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X. GLYCOSIDES OF Allium n a r c i s s i f l o r u m  

THE STRUCTURE OF GLYCOSIDES A AND B 
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The p re sence  of s te ro id  g lycosides  in var ious  spec ies  of the genus All ium has been repor ted  prev ious ly  
[1]; for  detailed study we have se lec ted  Allium n a r c i s s i f i o r u m  Wells .  The p re sen t  pape r  gives exhaustive in-  
format ion on the s t ruc tu re  of two saponins and also the par t ia l  charac te r iza t ion  of o ther  saponins f rom this 
plant.  

After  the el imination of res inous  impur i t i e s  with e ther ,  a methanolic  ex t r ac t  was concentra ted and sepa-  
ra ted f rom f ree  sugars  by elution with water  through Sephadex G-25. The combined saponins were  separa ted  
on a column of s i l ica gel into five individual subs tances ,  which we have called in o rde r  of increas ing  polar i ty  
a l l iumosides  A, B, C, D, and E. Glycoside A does not give the qualitative react ion  with Ehr l i ch ' s  reagent  [2], 
and it therefore  has a sp i ros tan  s t ruc tu re .  The o thers  do give a posi t ive reac t ion  and belong to the furostanol  
s e r i e s .  F u r t h e r m o r e ,  glycosides  B, C, D, and E underwent enzymat ic  hydro lys i s  under the action of a c o m -  
plex of enzymes  isolated f rom the snail  Helix pomat ia  with the format ion  of the sp i t . s t a r t  analogs [3]. The 
aglycone of all the saponins a f te r  hydro lys i s  was identified as diosgenin. 

The quanti tat ive determinat ion of the monosacchar ides  obtained on hydro lys i s  was p e r f o r m e d  by a method 
that we have developed [4] (Table 1). 

After  methylat~on by Hakomor i ' s  method [5] followed by methanolys is  saponin A gave only methyl  2,3,4,6- 
t e t r a -O-me thy l -D-g lucos ide ,  i .e . ,  it is a diosgenin monoside.  In i ts  physical  p rope r t i e s  and chromatographic  
mobili ty this monoside proved  to be identical with an authentic sample  of tr i l l in.  * According to i ts  ch romato-  
graphic  mobil i ty ,  glycoside B was m o r e  po la r  than dioscin* and graci l l in ,  which gave us grounds for  cons ide r -  
hag it to be at  l eas t  a t e t r a . s i d e  of diosgenin. The methanolys is  of pe rme thy la t ed  a l l iumos ide  B gave methyl  
2,3,4,6-te t r a - O - m e t h y l -  D-glu coside,  methyl  2,4,6- t r i -  O-methy l -D-g lucos ide ,  and methyl  2 , 3 , 4 - t r i - O - m e t h y l -  D- 
glucoside.  The methyl  g lycos ides  were  identified by means  of th in- layer  (TLC) and g a s - l i q u i d  (GLC) c h r o m a -  
tography in the p re sence  of m a r k e r s .  Pa r t i a l  hydro lys i s  yielded tr i l l in,  a bioside,  and a t r ioside.  

Methanolysis  of  the pe rme thy la t ed  bioside gave methyl  2 ,3 ,4 ,6 - t e t r a -O-methy l -D-g lucos ide  and methyl 
2 ,3 ,4 - t r i -O-me thy l -D-g lucos ide ,  which shows a 1 - 6  bond between the glucose molecules .  

Methanolysis  of  a pe rme thy la t e  of the t r ios ide  gave the same  methyl  glycosides  as for al l iumoside B. 
The ass ignment  of glycoside B to the furostanol  s e r i e s  was also conf i rmed by its reduction with NaBI-I 4 followed 
by acid hydro lys i s ,  which yielded dihydrodiosgenin.  Spirostanols  a re  not produced under such conditions [6]. 
When saponin B was subjected to per iodate  oxidation, the glucose was unaffected, which conf i rmed the methy la -  
tion resu l t s .  The configuration of the glycosidic  cen te rs  a r e  in ha rmony  with Klyne 's  rule  [7]. Thus, the s t r uc -  
ture of  a l l iumoside B may be considered to have been demonst ra ted .  
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TABLE 1 

Sapo~ l [ ~ 1 ~ ,  Monosaccharides, M°lar I Mol. wt. Mol. wt. 
nins] mp, °C [ deg composition ratio I calc. tlleor. 

