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D e u t e r a t e d  a n a b o l i c  d r u g s .  P a r t  2 

S y n t h e s i s  o f  ( R ,  S ) - 3 , 4 - b i s (  4-hydroxyphenyl)-[2,2,5,5-d l h e x a n e  ( HEX-d 

a n d  (E,E)-3,4-bis(4-hydroxyphenyl)-[2,5-d l h e x a - 2 , 4 - d i e n e  (DE-d ) 
4 4 

2 2 
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Summary  

Hex  e s t r o l - d  w a s  s y n t h e s i z e d  f r o m  1 - h y d r o x y - l p -  

m e t h o x y p h e n y l - [ 2 , 2 - d  ] p r o p a n e  ( p )  b y  r e d u c t i v e  c o u p l i n g .  T h e  

p r e p a r a t i o n  o f  1 i n v o l v e d  r e d u c t i o n  o f  p - m e t h o x y - [ 2 , 2 -  

e x c h a n g e  d e u t e r a t i o n .  

D i e n e s t r o l - d  w a s  s y n  t h e  s i z e d  f r o m  p - h y d r o x y - [ 2 , 2 -  

4 

2 

2 
d I p r o p i o p h e n o n e  b y  p i n a c o l  c o u p l i n g  f o l  owed b y  d e h y d r a t a t i o n  o f  

t h e  c o u p l i n g  p r o d u c t  u s i n g  a c e t i c  a n h y d r  d e / a c e t y l  c h l o r i d e .  
2 

A s  p a r t  o f  a c o n t i n u i n g  p r o g r a m  c o n c e r n i n g  t h e  m o n i t o r i n g  o f  

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

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

t h e  u s e  o f  t h e s e  a n a b o l i c s .  A l t h o u g h  r a d i o i m m u n o a s s a y  o r  e n z y m e  

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

w i t h  t h e s e  m e t h o d s .  Isotope-dilution-gas-chromatography-mass- 

s p e c t r o s c o p y  (ID-GC-MS) o f f e r s  a s e n s i t i v e  a n d  r e l i a b l e  t o o l  e x -  

c e l l e n t l y  s u i t e d  f o r  t h i s  p u r p o s e .  I n  t h i s  c o n n e c t i o n  d e u t e r a t e d  

i n t e r n a l  s t a n d a r d s  a r e  r e q u i r e d .  R e c e n t l y  we d e s c r i b e d  t h e  s y n -  

t h e s i s  o f  h e x a d e u t e r a t e d  d i e t h y l s t i l b e s t r o l  (DES-d ) ( 1 ) .  T h e  

p r e p a r a t i o n s  o f  d e u t e r a t e d  h e x e s t r o l  (HEX-d ) a n d  d e u t e r a t e d  

d i e n e s t r o l  (DE-d ) a r e  r e p o r t e d  i n  t h i s  p a p e r .  

6 

4 

2 

R e s u l t s  a n d  d i s c u s s i o n  

T h e  s y n t h e t i c  r o u t e  l e a d i n g  t o  d i e n e s t r o l - d  i s  s h o w n  i n  
2 

s c h e m e  1 ( 2 ) .  
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T h e  s t a r t i n g  m a t e r i a l ,  p . h y d r o x y p r o p i o p h e n o n e  (G), e x -  

c h a n g e d  i t s  a l p h a  p r o t o n s  i n  a m i x t u r e  o f  d i o x a n e / D  0 c o n t a i n i n g  

p-toluenesulphonylch1oride.The p r o d u c t  (a), o b t a i n e d  i n  90% 

y i e l d ,  was t r e a t e d  w i t h  a l u m i n i u m  a m a l g a m  i n  t e t r a h y d r o f u r a n  

(THF) t o  a f f o r d  t h e  p i n a c o l  3 ( a s  a m i x t u r e  o f  d l  a n d  m e s o  

i somer ic  f o r m s ) .  A c y l a t i o n  u s i n g  a c e t i c  a n h y d r i d e  i n  a q u e o u s  

b a s e  g a v e  t h e  d i a c e t o x y  c o m p o u n d  2. C r u d e  4 was d e h y d r a t e d  b y  

h e a t i n g  i t  u n d e r  r e f l u x  i n  a m i x t u r e  o f  a c e t i c  a n h y d r i d e  a n d  ace -  

t y l  c h l o r i d e .  The  p r o d u c t  m i x t u r e ,  c o n t a i n i n g  d i e n e s t r o l - d  - 
a c e t a t e  ( 5 )  was  s a p o n i f i e d  w i t h  NaOH i n  a q u e o u s  m e t h a n o l  t o  y i e l d  

d i e n e s t r o l - d  (2) i n  an  o v e r a l l  y i e l d  o f  30% a f t e r  p u r i f i c a t i o n  

( c h r o m a t o g r a p h y  f o l l o w e d  b y  c r y s t a l l i z a t i o n ) .  The  compound  was 

c h a r a c t e r i z e d  b y  c h r o m a t o g r a p h i c  (TLC a n d  CC) a n d  s p e c t r o s c o p i c  

(NMR a n d  MS) m e t h o d s .  

