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SUMMARY
Two phencyclidine (PCP) analogs, 3 and 4, and one thienylcyclohexyl-
piperidine (TCP) analog, (*)6, were labeled with positron emitter
carbon-11. These compounds displayed higher in vitro binding affinities
than PCP itself for the PCP-binding site located inside the ion channel
on the N-methyl-D-aspartate (NMDA) receptors. Brain distribution
studies in mice showed different uptake characteristics between the PCP
and TCP analogs, indicating their different in vivo interactions with
the brain components including the PCP-binding site probably due to the

different physicochemical properties of the molecules.
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INTRODUCTION
In recent years there has been intense interest in developing radioligands
for in vivo functional studies of the N-methyl-D-aspartate (NMDA)
receptors using positron emission tomography (PET) or single photon
emission tomography (SPECT). This interest comes from key roles of the

NMDA receptors in human plastic synaptic events such as memory formation
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and learning®’ as well as in neurotoxicity associated with stroke, seizure

and several neurodegenerative disorders®’. In general, a
radiopharmaceutical for visualizing neurotransmitter receptors in brain

is required to have at least two properties. First, it may be an agonist

or antagonist that interacts with the receptor with high specificity (K,

in the nano or pico molar range). Second, it must have the ability to

penetrate the blood-brain barrier (BBB) in significant quantity. The

NMDA receptors possess a variety of drug binding sites in addition to

L-glutamate-binding site, namely glycine-, polyamine-, =zinc-, and
)

dissociative anesthetic phencyclidine (PCP)-binding sites®*’, various

compounds acting as agonist or antagonist for the each drug binding site

have recently been developed and extensively used in vitro and in vivo

studies of the NMDA receptors” . Most of these compounds except for the

antagonists binding to the PCP-binding site, however, have poor BBB
permeability. Therefore only lipophilic PCP-binding site antagonists
such as PCP, thienylcyclohexylpiperidine (TCP), and (%)-5-methyl-
10,11-dihydro-5H-dibenzo[a,d]-cycloheptan-5,10-imine (MK-801) have

123,12515,6)

previously been labeled with ‘'c, '°F, and and have been examined

for their utility as in vivo radioligands for PET and SPECT. None of
these radioligands, however, has proved to be useful for imaging the NMDA
receptors in vivo because of their undesirable high non-specific
interactions with the brain components. Therefore, the searchcontinues
for appropriate radioligands capable of visualizing the NMDA receptors

in vivo with PET or SPECT.
A previous study on the structure-activity relationship (SAR) of pcp”!

has shown that introduction of a methoxyl group (3, 4) to themeta-position
on the phenyl ring of the PCP molecule afforded considerable improvement

in affinity over PCP. SAR studies of TCP which is known to exhibit about
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10-fold higher in vitro affinity than PCP to the PCP-binding site®’ have

shown that introduction of a methyl® or a hydroxymethyl group ((*)5)°’

to the C,-position on the cyclohexyl ring is well tolerated for the

activities. The cis/trans geometry of substituents on the cyclohexyl
ring of both PCP and TCP analogs apparently affects their in vitro

affinities’™). Cis-substitutions at the C, of the TCP cyclohexyl ring,

in which the piperidine ring is on the same side as the C,-substituents
such as (%)5, in general show relatively higher affinities than the
corresponding trans-substitutions. Conversely trans-substitutions at

the C, of the PCP cyclohexyl ring such as 4 showed higher affinities than

the corresponding cis-substitutions such as 127, On the basis of these
SAR studies, we have synthesized a racemic TCP analog,(t)6, having a
cis-methoxymethyl group at the C, of the cyclohexyl ring and found that
this compound shows a five-fold higher in vitro binding affinity than

PCP to the PCP-binding site by competition assay for rat brain homogenates

labeled with [*H]TCP>’ as shown in Table 1.

