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SUMMARY 

The prepamtion of Qa, IIE-tritiatad estmne-3methyl ether 
with high specific ac t i v i t y  is described. 
ee gave l~-C!lZX-deriuatives of es tmdio l  IX = CN and SCNl with 
high spec i f ic  a c t i v i t y  and mdiochemical pur i ty  higher than 98%. 

mdiolysis and storage conditione are examined. 

The following sy thea-  

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

During o w  work on t h e  s y n t h e s i s  and t h e  b i o l o g i c a l  e f f e c t s  of  
s t e r o i d  hormones, e s p e c i a l l y  t h o s e  w i t h  a 1%-CH$-substituent [u, 
we i n v e s t i g a t e d  the p o s s i b i l i t y  o f  producing l a b e l l e d  compounds. 
Without  s u c h  compounds pharmacokine t ic  r e s e a r c h  work i s  s c a r c e l y  
done a t  p r e s e n t .  

1. The r a d i o a c t i v e  i s o t o p e  must be i n  a p o s i t i o n  b i o c h e m i c a l l y  
Two r e q u i r e m e n t s  are t o  be  c o n s i d e r e d  w i t h  l a b e l l i n g :  

s t a b l e  i n  o r d e r  t o  a l l o w  the q u a l i t a t i v e  a s s a y  after metobo- 
l i z i n g  and 

*Akademie d e r  Wissenschaf ten  d e r  DDR, Z e n t r a l i n s t i t u t  f u r  Kern- 
f o r s c h u n g  Rossendorf ,  8051 Dresden 
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2. the s p e c i f i c  a c t i v i t y  o f  the  l a b e l l e d  s u b s t a n c e  has t o  be  a t  
leas t  1 Ci/mM i n  order  t o  a l l o w  the q u a n t i t a t i v e  a s s a y  of  the 
s t e r o i d s  which are used i n  very l o w  q u a n t i t i e s .  
General ly  the  carbon atoms of tire s t e r o i d  nucleus  represent  

s t a b l e  p o s i t i o n s .  Therefore carbon-I4 can be used f o r  l a b e l l i n g .  
But the  preparation of carbon-14 l a b e l l e d  compounds imnl ies  a 
complicated s y n t h e s i e  (ring opening and r i n e  c l o s u r e ) .  B e s i d e s  
t h a t ,  the  expensive carhon-14 r e s u l t s  in n~x imum s p e c i f i c  

a c t i v i t y  of  o n l y  60 nCi/mbl f o r  one l a b e l l e d  p o s i t i o n .  

I n  view of t h i s  t r i t i u m  i s  a n  a l t e r n a t i v e  t o  carbon-14. It is  
e s s e n t i a l l y  cheaper ,  t h e  s y n t h e t i c  e f f o r t s  me lower and the 
r e a l i z a b l e  s p e c i f i c  a c t i v i t y  ( t h e o r e t i c a l l y  29 Ci/mM) i s  three 
dec imal  powers higher. However, no t  a l l  the hydrogen a t o m  o f  the 
s t e r o i d  n u c l e u s  a r e  e q u a l l y  s t a b l e ,  b icchemica l ly .  This i s  t a k e n  
i n t o  c o n s i d e r a t i o n  b y  choos ing  the p o s i t i o n  o f  l a b e l l i n g .  

the r e d u c t i o n  of a n  o l e f i n i o  d o u b l e  bond w i t h  t r i t i u m  gas which 
r e s u l t s  i n  a s p e c i f i c a l l y  l a b e l l e d  product  o f  a m a x i m u m  o f  58 C i / W .  
The f r e q u e n t l y  used method o f  WILZBACH does n o t  s a t i s f y  t h e  
r e q u i r e m e n t s  g i v e n  above. 

