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57 ABSTRACT 
There is disclosed a radioligand labeled with a positron 
emitting radionuclide suitable for dynamic study in 
living humans with positron emission transaxial tomog 
raphy. (18F)-N-methylspiroperidol, exhibiting ex 
tremely high affinity for the dopamine receptors, pro 
vides enhanced uptake and retention in the brain con 
comitant with reduced radiation burden. These charac 
teristics all combine to provide (18F)-N-methyl 
spiroperidol as a radioligand superior to known radioli 
gands for mapping dopamine receptors in normal and 
disease states in the living brain. Additionally, a new 
synthetic procedure for this material is disclosed. 

2 Claims, 3 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 

a = Cs('Fl(NCA); b-D li; c= HCl; d=KI, 3-methyl-1-phenyl-1,3,8-triazaspiro 
(4,5) decan-4-one. 
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NO-CARRIERADDED 
(18F)-N-METHYLSPIROPERIDOL 

The U.S. Government has rights in this invention 
pursuant to Contract Number DE-ACO2-76CH00016, 
between the U.S. Department of Energy and Associ 
ated Universities Inc. 

BACKGROUND OF THE INVENTION 

The present invention is directed to the synthesis of a 
radioligand, labeled with a positron emitting radionu 
clide which is suitable for dynamic studies in humans 
using positron emission transaxial tomography. The 
radio-labeled ligand, 18F)-N-methylspiroperidol, exhib 
its extremely high affinity for dopamine receptors and 
provides enhanced uptake and retention in the brain 
conconitant with reduced radiation burden. These 
quantities all combine to make 18F-N-methyl 
spiroperidol a radioligand superior to known radioli 
gands used for mapping dopamine receptors in normal 
and diseased states in the living brain. Additionally, a 
synthetic procedure is disclosed to prepare this novel 
radioligand. 

Recent advances in the study of neuropsychiatric 
diseases link manifestations of a disease to chemical 
changes in the brain. For example, the dopamine neuro 
transmitter has been linked with both Parkison's disease 
and schizophrenia as a source for altered synaptic trans 
mission at the biochemical level. 
The development of positron emission transaxial to 

mography (PETT) has now made it possible to study 
the dopamine receptors in a living brain. Radioligands 
labeled with positron emitting radionuclides permit 
quantitative studies based on annihilation radiation pro 
duced during positron emission. The technique consists 
of intravenous injection of a radioligand or radiophar 
maceutical and subsequent imaging of the distribution 
of the radioactive label based on detection of the annihi 
lation radiation produced during positron emission. For 
additional information on PETT, see Brownell, et al., 
Science, Vol. 215, pp 619-626 (1982). 

Radioligands which have proved useful for such 
studies are those with a high in vivo affinity for the 
dopamine receptors, including Cpimozide, 

Fhaloperidol, Clspiroperidol, 18Fspiroperidol, 
75Br-, 76Br-, or 77Brbromospiroperidol, N-11Cime 
thylspiroperidol, (75Br- or 77Br brombemperidol, 
75Br- or 77Brbromperidol, 11C-labeled derivatives of 
2-amino-6, 7-dihydroxy-1,2,3,4-tetrahydronaphthalene, 
and 18F)benperidol. 
Each radioligand exhibits significantly different prop 

erties. For example, while the brain uptake of haloperi 
dol is higher than spiroperidol or benperidol, it is char 
acterized by rapid egress and relatively high nonspecific 
binding. Both 18Fspiroperidol and 18Fbenperidol 
cross the blood brain barrier to a lesser extent than 

Fhaloperidol, but are retained to a greater degree by 
the striatum, a region of high dopamine receptor den 
sity. This retention is stereospecific; it is prevented by 
prior administration of the dopamine antagonist 
(+)-butaclamol, but not by its pharmacologically inac 
tive enantiomer (-)-butaclamol. Furthermore, with 

Fspiroperidol, no clearance from the striatal areas is 
observed for up to 8 hrs. after injection. However, one 
potential problem of using 18Fspiroperidol in human 
PATT studies is the relatively low uptake into the brain 
(0.5-1.0% of the injected dose in baboons) and conse 
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2 
quently, the potentially high radiation burden required 
to obtain sufficiently high counting rates for PETT 
studies in humans. 
The compound of the present invention, no-carrier 

added (NCA) (18F)-N-methylspiroperidol exhibits 
greater uptake into the brain's dopamine receptor rich 
areas than 18F-spiroperidol. 