R? N ﬁ'%

PCP: R'=R%=H 3: R'=0CH,, R2=H TCP: R=H
1:R'=OH,R%*=H  4:R'=0CHj R?=CHy (x)5: R=CH,0H
2: R'=0H, R2=CH, (+)6: R=CH,0CH,

Fig. 1. Structures of PCP and TCP Analogs

Methylations of N-, O-, and S-nucleophiles with ['!C]iodomethane are of

great use in introducing a short-lived ‘'C-positron emitter (T,,,=20.3
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min) into organic molecules'®’. The compounds (3, 4, (#)6) having a
methoxyl group could be easily labeled with ''C without change of chemical
structure by methylation of the corresponding hydroxyl precursors (1,
2, and (%)5) with ['!C]iodomethane. Thus we report here the
radiosyntheses of ''C-labeled compounds ([!C]3, ['!C]4, and (%)[(''C]6)

as tracer candidates for imaging the NMDA receptors with PET, as well

as their different brain distributions in mice.

Table 1. Binding Affinity and Lipophilicity of PCP and
TCP Analogs.

Logp%

c ICso(NM)®)  ICso(nM)P)
ompound s0 (nM) so (nM) measured®) calculated?

PCP 5247 142 1.69%0.01 3.98
3 - - 1.9240.01 3.72
4 - - 2.13%0.02 4.05
12 - - - -
TCP 7.94£0.03 - 2.2240.01 3.13

(*)s 16+2 - - -
)6 - 28.6%4.7°) 3.00%0.06 2.71

a) data from reference 9. b) values were determined as
described in reference 5. c) value is the mean with
S.E.M. from 4 experiments. d) logarithm of the partition
coefficient between n-octanol and water. e) measured at
pH=7.4 using a standard shake flask method and values
reported are the mean with S.D. from 3-4 experiments. f)

estimated by the fragment method of Ghose and
Crippen.?l)

RESULTS AND DISCUSSION
The PCP analogs (3 and 4) were prepared by the conventional method of
11)

Geneste et al. as shown in Scheme 1. Briefly, reaction of 3-

methoxyphenylmagnesium bromide and cyclohexanone or 4-methylcyclo-

hexanone gave tertiary alcohol (7 or 8), which was converted to tertiary
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amine (9 or 10 and 11) via tertiary azide. The cis (11) and trans (10)
isomers were easily separated by column chromatography on silica gel and
their stereochemicals were identified by lH-NMR spectral analyses after

conversion into the PCP analogs (4 and 12). The C,-methyl proton signal

of the trans-isomer (4) appeared up-field (8=0.75 ppm) compared with that
of the cis-isomer (12) (6=0.95 ppm) due to the shielding effect by the

phenyl ring'?'. Hydroxyl precursors (1 and 2) used for the radiolabeling
were prepared in good yields by demethylation of 3 or 4 with hydrobromic
13)

acid in acetic acid®’. These precursors were further purified by HPLC

to prevent contamination with trace amounts of methoxy derivatives which

lower the specific activity of the labeled compounds.

CH,3
(1, @) H L@
—> H,CO —_—
H3c° Br R1 NH2
2
R R 9:R'=-R%H
7:R=H 10: R'=CH,, R%=
8: R=CHj,4 11: R'=H, R%CHj,
OCH, OH
6
®) e
_— ——————
. N% I R N%
R®  3:R'-RZH 1: R=H
4: R'=CHjg, R%=H 2: R=CHg
12: R'=H, R%=CHj,

Scheme 1. Syntheses of PCP Analogs. (1) Mg; (2) cyclohexanone or
4-methylcyclohexanone; (3) NaN,, CF,CO,H; (4) ©LiAlH,; (5) 1,5-
dibromopentane, K,CO,; (6) HBr/CH,CO,H; (7) CH,I, NaH, DMF
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Radiosynthesis was carried out in an automated synthesis apparatus for

14)

