
Journal of LUbQtlQd Compounds and Radiophawnaceuticals - Vol.WIII, No. 10 1429 

INHIBITORS OF STEROL SYNTHESIS. SYNTHESIS OF [ 2  ,4-3H]Sa-CHOLEST-8( 14)-ENE- 

3 , 7 a ,  15a-TRIOL AND [ 2  ,4-3H] k-CHOLEST-8( 14)-EN-38 -0L-15-0NE 
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S U M M A R Y 

O x i d a t i o n  o f  5a-cholest-8(14)-ene-38,7a, 1 k - t r i o 1  w i t h  s i l v e r  
c a r b o n a t e - c e l i t e  g a v e  5 a - c h o l e s  t-8( 14)-ene-7a,  15a-diol-3-one 
i n  88% y i e l d .  T r e a t m e n t  of  the l a t t e r  canpound w i t h  t r i t i a -  
t e d  water u n d e r  b a s i c  c o n d i t i o n s  g a v e  a l a b e l e d  p r o d u c t  which 
w a s  r e d u c e d  w i t h  l i t h i u m  

i n  h i g h  p u r i t y  a f t e r  mediun p r e s s u r e  
t h e  form o f  i t s  t r i a c e t a t e  d e r i v a t i v e .  
t r i o l  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
t h e  d e s i r e d  [ 2,4-3H]5a-choles  t-8( 14)-  

t e t r a h y d r o f u r a n  t o  g i v e  
t r i o l  which  was o b t a i n e d  
l i q u i d  c h r o m a t o g r a p h y  i n  
T r e a t m e n t  o f  t h e  l a b e l e d  
a c i d  i n  95% e t h a n o l  g a v e  
en-38-01-1 5-one. 

Key Words : 5a-choles t -8(  14)-en-3 
t r i o l ,  r a d i o s y n t h e s i s  

-ol-15-one, 5a-cholest-8(14)-ene-36,7a, 15a- 

I N T R 0 D U C T I 0  N 

5a-Cholest-8(14)-en-35-01-15-one ( I ;  F i g u r e  1) h a s  been  shown t o  b e  a p o t e n t  

i n h i b i t o r  of s terol  s y n t h e s i s  i n  L cel ls  and i n  p r i m a r y  c u l t u r e s  of f e t a l  mouse 

l i v e r  c e l l s  and causes a r e d u c t i o n  i n  the  l e v e l  of  HMG-CoA r e d u c t a s e  i n  t h e  same 

cel ls  ( 1 , 2 ) .  

h y p o c h o l e s t e r o l e m i c  a c t i v i t y  upon a d m i n i s t r a t i o n  t o  i n t a c t  animals (3-5). 5a-  

Cholest-8(14)-ene-3B,7a,15a-triol (11) h a s  a l s o  been found to  be  a n  i n h i b i t o r  of  

s te ro l  s y n t h e s i s  i n  a n i m a l  c e l l s  i n  culture (1,2) b u t  i s  c o n s i d e r a b l y  less p o t e n t  

i n  t h i s  r e s p e c t  t h a n  I. The s t r u c t u r e  of I1 h a s  r e c e n t l y  been  e s t a b l i s h e d  by 

t h e  r e s u l t s  o f  d e t a i l e d  1 3 C  n u c l e a r  m a g n e t i c  r e s o n a n c e  s t u d i e s  (6) .  

of the c o m p a r a t i v e  m e t a b o l i s m ,  a b s o r p t i o n ,  and  d i s t r i b u t i o n  o f  I and I1 w e  r e -  

q u i r e d  t h e s e  compounds l a b e l e d  w i t h  3H o r  1 4 C .  

