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Development of a radioligand for imaging V,, vasopressin
receptors with PET

Ravi Naik', Heather Valentine™, Andrew Hallt, William B. MathewsT, James C. Harris™, C.
Sue Carter/, Robert F. Dannals®, Dean F. Wong', and Andrew G. Hortit"*

TDepartment of Radiology, The Johns Hopkins University School of Medicine, Baltimore, 21287
USA

JThe Kinsey Institute, Indiana University, Bloomington, IN, 47405 USA

Abstract

A series of vasopressin receptor V1, ligands have been synthesized for positron emission
tomography (PET) imaging. The lead compound (15,5R)-1 ((4-(1Hindol-3-yl)-3-methoxyphenyl)
((15,5R)-1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone) and its F-ethyl analog 6¢
exhibited the best combination of high binding affinity and optimal lipophilicity within the series.
(155R)-1 was radiolabeled with 11C for PET studies. [11CH3](15,5R)-1 readily entered the mouse
(4.7% ID/qg tissue) and prairie vole brains (~2% ID/g tissue) and specifically (30-34%) labeled
V1, receptor. The common animal anesthetic Propofol significantly blocked the brain uptake of
[11CH3](155R)-1 in the mouse brain, whereas anesthetics Ketamine and Saffan increased the
uptake variability. Future PET imaging studies with V1, radiotracers in non-human primates
should be performed in awake animals or using anesthetics that do not affect the V1, receptor.
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1. INTRODUCTION:

Arginine vasopressin (AVP) is essential for a wide range of physiological functions in the
periphery and central nervous system (CNS). In the periphery, AVP works as a hormone that
regulates water reabsorption, blood pressure, cardiovascular homeostasis, hormone secretion
[1, 2]. In the CNS, AVP acts as a neuromodulator that activates various brain regions
through binding to vasopressin receptors involved in the regulation of social, emotional and
cognitive behaviors [3]. Social attunement is fundamental to sexual behavior, pair-bonding,
maternal behavior, mate guarding, social memory and biparental care [4, 5]. The role of AVP
in human social behavior [6-9] is an emerging area of research in autism spectrum disorder
(ASD) [10, 11].

The action of AVP is mediated by three known G-protein-coupled receptor subtypes: V3,
V1p, and V5 (see for review) [6]. The receptors V1, and V1, are expressed in the CNS, but
there is no clear evidence of the expression of V5 in the brain of mammals [6, 12-15]. Many
social behavioral effects of AVP are primarily mediated by V1, receptor [6-9, 16-19]. This
is pertinent to ASD where blockade of the V1, receptor may improve social communication
in adults with high-functioning ASD [20].

In vivo imaging and quantification of V1, receptors in human brain could provide an
important advance in the understanding of ASD and other neuropsychiatric disorders related
to this vasopressin receptor subtype and potentially facilitate the development of novel V1,
drugs.

Such studies may be conducted using positron emission tomography (PET). PET is an
advanced technique to quantify neuronal receptors and their occupancy /n vivo. The
development of a PET radiotracer for V1, imaging is of considerable importance, however,
the development of a PET radioligand suitable for quantification of the V1, receptor in
healthy and diseased brains remains challenging.

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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A previous study [21] described the first V1, PET radiotracers, but imaging studies in
animals with these radiotracers have not been reported, possibly because of the suboptimal
molecular weights (700-800 Dalton) of the radiotracers for sufficient blood-brain barrier
permeability.

We aimed to develop a small molecule PET radiotracer based on the scaffold of compound
(155R)-1 (Fig. 1), a high affinity and selective V1, antagonist (K;¥12 = 0.1 nM; K;V2 = 600
nM) developed by Pfizer [22]. In this report, we describe the design, synthesis, radiolabeling
and /n vitroand /n vivo characterization in mice of a series of high V1, binding affinity
derivatives of 1 as potential probes for PET imaging of V1, receptors.

RESULTS AND DISCUSSION

2.1. Chemistry:

A series of V1, ligands was synthesized as shown in Schemes 1-4. The synthesis of key
intermediates, racemic 4-iodo-phenyl-(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone derivatives 3 including the previously published 3a, [22] is summarized in
Scheme 1.

The first group of V14 ligands 1, 6a-b was synthesized in a high yield by the Suzuki reaction
[20] of racemic iodo-arenes 3a-c and tert-butyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-indole-1carboxylate 4 followed by cleavage of the fertBoc-group. The hydroxyl
compound 6a reacted with 2fluoroethyl tosylate in the presence of Cs,CQO3 in DMF to give
the fluoroethyl compound 6¢ in high yield (Scheme 2).

Racemic 1 was separated into two enantiomers (155/)-1 and (1R,55)-1 [22] by preparative
chiral HPLC. Compound 6a was also separated in two enantiomers (155/)-6a and (1R,
55)-6a using chiral supercritical fluid chromatography.

Synthesis of compounds 8a-l was achieved by the Suzuki reaction of the iodo-intermediates
3a, 3c-d with commercially available boronic acids or in-house prepared boronic esters 7
(Scheme 3) [21].

Compounds 13a-e were prepared in four steps as shown in Scheme 4. The Suzuki cross-
coupling reaction between methyl 4-bromo-3-methoxybenzoate 9 and fertutyl 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan2-yl)-1H-indole-1-carboxylate 4 led to the formation of the
benzoic ester derivative 10 in an excellent yield. The ester derivative 10 underwent fert-Boc
deprotection followed by saponification with aqueous LiOH to yield the carboxylic acid
derivative 12. Coupling of 12 with various amines led to the desired amide derivatives 13a-e.

2.2. Structure—Activity Relationship:

The purpose of the study was to develop a V1, ligand with high V1, receptor binding affinity
and suitable molecular properties for brain PET (molecular weight MW < 500 Dalton,
lipophilicity logD < 5). In addition, the suitable ligand structures have to possess a fluorine
atom or methyl group for 18F- or 11C-radiolabeling.

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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The high binding affinity requirement is a crucial component in the PET radiotracer

Bmax
KD

density in the brain tissue and Kp is the dissociation constant [23]. In many reports, the V1,
receptor density in the brain tissue of various species was determined semi-quantitatively
[15, 24]. The quantitatively determined V1, density value (Bpax) in the mammalian brain
varies substantially among different reports, perhaps due to the high nonspecific binding and
insufficient selectivity of the available /n vitro radiotracers that were used in the assays: in
rat — 4 fmol/mg protein [25], 10-15 fmol/mg protein [26], 20-80 fmol/mg protein [13], 150-
408 fmol/mg protein [27]; in golden hamster =12 fmol/mg protein [28]. The required
binding affinity for a good V1, PET radiotracer should be in the range of K; < 0.4 — 40 nM,
but the deficiency of the /n vitro binding assay makes this estimate rather imprecise. Based
on the above approximation of the required binding affinity and other structural properties,
the V14 ligand (155R)-1 (K= 0.1 nM, MW =402, logD = 4.7) was selected as a lead for
this project. The binding affinity of the lead was confirmed in this study (see Table 1).

development and is based on the conventional equation >10, where Bpax IS receptor

The overall objective of this research was to synthesize a series of analogs of 1 with
appropriate characteristics for brain PET radiotracer including high binding affinity K; < 0.4
— 40 nM) (see previous paragraph for the rational). The other necessary properties for
cerebral PET tracer include optimal lipophilicity (logD < 5) and molecular weight MW <
500 Dalton [29, 30].

The fluoro derivatives 6b, 8a, and 8b exhibited satisfactory lipophilicity, but lower binding
affinity compared to the lead 1 (Table 1).

The fluoroethyl-analog 6¢ manifested high binding affinity and lipophilicity that was
comparable to the lead 1. The derivative 8c, synthesized by A-methylation of 1, resulted to
an increase of lipophilicity and decrease in binding affinity.

Azaindole derivatives 8d-8f exhibited an optimal lipophilicity, but the binding affinities were
lower than that of 1.

Interestingly, tolyl derivatives 8g and 8k, those are less bulky than 1, exhibited good binding
affinity, whereas the picolyl derivatives (8h-j and 8l) showed poor V1, binding affinity
(Table 1).

Replacement of the 1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-yl moiety in compounds
13a-e with other cyclic amines substituents resulted in a loss of the V1, binding affinity
(Table 2).

2.3. Radiochemistry:

Two compounds of the series, the lead (15,5/)-1 and its F-ethyl analog 6¢, exhibited the
best combination of high binding affinity and optimal lipophilicity (Table 1) and were
suitable for PET radiolabeling with 11C and 18F, respectively. Because of relative simplicity
of 11Cradiolabeling we have chosen to radiolabel (15,5R)-1 with 11C for further animal
experiments. Radiolabelled [11CH3](15,5R)-1 was prepared by 11C-methylation of the
corresponding phenol precursor (15,5/)-6a (Scheme 5). The precursor (155R)-6a (ee

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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-99.5%) was obtained by supercritical fluid chiral chromatographic separation of racemic
6a. [11CH3](155R)-1 was prepared with a radiochemical yield of 10-15%, specific
radioactivity 8000 — 16000 mCi/umol (296 — 590 GBg/umol) and radiochemical purity >
95%. The enantiomeric purity (e.e.>95%) of [11CH3](15,5R)-1 was demonstrated by chiral
HPLC analysis.

