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The synthesis of novel cardenolides, closely related to naturally-occurring cardiotonic 
agents, is described. They were obtained from 17p-[3-furyl]androstanes derived from digitoxi- 
genin, gitoxigenin, digoxigenin, and strophanthidin by hypohalous acid or organic peracid oxi- 
dation. The preparation of !3-D- and a-L-glycosidic derivatives is also reported. 

On a synthttise de nouveaux agents cardiotoniques, isomeres des cardenolides naturels. 11s 
ont t te  obtenus par I'oxidation a l'aide de l'acide hypohaleux ou des peracides organiques de 
[3-furylI-17!3 androstanes, derives de la digitoxigenine, la digoxigenine, la gitoxigenine et  la 
strophanthidine. Des dtrives B-D- et a-L-glycosidiques sont aussi decrits. 

Can. J .  Chem.,52. 1652(1974) 

As part of a program aimed to improve the 
therapeutic ratio of cardiotonic agents, we pre- 
pared novel i~ocardenolides,~ which possessed all 
the characteristics of the natural cardenolides 
except for the location of the 0x0 group of the 
5-membered lactone (3). In addition, 21-hydroxy- 
digitoxigenin was also synthesized. 

When 17P-[3-furyl]-5p-androstane-3P, 14P-diol 
3-acetate (26) was treated with a hypohalo~~s acid 
in aqueous dioxane, lactones 3a and 4 were iso- 
lated. The ma-ior product was 3a when 1 equiv. of 
the oxidant was used, while a larger excess of the 
reagent (2 equiv.) afforded mainly lactone 4. The 
structures were ascertained by spectral analyses 
(see Experimental). Furthermore, the aldehyde 4 
was converted to the acid 5 and to the corres- 
ponding saturated lactone-aldehyde 6 by reduc- 
ing the ene-dione system with zinc and acetic 
acid. Finally, 30 and 4 were both oxidized with 
potassium permanganate to the well-known ( 5 )  
a-ketolactone 7. This constit~~tes an unanibig~~ous 
proof of the 17P-stereocheniistry of lactone 3u 
(Scheme 1). 

Scheme 2 illustrates a likely mechanism for the 
formation of 3a and 4. Initially an electrophilic 
attack of X +  of the hypohalous acid on the less- 
hindered side of the furan ring, concerted with a 
n~~cleophilic addition of OH-, affords 9. Eliniina- 
tion of HX, followed by rearrangement of the re- 

'For Parts I and I1 see refs. l a  and b. 
'This work was presented in part at the 6th Inter- 

national Symposi~~m on the Chemistry of N a t ~ ~ r a l  
Products, Mexico, April 22, 1969 (20). 

30ther types of isocardenolides and modified buteno- 
lides have been reported in the literature (4). 

suiting hydroxyfuran 10, yields 3a. In a competi- 
tive pathway further oxidation of 9 gives the 
bromolactone4 11, which is converted into 4 by 
an internal attack of the 14-hydroxyl on the car- 
boxyl group with concomitant elimination of HX. 

The fury1 derivatives (2) were in general ob- 
tained by diisobutylaluminum hydride reduction 
of the natural cardenolides (1) (6). An  alternative 
process for the preparation of 2a was also used. 
Reduction of digitoxigenin l a  with an excess 
diisobutylalumin~~m hydride afforded the diol 8, 
which was oxidized to 2a with 1 equiv. triethyl- 
amine - sulfur trioxide complex (7) (Scheme I). 
In this last process the key step involves the forma- 
tion of an unstable lactol 13, which upon elimina- 
tion of water affords the furan ring. This lactol 
originates from the cyclization of the hydroxy- 
aldehyde 12 resulting from the oxidation of the 
diol 8 (Scheme 3). 

In Scheme 4 are outlined the furan derivatives 
(2) and the isomeric cardenolides (3) that were 
prepared from digitoxigenin (la), digoxin (lb), 
digoxigenin (lc), and gitoxigenin (Id). During 
the hypohalous acid oxidation of the furan, the 
3-alcohols had to be protected as esters. In order 
to be able to regenerate the 3-hydroxy derivatives 
3c, it was preferable to use chloroacetates rather 
than acetates. The latter could not be hydrolyzed 
under conditions (Na2C0, or NaOH) which 
woi~ld prevent the opening of the lactone. On the 
other hand the chloroacetates were readilv re- 
moved with potassii~ni bicarbonate. 

Since it is a well-established fact that cardiac 

40xidation of 17p-[3-f~~ryl] steroids in C / D  rr.arls series 
has yielded similar halolactones (2b). 
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FERLAND: SYNTHETIC CARDENOLIDES. I11 

OH 
AcO d H A ~ O '  d 

glycosides have greater therape~~t ic  applications 
than the cardiac aglycones (9), it was o b v i o ~ ~ s  that 
our modified cardenolides should be converted in- 
to  P-D- and a-L-pyranyloxy derivatives by a modi- 
fied Koenigs-Knorr synthesis. Accordingly 3c 
and 3/77 were condensed with 2,3,4,6-tetraacetyl- 
cx-D-glucopyranosyl bromide (12) to give as ex- 
pected (I 0, I I) the acetylated P-D-glucopyranosyl 
derivatives 3d and 3t1, and the orthoester 3f 

(characterized only in this case). Alcohol 3c was 
also condensed with 2,3,4-tribenzoyl-a-L-rham- 
nosy1 bromide (13) to  give, with net retention of 
config~~ration (10, 14), the a-L-rhaninopyranosyl- 
oxy analog 3g. The protecting esters were hydro- 
lyzed as described by Zorbach et al. (1 5). 

