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ABSTRACT 

A s y n t h e t i c  method h a s  been  deve loped  f o r  t h e  i n t r o d u c -  
t l c n  of t e l l u r i u n  i n t o  t h e  s t e r o i d  s i d e c h a i n .  A m o d i f i c 2 t i o n  
of t h e  HGnsdiecker ' d e g r a d a t i o n  was used  f o r  t h e  c o n v e r s i o n  
of 3a-aceto:iy-55-cholanic a c i d  and 3 ~ - a c e t o x y - S a - c h o l a n i c  acid 
t o  t h e  c o r r e s p o n d i n g  24-aorbromides . The 24 -norb roc ides  were 
then coupled  w i t h  s o d i u n  a l k y l  c e l l u r o l s  t o  f o r n  t h e  24-nor- 
2 3 - ( a l k y I  t e l l u r o )  s t e r o i d s .  I n  t h i s  manner 3a-nydroxy-24- 
no r -Z3- ( i sop ropy l  t e l l u r o ) - j B - c h o l a n e ,  3a-hydroxy-24-nor-23- 
( l s o p e n t y l  t e l l u r o ) - j S - c h o l a n e ,  3B-hydroxy-2&-~,or-23-(isoprcpyl 
t e l l u r o )  -5a-cholane and  33-;iydroxy-24 -no r-23- ( i s o p e n t  yl 
t e l l u r o )  -53-cholane h a v e  been  p r e p a r e d .  The p h y s i c a l  prop-  
er t ies  of t h e s e  i n t e r e s t i n g  conpounds have  been s t u d i e d  in 
d e t a i l .  

INTRODUCTION 

Adrena l  i r a g i n g  u s i n g  1-131 l a b e l e d  36-hydroxy-19-iodo-cholest-5- 

e n e  [1,2] h a s  proven t o  be a n  i m p o r t a n t  n o n i n v a s i v e  p r o c e d u r e  for t h e  

d i a g n o s i s  of a d r e n a l  d i s o r d e r s .  

in the d i a g n o s i s  of C u s h i n g ' s  syndrome [ 3 , 4 ] ,  a d r e n a l  adenoma [ 5 , 6 ] ,  

This a g e n r  h a s  been used  s u c c e s s f u l l y  

a n d  a l d o s t e r o a  of  t h e  a d r e n a l  c o r t e x  [ 7 , 8 , 9 , 1 0 ] .  I n  a d d i t i o n ,  a d r e n a l  

r emnan t s  have been i d e n t i f i e d  i n  p a t i e n t s  w i t h  p e r s i s t e n t  C u s h i n g ' s  

syndrome f o l l o w i n g  a d r e n a l e c t o m y  [ 5,6,11]. Both m e t a s t a t i c  a d r e n a l  

c a r c i n o a a  [ 1 2 ]  and t h e  g a l l  b l a d d e r  [13] have  also been v i s u a l i z e d  w i t h  

t h i s  a g e n t .  The u n i q u e n e s s  of t h i s  n o n i a v a s i v e  method fcr t h e  d i a g n o s i s  

o f  a d r e n a l  d i s c a s e  and r e l a t e d  d i s o r d e r s  53s r e s u l t e d  i n  t h e  p r e p a r a t i o n  
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of o t h e r  s t e r o i d s  :;beled L-i:h a v a r i e c y  o f  g a m a - c z i t t i n g  n u r l i d e z .  

High a d r e n a l / t i s s u e  r a t i o s  have  been d m o n s t r s t e d  i n  l a b o r a t o r y  a n l z a l s  

af ter  t h e  a d c i n i s t r a t i o n  of 1 - 1 3 l - l a b e l e d  3 j - ; l y d r o ? t v - r 9 - n o r - 6 ~ - ( i o ~ ~  

metYtyl)-cholest-S(lO)-ene (SP-59) [14,15,16] and Se-75- labe led  35- 

hydroxy- lO- (ne thy l  s e1eno) -cho le s t -5 -€ne  (171. The s u c c e s s  o f  t h e s e  

s t u d i e s  h a s  s u g g e s t e d  t h a t  t h e  p r e p a r a t i o n  of  p o t e n t  is1 a d r e n a l  i r a g b g  

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

t i ve  t h a n  t h o s e  e x h i b i t e d  by 1-131 and Se-75 s h o u l d  be furrrher  e q l o r e d .  

The Te-123m n u c l i d e  decays  (120 day h a l f - l i f e )  v i a  a n  i s o m e r i c  

t r a n s i t i o n  w i t h  e m i s s i o n  of  a s i n g l e  garma pho ton  w i t h  an ene rgy  of 

159 keV. We h a v e  i n i t i a t e d  a b road  program d i r e c t e d  t o v a r d s  t h e  prepa-  

r a t i o n  of a v a r i e t y  o f  Te-123m-labeled s u b s t a n c e s  which r a y  have  d i ag -  

n o s t i c  p o t e n t i a l  i n  n u c l e a r  med ic ine .  A l though  t h e  g e n e r a l  f i e l d  of 

s e l e n i u m  o r g a n i c  c h e m i s t r y  is w e l l  documented [18] t h e  c h e m i s t r y  of 

t e l l u r i u m  o r g a n i c  compounds h a s  e v i d e n t l y  n o t  been  w e l l  e s t a b l i s h e d  

b e c a u s e  of  a lack of in te res t  i n  t h i s  area and  also b e c a u s e  of  t h e  d i f -  

f i c u l t y  in p r e p a r i n g  and  h a n d l i n g  many o f  t h e s e  s u b s t a n c e s  [19]. I n  

a d d i t i o n ,  s e l e n i u m  is a n  i m p o r t a n t  t r a c e  e l emen t  and i n  c o n p a r i s o n  

t e l l u r i u m  h a s  no e s t a b l i s h e d  b i o l o g i c a l  impor t ance .  

C o n s i d e r a b l e  e f f o r t  i s  t h e r e f o r e  now b e i n g  e x e r t e d  i n  t h i s  l a b o r a -  

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

t i o n  o f  t e l l u r i u m  o r g a n i c  conpounds t h a t  may be  o f  b i o l o g i c a l  i n t e r e s t .  

We h a v e  r e c e n t l y  r e p o r t e d  t h e  p r e p a r a t i o n  of Te- i23n- labe led  175- 

h y d r o ~ ~ - 2 , 3 - b i s n o r - X - t e l l u r a - 5 c - a n d r o s t a n e  1201 and t h e  e f f i c a c y  of  t h i s  

s u 3 s t a n c e  as a p r c s t a t i c  irnagino, a g e n t  is p r e s e n t l y  being, I n v e s t i g a t e d .  

Our i n t e r e s t  h a s  now focused  upon t h e  i n t r o d u c t i o n  o f  t e l l u r i u m  i n t o  t h e  

s t e r o i d  s i d e c h a i n  r a t h e r  t h a n  t h e  n u c l e u s  s i n c e  we wished t o  p r e p a r e  a 
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36-;1ydroxy s t e r o i d  i n  Liiic'n t:ie t o t a l  trirs g e u z e t r y  o f  t h e  s r e r o i d  

n u c l e u s  vas ca in t a ineed .  These  r e q u i r e x e n t s  s u g g e s t e d  t h a t  i n t r o d u c t i o n  

of t h e  h e t e r o a t o m  ',-.to t h e  s t e r o i d  nuclecls v o u l d  be d i f f i c u l t .  Further- 

I) 

more, t h e  d e g r e e s  of f r e e d o =  of t h e  s i d e c h a i n  s u g g e s t e d  t h a t  t h e  t e l l u -  

rim h e t e r o a t o m  c o u l d  b e  a c c o m o d a t e d  i n  t h i s  zeg ion  of t h e  moleca le .  

The l a t t e r  a p p r o a c h  w a s  a l s o  a t t r a c c i v e  b e c a u s e  o f  t h e  r eady  a v a i l e b i l -  

i t y  of b i l e  a c i d s  which were e n v i s i o n e d  as s t a r t i n g  m a t e r i a l s  f o r  t h e  

p roposed  r o u t e .  I n  t h e  p r e s e n t  p a p e r  t h e  s t r a t e g y  t h a t  h a s  been  d e v e l -  

oped for t h e  I n t r o d u c t i o n  of  t e l l u r i u m  i n t o  t h e  s t e r o i d  s j d e c h a i n  is 

d i s c u s s e d  and  t h e  s y n t h e s i s  and  p h y s i c a l  p r o p e r t i e s '  of several  24-nor- 

23-(al 'xyl t e l l u r o )  s t e r o i d s  a r e  d e s c r i b e d  i n  d e t a i l .  

EXP E R IIILUTXL 

G e n e r a l  

- T h e  3a-nydroxy-5E-cholanic  a c i d  ( l i t h o c h o l i c  a c i d )  , 39-hydroxy-50- 
c h o l a n i c  a c i d  ( a l l o l i t h o c h o l i c  a c i d )  and 35-hydroxy-22,23-tisnor-5a- 
c h o l a n i c  a c i d  were p u r c h a s e d  from S t e r a l o i d s ,  1r.c. (Wi l ton ,  hH). I s o -  
p r o p y l  i o d i d e  and i s o p e n t y l  i o d i d e  v e r e  o b t a i n e d  f r o n  Eastman Organ ic  
Chemica l s  ( R o c h e s t e r ,  X Y )  and  were used  w i t h o u t  f u r t h e r  p t x i f i c a t i o n .  
T e l l u r i u m  metal  was p u r c h a s e d  f r o n  Alpha I n o r g a n i c s  (Danvers,  MA) and 
w a s  ground to a f i n e  4 5 - c i c r o n  powder p r i o r  t o  u s e .  A i a l j t i c a l  t h i n -  
l a y e r  c h r o r a t o g r a p h i c  a n a l y s e s  ( t . 1 . c . )  were  performed u s i n g  p r e c o a t e d  
250-micron t h i c k  s i l i c a  g e l  GF p l a r c s  pu rchased  from >.nal tcch,  I n c .  
(Seva rk ,  D E ) .  For  p r e p a r a t i v e  t . 1 . c .  a n a l y s e s  g l a s s  p l a t e s  v e r e  c o a t e d  
w i t h  1-mn t h i c k  l a y e r s  o f  s i l i c a  g e l  PF-254 (?!erck, D a m s t a d t ) .  The 
f o l l o w i n g  s o l v e n t  s y s t e m  were u s e d :  S-1, c n l c r o f o r n ;  5 - 2 ,  e tne r -hexane ,  
5 : 9 5 ;  S-3, e t h y l  a c e t a t e - c h l o r o f o r m ,  30:70. A n a l y t i c a l  p laLes  were 
s p r a y e d  w i t h  a n  a m o n i u n  c o l y b d a t e - s u l f u r i c  a c i d  r ea353 t  and t h e n  h e z i e d  
a t  80-100'C t o  v i s u a l i z e  t h e  s p o t  c o l o r s  [21]. The t e l l u r o  s t e r o i d s  
w e r e  a l s o  d e t e c t e d  as Lark  areas on  bo th  a n a l y t i c a l  and p r e p a r a t i v e  
p l a t e s  by v i e r i n g  t h e  p l a t e ;  u n d e r  a 2 5 4 - 3 2  u l t r a v i o l e t  l i g h t  s o u r c e .  
I n  t h i s  n a n n e r ,  bands xere d e t e c t e d  and s c r a p e d  from t h e  p r e p a r a t i v e  
p l a t e s .  The c a t e r i a l  reas t h e n  e l u t e d  f r o n  the s i l i c a  g e l  w i th  c h l o r o -  
fo rn .  Gas l i q u i d  ch ro r3 :og rapn ic  a n a l y s e s  ( g . 1 . c . )  wzre p e r f o r z e d  
u s i n g  a V a r i a n  node1  1400 gas  ch ro -a tog raph  equipped wi th  a f l a n e  i o n i -  
z a t i o n  d e t e c t o r .  A 4% D e x i l  c o l u r n  ( l / k  i n .  x 10 f t )  was p r o g r a m e d  
f r o n  28 t o  310' a t  b'/r.in u s i n g  h e l i u  as a c 2 r r i 2 r  gzs a t  a f l o w r a t e  
o f  20 cm3/nin .  
d e s c r i b e d  in t h e  t e x t  (vfc'e ir.,=rt=). P!elt ing p o i n t s  a r e  a n c o r r e c t e d  and 
v e r e  d e t e m i n e d  i n  c a p i l l a r y  t u b e s  a s i n g  a 3iichi S\F-Zc)  a F p a r a t u s .  The 

Colucz~ c h r o r a t o g r a p h i c  a n a l y s e s  were p e r f o m e d  as 



. 
u l t r a v i o l e t  s p e c t r a  (U.V.) were d e t e r - i n e d  i n  e t h a n o l  so?u:ron u s i n g  a 
B e c ' m n  Db dou5 le  b e a n  r p e t t r s p h o t o z e t e r .  I n f r a - r e d  s p e c t r a  ( i , r . )  were 
d e t e c l r . e d  u s h g  Y5r p e l l e E s  xi:;? a S e c ' k a n  Yodei 1EA s?ec : ro?ho tc r , e t e r .  
Low r s s o l u t i o r :  r d s s  s p e c c r a l  a n a l y s e s  ( n . s . 1  werz p e r f o m e d  usir.2 t h e  
Oak R i d p  !;atior.al Laborstor) .  l o u  r e s o l u r i o n  i n s t r u z e n r :  (221  under t h e  
foilc-.-i?g c o z a i t  ior,s : i o r . i z i n g  e n e r g y ,  ;@ eV; p robe  t e r p e r a t u r e ,  206- 
220°C; s o u r z e  t e z p e r a t u r e ,  120°C;  t r a p  c u r r e n t ,  100 P A .  N a t u r a l l y  
o c c u r b g  E e l l u r i u  c o n t a i n s  t h e  f o l l o w i n g  s t a b l e  i s o t o p e s :  Te-130, 3L;;; 
Te-128, 32::; Te-i26,  192; Te-125, 7 2 ;  Te-124, 5 % :  Te-123, 1Z; Te-122, 
32 (231. Because o f  t h e  c o z p l e x  c l u s t e r s  o f  peaks t h a t  a re  d e t e c t e d  
for i o n s  t h a t  c o n t a i n  t e l l u r i a ,  o n l y  t h o s e  i o n s  t h a t  c o n t a i n  t h e  Te-120 
i s o t o p e  a r e  t a b u l a t e d  i n  t h e  mass s p e c t r a l  d a t a .  To conse rve  s p a c e ,  
o n l y  t h o s e  i o n s  o f  mass g r e a t e r  t h a n  n / t  200 have  been t a b u l a t e d .  
r e s o l u t i o n  U P S S  specrral  measurements  were d e t e r m i n e d  w i t h  an  k!! 50 mass 
s p e c t r c r e t e r  equipped  wi:h a DS 50 d a t a  s y s t e m .  
u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s  : i o n i z i n g  e n e r g y ,  70 eV; s o u r c e  t e n p e r a -  
t u r e ,  150°C; p r o b e  t e n p e r a t u r e ,  G!OO"C; t r a p  c u r r e n t ,  500 gA; r e s o l u t i o n ,  
lo4; scan r a t e ,  1 0  s e c / d e c a d e ;  c c c e l e r a t i n s  p o t e n t i a l ,  8000 v o l t s .  The 
n u c l e a r  m a g n e t i c  r e s o n a n c e  spr : t ra  (n.m.r.1 were de te rmined  u s i n g  a 
Varian XL-100 s p e c t r o m e t e r .  S m p l e s  were d i s s o l v e d  i n  CDC13 s o l u t i o n  
a n d  r e s o n a n c e s  a re  r e p o r t e d  d o w n f i e l d  (5) from t h e  i n t e r n a l  t e t r a n e t h y l -  
s i l a n e  s t a n d a r d .  

High 

S p e c t r r  were r eco rded  

Pr epa r a t i o n  o f D i a  1 ky 1 !I i t e 1 1 u r i d  e s 

The d i a l k y l  d i t e l l u r i d e s  were p r e p a r e d  by t h e  r e a c t i o n  of a l k y l  
i o d i d e s  w i t h  sodium d i t e l l u r i d e  i n  l i q u i d  a r a o n i a  [ 2 4 ] .  I n  a t y p i c a l  
p r e p a r a t i o n  t e l 1 u r i ; r m  potider (127 mg, 1 m o l e )  was added t o  25 d of  

- 1 i q b i d  ammonia that h a d  been d i s t i l l e d  I n t o  t h e  r e a c t i o n  v e s s e l  under 
an a r g o n  a t z o s p h e r e .  Freshly c u t  sodium, s e t a l  ( 2 5  mg,  1.1 m o l e )  was 

- a d d e d  and t h e  s o l u t i o n  wss s t i r r e d  :so h o u r s .  The a l k y l  i o d i d e  (1 m o l e )  
w a s  added t o  t h e  deep  r e d  sodium d i t e l l u r i d e  s o l u t i o n  and the  mix tu re  
was s t i r r e d  t v o  h o u r s .  The a m o n i a  was e v a ? o r a c e d  under an a r g o s  s t r e a -  
a n d  b e n z e n e  was added to the  r e s i d u e .  E x z r a c t i o n  of  t h e  r e s i d u e  wi th  
ether or e e t h a n o l  r e s c l r e d  i n  e n u l s i f i c a t i o n  o f  t h e  amorphous t e l l u r i u s  
r e s i d u e  which n e c e s s i t a t e d  a f i l t r a t i o n  s :ep .  This problem was no t  
e n c o a 2 t c r e d  durir .g b e n t e n 2  e x t r a c t i o n .  ;l?e o ranze -co lo red  ben2er.e ex- 
t r a c t  vas d e c a n t e d  f r o n  t h e  r e s i d u e  c h i c 5  c o r s i s t e d  of a=.lorFhocs t e l l u -  
r i u a  and  o t h e r  i n s o l u b l e  p r o d u c t s .  L p o n  e v a p o r a t i o n  of t h e  s o l v e c t  
I n  v~ctc3 a n  o r a n g e  pun w a s  o b t a i n e d .  P G e  s - a l l  s c a l e  of t h i s  r e a c t i o n  
=de  e v e n  r r . i c rosca le  d i s t i l l a t i o n  of t h o  oxygen- and l i g h t - s e n s i t i v e  
d i t e l l u r i d e s  i c p r a c t i c a l .  T y p i c a l  y i e l d s  a v e r a g e d  f r o 9  50-70%. The 
d i a l k y l  d i t e l l u r i d e  y i e l d s  Kere d e r 2 7  ;? .e2 i n  ir ,dependent e x ? e r h e n t s  
by u s i n g  t h e  i s o z o p i c  t r a c e r  1 2 5 1 .  T?.z i : c ? l l - r i d e s  c o n s i s t e d  of  pun- 
g e n t  s m e l l i n g  r e d  o i l s  and  were used c::ec:ly f o r  subsequen t  r e a c t i o n s  
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The n o d i f i e d  H u n s d i e c k e r  degraca:;:?, [ 2 6 ]  o f  36-acetoxy-22,23-bis- 
n ~ r - 5 ~ - c h o l a n e  (I) gave  3S-acstcsp-2C :-: rsrc-5,-pregnane (IX) i n  202 
y i e l d .  The p r a d u c t  c r y s t a l l i z e d  f r o -  re r - .3 -? l - - - -a te r  as m i c r o c r y s t a l s ,  

m . p .  106-109'C; i . r . ,  v 1735  cn': <;:e:a:e c a r b o n y l ) ;  rn.s., 4 2 6  (M, 
max 
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At tempted  P r e p a r a t i o n  of 36-Hydroxy-20E- 
( i s o p e n t y l  t e l l u r o )  -5s-preenane  ( I V )  

h e  3B-acetoxy-20E-brono-5a-pregame (IT, 43 mg, 100 pmcles) was 
a d d e d  t a  a s a l u t i o n  o f  sodium i s o p e n t y l  t e l l u r o l  (200 umoles) in l i q u i d  
ammonia p r e p a r e d  from d i i s o p e n t y l  d i t e l l u r i d e  i n  t h e  u s u a l  manner (241. 
Upon e v a p o r a t i o n  o f  t h e  s o l v e n t  o n l y  u n r e a c t e d  (11) was r e c o v e r e d .  T h e  
c o u p 1  h g  of 38 -acet oxy-20 i-bromo-5a-p r e  gnane w i t h  sodium i s o p e n t y l  
t e l l u r o l  was a l s o  a t t e m p t c d  i n  r e f l u x i n g  methanol .  D i i s o p e n t y l  d i t e l l u -  
r i d e  (81 mg, 200 umoles)  w a s  d i s s o i v e d  i n  methanol  under  a n  a rgon  atmos- 
p h e r e .  Sodium b o r o h y d r i d e  vas added i n  szal l  p o r t i o n s  u n t i l  t h e  orange  
c o l o r  d i s c h a r g e d  a n d  t h e  s o l u t i o r .  becaze  c o l o r l e s s .  
d r o x i d e  s o l u t i o n  (0.5 ad, 500 m o l e s )  was added and t h e n  3B-acetoxy-20i- 
brono-Sa-pregnane ( 4 3  mg, 100 umoles ) .  The m i x t u r e  was r e f l u x e d  one 
h o u r ,  p c s r e d  i n t o  water and  e x t r a c t e d  K i t h  e t h e r .  Fo l lowing  d r y i a g  o v e r  
a n h y d r o u s  sodium s u l f a t e ,  t h e  s o l v e n t  was removed in vccw to y i e l d  a n  
o r a n z e  gum. A n a l y s i s  or' z n  a l i q u o t  by t . 1 . c .  (S-1) on PF-254 p l a t e s  

- i n d i c a r e d  o n l y  one  U.V. a b s o r b i n g  component c h r o c a t o g r a p h i n g  w i t s  t h e  
e x p e c t e d  m o b i l i t y  of d i i s o p e n t y i  d i t e l l u r i d e  (Rf 0.94) . Upon b e i n g  

- s p r a y e d  wi th  s u l f u r i c  a c i d - z m o n i m  molybdate  s p r a y ,  a s e c o c d  s p o t  
a p p e a r e d  (Rf 0 . 2 9 ) .  