A I 260--2621 --104(c 0,5; CH3OH) 
B 270--272[ -- 70(¢ 0,7; CH~OH) 
C 290--291] -- 66(c 0,6; CH3OH) 
D 268--269] -- 88(c 0,85: CHsOH 
E 286-288[ -- 33(¢ 0,6; CH3OH) 

Olc 
Olc 

Rha, Oal, Olc 
Rha, Olc 
Rha, Olc 2:5 

565 ] 576 
1042 1062 
1325 1338 
1334 1354 
1497 1516 

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

Type FN-3 paper ,  type KSK si l ica gel, neutral  alumina, and the following solvent sys tems were used; 
11 b u t a n o l - e t h a n o l - w a t e r  (10 : 2 - 5); 2) c h l o r o f o r m - m e t h a n o l - w a t e r  (65 ; 35 : 10); 3) b u t a n o l - b e n z e n e - p y r i -  
d i n e - w a t e r  (5 ; 1 • 3 • 3); 4) ch lo ro fo rm-me thano l  {9 • 1); 5) benzene-e thanol  {9 • 1}; and 6) benzene-ace tone  
(2 • 1)o Gas - l i qu id  chromatography was per formed on a Khrom-4 instrument,  FID, glass columns (200 x 0.35 
cm) filled with 5% of XE-60 on Chromaton N-AW-HMDS; p rogrammed  temperature 180-225°C; Vprog =- 3 deg/ 
min; c a r r i e r  gas helium, VHe = 45 ml/mino 

Isolation of the Individual Saponinso A concentrated methanolic extract  (100.0 g) was deposited on a col-  
umn of Sephadex G-25 and eluted with water .  The total saponins freed f rom sugars  was chromatographed on a 
column of si l ica gel, elution being per formed f i rs t  with sys tem 1. The enriched fraction consisting of saponins 
A and B was then separated in sys tem 2 and the combined saponins B, C, D and E in sys tem 1. 

Hydrolysis  of the Individual Saponins A and B. The saponin A or  B (30.0 mg) was dissolved in 5% H2SO 4 
and the solution was heated in a sealed tube at 100°C for  20 ho After cooling, the hydrolyzate was diluted with 
water  and fi l tered.  The precipi tate  was dissolved in hot methanol. The crys ta ls  of aglycone that deposited, 
with mp 196-197°C, had an IR spectrum identical with that of an authentic sample of diosgenin. On TLC in 
system 4, the agiycone had the same Rf  value as the authentic sample. The mixture of sugars  was neutral ized 
and, af ter  evaporation,  was analyzed by paper  chromatography in sys tem 3° The remaining par t  of the sugars  
was converted into the acetates  of the aldononitri les as described previously [4] ~ d  was used for ana lys i s  
by the GLC method. The amounts of sugars  for each saponin are  given in Table 1. 

Methylation of Glycosides A and B. To 10 ml of freshly redisti l led dimethyl sulfoxide was added 30 mg 
of Nail, and the mixture was heated at 45°C with stir~:ing in a cur rent  of nitrogen. Then it was separated into 
two portions,  to each portion was added 50 mg of saponin A or saponin B dissolved in the minimum amount 
of dimethyl sulfoxide, and heating was continued in a cur ren t  of nitrogen for  another 45 min, after which 5 ml 
of CH3I was added to each reaction mixture.  The completeness of methylation was checked by chromatography 
in a thin layer  of si l ica gel in system 5. After purification on a column of sil ica gel, methylated saponin A with 
mp 151-152°C, [c~]li~ +0.8 ° (c 0.9; CH3OH ) and methylated saponin B with mp 147-149°C, [c~]l~ +0.5 ° (c 2.0; 
CH3OH) were obtained. These permethylates  were heated in sealed tubes with a solution of 72% HCIO 4 in 
methanol (1 : 10) at 100°C for 5 ho After neutralization with an anion-exchange resin (HCO 3 form), the mixtures  
of methyl glycosides were chromatographed in sys tem 6. Using the GLC method in the presence of marke r s ,  
only methyl 2 ,3 ,4 ,6- te t ra -O-methyl -D-glucos ide  was found in the case of glycoside A, and in the case of gly-  
coside B methyl 2 ,4 ,6 - t r i -O-methyl -D-g lucos ide  and methyl 2 ,3 ,4- t r i -O-methyl -D-glucos ide  were found in 
addition (Io8 : 1 : i). 

Periodate Oxidation of Saponins A and B. In each case, 20 mg of the saponin was dissolved in 40 ml of 
aqueous methanol and 30 mg of NaIO 4 was added. After complete dissolution, the contents of the flask were 
left in the dark at room temperature for 48 h. Then two drops of ethylene glycol were added and after 1 h the 
mixture was extracted with butanol, the extract was evaporated, and the residue was subjected to hydrolysis 
with 5~c H2SO 4 at 100°C for 15 h. Glucose was detected in the hydrolyzate of glycoside B by paper chromatog- 
raphy. 

In the case of glycoside A, 2 moles of NaIO 4 were consumed and in the case of glycoside B, 6 moles .  

