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Abstract-Four steroidal compounds were isolated from the fresh flowers of Yucca gloriosa and their structures were 
elucidated as tigogenin 3-0-fl-D-xylopyranosyl-b-lycotetraoside, gitogenin 3-0-/3-D-xylopyranosyl-p-lycotetraoside, 
gitogenin 3-0-cr-L-rhamnopyranosyl+lycotetraoside and proto-type of gitogenin 3-O-b-D-xylopyranosyl-~-lycote- 
traoside, on the basis of physical and chemical investigations. 

INTRODUCTION 

Considerable phytochemical work on the plants of the 
Yucca genus has been done and the isolation of several 
steroidal sapogenins [14] and saponins [S-9] has been 
reported. However, no detailed chemical investigdion 
appears to have been performed on Yucca gloriosa grow- 
ing in Japan. The present communication reports the 
isolation and characterization of four new steroidal gly- 
cosides. 

RESULTS AND DISCUSSION 

The methanolic extract of the fresh flowers of Y. 
gloriosa L., on repeated chromatographic purification, 
gave four new steroidal glycosides, tentatively designated 
as YG-I (l), YG-2 (2), YG-3 (3) and YG-4 (4). 

YG-1 (l), colourless needles, mp 273-274” (decomp.) 
[aID -28.0” (Py), showed a strong absorption band of 
hydroxy groups and characteristic absorption bands of a 
(25R)-spiroketal moiety in the IR spectrum [lo]. On 
hydrolysis with 1M sulphuric acid -50% ethanol, 1 gave 
glucose, galactose, xylose and tigogenin. The FABMS 
spectrum of 1 showed [M + Na]+ at m/z 1189. Accordin- 
gly, compound 1 was considered to be a pentaglycoside of 
tigogenin. The permethylate (la) of 1 prepared by 
Hakomori’s method [I 11, showed terminal permethylated 
pentosyl and pentosyl-hexosyl cations at m/z 175 and 379, 
respectively, in the mass spectrum. In the ‘HNMR 
spectrum of la, five doublet signals with J = 7-8 Hz at 
64.30,4.69,4.72,4.88 and 5.01 ascribable to the anomeric 
protons were detected, indicating that all glycosidic lin- 
kages are /I. Compound la was methanolized to afford 
methyl 2,3,4-tri-O-methyl-D-xylopyranoside, methyl 
2,4,6-tri-0-methyl-D-glucopyranoside, methyl 2,3,6-tri- 
0-methyl-D-galactopyranoside and methyl 4,6-di-O-me- 
thyl-D-glucopyranoside. On partial hydrolysis with 0.1 M 
hydrochloric acid methanol I gave two prosapogenins, P- 
1 and P-2. The FABMS spectra of P-l and P-2 showed 

*Part 1 in the series ‘The constituents of Yucca gloriosa’. 

[M + Na] + at m/z 1057 and 925, respectively. On hydrol- 
ysis P-l gave galactose, glucose and xylose, P-2 gave 
galactose and glucose. Based on the analysis of the 
13CNMR spectra, the structures of P-l and P-2 were 
determined to be tigogenin 3-O-p-D-xylopyranosyl-( l-3)- 
[b-D-glucopyranosy!-( 1 -+!)]-b-D-glucopyranosyl-( 1+4)- 
/I;;-galactopyr,anoslde (tlgogenin 3-0-/I-lycotetraoside) 

tlgogemn 3-0+-D-glucopyranosyl-( 1+2)-p-D- 
glucopyranosyl-( 1+4)-fi-D-galactopyranoside, respectiv- 
ely. P-l was suggested to be desgalactotigonin and this 
was confirmed by direct comparisons with an authentic 
sample SN-I obtained from Solanum nigrum L. [ 121. 
From the above evidence, 1 could be represented as 
tigogenin 3-O+D-XylOpyranOSyl-( l-3)-[b-D-XylOpy- 
ranOSyl-( I+ 3)-P-D-glucopyranosyl-( 1 -t2)]-B-D-giuco- 
pyranosyl-( l-+4)-b-D-galactopyranoside. 

