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The p r e p a r a t i o n  and r e a c t i o n s  of 14~, 1 5 ~ - e p o x y - s t e r o i d s  

in the  a n d r o s t a n e ,  e t i o c h o l a n i c  ac id ,  p r e g n a n e ,  and c a r d e n o l i d e  

s e r i e s  have  b e e n  we l l  e l a b o r a t e d  in the  l i t e r a t u r e .  W h e r e a s  in 

the  C19 s e r i e s ,  a 1 4 ~ , l S ~ - e p o x y - 1 7 - o n e  m a y  be p r e p a r e d  

s i m p l y  by p e r b e n z o i c  ac id  t r e a t m e n t  of  a / X l 4 - 1 7 - o n e ,  1 it  is 

n e c e s s a r y  to t r e a t  ~ 1 4 - c o . m p o u n d s  in the  o t h e r  s e r i e s  wi th  a 

h y p o h a l o u s  ac id  to f o r m  h a l o h y d r i n s  fo l lowed  by  c y c l i z a t i o n  

c o n d i t i o n s  to p r e p a r e  the  14~, 15~-epoxy  c o m p o u n d s .  P, 3 It is 

not  c l e a r  f r o m  the  c i t ed  l i t e r a t u r e  as to the  exac t  f o r m u l a t i o n  

of the  i n t e r m e d i a t e  h a l o h y d r i n  c o m p o u n d s .  The pa t en t  l i t e r a -  

t u r e Z a ,  b s t r o n g l y  s u g g e s t s  tha t  the  c o m p o u n d s  a r e  1 4 a - h a l o -  

1 5 ~ - h y d r o x y s t e r o i d s .  Indeed ,  in one of the  p a t e n t s  2a th i s  t ype  

of  i n t e r m e d i a t e  is  p u r p o r t e d  to give  1 5 ~ - h y d r o x y d e o x y -  

c o r t i c o s t e r o n e  by  r e d u c t i v e  d e h a l o g e n a t i o n  t r e a t m e n t  wi th  

d e a c t i v a t e d  R a n e y  n i c k e l .  It m a y  a l s o  be no ted ,  h o w e v e r ,  

t ha t  L a r d o n  and R e i c h s t e i n ,  2c a l t hough  a c k n o w l e d g i n g  the  

s u g g e s t i o n  of  one of  the  p a t e n t s ,  2b have  not  d i s r e g a r d e d  the  

p o s s i b i l i t y  t ha t  the  i n t e r m e d i a t e  h a l o h y d r i n  m i g h t  be a 14~- 

h y d r o x y - 1 5 a - h a l o - s t e r o i d .  4 F u r t h e r m o r e ,  in t h e i r  d e t e r m i -  
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na t i on  of  the  s t r u c t u r e  of  r e s i b u f o g e n i n ,  a n a t u r a l l y  o c c u r r i n g  

14~, 1 5 ~ - e p o x y b u f a d i e n o l i d e ,  L i n d e  and l~feyer 5 opened  the  

epox ide  r i n g  wi th  h y d r o c h l o r i c  ac id  and r e c y c l i z e d  the  h a l o -  

h y d r i n  to s t a r t i n g  m a t e r i a l .  It has  b e e n  f o r m u l a t e d  by  F i e s e r  

and F i e s e r  6 t ha t  the  c h l o r h y d r i n  so f o r m e d  was  the  14~- 

h y d r o x y - 1 5 a - c h l o r o b u f a d i e n o l i d e .  It was  though t  tha t  a 

d e f i n i t i v e  c o n t r i b u t i o n  m i g h t  be m a d e  t o w a r d  e l u c i d a t i n g  th i s  

s t r u c t u r a l  p r o b l e m  by  u t i l i z i n g  c o m p o u n d s  r e a d i l y  a v a i l a b l e  in 

th i s  L a b o r a t o r y .  

