
C A R D E N O L I D E S  OF S t r o p h a n t h u s  k o m b e .  I I *  

I .  F .  M a k a r e v i c h  UDC 547.918 : 547.926+ 615.711.5 

Up to the presen t  t ime, Strophanthus kombe Oliv. has yielded 11 cardiac  glycosides:  k-s t rophantho-  
side [2], k-strophanthin-fl  [3], cymar in  [3, 4], cymaro l  [4, 5], per ip locymar in  [4], emicymar in  [4, 7], 17flH- 
emicymar in  [4], e rys imin  (helveticoside) [4, 8], 7flH-helveticoside [4], e rys imos ide  [8], and e rys imoso l  
[8]. Leucoerys imos ide  has also been detected [8], but i t  has not been obtained in the pure state and i ts  
s t ruc ture ,  in pa r t i cu la r  the configuration of the glycosidic linkage and the site of at tachment  of the t e r m i -  
nal D-glucose,  has not been established.  

In spite of the considerable  number of substances isolated f rom Strophanthus, the full cha r ac t e r i z a -  
tion of its cardenolide composit ion is  not yet  complete.  A chromatographic  analysis  has shown that the 
seeds of Strophanthus kombe contain not less  than 30 cardenolides.  The new compounds that we have r e -  
cently obtained f rom this plant [1] - 3-epistrophanthidin and 3-epistrophanthidol  - confirm the necess i ty  
for  fur ther  investigations.  

The presen t  paper  gives the resu l t s  of the isolation and study of 12 cardiac  glycosides.  In the choice 
of procedure ,  the prepara t ion  of native substances was aimed at. The separat ion into individual compo-  
nents was effected by part i t ion chromatography in columns of s i l ica gel and cellulose.  The glycosides ob- 
tained have been denoted provis ional ly  by the symbols S 1, S 2 , . . .  S 12. The separat ion of glycosides 
having s imi la r  polar i t ies ,  pa r t i cu la r ly  S 9, S 10, and S 11, was v e r y  difficult, which made a se r i e s  of r e -  
peat chromatographings necessa ry .  Six of the compounds isolated were identified as per ip loeymar in  (S 1), 
cymar in  (S 2), per iplocin (S 4), k-s trophanthin-~ (S 5!, e rys imos ide  (S 7), and k-s t rophanthoside  (S 8). 

F rom the k-s t rophanthoside by hydrolys is  under mild conditions (0.05 N H~SO 4) we obtained s t r o -  
phanthotr iose and strophanthidin; the exhaustive methylation of the s t rophanthotr iose and subsequent hy-  
drolys is  gave 2 ,3 ,4 ,6 - te t ra -O-methy l -D-g lucose ,  eymarose ,  and 2 ,3 ,4- t r i -O-methyl -D-g lucose ;  the par t ia l  
acid hydrolysis  of strophanthoside with 0.1 N sulfuric acid gave gentiobiose (6-O-f l -D-glucopyranosyl-D-  
glucose), in addition to s t rophanthotr iose ,  strophanthohiose,  D-glucose,  and D-cymarose .  The enzymatic 
hydrolys is  of strophanthoside yielded cymarin ,  k-strophanthin-fl ,  and D-glucose.  These  facts  confirm the 
s t ruc ture  of k-s t rophanthoside (see [2, 10-13]) as strophanthidin 3~-[O-f l -D-glucopyranosyl-(1-* 6)-O-fl-  
D-glucopyranosyl- (1-*  4) -~-D-cymaropyranos ide]  (I). 

Cardenolide S 9 has the composit ion C42Hs6019 , corresponding to a s te ro id  t r ig lycoside .  Its UV spec-  
t r tun is  cha rac t e r i zed  by one absorpt ion maximum at 218 nm (log ~ 4.16) due to a butenolide ring. The 
glycoside is  readi ly  hydrolyzed by 0.05 N sulfuric acid, forming strophanthidol and s t rophanthotr iose.  The 
reduction of k-s t rophanthoside with sodium borohydride forms a glycoside identical  with S 9. According 
to these facts ,  cardenolide S 9 is strophanthidol 3fl-[O-fl-D-glucopyranosyl-(1-* 6)-O-f l -D-glucopyranosyl-  
(1-* 4)-f l -D-cymaropyranoside]  (II). (See scheme on next page.) 

In view of the fact  that the product  of the reduction of k-s t rophanthoside has been descr ibed  p r e -  
viously [6] and has been given the t r iv ia l  name of Wk-strophanthol-Tw we have also adopted this name for 
the natural  glycoside S 9. 

