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SUMMARY 

To i n v e s t i g a t e  r a d i o i o d i n a t i o n s  on chromatographic surfaces, 

1311- has been al lowed t o  r e a c t  w i t h  var ious organic compounds on 
s i l i c a  ge l  chromatography p la tes .  An t ipy r ine ,  which reac ts  w i t h  

1311- t o  g i v e  4-[1311]iodoantipyrine, was used as a model 
compound. The y i e l d  va r ied  as a f u n c t i o n  o f  the i n i t i a l  so l ven t  
used; hydrogen i o n  concentrat ion;  con tac t  t ime on the surface; 
and temperature. These r e s u l t s  were extended t o  o the r  r e a c t i v e  
compounds such as s u b s t i t u t e d  3H-pyrazol-3-ones; s u b s t i t u t e d  

phenols , i n c l u d i n g  L - t y ros ine ;  s u b s t i t u t e d  ani  1 ines; 
5- iodourac i l ;  some secondary a l k y l i o d i d e s  and alkylbromides; 
alkylboranes; and ary l -and v iny lbo ron ic  ac ids.  

1311- Key Words : Surface Ca t a  1 y s i  s , 4-[ 13' I] I odoant i p y r i  ne , No-Carri er-Added 

INTRODUCTION 

Previous i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  c e r t a i n  r a d i o i o d i n a t i o n s  occur on 

chromatographic surfaces, e s p e c i a l l y  s i l i c a  ge l  (1-4). Most o f  these i n v e s t i -  

gat ions d e a l t  w i t h  the  p repara t i on  o f  4-[1311]iodoantipyrine (4-l3' IAp) by 

r e a c t i o n  o f  13'1- w i t h  a n t i p y r i n e  (AP) on s i l i c a  ge l  chromatography p l a t e s  (1,Z) 

o r  on s i l i c a  ge l  columns (3,4). Shiue and Wolf (4)  concluded t h a t  t he  

radiochemical y i e l d  o f  the 4-1311AP was dependent on the r e a c t i o n  t ime o f  AP 
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w i t h  13'1- i n  a c i d i c  s o l u t i o n  b u t  was n o t  dependent on t h e  c o n t a c t  t ime  o f  t he  

s o l u t i o n  w i t h  t h e  s i l i c a  g e l .  

Our r e c e n t  s t u d i e s  o f  t h e  r e a c t i o n  o f  13'1- w i th  t h e  a c t i v a t e d  aromat ic  

compounds phenol and a n i l i n e  showed t h a t  t h e  y i e l d  o f  r a d i o i o d i n a t e d  products  

v a r i e d  w i t h  c o n t a c t  t i m e  on a s i l i c a  s u r f a c e  (2 ) .  Phenol was t h e  most r e a c t i v e  

and r e s u l t e d  i n  b o t h  4-[1311]iodophenol and 2-[1311]iodophenol i n  >80% y i e l d  

a f t e r  one hour on t h e  sur face.  The a b s o l u t e  y i e l d  and t h e  2:4 s u b s t i t u t i o n  

r a t i o  a l s o  v a r i e d  as a f u n c t i o n  o f  t h e  i n i t i a l  so l ven t .  The r e s u l t s  i n d i c a t e d  

t h a t  w i t h  aromat ic  compounds t h e  r e a c t i o n s  occu r  by 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 ,  

t h e  i o d i n a t i n g  species a r i s i n g  f rom su r face  c a t a l y z e d  o x i d a t i o n  o f  

Because o f  t h e  apparent  d i f f e r e n c e s  between ou r  r e s u l t s  (1,2) and those o f  

o t h e r  i n v e s t i g a t o r s  (3,4), a thorough s tudy  was performed on t h e  r e a c t i o n  o f  

1311- w i t h  AP on a s i l i c a  ge l  su r face .  The i n v e s t i g a t i o n  was extended t o  g a i n  

i n s i g h t  i n t o  t h e  types o f  compounds which m i g h t  be r e a c t i v e  toward 

r a d i o i o d i n a t i o n  on a s i l i c a  g e l  su r face .  

