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As reported previously [1], the seeds of Erysimum suffruticosum Spreng, contain not less than 12 
cardenolides. After the enzymatic hydrolysis of the native compounds, canescein was isolated prepara- 
tively [2]. 

Continuing these investigations, we have isolated another six cardenolides, of which one proved to be 
new and has been named bipindogulomethyloside (1). The other cardenolides were identified as digitoxi- 
genin, strophanthidin, erysimin (strophanthidin 3fl-O-~-D-digitoxoside) [3], desglucoerycordin (cannogenol 
3fl-O-fl-D-gulomethyloside) [4], and desglucocheirotoxin (strophanthiclin 3/3-O-/~-D-gulomethyloside) [5]. 

The seeds of E. suffruticosum grown in an experimental field at the Khar'kov Scientific-Research 
Institute of Pharmaceutical Chemistry (I. G. Zoz, 1965-1967) were "autofermented" and extracted with 
ethanol, and, after the usual purification of the extract, a mixture of cardenolides (not less than 11) was 
obtained which was separated by adsorption chromatography (on alumina) and partition chromatography 
(on cellulose). The known substances were identified both by their properties and by direct comparison 
with authentic samples. 

Bipindogulomethyloside (1) is a monoglycoside with the composition C29Ha4010 . When chromatographed 
on paper, it scarcely differs from locundjoside (bipindogenin 3fl-O-~-L-rh~muoside, Table 1). However, 
the other properties of these glycosides and, particularly, the properties of their acetates show that they 
are different compounds. After acid hydrolysis, performed by the Mannich-Siewert method [6], the 
aglycone bipindogenin and an amorphous monosaccharide were obtained in the pure state. The latter was 
identified as D-gulomethylose from the results of chromatographic analysis, the preparation of a crys-  
talline phenylosazone, and a comparison of its properties with an authentic sample. Analysis of molecular 
rotations of the glycoside and the aglycone in accordance with Klyne's rule [7] showed that the D-gulo- 
methylose is attached by a E-glycosidic bond. Thus, the new glycoside is bipindogenin 3fl-O-fl-D-gulo- 
methyloside (bipindogulomethyloside), 1. 
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At the present time, only five cardiac glycosides the aglycone of which is bipindogenin have been 
isolated (Prof. T. Reichstein has kindly provided us with samples of three glycosides and their acetyl de- 
rivatives). The results of the comparison of the properties of the five glycosides of this group and their 
acetates are given in Table 1. 
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TABLE 1 

Glycoside~ and their 
molecular formulas; 
acetyl derivatives 

Alliside (a .L-gluco- 
methyloside) C~H44010 

Loctmdjoside (a-~- 
rhamnosid¢) C..mH~O~o 

Bipindaloside (B-D- 
digitalc$ide) ~C~oH4¢O1o 

B/pmaoside (a-L-tato- 
methylos.ide) ~ t ~ Q l o  

Blpindogmomernymlme- 
( /~ -D  - g u l o m e t h y l = i d e )  - 

CnH~Ol0 

T e r r a - O  -acety la l l ts ide  
• Tetra  _O .acetT l locundj  o" 

s i d e  
Tri-O-acetylbipindalo- 

s i d e  
Teua -O-acetylbipindo - 

fide 
T e ~ a  - O - a c e t y l b i p i n d o -  

g u l o m e r h y l o s f d e  

Mp, °C 

180--183 

184--187/ 
277--279 

167--169 

163--166 

150--153/ 
168--170 

152--156 
158-161 

286--289 

153--t56 

153--155 

[a] D, deg 
and solvent 

--47,7 (met) 

- -  12, I (met.) 

+ 15.2 ~et.) 

--22.6 (met# 

--17.8 (met) 

--65.0 (chl) 
-24,3 (oh1) 

+19.3 (ch~) 

--35.7 (eL)  

-3.1 (cl~) 

P~trophanthidir 
in the chl -  
rhf (1: 1)/ 
fred system 

O, 184 

0,170 

0,260 

0,360 

0,174 

R f  in hen- , 
"zene/fmd 

sy|te11"t t 
0.60 
0,39 

0,33 

0,24 
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Present work 

Note .  c h l - c h l o r f o r m ;  m e t .  - m e t h a n o l ;  t h f -  t e t r a h y d r o f u r a n ;  
f red - f o r m a m i d e .  

