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F r o m  the seeds  of Cheiranthus  allioni Hort .  we have i so la ted  another  two card iac  g lycos ides .  The 
method of isola t ion was s i m i l a r  to that desc r ibed  p rev ious ly  [1, 2]. One of the g lycos ides ,  which we have 
cal led glueoal l is ide,  has the composi t ion  C 35H54015, cor responding  to a bioside.  Glucoall is ide gives  posi t ive  
Legal ,  Raymond, Kedde, and L iebe rmann  reac t ions  and a negative K e l l e r - K i l i a n i  reac t ion .  The UV s p e c -  
t r u m  is c h a r a c t e r i z e d  by one absorpt ion max imum:  Xma  x (in ethanol) 219 nm (loge 4.16), due to a butenol-  
ide r ing.  Under the influence of an enzyme p repa ra t ion  f r o m  the grape  snail ,  it hydro lyzes  forming  a mono-  
glycoside and a monosacchar ide ,  which have been obtained in the pure  c rys ta l l ine  s ta te  and identified as 
al l is ide and D-g lucose .  Alliside is bipindogenin 3 - ~ - L - g l u c o m e t h y l o p y r a n o s i d e  [3]. 

Glucoall is ide is not apprec iab ly  hydro lyzed  by 0.05 N sulfur ic  acid at 80°C for  30 rain. This shows 
the pyranose  fo rm of the monosaccha r ides  p resen t  in it [4]. 

In o r d e r  to es tab l i sh  the posit ion of a t tachment  of the D-g lucose  to the L-g lucomethy lose ,  the fol low- 
ing t r ans fo rma t ions  of glucoal l is ide were  p e r f o r m e d .  

The glycoside was hydrogenated over  a pal ladium ca ta lys t ,  and the cardenol ide  obtained was sub-  
jected to per iodate  oxidation, the consumption of sodium per iodate  amounting to 3 moles .  Hydrolys is  of the 
oxidized product  and analysis  of the hydrolysa te  showed the comple te  absence f rom it of both D-glucose  
and L-g lucomethy lose .  These  r e su l t s  exclude the poss ibi l i ty  of a 1 -* 3 glycosidic  bond. If the l a t t e r  were  
p resen t ,  the L-g lucomethy lose  would be unaffected and the consumption of sodium per iodate  would be 2 
mo le s .  

Then glucoal l is ide was exhaust ively  methyla ted  by Kuhn's  method and the product  was hydrolyzed.  
The methyla ted  sugar s  were  sepa ra ted  by adsorpt ion ch roma tog raphy  on a lumina and were  identified as 
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  and 2 , 3 - d i - O - m e t h y l - L - g l u c o m e t h y l o s e .  The s t ruc tu re  of the second 
monosacchar ide  was conf i rmed  by the fact  that on t r e a t m e n t  with phenylhydrazine it did not f o r m  a phenyl-  
osazone,  but it r ead i ly  fo rmed  a phenylhydrazone.  The UV spec t rum of the l a t t e r  is c h a r a c t e r i z e d  by two 
absorpt ion  max ima ,  at 239 and 278 nm, which ag rees  well  with l i t e ra tu re  data for  analogous compounds [5]. 
Phenylosazones  show th ree  absorpt ion m a x i m a  in the UV spec t rum:  ~tma x (in ethanol) 256, 308-314, and 
395-399 nm [6]. 

Thus,  on the bas is  of the r e su l t s  of per iodate  oxidation and the fo rmat ion  of a phenylhydrazone,  it 
m a y  be unambiguously  concluded that  in glucoal l is ide the OH groups  at C 2 and C 3 of the L-g lucomethy lose  
res idue  are  f r ee .  This,  in its turn,  shows a 1 - -4  bond of the D-g lucose  and L-g lucomethy lose  in the 
g lycos ide .  

The fo rmat ion  of 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  shows its  pyranose  f o r m  and also the fact  that it 
occupies the t e rmina l  posi t ion.  

An analys is  of mo lecu l a r  ro ta t ions  in accordance  with Klyne ' s  rule  [7] shows (Table 1) that  the L -  
g lucomethylose  is at tached by an a -g lycos id i c  bond and the D-g lucose  by a fi -g lycos id ic  bond. 

Because  of the absence of informat ion  in the l i t e r a tu re  on the speci f ic  rota t ion of the methyl  L -g lu co -  
methy los ides ,  the compar i son  was made with methyl  a - L - g l u c o s i d e ,  the p rope r t i e s  of which are  known [8]. 

