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In previous communicat ions,  we have given the results of a study of the cardenolides of Erysimum diffusum 
Ehrh. ['1] and E. gypsaceum Botsch. et Vved. [2]. The present paper gives a summary of or ient ing studies of some 
other wild and cul t ivated species o f  Erysimurn. The quantitative content of glycosides was deteTmined photometr ica l ly .  
In view of the fact that erysimoside has been found in all  the species of Erysimum previously studied [3], and is, ap -  
parently,  the main glycoside for this plant genus, in individual  cases in addition to the total  content of cardenolides 
we made a rough determinat ion of the amount of erysimoside ( table) .  

The cardenolide composition of the seven plants described below was studied in more de ta i l .  The methods of 
isolat ing and separating the glycosides were roughly the same. The method used in studying the cardenolides of E. 
diffusum [1] was employed.  

The total  extract ive substances removed by ethanol from t h e  epigeal  part of E. a l ta icum C . A . M .  in 1961 were 
kindly placed at our disposal by P. M. Loshkarev (Al l -Union Scientif ic Research Institute for Medicinal  Plants). In the 
ch lo ro fo rm-  isoamyl alcohol (1 : 1) - water system, the presence in the plant of eight substances of a cardenolide 
nature was demonstrated.  Glycosides of erysimin and erysimoside were obtained from them in the crystal l ine state in 
amounts of O. 009 and 0. 088% of the dry weight of the plant, respect ively.  

E. cuspidatum (M. B.) DC is being introduced into the botanical  Gardens, AS UzSSR. By paper chromatography, 
a methanol ic  extract of the defatted seeds of this plant was shown to contain seven cardenolides.  Three glycosides 
were isolated in the crystal l ine state, erysimin,  erysomide,  and a new cardiac  glycoside which we have cal led  cus-  
pidoside.  The yields of erysimin and erysomide were approximately  0.03% each, and of cuspidoside 0.05% of the 
weight of the seeds. 

E. diffusum Ehrh. (syn. E. canescens Roth.) is found in Central  Asia in the wild form, but for our work we used 
raw mate r ia l  cul t ivated in the Botanical Gardens, AS UzSSR. The seeds of this plant were found to contain the g ly -  
cosides described previously [1, 4], erysimin, erysimide,  desglucocheirotoxin,  and canescein,  and also a new ca r -  
denolide which we have cal led erydiffuside. The content of erydiffuside in the seeds varied between 0.015 and 0.02%. 
The mutual  positions of the spots of the individual  compounds on the control paper chromatograms has been shown 
previously [1], spot A corresponding to erysimin, B to desglucocheirotoxin,  C to canescein ,  D to erysimoside, and E 
to erydiffuside. Erysimin and erysimoside were found in the seeds of the cult ivated E. marschall ianum Andrz. [5] and 
in the epigeal  part of the wild E. nuratensae M. Pop. From an extract of the flowers of the wild E. violascens M. Pop, 
in addit ion to erysimin and erysimoside, we isolated gypsobioside, which has previously been found in E. gypsaceum 
Botsch. et Vved. [2]. The seeds of S~renia siliculosa (M. B. ) Andrz. contain a complex mixture of glycosides i n -  
cluding eight components.  Erysimin and erysimoside were isolated in the pure state.  

Experimental 

Quanti tat ive determinat ion of the glycoside.  One gram of homogeneously ground plant raw mater ia ls  that had 
been passed through a sieve (with 1 -mm openings) was covered with 100 ml of 70% ethanol and vigorously stirred for 
2 hr on a vibration shaker .  If the mater ia l  consisted of seeds, it  was previously defatted with petroleum ether (i t  was 
not necessary to free the extract  from other foreign mater ia ls) .  One mi l l i l i t e r  (accura te  volume) of the fi l tered extract  
was transferred with a micropipet  to a 10-ml  flask and was mixed with 1.25 ml of a 0. 075% solution of 2, 4 - d i n i t r o -  
diphenyl sulfone [6] in alcohol .  Simultaneously,  a solution for the two control cells  was prepared in another flask by 
mixing 2 ml of 70% ethanol,  2 .5  ml of the 0. 075% solution of 2, 4-dini t rodiphenyl  sulfone in alcohol,  and 0.5 ml of 
a 0.15 N solution of caustic potash. The t ime of adding the alkal i  was recorded by a stopwatch. Readings were taken 
every half' minute on the scale of the right drum of a FEK-M photocolorimeter  fi t ted with a yellow fi l ter  (Xfnax 595 
mg).  The maximum value of the opt ical  density, which was general ly reached after 3 . 5 - 4 . 0  rain and retained for 
1 . 5 - 2 . 0  rain, was recorded. The optica ! density of a standard solution prepared by dissolving 6 - 7  mg (accura te ly  
weighed) of erysimoside in 100 ml of 70% ethanol was determined in exact ly  the same way. The l inear dependence 
between the concentrat ion and the opt ical  density makes it unnecessary to construct a special  cal ibrat ion curve. The 
content of glycoside in the raw mater ia l  was ca lcula ted  direct ly from the ratio of the opt ical  densities of the standard 
solution and the extract .  
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Results of a Quantitative Determination of the Glycosides 
in some Species of Erysimum, % on the Air-Dry Weight 