1311- 

MATERIALS AND METHODS 

General .  Therapeut ic  Na1311 s o l u t i o n  was purchased f rom Syncor, I nc .  , 
Miami, F l o r i d a .  The f o r m u l a t i o n  was c la imed t o  be c a r r i e r  f r e e  and was supp l i ed  

i n  phosphate b u f f e r e d  sodium c h l o r i d e  c o n t a i n i n g  up t o  0.16% sodium t h i o s u l f a t e  

w i t h  a pH o f  7.5-9.0, ad jus ted  w i t h  sodium hydrox ide.  React ions and t h i n - l a y e r  

chromatography (TLC) were performed on Anal  t e c h  precoated g l a s s  p l a t e s  o f  t h e  

a p p r o p r i a t e  chromatographic m a t e r i a l  (250 wn). Spots f o r  s tandards were 

v i s u a l i z e d  by u l t r a v i o l e t  l i g h t  o r  by exposure t o  i o d i n e  vapor; t hose  f o r  

r a d i o l a b e l l e d  m a t e r i a l s  were de tec ted  by autoradiography u s i n g  P o l a r o i d  52 f i l m .  

A f t e r  i s o l a t i o n ,  t h e  s e c t i o n s  c o n t a i n i n g  t h e  r a d i o l a b e l l e d  compounds were 

assayed on a Nuclear  Data 60A (ND60A) Mu l t i channe l  Analyzer  equipped w i t h  a NaI 

( T l )  d e t e c t o r .  

A1 1 s o l v e n t s  f o r  h i g h  performance 1 i q u i d  chromatographic (HPLC) analyses 

were o f  h i g h  p u r i t y  grade ob ta ined  f rom Burd i ck  and Jackson L a b o r a t o r i e s  and 

were degassed u l t r a s o n i c a l l y  under vacuum before use. Separat ions were 
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performed us ing an A l t e x  Model 330 l i q u i d  chromatograph equipped w i t h  an A l t e x  

Model 155-40 v a r i a b l e  wavelength u l t r a v i o l e t  ( U V )  detector .  Eluates were 

cont inuously  monitored f o r  r a d i o a c t i v i t y  us ing  the ND60A i n  the  mul t ichannel  

s c a l i n g  mode. 

L a b e l l i n g  Procedure. I n  a t y p i c a l  reac t i on ,  Na1311 (1-3 1~1, 50-100 u C i / u l )  

was added t o  a s o l u t i o n  of t h e  reac tan t  (0.5 m l ,  5-10 mg/ml) i n  e i t h e r  water, 

a c e t o n i t r i l e ,  ethanol , o r  dimethylformamide (DMF). The hydrogen i o n  

concen t ra t i on  can be ad jus ted  w i t h  H2S04. Samples ( 5  u l )  were removed and 

spot ted on the chromatographic sur face and al lowed t o  d r y  a t  room temperature 

f o r  s p e c i f i e d  lengths o f  t ime; a s i m i l a r  a l i q u o t ,  used as a standard, was sealed 

f o r  radioassay. The d r y i n g  o f  samples a t  e levated temperatures was performed 

us ing a Thermolyne 1400 Furnace. S p e c i f i c  r e a c t i o n  cond i t i ons  a re  g iven i n  the 

Results sect ion.  When necessary, s o l u t i o n s  con ta in ing  the reactants  were 

checked by appropr ia te HPLC methods t o  determine i f  any r e a c t i o n  was occu r r i ng  

i n  so lu t i on ,  and, i f  so, t o  what extent .  

Synthesis o f  3-[1311]iodo-L-tyrosine. The procedure f o r  t he  r e a c t i o n  o f  

L - t y ros ine  w i t h  1311- i s  presented because the y i e l d  o f  3-[1311]iodo-L-tyrosine 

could n o t  be determined accu ra te l y  by TLC. I s o l a t i o n  o f  the product and HPLC 

ana lys i s  were the re fo re  necessary. L-Tyrosine ( A l d r i c h  Chemical Co.) was 

converted t o  the  hydrochlor ide s a l t .  L-Tyrosine hydrochlor ide ( 2.5mg) was 

d i sso l ved  i n  0.5 m l  o f  water. To 100 u1 o f  t he  s o l u t i o n  was added 10 111 of 

Na13'I (50-100 p C i / p l ) .  O f  t h i s ,  20 ~1 was spot ted on a s i l i c a  gel p la te ;  a 

t o t a l  a c t i v i t y  reading was taken i n  a Capintec CRC-30 rad io i so tope  c a l i b r a t o r ,  

and the  p l a t e  a l lowed t o  d r y  a t  room temperature f o r  one hour. The sec t i on  of 

the p l a t e  con ta in ing  the  a c t i v i t y  was removed and the  s i l i c a  ge l  placed i n  a 

m i c r o f i l t r a t i o n  - c e n t r i f u g a t i o n  tube ( B i o a n a l y t i c a l  Systems) w i t h  a 1.0 p m  

f i l t e r  and washed w i t h  1:l ethano1:water u n t i l  t he  amount o f  a c t i v i t y  ex t rac ted  

was constant  ( 2  x 200 p l ) .  The e x t r a c t  was examined by HPLC us ing an A l l t e c h  

