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From the roots of Clematis terniflora, nine new oleanolic acid 3,28-O-bisdesmosides called clematernosides
A, B, E, F, G, H, I J and K, and two new hederagenin 3,28-0-bisdesmosides called clematernosides C and D,
have been isolated together with two known saponins, huzhangoside B and clematichinenoside C. The structures
of the new saponins have been elucidated based on chemical and spectral evidence. Among the new saponins, cle-
maternosides I and J have a nonasaccharide moiety and a total of twelve monosaccharide moieties in the mole-
cule. This is the first report of the isolation and structure elucidation of such “big” glycosides.
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Clematis terniflora DC. var. robusta Tamura (Japanese
name: sen-nin-soh) is a viny plant of the family Ranuncu-
laceae, which is widely distributed in Japan, Korea, Taiwan
and continental China. On the Japanese market, the roots of
C. terniflora are regarded as a substitute of a traditional chi-
nese drug “Wei Ling Xian (the roots of C. chinensis OSBECK,
B E ), and are used in the same way as “Wei Ling
Xian.)

As a continuation of our study on the constituents from
Clematis species,” the dried roots of C. terniflora, whose
constituents are almost unknown except for sapogenin,” have
been investigated.

The water-soluble portion of a hot MeOH ext. was succes-
sively extracted with ether, EtOAc and BuOH. The BuOH-
soluble part and the mother liquor of BuOH extraction were
subjected to repeated chromatography to give ten compounds
(1—10) and three compounds (11—13), respectively, as de-
scribed in the experimental section.

Compound 3 was identified as huzhangoside B" by direct
comparison with an authentic sample, and 4 as clematichi-
nenoside C® based on the chemical data, *C-NMR spectra
and specific rotation data.

New compounds were named clematernosides A (1), B
(2),C(5),D (6), E (7), F (8), G (9), H (10),1(11),J (12) and
K (13). On acid-hydrolysis, all of the new compounds af-
forded arabinose, rhamnose, ribose and glucose as sugar
components, and C (5) and D (6) gave hederagenin and the
others gave oleanolic acid as an aglycone. The molecular for-
mula of these compounds were determined from their HR-
FAB-MS and *C-NMR spectral data as summarized in Table
1.

All of these compounds were deduced to be 3,28-O-bis-
desmosides of oleanolic acid or hederagenin from the chemi-
cal shifts of carbon signals due to an A-ring and C-28 in an
aglycone moiety (Table 2)."

Clematernoside A (1), CgH;3,04,, was obtained as an
amorphous powder and its *C-NMR spectrum showed eight
anomeric carbon signals together with signals assignable to a
3-hydroxy-4-methoxycinnamoyl (isoferuloyl) group (Tables
3, 4). The 'H-NMR and UV spectra of 1 also supported the
presence of an isoferuloyl group (Table 5). Alkaline-hydroly-
sis of 1 afforded a prosapogenin (1a) which was identified as

* To whom correspondence should be addressed.

CP, [oleanolic acid 3-0-f-p-glucopyranosyl-(1—4)-f-p-glu-
copyranosyl-(1—4)-fB-p-ribopyranosyl-(1—3)-o-L-
rhamnopyranosyl-(1—2)-a-L-arabinopyranoside ~ (abbrevia-
tion: G*G’RiR?A0Qle)] by direct comparison.” Consequently,
1 was deduced to be a monoisoferulate of CP,-28-triglycosyl
ester. Compound 1 was hydrolyzed with mild alkali, 0.1~
KOH aq., at room temperature to give a deacylated com-
pound (1b). Comparison of the *C-NMR spectrum of 1b
with those of 1a and 3 revealed that the 28-O-glycosyl moi-
ety was 0-L-thamnopyranosyl-(1—4)-B-p-glucopyranosyl-
(1—6)-B-p-glucopyranosyl group (abbreviation: G'G’R').
The assignments of proton and carbon signals due to sugar
moiety of 1, 1a and 1b were confirmed based on the "H-'H
correlation spectroscopy (COSY) and 'H-"*C COSY spectral
data. In comparison of the 'H- and *C-NMR data for 1 with
those for 1b, the H-2 and C-2 signals of the terminal glucose
moiety (Glc*) in 1 were observed at a lower field by 1.68 and
0.5 ppm, respectively, and the C-1 and C-3 signals of Glc* at
higher field by 2.2 and 1.8 ppm, respectively, than the corre-
sponding signals in 1b (Tables 3, 6). These results show that
an isoferuloyl group in 1 is connected to the C-2 position of
the terminal glucose moiety.

From these facts, the structure of clematernoside A (1)
was concluded to be 3-O-(2-O-isofeluroyl)-B-p-glucopyra-
nosyl-(1—4)-B-p-glucopyranosyl-(1—4)- B-p-ribopyranosyl-
(1-3)-a-L-rthamnopyranosyl-(1—2)-a-L-arabinopyranosyl
oleanolic acid 28-O-o-L-thamnopyranosyl-(1—4)-f-p-glu-

Table 1. HR-FAB-MS Data for Clematernosides A—K

Formula Found® Calcd?
A (1) CyeH 1,04 1835.8148 1835.8117
B () CysH 11200 1835.8064 1835.8117
c ¥ CyeH 1,04 1851.8014 1851.8066
D (6 CosH,5,05, 2159.9138 21599171
E (7) CosH 5,05, 2143.9253 2143.9225
F (8 Ce 3,00 1849.8300 1849.8274
G 9 CyoH 12056 2305.9805 2305.9753
H (10) C10aH 162055 2289.9751 2289.9804
I (11) Cy1oH17206 2468.0254 2468.0282
] (12 Cy10H17206; 2468.0352 2468.0282
K (13) 10eH162056 2305.9707 2305.9753

a) (M—H) ion. b) Calculated by (M—H) ion.
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3: Rib (1-3) Rha? (1—2) Ara (1-»3) Ole (28+-1) Glc!(6+1) Glc? (4—1)Rha!
4: Glc® (1-+4) Rib (1—+3) Rha? (1-+2) Ara (1-»3) Ole (28<-1) Glc!(6+-1) Glc? (4« 1)Rha!
1: IF (1-2) Glc* (1—4) GIc® (1-»4) Rib (1—3) Rha? (1->2) Ara (1—3) Ole(28«1) Glc!(6«1) Gic? (4«<1)Rha’
2: IF (1-3) Glc* (1-+4) GIc® (1-4) Rib (1-+3) Rha? (1~2) Ara (1-3) Ole (28<1) Glc!(6+1) Glc? (4<1)Rha!
8: DMC (1-2) Glc* (1-4) GIc® (1—+4) Rib (1-3) Rha? (1-2) Ara (1—3) Ole (28<1) Gle!(6<1) Gle? (4« 1)Rha!
5 IF (1-+2) Glc* (1-»4) Glc® (1—4) Rib (1-3) Rha? (1-2) Ara (1-»3) Hed (28«1) Glc!(6<1) Glc? (4<1)Rha!

Rha® (1->6) Glc® (1-+3)
6: Fao2) > Gle* (1-4) Glc® (1->4) Rib (1-3) Rha? (1—>2) Ara (1—»3) Hed (28<1) Glc!(6<1) Glc? (4« 1)Rha!
Rha® (1-+6) GI¢® (1-3)
7T: F(i2) > Gle* (1—4) Glc® (1-4) Rib (1-3) Rha? (1—2) Ara (1-»3) Ole (28+1) Gle!(6+-1) Glc? (4+—1)Rha!
Rha® (1-»6)
>Glc5(1~3)
9: GicS (1-4) Fa 2)> Gle* (1-+4) GIc? (1-4) Rib (1-3) Rha? (1-2) Ara (1-3) Ole (28«1) Glc!(6+1) Gle? (4+1)Rha!
Rha® (1--6)
>Gk:5 (1-3)
10: Glcb (1—+4) - 2)> Glc* (1-»4) Glc® (1-4) Rib (1-+3) Rha? (1-2) Ara (1-3) Ole (28+1) Glc!(6+1) Glc? (4« 1)Rha!
Gle’ (1-»2) Rha® (1->6) Glc® (1-+3)
13: IF (1-2) > Gle* (1-+4) Glc* (1-»4) Rib (1-3) Rha? (1->2) Ara (1-3) Ole (28+-1) Glc'(6+-1) Glc? (4<1)Rha'
Glc’ (1->2) Rha® (1-»6)
Glc’ (1-+3)
11: Gleb (1-+4) n=(1—-2)> Glc* (1-+4) Glc® (1-+4) Rib (1-+3) Rha? (1-2) Ara (1—3) Ole (28+1) Glc!(6«1) Gic? (4<-1)Rha!
Rha® (1->6)
Glc® (1-3)

12: 8 (1 6 (1~
Glc® (1+2) Glc® (1-+4) IF(1-2)

Glc

l"CHzg Ole : oleanolic acid (R=H )
B Hed : hederagenin (R=OH )

Ara : a-L-arabinopyranosyl
Rha : a-L-rhamnopyranosyl
Rib : B-p-ribopyranosyl 8 9
: B-p-glucopyranosyl

> Gle* (1—4) Gle® (1-»4) Rib (1-3) Rha? (1—+2) Ara (1-»3) Ole (28+1) Glc!(6+1) Glc? (4+1)Rha!

