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SUMMARY 

The a l p h a  e m i t t i n g  r a d i o h a l o g e n  211At h a s  p o t e n t i a l  
u s e  as  a r a d i o t h e r a p e u t i c  a g e n t  when l i n k e d  to 
b i o l o g i c a l l y  a c t i v e  molecules. The range  of compounds 
which may be a s t a t i n a t e d  is l i m i t e d  by r e l a t i v e  l a c k  of  
knowledge of o r g a n o a s t a t i n e  s y n t h e s e s .  The n r o d u c t i o n  
of a s t a t o v i n y l  s t e r o i d s  was c a r r i e d  o u t  v i a  
e l e c t r o p h i l i c  s u b s t i t u t i o n  of t r i - n - b u t y l s t a n n y l v i n y l  
s t e r o i d s  w i t h  a s t a t i d e  i n  t h e  p r e s e n c e  of mild o x i d i z i n g  
agents .  The a s t a t i n a t e d  s t e r o i d 8  are s y n t h e s i z e d  
r a p i d l y  and i n  c a r r i e r - f r e e  f a s h i o n  y i e l d i n g  compounds 
of h i g h  rad iochemica l  p u r i t y .  

Key words: 211At, 17-alptfp-211At-vinylastradiol , 
1 3 -beta-methoxy-l7-alpha- ’ A t - v i n y l e s t r a d i o l ,  d e s t a n n y l a t i o n .  

INTRODUCTION 

’’ ’ A s t a t i n e  l a b e l e d  compounds are of  c u r r e n t  medica l  i n t e r e s t  

because  of  t h e  recent d e m o n s t r a t i o n  t h a t  211At-tellurium c o l l o i d s  

and 211At monoclonal a n t i b o d i e s  are e f f i c a c i o u s  i n  e x p e r i m e n t a l  

model. sys tems [ l - 3 1 .  A r e l a t i v e l y  p u r e  a l p h a  emitter [ 4 ]  with a 

s h o r t  p h y s i c a l  h a l f - l i f e  (7.2 h )  , 211At is p a r t i c u l a r l y  

i n t e r e s t i n g  for i n t e r n a l  emitter r a d i o t h e r a p y  because  energy  

d e p o s i t i o n  from t h e  a l p h a  p a r t i c l e  e m i s s i o n s  o c c u r s  o v e r  a d i s t a n c e  

t h a t  approximates  s e v e r a l  ce l l  d i a m e t e r s .  

t o  whom correspondence  to be a d d r e s s e d  
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In contrast to the iodination of biologically active molecules, 

the astatination of organic compounds is relatively difficult to 

achieve. The short physical half-life demands ranid and simple 

methodologies which yield radiochemically pure compounds. Aromatic 

compounds have been astatinatod by electrophilic substitution of 

mercury and thallium [5-81 , decomposition of diazonium salts 19,101 

and thermal halogen exchange I 1  1,121. Electrophilic destannylation 

reactions have been used for the preparation of halogenated organic 

compounds and the synthesis of aryltrialkylstannane intermediates 

for subsequent rapid preparation of radiolaheled steroids and their 

analogs 113-161. The requirements of radiochemical purity and a 

rapid and simple methodology for potential therapeutic astatinated 

compounds led us to investigate the use of mild oxidizing agents in 

the carrier-free synthesis of astatinated vinvlsteroid hormones from 

tri-n-hutylstannylvinyl steroid precursors. This napor reports the 

successful preparation of 17-al~ha-~' 'At-vinylestradiol 

(211AtVE2 ) and 1 I-beta-methoxy-1 7-alpha-221At-vinylestradiol 

("'AtMVE2) in high radiochemical yield under carrier-free 

conditions (Figure 1 ) .  

EXPERIMENTAL 

*llAt was prepared at the Chemistry Department, Brookhaven 

National Laboratory, Upton, NY, on a 60 in. cyclotron using 26.5 ?; 

0 . 5  MeV alpha Dartjcle bombardment and the 209Bi (alpha, 2n) 

211At nuclear reaction. Details of astatine production have 

previously been reported [17]. 

jn a solution of 0.1 M sodium hydroxide and 0.1 mM sodium bisulfite. 

211At activity was quantified with a NaI (TI) crystal adjusted for 

the 687 and 569 KeV gamma rays from the decay of 211At and 

"'At was recovered as Na2'*At 

2J1Po, 

1 7 - a l p h a - E - t r i b u t y l s t a n n y l v i n y l c s t r a d i o l  was prepared by a 

single step procedure starting from 17-alpha-ethynylestradiol. The 
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Figure 1. Schema of Synthesis 

procedure involved 3 h reflux of a mixture of 

17-alpha-ethynylestradiol (10 mmol), tributyltinhydride (12 mmol), 

azobisisobutyronitcile (5 mg) and tetrahydrofuran (10 ml) [18]. At 

the end of this period the reaction was complete and a 3:2 mixture 

of E and Z isomers of 17-alpha-tributylstannylvinyl estradiol was 

obtained. The mixture was separated by preparative TLC on silica 

gel and the require8 F isomer was isolated in 6(l% yield. On 

comparison by IR and NMR spectra this compound was found to be 

identical to that of the reported compound r191.  