*c_labeled compounds developed by Suzuki et al. Reaction of 1 or 2

with ['!C]iodomethane in dimethylformamide in the presence of about 2eq

of NaH at 50°C for 5 min gave [*'C]3 or ['!C]4 with 90-92% incorporation

of the radioactivity, which was purified by reversed-phase HPLC and
finally formulated with an isotonic saline (see Experimental for details).
The total synthesis time was 22-24 min from the end of bombardment (EOB).
Attempted ''C-methylation of (%)5 by the same procedure as for the
syntheses of ['!C]3 and [*'C]4 was unsuccessful and gave (*)['’C]6 in poor
yields (=3%). This low reactivity of (t)5 toward the 'C-methylation
would be due to the insufficient formation of an active O-nucleophile
by the short treatment of (*)5 with NaH at room temperature. This

problem was overcome by heating of (t)5 with an excess amount of dry NaH
in dimethylsulfoxide before the reaction with [''C]iodomethane, giving
(£)[**c}6 with 41% incorporation of the radioactivity. The total
synthesis time of (%)[*!C]6 including HPLC purification and subsequent

formulation with isotonic saline was about 24 min. The radiochemical

purities and specific activities of these labeled compounds in isotonic

salines were always 299% and 241GBq/umol, respectively.

The distribution of *!C in blood and in four brain regions (cerebral cortex,
hippocampus, striatum, and cerebellum) was studied after intravenous
injections of the ''C-labeled compounds (Table 2). Initial brain uptake
of the TCP analog ((t) [*'Cc]6) observed at 1 min after the injection was
about 2-fold those of the PCP analogs ([''C]3 and ['!C]4). These three

radioligands seemed to be lipophilic enough to freely enter the brain

as supported by their high logP values (Table 1). Therefore, the
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difference in the initial brain uptake between the PCP and TCP analogs
may be due to their different initial concentrations in the blood after
injection. This suggests different peripheral metabolism and
elimination processes. The radioactivities of (¢)['!C]6 decreased

rapidly with time from all the brain regions, in parallel to the

radioactivity in the blood, without showing any selective localization.

Table 2. Brain Distributions (%dose/g t S.D.; n=3) of !!C-Labeled

Compounds
Region 1 min 5 min 15 min 30 min

Cerebral 1.45$0.57 1.68£0.08 1.2840.06  0.85%0.09

cortex
Hippocampus 1.43:0.12  1.47£0.04 1.22$0.05  0.80%0.09
[}'c]3 striatum 1.56£0.13  1.72¢0.08 1.26:0.04  0.80%0.10
Cerebellum  1.59$0.07 1.47:0.04 1.06:0.63  0.70%0.06
Blood 1.54$0.22 1.16$0.11 0.88#0.03  0.71%0.08
Cerebral 1.38¢0.14  1.20$0.17 1.15%0.08  0.970.10
Hippocampus 1.09£0.04  1.050.16 1.09£0.07  0.88:0.11
[''C14 striatum 1.274¢0.10 1.14%0.23 1.05:0.03  0.91:0.09
Cerebellum  1.18:0.12 1.043$0.16 1.00t0.04  0.83$0.10
Blood 1.49£0.16  0.7840.03 0.68:0.01  0.67%0.03
Cerebral 2.86#0.11 1.93:0.06 0.84%0.05 0.61$0.20

cortex
Hippocampus 2.56%0.10 1.84£0.06 0.87t0.04  0.59t0.18
(¢)[!'Cc]6 Striatum 2.75¢0.17 1.89%0,08 0.91%#0.10 0.60£0.17
Cerebellum  2.88%0.13 1.81$0.07 0.81+0.04  0.59£0.16
Blood 2.4110.37 1.3940.01 0.80:0.06 0.65t0,13

Contrary to the TCP analog ((%)[''C]6), the two PCP analogs ([''C]3 and
[*’C]4) showed slower clearance from the brain than that from the blood
and the *'C in the brain exceeded that of (#)[*'C]6 at 15 min post injection.

The two PCP analogs showed similar regional brain distributions. Notably

they showed a slightly higher uptake in the hippocampus and striatum,

regions known to be rich in NMDA receptors in rodents'®’. However the
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ratio of !'C in NMDA-rich regions to that in cerebellum is only = 1.2,
suggesting that non specific binding blurs specific binding to the NMDA
receptors.

