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As a l ready  repor ted ,  we have obtained eleven card iac  g lycosides  prov is iona l ly  asc r ibed  to the group 
of mode ra t e ly  po la r  g lycosides  f rom the seeds  of Cheiranthus allioni Holt .  [= E r y s i m u m  m a r s c h a l l i  (Stark) 
Boiss] .  F r o m  the highly polar  subs tances ,  by par t i t ion chromatography ,  we have i so la ted  two additional 
ca rd iac  g lycos ides  which, a f t e r  the de te rmina t ion  of the i r  s t ruc tu re ,  have been called "g lucoerys imos ide"  
and "g lucoerys imoso l . "  

Maksyntina [5, 6] obtained g lucoerys imos ide  f rom plants  of the fami ly  Cruc i fe rae  in the fo rm of a 
complex compound. F r o m  the l a t e r  pape r  [6] it is  a lso known that it cons is t s  of strophanthidin 3 - [ O - ~ - D -  
digi toxopyranosyl- (4  ~ 1 ) -O- f l -D-g lucopyranosy l - (4  ~ D- f i -D-g lucopyranos ide ] .  Glucoerys imos ide  was 
found even e a r l i e r  by Ka i s e r  et al.  [7] in s trophanthus seeds .  However ,  no informat ion on the p repa ra t ion  
of g lucoerys imos ide  in the pure  state and i ts  p r o p e r t i e s  is given in the l i t e r a tu r e  [5-7]. Nor is there  any 
evidence in favor  of the s t ruc tu re  given, namely" the a t tachment  posi t ion of the t e rmina l  D-g lucose ,  the 
size of its oxide r ing,  and the configurat ion of the glycoside bond. Consequently,  in this pape r  it is  app ro -  
pr ia te  to give a descr ip t ion  of the p r o p e r t i e s  and those exper imenta l  facts  which cha rac t e r i ze  the s t ruc ture  
of g lucoe rys imos ide .  

Glucoerys imos ide  has  the composi t ion C4tH62Oi9, which co r r e sponds  to a s teroid  t r ig lycos ide .  The 
substance gives  posi t ive Legal ,  Raymond,  and Kedde reac t ions .  With the K e l l e r - K i t i a n i  reagent  it gives a 
g reen  color .  It has  an absorpt ion m a x i m u m  in UV light at 218 nm (log ~ 4.16), which is cha r ac t e r i s t i c  for  
a butenolide r ing.  The glycoside has a fa i r ly  high biological  ac t iv i ty (0 .175mg/kg  body weight of the cat ,  
de te rmined  by L. Ya. Topchii) .  Under the action of an enzyme  p repa ra t ion  obtained f rom the pancrea t i c  
juice of the g rape  snail ,  it hydro lyzes ,  forming the known monoglycoside e r y s i m i n  and D-g lucose .  
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In a study of the dynamics  of this p r o c e s s ,  it was  found that the initial t r ig lyeos ide  is  hydrolyzed a lmost  
comple te ly  in 3 h with the format ion  of the final product  (erysimin) and an in te rmedia te  cardenolide which 
appea r s  on e h r o m a t o g r a m s  at the level  of e rys imos ide ,  and which is  also gradual ly  conver ted  into e rys imin .  
Thus,  in o r d e r  to isola te  the a s sumed  e r y s i m o s i d e  f rom the t r ig lycos ide ,  the l a t t e r  was  subjected to pa r t i a l  
enzymat ic  hydro lys i s ,and  the mix tu re  of resul t ing  cardenol ides  was separa ted  into i ts  individual components  
by adsorpt ion ch romatography  on alumina.  The monoglycoside and diglycoside that  were  obtained in the 
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TABLE 1 

Substance 

Glucoe rys imos ide ,  mol .  wt. 858.9, [ a]D 
+11.6 ~: 3 ° +99.6 4- 25.8 

Diglycoside f r o m  g lucoe rys imos ide  (e rys imos ide) ,  
mol .  wt. 696.8, [a]D +19.2 ± 2 ° +133.8 ± 13.9 

Monoglycoside f r o m  g lucoe rys imos ide  (e rys imin) ,  
mol .  wt. 534.6, [a]D +28.7 ± 3 ° +153.5 ± 15.0 

