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Abstract

The evolution of gamma-secretase modulators (GSMs) through the introduction of novel
heterocycles with the goal of aligning activity for reducing the levels of Ap42 and properties
consistent with a drug-like molecule are described. The insertion of a methoxypyridine motif
within the tetracyclic scaffold provided compounds with improved activity for arresting Ap42
production as well as improved properties, including solubility. /n7 vivo pharmacokinetic analysis
demonstrated that several compounds within the novel series were capable of crossing the BBB
and accessing the therapeutic target. Treatment with methoxypyridine-derived compound 64
reduced AP42 levels in the plasma of J20 mice, in addition to reducing AB42 levels in the plasma
and brain of Tg2576 mice.
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1 Introduction

The population of Americans affected by Alzheimer’s disease (AD) is currently estimated to
be 5.8 million, and as individuals of the large baby boomer generation are progressing
beyond the age of 65, the population of those with AD is expected to nearly triple over the
next 35 years.! As a result, AD healthcare spending is projected to cost in excess of $1
trillion by 2050.1 Despite massive research efforts, no disease modifying treatments
currently exist for AD, and consequentially, the disease is reaching epidemic proportions and
remains a major unmet clinical need.

AD is a devastating neurological condition which insidiously affects regions of the brain
critical for cognition. Originally described by Alois Alzheimer, the eponymous disease
predominantly affects the elderly and is characterized by senile plagues composed of
aggregated amyloid beta (A) peptides and neurofibrillary tangles, paired helical filaments
of the hyper-phosphorylated microtubule-associated protein tau.2~4 Although disease
symptoms largely appear late in life, a large body of evidence indicates that the disease
begins with extracellular deposition of AB peptides in regions of the brain that are vital for
cognition decades prior. Many years after the initial deposition of Ap peptides,
neurofibrillary tangles appear, which closely correlate with the extent of cognitive decline
associated with disease progression.> ® The time period between the initial deposition of
senile plaques resulting from aberrant biological processes and prior to the manifestation of
clinical symptoms, offers the most promising window for therapeutic intervention.

The hallmark neuritic plaques diagnostic for AD form as a result of an imbalance of amyloid
peptide variants, which increases the relative levels of Ap42, a poorly soluble peptide that
readily forms aggregates.”- 8 Genetic evidence implicates subtle shifts in Ap peptide
production biased toward the formation of AB42 as playing a causative role in the disease.?
The production of amyloid peptides, including Ap42, is the result of sequential processing
of the amyloid precursor protein (APP) by two aspartyl proteases.1%-12 The so-called
amyloidogenic pathway commences with the cleavage of APP by p-amyloid precursor
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protein cleaving enzyme 1 (BACE-1), resulting in the APP-carboxy-terminal fragment
(CTF) known as C99. Subsequent cleavages of the membrane bound C99 by -y-secretase
provide the APP-intracellular domain (AICD) and the extracellular A peptides, which
range from 37 to 43 amino acids in length.13: 14 As a result of their role in amyloid
production, BACE-1 and y-secretase have garnered intense interest as potential therapeutic
targets for the development of disease modifying AD therapeutics.1>-17

Initially, drug discovery and development efforts focused on -y-secretase inhibitors (GSIs),
which suppress the formation of all Ap peptides including AB42.18 While GSIs were shown
to be capable of reducing Ap peptides in plasma and to some extent cerebrospinal fluid
(CSF) during clinical trials, counter-efficacy and off-target effects were also observed. The
adverse effects were attributed to the inhibition of the processing of the numerous other -y-
secretase substrates, which include the Notch 1 receptor, causing the accumulation of CTFs,
which resulted in the discontinuation of GSI development.19 20 As an alternative to
inhibiting -y-secretase, allosteric modulation alters the substrate cleavage pattern of the
enzyme, suppressing the formation of the longer, fibrillogenic Ap42 peptide in favor of
shorter non-fibrillogenic isoforms, AB37 and Ap38.21-23 Importantly, compounds with this
mode of action do not preclude the proteolysis of the numerous critical substrates of -y-

secretase and consequentially avoid the inhibition-related side effects associated with GSls.
24

Various classes of y-secretase modulators (GSMs) have been discovered previously;
however, the tetracyclic methyl imidazole-derived GSM scaffold has been intensely pursued
by both academic and industry laboratories as a potential disease modifying therapeutic for
AD (Figure 1).25-28 -y-Secretase is an intermembrane aspartyl protease complex composed
four subunits: presenilin (PS1 or PS2), presenilin enhancer 2 (PEN-2), anterior pharynx
defective-1 (Aph-1), and nicastrin.2®: 30 Photoaffinity labeling studies of the enzyme
complex using a variety of related methyl imidazole-derived GSMs have revealed that these
compounds bind to an allosteric site located on the PS1 subunit’s N-terminal fragment (PS1-
NTF) distinct from both the binding site of the GSls as well as the active site of the enzyme
and, as a result, do not interfere with the catalytic activity or the processing of the numerous
putative substrates.31: 32

Despite the therapeutic promise that is associated with methyl imidazole-derived GSMs, the
discovery of compounds which align potent activity with favorable ADMET (absorption,
distribution, metabolism, excretion, and toxicity) has proved challenging. Previously, our lab
utilized compound 3 (NGP-555) as a lead in order to discover novel GSMs, which preserve
the activity of the parent molecule while simultaneously improving other properties
including solubility, through the preparation of novel heterocyclic D-ring analogs (Scheme
1).33 While these analogs exhibited improved properties, the activity of these compounds
was greatly diminished as demonstrated by tetrahydroindazole 4. Herein, we describe our
ongoing efforts toward the development of a second-generation of GSM compounds through
preparation of novel B-ring analogs of our aminothiazole-derived modulators.
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2 Design and Synthesis

2.1 Design of B-ring GSM analogs

A focused series of aminothiazole B-ring derivatives were designed with the aim of
simultaneously improving both the activity for inhibiting the production of AB42, as well as
refining crucial physicochemical parameters, including aqueous solubility. Previously, the
incorporation of heteroatoms within the D-ring of the aminothiazole-based GSMs led to
ligands that demonstrated moderately improved chemical properties and good
pharmacokinetic behavior.33 However, compounds within this novel series did not maintain
the modulator activity associated with the parent aminothiazole 3. Based on literature
analysis of methyl imidazole-derived GSMs, various modifications to the B-ring have been
reported that favorably influence Ap activity while also providing ligands with desirable
ADMET properties.31: 34 35 |_everaging our prior efforts toward identifying a potent GSM
with improved physical properties, ligand design focused on reducing lipophilicity through
the identification of an optimal heterocyclic B-ring alternative within the 2-aminothiazole
scaffold.

Based on the moderately active tetrahydroindazole D-ring analog 4, a focused series of
corresponding B-ring derivatives were conceived in order to assess the functional tolerance
of the adjacent chemical environment within the y-secretase enzyme aimed at
simultaneously enhancing modulator activity and improving other problematic properties
associated with the ligand through the incorporation of novel bioisosteric functionalities.33
Compound design prioritized scaffolds containing heterocycles for synthesis, since the prior
use of this strategy was demonstrated to be generally successful at addressing poor
compound solubility as well as other property-related issues. Derivatives containing phenyl,
methoxyphenyl, pyridyl, hydroxypyridyl, methoxypyridyl, and methoxypyrazinyl B-rings
were subsequently synthesized.

2.2 Synthesis

The preparation of compounds that explore the consequences of modifying the B-ring of the
GSM scaffold was based on a convergent synthetic route in which the coupling of two
fragments would provide the desired analog (Scheme 2). Synthesis of the western portion of
the scaffold containing phenyl and pyridyl B-rings was initiated by the nucleophilic
substitution of acetophenones 6a-c using 4-methylimdazole to provide ethanones 7a-c.36
Subsequent acid catalyzed bromination of 7a,c furnished the first desired coupling partners,
bromoethanones 8a,c. The construction of the related methoxyphenyl B-ring precursor
utilized a similar reaction sequence. Fluoroacetophenone 7b was subjected to a second
nucleophilic substitution using sodium methoxide to provide methoxyphenylethanone 9.
Bromination furnished the desired methoxyphenyl coupling partner 10 in high yield.

While the synthesis of the phenyl-, methoxyphenyl-, and pyridyl B-ring-containing analogs
was straightforward, the introduction of the methoxypyridine and methoxypyrazine B-rings
required longer reaction sequences for the assembly of the desired coupling intermediates
(Scheme 3). The preparation of the western portion of the methoxypyridine B-ring analog
was initiated through the nucleophilic aromatic substitution of 2,6-dibromo-3-aminopyridine
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by sodium methoxide providing 6-bromo-2-methoxy-3-aminopyridine 12a.3” N-formylation
of intermediate 12a was accomplished through the /n situ generation of formic anhydride
allowing straightforward access to formamide 13a.38: 3% Conversion to the corresponding
ketoformamide was accomplished via nucleophilic substitution of chloropropanone by
intermediate 13a. The construction of the A-ring of the tetracyclic was completed through
the cyclization of ketoformamide 14a using ammonium acetate.38 Palladium-mediated Heck
coupling of bromopyridine 15a and r-butylvinylether followed by acidic hydrolysis allowed
the isolation of pyridylethanone 16a. Finally, acid-catalyzed bromination of intermediate
16a provided access to the desired coupling fragment, bromoacetophenone 17a in good
yield. While trace amounts of demethylation were observed for the initial transformations
from 16 to 17, this was greatly minimized by conducting the reaction at room temperature
and under diluted conditions. Similarly, the construction of methoxypyrazine B-ring
coupling fragment utilized the same three-step reaction sequence to construct the methyl
imidazole A-ring starting from bromomethoxypyrazamine 12b. Stille coupling of
bromopyrazine intermediate 15b with tributyl(1-ethoxyvinyl) tin provided
pyrazinylethanone 16b, that upon bromination using tailored conditions, provided the
desired methoxypyrazine intermediate 17b.

The shared eastern portion of the analogs was synthesized from commercially available
racemic 2-oxocyclohexane-1-carbonitrile 18 (Scheme 4).33. 36 Condensation of the starting
material with ethylhydrazine, furnished 3-aminocyclohexapyrazole 19 in good yield.
Benzoyl thiourea 20 was then isolated following the reaction of benzoyl isothiocyanate with
intermediate 19. Base-mediated removal of the benzoyl group permitted straightforward
isolation of the common coupling partner 21. The desired B-ring analogs were then prepared
following Hantzsch condensation of the appropriate bromoketone with thiourea 21,
permitting the formation of the thiazole C-ring (Scheme 5).40 In addition, a pyridinol B-ring
analog 23, was prepared following demethylation of methoxypyridine 22d using HBr
(Scheme 6). The implementation of a convergent synthetic strategy provided access to a
variety novel GSM compounds containing focused B-ring alterations.

3.0 Results and Discussion

3.1 Activity of novel B-ring GSM analogs

Following preparation, the novel analogs’ ability to suppress the formation of Ap42 was
determined using an enzyme-linked immunosorbent assay (ELISA). The simplification of
the B-ring scaffold through the synthesis of desfluoro analog 22a resulted in a greater than
4-fold loss in activity, suggesting that the presence of a substituent may be critical to
maintaining and improving potency (Table 1). Replacement of the 3-fluoro substituent
within the scaffold was well tolerated as demonstrated by methoxyphenyl analog 22c, which
displayed commensurate activity to parent tetrahydroindazole 4. Alternatively, pyridyl
derivative 22b revealed that the addition of a heteroatom in place of the substituent within
the B-ring was deleterious to y-secretase activity. 3-Methoxypyridine 22d and 3-
hydroxypyridine 23 were then synthesized in order to ascertain if the introduction of
substituents within a pyridine derivative was capable of restoring activity. The 3-
hydroxypyridine 23 exhibited a modest recovery of potency, whereas the 3-methoxypyridine
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22d showed a nearly 3-fold improvement in activity over the parent compound with an 1Cgg
value of 60 nM. Varying the heterocyclic B-ring component of methoxypyridine 22d
providing methoxypyrazine 22e was well tolerated and resulted in a minor decrease in
ligand activity for attenuating the production of AB42 with an I1Cgq value of 89 nM.

The preparation of novel B-ring analogs of GSM 4 led to the discovery of methoxypyridine
22d and methoxypyrazine 22e, which demonstrated improved activity for inhibiting the
formation of AB42. The general reduction in the overall clogP associated with the
integration of heteroatoms within the B-ring was anticipated to lead to increased aqueous
solubility. Methoxypyridine 22d displayed fair kinetic aqueous solubility, whereas
methoxypyrazine 22e remained insoluble despite the observed decrease in clogP (Table 1).
The solubility of methoxyphenyl 22¢ was also evaluated, since GSMs containing this
scaffold have been previously developed and demonstrated good activity as well as ideal
ADMET properties. Similar to methoxypyridine 22d, methoxyphenyl analog 22¢ exhibited
fair aqueous solubility, which indicates that the character of the aromatic B-ring can
influence the solubility of ligands containing a 3-methoxy substituent.

3.2 Expanded SAR of B-ring GSM analogs

Identification of the methoxypyridine 22d, which exhibited robust activity for attenuating
the production of AB42 in addition to good aqueous solubility, led us to broaden our
exploratory set of B-ring analogs to include additional related scaffolds from our modestly
active D-ring GSM series in order to foster a better understanding of the role of the B-ring as
it pertains to both activity and physical properties. Tetrahydroindazole 24, as well as 3-tert-
butylpyrazoles 25 and 26 were selected from two distinct families of GSMs for focused
chemical B-ring modification (Figure 2).41 Novel analogs of the selected compounds
containing phenyl, pyridyl, methoxyphenyl or methoxypyridyl B-rings were synthesized and
evaluated for Ap42 activity.

The synthesis of the initial focused B-ring analog series provided access to the western
portion of the desired analogs (Schemes 2 and 3). The preparation of the eastern coupling
partner was achieved using previously establish reaction conditions. Briefly, the thiourea
intermediate necessary to furnish the additional tetrahydroindazole compounds commenced
through the condensation of 2-oxocyclohexane-1-carbonitrile with methylhydrazine and
subsequently followed the same reaction sequence as described in Scheme 4.33. 36 Similarly,
the thiourea coupling component required to synthesize the substituted fert-butylpyrazoles
began with the addition of the appropriate alkylhydrazine to pivaloylacetonitrile (Scheme 7).
The 3-aminopyrazole product, 28, was then exposed to benzoy! isothiocyanate, providing
intermediate 29, which upon cleavage of the benzoyl group allowed access to the desired
thiourea 30. Finally, the additional B-ring modified aminothiazoles were isolated following
Hantzsch condensation of the appropriate western and eastern portions of the molecule
(Scheme 8).40

The broadened series of compounds were then screened for the ability to suppress the Ap42
levels. Similar to the initially prepared tetrahydroindazole B-ring analogs, the integration of
a phenyl B-ring within the expanded compound series led to a greater than 2-fold loss in
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potency for tetrahydroindazole 31a and N-ethylpyrazole 33a for suppressing the formation
of AB42, whereas N-methylpyrazole 32a showed similar activity to the parent (Table 2). The
corresponding 3-pyridyl B-ring analogs 31b, 32b, and 33b also displayed substantial losses
in activity. The general trend toward significantly reduced affinity within the phenyl and
pyridyl analog series reinforced the assertion that the 3-postion B-ring substituent engages in
favorable interactions with the target enzyme. Alternatively, 3-methoxyphenyl derivatives
31c and 32c, exhibited a modest improvement in efficacy when compared to the
corresponding fluorophenyl compounds. However, the 3-methoxy substituent did not lead to
increased affinity for N-ethylpyrazole 33c, which exhibited a slight reduction in potency.
This pattern of activity was also observed for the methoxypyridyl B-ring derivatives; a
greater than 2-fold improvement in activity was observed for N-methylpyrazole 32d and
tetrahydroindazole 31d, whereas N-ethylpyrazole 33d was less active than the corresponding
parent ligand. Although the introduction of either the methoxyphenyl or methoxypyridyl B-
ring generally led to improved activity for inhibiting the production of AB42, a greater
magnitude as well as absolute effect upon the peptide was associated with the presence of
the methoxypyridyl B-ring. Furthermore, the inclusion of this functionality addressed the
limited solubility that was associated with the previously developed compounds, as shown
by methoxypyridyl analogs 31d and 33d.