Radiotracer [11CH3](15,5R)-1 undergoes a rapid radiolysis in saline solution, but it is stable
for at least 1 h in saline solution containing 7-8% alcohol.

2.4. Biodistribution studies in rodents.

Radioligand [11CH3](15,5R)-1 was evaluated in rodents as a potential PET radiotracer for
imaging V1, receptors.

2.4.1. Baseline studies in CD-1 mice.—After intravenous injection [M1CH3](1S,
5R)-1 manifested high initial brain uptake with peak concentration of radioactivity at 5 min
post-injection (4.7 %I1D/g tissue) followed by washout. The lateral septum was the region
with the highest accumulation of radioactivity, which is consistent with previous /n vitro
semi-quantitative autoradiography results in C57B6 mice [31]. The uptake in the
hippocampus, cortex, and the rest of brain was lower than that in the septum (Table 3).

2.4.2. Dose-Escalation Blocking in CD-1 Mice.—In all studied brain regions
(septum, hippocampus, cortex) at 60 min after injection of [11CH3](15,5/)-1, radiotracer
binding was blocked by injection of V1,4 ligand 8g (K; = 0.05 nM) [22] in a dose-dependent
fashion (Fig. 2). At the highest blocker dose of 3 mg/kg, the reduction of radioactivity
uptake in the septum, cortex, and rest of brain was 30%, 26%, and 14%, respectively. The
blockade in the septum was significant, suggesting that [11CH3](15,5R)-1 specifically labels
V14 receptors in this brain region.

2.4.3. Brain regional biodistribution studies in male prairie voles.—Previous
studies revealed an involvement of V1, receptor in mediation of paternal behavior, selective
aggression and affiliation in monogamous rodent species including prairie voles [12],
Taiwan voles [32] and deer mice [33]. We examined the regional distribution of [11CH3](15,
5R)-1 in male prairie voles. The uptake of [11CH3](15,5/)-1 was higher in the superior
colliculus and thalamus and lower in the cortex and rest of brain (Fig. 3). This distribution of
the radiotracer is in agreement with the /n vitro distribution of V1, in the prairie voles [12].
The uptake of the radiotracer [11CH3](15,5/)-1 was reduced in the blocking studies with 1.
The blocking was significant only in the superior colliculus (Fig. 3), the region with the
greatest density of V1, [12].

2.4.4. Effect of anesthetics.—Previous research established that common animal
anesthetics such as Propofol [34] and NMDA antagonists [35] interact with the vasopressin
receptor system and alter the binding of V1, receptors. Because in our lab we commonly use
Propofol and an NMDA antagonist Ketamine as anesthetics for baboon PET imaging, we
investigated an effect of these anesthetics and another common animal anesthetic Saffan on
the brain regional biodistribution of [11CH3](15,5/)-1 in mice.

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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The study demonstrated that intraperitoneal treatment of CD-1 mice with all three
anesthetics greatly increased the variability of the radiotracer brain uptake as compared with
controls (28-43% (anesthetics); 0.4-3.5% (controls)) (Fig. 4). The study showed a
significant reduction of the radiotracer uptake in the hippocampus in the mice treated with
Propofol and insignificant reduction in other brain regions. Ketamine and Saffan treatment
did not significantly change the radiotracer brain uptake. However, in the case of Saffan,
there was a trend toward a decrease in the uptake. Saffan is composed of two neuroactive
steroids alfaxalone and alfadolone (3:1). Neuroactive steroids are known to modulate the
secretion of vasopressin [36] and, thus, may affect the /1, receptor radiotracer binding.

The results of this study and previous research [34] suggest that Propofol blocks the V1, and
may be unsuitable as an anesthetic for future vasopressin receptor PET imaging in non-
human primates. The high variability of the radiotracer uptake in the Saffan and ketamine
experiments demonstrated that these two anesthetics are not benign for V1, receptor imaging
and different classes of anesthetics should be considered.

3. CONCLUSIONS

A novel series of V1, receptor ligands has been developed for PET imaging. The lead ligand
(155R)-1 with the best binding affinity (0.66 nM) was radiolabeled with 11C for positron
emission tomography studies. [11CH3](15,5/)-1 readily entered the mouse (4.7% ID/g
tissue) and prairie vole brains (~2% ID/qg tissue) and specifically (30 — 34%) labeled V1,
receptors. The common animal anesthetic Propofol significantly blocks the brain uptake of
[11CH3](155R)-1 in the mouse brain, whereas anesthetics Ketamine and Saffan increase the
variability of uptake. Future PET imaging studies with [11CH3](15,5/)-1 or other V4,
radiotracers in non-human primates should be performed in awake animals or use
anesthetics that do not affect the V1, receptor. Such studies are needed to advance our
understanding of the role of V1, receptor in social behavior.

4. EXPERIMENTAL SECTION:

All reagents were used directly as obtained commercially unless otherwise noted. Reaction
progress was monitored by thin-layer chromatography (TLC) using silica gel 60 F254
(0.040-0.063 mm) with detection by UV. All moisture-sensitive reactions were performed
under an argon atmosphere using ovendried glassware and anhydrous solvents. Column flash
chromatography was carried out using BDH silica gel 60A (40-63 micron). Analytical TLC
was performed on plastic sheets coated with silica gel 60 F254 (0.25 mm thickness, E.
Merck, Darmstadt, Germany). 1H NMR spectra were recorded with a Bruker-500 NMR
spectrometer at nominal resonance frequencies of 500 MHz in CDCl3, CD30D or DMSO-dj
(referenced to internal Me,Si at 6 0 ppm). The chemical shifts (&) were expressed in parts
per million (ppm). High-resolution mass spectra were recorded utilizing electrospray
ionization (ESI) at the University of Notre Dame Mass Spectrometry facility. All compounds
that were tested in the biological assays were analyzed by combustion analysis (CHN) to
confirm a purity of >95%. A dose calibrator (Capintec 15R) was used for all radioactivity
measurements. Radiolabelling was performed with a modified GE MicroLab radiochemistry

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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box. The experimental animal protocols were approved by the Animal Care and Use
Committee of the Johns Hopkins Medical Institutions.

4.1. Chemistry

(4-lodo-3-methoxyphenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (3a): To the mixture of 4-iodo-3-methoxybenzoic acid (1a) (1.0 g, 3.60
mmol), 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane (0.55 g, 3.60 mmol), EDC.HCI (0.83 g,
4.32 mmol), and HOBT (0.58 g, 4.32 mmol), in DMF (10 mL) was added N,N-
Diisopropylethylamine (DIEA) (1.25 mL, 7.20 mmol). The reaction mixture was stirred at
room temperature overnight and then partitioned between EtOAc and brine. The organic
layer was separated, dried over anhydrous MgSQy, filtered, and concentrated under a
vacuum. The resulting residue was purified by silica gel column chromatography
(Hexane:EtOAc = 3:7) to give (4-iodo-3-methoxyphenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6-yl)methanone as a white solid (1.12 g, 75.4% yield). 1H NMR (500
MHz, CDCl3) & 7.57 (t, /=5.0 Hz, 1H), 7.02 (d, /= 10.0 Hz, 1H), 6.93 (d, /= 10.0 Hz,
1H), 4.00 (t, /= 5.0 Hz, 1H), 3.93 (s, 3H), 3.60 (t, /= 5.0 Hz, 1H), 3.30 (t, /= 5.0 Hz, 1H),
2.27-2.24 (m, 1H), 1.81-1.77 (m, 1H), 1.62-1.60 (m, 1H), 1.50-1.47 (m, 1H), 1.38-1.34
(m, 2H), 1.25 (d, /= 10.0 Hz, 1H), 1.16 (s, 3H), 1.06 (s, 3H), 0.98 (d, /= 10.0 Hz, 3H).

(3-Hydroxy-4-iodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (3b): To the mixture of 3-hydroxy-4-iodobenzoic acid (1b) (1.0 g, 3.78
mmol), 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane (0.58 g, 3.78 mmol), EDC.HCI (0.87 g,
4.53 mmol), and HOBT (0.61 g, 4.53 mmol), in DMF (10 mL) was added DIEA (1.31 mL,
7.56 mmol). The reaction mixture was stirred at room temperature overnight and then
partitioned between EtOAc and brine. The organic layer was separated, dried over
anhydrous MgSOQy, filtered, and concentrated under a vacuum. The resulting residue was
purified by silica gel column chromatography (Hexane:EtOAc = 3:7) to give
(3hydroxy-4iodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-yl)methanone as a
white solid (1.20 g, 80.6% yield). IH NMR (500 MHz, CDCl3) 6 7.78 (s, 1H), 7.66 (d, J=
10.0 Hz, 1H), 7.08-7.04 (m, 1H), 6.69- 6.65 (m, 1H), 4.59 (t, /=5.0 Hz, 1H), 3.60 (t, /=
5.0 Hz, 1H), 3.26-3.23 (m, 1H), 1.76-1.74 (m, 1H), 1.57 (d, /= 10.0 Hz, 1H), 1.48-1.41 (m,
2H), 1.38-1.30 (m, 2H), 1.19 (d, /= 10.0 Hz, 1H), 1.08 (s, 3H), 1.00 (s, 3H), 0.93 (d, J=
10.0 Hz, 3H).