LiChrosorb RP-18 column ( lop,  25 cm x 4.6 llkn i .d . )  f i t t e d  w i t h  a Brownlee C-18 

guard column (3 cm x 4.6 rn i.d.); t he  mobi le  phase was a m ix tu re  o f  90% 2.5 x 

10-3M Na2HP04, pH = 4.0 (H3P04) and 10% a c e t o n i t r i l e .  A t  a f l o w  r a t e  o f  2 
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Figure 1 .  Yield of 4-1' 31 I) iodoantipyrine obtainedfrom the reaction of ' 31 I '  
with antipyrine on a silica gel surface as a function of pH (adjusted with 
H2SO4) after spotting from water (a) and ethanol m. Drying time was0.5 hr 

ml/min, t h e  r e t e n t i o n  t imes  f o r  L - t y r o s i n e  and 3 - iodo -L - t y ros ine  were 1.9 and 

4.5 min, r e s p e c t i v e l y .  

RESULTS 

The r e a c t i o n  o f  13'1- w i t h  AP on s i l i c a  g e l  chromatograph ic  p l a t e s  has been 

t h o r o u g h l y  i n v e s t i g a t e d .  The y i e l d  o f  4-1311AP was found t o  be pH dependent 

a f t e r  s p o t t i n g  on s i l i c a  g e l  f r o m  e i t h e r  wa te r  o r  e thano l  ( F i g u r e  1). As 

observed p r e v i o u s l y  w i t h  phenol  ( 2 ) ,  t h e  y i e l d  o f  r a d i o i o d i n a t e d  p roduc t  was 

h i g h e r  i n  e thano l .  A c e t o n i t r i l e  and DMF gave s i m i l a r  r e s u l t s  t o  e thano l  over  

t h e  pH range. 

The y i e l d  o f  4-13'IAP v a r i e d  as a f u n c t i o n  o f  t h e  c o n t a c t  o r  d r y i n g  t ime  on 

t h e  s u r f a c e  ( F i g u r e  2 ) .  A f t e r  s p o t t i n g  f rom wa te r  t h e  maximum y i e l d  was 

ob ta ined  i n  60 min, whereas a f t e r  a p p l i c a t i o n  f rom e thano l  t h e  r e a c t i o n  was more 
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Figure 2 Yield of 4-11 31 ljiodoaotipyrine formed from the reaction of 31 I' with 
antipyrine as a function of contact time on a silica gel surface after spotting from 
ethanol (8) alter application to surface immediatelyafter mixing APand 31 I- in 
water (0) and after spotting from same water solution after more than 5 hr (A) 

r a p i d  and r e s u l t e d  i n  a h ighe r  y i e l d  a f t e r  5 min o f  contact  w i t h  the surface. 

An exper imenta l ly  s i g n i f i c a n t  d i f f e r e n c e  i n  the y i e l d  o f  4-l3'IAp as a f u n c t i o n  

of contact  t ime was observed depending upon the "age" o f  the aqueous AP, 

m ix tu re  (F igure 2). Contro'l experiments i nd i ca ted  t h a t  both AP and 13'1- had t o  

be present  together  i n  s o l u t i o n  before t h i s  e f f e c t  was observed. There i s  

evidence t o  i n d i c a t e  t h a t  halogens can associate w i t h  AP and o the r  pyrazolones 

by means o the r  than covalent  bonding ( 5 ) .  HPLC ana lys i s  o f  so lu t i ons  a t  

e s s e n t i a l l y  neu t ra l  pH ind i ca ted  t h a t  on l y  1.0-1.5% o f  4-1311AP was formed a f t e r  

24 h r .  

1311- 

The y i e l d  o f  4-1311AP was a l s o  found t o  be a f u n c t i o n  o f  con tac t  t ime a f t e r  

s p o t t i n g  from aqueous so lu t i ons  adjusted t o  pH 1.2, t he  pH o f  maximum y i e l d  

(F igure 3 ) .  The amount o f  4-1311AP.formed i n  s o l u t i o n  a t  pH 1.2 was examined by 

HPLC ana lys i s .  The A f t e r  I h r  'L10% o f  the I3'I- reacted w i t h  AP ( f i g u r e  3). 
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Figure 3. Yield of 4-I13l Iliodoantipyrine formed from the 
reaction of 131 1- with antipyrine on a silica surface after spottlng 
from water at pH 1.2 as a function of contact time m compared to 4- 
[' 31 Iliodoantipyrine formed in the aqueous solution at pH 1.2 as 
determined by HPLC analysis (0). 