TABLE 2 

Fraction Solvent I Amount, I No. [ ml [ Composition 

I 
2 
3 
4 
5 

6 - 9  
10.L.15 

16-22 
23--30 

31-42 
43-..-.44 
45---.47 
48  - 5 6  
57-62 

63-80 

Chl 
Chl-alc(99, !--98,2) 
Chl-alc 98, 2 
The same 
Chl-alc (97,3) 
The same 
Chl-alc 96,4 --95,5 

• 9 4 , 6  - - 9 0 , 1 0  
• 89,11--87.'13 

• 86:14--83:17 
• 83,17 

. 8 2 - - 1 8 - - 8 1  : 19 
• 80 = 20--77 = 23 

75--25--74--'26 

73:27--70:30 

280 
90 

120 
50 

I00 
350 
400 

800 
50G 

90C 
12C 
35~ 
55C 
35C 

140C 

Oil 
Digitoxigenin (I) 
Strophanthidin (II) 

Unknown car~enolide (III)+ erysimin (IV~ 
Erysimin (IV) 
Erysimin (IV) + unknown cardenolides 
(v,  vI) 

Des~ucoerycordin (VII) + traces of VI 
Desglucoerycordin (VII) ~ desgluco- 

cheirotoxin (VIII) 
Desglucocheirotoxin, (VIII) + (I X) 
(IX] + unknown cardenolide (X) 

Canescein (X'D 
Canescein (XI, traces) + erysimoside 

( ?, XlI. traces) 

Wi th  c o n c e n t r a t e d  H2SO 4 they  f o r m  e x t r e m e l y  s i m i l a r  c o l o r s  changing  with  t i m e  ( see ,  fo r  e x a m p l e ,  
the  r e a c t i o n  of  b i p i n d o g u l o m e t h y l o s i d e  in the  e x p e r i m e n t a l  p a r t ) .  Consequen t ly ,  t h i s  r e a c t i o n  can  h a r d l y  
be u s e d  a s  a c r i t e r i o n  fo r  d i s t i n g u i s h i n g  the b ip indogen in  g l y c o s i d e s  f r o m  one a n o t h e r .  H o w e v e r ,  i t  i s  p o s -  
s i b l e  to u se  i t  a s  one of  the  m e t h o d s  for  the  g roup  i d e n t i f i c a t i o n  of  the  g l y c o s i d e s .  

The  i s o l a t i o n  f r o m  f e r m e n t e d  s e e d s  of  d ig i t ox igen in  and s t r o p h a n t h i d i n ,  and  a l s o  the a l m o s t  c o m p l e t e  
a b s e n c e  of  t h e s e  c o m p o u n d s  in the  u n f e r m e n t e d  r a w  m a t e r i a l  shows the  p o s s i b l e  p r e s e n c e  in E .  s u f f r u t i -  
c o s u m  of  g l y c o s i d e s  of  the  s t r u c t u r e  in which  s u g a r s  c a p a b l e  of be ing  s p l i t  off u n d e r  the  a c t i o n  of  e n z y m e s  
a r e  a t t a c h e d  d i r e c t l y  to the  a g l y c o n e s .  The  m o s t  p r o b a b l e  s u g a r s  fo r  E r y s i m u m  in th i s  connec t ion  a r e  D -  
g lucose  and D - f u c o s e .  

EXPERIMENTAL 

The s u b s t a n c e s  w e r e  a n a l y z e d  a f t e r  d r y i n g  a t  100°C in vacuum o v e r  p h o s p h o r u s  pen tox ide .  The  
c a r d e n o l i d e s  w e r e  c h r o m a t e g r a p h e d  on p a p e r  in the K a i s e r  s y s t e m s :  m e t h y l  e thy l  k e t o n e - m - x y l e n e  (1 : 1 ) /  
f o r m a m i d e  (I) 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  (II). 

The  c o m m i n u t e d  s e e d s  (0.8 kg) w e r e  d e f a t t e d  with p e t r o l e u m  e t h e r ,  d r i e d  in the  a i r ,  u n i f o r m l y  we t t ed  
wi th  w a t e r ,  and l e f t  in a t h e r m o s t a t  a t  40-42°C f o r  46 h. 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  e thano l  u n -  
t i l  the  r a w  m a t e r i a l  was  f r e e  f r o m  b i t t e r  t a s t e .  The  e thano l i c  e x t r a c t s  w e r e  c o n c e n t r a t e d  to  a v o l u m e  of  
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about 1 l i t e r ,  1 l i te r  of water  was added, and concentrat ion was repea ted  to an aqueous res idue.  The aque- 
ous solution was purif ied by shaking with pe t ro leum e ther  (3 × 500 ml) and with diethyl e ther  (100 ml). 
Then i t  was f i l t e red  through 200 g of alumina. The adsorbent  was washed with water  until the react ion of 
the wash-wate rs  for  cardenol ides  (Legal react ion) was negative.  The f i l t ra te  was sa tura ted  with sodium 
sulfate and the glycosides were  ex t rac ted  with e t h a n o l - c h l o r o f o r m  (1:2)  (6 × 0.7 l i ter) .  The combined 
e t h a n o l i c - c h l o r o f o r m i c  ex t r ac t s  were  washed with water  (2 × 70 ml), dr ied over  anhydrous sodium sulfate, 
f i l tered,  and evaporated.  The res idue  consis ted of 16 g of a viscous light brown mass  solidifying on cooling. 

