanol saponins. 9 and 10 were found to have the same
molecular formula C5Hg,O,;, which were determined from
their HR-FAB-MS, FAB-MS and "*C-NMR data (Tables 1,
2). The high-resolution FAB-MS of 9 and 10 gave an
[M+Na]" ion at m/z 1119.5201 and 1119.5219, respectively.
The positive-ion FAB-MS of 9 and 10 showed the feature
peak at m/z 1079 [M+H—H,0]". 9 and 10 were hydrolyzed
with acid to afford p-glucose and p-galactose, respectively. In
the 'H- and '*C-NMR spectra, the proton and carbon signals
due to the sapogenol moieties of 9 and 10 were superimpos-
able with those of 5 and 6 having a furost-5-en-14,33,22,26-
tetrol 3,26-glycosidic structure. Comparing the '*C-NMR
data of the sugar moieties at C-3 of 9 and 10 with those of 7
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and 8, it was indicated that 9 and 10 had the same sugar moi-
eties at C-3 as 7 and 8. The protons signals assignable to the
26-methylene group (26-Ha, & 3.95; 26-Hb, & 3.61) in the
'H-NMR spectrum of 9 were very similar to those of 7, while
the protons signals assignable to the 26-methylene group
(26-Ha, & 4.08, 26-Hb, § 3.49) in the 'H-NMR spectrum
of 10 were very similar to those of 8. On the basis of the
above evidence, the structures of 9 and 10 were formu-
lated as (25R)-[(3-O-B-p-glucopyranosyl-(1—2)-S-p-glu-
copyranosyl-(1—4)-f3-p-galactopyranosyl)oxy]-26-[( 3-p-
glucopyranosyl)oxy]-13,3 8,22 £,26-tetrahydroxyfurost-5-ene
(9), named kingianoside F, and its 25S-isomer (10), named
(258)-kingianoside F.

Experimental

General Methods HPLC was performed using Agilent 1100 system
(pump, quaternary pump. Detector, RID and DAD, U.S.A.), Apollo C,; (All-
tech, 8.0mm i.d.X250, ODS, 10 um, U.S.A.) and YMC-Pack ODS-A Cq
(YMC, 4.6 mm i.d.X250, ODS, 5 um, Japan). HR-FAB-MS: VG ZAB-2f,
FAB-MS: Micromass Zabspec. Optical rotations were measured with
Perkin-Elmer 343 polarimeter. The NMR spectra were recorded with Varian
UNITYINOVA 600 (599.8 MHz for 'H-NMR and 150.8 MHz for '*C-NMR),
and the chemical shifts were given on § (ppm) scale with tetramethylsilane
as an internal standard. Macroporous resins SP825 (Mitsubishi Chemical,
Japan), AB-8 (Nan Kai Chemical Co., Ltd., China) and ODS-A silica-gel
(120 A, 50 um, YMC) were used for chromatography.

Plant Material The material was collected from Fengang county of
Guizhou province, People’s Republic of China in December 2004, and was
identified as rhizomes of Polygonatum kingianum CoLL. et HEMSL. by Prof.
Jian-mei Huang of the Beijing University of Traditional Chinese Medicine.
A voucher specimen (No. 040122) was deposited in the herbarium of Bei-
jing Institute of Radiation Medicine, Beijing.

Extraction and Isolation The fresh rhizomes of Polygonatum
kingianum (30.0 kg) were extracted for three times with 50% aqueous EtOH.
The combined extract (2460 g) was concentrated under reduced pressure.
Column chromatography of the extract was performed on macroporous resin
AB-8 and eluted with a gradient mixture of Me,CO-H,0 (1:9, 1:1, 8:2),
to give three fractions (Fr. A—C). Fraction B (16.8 g) was chromatographed
on macroporous resin SP825 and eluted with a gradient mixture of
Me,CO-H,0 (2:8, 3:7, 2:3, 8:2), to give four fractions, B, (0.8g), B,
(9.5g), B; (5.0g) and B, (1.5g). A part of fraction B, (8.5g) was chro-
matographed on ODS silica-gel (50 um) with Me,CO-H,0 (15:85, 18:82,
20:80), to yield compounds 5 (19.4mg) and 7 (64.1 mg), and other three
fractions, C, (2.2g), C, (3.0g) and C; (1.2g). Fraction C; was chro-
matographed by preparative HPLC with Me,CO-H,0 (25:75), to yield
compound 1 (30.0mg), 2 (24.0mg). Fraction C, was chromatographed by
preparative HPLC with Me,CO-H,0 (23:77), to yield compound 3
(137.6 mg), 4 (61.0mg) and 6 (74.0 mg). Fraction C, was chromatographed
by preparative HPLC with Me,CO-H,O (21:79), to yield compounds 8
(78.4mg), 9 (20.0 mg) and 10 (28.0 mg).

