
C A R D I A C  G L Y C O S I D E S  OF C h e i r a n t h u s  a l l i o n i .  V I I *  

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

By the method descr ibed  previous ly  [2], f rom the seeds of Cheiranthus allioui hort .  (plains erys imum) 
we have additionally isolated four cardiac  glycosides which have provis ional ly  been denoted by the symbols 
M-57, M-70, M-72, and M-73. They were  all obtained f rom the emedium-polar i ty"  cardenolide fraction 
(see [2]). 

Glycoside M-70 has the composit ion C~gI-IoOI1; on enzymatic  hydrolysis ,  strophanthidin and D-glu-  
cose  were  formed.  In composit ion and p roper t i e s  i t  cor responds  to glucostrophanthidin [3]. As was a s -  
sumed, the strophanthidin 3fl-O-~-D-glucopyranoside that we synthesized (see Experimental)  and M-70 
proved to be identical .  

Cardenolide M-72 is  a monoglycoside,  C29H4408. I ts  acid hydrolysis  by the Mannich-Siewert  method 
[4] gave the pure  aglycone, which was identified as digitoxigenin, and L-rhamnose .  The p roper t i e s  of M- 
72 a re  ex t r eme ly  close to those of the known glycoside evomonoside [5] - digitoxigenin 3 f l - O - a - L - r h a m -  
nopyranoside (II). The resu l t s  of a d i rec t  compar ison  of M-72 with the evomonoside that we had obtained 
[6] f rom the sp indle- t ree  [6] showed the i r  identity. The IR spec t ra  of the substances also coincided. 

Glycoside M-73 has the composit ion C29H44010. I ts  UV spec t rum is cha rac t e r i zed  by a single absorp-  
tion maximum at 218 nm (log £ 4.16), which is due to the p resence  of a butenolide ring. Under the action 
of an enzyme prepara t ion  f rom the grape snail,  glycoside M-73 is hydrolyzed to cannogenol and D-glucose.  
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* F o r  Communication VI, see [1]. 
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This compound is  hydrolyzed by dilute mine ra l  acids under fa i r ly  s eve re  conditions, which shows the 
pyranose  fo rm of the D-glucose  res idue .  Analysis  of the molecu la r  rota t ions  of the glycoside and the 
aglycone in accordance  with Klyne 's  rule  [7] shows that the D-glucose  is  a t tached to the aglycone by a fl- 
glycosidic  bond (the mo lecu l a r  rota t ion of the sugar  component in M-73 is 87~24°). Thus,  the ea rdeno-  
lide M-73 can be c h a r a c t e r i z e d  as cannogenol 3f l -O-f l -D-glucopyranoside,  and i ts  s t ruc tu re  can be r e p r e -  
sented by fo rmula  (1). The independent synthesis  of the glycoside p e r f o r m e d  on the m i c r o  scale  conf i rmed 
the p roposed  s t ruc tu re .  

Glycoside M-57 has the composi t ion C35H54013 , cor responding  to a s te ro id  diglycoside.  In i ts  UV 
spec t rum there  is  a single absorpt ion m a x i m u m  at 217 nm (log e 4.16; butenolide ring).  On enzymat ic  hy-  
dro lys is ,  M-57 fo rms  a monoglycoside - evomonoside - and a monosacchar ide  - D-glucose .  On this basis ,  
it may  be a s sumed  that the glycoside is evobioside [8], or  an i s o m e r  of it. In spite of the substant ial  dif-  
fe rence  in mel t ing points (rap of evobioside 195-198°C [8] and that of glycoside M-57, 267-271°C), a sample  
of evobioside kindly given to us by P r o f e s s o r  T. Reichste in  proved  to be ident ical  with M-57 in i ts  ch ro -  
matographic  behavior  and i ts  reac t ions  with cone. sulfuric  acid and ant imony t r ich lor ide .  

The glycoside was not hydrolyzed to an apprec iable  extent by 0.05 N sulfur ic  acid at 80°C in 30 rain, 
which shows the pyranose  fo rm of the monosacchar ide  res idues .  

