Phytochemistry. Vol. 27, No. 1. pp. 259-266, 1988.
Printed in Great Britain.

0031-9422/88 $3.00 4 0.00
© 1988 Pergamon Journals Ltd.

SEVEN PRENYLATED FLAVONOL GLYCOSIDES FROM TWO
EPIMEDIUM SPECIES

TosHIO FUkAl and TARO NOMURA

Faculty of Pharmaceutical Sciences, Toho University, Funabashi, Chiba 274, Japan

(Received 15 April 1987)

Key Word Index—Epimedium grandiflorum; E. sempervirens, Berberidaceae; ikarisosides A, B, C, D, E and F;icarisid
I1; prenylated flavonol glycosides; FABMS; 13C NMR; 'H NMR.

Abstract—Five new flavonol glycosides, ikarisosides B, C, D, E and F were isolated from the roots of Epimedium
grandifiorum and their structures elucidated as 8-prenylkaempferol-3-O-f-glucosyl (1 — 2)-a-rhamnoside, 8-pre-
nylkaempferol 3-0-B-glucosyl(1 — 2)-a-rhamnoside]-7-0--glucoside, 8-prenylkaempferol 3-0-a-(4" acetyl) rhamno-
side, 6”,6"-dimethylpyrano(2”,3": 7,8) kaempferol 3-0-a-rhamnoside and 8-prenylkaempferol 3-O-f-xylosyl(1 — 2)-a-
rhamnoside, respectively. Ikarisoside A was also isolated from the same material and confirmed as the hydrolysis
product of epimedoside A. From the root E. sempervirens, ikarisosides A, C and E, as well as icarisid 11, were isolated.
Ikarisoside A and icarisid II were isolated for the first time as natural products.

INTRODUCTION

Several Epimedium species have been used as tonics in
Chinese herbal medicine. The constituents of these plants
have been studied by many investigators and a series of
prenylated flavonol glycosides have been isolated [1-9].
We have already reported a series of isoprene-substituted
flavonoids from species of the Moraceae [10]. In continu-
ation of these studies we report here the isolation and
characterization of an additional seven prenylated flavo-
nol glycosides from the roots of Epimedium grandifiorum
Morren and E. sempervirens Nakai.

RESULTS AND DISCUSSION

From an ethanol extract of the root of E. grandifolrum
Morren, ikarisoside A (1) was isolated as well as five new
compounds, ikarisosides B (2), C (3), D (4), E (5)and F (6).

Ikarisoside A (1). The EIMS of 1 showed the molecular
ion peak at m/z 500, and the '*C NMR spectrum
indicated the presence of 26 carbons (Table 1). The
compound was also negative to the zirconium
oxychloride—citric acid test, while positive to the zir-
conium oxychloride—citric acid—hydrogen chloride test
[11,12]. The '*C NMR spectrum of 1 was analysed by the
off-resonance decoupling technique as well as by compar-
ing it with the '3C NMR spectra of model compounds,
such as kaempferol (7), epimedoside A (8) [6] and other
flavonol glycosides [ 13]. In these spectra, the signal for the
C-2 of 1 appeared to be a more downfield shift than that
for the C-2 of 7, whereas the C-3 of 1 appeared to be an
upfield shift (Table 1). These results suggest that the Lisa
flavonol 3-glycoside.

The EIMS of 1 showed a characteristic ion peak at m/z
354 which could be attributed to a prenylkaempferol ion.
The location of the prenyl group at the C-8 position was
supported by the negative Gibbs test and the chemical
shift value of the carbon atom at the C-6 position (697.9)
[13]. The 8-prenylated structure for 1 was confirmed by
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the derivation of ikarisoside E (5) from 1 as described in
the case of 5. The sugar moiety of 1 was identified as
rhamnose by comparative examination of the '*C NMR
spectra of 1 and model compounds, such as quercetin 3-0-
rhamnoside [13] (Table 1). The a-anomeric centre is
evident from the **C-H coupling constant at the C-1"
position of 1 (Jugp_y- = 173 Hz) [14-16]. From the
above results and consideration of the '"H NMR spec-
trum of 1, ikarisoside A may be characterized as 8-
prenylkaempferol 3-O-z-rhamnopyranoside. While 1 has
been recorded as a hydrolysis product of epimedoside A
(8) [6]. this is its first report as a natural product.
Tkarisoside B (2). The FABMS of 2 showed peaks at m/z
685 [M+Nal]*, 663 (M +H]*, and the '*C NMR
spectrum indicated the presence of 32 carbons (Table 1).
These results revealed the molecular formula of 2 to be
C3,H350,5. The '3C NMR spectrum of 2 was analysed
and compared with that of epimedoside A (8). The
chemical shift values of the carbon atoms of 2 were similar
to those of the relevant carbon atoms of 8 except for the
signals of the carbon atoms of the sugar moieties. The
sugar moieties were identified as rhamnose and glucose by
comparative examination of the '3C NMR spectra of 2
and model compounds [13] (Table 1). In the 'H NMR
spectrum of 2, the signal for the proton at C-6 was
observed at 06.33, while that of the relevant proton of 8
was at 66.63. From this result, there is no sugar moiety at
the C-7 position [17]. In the '*C NMR spectrum of 2, one
of the sugar carbon signals was observed at 680.8,
suggesting that the sugar moiety is a disaccharide. To
elucidate the sugar sequence, comparison of the FABMS
of 2 and 8 was carried out. The FABMS of 2 showed the
fragment ions at m/z 501 [M + H-glucosyl + H] * and 355
[M + H-glucosyl + H-rhamnosyl + H]*, while that of 8
showed the ions at m/z 517 [M + H-rhamnosyl + H] ™,
501 [M + H-glucosyl + H]* and 355 [M + H — glucosyl
+ H — rhamnosyl + H] ", indicating the sequential loss of
glucosyl and then rhamnosyl moieties together with the
absence of an initial loss of a rhamnosyl moiety, and hence
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Table !. “*CNMR data in DMSO-d,, at 30 for 1 9

C 7* 1 2 3 4 [ 8 v ¢ ]
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KIS 1152 1ids Prax tise 1149 Pid Phan R fia7?
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OAc 207

1649 0
[ (AP 1054 HEERIDY 101 4%
e ) (159 Hz) 1167 Ha) (135 Hzy
2" 735 36k R4
3 6.2 76.3¢ Sy
47 Yy 4 6.2 P s
5 T3 760~ SN o
6" ny 2 6144 S
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20 TEE
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4" 69, 54
s 76.8¢
6" ). 54

adAssignments may be interchanged in cach column.

*Measured at 23, reference standard: centre of DMSO-d, = 6¢-39.20 ppm.

