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As is well known [1-7] the seeds of Strophanthus komb~ Oliv. contain a large var ie ty  of cardiac glycosides the 
aglyeone f ract ion of which consis ts  mainly  of strophanthidin. There are  also glycosides of strophanthidol,  per iplogenin,  
and 17fi-H-strophanthidin.  Obtaining f rom the glycosides of this plant  the s trophanthidin which we required  for  
synthetic work, on chromatographing the mother  solutions we isolated not only an  additional amount of this aglycone 
but also strophanthidol,  17fi-H-strophanthidin,  and two other,  more  polar ,  cardenolides.  The la t te r  were  provis ional ly  
denoted by the symbols  IM-38 and IM-40. Judging f rom the yields,  the plant  contains very  smal l  amounts of them: 
f rom 7 kg of seeds we obtained 110 mg of IM-38 and 15 mg of IM-40. The p resence  of periplogenin was es tabl ished 
only by paper  chromatography-- i t  was eluted f rom a column together  with anhydrostrophanthidin.  

The substances  IM-38 and IM-40 give posi t ive react ions  for  cardenol ides  and a negative react ion with 
te t rani t romethane .  The colors they form with Jensen ' s  reagent charac te r ize  a normal  f l -posi t ion of the b u t e n o l i d e  
r ings.  The empir ica l  formulas  of the substances  are,  respect ively,  C23H320 6 and C23H3406, which pe rmi t  them to be 
regarded as aglycones. 

The UV spect rum of the aglycone IM-38 has two absorpt ion maxima,  at 216 and 303 mp (loge 4.18, 1.37). The 
f i r s t  Of them shows that the substance contains a butenolide r ing and the second that it contains an aldehyde group. 
The p re sence  of an aldehyde group is confirmed by the format ion  of an acid on oxidation with potass ium permanganate .  
Under the action of acetic anhydride in pyridine,  the aglycone fo rms  a monoaeetyl  der ivat ive with composit ion 
C2~H3407. In the region of the s t re tching vibrat ions  of hydroxyl groups, the IR spect rum of the monoacetate  shows an 
absorpt ion band with a maximum at 3590 cm -I. The mola r  absorpt ion coefficient of the band is 104.4 mole -1 "l • cm -1. 
This corresponds  to the absorption of two te r t i a ry  (nonacetylating) OH groups. 

The optical rotatory d ispers ion  spect rum of the cardenolide IM-38 is charac ter ized  by a negative Cotton effect, 
which shows the cis linkage of the A/B r ings [8]. An analysis  of the rate  of acetylation of the substance by a published 
method [9] shows that the hydroxyl group that undergoes acetylat ion is equatorial .  

The resu l t s  obtained pe rmi t  the assumption that the cardenol ide IM-38 is 3-epistrophanthidin (I). The re la t ively  
high polar i ty  (see Experimental)  of cardenolide IM-38 and its IR spect rum also agree with the proposed s t ruc tu re  (1). 
In the region of the s t re tching vibrat ions  of OH groups there is an absorption band with a maximum at 3620 cm -~ which 
apparently charac te r izes  f ree  hydroxyl groups. In cont ras t  to the spect rum of strophanthidin obtained under  s i m i l a r  
conditions,  the aglycone IM-38 has no absorption bands at 3480 cm -1, which shows the absence from it of 
in t r amoleeu ta r  hydrogen bonds between the hydroxyls at C(3 ) and C(5) [10]. 