-be 36-hydroxy-2O~-broa-h-pregnane (111) 33 mg, m.p.,  125-129'C (so:':- 

A 1 N sodium hy- 

This m a t e r i a l  w a s  p u r i f i e d  by t . 1 . c .  and proved t e  

e n i n g  a t  122OC) ; i. r., v KBr 3340 cm'l (-OH); m . s . ,  366 and 364 (M-B20, max 
3% a n d  34) , 351 and  349 (M-H20-CH?, 2:! and 2 % ) .  312 and 310 (7% and 8::~ . 
302 (29:!), 300 ( 9 % ) ,  267 (58%) , 285 (48x1, 284 ( ? I - H S T - C H ~ ,  53:!), 273  
(24%), 269 (E-CH3-HBr-H2OB loo%>, 255 (CS::), 2 4 5  (18%), 2 4 3  ( 8 x 1 ,  230 
(32%) , 227 ( 2 0 2 ) ,  215 (32x1,  214 (17%), 213 (12x1 , 203 (19%) 202 (22:.. , 

a n d  201 (23%). 

3a-Aceto~-24-nor-23-bromo-53-cholane (VII) 

The p r e p a r a t i o n  of 3s-ace:oxy-2L-nor-23-broco-58-cholane by modi-  
f i e d  Hunsd iecke r  d e g r a d a t i o n  o f  3 ~ - a c e t o x y - 5 E - c h o i a n i c  a c i d  h a s  been 
d e s c r i b e d  ea r l i e r  [28 1. 

3s-Hvdroxv-2L-nor-23-(isoDe~t~l t e l l u r o )  -5S-c5olane ( 1 3  

The 3o-ace toxy-2~-nor-Z3-br~~o-5: -cnolane  (91 mg, 200 umoles) was 
a d d e d  t o  a n e t h a n o l i c  s o l u t i o n  o f  s o d i m  i s o p e n t y l  t e l l u r o l  (LOO t . c~olec  

a f t e r  v h i c h  t iEe t .1 .c .  a n a l y s i s  of an a l i q u o t  i n d i c a t e d  t h e  r e a c t i o n  
to b e  c o z p l e t e .  The s o l u t i o n  v a s  poured i n t o  w a t e r  and e x t r a c t e d  ~ i t h  

, p r e p a r e d  as d e s c r i b e d  e a r l i e r .  The s o l u t i o n  was re f l .uxed  one h o u r ,  

I 



X 2 3 4  f l o g  E: 4 . 1 )  a n d  2 2 1  M ( l o g  E 3 . 4 ) ;  i . r . ,  w W r  max max 
3 3 3 0  cn'l 

3a-Hvd ro xy- 2 L -?lor-2 3 - ( is o;, r3 py1 t e l  1 c r o  ) -5 S - ch  o 1 a n e  ( X I )  

A s o l u t i o n  of sodium i s o p r o p y l  t e l l u r o l  w a s  p r e p a r e d  by r e d u c t i o n  
of d i i s o p r o p y l  d i t e l l u r i d e  ( 1 3 5  mg, 400 u r o l e s )  w i t h  sodium borohydr ide  
in basic me thano l  i n  t h e  u s u a l  manner.  The 3a-acetoxy-24-nor-23-brono- 
56-cholane  ( 9 0  ng, 200 unoles) was added,  and t h e  m i x t u r e  was r e f l u x e d  
two h o u r s  and  the produc t  o b t a i n e d  as d e s c r i b e d  e a r l i e r .  P u r i f i c a t i o n  
by t.1.c. ( s o l v e n t ,  c h l o r o f o r n ;  Rf  0 . 1 9 )  gave 3 a - h y d r o x y - 2 4 - n o r - 2 3 -  
(IscproFyl  t e l l u r o ) - 5 6 - c h o l a n e ,  31.6 mg, as a t h i c k  gum. Even t r i t u r a -  
t i o n  w i t h  e t h e r  gave on ly  a g u m y  semi - so l id  t h a t  c o u l d  not be  a d e q u a t e l y  
c r y s t a l l i z e d  d e s p i t e  nurieraus a t t e n p t s  f r o n  a v a r i e t y  of ' s o l v e n t s ;  

235 (log E: 4.1)  and 222  nm (log E 3 . 4 )  ; 3 3 6 0  (-OH); U . V .  Xmax - -  -KBr i . r . ,  v maX 
,m.s. a 5 0 4  (M, 8%)  , 4 8 6  (M-HzO,  1 2 % ) ,  4 6 1  (PI-isopropyl, 2 % )  1 4 4 3  (X-HZO- 
i s o p r o p y l ,  8 % )  , 3 4 9  ( l X ) ,  3 3 2  (3%) , 330  ( 4 % ) ,  3 1 3  ( 1 6 % ) ,  2 9 9  ( g n ) ,  297 
(14%) , 2 8 5  (8%) , 2 8 3  ( 6 % ) ,  278 .  ( 8 x 1 ,  273 ( 2 3 x 1 ,  2 7 1  ( 8 7 ! ) ,  2 6 6 ,  (9%), 257 
( 4 3 % ) ,  2 5 5  (553, 2 4 3  ( 7 % ) ,  241 (8x1,  2 3 3  ( 6 % )  , 2 3 1  (10%) , 230 ( 1 5 x 1 ,  
2 2 9  ( 1 3 ; ; ) ,  2 1 9  ( 5 % ) ,  217 (lZ%), 2 1 5  (58%), 2 1 1  ( 6 % ) ,  2 0 3  ( 2 2 : ! ) ,  and 
201 (28:;) ; h i g h  r e s o l u t i o n  m.s., 50L .2564  ( c a l c u l a t e d  for C z 6 H ~ 6 0 T e :  
5 0 4 . 2 5 8 4 ) ;  n . n . r . ,  3 . 6 3  ( 5 ,  3H, C-lS-CFl3), 0.92  ( S ,  3H, C-lg-CHj), 
0.93 ( d ,  J = 6 H 2 ,  31i, C - 2 1 - C H 3 ) ,  1.60 ( d ,  J = 6H2,  6E1 C-261 and  
c-27-cH3's), 2 .64  (m, 2H, C-23-H1s), 3 . 3 8  (m, l H ,  C - X - H ) ,  and  3.57 
(m, l H ,  C-30-HI.  

3 9 - Ac e t  oxy  - 2 Lc -n or - 2 3 -b r 0r.o - 5 3 - ch c 1 a n e ( ['I I I ) 

The 30-acetoxy-2L-nor-23-brono-5a-ch~l~ne xas p r e p a r e d  by t h e  
m o d i f i e d  Hiinsdiecker  d e g r a d a t i o n  of 3 f - ace toxy- j a -cho lan ic  a c i d  (XI) 
a n d  w a s  p u r i f i e d  as d e s c r i b e d  e a r l i e r  1281.  
l i z e d  fron e tSanol -*da ter  t o  g i v e  f i n e  n e e d l e s  (178 mg, 20%), m.2. 1 9 8 ° C .  
me p r o d u c t  vas horozeneous  a s  de:erz:ir.ed by t .1 .c .  a n a l y s i s  (S-1, 

Rf 0 . 8 4 ;  S - 2 ,  Rf 0.23); i . r e a  v 1730 cc. ( F c e t a t e  e r h o n y l ) ;  m.s., ma.< 
454 and 4 5 2  (M, 4'1,  4 % )  , 4 3 9  and 437  (?!-CH;, 37i1 3 % )  , 394 and 3 9 2  
( I f -CHjCOOH, 1€2, 1721, 379  a n a  3 7 7  (>!-CU;-CH~COOH, 15%, l5%), 340 and 
338 (8:, 9 7 i ) ,  3 2 5  and 3 2 3  ( 2 Z 1  22) , 315 (?:I, 312  ( 6 % ) ,  290  ( 8 2 ) ,  2 8 6  
and 284 (6%, 7 X ) ,  276 ( 1 5 % ) .  275 ( 2 2 : )  , 257 (?l-sideck.ain-CH3COOH, 28:;) , 

The p r o d u c t  v a s  c r y s t a l -  

- 
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Sodium i soper ty l  t e l l u r o i  (290 anoles) and 32-acetoxy-2L-nor-23- 
bromo-So-cnolane (VIII, 45 .4  rag, 100 Lmoles) were coupled  i n  r e f l u x i n g  
u e t h a n o l  as d e s c r i b e d  ear l ier .  The r e a c t i o n  m i x t u r e  was poured i n t o  
w a t e r  and t h e  c rude  p r o d u c t  e x t r a c t e d  w i t h  c h l o r o i o r n .  P u r i f i c a t i o n  by 
t.1.c. (S-1) gave a t h i c k  gua! ( 7  mg, 1 4 % ) .  The p roduc t  w6.a honogenzous 
by t.1.c. a n a l y s i s  ( S - 1 ,  Rf 0.14) and t r i t u r a t i o n  w i t h  a s m a l l  vo1urr.e of  
e t h e r  gave  a h i r e  s o l i d ,  m.p. 78-80'; U . V .  A,, 234 (log E 4 . 1 )  and 

221 nm ( l o g  t 3 . 4 ) ;  i . r . ,  v KBr 3300 cm'l (-OH) ; m.s., 532 01, 4 8 2 j ,  514 

(M-HzO, 5 7 % ) ,  461 (?I-C5fI11, l o x ) ,  443 ( M - H ~ O - C S H ~ ~ ,  1 7 % ) ,  415 (221,  3 4 9  
(2%) ,  3 3 1  (3x1 ,  313 ( 2 1 2 ) ,  303 (2%) ,  299  ( 3 % ) ,  297 ( 7 X j ,  285 (122), 2 7 3  
(15%), 257 (M-sidechain,  3021, 255 (19X), 243 ( 8 3 ,  22s (3951,  215 ( 2 8 % ) ,  
and 2 0 1  (20'1) ; h i g h  r e s o l u t i o 3  P.s., 5 3 2 . 2 8 4 3  ( c a l c u l a t e d  f o r  C2eHsoOTe: 
5 3 2 . 2 8 8 3 ) ;  n.m.r . ,  see F i g .  3 .  

U X  

3~-Hvdroxy-24-nor-23-(isopropyl t e l1u ro ) -So-cho lane  (XII) 

Sodium i s o p r o p y l  t e l l u r o l  (400 umoles) and  3S-acetoxy-24-nor-23- 
bromo-5a-cholane (VIII, 45 mg, 100 m o l e s )  were coupled  i n  r e f l u x i c g  
'methanol and t h e  p roduc t  o b t a i n e d  and p u r i f i e d  i n  t h e  usual manner t a  
give a t h i c k  gum (15 .6  mg, 31%). T r i t u r a t i o n  wi th  e t h e r  gave a w h i t e  
solid ktrich was homgeneous  by t.1.c. a n a l y s i s  ( S - 1 ,  Rf 0.14), E.?. 118- - 

KBr 
max 119'C; u.v., Lx 235 (log t 4.1) and 222 nm (lcg E 3 . 4 ) ;  i . r . ,  v 

3310 cm-l (-OH); m.s,, see F i g .  2 for comple te  spec t rum;  h i g h  r e s o l u t i o n  
m.s.;504.2610 ( c a l c u l a t e d  f o r  C26H460Te: 504 .2629) ;  n.m.r., see F i g .  4. 

RESULTS AYD DISCUSSIO:4 

Gent r a l  

The g c a l  of  t h e  p r e s e n t  s t u d y  -+?as t o  deve lop  a method f o r  t h e  i n t r o -  

' d u c t i o n  o f  t e l l u r i u m  i n t o  t h e  s t e r o i d  s i d e c h a i n .  There a r e  a v a r i e t y  

of x e t h o d s  known for t h e  i n c o r p o r a t i o n  of  t e l l u r i u n  into o r g s n i c  mole- 

cules [19]. I n  t h e  p r e s e n t  study a s y n t h e t i c  method c h a t  used e l e m e n t a l  

. t e l l u r i u n  was a t z r a c t i v e  s i n c e  t h e  e v e n t u a l  p r e p a r a t i o n  o f  T e - 1 2 3 ~ ~ -  

l a b e l e d  24-cor-23-(3Lkyl t e l l u r o )  s t e r o i d s  from t h e  e l e n e n t a l  form of  

the n u c l i d e  uas a n t i c i p a t e d .  The r e a c t i o n  scheme t h a r  was e n v i s i o n e d  

r e s e n b l c d  t h e  coup l ing  of  a3 a l k y l  h a l i d e  ( R ' X )  wi th  a s v d i u n  a l k y l  
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p r e ? a r e d  by t h i s  g e n e r a l  nezhDd [19;. The sod ium a l k y l  t e l l u r z l s  c a n  

be  g e n e r a t e d  from s y m e t r i c a l  d i a l k j - l  d i t e l l u r i d e s  (F,;TeZ) an2 a cor,- 

v e n i e n t  syscen f o r  t h e  p r e p a r a t i o n  o f  t h e  l a t t e r  i n t e m e d i a t e s  f z v o l v e s  

t h e  a l k y l a t i o n  o f  s o d i u n  d i t e l l u r i d e  (KazTeZ) w i t h  a n  alkyl h a l i d e .  

The sodium d i t e l l u r i d e  i s  u n s t a b l e  b u t  may b e  f o m e d  C r .  s i t u  by t h e  

r e a c t i o n  o f  e l e m e n t a l  t e l l u r i * l m  wit:? a s t o i c h i o m e t r i c  amocnt of  sodium 

metal in l i q u i d  amzlonia [24:. The d i a l k y l  d i t e l l c r i d e  rhus f o m e d  m;?y 

be c l e a v e d  w i t h  sodium i n  l i q u i d  E o n i a  [24] o r  by sodium borchydr ide  

r e d u c t i o n  in a b a s i c  medium [19]. 

can t h e n  be r e a c t e d  w i t h  t h e  a p p r o p r i a t e  alkyl h a l i d e  t o  form the de- 

The r e s u l t i n g  s o d i u  al'kyl t d l u r o l s  

s i r e d  u n s y w e t r i c a l  d i a l k y l  t e l l u r i d e .  These  t r a n s  f o r a t i o n s  a r e  sum- 

m a r i z e d  below.  

NH3 Rx r 

Te + Na -> Na2Te2 -> 

r e d u c  t icn  > XaTeR -> R'X  R-Te-R' R2Te2 

P r e p a r a t i o n  of 2G-Sor-23-(Xlkvl T e l l u r o )  S t e r o i d s  

I n  t h e  p r e s e n t  s t u d y  b i 2 e  a c i d s  were r e a d i l y  c o n v e r t e d  t o  th: cor- 
...* 

r e s p o n d i n g  n o r 5 r o m i d e s  via  a c o d i f i c a t i o n  of  t h e  Hi insd i r cke r  r e a c t i o n  

126,281. F a b r i c a t i o n  of t h e  a l k y l - t e l l u r o  s i d e c h a i n  vas t h e n  acccs -  
*. 

