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SUMMARY 

18 T h e  nucleophilic introduct ion of n.c.a. - [ 
a c i d s  using anion ac t iva t ion  by macrocycl ic  polyet  h e r s  w a s  invest igated.  

T h e  reac t ions  c a r r i e d  out  in t h e  p r e s e n c e  of t h e  bicycl ic  aminopolye ther  A P E  2.2.2. 

g a v e  r i se  to high rad iochemica l  yields  (40-65 %) under  mild condi t ions.  Impor tan t  for 
t h e  successfu l  18F-labelling is a sui tab le  ca t ion /polye ther  couple ,  which leads t o  a n  
u n s o l v a t e d  [ 1 8 F ] - f l u o r i d e  in  a d i p o l a r  a p r o t i c  s o l v e n t  a n d  e n s u r e s  a h i g h  i o n  

c o n c e n t r a t i o n ,  t h u s  e n h a n c i n g  t h e  r e a c t i v i t y .  R e a c t i o n  p a r a m e t e r s ,  s u c h  as 
c o n c e n t r a t i o n  of s u b s t r a t e  and  APE, t h e  inf luence  of ca t ion ,  anion and w a t e r  w e r e  
s tudied and opt imised.  

F]-fluoride in to  a lkanes  and  carboxyl ic  
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INTRODUCTION 

D. Block et al. 

18F-labelled compounds  a r e  gaining i m p o r t a n c e  in Posi t ron Emission Tomography 

(PET),  par t icular ly  when t h e  labelling is c a r r i e d  out  under  no c a r r i e r  added (n.c.a.1 

condi t ions (cf.e.g.(l)). 

An ideal  f luorinat ion agent  under  t h e s e  condi t ions  is [18F]-fluoride. In pr inciple  it IS 

possible, to label all compounds  with th i s  anion via  nucleophi l ic  subs t i tu t ion  react ions.  
C a r r i e r - f r e e  [ F]-fluoride c a n  be  g e n e r a t e d  in high yields  f r o m  various t a r g e t s  a t  a 

cyc lo t ron  ( s e e  e.g. (2 ,3)) .  But nucleophi l ic  introduct ion of f luorine normally requi res  

long reac t ion  t i m e s  and d r a s t i c  reac t ion  condi t ions.  The yields  a r e  general ly  small .  

This IS part icular ly  t r u e  for n.c.a. reac t ions ,  which suf fer  f rom loss of ac t iv i ty  as a 
resul t  of adsorpt ion.  Dipolar a p r o t i c  solvents  having good c a t i o n  solvat ing proper t ies  

thus  rendering t h e m  su i tab le  for c o m m o n  p r e p a r a t i v e  f luorinat ion reac t ions ,  c a n  also 

be  employed in 18F-labelling (4-12).  

[ F]- te t raa lkylammonium f luorides  ( 1 3 )  and 18-crown-6 (5,14) h a v e  been employed 

with t h e  a im of improving t h e  f luoride solubility and suppressing t h e  solvat ion of t h e  

f luoride ion, but  18-crown-6 has  not been  a lways  successful  (8,151. 

Bicyclic ani inopolyethers ,  which c a n  be  used successful ly  for  p r e p a r a t i v e  f luorinat ion 

(16,  17) have  not been  appl ied to  18F-labelling so f a r .  In th i s  paper  p a r a m e t e r s  which 

a r e  impor tan t  for  t h e  nucleophilic in t roduct ion  of [ 18F]-fluorine under t h e  condi t ions  

of anion ac t iva t ion  a r e  examined  and opt imised  with t h e  a i m  t o  achieve  fas t  n.c.a. 

"F-labelling under  mild reac t ion  condi t ions.  The  inf luence of var ious reac t ion  

p a r a m e t e r s  on 18F-labelling w e r e  s tudied with b r o m o h e p t a n e  as a model  sys tem.  

These  w e r e  used a s  a basis for a g e n e r a l  method of fas t  nucleophi l ic  introduct ion of 

[ 

18 

18 

18 FI-f luoride under  n.c.a. condi t ions.  

EXPERIMENTAL 

(Materials and methods  

All used c h e m i c a l s  a r e  commerc ia l ly  avai lable .  The aminopolye thers  (APE) (Merck,  

D a r m s t a d t ,  F R G )  and t h e  c rown e t h e r s  (Fluka,  Buchs, Swi tzer land)  w e r e  used without  

fur ther  purif icat ion.  

