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mm in diameter and 30 ¢cm in length fixed horizontally 15 cm
above the platform. Male CD; mice were hung from the rod by
their forepaws. Normal animals climb on the rod within 4 s,
hanging by all four paws, whereas animals with impairment of
muscular tone fall from the rod or continue to hang by the fo-
repaws only. At the dose of 3 mg/kg ip, DZ caused muscle
relaxation in nearly all the animals 30 min after treatment. Test
compounds dispersed in 0.5% methocel at a volume of 10 mL/kg
were administered at 10 and 20 mg/kg ip 15 min after DZ to 10
mice at each dose. Fifteen minutes later, the mice were suspended
by means of their forepaws to the rod and the percentage of them
falling from it was recorded.

Rotarod Test. The effect on motor coordination was deter-
mined by the method of Dunham and Miya? in male Wistar rats.
The rod was 6 cm in diameter and 56 cm in length, fixed hori-
zontally 15 cm above the support and was rotated at a speed of
6 rpm. The control groups treated with the solvent alone remained
on the rod for at least 5 min. Ten animals per dose were placed
on the rod 30 and 60 min after treatment with test compounds
dispersed in 0.5% methocel at a volume of 4 mL/kg. The animals
that fell off the rod during the 5-min session were recorded.

(24) Dunham, N. W.; Miya, T. S. J. Am. Pharm. Assoc. 1957, 46,
208.

Acute Toxicity. Test compounds were dispersed in 0.5%
methocel at a volume of 10 mL/kg and administered ip to CD,
male mice arranged in groups of three for each dose, i.e.
600-300-100 mg/kg. The animals were observed for 1-5 days,
and LDy, values were graphically calculated.
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A rapid synthesis of ["*Br]- and [""Br}bromperidol with specific activity exceeding 10 000 Ci/mmol is described in
which a trimethylstannylated analogue of bromperidol is used as a substrate for regiospecific no-carrier-added
radiobromination. 4-[4-[4-(Trimethylstannyl)phenyl}-4-hydroxypiperidino}-4’-fluorobutyrophenone was synthesized
by the reaction of (trimethylstannyl)sodium with haloperidol and purified by preparative HPLC. Subsequent
radiobromination with no-carrier-added "“Br~ or ”’Br” and in situ oxidation using H;0,/CH;COOH gave a corrected
radiochemical yield of 35% with a 30-min preparation time. Tissue distribution studies in the rat show a rapid
and prolonged uptake into the brain, liver, and kidneys and consistently low blood concentrations that differ
quantitatively from previous studies using relatively low specific activity bromperidol. Potential clinical applications
for this high specific activity radiobrominated neuroleptic are discussed.

Pharmacokinetic data for neuroleptics of the butyro-
phenone class are scarce.)™ The conventional approach
to assessing butyrophenone pharmacokinetic parameters
in man is to measure serum concentrations of the neuro-
leptic using gas-liquid chromatographic*® or high-per-
formance liquid chromatographic®!® methods, but these

(1) Forsman, A.; Ohman, R. Curr. Ther. Res. 1976, 20, 319; 1977,
21, 396.

(2) Heykants, J.; Meuldermans, W.; Michiels, M. Eur. J. Drug
Metab. 1978, 2, 11.

(3) Holly, F. O.; Magliozzi, J. R.; Stanski, D. R.; Lambrozo, L.;
Hollister, L. E. Clin. Pharmacol. Ther. 1983, 33, 477.

(4) Marcucci, F.; Mussini, E.; Airoldi, L.; Fanelli, R.; Frigerio, A.;
De Nadai, F.; Bizzi, A.; Rizzo, M.; Morselli, P. L.; Garattini, S.
Clin. Chim. Acta 1971, 34, 321.

(5) Zingales, I. J. Chromatogr. 1971, 54, 15.

(6) Forsman, A.; Martensson, E.; Myberg, G.; Ohman, R. Arch.
Pharmacol. 1974, 286, 113.

(7) Bianchetti, G.; Morselli, P. L. J. Chromatogr. 1978, 153, 203.

(8) Shvartsburd, A.; Dekirmenjian, H.; Smith, R. C. J. Clin. Psy-
chopharmacol. 1983, 3, 7.

(9) Miyazaki, K.; Arita, T. J. Chromatogr. 1981, 223, 449.

techniques unfortunately have low sensitivity (0.5-1.0 and
2-3 ng/mL, respectively). While radioimmunoassay has
been suggested as an alternative analytical method,*? it
has an even lower sensitivity of 3-10 ng/mL!? and has
shown poor cross-correlation.!4

The wide variation in clinical responses reported for
neuroleptic serum concentrations!® may indicate the error
in assuming that the brain concentration and pharmaco-
logical activity of the butyrophenones are proportional to
their blood concentration. In early reports concerning
butyrophenone neuroleptics,!® it was suggested that the

(10) Jallow, P. L; Miller, R.; Swigar, M. J. Chromatogr. 1982, 227,
233.