(2-Fluoro-4-iodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (3c): To the mixture of 2-fluoro-4-iodobenzoic acid (1c) (1.0 g, 3.75
mmol), 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane (0.58 g, 3.75 mmol), EDC.HCI (0.86 g,
4.50 mmol), and HOBT (0.61 g, 4.50 mmol), in DMF (10 mL) was added DIEA (1.31 mL,
7.50 mmol). The reaction mixture was stirred at room temperature overnight and then
partitioned between EtOAc and brine. The organic layer was separated, dried over
anhydrous MgSQy, filtered, and concentrated under a vacuum. The resulting residue was
purified by silica gel column chromatography (Hexane:EtOAc = 4:6) to give
(2fluoro-4iodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-yl)methanone as a white
solid (1.25 g, 82.9% vyield). 'H NMR (500 MHz, CDCl3) & 7.36-7.33 (m, 1H), 7.32-7.28
(m, 1H), 7.24-7.20 (m, 1H), 4.65 (t, /= 5.0 Hz, 1H), 3.64 (t, /= 5.0 Hz, 1H), 3.26 (t, /= 5.0

Eur J Med Chem. Author manuscript; available in PMC 2019 June 19.
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Hz, 1H), 3.23- 3.08 (m, 1H), 1.82-1.79 (m, 1H), 1.48-1.47 (m, 1H), 1.44-1.41 (m, 2H),
1.38-1.32 (m, 2H), 1.17 (d, J= 10.0 Hz, 1H), 1.10 (s, 3H), 1.04 (s, 3H), 0.94 (d, J= 10.0 Hz,
3H).

(4-lodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-yl)methanone

(3d): To the mixture of 4iodobenzoic acid (1d) (1.0 g, 4.03 mmol), 1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octane (0.62 g, 4.03 mmol), EDC.HCI (0.92 g, 4.83 mmol), and HOBT (0.65
g, 4.83 mmol), in DMF (10 mL) was added DIEA (1.50 mL, 8.60 mmol). The reaction
mixture was stirred at room temperature overnight and then partitioned between EtOAc and
brine. The organic layer was separated, dried over anhydrous MgSQy, filtered, and
concentrated under a vacuum. The resulting residue was purified by silica gel column
chromatography (Hexane:EtOAc = 4:6) to give (4-iodophenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan6-yl)methanone as a white solid (1.30 g, 84.4% yield). 1H NMR (500
MHz, CDCl3) & 7.56 (t, /= 10.0 Hz, 2H), 7.35 (d, /= 10.0 Hz, 2H), 3.96 (t, /= 5.0 Hz, 1H),
3.61 (d, /=10.0 Hz, 1H), 3.30 (t, /= 5.0 Hz, 1H), 2.27-2.24 (m, 1H), 1.80-1.77 (m, 1H),
1.62-1.54 (m, 2H), 1.49-1.44 (m, 1H), 1.40-1.33 (m, 1H), 1.23 (d, /= 10.0 Hz, 1H), 1.15
(s, 3H), 1.05 (s, 3H), 0.97 (d, /= 10.0 Hz, 3H).

Tert-butyl 3-(2methoxy-4-(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octane-6-
carbonyl)phenyl)-1Hindole-1-carboxylate (5a): To a solution of (4iodo-3-
methoxyphenyl)(1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone (3a) (0.3 g, 0.72
mmol) and ferbutyl 3-(4,4,5,5-tetramethyl-1,3,2dioxaborolan-2-yl)-1H-indole-1-carboxylate
(4) (0.27 g, 0.80 mmol) in 1,4-dioxane (4.0 mL) was added 1.0 mL of water. The reaction
mixture was degassed with argon for about 30 minutes. After that Pd(dppf)Cl,.DCM (0.03
g, 0.036 mmol) and Na,COs (0.15 g, 1.45 mmol) were added to the reaction mixture and
again degassed with argon for another 20 minutes. The reaction mixture was stirred under
reflux for 3 h. After cooled down to room temperature, the mixture was extracted with
EtOAc, washed with brine, dried over Na,SOy4, and concentrated under reduced pressure.
The crude product was purified by column chromatography (Hexane/EtOAc = 3:7) to afford
5a as a brown solid (0.32 g, 87.9%). 1H NMR (500 MHz, CDCl3) & 8.22 (d, J=10.0 Hz,
1H), 7.82 (s, 1H), 7.60 (d, J= 5.0 Hz, 1H), 7.56 (d, /= 5.0 Hz, 1H), 7.55-7.53 (m, 1H), 7.36
(s, 1H), 7.27 (d, /=5.0 Hz, 1H), 7.13 (d, /= 10.0 Hz, 1H), 4.68 (s, 1H), 3.89 (s, 3H), 3.64
(d, /=10.0 Hz, 1H), 3.43-3.40 (m, 1H), 3.28 (d, /= 5.0 Hz, 1H), 2.32-2.29 (m, 1H), 1.84-
1.82 (m, 1H), 1.76-1.73 (m, 2H), 1.71 (s, 9H), 1.60 (s, 1H), 1.54-1.47 (m, 1H), 1.43-1.37
(m, 1H), 1.20 (s, 3H), 1.10 (s, 3H), 1.00 (d, /= 10.0 Hz, 3H).

Tert-butyl 3-(2hydroxy-4-(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octane-6-
carbonyl)phenyl)-1Hindole-1-carboxylate (5b): To a solution of (3hydroxy-4-
iodophenyl)(1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone (3b) (0.5 g, 1.25
mmol) and fertoutyl 3-(4,4,5,5-tetramethyl-1,3,2dioxaborolan-2-yl)-1H-indole-1-carboxylate
(4) (0.47 g, 1.38 mmol) in 1,4-dioxane (10.0 mL) was added 2.0 mL of water. The reaction
mixture was degassed with argon for about 30 minutes. After that Pd(dppf)Cl,.DCM (0.05
g, 0.063 mmol) and Na,COs (0.26 g, 2.50 mmol) were added to the reaction mixture and
again degassed with argon for another 20 minutes The reaction mixture was stirred under
reflux for 3 h. After cooled down to room temperature, the mixture was extracted with
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EtOAc, washed with brine, dried over Na,SOy4, and concentrated under reduced pressure.
The crude product was purified by column chromatography (Hexane/EtOAc =3:7) to afford
5b as a brown solid (0.48 g, 78.5%). IH NMR (500 MHz, CDCls) 6 8.26 (d, /= 10.0 Hz,
1H), 7.81(s, 1H), 7.59-7.56 (m, 1H), 7.46-7.40 (m, 2H), 7.30 (d, J=10.0 Hz, 1H), 7.22 (d, J
=10.0 Hz, 1H), 7.11-7.06 (m, 1H), 4.68 (s, 1H), 3.64 (d, J=10.0 Hz,

1H), 3.43-3.40 (m, 1H), 3.28 (d, J= 5.0 Hz, 1H), 2.32-2.29 (M, 1H), 1.84-1.82 (m, 1H),
1.76-1.73 (m, 2H), 1.72 (s, 9H), 1.60 (s, 1H), 1.54-1.47 (m, 1H), 1.43-1.37 (m, 1H), 1.28
(s, 3H), 1.15 (s, 3H), 1.09 (d, J= 10.0 Hz, 3H).

Tert-butyl 3-(3fluoro-4-(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octane-6-
carbonyl)phenyl)-1H-indole-1-carboxylate (5c¢): To a solution of (2-fluoro-4-
iodophenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-yl)methanone (3c) (0.3 g, 0.75
mmol) and ferbutyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)1H-indole-1-carboxylate
(4) (0.28 g, 0.82 mmol) in 1,4-dioxane (4.0 mL) was added 1.0 mL of water. The reaction
mixture was degassed with argon for about 30 minutes. After that Pd(dppf)Cl,.DCM (0.030
g, 0.037 mmol) and Na,CO3 (0.16 g, 1.50 mmol) were added to the reaction mixture and
again degassed with argon for another 20 minutes The reaction mixture was stirred under
reflux for 3 h. After cooled down to room temperature, the mixture was extracted with
EtOAc, washed with brine, dried over Na,SOy4, and concentrated under reduced pressure.
The crude product was purified by column chromatography (Hexane/EtOAc = 3:7) to afford
5¢ as a brown solid (0.31 g, 84.7%). 'H NMR (500 MHz, CDCl3) & 8.26 (d, /= 10.0 Hz,
1H), 7.81(s, 1H), 7.59-7.56 (m, 1H), 7.46-7.40 (m, 2H), 7.30 (d, /= 10.0 Hz, 1H), 7.22 (d, J
=10.0 Hz, 1H), 7.11-7.06 (m, 1H), 4.68 (s, 1H), 3.64 (d, J=10.0 Hz, 1H), 1.43-1.40 (m,
1H), 3.28 (d, /= 5.0 Hz, 1H), 2.32-2.29 (m, 1H), 1.84-1.82 (m, 1H), 1.76-1.73 (m, 2H),
1.72 (s, 9H), 1.60 (s, 1H), 1.54-1.47 (m, 1H), 1.43-1.37 (m, 1H), 1.28 (s, 3H), 1.15 (s, 3H),
1.09 (d, /=10.0 Hz, 3H).

