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Abstract—A series of 2f,3a-(substituted phenyl)nortropanes was synthesized and evaluated in vitro for human monoamine trans-
porters. All compounds studied in this series exhibited nanomolar potency for the norepinephrine transporter (NET). Radiolabeling
and nonhuman primate microPET brain imaging studies were performed with the most promising compound, [''C]1, to determine
its utility as a NET imaging agent. Despite high in vitro affinity for the human NET, the high uptake of [''C]1 in the caudate and
putamen excludes its use as an in vivo PET imaging agent for the NET.

© 2007 Elsevier Ltd. All rights reserved.

The norepinephrine transporter (NET), a specific mar-
ker of noradrenergic neurons, plays a critical role in reg-
ulating neurotransmitter concentration at noradrenergic
synapses as well as terminating noradrenergic neuro-
transmission by reclaiming norepinephrine from the
extracellular space.!> The NET has been recognized in
the involvement of several neurological and psychiatric
disorders and is an established molecular target for the
treatment of depression, anxiety disorder, and atten-
tion-deficit/hyperactivity disorder (ADHD).?> ¢ Imaging
agents suitable for visualization and quantification of
the NET by emission tomography techniques would
present unique opportunities to define the function
and pharmacology of the NET in the living human
brain.

Several potent NET reuptake inhibitors such as desipra-
mine, nisoxetine, and analogues of tomoxetine have
been labeled and evaluated as NET imaging agents.
However, these radioligands have not shown suitable
in vivo properties.”® The recently reported C-11 or
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F-18-labeled reboxetine derivatives, [S,S]-MRB,!*12
[S,S]-FFMeNER-D,,'315 represent by far the most
promising candidates based upon preliminary studies
in rats and non-human primates.

We became interested in the 3-phenyltropane motif
because a variety of analogues have been shown to
be substrates for the dopamine transporter (DAT),
serotonin transporter (SERT), and NET.!® However,
while numerous efforts have been focused on develop-
ing analogues with high affinity as radioligands for
the DAT or SERT, their potential as NET radioli-
gands remains largely unexplored. Carroll et al.
recently reported structure—activity relationships of tro-
pane analogues related to their binding affinity to the
NET. In these studies, they demonstrated that 2f3,30-
isomers of 3-(substituted phenyl)nortropanes possessed
higher binding affinity at the NET, while their affinity
at the DAT and SERT decreased relative to their cor-
responding  2PB,3B-isomers.'”>!®  Particularly, 2B,30-
(3’-fluoro-4’-methylphenyl)nortropane (1, Fig. 1) is a
highly potent and selective compound with a K; of
0.43 nM at the rat NET and 21- and 55-fold selectivity
for the rat NET versus rat DAT and rat SERT, respec-
tively. 4’-Methyl analogue (2) also shows high affinity
for the TfNET (K;=5.2nM) and selectivity over the
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Figure 1. Structures of 2B,3a-(substituted phenyl)nortropanes.

rDAT (K; =33.6 nM) and rSERT (K; =46 nM). These
findings prompted us to synthesize 2p,3a-(substituted
phenyl)nortropanes which may offer promise as poten-
tial NET imaging agents. Based upon the observation
that 2B,3p-isomers of 3-(4’-iodophenyl)nortropane,'”
3-(4'-vinylphenyl)nortropane,”® and 3-(4'-ethynylphe-
nyl)nortropane?® were reported to have good affinity
at the NET with 1Cso = 7.5, 14.9, and 21.8 nM, respec-
tively, we chose to synthesize their 2f,3a-isomers to see
if this conformation change will improve the affinity
and selectivity for the NET.

In this paper, we report the synthesis of 23,3a-isomers of
3-(4'-iodophenyl)nortropane (3), 3-(4’-vinylphenyl)nor-
tropane (4), and 3-(4'-ethynylphenyl)nortropane (5).
The K; values for these compounds along with the refer-
ence compounds 1 and 2 were measured through in vitro
competition assays utilizing cells expressing human
NET, DAT, and SERT. A radiolabeling method was
developed for the most promising compound 1, and
[''C]1 was evaluated through microPET imaging studies
in nonhuman primates to assess in vivo binding to the
NET in the brain.

