
Journal of Labelled Compounds and Radiophatmaceuticals-Vol. XXII,  No. 7 687 

AROMATIC FLUORINATION WITH N.C.A. F-18 FLUORIDE: A COWARATIVE STWY 

M.S. Ber r idge ,  C. Cromel, and 0. Comar 
Corn issar ia t  a 1'Energie Atomique, Department de Biologie, 
Service Hosp i ta l ie r  Freder ic Jo l i o t ,  91406 Orsay, France 

*Present address: D iv i s ion  of Cardiology, Posi t ron Diagnostic 
and Research Center, Universi ty o f  Texas Medical School, 
6431 Fannin, Houston, Texas 77025, U.S.A. 

SLMMARY 
F luo r ina t i on  of aromatic r i ngs  with no c a r r i e r  added 

(n.c.a.1 'OF-fluoride was invest igatea using a r y l  tr iazenes 
and a r y l  iodides as substrates. A r y l  tr iazenes give low 
y i e l d s  of labeled product under a l l  conditions, and evidence 
was obtained t o  ind ica te  tha t  an i n e r t  solvent was 
unnecessary for the reaction. Nucleophi l ic  subs t i t u t i on  
of aromatic iodides i n  OMSO was found t o  be a superior 
method of f l uo r ina t i on  y ie ld ing  up t o  7096 incorporat ion 
o f  label. The scope and l i m i t a t i o n s  of t h i s  new labe l i ng  
reac t i on  are reported. 

Key words: ' v - f l uo r ide ,  fluoroaromatics, nucleophi l ic  
subs t i tu t ion ,  tr iazenes 

I NTROOKTION 

The sa t is fac to ry  incorporat ion o f  h igh  spec i f i c  a c t i v i t y  fluorine-18(1-5) 

onto aromatic r i ngs  has been an e lus ive  goal. I n  sp i te  o f  considerable e f f o r t  

no completely sa t is fac to ry  method has yet been found. The Balz-Schiemann 

react ion(3) suffers from poor chemical y ie lds  and low spec i f i c  a c t i v i t y .  The 

other common approach, reac t ion  o f  f l uo r ide  with decomposing a r y l  

t r i a ~ e n e s ( l , 5 - ~ )  gives a high spec i f i c  a c t i v i t y  product with very low chemical 

y i e l d s  and many labeled and unlabeled by-products. 

The molecules tha t  are the goal  of much of t h i s  work are the butyrophenone 

dopamine receptor l igands spiroper idol( ls2) and haloperid01.(3-~) Since these 

compounds are m i ld l y  act ivated towards nuc leoph i l i c  subs t i t u t i on  and since 

nuc leoph i l i c  exchange of 'OF f l uo r ide  f o r  aromatic f luor ine has been reported(8) 

one m i g h t  expect nuc leoph i l i c  subs t i t u t i on  t o  be a possible a l t e rna t i ve  f o r  h igh  
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spec i f i c  a c t i v i t y  label ing.  One problem tha t  may be expected i n  attempting high 

s p e c i f i c  a c t i v i t y  f l u o r i n a t i o n  by nuc leoph i l i c  aromatic subs t i t u t i on  i s  t ha t  the 

very good leaving propert ies o f  f l uo r ide  would tend t o  reduce the l abe l i ng  

y ie la .  Another problem i s  tha t  the required degree o f  ac t i va t i on  of the 

aromatic r i n g  may be greater than tha t  o f  a given substrate. 

Th is  study was i n i t i a t e d  as an i nves t i ga t i on  of aromatic f l uo r ina t i on  using 

tr iazene precursors. The resu l t s  obtained, which we b r i e f l y  repor t  here, l ed  us 

t o  invest igate nuc leoph i l i c  aromatic subst i tut ion.  N i t r a t e  and ha l ides  were 

invest igated as leaving groups. Iod ide  was chosen as the leaving group for i t s  

ease o f  synthesis and because the physical  d i f ference from f luor ide  aids i n  

p u r i f i c a t i o n  of the labeled product. We found tha t  t h i s  method gives good 

y ie lds  i n  a short  time and appears su i tab le  f o r  use i n  labe l ing  

radiopharmaceuticals. 

EXPERIMENTAL 

H'@F Proauction 

Fluorine-18 f l uo r ide  was produced by bombardment o f  a neon rec i r cu la t i ng  

I t  was dissolved d i r e c t l y  ta rge t  with 'He p a r t i c l e s  as described previously(9). 

i n  the required solvents. 