In the [IV region cardenolide IM-40 shows one absorpt ion maximum,  at 216 m# (log e 4.19). Oxidation with 
chromic  anhydride fo rms  a cardenol idecarboxyl ie  acid, which shows the p re sence  of a p r i ma r y  alcohol group in the 
ini t ia l  substance.  The acetylat ion of the aglycone and an analys is  of the ra te  of the react ion [9] indicates that it 
contains two acetylatable  OH groups- -one  p r i m a r y  and one secondary and equatorial .  Taking these resu l t s  into 
cons idera t ion  and also the e lementa ry  composit ion of the substance and its high polari ty,  it could be assumed that it 
is 3-epistrophanthidol  (III). This assumption was confirmed by the reduct ion of 3-epis t rophanthidin (IM-38) with 
sodium borohydride.  The react ion,  like the preceding one for this compound, was ca r r i ed  out on the microsca le .  
When the reduction product and the eardenol ide IM-40 were  compared by paper  chromatography, they proved to be 
identical.  
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3 - E p i s t r o p h a n t h i d i n  (I) and 3 - e p i s t r o p h a n t h i d o l  (III) have  appa ren t ly  b e e n  obta ined  f o r  the  f i r s t  t ime .  The 
p r e s e n c e  of 3 - e p i c a r d e n o l i d e s  in p lan ts  is  a c o m p a r a t i v e l y  r a r e  phenomenon .  So f a r  only f i v e  such  s u b s t a n c e s  have  
been  known: 3 - ep id ig i t ox igen in  [11, 12], c a rpogen in ,  c a r p o g e n o l  [13], 3 - e p i c o r o t o x J g e n i n  [14], and 3 - e p i s a r m e n t o g e n i n  
[15]. The  ques t i on  r e m a i n s  open as to w h e t h e r  p lan t s  conta in  e n z y m e s  which c o n v e r t  the  " n o r m a l "  c a r d e n o l i d e s  into 
the  3 -ep i  compounds  o r  w h e t h e r  the  l a t t e r  a r e  s y n t h e s i z e d  in t he  d e v e l o p m e n t  of the p lan t s  s i m u l t a n e o u s l y  with the 
3 - f i - O - a g l y e o n e s .  It is  a p p r o p r i a t e  to men t ion  that  the 3 - e p i s t r o p h a n t h i d i n  (I) and 3 - e p i s t r o p h a n t h i d o l  (III) w e r e  
ob ta ined  f r o m  raw m a t e r i a l  which  had been  s t o r e d  f o r  about 15 y e a r s .  

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

The s u b s t a n c e s  w e r e  ana lyzed  a f t e r  be ing  d r i e d  o v e r  phospho rus  pen tox ide  in v a c u u m  (0.01 m m  Hg) at  110 ° C 
f o r  2 hr .  The  p a p e r  c h r o m a t o g r a p h y  of the c a r d e n o l i d e s  was c a r r i e d  out wi th  the  so lven t  s y s t e m s :  m e t h y l  e thyl  
k e t o n e - - m - x y l e n e  (1 : 1 ) / f o r m a m i d e  and c h l o r o f o r m - - t e t r a h y d r o f u r a n  (1 : 1 ) / f o r m a m i d e .  In the  f i r s t  s y s t e m  the 
c a r d e n o l [ d e s  i s o l a t e d  had the fo l lowing  Rs t rophan th id in  v a l u e s  ( s t rophan th id in  1.00): 17 /3 -H-s t rophan th id in  0.72; 
s t rophan th ido l  0.49; 3 - e p i s t r o p h a n t h i d i n  (IM-38) 0.16; and 3 - e p i s t r o p h a n t h i d o l  0.07. 

The  IR s p e c t r a  of the s u b s t a n c e s  w e r e  ob ta ined  by I, P.  Kova lev  on a UR-10 s p e c t r o m e t e r  f o r  so lu t ions  in 
m e t h y l e n e  ch lo r ide ,  and the op t i ca l  r o t a t o r y  s p e c t r a  on a S P U - E  au toma t i c  s p e c t r o p o l a r i m e t e r .  The  IR a b s o r p t i o n  
s p e c t r a  w e r e  d e t e r m i n e d  on a E P S - 3  s p e c t r o m e t e r .  