Substance S 10 has the composition C41H62019. Its UV spect rum shows an absorption maximum at 
218 nm (log ~ 4.16) and a shoulder in the ~300 um region (log e ~  1.9), which a re  due to a butenolide ring 

* For  Communication I, see [1]. 
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and to a carbonyl  group. Under the influence of an enzyme p repa ra t ion  f r o m  the g rape  snail ,  S 10 hydro -  
lyzes  to the monoglycoside  e r y s i m i n  and D-glucose ,  while on b r ie f  enzymat ic  hydro lys i s  e r y s i m o s i d e  is  
fo rmed,  in addition to the products  a l r eady  mentioned.  As is  well  known [14], e r y s i m o s i d e  is  s t rophan-  
thidin 3f l -[O-i~-D-glucopyranosyl-(1 -+ 4)-f l -digi toxopyranoside] .  One would think the r e su l t s  obtained in-  
dicate that  S 10 is  nothing other  than g lucoerys imos ide ,  i .e . ,  the v e r y  glycoside that  was detected for  the 
f i r s t  t ime  in the plant  under  cons idera t ion  by Ka i s e r  et al.  [8]. However ,  the resu l t s  of a d i r e c t  c o m p a r i -  
son of S 10 with g lucoe rys imos ide  i so la ted  by us p rev ious ly  [15] f r o m  Cheiranthus allioni hort .  show that  
these  subs tances  a r e  different .  The s t ruc tu re  of the g lucoerys imos ide  f rom Cheiranthus has  been e s t a b -  
l ished; it i s  s trophanthidin 3f l - [O-f l -D-glucopyranosyl- (1  -~ 4 ) -O-B-D-glucopyranosy l - (1  --~ 4)-f l -D-digi toxo-  
pyranoside] .  The assumpt ion  that  the subs tances  ment ioned differ  in the posit ion of a t tachment  of the t e r -  
minal  D-glucose  was conf i rmed by the invest igat ions pe r fo rmed .  

The hydro lys i s  of S 10 under mi ld  conditions gave the aglycone strophanthidin and a t r i s accha r ide  
with the composi t ion  C18H32014 which was named,  a f te r  i t s  s t ruc tu re  had been establ ished,  gent iobiosyl -  
digitoxose.  The par t ia l  hydro lys i s  of S 10 with 0.1 N sulfur ic  acid gave - in addition to the t r i s accha r ide  - 
gentiobiose,  D-glucose ,  D-digi toxose,  and digilanidobiose.  Methylation of the t r i s accha r ide  and subsequent  
hydro lys i s  gave 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  D - c y m a r o s e ,  and 2 ,3 ,4 - t r i -O-me thy l -D-g lucose ,  namely  
the s a m e  products  that  a r e  fo rmed  in the methyla t ion and hydro lys i s  of s t rophanthot r iose .  The fac ts  given 
show that  in the glycoside S 10 all  the monosacchar ides  a r e  p re sen t  in the fo rm of py ranoses  and a re  l inked 
l inear ly;  the D-digi toxose  is  a t tached to the aglycone (at C3) , D-glucose  occupies the middle  position, at C a 
of the digitoxose,  and the t e rmina l  D-glucose  is  at tached to the p reced ing  one at C 6. An analys is  of m o l e c -  
u lar  ro ta t ions  in accordance  with Klynets ru le  [9] shows that the monosacchar ides  a r e  connected by ~ -g ly -  
cosidic bonds. 

Thus,  glycoside S 10 is  strophanthidin 3f l - [O-f l -D-glucopyranosyl- (1  -+ 6 ) -O- f l -D-g lucopyranosy l -  
(1--* 4)-f l -D-digi toxopyranoside]  (IV), and the t r i s accha r ide  obtained f rom it  is  O- f l -D-g lucopyranosy l -  
(1-+ 6) -O-f l -D-g lucopyranosy l - (1  -+ 4) -~-D-dig i toxose  (VII). I t  will apparent ly  be des i rab le  to call  g lyco-  
side S 10 neoglucoerys imos ide ,  s ince the name g lucoerys imos ide  has become es tab l i shed  in the special  
and handbook l i t e r a tu re  for  a compound of different  s t ruc tu re  (see above). 