Il-beta-methoxy-17-alpha-E-tributylstannvlvinylestradiol was 

prepared through the roactjon of 11-beta-methoxyestrone lZOl and 

E-bis-ltributylstanny1)ethylene in the presence of butyllithium as 

previously rfescribed [ Z l ] .  Both !7-alpha-E-stannylvinylestradiol 

and ll-beta-methoxy-17-al~ha-E-stannylv~nylestradiols were treated 

at 0 OC with iodine in chloroform to furnjsh the respective 

17-a lpha-E- iodovinylns t rad io ls .  Their purity and retention times 

were checked by reverse phase HPLC and structure was confirmed by IR 

and NMR spcctra. 

Astatinations were performed in 2 ml reacti-vials (Pierce 

Chemicals) fitted with a teflon septa. Typically 0.1 nmol of 

1 7 - t r i - n - b u t y l s t a n n y l v i n y l e s t r a d i o l  or 

l1-beta-methoxy-17-tri-n-butylstannylvinylestradiol in 100 ul MeOH 

and 100 uCi of Na213At were allowed to react by the addition of 10 

ul of a solution of 30% H202 in glacial acetic acid (2:1, 

v01:vol). Two identical reactions were carried out using 0.1 nmol 
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of N a I  as  car r ie r .  The r e a c t i o n  was l e f t  a t  room t e m p e r a t u r e  f o r  10 

min and was s t o p p e d  b y  a d d i n g  2 5  u l  o f  3 mM sodium h i s u l f i t e  and  

e x t r a c t i n g  3 t i m e s  w i t h  1 m l  c h l o r o f o r m .  The c h l o r o f o r m  e x t r a c t s  

w e r e  combined ,  d r i e d  by  p a s s i n g  t h r o u g h  a n h y d r o u s  magnesium s u l f a t e  

and c o n c e n t r a t e d  u n d e r  n i t r o g e n  t o  100 u l .  P r o d u c t  i s o l a t i o n  and 

i d e n t l  f i c a t i o n s  were a c h i e v e d  by  HPLC on  a C-18 bondapak r e v e r s e  

p h a s e  column w i t h  a m o b i l e  p h a s e  of 20% H 2 0 ,  80% MeOH. P r o d u c t s  

were d y n a m i c a l l y  m o n i t o r e d  €OK r a d i o a c t i v i t y  u s i n g  a NaI ( T I )  w e l l  

c r y s t a l  c o n n e c t e d  t o  a c h a r t  r e c o r d e r .  

i d e n t i f i e d  by compar i son  o f  t h e i r  r e t e n t i o n  t.imes t o  t h o s e  of t h e  

corm spond i ng ' 25 I- iodocompounds . 

The 211At hormones were 

The a s t a t i n a t e d  s t e r o i d s  were i s o l a t e d  as  s i n g l e  p e a k s  f rom t h e  

HPLC column. 17-alpha-211At-vinylestradiol and 

1 I-beta-methoxy-I 7-a lpha-  2 1 1 A t - v j n y l e s t r a d i o l s  s y n t h e s i z e d  i n  t h e  

a b s e n c e  of car r ie r  were isolated i n  78% and 82% y i e l d s ,  

r e s p e c t i v e l y .  The p r e s e n c e  of ca r r i e r  NaI d i d  n o t  a f f e c t  t h e  y i e l d s  

a p p r e c i a b l y  - smal l  i n c r e a s e s  i n  s y n t h e t i c  y i e l d s  were o b s e r v e d  i n  

b o t h  t h e  cases ( 8 2 %  and 9 0 8 ,  r e s p e c t i v e l y ) .  A v e r y  smal l  s h o u l d e r  

peak  o b s e r v e d  i n  t h e  r ad iochromatogram c o u l d  be a n  isomeric i m p u r i t y  

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

t h e  c o l d  compounds b e c a u s e  of i t s  l i m i t e d  q u a n t i t y .  The HPLC 

TIME 

F i g u r e  2.  S e p a r a t i o n  of 211AtVE2 and  211AtMVE2. 
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analysis demonstrated that the astatinated compounds were similar to 

the iodinated forms (Figure 2) with respect to their retention times 

on the column. 

CONCLUSION 

These results demonstrate that destannylatf-on reactions can be used 

to produce carrier-free astatine substituted compounds. The 

facility with which the trialkylstannyl moiety can he introduced 

into aromatic and vinylic compounds makes this method a general 

technique which may be applicable to the astatination of a wide 

variety of biologically active compounds. We have previously 

demonstrated the utility of this synthetic scheme for  the synthesis 

of astatinated aromatic compounds (22). The ability to synthesize 

stable and radiochemically pure astato-compounds in a carrier-free 

environment will facilitate further investigations with 211At 

labeled drugs and proteins as t.umor therapeutic agents. 
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