(11) Clark, B. R.; Tower, B. B.; Rubin, R. T. Life Sci. 1977, 20, 319.

(12) Creese, L; Snyder, S. H. Nature 1977, 270, 180.

(13) Miller, D. D.; Hershey, L. A.; Duffy, J. P. Drug Intell. Clin.
Pharm. 1983, 17, 445.

(14) Rimon, R.; Averbuch, I; Rozick, P.; Fijman-Daniivich, L.;
Kara, F.; Desbert, H.; Ebstein, R. P.; Belmaker, R. H. Psy-
chopharmacol. 1981, 73, 197.

(15) Rivera-Calimlim, L.; Hershey, L. Ann. Rev. Pharmacol. Tox-
icol. 1984, 24, 361.
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pharmacological effect of neuroleptics is better correlated
with drug levels in the brain rather than drug concentra-
tions in the blood. To further evaluate this point, a sen-
sitive assay method is needed for the measurement of drug
levels in the brain as well as in the serum. Traditionally,
such information has been obtained experimentally by
using a tracer technique, in which the drug is labeled with
a §"-emitting radionuclide such as *H or *C and admin-
istered to laboratory animals, which are subsequently
sacrificed and dissected to determine the organ distribu-
tion. The invasive nature of this method precludes its use
in man, however, and the extrapolation to man of animal
results is often invalid.

The direct measure of organ distribution and pharma-
cokinetics in primates (including man) can be achieved
noninvasively by the use of external scintigraphy and
butyrophenone neuroleptics radiolabeled with appropriate
3*- or y-emitting radionuclides. Positron-emission com-
puterized tomography (PET) and single-photon-emission
computerized tomography (SPECT) allow for the spatial
reconstruction of the radioactivity distribution in a
three-dimensional manner,"” so that organ pharmacoki-
netics can be measured as a function of time by selecting
an appropriate region of interest within the detected field
of view. PET allows the determination of local concen-
tration (e.g., percent of administered dose per cubic cen-
timeter), while relative organ radioactivity concentrations
or organ elimination half-times can be measured accurately
by using SPECT or conventional nuclear medicine «
scintigraphy. These noninvasive methods have previously
been used to investigate the pharmacokinetics of various
drugs with PET.'*!® as well as conventional v scintigra-
phy 2622

Bromperidol, 4-[4-(4-bromophenyl)-4-hydroxy-
piperidino]-4’-fluorobutyrophenone (1), is a potent bu-

tyrophenone neuroleptic similar to haloperidol (2) in
structure and pharmacological effect?»?** and has found
clinical use in humans.”> Because this neuroleptic contains
bromine in its molecular structure, it can be labeled with
the positron-emitter °Br (T, ,, = 1.6 h) for quantitative
pharmacokinetic studies using PET or with "Br (T, =
56 h) for longer term pharmacokinetic or metabolic in-
vestigations using conventional v scintigraphy with high-

(16) Janssen, P. A. J.; Allewijn, F. T. Arzneim.-Forsch. 1969, 19,
199.

(17) Ell, P. J., Holman, B. L., Eds. “Computed Emission
Tomography”; Oxford University Press: Oxford, 1982.
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(22) Digenis, G. A.; Vincent, S. H.; Kook, C. S.; Reiman, R. E.; Russ,
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energy collimators. This work reports the high-yield, high
specific activity synthesis of [Br]- and [""Br]bromperidol
suitable for pharmacokinetic measurements with nuclear
medicine instrumentation. Preceding studies using pri-
mates, we report here the initial tissue distribution data
for high specific activity [""Br]bromperidol in the rat.

Results

Chemistry. 4-[4-(4-Chlorophenyl)-4-hydroxy-
piperidino]-4’-fluorobutyrophenone (haloperidol) (2) was
synthesized from commercially available reagents in the
three-step reaction sequence shown in Scheme I. -
Chloro-p-fluorobutyrophenone (3) was ketalized with
ethylene glycol prior to alkylation of 4-(4-chloro-
phenyl)-4-hydroxypiperidine (5). Following deketalization
with HCI, the product (2) was purified and chemically
characterized by spectral and chromatographic methods
before proceeding to the following reaction sequence.