ex ten t  o f  the r e a c t i o n  was determined t o  be 39.7% and 57.4% a f t e r  17 h r  and 42 

h r  respec t i ve l y ,  thus i n d i c a t i n g  s i g n i f i c a n t  r e a c t i o n  i n  s o l u t i o n .  Prev ious ly ,  

we had no t  observed s i g n i f i c a n t  amounts of 4-1311AP being formed i n  s o l u t i o n  a t  

low pH (1). I f  

the re  i s  no an t i ox idan t ,  13'1- i s  sub jec t  t o  a i r  (0,) ox ida t i on  ( 6 ) ,  p a r t i c u -  

l a r l y  i n  so lu t i ons  a t  low pH as a r e s u l t  o f  ac id  c a t a l y s i s  ( 7 ) .  

This could be r e l a t e d  t o  the type of a n t i o x i d a n t  i n  so lu t i on .  

The in f l uence  o f  an t i ox idan ts  was invest igated.  Solut ions o f  Na I3'I from 

d i f f e r e n t  manufacturers vary regard ing the  an t i ox idan t .  Some have no a n t i -  

ox idant  (3,4); others con ta in  e i t h e r  b i s u l f i t e ,  HS03- (1,6) or t h i o s u l f a t e ,  

S203-' ( 2 ) .  Our i n i t i a l  experiments (1) were performed us ing  NaI3'I con ta in ing  

HS03-, whereas our most recent  work ( 2 )  and the present i n v e s t i g a t i o n  were w i t h  

so lu t i ons  con ta in ing  S203-*. The e f f e c t s  of the a d d i t i o n  o f  S203 and HS03- -2 
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Figure 4.  
Samples spotted from elhanol solutions and allowed to dry for 0 5 hr 

Yield of 4.['3'l]iodoantipyrine formed as a function of added thiosulfate 

-2 ( e i t h e r  added as NaHS03 o r  as Na2S205) were s tud ied.  

pg/ml amounts r e s u l t e d  i n  a r a p i d  decrease i n  the  4-1311AP formed on the  sur face 

a f t e r  s p o t t i n g  from ethanol so lu t i ons  o f  AP and 1311- a t  pH 1.7 (F igure 4). The 

same e f f e c t  was observed a f t e r  s p o t t i n g  from so lu t i ons  adjusted t o  pH 1.2. 

Concentrat ions as low as 4-5 u g h 1  were s u f f i c i e n t  t o  reduce the ex ten t  of 

r e a c t i o n  occu r r i ng  i n  s o l u t i o n  a t  pH 1.2 t o  zero. On the o the r  hand, the 

a d d i t i o n  of HS03- t o  the  s o l u t i o n  a t  concentrat ions as h igh  as 10 mg/ml had no 

e f f e c t  on t he  y i e l d  o f  4-13'IAP formed a f t e r  a p p l i c a t i o n  t o  the surface. 

The a d d i t i o n  o f  S203 i n  

These r e s u l t s  exp la in  the v a r i a t i o n s  observed i n  our work us ing so lu t i ons  

con ta in ing  HS03- and S203-' and the  work o f  o the r  i n v e s t i g a t o r s  us ing so lu t i ons  

conta in ing no an t i ox idan t .  The y i e l d  o f  4-1311AP formed on a sur face and the 

ex ten t  o f  the r e a c t i o n  i n  s o l u t i o n  were g rea te r  when l e s s  S203-' was present. 
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Figure 5. Yield of 4-[l 31 lliodoantipyrine formed after spotting from ethanol 
(A) and water (0) on a silica gel surface and heating at 100 C. 

The l a r g e s t  amount o f  S203-2 t h a t  c o u l d  be i n t r o d u c e d  f rom t h e  Na13'I s o l u t i o n  

i n  these  c u r r e n t  exper iements  was 7 m / m l .  

E f f e c t  o f  Temperature. The y i e l d  o f  t h e  r a d i o l a b e l l e d  p r o d u c t  shou ld  be a 

f u n c t i o n  o f  t h e  r e a c t i v i t y  o f  a compound w i t h  t h e  o x i d i z e d  1311-. E l e v a t i n g  t h e  

tempera ture  o f  t h e  p l a t e  f rom room tempera ture  t o  a tempera ture  t h a t  does n o t  

result i n  v o l a t i l i z a t i o n  o f  t h e  13'1- o r  t h e  r a d i o l a b e l l e d  p r o d u c t  wou ld  be 

expec ted  t o  r e s u l t  i n  more r a p i d  f o r m a t i o n  o f  t h e  p roduc t .  The r e a c t i o n  o f  

1311- and AP on a s i l i c a  s u r f a c e  a t  100°C a f t e r  s p o t t i n g  from water  and e thano l  

r e s u l t e d  i n  a more r a p i d  f o r m a t i o n  o f  p r o d u c t  ( F i g u r e  5, compared t o  F i g u r e  2 ) .  