This 15-oxygenated s t e r o l  h a s  a l s o  been  show, t o  h a v e  s i g n i f i c a n t  

For s t u d i e s  

While  l a b e l e d  I and I1 c o u l d  b e  
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Figure 1. Synthesis of [ 2,4-3H] 5a-cholest-8(14)-ene-3B, 7a,l5cr-triol (11) 

and [ 2,4-3H]5a-cholest-8(14)-en-3B-ol-15-one (I). 
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prepa red  from commercially a v a i l a b l e  l a b e l e d  c h o l e s t e r o l ,  such  a n  approach  is  

less  t han  i d e a l  s i n c e  a number of s t e p s  are r e q u i r e d  and i t  would be  d i f f i c u l t  

t o  o b t a i n  l a b e l e d  I and I1 of  h igh  s p e c i f i c  a c t i v i t y .  We have r e c e n t l y  d e s c r i b e d  

( 7 )  t h e  p r e p a r a t i o n  o f  [2,4-3H]-I by t h e  fo l lowing  approach: 

36-01 was conver t ed  t o  5a-cholest-7,14-dien-3-one by o x i d a t i o n  w i t h  pyr id in ium 

chlorochromate ;  t h e  A 7  '14-3-ketone was t r e a t e d  wi th  m-chloroperbenzoic a c i d  and 

t h e  r e s u l t i n g  c rude  product  was t r e a t e d  w i t h  e t h a n o l i c  KOH t o  g i v e  5a-cholest-8(14)- 

ene-7a,l5a-diol-3-one (111); 111 w a s  l a b e l e d  wi th  3H by exchange wi th  t r i t i a t e d  

water under b a s i c  c o n d i t i o n s ;  r e d u c t i o n  of t h e  l a t t e r  compound w i t h  l i t h i u m  a lu -  

minum hydr ide  gave a m i x t u r e  of [2,4-3H]-II and i t s  3a-hydroxy epimer which were 

i n s e p a r a b l e  by chromatography; t r e a t m e n t  of t h e  mix tu re  wi th  hydroch lo r i c  a c i d  

i n  a mix tu re  o f  CHC13 and methanol gave a complex mix tu re  from which [2,4-3H]-I 

was i s o l a t e d  by column chromatography. The purpose of t h i s  paper  i s  t o  d e s c r i b e  

a n  a l t e r n a t i v e  method which pe rmi t s  a more e f f i c i e n t  and c l e a n  p r e p a r a t i o n  o f  

r a d i o l a b e l e d  I and  which a l s o  g i v e s  r a d i o l a b e l e d  I1 i n  a h igh  s ta te  of p u r i t y .  

5ct-cholest-7,14-dien- 

A key compound i n  t h e  p r e p a r a t i o n  o f  l a b e l e d  I and I1 is t h e  7a,l!m-hydroxy- 

I n  t h e  p r e s e n t  work we have prepared  t h i s  compound by t h e  A8(14)-3-ketone (Ill). 

s i n g l e  s t e p ,  h igh  y i e l d  o x i d a t i o n  of t h e  38-hydroxyl f u n c t i o n  of I1 u s i n g  a mix- 

t u r e  of s i l v e r  ca rbona te  and c e l i t e  (p repa red  acco rd ing  t o  Fe t i zon  and G o l d f i e r  

( 8 ) ) .  This  approach  t o  t h e  p r e p a r a t i o n  of I11 i s  c l e a r l y  s u p e r i o r  t o  t h e  method 

u t i l i z e d  p r e v i o u s l y  ( 7 )  and o u t l i n e d  above. We have p rev ious ly  u t i l i z e d  t h e  

s i l v e r  c a r b o n a t e - c e l i t e  r eagen t  f o r  t h e  s e l e c t i v e  o x i d a t i o n  of t h e  36-hydroxyl 

f u n c t i o n  of s e v e r a l  38 ,15- t i ihydroxys tero ls  (9,lO). 

111 by exchange wi th  t r i t i a t e d  water under b a s i c  c o n d i t i o n s ,  t h e  3-keto f u n c t i o n  

was reduced w i t h  l i t h i u m  t r i - s - b u t o x y a l u m i n m  h y d r i d e  t o  g i v e ,  a lmos t  exclu- 

s i v e l y ,  t h e  36-hydroxy ep imer  ( [2,4-3H]-II), a r e s u l t  f a c i l i t a t e d  by t h e  use of  

t h i s  metal hydr ide  and t h e  use of t e t r a h y d r o f u r a n  as t h e  s o l v e n t  (11,12). The re- 

s u l t i n g  l a b e l e d  t r i o 1  w a s  found,  by radio-GLC a n a l y s i s  o f  t h e  g - T M S  d e r i v a t i v e ,  

t o  c o n t a i n  s e v e r a l  contaminants  which were n o t  removed by conven t iona l  chromatog- 

