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In its ana tomomorpho log i ca l cha rac t e r i s t i c s ,  E.  cusp ida tum (M. B.) DC differs  f r o m  other spec ies  
of E r y s i m u m ,  and in the "F lo r a  of the USSR" it is given in a separa te  sect ion [1]. 

We have previous ly  [2] repor ted  the isolat ion f r o m  the seeds  of this  plant (var .  dol ichocarpum N. 
Busch.) of th ree  g lycosides  - e rys imin ,  e ry s imos ide ,  and cuspidoside.  This is the f i r s t  t ime  that the las t -  
mentioned compound has  been found in plants  of the genus E r y s i m u m .  It has  the composi t ion C29H4~Ot0 , 
does not show a posi t ive K e l l e r - K i l i a n i  react ion,  and is not hydrolyzed by 0.1 N H2SO 4. Consequently, the 
sugar  moiety of this glycoside is not a 2 ,6-dideoxyhexamethylose .  When the substance was  hydrolyzed by 
Mannich 's  method [3] we found L - r h a m n o s e  in the hydrolyzate ,  i ts  p re sence  also being shown by paper  
chromatography ,  g a s - l i q u i d  chromatography  of the t r ime thy l s i ly l  der iva t ive  of the methyl  glycoside [4], 
and by the p repa ra t ion  of the phenylosazone.  

When the aglycone f rac t ion  of the hydrolyzate  was separa ted  p r epa ra t i ve ly  in a thin l ayer  of s i l ica  
gel, we detected three  chromatograph ica l ly  individual compounds.  In the m a s s  spec t rum of the leas t  polar  
of the compounds that we found (I),  the intensi ty of the molecu la r  ion, M + 406, was very  low (about 1%). 
The record ing  of f r agmen t s  with m/e  388 (M-H20)  , 370 (M--2H20) , 352 (M-3H30) ,  334 (M-4H20) shows 
the p re sence  of at l eas t  four hydroxy groups.  The fo rmat ion  of f r agmen t s  with m/e 242,* 227, and 199 
p e r m i t s  the hypothesis  that these  groups  are  located in r ings A, B, and C [5, 6]. The same f r agmen t s  show 
the p resence  of an angular  methyl  group at C10. The three  hydroxy groups a re  apparent ly  attached to the 
ca rbon  a toms in posi t ions 3, 5, and 14. The high intensity of the f ragment  with m/e 199 (60%) shows that 
the fourth OH group is at C t or  Ctl. Since the two other  hydro lys i s  products  have a s m a l l e r  molecu la r  
weight, it is poss ib le  that compound (I) is the genin (see s t ruc tu re  on the following page.) 

A compound of medium polar i ty  (II),  obtained in the hydro lys i s  of the glycoside,  is amorphous .  In its 
m a s s  spec t rum,  the molecu la r  ion M + 388 di f fers  f r o m  the molecu la r  ion of the aglycone by one molecule  
of wa te r  (18 units).  The remain ing  f r agmen t s  are  a lmost  identical,  but with different intensi t ies .  The fo r -  
mat ion of f r agmen t s  with m/e  242, 227, and 199 shows that the hydroxy group is located at Ct4. Compound 
(II) is undoubtedly a 5-anhydro der iva t ive  of the aglycone. 

The third,  leas t  polar ,  compound (III) was  obtained in the c rys ta l l ine  state.  The m a s s  spec t rum of 
this  substance dif fers  somewhat  f rom the m a s s  spec t r a  of the p reced ing  two. The intensity of its molecu-  
l a r  ion is ex t r eme ly  cons iderable  (M + 3 7 0 -  70%). Under e lec t ron  impact  only two molecules  of wa te r  were  
split  out. F r a g m e n t s  with m/e  242, 227, and 199 were  absent  f rom the m a s s  spec t rum of this compound. 
A double bond between C14 and Ct5 excludes the possibi l i ty  of the fo rmat ion  of these  f ragments .  Substance 
(III) is apparent ly  a 5,14-dianhydro der iva t ive  of the genin. 