F o r  th i s  pu rpo  s e 3 ~- a c e t o x y -  Z0- e t h y l e n e d i o x y p r  egn-  14- 

e n - 2 1 - o l  (Ia) 7 was  a c e t y l a t e d  to give the  3, 2 1 - d i a c e t a t e  Ib 

wh ich ,  in t u r n ,  was  t r e a t e d  wi th  N - b r o m o a c e t a m i d e  and 

p e r c h l o r i c  ac id  in d ioxane  to f o r m  the  i n t e r m e d i a t e  b r o m o -  

h y d r i n  II. The  l a t t e r  c o m p o u n d  was  not  p u r i f i e d  but  was  

c y c l i z e d  wi th  p o t a s s i u r n  a c e t a t e  to f o r m  14~, 15~- epoxy-  20- 

e t h y l e n e d i o x y p r e g n a n e - 3 ~ ,  21-d io l  d i a c e t a t e  (III). T r e a t m e n t  

of  the  b r o m o h y d r i n  II wi th  d e a c t i v a t e d  l%aney n i c k e l  8 a f f o r d e d  

a m o n o - a l c o h o l  IVb. The  m o n o - a l c o h o l  IVb could  a l s o  be 

p r e p a r e d  by r e a c t i o n  of the  14~, 15~-epox ide  III wi th  l i t h i u m  

a l u m i n u m  h y d r i d e  to give  a s o l v a t e d  t r i o l  IVa w h i c h  was  

a c e t y l a t e d  to the  d i a c e t a t e - m o n o - a l c o h o l  IVb. S ince  it has  

been  show n u n e q u i v o c a l l y  by L inde  and l~feyer~ tha t  l i t h i u m  

a l u m i n u m  h y d r i d e  r e d u c t i o n  of a 14~, 1 ~ - e p o x y - s t e r o i d  g ives  

a 14~-ol ,  c o m p o u n d  IVa m u s t  be 2 0 - e t h y l e n e d i o x y p r e g n a n e -  

3~, 14~, 2 1 - t r i o l  and IVb i ts  3~, 2 1 - d i a c e t a t e .  I n th i s  m a n n e r  

i t  fo l lows  tha t  the  b r o m o h y d r i n  II has  the  s t r u c t u r e  5~, 21- 

d i a c e t o x y -  15a - b r o m o -  20- e t h y l e n e d i o x y p r e g n a n -  14~-ol ,  
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n e c e s s i t a t i n g  a M a r k o w n i k o f f  add i t i on  of  h y p o b r o m o u s  ac id .  

To e s t a b l i s h  f u r t h e r  tha t  IVa and IVb a r e  1 4 ~ - h y d r o x y -  

s t e r o i d s ,  the  t r i o l  IVa was  d e k e t a l i z e d  wi th  a c e t i c  ac id ,  and 

the  r e s u l t a n t  i m p u r e  gum was  a c e t y l a t e d  to y i e ld  the  known 

3~, 2 1 - d i a c e t o x y - 1 4 ~ - h y d r o x y p r e g n a n - Z 0 - o n e  (V). The l a t t e r  

c o m p o u n d  was  i d e n t i c a l  to an au then t i c  s p e c i m e n  p r e p a r e d  

a c c o r d i n g  to M e y e r  and R e i c h s t e i n  9 f r o m  d ig i t ox igen in .  

It is i n t e r e s t i n g  to s p e c u l a t e  on the  M a r k o w n i k o f f  

add i t i on  of  the  h y p o b r o r n o u s  ac id  to t h e ~  14, 15 -compound  Ib, 

and the  r e d u c t i v e  c l e a v a g e  of  the  14~, 15~-epox ide  III to f o r m  

a 1 4 ~ - h y d r o x y  compound .  S u p e r f i c i a l l y ,  both  of t h e s e  

r e a c t i o n s  could  be c o n s i d e r e d  as v io l a t i ons  o5 the  m a n y  

e x a m p l e s  of  ion ic  add i t i on  to o le f ins  l0 and r e d u c t i v e  c l e a v a g e  

of  e p o x i d e s l  1 in s t e r o i d s  w h e r e i n  d i ax i a l  p r o d u c t s  a r e  ob-  

t a i n e d .  Thus ,  a p r e d i c t i o n  of  the  p r o d u c t s  of  the  ionic  

add i t i on  m i g h t  s u g g e s t  a ! 4~ - h a l o -  1 5 ~ o h y d r o x y - b r o m o h y d r i n  

p r o d u c t ,  w h i c h  is r e s p e c t i v e l y  ax i a l  at  C14 and p s e u d o - a x i a l  

at  C l5  to Ring C. S i m i l a r l y ,  r e d u c t i o n  of  the  14~, 15~-epox ide  

would  be e x p e c t e d  to give  a 14~ - h y d r o g e n -  1 5 ~ - h y d r o x y - r n o n o -  

a l coho l  w h i c h  would  be ax i a l  a t  C l 4  and p s e u d o - a x i a l  at  C15, 

