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Up to the present t ime, only the aglycones of the coprostane series (cis-A/B series) have been used in the partial 
synthesis ,of the cardiac glycosides [1].  
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( R -  o~, 8-unsaturated f ive-membered lactone ring). 

In the present communicat ion we consider the synthesis of corotoxygenin (3)-8-D-glucoside, the aglycone of  which 

belongs to the trans- A/B series (II). The conformation of the molecule of corotoxygenin (II) permits the assumption that 
the equatorial hydroxyl group at C s should take part in condensation with acetobromo-D-glucose more actively than the 
axial hydroxyl group of  strophanthidin at C s (I). However, contrary results were obtained in an experiment: the synthesis 
of strophanthidin (3)-/5-D-glucoside [1] took place with a yield of  not less than 50%, while the yield of corotoxygenin 
(3)-8-D-glucoside was only 5-6%. 

We have carried out an investigation to elucidate the factors hindering the synthesis of corotoxygenin(3)-8-D- 
glucoside. According to the results of paper chromatography, at the stage of the condensation of corotoxygenin with ace -  
tobromo-D-glucose the reaction mixture contained a large amount of the initial aglycone and only a very small amount 
of the synthesized te t ra-O-acetate  of corotoxygenin (8)-/3-D-glucoside. In contrast to the situation in the synthesis of  
strophanthidin (3)-8-D-glucoside [1] (cis-A/B series), an increase in the duration of the state of  condensation of eorotoxy- 
genin with acetobromo-D-glucose had no appreciable influence on the yield of the final product, in spite of the presence 
of unchanged aglycone in the reaction mixture. The possibility arises that the hydroxyl group of corotoxygenin at Cs may 
have lost its reactivity in the process of synthesis. The difficulty in carrying out this synthesis may be due to features of 
the confo:~:mation of the structure of corotoxygenin (II) which, as we have established, substantially affect its reactivity 
during the partial synthesis of the glucoside and in the production of a series of derivatives (acylation, reduction of the 
carbonyl group at C10, oximation). 

It i~ known [2] that in cholestane (trans-A/B series), the methyl group at Cl0 and the hydrogen atom at C s prevent 
the conversion of ring A into the boat form; thus, it has the chair form. In cholestanol, however, ring A may also par- 
tially assume the boat conformation because of the presence in its molecule of a polar hydroxyl group at C s. 

In contrast to cholestane and cholestanol, corotoxygenin contains tWO polar functional groups (the hydroxyl group 
at C s and the carbonyl group at Cl0 ), because of  which the chair-boat equilibrium of ring A (III, IV) m a y b e  displaced 
towards predominance of the boat form (IV) through the formation of an intramolecular hydrogen bond between the hy-  
droxyl group at C s and the carbonyl group at C10. The hydrogen bromide arising from the condensation stage is not re-  
moved from the reaction medium completely by the silver carbonate (which is present in the solid phase), as a result of 
which the boat form of ring A (IV) of corotoxygenin is capable of forming a C s --~ C19 semiacetal  (V), which prevents 
the further synthesis of corotoxygeuin (8)-B-D-glucoside. 
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To conform the results obtained, the reactivity of the carbonyl group at Cl0 was investigated. It was found that on 
reduction with sodium borohydride in dioxane-acet ic  acid, corotoxygenin (trans-A/B series) remains unchanged. This 
confirms the assumption that the carbonyt group at CI0 is converted into the semiacetal  form (V) in an acid medium. 
However, in methanolic solution corotoxygenin is very readily reduced to coroglaucigenin: the addition of sodium boro- 
hydride imparts a basic character to the medium, in which corotoxygenin is present in the aldehyde form (III) and is easily 
reduced. 

In dioxane-acet ic  acid, strophanthidin (cis-A/B series) is reduced to strophanthidol with a yield of  70-80%. 
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To prove the formation of the semiace ta l  form (V) in an acid medium,  the crystal l ine methyla l  of corotoxygenin 

was obtained.  In contrast to the conditions described previously [3], we carried out the react ion in me thano l -ace t i c  
acid solution, which excluded the possibili ty of the formation of anhydro products. As was to be expected ,  the methyla l  
of corotoxygenin was not reduced by sodium borohydride, did not undergo acetylat ion,  and did not react  with ace tobromo-  
D -glucose.  

Under the same conditions, in accordance with the features of its conformation (cis-A/B series) strophanthidin (I) 
does not form a methy la l .  

As is well  known [4, 5], the oximat ion of corotoxygenin takes place  with a re la t ive ly  good yield but with consider-  
ably greater diff icul ty than that of strophanthidin (I). Since oximat ion is carried out in the presence of such agents as 
NH~OH • HC1, CHsCOONa, and H~O, corotoxygenin is obviously present in both the aldehyde (III) and the semiace ta l  (V) 
forms. This situation explains the negat ive  effect on the rate  of oximat ion of corotoxygenin as compared with strophan- 
thidin,  which is present only in the aldehyde form (I).  