(4-(1H-Indol-3-yl)-3-methoxyphenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6-yl)methanone (1): To a solution of zertbutyl 3-(2methoxy-4-
(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octane-6carbonyl)phenyl)-1H-indole-1-carboxylate (5a)
(0.47 g, 0.935 mmol) in methylene chloride (5 mL) was added trifluoroacetic acid (0.29 mL,
3.74 mmol) dropwise at 0 °C, and then, the mixture was stirred at room temperature for 8 h.
After completion of the reaction, the reaction mixture was concentrated under reduced
pressure. The resulting residue was purified by silica gel column chromatography
(Hexane:EtOAc = 2:8) to give (4-(1Hindol-3-yl)-3-methoxyphenyl)(1,3,3-trimethyl-6-
azabicyclo[3.2.1]octan-6-yl)methanone as a pale yellow solid (0.32 g, 85.1% vyield). 1H
NMR (500 MHz, CDCl3) 6 8.38 (d, /= 10.0 Hz, 1H), 7.81 (d, /= 10.0 Hz, 1H), 7.68 (d, J=
10.0 Hz, 1H), 7.57 (s, 1H), 7.45 (d, /= 5.0 Hz, 1H), 7.27 (d, J= 5.0 Hz, 1H), 7.19-7.14 (m,
3H), 4.68 (s, 1H), 3.90 (s, 3H), 3.64 (d, /= 10.0 Hz, 1H), 3.39-3.30 (m, 1H), 1.85-1.82 (m,
1H), 1.79-1.76 (m, 1H), 1.66 (d, J= 10.0 Hz, 1H), 1.54-1.47 (m, 2H), 1.41-1.36 (m, 1H),
1.30-1.27 (m, 1H), 1.20 (s, 3H), 1.12 (s, 3H), 1.00 (d, J= 10.0 Hz, 3H). 13CNMR (125
MHz, CDClI3) 6 170.0, 156.4, 136.1, 129.9, 126.4, 124.9, 122.1, 120.3, 120.1, 118.9, 118.6,
112.4,111.4,110.1, 109.7, 58.3, 56.7, 55.6, 44.5, 44.1, 38.5, 36.3, 31.2, 30.3, 25.2. HRMS
(ESI+) m/z caled [CogH31N205] [(M + H)]* 403.2386, found 403.2380.
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(3-Hydroxy-4-(1H-Indol-3-yl)phenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (6a): To a solution of fert-butyl 3-(2hydroxy-4-(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octane-6carbonyl)phenyl)-1H-indole-1-carboxylate (5b) (0.3 g, 0.61 mmol) in
methylene chloride (3 mL) was added trifluoroacetic acid (0.19 mL, 2.45 mmol) dropwise at
0 °C, and then, the mixture was stirred at room temperature for 8 h. After completion of the
reaction, the reaction mixture was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (Hexane:EtOAc = 2:8) to give (4-
(1Hindol-3-yI)-3-methoxyphenyl)(1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone
as a white solid (0.2 g, 84.0% yield). IH NMR (500 MHz, CDCls3) 6 8.72 (d, /= 10.0 Hz,
1H), 7.68 (d, J=10.0 Hz, 1H), 7.50 (d, J= 10.0 Hz, 2H), 7.30 (d, /= 5.0 Hz, 1H), 7.28 (d, J
=5.0 Hz, 1H), 7.19 (d, J=10.0 Hz, 2H), 7.10-7.06 (m, 1H), 4.68 (s, 1H), 3.90 (s, 3H), 3.64
(d, /=10.0 Hz, 1H), 3.30 (d, /= 10.0 Hz, 1H), 1.84-1.74 (m, 2H), 1.62 (d, /= 10.0 Hz, 1H),
1.55-1.45 (m, 2H), 1.39-1.35 (m, 1H), 1.29-1.26 (m, 1H), 1.17 (s, 3H), 1.09 (s, 3H), 0.98
(d, J=10.0 Hz, 3H). 13C NMR (125 MHz, CDCls) 6 169.5, 153.4, 137.0, 136.5, 130.6,
126.1, 123.9, 122.8, 120.5, 119.7, 118.4, 114.0, 113.7, 111.7, 111.3, 64.5, 58.1, 56.4, 49.6,
38.5,32.2, 30.0, 27.7, 25.4. HRMS (ESI+) m/z calcd [Co5Ho9N,0] [(M + H)]* 389.2229,
found 389.2223.

(2-Fluoro-4-(1H-Indol-3-yl)phenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (6b): To a solution of zerbutyl 3-(3-fluoro-4-(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octane-6-carbonyl)phenyl)1H-indole-1-carboxylate (5¢) (0.3 g, 0.61 mmol) in
methylene chloride (25 mL) was added trifluoroacetic acid (0.19 mL, 2.44 mmol) dropwise
at 0 °C, and then, the mixture was stirred at room temperature for 8 h. After completion of
the reaction, the reaction mixture was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (Hexane:EtOAc = 2:8) to give (4-
(1Hindol-3-y1)-3-methoxyphenyl)(1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone
as a brown solid (0.19 g, 79.8% yield). 1H NMR (500 MHz, CDCl3) & 8.48 (s, 1H), 7.93 (d,
J=5.0 Hz, 1H), 7.49-7.44 (m, 2H), 7.39-7.37 (m, 3H), 7.28 (d, /= 5.0 Hz, 1H), 7.24-7.21
(m, 1H), 4.65 (s, 1H), 3.68 (d, /= 10.0 Hz, 1H), 3.30 (d, /= 10.0 Hz, 1H), 1.87-1.83 (m,
1H), 1.62 (d, /= 10.0 Hz, 1H), 1.55-1.45 (m, 2H), 1.39-1.34 (m, 2H), 1.22 (s, 1H), 1.14 (s,
3H), 1.09 (s, 3H), 0.95 (d, J=10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Ca5H2gFN,O] [(M +
H)]* 391.2186, found 391.2180.

(3-(2fluoroethoxy)-4-(1H-indol-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6yl)methanone (6¢): To a solution of (3Hydroxy-4-(1H-Indol-3-
yl)phenyl)(1,3,3-trimethyl-6-azabicyclo[3.2.1]octan-6-yl)methanone (6a) (0.1 g, 0.25 mmol)
in DMF (1 mL) was added 2-Fluoroethyl tosylate (0.06 g, 0.28 mmol) and Cs,CO3 (0.125 g,
0.38 mmol). The reaction mixture was stirred at room temperature overnight and then
partitioned between EtOAc and brine. The organic layer was separated, dried over
anhydrous MgSO4, filtered, and concentrated under a vacuum. The resulting residue was
purified by silica gel column chromatography (EtOAc : Hexane = 7:3) to give 6¢ as a white
solid (0.06 g, 54.05% yield). 'H NMR (500 MHz, CDCl5) & 8.51 (s, 1H), 7.88 (d, /= 5.0
Hz, 1H), 7.78-7.76 (m, 2H), 7.68 (s, 1H), 7.46 (d, J=10.0 Hz, 1H), 7.27-7.13 (m, 4H), 4.76
(t, /= 5.0 Hz, 2H), 4.65 (s, 1H), 4.29 (t, /= 5.0 Hz, 2H), 3.68 (d, /= 10.0 Hz, 1H ), 3.30 (d,
J=10.0 Hz, 1H), 1.87-1.83 (m, 1H), 1.62 (d, /= 10.0 Hz, 1H), 1.55-1.45 (m, 2H), 1.39-
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1.34 (m, 2H), 1.22 (s, 1H), 1.17 (s, 3H), 1.09 (s, 3H), 0.9 (d, J= 10.0 Hz, 3H). HRMS (ESI
+) m/z caled [Co7H3FN,05] [(M + H)]* 435.2448, found 435.2442.

4.1.1 General procedure for the synthesis of compounds 8a-1.—To a solution of
iodo derivatives (3a, 3b and 3c, 1.0 mmol, 1 equiv) and boronic acids or esters (7, 1.5 mmol,
1.5 equiv) in 1,4-dioxane (4.0 mL) was added 1.0 mL of water. The reaction mixture was
degassed with argon for about 30 minutes. After that Pd(dppf)Cl,.DCM (0.05 equiv, 0.05
mmol) and Na,COg3 (2 equiv, 2.0 mmol) were added to the reaction mixture and again
degassed with argon for another 20 minutes. The reaction mixture was stirred under reflux
for 3 h. After cooled down to room temperature, the mixture was extracted with EtOAc,
washed with brine, dried over Na,SO4, and concentrated under reduced pressure. The crude
product was purified by column chromatography (Silica, Hexane/EtOAc = 1.9 for 8a-b, 8h-j
and 8l, Hexane/EtOAc = 7:3 for 8g and 8k and CH,Cl,/MeOH = 9:1 for 8c-f) (see Scheme
3).