A f t e r  p r e p a r a t i o n  o f  [2,4-3H]- 
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raphy. P u r i f i c a t i o n  was e f f e c t e d  by conve r s ion  of t h e  t r i o 1  t o  i t s  t r i a c e t a t e  

d e r i v a t i v e  which was p u r i f i e d  by medium p r e s s u r e  l i q u i d  chromatography on a 

s i l i c a  g e l  column. S a p o n i f i c a t i o n  of t h e  t r i a c e t a t e  gave [2 ,4-  H I - I 1  of h igh  

p u r i t y .  

phy and c r y s t a l l i z a t i o n , .  [2,4-3H]-I a s  t h e  major  product .  The g e n e r a t i o n  of a 

A8(14)-15-ketone system upon t r ea tmen t  of a A8(14)-7a, 15a-d ihydroxys tero l  o r  a 

A8(14)-3f3 ,7a,l5a-trihydroxysterol has  been d e s c r i b e d  p r e v i o u s l y  (6 ,7 ,13-15) .  

For example, we have r epor t ed  t h a t  5a-cholest-8(14)-ene-38,7a,l5u-triol  (111, 

upon h e a t i n g  wi th  h y d r o c h l o r i c  a c i d  i n  e t h a n o l ,  gave I i n  h i g h  (87%) y i e l d  (6). 

In  t h e  p r e p a r a t i o n  of [2,4-3H]-1, t h e  A8(14)-7a,15u-dihydroxy system of I1 i s  

e f f e c t i v e l y  used a s  a " p r o t e c t i n g "  f u n c t i o n  from which t h e  A8(14)-15-ketone s y s -  

t e m  can  be  g e n e r a t e d  wi th  ease .  This  f e a t u r e  pe rmi t s  i n t r o d u c t i o n  of t h e  i s o t o p i c  

hydrogen a t  a chemica l ly  and ,  f o r  ou r  purposes ,  b i o l o g i c a l l y  s t a b l e  p o s i t i o n  i n  

t h e  s t e r o i d  nuc leus  a t  a p o i n t  i n  t h e  s y n t h e s i s  which permits t h e  a t t a i n m e n t  of 

h i g h  s p e c i f i c  a c t i v i t y  i n  t h e  f i n a l  p roduct  w i th  a minimum of chemica l  s t e p s .  

Th i s  i s  i n  c o n t r a s t  t o  an  approach  which u t i l i z e s  commerc ia l ly  a v a i l a b l e  i s o t o p i -  

c a l l y  l a b e l e d  c h o l e s t e r o l  as  t h e  s t a r t i n g  material f o r  t h e  rad iochemica l  s y n t h e s i s  

of l a b e l e d  I and 11. 

3 

Treatment o f  [2,4-3H]-II w i th  h y d r o c h l o r i c  a c i d  gave ,  a f t e r  chromatogra- 

E X P E K I M E K T A L  

General 

Authent ic  samples of un labe led  I (2), I1 ( 6 ) ,  111 ( 6 ) ,  and I V  (6 )  were pre- 

pared p rev ious ly .  TLC was performed on p l a t e s  of s i l i c a  g e l  C. GLC was, u n l e s s  

s t a t e d  o the rwise ,  performed on columns of 3% 0V-1 on Gas-Chrom Q as desc r ibed  p re -  

v i o u s l y  (2). Radio-TLC and Radio-GLC a n a l y s e s  were made as d e s c r i b e d  p rev ious ly  

( 1 6 ) .  Routine column chromatography employed s i l i c a  g e l  (60-200 mesh). Medium 

p r e s s u r e  (100 p . s . i . )  l i q u i d  chromatography (MPLC) employed columns (118 cm x 1.5 

cm) of s i l i c a  g e l  (0.32-0.063 mm). The f r a c t i o n  s i z e  f o r  a l l  column chromatogra- 

ph ic  runs  was 20 m l .  The fo l lowing  s o l v e n t  sys tems were employed f o r  chromatogra- 
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phy: SS-1, 50% e t h y l  a c e t a t e  i n  t o l u e n e ;  SS-2, 10% e t h y l  a c e t a t e  i n  CHC13; 