The 4-1311AP reached a maximum y i e l d  i n  10 min.  

As AP i s  a r e a c t i v e  compound toward  i o d i n a t i o n  even a t  room temperature,  we 

dec ided t o  i n v e s t i g a t e  a compound o f  l o w e r  r e a c t i v i t y .  P r e v i o u s l y  ( 2 )  we had 

shown t h a t  a n i l i n e  gave l e s s  than  20% 4-[1311] iodoani l ine (4-1311A) and l e s s  

than  0.5% 2-[1311] iodoani l ine (2-13' IA) a t  room tempera ture  on a s i l i c a  g e l  

s u r f a c e  a f t e r  s p o t t i n g  f rom e thano l .  H e a t i n g  a s i l i c a  g e l  p l a t e  a t  70°C a f t e r  
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Figure 6. Yield of 4-[1311] iodoaniline ( 0 ) and 2- 
[131 I1iodoaniline (A) formed from the reaction of 31 I- 
with aniline on a silica gel surface after spotting from 
ethanol and heating at 70 C. 

a p p l i c a t i o n  o f  a n i l i n e  and 1311- r e s u l t e d  i n  h i g h  y i e l d s  o f  r a d i o i o d i n a t e d  

a n i l i n e s  ( F i g u r e  6) .  The y i e l d  v a r i e s  as a f u n c t i o n  o f  c o n t a c t  t i m e  and reaches 

a maximum f o r  b o t h  4-13'1A and Z-1311A a t  20 rnin. 

The r e a c t i o n  o f  t h e  I3'I- w i t h  a n i l i n e  on a s i l i c a  ge l  su r face  a t  70°C 

c o u l d  be s i m i l a r  t o  t h e  "melt-method" (8,9) o f  r a d i o i o d i n a t i o n .  Therefore,  t h e  

s p e c i f i c  chromatographic s u r f a c e  should have no e f f e c t  on t h e  y i e l d .  By 

a l l o w i n g  a n i l i n e  t o  r e a c t  w i t h  I3lI- on an alumina sur face a t  7OoC,  t h e  y i e l d s  

o f  4-1311A and d 3 ' I A  were o n l y  16.5 f 1.5 and 1.6 ? 0.3%, r e s p e c t i v e l y ;  thus 

p r o v i n g  t h a t  t h e  t ype  o f  sur face has an e f f e c t  on t h e  y i e l d .  

React ion o f  1311- with S u b s t i t u t e d  Phenols and A n i l i n e s .  To f u r t h e r  

i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  o f  t h e  s u r f a c e  c a t a l y z e d  l a b e l l i n g ,  I3'I- was 

a l l owed  t o  r e a c t  w i t h  v a r i o u s l y  s u b s t i t u t e d  phenols and a n i l i n e s .  React ion w i t h  
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i od ina ted  and brominated phenol have 

the 4-pos i t ion,  t he  2 -pos i t i on  subst 

(Table I ) .  The h i g h l y  a c t i v a t e d  

T. E. Boothe et al. 

been repo r ted  (2 ) .  For phenols blocked i n  

t u t i o n  occurred i n  y i e l d s  o f  17.6 t o  26.1% 

p o s i t i o n  adjacent  t o  the  hydroxy ls  i n  

2,6-dihydroxytoluene r e s u l t e d  i n  a l a b e l l i n g  y i e l d  o f  71.2 2 4.2%. Radioiodine 

f o r  boron exchange occurred i n  an a ry lbo ron ic  a c i d  t o  g i ve  1-[13111iodo-4- 

methyl benzene. With s u b s t i t u t e d  a n i l i n e s ,  the 4 -pos i t i on  was found t o  be the 

most r e a c t i v e  (Table I). 