¥ Wehrli could not observe this coupling in the case of quercetin {instrument: 20 MHz. digital resolution o' 1 Hz) [ 23], but we
observed as broad doublet signals in this case at 23 | instrument: 100.4 MHz, digital resolution of (.24 Hz. 60 mg in 0.6 ml of the
solvent). The value was obtained by using of long-range sclective ' H decoupling {LSPD) [ 24} with irradiution of the C-8 proton (66 48}
[CObrd Wy .= ca 11and 12 Hzof thesignals — brd 1, ;= ca Sand 6 Hz). Coupling constant J .., = 4.8 Hz wasalso abserved
by the method with irradiation of the 5-hydroxy-proton {0 §2.53{C6 ibrd, J =« 15723 Hz »dd. J = 4 76and 16201 Hz, Chathr e J
= 513Hz —dd. J = 453 and 574 Hz 11 = 1.7 — 2.2 Hz of the signals)]

7-0-Glucosy! motety

the presence of a disaccharide chain attached to the
aglycone with glucose as the terminal sugar. The sugar
sequence was further supported by the relaxation time
(T) for the disaccharide moiety {Table 2). The relatively
larger values of glucose carbon atoms indicate the glucose
unit is terminal [ 18] The linkage of the sugar unit was

confirmed by consideration of the following acetylation
shift values of thamnosyl moiety. All the proton signals oi
the rhamnosyl moieties of 1. 1a. 2and 2a were assigned by
decoupling experiments. By comparing the '"H NMR
spectrum of 1 with that of 1a. the acetylation of the -2,
3 and 47 hvdroxyl groups was tound 1o cause downficld
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Table 2. Relaxation time measurements for disaccharide moiety
of 2 in DMSO-d, at 30.3 +0.20°*
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Table 3. Acetylation shifts on '"H NMR spectra of rhamnosyl
moieties in DMSO-d, at 50" * for 1-4 and 6

Rhamnose Glucose
C ppm T, (sec) ppm T {sec)
1 100.7 0.21 105.8 0.27
2 81.0 0.22 73.6 0.27
3 70.1% 0.21 76.1 0.27
4 71.58 0.21 69.1 0.28
5 69.92 0.21 76.4 0.27
6 17.1 0.51 60.3 0.17

aassignment may be interchanged.
*Reference standard: centre of DMSO-d, = 6-39.25 ppm
from TMS at 100.4 MHz.

shifts (1.51-1.61 ppm) of the relevant protons. On the
other hand, in the case of 2a, the protons at the C-3”
and 4” positions showed similar downfield shifts (1.50-
1.51 ppm), while the proton at the C-2" position showed a
smaller shift (0.23 ppm) (Table 3). These results de-
monstrated that the terminal glucose was linked to the
rhamnose unit by a (1 - 2) linkage. The 'H NMR spec-
trum of 2 exhibited a signal at 64.29 {J = 8 Hz) as-
signable to an anomeric proton of glucose indicating a 8-
orientation. The a-anomeric center of the rhamnose
moiety was confirmed by the '*C-H coupling constant
value (Jisgi-yq;- = 176 Hz) [14-16]. From the above re-
sults, ikarisoside B can be characterized as 8-prenylkaem-
pferol  3-O-[ f-glucopyranosyl(l — 2)-a-rhamnopyrano-
side] (2).

Ikarisoside C (3). The FABMS of 3 showed peaks at
m/z 847 [M + Na]*, 825 [M+H]" and the '*C NMR
spectrum indicated the presence of 38 carbons (Table 1).
These results revealed the molecular formula of 3 to be
C35H,4503,. In the 13C NMR spectrum of 3, the chemical
shift values of the carbon atoms were similar to those of
the relevant carbon atoms of 2 except for the signals of
carbon atoms in the additional sugar moiety, which was
identified as glucose by comparing the spectrum with the
spectra of model compounds [13] (Table 1). The FABMS
of 3 showed the fragment ions at m/z 663 [M+H
— glucosyl + H] ™, 517 [M+ H — glucosyl + H
—rhamnosyl+ H]™ and 355 [M+H - glucosyl +H
— glucosyl + H —rhamnosyl+ H]*. In the 'H NMR
spectrum of 3, signal of the proton at the C-6 position was
observed at 66.62. From the above results, ikarisoside C
(3) was suggested to be 7-O-glucosylikarisoside B. The 7-
O-glucoside structure was confirmed by consideration of
the chemical shift value (04.99) of the anomeric proton at
the C-1” ” position [19]. In the case of the 3-O-glucoside,
the relevant anomeric proton would have been observed
at §5.7-6.2 [19]. The linkage of the disaccharide moiety
was confirmed by consideration of the acetylation shift
values of the rhamnose proton {Table 3) and the orien-
tation of the anomeric centres were confirmed by the 'H
and !3C NMR spectra as described in the case of 2. From
the above results, ikarisoside C and be characterized as 8-
prenylkaempferol  3-O-[ f-glucopyranosyl (1 — 2)-a-
rhamnopyranosidel ]-7-O-B-glucopyranoside (3).

Ikarisoside D (4). The EIMS of 4 showed a molecular
jon peak at m/z 542, and the '*C NMR spectrum
indicated the presence of 28 carbons (Table 1). The

1 2 3 4 6

H-1" 0.10 —0.06 -0.05 0.01 —-0.09
H-2" 1.51 0.23 0.22 0.04 0.26
H-3" 1.59 1.51 1.72 0.22 1.53
H-4" 1.61 1.50 1.51 1.53 1.56
H-5" 0.11 —-0.16 -0.24 0.14 —0.02
H-6" -0.04 —-0.16 —-0.17 -0.11 —-0.13

*Ao‘ acetate-flavonol

ThAsq -

molecular formula of 4 seems to be C,3H300;,. The
'H NMR spectrum indicated the presence of an acetyl
moiety. In the *3C NMR spectrum of 4, the chemical shift
values of the carbon atoms were similar to those of the
relevant carbon atoms of 1 except for the carbon atom
signals of an additional acetyl group and the signals of the
rhamnosyl carbons at the C-3", 4" and 5" positions. The
proton signals of the rhamnosyl moiety of 4 were assigned
by a decoupling experiment. In comparison of the
'"H NMR spectrum of 4 with that of 1, the proton at the C-
4" position of 4 showed a downfield shift (1.53 ppm).
These results suggest ikarisoside D to be 4”-acetylikaris-
oside A. The a-anomeric centre was further supported by
comparative examination of the chemical shift values of
the rhamnosyl carbon atoms of 4 with those of the
calculated chemical shift values of a-(4-acetyl) rhamnosyl
and B-(4-acetyl) rhamnosyl moieties [13,16]. From the
above results, ikarisoside D is characterized as 8-prenyl-
kaempferol 3-0-a-(4"-acetyl) thamnopyranoside (4).

