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BENZIMIDAZOLE AND BENZIMIDAZOLONE BASED PROTAC COMPOUNDS
FOR THE TARGETED DEGRADATION OF LEUCINE RICH REPEAT KINASE 2
(LRRK2)

RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. provisional application No.
63/586,344, filed September 28, 2023, the entire contents of which are incorporated herein by

reference.
BACKGROUND

[0002] Lewy bodies are the main histological hallmark of Parkinson’s disease (PD). Lewy
bodies are composed primarily of alpha-synuclein aggregates, and mutations in alpha-synuclein
that increase this aggregation also increase the risk of developing PD (Meade RM, et al. Mol
Neurodegener 2019, 14. 29-29). Depletion of Leucine-rich repeat kinase 2 (LRRK2) with ASOs
and deletion of LRRK2 at a genomic level have been shown to reduce alpha-synuclein mediated
pathology in mouse models of PD (Lin X, et al. Neuron 2009, 64:807-27). Mutations increasing
LRRK2 activity, such as G2019S, increase the aggregation of alpha-synuclein in neurons and
mouse models of PD. This increase was reversed with LRRK?2 kinase inhibitors (Volpicelli-
Daley LA, et al. ] Neurosci. 2016 Jul 13; 36(28):7415-27). There is some evidence to suggest
that the G2019S mutant form of LRRK?2 is resistant to inhibition by kinase inhibitors in the
central nervous system (CNS), potentially reducing their disease modifying effect (Kelly K, et al.
Exp Neurol.2018 Nov; 309:1-13). Even though most cases of PD also have Lewy bodies upon
post-mortem examination, Lewy bodies are not present in a high number of LRRK2 G2019S
mutation associated PD cases (Kalia LV, et al. JAMA neurol 2015, 72:100-05). In addition to
Lewy bodies being a common feature of PD, Tau pathology is also a major feature of LRRK?2
mutation carriers at post-mortem (Henderson MX, et al. Acta Neuropathol Commun 2019, 7.
183).

[0003] LRRK2 is highly expressed in the immune system in neutrophils, monocytes ,and
macrophages, as well as in brain microglia, and is a modulator of the intrinsic regulation of
microglial activation and of lysosomal degradation processes (Ma et al. Hum Mol Genet. 2014

Feb 1;23(3):831-41). Prolonged activation of these immune cells through PD processes or
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mutations in LRRK2 could increase neuroinflammation and lead to a greater risk of developing
PD and/or Tau pathology. In addition to PD, LRRK2 has been linked to other diseases such as
cancer, leprosy, and Crohn’s disease (Lewis PA, (2012). Sci Signal. 5(207), pe2).

[0004] An ongoing need exists in the art for effective treatments for LRRK?2 related disease
and disorders, e.g., idiopathic PD, LRRK2 mutation associated PD (e.g., PD associated with one
or more LRRK?2 activating mutations), primary tauopathies (e.g., progressive supranuclear palsy
(PSP) or corticobasal degeneration (CBD)), lewy body dementia, Crohn’s Disease, Leprosy (e.g.,

Leprosy with type 1 inflammatory reactions), and/or neuroinflammation.
SUMMARY

[0005] Provided herein are compounds, pharmaceutically acceptable salts thereof, and
pharmaceutical compositions comprising these compounds and salts, that function to recruit
LRRK2 protein or a mutated version thereof to an E3 ubiquitin ligase for targeted ubiquitination
and subsequent proteasomal degradation. As such, these compounds are useful in the treatment
of a variety of indications, including Parkinson’s Disease (PD).

[0006] In particular, provided herein are compounds of Formula (Ia):

(Ta)
or pharmaceutically acceptable salts thereof, wherein the variables are defined herein.
[0007] Also provided herein are pharmaceutical compositions comprising the compounds
described herein, or pharmaceutically acceptable salts thereof, and a pharmaceutically acceptable
carrier.
[0008] Further, provided herein are methods of treating a disease, a disorder, or a symptom

causally related to LRRK2 comprising administering to a subject an effective amount of any of
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the compounds described herein, or a pharmaceutical composition comprising an effective
amount of one or more compounds described herein or a pharmaceutically acceptable salt
thereof.

[0009] Further, provided herein are uses of an effective amount of any of the compounds
described herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
comprising an effective amount of one or more compounds described herein or a
pharmaceutically acceptable salt thereof for treating a disease, a disorder, or a symptom causally
related to LRRK2.

[0010] Further, provided herein are uses of an effective amount of any of the compounds
described herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
comprising an effective amount of one or more compounds described herein or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for treating a

disease, a disorder, or a symptom causally related to LRRK2.
DETAILED DESCRIPTION

[0011] Leucine-rich repeat kinase 2 (LRRK2) is a member of the leucine-rich repeat kinase
family. Catalytic activities of LRRK?2 are associated with the kinase and GTPase domain, and
LRRK?2 is a heterodimer in its active form (Greggio E, et al. J Biol Chem 2008, 283:16906—
16914). GTP binding is essential for kinase activity, and mutations that prevent GTP binding
have been shown to ablate LRRK?2 kinase activity (Ito G, et al. Biochemistry 2007, 46:1380-88).
Expression levels of LRRK?2 are highest in immune cells, such as neutrophils, monocytes and B
cells, lung, and kidney, with lower levels in the brain where it is expressed in dopaminergic
neurons of the substantia nigra (West AB, et al. ] Comp Neurol 2014, 522:2465-2480).

[0012] There are several dominant gain-of-function pathogenic and characterized mutations
to LRRK?2 located either in the Roco domains (N1437H, R1441G/C/H, Y1699C) effecting GTP
hydrolysis or in the kinase domains (G2019S and 12020T). The G2019S is the most common
LRRK?2 mutation linked to Parkinson’s disease (PD), which is a progressive neurodegenerative
disorder characterized by resting tremors, rigidity, decreased movement (bradykinesia), and
postural instability. The histological hallmarks of PD include neurodegeneration of the
dopaminergic neurons in the substantia nigra pars compacta as well as intracellular inclusions
called Lewy bodies and neurites consisting of the aggregated form of the alpha-synuclein

protein. G20198 is associated with 1-2% of all PD patients and causes an increase in kinase
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activity of 2-fold in vitro (West AB, et al. Proc Natl Acad Sci U S A 2005, 102: 16842-47) and
autophosphorylation at Ser1292 is increased 4-fold (Sheng Z, et al. Sci Transl Med 2012,
4:164ral61). Several of the above Parkinson disease-associated mutations (R1441C/G, Y1699C
and 12020T) suppress phosphorylation of LRRK?2 at Ser910 and Ser935, which in turn reduces
LRRK2 association with 14-3-3 proteins, thought to represent an inactive form of LRRK2
(Nichols J, et al. Biochem J 2010, 430:393-404).

[0013] Furthermore, LRRK2 is linked to autosomal dominant inherited PD through a
mutation within a region of chromosome 12, termed PARKS, which is linked to the LRRK2 gene
(Funayama M, et al. Ann Neurol 2002, 51:296-301; Zimprich A, et al. Neuron 2004, 44:601—
607; Paisan-Ruiz C, et al. Neuron 2004, 44:595-600).

[0014] LRRK2 is highly expressed in the immune system in neutrophils, monocytes ,and
macrophages, as well as in brain microglia, and is a modulator of the intrinsic regulation of
microglial activation and of lysosomal degradation processes (Ma et al. Hum Mol Genet. 2014
Feb 1;23(3):831-41). Prolonged activation of these immune cells through PD processes or
mutations in LRRK2 could increase neuroinflammation and lead to a greater risk of developing
PD and/or Tau pathology. In addition to PD, LRRK?2 has been linked to other diseases such as
cancer, leprosy, and Crohn’s disease (Lewis PA, (2012). Sci Signal. 5(207), pe2).

[0015] Provided herein are compounds (e.g., compounds of Formula (Ia)), pharmaceutically
acceptable salts of these compounds, and pharmaceutical compositions comprising these
compounds and salts, that function to recruit LRRK2 protein or a mutated version thereof to an
E3 ubiquitin ligase for targeted ubiquitination and subsequent proteasomal degradation.

[0016] As such, these compounds, as well as pharmaceutically acceptable salts of these
compounds, and pharmaceutical compositions comprising these compounds or pharmaceutically
acceptable salts thereof, are useful in the treatment of a variety of indications, including

Parkinson’s Disease.

Definitions

[0017] Listed below are definitions of various terms used to describe the compounds and
compositions described herein. These definitions apply to the terms as they are used throughout
this specification and claims, unless otherwise limited in specific instances, either individually or

as part of a larger group.
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[0018] Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commonly understood by one of ordinary skill in the art. Generally, the
nomenclature used herein and the laboratory procedures in cell culture, molecular genetics,
organic chemistry, and peptide chemistry are those well-known and commonly employed in the
art.

[0019] As used herein, the articles “a” and “an” refer to one or to more than one (i.c., to at
least one) of the grammatical object of the article. By way of example, “an element” means one
element or more than one element. Furthermore, use of the term “including” as well as other
forms, such as “include,” “includes,” and “included,” is not limiting,

[0020] As used herein, the term “about” will be understood by persons of ordinary skill in
the art and will vary to some extent on the context in which it is used. The terms “administering,”
“administer,” and “administration” as used herein refer to the providing of a therapeutic agent to
a subject. Multiple techniques of administering a therapeutic agent exist in the art including, but
not limited to, intravenous, oral, aerosol, parenteral, ophthalmic, pulmonary, and topical
administration.

[0021] The term “treat,” “treated,” “treating,” or “treatment” includes the diminishment or
alleviation of at least one symptom associated or caused by the state, disorder or disease being
treated. In embodiments, the treatment comprises alleviating the symptoms of inflammation and
age-related disorders.

9% 6

[0022] As used herein, the terms “preventing,” “prevent,” and “prevention” means no
disorder or disease development occurred, or no further disorder or disease development
occurred if there had already been prior development of the disorder or disease. Also considered
is the ability of one to prevent some or all the symptoms associated with the disorder or disease.
[0023] “Bioactive agent” refers to an agent, other than a compound according to the present
disclosure, which is used in combination with a present compound as an agent with biological
activity to assist in effecting an intended therapy, inhibition and/or prevention/prophylaxis for
which the present compounds are used. Preferred bioactive agents for use herein include those
agents which have pharmacological activity similar to that for which the present compounds are

used or administered and include for example, anti-cancer agents, antiviral agents, especially

including anti-HIV agents and anti-HCV agents, antimicrobial agents, antifungal agents, etc.
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[0024] As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” a cell with a
compound includes the administration of a compound of the present invention to an individual,
subject, or patient, such as a human, as well as, for example, introducing a compound into a
sample containing a purified preparation containing the cell.

[0025] As used herein, the term “cell” is meant to refer to a cell that is in vifro, ex vivo, or in
vivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from an
organism such as a mammal. In some embodiments, an in vifro cell can be a cell in a cell culture.
In embodiments, an in vivo cell is a cell living in an organism such as a mammal.

[0026] As used herein, the term “patient,” “individual,” or “subject” refers to a human or a
non-human mammal. Non-human mammals include, for example, livestock and pets, such as
ovine, bovine, porcine, canine, feline and marine mammals. Preferably, the patient, subject, or
individual is human.

[0027] As used herein, the term “effective amount” refers to a nontoxic but sufficient amount
of an agent to provide the desired biological result. That result may be reduction or alleviation of
the signs, symptoms, or causes of a disease, or any other desired alteration of a biological
system. An appropriate therapeutic amount in any individual case may be determined by one of
ordinary skill in the art using routine experimentation.

[0028] As used herein, the term “pharmaceutically acceptable” refers to a material, such as a
carrier or diluent, which does not abrogate the biological activity or properties of the compound,
and is relatively non-toxic, i.e., the material may be administered to an individual without
causing undesirable biological effects or interacting in a deleterious manner with any of the
components of the composition in which it is contained.

[0029] As used herein, the term “pharmaceutically acceptable salt” refers to derivatives of
the described compounds wherein the parent compound is modified by converting an existing
acid or base moiety to its salt form. Examples of pharmaceutically acceptable salts include, but
are not limited to, mineral or organic acid salts of basic residues such as amines; alkali or organic
salts of acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable
salts of the present disclosure include the conventional non-toxic salts of the parent compound
formed, for example, from non-toxic inorganic or organic acids. The pharmaceutically

acceptable salts of the present disclosure can be synthesized from the parent compound which
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contains a basic or acidic moiety by conventional chemical methods. Generally, such salts can be
prepared by reacting the free acid or base forms of these compounds with a stoichiometric
amount of the appropriate base or acid in water or in an organic solvent, or in a mixture of the
two; generally, non-aqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile
are preferred. The phrase “pharmaceutically acceptable salt” is not limited to a mono, or 1:1, salt.
For example, “pharmaceutically acceptable salt” also includes bis-salts, such as a bis-
hydrochloride salt. Lists of suitable salts are found in Remington’s Pharmaceutical Sciences,
17th ed., Mack Publishing Company, Easton, Pa., 1985, p. 1418 and Journal of Pharmaceutical
Science, 66, 2 (1977), each of which is incorporated herein by reference in its entirety.

[0030] As used herein, the term “composition” or “pharmaceutical composition” refers to a
mixture of at least one compound useful within the disclosure with a pharmaceutically
acceptable carrier. The pharmaceutical composition facilitates administration of the compound to
a patient or subject. Multiple techniques of administering a compound exist in the art including,
but not limited to, intravenous, oral, aerosol, parenteral, ophthalmic, pulmonary, and topical
administration.

[0031] As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceutically acceptable material, composition, or carrier, such as a liquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening agent, solvent, or
encapsulating material, involved in carrying or transporting a compound useful within the
disclosure within or to the patient such that it may perform its intended function. Typically, such
constructs are carried or transported from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be “acceptable” in the sense of being compatible with the
other ingredients of the formulation, including the compound useful within the disclosure, and
not injurious to the patient. Some examples of materials that may serve as pharmaceutically
acceptable carriers include: sugars, such as lactose, glucose and sucrose; starches, such as corn
starch and potato starch; cellulose, and its derivatives, such as sodium carboxymethyl cellulose,
ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, such as
cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame
oil, olive oil, corn oil and soybean oil; glycols, such as propylene glycol; polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; esters, such as ethyl oleate and ethyl

laurate; agar; buffering agents, such as magnesium hydroxide and aluminum hydroxide; surface
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active agents; alginic acid; pyrogen-free water; isotonic saline; Ringer’s solution; ethyl alcohol;
phosphate buffer solutions; and other non-toxic compatible substances employed in
pharmaceutical formulations.

