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We have p rev ious ly  [1, 2] repor ted  the isolat ion f r o m  the seeds  of E__. ,cuspidatum (M.B.) DC of four  
eardenol ides  - e r y s i m i n ,  desglucocheirotoxin,  lokundjoside, and e ry s imos ide .  

When a ch lo ro fo rm f rac t ion  of an ex t rac t  of the plant was separa ted  on alumina,  we again obtained a 
c rys ta l l ine  product  giving no reac t ions  for  cardenol ides  and sugars  [2]. E l emen ta ry  analysis  showed the 
e m p i r i c a l  composi t ion  of the substance to be CsHgO2S2N. The UV spec t rum of the compound in ethanol had 
a m a x i m u m  at 244 nm with a fa i r ly  high extinction (log ~ 4.83). This m a x i m u m  which is ex t r eme ly  c h a r -  
ac t e r i s t i c  for  a N =C = S group [3] shows that we had isolated an isothiocyanate.  

As ea r ly  as i909, sul fur-conta ining glycosides  were  isolated f rom the seeds  of Cheiranthus chei r i  
the aglycone of which was the isothtocyanate cheirol ine C H3SO2CH2CH2CH2 N= C = S [4]. 

The m a s s  spec t rum of the compound that we isolated has the peak of the m o l e c u l a r  ion with M + 179, 
and f ragments  with m / e  121 ( M -  NCS), 79 (CH3SO2), and 72 (CH2NCS~. On the bas i s  of these resul ts ,  we 
may cons ider  that the isothiocyanate f rom E. cuspidatum and cheirol ine a r e  identical .  

F r o m  an e thano l i c -ch lo ro fo rmic  ex t rac t  [2], a f t e r  the separa t ion  of the e r y s i m o s i d e  we eluted the 
combined po la r  g lycos ides ,  which, a f t e r  r echromatography ,  were  separa ted  into th ree  individual compounds.  
The f i rs t  of them, obtained in the amorphous  form,  was not hydrolyzed by 0.1 N sulfur ic  acid. Af ter  the 
fe rmenta t ion  of the glycoside with snail  gas t r i c  juice, D-glucose and desglucocheirotoxin were detected.  
Mannich hydro lys i s  [5] led to strophanthidin,  D-gulomethylose  and D-glucose .  These  p r o p e r t i e s  co r respond  
to cheirotoxin [6]. A chromatograph ic  compar i son  of the substance that we isolated with an authentic s a m -  
ple of cheirotoxin conf i rmed the i r  identity. 

The glycoside m o r e  po la r  than cheirotoxin,  a f t e r  i ts  s t ruc tu re  had been es tabl ished,  was ca l l edg luco-  
lokundjoside.  This  substance is not hydrolyzed by 0.1 N sulfuric acid. Consequently, the aglycone in this 
compound is not bound to a 2-deoxysugar .  On Mannich hydrolysis  [5], we found in the hydrolyzate  by thin- 
l a y e r  ch romatography  bipindogenin, D-glucose,  and L - r h a m n o s e .  The p r e s e n c e  of these sugars  in a rat io  
of 1 : 1 was a lso  shown by g a s - l i q u i d  chromatography  of the si lylated methyl  g lycos ides .  

The posi t ion of a t tachment  of the sugar s  was es tabl i shed provis ional ly  on the bas i s  of the m a s s  spec-  
t r a  of the comple te ly -ace ty la t ed  glycoside and was conf i rmed by enzymat ic  hydrolys is .  Under e l ec t ron  
impact ,  the hexaaceta te  of glucolokundjoside (II) fo rmed  f ragments  with m / e  331 and 231, re la t ing r e s p e c -  
t ively,  to ions der ived f rom t e t r a - O - a c e t y l g l u c o s e  ( M -  17) and d i - O - a c e t y l r h a m n o s e  (M - 17). 

The act ion on the glycoside of snail  pancrea t i c  juice fo rmed D-glucose and a monoglycoside which 
was identified as lokundjoside.  The posi t ions  of a t tachment  of the D-glucose and L - r h a m n o s e  were  de t e r -  
mined with the aid of per iodate  oxidation and methylat ion.  