YG-2 (2), colourless needles, mp 224227”, [a]” -43.0” 
(Py), showed hydroxy absorption bands and character- 
istic absorption bands (25R)-spiroketal side chain in the 
IR spectrum. On acid hydrolysis, 2 liberated glucose, 
galactose, xylose and an aglycone (5), which showed the 
M+ at m/z 432 in the mass spectrum. Acetylation of 5 
with Ac,O and pyridine gave a diacetate 5a, which 
showed a signal of two acetoxyl groups (62.00, s, 6H) and 
signals due to the proton adjacent to the acetoxyl func- 
tions (64.80 and 5.05, one proton each). Based on the 
chemical and physical properties described in the experi- 
mental section, 5 was inferred to be gitogenin [(25R)-5a- 
spirostan-2r,3/&diol] and this was confirmed by direct 
comparisons with an authentic sample obtained from 
Solanum hjforum Lour. [ 133. The FABMS spectrum of 2 
showed [M + K]’ peak at m/z 1221 indicating that 2 is a 
gitogenin pentaglycoside constituted from 3 mol of hex- 
ose and 2 mol of xylose. Partial hydrolysis of 2 gave 
prosapogenins, Ps-1, Ps-2, Ps-3 and Ps-4, whose FAB- 
MS spectra showed [M + K]+ at m/z 1089,957,795 and 
633, respectively. On hydrolysis, Ps-4 gave galactose, Ps-3 
and Ps-2 gave galactose and glucose whereas Ps-1 gave 
galactose, glucose and xylose. The ‘jC NMR spectra of 
Ps-1 and Ps-2 were compared with those of P-l and P-2. 
The signals due to the sugar moieties were coincident 
with those of prosapogenins, and the signals of the 
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aglycone were superimpossible on those of gitogenin 
except for those of C-2, C-3 and C-4, which were some- 
what different due to glycosylation shifts [14--l 8) caused 
by sugar bonding to the C-3 hydroxyl of gitogenin. Based 
on the above result Ps-1 was suggested to be F-gitonin 
[19] and this was confirmed by direct comparisons with 
an authentic sample. The permethylate (2a) of 2 prepared 
by Hakomori’s method showed terminal permethylated 
pentosyl and pentosyl-hexosyl cations at m/z I75 and 379, 
respectively, in its mass spectrum and live doublet signals 
(all J = 7-8 Hz) at 6 4.35, 4.73 (2H), 4.87 and 5.05 ascrib- 
able to the anomeric protons in the ‘H NMR spectrum, 
suggesting all sugar moieties to be /I-linked. Methanolysis 
of 2a afforded an aglycone derivative (Sb) and a mixture of 
methylated sugars identical to those given by Ic. Acetyl- 
ation of 5b with Ac,O and pyridine gave the methylated 
gitogenin acetate (5~). 

Consequently, the structure of YG-2 (2) was assigned as 
3-0-P-D-xylopyranosyl-( 1+3)-[/j-D-xylopyranosyl-(I -t3)- 
I{-D-glucopyranosyl-( 1+2)]-[j-D-glucopyranosyl-( I +4)- 
/j-D-galactopyranosyl gitogenin. 

YG-3 (3), colourless needles, mp 242-248 , [cc], - 54.3 ’ 
(CHCI,-MeOH 1:1), showed hydroxy absorptions and 
characteristic absorptions (25R)-spiroketal side chain in 
the IR spectrum. Acid hydrolysis of 3 gave glucose, 
galactose, xylose, rhamnose and gitogenin. The FABMS 
spectrum of 3 showed a peak due to [M + K] + at ti/z 
1235 indicating that 3 is a gitogenin pentaglycoside 
constituted from three mol of hexose and one mol each of 
rhamnose and xylose. The permethylate (3a) of 3 pre- 
pared by Hakomori’s method, showed terminal permeth- 
ylated methylpentosyl and hexosyl cations at rn/; I89 and 
219. respectively, in its mass spectrum. The ‘H NMR 
spectrum of 3a exhibited signals ascribable to five anom- 
eric protons at (54.36 (IH, d, J=8 Hz), 4.75 (IH, d, ./ 
= 7 Hz). 4.88 (1 H hr s), 4.90 (1 H, d, .I = 8 Hz) and 5.05 (I H, 

d, 5=8 Hz), which indicated the presence of four /j- 
linkages and one z-linkage. On methanolysis, 3a yielded 
methyl 2,3,4-tri-0-methyl-r.-rhamnopyranoside, methyl 
2,3,4,6-tetra-O-methyl-o-glucopyranoside. methyl 2,3,6- 
tri-0-methyl-D-galactopyranoside, methyl 2,3-di-O- 
methyl-r>-xylopyranoside and methyl 4,6-di-O-methyl-n- 
glucopyranoside. On enzymic hydrolysis with crude hes- 
peridinase, 3 liberated a glycoside and rhamnose. The 
former was identical with Ps-I (F-gitonin) in terms with 
physical data and “CNMR spectrum. Moreover. the 
13C NMR spectrum of 3 showed the significant glycosyl- 
ation shift at the xylopyranosyl C-4. Therefore, YG-3 (3) 
was deduced to be gitogcnin 3-O-r-L-rhamnopyranosyl- 
(1+4)$-D-xylopyranosyl-( 1+3)-[[I-D-glucopyranosyl- 
(I +2)]-P-D-glucopyranosyl-( 1+4)-/I-D-galactopyrano- 
side. 

