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G i j s b e r t  Zomer,  Henk J.G.M. D e r k s  and  Hans Wynberg ( * * I  

N a t i o n a l  I n s t i t u t e  o f  P u b l i c  H e a l t h ,  

L a b o r a t o r y  of  C l i n i c a l  C h e m i s t r y  and  H a e m a t o l o g y ,  

P .O .  box 1 ,  3720 BA B i l t h o v e n ,  The N e t h e r l a n d s  

( * * )  D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y  

U n i v e r s i t y  o f  G r o n i n g e n ,  

N i j e n b o r g h  16, 9747 A G  G r o n i n g e n ,  The N e t h e r l a n d s  

Summary 

[1,1,1,6,6,6-d61-E-3,4-di-(4-hydroxyphenyl)-hex-3-ene was s y n -  

t h e s i z e d  f rom [1,?,1-d31-4-methoxypropiophenone by r e d u c t i v e  cou-  

p l i n g  . The p r e p a r a t i o n  o f  [1,1,1-d31-4-methoxypropiophenone i n -  

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

cadmium f o l l o w e d  by b a c k - 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 .  

I n t r o d u c t i o n  

D i e t h y l s t i l b e s t r o l  (DES) i s  a n  a n a b o l i c  d r u g  w h i c h  c a n  b e  

u s e d  t o  i m p r o v e  t h e  g r o w t h  r a t e  and  t h e  f e e d  c o n v e r s i o n  e f f i c i e n -  

c y  o f  a n i m a l s  i n  l i v e s t o c k  b r e e d i n g .  

B e c a u s e  o f  t h e  c a r c i n o g e n i c i t y  o f  DES i t s  u s e  i s  p r o h i b i t -  

e d  by l a w  i n  The N e t h e r l a n d s .  T h e r e f o r e ,  s e n s i t i v e  and r e l i a b l e  

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

u s e  of D E S .  I s o t o p e  d i l u t i o n - g a s  c h r o m a t o g r a p h y - m a s s  s p e e t r o s -  
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c o p y  ( I D - G C - M S )  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 .  In t h i s  c o n n e c t i o n  h e x a d e u t e r a t e d  D E S  

was r e q u i r e d  a s  a n  i n t e r n a l  s t a n d a r d .  I t s  p r e p a r a t i o n  i s  r e p o r t -  

ed  i n  t h i s  p a p e r .  

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  DES-d6 r e p o r t e d  i n  t h i s  p a p e r  

d i f f e r s  from t h e  o n e s  u s e d  t o  p r e p a r e  DES-d3 ( 1 )  a n d  DES-d5 (2). 

T h e  p r e s e n t  r o u t e  i s  d e l i n e a t e d  i n  f i g u r e  1 .  

Fig 1 
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P e r d e u t e r a t e d  d i e t h y l c a d m i u m  was p r e p a r e d  from p e r i t a d e u -  

t e r a t e d  e t h y l b r o m i d e  v i a  t h e  G r i g n a r d  r e a g e n t .  R e a c t i o n  o f  t h e  

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

[1,1,1,2,2-d5]-4-methoxypropiophenone i n  50% y i e l d .  B a c k -  

e x c h a n g e  w i t h  d i l u t e d  h y d r o c h l o r i c  a c i d  a f f o r d e d  [ 1 , 1 , 1 - d 3 1 - 4 -  

m e t h o x y p r o p i o p h e n o n e .  

C o u p l i n g  o f  [1,1,1-d3]-4-methoxypropiophenone w i t h  

t i t a n i u m t r i c h l o r i d e -  l i t h i u m a l u m i n i u m h y d r i d e  ( 3 )  g a v e  a m i x t u r e  

o f  c i s -  a n d  t r a n s  D E S d 6 - d i m e t h y l e t h e r  ( c i s  : t r a n s  - 85 : 1 5 )  i n  

5 0 %  y i e l d .  D e m e t h y l a t i o n  was a c c o m p l i s h e d  i n  90% y i e l d  u s i n g  

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

DES-d6 ( c i s  : t r a n s  4 : 1 )  was i s o m e r i z e d  i n  b o i l i n g  c h l o r o f o r m  

t o  a f f o r d  t h e  e q u i l i b r i u m  m i x t u r e  o f  c i s -  a n d  t r a n s  DES-d6 ( c i s  : 

t r a n s  - 1 : 3 1 ,  from w h i c h  t r a n s  DES-d6 w a s  o b t a i n e d  b y  r e c r y -  

s t a l l i z a t i o n  from b e n z e n e .  