of the Plant 

Plant Plant 
organ 

I 
E. altatcum C. A.M.  I epigeai 

I part 
E. Badghysl (Korsh) Lipsky flowers 
E. clausloldes Botsch. et Vved. { flowerSleaves 

E. creptdlfolium Rchd. { seeds leaves 
flowers E. croceum M. Pop. leaves 
seeds 

E. cusptdatum DC (M. B.) flowers 
le ave s 

E. diffusum Ehrh. (syn. E. canescens) Roth. I seeds 
seeds 

E. gypsaceum Botsch. et Vved. flowers 
leaves 

E. humllllmum (Ldb.) N. Busch. { leavesfl°wers 
E. llnifollum (Pers.) Gag [ flowers 

seeds 
E. Marschalllanum Andrz. flowers 

leaves 
E. nuratensae M. Pop. I epigeal 

organs 

E. pannonlcum Crantz. { leavesfl°wers 

flowers 
E. Perowsktanum Flsch. et Mey leaves 

stems 
seeds 

E. repandum L. flowers 
leaves 

E. semperflorens (syn. Chetranthus sem- 
perfiorens Schnusb) I seeds 

seeds 
E. sl|vestris Scop. flowers 

leaves 
E. syivetlcum M.B.  I flowers 

flowers 
E. suffrutlcosum Spr. leaves 

E. vlolascens M. Pop. { leavesfl°wers 

Syrenla angustlfolla (Ehrh.) Rchb [syn. 
E. angustlfollum (Ehrh.)] ] seeds 

SyrenlaE. slilculosumSllicul°sa Dc)(M" B.) Andrz. (syn. { flowersseeds 
leaves 

Glycoside content 
includ- 

total 

0.29 

0.29 
0.12 
0.06 
l.O0 
0 .86  
0.37 
0.17 
0.83 
0.35 
0.06 
4 .96  
1.24 
0.58 
0.16 
0.29 
0,20 
0.26 
0.98 
0.26 
0.16 
0.56 

0.16 
0.04 
0.70 
0.34 
0.15 
0.45 
0.05 
0.02 
0.91 

4.30 
0.14 
0,II 
0.20 
0.15 
0.08 
0.50 
0.08 
0.4~ 

0.88 
0.11 
0.17 

ing erysi- 
moside 

0.12 

i 

0.:~2 

2.92 
0,46 

0.67 

0.27 

0.24 

0.47 

2.42 

0.21 

0.25 

0.39 

To determine the erysimoside separately, we used a preparative chromatographic method similar to that proposed 
for the analysis of vegetable raw material containing k-strophanthin-8 [7]. An alcoholic extract of the defatted seeds of 
the plant was deposited on a thin nonfixed layer of alumina and, after chromatographic separation, the zone corres- 
ponding to the erysimoside was scraped off and eluted with ethanol. The concentration of the glycoside in the eluate 
was determined cotorimetrically.  

Fhe numerical data on the content of erysimoside given in the table are indicative in two respects. On chroma-  
tography, this zone contains not only erysimoside, but also erychroside, erycordin, and other biosides. However, on 
preparative isolation, which is unavoidably connected with certain losses, the erysimoside always proved to be present 

in larger amount than the other glycosides. 