N-Methylspiroperidol, described in U.S. Pat. No. 
3,155,670, was recently labeled in the N-methyl position 
with carbon-11 and shown to have a similar pharmaco 
logical profile to spiroperidol, although no quantitative 
information was presented on its brain uptake (see Wag 
ner, et al., Science. Vol. 221, pp. 1264-1266 (1983). In 
that report, N-Clmethylspiroperidol was used to 
image dopamine receptors in baboons and in humans 
using PETT. While N-11C methylspiroperidol, as well 
as Cispiroperidol, offers some interesting possibilities 
in terms of certain experimental protocols involving 
repeat injections at short time intervals in the same 
experimental subject, both compounds have the disad 
vantage that they cannot be followed for more than 
about 2 hrs. on PETT, because of the short half-life of 
carbon-11 (20.4 min.). This is a time course which does 
not allow accurate determination of some kinetic pa 
rameters and does not afford maximum definition of 
specific receptor binding. 
The present NCA (18F-N-methylspiroperidol, how 

ever, exhibits characteristics more suitable for use in 
PETT analyses than the above-noted compounds. Ex 
ample 2 shows that the time course of distribution of 
NCA (18F-N-methylspiroperidol is more rapid than for 
18Fspiroperidol. Examples 3 and 5 disclose that the 
distribution and stability of NCA (18F)-N-methyl 
spiroperidol is superior to that of 18Fspiroperidol. 
As a further aspect of the present invention, NCA 

18F-N-methylspiroperidol is produced by a new syn 
thetic route more accomodating to the short half-life of 
the 18F-label. Other methods of producing the 
spiroperidol class of reagents are too long and involved 
to make use of an attached radionuclide. 

SUMMARY OF THE INVENTION 
Referring to FIG. 1, no-carrier-added (NCA) 18F 

N-methylspiroperidol (4) is prepared from four differ 
ent substrates: p-nitrobenzonitrile (1), cyclopropyl p 
nitrophenyl ketone (2A), p-cyclopropanoyl-N,N,N- 
trimethylanilinium iodide (2B) and p-cyclopropanoyl 
N,N,N-trimethylanilinium perchlorate (2C). The pro 
cess for the production of NCA (18F)-N-methyl 
spiroperidol is a nucleophilic aromatic substitution reac 
tion. The synthesis of 4 from 2A maximizes the product 
specific activity and experimental simplicity and pro 
vides 4 in 10-15% radiochemical yield (based on 18F-) 
with a mass of <2 nmol and a specific activity of >10 
Ci/umol (EOB). 

Furthermore, the compound of this invention is 
shown to be effective as a new drug of choice in vivo 
examination of dopamine binding sites in a human brain. 
In particular, this drug is primarily useful in the nonin 
vasive technique of positron emission transaxial tomog 
raphy (PETT). 

Utility Statement 
The compound of this invention, NCA 18F-N- 

methylspiroperidol, is a positron emitting radiopharma 
ceutical or radioligand suitable for mapping dopamine 
receptors in normal and disease states in the living brain 
with positron emission transaxial tomography (PETT), 
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a noninvasive imaging method for use in medical diag 
nosis and biological investigations. 

Furthermore, a new synthetic route for production of 
the compound of this invention is useful as a method of 
producing similar radiopharmaceuticals with short half 
lives. 