Te rm i na l  D-glucose  moie ty  of g lucoe rys imos ide  -34.2  ± 39.7 
D-Glucose  moie ty  of the diglycoside -19.6  + 32.9 
Methyl f i -D-g lucopyranos ide  -66 .4  [10, 11 ] 
Methyl ~ -  D-glucopyrano side +308.6 [10, 11 ] 

[M]D , deg 

pure  s tate  were  identified as e r y s i m i n  and e r y s i m o s i d e ,  r e spec t ive ly .  As is well  known [8], e r y s i m o s i d e  
is  s trophanthidin 3- [O- f l -D-d ig i toxopyranosy l -  (4 ~ 1)- f i -D-glucopyranos ide  ], i .e . ,  it s ca rbohydra te  c o m -  
ponent is  digi lanidobiose.  

An ana lys i s  of the mo lecu l a r  ro ta t ions  of the mono- ,  d i - ,  and t r ig lycos ides  in accordance  with Klyne ' s  
rule  [9] shows that  both molecu les  of D-glucose  a re  at tached by f l -g lycoside  bonds. The f igures  for  d e t e r -  
mining the configurat ion of the glycoside bonds in g lucoe rys imos ide  a r e  given ~n Table 1. 

To es tab l i sh  the a t tachment  posi t ion of the t e rmina l  g lucose res idue  and the s ize of i ts  oxide r ing,  
g lucoe rys imos ide  was subjected to exhaust ive methylat ion by Kuhn's  method,  and the methyla ted  compound 
was hydrolyzed.  The following hydro lys i s  p roducts  were  identified: 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ;  
2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e ;  and D - c y m a r o s e  (3 -O-methy l -D-d ig i toxose) .  The subs t ances  mentioned 
were  identified by pape r  ch roma tog raphy  in va r ious  solvent s y s t e m s  using deve lopers  which dif ferent ia te  
the methyla ted  sugar s  to a cons iderab le  extent by the color  of the spots (see Exper imenta l ) .  The r e su l t s  
obtained p e r m i t  the conclusion that the ca rbohydra te  component  of g lucoe rys imos ide  f o r m s  an unbranched 
chain in which the monosaceha r ide  r e s idues  a re  p resen t  in the pyranose  f o r m  and a re  connected to one 
another  by 1 ~ 4 glycoside bonds.  

On the bas i s  of all that  has  been said,  g lucoe rys imos ide  may  be cha rac t e r i z ed  as strophanthidin 3- 
[O-f l -D-dig i toxopyranosyl - (4  ~ 1 ) - O - f i - D - g l u c o p y r a n o s y l - ( 4 ~  1) - f i -D-g lucopyranos ide]  (I). This  is in 
ag reemen t  with the s t ruc tu re  p roposed  by Maksyutina [6]. 

The hydro lys i s  of g lucoe rys imos ide  with 0.05 N sulfur ic  acid at 80°C enables  the t r i s accha r ide  to be 
spli t  off smoothly .  Under these  conditions the glucose is not hydrolyzed off, which conf i rms  i ts  py ranose  
f o r m  in the g lycoside .  The t r i s a c c h a r i d e ,  which has  been cal led cel lobiosyldigi toxose,  was  obtained in the 
pure  c rys ta l l ine  state.  E l e m e n t a r y  ana lys i s  conf i rmed the expected composi t ion C18H32014. On the bas i s  of 
the t r an s fo rma t i ons  of the desc r ibed  glycoside ,  the s t ruc tu re  of the t r i s accha r ide  may  be r e p r e s e n t e d  by 
fo rmula  III and it m a y  be cha r ac t e r i z ed  as O- f i -D-g lucopyranosy l - (1  ~ 4 ) - O - f i - D - g l u c o p y r a n o s y l - ( 1  -* 4)- 
D-digi toxose.  