* F o r  Communicatiou V, see [2]. 
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TABLE 1 

Glucoalliside, mol. wt. 714.8, [~]D -47.1 ± 2 ° 
Alliside, tool. wt. 552.7, [~]D -47.6 ± 4 ° 
Bipindogenin, tool. wt. 406.5, [~]D +29.3 ± 2 ° 
D-Glucose moiety of glucoalliside 
L-Glucomethylose moiety of alliside 
Methyl ~-D-glucopyranoside, tool. wt. 194.2, 

[~]D +158.9°'± ? 
Methyl fl-D-glucopyranoside, tool. wt. 194.2, 

[C~]D --34.2 ~ ± ? 
Methyl ~ -L -g lucopy ranos ide ,  mol .  wt. 194.2, 

[~]D -156.9° ± ? 

MD, deg 

-336.7  :~ 14.3 
-263.1 ± 22.1 
+119.1 ± 8.1 
- 73.6 ± 36.4 
-382.2 ± 30.2 
+308.6 ± ? 

- 66.4 ± ? 

-304.7  ± ? 

[9] 

[9] 

[8] 

In view of the fact  that  the d i f ference  in the optical  act iv i t ies  of the hexosides  and the 6-deoxy der iva t ives  
cor responding  to them are  smal l  or  comple te ly  absent  in the m a j o r i t y  of c a s e s ,  i t  may  be a s sumed  that the 
c o m p a r i s o n  made gives a c o r r e c t  idea of the configurat ion of the glycosidic  bond of the L-g lucomethy lose .  

Thus,  glucoal l is ide can be c h a r a c t e r i z e d  as 5fl , l l a , 14 f i - t r i hyd roxyca rd -20 (22 ) - eno l ide  3 ~ - O - [ O - f i -  
D-g lucopy ranosy l -  (1 ~ 4) -~  -L-g lucomethy lopyranos ide] :  

CH 3 

,, O H ~  
CH~,OH / 

OH OH 

The conformat ion  of the L-g lucomethy lose  can be judged f rom the resu l t s  of invest igat ions p e r f o r m e d  
for  3 - O - m e t h y l - L - g l u c o m e t h y l o s e  (L-thevetose)  [16]. 

The second glycoside i so la ted  f rom Cheiranthus allioni was identified by i ts  p r o p e r t i e s  and hydro lys i s  
products  as che i ros ide  A. The l a t t e r  is uzar igen in  3-fi -D-fucosyl - f l  -D-g lucos ide  [10]. In view of the fact  
that  the posi t ion in which the glucose is at tached in this glycoside has  not been  de te rmined  prev ious ly ,  we 
p e r f o r m e d  the t r an s fo rma t ions  analogous to those for glucoal l is ide.  In the per iodate  oxidation of che i ros ide  
A, both the D-g lucose  and the D-fucose  were  des t royed .  After  methyla t ion followed by hydro lys i s ,  2,3,4,6- 
t e t r a - O - m e t h y l - D - g l u c o s e  and 2 , 3 - d i - O - m e t h y l - D - f u c o s e  were  obtained, which shows a 1 --* 4 bond between 
the D-g lucose  and the D- fucose  in the g lycos ide .  

EXPERIMENTAL 

For analysis, the substances were dried in a vacuum of 0.01 mm Hg at 100°C over phosphorus pen- 
toxide for 2 h. The elementary analyses corresponded to the calculated figures. 

Glucoalliside. The glycoside crystallized from isopropanol; mp 203-206°C; [~]~ -47.1 ± 2 ° (c 1.00; 
methanol). In conc. H2SO4, it forms the following colorations changing with time: 0 rain, orange; 5 rain, 
brown; 80 rain, red; 140 rain, violet. 

Found%: mol. wt. 708.1 (spectrophotometrically). C35H~4OIe. Calculated%: tool. wt. 714.8. 

Enzymatic Hydrolysis of Glucoailiside. A solution of 0.25 g of glucoailiside and 0.3 g of a dry enzyme 
preparation from the grape snail in 25 ml of water was left in a thermostat at 40°C for 30 h. Then I00 ml 
of hot ethanol was added and the enzyme precipitate was separated off by filtration. The filtrate was con- 
centrated under vacuum to a volume of about 15 ml and was then treated with a mixture of ethanol and 
chloroform (I : 2; 4 x 25 ml). The ethanolic-chloroformie extract was washed with I0 ml of water and 
evaporated to dryness. The residue, which consisted of the monoglycoside, was crystallized from acetone- 
benzene. The aqueous solution was concentrated to a syrupy consistency. The monosaccharides were 
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c rys t a l l i zed  f rom e t h a n o l - e t h e r .  The substance  obtained had mp 145-146°C; [w]~ +54.5 ± 5 ° (c 0.67; 
aqueous solution a f te r  2 h). On pape r  ch romatography ,  the substance had the s ame  Rf values as D-g lucose .  
The mel t ing  point of a mix tu re  with authentic D-g lucose  was 145-146°C. 