(4-(6Fluoropyridin-3-yl)-3-methoxyphenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]Joctan-6yl)methanone (8a): To afford yellow solid (0.072 g, 78.2%). 1H
NMR (500 MHz, CDCl3) & 8.36 (s, 1H), 7.99 (t, /= 10.0 Hz, 1H), 7.33 (t, /= 10.0 Hz, 1H),
7.15-7.10 (m, 2H), 7.00 (d, J=10.0 Hz, 1H), 4.66 (s, 1H), 3.87 (s, 3H), 3.63 (d, /= 10.0 Hz,
1H), 3.35 (t, J=10.0 Hz, 1H), 1.84-1.81 (m, 1H), 1.68-1.62 (m, 2H), 1.56-1.48 (m, 2H),
1.40-1.38 (m, 1H), 1.29 (d, J=10.0 Hz, 1H), 1.18 (s, 3H), 1.10 (s, 3H), 0.98 (d, /= 10.0 Hz,
3H). HRMS (ESI+) m/z calcd [Co3H2gFN2O5] [(M + H)]* 383.2135, found 383.2129.

(4-(2Fluoropyridin-3-yl)-3-methoxyphenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6yl)methanone (8b): To afford yellow solid (0.075 g, 81.5%). 1H
NMR (500 MHz, CDCls3) & 8.21 (s, 1H), 7.79 (t, /= 10.0 Hz, 1H), 7.31-7.24 (m, 2H), 7.11-
7.06 (M, 2H), 4.64 (s, 1H), 3.84 (s, 3H), 3.61 (d, /= 10.0 Hz, 1H), 3.33 (t, /= 10.0 Hz, 1H),
1.80-1.78 (m, 1H), 1.68-1.62 (m, 1H), 1.54-1.44 (m, 2H), 1.40- 1.34 (m, 2H), 1.28 (d, J=
10.0 Hz, 1H), 1.16 (s, 3H), 1.08 (s, 3H), 0.96 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd
[Ca3H28FN,05] [(M + H)]* 383.2135, found 383.2129.

(3Methoxy-4-(1-methyl-1H-indol-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]Joctan-6yl)methanone (8c): To afford yellow solid (0.082 g, 82.0%). 1H
NMR (500 MHz, CDCls3) § 7.82 (d, J=10.0 Hz, 1H), 7.68 (d, /= 10.0 Hz, 1H), 7.47 (s,
1H), 7.38 (d, /= 5.0 Hz, 1H), 7.19-7.14 (m, 3H), 4.69 (s, 1H), 3.92 (s, 3H), 3.88 (s, 3H),
3.85 (d, /=10.0 Hz, 1H), 3.65 (d, J=10.0 Hz, 1H), 3.39-3.32 (m, 1H), 1.89-1.84 (m, 2H),
1.79-1.76 (m, 1H), 1.57-1.47 (m, 1H), 1.43-1.41 (m, 1H), 1.35 (d, /= 10.0 Hz, 1H), 1.19
(s, 3H), 1.11 (s, 3H), 0.98 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Co7H33N20,] [(M
+ H)]* 417.2542, found 417.2540.

(3Methoxy-4-(1H-pyrrolo[2,3-b]pyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6yl)methanone (8d): To afford yellow solid (0.05 g, 51.5%). 1H
NMR (500 MHz, CDCls3) & 8.31 (s, 1H), 8.23 (d, J=10.0 Hz, 1H), 7.70 (s, 1H), 7.55 (t, J=
5.0 Hz, 1H), 7.23 (t, /=5.0 Hz, 1H), 7.16-7.12 (m, 2H), 4.66 (s, 1H), 3.89 (s, 3H), 3.62 (d, J
=10.0 Hz, 1H), 3.40-3.33 (m, 1H), 2.16 (s, 1H), 1.82-1.70 (m, 2H), 1.63-1.58 (m, 1H),
1.51-1.44 (m, 1H), 1.40-1.34 (m, 2H), 1.29 (d, J= 10.0 Hz, 1H), 1.16 (s, 3H), 1.10 (s, 3H),
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0.98 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd [CosHaoN30,] [(M + H)]* 404.2338,
found 404.2330.

(3Methoxy-4-(1H-pyrrolo[2,3-c]pyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6yl)methanone (8e): To afford pale yellow solid (0.056 g, 57.7%).
1H NMR (500 MHz, CDCls) 6 8.31 (s, 1H), 8.23 (d, /= 10.0 Hz, 1H), 7.72 (s, 1H), 7.56 (t,
J=5.0 Hz, 1H), 7.25 (t, /= 5.0 Hz, 1H), 7.16-7.12 (m, 2H), 4.66 (s, 1H), 3.89 (s, 3H), 3.62
(d, /=10.0 Hz, 1H), 3.40-3.33 (m, 1H), 2.16 (s, 1H), 1.82-1.70 (m, 2H), 1.63-1.58 (m,
1H), 1.51-1.44 (m, 1H), 1.40-1.34 (m, 2H), 1.28 (d, /= 10.0 Hz, 1H), 1.16 (s, 3H), 1.10 (s,
3H), 0.98 (d, J=10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Co5H3gN305] [(M + H)]
*404.2338, found 404.2330.

(3Methoxy-4-(1H-pyrrolo[3,2-c]pyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]octan-6yl)methanone (8f): To afford yellow solid (0.048 g, 49.4%). 1H
NMR (500 MHz, MeOD) 6 8.32 (s, 1H), 8.27 (d, /=10.0 Hz, 1H), 7.78 (d, /= 5.0 Hz, 1H),
7.68 (t, J= 5.0 Hz, 1H), 7.27 (t, /= 5.0 Hz, 1H), 7.20 (d, /= 5.0 Hz, 1H), 7.17-7.15 (m,
1H), 4.57 (s, 1H), 3.92 (s, 3H), 3.62 (d, J=10.0 Hz, 1H), 3.28-3.26 (m, 1H), 1.92-1.87 (m,
1H), 1.70-1.61 (m, 2H), 1.56-1.49 (m, 1H), 1.43-1.41 (m, 2H), 1.35 (d, J=10.0 Hz, 1H),
1.18 (s, 3H), 1.10 (s, 3H), 0.98 (d, J= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Cp5H3gN302]
[(M + H)]* 404.2338, found 404.2330.

(2’-Methylbiphenyl-4-yl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (8g): To afford colorless semi solid (0.07 g, 77.8%). 1H NMR (500 MHz,
CDCl3) & 7.53 (t, /= 10.0 Hz, 2H), 7.37 (d, J= 10.0 Hz, 2H), 7.30-7.28 (m, 2H), 7.24 (d, J
=10.0 Hz, 2H), 4.68 (s, 1H), 3.65 (d, J=10.0 Hz, 1H), 3.39- 3.34 (m, 1H), 2.29 (s, 1H),
1.84-1.79 (m, 1H), 1.70-1.62 (m, 1H), 1.56-1.46 (m, 2H), 1.42-1.36 (m, 2H), 1.28 (d, /=
10.0 Hz, 1H), 1.19 (s, 3H), 1.10 (s, 3H), 0.98 (d, J= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd
[Co4H3oNO] [(M + H)]* 348.2327, found 348.2320.

(4-(3-Methylpyridin-4-yl)phenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (8h): To afford pale yellow solid (0.072 g, 80.0%). 1H NMR (500 MHz,
CDCl3) & 8.52 (s, 1H), 8.48 (t, /= 5.0 Hz, 1H), 7.56-7.53 (m, 2H), 7.38-7.35 (s, 2H), 7.14
(t, J=5.0 Hz, 1H), 4.65(s, 1H), 3.64 (d, /= 10.0 Hz, 1 H), 3.34-3.32 (m, 1H), 2.28 (s, 3H),
1.81-1.76 (m, 2H), 1.64-1.51 (m, 1H), 1.49-1.46 (m, 1H), 1.38- 1.34 (m, 2H), 1.28 (d, J=
10.0 Hz, 1H), 1.16 (s, 3H), 1.08 (s, 3H), 0.97 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd
[C24H29N50] [(M + H)]* 349.2280, found 349.2274.

(4-(4-Methylpyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (8i): To afford pale yellow solid (0.075 g, 83.3%). 1H NMR (500 MHz,
CDCl3) & 8.48 (t, J= 10.0 Hz, 2H), 7.57 (t, J= 5.0 Hz, 2H), 7.39-7.36 (m, 2H), 7.29 (s,
1H), 4.67 (s, 1H), 3.65 (d, /= 10.0 Hz, 1H), 3.37-3.33 (m, 1H), 2.28 (s, 3H), 1.84-1.81 (m,
1H), 1.67-1.62 (m, 1H), 1.50-1.42 (m, 2H), 1.41-1.38 (m, 2H), 1.28 (d, J=10.0 Hz, 1H),
1.19 (s, 3H), 1.10 (s, 3H), 0.98 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Cp4HogN20]
[(M + H)]* 349.2280, found 349.2274.
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(4-(2-Methylpyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (8j): To afford pale yellow solid (0.069 g, 76.6%). 1H NMR (500 MHz,
CDClI3) 6 8.52 (d, /=5.0 Hz, 1H), 7.55-7.50 (m, 3H), 7.37-7.34 (m, 2H), 7.20 (t, /=5.0
Hz, 1H), 4.65 (s, 1H), 3.64 (d, J=10.0 Hz, 1H), 3.35- 3.31 (m, 1H), 2.51 (s, 3H), 1.82-1.78
(m, 1H), 1.65-1.60 (m, 1H), 1.54-1.44 (m, 2H), 1.40-1.34 (m, 2H), 1.25 (d, J=10.0 Hz,
1H), 1.16 (s, 3H), 1.08 (s, 3H), 0.97 (d, /= 10.0 Hz, 3H). HRMS (ESI+) m/z calcd
[C24H29N,0] [(M + H)]* 349.2280, found 349.2274.