Isolation and separation of the ~l~cosides. The ground raw material was defatted with petroleum ether and ex-  
haustively extracted with metffanol at room temperature. The combined extract was evaporated in vacuum at 35-40  ° C 
to a volume equal to the weight of the initial raw material and diluted with half a volume of water, after which it was 
treated with hydrated lead oxide and, after being freed from excess of lead ion, it was evaporated in vacuum to dryness. 
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The dry extract  was mixed with an equal amount of a lumina and transferred to a column of a lumina containing 80 -40  g 
of AlzO 3 for each gram of extract .  The column was eluted with a mixture of equal volumes of toluene and butanol or ben- 
zene and butanol that had previously been saturated with water. The fractions e.Iuted were analyzed by paper chromatog-  
raphy in the chloroform - i s o a m y l  alcohol (1 :1 )  - w a t e r  and t o l u e n e -  butanol (1 : 1) - w a t e r  systems. Fractions contain-  
ing s imilar  compounds were combined and, where it was impossible to crysta l l ize  them, were refractionated on a column 
of a lumina,  being eluted with chloroform with increasing amounts of ethanol or isoamyl alcohol.  To obtain erydiffuside 
in the crystal l ine state from the seems of E. diffusum, preparat ive chromatography on cardboard in the ch lo ro fo rm- i so -  

amy1 alcohol (1 : 1) - w a t e r  system was used, as well.  

A description of the individual  compounds is given below. 

Erysimin, C29H4209, mp 174-175 ° C [from m e t h a n o l -  water ( 3 : 2 ) ] ,  [ a ] ~  +32.2  ° (c 1.84;  methanol) .  The 
other properties are similar  to those of desglucoerysimoside [1]. 

Er~simoside, CssHs2OI4, mp 236"-238 ° C (from propanol), [ a ] ~  + 20.4  ~ (c 2.32;  methanol) .  Hydrolysis with 
0.1 N sulfuric acid gave digi lanidobiose with mp 218°-220 . C, [ a ] ~  + 28. 2°(c 1. 841 water) and strophanthidin [1]. 

Cuspidoside, C29H4409, mp 233°-235 ° C (from ethanol), [a]2~ - -9 .9  ~ 2 ° (c 2.43; methanol).  Cardenolide 
reactions (Legal,  Kedde, e t c . )  positive, Kel le r -Ki l ian i  reaction negat ive .  Color react ion with concentrated sulfuric 
acid:  0 m~n orange-yel low,  1 min yellow, 5 min yellow with pink edges, 10 min l ight brown with violet  edges, 

30 rain viole t ,  1 hr dirty v io le t .  

UV spectrum: kma x (in ethanol) 218 m u (log s 4.20);  kma x (in conc.  H~SO4) 232-234(bu teno l ide)  [8], 3 2 8 -  
330 (2-hydroxy sugar), 440-445,  504-506 (log s 4.22,  3 .82,  3.60,  3.80) .  IR spectrum: 3440 (OH group), 1880, 
1740, 16~5 cm "a (butenolide ring); The nature of the UV and IR spectra show the absence of an angular carbonyl group. 
In experiments on enzymat ic  hydrolysis with the pancreat ic  juice of Helix plectotropis and on acid hydrolysis with 
0.1 N H2SO 4, the glycoside was unaffected.  In its physicochemical  constants and the color reaction in sulfuric acid,  
cuspidoside is ext remely  s imilar  to desglucoheiroside [9]; but in the t o l u e n e -  1-butanol (1 : 1) - water system it has a 
Rf value only half  that of desglucocheiroside.  On vigorous acid hydrolysis with 10%o sulfuric acid the glycoside under-  
went degradation.  A chromatogram of the aglycone moiety  in the ch lo ro fo rm-  ethanol (9 : 1 ) -  formamide system 
showed the presence of a mixture of four compounds. In the 1 - b u t a n o l -  p y r i d i n e -  b e n z e n e -  water (5 : 1 : 3 : 3) system, 
the sugar component moved at the same level  as L-rhamnose; but it is not excluded that it is another isomeric m e thy l -  
pentose. 

rt% ] 29 Des~lucocheirotoxin, C29H42010, mp 183"-185 ° C (from ethanol),  t D - 1 0 . 2  ± 2 ° (c 1.96;  methanol) .  By c o m -  
parison of its physicochemical  constants, color reaction,  and chromatography in the ch lo ro fo rm-  isoamyl alcohol 
(1 :  1 ) -  water system, this cardenolide of E. diffusum was shown to be ident ica l  with an authentic sample of desgluco-  
cheirotoxin first found in Cheiranthus cheiri  [9]. The sample of glycoside was kindly supplied by Prof. T. Reichstein 
(Switzerland).  

