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whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

N
U

S 
N

at
io

na
l U

ni
ve

rs
ity

 o
f 

Si
ng

ap
or

e]
 a

t 1
5:

08
 1

7 
Ju

ne
 2

01
3 



SYNTHETIC COMMUNICATIONS, 21(6), 757-770 ( 1 9 9 1 )  

ON THE PROTECTION OF 3~-HYDROXY GROUP OF A/B C i . 6  STEROIDS 

S h a r m i l a  B a n e r j e e  ( n e e '  M u k h o p a d h y a y ) ,  Umesh R .  Desa i  and 
G i r i s h  K .  T r i v e d i *  

D e p a r t m e n t  of C h e m i s t r y ,  
I n d i a n  I n s t i t u t e  of T e c h n o l o g y ,  
P o w a i ,  Bombay-400 0 7 6 ,  INDIA. 

ABSTRACT : T h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e  p r o t e c t i o n  
of 3 a - h y d r o x y  g r o u p  of l i t h o c h o l i c  a c i d  1 w i t h  t h r e e  d i f f e r e n t  
t y p e s  of p r o t e c t i v e  g r o u p s  a r e  d e s c r i b e d .  Only b e n z y l  e t h e r  
d e r i v a t i v e  w a s  found t o  b e  s u i t a b l e  for s y n t h e t i c  t r a n s f o r m a -  
t i o n s .  T h e  m e t h o d o l o g y  for t h e  s y n t h e s i s  of b e n z y l  e t h e r s  
of A/B cio s t e r o i d s  i s  r e p o r t e d  for t h e  f i r s t  t i m e .  

In  connec t ion  w i t h  a p r o j e c t  a i m e d  a t  d e v e l o p m e n t  of 

new s p i n  l a b e l l e d  p r o b e s  for  b i o m e m b r a n e s ,  w e  n e e d e d  t o  

p r o t e c t  t h e  3 a  - h y d r o x y  g r o u p  of l i t h o c h o l i c  a c i d  ( 1 ) .  T h e  

p r o t e c t i o n  of h y d r o x y  g r o u p s  is a w e l l  s t u d i e d  c h e m i c a l  t r a n s -  

f o r m a t i o n ,  a s  r e v e a l e d  b y  t h e  p l e t h o r a  of g r o u p s  a v a i l a b l e  

for t h e  p u r p o s e . '  Al though e s t e r s  and  c a r b o n a t e s  and  t h e i r  

d e r i v a t i v e s  f o r m  i m p o r t a n t  c l a s s  of p r o t e c t i v e  g r o u p s ,  t h e  

e n v i s a g e d  s t r a t e g y  r e q u i r e d  a G r i g n a r d  a d d i t i o n  r e a c t i o n ,  

r u l i n g  o u t  t h e i r  u t i l i t y  for o u r  p u r p o s e .  T h e  t e t r a h y d r o -  

p y r a n y l  group '  is r e a d i l y  c l e a v e d  b y  m i l d  r e a g e n t s  and  h e n c e  

*To whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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7 58 BANERJEE, DESAI, AND TRIVEDI 

w a s  a m e t h o d  of c h o i c e .  U s u a l  c o n d i t i o n s  u s i n g  b e n z e n e - T H F  

c o s o l v e n t  s y s t e m 3  t o  s o l u b i l i z e  t h e  a c i d  1 ( C h a r t  1 )  p r o v i d e d  

t h e  p r o t e c t e d  a c i d  2 i n  8 0 %  y i e l d s .  T h e  free a c i d  w a s  r e d u c e d  

w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  t o  t h e  e x p e c t e d 4  p r i m a r y  

3 2  a l c o h o l  3 .  

m i x t u r e , '  t w o  c o m p o u n d s  c o u l d  b e  i s o l a t e d .  T h e  des i r ed  

On t r e a t m e n t  of t h e  a l c o h o l  3 w i t h  P P h  - B r  

p r o d u c t  4 w a s  o b t a i n e d  i n  v e r y  l o w  y i e l d s  ( 2 6 % ) .  I n  a d d i t i o n ,  

t h e  r e a c t i o n  p r o v i d e d  a c o m p o u n d  i n  m a j o r  a m o u n t s  ( 7 0 % )  w h i c h  

s h o w e d  c h a r a c t e r i s t i c  m o l e c u l a r  i o n  p e a k s  a t  r n l z  4 8 6 ,  4 8 8 ,  

a n d  490 w i t h  r e l a t i v e  i n t e n s i t y  r a t i o s  1 : 2 : 1  i n  m a s s  s p e c t r u m .  

