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SlMUlUtP 

No-carrier-added (NCA) [ 18F]f luorobenzene was prepared in a 
multistep synthesis with a radiochemical yield of 20-30%. 
A series of NCA and CA "F-labeled aryl fluorides which are 
important precursors of 18F-labeled butyrophenone neuroleptics have 
also been synthesized in radiochemical yields of 30-50%. The 
direct synthesis of [ 18F]spiroperidol and [ 18F]benperidol from 
the parent compounds and/or nitro and/or chloro compound using 
the nucleophilic substitution reactions were also investigated. 

KEY WORDS: NCA [18F]Fluorobenzene, NCA Aryl 18F fluorides, Nucleophilic 
substitution reaction, [ 18F] Spiroperidol, [ 18F]Benperidol 

INlRODUCTION 

Since fluorine-18 substituted aromatic rings are common structural 

components of an increasing number of 18F-labeled radiopharmaceuticals (1,2), 

the discovery of efficient synthetic routes to these compounds has been 

actively pursued. Of special importance is the development of synthetic 

strategies which would employ I8F-labeled fluoride because of its ease of 

production in high yield, its high specific activity and its potential 

incorporation with 100% efficiency. 

Until very recently, only two routes to 18F-labeled aryl fluorides using 

18F- as a fluorine source were known. 

and the triazene decomposition reaction (5-7). Both of these reactions have 

been investigated as routes to I8F-labeled butyrophenones such as spiroperidol 

and haloperidol (8-13). Both methods however, give low yields and while the 

These were the Schiemann reaction ( 3 , 4 )  
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triazene decomposition reaction gives a no-carrier-added (NCA) product, the 

Schiemann reaction gives a product of low specific activity. Recently, we 

reported that the nucleophilic substitutions of activated nitro groups by NCA 

IgF-labeled fluoride was an efficient general route to NCA 18F-labeled 

aromatic compounds (14,lS). This reaction is an extension of the previously 

reported I8F-19F "exchange" reaction which gave IaF-labeled aryl fluoride 

(carrier-added, CA) in high yield (16) and can therefore be applied to the 

synthesis of either CA or NCA aryl fluorides depending on the leaving group. 

The structural requirements for this reaction are that ortho or para 
relationship of a nucleofugic group (F or NOp) and an activating group (-NOz, 

-CN, -COR) exist in the molecule. Butyrophenone neuroleptics such as 

benperidol and spiroperidol have the proper orientation of groups to undergo 

this substitution reaction and therefore this reaction should provide a simple 

method to prepare l8F-labeled benperidol and spiroperidol. We report here the 

successful application of this general reaction to the synthesis of 

[ I8F] f luorobenzene in a radiochemical yield of 20-30% and in addition a series 

of NCA and CA I8F-labeled aryl fluorides in 30-502 yield. 

attempts to effect a direct substitution on derivatives of benperidol and 

spiroperidol is also described. 

The initial 

EXPEBTMENTAL 

Materials. 

Rubidium carbonate was purchased from Alfa Products Division, Ventron, 

Inc. Cesium carbonate was purchased from Johnson, Matthey and Co. Dimethyl- 

sulfoxide (DMSO) was a Gold Label reagent from Aldrich Chemical Co. It was 

dried over 4w molecular sieve. p-Bromonitrobenzene, E-chloronftrobenzene, 

p-fluoronitrobenzene, p-fluoroaniline, fluorobenzene, p-nitrobenzonitrile, 

4-chlorohenzonitrile, 2-nitroacetophenone, p-fluoroacetophenone and l-phenyl- 

1,3,8-triazaspiro[4.5]decan-4-one were obtained from Aldrich Chemical Co. 

E-Fluorobenzonitrile was purchased from ICN. Cyclopropyl 4-fluorophenyl 
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ketone was purchased from Trans 'Jorld Chemical Co. n-Butyl nitrite was 

ohtalned from Eastman Chemical Co. and used without further purification. The 

other substrates which were not commercially available were synthesized and 

characterized by standard methods. 

