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ABWRACT 
18 Fluorine-18 labelled haloperidol ( F-HP) was synthesized by a fluorine-fluorine 

exchange reaction 078haloperidol, fluorinechlorine exchange on a chloro-analog of 
haloperidd, and from F-labelled pfluorobenzonitrile prepared by two df feren t  exchange 
reactions. Nudeophilic fluorine was used in  the  form of te t ra  n-butyiammonium fluoride. 
The overall radiochemical yield, expessed at the  end of syntheses UQS % for  exchange in 
haloperidol and about 2%-3% for exchange in chloroanalog in a 40 min synthesis (from the  
end of the  irmdiation). Specific activity up to  1 Ci/mmol for haloperidd and q to 5000 
Ci/mmol for chlorwmalog as substrates were obtained. The syntheses ming psubstituted 
chloro-and nitro-benmnitriles as starting materials for  t h e  exchange reaction gave a 
product with an average specific activity of a tt 2000 Ci/mmol and in general an overall 
radiochemical yield of %-la. kr i f ica t ion  02 F@operidoI was done by HPLC on aC-18 
column. The radiochemical purity as assessed by t h n  layer radiochromatography (TLRC) of 
t h e  final ~ o d u ~ t  was at least 95%, with high chemical p i t y .  

KEY WORDS: NCAf'F] haloperidol, NCA[ 18 Flpfluoro-benmnitrile, 
Nudeoph~lic substitution 
NCA tetra-n-butylammoniun t8F]fluoride 

INTRODUCTDN 

Compounds labelled with short-lived radioisotopes, especially radiopharmaceuticals 

labelled with positron-emitting radionuclides, have been in great demand. The use of these 

compounds with positron emission tomography (RIT) enables us 05 measure regional cerebral 

blood f l w ,  oxygen and glucose utilization (I) ,  tissue pH (Z), drug pharmacokinetics (31, and 

lately, to gauge ' qualitative distribution of dopaminergic receptors (4) and to estimate the 

dopamine pool (5) in  the human brain. 

Postmortem studies dare  on human brain tissue have indicated a change in t h e  

concentration of dopaminergic receptor s i tes  i n  several diseases. (Changes i n  Parkinsods 

disease (6) and schizophrenia (7) are  of relevance to this paper.) However, s i t r e  t h e  tissue 

analyses were carried cut  after the death of t h e  patient, changes in  the c o r r m t m t i o n  of 
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receptor sites during the progress of disease or treatment are s t i l l  unknown. An attempt to 

determine the comentration of dopaminergic receptor sites with PET ming llC N-methyl- 

spiroperidol has been described (4). 

Spiroperidol, haloperidol, brombenperidol, and benperidd are known as dopamine- 

antagonists (8). Because of their high binding affinity for the receptors mentioned (8) they 

have been suggested as tracers for i n  vivo mapping of dopaminergic mep to rs  (9-14). Since 

spiroperidol a l s ~  binds to  the 5-HT serotonergic receptor s i t e s  (845) and haloperidol has been 

considered a pwer dopamine antagonist than spiroperidol (8,151, we chose to synthesize no- 

carrier-added (NCA) '% haloperidol. The usefulness of t%]haloperidol as a tracer for PET 

studies remains controversial (8-11)and further discussion i s  not apFopriate here. 

Introduction of fluorine-18 in to  the aromatic r ing has been extensively investigated 06- 

25). The use of a triazene (20-22), of diazonim salt decomposition (h l z -Sch iemm 

reactions) (23), and of organometallics (24,25) as starting materials has been described as 

routes for introducing fluorine inm the aromatic ring. The first two methods had a very low 

radiochemical yield (except for very recent report by Kilbourn e t  al. (22)) and the lat ter  two 

cannot give an NCA product. When antagonists are used as in vivo tracers for the receptor 

studies they must have a very hi& specific activity. These requirements generally exclude 

the last two reactions as syntheses for producing haloperidol and spiroperidd for in vivo use. 

Considerable effort has also been put into the labelling of other dopamine antagonists with 

other positron emitting radionudides as llC (12) and 7 5 ~ r  (13,14,26). 