Table I a lso  shows the r e s u l t s  of  t he  r e a c t i o n  o f  13'1- on a s i l i c a  ge l  

chromatographic surface w i t h  L - t y ros ine .  The L - t y ros ine  was converted t o  the  

hydrochlor ide s a l t  t o  increase i t s  s o l u b i l i t y  i n  water. The y i e l d  o f  

2-[1311]iodo-L-tyrosine was g rea te r  than 50% a f t e r  1.0 h r  d ry ing  t ime a t  room 

temperature. The y i e l d  from the r e a c t i o n  o f  13'1- w i t h  3-methoxy-L-tyrosine was 

TABLE I 

Percent Y i e l d  o f  Rad io iod ina ted  Products f rom React ion o f  13'1- w i t h  

V a r i o u s l y  S u b s t i t u t e d  Aromat ic Compounds on a S i l i c a  Gel Surface 

Reactanta Product ( X )  
~ ~~ ~~ 

4-me t hy 1 pheno 1 

2 . I -d imethyl  phenol 

4-hydroxy-3-methoxybenzaldehyde 4-hydr0xy-5-[~~~1]iodo-3-methoxybenzaldehyde (17.6 f 5.7) 

4-hydroxy-5-iodo-3-methoxybenzaldehyde 4-hydro~y-5-[~~~I]iod0-3-methoxybenzaldehyde (21.3 i 2.6) 

2,6-dihydroxytoluene 

L - t y ros  i ne hydrochl  o r i  deb 

3-methoxy-L-tyros i neC 

3-methoxy-L-tyros ,ned 

4-methylbenzene bo ron ic  ac ide  

2 ,6 -d ime thy lan i l i ne  

a) Unless otherwise i nd i ca ted ,  samples were spo t ted  from ethanol  on s i l i c a  gel  GHLF. Phenols were d r i e d  

a t  room temperature f o r  0.5 h r ;  a n i l i n e s  were heated on the su r face  a t  70°C f o r  0.5 h r .  b)  Oissolved i n  

water, d r i e d  a t  room temperature f o r  1.0 hr .  c )  Oissolved i n  e thano l /wa te r  ( l : l ) ,  d r i e d  a t  room 

temperature f o r  0.5 hr .  d) D isso lved  i n  e t h a n o l h a t e r  (l:l), heated on surface a t  110°C f o r  0.25 hr .  

e )  10 mg/ml d i s s o l v e d  i n  methanol/water ( 1 : l ) ;  d r i e d  a t  room temDerature f o r  0.5 h r .  

2-[ 13' I] iodo-4-met h y l  phenol (26.1 r 9.3) 

2,4-dimethyl-6-[1311]iodophenol (23.8 t 9.2) 

2,6-di hydroxy-3-[ 1311]iodotoluene ( 7 1 . 2  t 4.2) 

3-[ 13'1]i odo-L-tyrosine (54.65 6.0) 

3-methoxy-5-[ 13' I] i odo-L - t y ros i  ne (30.6 ? 9.6) 

3-metho~y-5-[~~~1]iodo-L-tyrosine (42.4 f 11.7) 

l-[1311]iodo-4-methylbenrene (11.2 t 0.5) 

2,6-dimethyl-4-[1311]iodoanil i n e  (45.8 f 4.2) 
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higher when heated at 110°C as compared to room temperature reactions ( able I). 

The reactions o f  13'1- on 

a silica gel surface with various compounds other than aromat cs were 

investigated (Table 11). These reactions included iodine for iodine exchange 

with 4-iodoantipyrine, iodine for hydrogen and iodine for  bromine exchange in 

Reactions o f  1311- with non-aromatic compounds. 

TABLE I1 

Radioiodination o f  Various Compounds on a S i l i c a  Gel Surface 

~ 

Reactant Product Reaction conditionsa Y ie ld  ( X )  

4-IAP Ethanol, R.T., 0.5 Hr 

Ethanol, 1OO"C, 0.25 hr 

7.1 t 0.4 

23.4 f 0.5 

47.4 t 3.0 

14.4 t 0.4 

65.0 t 5.0 

20.2 t 5.3 

7.2 t 0.6 

0.5 t 0.1 

21.6 i 8.9 

0.6 f 0.2 

8.0 f 3.4 

0.8 t 0.2 

4-[1311]IMPPC 

4- [ 13'1] IMPPC 

MPPb Ethanol, pH%1, R.T., 0.5 hr 

4-L7rMPPd Ethanol, 100°C. 0.25 hr 

5-[ 13' I ]i odouraci 1 5-iodouraci 1 OMF, R.T., 1.0 h r  

THF, R.T., 0.5 h r  

THF/HZO(l:l), R.T., 0.5 hr 

Ethanol, R.T.. 0.5 hr 

Ethanol, 70°C. 0.5 hr 

1 -[ 13'1] i ododecane 

1-[ 1311 3 i ododecane 1-bromodecane Ethanol, R.T., 0.5 hr 

Ethanol, 70°C, 0.5 hr 

Ethanol, R.T.. 0.5 h r  
1311 

(Choles t e r y l  

[ 1311]i odide) 