3.3 Invitro ADMET and mouse in vivo pharmacokinetics of GSM 22d

The preparation of a focused series of B-ring analogs identified the methoxypyridine-
containing scaffold as a promising replacement for the fluorophenyl moiety within the
original GSMs based on the criterion of activity as well as solubility. Since the incorporation
of this novel B-ring significantly altered architecture of the scaffold, the most active analog,
tetrahydroindazole 22d, was selected for comprehensive /n vitro ADMET analysis in order
to examine the effect of the methoxypyridyl B-ring upon additional critical parameters.
These studies showed that tetrahydroindazole 22d displayed an adequate cytochrome P450
inhibition profile (Table 3), as well as acceptable hERG ion channel inhibition potential (all
ICsq values > 1 uM). However, the limited metabolic stability with respect to humans is a
potential concern for tetrahydroindazole 22d despite the good stability observed in the
presence of rodent liver microsomes. In addition, similar to the previously developed
fluorophenyl GSM series, analog 22d displayed high plasma protein binding which may
limit /n vivo exposure due to drug sequestration.

Although the ADMET screening of tetrahydroindazole 22d identified potential limitations
that may impede compound development, pharmacokinetic evaluation was undertaken in
order to assess the impact of the structural changes associated with the novel
methoxypyridyl B-ring upon compound behavior in an /n vivo setting. Following
intravenous administration (iv) of compound 22d (1 mg/kg), high clearance (Cl = 2,159
mL/hr/kg) in male CD-1 mice was observed (Table 4), which represented approximately
40% of mouse hepatic blood flow (90 mL/min/kg) and was associated with a short plasma
half-life (0.5 hr). After oral administration (po), compound 22d (5 mg/kg) was rapidly
absorbed, reaching Cyax after 0.25 hr. Based on the exposure data for each route of dosing,
the bioavailability (F) was estimated to be 53.7%. Given the high clearance of compound
22d, a significant first-pass effect is expected following oral administration. Assuming that
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the liver is responsible for drug elimination, approximately 40% of the absorbed dose will be
metabolized during the first-pass, leaving only 60% of the compound capable of reaching
systemic circulation. Since 53.7% of analog 22d is bioavailable, nearly 90% of the oral dose
is absorbed from the lumen of the small intestine. The comparison between brain and plasma
drug levels of analog 22d shows a ratio of 0.4 following both oral and iv administration,
demonstrating that the compound can readily penetrate the blood-brain barrier (BBB) and
reach the site of intended action. Although the brain to plasma ratio is indicative of good
CNS penetrance, the metric cannot be used as a predictor of /n vivo efficacy, since drug
action is contingent upon unbound drug rather than absolute levels. Collectively, the
pharmacokinetic data demonstrates that despite high clearance in mice, tetrahydroindazole
22d is readily absorbed and is capable of passing the BBB.

3.4 In vitro biomarker assessment of modulator activity of GSM 22d

Since -y-secretase is critical to the processing of numerous substrates, including the Notch 1
receptor, inhibition of the enzyme is known to lead to adverse effects.1% 20 Consequently,
compound 22d was subjected to additional scrutiny in order to ensure that the structural
modifications did not affect the mode of action. In order to ascertain the preservation
function of -y-secretase associated with treatment, vehicle, compound 22d, and a GSI
(DAPT) were incubated with H4 human neuroglioma cells over-expressing human APP751
transfected with the Myc-tagged Notch (NAE) construct.#2 Incubation with the GSI led to
accumulation of the Notch substrate (NSED) due to inhibition of y-secretase function
(Figure 3), whereas vehicle and compound 22d did not impair enzyme function, as indicated
by the presence of the processed Notch intracellular domain (NICD) and the absence of
increased substrate. To further assess the modulator activity of compound 22d, the Ap
peptide profile elicited by treatment was determined following incubation with SHSY5Y-
APP cells. In concordance with y-secretase modulation, the levels of AB42 and AB40 were
suppressed while levels of AB38 were potentiated (Figure 4). Since the activity of the
enzyme was preserved, no change in the total levels of Ap were observed. In addition, the
ICgq value for AB42 in the Meso Scale Multiplex assay was consistent with that of the
primary activity screen.

3.5 SAR of D-ring GSM analogs

The simultaneous improvement in activity of suppressing Ap42 formation and solubility that
accompanied the incorporation of a methoxypyridine B-ring led us to pursue additional D-
ring analogs. The 2-fold or greater increase in potency observed for tetrahydroindazoles 22d
and 31d as well as the good solubility exhibited by both compounds supported the
examination of previously synthesized and marginally active D-ring tetrahydroindazole
compounds in order to examine the broader effect of this B-ring substitution upon ligand
activity and physical properties within a more diverse series of analogs aimed at identifying
a compound with good drug-like potential.33

Amalgamated tetrahydroindazole analogs 34-52 were prepared through the use of the
aforementioned Hantzsch condensation of the appropriate substrates, and the impact of the
compounds upon Ap42 production was determined. The N-alkyl derivatives 34 and 35
displayed a greater than 3-fold increase in efficacy over the corresponding fluorophenyl
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parent but continued to show the limited aqueous solubility observed within the original
series (Table 5). N-tertbutyl tetrahydroindazole 36 similarly exhibited 3-fold increase in
activity in addition to ideal solubility despite the added hydrophobic bulk. As observed with
the N-alkyl analogs, the N-cycloalkyl tetrahydroindazoles, 37-39, demonstrated improved
potency for attenuating the production of AB42. Moreover, a direct correlation between the
size of the N-cycloalkyl substituent and solubility was observed in which successive ring
expansion rapidly diminished aqueous solubility. Heteroatom insertion within the N-
cycloalkyl substituent was likewise better tolerated within methoxypyridyl B-ring
compounds. N-tetrahydrofuran 40 and N-tetrahydropyran 41 were 2-fold and 7-fold more
potent than the analogous fluorophenyl B-ring compounds, respectively, whereas N-
methylpiperidine 42 remained inactive. Similar gains in activity and ideal solubility were
also observed for tethered N-heterocyclic analogs in which an ethyl or propyl linker was
inserted into the substituent. However, despite the significantly improved efficacy, the more
flexible N-substituent of analogs 43-45 do not achieve the levels of activity associated with
direct N-substitution of the tetrahydroindazole scaffold. Increased efficacy and good
solubility were also achieved by both N-fluoroethyl analog 46 and N-trifluoroethyl analog
47, which exhibited a greater than 2-fold improvement in potency when compared to the
analogous fluoropheny! with 1Csqg values of 47 nM and 57 nM, respectively. The same
overall trend of augmented activity and ideal solubility associated with the incorporation of
the methoxypyridyl B-ring was also observed for 2-methoxyethane 48, 2-hydroxyethane 49,
2-hydroxypropane 50 and 2-hydroxy-2-methylpropane 51; however, analogs 50 and 51
demonstrated superior activity with 1Csq values of 50 nM and 38 nM, respectively. Finally,
the altered B-ring was even capable of imparting marginal activity to the methylamino-
linked tetrahydroindazole 52. Collectively, the introduction of the methoxypyridyl B-ring
was largely able to address the solubility of the tetrahydroindazole series while enhancing
biochemical activity and supporting the overall rationale of the design.

The novel series of methoxypyridine-derived tetrahydroindazoles also demonstrated distinct
structure-activity relationship (SAR) when compared to the parent fluorophenyl series. The
methoxypyridine analogs revealed broad tolerance for N-alkyl substitution within the D-ring
of the scaffold as demonstrated by the various linear, branched, and cyclic alkyl
functionalities that retain good activity for reducing AB42 levels as evidenced by analogs
34-39. The heterocyclic substituted analogs, unfortunately, were not as active as their alkyl
counterparts and suffered from poor metabolic stability (Table 5). Taken together, these
results suggest the presence of a rather large hydrophobic region near the N-substituent of
the D-ring. The haloalkyl derivatives, such as N-fluoroethane 46 and N-trifluoroethane 47,
also exhibited good modulator activity, indicating that analogs containing smaller N-
substituents retain the favorable interactions with y-secretase of their larger cycloalkyl
counterparts. Since variations in the size and connectivity of the N-alkyl substituent result in
a modest disparity between the analog activities, the larger N-substituents are likely near a
region of open space rather than actively engaging in beneficial interactions with the target
enzyme. In addition, 2-hydroxypropane 50 also shows good activity, while 2-hydroxy-2-
methylpropane 51 is the most potent analog within the methoxypyridine-derived
tetrahydroindazole family with an 1Cgq value of 38 nM. The tolerance exhibited by these
compounds for the introduction of a polar substituent is hypothesized to be the result of an
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intramolecular hydrogen bond between the hydroxyalkyl moiety and one of the proximal
nitrogen atoms within the scaffold which serves to rigidify the D-ring and preserve favorable
hydrophobic contacts with the y-secretase enzyme. Collectively, the significant
improvement in activity observed within the tetrahydroindazole series indicates that the
methoxypyridyl B-ring engages in beneficial interactions with -y-secretase as well as
influences the binding conformation, resulting in access to additional favorable contacts for
distal portions of the scaffold.

Although not all of the analogs within this set of derivatives exhibited improved activity for
attenuating the production of Ap42, the broad trend of increased efficacy and solubility
demonstrated by the tetrahydroindazole compounds led us to expand the scope of the
analogs to include methoxypyridyl B-ring derivatives of other GSMs previously synthesized.
Increasing the structural diversity of the methoxypyridine B-ring analogs to include active
derivatives of the marginally soluble fluorophenyl 3-tert-butylpyrazole family of compounds
as well as the poorly soluble fluorophenyl cyclopentapyrazoles was conducted to explore the
impact of this substitution upon physicochemical properties with the overarching aim of
identifying a modulator that aligns potent activity with good drug-like behavior.

Through the incorporation of the novel methoxypyridine B-ring, additional D-ring analogs
53-74 were constructed and subsequently evaluated by ELISA for the ability to suppress
APA42 peptide levels. N-propyl 3-tert-butylpyrazole 53 exhibited a modest loss in activity
similar to N-ethylpyrazole 33d from the pilot B-ring screening series, whereas branched N-
alkyl derivatives 54 and 55 showed improved potency with 1Cgq values of 64 nM and 40 nM,
respectively (Table 6). However, the hydrophobicity of the N-substituent had a sizable
impact on aqueous solubility as evidenced by N-isopropyl analog 54, which displays ideal
solubility, while the N-tert-butyl analog 55 remained poorly soluble. The activity of N-
trifluoroethyl analog 57 was largely unaffected by the methoxypyridyl B-ring and exhibited
only slightly better potency than the corresponding parent compound. Based on these
results, the 3-tert-butylpyrazoles support the presence of a hydrophobic pocket near the 3-
substituent; however, distinct from the tetrahydroindazole family of compounds, the 3-tert-
butylpyrazoles series favors branched N-alkyl substituents. Alterations to the 3-postion
substituent of the pyrazole also led to compounds with 2-fold better activity when
juxtaposed to the equivalent fluorophenyl ligand as shown by 3-isopropylpyrazole 58 and 3-
methylcyclopropylpyrazole 59. However, reducing the hydrophobicity of the 3-substituent
was deleterious to the overall activity as demonstrated by 3-isopropylpyrazole 58, whereas
the subtle architectural modification of 3-methylcyclopropyl analog 59 led to the most
potent derivative of the series with an ICgg value of 32 nM. The trend of improved activity
was also observed for derivatives characterized by the presence of a 3-trifluoromethyl
substituent as shown by N-ethyl analog 60 and N-trifluoroethyl analog 62 despite the
reduction in overall hydrophobicity. In addition, the disparate potency of analogs 60 and 62
belies their remarkable structural similarity and is hypothesized to be the result of electronic
effects linked to the presence of multiple electron withdrawing functionalities on the
pyrazole ring. The incorporation of the novel methoxypyridyl B-ring generally provided 3-
tert-butylpyrazole ligands with improved activity for suppressing the formation of AB42;
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however, increases in aqueous solubility were reserved for compounds with reduced D-ring
hydrophobic character.

In a similar fashion, methoxypyridyl B-ring derivatives of the cyclopentapyrazole
compounds were also synthesized and evaluated for modulator activity. N-methyl analog 63
exhibited remarkable activity considering that the parent fluorophenyl compound was unable
to affect Ap42 levels (Table 6). The potency of N-ethyl compound 64, on the other hand,
was not influenced by the methoxypyridyl B-ring; however, the increased size of the N-alkyl
substituent led to a greater than 2-fold increase in activity within the series (63 vs. 64) with
an ICgq value of 33 nM. Further increase in N-alkyl substituent size in the presence of the
methoxypyridyl B-ring was associated with a loss of activity for N-isopropyl analog 65,
whereas N-tert-butyl compound 66 exhibited a nearly 3-fold increase in potency. However,
neither of the larger N-alkyl branched analogs was able to surpass the activity of N-ethyl
derivative 64, indicating that the added bulk is likely perturbing subtle enzyme-ligand
interactions by influencing the compound’s binding conformation. The greater than 3-fold
improvement in the activity of N-cyclobutyl analog 67 further suggests that the N-
substituent of the D-ring plays a significant role in determining access to ligand
conformations that facilitate favorable interactions with y-secretase, since there is no direct
correlation between substituent size or hydrophobic content and activity within the alkyl
substituted methoxypyridyl B-ring derivatives. In addition to good activity, N-alkyl analogs
63-67 displayed improved solubility when compared to the equivalent fluorophenyl
compounds; however, increasing the size of the N-alkyl D-ring substituent led to a localized
accumulation of hydrophobicity and a reduction in aqueous solubility. The novel
methoxypyridyl B-ring was also responsible for the nearly 3-fold improvement in potency
observed for N-trifluoroethyl analog 69, which exhibited an ICgq value of 36 nM as well as
imparting good modulator activity to N-hydroxyethyl analog 70. Moreover, these analogs
demonstrate that the addition of heteroatoms within the N-substituent is well tolerated and
results in compounds that exhibit ideal aqueous solubility. Conversely, analogs 71 and 72,
which contain additional methyl substituents upon the fused system, displayed a modest
reduction in activity associated with the introduction of the methoxypyridyl moiety,
indicating that B-ring is capable of influencing the distal binding conformation, which
results in a modest reduction in affinity for the enzyme target. The larger cycloheptapyrazole
73 displayed a greater than 3-fold increase in modulator activity with an 1Csq value of 32
nM, thus reinforcing the presence of a broad yet narrow pocket which accommodates the D-
ring. In addition, despite the increased alkyl functionalization and increased clogP values,
derivatives 71-73 exhibit good aqueous solubility. Finally, reducing the size of the D-ring
scaffold was deleterious to activity as evidenced by N-ethyl pyrazole analog 74, indicating
the presence of critical hydrophobic interactions between the carbocycle and -y-secretase,
which facilitate modulator activity. Overall the previously identified trend of superior
activity as well as substantially improved aqueous solubility associated with the
methoxypyridyl B-ring was observed for the cyclopentapyrazole series of compounds and
paralleled that of the closely related tetrahydroindazole family of analogs. The identification
of the methoxypyridyl B-ring proved to be a fortuitous discovery that addressed the primary
shortcomings of the initial fluorophenyl aminothiazole series.