Ikarisoside E (5). The EIMS of § showed a molecular
ion peak at m/z 498, and the '*C NMR spectrum
indicated the presence of 26 carbons (Table 1). The
molecular formula of 5 seems to be C,H,60,6. The
'H NMR spectrum showed the presence of a 2,2-dimet-
hylchromene ring in the structure. From the spectral data,
5 seems to be dehydroikarisoside A. In order to cor-
roborate the structure, the 5 was derived from 1 by
treating 1 with palladium chloride in 909, aqueous
methanol solution [20]. The angular structure 5 for
ikarisoside E (5) was supported by the consideration of
the acetylation shifts of the chromene olefinic protons in
ikarisoside E peracetate (5a) (Table 4). These changes are
of the same shift and the same order of magnitude as those
observed by many investigators for similar compounds
[21]. From the above results, ikarisodie E can be charac-
terized as 6”, 6”-dimethylpyrano(2”, 3":7, 8)-kaempferol
3-0-o-rhamnopyranoside (5).

Ikarisoside F (6). The FABMS of 6 showed character-
istic ion peaks at m/z 633 [M+H]"*, 501 [M+H
--xylosyl + H}*, 355 [M + H — xylosyl + H — rhamnosyl
+H]* and the '*C NMR spectrum indicated the pre-
sence of 31 carbons (Table 1). These results revealed the
molecular formula of 6 to be C3;H360,4. The chemical
shift values of the carbon atoms of 6 were similar to those
of the relevant carbon atoms of 2 except for the signals of
the carbon atoms of the terminal sugar moiety. The sugar
moieties were identified as rhamnose and xylose by
comparative examination of the '*C NMR spectra of 6
and model compounds [13] (Table 1). In the 'H NMR
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{ R =Rha,R =R "H
2 o

2 R :=Rha=Glc,R =R =H

3 R :RhaZGlc, R <Gle, R =H
4 R :=Rha{Ac—4a"), R =R =H
6 R :RhGEXy\,R?:R’:H

8 R =Rha, R :=0lc,R=H

9 R =Rho, R":H, R"=Me

10 R =Rha, R :=Gle,R = Me

Table 4. Chemical shifts (ppm) for H-4" and H-5"
in Sand S5a

Compound H-4" H-5

s 6.73 R

Sa 6.81 392
- 1Y

A — .08

spectrum of 6, a signal for the proton at the C-6 position
was observed at 66.28. From the above results, 6 is
suggested to be 8-prenylkaempterol 3-O-xylosyl-
rhamnoside. The linkage of the disaccharide moiety was
confirmed by consideration of the acetylation shift values
of the rhamnose protons (Table 3), and the orientations ol
the anomeric centres were confirmed by the 'H and
13C NMR spectra as described in the case of 2. From the
above results, tkarisoside F can be characterized as 8-
prenylkacmpterol  3-O-[ f-xylopyranosyl {1 — 2)x-
rhamnopyranoside] (6).

in addition to the above compounds, epimedoside A (8)
[6]. icarisid 11 (9) [1.9] and icariin (10) {1,7.9] were
isolated. 9 was isolated for the first example as a natural
product (9 is also reported from E. sagittatum [9]
(Abstract of the papers of the 33rd Annual Meeting of
Japanese Society of Pharmacognosy (1986), Sakato. pp. 25,
84).

EXPERIMENTAL

All mps are uncorr. The 'H NMR and ''C NMR spectra
measured with TMS as int. ref. were run at 400 MHz (digital
resolution: 0.18 Hz) and 100.4 MHz (digital resolution: 0.73 Hz),

O

R

respectively, FABMS were measured on a JEOL IMS-DX 303
mass spectrometer. collision gas Xe {ion gun conditions: 6 KV
and 10 mA) and matrix glycerol or thioglycerol, For TLC silica
gel), Wakogel B-SFM {Wako) was used, For prep. TLC (silica geb).
A Wakogel B-SF (Wako) B: Kieselgel 60 PF.o gipshaliig
{Merk) and ¢ MN-Kiesetgel G UV, tMacherev Nagel). and
for CC silica gel). Wakogel (-2006 {Wakol

Plunt material. Epimedium granditforum Morren was collected
in the neighbourhood of Tsukut, Kanagawa prefecture, Japan, in
June. 1984, £ sempervirens Nakai was collected in the neighbour-
hood of Sayo. Hyogo prefecture. Japan. in Mav, 1984, These
materials were identified by Dy K Suzuki School ol Science,
Tokye Metropolitan Universuy and Dr N. Sahashi. Faculty of
Pharmaceutical Sciences. Toho £oniversity. The samples have
been deposited in the herbarium of Toho University.

Isolation of flavonol glyveosides from the roetr of B granditforum.
The roots of E. grandiflorum {iv. wt 1.9 kg) were exhaustively
extracted with E1OH withm 10 hr after collection. Evaporation
of the soln to dryness yvielded 54.4 ¢ of restduc. The EtOH extract
was chromatographed on deactivated silica gel [ 2211370 gjusing
CoH, saturated with HL 00 MeQH 10 - 1
each fraction {eluted vol. 300 ml) being moniored by TLC
Fraction 33 eluted with CoHAH O MeOH (9 1 was evap. to
give L4 g of residue, from the wi ikarisoside 18 26 myg. L4
x 107 yield from the materialy and ikarsoside D (4, 38 mg, 2
®x 1071 )) were obtained using prep TLC [solvent systems.
CHCL-MeOH (501 B CHCL Me-CO MeOH (v 11 AL
CoHo-Me,CO ot b AL Fractions 37 and 3% cluted with
CoH tH 08 MeOH 9 1 and fraction 3% with O HOHO)
McOH 41y were evap, to give 332 of rosidue. which was
dissolved i McOH and
giving a4 yellow ppt. which was r
tkansoside A (1. 840 mg. 4.4 < 10
CoHOHL O MeOH 40w
which was rechromatographed <

ihas an cluent,

affowed 1o stand a1 room temp.

ryst from MeOH to give

o Fraction 42 eluted with

togive 3 g of residue,

4 Sephadex LH-20 column
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using MeOH-H,0O (4:1) to give ikarisoside F (6, 190 mg, 1
x 1072%). Fraction 43 eluted with CqHg(H,O}FMeOH (4:1)
was evapd to give 2.5 g of residue, which was purified by prep.
TLC [CHCl;-MeOH (3:1), A: CHCI;-MeOH (4:1), B] to give
ikarisoside B (2, 520 mg, 2.7 x 1072%) and ikarisoside F (6,
128mg, 6.7x1073%). Fraction 44  eluted with
CeHs(H,0)}-MeOH (1:1) was evapd to give 14 g of residue, and
a part of the residue (1.2g) was purified by prep. TLC
[CHCI;-MeOH (5:2), B] to give ikarisoside C (3, 20 mg,
0.12%).