The mel t ing  point of the monoglycoside  was 180-183°C; [~]~ - 47.6 ± 4 ° (c 0.71; methanol) .  These 
resu l t s ,  and also those obtained by pape r  ch roma tog raphy  and the mixed mel t ing point tes t ,  co r r e spond  to 
all iside [3]. 

The monoglycoside (80 mg) was hydro lyzed  with hydrochlor ic  acid in acetone by the M a n n i c h - S i e w e r t  
method [11] for  nine days .  After  the usual  working up, a c rys ta l l ine  aglycone (30 mg) and an amorphous  
monosacchar ide  were  obtained. The l a t t e r  was identified by pape r  ch romatography  as L-g lucomethy lose .  
The aglycone had mp 231-235/294-300°C (ethanol), [~]~ +29.3 ± 2 o (c 0.87; methanol) .  A mix tu re  with a 
sample  of bipindogenin gave no depress ion  of the mel t ing  point. 

Hydrogenation of Glucoal l is ide.  P a l l a d i u m - c a r b o n  (100 mg; 5% of palladium) ca ta lys t  in 5 ml  of ab-  
solute ethanol was f i r s t  hydrogenated for  1 h. Then 35 mg  of gincoal l is ide d issolved in 7 ml  of ethanol was 
added, and hydrogenat ion was continued until the reac t ion  for  cardenol ides  was negat ive.  The solution was 
f i l te red  and evapora ted ,  and the subs tance  was c rys t a l l i zed  f rom acetone; mp 192-199°C. 

Per ioda te  Oxidation of Dihydroal l i s ide .  With the addition of th ree  drops  of acet ic  acid to improve  
the solubil i ty of the sodium metaper ioda te ,  20 mg  of the substance  and 500 mg of sodium me tape r ioda te  
were  d isso lved  in 250 ml  of water .  Af ter  eve ry  hour,  a 10-ml  sample  was taken and this ,  a f te r  the addition 
of 0.15 g of po tass ium iodide, was kept in the dark  for  15 min .  The l ibe ra ted  iodine was t i t r a t ed  with 0.01 
N sodium thiosulfate solution. In para l l e l  on each  occasion,  an equal volume of a blank sample  was t i t r a ted .  
Af ter  f a i r ly  constant  r e su l t s  had been achieved (after 6-8 h), showing the end of the oxidation reac t ion ,  the 
ana lyses  were  s topped.  The dif ference between two pa ra l l e l  expe r imen t s  was used to ca lcula te  the amount 
of iodine l ibera ted .  Then f r o m  the amount of iodine, a f t e r  sui table  reca lcula t ion ,  the number  of moles  of 
sodium per iodate  consumed in the oxidation of the glycoside was ca lcula ted .  

In o r d e r  to de te rmine  the res idua l  suga r s ,  100 ml  of the reac t ion  mix tu re  was acidif ied with acet ic  
acid to pH 5 and t r ea t ed  with e t h a n o l - c h l o r o f o r m  (1 : 2) (3 x 150 ml) .  The ex t rac t  was washed with 20 ml  
of wa t e r  and evapora ted .  The oxidized substance  was hydrolyzed by Ki l iani ' s  method [12]. The hydro lysa te  
was evapora ted  in vacuum at 30°C. When the res idue  was ch roma tog raphed  on paper ,  t r e a t m e n t  with ani-  
line phthalate reagent  revea led  no suga r s .  

Methylation of Glucoal l is ide.  A solution of 240 mg of glucoal l is ide in 8 ml  of d ime thy l fo rmamide  was 
t r ea t ed  with 4 m l  of methyl  iodide and 10 g of s i l ve r  oxide. The mix tu re  was heated with continuous s t i r -  
r ing for  6 h. During this t ime  two fu r the r  amounts of 2 ml  of methyl  iodide and 4 g of s i l ve r  oxide each  
were  added. The solution was diluted with ch lo ro fo rm,  f i l te red,  and evapora ted .  The res idue  was r e m e t h y l -  
ated s i m i l a r l y .  The methyla ted  subs tance  was hydrolyzed by Ki l iani ' s  method [12]. The monosaccha r ides  
were  ex t rac ted  f rom the hydro lysa te  with c h l o r o f o r m - e t h a n o l  (2 : 1). The e t h a n o l i c - c h l o r o f o r m i c  ex t rac t  
was t r ea t ed  with 2 N sodium carbonate  solution and with wa te r  and was evapora ted .  The res idue  was ch ro -  
ma tographedon  3 g of a lumina (activity g rade  IH). One of the methyla ted  monosacchar ides  (1) was eluted 
with ch lo ro fo rm and a second (2) with a mix tu re  of ch lo ro fo rm and ethanol (3 : 17. 

