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Another three  cardiac  glycosides  have been isolated f rom the seeds of Cheiranthus allioni hort .  (Erys ium 
aspe rum;  plains e rys ium)  {family Cruc i fe rae ) .  One of them has been identified as digifucocellobioside - digi-  
toxigenin 3f l -O-[O-f l -D-glucopyranosyl (1- -  4)-O-f l -D-glucopyranosyl(1  - -  4) -O-f l -D-fucopyranoside] .  

The second cardenolide was f i r s t  i sola ted af ter  the enzymat ic  hydrolys is  of the polar  f ract ions  of the 
glycosides  of plains e ry s ium.  Having avai lable a sample  of this substance,  we then found it as a native product  
in a mixture  of e rys imin ,  evomonoside,  and other  monoglycosides  of the plant under  invest igat ion.  An addi -  
tional amount of the pure  cardenolide was obtained f rom this mix tu re  by p repa ra t ive  paper  chromatography .  

The resu l t s  of e l emen ta ry  analysis  and of a molecu la r -weigh t  m e a s u r e m e n t  (mol. Wto 520, m a s s  spec-  

trum) cor responded  to the molecu la r  fo rmula  C29H4408. 

The hydrolysis  of the cardenolide with acid yielded an aglycone and a monosacchar ide ,  and those were  
identified as digitoxigenin and D-gulomethylose .  In view of this composi t ion of the substance,  we have called 

it digitoxigenin gulomethyloside (I). 

The m a s s  spec t rum of digitoxigenin gulomethyloside is cha rac t e r i zed  by the p resence  of a s e r i e s  of 
peaks belonging to the molecu la r  ion of the glycoside (M + 520; 5.7~), to that of the aglycone (M + 374; 9.1%) 
and to thei r  f r agment s :  m / e  357 (aglycone - H20 + 1; 77.5%); 339 (357-H20;  55.9~); 246 (32%); 203 (100% ; 
C15H23 [12]); 162 (20~); 147 (37.6°~); 124 (22.8%); 121 (35.9~); 111 (422~) ;  107 (53.6~); 105 (44.5~); 95 (57%); 
93 (58.1%); 91 (59.3~); 81 (58.1~); 79 (57%) and o thers .  
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The following functional groups have been observed  in the PMR spec t rum of digitoxigenin gulomethyloside 
(I) (ppm): 5.91, s inglet  of a CH group at the double bond of a butenolide ring (at C~2); 4.92, broadened signal 
of a methylene group of a butenolide r ing (at C2~); 4.64, doublet of the anomer ic  proton of a sugar  res idue  with 
J = 7.5 Hz, which co r responds  to a l ' , 2 ' - a x i a l -  axial interact ion of the protons,  i .e.,  to an equator ia l  f l-glyco- 
sidic bond; 1.29, doublet of a CH a group of the ca rbohydra te  component  with J -- 6.5 Hz; 0.98 ppm, singlet  of 
an angular  methyl  group Cat C10); and 0.92, singlet  of an angular methyl  group Cat C13). 

Thus, digitoxigenin gulomethyloside is 3fl-O-{fl-D-gulomethylopyranosyl)-14-hydroxy-5fi-card-20(22)- 
enolide (I). 

*For  Communicat ion X, see [1]. 
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The proper t ies  of the digitoxigenin gulomethyloside that we isolated (mp 150-152°C, In ]D-22°  in methanol) 
and of the glycoside descr ibed previously under the same name (mp 225-230°C, [ a i D -  9"9° in methanol [3]) 
differ considerably.  It is possible that are  different compounds. Such a hypothesis is confirmed further by 
the fact that the s t ruc ture  of the glycoside described previously [3] and, in par t icu lar ,  the identification of the 
carbohydrate  component, was given provisionally,  and the magnitude of the specific rotation (9.9 °) does not 
agree well with the suggested s t ruc ture .  

The third glycoside,  which, after  having determined its s t ructure ,  we called glucodigigulomethyloside 
(ID was isolated via the isopropylidene derivat ive.  The use of this method was due to the necess i ty  for sepa- 
rat ing a fraction consisting of two i somer ic  glycosides.  One of them was the glycoside under investigation and 
the other  glucodigifucoside [4, 5]. The two glycosides are  ve ry  close in polari ty,  and their separation by ad- 
sorption or ion-exchange chromatography proved to be difficult. 

