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ABSTRACT 

The '%-label l ing of 2-f luorohippuric  ac id  by i so tope  exchange 

r e a c t i o n s  has  been s tudied  i n  several organic so lvents  under 

varying reac t ion  condi t ions.  The so lvent  mixture ethanol/water ( 1 : l )  

was found s u i t a b l e  f o r  the  i so tope  exchange reac t ion :  a 100  per  cent  

i so tope  exchange w a s  observed f o r  t h i s  s y s t e m  a f t e r  an exchange 

t i m e  of one and half  hours. No i so tope  exchange was observed i n  

t h e  molten s ta te  of t h e  exchanging species. 

INTRODUCTION 

Radionuclides and l a b e l l e d  molecules a r e  applied t o  an increas ing  

e x t e n t  i n  science,  technology (1-6) and medicine (7-9) i n  recent  

times. This has  l e d  t o  the  development of adequate methods by 

radiochemists f o r  producing t h e  i n t e r e s t i n g  radionucl ides  and 

introducing them i n t o  t h e  appropriate  chemical compounds for use 

i n  medical diagnosis  and s c i e n t i f i c  invest igat ions.  There e x i s t s  

today a long list of such d iagnos t ic  radioisotopes,  which - t o  name 

a few - include 32P, 51Cr, 59Fe, 99mTc, lg7Hg, 64Cu, 87mSr, 123 I ,  

1251 ,and I3'I. 

With regard t o  t h e  h a l f - l i f e  t3 of the  radioisotope,  it is 

very important t o  employ radionucl ides  with r e l a t i v e l y  s h o r t  

h a l f - l i f e  t o  maintain the  lowest poss ib le  rad ia t ion  load on t h e  

p a t i e n t s  (e.g. 99mTc, t3 = 6h; 8 7m Sr, ti = 2.8h). The bio logica l  

h a l f - l i f e  of t h e  l a b e l l e d  compounds i n  t h e  organ and t h e  type of 
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r a d i a t i o n s  emit ted by t h e  radionucl ides  are also important f a c t o r s  

i n  deciding f o r  a p a r t i c u l a r  radionucl ide.  

Radioiodine, mostly i n  form of 13' I - labe l led  e i o d o h i p p u r i c  

acid has been appl ied i n  c l i n i c a l  funct ions diagnost ics ,  f o r  

example, radioiodine test of t h e  thyroid glands and the  

funct ional  inves t iga t ion  of t h e  spleen,  kidney and brain.  

Iodine-131 emits r-quanta (E = 0.36 MeV and 0.64 MeV), which 

are used f o r  t h e  s c i n t i g r a p h i c  measurements and also p p a r t i c l e s  

of m a x i m u m  energy 0.8 MeV. These emitted K p a r t i c l e s  a r e  not  required 

f o r  t h e  measurements and can only increase  the  unrequired r a d i a t i o n  

load on t h e  pa t ien ts .  The advantage of us ing  t h e  radionucl ide 

f luorine-I8 ins tead  of 13'1 i s  t h a t  18F emits only 

which y i e l d  

Besides, the  h a l f - l i f e  f o r  18F is shor te r  ( t i  = 2.56h) than t h a t  

of 13'1 ( t i  = 8.06d). I t  appears therefore  i n t e r e s t i n g  t o  l a b e l  

the  hippuric  a c i d  with 18F (o-fluorohippuric-18F) ins tead  of 

@!particles, 

r -quanta  of e n e r g y  0.51 MeV (pos i t ron  annih i la t ion) .  

13' 1 (2-iodohippuric acid-131 I ) .  

EXPERIMENTAL 

A l l  the  chemicals such as ethanol ,  glycine,  2-fluorobenzoyl ch lor ide  

and hydrochloric acid used i n  t h e  experiments were Merck (Darmstadt) 

"ana ly t ica l  reagents" and were not  f u r t h e r  pur i f ied .  