Ethano1/CHCl3(1:l), R.T., 70 hr 14.1 + 6.2 

Ethanol/CHC13(1:l), 65°C. 0.5 h r  23.8 t 11.6 

I 

(Cholesteryl iodide) 

Cholesteryl bromide Cholesteryl Ethano1/CHCl3(1:l), 65"C, 0.5 h r  21.8 t 10.8 

[ 13' I 1 iodide 

a) Samples were spotted from the solvent and allowed t o  dry a t  the appropriate temperature f o r  

speci f ied lengths o f  time; R.T. = room temp. b) 1,2-dihydro-5-methyl-2-phenyl-3H-pyrazol-3- 

one. c \  1.2-dihydro-4-[131I]iodo-5-methyl-2-phenyl-3H-p~r~zol-3-on~. d) 1,2-dihydro-4-bromo- 

5- methyl-Z-phenyl-3H-pyrazol-3-one. e l  1.0 molar. 
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t h e  a p p r o p r i a t e  1,2-dihydro-5-methyl-2-phenyl-3H-pyrazol-3-ones, and i o d i n e  f o r  

i o d i n e  exchange w i th  5 - i o d o u r a c i l .  

I o d i n e  f o r  i o d i n e  and i o d i n e  f o r  bromine exchange were a l s o  s t u d i e d  w i t h  

p r i m a r y  and secondary a l k y l h a l i d e s  (Tab le  11). HPLC a n a l y s i s  i n d i c a t e d  t h a t  

exchange w i t h  1-iododecane and 1-bromodecane was a l s o  o c c u r r i n g  i n  s o l u t i o n  and, 

t h e r e f o r e ,  was t h e  r e s u l t  o f  n u c l e o p h i l i c  d isp lacement .  However, HPLC a n a l y s i s  

demonstrated t h a t  i o d i n e  exchange w i t h  t h e  secondary a1 k y l  ha1 i d e s  c h o l e s t e r y l  

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

r e a c t i o n  occu r red  on t h e  su r face .  Rad io iod ine  f o r  boron  exchange occu r red  w i t h  

decy lborane and w i t h  a v i n y l b o r o n i c  a c i d .  

D I S C U S S I O N  

Numerous methods a r e  a v a i l a b l e  f o r  t h e  i n c o r p o r a t i o n  o f  r a d i o i o d i n e  i n t o  

o r g a n i c  and b i o l o g i c  mo lecu les  (8,9). One o f  t h e  most popu la r  methods i n v o l v e s  

o x i d a t i o n  o f  t h e  i o d i d e  t o  a r e a c t i v e  i n t e r m e d i a t e  w i t h  ch lo ramine-T  (C-T) o r  

reagen ts  s i m i l a r  t o  C-T (8 -11 ) .  R a d i o i o d i n a t i o n s  w i t h  C-T occu r  r e a d i l y  w i t h  

a c t i v a t e d  a romat i cs  such as pheno ls  and a n i l i n e s ,  i n c l u d i n g  L - t y r o s i n e  ( 1 1 )  as 

w e l l  as o t h e r  a romat i cs  as a n i s o l e  and t o l u e n e  ( 1 0 ) .  U r a c i l  and c y t o s i n e  a r e  

a l s o  e a s i l y  i o d i n a t e d  (11 ) .  The r e a c t i o n  o f  c a r r i e r - a d d e d  lZ5I- w i t h  AP i n  t h e  

presence o f  C-T gave a 48% y i e l d  o f  4-1311AP (12). Stud ies  u s i n g  C-T and 

no -ca r r i e r -added  1311- w i t h  AP i n d i c a t e d  t h a t  4-1311AP can be  prepared i n  

g r e a t e r  t han  98% y i e l d  ( 1 3 ) .  

The goa ls  o f  t h e  methods employ ing  chromatograph ic  sur faces  f o r  r a d i o  

' l a b e l l i n g  were n e i t h e r  t o  deve lop  o x i d a t i v e  procedures  t o  compete w i t h  C-T n o r  

t o  deve lop  p r e p a r a t i v e  methods f o r  s y n t h e s i z i n g  rad iopharmaceu t i ca l s ,  a l t hough  

i t  was used p r e p a r a t i v e l y  t o  make 4-1311AP ( 1 ) .  The o b j e c t i v e s  were t o  g a i n  

i n s i g h t  i n t o  t h e  t ypes  o f  compounds t h a t  a r e  r e a c t i v e  toward  13+- on a 

chromatograph ic  sur face  and t h e  r e a c t i o n  c o n d i t i o n s  condus ive  t o  such l a b e l l i n g .  