SS-3, 50% e t h e r  i n  t o l u e n e ;  SS-4, 50% e t h y l  acetate i n  hexane; SS-5, e t h y l  ace- 

t a t e ;  SS-6, 20% e t h e r  i n  to luene ;  SS-7, 10% e t h e r  i n  to luene ;  SS-8, 25% e t h y l  

acetate i n  to luene ;  and SS-9, 25% e t h e r  i n  to luene .  Unless  s t a t e d  o the rwise ,  

o r g a n i c  e x t r a c t s  were r o u t i n e l y  washed wi th  water, d r i e d  over  anhydrous blgS04, 

and evapora t ed  t o  d ryness  under reduced p res su re .  S i l v e r  c a r b o n a t e - c e l i t e  w a s  

p repared  acco rd ing  t o  F e t i z o n  and G o l d f i e r  (8) .  

5a-Cholest-8(14)-ene-7a,l5cr-triol-3-one (111) 

To I1 (1.00 g )  i n  t o l u e n e  (220 ml) w a s  added s i l v e r  c a r b o n a t e - c e l i t e  ( 6 . 6  g ) .  

The r e s u l t i n g  mix tu re  was hea ted  t o  r e f l w  f o r  4 h. A f t e r  f i l t e r i n g  t h e  mix tu re ,  

t h e  s o l v e n t  was evapora t ed  under reduced p res su re .  Ana lys i s  by TLC (SS-2) i nd ica -  

t e d  o n l y  traces of t h e  s t a r t i n g  material and t h a t  t h e  product  w a s  -97% pure .  

The r e s i d u e  w a s  s u b j e c t e d  t o  MPLC us ing  SS-2 as t h e  e l u t i n g  s o l v e n t .  The c o n t e n t s  

of f r a c t i o n s  43-78 were pooled and r e c r y s t a l l i z e d  from hexane t o  g i v e  111 (0.87 

g; 88% y i e l d )  me l t ing  a t  121.0-122.5' C ( l i t . ,  121.5-122.5' C ( 6 ) ) .  The I R ,  

NMR, and MS were i d e n t i c a l  t o  t h o s e  o f  111 prepared  by an  independent  method 

( 6 ) .  The product  showed a s i n g l e  component on TLC i n  3 s o l v e n t  systems (SS-1,  

SS-3, S S - 4 )  and on GLC a n a l y s i s  of t h e  f r e e  s t e r o l  and t h e  &-TMS d e r i v a t i v e  

(3% OV-1 and 3% OV-17) w i t h  t h e  same chromatographic  behavior  a s  a u t h e n t i c  111 

and i t s  R1S d e r i v a t i v e .  

[ 2 ,4-3H]5a-Cholest-8( 14)-ene-3B ,7a, 1 5 a - t r i o 1  ( [ 2 ,4-3H]-II) ( c r u d e )  

111 (500 mg), sodium methoxide (500 my), t r i t i a t e d  water  (100 

pl; 100 mCi), and d r y  d ioxane  (20 ml) were hea ted  i n  a s e a l e d  tube  a t  40" C 

f o r  6 h and then  a l lowed t o  s t a n d  a t  room tempera tu re  f o r  a n  a d d i t i o n a l  12 ti. 

The r e a c t i o n  mixture  was poured i n t o  a s a t u r a t e d  NH4C1 s o l u t i o n  (400 m l )  and 

e x t r a c t e d  6 t i m e s  w i th  e t h e r  c o n t a i n i n g  CH2C12  (10%) (200 m l  p o r t i o n s ) .  The 

c rude  product  was d i s s o l v e d  i n  d r y  t e t r a h y d r o f u r a n  (50 ml) .  L i th ium t r i - E -  

butoxyaluminum hydr ide  (1.5 g)  w a s  added and, a f t e r  s t a n d i n g  f o r  s e v e r a l  hours  
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a t  room tempera tu re ,  i c e  was c a u t i o u s l y  added t o  decompose t h e  e x c e s s  hydr ide .  