During preparation of thismanuscript details o f  NCA synthesis off%]spiroperidol and 

t8F]knperidol were phl ished (16). The synthesis of these two dopamine antagonists at  a 

NCA level is based on a nudeophilic substitution reaction similar to  those used i n  the work 

reported here and that reported by Ekrridge et  al (17) and Att ina e t  al (18) in activated 

benzene rings. After the f irst submision of this manuscript another paper describing the 

synthesis of 18F haloperidol and spiroperidol using triazines as shstrates and the exchange 

reaction insimple aromatic substrates was published (22). 

Here we report the syntheses of NCA[18F]haloperidd by three different synthetic 

routes and a synthesis for medium specific ac t i v i t y t%]  haloperidol. No-carrier-added 

syntheses are based on the heterogenous exchange of the hetero a tom/goq  with fluoride. 

The syntheses of[l %]carrier-added haloperidol is based on a fluorine-fluorine exchange in 



Syntheses of No-Carrier-Added and Carrier-Added "F- Labelled Haloperidol 723 

the haloperidd molecule. The exchange reactions were d m e  on a chloro-analog of 

halopwidol[4- (4-(pchlomphenyl~-hdroxyFiperidino) -4'-chlorobutymphenone (2) ] , p 
nitrobenzonitrile (6),  - p-chlorobenaonitrile (3, and haloperidd (%I. 

MATERIALS AND lETHOD5 

Dimethyl sulfoxick (DMSO) was dried by  distillation over  calcium hydride and stored 

over 4A-molecular sieves. Organic extracts were dried ove r  s o d i m  sulfate. Solvents were 

removed on a rotary evaporator under reduced pressure (0.3 md- lg )  and a t  a ba th  

tempemture of 80°C lnless otherwise noted. The products were c h a m c t e r i E d  by their 

melting points, mass spectra ,  proton n u d e a r  magnet ic  resonance ( H-NMR), 19F- 

NMR, lR, and chromatographic pope r t i e s .  IH-NMR was dcne on a Varian XL-200 o r  a 

Varian-60A spectrometer  a t  200-MHz and 60 MHz respectively, using tetramethylsilane as 

an internal standard. 19F-NMR spectra were obtained also in chloroform-don a Bruker WP- 

80SY spectrometer  at 75.386 MHz or on a Varian XL-200 a t  300 MHz using 

trichlorotrifluorethane (with a chemical shift  of -82204 ppm) as a n  external standard.  Mass 

spec t r a  analyses were obtained on a HP 5980A mass spectrometer.  Thin layer  

chromatographic analyses were dcne on hard-layer si l ica gel plates with a f l w r e s c e n t  

indicator ( A  =254 n m ) i n  solvent systems specified i n  t h e  synthesis of a particular compound. 

The products =re detected by examining plates under ultraviolet  light. 

I 

The final products were purified by HPLC uring a RP-18 $heri-SablO ODS column 

(Brownlee Labs )o r  a semi -vepamt ive  C-18 c o l u n n  w h a t m a n  Inch  Silica gel hesh 40-140) 

was used f w  flash d r o m a m g r a p h y  of unlabelled compounds. T h e  specific activity of the  

final F o d u c t  for dl syntheses was determined by measuring t h e  radioactivity in an isotDpe 

calibrator and determining an a b w l u t e  amount of t h e  final product by HPLC using a UV- 

detector .  The latter was done b y  comparing t h e  response of t h e  UV-detector at1 = 255 nm 

to a stanchad with known co r ren t r a t ion  of H P  and to an aliquote f rom t h e  final solution of 

18F-labelled HP. 

All radiochemical yields in this manuscript are expessed  at t h e  end of synthesis (EOS) 

and relat ive to t h e  radioactivity of '% available in  t h e  first reaction s t e p  (exchange 

reaction step), n o t  in t h e  irradiated water.  Only conditions giving t h e  hghes t  yields are 



724 S. Farrokhzad and M. Diksic 

described, however,  large number of experiments  was done by changing reaction 

temperature,  reaction solvents OMSO, dimethylformamide and CH3CN), mixture of these 

solvents, and reaction t ime.  

Synthesis of 4,4'-dchloro-butyrophenone (2) (fig. 1). 

