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In order to develop selective radioactive ligands for the study of presynaptic monoamine uptake
sites, iodinated derivatives of tomozxetine were synthesized and evaluated in radioligand binding
assays. Jodotomozxetine derivatives showed high affinity for serotonin (5-HT) uptake sites using
arat cortical membrane preparation. Compound 1R, (R)-(-)-N-methyl-3-(4-iodo-2-methylphenoxy)-
3-phenylpropanamine, was the most potent and showed high stereoselectivity for 5-HT uptake
sites (K;, R isomer = 0.65 nM, S isomer = 13.9 nM). Changing the position of the methyl group
or eliminating the methyl group at the phenoxy ring resulted in a loss of stereoselectivity.
Substitution of the methyl group of tomoxetine with iodine gave the R and S isomers of N-methyl-
3-(2-iodophenoxy)-3-phenylpropanamine 4R and 48. These compounds displayed stereoselectivity
for the norepinephrine (NE) (K; values = 0.24 and 9.35 nM for R and S isomers, respectively). The
invitro binding datasuggest that 1R and 4R are potential radioiodinated ligands for pharmacological
studies of 5-HT and NE uptake sites, respectively.

Introduction

Abnormalities in monoamine neurotransmission have
been implicated in the etiology of affective disorders.
Increased noradrenergic or serotonergic transmission,
caused by inhibition of norepinephrine (NE) or 5-hy-
droxytryptamine (5-HT) uptake, has been suggested as
one of the major mechanisms of the action of antidepressive
agents.12 For example, the antidepressant properties of
fluoxzetine (Figure 1) have been attributed, at least in part,
to its potent and selective inhibition of 5-HT uptake.34
Fluoxetine represents the first selective 5-HT uptake
inhibitor to be approved for clinical use in the U.S.

Radiolabeled ligands selective for specific monoamine
uptake sites provide powerful tools with which to further
evaluate the involvement of these neuronal systems in
affective disorders. Radioligands which have been de-
veloped to study 5-HT uptake sites in brain tissue include
[®H]imipramine,’ [3H]paroxetine,5’ [*H]citalopram,® and
[3H]-6-nitroquipazine.»'® A number of selective ligands
for studying NE uptake sites have also been reported,
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Figure 1. The structures of (R)-fluoxetine, (R)-nisoxetine and
(R)-tomozetine.
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also binds with high affinity to dopamine (DA) uptake
sites. In contrast, nisoxetine was a potent and selective
NE uptake inhibitor, blocking the uptake of NE approx-
imately 1000 times more effectively than 5-HT and 400
times more effectively than dopamine.l”1¥ Consequently,
the high specificity of [*(H]nisoxetine for NE uptake sites
makes it useful for in vitro radioligand binding and
autoradiographic studies involving the NE uptake site.!6

Recently, a close structural analog of nisoxetine, to-
mozxetine (Figure 1), wasreported as a potent and selective
inhibitor of NE uptake sites and is currently under clinical
evaluation as a potential antidepressant agent.!®1® In
contrast to nisoxetine, which shows no stereoselectivity
(K; values = 3.8 and 8.4 nM for the R and S isomers,
respectively), the R and S isomers of tomoxetine exhibit
significant stereoselectivity for the NE uptake site. The
K;for inhibition of NE uptake is 1.9nM for the R(-) isomer
and 16.8 nM for the S(+) isomer.1® (R)-Tomoxetine also
shows specificity for NE uptake sites relative to other
monoamine uptake sites. Thus, the inhibition of NE
uptake by (R)-tomoxetine is 400 times greater than its
inhibition of 5-HT uptake sites and ~800 times greater
than for dopamine uptake sites. (R)-Tomoxetine has also
been shown to have little or no affinity for other receptor
sites in rat brain, including adrenergic, acetylcholine
muscarinic, and histaminergic receptors.!® This high
selectivity may have clinical advantages, since the unde-
sirable side effects of some antidepressants may be
attributed to their affinity for other receptor sites.20
Therefore, apart from the potential clinical utility, to-
mozxetine or derivatives, may provide more selective
radioligands for in vitro and in vivo studies of the NE
uptake site.

Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) make possible
direct study and the quantitation of neurotransmitter
system in the intact human brain. Several C-11 and F-18
ligands for in vivo studies of 5-HT uptake sites with PET
werereported; theseinclude [11C]cyanoimipramine, [11C]-
fluoxetine,?? [11Clsetraline,? {fluoropropyl-‘¢F]parox-
etine,2¢ [1'C]citalopram,?%26:22 McN5652,27 cis-[11C]-
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DPPIL2 as well as [11C]nisoxetine?® for NE uptake sites.
The high specific activity of the radioiodinated ligands
(specific activity 2000 Ci/mmol for I-125) compared to
tritiated ligands (specific activity ~85 Ci/mmol) allows
the detection of low concentrations of receptor sites and
offers advantages of quantitative autoradiography. In
addition when labeled with I-123, the optimal physical
characteristic (K, = 150, t1/, = 13.5 h) will provide direct
information on the location and quantitation of the uptake
sites in conjunction with SPECT.

We are interested in developing selective radioiodinated
fluoxetine and tomozxetine derivatives as tools for in vitro
(radioligand binding and autoradiographic studies) and
potentially, in vivo (SPECT imaging techniques) mapping
of 5-HT and NE uptake sites. Previous studies of
iodofluoxetine, where the iodine was introduced at the
para position of the phenyl ring, showed decreased affinity
for 5-HT uptake sites.3 This result is consistent with an
earlier literature report which indicated that trifluoro-
methyl placed at the para position of the phenyl ring
significantly reduces the affinity of the compound for 5-HT
uptake sites (IC5, 2.6 X 108 M vs 0.07 X 108 M).417
Therefore, structural changes in the phenyl ring of the
fluoxetine molecule have been shown to have detrimental
effects on binding to the 5-HT uptake site. The goal of
the present work was to further investigate the structure—
activity relationships of derivatives with substitutions on
the phenoxy ring. Consequently, derivatives possessing
a variety of aromatic substitution patterns have been
synthesized and evaluated as potential ligands for the
5-HT, NE, and DA uptake sites. The results of the study
demonstrate that small changes in the substitution pattern
of the phenoxy ring of these compounds can have profound
effects on the selectivity of the ligands for 5-HT vs NE
uptake sites.

Chemistry

Using Mitsunobu reaction conditions,?*2iodinated and
brominated cresols or iodophenols were condensed with
R-(+)- or S-(-)-3-chloro-1-phenyl-1-propanol in the pres-
ence of diethyl azodicarboxylate (DEAD) and triphenyl
phosphine.32 As expected, the reactions resulted in
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Scheme I. Synthesis of Iodotomoxetine, Demethylated Iodotomoxetine Derivatives* and Inhibition of Binding of
Different Monoamine Uptake Sites in Rat Cortical and Striatal Membranes®
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*Same scheme was used for the preparation of both R- and S- isomers.
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@ Radioligand was incubated in the presence of the indicated compound in 7-11 concentrations of rat membrane preparation. Each value
represents the mean = SEM of two to three separate experiments performed in duplicate.

complete inversion of the chiral benzylic carbon to give
the corresponding chloro compounds (Scheme I). Treat-
ment of these chloro compounds with excess alkylamine
in ethanol followed by conversion to the hydrochloride
salt gave compounds 1-6 (Scheme I).

Inorder to confirm that no racemization occurred during
the two-step reaction, and that substitution of the phenoxy
ring did not change the absolute configuration of the
compounds, the following steps were taken. The optical
purities of 1-7 were measured with HPLC (chiral column).
The HPLC method is a very sensitive method for
measurement of optical purity (sensitivity <1%).3% Inall
cases, the optical purity as measured by HPL.C was >99%.
To determine the absolute configuration, 7R and 78S were
debrominated by lithiation, followed by addition of water
to give (R)- and (S)-tomoxetine, respectively. Both
samples showed the same retention time as the respective
isomer with the same configuration (HPLC, chiral column),
and the optical rotation values were consistent with
previously reported values.3?

Results and Discussion

Utilizing mild Mitsonobu reaction conditions, the R and
S isomers of a series of tomoxetine and derivatives have
been prepared and evaluated as ligands for DA, NE, and
5-HT uptake sites. The results of these studies are
summarized in Scheme I. The affinity of the test
compounds to inhibit DA uptake was evaluated using
[*2%5]-8-CIT, a high-affinity ligand for the uptake site. None

(33) Chumpradit, S.; Kung, M. P.; Billings, J.; Kung, H. F. (£)-7-
Chloro-8-hydroxy-1-(3-iodophenyl)-3-methyl-2,3,4,5- tetrahydro- 1H-3-
benzazepine (TISCH): A High Affinity and Selective Iodinated Ligand
for CNS D-1 Dopamine Receptor. J. Med. Chem. 1991, 34, 877-883.

of the compounds tested displayed high affinity for the
DA uptake site.