YG-4 (4), amorphous powder, [r&, + 2 1 .O (Py), sho- 
wed absorptions due to hydroxyls, but no spiroketal side 
chain absorptions in the IR spectrum. and was positive to 
the Ehrlich reagent [20] suggesting that it is a furostanol 
glycoside. The FARMS spectrum of 4 showed a peak due 
to [M + K] + at n~j~ 1401. On enzymic hydrolysis with [j- 
glucosidase, 4 gave D-glucose and a glycoside. which was 
identical with YG-2 (2) in terms with physical data and 
’ “C NMR spectrum. Therefore, YG-4 (4) was deduced to 
be furostanol glycoside corresponding to YG-2,3-O +D- 
XylOpyranOSyl-(l-3)-B-D-glucopyranosyl-( 1 +2)-[$-IS 
xylopyranosyl-(l-+3)]-p-D-giucopyranosyl-( 1+4)+-D- 
galactopyranosyl (22<, 25R)-furost-Sr-spirostan-2r,3fi, 
22,26-tetraol 26-0-/I-D-glucopyranoside. 

EXPERIMENTAL 

Mps: uncorr. Chemical shifts are given on a 8 (ppm) scale with 

TMS as an internal standard. CC was carried out with Sephadex 
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an authentic sample. The hydrolysate from 2 provided the same 

sugar components as in 1, while the hydrolysate from 3 revealed 

rhamnose (R, 0.52) in addition. 

Porriul hydrolysis 011 and 2. Compound I (250 mg) was heated 

at RO with 0.1 M HCl-McOH (IOmll for I hr. The reaction 

mixture was neutralized wjith 3% KOH MeOH and cvapd to 
dryness in rww. The residue was chromatographcd on silica gel 

(solv. CHCI,~ McOH ~H20, 4O:lO:l) to afford two prosapopen- 

ins P-l (70 mg) and P-2 (35 mg). P-l, colourless needles, mp 

730 233 ( L?];,” - 18.1 (pyridine; <’ 0.5), FARMS 171,‘:: IO57 LM 

+ Na]’ , ‘“C NMR (C,D,N): sugar m&t): 101.4, 73.1. 75.0”*, 

79.x. 75.5.60.6(galact0sy1 C-1,-C-6’). 104.7, x1.3. X6.9,70.4, 78.0h. 

62.5 (gluco\yl C-l”mC-6”). 104.9. 75.7.‘. 77.Xh, 70.X. 7X.5h. 61.9 

(glucosyl C-l”‘x.-h”‘), 105.0. 75.3, 77.5h. 70.7. 67.3 (xylosyl C- 
I”“Q/-5”“). This spectrum was superimposahlc on that of an 

authentic sample of SN-I [ 121. P-2. colourle\s needles, mp 

114~217 , [xl;)” -38.S (pyridinc: (’ 1.5). FABMS )I! I: 925 [M 
+ Na] ’ . ‘“CNMR (C,D,N): augal- moiety: 102.3, 73.1. 75.5. 

80.X. 76.6,60.4(galactosyl C-I’-C-6’). 105.0. X5.0. 77.4. 70.3. 7X.3”. 

61.6 (glucosyl C-l” C-6”). I0h.X. 75.0, 78.0”. 71.7, 7X.X”. 63.1 

(glucosyl C-l”’ C C6”‘). Partial hydrolysia of 2 (500 mg) as 
cawed out with 0.25 M HCI MeOH (50 ml) gave a mixture of 

proaapogcnins and gitogenin. which was purified hq CC’ 

(CHCl,~~~MeOH~H,O. 4:l:0.1) to afford Ps-1 (72 mgl, Ps-2 

(31 mg). Ps-3 (1X mg) and Ps-4 (I 5 mg). Pa-I. colourles\ needles. 