HO

¢’ —¢&o

IF: Meoi@/{_
/) CO—

MC:: MeO—@-—/_

MeO
CO—
DMC: MeO

T

Chart 1

copyranosyl-(1—6)--p-glucopyranoside [abbreviation: (2-
O-IF-GYG*RiR?A0leG'G’R].

Clematernoside B (2), Cg.H,;,0,,, showed eight anomeric
carbon signals together with siganls due to an isoferuloyl
group in its “C-NMR spectrum. On mild alkaline-hydroly-
sis, 2 gave isoferulic acid and a deacyl compound which was
identified as 1b. Detailed comparison of the 'H- and “C-
NMR spectra of 2 with those of 1b revealed that the linkage
site of the isoferuloyl group in 2 was the C-3 position of the
terminal glucose moiety of 1b: acylation shifts were ob-
served at the H-3 (+1.80ppm), C-2 (-2.3ppm), C-3
(+0.7ppm) and C-4 (—2.4ppm) positions of the terminal
glucose moiety (Table 3).

Based on these facts, the structure of clematernoside B (2)
was concluded to be (3-O-IF-G*)G’RiR*AOle G'G’R! (Chart
1).

Clematernoside F (8), C¢,H,;,0,,, showed the presence of

a 3,4-dimethoxycinnamoly group in the NMR spectra (Tables
4, 5) and gave 3,4-dimethoxycinnamic acid and a deacyl
compound on mild alkaline-hydrolysis. The deacyl com-
pound was identified as 1b. Thus, compound 8 was a 3,4-di-
methoxycinnamate of 1b. The acyl group was deduced to be
linking to the C,-oxygen of the terminal glucose* moiety of
1b because the proton and carbon signals due to sugar moi-
eties in 8 were observed at almost the same positions as
those in 1. Therefore, the structure of clematernoside F (8) is
represented as shown in Chart 1.

Clematernoside C (5), Cg¢H,3,0,3, on alkaline-hydrolysis,
gave isoferulic acid and a prosapogenin (5a) which was iden-
tified as CPy [hederagenin 3-O-B-p-glucopyranosyl-(1—4)-
B-p-glucopyranosyl-(1—4)-B-p-ribopyranosyl-(1—3)-a-L-
rhamnopyranosyl-(1—2)-o-L-arabinopyranoside ~ (abbrevia-
tion: G*G’RiR?AHed)] by direct comparison.” In the NMR
spectra of 5, signals due to sugar moieties were found at al-
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Table 2. '*C-NMR Spectral Data for the Aglycone Moiety of 1—13 in Pyridine-d;
C No. 3 4 1 2 8 5 6 7 9 10 13 11 12

1 38.8 38.9 389 38.8 38.9 39.0 39.1 38.9 38.9 389 389 38.9 389

2 26.5 26.6 26.6 26.5 26.6 26.3 26.4 26.6 26.7 26.6 26.6 26.6 26.6

3 88.6 88.6 88.6 88.6 88.6 80.9 81.0 88.7 88.7 88.7 88.7 88.7 88.7

4 39.5 39.5 39.5 394 39.5 435 43.6 39.5 39.6 39.6 39.6 39.6 39.5

5 55.9 55.9 56.0 55.9 55.9 47.6 47.6 56.0 56.0 56.0 56.0 56.0 56.0

6 18.4 18.4 18.4 18.4 18.4 18.1 18.1 18.5 18.5 18.5 18.4 18.5 18.4

7 33.0 33.0 33.1 33.0 33.0 327 327 33.1 33.1 33.1 33.0 33.0 33.0

8 39.8 39.8 39.8 39.7 39.8 39.8 39.9 39.8 39.9 399 39.9 39.8 39.8

9 479 48.0 48.0 47.9 48.0 48.1 482 48.0 48.0 48.1 48.0 48.0 48.0
10 36.9 37.0 37.0 36.9 36.9 36.8 36.9 37.0 37.0 37.0 37.0 37.0 37.0
11 237 237 237 23.6 23.7 23.8 23.8 23.8 23.8 23.8 23.8 23.7 23.7
12 122.7 122.8 122.8 122.7 122.8 122.9 123.0 122.8 122.8 122.8 122.8 122.8 122.8
13 144.0 144.0 144.1 144.0 144.0 144.0 144.1 144.2 144.1 144.1 144.1 144.1 144.1
14 42.0 42.0 42.0 42.0 42.0 42.0 42.1 42.1 42.1 42.1 42.1 42.1 42.1
15 28.1 28.2 28.2 28.1 28.2 28.2 283 28.2 283 283 28.2 28.2 28.2
16 232 233 233 232 233 233 233 233 233 23.4 233 233 233
17 46.9 47.0 47.0 46.9 46.9 46.9 47.0 47.0 47.0 47.0 47.0 47.0 47.0
18 41.5 41.6 41.6 41.5 41.6 41.6 41.6 41.6 41.6 41.6 41.6 41.6 41.6
19 46.1 46.1 46.1 46.1 46.1 46.1 46.2 46.2 46.2 46.2 46.2 46.2 46.2
20 30.6 30.7 30.7 30.6 30.6 30.7 30.7 30.7 30.7 30.7 30.7 30.7 30.7
21 339 339 339 33.8 339 33.9 34.0 34.0 34.0 34.0 34.0 339 339
22 324 324 325 324 324 325 . 325 32.5 325 325 325 325 325
23 28.1 28.1 28.1 28.0 28.1 63.8 63.8 28.1 28.1 28.1 28.1 28.1 28.1
24 17.0 17.0 17.1 17.0 17.0 14.0 14.1 17.1 17.1 17.1 17.1 17.0 17.1
25 15.5 15.6 15.6 15.5 158 16.1 16.2 15.6 15.6 15.6 15.6 15.6 15.6
26 17.4 174 17.4 17.3 17.4 17.5 17.5 17.4 17.5 17.5 17.5 174 17.4
27 26.0 26.0 26.0 259 26.0 26.0 26.0 26.0 26.0 26.1 26.0 26.0 26.0
28 176.4 176.4 176.5 176.4 176.4 176.5 176.5 176.5 176.5 176.5 176.5 176.5 176.5
29 33.0 33.1 33.1 33.0 33.0 33.0 33.1 331 33.1 33.1 33.1 33.1 33.1
30 23.5 23.6 23.6 23.5 23.6 23.6 23.7 23.8 237 23.7 23.7 23.6 23.6

most the same positions as those in 1, except for signals due
to an arabinose moiety connected to an aglycone. From these
data, the structure of clematernoside C (5) is represented as
shown in Chart 1.

Clematernoside E (7), C4H, 5,05, exhibited signals due to
ten anomeric carbons together with those assignable to an
isoferuloyl group in the >C-NMR spectrum (Tables 3, 4).
The 'H-NMR spectrum of 7 also indicated the presence of an
isoferuloyl group. On alkaline-hydrolysis, 7 gave a prosa-
pogenin (7a) which showed seven anomeric signals in the
'H- and 3C-NMR spectra. By comparison of the 'H- and
13C-NMR spectra of 7 with those of 7a and 3, 28-O-sugar
moiety in 7 was deduced to be G'G?R' (Table 3).

In the negative FAB-MS of 7a, an (M—H)™ ion appeared
at m/z 1497.7 and clear fragment ion peaks were observed as
shown in Fig. 1. These ion peaks indicated that 7a had a se-
quence of aglycone—pentose—deoxyhexose—pentose—hexose—
hexose-hexose—deoxyhexose.

Among the ninety-eight carbon signals observed in the
BC-NMR spectrum of 7, the seventy signals appeared at al-
most the same positions as corresponding signals in 4, sug-
gesting that 7 had a G’RiR*AOle G'G’R! moiety.

