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SUMMARY 

Nuc leoph i l i c  d i sp lacement  of a c t i v a t e d  n i t r o  groups  by 
18F-f luor ide  i o n  is an e f f i c i e n t  r o u t e  t o  f luo r ine -18  l a b e l e d  
a romat i c s ,  which can be ob ta ined  i n  t h e  no-carrier-added s ta te  
i f  r e q u i r e d .  

The b a s i c  f e a t u r e s  of t h e  f l u o r o d e n i t r a t i o n  p rocess  are 
compara t ive ly  e v a l u a t e d ,  and t h e  i n f l u e n c e  of t h e  expe r imen ta l  
v a r i a b l e s  on i t s  cour se  a r e  d i s c u s s e d .  Examples conce rn ing  t h e  
p r e p a r a t i o n  of t y p i c a l  18F-labeled a romat i c  molecules  are 
r e p o r t e d  . 

INTRODUCTION 

The growing need f o r  h igh  s p e c i f  i c - a c t i v i t y  18F-labeled r a d i o p h a r m a c e u t i c a l s ,  

o f t e n  r e q u i r e d  i n  t h e  no-carrier-added (NCA) s t a t e ,  has spur red  i n t e r e s t  i n  

n u c l e o p h i l i c  s u b s t i t u t i o n  by 18F- a s  a r o u t e  t o  I8F- f luo r ina t ed  a r o m a t i c s .  

f a c t ,  in c o n t r a s t  w i th  o t h e r  f l u o r i n a t i n g  r e a g e n t s ,  such as 18F-F2, a c y l  

h y p o f l u o r i t e s ,  e t c . ,  i n o r g a n i c  18F-€luorides can be ob ta ined  i n  h igh  y i e l d s  by 

conven ien t  procedures  no t  r e q u i r i n g  a d d i t i o n  of c a r r i e r s .  

In 

A s  a f i r s t  example of t h e  a p p l i c a t i o n  of n u c l e o p h i l i c  a romat i c  s u b s t i t u t i o n  by  

18F-F- w e  have p r e v i o u s l y  i n v e s t i g a t e d  t h e  i s o t o p i c  exchange of a c t i v a t e d  a r y l  

f l u o r i d e s ,  e.g. f l u o r o n i t r o b e n z e n e s  and f l u o r o b e n z o n i t r i l e s ,  w i t h  Rb18F i n  

d i m e t h y l s u l f o x i d e  (1).  A s  expec ted ,  on t h e  grounds  of t h e  l e a v i n g  a b i l i t y  of 

f l u o r i n e ,  t h e  exchange proved t o  r e p r e s e n t  a r a p i d  and e f f i c i e n t  r o u t e  t o  18F- 

€ l u o r i n a t e d  a r o m a t i c s .  However, d e s p i t e  t h e  c o n s i d e r a b l e  i n c r e a s e  i n  the  

s p e c i f i c  a c t i v i t y  of t h e  p roduc t s  a l lowed by expe r imen ta l  r e f i n e m e n t s  ( 2 ) ,  t he  

i n a b i l i t y  of i s o t o p i c  exchange r e a c t i o n s  t o  y i e l d  NCA o r  c a r r i e r - f r e e  (CF) 

products  is an i n h e r e n t  l i m i t a t i o n  t h a t  can be overcome on ly  by us ing  l eav ing  
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groups other than fluorine itself. Based on the long established ( 3 )  leaving 

ability order in bimolecular aromatic substitutions, the nitro group appeared to 

be the most promising candidate. 

Indeed, numerous examples of nucleophilic substitution by reagents such as 

CH3O-, CgH50-, RS-, CN-, etc. of nitro groups activated by substituents such as 

the nitro, or the cyano group, have been reported (3-9). Examples of 

fluorodenitration, however to polyhalonitrobenzenes, have been reported as well 

(10) * 

The present study is devoted to a comparative evaluation of nucleophilic 

displacement of activated nitro groups by I8F-F- as a useful labeling route to 

NCA or CF I*F-fluorinated aromatics. 