. p l i s h e d  by r e a c t i o n  of t h e  norbromide w i t h  t h e  a p p r o p r i a t e  sodiun a l k y l  

t e l l u r o l .  The sod ium alkyl t e l l u r o l s  were p r e p a r e d  by s o d i u n  boro- 

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

me thano l  s o l u t i o n .  By c h o i c e  o f  t h e  a ? p r o ? r i a t e  d i a l k y l  d i t e l l u r i d e  a 

_ .  v a r i e t y  of  a l k y l - t e l l u r o  s t e r o i d s  can  be p r e ? a r e d  by t h i s  ne thod .  The 
. .  

p r e s e n t  s t u d y  was l i m i t e d  t o  t h e  a t t e m p t e d  s y n t h e s i s  of ZOE-(alkyl 

' t e l l u r o )  and  23- (~ l ;Cy1  t e l l G x )  s z e r c i d s .  Tne g e c e r a l  scheDe t h a t  vas 

I O - l 1 1 9 3  



deve loped  is ou: l i?ed  belov. 

t i v 3 - B r -  , 3-Acitoxy s t e r o  id -R-CCOY 

3-Aceto;cy s t e r o i d - R - S r  > Sa-fc  - R ' 
3-Bydrcxy s t e ro id -2 -Te-R '  

I n  an i n i t i a l  e x p e r i m e n t  33-acetox:-?2,23-bisnor-5a-cholaniz a c i d  

(I) was c o n v e r t e d  t o  3S-acetoxy-2O~-t?rcco-5a-pregnane (XI) . A1 though 

a p p a r e n t l y  honogeneous upon t.1.c. a n a l y s i s ,  t h i s  produc: was fourid by 

n.m.r, s t u d i e s  t o  be a m i x t u r e  of t-do s p e c i e s ,  p resumably  t h e  (20R)- 

and (23S)-bro=ddes. An a n a l o g o u s  m i x t u r e  o f  C-20 i s o m e r s  w a s  a l s o  ob- 

l 

t a i n e d  upon phosphorus  p r c t a b r b m i d e  t r e a  t r e n t  of  t h e  sodium borohydr ide  

r e d u c t i o n  p r o d u c t  of 3B-acetoxy-preg-5-en-2O-one [ 2 9 ] .  The bromide mix- 

t u r e  (11) d i d  n o t  react  w i t h  sod ium i s o p e n t y l  t e l l u r o l  i n  e i t h e r  l i q u i d  

ammonia o r  r e f l u x i n g  m e t h a n o l .  I n  t h e  l a t t e r  sys t em 3B-hydroxy-20[- 

- bromo-5a-pregnane (111) w a s  i s o l a t e d  as :he h y d r o l y s i s  p r o d u c t .  n e  

- - f a i l u r e  t o  forin 3B-hyd~oxy-20~-(isopentyl t e l l u r o )  -Sa-pregnane (IV) was 

- a t t r i b u t e d  t o  s t e r i c  h i n d r a n c e  i n  t h e  v i c i n i t y  o f  t h e  s e c o n d a r y  c-20 

-b romide .  I n  a n  a t t e a p t  t o  d e t e r n i n e  t h e  r e a c c i v i t y  o f  j s t e r o i d  con- 

t a i n i n g  a p r imary  h a l i d e  f n  t h e  s i d e c h a i n ,  3a-aceto.uy-2L-nor-23-bromo- 

56-chc lzne  (VII)  w a s  p r e p a r e d  as a model sc5scra :e  v i a  Hunsd iecke r  

d e g r a d a t i o n  o f  t h e  r e a d i l y  a - J a i l a b l e  l i c k c c h o l i c  a c i d  a c e t a t e  (V), 

R e a c t i o n  of (1'11) w i t h  s o d i u n  i s o p e n t y l  c e l l u r o l  i n  r e f l u x i n g  methanol 

gave  3~-hydroxy-24-aor-23-(isopentyl te::Lrc) -55-cholane  (XX) in nod- 

e r a t e  y i e l d  (32;:). The i s o m e r i c  3 ~ - ~ . v ~ r = ~ - : ~ - n o r - 2 3 - ( i s o ? e n t y l  t e l l u r : '  - 

Sa-cholane  (X) was p r e p a r e d  i n  a n  anz.l:;zt-s zar.r'.er f r o 3  33-acetoxy-2L- 

no r -23 -b ro~o-5~-~!1o lace  ( V I I I )  . The ' - - -  i - : z r z e d i a t e  was p repa rcd  

by I i i h s d i e c k e r  d e g r a d a t i o n  o f  a l lol i :hoz?.c:  i c  a c i d  a c e t a t e  ( V I )  . These 

s t u d i e s  i n d i c a t e d  t h a t  24-nsr -23- (a lky:  :e : lurc , )  s t e r o i d s  cou ld  be 
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R 2  
I 

Compound - R I  R 2  R 3  

- I  P-OAC a - H  - CH(CH3)COOH 

(20R)- 3- (20s)-  
- CH(CH3) 8 r  3 1'1 P - O A C  a - H  

1 1 1  P - O A C  Q - H  

IV p - O H  Q - H  

- CH(CH3)CH2CH2 C OOH 

- CH(CH2) CH 2CH2 Br 

- CH (C H 3) (CH2)2 Te (CH 2) C H ( C  H 3; 

- C H ( C H 3 ) ( C H 2 ) 2 T e C H ( C H 3 ) 2  

3 
3 
3 

V Q - O A c  P-H 
V I  P -OAC a - H  

VI1  a - O A c  P-H 
V l l l  P - O A C  -E 
I X  a - O H  P-H 
X p - O H  a - H  

X I  Q - O H  P-H 

X I  1 Q - C Z  e B - H  

Fig. 1. S t e r o i d  Structures .  
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readily p r e ? a r e d  by t h i s  Izet5odology.  

n e  3 - h g d r o x ) . - Z ~ - n o r - : j - ( ~ l ~ y l  t e l l u r o )  s t e r o i d s  a r e  r e l a t i v e l y  

i n s o l u b l e  i a  e t h e r .  The t e l l u r o  steroids cou ld  no t  be e f f i c i e n t l y  

e x t r a c t e d  f rom r e a c t i o n  - 3 : u r e s  w i t h  e t h e r  b u t  vsre r e a d i l y  e x t r a c t e d  

w i t h  c h l o r o f o m  o r  e t h y l  a c e t a t e .  F o l l o w i n g  t h i n  l a y e r  chroma t o g r a p h i c  

p u r i f i c a t i o n  and e x t r a c t i o n  o f  t h e  t e l l u r o  s t e r o i d s  from t h e  absorbanc  

w i t h  ch lo ro fo rm-methano l ,  e v a p o r a t i o n  cf t h e  s o l v e n t  gave gummy s o l i d s .  

T r i t u r a t i o n  of t h e  35~hydroxy-24-nor-23-(alkyl t e l l u r o )  s t e r o i d s  w i t h  

e t h y l  e t h e r  gave  w h i t e  s o l i d s .  

p r e p a r e d  i n  t h i s  manner s i n c e  t h e  small amounts of  r e k t i v e i y  u n s t a b l e  

M e l t i n g  points were o b t a i n e d  on samples  
..* 

p r o d u c t s  c o u l d  n o t  be a d e q u a t e l y  c r y s t a l l i z e d .  S i m i l a r  t r i t u r a t i o n  o f  

t h e  3a-hydroxy-24-nor-23- ( a l k y l  t e l l u r o )  s t e r o i d s  gave o n l y  c h i c k  

g l a s s e s  which d i d  n o t  ex.?.?i5it w e l l - d e f i n e d  m e l t i n g  p o i n t s .  The t e l l u r o  

s t e r o i d s  a re  n o r e  s t a b l e  upon e x p o s u r e  to l i g h t  and oxygen t h a n  a n u n t e r  

of s i n p l e  d i a l k y l  t e l l u r i d e s  t h a t  h a v e  b e e n  p r e p a r e d  i n  t h i s  l a b o r a t o r y  

(29). The 3a-hydroxy-2t-nor-23-(alkyl t e l l u r o )  s t e r o i d s  appear less 

s t a b l e  t h a n  t h e  i s o m e r i c  33-hydroxy-24-n0~-23-(alkyl te!.luro) a n a l o g s  
1 ,  

a n d  t h e  f o r m e r  compounds s l o w l y  decoaposed  when s t o r e 2  i n  :he d a r k  under  

a r g o n  a t  4 O C .  The 36-hydroxy-24-nor-23-(alkyl t e l l u r o )  s t e r o i d s  were 

s t a b l e  when s t o r e d  as d r y  s o l i d s  u n d e r  t h e s e  c o n d i t i o n s  f o r  p e r i o d s  of  

up  to s e v e r a l  months. 

As d e s c r i b e d  belo;., an analysis o f  t h e  p h y s i c a l  p r o p e r t i e s  of  t h e s e  

u n u s u a l  24-nor-23- (a lkyl  t e l l u r o )  s t e r o i d s  demons t r a t ed  t h a t  t h e  s t r u c -  

t u r e s  a s s i g n e d  to t h e  s y n t S e t l c  p r o d u c t s  a r e  c o n s i s t e n t  wi th  t h e  p ro -  

posed  s t r u c t u r e s .  The c l : r a v i o l e t  s p e c t r a l  p r o p e r t i e s  of  t h e  iso- 

meric 24-nor-23- ( fsopenty l  t e l l u r o )  s t e r o i d s  (IS) and (X) a r e  very  

s i m i l a r .  The i s o n e r i c  24-nor-23- ( I s o 2 r o p y l  t e l l u r o )  s t e r o i d s  ( X I )  and 
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(XiI) a l s o  ex!!iblc s i n i l a r  s p e z t r a l  p r o p e r t i e s .  T e l l u r i d e s  absorb 

s t r ~ ~ g l y  i n  t h e  u l r r a v l o i e t  r e g i o n  as  a result of an n + C *  t r a r . s i t i o n  

[l?]. The 2 4 - n o r - 2 3 - ( d k y l  t e l l u r o )  s t e r o i d s  p r e p a r e d  i n  t h e  p r e s e n t  

s t u d y  all e x k i b i t  e s s e n t k l l y  I d e r t i r a l  u l t r a v i o l e t  s p e c t r a .  The u l t r a -  

v i o l e t  s p e c  t r u  o f  33-hydroxy-2L-nor-23- ( i s o p r o p y l  t e l l u r o )  -59-cholane 

(XII), f o r  e x a n p l e ,  c o n t a i n s  t n a x i z a l  a b s o r p t i o n  a t  231 nm and t h e  h i g h  

e x t i n c t i o n  c o e f f i c i e n t  ( l o g  E 4.1)  can  be used t o  d e t e m i r i e .  accura:ely 

t h e  c o a c o n t r a t i o n  o f  so1u:ions o f  t h e  t e l l u r o  s t e r o i d s .  Suck measure- 

ments  s S o u l d  f a c i l i t a t e  t h e  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  a c t i v i t y  of 

Te-123111-labeled 2 4 - n o r - 2 3 - ( d k j - l  t e l l u r o )  s t e r o i d s .  

A l though  t h e  mass s p e c t r a  of  t h e s e  24-nor-23-(alkyl  t e l l u r o )  

s t e r o i d s  h a v e  n o t  been s t u d i e d  i n  d e t a i l ,  s e v e r a l  g e n e r a l  c o m e n t s  can 

be made c o n c e r n i n g  t h e  o r i g i r .  o f  a nunber  of Ions  found In t h e  s p e c t r a  
' 

- of t h e s e  compounds. The mass s p e c t r a  of t h e  f o u r  t e l l u r o  s t e r o i d s  (XX), 

. (X) ,  ( X I ) ,  and  ( X I I )  are q u a l i t a t i v e l y  v e r y  similar and t h e  mass spec-  

trum of  3B-hydroxy-24-cor-23-(isopropyl t e l l u r o )  -5a-cholane (XII) will 

s e r v e  as a n  i l l u s t r a t i o n  to d i s c u s s  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  

e l e c t r o n - h p a c t - i n d u c e d  f r a p e n t a t i o n  of  such  compounds. The h i g h  mass 

r e g i o c  g f  t h e  m a s s  s p e c t r u m  o f  32-hydroxy-24-nor-23-(isoprcpyl t e l l u r o )  - 
Sa-cho lane  (XII) is I l l u s t r a t e d  i n  F i g .  2 .  Ions c o n t a i n i n g  t h e  t e l l u -  

r i u m  h e t e r o a t o m  are  g e n e r a l l y  e a s i l y  r ecogn ized  by the p r e s e x c e  of  a 

c l u s t e r  of peaks  r e p r e s e n t i n g  t h e  v a r i o u s  t e l l u r i u m  i s o t o ? e s  (vi22 m t e ) ,  

Ions c o n t a i n i n g  t h e  Te-130 i s o t o p e  a r e  found a t  m/z S O 4  ( ? I ) ,  486  (:.:-H23), 

4 6 1  (M-C3H7), 443  (:.I-HLO-C3H7) and 257  (Pi-sidechain) . The modera te ly  

abundant  m/z 461 i o n  is fom-ed by loss o f  t h e  i s o p r o p y l  group l n d i c a -  

t i n g  p r e f e r e n t i a l  c l e a v a g e  of t h e  smaller a l k y l  group. One unique  

f e a t u r e  o f  t h e  mass s p e c t r a  o f  ( X I I )  and o t h e r  24-nor-23- (a lkyl  t e l l u r o )  

1011191 
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s t e r a i d s  a;;ears t o  be tk .2  aksence  o f  i9r.s c a r r e s p o r . d i a g  t o  a e t h ; ~ !  l o s s .  

The n u c l e a r  n a g n e t i c  r e s o n a n c e  s p e c t r a  o f  24-noi-23-(alk:;l t e l L u r o )  

s t e r o i d s  c a r i t a i n  resor.ances t h a t  a r e  e a s i l y  a s s i z r . e d ,  and t h e  s p e c t r - s  o f  

3 s - h ~ b r o . ~ - 2 ; - n o r - ~ 3 - (  i so ; ency l  t e l l u r o )  -5z -cho lane  (X)  is 1 l l L s t r a : e d  

i n  Fig. 3. The m3thyl g roup  r e s o n a n c e s  a r e  easily a s s i g n e d  (Tab le  I) 

and  t h e  f o u r  p r o t o n  m u l t i p l e t  c e n t e r e d  a t  2 . 6 5  ppm undoub ted ly  r e p r e -  

s e n t s  t h e  p r o t o n s  o f  t h e  two d e s h i e l d e d  me thy lene  groups t h a t  f l a n k  

t h e  t e l 1 u r i . m  h e t e r o a t o m .  These  p r o t o n s  a r e  f u r t h e r  c c u p l e d  t o  t h e  

a d j a c e n t  methylene  p r o t o n s ,  and w e  h a v e  n o t  y e t  a t t e m p t e d  t o  f u r t h e r  

d e l i n e a t e  t h i s  complex c o u p l i n g  p a t t e r n .  The n u c l e a r  magne t i c  r e so -  

n a n c e  s p e c t r u m  o f  3B-hydroxy-24-nor-23-(lsopropyl t e l 1 u r o ) - S a - c h o l a n e  

is very i n s t r u c t i v e  (Fig. t). The methyl  resor ,ances  are  c l e a r l y  recog- 

nized (Tab le  I) and the c o u p l i n g  p a t t e r n s  o f  t h e  me thy lene  and methine . 

p r o t o n s  f l a n k i n g  t h e  t e l l u r i u m  c a n  be  e a s i l y  e x t r a c t e d .  The two-proton 

m u l t i p l e t  c e n t e r e d  a t  2.66 ppm r e 2 r e s e n c s  t h e  C-23 me thy lene  p r o t o n s  

a n d  a p p e a r s  t o  be  a ABA'B' fou r - sp i r .  system as might b e  e x p e c t e d  if t h e  

system is s u b j e c t e d  t o  r e s t r a i n e d  r o t a t i o n .  T5e s ep te t  c e n t e r e d  a t  

3.41 ppm r e p r e s e n t s  t h e  m e t h i n e  p r o t o n  o f  t h e  t e r m i n a l  i s o p r o p y l  group 

and is p a r t i a l l y  obscured  by t h e  o n e - p r o t o n  c u l t i p l e t  a t  3 .58  ppm. 

l a t t e r  r e s o n a n c e  r e p r e s e n t s  t h e  axial C-3a p r o t o n .  These  n u c l e a r  mag- 

n e t i c  r e s o n a n c e  d a t a  arc s u m n a r i z e d  i n  T a b l e  I and a r e  c o m p r e d  t o  d a t a  

f o r  t h e  i s o m e r i c  5 6 - s t e r o i d s .  

* 

The 

The methodology t h a t  Sas been  dev.rlc;red i n  t h e  p r e s e n t  s t u d y  s h o u l ?  

be a p p l i c a b l e  for  t h e  p r e p a r a t i o n  o f  a &:le  v a r i e t y  of 24-nor-23-(alkyL 

t e l l u r o )  s t e r o i d s .  The p r e p a r a t i o n  o i  suchL csr . ;ounds cou ld  be o f  con- 

s i c e r a b i e  3 r a c t i c a l  k p o r c a n c e  s i n c e  Le k.ave r e c e n t l y  demons t r a t ed  t h e  

* c o n c e n t  r a t i o n  i n  r a t  a d r e n a l s  o f  Te-1: ! - - l abe led  39-hydroxy-24-nor-23- 
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( i s o p r o o y l  t e l l c r o ) - 5 o - c k 4 c l a n e  [ 33,31;. These s t u d ~ e s  h a v e  sho’m t h a t  

of p o t e , i t i a l  a l r e - a l  iLag i r .g  a5-. ^O?tS. 

The a u t h o r  would l i k e  t o  t h a n k  B. ?f. Benjamin aad L. L .  BroGm for per- 
f o d n g  t h e  n u c l e a r  z a g n e t i c  r e s o n a n c e  a r . a l y r e s  and D.  C .  Canada,  
C. A. P r i t c h a r d ,  and W. 1. R a i n e y ,  J r . ,  for h e l p f u l  d i s c u s s i o n s  and 
d e t e d n a t i o c  o f  t!!e pass s p e c t r a l  measu reaen t s .  

REFERENCES 
I 

1. R. E. C a u n s c l l ,  V. V. Ranade ,  R. J. B l a i r ,  W .  H. B e i e w a l t e s ,  and 
P. A. Weinhold,  S t e m i & ,  E, 317 (1970). 

2. R. J. B l a i r ,  W. H. Beierdal tes ,  L. X. L i e b e m a n ,  C .  N. Boyd, R. E. 
C o u n s e l l ,  P. A. W e i n h o l d ,  and  V. N. Varma, J ,  €JucZ. &d. - 1 2 ,  176 
(1971) 

3. W. H. B e i e r w a l t e s ,  L.  M. Lieberman,  A. N .  Ansari, and  H. Nishiyama, 
J. Am. Me& Assoc.,  216, 275 (1971) .  

4.- D. C. k s e s ,  D. E. S c h t e i n g a r t ,  M. F. S t u n a n ,  W.  H. B e i e r w a l t e s ,  
--and R. D. I c e ,  S a g .  Gpecoz. G b s t e t .  , 139, 201 (1974) .  

S. L.-M. Lieberman,  W. H. Beiewaltes,  J. W. Conn, A. N. Ansari, and 
H. Nishiyama,  N . . E r 3 1 .  J. Med., - 285, 1387 (1371). 

6. B. C. Anderson and W. H. B e i e w a l t e s ,  A&. Ix$em.. Med., - 1 9 ,  327 
-(1974) .  

7. J. W. Conn, W. H. Beiewaltes ,  L .  H. L i e b e m a n ,  A.  N. A n s a r i ,  E. L. 
Cohen, J. J. B o o k s t e i n ,  and  K. R. H e w i g ,  J. Cltn.  Endocz-inoZ. 
Hec&., 33, 713 ( 1 9 ? 1 ) .  

8. J. W. Conn, R. M o r i t a ,  E. L. Cohen, W. H. B e i e r w a l t e s ,  W .  J. 
McDonald, and R. R. Herwig ,  Arch. Ir.2. Red . ,  - 1 2 9 ,  417 (1972) .  

9. J. E, Seabo ld ,  E. L. Cohen, W. H .  B e i e r w a l t e s ,  D. L. Hinerman, 
R. H. h’ i sh iyana ,  J. J. B o o k s t e i n ,  R. D.  I c e ,  and S. Balachandran ,  
3. sin. c”r.&crir.~l. X e L h . ,  - 42, h i  (1976) .  

M. J. Hogan, J. M c b e ,  M. S c h a n b e l a n ,  and E. C. B i g l i e r i ,  N. EzgZ. 
J. A’ed., 29$, 410 ( 1 9 7 6 ) .  

u a l t e s ,  A r z k .  Ins. :k‘L., 130, 384 (1972) .  

10. 

11. D. E. S c h t e i n g a r t ,  J. W. Conn, L .  P!. L i e b e c a n ,  and 11. H .  B e i e r -  

12.  B. H. r o m n ,  ?!. A. X n t a r ,  R. J .  Tou louk lan ,  ?. J. Nslrw, and H. 
Cene l ,  J. i:iCZ. Ited., - 1 5 ,  332 (1974) .  

1 0 7 1 2 0 3  



U. J. C. Hsrbert ,  J. J. Cazaq ' ,  and K. L .  Sanlack,  J .  ,Vx:. Med.,  - 1 7 ,  
33 (1976). 

14. M. KojiLa,  M. ?iaeda, H. Ogawa, K. N i t t a ,  and J .  Xto,  J .  Nucl. Med. ,  
1 6 ,  666 (1975). - 

15. K. N i t t a ,  H. Ogava, T. I t o ,  X. K o j i m a ,  and E. Xae<a, fie%. P k m .  
BtcZ2. ( J a p a n ) ,  24, 2322 (1976). 