The monosacchar ide  (I) was c rys t a l l i zed  f r o m  pe t ro leum and diethyl e the r s .  The c r y s t a l s  obtained 
had mp 90-95°C; [(~]~ +107.9 ± 5 ° (c 0.56; methanol) ini t ia l ly and +83.1 ± 5 ° a f te r  the es tab l i shment  of 
equi l ibr ium.  These  f igures  co r r e spond  to the p rope r t i e s  of 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  [13]. P a p e r  
ch roma tog raphy  also showed the identi ty of these  subs tances .  

Fo r  the monosaccha r ide  (2), mp  64-71°C ( ace tone -e the r ) ;  [~]~ - 49.3 ± 10 ° (c 0.32; methanol)  a f t e r  
the es tab l i shment  of equi l ibr ium.  In the b u t a n o l - a c e t i c  acid (4 : l ) / w a t e r  sys t em,  the Rf  value with r e -  
spect  to 2 , 3 , 4 , 6 - t e t r a -O-me thy l -D-g lucose  was 0.89. 

A solution of 15 mg of the monosacchar ide  (2), 30 mg of phenylhydrazine hydrochlor ide ,  and 45 mg of 
sodium aceta te  in 1.5 ml  of wa te r  was heated at 100°C for  1 h. Then it was ex t rac ted  with ch lo ro form and 
the ch lo ro form ex t rac t  was evapora ted .  The phenylhydrazone obtained was purif ied by p repa ra t ive  c h r o m a -  
tography on p a p e r  in the b e n z e n e / f o r m a m i d e  sy s t em,  in which it had Hf 0.25. UV spec t rum of the sub-  
s tance:  ~ m a x  (in absolute ethanol) 239 and 278 nm.  
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Chei ros ide  A. The mel t ing  point of the glycoside was 295-297°C (from methanol);  [~]~ - 23.7 ± 2 ° 
(c 1.00; pyridine) .  In conc. H2SO4, it f o rmed  a colora t ion changing with t ime:  0 rain, orange;  5 rain, ye l low-  
orange;  50 rain, blue; 190 rain, violet .  L i t e r a tu r e  data for  chei ros ide  A: n~p 293°C; [~]D - 23.8° (pyridine) 
[10]. 

Af ter  the enzymat ic  hydro lys i s  (for method,  see  above) of this g lycoside,  an aglycone and a mix tu re  
of two monosacchar ides  were  obtained. The la t t e r  were  identified by pape r  ch romatography  as D-glucose  
and D-f~cose .  The aglycone had mp 236-245°C (methanol); [a]~ +12.6 ± 2 ° (c 0.92; ch loroform) .  In conc. 
H2SO ¢ it  gave a colorat ion:  0 rain, orange;  55 rain, green;  70 rain, b lue -g reen .  The raonoacetate of the 
aglycone was obtained, rap 257-263°C. An analysis  of the ra te  of acetylat ion as desc r ibed  prev ious ly  [14] 
showed that  the OH group undergoing acetyla t ion was equator ia l .  These  p r o p e r t i e s  of the aglycone agree  
well  with the p rope r t i e s  r epor t ed  for  uzar igenin  [15]. 

The per ioda te  oxidation of che i ros ide  A, i ts  raethylation,  hydro lys i s ,  and the separa t ion  of the rae thy l -  
ated suga r s ,  and also the i r  identification, were  p e r f o r m e d  as for  the case  of glucoal l is ide.  It was found 
that  both the D-g lucose  and the D-fucose  res idues  in the glycoside were  oxidized. The consumption of sod i -  
um per iodate  was th ree  mo le s .  One of the raethylated raonosacchar ides  was identified as 2 ,3 ,4 ,6 - t e t r a -O-  
r ae thy l -D-g lucose .  The second raonosacchar ide ,  consis t ing of 2 ,3 -d i -O-me thy l -D- fucose  was obtained in 
the amorphous  state;  [a]~ +49.6 ± 15 ° (c 0.40; ethanolic solution a f te r  10 h); Rf with r e spec t  to 2,3,4,6-  
t e t r a - O - r a e t h y l - D - g l u c o s e  0.83 in the b u t a n o l - a c e t i c  acid (4 : 1 ) / w a t e r  sy s t em.  The phenyl hydrazone of 
this raonosacchar ide  had Rf  0.21 in the b e n z e n e / f o r m a m i d e  s y s t e m .  UV spec t rum:  Araax (in absolute 
ethanol) 239 and 277 nra (loge ~ 3.7 and 4.1). 

S U M M A R Y  

Another  two ca rd iac  g lycosides  have been iso la ted  f rom the seeds  of Cheiranthus allioni Hort .  It has 
also been es tab l i shed  that in che i ros ide  A the D-g lucose  is at tached at C 4 of the D-fucose .  The second 
glycoside ,  which we have ca l led  glucoal l is ide,  is new, and has  the s t ruc tu re  of bipindogenin 3 - O - [ O - f i - D -  
g lucopyranosy l -  (1 ~ 4 ) -~ -L-g lucorae thy lopyranos ide ] .  
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