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Abstract

x opioid receptor (KOR) antagonists are potential pharmacotherapies for the treatment of migraine
and stress-related mood disorders including depression, anxiety and drug abuse, thus the
development of novel KOR antagonists with an improved potency/selectivity profile and
medication-like duration of action has attracted the interest of the medicinal chemistry community.
In this paper, we describe the discovery of 1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-
oxadiazol-5-yl)quinolin-2-yl)-N-(tetrahydro-2H-pyran-4-yl)piperidin-4 amine (CYM-53093,
BTRX-335140) as a potent and selective KOR antagonist, endowed with favorable /n vitro
ADMET and /n vivo pharmacokinetic profiles and medication-like duration of action in rat
pharmacodynamic experiments. Orally administered CYM-53093 showed robust efficacy in
antagonizing KOR agonist-induced prolactin secretion and in tail-flick analgesia in mice.
CYM-53093 exhibited a broad selectivity over a panel of off-target proteins. This compound is in
Phase 1 clinical trials for the treatment of neuropsychiatric disorders wherein dynorphin is thought
to contribute to the underlying pathophysiology.
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INTRODUCTION

The opioid receptors belong to the superfamily of G-protein coupled receptors and are
generally classified into four subtypes: p opioid receptor (MOR), 6 opioid receptor (DOR),
x opioid receptor (KOR) and the nociceptin/orphanin FQ (N/OFQ) receptor. The opioid
receptors show a high degree of sequence homology, however activation of these receptors
by selective endogenous and exogenous ligands has been shown to produce striking
differences in pharmacological and physiological effects.2 The KOR is a Ga.jjo-coupled
receptor primarily activated by endogenous dynorphin opioid peptides.3~* The KOR is
distributed throughout the spinal cord, brain stem and human brain.> In the brain, KORs are
particularly expressed in the anterior cingulate cortex, amygdala, insula, putamen,
neocortical region, caudate, thalamus, globus pallidus, pons, substantia nigra and
hippocampus.>—2 Numerous lines of evidence from preclinical and clinical studies have
suggested the KOR as a central player in a variety of neuropsychiatric and neurological
disorders such as depression, epilepsy, Alzheimer’s disease, substance and alcohol abuse and
schizophrenia.10-19 Studies suggest that the KOR may play a role in post-traumatic stress
disorder (consistent with the modulatory effects of dynorphin on reward, mood, and stress)
and in migraine prophylaxis.2-22 As a consequence of these findings, the development of
selective KOR antagonists has stimulated great interest in both academia and the
pharmaceutical industry. Archetypical KOR antagonists nor-BNI (1), GNTI (2) and non-
morphinan JDTic (3) (Figure 1) exhibit a delay in the onset of action of hours or days, and
their antagonism effects are measurable even for several weeks at minimally-effective doses;
in contrast, these compounds show a rapid decline in plasma levels.23 Concerns about the
feasibility of developing medications with archetypical KOR-antagonists have centered on
their abnormal long duration of action. These concerns have led to the development of KOR
antagonists with medication-like duration of action from which JNJ-67953964 (4) (formerly
known as LY-2456302 and CERC-501) and PF-04455242 (5) have been evaluated in clinical
trials (Figure 1).24 5 showed single digit nanomolar activity at the KOR and good selectivity
against the DOR, but poor selectivity against the MOR.25 Phase 1 clinical trials of 5 were
terminated due to toxicology findings in animals exposed to the compound for three months.
26 4 displayed /n vitro sub-nanomolar KOR antagonism with a selectivity of approximately
21-fold over the MOR and 135-fold over the DOR, and efficacy in animal models of
substance abuse and depression.24: 27: 2829 4 was until recently the only KOR antagonist
undergoing clinical development as monotherapy and has been shown to be safe in humans
with mild to moderate side effects at daily doses of 10 mg (p.0.).3%31 Remarkably, 4 has
shown clinically meaningful results in a phase Il proof of concept study for treating patients
with treatment-resistant depression32 but dose escalation may be limited as effects of MOR
antagonism begin to emerge.31:33
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The compound ALKS-5461 is a combination of buprenorphine (6) (partial MOR-agonist
and KOR-antagonist) and samidorphan (7) (MOR-antagonist) that has been postulated to act
primarily as a KOR-antagonist.34 ALKS-5461 is well tolerated in humans with limited
concerns for abuse potential. The compound has been studied as adjunctive therapy for
patients with treatment-resistant depression and showed clinically meaningful antidepressant
effects in a few randomized double-blind placebo-controlled trials.3% As a result of this work
a new drug application (NDA) has recently been filed for ALKS-5461 for the adjunctive
treatment of major depressive disorder (MDD) in patients with inadequate response to
standard antidepressant therapy.36

RESULTS AND DISCUSSION

In an effort to identify novel selective KOR antagonists with desirable pharmacokinetic and
pharmacodynamic properties, a high-throughput screening (HTS) campaign of the
Molecular Libraries-Small Molecule Repository (MLSMR) was carried out by our
laboratories and identified the hit 3-ethyl-5-methyl-2-(4-((2-
hydroxycyclohexyl)amino)piperidin-1-yl)-6-methylpyridine-3,5-dicarboxylate 8 (Figure 2)
as a weak KOR antagonist (ICsg = 410 nM) with poor selectivity against the MOR (11-fold).
37 The initial structure—activity relationship (SAR) investigations of the hit were focused on
increasing the potency while trying to improve the selectivity against the MOR. Iterative
SAR led to the discovery of the pyridine CYM-50202 (9) as a potent KOR antagonist (ICsq
= 12.6 nM) with good and moderate selectivity against the DOR and MOR (278- and 27-
fold), respectively (Figure 2). 9 displayed high solubility, an encouraging pharmacokinetic
(PK) profile in rat and excellent CNS-penetration. Perhaps more importantly, 9 did not
display long lasting pharmacodynamic effects observed with prototypical KOR antagonists.
37 From a panel of 52 pharmacologically relevant off-target proteins, 9 exhibited >50%
inhibition at only the sodium channel site 2 (ICsq = 1.8 uM) and ORL-1 (ICsg = 3 uM).37
Unfortunately, we identified a number of issues with this molecule. First, 9 showed
significant inhibition of CYP2D6 at 10uM raising concerns of potential drug-drug
interaction liabilities. In addition, the activity at sodium channel site 2 raised concerns of
potential cardiovascular liabilities. Moreover, the methyl ester and bromide group were
identified as undesirable structural motifs of this chemotype due to the likely ester cleavage
in vivoand a structural alert in the case of the bromide. Consequently, additional efforts to
develop KOR antagonists with improved potency (single-digit nanomolar), selectivity (>100
fold against MOR) and safety profile were undertaken and the results of the SAR studies are
reported in this manuscript. For the purpose of exploring the SAR of 9, the molecule was
divided into three fragments: the pyridine head group A, the piperidine linker B and the
amine tail C.

We started our iterative SAR studies by replacing the ester group with an oxadiazole isostere
and by changing the bromine for small alkyl groups while exploring single diastereomers in
the piperidine-region B. These efforts culminated in the discovery of single digit nanomolar
KOR antagonist 16 (IC5q = 1.3 nM) with modest and high selectivity against the MOR and
DOR (24 and >100-fold), respectively (Table 1). All synthesized compounds were evaluated
for antagonist activity at the MOR, DOR, and KOR using our established assays.3” 16 is
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endowed with physicochemical properties that are consistent with CNS-penetrant
compounds38 (cLogP = 2.2, tPSA = 81.8, MW = 371) and devoid of the structural liabilities
of 9. Unfortunately selectivity over the MOR remained suboptimal (optimal >100 fold). The
synthesis of 16 is depicted in Scheme 1. Amine 12 was synthesized through reductive-
amination of diastereomerically-pure amine 10 with cyclohexanone followed by Cbz-
hydrogenolysis. The oxadiazole intermediate 15 was synthesized from the carboxylic acid
13 via coupling-cyclization with acetamidoxime 14 in the presence of EDCI and HOBLt. The
final compound 16 was obtained via microwave-assisted nucleophilic aromatic substitution
(SNAT) of chloride 15 with amine 12 (Scheme 1).

Encouraged by these data we sought to improve the selectivity of 16 by undertaking a
multiparameter-SAR optimization of the three molecular regions of 16 (A, B and C). For the
optimization process we outlined specific tactics for each molecular region: 1) in region A to
replace the pyridine for a quinoline ring while keeping the oxadiazole fixed in position 3
(Scheme 2); 2) in region B to simplify the piperidine ring by removing the 3-hydroxy group
to rapidly prepare a variety of analogs in the quinoline ring and tail-amine in a parallel-
chemistry format; 3) in region C to explore a variety of structurally-diverse amines with the
goal of optimizing the physicochemical properties (pKj,, tPSA, MW, cLogP and hydrogen
bond donors) for good oral bioavailability and brain penetration.38

The synthesis of these compounds is depicted in Scheme 2 and their biological activities are
listed in Table 1. Oxadiazole intermediates 19 and 20 were synthesized from the
corresponding commercially available carboxylic acids 17 and 18 via acyl chloride
formation followed by coupling-cyclization with acetamidoxime 14. Ketones 24 and 25
were synthesized via microwave-assisted SyAr of 19 and 20 with amine 21 followed by
ketal deprotection. Finally, reductive amination of ketones 24 and 25 with a variety of
amines 26 furnished the final compounds 27-39.

Based on iterative SAR optimization cycles, the 6-position of the quinoline ring was found
to be an essential structural feature to enhance selectivity against the MOR and DOR. For
example, the 6-ethyl analogs 30 and 31 showed similar potency at the KOR and enhanced
selectivity against the DOR and MOR (>1700-fold) as compared to the 6-methyl
counterparts 27 and 28. This SAR analysis also revealed that the location of a hydrogen
bond acceptor in the amine tail was important for selectivity. For instance, both 6-
methylquinoline 4-THP derivative 29 (CYM-51317) and 6-ethylquinoline 4-THP analog 32
showed single-digit nanomolar activity at the KOR but modest selectivity against the MOR
(26-fold). Further modifications at the tail region were carried out while keeping the ethyl
group at the 6-position. The enantiomeric pair of 3-THP-analogs 36 and 37 showed similar
activity at KOR but (/)-3-THP 36 was more selective against the MOR. The 5-membered
ring analogs (/)-3-THF 38 and (S5)-3-THP 39 were ~12 and ~17-fold less potent than their
corresponding 6-membered ring enantiomers 36 and 37, and showed good selectivity against
the MOR. Interestingly, the bulkier and lipophilic analog 33 as well as the polar
aminoalcohol 34 showed sub-nanomolar potency at the KOR and exquisite selectivity
against the MOR (4382- and 988-fold, respectively). Furthermore, the oxetane 35 showed
nanomolar potency at the KOR and remarkable selectivity against the MOR. This diverse set
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of molecules highlighted the potential of the amine tail to tune-in the desired
pharmacokinetic properties while maintaining potency and selectivity.

A set of selected compounds 27, 29, 33, 34, 35, 36 were assayed for stability in rat, mouse
and human liver microsomes (Table 2). The tested compounds showed relatively high
intrinsic clearance in human hepatic microsomes and, in general, compounds with lower
cLogP values (e.g. 29, 35) displayed lower intrinsic clearance in hepatic microsomes than
compounds with higher cLogP values (e.g. 27, 33). Representative compounds 29, 34, 35,
36 were further profiled in additional pharmacokinetic and off-target assays (Table 3). The
compounds were moderately bound by plasma proteins (64.0-98.1% bound) across species
and a correlation was observed between cLogP values and plasma protein binding.
Remarkably, many compounds (at 10uM concentration) showed both low cytochrome P450
inhibition and hERG inhibition profile. Specifically, 29 was tested in a panel of four relevant
cardiac ion channels in a patch clamp assay and found devoid of activity at 10 uM (<50%
inhibition). Additionally, 29 showed high membrane permeability (A-B) in a Caco-2 cell
line with low efflux (Table 3). Based on these results we decided to examine the /in vivo
pharmacokinetic profile of 29 in rats (Table 4). 29 distributed well into tissues (Vss = 13
L/kg) and had a high clearance (CL) after 1 mg kg~ intravenous dosing (/. v.) and exhibited
plasma exposures out to 6 hours (110.16 ng mL™1 at Cpay and 1705 min-ng mL™1
AUCy_o), after a dose of 2 mg kg~1 p.0. The absolute oral bioavailability (F) was 20%
(Table 4). Additionally, 29 displayed a brain to plasma ratio of 2.9 in mice at 30 minutes and
of 3.8 at 120 minutes post intraperitoneal (/,0.) administration of a 10 mg kg1 dose (Table
4). Although 29 was only moderately selective against the MOR, it showed promising
overall pharmacokinetic properties and off-target profile thus it was selected as a tool
compound for further /n vivo studies.

In a mouse tail-flick assay 29 did not show a long duration of action in blocking the
antinociceptive effect of the KOR-agonist, U69,593.22 Perhaps most importantly, in an
injury-free rat model of cephalic pain with features of migraine and medication overuse
headache, oral administration of 29 showed preventive benefits on blocking stress induced
allodynia thus suggesting that KOR antagonists could provide a new therapeutic strategy in
preventing migraine.22 In parallel, the potential mutagenic activity of this compound class
was tested on selected compounds 33, 34, 35 and 36 in a bacterial reverse mutation assay
(Ames assay). Four Salmonella typhimurium strains TA100, TA1535, TA1537, TA98 as well
as the £. colistrain WP2uvrA were used in the presence and absence of an exogenous
metabolic activation system (S9). Both 34 and 35 exhibited mutagenicity in the TA1537
strain in the presence and absence of S9; 33 and 36 also showed a mutagenic response in the
TA1537 strain but only in the absence of S9. Positive mutagenic activity in the TA1537
strain often reflects intercalation of the tested molecules with DNA, and this intercalation is
commonly associated with the planarity, r-stacking and hydrogen bonding interaction
capabilities of molecules.39 Based on the hypothesis that the quinoline A was the portion of
the molecule involved in the intercalation with the DNA, two strategies were evolved to
address the genotoxicity liability: 1) reduce the basicity of the quinoline-nitrogen to disrupt
hydrogen-bond interactions between DNA and the quinoline ring and 2) disrupt the planarity
of the quinoline-oxadiazole axis to hinder r-stacking interactions. To implement these
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strategies, a fluorine atom was introduced at the 8-position of the quinoline-ring to
substantially reduce the pK, of the quinoline nitrogen (up to 2.5 pK, units). In addition, a
methyl group was installed in the 4-position of the quinoline ring in an attempt to disrupt the
planarity.

For the construction of poly-substituted quinoline rings we decided to use the Friedldnder
methodology since it is one of the most robust strategies for the modification and
manipulation of quinoline rings.*® The synthesis of these compounds is described in Scheme
3 (without a 4-methyl group) and Scheme 4 (with a 4-methyl group) and their biological
activity reported in Table 5. The aldehyde 41 was synthesized from carboxylic acid 40 via
reduction with BHs3-THF complex followed by oxidation with manganese dioxide in
dichloromethane. The quinoline intermediate 43 was synthesized by condensation of acetic
acid 42 with aldehyde 41 in phosphorus oxychloride. A SNAr reaction of 43 with amine 21,
followed by Suzuki-Miyaura coupling with Et3B and ketal deprotection afforded the key
ketone-intermediate 45. Finally, reductive amination of ketone 45 with a series of amines 26
furnished the final compounds 46-50 (Scheme 3). Preparation of ketone 54 was
accomplished via iodination of aniline 51 followed by Heck coupling with ethylene glycol
vinyl ether 53.41 Condensation of acetic acid 42 with ketone 54 in phosphorus oxychloride
afforded the poly-substituted quinoline 55. A SyAr reaction of amine 21 with 55 followed
by ketal deprotection afforded the ketone intermediate 57. The final compounds 58-62 were
synthesized via reductive amination of 57 with amines 26 (Scheme 4).