The mix ture  of glycosides  was chromatographed on 500 g of alumina (activity grade HI). Elution was 
p e r f o r m e d  with ch lo ro fo rm and with c h l o r o f o r m - e t h a n o l  (99 : 1 - 7 0  : 30; Table 2). 

The f i r s t  separa t ion of the glycosides gave chromatographica l ly  pure  digitoxigenin (I), e rys imin  (IV), 
strophanthidin (II), and canescein  (XD, and also desglucoerycordin  (VII) contaminated with a smal l  amount 
of an unknown cardenol ide  (VI). To improve crys ta l l iza t ion,  the digitoxigenin was rechromatographed  on 
alumina, using for elution benzene and b e n z e n e - c h l o r o f o r m  (9 : 1-3 : 7). 

The mix ture  of bipindogulomethyloside (IX) and desglucocheirotoxin (VIII) f rom fract ions  31-42 (0.7g) 
was chromatographed  on 350 g of cel lulose in the 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 ) / fo rmamide  sys tem.  
The formamide  had previous ly  been purif ied with alumina (activity grade II) and act ivated with carbon.  F o r  
the deposition of the s ta t ionary  phase the cel lulose was impreganted with f o r m a m i d e - a c e t o n e  (1 : 1), the 
excess  of solvent  was el iminated by fi l trat ion,  and it  was dr ied  in the a i r  (until i t  no longer smeUed of ace -  
tone). The f rac t ions  were  taken with the aid of an automatic col lec tor .  The separat ion of the glycosides 
was prac t ica l ly  complete .  The eluates  containing the individual substances were  evapora ted  and were  
dr ied  (to f ree  them f rom formamide)  in a vacuum of 0.01 mm Hg. In o rde r  to el iminate impur i t ies  of a 
noncardenol ide nature and to improve  the crysta l l izat ion,  the glycosides were  separa ted ly  adsorbed on 
alumina (activity grade III), the alumina was washed with chloroform,  and desorpt ion was then pe r fo rmed  
with c h l o r o f o r m - e t h a n o l  (4 : 1). 

Digitoxigenin (I) was c rys ta l l i zed  f rom ethanol, mp 246-250°C, [~]~ + 18.2 ± 2 ° (c 0.62; methanol).  A 
mix ture  with an authentic sample mel ted  at 246-252°C, Rdigitoxigenin = 1.00 ( sys tem 1, and also benzene /  
formamide) .  

Strophanthidin (II), mp 158-163/229-232°C. A mix ture  with an authentic sample gave no depress ion  
of the mel t ing point; Rstrophanthidin = 1.00 ( sys tems  1 and 2). 

E rys imin  (IV) [3] had mp 174-177~C (60% ethanol). A mix tu re  with an authentic sample of e rys imin  
mel ted  at 174-178°C; [~]~) + 24.8 ± 3 ° (c 1.09; methanol);  Rerys imi  n = 1.00 ( sys tems  1 and 2). 

Desglucoerycord in  (VID. In spite of the p resence  in f ract ions  16-22 of a small  amount of an unknown 
cardenol ide,  af ter  two c rys ta l l i za t ions  they yielded pure  desglucoerycordin  with mp 161-164°C (acetone); 
mixture  with an authentic sample mp 161-164°C; [ ~ ] ~ - 2 0 . 8  • 2 ° (c 0.93; methanol);  Rdesglucoerycordin  = 
1.00 ( sys tem 2). 

Desglucocheirotoxin (VIII) [5] c rys ta l l i zed  f rom aqueous solution with mp 189'192°C, [c~]~-7.1  • 3 ° 
(c 1.00; methanol).  A mixture  with an authentic sample (kindly provided by N. 1P. Komissarenko)  gave no 
depress ion  of the mel t ing point (189-192°C); Rdesglucocheirotoxi  n = 1.00 (sys tem 2). The hydrolys is  of the 
glycoside (pe r fo rmed  as descr ibed  for  bipindogulomethyloside,  see below) formed strophanthidin and D- 
gulomethylose (identified by paper  chromatography) .  