In a similar sequence of reactions digitoxin 16 
was reduced by di isob~~tyla lumin~~rn hydride to 
afford 2d. Prior to the hypoha lo~~s  acid oxidatiori 
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the hydroxyl groups of the sugar portion were 
protected as acetates. Regeneration of the alco- 
hols was effected by mild hydrolysis with potas- 
sium bicarbonate at 37' for 15 days (17). 

Finally a slightly different process had to be 
used to obtain the isocardenolide analog 196 of 
strophanthidin 14. The 3-tetrahydropyranyl ether 
15 (18) was reduced with diisobutylaluminum 
hydride to give the 17P-[3-furyll-19-alcohol (16a) 
(identified as the 3,19-diacetate, 166), which was 

syloxy isocardenolides 3e, 317, 30, and 19d were 
confirmed by application of the Klyne rule of 
molecular rotational additivity (16). 

In order to obtain other modified lactones, 26 
was oxidized with organic peracides to yield 
lactones 20 and 21. The proportion of each was 
dependant on the experimental conditions. For 
example, lactone 20 was the major component 
when the solvent was acetone while in acetic acid 
21 was predominant. The structures were again 

oxidized with manganese dioxide (8) to  the alde- ascertained by spectral analysis. Furthermore 
hyde 17. Removal of the pyranyl ether and potassium permanganate oxidation of both lac- 
chloroacetylation afforded 18 which was con- tones afforded the known ketolactone 7. Finally, 
verted in the usual manner to the isocardenolide reduction of 20 with sodium borohydride fol- 
19a. The 3-alcohol 196 as well as the pyranosyl lowed by acid treatment yielded digitoxigenin 16. 
derivatives 19c and 19d were obtained as pre- This constitutes an  unequivocal proof of the 17P- 
viously described (Scheme 5). stereochemistry of 20 and a novel synthesis of 

~ h ;  anomeric configurations of the pyrano- natural cardenolides (Scheme 6). 
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FERLAND: SYNTHETIC CARDENOLIDES. 111 

I 

0 R = R , = R 2 = H  
(digitoxigenin) 

b R = Tridigiloxosyloxy; 
R ,  = R, = H 

(digitoxin) 
r R = R  I - - H ;  R L  = O H  

(digoxigenin) 
d R = R ,  = H ;  R 2  = O H  

(giloxigenin) 

1 1  

b R = CCH,;  R ,  = R, = H 

0 
I 

r R = CCH2CI;  R ,  = R 2  = H 

rl R = Tridigiloxosyloxy; 
R ,  = R, = H 

e R = Tridigitoxosyloxy 
relraacelale; R ,  = R 2  = H 

f R = R, = H ;  R ,  = O H  

0 0 
Il I1 

g R = CCH,;  R ,  = O C C H , ;  R, = H 

0 0 
!I 

ir R = C C H ~ C I ;  R ,  = O C C H ~ C I ;  R~ = H 

i R = R ,  = H ;  R 2  = O H  

0 0 
Il I 

j R = CCH,;  R, = O C C H , ;  R ,  = H 

R ,  = R, = H 

i R = Tridigiloxosyloxy letrancelntc; 
R ,  = R, = H 

H OH 

R ,  = O H ;  R >  = H 

0 0 
II II 

P R = CCH,; R2 = 0 C C H 3 ;  R ,  = H 
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166 3,19- Diacetate I 

- 
AcO AcO 
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FERLAND: SYNTHETI IC CARDENOLIDES. 111 1657 

Although two isomers of lactone 21 may exist 
(22 and 23), we assign structure 22 to the isolated 
compound on conformational grounds. 

Some of the results of the biological evaluation 
of our modified cardenolides have already been 
published (19) and will be described completely 
elsewhere. 

Experimental 
Melting points are uncorrected. The i.r. spectra were 

taken on a Perkin-Elmer 225 i.r. spectrophotometer and 
n.m.r. were recorded on a Varian-A-60A spectrometer 
operating at  60 MHz; TMS was used as internal standard. 
Merck silica gel 60 (60-230 niesh) was used. The [a], 
were taken at  20-23" in 1% chloroform solutions. Other- 
wise, the solvent is mentioned. 

17p-[3-F11ryl] Derivatives 
Diisobrrtylalumit~um Hydrirle Redr~ction 
The reduction of the cardenolides was carried out by 

the slightly modified method of Minata and Nagasaki (6). 
The following example will illustrate the procedure. 

17~-[3-F~1ryl]-3~-tetral~yrl,opyrotiylo.ry-5~, 14p- 
onrl,ostat1e-5,14,19-triol (160) 

A 27% solution of diisobutylaluminum hydride in 
hexane (20 ml) diluted with dry T H F  (20 ml) was added 
dropwise, over a period of 5 min, under nitrogen, to a 
stirred solution at -20" of strophanthidin T H P  ether 
(20) (3.15 g) in dry THF (130 ml). The reaction mixture 
was stirred at the same temperature for 30 more rnin and 
allowed to warm up to 0" while a saturated solution of 
sodium potassium tartrate was added dropwise. After 
stirring for 15 niin at room teniperature, the mixture was 
filtered and the salts washed with ethyl acetate. The fil- 
trate was washed to neutrality (salt saturated water), 
dried, and evaporated. The crude product was chromato- 
graphed on silica gel to give the title product (1.9 g). 