Bioorg Med Chem. Author manuscript; available in PMC 2021 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rynearson et al.

Page 12

3.6 Invitro ADMET of methoxypyridine-derived analogs

The prepared B-ring derivatives significantly broadened our collection of compounds with
good activity for suppressing the formation AB42 and ideal aqueous solubility. Utilizing
these two metrics, compounds were stratified for additional in vitro ADMET studies in order
identify other potential property-related liabilities within this novel family of compounds. A
tiered ADMET screening paradigm was implemented to allow early triage of molecules with
undesirable characteristics. The metabolic stability of methoxypyridyl B-ring analogs was
initially evaluated for compounds with fair activity (ICsg values < 100 nM) and good
aqueous solubility (solubility = 5 uM). Analogs that exhibited acceptable stability were then
evaluated for Cyp inhibition potential and hERG inhibition potential, followed by the
evaluation of cell permeability by MDR1-MDCK assay.

ADMET screening of the tetrahydroindazoles showed that N-alkyl and N-cycloalkyl
substitution upon the tetrahydroindazole scaffold for the prepared methoxypyridyl B-ring
analogs generally show poor metabolic stability as demonstrated by compounds 36 and 37
(Table 5). Since the closely related N-ethyl tetrahydroindazole 22d exhibited better stability,
the modestly soluble N-isopropyl analog 35 was also evaluated, but unfortunately also
displayed weak stability, suggesting that increasing the size of the alkyl N-substituent
facilitates metabolism of the compound. Poor metabolic stability persisted through the N-
heterocyclic substituted compounds as demonstrated by N-tetrahydrofuran 40.
Methylpiperidine 42 and tethered morpholino analogs 44 and 45 were screened to further
explore this trend and demonstrated that poor stability is associated with the N-heterocyclic
containing compounds and is exacerbated by the insertion of a linker motif. Alternatively,
terminally functionalized N-fluoroethane 46 demonstrated robust metabolic stability, while
closely related N-trifluoroethane 47 shared the metabolic instability observed for nearly all
the compounds within tetrahydroindazole series. Modestly improved stability was also
observed for N-hydroxyethyl analog 49 and N-2-methylpropan-2-ol analog 51. The
incongruence with respect to stability across this series of compounds suggests that the
novel methoxypyridyl B-ring is not the source of instability.

Guided by the metabolic stability data, N-fluoroethyl analog 46 and N-2-methylpropan-2-ol
analog 51 were subjected to further /n vitro ADMET analysis. Both analogs exhibited
acceptable cytochrome p450 inhibition potential, displayed good brain penetration
properties, and lacked potent binding to the hERG ion channel (Table 5). However, based on
the totality of the /n vitro data for both compounds, N-fluoroethane 46 exhibited superior
ADMET characteristics and was selected for further study. Although two compounds with
good drug-like properties were identified, the methoxypyridyl-derived tetrahydroindazole
family of compounds by and large suffered from impaired metabolic stability, and future
design efforts will focus on incorporation of features which aim to address this parameter.

Methoxypyridyl B-ring analogs of 3-tert-butylpyrazole family of compounds that met the
development criterion were also subject to ADMET screening to establish drug-like
potential. Consistent with the N-alkyl tetrahydroindazoles, N-ethyl analog 33d exhibited fair
stability, whereas N-isopropy! derivative 54 was significantly metabolized, indicating that
the size of the N-alkyl functionality persistently influenced metabolic stability across related
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D-ring scaffolds. Conversely, N-fluoroalkyl functionalized analogs, 56 and 57, displayed
improved metabolic stability upon incubation with rodent liver microsomes; however,
stability in human liver microsomes, while better, remains limited. Altering the connectivity
of the 3-tert-butyl moiety providing methylcyclopropyl analog 59 led to a good overall
stability profile. Similarly, modifying the scaffold to include a 3-trifluoromethyl substituent
(60) resulted in ideal metabolic stability, indicating that both substituents on the pyrazole are
capable of moderating metabolism. Collectively, the pyrazole analogs further demonstrate
that the introduction of the methoxypyridyl B-ring does impact the physical properties and
activities of the ligands; however, it is not the source affecting compound stability.
Additional analysis of pyrazoles 59 and 60 established that both compounds possess good
Cyp inhibition profiles as well as ideal hERG inhibition potential. These analogs also
display moderate permeability and limited efflux, which is consistent with compounds that
display high brain penetration. Although most of the 3-tert-butylpyrazoles are readily
metabolized, 3-methylcyclopropyl analog 59 and 3-trifluoromethyl analog 60 exhibit
acceptable overall ADME profiles, including good stability, which supports the continued
investigation of both compounds.

Analysis of the active cyclopentapyrazole compounds reinforced many of the trends
observed for the 3-tert-butylpyrazoles and tetrahydroindazoles. Similar to both prior
pyrazole-derived D-ring series, good metabolic stability was associated with
cyclopentapyrazoles characterized by smaller N-alkyl substituents as demonstrated by
analogs 63-66 (Table 6). Moreover, compound 65 shows that N-cycloalkyl substitution
serves to exacerbate this trend. The cyclopentapyrazole analogs also illustrate that reducing
the size of the fused alkyl functionality of the D-ring is not sufficient to improve metabolic
stability. Paralleling the related D-ring analogs, increasing the polarity with the N-ethyl
substituent provided compounds with improved metabolic stability. N-trifluoroethane 69 and
N-hydroxyethane 70 displayed good microsomal stability in two of the three species tested,
whereas N-fluoroethane 68 displayed increased stability across all species evaluated.
Conversely, analogs 71 and 72 indicate that reducing the polarity of the D-ring through the
introduction of methyl substituents upon the cyclopentane ring is deleterious to metabolic
stability. Likewise, poor stability was also associated with increasing the size of the fused
ring system as illustrated by cycloheptylpyrazole 73.

The shorter N-alkyl substituted compounds, 63 and 64, as well as polar functionalized
cyclopentapyrazoles that showed comparative stability (68, 69, and 70) were subjected to
additional screening. The close structural relationship of N-methyl 63 and N-ethyl 64 led to
similar overall ADMET profiles; both compounds exhibited weak cytochrome p450
inhibitory potential, good brain penetration potential, and modest hERG inhibition.
Alternatively, the profiles of N-fluoroethyl 68, N-trifluoroethyl 69 and N-hydroxyethyl 70
display more variability. Cytochrome p450 inhibition profiles of N-fluoroethane 68 and
trifluoroethane 69 were ideal and acceptable, respectively. However, N-hydroxyethane 70
was a potent 3A4 inhibitor, and screening for hERG inhibition potential revealed a potential
liability for analog 69. Although ADMET properties precluded the development of many of
the cyclopentapyrazoles, N-alkyl substituted compounds 63, 64, and N-fluoroethane 68
generally demonstrated acceptable profiles.
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3.7 Pharmacokinetics of GSM analogs

Pharmacokinetic study of selected methoxypyridine-derived analogs was undertaken to
assess the effect of the related structural modifications upon in vivo parameters. Following
intravenous administration to male CD-1 mice, compound clearance was generally high with
the exception of 3-methylcyclopropyl analog 59 and cyclopentapyrazole 63 (Table 7). The
clearance observed for compounds 59 and 63 were approximately 13% and 24% of mouse
hepatic blood flow (~90 mL/min/kg), whereas the clearance ranged from 30% to 64% of
mouse hepatic blood flow for the other dosed analogs. The elevated clearance levels of
pyrazole 60 and cyclopentapyrazole 64 were consistent with the measured in vitro metabolic
activity; conversely, despite being very metabolically stable, tetrahydroindazole 46 exhibited
high clearance (Table 5 and 6). Significant first-pass metabolism is expected for compounds
46, 60, and 64 based on the high rate of clearance. In contrast, less variability was observed
with respect to volume of distribution (V) of the dosed analogs. A relatively large V¢ was
measured for all of the compounds; volumes 2 to 5-fold higher than body water in mice
(0.65 L/kg), which indicates that the binding of these compounds is biased toward tissue
proteins rather than plasma proteins. In addition, compound half-life (t1/,) was generally
short and ranged from 0.65 to 3.84 hrs in mice following intravenous administration. The
truncated ty, is primarily due to the high Cl and, to a lesser extent, the difference in V.
Brain to plasma ratios for all of the compounds were also measured and, although variable,
showed brain penetration that is sufficient for accessing the therapeutic target.

Following oral administration, all of the selected derivatives showed high oral bioavailability
in mice. Tetrahydroindazole 46 exhibited the lowest bioavailability (46.4%) within the
series; however, accounting for the approximately 60% of compound that is expected to be
metabolized during the first-pass through the liver, the oral absorption is nearly complete in
mice. Similarly, the fraction of dose absorbed is greater than 80% for analogs 60, 63, and 64
when accounting for first-pass effects. The period to reach maximum drug concentration
(Tmayx) following oral administration was relatively short, ranging from 0.25 to 1.0 hr, with
the exception of 3-methylcyclopropyl analog 59. The time period to achieve the Tyax IS in
the range of rodent gastric emptying, which suggests that the rate of intestinal absorption is
quite rapid for these compounds. In addition, the longer period to achieving Tpax for
compound 59 is likely the result of a slower rate of dissolution resulting from its limited
solubility (Table 6).

3.8 Pharmacodynamics of compounds 46 and 64

Although the more active GSMs considered for continued development display similar
ADMET parameters and pharmacokinetic profiles, tetrahydroindazole 46 and
cyclopentapyrazole 64 were selected for pharmacodynamic study using transgenic J20 mice
that over-express human APP.43 Following a 3-day treatment with either vehicle or test
article, a dose-dependent reduction in plasma AB42 and AB40 was observed for compound
64 (Figure 5). Although the dose escalation of tetrahydroindazole 46 led to a greater
suppression of Ap42 and Ap40 in plasma, the effect seems to plateau between 50 and 100
mg/kg. This effect was also reflected in the exposure data, which shows reduced plasma and
brain drug levels at the top dose, suggesting that higher dosing may lead to prolonged
absorption while the high clearance identified in the pharmacokinetic study remains
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unchanged (Table 8). As a result of the shift in the absorption pattern at the high dose, the
measured concentration of compound 46 is lower, but likely sustained over a longer period
of time resulting the observed pharmacodynamic effect. Consequentially,
cyclopentapyrazole 64 exhibited superior activity, suppressing Ap42 by 76% at a dose of
100 mg/kg. In addition, both compounds also reduced AB38 levels. Based on the mode of
action, the inhibition of AB38 was not expected and was inconsistent with the in vitro data
showing potentiation of AB38 following GSM treatment (Figure 6).

Based on the superior pharmacodynamic effect of cyclopentapyrazole 64 in J20 transgenic
mice, an additional efficacy study was conducted using Tg2576 transgenic mice that
overexpress human APP containing the Swedish (K,M to N,L) double mutation to further
ascertain the impact on the various Ap peptides.** Female Tg2576 mice were orally dosed
daily with either vehicle or 50 mg/kg of compound 64 for 14 days and the drug levels in
plasma and brain were determined in addition to Ap levels. Consistent with the mode of
action, treatment with cyclopentapyrazole 64 decreased the levels of Ap42 and Ap40 while
potentiating the levels of AB38 in plasma (Figure 7). In addition, brain AB42 levels were
reduced by 23%, demonstrating that the compound is capable of crossing the blood brain
barrier and reaching the desired site of pharmacodynamic action in brain. Furthermore,
consistent with the in vitro permeability data, the brain to plasma drug levels demonstrated
adequate penetration to account for observed effect in brain (Table 9).

4.0 Summary and conclusion

A focused effort to improve the activity and ADMET properties of aminothiazole-derived
GSMs through the modification of the B-ring led to the identification of methoxypyridine as
potential replacement for the fluorophenyl moiety. Integration of this novel structural motif
within the B-ring of our scaffolds generally led to both improved activities for reducing
AB42 and increased solubility across three related aminothiazole series. Subsequent
ADMET screening of the highly active GSM analogs led to the selection of subset of
structurally diverse compounds for pharmacodynamic evaluation. Based on the aggregate of
data, tetrahydroindazole 46 and cyclopentapyrazole 64 were tested in transgenic mice to
determine in vivo efficacy for attenuating Ap42. While compound 64 was capable of
reducing Ap42 in the plasma and brain of Tg2576 mice, the dose required for therapeutic
efficacy is likely too high to allow for adequate safety margins with respect to hERG
inhibition. Although the discovery of the methoxypyridine led to improved GSM analogs,
further optimization of the scaffold with respect to activity is likely necessary.

5.0 Experimental

5.1 Cell-based ELISA assay for measuring extracellular Ap42 levels

Human SHSY5Y neuroblastoma cells stably overexpressing wild-type human APP751
(SHSY5Y-APP) have been described previously. Briefly, SHSY5Y-APP cells were plated on
a 96-well plate at 75K per well. Following overnight incubation at 37 °C, wells were treated
with various concentrations of compound in order to generate dose response curves. For
treatment, a 25 mM stock solution of compound in DMSO was prepared. The DMSO stock
solution was then diluted to 10 uM using cell media. The 10-point dose response curve was
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generated following treatments that ranged from 0.3 pM — 10 pM for each compound with a
1:3.16 dilution across the plate with a total volume of 125 pL pre well. After being treated
for 24 hours, the SHSY5Y-APP cells treated with either vehicle or compound were then
inspected for obvious signs of toxicity. The quantity of AB42 was then quantified by ELISA.

In order to quantify Ap42, coating antibody, AB35-42 (lot 454.23), was diluted 1:200 in
TBS (Tris Buffered Saline, pH 7.4, Sigma T6664). Then, 100 uL of antibody AB35-42 was
pipetted into each well of the micro plate. The plate was sealed and incubated at 4 °C for 21
hours. The coating antibody was then aspirated, rinsed with 200 pL of TBS, and aspirated
again. Then, 200 pL of 1% BSA (bovine serum albumin) in TBS blocking agent was applied
to each well followed by a one-hour incubation at room temperature. The wells were then
aspirated, and 50 pL of sample from treated cells was added, followed by a two-hour
incubation period. Each well of the plate was then washed three times with 200 uL of PBS/
0.1%Tween-20. Then, 50 uL of Ap1-12 mAb 436 (alkaline phosphatase conjugated
antibody) diluted to 1:8000 in 1% BSA/TBS/0.1% Tween-20 was added to each well of the
plate. The plate was then incubated for another two hours at room temperature and was
washed six times with 200 pL of PBS/0.1%Tween-20. Finally, 50 uL of CDP-Star
(Sapphire) luminescence substrate was added to each well of the plate and incubated for 15
minutes at room temperature in the dark. Then, the amount of Ap42 was measured by
reading the plate using a GloRunner Pro microplate luminometer by Turner Biosystems. For
every plate quantified, a standard Ap42 curve was generated. The Ap42 ICgq values were
determined from the 10-point concentration response curves (in duplicate at each
concentration) by a four-parameter fit nonlinear regression analysis using Graphpad Prism
software. The assays were required to demonstrate a Z” score of > 0.5 and to have a test-
retest reliability with an r2 of > 0.75 for the GSM compounds, which represent a broad range
of potencies. In addition, upon its discovery, compound 22d was utilized as an internal
standard for all subsequently prepared analogs on each assay plate and subjected to the same
Z’ score and r2 metrics to ensure the reproducibility and reliability of the data.