From a p r e p a r a t i v e  p o i n t  of  v iew, t h e  use of C-T has f a r  g r e a t e r  a p p l i c a b i l i t y  

f o r  r a d i o i o d i n a t i o n s  by  e l e c t r o p h i l i c  i o d i n e .  

Based on o u r  p rev ious  r e s u l t s  (1,2),  t h e  r e s u l t s  o f  o t h e r  groups (3,4) and 

t h e  r e s u l t s  of  t h i s  s tudy ,  t h e  f o l l o w i n g  conc lus ions  and p r e d i c t i o n s  can be made 
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regard ing r a d i o i o d i n a t i o n s  on chromatographic surfaces: 1) The reac t i ons  occur 

more r e a d i l y  on s i l i c a  surfaces (1-4) b u t  can occur t o  some ex ten t  on o the r  

surfaces (1,Z). 2)  The source o f  the 13'1-, p a r t i c u l a r l y  t he  absence, presence, 

o r  type o f  an t i ox idan t ,  can i n f l u e n c e  the  l a b e l l i n g  (2-4). 3 )  The reac t i ons  

appear t o  occur by o x i d a t i o n  o f  13'1- on the sur face r e s u l t i n g  i n  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  (2 ) .  4) The i n i t i a l  so l ven t  used t o  mix the reagents in f luences 

the  course o f  the reac t i on .  This  could be the r e s u l t  o f  e i t h e r  the i n f l uence  o f  

the so l ven t  on the tautomeric forms o f  the reac tan t  (5 )  o r  t he  in f luence o f  t h e  

so l ven t  on the i n t e r a c t i o n  o f  t he  reac tan t  w i t h  the sur face ( 2 ) .  A poss ib le  

explanat ion f o r  the apparent accelerated r e a c t i v i t y  o f  some o f  the compounds i n  

organic  so lvents  as compared t o  water could be the  more r a p i d  concen t ra t i on  o f  

the reactants  du r ing  evaporat ion o f  the so lvent .  5) The reac t i ons  occur r e a d i l y  

w i t h  c a r r i e r - f r e e  I3'I- and t o  a l esse r  ex ten t  w i t h  i nc reas ing  c a r r i e r  i o d i d e  

(up t o  80 ug/ml)  ( 2 ) .  6) 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  o f  a c t i v a t e d  aromatics such 

as phenols and a n i l i n e s  occur under c e r t a i n  cond i t i ons .  Less h i g h l y  a c t i v a t e d  

aromatics such as an iso le  and to luene were n o t  reac t i ve .  Aryl compounds having 

groups capable o f  undergoing 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  (14-16), such as 

a ry lbo ron ic  ac ids,  reacted on the surface. 7 )  I n  some cases a l k y l  ha l i des  w i l l  

undergo i o d i n e  f o r  h a l i d e  exchange, b u t  a t  room temperature the reac t i ons  occur 

on l y  t o  a l i m i t e d  extent .  A l k y l -  and vinylboranes reacted on the  sur face a t  

room temperature. I t  i s  poss ib le  t h a t  c e r t a i n  organo- t in ,  organo-thal l ium, and 

o rgano-s i l i con  compounds could a l so  r e a c t  on a s i l i c a  gel surface. These type 

o f  compounds have been found t o  be r e a c t i v e  w i t h  ox id i zed  rad io iod ine  (8,9). 

8 )  Other compounds are l ess  p r e d i c t a b l e  and l a b e l l i n g  may vary w i t h  cond i t i ons .  

For example, AP e x h i b i t e d  a pH e f f e c t .  A compound s i m i l a r  t o  AP, i .e.,  MPP (see 

Table 1 1 ) ,  was r e a c t i v e  on ly  a t  low pH. U r a c i l  and 2-deoxyuridine were 

unreactive, b u t  i o d i n e  fo r  i o d i n e  exchange occurred w i t h  5 - i odourac i l .  The 

surface may have an af fect  on the tautomeric conformations o f  the compounds 

thus i n f l u e n c i n g  the  r e a c t i v i t y  w i t h  the  i o d i n a t i n g  species. 9)  The r e l i a n c e  

upon TLC as a so le  t o o l  t o  moni tor  r a d i o i o d i n a t i o n s  and t o  perform q u a l i t y  

con t ro l  should be avoided unless the  p a r t i c u l a r  system has been thoroughly 

i nves t i ga ted  t o  preclude surface cata lyzed react ions.  
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