When the glycoside that had been oxidized by sodium per iodate  was hydrolyzed,  no sugars  were  found, 
which indicates the absence of 1 ~ 3  bonds.  The acid hydrolysis  of the glycoside that had beenmethy la ted  
by H a k a m o r i ' s  method [7] yielded 2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  and a d i - O - m e t h y l - L - r h a m n o s e .  Since 
a 1 - - 3  bond was excluded, of the th ree  poss ib le  i somer i c  d imethy l rhamnoses  the compound that we obtained 
could be 2,3- o r  3 , 4 - d i - O - m e t h y l - L - r h a m n o s e .  The methylpentose  was not oxidized by per iodic  acid, 
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which means  that  it was 2, 3 - d l - O - m e t h y l - L - r h a m n o s e .  It follows f r o m  this  fact that in glucolokundjoside 
the D-glucose can be attached to the L - r h a m n o s e  only by a 1 ~ 4  bond. 

The configurat ion of the glycosidic bond was es tabl i shed f r o m  molecu la r  rota t ion d i f ferences  ofg luco-  
lokundjoside and lokundjoside: [M]D for  glucolokundjoside is 57.12, for  lokundjoside 49.74. The propor t ion  
of the rotat ion due to D-glucose is 7.38, which shows a fl-glucosidic bond. Consequently,  the glycoside that 
we isolated f r o m  E r y s i m u m  cuspidatum has the s t ruc tu re  of bipindogenln 3 f l -O- [4 ' -O- f l -D-g lucopyranosy l -  
oe- L- rhamnopyranos ide ]  (I): 

OF, OR OR 

The las t  compound eluted f r o m  the column was a c rys ta l l ine  glycoside which was hydrolyzed under  
the action of a snail  enzyme prepara t ion ,  fo rming  e rys imos ide ,  e rys imin ,  and D-glucose .  The resu l t s  ob- 
tained show that the glucoside is a compound of e ry s imos ide  with glucose.  At the p re sen t  t ime,  two such 
compounds have been descr ibed:  s t rophanthidin 3 -O- [O, - f l -D-g lucopyranosy l - (1 - -4 ) -O-B-D-g lucopyranosy l -  
( 1  - -  4)- f l -D-digi toxopyranoside]  (nap 203-206°C, [aiD + 11.6 + 3 °, methanol),  which has been called gluco- 
e r y s i m o s i d e  [8, 9, 10], and strophanthtdin 3f l -O-[O-/%D-glucopyranosyl-(1  ~6 ) -O- /3 -D-g lucopy ranosy l -  
(1 ~4)-/3-D--digitoxopyranoside] {rap 195-196°C, [~]D +8.9 =~ 2°; ethanol), which has been  cal led neogluco- 
e r y s i m o s i d e  [11]. The phys icochemica l  constants  of the glycoside that we have isolated {rap 234-236°C, 
[~]D + 16 +2°; methanol) differ  cons iderably  f r o m  those of the two compounds mentioned.  However,  the 
hydro lys i s  of the glycoside f r o m  E_.~. cuspidatum with 0.2 N sulfuric  acid yielded D-digitoxose,  D-glucose,  
and cel lobiose.  The p r e s ence  of the l a t t e r  d isacchar ide  gave us grounds for  assuming  that the compound 
isolated is in fact,  in spite of some dif ference in the constants ,  g lucoerys imos ide .  

A direct  chromatographic  compar i son  with an authentic sample  of g lucoerys imos ide  conf i rmed our 
assumpt ion .  