5.2 Measurement of extracellular Ap42, AB40, and AB38 levels

Samples were tested using the Meso Scale Discovery Ap triplex immunoassay with 4G8
detection (Catalog # K15141E-1, MSD Rockville, MD) to quantitate levels of Ap38, Ap40,
and Ap42. The kit was run according to the manufacturer’s instructions. Briefly, 25 pL of
SULFO-TAG conjugated 4G8 detection antibody and 25 pL of sample were added to a
blocked MSD multiplex plate pre-coated with capture antibodies that were specific for
AB38, Ap40 and Ap42 and incubated for 2 hr with shaking at room temperature. The plate
was read on an MSD SECTOR® Imager 6000 after the addition of read buffer.
Concentrations of Ap38, Ap40, and AB42 in samples were back-fitted from the respective
standard curves using MSD Workbench software.

5.3 Pharmacokinetic evaluation

Male CD-1 mice (6—8 week-old) were administered a single dose of the test article via tail
vein (iv) or by oral gavage (po) dose route. Formulations were prepared using 3% N-
methylpyrrolidione (NMP)/45% polyethylene glycol 300 (PEG300)/12% ethanol/40%
sterile water for iv administration and 5% NMP/95% PEG300 for oral administration.
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Plasma was collected from mice at 0.083, 0.25, 0.5, 1, 2, 4, 8, and 24 hr for iv-dosed animals
and at 0.25, 0.5, 1, 2, 4, 8, and 24 hr for orally dosed animals (n=3/timepoint). Brains were
collected at 1, 2, 8, and 24 hr regardless of the route of administration (n=3/timepoint).
Blood was collected from the retro-orbital sinus of mice under isoflurane anesthesia into
tubes containing K3EDTA, processed to plasma, and then stored frozen at —70 + 10°C for
subsequent drug levels analysis.

5.4 Drug level bioanalysis

Plasma and brain tissue samples were analyzed for drug levels using a discovery grade
HPLC/MS/MS method. Mean plasma drug concentration versus time data were subjected to
pharmacokinetic analysis using WinNonlin® (Version 4.1; Pharsight Corp.; Cary, NC). Data
were subjected to non-compartmental analysis using WinNonlin® Model 200 (for
extravascular administration) or Model 201 (for IV bolus administration); a uniform
weighting factor was applied to each data set. Trnax and Cax Values were determined
directly from the data. AUC,¢t values were calculated using the log/linear trapezoidal (1V
dose) or linear up/log down trapezoidal (PO dose). Half-life values were calculated from the
first order rate constant associated with the observed terminal portion of the plasma drug
concentration versus time curve, as estimated by regression analysis, using a minimum of
three non-zero time points after Tax. The regression with the largest adjusted R? (square of
the correlation coefficient) was selected as the best fit. Estimated half-life values with an
adjusted R? of less than 0.800 were considered to be unreliable and were excluded from
inclusion in the tabulation of kinetic parameters. Bioavailability (F) was calculated as
follows:

F (%) = [(AUCO—INFPO) X Dosejy) + (AUCQ-INFiv) X Dosepo)] X 100

5.5 Pharmacodynamic study using J20 mice

Female J20 mice (5-6 month-old) were administered vehicle (5% NMP/95% PEG300) or
test article at doses of 25, 50, and 100 mg/kg via oral gavage for three consecutive days
(n=5/dose). Animals were sacrificed 4 hours post final dose on day 3. Plasma and brain were
collected for the analysis of AP peptides and drug levels. Plasma and brain Ap levels were
quantified using Meso Scale multiplex kits and MSD SECTOR® Imager 6000. Statistical
analysis was performed using Graphpad Prism software, and results were expressed as mean
+ SEM. ANOVA was used to detect a significant effect.

5.6 Pharmacodynamic study using Tg2576 mice

Female Tg2576 mice (5-6 month-old) were administered vehicle (5% NMP/95% PEG300)
or test article at a dose of 50 mg/kg via oral gavage for 14 consecutive days. Animals were
sacrificed 4 hours post final dose on day 14. Plasma and brain were collected for the analysis
of AP peptides and drug levels. Plasma and brain AB levels were quantified using Meso
Scale multiplex kits and MSD SECTOR® Imager 6000. Statistical analysis was performed
using Graphpad Prism software, and results were expressed as mean + SEM. ANOVA was
used to detect a significant effect.
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5.7 Synthetic procedures

All reactions were performed under a dry atmosphere of nitrogen unless otherwise specified.
Indicated reaction temperatures refer to the reaction bath, while room temperature (rt) is
noted as 25 °C. Commercial grade reagents and anhydrous solvents were used as received
from vendors and no attempts were made to purify or dry these components further.
Removal of solvents under reduced pressure was accomplished with a Buchi rotary
evaporator at approximately 28 mm Hg pressure using a Teflon-linked KNF vacuum pump.
Thin layer chromatography was performed using 1” x 3” AnalTech No. 02521 silica gel
plates with fluorescent indicator. Visualization of TLC plates was made by observation with
either short wave UV light (254 nm lamp), 10% phosphomolybdic acid in ethanol or in
iodine vapors. Flash column chromatography was carried out using a Teledyne Isco
CombiFlash Companion Unit with RediSep Rf silica gel columns. Proton NMR spectra were
obtained either on 300 MHz Bruker Nuclear Magnetic Resonance Spectrometer or 500 MHz
Bruker Nuclear Magnetic Resonance Spectrometer and chemical shifts (8) are reported in
parts per million (ppm), and coupling constant (J) values are given in Hz, with the following
spectral pattern designations: s, singlet; d, doublet; t, triplet, g, quartet; dd, doublet of
doublets; m, multiplet; br, broad; sym, symmetrical. Tetramethylsilane (TMS) was used as
an internal reference. Melting points were uncorrected and were obtained using a MEL-
TEMP Electrothermal melting point apparatus. Mass spectroscopic analyses were performed
either using positive mode electron spray ionization (ESI) on a Varian ProStar LC-MS with a
1200L quadrapole mass spectrometer or using positive mode atmospheric pressure chemical
ionization (APCI) on a Shimadzu LC-MS system. High performance liquid chromatography
(HPLC) purity analysis was conducted using a Varian Pro Star HPLC system with a binary
solvent system A and B using a gradient elution [A, HoO with either 0.05% or 0.1%
trifluoroacetic acid (TFA); B, CH3CN with either 0.05% or 0.1% TFA] and flow rate = 1
mL/min, with UV detection at 254 nm. All final compounds were purified to =295% purity
and these purity levels were measured by a Varian Pro Star HPLC system. The following
Varian Pro Star HPLC methods were used to establish compound purity:

A Phenomenex Luna C18(2) column (4.6 x 250 mm); mobile phase, A = H,0 with
0.1% TFA and B = CH3CN with 0.1% TFA, gradient: 10-95% B (0.0-10 min;
hold for 6 min); UV detection at 254 nm.

B. SunFire C18 column (4.6 x 250 mm); mobile phase, A = H,0 with 0.1% TFA
and B = CH3CN with 0.1% TFA,; gradient: 10-100% B (0.0-20 min; hold for 5
min); UV detection at 254 nm.

C. SunFire C18 column (4.6 x 250 mm); mobile phase, A = H,O with 0.1% TFA
and B = CH3CN with 0.1% TFA,; gradient: 0-100% B (0.0-15 min; hold for 5
min)); UV detection at 254 nm.

D. SunFire C18 column (4.6 x 250 mm); mobile phase, A = H,0 with 0.05% TFA
and B = CH3CN with 0.05% TFA,; gradient: 5-95% B (0.0-10 min; hold for 8
min)); UV detection at 254 nm.

E. SunFire C18 column (4.6 x 250 mm); mobile phase, A = H,0 with 0.05% TFA
and B = CH3CN with 0.05% TFA,; gradient: 10-100% B (0.0-20 min; hold for 5
min)); UV detection at 254 nm.
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6-bromo-2-methoxypyridin-3-amine (12a)—Sodium methoxide (powder, 600 g, 11.1
mol) was added to a solution of commercially available 2,6-dibromopyridin-3-amine (11a,
400 g, 1.59 mol) in 1,4-dioxane (3500 mL) at room temperature under nitrogen. The
resulting mixture was heated to 100 °C for 18 h. The reaction mixture was cooled to 0 °C
and quenched by the careful addition of aqueous ammonium chloride (600 g in 1500 mL of
water). The mixture was stirred for 15 minutes and concentrated in vacuo to remove as much
1,4-dioxane as possible. The residue was diluted with ethyl acetate (3000 mL), filtered
through silica gel (500 g), and eluted with ethyl acetate (3000 mL). The aqueous layer was
separated. The combined organic layer was washed with brine (2 x 500 mL), dried over
sodium sulfate, filtered, and the solvents were removed under reduced pressure to afford 6-
bromo-2-methoxypyridin-3-amine (12a) as a purple solid (314 g, 98%) that was suitable for
use without further purification: Multimode MS (M+H) 203; 1H NMR (500 MHz, CDCl3) &
6.86 (d, J=7.5Hz, 1H), 6.76 (d, J = 7.5 Hz, 1H), 3.98 (s, 3H), 3.74 (br s, 2H).

/O N\ Br
AT

H

N-(6-bromo-2-methoxypyridin-3-yl)formamide (13a)—Acetic anhydride (522 g, 5.11
mol) was added slowly to formic acid (587 g, 12.8 mol) at 0 °C under nitrogen. The mixture
was stirred at 0 °C for 30 min, warmed at room temperature, and stirred for 30 minutes. The
mixture was recooled to 0 °C and a solution of 6-bromo-2 methoxypyridin-3-amine (12a,

346 g, 1.70 mol) in THF (2200 mL) was slowly added. Following addition, the ice bath was
removed, and the reaction was stirred at room temperature for 2 h. The reaction mixture was
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poured into 1:1 ice/water (8 L), stirred for 30 minutes, and filtered. The solids were further
dried under high vacuum for 18 h to afford N-(6-bromo-2-methoxypyridin-3-yl)formamide
(13a) as a red-brown solid (408 g, >99%), which was suitable for use without further
purification: Multimode MS (M+H) 231; 1H NMR (500 MHz, CDCl3) 6 8.49 (d, J = 8.0 Hz,
1H), 8.48 (s, 1H), 7.60 (br s, 1H), 7.07 (d, J = 8.0 Hz, 1H), 4.03 (s, 3H).

_O_N_ Br
O

N-(6-bromo-2-methoxypyridin-3-yl)-N-(2-oxopropyl)formamide (14a)—Potassium
carbonate (powder, 325 mesh, Aldrich catalog #: 347825, 855 g, 6.20 mol) and potassium
iodide (29.4 g, 0.177 mmol) were added to a solution of A-(6-bromo-2-methoxypyridin3-
yl)formamide (13a, 408 g, 1.77 mol) in N, A-dimethylformamide (4000 mL) at room
temperature under nitrogen. To the resulting mixture was slowly added 2-chloroacetone (408
g, 4.43 mol). The mixture was stirred at room temperature overnight. The resulting
suspension was carefully poured into 1:1 ice/water (12 L) and stirred vigorously for 25
minutes. The resulting solid was collected by filtration and washed with water. The solid
was dried for two days under high vacuum (at 60 °C) to afford A-(6-bromo-2-
methoxypyridin-3-yl)- N-(2-oxopropyl)formamide (14a) as a brown solid (474 g, 93%) that
was suitable for use without further purification: Multimode MS (M+H) 287; 1H NMR (500
MHz, CDCl3) 6 8.22 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 4.47 (s, 2H),
3.99 (s, 3H), 2.17 (s, 3H).
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6-bromo-2-methoxy-3-(4-methyl-1H-imidazol-1-yl)pyridine (15a)—Ammonium
acetate (636 g, 8.26 mol) was added to a stirred solution of A~(6-bromo-2-
methoxypyridin-3-yl)- A-(2-oxopropyl)formamide (14a, 474 g, 1.65 mol) in acetic acid
(4000 mL) at room temperature. After addition, the mixture was heated to 120 °C for 10 h.
After cooling to room temperature, the mixture was concentrated in vacuo (at 60 °C) to
remove the majority of the acetic acid. The resulting residue was diluted with ethyl acetate
(4000 mL) and water (4000 mL). With fast stirring at room temperature, solid potassium
carbonate was slowly added to the reaction mixture (neutralized to pH 8). The layers were
separated, and the aqueous phase was extracted with ethyl acetate (2 x 1000 mL). The
combined organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated. The resulting residue was purified by flash column chromatography on silica
gel, eluting with heptane/ethyl acetate (gradient of 4:1 to 3:7), to afford 6-bromo-2-
methoxy-3-(4-methyl-1+-imidazol-1-yl)pyridine (15a, 380 g, 85%) as a light brown solid:
Multimode MS (M+H) 268; 1H NMR (500 MHz, CDCl3) § 7.72 (d, J = 1.5 Hz, 1H), 7.39
(d, J=8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 6.92 (m, 1H), 4.03 (s, 3H), 2.29 (s, 3H).
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1-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)ethan-1-one (16a)—To a
solution of 6-bromo-2-methoxy-3-(4-methyl-1A-imidazol-1-yl)pyridine (15a, 100 g, 0.373
mol), 1-(vinyloxy)butane (74.6 g, 0.746 mmol), and triethylamine (75.3 g, 0.746 mol) in
ethylene glycol (1000 mL) at room temperature under nitrogen was added dichloro[1,1’-
bis(diphenylphosphino) ferrocene] palladium (1) dichloromethane adduct (8.18 g, 11.2
mmol). The mixture was heated to 100 °C for 4 h (reaction progress was monitored by
LCMS; heating the reaction mixture for too long will result in a lower yield) and then cooled
to room temperature. The mixture was diluted with 2:1 ethyl acetate/water (3 L) and the
resulting layers were separated. The organic layer was washed with brine (2 x 500 mL),
dried with sodium sulfate, filtered, and concentrated. The resulting reaction residue was
purified by flash column chromatography on silica gel, eluting with heptane/ethyl acetate
(gradient of 4:1 to 1:1) to afford 6-(1-butoxyvinyl)-2-methoxy-3-(4-methyl-1AH-imidazol-1-
ylpyridine as a yellow solid (78.4 g, 73%) that was suitable for use without further
purification. Then aqueous hydrochloric acid (2 N, 550 mL) was added to a solution of 6-(1-
butoxyvinyl)-2-methoxy-3-(4-methyl-1H-imidazol-1-yl)pyridine (A6, 78.4 g, 0.273 mol) in
acetone (2200 mL) at room temperature. After stirring the reaction mixture for 30 minutes,
the organic solvent was removed under reduced pressure, and the mixture was diluted with
water (1000 mL) and extracted with ethyl acetate (2000 mL). The organic layer was washed
with water (~500 mL), and the ethyl acetate layer was discarded. With fast stirring,
potassium carbonate was slowly added (neutralized to pH 8) to the combined aqueous
layers. The resulting mixture was extracted with ethyl acetate (2 x 2000 mL). The combined
organic layer was washed with brine (2 x 500 mL) and dried over anhydrous sodium sulfate,
filtered, and concentrated to afford 1-(6-methoxy-5-(4-methyl-1A-imidazol-1-yl)pyridin-2-
yl)ethanone (16a) as a light yellow solid (60.6 g, 96%) that was suitable for use without
further purification: LCMS (M+H) 232; 1H NMR (300 MHz, CDCl3) 6 7.91 (d, J= 1.5 Hz,
1H), 7.76 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.04 (m, 1H), 4.18 (s, 3H), 2.71 (s,
3H), 2.31 (d, J= 0.9 Hz, 3H).
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/