The proton and carbon signals due to sugar moiety of 7
were assigned based on the 'H-'H COSY, '"H-"*C COSY and
heteronuclear multiple bond connectivity (HMBC) spectral
data with the aid of the informations as mentioned above.

The significant "H~'*C long-range correlations observed in
the HMBC spectrum of 7 are shown by arrows in Fig. 2 and
these correlations established the sequence and the linking
position of the sugar moieties and an isoferuloyl group. The
nuclear Overhauser effect (NOE) observed in the difference

NOE spectra also supported the linking position of the rham-
nose® and glucose® moieties (Fig. 2).

The configurations of C-1 positions of the glucose* and
glucose® moieties were regarded as B from the Jy; , y;, value
(both 8 Hz) and that of the rhamnose® moiety as ¢ from its
carbon signal pattern.”

From these facts, the structure of clematernoside E (7) was
concluded to be 3-O-a-L-rhamnopyranosyl-(1—6)-B-p-glu-
copyranosyl-(1-3)-(2-O-isoferuloyl)-B-p-glucopyanosyl-
(1-4)-B-p-glucopyranosyl-(1—-4)- -p-ribopyranosyl-
(1-3)-o-L-thamnopyranosyl-(1—2)--L-arabinopyranosyl
oleanolic acid 28-0-a-L-thamnopyranosyl-(1-»4)--p-gluco-
pyranosyl-(1-56)-B-p-glucopyranoside [abbreviation: R*G’
(2-O-TF-G*)G’RiR*AOle G'G’R'] (Chart 1).

Clematernoside D (6), CogH,5,05,, was concluded to be
hederagenin bisdesmoside possessing the same sugar moi-
eties as 7 from comparisons of its 'H- and *C-NMR spectra
with those of 7 and 5.

Clematernoside G (9), C,(4H,¢,0s5, showed signals due to
eleven anomeric carbons together with those assignable to an
isoferuloyl group in its *C-NMR spectrum and it gave 7 on
enzymatic hydrolysis with cellulase. From these data and the
molecular formula, 9 was deduced to be a monoglucoside of
7.

The FAB-MS of the alkaline hydrolysate (9a) of 9 indi-
cated the fragment ion peaks at m/z 1497.7 [(M—glucosyl
moiety) ] and 1513.6 [(M—rhamnosyl moiety) ], suggesting
that 3-O-glycosyl chain branched at the sixth sugar
(glucose®) moiety (Fig. 1). Detailed analyses of the 'H-'H
COSY, 'H-"*C COSY and HMBC spectra of 9 with the aid
of the NMR data for 7 revealed the assignments of most of
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Table 3. '*C-NMR Spectral Data for the Sugar Moiety of 1—13, 1a, 1b, 5a, 7a and 9a in Pyridine-d,

3 4 1 la 1b 2 8 5 5a 6 7 Ta 9 9a 10 13 11 12
28-0-Glycosyl moiety
Glc-1 955 956 956 956 955 956 956 95.6 95.6 95.6 956 956 956 95.6
2 737 7138 738 73.8 737 738 73.8 739 738 73.9 739 738 738 73.8
3 786 786 786 78.7 785 786 78.6 787 78.6 78.7 787 787 786 786
4 707 708 708 70.8 707 70.7 708 708 708 70.9 709 708 708 70.8
5 719 780 78.0 780 779 780 780 78.0 78.0 78.1 780 780 780 780
6 690 69.1 69.1 692 69.0 69.1 69.1 692 692 69.2 692 692 69.1 69.1
Glc-1 1047 1048 104.8 104.8 1047 104.8 104.8 1048 104.8 104.8 104.8 104.8 104.7 104.7
2 752 753 753 753 752 753 753 753 753 75.4 754 753 753 753
3 764 764 764 764 763 763 763 76.3 763 76.5 765 765 764 764
4 781 781 782 781 781 781 781 782 782 78.2 782 782 783 782
5 770 711 770 771 7710 771 771 77.1 771 772 771 771 770 771
6 611 612 612 612 611 612 612 613 612 61.3 613 613 612 612
Rha'-1  102.6 102.7 102.7 102.7 102.6 102.7 102.7 102.7 102.7 102.7 102.7 1027 102.7 102.7
2 724 725 725 725 724 725 725 725 725 72.6 726 725 725 725
3 727 727 727 727 727 727 727 728 727 72.8 728 727 727 727
4 739 739 739 739 738 739 739 74.0 739 74.0 740 740 739 739
5 701 702 702 70.2  70.1 702 70.2 70.3 703 70.3 70.3 703 702 702
6 184 184 184 185 184 184 185 185 185 18.5 185 185 185 185

3-0-Glycosyl moiety
Ara-1 1052 1052 105.2 1052 1052 1051 105.2 1047 1047 1047 1052 1052 1052 1052 1052 1052 105.1 1052

2 751 753 754 754 753 752 753 753 755 753 753 756 754 756 755 754 754 754

3 748 746 746 746 747 746 747 752 751 752 747 746 747 747 746 74T 746 746

4 694 693 693 693 694 691 693 696 69.7 697 694 693 694 693 693 693 693 693

5 657 656 656 656 657 655 657 663 662 664 657 656 657 656 657 657 656 656
Rha’1 101.3 101.3 1014 101.5 1013 101.2 1014 101.3 101.5 1014 1014 101.5 1015 1015 1015 101.4 1014 1014
2 719 719 719 719 719 718 719 719 719 719 719 720 719 720 719 719 719 719

3 811 820 820 821 8.1 80 8.0 8.0 8.1 8.1 8.1 8.1 82.1 822 8.1 820 8.0 820

4 727 727 727 727 727 726 727 728 728 2.8 727 728 28 728 728 727 127 727

5 697 697 697 697 697 696 697 698 697 698 697 698 698 698 698 698 697 698

6 183 184 184 184 184 183 184 184 184 184 184 185 184 185 184 184 184 184
Rib-1  104.6 104.6 104.6 1047 1047 1045 1046 1047 1046 1047 1047 1047 1047 1048 1047 1047 1046 104.6
2 726 725 725 725 725 124 725 725 725 25 725 25 725 726 726 725 725 725

3 689 695 696 696 696 696 694 695 69.6 695 69.6 696 696 696 696 696 696 69.6

4 702 763 763 763 763 763 762 763 763 763 763 764 765 764 765 763 762 764

5 652 617 615 616 616 616 614 615 616 616 615 61,6 616 616 616 616 616 61.5
Glc*-1 1034 1028 103.0 103.1 103.0 102.8 102.8 103.1 1029 1029 103.1 1029 103.1 1029 102.8 102.8 102.9
2 745 742 742 742 741 741 741 742 742 742 742 742 742 742 742 742 741

3 783 764 765 765 765 764 164 766 766 766 767 765 767 765 164 764 764

4 714 812 809 809 797 813 812 81.0 8.1 8.1 8.8 812 810 812 8.1 81.0 S8I.I

5 786 763 766 766 762 763 764 766 763 762 164 763 764 763 761 7162 763

6 625 607 618 618 613 609 607 619 607 607 620 607 620 60.8 607 607 60.7
Glc*-1 102.5 1049 1049 1043 1025 102.5 1049 1022 1022 1044 1023 1044 1022 1022 1022 1022
2 752 747 747 725 753 752 748 729 729 735 728 735 729 728 727 729

3 763 782 781 789 764 763 782 867 867 88.1 86.5 879 865 874 871 86.0

4 719 714 714 691 719 719 715 702 702 695 701 693 70.1 70.1 700 70.0

5 786 784 784 781 785 786 785 779 778 778 778 778 778 778 717 7177

6 624 624 624 617 624 624 624 621 621 615 621 615 621 620 620 620
Glc’-1 105.7 1057 1056 1053 1054 1052 1058 1053 105.2
2 744 744 752 738 752 739 744 738 739

3 782 782 783 764 764 764 782 762 164

4 719 718 720 820 84 80 719 81.8 817

5 765 764 769 748 748 748 763 742 747

6 689 689 688 681 680 681 689 681 679
Rha*-1 1028 102.8 1029 1027 102.8 1027 1014 1012 102.7
2 719 719 720 720 721 719 8.0 8.1 719

3 726 726 726 727 727 727 26 27 725

4 740 740 741 740 741 739 745 744 741

5 69.9 699 698 699 698 699 697 696 698

6 186 186 186 186 186 186 185 185 187
Glc®-1 1053 105.1 1053 105.1 1024
2 747 747 747 747 844