In view of the fact that the posit ion of a t tachment  of the D-glucose  had not p rev ious ly  been d e t e r -  
mined for  evobioside,  we p e r f o r m e d  some t r ans fo rma t ions  of the glycoside.  F i r s t ,  it was subjected to 
per iodate  oxidation. Hydro lys i s  of the oxidized cardenolide and chromatographic  ana lys i s  of the hydro ly-  
sate showed the comple te  absence  of both D-glucose  and L - r h a m n o s e  f rom it. According to this ,  a 1-* 3 
linkage of the monosacchar ide  res idues  is  excluded. We then used the method of the se lec t ive  production 
of isopropyl idene der iva t ives  at c i s - ~ - g l y c o l  groupings [9]. Evobioside M-57 readi ly  r e ac t s  with acetone 
in the p re sence  of anhydrous copper  sulfate at room t e m p e r a t u r e  with the format ion of compound (V). On 
enzymat ic  hydrolys is ,  this  compound gave D-glucose  and isopropyl ideneevomonoside  (VI). Substance (VI) 
was obtained in the pure  fo rm and shown to be identical  with the 2 ' , 3 ' -O- i sopropy l ideneevomonos ide ,  ob- 
tained d i rec t ly  f rom evomonoside ill). The IR spec t rum of (VI) conf i rmed the p r e sence  of an i sopropy l -  
idene grouping in it (maxima at 1380 and 1375 cm- l ) .  On acid hydro lys i s  under mi ld  conditions, the i so -  
propyl ideneevomonoside  (VI) was comple te ly  r econver t ed  into evomonoside (If). 

Thus, the format ion  of 2 ' , 3 ' -O- i sopropy l ideneevomonos ide  (V) p e r m i t s  the unambiguous conclusion 
that in evobioside M-57 the c i s - ~ - g l y c o l  grouping in the L - r h a m n o s e  res idue  i s  f ree  and this res idue is  
bound to the D-glucose  by means  of the C 4' hydroxy group. 

EXPERIMENTAL 

For analysis, the substances were dried in vacuum (0.01 mm Hg) over phosphorus pentoxide at II0°C. 
Paper chromatography was carried out with the following solvent systems: i) tetrahydrofuran-chloroform 
(i: l)/formamide; 25 methyl ethyl ketone-m-xylene (i : l)/formamide; 3) benzene/forraamide; 45 butan- 
l - o l - - a c e t i c  acid (4 : 15/water ;  and 5) methyl  ethyl k e t o n e - b u t a n - l - o l - b o r a t e  buffer (i  : 1 : 25. The m o l e c -  
u lar  weights of the cardenol ides  were  de te rmined  spec t ropho tomet r i ca l ly  [10]. 

The combined glycosides  of nmedium" po la r i ty  were  obtained as desc r ibed  p rev ious ly  [2] and were  
sepa ra ted  by par t i t ion column chromatography  in the t o l u e n e - b u t a n - l - o l  (8 : 1 to 1 : 1 ) / w a t e r  sy s t ems .  
The support  for  the s ta t ionary  phase was s i l ica  gel o r  cel lulose.  The ra t io  of the combined cardenol ides  
to the d ry  support  was 1:300.  The f rac t ions  were  obtained by means  of a co l lec tor  and were  analyzed by 
paper  ch romatography  in solvent  s y s t e m s  1 and 2. 

Glucostrophanthidin (M-70). The glycoside c rys t a l l i zed  f rom isopropanol;  rap 170-173°C [(~]~+ 18.8 + 
2 ° (c 1.20; methanol) .  With cone. H2SO 4 i t  gave the following t ime-dependent  colorat ion:  0 rain - red; 5 
rain - brown; 160 rain - green.  The r e su l t s  of e l e m e n t a r y  analys is  co r responded  to those calcula ted for  
the composi t ion C~H42011. 