The stannylated precursor of bromperidol was a key
synthetic intermediate and was prepared as shown in
Scheme II. Trimethylstannyl chloride (7) was condensed
in the presence of sodium and ammonia to form hexa-
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Table I. Tissue Distribution (Percent Injected Dose/Gram) of High Specific Activity {7Br]Bromperidol in the Rat®

time post-inj

organ 5 min 15 min 30 min 2h 4h 6h 8h
blood 0.12 £ 0.01 0.11 % 0.01 0.08 £ 0.01 0.06 £ 0.01 0.05 £ 0.01 0.06 £ 0.01  0.03 £ 0.01 0.02 £ 0.01
brain 2.26 £ 0.10 3.04 £ 0.07 2.82 £ 0.04 2.48 + 0.03 1.85 % 0.12 1.61 £ 0.07 1.58 = 0.03 1.29 £ 0.02
liver 1.03 £0.11 2,19 £ 0.13 2.50 £ 0.16 2,99 + 0.15 3.16 £ 0.18 4,08 £ 0.22 4.16 £ 0.13 4.33 £ 0.14
kidneys 4.96 £ 0.06 4.69 £ 0.24 5.01 £ 0.33 4,11 £ 0.24 293 £ 0.19 1.95 £ 0.18 1.93 + 0.06 1.77 £ 0.13
lungs 13614 6.29 £ 0.48 5.80 £ 0.25 4,19 + 0.34 2.10 £ 0.16 1.59 £ 0.12 1.24 £ 0.12 1.14 £ 0.14
spleen 3.02+0.29 3.29 £ 0.08 4,43 £ 0.12 260 £ 0.16 2.69x0.12 1.92 £ 0.08 1.76 £ 0.12 1.86 £ 0.10
pancreas 3.16 £ 0.42 4,72 £ 0.28 5.20 £ 0.12 4.23 + 0.29 3.76 £ 0.14 3.51 £ 0.33 2.83 = 0.08 2.05 £ 0.19
heart 2.29 + 0.17 1.37 £ 0.04 1.07 £ 0.05 0.55 + 0.12 0.46 = 0.05 0.36 = 0.03 0.39 = 0.04 0.30 = 0.03
intestines 0.39 £ 0.03 0.91 £ 0.10 0.83+£009 0.89+006 082+008 0.76=%0.03 0.98 = 0.06 0.85 = 0.14
uterus 1.91 £ 0.19 2.24 + 0.07 3.00 £ 0.10 1.21 £ 0.10 1.07 = 0.06 1.07 £ 0.10 1.20 £ 0.02 1.15 £ 0.01
fat 0.05+0.02 0.16 £ 0.03 020002 022+£002 0.18+0.01 0.15 £ 0.02 0.19 £ 0.02 0.18 £ 0.01
muscle 0.32 £ 0.04 0.32 + 0.02 0.23 £ 0.03 0.18 + 0.02 0.15 £ 0.01 0.12 £ 0.01 0.13 £ 0.01 0.10 £ 0.01
skin 0.15 = 0.05 0.19 £ 0.01 0.20 = 0.03 0.20 £ 0.03 0.17 £ 0.02 0.14 = 0.02 0.14 £ 0.02 0.14 £ 0.01

¢{"Br]Bromperidol (50-100 xCi) in 0.1 mL was injected into the femoral vein of 300-320-g female Sprague-Dawley rats. Values represent
the mean (percent injected dose/gram) + standard deviation for five test animals.

methylditin (8). Following characterization of 8, (tri-
methylstannyl)sodium (9) was prepared from the action
of Na metal on 8 in glyme. The molarity of 9 was deter-
mined by reaction of an aliquot of the filtered supernatant
with bromobenzene and the appropriate volume mixed
with 2 in glyme to give a 0.5 stoichiometric excess of 9.
4-[4-14-(Trimethylstannyl)phenyl]-4-hydroxy-
piperidino]-4’-fluorobutyrophenone (10) was isolated from
the reaction mixture by preparative HPLC. Regiospecific
bromodestannylation of 10 by 1 equiv of Br, in chloroform
produced 4-{4-(4-bromophenyl)-4-hydroxypiperidino]-4'-
fluorobutyrophenone (1), bromperidol. Product 1 was
chemically characterized following workup and was found
to be identical with authentic bromperidol (Janssen
Pharmaceutica).

Radiochemistry. The radiolabeling reactions used to
prepare high specific activity (no-carrier-added, nca) [*Br]-
and ["Br]bromperidol are shown in Scheme III. In the
radiobromination sequence, regiospecific bromo-
destannylation occurred by in situ generation of electro-
philic bromine species, and final separation of nca ["*Br]-
or ["Br]bromperidol from reaction side products was
achieved by HPLC. In reaction pathway a, dichlor-
amine-T% was used as the oxidizing agent, and chlorinated
side product 2 was produced in addition to high specific
activity ["°Br]- or ["Br]bromperidol (1). In reaction
pathway b, hydrogen peroxide/acetic acid was used to
oxidize *Br- or ""Br- in situ and subsequently form ra-
diobrominated product 1 and protonated side product 11.
For both (a) and (b), radiobromination was complete
within a reaction time of 5 min, and overall radiochemical
yields of 30-40% were achieved with an overall preparation
time of 30 min and a specific activity exceeding 10000
Ci/mmol. The difference between reactions a and b lies
in the final HPLC purification and the ease at which high
“effective” specific activity may be obtained (see Discus-
sion).

