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SYNTHESES OF ASTATO COMPOUNDS BY MELT METHOD 
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SUMMARY 

m-Astatobenzoic a c i d  (z), methyl m-astatobenzoate ( A ) ,  and 

m-astatohippuric  a c i d  ($) were syn thes i zed  by t h e  m e l t  method. 

React ion of methyl m-bromobenzoate wi th  a s t a t i d e  a t  200°C gave 

methyl m-astatobenzoate.  Compounds 2 and were syn thes i zed  by 

s i m i l a r  method. Compounds 2 and 2 w e r e  p u r i f i e d  and i d e n t i f i e d  

by radio-gaschromatography. 

Yey words: m-astatobenzoic a c i d ,  methyl m-astatobenzoate,  m-astatohippuric  a c i d ,  

melt  method, 211At, c y t o t o x i c i t y .  

INTRODUCTION 

The r ad ionuc l ide ,  211At, h a s  been suggested as a means by which s e l e c t i v e  

c y t o t o x i c i t y  may be achieved,  owing t o  t h e  d e s t r u c t i v e  a lpha  r a d i a t i o n  t h a t  t h i s  

i s o t o p e  emi t s  (1 ) .  A s t a t i n e  i s  t h e r e f o r e  of p o t e n t i a l  i n t e r e s t  i n  r a d i a t i o n  

therapy and b io logy ,  e s p e c i a l l y  when bound t o  biomolecules (2-3). The work of 

Ade l s t e in  and coworkers h a s  q u a n t i t a t e d  t h e  c y t o t o x i c i t y  o f  a s t a t i n e  ( 4 ) .  

However, i no rgan ic  forms of * l l A t ,  mainly A t -  are i o n i c  and do not  p e n e t r a t e  

t h e  c e l l  membrane. They tend t o  d i s t r i b u t e  i n  t h e  body r a t h e r n o n - s p e c i f i c a l l y  
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( 5 ) .  t h e  o t h e r  hand, t h e  organo-astato compounds might overcome t r a n s p o r t  

problems and a l s o  i n c r e a s e  t a r g e t  s p e c i f i c i t y .  The re fo re ,  i t  w a s  o f  i n t e r e s t  t o  

s y n t h e s i z e  organo-astato compounds and t o  s tudy  t h e i r  c y t o t o x i c i t i e s .  

RESULTS AND DISCUSSION 

Although t h e  p r e p a r a t i o n  and r e l i a b l e  i d e n t i f i c a t i o n  of a s t a t i n e  had been 

c a r r i e d  out  i n  t h e  e a r l y  f o r t i e s ,  ve ry  l i t t l e  i s  known about  t h e  p r o p e r t i e s  of 

a s t a t i n e ,  e s p e c i a l l y  about t h e  chemistry of i t s  o rgan ic  compounds ( 6 - 8 ) .  Thus 

f a r ,  a s t a t i n e  h a s  been shown t o  be a b l e  t o  form a l i p h a t i c  and a romat i c  d e r i v a t i v e s  

i n  both t h e  monovalent and po lyva len t  states (9) .  These organo-astato compounds, 

such as as t a tobenzene ,  as ta to-halobenzenes,  and a s t a t o b e n z o i c  a c i d  have been 

syn thes i zed  by a method u t i l i z i n g  a modified Sandmeyer r e a c t i o n  (10-12). 

However, t h e  chemical p r o p e r t i e s  of a s t a t i n e  are p a r t l y  l i k e  those  of i o d i n e ,  and 

s i n c e  r a d i o a c t i v e  iodo-compounds can b e  syn thes i zed  by i s o t o p i c  exchange methods 

(131, i t  w a s  of i n t e r e s t  t o  a t tempt  t h e  p r e p a r a t i o n  o f  organo-astato compounds 

by t h e  m e l t  method. 

Astato-halobenzenes were r e c e n t l y  syn thes i zed  from t h e  corresponding com- 

pounds of  bromine and i o d i n e  by heterogeneous i s o t o p e  exchange ( 1 4 ) .  p-Astato- 

benzoic  a c i d  (j.) was syn thes i zed  from p-aminobenzoic a c i d  ( 1 2 ) .  

t h e  phys ica l  p r o p e r t i e s  nor  t h e  p u r i t y  of compound ,& were repor t ed .  

of m-astatobenzoic a c i d  (2)  and i t s  methyl ester ($1 from t h e  corresponding bromo 

analog by t h e  m e l t  method (13) and i t s  p u r i f i c a t i o n  by radio-gaschromatography 

i s  r epor t ed  he re .  