- 1  
T h e  F T - I R  s h o w e d  t w o  s t r o n g  b a n d s  a t  6 0 7 . 9  a n d  6 4 8 . 7  crn 

a s s i g n a b l e  t o  C - B r  s t r e t c h i n g s .  T h i s ,  c o u p l e d  w i t h  t h e  a b s e n c e  

of f r a g m e n t  c o r r e s p o n d i n g  t o  t h e  THP g r o u p  ( m / z  8 5 ) ,  i n d i c a t e d  

t h e  f o r m a t i o n  of d ib romo d e r i v a t i v e  5.  On p r o l o n g i n g  t h e  

r e a c t i o n  t i m e ,  5 w a s  o b t a i n e d  a s  t h e  e x c l u s i v e  p r o d u c t .  T h e  

'H N M R  s p e c t r u m  of 5 s h o w s  a d e s h i e l d e d  19-H s i g n a l  a t  

1 . O O  fi i n d i c a t i n g  - B r  s u b s t i t u t i o n .  T h e  d i s p l a c e m e n t  of 

t h e  OTHP g r o u p  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  u s e d  c o u l d  

b e  r a t i o n a l i z e d  b y  t h e  n u c l e o p h i l i c  a t t a c k  of P P h  Br 'Br -  spe- 

cies f o r m e d  i n  t h e  r e a c t i o n .  

3 

3 
b 

T h e  i s o l a t i o n  of t h e  d e s i r e d  m o n o b r o m o  c o m p o u n d  4 

i n  l o w  y i e l d s  led u s  t o  s e e k  a n  a l t e r n a t i v e  p r o t e c t i v e  g r o u p  

r 
for o u r  p u r p o s e .  Herz a n d  M o n t a l v o  h a v e  r e p o r t e d  t h e  s y n -  

t h e s i s  of m e t h y l  e t h e r  of m e t h y l  3 8  - h y d r o x y  c h o l - 5 - e n - 2 4 - o a t e  

u s i n g  t r i m e t h y l  o r t h o f o r m a t e  a n d  7 0 %  p e r c h l o r i c  a c i d  i n  q u a n -  
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PROTECTION OF A GROUP OF A / B  cis S T E R O I D S  759 

HO'* &- 
9 

70 3 o n o  7c 8 

7 b  2-one 

1 

10 11 

D H p ,  PTSA (catolytic ornount),  PhH-THF, r t , 2 h .  

LAH,THF, reflux.3h 
PPhj/Br2, pyridine, CH2C12,r1 ,3h 
MQOH / H2SOL (catolytic amount). r e t l u x , l h  
N o H / T H F , T E A I ,  P h C Y B r ,  rotlux. 3.5h 
HC(OMoLJ, 70% HCLOL , r t ,2h  

2-amino- 2 -  mothyl-propon- 1 - 01 , H 3 8 4 ,  xylono, rotlux .L8h 
NOH I T H F ,  T B A I ,  PhCH2Br, roflux.3h 

C h a r t - 1  
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7 60 BANERJEE, D E S A I ,  AND T R I V E D I  

t i t a t i v e  y i e l d s .  T h u s  i t  w a s  t h o u g h t  p e r t i n e n t  to u s e  s i m i l a r  

r e a c t i o n  c o n d i t i o n s  for t h e  p r e s e n t  c a s e .  A t t e m p t s  t o  p r o t e c t  

t h e  3~ - h y d r o x y  g r o u p  of 6 ,  h o w e v e r  p r o v i d e d  t w o  compounds  

i n  y i e l d s  of 55% a n d  1 5 % .  T h e  p r o d u c t  i s o l a t e d  i n  minor  

amount w a s  t h e  d e s i r e d  m e t h y l  e t h e r  8 a s  i d e n t i f i e d  b y  i t s  

3 'H  N M R  s p e c t r u m  w h i c h  s h o w e d  s i g n a l s  a t  3 . 3 5  6 d u e  t o  3-OCH 

and  3 . 2 8  6 d u e  t o  3B - H .  T h e  m a j o r  p r o d u c t  w a s  s u s p e c t e d  

t o  b e  of o l e f i n i c  n a t u r e  a n d  w a s  found t o  b e  a m i x t u r e  

of t h r e e  compounds  on s i l v e r  n i t r a t e  i m p r e g n a t e d  t l c .  T h e  

u n s a t u r a t e d  m i x t u r e  w a s  s e p a r a t e d  b y  AgNO - i m p r e g n a t e d  column 

c h r o m a t o g r a p h y  i n t o  t h r e e  compounds  i n  t h e  r a t i o  of 4 : 2 : 1 .  