The  appl ied s a l t s  w e r e  of t h e  highest g r a d e  of purif icat ion.  The  so lvents  w e r e  purif ied 

by ordinary methods.  The  s u b s t r a t e s  w e r e  dis t i l led or  recrys ta l l ized  b e f o r e  use. 

Aqueous n.c.a. [18F]-fluoride w a s  produced by t h e  160(3He,  p) F nuc lear  r e a c t i o n  a t  

t t w  Phil ips  AVF lsochron-Cyclotron of t h e  Universi ty  of Hamburg.  

T h e  '*F-production w a s  c a r r i e d  out  by i r rad ia t ion  of 4 ml w a t e r ,  (Nanopure  -quality), 

w i t h  40 MeV He-ions ( I p A ;  2-3h) in a t a r g e t  vessel  (2 mm, 50 m m  d) m a d e  of 
t i tan ium.  A tan ta lum-fo i l  w a s  used as a b e a m  window. F u r t h e r  de ta i l s  a r e  descr ibed  

e l sewhere  (18). Smal l  a m o u n t s  of 7Be w e r e  produced too. T h e  rad iochemica l  puri ty  

18 

R 
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T a b l e  1: Separa t ion  conditions. 

C C  

Carbowax 20 M; 

Tcolumn k'F k'Br 

Subst  r a t e  LOCI 

1 -bromoheptane  9 5  1.3 
I -bromooctane  90  2.1 

2-Br-CH 2COOCH 6 5  6.3 

2-Br-C2H5COOC2H5 90 2.3 
4-Br-(CH2)3COOC2H5 120 1.5 
6-Br-(CH2)5COOC2H5 120 3.4 

17-Br-(CH2)16COOC2H5 --- 
6-chloronicot inic  --- 
acid-N-diet hy lamide  

6.1 

6.3 
4.3 
9.6 
9.3 
6.8 

H P L C  

Radial  P a k  

Eluent  k ' F  k'Br k'C1 

c18 

9MeOH:IH20 2.8 4.2 -- 

8MeOH:3H20 2.3 3.5 -- 
-- -- -- ---- 

-- -- -- --- 
-_ -- -- --- 

7MeOH:3H20 1.3 3.8 -- 

3MeOH:7H20 1.5 -- 2.5 
MeOH 1.4 5.2 -- 

IS w a s  'Be/ F = 2.5 
reac t ion .  

lo-'. An al iquot  of "F-containing w a t e r  w a s  t a k e n  for  t h e  

In a typica l  r e a c t i o n  0.05 - 0.1 mmol  K 2 C 0 3  and  0.1 - 0.2 mmol  APE 2.2.2. a r e  

added  t o  1-4 ml i r rad ia ted  t a r g e t  w a t e r ,  containing 10 - 40 m C i  L(0.37 - 1.5) * 10 Bq] 
"F. The  m i x t u r e  is vaporized and dr ied in vacuum (15 Torr)  a t  95  - llO°C. 

This procedure  t a k e s  10 - 30 minutes  depending o n  t h e  amount  of t h e  t a r g e t  w a t e r  
(1-4 ml). 
In t h e  vessel  w i t h  t h e  dry  res idue  1.5 ml a c e t o n i t r i l e  (abs.) and  0.05 - 1 mmol  
s u b s t r a t e  a r e  given. A f t e r  10 minutes  ref luxing t h e  18F-labelling is finished. The  

products  a r e  s e p a r a t e d  by g a s  chromatography or  HPLC using t w o  columns  of t h e  

s a m e  t y p e .  An o v e r v i e w  of t h e  s e p a r a t i o n  c o n d i t i o n s  is  g i v e n  in t a b l e  1. 

T h e  rad iochemica l  yield w a s  based  on  t h e  ac t iv i ty  in t h e  r e a c t i o n  mixture ,  neglect ing 
w a l l  a c t i v i t y . B e f o r e  c h r o m a t o g r a p h i c  s e p a r a t i o n  t h e  r e a c t i o n  m i x t u r e  ( s o l v e n t  

C H  CN) is  f i l t e r e d  (0.45hm).  F i l t e r  and  vessel  a r e  washed t w i c e  with 1 ml CH3CN. 
T h e  18F-act ivi t ies  in t h e  CH3CN f r a c t i o n s  f r o m  t h e  chromatographic  separa t ions  

w e r e  d e t e r m i n e d  off- l ine a f t e r  co l lec t ion  on  c h a r c o a l  using a N a J  (TI) scint i l la t ion 
d e t e c t o r  (Bicron). 

