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Abstract—Five steroidal glycosides were isolated from the fresh caudex of Yucca gloriosa together with YG-1 and Ps-1
previously obtained from flowers and the structures of these glycosides were established to be smilagenin 3-0-8-D-
glucopyranosyl-(1-2)-$-D-glucopyranoside (Ys-I), 3-O-8-D-glucopyranosyl-(1 —2)-8-D-galactopyranoside (YS-II), 3-
O-B-D-glucopyranosyl-(1—2)-[ f-D-glucopyranosyl-(1—3)]-f-D-glucopyranoside (YS-III), 3-O-B-D-glucopyranosyl-
(1-2)-[ p-D-glucopyranosyl-(1 — 3)]-8-D-galactopyranoside (YS-1V) and samogenin 3-0-B-D-glucopyranosyl-(1-2)-

f-D-galactopyranoside (YS-V), respectively.

INTRODUCTION

In the previous paper we reported [ 1] the isolation of four
steroidal compounds from the fresh flowers of Yucca
gloriosa L. The structures were elucidated to be tigogenin
and gitogenin glycosides (3-0-8-D-xylopyranosyl-§-lyco-
tetraosides, 3-O-a-L-rhamnopyranosyl-§-lycotetraoside
and 26-0-f-D-glucopyranosyl 3-0-8-D-xylopyranosyl-f-
lycotetraoside, respectively). The present paper describes
the isolation and characterization of five new steroidal
glycosides from the methanolic caudex extract of the
same plant.

RESULTS AND DISCUSSION

Five steroidal glycosides were obtained from the meth-
anolic caudex extract of Y. gloriosa as described in the
Experimental and gives the trivial assignments Ys-I, II,
IIL, IV, and V. Ys-I, I1, 111, IV and V all gave positive
Liebermann—Burchard tests, but were negative to
Ehrlich’s reagent. Their IR spectra showed the character-
istic absorption bands for a (25R)-spiroketal side chain.

After acid hydrolysis of Ys-I (1), IT(2), ITI (3) and IV (4),
the aglycone was identified as smilagenin by mp, [o]p, IR,
MS, 'H and '*CNMR [2]. TLC analysis of the sugars
obtained from the hydrolysates of 1 and 3 showed
glucose, while 2 and 4 showed glucose and galactose. The
FAB mass spectra and '3CNMR spectra of 1 and 2
revealed the presence of two sugar units, while 3 and 4
revealed the presence of three sugar units. The per-
methylates (la—4a) of 1-4, prepared by Hakomori’s
method [3], showed that the anomeric proton linkages
were all § in the 'HNMR spectrum. On methanolysis
methyl 2,3,4,6-tetra-O-methyl-D-glucopyranoside and
methyl 3,4,6-tri-O-methyl-D-glucopyranoside were ident-
ified from 1a, methyl 2,3,4,6-tetra-O-methyl-D-glucopyr-
anoside and methyl 3,4,6-tri-O-methyl-D-galactopyrano-
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side were identified from 2a, methyl 2,3,4,6-tetra-O-meth-
yl-D-glucopyranoside and methyl 4,6-di-O-methyl-D-glu-
copyranoside were identified from 3a and methyl 2,3,4,6-
tetra-0-methyl-D-glucopyranoside and methyl 4,6-di-O-
methyl-D-galactopyranoside were identified from 4a, re-
spectively. Based on these results, Ys-I-IV can be formul-
ated as having structures 1-4, respectively.

On acid hydrolysis Ys-V (5) afforded the aglycone (6)
C,,H, .0, (M™ at m/z 432.3200), glucose and galactose.
The !3C NMR spectrum of 6 exhibited the signals of 58-
steroidal sapogenin {2] (C-5; 6 36.1; C-9, 41.5; C-19, 24.1)
and five signals in the carbinyl carbon region at 4 63.1 (d),
66.8 (t), 67.5 (d), 70.2 (d), and 81.1 (d), and three of them at
663.1, 66.8 and 81.1 were assigned to C-17, C-26 and C-
16, respectively, in comparison with those of smilagenin.
Acetylation of 6 with acetic anhydride and pyridine gave
a diacetate 6a, which showed two singlet signals at 6 0.76
and 1.04 due to C-18 and C-19 methyls, two doublet

1 RI= H,R*= -B-D-glc-2~ B-D-glc

2 Rt= H,R?= -8-D-gal - B-D-glc

3 R!'= H,R?= -B-D-glc,—2-B-D-glc
B-D-glc

4 R!'= H,R?*= -8-D-galy—*—B-D-glc
B-D-glc

5 R!= B-OH, R? = -B-D-gal *—B-D-glc
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Table 1. '*C NMR data of Ys-I, Ys-1I, Ys-I1I, Ys-1V, Ys-V and 6
{ds-pyridine at room temperature)