E X P E R I M E N T A L  M E T H O D  

For  th in - l ayer  ch romatography  we used type KSK si l ica  gel containing 5% of gypsum, and for  p a p e r  
ch romatography  type "M" ("slow") paper .  The following solvent s y s t e m s  were  used: 1) b u t a n - l - o l - a c e t i c  
a c i d - w a t e r  (4 : 1 : 5); 2) b u t a n - l - o l - m e t h y l  ethyl k e t o n e - b o r a t e  buffer  (I : 1 : 2); 3) b u t a n - l - o l - m e t h a n o l -  
wa te r  (5 : 3 : 1); 4) t o l u e n e - i s o b u t a n o l - w a t e r  (1 : 3 : 2); 5) b e n z e n e - c h l o r o f o r m - m e t h a n o l  {5 : 5 : 2); 6) butan- 
l - o l - t o l u e n e - w a t e r  (1 : 1 : 1); 7) c h l o r o f o r m - d i o x a n e - b u t a n o l  {7 : 2 : 0 .5 ) / fo rmamtde ;  8) b e n z e n e - a c e t o n e  
(2 : 1); 9) c h l o r o f o r m - m e t h a n o l  (9 : 1); and 10) b u t a n - l - o l - t o l u e n e - w a t e r  (1 : 4 : 5). 

The m a s s  s pec t r a  were  taken on an MKh-1303 m a s s  s p e c t r o m e t e r  at a t e m p e r a t u r e  of the internal  in- 
let  tube of 200°C and an ionizing voltage of 40 V. The UV spec t ra  were  taken on a Hitachi spec t rophoto-  
m e t e r .  

The isolat ion and separa t ion  of the g lycosides  was p e r f o r m e d  as descr ibed  prev ious ly  [2]. On sep-  
a ra t ion  of the ch lo ro fo rm f rac t ion  on alumina,  300 mg of yel lowish c r y s t a l s  of cheirol ine  with mp 120°C 
(from methanol)  were  obtained. Schneider [4], who was the f i r s t  to desc r ibe  cheirol ine  gave its mel t ing  
point as 47-48°C. The l a rge  difference between the mel t ing point of our compound and that given in the 
l i t e ra tu re  has not yet  been  explained. 

F r o m  an e thano l t c -ch lo ro formic  ex t rac t  by chromatographic  separa t ion  on a column of a lumina on 
elution with ch lo ro fo rm containing increas ing  concentra t ions  of ethanol (from 20 to 40%) we obtained the 
cardenol ides  e rys imin ,  desglucocheirotoxin,  lokundjoside, and e r y s i m o s i d e  [2]. Then the column was washed 
with a mixture  of toluene, bu t an - l -o l ,  and wate r  in a ra t io  of 1 : 3 : 2 (organic phase) .  The e luates  were  
dried with sodium sulfate and evapora ted  to d ryness .  The f rac t ions  cor responding  to po la r  g lycosides  
{checked by PC, s y s t e m  4) were  combined and were  r e s e p a r a t e d  on a column of a lumina.  Fo r  this purpose ,  
5 g {corresponding to 2 kg of the seeds  of E r y s i m u m  cuspidatum) of the combined po la r  g lycos ides  were  
mixed with 5 g of a lumina and deposited on a column containing 200 g of a lumina of act ivi ty grade III. The 
g lycos ides  were  eluted with the organic  phase  of s y s t e m  4. The resu l t s  a re  given below: 
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Amount of Charac te r i s t i c s  of the compounds 
Frac t ion  No. eluate ml isolated Paper  chromatographic  check 

41-46 
47-52 

53-55 
56-61 
62-62 
64-71 

by 
(0.0007% 

600 
600 
300 
600 
200 
800 

Dark brown mass  
t? 

Light brown amorphous powder 
Light brown amorphous powder 
Yellow powder 

*t 

React ion for  cardenolides negative 
Traces  o fe rys imos ide  and cheirotoxin 
C heirotoxin and glucolocundj oside 
Glucolokundjoside 
Glucolokundjoside and glucoe rys imoside  
Glueoerysimoside  

prepara t ive  separat ion on chromatographic  paper  (system 4), f ract ions 47-52 yielded 15 mg 
of the weight of the raw material)  of cheirotoxin in the fo rm of a white amorphous powder. 

The residue af ter  the evaporat ion of f ract ion 56-61 and additional purif ication by means of activated 
carbon gave 80 mg (0.004% of the weight of the raw mater ia l )  of a powder of glucolokundjoside. 

