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From the roots of Clematis stans three new oleanane-type triterpenoid saponins named clemastanoside A, B
and C, and two new lignan glycosides named clemastanin A and B, have been isolated together with three known
triterpenoid saponins, huzhangoside B, C and D, and three known lignan glycosides, (+ )-lariciresinol 4-O-$-p-
glucopyranoside, (+)-lariciresinol 4'-O-$-p-glucopyranoside and (+)-pinoresinol 4,4’-O-bis-p-D-glucopyranoside.
In addition, from the leaves, four new oleanane-type triterpenoid saponins, named clemastanoside D, E, F and G,
have been isolated together with five known triterpenoid saponins, hederasaponin B, kizutasaponin K, ,, huzhan-
goside B, sieboldianoside B and huzhangoside D, and three known flavonoids, isoquercitrin, rutin and quercetin
3-0-B-p-glucuronopyraneside. The structures of the new compounds were elucidated based on chemical and
physicochemical evidence as follows: clemastanoside A, 3-O-B-p-ribopyranosyl-(1->3)-a-L-rhamnopyranosyl-
(1-2)-a-L-arabinopyranosyl oleanolic acid 28-0-(4-O-acetyl)-a-L-rhamnopyranosyl-(1-4)-p-D-glucopyranosyl-
(1-6)-p-p-glucopyranosyl ester (terminal rhamnosyl 4-O-acetate of huzhangoside B); clemastanoside B and
C, 3-O-p-p-xylopyranesyl- and 3-O-p-p-ribopyranosyl-(1- 3)-a-L-rhamnopyranosyl-(1 - 2)--p-galactopyranosyl
oleanolic acid 28-0-a-L-rhamnopyranosyl-(1-»4)--p-glucopyranosyl-(1-6)-B-D-glucopyranosyl ester, respectively;
clemastanoside D, 3-O-B-D-ribopyranosyl-(1-»3)-¢-L-rhamnopyranosyl-(1— 2)-a-L-arabinopyranosyl hederagenin
28-0-B-D-glucopyranosyl ester; clemastanoside E, F and G, terminal rhamnosyl 4-0-, 3-O- and 2-O-acetate of
3-0-p-p-ribopyranosyl-(1->3)-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl hederagenin 28-0-a-L-rhamno-
pyranosyl-(1—4)-p-p-glucopyranosyl-(1- 6)-$-p-glucopyranosyl ester, respectively; clemastanin A, (7.5,8R)-3-
methoxy-3',4,9,9'-tetrahydroxy-4',7-epoxy-5’,8-lignan 3'-O-p-D-glucopyranoside; clemastanin B, (+)-lariciresinol

4,4’-O-bis-p-p-glucopyranoside.
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Ranunculaceae

Clematis stans (Kusabotan in Japanese) is a plant of the
Ranunculaceae found throughout Japan.® The literature
contains no report of its constituents. As a continuation
of our study of the constituents from Clematis species,
the roots and leaves of this plant were examined. This
paper deals with the structural elucidation of the
constituents of plants collected in the Ishikawa prefecture,
Japan.

The water-soluble portion of a hot MeOH ext. from the
roots was successively extracted with ether, AcOEt and
BuOH. The BuOH-soluble part was subjected to repeated
chromatography to give eleven compounds (1—11). In a
similar manner, twelve compounds (2, 6, 12—21) were
isolated from the leaves as described in the experimental
section.

Compounds 2, 3, 6, 7, 8, 10, 13, 17, 18, 19, 20 and 21
were identified as huzhangoside B,* huzhangoside C,¥
huzhangoside D,* (+)-lariciresinol 4-0-f-p-glucopyrano-
side,> (+)-lariciresinol 4'-O-B-p-glucopyranoside,® (+)-
pinoresinol 4,4'-0-bis-f-D-glucopyranoside,® hederasapo-
nin B,” kizutasaponin' K,,® sieboldianoside B,” iso-
quercitrin,'® rutin'® and quercetin 3-O-g-p-glucurono-
pyranoside,'? respectively, based on chemical data, 13C-
NMR spectra and specific rotation data.

Compound 1 named clemastanoside A was subjected
to acid-hydrolysis to give oleanolic acid, arabinose, glu-
cose, rhamnose and ribose. On alkaline hydrolysis with
I~ NaOH, 1 gave prosapogenin (1p) which was identified
as CP, (oleanolic acid 3-O-f-p-ribopyranosyl-(1—3)-a-
L-rhamnopyranosyl-(1—2)-a-L-arabinopyranoside) by
direct comparison.!? The molecular formula of 1 was

* To whom correspondence should be addressed.

determined as CggHy 06030 from high resolution (HR)
FAB-MS [quasi-molecular ion at m/z 1401.6656 (M +
Na)*] and '3C-NMR spectral data. The '*C-NMR
spectrum of 1 exhibited signals due to an acetyl group
along with six anomeric carbons. 1 was treated with 0.2N
KOH at room temperature to afford a deacetyl product,
which was identified as compound 2 by direct comparison.
Consequently, 1is a monoacetate of 2. 'H and *3C signals
due to both sugar parts were assigned from H-'H shift
correlation (COSY) and 'H-*3C COSY spectral data, and
then the data for 1 were compared with those for 2. H-4
and C-4 signals of the terminal rhamnose unit in 1 were
observed at a lower field by 1.51 and 2.1 ppm, and C-3
and C-5 at a higher field by 2.4 and 2.8 ppm, respectively,
than the corresponding signals in 2. These results show
that the acetyl group in 1 is connected to the C-4 position
of the terminal rhamnose unit. )

Therefore, the structure of clemastanoside A (1) is
concluded to be 3-O-f-pD-ribopyranosyl-(1 —3)-a-L-rham-
nopyranosyl-(1—2)-a-L-arabinopyranosyl oleanolic acid
28-0-(4-0-acetyl)-a-L-rhamnopyranosyl-(1-4)-p-bp-glu-
copyranosyl-(1—6)-f-p-glucopyranosyl ester.

On acid hydrolysis, clemastanoside B (4) gave oleanolic
acid, galactose, glucose, rhamnose and xylose and
exhibited six anomeric carbon signals in its 3C-NMR
spectrum. The molecular formula of 4 was determined as
CssH106030 from HR-FAB-MS [quasi-molecular ion at
m/z 1389.6665 (M +Na)*] and '*C-NMR spectral data.
Alkaline hydrolysis of 4 afforded prosapogenin (4p), which
showed three anomeric carbon signals in the 3C-NMR
spectrum and afforded galactose, thamnose and xylose
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Chart 1

as sugars on acid hydrolysis, denoting that each sugar in
4p represented 1 mol. Comparison of the '*C-NMR spec-
trum of 4 with those of 4p and 2 revealed that the 28-O-
glycosyl moiety was o-L-rhamnopyranosyl-(1->4)--D-
glucopyranosyl-(1—6)--b-glucopyranose. The 'H and
13C signals due to the sugar moiety in 4 were assigned
based on 'H-'H and 'H-**C COSY spectral data and
then the sequence of 3-O-sugar units was identified as
xylopyranosyl-(1- 3)-rhamnopyranosyl-(1-2)-galacto-
pyranosyl-(1—3)-oleanolic acid by the 'H detected het-
eronuclear multiple bond connectivity (HMBC) spectrum,
in which 'H-'3C long-range correlations between ga-
lactosyl H-1/C-3, galactosyl H-2/rhamnosyl C-1, rham-
nosyl H-3/xylosyl C-1 and xylosyl H-1/rhamnosyl C-3
were observed. The configurations of both galactosyl
and xylosyl anomeric positions were determined as f
based on the Jy.; y., value [8 (galactosyl unit), 7.5Hz
(xylosyl unit)], and that of the rhamnosyl C-1 as « by
comparison of the rhamnosyl carbon signal pattern with
that of CP;*? (oleanolic acid 3-O-p-D-xylopyranosyl-(1—

3)-a-L-thamnopyranosyl-(1 —2)-a-L-arabinopyranoside).