Ys-1 Ys-II  Ys-IIT  Ys-IV  Ys-V
C 1) (2) (3) “ (5) (6)
1 30.7 309 309 30.7 40.5 39.2
2 26.8 26.7 26.8 26.8 67.2 70.2
3 76.8 76.4 76.4 76.3 81.7 67.5
4 30.9 309 30.8 30.7 319 335
5 36.8 36.9 36.8 36.5 36.5 36.1
6 26.8 26.7 26.8 26.8 26.3 26.3
7 27.0 270 27.0 27.0 26.8 26.8
8 355 35.5 35.6 35.7 35.6 357
9 40.3 40.3 40.4 40.3 414 41.5
10 352 352 353 35.2 37.1 37.0
11 21.1 211 212 21.2 21.3 213
12 40.3 40.3 40.4 40.3 40.3 40.4
13 40.9 40.9 40.9 40.9 40.8 40.9
14 56.5 56.5 56.5 56.5 56.4 56.5
15 31.9® 319 31.9? 31.9° 32.1° 321
16 81.2 81.2 81.3 81.2 81.2 81.1
17 63.1 63.2 63.2 63.2 63.2 63.1
18 16.6 16.6 16.6 16.6 16.5 16.6
19 24.0 24.0 240 239 239 24.1
20 420 42.0 420 420 420 42.0
21 15.0 15.0 15.0 15.0 15.0 149
22 109.1 109.2 1092 109.2  109.1 109.1
23 32.1° 321 32.2¢ 32.2¢ 31.9* 318
24 29.3 29.3 29.3 293 29.3 29.2
25 30.6 30.6 30.6 30.6 30.6 30.6
26 66.9 66.9 66.9 66.9 66.9 66.8
27 173 17.3 173 17.3 17.3 17.3
gle (gal)
1 101.8 1024 101.8 1018 1032
2 83.0 81.7 79.9 771.7 81.8
3 77.8 754 88.4 84.0 76.8
4 71.6 69.8 70.0 69.8 69.7
5 783 767 77.8 76.3 76.8
6 62.7°  62.1° 634 63.5 62.9°
gle 1” 1058 1059 1042 1052 106.1
2" 75.2 75.1 75.3* 750 751
3 78.1°  77.9° 78.3¢ 78.3 78.3¢
4" 71.8 71.7 71.6 71.5 71.7
5" 78.0  78.2°  78.5¢ 78.3 78.0°
6" 62.9°  629°  624° 623°  620°
gle 1 104.8 1044
2 75.55  75.2°
3 78.1¢ 78.3
4" 72.5 727
5 78.5¢ 78.3
6" 62.5¢  62.5°

24 Assignments may be interchanged in each column.

signals (both J=6.3 Hz) at 50.78 and 0.96 ascribable to
C-27 and C-21 methyls and two acetoxyl signals at 6 1.98
and 2.09. Moreover, the signals at 63.37 (1H, ¢, J
=10.5 Hz), 3.46 (1H, m), 4.39 (1H, m) and 5.30 (1H, brd, J
=3 Hz) could be assigned to the 26-axial and -equatorial
protons, 16a-H and 3«-H, respectively. Irradiation of the
broad doublet signal at § 5.30 collapsed a double double
doublet at 54.86 (1H, J=3, 4, 11 Hz) into a double
doublet, which could be assigned to 2a-H. Therefore, the
remaining two carbon signals at § 67.5 and 70.2 could be
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assigned to C-3 and C-2. Thus, compounds 6 and 6a were
inferred to be (25R)-58-spirostan-28,38-diol (samogenin)
and its acetate, respectively, and this was confirmed by
comparisons with the data of authentic samples [4].

The FAB mass spectra and '*C NMR spectra of §
suggested the presence of two sugar units. Methanolysis
of the permethylate (5a) of 5 gave monomethylated
samogenin (6b) and two methylated sugars which were
identified as methyl pyranosides of 2,3,4,6-tetra-0-meth-
yl-D-glucose and 3,4,6-tri-O-methyl-D-galactose.

In the 'H NMR spectrum, the acetate (6¢) of 6b showed
an acetoxyl signal at ¢2.09, one methoxyl signal at 3.32
and one methine signal at 540 (1H, br s, W,,,=7 Hz)
ascribable to 3a-H, that is, hydrogen attached to the
carbon bearing an acetoxyl group. Furthermore, the
13C NMR spectrum of 5 indicated that the C-3 signal of
the aglycone was shifted downfield, while the C-2 and C-4
signals were shifted upfield, and the sugar moiety was the
same as that of 2.

