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In a preceding  communicat ion,  the isolat ion f rom the seeds of Strophanthus kombe Oliv. (strophanthus) [1] of 
two new cardiac  aglycones was repor ted .  They were  cha rac t e r i zed  provis ional ly  as 3-epistrophanthidin and 3- 
epistrophanthidol.  To answer  the question of the s t ruc ture  of the substances m o r e  fully, we have c a r r i e d  out an 
independent synthesis  of 3-epis trophanthidin (XII) and 3-epis t rophanthidol  (V). 

The cardenol ides  V and XII were  synthesized (see Scheme} f rom strophanthidin (VI) and strophanthidol (I) by 
oxidation of the alcoholic  group at C(3 ), reduct ion of the oxo compounds so produced, and chromatographic  separat ion 
of the i s o m e r i c  reduct ion products .  The p r i m a r y  hydroxyl group of strophanthidol (I) and the aldehyde group of 
strophanthidin (VI) were  p rev ious ly  pro tec ted  in a suitable manner .  F o r  the protec t ion  of the OH group at C(Is), 
strophanthidol was subjected to par t ia l  acetylat ion [2, 3]. 

F r o m  strophanthidol (I), 19-O-acetyls t rophanthidol  (II) was obtained. Substance II, containing as impur i t i es  
the initial cardenol ide  I and the 3-mono-  and 3, 19 -d i -O-ace ta t e s  of strophanthidol,  was oxidized with chromic  
anhydride without purif icat ion.  The oxidation product (III), a lso  contaminated with other cardenol ides ,  was reduced 
with sodium borohydride.  The mixture  of substances IV and II was saponified with ammonia  in methanol.  The 3- 
epistrophanthidol  (V) and strophanthidol (I) fo rmed  were  separat ion by absorpt ion chromatography on alumina.  The 
yield of the pure cardenol ide  V was 40% (on the s tar t ing mater ial} .  

3-Epistrophanthidin (XII) was synthesized with a yield of only about 10%. To protec t  the aldehyde group it was 
insufficient  to obtain the oxime of strophanthidin (VII} since the oxime group is capable of being oxidized by chromic  
anhydride.  Consequently,  VII was se lec t ive ly  acetylated,  giving the acetoxime VIII. Then, by oxidizing the alcohol 
group at C(3 ) and reducing the oxo group with sodium borohydride,  a mixture  was obtained which consis ted  of the 
ace toxime of 3-epis trophanthidin (X) and the ace toxime of strophanthidin (VIII). To remove  the p ro tec t ive  groups,  
substances X and VIII were  saponified with methanolic  ammonia solution. The saponification products ,  the oximes XI 
and VII, were  hydrolyzed with dilute acid. At this stage of the synthesis ,  because  the hydrolys is  r equ i r ed  re la t ive ly  
s eve re  conditions,  a considerable  amount of anhydrocardenol ides  was fo rmed .  The 3-epis trophanthidin (XII) was 
isolated in the pure  state af ter  the chromatographic  separa t ion  of the mixture  of substances  on alumina.  

The re su l t s  of a compar i son  of the p roper t i e s  of the 3-epis trophanthidin and 3-epis t rophanthidol  synthesized 
with those of the natural  cardenol ides  IM-38 and IM-40 [1] shows that the r e spec t ive  pa i rs  a re  ident ical  (IM-38 = XII 
and IM-40 = V}. Thus, the hypothesis put forward  p rev ious ly  [1] on the s t ruc ture  of the new cardenol ides  has been 
shown to be co r r ec t .  

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

Synthesis of 3-epis trophanthidol  (V). A solution of 2 g of strophanthidol in 10 ml  of pyr idine was t rea ted  with 5 
ml of acet ic  anhydride, and the mix ture  was left at 22 ° C for  20 min.  Then, about I0 g of ice was added to the 
reac t ion  mixture .  Af te r  20 min,  the solution was evaporated to dryness  in vacuum. The res idue ,  consis t ing 
predominant ly  of substance II, was d issolved in 5 ml of glacial  acet ic  acid, and 5 ml  of a saturated acet ic  acid 
solution of chromic  anhydride was added. Oxidation was ca r r i ed  out at 23 ° C for  30 min. After  the end of the react ion ,  
the mix ture  was t r a n s f e r r e d  to a separat ing funnel containing 200 ml of ch loroform and 20 ml  of 1 N H2SO 4. The 
ch lo ro fo rm layer  was separated off, t r ea ted  with water  (2 × 20 ml), with sa tura ted  sodium carbonate  solution until 
the acet ic  acid had been complete ly  neutra l ized,  and again with water  (3 x 20 ml}. 