For the selection of tail-amines we sought to modulate the physicochemical properties in a
range compatible with oral bioavailability and CNS penetration utilizing the SARs gleaned
from the previous series. The THP analogs 47 (CYM-53052), 48 and 46 were approximately
equipotent to the non-fluorinated analogs 36, 37 and 32, with higher selectivity against the
MOR in the case of 46 and 48 and lower in the case of 47. Furthermore, the 3-amino-THF
enantiomers 49 and 50 were ~4-fold more potent than the non-fluorinated analogs 38 and
39, and both enantiomers (49 and 50) retained excellent selectivity against the MOR. The
introduction of a methyl group in the 4-position of the quinoline ring generally increased
potency at the KOR while decreasing the selectivity against the MOR. For example, the 4-
amino-THP 58 (CYM-53093, BTRX-335140) and the 3-amino-THP enantiomers 59 and 60
were ~4-fold more potent than the demethylated analogs 46-48 but less selective against the
MOR. The 5-membered ring analogs 61 and 62 were ~3-fold more potent than 49 and 50 at
the KOR and moderately less selective against the MOR. From these analogs, compounds 58
and 47 were selected as representative molecules of the 4-methyl- and non-methylated series
for Ames assays. Neither analog showed mutagenicity in the Ames assays, with or without
the addition of S9, highlighting the success of the aforementioned stereoelectronic design
principles.
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In a variety of /n vitro pharmacokinetic assays, 47 and 58 exhibited low intrinsic clearance
in human hepatic microsomes and hepatocytes and moderate to high clearance in other
species (Table 6). /n vivo pharmacokinetic studies in rats (Table 7) indicated that 58
distributed well into tissues (high apparent Vss of 13.8 L kg™1) and had a high plasma
clearance rate (105 mL min 1 kg1) after a 1 mg kg2 7 v. dose. After a5 mg kg™! p.o. dose,
58 exhibited plasma exposure levels out to 8 hours (39.1 ng mL~1 at Cmax and 232 h-ng mL
=1 AUCy.¢). The absolute oral bioavailability was 30%. The pharmacokinetic parameters
observed in mice were similar. In rats, 58 distributed well into the CNS with a high brain to
plasma ratio of 2.2:1 and adequate CSF exposure (~4 fold its IC5p) 1 hour after an oral
administration of 5 mg kg1 (Table 8).

Having a few compounds in the series with promising /n vitro and in vivo attributes in hand,
we sought to assess the potential for our KOR antagonists to elicit an on-target
pharmacodynamic response in an /in vivo model. Prolactin (PRL) is a hormone involved in
many biological processes that is mainly secreted by lactotroph cells of the anterior pituitary
gland. Prolactin is primarily regulated via tonic inhibition by dopamine released from the
tuberoinfundibular dopaminergic (TIDA) neurons.#243 Activation of the opioid system,
particularly of the KOR believed to be localized on dopaminergic neurons within TIDA and
in the mesolimbic-mesocortical system modulates dopamine release.44°46 PRL
overproduction by KOR agonists has been investigated in clinical and preclinical models and
its modulation has been postulated as a KOR-mediated translatable biomarker,44:46-48 thus
reduction of KOR agonist-induced plasma PRL in rats by KOR antagonists may be used as
an estimation of KOR antagonist target engagement. We selected this preclinical
pharmacodynamic model as a screen to guide the decision-making process for the further
advancement of our KOR antagonists. For practical reasons the rat PRL model was adapted
to mice and leveraged to rapidly screen KOR antagonist compounds. U69,593 was chosen as
a reference KOR agonist and administered via intraperitoneal injection. KOR antagonist
compounds were initially assessed via intraperitoneal (/p.) dosing at a single concentration,
typically at 10 or 30 mg kg1, and those demonstrating inhibition of PRL release were
further evaluated at lower concentrations. Compounds that showed robust 7 p. PRL inhibition
were tested orally (0.0.). Each KOR antagonist was injected 1h prior to U69,593 in the /.p.
experiments, while in the p.o. experiments the KOR antagonists were administered by oral
gavage 2h before U69,593. From these p.o. studies we found that at 30 and 10 mg kg~ 47
and 49 were effective in reducing plasma prolactin to basal levels but were ineffective at
lower doses; at 3 mg kg™1, 58 and 62 were effective in reducing U69,593-stimulated plasma
prolactin secretion to basal levels (Figure 3 and 4). Furthermore, 58 showed effective PRL
reduction at 0.1 mg kg1 after oral administration (Figure 4).

From this set, 47, 49, 58 and 62 were tested in further pharmacokinetic and off-target assays
(Table 9). 58 was 93.4% bound to human plasma proteins and 98.4% bound to rat brain
homogenate. The other tested compounds were protein bound to a similar extent in human
plasma and in plasma across other species. Moderate solubility was observed for this series
of compounds (70-85 uM) and permeability was moderate to high for 58 with low efflux
ratio (7.1 and 20.9 1076 cm/s in Caco-2 cells and MDCK-MDR1 cells, respectively; ER
<2.3). Furthermore, 58 showed minimal inhibition of CYP450 enzymes 1A2, 2B6, 2C8,
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2C9, 2C19, 2D6, 3A4 with 1Csq values of >30 uM and there was no change in the potency
of 58 upon pre-incubation for any of the CYP enzymes. 58 also was profiled in a very
comprehensive panel of over 500 off-targets including ion channels, kinases, GPCRs and
other receptors and transporters and there were no hits identified with 1Csg values <1uM.
Few off-target hits were identified with ICgg values between 10 and 1 uM; in a patch clamp
assay conducted a physiological temperature, the compound inhibited the hERG channel
with an ICgq of 1 pM.

In a radioligand binding assay using [2H]diprenorphine, 58 exhibited a K; of 1.5 nM at the
human KOR and 300-fold selectivity over the human MOR (K; = 450 nM).

Based on these results, we decided to evaluate /77 vivothe duration of action of 58 in a hot
water (50°C) tail-flick test in male mice by assessing its ability to antagonize the
antinociceptive effect of U-50488. 58 or vehicle were administered to mice at 1 and 24 h
prior to the administration of U-50488 (15 mg kg™, /,0.) and latencies for tail-flick were
measured at baseline, 30 and 60 minutes after agonist injection (Figure 5). Baseline tail-flick
latency of naive mice was 5.76 £ 0.16 s. Injection of U-50488 produced antinociception
indicated by a significant increase in tail-flick latency, which peaked at 30 min post-dose.
Unlike nor-BNI22, 58 (1 mg kg1, /,p.) blocked the U-50488-induced antinociception at 1 h,
but not at 24 h pretreatment time, indicating a medication-like duration of action in blocking
the KOR /n vivo (Figure 5A-D). There was no observable change in the rat tail-flick latency
response induced by /p. 58 (1 mg kg™1) alone at 1 h post-dose (Figure 5E, F). Remarkably,
oral administration of 58 (3, 10, and 30 mg kg™1) also blocked U-50488-induced
antinociception in a dose-dependent manner (Figure 5G, H).

CONCLUSIONS

In summary, we have developed a novel chemical class of potent and selective KOR
antagonists via multiparametric optimization approach originating from a sub-micromolar
HTS-hit 8. 29 showed favorable pharmacokinetic properties including good CNS
penetration. Remarkably, 29 was tested in a novel injury-free rat model of migraine and was
found to ameliorate stress-induced allodynia, thus providing support for the hypothesis that
KOR antagonists could have a therapeutic role in the preventive treatment of migraine. 29
and 58 displayed reversibility of analgesic effects induced by a KOR-agonist within 24h in a
tail-flick assay in mice indicating medication-like duration of action of their KOR antagonist
activity /n vivo. The pharmacokinetic attributes of 58, including its CNS exposure provide
confidence in the drug-like properties and developability of the compound. A low oral dose
of 58 to mice effectively reduced the elevation of U69,593-induced plasma PRL. 58 did not
exhibit significant inhibition of the major cytochrome P450 isoforms and was highly
selective for KOR against a broad off-target panel. 58 was advanced into Phase 1 clinical
trials*? based on its overall in vitroand in vivo properties across nonclinical species as well
as its safety profile.

Figure 5. Blockade of Antinociceptive Response by 58 in the Mouse Tail-Flick Assay

J Med Chem. Author manuscript; available in PMC 2019 March 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guerrero et al. Page 9

EXPERIMENTAL SECTION

Methods and Materials

Plasma protein binding—~Plasma protein binding of compounds 29, 34, 35 and 36 to
human, mouse, and rat plasma was evaluated using equilibrium dialysis (Pierce RED
system). Compound (1.0 uM) was added to the plasma compartment and after eight hours
the concentration of drug was measured in the plasma and buffer compartments by LC-
MS/MS. The concentration in the buffer compartment is considered to be the free fraction of
compound.

Plasma protein binding of compounds 47, 49, 58 and 62 were performed by Agilux
Laboratories (now Charles River Laboratories) (Worcester, MA) (Assay protocols are
described in supporting information).

Hepatic microsome stability—Test compounds (27, 29, 33, 34, 35 and 36) (1 uM) were
incubated (separately) with 0.2 mg mL~1 pooled human, mouse and rat hepatic microsomes
at 37 °C with continuous shaking to determine the rate of metabolism. Samples were
collected at 0, 5, 10, 20, 40, and 60 min and acetonitrile was added to quench the reactions
and precipitate the proteins. Samples were then centrifuged and the concentration of test
compound was determined using HPLC coupled to a triple quadrupole mass spectrometer
(LC/MS-MS).

Microsomal hepatic stability of compounds 47, 49, 58, 59, 61 and 62 and hepatic stability of
47 and 58 were performed by Agilux Laboratories (now Charles River Laboratories)
(Worcester, MA) (Assay protocols are described in supporting information).

Cytochrome P450 inhibition—The metabolism by CYP1A2 (phenaceten demethylated
to acetaminophen), CYP2C9 (tolbutamide hydroxylated to hydroxytolbutamide), CYP2D6
(bufuralol hydroxylated to 4’-hydroxybufuralol), and CYP3A4 (midazolam hydroxylated to
1’-hydroxymidazolam) in the presence or absence of 10 uM test compound (29, 34, 35 and
36) were evaluated. The concentration of each marker substrate is approximately its Km.
Specific inhibitors for each isoform were used to validate the system. Compound
concentrations were determined by LC-MS/MS. CYP inhibition of 58 was performed by
Cyprotex (Assay protocols are described in supporting information)

Bidirectional permeability assays.—The MDCK-MDR1 permeability assays of 47,
49, 58 and 62 were performed by AMRI and Agilux Laboratories (Detailed methods in the
supporting information).

The Caco-2 permeability assays of 47 and 58 were performed by Agilux Laboratories (now
Charles River Laboratories) (Worcester, MA) (Assay protocols are described in supporting
information).

Solubility assay.—The solubility assays were performed by AMRI (Assay protocols are
described in supporting information).
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Brain homogenate assay.—The purpose of this assay is to asses brain tissue binding.
The rat brain homogenate assay was performed by Agilux Laboratories (Assay protocols are
described in supporting information).

Electrophysiological assays—The electrophysiological assays for 29, 34, 35 and 36
were performed by Eurofins Pharma Bioanalytics Services US Inc. The electrophysiological
assays profiled the activity of these compounds at 10uM on the ion channel targets described
in Table 3 using the lonWorks Quattro electrophysiological platform (Assay protocols are
described in supporting information).

Procedure for Pharmacokinetic Studies.—Pharmacokinetics of 29 monotartrate salt
was assessed in Sprague-Dawley male rats (350-400 grams). The compound was prepared
as a solution in 10:10:80 dimethyl sulfoxide/Tween 80/water (v/v/v) at a concentration of 1
mg ml~2 for /.v. and p.0. administration of 1 and 2 mg kg~2, respectively. Compound
concentrations were determined using peripheral whole blood. Blood was obtained at 5, 15
and 30 min and 1, 2, 4, 6 and 8 hours postdose for both 7 v. and p.o. experiments. All
procedures and handling were according to standard operating procedures approved by the
Institutional Animal Care and Use Committee (IACUC).

Brain levels of 29. 29 monotartrate salt was dosed /7. at 10 mg kg™t in a 1 mg ml~1 solution
containing 1 part DMSO, 1 part Tween 80, and 8 parts water into C57BI6 mice (n = 6).
Blood and brain were taken at 30 minutes and 120 minutes. Blood was collected into EDTA-
containing tubes and plasma was generated using standard centrifugation techniques. Brain
was homogenized and proteins were precipitated with acetonitrile and compound
concentrations were determined by LC-MS/MS. Data were fit by WinNonLin using a
noncompartmental model and compound concentration in plasma and brain is calculated.

The pharmacokinetic studies and CNS exposure of 58 monotartrate salt were conducted at
BioDuro Inc. (Shanghai, China).

Pharmacokinetics of 58 monotartrate salt was assessed in Sprague-Dawley male rats (241-
287 g). The compound was prepared as a solution in PBS at a concentration of 0.25 mg ml~1
for /.v. and p.o. administration of 1 and 5 mg kg1, respectively. Compound concentrations
were determined using peripheral whole blood. For /. v. route aliquots of 250 uL of blood
were taken via a jugular vein cannula (n = 3) at 5, 15 and 30 min and 1, 2, 4, 8, and 24 hours
postdose. For oral route aliquots of 250 pL of blood were taken via a jugular vein cannula (n
=3)at 15and 30 min and 1, 2, 4, 8, and 24 hours postdose. LC-MS/MS was used as the
analytical method for the establishment of compound concentration in blood. Summary
statistics were calculated using Microsoft Excel 2013, and graphs were prepared with
GraphPad Prism \ersion 7.

Pharmacokinetics of 58 monotartrate salt was assessed in CD-1 male mice (26-27 g). The
compound was prepared as a solution in 0.5% MC at a concentration of 1 mg ml~1.

All procedures and handling were according to standard operating procedures approved by
the Institutional Animal Care and Use Committee (IACUC).
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Prolactin assay—The assay to measure KOR antagonist inhibition of KOR agonist
stimulated prolactin release was conducted at The Scripps Research Institute (TSRI; La
Jolla, California), and was approved through the TSRI Institutional Animal Use and Care
Committee. Eight to ten week old C57BL/6J male mice from the colony maintained by the
Department of Animal Resources were used in this study (n = 3—-4/group). Animals were
maintained on a 12-hr light/dark cycle and had access to food and water ad /ib.