Based on the above data the structure of Ys-V has been
established as 3-0-B-D-glucopyranosyl-(1 —2)--D-galac-
topyranosyl-(25R)-5f-spirostan-2£,3f-diol (5).

EXPERIMENTAL

Almost all the instrumentation techniques were described in
ref. {1]. TLC and CC using the solvent system: g,
CHCl;-MeOH-H,0 40:10:1; b, CHCl;-MeOH-H,0 14:6:1;
¢, CHCI;-MeOH-H,0 6:4:1; d, CHCl;-MeOH-AcOEt-H,0
4:4:10:1; ¢, hexane-Me,CO 5:1.

Extraction and isolation of saponins. The fresh caudex (8 kg) of
Yucca gloriosa before flowering, which is frequently cultivated as
a garden plant in Japan, was obtained at the campus of this
Faculty in April 1985, and extracted three times with hot MeOH.
The extract was concd in vacuo and the residue (934 g) was
defatted with n-hexane. The insoluble portion (878 g) was parti-
tioned between n-BuOH and H,0, and the BuOH layer was
concd under red. pres. to afford a brown powder (132 g) which
was subjected to CC on silica gel with solv. a—¢ to provide 10
fractions (Fr.1-Fr.10). Fr. 2 (18.8 g) was recrystallized from
MeOH to afford Ys-11 (2, 492 mg). Concentration of the mother
liquors yielded the residue, which was subjected to CC on silica
gel with solv. d to afford Ys-I1(1, 57 mg) and Ys-11 (2, 350 mg). Fr.
3 (3.8 g) was subjected to CC on silica gel with solv. a and d, to
afford Ys-11(2, 75 mg), Ys-111 (3, 74 mg) and Ys-V (5, 182 mg). Fr.
4 (6.1 g) was recrystallized from MeOH and CHCI; (1:1) to
afford colourless needles which was identified as a mixture
(930 mg) of YG-1 and Ps-1 [1] by FAB MS and '3*CNMR
spectra. The mother liquor was subjected to CC on Sephadex
LH-20 with MeOH and silanized silica gel with 60% MeOH, to
afford Ys-IV (4, 175 mg), Ys-VI and Ys-VII together with Ps-1
(73 mg).

Properties of Ys-1, 1, 111, IV and V. Ys-1 (1}, colourless
needles, mp 247-249°, [«]J3° —0.2° (pyridine; ¢ 1.0), IR
viBrem ™' 3200-3500 (OH), 980, 920, 900, 860 (intensity
900 >920, 25R-spiroketal), FAB MS m/z: 740 [M]". Ys-II (2),
colourless needles, mp 252-255%, [a]3® —51.0° (CHCl;-MeOH
1:1, ¢ 1.0), IRVEB: cm ™' 3200-3500 (OH), 980, 920, 900, 860
(900> 920, 25R-spiroketal), FABMS m/z: 763 [M + Na]*. Ys-11i
(3), colourless needles, mp 258-260" (dec), [a]3? +66.7°
(CHCI;-MeOH 1:1; ¢ L.1), IRVEE cm ™ 1: 3200-3500 (OH), 980,
920, 9500, 860 (900> 920, 25R-spiroketal), FABMS m/z: 925 [M
+Na]*. Ys-IV (4), colourless needles, mp 265-267" (dec.), [«]}°
—43.0° (MeOH; ¢ 1.0), IRvEE: cm ~': 3200-3500 (OH), 980. 920,
900, 860 (900>920, 25R-spiroketal), FABMS mjz: 925 [M
+Na]™. Ys-V (5), colourless needles, mp 258-261° (dec.), [«]3°
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—75.0° (CHCl;-MeOH 1:1; ¢ 1.0), IRvE® cm~!: 3200-3500
(OH), 990, 930, 905, 870 (905> 930, 25R-spiroketal), FABMS
mjz: 757 [M+H]*.