G lucoe rys imoso l  has  the composi t ion C41H64019 , which a lso  co r r e sponds  to a s te ro id  t r ig lycos ide .  UV 
spec t rum:  X~hax an°l 217 nm (log e 4.16). Enzymat ic  hydro lys i s  g ives  helvet icosol  (strophanthidol 3 - O - f l -  
D-digi toxopyranoside)  and D-g lucose .  Acid hydro lys i s  of g lucoe rys imoso l  c a r r i e d  out under  mild  condi-  
t ions made it poss ib le  to obtain strophanthidol  and an o l igosacchar ide  identical  with cel lobiosyldigi toxose.  
Consequently,  it was  na tura l  to a s s um e  that the descr ibed  g lycos ides  di f fer  only by the subst i tuents  at C10 
in the aglycone moie ty .  To conf i rm this hypothes is ,  g lucoe rys imos ide  was reduced with sodium bo ro -  
hydr ide .  The re  sulting reduct ion product  proved  to be identical  with g lucoerys imo sol. Thus,  this glycoside 
may  be cons idered  as strophanthidol  3 - [O- f l -D-d ig i toxopyranosy l - (4  ~ 1 ) -O- f i -D-g lucopyranosy t - (4  ~ 1)- 
f i -D-g lucopyranos ide  ] ( formula  II).  

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

The subs tances  we re  analyzed a f t e r  being dr ied over  P205 at 80°C in vacuo (0.01 m m  Hg) fo r  5 h. The 
suga r s  were  revea led  on pape r  with aniline phthalate [12], p -anis id ine  hydrochlor ide  [13], aniline t r i c h l o r o -  
ace ta te  [13], diphenylamine t r i ch lo roace t a t e  [13], and the d i p h e n y l a m i n e - u r e a  and d i p h e n y l a m i n e -  p - a n i s i -  
dine phosphate r eagen t s  [14]. 
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The combined polar  glycosides were obtained as descr ibed previously [1] and were separated by 
part i t ion column chromatography in a t o l u e n e - b u t a n - l - o l  (1 : 2) - w a t e r  sys tem.  Silica gel was used as the 
support for the s tat ionary phase. The rat io of the combined eardenolides to the sil ica gel (taken on the dry  
weight) was 1 : 300. The fract ions obtained f rom the column were analyzed by paper  chromatography in the 
same system.  The glucoerys imoside  and glucoerys imosol  were crys ta l l ized  f rom bu tan- l -o l .  

Glucoerysimoside.  The glycoside mel ts  at 203-206°C, [~]~ +11.6 + 3 ° (c 0.73, methanol). Its bio-  
logical activity is 0.175 m g / k g  body weight of the cat. With conc. H2SO 4 it forms  a color  which changes 
with t ime: 0 min, green;  30 rain, lemon-yel low; 140 min, light brown; and 350 min, brown. Found %: C 
57.25; H 7.53. Mol. wt. 858.3 (spectroscopic  method). C4ii.I62019. Calculated %: C 57.33; H 7.27. tool. wt. 
858.9. 

Enzymatic  Hydrolysis  of Glucoerysimoside.  The glycoside (0.3 g) and a dry  enzyme preparat ion ob- 
tained f rom the pancreat ic  juice of the grape snail (0.4 g) were dissolved in 25 ml of water, and the solution 
was kept at 37-380C for  40 h. The enzymes were precipi tated with 150 ml of hot ethanol and separated by 
fil tration. The fil trate was t reated with chloroform.  The e t h a n o l - c h l o r o f o r m  extract  was evaporated and 
the residue,  consisting of e rys imin  monoglycoside,  was crys ta l l ized  f rom methano l -benzene .  The mono- 
glycoside obtained gave a positive Ke l l e r -Ki l i an i  react ion (blue color),  mp 147-151°C, [(~]~ +28.7 4- 3 ° 
(c 1.08, methanol). A mixture with authentic e rys imin  gave no depress ion of the melting point (147-152°C). 
On paper  chromatography it had the same Rf value as e rys imin .  

After the elimination of e rys imin ,  the aqueous solution was evaporated.  The residue was dissolved 
in 90~ ethanol, and the solution was purified with activated carbon and again evaporated.  The monosacchar -  
ide was crys ta l l ized f rom e t h a n o l - e t h e r .  The substance melted at 145-146°C, [~]~ +53.1 :e 5 ° (c 0.72, 
aqueous solution after  2 h). A mixture with an authentic sample of D-glucose gave no mp depression (145- 
146°C). The phenylosazone with mp 207-208°C was obtained. 

Methylation of Glucoerysimoside .  A solution of 0.2 g of g lucoerys imoside  in 8 ml of d imethylform- 
amide was t reated with 10 ml of te t rahydrofuran ,  4 ml of methyl iodide, and 8 g of f reshly  prepared si lver  
oxide. The react ion mixture was heated with constant s t i r r ing for 9 h. During the react ion,  an additional 
5 ml of methyl iodide and 7 g of s i lver  oxide were added. The solid mat te r  was fi l tered off and washed with 
chloroform,  and the fi l trate was evaporated in vacuo. The react ion product was remethylated in a s imi lar  
manner .  