The glycoside (60 rag) and a d ry  enzyme prepara t ion  (40 rag) obtained f rom the pancrea t i c  juice of 
the grape  snail  were  dissolved in 5 ml  of water ,  and the solution was kept at 41-42°C for  30 h. The en-  
zymes  were  prec ip i ta ted  with ethanol (90 ml) and were  separa ted  by f i l t ra t ion through a l aye r  o fk iese lguhr .  
The f i l t ra te  was evapora ted  in vacuum. Then by the usual t r e a t m e n t  with wa te r  and c h l o r o f o r m - e t h a n o l  
(4 : 15, the hydro lysa te  was sepa ra t ed  into aglycone and carbohydra te  f rac t ions .  The aglyeone fract ion 
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y~elded 26 m g  of c rys ta l l ine  s trophanthidin with mp 229-232°C (ethanol), which was shown to be the ag ly -  
cone ment ioned by d i rec t  compar i son  with an authentic sample .  The aqueous f ract ion contained a sugar  
component  ident ical  with D-g lucose  accord ing  to pape r  ch romatography  ( sys t ems  4 and 5). 

Synthesis of Strophanthidin 3f l -O- /~-D-Glucopyranos ide .  A solution of 1 g of anhydrous s t rophan-  
thidin in 100 ml  of dichloroethane was t r e a t ed  with 4 g of s i l ve r  carbonate  and 1 g of ca lc ium oxide, and 
the reac t ion  mix tu re  was heated to the boil. Boiling was mainta ined and s t i r r ing  was continued while 2 g 
of c rys ta l l ine  2 ,3 ,4 ,6 - t e t r a -O-ace ty l -D-g lucosy l  b romide  was added over  5 rain. Then the mix tu re  was 
boiled for  another  7 rain. The solution was f i l te red  through a l aye r  of k iese lguhr  under vacuum. The f i l -  
t r a t e  was evaporated,  the res idue  was d isso lved  in 20 ml  of methanol  sa tu ra ted  with ammonia  and the so -  
lution was left  to stand for  18 h. Then i t  was evapora ted  in vacuum. The res idue  was dissolved in 200 ml  
of c h l o r o f o r m - e t h a n o l  (2 : 1) and 20 ml  of water .  The aqueous l aye r  was sepa ra ted  off and the e thanol ic-  
ch lo roformic  l aye r  was addit ionally t r e a t ed  with wa te r  (2 x 15 ml) and evapora ted .  To f ree  the glycoside 
f r o m  contaminat ing strophanthidin,  i t  was twice prec ip i ta ted  f rom concentra ted  acetone solution with hot 
benzene,  and was then c rys t a l l i zed  f rom i sopropanoL 

The glucostrophanthidin synthes ized  (0.52 g) had mp 170-174°C; [ a ] ~ +  19.2 * 2 ° (c 1.50; methanol).  
On enzymat ic  hydro lys i s  it gave strophanthidin and D-glucose .  A d i rec t  compar i son  of the glycoside syn-  
thes ized  and M-70 by pape r  ch roma tog raphy  ( sys t em 1), by a mixed  mel t ing  point (170-174°C), and by the 
reac t ions  with conc. HzSO 4 and with SbC13 showed the i r  identity. 

Evomonoside  (M-72). The cardenol ide  c rys t a l l i zed  f rom methanol;  mp 239-242°C; [~]~ - 2 8 . 9  ~2 ° 
(c 1.00; ethanol). With conc. H2SO 4 i t  f o rmed  the following colorat ions:  0 m i n -  yellow; 45 m i n -  pink; and 
70 min  - violet .  The r e su l t s  of e l e m e n t a r y  ana lys i s  co r responded  to the calcula ted f igures .  Found: mol.  
wt. 523.1. C29H4408. Calculated:  mol .  wt. 520.7. 