Assuming that in the glycoside under investigation the carbohydrate  component had the same s t ructure  
as in erycordin  and glucosarmentogulomethyloside,  which have been isolated previously from the same plant 
[6-9], i.e., in the D-gulomethylose residue the c i s - a - g l y c o l  grouping is free,  we subjected the i someric  mixture 
to react ion with acetone under mild conditions (see Experimental) .  As was expected, under this t reatment  the 
desi red glycoside formed a monoisopropylidene derivative (acetonide), and the i somer ic  glycoside, not having 
the glycol grouping mentioned, remained  unchanged. 

The polari t ies of the acetonide of the cardenolide under study and of glucodigifucoside differed markedly;  
consequently their separat ion presented no difficulty. By means of adsorption chromatography on alumina, the 
acetonide was obtained in the pure state.  

On enzymatic  hydrolysis ,  D-glucose was split off and a cardenolide of low polari ty was f o r m e d -  the 
acetonide of a monoglycoside.  This test  confirms that the isopropylidene grouping is present  in the D-gulo- 
methylose moiety.  

In o rder  to obtain the diglycoside (II) under investigation f rom the acetonide, the lat ter  was hydrolyzed 
with dilute acetic acid, the course  of the react ion being monitored by paper chromatography.  After chroma-  
tography on alumina, the glucodigigulomethyloside was obtained in the pure crystal l ine state.  The molecular  
weight of the cardenolide (II) determined by means of the UV spectrophotometr ic  method [10] was 677; cal-  
culated for the composition C35H54013, 682.8. 

The enzymatic  hydrolysis  of substance (II) led to the formation of D-glucose and the monoglycoside 
digitoxigenin gulomethyloside (I). 

Analysis  of the molecular  rotation of the aglycone and of the mono- and diglycosides in accordance with 
Klyne' s rule showed that both the D-gulomethylose and the D-glucose are bound by fi-glycosidic bonds - the 
molecular  rotation of the D-glucose moiety is minus 104 • 30 ° and of the D-gulomethylose moiety minus 184 + 
18 ° (compare with the sol,~.tions of the methyl a -  and fl-glycosides of these sugars  given in the l i terature [8]). 

The fact that glucodigigulomethyloside (II) forms a monoacetonide shows a 1 -  4 bond of the monosaccharide 
units. To confirm this conclusion, part ial  acid hydrolysis  was per formed.  Analysis of the hydrolyzate by 
paper chromatography showed the presence in it of erycordinobiose (together with D-glucose and D-gulometh-  
ylose.  We have determined the s t ructure  of erycordinobiose previously [7]; it is 4-O-(f i -D-glucopyranosyl)-  
D-gulomethylose.  

The resul ts  obtained permi t  the cardenolide (II) to be charac ter ized  as 3p-O-(4 ' -O-f l -D-glucopyranosyl -  
f l -D-gulomethylopyranosyl)-14-hydroxy-5 fl- card-20(22)-enolide.  

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

The mass  spect ra  were taken on a Var ian-CH-8 instrument at a temperature  of the internal inlet tube 
of 230°C and an energy of the ionizing electrons of 75 eV. The PMR spec t rum was recorded  on a R-20A spec- 
t r ome te r  with a working frequency of 60 MHz at 34~C. The solvent was deuterochloroform.  Tetramethylsi lane 
was used as internal standard.  

The glycosides were isolated by methods descr ibed previously (see [13, 14]). An exception was gluco- 
digigulomethyloside (II), the isolation of which in the pure state was achieved via the isopropylidene derivative 
(see below). 

Digifucocellobioside. The glycoside was crysta l l ized f rom ethanol; mp 270-275°C; [c~]~ = -  6.4 ± 3 ° 
(c 0.78 ; 85% ethanol). 
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The molecu la r  weight, de te rmined  by the UV-spec t ropho tomet r i c  method [10], was 855. The resu l t s  of 
e l emen ta ry  analysis  cor responded  to the composi t ion C4tH64018; calculated mol .  wt. 845. 

Enzymatic  hydrolys is  was p e r f o r m e d  by the usual  method (see [4]). The aglycone so obtained mel ted  at 
248-252°C; [~]~ + 18.4 +3 ° (c 0.64; methanol) .  A mix tu re  with digitoxigenin gave no depress ion  of the melt ing 
point (248-252~C); Rdigitoxi_enin = 1.00. According to paper  chromatography,  the carbohydra te  moie ty  con- 
s i s ted  of two monosacchar i~es  the Rf  values  of which cor responded  to D-glucose  and D-fucose .  