3 783 784 7183 783  78.0

4 715 717 716 715 711

5 785 785 785 784  78.8

6 626 627 626 625 622
(Glc®)

Glc’-1 107.3 107.3 106.7
(Glc® 2 760 759  76.0

784 783 782
712 714 716
786 784 782
624 626 63.0

N bW
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Table 4. '>C-NMR Data for Acyl Group Moiety of 1, 2 and 5—13 in Pyridine-ds
C No. 1 2 8 5 6 7 9 10 13 11 12
1 166.7 1672 166.6 166.7 166.7 166.7 166.6 166.6 166.7 166.6 166.6
2 116.2 116.5 116.4 116.2 116.4 116.4 116.4 116.6 116.4 116.4 116.4
3 145.8 145.2 145.5 145.8 145.7 145.7 145.6 145.0 145.7 145.6 145.7
4 128.4 1282 127.8 128.4 128.6 128.6 128.6 127.8 128.6 128.5 128.5
5 115.3 115.1 1119 1153 115.4 1154 115.5 130.3 115.4 115.4 1154
6 148.4 148.2 149.9 1484 148.5 148.4 148.5 114.7 148.4 148.4 1484
7 150.9 150.7 151.9 150.9 150.9 150.9 150.9 161.8 150.9 150.9 150.9
8 112.0 111.9 111.0 112.0 1121 112.1 112.1 114.7 112.1 112.1 112.1
9 121.4 121.2 1227 1214 121.5 121.5 1215 130.3 121.5 1214 1215
OMe 55.8 55.6 55.7 55.7 55.9 55.8 55.8 553 559 55.8 55.8
55.7
Table 5. 'H-NMR Data for Acyl Group Moiety of 1, 2 and 5—13 in Pyridine-d;*
H No. 1 2 8 5 6 7
2 6.75 d (16) 6.55d (16) 6.80 d (16) 6.75 d (16) 6.91d (16) 6.90 d (16)
3 8.07 d (16) 7.85d (16) 8.07d (16) 8.07d (16) 8.11d (16) 8.10d (16)
5 7.53d(2) 742d(2) 7.22d(2) 7.53d(2) 7.54d(2) 7.54d (2)
6 — — — — — .
8 6.90d (8.5) 6.89 d (8.5) 6.89d (8.5) 6.90d (8.5) 6.88.d (8.5) 6.87d(8.5)
9 7.09 dd (8.5, 2) 6.99 dd (8.5,2) 7.18dd (8.5,2) 7.09dd (8.5,2) 7.09 dd (8.5, 2) 7.08 dd (8.5, 2)
OMe 373s 3.71s 3.74, 6H, s 3.73s 3.75s 3745
H No. 9 10 13 11 12
2 6.91d (16) 6.90 d (16) 6.90 d (16) 6.89 d (16) 6.90d (16)
3 8.12.d (16) 8.09 d (16) 8.09 d (16) 8.09 d (16) 8.11d(16)
5 7.54d (2) 7.52m 7.53d(2) 7.54d(2) 7.54d (2)
6 — 6.99m — — —
8 6.88d (8.5) 6.99 m 6.88 d (8.5) 6.87 d (8.5) 6.88 d (8.5)
9 7.09dd (8.5,2) 7.52m 7.09dd (8.5,2) 7.09 dd (8.5, 2) 7.11dd (8.5, 2)
OMe 3.73s 3.75s 3.74s 3.73s 3.73s

a) Coupling constants (J) in Hz are given in parentheses.

the NMR signals, and the linking position of the additional
glucose moiety in 9 was determined to be C,-oxygen of the
glucose® moiety in 7 based on the facts that 'H-'*C long-
range correlation was observed between H-1 of the glucose®
moiety and C-4 of the glucose® moiety, and that the NOE
correlation between H-1 of the glucose® moiety and H-4 of
the glucose® moiety was observed in the NOE correlation
spectroscopy (NOESY) spectrum (Fig. 2). The configuration
of the glucosyl® anomeric position was deduced to be 8
based on the Jy, 1, value (8 Hz) of the anomeric proton sig-
nal.

On the basis of these findings, the structure of clemater-
noside G (9) is as shown in Chart 1.

The 'H- and *C-NMR spectra of clematernoside H (10)
were almost the same as those of 9 except that 10 showed the
presence of a 4-methoxycinnamoyl group in place of the
isoferuloyl group in 9 (Tables 3—=6). Consequently, the struc-
ture of clematernoside H (10) is represented as shown in
Chart 1.

Clematernoside K (13), C,;,H,4,05 showed the signals
due to eleven anomeic carbons together with those assignable
to an isoferuloyl group in the *C-NMR spectrum (Tables 3,
4). The FAB-MS of the alkaline-hydrolysis product (13a) of
13 exhibited the (M—H)™ ion peak and the fragment ion
peaks as shown in Fig. 1, suggesting that 3-O-glycosyl chain
was linear.

From these data and the molecular formula, 13 was sug-
gested to be a monoglucoside of 7. The additional glucose
moiety in 13 was presumed to be connected to the C-2 posi-
tion of the rhamnosyl® moiety in 7 because the signal due to
C-1 of the rhamnosyl® moiety in 13 was observed at the
upper field by 1.5 ppm compared with that in 7.

Detailed analyses of the '"H-'H COSY, 'H-*C COSY and
HMBC spectra of 13 and comparison of the 'H- and *C-
NMR spectral data of 13 with those of 7 revealed the assign-
ments of most of the NMR signals due to the sugar moieties,
and the linking position of the additional glucose moiety in
13 was confirmed to be C,-oxygen of the thamnose® moiety
in 7. The configuration of the glucosyl’ anomeric position
was deduced to be 3 based on the Jy, 4, value (8 Hz) of the
anomeric proton signal.

On the basis of these findings, the structure of clemater-
noside K (13) is as shown in Chart 1.

Clematernoside I (11), C,,(H,,,0¢;, showed the signals
due to twelve anomeic carbons together with those assigna-
ble to an isoferuloyl group in the '*C-NMR spectrum (Tables
3, 4). Enzymatic hydrolysis of 11 with cellulase afforded 13,
suggesting that 11 was a monoglucoside of 13.

Most of the NMR signals due to the sugar moieties, espe-
cially the terminal ones in 11 were assigned based on the
'H-'H COSY, 'H-">C COSY and HMBC spectral data with
the aid of the data for 7, 9 and 13. The HMBC spectrum of

NII-Electronic Library Service



1896 Vol. 46, No. 12

Table 6. 'H-NMR Data for Sugar Moiety of 1,7, 9 and 11—13 in Pyridine-d;”