EXPERIMENTAL 

Materials. Rubidium carbonate and chloride were obtained from Alfa Products 

Division, Ventron, Inc. Dimethylsulfoxide (DMSO) and dimethylformamide (DMF) 

were Gold Label reagents from Aldrich Chemical Co., with a stated water content 

below 0.05%. These reagents were further dried over 4A molecular sieves. The 

organic substrates, all purchased from Aldrich, except 4,4'-dinitrostilbene from 

Pfalz and Bauer, Inc., were purified by crystallization and/or sublimation and 

thoroughly dried before use. Methyl 4-nitrobenzoate, 3,5-dinitrobenzoate, 

4-nitrobenzenesulfonate, and dimethyl 3-nitrophthalate were prepared according to 

established procedures from the corresponding acids. 2-Chloro-6- 

fluorobenzonitrile, required as a chromatographic standard, was prepared by 

allowing 2-chloro-6-nitro-benzonitrile (Aldrich Chemical Co.) to react with an 

excess of dry, pulverized RbF in dry DMSO at 140° for one hour. The reaction 

mixture was then cooled, poured in water and extracted with ether and the 

2-chloro-6-fluorobenzonitrile formed isolated by preparative glc, using a 3 m 

silicone fluid XF-1112 column, operated at 190° with a He flow rate of 

100 ml/min. The product obtained, m.p. 60-Z0, had properties identical to those 

reported for 2-chlors-6-fluorobenzonitrile prepared via different routes (11,12). 
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P r e p a r a t i o n  of t h e  18F-RbF Reagent.  NCA Rb18F as tracer was prepared  by 

d i s s o l v i n g  5 mg/ml Rb2C03 i n t o  t r i p l y  d i s t i l l e d  water  p r e v i o u s l y  bombarded wi th  

3He p a r t i c l e s  from t h e  BNL 60" c y c l o t r o n ,  160(3He,p)18F. 

P r e p a r a t i o n  of Fluorine-18. Three nuc lea r  r e a c t i o n s  were used depending on t h e  

l e v e l  o f  tracer and p r e c u r s o r  r e q u i r e d .  

18F-F2. 

High l e v e l s  o f  18F-F- (> 100 mCi) were produced us ing  t h e  180(p,n)18F r e a c t i o n  

and a 20% enr i ched  180-H20 t a r g e t .  

r a d i o n u c l i d e  (20 ) .  The aqueous s o l u t i o n  was evapora t ed  a t  180° under reduced 

p r e s s u r e  and the  r e s i d u e  s u b j e c t e d  t o  a z e o t r o p i c  d i s t i l l a t i o n ,  fo l lowing  a d d i t i o n  

o f  d r y  benzene. 

con t inuous  a g i t a t i o n  a t  150-160°. It should be noted however, t h a t  on ly  a 

f r a c t i o n  ( 5  t o  10%) of t h e  18F-F- a c t i v i t y  is e x t r a c t e d  u s i n g  t h i s  procedure .  

The p r e p a r a t i v e  r e a c t i o n s  a r e  b e s t  c a r r i e d  ou t  in t h e  same vessel used f o r  the  

e v a p o r a t i o n  of t h e  18F-RbF s o l u t i o n ,  a procedure  t h a t  w a s  found t o  ensu re  a much 

b e t t e r  r ad iochemica l  y i e l d .  A s  an  example,  t h e  fo l lowing  a c t i v i t y  ba l ance  was 

o b t a i n e d  in a t y p i c a l  p r e p a r a t i o n  o f  18F-p-fluoronitrobenzene from 

p-d in i t robenzene  at  85O ( a l l  a c t i v i t i e s  c o r r e c t e d  f o r  decay) :  

The 20Ne(d,a)18F w a s  used t o  p r e p a r e  

The 160(3He,p)18F r e a c t i o n  was used t o  p repa re  t r a c e  l e v e l s  of IBF-F-. 