9 

3 

RESULTS AND DISCUSSION 

E f f e c t  of Polye ther  a n d  Solvent  

Nucleopiiilic subs t i tu t ion  r e a c t i o n s  c a n  best  b e  c a r r i e d  out  in dipolar  a p r o t i c  solvents ,  

o w i n g  t o  t h e i r  p o o r  a n i o n  s o l v a t  ion  p r o p e r t i e s .  M a c r o c y c l i c  p o l y e t h e r s  a n d  
arninopolyethers  in f o r m  of t h e i r  a lkal i  complexes  enhance  t h i s  effect. T h e r e f o r e  
d i f f e r e n t  dipolar  apro t  ic so lvents  and commerc ia l ly  avai lable  mono- and bicycl ic  
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18 
Table  2: Radiochemica l  y i e l d  of n.c.a. [ F]-f luoroheptane in t h e  presence  of 

d i f f e r e n t  po lye ther  complexes  of K2C03. 

Polye t  h e r  Radiochemica l  Yield [%I 

2.2.2. 

2.2.2.B. 

18-crown-6 

R e a c t i o n  conditions: 1 mmol bromoheptane ,  0.1 mmol  polye ther  complex,  1.5 ml 
ace toni t r i le ,  82OC, 10 min. 

p o l y e t h e r s  w e r e  i n v e s t i g a t e d ,  e s p e c i a l l y  w i t h  r e g a r d  t o  t h e i r  e f f e c t i v e n e s s  in 

support ing n.c.a. 18F-labelling. T h e  polye thers  l is ted in t a b l e  2 w e r e  found t o  b e  t h e  

bes t  in combina t ion  with ace toni t r i le .  

The  bicycl ic  APE 2.2.2. and 2.2.2.8. g a v e  rad iochemica l  yields  of m o r e  t h a n  60  % 

within 1 0  minutes  under  re la t ive ly  mild condi t ions  ( 8 2 ' 0  Due  to  t h e  p r e s e n c e  of a 
b e n z e n e  ring in t h e  aminopolye ther  2.2.2.6. i t s  r e a c t i v i t y  is lower t h a n  t h a t  of 2.2.2. 
T h e  a n t i c i p a t e d  prevent ion  of t h e  loss of a c t i v i t i e s  d u e  to  adsorp t ion  on t h e  wal ls  of 
t h e  vessel by u s e  of m o r e  lipophilic APE 2.2.2.6. could not  b e  conf i rmed.  The  a c t i v i t y  

re ta ined  by t h e  vessel was  equal  to  t h a t  measured  for  t h e  APE 2.2.2., but t h e  

rad iochemica l  yield w a s  10 96 lower. 

T h e  reac t ion ,  suppor ted  by 18-crown-6, especial ly  in a c e t o n i t r i l e  proceeds  less 
successfully. C o m p a r e d  wi th  t h e  bicycl ic  A P E  2.2.2. t h e  inclusion of t h e  c a t i o n  by t h e  

monocycl ic  po lye ther  is l ess  comple te .  This resu l t s  in higher  in te rac t ions  b e t w e e n  

anion and encapsula ted  c a t i o n  t h a n  in t h e  s y s t e m  of t h e  bicycl ic  APE'S, a n d  t h e  

f luoride anion a p p e a r s  t h e r e f o r e  less  "naked". 

E f f e c t  of t h e  added  s a l t s  

For  t h e  convent ional  p r e p a r a t i v e  nucleophi l ic  introduct ion of f luor ide  t h e  solubility 

and  reac t iv i ty  of t h e  f luoride anion a r e  highly dependent  on  t h e  accompanying  cat ion.  

