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SUMMARY 

2 A convenient synthesis of 5ad 2@- Hlpregume-W. Z&-diol and 
2 W-[ 2@- H]pregnane-l8,2@-diol f m m  Z$-hydroxy-5~pregn-16-en- 

20-one t s  described. 
combined gas chmmatographymass spectrometry. 

!The reaction products are chamcteriaed by 

INTRODUCTI ON 

Pregnane-3,ZOa-diols are encountered in various biological 

fluids where they arise from the reductive metabolism of progester- 

one. In connection with studies on the biological role of such com- 

pounds, pregnanediols containing a 20a-hydroxyl 20p H function in 

high isotopic and epimeric purity were required. 
i -‘I 

Reagents commonly used for the reduction of 20-ketosteroids 

to the corresponding alcohols complex metal hydrides, sodium 

and alcohol, and hydrogenation over nickel catalyst, generally 

afford a mixture of 20a and 2Op epimers ( 3 , k ) .  Although sodium 

borohydride reductions of 20-ketones give mainly the more hindered 
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2Op-alcoho1, t h e  r a t i o  o f  203  t o  2013 e p i m e r s  o b t a i n e d  f rom reduc -  

t i o n s  w i t h  l i t h i u m  a lumin ium h y d r i d e  h a s  been  shown t o  be i n f l u e n c e d  

by t h e  n a t u r e  o f  n e i g h b o u r i n g  f u n c t i o n a l  g r o u p s .  Thus ,  i n  t h e  p r e -  

s e n c e  of a doub le -bond ,  r e d u c t i o n  of t h e  20 -ke tone  y i e l d s  m a i n l y  

t h e  c o r r e s p o n d i n g  2 0 u - a l c o h o l  ( 5 ) ,  which  can  be hydrogena ted  t o  t h e  

c o r r e s p o n d i n g  2Oa-hydroxy-17P-pregnane. The p u r p o s e  o f  t h i s  i n v e s t i -  

g a t i o n  w a s  t o  d e t e r m i n e  w h e t h e r  t h i s  s e q u e n c e  of r e a c t i o n s  c o u l d  b e  

a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  20a-hydroxy-[ 20p-211 p r e g n a n e s  i n  h i g h  J 
i s o t o p i c  p u r i t y .  

MATEHTALS AND MEl'HODS 

R e f e r e n c e  samples o f  5a-pregnane-3P,  2 0 a - d i o l  and  5a-pregnane-  

'j'r,20)sr-diol w e r e  p u r c h a s e d  f rom lkapharm (Ramat-Gan, I s r a e l ) .  D i -  

e t h y l a z o d i  c a r h o x y l a t e  w a s  o b t a i n e d  f rom A l d r i c h - E u r o p e  ( D e e r s e ,  

l l e lg ium) ,  and  l i t h i u m  a luminium d e u t e r i d e  (2 9041 2114) f rom F l u k a  AG 

(Huchs ,  S w i t z e r l a n d ) .  1 , ip idex"  l i p o p h i l i c  d e x t r a n  gels w i t h  p r o p e r -  

t i e s  c o r r e s p o n d i n g  t o  t h o s e  o f  t h e  eels d e s c r i b e d  by  E l l i n g b o e  g 

- a l .  ( 6 )  w e r e  o b t a i n e d  f rom Packard  Tns t rumen t  C o . ,  I n c .  (Downers 

Grove, I l l . ,  U S A ) .  T e t r a h y d r o f u r a n  w a s  d i s t i l l e d  from l i t h i u m  a l u -  

minium h y d r i d e  i m m e d i a t e l y  b e f o r e  u s e .  

T h i n -  l a y e r  ch romatography  (TLC) w a s  c a r r i e d  o u t  on  g l a s s  p l a t e s  

( 5  x 20 cm), p r e c o a t e d  w i t h  0 .25  mm l a y e r s  o f  s i l i c a  gel (Yerck  AG, 

Uarms tad t ,  Germany),  u s i n g  c h l o r o f o r m  as m o b i l e  p h a s e .  