However, n e i t h e r  

The s y n t h e s i s  

2. 

The r e a c t i o n  of methyl m-bromobenzoate wi th  a s t a t i d e  i n  a s e a l e d  tube  at 

200-250°C f o r  60-90 min gave methyl m-astatobenzoate (2) i n  30-60% y i e l d .  

Compound 2 was p u r i f i e d  and i d e n t i f i e d  by radio-gaschromatography. 

of compound 2 depends on t h e  r e a c t i o n  temperature  and t h e  amount of NaOH p resen t  

i n  t h e  r e a c t i o n  mixture.  A t  lower temperature  o r  h i g h e r  NaOH con ten t  t h e  y i e l d  

of methyl m-astatobenzoate dec reases  d r a m a t i c a l l y .  For t h i s  r eason ,  a s t a t i n e  

w a s  d ry  d i s t i l l e d  (15) and t h e n  converted t o  211At- by d i s s o l v i n g  i n  0 . 1  

The y i e l d  

NaOH 
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and 0.01 2 Na2S205 s o l u t i o n .  

s i m i l a r  method, converted t o  t h e  methyl e s t e r  and analyzed by radio-glpc.  

m-Astatobenzoic a c i d  (g) was syn thes i zed  by a 

Since a s t a t i n e  compounds cannot be analyzed by conven t iona l  measurements 

because of t h e  small number of molecules,  t y p i c a l l y  we have i d e n t i f i e d  methyl 

m-astatobenzoate v i a  chromatographic s e q u e n t i a l  a n a l y s i s  ( 3 , 9 ) .  Fig.  1 shows 

t h e  dependence of t h e  r e t e n t i o n  t i m e s  of methyl mha lobenzoa te s  as a f u n c t i o n  of 

t h e  r e s p e c t i v e  molecular weights .  The experimental  va lues  f o r  methyl m-halo- 

benzoates  f i t  t h e  s t r a i g h t  l i n e  wi th  s u f f i c i e n t  accuracy and se rve  t o  i d e n t i f y  

t h e  presence of methyl m-astatobenzoate.  

The method r epor t ed  h e r e  can a l s o  b e  used t o  s y n t h e s i z e  m-astatohippuric  

ac id  and t h u s  provide ano the r  s imple method t o  p repa re  organo-astato compounds. 
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EXPERIMENTAL 

The 211At ( t  1 / 2  = 7.2 h )  w a s  produced v i a  t h e  209Bi(a,2n)211At r e a c t i o n  at  

t h e  BNL 1.5 m c y c l o t r o n  u s i n g  a t a r g e t  of B i  me ta l  melted on an  aluminum backing 

(16) .  

t h e  Te column technique developed by Khalkin e t  a l .  ( 1 7 ) .  The B i  metal  was d i s -  

solved with conc. HN03 and t h e  A 1  backing removed. Excess HNO w a s  removed with 

t h e  a d d i t i o n  of hydroxylamine hydrochlor ide.  Reduction of t h e  a s t a t i n e  w a s  

i n su red  by t h e  a d d i t i o n  of 1 3  SnC12 and conc. H C 1  w a s  added t o  i n s u r e  t h e  HC1 

concen t r a t ion  t o  be 6-8 y. 

column (6 cm x 6 mm). 

The a s t a t i n e  was e l u t e d  from t h e  column wi th  1 m l  of 2 NaOH. 

The * l l A t  w a s  i s o l a t e d  from t h e  t a r g e t  m a t e r i a l  u s ing  a mod i f i ca t ion  of 

3 

The r e s u l t i n g  s o l u t i o n  w a s  loaded on a t e l l u r i u m  

The column w a s  t h e n  washed wi th  6 H C 1  and d i s t i l l e d  H20. 