Cardenolide S 11, which, a f t e r  i ts  s t ruc tu re  had been establ ished,  was cal led 17~H-strophanthoside,  
i s  a t r ig lycos ide  with the composi t ion C42H64019. I t s  UV spec t rum has an absorpt ion m a x i m u m  at 218 nm 
(log e 4.19) and a shoulder  in the ~300 nm region (log e ~  1.9) due to a butenolide r ing and a carbonyl  group. 
The hydro lys i s  of the glycoside gave s t rophanthot r iose  and an aglycone identified as 17flH-strophanthidin 
[17, 18]. In view of the fact  that the s t ruc tu re  of s t rophanthot r iose  has  been es tab l i shed  (see above), this  
glycoside can be cha r ac t e r i z ed  as 17fltt-strophanthidin 3~- [O-f l -D-glucopyranosyl - (1-*  6) -O-f l -D-g luco-  
pyranosyl-{1--* 4 ) -~ -D-cymaropyranos ide ] ,  and the s t ruc tu re  is  r ep re sen t ed  by fo rmula  V. 

Cardenol ide S 12 is  a t r ig lycos ide  with the composi t ion C42H64020. I t s  UV s p e c t r u m  has  an a b s o r p -  
tion m a x i m u m  at 219 nm (log ~ 4.19). The acid hydro lys i s  of the glycoside with 0.05 N sulfur ic  acid gave 
s t rophanthot r iose  and s t rophanth id in-19-carboxyl ic  acid [16]. On the bas is  of these  facts  and the s t ruc tu re  
of s t rophanthot r iose ,  the glycoside can be c h a r a c t e r i z e d  as s t rophanthos ide-19-carboxyl ic  acid (III). A 
conf i rmat ion  of the c o r r e c t n e s s  of this  s t ruc tu re  (IH) is  the fact  that the oxidation of k -s t rophanthos ide  
with po ta s s ium pe rmangana te  fo rms  a po la r  cardenol ide  chromatograph ica l ly  identical  with the glycoside 
S 12. 
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The determination of the s t ruc tures  of cardenolides S 3 and S 6 will be repor ted  separately.  Only 
some of the i r  proper t ies  are  given in the present  paper.  

EXPERIMENTAL 

For analysis, the substances were dried at 80°C in a vacuum of 0.01 mm Hg over phosphorus pent- 
oxide for 4 h. The paper chromatography of the compounds under investigation and the determination of 
their relative polarities in the form of PIV[ were performed in the following solvent systems: i) toluene- 
butan-l-ol (i : 2)/water; 2) methyl ethyl ketone-m-xylene (i : l)/formamide; 3) butan-l-ol-acetic acid 
(4 : D/water; 4) benzene-methyl ethyl ketone (i : D/water; and 5) benzene/formamide. All the glycosides 
isolated gave positive Legal and Raymond reactions. The following abbreviations are used in the text: 
k-s-fl - k-strophanthin-fl; TMG - tetra-O-methyl-D-glucose; G - D-glucose. 

The Strophanthus seeds, after comminution and defatting with petroleum ether, were exhaustively 
extracted with 96% and 70% ethanol. The extract was concentrated in vacuum to an aqueous residue. The 
aqueous solution was additionally purified with petroleum ether, and then with alumina. The glycosides 
were extracted three times with chloroform-ethanol (2 : i), after which the aqueous phase was saturated 
with sodium sulfate and treated with the same solvent until the ca~denolide reactions were negative. The 
ethanolic-chloroformic solutions were dried over anhydrous sodium sulfate and evaporated in vacuum. 
The total glycosides obtained were separated by partition chromatography in columns of silica gel or cel- 
lulose, using the t o l u e n e - b u t a n - l - o l  (4 : 1 to 1 : 3 ) / w a t e r  sys tems.  The rat io of the mixture of glycosides 
being separated to the dry  support was 1 : 200, or, in individual cases ,  1 : 400. 

Cymarin (S 2). The glycoside was c rys ta l l ized  f rom methanol; mp 142-143°C, [a ]~+36 .3  ± 2 ° (c 1.10; 
chloroform}. It  gave a posit ive Keller-Kiliani reac t ion .  With conc. H~SO 4 it  formed the following t ime-  
dependent colorat ions:  0 min - cinnamon brown; 5 min - cinnamon. A mixed sample with authentic cy -  
mar in  showed no depress ion of the melt ing point (142-144°C). Paper  chromatography also showed the 
identity of these substances.  