In a similar way reduction of digitoxin, digitoxigenin, 
digoxigenin, and gitoxigenin gave 2 4  20, 2 f ,  and 2i, 
respectively. 

Esters 

17~-[3-Fr1ryl]-5~,14~-at1drostat1e-3~,5,14,19-tetrol 
3,19-Diacetate (166) 

A solution of the 3-THP ether 160 (0.100 g) in ethanol 
(3 ml) and 0.1 N hydrochloric acid (0.1 ml) was stirred 
at 45-50" for 4 h. The mixture was then concentrated 
under reduced pressure to half its original volume and 
poured into ice cold water. It was extracted with ethyl 
acetate and the organic solution washed with salt 
saturated water, dried, and evaporated (0.080 g). 

The crude alcohol was acetylated in pyridine (1 ml) and 

acetic anhydride (0.5 ml) a t  rooni teniperature overnight. 
The solution was poured into ice cold water and ex- 
tracted with ethyl acetate. The organic solution was 
washed to neutrality, dried, and evaporated to give the 
title product. It was crystallized twice from methylene 
chloride -ether (0.057 g), m.p. 178-180°, [a], t41.6". 

Anal. Calcd. for C27H3807 :  C, 68.33; H, 8.07. Found: 
C, 68.44; H, 8.09. 

The i.r. v .,,, (CHCI,): 3570, 1720, and 865 cm-I ; n.m.r. 
(CDCI,): 0.73 (C-18, CH,), 2.06 and 2.11 (3- and 19- 
OAC), 3.20 (OH), 4.45 (C-19,-CHz-0), 6.50 (C-4, 
H-furyl) 7.27 (C-5, H-furyl), and 7.36 p.p.m. (C-2, H- 
furyl). 

In a similar way acetylation of 20, 2f, 2;. and 2d gave, 
respectively, after chromatography: 

26. Yield 60% froni l a ,  methanol-water, m.p. 155- 
157", [a],+ 17.5". 

Anal. Calcd. for C25H3804: C, 74.96; H, 9.06. Foi~nd:  
C, 74.61 ; H, 8.65. 

2g. Yield 35% froni l r ,  methanol-water, n1.p. 158- 
161°, [a], + 35.2". 

Anal. Calcd. for C17H3806: C, 70.71 ; H, 8.35. Found: 
C, 70.42; H, 8.07. 

2j.  Yield 359, from Id, methylene chloride -ether, m.p. 
170-172", [a], - 14.9". 

Anal. Calcd. for C27H3806: C, 70.72; H, 8.35. Foi~nd:  
C, 70.49; H, 8.56. 

2e. The crude 17p-furyl derivative 2d was acetylated for 
4 days at  room teniperature; yield 55% from lb ,  ethyl 
acetate - hexane, m.p. 169-17Io, [a], + 51.0". 

Anal. Calcd. for C 4 9 H 7 2 0 1 G :  C, 64.18; H,  7.91. Found: 
C, 63.89; H, 7.89. 

I 7p-[S-F~1ryl ~ - ~ ~ - ~ ~ ~ ~ O I I ~ ~ I ~ O ~ ) ~ ~ O I I J J I O , Y J ~ - ~ ,  I ~ - c / ~ / I J J ~ ~ ~ . Y J ~ -  
5~,14~-atir/rostatr-19-al (17) 

A mixture of the 19-alcohol (160) (3.4 g) in acetonitrile 
(680 ml) and activated neutral MnOz (68 g )  was stirred 
overnight at rooni temperature. It was then filtrated and 
the filtrate evaporated. The residue obtained was used as 
such for the following reaction. 

The n.ni.r. (CDCI,): 0.85 (C-18, CH,), 4.71 (3-H, M), 
6.4 (C-4, H-fury]) 7.17 (C-5, H-fi~ryl), 7.24 (C-2, H-furyl), 
and 10.2 p.p.ni. (CHO, S). 

17~-[3-F~1ryl]-3~,5,14-trilryrl,o.ry-5~,14~-nt1rl,ostat1- 
19-a1 3-Chloracetnte (18)  

A solution of the 3-THP ether (17) (2.8 g )  in ethanol 
(90 ml) and 0.1 N hydrochloric acid (30 ml) was stirred 
for 4 h at 45-50". The mixture was then concentrated bz 
vacuo to half its original volume and poured into ice cold 
water. The mixture was extracted with ethyl acetate and 
the organic solution washed with salt saturated water, 
dried, and evaporated to  give the 3-alcohol (2.3 g). 

That alcohol (1.8 g) in pyridine (1.3 ml) and dioxane 
(13 ml) at  10" was reacted with chloroacetyl chloride 
(1 ml) in dioxane (3 ml). The addition of the acid chloride 
was done over a period of 5 min. The mixture was then 
stirred at  the same temperature for 1 h and  neutralized 
with 10% ammonium hydroxide. It was diluted with water 
and extracted with ethyl acetate. The organic solution 
was washed with salt saturated water, dried, and evap- 
orated. The crude product (2.0 g) was chromatographed 
on silica gel (benzene - ethyl acetate 3: 1) to afford the 
title product (1.5 g). 
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The analytical sample crystallized twice from ethyl 
acetate - hexane, m.p. 21 1-213", [a], + 8.8". 