Biological Evaluation. Preceding scintigraphic studies
in primates using {"*Br]bromperidol, tissue distribution
studies were carried out in rodents with the relatively
long-lived ""Br-labeled bromperidol, and serial sacrifice and
dissection of the animals followed. The tissue distribution
of high specific activity [""Br]bromperidol in the major
organs of 300-320-g female Sprague-Dawley rats is shown
in Table I.

The tissue distribution of ["Br]bromperidol is illustrated
in Figure 1 for the lungs, liver, kidneys, brain, and blood.
These data are reported as percentages of mean body

(26) Coenen, H. H,; Petzold, G.; Stocklin, G. J. Lab. Comp. Ra-
diopharm. 1982, 19, 1580.
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Figure 1. Tissue distribution of high specific activity [""Brl-
bromperidol in 300-320-g female Sprague-Dawley rats. Each
point represents the mean value obtained from five animals. Key:
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concentration (see the Experimental Section) to eliminate
experimental errors caused by differences in body weights
and to allow for easier interspecies comparison.?’

Discussion

The synthesis of ["“Br]- and [""Br]bromperidol presents
challenges in addition to those typically encountered with
nca radiohalogenation methods.22 Regiospecific halo-
genation is required to produce only the para-brominated
isomer, and the aromatic ring to be brominated is deac-
tivated toward electrophiles. With direct electrophilic
aromatic substitution reactions, a mixture of aromatic
isomers usually results, and deactivated aromatic rings can
be halogenated only with radiochemical yields.

This synthetic impasse is avoided by the use of meta-
lated precursors that promote electrophilic substitution
at the aromatic site occupied by the metal moiety. Thus,
regiospecificity as well as increased halogenation yields are
afforded. Radiobrominated [2?Br]bromperidol has pre-
viously been synthesized via a metalated precursor via the
Sandmeyer reaction,?® but the preparation time (6 h) and
radiochemical yield (10.4%) were unsuitable for use with

(27) Dedrick, R. L. J. Pharmacokinet. Biopharm. 19783, 1, 435.

(28) Coenen, H. H.; Moerlein, S. M.; Stocklin, G. Radiochim. Acta
1983, 34, 47.

(29) Vincent, S. H.; Shambhu, M. B.; Digenis, G. A. J. Med. Chem.
1980, 23, 75.
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short-lived 7“Br. Subsequent pharmacokinetic studies in
primates with conventional v scintigraphy?? therefore
measured only relative organ concentrations and elimi-
nation curves rather than the more useful absolute tissue
concentrations that can be quantitated with ”Br and PET.
It should be noted in this regard that absolute tissue doses
cannot be extrapolated from smaller mammals to primates
due to interspecies differences in the metabolic pathways
of bromperidol.?*3? In addition to the low radiochemical
yield and long preparation time, use of the Sandmeyer
reaction resulted in a specific activity of 18.4 mCi/mmol,?
which for a typical radiopharmaceutical dose of 5 mCi
corresponds to 11.4 mg of bromperidol. Not only is this
dose too high to qualify as a tracer of bromperidol phar-
macokinetics (the therapeutic maintenance dose of brom-
peridol is 6 mg/day??), but the specific activity is too low
to allow evaluation as a receptor-binding radiopharma-
ceutical, where specific activities in the order of several
hundred Curies per millimole are required.*

We therefore examined alternative bromodemetalation
techniques for labeling bromoperidol. Because high ra-
diochemical yields were obtained with nca bromo-
destannylation using simple aromatic compounds,® a
stannylated precursor for bromperidol was synthesized.
Reaction of (trimethylstannyl)sodium reagent (9) directly
on haloperidol (2) successfully resulted in the para-tri-
methylstannylated precursor (10), as shown in Scheme II.
Haloperidol was used as the stannylation substrate despite
the slower reaction kinetics of aryl chlorides compared with
aryl bromides®® due to ease in HPLC purification as well
as to exclude traces of bromperidol in labeling precursor
(10) (Scheme II). Stannylated compound (10) was readily
separated in 40% yield from protonated side-product
peridol (11) as well as unreacted haloperidol (2) by using
preparative HPLC.

Regiospecific bromodestannylation of 10 occurred with
macroscopic Br, as well as nca "Br~ and "'Br~ oxidized in
situ (Scheme II). Although the use of either dichlor-
amine-T (a) or hydrogen peroxide/acetic acid (b) as oxi-
dizing agents resulted in [°Br]- and [""Br]bromperidol in
30-40% radiochemical yield, in the former case chlorinated
side-product haloperidol (2) was also produced. Because
haloperidol is a potent neuroleptic,22* its presence in the
injectate results in low “effective” specific activity.®” As
shown in Figure 2a, this haloperidol impurity can be sep-
arated from radiolabeled bromperidol by using reversed-
phase HPLC, but some tailing of chlorinated side product
into the bromperidol peak is unavoidable.

This chromatographic difficulty can be eliminated by
use of a labeling method that does not involve chlorination
as a side product. Hydrogen peroxide/acetic acid has been
used for the radiohalogenation of «-carbonyl carbon® and

(30) Chasseaud, L. F. Acta Psych. Belg. 1978, 78, 51.