Per ip locymar in  (S 1). The substance was c rys ta l l ized  f rom me thano l - e the r ;  mp 138-141°C, [ a ]~+  
28.3 * 3 ° (c 0.72; chloroform}. The Keller-Kiliani reaction was positive. With conc. H2SO 4 it formed the 
following colorat ions:  0 rain - cinnamon; 25 min - blue; 90 min - blue-green.  

The glycoside (10 mg) was dissolved in 5 ml of ethanol, 5 ml  of 0.1 N sulfuric acid was added, and 
the mixture was heated at 90°C for  30 min. Then the solution was neutral ized with barium carbonate,  f i l-  
tered,  and evaporated. Pape r  chromatography of the residue showed the presence  of periplogenin and D- 
cymarose .  

Cardenolide S 3. The substance c rys ta l l i zed  from ethanol in the form of large p r i sms ;  mp 288-289°C; 
[ a ]~+  63.2 ± 3 ° [c 0.60; c h l o r o f o r m - m e t h a n o l - p y r i d i n e  (1 : 1 : 0.5)]. The Keller-Kiliani reaction (for the 
presence  of 2-deoxysugars)  and the react ion with te t rani t romethane (for an isolated C = C) were negative. 
With conc. H2SO 4 it  formed the following colorat ions:  0 min - orange; 5 min - red; 220 min - c r imson- red .  
UV spect rum:  ~ e n ~  -n°l 218 and 285 nm. 

Per iplocin  (S 4). The glycoside c rys ta l l i zed  f rom water,  mp 205-208°C, [a~5 +22.3 ± 2 ° (c 1.00;meth-  
anol). With conc. H2SO 4 it formed the following colorat ions:  0 rain - cinnamon; 5 rain - blue; 90 min - 
blue-green.  A solution of 10 mg of the glycoside in 0.1 ml of dimethylformamide was t rea ted  with 10 mg 
of an enzyme prepara t ion f rom the grape snail dissolved in 1 ml of water,  and the mixture  was left at 42°C 
for  24 h. The enzymes were precipi ta ted with hot ethanol, and the solution was evaporated.  According to 
paper  chromatography,  the residue consis ted of per ip locymar in  and D-glucose.  

k-Strophanthin-fl (S 5}. The glycoside crys ta l l ized f rom water;  mp 227-232°C, [c~]~+ 28.7 * 3 ° (c 
1.00; methanol). With conc. H2SO 4 it formed the following colorat ions:  0 min - green;  2 h  - yellow; 7 h - 
light brown. A mixed melting point of S 4 with a sample of k-strophanthin-B and paper  chromatography 
showed their  identity. 

Cardenolide S 6. The substance c rys ta l l ized  f rom isopropanol; mp 182-184°C, [ a ]~+  26.1 * 2 ° (e 
1.00; ethanol). On paper  chromatography in solvent sys tem 1, Rk_s_ fl 0.37. With cone. HzSO 4 it formed the 
following colorat ions:  0 rain - brown; 3 rain - red; 15 rain - c r imson- red ;  120 rain - red  with a violet 
tinge. 
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E r y s i m o s i d e  (S 7). The substance  c rys t a l l i zed  f rom ethanol; mp 235-241°C, [~]~+ 19.0 ± 2 ° (c 1.12; 
methanol) .  With conc. H2SO 4 i t  f o rmed  the following colorat ions:  0 rain - green;  30 rain - brown. UV spec -  
t r tun;  ~ . h ~ o l  219 and 305 rim (log e 4.17; 1.51). A mix tu re  with a sample  of e r y s i m o s i d e  showed no de-  
p r e s s ion  o~the mel t ing  point (235-241°C). On pape r  chromatography,  these  substances  appeared  at the 
same  level .  

k-St rophanthoside  (S 8). The glycoside c rys t a l l i zed  f rom bu tan- l -o l ;  mp 179-182°C, [c~]~+ 12.7 ~- 2 ° 
(c 1.10; ethanol). With conc. HzSO 4 i t  fo rmed  the following colorat ions:  0 rain - green;  10 rain - brown; 
85 rain - lemon-yel low;  105 rain - light green .  On p a p e r  ch romatography  in solvent s y s t e m  1, Rk_s_ fl 0.22. 
The m o l e c u l a r  weight of 874.7 found (by the spec t rophotomet r ic  method) and the r e s u l t s  of e l e m e n t a r y  ana l -  
ys i s  co r r e spond  to the composi t ion  C42H64019. UV spec t rum:  ~nthaxan°l 217 nm (log e 4.16) with a shoulder  
in the ~300 ran region (log ~ 1.87). 