The mixture  w a s  poured i n t o  a s a t u r a t e d  N H 4 C 1  s o l u t i o n  (600  ml)  and e x t r a c t e d  

1 2  times wi th  e t h e r  c o n t a i n i n g  CH2C12 (10%) (200  m l  p o r t i o n s ) .  

r e s i d u e  was s u b j e c t e d  t o  s i l i c a  g e l  column (70 c m  x 1.5 cm) chromatography us ing  

SS-5 as t h e  e l u t i n g  s o l v e n t .  The c o n t e n t s  of f r a c t i o n s  26-39 showed a s i n g l e  

(99.6%) l a b e l e d  component on radio-TLC a n a l y s e s  i n  2 s o l v e n t  sys tems (SS-1, Rf 

0.08;  SS-5, Kf  0 .24)  w i th  t h e  same chromatographic  behav io r  as a u t h e n t i c  11. 

Radio-CLC a n a l y s i s  of t h e  s - T M S  d e r i v a t i v e  of t h e  c rude  p raduc t  showed one 

major component (mass and 3H) wi th  t h e  same behavior  as  t h a t  of t h e  same de r iva -  

t i v e  of a u t h e n t i c  I1 bu t  w i th  a t o t a l  of -8% mass and l a b e l e d  contaminants .  

The c rude  product  

3 [ 2,4-3H]-3f3 ,7a, 15a-Triacetoxy-5a-cholest-8( 14)-ene ( [  2,4- H I - I V )  

The impure l a b e l e d  t r i o 1  (440 mg) from above w a s  d i s s o l v e d  i n  p y r i d i n e  (50  

m l ) ,  a c e t i c  anhydr ide  (50  ml) was added ,  and t h e  s o l u t i o n  w a s  a l lowed t o  s t a n d  

a t  35" C f o r  2 4  h. 

e x t r a c t e d  w i t h  e t h e r .  The combined e x t r a c t s  were s u c c e s s i v e l y  washed wi th  

wa te r ,  c o l d  5 %  H C 1 ,  water, 5% N a H C 0 3 ,  and wa te r ,  d r i e d  over  anhydrous %SO4, 

and evapora t ed  t o  d ryness  under reduced p r e s s u r e .  The r e s i d u e  (492  mg) showed 

one major component on TLC (SS-6; Rf 0.34)  wi th  t h e  same m o b i l i t y  as  t h a t  of 

a u t h e n t i c  I V .  

Radio-TLC showed t h a t  most ( - 8 O X )  of  t h e  r a d i o a c t i v i t y  had t h e  same chromato- 

g r a p h i c  m o b i l i t y  as a u t h e n t i c  I V .  The l a b e l e d  t r i a c e a t e  ( I V )  was p u r i f i e d  by 

MPLC us ing  38-7 as t h e  e l u t i n g  s o l v e n t .  The c o n t e n t s  o f  f r a c t i o n s  14-28 were 

pooled and ,  a f t e r  e v a p o r a t i o n  of t h e  s o l v e n t ,  gave  [ 2 , 4 -  HI-IV ( s p e c i f i c  a c t i v i t y ,  

20.4 m C i  per  mmol) a s  a c o l o r l e s s  g l a s s  ( 3 8 4  mg). TLC (SS-6) showed a s i n g l e  

component w i t h  t h e  same m o b i l i t y  ( K f  0 .34)  as t h a t  of a u t h e n t i c  1V. 

(same sys tem)  i n d i c a t e d  a s i n g l e  l a b e l e d  component (-99.6%) wi th  t h e  same 

m o b i l i t y  a s  t h a t  o f  a u t h e n t i c  I V .  

I ce  and water  were added and t h e  mix tu re  w a s  t ho rough ly  

Three minor components (Rf 0.11, 0.29, and 0.40)  were a l s o  observed. 