The glycoside (110 rag) was dissolved in 20 ml  of acetone,  and then 0.2 ml  of conc. hydrochlor ic  acid 
was added and the mix tu re  was lef t  at 20-24°C fo r  10 days.  After  this ,  the solution was diluted with 40 ml  
of wa te r  and the acetone was dr iven off in vacuum.  Then the reac t ion  mix tu re  was heated under ref lux at 
80°C for  20 rain. The aglycone was ex t r ac t ed  with ch lo ro fo rm (4 x 40 ml). The ch lo ro fo rm solution was 
t r e a t e d  with 2 N sodium aceta te  (5 ml) and with wa te r  (4 × 10 ml) and was evapora ted .  The res idue  was 
ch romatographed  on a column of a lumina (3 g, act ivi ty  grade  Ill), elution being p e r f o r m e d  with c h l o r o f o r m -  
benzene (1 : 1). The c rys ta l l ine  aglycone (35 mg) with mp 250-255°C (methanol),  [ a ]~+  18.4 • 2 ° (c 0.95; 
ch loroform)  deposited.  When chromatographed  on paper ,  the aglycone showed the s ame  Rf values  as digi-  
texigenin.  A mix tu re  with an authentic sample  of digitoxigenin showed no depress ion  of the mel t ing  point 
(250-256°C). F r o m  the aqueous p a r t  of the hydrolysa te  a f t e r  the e l iminat ion of the acid with s i l ve r  c a r -  
benate a monosaccha r ide  was obtained; mp 90-95°C (acetone). On pape r  ch romatography  ( sys tems  4 and 5) 
i t  was identif ied as  L - r h a m n o s e .  Melt ing point of the phenylosazone,  185-188°C. 

The IR spec t r a  of glycoside M-72 and evomonoside,  taken on a UR-10 ins t rument  using c rys ta l l ine  
f o r m s  in po ta s s ium b r o m i d e , w e r e  comple te ly  identical .  The r e su l t s  of pape r  ch romatography  ( sys tems  1 
and 2) and a mixed mel t ing  point imp 239-242°C) conf i rmed the identi ty of M-72 as  evomonoside.  

Glucocarmogenol (M-73). The glycoside c rys t a l l i zed  f rom acetone; mp 225-229°C; [ a ] ~ +  7.0 ± 3 ° (c 
0.92; ethanol). With conc. H2SO 4 i t  gave the following colorat ions:  0 min - yellow; 60 rain - lemon-yel low;  
120 rain - brown; 170 min  - redd ish-brown.  The r e su l t s  of e l e m e n t a r y  analys is  co r responded  to the ca l -  
culated f igures .  Found: mol .  wt. 549.4. C29H44010. Calculated: mol .  wt. 552.7. 

The glycoside (50 mg) was hydro lyzed  with an enzyme p repa ra t ion  f rom the grape  snail  as  desc r ibed  
above. This  gave a c rys ta l l ine  aglycone with mp 235-239°C. When ch romatographed  on paper ,  i t  showed 
the s ame  Rf  values  as  cannogenol.  A mixed  mel t ing  point imp 235-239°C) and the reac t ion  with conc. H2SO 4 
a lso  showed the identi ty of these  subs tances .  On chromatography  in s y s t e m s  4 and 5, the suga r  component  
p roved  to be identical  with D-glucose .  The phenylosazone mel ted  at  206-208°C. The r e su l t s  of a d i rec t  
compar i son  of it  with a sample  of D-glucose  phenylosazone by pape r  ch romatography  ( sys t ems  1 and 2) 
and a mixed mel t ing  point (206-208°C) showed the i r  identity. 

Glycoside M-73 was s c a r c e l y  hydro lyzed  by 0.05 N H~SO 4 at 80°C for  30 min  (analysis  by pape r  
chromatography) .  

The cannogenol (20 mg) was ace ty la ted  with acet ic  anhydride in pyridine at 22°C fo r  10 min.  The 19- 
O-acetylcannogenol  obtained, which was contaminated with cannogenol and with 3 ,19-di -O-acety lcannogenol ,  
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was g lycosyla ted  with 2 ,3 ,4 ,6 - t e t r a -O-ace ty l -D-g lucosy l  bromide as  in the exper iment  descr ibed  above. 
After  saponif icat ion with ammonia  and the el iminat ion of the D-glucose  ( t rea tment  of an e thano l ic -ch lo ro-  
fo rmic  solution with water) ,  the reac t ion  product ,  without fu r ther  purif icat ion,  was analyzed by p a p e r c h r o -  
matography.  The glucocannogenol synthes ized and glycoside M-73 proved  to have identical  Rf values .  