Anal. Calcd. for C25H33C106: C, 64.59; H, 7.15. 
Found: C, 64.85; H, 7.16. 

The i.r. v ,,,, (CHCI,): 3580, 1730, 1705, 1015, and 
865 cm-I;  n.m.r. (CDCI,): 0.8 (C-18, CH,), 4.06 

0 
/I 

(CICH,C-0, 2H), 6.4 (C-4, H-fury]), 7.17 (C-5, H-fury]), 
7.24 (C-2, H-fury]), and 10.2 p.p.m. (CHO, S). 

In a similar way chloroacetylation of 2a and 2f gave, 
respectively: 

2c. Yield 70% (from In ) ,  ether-hexane, m.p. 166-168". 

The n.m.r. (CDCI,): 4.04 p.p.m. (CICH,C-). After 
hydrolysis with sodium bicarbonate and acetylation, the 
product obtained was identical with 26. 

211. Yield 70% (from lc), benzene-ether-hexane, m.p. 
162-1 64", [a], + 24.7". 

Anal. Calcd. for C27H36C1206: C, 61.47; H, 6.87; 
C1, 13.44. Found: C, 61.34; H, 6.92; C1, 13.45. 

21,23-Ditior-5~,14~-chol-20-et1e-3~,14,20,24-tetrol(8a) 
T o  a stirred solution at - 20", of digitoxigenin (500 mg) 

in dry T H F  (10 ml) was added dropwise, under nitrogen, 
a solution of diisobutylaluminum hydride (30% in hexane, 
8.6 ml, diluted with dry T H F  (8.6 ml)). The solution was 
then stirred at  room temperature for I+ h. A saturated 
solution of Rochelle salt was then added and the solid 
obtained removed by filtration and washed carefully with 
chloroform-EtOH, 95:5. The filtrate was washed with 
salt saturated water, dried, and evaporated to give the 
crude title product 80. It was identified as the correspond- 
ing triacetate 86. That product was crystallized from 
CH2CI2-ether, m.p. 120-122". 

Anal. Calcd. for C2,H4,07: C, 69.02; H, 8.75. Found: 
C, 69.11, H, 9.10. 

The i.r. v,,,(CHCI,): 3600, 1732, 1220, and 1018 cm- ' ;  
n.m.r. (CDCI,): 0.8 (C-18, CH,), 0.95 (C-19, CH,), 2.05 
(acetates), 4.70 (C-24, CH,, J = 6 Hz, doublet), 4.75 
(C-20, CH,), and 5.75 p.p.m. (C-22 H, J = 6 Hz, triplet). 

17~-[3-Furyl/-5~,14~-at1drostat1e-3~,14-diol 
3-Acetate (26) 

To a stirred solution a t  15" of the crude tetrol (8a) 
(5.0 g) in DMSO (14 ml) and triethylamine (16 ml) was 
added dropwise a solution of triethylamine -sulfur tri- 
oxide complex (5.0 g) in DMSO (15 ml). After 15 min, 
the reaction was poured into water (200 ml) and the amine 
neutralized with 10% sulfuric acid. The mixture was ex- 
tracted with CHCI, and the organic layer washed with 
water, dried, and evaporated. The crude product obtained 
was acetylated and worked out the usual way. I t  was then 
crystallized from methanol to give the title product 
(3.5 g) as  proven by mixture melting point and i.r. 
analysis. 

17p-Isomeric Lactotles (3, 19) 
3~,I4,23-Trihydroxy-24-nor-5~,I4~-choI-2O-en-2I-oic 

Acid y-Lactone 3-Acetate (30) 
Procedure A. T o  a solution of the furyl derivative 26 

(2.00 g) in dioxane (100 ml) and water (8 ml) was added 
portionwise N-bromosuccinimide (0.90 g) over a period 
of 5 min. The solution was then stirred for 30 min and 

diluted with ether. The ethereal fraction was washed with 
salt saturated water, dried, and evaporated. The oil ob- 
tained was dissolved in acetic acid (100 ml) and stirred in 
the presence of zinc dust (10 g) for + h. The zinc was 
removed by filtration and the filtrate diluted with chloro- 
form. The organic solution was washed with water until 
neutral, dried, and evaporated. The product obtained 
was chromatographed on silica gel; the title product was 
crystallized from methylene chloride - ether, m.p. 172- 
1730, [a], -5.6". 

Anal. Calcd. for Cz5H3,O5: C, 72.08; H, 8.71. Found: 
C, 71.71; H, 8.46. . . 

The i.r. v,,,(CHCI,): 3620,3440,1753, 1737(inflexion), 
and 1725 cm-I ; n.m.r. (CDCI,): 0.80 (C-18, CH,), 1.0 
(C-19, CH,), 2.07 (C-3, OAc), 4.83 (C-23, CH,), and 
7.37 p.p.m. (C-22, CH). 

Proced~we B. A solution of N,N-dimethyldichloro- 
hydantoin (181 mg) in dioxane (6 ml) was added drop- 
wise, over a period of 10 min, to a stirred solution at 50" 
of 26 (0.750 g) in dioxane (14 ml), acetic acid (2 ml), and 
water (2 ml). The solution was stirred a t  the mentioned 
temperature for 5 more min and diluted with ether. The 
product was isolated, treated with zinc in aceticacid, and 
purified as in procedure A. The pure product was iden- 
tical with 3a as shown by mixture melting point and i.r. 
analysis, yield, 30%. 