''F] -p-Fluorobenzonitr i le by Triazene Reaction 

The "F-f luoride was t y p i c a l l y  reacted i n  a closed te f l on  vessel w i th  

2-N-piperidinyl-p-dia~obenzonitrile(~) (3Gmg, 0.14mmol) i n  0.5ml benzene with 

54% (0.56mol) methanesulfonic acid a t  13OoC for 30 min. The mixture was then 

cooled, washed w i th  three l m l  port ions of water and both phases were analyzed by 

t h i n  layer  chromatography. 

["F] -p-f luorobenzoni t r i le by F-for- I  exchanqe reac t ion  

I n  the optimum labe l i ng  reac t ion  'OF-fluori.de i n  dimethylsulfoxide ( O M S ,  

0.2ml) was added t o  a mixture o f  lOmg (7Oumol) potassiun carbonate and lOmg 

(45~01) p-iodobenzonitr i le i n  a glass vessel and heated i n  an o i l  bath a t  18ooC 

f o r  15 min. with s t i r r i n g .  After coo l ing  lorn1 water and l O m l  benzene were 
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addeo, the mixture was shaken, separated, and the benzene washed twice more with 

water, The washes were combined and both layers  were analyzed by thin layer  

chromatography. 

Chromatography Systems 

Thin layer  chromatography (TLC) was found t o  be the most r e l i a b l e  system for 

evaluat ing p u r i t y  and y i e l d  because unreacted f luor ide  i s  not t o t a l l y  extracted 

by water and i s  not completely eluted on HPLC. Therefore TLC gave the only 

r e l i a b l e  measure of y i e l d  when done w i th  precautions against product 

evaporation. I t  was performed with M r c k  0 . 2 5 n  s i l i c a  ge l  6OF,54 p la tes  e lu ted  

w i th  20% e t h y l  acetate 80% hexane. On t h i s  system f l uo r ide  i o n  was retained on 

the  o r i g i n  and p-f luorobenzoni t r i le showed an R of 0.43. 

The i d e n t i t y  of the labeled product was also confirmed w i th  high performance 

l i q u i d  chromatography using a Waters C,,-p-bondapak column e lu ted  with an 

acetroni t r i le/water gradient a t  6ml/min. The solvent composition was changed 

l i n e a r l y  from 0 t o  6 f 3  a c e t o n i t r i l e  over 5 minutes. Retention times were: 

p - f  luorobenzon i t r i le l0 .5  min, f luor ide-2 min. 

f 

Precursor syntheses 

p-Cyanobenzenediazoniun methanesulfonate was prepared by adding p-amino- 

benzon i t r i l e  (3gl t o  7.59 methanesulfonic acid i n  6Oml water and s t i r r i n g  3 hrs.  

The mixture was then cooled i n  an i c e  bath and 1.7% NaM, i n  5ml water added 

dropwise. The mixture was s t i r r e d  2 h r s  i n  ice,  and the diazonium s a l t  was used 

as below. 

2-N-Piperidinyl-p-diazobenzonitrile was prepared by adding p iper id ine  (8.59 

i n  5Qn1 water) dropwise t o  the i c e c o o l e d  diazoniun s a l t  solut ion,  a l lowing the 

mixture t o  stand overnight and ex t rac t ing  w i th  methylene chlor ide.  Two 

rec rys ta l l i za t i ons  from hexane gave 3.5g (64%) o f  product, rrp 85-86% (hot 

stage). 

p- Iooobenzoni t r i le was prepared by aading a so lu t ion  o f  69 KI i n  25ml water 

dropwise t o  the ice-cooled diazoniun s a l t  and al lowing the mixture t o  stano 
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overnight a t  rmm tenperature. Sodiun b i s u l f i t e  (29) i n  20ml water was added 

and the so lu t ion  was extracted with ether, d r ied  and evaporated. The residue 

was taken up i n  60ml hot chloroform, f i l t e r e d  and evaporated. The l ight  pink 

s o l i d  was then p u r i f i e d  on a s i l i c a  ge l  colunn e lu ted  with chloroformrmethylene 

ch lo r ide  100:12. The white product was c r y s t a l l i z e d  from ethanol (50ml) t o  

a f fo rd  2.59 (43%) white needles n p  126-127%. ( l i t .  126.5,(10) 128-1d11)). 

