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ABSTRACT 

A simple new method for synthesis of a carr ier  free.( 1311)-4-iodoantipyrine 

has been developed. The procedure uses dry column chromatography on silica gel, 

where reaction between iodine-I31 and antipyrine is carried out  simultaneously 

with elution of ( 1311)-4-iodoantipyrine. The labelling yield is around 80 per cent ;  

radiochemical purity of t he  final product exceeds 98 per cent. 

Keywords: Labelled 4-Iodoantipyrine, Carrier F ree  Labelling, Dry Column 

Labelling. 

INTRODUCTION 

4-iodo-antipyrine (4-IAP) or 4-iodo-2,3-di-methyl-l-phenyl-3-pyrazol-5-one 

(2) has been used for autoradiographic measurement of the  regional cerebral  blood 

flow in animals (I). The 4-IAP used in t h e  measurements was labelled with a 

radioactive iodine (2,3) or carbon-14. An iodine-labelled material  is of particular 

interest  in double-isotope labelled experiments, where regional glucose utilization 

and regional blood flow a re  measured in the same  brain slices (4). 
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Severa l  p rocedures  for  label l ing of 4- iodoant ipyrine wi th  rad ioac t ive  iodine 

have  been  reported.  In genera l  t w o  r o u t e s  c a n  b e  followed. O n e  is  t h e  exchange  

reac t ion  be tween rad ioac t ive  iodine and 4- iodoant ipyrine or  4-bromoantipyrine ( 5 ) .  

The second r o u t e  is  d i r e c t  in t roduct ion  of r a d i o a c t i v e  iodine i n t o  an t ipyr ine  ( 6 ) .  

The f o r m e r  procedure  has  been favoured  b e c a u s e  of i t s  good yields  and because  

t h e r e  has  b e e n  no  r e a l  need  for  prepara t ion  of a c a r r i e r  f r e e  or high spec i f ic  

ac t iv i ty  4-iodoant ipyrine. 

R e c e n t l y  Boothe et a1 used d i r e c t  in t roduct ion  of rad ioac t ive  iodine to 

prepare  label led 4-iodoantipyrine by r e a c t i n g  an t ipyr ine  w i t h  rad ioac t ive  iodine on  

th in  layer  chromatographic  (TLC) p l a t e s  ( 6 ) .  Although t h e  procedure  t h e y  descr ibe  

produces a good yield, i t  i s  n o t  p r a c t i c a l  for  regular  prepara t ion  of iodine label led 

4-IAP because  t h e  T L C  p l a t e  must  b e  s c r a t c h e d  to recover  t h e  label led mater ia l .  

In t h i s  paper  w e  descr ibe  a s imple  procedure  for  t h e  prepa ta : i so  o t  c a r r i l -  

The  method uses  a techniques o f  dry f r e e  (%o c a r r i e r  added") 4-iodoantipyrine. 

column chromatography which e f f e c t i v e l y  s e p a r a t e s  var ious m a t e r i a l s  (7). 

MATERIALS AND METHODS 

In our work w e  h a v e  used a c a r r i e r - f r e e  ("no c a r r i e r  added") solut ion of 

N a I 3 l I  commerc ia l ly  obtained '. The solut ion of Na1"I in w a t e r  conta ined  no 

s tab i l izer  or preserva t ive .  The  isotope was  supplied in a t o t a l  vo lume of a b o u t  50d 

(having 100 mCi/rnl). 

t Merck Frosst Inc., Montreal ,  Q u e b e c  
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To find optimum conditions for t he  separation of 4-IAP (2) and antipyrine (L), which 

could be  directly transferred to dry column chromatography, we  carried out  a 

ser ies  on the  TLC pla tes  made f rom t h e  s a m e  material* la te r  used in dry columns. 

In our search  for  t h e  bes t  solvent mixture we  had two  requirements: good 

separation of 4-IAP and antipyrine, and an Rf value of 4-IAP above 0.85 to ensure 

elution with t h e  f ront  of t h e  solvent. These requirements were  fulfilled by using 

toluene-ethyl ace ta te -e thyl  alcohol (1:2:3) as a developing solvent. Rf values for  

4-IAP and antipyrine in t h a t  solvent a r e  0.92 and  0.67, respectively. 