The acyla t ion  of corotoxygenin general ly  [6] takes place  readi ly  and with high yields,  since the process is carried 
out in a basic medium (pyridine).  

On the basis of the investigations carried out, i t  may be assumed that in anhydrous media  of an acidic  nature 
corotoxygenin is present comple te ly  or predominantly in the C s --~ C19 semiaee ta l  form (V); however,  in solutions of a 
basic nature it exists wholly or predominantly in the aldehyde form (III). 

Experimental  

The substances for analysis were dried in a high vacuum over P205 at  110°C for 3 hr. The mel t ing  points were de-  
termined on a Kofler b lock.  The following systems of solvents were used for paper chromatography:  1) benzene - fo rma-  
mide ,  2) ch loroform-formamide ,  3) b u t a n - l - o l - a c e t i c  ac id-water  (4 : 1 : 2), 4) te t rahydrofuran-chloroform-formamide 
(50 : 50 : 6.5) .  Absolutely dry solvents were used for the synthesis, and the solid reagents were dried in a vacuum d e -  
s iccator  over P~05. 

Condensation of corotox~genin and ace tobromo-D-glucose .  A mixture of 0.5 g of corotoxygenin,  8 g of silver 
carbonate ,  1 .5  g of ca lc ium oxide,  and 150 ml of dichloroethane was heated in an oil  bath at 140°; the boil ing d ich loro-  
ethane was dist i l led off with stirring to a level  of 100 ml and this leve l  was mainta ined in the process of synthesis by the 
addi t ion of dichloroethane.  Then a solution of 1 .5  g of ace tobromo-D-glucose  in 100 ml  of dichloroethane was added in 
smal l  portions over 60 rain, after which the react ion mixture was cooled to room temperature ,  and the prec ip i ta te  was 
f i l tered off and washed with dichloroethane.  The f i l t rate  was concentrated in vacuum to give a resinous residue, which 
was dissolved in 165 ml  of methanol ;  to this solution was added 2 g of potassium bicarbonate  in 125 ml of water,  and the 
mixture was left  for 12 days. 

After the saponificat ion,  the methanol  was dist i l led off in vacuum and the aqueous fraction was f i l tered through a 
smal l  layer of a lumina  which was subsequently washed with water.  For purif icat ion,  the f i l t ra te  was t reated with benzene 
three t imes,  and then the unchanged corotoxygenin was extracted with chloroform. The chloroform extracts were washed 
twice with smal l  amounts of water,  dried with sodium sulfate and evaporated to dryness in vacuum.  The residue was 
crys ta l l ized from ace tone-wate r .  This gave 180 mg of pure  corotoxygenin with mp 204-208°C and, after  crys ta l l iza t ion 
from methano l -e the r ,  218-224"C. 

The aqueous fract ion was extracted with a mixture of chloroform and alcohol (2 : 1) until  the aqueous phase gave 
a negat ive Raymond test .  The extract  was evaporated in vacuum, the residue was dissolved in 80 ml  of methanol ,  SO ml 
of water was added,  and the methanol  was dist i l led off. The aqueous fraction (20 ml)  was re -ex t rac ted  five t imes with a 
mixture  of chloroform and alcohol,  the solvent was dist i l led off in vacuum, and the residue was crysta l l ized from 
aqueous alcohol .  Weight of the  crystals, 45 rag, mp 263-265"C [~x]~ + 12. 8 ± 2 ° (c 0.80; methanol) .  

Found, % : C 62.98; H 7.58.  Calcula ted  for C~9H4~O10, % : C 68.25; H 7.67.  

On paper chromatography in system 4, the glucoside synthesized and a sample of glucocorotoxygenin [6] had the 
same R~ value  (0.11) .  A mixture of the two substances gave no depression of the mel t ing  point.  

Enzymat ic  hydrolysis of  corotoxysenin  (8)-B-D-glucoside.  A solution o i l 0  mg of the glucoside in 3 m l o f  water was 
mixed with 10 mg of an enzyme preparat ion from the fungus Aspergillus oryzae,  and the solution was acidif ied with 
ace t ic  acid to pH 5.5 and left  in a thermostat  at  45°C for 80 min. Then the hydrolyzate  was ext rac ted  with chloroform. 
The extracts were washed with a smal l  amount of water,  dried with sodium sulfate and evaporated to dryness. On paper 
chromatography in system 2, the residue gave only one spot, ident ica l  with that  of a sample of corotoxygenin.  