A solution of 4-chlorobutyryl chloride (6g, 43 mmo1)in carbondisulfide (CS2) ( 5  ml)  was 

added to a mied suspension of aluminium chloride (16 g, 160 mrno1)and chlorobenzene (4.5 

g, 4 0 m m o l ) i n  CS2 ( l5ml ) .  T h e  reaction mixture was stirred for 3 h o w s  a t  O O C .  T h e  CS2- 

layer w a s  dsca rded  and a f t e r  t h e  oily residue was poured inm ice-uater,  t h e  solid 

precipitate was fi l tered,  washed wi th  water, and distilled under vacuum (BP. 99OC, 0.5 mm 

Hg). The product @, obtained as uh i t e  crystals (yield SO%, m g: 45-48OC) was used without 

further purification in t h e  subsequent step.  

'H-NMR (CDC13) 6 2 J 8  (m, 2H, - CH2 -1 3.15 (t, 2H, -CH2CI), 3.68 ( t ,  2H, -CH2,-C-), 

7.6 (AB-system, 4 %  phenyl-). IR(CC14); 2960 (C-H), 1680 (C=O), 780 (C-CI) cm- . 
Synthesis of 4- (4-~-chlorophenyl)-4-tydroxypiperidino) -4'- chlorobutyrophenone (3) 

(chloreanalog of HP) (fig. 1) 

1 

Compound (2) was prepared by  react ing 4,B'-dchlorobutyrophenone (2) (2.6 mg, 1 rnmol) 

with 4-chlorophenylpiperidine-4-01 (423 mg, 2 mmol) i n  toluene (2 rnl). A f ew crystals of 

potassium iodide (27) were added to t h e  reaction mixture,  which was hea ted  in a dosed 

reaction vessel at a bath temperature  of 120°C for 6hours.  The product (2) appeared as a 

solid Fecipitate, which was f i l tered from the 0301ed reaction mixture and washed with 

water and cold ether.  Recrystall ization of the  crude product f rom isopropanol gave pale 

yellow crystals (yield 7036, mg. :  154OCX 

Figure 1: React ion scheme used i n  t h e  syntheses of chloreanalog of haloperidol (2) 
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Elemental analysis for C Z l  HZ3 CJ2N02: C,  64.12; H, 5.85;N, 3.56;C1, 18.32found: C,  

63.94; H, 5.87; N, 3.84; C1, 18.55. 'H-NMR (CDC13): 6 = 2 J 8  (m, 9H, pperidyl and -OH), 

2.24 (m, 2f4 -CH2-), 2.47 ( t ,  2H, - C H 2 N  1, 2.97 ( t ,  2H, -CHZ-C ), 7.33 (m, 4H, p 

chlorophmyl- bound to 4-hydroxypiperidino 3 JHH = 9.2 Hz), 7.7 (semi AB-system, 4H, p 

3 chlorobenaoyl-), JHH = 8.75 Hz) with F o t o n s  ortho position to chlorine centered at 6 = 

7.45 ppm and those a t  m e t a  to chlorine centered a t  6 = 7.92 p p .  m: m/e (relative 

intensity): 392 (0.81, M'), 226 (34.46), 224 (loo), 206 (3439). 

Synthesis of 18F-labelled haloperidol (4) (Fig. 2 and 3). 

Fluorine-18 was p d u c e d  by irradiating "0-enriched w a t e r  with a 9 MeV (on t a r g e t  

material)  proton beam in a stainless steel target  box. W e  have been a N e  to produce several  

hundred mCi  ( 800 mCi)  of "F-flwride in an irradiation (30 min) with protons of about 9 

M e V  and intensit ies of about 30 p A. A d r y  necarr ier-added tetra-n-butylarnmonium 18F 

Figure 2: Scheme outlining one s t e p  synthesis of NCAf8F]halopridd and HSA1'F 
haloperidol. 