The binding affinity of (R)-tomoxetine for NE uptake
sites has been reported to be 400 times greater than its
affinity for 5-HT uptake sites (K; 1.9 nM for NE vs 750
nM for 5-HT).2® In order to evaluate the affinity of the
test compounds for the 5-HT uptake sites, in vitro binding
studies were performed using [3H]citalopam with a rat
cortical membrane preparations (Scheme I). Thesestudies
indicate that the addition of aniodine atom to the phenoxy
ring of tomozxetine can dramatically change the pharma-
cological profile of this ligand. For example, in sharp
contrast to tomoxetine, the iodotomoxetine derivative IR
displays substantially higher affinity for 5-HT uptakesites
than for NE uptake sites. Additionally, compounds 1R,
2R, 28, 6R, and 68, with an iodine atom at the 4-position
of the phenozxy ring, displayed higher binding affinity
toward 5-HT uptake sites than compounds with iodine at
the 2- or 3-position. Similarly, radioligand binding studies
with fluoxetine and related derivatives indicate that the
4-substituted trifluoromethyl derivative exhibited higher
affinity for 5-HT uptake sites than the 2- or 3-substituted
compounds.?® These results and similar studies on flu-
oxetine®® demonstrate that substitution at the 4-position
of the phenoxy ring plays an important role in enhancing
the binding of this series of compound to 5-HT uptake
sites. Of the iodinated tomoxetine compounds studied
here (1-3), 1R, 2, and 6 showed the highest affinity and
selectivity for 5-HT uptake sites. The stereoselectivity of
1R for 5-HT uptake sites is 20 times larger than 18;
however, compounds 2 and 6 showed little stereoselectivity
toward 5-HT reuptake site binding.

Binding studies were also performed using [*H]nisox-
etine to determine the ability of the test compounds to
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inhibit the specific binding of this radioligand to NE uptake
sites. Compound 4R, with iodine at the 2-position of the
phenoxy ring, showed high affinity to NE uptake sites (K;
=(.24nM). Whilethe work was in progress, Gackenheimer
et al. reported a similar binding affinity value for the
same compound 4R, using in vitro autoradiography
technique. When the 2-position of phenoxy ring is
substituted with a methoxy or methyl group (as in the
case of nisoxetine or tomoxetine, respectively), both
compounds also exhibited high affinity for NE binding
sites (K, (R)-nisoxetine = 3.8 nM, (R)-tomozxetine = 1.9
nM).18 These preliminary results suggest that the 2-po-
sition of the phenoxy ring may be important for binding
to the NE uptake site. Changing the N-methyl to other
N-alkyl groups of 4R dramatically decreases the binding
affinity to the 5-HT reuptake sites (data not shown).

In conclusion, the series of iodinated derivatives of
tomozxetine and demethylated tomoxetine were synthe-
sized and characterized. Among the iodinated derivatives
examined, 1R is the most potent and selective ligand for
5-HT uptake sites; 4R displayed high affinity and high
selectivity for NE uptake sites. Both compounds showed
stereoselectivity, with the R isomer being more potent
than the S isomer in each case. Compounds 1R and 4R
are useful iodinated ligands for future pharmacological
studies of 5-HT and NE uptake sites, respectively. In
addition, both R and S isomers of compounds 2 and 6 also
displayed high affinity to 5-HT reuptake sites. Results
of radiolabeling and more extensive biological studies of
1R published elsewhere?5 suggested that in vivo imaging
of [12°I]11R in monkeys showed no selective 5-HT uptake
site binding. Therefore, [!23I] 1R may not be the agent of
choice for in vivo imaging. A newiodinated ligand for the
5-HT reuptake site, 5-iodo-8-nitroquipazine, displayed
high affinity (K3 = 0.02 nM) and excellent central nervous
system (CNS) 5-HT binding of monkey brain by in vivo
imaging.3637 This new compound may be a better can-
didate for in vivo imaging studies.

