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Two potential radioligands, no-carrier-added (NCA) N-2-['®F]fluoroethyl)spiroperidol (3) and N-
(3-["®F]fiuoropropyl)spiroperidol (4) have been synthesized for PET imaging of dopamine
receptors in humans. Compounds 3 and 4 were synthesized by N-alkylation of spiroperidol
with NCA 1-bromo-2-['®F]-fluoroethane (2b), 1-['®F]fluoro-3-iodopropane (2¢) and 1-bromo-3-
['®Flfiuoropropane (2d) respectively. The biodistribution of 4 in mice showed that the mouse
brain uptake of radioactivity was similar to that of ['®F]-N-methylispiroperidol (1.1% of the
administered dose), but the activity in bone (femur) increased with time. The kinetic
distribution of compound 4 in baboon brain was similar to that of [*®F]-N-methylspiroperidol,
and the striatal accumulation of radioactivity was also blocked stereoselectively by
butaclamol. The ratio of striatum to cerebellum radioactivities at 3 hr after injection was 5.9.
Analysis of the metabolic stability of 4 in mouse brains for 1 hr indicated that, like ['®F]-N-
methylspiroperidol, it is relatively stable to metabolic transformation in the central nervous
system. These results suggest that compound 4 may be a useful radioligand for PET studies

of the dopamine receptor in humans.
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’I:lere is great interest in the application of positron
labeled radioligands to map the neuroreceptors in the
living brain (7). For example, carbon-11- (''C) labeled
N-methylspiroperidol has been used in positron emis-
sion tomography (PET) studies of the dopamine recep-
tor in human brain (2). We recently reported a general
synthetic method for the preparation of no-carrier-
added (NCA) fluorine-18- ('®F) labeled butyrophenones
(3,4) using the nucleophilic aromatic substitution re-
action (5). Using this method, NCA ['®F]haloperidol
(3,6), ['*F]benperidol (3), ['®F]spiroperidol (3,6), ['*F]
pipamperone (3) and ['®F]-N-methylspiroperidol (['*F]
NMS) (4) were synthesized. Based on studies in mice
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and baboons, we found that ['*F]NMS is an ideal
radioligand for studying the dopamine receptor in hu-
mans (7,8). Subsequent human studies (9) have con-
firmed this conclusion.

Although we are able to prepare ['*FJNMS in large
quantities (15-30 mCi) and high specific activity (~5-
10 Ci/umol at EOB), the synthesis of this tracer is
multi-step, and the starting materials (cyclopropyl p-
nitrophenyl ketone and 3-methyl-1-phenyl-1,3,8-tria-
zaspiro[4.5]decan-4-one) are not commercially avail-
able. For this reason, we have searched for radioligands
which will have similar kinetic behavior but are perhaps
more lipophilic than ['®)F]NMS and can be prepared
more quickly in higher yield. Recently, a series of N-
alkylated and p-brominated analogs of spiroperidol (10,
11), 3-N-fluoroethyl, 3-N-chloroethyl- and 3-N-bromo-
ethylspiroperidol, were synthesized, evaluated, and
found to display high affinity for the dopamine receptor
both in vitro (/2) and in vivo (13).

Since nitrogen basicity probably contributes signifi-
cantly to the biologic properties of the compounds, it is
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important to minimize the impact of the electronega-
tivity of the fluorine atom by having it in a position as
far away from nitrogen as possible. The substitution of
a fluorine for a hydrogen in an ethyl derivative of
normetazocine causes a significant reduction in basicity
(pKa’s of the nitrogen atom in N-(2-fluoroethyl)-
normetazocine and N-ethylnormetazocine are 8.35 and
9.42, respectively) (/4). Recently, theoretical studies
predicted that the influence of a fluorine atom three
carbons removed from nitrogen is small (/5,16). In
addition, the N-propyl group is known to increase the
potency of a number of neurotransmitter amines (/7).
Thus, a ligand labeled with the N-3-['*F]fluoropropyl
group might be a suitable radioligand for studying
receptor binding.