DESCRIPTION OF THE FIGURES 

FIG. 1 Illustrates the methods of producing (18F)-N- 
methylspiroperidol. 
FIGS. 2(a and b) Baboon striatum and cerebellum 

radioactivity concentrations determined from PETT 
scans after injection of 18F-N-methylspiroperidol. (a) 
Control study following 0.5 mg/kg of (-)-butaclamol 
pretreatment, showing the normal distribution of radi 
oligand. (b) Receptor-blocked study, showing the effect 
of stereospecific blocking of dopamine receptors in the 
striatum by pretreatment with 0.5 mg/kg of (+)-buta 
clamol. 

FIG. 3 Blood plasma total radioactivity clearance 
curve for 18F)-N-methylspiroperidol in the baboon. 
Each point is the average from the two studies depicted 
in FIG. 2. The range of values for the two studies was 
less than 0.003% dose per ml for each time after 2 min. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 Synthesis of NCA (18F )-N-methyl 
spiroperidol (4) No-carrier-added (18F)-N-methyl 
spiroperidol is synthesized from four different sub 
strates 1, 2A, 2B and 2C as shown in FIG. 1. The syn 
thetic procedure using substrate 1 (Method A) differs 
considerably form the synthetic procedures using 2A, 
2B, or 2C (Method B). Method A (Synthesis of 4 from 
1): No-carrier-added aqueous 18F-fluoride (0.5 ml) 
prepared by the 18O(p,n)18F reaction Ruth, et al., Radi 
ochim Acta, 26, 21-24 (1978) on a small volume of en 
riched water (95-99% 18O) target is added to a solution 
1.8 mg of Cs2CO3 in 0.1 ml of water in an open pyrex 
vessel. The water is removed using a stream of nitrogen 
at 160 and coevaporated to dryness after adding 
CN3CH (2x0.5 ml). To the dried Cs(18F) is added 2 mg 
of 1 in 0.2 ml of DMSO and a solution of 3 in pentane is 
obtained. The alkylation step is carried out using 3 
methyl-1-phenyl-1,3,8-triazaspiro4.5decan-4-one (4 
mg) and KI (8 mg). After alkylation, 0.5 ml of methanol 
and 4 ml of 2 N HCl are added to the crude reaction 
mixture and the solution is passed through a C18 Sep 
pakTM cartridge. The cartridge is then washed with 
water (5 ml) and pentane (5 ml). The crude product is 
eluted with 4 ml of CH2Cl2, which was filtered through 
a K2CO3 drying tube. The solvent is evaporated and the 
residue is dissolved in 0.5 ml of CH3OH and 0.5 ml of 
HO for preparative HPLC purification. The radio 
chemical yield of 4 synthesized by this method is 
10-15% (based on total (18F) fluoride delivered from 
the target) in a synthesis time of 120 min. from EOB. 
The total mass of the product is 2-5 nmol as determined 
by the UV absorbance of the radioactive peak as com 
pared to a standard solution of N-methylspiroperidol. 
Thus, from 600 mCi of 18F, 60-90 mCi of 4 is obtained 
with the specific activity of 12-30 Ci/umol at EOB, 
representing a 19F:18F ratio in the range of 57-143 at 
EOB. 
Method B: 18R)-N-methylspiroperidol may also be 

synthesized from cyclopropyl p-nitrophenyl ketone 
(2A), p-cyclopropanoyl-N,N,N-trimethylanilinium 
(2B), or p-cyclopropanol-N,N,N-trimethylanilinium 
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4. 
perchlorate (2C) using the nucleophilic aromatic substi 
tution reaction shown in FIG. 1. 
To dried Cs(18F) (prepared as described above) in a 