Isolation of flavonol glycosides from the root of E. sempervirens.
The roots of E. sempervirens (fr. wt 1.6 kg) were exhaustively
extracted with MeOH within 15 hr after collection. Evaporation
of the soln to dryness yielded 74.7 g of residue. The MeOH
extract was chromatographed on deactivated silica gel (300 g)
using C¢Hg(H,O)}-MeOH (1:0 — 1:1) as eluent, each fraction
(eluted vol. 500 ml) being monitored by TLC. Fractions 41-44
eluted with C4He(H,O»MeOH (9:1) and 45 and 46 with
CsHe(H,O)-MeOH (4:1) were evapd to give 4.7 g of residue.
After the MeOH soln of the residue was allowed to stand, the
yellow ppt. was collected. and recryst. from MeOH to give
ikarisoside A (1, 310 mg, 2 x 10~ *%). The mother liquor was
purified on a Sephadex LH-20 column using Me,CO and by
prep. TLC [CHCI;-MeOH (5:1), A], sequentially, to give
ikarisoside E (5, 28 mg, 1.7 x 102 %) and icarisid I1 (9, 50 mg, 3
x 10739). Fraction 49 eluted with C¢Hg(H,O)-H,0 (4:1) and
fraction 50 with C¢H(H,O}MeOH (1:1) were evapd to give
7.3 g of residue, a part of which (1.5 g) was purified by prep. TLC
[CHCI;-MeOH (5:1), B, A] to give icariin (10, 50 mg, 1.5
% 1072%) amd epimedoside A (8, 9 mg, 2.8 x 10~ °%). Fraction
51 eluted with CsHg(H,O)-MeOH (1:1) was evapd to give 43 g
of residue, a part of which (2.2 g) was purified by prep. TLC
[CHC1;-MeOH (5:2), B, C; CHCI;-MeOH (4:1), A] to give
ikarisoside C (3, 90 mg, 0.11 %).

Ikarisoside A (1). Compound 1 was recryst. from Me,CO to
give yellow needles, mp 152-154°, and from MeOH-H,O to give
needles, mp 160°, indentical with lit. [6] value (mp 153-155°).
[a]l-79° (CsHsN; ¢ 0.99). FeCl, test: dark brown, Mg-HCl test:
positive, Zn-HCl test: positive, ZrOCl,—citric acid test: negative,
ZrOCl,~citric acid—HCl test: positive, Gibbs test: negative. EIMS
(probe) 20 eV, m/z (rel. int.): 501 [M+ 1]* (0.6), 500 [M]* (3),
370 (6), 355 (42), 354 (100), 339 (76), 337 (6), 299 (48), 286 (50), 147
(1), 128 (15), 121 (8), 75 eV, m/z (rel.int.): 370 (2), 355 (31), 354 (93),
339 (100), 337 (8), 325 (7), 311 (11), 299 (86), 286 (74), 270 (10), 233
(3), 165 (24), 128 (16), 121 (54), 69 (18). UV AEtOH nm (log &): 224
(sh 4.36), 271 (4.33), 310 (4.10), 354 (sh 4.03); AELOH+AICI, 224 (sh
4.35),274 (4.33), 310 (sh 4.10), 345 (4.17); AELQH + NaOGAc 278 (4.66),
310 (sh 4.50), 350 (4.36). 'H NMR (DMSO-d, 50°): 30.83 (3H, 4,
J = 6 Hz, Me-5"), 1.63 and 1.69 (6H, br 5,2 x Me-11),3.18 2H, m,
H-4"and H-5"), 3.36 and 3.43 (2H, brdd,J = 7and 14 Hz,2 x H-
9),3.51 (1H, br dd, J = ca 4 and 8 Hz, H-3"), 4.01 (1H, br, H-2"),
5.17 (1H, g t, J = 1 and 7 Hz, H-10), 5.30 (1H, d, J = 1.5 Hz, H-
17, 6.32 (1H, s, H-6), 6.93 (2H, 4, J = 9 Hz, H-3' and H-5), 7.77
(2H, d, J = 9 Hz, H-2' and H-6'), 12.54 (1H, s, OH-5), 4.46, 4.60,
4.84. 10.02 and 10.08 (5H, br 5, S x OH), the proton signals of the
rhamnosyl moiety were assigned by decoupling experiments
'H NMR (CsDsN, 23°). 6147 (3H, d,J = 6 Hz, Me-5"), 1.67 and
1.85 (6H, br s, 2 x CH3-11), 3.79 and 3.84 (2H, br dd, J = 7 and
15 Hz, 2 x H-9), 4.25 (1H,4qd,J = 6 and 9.5 Hz, H-5"), 4.33(1H,
dd,J = 9and 9.5 Hz, H-4"},4.66 (1H, dd, J = 3.5and 9 Hz, H-3"),
5.14 (1H, dd, J = 1.5and 3.5 Hz, H-2"), 5.62 (1H, br t, J = 7 Hz,
H-10),6.33 (1H,d,J = 1.5 Hz,H-1"),6.78 (1H, 5, H-6), 7.35 (2H, 4,
J =9 Hz, H-3 and H-5'), 8.22 (2H, d, J = 9 Hz, H-2" and H-6'),
13.36 (1H, 5, OH-5), the proton signals of the thamnosyl moiety
were assigned by decoupling expt. The '*C NMR spectrum is
described in Table 1.
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Ikarisoside B (2). The compound (2) was obtained as a yellow
amorphous powder. [a]37-78° (MeOH; ¢ 0.19). FeCl, test: green,
Mg-HCl test: positive, Zn—-HCl test: positive, ZrOCl,—citric acid
test: negative, ZrOCl,—citric acid-HCI test: positive, Gibbs test:
negative. FABMS m/z (rel. int.): 685 [M + Na]* (3), 663 [M
+H]" (2), 501 [M + H-glucosyl + H]* (2), 483 (2), 355 [M + H-
glucosyl + H — rhamnosyl + H]* (100), 339 (31), 299 (57), 165
(18), 121 (46). UV iMOH nm (log ¢): 206 (4.32), 222 (3.95), 269
(3.97), 310 (3.62), 350 (3.57); AMEOH+AICIs 206 (4.34), 230 (3.89),
278 (3.93), 305 (3.67), 345 (3.75), 405 (3.57): im:?“*”aom 206
(4.54), 271 (3.97), 310 (sh 3.62), 355 (3.57); ).m:,‘OH*N"OMC 204
(4.42), 277 (4.02), 328 (3.62), 392 (3.80). 'H NMR (DMSO-d,,
50°): 60.89 (3H, d, J = 6 Hz, Me-5"), 1.63 and 1.69 (6H, br s, 2
x Me-11), ca 3.05 (2H, m} ca 3.1-34 (3H, m), 3.17 (1H, ¢, J
= 9 Hz, H-4", overlapping with other signals), 3.32 (1H, m, H-5",
overlapping with other signals), 3.49 (1H, br d-like, J = 3.5 Hz),
3.58 (1H, dd, J = 3 and 9 Hz, H-3"), 4.12 (1H, dd, J = 1.5 and
3 Hz,H-2"),429 (1H,d,J = 8 Hz, H-1"),5.17 (1H, brt,J = 7 Hz,
H-10), 5.58 (1H, br s, H-1"), 6.33 (1H, s, H-6), 695 (2H, d, J
= 9 Hz, H-3' and H-5'), 7.78 (2H, 4, J = 9 Hz, H-2’ and H-6'),
12.44 (1H, s, OH-5), the proton signals of the rhamnosyl moiety
were assigned by decoupling expt. '"H NMR (CsDsN, 23°): §1.43
(3H,d,J = 6 Hz, Me-5"),1.67 and 1.84 (6H, brs,2 x Me-11),3.79
(3H, br d-like, J = 7 Hz, 2 x H-9), 3.95 (1H, m), 4.09 (1H, m), 4.22
(1H,t,J = 9.5 Hz, H-4"), ca 4.2-4.35 (1H,m),4.31 (1H, qd, J = 6
and 9.5 Hz, H-5", overlapping with other signal), 442 (1H, dd, J
=4.5and 12 Hz), 448 (1H, dd,J = 2 and 12 Hz),4.65 (1H, dd, J
= 3and 9.5 Hz, H-3"), 5.09 (1H, br, H-2"),5.28 (1H,d, J = 7 Hz,
H-1""),5.60 (1H, br t, J = 7 Hz, H-10), 6.36 (1H, br s, H-1"), 6.81
(1H, s, H-6), 7.37 (2H,d, J = 9 Hz, H-3' and H-5'), 8.14 (2H,d,J
= 9 Hz, H-2' and H-6"), 12.30 (1H, 5, OH-5), the proton signals of
the rhamnosyl moiety were assigned by decoupling expt.
13C NMR spectrum is described in Table 1.