* The f r agmen t  with m/e  242 (ion of the c type) is given in Fayez '  scheme [6]. As subsequent invest igat ions 
with deuter ium analogs have shown, type c ions in cardenol ides  do not contain a hydroxy group (see [12]). 
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The ana lys i s  of the m a s s  s p e c t r a  tha t  has  been  given p e r m i t s  the assumpt ion  that  the aglycone (I) is 
ident ical  with bipindogenin [7]. The r e s u l t s  of a c o m p a r i s o n  of the phys tcochemica l  p r o p e r t i e s  and IR spec-  
t r a ,  and a lso  a d i rec t  ch romatograph ic  compar i son ,  conf i rmed this  assumpt ion .  

Consequently,  we  have isola ted f r o m  the seeds  of the plant bipindogenin L - rhamnos ide ,  i .e . ,  locunde- 
side,  which was  f i r s t  found inStrophanthus thol loni  Franch  [8] and in some va r i e t i e s  of Strophanthus s a r -  
men tosus  P. DC (famUyApocynaceae)  [9], and somewhat  l a t e r  i nConva l l e r i a  ke iske i  Miq [10]. 

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

Th in - l aye r  ch roma tog raphy  f rL  C) was  c a r r i e d  out with KSK s i l ica  gel containing 5% of gypsum, and 
paper  ch roma tog raphy  (PC) with pape r  of types  "S" ("slow") and "M" ("medium") of the Leningrad No. 2 
mi l l .  The following solvent s y s t e m s  w e r e  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  (1 : 1 : 25 [11]; 3) t e t r a h y d r o f u r a n - e h l o r o f o r m - f o r m a m i d e  (50 : 50 : 
6.5); 4) b e n z e n e - m e t h y l  ethyl  ketone (2 : 1) - 3.5% of water ;  5) c h l o r o f o r m - b e n z e n e - m e t h a n o l  (5 : 5 : 25; 
6) t o l u e n e - b u t a n o l - w a t e r  (1 : 1 : 1); and 7) e h l o r o f o r m - d i o x a n e - f o r m a m i d e  (7 : 2 : 0.5). 

The m a s s  s p e c t r a  we re  r eco rded  onanMKh-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 in ternal  
inlet tube of 150°C with an ionizing voltage of 40 V. 

Isolat ion and Separat ion of the Cardenol ides .  The comminuted  seeds  of E.  euspidatum (6 kg5 were  
defat ted with pe t ro l eum e ther  until there  was  no m o r e  fat ty  oil in the ex t r ac t s  and were  then ex t rac ted  with 
70% ethanol.  The ethanolic e x t r a c t s  w e r e  evapora ted  in vacuum at 42-45°C. The res idue ,  which cons is ted  
of a v iscous  m a s s ,  was  f i l te red  through a l aye r  (6 cm) of inact ive a lumina (0.6 kg) filled into a B[ichner fun- 
neh  The a lumina was  washed  with dist i l led w a t e r  until the Raymond reac t ion  was  negat ive.  The ea rdeno-  
l ides  we re  ex t rac ted  f r o m  the combined aqueous solution f i r s t  with ch lo ro fo rm (20 x 1 li ter) and then with 
e t h a n o l - c h l o r o f o r m  (1 : 2) (22 × 1 liter) and with butanol (8 x 1 l i ter ) .  All th ree  ex t r ac t s  w e r e  sepa ra t e ly  
dr ied with sodium sulfate  and evapora ted  in vacuum until the solvents  has  been  comple te ly  e l iminated.  
This  gave 27 g of ch lo ro fo rmie ,  61 g of e t h a n o l i c - c h l o r o f o r m i e ,  and 63 g of butanolic f rac t ion.  The la t t e r  
was  not studied in detai l .  
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TABLE 1 