St rophanthotr iose  and Strophanthidin. A solution of 0.8 g of s t rophanthoside in 50 ml  of 0.05 N su l -  
fur ic  acid was heated at 80°C for  40 rain. The aglycone was ex t rac ted  f rom the cooled solution with a m i x -  
tu re  of ch lo ro fo rm and p r o p a n - l - o l  (5 : 1; 5 × 50 ml).  The combined a lcohol ic -ch loroformic  ex t r ac t s  were  
t r ea t ed  with a 2 N solution of sodium carbonate  (15 ml) and with water  (4 × 10 ml) and were  evaporated.  
The res idue ,  which cons is ted  of the aglycone,  was c rys t a l l i zed  f rom ethanol. The aglycone mel ted  at 140- 
144°C/228-232°C; [ a ]~+44 .7  4- 2 ° (c 1.00; methanol) .  With conc. tt~SO 4 i t  f o rmed  the following colorat ions:  
0 rain - ye l low-green ;  5 rain - g reen i sh -o range ;  25 rain - green.  On pape r  ch romatography  it  had the s ame  
Rf values  as a sample  of strophanthidin.  

The aqueous solution containing the sugar  component  was neut ra l ized  with bar ium carbonate ,  f i l te red  
through a l aye r  of k iese lguhr ,  and concent ra ted  in vacuum to a sy rupy  res idue .  After  the addition of ab-  
solute ethanol, c r y s t a l s  of s t rophanthot r iose  (0.4 g) deposited.  The r e c r y s t a l l i z e d  s t rophanthot r iose  had 
mp  217-223°C; [ a ]~+  7.7 ± 2 ° (c 1.00; water ;  m e a s u r e m e n t  a f t e r  equi l ibr ium had become establ ished) .  In 
solvent  s y s t e m  3, R G 0.51. The e l e m e n t a r y  ana lys i s  cor responded  to the fo rmula  C19H34014. 

Methylation of Strophanthotr iose.  Hydro lys i s  of Methylated Strophanthotr iose and Identif icat ion of 
the Hydro lys i s  Produc ts .  With heating, 0.2 g of s t rophanthot r iose  was dissolved in 15 ml  of d imethyl -  
fo rmamide ,  and 4 ml of methyl  iodide and 8 g of f r e sh ly  p r e p a r e d  s i l ve r  oxide were  added. The reac t ion  
mix tu re  was heated with constant  s t i r r ing  for  11 h. During the react ion,  a fu r ther  7 ml  of ethyl iodide and 
10 g of s i l ve r  oxide were  added in smal l  por t ions .  The mix tu re  was diluted with 50 ml  of ch loroform,  and 
the p rec ip i t a te  was f i l te red  off and washed with ch loroform,  and the f i l t ra te  was evapora ted  in vacuum. 
The reac t ion  product  was methyIa ted  again s imi l a r ly .  

The methy la ted  t r i s accha r ide  was dissolved with heat ing in 35 ml  of acet ic  acid, and 55 ml  of hot 
wa te r  and 10 ml  of conc. hydrochlor ic  acid were  added. The mix ture  was heated  in the boiling wa te r  bath 
for  1 h. The cooled solution was neu t ra l i zed  with sodium carbonate  to pH 5 and was t r ea t ed  with ch lo ro-  
f o r m - e t h a n o l  (2 : 1 ; 5 × 50 ml).  The e thano l ic -ch loroformic  ex t rac t  was washed with 15 ml  of water ,  dr ied  
over  anhydrous sodium sulfate,  and evapora ted  to d ryness .  The res idue was ch romatographed  on 10 g of 
a lumina  (act ivi ty g rade  m ) .  I t  was eluted with ch lo ro form and then with c h l o r o f o r m - e t h a n o l  (95 : 5 to 
65 : 35). This  gave two monosaccha r ides .  One of them (1) had mp 90-95°C (diethyl ether),[c~]~+ 83.3 ± 5 ° 
(c 0.53; methanol;  a f t e r  the equi l ibr ium had become establ ished).  A mix tu re  of sugar  i and 2 ,3 ,4 ,6 - t e t r a -  
O-me thy l -D-g lucose  gave no depress ion  of the mel t ing  point (90-95°C). P a p e r  ch roma tog raphy  also showed 
the ident i ty of these  subs tances .  