For our i n v e s t i g a t i o n s  we needed t r i t i u m  l a b e l l e d  17a-CH2X- 
d e r i v a t i v e s  o f  es t rad io l -3-methyl  ether us ing  es t r  one-3-methyl 
ether as s t a r t i n g  material. A s  t h i s  compound i s  e a s i l y  a c c e s s i b l e  
b y  t o t a l  s y n t h e s i s  and u s a b l e  a l s o  as a key-product f o r  s t e r o i d s  
w i t h  d i f f e r e n t  b a s i c  s t r u c t u r e s , t h e  l a b e l l i n g  o f  estrone-3-methyl 
e t h e r  i s  of  g e n e r a l  importance.  E s t r o g e n s  l a b e l l e d  w i t h  t r i t i u m  i n  
6 , 7 - p o s i t i o n  f3-51 and 2,4-posi t ion fi] have been known f o r  q u i t e  
some t ime.  However, l a b e l l i n g  i n  t h e s e  p o s i t i o n s  i s  unfavourable  
f o r  b i o c h e m i c a l  i n v e s t i g a t i o n s  because  metabol ism is  p r e f e r r e d  i n  
t h e s e  p o s i t i o n s .  Based on o t h e r  i n v e s t i g a t i o n s  of our  depar tment  
fl] 9,1l-dehgdro-estrone-3-methyl ether (I) is  v e r y  e a s i l y  
a c c e s s i b l e .  A s  the 9 , I l - p o s i t i o n s  o f  e s t r o g e n s  are not  metabol ized  
we d e c i d e d  t o  p r e p a r e  90(, I l l - t r i t i a t e d  estrone-3-methyl e t h e r .  

R e c e n t l y  a paper has been publ i shed  a l s o  d e s c r i b i n g  t h e  t r i t i u m  
l a b e l l i n g  of estrone-3-methyl e t h e r  i n  9 , l l - p o s i t i o n  f8], b u t  
w i t h o u t  e x p e r i m e n t a l  d e t a i l s .  

fundamental  way i n  our depar tment  v i a  1713-spiro-epoxides fg and 

We d e c i d e d  t h e r e f o r e  t o  i n c o r p o r a t e  t r i t i u m .  A s  a m t h o d  we used 

For the p r e p a r a t i o n  of  l%-CH2X-substituted s t e r o i d s  w e  found a 
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t h e i r  c leavage  w i t h  n u c l e o p k i l i c  a g e n t s  [v. 

I n  this way we o b t a i n e d  3-methoxy-estra-l,3,5(lO)-trien-l7B- 
s p i r o - l ~ 2 ~ o x i r a n - ~ , l l ~ -  3 H (III), which gave b y  opening with 

methyl  e ther -ga , l lL  3 H (11). V was t r a n s f e r r e d  t o  17B-tetra- 

NaCN 3-methoxy-l~-cyanomethyl-estra-l ,~,~(10)-trien-l~B-ol- 
9#,11@H ( I V )  and w i t h  HSCN ~-methoxy-l~~-thiocyanomethyl- 
es t ra-I, 3,5(10)-tr ien-I 7~-01-9d, I 15- H (v> , from es trone-3- 

hydropyranyl  e t h e r  (VI) b y  r e a c t i o n  wi th  dihydropyran.  

3 

E X P E R I M E N T A L  

The l a b e l l i n g  exper iments  were mde i n  a s p e c i a l  a p p a r a t u s  a t  
t h e  Z e n t r a l i n s t i t u t  fur Kernforschung Rossendorf  Llw. For 
measuring t h e  s p e c i f i c  a c t i v i t y  we used a BeckMn l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t e r  Is-233. A Ber thold-Fr ieseke  t h i n -  
l a y e r  s c a n n e r  was employed for moni tor ing  the chromatograms. The 
chemicals used were of p.a. grade. The solvent system for thin-layer 
chromatograms on K i e s e l g e l  (Xerck) was benzene/methanol  ( 9 : l ) .  
After development tne c h r o m a t o g r a m  were sprayed  with v a n i l l i n -  
s u l f u r i c  a c i d  and h e a t e d  t o  lSO°C f o r  making t h e  s p o t s  v i s ib le .  
I n  order t o  minimize the r a d i o l y t i c  e f f e c t s  the l a b e l l e d  
s u b s t a n c e s  were s t o r e d  a t  low t empera tures .  