From these results, the structure of 4 is 3-0-f-D-xylo-
pyranosyl-(1—3)-a-L-rhamnopyranosyl-(1 —2)-8-D-ga-
lactopyranosyl oleanolic acid 28-O-a-L-rhamnopy-
ranosyl-(1—-4)-8-p-glucopyranosyl-(1 - 6)--p-gluco-
pyranosyl ester.

Clemastanoside C (5) was subjected to acid-hydrolysis
to give oleanolic acid, galactose, glucose, rhamnose and
ribose. The molecular formula of 5 was determined as
CesH ;06030 from HR-FAB-MS [quasi-molecular ion at
m/z 1389.6663 (M +Na)*] and '*C-NMR spectral data.
Compound 5 was suggested to have a terminal ribose unit
because its 13C-NMR spectrum displayed a carbon signal
pattern similar to that of 4 except for the terminal xylose
part. This was also supported by comparison of its
13C-NMR spectral data with those of 2. Furthermore, the
sequence of the 3-O-sugar units was confirmed. based on
the results of the nuclear Overhauser effect (NOE)
experiment; i.e. NOEs were observed between ribosyl
H-1/rhamnosyl H-3, rhamnosyl H-1/galactosyl H-2 and
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galactosyl H-1/H-3. The assignment of these protons was
accomplished by analysis of the 'H-'H COSY spectral
data for §.

On the basis of these findings, the structure of 5 was
concluded to be 3-O-f-p-ribopyranosyl-(1—3)-a-L-rham-
nopyranosyl-(1-2)-f-p-galactopyranosyl oleanolic acid
28-0-a-L-thamnopyranosyl-(1 »4)-f-p-glucopyranosyl-
(1-6)-p-D-glucopyranosyl ester.

On acid hydrolysis, clemastanoside D (12) gave
hederagenin, arabinose, glucose, rhamnose and ribose, and
alkaline hydrolysis of 12 afforded prosapogenin (12p),
which was identified as CP, (hederagenin 3-O-f-D-ribo-
pyranosyl-(1-3)-a-L-rhamnopyranosyl-(1 —2)-a-L-ara-
binopyranoside) by direct comparison.!® The molecular
formula of 12 was determined as C5,Hg,0,; from
HR-FAB-MS [quasi-molecular ion at m/z 1067.5388
(M+Na)*] and '*C-NMR spectral data. Compound 12
exhibited the four anomeric carbon signals in the
I3C-NMR spectrum, and was considered to be 28-O-
glucosyl ester of 12p. The configuration of the glucosyl
C-1 was regarded as f from the J value (8§ Hz) of its
anomeric proton signal. Consequently, the structure of 12
is  3-0-B-pD-ribopyranosyl-(1—3)-a-L-rhamnopyranosyl-
(1 >2)-a-L-arabinopyranosyl hederagenin 28-0-f-D-gluco-
pyranosyl ester.

Each of the clemastanosides E (14), F (15) and G (16)
was considered to have the molecular formula C4sH, 06054
from HR-FAB-MS [quasi-molecularion at m/z 1417.6603,
1417.6608, 1417.6609, respectively, each (M +Na)*] and
I3C.NMR spectral data. Each of these showed signals due

2189

to an acetyl group in the 'H- and '3C-NMR spectra and
gave 6 on treatment with mild alkali, 0.2~ KOH, at room
temperature as well as 12p (CP¢) on alkaline hydrolysis
with 1N NaOH. Therefore, these saponins are considered
to be the monoacetate of 6. Comparison of their *3C-NMR
spectral data with those of 6 led to the supposition that
an acetyl group in 14, 15 and 16 was present in the termi-
nal rhamnose unit (Table 2). Proton and carbon signals
due to the sugar moiety in 6, 14, 15 and 16 were assigned
based on '"H-'H and 'H-'3C COSY [or 'H detected
heteronuclear multiple quantum coherence (HMQC) in
the case of 15 and 16] spectral data, and each linking
position of an acetyl group in 14, 15 and 16 was confirmed
to be the hydroxy group of C-4, C-3 and C-2 of the terminal
rhamnose unit, respectively, by considering the acylation
shift.

Accordingly, the structures of clemastanoside E, F and
G are given by 14, 15 and 16, respectively.

On acid hydrolysis, clemastanin A (9) gave glucose as
the sugar moiety and was considered to have the molecular
formula C,5H;,0,, from HR-FAB-MS [quasi-molecular
ion at m/z 531.1844 (M +Na)*] and '*C-NMR spectral
data. The '"H-NMR spectrum of 9 showed the presence
of a 1,2,4-trisubstituted benzene [dy 7.20, d (J=8 Hz),
7.26, dd, (J=8, 1Hz), 733, d (J=1Hz)], a 1,2,3,5-
tetrasubstitued benzene (6 7.07, brs, 7.49, brs) and a
methoxy group (dy 3.59, s), and the presence of two C,
units [CH(O)-CH-CH,(0O) and CH,~CH,~CH,(O)] were
revealed by '"H-'H COSY spectral data. Each carbon,
except the quaternary one, was assigned by 'H-13C COSY

Table 1. '*C-NMR Spectral Data for the Aglycone Part of Saponins in Pyridine-d;