Sugar 2 was obtained in the fo rm of a v iscous  syrup,  [ a ]~+  66.8 ± 3 ° (c 1.72; ethanol). In solvent 
s y s t e m  4 it had RTM G 0.20. I t  was chromatograph ica l ly  identical  with a sample  of 2 , 3 , 4 - t r i - O - m e t h y l - D -  
glucose.  The separa t ion  of the methyla ted  sugars  also gave D-cy Ina rose  ( t races) .  Apparently,  the bulk of 
it decomposed  during hydrolys is .  

P a r t i a l  Enzymat ic  Hydro lys i s  of k-Strophanthoside.  A solution of 0.24 g of k -s t rophanthos ide  and 
0.3 g of snail  enzyme p repa ra t ion  in 20 ml  of wa te r  was kept at 25°C fo r  45 rain. The reac t ion  was stopped 
by prec ip i ta t ing  the enzyme with 200 ml  of hot ethanol. The p rec ip i t a te  was f i l te red  off. The solution was 
concent ra ted  to a volume of about 5 ml  and was diluted with 15 ml  of water ,  and the g lycos ides  were  ex-  
t r a c t ed  with c h l o r o f o r m - e t h a n o l  (2 : 1; 5 × 30 ml).  The ex t rac t  was evapora ted  and the res idue  was ch ro -  
ma tographed  on 10 g of a lumina (activity grade  m ) .  Mixtures  of ch lo ro fo rm and ethanol (97 : 3 to 80 : 20) 
were  used  as the mobi le  phase.  The f i r s t  e luates  yielded cymar in  (rap 141-143°C),and the l a t e r  ones gave 
k-s t rophanthin-f l  (rap 226-232°C; [ a ] ~ +  29.2~ 3~). Both g lycos ides  were  a lso  identified by compar i son  with 
authentic s amples .  
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Gentiobiose. k-Strophanthoside (0.4 g) was hydrolyzed with 0.1 N sulfuric acid (45 ml) in the boiling 
water  bath for  3 h. The solution was neut ra l ized  with barium carbonate,  f i l tered through kieselguhr,  and 
evaporated.  According to paper  chromatography,  the residue consis ted of D-glucose,  gentiobiose, s t ro -  
phanthobiose, D-cymarose ,  and s t rophanthotr iose .  The mixture  of sugars  was separa ted  on a column of 
80 g of cel lulose in the b u t a n - l - o l - a c e t i c  acid (4 : D / w a t e r  sys tem.  After the passage of 200 ml of this 
mixture  of solvents through the  column, it was "cut" into 25 equal sections.  Gentiobiose was obtained in 
the pure  state f rom the zones containing the mos t  polar  sugar.  

The gentiobiose c rys ta l l i zed  f rom ethanol; mp 189-195°C; [a ]~+ 9.2 ± 4 ° (c 0.48; water;  a f te r  equi-  
l ibr ium had become established).  Its e l emen ta ry  analysis  corresponded to the composit ion C12H22Oll. In 
solvent sys tem 3, R G 0.45. On enzymatic  hydrolys is  it gave D-glucose (identified by paper  ch romatogra -  
phy). The p roper t i e s  descr ibed  agree  with those given in the l i t e ra tu re  [19]. 

k-Strophanthol-T (S 9). The glycoside c rys ta l l i zed  f rom i s o p r o p a n o l - e t h e r ;  mp 192-195°C, [~]~+ 
8.0 ± 2 ° (c 1.00; methanol).  UV spectrum: ;~n~ax an°l 218 nm (log ~ 4.16). In solvent s y s t e m  1, Rk_s_fl~.14. 
The e lementa ry  analysis  cor responded to the composition C421166019. With cone. H~SO 4 i t  fo rmed  the fol-  
lowing colorat ions:  0 man - yellow; 1 man - brown; 135 rain - brown-blue.  

The glycoside (80 rag) was hydrolyzed with 0.05 N sulfuric acid (10 ml) in a s imi la r  manner  to k- 
strophanthoside (see above), and the aglycone [mp 139-142°C, [~ ]~+36 .1±  3 ° (c 0.82; methanol)] and a t r i -  
sacchar ide  (rap 217-222°C) were obtained in the individual s tates  and were  identified as strophanthidol and 
s t rophanthotr iose by di rect  compar ison with authentic samples.  

k-Strophanthoside (5 rag) was dissolved in 0.3 ml of 90% ethanol, 3 mg of sodium te t rahydrobora te  
was added, and the mixture  was left  for  15 rain. Pape r  chromatography showed that the reduced  product  
was identical  with glycoside S 9. 

