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The first steroid saponin described in the l i terature,  digitonin,  was isolated by Schmiedeberg [1] from digi ta l in  - 
a preparation of the seeds of Digital is  purpurea. Subsequently, Windaus and Schneckenburger [2] obtained a second 
saponin, which they cal led gitonin, from a commerc ia l  sample of digitonin of the firm of Merck and Co. Inc. Iacobs 
and Fleck [3] isolated a new sapogenin, tigogenin, from the leaves of D. purpurea. Tschesche [4] first obtained t igogen-  
in and then the saponin corresponding to it, tigonin, from the ieaves of  D. lanata .  

Tigcgenin and gitogenin have been isolated from the leaves and seeds of D. purpurea, and also from the leaves of 
D. ferruginea and D. lutea [5-8].  Comparat ive ly  recent ly ,  new sapogenins, neodigitogenin [9] and digalogenin [10], 
have been found in a study of commerc ia l  digi togenin.  In 1936, Szahlender [11] isolated crystall ine digitonin from the 
seeds of D. lanata .  This substance, which is the main  saponin of the seeds of the foxglove, was not found in the leaves 
of this plant.  

The present paper gives the results of an investigation of the steroid sapogenins of D. c i l i a ta  Trautv.  ( c i l i a t ed  
foxglove).  

From the leaves and flowers of the c i l ia ted  foxglove we have isolated t igogenin and gitogenin,  and from the seeds 
of this plant digi togenin and t igogenin.  

Experimental  

To obtain the sapogenins from the leaves and flowers of the c i l i a ted  foxglove,  we used the method of direct h y -  
drolysis of the saponins in the raw mater ia l  Proposed by Rothrock [12] and modified by L. Chetverikova and O. Madaeva 
[13]. From the seeds, which were first defat ted,  the saponins were extracted with methanol ,  and were then subjected to 
hydrolysis. 

The separation of the mixture of unpurified sapogenins was carried out in both cases by adsorption chromatography 
on a lumina.  

In the investigation of the sapogenins by paper chromatography,  we used a group I solvent system for the mono-  
hydroxysapogenins [isooctane - chloroform - a c e t i c  acid ( 100 : 4 : 1) ] and a group II system for the polyhydroxysapogenins 
[the same solvents ( 100 : 40 : 4 or 100 : 10 : 2) ]. Petroleum ether was sometimes used in p lace  of isooctane.  The sapo-  
genins were detected on the paper ehromatograms with Sanni6's reagent [18, 14]. 

The compounds isolated were ident if ied with authentic samples by mixed mel t ing points, paper chromatography,  
and comparison of spectra.  

The IR spectra of the sapogenins that we obtained from D. c i l i a ta  corresponded to the IR spectra of the acetates of 
t igogenin,  gitogenin,  and digi togenin given in [15]. 

Isolat ion of sapogenins from the leaves of D. c i l i a t a .  One hundred grams of the a i r -dry  comminuted leaves was 
covered with I l of 2 N hydrochloric acid containing 8% butanol .  The mixture was heated on a boil ing water bath for 
5 hours with constant stirring. After cooling, the liquid was f i l tered.  The residue of plant mate r ia l  and sapogenins r e -  
maining on the fi l ter was washed with water,  neutral ized with 5% sodium bicarbonate  solution, and dried at 80 ° . This 
gave 29.5 g of hydrolyzate  residue which was extracted with petroleum ether in a Soxhlet apparatus. The petroleum 
ether extract  was concentrated to small  bulk and left in the refrigerator.  A greenish crystal l ine substance, the com-  
bined sapcgenins, was prec ip i ta ted  (0.46 g). After the solvent had been dist i l led off from the mother liquor, 3 .41 g 
of a dark-green  oi ly mass was obtained.  

The crystals and the mass obtained from the mother liquor had s imilar  sapogenin compositions; they gave two spots 
on a chrornatogram. From its Rf value (0 .40) ,  one spot in the dihydroxysapogenin region corresponded to gitogenin,  and 
the other, in the region of the monohydroxysapogenins, appeared at the level  of authentic t igogenin (R~ 0. 62). 

The mixture of unpurified sapogenins ( 0 . 4 8  g) was dissolved in 15 ml of benzene and was chromatographed on a 
column containing 15 g of a lumina .  The column was eluted with benzene,  a mixture of benzene and ethyl ether, and 
f inal ly methanol .  

The benzene and the benzene /e the r  e luate  gave 0.82 g of a yellowish crystal l ine residue. After recrys ta l l iza t ion,  
0.19 g of a white crystal l ine powder with mp 200-203 ° was obtained.  On paper chromatography,  the R~ of this substance 
coincided with the Rf of an authentic sample  of t igogenin (0 .62) .  A mixture with authentic t igogenin gave no 
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depression of the mel t ing point, [c~ go _ 64.3 ° (c  0.77; chloroform). 

Acetyla t ion of 110 mg of the substance that we had isolated gave 89 mg of a monoaceta te  with mp 203-205 °. 

The properties of t igogenin are given in the l i terature as: mp 196-198°[81, 201-202" [141, 203-206 ° [17], and 

205-207° [161; [O~1D - 5 9 . 4  ° [141, - 6 7 . 2  ° [41, and -69° (ch lo ro fo rm)  [17]. Mp of t igogenin acetate;  194-196 ° [8], 
195-197 ° [14], 202-204 ° [171, 205-206 o [161 . 