C No. Ole? 1 2 3 4 4p 5 13 Hed? 6 14 15 16 12 17
C-1 39.0 389 389 390 390 390 390 389 389 388 390 390 391 391 390 390
2 28.1 26.7 266 269 269 269 269 267 265 277 263 263 264 264 263  26.1
3 78.1 88.7 887 8.6 886 887 888 887 887 734 810 810 811 8Ll 810 809
4 394 396 395 396 396 396 396 396 394 429 435 435 436 436 435 434
5 558 560 560 561 560 561 561 560 559 48.1 476 476 478 478 476 476
6 18.8 185 185 185 185 185 185 185 185 186 181 180 182 182 181 181
7 3329 33.05 330 330 330 3317 33.07 331 33.05 33.19 327 327 328 328 327 327
8 398 399 398 399 398 397 399 399 398 397 398 398 399 399 399 398
9 43.1 48.0 48.0 48.0 480 480 48.0 481 480 486 481 481 482 482 481 481
10 374 370 370 370 370 370 370 37.0 37.0 372 368 368 369 369 368 368
11 2383 238 237 237 237 238 2374 238 238 238 237 238 238 238 238 238
12 122.6 1229 1228 1228 122.8 1226 1229 1229 1228 122.6 1228 1229 1229 1230 1229 1228
13 144.8 1441 1441 1441 1441 1448 1441 1441 1441 1448 1440 1440 144.1 1441 1440 1440
14 422 421 420 421 421 422 421 421 421 422 420 420 421 420 420 420
15 283 283 2822 283 283 283 283 283 282 283 282 282 283 283 282 282
16 23.7 234 233 237 233 237 234 234 233 23.67 233 232 234 234 233 233
17 46.7 470 470 470 470 467 470 470 470 46.6 469 469 470 470 469 469
18 420 417 416 416 416 420 41.7 417 416 420 41.6 416 41.7 417 416 416
19 46.5 462 462 462 462 465 462 462 462 464  46.1 46.1 462 462 461  46.1
20 31.0 308 307 307 307 310 308 307 307 309 307 . 306 307 308 307 306
21 343 340 339 340 340 342 340 340 339 342 339 339 340 340 339 339
22 332 325 325 325 325 3321 325 325 325 330 324 325 325 326 325 325
23 288 282 2816 282 282 282 283 282 28.0 678 639 639 640 640 639 639
24 16.6 172 171 172 1739 174 173 172 169 13.1 141 141 141 141 141 139
25 15.6 157 156 157 156 156 157 157 15.6 160 161 161 162 162 16.1 16.1
26 17.4 175 174 175 1742 174 175 115 174 17.5 175 175 175 176 175 175
27 262 261 260 261 261 262 261 261 260 261 260 260 261 260 260 260
28 180.1 176.5 176.5 176.5 176.5 180.2 176.5 176.5 176.7 180.2 176.5 1765 176.5 176.5 1764 176.5
29 3332 3311 331 331 331 333 3311 331 3310 3323 330 330 331 331 330 330
30 23.80 237 236 237 236 238 23.65 237 23.6 2374 236 236 237 237 236 236

a) Ole: oleanolic acid. b) Hed:hederagenin.

NII-Electronic Library Service



2190 Vol. 43, No. 12

Table 2. '3C-NMR Spectral Data for the Sugar Moiety of Saponins in Pyridine-ds

C No. 1 2 3 4

4p 5 18 13 6 14 15 16 12 17
3-0-Glycosyl moiety
Xyl) (Gal) (Gal) (Ga))

Ara-1 1053 105.3 106.1 105.8 105.8 105.8 105.3 104.8 104.7 1047 1047  104.8 104.6  104.3
Xyh2 753 75.3 71.0 74.8 75.1 75.0 75.1 75.8 75.0 75.1 75.2 75.4 75.1 75.7
(Gal)3 749 74.8 79.9 71.0 77.0 77.0 74.8 73.8 7532 753 75.4 75.3 75.3 74.6

4 695 69.4 71.5 71.0 71.0 71.0 69.4 68.6 69.8 69.7 69.8 69.8 69.8 69.3
5 658 65.8 67.0 76.7 76.7 76.7 65.8 64.7 66.4 66.4 66.4 66.4 66.4 65.6
6 62.1 62.1 62.1

Pha-1 1014 1013 101.4  101.2 101.4  101.3 1014 1017 1012 1012 1014 1014 1012 1016
2 721 72.0 72.0 72.1 72.1 72.2 72.0 723 72.0 72.0 72.1 72.1 72.0 72.2
3 813 81.2 81.2 829 83.0 81.3 83.0 72.5 81.1 81.2 81.3 81.3 81.2 72.5
4 729 72.8 72.9 73.0 73.1 729 73.0 74.0 72.8 72.8 72.9 729 72.8 74.0
5 699 69.8 69.9 69.4 69.4 69.7 69.7 69.8 69.7 69.8 69.8 69.8 69.7 69.6
6 184 18.5 18.6 184 18.4 18.4 18.4 18.5 18.4 18.4 18.5 18.5 18.4 18.5

Xy) Xy Xyl

Rib-1 104.7 1046  104.6 107.6  107.7 104.8 107.6 104.6 1046 1047 104.8 104.6

Xyh2 728 72.7 72.7 75.6 75.6 72.8 75.7 72.7 72.7 72.8 72.8 72.7

3 690 68.8 68.9 78.5 78.5 69.0 78.5 68.8 68.8 68.9 68.9 68.9

4 703 70.1 70.2 71.1 71.2 70.3 71.2 70.1 70.2 70.3 70.3 70.2

5 653 65.2 65.2 67.5 67.5 65.3 67.5 65.2 65.2 65.3 65.3 65.2
28-0-Glycosyl moiety

Gle-1 956 95.6 95.6 95.6 95.7 95.7 95.6 95.5 95.5 95.7 95.6 95.7 95.6

(Inner) 2 73.9 73.8 73.8 73.9 73.9 73.9 73.8 73.8 73.8 73.9 73.9 74.1 73.8

3 787 78.7 78.7 78.7 78.7 78.8 78.7 78.6 78.6 78.8 78.8 78.8 78.6

4 709 70.8 70.8 70.8 70.9 70.9 70.8 70.7 70.8 70.8 70.9 71.0 70.7

5 781 78.0 78.0 78.0 78.1 78.1 78.0 78.0 78.1 78.0 78.1 79.2 78.0

6 692 69.1 69.2 69.2 69.2 69.2 69.1 69.1 69.0 69.3 69.2 62.1 69.1

Gle-1 1049 104.8 104.8 104.8 1049 1049  104.8 104.7 1047  105.1 104.9 104.8

(Outer) 2 75.5 75.3 75.3 75.3 75.4 75.4 75.3 75.25 754 75.5 75.5 75.3

3 764 76.4 76.5 76.5 76.5 76.5 76.4 76.4 76.3 76.3 76.3 76.4

4 774 78.1 78.2 78.2 78.2 78.2 78.2 78.1 77.3 71.7 76.9 78.1

5 772 77.1 77.1 77.1 77.2 77.2 77.1 71.0 77.1 77.1 77.2 77.1

6 612 61.2 61.2 61.2 61.3 61.3 61.2 61.2 61.1 61.2 61.0 61.2

Rha-1 102.1 1026 1027 102.7 102.8 102.8 102.7 1026  102.0 1024 99.0 102.6

2 725 72.5 72.6 72.6 72.6 72.6 72.5 72.5 72.4 70.2 74.4 72.5

3 703 72.7 72.7 72.7 72.8 72.8 72.7 72.1 70.2 76.4 70.5 72.7

4 760 73.9 74.0 74.0 74.0 74.0 73.9 73.9 75.9 70.8 74.2 73.9

5 674 70.2 70.3 70.3 70.3 70.3 70.2 70.2 67.3 70.4 70.1 70.2

6 179 18.4 18.5 18.5 18.5 18.5 18.5 18.4 17.9 18.4 18.5 18.5
CH,CO 170.7 170.7 170.8 170.8
CH,;CO 211 21.1 21.1 21.0

spectral data, and then the sequence of these units was
examined based on HMBC spectral data. The observed
'H-13C long-range correlations are shown in Fig. 1 by
dashed arrows, revealing the gross planar structure. The
7,8-trans configuration was shown by the difference NOE
spectra of 9, in which obvious NOEs were observed
between H-7/H,-9, H-8/H-2 and H-6. The absolute
configuration of 7S, 8 R was determined based on circular
dichroism (CD) spectral data ([8] 395 ,m= + 5650)** of the
aglycone (9a) which was obtained following enzymatic
hydrolysis of 9. The configuration of the glucosyl C-1 was
regarded as f from the J value (7.5Hz) of an anomeric
proton signal, and the constituent glucose was considered

to be in the p form based on the molecular rotation
difference between 9 and 9a (A[M ]p= —211°).1%

On the basis of these results, the structure of 9 was
concluded to be 3-methoxy-3',4,9,9-tetrahydroxy-4',7-
epoxy-5',8-lignan 3'-0-f-p-glucopyranoside.