I n  o rde r  t o  reduce t h e  volume of t h e  sepa ra t ed  a s t a t i n e ,  an  a l t e r n a t i v e  

method f o r  i s o l a t i n g  a s t a t i n e  w a s  used. The i r r a d i a t e d  bismuth t a r g e t  was c u t  

i n  such a way as t o  l e a v e  only t h a t  p o r t i o n  of  t h e  t a r g e t  t h a t  w a s  a c t u a l l y  

exposed t o  t h e  a beam. Th i s  s e c t i o n  was placed i n  a q u a r t z  fu rnace  which was 

t h e n  hea ted  t o  approximately 600'C. 

through t h e  fu rnace  and through a t r a p  kep t  a t  l i q u i d  n i t r o g e n  temperatures .  

A f t e r  approximately 1 hour ,  t h e  t r a p  c o n t a i n i n g  t h e  a s t a t i n e  was removed. 

The a s t a t i n e  w a s  removed from t h e  t r a p  with 0.15 m l  o f 0 . 1 N  NaOH and 0.1 

This  served t o  convert  t h e  a s t a t i n e  t o  a s t a t i d e .  C u r r e n t l y ,  t h e  la t ter  method i s  

used t o  s y n t h e s i z e  organo-astato compounds. 

A c o n s t a n t  f low of n i t r o g e n  gas  w a s  passed 

Na2S205. 

Radio-gaschromatographic ana lyses  were c a r r i e d  ou t  on s imple gas  chromato- 

graph made at  BNL. Th i s  was done t o  avoid contaminat ion of t h e  o t h e r  chromato- 

graphs which are i n  d a i l y  use.  

Chromosorb W, 12 f t  x 0.25 i n ) ,  a thermal  c o n d u c t i v i t y  d e t e c t o r  and a radio-  

a c t i v i t y  d e t e c t o r  (5  i n  x 5 i n  NaI (TI) c r y s t a l  t o  d e t e c t  x-ray emit ted from '"At) 

o p e r a t i n g  a t  high temperature  (165°C). 

of a s t a t i n e  compounds, t h e  a s t a t i n e  compounds were l e d  d i r e c t l y  t o  r a d i o a c t i v i t y  

It w a s  equipped w i t h  a g l a s s  column (10% SF-96 on 

I n  o r d e r  t o  minimize t h e  decomposition 
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d e t e c t o r  from t h e  g l a s s  column through a hea ted  t e f l o n  tube  and hea ted  g l a s s  t ube  

i n t o  t h e  cha rcoa l  t r a p s .  

c o n d u c t i v i t y  d e t e c t o r .  

The o t h e r  halogen analogs were d e t e c t e d  by thermal  

The a c t i v i t i e s  o f  organo-astato compounds were counted i n  e i t h e r  a P icke r  

s c i n t i l l a t i o n  counter  or a Capintec i o n i z a t i o n  chamber. 

m-Astatobenzoic Acid (XI 
A s o l u t i o n  of 100 uL (275 uCi) of Na211At ( i n  0 . 1  E NaOH and 0 .01  Na2S205 

s o l u t i o n )  i n  an  ampoule w a s  hea t ed  b r i e f l y  under a slow stream of n i t r o g e n  and 

t aken  t o  d ryness .  m-Bromobenzoic a c i d  (85.73 mg, 0.43 mmol) w a s  added. The 

ampoule was s e a l e d  and t h e  mixture  w a s  kept  at  208°C f o r  90 min, followed by 

coo l ing  t o  room temperature .  The mixture  w a s  d i s so lved  i n  50 pL of 0 .1  NaOH, 

e x t r a c t e d  with e t h y l  e t h e r  (2 mL) t o  g ive  164 u C i  (59.6%) of t. 
s o l u t i o n  of 2 w a s  e s t e r i f i e d  wi th  diazomethane, e x t r a c t e d  wi th  50 U L  o f  0 . 1  NaOH 

and 0 . 0 l N  Na2S205 s o l u t i o n  and t h e n  concen t r a t ed  t o  g ive  148 u C i  of product .  

T h i r t y  u 1  c o n t a i n i n g  11 u C i  o f  t h e  mixture  was i n j e c t e d  i n t o  radio-glpc and t h e  

peak corresponding t o  methyl m-astatobenzoate (2) w a s  c o l l e c t e d  (6 p C i ,  54.5% 

recovery from t h e  radio-glpc p u r i f i c a t i o n ) .  