3 
a 

T h e  'H N M R  s p e c t r u m  of t h e  m a j o r  i s o m e r  s h o w e d  t h e  o l e f i n i c  

p r o t o n s  a t  5.34 ( d d )  and  5 .67-5 .63  6 ( m )  i n t e g r a t i n g  for a 

p r o t o n  e a c h ;  w h i l e  t h e s e  w e r e  o b s e r v e d  a t  5 .48-5 .56  ( m )  

a n d  5 .64-5 .59  6 ( m )  i n  t h e  s e c o n d - m a j o r  compound.  Based  

upon t h e s e  s p e c t r a l  f e a t u r e s ,  s t r u c t u r e s  7a and 7b w e r e  a s s i -  

gned t o  t h e  t w o  i s o m e r s  r e s p e c t i v e l y .  T h e  t h i r d  p r o d u c t  

w a s  c h a r a c t e r i s e d  a s  5-ene  7c i s o m e r  on t h e  b a s i s  of s i n g l e  

o l e f i n i c  p r o t o n  a t  5 . 3 1 - 5 . 2 8  6 ( m )  t o g e t h e r  w i t h  t h e  r e s o n a n c e  

of 19-H a t  1 . 0 1  6 .9  T h e  e l i m i n a t i o n  r e a c t i o n  t o  p r o v i d e  7 

i n  t h e  p r e s e n c e  of a c i d ,  i n  c o n t r a s t  t o  m e t h y l  e t h e r  f o r m a t i o n  

of 3 6  - h y d r o x y  g r o u p  of 5-ene  s t e r o i d , '  i n d i c a t e s  t h e  s i g n i -  

3 

f i c a n t  d i f f e r e n c e  i n  r e a c t ]  

cio s t e r o i d s .  

Al though t h e  m e t h y  

t o  p r e p a r e ,  t h e  low y i e l d  

r i t y  of 3a - h y d r o x y  g r o u p  of A/B 

e t h e r  d e r i v a t i v e  8 w a s  p o s s i b l e  

of t h e  p r o d u c t  w a s  a m a j o r  s t u m b -  
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761 PROTECTION OF A GROUP OF A / B  cis STEROIDS 

l ing  b l o c k  i n  t h e  m u l t i s t e p  s y n t h e s i s .  T h e  s t a b i l i t y  of t h e  

b e n z y l  e t h e r s  t o  w i t h s t a n d  v a r i o u s  s y n t h e t i c  t r a n s f o r m a t i o n s ,  

c o u p l e d  w i t h  t h e i r  f a c i l e  d e p r o t e c t i o n ,  is w e l l  e s t a b l i s h e d .  

H o w e v e r ,  no r e p o r t  e x i s t s  on t h e  b e n z y l  e t h e r  f o r m a t i o n  of 

3 a - h y d r o x y  A 1 0  Pi0 s t e r o i d s  t o  o u r  k n o w l e d g e .  Two of t h e  most  

11 o f t e n  u t i l i z e d  r e a c t i o n  c o n d i t i o n s  v i z  NaH/DMSO1' and NaH/THF 

fai1e.d t o  p r o v i d e  t h e  b e n z y l  e t h e r  d e r i v a t i v e  9.  In o r d e r  

t o  s o l u b i l i z e  t h e  a l k o x i d e  a n i o n ,  HMPAITHF c o s o l v e n t  s y s t e m  

a t  - 5 ° C  w a s  u s e d ;  b u t  t o  no a v a i l .  T h e  method of Golding 

and Ioannou i n v o l v i n g  t h e  u s e  of s o l i d - l i q u i d  p h a s e  t r a n s f e r  12 . 

c a t a l y s t  f o r  t h e  s y n t h e s i s  of b e n z y l  e t h e r s  of s n - g l y c e r o l ,  

a l s o  p r o v e d  t o  b e  u n s u c c e s s f u l  y i e l d i n g  t h e  s t a r t i n g  m a t e r i a l  

b a c k  i n  q u a n t i t a t i v e  y i e l d .  U s e  of Ag 013 a l s o  d i d  not h e l p .  

C z r n e c k i  e t  a1 l4 s u g g e s t  t h e  u s e  of t e t r a b u t y l  ammonium i o d i d e  

(TBAI)  a s  a c a t a l y s t  f o r  b e n z y l a t i o n  of h i n d e r e d  h y d r o x y  

2 

g r o u p s  i n  m o n o s a c c h a r i d e s .  On t r e a t m e n t  of sodium a l k o x i d e  

of m e t h y l  e s t e r  6 w i t h  b e n z y l  b r o m i d e  a n d  TBAI i n  THF u n d e r  

r e f l u x ,  t h e  r e q u i r e d  compound 9 w a s  o b t a i n e d  i n  a y i e l d  of 

7 2 % .  T h u s  i t  w a s  found t h a t  t h e  b e n z y l  e t h e r  of 3~ - h y d r o x y  

g r o u p  of A 1 0  C ~ O  s t e r o i d s  formed o n l y  u n d e r  t h e  c a t a l y t i c  

c o n d i t i o n s  of t e t r a b u t y l  ammonium i o d i d e  a c c o m p a n i e d  b y  e l e -  

v a t e d  t e m p e r a t u r e .  