platinum vessel is added a solution of 1-2 mg of 2A, 2B 
or 2C in 0.2 ml DMSO and the vessel is covered. This 
solution is heated at 160 for 2A (and 140 for 2B and 
2C) for 10 min., cooled to room temperature and then 2 
ml of a CH2OH:HCl solution (CH3OH;concHCl, 1:1) is 
added. The mixture is heated at 110' for 5 minutes. 
Three ml of water is added and the mixture is trans 
ferred onto a C18 Sep-pakTM cartridge prewashed with 
3 ml of methanol followed by 4 ml of water. The Sep 
pakTM cartridge is then washed with 4 ml of water and 
0.5 ml of pentane. The product (y-chloro-p- 
18Ffluorobutyrophenone) is eluted with 5 ml of pen 
tane filtered through anhydrous K2CO3. The amine 
(3-methyl-1-phenyl-1,3,8-triazaspiro[4.5)decan-4-one, 3 
mg) and KI (5-10 mg) are added to the dry pentane, a 
heating bath (140) is applied and when the volume of 
the pentane is reduced to 0.2 ml, 0.5 ml of a 1:10 solution 
of DMF:THF is added and the mixture is heated for 10 
minutes after THF evaporates. Methanol (0.5 ml) is 
added and the alkylation mixture is worked up as de 
scribed in Method A and purified by preparation 
HPLC. Specific activity is determined as described 
above. In the synthesis of 4 from substrate 2A, 4-nitro 
N-methylspiroperidol is produced and is well separated 
from 4 using the HPLC system described (retention 
times are 16 and 24 minutes respectively). Radiochemi 
cal yield of 4 using 2A, 2B and 2C are 10-15% at EOB. 
Synthesis times are 90 minutes. The use of substrate 2A 
produces a mass of <2 nmol and a specific activity of 
>10 Ci/L mol (EOB) while the use of substrate 2B and 
2C produces a mass of 20-70 nmol and a specific activ 
ity of 1 Ci/umol (EOB). Radiochemical purity is 
>98% as determined by radioTLC in two solvent sys 
tems and by HPLC using both a normal phase silica gel 
column eluting with CH2Cl2:CH3OH (80:20) and a 
reversed phase C18 column eluting either with 
CH3OH:0.01M (NH4)2HPO4 (70:30) or with 
CH3OH:0.01M NHHCO2 (65:35). No other radioac 
tive peaks were observed on TLC or HPLC and all of 
the radioactivity was observed to co-elute with authen 
tic compound 4 which were co-injected (or co-spotted) 
with samples of the 18F-labeled product. 

Starting Materials 
In the two synthesis processes described above, all of 

the starting elements are either known and commer 
cially available, or produced by known processes. 
Cesium carbonate, dimethylsulfoxide (DMSO), p 

nitrobenzonitrile, 3-methyl-1-phenyl-1,3,8-triazas 
piro4.5 decan-4-one hydrochloride, and cyclopropyl 
p-fluorophenyl ketone are all available commercially. 

Cyclopropyl lithium and cyclopropyl p-nitrophenyl 
ketone (2) are synthesized by known methods. See, for 
example, Seyferth et al., J. Organomet, Chem, Vol. 1, pp 
15-21 (1963) and Skiue et al., J., Label. Cmpds. Radiop 
harm, Vol. 21, pp. 533-547 (1984). 

Thin-layer chromatographic analyses (TLC) are per 
formed on plastic-backed TLC plates (Merck) with 
either CH3CN:CH3OH (4:1) or CH2CL2:CH3OH (9:1) 
as solvent. HPLC analyses are carried out with a Per 
kin-Elmer Series 3B liquid chromatograph equipped 
with a radioactivity monitor (Berthold Model LB503). 
An analytical reversed phase C18 column (4.5X250mm) 
is preferred with either CH3OH:0.01M (NH4)2HPO4 
(70:30) or CH3OH:0.01M NH4HCO2 (65:35) as the sol 
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vent (flow rate of 2 ml/min). For the preparative sepa 
rations, a semi-preparative C18 column (10X250 mm) is 
used with CH3OH:0.01M NHHCO2 (65:35) as the sol 
vent (flow rate of 6 ml/min). The C18 Sep-pakTM car 
tridges are commercially available from Waters Associ 
ates. 