Neoglucoerysimoside (S i0).  The glycoside c rys ta l l ized  f rom butan- l -o l ;  mp 195-199°C; [ a ]~+  8.9 ± 
3 ° (c 0.83; ethanol). The resu l t s  of e lementa ry  analysis  agreed  with the calculations for  the composition 
C41H62019. UV spectrum: ~ethanol 218 nm (log £ 4.17) and a shoulder  in the - 3 0 0  nm region (log aN 1.9). ,,max 
On paper  chromatography in sys tem 1, the substance had Rk_s_ fl 0.15. With cone. H2SO 4 i t  gave the fol-  
lowing coloration: 0 rain - green;  2 rain - brown; 150 rain - lemon-yel low. 

The par t ia l  enzymatic  hydrolys is  of 0.1 g of neoglueoerysimoside was pe r fo rmed  just  as for  s t ro -  
phanthoside, except  that the react ion t ime was 25 rain. Erys imin  (rap 150-154°C), e rys imos ide  (rap 234- 
240°C), and D-glucose were isolated, and were  identified by a d i rec t  compar ison with authentic samples of 
these substances.  

Gentiobiosyldi~itoxose. Glycoside S 10 (0.26 g) was hydrolyzed with 0.05 N H2SO 4 (20 ml) as de-  
scr ibed for  k-s t rophanthoside.  After  s imi la r  working up of the hydrolysate  (see above), the aglycone s t r o -  
phanthidin was isolated in the pure state with mp 139-142°C/227-232°C; [a ]~+45.2  ± 3 ° (c 1.00; methanol),  
and so was a t r i s accha r ide  (120 rag), which we have called gentiobiosyldigitoxose. 

Gentiobiosyldigitoxose c rys ta l l i zed  f rom ethanol, mp 212-215°C, [ a ]~+4 .1  ± 3 ° (c 0.44; water;  a f te r  
equil ibrium had become established).  In solvent sys tem 3 it had R G 0.33. The resu l t s  of e lementa ry  anal-  
ys is  agreed  with the calculated f igures for  the composition C18H32014. After enzymatic  hydrolys is ,  p e r -  
formed on the mic ro  scale,  D-glucose and D-digitoxose (identified by paper  chromatography) were  detected. 

Gentiobiosyldigitoxose (40 rag) was methylated with methyl iodide in the p resence  of s i lver  oxide ac-  
cording to Kuhn [20] (compare the method descr ibed  above), and a f te r  hydrolys is  of the methylated prod-  
uct, 2 ,3 ,4 ,6 - te t ra -O-methyl -D-g lucose  and 2 ,3 ,4- t r i -O-methyl -D-g lucose  (identified by paper  chromatog-  
raphy) were  obtained. 

Gentiobiosyldigitoxose (I0 rag) was hydrolyzed with 0.1 N H2SO 4 (0.5 ml) in a sealed tube in the boil-  
ing water  bath for  2.5 h. The solution was f reed  f rom acid and analyzed by paper  chromatography.  The 
following sugars  were  identified: gentiobiose, D-glucose,  D-digitoxose,  digilanidobiose, and the initial 
gentiobiosyldigitoxose. 

24 +17flH-S~tr°phanth°side (S 11). The glycosideethanolWaS crys ta l l i zed  f rom moist  butanol, mp 176-179°C, 
[ ] D  6 - 6 ~ ~ o - D . - - - ~  spectrum: k~n ~ 218 nm (log £ 4.19) and a shoulder  in the N300 nm 
region (log e -  1.9). With cone. H~SO 4 i t  gave the following colorat ions:  0 rain - green-brown;  1 rain - 
brown; 50 man - brown-green.  In solvent sys tem 1, Rk_s_ fl 0.17. The resu l t s  of e lementa ry  analysis  c o r -  
responded to the f igures calculated for  the composit ion C42H64019. 
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The glycoside (50 mg) was hydrolyzed with 0.05 N sulfuric acid in the same way as in the preceding 
cases .  The appropr ia te  working up of the hydrolysa te  gave the aglycone [rap 263-268°C, [a ]~+ 37.0 • 3 ° 
(c 0.72; methanol)] and a t r i sacchar ide  (rap 217-222°C), which were  identified as 17fl-strophanthidin and 
s t rophanthotr iose.  The identification was pe r fo rmed  by comparison with samples  of these  substances ob- 
tained previously .  