Evobioside (M-57). The glycoside c rys t a l l i zed  readi ly  f rom acetone,  bu t an - l -o l ,  and ethanol; mp 
267-271°C (ethanol), [ a ] ~ - 2 4 . 3  ± 2 ° (c 1.00; methanol) .  With conc. H2SO 4 i t  gave the following colorat ions:  
0 rain - yellow; 60 rain - light brown; 120 rain - orange;  180 rain - red; and 280 rain - pink. The resu l t s  of 
e l e m e n t a r y  analys is  co r responded  to the calcula ted f igures .  Found: tool. wt. 685.2. C35H54013. Calcu-  
lated: m o h  wt. 682.7. 

The glycoside  (120 mg) was dissolved in 0.5 ml  of d imethy l formamide ,  and 70 mg  of an enzyme p r e p -  
ara t ion  f rom the grape  snail  d issolved in 20 ml  of water  was added. The solution was kept at 41-42°C for  
5 days.  Then the hydrolysa te  was t r ea t ed  as descr ibed  above. A monoglycoside  and a monosacchar ide  
were  obta ined  in the pure  state.  The monoglycoside  had mp 239-242°C (methanol), [ ~ ] ~ - 2 8 . 3  ± 2 ° (c 0.94; 
ethanol). On p a p e r  ch romatography  ( sys t ems  1 and 2) i ts  Rf  values  were  the s ame  as f o r  evomonoside.  A 
mix tu re  of these  subs tances  gave no depress ion  of the mel t ing  point (239-242°C). The monosacchar ide  was 
identical  with D-glucose  with r e spec t  to i ts  mel t ing  point (145-146°C, f r o m  e t h a n o l - e t h e r ) ,  a mixed m e l t -  
ing point (145-146°C), and pape r  ch roma tog raphy  ( sys t ems  4 and 5). 

The glycoside (3 mg) was dissolved in 0.4 ml  of methanol ,  and then 0.4 ml  of 0.1 N sulfur ic  acid was 
added and the solution was heated in a sea led  g lass  tube at 80°C fo r  30 min.  The acid was neut ra l ized  with 
bar ium carbonate .  A c h r o m a t o g r a p h i c  ana lys i s  of the hydrolysa te  showed that the glycoside suffered  p r a c -  
t ica l ly  no change under  this  t r ea tmen t .  

Pe r ioda te  Oxidation of Evobioside.  A solution of 20 mg of evobioside in 100 ml  of 50~o acetone was 
t r e a t ed  with 0.1 m l  of acet ic  acid and 0.15 g of sodium metaper ioda te .  The solution was kept at  20-22°C 
for  46 h and was then evapora ted  in vacuum to an aqueous res idue .  The oxidized cardenol ide  was ex t rac ted  
with a mix tu re  of ch lo ro fo rm and ethanol (2 : 1). The e thano l i c -ch lo ro formic  ex t r ac t  was evapora ted ,  and 
the res idue  was hydro lyzed  by the Mannich-Siewer t  method [4]. When the hydro lysa te  was analyzed by pa -  
pe r  ch romatography  (in s y s t e m  4), no D-glucose  or L - r h a m n o s e  were  detected. 

2 ' , 3 ' -O- I sopropy l ideneevob ios ide .  With heating, 80 mg of evobioside was dissolved in 300 ml  of a c e -  
tone, and then 2 g of f inely ground anhydrous copper  sulfate was added and the mix tu re  was shaken in a 
shaking appara tus  at 20-21°C for  3 h. After  the solvent  had been f i l te red  off through a l aye r  of k iese lguhr  
and ahunina  (activity grade  IH), the solution was evapora ted  in vacuum (20-22°C). The res idue  was d i s -  
solved in c h l o r o f o r m - e t h a n o l  (3 : 1; 30 ml) ,  and the solution was washed with wa te r  (3 × 3 ml) ,  and r e e v a p -  
orated.  On pape r  ch roma tog raphy  in solvent  s y s t e m  3, the resul t ing amorphous  2 ' , 3 ' - O - i s o p r o p y l i d e n e -  
evobioside (containing a l e s s  po la r  cardenol ide  as impuri ty)  had Rdigitoxigenin = 0.17; [ a ] ~ - 1 6 . 0  ± 4 ° (c 
0.96; ethanol). 