Par t ia l  Hydrolysis  of Glycoside B. A mixture  of 100 mg of saponin B and 1% H2SO 4 was healed at 100°C 
for 40 mino Traces  of diosgenin were detected in the hydrolyzate and tr i l l in was isolated with mp 260-262°C. 
[c~]11~-103 ° (c 0.5; dioxane}. Li tera ture  information for tril l in [8]" mp 261-263°C, [c~]li~-105 ° (c 0.5; dioxane}. 
Also isolated was a bioside with mp 230-232°C, [c~]1I~-86 ° (c0.75; methanol}. The methanolysis  of apermethyla te  
of the bio side yielded m ethyl 2,3,4,6- te t r a -O-methy l -  D-glucos ide and methyl 2,3,4- t r i -O-  me thy 1- D-g luco side. 
A tr ioside was also obtained with mp 235-237°C, [c~]li~ - 7 7  ° (c 0.9; methanol). Hydrolysis  of a permethylate  of 
the trioside gave the same methyl glycosides as alliumoside B but in a ratio of 1 • 1 : 1. 
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S U M M A R Y  

From Allium n a r c i s s i f l o r u m  Wells  have been isola ted for  the f i r s t  t ime t r i l l in  and a glycoside B, which 
proved to be 3 - 0 -  [ f i -O-D-glucopyranosyl-(1 ~ 3) -O-f i -D-glucopyranosyl - (1  ~ 6)-G-/~-D-glucopyranosyl-(1 ~ ]- 
2 6 - 0 -  [f l-D-glucopyranosyl-(1 --* ] -25R-furos t -5-ene-3f l ,22  ~, 26- t r io l .  
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G L Y C O S Y L A T I O N  O F  C A R D E N O L I D E S  

HI. PARTIAL SYI~THESES OF CONVALLATOXIN, EVOMONOSIDE, AND 

PERIPLORHAMNOSIDE 
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Together  with the var ious  modif icat ions of the synthesis  of g lycosides  by the K o e n i g s - K n o r r  method, the 
o r thoes t e r  method is the mos t  widely used method of glycosylat ion [1, 2], enabling l , 2 - t r a n s - g l y c o s i d e s  of v a r i -  
ous s t ruc tu r e s  to be obtained s t e r e . spec i f i c a l l y  and with high yie lds .  In pa r t i cu la r ,  it has been used for the 
glycosylat ion of choles te ro l  [3] and o ther  s te ro id  and t r i te rpene  aglycones [4]. 

There  were  ce r t a in  misgivings  concerning the sui tabi l i ty of the reac t ion  with o r t h o e s t e r s  fo r  the glycosylat ion 
of cardenoHdes .  The p r e s e n c e  of t e r t i a r y  hydroxy groups  read i ly  undergoing dehydrat ion in the la t te r ,  and also the 
e x t r e m e l y  labile  laetone r ing,  r equ i red  a pa r t i cu la r ly  attentive approach to the choice of the reac t ion  conditions. 

Continuing work  on the glycosylat ion of cardenol ides  [5], we have studied the react ion of 3 , 4 -d i -O-ace ty l -  
1 ,2 -O- (1 -me thoxye thy l idene ) - f l -L - rhamnopyranose  with cardenolide aglycones of var ious  s t ruc tu res ,  namely 
strophanthidin,  digitoxygenin, and periplogenin.  Convallatoxin, evomonoside,  and per iplogenin o~-L-rhamnoside 
were  obtained in fa i r ly  good yie lds .  All these compounds have been isolated p rev ious ly  f rom plant m a t e r i a l s  
and have been thoroughly invest igated.  Pa r t i a l  syntheses  of convallatoxin [6] and of evomonoside [7] by the 
K o e n i g s - K n o r r  method are  known. 

It is  obvious that under the s tandard conditions that we use the side reac t ions  that have been obse rved  in 
the glycosylat ion of o ther  s t e ro ids  also take place; however ,  the fac t  that the o r thoes t e r  method has  proved  
suitable for  the glycosylat ion of ca rd iac  aglycones is in i t se l f  of cons iderable  in te res t .  

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

For  p a p e r  chromatography  (PC) we used p a p e r  of the "medium" type and for  th in- layer  chromatography  
(TLC) s i l ica  gel of  type KSK with 5% of gypsum. Ni t romethane was purif ied by a method descr ibed prev ious ly  
[3]. The 3 , 4 - d i - O - a c e t y l - l , 2 - O -  (1-methoxye thy l idene) - f l -L- rhamnopyranose  was obtained under  the condition s 
descr ibed  by Mazurek  and Per l in  [8]. The UV spec t ra  were  taken on an SF-4 spec t ropho tomete r  and the IR 
spec t ra  on a UR-20 ins t rument .  
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