Only la rge  and  "soft" alkal i  c a t i o n s  (K+, Rb', Cs') a r e  e f f e c t i v e ,  s ince  t h e i r  polar 

in te rac t ions  wi th  t h e  "hard" anion a r e  w e a k e r  t h a n  t h o s e  of t h e  "hard" c a t i o n s  l ike 

Li' and  Na '. 
This e f f e c t  is m o r e  valid for  polyether-assis ted r e a c t i o n  sys tems,  b e c a u s e  in addi t ion  

o n e  h a s  to look f o r  a n  opt imal  encapsula t ion  of t h e  c a t i o n  by t h e  polyether .  To f i rs t  
approximat ion  s a l t s  of heavy alkal i  meta ls ,  whose  c a t i o n  dimensions correspond t o  t h e  
d i a m e t e r  of c r o w n  e t h e r s  or to  t h e  cavi ty  s i z e  of bicycl ic  aminopolye thers  a r e  easi ly  

dissolved and  m o r e  reac t ive .  This  condi t ion is  in t h e  case of n.c.a. 18F-labelling not 
easi ly  Iul i i l led b e c a u s e  t h e  n a t u r e  of t h e  c o u n t e r  c a t i o n  to , g e n e r a t e d  wi th  a 

w a t e r  t a r g e t ,  i s  unknown to a g r e a t  e x t e n t .  

1 gF- 
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Table  3: !nf luence of t h e  an ion  on  t h e  n.c.a. 18F-labelling of 
bromoheptane .  

H..iOIl x as [K/2.2.2.]X 
o r  [K/2.2.2.I2X 

Radiochemica l  Yield of 
[ Fl-f luoroheptane [%I 18 

c 1 -  

OH- 

ClO, 

so4-- 
c03 

-- 

8-25 
34  
n o  r e a c t i o n  
5 

6 5  

R e a c t i o n  conditions: 1 mmol  bromoheptane ,  0.2 mmol  [K/2.2.2.]X, 1.5 ml 

ace toni t r i le ,  82OC, 10 min. 

As c o u n t e r  c a t i o n s  o n e  has  to  consider ,  f o r  example ,  p ro tons  f r o m  t h e  t a r g e t  w a t e r  
a n d  m e t a l  ions f r o m  t h e  t a r g e t  vessel and foi l  mater ia l s .  As t h e s e  c a t i o n s  in 

combina t ion  w i t h  f luoride-anions a r e  poor f luorinat ing agents ,  a sai t  of t h e  alkal i  
ca t ions ,  ment ioned  above,  conta in ing  a m o r e  qual i f ied anion has  to  be added  in 
a m o u n t s  corresponding to  t h a t  of t h e  polyether .  
Now o n e  has  t o  cons ider  t h e  n a t u r e  of t h i s  corresponding anion,  which is in t roduced  

i n t o  t h e  vessel t o g e t h e r  w i t h  t h e  alkal i  ca t ion ,  e.g. K'. Consequences  f o r  t h e  

resul t ing rad iochemica l  yield a r e  descr ibed  in t a b l e  3. 

A p a r t  f r o m  a l a r g e  a m o u n t  of b y - p r o d u c t s  ( c h l o r o p e n t a n e )  t h e  p r e s e n c e  of 

CI--anions ( a s  K C I )  produces  varying a m o u n t s  of [18F]-fluoroheptane. The  p r e s e n c e  
of KOH in t h e  vessel  a lso leads  to  by-products, but  t h e  rad iochemica l  yields  a r e  well 
o v e r  30 % and reproducible .  The  yields  in t h e  p r e s e n c e  of oxoanions l ike C 1 0 4  a n d  

SO4*- cor respond t o  t h e  solubility of KCIO,, and  K2S04;  t h e s e  salts a r e  not  su i tab le  
f o r  support ing t h e  18F-labelling. Only t h e  p r e s e n c e  of c a r b o n a t e  leads  to high yields  

of c a r r i e r - f r e e  label led [ FI-f luoroheptane.  

T h e  var ia t ion  of t h e  c a t i o n  in t h e  c a r b o n a t e  s y s t e m  shows t h e  outs tanding  ro le  of 

K 2 C 0 3  and Rb2C03.  
T h i s  is i l l u s t r a t e d  by t h e  r e s u l t s  of t h e  e x p e r i m e n t s  s u m m a r i z e d  in  t a b l e  4. 