[0032] The term “pharmaceutically acceptable carrier” also includes any and all coatings,
antibacterial and antifungal agents, and absorption delaying agents, and the like that are
compatible with the activity of the compound useful within the present disclosure and are
physiologically acceptable to the patient. Supplementary active compounds may also be
incorporated into the compositions. The “pharmaceutically acceptable carrier” may further
include a pharmaceutically acceptable salt of the compound described herein. Other additional
ingredients that may be included in the pharmaceutical compositions are known in the art and
described, for example, in Remington’s Pharmaceutical Sciences (Genaro, Ed., Mack Publishing
Co., 1985, Easton, PA), which is incorporated herein by reference.

[0033] The language “pharmaceutically effective amount” or “pharmaceutically acceptable
amount” of the compound is that amount necessary or sufficient to treat or prevent a disorder,
e.g., prevent the various morphological and somatic symptoms of a disorder, disease, or
condition described herein. The effective amount can vary depending on such factors as the size
and weight of the subject, the type of illness, or the particular compound of the invention. For
example, the choice of the compound provided herein can affect what constitutes an “cffective
amount.” One of ordinary skill in the art would be able to study the factors contained herein and
make the determination regarding the effective amount of the compounds of the invention
without undue experimentation.

[0034] As used herein, the term “alkyl,” by itself or as part of another substituent means,
unless otherwise stated, a straight or branched chain hydrocarbon having the number of carbon
atoms designated (i.e., Ci.s alkyl means an alkyl having one to six carbon atoms) and includes
straight and branched chains. Examples include methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert butyl, pentyl, neopentyl, and hexyl. Other examples of Ci.¢ alkyl include ethyl, methyl,
isopropyl, isobutyl, n-pentyl, and n-hexyl.

[0035] As used herein, the term “halo” or “halogen” alone or as part of another substituent
means, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom, preferably,

fluorine, chlorine, or bromine, more preferably, fluorine or chlorine.
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[0036] “Alkoxy” means an alkyl radical attached through an oxygen linking atom,
represented by —O-alkyl. For example, “Ci-4 alkoxy” includes methoxy, ethoxy, proproxy, and
butoxy.

[0037] The term “haloalkyl” includes mono, poly, and perhaloalkyl groups where the
halogens are independently selected from fluorine, chlorine, bromine, and iodine.

[0038] The term “acyl” refers to the group —COCHs.

[0039] The term “alkynyl” as used herein refers to an unsaturated straight or branched
hydrocarbon having at least one carbon-carbon triple bond. Exemplary alkynyl groups include,
but are not limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylpropynyl, etc.
[0040] As used herein, the term “cycloalkyl” means a non-aromatic carbocyclic system that
is fully saturated having 1, 2, or 3 rings wherein such rings may be fused. The term “fused”
means that a second ring is present (i.e., attached or formed) by having two adjacent atoms in
common (i.e., shared) with the first ring. Cycloalkyl also includes bicyclic structures that may be
bridged or spirocyclic in nature with each individual ring within the bicycle varying from 3-8
atoms. The term “cycloalkyl” includes, but is not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo[3.1.0Thexyl, spiro[3.3]heptanyl, and bicyclo[1.1.1]pentyl. In
embodiments, cycloalkyl refers to Ca.11 cycloalkyl. In embodiments, cycloalkyl refers to Ca.s
cycloalkyl. In embodiments, cycloalkyl refers to Cs.s cycloalkyl. In embodiments, cycloalkyl
refers to Cs cycloalkyl.

[0041] As used herein, the term “heterocyclyl” means a non-aromatic carbocyclic system
containing 1, 2, 3, or 4 heteroatoms independently selected from N, O, and S and having 1, 2, or
3 rings wherein such rings may be fused, wherein fused is defined above. The term
“heterocyclyl” includes unsaturated compounds such as dihydropyridinyl, dihydropyridazinyl,
dihydropyrimidinyl, and dihydropyrazinyl. Heterocyclyl also includes bicyclic structures that
may be bridged or spirocyclic in nature with each individual ring within the bicycle varying from
3-8 atoms, and containing 0, 1, or 2 N, O, or S atoms. The term “heterocyclyl” includes cyclic
esters (i.e., lactones) and cyclic amides (i.e., lactams) and also specifically includes, but is not
limited to, epoxidyl, oxetanyl, tetrahydro-furanyl, tetrahydropyranyl (i.e., oxanyl), pyranyl,
dioxanyl, aziridinyl, azetidinyl, pyrrolidinyl, 2,5-dihydro-1H-pyrrolyl, oxazolidinyl,
thiazolidinyl, piperidinyl, morpholinyl, piperazinyl, thiomorpholinyl, 1,3-oxazinanyl, 1,3-
thiazinanyl, 2-azabicyclo[2.1.1]hexanyl, 5-azabicyclo[2.1.1]-hexanyl, 6-azabicyclo[3.1.1]

9
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heptanyl, 2-azabicyclo[2.2.1]heptanyl, 3-azabicyclo[3.1.1]heptanyl, 2-azabicyclo[3.1.1]heptanyl,
3-azabicyclo[3.1.0]hexanyl, 2-azabicyclo[3.1.0]hexanyl, 3-azabicyclo[3.2.1]octanyl, 8-
azabicyclo[3.2.1]octanyl, 3-oxa-7-azabicyclo[3.3.1]nonanyl, 3-oxa-9-azabicyclo[3.3.1]nonanyl,
2-oxa-5-azabicyclo[2.2.1]heptanyl, 6-oxa-3-azabicyclo[3.1.1]heptanyl, 2-azaspiro[3.3]heptanyl,
2-oxa-6-azaspiro[3.3|heptanyl, 2-oxaspiro[3.3 heptanyl, 2-oxaspiro[3.5]nonanyl, 3-
oxaspiro[5.3]nonanyl, and 8-oxabicyclo[3.2.1]octanyl. In embodiments, heterocyclyl refers to 4—
12--membered heterocyclyl. In embodiments, heterocyclyl refers to 5-10-membered
heterocyclyl. In embodiments, heterocyclyl refers to 6—-10-membered heterocyclyl. In
embodiments, heterocyclyl refers to 5—8-membered heterocyclyl. In embodiments, heterocyclyl
refers to 6-8-membered heterocyclyl. In embodiments, heterocyclyl refers to 4—7-membered
heterocyclyl. In embodiments, heterocyclyl refers to 6-membered heterocyclyl.

[0042] A 6-membered heterocyclyl ring is a heterocyclyl group having six ring atoms
wherein one or more (e.g., 1, 2, or 3) ring atoms are independently selected from N, O, and S.
Exemplary 6-membered ring heterocyclyls include piperidinyl, piperazinyl, dioxanyl thianyl,
dithianyl, morpholinyl, thiomorpholinyl, and dihydropyridinyl.

[0043] The term “heterocycloalkyl” refers to a heterocyclyl which is fully saturated.

[0044] It is to be understood that if a cycloalkyl or heterocyclyl moiety may be bonded or
otherwise attached to a designated moiety through differing ring atoms (i.e., shown or described
without denotation of a specific point of attachment), then all possible points are intended,
whether through a carbon atom or, for example, a trivalent nitrogen atom.

[0045] The compounds described herein may exist as tautomers and optical isomers (e.g.,
enantiomers, diastereomers, diastereomeric mixtures, racemic mixtures, and the like).

[0046] When the stereochemical configuration at a chiral center in a compound having one
or more chiral centers is depicted by its chemical name (e.g., where the configuration is indicated
in the chemical name by “R” or “S”) or structure (e.g., the configuration is indicated by “wedge”
bonds), the enrichment of the indicated configuration relative to the opposite configuration is
greater than 50%, 60%, 70%, 80%, 90%, 99% or 99.9%. “Enrichment of the indicated
configuration relative to the opposite configuration” is a mole percent and is determined by
dividing the number of compounds with the indicated stereochemical configuration at the chiral
center(s) by the total number of all of the compounds with the same or opposite stereochemical

configuration in a mixture.
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[0047] When a geometric isomer is depicted by name or structure, the enrichment of the
indicated isomer relative to the opposite isomer is greater than 50%, 60%, 70%, 80%, 90%, 99%
or 99.9%. “Enrichment of the indicated isomer relative to the opposite isomer” is a mole percent
and is determined by dividing the number of compounds with the indicated geometrical
configuration by the total number of all of the compounds with the same or opposite geometrical
configuration in a mixture.

[0048] When the stereochemistry of the groups for compounds comprising a 1,4-substituted
cyclohexyl or a 1,3-substituted cyclobutyl in variable L is depicted using “wedge” bonds, the
stereochemistry of the groups on the ring are defined relative to one another. That is, the groups
on the ring have either a frans or cis orientation towards one another, which can be depicted via
either of the frans confirmations or either of the cis confirmations. For example, the
stereochemistry for the groups on a cyclohexyl ring in variable L can be depicted using either
1,4-trans stereochemistry, both of which depict the same compound. Thus, a compound of

Formula (Ia) can be depicted as either:

O
/ /

5 P Noo

O, [ >==x
N o

RS, R

N—RS

o) or o}

Similarly, the stereochemistry for the groups on a cyclohexyl ring in the variable L can be
depicted using either 1,4-cis stereochemistry, both of which depict the same compound. Thus, a

compound of Formula (Ia) can be depicted as either:
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O d

/ : i
Gl s=x L s=x
N o N o
RO R R R
N—R5 N—RS
o) or o)
It will be understood that that selection of which frans or which cis isomer is depicted is arbitrary
and is only intended to show the relative configuration of the groups on the ring.
[0049] When a described compound is named or depicted by a structure without indicating
stereochemistry, it is understood that the name or the structure encompasses one of the possible
stereoisomers or geometric isomers free of the others, or a mixture of the encompassed
stereoisomers or geometric isomers.
[0050] To the extent there is a discrepancy between the structure of a compound and its
name, the structure will control.
[0051] The terms “independently selected” or “each independently” are used herein to
indicate that, for a variable which occurs in more than one location in a genus, the identity of the
variable is determined separately in each instance. For example, if R appears as a substituent on
two different atoms, the two instances of R* may be the same moiety, or different moieties. The
same is true if a single atom is substituted with more than one instance of R*. The identity of R*

in each instance is determined independently of the identity of the other(s).

Compounds

[0052] Provided herein are compounds of Formula (Ia):

12
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,R4
L, [ =x?
N o
Ry N
m N—RS
(o]
(Ia)

or a pharmaceutically acceptable salt thereof,
wherein:

X'is CR' or N;

X?is H, Ci3 alkyl, or O;

R!, R% R3 R* and R’ are each independently selected from H, acetyl, halo, C.s alkyl, C;-
¢ haloalkyl, Cs.19 cycloalkyl, OCs.s cycloalkyl, and Ci.¢ alkoxy, wherein the Cs.10 cycloalkyl,
OCs.s cycloalkyl and Ci.6 alkoxy are optionally substituted with 1 or 2 Ci.s alkyl or cyano;

RS is halo or Ci3 alkyl;

R’is H or C1.3 alkyl;
one === is a double bond, and one === is a single bond; provided that when R"N===C is a
double bond, then R* is absent; and provided that when X? is O, C===X?is a double bond;

each L is independently selected from Ci.s alkyl, Cz.6 alkynyl, C16 haloalkyl, C1.¢ alkoxy,
O, Cs.11 cycloalkyl, and 4—12-membered heterocycloalkyl, wherein Cs.11 cycloalkyl and 4—12-
membered heterocycloalkyl are optionally substituted with 1, 2, or 3 substituents R", wherein
each R¥ is independently selected from halo, CN, and Ci.6 alkyl;

nis1,2,3,4,5,6,7,8,9, or 10;

mis 0, 1, or 2.

[0053] In embodiments of Formula (Ia), R” is H or -CH3.
[0054] In embodiments of Formula (Ia), m is O or 1 and R®, when present, is halo.

[0055] In embodiments, the compound of Formula (Ia) is a compound of Formula (I):

13
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(1)

or pharmaceutically acceptable salts thereof,
wherein:

X'isCR!or N;

X?isHorO;

R' R% R’ R* and R’ are each independently selected from H, acetyl, halo, C.¢ alkyl, C:-
¢ haloalkyl, Cs.s cycloalkyl, OCs.s cycloalkyl, and Ci.s alkoxy, wherein Cs.¢ cycloalkyl, OCs.¢
cycloalkyl and Ci.¢ alkoxy are optionally substituted with 1 or 2 Cr. alkyl;

one === is a double bond, and one === is a single bond; provided that when R"N===C is
a double bond, then R* is absent; and provided that when X? is O, C=== X? is a double bond;

each L is independently selected from Ci alkyl, Ca.s alkynyl, C1.¢ haloalkyl, Ci.s alkoxy,
O, Cs.11 cycloalkyl, and 4—12-membered heterocycloalkyl, wherein Cs.11 cycloalkyl and 4—12-
membered heterocycloalkyl are optionally substituted with 1, 2, or 3 substituents R", wherein
each R" is independently selected from halo, CN, and Ci.¢ alkyl; and

nis1,2,3,4,5,6,7, 8,9, or 10.