T h e  method w a s  a l s o  a p p l i e d  t o  s u b s t r a t e  10,  p r e p a r e d  

a c c o r d i n g  t o  B a r t o n  e t  a1 ,15 t o  p r o v i d e  t h e  d e s i r e d  p r o t e c t e d  

d e r i v a t i v e  11 i n  good y i e l d s .  T h e  b e n z y l  e t h e r  d e r i v a t i v e  
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762 B A N E R J E E ,  D E S A I ,  AND T R I V E D I  

11 w a s  t h e n  u s e d  f o r  t h e  s y n t h e s i s  of n e w  s p i n  l a b e l l e d  p r o b e s  

a n d  t h i s  a s p e c t  of w o r k  w i l l  be t h e  s u b j e c t  ma t t e r  of a n o t h e r  

a r t i c l e .  

Ex per imenta 1 

M e l t i n g  p o i n t s  a r e  r e p o r t e d  u n c o r r e c t e d .  L a b o r a t o r y  

s o l v e n t s  w e r e  p r e d r i e d  before  u s e  a c c o r d i n g  to  s t a n d a r d  p r o -  

c e d u r e s .  L i t h o c h o l i c  a c i d  w a s  p u r c h a s e d  f r o m  A l d r i c h  C h e m i c a l  

Co  a n d  u s e d  a s  s u c h .  IR s p e c t r a  w e r e  recorded o n  P e r k i n  

E l m e r  6 8 8  s p e c t r o m e t e r .  FT- IR  s p e c t r u m  w a s  o b t a i n e d  o n  

N i c o l e t  5DXB s p e c t r o m e t e r .  'H N M R  s p e c t r a  w e r e  recorded 

on  V a r i a n  V X R  3 0 0 s  s p e c t r o m e t e r  a s  s o l u t i o n s  i n  CDC13 a t  

a m b i e n t  t e m p e r a t u r e  w i t h  TMS a s  i n t e r n a l  s t a n d a r d .  Mass 

s p e c t r a  w e r e  o b t a i n e d  o n  S h i m a d z u  QPlOOO s p e c t r o m e t e r .  E l e -  

m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  o n  CEST MOD. 110  a n a l y s e r .  

3a-Tetrahydropyranyloxy-chol-24-01 ( 3) 

A m i x t u r e  of l i t h o c h o l i c  ac id  ( 1 )  ( 4 . 0  g .  0 . 0 1  r n o l ) ,  

f r e s h l y  d i s t i l l e d  d i h y d r o p y r a n  ( 3 . 1 7  m L ,  37 r n m o l l  a n d  c a t a -  

l y t i c  a m o u n t  of p - t o l u e n e s u l p h o n i c  a c i d  w a s  s t i r r e d  u n d e r  

n i t r o g e n  a t m o s p h e r e  i n  b e n z e n e - T H F  m i x t u r e  ( 1 6 0  m L ,  1:  3 )  

a t  RT for t w o  h o u r s .  L A H  ( 0 . 4  g ,  10 rnmol )  w a s  t h e n  added  

a n d  t h e  r e a c t i o n  m i x t u r e  s e t  u p  for r e f l u x .  A f t e r  t h r e e  h o u r s  

of r e f l u x ,  m o i s t  e t h e r  ( 1 0  m L )  w a s  a d d e d  c a r e f u l l y .  T h i s  

w a s  f o l l o w e d  b y  f u r t h e r  a d d i t i o n  of w a t e r  ( 3  m L ) .  T h e  r e a c t i o n  

m i x t u r e  w a s  f i l t e r e d  a n d  p r e c i p i t a t e  w a s h e d  w i t h  f o u r  p o r t i o n s  
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PROTECTION OF A GROUP OF A/B cis STEROIDS 763 

of e t h y l  acetate  ( 2 5  m L ) .  T h e  c o m b i n e d  f i l t r a t e s  w e r e  d r i e d  

over a n h y d r o u s  MgSO4. e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  

t o  g i v e  c r u d e  3 .  F u r t h e r  p u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o -  

g r a p h y  on  s i l i c a  g e l  u s i n g  8 %  e t h y l  acetate  i n  p e t r o l e u m  e t h e r  

( b p  6 0 - 8 0 ° C )  a s  e l u e n t ,  p r o v i d e d  a c o l o u r l e s s  c r y s t a l l i n e  

s o l i d  ( 3 . 8 4  g ,  8 0 % ) .  

