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The p r e s e n t  pape r  gives  the r e su l t s  of a chemica l  study and a proof  of the s t ruc tu re  of a new glycoside 
of sa r sasapogen in ,  yuccos ide  E (I), i sola ted f rom the roots  of Yucca f i l amentosa  (Adam's  needle yucca) by 
the method desc r ibed  p rev ious ly  [1]. 

The acid hydro lys i s  of (I) gave an aglycone which was identical  with sa r sapogen in  according  to its mel t ing 
point, specif ic  rotat ion,  IR and m a s s  spec t r a ,  and chromatograph ic  mobi l i ty .  The g a s - l i q u i d  ch romatography  
of the a ldononi t r i les  of the sugars  of (I) showed the p r e sence  in them of ga lac tose  and glucose in a ra t io  of 
1 : 1 .  

To de te rmine  the type of bonds between the monosaccha r ides ,  compound (I) was methyla ted  by Kuhn' s 
method [2], and the resu l t ing  pe rme thy l a t ed  product  (II) was subjected to methanolys i s  with pe rch lo r i c  acid.  
The methyl  g lycos ides  f o rmed  were  ch roma tog raphed  on a column of s i l ica  gel.  Th ree  individual subs tances  
(III, IV, and V) were  obtained. By GLC in the p r e sence  of m a r k e r s ,  subs tance  (lid was identified as methyl  
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g a l a c t o p y r a n o s i d e .  The demethylat ion of (IV) and (V) gave glucose.  According to 
GLC and m a s s  [3] and NMR [4] spec t roscopy ,  subs tance  (IV) is methyl  2 ,3 ,6 - t r i -O-me thy l - f i -D-g lucopyranos ide°  
F r o m  its ch roma tog raph ic  mobi l i ty ,  subs tance  (V) was ass igned to the d imethyla ted  sugar  de r iva t ives .  Ac-  
cording to its m a s s  [3] and NMR [4] spec t r a  and GLC, subs tance  (V) is methyl  3 , 4 - d i - O - m e t h y l - a - D - g l u c o -  
pyranos ide .  After  the r e m o v a l  of the methyl  group at C1, compound (V) gave a posi t ive  reac t ion  with Bonner '  s 
r eagen t  [5]. 

On the per ioda te  oxidation of (I), not one sugar  r ema ined  unchanged and this conf i rmed the r e su l t s  of 
methyla t ion .  

To p rove  the sequence of monosaccha r ide s ,  compound (I) was par t i a l ly  hydrolyzed.  Three  progenins  (VI, 
VII, and VIII) were  obtained.  The g a s - l i q u i d  ch roma tog raphy  of the ace ta tes  of the a ldononi t r i les  of the suga r  
de r iva t ives  in the hydro lyza tes  of both (VI) and (VII) showed the p re sence  of only glucose,  and in the hydrolyzate  
of (VIII) the p r e s e n c e  of ga lac tose  and glucose in mola r  ra t ios  of 1 : 2 .  

When the p e r m e t h y l a t e d  progenins  were  hydrolyzed,  in the case  of (VI) methyl  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  
D-g lucopyranos ide  was isolated,  in the case  of (VII) methyl  2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o p y r a n o s i d e  as well, 

TABLE 1 

Methyl glycosides of the IMI", deg 
monosacchraides 

Methyl D-galactopyranoside [11][+380 0 
/ 
+3sO 0 

j +309 

Methyl D-glucopyranoside [12] /+309 
/ 

66 

56 

Glycosides 

Progenin E 

Progenin VIII 
Progenin VIII  

Progenin VII  

Progenin VII 

Progenin VI 
Progenin VI 
Sarsasapogenin 

IMI'*, Form 
deg ~c ofthebond 

--425 209 
1-216 -- 15 
-216 

--495 4-279 

1-495 I-,14 
1--381 I /-asI 1-57 [--324 I 13 
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and in the case of (VIII) methyl 2 ,3 ,4 ,6- te t ra -O-methyl -D-galac topyranos ide ,  methyl 2 ,3 ,6 - t r i -O-methy l -D-  
glucopyranoside,  and a new methyl glycoside (IX) which was charac te r ized  by GLC and by mass  and NMR 
spec t romet ry  [3, 4] as methyl 3 ,4 ,6 - t r i -O-me thy l - a -D-g lucopyranos ide .  

The configurations of the glycosidic centers  were shown by means of Klyne's  rule [6] (Table 1), and 
were additionally confirmed for the progenin (VI), (VII), and (VIII) by the NMR spec t romet ry  of their methyl 
derivatives [7]. The NMR spect rum of methylated yuccoside E did not give convincing resul ts  because of the 
great  number of monosacchar ides  in its molecule.  