[0056] In embodiments of Formulae (Ia) and (1),

X'is CR' or N;

X?isHor O;

R!, R% R3 R* and R’ are each independently selected from H, halo, Ci.s alkyl, Cs-
cycloalkyl, OCs.6 cycloalkyl, and Ci.¢ alkoxy, wherein Cs.s cycloalkyl, OCs.6 cycloalkyl, and Ci.¢
alkoxy are optionally substituted with 1 or 2 Ci.6 alkyl;

each L is independently selected from Ci.s alkyl, Cz.6 alkynyl, C16 alkoxy, O, Cs.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4—12-membered heterocycloalkyl is
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optionally substituted with 1 or 2 substituents RL, wherein each R™ is independently selected
from halo, CN, and C1.s alkyl; and

nis1,2,3,4,5 6,7, or8.
[0057] In embodiments of Formulae (Ia) and (1),

X'isCHorN;

X?isHor O;

R?, R3, R* and R’ are each independently selected from H, C1.6 alkyl, OC3.¢ cycloalkyl,
and Ci.¢ alkoxy, wherein OCj;.s cycloalkyl, and Ci.¢ alkoxy are optionally substituted with 1 or 2
C1.4 alkyl;

each L is independently selected from Ci.¢ alkyl, C2-¢ alkynyl, Ci.¢ alkoxy, O, Cs.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4-12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R", wherein each R" is halo or Ci.¢ alkyl; and

nis1,2,3,4,5,or6.
[0058] In embodiments of Formulae (Ia) and (I),

X'isCHorN;

X?isHor O;

R3 R* and R’ are each independently H or Ci.¢ alkyl;

R? is OC3.6 cycloalkyl, optionally substituted with 1 or 2 C1.4 alkyl;

each L is independently selected from Ci.s alkyl, C26 alkynyl, Ci6 alkoxy, O, Cs.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 3-12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R%, wherein each R" is halo or Ci. alkyl; and

nis 1,2,3,4,5,oro6.
[0059] In embodiments of Formulae (Ia) and (I), R*is H.

[0060] In embodiments, the compound of Formula (I) is a compound of Formula (II):
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R4
~ N
L || X
N o
N—RS
O 2
(I

or a pharmaceutically acceptable salt thereof.
[0061] In embodiments of Formulae (Ia), (I), and (II),
R*N===C is a double bond;
X?is H; and
R* is absent.
In embodiments of Formulae (Ia), (I), and (II),
X?===C is a double bond; and
X2%is O.
[0062] In embodiments, the compound of Formula (Ia), (I), or (I) is a compound of Formula

(ITA):

R4
N
L || >0
A N
o)
N—RS
O 2
(I1A)

or a pharmaceutically acceptable salt thereof.
[0063] In embodiments, the compound of Formula (Ia), (I), or (I), is a compound of
Formula (IIB):
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2 NH
R _N
NZ \
s AN
N SO S
0
N—R5
o)
(1B)

or a pharmaceutically acceptable salt thereof.

[0064] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), R! is H.

[0065] In embodiments of Formulae (Ia), (I), (II), (ITA), and (IIB), R? is Cj.salkoxy, Cs-s
cycloalkyl, or OCs.s cycloalkyl, wherein the Cs.s cycloalkyl and OCs.s cycloalkyl are each
optionally substituted with 1 or 2 Ci.4 alkyl or cyano. In embodiments of Formulae (Ia), (I), (ID),
(ITA), and (IIB), R? is OCs.s5 cycloalkyl optionally substituted with 1 or 2 Ci.4 alkyl. In further
embodiments of Formulae (I)-(IIB), R? is OCs.s cycloalkyl optionally substituted with C123 alkyl.
In still further embodiments of Formulae (I)~(IIB), R? is OC3.s cycloalkyl substituted with CHs.
[0066] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), R? is -OCH3, -OCH,CHj3,

NC NC
-OCH(CHj3),, -OC(CHa)s, , , , , or Mg’{“

[0067] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), R? is selected from

rRroprpn @

0.
R 2 D U %
[0068] In embodiments of Formulae (Ia), (1), (II), (IIA) and (IIB), R? is selected from:

O 0]
5 \f 2 g
[0069] In embodiments of Formulae (Ia), (I), (II), (ITA), and (IIB), R is:
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(ONG o)>
S
In embodiments of Formulae (Ia), (I), (II), (IIA), and (IIB), R?is:

74
\,r’).

[0070] In embodiments of Formulae (Ia), (I), (I), and (ITA), R*is H, C1.6 alkyl, Ci6
haloalkyl, or Cs.10 cycloalkyl, wherein the Cs.10 cycloalky is optionally substituted with 1 or 2 Ci.
6 alkyl or cyano. In embodiments of Formulae (Ta), (I), (IT), and (ITA), R* is C1.3 alkyl. In
embodiments of Formulae (Ia), (I), (IT), and (ITA), R* is methyl. In embodiments of Formulae (I)-
(ITA), R* is Cs alkyl. In embodiments of Formulae (I)-(ITA), R* is isopropyl.

[0071] In embodiments of Formulae (Ta), (I), (IT), (ITA), and (IIB), R? is H, Ci.6 alkyl, Ci-
haloalkyl, or Cs.10 cycloalkyl, wherein the Cs.10 cycloalky is optionally substituted with 1 or 2 C1.
6 alkyl or cyano. In embodiments of Formulae (Ia), (I), (II), (ITA), and (IIB), R®is H.

[0072] In embodiments of Formulae (Ia), (I), (I), (IIA), and (IIB), each L is independently
selected from Ci.¢ alkyl, Ca.6 alkynyl, Ci.6 alkoxy, O, Cs.11 cycloalkyl, and 4-12-membered
heterocycloalkyl, wherein 4-12-membered heterocycloalkyl is optionally substituted with 1 or 2
substituents R", wherein R" is C.¢ alkyl.

[0073] In embodiments of Formulae (Ia), (I), (IT), (ITA), and (IIB), at least two L are 4—12-
membered heterocycloalkyl, optionally substituted with 1 or 2 substituents R", wherein R" is C1.¢
alkyl. In embodiments of Formulae (Ia), (I), (II), (IIA), and (IIB), at least three L are 4-12-
membered heterocycloalkyl, wherein the 4-12-membered heterocycloalkyl is optionally
substituted with 1 or 2 substituents RY, wherein R is C1.6 alkyl. In embodiments of Formulae
(Ia), (), (I), (ITA), and (IIB), each L is independently selected from Ci.¢ alkyl, C2.4 alkynyl, Ci6
alkoxy, O, Cs.7 cycloalkyl, and 6—8-membered heterocycloalkyl, wherein 6—8-membered
heterocycloalkyl is optionally substituted with 1 or 2 substituents RY, and wherein R is C1.3
alkyl. In embodiments of Formulae (Ia), (I), (II), (IIA), and (IIB), each L is independently
selected from Ci.3 alkyl, Cz-4 alkynyl, C1.3 alkoxy, O, Cs-7 cycloalkyl, and 6-8-membered
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heterocycloalkyl, wherein 6—8-membered heterocycloalkyl is optionally substituted with 1 or 2
substituents R", and wherein R" is methyl.

[0074] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), nis 1, 2, 3,4, 5, 6, 7, 8, or
9. In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), nis 1,2, 3,4, 5,6, 7, or 8. In
embodiments of Formulae (Ia), (I), (IT), (ITA), and (IIB), nis 2, 3, 4, 5, 6, or 7. In embodiments
of Formulae (Ia), (I), (IT), (ITA), and (IIB), nis 3, 4, 5, 6, 7, or 8. In embodiments of Formulae
(Ia), (D, (I), (IIA), and (IIB), nis 1, 2, 3, 4, 5, 6. In embodiments of Formulae (1a), (I), (II),
(ITA), and (IIB), nis 2, 3, 4, 5, or 6. In embodiments of Formulae (Ia), (I), (I), (ILA), and (IIB), n
is 3, 4, 5, or 6. In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), nis 4, 5, or 6.

[0075] In embodiments of Formulae (Ia), (1), (II), (IIA), and (IIB), nis 1. In embodiments of
Formulae (Ia), (I), (II), (ITA), and (IIB), n is 2. In embodiments of Formulae (Ia), (I), (I), (I1A),
and (IIB), nis 3. In embodiments of Formulae (Ia), (I), (II), (ITA), and (IIB), nis 4. In
embodiments of Formulae (Ia), (I), (II), (IIA), and (IIB), nis 5. In embodiments of Formulae
(ITa), (), (I), (ITA), and (IIB), n is 6. In embodiments of Formulae (Ia), (I), (II), (IA), and (IIB),
nis 7. In embodiments of Formulae (Ia), (I), (II), (ILA), and (IIB), n is 8. In embodiments of
Formulae (Ia), (I), (II), (ITA), and (IIB), n is 9. In embodiments of Formulae (Ia), (I), (ID), (IIA),
and (IIB), n is 10.

[0076] In embodiments of Formulae (I)-(IIB), nis 2, 3,4, 5, 6, 7, or 8, and at least two L are
4-12-membered heterocycloalkyl, optionally substituted with 1 or 2 substituents R", wherein R"
is Ci.¢ alkyl. In further embodiments of Formulae (I)—(IIB), nis 3, 4, 5, 6, 7 or 8, and at least
three L are 4—12-membered heterocycloalkyl, wherein the 4—12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R", wherein R" is C.¢ alkyl.

[0077] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), nis 5, and each L, taken
together, forms a linker selected from (4—12-membered heterocycloalkyl)-(Ci.¢ alkyl)-(4-12-
membered heterocycloalkyl)-(Ci.¢ alkyl)-(4—12-membered heterocycloalkyl); (4—12-membered
heterocycloalkyl)-(Ci.s alkyl)-(Cs-12 cycloalkyl)-(O)-(4—12-membered heterocycloalkyl); (4—12-
membered heterocycloalkyl)-(Ci.s alkyl)-(4—12-membered heterocycloalkyl)-(C1.s alkoxy)-(Cs.s
alkynyl); and (4-12-membered heterocycloalkyl)-(Ci-s alkyl)-(4—12-membered
heterocycloalkyl)-(0)-(C3.s alkynyl), wherein each 4—12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents RY, wherein R is C1.¢ alkyl.
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[0078] In embodiments of Formulae (Ia), (I), (I), (ITA), and (IIB), nis 5, and each L, taken
together, forms a linker selected from (5—-6-membered heterocycloalkyl)-(Ci.¢ alkyl)-(5-6-
membered heterocycloalkyl)-(Ci.¢ alkyl)-(5—6-membered heterocycloalkyl); (5—6-membered
heterocycloalkyl)-(C1.s alkyl)-(Cs.s cycloalkyl)-(O)-(5—6-membered heterocycloalkyl); (5-6-
membered heterocycloalkyl)-(C1.¢ alkyl)-(5—6-membered heterocycloalkyl)-(Ci.s alkoxy)-(Cs.s
alkynyl); and (5—-6-membered heterocycloalkyl)-(C1.¢ alkyl)-(5-6-membered heterocycloalkyl)-
(0)~(Cs.¢ alkynyl), wherein each 5—6-membered heterocycloalkyl is optionally substituted with 1
or 2 substituents RY, wherein R" is C1.¢ alkyl.

[0079] In embodiments of Formulae (Ia), (I), (IT), and (ITA), the compound is a compound of
Formula (ITAa):

N SO
o
N<gs
o

(ITAa)

or a pharmaceutically acceptable salt thereof,
wherein:

each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring A is optionally substituted with 1 or 2
substituents R", wherein R" is C1.s alkyl,

ring B is selected from cyclohexyl, piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring B is optionally substituted with 1 or 2
substituents RY, wherein R" is C1.6 alkyl; and

each Y is independently O, Ci.s alkyl, or Ci.¢ alkoxy.
[0080] In embodiments of Formulae (Ia), (I), (II), and (ITA), the compound is a compound of
Formula (ITAb):
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(ITADb)

or a pharmaceutically acceptable salt thereof,
wherein:

each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring A is optionally substituted with 1 or 2
substituents R", wherein R" is C . alkyl,

ring B is selected from cyclohexyl, piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring B is optionally substituted with 1 or 2
substituents RY, wherein R" is C1. alkyl; and

each Y is independently O, Ci.s alkyl, or Ci.¢ alkoxy.
[0081] In embodiments of Formulae (1), (II), and (IIB), the compound is a compound of
Formula (IIBa):

(I1Ba)
or a pharmaceutically acceptable salt thereof,

wherein:
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each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl,

Y'is Cr6 alkyl;

Y2 is O or C1.¢ alkoxy; and

Z is Cs-¢ alkynyl.
[0082] In embodiments of Formulae (Ia)~(IIBa), R" is Ci.4 alkyl. In embodiments of
Formulae (Ia), (I), (II), (IIA), and (IIB), R" is C1.3 alkyl. In embodiments of Formulae (Ia)—
(IIBa), R" is methyl.
[0083] In embodiments of Formulae (Ia)—(I1IBa), (L)a is selected from:

Oy e as”
S ROU

HQ\QOCN“‘* AL "y |
o RS g\N&OﬂOC

Ny

5\N\/\\‘/N O\CN\’; | f\N&OJ—_—f NQN \’;’
Y,

5\N&OﬂN ;\NQ\/N , and

7
g

[0084] In embodiments of Formulae (Ia)—-(I1IBa), (L)x is selected from:
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[0085]

0]

or a pharmaceutically acceptable salt thereof, wherein

R*is C1 alkyl;

In embodiments of Formula (Ia), the compound is a compound of Formula (III):

(I1);

L! and L? are each independently 5- to 6-membered heterocyclyl; and

L? is Cs.¢ cycloalkyl.
[0086]
(I1a):

23

o)

In embodiments of Formulae (Ia) and (II), the compound is a compound of Formula

(ITTa);
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or a pharmaceutically acceptable salt thereof.

[0087] In embodiments of Formulae (IIT) and (Ila), L' is a 6-membered heterocyclyl. In
embodiments of Formulae (III) and (I1Ia), L' is piperdinyl or piperazinyl. In embodiments of
Formulae (IIT) and (I1Ta), L' is piperazinyl.

[0088] In embodiments of Formulae (III) and (Illa), L* is a 6-membered heterocyclyl. In
embodiments of Formulae (III) and (I1Ia), L? is piperdinyl or piperazinyl. In embodiments of
Formulae (IIT) and (I11a), L? is piperdinyl.

[0089] In embodiments of Formulae (IIT) and (Illa), L? is cyclopropyl. In embodiments of
Formulae (IIT) and (I1Ta), L? is cyclobutyl. In embodiments of Formulae (IIT) and (I1la), L? is
cyclopentyl. In embodiments of Formulae (IIT) and (IIla), L? is cyclohexyl.