-1 
I R  (CHC13) 7 = 3420 c m  'H N M R  (CDC13) 

6 = 4 . 7 3 - 4 . 7 1  ( m ,  l H ,  OCHO) ,  - 3 . 9 6 - 3 . 8 9  ( m ,  l H ,  OCH'H"), 3 . 6 7 -  

3 . 5 9  ( m ,  3H, 0 C H ' H " a n d  - 2 4 - H 2 ) ,  3 . 5 4 - 3 . 4 5  ( m .  l H ,  3 B - H ) ,  0 . 9 2  

( b r o a d ,  OH) ; 

( d ,  J = 6 . 5 6  H z ,  3H,  2 1 - H 3 ) ,  0 . 9 1  ( s ,  3H, 1 9 - H 3 ) ,  0 . 6 4  ( s ,  

3H, 18 -H3)  ; MS m / z  = 446 ( M ' ) .  

Bromination of substrate 3 

T o  a s o l u t i o n  of P P h 3  ( 2 . 4 0  g ,  9 m m o l )  i n  a n h y d r o u s  

CH2C12 ( 2 3  m L )  w a s  a d d e d  d r o p w i s e  a s o l u t i o n  of b r o m i n e  

i n  CC14 ( 5 . 5  M ,  1 . 5 7  m L ,  86 m m o l )  a t  0 -5°C .  T h e  r e s u l t a n t  

t h i c k  w h i t e  s u s p e n s i o n  w a s  s t i r r e d  for  1 5  m i n  a t  O " C ,  af ter  

w h i c h  a s o l u t i o n  of 3 ( 3 . 5 2  g ,  78 m m o l )  a n d  a n h y d r o u s  p y r i d i n e  

( 0 . 7 4  m L ,  9 m m o l )  i n  CH2ClZ ( 1 5  m L )  w a s  a d d e d  d r o p w i s e .  

T h e  r e a c t i o n  w a s  k e p t  s t i r r i n g  a t  RT for  3 h o u r s .  T h e  c l e a r  

s o l u t i o n  w a s  t h e n  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  

w h i t e  s e m i s o l i d  r e s i d u e .  T h e  r e s i d u e  w a s  e x t r a c t e d  w i t h  

f o u r  p o r t i o n s  of e t h e r  ( 2 5  m L )  a n d  f i l t e r e d  t h r o u g h  a p a d  

of n e u t r a l  a l u m i n a .  T h e  r e s u l t a n t  f i l t r a t e  w a s  d r i e d  o v e r  

a n h y d r o u s  N a 2 S 0 4 ,  c o n c e n t r a t e d  u n d e r  vacuum a n d  f u r t h e r  
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764 B A N E R J E E ,  D E S A I ,  AND T R I V E D I  

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

p e n t a n e  a s  e l u e n t .  C o m p o u n d  4 w a s  o b t a i n e d  a s  a t h i c k  v i s c o u s  

l i q u i d  (1.04 g ,  25.9%) w h i l e  c o m p o u n d  5 (2.69 p, 70%) w a s  

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

3~-Tetrahydropyranyloxy-24-bromo-cholane ( 4 ) 

'H N M R  (CDCl  6 = 4.72 ( m ,  l H ,  OCHO), 3.94-3.88 ( m ,  lH, 

CCH'H") 3.70-3.62 ( rn.  lH, OZH'H"), 3.50 ( r n ,  lH, 3B-H), 3.46- 

3.31 ( i n ,  2H, 24-H2), 0.92 ( d ,  J = 6.26 Hz, 3H, 21-H3), 

0.91 ( s .  3 H ,  19-H3), 0.65 (s, 3H, 18-H3) ; MS m / z  = 508, 

510 ( M ' ) .  

- 3 

- - 

3~,24-Dibromo-cholane ( 5  1 

m p  = 82°C ; IR ( K B r )  iJ = 607.9 crn ( C - B r ) ,  648.7 ( C - B r )  ; 
- 1  

'H N M R  (CDCI ) 6 = 4.80 ( t ,  J = 2.94 H z ,  lH, 313 -H), 3.45- 

3.31 ( m .  2 H ,  24-H2), 1.00 ( s ,  3H, 19-H3), 0.92 ( d ,  .J z 6.56Hzt 

3H, 21-H3), 0.65 (s, 3H, 18-H3) ; MS rn / z  = 486, 487, 488, 

489, 490 (M'). 