'Rati6 bf~' ] 
Fraction Ichloro- IAmt, of 

form to 
No. ethanol, eluate, 

vol. % ml 

I 
Characteristics of the sub- ] 

I stance isolated 
Spots on TLC 

1--7 
8--15 

16--20 

21 --29 

1--3 

4-13 
14--15 

16--25 

26--31 

32--40 

100:0 
95 : 5 
95:5 

80 : 20 

75:25 
70,30 

60:40 

60,40 

60 : 40 

Chloroformic fraction 

2100 /Brown mass 
I Yellow crystals 

24001500 ~ Yellow viscom residue 
/ 

2700 / Amorphous powder 
| 

Alcoholic- chloroformic fraction 

1500 [Black viscous residue 
p 

The same 
50001000 Brown viscom residue 

5000 Yellow amorphous residue 

3000 ~TII~ same 
4500 same 

Reaction for cardenolides 
negative 

Reaction for cardenolides 
positive 

Reaction for cardenolides 
negative 

Traces of erysimin 
Traces of erysimin and des- 

glucocheirotoxin 
Locundeside 

Locunde~ide + erysimoside 

Erysimoside 

The c h l o r o f o r m i c  f r a c t i o n  (27 g) w a s  m i x e d  wi th  25 g of a l u m i n a  and t r a n s f e r r e d  to a c o l u m n  con-  
t a i n i n g  945 g of a l u m i n a  ( a c t i v i t y  g r a d e  I I I ) .  The g l y c o s i d e s  w e r e  e lu t ed  wi th  c h l o r o f o r m  con ta in ing  g r a d -  
u a l l y  i n c r e a s i n g  amoun t s  of e thano l .  F r a c t i o n s  wi th  a vo lume  of 300 ml  w e r e  c o l l e c t e d ,  and a f t e r  c o n c e n -  
t r a t i o n ,  e ach  was  a n a l y z e d  by  TLC in s y s t e m  5 (Tab le  1). 

F r a c t i o n s  8-15  y i e l d e d  300 m g  of  a c r y s t a l l i n e  s u b s t a n c e  wi th  m p  120°C g iv ing  no r e a c t i o n  f o r  s u g a r s  
and c a r d e n o l i d e s .  The s tudy of t h i s  s u b s t a n c e  i s  con t inu ing .  F r a c t i o n s  21-29  gave  350 m g  (0.06% of the 
we igh t  of the  r a w  m a t e r i a l )  of  an ind iv idua l  s u b s t a n c e  in the  a m o r p h o u s  s t a t e .  A f t e r  i t s  c r y s t a l l i z a t i o n  
f r o m  e thano l ,  mp 170-172°C,  [~ ]~  + 30.1 ° (e thanol ) .  A m i x e d  m e l t i n g  point ,  a s u p e r p o s i t i o n  of IR s p e c t r a ,  
and a c h r o m a t o g r a p h i c  c o m p a r i s o n  in s y s t e m s  6 and 7 iden t i f i ed  the  s u b s t a n c e  as  e r y s i m i n ,  C29H4209. 

The e t h a n o l - c h l o r o f o r m i c  (1 : 2) e x t r a c t  (61 g) w a s  m i x e d  wi th  50 g of a l u m i n a  and t r a n s f e r r e d  to  a 
c o l u m n  con ta in ing  2135 g of a l u m i n a  ( a c t i v i t y  g r a d e  I I I ) .  The  g l y c o s i d e s  w e r e  e lu t ed  wi th  5 0 0 - m l  p o r t i o n s  
of m i x t u r e s  of the  s a m e  s o l v e n t s  wi th  g r a d u a l l y  i n c r e a s i n g  e thano l  con t en t s  ( s ee  Tab le  1). 

F r a c t i o n s  14 and 15 y i e l d e d  15 m g  of a m o r p h o u s  d e s g l u c o c h e i r o t o x i n  ( c h r o m a t o g r a p h i c  c o m p a r i s o n ) .  