Convent iona l  methods were used t o  p repa re  the  

The I8F-F- a c t i v i t y  can be e x t r a c t e d  wi th  d r y  DMSO o r  DMT under  

18F-F- a c t i v i t y  in t h e  s o l i d  d e p o s i t  of Rb2C03 : 35 m C i  

A c t i v i t y  of 18F-p-f luorobenzene  formed : 23.4 m C i  

Water-soluble a c t i v i t y  of un reac ted  18F-F- : 11 .5  m C i  

Res idua l  a c t i v i t y  on t h e  w a l l s  : 0.04 m C i  

Whenever d i l u t i o n  of t h e  r a d i o a c t i v e  f l u o r i d e  with i n a c t i v e  c a r r i e r  is no t  

d e t r i m e n t a l ,  t he  r eagen t  can be conven ien t ly  prepared  from 18F-F2. 

N e  g a s  c o n t a i n i n g  0 . 1  v o l  % F2, bombarded wi th  deu te rons  from t h e  BNL 60" 

c y c l o t r o n  20Ne(d,a)18F, was bubbled through an aqueous s o l u t i o n  c o n t a i n i n g  5 

mg/ml Rb2CO3, subsequen t ly  worked o u t  as p r e v i o u s l y  d e s c r i b e d .  A l t e r n a t i v e l y ,  

anhydrous 18F-F2 was a l lowed t o  b leed  through a 10-mm long, 1-mm i . d .  t e f l o n  

t u b i n g  packed wi th  f i n e l y  ground RbCl c r y s t a l s .  The 18F-RbF formed w a s  then  

e x t r a c t e d  wi th  d r y  DMSO. Such a procedure ,  whi le  d i s p e n s i n g  wi th  the  

water-removal s t e p ,  l e a d s  however, t o  o n l y  p a r t i a l  r ecove ry  of t h e  18F-F2 

To t h i s  end, 



504 M .  A t t i n a ,  F .  Cacace and A .  P .  Wolf 

a c t i v i t y ,  ranging  from 10  t o  6 0 % ,  depending on t h e  flow r a t e  of t he  18F-F2/Ne 

mix tu re  through the  c a p i l l a r y  tub ing  and t h e  packing d e n s i t y  of t h e  RbCl 

c r y s t a l s .  

Reac t ion  Condi t ions  and A n a l y t i c a l  Procedures .  

s o l u t i o n ,  prepared  as  o u t l i n e d  i n  t h e  prev ious  pa rag raph ,  was added t o  the  

a romat i c  s u b s t r a t e  d i s s o l v e d  i n  t h e  same s o l v e n t  a t  a t y p i c a l  c o n c e n t r a t i o n  of 

3*10-* M .  

A measured a l i q u o t  of a 18F-RbF 

The r e a c t i o n s  were c a r r i e d  out  i n  t e f lon - s toppe red  g l a s s  v e s s e l s  main ta ined  at 

t h e  d e s i r e d  t empera tu re  i n  a t h e r m o s t a t i c  oven. A f t e r  t h e  a p p r o p r i a t e  r e a c t i o n  

time, t h e  v e s s e l s  were a l lowed t o  c o o l ,  water added, and t h e i r  c o n t e n t s  e x t r a c t e d  

wi th  e t h e r ,  benzene o r  carbon d i s u l p h i d e .  The a c t i v i t y  of t h e  aqueous and 

o r g a n i c  l a y e r s  w a s  then measured i n  a s c i n t i l l a t i o n  c o u n t e r ,  P i cke r  Nuclear  Inc . ,  

i n  o r d e r  t o  e s t i m a t e  t h e  f r a c t i o n  of t h e  18F-F- a c t i v i t y  inco rpora t ed  i n t o  t h e  

o r g a n i c  p roduc t s .  The l a t t e r  were ana lyzed  by r a d i o  g l c  and h p l c .  The 

combination of a t lewlett-Packard Model 7620A gas  chromatograph wi th  a 

h igh- tempera ture  flow p r o p o r t i o n a l  coun te r  ( 1 3 )  was used f o r  r a d i o  g l c ,  c a r r i e d  

o u t  w i th  t h e  f o l l o w i n g  6-mm 0.d. s t a i n l e s s  steel columns: 

( i )  a 3 m long  column, packed wi th  Carbowax K 20M, 20% w/w on AW Chromosorb 

W. 