[0090] In embodiments, the compound of Formula (Ia) is selected from:
Compound
Structure
No.
1
2
3
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[0091] In embodiments, certain compounds comprising a 3-(3-methyl-2-ox0-2,3-dihydro-
1H-benzo[d]imidazol-1-yl)piperidine-2,6-dione group attached to variable (L), in the described

compounds had improved activity. See e.g., Table 3.

Pharmaceutical Compositions

[0092] Also provided herein are pharmaceutical compositions comprising any of the
compounds described herein or a pharmaceutically acceptable salt thereof; and a
pharmaceutically acceptable carrier.

[0093] In embodiments, the pharmaceutical composition further comprises an additional
bioactive agent. In embodiments, the additional bioactive agent is an anti-inflammatory, a
chemotherapy agent, or an immunomodulatory agent.

[0094] In one embodiment, the pharmaceutical compositions effect targeted protein

degradation in a patient or subject, for example, an animal such as a human, and can be used for
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treating or ameliorating disease states or conditions that are modulated by degrading the target
protein. In embodiments, the therapeutic compositions as described herein may be used to
effectuate the degradation of protein for the treatment or amelioration of LRRK2-mediated
inflammatory diseases, autoimmune diseases, or cancer. In additional embodiments, the disease
is idiopathic Parkinson’s Disease (PD), LRRK2 mutation-associated Parkinson’s Disease (PD),
progressive supranuclear palsy (PSP), corticobasal degeneration (CBD, lewy body dementia,
Crohn’s Disease, Leprosy with type 1 inflammatory reactions, neuroinflammation, Kennedy’s
disease, TDP-43 ALS, c9orf ALS, Huntington’s disease, Alzheimer’s disease, Picks disease,
multiple systems atrophy, systemic lupus erythematosus (SLE), acute kidney injury,
rhabdomyolysis, lipofusinosis, fabry’s disease, batten’s disease, ulcerative colitis, irritable bowel
disease, Kufor—Rakeb syndrome, gaucher Disease, Frontal Temporal Dementia, spinocerebellar
ataxias (SCAs) 1, 2, 3, 6, 7 and 17, and/or dentatorubral pallidoluysian atrophy (DRPLA).
[0095] In embodiments, the disease is idiopathic PD. In embodiments, the disease is LRRK2
mutation-associated PD. In embodiments, the disease is progressive supranuclear palsy (PSP). In

embodiments, the disease is systemic lupus erythematosus (SLE).

Methods of Treatment

[0096] Further, disclosed herein is a method of treating a disease, a disorder, or a symptom
causally related to LRRK?2, comprising administering to a subject an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof, or an effective
amount of any of the compounds provided herein, or a pharmaceutically acceptable salt thereof
as part of a pharmaceutical composition.

[0097] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for treating a disease, a disorder, or a symptom causally related to
LRRK2.

[0098] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for the manufacture of a medicament for treating a disease, a

disorder, or a symptom causally related to LRRK?2.
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[0099] In embodiments, the disease or disorder is idiopathic Parkinson’s Disease (PD),
LRRK?2 mutation-associated Parkinson’s Disease (PD), progressive supranuclear palsy (PSP),
corticobasal degeneration (CBD, lewy body dementia, Crohn’s Disease, Leprosy with type 1
inflammatory reactions, neuroinflammation, Kennedy’s disease, TDP-43 ALS, c9orf ALS,
Huntington’s disease, Alzheimer’s disease, Picks disease, multiple systems atrophy, systemic
lupus erythematosus (SLE), acute kidney injury, rhabdomyolysis, lipofusinosis, fabry’s disease,
batten’s disease, ulcerative colitis, irritable bowel disease, Kufor—Rakeb syndrome, gaucher
Disease, Frontal Temporal Dementia, spinocerebellar ataxias (SCAs) 1, 2, 3, 6, 7 and 17, and/or
dentatorubral pallidoluysian atrophy (DRPLA). In embodiments, the disease is idiopathic PD. In
embodiments, the disease is LRRK2 mutation-associated PD. In embodiments, the disease is
progressive supranuclear palsy (PSP). In embodiments, the disease is systemic lupus
erythematosus (SLE).

[00100] Also provided herein is a method of treating Parkinson’s disease, comprising
administering to a subject an effective amount of any of the compounds of the present disclosure,
or a pharmaceutically acceptable salt thereof, or an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof as part of a pharmaceutical
composition.

[00101] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for treating Parkinson’s disease.

[00102] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for the manufacture of a medicament for treating Parkinson’s
disease.

[00103] In embodiments, the Parkinson’s disease is LRRK2 mutation associated Parkinson’s
disease.

[00104] Provided herein is a method of treating progressive supranuclear palsy (PSP)
comprising administering to a subject an effective amount of any of the compounds of the

present disclosure, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
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the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition.

[00105] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for treating progressive supranuclear palsy (PSP).

[00106] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for the manufacture of a medicament for treating progressive
supranuclear palsy (PSP).

[00107]  Also, provided herein is a method of treating systemic lupus erythematosus (SLE)
comprising administering to a subject an effective amount of any of the compounds of the
present disclosure, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition.

[00108] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for treating systemic lupus erythematosus (SLE).

[00109] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for the manufacture of a medicament for treating systemic lupus
erythematosus (SLE).

[00110] The present disclosure further relates to a method for treating a disease state or
ameliorating one or more symptoms of a disease or condition by degrading the LRRK?2 protein
(e.g., a wildtype LRRK2 protein or an LRRK2 mutant protein (e.g., a LRRK2 mutant protein
including one or more mutation selected from G2019S, 12020T, N1437H, R1441G/C/H, and

Y 1699C) comprising administering to a subject an effective amount of at least one compound as

described herein, or a pharmaceutically acceptable salt thereof, optionally in combination with
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another bioactive agent, or an effective amount of compounds provided herein, or a
pharmaceutically acceptable salt thereof as part of a pharmaceutical composition, wherein the
compound or pharmaceutical composition is effective for treating or ameliorating the disease or
disorder or one or more symptoms thereof in the subject.

[00111] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for treating a disease state or ameliorating one or more symptoms of
a disease or condition by degrading the LRRK2 protein (e.g., a wildtype LRRK?2 protein or an
LRRK?2 mutant protein (e.g., a LRRK2 mutant protein including one or more mutation selected
from G20198, 12020T, N1437H, R1441G/C/H, and Y1699C).

[00112] Further, disclosed herein is the use of an effective amount of any of the compounds
provided herein, or a pharmaceutically acceptable salt thereof, or an effective amount of any of
the compounds provided herein, or a pharmaceutically acceptable salt thereof as part of a
pharmaceutical composition for the manufacture of a medicament for treating a disease state or
ameliorating one or more symptoms of a disease or condition by degrading the LRRK2 protein
(e.g., a wildtype LRRK2 protein or an LRRK2 mutant protein (e.g., a LRRK2 mutant protein
including one or more mutation selected from G2019S, 12020T, N1437H, R1441G/C/H, and
Y1699C).

[00113] The methods and usesaccording to the present disclosure may be used to treat certain
disease states, conditions or symptoms including inflammatory disease, autoimmune disease, or
cancer, by virtue of the administration of effective amounts of at least one compound described
herein. For example, the method according to the present disclosure may be used to treat one or
more of Parkinson’s Disease (PD), idiopathic PD, LRRK2 mutation associated PD (e.g., PD
associated with one or more LRRK?2 activating mutations), primary tauopathies (e.g., progressive
supranuclear palsy (PSP) or corticobasal degeneration (CBD)), lewy body dementia, Crohn’s
Disease, Leprosy (e.g., Leprosy with type 1 inflammatory reactions), and neuroinflammation
(such as is observed in Alzheimer’s disease, PD, multiple sclerosis, traumatic brain injury, spinal
cord injury, etc.).

[00114]  Also provided herein is a process for making a small molecule that can cause

degradation of LRRK2 in a cell, comprising the steps of: (i) providing a small molecule that

48



WO 2025/072629 PCT/US2024/048800

binds to the LRRK?2 or a mutated form thereof;, (ii) providing an E3 ubiquitin ligase binding
moiety (ULM), preferably a CLM such as thalidomide, pomalidomide, lenalidomide or an
analog thereof; and (iii) covalently coupling the small molecule of step (i) to the ULM of step (ii)
via a chemical linking group (L), to form a compound which binds to both a cereblon E3
ubiquitin ligase and LRRK2 protein and/or mutated form in the cell, such that the cereblon E3
ubiquitin ligase is in proximity to, and ubiquitinates the LRRK2 protein bound thereto, such that
the ubiquitinated LRRK?2 protein is then degraded.

[00115] Further, disclosed herein is a method for detecting whether a small molecule can
trigger degradation of a LRRK?2 protein in a cell, the method comprising the steps of: (i)
providing a small molecule for which the ability to trigger degradation of LRRK2 protein in a
cell is to be detected, said small molecule comprising the structure: CLM—L-PTM, wherein
CLM is a cereblon E3 ubiquitin ligase binding moiety capable of binding a cereblon E3 ubiquitin
ligase in a cell, which CLM is thalidomide, pomalidomide, lenalidomide, or an analog thereof;,
PTM is a protein targeting moiety, which is a small molecule that binds to LRRK2 and/or
mutated LRRK form thereof, said LRRK2 having at least one lysine residue available to be
ubiquitinated by a cereblon E3 ubiquitin ligase bound to the CLM of the molecule; and L is a
chemical linking group that covalently links the CLM to the PTM to form the small molecule;
(i1) incubating a LRRK?2 protein-expressing cell in the presence of the small molecule of step (i);
and (iii) detecting whether the LRRK2 protein in the cell has been degraded.

[00116] In embodiments, the small molecule capable of binding LRRK2, is a small molecule
that binds LRRK?2. In embodiments, the small molecule that binds the LRRK2 protein is as
described herein.

[00117] The present disclosure further provides a method of treating a human patient in need
of said treatment of a disease state, condition, or symptom causally related to LRRK?2, and/or
LRRK2 mutated form, expression, over-expression, mutation, aggregation, accumulation,
misfolding or dysregulation where the degradation of the LRRK?2 protein will produce a
therapeutic effect in the patient, the method comprising administering to the patient an effective
amount of any of the compounds according to the present disclosure, optionally in combination
with another bioactive agent, or an effective amount of any of the pharmaceutical compositions

according to the present disclosure.
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[00118] Also provided herein is a method of treating a human patient in need of said treatment
of a disease state, condition, or symptom causally related to alpha-synuclein expression, over-
expression, mutation, aggregation, accumulation, misfolding or dysregulation where the
degradation of the LRRK2 protein and/or mutated form thereof will produce a therapeutic effect
in the patient, the method comprising administering to the patient an effective amount of any of
the compounds according to the present disclosure, optionally in combination with another
bioactive agent, or an effective amount of any of the pharmaceutical compositions according to
the present disclosure.

[00119] Further, disclosed herein is method of treating a human patient in need of said
treatment of a disease state, condition, or symptom causally related to Tau over-expression,
mutation, aggregation, misfolding or dysregulation where the degradation of the LRRK2 protein
and/or mutated form thereof will produce a therapeutic effect in the patient, the method
comprising administering to the patient an effective amount of any of the compounds according
to the present disclosure, optionally in combination with another bioactive agent, or an effective
amount of any of the pharmaceutical compositions according to the present disclosure.

[00120] In embodiments, the disease state, condition, or symptom may be caused by a
microbial agent or other exogenous agent such as a virus, bacteria, fungus, protozoa, or other
microbe, or may be a disease state, which is caused by expression, overexpression, mutation,
misfolding, or dysregulation of the protein, which leads to a disease state, condition, or
symptom.

[00121] In embodiments, the disease state, condition, or symptom which may be treated using
compounds or pharmaceutical compositions according to the present disclosure include, for
example, Parkinson’s Disease (PD), idiopathic PD, LRRK?2 mutation associated PD (e.g., PD
associated with one or more LRRK?2 activating mutations), primary tauopathies (e.g., progressive
supranuclear palsy (PSP) or corticobasal degeneration (CBD)), lewy body dementia, Crohn’s
Disease, Leprosy (e.g., Leprosy with type 1 inflammatory reactions), and/or neuroinflammation
(such as is observed in Alzheimer’s disease, PD, multiple sclerosis, traumatic brain injury, spinal
cord injury, etc.).

[00122]  Also provided herein is a method of treating or ameliorating at least one symptom of

a disease or condition in a subject, comprising the steps of:

50



WO 2025/072629 PCT/US2024/048800

a) providing a subject identified as having a symptom of a disease or condition causally
related to expression, overexpression, mutation, misfolding, or dysregulation of the LRRK2
protein and/or mutated form thereof in the subject, and the symptom of the disease or condition
is treated or ameliorated by degrading the LRRK2 protein and/or mutated form thereof in cells of
the subject; and

b) administering to the subject an effective amount of a compound comprising a small
molecule of the present disclosure such that the LRRK?2 protein and/or mutated form thereof is
degraded, thereby treating, or ameliorating at least one symptom of a disease or condition in the
subject.

Administration / Dosages / Formulations

[00123] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the active
compounds, the liquid dosage forms may contain inert diluents commonly used in the art such
as, for example, water or other solvents, solubilizing agents and emulsifiers such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed,
groundnut, com, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides inert
diluents, the oral compositions can also include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, and perfuming agents.

[00124] Injectable preparations (for example, sterile injectable aqueous or oleaginous
suspensions) may be formulated according to the known art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a sterile injectable
solution, suspension, or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer’s solution, U.S.P., and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purpose, any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in the preparation of injectables.

[00125] To prolong the effect of a drug, it is often desirable to slow the absorption of the drug

from subcutaneous or intramuscular injection. This may be accomplished using a liquid
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suspension of crystalline or amorphous material with poor water solubility. The rate of
absorption of the drug then depends upon its rate of dissolution which, in turn, may depend upon
crystal size and crystalline form. Alternatively, delayed absorption of a parenterally administered
drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

[00126] Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this disclosure with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol, or a suppository wax which are
solid at ambient temperature but liquid at body temperature and therefore melt in the rectum or
vaginal cavity and release the active compound.