Estrone-3-methyl ether-9%. I If-% (11) 
0.2 mM I (56.4 ng), 50 mg palladium black (111 and 10 ml ethyl 
ncetate were put into a flask F with a magnetic stirrer. Flask P 
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was connected t o  t h e  l a b e l l i n g  a p p a r a t u s  
v i a  a vacuum t a p  T. The c o n t e n t s  o f  t h e  
f l a s k  was f r o z e n  i n  w i t h  l i q u i d  n i t r o g e n  
and the a p p a r a t u s  evacuated.  The!? the 
a p p a r a t u s  was f i l l e d  w i t h  t r i t i u m ;  the 
manometer hi showing 116 t o r r .  With t h a t  
70 C i  t r i t i u m  were i n  t h e  flask. Tap T 
was c l o s e d ,  t h e  l i q u i d  n i t r o g e n  removed, 
s h e  f l a sk  warmed up  t o  room tempera t i l re  and a g i t a t e d  w i t h  s t i r r e r  
S f o r  one hour. During t h e  r e a c t i o n  t h e  c a t a l y s t  assumed a fungeous 
appearance.  The tritium p r e s s u r e  i n  f l a s k  F ws 442 t o r r  a t  room 
tempera ture .  A f t e r  r e a c t i o n  t h e  c o n t e n t  of  the f l a s k  w a s  a g a i n  
f r o z e n  i n  and t a p  T opened. Tile manometer Id showed 70 t o r r .  The 
remEining t r i t i u m  (45 C i )  was reabsorbed  and a f t e r  a e r a t i o n  
the  content  o f  the f l n s k  w a s  tiinwed. 1 lo1 o f  the  h i e n l y  a c t i v e  
s o l u t i o n  was removed and s tored a t  -2OOC for  making radIo- 
l v t i c  Invest iRRtions.  From the  main part  o f  the  so l t i t ion  the 
c a t a l y s t  was f i l t e r e d  o f f  and t h e  f i l t e r  washed w i t h  15 m l  

of e t h a n o l ,  which c o n t a i n e d  230 mg o f  i n e r t  11. I n  this  way 
t h e  a c t i v e  I1 w a s  d i l u t e d  5.5 f o l d .  The s o l u t i o n  was warmed 
up  t o  75OC under s t i r r i n g  i n  o r d e r  t o  remove l a b i l e  tritium. 
T h i s  was f o l l o w e d  by  f r e e z e - d r y i n g  and d e t e r m i n a t i o n  o f  the  
s p e c i f i c  a c t i v i t y .  The r e s u l t  w a s  10.45 0.45 Ci/mld w h i l e  the 
condensa te  had a t o t a l  a c ' c i v i t y  o f  a b o u t  6 C i .  The l a b e l l e d  
product  t h u s  o b t a i n e d  was used w i t h o u t  further p u r i f i c a t i o n  
because  of  b e i n g  r a d i o c h e m i c a l l y  pure  a c c o r d i n g  t o  t.1. c. 
The y i e l d  w a s  q u a n t i t a t i v e  (m.p. 169 - 17I0C).  