Antipyrine used in our work was of high chemical pu r i ty t tw i th  only one spot 

on TLC plates in two different solvents. The quali ty control in our work was done 

on non-activated hard layer 250 TLC pla tes  

were  developed in a sa tu ra t ed  chamber and t h e  plates examined under a n  ultra- 

violet light at 254 and 360 nm. These plates with radioactive iodine as a t racer  

were  scanned on a radiochromatograph with a windowless proportional counter  

equipped with a 3 mm opening. 4-iodoantipyrine used as an internal standard for  

TLC was obtained commercially***. 

urn thick silica gel TLC plates**. 

Silica gel used for dry column chromatography ?++was the  same  as t h a t  used 

on t h e  TLC plates and i t  was  used without any activation. The column used in th i s  

work had a 0.9 c m  internal d iameter ;  in general  silica gel was packed in the  column 

t o  height of about 6 cm. The solvent mixture used in t h e  development and in s i tu  

labelling was  toluene-ethyl ace ta te -e thyl  alcohol (1:2:3). 

* Polygram Silica Gel N-HR/UV 254, Sybron/Brinkmann 
** Cat.  No. AN47521, Silica Gel HLF, analtech 
** * Chemicals Precurement  Laboratories, Inc., College Point, NY. 
t i  Cat. No. A-5882, Sigma Chem. Co. 
t W  Silica Gel N-HR/UV 254, Sybron/Brinkmann 
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To t h e  top of the  column 10 111 of Na1311-solution was added along with 4 mg of 

antipyrine and 5-10 iil of 5N hydrochloric acid. A control mixture was put in a 

sample vial, without organic solvent and silica gel, and t h e  vial was tightly closed. 

After f ive minutes approximately 100 mg of silver oxide or  silver carbonate  and 

one ml of distilled water  were added and t h e  solid was removed by fi l tration 

through a millipore membrane. The radioactivity carr ied with silver precipitate 

was assumed to be  inorganic iodine. The labelling of iodoantipyrine occured in the  

control vial to t h e  extent  of up to 40 per cent .  There was no special c a r e  to  

exclude oxygen from the  control mixture. The labelling yield is increased to 80 per 

cent  on average by loading t h e  mixture on a dry silica ge l  column and eluting 
131 I)-4-iodoantipyrine with a proper mixture of solvents. To prove t h a t  labelling is 

specific t o  carr ier  f r e e  iodine, w e  experimented by adding small  amounts of 

inactive NaI. Addition of even 1 ug of NaI into t h e  reaction mixture stopped t h e  

labelling reaction in t h e  control vial. Putting this reaction mixture through a silica 

gel column, as described earlier,  increased the  labelling yield to 6 per cent. 

( 

To find optimum labelling condition the  acid concentration was varied and 

t h e  best labelling yield was achieved by adding 5N hydrochloric acid. Material  was 

fixed on the  top of t h e  silica gel with a small  amount of glass wool and t h e  

developing solution slowly applied to t h e  top of the  column. The supply of solvent 

is carefully controlled to prevent high hydrostatic pressure from t h e  top. As 

mentioned earlier,  t he  solvent mixture for dry column chromatography was 

optimised by TLC. If one wants to prepare several  columns it is  easier to make up 

the  mixture of Na1311, antipyrine, HCI and silica gel f irst  and then to put t he  

appropriate amount a t  the  top of each column. 
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RESULTS AND DISCUSSION 

One tenth of a milliliter fractions of t h e  eluting solvent were collected and 

analysed on TLC plates. W e  found tha t  ('311)-4-1AP s t a r t s  to elute  in the  third 

fraction. The ent i re  iodoantipyrine elutes in about 0.6 ml of solvent. 