The following products were made according to pro- 
cedure A. 3k. Yield 25%, methylene chloride - ether, 
m.p. 224-228", [a], + 25.7". 

Anal. Calcd. for C27H3807: C, 68.33; H, 8.07. Found: 
C, 67.97; H, 7.82. 

3p. Yield 25%, methylene chloride- ether, m.p. 228- 
230°, [a], + 6.3". 

Anal. Calcd. for C27H3807: C, 68.33; H, 8.07. Found: 
C, 68.03, H, 8.06. 

The following products were made according to pro- 
cedure B. 3i. Yield 45%, ether-hexane, m.p. 139-142", 
[a], +45.7". In this case 1.7 equiv. of N,N-dimethyl- 
hydantoin had to be used for optimum yield. 

Anal. Calcd. for C49H72017 : C, 63.07; H, 7.78. Found : 
C, 62.77; H, 7.91. 

36. Yield 55%, methylene chloride - ether-hexane, m.p. 

199-201". The n.m.r. (CDCI,): 4.07 p.p.m. (CICH2C-). 
31. Yield 50%, benzene-ether-hexane, m.p. 129-131". The 

n.m.r. (CDCI,): 4.07 and 4.18 p.p.m. (CICH~C-). 190. 
Yield 30%. That product, after chromatography, could 
not be crystallized and was used as such t o  get 196. 

Hydrolysis of Esters 
14,23-Dil1~drox~-3~ridigitoxosy/oxy-2-nor-5,14~- 

chol-20-en-21-oic Acid y-Lactotre (3j) 
A solution of the lactone 2i (3.0 g) and sodium bicar- 

bonate (3.14 g) in methanol (350 ml) and water (90 ml) 
was kept at 37" for 14 days. The methanol was then evap- 
orated and the aqueous solution extracted three times 
with CHC1,-EtOH, 2 : l .  The organic solution was 
washed with salt saturated water, dried, and  evaporated. 
The crude product was chromatographed (ethyl acetate - 
acetone, 75:25) to yield the title compound. Crystalliza- 
tion from CHCl,-ether - petroleum ether (30-65") gave 
the analytical sample (0.735 g), m.p. 185-19O0, [a], -8.5". 
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Anal. Calcd. for C41H640,: C, 63.47; H, 8.43. Found: 
C, 63.59; H, 8.60. 

The n.m.r. (CDCI,): 0.7 (C-18, CH,), 0.87 (C-19, CH,), 
4.82 (CH2-0-, lactone), and 7.47 p.p.m. (=CH, 
lactone). 

In a similar way was obtained 3tti. Yield 55%, acetone - 
ethyl acetate - hexane, m.p. 234-236", [a], + 2.5". 

Anal. Calcd. for C23H,405: C, 70.74; H, 8.78. Found: 
C, 70.67; H, 8.75. 

313, /4,23-Trihyr/vox~~-24-nor-5~,~4~-~/10/-2o-en-2~-0ic 
Acid y-Lactotle (312) 

A solution of the 3-chloroacetate 3b (14.6 g) and potas- 
sium bicarbonate (4.6 g) in methanol (1300 ml) and water 
(160 ml) was refluxed for 3 h. Most of the methanol was 
removed under reduced pressure, the mixture diluted with 
water, and extracted with ether. The ethereal solution 
was washed with salt-saturated water, dried, and evap- 
orated. The product obtained was chromatographed on 
silica gel (ethyl acetate - benzene, 1 : 1) to afford the title 
product. 

After acetylation, that compound was identical with 30 
as shown by mixture melting point and i.r. analysis. 

In a similar fashion was obtained 19b. Yield 70%, 
methanol, m.p. 201-204", [a], + 17.9". 

Anal. Calcd. for C,,H3,06 : C, 68.29; H, 7.97. Found : 
C, 68.48; H, 8.01. 

The n.m.r. (CDCI,): 0.8 (C-18, CH,), 3.45, 4.15 (OH), 
4.8 (CH2-0, lactone), 7.25 (=CH, lactone), and 10.02 
p.p.m. (CHO, S). 

Pyratlosyloxy Derivatives 
313-(13-~-Telraacety/g/1rcopyrat10~y/o,~y)-I4,23- 

dil~ydroxy-24-nor-5~,14~-~I1ol-20-eti-21-0ic Acid 
y-Laclotre (3d) 

A mixture of alcohol 3c (9.0 g), dried magnesium sulfate 
(27 g), acetobromoglucose (20 g) was stirred a t  room 
temperature, under nitrogen, protected from light, in dry 
dichloroethane (150 ml) (free from alcohols). After 15 
min, dry freshly prepared silver carbonate (15 g) was 
added and the mixture stirred for 1 h more. 

The silver and magnesium salts were removed by filtra- 
tion and the filtrate evaporated under vacuum. The crude 
product was dissolved in a minimum amount of methy- 
lene chloride, at room temperature, and precipitated with 
ether. Crystallization from CH2C12-ether gave the title 
product (4.0 g, 1st crop; 2.0 g, 2nd crop). 

The analytical sample was crystallized from methylene 
chloride - ethanol, m.p. 206-209", - 57.4". 

Anal. Calcd. for C37H,2013 : C, 63.05; H, 7.44. Found: 
C, 62.87; H, 7.14. 