( i i )  a 1 .8  m long  column, packed wi th  DC 710 s i l i c o n e  f l u i d ,  20% w/w on AW, 

DMCS-treated Chromosorb W. 

( i i i )  a 3 m long  column, packed wi th  XF-1112 s i l i c o n e  o i l ,  20% w/w on S suppor t  

from Perkin-Elmer Co. 

Radio hp lc  was c a r r i e d  out  u s ing  a S e r i e s  3 chromatograph from Perkin-Elmer Co., 

equipped wi th  a 254-nm UV d e t e c t o r  and coupled t o  a LB 503 f low s c i n t i l l a t i o n  

coun te r  from Ber tho ld  L a b o r a t o r i e s .  A 4.5 x 100 mm 1-u RP-18 s i l i c a  column from 

Perkin-Elmer Co. was used i n  a l l  s e p a r a t i o n s ,  w i th  water /methanol  mix tu res  as t h e  

mobi le  phase.  Hplc w a s  used as a p r e p a r a t i v e  t echn ique ,  as w e l l ,  c o l l e c t i n g  a l l  

r a d i o a c t i v e  peaks from a g iven  r e a c t i o n  i n t o  s e p a r a t e  v i a l s ,  and measuring t h e i r  

a c t i v i t y  in t h e  s c i n t i l l a t i o n  coun te r .  Any r a d i o a c t i v e  compound t h a t  f a i l e d  t o  
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emerge from the  column could  be d e t e c t e d ,  and i t s  a c t i v i t y  measured, by 

d i s c o n n e c t i n g  t h e  column from t h e  chromatograph and coun t ing  t h e  column i n  t o t o  

i n  t h e  P i c k e r  i n s t rumen t .  Th i s  procedure  provided  a d e t a i l e d  ba l ance  of t h e  

a c t i v i t y  con ta ined  i n  t h e  o r g a n i c  e x t r a c t  from t h e  r e a c t i o n ,  t hus  p rov id ing  a 

r e l i a b l e  measure of t h e  r ad iochemica l  y i e l d s .  In  s e v e r a l  i n s t a n c e s ,  t h in - l aye r  

r a d i o  chromatography w a s  a l s o  c a r r i e d  o u t  t o  conf i rm t h e  r a d i o  g l c  and h p l c  

r e s u l t s .  

The i d e n t i t y  o f  t h e  18F-labeled p roduc t s  was e s t a b l i s h e d  by comparing t h e i r  

r e t e n t i o n  pa rame te r s ,  b o t h  i n  hp lc  and g l c ,  w i th  those  of a u t h e n t i c  s t a n d a r d s .  

I n  s e v e r a l  c a s e s ,  however, t h e  l a t t e r  were no t  a v a i l a b l e ,  and consequen t ly  t h e  

ass ignment  of t h e  p roduc t s  had t o  be based on a compara t ive  chromatographic  

s t u d y ,  i n v o l v i n g  s u i t a b l e  ana logs .  Two c r i t e r i a  were used ,  namely t h a t  t h e  

18F-ac t iv i ty  a s s igned  t o  a product  must appear  i n  a s i n g l e  e l u t i o n  peak from 

g l c  and h p l c  columns used ,  and t h a t  t h e  r e t e n t i o n  time on columns had t o  be 

c l o s e  t o  those  of t h e  s t r i c t l y  r e l a t e d  compounds a v a i l a b l e  f o r  comparison. As an 

example, t h e  a c t i v i t y  peak t r a c e d  t o  4-fluoro-4'-nitrostilbene had a r e t e n t i o n  

volume similar t o ,  and b racke ted  by, t hose  of t h e  a v a i l a b l e  4 , 4 ' - d i n i t r o -  and 

4 , 4 ' - d i f l u o r o s t i l b e n e .  