(31) Hawkins, D. R.; Biggs, S. R.; Brodie, R. R.; Chasseaud, L. F.;
Midgley, L. J. Pharm. Pharmacol. 1982, 34, 299.

(32) Wong, F. A,; Baterman, C. P.; Shaw, C. J.; Patrick, J. E. Drug
Metab. Dispos. 1983, 11, 301.

(33) Haase, H. J.; Kaumeier, S.; Schwarz, H.; Gundel, A.; Linde, O.
K.; Maetz, H.; Scheel, R.; Stripf, A.; Stripf, L. Pharmakopsy-
chiat. 1978, 11, 81.

(34) Eckelman, W. C., Ed. “Receptor-Binding Radiotracers”; CRC
Press: Boca Raton, FL, 1982; Vol. 1 and 2.

(35) Moerlein, S. M.; Coenen, H. H. J. Labelled Compd. Radiop-
harm. 1984, 28, 1076 (abstract); J. Chem. Soc., Perkin Trans.
1, in press.

(36) Wursthorn, K. R.; Kuivila, H. G.; Smith, G. F. J. Am. Chem.
Soc. 1978, 100, 2779.

(37) Senderoff, S. G.; McElvany, K. D.; Carlson, K. E.; Heiman, D.
F.; Katzenellenbogen, J. A.; Welch, M. J. Int. J. Appl. Radiat.
Teot. 1982, 33, 545.
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Figure 2. HPLC separation of the reaction products shown in
Scheme II. (a) reaction products arising from the use of di-
chloramine-T (1 X 25 cm RP-18, MeOH:H,0:Et;N = 70:30:0.1);
(b) reaction products arising from the use of H,0,/CH;COOH
(1.6 X 25 cm Si-60, CHCl3:EtOH = 90:10).

vinyl positions®® of steroids, and we have applied it here
for aromatic bromodestannylation. Using this oxidant,
protodestannylation occurs as a side reaction, rather than
chlorodestannylation as when chloramines are used as
oxidizing agents. Chromatographic separation of the
protonated side product (peridol) and radiolabeled brom-
peridol is achieved by using normal-phase HPLC. As
shown in Figure 2b, the tailing problem is avoided, since
high effective specific activity ["®Br]- and ["Br]-
bromperidol elutes before peridol.

As seen in Table I and Figure 1, high effective specific
activity [""Br]bromperidol shows the pharmacokinetic
profile of a lipophilic compound that has a large coefficient
of distribution from the plasma into the tissues. Uptake
into the lungs is high, probably due to the lipophilicity of
bromperidol as well as the low pH of lung tissue, which
tends to trap the basic neuroleptic. Activity clears from
the lungs and kidneys with time, while that in the liver
increases, possibly due to the oxidative N-dealkylative
metabolic pathway common to butyrophenone neurolep-
tics.

Uptake of [""Br]bromperidol into the brain is very rapid
and remains high for long periods, in general agreement
with the rapid onset and duration of action of bromperi-
dol.2 This is in contrast to the blood levels, which remain
low over the test interval in spite of high in vitro plasma
binding by bromperidol.?® These results indicate why it
has been difficult to correlate blood levels with the
pharmacological effect of butyrophenones!® and corrobo-
rate that brain levels are perhaps a better monitor of
clinical response.'® This is further strengthened by our
results that ca. 90% of the extractable brain radioactivity
at 2 h post-injection is due to intact bromperidol.

The results in Table I are in good agreement with re-
ports concerning bromperidol labeled with 8 -emitting
nuclides. [*H]bromperidol labeled in the p-fluorobutyro-

(38) Hanson, R. N.; Franke, L. A. J. Nucl. Med. 1984, 25, 998; 1116.
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phenone ring shows similar pharmacokinetics in rats, but
the plasma concentrations are higher.3¥4 Whether this
is due to ®H exchange with plasma water, because the
location of the label means different metabolites are being
traced, or due to other reasons is unclear. Metabolic
studies using [**C]bromperidol labeled in the piperidine
ring unfortunately did not include tissue distribution de-
termination.3?

Our results also agree qualitatively with the tissue dis-
tribution of relatively low specific activity [32Br]-
bromperidol.?® The latter results show a similar decrease
with time of the radioactivity in the lungs and kidneys, but
activity in the liver and blood remains relatively constant
over the 2-h test interval. In addition, concentrations in
the blood are much higher while those in the brain and
liver are much lower than the results in Table I. We
attribute these differences to variation in the bromperidol
dose administed in each study. Although the effect of dose
on the tissue distribution of bromperidol has not been
investigated to date, such a study has been done for hal-
operidol administered subcutaneously to rats in the dose
range 0.04-2.5 mg/kg.*! It was shown that as the dose
of haloperidol was decreased, the percentage of the injected
dose that localized in the brain increased, that in the blood
decreased, and the liver pharmacokinetics became first
order. These dose effects correlate well with the differ-
ences in the distribution reported earlier for [*?Br]-
bromperidol at a dose of 0.2 mg/kg® and the data shown
in Table I for “infinitely diluted” (<15 ng/kg) [""Br]-
bromperidol.