General Methods. 

Melting points were determined with a Fisher-Johns melting point 

apparatus and are uncorrected. 

spectrometer in either chloroform-d, or dimethylsulfoxide-d6 with tetramethyl- 

silane as an internal standard. Elemental analyses were performed by 

Schwarzkopf Microanalytical Laboratories, Woodside, New York. Gas-liquid 

chromatographic analyses (GLC) were carried out with a gas chromatograph 

equipped with a thermal conductivity detector. Radioactivity was assayed as 

described previously (17). HPLC analyses were carried out with a Perkin-Elmer 

Series 3B liquid chromatograph equipped with a radioactivity monitor (Berthold 

Model LB503). An IRM C18 column (4.5x250mm) was used with 

MeOH-O.OlM<NH4)2HP04 as the solvent (70:30) with flow rate of 2ml/min. 

NMR spectra were recorded with JEOL MH-100 

Syntheses of Substrates. 

Cyclopropyl p-aminophenyl ketone (2)- A solution of 2.4 g of 

p-acetamido-y-chlorobutyrophenone (2) (10) in a mixture of 80 ml of EtOH and 
20 ml of 16% aq. NaOH was refluxed for 1 hr. After removal of EtOH, the 

residue was diluted with H20. The crystals were collected and recrystallized 

from EtOH-HzO to give 1.29 g (90%) of pale brown needles of 2, mp 122-123O. 
NMR (CDC13)6: 7.8 (2H, d,J = 8 Hz, aromat. H), 6.6 (2H. d ,  J = 8 Hz, 

aromat. H), 4.2 (ZH, b, NH2), 2.6 (lH, m, COCH), 1.1-0.9 (4H, m, CH2). Anal. 

Calcd. for C1OH11NO: C, 74.51; H, 6.88; N, 8.69. Found: C, 74.58; H, 6.98; 

N, 8.49. 

Cyclopropyl p-nitrophenyl ketone (2). To a well stirred suspension of 

1.7 g (0.01 m o l )  of 2 in 12 ml of fluoboric acid solution,a cold solution of 
0.72 g (0.01 mol) of NaN02 in 2 ml of H20 was added. 

in an ice-bath for 10 min., the precipitates were filtered, washed with cold 

The mixture was stirred 
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f l u o b o r i c  a c i d  s o l u t i o n ,  E t O H  and Et20 ,  t o  g i v e  t h e  diazonium f l u o b o r a t e  of 

7.  

s lowly  t o  a mix tu re  of 8 .4  g of NaNO2 and 1.79 g of copper  powder i n  10 m l  of 

H20. 

with Et20, washed wi th  H20 and d r i e d  ove r  Na2S04. 

s o l v e n t ,  t h e  r e s i d u e  w a s  d i s s o l v e d  i n  CHC13,  passed  through a s i l i c a  g e l  

column and e l u t e d  wi th  t h e  same s o l v e n t .  The e l u a n t  was evapora t ed  and t h e  

r e s u l t i n g  c r y s t a l s  were r e c r y s t a l l i z e d  from EtpO t o  y i e l d  p a l e  ye l low need le s  

of 2, 1.39 g (69%) ,  mp 102-103°. 

aromat.  H ) ,  8.0 (ZH, d ,  J = 8 Hz, aromat.  H ) ,  2.6 ( lH ,  m ,  COCH), 

1 . 2  (4H, m, CH2). Anal. Calcd. f o r  C l O H g ~ O 3 :  C ,  62.82; H ,  4.75; N, 7.33. 

Found: C ,  63.09; H,  4.92; N ,  7.30. 