On methanolysis, clemastanin B (11) afforded an
artificial aglycone (11b) and a methy! glucoside, and gave
a genuine aglycone (11a) together with 11b on enzymatic
hydrolysis. Compounds 11a and 11b were identified as

Compound 9

Fig. 1.
Spectrum

'H-—-*3C Long-Range Correlations Observed in the HMBC

(+)-lariciresinol® and (+)-cyclolariciresinol (isolaricir-
esinol),’® respectively, by comparison of their NMR
spectral data and specific rotations with those described
in the literature. The molecular formula of 11 was
determined as C;,H,,0,¢ from HR-FAB-MS [quasi-
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Table 3. 'H-NMR Spectral Data for Saponins in Pyridine-d,®

2191

6"

19

3

18

dp

Aglycone moiety

H-3  4.26 overlap 3.27dd (12, 4) 3.31dd (11.5,4) 3.29dd (12, 4) 3.36dd (12,4) 3.38dd (11.5,4)  3.35dd (12, 4)
H-23 391lm — — — — — —
4.28 overlap

H;-23 — 1.30s 1.36 1.31s 1.39s 141s 1.39s

H;-24  1.12s 1.15s 1.22s 1.17s 1.24s [.23s 1.23s

H;-25 0945 0.87s 0.86s 0.88s 0.86s 0.83s 0.85s

H;-26 1.08s 1.07s 1.06 1.08s 1.06s {.01s 1.06s

H;-27 1.16s 1.25s 1.23s 1.25s 1.25s 1.32s 1.25s

H;-29 0.84s 0.89s 0.88s 0.89s 0.88s 0.96s 0.88s

H;-30  0.85s 0.89s 0.88s 0.89s 0.88s 0.98s 0.88s

3-0-Glycosy! moiety
(XyD (Gal) (Gla) (Gal)

Ara-1  5.03d (6.5) 4.83d (6) 4.83d (7.5) 4.85d (6) 4.87d (8) 4.88d (8) 4.88d (8)
(XyD2 4.56dd (8, 6.5 4.58dd (7, 6) 4.26 overlap 4.60dd (7, 6) 4.66 overlap 4.65dd (9, 8) 4.66dd (9, 8)
(Gal) 3 3.99dd (8, 4) 4.25 overlap 4.20 overlap 4.24 overlap 4.24dd (9, 3) 4.24dd (9, 3.5) 4.27dd (9, 2.5)

4 411 overlap 4.22 overlap 4.17 overlap 4.24 overlap 4.47brs 4.47brd (3.5) 4.48brs
5 3.64brd (9.5) 3.80brd (10.5) 3.71t (10.5) 3.81brd (11) 4.09 overlap 4.08 overlap 4.09 overlap
4.22brd (9.5) 4.28 overlap 4.33 overlap 4.32 overlap
6 4.42 overlap 4.42dd (11, 6) 4.43m
4.42 overlap 4.44dd (11, 6) 443m
Rha-1  6.33brs 6.29brs 6.60brs 6.32brs 6.56brs 6.54d (2) 6.56brs
2 4.87brs 491brs 498brs 493brs 4.98brs 4.99dd (3.5, 2) 4.98brs
3 474dd (95,3) 4.74dd (9.5,3) 4.80dd (9.5,3) 4.77dd (9.5,3.5) 4.82dd (9.5,3) 4.81dd (9, 3.5) 4.82dd (9.5, 3)
4  440t(9.5) 443t (9.5) 4.481 (9.5) 4.49t (9.5) 4.49t (9.5) 4491 (9) 4.45dq (9.5, 7)
5 4.68dq(9.5,6) 4.63dq(9.5,6) 477dq(9.5,6) 4.64dq(9.5,6) 4.74dq (9.5, 6) 4.76dq (9, 6) 1.51d (7)
6 1.50d (6) 1.53d (6) 1.63d (6) 1.53d (6) 1.50d (6) 1.52d (6)
(XyD) (XyD XyD
Rib-1  593d (4.5) 5.95d (4.5) 5.98d (4.5) 5.37d (7.5) 5.40d (7.5) 5.40d (7.5) 5.99d (5)
Xyl) 2 4.28 overlap 4.31 overlap 4.34 overlap 4.07dd (9, 7.5)  4.08 overlap 4.08 overlap 4.33 overlap
3 450m 4.5lm 4.54brs 4.17 overlap 4.19 overlap 4.181 (8.5) 4.54brs
4 4.14m 4.16 overlap 4.18m 4.19 overlap 4.21 overlap 4.20m 4.19m
5 4.14m 4.16 overlap 4.18m 3.71t(10.5) 3.76t (10.5) 3.76dd (11.5,9.5) 4.19m
4.27 overlap 4.33m 433m 4.33 overlap 4.40 overlap 437dd (11.5,5) 4.37m
69 19 15 16 12
28-0-Glycosyl moiety
Gle-1  6.20d (8) 6.23d (8) 6.25d (8) 6.23d (8) 6.33d (8)
(Inner) 2 4.09 overlap 4.11dd (9, 8) 4.13 overlap 4.11 overlap 4.19dd (9, 8)
3 4.18t(19) 4.19 overlap 4.22 overlap 4.19t (9) 4.73t (9)
4 428 overlap 4.29 overlap 434t (9) 4.26 overlap 436t (9)
5 4.07 overlap 4.11 overlap 4.09 overlap 4.11 overlap 4.02ddd (9, 4.5, 2.5)
6 4.30 overlap 4.32 overlap 4.32 overlap 4.32 overlap 4.40dd (12, 4.5)
4.63brd (9.5) 4.67brd (9.5) 4.66brd (10) 4.67 overlap 4.46dd (12, 2.5)
Gle-1 497d (8) 5.01d (7.5) 4.94d (7.5) 5.00d (7.5)
(Outer) 2 3.91dd (9, 8) 3.92dd (9,7.5)  391dd (9,7.5) 3.93dd (9, 7.5)
3 4.12 overlap 4.15 overlap 4.11 overlap 415t (9)
4 438t(9) 4.45t(9.5) 446t (9.5) 4.52t (9)
5 3.62m 3.65brd (9.5) 3.58brd (9.5) 3.66 overlap
6  4.06 overlap 4.06dd (12, 3) 4.09 overlap 4.29 overlap
4.17 overlap 4.19 overlap 4.20 overlap 4.29 overlap
Rha-1 5.82brs 5.89brs 5.87brs 5.79brs
2 4.65brs 4.65brs 4.84brs 5.88brd (4)
3 4.54dd (9.5,3.5) 4.57dd (9.5,3) 5.88dd (9.5,3) 4.70dd (10, 4)
4 4.30 overlap 5.81t(9.5) 4.53t(9.5) 4.23t (10)
5 493dq(9.5,6) 5.04dq(9.5,6) 5.14dq (9.5 6) 5.12dq (10, 6)
6 1.66d (6) 1.43d (6) 1.714d (6) 1.74d (6)
CH,CO 2.0ls 1.94s 1.93s

