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Abstract - A high yield direct conversion of digitoxin into 
(21R)-~imethyldigitoxin is described. 

In previous communications of this series we have described the application of 

our "furan methodology" to the synthesis of a variety of cardenolide and 

bufadienolide analogues.2 Several of these compounds when testedt in the form 

of their glucosides turned out to be not only fully active, but displayed a 

much wider margin of safety than the natural digitalis glycosides currently 

used in therapy. It next became desirable to attach the natural digitoxin 

tridigitoxoside sidechain to our best steroid derivatives. It was believed 

that this would result in a prolongation of the duration of action and a 

favourable modification of several other pharmacologic parameters. A general 

solution of this problem is laborious and similar to the total synthesis of 

digitoxin.' However, in one specific case we were able to reach the desired 

objective in a very simple and highly efficient manner. 

3 One of our best steroids is (21R)-2lmethyldigitoxigenin which, in the form of 

its glucoside, is practically equipotent with digitoxin, but shows a 20 times 

wider margin of safety. We wish to report now the preparation of the tri- 

digitoxoside 5 of this compound. - ....................................... 
'~11 pharmacological tests were performed under the direction of Professor Rafael 

Mendez, Instituto Nacional de Cardiologia Ignacio Chavez, Mexico City. The re- 

sults of these tests are being published by Professor Mendez and his colleagues. 
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The s t a r t i n g  m a t e r i a l  was t h e  f u r y 1  d e r i v a t i v e  1 e a s i l y  p repa red  from d i g i t o x i n  

by r e d u c t i o n  w i t h  DIBAL. Compound was hea ted  i n  d ioxane  wi th  sodium h y d r i d e  

and 18-crown-6 e t h e r  f o r  6 h ,  fo l lowed by a d d i t i o n  of an e x c e s s  of benzy l  

bromide and ano the r  1 8  h of  r e f l u x .  Work-up and chromatography gave t h e  p u r e  

perbenzyla ted  compound a s  a foam, homogeneous i n  s e v e r a l  T.L.C. sys tems,  i n  a 

y i e ld  o f  90%: i r  (CHC13) vmax: no hydroxyl  abso rp t ion :  pmr (CDC13)  6 :  7.30, 

7.32, 7.36, 7.38 (m,  25H, a romat i c  H), 7.14, 7.10,  6.18 (broad s ,  1 H  each ,  

fu ran ) ,  1.28 ( d ,  J = 6 Hz, 3H. 1 CH3 i n  d i g i t o x o s e ) ,  1.19 (d ,  J = 6 Hz, 6H. 

2 CH i n  d i g i t o x o s e ) ,  0.96 (5 ,  3H, 19-CH3), 0.86 (s,  3H, 18-CH3). 3 

The pe rbenzy la t ed  compound t was d i s s o l v e d  i n  CHC13 and o x i d i z e d  wi th  m-chloro- 

perbenzoic a c i d  i n  t h e  p re sence  o f  a c e t i c  a c i d  and sodium a c e t a t e .  A f t e r  work- 

up t h e  two r eg io i somer i c  l a c t o l s  3a and !$ w e r e  r e a d i l y  s e p a r a t e d  by chromato- -- 
graphy and 3a was used f o r  t h e  n e x t  s t e p  wi thou t  any f u r t h e r  p u r i f i c a t i o n .  The - - 
y ie ld  o f  and 29 was 92% and t h e  m a t e r i a l s  were ob ta ined  i n  a r a t i o  2 : l .  The 

r e g i o s e l e c t i v i t y  of t h e  o x i d a t i o n  is t h u s  much smaller t h a n  observed i n  o u r  

d i g i t o x i g e n i n  s y n t h e s i s . 2  The m a t e r i a l s  3a and 3b, b e s i d e s  be ing  mix tu res  o f  
-" - - 

C21-epimers, c o n t a i n  a l s o  s i g n i f i c a n t  amounts o f  t h e  co r re spond ing  a ldehyde 

tautomers . 
The l a c t o l  mixture  !a i n  THF was coo led  t o  -78'C and t r e a t e d  w i t h  an e x c e s s  o f  

methyl l i th ium f o r  30 min. The s o l u t i o n  was then  a c i d i f i e d  and worked up. The 

major epimer 4_a was s e p a r a t e d  by chromatography on s i l i c i c  a c i d  i n  a y i e l d  of 

86%. The product  was homogeneous i n  s e v e r a l  T.L.C. systems and remained g l a s s y .  

We d i d  n o t  succeed t o  s e p a r a t e  t h e  minor epimer 49 as a pu re  compound. The 

es t imated  r a t i o  of 42/49 was 1 0 : l ;  i r  (CHCI3) vmax: 1706 (C=O) ,  1625 c m - l  ( C = C ) ,  

no hydroxyl  a b s o r p t i o n ;  pmr (CDC1 ) 6 :  7.30, 7.33, 7.35, 7.37 (m,  25H, a r o m a t i c  3 

H ) ,  5.69 (broad s,  l H ,  C22-H), 1.36 (d, J = 7 Hz,  3H, C21-,CH3), 1 . 2 8  (d ,  J = 6 

H z .  3H, 1 CH3 i n  d i g i t o x o s e ) ,  1.20 ( d ,  J = 6 Hz, 6H, 2 CH3 i n  d i g i t o x o s e ) ,  1 .03  

( 5 ,  3H, 18-CH3), 0.97 (s, 3H, 19-CH3). The benzy la t ed  d e r i v a t i v e  4a - - w a s  

hydrogenated i n  a mixture  of e t h a n o l  and benzene ( 2 : l )  ove r  10% Pd/C. Prepara-  

t i ve  T.L.C. on s i l i c i c  a c i d  gave t h e  pu re  epimer 5 i n  a y i e l d  of 82%. A f t e r  

24 
c r y s t a l l i z a t i o n  from chloroform-ether ,  compound 2 melted a t  243-245-C; [ a lD  

127.15- (CHC13); i r  (CHC13) vmax: 3550 (OH), 1710 (C=O), 1630 cm-' (C=C); 

pmr (CDC13) 6:  6.16 (broad s ,  C22-H), 4.90 (m,  W - 20 Hz, 4H. 3 anomeric H i - 
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and C21-HI, 1.42 (d, J = 7 Hz, 3H, C21-CH3), 1.29 (d, J = 6 Hz, 3H. CH in 3 

digitoxose), 1.23 (d, J = 6 Hz, 6H, 2 CH 3 in digitoxose), 0.93 (s, 3H, 19-CH3), 

0.89 ( s ,  3H. 18-CH3). 

Mild hydrolysis of 5 (room temperature, methanol-benzene-0.01M HC1) yielded 

(21R)-Zlmethyldigitoxigenin (mp 246-247'C), identical in all respects with an 

authentic sample of this compound.3 The crystal and molecular structure of our 

original sample of this material has been solved by E. J. ~abe' and thus the 

(21R) configuration can be assigned to it with certainty. Consequently, the 

(21R)-2lmethyldigitoxin structure can be rigorously assigned to our final 

product 2 .  
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