[00127]  Solid compositions of a similar type may also be employed as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like.

[00128] The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings, and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose, or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, e.g., tableting lubricants and other tableting aids
such a magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets, and
pills, the dosage forms may also comprise buffering agents.

[00129] Dosage forms for topical or transdermal administration of a compound of this
disclosure include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants,
or patches. The active component is admixed under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, ear drops, eye ointments, powders and solutions are also contemplated as being
within the scope of this disclosure.

[00130] The ointments, pastes, creams, and gels may contain, in addition to an active
compound of this disclosure, excipients such as animal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid,

talc and zinc oxide, or mixtures thereof.
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[00131] Powders and sprays can contain, in addition to the compounds of this disclosure,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain customary
propellants such as chlorofluorohydrocarbons.

[00132] Transdermal patches have the added advantage of providing controlled delivery of a
compound to the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux of
the compound across the skin. The rate can be controlled by either providing a rate controlling
membrane or by dispersing the compound in a polymer matrix or gel.

[00133] Compounds of the present disclosure can be administered intratympanically, wherein
a long, narrow, bore needle is passed through the ear canal and through the eardrum to
administer medications into the middle ear space where they are absorbed by the inner ear.
[00134] According to the methods of treatment of the present disclosure, disorders are treated
or prevented in a subject, such as a human or other animal, by administering to the subject a
therapeutically effective amount of a compound of the disclosure, in such amounts and for such
time as is necessary to achieve the desired result. The term “therapeutically effective amount” of
a compound of the disclosure, as used herein, means a sufficient amount of the compound so as
to decrease the symptoms of a disorder in a subject. As is well understood in the medical arts a
therapeutically effective amount of a compound of this disclosure will be at a reasonable
benefit/risk ratio applicable to any medical treatment.

[00135] In general, compounds of the disclosure will be administered in therapeutically
effective amounts via any of the usual and acceptable modes known in the art, either singly or in
combination with one or more therapeutic agents. A therapeutically effective amount may vary
widely depending on the severity of the disease, the age and relative health of the subject, the
potency of the compound used and other factors. In general, satisfactory results are indicated to
be obtained systemically at daily dosages from about 0.03 to 2.5 mg/kg per body weight. An
indicated daily dosage in the larger mammal, e.g., humans, is in the range from about 0.5 mg to
about 100 mg, conveniently administered, e.g., in divided doses up to four times a day or in
retard form. Suitable unit dosage forms for oral administration comprise from ca. 1 to 50 mg

active ingredient.
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[00136] In embodiments, a therapeutic amount or dose of the compounds of the present
disclosure may range from about 0.1 mg/Kg to about 500 mg/Kg, alternatively from about 1 to
about 50 mg/Kg. In general, treatment regimens according to the present disclosure comprise
administration to a patient in need of such treatment from about 10 mg to about 1000 mg of the
compound(s) of this disclosure per day in single or multiple doses. Therapeutic amounts or doses
will also vary depending on route of administration, as well as the possibility of co-usage with
other agents.

[00137] Upon improvement of a subject's condition, a maintenance dose of a compound,
composition or combination of this disclosure may be administered, if necessary. Subsequently,
the dosage or frequency of administration, or both, may be reduced, as a function of the
symptoms, to a level at which the improved condition is retained; when the symptoms have been
alleviated to the desired level, treatment should cease. The subject may, however, require
intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

[00138] It will be understood, however, that the total daily usage of the compounds and
compositions of the present disclosure will be decided by the attending physician within the
scope of sound medical judgment. The specific inhibitory dose for any particular patient will
depend upon a variety of factors including the disorder being treated and the severity of the
disorder; the activity of the specific compound employed; the specific composition employed;
the age, body weight, general health, sex and diet of the patient; the time of administration, route
of administration, and rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or coincidental with the specific compound employed; and
like factors well known in the medical arts.

[00139] The disclosure also provides for a pharmaceutical combination, e.g., a kit, comprising
a) a first agent which is a compound of the disclosure as disclosed herein, in free form or in
pharmaceutically acceptable salt form, and b) at least one co-agent. The kit can comprise
instructions for its administration.

[00140] Some examples of materials which can serve as pharmaceutically acceptable carriers
include, but are not limited to, ion exchangers; alumina; aluminum stearate; lecithin; serum
proteins, such as human serum albumin; buffer substances such as phosphates, glycine, sorbic
acid, or potassium sorbate; partial glyceride mixtures of saturated vegetable fatty acids; water;

salts or electrolytes, such as protamine sulfate; disodium hydrogen phosphate; potassium
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hydrogen phosphate; sodium chloride; zinc salts; colloidal silica, magnesium trisilicate;
polyvinyl pyrrolidone; polyacrylates; waxes; polyethylenepolyoxypropylene-block polymers;
wool fat; sugars such as lactose, glucose and sucrose; starches such as corn starch and potato
starch; cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and
cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and
suppository waxes; oils such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil,
corn oil, and soybean oil; glycols, such a propylene glycol or polyethylene glycol; esters, such as
ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl
alcohol; and phosphate buffer solutions. Further, non-toxic compatible lubricants such as sodium
lauryl sulfate and magnesium stearate, as well as coloring agents, releasing agents, coating
agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants can also be
present in the composition, according to the judgment of the formulator. The protein kinase
inhibitors or pharmaceutical salts thereof may be formulated into pharmaceutical compositions
for administration to animals or humans. These pharmaceutical compositions, which comprise an
amount of the protein inhibitor effective to treat or prevent a protein kinase-mediated condition

and a pharmaceutically acceptable carrier, are other embodiments of the present disclosure.
Kits

[00141] Provided herein are kits comprising a compound capable of causing the degradation
of LRRK2 in a subject comprising one or more compounds described herein and instructions for
use in treating a disorder associated with LRRK?2.

[00142]  Also provided herein are kits comprising a compound described herein for the
treatment of any of the indications described herein.

[00143] Those skilled in the art will recognize or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific procedures, embodiments, claims,
and examples described herein. Such equivalents are considered to be within the scope of this
disclosure and covered by the claims appended hereto. For example, it should be understood, that
modifications in reaction conditions, including but not limited to reaction times, reaction
size/volume, and experimental reagents, such as solvents, catalysts, pressures, atmospheric

conditions, e.g., nitrogen atmosphere, and reducing/oxidizing agents, with art-recognized
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alternatives and using no more than routine experimentation, are within the scope of the present
application.

[00144] It is to be understood that wherever values and ranges are provided herein, all values
and ranges encompassed by these values and ranges, are meant to be encompassed within the
scope of the present disclosure. Moreover, all values that fall within these ranges, as well as the
upper or lower limits of a range of values, are also contemplated by the present application.
[00145] The following examples further illustrate aspects of the present disclosure. However,

they are in no way a limitation of the teachings of the present disclosure as set forth.
EXAMPLES

[00146] The compounds and methods described herein are further illustrated by the following
examples, which should not be construed as further limiting. The practice of the present
disclosure will employ, unless otherwise indicated, conventional techniques of organic synthesis,

cell biology, cell culture, and molecular biology, which are within the skill of the art.

Abbreviations
AcOH or HOAc Acetic acid
CBz Benzyl chloroformate
Boc tert-butoxycarbonyl
CDCls Chloroform-d
Cs2COs Cesium carbonate
DIEA Diisopropylethylamine
Dimax Maximal degradation (%)
DMF N,N-Dimethylformamide
DMSO Dimethyl sulfoxide
DMSO-ds Deuterated dimethyl sulfoxide (C2DsSO)
DTT Dithiothreitol
ESI Electrospray ionization
EtOH Ethanol
eq Equivalent(s)
o3 Gram(s)
h Hour(s)
Hz Hertz
HCI Hydrochloric acid
HPLC High performance liquid chromatography
DCso Half maximal degradation concentration
K2COs Potassium carbonate
K3POy4 Potassium phosphate
min Minute(s)
m/'z Mass/charge
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MS
MHz
MeOH
MOM
puL

um
mg
mm
mL
mmol
NH4CI
nM
NMR
Pd(dppfH)Cl,

PMB
psi
TEA
TFA
Tf
TIPS
TBDPS
THF
TLC

Svynthetic Procedures

[00147]
[00148]

piperidine-1-carboxylate

[00149]  Step [

o]

O)ko/\
HO"

[00150]

PCT/US2024/048800

Mass spectrometry
Megahertz

Methanol

Methoxymethyl
Microliter(s)

Micrometer(s)

Milligram(s)

Millimeter(s)

Milliliter(s)

Millimole(s)

Ammonium chloride
Nanomolar

Nuclear magnetic resonance
[1,1-Bis(diphenylphosphino)ferrocene]dichloropalladium(Il),
complex with dichloromethane
para-methoxybenzyl
Pound(s) per square inch
Triethylamine
Trifluoroacetic acid
Trifluoromethanesulfonate
Triisopropylsilyl ether
tert-butyldiphenylsilyl
Tetrahydrofuran

Thin-layer chromatography

Exemplary synthesis of Compound 1:
Synthesis of intermediate trans-benzyl 4-[4-(dimethoxymethyl)cyclohexoxy]

o8
Cbz’N

0
- Cbz\U\ O)\O/\
o"

1. TEA, TMSCI, 0-25 °C
2. Et3SiH, TMSOTf, -65-0 °C

To a solution of #rans-ethyl 4-hydroxycyclohexanecarboxylate (20 g, 116.13 mmol, 1

eq) in THF (200 mL) was added TMSCI (13.88 g, 127.74 mmol, 16.21 mL, 1.1 eq) and TEA
(14.10 g, 139.36 mmol, 19.40 mL, 1.2 eq) at 0 °C, and the reaction mixture was stirred at 25 °C

for 1 hour. The reaction mixture was filtered, and the filtrate was concentrated under reduced

pressure to give a residue. A stirred solution of the residue and benzyl 4-oxopiperidine-1-

carboxylate (31.15 g, 133.55 mmol, 26.63 mL, 1.15 eq) in DCM (300 mL) at -65 °C under N2
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was added Et3SiH (20.25 g, 174.19 mmol, 27.82 mL, 1.5 eq) and TMSOT{ (14.20 g, 63.87
mmol, 11.54 mL, 0.55 eq) dropwise, and the reaction mixture was stirred at 0 °C under N for 3
hours. The reaction mixture was quenched by addition water (300 mL) and extracted with DCM
(200 mL * 3). The combined organic layers were washed with brine (300 mL), dried over
NayS0q, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by flash silica gel chromatography (ISCO®; 120 g SepaFlash® Silica Flash Column,
Eluent of 0~20% Ethyl acetate/Petroleum ether gradient @ 100 mL/min). trans-Benzyl 4-(4-
ethoxycarbonylcyclohexoxy)piperidine-1-carboxylate (40.8 g, 104.75 mmol, 90.20% yield) was
obtained as a colorless oil.

[00151] Step 2

o o
EtOH
o o

[00152] To a solution of frans-benzyl 4-(4-ethoxycarbonylcyclohexoxy)piperidine-1-
carboxylate (40.8 g, 104.75 mmol, 1 eq) in EtOH (40 mL) was added Pd/C (8 g, 104.75 mmol,
10%, 1 eq), and the mixture was stirred at 25 °C under H (15 psi) for 4 hours. TLC (Petroleum
ether: Ethyl acetate=3:1, I.) showed a new spot formed. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. trans-Ethyl 4-(4-
piperidyloxy)cyclohexanecarboxylate (26.7 g, 104.56 mmol, 99.82% yield) was obtained as a

colorless solid.

[00153] Step 3

o]
i HN OH
HN o LiAIH, O\ O/\
) THF o
o

[00154] To a solution of rans-ethyl 4-(4-piperidyloxy)cyclohexanecarboxylate (10 g,
39.16 mmol, 1 eq) in THF (70 mL) was added LiAlH4 (2.23 g, 58.74 mmol, 1.5 eq) at 0 °C and
the solution was stirred at O °C under Nz for 2 hours. TLC (Dichloromethane: Methanol=5:1)
showed starting material was consumed completely. The reaction mixture was quenched by
addition water (2 mL) and 10% NaOH (4 mL) at 0 °C, and then dried over Na;SQq, filtered, and

concentrated under reduced pressure to give a residue. frans-[4-(4-
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piperidyloxy)cyclohexyl]methanol (7.9 g, 37.03 mmol, 94.57% yield) was obtained as a light-

yellow solid.

[00155] Step 4

HN 9
<L:;> CbzCl, TEA
—»
OH DCM
o~ Y.

[00156] To a mixture of frans-[4-(4-piperidyloxy)cyclohexyl]methanol (30 g, 140.64
mmol, 1 eq) in DCM (300 mL) was added CbzCl (31.19 g, 182.83 mmol, 25.99 mL, 1.3 eq) and
TEA (42.69 g, 421.91 mmol, 58.72 mL, 3 eq) at 0 °C under N3. After addition, the reaction
mixture was stirred at 25 °C for 1 hour to give light yellow suspension. The reaction was
quenched by H20 (200 mL) and extracted with ethyl acetate (3 x 100 mL). The combined
organic phases were washed with water, dried with Na;SO4, concentrated in vacuum to give a
residue. The residue was purified by silica gel column chromatography (0-100% Ethyl acetate in
Petroleum ether) to give frans-benzyl 4-[4-(hydroxymethyl)cyclohexoxy]piperidine-1-
carboxylate (37 g, 106.49 mmol, 75.72% yield) as a colorless oil.