Strophanthoside-19-carboxyl ic  Acid (S 12). The substance, with the composit ion C42H64020, c ry s t a l -  
l ized f rom butano l -ace tone ;  mp 195-198°C; [a ]~+ 2 1 . 1 - 3  ° (c 0.98; ethanol). UV spect rum:  ~n~ax an°l 219 
nm (log e 4.19). In solvent sys tem 1, Rk_s_ fl 0.05. On dissolution in conc. H2SO 4 it  gave the following 
colorat ions:  0 rain - green-brown;  2 rain - red; 90 rain - red-viole t .  

The glycoside (0.3 g) was hydrolyzed in 40 ml of 0.05 N H2SO 4 as descr ibed  above. The aglycone 
was ex t rac ted  f rom the hydrolysate  with c h l o r o f o r m - p r o p a n - l - o l  (2 : 1; 5 x 50 ml). The a lcohol ic -ch loro-  
formic  ex t rac t  was t r ea ted  with 2 N sodium carbonate  solution (20 ml). The sodium carbonate  extract ,  
into which prac t ica l ly  the whole of the aglycone passed,  was acidified with 1 N sulfuric acid. The ca rdeno-  
lide was ex t rac ted  with c h l o r o f o r m - p r o p a n - l - o l  (2 : 1; 5 x 60 ml). The a lcohol ic -ehloroformic  solution 
was washed with water  (4 x 10 ml) and evaporated.  The residue,  which consis ted of s trophanthidin-19- 
carboxyl ic  acid, was c rys ta l l i zed  f rom ace tone -d i e thy l  e t h e r - w a t e r ;  i t  had isomorphic  forms:  large 
p r i sms  with mp 163-165°C and thin plates with mp 187-191°C; [a ]~+57.1  ± 3 ° (c 0.86; ethanol). With conc. 
H2SO 4 the aglycone gave the following colorat ions:  0 rain - yel low-orange;  1 rain - c r imson- red ;  120 rain - 
lilac. 

The aqueous solution of the hydrolysate ,  a f te r  the elimination of acid and crys ta l l iza t ion  f rom etha-  
nol gave pure  s t rophanthotr iose  with mp 217-223°C; af ter  the establ ishment  of equil ibrium [a ]~+ 7.8 • 2 ° 
(c 1.20; water) .  

k-Strophanthoside (5 rag) was dissolved with heating in 1 ml of ethanol, 0.3 ml  of a 0.2% acetone so-  
lution of potass ium permanganate  was added, and the mixture  was left at 23°C for  15 rain. Pape r  ch roma-  
tography showed that the oxidized cardenolide so formed (it also contained the initial glycoside as an im-  
purity) was identical  with S 12. 

SUMMARY 

The seeds of Strophanthus kombe Oliv. have yielded 12 cardiac  glycosides.  Of them, six were  iden- 
t iffed with known cardenolides:  S 1 - per ip locymarin;  S 2 - cymarin;  S 4 - periplocin;  S 5 - k -s t rophan-  
thin-/~; S 7 - e r y s i m o s i d e ;  S 8 -  k-s t rophanthoside.  The s t ruc ture  of k-s t rophanthoside as strophanthidin 
3~- [O- f l -D-g lucopyranosy l - ( l~  6)-O-f l -D-glucopyranosyl-(1-* 4)-f l -D-cymaropyranoside]  has been con-  
f i rmed.  

This  is apparent ly  the f i r s t  t ime that the other  six glycosides have been isolated f rom Strophanthus 
kombe in the pure state.  Cardenolides S 9, S 11, and S 12 have s t rophanthotr iose as the carbohydra te  com-  
ponent, and the i r  aglycones are ,  respect ively ,  strophanthidol,  s t rophanthidin-19-carboxyl ic  acid, and 17fl H- 
strophanthidin. These  glycosides have been named in accordance with the s t ruc tu res  es tabl ished for them: 
k-s t rophanthol -y  (S 9), s t rophanthoside-19-carboxyl ic  acid (S 12) and 17flH-strophanthoside (S 11). Ca r -  
denolide S 10, which has been called neoglucoerys imoside ,  is  strophanthidin 3fl-[O-B-D-glueopyranosyl-  
(1-* 6)-O-f l -D-glucopyranosyl-(1  --~ 4)-fl-D-digitoxopyranoside].  F r o m  neoglucoerys imoside  a new t r i s a c -  
ehar ide has been obtained which we have called gentiobiosyldigitoxose. The s t ruc ture  of the la t te r  can be 
cha rac t e r i zed  as O-f l-D-glucopyranosyl-(1-~ 4)-O-f l -D-glucopyranosyl-(1-* 6)-D-digitoxose.  
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