While t h e  i d e n t i f i c a t i o n  ob ta ined  i n  such  a way must be regarded  as t e n t a t i v e ,  

t h e  ve ry  n a t u r e  of  t h e  r e a c t i o n  s t u d i e d ,  l e a d i n g  t o  a c l e a n  F- f o r -  NO2 

s u b s t i t u t i o n  i n  t h e  numerous c a s e s  where p roduc t s  could  be p o s i t i v e l y  i d e n t i f i e d ,  

makes t h e  sugges t ed  ass ignments  l i k e l y .  

RESULTS AND DISCUSSION 

The r ad iochemica l  y i e l d s  of t h e  I8F-labeled p roduc t s  from v a r i o u s  s u b s t r a t e s  

s t u d i e d  are g iven  i n  Table  1. The r e a c t i o n s  l e a d i n g  t o  t h e  r e s u l t s  l i s t e d  were 

c a r r i e d  o u t  a t  150°, i.e. a t  a tempera ture  where no a p p r e c i a b l e  decomposi t ion  of 

DMSO occur s .  

It should  be noted  t h a t  t h e  r e a c t i o n  is  exceed ing ly  s e n s i t i v e  t o  traces of 

water, and t h e r e f o r e  t h e  use  of p r o p e r l y  d r i e d  r e a g e n t s ,  v e s s e l s  and s o l v e n t s  is  
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Table 1. l8F-Labeled Products from the Displacement of Aromatic 
Nitro Groups in DMSO at 150° a 

Radiochemical 
Substrate Product Yield (%)b 

o-Nitrobenzonitrile [ 18F] o-FluorobenzonitrileC 86% 
p-Dinitrobenzene [ 18F] p-FluoronitrobenzeneC 83% ~ 

p-Nitrobenzonitrile [18F] p-FluorobenzonitrileC 81% 
Methyl - p-nitrobenzenesulfonate [I8F] Methyl p-fluorobenzenesulfonated 60% 

[ 18F] 2-Chloro-6-fluorobenzonitrileC 55% 

[ 18F] 6-Fluoro-2-ni troben~onitrile~ 17% 

[ 18F] Fluorod in i t ro f luo renone ( . s )d  62% 2,4,7-Trinitrofluorenone 
o-Dinitrobenzene [18F] o-FluoronitrobenzeneC 58% 

I 2-Chloro-6-Nitrobenzonitrile 

Pentachloronitrobenzene 

Methyl 3,5-dinitrobenzoate 

18F] PentachlorofluorobenzeneC 11% 

18F] Isomeric 8F Tet rac hloro f luoro- 
nit robenzenesd 29% 

34% 18F] Methyl 3-Fluoro-5-ni trobenzoa tec 

18F] Unknownd 10% 
Methyl p-nitrobenzoate [18F] Methyl p-fluorobenzoatec 34 % 
3,4-Dinitrotoluene [ 18F] Fluoronitrotoluene(s)d 32% 
Dimethyl 3-nitrophthalate [18F] Dimethyl 3-fluorophthalated 25% 
m-Dinitrobenzene [ I8F] m-Fluoronitrobenzene 17.4% 
p-Nitrobenzophenone [ 18F] p-Fluorobenzophenoned 16% 
4,4'-Dinitrostilbene [ 18F] 4-Fluoro-4 -ni tros tilbened 14% 

(a)  Reaction time 2 0  minutes, typical substrate concentration 5 mg/ml. 
(b) Percentage of the initial activity isolated in the product, corrected for  

(c) Identified by comparison of their retention volumes on glc and hplc columns 

(d) Tentative assignment, see text. 

decay. 

with those of authentic samples. 