Compound 2: White amorphous powder, [a]2" —18.5° (¢=0.065, pyri-
dine); 'H- and '*C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
939.4609 [M(C,sH,,0,9)+Na]™. Calecd 939.4566. FAB-MS m/z: 899
[M+H—-H,0]*, 737 [M+H—H,0—162]", 591 [M+H—H,0—162—146]",
429 [M+H-H,0—-162—146—162]".

Compound 4: White amorphous powder, [a]2’ —42.3° (¢=0.265, pyri-
dine); 'H- and '3C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
955.4542 [M(C,5H,,0,0)+Na]". Caled 955.4515. FAB-MS m/z: 915
[M+H—H,0]*, 753 [M+H—H,0-162]", 591 [M+H—H,0—162-162]",
429 [M+H—-H,0—-162—162—162]".

Compound 5: White amorphous powder, [a]2 —33° (¢=0.400, pyri-
dine); 'H- and '3C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
957.4686 [M(C,5H,,0,0)+Na]™. Caled 957.4671. FAB-MS m/z: 917
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[M+H-H,0]", 755 [M+H—-H,0—162]", 593 [M+H—-H,0—162—162]",
431 [M+H-H,0—-162—162—162]".

Compound 7: White amorphous powder, [a]2 —28.9° (c=0.405, pyri-
dine); 'H- and '*C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
1117.5034 [M(Cs,Hg,0,5)+Na]*. Caled 1117.5043. FAB-MS m/z: 1077
[M+H-H,0]", 915 [M+H—-H,0—-162]", 753 [M+H—-H,0—162—162]",
591 [M+H—H,0—-162—-162—162]", 429 [M+H—H,0—162—162—162—
162]".

Compound 8: White amorphous powder, [a]2’ —30.5° (c=0.400, pyri-
dine); 'H- and '*C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
1117.5056 [M(CsHg,0,5)+Na]*. Caled 1117.5043. FAB-MS m/z: 1077
[M+H—-H,0]*, 915 [M+H-H,0—162]", 753 [M+H—H,0—162—162]*,
591 [M+H-H,0—-162—162—162]", 429 [M+H—H,0—162—162—162—
162]".

Compound 9: White amorphous powder, [a]2 —36.7° (c=0.302, pyri-
dine); 'H- and '*C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
1119.5201 [M(Cs,Hg,0,5)+Na]*. Caled 1119.5199. FAB-MS m/z: 1079
[M+H-H,0]", 917 [M+H—-H,0—162]", 755 [M+H—-H,0—162—162]",
593 [M+H—-H,0—-162—-162—162]", 431 [M+H—H,0—162—162—162—
162]".

Compound 10: White amorphous powder, [@]2 —43.0° (¢=0.330, pyri-
dine); 'H- and '*C-NMR: see Tables 1 and 2. HR-FAB-MS (positive): m/z
1119.5219 [M(C4Hg,O,5)+Na]*. Caled 1119.5199. FAB-MS m/z: 1079
[M+H—-H,0]*, 917 [M+H-H,0—162]*, 755 [M+H—H,0—162—162]*,
593 [M+H—H,0—-162—162—162]", 431 [M+H—H,0—162—162—162—
162]".

Acid Hydrolysis of Compounds 2, 4, 5, and 7—10 Compound 2
(about 2.0 mg) was treated in 1M HCI (dioxane—H,0, 1:1, 2ml) at 100 °C
for 1.5h. The reaction mixture was neutralized with 1 M NaOH and filtered.
The filtrate was extracted with CHCl; and H,O. Then, the presence of p-glu-
cose and p-fucose in the H,O-souble fraction were identified by converting
them into 1-[(S)-N-acetyl-o-methylbenzylamino]-1-deoxyalditol acetate de-
rivatives,'” which were analyzed by HPLC under the following conditions:
Column: YMC-Pack ODS-A Cig, solvent: MeCN-H,O (2:3), flow rate:
0.8 mlmin~", detection: UV 230 mn. The derivatives of p-fucose and p-glu-
cose were detected, #;: 19.17 min (p-fucose derivative), 24.07 min (p-glucose
derivative).

By the same procedures carried out for 4, 5 and 7—10 (each about
2.0mg). The derivatives of p-galactose and D-glucose were detected; #y:
20.83 min (p-galactose derivative), 24.07 min (D-glucose derivative).
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