2-bromo-1-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)ethan-1-one
(17a)—Hydrogen bromide (2 mL, 33% solution in acetic acid) was added to a solution of
1-(6-methoxy-5-(4-methyl-1A-imidazol-1-yl)pyridin-2-yl)ethanone (16a, 2.07 g, 8.95
mmol) in chloroform (90 mL) and ethyl acetate (90 mL). To this mixture was added bromine
[412 pL, 8.05 mmol, in chloroform (10 mL) and ethyl acetate (10 mL)] drop-wise over ~2 h
at room temperature. After complete addition of the bromine, the reaction was stirred a
further 2 h at room temperature. The solvents were removed under reduced pressure and the
solids taken back up in chloroform (30 mL) and ethyl acetate (30 mL). The solvents were
removed again under reduced pressure. Ethyl acetate (30 mL) was then added and the
reaction again concentrated under reduced pressure and dried under high vacuum for 18 h to
afford 2-bromo-1-(6-methoxy-5-(4-methyl-1 A-imidazol-1-yl)pyridin-2-yl)ethanone
hydrobromide (17a) as a tan solid (3.84 g, 92%) that was suitable for use without further
purification: APCI MS (M+H) 310.
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2-Ethyl-4,5,6,7-tetrahydro-2H-indazol-3-amine (19)—A solution of 2-
oxocyclohexanecarbonitrile (18, 2.57 g, 20.9 mmol) and ethyl hydrazine oxalate (4.70 g,
31.3 mmol) in ethanol (40 mL) was stirred at reflux for 18 h, cooled to room temperature
and the solvent removed under reduced pressure. The residue was diluted with methylene
chloride (150 mL) and saturated aqueous sodium bicarbonate (100 mL) was added. The
organic layer was separated and the aqueous layer was further extracted with methylene
chloride (2 x 100 mL). The combined organic layers were washed with brine (50 mL), dried
(MgS0Oy), filtered and concentrated under reduced pressure. The resulting residue was
further purified by flash column chromatography on silica gel, eluting with methanol/
methylene chloride (gradient of 2:98 to 4:96) to afford 2-ethyl-4,5,6,7-tetrahydro-2 H-
indazol-3-amine (19) as a while solid (2.73 g, 79%): *H NMR (300 MHz, CDCl5) 6 3.95 (q,
J=7.2 Hz, 2H), 3.24 (br s, 2H), 2.61-2.55 (m, 2H), 2.34-2.28 (m, 2H), 1.83-1.68 (sym m,
4H), 1.38 (t, /= 7.2 Hz, 3H).
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N-((2-Ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)carbamothioyl)benzamide (20)—
A solution of 2-ethyl-4,5,6,7-tetrahydro-2 H-indazol-3-amine (19, 800 mg, 4.84 mmol) and
benzoyl isothiocyanate (869 mg, 5.32 mmol) in acetone (35 mL) was stirred at 60 °C for 18
h, cooled to room temperature and the solvent removed under reduced pressure. The
resulting residue was purified by flash column chromatography on silica gel, eluting with
ethyl acetate/hexanes (gradient of 1:9 to 1:1 over 40 minutes), to afford A-((2-ethyl-4,5,6,7-
tetrahydro-2 H-indazol-3-yl)carbamothioyl)benzamide (20) as an off-white solid (1.41 g,
89%): ESI MS (M+H) 329; IH NMR (300 MHz, CDCls3) 6 11.81 (s, 1H), 9.28 (s, 1H), 7.93-
7.88 (m, 2H), 7.72-7.65 (m, 1H), 7.60-7.53 (m, 2H), 4.06 (g, /= 7.2 Hz, 2H), 2.71-2.65 (m,
2H), 2.49-2.41 (m, 2H), 1.88-1.70 (m, 4H), 1.45 (t, J= 7.2 Hz, 3H).
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1-(2-Ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiourea (21)—A mixture of A-((2-
ethyl-4,5,6,7-tetrahydro-2 H-indazol-3-yl)carbamothioyl)benzamide (20, 1.41 g, 4.29 mmol)
and potassium carbonate (1.13 g, 8.16 mmol) in methanol (43 mL) was stirred at room
temperature for 18 h, and concentrated directly onto silica gel, then purified by flash column
chromatography on silica gel, eluting with methanol/methylene chloride (gradient of 0:100
to 1:19 over 40 minutes), to afford 1-(2-ethyl-4,5,6,7-tetrahydro-2 H-indazol-3-yl)thiourea
(21) as an off-white solid (904 mg, 94%): ESI MS (M+H) 225; 1H NMR (300 MHz,
DMSO-ag) § 9.23 (br s, 1H), 8.04 (br s, 1H), 7.06 (br s, 1H), 3.81 (q, J= 7.2 Hz, 2H), 2.54—
2.45 (m, 2H), 2.29-2.22 (m, 2H), 1.77-1.56 (m, 4H), 1.24 (t, J= 7.2 Hz, 3H).
—-

/>-NH
e
N

N-(2-ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (22d)—White solid; mp 198-201 °C; ESI
MS (M+H) 436; 1H NMR (500 MHz, DMSO-a) & 9.70 (s, 1H), 7.90 (d, /= 1.0 Hz, 1H),
7.87 (d, J=7.5 Hz, 1H), 7.51 (s, 1H), 7.50 (d, J=7.5 Hz, 1H), 7.24 (s, 1H), 4.00 (s, 3H),
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3.94 (q, J= 7.0 Hz, 2H), 2.55-2.50 (m, 2H), 2.38-2.32 (m, 2H), 2.16 (s, 3H), 1.77-1.60 (m,
4H), 1.27 (t, J= 7.0 Hz, 3H); HPLC >99% (AUC), (Method C), #& = 9.4 min.

S
/OI/NH/[N’%N; o~
= _N
\/;JN N é,

N

N-(2-ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyrazin-2-yl)thiazol-2-amine (22e)—L.ight yellow solid; mp 236-240
°C; APCI MS (M+H) 437; IH NMR 300 MHz, (DMSO-d) & 9.85 (s, 1H), 8.43 (s, 1H),
8.37 (d, /= 1.2 Hz, 1H), 7.63 (s, 1H), 7.56 (s, 1H), 4.12 (s, 3H), 3.94 (q, /= 7.2 Hz, 2H),
2.54 (t, J= 5.7 Hz, 2H), 2.33 (t, /= 5.7 Hz, 2H), 2.18 (s, 3H), 1.80-1.59 (m, 4H), 1.26 (t, /=
7.2 Hz, 3H); HPLC 97.8% (AUC), (Method D), & = 8.4 min.

S
O N l/>"NH
N

H
~ N [~
> 6
\/\ ~N
N-_-J

6-(2-((2-ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)amino)thiazol-4-yl)-3-(4-
methyl-1H-imidazol-1-yl)pyridin-2-ol (23)—Light brown solid; mp >300 °C dec; ESI
MS (M+H) 422; IH NMR (500 MHz, DMSO-a) 8 12.1 (s, 1H), 9.78 (s, 1H), 8.14 (s, 1H),
7.75 (s, 1H), 7.72 (d, /= 8.0 Hz, 1H), 7.34 (s, 1H), 6.80 (br s, 1H), 3.92 (g, /= 7.0 Hz, 2H),
2.54-2.49 (m, 2H), 2.33-2.29 (m, 2H), 2.14 (s, 3H), 1.76-1.60 (m, 4H), 1.25 (t, /=7.0 Hz,
3H); HPLC >99% (AUC), (Method B), & = 8.4 min.
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4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-methyl-4,5,6,7-
tetrahydro-2H-indazol-3-yl)thiazol-2-amine (31d)—Light brown solid; mp 177-181
°C; ESI MS (M+H) 422; IH NMR (500 MHz, DMSO-ds) 6 9.75 (s, 1H), 7.90 (d, J= 1.0 Hz,
1H), 7.86 (d, /= 8.0 Hz, 1H), 7.51 (s, 1H), 7.50 (d, /= 8.0 Hz, 1H), 7.24 (s, 1H), 4.00 (s,
3H), 3.61 (s, 3H), 2.55-2.50 (m, 2H), 2.38-2.31 (m, 2H), 2.16 (s, 3H), 1.77-1.60 (m, 4H);
HPLC 96.9% (AUC), (Method B), & = 9.1 min.

S

O N ’ />"NH

N-(3-(tert-Butyl)-1-methyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (32d)—Off-white solid; APCI MS (M+H)
424; 1H NMR (500 MHz, DMSO-a) 6 10.18 (s, 1H), 7.95 (s, 1H), 7.92 (d, J= 8.0 Hz, 1H),
7.58 (s, 1H), 7.57 (d, /=8.0 Hz, 1H), 7.26 (s, 1H), 6.33 (s, 1H), 4.02 (s, 3H), 3.67 (s, 3H),
2.16 (s, 3H), 1.24 (s, 9H); HPLC >99% (AUC), (Method B), & = 9.5 min.

Bioorg Med Chem. Author manuscript; available in PMC 2021 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rynearson et al.

Page 29

S
SIalTe
/
‘_/\N A - N
N

N-(3-(tert-Butyl)-1-ethyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-ylthiazol-2-amine (33d)—Off-white solid; mp 164-169 °C;
APCI MS (M+H) 438; 1H NMR (300 MHz, DMSO-a) 6 10.11 (s, 1H), 7.91 (dd, J= 3.3,
3.6 Hz, 2H), 7.58 (s, 1H), 7.56 (d, J= 3.6 Hz, 1H), 7.25 (s, 1H), 6.33 (s, 1H), 4.03 (g, /= 6.9
Hz, 2H), 4.02 (s, 3H), 2.16 (s, 3H), 1.27 (t, J= 7.2 Hz, 3H), 1.25 (s, 9H); HPLC 97.0%
(AUC), (Method B), & = 11.0 min.

S
l
O /N N/>‘NH /\/
N

~(i ~ &
/ -~
N-:J

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-propyl-4,5,6,7-
tetrahydro-2H-indazol-3-yl)thiazol-2-amine (34)—Off-white solid; mp 204-208 °C;
ESI MS (M+H) 450; 1H NMR (500 MHz, DMSO-ag) & 9.70 (s, 1H), 7.90 (d, /= 1.0 Hz,
1H), 7.87 (d, /= 7.5 Hz, 1H), 7.50 (d, /= 7.5 Hz, 1H), 7.49 (s, 1H), 7.24 (m, 1H), 4.00 (s,
3H), 3.86 (t, /= 7.0 Hz, 2H), 2.55-2.50 (m, 2H), 2.34-2.30 (m, 2H), 2.16 (s, 3H), 1.77-1.60
(m, 6H), 0.81 (t, /= 7.5Hz, 3H); HPLC 98.8% (AUC), (Method B), & = 11.0 min.

| N
‘/\N\ /N
N
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N-(2-isopropyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (35)—White solid; mp 130-
134 °C; APCI MS (M+H) 450; 1H NMR (500 MHz, DMSO-d) 6 9.64 (s, 1H), 7.90 (d, J=
0.6 Hz, 1H), 7.86 (d, /= 8.0 Hz, 1H), 7.50 (d, /= 7.5 Hz, 1H), 7.48 (s, 1H), 7.24 (s, 1H),
4.44 (m, J=6.5 Hz, 1H), 4.00 (s, 3H), 2.55 (m, 2H), 2.32 (m, 2H), 2.16 (s, 3H), 1.73 (m,
2H), 1.65 (m, 2H), 1.32 (d, J= 6.5 Hz, 6H); HPLC 96.1% (AUC), (Method B), & = 11.2
min.

S
_O_N IN/>—NH K
~ /)
%’;\l N

N-(2-(tert-butyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (36)—Off-white solid; mp
207-210 °C; APCI MS (M+H) 464; IH NMR (300 MHz, DMSO-d) & 9.54 (s, 1H), 7.92 (d,
J=1.2 Hz, 1H), 7.87 (d, /= 8.1 Hz, 1H), 7.52 (d, /= 8.1 Hz, 1H), 7.47 (s, 1H), 7.25 (s, 1H),
3.99 (s, 3H), 2.50 (m, 2H), 2.27 (m, 2H), 2.16 (s, 3H), 1.78-1.58 (m, 4H), 1.53 (s, 9H);
HPLC >99% (AUC), (Method B), & = 11.8 min.

s
o n M 2=nH
-~ z N
. N
\/\N /N
N-.:J

N-(2-cyclobutyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (37)—Off-white solid; mp
141-146 °C; APCI MS (M+H) 462; 1H NMR (300 MHz, DMSO-a) 6 9.69 (s, 1H), 7.90 (d,
J=1.2 Hz, 1H), 7.87 (d, /= 8.1 Hz, 1H), 7.50 (s, 1H), 7.49 (d, J= 7.8 Hz, 1H), 7.24 (s, 1H),
4.71 (m, 1H), 4.00 (s, 3H), 2.57 (m, 2H), 2.46 (m, 2H), 2.37-2.21 (m, 4H), 2.16 (s, 3H),
1.81-1.58 (m, 6H); HPLC >99% (AUC), (Method B), & = 11.7 min.
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N-(2-cyclopentyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (38)—Brown solid; mp 110-
120 °C; ESI MS (M+H) 476; 1H NMR (500 MHz, CDCl5) 6 7.87 (s, 1H), 7.58-7.54 (m,
2H), 7.39 (s, 1H), 6.99 (s, 1H), 6.80 (br s, 1H), 4.69-4.59 (m, 1H), 4.07 (s, 3H), 2.69 (t, /=
7.0 Hz, 2H), 2.42 (t, J=7.0 Hz, 2H), 2.32 (s, 3H), 2.08-1.55 (m, 12H); HPLC >99% (AUC),
(Method A), &g = 9.7 min.

S
o) N ’ />_NH
N

il Z N
N
“(/\ \I &N
N

N-(2-cyclohexyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (39)—Orange-brown solid;
mp 168-174 °C; APCI MS (M+H) 490; IH NMR (300 MHz, DMSO-d) 6 9.68 (s, 1H),
7.93 (s, 1H), 7.88 (d, J=7.8 Hz, 1H), 7.51 (d, /= 7.8 Hz, 1H), 7.49 (s, 1H), 7.25 (s, 1H),
4.03 (m, 1H), 4.00 (s, 3H), 2.31 (m, 2H), 2.16 (s, 3H), 1.86-1.57 (m, 12H), 1.39-1.08 (m,
4H); HPLC 97.3% (AUC), (Method B), & = 12.3 min.