For oral administration, KOR antagonist monotartrate salts were solubilized in water at a
concentration of 0.5 mg ml~1 and administer by gavage. The KOR agonist, U69,593 (Sigma)
was solubilized in 45% 2-hydroxypropyl-cyclodextrin at a concentration of 10 mg mi~1 and
was administered (0.3mg kg™1) subcutaneously in the nape of the neck. The KOR
antagonists were administered 2 h before U69,593 administration. Sample collection and
prolactin determination: Thirty minutes post agonist treatment mice were euthanized with
carbon dioxide, and cardiac puncture was performed. Blood was collected and placed into a
microtainer coated with KoEDTA and kept cold. Blood was spun at 4°C, 1,000 x g for 10
minutes. Plasma was removed and prolactin levels determined using the Milliplex Mouse
Pituitary Magnetic Bead Panel (MPTMAG-49K) on a Milliplex Analyzer Luminex 200 and
pg/mL of prolactin was quantitatively determined using Milliplex Analyst 5.1 software.

Tail flick-test—Tail flick test of 58 monotartrate salt was conducted in the University of
Avrizona. Adult male ICR mice (weight 25-30 g) were purchased from Envigo (Indianapolis,
IN, USA). All procedures were performed in accordance with the guidelines of the
Committee for Research and Ethical Issues of IASP under protocols approved by the
University of Arizona Institutional Animal Care and Use Committee. Animals were housed
three per cage on a 12 h light-dark cycle with food and water ad /ibitum.

Mice were held gently and 1/2 to 2/3 of the tail was dipped into 50°C hot water. The latency
to a rapid flick of the tail was recorded by an investigator blinded to the treatment groups.
The cut-off time was set at 15 s to prevent tissue damage. U50488 (KOR agonist, Tocris,
Bristol, BS, UK) was dissolved in saline. The dose volume was 10 ml/kg for Zp. injections
in mice.

Bacterial reverse mutation assay (Ames assay)—The potential mutagenic activity
of compounds 33, 34, 35 and 36 was conducted by BioReliance Corporation in Rockville
Maryland. The monotartaric salts of 33, 34, 35 and 36 were evaluated for their ability to
induce reverse mutations at the histidine locus of strains of Sa/monella typhimurium (TA98,
TA100, TA1535, TA1537) and Escherichia coli (WP2 uvrA) in the presence and absence of
rat liver S9. Positive controls were employed for each strain and metabolic activation
system. The compounds were tested at 8 concentrations ranging from 1.5 to 5000 pg/plate.

The Ames assay of 47 and 58 were conducted by Charles River Laboratories Montreal ULC.
The monotartaric salts of 47 and 58 were tested at concentrations between 0.075 and 250 pg/
well in the micro Ames duplicate with tester strains TA98, TA100, TA1535, TA97a and
WP2 uvrA. Both monotartaric salts were also tested at concentrations between 1.58 and
5000 pg/plate in the standard Ames in triplicate with tester strain TA1537 (Assay protocols
are described in supporting information).
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Chemistry. General Methods.: Unless otherwise stated, commercially available reagents
and solvents were used without purification. Solvents for extraction: ACS grade. Solvents
for reaction: reagent grade. Reagents: unless otherwise noted, from Alfa Aesar, Fisher and
Aldrich highest quality available. TLC: silica gel 60 F254 aluminum plates, (Whatman, type
Al Sil G/UV, 250 um layer); visualization by UV absorption. Flash chromatography was
performed on silica gel 60 (0.40-0.63 mm, 230-440 mesh, EM Science). Biotage Flash+
systems were used for medium-pressure column chromatography. NMR: IH and 13C spectra
were obtained using a Bruker DRX-500 MHz spectrometer. 1H, and 13C NMR data are
reported with chemical shifts (8) in parts-per-million (ppm) relative to the residual signal of
the deuterated solvent as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, g = quartet, gn = quintet, m = multiplet, and br = broad), coupling constant in Hz.
Reactions were monitored by LC/MS using Shimadzu LC/MS2020. Purity was determined
by LCMS using a luna C-18 column (5 um, 4.6 mm x 50 mm, Phenomenex) and detection
was performed with a UV DAD at 254 and 230 nm wavelength. Elution was carried out with
a 10-95% gradient over 5 min of CH3CN in water containing 0.1% AcOH at a flow rate of
1.0 mL/min at 25 °C. The purity of all test compounds is higher than 95%. High resolution
mass spectra were obtained on an Agilent 6230 TOF LC/MS system using electrospray
ionization (ESI) in positive mode.

Synthesis of (3S,4S)-4-(cyclohexylamino)piperidin-3-ol (12).—A mixture of amine
10 (500 mg, 2 mmol), cyclohexanone 11 (207uL, 2 mmol), NaBH(OACc)3 (635 mg, 3 mmol)
and AcOH (171uL, 3 mmol) in 1,2-dichloroethane (5 mL) was stirred at room temperature
(rt) for 24h. The mixture was filtered through Celite, concentrated under reduced pressure
and purified by column chromatography using CH,CIl,/MeOH (0 to 12 % MeOH) to give
(3S,4S)-benzyl 4-(cyclohexylamino)-3-hydroxypiperidine-1-carboxylate as a white solid in
76% yield (510 mg, 1.53 mmol). 1H NMR (500 MHz, CDCls): & (ppm) 7.37-7.30 (m, 5H),
6.58 (br s, 2H), 5.17-5.04 (m, 2H), 4.46-4.12 (m, 2H), 3.66-3.57 (m, 1H), 2.90-2.59 (m,
4H), 2.05-1.96 (m, 3H), 1.82-1.74 (m, 2H), 1.66-1.59 (m, 2H), 1.44-1.36 (m, 1H), 1.31-
1.13 (m, 4H). 13C NMR (125 MHz, CDCl3): & (ppm) 155.1, 136.5, 128.6, 128.2, 128.1,
67.6,59.3,54.6,48.9, 42.7, 31.9, 30.3, 28.0, 25.4, 24.9, 24.6, 24.1.

LCMS: (M+1) m/z = 333.

A solution of (3S,4S)-benzyl 4-(cyclohexylamino)-3-hydroxypiperidine-1-carboxylate (500
mg, 1.5 mmol) in 12 mL of EtOH was added Pd/C (10 %wt, 5 mg). The reaction mixture
was purged three times with hydrogen and stirred under hydrogen atmosphere for 2h. The
reaction mixture was filtered through Celite and condensed to give 97% yield (290 mg, 1.46
mmol) of 12 as a pale brown solid. 1H NMR (500 MHz, CDCl5): & (ppm) 3.29-3.22 (m,
1H), 3.18-3.14 (m, 1H), 3.05-2.98 (m, 1H), 2.61-2.52 (m, 2H), 2.46-2.37 (m, 2H), 2.06—
1.99 (m, 1H), 1.93-1.86 (m, 1H), 1.76-1.66 (m, 3H), 1.62-1.54 (m, 1H), 1.31-1.08 (m, 6H),
1.02-0.94 (m, 1H). 13C NMR (125 MHz, CDCl5): & (ppm) 72.3, 59.3, 53.2, 51.9, 45.9, 35.3,
33.6, 32.6, 26.2, 25.3, 24.8.

LCMS: (M+1) m/z = 199.
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Synthesis of 5-(2-chloro-5-methylpyridin-3-yl)-3-methyl-1,2,4-oxadiazole (15).
—To a solution of carboxylic acid 13 (600 mg, 3.49 mmol) in 10mL DMF were added EDCI
(870 mg, 4.54 mmol) and HOBt (694 mg, 4.54 mmol) and the mixture was stirred at rt for
10 min. Acetamidoxime 14 (284 mg, 3.84 mmol) was added and the mixture was stirred 30
min at rt. The solution was heated at 110 °C under microwave irradiation (mw) for 1h. The
mixture was quenched with brine (100 mL) and extracted with EtOAc (3x60mL). The
combined organic phases were washed with brine (3 x 100 mL), dried over anhydrous
NaySQy, filtered, and concentrated under reduced pressure. The 15 was purified by column
chromatography using Hexanes/EtOAc (0 to 30 % EtOAC) to give the product as a pale
brown solid in 71% yield (519mg, 2.46 mmol). 1H NMR (500 MHz, CDCl5): & (ppm) 8.40
(d, 2.4 Hz, 1H), 8.18 (d, 2.4 Hz, 1H), 2.51 (s, 3H), 2.42 (s, 3H). 13C NMR (125 MHz,
CDCl3): 6 (ppm) 172.8, 167.9, 152.9, 147.0, 140.9, 132.8, 120.2, 17.7, 11.8.

LCMS: (M+1) m/z = 210.

Synthesis of (3S,4S)-4-(cyclohexylamino)-1-(5-methyl-3-(3-methyl-1,2,4-
oxadiazol-5-yl)pyridin-2-yl)piperidin-3-ol (16).—A mixture of chloropyridine 15 (20
mg, 0.095 mmol), 12 (38 mg, 0.19 mmol) and DIPEA (33 uL, 0.19 mmol) in EtOH (250 uL)
was heated at 135 °C under microwave irradiation for 4h. After cooling to room
temperature, the mixture was concentrated under reduced pressure and purified by column
chromatography using CH,Cl,/MeOH (0 to 10 % MeOH) to give pyridine 16 as a pale
yellow solid in 62% yield (22 mg, 0.059 mmol). 1H NMR (500 MHz, CDCls): & (ppm) 8.19
(d, ~£2.3 Hz, 1H), 8.00 (d, ~£2.3 Hz, 1H), 3.70-3.66 (m, 1H), 3.58-3.53 (m, 1H), (td, J=8.2,
4.0 Hz, 1H), 2.97-2.91 (m, 2H), 2.62-2.55 (m, 2H), 2.46 (s, 3H), 2.28 (s, 3H), 2.09-2.04
(m, 1H), 1.94-187 (m, 1H), 1.78-1.67 (m, 3H), 1.62-1.56 (m, 1H), 1.48-1.40 (m, 1H),
1.31-1.10 (m, 5H), 1.04-0.96 (m, 1H). 13C NMR (125 MHz, CDCls): & (ppm) 175.0, 167.6,
158.3, 151.6, 141.0, 125.5, 109.1, 70.5, 57.8, 54.4, 53.6, 49.0, 35.1, 33.7, 29.7, 26.2, 25.3,
24.9,17.3,11.8.

HRMS (ESI-TOF) calcd for CogHgNsO, [M + H]* 372.2394; found 372.2399.

Synthesis of 5-(2-chloro-6-methylquinolin-3-yl)-3-methyl-1,2,4-oxadiazole (19).
—A mixture of acid 17 (2.0 g, 9.0 mmol), SOCI; (2.0 mL, 27.0 mmol) and DMF (cat.) in
CH,Cl, was heated at 60 °C for 2h. After cooling to rt, the mixture was concentrated under
reduced pressure. The solid residue was dissolved in 1,4-dioxane (12 mL) and N-
hydroxyacetamidine 14 (866 mg, 11.7 mmol) and DIPEA (3.14 mL, 18 mmol) were added.
The resulting mixture was stirred at rt for 30 min and 3h at 110 °C. After cooling to rt, the
mixture was concentrated under reduced pressure. The crude was dissolved in EtOAc (200
ml) and washed with brine (3x100mL). The organic phase was dried over anhydrous
NaySQy, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography using hexanes/EtOAc (0 to 25 % EtOAC) to give quinoline 19 as a
yellow solid in 42% yield (981 mg, 3.77 mmol). 1H NMR (500 MHz, CDCl3): & (ppm) 8.79
(s, 1H), 7.98 (d, =8.4 Hz, 1H), 7.70 (d, J=8.4 Hz, 1H), 7.69 (s, 1H), 2.57 (s, 3H), 2.55 (s,
3H). 13C NMR (125 MHz, CDCls): & (ppm) 173.1, 168.0, 147.2, 146.1, 141.3, 138.7, 135.6,
128.4,127.3,126.0, 118.2, 21.8, 11.9.
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LCMS: (M+1) m/z = 260.

Synthesis 5-(2-chloro-6-ethylquinolin-3-yl)-3-methyl-1,2,4-oxadiazole (20).—A
mixture of acid 18 (1.76 g, 7.5 mmol), SOCI, (1.6 mL, 27.0 mmol) and DMF (cat.) in
CH,Cl, (10 mL) was heated at 60 °C for 2h. After cooling to room temperature, the mixture
was concentrated under reduced pressure. The solid residue was dissolved in 1,4-dioxane
(12 mL) and N-hydroxyacetamidine 14 (719 mg, 9.7 mmol) and DIPEA (2.6 mL, 14.93
mmol) were added. The resulting mixture was stirred at rt for 30 min and 3h at 110 °C. After
cooling to rt, the mixture was concentrated under reduced pressure. The crude was dissolved
in EtOAc (200 ml) and washed with brine (3x100 mL). The organic phase was dried over
anhydrous NaySQOy, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography using hexanes/EtOAc (0 to 25 % EtOAC) to give
quinoline 20 as a yellow solid in 39% yield (800 mg, 2.92 mmol). 1H NMR (500 MHz,
CDCl3): 6 (ppm) 8.81 (s, 1H), 8.00 (d, /8.6 Hz, 1H), 7.73 (d, /8.6 Hz, 1H), 7.70 (s, 1H),
2.87 (q, ~£7.6 Hz, 2H), 2.55 (s, 3H), 1.35 (t, /=7.6, 3H). 13C NMR (125 MHz, CDCl3): 6
(ppm) 173.1, 168.0, 147.5, 146.2, 144.8, 141.5, 134.6, 128.6, 126.2, 126.0, 118.2, 29.0, 15.2,
11.9.

LCMS: (M+1) m/z = 274.

Synthesis of 8-(6-methyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-1,4-
dioxa-8-azaspiro[4.5]decane (22).—A mixture of 19 (1.0 g, 3.8 mmol), 21 (1.1 g, 7.7
mmol) and DIPEA (1.34 mL, 7.7 mmol) in EtOH (15 mL) was heated at 130 °C under
microwave irradiation for 3h. The mixture was concentrated under reduce pressure and
purified by column chromatography using hexanes/EtOAc (0 to 30 % EtOAC) to give
quinoline 22 as a yellow solid in 86% yield (1.205 g, 3.28 mmol). 1H NMR (500 MHz,
CDCl3): 6 (ppm) 8.52 (s, 1H), 7.71 (d, /8.5 Hz, 1H), 7.50 (d, /8.5 Hz, 1H), 7.49 (s, 1H),
3.99 (s, 4H), 3.45-3.40 (m, 4H), 2.51 (s, 3H), 2.48 (s, 3H), 1.91-186 (m, 4H). 13C NMR
(125 MHz, CDCl3): 6 (ppm) 175.5, 167.9, 156.7, 147.2, 141.7, 134.4, 134.3, 127.4, 127 .2,
123.5,111.5, 107.6, 64.5, 48.2, 34.8, 21.4, 11.9.

LCMS: (M+1) m/z = 367.

Synthesis of 8-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-1,4-
dioxa-8-azaspiro[4.5]decane (23).—A mixture of 20 (500 mg, 1.82 mmol), 21 (523
mg, 3.65 mmol) and DIPEA (636 L, 3.65 mmol) in EtOH (8 mL) was heated at 130 °C
under microwave irradiation for 3h. The mixture was concentrated under reduce pressure
and purified by column chromatography using hexanes/EtOAc (0 to 30 % EtOAc) to give
quinoline 23 as a yellow solid in 82% yield (569 mg, 1.49 mmol). 1H NMR (500 MHz,
CDClg): & (ppm) 8.54 (s, 1H), 7.74 (d, /=8.6 Hz, 1H), 7.54 (dd, /8.6, 2.0 Hz, 1H), 7.50 (s,
1H), 3.98 (s, 4H), 3.45-3.41 (m, 4H), 2.77 (q, /7.6 Hz, 2H), 2.50 (s, 3H), 1.91-1.86 (m,
4H), 1.30 (t, £7.6 Hz, 3H). 13C NMR (125 MHz, CDCl3): & (ppm) 175.5, 167.9, 156.7,
147.4,141.8, 140.7, 133.3, 127.5, 125.9, 123.5, 111.4, 107.6, 64.5, 48.2, 34.8, 28.7, 15.5,
11.9.