The e t h e r e a l  

,I, 

Methyl m-Astatobenzoate (2)- 
A s o l u t i o n  of 5 PL (14.95 uCi) of Na211At ( i n  2 E NaOH s o l u t i o n )  i n  a n  

ampoule was hea ted  b r i e f l y  under a slow s t r eam of n i t r o g e n  and taken t o  d ryness .  

Methyl m-bromobenzoate (136.6 mg, 0.64 mmol) was then  added. 

s ea l ed  and t h e  mixture  kep t  a t  250'C f o r  80 min, followed by c o o l i n g  t o  room 

temperature .  

w i th  e t h y l  e t h e r  t o  g ive  13.04 V C i  of  product .  

Chromosorb W, 12  f t .  x 0.125 i n .  column, 170",  80 m l  He/min) a n a l y s i s  of t h e  

e t h e r e a l  s o l u t i o n  showed peaks a t 3 . 5 ,  5.4 and 14min i n  t h e  r a t i o  of 4.2:93.9:1.9.  

The peak a t  5.4 r,iin was c o l l e c t e d  t o  g ive  9 .3  p C i  (62% radiochemical  y i e l d )  of  

methyl m-astatobenzoate (2). 
4.35 x 10 pCi /uM.  

The ampoule was 

The mixture  was  d i s so lved  i n  100 pL of E NaOH and t h e n  e x t r a c t e d  

Radio-glpc (10% SF-96 on 

The s p e c i f i c  a c t i v i t y  of compound ,? was 

8 
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I n  a s e p a r a t e  experiment,  t h e  d r y  d i s t i l l e d  a s t a t i n e  (211Ato) w a s  converted 

NaOH and 0.01 E Na2S205 s o l u t i o n )  and t h e n  allowed t o  a s t a t i d e ,  '"At- ( i n  0 .1  

t o  r e a c t  with methyl m-bromobenzoate. 

A s o l u t i o n  of 25 uL (480 UCi) of 211At- ( i n  0 . 1  NaOH and 0.01 E Na2S205 

s o l u t i o n )  i n  an  ampoule w a s  hea t ed  b r i e f l y  under  a slow s t r eam of n i t r o g e n  and 

taken t o  d ryness .  Methyl m-bromobenzoate (50 uL) w a s  added. The ampoule w a s  

s ea l ed  and t h e  mixture  was kept a t  23OoC f o r  90 min, followed by c o o l i n g  t o  

room temperature  t o  g ive  317 U C i  of product .  Ten uL c o n t a i n i n g  53 .1  u C i  o f  t h e  

mixture  was i n j e c t e d  i n  radio-glpc (10% SF-96 on Chromosorb W ,  12 f t .  x 0.25 i n  

column, 170", 80 m l  He/min) and t h e  peak corresponding t o  methyl m-astatobenzoate 

w a s  c o l l e c t e d  (18.9 U C i ,  35.6% recovery from t h e  radio-glpc p u r i f i c a t i o n ) .  

m-Astatohippuric Acid ($1 

An ampoule con ta in ing  m-iodohippuric a c i d  (27.8 mg, 0.09 m o l )  and 211At- 

(2.37 u C i  i n  0.1 NaOH and 0.01 Na2S205 s o l u t i o n )  w a s  kep t  a t  17OOC f o r  1 h r ,  

followed by coo l ing  t o  room temperature .  The mix tu re  w a s  d i s s o l v e d  i n  0.5 KOH 

(1 mL), cooled i n  a n  i c e  b a t h ,  and a c i d i f i e d  wi th  conc. HC1.  The p r e c i p i t a t e s  

were washed wi th  d i l  H C 1  f o r  s e v e r a l  t imes and d r i e d  t o  g i v e  m-astatohippuric  

a c i d  (15.3 P C i ,  64.4% radiochemical  y i e l d ) .  The p u r i t y  of compound ,$ was de- 

termined by r ad io -  t h i n  l a y e r  Chromatography. Thin-layer chromatography (Eastman 

c e l l u l o s e  with H20:25% NH OH:2-BuOH (v /v  3:1.5:7) as developing s o l v e n t )  showed 

t h a t  compound $ had Rf 0.73. 

4 
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