The  c o m m i n u t e d  s t rophan thus  s e e d s  (7 kg) w e r e  defa t ted  with  p e t r o l e u m  e t h e r  and the  p o w d e r  was d r ied .  The  
e a r d e n o l i d e s  w e r e  e x t r a c t e d  c o m p l e t e l y  with e thanol  f r o m  the raw m a t e r i a l  p r e p a r e d  in th is  way. The  e x t r a c t s  w e r e  
e v a p o r a t e d  in vacuum.  The  s t i l l  r e s i d u e  was f r e e d  f r o m  r e s i d u e s  of o i l  and ch lo rophy l l  with ethyl e t h e r  (1.5 l x 4), 
a f t e r  which  i t  was d i s s o l v e d  in 8 l of e t h e r - - c h l o r o f o r m  (1 : 2). Th i s  so lu t ion  was t r e a t e d  with w a t e r  (0.3 l x 2). The  
aqueous  l a y e r  was  s e p a r a t e d  off and the g l y c o s i d e s  which had p a r t i a l l y  p a s s e d  into it  w e r e  e x t r a c t e d  with  the  p u r e  
o r g a n i c  so lven t  (0.2 l x 2). The  combined  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  e v a p o r a t e d  to d r y n e s s  in vacuum.  
The r e s i d u e ,  c o n s i s t i n g  of the pu r i f i ed  to ta l  s t rophan thus  c a r d e n o l i d e s ,  was d i s s o l v e d  in 4 I of hot  e thanol ,  and the  
so lu t ion  was  t r e a t e d  wi th  4 l of 0.4 N aqueous  HC1 and hea ted  to 80 ° C: T h e  so lu t ion  was  lef t  at  2 0 - 2 5  ° C f o r  7 days ,  
the d e g r e e  of h y d r o l y s i s  be ing  checked  c h r o m a t o g r a p h i c a l l y  on pape r .  Then 12 l of c h l o r o f o r m  was  added to t he  
m i x t u r e ,  which  conta ined  a c r y s t a l l i n e  p r e c i p i t a t e  of ag lycone ,  and it was c a r e f u l l y  s t i r r e d  fo r  30 rain. The e t h a n o l i c -  
c h l o r o f o r m i c  l a y e r  was s e p a r a t e d  off and the aqueous  l a y e r  was addi t iona l ly  t r e a t e d  wi th  5 l of c h l o r o f o r m - - e t h a n o l  
(3 : 1). The  combined  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  washed  with 0.2 l of a 1 N so lu t ion  of sod ium c a r b o n a t e  
and with  wa te r  (0.2 l × 3) a f t e r  which  they w e r e  e v a p o r a t e d  in vacuum.  The s t i l l  r e s i d u e ,  which was  beg inn ing  to 
c r y s t a l l i z e ,  was d i s s o l v e d  with  hea t ing  in 5 l of e t h a n o l - - a c e t o n e  (1 : 2). The  so lu t ion  was c o n c e n t r a t e d  in a hot w a t e r  
ba th  (without vacuum)  to a v o l u m e  of about 1.3 I.  The  c r y s t a l s  of s t rophan th id in  tha t  d e p o s i t e d  u n d e r  t h e s e  cond i t ions  
w e r e  s e p a r a t e d  off and washed  with 0.2 I of e thanol .  The m o t h e r  so lu t ion  was c o n c e n t r a t e d  to a v o l u m e  of about 0.5 l .  
An addi t iona l  amount  of c r y s t a l l i n e  s t rophan th id in  was obta ined,  and t h i s  was r e c r y s t a l l i z e d  f r o m  ethanol .  In th is  
way 110 g of t e c h n i c a l  s t rophan th id in  con ta in ing  a s m a l l  amount  of s t rophan th ido l  as  i m p u r i t y  was obta ined .  T h e  
m o t h e r  so lu t ions  w e r e  e v a p o r a t e d  to d r y n e s s  in vacuum.  The  r e s i d u e  (50 g) was c h r o m a t o g r a p h e d  on a c o l u m n  
con ta in ing  2 kg of a l umina  (ac t iv i ty  g r a d e  III). 

The  c a r d e n o l i d e s  w e r e  e x t r a c t e d  with c h l o r o f o r m - - e t h a n o l  (98 : 2 - -95  : 5). The  f r a c t i o n s  con ta in ing  de f in i t e  
ind iv idua l  s u b s t a n c e s  w e r e  e v a p o r a t e d  and the  c a r d e n o l i d e s  w e r e  c r y s t a l l i z e d  f r o m  su i t ab le  so lven t s  ( see  below).  

P e r l p l o g e n i n .  Ob ta ined  in a d m i x t u r e  with anhydros t rophan th id in .  