LCMS: (M+1) m/z = 381.
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Synthesis of 1-(6-methyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)piperidin-4-one (24).—To a solution of 22 (1.5 g, 4.09 mmol) in THF (7 mL) was
added 10% ag. H»SO4 (120 mL) at rt. The mixture was stirred at rt for 3h. The mixture was
neutralized with sat. ag. NaOH and the product extracted with EtOAc (x3). The combined
organic layers were dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography using hexanes/EtOAc (0 to 30% EtOAC) to
give quinoline 24 as a yellow solid in 91% yield (1.20 g, 3.72 mmol). 1H NMR (500 MHz,
CDCl3): 6 (ppm) 8.63 (s, 1H), 7.75 (d, /=8.4 Hz, 1H), 7.55 (d, /=8.4 Hz, 1H), 7.54 (s, 1H),
3.66 (t, /=6.0 Hz, 4 H), 2.66 (t, /=6.0 Hz, 4H), 2.52 (s, 3H), 2.50 (s, 3H). 13C NMR (125
MHz, CDCl3): & (ppm) 208.8, 175.1, 168.0, 156.0, 146.9, 142.0, 135.1, 134.7, 127.5, 127.3,
123.9,111.3,49.8, 41.4, 21.5, 11.9.

LCMS: (M+1) m/z = 323.

Synthesis of 1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)piperidin-4-one (25).—To a solution of 23 (580 mg, 1.52 mmol) in THF (4 mL) was
added 10% ag. H»SO4 (50 mL) at rt. The mixture was stirred at rt for 3h. The mixture was
neutralized with sat. ag. NaOH and the product extracted with EtOAc (x3). The combined
organic layers were dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography using hexanes/EtOAc (0 to 30% EtOAC) to
give quinoline 25 as a yellow solid in 87% yield (447 mg, 1.32 mmol). 1H NMR (500 MHz,
CDClg): 6 (ppm) 8.67 (s, 1H), 7.77 (d, J=8.6 Hz, 1H), 7.59 (dd, /=8.6, 2.0 Hz, 1H), 7.56 (s,
1H), 3.66 (t, /~6.0 Hz, 4 H), 2.80 (q, /~7.6 Hz, 2H), 2.66 (t, /=6.0 Hz, 4H), 2.52 (s, 3H),
1.32 (t, /£7.6 Hz, 3H). 13C NMR (125 MHz, CDCls): & (ppm) 208.8, 175.1, 168.0, 156.0,
147.2,142.2, 1415, 133.6, 127.6, 126.0, 123.9, 111.3, 49.8, 41.4, 28.8, 15.5, 11.9.

LCMS: (M+1) m/z = 337.

General procedure for the synthesis of final compounds.

Procedure 1.: A mixture of ketone (1.0 equiv.), amine (1.1-2.0 equiv.), NaBH(OACc)3 (2.0
equiv.) and AcOH (2.0 equiv.) in 1,2-dichloroethane was stirred at rt overnight. After
filtration through Celite, the filtrate was concentrated under reduced pressure and purified.

Procedure 2.: A mixture of ketone (1.0 equiv.), amine-HCI salt (1.1-2.0 equiv.), DIPEA
(1.1-2.0 equiv.), NaBH(OAC)3 (2.0 equiv.) and AcOH (2.0 equiv.) in 1,2-dichloroethane was
stirred at rt overnight. After filtration through Celite, the filtrate was concentrated under
reduced pressure and purified.

Synthesis of N-isobutyl-1-(6-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
yl)quinolin-2-yl)piperidin-4-amine (27).—Prepared according to procedure 1 using 24
(30 mg, 0.093 mmol) and isobutylamine (18.6 pL, 0.186 mmol) with purification by prep-
HPLC (10-95% ACN in H,0 with 0.1% TFA for 12 min) to give 27 as a pale yellow solid
in 81% vyield (28.5 mg, 0.075 mmol). 1H NMR (500 MHz, CDCl3): & (ppm) 8.50 (s, 1H),
7.71 (d, £8.6 Hz, 1H), 7.50 (dd, /£8.6, 1.9 Hz, 1H), 7.47 (s, 1H), 3.70-3.64 (m, 2H), 2.99-
2.92 (m, 2H), 2.66-2.59 (m, 1H), 2.51 (s, 3H), 2.47 (s, 3H), 2.46 (d, J=6.7 Hz, 2H), 1.97—
1.90 (m, 2H), 1.76-1.68 (m, 1H), 1.63-1.54 (m, 2H), 1.44 (br s, 1H), 0.91 (d, /=6.7 Hz, 6H).
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13C NMR (125 MHz, CDClg): & (ppm) 175.7, 167.8, 157.2, 147.2, 141.6, 134.3, 134.2,
127.3,127.2,123.5,111.7, 55.3, 55.0, 49.3, 32.6, 28.8, 21.4, 20.9, 11.9.

HRMS (ESI-TOF) calcd for CooHgNsO [M + H]* 380.2445; found 380.2449.

N-(cyclopropylmethyl)-1-(6-methyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
ylpiperidin-4-amine (28).—Prepared according to the general procedure 1 using 24
(40mg, 0.119 mmol) and cyclopropylmethylamine (21 pL, 0.248 mmol) with purification by
prep-HPLC (10-95% ACN in H,0 for 12 min) to give 28 as a yellow solid in 88% yield (41
mg, 0.108 mmol). TH NMR (500 MHz, CDCls): & (ppm) 8.50 (s, 1H), 7.70 (d, /=8.5 Hz,
1H), 7.49 (dd, ~£8.5, 2.0 Hz, 1H), 7.47 (s, 1H), 3.70-3.63 (m, 2H), 2.94 (t, ~=13.6 Hz, 2H),
2.70-2.64 (m, 1H), 2.51 (d, /6.9 Hz, 2H), 2.50 (s, 3H), 2.46 (s, 3H), 1.96-1.90 (m, 2H),
1.63-1.55 (m, 2H), 1.00-0.92 (m, 1H), 0.50-0.46 (m, 2H), 0.13-0.09 (m, 2H). 13C NMR
(125 MHz, CDCl3): 6 (ppm) 175.6, 167.8, 157.1, 147.1, 141.6, 134.3, 134.2, 127.3, 127.2,
123.5,111.7, 55.0, 52.0, 49.3, 32.5, 21.4, 11.9, 11.6, 3.6.

HRMS (ESI-TOF) calcd for CypHp7NsO [M + H]* 378.2288; found 378.2293.

1-(6-methyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-(tetrahydro-2H-
pyran-4-yl)piperidin-4-amine (29).—Prepared according to the general procedurel
using 24 (1.0 g, 3.1 mmol) and 4-aminotetrahydropyran (352 pL, 3.41 mmol) with
purification on silica gel column chromatography using CH,Cl,/MeOH (0 to 10 % MeOH)
to give 29 as a yellow solid in 89% yield (1.125 g, 2.76 mmol). IH NMR (500 MHz,
CDCl3): 6 (ppm) 8.50 (s, 1H), 7.70 (d, J=8.6 Hz, 1H), 7.49 (dd, /=8.6, 2.0 Hz, 1H), 7.47 (s,
1H), 4.00-3.94 (m, 2H), 3.70-3.64 (m, 2H), 3.39 (td, £11.7, 2.0 Hz, 2H), 2.98-2.91 (m,
2H), 2.89-2.80 (m, 2H), 2.50 (s, 3H), 2.46 (s, 3H), 1.95-1.89 (m, 2H), 1.83-1.77 (m, 2H),
1.61-1.53 (m, 2H), 1.44-1.35 (m, 2H). 13C NMR (125 MHz, CDCls): & (ppm) 175.7, 167.8,
157.1,147.1,141.7, 134.4, 134.3, 127.3, 127.2, 1235, 111.7, 67.0, 51.0, 50.3, 49.3, 34.4,
33.0,21.4,11.9.

HRMS (ESI-TOF) calcd for CpgHagNsO, [M + H]* 408.2394; found 408.2399.

Synthesis of 1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
isobutylpiperidin-4-amine (30).—Prepared according to the general procedure 1 using
25 (30 mg, 0.089 mmol) and isobutylamine (17.8 pL, 0.178 mmol) with purification on
silica gel column chromatography using CH,Cl,/MeOH (0 to 10 % MeOH) to give 30 as a
yellow solid in 80% yield (28 mg, 0.071 mmol). 1H NMR (500 MHz, CDCls): & (ppm) 8.53
(s, 1H), 7.73 (d, 8.6 Hz, 1H), 7.53 (dd, 8.6, 2.0 Hz, 1H), 7.49 (s, 1H), 3.71-3.64 (m,
2H), 3.00-2.92 (m, 2H), 2.77 (q, J~&7.6 Hz, 2H), 2.66-2.60 (m, 1H), 2.51 (s, 3H), 2.46 (d,
/6.8 Hz, 2H), 1.97-1.92 (m, 2H),1.76-1.68 (m, 1H), 1.62-1.54 (m, 2H), 1.39 (br s, 1H),
1.30 (t, 7.6 Hz, 3H), 0.91 (d, /=6.7 Hz, 6H). 13C NMR (125 MHz, CDCls): & (ppm)
175.7, 167.8, 157.2, 147.4, 141.8, 140.6, 133.2, 127.4, 126.0, 123.5, 111.6, 53.3, 55.0, 49.3,
32.6,28.8,28.7,20.9, 15,5, 11.9.

HRMS (ESI-TOF) calcd for Cy3H31N5O [M + H]* 394.2601; found 394.2607.
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Synthesis of N-(cyclopropylmethyl)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-
ylquinolin-2-yl)piperidin-4-amine (31).—Prepared according to the general procedure
1 using 25 (40 mg, 0.119 mmol) and cyclopropylmethylamine (20 pL, 0.238 mmol) with
purification on silica gel column chromatography using CH,Cl,/MeOH (0 to 10% MeOH)
to give 31 as a yellow solid in 90% yield (42.1 mg, 0.107 mmol). *H NMR (500 MHz,
CDCl3): 6 (ppm) 8.52 (s, 1H), 7.73 (d, /8.6 Hz, 1H), 7.53 (dd, /8.6, 2.0 Hz, 1H), 7.49 (s,
1H), 3.70-3.64 (m, 2H), 2.98-2.90 (m, 2H), 2.77 (q, /£7.6 Hz, 2H), 2.70-2.63 (m, 1H),2.51
(d, £6.8 Hz, 2H), 2.50 (s, 3H), 1.96-1.91 (m, 2H), 1.63-1.55 (m, 2H), 1.29 (t, /=7.6 Hz,
3H),0.98-0.91 (m, 1H), 0.50-0.46 (m, 2H), 0.13-0.09 (m, 2H). 13C NMR (125 MHz,
CDCls): 6 (ppm) 175.7, 167.8, 157.2, 147.4, 141.8, 140.6, 133.2, 127.4, 125.9, 123.5, 111.6,
55.1,52.1,49.3, 32.6,28.7, 15.5, 11.9, 11.7, 3.5.

HRMS (ESI-TOF) calcd for Co3Ho9N50 [M + H]* 392.2445; found 392.2450.

Synthesis of 1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
(tetrahydro-2H-pyran-4-yl)piperidin-4-amine (32).—Prepared according to the
general procedure 1 using 25 (40 mg, 0.119 mmol) and 4-aminotetrahydropyran (24.6 LL,
0.238 mmol) with purification on silica gel column chromatography using CH,Cl,/MeQOH (0
to 10 % MeOH) to give 32 as a yellow solid in 87% yield (43.8 mg, 0.104 mmol). 1H NMR
(500 MHz, CDClI3): & (ppm) 8.53 (s, 1H), 7.73 (d, /8.6 Hz, 1H), 7.53 (dd, =8.6, 2.0 Hz,
1H), 7.49 (s, 1H), 3.99-3.93 (m, 2H), 3.70-3.64 (m, 2H), 3.39 (td, ~£11.7, 2.3 Hz, 2H),
2.98-2.92 (m, 2H), 2.89-2.80 (m, 2H), 2.76 (g, /~&=7.6 Hz, 2H), 2.50 (s, 3H), 1.95-1.89 (m,
2H), 1.83-1.77 (m, 2H), 1.62-1.53 (m, 2H), 1.44-1.35 (m, 2H), 1.29 (t, /=7.6 Hz, 3H). 13C
NMR (125 MHz, CDCl3): & (ppm) 175.6, 167.8, 157.1, 147.3, 141.8, 140.7, 133.2, 127.4,
125.9, 1235, 111.6, 67.0, 51.0, 50.3, 49.3, 34.4, 33.0, 28.7, 15.5, 11.9.

HRMS (ESI-TOF) calcd for CoqH33NsO, [M + H]* 422.255; found 422.2556.

Synthesis of (S)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-(3-
methylbutan-2-yl)piperidin-4-amine (33).—Prepared according to the general
procedure 1 using 25 (200 mg, 0.59 mmol) and (S)-2-amino-3-methylbutane (91 uL, 0.77
mmol) with purification on silica gel column chromatography using CH,Cl,/MeOH (0 to
10 % MeOH) to give 33 as a yellow solid in 92% yield (222 mg, 0.545 mmol). 1H NMR
(500 MHz, CDCl3): 6 (ppm) 8.52 (s, 1H), 7.73 (d, /8.6 Hz, 1H), 7.53 (dd, /8.6, 2.0 Hz,
1H), 7.48 (s, 1H), 3.70-3.63 (m, 2H), 3.00-2.90 (m, 2H), 2.79-2.69 (m, 3H), 2.64-2.59 (m,
1H), 2.50 (s, 3H), 1.96-1.87 (m, 2H), 1.68-1.46 (m, 3H), 1.29 (t, /=7.6 Hz, 3H), 1.23 (br s,
1H), 0.96 (d, /=7.6 Hz, 3H), 0.89 (d, /=6.8 Hz, 3H), 0.86 (d, /=6.8 Hz, 3H). 13C NMR (125
MHz, CDCl3): & (ppm) 175.7, 167.8, 157.2, 147.4, 141.8, 140.6, 133.2, 127.4, 125.9, 123.4,
111.6,54.5,52.1, 49.4, 49.3, 33.4, 32.7, 28.7, 19.5, 17.4, 16.9, 15.5, 11.9.

HRMS (ESI-TOF) calcd for Co4H33NsO [M + H]* 408.2758; found 408.2763.