2 

2 

2 

S c h e m e  2 s h o w s  t h e  s y n t h e t i c  r o u t e  l e a d i n g  t o  d e u t e r a t e d  

h e x e s t r o l  (HEX-d 1 .  
II 

a 7 - - 

CD2CHj 

9 - 
Scheme 2 
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p - M e t h o x y - [ 2 , 2 - d  l p r o p i o p h e n o n e  (b) w a s  p r e p a r e d  b y  e x c h a n g e  o f  

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

t h e  p r e p a r a t i o n  o f  d e u t e r  a t e d  p- h y d r o x  y p r o  p i 0  p h e n o n e  . R e d u c t i o n  

o f  2b 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  i n  THF g a v e  t h e  d e u t e r a t e d  

h y d r o x y  c o m p o u n d  1 i n  9 0 %  y i e l d .  R e d u c t i v e  c o u p l i n g  o f  1 w a s  a c -  

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

c h l o r i d e  s y s t e m  ( 3 )  i n  r e f l u x i n g  THF. T h e  meso p r o d u c t  S w a s  

r e a d i l y  o b t a i n e d  f rom t h e  r e a c t i o n  m i x t u r e  b y  c r y s t a l l i z a t i o n .  

D e m e t h y l a t i o n  o f  a w a s  e f f e c t e d  u s i n g  HBr i n  b o i l i n g  a c e t i c  a c i d  

t o  a f f o r d  t h e  k e y  c o m p o u n d  m e s o - h e x e s t r o l - d  ( 9 )  i n  2 5 %  y i e l d  

f r o m  2. T h e  p r o d u c t  w a s  c h a r a c t e r i z e d  b y  TLC,  C C ,  N M R  a n d  MS. 

2 

4 

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

N M R  s p e c t r a  were t a k e n  u s i n g  a V a r i a n  EM 3 6 0  N M R  s p e c t r o m e -  

t e r .  A b s o r p t i o n s  were r e c o r d e d  i n  & - v a l u e s .  GC a n a l y s e s  were 

p e r f o r m e d  o n  a V a r i a n  3 7 0 0  g a s  c h r o m a t o g r a p h ,  e q u i p e d  w i t h  a 3 % 

OV-1 on S u p e l c o p o r t  ( 1 0 0 - 1 2 0  m e s h )  c o l u m n  ( 2  m x 2 m m )  o p e r a t e d  

a t  a t e m p e r a t u r e  o f  2 0 0  C a n d  a f l o w - r a t e  ( n i t r o g e n )  o f  2 5  

m l / m i n .  HPLC a n a l y s i s  were p e r f o r m e d  w i t h  t h e  a i d  o f  a K i p p  

A n a l y t i c a  9 2 0 8  HPLC p u m p  o n  a n  1 5 0  x 4 . 6  mm H y p e r s i l  O D S  c o l u m n .  

( E l u e n t  6 5  % ( v / v )  m e t h a n o l  i n  w a t e r ,  U V  d e t e c t i o n  a t  2 5 4  n m ) .  

M a s s  s p e c t r a  were r e c o r d e d  on a MAT m a s s  s p e c t r o m e t e r  ( d i r e c t  i n -  

l e t ) .  

0 

De u t  e r a t e d  p - h y d  r o x y - p r  o p i  o p h e  n o  n e  (3) 
p - H y d r o x y - p r o p i o p h e n o n e  ( 5  g )  i n  a m i x t u r e  o f  d i o x a n e /  D 0 ( l / l ,  

1 0 0  m l )  w a s  h e a t e d  u n d e r  r e f l u x  i n  a n i t r o g e n  a t m o s p h e r e  w i t h  p- 

t o l u e n e s u l p h o n y l c h l o r i d e  ( 1  g )  o v e r n i g h t .  A f t e r  c o o l i n g  t o  room 

t e m p e r a t u r e  t h e  m i x t u r e  w a s  s a t u r a t e d  w i t h  s a l t  a n d  t h e  a q u e o u s  

2 
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l a y e r  s e p a r a t e d  a n d  e x t r a c t e d  w i t h  d i e t h y l  e t h e r .  T h e  o r g a n i c  

l a y e r s  were d r i e d  a n d  e v a p o r a t e d  t o  g i v e  4 . 8  g o f  d e u t e r a t e d  p- 

h y d r o x y - p r o p i o p h e n o n e  ( N M R  ( C D C 1  ) : 6 1 . 2  ( s , 3 H ) ,  6 . 8  a n d  7 . 8  
3 

ppm ( A B - s y s t e m ,  4H) 1. 