The synthesis of substrates 2B and 2C are as follows: 
Synthesis of p-Cyclopropanoyl 

N,N,N-Trimethylanilinium Iodide (2B) 
p-N,N-Dimethylaminophenyl cyclopropyl ketone 

(186.50 mg, 0.99 mmol) is added to 2 ml of dimethyl 
formamide (DMF). Methyl iodide (0.24g, 7.4 mmol) is 
added to the solution, the flask stoppered and the solu 
tion stirred for 18 hrs. Ethyl acetate is added to the flask 
to precipitate the product and the solution is filtered. 
The precipitate is washed with ethyl acetate, ether and 
chloroform. The precipitate is then dissolved in a mini 
mal amount of methanol and filtered. Ether is added to 
the filtrate to precipitate the product. The product is 
filtered and washed with ether and dried. This yielded 
2B as a white crystalline solid (56.25 mg, 17.2% yield); 
m.p. d280° C.; IR (KBr):1660 cm-1 (C=O): NMR 
(CD3CN) 8:1.15 (d, 4H); 2.60 (m, 1H); 3.61 (s, 9H); 7.93 
(d, 2H); 8.24 (d, 2H); mass spectrum m/e= 189 (M- 
CH3I). Calculated for C13H18ION:C, 47.14; H, 5.49; I, 
38.31, N, 4.23. Found: C, 45.60; H, 5.49; I 38.91; N, 4.50. 
HPLC analysis of the product show that no cyclopro 
pyl p-fluorophenyl ketone is present in the final prod 
ICt. 
The synthesis of the starting material, p-N-N-Dime 

thylaminophenyl cyclopropyl ketone, follows a modifi 
cation of Freed et al, U.S. Pat. No. 3,268,553. 

Cyclopropyl p-fluorophenyl ketone (1.12 g, 6.9 
mmol) is added to 3 ml of dimethylsulfoxide (DMSO). 
The flaskis sealed with a septum and the solution stirred 
and cooled to O C. in an ice bath. Anhydrous dimethyl 
amine (3.4g, 75.5 mmol) is added by syringe and the 
solution is gradually warned to room temperature and 
allowed to stir at room temperature for 72 hrs. The 
precipitate is filtered and washed with DMSO and 
ether. Recrystallization from acetone-pentane (1:1) 
yielded p-N,N-dimethylaminophenyl cyclopropyl ke 
tone as a white crystalline solid (1.22 g, 92.8%); m.p. 
139-141 C.; IR (KBr):158 cm-1 (C-O); NMR 
(CDCl3) 6:0.99 (m,2H); 1.16 (m,2H) 2.60 (m, 1H); 3.05 
(s,6H); 6.67 (d.,2H); 7.96 (d,2H). 

Synthesis of 
p-Cyclopropanoyl-N,N,N-Trimethylanilinium 

Perchlorate (2C) 
Compound 2C is prepared by the method of Kevillet 

al, J. Am. Chem. Soc, Vol. 103, pp. 4515-4521 (1983). 
Anhydrous silver perchlorate (116.9 mg, 0.56 mmol) is 
placed in a three neck round bottom flask with a con 
denser and an addition funnel and the apparatus is 
purged with dry nitrogen. Benzene (2 ml) is added to 
the flask and the solution is stirred. Methyl iodide (79.57 
ng, 0.56 mmol in 1 ml benzene) is added dropwise over 
a period of 15 minutes and the solution is stirred at room 
temperature for 4 hours. The mixture is filtered and 
passed through a short column of 4. A molecular sieves. 
The filter is washed with 2 ml of benzene and the filtrate 
and washings are collected in a flask which contained 
p-N,N-dimethylaminophenyl cyclopropyl ketone 
(113.48 mg, 0.6 mmol). The flask is purged with nitro 
gen, sealed and stirred at room temperature for 2 weeks. 
The mixture is then filtered and the residue washed with 
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6 
benzene and chloroform. The residue is dissolved in 
acetonitrile and the solution filtered. Ether is added to 
the filtrate to precipitate the product. The product is 
filtered, washed with ether, and dried in a vacuum 
oven. This method produces 11.94 mg (7.1%) of com 
pound 2C as a white crystal; m.p. 174-175' C.; IR 
(KBr); 1655 cm (C=O); 1095 cm (Cl-O); NMR 
(CD3CN) 61.14 (d.4H); 2.84 (m, 1H); 3.60 (s.9H); 7.92 
(d,2H); 8.22 (d,2H); mass spectrum m/e= 189 (M- 
CH3CO4). Calculated for C13H18C105N:C, 51.40; H, 
5.98; N,461. Found: C, 50.09; H, 6.38; N, 4.67. Sodium 
fusion of a small sample of the product and analysis for 
fluoride indicates no fluorine contamination in the prod 
lict. 