Experimental Section

General Methods. NMR wererecorded ona Varian EM 360A,
a Bruker WM-250 (250 MHz), or a Bruker AM 6500 (500 MHz)
spectrometer. The chemical shifts were reported in ppm
downfield from an internal tetramethylsilane standard. Infrared
spectra were obtained with a Mattson Polaris FT-IR spectro-
photometer. Melting points were determined on a Meltemp
apparatus and are reported uncorrected. HPLC was performed
on Model Rabbit HP of Rainin Instrument Co., Inc. (Emeryville,
CA) using a chiral column (chiralcel-OD, 4.1 X 250 mm) from
Diacel Inc., Los Angeles, CA. Unless indicated, the mixture of
hexane and ethanol (95:5, 0.5 mL/min) were mobile phases.
Optical rotation of compounds was measured on a Perkin-Elmer
243B polarimeter. Mass spectra was performed on the mass
spectrometer VG 70-70 HS with chemical ionization (CI), using
methane or ammonia gas. Elemental analyses were performed
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1992, 51, 95-106.
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by Atlantic Microlabs, Inc., of Norcross, GA and were within
0.4% of the theoretical values.

Materials. Tetrahydrofuran (THF) and diethyl ether were
distilled from benzophenone ketyl under argon. Compound
2-iodophenol was purchased from Kodak (Rochester, NY);
3-iodophenyl, 4-iodophenol, 3-bromophenol, 4-iodo-2-methylphe-
nol, (R)-(+)-3-chloro-1-phenylpropane, and (S)-(-)-3-chloro-1-
phenylpropane were purchased from Aldrich (Milwaukee, WI)
and used without further purification, except (S)-(-)-3-chloro-
1-phenylpropane, which was recrystallized in hexane to improve
the optical purity from [a]p —25° (¢ = 1, CHCl;) to —26° (¢ = 1,
CHCly) to -26° (¢ = 1, CHCL). The rest of the bromo and iodo
compounds were synthesized as reported previously.38% [$H]-
Citalopram (specific activity 86.8 Ci/mmol, 98% pure) was
purchased from Dupont NEN, Boston, MA. [*H]Nisoxetine
(specific activity 82.6 Ci/mmol, 98% pure) was purchased from
Amersham, Arlington Heights, IL. The tributyltin precursor of
[*2%1]-8-CIT was prepared at Research Biochemicals Inc., Boston,
MA. The specific activity of [!2I]-8-CIT was 500 Ci/mmol and
98% pure.t

(R)-(+)-1-Chloro-3-(4-iodo-2-methylphenoxy)-3-phenyl-
propane.’? Triphenylphosphine (1.54 g, 5.88 mmol) and diethyl
azodicarboxylate (0.93 mL, 1.03 g, 5.88 mmol) were added to a
solution of (8)-(-)-3-chloro-1-phenylpropanol (1.00 g, 5.88 mmol)
and 4-iodo-2-methylphenol (1.38 g, 5.88 mmol) in THF (15 mL).
The mixture was stirred at room temperature overnight. THF
was removed in a rotoevaporator. The residue was triturated
with petroleum ether (3 X 15 mL). The combined petroleum
ether fractions were concentrated, and the crude product was
purified by column chromatography (silica gel, petroleum ether).
The solvent was removed to give a thick pale yellow liquid: 1.60
g (75%) of the title compound; [a]p + 14.02° (¢ = 7.7, CHCLy);
FT-IR (neat) » 3080, 3020, 2976, 2915, 15685 cm™; 'H NMR (CDCly)
617.20 (m, 7H), 6.39 (d, J = 8.8 Hz, 1 H), 5.34 (dd, J = 4.4, 8.8
Hz, 1 H), 3.81-3.72 (m, 1 H), 3.63-3.55 (m, 1 H), 2.55-2.41 (m,
1 H), 2.31-2.16 (m, 1 H), 2.27 (s, 3 H). Anal. (C;;H;NOI)C, H.