(3-Fluoro-6’-methylbiphenyl-4-yl)(1,3,3-trimethyl-6-aza-bicyclo[3.2.1]octan-6-
yl)methanone (8k): To afford white yellow solid (0.072 g, 79.1%). 1H NMR (500 MHz,
CDClg) & 7.40-7.35 (m, 1H), 7.31- 7.28 (m, 2H), 7.25-7.23 (m, 1H), 7.21-7.19 (m, 1H),
7.16-7.13 (m, 1H), 7.08-7.04 (m, 1H), 4.66 (s, 1H), 3.65 (d, /= 10.0 Hz, 1H), 3.31-3.29
(m, 1H), 2.28 (s, 3H), 1.84-1.81 (m, 1H), 1.62-1.58 (m, 1H), 1.50— 1.42 (m, 2H), 1.41-1.38
(m, 2H), 1.28 (d, J=10.0 Hz, 1H), 1.15 (s, 3H), 1.06 (s, 3H), 0.94 (d, /= 10.0 Hz, 3H).
HRMS (ESI+) m/zcalcd [Co4H9FNO] [(M + H)]* 366.2233, found 366.2228.

(2Fluoro-4-(4-methylpyridin-3-yl)phenyl)(1,3,3-trimethyl-6-aza-
bicyclo[3.2.1]Joctan-6yl)methanone (8l): To afford yellow solid (0.075 g, 82.4%). 1H
NMR (500 MHz, CDCls3) & 8.48 (d, J=5.0 Hz, 1H), 8.43 (d, J= 5.0 Hz, 1H), 7.46-7.41 (m,
1H), 7.21 (d, J= 5.0 Hz, 1H), 7.17-7.15 (m, 1H), 7.10-7.06 (m, 1H), 4.66 (s, 1H), 3.66 (d, J
=10.0 Hz, 1H), 3.31-3.29 (m, 1H), 2.30 (s, 3H), 1.87-1.78 (m, 1H), 1.62-1.59 (m, 1H),
1.55-1.47 (m, 2H), 1.44-1.35 (m, 2H), 1.23 (d, J=10.0 Hz, 1H), 1.15 (s, 3H), 1.09 (s, 3H),
0.94 (d, J=10.0 Hz, 3H). HRMS (ESI+) m/z calcd [Co3H2gFN,O] [(M + H)]* 367.2186,
found 367.2180.

Tert-butyl 3-(2-methoxy-4-(methoxycarbonyl)phenyl)-1H-indole-1-carboxylate
(10): To a solution of methyl 4-iodo-3-methoxybenzoate (9) (0.5 g, 1.71 mmol) and zert
butyl 3-(4,4,5,5-tetramethyl-1,3,2dioxaborolan-2-yl)-1H-indole-1-carboxylate (0.70 g, 2.05
mmol) in 1,4-dioxane (10.0 mL) was added 2.0 mL of water. The reaction mixture was
degassed with argon for about 30 minutes. After that Pd(dppf)Cl,.DCM (0.069 g, 0.085
mmol) and Na,CO3 (0.36 g, 3.42 mmol) were added to the reaction mixture and again
degassed with argon for another 20 minutes. The reaction mixture was stirred under reflux
for 3 h. After cooled down to room temperature, the mixture was extracted with EtOAc,
washed with brine, dried over Na,SOy4, and concentrated under reduced pressure. The crude
product was purified by column chromatography (Hexane/EtOAc = 4:6) to afford 10 as a
yellow solid (0.52 g, 79.7%). 1H NMR (500 MHz, CDCl5) & 8.15 (d, /= 5.0 Hz, 1H), 7.85
(s, 1H), 7.65 (d, /= 10.0 Hz, 2H), 7.56 (d, J=10.0 Hz, 2H), 7.32 (d, /= 10.0 Hz, 1H), 7.28
(s, 1H), 3.86 (s, 3H), 3.82 (s, 3H), 1.62 (s, 9H).

Methyl 4-(1H-indol-3-yl)-3-methoxybenzoate (11): To a solution of frt-butyl 3-
(2methoxy-4(methoxycarbonyl)phenyl)-1H-indole-1-carboxylate (10) (0.5 g, 1.31 mmol) in
methylene chloride (25 mL) was added trifluoroacetic acid (0.4 mL, 5.24 mmol) dropwise at
0 °C, and then, the mixture was stirred at room temperature for 8 h. After completion of the
reaction, the reaction mixture was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (Hexane:EtOAc = 2:8) to give 11
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as a yellow solid (0.32 g, 86.9% yield). 'H NMR (500 MHz, CDCl3) & 8.38 (s, 1H), 7.85 (d,
J=5.0 Hz, 1H), 7.78 (s, 2H), 7.70 (d, /= 10.0 Hz, 2H), 7.47 (d, /=5.0 Hz, 1H), 7.28 (d, J=
10.0 Hz, 1H), 7.22 (d, J=5.0 Hz, 1H), 3.98 (s, 3H), 3.96 (s, 3H).

4-(1H-Indol-3-yl)-3-methoxybenzoic acid (12): A solution of methyl 4-(1Hindol-3-
yl)-3methoxybenzoate (11) (0.3 g, 1.06 mmol) in THF/H20 (3:1 3 mL) was treated with
lithium hydroxide monohydrate (0.22 g, 5.33 mmol) and stirred at room temperature for
overnight. The reaction mixture was then acidified with 10% HCI to pH 4 and then
partitioned between EtOAc and brine. The organic layer was separated, dried over
anhydrous MgSOQy, filtered, and concentrated /n vacuo. The resulting residue was purified by
silica gel column chromatography (CH,Cl,:MeOH = 9:1) to give 4-(4methoxybenzyloxy)-3-
nitrobenzoic acid as a pale yellow solid (0.25 g, 87.7% yield). 1H NMR (500 MHz, DMSO-
dg) & 11.44 (s, 1H), 7.74-7.70 (m, 3H), 7.64 (d, /= 10.0 Hz, 1H), 7.60 (s, 1H), 7.46 (d, J=
10.0 Hz, 1H), 7.16-7.13 (m, 1H), 7.08 (t, J= 5.0 Hz, 1H).

(4-(1H-Indol-3-yl)-3-methoxyphenyl)(4-methylpiperazin-1-yl)methanone

(13a): To the mixture of 4(1H-indol-3-yl)-3-methoxybenzoic acid (12) (0.04 g, 0.15 mmol),
1-methyl piperazine (0.018 g, 0.18 mmol), EDC.HCI (0.034 g, 0.18 mmol), and HOBT
(0.024 g, 0.18 mmol), in DMF (10 mL) was added DIPA (0.05 mL, 0.30 mmol). The
reaction mixture was stirred at room temperature overnight and then partitioned between
EtOAc and brine. The organic layer was separated, dried over anhydrous MgSO4, filtered,
and concentrated under a vacuum. The resulting residue was purified by silica gel column
chromatography (CH,Cl,:MeOH = 9:1) to give 13a as a white solid (0.031 g, 59.6% yield).
1H NMR (500 MHz, CDCls3) 6 8.39 (s, 1H), 7.78 (d, /= 5.0 Hz, 1H), 7.54 (d, /= 5.0 Hz,
1H), 7.43 (d, /= 5.0 Hz, 1H), 7.23-7.18 (m, 1H), 7.17-7.14 (m, 1H), 7.10 (d, /= 5.0 Hz,
1H), 7.06 (d, /= 5.0 Hz, 1H), 3.87 (s, 3H), 3.83-3.60 (m, 4H), 2.50-2.46 (m, 4H), 2.35 (s,
3H); HRMS (ESI+) m/z calcd [Co1Hp4N305] [(M + H)]* 350.1869, found 350.1863.

(4-(1H-Indol-3-yl)-3-methoxyphenyl)(4,4-difluoropiperidin-1-yl)methanone
(13b): To the mixture of 4-(1H-indol-3-yl1)-3-methoxybenzoic acid (12) (0.04 g, 0.15
mmol), 4,4-difluoropiperidine hydrochloride (0.028 g, 0.18 mmol), EDC.HCI (0.034 g, 0.18
mmol), and HOBT (0.024 g, 0.18 mmol), in DMF (10 mL) was added DIPA (0.05 mL, 0.30
mmol). The reaction mixture was stirred at room temperature overnight and then partitioned
between EtOAc and brine. The organic layer was separated, dried over anhydrous MgSQO4,
filtered, and concentrated under a vacuum. The resulting residue was purified by silica gel
column chromatography (CH,Cl,:MeOH = 9:1) to give 13b as a white solid (0.028 g, 50.9%
yield). TH NMR (500 MHz, CDCl3) & 8.33 (s, 1H), 7.78 (d, J= 10.0 Hz, 1H), 7.68 (d, J=
10.0 Hz, 1H), 7.57 (d, /=5.0 Hz, 1H), 7.44 (d, /= 10.0 Hz, 1H), 7.24 (d, J=5.0 Hz, 1H),
7.19-7.18 (m, 1H), 7.11 (m, 1H), 7.07 (d, J=10.0 Hz, 1H), 3.89 (s, 3H), 3.87-3.80 (m, 4H),
2.06-2.04 (m, 4H); HRMS (ESI+) m/z calcd [C1H21FaN2O5] [(M + H)]* 371.1571, found
371.1566.