Preparat ion of 2-fluorohippuric acid: 

- o-Fluorohippuric acid is not ava i lab le  commercially and so it w a s  

prepared by the ac t ion  of glycine on 2-fluorobenzoyl ch lor ide  i n  a 

weakly a l k a l i n e  so lu t ion  according t o  equat ions (1) and (2) .  

o-F-C H -COC1 f H2N-CH -COOH + 2 NaOH-2-F-C H -CONH-CH2-COONa 
6 4  2 6 4  - 

f NaCl + If 0 ( 1 )  2 

o-F-C H -CONH-CH2-CM)Na + H C 1 4 2 - F - C  H -CO-NH-CH2-CM)H + NaCl (2) 6 4  6 4  - 
A similar method was used by Schotten and Baumann for the  

preparat ion of 2-iodohippuric acid.  (10, 11) 
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0.1 Mole of glyc ine  was dissolved i n  150 cm3 water i n  a four- 

necked round-bottomed f l a s k ,  which was f i t t e d  with a stirrer 

and two dropping-funnels. To t h e  s t i r r e d  glycine s o l u t i o n  were 

added slowly and simultaneously dur ing  30 minutes through the 

funnels  0.1 Mole pf luorobenzoyl  c h l o r i d e  and a s o l u t i o n  of 0.2 Mole 

sodium hydroxide i n  100 cm3 water. The reac t ion  mixture w a s  s t i r r e d  

for another t w o  hours ,  while t h e  temperature w a s  maintained between 

3OoC and 40°C. Thereaf ter  t h e  mixture w a s  t rea ted  with 30 cm 

concentrated hydrochlor ic  acid. The prec ip i ta ted  p f l u o r o h i p p u r i c  

a c i d  w a s  f i l t e r e d  off. The product w a s  pur i f ied  by heat ing  it with 

about 50 cm carbon t e t r a c h l o r i d e  for 10 minutes. Af te r  f i l t r a t i o n  

t h e  white, c r y s t a l l i n e  a c i d  was r e c r y s t a l l i z e d  from a small quant i ty  

of absolu te  e thanol .  The y ie ld  was 81% and m.p.: 145-146OC. 

3 

3 

The determined melting poin t  d id  not  agree with the  m.p. (121-121.5OC), 

given i n  a publ ica t ion  i n  the  year 1883. (12) Because of t h i s  

discrepancy t h e  p u r i t y  of the  prepared 2-f luorohippuric  acid w a s  

f u r t h e r  checked by elemental ana lys i s .  Found: C,54.52; H, 4.25; 

N ,  7.02; F, 9.80. Calculated for C H FN03; C ,  54.84; H, 4.06; N ,  7.11; 

F,9.64%. Fluorine was q u a n t i t a t i v e l y  determined by f u s i n g  the  a c i d  

with sodium peroxide and eventual ly  p r e c i p i t a t i n g  i t  as F'bClF. (13) 

Within experimental e r r o r  t h e  determined values agree with t h e  

t h e o r e t i c a l  values. I t  can only be assumed t h a t  t h e  m.p. s t a t e d  i n  

t h e  publ icat ion (12) is not correct .  

9 8  

I sotope Exchange reac t ion  for t h e  18F-labelling of 2-f luorohippuric  acid: 

For t h e  I8F-label l ing of e f  luorohippuric  acid t h e  i so tope  exchange 

method w a s  used according t o  t h e  reac t ion  equation ( 3 ) :  

o-F-C H -CO-NH-CH2-COOH + 18F- *g-18F-C H -0-NH-CH 4 O O H  + F- 

The 18F--ions were used i n  form of K F. The f l u o r i n e  isotope 

18F w a s  produced by photonuclear reac t ion  "F(y,n)18F i n  a l i nea r  

acce lera tor .  (14) The exchange reac t ion  was s tudied a t  d i f f e r e n t  

temperatures i n  t h e  solvents :  e thanol ,  ethanol/water, dioxane and 

d i o x a n e h a t e r .  

(3) 6 4  6 4  2 - 
18 
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In  addi t ion t h e  exchange r e a c t i o n  was  a l s o  s tud ied  under t h e  

following condi t ions:  

a )  rad ia t ion  - induced i so tope  exchange according t o  equation (3) 

i n  the  solvent  system ethanol jwater  (1 : l ) ;  r a d i a t i o n  source: 

60 
Co with dose rate of 0.45 Mrad/h. 

b)  Isotope exchange according t o  equation (3) i n  molten 2-fluoro- 

hippuric  acid. For a l l  t h e  cases  t h e  ex ten t  or  degree of exchange 

was determined by t h e  method of radio-thin-layer-chromatography. 

Ready-made thin- layer  p l a t e s  ( s i l i c a  gel F254, 5x20 c m ,  Merck Darmstadt) 

were used. A few drops of t h e  r e a c t i o n  s o l u t i o n  or dissolved molten 

reac t ion  mixture were appl ied with a m i c r o l i t r e  p i p e t t e  t o  t h e  thin-  

layer  p la tes .  

The development of t h e  thin- layer  p l a t e s  was c a r r i e d  out  with 

ethanol/chloroform/concentrated ammonia,(8:4:1) so lvent  sys tem.  