Standard deviation of yields f 10%. 
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of  paramount impor tance .  DMSO, be ing  h igh ly  hygroscop ic ,  must be c a r e f u l l y  d r i ed  

and handled  t o  prevent  contaminat ion  by moi s tu re .  On t h e  o t h e r  hand, t he  y i e l d s  

are i n s e n s i t i v e  t o  t h e  e x t e n t  of d i l u t t o n  of t he  r a d i o a c t i v e  r e a g e n t .  No 

s i g n i f i c a n t  d i f f e r e n c e s  a r e  d e t e c t e d  between r e a c t i o n s  i n v o l v i n g  NCA I8F-F- and 

those  where I8F-F- had been d i l u t e d  wi th  i n a c t i v e  f l u o r i d e ,  a t  t y p i c a l  

c o n c e n t r a t i o n s  of 2.10-3 M. 

Comparative exper iments  have confirmed t h a t  DMSO is t he  most convenient  

s o l v e n t ,  c o n s i s t e n t  w i t h  i t s  recognized  u t i l i t y  i n  n u c l e o p h i l i c  a romat i c  

s u b s t i t u t i o n  ( 1 4 ) ,  and wi th  t h e  r e s u l t s  ob ta ined  i n  the  i s o t o p i c  exchange of 

18F-F- w i th  a r y l  f l u o r i d e s  (1). 

methyl 3 ,5 -d in i t robenzoa te  wi th  I8F-F- in DMF 

p - f luo ron i t robenzene  and 7% 18F-methyl 3-fluoro-5-nitrobenzoate r e s p e c t i v e l y ,  

w e l l  below the  y i e l d s  ob ta ined  in DMSO under i d e n t i c a l  c o n d i t i o n s .  Rubidium 

f l u o r i d e  was used i n  a l l  exper iments ,  s i n c e  p r e l i m i n a r y  t e s t s  s tudy  i n d i c a t e d  

t h a t  o t h e r  f l u o r i d e  s a l t s ,  such as KF and CsF, gave lower y i e l d s  and/or  were too 

h i g h l y  hygroscop ic .  

As an example, r e a c t i o n  of p-d in i t robenzene  and, 

15OoC gave  26% 18F- 

The e f f e c t  of r e a c t i o n  tempera ture  on t h e  y i e l d s  of s e l e c t e d  s u b s t r a t e s  is 

i l l u s t r a t e d  i n  Table  2. 

The most i n t e r e s t i n g  f e a t u r e  of  f l u o r o d e n i t r a t i o n  is t h a t ,  i n  c o n t r a s t  with 

o t h e r  n u c l e o p h i l i c  f l u o r i n a t i o n  r e a c t i o n s ,  i t  remains s u f f i c i e n t l y  f a s t  f o r  

p r a c t i c a l  r ad iopha rmaceu t i ca l  l a b e l i n g  even a t  r e l a t i v e l y  mild t empera tu res .  

Indeed ,  runn ing  t h e  r e a c t i o n  below 150° is not  on ly  f e a s i b l e ,  bu t  even d e s i r a b l e  

f o r  a h i g h l y  a c t i v a t e d  s u b s t r a t e s  such a s  p-d in i t robenzene .  The e f f e c t  of t he  

r e a c t i o n  t i m e  on t h e  y i e l d s  a t  d i f f e r e n t  t empera tu res  i s  i l l u s t r a t e d  i n  Table 3. 

The d a t a  show t h a t  u s e f u l  18F a c t i v i t i e s  can be inco rpora t ed  i n t o  l a b e l e d  a r y l  

f l u o r i d e s  i n  c o n v e n i e n t l y  s h o r t  r e a c t i o n  t imes .  

The e f f e c t  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  on the  y i e l d s  has been b r i e f l y  

e v a l u a t e d  i n  one c a s e ,  i.e. f l u o r o d e n i t r a t i o n  of p-d in i t robenzene .  The y i e l d s  

increas'e w i th  t h e  c o n c e n t r a t i o n  of t h e  s u b s t r a t e ,  y e t  t he  r e a c t i o n  rate does not 

appea r  t o  i n c r e a s e  in p r o p o r t i o n .  

s o l u t i o n  of p-d in i t robenzene  is 36% a f t e r  30 minutes  a t  80° and 49% a t  90°. 