The suspens ion  of diazonium f l u o b o r a t e  i n  4 m l  of H20 was then  added 
.u 

The r e a c t i o n  mix tu re  was s t i r r e d  a t  room tempera ture  f o r  2 h r ,  e x t r a c t e d  

A f t e r  e v a p o r a t i o n  of t h e  

NMR (CDC13)6: 8 .2  (2H, d ,  J = 8 Hz, 

y-Chloro p a i t r o b u t y r o p h e n o n e  (2)- A s o l u t i o n  of 100 mg o f 2  i n  8 ml of 

MeOH and 2 mL of conc. HC1 w a s  r e f l u x e d  f o r  30 min. A f t e r  c o o l i n g ,  t h e  

mixture  was e x t r a c t e d  wi th  hexane. The e x t r a c t  w a s  washed wi th  8 2 0 ,  d r i e d  

over  Na2S04 and evapora t ed  t o  g i v e  69 mg (58%) of p a l e  ye l low o i l  o f 2 .  

(CDCl3)6: 8 . 3  (2H, d ,  J = 8 Hz, a romat .  H ) ,  8.1 (ZH, d ,  J = 8 Hz, a romat .  H ) ,  

3 .7  (ZH, t ,  J = 6 H z ,  CHzCl), 3.3 (ZH, t ,  J = 6 €12, COCHz) ,  

2 . 3  (2H, 

NMR 

q ,  J = 6 Hz, CH2). 

8-[4-0xo~-(paitrophenyl)butyl]-l-phenyl-l,3,8-triazaepiro[4.5]- 

decan-4-one ' h i t r o s p i r o p e r i d o l "  (LO) (18). 

o f  y-chloro p-n i t robutyrophenone  (2), 925 mg ( 2  mmol) of l-phenyl-1,3,8- 

triazaspiro[4.5]decan-4-one and 20 mg of K I  i n  5 m l  of THF and 0.5 m l  of DMF 

was hea ted  a t  95-100° under  a s t r eam of N2 f o r  40 min. The r e a c t i o n  mixture  

was d i s s o l v e d  i n  CHCL3, washed wi th  H20, d r i e d  over  Na2SO4 and loaded  on a 

s i l i c a  g e l  column. 

FtOH-CHC13. The f r a c t i o n  of 4% EtOH-CHC13 w a s  evapora ted  and t h e  r e s i d u e  was  

r ec rys t aLLized  f rom C H C 1 3  t o  y i e l d  ye l low need le s  of LO, 270 mg (29%) ,  

mp 232-236O (decomp.). 

A mix tu re  of 498 mg (2.2 mmol) 

The column was f i r s t  e l u t e d  wi th  CHC13  and then  w i t h  4% 

HPLC showed compound LO t o  have a r e t en t io r1  t i m e  of 
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4.9 min. Anal. Calcd. for C23H26N404: C, 65.38; H, 6.20; N, 13.26. Found: 

C, 65.06; H, 6.09; N, 13.08. 

8-[4~o-4-(p~blorophenyl)butyl)-l-phenyl-l,3,8-triazspiro[4.5] 

decan-4-one "chlorospiroperidol' (k2) (19). A mixture of 217 mg (1 mmol) 

of 4,4'-dichlorobutyrophenone, 323 mg (1.4 mmol) of l-phenyl-1,3,8- 

triazaspiro[4.5]decan-4-one and 20 mg of  KI in 5 ml of DMF was refluxed for 

20 min. The solvent was evaporated in vacuo, the residue was dissolved in 

H20, extracted with CHC13 and dried over Na2SOq. 

concentrated, passed through a silica gel column and fractionated. The column 

was eluted with CHC13, 1% EtOH in CHC13 and then with 2% EtOH in CHC13. 

fraction of 2% EtOH in CHC13 was evaporated to dryness. 

recrystallized from EtOAc to give 95 mg of product. Concentration of the 

mother liquor gave an additional 32 mg of product. 

-127 mg (31%), mp 203-206OC (Lit. (19) 202-203.8°C). 

had retention time of 7.8 min. Anal. Calcd. for C23H26ClN302: C, 67.06; 

H, 6.36; N, 10.20; C1, 8.61. Found: C, 66.81; H, 6.32; N, 9.96; C1, 8.56. 