17 /~-H-St rophanth id in .  Th i s  c r y s t a l l i z e d  f r o m  e thanol  in the f o r m  of thick p r i s m s  m e l t i n g  at 2 2 5 - 2 5 8 / 2 6 3 - 2 6 8  ° C; 
[ ~ ] ~  + 39.2 + 3 ° (c 0.50; methanol ) .  I ts  p r o p e r t i e s ,  and a l so  p a p e r  c h r o m a t o g r a p h y ,  a m i x e d  m e l t i n g  point ,  and the 
c o l o r  r e a c t i o n  with  cone  H2SO 4, showed tha t  the  s u b s t a n c e  was  iden t i ca l  with 1 7 f l - H - s t r o p h a n t h i d i n  ob ta ined  by 
syn the s i s .  
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Strophanthidin. The technical  aglycone (120 g) melted at 168-175 ° C; [~]~+ 43.2 ± 3 ° (c 0.54; methanol) .  It was 
identified as s trophanthidin by paper  chromatography, a mixed mel t ing point, and a color react ion with conc H2SO 4. 

Strophanthidol. This crys ta l l ized  f rom acetone; it melted at 139-143 ° C; [~]~ + 36.2 ± 3 ° (c 0.74; methanol).  A 
direct  compar ison  of this cardenolide with a sample  of strophanthidol showed their  identity. 

3-Epis t rophanthidin  (t, IM-38). The substance crys ta l l ized  f rom ethanol in the form of coarse  p r i s m s  mel t ing at 
239-257 ° C; [~]~ + 42.5 =e 2 ° (c 1.00; methanol).  It dissolved in cone H2SO 4 forming a coloration changing with t ime;  
red (0 min), yellow (2), and lemon-yel low (60 min). 

Found, %: C 67.97; H 8.12; mol. wt. 406.2. Calculated for C~.3H3206, %: e 68.29; H 7.97; tool. wt. 404.5. 

The 3-epis t rophanthidin  (40 mg) was acetylated with acetic anhydride in pyridine,  and chromatography on a lumina  
gave 41 mg of the acetate (II) in the form of a white amorphous powder. 3-Epistrophanthidin acetate has [~]~ + 42.3 • 4 ° 
(c 1.00; methanol); with cone H2SO 4 it fo rms  the following colors:  yellow (0 min), orange (1 min),  r ed -orange  (40 rain), 
brown (180 rain), and green (220 min). 

Found, %: C 67.03; H 7.80; mol. wt. 443.2. Calculated for C25H3407, %: C 67.25; H 7.68; tool. wt. 446.5. 

To a mix ture  of 3 mg of 3-epis t rophanthidin and 2 mg of sodium borohydride was added 0.2 ml  of 80% dioxane, 
and the solu~:ion was left at 20 ° C for  15 min. After this t ime, as shown by paper  chromatography,  the aglycone had 
been completely reduced. The more  polar  cardenolide formed had the same "mobility" as substance IM-40. 

3-Epl.~ftrophanthtdol (III, IM-40). The cardenolide crys ta l l ized  f rom acetone; it melted at 263-267 ° C; 
[~]~ + 29.2 ± 3 ° (c 0.62; methanol).  With cone H2SO 4 it formed the following colors:  yel low-brown (0 min),  red (1 rain), 
r ed -o range  (5 rain), pale pink (150 min),  and light brown (225 rain). 

Found~ %: C 67.71; H 8.52; mol. wt. 409.3. Calculated for  C23H3406, %: C 67.95; H 8.43; mol. wt. 406.5. 

C O N C L U S I O N S  

The hydrolysis  of the total glycosides of the seeds of Strophanthus komb~ Oliv. and the adsorpt ion-  
chromatographic  separa t ion  of the mix ture  of aglycones has given strophanthidin,  strophanthidol,  17fi-H- 
strophanthidin,  and two new cardenolides denoted by the symbols IM-38 and IM-40 in the individual state. On the bas i s  
of the inves~:igations ca r r i ed  out, the new cardenol ides  have been charac ter ized  provis ional ly  as 3-epis t rophanthidin  
and 3-epistrophanthidol.  
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