The n.m.r. (CDCI,): 0.8 (C-18, CH,), 0.9 (C-19, CH,), 
0 

I 
2.0 and 2.08 (OC-CH,, 12 protons), 2.9 (C-14, OH), 
4.8 (CH2-0, lactone), and 7.28 p.p.m. (=CH, lactone). 

Mother liquors were chromatographed on silica gel to 
afford the orthoester (3f). Crystallization from pentane 
gave the analytical sample (l.Og), m.p. 105-107", 
[a], +24.4'. 

Anal. Calcd. for C27H52013:  C, 63.05; H, 7.44. Found: 
C, 63.19; H, 7.42. 

The n.m.r. (CDCI,): 0.8 (C-18, CH,), 0.92 (C-19, CH,), 
1.73 (orthoacetate, CH,), 2.78 (C-14, OH), 4.82 (CH,-0, 

lactone, triplet J = 2.5 Hz), and 7.3 p.p.m. (=CH, lac- 
tone, doublet J = 5.5 Hz). 

This product in acetone containing a trace of hydro- 
chloric acid gave 3c. 

3p-( p-D-Ghrcopyratrosy/oxy) -14,23-di/iydroxy-24-tior- 
513,14~-c/101-20-et1-21-0ic Acid y-Lactotie (3e) 

A solution of the acetylated glucosyl derivative 3d 
(1.0 g) and potassium bicarbonate (470 mg) in methanol 
(180 ml) and water (20 ml) was stirred at room tempera- 
ture for 10 days. Methanol was then evaporated at re- 
duced pressure (bath temperature < 30") until a precipi- 
tate appeared. The ni ix t~~re  was diluted with water and 
extracted with ether, chloroform, chloroform-ethanol 
(9: 1 3 x 100 ml fractions, 9:2 3 x 100 ml fractions). 
The last three fractions were evaporated (0.600 g) and the 
product crystallized from methanol-water (450 mg), 
m.p. 237-24O0, [aIDEfoF' - 39.4". 
[MI Calcd. for 3b + methyl 13-D-glucopyranoside: 
(- 2300") + (- 6600") = - 8900". [MI Calcd. for 36 + 
methyl a-D-glucopyranoside: -2300" + 30 800" = 
+ 28 500". Found for3e: -21 000". Theglycosidiclinkage 
in 3e has the p configuration. 

Anal. Calcd. for C29H4409: C, 64.90; H, 8.23. Found: 
C, 64.97; H, 8.25. 

The n.m.r. (CDCI,): 0.7 (C-18, CH,), 0.88 (C-19, CH,), 
3.27, 3.78, 4.71 (OH), 4.78 (CH2-0, lactone), and 
7.45 p.p.m. (=CH, lactone). 

14,23-Dil1yrl,.ox-y-3!3- ( ~ - ~ - ~ l l n t t t t l ~ p y ~ l ~ ~ y / ~ ~ J ~ )  -24- 
tior-5~,14~-cl10/-20-eti-2/-oi( Acirl y-Lrrctotie (311) 

The coupling of 3c (4.0 g) with tribenzoyl-a-L-rhamno- 
pyranosyl bromide was done as for 3d. The product iso- 
lated was chromatographed on silica gel to  give 14, 23- 
dil~ydroxy-38- ( t r i b e t ~ z o y l - a - ~ - r l ~ n t t ~ t ~ o p y r o t ~ o ~ ~ l o . ~ ) ~ )  -24- 
t1or-5(3,/4(3-c/10/-20-et1-21-oic ncirl y-lnctotie (3g) (4.0 g). 

3g was hydrolyzed as for 3e. The mixture obtained after 
evaporation of methanol and dilution with water was 
extracted with ether, chloroform, chloroform-isopro- 
panol, 4: 1 (3 x 200 ml fractions). The last three fractions 
were dried, evaporated, and crystallized from ethanol- 
hexane (2.5 g), n1.p. 225-228". The analytical sample, 
m.p. 228-230" was obtained from the same solvent mix- 
ture, [aIDEfoF' -55.4'. 

[MI Calcd. for 36 + methyl a-L-rhamnoside: (-2300") 
+ (-  1 1  100") = - 13 400". [MI Calcd. for 36 + methyl 
13-L-rhamoside: - 2300" + 14 600" = + 12 300". Found 
for 311: -29 000". The glycosidic linkage in 311 has the a 
configuration. 

Anal. Calcd. for C29H440,: C, 66.90; H, 8.52. Found: 
C, 66.82; H, 8.47. 

The n.m.r. (CDCI,): 0.7 (C-18, CH,), 0.88 (C-19, CH,), 
1.10 (C-6, rhamosyl CH,), 3.23, 3.90, 4.37, 4.53 (OH), 
4.65 (CH2-0, lactone), and 7.45 p.p.m. (=CH, lactone). 

3 ~ - ( ~ - ~ - G / r r c o p ) ~ r o t 1 o s ~ ~ ~ / o , ~  -12~,23-dil1ydro.~)~-24-t1or- 
513,1413-cllol-20-etl-21-oic Acid y-Lactone (30) 

A mixture of 3tt1 (1.7 g) anhydrous magnesium sulfate 
(4.3 g), and acetobromoglucose (4.0 g) was stirred under 
nitrogen at 45-50" in dry dichloroethane (100ml). The 
flask was protected from light and dry freshly prepared 
silver carbonate (2.8 g) was added and the whole stirred 
for 2 h. The product isolated as for 3d was chromato- 
graphed to give 3t1 (1.7 g). 