Deu t e r  a t e d  p-me t h o x y - p r  o p i  o p h  e n o  n e 

p - M e t h o x y - p r o p i o p h e n o n e - d  was p r e p a r e d  from p - m e t h o x y -  

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

p r e p a r a t i o n  o f  d e u t e r a t e d  p-mhydroxy-propiophenone; N M R  (CDC1 ) : 

6 1 . 2  ( s , 3 H ) ,  3 .8  ( s , 3 H ) ,  6 . 9  a n d  7 . 9  ppm ( A B - s y s t e m ,  4 H ) .  

(2J) 

2 

3 

D i e n e s t r o l - d  ( 5 )  
A l u m i n i u m  f o i l  ( 4 . 5  g )  was t r e a t e d  w i t h  a 2 %  H g C l  s o l u t i o n  ( 1 5 0  

m l ) .  A f t e r  3 m i n u t e s  t h e  a m a l g a m  was w a s h e d  w i t h  w a t e r ,  a b s o l u t e  

e t h a n o l  a n d  d i e t h y l  e t h e r .  T h e  d r y  a m a l g a m  was c o v e r e d  w i t h  d r y  

THF ( c a .  100  m l ) .  T o  t h i s  m i x t u r e  2 .5  g o f  d e u t e r a t e d  p-  

h y d r o x y - p r o p i o p h e n o n e  (a) were a d d e d .  A f t e r  o n e  h o u r  t h e  m i x -  

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

3 h o u r s .  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 ,  d r i e d  o v e r  Na S O  
2 4  

a n d  e v a p o r a t e d  t o  a f f o r d  t h e  c r u d e  p i n a c o l  ( 2  g ) .  T h e  p r o d u c t  was 

d i s s o l v e d  i n  1 0 %  N a O H  ( 2 0  m l )  a n d  t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  

( 1 0  ml). T h e  d i a c e t y l a t e d  p r o d u c t  (4) c o n s i s t e d  o f  a m i x t u r e  o f  

d l -  a n d  n e s c - p i n a c o l .  T h i s  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  w i t h  

a m i x t u r e  o f  a c e t i c  a n h y d r i d e /  a c e t y l  c h l o r i d e  ( 2 / 1 ,  100  m l )  f o r  

2 h o u r s .  T h e  r e a c t i o n  m i x t u r e  was p o u r e d  i n t o  w a t e r  a n d  n e u t r a l -  

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

c h l o r o m e t h a n e ,  d r y i n g  o v e r  Na S O  a n d  e v a p o r a t i o n  o f  t h e  s o l v e n t  

y i e l d e d  c r u d e  d i e n e s t r o l - d  . D e a c e t y l a t i o n  was a c h i e v e d  b y  

t r e a t m e n t  o f  t h e  p r o d u c t  w i t h  1 0 %  NaOH i n  e t h a n o l .  T h e  p r o d u c t  

w a s  p u r i f i e d  b y  f l a s h  c h r o m a t o g r a p h y  ( s io  , h e x a n e /  E t O A c ,  2 / 1 )  

2 

2 

2 4  

2 

2 
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f o l l o w e d  b y  r e c r y s t a l l i z a t i o n  f r o m  b e n z e n e .  The  p r o d u c t  t h u s  o b -  

t a i n e d  h a d  a p u r i t y  > 9 5 %  a s  d e t e r m i n e d  b y  N M R ,  HPLC a n d  C L C .  

N M R  ( C D  C O C D  ) : 6 1 . 4  ( s , 6 H ) ,  6 .8 -7 .1  ( A B - s y s t e m .  8 H ) ,  8 . 0  ppm 

( s , Z H ) .  M S  m/z  ( % )  : 2 6 8  ( l o o ) ,  2 5 3  ( 5 5 ) ,  2 3 8  (60), 1 4 6  ( 3 5 ) .  

1 2 2  ( 5 2 )  

3 3  

1 -Hydroxy-l-p-methoxyphenyl-[Z, 2-d l p r o p a n e  (1) 
D e u t e r a t e d  p - m e t h o x y - p r o p i o p h e n o n e  ( 1 . 6 4  g )  i n  1 0  m l  o f  a b s o l u t e  

THF was a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( 0 . 1 2  g )  i n  2 0  m l  o f  

THF. After s t i r r i n g  f o r  75 m i n u t e s  t h e  m i x t u r e  was c a u t i o u s l y  

2 

t r e a t e d  w i t h  e x c e s s  wa te r .  F i l t r a t i o n  a n d  r e m o v a l  

b y  d i s t i l l a t i o n  a f f o r d e d  1 a s  a n  o i l  ( 1 . 5  g ) :  N M R  

( b s , 3 H ) ,  2.8 ( b s , l H ) ,  3.7 ( s , 3 H ) ,  4 .4  ( s , l H ) ,  6 

s y s  tem,  4H ) . 