a) Coupling constants (/) in Hz are given in parentheses. b) Data for 12, 13 and 14—16 are almost the same as for 6.
1. d) Data for 2—S5, 13, 17 and 18 are almost the same as for 6. ¢) Data for 14 are almost the same as for 1.

¢) Data for 2 are almost the same as for

molecular ion at m/z 707.2532 (M +Na)*] and '*C-NMR
spectral data. The *3C-NMR spectrum of 11 revealed the
presence of 2mol of B-glucopyranose, whose linking
positions were considered to be C,- and C,-OH by

comparison of the *C-NMR spectral data with those of
11a. The molecular rotation difference between 11 and 7
(or 8) suggested the glucose unit to be the D form.

From these results, the structure of 11 was concluded
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Table 4. '3C-NMR Spectral Data for Lignans to be (+)-lariciresinol 4,4-O-bis-f-D-glucopyranoside.
- As described above, the constituents of Clematis stans
CNo. 112 7% 8 11”99 9% 10"  yere examined and six saponins (1—6) and five lignan
C1 s 1376 1348 1375 137 1352 13sp  gcosides (7—11) from the roots and nine saponins (2, 6,
1083 1100 1099 1100 1108 1110 1106 12—18)and three quercetin glycos;des (19—-21) from the
1466 1486 1474 1486 1488 1488 149.0 leaves were isolated and characterized. A saponin like 4
1450 1454 1456 1454 1481 1477 1459  or 5, possessing a galactosyl unit at the C-3 position of
1142 1149 1151 1149 1164 1161 1152 oleanolic acid, is unique. This is the first example of the

Iég'g lé?g 13'3 Ig'g’ 1;2.2 lég'é léi'g isolation of lignans from Clematis species.

536 524 525 523 551 558 534 In the purification procedure of a mixture of 14, 15 and
609 585 587 585 643 653  7LI 16, migration and/or elimination of an acetyl group was
I 1323 1316 1347 1345 1361 1368 1352  observed. Compound 14 was relatively stable. Compounds
2: 1112 1125 1131 1129 1164 1173 1106 15 3n9 16, however, were unstable even when dissolved
i, iigg iili }ii:g i:i:g }ﬁg }3’;‘; }jg:g in MeOH, especially in the presence of silica gel, but were
S 1144 1152 1153 1151 1305 1303 1152  stable in pyridine solution in the absence of silica gel.
6 1212 1204 1204 1202 1184 1168 1182  Compounds 15 and 16 exhibited very similar chroma-
700333 320 322 320 325 329 849 yographic behavior and their isolation was accomplish-
g, %g ;}:g 3}3 ;i; ng Zgj ;iz ed by p}reparative normal phase'high-performance (HP)
OMe 559 554 556 555 557 568 55  LLC using a solvent system consisting of PrOH-CHCl ;-

O S0 AN RN

559 555 557 555 @ — — 557  CH3CN-AcOEt-H,O (1.3:1.0:3.0:0.2: 1.1).
Glc-1 100.0 100.04 102.1 100.2 Experimental
2 73.1 73.1 74.8 732 General Procedures All melting points were determined on a
3 76.7 76.7 8.5 76.9 Yanagimoto micromelting point apparatus and are uncorrected. NMR
4 69.6 69.5 71.3 69.7 spectra were recorded on a JEOL JNM-GSX-400 spectrometer
5 76.9 768 788 770 (IH.NMR, 400 MHz. 13C-NMR, 100 MHz) using tetramethylsilane or
) 6 60.5 60.5 62.4 60.7 a residual signal of the solvent as an internal standard: pyridine-ds, d¢
Gle-1 1002 99.98 1002 335, 5, 7.20 (8-CH); dimethylsulfoxide (DMSO)-ds, 8¢ 39.5, &y 2.50;
2 73.3 73.1 732 acetone-dg, 5c 30.3, oy 2.00. The following instruments were used for
3 76.9 76.7 76.9 other physical data: Optical rotation, JASCO DIP-370 digital
4 69.7 69.5 69.7 polarimeter; IR spectra, Hitachi 270-30 spectrometer; UV spectra,
2 23(7) 2(6)253 2(7)2 Shimadzu UV-3000 double-beam automatic spectrometer; FAB-MS

(positive ion mode; matrix, magic bullet), JEOL JMS-SX-102A mass
spectrometer; CD spectra, JASCO J-720 CD dispersion spectrometer.
HPLC was conducted using a Shimadzu LC-6AD pump system with a
Shimadzu SPD-6A UV detector. Gas-liquid chromatography (GLC) was

a) Measured in CDCl;. b) Measured in DMSO-d,. ¢) Measured in pyridine-
ds. d) Measured in acetone-ds.