G a s - l i q u i d  ch romatography  (G1.C) w a s  c a r r i e d  o u t  w i t h  a Pye 

S e r i e s  104 g a s  ch romatograph ,  equ ipped  w i t h  f l ame  i o n i z a t i o n  de-  

t e c t o r s .  Columns ( 3  m x 3 mm i . d . ) ,  packed  w i t h  l .Y$  S E - 3 0  on 

Chromosorb !d H P  w e r e  u s e d  w i t h  n i t r o g e n  as c a r r i e r  gas. Column tem- 

p e r a t u r e  w a s  240°. S t e r o i d s  w e r e  a n a l y s e d  as t r i m e t h y l s i l y l  (TMS) 

e t h e r s  ( 7 ) ,  and where a p p r o p r i a t e ,  as c-methyloxime t r i m e t h y l s i l y l  

(MO-TMS) d e r i v a t i v e s  ( 8 ) .  R e t e n t i o n  t i m e s  w e r e  measured  r e l a t i v e  
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t o  t h a t  o f  5 a - c h o l e s t a n e .  

G a s  chromatography-mass s p e c t r o m e t r y  (GC-MS) w a s  performed on 

an 1.KB 9000 i n s t r u m e n t ,  a l s o  equ ipped  w i t h  a 1.5% S E - 3 0  column. Ana- 

l y s e s  w e r e  c a r r i e d  o u t  w i t h  a n  oven t e m p e r a t u r e  o f  210°, w h i l e  t h e  

m o l e c u l a r  s e p a r a t o r  and i o n  s o u r c e  w e r e  h e l d  a t  250' and 290°, r e -  

s p e c t i v e l y .  The e n e r g y  o f  t h e  bombarding e l e c t r o n s  w a s  22.5 e V  and 

t h e  i o n i z i n g  c u r r e n t  w a s  60 uamp. M u l t i p l e  s p e c t r a  w e r e  r e c o r d e d  on  

magne t i c  t a p e  and a v e r a g e  i s o t o p e  c o n t e n t  w a s  d e t e r m i n e d  by com- 

p a r i s o n  w i t h  t h e  u n l a b e l l e d  compounds u s i n g  an IDM 1800 computer ( 9 ) .  

EXPER IME NTAl 

5~-[205-~)1]Pregn-16-ene-3P, 20S-diol  (11) ( 5 )  

3P-Hydroxy-5u-pregn-16-en-ZO-one ( I ;  100 mg) i n  d r y  t e t r a -  

h y d r o f u r a n  ( 5  m l )  w a s  added d ropwise  t o  a s t i r r e d  s u s p e n s i o n  of 

l i t h i u m  aluminium d e u t e r i d e  (364 m g )  i n  d r y  t e t r a h y d r o f u r a n  ( 5 m l ) .  

A d d i t i o n  w a s  comple t e  i n  20  min. The r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  

a t  room t e m p e r a t u r e ,  u n d e r  e x c l u s i o n  o f  m o i s t u r e ,  for 4 0  min, and 

t h e n  h e a t e d  u n d e r  r e f l u x  f o r  3 h.  The p r o d u c t  w a s  c o o l e d  t o  0' and 

t r e a t e d  w i t h  a c e t o n e  ( 5  m l ) ,  f o l l o w e d  by s a t u r a t e d  ammonium c h l o r i d e  

s o l u t i o n  ( 1 0  m l ) .  A f t e r  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t  w a s  d e c a n t e d ,  

and the r e s i d u e  t r e a t e d  w i t h  water  ( 1 5  m l ) .  The aqueous  p h a s e  was 

e x t r a c t e d  w i t h  me thy lene  c h l o r i d e  ( 3  x 10 m l ) ,  and t h e  combined 

o r g a n i c  p h a s e s  w e r e  washed w i t h  w a t e r  (10  m l ) ,  d r i e d  and e v a p o r a t e d  

i n  vacuo t o  g i v e  the p r o d u c t  a s  a c o l o u r l e s s  o i l .  TLC and CLC ana-  

l y s i s  i n d i c a t e d  complete  r e d u c t i o n  o f  t h e  s t a r t i n g  m a t e r i a l .  The 

-- 

m i x t u r e  o f  ep imers  o b t a i n e d  w a s  no t  s e p a r a t e d ,  b u t  u sed  d i r e c t l y  

for t h e  n e x t  s t e p .  

. 51r-[20P-2H]Pregnane-3P, 2 0 a - d i o l  (111) 

The m i x t u r e  o f  p r e g n e n e d i o l s  (11; 35 m g )  was d i s s o l v e d  i n  

e t h a n o l  ( 5  m l )  and hydrogena ted  o v e r  10s Pd/C ( 1 1  m g )  d u r i n g  1 h 
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a t  room t e m p e r a t u r e .  The p r o d u c t  w a s  f i l t e r e d  and e v a p o r a t e d  t o  

g i v e  a n  o i l  ( y i e l d  = 29 m g ,  83%). 