Synthesis of (1S,2S)-2-((1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)piperidin-4-yl)amino)cyclohexanol (34).—Prepared according to the general
procedure 2 using 25 (1.16 g, 3.46 mmol) and (15,25)-2-aminocyclohexanol HCI (530mg,
3.46 mmol) with purification on silica gel column chromatography using CH,Cl,/MeQOH (0
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to 10% MeOH) to give 34 as a yellow gum in 78% yield (1200 mg, 2.75 mmol). 1H NMR
(500 MHz, CDCls3): 6 (ppm) 8.53 (s, 1H), 7.74 (d, J=8.6 Hz, 1H), 7.54 (dd, /=8.6, 2.0 Hz,
1H), 7.49 (s, 1H), 3.68-3.60 (m, 2H), 3.11-3.06 (m, 1H), 3.03-2.91 (m, 2H), 2.85-2.73 (m,
3H), 2.50 (s, 3H), 2.33-2.28 (m, 1H), 2.10-2.02 (m, 2H), 1.98-1.92 (m, 1H), 1.87-1.79 (m,
1H), 1.74-1.61 (m, 3H), 1.56-1.48 (m, 1H), 1.30-1.21 (m, 7H), 0.98-0.89 (m, 1H). 13C
NMR (125 MHz, CDCls): 6 (ppm) 175.7, 167.8, 157.1, 147.4, 141.8, 140.7, 133.2, 127 .4,
126.0, 123.5, 111.6, 74.2, 60.6, 51.9, 49.0, 48.9, 34.0, 33.1, 32.5, 31.8, 28.7, 25.5, 24.4,
15.5,11.9.

HRMS (ESI-TOF) calcd for Cy5H33N505 [M + H]* 436.2707; found 436.2713.

Synthesis of 1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-((3-
methyloxetan-3-yl)methyl)piperidin-4-amine (35).—Prepared according to the
general procedure 1 using 25 (1.59 g, 4.73 mmol) and (3-methyloxetan-3-yl)methanamine
(0.65 mL, 6.15 mmol) with purification on silica gel column chromatography using CH,Cl,/
MeOH (0 to 10% MeOH) to give 35 as a yellow solid in 91% yield (1.81 g, 4.29 mmol). 1H
NMR (500 MHz, CDCls): 6 (ppm) 8.54 (s, 1H), 7.74 (d, /=8.6 Hz, 1H), 7.54 (d, /=8.6 Hz,
1H), 7.50 (s, 1H), 4.45 (d, J=5.7 Hz, 2H), 4.37 (d, J=5.7 Hz, 2H), 3.70-3.65 (m, 2H), 3.01—
2.94 (m, 2H), 2.86 (s, 2H), 2.78 (q, /£7.6 Hz, 2H), 2.69-2.62 (m, 1H), 2.51 (s, 3H), 2.00-
1.94 (m, 2H), 1.64-1.55 (m, 2H), 1.32-1.28 (m, 6H). 13C NMR (125 MHz, CDCls): & (ppm)
175.7,167.8, 157.2, 147.4, 141.9, 140.7, 133.2, 127.4, 126.0, 123.5, 111.6, 81.4, 55.6, 54.4,
49.2,39.8, 32.6, 28.7, 22.2, 15.5, 11.9.

HRMS (ESI-TOF) calcd for CoqH33NsO, [M + H]* 422.255; found 422.2556.

Synthesis of (R)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (36).—Prepared according to the
general procedure 2 using 25 (150 mg, 0.446 mmol) (/)-3-aminotetrahydropyran HCI (73.6
mg, 0.535 mmol) with purification on silica gel column chromatography using CH,Cl»/
MeOH (0 to 10% MeOH) to give 36 as a yellow solid in 87% yield (164 mg, 0.389 mmol).
IH NMR (500 MHz, CDCls): & (ppm) 8.52 (s, 1H), 7.73 (d, /8.6 Hz, 1H), 7.53 (dd, /=8.6,
2.0 Hz, 1H), 7.48 (s, 1H), 3.90-3.86 (m, 1H), 3.80-3.76 (m, 1H), 3.69-3.63 (m, 2H), 3.42—
3.36 (m, 1H), 3.14 (dd, /=11.0, 8.5 Hz, 1H), 3.00-2.91 (m, 2H), 2.82-2.72 (m, 4H), 2.50 (s,
3H), 1.96-1.84 (m, 3H), 1.70-1.52 (m, 4H), 1.38-1.31 (m, 2H), 1.29 (t, /=7.6 Hz, 3H). 13C
NMR (125 MHz, CDCls): 6 (ppm) 175.6, 167.8, 157.1, 147.3, 141.8, 140.6, 133.2, 127.4,
125.9, 123.5, 111.6, 73.1, 68.3, 52.0, 50.1, 49.20, 49.18, 33.1, 33.0, 31.0, 28.6, 24.8, 15.5,
11.9.

HRMS (ESI-TOF) calcd for Cy4H31N505 [M + H]* 422.255; found 422.2560.

Synthesis of (S)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (37).—Prepared according to procedure
2 using 25 (30 mg, 0.089 mmol) and (S)-3-aminotetrahydropyran HCI (24.5 mg, 0.178
mmol) with purification on silica gel column chromatography using CH,Cl,/MeQOH (0 to
10 % MeOH) to give 37 as a yellow solid in 75% yield (28 mg, 0.066 mmol). 1H NMR (500
MHz, CDCl3): § (ppm) 8.52 (s, 1H), 7.73 (d, /8.6 Hz, 1H), 7.53 (dd, /8.6, 2.0 Hz, 1H),
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7.49 (s, 1H), 3.90-3.86 (m, 1H), 3.80-3.76 (m, 1H), 3.69-3.64 (m, 2H), 3.42-3.37 (m, 1H),
3.15 (dd, =11.0, 8.5 Hz, 1H), 2.98-2.92 (m, 2H), 2.82-2.72 (m, 4H), 2.50 (s, 3H), 1.96—
1.84 (m, 3H), 1.70-1.52 (m, 4H), 1.38-1.31 (m, 2H), 1.29 (t, =7.6 Hz, 3H). 13C NMR (125
MHz, CDCl): & (ppm) 175.7, 167.8, 157.1, 147.4, 141.8, 140.7, 133.2, 127.4, 125.9, 123.5,
111.6, 73.1, 68.3, 52.1, 50.1, 49.21, 49.20, 33.1, 33.0, 31.0, 28.7, 24.8, 15.5, 11.9.

HRMS (ESI-TOF) calcd for CoqH33NsO, [M + H]* 422.255; found 422.2556.

Synthesis of (R)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
(tetrahydrofuran-3-yl)piperidin-4-amine (38).—Prepared according to the general
procedure 2 using 25 (30 mg, 0.089 mmol) and (R)-3-aminotetrahydrofuran HCI (22 mg,
0.178 mmol) with purification on silica gel column chromatography using CH,Cl,/MeOH (0
to 10% MeOH) to give 38 as a yellow solid in 91% yield (33 mg, 0.0809 mmol). 1H NMR
(500 MHz, CDCls3): 6 (ppm) 8.54 (s, 1H), 7.73 (d, J=8.6 Hz, 1H), 7.54 (dd, /=8.6, 2.0 Hz,
1H), 7.49 (s, 1H), 3.95-3.90 (m, 1H), 3.85 (dd, J=8.4, 5.5 Hz, 1H), 3.80-3.75 (m, 1H), 3.71-
3.65 (m, 2H), 3.59-3.51 (m, 2H), 3.00-2.92 (m, 2H), 2.77 (q, ~£7.6 Hz, 2H), 2.72-2.66 (m,
1H), 2.50 (s, 3H), 2.16-2.09 (m, 1H), 1.97-1.89 (m, 2H), 1.73-1.67 (m, 1H), 1.64-1.55 (m,
2H), 1.48 (br s, 1H), 1.30 (t, /=7.6 Hz, 3H). 13C NMR (125 MHz, CDCls3): & (ppm) 175.6,
167.8,157.1, 147.4, 141.8, 140.7, 133.2, 127.4, 126.0, 123.5, 111.6, 74.0, 67.3, 55.4, 53.6,
49.2, 33.8, 32.83, 32.81, 28.7, 15.5, 11.9.

HRMS (ESI-TOF) calcd for Cy3Ho9N505 [M + H]* 408.2394; found 408.2401.

Synthesis of (S)-1-(6-ethyl-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-N-
(tetrahydrofuran-3-yl)piperidin-4-amine (39).—Prepared according to the general
procedure 2 using 25 (30 mg, 0.089 mmol) and (S)-3-aminotetrahydrofuran p-
toluenesulfonate (46 mg, 0.178 mmol) with purification on silica gel column
chromatography using CH»Cl,/MeOH (0 to 10% MeOH) to give 39 as a yellow solid in 85%
yield (31 mg, 0.076 mmol). 1H NMR (500 MHz, CDCl5): & (ppm) 8.54 (s, 1H), 7.73 (d,
J8.6 Hz, 1H), 7.54 (dd, J=8.6, 2.0 Hz, 1H), 7.49 (s, 1H), 3.95-3.90 (m, 1H), 3.85 (dd,
J=8.4,5.5 Hz, 1H), 3.80-3.75 (m, 1H), 3.70-3.65 (m, 2H), 3.58-3.51 (m, 2H), 2.99-2.92
(m, 2H), 2.77 (9, ~£7.6 Hz, 2H), 2.72-2.65 (m, 1H), 2.50 (s, 3H), 2.16-2.09 (m, 1H), 1.97-
1.89 (m, 2H), 1.73-1.67 (m, 1H), 1.64-1.55 (m, 2H), 1.30 (t, /£7.6 Hz, 3H). 13C NMR (125
MHz, CDCl3): 6 (ppm) 175.6, 167.8, 157.1, 147.4, 141.8, 140.7, 133.2, 127.4, 126.0, 123.5,
111.6, 74.0, 67.3, 55.4, 53.6, 49.2, 33.8, 32.83, 32.81, 28.7, 15.5, 11.9.

HRMS (ESI-TOF) calcd for Cp3HagNsO, [M + H]* 408.2394; found 408.2401.

Synthesis of 2-amino-5-bromo-3-fluorobenzaldehyde (41).—To a solution of 40
(8.0 g, 34 mmol) in anhydrous THF (50 mL) was added a 1M solution of BH3 THF complex
in THF (102.5 mL, 102.5 mmol) dropwise at 0 °C. The mixture was then stirred at rt for
18h. The reaction was quenched by slow addition of ~20 mL of MeOH at 0 °C. The mixture
was concentrated under reduced pressure and the residue was partitioned between EtOAc
and brine. The organic layer was dried over anhydrous Na,SO,4 and concentrated under
reduced pressure. The crude (2-amino-5-bromo-3-fluorophenyl)methanol was obtained as a
brown solid in 76% vyield (5.65 g, 25.68 mmol) and was used in the next reaction without
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further purification. IH NMR (500 MHz, CD30D): & (ppm) 7.10 (s, 1H), 7.09 (dd, ~11.7,
2.2 Hz, 1H), 4.86 (s, 1H), 4.56 (s, 2H). 13C NMR (125 MHz, CD30D): & (ppm) 152.7
(/£240.1 Hz), 134.6 (+13.1 Hz), 130.8 (=4.2 Hz), 127.3 (/2.9 Hz), 118.1 (/=22.6 Hz),
108.1 (/9.6 Hz), 62.2.

LCMS: (M+1) m/z = 419, 421.

A mixture of crude (2-amino-5-bromo-3-fluorophenyl)methanol (5.6 g, 25.45 mmol) and
activated MnO, (13.27 g, 152.7 mmol) in anhydrous CH,Cl, (120 mL) was stirred at rt for
8h. The filtrate was concentrated after filtration through celite. The residue was purified with
a short silica gel path using hexanes/EtOAc (0 to 30 % EtOAC) to give 41 as a pale yellow
solid in quantitative yield (5.55 g, 25.4 mmol). 1H NMR (500 MHz, CDCls): & (ppm) 9.81
(s, 1H), 7.43 (s, 1H), 7.28 (d, /=8.7 Hz), 6.19 (br s, 2H). 13C NMR (125 MHz, CDCl3): §
(ppm) 192.3, 150.8 (/=245.1 Hz), 138.1 (~F13.5 Hz), 132.6 (3.4 Hz), 122.8 (~21.1 Hz),
121.1 (=4.6 Hz), 105.4 (/=8.7 Hz).

Synthesis of 5-(6-bromo-2-chloro-8-fluoroquinolin-3-yl)-3-methyl-1,2,4-
oxadiazole (43).—A mixture of aldehyde 41 (1.50 g, 6.88 mmol), oxadiazole acid 42
(1.173 g, 8.25 mmol) and POCI3 (8 mL) was stirred at 80 °C for 1 h. After cooling to rt,
excess POClI3 was removed under reduced pressure. The crude was quenched with ice/H,0
and the mixture was stirred at 0 °C for 10 min. The precipitate was filtered, washed with
H,0 and dried under reduced pressure. The product was purified by column
chromatography using hexanes/EtOAc (0 to 30% EtOAC) to give 43 as a yellow solid in
14% yield (330 mg, 0.963 mmol). IH NMR (500 MHz, CDCls): & (ppm) 8.82 (d, J=1.4 Hz,
1H), 7.92 (s, 1H), 7.70 (dd, £9.2, 2.0 Hz, 1H), 2.56 (s, 3H). 13C NMR (125 MHz, CDCl3):
S (ppm) 172.1, 168.2, 156.7 (/=264.2 Hz), 148.2, 140.5 (/2.8 Hz), 137.5 (~11.9 Hz),
128.1 (£2.2 Hz), 126.3 (£5.0 Hz), 121.4 (£21.6 Hz), 121.4, 120.6. 11.9.

LCMS: (M+1) m/z = 341, 343.

Synthesis of 8-(6-bromo-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)-1,4-dioxa-8-azaspiro[4.5]decane (44).—A suspension of 43 (300 mg, 0.875 mmol),
21 (168 pL, 1.31 mmol) and DIPEA (229 uL, 1.31 mmol) in EtOH (70 mL) was heated at
130 °C under microwave irradiation for 2h. After cooling to rt, the mixture was concentrated
under reduced pressure and purified by column chromatography using hexanes/EtOAc (0 to
50% EtOAC) to give quinoline 44 in 45% yield as a yellow solid (200 mg, 0.445 mmol). 1H
NMR (500 MHz, CDCls): & (ppm) 8.46 (s, 1H), 7.65 (s, 1H), 7.48 (dd, /£9.7, 1.6 Hz, 1H),
3.98 (s, 4H), 3.51-3.46 (m, 4H), 2.51 (s, 3H), 1.89-1.84 (m, 4H). 13C NMR (125 MHz,
CDCl3): 6 (ppm) 174.7, 168.1, 156.7, 156.5 (£259.1 Hz), 141.0 (~£2.2 Hz), 137.6 (~11.5
Hz), 126.0 (£4.7 Hz), 125.4 (3.2 Hz), 120.1 (/~£21.9 Hz), 115.6 (/~£8.7 Hz), 112.9, 107.3,
64.5,47.8,34.7, 11.9.

LCMS: (M+1) m/z = 449, 451.