Table 5. 'H-NMR Spectral Data for Lignans®

11a% 79 89 119 99 9a° 10°
H-2 6.86d (1.5) 6.88d (1.5) 6.82 overlap 6.90d (2) 7.33d (1) 7.01d (2) 6.95brs
5 6.84d (8.5) 7.02d (8.5) 6.71d (8) 7.04d (8.5) 7.20d (8) 6.76d (8) 7.04brd (8.5)
6 6.80dd (8.5, 1.5 6.78dd (8.5, 1.5) 6.69 overlap 6.81dd (8.5,2) 7.26dd (8, 1) 6.84dd (8, 2) 6.86brd (8.5)
7 4.79d (6.5) 4.724d (6) 4.65d (6) 4.744 (6) 6.02d (7) 5.45d (6.5) 4.67brd (4)
8  2.41brquintet (7) 2.20m 2.19br quintet (7) 2.22brquintet (6) 3.99brq (6) 3.45brq (6.5) 3.05m
9 3.77dd (11, 6) 349m 347m 3.49m 4.18brdd 3.74brdd 4.15dd (8.5, 6.5)
(10.5, 6.5) (11, 7.5)
3.91dd (11, 7) 3.67Tm 3.67Tm 3,68m 4.25brdd 3.82brdd overlap
(10.5, 5.5) (11, 5.5)
2 6.69d (1.5) 6.75d (1.5) 6.82 overlap 6.84d (1.5) 7.49brs 6.55brs 6.95brs
5 6.87d (8) 6.57dd (8,1.5)  6.98dd (8.5,1.5) 6.71dd (8.5, 2) — — 7.04brd (8.5)
6 6.70dd (8,1.5) 6.67d (8) 6.69 overlap 7.00d (8.5) 7.07brs 6.58brs 6.86brd (8.5)
7 2.55dd 2.42dd (13, 11)  2.47brt (13) 2.49dd (12.5, 11) 2.82dt (14, 7) 2.51 2H) 4.67brd (4)
(13.5, 10.5) brt (7.5)
2.91dd (13.5,5) 2.81dd (13, 5) 2.86dd (13, 5) 2.87dd (12.5, 4.5) 2.84dt (14, 7) —
8 273m 2.58m 2.6lm 2.63m 2.03 (2H) 1.71 2H) m 3.05m
br quint (7)
9 375 (p-H) 3.58t(7.5) 3.56dd (8, 7) 3.60t (7.5) 3.84 2H) brt (6) 3.51 (2H) 4.15dd (8.5, 6.5)
dd (9, 6) brt (6.5)
4.05 (a-H) 3.89t (7.5) 3.88dd (8, 7) 3.92t (7.5) — overlap
dd (9, 6.5)
OMe 3.89s 3.75s 3.74s 3.77s 3.59s 3.77s 3.77s
OMe’ 3.87s 3.74s 3.74s 3.765s — — 3.77s
Gle-H-1 4.87d (7) — 4.88d (7.5) 5.85d (7.5) 4.88d (7)
Glc'-H-1 4.85d (7) 4.87d (7.5) — 4.88d (7)

a) Coupling constants (J) in Hz are given in parentheses. b) Measured in CDCl5. ¢) Measured in DMSO-d;. d) Measured in pyridine-ds. e) Measured in
acetone-dg.
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performed on a Shimadzu GC-6AM instrument with a flame ionization
detector, using a glass column (3m x 3mm i.d.) packed with 2% silicone
ECNSS-M on Uniport HP (60—80 mesh) (GL Sciences). For column
chromatography, Wako-gel C-200 (100—200 mesh), Wako-gel C-300
(200—300 mesh) (Wako Pure Chemical Indus.), Silica gel 60H (15 um,
Merck TA726595), Cosmosil 140C18-OPN (140 yum, Nacalai Tesque),
Amberlite XAD-2 (Organo) and Toyopearl HW 40 (Tosoh) were used.
For TLC, pre-coated plates of Silica gel 60F,s,, RP-18, HP Silica gel
60F 5, and HPRP-18WF, 5, (Merck) were used and spots were detected
under UV, light and/or by spraying with dil. H,SO, followed by
heating.

Isolation 1. From the Roots: Dried roots (6.9kg) of Clematis stans
collected in the Ishikawa Prefecture, Japan, were extracted three times
with hot MeOH. The MeOH extract was concentrated under reduced
pressure to give a residue (365 g). The water-soluble part of the residue
was partitioned succesively with ether, AcOEt and BuOH. The
BuOH-soluble part (38g), following adsorption on celite (100 g), was
chromatographed on silica gel, eluting with CHCl;-MeOH-H,0
(25:3:0.3-525:4:04-25:5:0.5-25:6:0.6-25:8:1.2-525:10:1.6
—25:11:2),togive fr. 1—7. Fraction 1 (1.2 g) was submitted to octadecyl
silica (ODS) (50g) column chromatography (solv., 30% MeOH) and
then purified by HPLC [column, YMC-Pack-ODS-A (5 um, 250 mm x
20 mm i.d.); solv., 32% MeOH] to give 7 (31 mg) and 8 (20 mg). Fraction
2 (0.5g) was chromatographed on a silica gel (80g) column (solv.,
BuOH: AcOEt: H,0=2:8:0.4) and on an ODS (20g) column (solv.,
30% MeOH) and then purified by preparative TLC (RP-18 pre-coated
plate, solv., 50% MeOH) to give 9 (25mg). Fraction 3 (2g) was
chromatographed on an ODS (200 g) column (solv., 50% MeOH) and
then purified by medium pressure liquid chromatography (MPLC) [Silica
gel 60H (50g), solv., CHCl;: MeOH:H,0=25:8:1.2] to give 10 (31
mg). Fraction 4 (0.5g) was purified on an ODS (30g) column (solv.,
70% MeOH) to give 1 (24 mg). Fraction 5 (2g) was chromatographed
on silica-gel (40 g) eluting with CHCl;-MeOH-H,0 (25:11:2) to give
11 (43mg). Fraction 6 (0.9 g) was separated by MPLC {Silica gel 60H
(50 g), solv., CHCl;: MeOH :H,0=25:10:1.6] to give 2 (60 mg) and
3 (119 mg). Fraction 7 (0.8 g) was chromatographed on a silica gel (100 g)
column (solv., CHCl; : MeOH : H,0=25:10: 1.6) to give 6 (36 mg) and
a mixture of 4 and 5. This mixture was separated on an ODS (50 g)
column (solv., 70% MeOH) and then purified by HPLC [column:
YMC-Pack-ODS-A (5 pm, 250 mm x 20mm i.d.); solv., 28% CH,CN]
to give 4 (19mg) and 5 (5 mg).

2. From the Leaves: Dried leaves (8kg) were extracted three times
with hot MeOH and treated in the same way as described for the roots
to give a BuOH-soluble fraction (90.8 g). The MeOH solution of this
was poured into AcOEL to give a precipitate (33.4 g), which was adsorbed
oncelite (100 g) and submitted to silica gel (2 kg) column chromatography
eluting with CHCl;-MeOH-H,O (25:6:0.7-25:8:1.2) to give fr.
1'—7'. Fraction 1’ (4.2 g) was purified repeatedly on XAD-2 (solv., 60%
MeOH), Toyopear! (solv., 60% MeOH) and ODS (50g, solv., 50%
MeOH) columns to give 19 (34mg). Fraction 2' (2.5g) was
chromatographed on an ODS (250g) column (solv., 60% MeOH) to
give 12 (71 mg). Fraction 3’ (1.2g) was purified on an ODS (100g)
column (solv., 30% MeOH) to give 20 (14mg). Fraction 4 (2.6g)
was chromatographed on an ODS (250 g) column (solv., 60% MeOH)
to give 13 (58 mg) and a mixture of 14, 15 and 16. This mixture was
separated by MPLC [Silica gel 60H (50g), solv., CHCl;: MeOH:
H,0=25:10:1.6] to give 14 (68 mg) and a mixture of 15 and 16 together
with a deacetylated product (6). The mixture of 15 and 16 was submitted
to preparative HPTLC (HP Silica gel 60F,,, solv., PrOH:CHCl,:
CH;CN:AcOEt:H,0=1.3:1.0:3.0:0.2: 1.1) to give 15 (8 mg) and 16
(4mg). Fraction 5" (3.5g) was chromatographed on an ODS (350¢g)
column (solv., 50% MeOH) to give 17 (108 mg) and a mixture of 2 and
18. The mixture was separated by HPLC [column: Merck Purospher
RP-18 (250 mm x 20 mm i.d.); solv., 36% CH,CN] to give 2 (30 mg) and
18 (12 mg). Fraction 6 (12g) was purified on an ODS (500 ¢g) column
(solv., 60% MeOH) to give 6 (7.2g). Fraction 7' (0.9 g) was purified on
an ODS (100 g) column (solv., 70% MeOH) to give 21 (40 mg).