2-Lkjthoxy-estra-l , 3 ,5  (10)- t r  i en- I  713-spiro-1; 211oxiran-5kxo(. 1 IS-?', 
(111) 

450 mg o f  I1 ( s p e c i f i c  a c t i v i t y  2.6 Ci/mM) were d i s s o l v e d  
i n  8 m l  o f  d i m e t h y l f o r m a d d e .  A f t e r  adding  1 g o f  & t e r t . b u t y -  
l a t e  and I g of trimethylsulfonium-iodide t h e  mixture w a s  shaken 
f o r  20 minutes  a t  room tempera ture .  Then it was poured i n t o  i c e -  
water and the  p r e c i p i t a t e  formed was e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  
By f r e e z e - d r y i n g  438 mg ( y i e l d  90%) of  o x i r a n  I11 (m.p. 103 - 
I O 5 O C )  were obta ined .  After d e t e r m i n a t i o n  o f  the s p e c i f i c  a c t i -  
v i t y  (2 .5  Ci/mIVr) the s u b s t a n c e  w a s  used w i t h o u t  f u r t h e r  pur i -  
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f i c a t i o n  b e i n g  r a d i o c h e m i c a l l y  pure  a c c o r d i n g  t o  t.1.c. 

3-Methoxg-l7~-cyanomethgl-estra-l, 3,5( 10)-trien-17R-ol-9~.11~- 3 H 

0 
438 nq o f  I11 ( s p e c i f i c  a c t i v i t y  2.5 Ci/mLi) were d i s s o l v e d  

i n  50 m l  o f  methanol  and I g o f  NaCN w a s  added. The r e a c t i o n  
mix%ure w a s  k e p t  a t  6OoC f o r  two hours. Then i t  was poured i n t o  
ice-water  and the  p r e c i p i t a t e  e x t r a c t e d  w i t h  e t h y l  a c e t a t e ,  
A f t e r  f r e e z e - d r y i n g  t h e  s p e c i f i c  a c t i v i t y  and r a d i o c h e m i c a l  p u r i t y  
were determined.  On a c c o u n t  of  two i m p u r i t i e s  d e t e c t e d  b y  t .1 .c .  
the  product  was r e c r y s t a l l i z e d  t w i c e  f rom methanol. Thus 380 m& 
( y i e l d  8%) of I V  w i t h  a r a d i o c h e m i c a l  p u r i t y  h i g h e r  t h a n  98% 
an9 a s p e c i f i c  a c t i v i t y  o f  2.4 C i / &  were o b t a i n e d  (m.p. 144 - 
147OC). 

3-hie thoxy-I 7~-thiocganomethyl-estra-l, 3,5(  lO)-trien-17B-o1- 
9 ~ ~ 1 1 5 3 H  (V) 

To 560 ng o f  I11 ( s p e c i f i c  a c t i v i t y  1.6 Ci/mN),an e t h e r  
s o l u t i o n  o f  t h i o c y a n i c  a c i d  was added which was o b t a i n e d  f rom 
I g o f  IJH4SCN, d i s s o l v e d  i n  3 m l  of  water, b y  a d d i t i o n  o f  1 g 
of phosphor ic  a c i d  (85%) and f o l l o w i n g  e x t r a c t i o n  w i t h  15 m l  o f  
ether. The o x i r a n  c l e a v a g e  proceeded under d i s s o l u t i o n  o f  111, 
fol lowed by  the p r e c i p i t a t i o n  of V. After s t a n d i n g  f o r  two h o u r s  
t h e  r e d d i s h  ether l a y e r  was removed and t h e  c r y s t a l s  were washed 
w i t h  ether s e v e r a l  times. After f r e e z e - d r y i n g  570 mg of V ( y i e l d  
85%) w i t h  a s p e c i f i c  a c t i v i t y  o f  1.5 Ci/mM were obta ined .  The 
product  was used w i t h o u t  fur ther  p u r i f i c a t i o n  having  a r a d i o -  
chemical  p u r i t y  h i g h e r  t h a n  95% a c c o r d i n g  t o  t.1.c. (m.p. 158 - 
1 6OoC). 