On the basis  of the facts presented above, yuccoside E has the following s t ruc ture :  

CHzOH At _..~, ':~''~' 
HOI _O CH  . I" T 3  "o 

:: : : , ..k-O.f.. ,.,L-o.,---o"'-v-r~ 
o. . 

CH20 H O. OH 

HoLo I 

OH 

E X P E R I M E N T A L  

For  chromatography we used si l ica gel L40/100 and L5/100, neutral alumina, FN-3 paper,  and the 
solvent sys tems 1) c h l o r o f o r m -  m e t h a n o l - w a t e r  (65:25 : 10, lower phase), 2) c h l o r o f o r m -  me thano l -wa t e r  
(65 : 35 : 7), 3) benzene -  ether (7 : 3), 4) b e n z e n e -  ethanol (4 : 1), 5) b e n z e n e -  acetone (2 : 1), and 6) butanol -  
b e n z e n e - p y r i d i a e - w a t e r  ( 5 : 1 : 3 : 3 ) .  

To free the saponins f rom sugars  we used Sephadex G-25. On silica gel plates the steroid glycosides 
were revealed with Saani6's reagent  [8] and with concentrated sulfuric acid, and on the paper chromatograms 
the sugars  were revealed with aniline phthalate. Gas - l iqu id  chromatograms of the aldononitrile derivatives 
of the sugars  and methylated sugars  were obtained on a Khrom-4 instrument (glass column 2 m long filled 
with 5%of XE-60 on Chrornaton N-AW-HMDS at a temperature  of 140°C with helium as the c a r r i e r  gas, VHe = 
45 ml /mia) .  The IR spectra  were obtained on a IR-Specord spectrophotometer  and the UV spectra  on a UV- 
Specord instrument,  IR the mass  spect ra  on an MKh-1303 instrument,  and the NMR spect ra  on a RS-60 spec-  
t romete r .  The substances were dissolved in CC14, and HMDS was used as standard. 

Prepara t ion  of Pure Yuccoside E. The total saponins (butanol fraction, 150 g) were purified f i rs t  by 
chromatography on alumina saturated with aqueous butanol, and then on Sephadex G-25 with elution by water .  
The pure combined saponins (48 g) were deposited in separate  port ions on a column of si l ica gel and eluted 
in sys tem 1. The separation of the saponins was monitored by TLC in system 2. This gave 1.1 g of yueeoside 
E with mp 292-294°C, [e~]~-40 ° (c 1.0; pyridine). 

Acid Hydrolysis  of (I). Yuccoside E (50 mg) was hydrolyzed with 2.5% H~SO 4 at 120~C for 24 h. After 
cooling, the react ion mixture was diluted with water and fil tered. The precipitate was recrys ta l l i zed  f rom 
ethanol. This gave 20 mg of a genin, which, f rom its melting point, chromatographic  mobility on TLC in sys tem 
3, and IR spect rum was identical with sarsasapogeaia  [9, 10]. Galactose and glucose were identified in the 
fi l trate by paper chromatography in sys tem 6. The GLC of the acetates of the aldononitriles of the sugars  
obtained showed a molar  rat io of 2 : 2 .  

Methylation and Hydrolysis of the Permethyla ted  Products .  The product of the Kuhn [2] methylation of 
(I) was chromatographed on a column of si l ica gel in system 4. This gave 0.55 gof the  permethyla tedproduct  
(II) with mp 77-79°C, [ a ] b - 5 1 °  (e 6.41; chloroform),  which was hydrolyzed with 72~ perchlor ic  acid in ab- 
solute methanol (1:10) at 100°C for 5 h. After  cooling, the mixture was diluted with water and fi l tered.  The 
fil trate was neutral ized with anion-exchange resin,  evaporated, and chromatographed on a column of si l ica 
gel in the benzene -ace tone  sys tem with a gradient of increasing concentrat ions of acetone in benzene from 
15 to 35~. This gave compounds (III), (IV), and (V). By GLC in the presence of an authentic sample,  com-  
pound (III) was identified a methyl 2 ,3 ,4 ,6- te t ra -O-methyl -D-ga lac topyranos ide .  The separation of the methyl 
glycosides was monitored by TLC in sys tem 5. The mass spectra  of (IV) and (V) had charac te r i s t ic  peaks: 
for (IV) with m/e  71, 73, 75, 88, 101, 161, and for (V) with m/e  71, 73, 74, 75, 87, 88, 101, 161, and for (V) 
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with m / e  71, 73, 74, 75, 87, 88, 101, 161; their intensities corresponded to l i terature  information [3]. The 
NMR spectrum of (IV) showed the following chemical  shifts of the CH 3 groups (ppm): 3.42 (C1) , 3.48 (C2) , 
3.51 (C3) , and 3.28 (C6) , and the doublet of the proton at C 1 ( 5 = 4.05 ppm, J -- 7.42 Hz), and the NMR spectrum 
of (V) had, respect ively (ppm): 3.23 (C1) , 3.56 (C3) , and 3.41 (C 4) and a doublet of the proton at C 1 (5 = 4.5 
ppm, J = 4.0 ttz) [4]. 