After  recrys ta l l i za t ion  f rom m e t h a n o l - e t h e r ,  f ract ions 64-71 gave 60 nag (0.003%) of small  white 
c rys ta l s  of g lucoerys imoside .  

C h e i r o t o x i n  

C35H52015, [~1~ - 18 :~ 2 ° (c 1,4; methanol). Cheirotoxin (5 mg~ in one drop of methanol was mixed 
with 2 mg of acetone containing 1% of hydrochlor ic  acid. The course  of hydrolysis  was checked by TLC in 
sys tem 5. After  two days, the spot of the initial compound had disappeared.  The solution was treated with 
2 ml of water  and was extracted with chloroform.  The ch loroform extract  was washed with water,  with 2% 
sodium bicarbonate  solution, and again with water ,  and was dried with sodium sulfate and evaporated.  The 
residue consis ted of strophanthidin, which was identified by TLC in sys tem 5 and PC in sys tem 7. The acid 
aqueous solution was neutralized with freshly precipi tated s i lver  carbonate,  fi l tered, evaporated, and analy- 
zed in sys tem 3 by the TLC method on plates prepared  by the method of Ovodov et al., [12l and by PC in 
sys tem 2. The presence  of D-gulomethylose and D-glucose was established.  

The glycoside (5 rag) was dissolved in 0.1 ml of ethanol, the solution was diluted with 2 ml of water,  
and one drop of the gas t r ic  juice of the grape snail was added. After  a day, the solution was evaporated in 
vacuum to dryness .  The residue was dissolved in 0.5 ml of ethanol, and the solution was f i l tered and was 
again evaporated.  The residue consisted of desglucocheirotoxin, which was identified by means of PC in 
sys tem 6 and by TLC in sys tem 5 with an authentic sample.  

G l u c o l o k u n d j o s i d e  

C3~H5401~. [a]~ - 8 ±2 ° (c 2.1; methanol), ),C2HsOH 218 nm (log e 4.11k with concentrated sulfuric 
p max 

acid gave a colorat lon changing with t ime:  0 min -- orange; 5 - b r o w n :  10 - b r o w n  with violet edges; 2 0 -  
violet; 1 h - l i lac.  

The glycoside (20 rag) was dissolved in 0.2 ml of methanol, and 10 ml of acetone containing 1070 of 
hydrochlor ic  acid was added. After  three days, the solution was t reated as descr ibed for  cheirotoxin. F rom 
a ch lo ro fo rm extrac t  we isolated 8 mg of bipindogenin with mp 254-256°C. The aglyeone was shown to be 
identical with an authentic sample in sys tems  5 {TLC) and 7 (PC). In the acid aqueous solution af ter  neu- 
t ra l iza t ion with Ag2CO3, L- rhamnose  and D-glucose were found (system 3). 

The glucolokundjoside (15 rag) was dissolved in 20 ml of water,  2-3 drops of a snail enzyme p r e p a r a -  
tion was added, and the mixture was left at room temperature  (25°C). The changes were followed by TLC 
in sys tem 5 every  10 rain. After  3 h, the fermentat ion had taken place completely.  The react ion mixture 
was worked up as descr ibed for  cheirotoxin. The residue was recrys ta l l i zed  f rom ethanol, giving 7 mg of 
c rys ta l s  of lokundjoside with mp 230-233°C. It was identified in sys tems  6 (PC) and 3 {TLC). 

A solution of 30 mg of glukolocundjoside in 3 ml of dry dimethyl sulfoxide was treated with 30 mg of 
sodium hydride, and the mixture was s t i r red  for  4 h. Then, with continued s t i r r ing,  2 ml of CHsI was 
added dropwise and s t i r r ing  was continued for  another 5 h. Then the mixture was poured into water  and 
extracted with chloroform.  The ch loroform extract  was washed with a solution of hyposulfite and water .  
The ch loroform was evaporated off, the residue was diss'olved in 10 ml of 5% methanolic sulfuric acid, and 
the mixture was heated on the boiling water  bath for 2 h. Then 10 ml of water  was added and the methanol 
was distilled off in vacuum. The aqueous solution was boiled for  2 h, neutral ized with bar ium carbonate,  
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f i l tered,  and evaporated.  Analysis by the TLC method in sys tem 8 showed the p resence  of 2 ,3 ,4 ,6- te t ra -  
O-methyl -D-glucose  and a d i -O-me thy l -L - rhamnose .  