16. S. D. S a k a r ,  W. H. Beierwaltes, R. D. Ice, C. P. B a s n a d j i a n ,  K. R. 
Eetzel, U. P. Kennedy, ana  M. ?.I. Piason, u?. 1;;ccZ. Med., - i 6 ,  1038 
(19?5). 

17. S. D. Sarkar, R. D. Ice, W. H. E e i e n a l t e s ,  S. P. G i l l ,  S. Balachan-  
d r a n ,  and C. P. S u b t a n a n i a n ,  2. ir'ucz. ;,led., - 1 7 ,  212 (1976). 

18. R. A. Zingaro and W. C. Cooper ,  e d s . ,  l t S e l e n i m , "  Van Nos t r and  
Re inho ld ,  New York, 1S74.  

19. K. J. I r g o l i c ,  "The O r g a n i c  ChPmis t ry  of  T e l l u r i u m , "  Gordon and  
Breach ,  New York, 1974.  

20. F. F. Knapp, J. R & L C $ m .  L&. CCF&. , s u b n i t t e d .  

21. F. F. Knapp, Jr., and G. J. S c h r o e p f e r ,  Jr., S t e m i h ,  - 2 6 ,  339 (1975) .  

22. A. E. Cameron, W. X. C h r i s t i e ,  H. S. NcKown, W. T.  b i n e y ,  Jr., and 

. -  --Ridge N a t i o n a l  L a b o r a t o r y ,  Oak Ridge, TS (1971).  

- 

D. S. Smi th ,  h a l y t i c a l  C h e n i s t r y  Division Report ,  ORSL-4643, Oak 

-23. - C. A. Rohrnan, "Char t  of  t h e  Suclides ," Batce l l e -Xor thwes t ,  R i c h l a n d ,  
Washington,  1969.  

24. L. Brandsma and H. E. Wijers, Rec. T r C J .  C E T . ,  - 80 ,  241 (1961) .  

25. F. F. Knapp, K. R. Ambrose, and  A .  P. Callahan, J .  NucZ. Ned., 
subxci t t ed . 

26.  S. J. C r i s t o l  and  W. C.  Firth, J r .  G'. C y .  Pm., 26, 280 (1961) .  

* 27. N. G. B r i n k ,  D. M. C l a r k ,  and  E. S. L a l l i s ,  J .  E o Z .  Oiern., - 162, 
695 (1946). 

28.  F. F. Knapp, Stercids, s u b n i t t e d .  

29. F. F. Yjlapp, u n p u b l i s h e d  esperize?.:s .  
.. 

* ;?. ,o- 30. F. f .  Knapp and A. p.  C a l l a h a n ,  (A.ks:raz:), w .  , . l - w .  Fed.  - 18, 610 
(1977). 

31. F. F. Knapp and A. P. C a l l a h a n ,  ( . l , 's : rac~),  J. hsZ. Kec?. - 18, 600 
(11977). 

1 0 1 1 2 0 4  
I 
I 

--. - 



-- - 

OAK R ~ D G E  NATIONAL LABORATORY 
O P E O A T L O  D V  

UNION CAR 8 ID E COR PO R AT 1 ON 
N U C 1 t b. R 0 IV IS10 N 

E 3  
P O S T  OFFICE eox x 

OAU R!DCE. TLNNES5EE 37630 

Dr.  Albert  Segaloff 
Alton Ochsner * d i c a l  Foundation 
1520 J e f f e r s o n  Highvay 
New Orleans, LA 70121 . 

Dear Dr. S e g a l o f f :  

Please f i n d  enc losed  t h r e e  c o p i e s  of a paper e n t i t l e d  
"The S y n t h e s i s  of 24-Nor-23- (Alkyl Tel luro)  Steroids" 
which w e  a r e  submitt ing for cons iderat ion  for  publ i -  
cation in S t e r o i d s .  

S i n c e r e l y  yours ,  

Furn F. Knapp, Jr . ,  Ph.D. 

FFK:ayw 

Enclosures  



!I z s c LOS:' ?. c 

FRC!! 

':A CASE NCI. : s- ,ob% 
W E S T O R  : Furn F. Knapp, Jr. 

.' 6 J ECT : I f l P R O V E D  TISSUE-SPECIFIC SCISTICR4PHIC IXAG'TKC ACEXTS 

C Y I D  NO. 3549 

; STRACT : The p r e s e n t  development  i s  a new c o n ? o s i t i o n  of matter c o c p r i s i n g  

s t e r o i d s ,  amino a c i d s ,  and t h e  l i k e  l a b e l e d  w i t h  t h e  r a d i o a c t i v e  

n u c l i d e  tellurium-123rn. These 123?e-labeled compounds are u s e f u l  as 

t i s s u e - s p e c i f i c ,  s c i n t i g r a p h i c  imaging a g e n t s  i n  d i a g n o s t i c  n u c l e a r  

medicine p r o c e d u r e s .  T h i s  p a r t i c u l a r  n u c l i d e  h a s  m u l t i p l e  ad-,*antages , .  

as a r a d i o a c t i v e  l a b e l  over some p r i o r  a r t  n u c l i d e s .  

:SCRIPTION : Backsround 

Adrenal  d i s e a s e  i s  a c o m o n l y  observed c l i n i c a l  d i s o r d e r  and the  

e x c e s s i v e  o r  subnormal  p roduc t ion  of a d r e n a l  s t e r o i d s  ( c o r t i c o s t e r o i d s )  

r e s u l t s  i n  severe p h y s i o l o g i c a l  consequences.  The h y p e r c o r t i c o i d  condi- 

t i o n  (Cush ing ' s  Disease) r e s u l t s  from t h e  o v e r p r o d u c t i o n  of corti- 

cos:eroids and  can have  a v a r i e t y  of pr imary  causes .  Large amounts of 

c o r t i c o s t e r o i d s  are produced by carcinomas and adernas of t h e  a d r e n a l  

g lands .  The invo lvemen t  of c o r t i c o s t e r o i d - p r o d u c i n g  tumors is o f t en  

u n i l a t e r a l ,  i n v o l v i n g  o n l y  one a d r e n a l  g land .  S i n c e  t h e r e  are  two 

a d r e n a l  g l a n d s  i t  is e s s e n t i a l  f o r  t h e  p h y s i c i a n  t o  l o c a t e  t h e  s ? s c i f i c  

g land  which i s  i n v o l v e d  i n  t h e  over?roduc:ion o f  c o r t i c o s t e r o i d s .  
- ,  

Z l i n i c a l  p r o c e d u r e s  which a r e  p r e s e n t l y  u s e d  t o  assess a d r e n a l  f u n c t i o n  

i n c l u d e  t h e  d e t e r m i n a t i o n  of s t e r o i d  l e v e l s  by a d r e n a l  venography and 

--. . 



t h e  ase o f  cor,:rsst vcniJSr23h:: :I? .:;;::3117:~‘ the: a i r e n a : l  g l s r .2  5:; 

norr_3? x-rsy transsission an:.l::sis. I t  is Se:,eral.1:: rsco;.,?.izel! t h a t  

a d r e n a l  v e i n  c a t h e t e r i z a t i o n  i s  a d i f f i c c l t  and danze rous  p rocedure  

which f e w  p h y s i c i a n s  are  adeciuataly t r a i z e d  t o  p e r i o r s .  The u s e  of 

a n  a g e n t  l a b e l e d  w i t h  a g a m a - e n i t : i n g  r a d i o n u c l i d e  which would con- 

c e n t r a t e  i n  t h e  a d r e n a l  g l a n d s  would g r e a t l y  a i d  t h e  p h y s i c i a n  i n  the  

d i a g n o s i s  of a d r e n a l  d i s o r d e r s .  I n  a d d i t i o n ,  t h i s  d i a g n o s t i c  method 

would also serve as  a n  a d j u n c t  i n  cases where t h e  u s e  of a n  i n v a s i v e  

p rocedure  i s  a l s o  r e q u i r e d .  

t h e  surgeon t o  t h e  s p e c i f i c  a d r e n a l  gland t h a t  must b e  removed, o r  

from which a tumor n u s t  be  e x c i s e d .  

Such a n o n i n v a s i v e  p r o c e d u r e  would guide 

P r e s e n t l y  b o t h  13’1- and ”Se-labeled s t e r o i d s  a re  b e i n g  eva l -  

u a t e d  by o t h e r  g r o u p s  as p o t e n t i a l  a d r e n a l  imaging a g e n t s .  R e s u l t s  i n  

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

accumula t ion  of t h e s e  a g e n t s  and good q u a l i t y  images of dog a d r e n a l  

g l a n d s  have been  o b t a i n e d .  One of t h e s e  compounds, 1311-19-iodocholest- 

5-en-33-01, has undergone e x t e n s i v e  h m a n  tes ts  and h a s  been used t o  

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

s t e r o i d s  are v e r y  u n s t a b l e  i n  v i v o .  As a r e s u l t  of t h i s  i n  v i v o  

i n s t a b i l i t y ,  a h i g h  t h y r o i d  a c c u m u l a t i o n  of r a d i o a c t i v e  i o d i n e  i s  

encoun te red  which c a n n o t  be e n t i r e l y  overcome by p r e d i s p o s i t i o n  of 

t h e  p a t i e n t  w i t h  t h y r o i d  b l o c k i n g  a g e n t s .  The use of t h e  l a b e l e d  

a g e n t s  a l s o  r e s u l t s  i n  a h i g h  p a t i e n t  beta-adsorbed dose  due t o  the  

h i g h  b e t a  y i e l d  from t h i s  n u c l i d e  (major 6- a t  610 keV). 

t h e  s h o r t  p h y s i c a l  h a l f - l i f e  o f  t h e  I3’I n u c l i d e  r e s u l t s  i n  a s h o r t  

I n  a d d i t i o n ,  
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cates that ?atient coscs Gill be relarlvely high. 

The ''Se-?aSel22 steroid 3ver:c:es problems. associated uith the 

s h o r t  shelf life, high beta doss anc in vivo instability encountered 

with :he 1311-labeled agents. The "Se nuclide, however, dccays with 

the emission of several high energy photons which results in inefficient 

collimatioz and poor quality inages. 

The early diagnosis of pancreatitis and pancreatic carcinoma is a 

common clinical problem. The use of 75Se-labeled selenomethionine 

(Fig. 1, V.S.) was originally develosed because of the biological 

importance of the amino acid, methionine, and the availability of the. 

gamma-emitcinq "Se nuclide. Furthernore, "Se was readily incorporated 

into selenonethionine by both microbiological and chemical methods. 

Selenomethionine (V.b.) behaves similarly to methionine (V.a.) in vivo 

and is concentrated in a number of animal species by the pancreas and 

other tissues that are involved in active protein synthesis. The 

multiple high-energy gamma emissions of 75Se, however, result in poor 

inages with an unnecessary radiation dose to the patient. 

Summry of the Invention 

In structurally-related organic conpounds which are tissue- 

specific t o  absorption in special oraans, said organic com?ounds being 

derivatized vith a radionuclide f o r  the purpose of scintigraphic 
b 

exacinacion of said special organs iz vivo, the prcsen: invention is 

an im?roverent conprising organic coz;pounds derivatized with the 

radionuclide 12 3nTe 

- 3- 
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De ;;? 1 Led Dss i r i p  t i o n  

s t e r o i d s ,  as  p o i n t c d  o u t  i n  t h e  Sackgrsunl Section, e x t e n s i v e  a p p l i -  

cario:: of t h e  i n v e n t i o n  i s  enbodied i n  thsse  compounds. The genera: 

schexe f o r  t h e  s y n t h e s i s  of s t e r o i d s  l a b s l e d  i n  a s i d e c h a i n  wi:h 1 2 3 ~ ~  

is by c o u p l i n g  s t e r o i d a l  h a l i d e s  or  o t h e r  f u n c t i o n a l i z e d  forms of  a 

s t e r o i d  s u b s t r a t e  w i t h  123?e-hbeled r e a g e n t s .  T h i s  g e n e r a l  scheme 

is  i l l u s t r a t e d  below. 

Steroid-X + R-(123?e)-Y 

e )  -R 1’ 1 2 3 ~  S t e r o i d -  ( 

The s t e r o i d  s u b s t r a t e  c o n t a i n s  a gr3’i; (XI t h a t  can be  a h a l i d e ,  

p- toluene s u l f o n y l ,  m e t h y l  s u l f o n y l ,  c r  s i n i l a r  f u n c t i o n a l i t y .  The 

123?s-labeled r e a g e n t  c o n t a i n s  t h e  g r o - 7  ( Y )  which would g e n e r a l l y  be 

a n  a l k a l i  metal. The g e n e r a l  s t r a t e g y  i s  tha: t h e  d r i v i n g  f o r c e  f o r  

t h e  c o u p l i n g  of s u b s t r a t e  and r e a g e n t  i s  t h e  f o r n a t i o n  of the (X-Y) 

s p e c i e s .  The ( R )  group c a n  r e ? r e s e n t  a v a r i e t y  of o r g a n i c  m o i e t i e s .  

A more s p e c i f i c  r o u t e  i n v o l v e s  t h e  c c c ? l i n g  of s t e r o i d a l  s idechai r :  

h a l i d e s  w i th  a l k a l i  metal sal:s of alkyl :ellurols. The s t e r o i d a l  

s i d e c h a i n  h a l i d e s  can be p r e p a r e d  f r o =  bi :?  a c i d s  or r e l a t e d  s t e r o i d a l  

a c i d s  v i a  a Hunsdiecker- type d e g r a d a z i c r  o r  b y  t h e  a c t i o n  of r e a g e n t s  

such  as a c y l  h a l i d e s  o r  p h o q h o r u s  ha:::rs or. s : e r o i d z l  s i d e c h a i n  

a l c o h o l s .  An a l t e r n a t e  r o u t e  invol*:es : r.2 r e a c t i o n  of  t h e  s t e r o i d a l  

s i d e c h a i n  a l c o h o l s  w i t h  t h 2  I: P spe:;es f c r z e l  by  r e a c t i o n  of t r i -  

p h e n y l  phosphine and a ca rbon  t e t r a b , a : - - e .  f!ie r e a c t i o n  of s t e r o i d 2 1  

3 2  

s i d e c h a i n  h a l i d e s  w i t h  a l k a l i  metal s a l t s  c f  a l k y l  t e l f u r o l s  i s  an 

a t t r a c : i v e - r o u t e  and h a s  been s t u d i e d  i -  .ic:ail. S ince  t h e s e  unusual 

- 4 -  
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t n k  ? r ~ ? a r a t i o n  and p h ) . S i c . , ~ l  

2G-nsr-23-(alkyl t e l l u r o )  s t e r o i d  i s  ? r e s e c t e d  (E:can?le I ) .  A mono- 

hvdrosv  b i l e  a c i d  s u c h  a s  l i t h o c h o l i c  a c i d  o r  a l i o l i t h o c h o l i c  a c i d  

can  be c o n v e n i e n t i y  c o n v e r t e d  t o  t h e  co r re spond ing  24-norbromide v i a  

a m o d i f i c a t i o n  of t n e  Hunsd iecke r  d e g r a d a t i o n  as  i l l u s t r a t e d  i n  F ig .  

11. T h i s  r e z c t i o n  p r o c e e d s  i n  r e a s o n a b l e  y i e l d  and t h e  s)-;lthesis and 

c h e z i c 3 1  prc??rcies of a r e p r e s e n t a t ;  . =  

p u r i f i c a t i o n  of  t h e  no rb romides  c a n  be completed i n  a s i n g l e  day.  

The s t e r o i d a l  no rb romides  c a n  be  coupled w i t h  sodium a l k y l  t e l l u r z i s  

(!JaTeR) which are  formed by r e d u c t i o n  of d i a l k y l  d i t e l l u r i d e s  (Te R ) 

i n  b a s i c  s o l u t i o n .  The d i t e l l u r i d e s  a r e  formed by a l k y l a t i o n  of sodi;LS 

2 2  

d i t e l l u r i d e  (Sa2Te2). 

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

One c o n v e n i e n t  method f o r  t h e  g e n e r a t i o n  of t h e  

c o n s i s t s  of r e a c t i n g  t h e  metal l ic  t e l l u r i u m  wi th  a s t o i c h i o m e t r i c  a m o L - *  

of m e t a l l i c  sodium i n  l i q u i d  a m o n i a .  The s o d i m  d i t e l l u r i d e  is  then 

a l k y l a t e d  by t h e  a d d i t i o n  of t h e  d e s i r e d  a l k y l  h a l i d e ,  a l k y l  s u l f a t e ,  

etc.  The d i a l k y l  d i t e l l u r i d e  c a n  be reduced by one of  a v a r i e t y  of 

merhods. One method which  i s  s i m p l e  a n d  uses r e a g e n t s ,  whose producrs  

do  n o t  i n t e r f e r e  w i t h  s u b s e q u e n t  t r a n s f o r m a t i o n s ,  i s  r e d u c t i o n  of t h e  

'. d i t e l l u r i d e  w i t h  sodium b o r o h y d r i d e  i n  an o rgan ic  s o l v e n t  i n  t h e  

p r e s e n c e  of  base .  The sodium a l k y i  t e l l u r o l  i s  g e r e r a t e d  i n  t h i s  

manner i n  s i t u  and i s  r e a d i l y  a v a i l a b l e  f o r  subsequent  r e a c t i o n  with 

t h e  s t e r o i d  s u b s t r a t e .  The f i n a l  p roduc t  from t h i s  ser ies  of reac:ic- 

i s  t h e  2L-nor-23-(alkyl t e l l u r o )  steroid and i t  can be e a s i l y  p u r i i i e :  

e i t hc r  by t h i n - l a y e r  chromatography o r  by a b s o r p t i o n  c o l u m  c1irorz:c;~ 

-5- 



U s i n s  tllis ~ . e : n d i  es;cr.:iall:.  a n y  ? L - n ? r - 2 2 -  ( a l ; , y l  t e l l u r o )  s t c r o l d  

c a n  be p r e p a r e d .  

d e s c r i b e d  e a r l i e r ,  A e - l & b e l e d  t e l l u r o n e t h i o n i n c  ( V . 2 . )  h a s  been 

p r e v i o u s l y  suegssted as a s u ? e r i o r  a l t e r n a t i v e  f o r  p a n c r e a t i c  imaging. 

A t t e m p t s  t o  ?repare l2 3zTe- l a b e l e d  t e  1 lurone chion i n e  by m i L  r o b i  o 1 o g i c a l  

t e c h n i q u e s  have besn  u n s u c c e s s f u l .  Our f i r s t  a t tempts  t o  p r e p a r e  

t e l l u r o  amino a c i d s  by c e t h o d s  i n v o l v i n g  t h e  i n t r o d u c t i o n  of t h e  benz::l 

t e l l u r o  moie ty  f a i l e d  p r i m a r i l y  b e c a u s e  of t h e  extreme i n s t a b i l i t y  of 

d i b e n z y l  d i t e l l u r i d e .  I n  a d d i t i o n ,  the  b e n z y l  methylene carbon- 

t e l l u r i u m  bond i s  u n s t a b l e  even i n  simple b e n z y l  alkyl t e l l u r i d e s .  