In general, a lipophilic compound having an octanol/water partition
coefficient (P) that exceeds 1.0 (logP >0) is rapidly taken up by the
brain from blood. The optimal lipophilicity for brain penetration has
been reported to be around logP=2“’ . As shown in Table 1, the radioligands
used in the present studies had measured logP values close to the optimal
value, and their in vitro binding affinities were not significantly

different from each other’’. Therefore the observed different behaviors

in the brain between the PCP and TCP analogs would indicate their different
in vivo interactions with the brain components including the PCP-binding
site. Since the PCP site is known to be located inside the ion-channels
associated with the NMDA receptors”’, the bindings of the radioligands
to this site would be affected by the amount and duration of the endogenous
agonists such as L-glutamate and glycine both of which are essential for
the channel openings. Irrespective of these agonist-dependent bindings,
recent studies have suggested that the PCP-like agents may also gain access
to their binding site when the channels are closed (agonist-independent

bindings) as well as opened'®’'®’.

The NMDA ion channels are known to be
closed or blocked by Mg in its resting stage, and a few of them that bind
agonists have recently been reported to be actually opened"’.

Although the kinetics of the channel opening and the mode of ligand
bindings (agonist-dependent or -independent) remain to be clarified to
better understand the in vivo interactions of the radioligands with the

PCP-binding site, a dominant factor determining the in vivo

receptor-ligand interactions may be the physicochemical properties of
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the radioligands such as lipophilicity and ionization in vivo. TCP and
PCP molecules are likely to be partly ionized in the water at pH=7.4 by

11,19)
.

protonation of the basic amines Such ionizations of the compounds

reduce their partition coefficients by making themmore hydrophilic. The
calculated logP value®!’ of the unionized form of (%)6 was considerably
lower than those of 3 and 4 as shown in Table 1. Whereas, very
interestingly, the measured logP value at pH=7.4 of (%)6 was found to
be extraordinarily high compared to those of the PCP analogs, suggesting
that the TCP analog is less ionized than the PCP analogs at physiological
pH, namely in vivo. Another possible explanation for the high measured
logP value of (%)6 could be an intramolecular hydrogen bonding between
the protonated amine and the oxygen of the C,-substituent. The importance
of the hydrogen bondings in the interactions of the ligands with the

pharmacophore of the ion channel has recently been reported??'?*’,

Thus,
it can be postulated that the rapid clearance of (%)[!''C]6 from the brain
is caused by reduced in vivo interactions not only with the PCP-binding
site but also with other brain components, due to the reduced ionization
and/or to the intramolecular hydrogen bonding of the molecule. 1In
contrast, the two PCP analogs ([''C]3 and {*'C]4), which may be largely
ionized in vivo, appeared to have some specific interactions with the
PCP-binding site. However, the low ‘!’C-ratio in the regions of interest
to that in the cerebellum would also indicate high non-specific
interactions with brain components other than the PCP-binding site.
Further investigations are required to ascertain the ionizations of the
ligands affecting in vivo interactions with the PCP-binding site.
Difference in the binding affinity among enantiomeric C,-substituted PCP

24)

derivatives has previously been reported Therefore, the comparative

©1998 John Wiley & Sons, Ltd. J. Labelled Cpd. Radiopharm. XL1I, 843-858 (1998)



852 T. Haradahira et al.

study on the brain distribution of the (+)- and (-)-isomers of cis-6 will

also remain to be examined.

EXPERIMENTAL

General

All melting points (mp) are uncorrected. Nuclear magnetic resonance
(IH-NMR) spectra were recorded on a JNM-GX-270 spectrometer with
tetramethylsilane as an internal standard. All chemical shifts () are
reported in parts per million (ppm) down field from the standard. Low
resolution field desorption mass spectra (FD-MS) were obtained on a JEOL
JMS-300 spectrometer. High resolution fast atom bombardment mass
spectra (HRFAB-MS) were obtained on a JEOL NMS-SX102 spectrometer.
Column chromatography was done on Merck kieselgel gel 60 F254 (70 - 230
mesh). Thin layer chromatography (TLC) was carried out on Merck
Kieselgel 60 F254 plates. Radioactivity was quantified with a IGC-3R
Curiemeter (Aloka). High pressure liquidchromatography (HPLC) was done
using a Waters HPLC system for non-radioactive runs or a JASCO HPLC system
for radioactive runs. Effluent radioactivity from the HPLC was