Li+ is not  cornplexed by t h e  aminopolye ther ,  a n d  t h e r e f o r e  bound in a n  ion-pair. Na' 
g ives  weak APE-complexes wi th  g r e a t  in te rac t ion  to t h e  anion. In both  cases t h e  

nucleophi l ic  a c t i v i t y  of t h e  18F-anion is  deac t iva ted .  By t h e  addi t ion of K 2 C 0 3  o r  
R b 2 C 0 3  s t rong  complexes  of t h e  polye ther  wi th  t h e  c a t i o n  a r e  formed.  This resu l t s  in 
a very weak in te rac t ion  b e t w e e n  t h e  m a c r o c a t i o n  and  t h e  [ 
T h e  amount  of dissolved K 2 C 0 3  in t h e  r e a c t i o n  medium is a l so  impor tan t  f o r  t h e  
successfu l  labelling r e a c t i o n  as shown in f igure  1. 

18 

18 FI-anion. 
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Table  4: Inf luence of t h e  c a t i o n  on  t h e  n.c.a. 18F-labelling of 
brornoheptane 

D. Block et al. 

C a t  ion 

[M/ 2.2 .2.I2CO 

without  any addi t ion  

only 2.2.2., no c a t i o n  

L i Z C 0 3  

N a 2 C 0 3  

K2C03 
R b 2 C 0 3  

Radiochernical  Yield of 

[ FI-f luoroheptane [%I 18 

2 
5 
3 
7 

63 

62 

3’ R e a c t i o n  conditions: I rnrnol brornoheptane,  0.2 rnrnol [M/2.2.2.I2CO 
1.5 ml ace toni t r i le ,  82 C, 10 rnin. 

P F” 60 

0 
0 01 02 0.3 0.4 0.5 0.6 

rw2.2.21,co3 boll 

Figure  I:  E f f e c t  of t h e  dissolved K2C03 o n  t h e  yield of [ 18 F]-f luoroheptane 
( I  rnrnol brornoheptane,  1.5 ml a c e t o n i t r i l e ,  82 OC, 10 min ). 

C a r b o n a t e  quant i t ies ,  which g r e a t l y  e x c e e d  t h e  [ 18 FI-f luoride c o n c e n t r a t i o n s  but  a r e  

of t h e  s a m e  magni tude  as t h e  added  polye ther ,  l ead  to maximum radiochemica l  

yields. The  posi t ive effect of t h e  c a r b o n a t e  on  t h e  r e a c t i o n  c a n  b e  a t t r i b u t e d  not  
only t o  t h e  supply of a “su i tab le  ca t ion” ,  bu t  also t o  t h e  basici ty  of t h e  c a r b o n a t e  

i tself .  Obviously t h e  c a r b o n a t e  c o m p e t e s  successful ly  wi th  t h e  f luor ide  f o r  t h e  pro t ic  

c o m p o n e n t s  of t h e  r e a c t i o n  s y s t e m .  P r o b a b l y  t h e  APE c o m p l e x e s  a n d  s o l v e n t  
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molecules  a r e  forming  mice l la r  s t r u c t u r e s  (19), in which pro t ic  molecules  a r e  hindered 

in t h e i r  in te rac t ion  wi th  "F-. F u r t h e r m o r e  o n e  c a n  a s s u m e  t h a t  t h e  mice l les  favour  

t h e  t rans i t ion  states of t h e  subs t i tu t ion  react ion.  As a resul t  t h e  [ Fl-anion is less 
so lva ted  o r  pro tona ted  and  r e m a i n s  in a "naked", r e a c t i v e  state. 

18 

E f f e c t  of w a t e r  c o n t e n t s  

An indicat ion of t h e  e x i s t e n c e  of mice l la r  s t r u c t u r e s  wi th  pro tec t ion  proper t ies  

aga ins t  p r o t i c  c o m p o n e n t s  is t h e  very r e m a r k a b l e  r e a c t i o n  behaviour  in t h e  p r e s e n c e  

of w a t e r .  

Normally t h e  presence  of p r o t i c  compounds  like H 2 0  leads to  a reduct ion of t h e  

nucleophi l ic  reac t iv i ty  as a resul t  of t h e  high f luor ide /pro ton  aff ini ty .  This should 

h a v e  a negat ive  effect, par t icu lar ly  on  18F-labelling under  n.c.a. condi t ions,  because ,  

especial ly  if [18F]-fluoride is produced f r o m  a w a t e r  t a r g e t ,  t h e  pro t ic  component  
would by f a r  e x c e e d  t h e  amount  of t h e  radionuclide. 