Figure 3: Reaction scheme outlining t h e  syn esis of NCA[ 18 FJ pfluoro-benaonitrile 
an3 saps used i n  t h e  synthesis of  NCA[ f$ ] haloperidol (4) 
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fluoride has been prepared with a good yield. An a l i q o t  of irradiated wa te r  (250 I J ~ ,  

mCi) was added to t h e  tetra-n-butylammonium hydroxide (10 mg, 3 5 ~  mol) in  water  in a 

platinum crucible o r  pyrex f lask and the water  was evaporated to dryness in a sand or oil 

bath at 12OOC with a s t ream of d r y  nitrogen p a s i n g  through. T h e  resiche was dried by 

adding b e n z n e  and acetronitri le,  and by fu r the r  evaporation. After  drying c y d e s  we were 

able to g e t  into 0.36.5 ml of DMSO about 40%-70% (the best  was 80%) of t h e  tetra-n-butyl 

ammoniun I F]fluoride. DMSO s l u t i o n  (300-5OOp1) of fluoride was added to t h e  reaction 

vial ccntaining a chloro-analog of haloperidol (3) (1-5 mg, 2.6-12.8 vmol), haloperidol (9) 
(I mg, 2.7, mol), p-chloro-benmnitrile (5) (40-80 mg, 027-0.54 mmo1)or pni t ro-benmntr i le  

(7) (20-68.5 mg, 0.12-0.4 mmol) depending on  t h e  synthesis used. The  vial was d o s e d  and the 

reaction mixture kept in an oil  bath at 150-155°C for 15 minutes lo induce an exchange 

reaction. 

18 

18 When t h e  exchange was done on a m p o u n d s  (x) and (&I, [ Flhaloperidd was isolated 

from t h e  reaction mixture by diluting t h e  solvent with (-1 ml) water and extract ing t h e  

product with chloroform (-3 ml). The chloroform layer was washed with water  and a 0.1 M 

solution of KF before i t  was injected on  t h e  HPLC column. In  t h e  case of a fluorine-fluorine 

exchange in haloperidol, a f t e r  reducing t h e  volune t h e  purification of the organic layer  

through a Sep-Pack reverse phase column (Waters Scient. RP-18) was sufficient to obtain 

95% pure 18F-HP. Rccovery of haloperidol was about 50% in experiments here  the 

exchange was done in haloperidol. Separation of '8F-HP f rom a precursor (3) was 

accomplished by HPLC wing a mixture of MeOH-HZO (92 + 8 ml )  HOAC (glacial, OJ6 mlh 

and NH40AC (0.l mg/ml) mixture having pH54.8 as an elution solvent on a reverse phase 

colunn.  The capacity f a c t o r  (elution volume) fo r  18F-HP and i t s  C1-analog was 32 (VR 8 

ml) and 5.3 (V, = 12 ml), respectively. To decrease t h e  amount of CI-analog i n  t h e  NCA 

18F-HP fraction t h e  pu i f i ca t ion  was repeated twice.  The synthesis t ime was 30 minutes 

after t h e  end of t h e  fluorine uptake i n t o  DMSO. T h e  radiochemical yield was 2%-3% f o r  t h e  

exchange on a chloro-analog with specific act ivi ty  up to 5000 Ci/mmol and about % fo r  t h e  

exchange on haloperidol with specif ic  activity of about 1 Ci/mmol,  with a radiochemical 

purity exceeding 95%. 
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Figure 4: A composi te  HPLC chromabgram of CHC13 layer. Injection is identified with 
l e t t e r  i. (see text for more details) 

An HPLC chromatogram of the chloroform layer of the crude product of 18F 

haloperidol and total fract ion of haloperidol synthesized by exchange in chlor+andog (2) of 

haloperidol (Fig. 2) is a o w n  in Fig. 4. In t h e  pa r t  A radioactive and UV traces a= given. 

Haloperidol and chloro-analog peaks are identified by l e t t e r s  a and b, respectively. 

Radioact ive trace indicates presence of two~8F]compounds.  A larger peak corresponds to 

NCA f8F]haloperidol with t h e  same  elution d u n e  as authent ic  sample. The p a r t  B shows 

UV-trace of t h e  reaction mixture to which "cold' haloperidol was added. Peaks e and f 

correspond to haloperidol and chloro-analog, respectively. The inser t  C h o w s  a 

chromatogram of en t i r e  f racat ion of purified[ F]haloperidol a f t e r  decay of 18F. The  

preserce of a small amount of chloro-analog is seen in t h e  chromatogram, identified by 

l e t t e r  d. Haloperidol is identified by l e t t e r  c. 