RESULTS 

F luor ina t ions  of 2-N-piperidinyl-p-diazobenzonitrile 

The reac t ion  of t h i s  tr iazene i n  bromobenzene and i n  benzene afforded y ie lds  

o f  5-1096 based on f luor ide.  Other organic solvents gave no desired product. 

Observations of dependance on other factors (reactant concentrations, acid, 

temperature) agreed w i th  previous reports.( l2)  Protonat ion of the tr iazene 

so lu t i on  by several methods which e i the r  el iminated the acid phase or i so la ted  

the organic phase gave no detectable f luor ina ted  products. However, washing the 

a c t i v i t y  from the co l l ec t i on  tube with O . l m l  of methanesulfonic acid containing 

tr iazene and performing the reac t ion  wi th no adoed solvent gave a y i e l d  of 12% 

a f te r  5 min .  This represents a small improvement over the standard method. 

Nucleophi l ic  Aromatic Subs t i tu t ion  of Iodide by ‘OF-fluoride 

I n i t i a l  experiments indicated tha t  D M M  was c l e a r l y  the solvent of choice 

fo r  the displacement. Yields i n  a l l  other solvents used (DW, DMA, HWA, 

alcohols, hydrocarbons, etc.) were e i the r  zero or l ess  than h a l f  t ha t  obtained 

i n  DMSO. As wi th other displacement reactions, an added base was necessary t o  

provide a ca t ion  for  the f luor ide.  Cesium carbonate was i n i t i a l l y  chosen and 

the reac t ion  course was studied a t  various terrperatures (Table 1).  The react ion 

r a t e  rose markedly as tenperature increased. 

Subsequent examination of various cat ions revealed tha t  potassiun carbonate 

gave the best resu l t s  (Table 2). Examination o f  the e f f e c t  of substrate 

concentrat ion (Table 3) was therefore performed using potassium carbonate. 



Aromatic Fluorination with n.c.a. F-18 Fluoride 691 

0.05 0.1 0.2 

180 32 56 74 

160 - 39 57 

140 - 26 42 

120 - 7 6 

Table 1: Yield of t h e  exchange of n.c.a. 
'9- w i t h  p- iodobenzoni t r i le  a s  a 
func t ion  of  time and temperature (0.5ml 

T (OC)  5 min 15 min 45 min 

190 60 66 70 

170 20 24 44 

DMSO + CS2CO3; 18ooc) 

p-Iodobenzoni t r  i le 74% 

p-Ni trobenzoni t r i  le 75% 

Iodobenzene 20% 

Bromobenzene 2om 

p-Bromoanilin 8% 

150 9 25 38 

130 3 5 10 

Table 2: Yield of n.c.a. fluoride 
exchange using carbonates  of var ious 
c a t i o n s  as the  base. Reaction a t  
ls00 i n  DMSO 10 min. 

Sal t  Yield (%j 

NazCO3 2 

k C O 3  56 

Rb2COs 29 

cs2co3 33 
~ ~ ~ ~~ ~ 

Proauct y ie ld  increaseu with substrate concentrat ion t o  0.2M and d ia  not 

s u b s t a n t i a l l y  increase  a t  higher concentrat ions.  Neither small amounts of rater 

(1%) nor silver oxiae( l3)  (20 mg) hao any not iceable  p o s i t i v e  or negat ive 

effects on the product yields. Addition of  tetra-alkyl arrmonium c h l o r i d e s  

proauced no measurable product a t  any temperature, but  t h i s  could have been due 

t o  decomposition of  the ammonium sa l t  i n  hot DMSO. 

The effect of o ther  s u b s t i t u e n t s  on the aromatic ring was b r i e f ly  examined 

ano results a r e  presented i n  Table 4. 

Discussion 

p-Fluorobenzoni t r i le  was o r i g i n a l l y  chosen as a s u i t a b l e  model compound f o r  

i n v e s t i g a t i o n  because i n  previous work with the triazene reac t ion(7)  it was 

shown t o  give low y ie lds  s i m i l a r  t o  those of  t h e  compounds of  interest. For 

I 
Table 3: Yield of n.c.a. " F  exchange as  
a funct ion o f  temperature a m  s u b s t r a t e  
concentrat ion.  Reaction f o r  10 min i n  
each of 0.51111, l m l ,  2ml DMSO 

T ( O C )  Concentration (M) 

Table 4: Yields of n.c.a. 'OF 
exchange with halogen or n i t r a t e .  
0.2M substrate, 10 min, l80%, 
DMSO 

1 Subs t ra te  Exchange y ie ld(%j  
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purposes of comparison we have continued to  use t h i s  model compound i n  our 

displacement experiments. 