The R -value f o r  g-f luorohippuric  acid was 0.37 and zero f o r  

f l u o r i d e  ions. The thin- layer  p l a t e s  were then exposed t o  UV-light 

and t h e  developed spots  were out l ined with a penci l .  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  on t h e  spots  w a s  determined with a methane gas-flow 

thin-layer chromatogram scanner (Berthold IB 2720, Wildbad/W. Germany) 

f i t t e d  with a Geiger tube. The scan speed was about 120 mm p e r  hour. 

f 

To eva lua te  the radio- thin- layer  chromatogram the peak areas 

PA(F-) ( i .e .  t h e  area f o r  '*F--activity) and PA(2-l8FHA) (i.e. t h e  

area f o r  l a b e l l e d  g-f luorohippuric  ac id)  were determined. I f  18F- 

a c t i v i t y  is i n  form of - ions before  t h e  exchange r e a c t i o n  

according t o  equation (31, then t h e  degree, D, of i so tope  exchange 

can be def ined by equation (4 ) .  (15) 

1 8F- 

D =  
s, 

" -  

s, 
(4)  

where S(?l8FHA) = s p e c i f i c  r a d i o a c t i v i t y  of g-fluorohippuric- 

acid-18F a f t e r  t h e  exchange 

sr = s p e c i f i c  r a d i o a c t i v i t y  a t  equi l ibr ium (i.e. 

after i n f i n i t e  exchange r e a c t i o n  time). 

I t  can then be  eas i ly  derived t h a t  the r e l a t i o n s h i p  (equation 5) is 
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a l s o  v a l i d  for t h e  degree of exchange, e s p e c i a l l y  i n  t h i s  case  

t h a t  t h e  i so tope  exchange is followed up b y  t h e  method of radio- 

thin- layer  chromatogram 

(5 )  
PA(2-l 8FHA) ' ( l f a )  b D =  
pA(g-18~m) + P A C ~ ~ F - )  

1 8  where PA(%- FHA) = peak area f o r  t h e  o-18fluorohippuric a c i d  

a c t i v i t y  

PA(",-) 

a 

= peak area f o r  the  18F--ions a c t i v i t y  

= concentrat ion of 2-fluorohippuric acid i n  

mole - 
the  reac t ion  so lu t ion  LF~] 

b = concentrat ion of t h e  18F--ions i n  t h e  

reaction s o l u t i o n  [-i 

To recover  t h e  18F-labelled 2-f luorohippuric  acid from the 

thin- layer  p l a t e s ,  t h e  r inged spots  were scraped off the  p l a t e s .  

The l a b e l l e d  acid w a s  then e lu ted  with very small q u a n t i t i e s  Of 

abso lu te  e thanol  and could be concentrated t o  the  des i red  specific 

r a d i o a c t i v i t y .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  I8F-label l ing of 2-fluorohippuric ac id  i n  

d i f f e r e n t  so lvents  are summarised i n  Table  I .  Within experimental 

error, t h e  accuracy of t h e  determined D-values (degree of exchange) 

decreases with increas ing  reac t ion  time because of the r e l a t i v e l y  

s h o r t  half- l i fe  of 18F. For a reac t ion  t i m e  of one hour t h e  error is  

estimated at  about 

observed i n  t h e  evaluat ion of t h e  thin- layer  chromatogram. There w a s  

no isotope exchange between 18F- and 2-fluorohippuric a c i d  i n  pure 

dioxane a t  100°C, but  an exchange w a s  observed when water was added. 

2 10% because of t h e  l o w  a c t i v i t y  (counts per  minute) 
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0.25 28 

0.75 40 

1.50 55 

Table I : Resul ts  of I8F-label l ing of 2-f luorohippuric  a c i d  

by isotope exchange reac t ion  

Ethanol 

so lvent  I Concentration 

0.00323 

18 of K F 

78 

0.0043 I Water 

0.25 1 0  

0.75 10 

1.00 10 

80 

Ethanol/ 

Water 0.0043 

Dioxand 

Water(2:l) 0.0043 

0.25 40 

1.00 68 

1.50 100 

L L L  0.0577 

Concentration 

~ 

0.00254 

0.0019 

0.00254 

0.0019 

0.00254 

b)  

0.254 

Temp. 1 Reaction Degree of 1 

150 I 0.25 I 17 
a )  = molten state of 2- i luorohippuric  ac id  and K18F 

b )  = concentrat ions are given i n  millimoles. 