Compounds 1 and 2 were prepared as previously de-
scribed.'® The synthesis of 3, 4, and 5 is outlined in
Scheme 1. Attempts to prepare 9 by addition of 4-iod-
ophenyl lithium to oxadiazole (6) followed by reduction
with nickel boride as reported in the literature?! were
unsuccessful in our hands. In this case, the addition
reaction was very messy and gave us the desired isomer
in less than 10% yield. Alternatively, 9 was prepared in a
high yield by a three-step procedure: addition of phen-
yllithium to oxadiazole (6);>! conversion of the oxadiaz-
ole (7) to the methyl ester (8) by reduction with nickel
boride and hydrochloric acid in refluxing methanol;?!
and direct iodination of 8 using I, and silver trifluorom-
ethanesulfonate in CH,Cl,.??> The conversion of 9 to its
corresponding carbamate using trichloroethylchlorofor-
mate followed by Zn-acetic acid reduction gave
3-(4'-iodophenyl)nortropane (3). Palladium-catalyzed
coupling of 3 with tributyl(vinyl)tin produced 4 in 87%
yield. Reaction of 3 with trimethylsilylacetylene in the
presence of a catalytic amount of copper(I) iodide and
bis(triphenylphosphine)palladium dichloride afforded
11 in 84% yield, and subsequent removal of the silyl-pro-
tecting group with tetrabutylammonium fluoride
provided 5 in 90% yield. Hydrolysis of 1 in refluxing
1,4-dioxane/H,O afforded nortropane acid 12, which
was N-Boc protected to give the radiolabeling precursor
13.

The radiolabeling of [''C]1 was accomplished through
O-methylation of N-Boc acid precursor 13 with
[''CICH;I in the presence of Buy,NOH followed by

deprotection with 6 M HCI and HPLC purification
(Scheme 2). The entire procedure reclluired approxi-
mately 40 min after the delivery of [''C]JCH;I to the
reaction vessel. [!'C]1 was prepared in an average 45%
decay-corrected yield. Analytical HPLC demonstrated
that the radiolabeled product was over 98% radiochem-
ically pure, and the specific activity of the product was
1.2-2 Ci/umol at time of injection. The distribution coef-
ficient of [''C]1 was determined to be logP;4=1.17
between 1-octanol and phosphate buffer at pH 7.4
according to a known procedure.?

The affinities of 2f,3a-nortropanes 1-5 for the human
NET, SERT, and DAT were determined through
in vitro competition assays in transfected HEK-293 cells
according to a previously reported procedure.’* The
data shown in Table 1 indicate that all of the com-
pounds tested in this series exhibit great potency for
the hNET with K; of 1.78-4.88 nM. Compared to its
2B,3B-isomer, 3, 4, or 5 showed increased affinity at
the NET, while they are also approximately equipotent
for the hSERT and hDAT. Compound 1 had the highest
affinity for the hNET (K = 1.78 nM) with 24-fold selec-
tivity over the hSERT and 3.6-fold selectivity over the
hDAT. The lack of selectivity of 1 for the hNET versus
hDAT differs from the literature reports'® using rat
brain homogenates and this discrepancy may be due to
the different methods used and due to species differences
between rodent and human monoamine transporters.

Although 1 was potent for both the hNET and the
hDAT, microPET studies were performed with [''C]1
to determine the imaging properties of this series of
compounds. A baseline study was initially performed
in an anesthetized rhesus monkey according to our pre-
viously reported procedure®* in order to assess the brain
regional distribution. The time-activity curves (TACs)
obtained after administration of [''C]1 indicate a high
uptake of radioactivity in the caudate, putamen, thala-
mus, midbrain, medulla, and cerebellum, regions rich
in DAT and NET, with peak uptake achieved between
9.5 and 12.5 min (Fig. 2). In vivo microPET studies of
[''C]1 with pharmacologic interventions were performed
in the same rhesus monkey to further determine whether
the observed uptake in the baseline study reflected [''C]1
binding to the DAT or NET. Administration of the
DAT-selective ligand RTI-113 (0.3 mg/kg) at 60 min
post-injection of radiotracer produced a decrease of
[''C]1 binding to the caudate and putamen, which are
known to have a high DAT density, indicating that
the uptake of [''C]1 in these regions was due to binding
to the DAT (Fig. 3). This is consistent with the binding
data shown in Table 1. A blocking study was performed
with the NET ligand desipramine (0.25 mg/kg) adminis-
tered intravenously at 30 min prior to the injection of
[''C]1. Uptake in the thalamus and midbrain was not
observed, indicating that the uptake in these regions
was due to binding to the NET.