(R)-(-)-N-Methyl-8-(4-iodo-2-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (1R).32 The mixture of theabove
chloropropane (0.58 g, 1.50 mmol), 40% aqueous methylamine
(4 mL), and ethanol (1.5 mL) in a sealed tube was heated at 130
°Cfor3h. Thereaction mixture was cooled to room temperature
and poured into water (5 mL). The mixture was extracted with
dichloromethane (3 X 5 mL). The combined organic layers were
dried over anhydrous sodium sulfate, filtered, and concentrated
to give a yellowish oil. Flash-column chromatography of the
crude product (silica gel, 5% MeOH/CH,Cl;) afforded 0.25 g
(44%) of free base 1R. HCIl gas was bubbled through a solution
of 1R in a minimum amount of 1:1 ether/dichloromethane. The
cloudy mixture was evaporated into dryness to give the title
compound as a hydroscopicsolid: [a]p=-8.34° (c =0.82, CHCL,);
FT-IR (free base, neat) » 3400 (weak br, NH) 3100-3000 (Br,
ArH), 3000-2600 (br, CH), 1480, 1240 cm™; *H NMR (free base,
CDCl;) 6 7.43-7.20 (m, 7 H), 6.38 (d, J = 5.4 Hz, 1 H), 5.23 (dd,
J = 3.0, 54 Hz, 1 H), 2.78 (br t, 2 H), 2.45 (br s, 3 H), 2.28 (s,
3 H), 228—2.12 (m, 1 H), 2.10—2-00 (m, 1 H) Anal. (C“Hzr
NOIC)) C, H, N. Retention time = 7.35 min (HPLC, chiral
column, hexanes/ethanol = 95/5, 0.5 mL/min).

Unless indicated, the following compounds were synthesized
in the same manner as described above. The amination reaction
was performed in a mini-Parr reactor in the same manner as it
was done in the sealed tube.

(9)-(+)-N-Methyl-3-(4-iodo-2-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (18). After workup and puri-
fication, the yellowish oil of the base 18 was obtained in 48%
yield. The hydrochloride salt of 18 was hygroscopic: [alp =
+6.43° (¢ = 1.14, CHCl;). The IR and NMR spectra of 18 are
the same as those of 1R. Anal. caled (CI high resolution mass

(38) Adam, R.; Marvel, C. S. p-Bromophenol. Organic Syntheses;
Wiley: New York, 1941; Vol. 1, 128.

(39) Edgar, K. J.; Falling, S. N. An efficient and selective method for
the preparation of iodophenols. J. Org. Chem. 1990, 55, 5287-5291.