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  a r e  r e c o r d e d  in 6 - v a l u e s .  G C  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 i n g  

a t  a t e m p e r a t u r e  o f  200 C a n d  a f l o w - r a t e  o f  2 5  m l / m i n .  H P L C  

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  9208 

HPLC pump on 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 ,  UV d e t e c t i o n  a t  2 5 4  n m ) .  

0 

P e n t a d e u t e r a t e d  e t h y l  b r o m i d e  

[ 1 , 1 , 2 , 2 , 2 - d 5 1 - e t h y l  b r o m i d e  was o b t a i n e d  from E .  M e r c k  A G  

( D a r m s t a d t ,  West G e r m a n y ) .  A c c o r d i n g  t o  t h e  m a n u f a c t u r e r  t h e  i s o -  

t o p i c  p u r i t v  W ; I S  b e t t e r  t h a n  98%.  
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[1,1,1-d31-4-Methoxypropiophenone 

P e r d e u t e r a t e d  d i e t h y l c a d m i u m  was  p r e p a r e d  f r o m  8 g o f  e t h y l  

b r o m i d e - d 5 ,  1.8 g o f  magnes ium and 6.8 g o f  c a d m i u r n ( I 1 ) c h l o r i d e  

i q  5 0  m l  o f  b e n z e n e .  To t h i s  s o l u t i o n  was a d d e d  w i t h  s t i r r i n g  

11.9 g o f  p - a n i s o y l c h l o r i d e  d i s s o l v e d  i n  40 m l  o f  b e n z e n e .  The 

a d d i t i o n  c a u s e d  t h e  t e m p e r a t u r e  t o  r i s e  t o  a b o u t  45  C .  4 f t e r  

s t i r r i n g  t h e  r e a c t i o n  m i x t u r e  for  two h o u r s  a t  45  C i t  was p o u r e d  

on i c e  and  a c i d i f i e d  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d .  The r e s u l t -  

i n g  m i x t u r e  was l e f t  o v e r n i g h t .  E x t r a c t i o n  w i t h  d i e t h y l  e t h e r ,  

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

o f  t h e  s o l v e n t s  g a v e  d e u t e r a t e d  4 - m e t h o x y p r o p i o p h e n o n e .  A c c o r d i n g  

t o  N M R  t h e  a l p h a  d e u t e r i u m  a t o m s  had  n o t  c o m p l e t e l y  e x c h a n g e d .  

The c r u d e  p r o d u c t  was r e f l u x e d  i n  d i o x a n e  c o n t a i n i i g  2 0  m l  o f  1 N 

H C 1  f o r  o n e  h o u r .  Work-up a s  d e s c r i b e d  a b o v e  y i e l d e d  c r u d e  

~l,l,l-d31-~-methoxypropiophenone. I t  was  p u r i f i e d  by  d i s t i l l a -  

t i o n  t o  a f f o r d  5 .7  g ( 5 0 % )  o f  p u r e  [ 1 , 1 , 1 - d 3 1 - 4 -  

m e t h o x y p r o p i o p h e n o n e  ( b . p .  138-140 C / 14 m m )  a s  a c o l o u r l e s s  o i l  

t h a t  s o l i d i f i e d  c o m p l e t e l y  a f t e r  o n e  n i g h t  a t  6 C .  N M R  ( C D C 1  ) : 

62.6 ( b r o a d  s . ,  2 H ) ,  3 . 5  ( s . ,  3 H ) ,  6.7-7.8 ppm ( A B - s y s t e m ,  

4H) 

0 

0 

0 

0 

3 

[1,1,1,6,6,6-d61-E-3,4-di-(4-methoxyphenyl)-hex-3-ene 

T i t a n i u m t r i c h l o r i d e  ( 1 0  g )  i n  60 m l  o f  d r y  t e t r a h y d r o f u r a n  (THF) 

was s t i r r e d  d u r i n g  15 m i n u t e s .  L i t h i u m a l u m i n i u m h y d r i d e  ( 1 . 2 5  g )  

was added  c a r e f u l l y  i n  s m a l l  p o r t i o n s  u n d e r  a n i t r o g e n  atmo- 

s p h e r e .  A v i g o r o u s  r e a c t i o n  o c c u r r e d  ( g a s  e v o l u t i o n ,  g e n e r a t i o n  

o f  h e a t )  d e p o s i t i n g  a b l a c k  p r e c i p i t a t e .  To c o m p l e t e  t h e  r e a c -  

t i o n  t h e  m i x t u r e  was r e f l u x e d  f o r  30 m i n u t e s .  A f t e r  c o o l i n g  t h e  

r e a c t i o n  m i x t u r e  t o  room t e m p e r a t u r e  a s o l u t i o n  o f  5.7 g o f  