3t1 was hydrolyzed as for 3e. The mixture was extracted 
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with ether, chloroform, benzene-isopropanol, 9:  1, 9:2, 
and 9:3. The last three fractions were dried, evaporated, 
and crystallized twice from methanol, (350 mg), m.p. 
236-238", [aID"OH - 14.8. 

[MI Calcd. for 3111 + methyl a-D-glucopyranoside: 
980-6600" = -5620". [MI Calcd. for 3/11 + methyl a-D- 
glucopyranoside: 980 + 30 800" = +31 780". Found for 
3e: -8100. The glycosidic linkage in 30 has the @con- 
figuration. 

Anal. Calcd. for C29H44010:  C, 63.03; H, 8.02. Found: 
C, 63.07; H, 8.03. 

The n.m.r. (CDCI,): 0.66 (C-18, CH,), 0.93 (C-19, 
CH,), 4.93 (CH2-0-, lactone), and 7.60 p.p.m. (=CH, 
lactone). 

3 ~ - ( ~ - ~ - ~ / ) ~ c o p y r a t 1 o s y / o s y )  -5,14-di/1yr/roxy-19-oxo- 
24-t1or-5~,14~-cl1ol-20-et1-21-oic Acid y-Lnctone 
( 19d) 

The coupling of 196 (0.550 g) with acetobromoglucose 
was done as for 30. The product obtained was chromato- 
graphed on silica gel to give the tetrnacelylaled B-D- 
ghrcopy~~nr~osylo..ry derivatire 19c (320 nig). 19c was hydro- 
lyzed as for 3e. The niixti~re was extracted with ether, 
chloroform, chloroforni-isopropanol (9: 1, 9 : 2  (3 x 50 
nil fractions), 9:3 (3 x 50 ml fractions)). The last six 
fractions were dried, evaporated and crystallized from 
methanol-ether (180 mg), m.p. 233-235". [or]DE'O'l 
- 11.6". 

[MI Calcd. for 19b + methyl b-D-glucopyranoside: 
7200 - 6600" = +600°. [MI Calcd. for 19b + methyl 
a-D-glucopyranoside: 7200 + 30 800" = + 38 000". Found 
for 19d: -6200". The glycoside linkage in 19d has the 
P-configuration. 

Anal. Calcd. for C29H420 , ,  : C, 61.46; H, 7.46. Found : 
C, 61.30; H, 7.55. 

The n.ni.r. (DMSO-d): 0.67 (C-18, CH,), 4.66 
(CH2-0-, lactone), 7.47 (=CH-, lactone), and 
10.2 p.p.m. (CHO, S). 

3~,14-Dil1ydroxy-23-oso-24-1~0r-513,14~-chol-20-et1- 
21-oic Acid 6-Lactone 3-Acelate (4) 

To a solution of 30 (1.0 g) in dioxane (50 ml) and water 
(4 nil) was added N-bromosuccininiide (0.90 g) and the 
mixture stirred at room temperature for 5 min. The solu- 
tion was then diluted with ether and the ethereal solution 
washed with sodium bicarbonate, salt saturated water, 
dried, and evaporated. The crude product was crystallized 
several times from ether (0.350 g), m.p. 220" (dec.). That 
compound could not be analyzed but was identified from 
the two products 5 and 6 .  

The i.r. v,,,(KBr): 1721, 1705, 1675, 1623, and 760 
cm-'; n.m.r. (CDCI,): 1.0 (C-18 and 19, 2CH3), 6.87 
(=CH, 1 proton, J = 7 Hz doublet), and 10.3 p.p.ni. 
(CHO, J = 7 Hz doublet). 

3p, 14-Dil1ydroxy-23-oxo-24-nor-5B, 14~-cl1olarz-21-oic 
Acid 6-Lactot~e 3-Acetate (6)  

A solution of 4 (2.3 g) in acetic acid (230 ml) was 
stirred with zinc dust (23 g) at room temperature for 4 h. 
The zinc was removed by filtration and the filtrate diluted 
with chloroform. The organic solution was washed with 
water until neutral, dried, and evaporated. The residue 
was crystallized twice from acetone-hexane, m.p. 179- 
181°, [alp -43.9". 

Anal. Calcd. for CZ5H3605: C, 72.08; H, 8.71. Found: 
C, 72.14; H, 8.50. 

The i.r.: v,,,(CHCI,): 2840, 2730, and 1720 cm-'; 
n.m.r. (CDCI,): 9.80 p.p.m. (CHO). 

3~,14-Dil1ydro.~y-24-t1or-5~,14~-cl10/-20-ene-21,23- 
dioic Acid 6-Lactone 3-Acelale (5) 

T o  a solution of 4 (0.330 g) in ethanol (50 ml) was 
added silver nitrate (0.217 g) in water (7 ml). While the 
solution was vigorously stirred, a solution of sodium 
hydroxide (0.217 g) in water (7 ml) was added dropwise 
and the mixture stirred at  room temperature for 3 h. The 
silver oxide was then removed, the ethanol evaporated, 
and the solution poured into ice cold 20% sulfuric acid. 
The solid obtained was filtered, washed with water, and 
taken into chloroforni. The organic solution was ex- 
tracted with a 10% sodium carbonate solution and the 
latter acidified. It was then extracted with chloroform 
which was washed with water, dried, and evaporated. 
The residue (0.220 g) was crystallized twice from meth- 
ylene chloride - ether, m.p. 263-264", [a], - 17.5". 