(40) Neumeyer, J. L.; Wang, S. Y.; Milius, R. A.; Baldwin, R. M.; Zea,
P. Y.; Hoffer, P. B.; Sybirska, E.; Tikriti, M.; Charney, D. S.; Malison,
R. T. [123]]-2-8-carbomethoxy-34-(4-iodophenyl)tropane: high-affinity
SPECT radiotracer of monoamine reuptake sites in brain. J. Med. Chem.
1991, 34, 3144-3148.
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spectrum) for C7Hy; NIO (M + H) 382.0668, found 382.0715.
Retention time = 6.83 min (HPLC, chiral column, hexanes/
ethanol = 95/5, 0.5 mL/min).
(8)-(-)-N-Methyl-3-(4-iodo-3-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (28). Thefree base was obtained
in 58% yield: [alp = -20.4° (¢ = 7.6, MeOH); FT-IR (free base,
neat) » 3310 (br, s, NH) 3100-300 (Br, ArH), 2900~2750 (br CH),
1475, 1245 cm™; 'H NMR (free base, CHCly) 6 7.42 (d, 1 H),
7.22-7.20 (m, 4 H), 7.15 (m, 1 H), 6.7 (m, 1 H), 6.30-6.28 (m, 1
H); 5.11-5.08 (dd, 1 H), 2.62 (m, 2 H), 3.32 (s, 3 H), 2.21 (s, 3 H),
2.05 (m, 1 H), 1.84 (m, 1 H), 1.30 (br, 8, 1 H). Anal. (C\;Hy-
NOIC) C, H, N. Retention time = 5.64 min (HPLC, chiral
column, hexanes/ethanol = 95/5, 0.5 mL/min).
(R)-(+)-N-Methyl-3-(4-iodo-3-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (2R). The free base of 2R was
obtained in 28%. Spectra are the same as 28. The salt is
hygroscopic: [a]p = +16.14° (¢ = 2.7, MeOH). Anal. caled (CI
highresolution mass spectrum) for C,;H; NIO (M + H) 382.0668,
found 382.0674. Retention time = 7.32 min (HPLC, chiral
column, hexanes/ethanol = 95/5, 0.5 mL/min).
(R)-(-)-N-Methyl-3-(2-iodo-4-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (3R). The free base 3R was
obtained in 56 % yield: [a]p = -89.45° (¢ = 3.0, MeOH); FT-IR
(free base, neat) » 3340 (weak, br, NH) 3100300 (Br, ArH), 2990~
2700 (br, CH), 1475, 1250 cm™!; 'H NMR (free base, CDCl;) 6 7.55
d, 1 H), 7.30-7.27 (m, 4 H), 7.24 (m, 1 H), 6.84 (dd, 1 H), 6.45
(d, 1H), 5.25 (dd, 1 H), 2.82-2.73 (m, 2 H), 241 (s, 3 H), 2.24-2.14
(m, 1 H), 2.15 (s, 3 H), 2.06-2.01 (m, 1 H), 1.45 (brs, 1 H). Anal.
(Ci7Hy4NOICD C, H, N. Retention time = 7.51 min (HPLC,
chiral column, hexanes/ethanol = 95/5, 0.5 mL/min).
(8S)-(+)-N-Methyl-3-(2-iodo-4-methylphenoxy)-3-phenyl-
propanamine Hydrochloride (38). The hygroscopic salt 38
was obtained in 48% yield. The spectra of the free base of 38
are the same as those of the free base of 3R: [a]p = +66.69° (¢
=34, MeOH). Anal. (C17H20NOI'1,25H20) C, H, N. Anal. caled
(CI high resolution mass spectrum) for C;;H;NOI (M + H)
382.0668, found 382.0635. Retention time = 6.45 min (HPLC,
chiral column, hexanes/ethanol = 95/5, 0.5 mL/min).
(R)-(-)-N-Methyl-3-(2-iodophenoxy)-3-phenylpropan-
amine (4R). Compound 4R was obtained in 19% yield: [alp
= -113° (¢ = 2.5, MeOH); FT-IR (neat) » 3400 (weak br, NH),
3100-3000 (br, ArH), 3000-2600 (br, CH), 1600, 1570, 1475, 1240
cm; 'H NMR (CDCl) 6 7.70 (m, 2 H), 7.30-7.20 (m, 5 H), 7.05
(m, 1 H), 6.60 (m, 1 H), 6.35 (dd, 1 H, J = 8.20, 4.5), 2.80 (m, 2
H), 2.45 (s, 3 H, NCHjy), 2.25 (tdd, 1 H, J = 13.7, 7.3), 2.10 (tdd,
1H,J=14.3,72) 1.75 (s, 1 H, NH). Anal. (C;eH;sNOICl./
sH:0) C, H, N. Retention time = 13.69 min (HPLC, chiral
column, hexanes/ethanol = 95/5, 0.5 mL/min).
(S)-(+)-N-Methyl-3-(2-iodophenoxy)-3-phenylpropan-
amine (48). Using the same procedure as 4R, compound 48
was obtained in 32% yield: [a]lp = +136° (¢ = 3, MeOH); FT-IR
and *H NMR are the same as those for 4R. Anal. (C;eH;sNOICI)
C, H, N. Retention time = 7.18 min (HPLC, chiral column,
hexanes/ethanol = 95/5, 0.5 mL/min).
(8)-(+)-N-Methyl-3-(3-iodophenoxy)-3-phenylpropan-
amine Hydrochloride (§S). The reaction gave free base 58
(57%). 58 was hygroscopic: [alp = +16.42° (¢ = 2.12, CHCL).
FT-IR (free base, neat) v 3450 (weak br, NH), 3090-3000 (br,
ArH), 3000-2700 (br, CH), 1600, 1475, 1225 cm™; 'H NMR (free
base, CDCly) 6 7.37-7.19 (m, 7 H), 6.90-6.75 (m, 2 H), 5.22 (dd,
J=46,8.5Hz 1 H), 2.78 (br t, 2 H), 2.45 (br s, 3 H), 2.27-2.12
(m, 1 H), 2.08-1.95 (m, 1 H). Anal. (C;¢H;sNIO) C, H, N.
Retention time = 5.49 min (HPLC, chiral column, hexanes/
ethanol = 95/5, 0.5 mL/min).
(R)-(-)-N-Methyl-3-(3-iodophenoxy)-3-phenylpropan-
amine Hydrochloride (SR). Workup and purificationafforded
a pale yellow oil of free base 5R (51%). Compound 5R was
hygroscopic: [a]p = -15.39° (¢ = 1.37, CHCl3). The spectra of
SR are the same as for §8. Anal. (C;¢H;sNOICI-}/3H;0) C, H,
N. Retention time = 9.03 min (HPLC, chiral column, hexanes/
ethanol = 95/5, 0.5 mL/min).
(R)-(+)-N-Methyl-3-(4-iodophenoxy)-3-phenylpropan-
amine (6R). The compound was obtained in 16% yield: [a]p
=+26° (c =3, MeOH), FT-IR (neat) » 3400 (weak br broad, NH),
3000-2600 (br, ArH, CH), 1575, 1480, 1225 cm™!; *H NMR (free
base, CDCly) 6 7.40 (dd, 2 H), 7.30-7.20 (m, 5 H), 6.60 (dd, 2 H),
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5.20 (dd, 1 H), 2.70 (m, 2 H), 2.40 (s, 3 H), 2.15 (tdd, 1 H), 1.95
(tdd, 1 H),1.50 (s,1 H). Anal. (C;¢H;sNOIC]) C,H, N. Retention
time = 7.54 min (HPLC, chiral column, hexanes/ethanol = 95/5,
0.5 mL/min).