o f  t h e  s o l v e n t  

C D C l  ) : 6 0 . 8  

8 - 7 . 3  ppm ( A B -  
3 

H e x e s t r o l - d  ( 2 )  

To a s t i r r e d  s l u r r y  o f  T i C l  ( 3  g )  i n  6 0  m l  o f  THF w a s  a d d e d  

L i A l H  ( 0 . 4  g )  f o l l o w e d  b y  1 5  m l  o f  THF. A f t e r  t h e  i n i t i a l  v i -  

g o r o u s  r e a c t i o n  s u b s i d e d  t h e  m i x t u r e  was s t i r r e d  f o r  3 0  m i n u t e s .  

1-Hydroxy-1-p-methoxyphenylC2,Z-d ] p r o p a n e  ( 1 . 0 4  g )  i n  10 m l  o f  

THF was a d d e d  o v e r  5 m i n u t e s .  T h e  m i x t u r e  was  s t i r r e d  a n d  h e a t e d  

4 

3 

4 

2 

u n d e r  r e f l u x  i n  a n i t r o g e n  a t m o s p h e r e  f o r  2 h o u r s .  A f t e r  c o o l i n g  

t o  r o o m  t e m p e r a t u r e  t h e  m i x t u r e  was  p o u r e d  i n t o  w a t e r  a n d  ex- 

t r a c t e d  w i t h  d i c h l o r o m e t h a n e  ( 3  x 4 0  m l ) .  T h e  o r g a n i c  l a y e r s  

were w a s h e d  w i t h  w a t e r ,  d r i e d  o v e r  N a  SO a n d  e v a p o r a t e d  t o  y i e l d  

d e u t e r a t e d  h e x e s t r o l  d i m e t h y l  e t h e r  a s  a m i x t u r e  o f  m e s o  a n d  d l  

i s o m e r s .  The  m e s o  c o m p o u n d  c r y s t a l l i z e d  f r o m  1 5  m l  o f  m e t h a n o l  

( y i e l d  0 . 4  g ;  N M R  ( C D C 1  ) : 6 0 . 5  ( s , 6 H ) ,  2 . 4 7 ( s , 2 H ) ,  3 . 8  ( s , 6 H ) ,  

6 .7 -7 .3  ppm ( A B - s y s t e m , 8 H ) ) .  A s o l u t i o n  o f  8 ( 4 0 0 m g )  i n  8 m l  o f  

h y d r o b r o m i c  a c i d  i n  a c e t i c  a c i d  (40%) was  h e a t e d  u n d e r  r e f l u x  f o r  

2 4  

3 
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3 h o u r s .  T h e  r e a c t i o n  m i x t u r e  was c o o l e d  t o  r o o m  t e m p e r a t u r e ,  

p o u r e d  o n  i c e  a n d  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 50  m l ) .  The  

c o m b i n e d  o r g a n i c  l a y e r s  were w a s h e d  w i t h  w a t e r  (4 x 40  m l )  a n d  

w i t h  5% N a H C O  s o l u t i o n .  The  e t h e r  s o l u t i o n  was  e x t r a c t e d  w i t h  

52 N a O H  ( 3  x 2 0  m l )  a n d  t h e  a q u e o u s  e x t r a c t s  w a s h e d  w i t h  d i e t h y l  

e t h e r  ( 2  x 3 0  m l ) .  T h e  a q u e o u s  l a y e r  was  a c i d i f i e d - w i t h  d i l u t e d  

s u l f u r i c  a c i d  a n d  t h e n  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 30  m l ) .  

T h e  c o m b i n e d  e x t r a c t s  were w a s h e d  w i t h  w a t e r ,  d r i e d  o v e r  Na SO 

3 

a n d  t h e  

c r  y s t  a 1  

n e e d l e s  

( b s , 2 H )  

2 4  
d i e t h y l  e t h e r  e v a p o r a t e d  y i e l d i n g  m e s o - h e x e s t r o l - d  . Re- 

i z a t i o n  from a q u e o u s  e t h a n o l  a f f o r d e d  2 5 0  mg o f  w h i t e  
4 

(NMR (CD C O C D  ) : 6 0 . 4 9  ( s , 6 H ) ,  2 . 4 0  ( s , 2 H ) ,  5 .0  
3 3  

6 .6 -7 .1  ppm ( A B - s y s t e m , 8 H ) ) .  MS m/z ( 5 )  : 1 3 7  ( 1 0 0 )  

A c k n o w l e d g e m e n t  : 

T h i s  s t u d y  was s u p p o r t e d  b y  t h e  V e t e r i n a i r e  

d e  V o l k s g e z o n d h e i d  ( p r o j e c t  n u m b e r  3 7 8 1 0 6 ) .  
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