T h e r e f o r e  t h e  i n f l u e n c e  of w a t e r  o n  t h e  I 8 F - - a c t i v i t y  a n d  t h e  y i e l d  of 

[ Fl- f luoroheptane  in t h e  APE-assis ted reac t ion  s y s t e m  was  s tudied ,  using t r i t i u m  a s  
t r a c e r  in t h e  de te rmina t ion  of t h e  w a t e r  c o n t e n t .  The resu l t s  a r e  summar ized  in 

f igure  2 .  

18 

" 0  ; I 6 e la 12 

Water Content 1% vhrl 

Figure  2: E f f e c t  of w a t e r  c o n t e n t  on  t h e  c o u r s e  of n.c.a. "F-fluorination of 
brornoheptane,  ( I  mmol  bromoheptane ,  0.2 mmol [K/2.2.2.I2CO3, 1.5 ml 

ace toni t r i le ,  82OC, 10 min). 

A w a t e r  c o n t e n t  of 3 % l eads  to a d e c r e a s e  of t h e  yield f r o m  65 t o  40 %. Even wi th  

a w a t e r  c o n t e n t  of 6 % in t h e  reac t ion  s y s t e m  a yield of m o r e  t h a n  20 46 is 

a t ta inable .  With a w a t e r  c o n t e n t  of 12 % t h e  reac t ion  finally c o m e s  to a s tandst i l l .  
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6 
Considering t h e  fact, that  a 3 % water  content corresponds t o  a molar excess of 10 

relative to 18F, it is remarkable that  t h e  system is very insensitive to water.  I t  

therefore  takes c a r e  of t h e  conditions, given by t h e  water  target .  

18 Loss of [ 

For t h e  investigations on hand, optimizations of t h e  vessel material  concerning 
minimum f l u o r i d e  adso rp t ion  w e r e  not c a r r i e d  ou t .  But t h e  i n f l u e n c e  of t h e  
carbonate/polyether concentration with regard to t h e  amount of 18F-activity adsorbed 
onto the  walls of Wheaton glas vessels was examined. This relation is shown in 
figure 3. 

FI-fluoride by adsorption. 

1 1 -  " 0  01 0 2  0 3  01  a5 0 6  

IK l2  2 2 l,CO, Immdl  

Figure 3: Dependence of t h e  amount of polyether complex on the  activity adsorbed 
onto t h e  walls of a Wheaton glas vessel ( I  mmol bromoheptane, 1.5 ml 
acetonitri le,  82OC, 10 min). 

18 Small amounts of [K/2.2.2.12C03 lead to a drastic decrease of t h e  [ 

adsorption. 
However t h e  extent of adsorption remained constant a f t e r  t h e  addition of more than 

0.2 mmol add i t ives ,  giving t h e  d e s c r i b e d  r a d i o c h e m i c a l  yield of 65  % 

[ Fl-fluoroheptane. 

FI-fluoride 

18 

Effect of leaving groups and t h e  amount of substrates. 

Investigations on t h e  reactivity of t h e  leaving group under t h e  described conditions of 
anion activation were carr ied out with chloro-, bromo-, iodo- and tosylheptane as 
standard substrates. 
In contrast  to t h e  classical leaving group reactivity no statist ically significative 
differences could be  found in t h e  polyether-supported synthesis between bromo-, iodo- 
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and tosy lheptane .  T h e  inf luence  of t h e  a m o u n t  of s u b s t r a t e  in t h e  rad iochemica l  yield 
in t h e  case of bromoheptane  is  shown in f igure  4. 

T h e  a m o u n t  of b r o m o h e p t a n e  w a s  v a r i e d  f r o m  I:1 s t o i c h i o m e t r y  t o  a 1:12 

s to ich iometry ,  r e l a t i v e  tg [K/2.2.2.I2CO3. 

S u b s t r a t e  c o n c e n t r a t i o n s  under  0.2 mrnol g a v e  a yield of 50 %. Higher  c o n c e n t r a t i o n s  
( N  0.8 mmol)  improved t h e  yield t o  6 5  96. A f u r t h e r  i n c r e a s e  of t h e  s u b s t r a t e  
c o n c e n t r a t i o n  c a u s e d  a d e c r e a s e  of t h e  yields. No product  w a s  r e g i s t r a t e d  when t h e  
r e a c t i o n  w a s  c a r r i e d  out  wi thout  a solvent  in p u r e  brornoheptane.  This c a n  b e  t r a c e d  
back  to  t h e  solvent  proper t ies  of brornoheptane,  which is less  polar  t h a n  ace toni t r i le .  