O

(+/-)-4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-
(tetrahydrofuran-3-yl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (40)—
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Off-white solid; mp 154-158 °C; APCI MS (M+H) 478; 1H NMR (300 MHz, DMSO-) &
9.77 (s, 1H), 7.91 (d, /= 1.5 Hz, 1H), 7.87 (d, /= 8.1 Hz, 1H), 7.52 (s, 1H), 7.49 (d, /= 8.1
Hz, 1H), 7.24 (s, 1H), 4.91 (m, 1H), 4.00 (s, 3H), 3.95 (m, 2H), 3.83-3.71 (m, 2H), 2.55 (m,
2H), 2.32 (m, 2H), 2.20 (m, 2H), 2.15 (s, 3H), 1.80-1.59 (m, 4H); HPLC 97.4% (AUC),
(Method B), &z = 11.1 min.

S O
O N ’/>‘NH
N

- z N
N
<~
N=

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(tetrahydro-2H-
pyran-4-yl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (41)—White solid;
mp 186-191 °C; ESI MS (M+H) 492; 1H NMR (300 MHz, DMSO-a) & 9.73 (s, 1H), 7.91
(d, /=1.2 Hz, 1H), 7.87 (d, /= 8.1 Hz, 1H), 7.50 (t, /= 3.9 Hz, 2H), 7.25 (s, 1H), 4.31 (m,
1H), 4.00 (s, 3H), 3.92 (m, 2H), 3.39 (m, 2H), 2.55 (m, 2H), 2.32 (m, 2H), 2.15 (s, 3H),
2.10-1.90 (m, 2H), 1.80-1.59 (m, 6H); HPLC 97.5% (AUC), (Method B), & = 11.1 min.

/
S N
_O_N ’N/>—NH
e /N
‘(\N /N
=

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(1-
methylpiperidin-4-yl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (42)—
Light brown solid; mp 150-153 °C; APCI MS (M+H) 505; 1H NMR (300 MHz, CDCl3) &
7.83(d, J= 1.2 Hz, 1H), 7.61-7.45 (m, 3H), 7.36 (s, 1H), 6.99 (s, 1H), 4.11 (m, 1H), 4.05 (s,
3H), 2.94 (d, J=11.4 Hz, 2H), 2.67 (t, /= 6.0 Hz, 2H), 2.40 (t, /= 6.0 Hz, 2H), 2.30 (s, 3H),
2.27 (s, 3H), 2.24 (m, 1H), 2.02 (t, J= 11.4 Hz, 3H), 1.89-1.65 (m, 6H); HPLC 96.4%
(AUC), (Method B), & = 9.3 min.
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S
ONI’>_NH
N

/\/N
- - N
~ &
\\/\ _N

N—:J

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(2-(piperidin-1-
yhethyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (43)—Off-white solid;
mp 80-90 °C; ESI MS (M+H) 519; IH NMR (500 MHz, CDCl3) & 10.90 (br s, 1H), 7.79 (s,
1H), 7.61 (d, /= 8.0 Hz, 1H), 7.57 (d, /= 8.0 Hz, 1H), 7.39 (s, 1H), 6.99 (s, 1H), 4.29-4.12
(m, 2H), 4.07 (s, 3H), 2.85-2.49 (m, 8H), 2.45 (t, /= 6.0 Hz, 2H), 2.30 (s, 3H), 1.95-1.70
(m, 4H), 1.68-1.50 (m, 6H); HPLC >99% (AUC), (Method A), & = 8.4 min.

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(2-
morpholinoethyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine
trihydrochloride (44)—Light brown solid; mp 160-170 °C; ESI MS (M+H) 521; 1H
NMR (500 MHz, DMSO-ag) & 11.31 (br s, 1H), 10.28 (br s, 1H), 9.45 (s, 1H), 8.11 (d, J=
8.0 Hz, 1H), 7.82 (s, 1H), 7.66 (s, 1H), 7.57 (d, J= 8.0 Hz, 1H), 6.3-5.5 (br s, 2H), 4.47—
4.44 (m, 2H), 4.04 (s, 3H), 4.00-3.70 (br s, 4H), 3.59-3.55 (m, 2H), 3.50-3.00 (br s, 4H),
2.57-2.50 (m, 2H), 2.36 (s, 3H), 2.37-2.30 (m, 2H), 1.80-1.60 (m, 4H); HPLC 93.5%
(AUC), (Method C), & = 8.6 min.

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(3-
morpholinopropyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (45)—
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Yellow solid; mp 80-90 °C; ESI MS (M+H) 535; 1H NMR (500 MHz, CDCl5) 6 10.55 (br s,
1H), 7.81 (d, /= 1.0 Hz, 1H), 7.63-7.59 (m, 2H), 7.39 (s, 1H), 6.99 (s, 1H), 4.15-4.05 (m,
6H), 4.07 (s, 3H), 2.68 (t, /= 6.0 Hz, 2H), 2.59-2.49 (m, 4H), 2.44 (t, J= 6.0 Hz, 2H), 2.31
(s, 3H), 2.24-2.23 (m, 2H), 2.08-2.06 (m, 2H), 1.87-1.82 (m, 2H), 1.77-1.65 (m, 2H);
HPLC >99% (AUC), (Method A), & = 8.5 min.

N-(2-(2-fluoroethyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (46)—White solid; mp 190-
192 °C; APCI MS (M+H) 454; I1H NMR (300 MHz, DMSO-d) 6 9.75 (s, 1H), 7.90 (d, J=
1.1 Hz, 1H), 7.87 (d, /= 8.2 Hz, 1H), 7.52 (s, 1H), 7.50 (d, J= 8.2 Hz, 1H), 7.24 (s, 1H),
4.70 (dt, J=47.1, 4.9 Hz, 2H), 4.23 (dt, /= 26.1, 4.9 Hz, 2H), 4.00 (s, 3H), 2.53 (m, 2H),
2.34 (m, 2H), 2.16 (s, 3H), 1.73 (m, 4H); HPLC >99% (AUC), (Method D), & = 8.6 min.

S
[ >—NH
/OT\NJ/[N/ N
JN . &N
N-.:J

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(2,2,2-
trifluoroethyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (47)—Light
yellow solid; mp 122-126 °C; ESI MS (M+H) 490; 1H NMR (300 MHz, DMSO-a) & 9.86
(s, 1H), 7.91 (d, J= 1.2 Hz, 1H), 7.87 (d, J= 7.8 Hz, 1H), 7.55 (s, 1H), 7.50 (d, /= 7.8 Hz,
1H), 7.24 (m, 1H), 4.88 (q, /= 8.7 Hz, 2H), 4.00 (s, 3H), 2.60-2.53 (m, 2H), 2.39-2.31 (m,
2H), 2.16 (s, 3H), 1.80-1.60 (m, 4H); HPLC 98.1% (AUC), (Method A), & = 9.6 min.
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/>-—NH =
T

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(2-
methoxyethyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl)thiazol-2-amine (48)—White
solid; mp 78-82 °C; ESI MS (M+H) 466; 1H NMR (500 MHz, CDCl5) 6 7.98 (br s, 1H),
7.69 (brs, 1H), 7.66 (d, /=8.0 Hz, 1H), 7.60 (d, /= 8.0 Hz, 1H), 7.42 (s, 1H), 7.02 (s, 1H),
4.24 (t, J=5.0 Hz, 2H), 4.08 (s, 3H), 3.68 (t, /= 5.0 Hz, 2H), 3.40 (s, 3H), 2.68 (t, /= 6.0
Hz, 2H), 2.43 (t, /= 6.0 Hz, 2H), 2.36 (s, 3H), 1.87-1.81 (m, 2H), 1.77-1.72 (m, 2H); HPLC
98.5% (AUC), (Method B), &g = 9.6 min.

& )
2-(3-((4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-
yl)amino)-4,5,6,7-tetrahydro-2H-indazol-2-yl)ethanol (49)—White solid; mp 132-
136 °C; ESI MS (M+H) 452; 1H NMR (300 MHz, DMSO-a) 6 9.66 (s, 1H), 7.93 (s, 1H),
7.87 (d, J= 7.8 Hz, 1H), 7.51 (s, 1H), 7.50 (d, J= 7.8 Hz, 1H), 7.26 (m, 1H), 4.85 (t, /= 5.6

Hz, 1H), 4.00 (s, 3H), 4.00-3.94 (m, 2H), 3.70-3.60 (M, 2H), 2.55-2.50 (m, 2H), 2.36-2.30
(m, 2H), 2.16 (s, 3H), 1.78-1.60 (m, 4H); HPLC >99% (AUC), (Method B), # = 9.8 min.

..-'

N

’l‘

N

/N ’ />‘NH /\_/\OH

<~ &

3-(3-((4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-
yl)amino)-4,5,6,7-tetrahydro-2H-indazol-2-yl)propan-1-ol (50)—Light orange solid;
mp 178-182 °C; ESI MS (M+H) 466; 1H NMR (300 MHz, DMSO-ag) 6 9.71 (s, 1H), 7.91

Bioorg Med Chem. Author manuscript; available in PMC 2021 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rynearson et al.

Page 36

(d, J= 1.2 Hz, 1H), 7.87 (d, J= 7.8 Hz, 1H), 7.51 (d, J= 7.8 Hz, 1H), 7.50 (s, 1H), 7.24 (m,
1H), 4.55 (dd, /= 5.1, 5.1 Hz, 1H), 4.03-3.90 (s, 2H), 4.00 (s, 3H), 3.42-3.30 (m, 2H),
2.60—2.47 (m, 2H), 2.37-2.30 (m, 2H), 2.15 (s, 3H), 2.40-2.10 (m, 6H); HPLC >99%
(AUC), (Method A), & = 8.1 min.

S
0N [ >~NH
~ I N y N OH
__(/\N A - N
N=

1-(3-((4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-
yl)amino)-4,5,6,7-tetrahydro-2H-indazol-2-yl)-2-methylpropan-2-ol (51)—Yellow
solid; mp 90-100 °C; ESI MS (M+H) 480; 1H NMR (300 MHz, DMSO-g) 6 9.60 (s, 1H),
7.91 (s, 1H), 7.87 (d, /=8.0 Hz, 1H), 7.52 (s, 1H), 7.51 (d, /= 8.0 Hz, 1H), 7.25 (s, 1H),
4.92 (s, 1H), 4.00 (s, 3H), 3.88 (s, 2H), 2.60-2.51 (m, 2H), 2.38-2.29 (m, 2H), 2.16 (s, 3H),
1.80-1.56 (m, 4H), 1.06 (s, 6H); HPLC 96.8% (AUC), (Method A), &k = 8.4 min.

S, /
O N I />‘N
-~ ” | N N/\
/
“(/\N X /N
N-“-—::J

N-(2-ethyl-4,5,6,7-tetrahydro-2H-indazol-3-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)-N-methylthiazol-2-amine (52)—Off-white solid; mp 74—
79 °C; APCI MS (M+H) 450; 1H NMR (300 MHz, DMSO-a) 6 7.92 (d, J= 1.2 Hz, 1H),
7.90 (d, J= 8.1 Hz, 1H), 7.63 (d, J= 7.8 Hz, 1H), 7.52 (s, 1H), 7.25 (t, J= 1.2 Hz, 1H), 4.00
(s, 3H),3.90 (g, /=7.2 Hz, 2H), 3.43 (s, 3H), 2.56 (m, 2H), 2.33 (m, 2H), 2.16 (d, /=0.9
Hz, 3H), 1.81-1.60 (m, 4H), 1.29 (t, J= 7.2 Hz, 3H); HPLC >99% (AUC), (Method B), & =
12.5 min.
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N-(3-(tert-butyl)-1-propyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine dihydrochloride (53)—Brown solid; mp
200-205 °C; APCI MS (M+H) 452; 1H NMR (500 MHz, DMSO-a%) 6 10.17 (s, 1H), 9.39
(s, 1H), 8.13 (d, /=8.0 Hz, 1H), 7.81 (s, 1H), 7.69 (s, 1H), 7.66 (d, /= 8.0 Hz, 1H), 6.36 (s,
1H), 4.40-3.80 (br s, 2H), 4.05 (s, 3H), 3.96 (t, /= 7.2 Hz, 2H), 2.35 (s, 3H), 1.71 (m, 2H),
1.25 (s, 9H), 0.83 (t, /= 7.2 Hz, 3H); HPLC 95.7% (AUC), (Method B), & = 10.1 min.

J’\J/[ 2—NH
iN

N-(3-(tert-butyl)-1-isopropyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridine-2-yl)thiazol-2-amine (54)—White solid; mp 170-174 °C; ESI
MS (M-H) 450; IH NMR (500 MHz, DMSO-d) 6 9.98 (s, 1H), 7.91-7.89 (m, 2H), 7.56—
7.54 (m, 2H), 7.25 (s, 1H), 6.27 (s, 1H), 4.55-4.50 (m, 1H), 4.02 (s, 3H), 2.16 (s, 3H), 1.34
(d, J=6.5 Hz, 6H), 1.25 (s, 9H); HPLC >99% (AUC), (Method B), & = 10.6 min.

Lj/[ 22— NH
iN
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N-(1,3-di-tert-butyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-imidazol-1-
yl)pyridin-2-yl)thiazol-2-amine (55)—L.ight yellow solid; mp 206-210 °C; ESI MS (M
+H) 466; IH NMR (300 MHz, DMSO-ds) 6 9.55 (s, 1H), 7.91 (d, J= 1.2 Hz, 1H), 7.87 (d, J
=7.8 Hz, 1H), 7.53 (d, /= 7.8 Hz, 1H), 7.47 (s, 1H), 7.24 (m, 1H), 6.23 (s, 1H), 4.00 (s,
3H), 2.16 (s, 3H), 1.55 (s, 9H), 1.23 (s, 9H); HPLC >99% (AUC), (Method A), i = 12.1
min.

N-(3-(tert-butyl)-1-(2-fluoroethyl)-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (56)—White solid; mp 210-214 °C; ESI
MS (M+H) 456; 1H NMR (300 MHz, DMSO-gg) 6 10.2 (s, 1H), 7.94 (s, 1H), 7.93 (d, J=
8.0 Hz, 1H), 7.59-7.57 (m, 2H), 7.26 (s, 1H), 6.42 (s, 1H), 4.79 (t, /=5 Hz, 1H), 4.64 (t, /=
5Hz, 1H), 4.39 (t, /=5 Hz, 1H), 4.31 (t, J= 5 Hz, 1H),), 4.29 (s, 3H), 2.16 (s, 3H), 1.26 (s,
9H); HPLC >99% (AUC), (Method A), & = 9.1 min.