C o u n t e r i n g  t h e s e  c o n s i d e r a t i o n s  m u s t  be the  o b v i o u s l y  

i m p o r t a n t  e f f ec t  tha t  a cis  C / D  r ing  j unc t i on  is u s u a l l y  

f a v o r e d  t h e r m o d y n a m i c a l l y .  1 2, IB F u r t h e r m o r e ,  i n s p e c t i o n  

of D r e i d i n g  m o d e l s  of  t h e s e  s y s t e m s  r e v e a l s  tha t  the  s e v e r e  

l, 3 i n t e r a c t i o n  of  the  CIB-rne thy1  g roup  wi th  a 15~-ha logen  or  

h y d r o x y  g r o u p i n g  in a C / D  t r a n s  j u n c t i o n  m a y  be e f f e c t i v e l y  

r e l i e v e d  by  the  p r e f e r r e d  f o r m a t i o n  of the  C / D  cis  j unc t ion .  
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F i n a l l y ,  i t  i s w e l l  k n o w n ,  g e n e r a l l y  in  c a s e s  n o t  a f f e c t e d  b y  

t h e  r i g i d  s t e r e o c h e m i s t r y  s u c h  a s  e x i s t s  in  t h e  s t e r o i d  

m o l e c u l e ,  t h a t  l i t h i u m  a l u m i n u m  h y d r i d e  a t t a c k s  s e c o n d a r y -  

t e r t i a r y  e p o x i d e s  w i t h  h y d r i d e  i on  a t  t h e  s e c o n d a r y  c a r b o n  

atom. 1 4 

I t  s h o u l d  a l s o  b e  n o t e d  t h a t  i f  d e s i r e d ,  a p r e p a r a t i o n  o f  

a 1 4 ~ - h y d r o x y - Z 0 - e t h y l e n e  k e t a l  c o m p o u n d  (i .  e .  I V a  a n d  IVb)  

i s  n o w  a v a i l a b l e .  T h i s  c o u l d  n o t  b e  d o n e  b y  d i r e c t  k e t a l i z a t i o n  

o f  a 1 4 ~ - h y d r o x y - 2 - 0 - o n e  a s  r e p o r t e d  p r e v i o u s l y .  7 

E x p e r i m e n t a l  15 

3, 21 - D i a c e t o x ~ r -  2 0 -  e t h y l e n e d i o x y p r e ~ n -  1 4 -  e n e .  ( Ib) .  

A s a m p l e  o f  t h e  a l c o h o l  I a  7 w a s  a c e t y l a t e d  in  t h e  u s u a l  

m a n n e r  w i t h  a c e t i c  a n h y d r i d e  in  p y r i d i n e  to  a f f o r d  t h e  

d i a c e t a t e  I I b .  T h i s  c o u l d  n o t  b e  c r y s t a l l i z e d  a n d  w a s  u s e d  

a s  a g u m  in  t h e  f o l l o w i n g  e x p e r i m e n t .  

3, 21 - D i a c e t o x y -  14~,  1 5 ~ -  e p o x y -  20 - e t h y l e n e d i o x y p r  e g n a n e  - 

( I I I ) .  T o  a s o l u t i o n  o f  Ib  (370 r a g .  ) in  p e r o x i d e - f r e e  d i o x a n e  

(10 m l .  ) a n d  w a t e r  (2 m l . )  w a s  a d d e d  N - b r o m o a c e t a m i d e  