These  p r o p e r t i e s  p rec lLde  t h e  p r e p a r a t i o n  of t h e  r e q u i s i t e  b e n z y l  

To a l l e 1 , r a t e  disadva:i:ages o f  t h e  u s e  of 75Se as  

12 3,- 

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

f o r m a t i o n  and  s t a b i l i t y  of d i t e l l u r i d e s  and t e l l u r i d e s  proved t h a t  

p h e n y l  a l k y l  t e l l u r i d e s  a r e  nuch more s t a b l e  t h a n  s l n p l e  d i a l k y l  t e l -  

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

a scheme was d e v i s e d  f o r  t h e  p r e p a r a t i o n  of a r e p r e s e n t a t i v e  a-amino 

a c i d  c o n t a i n i n g  t h e  p h e n y l  t e l l u r o  moie ty  (F ig .  I ) .  The ne thod  developed 

shot i ld  be  of g e n e r a l  a ? ? l i c a b i l i t y  f o r  the. s y n t h e s i s  of a v a r i e t y  of 

t e l l u r o  amino a c i d s .  I t s  s u c c e s s  r e s u l t s  from s t r i c t l y  avo id ing  any 

a t t e m p t s  t o  i s o l a t e  t h e  t e l l u r o l  i n t e r m e d i a t e s .  Such i n t e r n e d i a t e s  ( I )  

a re  q u i t e  u s e f u l  s y n t h e : i c a l l y  \;hen Seneratcc!  i n  s i t u ,  however, and 

e r e  formed by r e d u c t i o n  of t h e  p r e c u r s o r  d i t e l l u r i d e s  under an  i n e r t  

a tmosphe re .  The z e t h o d  is i l l u s t r a t z d  i n  E:tan?les 111 arid I!'. 

Enbodimznzs o f  t h c  lr.:..?-,tior. - 
Compounds t h a t  have Seen p r e p a r e d  i n  t h i s  l a b o r a t o r y  u s i n g  the 

- 6- 



neil . ,- l  d e s c r i b e d  above i n c l u d e :  

2 4-nor- 23- ( i s o p r o p y  1 t e  l l u r o  - 5  --cholan-3:,-0 1 

2 4 - ( i s o p r o p y l  telluro)-chol-5-en-3~-ol 

2 4 - ( i s o p r o p y l  telluro)-chol-5-en-33-O?le 

1 7  - ( i s o p r o p y l  t e l l u r o  methyl)-andros:-5-en-3&01 

Example I 

The s y n t h e s i s  of 24-nor-23-(iso?ropyl telluro)-5a-cholan-33-01 

i s  d e s c r i b e d .  D i i s o p r o p y l  d i t e l l u r i d e  (70 rg, 2aO pmoles)  was 

d i s s o l v e d  i n  10 m l  of methanol  i n  an  argon a tmosphere  w i t h  g e n t l e  

1;arming. Sodium b o r o h y d r i d e  was added i n  s n a l l  p o r t i o n s  t o  t h e  

o r a n g e  s o l u t i o n  u n t i l  a c lear ,  c o l o r l e s s  s o l u t i o n  1;as o b t a i n e d .  

Fol lowing  t h e  a d d i t i o n  of 1 N sodium hydrox ide  s o l u t i o n  (1 m l ,  

1 mnole) the  24-nor-23-bromo-5,-cholan-3&yl ace t a t e  (45 mg, 100 

:moles, p r e p a r e d  by Hunsdiecker d e g r a d a t i o n  of a l l o l i t h o c h o l i c  

a c i d )  w a s  added.  The s o l u t i o n  was r e f l u x e d  o n e  hour a f t e r  which 

t ine t h i n  layer chroFato;rapl-.ic a n a l y s i s  i n d i c a t e d  t h e  r e a c t i o n  

t o  be comple t e .  The s o l u t i o n  [:as poured I n t o  water and  e x t r a c t e d  

t h o r o u g h l y  w i t h  ch lo ro fo rm.  Ch lo ro fo rn  or e t h y l  a c e t a t e  ( b u t  

n5t e t h e r )  e f f i c i s n t l y  e x t r a c t  t h e  p roduc t  from t h e  c r u d e  mix- 

t u r e .  The combined c h l o r o f o m  e x t r a c t s  were washed tho rough ly  

vi rn 

1 0 1 1 2  I 2  

water, d r i e d  o v e r  anhydrous sodium s u l f a t e ,  and t h e  s o l v e n t  

- 7- 
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p u r i f i e d  b : ~  p r e p a r a t i v e  t ! ) i n - l a y e y  cb.r :? .z togra~hy (so?-;;=.:l: 

sys te r i ,  c h l o r o f o r n ,  F., 0 . 1 4 ) .  The p u r i f i e d  p roduc t  con- 

s i s t e d  o f  15.6 mg of  a t h i c k  gun which s o l i d i f i e d  t o  a wh i t e  

s o l i d  upon t r i t u r a t i o n  w i t h  e t h e r ,  m.7. 113-119°C. The 

u l t r a v i o l e t  spec t rum (EtOH) coi i ta ined maxima a t  225, 237, 

and 268 nm. The i n f r a r e d  spectrum (Kzr) con:ained a maxinum 

a b s o r b e n f e  a t  3 4 2 0  c m  (-OH). High r e s o l u t i o n  nass s p e c t r a l  

measurements i n d i c a t e d  a molecu la r  formula of CZ6Hb60Te 

(found: 502.2509; c a l c u l a t e d  f o r  C261?460Te:502.2589). 

I 

-1 

- .. . 
The t i s s u e  d i s t r i b u t i o n ,  m e t a b o l i c  f a t e ,  and e x c r e -  

t i o n  of r a d i o a c t i v i t y  f o l l o w i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n  

of l2 '?e- l a b e  l e d  2 4-no r- 2 3- ( i sop r op y 1 t e 1 l u r  0) -Sa-c holan-  33-0 1 

have been s t u d i e d  i n  d e t a i l  i n  bo th  male and female F i s c h e r  

s t r a i n  rats. The r e s u l t s  of  t h e s e  s tud ies  w i t h  male rats are  

summarized i n  F i g s .  111 t h rough  V. Male r a t s  were i n j e c t e d  

v i a  t h e  t a i l  v e i n  w i t h  t h e  lZ3?e- labe led  s t e r o i d  ( 6 - l S . u C i )  

i n  a sal ine-ethanol-Tween 80 emuls ion  and were s a c r i f i c e d  a t  

v a r i o u s  time i n t e r v a l s  v a r y i n g  from one hour t o  t h r e e  weeks 

later. The o rgans  were removed, weig!led and coun ted ,  and i n  

t h i s  manner t h e  d i s t r i b u t i o n  or' r a2 ioa : t i v i tp  was d e t e n i n e d  

( X  dose /g ) .  Tlicse d a t a  are  shown i n  F i g s .  I11 and I V .  The 

u r i n e  and feces of t h e s e  anirr.als were a l s o  n o n i i o r e d  f o r  r ad io -  

a c t i v i t y  and these res:ilts (F ig .  V )  i n i l c a t e d  t h a t  approx i -  

mately 50:; of t h e  a d m i n i s t e r e d  r a d i o a c t i v i t y  w a s  e x c r e t e d  i n  

-5- 
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i u  f i v e  d 3 1 . 5 .  Ir. ?:(!ition, sc.i .eral  anizals were i n j e c t e d  

v i : h  a lar;t! 2 o s e  0: t h e  ;e - l sbeLc+ s t e r o i d  (190 p C i )  

and asasincc *.;i:k 3 r e c t i l i n s a r  s c s n n e r  a t  v a r i o u s  t i n e  

p e r i o d s  fro: on2 ksur t o  t h r e e  veeks a f t e r  i n j e c t i o n .  The 

a d r e n a l  g l a n d s  of these an ima l s  were c l e a r l y  v i s i b l e  even  

one day  a f t e r  i n j t c t i o n ,  and ve ry  c l e a r  images vere o b t a i n e d  

1 3  372- 

one week la te r .  R e T r e s e n t a t i v e  s c i n t i g r a p h i :  i n a g e s  o b t a i n e d  

w i t h  b o t h  a r e c t i l i n e a r  s canne r  equi?ped  v i t h  a 60-hole go ld  

c o l l i n a t o r  and  an RC t y p e  p r o p o r r i o n a l  c o u n t e r  w i t h  a xenon 

g a s  d e t e c t o r  are  i l l u s t r a t e d  i n  F i Z s .  V I  and VII. Some 

a n i m a l s  were s a c r f f i c e d  af ter  such s t u d i e s  and t h e  a d r e n a l s ,  

l i v e r  and l u n g s  r e c o v e d ,  homogenized i n  Folch medium, and 

t h e  r e s u l t i n g  o r g a n i c  s o l u b l e  r a t e r i a l  chromstographcd on 

s i l i c i c  a c i d  c o l a n s .  The r e s u l t i n g  chromatographic  p r o f i l e s  

i n d i c a t e d  t h a t  t h e  a d m i n i s t e r e d  . e - l abe led  s t e r o i d  w a s  

conve r t ed  t o  a nunber  of metabolites i n  t h e s e  rat ti..;sues. 

S i n c e  t h e  t i s sues  were t reated i n  t n e  sane manner, t h e  d i f -  

f e r e n c e s  obse rved  upon chroaatog:s??-.ic a n a l y s i s  of t h e  

e x t r a c t e d  l i p i d  s o l u b l e  m a t e r i a l  r;s: i n d i c a t e  t h a t  t h e  

d e t e c t e d  r a d i o a c t i v i t y  d i d  no t  r e p r 2 s e n t  a r z i f a c t s  t h a t  

accumulated d u r i n g  t h e  t i s s u e  zan::-:ation. TAese comSi9ed 

r e s u l t s  have demons t r a t ed  t h a t  rac- :acc: .*=icy f ron  

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

t h e  s t e r o i d  i s  e v i d e n t l y  metabo;r:ec b y  r a t  t i s s u e s ,  and that 

e s c e l l e n t  i m g e s  of  r a t  a d r e n a l  ~ L - 2 5  c a n  5 s  o b t a i n e d .  

I; 3 i L  

e- 1 2 3 ~  
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* -  1- 2T- 
P r e g a r J t i o n  o f  . e- 125 e 1 e cl 2 L - -,c r- 2 2- ( i 52; r \- ?> 1 

tellur0)-5a-snolan-3~-~1 

1237 The ?e n u c l i d e  can b e  p r e i a r z d  v i a  nell tron i r r a d i a -  

122-  
t i o n  of i s o t o p i c a l l y  e n r i c h e d  le. The n i c r o s c a l e  syn- 

t h e s i s  of t h e  123aTe-labeled s t e r o i d  was accoa? l i shed  by 

t h e  g e n e r a l  method d e s c r i b e d  e a r l i e r  f o s  :he s y n t h e s i s  of 

24-nor-Z3-(isopropyl tellura)-52-cholan-3~-01 (Exanple I) .  

The sys t em was e a s i l y  a d a p t a b l e  t o  t h e  20C-500 mole scale. 

I n  a t y p i c a l  p r e p a r a t i o n  reactor-prDduced 123?e (22 mg, 

25 .78  mCi) was combined w i t h  c a r r i e r  t e l l u r i u m  (45 micron 

powder) t o  y i e l d  a f i n a l  s p e c i f i c  a c t i v i t y  of  25.78 nCi/mmole. 

Under a n  a rgon  atmosphere a p p r o x i m a t e l y  25 ml of l i q i i d  
. -  

ansmonia vas d i s t i l l e d  i n t o  the  r e a c t i o n  v e s s e l  which con- 

t a i n e d  t h e  t e l l u r i u m  powder. The v e s s e l  was cooled t o  

-60 t o  -7OOC i n  an  acetone-C0 b a t h .  F r e s h l y  c u t  m e t a l l i c  

sodium (25 rng, 1 mole )  was added  t o  the r a p i d l y  s t i r r e d  

2 

s l u r r y .  The s o l u t i o n  was s t i r r e d  two hours  and p rogres sed  

t h r o u g h  t h e  t y p i c a l  color change :  ye l lo s .  green b l u e  red. 

Isopropyl i o d i d e  (17G ng, 1 m o l e )  vas a d d e d  by means of  a 

Hamil ton s y r i n g e  i n s e r t e d  t h r o u g h  a rubbe r  septum. The i n i t i a l  

deep red c o l o r  of t h e  s o l u t i o n  s l o v l y  tu rned  t o  a yellow-am5er 

hue  concomi tan t  w i t h  t h e  a p p e a r a n c e  of c o l l o i d a l  t e l l u r i u m .  

Af:er b e i n g  s t i r r e d  f o r  one h o u r  t S z  amor . i a  !;as a l l o v e d  t o  

e v a p o r a t e  under a stream of argon y i e l d i n g  a r e s i d u e  c o n s i s t i n g  

of an  o r a n g e  gum c o n t a i n i n g  m e t a l l i c  t e l l u r i u m .  The r e s i d u e  

was e x t r a c t e d  w i t n  s e v e r a l  s m a l l  p o r t j . o n s  of  benzene (15 ml 

IO112 1 5  
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t o t a l  v o l u x )  and t h e  o r a n c e - c n l a r e ?  cc-Sined e:.:crac; 

r;ashe,j s&ll q A i i k  UJLST. T h e  benzene s a i u c i o n  vas d i i c ; t e d  

w i t h  methanol  t o  25 ml i n  a v o l m e t r i c  f l a s k  and a l i q u o t s  

t a k e n  f o r  coun t ing .  The benzexe -ex t r ac t ed  m a t e r i a l  con- 

s i s t e d  of  10.75 m C i  of a c t i v i t y  i d i c a t i n g  a L?S y i e l d  of 

l2 3mTe-labeled d i i s o p r o p y l  d i  t e l  l u r i d e .  The d i t  e l l u r i d e  

s o l u t i o n  was combined w i t h  a n  a d d i t i o n a l  25 ml of ne:hanol 

and t h e  m i x t u r e  s t i r red  v i g o r o u s l y  under  a n  a rgon  atmosphere.  

S m a l l  p o r t i o n s  of sodium borohydr ide  were added u n t i l  a color-  

less s o l u t i o n  was o b t a i n e d ,  I n d i c a t i n g  comple te  reduc:ion t o  

123%?-labeled i s o p r o p y l  tellurol. 

d i t e l l u r i d e  s o l u t i o n  w a s  g e n e r a l l y  r e q u i r e d  €o r  t h e  vigorous 

r e d u c t i v e  p r o c e s s  t o  b e  i n i t i a t e d .  Approximately 80 mg (2  

mole) of sodium hydrox ide  w a s  added t o  t h e  c o l o r l e s s  solu-  

t i o n  and  t h e  m i x t u r e  then  brought  t o  a g e n t l e  r e f l u x .  Should 

t h e  s o l u t i o n  t u r n  l i g h t  ye l low i t  i n d i c a t e s  t h a t  t h e  d i t e l -  

l u r i d e  h a s  re-formed as a r e s u l t  of oxygen b e i n g  in t roduced .  

Sod iun  bo rohydr ide  can  t h e r e f o r e  be added i n  small a l i q u o t s  

u n t i l  a n  zmber s o l u t i o n  is  ob ta ined .  The 24-nor-23-brono-L- 

cholan-39-01 ace ta te  (F ig .  11) (112 mg, 250 umole) was added 

as a slurry i n  a s m a l l  volume of benzene and t h e  mixture  

r e f l u x e d  for one hour .  A t  t h i s  time, :hin Layer  chromat- 

o z r a p h i c  a n a l y s i s  of a n  a l i q u o t  indica:ed t h e  reac:ton t o  be 

comple te .  The s o l u t i o n  u a s  poured i n t o  w a t e r  and t h e  organic  

l a y e r  washed s e v e r a l  t imes w i t h  w a t e r .  The yel low-colored 

Genzle  warn ing  of t h e  

-11- 



taken f o r  counting. 

The 1 2 3 ~ e - 1 a ~ e l e  be 

prepared by this proce 

24-nor-23-(isopro?yl telluro)-53-cholan-3a-ol 

24-nor-23-(octyl tellur0)-5~-cholan-33-01 

2 4-  ( isop r OD]: 1 t e 1 lur o ) -c ho 1-5-en- 3 S-o 1 

2L-(isopr2pyl telluro)-chol-5-en-3S-OMe 

17Q-(isopropyl telluro nethyl)-androst-5-en-38-01 

Example I11 

For the preparation of a model telluro amino acid, diphenyl 

ditell.uri.de was reduced with sodiur;, borohydride in methanol under 

an argon atmosphere. The resu1:ing phenyl rellurol was then 

coupled with S-(bromoethyl) hydrantoin, Fig. I (III), which 

was conveniently pre?ared by kno:m nethods from DL-hoinoserine, 

Fig. I (11). The reaction resulted in a high yield of 5- 

(phenyl telluro ethyl)-hydrantoin (1V.a.). This unusually 

substituted hydrantoin is stable when stored in the dark as a 

solid at 4°C. It vas fullv characterized and exhibited the 

expected physical and chemical properties. Treatment of this 

hydrantoin With 1 N NaOH in a teflon-lined bomb at 160°C 

resulted in hydrolysis to DL-c(-anino-y-(phenyl telluro) 

-12- 
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and vas f u l l y  c h a r a c t e r i z e d  b:: t h e  u ~ i l a l  ze:hods. T n e  

'3 y e - l a b e l e d  amino a c i d  (V.e.)  wzs prepa red  from r e a c c o r -  

produced 123?e. 

d i c e l l u r i d e  was a c c o n ? l i s h e d  b y  r e a c c i o n  or' t h e  

The r . . i c rosca le  s y n t h e s i s  of  d i p h e n y l  

123nTe 

e - l abe led  d i p h e n y l  123ry phenyl  mag3esicn c h l o r i d e .  The 

d i t e l l u r i d e  was t h e n  r e d u c e d ,  cou? led  w i t h  t h e  h y d a n t o i n ,  

and t h e  l a b e l e d  b u t y r i c  a c i d  (V.e.) t hen  o b t a i n e d  by t h e  

x e t h o d s  d e s c r i b e d  above.  The p h y s i c a l  p r o ? e r t i e s  of t h e  

l a b e l e d  a n i n o  a c i d  were i d e n t i c a l  t o  t h o s e  d e t e r x i n s d  f o r  

t h e  u n l a b e l e d  p r o d u c t ,  and r a d i o c h e m i c a l  homogeneity was 

e s t a b l i s h e d  c h r o n a t o g r a ? h i c a l l y .  

Exar;l.ple I V  

Using t h i s  sane method w e  have s y n t h e s i z e d  t e l l u r o -  

me th ion ine  (V.C.). S p e c i a l  p r e c a u t i o n s  must be  t a k e n  i n  

this case because  of t h e  h i g h  v o l a t i l i t y  of  d i n e r h y l  d i t e l -  

l u r i d e  and me thy l  t e l l u r o l  (1 .b . ) .  I n  a d d i t i o n ,  t h e  5- 

methyl t e l l u r o  e t h y l )  h y d a n t o i n  (1V.b.) must be i s o l a c e d  by 

a d i f f e r e n t  method from t h a t  u sed  t o  i s o l a t e  5-(phenyl  t e l l u r o  

e t h y l )  hydan to in  ( I I ' . a . ) .  D i n e t h y l  d i t e l l u r i d e  h a s  been  pre- 

pared by r e a c t i o n  of n e t h y l  i o d i d e  w i t h  s o d i u s  d i t e l l u r i d e .  

Reduc:ion of t h e  d i t e l l u r i d e  t o  meth::l t e l l u r o l  w i t h  subse -  

quent c o u p l i n g  w i t h  5 - (broco  e t h y l )  k y d a z t c i n  (111) t h e n  

gave (1V.b.). The 5 - ( n e t h y l  t . e l l u r o  e t h y l )  h y d a n t o i n  h a s  

been p u r i f i e d  and c h a r a c t e r i z e d .  