determined using a NaI(T1l) scintillation detector system. Carbon-11 was

generated by the 1l4N(p, a)llC nuclear reaction using a CYPRIS HM-18
cyclotron (Sumitomo Heavy Industries, Ltd.). Preparation of [1lcjcHsz

and subsequent llc-methylations were carried out automatically by using
a synthetic apparatus for llc-labeled compounds developed by Suzuki et
al.'®. The free amines were converted into their hydrochloride salts
by dissolving methanol saturated with hydrogen chloride and evaporated

to dryness. Anhydrous DMF and DMSO were purchased from Aldrich Chemical

Co. and all reagents were used as received.

N-[1l-(3-methoxyphenyl)cyclohexyl]piperidine (3)

The amine intermediate (9) was prepared by the following sequence of
reactions according to the method of Geneste et al.'’’. Reaction of
3-methoxyphenylmagnesium bromide and cyclohexanone in THF gave the

tertiary alcohol (7) in 87% yield after purification by column
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chromatography with hexane-ethyl acetate (9:1). Treatment of 7 with
sodium azide and trifluoroacetic acid gave a tertiary azide, which was
reduced to 9 with LiAlH4 in 79% yield after purification by column
chromatography with hexane-ethyl acetate (1:1). mp 196-198°C (HC1 salt,
ethyl acetate, lit.?®’ 195-196°C). The free amine (9) was converted into
3 by a method described in the literature®®’. A solution of 9 (425 mg,
2.07 mmol) and 1,5-dibromopentane (285 pl, 2.10 mmol) in dry DMF (3.5
ml) was stirred and heated first at 60°C for 24 h, and then for a further
24 h in the presence of anhydrous K2C03 (286 mg, 2.07 mmol). The reaction
mixture was poured into 10% K2CO3 and extracted with ethyl acetate. The
extract was dried over Na2S0O4, evaporated to dryness, and the residue
was chromatographed on silica gel with dichloromethane-ethyl acetate
(1:2) to give pure 3 (408 mg, 72%) as a pale yellow syrup. mp 207-209°C
(HC1 salt, ethyl acetate, lit.'!’ 206-207°C). FD-MS m/e: 273 (M%).
1g-NMR (CDC13) &: 7.45 (1H, t, J=8.25 Hz), 7.09 (1H, d, J=7.92 Hz), 7.06
(1H, s), 7.02 (1H, d, J=7.92 Hz), 3.88 (3H, s), 3.71 (2H, d, J=10.8 Hz),
2.83-1.06 (18H, m). Anal. Calcd for Cj1gH27NO - HC1l: C, 69.77; H, 9.11;
N, 4.52. Found: C, 69.41; H, 9.02; N, 4.48.

trans and cis~N-[l-(3-methoxyphenyl)-4-methylcyclohexyl]
piperidine (4 and 12)

The amine intermediates (10 and 11) were prepared as described in the
preparation of 9, but with 4-methylcyclohexanone used in place of
cyclohexanone. The trans (10) and cis (11) isomers were obtained in 36%
and 23% yields from the tertiary alcohol (8), respectively, after
separation by column chromatography with CHCl3-MeOH(19:1). Rf values
were 0.16 for 10 and 0.38 for 11 on silica gel TLC plate using
CHC13-MeOH-28%NH3 (95:5:0.1) as amobile phase. mp 211-214°C (HC1 salt
of 10, acetone), 150-151°C (HC1 salt of 11, acetone). The geometrical

structures of these isomers were identified by lH-NMR spectral analyses
after conversion into the PCP analogs (4 and 12). The reaction of 10
with 1,5-dibromopentane by the same procedure described above and
subsequent purification by column chromatography with CHCl3-ethyl

acetate (1:1) gave the trans-isomer (4) in 68% yield as a colorless syrup.
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mp 223-224°C (HC1 salt, ethyl acetate). lH-NMR (CDC1l3) &: 7.27 (1H, t,
J=8.25 Hz), 6.88 (1H, d, J=7.92 Hz), 6.84 (1H, br-s), 6.79 (1H, d, J=7.92
Hz), 3.83 (3H, s), 2.61 (2H, d, J=10.2 Hz), 2.28 (4H, br-s), 1.62-0.85
(138, m), 0.75 (3H, d, J=6.6 Hz). HRFAB-MS (m/e) calcd for C19H30NO
(M*+H): 288.2327. Found: 288.2321.