The solution was 

The 

The residue was 

Total yield of L2 is 

HPLC showed compound k2 

Preparation of Rb%. NCA Rb18F was prepared by dissolving 3 mg of 

Rb2C03 in -1 ml of aqueous H18F solution, prepared from the 180(p,n)18F 

reaction ( 2 0 ) .  The aqueous solution was evaporated in a platinum crucible at 

-150OC while a slow stream of nitrogen was bubbling through and then 

coevaporated to dryness with acetonitrile. 

for the next step without further purification. 

The RbI8F thus obtained was used 

NCA Cs18F was prepared in the 

same manner. 

General procedure for the nucleophilic substitution. Except as 

indicated, the substitution reactions were carried out in DMSO solution at 

160-165OC for 15 minutes. The solution was cooled to room temperature and 

then H20 was added. 

reaction mixture with pentane or using a C18 Sep-pak column. 

The product was isolated either by extractton of the 

Synthesis of p-[18F]fluoronitrobenzene (z). A solution of p-chloro- 

nitrobenzene (A) (10.5 mg, 6.6 umole) in 3 ml of dry DMSO was added to the 
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dried Rb18F. 

room temperature, and then water was added. The mixture was extracted with 

ether (3 x 1 ml), the ether solution dried over Na2S0.4 and evaporated to give 

p-[ 18F]fluoronitrobenzene (A) in a radiochemical yield of 35-50% at (EOB). 
Radiogas chromatography (10% DC-710, 12ft x 1/8in; flow 30 ml/min, 150') of 

the product showed the only radioactivity peak to be congruent with the mass 

peak corresponding to p-fluoronitrobenzene, RT = 7.8 min. 

product also contained p-chloronitrobenzene, RT = 19.5 min., as a chemical 

impurity. However, the reaction mixture was used for the next step without 

further purification. 

by the same procedures and the results are listed in Table 1. 

The mixture was stirred at 160-165OC for 15 minutes, cooled to 

The reaction 

The other l8F-1abeled aryl fluorides were synthesized 

Synthesis of No-Carrier-Added [ 18p]Fluorobenzene (A). 
NCA [18F]fluorobenzene was synthesized by a multistep synthesis starting 

with p-chloronitrobenzene (A). 
intermediates or for a one pot synthesis are given below. 

The experimental details for isolation of 

Synthesis of NCA p-[18P]fluoroaniline (2). A solution of 

p--[18F]fluoronitrobenzene (0 .3  mCi) in 1 ml of THF was added to a mixture of 

10% Pd/C (LO mg) and 50% H3PO2 (0.1 ml) (21), a solution of 

- p-[18F]fluoronitrobenzene (0.3 mCi) in 1 ml of THF was added. 

stirred at 65O for 5 min., diluted with 2 ml of H20, made basic with 6 5 NaQH 

and extracted with ether (2 x 2 ml). 

give p-[18F]fluoroaniline (2) (0.17 mCi EOS, radtochemical yield 56.7% EOS 
based on starting compound2). 

the only radioactivity peak to be p-[18F]fluoroaniline (3-), RT = 5.5 min. 

p-Chloroaniline was the other chemical impurity, RT = 16.5 min. 

The mixture was 

The ether layer was dried (Na2S04) to 

Radiogas chromatograph of the product showed 

Synthesis of NCA [18F]fluorobenzene (2). A solution of n-butyl 

nitrite (0.1 ml) in DMF (1 ml.) (22)  was added to the solution of p-[I8F]- 

fluoroaniline (0.32 mCi) in 1 ml of DMF. The solution w a s  stirred at 60O for 

15 min., cooled to room temperature and diluted with H20 (1 ml). The solution 

was extracted with pentane ( 3  x 2 m l ) ,  dried (Na2S04) and concentrated to give 
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p-[18FJfluorobenzene (2) (0.17 mCi at EOS, radiochemical yield 53.1% EOS based 

on starting compounG2). Radiogas chromatography (10% DC-710, 12ft x 1/8in; 

flow 30 m l / m i n . ,  90°) of the product showed the only radioactlvty peak t o  be 

[18F]fluorobenzene ($), RT = 3.1 min, chlorobenzene has RT = 9.8 min. 