Par t ia l  Hydrolysis  of (I). Yuccoside E (0.5 g) was heated in 20 ml of 1.5 N HC1 at 100~C for 2 h, and the 
mixture was then diluted with water and extracted with butanol. The extract  was evaporated and was chro-  
matographed on silica gel in sys tem 1. This gave 150 mg of (VI) with mp 245-247°C, [ a ] ~ - 6 6  ° (c 0.70; metha-  
nol); 100 mg of (VII) with mp 256-258°C, [ a ] ~ - 6 7  ° (c 0.95; methanol); and 60 mg of (VIII) with mp 276-278°C, 
[a]2~ _24  ° (c 1.65; ch lo ro fo rm -m e thano l  (1:1)) .  Compound (VIII) was also detected in the combined saponins 
isolated from the roots of Yucca fi lamentosa and has been called yuccoside C. In addition to the progenins 
mentioned, ~ 50 mg of sarsasapogenin was isolated. All three progenins (20 mg each) were hydrolyzed with 
2.5% H2SO 4 by the method given above. G a s -  liquid chromatography of the acetates of the aldononitriles of the 
sugar derivatives in the hydrolyzates of (VI) and (VII) showed the presence  only of glucose, and in the case of 
(VIII) galactose and glucose were present  in a molar  rat io of 1 : 2 .  

Methylation of (VI), and (vii), and (VIII). Each compound (50 mg) was methylated and the product was 
purified as described above. The NMR spect ra  of the methylated progenins obtained showed doublets of protons 
at C 1 with the following constants:  for (VI), 5 = 3.97 ppm, J = 8.9 Hz; for (VII), 5 = 4.05 ppm, J = 7.9 Hz; and 
for (VIII) 5 = 4.62, 3.85 ppm; J = 3.5, 7.0 Hz. According to Parkhurs t  et al° [7], in (VI) and (VII) the glucose 
possesses  the fl configuration and in (VIII) the galactose the a configuration of the glycosidic center .  The 
hydrolysis  of the permethylated progenins yielded: for (VI), methyl 2 ,3 ,4 ,6- te t ra -O-methyl -D-glucopyranos ide ;  
for (VII), in addition, methyl 2 ,3 ,6- t r i -O-methyl -D-glucopyranos ide ;  and for (VIII), methyl 2 ,3 ,4 ,6- te t ra-O-  
methyl-D-galactopyranoside and methyl 2 ,3 ,6- t r i -O-methyl -D-glucopyranos ide ,  identified by GLC with marker s ,  
and the new methyl glycoside (IX). The mass  spect rum of (IX) has the peaks charac te r i s t ic  for methyl 3,4,6- 
t r i -O-methyl -D-glucopyranos ide  with m/e  71, 74, 75, 87, 88, 101, 102, 161, the intensities of which agree 
with those given in the l i terature  [3]. The NMR spect rum of (IX) showed the following chemical  shifts of the 
CH 3 groups (ppm): 3.28 (Ct) , 3.41 (C3) , 3.39 (C4), and 3.23 (Cs), and a doublet of the proton at C 1 (6 = 4.50 ppm, 
J = 4.00 Hz), which is charac te r i s t i c  of methyl 3 ,4 ,6- t r i -O-methyl- (~-D-glucopyranoside  [4]. 

Per iodate  Oxidation of Yuccoside E. Compound (I) (20 mg), in solution in aqueous methanol, was oxidized 
with 80 mg of NaIO 4. The react ion products,  worked up in the usual way, were hydrolyzed with sulfuric acid 
and, after neutralization, chromatographed in sys tem 6. No monosacchar ides  were detected. 

SUMMARY 

From the roots of Yucca fi lamentosa L. we have isolated a new sarsasapogenin glycoside, yuccoside E, 
which is 3-O-~ [O-a-D-galac topyranosyl (1  ~ 2)]- [-O-/~-D-galactopyranosyl(1 ~ 6) ] -O-/3-D-glucopyranosyl-  
(1 ~ 4)-fl-D-glucopyranosyl)-(25S),  5 f l -spirostan-3~-ol .  
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