Conclusion

This work reports the high radiochemical yield, high
effective specific activity synthesis of ["®Br]- and [""Br]-
bromperidol suitable for use as a radiopharmaceutical
tracer of bromperidol pharmacokinetics. Although
["Br]bromperidol is not useful in primates for in vivo
receptor-binding studies,***? the ["*Br]bromperidol re-
sulting from this synthesis can be used to quantitate ab-
solute tissue doses in man noninvasively with PET, which
is of great use for pharmacokinetic studies since metabolic
differences make extrapolation from animal results to
humans inappropriate. The absolute quantitation of the
brain dose of bromperidol using PET can thus be used to
develop correlations between plasma concentrations as well
as clinical response in humans. High specific activity
[""Br]bromperidol prepared by this method may also be
used for the determination of organ elimination half-times
and metabolic studies in conjunction with conventional y
scintigraphy. In the latter case, the blood metabolites can
be analyzed with great sensitivity using radio-HPLC.

In preliminary tissue distribution studies in the rat,
differences were noted from a previous study? using rel-
atively low specific activity radiobrominated bromperidol.
These variations suggest that a future application for high
specific activity ["*Br]- or [""Br]bromperidol prepared by
this method is the determination of the effect of dose
(specific activity) on the tissue deposition of bromperidol.

(39) Soudijn, W.; Van Wijngaarden, L.; Allewijn, F. Eur. J. Phar-
macol. 1967, 1, 47.

(40) Heykants, J.; Meuldermans, W.; Michiels, M. Eur. J. Drug
Metab. Pharmacokinet. 1978, 2, 111.

(41) Lewi, P. J.; Heykants, J. J. P.; Allewijn, F. T. N.; Dony, J. G.
H.; Janssen, P. A. J. Arzneim.-Forsch. 1970, 20, 943.

(42) Moerlein, S. M.; Laufer, P.; Stécklin, G. In “Proceedings of the
Eighth International Symposium on Medicinal Chemistry”,
Uppsala, Sweden, Aug 27-31, 1984; Nilsson, J. L. G., Dahlbom,
R., Eds., in press.

(43) Moerlein, S. M.; Stocklin, G.; et al., in preparation.
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The radiosynthetic methods presented for the synthesis
and purification of high effective specific activity brom-
peridol may find general application with alternative ra-
diohalogenated receptor-binding radiopharmaceuticals.

Experimental Section

Unless otherwise indicated, all compounds used were of reagent
grade and solvents were of analytical quality. Melting points were
determined in open capillary tubes on a Mettler FP-61 melting
point apparatus and were not corrected. NMR spectra were
derived with a Bruker WP-80 high-resolution NMR spectrometer
employing an internal standard of tetramethylsilane. IR spectra
were obtained with a Perkin-Elmer Model 257 spectrophotometer
using KBr pellets. Mass spectral analyses were done on an AEI
Scientific Apparatus MS-30/74 mass spectrometer. Where
analyses are reported by symbols of the elements, results were
within £0.4% of the calculated value.

4-Chloro-1,1-ethylenedioxy-1-(4-fluorophenyl)butane (4).
A mixture consisting of w-chloro-(4-fluorophenyl)butyrophenone
(3) (6 mL, 36.5 mmol), ethylene glycol (6 mL, 110 mmol), and
p-toluenesulfonic acid (500 mg) in anhydrous benzene (400 mL)
was refluxed for 12 h with azeotropic distillation of water. The
organic phase was successively washed with equal volumes of 5%
NaHCO; and water and dried with Na,SO,, and the solvents were
removed to leave 10.6 g (98%) of product (4). 4 was used for the
following reaction without further purification.

4-[4-(4-Chlorophenyl)-4-hydroxypiperidino]-1,1-
ethylenedioxy-1-(4-fluorophenyl)butane (6). A mixture of
product 4 (4.5 g, 18.4 mmol), 4-(4-chlorophenyl)-4-hydroxy-
piperidine (5) (3.9 g, 18.4 mmol), K,COj; (9 g), and KI (210 mg)
in anhydrous DMF (75 mL) was stirred at 100 °C for 17.5h. The
mixture was diluted with water and extracted with ethyl acetate.
The organic layer was washed with water and dried with MgSO,
and the solvent removed under reduced pressure to leave 6.4 g
(87%) of product 6. The subsequent reaction sequence was
followed without any additional purification.