Ikarisoside C (3). The coupound (3) was obtained as a yellow
amorphous powder. [cx]f)z-72” (MeOH; ¢ 0.37). FeCl, test: green,
Mg-HCl test: positive, Zn-HCl test: positive, ZrOCl,—citric acid
test: negative, ZrOCl,—citric acid-HCI test: positive, Gibbs test:
negative. FABMS m/z (rel. int.): 847 [M +Na]™ (32), 825 [M
+H]* (21), 663 [M +H —glucosyl+ H]* (18), 517 [M+H
— glucosyl + rhamnosyl + H]*  (100), 355 [M + H — glucosyl
+ H —rhamnosyl + H]* (36), 339 (18), 299 (36). UV AMeOH nm
(log €): 204 (4.52), 240 (4.22), 269 (4.28), 320 (4.00), 350 (3.96);
AMeOH +AICl; 206 (4.26), 235 (4.17), 277 (4.26), 305 (3.95), 345
(4.08), 405 (3.87); AMeOH + NaOAc 208 (4.69), 269 (4.28), 320 (3.95),
355 (3.97); AMeOH+NaOMe 210 (4.81), 242 (4.21), 270 (4.22), 298
(3.99), 345 (sh 4.04), 385 (4.13). 'H NMR (DMSO-d;, 50°): 60.88
(3H, d, J = 6 Hz, Me-5"), 1.61 and 1.69 (6H, br s, 2 x Me-11), ca
2.98-3.08 (2H, m), ca 3.16-3.60 (m, the amount of protons could
not be defined), 3.15 (1H, m, H-4"), 3.35 (1H, m, H-3"), ca 3.35 (2H,
m, 2 x H-9, assigned by decoupling expt), 3.36 (1H, m, H-5"), 4.13
(1H,dd,J = 1and 3 Hz, H-2"),4.28 (1H,d, J = 8 Hz, H-1""), 499
(1H,d,J = THz,H-1""),5.19 (1H, brt,J = 7 Hz, H-10), 5.56 (1H,
d,J = 1 Hz, H-1"), 6.62 (1H, s, H-6), 6.96 (2H, d, J = 9 Hz, H-3'
and H-5), 7.81 (2H, d, J = 9 Hz, H-2 and H-6), 12.51 (1H, br s,
OH-5), the proton signals of the rhamnosyl moiety were assigned
by decoupling expt, the signals at 3.35-3.36 were overlapping
with other signals. ‘H NMR (CsH;sN, 23°): 6145 (3H, 4, J
= 6 Hz, Me-5"), 1.58 and 1.76 (6H, brs, 2 x Me-11), ca 3.70
(2H, m), ca 3.84 (2H, m), 3.96 (1H, m), 4.09 (1H, dd, J = 8 and
9 Hz), 4.14 (1H, m), 4.21 (1H, t, J = 9 Hz), ca 4.28 (2H, m), ca
43-44 (2H, m), 4.48 (1H, m), 4.53 (1H, m),4.62 (1H,dd,J = 3 and
9 Hz, H-3"),5.09 (1H, br, H-2"),5.30 (1H, d, J = 8 Hz, H-1""), 5.56
(1H, br t, J = 7 Hz, H-10), 5.75 (1H, br d, J = 8 Hz, H-1""), 6.32
(1H, brs,H-1"),7.34 (2H, d,J = 9 Hz, H-3 and H-5),8.12 2H, d,
J =9 Hz, H-2 and H-6'). '3C NMR spectrum is described in
Table 1).
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Tkarisoside D (4). The compound (4) was obtained as a yellow
amorphous powder. [« -64 (MeOH; ¢ 0.097). FeCl, test: green,
Mg-HCI test: positive, Zn—~HCI test: positive. ZrOCl,~citric acid
test: negative, ZrOCl,—itric acid-HCI test: positive, Gibbs test:
negative, EIMS (probe) 70 eV, m/z (rel. int.y: 542 [M] ' (11} 446
(38), 396 (72), 370 (14), 354 (> 100). FABMS m. = (rel. int.): 565
[M+NaJ* (12), 543 [M + HT" (2), 355 (R4, 339 (285, 299 (67),
283 (15), 165 (22), 121 (84), 69 (100), 43 (> 100). UV AMeOH up
(log €): 210(4.52),220 (sh 4.43). 269 {4.45). 31044.17). %_\f)(shal 125,
AMCOH“'M(" 210 (4.56), 230 (sh 4.38), 278 (4.42). 306 {4.18). 345
@. 21) 2. MeOH -+ NaOAc D 1) (4.57), 222 (sh 4.45}, "70 (4.441 310 (sh
4.13), 350 (sh 4.07); AMeOH +NaOMe 210 (4.67), 230 ish 4.43, 278
(4.51), 327 (4.20), 405 (4.34). "H NMR 1{)Mb()~dh. 2370072
(3H,d,J = 6 Hz, Me-5"), 1.63 and [.68 (GH. br 5, 0 = Me-11), 2.00
(3H,5,0Ac). 3.32 (1H,qd.J = 6 and 10 Hz, H-5), 335 and 141
(2H, br dd, J = 7 and 10 Hz. 2 x H-9% 3.72 (I1H, dd. J = 3 and
9 Hz, H-3"),4.05(1H,dd, J = 1.5and 3 Hz. H-2", 471 (1H, dd. J
=9and 10 Hz, H-4"), 5.18 (1H, br1.J = 7 Hz, H- 101, 531 (1H.
J = 15Hz H-1"), 633 (1H. 5. H-6), 696 (2H. d, J = 9 Hz H-3
and H-5'),7.74 2H,d,J = 9 Hz, H-2 and H-6"1. {249 (1H. s, OH-
5), the proton signals of the thamnosyl moiety were assigned by
decoupling expt. The '3C NMR spectrum is described in Table 1.