As an example, t h e  y i e l d  from a 3 * 1 0 - 3 ~  
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Table 2 .  Effect of the Reaction Temperature on the Radiochemical Yield 
of 18F Producta 

Substrate Temperature (O) Radiochemical Yieldb ( X )  

p-Dinitrobenzene 7 Oo 

BOO 

9 00 

1100 

36 

50 

62 

87 

o-Nitrobenzonitrile 70° 11 

90° 1 5  

1100 41 

150° 85 

(a) Reaction time 30 minutes, substrate concentration 5 m g / m l .  

(b) Standard deviation ca. 10%. 

Table 3 .  Radiochemical Yields of 18F-p-Fluoronitrobenzene From 
p-Dinitrobenzene as a Function of the Reaction Timea 

Temperature ( O )  Reaction Time (Minutes) Yieldb ( % )  

8 Oo 5 
10 

20 

30 

12 

19 
44 

50 

9 00 5 16 

10 45 
20 57 

30 62 

1100 5 

10 

15 
22 

30 

64 
77 

80 

8 1  

87 

(a) Substrate concentration 2.98.10-* M. 
(b) Standard deviation f 10%. 
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Under the same conditions, the yields from a 3*10-2M solution are respectively 

50X and 62%. 

It should be emphasized that no kinetically significant conclusion can be 

drawn from the present data, owing t o  the preparative nature of the investigation 

and to the limited range of temperatures, concentrations and reaction times 

studied. 

Competition Experiments. As shown in the previous paragraph, fluorodenitration 

causes a clean displacement of the nitro group by '*F-F- without appreciable 

i someriza tion. 

This feature allowed the carrying out of competition experiments designed to 

obtaina quantitativeestimate of the activating power of the various substituent 

groups, and to measure the nucleofugality of NO2 relative to other leaving 

groups, in particular fluorine, whose displacement had been previously 

investigated (1,lS). 

As to the first question, the results summarized in Table 4 show that the 

activating effect of the substituent groups X in the fluorodenitration of 

CgHq(N02)X in DMSO at 150° increases in the order: 

m-NO2 << p-CNa 0-NO2 < o-CN < p-NO2 

The data available suggest that such an order is but little affected by 

temperature changes in the range from S6O to 150°. 

As expected, m-dinitrobenzene reactivity is quite l o w  when compared to those 

of its ortho and para isomers. A quantitative measurement, allowed by the 

sensitive radio chromatographic techniques employed, has shown that starting from 

an equimolecular mixture of meta- and parn-~initrobenzene, the ratio of the yields 

of "F-meta- and para-fluoronitrobenzene is ca. 1:1700 at 150OC. 

problem addressed, *, the leaving ability at NO2 relative to other groups, was 

investigated by comparing the rate of the fluorodenitration process 

The other 
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with that of the isotopic exchange reaction 

in competition experiments. The results are given in the first 3 entries of 

Table 4 .  The data from crossed runs, carried out at 150°, yield the following 

approximate reactivity ratios 

F a NO2 6 GN0; O 2 N m N o 2  

1.0 1.4 1.8 10 

At lower temperatures, competition between processes (1) and ( 2 )  appears to 

shift slightly in favour of the latter, yet fluorodinitration remains faster at 

all temperatures. 

The results show that N O 2  is a better leaving group than fluorine itself in 

nucleophilic aromatic substitution by I8F-F- in DMSO. 

This conclusion does not fit into the general trend prevailing in related 

reactions, nevertheless a number of exceptions (16) have been noted. Indeed, 

examples have been reported (17) showing that the leaving ability of NO2 exceeds 

that of F, or, for that matter, of all other groups, in certain aromatic 

nucleophilic displacement reactions. 

As expected, the nucleofugality of N O 2  is higher than that of C1, as shown by 

the competition of p-chloronitrobenzene with p-dinitrobenzene, and from the 

distribution of labeled products where intramolecular competition is possible. 