1 7 9 13 11 12
28-0-Glycosyl moiety
Glc'-1 6.21d(8) 6.22d(8) 6.23d(8) 6.22d(8) 6.20d (8) 6.21 d(8)
2 4,08 dd (9, 8) 4.11» 4.109 4.11» 4,107 4.09”
3 4209 4.20dd (9,9) 4.207 4.20 dd (9, 9) 4.19dd (9, 9) 4.19%
4 429" 4299 430” 4319 430? 4299
5 4.10 4,06 4119 4.08% 4.08? 408"
6 4,329 4,329 4339 4329 4319 4.30%
4.659 4,659 467" 4.66" 4.66” 4,647
Glcx1 4.98d(8) 4.98d(8) 4.99d(8) 4.98d(8) 4974 (8) 4.98d(8)
2 3.92dd (9, 8) 3.93dd (9, 8) 3.94 dd (9, 8) 3.93dd (9, 8) 3.92.dd (9, 8) 3.94 dd (9, 8)
3 4.13dd (9, 9) 4.14dd (9, 9) 414 4.14dd (9, 9) 4.13dd (9, 9) 4.13dd (9,9)
4 439dd (9,9) 4.41dd (9,9) 4.42.dd (9, 9) 4.40 dd (9, 9) 439dd (9, 9) 440"
5 3.66 m 3.65m 3.66 m 3.64m 3.63m 3.64m
6 405" 4077 4.09” 4,06 406" 406"
4,199 4209 4207 4200 419" 4.19%
Rha'-1 5.83brs 5.85d(1.5) 5.86brs 5.84brs 582brs 5.83brs
2 4,65 4670 4677 4.67% 4,659 4,66
3 4539 4.54dd (9, 3.5) 4.55dd (9, 3) 4.544d (9, 3) 4.53dd (9, 3) 4.534dd (9, 3)
4 433dd(9,9) 4324dd (9, 9) 4.33dd (9, 9) 4.32dd (9,9) 4.31dd(9,9) 431dd(9,9)
5 494m 4.97dq (9, 6) 498 m 496 m 4.94m 494m
6 1.68 d (6.5) 1.69 d (6) 1.70 d (6) 1.69 d (6) 1.67 d (6) 1.67d (6)
3-0-Glycosyl moiety
Ara-1 4.81d(6) 4.82d(6) 4.83d(6) 4,83 d(6) 4.81d(6) 4.81d(6)
2 4.54dd (6.5, 6.5) 4.56" 456 4,547 4,54 454"
3 4219 424" 425" 4259 4239 426"
4 4.189 4219 4219 4229 4219 421»
5 3.81brd(11) 3.81 brd (10.5) 3.81 brd (10) 3.80 brd (10) 3.79 br d (10) 3.80 brd (10)
4,289 4319 4279 4289 4,289 428"
Rha®-1 623 brs 6.25brs 6.24 brs 623 brs 6.22brs 6.22brs
2 485brs 4.86brs 4.86brs 4.86brs 4.859 4.85brs
3 465" 468" 4.68 dd (9, 3) 4,689 4,659 4.65"
4 439dd (9, 9) 4.40dd (9, 9) 4.414d(9,9) 4.40 dd (9, 9) 4,40 dd (9, 9) 4.39dd (9,9)
5 4.59% 4,659 4619 463" 458" 4,58%
6 1.50 d (6) 1.50d (6) 1.52d(6) 1.51 d(6) 1.50 d (6) 1.50 d (6)
Rib-1 5.80d(5.5) 5.81 d(6) 5.82d(5.5) 5.81 d(6) 5.80d (5) 5.80d (5.5)
2 4,072 4.09? 4,109 4,099 409" 4.08%
3 465 464 4677 4,649 4.65" 4.63"
4 430 4309 4299 4,309 4319 4307
5 4289 4,299 4.30% 4320 427" 4279
428" 4299 4307 4329 427" 4279
Glc*-1 4,90d (7.5) 4.90d (8) 4.90d (8) 4.90d (8) 4.88d (8) 4.88d(8)
2 3.89.dd (8, 7.5) 3.86 dd (8, 8) 3.87dd (8, 8) 3.87dd (8, 8) 3.86 dd (8, 8) 3.86 dd (8, 8)
3 4.17% 4,149 4,159 4.16" 4,139 4139
4 4279 4279 4.26" 426" 4279 4,259
5 3.64m 3.65m 3.65m 3.64m 3.63m 3.63m
6 4,14 409 4,08" 4119 4,059 4,019
422 4.39" 4379 4229 415" 4249
Glc*1 5.38d(8) 5.31d(8) 5.30d(8.5) 531d(8.5) 5.29d(8) 5.27d(8)
2 5.77dd (9, 8) 5.76 dd (9, 8) 5.75dd (9, 8.5) 5.74 dd (9, 8.5) 5.71dd (9, 8) 5.72.dd (9, 8)
3 4339 4.20dd (9, 9) 4.16" 4149 4119 415"
4 418" 4.02dd (9,9) 3.99 dd (9,9) 4.05dd (9,9) 3.97 dd (9,9) 3.96”
5 4,05% 3.949 3.949 3.939 3.90% 3.93%
6 4219 4137 414" 4229 417" 4,06"
4,545 4239 4235 4.47 brd (10) 4.44brd(11) 438"
Glc*-1 . 491d(8) 490d(8) 4.86d(8) 4.84 d (8) 491d(8)
2 3.87dd (9, 8) 3.90dd (9, 8) 3.88dd (9, 8) 3.89.dd (9, 8) 3.86.dd (9, 8)
3 4,049 4,15 4.08dd (9,9 4,149 4.13dd (9,9)
4 3.87dd (9,9) 3.92dd (9,9) 3.82dd (9,9) 3.91dd(9,9) 3.92dd (9, 9)
5 4.14dd (9, 9) 4,139 4.06” 4,079 4307
6 3.919 4,05 3.69 brd (10) 3.839 4329
4,679 4.88% 459" 473 brd (10) 4929
Rha’-1 5.41d(1.5) 5.48d(1.5) 5.46 d (1.5) 5.53brs 5.63brs
2 473 dd (3, 1.5) 473 m 479 brd (3.5) 4.78 brd (3.5) 4.71'm
3 4.57dd (9, 3) 4,53dd (9, 3) 4.58dd (9, 3.5) 4.53dd (9, 3.5) 4.53.dd (9, 3.5)
4 427? 4249 4.18 dd (9, 9) 4.16" 4.20dd (9, 9)
5 4309 4,329 4,259 4259 4.46 m
6 1.60 d (6) 1.65d (6) 1.56 d (6) 1.59.d (6) 1.64 d (6)
Glct-1 4.94d(8) 4904 (8) 4.97 d(8)
2 3.98 dd (9, 8) 3,939 3.99 dd (9, 8)
3 4,149 4.17dd (9, 9) 4.17dd (9,9)
4 4,10 4,089 4,04 dd (9, 9)
5 3.97 3.99% 3.93"
6 4239 425" 4.13%
4,529 448" 4.44"
(Gle8)
Glc’-1 5.32d(8) 531d(8) 522d(7.5)
(Glc¥) 2 4,07 4.05dd (9, 8) 4,12dd (9, 7.5)
3 4220 419" 4.17dd (9, 9)
4 425" 416" 4220
5 3.98" 3.99” 3.869
6 435dd (12, 5) 4307 438"
4.49dd (12, 2.5) 450" 4,559

a) Coupling constants (J) in Hz are given in parentheses. b) Overlapped signals.
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Fig. 1. FAB-MS (Negative Mode) Fragments of 7a, 9a, 12a and 13a

11 indicated the presence of the '"H-">C long-range correla-
tions as shown by arrows in Fig. 2. Furthermore, the NOESY
spectrum of 11 showed the presence of the 'H~'H correla-
tions as shown by dotted arrows in Fig. 2. These data denoted
that the connecting position of the additional glucose® moiety
in 11 was the C,-oxygen of the glucose® moiety in 13. The
configuration of the glucosyl® anomeric position was de-
duced to be 3 based on the J,,, value (8 Hz) and carbon
signal pattern of the glucosyl® moiety.

From these findings, the structure of clematernoside I (11)
is as shown in Chart 1.

Clematernoside J (12), C,,;H;;,,0,,, showed the signals
due to twelve anomeic carbons together with those assigna-
ble to an isoferuloyl group in the "*C-NMR spectrum (Tables
3, 4). The FAB-MS of the alkaline-hydrolysis product (12a)
of 12 exhibited the (M—H)™ ion peak and the fragment ion
peaks as shown in Fig. 1, suggesting that 3-O-glycosyl chain
branched at the glucose® moiety.

In comparing the >*C-NMR spectrum of 12 with that of 9,
ninety-eight carbons, which were assignable to a R*G® (2-O-
IF-G*) G’RiR?A0leG'G?R! moiety in 9, were observed at al-
most the same positions in 12. Accordingly, 12 was sug-
gested to be a monoglucoside of 9. Most of the NMR signals
due to the sugar moieties in 12 were assigned based on the
'H-'H COSY, 'H-"C COSY and HMBC spectral data with
the aid of the data for 9. The HMBC spectrum of 12 indi-
cated the presence of the 'H-'3C long-range correlations as

1897

miz 1821.8 M -H)~

shown by arrows in Fig. 2. In addition, the NOESY spectrum
of 12 showed the presence of the "H-'H correlations via
space as shown by dotted arrows in Fig. 2. These data re-
vealed that the connecting position of the additional
glucosyl® moiety was the C,-oxygen of the glucose® moiety.
The configuration of the glucosyl® anomeric position was de-
duced to be 8 based on the Jyy | y , value (7.5 Hz) and the car-
bon signal pattern of the glucosyl® moiety.

On the basis of these findings, the structure of clemater-
noside J (12) was concluded to be as shown in Chart 1.

Thus the saponin constituents of Clematis terniflora were
examined, and eleven new saponins termed clematernosides
A—K (1, 2, 5—13) were isolated and characterized.