The purif ied ch loroform layer  was evaporated in vacuum. The res idue ,  consis t ing mainly  of substance III was 
dissolved in 20 ml  of 80To dioxane. To the solution 0.5 g of sodium borohydride was added during 15 min.  The reac t ion  
mixture  was t r a n s f e r r e d  to a separat ing funnel containing 150 ml of ch lo ro fo rm -e thano l  (4 : 1). The ethanolic 
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ch lo ro fo rm layer  was t rea ted  with water  (4 × 10 ml) and evaporated.  The res idue  was dissolved in 50 ml  of 
methanol,  10 ml of methanol  sa turated with gaseous ammonia  were  added, and the mix ture  was left at 22--26 ° C for  18 
hr.  The solvent and the excess  of ammonia  were  dr iven off in vacuum. The mixture  of cardenol ides  V and I so obtained 
were  separa ted  by chromatography on 100 g of alumina (activity grade III). Elution was ca r r i ed  out with c h l o r o f o r m -  
ethanol ( 9 8 : 2 - 9 2 : 5 ) .  The strophanthidol (I) and 3-epis trophanthidol  (V) were  c rys ta l l i zed  f rom acetone.  

The strophanthidol (I} mel ted  a t  139-143 ° C; [~]~ +36.7 ~= 2 ° (c 0.92; methanol}; on paper  chromatography,  it had 
the same nmobility~ as an authentic sample  of strophanthidol.  

The 3-epis trophanthidol  (V) mel ted  at 263-267 ° C; [~]~ +29.4 ~- 2 ° (c 0.70; methanol}. It d issolved in conc H2SO 4 
fo rming  a colorat ion changing with time: 0 min) yel low-brown; 1 min) red;  5 min) r ed -o range ;  150 min) pale pink; 
and 220 min) light brown. The reac t ion  with t e t ran i t romethane  was negat ive.  

Found, %:C 67.69; H 8.56. Mol. wt. 408.2. Calculated for  C23H3406, %: C 67.95; H 8.43. Mol. wt. 406.5. 

F r o m  these r e su l t s  and also those of paper  chromatography and the mel t ing point of a mixture  (263-267 ° C), the 
cardenol ide was shown to be identical  with the substance IM-40 obtained f rom strophanthus.  

Synthesis of 3-epis trophanthidin (XII). A solution of 5 g of strophanthidin in 300 ml of methanol was t rea ted  with 
1.4 g of hydroxylamine hydrochlor ide  and 1 g of potass ium aceta te  dissolved in 2 ml  of water .  The f lask was attached 
to a ref lux condenser  and was heated at 100 ° C for  2 hr.  The solution was concentra ted to a volume of about 100 ml,  
50 ml  of water  was added, and the mix ture  was heated until the methanol  had been dr iven off complete ly .  The 
aqueous solution deposited a c rys ta l l ine  res idue  of strophanthidin oxime (VII} which was f i l t e red  off and washed with 
water .  This gave 4.95 g of VII with mp 257-265 ° C; [(~]~ +54.2 ± 4 ° (c 0.5; methanol}. 

A solution of 4.9 g of strophanthidin oxime (VII) in 26 ml of pyridine was t rea ted  with 13 ml  of acet ic  anhydride 
and acetylat ion was c a r r i e d  out at 25 ° C for  12 min.  The reac t ion  was stopped by adding about 20 g of ice.  After  
20 rain, the solution was evaporated to dryness  in vacuum. 

The oxidation of the acetoxime VIII, the reduct ion of the oxidation product IX, and the saponification of 
substances X and VIII were  c a r r i e d  out as descr ibed  above. 

The cardenol ides  XI and VII were  hydrolyzed with 0.26 N HC1 p repa red  in 50~0 ethanol by boiling the reac t ion  
mixture  in a f lask with a ref lux condenser  for  2.5 hr.  Af ter  the end of hydrolys is  and the usual el iminat ion of the 
acid, the mix ture  of the aglycones XII and VII and anhydro compounds was ehromatographed on 250 g of alumina 
(activity grade III). Elution was p e r f o r m e d  with ch lo ro fo rm -e thano l  (98 : 2 -95  : 5). The strophanthidin (VI) and 3-  
epistrophanthidin (XII} obtained in the individual state were  c rys t a l l i zed  f rom ethanol. 

The strophanthidin (VI) mel ted  at 169-175 ° C; [a ]~  +44.3 ± 3 ° (c 0.62; methanol}. 

The amount of 3-epis trophanthidin (XII) obtained was 496 mg. Its mel t ing  point was 238-256 ° C; [o~]~ +42.4 ~ 2 ° 
(c 1.10; methanol}.  It d issolved in conc H2SO 4 forming a colorat ion changing with time: 0 rain) red; 2 rain) yellow; 
and 60 min) lemon-yel low.  The reac t ion  with t e t ran i t romethane  was negative.  

Found, %: C 68.0]; H 8.09. Mol. wt. 406.6. Calculated for  C23H3206, %: C 68.29; H 7.97. Mol. wt. 404.5. 

The c h a r a c t e r i s t i c s  given and also the resu l t s  of paper  chromatography coincide comple te ly  with the p roper t i e s  
of the cardenol ide  IM-38 obtained f rom strophanthus.  

C O N C L U S I O N S  

3-Epistrophanthidin and 3-epis trophanthidol  have been synthesized f rom strophanthidin and strophanthidol with 
yields of I0 and 40%, respec t ive ly .  The substances  synthesized proved  to be identical  with the new natural  aglycones 
isolated f rom the seeds  of Strophanthus kombe Oliv. 
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