Pa r t i a l  acid hydrolys is  was p e r f o r m e d  with 0.1 N sulfuric  acid at 100°C for  3 hours,  and analysis  of the 
hydrolyzate  by pape r  ch romatography  showed the p resence  in it of cel lobiose,  in addition to other  suga r s .  

Digititoxigenin Gulomethyloside.  The glycoside had mp 150-152°C (60% methanol);  [~]~ -22 .2  ~2 ° (c 
1.46; methanol) .  UV spec t rum:  X ethan°l  219 nm (log e 4.17) With concentra ted  H2SO 4 the substance fo rmed  

m a x  
the following colorat ions changing with t ime:  0 min, faint yellow; 20 min, lemon yellow; 35 min, brown; 90 min, 
red;  220 min, violet .  

I ts  e l emen ta ry  analysis  and molecu la r  weight (see the m a s s  spec t rum)  cor responded  to the composi t ion 
C29H4408. 

The cardenol ide was hydrolyzed with 0.1 N sulfur ic  acid for  2 hours  at 100°C. The hydrolyzate  was 
neutra l ized with ba r i um  carbonate  and was sepa ra t ed  by the usual t r ea tmen t  into carbohydra te  and aglycone 
f rac t ions .  Chromatography  of the aglycone f ract ion on alumina (activity grade  III) using methylene chloride 
as eluent gave digitoxigenin and/g4 -anhydrodigi toxigenin.  

Digitoxigenin, mp 243-250°C; a mixture  with a sample  of the aglycone mel ted  at 243-251°C; in paper  

chromatography,  Rdigitoxigenin = 1.00. 

The carbohydra te  component had R D gulometh" lose = 1.00; its phenylosazone had mp 175-179°C a mixture  
with a sample  of D-gulomethylose  phenylosa~zone me~ted at 175-181°C. 

Glucodigigulomethyloside.  A mixture  (0.56 g) of the two i somer i c  glycosides  obtained by adsorption 
chromatography  on alumina of the total cardenol ides  of plains e ry s ium was dissolved in 50 ml of acetone, and 
5 g of anhydrous copper  sulfate was added; then the mixture  was s t i r r ed  for  20 h and 100 ml  of a mixture  of 
ch loroform and ethanol (3:1) was added. The prec ip i ta te  was f i l tered off. The solution was evapora ted  and 
the res idue  was chromatographed  on 40 g of alumina {activity grade HI). Mixtures of methylene chloride and 
ethanol (98:2-80:20)  were  used as eluents .  The f ract ions  containing the l ess  po la r  cardenolide yielded the 
amorphous  but chromatograph ica l ly  individual 2' ,3 ' -O- isopropyl ideneglucodigigulomethylos ide ;  [ a ] ~ -  37.8 + 5 ° 
(c 0.87; methanol) .  

The acetonide was hydrolyzed with 3.5% acetic  acid in 80% ethanol at 70°C for  20 min.  Then a double 
volume of ch loroform was added and the solution was neut ra l ized  with sodium bicarbonate ,  washed with water ,  
and evapora ted .  The res idue af ter  purif icat ion by alumina was c rys ta l l i zed  f rom aqueous solution. 

The glucodigigulomethyloside mel ted  at 179-182/197-198°C; [a]~ = - 3 2 . 1  ~3 ° (c 0.70; methanol).  With 
concentra ted H~SO 4 it fo rmed  the following colorat ions:  0 min, pale yellow; 15 rain, orange;  95 min, red;  190 
min, violet .  

The molecu la r  weight de te rmined  by the UV-spec t ropho tomet r i c  method [10] was 677; calculated for the 
composi t ion C35H54013 , 682.8. 

The glucodigigulomethyloside (40 mg) was hydrolyzed with an enzyme prepara t ion  f rom the grape snail .  
The enzyme was prec ip i ta ted  and the hydrolyzate  was worked up in the usual way (see [11]). This  gave a c r y s -  
talline monoglycoside having mp 149-151°C, R digi toxigeningulomethyloside = 1.00. A mixture  with digitoxigenin 
gulomethyloside isola ted f rom the plant gave no depress ion  of the melt ing point {149-152 ~C). 