Synthesis of 1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)piperidin-4-one (45).—To a mixture of 44 (110 mg, 0.24 mmol), Cs,CO3 (239 mg,
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0.73 mmol) and Pd(dppf)Cl,.CH,Cl; (19.6 mg, 0.024 mmol) in THF (4 mL) was added 1M
solution of Et3B in THF (730 uL, 0.73 mmol) at rt. The mixture was heated at 70 °C for 1h.
After cooling to rt, the mixture was partitioned between brine (30 mL) and EtOAc (30 mL).
The aqueous layer was extracted with EtOAc (2x30 mL) and the combined organic layers
were dried over Na,SO,4 and concentrated under reduced pressure. The residue was purified
by column chromatography using hexanes/EtOAc (0 to 70 % EtOAC) to give 8-(6-ethyl-8-
fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl1)-1,4-dioxa-8-azaspiro[4.5]decane in
74% yield as a yellow solid (71 mg, 0.178 mmol). 1H NMR (500 MHz, CDCls): & (ppm)
8.52 (d, ~=£1.5 Hz, 1H), 7.29 (s, 1H), 7.25 (dd, J=11.5, 2.0 Hz, 1H), 3.98 (s, 4H), 3.49-3.43
(m, 4H), 2.75 (q, /£7.6 Hz, 2H), 2.50 (s, 3H), 1.90-1.85 (m, 4H), 1.29 (t, /=7.6 Hz, 3H). 13C
NMR (125 MHz, CDCls): 6 (ppm) 175.2, 167.9, 156.6 (/=253.7 Hz), 156.5, 141.6 (~3.1
Hz), 140.7 (/=6.4 Hz), 137.1 (~11.9 Hz), 124.9 (/~2.9 Hz), 121.5 (/4.1 Hz), 117.1 (*+18.1
Hz), 112.1, 107.5, 64.5, 48.0, 34.7, 28.7, 15.3, 11.9.

LCMS: (M+1) m/z = 399.

To a solution of 8-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-1,4-
dioxa-8-azaspiro[4.5]decane (60 mg, 0.15 mmol) in THF (1 mL) was added 10% ag. HoSO4
(5 mL) and the mixture was stirred at 45 °C for 2h. After cooling to rt, the mixture was
neutralized with sat. ag. NaOH and extracted with EtOAc (3%x20 mL). The combined organic
layers were dried over Na,SO,4 and concentrated under reduced pressure. The ketone 45 was
obtained as a yellow solid in 94% yield (50 mg, 0.144 mmol) and was used for the next
reaction without further purification. 1TH NMR (500 MHz, CDCls): & (ppm) 8.65 (d, /~1.6
Hz, 1H), 7.36 (s, 1H), 7.30 (dd, /£11.5, 1.7 Hz, 1H), 3.70 (t, /£6.0 Hz, 4H), 2.78 (q, /7.6
Hz, 2H), 2.66 (t, /=6.1 Hz, 4H), 2.52 (s, 3H), 1.31 (t, /=7.6 Hz, 3H). 13C NMR (125 MHz,
CDClg3): 6 (ppm) 208.5, 174.7, 168.1, 156.6 (/=254.4 Hz), 155.9, 142.0 (/3.1 Hz), 141.6
(/6.3 Hz), 136.9 (~11.9 Hz), 125.3 (/2.8 Hz), 121.6 (/4.1 Hz), 117.5 (/~18.0 Hz),
112.1,495,41.2, 28.8, 15.3, 11.9.

LCMS: (M+1) m/z = 355.

Synthesis of 1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-yl)-
N-(tetrahydro-2H-pyran-4-yl)piperidin-4-amine (46).—Prepared according to the
general procedure 1 using 45 (53 mg, 0.149 mmol) and 4-aminotetrahydropyran (23 L,
0.224 mmol) with purification on silica gel column chromatography using CH,Cl,/MeOH (0
to 10% MeOH) to give 46 as a yellow solid in 82% yield (54 mg, 123 mmol). 1H NMR (500
MHz, CDCl3): & (ppm) 8.52 (d, £1.5 Hz, 1H), 7.29 (s, 1H), 7.25 (dd, /~£11.6, 1.8 Hz, 1H),
4.00-3.94 (m, 2H), 3.75-3.68 (m, 2H), 3.40 (td, £11.8, 2.1 Hz, 2H), 3.03-2.96 (m, 2H),
2.90-2.82 (m, 2H), 2.75 (q, J&=7.6 Hz, 2H), 2.51 (s, 3H), 1.97-1.89 (m, 2H), 1.84-1.77 (m,
2H), 1.62-1.52 (m, 2H), 1.45-1.35 (m, 3H), 1.29 (t, /=7.6 Hz, 3H). 13C NMR (125 MHz,
CDCl3): 6 (ppm) 174.4, 167.9, 156.9, 156.6 (£253.3 Hz), 141.7 (/£3.0 Hz), 140.7 (~6.4
Hz), 137.1 (=11.8 Hz), 124.9 (/2.9 Hz), 121.5 (/4.0 Hz), 117.1 (~18.1 Hz), 112.4, 67.1,
51.0,50.4,49.1, 345, 32.9, 28.7, 15.3, 11.9.

HRMS (ESI-TOF) calcd for Co4H30FN50, [M + H]* 440.2456; found 440.2464.
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Synthesis of (R)-1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)-N-(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (47).—Prepared according to the
general procedure 2 using 45 (29 mg, 0.082 mmol) and (/)-3-aminotetrahydropyran HCI
(15 mg, 0.11 mmol) with purification on silica gel column chromatography using CH,Cl,/
MeOH (0 to 10% MeQOH) to give 47 as a yellow solid in 87% yield (32 mg, 0.073 mmol).
1H NMR (500 MHz, CDCls): & (ppm) 8.50 (d, /£1.5 Hz, 1H), 7.28 (s, 1H), 7.24 (dd, /~11.6,
1.7 Hz, 1H), 3.90-3.84 (m, 1H), 3.80-3.75 (m, 1H), 3.74-3.66 (m, 2H), 3.42-3.36 (m, 1H),
3.14 (dd, ~£11.0, 8.5 Hz, 1H), 3.01-2.93 (m, 2H), 2.82-2.71 (m, 4H), 2.50 (s, 3H), 1.96—
1.84 (m, 3H), 1.70-1.51 (m, 4H), 1.38-1.29 (m, 2H), 1.28 (t, £7.6 Hz, 3H). 13C NMR (125
MHz, CDCl3): § (ppm) 175.3, 167.9, 156.8, 156.5 (£254.4 Hz), 141.6 (/3.0 Hz), 140.6
(J=6.4 Hz), 137.1 (~11.7 Hz), 124.9 (/3.0 Hz), 121.5 (/4.0 Hz), 117.0 (~18.1 Hz),
112.4,73.1, 68.3, 51.9, 50.1, 48.97, 48.93, 33.0, 32.9, 30.9, 28.7, 24.8, 15.3, 11.9.

HRMS (ESI-TOF) calcd for CoqH3oFN5O, [M + H]* 440.2456; found 440.2464.

Synthesis of (S)-1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yI)-N-(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (48).—Prepared according to the
general procedure 2 using 45 (25 mg, 0.0705 mmol) and (5)-3-aminotetrahydropyran.HCI
(19.4 mg, 0.141 mmol) with purification on silica gel column chromatography using
CH,Cly/MeOH (0 to 10% MeOH) to give 48 as a yellow solid in 84% yield (26 mg, 0.059
mmol). 1H NMR (500 MHz, CDCls): & (ppm) 8.51 (d, /1.5 Hz, 1H), 7.28 (s, 1H), 7.25 (dd,
J#11.5, 1.8 Hz, 1H), 3.90-3.86 (m, 1H), 3.80-3.75 (m, 1H), 3.74-3.67 (m, 2H), 3.43-3.37
(m, 1H), 3.15 (dd, ~10.9, 8.5 Hz, 1H), 3.02-2.94 (m, 2H), 2.82-2.71 (m, 4H), 2.51 (s, 3H),
1.97-1.85 (m, 3H), 1.71-1.50 (m, 4H), 1.39-1.31 (m, 2H), 1.29 (t, /=7.6 Hz, 3H). 13C NMR
(125 MHz, CDCl3): 6 (ppm) 175.4, 167.9, 156.9, 156.6 (/~253.4 Hz), 141.6 (/=3.1 Hz),
140.7 (/6.4 Hz), 137.1 (=11.7 Hz), 124.9 (/3.0 Hz), 121.5 (/=3.9 Hz), 117.1 (/18.1 Hz),
112.4,73.1, 68.3, 52.0, 50.1, 49.00, 48.96, 33.0, 32.9, 31.0, 28.7, 24.8, 15.3, 11.9.

HRMS (ESI-TOF) calcd for Cy4H3FN50, [M + H]* 440.2456; found 440.2463.

Synthesis of (R)-1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yI)-N-(tetrahydrofuran-3-yl)piperidin-4-amine (49).—Prepared according to the
general procedure 2 using 45 (25 mg, 0.0705 mmol) and (/)-3-aminotetrahydrofuran HCI
(17 mg, 0.141 mmol) with purification on silica gel column chromatography using CH,Cl,/
MeOH (0 to 10% MeOH) to give 49 as a yellow solid in 77% yield (23 mg, 0.054 mmol).
1H NMR (500 MHz, CDCls): & (ppm) 8.52 (d, £1.5 Hz, 1H), 7.29 (s, 1H), 7.26 (dd, /=11.6,
1.8 Hz, 1H), 3.95-3.90 (m, 1H), 3.85 (dd, /£8.4, 5.5 Hz, 1H), 3.80-3.69 (m, 3H), 3.59-3.51
(m, 2H), 3.03-2.95 (m, 2H), 2.78-2.67 (m, 3H), 2.51 (s, 3H), 2.16-2.09 (m, 1H), 1.98-1.89
(m, 2H), 1.74-1.67 (m, 1H), 1.64-1.50 (m, 3H), 1.29 (t, £7.6 Hz, 3H). 13C NMR (125
MHz, CDCl3): & (ppm) 175.3, 167.9, 156.9, 156.6 (=253.4 Hz), 141.7 (/2.9 Hz), 140.7
(£6.4 Hz), 137.1 (~F11.7 Hz), 124.9 (2.8 Hz), 121.5 (~£3.9 Hz), 117.1 (~18.1 Hz),
112.4,74.0, 67.3, 55.4, 53.5, 49.02, 49.00, 33.8, 32.71, 32.69, 28.7, 15.3, 11.9.

HRMS (ESI-TOF) calcd for CogHpgFN5O, [M + H]* 426.23; found 426.2310.
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Synthesis of (S)-1-(6-ethyl-8-fluoro-3-(3-methyl-1,2,4-oxadiazol-5-yl)quinolin-2-
yl)-N-(tetrahydrofuran-3-yl)piperidin-4-amine (50).—Prepared according to the
general procedure 2 using 45 (25 mg, 0.075 mmol) and (S)-3-aminotetrahydrofuran p-
toluenesulfonate (36.6 mg, 0.141 mmol) with purification on silica gel column
chromatography using CH,CIl,/MeOH (0 to 10% MeOH) to give 50 as a yellow solid in 78%
yield (25 mg, 0.0587 mmol). 1H NMR (500 MHz, CDClz): & (ppm) 8.52 (d, /1.4 Hz, 1H),
7.29 (s, 1H), 7.25 (dd, J=11.6, 1.6 Hz, 1H) 3.95-3.89 (m, 1H), 3.85 (dd, /8.5, 5.7 Hz, 1H),
3.80-3.69 (m, 3H), 3.58-3.51 (m, 2H), 3.02-2.95 (m, 2H), 2.78-2.67 (m, 3H), 2.51 (s, 3H),
2.16-2.08 (m, 1H), 1.98-1.89 (m, 2H), 1.74-1.66 (m, 1H), 1.64-1.53 (m, 2H), 1.46 (br s,
1H), 1.29 (t, /7.6 Hz, 3H). 13C NMR (125 MHz, CDCls): & (ppm) 175.3, 167.9, 156.9,
156.6 (=253.5 Hz), 141.7 (/=3.0 Hz), 140.7 (£6.3 Hz), 137.1 (11.6 Hz), 124.9 (/~2.9
Hz), 121.5 (=3.9 Hz), 117.1 (~18.1 Hz), 112.4, 74.0, 67.3, 55.4, 53.5, 49.01, 48.99, 33.8,
32.71, 32.69, 28.7, 15.3, 11.9.

HRMS (ESI-TOF) calcd for CogHpgFN5O, [M + H]* 426.23; found 426.2307.

Synthesis of 4-ethyl-2-fluoro-6-iodoaniline (52).—To a mixture of 51 (9.8 g, 70.4
mmol) in acetic acid (110 mL) was added in a single portion NIS (16.63 g, 73.93 mmol) and
the mixture was stirred at rt for 1h. The mixture was diluted with EtOAc (800 mL) and
washed with brine (x3) and sat. ag. NaHCO3 solution (x2). The organic phase was dried
over NaySO,4 and concentrated under reduced pressure. The product was purified by column
chromatography using hexanes/EtOAc (0 to 20% EtOAc) as mobile phase. 52 was obtained
as reddish oil in 94% yield (17.5 g, 66.04 mmol). 1H NMR (500 MHz, CDCl3): & (ppm)
7.25 (s, 1H), 6.82 (dd, J=11.6, 1.8 Hz, 1H), 3.98 (br s, 2H), 2.51 (q, /=7.6 Hz, 2H), 1.17 (t,
J=7.6 Hz, 2H). 13C NMR (125 MHz, CDCls): & (ppm) 149.9 (/=241.7 Hz), 136.1 (/6.3
Hz), 133.7 (£14.1 Hz), 132.9 (/=3.0 Hz), 114.8 (£18.7 Hz), 84.1, 27.5, 15.5.

LCMS: (M+1) m/z = 265.

Synthesis of 1-(2-amino-5-ethyl-3-fluorophenyl)ethanone (54).—A mixture of 52
(17.5 g, 66.02 mmol), 53 (35.5 mL, 396 mmol), K,CO3 (10.95 g, 79.2 mmol), DPPP (1.31
g, 3.3 mmol) and Pd(OAc), (161 mg, 0.66 mmol) in H,O/toluene (9:1, 200mL) was heated
at 90 °C for 32h. After the mixture was cooled to rt, concentrated HCI (33 mL) was slowly
added and the mixture was stirred at rt for 1h. The mixture was neutralized with sat. aq.
NaHCO3 solution. The product was extracted with EtOAc (3x200mL). The organic phase
was dried over anhydrous Na,SO4 and concentrated under reduced pressure. The product
was purified by column chromatography using hexanes/EtOAc (0 to 20% EtOAc) and
obtained as a pale yellow solid in 16% yield (1.91 g, 10.5 mmol). 'H NMR (500 MHz,
CDCl3): 6 (ppm) 7.30 (s, 1H), 6.99 (dd, /=12.0, 1.5 Hz, 1H), 6.14 (br s, 2H), 2.58 (s, 3H),
2.56 (g, /7.6 Hz, 2H), 1.21 (t, /7.6 Hz, 3H). 13C NMR (125 MHz, CDCls): & (ppm) 200.5
(£F2.5Hz), 151.7 (~£238.8 Hz), 137.4 (/~13.4 Hz), 130.6 (/6.0 Hz), 125.5 (£2.7 Hz),
119.9 (F4.1 Hz), 118.6 (~17.7 Hz), 28.3, 28.1, 15.8.