The i r r a d i a t i o n  of t h e  exchanging spec ies  i n  the  so lvent  sys tem 

ethanol/water ( 1 : l )  with a 60Co-source, with a dose rate of about 

0.45 Mrad/h for one hour (radiation-induced exchange) yielded r e s u l t s  

similar t o  those i n  Table I obtained f o r  ethanol/water without 

i r r a d i a t i o n ,  The r e s u l t s  d id  not  i n d i c a t e  a f a s t e r  rate of isotope 

exchange. 

The exchange reac t ion  experiments f o r  t h e  I8F-labelling of e f l u o r o -  

h ippur ic  a c i d  showed c l e a r l y  t h a t  t h e  i so tope  exchange depends strongly 

on t h e  solvent .  While t h e  degree Oi exchange i n  t h e  so lvent  system 

ethanol/water (1:l) a t  about 80°C amounted t o  10% a f t e r  an exchange 

t i m e  of one and half hours, l i t t l e  or no exchange was observed i n  pure 

e thanol  under the  same condi t ions.  The exchange w a s  c l e a r l y  slower i n  
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pure water than in  ethanol/water. S imi la r  t o  pure e thanol ,  pure 

dioxane is not  a s u i t a b l e  so lvent  f o r  the  i so tope  exchange. I t  can 

be  explained t h a t  l i t t l e  or no exchange was observed i n  pure organic  

so lvents  because t h e  l a b e l l e d  s a l t  K F is very s l i g h t l y  so luble  OY 

only s l i g h t l y  d issoc ia ted  i n  t h e s e  solvents. 

18 . 

The exchange time of about one and half  hours i n  the  s u i t a b l e  

so lvent  mixture ethanol/water ( 1 ; l )  is not a l 1 , t h a t  favourable when 

t h e  relatively s h o r t  h a l f - l i f e  of 18F is taken i n t o  account and 

e s p e c i a l l y  when a high s p e c i f i c  r a d i o a c t i v i t y  of t h e  labe l led  compound 

is required. It may be possible  t o  reduce the  exchange t i m e ,  i f  

i s o t o p e  exchange reac t ions  are c a r r i e d  out  i n  a s u i t a b l e  solvent  i n  

s e a l e d  ampoules a t  higher  temperatures. 

REFERENCES 

1. B. Broda and T. Schonefeld, "The Technical Applications of 

Radioact ivi ty" ,  Pergamon Press ,  Oxford, 1966. 

2. L. G. Erwall, G .  Forsberg and K. L. Junggren, "Radioaktive I so tope  

in der  Technik", Vieweg Verlag, Braunschweig, 1965. 

3. W. H. Beierwalters, P. C. Johnson and A. J. S o l a r i ,  ttChemical U s e  

of Radioisotopes", W. B. Saunders, Phi ladelphia ,  1957. 

4. J. G. Burr, "Tracer Applications f o r  t h e  Study of Organic Reactions'!, 

In te rsc ience ,  New York, 1957. 

5. C. L. Colmar, Ttadioisotopes i n  Biology and Agriculture", Academic 

Press ,  New York, 1960. 

6. A. Adelmann, "Radioactivity for Pharmaceutical and All ied Labo*atories'l, 

Academic Press ,  N e w  York, 1960. 

7. S. S i l v e r ,  "Radioactive Isotopes i n  Medicine and Physiology", 

Y c G r a w - H i l l ,  N e w  York, 1953. 

8. C. A. Owen, "Diagnostic Radioisotopes", Blackwells, Oxford, 1959. 

9. K. E. Scheer, "Kerntechnik i n  d e r  Medizin", Thiemig-Taschenbucher 

Band 33, Verlag Karl-Thiemig, Munich, '1968. 

10. C. Schotten and E. Baumann, B e r .  dtsch. Chem. G e s .  l7, 2544 (1884). 

11. C. Schotten and E. Baumann, B e r .  dtsch. Chem. G e s .  l9, 3218 (1886). 



722 Ch. L. Ndiokwere 

12. di F. Coppola, Gaz. Chim. Ital. i3, 524 (1883). 

13. a) F. G. Fischer, H. W. Kohlschutter and K1. Schafer, "Fortschritte 

der Chemischen Forschung", Vol. 1 , , 485 (1950). 

b) G. Muller, "Praktikum der quantitativen Chemischen Analyse", 

S. Hirzel Verlag, Leipzig, p.322, 1959. 

14. H. Elias and Ch. L. Ndiokwere, Radiochimica Acta, l4, 160 (1970). 

15. A. C. Wahl and N. A. Bonner, "Radioactivity applied to Chemistry", 

Wiley, New York, pages 7-11, 1951. 