We recently reported the syntheses of a series of NCA
['®*F]fluoroalkyl halides (2a-d) by nucleophilic aliphatic
substitution of alkyl halides (la-d) with NCA
["*F)fluoride in 30-40% yield (EOB) (/8) and the ap-
plication of these ['®FJalkyl halides for the syntheses of
NCA N-(2-['*F]fluoroethyl)spiroperidol (3) and N-(3-
['®F]fluoropropyl)spiroperidol (4) (Fig. 1). We here re-
port the tissue distribution of 4 in mice, the metabolism
of this compound in mouse brain and baboon plasma,
and tomographic studies of this compound in a baboon.
Preliminary reports of this study have appeared previ-
ously(79,20).

MATERIALS AND METHODS

Synthesis of NCA N-(3-{'*F]Fluoropropyl)spiroperidol (4)

NCA N-(3-['*F]fluoropropyl)spiroperidol was synthesized
from two different substrates 2¢ and 2d as described previously
(18). Typically, from 100 mCi of ['*F]fluoride and substrate
2¢, 9.5 mCi of 4 was produced with a mass of ~2-5 nmol in
a synthesis time of 70 min from EOB. The use of substrate
2d gave 4 in poor yield (~1% EOB). This is probably due
to the low boiling point of 1-bromo-3-fluoropropane (b.p. =
101.4°C) compared with I-fluoro-3-iodopropane (b.p. =
128°C/742 mm).

(CH2)n X2 —t (CH2), X[ 18F] i F@ﬁ(cuz)s-n

a-d a-d

Q=

2
~

(a) n=2, X=I; (b) n=2, X=Br
(c) n=3, X=I; (d) n=3, X=Br

i = K[18F] (NCA), KRYPTOFIX 2.2.2
ii = SPIROPERIDOL, (n-Bu)yNOH
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Tissue Distribution of NCA N-(3-{'*F]Fluoropropyl)spiroper-
idol (4) in Mice

Female albino mice (BNL strain), 22-27 g, were injected
in a lateral tail vein with 24-85 uCi of N-(3-['*F]fluoropro-
pyl)spiroperidol in 100 ul of isotonic saline solution. To
demonstrate specific localization each mouse was pretreated
with 2 mg/kg, i.v. of either (—)-butaclamol (control) or (+)-
butaclamol (to block stereospecific binding sites) 45-55 min
before injection of the radioligand. The mice were killed at 5,
60, and 120 min after injection. The dissected tissues were
blotted to remove adhering blood and placed in tared counting
vials. A sample of blood was obtained from the trunk imme-
diately after killing. The radioactivity in the entire tail was
measured to verify the patency of the tail vein injection. The
radioactivity of each sample was measured, the sample
weighed, and the activity expressed as percent of injected dose
per organ or percent of injected dose per gram of tissue.

Metabolic Stability of N-(3-{'*F]Fluoropropyl)spiroperidol in
Mouse Brains

Three female albino mice (BNL strain), 27-30 g, were
injected in a lateral tail vein with 100-200 uCi of N-(3-['®F]
fluoropropyl)spiroperidol in 100 ul of isotonic saline solution.
At | hr after injection, the mice were killed. Each brain was
rapidly removed and put in a test tube which contained a
mixture of 2 ml of CH;0H and 4 ml of 0.4M HCIO,. The
brain was exposed for 2 min to an ultrasonic probe designed
for cell disruption,” and centrifuged. The radioactivity in the
supernatant and precipitate was measured. The recovery of
radioactivity (supernatant and precipitate) using this proce-
dure was 100-104%. The entire supernatant was applied to a
C-18 SEP-PAK cartridge' and eluted sequentially with H,O,
NaOH, and CH;O0H as was done for the separation of metab-
olites of ['®*F]spiroperidol (7) and ['*F]NMS (8). The MeOH
eluate was analyzed by HPLC (C-18 column, 4.5 X 250 mm,
CH;0H:0.2 N NH,CO,H (90:10), 1.5 ml/min). The recovery
of radioactivity applied to the SEP-PAK was 98%. The percent
of unchanged N-(3-['*F]fluoropropyl)spiroperidol in each
brain sample was taken as a product of the percent of the total
applied '®F recovered in the CH;OH eluate and the fraction
of this radioactivity which coeluted with the carrier N-(3-
fluoropropyl)spiroperidol in the HPLC.