Anal. Calcd. for Cz5H3406: C, 69.74; H, 7.96. Found: 
C, 70.04; H,  8.07. 

The i.r. v,,,(Nujol): 3450, 1700, and 1640 cm-'; the 
11.v. (EtOH): h ,,,, 232 nm, E 13 760. 

3~,14,215-Tril1ydroxy-513-cnrd-20(22)-enolide 
3,21- Dincetnte (20) 

(A) A mixture of 26 (1.0 g), sodium acetate (1.0 g), and 
peracetic acid (40% solution, 1.0 ml) was stirred at room 
temperature for 30 min in chloroform. It was then diluted 
with more chloroform and washed with water until free 
from peracid, dried, and evaporated. The  solid obtained 
was acetylated overnight. The solution was poured into 
ice cold water and the mixture extracted with ether. The 
ethereal solution was washed with diluted sulfuric acid, 
salt saturated water, dried, and evaporated. The crude 
product was crystallized twice from ether (0.180 g), n1.p. 
180-183", [a], -25.9". 

Anal. Calcd. for C2,H3g07: C, 68.33; H, 8.07. Found: 
C, 68.22; H, 7.95. 

The n.m.r. (CDC1,): 6.18 (=CH, lactone), and 6.66 
p.p.m. (C-21, H). 

(B) A mixture of 20 (0.100 g), sodium acetate (0.1 g), 
acetic acid (1.0 nil), and 112-chloroperbenzoic acid (0.125 g) 
in acetone (10 ml) was stirred at room temperature for 
5 h. The solvent was then evaporated t o  one third its 
initial volume, poured into water, and the solid obtained 
filtered, and taken in chloroform. The organic solution 
was washed with sodium bicarbonate solution, water, 
dried, and evaporated. The solid obtained was crystallized 
twice from methylene chloride - ether to  give 20 a s  
proven by mixture melting point and i.r. analysis, yield 
c nm 
J " / o .  

3 ~ , 2 1 - D i l 1 y d r o x y - 1 4 , 2 1 - 0 x i d o - 2 4 - 1 1 0 ~  
20-en-23-oic Acid y-Lnctot~e 3-Acetnte (21) 

(A) The mother liquors obtained from crystallization 
of 20 (method A) were chromatographed on silica gel t o  
give the title product after crystallization from methylene 
chloride - ether (0.150 g), m.p. 217-219", [aID +42.9". 

Anal. Calcd. for C25H3405: C, 72.44; H, 8.27. Found: 
C, 72.82; H, 8.04. 

Then.m.r. (CDCI,): 0.85 (C-18, CH,), 1.0 (C-19, CH,), 
2.03 (C-3, OAc), 5.66 (=CH, lactone), and 5.73 p.p.m. - - 

((2-21, H). 
(B) A mixture of 2b (2.0 a) sodium acetate (2.0 E) and 

m-chi~ro~erbenzoic acih (230 g) in acetic acid (l-do ml) 
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was stirred a t  room temperature for 4 h. It was then 
diluted with chloroform and washed with sodium bicar- 
bonate and water, dried, and evaporated. The oil obtained 
was crystallized from methylene chloride - ether (0.685 g), 
and proven to be identical with 21 by mixture melting 
point and i.r. analysis. 

3(3,14-Dihydroxy-5~-card-20-enolide 3-Acetate 
(Digitoxigenir~ Acetate ) (Ib) 

A solution of 20 (0.150 g) in methanol (7 ml) and water 
(1 ml) containing sodium hydroxide (0.014 g) was stirred 
at  0" in the presence of sodium borohydride (0. I50 g), for 
1 h. It was then poured into 5% ice cold sulfuric acid. 
The solid obtained was filtered, washed with water, dried, 
and crystallized from acetone-ether (0.120 g), m.p. 222- 
224", identical with digitoxigenin acetate as proven by 
mixture melting point and i.r. analysis. 
3~,14-Dit1ydroxy-20-o.~o-5~,14~-p1'egnat1-21-oic Acid 

y-Lactone 3-Acetate (7) 
To  a stirred solution of 20 (200 rng) in acetone (10 ml) 

was added powdered potassium permanganate (200 mg). 
More permanganate was added (100 and 50 mg) after 
10 and 50 min. The mixture was then stirred for If  h. 

The acetone was evaporated and the solid acidified to 
p H  4 with 5% sulfuric acid and extracted with nlethylene 
chloride. The organic solvent was evaporated to a volume 
of 10 rnl and diluted with ether. The mixture was washed 
with sodium bicarbonate, salt saturated water, dried, and 
evaporated. The residue was crystallized several times 
from acetone-hexane, (40 mg), rn.p. 235-237", [a], 
-67.3"; (lit. (7), m.p. 235-238", [a], -66.8"). 

Anal. Calcd. for C23H3205 :  C, 71.10; H, 8.30. Found: 
C, 70.73; H, 8.01. 

The same product was obtained under identical condi- 
tions from 3a, 4, and 21. 

The author wishes to thank Dr. G. Schilling and his 
associates for analytical data, Mr. R. Dinoi for invaluable 
technical assistance, Dr. Y. Lefebvre for stimulating 
discussions, and Dr. R. Deghenghi for encouragement and 
support. 
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