The structural characteristics of the clematernosides are
summarized as follows. An aglycone is oleanolic acid or
hederagenin as is very often seen in other Clematis species.
The clematernosides are all 3,28-O-bisdesmoside and their
28-0-glycosyl group is all o-L-rhamnopyranosyl-(1—4)-f-p-
glucopyranosyl-(1—6)--p-glucopyranosyl one, as is also
commonly found in other Clematis species. All clematerno-
sides have a substituted-cinnamoy! group in the molecule.
The major substituted-cinnamoyl group is a 3-hydroxy-4-
methoxycinnamoyl (isoferuloyl) one. Clematernoside K (13)
has a linear octasaccharide moiety and clematernoside I (11)
as well as J (12) has a nonasaccharide moiety. Furthermore,
clematernoside I (11) and J (12) have a total of twelve mono-
saccharides in the molecule. This is the first report of the iso-
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Fig. 2. NOE and HMBC Correlations on the Sugar Linkage Sites

lation and characterization of such “big” saponins to our
knowledge.

Experimental

General Procedures All melting points were determined on a Yanagi-
moto micromelting point apparatus and were uncorrected. NMR spectra
were taken in pyridine-d; on a JEOL GSX-400 spectrometer (‘H-NMR at
400 MHz and '*C-NMR at 100 MHz), and the chemical shifts are given in §
(ppm). MS were taken on a JEOL JMS-SX-102A mass spectrometer, using
triethanolamine as a matrix. UV spectra were taken in MeOH on a Shimadzu
dual-wavelength/doublebeam recording spectrophotometer. IR spectra were
taken in KBr disk on a Hitachi 270-30 IR spectrophotometer. Optical rota-
tion was measured by a JASCO DIP-370 digital polarimeter. The HPLC sys-
tem was composed of TOSO CCPE pump with recycling valve and a
JASCO 875 UV detector. For TLC, pre-coated plates of Silica-gel 60F,s,,
RP-18 and HP Silica-gel 60F,;, (Merck) were used.

Medium pressure liquid chromatography (MPLC) was conducted on an
octadecyl silica (ODS) column (stuffed Merck Licroprep RP-18 No.13900 in
500mmXx32mm i.d.) eluted with MeOH—propanol-H,0 (5:1:6) (MPLC-
1). Purification by preparative recycling HPLC was carried out under the fol-
lowing conditions: column A, COSMOSIL 5C,s-AR (250 mmX20mm i.d.);
column B, Develosil ODS-10 (250 mmX20 mm i.d.); column C, YMC-Pack
Polyamine-II (250 mmX20mm i.d.); mobile phase, CH,CN :propanol:
H,0=3:1:7 (solv. 1), 2.5:1:7.5 (solv. 2), 2.3:1:7.7 (solv. 3), 2.8:1:7.2
(solv. 4),2.5:1.2:7.5 (solv. 5), 3:1.3:7 (solv. 6), 6:2:3.5 (solv. 7); detec-
tion, UV,

Materials The roots of C. terniflora DC. var. robusta TAMURA (collected
in Gunma prefecture, Japan) were purchased from Tochimoto-tenkaido Co.,
Inc. (Osaka, Japan). Cellulase (from Aspergillus niger) was obtained from
Sigma-Aldrich Japan K. K.

Extraction and Isolation The dried roots (173.3kg) of the plant were

extracted by boiling with MeOH. The MeOH extract was concentrated to
dryness under reduced pressure. The residue (28.7kg) was suspended in
H,O and successively extracted with Et,0 and BuOH. The BuOH layer was
concentrated and the residue was dissolved in a small amount of MeOH.
This solution was poured into EtOAc and the resulting precipitate (1323 g)
was collected. The precipitate (500 g) was chromatographed on an Amber-
lite XAD-2 column eluted with a stepwise gradient of H,0-MeOH (10:
058:256:4—4:6—2:8-0:10) to give six fractions. Fraction 4 (eluted
with H,O:MeOH=4:6) and fraction 5 (eluted with H,O:MeOH=2:8)
contained saponis. Fractions 4 and 5 were combined and then subjected to
silica gel column chromatography eluted with CHCI;-MeOH (100:4—
100:6—100:8) and CHCl,-MeOH-H,0 (25:3:0.3525:5:0.5-25:7:
0.9525:10:1.8-525:12:2.5525:14:3) to give one hundred fractions.
Fraction 40 (20 g) was chromatographed on a silica-gel column eluted with
CHCl,-MeOH-H,0 (25:3:0.3525:5:0.5525:7:0.9) to give three frac-
tions (I, 1T and I11 ). Fraction I (1 g) was separated by MPLC-1 to give crude
3, which was purified by preparative recycling HPLC (column A, solv. 1) to
give pure 3 (30 mg). Fraction III (1 g) was purified in the same way as for 3
to give 1 (250 mg).

Fraction 35 (3.5 g) was separated by MPLC-1 and then purified by prepar-
ative recycling HPLC (column A, solv.1) to give 2 (50 mg) and 8 (50 mg).
Fraction 48 (6.5 g) was chromatographed by MPLC-1 to give hederagenin
glycoside and oleanolic acid glycoside fractions. These fractions were puri-
fied by preparative recycling HPLC (column A, solv. 2) to give 5 (78 mg)
and 4 (98 mg), respectively. In the same manner as for fraction 35, fraction
55 (1 g) was purified to give 7 (75 mg). Fraction 63 (3.1 g) was separated by
MPLC-1 to give hederagenin glycoside and oleanolic acid glycoside frac-
tions. The hederagenin glycoside fraction was purified by repeated prepara-
tive recycling HPLC (column A, solv. 3; column B, solv. 2) to give 6
(50mg). The oleanolic acid glycoside fraction was purified by recycling
HPLC (column A, solv. 4; column B, solv. 1) to give 10 (40 mg). Fraction 70

NII-Electronic Library Service



December 1998

(2 g) was separated by MPLC-1 and then purified by recycling HPLC (col-
umn A, solv. 5; column B, solv. 6) to give 9 (45 mg).

The mother liquor of BuOH extraction was concentrated in vacuo. The
residue (100 g) was dissolved in H,0 and chromatographed on an Amberlite
XAD-2 column eluted with H,O-MeOH (MeOH 0-20—-40—60—80—
100%). The saponin containing fraction (15.6 g) was separated by MPLC-1
to give hederagenin glycoside (7.0g) and oleanolic acid glycoside (7.8 g)
fractions. The oleanolic acid glycoside fraction was separated into three
fractions (1’—3") by preparative recycling HPLC (column B, solv. 5). Frac-
tion 1’ was purified with the recycling separation system (column C, solv. 7)
to give 11 (79 mg) and 12 (80 mg). Fraction 2’ was purified with the recy-
cling separation system (column C, solv., CH,CN: EtOAc: H,0=6:2:3) to
give 13 (34 mg).

Acid-Hydrolysis of Saponins A few milligrams of each sample (1—
13) was dissolved in 2N H,SO,~50% dioxane (2—4ml) and heated at
90°C for 2h. After cooling, the reaction mixture was diluted with H,O
and concentrated to about half volume to yield precipitate, which was
collected by filtration. The precipitate was examined by TLC (solv,
benzene : EtOAc=1: 1), which revealed the presence of hederagenin (in the
cases of 5 and 6) or oleanolic acid (in the cases of other saponins). The fil-
trate was neutralized with saturated Ba (OH), aq. and centrifuged. The
supernatant was evaporated and the residue was dissolved in H,O (ca. 0.5
ml) and subjected to HPLC analysis [column, YMC-Pack Polyamine II
(250 mmXx4.6 mm i.d.); solv., CH;CN : H,0: H;PO,=86: 14 :0.05; detector,
Shimadzu RID-2A refractive index detector and JASCO OR-990 optical ro-
tation detector; temperature, 50 °C], which revealed the presence of L-rham-
nose (fz 6.3 min), D-ribose (¢ 7.2 min), L-arabinose (#; 10.5 min) and p-glu-
cose (f; 16.9min) in all cases of 1—13.

Clematernoside A (1) Amorphous powder, [a]® —54.5° (¢=0.53,
MeOH). IR (KBr) cm™": 3436, 2946, 1720, 1514, 1266, 1060. FAB-MS
(negative mode) m/z: 1835.8 [(M—H)"], 1659.8 [(M—isoferuloyl—H) ],
1365.7 [(M—Rha—Glc—Glc—H)], 1189.6, 1027.6, 865.5, 733.5, 587.4.
HR-FAB-MS: Table 1. UV 4,,,nm (log €): 216 (4.33), 244 (4.19), 297
(4.31), 326 (4.38). *C-NMR: Tables 2—4. 'H-NMR: Tables 5, 6.