[00157] Step 5
Cbz‘
<i:} DMP <i:}
_—

O—Q,,”/OH DeM O—Q,,,,//o

[00158] DMP (55.50 g, 130.85 mmol, 40.51 mL, 1.23 eq) was added to a solution of
trans-benzyl 4-[4-(hydroxymethyl)cyclohexoxy]piperidine-1-carboxylate (37 g, 106.49 mmol, 1
eq) in DCM (200. mL) and the mixture stirred at 25°C for 2 h to give yellow solution. The
reaction mixture was quenched by addition sat. NaHCO3 (pH~ 8) at 0°C and extracted with DCM
(100 mL * 3). The combined organic layers were washed with Sat. Na;SO3 (100 mL * 2) and
brine (60 mL * 2), dried over Na;SOy, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by silica gel chromatography (Petroleum ether/Ethyl
acetate=100/1, 1/1) to afford frans-benzyl 4-(4-formylcyclohexoxy)piperidine-1-carboxylate (30
g, 85.98 mmol, 80.74% yield, 99% purity) as colorless oil.
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[00159] Step 6

Cb.
CbZ\ Z\

N
N
Q trimethoxymethane, TsOH Q \
MeOH B o}
o o
20 O
o]

/
[00160] To a solution of #rans-benzyl 4-(4-formylcyclohexoxy)piperidine-1-carboxylate (30
g, 86.85 mmol, 1 eq) in MeOH (200 mL) was added TosOH (747.77 mg, 4.34 mmol, 0.05 eq)
and trimethoxymethane (46.08 g, 434.24 mmol, 47.60 mL, 5 eq) in one portion at 25°C under

/

N2. The mixture was stirred at 25 °C for 2h. The reaction was quenched with H2O (100 mL) and
extracted with ethyl acetate (3*200 mL). The combined organic phases were washed with water,
dried with Na;SO4, and concentrated under vacuum to give a residue. The residue was purified
by silica gel column chromatography (0-30% Ethyl acetate in Petroleum ether) to give frans-
benzyl 4-[4-(dimethoxymethyl)cyclohexoxy]piperidine-1-carboxylate (31 g, 75.22 mmol,
86.62% yield, 95% purity) as colorless oil.
[00161] Step 7

Cbz

\N HN
Pd/C, H, \
\ — b 0
oy, O
0

O
/ /

[00162] To a mixture of rans-benzyl 4-[4-(dimethoxymethyl)cyclohexoxy]piperidine-1-
carboxylate (31 g, 79.18 mmol, 1 eq) in EtOH (200 mL) was added Pd/C (8 g, 79.18 mmol, 10%
purity, 1 eq) at 25°C under Hz (15 PSI) for 16 h. TLC (Petroleum ether : Ethyl acetate=3:1)
showed one new spot. The residue was filtered and concentrated in vacuum to give trans-4-[4-
(dimethoxymethyl)cyclohexoxy]piperidine (18.6 g, 72.27 mmol, 91.27% yield) as a white solid.
[00163] Synthesis of intermediate 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-
yl)-1H-pyrazolo[3,4-c]pyridine :

[00164] Step 1
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[00165] To a solution of 2-chloro-4-methyl-5-nitro-pyridine (10 g, 57.95 mmol, 1 eq), 1-
methylcyclopropanol (8.36 g, 115.90 mmol, 2 eq) in toluene (100 mL) was added (+/-)-2,2-
Bis(diphenylphosphino)-1,1-binaphthyl (2.16 g, 3.48 mmol, 0.06 eq), cesium carbonate (28.32 g,
86.92 mmol, 1.5 eq) and bis(dibenzylideneacetone) Palladium(0) (666 mg, 1.16 mmol, 0.02 eq)
under nitrogen. The reaction mixture was stirred at 100 °C for 3 h and cooled. The mixture was
filtered and the filtrate was concentrated in vacuo. The residue was purified by silica gel
chromatography (petroleum ether: ethyl acetate = 1:0 to 20:1). 4-methyl-2-(1-
methylcyclopropoxy)-5-nitro-pyridine (7.7 g, 36.98 mmol, 63.82% yield) was obtained as

QAT e q
o N/ EtOH 20°C

[00167] To a solution of 4-methyl-2-(1-methylcyclopropoxy)-5-nitro-pyridine (8.6 g, 41.30

colorless oil.

[00166] Step 2

mmol, 1 eq) in ethanol (100 mL) was added palladium on activated carbon (0.8 g, 10% purity)
under nitrogen. The reaction was stirred at 20 °C under hydrogen (15 Psi) for 12 h. TLC
(petroleum ether: ethyl acetate = 3:1) showed new spot was detected. The mixture was filtered
and the filtrate was concentrated in vacuum. The residue was used into next step directly. 4-

methyl-6-(1-methylcyclopropoxy)pyridin-3-amine (7.1 g, 39.84 mmol, 96% yield) was obtained

(s o Sy

[00169] To a solution of 4-methyl-6-(1-methylcyclopropoxy)pyridin-3-amine (7.1 g, 39.84

as a pink solid.

[00168] Step 3

mmol, 1 eq) in dichloromethane (100 mL) was added triethylamine (8.06 g, 79.67 mmol, 11 mL,
2 eq) and acetic anhydride (6.10 g, 59.75 mmol, 5.6 mL, 1.5 eq) at 0 °C. The reaction mixture
was stirred at 20 °C for 1 h. TLC (petroleum ether: ethyl acetate = 1:1) showed new spot was
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detected. Water (100 mL) was added and the mixture was extracted with dichloromethane (50
mL * 2). The combined organic phase was washed with brine (100 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. The residue was purified by silica gel
chromatography (petroleum ether: ethyl acetate = 10:1 to 0:1). N-[4-methyl-6-(1-
methylcyclopropoxy)-3-pyridyl]acetamide (8.3 g, 37.68 mmol, 94.59% yield, 100% purity) was
obtained as a brown oil.

[00170]  Step 4

o
H N
N Nm/ isoamylnitrite, Ac,0 ml\l
<’\ ‘ _ o KOAc, Toluene, 80 °C <’\O P~
O N

[00171] A mixture of N-[4-methyl-6-(1-methylcyclopropoxy)-3-pyridyl]acetamide (7.3 g,

33.14 mmol, 1 eq), potassium acetate (4.88 g, 49.71 mmol, 1.5 eq) and acetic anhydride (15.56 g,
152.45 mmol, 14.28 mL, 4.6 eq) in toluene (150 mL) was heated to 80 °C. Isoamylnitrite (15.53
g, 132.57 mmol, 17.8 mL, 4 eq) was added dropwise. The reaction was stirred at 80 °C for 12 h.
LCMS showed desired MS was detected. The mixture was filtered, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel chromatography (petroleum ether:
ethyl acetate = 1:0 to 20:1). 1-[5-(1-methylcyclopropoxy)pyrazolo[3,4-c]pyridin-1-yl]ethanone
(4.9 g, 21.19 mmol, 63.94% yield) was obtained as a yellow solid.

[00172] Step 5

\(

[00173] To a solution of 1-[5-(1-methylcyclopropoxy)pyrazolo[3,4-c]pyridin-1-yl]ethanone
(4.9 g, 21.19 mmol, 1 eq) in methanol (50 mL) was added potassium carbonate (4.39 g, 31.78
mmol, 1.5 eq). The reaction was stirred at 20 °C for 1 h. Ethyl acetate (100 mL) was added and
HCI solution (1M) was added to adjust the pH to 7. Water (100 mL) was added to the mixture,
the aqueous phase was extracted with ethyl acetate (100 mL * 2).The combined organic phase
was washed with brine (100 mL), dried over sodium sulfate, filtered, and concentrated under
vacuum. The residue was used into next step directly. 5-(1-methylcyclopropoxy)-1H-
pyrazolo[3,4-c]pyridine (3.9 g, 20.61 mmol, 97% yield) was obtained as a yellow solid.
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[00174] Step 6

I

H
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|

[00175] To a solution of 5-(1-methylcyclopropoxy)-1H-pyrazolo[3,4-c]pyridine (2.5 g, 13.21
mmol, 1 eq) in N,N-dimethyl formamide (25 mL) was added potassium hydroxide (1.85 g, 33.03
mmol, 2.5 eq) and iodine (3.69 g, 14.53 mmol, 2.93 mL, 1.1 eq). The reaction mixture was
stirred at 20 °C for 12 h. The mixture was quenched by addition of saturated sodium sulfite.
Water (100 mL) was added to the mixture, HCI solution (1M) was added to the mixture to adjust
the pH to 4. The solid was filtered and dried under vacuum. The mixture was used into next step
directly. 3-iodo-5-(1-methylcyclopropoxy)-1H-pyrazolo|3,4-c]pyridine (3.9 g, 12.38 mmol, 94%
yield) was obtained as a light-yellow solid.
[00176] Step 7

H Trt

!
N| X N\N NaH, TrtCl N N\N
—_— |
N0 NP~ THF %\0 A~
| I

[00177] To a solution of 3-iodo-5-(1-methylcyclopropoxy)-1H-pyrazolo[3,4-c]pyridine (3.9 g,
12.38 mmol, 1 eq) in tetrahydrofuran (40 mL) was added sodium hydride (594 mg, 14.85 mmol,
60% purity in mineral oil, 1.2 eq) at 0 °C, the mixture was stirred at 0 °C for 0.5 h. Then
tritylchloride (3.80 g, 13.61 mmol, 1.1 eq) was added to the mixture at O °C, the reaction mixture
was stirred at 20 °C for 10 h. Saturated ammonium chloride (100 mL) was added to the mixture,
the aqueous phase was extracted with ethyl acetate (100 mL * 3). The combined organic phase
was washed with brine (100 mL), dried over sodium sulfate, filtered, and concentrated under
vacuum. The residue was purified by silica gel chromatography (petroleum ether: ethyl acetate =
1:0 to 20:1). 3-iodo-5-(1-methylcyclopropoxy)-1-trityl-pyrazolo[3,4-c]pyridine (5.9 g, 10.58
mmol, 85% yield) was confirmed as a light yellow solid.

[00178] Step 8
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[00179] To a solution of 3-iodo-5-(1-methylcyclopropoxy)-1-trityl-pyrazolo[3,4-c]pyridine
(2.3 g, 4.13 mmol, 1 eq) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1,3,2-dioxaborolane (2.10 g, 8.25 mmol, 2. eq) in dioxane (20 mL) was added Pd(dppf)Cl2
(301.91 mg, 412.61 umol, 0.1 eq) and KOAc (1.21 g, 12.38 mmol, 3 eq). Then the mixture was
stirred at 100 °C for 16 hr under Nz and cooled. The reaction mixture was filtered and
concentrated under reduced pressure to afford 5-(1-methylcyclopropoxy)-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridine (2.3 g, crude) as a gray gum.

[00180] Step 9

Cl

;I'rt
N
Nl N N)\\>\CI
o = / \QN
B~
/-0
O

Y

Pd(dppf)Cl,, Na,CO3, dioxane

[00181] To asolution of 5-(1-methylcyclopropoxy)-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridine (2.3 g, 4.13 mmol, 1 eg) and 4,6-
dichloropyrimidine (921.95 mg, 6.19 mmol, 1.5 eq) in dioxane (20 mL) and H>O (4 mL) was
added NaxCOs (1.31 g, 12.38 mmol, 3 eq) and Pd(dppf)Cl2 (301.88 mg, 412.56 umol, 0.1 eg).
Then the mixture was stirred at 100 °C for 1 hr under N2. TLC (Petroleum ether: Ethyl
acetate=5:1, Rf=0.7) showed no start material and one major new spot was detected. The
reaction mixture was filtered and concentrated under reduced pressure. H.O (20 mL) was added
and the mixture was extracted with ethyl acetate (3*20 mL). The combined organic phases were
washed with water, dried with Na;SO4, concentrated under vacuum to give a residue. The
residue was purified by silica gel column chromatography (0 to 30% Ethyl acetate in Petroleum
ether) to give 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1-trityl-pyrazolo[3,4-
c]pyridine (1.73 g, 2.54 mmol, 61.66% yield, 80% purity) as a off-white solid.

[00182] Step 10
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[00183] To a solution of 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1-trityl-

pyrazolo[3,4-c]pyridine (0.9 g, 1.65 mmol, 1 eq) and tert-butyl piperazine-1-carboxylate (462.17
mg, 2.48 mmol, 1.5 eq) in DMSO (10 mL) was added DIEA (641.40 mg, 4.96 mmol, 864.42 uL,
3 eq) and the reaction was stirred at 80°C for 16h under N3 and cooled. NH4Cl (80 mL) solution
was added and the mixture was extracted with ethyl acetate (3*60 mL). The combined organic
phases were washed with water, dried with NaxSQO4, and concentrated under vacuum to give a
residue. The residue was purified by silica gel chromatography (Petroleum ether/Ethyl
acetate=100/1, 1/1) to give tert-butyl 4-[6-[5-(1-methylcyclopropoxy)-1-trityl-pyrazolo[3,4-
c]pyridin-3-yl]pyrimidin-4-yl]piperazine-1-carboxylate (1 g, 1.35 mmol, 81.90% yield, 94%

purity) as a white solid.
[00184] Step 11
"l'rt

4M HCI/EtOAc

MeOH

N \ N/
[00185] To a solution of tert-butyl 4-[6-[5-(1-methylcyclopropoxy)-1-trityl-pyrazolo[3,4-
c]pyridin-3-yl]pyrimidin-4-yl]piperazine-1-carboxylate (1 g, 1.44 mmol, 1 eq) in DCM (6 mL)
was added HCl/dioxane (4 M, 6 mL, 16.65 eq) and the reaction was stirred at 40°C for 4h under
Na. After cooling, the reaction mixture was filtered and the filter cake was collected. The solid
was dissolved in water (50 mL), the solution basified to pH~13 with NaOH and extracted with
ethyl acetate (SO mL *3). The organic layer was dried over sodium sulfate and concentrated
under reduced pressure to give 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-
1H-pyrazolo[3,4-c]pyridine (490 mg, 1.39 mmol, 96.75% yield) as a red solid.

[00186] Exemplary final synthesis of Compound 1:

[00187] Step 1
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[00188] To a stirring solution of 2,6-difluoro-3-nitro-pyridine (7.0 g, 43.73 mmol, 1.0 eq) in
acetonitrile (140 mL) were added BnOH (13.6 mL, 131.19 mmol, 3.0 eq) and Cs2CO3 (57.0 g,
174.91 mmol, 4.0 eq). The resulting mixture was heated to 55 °C for S hours and cooled. The
reaction mixture was filtered and concentrated under vacuum. The residue was purified by
Biotage ® combi flash (Column: 120 g Biotage ® Silica Flash column; Eluent: gradient 0~3%
ethyl acetate in petroleum ether; Gradient time: 20 min; Hold time: 100 min; Flow rate: 100

mL/min). Pure fractions were combined and concentrated under reduced pressure to afford 2,6-

dibenzyloxy-3-nitro-pyridine (16.5 g, 39.74 mmol, 90.87% yield, 81% purity) as a yellow solid.