4-[4-(4-Chlorophenyl)-4-hydroxypiperidino]-4’-fluoro-
butyrophenone (Haloperidol) (2). A 5-g portion (11.2 mmol)
of product 6 and concentrated HCI (5 mL) in methanol (60 mL)
were refluxed for 2 h. The reaction mixture was diluted with ethyl
acetate and successively washed with 5% aqueous ammonia and
water. The solution was dried with MgSO,, and the solvents were
removed by evaporation under reduced pressure. The residue
was eluted through a silica gel column using a mobile phase of
CHCl3MeOH = 9:1, and the major peak was recrystallized twice
from ethyl acetate to yield 4.0 g (65%) of solid product 2: mp
148.6 = 0.1 °C; 'H NMR (acetone-dg) 4 8.1 (dd, J = 3, 6 Hz, 2
H, Ar H), 7.4 (m, 6 H, Ar H), 3.2-1.5 (m, 15 H, alk H); IR (KBr)
1675 (Ph—-CO0), 1595 (Ph), 1215 (C-OH), 1550 (Ph-F), 990 (pyr),
830 (1,4-disubstituted Ph) cm™; MS m/e 376 (M*). Anal.
(CyHyFCINO,) C, H, N.

Hexamethylditin (8). Compound 8 was synthesized as pre-
viously described.# Trimethyltin chloride (7) (20 g, 100 mmol)
was dissolved in 35 mL of absolute hexane and the resultant
mixture cooled to 80 °C in a round-bottomed flask equipped with
stirrer and dry ice cold finger. Ammonia (100 mL) was condensed
into the flask, and 2.35 g (100 mmol) of Na was added in small
pieces over a 30-min period with stirring. The ammonia was then
evaporated off, and the mixture was filtered under an argon
atmosphere through glass wool. The filtrate was fractionally
distilled to isolate 12.6 g (77%) of product (8): bp 84-85 °C (45
mm) (lit.* mp 61 °C (12 mm)); 'H NMR (CCl,) 4 0.21 (s).

(Trimethylstannyl)sodium (9). On the basis of the same
report,*® a 1 M solution of 9 in absolute glyme was prepared. A
2-mL portion of this solution was stirred with 115 mg (5.0 mmol)
of finely cut Na and 4 mL of absolute glyme at 0 °C under an
argon atmosphere. Stirring was continued for 2 h, at which time
the same amount of black precipitate remaining was allowed to
settle. The light yellow supernatant was filtered through glass
wool, and the concentration of 8 in the filtrate was determined*

(44) Smith, G. F.; Kuivila, G. H.; Simon, R.; Sultan, L. J. Am.
Chem. Soc. 1981, 103, 833.

(45) Blessing, G.; Weinreich, R.; Qaim, S. M,; Stocklin, G. Int. J.
Appl. Radiat. Isot. 1982, 33, 333.
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to be 0.6 M. This solution was used immediately in the following
reaction.

4-[4-[4-(Trimethylstannyl)phenyl]-4-hydroxy-
piperidino]-4’-fluorobutyrophenone (10). A 750-mg sample
(2 mmol) of product 2 was dissolved in 20 mL of absolute glyme
and the resultant mixture cooled to 0 °C under an inert atmo-
sphere. Five milliliters (3 mmol) of a 0.6 M solution of 9 in
absolute glyme was added and the resultant mixture allowed to
stand at ~10 °C for 14 h. The supernatant was removed, and the
solvent was evaporated off at reduced pressure. The residue was
dissolved in 40 mL of CHC],; and washed twice with 40 mL of
water. The organic layer was separated, and the solvents were
removed to leave a solid residue consisting of unreacted 2, side
product 11, and product 10. These products were separated by
using preparative HPLC (1 X 25 cm RP-18; MeOH:H,0:Et;N =
80:20:0.1); k' = 2.8, 3.2, and 5.0 for 11, 2, and 10, respectively. The
solvents were removed from the third fraction to yield 432 mg
(0.9 mmol, 43%) of product (10): mp 221.0 £ 0.1 °C; 'H NMR
(CDCly) 5 8.15 (dd, 2 H, Ar H), 7.5 (m, 6 H, Ar H), 3.1-1.8 (m,
15 H, alk H), 0.28 (s, 9 H, SnCHj); IR (KBr) 1665 (Ph-CO), 1595
(Ph), 1220 (C-OH), 1150 (Ph-F), 990 (pyr), 825 (1,4-disubstituted
Ph), 760 (Ph-Sn) cm™; MS m/e 504 (M*). Anal. (Cy,H5,FNO,Sn)
C,H,N.