Canescein,  C29H42010, mp 193°-194°C (from ethanol), [ a ] i  ~ +5.1  4- 1 ° (c 2.03; methanol) .  The K e l l e r - K i l i a n i  
and W e b b -  Levy reactions were negat ive .  On paper chromatography in the w a t e r -  saturated butanol system, the g ly -  
coside gave a spot more polar than desglucocheirotoxin and less polar than erysimoside.  On the basis of the results  
given it must be assumed that the substance that we had isolated was canescein,  first described by Liu Yung-lung and 
Loshkarev [4]. 

Erydiffuside, C29H42010, mp 193"-195 ° C [from e t h a n o l -  ether (1 : 3) ], [ a ]  2i~ - 1 5 . 2  4- 2 ° (c 1.30;  methanol) .  
Acetate  mp 176"-178 ° C (from ethanol).  The compound is readi ly soluble in ethanol and methanol ,  fair ly readi ly in 
water, and sparingly in chloroform. Cardenolide reactions positive. K e l l e r -  Kiliani  and W e b b -  Levy reactions nega -  
t ive .  The color react ion with concentrated sulfuric acid was as follows: 0 rain yellow, 1 rain light brown, 5 rain choc -  
olate  brown, 30 rain brown with blue-green edges, 1 hr dirty green, 1 hr 30 rain olive green. UV spectrum: kma x (in 
ethanol)  220, 300 m~ (log s 4 .22,  1 .48) .  IR spect rum:  8400 (OH group), 1740, 1630 (butenolide ring), 2700, 1730 
cm "1 (C=O group). The UV and IR spectra showed the presence of an angular aldehyde group. A determinat ion of the 
number  of acetyl  groups from the integral  intensity for the ester band [10] in the IR spectrum of the acetate  showed the 
presence of four ace ty la tab le  hydroxy groups in erydiffuside. A snail enzyme preparation and a 0.1 N solution of sul-  
furic acid did not hydrolyze the glycoside.  Acid hydrolysis by the M a n n i c h -  Sivert method led to resinification.  Hy-  
drolysis with 5% sulfuric acid yielded crystals, but chromatographic analysis in the ch lo ro fo rm-  alcohol (9 : 1) system 
showed that the react ion product was a mixture of three substances. The carbohydrate component was identif ied as D- 
gnlomethylose in the 1 - b u t a n o l -  acet ic  a c i d - w a t e r  ( 4 : 1 :  5), butanol--  b e n z e n e -  p y r i d i n e -  wate r (5 : 1 : 3 : 3), and 
b u t a n o l -  methyl  ethyl k e t o n e -  borate buffer (1 : 1 : 2) systems. The borate buffer consisted of equal volumes of 0. 1 M 
t~BO 3 and 0.1 M Na~B40 v [21]. Thus, erydiffuside is the D-gulomethyloside of an agtycone of unknown structure con -  
taining two ace ty la tab le  hydroxy groups in addition to an aldehyde group. 

Gypsobioside, Cs4Hs0014, mp 240"-241 ° C (from a l c o h o l -  ether) [ a ]  2i~ + 27.8 :t: 1 ° (c 1.37;  80% methanol) .  By 
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chromatography in the t o l u e n e - b u t a n o l  (1 : 1) - w a t e r  system and by a comparison of physicochemical  properties, 
color reactions and absorption spectra in sulfuric acid,  it was shown to be ident ical  with an authentic sample of gypso- 
bioside from E. $ypsaceum [2]. Hydrolysis with 0.1 N sulfuric acid gave strophadogenin with mp 144"-147 ° C and 
gypsobiose. 

The cardenolides of six species of Erysimum and of Syrenia siliculosa have been studied. The cardiac  glycosides 
erysimin and erysimoside have been found in E. a l ta icum,  E. marschal l ianum, E. nuratensae, and S. s i l iculosa.  In ad -  
dit ion to these glycosides, E. diffusum has yielded desglucocheirotoxin,  canescein,  and a new cardenol ide,  e tydiffuside, 
E. violascens has yie lded gypsobioside, and E. Cuspidatum has yielded a new glycoside cuspidoside. 
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