LCMS: (M+1) m/z = 182.
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Synthesis of 5-(2-chloro-6-ethyl-8-fluoro-4-methylquinolin-3-yl)-3-methyl-1,2,4-
oxadiazole (55).—A mixture of 54 (400 mg, 2.2 mmol) and 42 (344 mg, 2.42 mmol) in
POCI3 (5 mL) was stirred at 80 °C for 1h. The mixture was concentrated under reduced
pressure and quenched with ice/H,0. The mixture was stirred at rt for 30 min and the solid
was collected by filtration. The solid was purified by column chromatography using
hexanes/EtOAc (0 to 30% EtOAc) and the product was obtained as a pale yellow solid in
40% yield (271 mg, 0.886 mmol). IH NMR (500 MHz, CDCl5): & (ppm) 7.60 (s, 1H), 7.42
(d, £10.8 Hz, 1H), 2.87 (g, /£7.6 Hz, 2H), 2.58 (s, 3H), 2.57 (s, 3H), 1.35 (t, /£7.6 Hz, 2H).
13C NMR (125 MHz, CDCls): & (ppm) 172.9, 167.9, 157.3 (/=255.9 Hz), 149.2 (=2.5 Hz),
147.7,145.0 (/=6.8 Hz), 136.7 (/~12.4 Hz), 127.6, 120.2, 118.1 (4.1 Hz), 117.3 (~17.8
Hz), 29.5, 17.2, 15.3, 12.0.

LCMS: (M+1) m/z = 306.

Synthesis of 8-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
yl)quinolin-2-yl)-1,4-dioxa-8-azaspiro[4.5]decane (56).—To a mixture of 55 (600
mg, 1.97 mmol), 21 (366 mg, 12.56 mmol) and DIPEA (687 pL, 3.94 mmol) in EtOH (10
mL) was heated at 110 °C overnight. After cooling to rt the mixture was concentrated under
reduced pressure and purified by column chromatography using hexanes/EtOAc (0 to 60%
EtOAC) to give ketal 56 as a yellow solid in 93% yield (750 mg, 1.82 mmol). 1H NMR (500
MHz, CDCl3): § (ppm) 7.45 (s, 1H), 7.25 (dd, /~=11.3, 1.7 Hz, 1H), 3.94 (s, 4H), 3.35-3.30
(m, 4H), 2.78 (q, ~7.6 Hz, 2H), 2.54 (s, 3H), 2.50 (s, 3H), 1.72-1.67 (m, 4H), 1.30 (t, 7.6
Hz, 3H). 13C NMR (125 MHz, CDCls): & (ppm) 175.4, 167.9, 157.3, 157.2 (£252.5 Hz),
147.8 (2.7 Hz), 140.3 (6.7 Hz), 136.4 (£11.6 Hz), 125.2 (£2.5 Hz), 117.9 (£4.0 Hz),
116.1 (+18.2 Hz), 113.0, 107.4, 64.4, 47.5, 34.8, 29.2, 16.6, 15.6, 11.9.

LCMS: (M+1) m/z = 413.

Synthesis of 1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
yl)quinolin-2-yl)piperidin-4-one (57).—To a solution of ketal 56 (800 mg, 1.94 mmol)
in THF (3 mL), 10% ag. HpSO4 (15 mL) was added. The mixture was stirred at 45 °C for
2h. After cooling to rt the mixture was neutralized with sat. ag. Na,COs3 and extracted with
EtOAc (3%x100ml). The combined organic phase was dried over Na,SO4 and concentrated
under reduced pressure. The product was purified by column chromatography using
hexanes/EtOAc (0 to 60% EtOAC) to give ketone 57 as a yellow solid in 84% yield (601 mg,
1.63 mmol). 1H NMR (500 MHz, CDCls): & (ppm) 7.50 (s, 1H), 7.29 (dd, /£11.2, 1.7 Hz,
1H), 3.55 (t, /6.0 Hz, 4H), 2.80 (q, /~£7.6 Hz, 2H), 2.56 (s, 3H), 2.54 (s, 3H), 2.48 (t, /~5.8
Hz, 4H), 1.31 (t, /=7.6 Hz, 3H). 13C NMR (125 MHz, CDCl3): & (ppm) 208.3, 175.1, 168.0,
157.2 (/~253.2 Hz), 156.5, 148.5 (/2.7 Hz), 141.1 (/6.7 Hz), 136.1 (/=11.5 Hz), 125.5
(/2.4 Hz), 118.0 (+4.0 Hz), 116.4 (/~18.2 Hz), 112.8, 48.9, 41.2, 29.3, 16.7, 15.6, 12.0.

LCMS: (M+1) m/z = 369.
Synthesis of 1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-

yl)quinolin-2-yl)-N-(tetrahydro-2H-pyran-4-yl)piperidin-4-amine (58).—Prepared
according to the general procedure 1 using 57 (800 mg, 2.17 mmol) and 4-
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aminotetrahydropyran (337 L, 3.26 mmol) with purification on silica gel column
chromatography using CH»Cl,/MeOH (0 to 8% MeOH) to give 58 as a yellow solid in 75%
yield (740 mg, 1.63 mmol). 1H NMR (500 MHz, CDCl5): & (ppm) 7.45 (s, 1H), 7.25 (dd,
£11.3, 1.7 Hz, 1H), 3.98-3.93 (m, 2H), 3.60-3.54 (m, 2H), 3.41-3.34 (m, 2H), 2.91-2.72
(m, 6H), 2.54 (s, 3H), 2.49 (s, 3H), 1.85-1.75 (m, 4H), 1.46 (br s, 1H), 1.41-1.25 (m, 8H).
13C NMR (125 MHz, CDCls): & (ppm) 175.4, 167.8, 157.8, 157.1 (/=252.3 Hz), 147.8
(/2.6 Hz), 140.4 (£6.8 Hz), 136.4 (£11.5 Hz), 125.3 (£2.5 Hz), 118.0 (/£4.0 Hz), 116.1
(~18.3 Hz), 113.3, 67.1, 51.0, 50.3, 48.6, 34.4, 33.0, 29.2, 16.6, 15.6, 12.0.

HRMS (ESI-TOF) calcd for Co5H3oFN50, [M + H]* 454.2613; found 454.2623.

Synthesis of (R)-1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
ylhquinolin-2-yl)-N-(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (59).—Prepared
according to the general procedure 2 using 57 (30 mg, 0.081 mmol) and (R)-3-
aminotetrahydropyran HCI (22.4 mg, 0.162 mmol) with purification on silica gel column
chromatography using CH,Clo/MeOH (0 to 8% MeOH) to give 59 as a yellow solid in 84%
yield (31 mg, 0.068 mmol). 'H NMR (500 MHz, CDCls): & (ppm) 7.45 (s, 1H), 7.25 (dd,
J=11.2, 1.7 Hz, 1H), 3.87-3.82 (m, 1H), 3.79-3.74 (m, 1H), 3.60-3.52 (m, 2H), 3.42-3.36
(m, 1H), 3.12 (dd, ~£11.0, 8.4 Hz, 1H), 2.91-2.83 (m, 2H), 2.80-2.71 (m, 3H), 2.71-2.64
(m, 1H), 2.54 (s, 3H), 2.49 (s, 3H), 1.94-1.88 (m, 1H), 1.86-1.74 (m, 2H), 1.70-1.54 (m,
2H), 1.35-1.26 (m, 7H). 13C NMR (125 MHz, CDCl5): & (ppm) 175.4, 167.8, 157.8, 157.1
(£252.3 Hz), 147.7 (/2.7 Hz), 140.4 (/=6.6 Hz), 136.4 (~£11.4 Hz), 125.2 (/2.5 Hz),
118.0 (/3.9 Hz), 116.1 (/~18.3 Hz), 113.3, 73.1, 68.3, 52.0, 50.1, 48.57, 48.50, 33.1, 33.0,
30.9, 29.2, 24.8, 16.6, 15.6, 12.0.

HRMS (ESI-TOF) calcd for Co5H3oFN50, [M + H]* 454.2613; found 454.2625.

Synthesis of (S)-1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
ylhquinolin-2-yl)-N-(tetrahydro-2H-pyran-3-yl)piperidin-4-amine (60).—Prepared
according to the general procedure 2 using 57 (30 mg, 0.081 mmol) and (5)-3-
aminotetrahydropyran.HCI (22.4 mg, 0.162 mmol) with purification on silica gel column
chromatography using CH,Cl,/MeOH (0 to 8% MeOH) to give 60 as a yellow solid in 79%
yield (29 mg, 0.063 mmol). 'H NMR (500 MHz, CDCls): & (ppm) 7.45 (s, 1H), 7.25 (dd,
J=11.4, 1.7 Hz, 1H), 3.87-3.82 (m, 1H), 3.80-3.74 (m, 1H), 3.61-3.52 (m, 2H), 3.42-3.36
(m, 1H), 3.12 (dd, £11.0, 8.4 Hz, 1H), 2.91-2.83 (m, 2H), 2.80-2.64 (m, 4H), 2.54 (s, 3H),
2.49 (s, 3H), 1.94-1.88 (m, 1H), 1.86-1.74 (m, 2H), 1.70-1.54 (m, 2H), 1.36-1.25 (m, 7H).
13C NMR (125 MHz, CDCl3): & (ppm) 175.4, 167.8, 157.8, 157.1 (/=252.5 Hz), 147.7
(£2.5 Hz), 140.4 (£6.7 Hz), 136.4 (£11.3 Hz), 125.2 (=2.5 Hz), 118.0 (/£3.8 Hz), 116.1
(~£18.3 Hz), 113.3, 73.1, 68.3, 52.0, 50.1, 48.57, 48.50, 33.1, 33.0, 30.9, 29.2, 24.8, 16.6,
15.6, 12.0.

HRMS (ESI-TOF) calcd for Co5H3oFN50, [M + H]* 454.2613; found 454.2623.
Synthesis of (R)-1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-

ylhquinolin-2-yl)-N-(tetrahydrofuran-3-yl)piperidin-4-amine (61).—Prepared
according to the general procedure 2 using 57 (30 mg, 0.081 mmol) and (R)-3-
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aminotetrahydrofuran HCI (20 mg, 0.162 mmol) with purification on silica gel column
chromatography using CH»Cl,/MeOH (0 to 8% MeOH) to give 61 as a yellow solid in 73%
yield (26 mg, 0.059 mmol). *H NMR (500 MHz, CDCls): & (ppm) 7.45 (s, 1H), 7.25 (dd,
J£11.3, 1.7 Hz, 1H), 3.93-3.87 (m, 1H), 3.84-3.79 (m, 1H), 3.78-3.72 (m, 1H), 3.61-3.54
(m, 2H), 3.54-3.47 (m, 2H), 2.91-2.84 (m, 2H), 2.77 (q, /7.6 Hz, 2H), 2.64-2.58 (m, 1H),
2.54 (s, 3H), 2.49 (s, 3H), 2.13-2.05 (m, 1H), 1.86-1.78 (m, 2H), 1.70-1.63 (m, 1H), 1.37-
1.25 (m, 6H). 13C NMR (125 MHz, CDCls): & (ppm) 175.4, 167.8, 157.8, 157.1 (/=252.3
Hz), 147.8 (~2.6 Hz), 140.4 (6.7 Hz), 136.4 (/~11.4 Hz), 125.2 (/2.4 Hz), 118.0 (~3.9
Hz), 116.1 (=18.3 Hz), 113.3, 74.0, 67.3, 55.4, 53.5, 48.56, 48.55, 33.7, 32.8, 29.2, 16.6,
15.6, 12.0.

HRMS (ESI-TOF) calcd for CoqH3oFN5O, [M + H]* 440.2456; found 440.2467.

Synthesis of (S)-1-(6-ethyl-8-fluoro-4-methyl-3-(3-methyl-1,2,4-oxadiazol-5-
yl)quinolin-2-yl)-N-(tetrahydrofuran-3-yl)piperidin-4-amine (62).—Prepared
according to the general procedure 2 using 57 (20 mg, 0.054 mmol) and (5)-3-
aminotetrahydrofuran p-toluenesulfonate (21 mg, 0.081 mmol) with purification on silica gel
column chromatography using CH,Cl,/MeOH (0 to 8% MeOH) to give 62 as a yellow solid
in 73% yield (17.5 mg, 0.0398 mmol). 1H NMR (500 MHz, CDCl3): & (ppm) 7.45 (s, 1H),
7.25 (dd, =11.3, 1.6 Hz, 1H), 3.92-3.87 (m, 1H), 3.83-3.79 (m, 1H), 3.77-3.71 (m, 1H),
3.60-3.53 (m, 2H), 3.52-3.46 (m, 2H), 2.90-2.83 (m, 2H), 2.76 (q, 7.6 Hz, 2H), 2.64—
2.57 (m, 1H), 2.54 (s, 3H), 2.49 (s, 3H), 2.13-2.05 (m, 1H), 1.86-1.76 (m, 2H), 1.70-1.62
(m, 1H), 1.37-1.25 (m, 6H). 13C NMR (125 MHz, CDCl3): & (ppm) 175.4, 167.7, 157.8,
157.1 (J£252.2 Hz), 147.7 (J=2.7 Hz), 140.4 (/6.8 Hz), 136.4 (~11.4 Hz), 125.2 (/~2.5
Hz), 118.0 (£3.8 Hz), 116.1 (/£18.4 Hz), 113.3, 74.0, 67.3, 55.4, 53.5, 48.55, 48.53, 33.7,
32.8,29.2,16.6, 15.6, 11.9.

HRMS (ESI-TOF) calcd for CoqH3oFN5O, [M + H]* 440.2456: found 440.2465.

General method for the preparation of mono-tartrate salts.

To a solution of L-(+)-tartaric acid (342 mg, 2.27 mmol) in D.I. water (3mL) was added a
solution 58 (1.032g, 2.27 mmol) in EtOH (3mL). The mixture was stirred at rt for 1h and
concentrated under reduced pressure. The solid was dried under reduced pressure overnight.
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ACN acetonitrile
AcOH acetic acid
ADMET absorption, distribution, metabolism, excretion and toxicity
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BH3-THF
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cLogP

Cmax

CNS
cpKy
CSF
CYP1A2
CYP3A4
CYP2C9
CYP2D6
DIPEA
DMF
DNA
DOR
DPPP

EDCI

EtOAC
EtOH
F

GPCRs
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area under the plasma concentration-time curve from time
zero to time t

area under the plasma concentration-time curve from time
0 extrapolated to infinite time

borane-tetrahydrofuran

L-type voltage-gated calcium channel 1.2
carboxybenzyl

clearance

intrinsic clearance

calculated logarithm of the partition coefficient between n-
octanol and water

maximum observed plasma concentration
central nervous system

calculated pKj,

cerebrospinal fluid

cytochrome P450 1A2

cytochrome P450 3A4

cytochrome P450 2C9

cytochrome P450 2D6

N, N-diisopropylethylamine
dimethylformamide
deoxyribonucleic acid

delta opioid receptor
1,3-bis(diphenylphosphino)propane

3-(ethyliminomethyleneamino)- N, N-dimethylpropan-1-
amine

ethyl acetate
ethanol
bioavailability

G protein—coupled receptors
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HCN4

hERG
HLM
HOBt
HPLC
HRMS

HTS

Kir2.1
KOR
MDD
MeOH
MHz
MLM
MLSMR
MOR
MW
mw
Navl.5
NDA
nM
ORL-1

pKa

p.o.

potassium/sodium hyperpolarization-activated cyclic
nucleotide-gated channel

human ether-a-go-go-related gene

human liver microsomes
hydroxybenzotriazole

high-performance liquid chromatography
High-resolution mass spectrometry
high-throughput screening

intraperitoneal

intravenous dosing

50 percent inhibitory concentration
binding affinity

inward-rectifying voltage-gated potassium 2.1
kappa opioid receptor

major depressive disorder

methanol

megahertz

mouse liver microsomes

Molecular Libraries-Small Molecule Repository
mu opioid receptor

molecular weight

microwave

voltage-gated sodium channel type 5
new drug application

nanomolar

opioid receptor like

negative base-10 logarithm of the acid dissociation
constant

oral administration
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Pd(dppf)Cl, DCM [1,1°-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
complex with dichloromethane

ppm parts-per-million
PRL prolactin
RLM rat liver microsomes
rt room temperature
SAR structure—activity relationship
SNAT nucleophilic aromatic substitution
S9 rat hepatic S9 fractions
THF tetrahydrofuran
THP tetrahydropyran
TIDA tuberoinfundibular dopaminergic
tPSA topological polar surface area
t1/2
Vss steady-state volume of distribution
UM micromolar
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Inhibition of KOR Agonist Stimulated Prolactin Via p.o. Administration of 47, 49 and 622.P

@ KOR antagonists were dosed as the monotartrate salts.
b 3 mice per dose group where 2 samples were collected per mouse.
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Inhibition of KOR Agonist Stimulated Prolactin Via p.0. Administration of 582 ?
@58 was dosed as the monotartrate salt.
b 4 mice per dose group where 2 samples were collected per mouse.
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Figure 5.