Tkarisoside E 5). The Lompraund {8y was obtained as a yellow
amorphous powder. [#]5-92° (MeOH; ¢ 0.1%). FeCl, test: green,
Mg-HCl test: positive, ZrOCl,-citric  acid fest: negative,
ZrOCl,—itric acid—-HCl test: positive, Gibbs test negative. EIMS
(probe) 30 eV, m/z (rel. int.}: 498 [M]" (20), 352 (35), 338 (34). 337
(100), 75 eV, m/ =z (rel. int.): 376 (63, 353 (10, 352 (401, 338 (28), 337
(100), 203 (16). 164 (23). UV 2 MOH nmy (log oy 205 (4.26), 227
(4.38), 275 (4.41), 305 (4.14), 317 (sh 4.11), 370 (sh 3.80); A McOH
+AIC 205 (4.64), 228 (4.35), 243 (sh 4.28), 282 (4.42), 317 (4 10)
350 (4.13), 420 (3.73); AMeOH + NaOA< 2037 (4.93), 230 (sh 4.40), 275
(4.41),305 (4.11), 318 (4.07), 365 (3.85): s MO+ NaUMe 210 {5.09),
280 (4.41), 302 (sh4.32), 345 (4.11). 395 14.08). '"H NMR (DMSO-
de, 50°). 60.85 (3H,d, J = 6 Hz, Me-5" ) i. 4'% and 1.44 (6H. s, 2
x Me-6"), 3.20 (2H, m, H-4"" and H SUL IS UH. dd J = 2and
9 Hz, H-3""). 4.01 (1H, br dd-like, H-2" 1. 3.33 lH d.J = 1 Hz. H-

17,573 (1H,4,J = 10 Hz, H-5"} 6"’l {1H, s. H-6i, (s”“w(IH d.J
= 10Hz H-4",691 (2H.4,J = 9 Hz H-3 and H-5), 780 2H. 4,
J =9 Hz, H-2 and H-6"), 12.54 ({1H, br s, OH-5. '"H NMR
(CD;0D, 237): 8096 (3H, d, J = 6 Hz, Me-37%, 1.44 and 1.45
(6H, s, 2 x Mc¢-6"), ca 3.3 3.4 2H. m. H-4'"and H-5"1 377 (1H
dd, J = 3 and 10 Hz, H-3'"). 4.24 (1H. dd. J = | S and 3 Hz, H-
27),538(1H.d,J = LS Hz. H-17), 567 {1H,d.J = 10 Hz. H-5"),
6.14 (1H, s. H-6), 6.71 (1H, d, J = 10 Hz, H-4"). 6.89 2H. d. J
=9 Hz H-¥ cmd H-4),7.77(2H.d.J = 9 Hz, H-Y and H-¢"). The
13C NMR spectrum is described in Table

Ikarisoside F (6). The compound (6) was recrvst. from EtQAc
to give pale yellow needles, mp 174-179" and {rom McOH 10 give
pale yellow needles, mp 178-179" [2]{;-67 {MeOH: ¢ 0.20).
FeClj test: green, Mg-HCl test: positive, Zn- HCT test: positive,
ZrOCl,—itric acid test: negative, ZrOCI,-<itric acid-HCI test:
positive, Gibbs test: negative. FABMS m 2 ¢rel int) 633 [M
+H]" (191, 501 [M +H ~xylosyl + H] ™ (5}, 483 {4), 355 [M
+H —xylosyl + H—rhamnosyl + H}" (> [00), 339 (59}, 299
(98), 165 (37), 121 (100), UV ~MeOH nm (jog 1. 206 (4.285, 220 (sh
4.14), 269 (4.17). 310 (3.89), 350 {sh 3.83); AMeOH ~ AICL 206 (4.34),
230 (4.10), 277 {4.12), 305 (3.91), 344 (3.97), 410 {361} AMeOH
+NaOAc 06 (4.38), 220 (sh 4.17), 269 (4. 1" 310 {sh 3.86}, 350 (sh
3.83); AMeOH + NaOMe 225 (sh 4.16), 278 (425, 325 {3.94), 392
(4.07). '"H NMR (DMSO-d,, 50°); «’50.90(3H.J.ﬁ J = 6 Hz. Me-5"),
1.62and 1.68 (6H, brs,2 x Me-11},¢a 294302 (2H, m), 3.08 (1H,
t,J =9 Hz), 3.14 (1H,dd, J = 9 and 10 Hz, H-4"), 3.23 (1H, m).
334 (IH,br dj. ca3.4 2H,m), 3.45 (1H, ¢d. J = 6 and 10 Hz, H-
5"),3.55(1H.dd, J = 6 and 10 Hz), 3.58 (1H.dd. J = 3and 9 Hz,
H-3"), 405 (IH. dd, J = 1.5 and 3 Hz, H-270 422 (1H. 4 J

= 75 Hz, H-17), 506 ({H, br 1. J = 7 Hz, H-10), 337 (1H. d. J
= 1.5 Hz, H-17), 6.28 (1 H, s. H-6), 694 (2H.d.J = 9 Hz, H-} and
H-5.7.76 (2H. d,J = 9 Hz, H-2"and H-6"), 12.55 {1H, 5, OH-5).
the proton signals of the rhamnosyl moiety were assigned by
decoupling expt. The signals at d3.23% 345 overlapped with those
of H:Oand hydroxyl groups ’H NMRICIDN 23 o L44 (3H,
d.J = 6 Hz, Me-83"L a7 and ¢ x( Hobro 2w Me-TTIL AT (HHL
promy), 381 2H, brd. =7 H/ 2w H-91 4085 (1H. Ar 1odike),
4.14 (2H, m), 4.21 (IHL Jow S Hz Hed" 402 (TH brdd -
and [ Hzj 444 (1H. gd / = v and 9.3 Hz, H-S w4 68 (JHLdd J
= Jand 4.5 H;aHJ"},,S.()S(iH.hraﬂ,f’ = 3 H2 H-IL 3200 HL o
Jo= 75 Hzo He177), 862 'EH THz. H-10L 035 (1H. br s,
H-173, 677 (1H. s H-61.7 35 9 Hz H-3and H-3. 817
(Q2H. d, J =9 Mz H-D (mt H P9 IH b OHGS The
PHCONMR spectrum s deseribed in Table |
Epimedoside 4 (85 Compound 8 was recryst.