Hydrolysis  of Methylated Glueoerysimoside.  The methylated glueoside was dissolved in 17.5 ml of 
acetic acid, and 27.5 ml of water  and 5 ml of conc. HC1 were added .  The mixture was heated in a boiling 
water  bath for 1 h and then neutral ized with NH 3 and evaporated in vaeuo. To separate  the methylated 
sugars  f rom the salts,  the residue was t rea ted  with a mixture of chloroform and ethanol (2 : i : 70 ml) and 
fi l tered through a l ayer  of kieselguhr and evaporated. The residue was again dissolved in 20 ml of e thano l -  
ch loroform (1:2) .  The heated solution was t reated with 1 g of alumina (activity grade III), s t i r red  for 5 
min, and fil tered. The residue was washed with 15 ml of pure,hot solvent. The fil trate was evaporated, and 
the residue was investigated by paper chromatography in benzene -me thy l  ethyl ketone ( 1 : 1 ) / w a t e r  and the 
bu t ano l - ace t i c  acid (4 : 1 ) /wa te r  sys tems.  

Par t ia l  Enzymatic  Hydrolysis  of Glucoerysimoside.  Isolation and Identification of Erys imos ide .  
Glucoerysimoside (0.4 g) and an enzyme preparat ion f rom the grape snail (0.6 g) were dissolved success ive-  
ly in 30 ml of water, and the solution was kept at 23°C for 2 h. The react ion was stopped by precipitat ing 
the enzymeswith  300 ml of hot ethanol. The precipitate was f i l tered off, and the solution was concentrated 
in vacuo to a volume of about 30 ml and t reated with a mixture of chloroform and ethanol (2 : 1.5 x 70 ml). 
The extract  was evaporated and the glycosides were separated by chromatography on 15 g of alumina. The 
column was eluted with e thano l - ch lo ro fo rm  (5 : 9 5 - 2 5  : 75). The first  eluates contained pure erys imin.  
Subsequent elution with ch lo ro fo rm -e thano l  (80:20) gave pure e rys imoside ,  which was crys ta l l ized f rom 
ethanol. It had mp 235-240°C, [~]~ +19.2 + 2 ° (c 0.94, methanol). On being dissolved in conc. H2SO4, the 
glycoside formed a green color  changing to green-brown after  3 min and to brown after  another 3 min. A 
mixture with a sample of e rys imoside  gave no mp depression (235-241°C). 

Cellobiosyldigitoxose and Strophanthidin. A solution of 0.31 g of al l iotr ioside in 50 ml of 0.05 N I I2SO 4 
was heated at 80°C for 45 min. The solution was neutral ized with bar ium carbonate and fi l tered through a 
layer  of kieselguhr.  The fil trate was t reated with a mixture of ch loroform and ethanol (9 : 1; 7 x 100 ml). 
The e t h a n o l - c h l o r o f o r m  extract  was washed with 30 ml of water  and evaporated. The residue,  which con- 
sisted of the aglycone of g lucoerys imoside ,  was crysta l l ized f rom ethanol. 
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The aglycone had a double mel t ing  point, 140-145°C/228-232°C, [~]~ +44.3 • 4 ° (c 0.73, methanol}. 
On dissolut ion in conc. H2SO4, it f o rmed  the following co lo r s  which changed with t ime:  0 min,  ye l low-green ;  
4 min,  g r e e n - o r a n g e ;  and 20 rain, g reen .  These  r e su l t s ,  and a lso  those of a mixed mp and pape r  c h r o m -  
a tography,  show the identi ty of the aglycone with s trophanthidin.  

The aqueous solution containing the ca rbohydra te  component was evapora ted  in vacuo.  The res idue  
was  d isso lved  in 2 ml  of wa te r ,  10 ml  of ethanol was added, and the solution was f i l te red .  The f i l t ra te  was 
concent ra ted  in vacuo to a sy rupy  cons is tency.  Af ter  the addition of ethanol,  c r y s t a l s  of the t r i s accha r ide  
deposited.  They were  sepa ra t ed  off and r ec ry s t aUized .  