[00189] Step 2

/

(0] Fe, aq. NH,CI (o]

—N IBn - N » —N an
O,N \ o i-PrOH, 90°C, 12h H,N \ /) o

[00190] To astirred solution of 2,6-dibenzyloxy-3-nitro-pyridine (8.25 g, 19.87 mmol, 81%
purity, 1.0 eq) in i-PrOH (160 mL) and H20 (80 mL) was added Fe (8.9 g, 158.95 mmol, 8.0 eq)
and NH4CI (15.9 g, 298.02 mmol, 15.0 eq). The resulting mixture was heated to 90 °C for 12

/Bn Bn

hours (2 parallel reactions). The reaction mixture was cooled to ambient temperature and ethyl
acetate (200 mL) was added. The mixture was filtered to remove insoluble solid, and the filter
cake was washed with ethyl acetate (75 mL x 2). The combined organic extracts were washed
with brine (150 mL), dried over anhydrous Na>SQg, filtered, and concentrated under vacuum.
The residue was purified by Biotage ® combi flash (Column: 120 g Biotage ® Silica Flash
column; Eluent: gradient 0~5% ethyl acetate in petroleum ether; Gradient time: 30 min; Hold
time: 120 min; Flow rate: 100 mL/min). Pure fractions were combined and concentrated under
reduced pressure to afford 2,6-dibenzyloxypyridin-3-amine (11.5 g, 29.95 mmol, 75.38% yield,
80% purity) as a yellow oil.

Step 3
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[00191] To a solution of 2,6-dibenzyloxypyridin-3-amine (4.0 g, 13.06 mmol, 1.0 eq) and 4-
bromo-1-fluoro-2-nitro-benzene (2.9 g, 13.06 mmol, 1.0 eq) in DMSO (45 mL) was added DIEA
(5.7 mL, 32.64 mmol, 2.5 eq). The reaction mixture was stirred at 100 °C for 16 hours and
cooled. The reaction mixture was quenched with water (50 mL) and extracted with ethyl acetate
(100 mL x 3). The combined organic layers were washed with brine (50 mL x 2), dried over
NayS0q, filtered, and concentrated under reduced pressure to give a residue which was purified
by Biotage ® combi flash (Column: 80 g Biotage ® Silica Flash column; Eluent: gradient 0~5%
tetrahydrofuran in petroleum ether; Gradient time: 15 min; Hold time: 30 min; Flow rate: 70
mL/min). Pure fraction was concentrated under reduced pressure to afford 2,6-dibenzyloxy-N-(4-

bromo-2-nitro-phenyl)pyridin-3-amine (3.47 g, 6.85 mmol, 52% yield) as a brown solid.

[00192] Step 4

Br o) Br. O
/ ~ / ~
r Bn Fe, NH,CI T Bn
x~_N - N
| N MeOH/H,0 s N
0, Oy, 2 O,

[00193] To a solution of 2,6-dibenzyloxy-N-(4-bromo-2-nitro-phenyl)pyridin-3-amine (3.47
g, 6.85 mmol, 1.0 eq) in methanol (50 mL) and water (5 mL) were added NH4Cl (5.50 g, 102.80

mmol, 15.0 eq) and Fe (1.91 g, 34.27 mmol, 5.0 eq). The mixture was stirred at 90 °C for 1 hour
and allowed to cool. The mixture was filtered and the filtrate was concentrated under reduced
pressure. The mixture was diluted with water (50 mL) and extracted with ethyl acetate (50 mL x
3). The combined organic layer was washed with brine (50 mL), dried over Na;SOy, filtered and
concentrated under reduced pressure to afford 4-bromo-N1-(2,6-dibenzyloxy-3-pyridyl)benzene-
1,2-diamine (2.97 g, 6.23 mmol, 90% yield) as colorless liquid.

[00194] Step 5
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[00195] To a solution of 4-bromo-N1-(2,6-dibenzyloxy-3-pyridyl)benzene-1,2-diamine (2.77
g, 1.84 mmol, 1.0 eq) in 1,4-dioxane (90 mL) was added CDI (9.43 g, 58.15 mmol, 10.0 eq). The
mixture was stirred at 120°C for 12 hours and cooled. The mixture was concentrated to remove
most solvent and diluted with water (50 mL). The aqueous phase was extracted with ethyl acetate
(50 mL x 3). The combined organic layers were washed with water (15 mL x 6), brine (15 mL),
dried over Na;SQs, filtered, and concentrated under reduced pressure. The residue was purified
by Biotage ® combi flash (Column: 80 g Biotage ® Silica Flash column; Eluent: gradient
0~30% ethyl acetate in petroleum ether; Gradient time: 20 min; Hold time: 10 min; Flow rate: 70
mL/min). Pure fractions were collected and concentrated under reduced pressure to afford 6-
bromo-3-(2,6-dibenzyloxy-3-pyridyl)-1H-benzimidazol-2-one (2.7 g, 5.37 mmol, 92% yield) as

a white solid.

[00196] Step 6

I|3n ?n ?n I|3n
O _N__O O__N__O
Br | B Cs,CO3, Mel . Br | /\
N DMF ’Z\
N
HN 0 / 0

[00197] To a solution of 6-bromo-3-(2,6-dibenzyloxy-3-pyridyl)-1H-benzimidazol-2-one (1.0
g, 1.99 mmol, 1.0 eq) in DMF (10 mL) was added Cs2CO; (1.62 g, 4.98 mmol, 2.5 eq) and
iodomethane (0.37 mL, 5.97 mmol, 3.0 eq). The mixture was stirred at 25°C for 16 hours. The
reaction mixture was quenched with water (15 mL) and extracted with ethyl acetate (30 mL x 3).
The combined organic layers were washed with water (10 mL x 3) and brine (15 mL), dried over
NayS0Oq, filtered, and concentrated under reduced pressure. The residue was purified by Biotage
® combi flash (Column: 40 g Biotage ® Silica Flash column; Eluent: gradient 0~23% ethyl
acetate in petroleum ether; Gradient time: 30 min; Hold time: 5 min; Flow rate: 35 mL/min).

Pure fractions were collected and concentrated under reduced pressure to afford 5-bromo-1-(2, 6-
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dibenzyloxy-3-pyridyl)-3-methyl-benzimidazol-2-one (1.03 g, 1.99 mmol, 91% yield) as a white
foam.

[00198] Step 7

L0
O, 5T IO

O~Bn » O
\ N Xphos Pd G2, Cs,CO3
Y dioxane, 90°C, 16h

O Wa
O-Bn O—-Bn
[00199] To a solution of 5-bromo-1-(2,6-dibenzyloxy-3-pyridyl)-3-methyl-benzimidazol-2-
one (500 mg, 968.27 umol, 1 eq) and framns-4-[4-(dimethoxymethyl)cyclohexoxy|piperidine
(299.04 mg, 1.16 mmol, 1.2 eq) in dioxane (10 mL) was added XPHOS-PD-G2 (76.18 mg, 96.83
umol, 0.1 eq) and Cs2CO3 (946.44 mg, 2.90 mmol, 3 eq). The mixture was stirred at 90°C for 16
hr under N> and then cooled. The reaction mixture was diluted with water (20 mL) and extracted
with ethyl acetate (30 mL x 2). The combined organic layers were washed with brine (20 mL),
dried over Na;SQy, filtered, and concentrated under reduced pressure to give a residue. The
residue was purified by silica gel chromatography (column height: 20 g, 100-200 mesh silica gel,
0-30% (5 min) of Ethyl acetate in Petroleum ether, 30-100% (15 min) of Ethyl acetate in
Petroleum ether,50-100% (5 min) of Ethyl acetate in Petroleum ether) to give rams-1-(2,6-
dibenzyloxy-3-pyridyl)-5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-
benzimidazol-2-one (520 mg, 750.53 umol, 77.51% yield, N/A purity) as a yellow solid.

[00200] Step 8

0 !
e as o
\O\p @N O-Bn Ha (40 psi), F’d(OH)Z \p \@
o \_ N DMF, 40°C, 16h <\ z

O—Bn o}

[00201] To a solution of rrans-1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-[4-

(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-benzimidazol-2-one (520 mg, 750.53
umol, 1 eq) in DMF (20 mL) was added Pd/C (300 mg, 10% purity) and Pd(OH)2 (200 mg, 10%
purity). The mixture was stirred under a Ha atmosphere (40 psi) at 40°C for 16 hrs. The mixture
was filtered and extracted with EtOAc (30 mLX 2). The combined organic layers were washed
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with brine 20 mL, dried over NazSOy, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by silica gel chromatography (column height: 4 g, 100-200
mesh silica gel, 0-30% (5 min) of Ethyl acetate in Petroleum ether, 30-85% (15 min) of Ethyl
acetate in Petroleum ether,50-100% (5 min) of Ethyl acetate in Petroleum ether) to give trans-3-
[5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-2-oxo-benzimidazol-1-
yl]piperidine-2,6-dione (182 mg, 353.66 umol, 47.12% yield, N/A purity) as a yellow solid.
[00202] Step 9

o N
e~y as >§°
\o N O TsOH 1eq
o NH acetoango
- 10:1 80°C
o] o]
[00203] To a solution of mramns-3-[5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-
methyl-2-oxo-benzimidazol-1-yl|piperidine-2,6-dione (182 mg, 353.66 umol, 1 eq) in acetone (4
mL) and H20O (0.4 mL) was added TsOH (24.36 mg, 141.47 umol, 0.4 eq). Then the mixture was
stirred at 80 °C for 16 hrs and then cooled. Sat. NaHCO3 (30 mL) was added to adjust the pH to
8 and the mixture was filtered to give trans-4-[[1-[ 1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl Joxy]cyclohexanecarbaldehyde (212 mg, crude) as an off-white
solid.
[00204]  Step 10

q
JQ C@’g&o s

——
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[00205] To a solution of frans-4-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-benzimidazol -
5-yl]-4-piperidyl]oxy]cyclohexanecarbaldehyde (66.67 mg, 142.29 umol, 1 eq), 5-(1-
methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridine (50 mg,
142.29 ymol, 1 eq) in DCM (5 mL) and DMSO (3 mL) was added HOAc (8.54 mg, 142.29
umol, 8.15 uL, 1 eq) stirred at 20°C for 0.5 h. Then NaBH(OAc)3 (75.39 mg, 355.72 umol, 2.5

eq) was added. After addition, the reaction mixture was stirred at 20°C for 3 h. The reaction
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mixture was filtered and concentrated in vacuo. The impure product was purified by Prep-
HPLC(column: Xtimate C18 150*40mm* 10um;mobile phase: [water( NHsHCO3)-
ACN];gradient:28%-68% B over 32 min) to get Compound 1 (51.4 mg, 63.58 pmol, 44.69%
yield, 99.45% purity) as a white solid.

[00206] Exemplary synthesis of Compound 2:

[00207]  Synthesis of intermediate 3-[6-[4-[(2,2-dimethylpiperazin-1-yl)methyl]-1-
piperidyl]pyrimidin-4-yl]-5-(1-methylcyclopropoxy)-1H-indazole

[00208] Step

Sh
NH
(:)T cbz _ (\N/\CN‘Cbz

N NaBH(OAC);, DCM/HOAc N\)V
Boc Bod

[00209] To a solution of benzyl 4-formylpiperidine-1-carboxylate (1.78 g, 7.21 mmol, 1 eq)
and HOAc (25.98 mg, 432.69 umol, 24.75 uL, 0.06 eq) in DCM (10 mL) was added tert-butyl

3,3-dimethylpiperazine-1-carboxylate (1.70 g, 7.93 mmol, 1.1 eq) and the mixture was stirred at
25 °C under N3 for 20 hours. NaBH(OAc); (2.29 g, 10.80 mmol, 1.50 eq) was added and the
mixture was stirred at 25 °C for 2 hours. The reaction mixture was quenched by addition sat.
NaHCOs3 to pH=8-9 and extracted with DCM (20 mL * 3). The combined organic layers were
washed with brine (50 mL *2), dried over NaxSQy, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by flash silica gel chromatograph (0~25%
ethyl acetate in petroleum) to give tert-butyl4-((1-((benzyloxy)carbonyl)piperidin-4-yl)methyl)-
3,3-dimethylpiperazine-1-carboxylate (2.11 g, 4.73 mmol, 65.57% yield) as colorless oil.
[00210] Step 2

(\N/\CN ~Cbz Pd/C, H, (\N/\CNH
_—

/ /
Boc Boc

[00211] To a solution of tert-butyl 4-[(1-benzyloxycarbonyl-4-piperidyl)methyl]-3,3-
dimethyl-piperazine-1-carboxylate (2.1 g, 4.71 mmol, 1 eq) in MeOH (20 mL) was added Pd/C
(500 mg, 10% ) under N;. The suspension was degassed under vacuum and purged with H
several times. The mixture was stirred under Hz (15 psi) at 25 °C for 1 hour. TLC (petroleum

ether: ethyl acetate=1:1) showed the reaction completed. The reaction mixture was filtered and
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filtrate was concentrated under reduced pressure to give tert-butyl 3,3-dimethyl-4-(4-
piperidylmethyl)piperazine-1-carboxylate (1.39 g, 4.46 mmol, 94.70% yield) as a white gum.
[00212] Step 3

/N\J)Y‘ TEA, DMSO

[00213] To a solution of 2-[[3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)indazol-2-

ylJmethoxy]ethyl-trimethyl-silane (synthesis described below, 0.15 g, 348.03 umol, 1 eq) in
DMSO (3 mL) was added TEA (176.08 mg, 1.74 mmol, 242.20 uL, 5 eq) and tert-butyl 3,3-
dimethyl-4-(4-piperidylmethyl)piperazine-1-carboxylate (216.79 mg, 696.05 umol, 2 eq). The
mixture was stirred at 100 °C for 1 hr and cooled. The reaction mixture was quenched by
addition EtOAc (50 mL) and water (50 ml) at 25 °C. The organic layer was washed with water
(30 mL *3), dried over NasSOQs, filtered, and concentrated under reduced pressure to give a
residue. The residue was purified by flash silica gel chromatography (ISCO®; 4 g SepaFlash®
Silica Flash Column, Eluent of 0~20% ethyl acetate/petroleum ether gradient @ 50 mL/min) to
give tert-butyl 3,3-dimethyl-4-[[ 1-[6-[5-(1-methylcyclopropoxy)-2-(2-
trimethylsilylethoxymethyl)indazol-3-yl|pyrimidin-4-yl]-4-piperidyl methyl |piperazine-1-
carboxylate (0.19 g, 266.99 umol, 76.72% yield, 99.210% purity) as a light yellow solid.
[00214] Step 4

HCI/EtOAc

———-

MeOH

[00215] To a solution of tert-butyl 3,3-dimethyl-4-[[1-[6-[5-(1-methylcyclopropoxy)-2-(2-
trimethylsilylethoxymethyl)indazol-3-yl Jpyrimidin-4-yl]-4-piperidyl Jmethyl |piperazine-1-
carboxylate (0.18 g, 254.96 umol, 1 eq) in MeOH (3 mL) was added HCI/EtOAc (4 M, 127.48
ul, 2 eq) .The mixture was stirred at 25 °C for 4 hr. The reaction mixture was concentrated

under reduced pressure to remove solvent to give 3-[6-[4-[(2,2-dimethylpiperazin-1-yl)methyl]-
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1-piperidyl]pyrimidin-4-yl]-5-(1-methylcyclopropoxy)-1H-indazole (0.13 g, crude, HCI salt) as a
white solid.