(113 r a g . )  a n d  3 _ N p e r c h l o r i c  a c i d  ( 0 . 2 1  m l . ) .  T h e  s o l u t i o n  

w a s  a l l o w e d  to  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  15 r a i n .  , 

d i l u t e d  w i t h  w a t e r  a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  T h e  

e x t r a c t  w a s  w a s h e d  w i t h  s o d i u m  b i c a r b o n a t e  s o l u t i o n ,  d r i e d  

a n d  e v a p o r a t e d _ i n  v a c u o  w i t h  m i n i m a l  h e a t i n g .  T h e  c r u d e  

b r o m o h y d r i n  I I  t h u s  o b t a i n e d  w a s  d i s s o l v e d  in  a b s o l u t e  

e t h a n o l  (25 m l .  ) a n d  e x c e s s  a n h y d r o u s  p o t a s s i u m  a c e t a t e  w a s  

a d d e d .  T h e  m i x t u r e  w a s  h e a t e d  u n d e r  r e f l u x  f o r  18 h r .  , t h e n  

d i l u t e d  w i t h  w a t e r  a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  T h e  d r i e d  
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e x t r a c t  was  e v a p o r a t e d  in vacuo ,  and the  r e s i d u e  was  

a c e t y l a t e d  wi th  a c e t i c  a n h y d r i d e  and p y r i d i n e  in the  u s u a l  

m a n n e r .  The r e s u l t a n t  gum was  s u b m i t t e d  to c h r o m a t o g r a p h y  

on a F lo r i s i 116  c o l u m n .  The  p r o d u c t  was  ob t a ined  as  a gum 

f r o m  the  5% a c e t o n e - m e t h y i e n e  c h l o r i d e  e l u a t e s .  C r y s t a l -  

1L~ation f r o m  a c e t o n e - w a t e r  a f f o r d e d  a whi t e  so l id  (116 rag.  ), 

m . p .  178-180 ° .  Two a d d i t i o n a l  c r y s t a l l i z a t i o n s  f r o m  the  

s a m e  s o l v e n t  p a i r  r a i s e d  the  m e l t i n g  poin t  to 182-1830;  

~ ) m a x  1750, 1~-50, 1043 c m . - 1 ;  [a]~)5 + 350 (me thano l ) .  

Ana l .  Ca l cd .  fo r  C27H400  7 (476.59):  C, 08 .04 ;  H, 

8 . 4 6 .  Found:  C, 68. ~-9; H, 8 .53 .  

~ - 0 - E t h y i e n e d i o x y p r e g n a n e - 3 ~ ,  14~, ~ . l - t r i o l  (IVa). To a 

s o l u t i o n  of 14~, 15~-epox ide  III (258 rag.  ) in e t h e r  (130 ml .  ) 

was  added  l i t h i u m  a l u m i n u m  h y d r i d e  (1.3 g. ). The m i x t u r e  

was  s t i r r e d  and h e a t e d  u n d e r  r e f l u x  for  3 h r .  The m i x t u r e  

was  coo led  in an i c e - b a t h  and s a t u r a t e d  s o d i u m  p o t a s s i u m  

t a r t r a t e  s o l u t i o n  (10 m l . )  was  added  d r o p w i s e .  The m i x t u r e  

was  f i l t e r e d ,  and the  e t h e r  l a y e r  was  s e p a r a t e d  and d r i e d .  

E v a p o r a t i o n  in vacuo  p r o d u c e d  100 rag.  of  wh i t e  so l id .  

S e v e r a l  a d d i t i o n a l  e x t r a c t s  of the  i n o r g a n i c  f i l t e r - c a k e  wi th  

hot  e thy l  a c e t a t e  (100 m l .  ) a f f o r d e d  a d d i t i o n a l  whi te  so l id  

(70 r a g . ) .  The c o m b i n e d  so l id s  w e r e  c r y s t a l l i z e d  f r o m  

a c e t o n e - w a t e r  and y i e l d e d  whi t e  c r y s t a l s  (139.5  rag.  ), m . p .  

184-180 ° .  Two a d d i t i o n a l  c r y s t a l l i z a t i o n s  s e r v e d  on ly  to 

l o w e r  the  m e l t i n g  poin t  to 181-18~- ° ,  and IVa was ob ta ined  in 

a s o l v a t e d  s t a t e .  

Ana l .  Ca lcd .  fo r  C23H3805 (394.53):  C, 70.01; H, 9 . 7 1 .  
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Found :  C, 6 9 . 1 0 ;  H, 9 . 9 0 .  