18  

In experiments here  t h e  exchange was done on pn i t robenmni t r i l e  (6) o r  p- 

chlorobenzonitrile (I), t h e  product (8) ( p8F') pfluorobenzonitri le) was ex t r ac t ed  from t h e  

reaction mixture with e the r .  (Rf for NCA~8Fjpfluoroben2anitrile was 0.56 in hexane-ethyl 

acetate (9:l) and it was identical to an authentic sample). After  drying ove r  sodium sulfate  

the e t h e r  solution of (5) was added to an e the r  solution of cydopropyl  lithium (28) and 

refluxed fo r  10 minutes. After  evaporation of e t h e r  with a s t ream of nitrogen, e i ther  

hydrobromic acid (2 ml, 48%) o r  hydrochloric acid (2 ml,  36%) was added at 0°C to open t h e  

compounds q d o p r o p y l  (9)  ring. T h e  reaction vessel was then d o s e d  and heated a t  100°C 

fo r  10 minutes to oomplete the ring opening. The products (12) and (4) were  extracted with 

chlorofmm, and the  chloroform layer washedwith a solution of sodium bicarbonate (2%) and 

water.  The organic solvent was evaporated, t h e  residue dissolved in dimethylformamide 
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(DMF) 000-500 P I ) ,  and added to a vial containing 4-(pchlorophenyl)-4-hydroxypiperidine 

(63-105 mg, 03-0.5 mmol), sodium iodide (1-5 mp), and/or anhydrous sodium carbonate ( 5 -  

31.8 mg, 0.05-0.3 mmol) (15). The vial was closed and kept in a lXJ°C bath for 2 0  min. The  

reaction mixture was d l u t e d  with wa te r  (1 ml) and v 8 F ]  haloperidol extracted with 

chloroform and purified by HPLC lning t h e  column and solvent described above. The  elution 

volune of 18F-HP was identical to t h a t  of an authentic sample extracted from the drug 

haloperidol. T h e  synthesis t i m e  was about 8 5  minutes a f t e r  t h e  end of irradiation and t h e  

overall radiochemical yield of these syntheses w a s  generally 596-1096. Unlabelled haloperidol 

synthesized by procedures identical to those described above fo r  l'%-labeUed haloperidol 

w a s  identified by IH-NMR, 19F-NMR, IR and MS-spectroscopy. The mlabelled HP had a 

melting point of 1 4 7 T  (lit: 148-149'C (27)) and t h e  fo l lw ingspec t roscopy  d a t z  

IH-NMR (CDCI,): 6 = 2.18 (m, 9H, piperidyl and -0HX 2.24 (m, 2H, -CH2-X 2.47 ( t ,  2H, - 

C H  N ), 2.97 (t, 2H, CH2-C=O), 7 1 3  (t, 2H,  ring protons adjacent t o  fluorine 3JHF = 8.44 

Hz), 7.34 (m, 4H, p-chlorphenyl), 8.02 (m, 2H, r ing protons adjacent  to carbonyl groups) JHF 

2- 

= 5.48, JHH = 9 Hz); 19F-NMR (CDC13):$ = -106.94 ppm (m, 4H JHRortho) = 8.44  Hz, 

= 5.48 Hz). MS: m/e (relative intensity), 375 (0.37, M'), 237 (58.07), 206 (21.59). JHf lpa ra )  
Proof that chlorine in t h e  benzene ring next to t h e  carbonyl group exchanged with 

fluorine (there are two p c h l o r e b e n z e n e  rings) was obtained from 'H-NMR spectra  (for a 

compound p e p a r e d  at micro-molar scale)  where an  *field shift in t h e  resonances 

corresponding to protonsin t h e  p s i t i o n  or tho to chlorine a t  6 =7.45 ppm was moved to 7.13  

ppm a f t e r  introduction of fluorine, and a downfield shift  from 8 57.92 ppm to 8.02 ppm 

corresponding to protons i n  m e t a  position to chlorine/fluorine. Additional spli t t ing at both 

r e sonawes  was observed a f t e r  introduction of fluorine. Onlyone multiplet  at Q = -106.94 in 

19F-NMR spec t r a  which collapsed to  singlet  was also proof of t h e  introduction of fluorine 

into t h e  benzene ring connected to t h e  carbonyl group. From the  comparison of 'H-NMR 

spec t r a  of t h e  chloro-analog and haloperidol resonance a t  7.34 ppm w a s  identified as ttat of 

t he  protons in p - d o r o b e n z e n e  a n n e c t e d  to t h e  4-hjdroxypiperidone. This resonance did 

not change t h e  spli t t ing pat tern or t h e  chemical shift ,  thereby supporting t h e  conclusion 

outlined above. 
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RESULTS AND DISCUSSIDN 