mp 262 -265 , [r]g- -60.0 ((‘HCI, MeOH. I:I. ~‘0.6). FARMS 

m,‘:: 10X9 [ M + KJ ‘. It was found identical 10 I--gitonin by co- 

TLC and superimposable IR spectra. Ps-2. colourleas necdlea, 

mp 220 227 , [xl:,” + 1.0 (pyrldinc: c 1.0). F‘ABMS ,?I’:: 9.57 [M 

+ K]‘. Ps-3, colourless ncedlcs. mp 22%223 , lx]; -- 30.0 

(pyridine, (’ 1.0). F‘ABMS ,?I, Z: 795 [M + K] ’ Ps-4. colourlehs 
needleh, mp 220&221!, FABMS V’Z: hi3 [M+K].. 

f’rrr)lufh~/afi~)n o/ l-3. Compound I (227 mg). 2 (160 mg) 

and 3 (100 mg) were separately permethylatcd by Hakomori’s 

method [I I]. The products from I. 2 and 3 wcrc purified hq CC 

(hexane Me,CO 5:l) to yield la (150 mg). 2a (132 mg) and 3a 
(17 mg). respectively. Compound la. white powder, [ox]/,” 40.0 

(CHCl,3. c 0.25), ‘H NMR (CDCI,): 0.76 (3H. .\I. 0.7X (3H. rl, J 

=h Hz), 0.82 (3H. s). 0.96 (3H. d, J=h.Z HI). 3.35 3.62 (OMc 

x14),4.3O(lH,d,.l-7.5Hz),4.69(1H.d,J-7Hz).4.72(lH,d.J 

=7.5Hr).4.R8(IH,d.J=7.3H~).S.0l(IH,rl,.l-7.SHz).FI-MS 

m!:: 551, 391, 379 (C,,H,,O:). 1X7, I75 ((‘,H,,O,?. 143. Ill. 

Compound 2a. white powder, [r];’ --50.0 (CHCI,. (’ 1.0). 
‘HNMR(CDCI,):O.76(3H.v).0.7X(3H,d.J-7 Hr).O.X5(3H.\), 

0.9X (3H, d, J=6.8 Hz), 3.3 3.65 (OMcx 15). 4.35 (IH, d. J 

~7.3 Hz), 4.73 (2H. d, .J=7.3 Hz). 4.XX (IH. (1. J: 7.3 HI). 5.05 

(IH. tl. Jz7.X Hz). EIMS ,n ;: 743, 551. 4X7, 429. 379 

(C,,H,,O:), 201. 187. 175 (C,H,,Of). 155. 143. I I I. 101. XX. 
Compound 3a. syrup, [I];~” - 55.7 (CHCI,. (’ 1.37). ‘H NMR 

(CDCl,):0.76(3H,.s).0.78(3H,d, J-h Hz).O.X4(3H..q.0.96(3H. 
d.J-7 HZ). 1.27(3H,J.J:6 Hz,rha-Me). 3.35 3.65(OMe x 15). 

4.36(1H,d.J=8Hr),4.75(1H,t/../=7H~).4.XX(1H,h~,~.rha I- 

H), 4.90 (IH. d, J=8 Hz), 5.05 (IH. d. J=8 HT. EIMS m z 429. 

391, 349, 219. (C,,H,,O$ 189 (C,H,-O:), 1X7, 155, I I I. XX. 

Met/~ano/ws t>f la, 2a mtl 3a. Compounds la (IO me). 2a 

(80 mg) and 3a (IO mg) were separately refluxcd with I M 
HCI-MeOH. The neutralized and coned mcthanolysate from la 

was subjected to CC over sihca gel (hcxane~Me,CO 1O:l) to 
afford tigogcnin and the methylated sugars (a-d). Compounds c 
and d were identified by TLC and GLC, wth the aid ofauthentic 

samples. as methyl 2,3,4-tri-O-methyl-I~-~yl~~pyranosjde and 

methyl 4,6-di-O-methyl-r)-glucopyranosidc. Compound b was 

*‘“C NMR data: a, hassignments are interchangeable between 
carbons marked with similar sign in a compound. 

characterized as methyl 2,4,6-tri-O-methyl-r-wglucopyranoside 

Lacetate of b; MS m/-_: 247 (C,,H,,0,7, I87 (C,HIs03. 116 
(C,H,O$‘, 101 (C,H,O;), 88. 75. 74, 71. ‘H NMR (CDCI,): 2.12 

(3H, .s. OAc), 3.3O(IH.dd. Jz3.4. 9.5 H7, 2-H). 3.41 (6H, s, OMe 

x2). 3.42. 3.43 (each 3H, s, OMc), 4.8X (IH. d, J=3.4 Hz. I-H). 