The cis-isomer (12) was similarly obtained in 57% yield as a white solid
after treatment of 11 with 1,5-dibromopentane and subsequent
purification by column chromatography with petroleumether-ether (10:1).
mp 44-45°C (EtOH). lH-NMR (CDCl3) 6: 7.24 (1H, t, J=8.24 Hz), 6.89 (1H,
d, J=7.92 Hz), 6.84 (1H, br-s), 6.77 (1H, d, J=7.92 Hz), 3.81 (3H, s),
2.53 (2H, d, J=11.5 Hz), 2.24 (4H, br-s), 1.55-1.27 (13H, m), 0.95 (3H,
d, J=5.28 Hz). HRFAB-MS (m/e) calcd for C19H29NO (M'): 287.2249. Found:
287.2250.

N-[1-(3~-hydroxyphenyl)cyclohexyl]piperidine (1)

A mixture of 3 (20.6 mg, 0.075 mmol), 47% hydrobromic acid (0.4 ml) and
acetic acid (0.4 ml) was stirred and heated at 120°C for 3 h'®’, After
removal of the solvents in vaccuo, the residue was dissolved in water.
The water was made basic to litmus with 28% NH3 and extracted with
chloroform. The organic layer was dried over Na2S0O4 and evaporated to
dryness to give 1 (18.1 mg, 93%), which was recrystallized from MeOH.
mp 201-202°C. FD-MS m/e: 259 (M'). lH-NMR (CDCl3) &: 9.14 (1H, s), 7.09
(1H, t, J=7.59 Hz), 6.70 (1H, d, J=7.59 Hz), 6.68 (1H, s), 6.60 (1H, d,
J=7.1 Hz), 2.19-1.22 (20H, m). To prevent contamination with a trace
amount of 3, the obtained 1 was further purified by HPLC (column: MegaPak
SIL C18, JASCO, 10 x 250 mm) using MeOH/H20/triethylamine (80/20/0.05)

as the mobile phase.

N-[1-(3-hydroxyphenyl)-4-methylcyclohexyl]piperidine (2)

The same treatment of 4 (201 mg, 0.67 mmol) with a mixture of 47%
hydrobromic acid (3.7 ml) and acetic acid (3.7 ml) and subsequent work
up as described for the synthesis of 1 gave 2 (179 mg, 94%), which was
recrystallized from EtOH. mp 212-215°C (dec.). FD-MS m/e: 273 (NM').
lg_NMR (CDCl13) 6: 8.96 (1H, s), 7.09 (1H, t, J=8.1 Hz), 6.70 (2H, br-s),

6.60 (1H,d, J=7.8Hz), 2.42 (28, d, J=13.2 Hz), 2.22 (4H, br-s), 1.59-0.80
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(134, m), 0.74 (3H, d, J=5.9 Hz). To prevent contamination with a trace
amount of 4, the obtained 2 was further purified by HPLC (column: MegaPak
SIL C18, JASCO, 10 x 250 mm) using MeOH/H20/triethylamine (80/20/0.05)

as the mobile phase.

(t)=-N-[l-thienyl~-2-methoxymethylcyclohexyl]piperidine ((%)6)
A solution of (¢)5 (10.2 mg, 3.65 x 10~ mol) and NaH (60% in oil, 7 mg,
17.5 x 10° mol) in dry DMSO (1 ml) was stirred at 50°C for 30 min under