KOR blockade by 58 in the mouse tail-flick assay. A, B. Systemic injection of U50488
(15 mg kg1, i p.) induced robust antinociception within 30 min in the mouse tail-flick test
(50°C water bath), which was blocked by 58 (1 mg kg1, /,p.) given at 1 h prior to U50488.
C, D.58 (1 mg kg™1, ip.) given at 24 h prior to U50488 (15 mg kg™, 7 0.) failed to block
U50488-induced antinociception assessed at 30 min post-U50,488. E, F. 58 (1 mg kg1, /p.)
alone did not alter tail flick latency at 60 min post-dose. G, H. Oral 58 (3, 10, 30 mg kg4,
p.0.) given at 1 h prior to U50488 (15 mg kg1, /0.) dose-dependently blocked U50488-
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induced antinociception assessed at 30 min post-U50488. Data represent mean + SEM.
%Maximum Possible Effect (MPE) = (Post dose latency — Pre dose latency)/(Cutoff — Pre
dose latency) x 100. Cutoff = 15 sec to prevent tissue damage. Statistics performed using
two-way ANOVA followed by Sidak’s multiple comparisons post-hoc test (A-F) or linear
regression (G, H). *P<0.05 vs. baseline (BL) of the corresponding treatment group. Group
sizes are shown in the figure. 58 was dosed as the monotartrate salt.
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Reagents and conditions: i) 10 (1.0 equiv.), 11 (1.0 equiv.), NaBH(OAc); (1.5 equiv.), AcOH (1.5 equiv.), 1,2-
dichloroethane, rt, 24h, 76%; ii) Pd/C 10%, EtOH, 2h, rt, 97%; iii) 13 (1.0 equiv.), 14 (1.1 equiv.), EDCI (1.3 equiv.),
HOBt (1.3 equiv.), DMF, 110 °C, mw, 1h, 71%; iv) 15 (1.0 equiv.), 12 (2.0 equiv.), DIPEA (2.0 equiv.), EtOH, mw, 135
°C, 4h 62%.

Scheme 1.
Synthesis of 16
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\
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17 R =Me 19 R = Me
18 R=Et 20 R = Et
OzN
i ROV
+ H2N/
26 N/
24 R =Me 27-29R = Me H
25 R =Et 30-39 R =FEt

Reagents and conditions: i) a) 17 or 18 (1.0 equiv.), SOCI, (3.0 equiv.), DMF (cat.), CH,Cl,, 60 °C, 2h; b) 14 (1.3
equiv.), DIPEA (2.0 equiv.), 1,4-dioxane, 110 °C, 3h, 39-42%; ii) 19 or 20 (1.0 equiv.), 21 (2.0 equiv.), DIPEA (2.0
equiv.), EtOH, mw, 130 °C, 3h, 82-86%; iii) 10% aqg. H,SO,, THF, rt, 3h, 87-91%; iv) 24 or 25 (1.0 equiv.), 26 (1.1-
2.0 equiv.), NaBH(OACc); (2.0 equiv.), AcOH (2.0 equiv.), 1,2-dichloroethane, rt, overnight, 75-92%.

Scheme 2.
Synthesis of 27-39
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46-50

Reagents and conditions: i) 40 (1.0 equiv.), BH5;-THF (3.0 equiv.), THF, 0°C to rt, 18h, 76%; ii) MnO, (6.0 equiv.),
CH,ClI,, rt, 8h, quantitative; iii) 41 (1.0 equiv.), 42 (1.2 equiv.), POCl,, 80 °C, 1h, 14%; iv) 43 (1.0 equiv.), 21 (1.5
equiv.), DIPEA (1.5 equiv.), EtOH, 130 °C, mw, 2h, 45%; v) a) 44 (1.0 equiv.), Et3B (3.0 equiv.), Cs,CO3 (3.0 equiv.),
Pd(dppf)Cl,.DCM (0.1 equiv.), THF, 70°C, 1h, 74%; b) 10% aq. H,SO,4, THF, 45 °C, 2h, 94%; vi) 45 (1.0 equiv.), 26
(2.0 equiv.), NaBH(OACc); (3.0 equiv.), AcOH (3.0 equiv.), DIPEA (2.0 equiv.), 1,2-dichloroethane, rt, overnight, 77-
87%.

Scheme 3.
Synthesis of 46-50
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Reagents and conditions: i) 51 (1.0 equiv.), NIS (1.05 equiv.), AcOH, rt, 1h, 94%; ii) 52 (1.0 equiv.), 53 (6.0 equiv.),
K,COj3 (1.2 equiv.), DPPP (0.05 equiv.), Pd(OAc), (0.01 equiv.), toluene/H,0 (1:9), 90 °C, 32h, followed by conc. HCI,
rt, 1h, 16%; iii) 54 (1.0 equiv.), 42 (1.1 equiv), POCls, 80 °C, 1h, 40%; iv) 55 (1.0 equiv.), 21 (1.3 equiv.), DIPEA (2.0
equiv.), EtOH, 110°C, overnight, 93%; v) 56 (1.0 equiv.), 10% aqg. H,SO,, THF, 45 °C, 2h, 84%; vi) 57 (1.0 equiv.), 26
(2.0 equiv.), NaBH(OAc); (2.0 equiv.), AcOH (2.0 equiv.), 1,2-dichloroethane, rt, overnight, 73-84%.

Scheme 4.
Synthesis of 58-62
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KOR, MOR, DOR Antagonist Activity of Compounds 16, 27-39

Table 1.

Page 43

a Selectivity Calculated Physicochemical
1Cs0 (NM) Properties® 5!
Compound R R!
KORb MOR DOR MOR/KOR cLogP tPSA cpK,
16 13 311 2410 24 2.2 82 10.2
k &
27 Me 1.3 176 >10000 135 34 62 10.7
%
28 Me 2.2 829 >10000 377 2.9 62 10.6
29 (CYM-51317) Me /O 3.0 79 4410 26 1.6 71 105
%
*
30 Et 1.3 4390  >10000 3377 3.9 62 10.7
%
31 Et 17 2930  >10000 1723 34 62 10.6
32 Et /O 7 183 >10000 26 2.1 71 105
%
33 Et @Jﬁ/ 0.76 3330  >10000 4382 4.2 62 10.8
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a Selectivity Calculated Physicochemical
1Cs0 (NM) Properties50 51
Compound R R! P
KORb MOR DOR MOR/KOR cLogP tPSA cpKy

34 Et U 059 583  >10000 988 34 82 102
o

35 B ¥

/*—\O
36 Et Lj 0.77 1460 >10000 1896 3.0 71 9.9

37 Et 15 1500 >10000 1000 3.0 71 9.9
b L -
*
38 Et L) 9.5 >10000 >10000 >1053 2.6 71 9.8
39 Et [) 10.3 >10000 >10000 >971 2.6 71 9.8
L] " " -

aVaIues are reported as mean of 7= 3 determinations.

4.5 >10000 >10000 >2222 2.1 71 10.3

This assay uses Tango OPRK1-bla U20S cells which express KOR linked to a GAL4-VP16 transcription factor via a TEV protease site.
Stimulation of the KOR by U-50488 causes migration of the B-arrestin fusion protein to the GPCR, and through proteolysis liberates GAL4-VP16
from the receptor. Assay protocols are described in ref 37.

J Med Chem. Author manuscript; available in PMC 2019 March 28.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Guerrero et al.

Intrinsic Clearance (Cl;,¢) in Hepatic Microsomes of Compounds 27, 29, 33, 34, 35 and 36

Table 2.

Compound  Calculated Physicochemical properties Microsomal Cliy; (mL/min/kg)a
MW tPSA cLogP human rat mouse
27 379 62 34 495 495 ND
29 407 71 1.6 15.1 7.1 141
33 407 62 4.2 46.5 ND 58.7
34 435 82 34 36.1 ND 34.8
35 421 71 2.1 23.1 354 17.2
36 421 71 3.0 40.3 51.3 58.2
ND = No data

Page 45

aTest compounds (1 pM) were incubated with 0.2 mg mL~1 pooled human, rat and mouse hepatic microsomes at 37°C with continuous shaking.
Further details for the assays can be found in the experimental section and reference 37.
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Table 3.
ADMET Properties of 29, 34, 35, 36
Compound 29 34 35 36
human 71 981 91.7 96.5
Protein plasma binding (% bound) at 1 uM? mouse 64 955 89 914
rat 78 97 924 9%
CYP3A4 4 -28 -13 -22
2 CYP2D6 20 9 -40 1
Human cytochrome P450 inhibition at 10uM (%) CYP2CY -6  -13  -11  -18
CYP1A2 5 13 10 20
\oltage-gated sodium (Nav1.5) 32 72
hERG 35 77 19 6
lon chan;el % Inhibition at \oltage-gated calcium (Cav1.2) <25 28 ND ND
a
10pM Inward-rectifying voltage-gated potassium (Kir2.1) <25 <25 ND ND
Hyperpolarization-activated cyclic nucleotide-gated <25 <25 ND ND
potassium (HCN4)
A-B(10%cm/s) 262 ND ND ND
Caco-2 cells

Efflux ratio 1.0 ND ND ND

ND = No data. A-B = movement of the compound from the apical to the basal side of the membrane; a surrogate for permeability

a . . . .
Further details for the assays can be found in the experimental section and reference 37.

bCompounds were profiled in the Eurofin cardiac profiler panel. Further details can be found in the supporting information.
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Table 4.

Plasma Pharmacokinetic Profile of Compound 29 in Rodents”

Rat (n = 3, mean values)

i.v. (1 mgkg™) p.o. (2 mg kg™)

CL (mL-min"lkg?) Ty (h) AUCo minng/mL  Vss(L-kgl) Tu(h) Crax (Ng/mL)

AUCy o min.ng/mL  F (%)

83 1.98 12,740 12.95 1.56 110.16

30 min

Brain:plasma ratio in mice (/0. administration, 10 mg kg1, mean values) 120 mi
min

1,705 20

2.9
3.8

a,
29 was dosed as the monotartrate salt.
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Table 5.
KOR, MOR, DOR Antagonist Activity of Compounds 29, 46-50, 58-62

Page 48

Compound

29
46

47

48

49

50

58

R

1
R ICso(nM)2

KorP MOR

3.0 79
O 36 1200
O 11 1400
O 21 6200

oy 1 O

O 23 6400
O 24 6500

110

O 0.8

DOR

4410
>10000

>10000

>10000

>10000

>10000

6500

Selectivity
MOR/KOR

26
333

1273

2952

2783

2708

138

Calculated Physicochemical Properties®® 51

cLogP

1.6
2.2

3.1

3.1

2.7

2.7

24
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Compound

59

60

61

62

R

1
R ICeo(nM)®
KoRP MOR
O 026 100
O 053 400
.\"Q
E
O 078 1100
L
O 088 1400

a\/alues are reported as mean of 7= 3 determinations.

Calculated Physicochemical Properties®® 51

cLogP tPSA cpK,
3.3 71 9.9
3.3 71 9.9
2.9 71 9.8
2.9 71 9.8

bThis assay uses Tango OPRK1-bla U20S cells which express KOR linked to a GAL4-VP16 transcription factor via a TEV protease site.
Stimulation of the KOR by U-50488 causes migration of the B-arrestin fusion protein to the GPCR, and through proteolysis liberates GAL4-VP16
from the receptor. Assay protocols are described in ref 37.
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Intrinsic Clearance (Cl;,¢) in Hepatic Microsomes and Hepatocytes for 47, 49, 58, 59, 61 and 62

Table 6.

Compd  Physicochemical Properties ~ Microsomal Cli,; (mL/min/kg)  Hepatocytes Cli,, (MmL/min/kg)
MW tPSA cLogP  human rat mouse dog human rat mouse dog

47 439 71 3.1 12.0 22.7 ND 54.4 14.8 209 ND ND

49 425 71 2.7 6.69 83.0 1120 ND ND ND ND ND

58 453 71 24 1.95 17.5 49.1 55.2 8.3 118 ND 84.7

59 453 71 3.3 36.2 57.5 ND ND ND ND ND ND

61 439 71 2.9 21.0 54.6 ND ND ND ND ND ND

62 439 71 2.9 22.0 89.5 ND 39.5 ND ND ND ND

ND = No data.

aDetaiIs for the assays can be found in the supporting information. Compounds were profiled by Agilux.
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Table 7.

Pharmacokinetic Profile of Compound 58 in Rodents”

Page 51

i.v. (rat, 1 mg-kg™; mice, 3 mg-kg™%)
CL (mL-min"tkg™) T%(h) AUCy(hngmL™) Vss(Lkg™)

p.o. (rat, 5 mg kg~%; mice, 10 mg-kg™1)
T%(h) Cmax(ngmL™) AUCy(hngmL™) F (%)

Mice 66.5 191
Rats (fed) 105 1.81

725 7.72
153 13.8

2.57 80.9 265 12
6.19 39.1 232 30.2

a
58 was dosed as the monotartrate salt.
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Table 8:

CNS Exposure of 58 in Male Rats (n = 2, mean values)a

PlasmapuM BrainpM CSFuM Brain:plasma

58 p.o,5mgkg?, 1h 0.276 0.54 0.0031 22
(fasted)

a58 was dosed as the monotartrate salt.
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Table 9.

Additional ADMET Properties of 47, 49, 58, and 62°

47 49 58 62

Plasma protein binding human  92.4 948 934 973
(% bound) rat  ND 943 915 ND
dog ND 96.3 915 ND

Binding in rat brain homogenate (2uM) (% bound) ND ND 984 ND
MDCK-MDR1 cell line (P-gp) A-B(10®cm/s) 876 135 71 46
Effluxratio 15 0896 23 52

Caco-2 cell line A-B (10%cm/s) 19.2 ND 20.9 ND
Effluxratio 0493 ND 038 ND

Solubility (M) at pH 7.4 75 84 74 70

Page 53

a . . .
KOR-antagonists were used as monotartrate salts. ND = No data. A-B = movement of the compound from the apical to the basal side of the

membrane; a surrogate for permeability.
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