Compound ftalso can be separated from chlorobenzene by HPLC (IBM C18 column, 

4.5 x 250 mm, MeOH:H20 (1:1), 1 m l / m i n . ) .  

while chlorobenzene has RT = 28 min. 

Fluorobenzene has RT = 15 min. 

"One-pot" synthesis of NCA [ 18F]fluorobenzene (5) from NCA 
p-[18p]Fluoronitrobenzeoe (2). A solution of p-[I8F]f luoronitrobenzene 

(0.78 mCi) in 1 ml of THF was added to a mixture of 10% Pd/C (10 mg) and 

50% H3PO2 (0.1 ml). 

was evaporated by a stream of Ng. The mixture was suspended in 0.5 ml of DMF 

and 50 u l  of n-butyl nitrite was then added. The mixture was stirred at 65OC 

for 15 min. and work-up as descrtbed above to give NCA [18F]fluorobenzene (A) 
(0.26 mCi at EOS, radiochemical yield 33.3% EOS based on starting compound 2). 

The mixture was stirred at 65OC for 10 minutes and THF 

Synthesis of NCA y-Chloro-p-[ 18F]fluor~~t~rophe~~n= (2). Compound 5- 

was synthesized by two different methods: 

(b) via cyclopropyl p-nitrophenyl ketone (2). 
(a) via [18F]fluorobenzene (4), and 

h. 

Method A. In a typical experiment, 0.2 m l  of 1,2-dichloroethane was 

added to a pentane solution of [ I8F]f luorobenzene (2) synthesized from 
p-chloronitrobenzene (1) (347 VCi in 10 m l  of pentane), and a slow stream of 

nitrogen was then bubbled through to remove pentane. A solution of 

AlC13/Cl(CH2)3C-C1 complex in 1,2-dichloroethane (0.5 ml) prepared from 

chlorobutyryl chloride (0 .4  ml) and aluminum chloride (480 mg) in 10 m l  of 

1,2-dichloroethane, was added and the solution was stirred at 6OoC for 10 

min. 

and extracted with ether (2 ml). The ether solution was washed successively 

with 1NHC1, sat. NaHC03 solution, dried over Na2S04 and evaporated to give 

128 UCi of mixture in a synthesis time of 33 min. Radio-HPLC analysis (C18 

column, MeOH:H20 (3:2): flow 1.0 ml/min) of the mixture showed peaks at 

RT 8.4 min, 14 min and 16.8 min.  

.w 

0 
1 1  

The reaction mixture was cooled to room temperature, diluted with 1E HC1 

These corresponded to cyclopropyl 
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p-[ 1 8 F ] f l ~ o r o p h e n y l  ke tone ,  [18F]f luorobenzene  (k) and y-chloro-p-[18F]fluoro- 

butyrophenone (2) i n  a ra t io  of 1 9 : 4 : 7 7 .  

Method B. A s o l u t i o n  of cyc lop ropy l  p-n i t rophenyl  ke tone  (2) ( 2  mg) in 

0.2 m l  of DMSO was added i n t o  t h e  d r i e d  Rb18F. 

155OC f o r  20 min, cooled  t o  room t empera tu re  and 2 m l  of HC1 (conc):MeOH 

(1:l) w a s  added. The mix tu re  was  s t i r r e d  at  1O5-11O0C f o r  10 min, cooled  t o  

room tempera ture  and work-up as d e s c r i b e d  above t o  g i v e  y-chloro-p- 

[18F]€luorobutyrophenone (2). 
1 m C i  of y-chloro-p-[ I8F]f luorobutyrophenone  was ob ta ined  calc t o  EOB. 

t h e  r ad iochemica l  y i e l d  of 2 i s  22.5% (EOB). 