S
[ >—NH
/O /Nl N N/\CF3
/
JN X - N
=l

N-(3-(tert-butyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (57)—Off-white solid; mp
220-225 °C; ESI MS (M+H) 492; 1H NMR (300 MHz, CDCl3) & 7.94 (s, 1H), 7.61-7.50
(m, 2H), 7.33 (s, 1H), 7.00 (s, 1H), 6.24 (s, 1H), 4.76-4.66 (m, 2H), 4.07 (s, 3H), 2.33 (s,
3H), 2.2-1.7 (br s, 1H), 1.27 (s, 9H); HPLC >99% (AUC), (Method A), & = 10.1 min.
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N-(1-ethyl-3-isopropyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (58)—L.ight yellow solid; mp 170-174 °C;
ESI MS (M+H) 424; 1H NMR (500 MHz, DMSO-g) 6 10.14 (s, 1H), 7.91 (d, J= 1.2 Hz,
1H), 7.90 (d, /= 7.8 Hz, 1H), 7.58 (s, 1H), 7.57 (d, J= 7.8 Hz, 1H), 7.25 (s, 1H), 6.30 (s,
1H), 4.04 (q, /= 7.2 Hz, 2H), 4.02 (s, 3H), 2.84 (septet, J= 6.9 Hz, 1H), 2.16 (s, 3H), 1.27
(t, J/=7.2 Hz, 3H), 1.20 (d, J= 6.9 Hz, 6H); HPLC >99% (AUC), (Method B), & = 10.5

]’\j/[ 2—NH
N

N-(1-ethyl-3-(1-methylcyclopropyl)-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (59)—Off-white solid; mp
178-182 °C; ESI MS (M+H) 436; 1H NMR (300 MHz, DMSO-d) 6 10.13 (s, 1H), 7.92 (d,
J=1.2 Hz, 1H), 7.91 (d, J= 8.0 Hz, 1H), 7.58 (s, 1H), 7.56 (d, J= 8.0 Hz, 1H), 7.25 (m,
1H), 6.21 (s, 1H), 4.01 (s, 3H), 3.99 (q, /= 7.2 Hz, 2H), 2.16 (s, 3H), 1.38 (s, 3H), 1.25 (t, J
=7.2 Hz, 3H), 0.86 (dd, /= 6.0, 3.6 Hz, 2H), 0.68 (dd, /= 6.0, 3.6 Hz, 2H); HPLC >99%
(AUC), (Method A), & = 8.6 min.

_—-

N
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N-(1-ethyl-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-
imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (60)—Light brown solid; mp 222-225 °C;
APCI MS (M+H) 450; 1H NMR (500 MHz, DMSO-a) 6 10.60 (s, 1H), 7.93 (d, /= 8.0 Hz,
1H), 7.91 (d, /= 1.0 Hz, 1H), 7.67 (br s, 1H), 7.59 (d, /= 8.0 Hz, 1H), 7.24 (s, 1H), 7.00 (br
s, 1H), 4.21 (g, /=7.5 Hz, 2H), 4.03 (s, 3H), 2.16 (d, /= 1.0 Hz, 3H), 1.36 (t, /= 7.5 Hz,
3H); HPLC >99% (AUC), (Method D), & = 9.1 min.

LJ/[/)-NH
{;N

N-(1-(tert-butyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (61)—White solid; mp 197-
200 °C; APCI MS (M+H) 478; IH NMR (300 MHz, DMSO-d) 6 9.89 (s, 1H), 7.90 (s, 1H),
7.87 (d, J=8.7 Hz, 1H), 7.57 (s, 1H), 7.50 (d, /= 8.1 Hz, 1H), 7.24 (s, 1H), 6.98 (s, 1H),
4.01 (s, 3H), 2.16 (s, 3H), 1.62 (s, 9H); HPLC >99% (AUC), (Method B), & = 14.0 min.

—f

N
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4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(1-(2,2,2-
trifluoroethyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)thiazol-2-amine (62)—Off-
white solid; mp 230-234 °C; APCI MS (M+H) 504; 1H NMR (300 MHz, DMSO-a) &
10.97 (brs, 1H), 7.95 (d, /= 8.1 Hz, 1H), 7.93 (d, J= 1.2 Hz, 1H), 7.70 (br s, 1H), 7.64 (d, J
= 8.1 Hz, 1H), 7.26 (s, 1H), 7.08 (br s, 1H), 5.24 (m, 2H), 4.04 (s, 3H), 2.16 (s, 3H); HPLC
>99% (AUC), (Method B), & = 13.3 min.

4-—""

LNJ/[%NH 7

N
ol
N

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-methyl-2,4,5,6-
tetrahydrocyclopenta[c]pyrazol-3-yl)thiazol-2-amine (63)—White solid; mp 196—
199 °C; ESI MS (M+H) 408; IH NMR (300 MHz, DMSO-ds) & 10.04 (s, 1H), 7.90 (d, /=
1.8 Hz, 1H), 7.88 (d, /= 7.8 Hz, 1H), 7.55 (s, 1H), 7.53 (d, J= 8.1 Hz, 1H), 7.24 (s, 1H),
4.01 (s, 3H), 3.64 (s, 3H), 2.63-2.53 (m, 4H), 2.37-2.23 (m, 2H), 2.16 (m, 3H); HPLC
>99% (AUC), (Method D), &z = 8.1 min.

--"

U[ Pes
N

&

N

N-(2-ethyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (64)—White solid; mp 228-
232 °C dec; ESI MS (M+H) 422; 1H NMR (500 MHz, DMSO-a) 6 9.95 (s, 1H), 7.90 (s,
1H), 7.88 (d, J= 8.0 Hz, 1H), 7.54 (s, 1H), 7.53 (d, /= 8.0 Hz, 1H), 7.24 (s, 1H), 4.01 (s,
3H), 3.97 (q, /= 7.0 Hz, 2H), 2.60-2.55 (m, 4H), 2.34-2.28 (m, 2H), 2.16 (s, 3H), 1.27 (t, J
= 7.0 Hz, 3H); HPLC >99% (AUC), (Method C), & = 9.1 min.
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N -—l'"
N-(2-isopropyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (65)—Light yellow solid; mp
212-216 °C; ESI MS (M+H) 436; 1H NMR (300 MHz, DMSO-d) 6 9.93 (s, 1H), 7.91 (d, J
=1.5Hz, 1H), 7.88 (d, /=7.8 Hz, 1H), 7.53 (s, 1H), 7.52 (d, /= 7.8 Hz, 1H), 7.25 (m, 1H),
4.46 (septet, J= 6.6 Hz, 1H), 4.01 (s, 3H), 2.63-2.50 (m, 4H), 2.38-2.25 (m, 2H), 2.16 (s,
3H), 1.33 (d, J= 6.6 Hz, 6H); HPLC >99% (AUC), (Method B), & = 10.7 min.

--l'"

P
Pevass

N-(2-(tert-butyl)-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (66)—Brown solid; mp 95—
105 °C; ESI MS (M+H) 450; IH NMR (300 MHz, CDCl3) 6 7.90 (br s, 1H), 7.59-7.53 (m,
2H), 7.41 (s, 1H), 7.01 (s, 1H), 4.07 (s, 3H), 2.75 (t, /= 6.9 Hz, 2H), 2.56 (t, /= 6.9 Hz,
2H), 2.44-2.37 (m, 3H), 2.33 (s, 3H), 1.65 (s, 9H); HPLC >99% (AUC), (Method A), &g =
8.9 min.
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N-(2-cyclobutyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (67)—White solid; mp 180-
183 °C; APCI MS (M+H) 448; IH NMR (300 MHz, DMSO-d) 6 9.93 (s, 1H), 7.94 (s, 1H),
7.88 (d, /=7.8 Hz, 1H), 7.54 (s, 1H), 7.52 (d, /= 7.8 Hz, 1H), 7.26 (s, 1H), 4.73 (m, 1H),
4.00 (s, 3H), 2.59 (m, 6H), 2.29 (m, 4H), 2.16 (s, 3H), 1.73 (m, 2H); HPLC >99% (AUC),
(Method B), &g = 11.4 min.

LJ/I%NH
&
N

N-(2-(2-fluoroethyl)-2, 4, 5, 6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-

methoxy-5-(4-methyl-1H-imidazol-1-yl) pyridin-2-yl) thiazol-2-amine (68)—White

solid; mp 160-163 °C; ESI MS (M+H) 440; IH NMR (300 MHz, CDCls3) 6 7.91 (s, 1H),

7.64-7.58 (m, 2H), 7.44 (s, 1H), 7.01 (s, 1H), 4.84 (t, /=5 Hz, 1H), 4.69 (t, /=5 Hz, 1H),

441 (t, J=5Hz, 1H), 4.33 (t, /=5 Hz, 1H), 4.08 (s, 3H), 2.77-2.72 (m, 2H), 2.66-2.61 (m,

2H), 2.60-2.30 (br s, 1H), 2.45-2.40 (m, 2H), 2.34 (s, 3H); HPLC >99% (AUC), (Method
.-l‘

A), [r = 8.6 min.
/>- NH
N 3
- N
N

4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)-N-(2-(2,2,2-
trifluoroethyl)-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)thiazol-2-amine (69)
—Brown solid; mp 80-85 °C; ESI MS (M+H) 476; 1H NMR (300 MHz, DMSO-a) 6 10.17
(s, 1H), 7.91 (s, 1H), 7.89 (d, /= 8.0 Hz, 1H), 7.60 (s, 1H), 7.54 (d, /= 8.0 Hz, 1H), 7.25 (s,
1H), 5.09-4.85 (m, 2H), 4.02 (s, 3H), 2.67-2.54 (m, 4H), 2.38-2.25 (m, 2H), 2.16 (s, 3H);
HPLC 96.9% (AUC), (Method A), tg = 9.3 min.

...I"
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2-(3-((4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-
yl)amino)-5,6-dihydrocyclopenta[c]pyrazol-2(4H)-yl)ethanol (70)—Brown solid;
mp 140-145 °C; ESI MS (M+H) 438; IH NMR (300 MHz, DMSO-d) 6 9.92 (s, 1H), 8.21
(s, 1H), 7.93 (d, J= 8.0 Hz, 1H), 7.58 (s, 1H), 7.55 (d, J= 8.0 Hz, 1H), 7.37 (s, 1H), 4.93 (br
s, 1H), 4.10-3.95 (m, 5H), 3.71-3.60 (m, 2H), 2.63-2.53 (m, 4H), 2.38-2.29 (m, 2H), 2.19
(s, 3H); HPLC >99% (AUC), (Method A), & = 7.8 min.

S
O N I />“NH

/ 2 N /T~
< /"
\‘(/\N /N
N-::J

N-(2-ethyl-6,6-dimethyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-yl)-4-(6-
methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (71)—White
solid; mp 176-180 °C; ESI MS (M+H) 450; 'H NMR (500 MHz, DMSO-a) 6 9.93 (s, 1H),
7.90 (d, /= 1.0 Hz, 1H), 7.89 (d, /= 8.0 Hz, 1H), 7.54 (d, J= 8.0 Hz, 1H), 7.53 (s, 1H), 7.24
(m, 1H), 4.01 (s, 3H), 3.97 (g, /= 7.2 Hz, 2H), 2.55 (t, /= 6.7 Hz, 2H), 2.16 (s, 3H), 2.12 (t,
J=6.7 Hz, 2H), 1.27 (t, J= 7.2 Hz, 3H), 1.23 (s, 6H); HPLC >99% (AUC), (Method A), ir
= 8.7 min.
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(+/-)-N-(2-ethyl-4,6,6-trimethyl-2,4,5,6-tetrahydrocyclopenta[c]pyrazol-3-
yD)-4-(6-methoxy-5-(4-methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (72)
—Light yellow solid; mp 160-164 °C; ESI MS (M+H) 464; IH NMR (300 MHz, DMSO-
a5) 6 9.90 (s, 1H), 7.91 (d, J= 1.5 Hz, 1H), 7.89 (d, J= 7.8 Hz, 1H), 7.54 (s, 1H), 7.53 (d, J
=7.8 Hz, 1H), 7.25 (m, 1H), 4.02 (s, 3H), 4.03-3.85 (sym m, 2H), 3.10 (q, /= 6.9 Hz, 1H),
2.32 (dd, J=12.4, 7.0 Hz, 1H), 2.16 (s, 3H), 1.73 (dd, /= 12.4, 8.1 Hz, 1H), 1.32-1.22 (s,
6H), 1.19 (s, 3H), 0.95 (d, J= 6.9 Hz, 3H); HPLC >99% (AUC), (Method A), & = 9.2 min.

S

[ )—NH

/O/N N
S /!
\/\N - N
= |

N-(2-ethyl-2,4,5,6,7,8-hexahydrocyclohepta[c]pyrazol-3-yl)-4-(6-methoxy-5-(4-
methyl-1H-imidazol-1-yl)pyridin-2-yl)thiazol-2-amine (73)—Yellow solid; mp 217-
221 °C; APCI MS (M+H) 450; 1H NMR (300 MHz, DMSO-d) 6 9.66 (s, 1H), 7.91 (s, 1H),
7.87 (d, J=8.1 Hz, 1H), 7.51 (d, J= 8.1 Hz, 1H), 7.48 (s, 1H), 7.24 (s, 1H), 3.99 (s, 3H),
3.89(q, /J=7.2 Hz, 2H), 2.64 (m, 2H), 2.31 (m, 2H), 2.16 (s, 3H), 1.78 (m, 2H), 1.56 (m,
4H), 1.24 (t, J=7.2 Hz, 3H); HPLC >99% (AUC), (Method E), & = 11.6 min.
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N-(1-ethyl-1H-pyrazol-5-yl)-4-(6-methoxy-5-(4-methyl-1H-imidazol-1-
yhpyridin-2-yl)thiazol-2-amine (74)—Yellow solid; mp 180-187 °C; ESI MS (M+H)
382; 1H NMR (300 MHz, CDCl3) 6 7.90 (s, 1H), 7.59 (s, 2H), 7.55 (s, 1H), 7.41 (s, 1H),
7.00 (s, 1H), 6.31 (s, 1H), 4.20-4.15 (m, 2H), 4.08 (s, 3H), 2.32 (s, 3), 1.90 (br s, 1H), 1.45
(t, /= 7.0 Hz, 3H); HPLC >99% (AUC), (Method A), & = 8.1 min.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Representative methyl imidazole-derived GSM scaffolds. E2012 was developed by Eisai.