The labelling procedures yield was measured by comparing the  activity of the  

Na13'I added to t h e  column with tha t  of ( 1311)-4-IAP (1). The labelling reaction 

can be  represented as follows: 

( l3'I)-4-IAP was assayed by TLC in two different solvents. In both solvents 

13'1- would s tay at the  point of origin whereas (1311)-iodine would move to t h e  

front. Radiochemical purity of ('311)-4-IAP exceeds 98 per cent. A TLC 

radiochromatogram of t h e  final product is given in Fig. 1. A small  amount of 

antipyrine (l-) and inorganic Io (less than 1 per cent) is present in the final P3'I)-4- 

IAP. Inorganic I2 is most likely produced by radiolyses of Nal3'I. Trace amounts 

of antipyrine impurity can be  removed if desired, by passing t h e  final product 

through a second column of silica gel and using less polar solvent. Here i t  should 

b e  noted t h a t  a few micrograms of antipyrine should not e f f e c t  measurement of 

t h e  rCBF with t 3 ' I  )4-IAP prepared by this procedure and i t  is therefore  not 

necessary to remove it from (I3lI  )4-IAP. Inorganic iodine can be  removed by 
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adding a small  amount  (about 3 mg) of A g 2 0  and  f i l t e r ing  it.  An additional test f o r  

t h e  presence  of iodine and iodide was car r ied  out.  Into t h e  organic  layer  was  added  

200 u g of 4-IAP and 3mg of Ag20. Silver oxide w a s  f i l t e red  off and  washed with 

otganic solvent to r e m o v e  ail  traces of (I3'i )4-IAP. The  rad ioac t iv i ty  on  silver 

oxide, was  assessed wi th  an  NaI(T1) d e t e c t o r  connec ted  to a single channel 

analyser,  was found to b e  less t h a n  2 p e r  cent .  From exper iments  with si lver oxide 

and TLC-radiochromatograms, w e  have  concluded t h a t  t h e r e  w a s  very l i t t l e  ionic 

or a t o m i c  iodine present  in our 4-IAP, s ince  both of t h e m  would prec ip i ta te  as AgI. 

Our procedure,  which c a n  b e  used with any  iodine radioisotope, produces 

around 80  p e r  c e n t  c a r r i e r  f r e e  (13'I)-4-IAP. Stabil i ty of c a r r i e r  f r e e  ('311)-4-IAP 

was  assessed by s tor ing  i t  in a re f r igera tor  in a methanol  o r  0.9 per  c e n t  saline 

solution. Not more  t h a n  1 per  c e n t  decomposition was  not iced  in e i t h e r  solvent 

a f t e r  th i r ty  days when t o t a l  ac t iv i ty  in t h e  vial w a s  less than 1 mCi. Similar 

results were  observed by DiMattio and  Hochwald (3).  

On TLC plates,  (l3'1)-4-1AP prepared by t h e  method above, has  t h e  s a m e  R f -  

value as inac t ive  commerc ia l ly  obtained 4-IAP which was  visible under UV-light a t  

254 nm. Thin layer chromatograms w e r e  developed in t w o  d i f fe ren t  solvent 

mixtures, e thyl  ace ta te - to luene  (1:l) and  toluene-ethyl ace ta te -ch loroform (2:l:l). 

R f  values observed in t h e s e  solvents w e r e  0.38 f o r  t h e  f i r s t  one  and 0.64 for  t h e  

second. 

Although t h e  labelling procedure described by Robinson and Lee  (5) might b e  

e f fec t ive ,  t h e  labelling yield is no t  as high as c la imed and t h e  final elution through 

anion resin to remove  radioiodine does  not work in our  hands as described in t h e  

paper ( 5 ) .  Accordingly w e  have  t r ied  t o  p r e p a r e  1311-labelled 4-IAP by t h e  
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Figure I: TLC Radio-chromatogram of Carrier Free 13'1 -CIAP, developed 

in e thyl  acetate-toluene (1:l). 
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Robinson-Lee method with t h e  following change: w e  measured t h e  labelling yield 

and purity a f t e r  removing whatever I- and I2 might b e  present by precipitating AgI 

a f t e r  adding LO mg of I- car r ie r .  The yields were  around 50 per cent.  This 

precaution avoids erroneous conclusions t h a t  might b e  made  f rom t h e  assessment 

of t he  purity and yield of labelled 4-IAP by TLC on silica gel, since the  labelling of 

antipyrine might occur in a high yield on TLC p la t e  (6) .  