Bipindogulomethyloside (XI) mel ted  at 150-153/168-170°C ( i sopropano l -e the r ) ,  [c~]~)-17.76 • 2 ° (c 
1.10; methanol).  The resu l t s  of e l emen ta ry  analysis  agreed  with the f igures  calculated for the composit ion 
C~9H44010. With concent ra ted  H2SO 4 i t  fo rmed  a colorat ion changing with time: 0-2 sec - y e l l o w ;  5 s e c  - 

o r a n g e ;  5 min - brown; 75 min - violet; 500 min - blue-violet  with a prec ip i ta te .  

Tet ra-O-ace ty lb ip indogulomethylos ide ,  The glycoside (45 mg) dissolved in absolute pyridine (1 ml) 
was acetyla ted with acet ic  anhydride (0.5 ml) at 21-23°C for  46 h. Then water  and ice were  added and the 
mix ture  was s t i r r e d  in the cold for 1.5 h. The c rys t a l s  that deposited were  f i l tered off and washed with 
water .  The res idues  of acetyl  glycoside were  ex t rac ted  with ch loroform (100 ml).  The ch loroform solu-  
tion was t r ea t ed  with 5%sulfuric acid (2 × 10 ml) and with water  (5 × 10 ml) and was  evaporated.  The prod-  
uct  was c rys t a l l i zed  f rom m e t h a n o l - w a t e r  at  3-5°C. The acetate  mel ted  at  153-155°C, [c~]~ - 3 . 1  ± 2 ° (c 
1.57; chloroform).  

Hydrolys is  of Bipindogulomethyiosi-cJe. A solution of 80 mg of the glycoside in 10 ml of a mixture  of 
concentra ted  hydrochlor ic  acid and acetone (1 : 99 by volume) was left  to stand for  70 h. Then 25 ml of 
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water  was added and the acetone was evaporated off in vacuum at 45-50°C. The mix ture  was heated fu r -  
ther  at  the same t empera tu re  in a flask with a reflux condenser  for 20 min. The aglycone fract ion of the 
hydrolyzate  was ex t rac ted  with c h l o r o f o r m - e t h a n o l  (3 : 1) (5 × 40 ml). 

The e thanol ic-chloroformic  solution was washed with a 2 N solution of sodium bicarbonate (5 ml) and 
with water  (4 x 10 ml) and was evaporated.  The res idue was chromatographed on 1.6 g of alumina (activity 
grade III). Elution was pe r fo rmed  with ch loroform and with ch lo ro fo rm-e thano l  (99 : 1 - 9 3  : 7). The agly-  
cone crys ta l l ized  f rom isopropanol in the fo rm  of square plates with mp 242-248/304-308°C, [a]~) + 29.6 ~- 2 ° 
(c 1.22; methanol).  A mixture  with a sample of bipindogenin gave no depress ion  of the melt ing point. With 
concentrated H2SO 4 the aglycone obtained and bipindogenin gave s imi lar  colorat ions changing with time: 0 
rain - yellow; 1 rain - yel low-orange;  10 min - brown; 120 ra in  - reddish brown; 320 min - blue. The 
IR spec t rum (taken by I. P. Kovalev) was also identical with that of bipindogenin. 

The aqueous solution was neutral ized with s i lver  carbonate at 0-3°C and was f i l tered.  The f i l t ra te  
was saturated with hydrogen sulfide, likewise with cooling, and was f i l tered through a layer  of kieselguhr.  
After evaporation,  a monosacchar ide  was obtained in the form of a v i t reous  mass .  By paper  chromatog-  
raphy in the following solvent sys tems:  " b u t a n - l - o l - a c e t i c  acid (4 : 1 ) /wa te r  and 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: 2) [12], the monosacchar ide  was identified as D-gulomethylose.  The phenyl-  
osazone of the monosacchar ide  had mp 179-181°C. A mixture  with an authentic sample mel ted  at 179-181°C. 
On paper  chromatography,  RD_gulomethylose phenylosasone = 1.00 (system 1 and benzene / fo rmamide} .  

Canescein (XI) [2, 13] c rys ta l l i zed  f rom water ,  mp 193-195°C, [ a ] ~ - 2 3 . 6  ~- 3 ° (c 0.62; methanol); 
Rcanescei  n = 1.00 (sys tem 2). A mixture  with an authentic sample gave no depress ion  of the melt ing point. 

CONCLUSION 

Seven cardenolides have been isolated f rom the seeds of Erys ium suffrut icosum Spreng.: digitoxi- 
genin, strophanthidin, erys imin,  desglucocheirotoxin,  desglucoerycordin,  canescein,  and a new glycoside 
which we have called bipindogulomethyloside. The la t ter  is bipindogenin 3fl-O-fl-D-gulomethyloside.  
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