EXAMPLE 1 

PETT Baboon Studies 

A young adult (12 kg) female baboon (Papio anubis) 
was anesthesized initially with ketamine and subse 
quently maintained under halothane/nitrous oxide anes 
thesia for two PETT studies. In the first study, the 
animal was pretreated with 0.5 mg/kg of (-)-buta 
clamol, i.v., 39 mins before injection of 11 mCi of F 
N-methylspiroperidol. In the second study (three weeks 
later), the same baboon was pretreated with 0.5 mg/kg 
of (--)-butaclamol, i.v., 26 mins before injection of 10 
mCi of 18 F-N-methylspiroperidol. Pett scans were 
made continually for 4 hrs from the time of radioisotope 
injection. m 

FIG. 2a shows the distribution of 18F)-N-methyl 
spiroperidol to striatum and cerebellum of the baboon in 
the control study, following pretreatment with the inac 
tive (-)-enantioner of butaclamol. The absolute striatal 
uptake for this compound exceeded that for 
18Fspiroperidol by more than two-fold. Influx into 
both brain regions was equal for the first few minutes, 
but radioactivity then declined rapidly in the cerebel 
lun, while increasing for up to 4 hrs in the striatum. If 
one takes the difference between radioactivities in stria 
tum and cerebellum (labeled "DIFFERENCE' in FIG. 
2a) as a measure of the specifically bound component of 
radioactivity in the striatum, then the specifically bound 
component of radioactivity was still increasing at 4 hrs 
after injection, as was found for 18Fspiroperidol. 

Pretreatment of this animal with the same dose of the 
pharmacologically active (--)-enantiomer of buta 
clamol produced the results shown in FIG. 2b. The 
striatum and cerebellum radioactivity curves are super 
imposable, indicating that the radioligand no longer had 
access to specific binding sites. This demonstrates the 
stereospecificity of the striatal retention of radioactivity 
in (a), and supports the contention that the cerebellum 
curve in (a) is a reasonable approximation of the non 
specifically bound and free components of radioactivity 
included in the striatum curve. 

EXAMPLE 2 

Baboon Plasma Analyses 
Blood was sampled from the femoral artery at initial 

intervals of 5 secs. Aliquots of plasma were counted to 
determine the total plasma radioactivity of clearance 
curves. Representative samples (see Table 1) were also 
analyzed for unchanged 18F)-N-methylspiroperidol by 
a rapid separation procedure using a mixture of 
CH2Cl2:CH3OH, 9:1 by volume, to develop the TLC 
used to separate components in the CH3CN eluate from 
the C-18 Sep-pakTM cartridge. This system was chosen 
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to allow adequate separation of 18F-N-methyl 
spiroperidol (Rf-0.62) from its possible radioactive 
metabolite, (18F) spiroperidol (R-0.46). 
The baboon blood total plasma radioactivity clear 

ance curve is depicted in FIG. 3. As with other 18F 
labeled butyrophenones, the blood clearance was very 
rapid, dropping to lower than the brain concentration in 
the first 90 secs after injection. The appearance of me 
tabolites in the blood was also rapid (Table 1). At 10 
mins after injection only 43% of plasma radioactivity 
was due to unaltered (18F)-N-methylspiroperidol. The 
corresponding value for 18Fspiroperidol was 72% 
unchanged, indicating that the appearance of peripheral 
radioactive metabolites is more rapid for the N-methyl 
derivative. 