The use  of nwcarrier-added '$-fluoride as a nucleophile for heterogenous exchange is 

becoming increasingly important  in the synthesis of high specific activity 

radiopharmaceuticals needed for in vivo receptor  studies i n  the human brain with PET. '%- 
haloperidol has been synthesiied before by using t r iazine (20-22) and t h e  Balz-Schiemann 

(23) fluorination reaction. Radiochemical yields of about I %  (20,211 obtained and 6-1396 (22) 

were obtained fo r  by a t r iazine reaction. The Balz-Schimann reaction yields 18F 

haloperidol with a relatively low specific activity,  which is unsuitable for receptor studies. 

Nevertheless, radiochemical yields of about 15% were achieved (23). 

Radiochemical yields of about 35% and 67% were obtained when t h e  exchange w a s  

done on p d o r o -  and pni t ro-benmnitr i le ,  respectively. A significant difference in t h e  

radiochemical yields in  t h e  synthesis of NCA '%-labelled pfluoro-benzonitri les found fo r  

these t w o  substrates is similar to t h a t  recently reported by Shiue et al 06). Our yields are 

somewhat higher than theirs, b u t  i n  their  experiments  f l u a i d e  w a s  i n  t h e  form of Rb18F. 

Another source of discrepancy might be t h e  calculation of t h e  radiochemical yield becwse 

i t  is not clearly s t a t e d  which activity was taken as 100% - act ivi ty  in i r radiated water or 

that  taken q into solvent in t h e  form d R b  Ow yield fo r  t h e  exchange in p-nitro- 

benzonitrile agrees closely with t h a t  reported by Kilbourn et al (22). 

18 F. 

The overall raditxhemcial yield fo r  NCA[l89 haloperidol was %-lo% when exchange 

on psubst i tuted benmnitr i le  was used in  t h e  syntheses outlined i n  Fig. 3. The use of p- 

nitro-benmnitri le is especially advantageous because a f t e r  the exchange reaction is 

completed only pfluoro-benzonitri le reacts in  t h e  subsequent step with cydopmpyl  Li thim,  

leaving pni t ro-benmnitr i le  nonreacted. The exchange yield is also higher fo r  p n i t r o -  

benzonitri le t han  that f a  p c h l o r w b e n m i t r i l e .  (See Experimental for details  and Fig. 3 f o r  

reaction sequences.) Since p-nitro-benmnitrile does not react with g d o p r o p y l  l i t h i m  t h e  

synthesis allows easier purification of t h e  final product. The use of HCI and HBr fo r  t h e  

opening of t h e  cyclopropyl ring was also evaluated (Fig. 3). I t  has been observed that in t h e  

10 min reaction t ime  both acids yield high levels of compound (IJ) and (lo). Rf of adduct (&) 

in ethyl acetate-hexane (k9) was 0.44, identical to  t h a t  of an authentic sample of adduct @I. 

However, t h e  organic ex t r ac t  a f t e r  reaction wi th  HBr showed t w o  spots corresponding to 
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cornpound (12) and s tar t ing material ,  adduct (2). Since the reactivity in t h e  subsequent s t e p  

of compound (11) - was b e t t e r  t han  that of (E), we concluded t h t  HCI is be t t e r  t h a n  HBr for  

opening t h e  qclopropyl  ring. The m e  of carbonate in t h e  las t  s t e p  of t h e  synthesis was 

reported by Wolf et al (19). However, our experiments  indicate  t h a t  t h e  presence of 

carbonate might induce r e - q d i z a t i o n  and formation of adduct (21, which has also been 

observed by others (29,30). A similar observation was reported by Shiue et al U6), who noted 

r e - q d i z a t i o n  of r-chloro-pnitrobutyrophenone i n  t h e  p r e s e r r e  of NaOH. 

When pch lo rebenzon i t r i l e  was used, a ch lo reana log  of haloperidol (3) was also 

synthesized (by t h e  reaction seqerces shown in Fig. 3). [18F]Haloperidol was plr i fed by 

reverse phase preparative HF'LC column as described in t h e  experimental  section. Since 

haloperidol elutes first ,  reasonable separation is possible when a radioactive trace is used as 

a guide; however par t  of t h e  labelled compound is lost  due  to incomplete separation (Fig. 4). 