3, 21 -Diace tox)~-  2 0 - e t h ) r l e n e d i o x y p r e ~ n a n -  14~ -o l  (IVb). - A._: 

T h e  t r i o l  Va was  a c e t y l a t e d  wi th  a c e t i c  a n h y d r i d e - p y r i d i n e  to  

g ive  the  p r o d u c t  IVb, f r o m  a c e t o n e - w a t e r ,  m . p .  1 7 6 - 1 7 7 ° ;  

" ~ m a x  3540,  1745, 1722, 1262, 1240, 10Z0 c m . - 1 ;  [a]~ 5 + 

13 ° (methanol). 

Anal. Calcd. for C27H420 7 (478.61): C, 67.75; H, 

8.85; OAc, 17.97. Found: C, 67.68; H, 8.83; OAc, 16.86. 

B. A solution of crude bromohydrin (II, I. 0 g.) in 
- -  

methanol (50 ml. ) was stirred and heated under reflux with 

deactivated l%aney nickel 8 (8 g. ) for 4 hr. The cooled mixture 

was  f i l t e r e d  t h r o u g h  d i a t o m a c e o u s  e a r t h ,  and the  f i l t r a t e  was  

e v a p o r a t e d  in v a c u o .  The  r e s i d u a l  gum (760 rag.  ) was  d i s -  

s o l v e d  in  m e t h y l e n e  c h l o r i d e  and c h r o m a t o g r a p h e d  on a 

F l o r i s i 1 1 6  c o l u m n .  The  p r o d u c t  was  o b t a i n e d  as a gum f r o m  

the  4% a c e t o n e - p e t r o l e u m  e t h e r  (60 -70  °) e l u a t e s  and c r y s t a l -  

l i z e d  f r o m  a c e t o n e - w a t e r  to a f f o r d  wh i t e  c r y s t a l s  (1 20 rag .  ), 

m . p .  1 7 7 - 1 7 8  ° . C o m p a r i s o n  of  the  i n f r a r e d  s p e c t r a  and no 

d e p r e s s i o n  on a d m i x t u r e  m e l t i n g  po in t  d e t e r m i n a t i o n  s h o w e d  

th i s  m a t e r i a l  to  be i d e n t i c a l  wi th  t ha t  p r e p a r e d  in  A a b o v e .  
- -  

~ ,  2-1 - D i a c e t o x y -  1 4 ~ - h y d r o x ~ r e ~ n a n e -  2 0 - o n e  (V). - To a 

s o l u t i o n  of  2 0 - e t h y l e n e d i o x y p r e g n a n e - 3 ~ ,  14~, ZI - t r i o l  (IVa, 

150 m g .  ) in a c e t i c  a c i d  ( 3 . 0  m l .  ) was  a d d e d  w a t e r  (3, 0 m l .  )o 

The  s o l u t i o n  was  h e a t e d  on the  s t e a m  ba th  f o r  90 m i n . ,  d i -  

l u t e d  wi th  w a t e r  and e x t r a c t e d  wi th  e thy l  a c e t a t e .  The  e x t r a c t  

was  w a s h e d  wi th  s o d i u m  b i c a r b o n a t e  s o l u t i o n ,  d r i e d  and 

e v a p o r a t e d  in v a c u o .  The  r e s i d u a l  a m b e r  gum was  a c e t y l a t e d  
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in p y r i d i n e  (2. m l . )  and a c e t i c  a n h y d r i d e  (0.2. m l .  ). The 

r e s i d u a l  gum f r o m  the  a c e t y l a t i o n  was  c h r o m a t o g r a p h e d  on a 

F l o r i s i l l 6 c o l u m n .  The 7% a c e t o n e - p e t r o l e u m  e t h e r  (60-70 ° ) 

e l u a t e s  on e v a p o r a t i o n  in vacuo  y i e ld  a gum which  was  c r y s t a l -  

l i z e d  f r o m  a c e t o n e - w a t e r  g iv ing  V (22.3 m g . ) ,  m . p .  183-184 °.  

A d m i x t u r e  m e l t i n g  poin t  wi th  a s a m p l e  p r e p a r e d  a c c o r d i n g  to 

the  m e t h o d  of  R e i c h s t e i n  9 showed  no d e p r e s s i o n .  The i n f r a -  

r e d  s p e c t r a  of the two s a m p l e s  w e r e  i d e n t i c a l .  
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