The mix tu re  was s t i r r e d  a t  

In a t y p i c a l  expe r imen t ,  from 4.42 m C i  of 18F, 

Thus 

Synthesis of [18F]splroperidol (lJ) by isotopic exchange nethod. A 

The s o l u t i o n  of Cs18F i n  0.2  m l  of DMSO was added t o  s p i r o p e r i d o l  (- 2 mg). 

s o l u t i o n  w a s  kep t  a t  145-15OoC f o r  20 min, and then  3 m l  of H 2 0  were added. 

The s o l u t i o n  was passed through a C 1 8  Sep-pak c a r t r i d g e  (Waters A s s o c i a t e s ) .  

The Cl8 Sep-pak was washed wi th  a n  a d d i t i o n a l  3 m l  of H20 and then  e l u t e d  w i t h  

CH3CN ( 2  x 2 m l ) .  The CH3CN s o l u t i o n  w a s  c o n c e n t r a t e d ,  t h e  r e s i d u e  was 

d i s so lved  i n  1 m l  of CHC13 and a p p l i e d  t o  a s i l i c a  g e l  column (0.75 x 10 cm). 

The column was e l u t e d  wi th  35 m l  of CH3CN-MeOH (v /v  4 : l )  and t h e  e l u a t e  

d i sca rded .  

e l u a t e  evapora ted  t o  d ryness .  IIPLC gave  a r e t e n t i o n  tfme of 5.2 min f o r  

compound 2. 

The product  was e l u t e d  w i t h  25 m l  of CH3CN-MeOH ( v / v  2 : l )  and t h e  

I n  a t y p i c a l  exper iment ,  6.8 m C i  of Cs18F y ie lded  0.35 m C i  of [18F]sp i ro-  

p e r i d o l  in a s y n t h e s i s  t ime of 4 0  min from EOB. Thus t h e  rad iochemica l  y i e l d  

of ,l+l was 5.1% (EOB). 

as de termined  by r a d i o  TLC and r a d i o  HPLC. 

The r ad iochemica l  p u r i t y  of [18F]sp i rope r ido l  was > 95% 

Fluor ine-18  l a b e l e d  b e n p e r i d o l  (2) has  a l s o  been s y n t h e s i z e d  i n  t h e  same 

manner i n  - 5% rad iochemica l  y i e l d .  

r e t e n t i o n  t i m e  of 4.6 min. 

HPLC showed compound k3 t o  have a 

The r e a c t i o n  of n i t r o s p i r o p e r i d o l  or c h l o r o s p i r o p e r i d o l  w i th  Cs18F w a s  

carried ou t  i n  t h e  same manner. 
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The nucleophilic aromatic substitution reaction has been used to produce 

a number of NCA I8F-labeled aryl fluorides in moderate to high yield using 

I8F-labeled fluoride from a water target (see Table 1). 

and conversion of aqueous 18F-labeled fluoride to anhydrous R18F is not 

required. 

Reactions are rapid 

Based on yield determinations of a large number of substrates, the 

following generalizations on substituent effects can be made. 

1. The activating effect of the substituent groups X in the nucleophilic 

aromatic substitution on CgHqXY in DMSO decreased in the order 

2. The nucleofugality of Y i n  the nucleophilic aromatic substitutions of 

CgHqXY in DMSO decreased in the order NO2 >/ F > C 1  > Br 
This method thus provides an efficient labeling technique for the 

syntheses of a number of 18F-labeled aryl fluorides which can be useful 

intermediates in preparing labeled radiopharmaceuticals. For example, a rapid 

conversion of E-[ 18F]fluoronitrobenzene and cyclopropyl p-[ 18F]fluorophenyl 

ketone to y-chloro-E-[ I8F]f luorobutyrophenone, a useful intermediate in 

'*F-labeled butyrophenone neuroleptic synthesis has been developed. In 

addition, one of the products, p-[18F]fluoronitrobenzene has been converted to 

NCA [18F]fluorobenzene, a potential myelin marker ( 2 3 )  in an overall yield of 

20-30% (Fig. 1). This sequence can be carried out in "one-pot" without 

isolation of the intermediates (p-[ 18F]fluoronitrobenzene and 

p-[18F]fluoroaniline) using 18F- from a water target as a source of fluoride. 