an argon atmosphere. To this solution was added iodomethane (12 pl, 19.3

x 10®° mol) and the mixture was stirred at 30°C for 3 h, quenched with
agqueous NaHCO,, and extracted with ether. The extract was dried over
Na,S0, and evaporated to dryness. The residue was chromatographed on
silica gel with n-hexane/ethyl acetate (4/1) to give pure (%)6 (9.5 mg,
88.7 %) as a colorless oil. FAB-MS m/e: 293 (M'). lH-NMR (CDC13) &: 7.19
(1, dd, J=3.8, 1.0 Hz), 7.01 (1H, dd, J=3.8, 1.65 Hz), 6.80 (lH, dd,
J=2.64, 1.0 Hz), 3.79 (1H, dd, J=9.9 , 3.6 Hz), 3.57 (1lH, t, J=9.9 Hz),
3.40 (3H, s), 2.7-2.8 (1H, m), 2.0-2.4 (4H, m), 1.8-1.9 (1H, m), 1.2-1.7
(13H, m).

Radiosyntheses of [l1C]3 and [llc)4

(11cjIodomethane prepared from [!!C]JCO, by conventional means was

introduced into a reaction vessel containing 1 or 2 (1.0 mg) and NaH (5
ul, 0.5 g/20 ml DMF) in dry DMF (250 pl) at -50°C. The temperature of
the reaction vessel was raised to 50°C and the mixture was stirred for
5 min. After addition of a HPLC mobile phase (500 pl), the reaction

mixture was transferred onto a reversed-phase HPLC column (MegaPak SIL
C18, JASCO, 10 x 250 mm) and eluted with MeOH/H20/triethylamine

(80/20/0.05) at a flow rate of 9 min/min. The eluate with a radioactive

peak at t,=7.6 min (for [11c]3) or at t,=8.1min (for [l1C]4) was collected
in a flask and the solvents were evaporated under reduced pressure. After

adding isotonic saline (5-10 ml) to the flask, the radioactivity in the

flask was recovered into a sterilized vial through a 0.22 pum Millipore

filter to give radiochemically pure (= 99%) [llcj3 or {11Cc)4 (0.37 - 1.33

GBg) in a synthesis time of 22-24 min from EOB. The specific activities
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of the llc-labeled compounds were estimated by UV spectroscopy (285 nm)

to be 41GBq/umol for [11C]3 and 63 GBg/umol for [llc)4 at EOS.

Radiosynthesis of (%)[llc)e
Dry NaH powder was obtained by several washings of a 60% NaH dispersed
in mineral oil with dry hexane and subsequent drying under reduced

pressure for 2h. The precursor (*)(5) (2.2 mg) was treated with the dry

NaH (1-2 mg) at 50°C for 30 min in dry DMSO (500 ul). To this solution

was added [llCjiodomethane at 20°C and the mixture was heated at 50°C
for 5 min. The radioactive product (t, =7.4 min) was purified by HPLC
(MegaPaK SIL C18; MeOH/H20/triethylamine=80/20/0.05; 4 min/min; UV at
254 nm) and formul&ted in an isotonic saline as described above. By this
procedure radiochemically pure (= 99%) (2)[1lc}é (200 - 590 MBg) was

obtained in a synthesis time of about 24 min from EOB.

Brain Distribution

The 1lc-labeled ligand was injected (ca 7.4 MBg, 37 MBg/ml) into ddY mouse
( 8 - 9 W.0.) through the tail vein. Animals were killed under ether
anesthesia at various time points. The brain was rapidly removed,
dissected into cerebellum, cerebral cortex, striatum, and hippocampus,
and weighed. The radioactivity in each sample was measured in a Packard
autogamma scintillation counter and corrected for decay. The results
are expressed as the percent administered dose per gram of tissue (%

dose/g).

LogP Determination
The logP values were measured using a standard shake flask method as
follows. The sample (3- 10 mg, free base) was well shaken with a mixture

of l-octanol (2.5 ml) and phosphate buffer (2.5 ml, pH=7.4) for 30 min
at 23*1°C. After centrifugation (3000 rpm X 10 min) of the mixture, the
two layers were separated and the concentration of partitioned substance
in each layer was quantified by HPLC (CAPCELL PAK C UGS80, 4.6 mm$pX250

mm, SHISEIDO; MeOH/H,0/triethylamine=90/10/0.05). The mean logP values
were determined after the three separate determinations and are listed
in Table 1.
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