Arterial plasma samples from the rhesus monkey follow-
ing antecubital vein injection of [''C]1 were analyzed for
nonpolar, potentially brain permeable metabolites by a
HPLC method. The fraction of plasma radioactivity
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Scheme 2. Radiosynthesis of [''C]1.

Table 1. In vitro evaluation of 2B,3a-(substituted phenyl)nortropanes in competition assays with human monoamine transporters®

Compound K; for hNET K; for hNSERT K; for hDAT hSERT/hNET hDAT/hNET
1 1.78 £ 0.19 42.80 £ 3.07 6.42+1.12 24 3.6
1(literature)® 0.4310.02 238144 9.0+45 55 21

2 4.88 £ 0.64 136.29 £ 14.82 11.47 + 1.01 28 2.3

3 1.98 £0.10 4.16£0.93 2.25+0.55 2.1 1.1

4 4.67£0.94 9.04 +1.29 10.09 £ 0.42 1.9 22

5 1.86 £ 0.37 345+ 1.72 2.26 £ 0.07 1.8 1.2

# All K; values are reported with nanomolar (nM) units. The data are expressed as means + standard deviation of at least three separate experiments
performed in triplicate. The following radiotracers were used: [*H]nisoxetine for hNET, [*H]citalopram for hSERT, and ['*IJRTI-55 for hDAT.
® Literature values performed in rat brain homogenates.'®

corresponding to unmetabolized [''CJ1  rapidly plasma activity increased from 75% at 3 min to 98% at

decreased from 25% at 3 min to 7.5% at 10 min, and
1.6% at 30 min. The major radioactive metabolite found
in arterial plasma using HPLC separation and gamma-
counter detection was a more polar component which
was eluted immediately after the void volume. The
abundance of the polar metabolite as a percent of total

45 min. The polar metabolite is probably the corre-
sponding free acid which was not expected to cross the
blood-brain barrier. This hypothesis is based on our
experience with other tropanes and a plasma metabolite
study reported in the literature®> showing that the major
metabolite obtained from [N-methyl-''C]B-CIT was the
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Figure 2. MicroPET baseline study TACs for the brain regions of a
rhesus monkey after intravenous injection of 6.2 mCi of ['!C]1.
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Figure 3. Time-activity curves for [!!C]1 in an anesthetized rhesus
monkey with RTI-113 (0.3 mg/kg) administered at 60 min postinjec-
tion of ['!CJ1.

[N-methyl-''C]B-CIT acid which did not enter the brain.
Thus, there was no detectable formation of lipophilic
radiolabeled metabolites capable of entering the brain
and contributing to brain radioactivity.

In summary, we have prepared and determined the mono-
amine transporter binding affinity of several 2p,3a-
(substituted phenyl)nortropanes. The binding results
showed that all of the compounds tested in this series
exhibit great potency for the hNET. Despite the lack of
selectivity of this series of compounds for the hNET vs
hDAT, the most promising compound, [''C]1, was pre-
pared in 45% dcy and evaluated in microPET studies in
a rhesus monkey to assess the imaging properties of this
class of compounds. The regional distribution of radioac-
tivity after injection of [''C]1 showed potential binding to
the NET and DAT in vivo, and further chase and blocking
studies verified this binding. Although 1 has a high affinity
for the hNET in vitro with K; of 1.78 nM, the high uptake
of [''C]1 in caudate and putamen excludes its utility as a
PET imaging agent for the NET.
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