4-[4-(4-Bromophenyl)-4-hydroxypiperidino]}-4'-fluoro-
butyrophenone (Bromperidol) (1). A 51-mg sample (100 mmol)
of product 10 was dissolved in 100 mL of CHCI;, and 16 mg (100
mmol) of Bry in 25 mL of CHCI; was added dropwise while stirring.
Following an additional 30 min of stirring, the mixture was re-
moved and washed twice with 100 mL of water. The organic phase
was dried with Na,SO, and the solvent evaporated at reduced
pressure. The residue was recrystallized from ethyl acetate to
yield 33 mg (79%) of product (1): mp 155.0 £ 0.1 °C; 'H NMR
§8.1(dd, 2 H, Ar H), 7.4 (m, 6 H, Ar H), 3.1-1.6 (m, 15 H); IR
(KBr) 1675 (Ph-CO0), 1595 (Ph), 1220 (C-OH), 1150 (Ph-F), 990
(pyr), 925 (1,4-disubstituted Ph) cm™; MS m/e 420 (M*). Anal.
(C41H23BrFNO,) C, H, N.

Radiosynthesis of [°Br]- or ["Br]Bromperidol (1). The
bromine radioisotopes were produced via the "?As(*He, 3 n)"Br
reaction or "As(w«, 2 n)”’Br reaction using the Jiilich CV-28
compact cyclotron.*

By reaction pathway a (Scheme III), 15 mCi of Br in aqueous
solution was dried under reduced pressure at 100 °C. A 2-mg
sample of 10 was then added with 1 mL of methanol, the mixture
was stirred to dissolve the stannylated butyrophenone, and 2 mg
of dichloramine-T was added to begin the oxidative bromination
reaction. After 5 min at 25 °C, the entire contents were removed
and separated by HPLC (1 X 25 cm RP-18, MeOH:H,0:Et;N =
80:20:0.1; k' = 3.4) to yield 6 mCi (40% radiochemical yield) of
[""Br]bromperidol.

By reaction pathway b (Scheme III) and a radioisotope pro-
duction yield of 12 mCj of ""Br~, the aqueous solution of radio-
bromide was dried under reduced pressure at 100 °C in a sealed
vessel. A 2-mg portion of compound 10 was added with 1 mL
of 35% H,0,/CH;COOH (2:1) and the reaction mixture stirred
at 25 °C for 10 min. The mixture was then cooled in an ice bath
and made basic by dropwise addition of ice-cold 33% aqueous
NH;. Following addition of base, the organic products were
extracted into 1.5 mL of CHCl;. The entire organic phase was
injected onto an HPLC column (1.6 X 25 cm Si-60; CHCl;:EtOH
= 90:10) to isolate [""Br]bromperidol (k’ = 6.2) from peridol (k’
= 7.0). The elution fraction corresponding to bromperidol was
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dried in vacuo and redissolved in 2--5 mL of 0.9% aqueous NaCl,
pH 3.0. Sterile filtration resulted in 4.3 mCi of [""Br]bromperidol
suitable for in vivo administration. Overall corrected radio-
chemical yields of 35% were obtained following a total synthesis
and purification time of 30 min, with a specific activity exceeding
10000 Ci/mmol as determined by using a bromperidol mass-UV
absorbance curve. The radiosynthetic yields for [Br]bromperidol
were very similar, the major difference being that higher starting
radioactivities (ca. 150~200 mCi of *Br~) were used.

Tissue Biodistribution Studies. Female Sprague-Dawley
rats weighing 300-320 g were allowed free access to food and water
during the course of these experiments. [""Br]bromperidol (50-100
#Ci) in 0.1 mL of 0.9% NaCl, pH 3, was injected into the femoral
vein of each animal after light ether anesthesia. Following a
predetermined test interval, the animals were sacrificed in groups
of five by decapitation, immediately following extraction of a blood
sample via cardiac puncture. The organs shown in Table I were
removed by surgical dissection, blotted dry, and weighed, and the
radioactivity was determined by counting in a NaI(T1) well-type
v-scintillation counter. The results were calculated in terms of
percent injected dose per gram of tissue using a standard sample
of the injectate. For the major organs of interest (brain, blood,
liver, kidneys, lungs), these values were recalculated as percentages
of the mean body concentration (% MBC) using the equation %
MBC = [organ dose/organ weight]/[total injected dose/total body
weight] x 100.

Cerebral Metabolism. For animals sacrified at 2 h post-in-
jection, brain samples were homogenized in distilled water and
20 mL of the homogenate was mixed with 100 mL of aqueous
solution of bromperidol (1 mg/mL, pH 3). The solution was
adjusted to pH 10 and extracted into 100 mL of CHCl;. The
phases were separated, 1-mL aliquots were removed from each
phase, and the percent organic extraction of radioactivity was
determined by counting in a vy-scintillation detector. The organic
phase was concentrated by evaporation at reduced pressure, and
a 50-uL aliquot was separated by two-dimensional TLC (Kieselgel
Si-60; MeOH:acetone = 12:88; MeOH:c-CgH,:AcOEt = 18:33:49).
The stationary phase was cut in a grid pattern and the radio-
activity content of each region of the TLC plate determined by
counting in a y-scintillation detector. The percentage of total
TLC plate radioactivity that comigrated with a standard solution
of bromperidol was multiplied by the percent organic extraction
to give an average value of 87.2 + 6.4% for the total brain activity
due to intact bromperidol in five animals.
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