EXAMPLE 3 

To investigate the metabolic stability of 18F-N- 
methylspiroperidol in the central nervous system, its 
stability in rat brain studied (Table 2). As with 

Fspiroperidol, very little metabolism of this com 
pound was found in the rat brain, with the absolute 
amount in the striatum remaining constant from 1 to 4 
hrs after injection. However, rat striatal uptake of the 
N-methyl radioligand was five-fold higher than with 
18Fspiroperidol. 
Four male BNL R strain rats (350-380 g) (Brook 

haven National Laboratory, Upton, N.Y.) were injected 
with 1.4 to 1.8 mCi of 18F-N-methylspiroperidol, i.v. 
At 1 or 4 hrs after injection (2 animals each), the animal 
was killed and the combined striata and cerebellum 
were separately counted and homogenized in a mixture 
of 1 ml of MeCH and 2 ml of 0.4M HClO4. The samples 
were centrifuged, and the entire supernates were ana 
lyzed for unchanged 18F)-N-methylspiroperidol. 

EXAMPLE 4 

Comparison of the Synthesis of 18F-Labeled 
N-methylspiroperidol (4) from 1, 2A, 2B and 2C 
Four criteria, radiochemical yield, experimental sim 

plicity, synthesis time and specific activity were used in 
comparing the synthesis of 4 from substrates 1, 2A, 2B 
and 2C. With respect to radiochemical yield, compara 
ble yields (10-15%) were obtained from each substrate. 
On the other hand, the experimental procedure using 
2A-C was far simpler than that for 1 and the relative 
synthesis times (90 mins vs 120 mins) were different. 
The effects of temperature, reaction times and acid 

concentration on the conversion of cyclopropyl p 
Ffluorophenyl ketone to y-chloro-p-18F 

fluorobutyrophenone 3 were also investigated (Table 
3). The optimal conditions for this reaction were 110 C. 
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8 
for 3-5 mins which gave compound 3 in 85% radio 
chemical yield. 

Based on the observations the use of 2A optimizes 
specific activity and ease of synthesis. It is effectively a 
one pot synthesis for the Cs18F displacement and hy 
drolysis. Two C18 Sep-pakTM cartridges are used. 
HPLC purification is straightforward with 4-nitro-N- 
methylspiroperidol, (5), a by-product of the reaction, 
being well separated from N-methylspiroperidol using a 
C18 semipreparative column. 

EXAMPLE 5 

Tissue Distribution 

Table 4 shows the distribution of radioactivity in 
various mouse tissues at 5, 60, and 120 min after inject 
ing 18F-labelled N-methylspiroperidol (4). As noted in 
Example 3 for the rat, the mouse brain uptake of radio 
activity was higher for radiolabeled N-methyl 
spiroperidol (1.1% of the administered dose). A com 
parison of the mouse tissue distribution of radioactivity 
following injection of 18F-labeled N-methylspiroperidol 
(4) (Table 4) with the radioactivity tissue distribution 
reported for N-11C methylspiroperidol shows very 
little difference. It is believed that N-11C methyl 
spiroperidol, with the radiolabel on the amine portion of 
the molecule, shows a radioactivity distribution in vivo 
which is markedly different form that of 18F-labeled 
N-methylspiroperidol, which is radiolabeled on the 
B-(4-fluorobenzoyl) propionic acid portion. 

TABLE 1 
Analyses of F Radioactivity in Baboon Plasma Samples 

% of 18F 
Min in CH3CN % 8F-N- 
After as F-N- Methylspiro 
Injec- H2O NaOH CH3CN Methylspiro- peridol in 
tion Euate Eluate Eluate periodol Plasma 

0.67 0.5 0.2 92 88 81 
40 18 6.3 85 78 66 
10 3.2 14 73 60 43 
30 7.4 25 56 32 8 
60 9.9 30 51 36 8 
120 15 30 41 26 
180 11 39 37 29 
240 13 35 36 26 9.4 

TABLE 2. 
Metabolic Stability of F-N-Methylspiroperidol 

in Rat Brain (n = 2) 
Ave. 9% of Total Ave. % of Extracted 

Hours Ave. & Inj. Radioactivity Radioactivity as Unchanged 
After Dose per Region Extracted F-N-Methyispiroperidol 