3 -Met horn-I 70~- t N o  cyan0 me thyl-e s t r  a-I ,3 ,5  ( IO)- t r ien- l7~-01-  
t e t r  ahydr  opyr any1 e t h e r  - 9 6  1 1 4  -3H (VI ) 

To a s o l u t i o n  of  570 ng of  V ( B p e c i f i c  a c t i v i t y  1.5 Ci/mM) i n  
a mixl;ure o f  10.5 ml o f  benzene,  2.9 ml o f  methylen c h l o r i d e  and 
l r 2  m l  of  d ihydropyran  0.5 ml o f  a s o l u t i o n  o f  22.6 ng of p 
t o l u e n e s u l f o n i c  a c i d  I n  2.6 m l  o f  benzene were added every 30 
minutes. a f t e r  4 hours the r e a c t i o n  mixture was e x t r a c t e d  wi th  
water t o  remove p t o l u e n e s u l f o n i c  acid. After f r e e z e - d r y i n g  o f  
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t h e  o r g a n i c  l a y e r  a n  o i l y  r e s i d u e  of 460 n g  o f  V I  ( y i e l d  64%) 
was o b t a i n e d ,  which c r y s t a l l i z e d  after d i s s o l u t i o n  i n  a mixture 
of  1.6 ml o f  d i i s o p r o p y l  e t h e r  and 9.2 ml of methanol  and cool ing .  
A f t e r  a twofold  r e c r y s t a l l i s a t i o n  from methanol  134 ng of V I  w i t h  
a s p e c i f i c  a c t i v i t y  of 1.4 Ci/mI\I and a r a d i o c h e m i c a l  p u r i t y  h igher  
t h a n  99% were o b t a i n e d  (m.p. 118 - 125OC). 

s torage  i s  of  ,ureat importance f o r  long-range qharmacokinetic 
i n v e s t i g a t i o n s .  T h e r e f o r e  we s t u d i e d  t h e  i n f l u e n c e  o f  s t o r a g e  
t e m p e r a t u r e  (+5 t o  -2OOC) and s t a t e  of a g g r e g a t i o n  ( c r y s t a l l i n e  
or  d i s s o l v e d  i n  benzene u . i th  c = 20 m g / m l )  upon t h e  r a t e  o f  r a d i o -  
l y s i s .  For th is  purpose t h i n - l a y e r  chromatograms were e v a l u a t e d  
n u m e r i c a l l y  i n  o r d e r  t o  c a l c u l a t e  t h e  per censage  of r a d i o l y s i s .  

The r a d i o l y t i c  decomposi t ion  of  l a b e l l e d  compounds d u r i n g  

R E S U L T S  A N D  D I S C U S S I O N  

By p r e s u p p o s i t i o n  t h e  c a t a l y t i c  r e d u c t i o n  o f A 9 , l l - e s t r o n e -  
3-methyl e t h e r  should  proceed q u a n t i t a t i v e l y .  This was demon- 
s t r a t e d  by  the s p e c i f i c  a c t i v i t y  o f  10.45 2 0,54 C i / m N  measured 
w i t h  t h e  5.5 f o l d  d i l u t e d  11. From that  t h e  s p e c i T i c  a c t i v i t y  o f  
the unci i l tr ted  I1 i s  5 7 . 5  Ci/mM, a vRloe agreeing within 
t h e  margin o f  error w i t h  t h e  t h e o r e t i c a l  v a l u e  o f  58 Ci/mBa. 

25 C i  o f  t r i t i u m  d i s a p p e a r e d  d u r i n g  t h e  r e a c t i o n  ( 7 0  C i  a t  t h e  
beginning  a g a i n s t  45 C i  a t  the e n d ;  s e e  s u b  11). According t o  the 
0.2 mM o f  I we needed o n l y  11.6 C i  f o r  the q u a n t i t a t i v e  r e d u c t i o n  
o f  t h e  o l e f i n i c  d o u b l e  bond, t h a t  means a loss o f  a b o u t  50% ! 

About 6 C i  were found i n  t h e  condensa te  o f  f reeze-dry ing ,  
p r o b a b l y  as t h e  r e s u l t  o f  a c a t a l y t i c  isotope-exchange-labelling 
o f  t h e  e t h y l  a c e t a t e  ( t h e  6 C i  found cor respond w i t h  a s p e c i f i c  
a c t i v i t y  of  60 mCi/mhl), while t h e  remain ing  7.4 C i  are adsorbed  
on t h e  c a t a l y s t  (7.4 C i  cor respond w i t h  2.86 m l  t r i t i u m ) .  