3 

E l e m e n t a l  A n a l y s i s  C a l c u l a t e d  C 59.02 H 8.25 

F o u n d  C 59.68 H 8.59 % 

Methyl ether formation of substrate 6 

M e t h y l  l i t h o c h o l a t e  ( 6 )  (980 m g ,  2.5 rnmol )  w a s  d i s -  

s o l v e d  i n  t r i m e t h y l  o r t h o f o r m a t e  (10 m L )  a n d  p e r c h l o r i c  ac id  

( 7 0 % ,  0.6 m L )  a d d e d  to i t .  A f t e r  s t i r r i n g  for 2 h r s  a t  

RT, t h e  s o l u t i o n  w a s  n e u t r a l i z e d  w i t h  a s o l u t i o n  of NaHCO 3 
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P R O T E C T I O N  OF A GROUP OF A / B  cis S T E R O I D S  765 

i n  w a t e r  ( 5 % ) .  T h e  m i x t u r e  w a s  e x t r a c t e d  w i t h  four  p o r t i o n s  

of e t h e r  ( 2 5  m L ) ,  a n d  t h e  o r g a n i c  l a y e r  w a s h e d  s e q u e n t i a l l y  

w i t h  NaHCO w a t e r ,  b r i n e ,  f o l l o w e d  b y  d r y i n g  o v e r  a n h y d r o u s  

On c o n c e n t r a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  a v i s c o u s  N a 2 S 0  

l i q u i d  w a s  o b t a i n e d  w h i c h  w a s  p u r i f i e d  on s i l i c a  gel column 

us ing  2 . 5 %  e t h y l  a c e t a t e - p e t r o l e u m  e t h e r  ( b p  6 0 - 8 0 ° C )  e l u e n t  

t o  p r o v i d e  compaunds  7 ( 5 1 0 . 5  m g ,  5 5 % )  and  8 ( 1 6 0  m g ,  1 5 . 5 % ) ) .  

T h e  c r u d e  m i x t u r e  7 w a s  s e p a r a t e d  b y  means of s i l v e r  n i t r a t e  

i m p r e g n a t e d  column c h r o m a t o g r a p h y  u s i n g  a g r a d i e n t  e l u t i o n  

of 0 t o  1% e t h y l  a c e t a t e  i n  p e t r o l e u m  e t h e r  ( b p  6 0 - 8 0 ° C ) .  

3 '  

4 '  

U n s a t u r a t e d  i s o m e r i c  m i x t u r e  7 

I R ( C H C I 3 )  j = 1 7 3 0  cm 
- 1  

( C O O R ) ,  690  ( = C H ) ;  MS m / z  = 3 7 2 ( M + ) .  

M e t h y l  chol-3-ene-24-oate  ( 7 a )  

'H N M R  ( C D C l 3 )  6 = 5 . 6 7 - 5 . 6 3  ( m ,  I H ,  3 - H ) ,  5 . 3 4  ( d d ,  

J = 9 . 9  H z ,  1 . 8 3  H z ,  l H ,  4 - H ) ,  3 . 6 6  ( s ,  3 H ,  C 0 3 C H 3 ) ,  0 . 9 4  

( s ,  3-H, 1 9 - H 3 ) .  0 . 9 0  ( d .  J = 6 . 4 1  H z ,  3H,  2 1 - H 3 ) ,  0 . 6 6  ( s ,  

- 

3 5 ,  1 8 - H 3 ) .  MS m / z  = 372 (M+). 

M e t h y l  chol-2-ene-24-oate  ( 7 b  1 

'H  N M R  ( C D C 1 3 )  6 = 5 . 5 9 - 5 . 6 4  ( m ,  l H ,  2 - H ) ,  5 . 4 8 - 5 . 5 6  ( m ,  

l H ,  3 - H ) ,  3 . 6 6  ( s ,  3 9 ,  COOCH,) ,  0 . 9 6  ( s ,  3H,  1 9 - H 3 ) ,  0 . 9 0  

( d ,  J = 6 . 4 1 H z , 3 - H , 2 1 - H 3 ) ,  0 . 6 5  ( s ,  3 H ,  1 8 - H 3 ) .  

- 

MS m l z  = 372 (M+). 

M e t h y l  chol-5-ene-24-oate  ( 7 c )  

'H N M R  ( C D C 1 3 )  6 = 5 . 3 1 - 5 . 2 8  ( m ,  lH, 4 - H ) ,  3 . 6 6  (s, 3H,  
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766 BANERJEE, DESAI, AND TRIVEDI 

C O O C H 3 ) ,  - 1 . 0 1  ( s ,  3 H ,  1 9 - H 3 ) ,  0 . 9 1  ( d ,  J = 6 . 2 5  H z ,  3 H ,  

2 1 - H 3 ) .  0 . 6 8  ( s .  3H,  1 8 - H 3 ) .  

MS m / z  = 372 (M+). 

Methyl 3a-methoxy-chol-24-oate ( 8 )  

IR ( C H C 1 3 )  = 1 7 3 0  cm ( C O O R ) ,  1 0 3 0  ( C - 0 )  ; 'H  N M R  -1 

( C D C I 3 )  6 = 3 . 6 6  ( s ,  3 H ,  C O O C H 3 ) ,  3 . 3 5  ( s ,  3 H ,  OCH 

3 . 3 2 - 3 . 1 2  ( m ,  l H ,  3 6 - H ) .  0 . 9 3  ( d .  J = 6 . 2 6  H z ,  3H,  21-H 

-3 

3 

- 

0 . 9 2  ( s ,  3H,  1 9 - H 3 ) ,  0 . 6 3  ( s ,  3 t l ,  1 8 - H 3 ) .  