Found, %: C 75.64; H 9.22.  Calcula ted for C29H4604, %- C 75.94; H 10.11. 

The ether eluates gave very small  amounts of residue. The residue from the dis t i l la t ion of the methanol  eluates 
(0.  025 g) was t reated with carbon and recrysta l l ized from methanol .  This gave 0. 011 g of need le - l ike  crystals. On 
pape r  chromatography, this substance gave a single spot with R] 0.41 at the level  of a standard sample of gi togenin.  

The substance isolated had mp 268-271 ° and gave an acetate  with mp 241-242 °. 

The mel t ing points of gitogenin and gkogenin aceta te  according to [181, are 272 and 243-244" respect ively.  

Thus, t igogenin (0 .19%)  and gitogenin (0 .  011%) have been isolated from the leaves of the c i l ia ted  foxglove. No 
digitogenin was found in the leaves.  

As we have reported previously [19] ,  steroid sapogenins, in particular,  t igogenin, can also be obtained from an 
a lcohol ic  aqueous extract  of the leaves of the c i l ia ted  foxglove after the isolation of the cardiac  glycosides from it .  

In a s imilar  way as from both the leaves and the flowers of this plant (af ter  prel iminary defat t ing),  we obtained 
0.055% of t igogenin and 0. 009% of gitogenin.  

Isolation of sapogeni_ns from the seeds of D. c i l i a ta  Trautv.  Three hundred grams of the a i r -dry comminuted seeds 
were extracted in a Soxhlet apparatus first wkh petroleum ether and then with chloroform. The defat ted mate r ia l  was 
extracted with 80% methanol .  The solvent was dist i l led off from the methanol ic  extracts.  The resulting syrupy mass 
(49 g) was dissolved in 200 ml of methanol ,  and the solution was diluted with 140 ml of water and t reated with 60 ml of 
concentrated hydrochloric acid (d 1.19).  With continuous stirring, the mixture was heated on a boi l ing water bath for 
5 hours. After cooling, the liquid was f iI tered.  The residue was washed with water and was neutral ized with 5% sodium 
bicarbonate  solution. The aqueous a lcohol ic  f i l t ra te  was concentrated until  the methanol  had been e l imina ted .  The ad -  
di t ional  amount of prec ip i ta te  separated was t reated as described above and added to the first prec ip i ta te .  After drying 
(a t  80 ° ), 5.57 g of a greyish b lack  powder - t h e  hydrolyzate  residue - was obtained.  To isolate the sapogenins, this 
mass was extracted in a Soxhlet apparatus first with petroleum ether and then with benzene.  The pe t ro leum-ether  e x -  
tracts gave 0. 295 g of a yellowish crystal l ine residue, and the benzene extract  gave 2.36 g of a yellowish-brown crys ta l -  
l ine mass. The two residues had s imilar  compositions. The chromatograms showed three spots: one in the region of the 
monohydroxysapogenins at the level  of t igogenin,  and two in the region of the polyhydroxysapogenins. Of these,  one 
large spot had an Ry value corresponding to the Ry of digotogenin,  and the other, weak, spot corresponded to the Ry 
value of gi togenin.  

The mixture of unpurified sapogenins (2 .65  g) obtained from the pe t ro leum-ether  and benzene extracts was d is -  
solved in 50 ml of chloroform and passed through a column containing 100 g of a lumina.  The column was washed with 
pure chloroform and then with chloroform containing,  successively,  t ,  2, 5, and 10% of methanol .  

Fractions 35-60, elnted with chloroform containing 1% of methanol ,  gave 0.56 g of a yellowish crystal l ine 
powder. This substance was dissolved in methanol  and t reated with carbon, and after recrysta l l iza t ion from methanol  and 
then from acetone 0.19 g of white lustrous crystals was obtained.  Mp 202 °, [ a g  o - 7 0 ° ( c  0.53; chloroform). On paper 
chromatography,  this compound showed one spot at the level  of a standard sample of t igogenin.  

Found,%:  C 78.00, 77.80; H 10.51, 10.59. Calcula ted for C27H44Os, °~o: C 77.84; H 10.64. 

The ace ta te  of the genin obtained mel ted  at 195-198 °. 

Fractions 70-105, einted with chloroform containing 2% of methanol ,  gave a single spot with a Rf corresponding 
to the R~ of digi togenin.  These fractions y ie lded 1.49 g of a yellowish crystal l ine residue. Treatment  with carbon and 
recrys ta l l iza t ion from methanol  gave 0.85 g of snow-white needle-shaped crystals with mp 288", [c~]i% ° - 8 0  ° ( c  1; chloro-  
form).  

According to [4], the mel t ing  point of digi togenin is 280-283 °, [CX]D - 8 1  ° ( in  chloroform). 

Found, %: C 72.40,  72.86; H 10.15, 9 .82.  Calcula ted  for C27H4405, ~o: C 72.28; H 9 .89 .  

The authentic samples of the sapogenins were given to us by O. S. Madaeva (VNIKhFI tAi l -Union 
Chemica l  and Pharmaceut ica l  Scient i f ic  Research Insti tute 1). 
The IR spectra of the acetates of the sapogenins that we obtained were measured by colleagues of the 
physicochemical  laboratory of VNKhFI. 

247 



Summary 

Tigogenin and gitogenin have been isolated from the leaves and flowers, and digitogenin (0. 283%) and tigogenin 
(0. 062%) from the seeds of D. ciliata Trautv. The presence of gitogenin in the seeds has also been established by paper 
chromatography. 
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