Acid-Hydrolysis of Saponins A few milligrams of each sample (1—6,
12—18) was dissolved in 2 N H,S0,-50% dioxane (0.5—1 ml) and heated
on a boiling water bath for 3h. The reaction mixture was added to 2ml
of water and extracted with CHCl;. The CHCI, layer was concentrated
and the residue was crystallized from MeOH or a mixture of MeOH
and CHCI; to give the aglycone as colorless needles (1a—5a, 13a, 18a)
or colorless prisms (6a, 12a, 14a—17a). The former was identified as
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oleanolic acid and the latter as hederagenin by direct comparison (TLC,
IR) with authentic specimens. An aqueous solution of the hydrolysate
was neutralized with saturated Ba(OH), aq. and centrifuged. The
supernatant was evaporated and the residue was dissolved in water (1 ml)
and treated with NaBH,, (4 mg) for 1 h at room temperature. The reaction
mixture was neutralized with AcOH and then concentrated. The residue
was acetylated in the usual manner and analyzed by GLC, which revealed
the presence of constituent monosaccharides as follows: 1, 2, 6, 12,
14—16, rhamnitol (z; 12'24"), ribitol (fz 17'17"), arabinitol (z; 18'50")
and sorbitol (1 57'17"); 3, rhamnitol, ribitol, xylitol (g 25'10") and
sorbitol; 4, rhamnitol, xylitol, sorbitol and galactitol (149'38"); 5,
rhamnitol, ribitol, sorbitol and galactitol; 13, 17, rhamnitol, arabinitol
and sorbitol; 18, rhamnitol, arabinitol, xylitol and sorbitol.

Alkaline-Hydrolysis of Saponins A few milligrams of each sample
(13, 6, 12—18) was dissolved in I N NaOH aq. (1 ml) and heated on
a boiling water bath for 0.5h. After cooling, a reaction mixture was
neutralized with 1N H,SO, and extracted with BuOH (1mlx 2). The
BuOH layer was washed with water (0.5ml) and concentrated to give
each prosapogenin (1p—3p, 6p, 12p—18p). Compounds 1p and 2p were
identified as CP,'? by direct comparison. The 3C-NMR signal pattern
of 3p coincided with that of huzhangoside A.* Compounds 6p, 12p and
14p—16p were identified as CP¢'® by direct comparison while 13p, 17p
and 18p were identified as CP,,'¥, CP;,'” and CP;,'? respectively, by
direct comparison.

Clemastanoside A (1) White amorphous powder, [a]3° —39.3°
(¢=0.61, MeOH). IR viPrem™*: 3420, 1740, 1064. HR-FAB-MS m/z:
1401.6656 [M +Na]™ (Caled for CggH,o6NaO,, 1401.6667). 1*C-NMR:
Tables 1, 2. 'H-NMR: Table 3.

Deacetylation of 1 A solution of 1 (6 mg) in 0.2N KOH aq. was left
standing overnight at room temperature. The reaction mixture was
neutralized with 0.1~ H,SO, and extracted with BuOH. The BuOH
layer was washed with water and evaporated to dryness. The residue
was dissolved in MeOH and added to AcOEt to give deacetylated 1
(3.Img) as a white amorphous powder, which was identified as 2 by
direct comparison.

Clemastanoside B (4) White amorphous powder, [a]3® —29.8°
(¢=1.26, MeOH). IR vE&Brem™!: 3416, 1735, 1062. HR-FAB-MS m/z:
1389.6665 [M +Na]* (Caled for CgsH, 0sNaQ,, 1389.6667). 13C-NMR:
Tables 1, 2. 'H-NMR: Table 3. Compound 4 (9 mg) was submitted to
alkaline hydrolysis with 1 N NaOH aq. as described above to give the
prosapogenin (4p, S mg). Compound 4p, white amorphous powder, [o]28
+0.4° (¢=0.37, MeOH). IR vEBrem ™ !: 3412, 1700, 1056. FAB-MS m/z:
935 [M+Na]*. '3C-NMR: Tables [, 2. 'tH-NMR: Table 3. Compound
4p (1 mg) was subjected to acid-hydrolysis as described above to give
oleanolic acid, galactose, rhamnose and xylose.

Clemastanoside C (5) White amorphous powder, [0]3’ —38.6°
(¢=0.17, MeOH). IR viBrcm™': 3436, 1740, 1062. HR-FAB-MS m/z:
1389.6663 [M+Na]*™ (Caled for CqsH;osNaO;, 1389.6667). '3C-
NMR: Tables 1, 2. 'H-NMR: Table 3.

Clemastanoside D (12) White amorphous powder, [a]3? —16.2°
(¢=2.61, MeOH). IR v£2iem™!: 3448, 1736, 1060. HR-FAB-MS m/z:
1067.5388 [M +Na]* (Caled for C,,Hg,NaO,, 1067.5403). 13C-NMR:
Tables 1, 2. '"H-NMR: Table 3.

Clemastanoside E (14) White amorphous powder, [a]3! —30.1°
(c=1.46, MeOH). IR vKErcm™': 3448, 1734, 1040. HR-FAB-MS m/z:
1417.6603 [M +Na]™* (Caled for CggH, 0sNaQ;, 1417.6616). 13C-NMR:
Tables 1, 2. 'H-NMR : Table 3.

Deacetylation of 14 Compound 14 (Smg) was deacetylated in the
same way as 1 to give deacetylated 14 (2.4 mg) as a white amorphous
powder, which was identified as 6 by direct comparison.

Clemastanoside F (15) White amorphous powder, [«]2® —24.0°
(¢=0.38, pyridine): IR v cm™': 3450, 1735, 1040. HR-FAB-MS m/z:
1417.6608 [M + Na]* (Caled for CggH, 0sNaOs, 1417.6616). 13C-NMR:
Tables 1, 2. '"H-NMR: Table 3.

Deacetylation of 15 Compound 15 (4mg) was deacetylated in the
same way as 1 to give deacetylated 15 (2mg) as a white amorphous
powder, which was identified as 6 by direct comparison.

Clemastanoside G (16) White amorphous powder, [«]3° —23.4°
(c=0.33, pyridine). IR v&Brem™1: 3450, 1736, 1042. HR-FAB-MS m/z:
1417.6609 [M +Na]* (Caled for C4H, 4sNaO,, 1417.6616). 13 C-NMR:
Tables 1, 2. "H-NMR: Table 3.