F r a c t i o n s  16-25 w e r e  r e c h r o m a t o g r a p h e d  on a l u m i n a .  The c o l u m n  w a s  w a s h e d  wi th  c h l o r o f o r m  - 
i s o a m y l  a l c o h o l - w a t e r  (1 : 1 : i ) .  F r a c t i o n s  wi th  a vo lume  of 100 m l  w e r e  c o l l e c t e d .  F r a c t i o n s  9-15 d e -  
p o s i t e d  3.50 g (0.58% of  the  we igh t  of the  r a w  m a t e r i a l )  of a c r y s t a l l i n e  g l y c o s i d e  which ,  a f t e r  two r e c r y s -  
s t a l l i z a t i o n s  f r o m  e thano l , had  mp 233-235°C,  [~]~  - 9 . 9  ° (c 2.43; me thano l ) ,  C29H44010. The l e t h a l  dose  
in t e s t s  on c a t s  w a s  0.104 mg/kg .  

F r a c t i o n s  32-40 y i e l d e d  4 g (0.66% of the  we igh t  of the  r aw  m a t e r i a l )  of an ind iv idua l  c a r d e n o l i d e  in 
the  a m o r p h o u s  s t a t e .  A f t e r  r e s e p a r a t i o n  on a c o l u m n  of a l u m i n a  and r e p e a t e d  r e p r e c i p i t a t i o n  f r o m  e th -  
a n o l - e t h e r ,  the  g l y c o s i d e  w a s  ob ta ined  in the  c r y s t a l l i n e  s t a t e  wi th  mp  234-236°C,  [~ ]~  + 23.6 ° ( in m e t h -  
anol) .  By a m i x e d  m e l t i n g  poin t  and a c h r o m a t o g r a p h i c  c o m p a r i s o n  in s y s t e m s  6 and 7, the s u b s t a n c e  was  
iden t i f i ed  as  e r y s i m o s i d e ,  C~H5204. 

H y d r o l y s i s  of L o c u n d e s i d e .  A so lu t ion  of 200 m g  of the  g l y c o s i d e  in 8 ml  of me thano l  w a s  m i x e d  wi th  
72 m l  of ace tone  and 0.8 m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  ac id .  The c h a n g e s  t ak ing  p l a c e  on h y d r o l y s i s  
w e r e  checked  by  TLC in s y s t e m  5. A f t e r  t h r e e  d a y s ,  when  the spo t  of the  i n i t i a l  compound  had d i s a p p e a r e d ,  
the  so lu t ion  was  d i lu ted  wi th  an equa l  amount  of w a t e r  and the ace tone  w a s  e v a p o r a t e d  off in vacuum.  The 
aqueous  r e s i d u e  w a s  e x t r a c t e d  f i r s t  wi th  c h l o r o f o r m  and then  wi th  e t h a n o l - c h l o r o f o r m  (1 : 2). The c o m -  
b ined  c h l o r o f o r m i c  e x t r a c t s  and the  c o m b i n e d  e t h a n o l i c - c h l o r o f o r m i c  e x t r a c t s  w e r e  s e p a r a t e l y  t r e a t e d  
wi th  2 N s o d i u m  c a r b o n a t e  so lu t ion  and w e r e  then  w a s h e d  wi th  w a t e r  to  n e u t r a l i t y .  The c h l o r o f o r m i c  e x -  
t r a c t ,  a f t e r  the  d i s t i l l a t i o n  of the  so lven t ,  gave  a m i x t u r e  of t h r e e  s u b s t a n c e s .  They w e r e  s e p a r a t e d  by  
p r e p a r a t i v e  TLC in s y s t e m  5. A f t e r  the  p o s i t i o n s  of the zones  had  b e e n  shown up b y  the a p p r o p r i a t e  r e -  
a g e n t s ,  the p l a t e  w a s  s e p a r a t e d  into t h r e e  zones .  The l o w e s t  zone gave  60 m g  of an a g l y c o n e  wi th  m p 2 5 6 -  
258°C, [~ ]~  + 25.2 ° (c 1.84; me thano l ) .  In s y s t e m s  6 and 7, t h i s  s u b s t a n c e  m i g r a t e d  at  the  s a m e  l e v e l  a s  b i -  
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pindogenin. With 84% H2SO 4 it gave a coloration changing with time: 0 min - yellow; 0.5 min - orange; 
5 min - brown (violet edges) ; 20 min - violet; 1 h - lilac. 