5.36 (IH, i. J=9.S Hz. 3-H)]. Compound c was identified as 
methyl 2,3,6-tri-0-methyl-1-r,-galactopyranosidc [acetate of c; 

MS M.‘; 247. 1X7. 101, XX. 75, 74. ‘H NMR (CDCI,,: 2.14 (3H. .s. 

OAc), 3.36. 3.41. 3.42, 3.45 (each 3F1, .s\. OMe), 4.93 (IH, d, J 
=3.2 Hr. I-H). 5.49 (IH. dd. J= 1.2. 2.0 Hz, 4-H]. The meth- 

anolysate from 2a gabe gitogcmn monomcthylether (Sb, 32 mg), 

colourless needless mp 110 118 . [xl,:” - 100.0 (CHCI,; c 0.2). 

and the same methylated sugars fl-om la. Compound 5b was 

acetylated with Ac,O- pyridlne (each 1 ml) in the usual manner 

to give the corresponding monoacetate (5c, 7 mg) colourlebs 

needles, mp 201 -204 , lx];;’ - 117.X (CHCI,: c’ 0.9), ‘HNMR 

(CDCI,): 0.77 (3H. 5). 0.7X (3H. d. .I -6.3 Hz). 0.X6 (3H. .\). 0.96 
(3H,d. J-6.5 Hz). ~.06(3H,s.OAc). 3.37(3H,s,OMe). 3.26-351 

(3H.n1),4.38(lH.r,~, Ih-H),4.68(lH.((nd..I=h, 10. lOHz.3-H). 

From the mcthanolysatc of 3a, methyl 2,3.4-tri-O-methyl-L- 

rhamnopyranosidc. methyl 7,3.4.6-tetra-O-methyl-r,-glucopyr- 

ano\ide. methyl 2.3,6-tri-(I-methyl-wgalactopyranoside and 

methyl 4.6-(ii O-methyl-r)-glucop)ranosidc wcrc identified. In 

addttion. methyl 2.3-dl-0-methyl-r-r,-xyl~~pyr~tn~~side was char- 

acterized [acetate; MS m :: 203(C’,H,,O,i). 143(C,H, ,O$. 101, 

71. ‘H NMR (CDCI,):2.OX(3H..~,OAc).3.43.3.53.3.5S(each 3H, 

Y. OMc). 4.X3 (IH. d, .J=3.4 Hz. I-H), 4.84 (lH, wi, 4-H)]. 

E!~;!‘nzic, h~~dr~>l~,sis (!/ 3. Compound 3 (15 mg) was dissolved in 

CHCI, MeOH (1: I. I ml). added AcOH NaOAc buffer (pH 4.5, 

2 ml) and crude hespcridinase (IO mg). and then incubated at X0’ 

for 2 hr. The reaction mixture R~S evapd to dryness in rwuo. The 

residue was chromatographcd o\cr silica gel (~01~. 

CHCI, MeOH H,O. 7.3:O.S) to give a glycosldc (8 mg). colour- 

less needles, mp 762-267 [x]p 56.0‘ (CHCI, -MeOH. I : 1. (’ 

0.4). IR v::: cm- ‘: 3400 (OH). 9X0. 920, 900. X60 (900>920). It 
was found identical to Ps-1 by co-TLC (solv. 

CHCI, McOH HZ0 7.305 and (‘HCl,~McOH~EtOAc~ Hz0 

3:3:4:0.5), superimposable IR and “‘CNMR spectra. 

t‘r~:ymic hJdrolpi.\ of 4. A solution of 4 (31 mg) in H,O was 

Incubated with almond emulsin (70 mg) at 37 ocernight. The 

reactlon mlxturc was cstracted uith BuOH and the organic layer 

was coned in rucw to afford a residue. which was subjected to 

CC over silica gel (sol\. CHCI,,~~MeOH~HLO 14:6:1). yielding a 

glycoGdc (ZOmg), colourless needles from dil. MeOH, mp 

22X 730 . [LX];’ ~~ 36.0 (pyridlne: (’ 1.01, IR v:‘,‘: cm ‘: 3400 

(OH). 9X0. 910. 900. X60 (900 > 910). It was identified with YG-2 
(2) by co-TLC. IR and “C‘NMR rpcctra. 

/1c,l\flo~rledgenlrnr,\ The authors arc grateful to Prof. Tetsuya 

Komorl (Kyushu Unlveraltjl for valuable advice and to Prof. 

Kadzumoto Miyahara (Setsunan Lnicersity) for supplying an 
authentic sample (F-pltonin). 
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