In experiments where (l3'I)-4-1AP prepared by t h e  method described in ref. 

5 was eluted with 0.9 per cen t  NaCI, most of the(131Q-4-IAP was  not  eluted f rom 

ion exchange resin in t h e  first  1 mi of eluent as s t a t ed  by t h e  authors (5). In our 

hands at least  i t  was eluted in qui te  a la rge  volume. Furthermore,  we  found t h a t  

t h e  elution works much be t te r  with methanol than with 0.9 per cen t  saline solution. 

Labelling on TLC pla tes  (6), even if it results in a sa t i s fac tory  yield, is no t  

This is not really advisable with practical  since i t  requires scraping of t he  spot. 

radioiodine in everyday preparations, or with any o ther  radioisotopes. 

The mechanism of incorporation of iodine into t h e  molecule of antipyrine is 

not completely clear.  Iodoantipyrine is classically produced through iodination of 

antipyrine with iodine (3),  produced in si tu by reaction of K I  and K I 0 3 .  In this 

reaction the re  is definitely a t rans i t  state of I' which some researchers  (8) believe 

is needed for t he  incorporation into the  antipyrine molecule. If this mechanism 

does occur in t h e  reaction i t  might also explain our results. The presence of I' in 

our reaction mixture is not in doubt, because the  solution used in our work is 

carrier f r ee  and t h e  presence of this species (1') as an  intermediary oxidation state, 

produced by radiolyses in radioiodine solutions. Since labelling was increased a f t e r  

passing the  mixture through a silica column, i t  is c lear  t h a t  t h e  sur face  e f f e c t  
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plays a very important role in this labelling mechanism. If assumed tha t  1' is 

needed for labelling i t  seems t h a t  1' must be  produced by the  interaction of I- or I" 

with the  silica gel surface because passing of the  reaction mixture throughout t h e  

column increases labelling yield. The labelling on TLC plates as described in 

reference 7 is a surprise, because the authors state tha t  their  radioactive iodine 

had NaHS03 as a stabilizer. In t h e  presence of a reducing agent,  NaHS03, t h e  

existence of 1' would be  highly unlikely. I t  is possible, however, t h a t  NaHS03 is 

decomposed on t h e  TLC plate. It is also possible t h a t  a f t e r  t he  spot dries, t h e  

e f f e c t  on iodine of a reducing agent in an organic solvent becomes negligible. I t  is 

not surprising tha t  Boothe et a1 (6 )  did not observe any labelling before applying 

their  mixture to silica gel plates  (in control vials), because their  iodine had 

NaHS03 as a stabilizer in t h e  I3 ' I  solution. 

CONCLUSION 

A simple labelling procedure using dry column chromatography produces 

carr ier  f r ee  1311-labelled 4-iodo-antipyrine in an average radiochemical yield of 80 

per c e n t  ( the best  being 90 per cent). The radiochemical purity of(1311)-4-IAP 

exceeds 98 per cent.  The method does not require any special skill and could be set 

up and done on a routine basis without any special technical attention. This 

method could be  of use in a variety of set-ups, for instance columns could be 

prepared in an institution or in an isotope producing laboratory and shipped t o  t h e  

user's laboratories, and developed there  to produce labelled 4-IAP. 

I t  has  been shown t h a t  labelling of iodoantipyrine occurs to the  extent  of 40 

per cen t  by the simple reaction between species of carr ier  f r ee  iodine and 

antipyrine in a glass vial. The labelling yield has been increased by passing t h e  

mixture through a silica column has been demonstrated. 



348 M. Diksic and B. Kodery 

Since charac te r i s t ics  of commercial  silica gel vary f rom supplier to supplier 

one should use the  s a m e  silica gel we  used with our solvent mixture if t h e  same  

results a r e  desired. If another silica gel is used one should measure Rf values 

before a t tempt ing  to label 4-iodoantipyrine. 
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