Acidic hydrolysis of compounds 1, 2, 3, 4 and 5. Compounds 1
(10 mg), 2 (50 mg), 3 (10 mg), 4 (10 mg)} and 5§ (30 mg) were
hydrolysed with 2 M HCI-MeOH by refluxing for 2hr on a
water bath, then the reaction mixture was neutralized with 3%
KOH-MeOH and evapd to dryness under red. pres. From the
residues of 1, 2, 3 and 4, smilagenin was identified. Colourless
needles, mp 182-185°, [«]3® —53.0° (CHCl,, ¢ 1.0), 'HNMR
(CDCl,). 60.76 (3H, s), 0.79 (3H, d, J=6.3 Hz), 0.96 3H, d, J
=6.3 Hz), 0.98 (3H, s), 3.40 (2H, m, 26-H,), 4.11 (1H, m, W, ,
=7 Hz, 3a-H), 4.37 (1H, m, 16-H). The residue of § was subjected
to CC on silica gel with CHCl,-MeOH (10:1) to afford the
aglycone 6 (22 mg), colourless needless, mp 203-205°, [«]3?
~173.9° (CHCl,, ¢ 1.0), HRMS m/z: 432.3200 [M*, calced for
C,,H,,0,: 432.3241]. The sugar components were examined by
TLC (solv. b, 1 and 3; R, 0.34 glucose, 2, 4 and 5; R, 0.31
galactose, R 0.34 glucose).

Acetylation of 6. Acetate 6a was prepared from 6 with Ac,O
and pyridine and crystallized from MeOH, mp 197-199°, [a]}°
—15.5° (CHCl;; ¢ 0.9), 'HNMR (CDCl,): §0.76 (3H, s), 0.78
(3H,d, J=6.3 Hz),0.96 3H, d, J =63 Hz), 1.04 (3H, s), 1.98, 2.09
(each 3H, s, OAc), 3.37 (1H, t, J=10.5 Hz, 26-Ha), 3.46 (1H, m,
26-He), 4.39 (1H, m, 16-H), 4.86 (1H, ddd, J=3, 4, 11 Hz, 2a-H),
5.30 (1H, br d, J=3 Hz, 3a-H).

Methylation of compounds 1, 2, 3, 4 and 5. Compounds 1
(30 mg), 2 (50 mg), 3 (10 mg), 4 (50 mg) and § (70 mg) were
permethylated with NaH and Mel by Hakomori’s method. The
product was purified by CC (solv. hexane-Me,CO 3:1) to afford
permethylates 1a (5 mg), 2a (40 mg), 3a (6 mg), 4a (22 mg) and Sa
(50 mg). '"HNMR (CDCl,): é1a; 4.30 (1H, 4, J=7.8 Hz), 4.67
(1H, d, J=7.8 Hz), 2a; 427 (1H, 4, J=7.6 Hz), 470 (1H, 4, J
=7.8 Hz), 3a; 4.24, 4.79, 4.84 (each 1H, 4, J=7.8 Hz), 4a; 4.27
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(1H, d,J =7.6 Hz),4.80,4.89 (each 1H, d, J =7.8 Hz), 5a;4.23(1H,
d, J=79Hz), 473 (1H, d, J=7.6 Hz).

Methanolysis of compounds 1a, 2a, 3a, 4a and Sa. Compounds
2a (20 mg), 4a (15 mg), 5a (30 mg) and a small amount of 1a, and
3a were separately refluxed with 2 M HCl-MeOH. The neutral-
ized (KOH-MeOH) and the concd hydrolysates were examined
by TLC and GLC and identified as methyl 2,3,4,6-tetra-O-
methyl-D-glucopyranoside (R, 0.54; CcHg-Me,CO 2:1, R, 3.60,
4.50) methyl 3,4,6-tri-O-methyl-D-glucopyranoside (R, 0.30, R,
6.30, 6.75) from 1a, methyl 2,3,4,6-tetra-O-methyl-p-glucopyran-
oside and methyi 3,4,6-tri-O-methyi-D-gaiactopyranoside (R,
0.23, R, 7.2, 8.6) from 2a and 5a, methyl 2,3,4,6-tetra-O-methyl-D-
glucopyranoside and methyl 4,6-di-O-methyl-D-glucopyrano-
side (R, 0.10, R, 9.7, 10.9) from 3a, methy] 2,3,4,6-tetra-O-methyl-
D-gluco-pyranoside and methyl 4,6-di-O-methyl-D-galactopyr-
anoside (R, 0.08, R, 9.3, 12.5) from 4a. The methanolysate of 5a
was subjected to CC on silica gel (solv. €) to afford 6b (20 mg),
colourless needles, [¢]° —19.5° (CHCl;, ¢ 0.9), which was
acetylated in the usual way to afford an acetate 6c (9.4 mg),
colourless needles, mp 173-176°, [«]1° —67.7° (CHCl;; ¢ 0.94),
'HNMR (CDCl,): 60.76 (3H, s), 0.78, 0.96 (each 3H, d, J
=6.8 Hz), 1.02 (3H, s), 2.09 (3H, s, OAc), 3.24 (1H, ddd, J
=34,11 Hz, 22-H), 3.32 (3H, s, OMe), 4.38 (1H, m, 16-H), 5.40
(1H, br s, Wy, =7 Hz, 3a-H).
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