Thus, chloronitrobenzonitrile undergoes predominant fluorodenitration 

5 5 %  
I, 

+ 18F- 

17% > 

( 3 )  

( 4 )  
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8 00 [I8F] o-Fluoronitrobenzene 
56O 

Table 4 .  Competition of Substituted Nitrobenzenes for I8F-F- in DMSO 

Competing Substratesa Temperature ( O )  Relative Yields of Labeled Productsb 

= 4.4 
= 4 . 6  

o-Fluoronitrobenzene [ I8F] p-Fluoronitrobenzene 

p-Fluoronitrobenzene [ I8F] o-Fluoronitrobenzene 
150° = 0.70 

= 7.0 

= 6.3 
[18F] o-Fluoronitrobenzene I = 2.8 

[I8F] p-Fluoronitrobenzene 
o-Fluoronitrobenzene L5Oo 

p-Dinitrobenzene 1100 
80° 

= 0.50 

[18F] o-Fluoronitrobenzene 1 = 0.56 

[ 18F ] p-Fluoronitrobenzene 
p-Fluoronitrobenzene 150° 
o-Dini trobenzene 

1100 

p-Chloronitrobenzene [ 18F] p-Fluoronitrobenzene 

o-Dinitrobenzene [ I8F] o-Fluoronitrobenzene 
150° < 0.01 

o-Dini t ro benzene 
p-Dinitrobenzene 

p-Dinitrobenzene 

m-Dinitrobenzene 

150° [I8F] m-Fluoronitrobenzene 

[I8F] p-Fluoronitrobenzene 
< 0.01 

p-Dinitrobenzene [ I8F] p-Fluoronitrobenzene 

p-Nitrobenzonitrile [ 18F] p-Fluorobenzonitrile 
152O = 6.2 

o-Nitrobenzoni 

p-Nitrobenzoni 

.trile [I8F] o-fluorobenzonitrile 

.trile [ 18F] p-Fluorobenzonitrile 
1 50° = 2 . 6  

(a) A l l  reactions carried out with equimolecular amounts of competing reagents. 

(b) Standard deviation of the ratios f 20%. 

Reaction time 30 minutes. 



5 1  2 M. A t t i n a ,  E .  Cacace and A .  P. Wolf 

The distribution of products from pentachloronitrobenzene supports the above 

conclusions, once the statistical factor and the higher activating power of NO2 

have been taken into account, consistent with previous results Concerning other 

nucleophiles (18). 

CONCLUSION 

The nucleophilic displacement of activated nitro groups by I8F- represents an 

efficient and general route to I8F-labeled aromatics. 

conventional nucleophilic displacement of other groups, such as C 1 ,  Br and I, 

fluorodenitration is much faster, which allows it to be carried out at 

considerably lower temperatures, a most significant factor when complex, 

thermolabile substrates are involved, obvious applications being the preparation 

of 18F-spiroperidol from its inactive nitro analog, o r  of synthetically useful 

labeled intermediates (19). In fact, the versatile reactivity pattern of any 

activating nitro groups present in the substrate makes 18F-fluorodenitration of 

polynitrobenzenes a synthetic route of considerable scope. A pertinent example 

is afforded by p-dinitrobenzene, the most active of the substrates tested, whose 

reaction with 18F- gives high yields of 18F-p-fluoronitrobenzene. 

be rapidly reduced to aniline and to p-fluorobenzenediazonium salts in excellent 

yields allowing the replacement of nitro group with NH2, CN, H, OH, OMe, 

halogens, etc. Further obvious synthetic pathways are open by readily available 

18F-aromatics containing such activating groups as CN, COR, COOR, OH, OR, etc. 

In comparison with 

The latter can 

Fluorodinitration is even faster than isotope exchange of activated 

fluorobenzenes with I8F-F- and presents, in addition, the advantage of yielding 

NCA products. Detailed experiments are in progress to determine the dilution of 

the 18F ligand, if any. 
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