(4-(1H-Indol-3-yl)-3-methoxyphenyl)(4-methyl-1,4-diazepan-1-yl)methanone

(13c): To the mixture of 4-(1H-indol-3-yl)-3-methoxybenzoic acid (12) (0.04 g, 0.15
mmol), 1-methyl-1,4-diazepane (0.02 g, 0.18 mmol), EDC.HCI (0.034 g, 0.18 mmol), and
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HOBT (0.024 g, 0.18 mmol), in DMF (10 mL) was added DIPA (0.05 mL, 0.30 mmol). The
reaction mixture was stirred at room temperature overnight and then partitioned between
EtOAc and brine. The organic layer was separated, dried over anhydrous MgSO4, filtered,
and concentrated under a vacuum. The resulting residue was purified by silica gel column
chromatography (CH,Cl,:MeOH = 9:1) to give 12c as a white solid (0.034 g, 62.9% yield).
IH NMR (500 MHz, CDCls3) 6 8.42 (s, 1H), 7.78 (d, /= 5.0 Hz, 1H), 7.65 (d, /= 5.0 Hz,
1H), 7.53 (d, /= 5.0 Hz, 1H), 7.42 (d, /= 5.0 Hz, 1H), 7.27-7.22 (m, 1H), 7.18-7.15 (m,
1H), 7.08-7.05 (m, 2H), 3.86 (s, 3H), 3.83-3.81 (m, 2H), 3.66 (t, /= 5.0 Hz, 1H), 3.60 (t, J
=5.0 Hz, 1H), 2.79 (t, /= 5.0 Hz, 1H), 2.68 (t, /= 5.0 Hz, 1H), 2.63-2.60 (m, 2H), 2.42 (s,
3H), 2.04 (t, /=5.0 Hz, 1H), 1.91 (t, J=5.0 Hz, 1H); HRMS (ESI+) m/z calcd
[022H26N302] [(M + H)]+ 364.2025, found 364.2020.

N-Adamantan-1-yl-4-(1H-indol-3-yl)-3-methoxybenzamide (13d): To the mixture of
4-(1Hindol-3yl)-3-methoxybenzoic acid (12) (0.04 g, 0.15 mmol), 1-Adamantylamine
(0.027 g, 0.18 mmol), EDC.HCI (0.034 g, 0.18 mmol), and HOBT (0.024 g, 0.18 mmol), in
DMF (10 mL) was added DIPA (0.05 mL, 0.30 mmol). The reaction mixture was stirred at
room temperature overnight and then partitioned between EtOAc and brine. The organic
layer was separated, dried over anhydrous MgSQy, filtered, and concentrated under a
vacuum. The resulting residue was purified by silica gel column chromatography
(Hexane:EtOAc = 7:3) to give 13d as a white solid (0.03 g, 50.8% yield. 1H NMR (500
MHz, CDClI3) 6 8.37 (s, 1H), 7.78 (d, /= 5.0 Hz, 1H), 7.67 (d, /= 5.0 Hz, 1H), 7.60 (d, J=
5.0 Hz, 1H), 7.55 (d, J= 5.0 Hz, 1H), 7.43 (d, J= 5.0 Hz, 1H), 7.28-7.22 (m, 2H), 7.19-7.16
(m, 1H), 5.90 (s, 1H), 3.92 (s, 3H), 2.18-2.16 (m, 9H), 1.78-1.72 (m, 6H); HRMS (ESI+)
m/z caled [CogHogN205] [(M + H)]* 401.2229, found 401.2224.

N-(4-Fluorophenyl)-4-(1H-indol-3-yl)-3-methoxybenzamide (13e): To the mixture
of 4-(1H-indol-3yl)-3-methoxybenzoic acid (12) (0.04 g, 0.15 mmol), 4-fluorobenzenamine
(0.02 g, 0.164 mmol), EDC.HCI (0.034 g, 0.18 mmol), and HOBT (0.024 g, 0.18 mmol), in
DMF (10 mL) was added DIPA (0.05 mL, 0.30 mmol). The reaction mixture was stirred at
room temperature overnight and then partitioned between EtOAc and brine. The organic
layer was separated, dried over anhydrous MgSO4, filtered, and concentrated under a
vacuum. The resulting residue was purified by silica gel column chromatography
(Hexane:EtOAc = 6:4) to give 13e as a brown solid (0.02 g, 37.7% yield). 1H NMR (500
MHz, CDClI3) 6 8.38 (s, 1H), 7.86-7.77 (m, 3H), 7.66-7.64 (m, 4H), 7.46 (d, /= 10.0 Hz,
2H), 7.27 (d, J=10.0 Hz, 1H), 7.22-7.19 (m, 1H), 7.11-7.08 (m, 2H), 3.96 (s, 3H); HRMS
(ESI+) m/z caled [CooH18FNO5] [(M + H)]* 361.1352, found 361.1350.

4.1.2. Chiral HPLC separation of compound 1 and 6a.—Racemic 1 was separated
into two enantiomers (155/)-1 (#5 10.9 min; ee 98%) and (1R,55)-1 (#5 13.9 min; ee 97%)
by preparative chiral HPLC. Method: Chiralcel OD, 10x250 mm; mobile phase: hexane/
2propanol 90/10; 8 mL/min; UV 254 nm. The chiral structure of the enantiomers that was
determined previously?? was confirmed here by the V1, binding assay as described below.
The enantiomeric purity of [11C](15,5R)-1 (e.e.>95%) was tested under the same HPLC
conditions.
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Racemic compound 6a was separated into two enantiomers (15,5/)-6a (¢ =3.5 min; ee
99.5%) and (1R,55)-6a (f» ~ 6 min; ee 99.1%) by preparative supercritical fluid
chromatography (SFC) commercially (Averica, Marlborough, MA). Method: column: 2.1 x
25.0 cm Chiralpak AD-H from Chiral Technologies (West Chester, PA); CO, co-solvent —
ethanol; isocratic method: 50% co-solvent at 60 g/min; pressure: 85 bar, temperature: 25°C.

In vitro binding assay

of all vasopressin compounds was performed commercially by Eurofins CEREP (Celle
L’Evescault, France) (assay number 0159) as described elsewhere [37]. Briefly, the assay
conditions are shown in the Table below. Nonspecific binding was defined as that remaining
in the presence of 1 uM AVP.

Receptor Source Radiotracer | Conc. Kp Incubation

(h)V1a Human recombinant (CHO cells) [BH]AVP 0.3nM | 0.5nM | 60 min, RT

The assays were done two times independently, each in duplicate, at selected concentrations
of the test compounds. The binding assay results were analyzed using a one-site competition
model, and 1Cgq curves were generated based on a sigmoidal dose response with variable
slope. The K; values were calculated using the Cheng—Prusoff equation.

4.3. Radiochemistry

[1CJiodomethane was prepared with the General Electric TRACERIab FX Mel (GE,
Milwaukee, WI) using a GE PETtrace cyclotron.

4.3.1. Radiosynthesis of [L1CH3](1S,5R)-1—A solution of 1 mg precursor (15,5R)-6a
((3-hydroxy-4-(1H-indol-3-yl)phenyl)(1,3,3-trimethyl-6azabicyclo[3.2.1]octan-6-
yl)methanone) in 0.2 mL DMSO was placed in a 1 mL V-vial and 1.0 mg K,CO3 was added.
The mixture was sonicated for 5 min. [11Cliodomethane, carried by a stream of nitrogen,
was trapped in the above solution of the precursor. The reaction was heated in an 80 °C
water bath for 3.5 min, then quenched with 0.2 mL of water. The crude reaction product was
purified by reverse-phase HPLC (column: Waters XBridge C18, 10 y, 10x250 mm; mobile
phase: acetonitrile/water/triethylamine 580/420/2; flow rate: 10 mL/min; UV: 254 nm). The
radioactive peak (tgr = 6.5 min) that was separated from the precursor (tg = 3.1 min) was
collected in solution of 0.25 g ascorbic acid and 60 mL water. The water solution was passed
through an activated Waters C-18 Oasis HLB light solid-phase extraction (SPE) cartridge.
After the SPE was washed with 10 mL of saline, the product was eluted with ethanol (1 mL)
and diluted with 10 mL saline. The final product solution was analyzed by analytical HPLC
(column: Waters Xbridge C18, 10 1, 250x4.6 mm; mobile phase acetonitrile/water/
triethylamine 70/30/1; flow rate: 3 ml/min; UV 254 nm). A single radioactive peak (tg = 3.2
min) corresponding to [11CH3](15,5R)-1 was observed. The specific radioactivity at the end-
ofsynthesis was calculated by relating radioactivity to the mass associated with the UV
absorbance peak of carrier.
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4.4. Animal studies.