MS m / z  = 404 ( M ' ) .  

Methyl 3a-benzyloxy-chol-24-oate ( 9 )  

T o  a s u s p e n s i o n  of N a H  ( 5 5 %  i n  p e t r o l e u m  w a x ,  22  m g ,  

0 . 5  m m o l )  i n  a n h y d r o u s  T H F  ( 1 0  m L )  w a s  added  d r o p w i s e  

u n d e r  n i t r o g e n  a s o l u t i o n  of 6 ( 2 0 0  m g ,  0 . 5  m m o l )  i n  a n h y d r o u s  

T H F  ( 1 5  m L ) .  After s t i r r i n g  for a n o t h e r  1 5  min  f r e s h l y  d i s -  

t i l l e d  b e n z y l  b r o m i d e  ( 0 . 0 6  m L .  0 . 5  rnmol )  a n d  c a t a l y t i c  

a m o u n t  of TBAI ( 1 8 . 4  m g ,  0 . 0 5  mrno l )  w a s  a d d e d  a n d  t h e  

m i x t u r e  r e f l u x e d  for 3 . 5  h r s .  A f t e r  c o o l i n g ,  s a t u r a t e d  N H  C1 

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

e x t r a c t e d  w i t h  f o u r  p o r t i o n s  of CH2C12 ( 2 5  mL). T h e  o r g a n i c  

l a y e r  w 0 r k e . d  u p  a s  u s u a l  a n d  t h e  c r u d e  p r o d u c t  p u r i f i e d  b y  

c o l u m n  c h r o m a t o g r a p h y  o n  s i l i c a  g e l  t o  y i e l d  w h i t e  c r y s t a l l i n e  

4 

s o l i d  ( 0 . 1 8  g ,  7 2 % ) .  

m p  = 7 0 ° C  ; IR ( C H C 1 3 )  

1 7 3 0  ( C O O R ) ,  1 0 4 0  ( C - 9 )  

5 H ,  A r - H ) .  4 . 5 6  ( 5 ,  2H 

- -1 v = 3 1 0 0 ,  3 0 8 0 ,  3030 c m  ( A r - H I ,  

'H  N M R  ( C D C l  ) 6 = 7 . 3 6 - 7 . 2 5  ( m .  

O C H z P h ) ,  - 3 . 6 6  (s, 3 H ,  C 0 3 C H 3 ) .  - 

3 
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PROTECTION OF A GROUP OF A / B  cis STEROIDS 76 7 

0 .91  ( d ,  J = 6 . 2 5  H z ,  3H. 2 1 - H 3 ) ,  0 . 9 1  ( s ,  3H, 1 9 - H 3 ) ,  0 . 6 3  

( s .  3 9 ,  1 8 - H 3 )  ; 

E l e m e n t a l  A n a l y s i s  C a l c u l a t e d  C 7 9 . 9 5  H 10 .06  

MS m / z  = 480 ( M ' ) .  

Found  C 7 9 . 8 3  H 1 0 . 2 7 %  

2-( 3~-Hydroxy-24-norcholan-23-yl)-4.4-dimethyl-4,5-dihydro- 

oxazole (10) 

A m i x t u r e  of l i t h o c h o l i c  acid ( 1 )  ( 5 . 0  g ,  13  r n m o l ) ,  

2 - m e t h y l - 2 - a m i n o - p r o p a n - 1 - 0 1  ( 1 . 7 2  m J , ,  18 m m o l )  a n d  b o r i c  

a c i d  ( 2 9 6  m g ,  4 m r n o l )  w a s  d i s s o l v e d  i n  a n h y d r o u s  x y l e n e  

( 9 6  m L )  a n d  t h e  s o l u t i o n  r e f l u x e d  w i t h  a z e o t r o p i c  r e m o v a l  

of w a t e r  for 48 h r s .  T h e  s o l v e n t  w a s  r e m o v e d  b y  vacuum 

d i s t i l l a t i o n  a n d  t h e  r e s i d u e  d i s s o l v e d  i n  h o t  m e t h a n o l  ( 1 0  m L ) .  