This u n f a v o u r a b l e  b a l a n c e  can  o n l y  b e  improved by  r e d u c i n g  the 
amount o f  e t h y l  a c e t a t e  used ,  because  r e d u c i n g  b o t h  tile t r i t i u m  
pressure and the  amount o f  c a t a l y s t  r e s u l t s ,  according t o  our in-  
v e s t i g a t i o n s ,  i n  an incomplete reduct ion o f  the  o l e f i n i c  double bond 

The t r i t i u m  b a l a n c e  of t h e  r e a c t i o n  shows r a t h e r  h i g h  losses .  

The i n v e s t i g a t i o n  o f  r a d i o l y t i c  effects  showed t h a t  t h e  r a d i o -  
l y t i c  decomposi t ion  must b e  t a k e n  i n t o  a c c o u n t  p r i m a r i l y  d u r i n g  
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s t o r a g e  o f  c r y s t a l l i n e  s u b s t a n c e s .  Decomposi t ion cannot  b e  exc luded  
even by  s t o r a g e  t e m p e r a t u r e s  o f  -2OOC (35 - 4w of  decomposi t ion  
p r o d u c t s  a f t e r  5 weeks). S t o r a g e  i n  benzene s o l u t i o n  i s  more 
f a v o m a b l e  (2  - 3% o f  decomposi t ion  p r o d u c t s  a f t e r  5 weeks a t  
-2OOC) a l t h o u g h  t h e  lower t e m p e r a t u r e s  (below +5OC)  are n o t ,  i n  
a n y  case, t h e  b e t t e r  c o n d i t i o n s .  F r e c i p i t a t i o n  o f  s u b s t a n c e  and 
s o l i d i f i c a t i o n  o f  t h e  benzene under t h e s e  c o n d i t i o n s  i n c r e a s e  
r a d i o l y s i s .  Warming up above r o m  t e m p e r a t u r e  a c c e l e r a t e s  the de- 
composi t ion  o f  b o t h  s o l i d  and d i s s o l v e d  s u b s t a n c e s  c o n s i d e r a b l y  
(warming u p  of a benzene s o l u t i o n  t o  6 5 O C  f o r  4 days  r e s u l t s  i n  
15 - 2m of decomposi t ion  products ) .  E t h y l  a c e t a t e  must b e  comple- 
t e l y  avoided  as s t o r a g e  s o l v e n t .  

e t h e r  (11) showed, under t h e  same s t o r a g e  c o n d i t i o n s ,  a s m a l l e r  
decomposi t ion  r a t e  t h a n  the  CH2X-derivatives. The normal chemica l  
s ~ a b i l i t y  o f  l a b e l l e d  compounds i s  bherefore  n o t  t o  be neglecked 
i f  c o n s i d e r a t i o n s  a b o u t  r a d i o l y t i c  e f f e c t s  are made. 

As a l s o  the level  o f  specif ic  qntivity has an inflrtence on the 
r a t e  o f  r a d i o l y s i s ,  t h e  key-product f o r  om r a d i o c h e m i c a l  s y n t h e s e s ,  

a c t i v i t y  (10.45 Ci/mM) b e f o r e  s t o r a g e  b y  i n e r t  d i l u t i o n .  O f  c o m s e  
the  a c t i v i t y  w a s  main ta ined  above t h e  m i n i m u m  OP I Ci/mI\T r e q u i r e d  
a t  the beginning.  

B e s i d e s  tha t  we found t h e  i n t e r e s t i n g  f a c t  t h a t  estrone-3-methyl 

the  estrone-3-methyl  e t h e r + % ,  116- 3 H, mas reduced i n  i t s  o r i g i n a l  
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