(8)-(-)-N-Methyl-3-(4-iodophenoxy)-3-phenylpropan-
amine (6S). The compound was obtained in 61% yield: [alp
=-11° (¢ = 3, MeOH); the NMR and IR spectra are the same
as those for 6R. Anal. (C;¢H;sNOICI]) C, H, N. Retention time
= 7.44 min (HPLC, chiral column, hexanes/ethanol = 95/5, 0.5
mL/min).

(R)-(-)-N-Methyl-3-(4-bromo-2-methylphenoxy)-3-phe-
nylpropanamine Hydrochloride (TR). Thereactiongave64%
yield of 7TR: [alp = -12.5° (¢ = 3.3, MeOH); FT-IR (free base,
neat) 3300 (br, NH) 31002580, 1490, 1250 cm™; 'H NMR (free
base, CDCly) 4 7.30-6.90 (m, 7 H); 6.36 (d, 1 H), 5.18-5.10 (m, 1
H), 2.90 (br, 3 H), 2.45 (s, 3 H), 2.15 (8, 3 H), 2.15~2.06 (m, 1 H),
2.05-1.95 (m, 1 H). Anal. (C;;H;NOBrCl) C, H, N. Retention
time = 7.17 min (HPLC, chiral column, hexanes/ethanol = 95/5,
0.5 mL/min).

(9)-(+)-N-Methyl-3-(4-bromo-2-methylphenoxy)-3-phe-
nylpropanamine Hydrochloride (7S). Thereactiongave71%
yield of 78: [a]p = +12.3° (¢ = 3, MeOH). The FT-IRand NMR
spectra are the same as those for TR. Anal. (C;yH;NOBrCl) C,
H,N. Retention time = 6.55 min (HPLC, chiral column, hexanes/
ethanol = 95/5, 0.5 mL/min).

(R)-(-)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropan-
amine Hydrochloride: (R)-(-)-Tomoxetine.’? The product
was obtained in 58.3% yield: [alp = —45.5° (¢ = 4.32, MeOH)
(lit.32 [a]p = -43.1° (¢ = 5.9, MeOH)); FT-IR (free base, neat)
v 3310 (br, NH), 3100-300 (ArH), 2750-300 (CH), 1600, 1500,
1250 cm™!; 'H NMR (free base, CDCl;) 6 7.29-7.22 (m, 4 H),
7.18-7.14 (m, 1 H), 7.04-7.03 (d, 1 H), 6.87 (t, 1 H), 6.69 (t, 1 H),
6.53 (d, 1 H), 5.19 (dd, 1 H), 2.73-2.69 (m, 2 H), 2.35 (s, 3 H,
NCHy), 2.24 (s, 3 H, CHy), 2.17-2.09 (m, 1 H), 2.00~1.95 (m, 1 H),
1.64 (s, NH). Anal. (C;7H:CINO) C, H, N. Retention time =
8.44 min (HPLC, chiral column, hexanes/ethanol = 95/5, 0.5 mL/
min).