Baseline study in CD1 mice: Male, CD-1 mice weighing 25-27 g from Charles River
(Wilmington, MA) were used. The animals were sacrificed by cervical dislocation at 5, 15,
30 and 60 min following injection of 3.7 MBq (0.1 mCi) [MCH3](155R)-1 (specific
radioactivity = 232 GBg/pmole (8,600 mCi/umol) in 0.2 mL saline into a lateral tail vein (n
= 3). The brains were removed and dissected on ice. Septum, cortex, hippocampus, and the
rest of brain were weighed and their radioactivity content was determined in a -y-counter
LKB/Wallac 1283 CompuGamma CS (Perkin Elmer, Bridgeport, CT). Aliquots of the
injectate were prepared as standards and their radioactivity content was determined along
with the tissue samples. The percent of injected dose per gram of tissue (%ID/g tissue) was
calculated.

Blocking of [11CH3](1S,5R)-1 binding in CD1 mice: /n vivo binding specificity
(blocking) studies were carried out by subcutaneous (SC) administration of various doses (0
mg/kg, 0.3 mg/kg, 1 mg/kg, 3 mg/kg) of ligand 8g followed by IV injection of 3.7 MBq (0.1
mCi) [11CH3](15,5R)-1 30 min thereafter (n = 3). Thirty minutes after administration of the
radiotracer the animals were sacrificed by cervical dislocation, brain tissues were harvested,
and their radioactivity content was determined.

4.4.1. Effect of anesthetics on the [11CH3](1S,5R)-1 binding in CD1 mice: The
study was performed similarly to the blocking experiments with CD1 mice. All anesthetics
were injected ip (80 mg/kg), 30 min prior the radiotracer.

4.4.2. Brain regional distribution of [11CH3](1S,5R)-1 in prairie voles: male,
prairie voles weighing 47-58 g from Kinsey Institute Indiana University (Bloomington, IN)
were used. The experiments were performed similarly to the experiments with CD1 mice.
The radiotracer was injected into retro-orbital venous sinus under a brief isoflurane
anesthesia [38].
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ABBREVIATIONS
PET positron emission tomography
ADH antidiuretic hormone
AVP arginine vasopressin
DMF N, Mlimethylformamide
DIPEA N, N-Diisopropylethylamine
HPLC high-performance liquid chromatography
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Highlights
. A series of V1, ligands was prepared for positron-emission tomography
(PET).
. A new V4, PET tracer [11C](155R)-1 was synthesized and evaluated in
rodents.
. [*1C](155R)-1 specifically labels V1, in the mouse and prairie vole brain.

. The anesthetic Propofol blocks the uptake of [11CH3](15,5/)-1 in the mouse
brain.
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Figure 1.
Structure of high binding affinity and selective V1, receptor antagonist (15,5/)-1.
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Figure 2.
Dose-dependent blocking of [11CH3](15,5/)-1 (0.1 mCi) uptake with the V1, ligand 8g

(subcutaneous blocker) in the CD-1 mouse brain at 30 min after radiotracer injection.
Abbreviations: SEP, lateral septum; Ctx, cortex. The blocking study demonstrates that
[*1CH3](155R)-1 specifically (30%) labels V1, in the septum. Data: mean %ID/g tissue x
body weight + SD (n = 3). *P= 0.004, significantly different from baseline (ANOVA).
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Figure 3.
Brain regional distribution of [11CH3](15,5/)-1 (0.1 mCi) in the baseline and blocking

studies in the prairie vole brain at 30 min after radiotracer injection. Blocker is racemic 1 (2
mg/kg). Abbreviations: Ctx, cortex; Th, thalamus; S.Coll, superior colliculus; Rest, the rest
of brain. The blocking study demonstrates that [11CH3](15,5R)-1 specifically (34%) labels
V1, in the superior colliculus. Data: mean %ID/qg tissue = SD (n = 6). *£=0.01,
significantly different from baseline (ANOVA).
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Figure 4.

Effect of three anesthetics (Propofol, Ketamine and Saffan) on the brain uptake of [1CHs]
(155R)-1 in CD-1 mice at 30 min after the radiotracer injection. The anesthetics were
injected ip (80 mg/kg), 30 min prior the radiotracer. Data: mean %ID/g tissue + SD (n = 3).
Abbreviations: Hipp, hippocampus; Ctx, cortex; SEP, septum; Rest, the rest of brain. All
three anesthetics increased the variability of the radiotracer uptake. The radiotracer uptake
was significantly lower in the hippocampus in mice treated with Propofol. *~< 0.01,
significantly different from control (ANOVA).
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1c:R=H, R1=F
1d:R=H, Ry=H

Scheme 1.
Synthesis of key intermediates.

Reagents and conditions: a) EDC, HOBT, DIEA, DMF
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CH; CH,
o
CH, CH; N CHjy
CH; Ry CH,
(0]
M CHs i
R CH; — R
AN
N
i R H
3a-c 1 and 6a-b
3a:R=0CH3 R;=H 5a:R=0CH; R; =H 1 : R = OCHg, R;=H
3b:R=0H, R;=H 5b:R=0H, Ry;=H 6a: R =0H, Ry=H
3c:R=H, Ry=F 5c:R=H, Ry=F & 6b:R=H, R;=F
{: 6¢ : R= OCH,CH,F, R, =H
Scheme 2.

Synthesis of compounds 1 and 6a-c.
Reagents and conditions: a) Pd(dppf)Cl,.DCM, Na,COg, 1,4-Dioxane/H,0; b) TFA, MC;
¢) 2fluoroethyl Tosylate, Cso,CO3, DMF.
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Synthesis of vasopressin ligands 8a-I.
Reagents and conditions: a) Pd(dppf)Cl,.DCM, Na,COs, 1,4-Dioxane/H,0.
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Scheme 4.
Synthesis of compounds 13a-e.

Reagents and conditions: a) Pd(dppf)Cl,.DCM, Na,COg, 1,4-Dioxane/H,0; b) TFA, MC;
¢) LiOH, THF/ H,0; d) EDC, HOBT, DIEA, DMF.
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Scheme 5.
Radiosynthesis of [11CH53](155R)-1
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Table 1.

Binding inhibition and lipophilicities of V1, ligands 1, 6b-c, 8a-I.

Lo

CH

- .
% Binding inhibition ~ (concentration
Compounds R Ry R, | logD74 > g ( )
(107°Mm) (1078Mm)
(1S5R)-1 ‘7_{1 OCHj, H 4.7 51.4 87 gb
(1R55)-1 bL{L. OCHj3 H 4.7 7.1 8.9?
6b ‘7_{1‘ H H 48 334 77.1
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Ry

% Binding inhibition a (concentration)

Compounds R Ry Ry | logD74

(107°M) (1078Mm)

6c I'L{L. OCH,CH,F | H 49 451 92.6

8a %, OCHj, H 3.9 29 33.9
®
=

8b g’ OCH3; H 4.0 9.7 16
/
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% Binding inhibition a (concentration)

Compounds R Ry Ry | logD74
(107°M) (1078Mm)
8c g OCH3; H 6.0 1.8 18.7
s

}\I

8d / \ OCHj, H 2.9 4.4 28.7
N= |

N

H
8e 4 OCH3; H 35 -4.7 44.2

NN
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- | .
% Binding inhibition ~ (concentration
Compounds R Ry Ry | logD74 > 9 ( )
(107°M) (1078Mm)

8f OCH3; H 2.8 52 39.5

8g H H 5.0 23.7¢ 84.3

8h H H 4.4 10.5 28.9

8i H H 4.4 12.8 43.9
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- | .
% Binding inhibition ~ (concentration
Compounds R Ry Ry | logD74 ° 9 ( )
(107°M) (1078Mm)
8j H H 4.4 -6.6 18.2
8k H F 5.8 22.8 81.2
8l H F 4.5 2.4 19.8

a\/alues are the means of two experiments, each in duplicate.

bThe V13 inhibition binding affinity constant values of (15,5/)-1 (Kj = 0.66 nM) and (1R,55)-1 (Kj > 10 nM) were determined in a separate

binding assay. This result is in agreement with previously published data for (1S,5R)-1 (Kj = 0.1 nM) [22].

cCompound 89 was described previously (Kj = 0.05 nM) [22].
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Table 2.

Binding Affinities of the Derivatives 13a-e.

O

\
N
H

R3

0/

% Binding inhibition a (concentration)

Compounds R logD7 4
(1079M) (108Mm)
13a / \ 0.7 15.7 4.7
-g_ N N—
_/
13b F 1.6 13.7 9.0
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O

\
N
H

R3

0/

% Binding inhibition a (concentration)

Compounds R logD7 4
(107°Mm) (108M)
13c 0.2 5.7 6.2
L
13d 5.8 7.4 4.8
H
5N
13e H 3.2 5.0 4.6
4-N F
a\/alues are the means of % inhibitions of two independent experiments, each in duplicate.
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Regional distribution of [11CH53](15,5/)-1 in CD1 male mouse brain (mean %ID/g tissue = SD, n=3)

Table 3.

5min 15 min 30 min 60 min
Septum 4.71+0.57 | 2.70+0.06 | 1.94+0.76 | 0.86+0.18
Hippocampus | 3.37+0.32 | 2.17+0.06 | 1.62+0.52 | 0.75+0.18
Cortex 4.44+0.52 | 2.41+0.08 | 1.52+0.52 | 0.60+0.08
Rest of brain | 3.95+0.35 | 2.34+0.02 | 1.54+0.52 | 0.65%0.12
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