SUMMARY 

Another three  cardiac  glycosides  have been isolated f rom the seeds  of Cheiranthus allioni hort .  One of 
them has been identified as digifucocellobioside (digitoxigenin 3fl-O-[O-/3-D-glycopyranosyl(1 - -  4) -O-f l -D-  
glucopyranosyl(1 ~ 4)-O-f l -D-fucopyranoside]) .  The two other glycosides ,  called digitoxigeuin gulomethyloside 
and glucodigigulomethyloside a re ,  r espec t ive ly ,  digitoxigeuin 3/3-O-p-D-gulomethyloside and digitoxigenin 3p- 
O- (4 ' -O-/3-D-glucosyl-  f l -D-gulomethyloside) .  
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Continuing an invest igat ion of the mix tu re  of bases  f rom the epigeal  pa r t s  of Colchicum luteum Baker ,  
we have isolated,  in addition to subs tances  known p r e v i o u s l y [ l ,  2], a new compound which we have cal led 
collutine.  Collutine has the composi t ion C2iH25OsN , mp 192-194°(2, [C~]D- 182 ° (c 1.7; ch loroform) ,  mol .  wt. 
371 (mass  spec t rome t ry ) .  F r o m  the nature  of its UV spec t rum,  with an adsorpt ion m a x i m u m  at 238 am (log 

4.3) and an inf lec t ionat  275 nm (log e 2.81), this base  r e s e m b l e s  compounds of the homoproaporphine and 
homomorphinandienone se r i e s ,  which a r e  biogenet ical ly  re la ted  to the tropolone alkaloids [3, 4]. The IR 
spec t rum of the base  (Fig. 1) shows the p resence  of an ~, /3-unsaturated carbonyl  group and of an a romat i c  
nucleus (1660, 1630, 1600, and 1560 cm -1) and of hydroxy (3450 cm -1) and methylene (2940, 1455 cm -1) groups .  
In i ts  m a s s  spec t rum,  collutine di f fers  sharp ly  f rom the homoproaporphine  alkaloids and is c lose to the homo-  
morphinandienone compounds.  Its m a s s  spec t rum has  the main peaks  of ions with m / e  371 (M +, 100%), 356 
(16~), 340 (10~), 328 (10~), and 210 (22%). F r o m  the specif ic  color react ion  with concent ra ted  sulfuric  acid 
[5], this base  can also be ass igned to the group of compounds of the type of androcymbine .  

The NMR spec t rum of collutine (Fig.  2) shows the signals of three  methoxy groups (3.98,3.80, and 3.59 ppm),  a 
N-methy l  group (2.35 ppm), and three  a roma t i c  protons  (one-proton singlet  at 6.77 ppm and two-proton singlet  at 6.22 
ppm).  

On methylat ion with diazomethane,  collutine fo rmed a methyl  ether  which was chromatograph ica l ly  iden- 
t ical  with O-methy landrocymbine  [6]. This shows that the oxygen subst i tuents  in the homomorphinandienone 
skeleton of collutine a re  p r e sen t  in the same posi t ions as in androcymbine.  

On the bas i s  of the r e su l t s  of a compar i son  of the spec t ra l  c h a r a c t e r i s t i c s  of collutine and known homo- 
morphinandienone alkaloids,  a s t ruc tu re  with a hydroxy group at C2, C3, C4, or  c 6 may be p roposed  for this 
ba se .  S t ruc tures  with the hydroxy group at C 2 or C 3 a re  excluded for  collutine, since they cor respond  to the 
alkaloid CC-10 [7] and to androcymbine  [8]; the s t ruc tu re  with the hydroxy group at C 6 can also be excluded, 
since the t h r ee -p ro ton  singlet  at 3.59 ppm cor responds  to an olefinic methoxy group in r ing D [9]. Thus, the 
mos t  probable  s t ruc tu re  for  collutine is that with the hydroxy group in position C~, i.e.,  the s t ruc tu re  of 4- 
hydroxy-2 ,3 ,6- t r imethoxyhomomorphinandienone:  (See scheme on next page.) 

On the bas i s  of l i t e ra tu re  information [10], the one-proton singlet  at 6.77 ppm in the NMR spec t rum of 
collutine can be ass igned to the C 5 posit ion and the two-proton singlet  at 6.22 ppm to C1 and C 8. 
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