(18F)
(CH2)n

}' n=2; i n=3

FIGURE 1
Synthesis of NCA N-[*®F]fluoroalkyl-
spiroperidols.
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PET Baboon Studies

A young adult (11 kg) female baboon (Papio anubis) was
anesthetized initially with ketamine and subsequently main-
tained under halothane/nitrous oxide anesthesia for two PET
studies as described previously (7,8). In the first study, the
animal was pretreated with 0.5 mg/kg of (—)-butaclamol, i.v.,
36 min before an i.v. bolus injection of 7.4 mCi of N-(3-['®F]-
fluoropropyl)spiroperidol in 2.5 ml of saline solution. In the
second study (1 wk later), the same baboon was pretreated
with 0.5 mg/kg of (+)-butaclamol, i.v., 25 min before a bolus
i.v. injection of 7.9 mCi of N-(3-['®F]fluoropropyl)spiroperidol
in 2.2 ml of saline solution. PET scans were made continually
for 4 hr from the time of radioisotope injection. The PET
used for these studies is a PETT VI, which was operated in
the high resolution mode, with a reconstructed resolution of
~0.9 cm in the transaxial plane and ~1.3 to 1.4 cm in the
axial direction. Regions of interest corresponding to the striata
and cerebellum were selected as described previously (7,8).
The PET data are not corrected for differences in recovery
due to geometric limitations of the size of the region of interest.
Such corrections must allow for the dynamic changes in
“background” levels of radioactivity and for nonhomogeneity
in radioactivity distributions.

Baboon Plasma Analyses

Blood was sampled from the femoral artery at initial inter-
vals of 5 sec. The radioactivity in aliquots of plasma was
measured to determine the total plasma radioactivity clear-
ance curve. Representative samples were also analyzed for
unchanged N-(3-['®F]fluoropropyl)spiroperidol by a proce-
dure as described for the metabolic stability of compound 4
in mouse brains. The total recovery of '®F applied to C-18
SEP-PAK ranged from 90 to 103%.

RESULTS

Tissue Distribution

Table | shows the distribution of radioactivity in
various mouse tissues at 5, 60, and 120 min after
injecting N-(3-['®F]fluoropropyl)spiroperidol (4). The
mouse brain uptake of radioactivity was similar to that
of ['"8FINMS (1.1% of the administered dose). A com-
parison of the mouse tissue distribution of radioactivity
following injection of 4 (Table 1) with the radioactivity
tissue distribution reported for ['*FJNMS (4) shows that
the uptake of 4 in each tissue is higher than that of
['*FINMS. The activity in the femur increases with time
for compound 4 indicating that in vivo defluorination
may occur.

Brain Metabolism of N-(3-['*F]Fluoropropyl)spiro-
peridol (4) in Mice

Table 2 shows the metabolic stability of N-(3-['*F]
fluoropropyl)spiroperidol (4) in mouse brains 1 hr after
injection. The extraction efficiency of '*F radioactivity
from the brain was 77-82% with one extraction, but
increased to 95% when the precipitate was extracted
with CH;OH-HCIO, a second time. The retention of
radioactive metabolites of 4 by mouse brain was not a
major factor at early times after injection. At 1 hr at
least 76% of brain radioactivity was due to unchanged
N-(3-["*F]fluoropropyl)spiroperidol. If there are no dif-

TABLE 1
Tissue Distribution of N{3-['8F]Fluoropropyl)spiroperidol in Mice (n = 1 — 4)
Pre- 5 min Time after injection 60 min 120 min
treat-
Organ ment’ %/ %/Organ %/g %/Organ %/g %/Organ

Striatum - 34(3.2-37) 0.084 (0.068-0.099) 4.1(3.2-4.7) 0.089 (0.064-0.142) 4.3(4.0-47)  0.14(0.11-0.17)