[1,1,l-d31-4-methoxypropiophenone i n  2 0  m l  o f  d r y  THF was a d d e d  

i n  10  m i n u t e s .  The r e s u l t i n g  m i x t u r e  was  r e f l u x e d  f o r  f o u r  h o u r s  
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u n d e r  n i t r o g e n .  The c o o l e d  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  1 0 0  

m l  o f  w a t e r  and e x 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 .  The o r g a n i c  

l a y e r s  were washed w i t h  w a t e r ,  d r i e d  and e v a p o r a t e d  t o  g i v e  a n  

o i l .  T h i s  oil was a d s o r b e d  on s i l i c a  and  e l u t e d  w i t h  p e t r o l e u m  

e t h e r  b p  40-60 C / e t h y l a c e t a t e ,  2 0  / 1 t o  y i e l d  2 . 2  g ( 5 0 % )  o f  

d imethyl -DES-d6 a s  a m i x t u r e  o f  c i s -  and  t r a n s  DES-d6 a s  j u d g e d  

by N M R .  N M R  : 6 2 . 4  ( b r o a d  s . ,  2H,  t r a n s  DES) 2 . 7  ( b r o a d  s . ,  

2H, c i s  DES) 3 . 8  ( s . , 3 H ) ,  6 . 7 - 7 . 2  ppm ( A B - s y s t e m ,  4H) .  

0 

[1,1,1,6,6,6-d6]-E-3,4-di-(4-hydroxyphenyl)-hex-~-ene 

M e t h y l m a g n e s i u m i o d i d e  (150 mmol) was p r e p a r e d  i n  d i e t h y l  e t h e r .  

[1,1,1,6,6,6-d6]-3,4-di-(4-methoxyphenyl~-hex-~-ene ( 2 . 2  g) was 

d i s s o l v e d  i n  t h i s  s o l u t i o n .  The d i e t h y l  e t h e r  was removed b y  

d i s t i l l a t i o n .  The  r e s u l t i n g  m i x t u r e  was h e a t e d  u n d e r  n i t r o g e n  a t  

160-180 C f o r  o n e  h o u r .  A f t e r  c o o l i n g ,  d i e t h y l  e t h e r  ( 1 0 0  m l )  

was a d d e d  f o l l o w e d  b y  t h e  c a r e f u l  a d d i t i o n  o f  w a t e r  ( 1 0  m l ) .  The  

m i x t u r e  was a c i d i f i e d  w i t h  10% s u l f u r i c  a c i d  a n d  s t i r r e d  u n t i l  

b o t h  l a y e r s  were c l e a r .  The a q u e o u s  l a y e r  was 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  c o m b i n e d  e t h e r  l a y e r s  were d r i e d  and e v a p o r a t -  

e d .  T h e r e  was o b t a i n e d  1 . 8  g ( 9 0 % )  o f  a m i x t u r e  o f  c i s -  a n d  

t r a n s  DES-d6 ( c i s  : t r a n s  - 4 : 1 ) .  I s o m e r i z a t i o n  was  accom- 

p l i s h e d  b y  r e f l u x i n g  t h e  c r u d e  p r o d u c t  i n  100 m l  o f  c h l o r o f o r m  

u n t i l  N M R  i n d i c a t e d  t h e  p r e s e n c e  o f  a c i s  / t r a n s  r a t i o  o f  1 / 3 .  

P u r e  [1,1,1,6,6,6-d6]-E-3,4-di-~4-hydroxyphenyl~-hex-~-ene was 

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

The p u r i t y  o f  t h e  p r o d u c t  was j u d g e d  t o  b e  > 95% by N M R ,  HPLC a n d  

GC. N M R  ( d e u t e r o a c e t o n e )  : 6 2 . 1  ( b s , 4 H ) ,  6 .7-7 .1  ( A B - s y s t e m , 8 H ) ,  

8 .3  ppm ( s , 2 H ) .  

0 

* T h i s  s t u d y  was s u p p o r t e d  by t h e  V e t e r i n a i r e  H o o f d i n s p e c t i e  van  

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