0 J, 1 I b 

o 03 M 09 u IS i a  zi 24 

Bromoheptanc ~mmol l  

Figure  4: Inf luence  of t h e  amount  of s u b s t r a t e  on  t h e  rad iochemica l  yields  (0.2 
mmol  [K/2.2.2.] 2COj, 1.5 ml ace toni t r i le ,  82OC, 10 min). 

Extension of t h e  method.  

T h e  polye ther  ass i s ted  18F-labelling is in pr inciple  appl icable  t o  a l l  subs t ra tes ,  which 
undergo nucleophi l ic  subs t i tu t ion  react ions.  T h e  resu l t s  of label l ing e x p e r i m e n t s  wi th  
subs t ra tes ,  which d i f fe r  bo th  s t ruc tura l ly  and  in reac t iv i ty  f r o m  bromoheptane ,  a r e  
l is ted in t a b l e  5 .  

As e x p e c t e d ,  t h e  reac t ions  of I-brornoheptane and I -bromooctane  lead to resu l t s  
which a r e  indent ica l  wi th  t h a t  of t h e  s t a n d a r d  s u b s t r a t e  within t h e  e x p e r i m e n t a l  
e r ror .  F r e e  carboxyl ic  ac ids  such  as b r o m o a c e t i c  a n d  brornohexanoic  a c i d  d o  not  r e a c t  
under  t h e s e  condi t ions.  But t h e  conversion of r e a c t i v e  e s t e r s  w i t h  t h e  leaving group in 
t h e  4-pos i t ion ,  like 6 -brornoacet ic  ac id  m e t h y l e s t e r  and 2-brornopropionic ac id  
e t h y l e s t e r  was  achieved  with t h e  s a m e  good resu l t s  as t h e  label l ing of 6-bromohex- 
anoic  ac id  e t h y l e s t e r  and 17-brornoheptadecanoic  ac id  e t h y l e s t e r ,  which c a n  easi ly  b e  
c o n v e r t e d  by saponif icat ion t o  t h e  [18F]-fluorofatty acid. This  compound is of high 
r e l e v a n c e  t o  P E T - s t u d i e s  of h e a r t  m e t a b o l i s m .  T h e  n.c.a. p r e p a r a t i o n  of t h i s  
compound is published e l sewhere  (20). 
T h e  procedure  is also su i tab le  for  t h e  in t roduct ion  of 18 - . F in a r o m a t i c  compounds,  
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Table  5: Tota l  radiochernical  yield of t h e  18F-labelling of d i f f e r e n t  subs t ra tes .  

S u b s t r a t e  1 T o t a l  yield [%I 
~ 

1 -bromohexane 

I-brornoheptane 
I -brornooctane 
2-Br-CH2COOCH3 
2-Br-C2HSCOOC2H5 
4-Br -(CH 2)3COOC 2H 
6-Br-(CH2)5COOC2H5 
17-Br-(CH2)16COOC2H5 
6-chloronicotinicacid-N-diethylamide 

57 +_ 9 
6 2  +_ 11 

66 f_ 5 

44 +_ 7 
56 +_ 8 
47 8 
51 10 

45  +_ 8 

19 +_ 3 

R e a c t i o n  conditions: 1 rnrnol subs t ra te ,  0.2 rnrnol [K/2.2.2.I2CO3, 1.5 rnl 
ace toni t r i le ,  82OC, 10 rnin. 

which undergo nucleophi l ic  subst i tut ion.  An e x a m p l e  is t h e  label l ing of 6-chloronico- 
t i n i c  a c i d  N - d i e t h y l a m i d e ,  a p o t e n t i a l  p h a r m a c e u t i c a l  f o r  t h e  s t u d i e s  of b r a i n  
func t ions  (21). 
T h e  conversion of t h i s  nicot inic  acid der iva t ive  accord ing  to our  g e n e r a l  labelling 
method leads t o  yields  of near ly  20% of t h e  n.c.a. product .  
Analogously '*F-labelled s te ro ids  and  c a r b o h y d r a t e s  c a n  b e  synthesized.  
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