-13- - .  
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1 2  37- i n t r o d u c t i o n  of t he  i e  n u c l i d e  i n t o  :he C-24 posi : ion of  t h e  

s t e r o i d  s i d e c h a i r !  t h i s  ne thod  c a n  b? al?a?r_ecl f o r  t h e  i n t r o d u c t i o ?  

of t h i s  n u c l i d e  i n t o  any o t h e r  d e s i r e d  posi : ion o f  t h e  s t e r o i d  s i d e -  

c h a i n .  Examples  uould i n c l u d e  t h e  fo1io: ; ing f a j r i c a t i o n s :  C-17- 

( a l k y l  t e 1 l u r o ) - ,  23-nor-Z2-(alkyl t e l 1 u r o ) - ,  C-20-(a:kyl t e l 1 u r o ) - ,  

C-25-(alkyl t e l 1 u r o ) - ,  e t c .  The l i m i t i c g  f a c c o r  f o r  such s y n t h e s e s  

would b e  t h e  a v a i l a b i l i t y  of t b e  a p p r o p r i z c e  steroid s t a r t i n g  materials.  

I n  a d d i t i o n ,  e s s e n t i a l l y  any d e s i r e d  a l k y l  group cou ld  be  i n t r o d u c e d  

i n t o  the s t e r o i d  s i d e c h a i n  u s i n g  t h i s  n e t h o d .  These could i n c l u d e  

f u n c t i o n a l i z e d  a l k y l  g roups  o r  g roups  t h z t  w o u l d  be anenab le  t o  

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

t he  l a t t e r  case t h e  i n t r o d u c t i o n  of  s u c h  su'2s:i tuents would b e  a func- 

t i o n  of ( a )  t h e . . c o n p a t i b i l i t y  of t h e  p r c s e n c e  of t h e  a l k y l  s u b s t i -  

t u e n t s  to t h e  c o u p l i n g  p r o c e d u r e s  a n d / o r  ( b )  t h e  a v a i l a b i l i t y  of t h e  

d e s i r e d  a l k y l  group. With r e g a r d  t o  s c i n : i g r s ? h i c  a n a l y s e s  u s i n g  

these a g e n t s ,  oche r  t issues b e s i d e s  che z i r e n a l  g l a z e s  could con- 

c e i v a b l y  be imaged w i t h  t h i s  a g e n t .  

The g e n e r a l  method was developed a l s o  f o r  t h e  p r z p a r a t i o n  of 

t e l l u r o  amino a c i d s .  The f i r s t  such CC-;-";-~ ' - .  DL--.-a~ino-y-!?hen~? u 

t e l l u r o  e t h y l )  b u t y r i c  ac id  and teil,rc:e:?.:onlne have been p r e p a r e d .  

The s y n t h e s i s  i s  eas i ly  adap ted  t o  :':,e - 1 c r c s c a l e  a n d ,  p r o v i d i n g  the  

r e q u i s i t e  h a l o - a l k y l  hydan to in  i n t e r t : :  L 1 e 5  a r e  a v a i ; a b l e ,  t h e  

p r e p a r a t i o n  of a v a r i e t y  of  t e l l u r o  A:--: a c i d s  i s  p o s s i b l e .  



S e c t i o n  of C h i s  d i s c l o s t i r e .  

123% The u s e  of a i e - l ~ ' i ? ? e d  a g e n t  c iould  overcone a numjer of  

n u c l i d e  d e c a q s  u i r h  t h e  e-ission of a 1 2  3mTe d i s a d v a n t a g e s .  The 

s i n g l e  g a n r a  photon  i n  84:; abundance w i t h  an energy  of  159 keP which 

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

i n  n u c l e a r  med ic ine .  
- 

Secondly ,  t h e  123?'e-labeled s t e r o i d  can be 

p repa red  i n  a s i m p l e  t h r e e - s t e p  sequence  from r e a d i l y a v a i l a b l e  s t a r t i n g  

materials. The l o n g  p h y s i c a l  h a l f - l i f e  and  t h e  a t t r a c t i v e  radionu-  

c l i d i c  p r o p e r t i e s  would s u g g e s t  a r e l a t i v e l y  low p a t i e n t  c o s t .  Fu r the - r -  

mors, t h e  r e a s o n a b l y  s h o r t  b i o l o g i c a l  h a l f - l i f e  of t h i s  a g e n t  i n  r a t s  

would s u g g e s t  t h a t  t h e  long  ph::sical h a l f - l i f e  of 123mTe (e .g . ,  1 1 9  

days )  would n o t  b e  as s e v e r e  a problem as n i g h t  be  a n t i c i p a t e d .  

F i n a l l y  t h e  per c e n t  a d r e n a l  d o s e  is much h i g h e r  f o r  t h e  123?e 

s t e r o i d  t h a n  t h a t  r e p o r t e d  f o r  t h e  I3'I- and "Se-labeled s t e r o i d s .  

T h i s  would i n d i c a t e  t h a t  a lower o v e r a l l  d o s e  would be r e q u i r e d  f o r  

a d e q u a t e  a d r e n a l  imaging.  

It is a n t i c i p a t e d  t h a t  123?e-labeled s t e r o i d s  vi11 be  u s e f u l  

.. a d r e n a l  imaging  a g e n t s  for tSe c l i n i c a l  d i a g n o s i s  of a d r e n a l  d i s -  

o r d e r s  and t h a t  t h e  l i k e w i s e - l a b e l e d  amino a c i d s  w i l l  be u s e f u l  i n  

t h e  i a a g i n g  o f  t h e  p a n c r e a s .  The g r e a t e s t  i n t e r e s t  and subsequent  

u t i l i z a t i o n  of s u c h  123?ie-la3eled a g e n t s  w i l l  probably be generz ted  

i n  t h e  g e n e r a l  m e d i c a l  c o m u a i t y .  F a v o r a b l e  r e spozse  would i n d i c a t e  

t h a t  t h e  p r e p a r a t i o n  and d i s t r i b u t i o n  of A e- l a b  e l e d  t i s  s u e  i c a 3  1 F.; 
1 2  33, 

a g e n t s  would be deve loped  a l s o  i n  t h e  p r i v a t e  i n d u s t r i a l  s e c t o r .  

-15- 
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DRAFT E y L t L i J  E Uzzell : b r  L_ 

5 / 2 5 / 7 0  

S-N ,068 

I t m n v  Eo TI SSUE- SPEC IFIC sc I NTIGRAPHIC IMAGING AGENTS" 

Background o f  the Inven t ion  

This i nven t ion  was made i n  the course of ,  or Under. a c o n t r a c t  

w i t h  the Uni ted States Department of Energy. 

pa ra t i on  o f  123?e-labeled organic  compounds usefu l  as t racers for 

the study o f  metabolic pathways and phys io log ica l  research. 

Add i t i ona l l y ,  compounds o f  t h i s  i nven t ion  have ' u t i l i t y  as 

rad ioac t i ve  imaging agents for the de tec t i on  o f  systemic or organa1 

d i  sorders. 

It r e l a t e s  to the pre- 

The use o f  r a d i o a c t i v e l y  labeled organic compounds i n  

t h e  study of biochemical r e a c t i o n s  i s  wel l  known. T r i t i um,  14C and 

32P have been used ex tens i ve l y  since t h e i r  corresponding s tab le  

isotopes are present i n  D r a c t i c a l l y  a l l  important c e l l u l a r  components. 
0:a r. I .  / - / a .  . 

Biochemical agents l abe led  with "?:and 75Selhave a l so  found 

a p p l i c a t i o n  as s c i n t i g r a p h i c  imaging agents for the de tec t i on  o f  LIWS 

*.-. d' 

Stero ids l abe led  w i t h  1311 and "Se have been proposed as 

adrenal imaging agents. Resu l t s  i n  l abo ra to ry  animals. i.e. mice, dogs, 

have shown acceptable adrenal accumulation o f  the agents 

good q u a l i t y  images of dog adrenals have 'been obtained. 

75Se , l  a beled 3 Beta- hydroxy-10- (methyl seleno) -chol es t- 5-ene i s  

described i n  S. 0. Sarkar e t  al.  i n  Journal  o f  Nuclear Medicine, Vol. 16, 

The use of 

p.1038 (1975). 

One dtsadvantage 13' I l abe led  adrenal agents i s  t h a t  the 
i 

rad io iod ina ted  s te ro ids  were -very unstable i n  v i vo  r e s u l t i n g  i n  a Pigh 



a l i m i t e a  snel f  l i f e  and r e s u l t s  i n  a h i sh  Beta absomed dose. The 

75Se nucl ide decays w i th  the emission O f  bo high energy photons 

which r e s u l t  i n  i n e f f i c i e n t  c o l l i m a t i o n  and poor q u a l i t y  images. 

Cer ta in  of the p r i o r  a r t  d i f f i c u l t i e s  could be avoided by t h e  use of 

123mTe-labe3ed agents as suggested i n  Radioact ive Pharmaceuticals, 

Andrews e t  a l .  CONG-651111, S p r i n g f i e l d ,  V i rg in ia ,  National Bureau of 

Standards 1966 p.118. German Pa ten t  2,553,408 a l so  suggests the use o f  

123nTe-labeled compounds and describes the synthesis o f  a s t e r o i d  

having nonradioactive t e l l u r i u m  present a t  p o s i t i o n  19. 

r- r % * l  # 

Another useful class of t r a c e r  compounds are rad ioac t i ve l y  labeled 
, 

amino acids. Labeled amino ac ids have been used i n  the study o f  p ro te in  

metabolism and synthesisJ ,For example, t h a t  tak ing place i n  the 

pancreas. Labeled amino ac ids are a l so  usefu l  i n  the study of  the 

e f f e c t s  o f  various pharmaceuticals on p r o t e i n  metabolism. 

v i d e  some references which describe the use of  rad ioact ive ly- labeled 

[Can we pro- 

b -  * _, - amino acids i n  the study o f  metabolism etc.?] /> '. 
, ' ,  7 - c  , . - - - 1  C' 

2 - ^. -. , . C' , .. . . .  
,d' : 

1.23mTe-labeled amino ac ids are l i k e l y  t o  be i s o t e r i c  w i th  the 

s u l f u r  analogs and behave s i m i l a r l y  i n  vivo. Add i t i ona l l y ,  the h igh 

q u a l i t y  sc in t i g raph fc  images produced by the 123mTe nucl ide i s  a 

subs tan t i a l  improvement over l abe led  amino acids. P r i o r  a r t  attempts t o  

prepare telluro-amino acids by m ic rob io log i ca l  methods have been 

unsuccessful, see K o l a r  Z., I n t .  J. Appl. Radiat. I so t .  - 25 330 (1974). 

Summary o f  t h e  Inven t ion  

It i s  an object  o f  t h i s  i n v e n t i o n  t o  prov ide 123mTe-labeled 

biochemical s. 

I t  i s  a f u r t h e r  ob jec t  t o  prov ide a method o f  synthesis fo r  

123mTe-1abeled biochemicals. 

These and other ob jects  are achieved i n  a method f o r  the preparat ion 

Of 123mTe-labeled organic compounds comprising the steps o f  (a )  

r e a c t i n g  a d i - a l k a l i  metal d i t e l l u r o l  % 123mTe w i th  a halogen- 



s u b s t i t u t e d  organic  compound. R - X ,  R being an a l k y l  o r  a ry l  group, t o  form 

a symnetric d i o r g a n o - d i t e l l u r i d e  123mTe2, ( b )  reac t i ng  said diorgano- 

d i t e l l u r i d e  w i t h  a reducing agent t o  form an a l k a l i  metal organo t e l l u r i d e  

o f  the formula R-123mTe-M, ( c l  react ing s a i d  a l k a l i  metal organo 

t e l l u r i d e  w i t h  a halogenated organic compound w i th  a formula R ' - X .  R being 

an amino a c i d  group, a group hydrolyzable t o  an amino acid, o r  a s te ro id  

s i d e  chain t o  form an organo t e l l u r o  o f  the formula R'-123mTe-R. 

D e t a i l e d  Desc r io t i on  

One aspect o f  t h i s  invent ion invo lves a synthesis o f  123mTe- 

l abe led  s t e r o i d s  by methods which in t roduce the Te i n t o  the side chain 

r a t h e r  than the s t e r o i d  nucleus. A s  used herein, the s te ro ida l  side 

chain group i s  de f i ned  as t h e  w e l l  known cyclopentanophenanthrene nucleus 

4 t h  an a l k y l  group from t h e  No. 17  carbon atom as shown i n  drawing. 

Without depar t i ng  from the s p i r i t  of t h i s  invent ion,  tfie s te ro id  nucleus can 

be s u b s t i t u t e d  w i th  i n  pos i t ions.  

_ _  _ _ - -  I - 
_ _  

- - ?  - 

I 
. The side chain attached t o  the number 17 carbon . .- 

atoms can be any a l k y l  group o f A W  ,f*. carbon atoms and can aTso - .  
I _  

con ta in  groups. [ A r e  there any s t e r i c  l i m i t a t i o n s  on w h a t  

can be s u b s t i t u t e d  on t h e  carbon a t o m  adjacent t o  the Te? Please expla in . ]  
. -  .... , . .  

. t  

According to t he  methods described here in the i n t r o d u c t i o n  of t h e  te l lur i ,T  

i n t o  the s lde  cha in  r a t h e r  than t h e  s t e r o i d  nucleus preserves the trans 
geeometry o f  t he  s t e r o i d  nucleus [Why i s  t h i s  important?] 

Due to the general i n s t a b i l i t y  o f  t e l l u r o  organic  compounds, the pre- 

sent  synthes is  method m i  n 7 m i : e s  the need f o r  i s o l a t i n g  intermediates. 
2 r . .  . - -'</ 

. /  
- -. 

- f. 

- 



The r e a c t i o n  sequence leaaing t o  a s t e r o i d  hav ing  a t e l l u r i u m  labeled ~ l c e  

chain i nvo l ves  the reac t i on  of a s tero id-nor-hal ide w i t h  an a l k a l i  m e t 3 1  

a l k y l  t e l l u r o l  t o  prov ide a s t e r o i d a l  a l ky l  t e l l u r o l .  

A. General Procedures f o r  Preparat ion o f  -2 12 3171, 

123mTe i s  convenient ly  prepared f rom i so top ica l l y -en r i ched  

12*Te, obta inable from the i so tope  Sales o f f i c e  of the Oak Ridge 

Nat ional  Laboratory, Oak Ridge. Tennessee, 37830. The r a d i a t i o n  o f  tn: 5 

i sotope i n  a neutron f l u x  prov ides a 123mTe isotope. 

i r r a d i a t i o n  w i l l  r e s u l t  i n  me l t i ng  Of t a rge t  metal r e s u l t i n g  i n  a hard 

mass upon cool ing.  

Generally, 

The t a r g e t  i s  taken i n t o  so lu t i on  i n  an ac id  so1ut)oq 

such as aqua regiaL 

t o  dryness to  prov ide a t e l l u r i u m  sa l t .  The s a l t  can be red isso lved '1 rc 

such as 

evaporated t o  dryness. The r e s u l t i n g  s o l i d  i s  dissolved i n  water. P SI(* 

S+K+IB WABR i s  added (Why??- . .. . , , .. 

, etc. which i s  evacz*d:e 

--.- ..- - 
t o  assure complete d i sso lu t i on  of r e t a l l i c  Te anc a 9 r . -  -- -__..___ ___.. - 

- - ..., 
., .' ;,, 0.' - :- ' , ,. . . * e .  , . .  

.. I , ~ .- , ."'* , 
,. QaB r: 

l.2- . . .  
I .  'L ,. .. . I  l l ' , r  .: , ' , I  # *  , ,,-,, i . '  I , . ,  A * * . - .  .: ... . 

and the  s o l u t i o n  i s  b o i l e d  f o r  one-half hour (Why? . . - - A . . 
. .. - $ \  I '.I . .  .- ' - I. . T'  . . . - ' -  5, c - ' . '  - . i ' ,  

,- .. . .  . 
- 1 .  

and cooled. 2 i s  bubbled through the so lu t i on  t o  cause the precip::r 

t i o n  of t e l l u r i u m  metal which can be recovered by f i l t r a t i o n ,  etc. 

[Is t h i s  a known method o f  - t e l l u r i um p r e c i p i t a t i o n ? ] .  
- . .  

'.": - R  - - 
. , . . r;. 1'. 4 0 L' 1'" : -. - . .  . .  . ? e ,  . a. . - .  - .  * 

j-.:. t...:r. :.\: \ - , ,  - 4 .  f .  )I,.~,I. ;. . t , . , - . . .  ; :,- :. , .... . . _ ) _ _ . _ I  - 

lZ3?e can be combined w i t h  c a r r i e r  (non-radioactive) Te i n  th? in i : . r  

Te d i s s o l u t i o n  steps to reduce the s p e c i f i c  a c t i v i t y  to the desired ' e - *  

w h i l e  p r o v i d i n g d s o t o p i c  homogeniety. The remainder o f  the synthes.15 - 
be described w i t h  reference t o  Te, w i th  the understanding t h a t  some w 4 

o f  the Te i s  i n  the 12%e fonn. 

B. Preparat ion o f  An A l k a l i  Metal A l ky l  T e l l u r o l  

The p repara t i on  o f  a d i - a l k a l i  m e t a l  d i t e l l u r i d e  i s  achieved by '--e . 
d i r e c t  r e a c t i o n  o f  t e l l u r i u m  powder w i t h  an a l k a l i  metal. This can k 

v e n i e n t l y  achieved by r e a c t i o n  i n  l i q u i d  ammonia t o  form M2Tez, M 

being any a l k a l i  metal. [Would any other  non-aqueous solvent be S U " ~  0 

1 -  us- \ : t l J - , A  - t - # * , I ' ?  ' 1  := ." v , T . , -  : . I s . * .  - . 



M2Te2 i s  :hen csnverted to the desired d l - d l k y ~ - d ~ - t e l ~ u r l d e .  

I1 l e  

t h e  appropriate alkyl halide to form a d ia lkyl -d i te l lur ide  

(1s i t  essential  t h a t  the  R-X be added o n l y  a f t e r  the NaZTeZ i s  

Since 

i s  unstable, i t  i s  reacted i_" s f t u  by the direct  a d d i t i o n  o f  2 2  

. I  

. .  

P P -\ 

-. I -  formed? Please explain) I . .  ' I  1 .  

. -  
I *  /" ' " . ,  . .  i 1: I. '#( , ,  , \ ., 

i t .  r. *.I . : . ; * ,  ' , <  I 0- 

/. . I  I ' 
I t  

I' . ; .. . ;. I 

. . c  1. I -  c t d E l . T r  ,-.a I , .. . .?.,, ,, L.-; 
,. . \  i , .T.: >*,. - ~ ;: . . , .-, 

. . , , c,, I.% ...,. t .  3 , . , ,' I 
. .  

I <  , - + <  I \ - .  ' ; c *.-.,* . 
The reaction product i s  extracted with a 'suitabie organic solvent such as . , , 

7 . .  I .  . . . -  benzene, C :  -, 1 ,  , .  - .  - 3 .  . ,  . , ..I . . ._ , .  - . 
.-. r .  . . 

.... 
1 ;  .. , - 

" J . c ' . c . ~ ~  . , '  
. .  

1 .  
' t,' 4 -.- \ 

t e l l u r i d e  i s  reduced to  form an a lka l i  metal alkyl t e l l u r i d e  by the addition 

o f  a reducing agent such as a lka l i  metal borohydrfde. 
. - , I ,  -. . . ! *- : I. , ,I . ,  : . .  I -  , ,. - ' 4 ,r . .. 