Alkaline-Hydrolysis of 1 Compound 1 (70 mg) was dissolved in 0.5~
KOH (5 ml) and heated at 90 °C for 1 h. After cooling, the reaction mixture
was neutralized with dil. H,SO, and extracted with BuOH (5 mlIX4). The
BuOH layer was concentrated and purified by preparative HPLC (column A,
solv. 6) to give 1a (30 mg). Compound 1a, [a]% —23.1° (¢=0.54, MeOH),
was identified as CP, by direct comparison.”

Mild Alkaline-Hydrolysis of 1 A solution of 1 (70 mg) in 0.1 N KOH
(5ml), was left to stand for 1 h at room temperature. The reaction mixture
was processed in a similar manner to that described above to give isoferulic
acid and 1b (50 mg). Compound 1b, [a]’ —39.0° (¢=0.70, MeOH), 'H-
NMR: 4.82 (1H, d, /=6 Hz, H-1 of Ara), 4.97 (1H, d, J=8 Hz, H-1 of GIc?),
498 (1H, d, J=8 Hz, H-1 of Glc?), 5.16 (1H, d, J=7.5 Hz, H-1 of Glc*), 5.81
(1H, d, J=5Hz, H-1 of Rib), 5.83 (1H, br s, H-1 of Rha'), 6.22 (IH, d,
J=8Hz, H-1 of Glc'), 6.25 (1H, br s, H-1 of Rha?. *C-NMR: Table 3
(sugar moiety).

Clematernoside B (2) Amorphous powder, [a]3 —32.8° (c=0.61,
MeOH). IR (KBr) em™': 3452, 2940, 1710, 1634, 1516, 1266, 1060. FAB-
MS (negative mode) m/z: 18358 [(M—H)7], 1659.8 [(M—acyl—H)"],
1365.7 [((M—Rha—Glc—Glc—H)], 1189.6, 1027.5, 865.5, 733.4. HR-FAB-
MS: Table 1. UV A, nm (log €): 216 (4.18), 243 (4.02), 296 (4.14), 325
(4.20). "H-NMR: 4.81 (1H, d, J=6 Hz, H-1 of Ara), 4.96 (1H, d, J=8 Hz, H-
1 of Glc*), 4.98 (1H, d, J=7.5Hz, H-1 of Glc?), 5.27 (1H, d, J=8 Hz, H-1 of
Glc*, 5.81 (1H, d, J=6Hz, H-1 of Rib), 5.83 (1H, br s, H-1 of Rha'), 5.99
(1H, dd, /=9, 8 Hz, H-3 of Glc*), 6.21 (1H, d, J=8 Hz, H-1 of Glc'), 6.25
(1H, br s, H-1 of Rha?). *C-NMR: Tables 2—4.

Mild Alkaline-Hydrolysis of 2 A solution of 2 (10mg) in 0.1 N KOH
(5ml) was left to stand at room temperature for 1 h and then passed through
an Amberlite MB-3 column eluted with MeOH (10 ml). After concentrating
the eluate, the residue was purified by preparative HPLC (column A, solv. 2)
to give isoferulic acid and 1b (7.5 mg).

Identification of Known Compounds 3 and 4 The 'H- and *C-NMR
data and optical rotation of 3 [amorphous powder, [0]Z —~38.0° (¢=0.64,
MeOH)] and 4 [amorphous powder, [0]% —45.5° (¢=0.39, MeOH)] coin-
cided with those of huzhangoside B" > and clematichinenoside C,® respec-
tively.

Clematernoside C (5) Amorphous powder, []%® —43.1° (c=0.61,
MeOH). IR (KBr) cm™': 3460, 2936, 1720, 1634, 1514, 1266, 1068. FAB-
MS (negative mode) m/z: 1851.8 [(M—H)7], 1675.8 [(M—isoferuloyl
—H)7], 1381.8 [(M—Rha—Glc—Glc—H)7], 1205.9, 1043.8, 881.6, 749.5,
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603.4. HR-FAB-MS: Table 1. UV A, nm (log £): 216 (4.11), 243 (3.95),
297 (4.10), 326 (4.15). 'H-NMR: 4.87 (1H, d, /=7.5 Hz, H-1 of Glc®), 4.98
(1H, d, J=8 Hz, H-1 of Glc?), 5.04 (1H, d, J=6.5 Hz, H-1 of Ara), 5.38 (1H,
d, J=7.5Hz, H-1 of Glc*), 5.78 (1H, dd, J=8, 8 Hz, H-2 of Glc*), 5.79 (1H,
d, J=5.5Hz, H-1 of Rib), 5.84 (1H, br s, H-1 of Rha'), 6.21 (1H, d, J=8 Hz,
H-1 of Glc"), 6.29 (1H, br s, H-1 of Rha?). '*C-NMR: Tables 2—4.

Alkaline-Hydrolysis of 5 A solution of 5§ (25mg) in 0.58 KOH (5 ml)
was heated at 90 °C for 1 h. After cooling, the reaction mixture was passed
through an Amberlite MB-3 column eluted with MeOH. After concentrating
the eluate, the residue was purified by preparative HPLC (column A , solv.
1) to give 5a (12mg). Compound 5a, amorphous powder, [a]3) —22.5°
(¢=0.73, MeOH) was identified as CP,, by direct comparison.”

Clematernoside D (6) Amorphous powder, [a]® —50.2° (c=0.67,
MeOH). IR(KBr)em™': 3496, 2932, 1708, 1632, 1510, 1266, 1060. FAB-MS
(negative mode) m/z: 2159.9 [(M—H)"], 1689.7 [(M—~Rha—Glc—Glc
—H)7], 1513.6, 1043.5, 881.4, 749.4. HR-FAB-MS: Table 1. UV A, nm
(log €): 215 (4.23), 244 (4.07), 298 (4.16), 326 (4.25). 'H-NMR: 4.87 (1H,
d, J=7.5Hz, H-1 of Glc*), 4.92 (1H, d, /=8 Hz, H-1 of GIc®), 4.99 (1H, d,
J=8Hz, H-1 of Glc?), 5.06 (1H, d, J=6.5Hz, H-1 of Ara), 532 (1H, d,
J=8.5Hz, H-1 of Glc*), 5.42 (1H, d, J=1.5 Hz, H-1 of Rha®), 5.76 (1H, dd,
J=8, 8 Hz, H-2 of Glc¥), 5.82 (1H, d, J=5.5Hz, H-1 of Rib), 5.85 (1H, d,
J=1.5Hz, H-1 of Rha'), 6.23 (1H, d, J=8 Hz, H-1 of Glc"), 6.29 (1H, br s,
H-1 of Rha?). *C-NMR: Tables 2—4.

Clematernoside E (7) Amorphous powder, [a]® —65.0° (c=0.10,
MeOH). IR (KBr) cm™": 3456, 2928, 1714, 1634, 1514, 1262, 1050. FAB-
MS (negative mode) m/z: 2143.9 [(M—H)"], 1673.7 [(M—Rha—Glc—Glc—
H)7], 1189.6, 1027.5, 865.5, 733.5. HR-FAB-MS: Table 1. UV A, nm
(log €): 215 (4.09), 244 (3.94), 298 (4.08), 326 (4.16). >*C-NMR: Tables
2—4. '"H-NMR: Tables 5, 6.

Alkaline-Hydrolysis of 7 A solution of 7 (25mg) in 0.5N KOH (5 ml)
was processed in the same way as for 1 to afford 7a (15 mg). FAB-MS (neg-
ative mode) m/z: 1497.7 [(M—H)7], 1351.6 [(M—Rha—H)"], 1189.5
[(M=Glc—Rha—H)], 1027.5, 865.5, 733.5, 587.4 (Fig. 1). '"H-NMR: 4.85
(1H, d, J=6 Hz, H-1 of Ara), 4.94 (1H, d, J=7.5 Hz, H-1 of GIc*), 5.11 (1H,
d, J=7.5 Hz, H-1 of Glc*), 5.19 (1H, d, J/=7.5 Hz, H-1 of GIc®), 5.45 (1H, d,
J=15 Hz, H-1 of Rha’), 5.82 (1H, d, J=5.5 Hz, H-1 of Rib), 6.22 (1H, d,
J=1.5 Hz, H-1 of Rha?). '3C-NMR: Table 3.