(8)-(+)-N-Methyl-3-(2-methylphenoxy)-3-phenylpropan-
amine Hydrochloride: (S)-(-)-Tomoxetine. Theproduct was
obtained in 46.70 % yield: [a]p = +45.6° (¢ = 3.24, MeOH) (lit.52
[alp = +42.9° (¢ = 6.0, MeOH)); FT-IR and !H NMR are the
same as those for the R isomer. Anal. (C;7HzCINO) C, H, N.
Retention time = 6.51 min (HPLC, chiral column, hexanes/
ethanol = 95/5, 0.5 mL/min).

Determination of Configuration of 7R and 7S. To the
solution of 7R (300 mg, 0.89 mmol) in THF (20 mL) was added
n-BuLi (1.24 mL, 1.60 mmol) at -78 °C. After 4 min stirring at
-78 °C, the reaction mixture was quenched with water (0.5 mL).
The mixture was allowed to warm to room temperature. THF
was removed and the residue was dissolved in dichloromethane.
The organic layer was separated, washed once with water, and
dried over anhydrous sodium sulfate. After concentration of the
solvent, it was purified by column chromatography (silica gel,
CH.Cl/MeOH/NH,OH = 90/10/1) to obtain 184 mg (80%) of
(R)-tomoxetine. The yield was less than expected due toasticking
problem. The spectra of the product are identical with those
reported in the literature:?2 [a]p = —43.3° (¢ = 4.5, MeOH) (lit.32
[alp = -43.1° (¢ = 5.9, MeOH)).

The same procedure was applied to 78 to yield (S)-tomoxetine
(61%) with [a]p = +42.6° (c = 3.84, MeOH) (lit.?2 [a]p = +42.9°
(¢ = 6, MeOH)).

HPLC profiles (chiral column) of the debrominated compound
tomozxetine showed that the optical purity of both compounds
was >99%. Coelution (hexane/ethanol = 95:5; 0.5 mL/min) of
the debrominated compound with authentic tomoxetine gives a
single peak with retention times of 6.72 and 8.66 min for (S)-
tomoxetine and (R)-tomozxetine, respectively.

In Vitro Binding Studies. The rat cortical and striatal
membranes were prepared as described previously.® The
radioligands chosen for binding studies were [SH]citalopram
(selective ligand for 5-HT uptakesites), [3H]nisoxetine (selective
ligand for NE uptake sites),!® and [!25I]-28-carbomethoxy-36-
(4-iodophenyl)tropane (['?5I]-8-CIT), selective ligand for DA
uptake sites.#0 The assay with [$H]citalopram was performed
according to the procedure reported by D’Amato.? Inhibition of
[*H]nisoxetine binding was carried out with freshly prepared rat
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cortical membranes and the assay conditions were consistent
with the published method.!® Inhibition of [12%I)-8-CIT binding
by various iodinated tomoxetine derivatives was examined with
rat striatal membranes. Assay conditions were similar to those
reported.®

After incubation of the specific radioligands with various
concentrations of iodinated tomozxetine derivatives, samples in
triplicate were separated by filtration through GF/B filters and
rinsed with cold buffer. Radioactivity associated with the filters
was either measured by liquid scintillation spectrophotometry
(Ecolite, ICN, ~60% efficiency) in the cases of [*H]citalopram
and [*H]nisoxetine or counted in a 4 counter (Packard 5000) in
the case of [%[]-8-CIT at an efficiency of 70%. The data was
analyzed using the iterative nonlinear least squares curve-fitting
program LIGAND.%

Journal of Medicinal Chemistry, 1992, Vol. 35, No. 23 4497

Acknowledgment. The tributyltin precursor for ra-
dioiodination of 8-CIT was prepared at Research Bio-
chemicals Inc. and kindly supplied by Drs. J. L. Neumeyer,
R. Innis, and R. Baldwin. Authors thank Catherine
Cartwright and Karen Loomis for their editorial assistance
and Dr. D. Canney for his useful discussion. This work
issupported by grants awarded by USPH (NS-24538, MH-
48125, and MH-48539) and Region Centre, France 91
298012.

(41) Munson, D.; Rodbard, D. LIGAND: a versatile computerized
approach for characterization of ligand binding system. Anal. Biochem.
1980, 107, 220-239.