During the triazene reaction the reactants, triazene and fluoride, are 

present i n  two separate phases. Since the majority (95%) of the fluoride i s  

found i n  the separate acid phase and the triazene can be recovered nearly 

quantitatively from the organic phase, one might expect an improved yield from a 

single phase reaction. We therefore attempted several approaches t o  achieve a 

single phase reaction. Use of soluble organic acids o r  single-phase solutions 

o f  pre-protonated triazene d id  not yield fluorinated proauct. T h i s  indicated 

either that an excess of a sulfonic acid was necessary or that the "inert" 

solvent was interfering i n  the reaction. We were then led to atterrpt 

fluorination i n  methanesulfonic acia w i t h  no other solvent. The slight 

improvement i n  yield (12%) over the standard method combinea w i t h  the previous 

negative results indicated that the majority of the labeling must normally occur 

i n  the acid phase i n  contrast to  the natural assunption that the organic solvent 

plays an important role. This i s  consistent w i t h  the decreased concentration of 

triazene that could be used i n  the acid. The fact that the yield remained low 

indicates that factors other than phase separation and i n h i b i t i o n  by solvent are 

l i m i t i n g  the yield. 

Nucleophilic substitution now appears t o  be the method of choice for 

uti l ization of h i g h  specific activity 'OF fluoride. Although nucleophilic 

aromatic s u b s t i t u t i o n  is generally d i f f icu l t ,  a ring activated w i t h  an electron 

withdrawing substituent does undergo s u b s t i t u t i o n  under appropriate conditions. 

On the no-carrier-aaded scale the equilibrium position of the exchange tends t o  

favor a h i g h  degree of labeling(l4), even though fluoride is a corrparatively 

easily aisplaced leaving group. The choice of iodide as the leaving group was 

made f o r  ease of synthesis and purification. The necessary iodides are formed 

i n  h i g h  yield from the same diazoniun sa l t s  used t o  make triazenes, and the 

physical difference between fluoride and iodide allows easy chromatographic 

separation. Iodobenzonitrile was chosen as  the model substrate to allow a 
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direct  conparison wi th  the triazene results.  Incorporation of 70% o f  'OF 

activity was obtained a t  lsooC using potassiun carbonate to  provide the 

necessary cation. Above 19OOc solvent deconposition became a problem. 

The effect  of substituent groups on the ring is not very large. The yields 

from activated and deactivated iodides were w i t h i n  one order of magnitude. 

Moderately activated substrates gave useful yields, while a deactivated r ing  

performed no better than a typical triazene. T h i s  lack of large activation 

e f fec ts  could be explained if the rate l i m i t i n g  step for  the more activated 

rings is  not aromatic s u b s t i t u t i o n ,  but  is, f o r  example, desolvation of 

fluoride. As would be expected, bromide and iodide were equal i n  reactivity. 

T h i s  indicates that  bromides, which are more readily available comnercially, 

might also be of significant u t i l i t y .  If purification of the product i s  

d i f f icu l t  ioaides are obviously to  be preferred. 

After the report of our i n i t i a l  results(l5) two reports of a similar method 

us ing  nitro group displacement have appeared.(16,17) We have duplicated these 

experiments and found that on the no-carrier-added scale the labeling yields of 

the two methods are indistinguishable. We have also done these displacements 

w i t h  excess stable fluoride. With fluoride i n  stoichiometric ratio to  the 

substrate, iodobenzonitrile gave incorporation of 296 of the fluoride while 

p-nitrobenzonitrile gave yields of 40%. The incorporation yield is therefore 

dependent on specific activity,  wi th  the yields given by each leaving group 

increasing to  similar values a t  high specific activity.  The yields are less 

than the looX predicted by theory.(l4) T h i s  may be due t o  side reactions, 

presence of an alternate and less reactive form o f  'IF, or t o  the f in i te  

specific activity. It  is most likely not due t o  insufficient reaction rate 

because the yield a t  180% (Table 1) clearly tends towara a l i m i t  below 100%. 

While the high specific activity yield appears to  be independent o f  the 

leaving group used, published data(16,17) indicates that a nitro group may allow 

use of slightly lower tenperatures. T h i s  may be useful for sensitive substrates 

although one would expect both methods t o  be d i f f icu l t  i n  such  cases. The 
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general method does appear very promising f o r  labe l ing  substrates which are 

s tab le  i n  hot DMSO. 
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