PF-06442609 was developed by Pfizer and illustrates that the general GSM tetracyclic
system may be fused,25-28
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Figure 2.
Fluorophenyl-derived GSMs selected for focused B-ring modification in order to broaden
SAR.
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Figure 3.
Stable H4 human neuroglioma cells over-expressing human APP751 (H4-APP751 cells)

were transfected with the NAE construct, and then treated with different concentrations
GSM compound 22d (lane 3 = 10 uM; lane 4 =1 uM) or GSI (DAPT, lane 5 = 300 nM, lane
6 = 100 nM) for another 24hrs. Vehicle control treatment shown in lanes 1-2. Cells were
harvested 48hrs post transfection and applied to Western blotting analysis. Myc antibody
was utilized to assess the NAED and NICD tagged with Myc on their N-termini. f-Actin
was utilized as the loading control. Compound 22d did not inhibit Notching processing;
however, DAPT significantly inhibits Notching processing.
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Concentration response curves of compound 22d using orthogonal medium throughput
SHSY5Y-APP cell-based screening assays. AB38, Ap40, AB42, and total AP peptide levels

were determined using Meso Scale Sector 6000 Multiplex assays.
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Figure 5.
Levels of Ap38, Ap40, and AB42 in plasma following daily oral administration of either

vehicle, compound 46 (A), or compound 64 (B) to female 5-6 month-old J20 mice (n= 5/
dose) were measured following a 3-day treatment course. Percent reduction in amyloid is
indicated for the study. Ap38, Ap40, and AB42 peptide levels were determined using Meso
Scale Sector 6000 Multiplex assays. Statistical analysis was performed using Graphpad
Prism software and results are expressed as mean £ SEM, and Anova was used to detect a
significant effect. *: p < 0.05. **: p < 0.005. ***: p < 0.0005.
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Concentration response curves of compound 46 (A) and compound 64 (B) using orthogonal
medium throughput SHSY5Y-APP cell-based screening assays. AB38, AB40, AB42, and
total AP peptide levels were determined using Meso Scale Sector 6000 Multiplex assay.
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Figure 7.
Levels of AR38, Ap40, and AB42 in plasma and brain following daily oral administration of

either vehicle or compound 64 to female 5-6 month-old Tg2576 mice (n7= 12/dose) were
measured following a 14-day treatment course. Percent reduction is indicated for the study.
AB38, AB40, and AB42 peptide levels were determined using Meso Scale Sector 6000
Multiplex assays. Statistical analysis was performed using Graphpad Prism software and
results are expressed as mean £ SEM, and ANOVA was used to detect a significant effect. *:
p <0.05. **: p < 0.005. ***: p < 0.0005.
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Scheme 1.
GSM B-ring optimization. Aminothiazole 3 (NGP-555) represents the initial lead compound

for efforts to discover a potent GSM with improved ADMET properties. Tetrahydroindazole
D-ring analog 4 was developed with the aim of improving critical properties of compound 3,
including solubility. The rings are labeled A-D for clarity.
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Scheme 2.
Synthesis of phenyl-, methoxyphenyl-, and pyridyl B-ring-containing analogs. Reagents and

conditions: a) 4-methylimidazole, K,CO3, DMSO, 55 °C, 16 h, 44-67%; b) Br,, 33% HBr
in AcOH, DCM, r.t., 1.5 h, 75-80%; c) NaOMe, DMF, 0 °C to 50 °C, 1 h, 27%; d) Br,, 33%
HBr in AcOH, r.t., 0.75 h, 100%.
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Synthesis of methoxypyridine and methoxypyrazine B-ring-containing analogs. Reagents
and conditions: a) NaOMe, 1,4-dioxane, reflux, 18 h, 98%; b) Ac,0, formic acid, THF, 0 °C
tor.t., 2 h, 95-100%; c) CH3COCH,CI, K,CO3, KI, DMF, r.t., 4-18 h, 91-93%); d)
NH40Ac, acetic acid, 120 °C, 10 h, 85%; e) X=C r-ethylvinylether, Pd(dppf)Cl,, TEA,
ethylene glycol, 100 °C, 4 h, 73% or X=N tributyl(1-ethoxyvinyl) tin, Pd(PPh3),Cl,,
dioxane, 100 °C, 18 h, 85%; f) 2N HCI, acetone, r.t., 0.5-18h, 89-96%; g) Br,, 33% HBr in
acetic acid, EtOAc, CHClj3, r.t., 0.5-5 h, 85-90%.
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Scheme 4.
Reagents and conditions: a) ethylhydrazine oxalate, EtOH, reflux, 18 h, 88%; b) benzoyl

isothiocyanate, 60 °C, 3.5 h, 91%); c) KoCOs3, MeOH, THF, r.t., 18 h, 92%.
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Scheme 5.
Reagents and conditions for substrates 8a, 8c, and 10: a) EtOH, DIPEA, 55 °C, 24 h, 18-

33%. Reagents and conditions for substrates 17a and 17b: a) EtOH, reflux, 18 h, 40-42%.
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Scheme 6.

Reagents and conditions: a) 33% HBr in AcOH, 50 °C, 1.5 h, 92%.
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Scheme 7.
Reagents and conditions: a) ethylhydrazine oxalate or methylhydrazine, EtOH, reflux, 18 h,

61-66%; b) benzoyl isothiocyanate, acetone, reflux, 3.5 h, 88-96%; ¢) K,CO3, MeOH, THF,
r.t., 18 h, 81-92%.
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Table 1.
B-ring analogs of GSM 4.
5
€ 3—nn
O
cmpd B-ring AB42 1C5,2 | clogr® | Kin. Aq. s0l.€
4 H 163 £ 10 3.88 n?
22a y@x 660+131 | 3.74 n?
22b | >1000 3.13 nt?
22¢ ﬁ 171+ 67 3.49 46
22d | = 60+ 15 3.28 45%
Z
~
22e | 89 + 38 2.66 <16
Z
HO N
!
23 | 468+165 | 3.25 n?
/
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a S . .

1C50 represents the concentration in nM of compound required for reducing Ap42 levels by 50%. The IC5( values are the mean + standard
deviation of at least 2 determinations.

Calculated partition coefficient of the simulated ratio of the compound’s concentration in octanol to the compound’s concentration in water using
ChemAxon fragment based approach.

cKinetic aqueous solubility measured at pH 7.4 by UV/Vis absorbance in PBS buffer (uM).

ad . - .
nt = not tested - compound did not meet minimum activity threshold.
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Table 2.

B-ring analogs of tetrahydroindazole-derived GSM 24 and tert-butylpyrazole-derived GSMs 25 and 26.
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Metabolic Stability®
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H R [ ™
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<~ NH
g
N~ / N
31b I 4 >1000 2.79 e e e e
/ P N nt nt nt nt
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Page 69

aIC5o represents the concentration in nM of compound required for reducing AB42 levels by 50%. The IC5Q values are the mean + standard

deviation of at least 2 determinations.

Calculated partition coefficient of the simulated ratio of the compound’s concentration in octanol to the compound’s concentration in water using

ChemAxon fragment based approach.

cKinetic solubility measured at pH 7.4 by UV/Vis absorbance in PBS buffer (uM).

d% Remaining after 30 minutes upon incubation with human (H), rat (R) and mouse (M) liver microsomes (1 mg/mL), at 1 uM test compound
concentration.
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e . - .
nt = not tested - compound did not meet minimum activity threshold.
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In vitro ADMET properties of pyrazole 22d.

9% ppB®

-~ < N
| N
g )
N:'J
22d
ICsp (NM) 60
Kin. sol. pH 7.4 (uM)a 45
dogP 3.28
hLM (06)” 36
M (%)? n
mLM (%)” 64
CYP450 ICso (uM)©
3A4 3.7
1A2 >100
29 9.0
2C19 5.9
2D6 >100
hERG ICsy (uM)? 86
99.6

aKinetic solubility measured at pH 7.4 by UV/Vis absorbance in PBS buffer (uM).

Table 3.

Page 71

b% Remaining after 30 minutes upon incubation with human (hLM), rat (rLM) and mouse (mLM) liver microsomes (1 mg/mL), at 1 uM test

compound concentration.

Five recombinant CYP isoforms were tested for inhibition by the test compound using fluorescence-based assays.

a s . . .
Patch-Xpress patch-clamp assay; compounds were tested (n = 3) in a five-point concentration-response on HEK-293 cells stably expressing the

hERG channel.

e% PPB = plasma protein binding.
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Table 4.

In vivo pharmacokinetic profile of tetrahydroindazole 22d.

Mouse Pharmacokinetics of 22d%

Route iv po
Dose (mg/kg) 1 5
Crnax (Ng/mL) 824 | 705
Trmax (hrs) 0.083 | 0.25
ty2 (hrs) 0.5 end?
AUC 55 (ng-h/mL) 443 | 1,089
AUC;y¢ (ng:-h/mL) 463 | 1,243
CI (mL/hr/kg) 2,159

Vss (mL/kg) 1,413

F (%) 100 | 53.7
Brain/Plasma Ratio (@ 1 hr post dose) | 0.4 0.4

aMaIe CD-1 mice; n = 24,

bCannot be determined from data.
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Table 5.
Methoxypyridine-derived D-ring GSM analogs.
s
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Parent Kin. f
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/ N
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1Cso IC. P sold app Ratio
50 oLl | R | M | 3a4] 1a2 | 2co | 2c19 | 206
<NH Q
39 /4 N 636 | 280 452 | <16
~N
2 NH QO
N
40 72 e 270 | 19 | 21| 42 | 70
N 33
»
0]
< NH
41 74 N 102+ 1 764 277 | 47
40
-~ N
/
N
< NH
42 /N >1000 | >1000 | 291 | 92
-
< NH ND
43 g N 202851 475 364 | 46
_N
S
SNH N
I 177+
44 /N W | >w000 [ 257 | 70 | o | 22 | 1
=N

Bioorg Med Chem. Author manuscript; available in PMC 2021 November 15.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rynearson et al.

Page 75

)
. Metabolic
Parent Kin. f
AB42 - CYP450 ICsp (UM Efflux
Cmpd R ﬁ a Aﬁ42 clo PC ACI Stabl'ltye 50(“ ) hERGg P h i
1Cso IC. P 9 sold app Ratio
50 oL w | R | M |3aa]| 182 | 2co [ 2c19 | 206
‘é-NH /‘--/“N/“.\O
JN | 126+
45 _N o 270 | 262 | 39 | 19| 64| 07
< NH r
S~
/ N
46 _N 47+4| 120 | 300 | 15 | 100 | 100 [ 100 | 10 | >100| 68 | 46 |>100| 114 | 326 | 19
< NH
N/""CF3
47 : STt | 179 | 301 | 74 | 13 | 41 | 39
- N 17 : ’
< NH 0
74 N 144 +
48 _N ) 22 | 277 | 20 | 18| a5 | 29
< NH OH
NN
49 o W] a2 | 210 | 31 [ 40 | 78 | 58 [ 30 [>w00|>w00]| 76 |>100| 263 | 18
é‘NH ~"OH
N
50 €5 WE | 220 | 224 | 23 |17 | 52 | 32 | 22 | >100 [ >100 | 31 | >100
< NH
) N/\'{OH
51 _N BE| s 268 | 22 | 12|57 | 78| 11 |>00] 90 | 39 |>100]| 58 | 175 | 16

Bioorg Med Chem. Author manuscript; available in PMC 2021 November 15.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rynearson et al. Page 76

N
: Metabolic
Parent Kin. f
Ap42 Sooe CYP450 ICsp (UM) Efflux
Cmpd R a | AB42 cIogPC AQ. Stability herGY Papp L
1Cso IC. P sold Ratio
50 ol. H R M 3A4 1A2 2C9 | 2C19 2D6
/
CC‘N
Ve
N
52 /e 030 | >1000 | 352 | 34
N
-

aIC50 represents the concentration in nM of compound required for reducing AB42 levels by 50%. The IC5Q values are the mean * standard
deviation of at least 2 determinations.

bIC50 represents the concentration in nM of compound required for reducing Ap42 levels by 50% for the parent 2-fluoro-1,4-phenyl B-ring
compound. Connectivity is illustrated by compound 4 in Table 1. The IC5( values are the mean of at least 2 determinations.

Calculated partition coefficient of the simulated ratio of the compound’s concentration in octanol to the compound’s concentration in water using
ChemAxon fragment based approach.

dKinetic solubility measured at pH 7.4 by UV/Vis absorbance in PBS buffer (uM).

E% Remaining after 30 minutes upon incubation with human (hLM), rat (rLM) and mouse (mLM) liver microsomes (1 mg/mL), at 1 uM test
compound concentration.

Five recombinant CYP isoforms were tested for inhibition by the test compound using fluorescence-based assays.

gPatch-Xpress patch-clamp assay; compounds were tested (n = 3) in a five-point concentration-response on HEK-293 cells stably expressing the
hERG channel.

hApparent permeability (A-B; x 1076 cm/s) determined in MDR1-MDCK cell monolayers.

ICaIcuIated efflux ratio determined using MDR1-MDCK cell monolayers (B-A/A-B).
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Table 6.
Methoxypyridine-derived D-ring GSM analogs.
s
o |N wa)-é-R
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aIC5o represents the concentration in nM of compound required for reducing Ap42 levels by 50%. The IC5( values are the mean + standard

deviation of at least 2 determinations.
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b Lo . . .
1C50 represents the concentration in nM of compound required for reducing Ap42 levels by 50% for the parent 2-fluoro-1,4-phenyl B-ring
compound. Connectivity is illustrated by compound 4in Table 1. The IC5( values are the mean of at least 2 determinations.

Calculated partition coefficient of the simulated ratio of the compound’s concentration in octanol to the compound’s concentration in water using
ChemAxon fragment based approach.

dKinetic solubility measured at pH 7.4 by UV/Vis absorbance in PBS buffer (uM).

61% Remaining after 30 minutes upon incubation with human (hLM), rat (rLM) and mouse (mLM) liver microsomes (1 mg/mL), at 1 uM test
compound concentration.

Five recombinant CYP isoforms were tested for inhibition by the test compound using fluorescence-based assays.

gPatch-Xpress patch-clamp assay; compounds were tested (n = 3) in a five-point concentration-response on HEK-293 cells stably expressing the
hERG channel.

hApparent permeability (A-B; x 1076 cm/s) determined in MDR1-MDCK cell monolayers.

ICaIcuIated efflux ratio determined using MDR1-MDCK cell monolayers (B-A/A-B).
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Pharmacokinetic parameters of test article following single iv and po administration to male CD-1 mice.

Mouse Pharmacokinetics

Brain/
cmpd | Route | Dose o s | cgtime | @i | ook | £ o0 Retis G
) ) /) 9) post dose)
iv 1 309 0.083 0.65 283 288 3,468 2,826 0.81
0 po 5 167 1.0 2.6 639 669 46.4 0.68
iv 1 384 0.083 3.84 1,247 1,378 725 3,609 0.62
> po 5 592 2.0 end? 3,976 end? 63.8 057
iv 1 359 0.083 1.6 605 623 1,606 3,640 0.73
% po 5 470 1.0 cnd? 1,727 2,369 76.0 0.62
iv 1 478 0.083 1.9 723 1,308 3,180 0.21
63 po 5 580 1.0 1.6 2,700 74.6 0.22
iv 1 549 0.083 0.7 376 383 2,608 2,234 0.37
o po 5 377 0.25 5.3 1,205 1,257 66.0 0.40

aCannot be determined from data
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Drug levels in plasma and brain of female J20 mice (7= 5/dose) following a 3-day treatment course of vehicle,

Table 8.

tetrahydroindazole 46, or cyclopentapyrazole 64.

Mouse Brain and Plasma Drug Levels®

Cmpd | Dose (mg/kg) | Plasma Drug Level (ng/mL) | Brain Drug Level (ng/g) | Brain/Plasma Ratio
Vehicle 0 0 0 NA
25 72 39 0.53
46 50 639 282 0.42
100 183 105 0.57
25 86 31 0.37
64 50 223 83 0.38
100 726 337 0.46

Tissue samples were collected 4 hrs post final dose administration on Day 3. NA: not applicable.

Al samples were analyzed by LC-MS/MS. Compound 46 had a plasma lower limit of quantitation (LLOQ) of 1 ng/mL and brain LLOQ of 5

ng/g. Compound 64 had a plasma lower limit of quantitation (LLOQ) of 1 ng/mL and brain LLOQ of 5 ng/g.
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Table 9.

Drug levels in plasma and brain of female Tg2576 mice (n7= 12/dose) following a 14-day treatment course of
cyclopentapyrazole 64.
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Mouse Brain and Plasma Drug Levels®

Cmpd | Dose (mg/kg) | Plasma Drug Level (ng/mL) | Brain Drug Level (ng/g) | Brain/Plasma Ratio
Vehicle 0 0 0 NA
64 50 1,131 425 0.374

Tissues samples were collected 4 hrs post final dose administration on Day 14. NA: not applicable.

aAII samples were analyzed by LC-MS/MS. Compound 64 had a plasma lower limit of quantitation (LLOQ) of 1 ng/mL and brain LLOQ of 5

ng/g.
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