+  16(1.2-2.1)  0.051(0.037-0.065) 0.51(0.39-0.60) 0.013 (0.009-0.018) 0.36 0.010
Cerebellum - 34(20-7.1) 0.24(0.13-045)  0.55(0.48-0.64) 0.040 (0.032-0.048) 0.42(0.33-0.52) 0.028 (0.023-0.032)

+  16(1.2-20) 0.11(0.08-0.14)  0.27(0.20-0.35) 0.019 (0.013-0.25) 0.15 0.012
Whole brain - 27(3-32) 1.1(09-1.4) 1.6 (1.4-1.8) 0.67 (0.59-0.77) 1.2(1.0-15)  0.56 (0.44-0.63)

+  18(1.3-22) 0.79(0.57-1.00) 0.37 (0.26-0.50)  0.16 (0.11-0.23) 0.21 0.097
Blood - 18(14-20) - 0.80 (0.62-1.01) — 0.33(0.26-0.43) —

+  17(14-21) — 0.85 (0.66-1.17) — 0.33 -
Heart - 55(49-62) 0.58(0.48-0.72) 1.1(0.9-1.3) 0.12 (0.09-0.14) 0.44 (0.34-0.52) 0.045 (0.036-0.051)

+ 53(38-67) 0.58(0.44-0.71) 1.2(0.8-1.6) 0.14 (0.10-0.20) 0.46 0.045
Lungs - 35(28-41) 4.5(3.8-5.0) 4.4 (3.8-5.0) 0.56 (0.48-0.61) 1.8(1.5-2.0)  0.24(0.22-0.26)

+  28(24-32) 4.1 (2.8-5.4) 42(35-5.4) 0.69 (0.56-0.88) — —
Liver - 16(9-19) 19 (13-22) 6.0 (4.7-7.2) 7.4(5.7-10.2) 31(27-34)  3.6(3.2-4.0)

+  16(13-20) 23 (19-27) 6.0 (4.4-8.5) 8.7 (6.5-12.6) 33 44
Spleen - 10(6-12) 1.3(0.8-1.8) 29(25-3.2) 0.38 (0.28-0.48) 1.1(09-12)  0.12(0.09-0.16)

+  14(10-17) 1.9(1.6-2.3) 2.8(1.8-3.5) 0.43 (0.27-0.53) 1.1 0.16
Kidneys - 19(15-22) 5.9 (4.6-7.1) 4.1(3.4-5.2) 1.3(1.0-1.7) 19(1.5-2.1)  0.61(0.47-0.72)

+  20(15-25) 7.8 (6.5-9.1) 4.7 (3.8-6.6) 1.6(1.3-2.4) 24 0.79
Smallintestines ~—  8.8(6.7-9.6) 9.6 (7.2-11.3) 5.6 (4.9-6.0) 6.2(4.8-7.6) 25(1.8-35)  2.6(1.8-3.8)

+  88(7.1-105) 9.3(85-10.1) 83(45-149) 11(4.2-237) 48 44
Femur - 33(22-38) - 9.1(8.5-10.0) - 9.0 (8.1-9.9) —

+  38(3.0-47) —- 6.5 (4.7-10.6) —_ 8.4 —
Muscle - 31(26-35) - 1.0(0.8-1.2) — 0.64 (0.32-1.03) -

+  37(26-47) — 1.3(0.8-1.9) - 0.53 —

" Mice were pretreated with 2 mg/kg, i.v., of either (—)-butaclamol (—), or (+)-butaclamol (+).
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TABLE 2
Metabolic Stability of N-3-[*®F]Fluoropropyl)spiroperidol in Mouse Brains 1 hr After Injection. Averages and (Ranges)
of Three or Four Determinations

Percent recovery of total '°F
applied to C-18 SEP-PAK Percent of °F in MeOH Percent of unchanged
H0 NaOH MeOH as N«3-["°F}- N+3-{"°F}-
Treatment eluate eluate eluate fiuoropropyi)spiroperidol fiuoropropyl)spiroperidol’

MeOH-HCIO4' 42 1.3 73 94 69

(4.0-4.4) (1.2-1.3) (73-74) (91-97) (66-72)
2X MeOH-HCIO4* 1 3.1 81 94 76

(11-11) (3.0-3.1) (81-81) (94-94) (76-76)

" The product of percent in the MeOH eluate and column 3.
' The precipitates were separated without further washings.