1. : , e - -  ,.; ' - i  /.-.,:.; 1.. 
- : '1 . - _  

, .  

. ,  ' _ .  . .. , I , .. * .  
. .l. _. 

I .. " .  - . ... , . . .  . 
. . .  

I .  
. .  \ 

; '  ' . *  . #  
. .  

i ' -  ' I * .  

[Does the reducing agent have t o  be 'an 'a lkal i  metal compound?] 

I . '  , -  * - 4 1 . -  ' - . I  . . , 

11': .-.z ' .  

; - . - - ,  . . . . .  , i , . ; , . . - , -  - .  ' .  . . /.' . : .. , . . .;; . .  . .  

NaOH i s  added t o  the mixture and refluxed [Why?] - 7 ,.. . ,. , -  .. - ... . .- i 1- .- : 2 

* .  . _. '! .- * -* . . , ., . . ., , . * ... . : J . : . . .  - - y - ' I f  -. I \  I, '. f , , ...., - .  1.. ! r . . / , ' 4  c e : . a  z , , .  _L , .-' - . , . ;  . 
' ,  

T h e  reduced product i s  an a lka l i  metal alkyl te l luro l .  According to  the 

method of t h i s  i nven t ion ,  the a lka l i  metal alkyl te l luro l  KTe-R i s  reacted 

w i t h  any halogenated organic compound R ' - X  t o  form R-Te-R'. [Are there any . ,. - , . '"I . a: . I  'c- : -  - - 
l imi ta t ions  on the composition of R ' ?  Please explain.] :.- N - : . . ,  .-,,, I ,..,.,- 

t. Preparation o f  Steroidal  nor-Hal ides U 

f. ' ];*.: - - , i,:.- .\ _. 1. .' 
* , - . . -  , , I  / , . - - . - .  ,a P s 

AL A & & ? - f l A  A . y  '. .'r 
.. ' * .  ; , .  . . . ' , ' . . ,  . . . , . ,  '..;,,:.. 

3 k.3 4 

-erred preparation procedure i s  a modified Hunsdiecker degrada-  

r\ 

This degrcdation comprises reaction of an appropriate s teroid with mercu-: L 



oxide b m m i d c .  hg20-8r2 i n  r e f l u x i n g  carbon t e t r a c h l o r i d e ,  and i s  

described i n  d e t a i l  i n  C r i s t o l ,  S. J. e t  a l .  J. Org. them. 26, 280 ( 1 9 7 1 )  

h e r e i n  incorporated by referencer  The r e s u l t  of the modif ied HunsdJcker 

degradation i s  a s te ro ida l  nor-ha l ide.  [Do you know of other methods of 

- 
uD.dc,.cr,) 

. .  
I .  . .  

prepar ing s t e r o i d a l  nor-hal ides? What does -nor- S ign i f y? ]  L ' I .  

' ,i ! ) -  d 

, 1 .  
, .  . . 1 . .  

. .  . .  I ,  8 .  

~ . . ,  .1  , . . .  , - ,  ' . ' \  ., , 

e , -  + .  ,. , I  . - * ,  , . ,  f , ! ' ,  , * 
. , -  . I  I "  . .  . .  ., , . . ;  . . .  ) .  - 

0. Preparat ion o f  24-nor-23 A lky l  T e l l u r o  Stero ids 

The s te ro ida l -no r -ha l i de  i s  reacted d i r e c t l y  w i t h  the a l k y l i  m e t a l  

t e l l u r o l  product o f  step 6. This can be performed by d i r e c t  add i t i on  of the 

no r -ha l i de  as a s l u r r y  i n  a s u i t a b l e  organfc solvent, f o r  example benzene. 

The r e s u l t i n g  t e l l u r o  s t e r o i d  can be recovered by 
- ' ~ V . ' y &  , - .  r I , .  

xc lsange  [Any othe;' - 
, - I - - .  . . . .  . 1 recovery methods?] ' I  . .  

. .  . .  ., I . - ,. 
. . . .  / .  e : .  I .  

. .  - -  . r .  . . 
-' ! 

E. Preparat ion o f  123?e-labeled Amino Acids 

The preparat ion o f  t e l l u r o  amino ac ids involves the reac t i on  o f  a halo- 

genated organic  compound w i t h  an a l k a l i  metal t e l l u r i d e .  

compounds used i n  the p r i o r  art, , ,alkyl t e l l u r o  compoounds are too unstable 

f o r  use even a t  the s i t e  o f  formation. 

benzyl t e l l u r i d e s  i n t o  amino acids have been unsuccessful. 

unsuccessful? D id  no product appear, o r  was i t  very low y i e l d s ,  e tc? Were 

o t h e r  a l k y l  t e l l u r i d e s  attempted?] . ) ' 
i. 

Un l i ke  the seleno . . .  . , .  
. 

Attempts t o  introduce t e l l u r i u m  f r o m  

[How were they 

\ -  I . ,  : ' . ' I  

.. . *. l-.. ' , _ .  . . -  7 . - - . . .  

7 

I 
/ I  

.- .. 
S . ' .  , .. . .  I -  . , , , ' 7 "  , 9 ' ' 

- I  - 3  

, _  
; - i s -  

- - -  . .  . 
! ' _  . . 

1 . " -  ~ . . . .. . 
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[Why can a l k y l  t e l l u r i d e s  be used i n  s t e r o i d  l a b e l i n g  and n o t  amino ac id 

l a b e l i n g ? ]  i . .  , . .. , . -.. I -  

i ,-. :, , .'. __. , ,.. - .  - 

: . { r 8 t - i h . : ~ ?  .:: - : . , : , .  3 .s , , .  . 
* . .  . '. J : - Z  :.. ; _ .  , . , .  . + . . , . , . ' y ' .  

y k  ,: -: .2 . 

It has been found t h a t  the i n s t a b i l i t y  o f  a l k y l  t e l l u r i d e s  can be over- 

come by the use of phenyl t e l l u r i d e s .  

procedure f o r  l a b e l i n g  amino acids w i t h  l Z 3 i e .  

Fo l l ow ing  i s  described the general 
- 1  



1 2 h  
A.  Preparation of  --Labeled Diphenyl D i  te l lurides 

Phenyl magnesium chloride i s  reacted w i t h  123mTe to form a 

diphenyl te l luride.  [Please describe this step i n  de ta i l . ]  

.- j . .  8 .  . . _ .  - 
- -  I '  



E.  P r e i a r a t i o n  o f  Phenyl T e l l u r o l  

The d ipheny l  d i - t e l l u r o l  from s t e p  A.  is  r e a c t e d  wi th  a r e d u c i n g  
- 

a g e n t  s u c h  a s  an a l k a l i  metal  b o r o h y d r i d e ,  or 

[ P l e a s e  d e s c r i b e  t h i s  r e a c t i o n  i n  d e t a i l .  What i s  the r e s u l t a n t  

p r o d u c t ?  Sodium a l k y l  t e l l u r o l ? ]  ; - 4 1 . - .- 
; ' - 1  , , a- I I 

C. P r e p a r a t i o n  of Tellurc, Amino Acid 

T h i s  i s  r e a d i l y  accomplished by r e a c t i o n  w i t h  a h a l t o g e n a t e d  CL, com- 

p o u n d - l ! l y z a b k  t o  form an amino a c i d ,  for exampleAhydantoin.  T h i s  

method i s  s lmi la r  t o  p r i o r  a r t  methods of p r e p a r i n g  s e l e n o  amino a c i d s .  See 

K l o s t e n a a n ,  H. J. e t  a l . ,  J .  h. Chem. SOC. 69 2009 (1947) .  

. .  ,,". :.. *,::,+!;'- , r_ , t ' ,  : .\ :, + > . I c , : , F ' r ;  C A  

/. 

( P l e a s e  - 
descrfbe t h i s  s t e p  i n  d e t a i l .  A l so  p l e a s e  l i s t  o t h e r  materials than h y d d q -  

t o f n s .  which can be used . )  

Y ' .-: .- . 



The f o l l o w i n g  examples i l l u s t r a t e  the preparat ion o f  several t e p r e -  

sen ta t i ve  123%?-l abeled compounds. 

EXAMPLE I 

Preparat ion of 123mTe 

I s o t o p i c a l l y  enr iched lZ2Te (94 .71%) .  obtained from the isotope 

sales o f f i c e  o f  the Oak Ridge Nat ional  Laboratory, was i r r a d i a t e d  fo r  ' 0  

days i n  the Oak Ridge High F lux  I so tope  Reactor a t  2 x lo1' 
neutrons/cm 'set. The reactor  i r r a d i a t i o n  of  the m e t a l l i c  t e l l u r i u m  

r e s u l t e d  i n  the format ion o f  a molten t a r g e t  M S S  which had s o l i d i f i e d  

du r ing  cool ing. 

i s  taken t o  i n s i p i e n t  dryness. 

cen t ra ted  hyd roch lo r i c  a c i d  and taken t o  dryness again. 

was repeated again and the r e s u l t i n g  s o l i d  was d isso lved i n  200 m l  o f  

2 

The t a r g e t  was d isso lved i n  an aqua reg ia  and the so'.: - 
The s o l i d  residue was d isso lved i n  c o r -  

The ac id t r e a r r .  

(About how much s o l i d  was there?) p '-4 *I r . .  ;, , ' * -! 
I 

A f t e r  the a d d i t i o n  o f  NaBr ( 5  grams) the so lu t i on  was b o i l e d  for  one-hd 

hour, cooled, and SO2 was passed through the so lu t i on  a t  the r a t e  o f  DO 

bubbles per second f o r  two hours. The t e l l u r i u m  metal p r e c i p i t a t e d  a s  r t ' .  

f i n e  p a r t i c l e s  and was recovered by cent i fugat ion.  The recovered p a r t * .  

were washed three times w i t h  water and d r i e d  i n  an oven a t  140'C. The - 
very o f  123mTe i s  c o n s i s t e n t l y  b e t t e r  than 90% by t h i s  method. 

EXAMPLE I1 

Preparat ion o f  di-sodium d i - t e l l  u r i  de. 
.. - _ _  

22 m i l l i g rams ,  25.8 m C i  was combined w i t h  c a r r i e r  t e l l u r i um,  ( 4 5  
* __. -. 

iCrOn powder) t o  y i e l d  a sample w i t h  a s p e c i f i c  a c t i v i t y  of 25.8 

Approximately, 25 ml l i q u i d  ammonia was condensed i n t o  t h e  



r e a c t i o n  vessel con ta in ing  the t e l l u r i u m  powder. The ammonia i s  main- 

t a ined  i n  the l i q u i d  s t a t e  by i n s e r t i n g  the f lask i n  d bath o f  

- I 

The reac t i on  vessel had been p rev ious l y  flushed r i t h  argon connected to  a 

small t rap  t o  mainta in  a s l i g h t  argon pressure during the reaction. 

Freshly  c u t  pieces o f  m e t a l l i c  sodium (23 mg, 1 mole) were added to the 

r a p i d l y  s t i r r e d  s l u r r y r  The So lu t i on  was s t i r r e d  2 hours and progressed 

through the c o l o r  changes yel low, green, b lue,  red. The red  c o l o r  i n d i -  

cated the completion o f  NaZTe2 formation. 

EXAMPLE 111 

Preparat ion o f  d i  a1 kyl d i  - t e l l  u r i  de. 

Isopropyl  i od ide  (174 mg, 1 m o l e )  was added t o  the reac t i on  vessel 

o f  Example I 1  by means of a syr inge i n s e r t e d  through a rubber septum. The 

i n i t i a l  deep red c o l o r  o f  t he  s o l u t i o n  s lowly  turns to ye l l ow  amber con- 

comi tant  wi th the appearance o f  c o l l o i d a l  t e l l u r i um.  A f t e r  one hour o f  

s t i r r i n g  the ammonia was al lowed t o  evaporate under a stream o f  argon , 

y i e l d i n g  a residue cons is t i ng  o f  an orange gum conta in ing m e t a l l i c  

t e l l u r i um.  The residue was ex t rac ted  w i t h  several s m a l l  po r t i ons  of benzene 

(15 ml.) and the combined e x t r a c t s  were washed w i t h  water several 

times. The benzene s o l u t i o n  was d i l u t e d  w i t h  methanol t o  25 m l .  and 

a l i q u o t s  were taken for counting. The benzene ext racted mater ia l  i n d i -  

ca ted  a 42% y i e l d  o f  123mTe d i - i  sopropyl d i - t e l l  r;ri de. 

EXAMPLE I V  

Preparat ion o f  sodium a l k y l  t e l l u r i d e .  

123mTe d i - i sop ropy l  d i - t e l l u r i d e  so lu t i on  from Example The 
P. ; ,:., p\. ,>&, , .L . ,A*.  > , ' .  '-' - .  

111 was combined w i t h  2 5  ml. o f  methanol (why?) v .-A I,-:: I : -<  .'ui.:; 1 . - -  
...!!J7 *;.a- . ~ ;:- .: ",'. ' /  - V5' I ' ?  ;.,. , .  -... I ; . ' .  .-, .- 

;r .\ \ . e ,  1,:: ..-. .- . i e., - i  , I  ,', ;,..*+ t a f 

I .  

- '  ! . 8 [.. . ,-,< , . , . , . , . ! - 1 . t  e and the mixture s t i r r e d  v igorous ly  

under an argon atmosphere. 

added u n t i l  a co lo r l ess  s o l u t i o n  was obtained which i nd i ca ted  complete 

reduc t i on  o f  the d i - t e l l u r i d e  t o  the sodium isopropyl t e l l u r o l .  

cases gent le  warming o f  the d i - t e l l u r i d e  s o l u t i o n  i s  needed to i n i t i a t e  t h e  

Small po r t i ons  o f  sodium borohydride were then 

I n  some 

reduc t f on; 
. _  



ExA:4PLE v 

Preparation of s teroidal  -nor-bromi d e s .  

[Please describe the Hundiecker synthesis of 3 beta-acetoxy-24-nor-brom0-5- 

alpha-cholane i n  d e t a i l ,  emphasing any features you regard as new.] 

EXAElPLE V I  

Preparation of 3-beta-hydroxy-24-nor-23(isobutyl tellurol-5-beta-cholane. 

To the solution of Example I V  was added about 80 mg. ( 2  m o l e )  of 

sodium hydroxide and the mixture was then refluxed (What  i s  the purpose 

. _ .  , I .  I . .  . .  . . .  I .  

... i .  , ,. . , A! ; .. I * .  . i ' _. .. , .: o f  t h i s  s tep?)  . . I '  
1: . 

4- 1 ; c  r .  .-e 
, 

.;. . . . 
. .  . .  

- - ,  . A .  q q '  * - ,  ),.,;. . . - .  .! . - 
-! -. I : L7 ,.-: i. 

11 2 m i  11 igrams of 3 Beta-24-nor-23-bromo4 a1 pha-chol ane from Example V was 

added t o  the color less  Solution as a s lur ry  i n  a small volume of ben- 

zene and the mixture was refluxed f o r  1 hour. 

react ion was completed as indicated by t h i n  layer  chromatographic analysis. 

The r e s u l t i n g  solution was poured into water and the organic layer washed 

several times w i t h  water. The yellow-colored benzene solution was applied 

t o  a s i l i c i c  acid column, s lur r ied  in benzene. (Does this s i l i c i c  acid 

material have a t rade name or other ident i fying charac te r i s t ics?)  

After t h i s  time period the 



25 m l  f r a c t i o n s  were co l l ec ted  by d i l u t i c n  w i t h  increas ing concentra- 

t i o n s  of e t h y l  e the r  i n  benzene. A l i quo ts  (100 m i c r o l i t e r s )  o f  each frac- 

t i o n  were taken f o r  counting. 

l abe led  s t e r o i d  product was 26 mci/mnole, i n d i c a t i n g  more than -% y i e l d .  

[Why d i d  the  acetoxy group convert t o  hydroxy? 

The s p e c i f i c  a c t i v i t y  o f  the 123mTe- 

Is t h i s  necessary or 

I desi rab le?]  -_ 

, -  

EXAMPLE V I 1  

Preparat ion o f  3-a1 pha-hydroxy-24-nor-23- ( i sopentyl t e l l  uro)-S- 
I 

beta-$01 ane. 

3 -a 1 p ha-ace toxy- 24- nor- 23- bromo- 5- a4-ph-c ho l  an, prepared by a 
b : : r  E 

. 
I .  , . -  .* . -  modi f ied Hunsdiecker synthesis from 1 . -  ! . . 

was added as described i n  Example V. [Any d i f f e rence  i n  preparation?] 

1 ' 1  3 

t o  a methanolic s o l u t i o n  o f  sodium isopenty l  t e l l u r o l  prepared as i n  Example 

I V  from d f - f sopen ty l  d i - t e l l u r i d e s  prepared as i n  Example - . The solu- 

t f o n  was r e f l u x e d  f o r  one hour a f t e r  which t ime t h i n  l aye r  chromotography 

i n d i c a t e d  the r e q t i o n  t o  be complete. The s o l u t i o n  was poured i n t o  water 

and ex t rac ted  wi th chloroform. 

m a t e r i a l  was p u r i f i e d  by a t h i n  l aye r  chromotography. [Is there anything 

specia l  about the TLC? What instrument. so lvent  and absorbant were used?] 

c 

The y i e l d  was 34 m i l l i g r a m  (32%). The 

8 . . .  . . . ; . . . . I . . .  . .  .- 
;* .: . .  , I .  \ . .  

. .  

EXAMPLE VI11 

Prepqra t i on  Of3-alpha-hydroxy-24-nor-23-( i sopropy l  t e l  luro1-5-beta- 

chol  ane. 

- / j :  - 

. 1 1 0 1 1 2 5 8  



A s o l u t i o n  of  sodium i s o p r o p y l  t e l l u r o l  was p r e p a r e d  by r e a u c t i o n  of 

d i i s o p r o p y l  d i - t e l l u r i d e  ( 1 3 5  m g ,  400 micro  moles) w i t h  sodium borohydr ide  

i n  b a s i c  methanol i n  the manner of Exanples  1-12. 

3-alpha-acetoxy-Z4not-23-bromo-5-beta-chola~~90 mg, 200 m i c r o  males) was 

added  and t h e  m i x t u r e  was r e f l u x e d  two hours .  

t h i n  l a y e r  chromatography u s i n g  c h l w o f o r m  s o l v e n t . )  ( T h i s  m a t e r i a l  and the 

m a t e r i a l  of Example V I  c o u l d  n o t  be c r y s t a l l l z e d ,  how would you propose 

p u r i f y i n g  t h e  p r o d u c t ? )  

P u r i f i c a t i o n  was performed by 

. - ,  

EXAMPLE I X  

P r e p a r a t i o n  of  3-Beta-hydroxy-24-nor-23-( i s o p e n t y l  t e l l  uro)-5-  

a 1  pha-chol  ane.  

3-beta-acetoxy-24-nor-23-bromo-5-al pha-chol ant  was p r e p a r e d  by t h e  

m o d i f i e d  Hunsdiecker  d e g r a d a t i o n  of 3-beta-acetoxy-5-a1 pha-chol a n i c  

a c i d  and p u r i f i e d ,  (How?) 
- - -  I ,! % : . . - 

The p r o d u c t  was c r y s t a l l i z e d  from methanol and water - to  g i v e  f i n e  n e e d l e s .  