3 

Radio-TLC 



Inhibitors of Sterol Synthesis 1435 

[2,4-3H]5a-Cholest-8(14)-ene-3B ,7a , 1 5 a - t r i o l  ( [2 ,4-  3 HI-11) 

To [2,4-3H]-IV (300  mg) i n  e t h a n o l  ( 4 0  ml) was added 1 8 N  KOH ( 5  ml) .  A f t e r  

s t i r r i n g  f o r  24 h a t  30" C ,  t h e  s o l v e n t  w a s  removed under reduced p r e s s u r e ,  

water  was added ,  and t h e  mix tu re  was thoroughly  e x t r a c t e d  wi th  e t h e r  c o n t a i n i n g  

C H 2 C 1 2  (10%).  The c rude  product  w a s  r e c r y s t a l l i z e d  from e t h y l  ace ta te -hexane  

a t  -15" C t o  g i v e  [2,4- H I - 1 1  (247 mg; 93% y i e l d ;  s p e c i f i c  a c t i v i t y ,  21.3 m C i  

pe r  mmol) me l t ing  a t  213-214' C ( l i t .  f o r  un labe led  s t e r o l ,  213-214' C) ( 2 )  and 

212.5-214.0° C ( 6 ) ) .  

0.24) w i th  t h e  same m o b i l i t y  as a u t h e n t i c  11. Radio-TLC (same sys tem)  showed a 

s i n g l e  (99.8%) l a b e l e d  component w i t h  t h e  same m o b i l i t y  as t h a t  of a u t h e n t i c  11. 

Radio-GLC a n a l y s i s  of t h e g - T M S  d e r i v a t i v e  showed a s i n g l e  (99.6%) component 

w i t h  t h e  same m o b i l i t y  as t h a t  of t h e  same d e r i v a t i v e  of a u t h e n t i c  11. 

3 

The product  showed a s i n g l e  component on TLC (SS-1; Rf 

[ 2,4-3H] 5a-Cholest-8( 14)-en-36-01-15-one ( [  2,4-3H]-l 

To [2,4-3H]-Il (190 mg) i n  95% e t h a n o l  (40 ml)  was added concen t r a t ed  hydro- 

c h l o r i c  a c i d  ( 2  ml).  The r e s u l t i n g  mix tu re  was hea ted  under g e n t l e  r e f l u x  f o r  

2 h. Radio-TLC (SS-8) of t h e  c rude  r e a c t i o n  mixture  i n d i c a t e d  one major  (-62%) 

l a b e l e d  Component w i t h  t h e  same m o b i l i t y  a s  a u t h e n t i c  I (Rf 0.26). The s o l v e n t  

w a s  removed under reduced  p r e s s u r e  and t h e  r e s i d u a l  mo i s tu re  w a s  removed by t h e  

a d d i t i o n  of e t h a n o l  and evapora t ion  t o  d r y n e s s  under reduced p res su re .  The re- 

s u l t i n g  r e s i d u e  was s u b j e c t e d  t o  s i l i c a  g e l  column (70 crn x 2 cm) chromatography 

us ing  SS-8 as t h e  e l u t i n g  s o l v e n t .  The c o n t e n t s  of f r a c t i o n s  68-132 were pooled 

and r e c r y s t a l l i z e d  from methanol-water t o  g i v e  [2,4-311]-1 (88.3 mg; 49% y i e l d ;  

s p e c i f i c  a c t i v i t y ,  19.9 m C i  pe r  mmol) me l t ing  a t  147.5-149.0" C ( l i t .  f o r  un labe led  

s t e r o l ,  147.5-149.0' C ( 3 , 6 ) ) .  The product  showed a s i n g l e  component on TLC i n  

2 s o l v e n t  sys tems (SS-9; Rf 0.14; SS-8, R f  0.26) w i th  t h e  same m o b i l i t y  as  t h a t  

of a u t h e n t i c  I. Radio-TLC (same sys tems)  showed a s i n g l e  0 9 9 % )  component w i th  

t h e  same m o b i l i t y  a s  t h a t  of a u t h e n t i c  I. Radio-GLC showed one 0 9 7 % )  l a b e l e d  

component w i th  t h e  same m o b i l i t y  as  t h a t  of a u t h e n t i c  I. 
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