Mass spectrum: M+406 (1%); m/e  388 (M-H20)-8%; 370 (M-2H20)-28%, 352 (M-3H20)-100%; 
337 (M-3H20-CH~)-19%, 334 (M-4H20)-72%, 319 (M-4H20-CH3)-24%,  308 (M-3H20-CO 2) -8%, 242- 
9%, 227-12%, 199-60%. 

The aglycone (50 mg) was dissolved in a mixture of 1 ml of pyridine and 1 ml of acetic anhydride, 
and the solution was kept in the thermostat  at 37°C for three days. After the usual working up, bipindo- 
genin 3-O-acetate was obtained with mp 265-270°C (from ethanol). 

The middle zone yielded 15 mg of an amorphous but chromatographically homogeneous compound 
with the mass spectrum: M+388-4%,m/e 370 (M-H20)-35%, 352 (M-2H20)-100%, 337 (M-2H20-CH 3) 
-24%, 334 (M-3H20)-30% , 319 (M-3H20-CH3)-36%, 308 (M-2H20-CO2)-16%, 242-24%, 227-20%, 
199--50%. 

The top zone yielded 25 mg of 5,14-dianhydrobipindogenin with mp 170-172°C, [ ~ + 20.8 ° (c 1.63; meth- 
anol), mass spectrum: M + 370-  70%, m/e 352 (M- H20) - 100%, 337 (M--H20- CH~ - 3%, 334 (M- 2H20 ) -  30%, 
319 (M--2H20--CH3)-34%, 308 (M-H20-CO2)-10%.  

The e thanol ic-chloroformic  extract,  after the solvent had been distilled off, gave 25 mg of bipindo- 
genin with mp 256-258°C. 

The aqueous solution after the separation of the aglycone component was neutralized with si lver car-  
bonate, fil tered, and evaporated to dryness.  By means of GLC [4] and TLC (systems 1 and 2), the sugar 
was identified as L-rhamnose (revealing agent: a solution of 0.4 g of salicylic acid and 0.5 ml of o-tolui- 
dine in 10 ml of ethanol). 

A mixture of 50 mg of the L-rhamnose obtained from locundeside, 100 mg of phenylhydrazine hydro- 
chloride, 150 mg of sodium acetate, and 1 ml of water was boiled for 30 min in the boiling water bath. The 
yellow crystals  that deposited had mp 180-182°C (from ethanol), and a mixture with the phenylosazone of an 
authentic sample of L-rhamnose showed no depression of the melting point. On chromatography in systems 
3 and 4, the phenylosazones migrated at the same level (revealing agent: 6 g of KOH + 25 ml of H20 + 
45 ml of CH~)I-1). 

Samples of bipindogenin and locundeside were kindly given to us by N. F. Komissarenko [KhNIKhFI 
(Kharkov Chemical and Pharmaceutical Scientific-Research Institute)]. 

C O N C L U S I O N S  

The cardenolide glycoside cuspidoside from Erysimum euspidatum (M. B.) DC is a bipindogenin L-- 
rhamnoside and is identical with locundeside. In addition to loctmdeside, the plant has been found to con- 
tain erysimin,  desglucocheirotoxin, anderysimostde. The mass spectra of bipindogenin and its anhydro de- 
rivatives have been studied. 
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