To this m a t e r i a l ' w a s  added 200 ru moles of  sodium i s o p e n t y l  t e l l u r o l .  

r e f l u x i n g  methanol  z e  r e a c t i o n  m i x t u r e  was poured i n t o  w a t e r  and t h e  c r J c e  

p r o d u c t  e x t r a c t e d  w i t h  c h l o r o f o r m .  

t o g r a p h y  gave a t h i c k  gum the p r o d u c t  was homogeneous by t h i n  l a y e r  chromo- 

t o g r a p h y  a n a l y s i s  and t r i t u r a t i o n  w i t h  a small  volume of e t h e r  gave a 

s o l i d  having  a m e l t i n g  p o i n t  of 78 t o  80'C (How has t h i s  m a t e r i a l  

- 
:n 

. -  - 

P u r i f i c a t i o n  by t h i n  l a y e r  chromo- 

- - 
p u r i  f l ed?)  1;' ; -_ 

The 3-hydroxy-24-nor-23-(  d l  kyl t e l l u r o )  s t e r o i d s  a r e  r e l a t i v e l y  

. L * # 4  - . 
- r .  



wrth chloroform or e t h y l  dcetate .  

dlpha and betd hydroxy steroids? Which w o u l d  be preferred for  imaging'] 

[;ihdt IS the expected d i f f e r e n c e  between 

EXAMPLES x 

(P lease describe the successful synthesis of several lZ3Te-amino 

acids i n  d e t a i l .  Where i s  it most d e s i r a b l e  t o  :abel the amino a c i d s ? )  



Adrenal Imaging 

F i s h e r  s t r a i n  white a lb ino  r a t s  were used f o r  the fo l l ow ing  

i n v e s t i g a t i o n .  The animals were s i x  to ten weeks old, male r a t s  

weighed 225-300 grams and the female r a t s  weighed 160-180 grams. Food and 

water  were allowed ad l i b i t u m  p r i o r  t o  i n j e c t i o n  throughout the durat ion of 

t h e  experiment. Benzene s o l u t i o n  o f  the 123mTe-labeled s t e r o i d  o f  

Example IX was taken t o  dryness under argon and the s o l i d  dissolved i n  etha- 

no l .  

s t e r i l e  v i a l  conta in ing a phys io log i ca l  sa l i ne  so lu t i on  conta in ing 101 Poly- 

sorbate 80. (What was the Polysorbate fo r? )  . ; 

The s o l u t i o n  was f i l t e r e d  through a m i l l i p o r e  f i l t e r  d i r e c t l y  i n t o  a 

. .  
I -  , : .: ',; , * 

- -  
1 

I .  * .  . .  
' 1 .  

. , . .  . . .  
J - .  . . _  I .  . ,  . ; , (L  ; : .  ' ; I -  . . , * ;  .,., ,- , . ;. . ;  , 1 ;  

The f i n a l  ethanol concentrat ion o f  t h i s  s o l u t i o n  was 102. The s t e r o i d  

s o l u t i o n  [1 ml. 6-15 micro c i )  was i n j e c t e d  v i a  the t a i l  ve in  o f  r a t s  

t h a t  were anesthesized w i t h  ether. The r a t s  were s a c r i f i c e d  a t  se lec t  

t imes a f t e r  betng anesthesized w i t h  ether. Blood was drained from the  

carcass i n t o  a beaker conta in ing a small amount o f  sodium c i t r a t e  solu- 

t i on .  (Is t h i s  t o  p r o h i b i t  c l o t t i n g ? )  ' ' /A" - 

_ -  

= T  ._ . 
,( -:- 

- F  - -  e??; 
-12. 

t The _ _  organs were c a r e f u l l y  removed, r i nsed  w i t h  0.9% s a l i n e  so lu t i on  and 



b l o t t e d  dry p r i o r  t o  weigning. The t issue d i s t r i b u t i o n  da ta  were ana- 

l yzed  through a m u l t i f a c t o r i a l  andlys is  o f  variance computer prograr. 

Male and female r a t s  were i n j e c t e d  w i t h  the 123mTe-labeled 

s t e r o i d  o f  Example IY (100-300 microcur ies)  as described above. A f t e r  

t h ree  days the animals were s a c r i f i c e d  and the adrenals. l i v e r s ,  lungs 

and ovaries were removed. 

chloroform methanol m ix tu re  (2-1, Folch medium) a t  5000 rpm f o r  30 

seconds using a Sorva l l  Omni-Mix device. The homogenates were f i l t e r e d  

through cheese c l o t h  and a f t e r  add i t i on  o f  an equal amount o f  water the 

Tissues were homogenized i n  45 m l  o f  a 

phases were al lowed t o  separate. A l iquots  o f  the lower organic phase 

and upper aqueous phase were counted. 

1 i t t l e  r a d i o a c t i v i t y .  

t o  dryness i n  vacuo and the  r e s u l t i n g  residues d isso lved i n  a small volume 

o f  chloroform and app l i ed  t o  s i l i c i c  ac id  columns (600-200 mesh, 2 x 30 cm). 
* ?r 

Frac t l ons  25 ml i n  volume were co l l ec ted  by e l u t i o n  w i t h  increas ing volumes 

o f  ether i n  benzene. 

The aqueous phase contained very 

The organic layers were separated and evaporated 

A l i q u o t s  o f  each f r a c t i o n  were counted. 

The animals were anesthesized a f t e r  i n t r a p e r i t o n i a l  i n j e c t i o n  o f  . 
a sodium pen tabarb i to l  s o l u t i o n  (30-50 mg/kg) and scans were obtained 

us ing  a r e c t i l i n e a r  scanner equiped w i th  a 63 ho le  go ld c o l l i m a t o r  a t  a 

f o c a l  distance o f  3 cm. The animals were scanned a t  2 5  fnches per minute. 

The camera Images were obtained w i th  an RC-type propor t ional  counter camera 

u t i l i z i n g  a xenon gas f i e l d  detector  [Do you have f u r t h e r  desc r ip t i on  of 

t h e  model number, etc. o f  the scanner which was used?] 

The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  t i ssues  of male r a t s  was 

determined a t  a v a r i e t y  o f  time i n t e r v a l s  o f  1 hour to 21 days 

f o l l o w i n g  the  in tervenous admin is t ra t ion o f  the 123mTe-labeled 

s tero id .  The major organs were removed, weighed and counted d i r e c t l y  

i n  a mult ichannel analyzer. The { i r s t  group d i s t r i b u t i o n  o f  radioac- 

t l v i t y  was detennined a t  1,6 i n  18 hours a f t e r  admin is t ra t ion.  +he- 
-- -- 

\ 

- w s m t - l & X .  A t  the e a r l y  time i n t e r v a l s  the 
e 

l i v e r ,  spleen, a d r j n a l s  and lungs a l l  contained s i g n i f i c a n t  l e v e l s  of 



. -  . . - - -  
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adrenals, however. while the lows of r a d i o a c t i v i  t y  d t c r L , , ~ ; d ~ i  Or relnJincd 
.* I 

constant ,  i n  the other orgdns described d h o w . ( '  In the \ C L C ~ I I # ~  I~ , , I I I~  of ani- 

mals the d i s t r i b u t i o n  of r a d i o a c t i v i t y  was 6etrr inlned d t  O W ,  three and 

seven days a f t e r  i n j e c t i o n  of the l dbe led  s tero id .  %e resuTts  arg pm- 

. t  . 
n-pred .44F+nd+ to decrcsw sftcr one day: 

These r e s u l t s  are f u r t h e r  suOStantiated by S l l n i l a r  ddta uhtdincd troll1 ani -  

mals i n  the t h i r d  group a d  were s d c r i f i e d  a t  seven, fourteen and twenty-one 

- 3  ' 
b,L..L 

days a f t e r  i n j e c t i o n  w i th  the labeled s tero id .  *e .m4* of t b e . Q i r d  

data-* fabtc3-i-4l.I 

,~ , .~ . , , ,s . .? t he  r a d i o a c t i v e  contents of the blood, l i v e r  and lunys are very h igh a t  

e a r l y  t ime i n t e r v a l s  decreasing r a p i d l y  w i t h  a COnCOmitdnt increase i n  the 

r a d i o a c t i v e  contents o f  the adrenal glands. The adrenal glands reached d 

masirnun concen t ra t i on  a t  one t o  two days a f t e r  i n j e c t i o n .  Fandle rdts 

showed genera l l y  p a r a l l e l  Concentrations except t h a t  the concentrat  i o n  o f  

r a d i o a c t i v i t y  i n  the ovar ies r a s  also high. 

, 



I 

Blood 
Liver 
Spleen 
Pancress 
'Stomach 
Small Intest ine  
ZPrgc Intest ine  
M r e n a l s  
Kidneys 
Prostate 
-Testes  
Heart 
Lungs 
Thyroid 
Brain 

. .  

1.48 f 0.35 
2.71 f 0.30 
2.98 f 0.15 
0.16 f 0.02 
0.11 f 0.04 
0.71 f 0.19 
0.06 2 0.03 
4.51 1.16 
0.63 f 0.04 
0.07 f 0.01 
0.04 f 0.003 
0.40 f 0.09 
2.01 f 0.09 
0.42 f 0.05 
0.04. 2 0.01 

0.95 .c- 0.04 
-2.03 f 0.07 
2.75 f 0.27 
0 . 2 4  f 0.06 
0.07 f 0.02 ' 

0.71 2 0.09 

0.72 f 0.23 
16.51 f 1.31 . 
0.76 f 0.05 
0.09 f 0.0: 
0.00 * 0.01 
0.53 f 0.09 
1.99 f 0.08 
2.07 f 0.78 
0.05 2 0.001 

0.L9 : 2 :: 
().a& : 9 18 

1 . 2 9  : 9 

0.19 : 1 ' 

0.0s ! . 
0.39 : - 
0.86 t 

2 2 . 1 ;  
0.?1 : ' 
0.C9 . 
0.09 

0 . C )  ' 

1.5: * 

0.53 * 

0.2- ' 

. .  

-. 

.. . . "_. 
. .  - . I  

- . ...... 
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T-Lt 2. W E M S T - - ~ T  DISTRICCTION OF I U D I O A C T I V I T Y  I N  FLUE RAT 

3~-)1YDBOXS-24-:iOR-93- (ISOPSOPYL TELLCRO)-5a-CHOL4LVE 
TISSUES 1, 3 AXD 7 DAYS ~ T R  ISTLIVEXOUS IXJECTIOS OF *z’”?e- 

r* 

Ifcan Percent Dosefgram, f s . d .  

Tissue 1 day a f t e r  dose 3 days a f t e r  dose 7 days a f t e r  dose 

~ 

Blood 
Liver 
Spleen 
Pancreas  . . 
Storcach 
Snull I n t e s t i n e  
h r g c  I n t e s t i n e  
Adrenalo 
Kidneys 
Prostate 

T e s t e s  
Heart 
Lungs 
Thyroid 
Brain 

0.61 f 0.04 
1.01 f 0.23 
1.59 f: 0.28 
0.33 f 0.07 
0.25 f 0.02 
0.77 f 0.24 
1.82 f 0.93 

26.39 f 1.13 
1.08 f: 0.14 
0.18 2 0.06 
0.14 f 0.02 
0.59 f 0.09 
2.12 f 0.35 
1.23 f 0.09 
0.07 f 0.01 

0.37 f 0.03 
0.53 f 0.04 
0.58 f 0.07 
0.30 f 0.03 

0.32 f 0.13 
0.49 f: 0.20 
1.89 f 1.99 

19.27 f 2.40 
0.94 f 0.06 
0.17 f 0.02 
0.12 f 0.01 
0.26 f 0.04 
0.85 f 0.14 
0.73 f 0.07 
0.07 f 0.01 

0.20 f 0.04 
0.23 f 0.02 
0.29 f 0.05 
0.21 f 0.008 
0.14 f 0.01 
0.23 f 0‘.02 
0.53 f 0.14 

14.48 f: 1.76 
0.75 f: 0.07 
0.09 2 0.04 

0.09 f 0.01 
. 0.12 f 0.02 

0.40 2 0.06 

0.74 f 0.27 
0.08 i 0.001 



Pkaa Percent Dose/pram, 2 s.d. 

7 days after dose 14 days after dose 21 days after dose 
~~ ~~ 

Blood 
Liver 
Splccn 
Pancreas 
Stomach 
Small Intestine 
Large Intestine 
Mrcnds 
Kidneys 
Pros tatc 
Tester 
Heart 
Lungs 
Thyroid 
Brain 

0.19 f 0.05 
0.14 f 0.03 
0.32 f 0.12 
0.12 f 0.01 
0.05 f 0.02 ' 

0.38 0.49  

0.09 f 0.01 
5.56 f 1.38 
0.49 f 0.12 
0.06 f 0.01 

-. .-0.07 f 0.01 
0.09 t C.03 
0.22 f 0.04 
0.13 f 0.07 
O.O$ f 0.01 

0.16 f 0.04 

0.06 2 0.01 . 

0.20 f 0.03 
0.07 f 0.01 
0.01 f 0.01 
0.03 f 0.003 
0.03 f 0.01 . 

4.59 ?: 0.45 
0.29 f 0.'05 

0.04 * 0.01 
0.05 f 0.01 
0.03 f 0.02 
0.11 f 0.01 
0.15 0.08 
0.06 f 0.03 

0.09 f 0.02 
0.03 f 0.01 
0.11 f 0 . 0 3  

0.04 f 0.01 
0.01 f 0.01 
0.02 f 0.01 
0.02 * 0.01 
1.81 2 0.57 
0.16 f 0.01 
0.02 f 0.004 
-0.03 f 0 . 0 3 4  

0.02 -c 0.001 
0.05 f 0.004 

0.12 f 0.06 

0.03 2 0.02 

. 

. .  

. .  
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Experiments were a l s o  conducted t o  determine i f  the labeled s te ro id  Mas 

Three days fo l l ow ing  ,ae tabo l i zed  by the adrenals and other  tiSSueS o f  ra t s .  

in t ravenous admin i s t ra t i on  Of the l abe led  s t e r o i d  male and female r a t s  were 

s a c r i f i c e d  and se lected t i ssues  removed, weighed, counted and homogenized i n  

Fo lch  medium. 

tographed on s i l i c i c  ac id  columns by e l l u t i o n  w i t h  solvents o f  increas ing 

p o i a r i t y .  The columns ?re i n i t i a l l y  eliu'ded w i t h  benzene fo l l owed  by 

so l ven t  mixtures Containing increas ing propor t ions o f  e ther  and benzene and 

were f i n a l l y  washed w i t h  methanol. The p r o f i l e s  from male r a t s  suggested 

t h a t  the l abe led  s t e r o i d  was metabolized t o  several products by the male 

adrenals. The adrenal ex rac t  from a female r a t  contained a nonpolar 

The organic phases from the Folch e x t r a c t s  were chroma- 

r a d i o a c t l v e  component and a l so  s i g n i f i c a n t  r a d i o a c t i v i t y  i n  a reg ion  

resembling the o r i g i n a l  s t e r o i d  which appears t o  i n d i c a t e  b s i g n i f i c a n t  por- 

t i o n  o f  the agent was no t  metabolized. The presence o f  non-polar radioac- 

t i v e  components would i n d i c a t e  a t  l e a s t  p a r t i a l  metabolism. h o n g  the 

t i s s u e s  which were examined the components t h a t  were observed upon chroma- 

tographic  ana lys i s  o f  ex t rac ted  l i p i d s  were cons ls ten t l y  d i f f e r e n t  and would 

i n d i c a t e  t h a t  the rad ioac t i ve  components represent t r u e  m t a b o l i  tes. 

The metabolism o f  such ad r ina l  imaging agents , is  important because 
' . I . ' '  ._- ...... " . '  

-- 
: d .  : * -  3: r .  *: * . . .  . .  . . . . . .  . - .  .. 
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-. . 1 .  .- . 

t '  
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The adrenal glands o f  the ma le ' ra t s  were 'c lear ly  imaged'one day ' - ' 

a f t e r  admin i s t ra t i on  o f  the 123mTe-labeled s tero id .  Both the adrig- 

nals and ovar ies of female r a t s  were a l so  imaged fo l l ow ing  the i n j e c -  

t i o n  o f  the agent bath a r e c t a l i n e a r  scanner and an RC-type propor- 

t i o n a l  counter camera. 

Tests w i t h  other  s te ro ids  i n d i c a t e  a complex r e l a t i o n s h i p  between 

s t e r o i d  Structure. r e l a t i v e  ra tes  o f  en t r y  and e x i t  from the va r ious  

body canponcnts. Two s te ro ids  prepared according t o  the above- 

descr ibed procedure, 3-beta hydroxy-24-nor-23-octyl-tell uro-chol-5-ene 

and 3-beta methoxy-24-isopropyl-tel1uro-5-ene accumulate slowly i n  the 



a d r i n a l s .  

.ahowed a s l i g h t l y  g r e a t e r  a d r i n a l  u p t a k e  t h a n  the s t e r o i d  i n  the above 

test. Two other s t e r o i d s  ( 3 - a l p h a  hydroxy-24-nor-23-(  i s o p r o p y l  

t e l l u r o ) - 5 - b e t a - c h o l a n  and 3 - b e t a  hydroxy-[( i s o p r o p y l  t e l  l u r o )  

methyl]-androsed-5-ene d i d  n o t  c o n c e n t r a t e  i n  the a d r i n a l  s. 

The steroid 3-be ta-hydroxy-24- i  s o p r o p y l  t e l l  u r o - c h o l - S e n e  

.C 

I t  i s  s e e n  t h a t  the g e n e r a l  s y n t h e s i s  method o f  this i n v e n t i o n  can 

b e  a d a p t e d  to the p r e p a r a t i o n  of any a l k y l  t e l l u r o  s t e r o i d  merely by 

p r o v i d i n g  a s u i t a b l e  a l l o g e n a t e d  r e a c t i o n  s i te  and such  s t e r o i d s  a r e  

c o n t e m p l a t e d  a t  e q u i v a l e n t s  of the s p e c i f i c  steroids described h e r e i n .  

' .  
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Dean E. t a r l son ,  C h i c r .  Prosecut lzn ?r3nc5, i 'atcnts, :w) 
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DOE USE S-J~,O~B' 

E n c l i s e i  a re  sn a p p l i c l t i m  i n  the  above ca:e and the F o l l w l n g  
* aCai ti onal papers : 

( 1 W s t o l  Board Dranlt l?.(s) ( 1 !??cord of ! w e n t i o n  

{ 1 P r i o r  A r t  L a t t e r  ( I n  dup.) ( 1 

( 1 Asslgmnent ( i n  dup.) 0 
Fees payable are: 

Basic  F e e .  ....................... $65 

Addl t i o n a l  Fees: 
T o t a l  c l a l a s  I n  excess o f  ten, t l m s  $2. ...... 15 

Wmber o f  Independent c la ims minus one, t l n a t  110. . 30 
Tota l  F l l l n g  Fee. .................... $ 111 

F I  11 ng p r l  o r  t o  as w o n  a t  p o r s l b l e  

P u b l l c a t l o n  status: A b r l c f  abs t rac t  was oubl lshcd June 13, 1977. 
We h e l l a v c  t h a t  t h l s  i s  no t  a s t a t u t o r y  bar and w i l l  argue I t  i n  t h c  m t x t  
o f f l c e .  Other pub l i ca t i ons  have been rel9ased r l n c c  then a t  nurtetJoS t14aes. 

i s  necessary. 

Firci+p f i l l n g  I s  rcco,?nended. The f o l l o w i n g  coun t t tes  should be 
considered. Canada 
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Steohen 0 .  Hamel 
Ass fs tan t  Paten t  Counsel 
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