* The precipitates were separated and washed with MeOH-HCIO, again.

ferences in the metabolism of this radioligand between
mouse and primate brain, then we may assume minor
contribution from radioactive metabolites during PET
brain studies with N-(3-['®F]fluoropropyl)spiroperidol.

Baboon Blood Kinetics and Metabolism

The baboon blood total plasma radioactivity clear-
ance curve following injection of compound 4 is de-
picted in Figure 2. As with other '*F-labeled butyro-
phenones in the series (7,8), the blood clearance was
very rapid. The appearance of metabolites in the blood
was also rapid (Table 3). At 10 min after injection 68%
of plasma radioactivity was due to unchanged N-(3-
["*F)fluoropropyl)spiroperidol. The most striking differ-
ence in metabolism between compound 4 and
['|*F]JNMS is the difference in the profile of labeled
metabolites. Compound 4, like [''C]NMS (21), gave a
significantly greater in vivo production of radioactive
basic metabolites (HCIO, soluble radioactivity) in
plasma than ['*F]NMS, in agreement with what one
would predict based on the position of labeling (21,22).

Baboon Brain Kinetics

The distribution of radioactivity in the baboon brain
following injection of N-(3-['®F]fluoropropyl)spiro-
peridol is depicted in Figure 3. The top row of this
figure is of PET scans taken at the level of the striatum
at various times after radioligand injection in the con-
trol condition (after pretreatment with (—)-butaclamol).
This shows decay-corrected radioactivity increasing in
the striatum region and declining in the cortical regions
at this slice level. The bottom row of Figure 3 shows
the corresponding scans, normalized for the difference
in dose administered, after pretreating the animal with
(+)-butaclamol. These scans show the nonspecific dis-
tribution of the radioligand.

Figure 4 shows the kinetic curves of radioactivity
distribution to striatum and cerebellum of the baboon
in the control study and following pretreatment with
(+)-butaclamol. The absolute striatal uptake for this
compound in the control study (0.030% dose per cm?)
was intermediate between that of ['®F]spiroperidol
(0.024% dose per cm?) (7) and ['*F]NMS (0.055% dose

0.02
0.0l

% DOSE PER m{

0.005

—

1

Lol

FIGURE 2

1
1.0

20
HOURS AFTER INJECTION
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TABLE 3
Analysis of '®F Radioactivity in Baboon Plasma Samples’

% Recovery of total '®F applied to

% of °F in MeOH as

Min C18 SEP-PAK N+3-["®F]Fluoro- % of Unchanged
after H0 NaOH MeOH propyl)spiroperidol as N+3-["®F]fluoro-
injection eluate eluate eluate determined by HPLC propyl)spiroperidol

0.67 8 2 93 98 98
4.0 10 4 83 99 82
10 17 6 71 96 68
30 31 14 45 90 41
120 49 18 30 74 22

‘ Plasma samples were extracted with MeOH-0.4M HCIO, as described in the Materials and Methods section.

per cm®) (8). As were found for ['®F]spiroperidol and
['*FINMS, influx of compound 4 into both brain re-
gions was nearly equal for the first few minutes, but
radioactivity then declined rapidly in the cerebellum,
while increasing for up to 4 hr in the striatum. Pretreat-
ment of the baboon with the same dose of the phar-
macologically active (+)-butaclamol demonstrated ster-
eoselective inhibition of the striatal retention of radio-
activity.