In a typical experiment,  f rom 10 mCi  of tetra-n-butylammoniun[ F l f lwr ide  I mCi of N C A  

f8F]halperidol was obtained when t h e  pn i t r ebenzon i t r i l e  exchange was used, and 0.5 mCi 

when p-chloro-benzonitrile was used as the s tar t ing material .  The synthesis, including t h e  

purification, required about 8 5  min from t h e  end of irradiation. An average specific activity 

of NCA 18F-HP was about 2000 Ci/mmol with a range between 500-5000 Ci/mmol. 

18 

The synthesis done by heterogenous exchange on  the chloro-analog of haloperidol a f t e r  

separation by HPLC gave NCAv8F]haloperidd in a radiochemical yield of 2%-3% (a f t e r  t h e  

f i rs t  submission the  yields were doubled mainly by reducing losses during HPLC 

purification). The yield was s o m e h a t  reduced because a part of t h e  product was lost in 

order to achieve complete  separation of the final cornpound from t h e  chloro-analog. A 

reduction in radiochemical yield was chosen rather t han  possible contamination resulting 

from the  chloro-analog because pharmacological data on t h e  binding of chloro-analog a r e  

not available. Specific activity of I F]halopwidol up to 5000 Ci/mmol was obtained. 18 

18 The yield of I Flhaloperidd reported here is higher than t h e  1%-2% yield ( E M  yield) 

reported by S h i u e e t  al (16) in  t h e  syntheses off%]spiroperidol by exchange reaction o n  t h e  

chloro-analog of spiroperidd. As mentioned above, t h e  environment of t h e  rudeoph i l e  was 

different  in their  work and their  yield might b e  relat ive to t h e  ' 8F  present in irradiated 

water .  Kilbourn et al (22) la te ly  reported as a preliminary result  that they obtained yields of 
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5-10% in an exchange of NOz- with 18F- in p n i t r o  analogs of haloperidol and spiroperidol 

but no experimental details  were given. 

The fluorine-fluorine exchange reaction yielded 18F haloperidol of m e d i m  high 

specific activity ( d Ci/mmol). The  radiochemical yield was a function of t h e  amount of 

haloperidol used in t h e  exchange reaction. (Use of 20 umol increased the radiochemical yield 

in  t h e  exchange reaction to 15% but reduced t h e  specific activity by a fac to r  of about 15). 

All t h r e e  reactions reported here fo r  t h e  synthesis of NCA "F-HP could yield 5-10 

mCi of NCAv%] haloperidol, t h e  level we achieved. A o n e s t e p  reaction using chloro- 

analog has  cer ta in  advanages  w e n  though i t  has a r a the r  low radiochemical yield. Of the 

other  two, pn i t r ebenzon i t r i l e  is the compound of choice because i t  does not  follow t h e  

synthesis, making puif icat ion of t h e  final p e d u c t  much simpler. 

CONCLrnIDN 

In this paper we describe t h e  synthesk off8q haloperidol at no-carrier-added and high 

specific act ivi ty  levels. A 6o-minute irradiation of Hzl8O with a small medical cyclotron 

can yield about 10 m C i  of NCAr8F]haloperidol with s p c i f i c  act ivi ty  sufficiently high to 

allow i ts  use f o r  in vitro visualization of doparninergic receptors  i n  the human brain with 

R T .  The specific act ivi ty  was in t h e  range of 500-5000 Ci/mmol (average MOO Ci/mmol) 

and about 1 Ci/mmol when t h e  exchange was done on haloperidol. T h e  syntheses described 

here were done by manual manipulation, a mode not  recommended for everyday synthesis cd 

these radiopharmaceuticals. However, t h e  synthesis using a chlorGanalog of haloperidol 

could easily be done by remote opetation as it is a one-step synthesis with HPLC 

purification which can easily be  carr ied o u t  inside a hot-cell. 

A t  p e s e n t  we are concentrating our effor ts  on increasing t h e  radiochemical yield and 

devising a synthesis t h a t  can b e  done with minimum manual manipulation to reduce exposure 

to ionized radiation. 
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