R

give yellow prisms, mp 21

FIS

H .4

fram MeQH to
tht [0 value. 191 192, yellow

needles). FABMS moo frel iy 685 [M 4+ Na] ' 4l 663 [ M
+H] (14517 {M —rhamnosyl— H]© (430 301 [M - glucosyl
+H] 9, 355{M - giucosyi + H - rhamnosyl -+ H} {100y, 339

{264, 299 (23}, "H NMR {DMSO-4,..
Me-57) 161 and 1.69 (6H., br v, 2 Me-1n ca 3029 (P 1HL o,
401 (IH. bro, H-27L 300 0TH G 7 = 9 M HU L ST HL L
= P SHz H-1"L 063 (TH s H-6L 694 (I H. 4,/ = 9 Ha H-3 and
H-53 780 (1H. d. /= 9 Hz. H-2 and F-6 1, 1256 (1 H 0 OS5
The "*C NMR spectrum is described in Table 1

{earisid 19y Compound 9 was ervst. from pyridine +
give veliow needles. mp 2042067 identical with Hit {17 value
(203-205' ) {2]j5-121 iMeOH: ¢ 0.089). FeCl, test
Mg-HCltest: positive. Zn - HUT test: positive. ZrOCH -citrie actd
test: negative, ZrOC, aitnic acid-HC test positive EIMS iprobe)
30 c‘w' prz (rebont) ST UM T [, 369 (33) 368 (100, 333 (374,
352 112y 351 ¢ v) 1' 6 20200 300 (8L UV DOR qm
log «): 3?,4 (sh 4.27 INERIUN “‘z 1403 330 (siy 189y, /l_f"]“f,f”
£ A D08 sh 4,24 220307 (405,340 14.005 295 sh xaly
,HUH + NaOMe 183 04, 4“ IRA { 3. 54) ,xt(?r( Maliae 07 (4, zg;, 310
(\h Z()]) 350 (sh 2881 H NMR H)’WS() de. D3 R o079 H LG
= 6 Hz, Me-3"1 Le3and TOX 6 . br < 2« Me-111 303 (1 HL yd,
J o= gand 9.5 Hz, H-370 504 01 ML = Yand 8.5 Hz H-d . ca
3.4 12H-9, overlaping with the signais of H.Op 337 (1H br. H-37
383 H. 5 OMe-d4) 398 (I1H br M2 SIS (T HL by = 7 Hy,
H-10L5.26 (1Hd /4 = P53 Ha B na oo H-e0 712 (28,
Jo=9Hz, H-3 and H-570 V8 2H J = 9 Mz H-D and Hee
12.52 (1H. s, OH-5).

Teariin (10). Compound 18 was recryst from pyridine H.0 10
give yellow needies. mp 266229 _denncal with b {71 value
(225-227 % Fel test green, ZrOCT: -antrie acid st negative,
ZrOCh, atric acid HUtest posttive. FABMS iz irel ity 677
[M--HT trhn 330 M - B rhamuoosyl + HT T 84y 515 1M
+ H — glucosyl + H] (i, 3ey IMAEH - plucosyl+ H
~rhamnosyl -+ HY" (84 353 (201 £V A EOM nnudog #1224 ish
4.39) 271 (4301, 314 {4370 330 (sh 397) JLIOH ML 230 (h
434y, 281 (4345 300 (17 340 41Ty 408 (3 M; FEHOR - Naliac
271 {4361, 31444175 350 (sh 397y A LIOH - \“‘““ RS (4.37), 308
(sh .25 382 (3961 "1 NMR { !)"IM) e, 301 00ED (3HL d S
= 6 Hz. Me-3"1 L6t and 169 00H b v 2w \k huea 21233
(m), 333 (1H br d-like, J = ca S Hzbh ce 34 Yo (mx ca 37376
(TH, m). 3.86 {(3H, . (‘fJMc—Al 10; CEHL A HE2TL SO0 (L dl g
= 75 Hz, H-170 819 (dH b r J = ¥ He 10-H)L 330 (ML dL
= 1.5 Hz H-17), 6004 (PH s H-61. 712 2H dLJ == 9 Hz, H-Yand
H-50, 789 (2H, d.J = 9 He H-2 and H-6'L 1253 (1H, 5. OH-5)

tkarisoside A peracetare {dal A mixture of 120 mgn Ac,O
(1 mlyand pyridine (1 ml was kept at room temp. for 4% hroand
then poured tnto ice-water The sobid was colfected and purified
by prep. TLC [CHCUT, Me,CO (0 T A} to give an amorphous
powder i 1a), FeCl. test negative, FARMS m - TSIM

Yy G0N H. uﬂ Jow 6 Mz,

H. Ot
1

green,

trel inty
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+Nal* (8), 753 [M + H]* (25), 711 (10), 505 (8), 481 (51), 439
( > 100), 397 (100), 395 (> 100), 354 (79), 341 (78). '"HNMR
(DMSO-de, 50°): 0.79 (3H, d, J = 6 Hz, Me-5"), 1.63 and 1.65
(6H, brs,2 x Me-11),1.95,1.98,2.09,2.31,2.33and 2.35 (18H, 5,6
x OAc), 3.29 (1H,gqd,J = 6 and 10 Hz, H-5"), 3.46 and 3.55 (2H,
brdd, J =7 and 15 Hz, 2 x H-9), 479 (1H, ¢, J = 10 Hz, H-4"),
5.10 (1H, dd, J = 3.5 and 10 Hz, H-3"), 5.12 (1H, br 1, J = 7 Hz,
H-10), 540 (1H, d, J = 2 Hz, H-1"), 5.52 (1H, dd, J = 2 and 3.5
Hz, H-2"),7.10 (1H, s, H-6), 7.38 (2H, d, J = 9 Hz, H-3 and H-5),
795 (2H, d, J = 9 Hz, H-2' and H-6'), the proton signals of the
rhamnosyl moiety were assigned by decoupling expt.