The cel lobiosyldigi toxose mel ted  at 195-199°C, [c~]~ +18.5 4- 3 ° (c 1.00, aqueous solution a f t e r  2 h). 
On enzymat ic  hydro lys i s ,  D-digi toxose  and D-glucose were  fo rmed  (identification by pape r  chromatography}.  
The e l e m e n t a r y  ana lys i s  agreed  with that  calculated fo r  C18H32014. 

Glucoerys imoso l .  The mel t ing  point of the glycoside was 260-262°C, [c~]2_ ° +15.8 4- 4 ° (c 0.65, me th -  
anol). With conc. H2SO 4 it f o rm ed  a co lor  which changed with t ime:  3 sec ,  yellow; 10 sec ,  g reen;  30 sec ,  
brown; and 5 h, g r a y - g r e e n .  The e l e m e n t a r y  ana lys i s  and mo lecu l a r  weight ag reed  with those calculated 
for C41H6401~. 

Enzymatic Hydrolysis of Glucoerysimosol. G1ucoerysimosal (0.15 g} was hydrolyzed by means of an 
enzyme preparation from the grape snail, and the hydrolysis products were separated as described above 
for glucoerysimoside. The monoglyeoside was crystallized from ethanol, mp 165-170°C, [~]~ +26.9 ~- 5 ° 
(c 0.45, methanol}. A mixture with a sample of helveticosol gave no melting point depressiol, (165-171°C). 
On paper chromatography, these substances exhibited similar Rf values. 

The monosaccharide posseses the same properties as the monosaccharide obtained by the enzymatic 
hydrolysis of glucoerysimoside, and was identified as D-glucose. 

Acid Hydrolysis of Glucoerysimosol. Glucoerysimosol (0.12 g} was hydrolyzed in the same manner 
as glucoerysimoside in 0.05 N H2SO 4. After the usual working up of the hydrolyzate, the aglycone and an 
oligosaccharide were obtained in the pure state. The aglycone melted at 138-143°C (acetone), [~ ]~ +37.1 :e 
5 ° (c 0.45, methanol). A mixture with a sample of strophanthidol gave no melting point depression (138- 
143°C). Paper chromatography also showed the identity of the substance with strophanthidol. 

On paper chromatography, the oligosaccharide had the same Rf value as cellobiosyldigitoxose. It 
melted at 194-198°C. A mixture of the substances gave no melting point depression (194-199°C). 

Reduction of Glucoerysimoside. During a period of 25 min 130 mg of sodium borohydride (in small 
portions} was added to a solution of 0.1 g of glucoerysimoside in 10 ml of 80% dioxane. The solution was 
neutralized with 0.I N H2SO4, and then 150 nag of mannitol and 30 ml of a saturated aqueous solution of 
sodium chloride were added and the mixture was treated with ethanol-chloroform (I :2, 5 x 50 ml). The 
ethanol-chloroform extract was dried over anhydrous Na2S04, filtered, and evaporated. The residue was 
chromatographed on a column containing 30 g of cellulose, using a toluene-butan-l-ol (1:2)/water system. 
The reduced glycoside of glucoerysimosol had mp 259-262°C (butan-l-ol), [~]~ +14.5 4- 5 ° (c 0.53, meth- 
anol). A mixture with natural glucoerysimosol gave no melting point depression (259-262°C). On paper 
chromatography, the substances appeared at the same level. 

C O N C L U S I O N S  

Two additional ca rd iac  g lycos ides ,  g lucoe rys imos ide  and g lucoe rys imoso l ,  have been iso la ted  f r o m  
the seeds  of Cheiranthus  allioni Hol t .  G lucoerys imos ide  is  s trophanthidin 3 - [O- f l -D-d ig i toxopyranosy l -  
(4 ~ 1) -O-  f l -D-g lucopyranosy l - (4  --* 1) - f i -D-g lucopyranos ide] .  G lucoerys imoso l  is a new cardenol ide hav-  
ing the same  ca rbohydra te  component ,  but i ts  aglycone is s t rophanthidol .  F r o m  these  g lycos ides  a new 
t r i s a c c h a r i d e  has  been obtained which has  been cha rac t e r i z ed  as  4 -O- f i - ce l l ob iosy l -D-d ig i t oxose .  
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