30 65

DISCUSSION

A series of NCA ['®F]fluoroalkyl halides (2) have
been synthesized by nucleophilic aliphatic substitu-
tion of alkyl halides (1) with NCA ['®F]fluoride in
30-40% yield (EOB). These ['®F]fluoroalkyl halides
havebeen used tosynthesize NCA N-(2-['*F]fluoroethyl)-
spiroperidol (3) and N-(3-['®F]fluoropropyl)spiro-
peridol (4) by N-alkylation of spiroperidol. The synthe-

% DOSE /cm?
03

.02

.01

TIME AFTER INJECTION (MlN.)

Baboon brain PET scans at the level of the striatum showing the regional distribution of radioactivity (in % dose per
cm®) at 30, 65, and 240 min after injection of N{3-['®Ffluoropropyl)spiroperidol. The animal was pretreated with 0.5
mg/kg of either (—)-butaclamol (A: top row) or (+)-butaclamol (B: bottom row).

FIGURE 3
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% DOSE PER cm3

FIGURE 4

Baboon brain kinetic curves for N3-
["®FIfiuoropropyl)spiroperidol  distri-
bution to striatum (circles) and
cerebellum (squares) following pre-
L treatment with (—)-butaclamol (open

1
0 1.0 20
HOURS AFTER INJECTION

sis of 4 from 1-['®F]fluoro-3-iodopropane (2c) maxi-
mizes the product activity and experimental simplicity
and provides 4 in ~15-20% radiochemical yield (EOB)
with a mass of 2-5 nmol. Since the N-fluoropropyl
group seems to have some advantages over N-fluoro-
methyl and N-fluoroethyl groups, and the overall radi-
ochemical yield of N-(3-['*F]fluoropropyl)spiroperidol
(4) was higher than that of N-(2-["*F]fluoro-
ethyl)spiroperidol (3), the biologic behavior of 4 in mice
and baboon was also investigated. The biodistribution
of 4 in mice showed that the brain uptake of radioactiv-
ity was similar to that of ['*F]NMS (1.1% of the admin-
istered dose), but the activity in the femur increased
with time for compound 4 indicating that in vivo
defluorination may occur. The kinetic distribution of
compound 4 in baboon brain was similar to that of
['*FJNMS, and the striatal accumulation of radioactiv-
ity was also blocked stereoselectively by butaclamol,
although the absolute striatal uptake (in % dose per
cm?®) was lower than that of ['*F]NMS (0.030% versus
0.055%). The baboon blood total plasma radioactivity
clearance was very rapid. Analysis of baboon blood at
10 min after injection indicated that 68% of the radio-
activity in the plasma was due to unchanged N-(3-['®F]
fluoropropyl)spiroperidol. The ratio of striatum to cer-
ebellum radioactivities at 3 hr after injection was 5.9,
which is close to the corresponding ratio of 6.1 found
for ['"®F]NMS. These results indicate that compound 4
may be a useful radioligand for PET studies of the
dopamine receptor in human brain.

NOTES

* Heat Systems-Ultrasonics, Inc., Model No. H-1.
*Waters Chromatography Division, Millipore, Milford,
MA.
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!
30

40 symbols) or (+)-butaclamol (filled
symbols).

Note Added in Proof

After the submission of this paper, a series of papers on a
similar topic have appeared.

1. Chi DY, Kilbourn MR, Katzenellenbogen JA, et al.
Synthesis of no-carrier-added N-(['®F]fluoroalky)spiperone de-
rivatives. Appl Radiat Isot 1986; 12:1173-1180.

2. Kiesewetter DO, Eckelman WC, Cohen RW, et al.
Syntheses and D, receptor affinities of derivatives of spiperone
containing aliphatic halogens. Appl/ Radiat Isot 1986;
12:1181-1188.

3. Welch MJ, Chi Dy, Mathias CJ, et al. Biodistribution of
N-alkyl and N-fluoralkyl derivatives of spiroperidol; radi-
opharmaceuticals for PET studies of dopamine receptors. Nuc/
Med Biol 1986; 13:523-526.

4. Satyamurthy N, Bida GT, Barrio JR, et al. No-carrier-
added 3-(2'-['*F]-fluoroethyl)spiperone, a new dopamine re-
ceptor-binding tracer for positron emission tomography. Nuc/
Med Biol 1986, 13:617-624.
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