To  t h i s  s o l u t i o n ,  5% a q u e o u s  K2C0  ( 1 0 5  m L )  w a s  a d d e d  a n d  

t h e  m i x t u r e  w a s  b o i l e d  for 1 h r ,  c o o l e d  a n d  e x t r a c t e d  w i t h  

f o u r  p o r t i o n s  of e t h e r  ( 2 5  m L ) .  T h e  o r g a n i c  l a y e r  w a s  w o r k e d  

3 

u p  a s  u s u a l  a n d  t h e  r e s i d u e  so o b t a i n e d  w a s  p u r i f i e d  b y  c o l u m n  

m p  = 1 5 2 ° C ;  

1 3 7 5 ,  1395 

O C H 2 ) .  __ 3 . 6 6  

a b l e ,  O H ) ,  

c h r o m a t o g r a p h y  o n  s i l i c a  g e l  u s i n g  5 %  m e t h a n o l  i n  b e n z e n e  

a s  e l u e n t  to g i v e  a w h i t e  s o l i d  ( 5 . 4 6  g ,  9 6 % ) .  

- 1  
IR ( n u j o l ) ?  = 3230 c m  ( b r o a d ,  O H ) ,  1670 ( C = N ) ,  

C ( C H 3 ) 2 )  ; 'H N M R  (CDC13) 6 = 3 .89  ( s ,  2H, 

3 . 5 7  ( m ,  l H ,  3 B - H ) ,  1 . 6 3  ( b r o a d ,  D 2 0  e x c h a n g e -  

1 . 2 5  ( 5 ,  6 9 ,  C ( C H 3 ) 2 ) ,  0 . 9 3  ( d ,  J = 6 . 4 1  H z ,  

3 9 ,  1 9 - H 3 ) ,  0 . 6 3  ( s ,  3 3 .  18 -H3)  ; 3 9 ,  2 1 - H 3 ) ,  0 . 9 1  ( S  

M S  m/z = 430 ( M + 1 +  

E l e m e n t a l  Ana 1 y s i s C a l c u l a t e d  

F o u n d  

C 7 8 . 2 7  H 1 1 . 0 3  N 3.26 

C 7 8 . 0 4  H 10 .98  N 3 . 1 0 %  
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7 68 B A N E R J E E ,  D E S A I ,  AND TRIVEDI 

2 -  ( 3 a-Benzyloxy-24-norcholan-23- p 1 )  -4.4-dimethyl-4.5-dihydro 

oxazole ( 11 1 

To a s u s p e n s i o n  of NaH ( 5 5 %  i n  p e t r o l e u m  w a x ,  0 . 2 1  g ,  

4 . 4  m m o l )  i n  a n h y d r o u s  T H F  ( 1 0 0  mL) w a s  added  d r o p w i s e  

a s o l u t i o n  of 10 ( 1 . 9 0  g, 4 m n o l l  u n d e r  n i t r o g e n .  A f t e r  s t i r r i n g  

for 1 5  m i n ,  b e n z y l  b r o m i d e  ( 0 . 5 2  r n L ,  4 m m o l )  w a s  a d d e d  

d r o p w i s e ,  f o l l o w e d  b y  c a t a l y t i c  a m o u n t  of TBAI ( 1 4 . 7  m g ,  

0 . 0 4  m m o l ) .  T h e  r e s u l t a n t  s o l u t i o n  w a s  r e f l u x e d  for 4 h r s .  

On c o o l i n g ,  s a t u r a t e d  a q u e o u s  N H  C1 s o l u t i o n  w a s  a d d e d  d r o p -  

w i s e  a n d  t h e  r e a c t i o n  m i x t u r e  e x t r a c t e d  w i t h  f o u r  p o r t i o n s  

of CH2C12 ( 2 5  m L ) .  T h e  o r g a n i c  l a y e r  w o r k e d  u p  a s  u s u a l  

a n d  t h e  r e s i d u e  so  o b t a i n e d  w a s  p u r i f i e d  b y  c o l u m n  c h r o m a t o -  

g r a p h y  t o  p r o v i d e  a t h i c k  v i s c o u s  l i q u i d  ( 1 . 5 4  g, 6 7 . 2 % ) .  

4 

- 1  
IR ( C H C 1 3 )  = 3100 cm , 3 0 7 0  ( a r o m a t i c ) ,  1 6 7 0  ( C = N ) ,  

1 3 6 0 .  1 3 7 0  ( C ( C H 3 ) 2 )  ; 7 . 3 7 - 7 . 2 6  ( m ,  

5H.  A r - H ) ,  4 . 5 5  (s, 2H,  O C H Z P h ) ,  - 3 . 8 9  ( s .  2H,  O C H 2 ) .  - 3 . 3 8 -  

3 . 3 3  (m, l H ,  3 6 - H ) .  1 . 2 5  ( s ,  6 H ,  C ( C H 3 ) 2 ) .  0 . 9 3  ( d ,  J = 

' H  N M R  ( C D C 1 3 )  6 = 

6 . 2 5  H z ,  3 H ,  2 1 - H 3 ) .  0 . 9 1  ( s .  3 H ,  1 9 - H 3 ) .  0 . 6 3  ( s ,  3 H ,  1 8 - H 3 ) ;  

MS m / z  = 5 1 9  ( M + ) .  
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