A solution of 30 mg of the glycoside in 2 ml of dry pyridine was t rea ted  with 2 ml of f reshly  disti l led 
acetic anhydride, and the mixture  was left  at room t empera tu re  for  three  days. Then the solvent was dis-  
tilled off and the residue was dissolved in 0.5 ml of methanol and poured into water .  The precipi ta te  that 
deposited was r ec rys t a l l i zed  f rom aqeuous methanol.  The hepta-O-acetylglucolokundjoside (C49H6~O22) 
melted at 147-150°C [~]~-17 .3 :~2  (c 2°; methanol).  Mass spect rum:  m / e  352-71%, 334-719'c~ 331 (4AcGlc -  
17)-100%, 319-35%, 289 (4AcGlc--17-CH2CO)-40%, 271 (4AcG1C-17-AcOH)-16%, 231 (2AcRha-17)-95%, 
229 (4AcGlc--17-CH2CO-AcOH)-97%, 227-30q~ 199~35%, 171 (2AcRha-AcOH-17)-100qo.  The format ion 
of the f ragments  with m / e  352, 334, 319, 227, and 199 has been descr ibed  previously  [2]. 

G l u c o e r y s i m o s i d e  

C41H~2OI~, mp 234-236°C, [~]~ +16~2 ° (c 1.77; methanol); RC2H5OHrn~ 218 nm (log e 4.18). With con- 
centrated sulfuric acid it gave a bright g reen  colorat ion g radua l ly ' -~ng ing  to brown. 

Glucoerysimoside (10 rag) was subjected to enzymatic  cleavage as descr ibed for  glucolokundjoside. 
The react ion mixture  was checked at f i r s t  eve ry  minute and then every  five minutes by TLC in sys tem 5. 
Only th ree  minutes af ter  the addition of the enzyme no more  than t r aces  of the initial compound remained 
and e rys imos ide  had appeared.  After  five minutes,  the initial compound had disappeared,  and the e r y s i m o -  
side formed was gradually converted into e rys imin .  

A solution of 30 rag of the glycoside in 3 ml of 0.1 N methanolic sulfuric acid was heated in the boil-  
ing-water bath for  0.5 h. After  the usual working up, 12 mg of crys ta l l ine  strophanthidin was obtained with 
mp 172-174°C. It was identified in sys tems 7 (PC) and 5 {TLC). 

A solution of 20 mg of g lucoerys imoside  in 3 ml of 0.2 N aqueous sulfuric acid was heated at 100°C 
for  0.5 h, and then the solution was f i l tered,  neutra l ized with BaCOn, and evaporated.  D-Digitoxose was 
detected by TLC in sys tem 9 and PC in sys tem 10. D-Glucose and cel lobiose were detected in sys tem 3 
{TLC) and sys tem 1 (PC). 

S U M M A R Y  

In the separat ion of the combined polar  glycosides f rom the seeds of ErTs imum cuspidatum (M.B.) 
DC, in addition to cardenolides isolated previously we also obtained cheirotoxin,  g lucoerys imoside ,  and a 
new glycoside which we have called glucolokundjoside. It has been shown that glucolokundjoside has the 
s t ruc ture  of bipindogenin 3fl-O-[O-fl-D-glucosyl-  (1 - -  4) -~-L-rhamnopyranos ide] .  

The isothiocyanate cheirol ine has been isolated f rom the ch loroform fract ion.  

A sample of g lucoerys imoside  was kindly given to us by I. F. Makarevich (Khar'kov), and a sample of 
cheirotoxin by T. Reichstein (Basle, Switzerland). 
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