The aqueous solution and the washing l iquid were evaporated in vacuum, the residue was dissolved in a smal l  
amount of alcohol ,  and the solution was chromatographed on paper in system 3, a single spot of D-glucose being ob -  

ta ined.  
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CoroEoxygenin methyla l .  With heat ing,  200 mg of corotoxygenin was dissolved in 30 ml of dry methanol ,  12 ml 

of g lac ia l  acet ic  acid was added, and the mixture was left at room temperature .  Paper chromatography in system 1 
showed tha:c the formation of the methyla l  was comple te  at the end of two days. A considerably more rapid react ion takes 

place if the react ion mixture is hea ted  in a water bath per i9dica l ly  at  40-50°C. Then 50 ml  of water was added and the 
methanol  was dist i l led off in vacuum. The aqueous fraction was extracted three t imes with chloroform, and the extracts 
were washed with water,  dried with sodium sulfate,  and evaporated to dryness in vacuum.  The residue was crysta l l ized 
from dilute: methanol .  This gave 160 mg of crystals with mp 187-191"C; after recrysta l l izat ion from methanol -e ther .  
mp 204-206°C. In system 1, R f  0.78; [ a ] ~  +30.0 :~ 2 ° (c 1. 00; chloroform). 

Found, %: C 71.88; H 8.36. Calcula ted  for C24H3405; %: C 71. 61; H 8. 51. 

As was to be expected ,  strophanthidin does not form a methyla l  under analogous conditions. 

Reduction of corotoxygenin methy la l .  A solution of 10 mg of the methyla l  in 2 ml of methanol  was t reated with 
5 mg of sodium borohydride and the mixture was left in the refrigerator for 2 hr. When the react ion mixture was ch roma-  
tographed on paper in system 1, it  gave only the spot of the unchanged starting mate r ia l .  

Acetyla t ion  of corotoxygenin methy la l .  A solution of 10 mg of the methyla l  in 0.2 ml of absolute pyridine was 
t reated with 0.2 ml of acet ic  anhydride, and the mixture was left for a day.  Paper chromatography of the react ion m i x -  
ture in system 1 showed that it  contained the unchanged starting mate r i a l .  

Reduction of corotoxygenin in an acid medium.  A solution of 100 mg of corotoxygenin in 3 ml of dioxane was 
t reated with 1 .2  ml  of g lac ia l  ace t ic  acid,  and the mixture was cooled to 0°C. Then 50 mg of sodium borohydride was 
added in smal l  portions over 40 rain, and the solution was left  in the refrigerator for 2 hr. The react ion mixture was 
t reated with 20 ml  of water,  and the solution was extracted three t imes with chloroform. The extracts were washed 
2-3 t imes with water,  dried with sodium sulfate,  and evaporated to dryness in vacuum. When the resulting residue was 
subiected to paper chromatography in system 2, only the spot of the in i t ia l  corotoxygenin was found. The residue was 
dissolved in 10 ml of methanol ,  5 ml of water was added,  and the methanol  was dist i l led off, whereupon corotoxygenin 
crysta l l ized with mp 204-208°C. Weight, 90 mg. After recrystal l izat ion from methanol -e ther ,  mp 220-224"C. 

Reduction of strophanthidin in an acid medium.  Strophanthidin (500 mg) was reduced in a similar  manner to coro-  
toxygenin.  According to the results of paper chromatography in system 2, the dry residue obtained after the evaporat ion 
o f  the chloroform extract  contained mainly  strophanthidol and a very smal l  amount of the starting mate r i a l .  Crys ta l -  

• o IS + + 2 ° l iza t ion  of the residue from ace tone-e ther  gave 400 mg of strophanthidol with mp 218-224 C, [a ]  D 36. 0 (c 1. 52; 

methanol) .  

Reduction of corotoxygenin in an a lkal ine  medium.  A solution of 50 mg of corotoxygenin in 4 ml of methanol  was 
cooled to 0°C, and 10 mg of  sodium borohydride was added (creat ing an a lkat ine  medium).  The mixture was stirred until  
this had dissolved and was then left  in the refrigerator.  After 30 min,  the react ion mixture was chromatographed on paper 
in system 2. It was found that  the corotoxygenin had been reduced comple te ly  to coroglaucigenin.  The react ion mixture 
was acidif ied with ace t ic  acid to l i tmus,  15-20 ml of water was added, and the methanol  was dist i l led off in vacuum, 
when the coroglaucigenin readi ly  crys ta l l ized.  Weight 43 mg, mp 246-249°C. 

The sample of glucocorotoxygenin was provided by Yu. N. Beletskii .  

Summary 

The part ia l  synthesis of corotoxygenin (3)-B-D-glucoside with a y ie ld  of about 6% has been affected. The low yie ld  
of the product of the synthesis is due to the conformational  features of the corotoxygenin molecu le .  It is assumed that at 
the stage of the condensation of the aglycone with ace tobromo-D-glucose  an acid medium is formed, under the influence 
of which the semiace ta l  form of corotoxygenin is produced, which excludes the possibili ty of the further progress of the  
synthetic react ion.  
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