Other routes to [18F]fluorobenzene are the Schiemann reaction ( 4 ) ,  

electrophilic substitution of tributylphenyltin with [18F]F2 ( 2 4 )  (both giving 

products of low specific activity), halogen exchange (25) and triazene 

decomposition (5 )  (both potential routes to NCA products). Although the 

triazene method has been reported to give high yields of NCA 
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Table 1 

Application of the Nucleophilic Aromatic Substitution Reaction 

t o  the Synthesis of [I8F] Aryl Fluoridesa 

NO2 

c1 

X 
Radiochemical Yield 

(XIb 

-NO2 

-KO2 

-C N 

-C N 

0 
II 
-C-CH3 

R 
-C-CH3 

+ 

35-50 

8-10 

30 

50 

34 

31 

35-50 

50-60 

1-2 

0 

1-2 

1-2 
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F 

F 

2-7 

-5 

c1 NO2 20-3OCsd 

a. Identified by comparison of their retention times on glc and/or hplc 
columns with those of authentic samples. 

b. Percentage of activity isolated in the product, corrected for decay. 

c. [l8F]fluorobenzene was prepared through a multistep synthesis. See 
experimental section for details. 

d. X=H. 

1 
N 

5 
& 

;\ / Z C  

4 
Iu 

Y n-BuONO 

Fig. 1 

Synthesis of No-carrier-added [I8F] fluorobenzene 
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[18F]fluorobenzene using anhydrous HL8F as a source of fluoride (5), we have 

only been able to obtain a trace of [18F]fluorobenzene via the triazene method 

using 18F- from a water target. 

substitution reaction is less sensitive to trace moisture than the triazene 

reaction. 

Thus it appears that the nucleophilic 

The I8F €or  l9F substitution reactions on benperidol and spiroperidol do 

occur at 145-15OoC to give [ 18F]benperidol and [ 18F]spiroperidol in 2-7% 

yield. 

of low specific activity and although this route has been used to produce 

l8F-labeled spiroperidol for PETT studies of the dopamine receptor in baboons 

(13), its use to produce radiotracers in humans is precluded by the 

requirement €or  subpharmacological doses. 

Nonetheless, the 18F for I9F substitution reaction leads to a product 

Although [18F]spiroperidol has been prepared in practical yields in a 

mu1 tistep synthesis from p-[I8F] fluorobenzonitrile ( 2 6 ) ,  and this general 

synthesis has also Seen applied to the synthesis of 18F-labeled haloperidol 

and benperidol ( 2 7 ) ,  a far simpler synthesis of NCA [18F]spiroperidol would be 

a direct substitution reaction o n  a derivative of spiroperidol as was 

suggested earlier ( 1 4 ) .  Therefore both "chloro" and "nitro" spiroperidol were 

prepared as shown in Fig. 2 and their substitution reaction with 18F-fluoride 

studied. 

results in extensive decomposition of the substrate. At 13OoC, - 1-2% of 

[18F]spiroperidol was formed. Similarly, chlorospiroperidol was found to 

exchange with "F- to give [18F]spiroperidol in 1-2% yield. 

approach remains an attractive one in view of its simplicity and ability to 

give no-carrier-added [18F]spiroperidol in a single step. Practical yields of 

such a reaction may be achieved by choosing other leaving groups which require 

milder displacement conditions and produce reaction mixtures which are more 

amenable to rapid purification (27). 

The reaction of nitrospiroperidol with Cs18F in DMSO at 160°C 

However, this 
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