2 ' , 3 ' -O- I sopropy l ideneevomonos ide .  Evomonoside (40 rag) was subjected to reac t ion  with acetone in 
a s i m i l a r  manner ,  except  that  the reac t ion  was c a r r i e d  out for  5 h. Fo r  purif icat ion,  the react ion  product  
was ch romatographed  on a lumina (2 g, act iv i ty  grade  IH) and was eluted with a mix tu re  of ch lo ro fo rm and 
benzene (2 : 3). The 2 ' , 3 ' -O- i sop ropy l ideneevomonos ide  c rys t a l l i zed  f rom m e t h a n o l - w a t e r ;  mp 129-132°C; 
[ ~ ] ~ - 1 2 . 1  ± 4 ° (c 0.55; c h l o r o f o r m ) .  The resu l t s  of e l e m e n t a r y  analys is  co r responded  to the composi t ion 
C32H4808. With conc. H2SO 4 the substance gave the following colorat ions:  0 rain - yellow; 3 rain - yel low- 
brown; 20 rain - orange;  40 rain - red; 120 rain - red-v io le t .  In solvent s y s t e m  3, Rdigitoxigenin = 1.70. 

Enzymat ic  Hydro lys i s  of 2f ,3r -O-Isopropyl ideneevobios ide .  A solution of 70 mg  of i sopropy l idene-  
evobioside (V) in 5 ml  of ethanol was t r e a t ed  with 70 mg  of an enzyme p repa ra t ion  ( f rom the grape  snail) 
d isso lved  in 50 ml  of water ,  and the solution was left  at 41-42°C for  6 days.  During the react ion,  two fu r -  
the r  por t ions  of enzyme p repa ra t ion  (30 m g  each) were  added. Then, by the usual t r e a t m e n t  (see above), 
the hydro lysa te  was s epa ra t ed  into ca rbohydra te  and cardenol ide f rac t ions .  The cardenol ide  fract ion,  a f te r  
pur i f icat ion on alumina,  gave pure  i sopropyl ideneevomonoside ,  with mp 128-132°C; [ ~ ] ~ - 1 3 . 2  ± 4 ° (c 0.67; 
ch loroform) .  A mix tu re  with a sample  of 2 t ,3r -O- isopropyl ideneevomonoside  gave no depress ion  of the 
mel t ing  point (128-132°C). The ch romatograph ic  r e su l t s  ( sys tems  2 and 3) also showed the identi ty of the 
subs tances .  The IR spec t rum of a 2% ch lo ro fo rm solution taken in the 4000-700 cm -1 region had a b s o r p -  
t ion bands due to an i sopropyl idene  group (1380 and 1375 cm-1)~ the carbonyl  group of a butenolide r ing 
(1785 and 1744 cm-1),  the C = C  bond of a butenolide r ing (1634 cm-1),  and hydroxy groups  (3605 and 3470 
cm-1). The ca rbohydra te  f rac t ion  of the hydro lysa te  contained D-glucose  (paper chromatography) .  
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Acid Hydrolysis of 2',3'-O-Isopropylideneevomonoside to Evomonoside. A solution of 10 mg of iso-  
propylideneevomonoside in 0.3 ml of ethanol was treated with 0.3 ml of 0.1 N sulfuric acid and the mixture 
was heated in a sealed glass tube at 90°C fo r20  rain. After the acid had been neutralized with barium ca r -  
bonate, the fi l tered hydrolysate was analyzed by paper chromatography (systems 1 and 2). It was found 
that the isopropylideneevomonoside had hydrolyzed completely. The more polar chromatographically in- 
dividual cardenolide formed had the same Rf values as evomonoside. 

SUMMARY 

A further  four cardiac glycosides have been isolated from the seeds of Cheiranthus allioni heft.  
Three of them have been identified as glucostrophanthidin (strophanthidin 3fl-O-fl-D-glucopyranoside), 
evomonoside (digitoxigenin 3B-O-~-L-rhamnopyranoside,  and evobioside (glucoevomonoside). It has 
also been established that in evobioside the D-glucose is attached to C 4' of the L-rhamnose and the gly- 
coside has the structure digitoxigenin 3B-[O-fl-D-glucopyranosyl-(1-* 4)-~-L-rhamnopyranoside].  The 
fourth glycoside is new; it is cannogenol 3fl-O-fl-D-glucopyranoside. 
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