The m i x t u r e  o f  p r e g n a n e d i o l s  w a s  a p p l i e d  t o  an 8 e; Lip idexR-  

1000 column, p r e p a r e d  i n  methanol/water/chloroform, 60:40:10 ( b y  

v o l . )  ( 6 ) .  The column w a s  e l u t e d  w i t h  t h e  same s o l v e n t  and 2 m l  

f r a c t i o n s  w e r e  c o l l e c t e d .  Pu re  5a-[20P-21i]pregnane-3P, 2 0 a - d i o l  

( T I I ;  6 m g )  w a s  o b t a i n e d  i n  f r a c t i o n s  83-91, a f t e r  w h i c h  e l u t i o n  

o f  t h e  20P-epimer (IV) commenced. 

Compound IT1 so o b t a i n e d  had t h e  s a m e  T1.C and GLC p r o p e r t i e s  

as  t h o s e  of  a u t h e n t i c  ( u n l a b e l l e d )  5a-pregnane-3P,20a-diol. 

3a-Hydroxy-5a-pregn-16-en-20-one ( V )  (10) 

To a s t i r r e d  s o l u t i o n  o f  3F-hydroxy-5n-pregn-16-en-ZO-one ( I ;  

40  m g ) ,  t r i p h e n y l p h o s p h i n e  (135 m g )  and two d r o p s  ( 2 8  m g )  f o r m i c  

a c i d  i n  d r y  t e t r a h y d r o f u r a n  ( 3  m l )  w a s  added a second  s o l u t i o n  con- 

t a i n i n g  d i e t h y l a z o d i c a r b o x y l a t e  ( 1 0 2  mg) i n  d r y  t e t r a h y d r o f u r a n  

( 2  m l ) .  The a d d i t i o n ,  w h i c h  took  p l a c e  o v e r  a p e r i o d  o f  1 h, w a s  

c a r r i e d  ou t  u n d e r  anhydrous  c o n d i t i o n s .  S t i r r i n g  w a s  c o n t i n u e d  a t  

room t e m p e r a t u r e  o v e r n i g h t  (18 h ) ,  a f t e r  which the r e a c t i o n  m i x t u r e  

w a s  e v a p o r a t e d .  The r e s i d u e  w a s  t a k e n  up i n  e t h e r ,  washed s u c c e s -  

s i v e l y  w i t h  2 x 10 m l  p o r t i o n s  o f  2 N a q .  K O H ,  2 N H C l  and w a t e r ,  

d r i e d  and  e v a p o r a t e d .  The p r o d u c t  w a s  t r e a t e d  w i t h  a m i x t u r e  o f  

hexane and 10s aq .  me thano l  ( l : l ,  v /v ) ,  and t h e  hexane p h a s e  eva-  

p o r a t e d  t o  a f f o r d  Sa-hydroxy-5u-pregn-16-en-20-one f o r m a t e  as  a n  o i l .  

S a p o n i f i c a t i o n  o f  t h i s  es te r  w a s  c a r r i e d  o u t  u s i n g  KOH ( 1 7 0  m g )  

i n  15% aq .  t - b u t a n o l  (3.8 ml), d u r i n g  30  min. a t  55O. The h y d r o l y s i s  

p r o d u c t  w a s  p u r i f i e d  by chromatography on LipidexR-5000 ( 1 2  g column, 

s o l v e n t  system: hexane /ch lo ro fo rm,  8 : 2 ,  v / v ) .  F r a c t i o n s  o f  5 m l  

w e r e  c o l l e c t e d ,  and 3a-hydroxy-5a-pregn-16-en-20-one ( V ;  9 m g )  ob- 

t a i n e d  i n  f r a c t i o n s  10 and 11. 
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5a- [ZOP-’HjPremane-3a, 20a-diol  ( V z )  

T h i s  compound w a s  ob ta ined  i n  the s a m e  manner as 111, a3 shown 

i n  t h e  Scheme. 

SCHEME 

RESULTS AND DISCUSSION 

The r e a c t i o n  sequence i s  shown in the  Scheme, whi le  gas chro- 

matographic and m a s s  s p e c t r o m e t r i c  d a t a  a r e  summarized i n  Table  1. 