Clematernoside F (8) Amorphous powder, [a] —63.5° (c¢=0.57,
MeOH). IR (KBr) cm™": 3468, 2940, 1716, 1632, 1516, 1262, 1064. FAB-
MS (negative mode) m/z: 1849.8 [(M—H)™], 1659.8 [(M—3,4-dimethoxy-
cinnamoyl—H)™], 1379.7 [(M—Rha—Gle—Glc—H)"], 1189.6, 1027.5,
865.5, 733.4. HR-FAB-MS: Table 1. UV A, nm (log &): 216 (4.45), 235
(4.36), 298 (4.45), 324 (4.56). 'H-NMR: 4.82 (1H, d, J=6Hz, H-1 of Ara),
493 (1H, d, J=7.5Hz, H-1 of Glc*), 4.99 (1H, d, J=7.5Hz, H-1 of Glc?),
5.39 (1H, d, J=8 Hz, H-1 of Gl¢*), 5.81 (1H, dd, /=9, 8 Hz, H-2 of Glc*),
5.81 (IH, d, J/=5Hz, H-1 of Rib), 5.85 (1H, s, H-1 of Rha'), 6.21 (1H, d,
J=8Hz, H-1 of Glc'), 6.25 (1H, br s, H-1 of Rha?). *C-NMR : Tables 2—4.

Mild Alkaline-Hydrolysis of 8 A solution of 8 (20mg) in 0.1~ KOH
(5ml) was processed in the same way as for 2 to afford 3,4-dimethoxycin-
namic acid and a deacyl product (15 mg), the latter being identified as 1b by
direct comparison.

Clematernoside G (9) Amorphous powder, [a]Y —48.5° (c=0.84,
MeOH). IR (KBr) cm™": 3436, 2928, 1708, 1630, 1512, 1262, 1066. FAB-
MS (negative mode) m/z: 2306.0 ((M—H)7], 1835.7 [(M—Rha—2Glc—
H)7], 1659.8, 1189.6, 1027.5, 865.5, 733.5. HR-FAB-MS: Table 1. UV
Ay nm (log €): 216 (4.28), 244 (4.13), 297 (4.25), 326 (4.33). *C-NMR:
Tables 2—4. 'H-NMR: Tables 5, 6.

Alkaline-Hydrolysis of 9 A solution of 9 (43mg) in 0.58 KOH (5
ml) was processed in the same way as for 5 to give 9a (14 mg). FAB-MS
(negative mode) m/z: 1659.7 [(M—H)], 1513.6 [(M—Rha—H)"], 1497.7
[(M—Glc—H)™], 1189.5 [(M—2Glc—Rha—H)"], 1027.5, 865.5, 733.5. 'H-
NMR: 4.85 (1H, d, J=6 Hz, H-1 of Ara), 4.96 (1H, d, /=8 Hz, H-1 of Gic?),
4.97 (1H, d, J=7.5Hz, H-1 of GIc®), 5.10 (1H, d, J=7.5Hz, H-1 of Glc*),
5.20 (1H, d, J=8Hz, H-1 of GIc*), 5.56 (1H, d, J=1.5Hz, H-1 of Rha®),
5.83 (1H, d, J=5.5Hz, H-1 of Rib), 6.25 (1H, d, J=1.5Hz, H-1 of Rha?).
BC-NMR: Table 3.

Enzymatic Hydrolysis of 9 To a solution of 9 (30mg) in H,0 (10 ml)
was added cellulase (10 mg) and the mixture was allowed to stand at 38 °C
for 1 h. The reaction mixture was applied on an ODS column (COSMOSIL
140C 4-OPN) eluted with H,O and then with MeOH. The MeOH eluate was
evaporated and the residue was purified by preparative HPLC (column A ,
solv. 1) to give 9¢ (16 mg), which was identified as 7 by direct comparison.

Clematernoside H (10) Amorphous powder, [0]® —42.5° (c=0.45,
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MeOH). IR (KBr) cm™%: 3500, 2900, 1710, 1630, 1050. FAB-MS (negative
mode) m/z: 2289.9 [(M—H)"], 1819.5 [(M—Rha~Glc—Glc—H)], 1659.5,
1027.5, 865.3, 733.2. HR-FAB-MS: Table 1. UV 4, nm (log £): 204 (4.08),
227 (4.00), 255 (3.97), 262 (3.90), 311 (4.25). 'H-NMR: 4.83 (1H, d,
J=6Hz, H-1 of Ara), 491 (1H, d, J=7.5Hz, H-1 of Gic), 4.91 (1H, d,
J=8Hz, H-1 of Glc*), 4.93 (1H, d, J=7.5Hz, H-1 of Glc®), 4.99 (1H, d,
J=8Hz, H-1 of Glc?, 531 (1H, d, J=7.5Hz, H-1 of Glc*), 5.49 (1H, d,
J=1.5Hz, H-1 of Rha®), 5.76 (1H, dd, J=9, 7.5 Hz, H-2 of Glc*), 5.82 (1H,
d, J=5.5Hz, H-1 of Rib), 5.86 (1H, d, /=1.5Hz, H-1 of Rha'), 6.23 (1H, d,
J=8.5Hz, H-1 of Glc'), 6.25 (1H, br s, H-1 of Rha?). *C-NMR: Tables 2—
4.

Clematernoside I (11) Amorphous powder, [a]¥ —32.3° (c=0.60,
MeOH : H,0=9:1). IR (KBr) cm™"; 3500, 2950, 1740, 1610, 1510, 1265,
1060. FAB-MS (negative mode) m/z: 2468.0 [(M—H)™], 1998.8 [(M—
Rha—2Glc—H)™], 1821.8, 1189.6, 1027.5, 865.5, 733.4. HR-FAB-MS:
Table 1. UV 4,,,nm (log €): 215 (4.35), 243 (4.16), 298 (4.29), 326 (4.35).
BC-NMR: Tables 2—4. '"H-NMR: Tables 5, 6.

Enzymatic Hydrolysis of 11 To a solution of 11 (7mg) in H,0 (5ml)
was added cellulase (10 mg) and the reaction mixture was processed in the
same manner as for 9 to give 11¢ (4 mg), which was identified as 13 by di-
rect comparison.

Clematernoside J (12) Amorphous powder, [a]® —37.6° (¢=0.55,
MeOH : H,0=9:1). IR (KBr) em™": 3500, 2950, 1720, 1610, 1510, 1265,
1060. FAB-MS (negative mode) m/z: 2468.0 [(M—H)7], 1998.8 [(M~—
Rha—Glc—Glc—H) 7], 1821.8, 1189.6, 1027.5, 865.5, 733.4. HR-FAB-MS:
Table 1. UV A, nm (log €): 216 (4.45), 243 (4.28), 299 (4.41), 326 (4.47).
3C-NMR: Tables 2—4. 'H-NMR: Tables 5, 6.

Alkaline-Hydrolysis of 12 A solution of 12 (16 mg) in 0.5N8 KOH
(5ml) was processed in the same way as for 5, except for the HPLC condi-
tions (column A, solv. 6), to give 12a (7 mg). FAB-MS (negative mode) m/z:
1821.8 [(M—H)"], 16758 [(M—Rha—H)"], 1659.8 [(M—Glc—H)7],
1497.8 [(M=2Glc—H)71, 1335.7 [(M—3Glc—H)"], 1189.6 [(M~3Glc—
Rha—H)7], 1027.6, 865.5, 733.5.

Clematernoside K (13) Amorphous powder, [a]y —45.4° (c=0.48,
MeOH). IR (KBr) em™": 3500, 2920, 1740, 1610, 1510, 1270, 1060. FAB-
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MS (negative mode) m/z: 23059 [(M—H)"], 1835.6 [(M—Rha—2Glc—
H)7], 1659.6, 1189.5, 1027.5, 865.5, 733.3. HR-FAB-MS: Table 1. UV
Aome D (log £€): 214 (4.49), 243 (4.33), 299 (4.44), 326 (4.51). *C-NMR:
Tables 2—4. 'H-NMR: Tables 5, 6.

Alkaline-Hydrolysis of 13 A solution of 13 (31 mg) in 0.5N KOH
(5 ml) was processed in the same way as for 5 to give 13a (15 mg). FAB-MS
(negative mode) m/z: 1659.8 [(M—H)7], 1497.7 {(M—Glc—H)"], 1351.7
[(M—Glc—Rha—H)"], 1189.6 [(M—Rha—2Glc—H)"], 1027.6, 865.5,
733.5.
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