Deacetylation of 16 Compound 16 (2mg) was deacetylated in the
same way as 1 to give deacetylated 16 (ca. 1 mg) as a white amorphous
powder, which was identified as 6 by direct comparison.
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Identification of Compounds 2, 3, 6,13,17 and 18 Compound 2 [white
amorphous powder, [«]3° —41.3° (¢=3.63, MeOH)], 3 [white
amorphous powder, [a]3® —38.5° (¢=129, MeOH)], 6 [white
amorphous powder, [¢]3® —31.3° (c=1.47, MeOH)], [«]3® —24.1°
(¢=1.39, pyridine)], 13 [white amorphous powder, [o]3® —28.7°
(c=2.63, MeOH)], 17 [white amorphous powder, [«]3° —20.3° (¢=2.73,
MeOH)] and 18 [white amorphous powder, [¢]3® —29.5° (¢=0.76,
MeOH)] were identified as huzhangoside B,» huzhangoside C,»
huzhangoside D,» hederasaponin B, kizutasaponin K,,” and
sieboldianoside B,¥ respectively, by comparison of '*C-NMR spectra
and specific rotation data with those in the literature. **C-NMR: Tables
1, 2. 'H-NMR: Table 3.

Clemastanin A (9) White amorphous powder, [«]3° —44.3° (c=1.19,
MeOH). IR vXBr cm™!: 3400, 1610, 1520, 1274, 1210. UV AMeOHnm
(loge): 216 (4.13), 225 (4.11), 282 (3.74). CD (¢=5.39 x 10~°, MeOH)
[0] (nm): —2810 (287), + 10240 (241), —9060 (223). HR-FAB-MS m/z:
531.1844 [M+Na]* (Calcd for C,5H;,NaO,, 531.1842). '3C-NMR:
Table 4. '"H-NMR: Table 5. A[M]p: 9—9a=--211°.

Methanolysis of 9 A solution of 9 (1mg) in 2~ HCI-MeOH (1 ml)
was heated under reflux on a water bath for 2h. After cooling, the
reaction mixture was neutralized with Ag,CO; and filtered. The filtrate
was concentrated and examined by normal-phase silica gel TLC [solv.
1, CHCl;-MeOH-H,0 (25:11:2); solv. 2, PrOH-acetone-H,0 (5:
3:1)], which revealed the presence of a methyl glucoside.

Enzymatic Hydrolysis of 9 To a solution of 9 (8 mg) in H,O (3 ml)
was added cellulase (Sigma C-2415, 8mg) and the mixture stirred for
2d at 37°C. The reaction mixture was diluted with H,O (25ml) and
extracted with AcOEt (30 ml x 3). The AcOEt solution was washed with
H,0, evaporated, and the residue treated with a mixture of acetone and
benzene to give 9a (4.6mg) as a white amorphous powder. 9a, [o]3>
+4.2° (¢=0.31, acetone). IR vKB cm™!: 3380, 1612, 1520, 1274, 1130,
1032, 854, 806, 682. UV AMeOH nm (loge): 222sh (4.09), 228 (4.10), 282
(3.75). CD (c=5.39 x 10~ 5, MeOH) [6] (nm): + 5650 (295), + 5060 (242),
—6170 (227). 13C-NMR: Table 4. 'H-NMR: Table 5.

Clemastanin B (11) White amorphous powder, [a]3* —42.7°
(e=1.99, H,0). IR v¥Br cm~L: 3400, 1590, 1518, 1264, 1226, 1072. UV
AMOH oy (log €): 209 (4.21), 226 (4.20), 276 (3.70). CD (c=4.81x 1077,
MeOH) [0] (nm): —5230 (278), —16680 (228). HR-FAB-MS mjz:
707.2532 [M +Na]* (Caled for C;,H,,NaO,4 707.2527). *3C-NMR:
Table 4. TH-NMR;: Table 5. A[M]p: 11—7=—160°. A[M]p: 11—
8=—119°.

Methanolysis of 11 Compound 11 (Img) was subjected to
methanolysis and treated in the same manner as 9. The product was
partitioned between AcOEt and H,O and the H,O layer was examined
by TLC under the same conditions as 9, which revealed the presence of
a methyl glucoside. The AcOEt layer was examined by TLC (solv.,
CHCl,;: MeOH : H,0=9:1:0.1) which showed the presence of 11b.

Enzymatic Hydrolysis of 11 To a solution of 11 (10.5mg) in H,O

(3ml) was added f-glucosidase (P-L-Biochemical Inc. 0211, 9.5mg) .

followed by stirring for 43 h at 37 °C. The reaction mixture was treated
in the same manner as 9. The resulting hydrolysate was separated by
HPLC [column: YMC-Pack-ODS-A (5 ym, 250 mm x 20 mm i.d.); solv.,
25% MeOH] to give 11a (1.9mg) and 11b (2.8 mg). Compound 11a, a
white amorphous powder, [a]3! +9.5° (c=0.48, acetone). *C-NMR:
Table 4. 'H-NMR : Table 5. Compound 11b, white amorphous powder,
[«]3® +40.7° (¢=0.18, acetone). 'H-NMR (in CDCl,): 1.85 (1H, tdd,
J=2.6, 5.5, 10.5Hz, H-8'), 2.03 (1H, m, H-8), 2.72 (1H, dd, /=4.,
15.8 Hz, H-7),2.82 (1H,dd, J=11.4,158 Hz, H'-7),3.52 (1H, dd, J=5.5,
11.0Hz, H-9), 3.726 (1H, dd, J=6.0, 11.0Hz, H-9), 3.727 (1H, brd,
J=10.5Hz, H-7), 3.78 (1H, dd, J=2.6, 11.0Hz, H-9), 3.83, 3.85 (each
3H, s, OMe x 2), 3.88 (1H; dd, J=3.0, 11.0Hz, H'-9), 6.29 (1H, brs,
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H-3), 6.58 (1H, br s, H-6), 6.59 (1H, d, J=1.8 Hz, H-2), 6.65 (1H, dd,
J=1.8, 8.1 Hz, H-6'), 6.84 (1H, d, J=8.1 Hz, H-5") . The NMR spectral
data and specific rotations of 11a and 11b were consistent with those of
(+)-lariciresinol® and (+)-cyclolariciresinol (isolariciresinol),*® re-
spectively.

Identification of Known Lignans and Flavonoids Compound 7 [white
amorphous powder, [a]3° —25.3° (c=1.33, MeOH), **C-NMR: Table 4,
'H-NMR: Table 5], 8 [white amorphous powder, [«]3? —33.1° (c=1.71,
MeOH), 1*C-NMR: Table 4, 'H-NMR: Table 5], 10 [white amorphous
powder, [a]22 —30.0° (c=1.11, MeOH), '*C-NMR: Table 4, "H-NMR:
Table 5], 19 [yellow amorphous powder, [a]3* —11.8° (¢=0.11,
MeOH)], 20 [yellow amorphous powder, [¢]3° —38.9° (¢=0.24, 50%
pyridine)] and 21 [yellow amorphous powder, []3° —48.9° (c=0.15,
50% pyridine)] were identified as (+ )-lariciresinol 4-O-f-D-glucopyrano-
side,> (4 )-lariciresinol 4'-O-B-D-glucopyranoside,” (+)-pinoresinol
4,4'-0-bis-B-p-glucopyranoside,® isoquercitrin,*® rutin® and quercetin
3-0-B-p-glucuronopyranoside,' ! respectively, by comparison of NMR
spectra and specific rotation data with those in the literatures.
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