Reduct ion o f  3P-hydrory-5a-pregn-16-en-20-one ( I )  w i t h  l i t h i u m  

aluminium d e u t e r i d e  a f f o r d e d  a mixture  of t h e  cor responding  pregnene- 

d i o l s  (11), epimer ic  a t  C-20. The TMS e t h e r s  o f  t h e s e  isomers  d i d  

n o t  s e p a r a t e  on GLC, b u t  were e l u t e d  from t h e  column a3 a s i n g l e ,  

unresolved peak. T h e i r  m a 3 3  spectrum i s  i l l u s t r a t e d  i n  Fig. 1. 

I n c o r p o r a t i o n  of  a s i n g l e  deuter ium atom a t  C-20 is i n d i c a t e d  by 

t h e  ion  a t  n& 118, which corresponds t o  t h e  fragment  a t  117 

i n  the  m a s s  s p e c t r a  of  u n l a b e l l e d  2 0 - t r i m e t h y l s i l y l o x y  pregnanes 



(11) .  The b a s e  peak a t  157 a r i s e s  from c1eavatI;o t h r o u g h  r i n g  D ,  

as shown. 

-- Table 1. Gas Chromatographic  arid Mass S p e c t r o m e t r i c  Data 

MJ& v a l u e s  arid r e l a t i v e  abundances * I 1  

Compound %* o f  c h a r a c t e r i s t i c  ions e x c e s s  

M +  * I'ragment i o n s  a toms% 

- I\' TMS 1.05 465 450 360 347 285 270 118 96.8 
( 0 )  ( 0 . 5 )  (0.1) ( 0 . 5 )  (0.11) (1.1) (100) 

V I ~ I  TYS 0.88 465 450 360 346 285 270 118 97.6 
( 0 )  (0.1) ( 0 . 2 )  (1) (0 .5 )  ( 2 )  (100) 

tR Of 5o-cho les t ane  = 1.00 
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F i g .  1. M a s s  spec t rum o f  5.-[ 20F-2Hlpregn-16-ene-3P, 20F-d io l  tri- 

m e t h y l s i l y l  e t h e r .  

C a t a l y t i c  h y d r o g e n a t i o n  of the m i x t u r e  o f  p r e e n o n e d i o l s  gave 

t h e  c o r r e s p o n d i n g  l a b e l l e d  p r e g n a n e d i o l s ,  where t h e  r a t i o  o f  20n- 

t o  20P-hydroxy ep imer  w a s  a b o u t  4 : l  a s  judged by GLC. Mass spec-  

t r o m e t r y  a g a i n  conf i rmed  t h a t  d e u t e r i u m  had been i n c o r p o r a t e d  i n  

t h e  d e s i r e d  manner ( b a s e  peak a t  & l l S ) ,  w h i l e  t h e  d e u t e r i u m  con- 

t e n t  (>95$ i n  e a c h  i s o m e r )  showed t h a t  n e g l i g i b l e  s c r a m b l i n g  o f  

l a b e l  had t a k e n  p l a c e  d u r i n g  h y d r o g e n a t i o n  of t h e  a l l y l i c  d o u b l e  

bond. 

F i n a l l y ,  s e p a r a t i o n  o f  t h e  p r e g n a n e d i o l  i s o m e r s  w a s  a c h i e v e d  

by r e v e r s e d - p h a s e  chromatography on Lipidex'-1000 ( 6 ) ,  when 5a-  

~ O P - 2 t I j p r e g n a n e - 3 p ,  2 0 a - d i o l  (111) w a s  e l u t e d  b e f o r e  i t s  20P-hy- 

droxy-  20a 2H ep imer  ( T V ) .  I: - 3 '  
3a-Aydroxy-5a-pregn-16-en-20-one ( V ) ,  o b t a i n e d  from compound 

( I )  by t h e  method o f  Bose t g .  ( l o ) ,  w a s  s u b j e c t e d  t o  t h e  same 

sequence  o f  r e a c t i o n s  as d e s c r i b e d  above.  Chromatography o f  t h e  

p r o d u c t  y i e l d e d  5a-p0P-2H]pregnane-3a,  2 0 a - d i o l  (VII) i n  t h e  ex- 

p e c t e d  m a n n e r .  

Thus ,  l i t h i u m  aluminium d e u t e r i d e  r e d u c t i o n  o f  1l '~-20-ketones,  

fo l lowed  by h y d r o g e n a t i o n  o v e r  Pd/C and r e v e r s e d - p h a s e  chromatogra-  

phy on LipidexR-1000 a f f o r d s  a p r a c t i c a l  method for t h e  p r e p a r a t i o n  
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of 20a-hydroxy-~0P-2H)pregnanes i n  h igh  i s o t o p i c  and ep imer ic  pu- 

r i t y .  
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