Injection (Ind. Values) (Ind. Values) (End. Values) 
Striatum 1 0.0662 89 96 

(00712, 0.0612) (88,90) (95, 96) 
4. 0,0688 88 98 

(0.0723, 0.0653) (88, 88) (98, 97) 
Cerebelin 1 0.014.5 4. 90 

(0.0149,00141) (74, 74) (90,90) 
4. 0.0024 76 85 

(0.0025, 0.0024) (77, 74) (85, 85) 
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TABLE 3 
The Effects of Temperature, Reaction Time 

and Acid Concentration on the Conversion of Cyclopropyl 
-Fluoropheny Ketone to 8-chloro-p-fluorobutyrophenone 

10 
TABLE 3-continued 

The Effects of Temperature, Reaction Time 
and Acid Concentration on the Conversion of Cyclopropyl 
-Fluorophenvi Ketone to 8-chloro-p-fluorobutyrophenone 

5 

F-)-- ->F-)-2-CHCHCH.Cl F-()-- ->F-)-2-CH-CHCH.Cl 
Temperature Temperature 

(C.) Time (Min) Conc. HC-MeOH Yield (%) O (C.) Time (Min) Conc. HCI-MeOH Yield (%) 
80 5 1: 65.2 Ff 5 A. 83. 
80 10 AF 75.2 FF 10 f 77.9 
80 20 840 p 20 FF 65.4 
100 5 P 83.2 f 3 :3 2.2 
100 10 f 82.2 
O 3 F 84.9 

TABLE 4 
Tissue Distribution of Fl-N-Methylspiroperidol in Mice 

Time After Injection (Min) 
5a 60 20b 

Tissue % Dose/g % Dose/Organ % Dose/g % Dose/Organ % dose/g % Dose/Organ 
Brain 2.3 .1 .5 0.68 1.3 0.57 

(2.2-2.4) (1.0-1.1) (1.3-l.8) (0.60-0.74) (1.1-1.6) (0.43-0.68) 
Blood 1.2 0.45 0.19 

(1.0-1.5) (0.40-0.50) (0.15-0.27) 
Heart 3.3 0.37 0.61 0.072 0.24 0.026 

(3.2-3.4) (0.35–0.42) (0.59–0.65) (0.064–0.076) (0.18–0.35) (0.020-0.030) 
Lungs 3 2.0 1.9 0.27 0.95 0.12 

(11-14) (2.0-2.1) (1.6-2.3) (0.24-0.29) (0.70-1.50) (0.09-0.16) 
Liver 5.4 8.2 2.9 4.0 1.4 .6 

(5.2-5.7) (8.2-8.3) (2.4-3.4) (3.8-4.1) (1.2-1.9) (1.5-1.8) 
Spleen 5.8 0.95 6 O.26 0.57 0.062 

(4.7-6.5) (0.82-1.05) (1.1-1.9) (0.25-0.28) (0.40-0.73) , (0.043-0,073) 
Kidneys 12 4S 3.4 1.2 1.5 0.46 

(11-13) (4.2–4.8) (3.04.0) (1.1-1.3) (1.2-1.8) (0.40-0.57) 
Sinal 4.3 5.3 2.5 2.9 .3 1.3 
Intestine (4.0-4.8) (3.2-6.8) (1.7-3.4) (1.6-3.6) (0.8-1.7) (0.7-1.9) 
Ovaries 0.12c 0.040 0.014 

(0.11-0.12) (0.028-0.057) (0.009-0.022) 
Mean (range) of three mice. 
ean (range) of four mice. 

Mean (individual values) of two mice. 

We claim: 

45 

50 

55 

65 

1. No-Carrier-Added 18F)-N-methylspiroperidol. 
2. The use of NCA-18F-N-methylspiroperidol as the 

radiolabeled material in a positron emission transaxial 
tomographic procedure to map dopamine receptors in 
normal and disease states in the living brain whereby an 
effective amount of said NCA-18F)-N-methyl 
spiroperidol is intravenously injected into the subject 
and the dopamine receptors are mapped using a posi 
tron emission tomography scanner. 