Ikarisoside B peracetate (2a). A mixture of 2 (115 mg). Ac;O
(1.5 ml) and pyridine (0.5 ml) was kept at room temp. for 96 hr,
and worked-up in the usual manner. The product was purified by
prep. TLC [CHCI;-Me,CO (6:1); A] to give an amorphous
powder (2a, 80 mg). FeCl; test: negative. FABMS m/z (rel. int.):
1040 [M]" (14), 693 (66), 651 (38), 609 (21}, 561 (> 100), 519 (41),
481 (75), 439 (100), 395 (85), 354 (90). '"H NMR (DMSO-d,, 50°):
60.73 (3H, s, J = 6 Hz, Me-5"), 1.62 and 1.64 (6H, br s, 2 x Me-
11),1.938,1.941,1.96,1.97,2.01,2.05,2.31,2.32and 2.35 (27H, 5,9
x OAc), 3.16 (1H, gd,J = 6 and 10 Hz, H-5"), 3.45 and 3.54 (2H,
brdd,J = Tand 15 Hz, 2 x H-9),3.99 2H,m),4.30 (1H,dd,J = 5
and 12 Hz), 435 (1H, dd J = 1 and 3 Hz, H-2"), 467 (1H, ¢, J
= 10 Hz, H-4"),4.79 (1H,dd, J = 8and 10 Hz, H-2""), 4.87 (1H, d,
J =8 Hz,H-1"),4.93 (1H,t,J = 10 Hz), 5.09 (1H, dd, J = 3 and
10 Hz, H-3"), 5.12 (1H, br t, J = 7 Hz, H-10), 527 (1H, ¢, J
= 10 Hz),5.52 (1H,d,J = 1 Hz,H-1"),7.09 (1H, 5, H-6), 7.37 (2H,
d,J = 8.5Hz,H-3' and H-5'),7.93 (2H,d,J = 8.5 Hz, H-2' and H-
6'), the proton signals of the rhamnosyl moiety were assigned by
decoupling expt.

Ikarisoside C peracetate (3a). A mixture of 3 (19 mg), Ac,O
(1 ml) and pyridine (1 ml) was kept at room temp. for 120 hr, and
treated as usual. The product was purified by prep. TLC
[CHCI13-Me,CO (6:1); A] to give an amorphous powder (3a).
FeCl,; test: negative. FABMS m/z (rel. int.): 1329 [M + H1* (29),
1287 (8), 1245 (8), 999 (8), 769 (80), 651 (75), 609 (38), 561 (> 100),
519 (100). '"H NMR (DMSO-ds, 50°): 60.71 (3H, d, J = 6 Hz,
Me-5"), 1.61 (6H, br s, 2 x Me-11), 1.93, 1.94, 1.96, 1.97, 1.98, 2.00,
2,01, 2.04,2.30 and 2.32 (30H, s, 10 x OAc), 2.02 (6H, 5, 2 x OAc),
3.12 (1H,q9d,J = 6 and 10 Hz, H-5"), 3.41 and 3.49 (2H, br dd,J
= Tand 14 Hz, 2 x H-9), ca 3.9-4.03 (2H, m), ca 4.1-4.2 2H, m),
ca 4.25-4.35 (2H, m) 435 (1H, dd, J = 1.5 and 3 Hz, H-2"), 466
(1H,t,J = 10 Hz, H-4"),4.79 (1H, dd,J = 9and 10 Hz),4.87 (1H,
d, J =8Hz, H-1"), 493 (1H, ¢, J = 10Hz), 502 (1H, 1, J
= 10 Hz), 5.07 (1H, H-10, overlapping with the signal of H-3"),
5.07 (1H, dd, J = 3 and 10 Hz, H-3"), 5.18 (1H, dd, J = 8 and
10 Hz), 5.27 (1H, 1, J = 10 Hz), 5.40 (1H, ¢, J = 10 Hz), 5.51 (1H,
d,J = 1.5 Hz, H-1"),5.74 (1H,d, J = 9 Hz, H-1""), 6.97 (1H, 5, H-
6),7.36(2H,d,J = 9 Hz, H-3 and H-5),791 2H,d,J = 9 Hz, H-
2" and H-6), the proton signals of the rhamnosyl moiety were
assigned by decoupling expt.

Ikarisoside E peracetate (5a). A mixture of 5 (16 mg), Ac,O
(1 ml) and pyridine (1 ml) was kept at room temp. for 96 hr, and
treated as usual. The product was purified by prep. TLC
[CHCI;-EtOAc (7:1); A] to give an amorphous powder (5a,
15 mg). FeCl; test: negative. FABMS m/z (rel. int): 709 {M
+H]" (5), 437 (6), 395 (24), 273 (56), 213 (8), 171 (22), 153 (72),
111 (79), 43 (100). 'H NMR (DMSO-d¢, 50°): §0.77 3H, d, J
= 6 Hz, Me-5""), 1.47 and 1.49 (6H, 5, 2 x Me-6"), 1.95, 1.97,2.09,
2.30and 2.31 (15H, 5, 5 x OAc),3.27 (1H, qd,J = 6and 10 Hz, H-
5'"),4.78 (1H,t,J = 10 Hz, H-4'"),5.09 (1H,dd,J = 3 and 10 Hz,
H-3'"),5.39 (1H,d,J = 2 Hz,H-1'"),5.51 (1H,dd,J = 2and 3 Hz,
H-2'"),5.92 (1H, d, J = 10 Hz, H-5"), 6.55 (1H, d, J = 0.8 Hz, H-
6), 6.81 (1H, dd, J = 0.8 and 10 Hz, H-4"), 7.35 (2H,d, J = 9 Hz,
H-3' and H-5), 7.97 (2H, d, J = 9 Hz, H-2" and H-6).

Ikarisoside F peracetate (6a). A mixture of 6 (18 mg), Ac,O
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(1 ml) and pyridine (1 ml) was kept at room temp. for 48 hr, and
treated as usual. The product was purified by prep. TLC
(CHCI3~Me,CO (10:1); A] to give an amorphous powder (6a).
FeCl; test: negative. FABMS m/z (rel. int.); 991 {M + Na]* (38),
969 [M +H]* (> 100), 927 (13), 711 (45), 693 (100), 651 (73).
'HNMR (DMSO-d,, 50°% 60.77 (3H,d,J = 7 Hz, Me-5"), 1.63
and 1.65 (6H, br 5,2 x Me-11),1.96,1.97,2.00, 2.01, 2.05, 2.30,2.34
and 2.49 (24H, 5, 8 x OAc), 3.43 (1H, ¢d, J = 6 and 10 Hz, H-5"),
ca3.4-3.55(3H, brm),3.88 (1H,dd, J = 5and 11.5 Hz), 4.31 (1H,
brdd,J = caland 3 Hz, H-2"), 4.70 (1H,t,J = 10 Hz, H-4"), ca
4.7-4.85 (3H,m), 5.11 (1H,dd, J = 3and 10 Hz, H-3"),5.15 (1H, ¢,
J =9 Hz), 528 (1H, br d, J = ca 1 Hz, H-1"), 7.10 (1H, s, H-6),
7.37(2H,d,J = 9 Hz, H-3 and H-5'),7.93 (2H,d,J = 9 Hz, H-2'
and H-¢), the proton signals of the rhamnosyl moiety were
assigned by decoupling expt.

Formation of ikarisoside E (5) from ikarisodide A (1). A mixture
of 1 (20 mg)and PdCl; (2 mg)in 90, aq. MeOH soln (1 ml) was
kept at room temp. for 16 hr. The product was purified by prep.
TLC[CHCI;~MeOH (5:1); A] to give an amorphous powder (5,
7.5 mg). The IR, '"H NMR and !3C NMR spectra of 5 were in
agreement with those of §, respectively.
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