[00216] Synthesis of intermediate 2-[[3-(6-chloropyrimidin-4-yl)-5-(1-
methylcyclopropoxy)indazol-2-yl|methoxy]ethyl-trimethyl-silane:

[00217] Step 1

[00218] To a solution of 2-bromo-4-fluoro-1-nitro-benzene (16.78 g, 76.28 mmol, 1.1 eq) and
1-methylcyclopropanol (5 g, 69.34 mmol, 1 eq) in DMF (160 mL) was added NaH (4.16 g,
104.01 mmol, 60% in mineral oil, 1.5 eq) in one portion at 0°C under Naz. Then the mixture was
heated to 20°C and stirred for 4 hours. The residue was poured into water (200 mL) and stirred
for 10 min. The aqueous phase was extracted with ethyl acetate (3 x 300 mL). The combined
organic phase was washed with brine (2 x 200 mL), dried with anhydrous Na;SOs, filtered, and
concentrated in vacuum. The residue was purified by silica gel column chromatography (100-
200 mesh silica gel, 0-2% of Ethyl acetate in Petroleum ether) to afford 2-bromo-4-(1-
methylcyclopropoxy)-1-nitro-benzene (14.3 g, 52.56 mmol, 75.79% yield) as a yellow oil.
[00219] Step 2
/@[Noz trimethylboroxine /©/\N 0
ﬁ\o Br  KoCOs Cs,CO3 ﬁ\o
Pd(PPh3),, dioxane,
100 °C, 16h

[00220] To a mixture of 2-bromo-4-(1-methylcyclopropoxy)-1-nitro-benzene (14.3 g, 52.56
mmol, 1 eq), K2CO3 (14.53 g, 105.11 mmol, 2 eq) and Cs,CO3 (17.12 g, 52.56 mmol, 1 eq) in
1,4-dioxane (100 mL) was added 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (32.99 g, 131.39
mmol, 36.73 mL, 50% in EtOAc, 2.5 eq) and Pd(PPhs)4 (6.07 g, 5.26 mmol, 0.1 eq)) at 20°C,
then heated to 100°C and stirred for 16 hours to give yellow solution. TLC showed the reaction
was completed. The reaction was cooled to 20°C and concentrated under vacuum. To this residue
was added PE: EtOAc (10:1, 100 mL), and the mixture was filtered through a pad of silica. The
filter pad was washed with petroleum ether : EtOAc (10:1, 1000 mL) solvent. The residue was
purified by silica gel chromatography (100-200 mesh silica gel, 0-1% of Ethyl acetate
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in Petroleum ether) to afford 2-methyl-4-(1-methylcyclopropoxy)-1-nitro-benzene (11 g, crude)
as a yellow oil.

[00221] Step 3

NO2  ammonium formate NHz
ﬁ\o/@ PAIC, EIOH, R.T, 5h §\O/©/\
[00222] To a mixture of 2-methyl-4-(1-methylcyclopropoxy)-1-nitro-benzene (11 g, 53.08
mmol, 1 eq) in EtOH (100 mL) was added 10% of Pd/C (4 g, 5.31 mmol, 0.1 eq) and ammonium

formate (40.17 g, 636.99 mmol, 12 eq) in one portion at 20°C under N». The mixture was stirred
at 20°C for 2 h to give a black mixture. TLC showed the reaction was completed. The
mixture was filtered through a pad of silica gel, washed with EtOAc (3 x 200 mL) and
concentrated in vacuum. The residue was purified by silica gel chromatography (0-10% of Ethyl
acetate in Petroleum ether) to afford 2-methyl-4-(1-methylcyclopropoxy) aniline (9.8 g, crude) as
a red oil.
[00223] Step 4

H

§|\ /@/\ 2 Ac0, BN N\[(

DCM R.T, 16h ﬁ\o/@ (o)
[00224] To a mixture of 2-methyl-4-(1-methylcyclopropoxy) aniline (9.8 g, 55.29 mmol, 1 eq)
and EtzN (13.99 g, 138.23 mmol, 19.24 mL, 2.5 eq) in DCM (100 mL) was added Ac,0 (11.29
g, 110.58 mmol, 10.36 mL, 2 eq) in one portion at 0°C under N». The mixture was stirred at 0°C
for 30 min, then heated to 20°C and stirred for 16 hours. TLC showed the reaction was
completed. The reaction was quenched with a saturated solution of aqueous NaHCO3 (30 mL) to
adjusted pH=7-8 and extracted with DCM (3x50 mL). The combined organic phase was washed
with brine (3x50 mL), dried with anhydrous Na;SOy, filtered and concentrated in vacuum. The
residue was purified by silica gel chromatography (20-40% Ethyl acetate in Petroleum ether) to
afford N-[2-methyl-4- (1-methylcyclopropoxy) phenyl] acetamide (9.3 g, 42.41 mmol, 76.71%

yield) as a yellow oil.

[00225] Step 5
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H 0»,
/@LN\“/ 3-methylbutyl nitrite _ N,
§\O O  Ac,0, KOACc, toluene ﬁ\ /@://N
(0]
[00226] To a solution of N-[2-methyl-4-(1-methylcyclopropoxy)phenyl]acetamide (9.3 g,
42.41 mmol, 1 eq) in toluene (100 mL) was added KOAc (6.24 g, 63.62 mmol, 1.5 eq) and Ac2O
(19.92 g, 195.09 mmol, 18.27 mL, 4.6 eq) at 20°C, the solution was heated to 80°C, then 3-
methylbutyl nitrite (19.87 g, 169.65 mmol, 22.84 mL, 4 eq) was added dropwise. After addition,
the mixture was stirred at 80°C for 2h. TLC showed the reaction was completed. The reaction
was then filtered, the wet cake was washed with EtOAc (70mL), and the filtrate was
concentrated in vacuum. The residue was purified by silica gel chromatography (100-200 mesh
silica gel, 0-10% Ethyl acetate in Petroleum ether) to afford 1-[5-(1-methylcyclopropoxy)
indazol-1-yl] ethanone (8 g, crude) as a yellow solid.
[00227] Step 6

OY H

NH3(9) N

N, —_— N
S]\ N MeOH Q\ o Y
(0]

[00228] To a mixture of 1-[5-(1-methylcyclopropoxy)indazol-1-yl]ethanone (8 g, 34.74
mmol, 1 eq) in MeOH (80 mL) was added NH3(g/)MeOH (7 M, 24.82 mL, 5 eq) in one portion
at 20°C. The mixture was stirred at 20°C for 2 hours to give a yellow solution. TLC showed the
reaction was completed. The solution was concentrated in vacuum to afford 5-(1-

methylcyclopropoxy) -1H-indazole (7.8 g, crude) as a yellow solid.
[00229] Step 7

H N
N SEM-CI . ﬁ\ /©1/\N_SEM
l o 7, N-dicyclohexylmethylamine, O

THF, R.T, 16h

[00230] To a mixture of 5-(1-methylcyclopropoxy)-1H-indazole (7.8 g, 41.44 mmol, 1 eq) in
THF (80 mL) was added N-dicyclohexylmethylamine (10.52 g, 53.87 mmol, 1.3 eg) and SEM-
Cl (8.29 g, 49.73 mmol, 8.80 mL, 1.2 eq) in one portion at 20°C. The mixture was stirred at 20°C
for 16 hours to give an orange solution. TLC showed the reaction was completed. The residue

was poured into water (60 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL).
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The combined organic phase was washed with brine (2 x 50 mL), dried with anhydrous NazSOs,
filtered and concentrated in vacuum. The residue was purified by silica gel chromatography
(100-200 mesh silica gel, 0-10% of ethyl acetate in Petroleum ether) to afford trimethyl-[2-[[5-
(1- methylcyclopropoxy) indazol-2-yl] methoxy] ethyl] silane (5.4 g, 16.96 mmol, 40.92% yield)
as a yellow oil.

[00231] Step 8

cl
(Dl
! <
_N kN Cl
g\o/[::l;yN_SEM 1, n-BuLi/THF, -78 °C,

2, ZnCly, -78°C to -20 °C,
3, Pd(PPhg),, THF, R.T, 5h

[00232] To a mixture of trimethyl-[2-[[5-(1-methylcyclopropoxy)indazol-2-
yl]lmethoxy]ethyl]silane (4.36 g, 13.70 mmol, 5.32e-1 eq) in THF (6mL) was dropwise added n-
BuLi (2.5 M, 13.40 mL, 1.3 eq) dropwise at -70°C under N2. The mixture was then stirred at
—78°C for 1h, and a solution of ZnCl> (0.7 M, 55.20 mL, 1.5 eq) was dropwise added at -20°C.
The mixture was stirred for 1 h at —20°C. A mixture of 4, 6-dichloropyrimidine (4.22 g, 28.34
mmol, 1.1 eq) and Pd(PPh3)4 (1.49 g, 1.29 mmol, 0.05 eq) in THF (4mL) was stirred at 20°C for
1h and was added to that solution. The cold bath was removed, and the mixture was stirred at
20°C for 16 h to give a yellow solution. The residue was poured into water (10 mL). The
aqueous phase was extracted with ethyl acetate (3 x 20 mL). The combined organic phase was
washed with brine (2 x 20mL), dried with anhydrous Na>SQg, filtered and concentrated in
vacuum. The residue was purified by silica gel chromatography (100-200 mesh silica gel, 0-10%
of Ethyl acetate in Petroleum ether) to afford 2-[[3-(6-chloropyrimidin-4-yl)-5- (1-
methylcyclopropoxy) indazol-2-yl] methoxy] ethyl-trimethyl-silane (2.9 g, crude) as a yellow
oil.

[00233] Exemplary final synthesis of Compound 2:

[00234]  Step [
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OBn OBn
N= I N=

Bno—\ / )\ BnO—™\ /
C:N
N 082CO3
/<I >=O ° >:O
N DMF, 50 °C, 12 h Br N
Br H )\

[00235] To a mixture of 6-bromo-3-(2,6-dibenzyloxy-3-pyridyl)-1H-benzimidazol-2-one (4.3
g, 8.56 mmol, 1 eq) and 2-iodopropane (2.18 g, 12.84 mmol, 1.28 mL, 1.5 eq) in N,N-

Y

dimethylformamide (40 mL) was added cesium carbonate (8.37 g, 25.68 mmol, 3 eq). The
mixture was stirred at 50 °C for 12 hours. Thin layer chromatography (petroleum ether: ethyl
acetate = 2:1) showed the reaction was completed. The mixture was cooled to 20 °C and poured
into water (w/w = 1/1) (100 mL) and extracted with ethyl acetate (100 mL*2). The combined
organic phase was washed with brine (100 mL*3), dried with anhydrous sodium sulfate, filtered,
and concentrated under vacuum. The residue was purified by flash silica gel chromatography
(ISCO®; 80 g SepaFlash® Silica Flash Column, Eluent of 0~20% Ethyl acetate/ Petroleum ether
gradient @ 80 mL/min). 5-bromo-1-(2,6-dibenzyloxy-3-pyridyl)-3-isopropyl-benzimidazol-2-
one (4 g, 7.35 mmol, 86% yield) was obtained as red solid.

[00236] Step 2

OBn

OBn o/ N=

N= >—<:\/NH Bno—\,_/

Bno—\, / Y J

(o]

/©:N>=o RuPhos Pd G3, Cs,CO, N/©:N>=

N dioxane, 100 °C
Br )\ /o )\

o<
[00237] To a mixture of 5-bromo-1-(2,6-dibenzyloxy-3-pyridyl)-3-isopropyl-benzimidazol-2-
one (1 g, 1.84 mmol, 1 eq) and 4-(dimethoxymethyl)piperidine (351 mg, 2.20 mmol, 1.2 eq) in
dioxane (10 mL) was added cesium carbonate (1.50 g, 4.59 mmol, 2.5 eq), [2-(2-
aminophenyl)phenyl]-methylsulfonyloxy-palladium;dicyclohexyl-[2-(2,6-
diisopropoxyphenyl)phenyl|phosphane (154 mg, 0.18 mmol, 0.1 eq) and 1,3-bis[2,6-bis(1-
propylbutyl)phenyl]-4,5-dichloro-2H-imidazol - 1-ium-2-ide;3-chloropyridine;dichloropalladium
(179 mg, 0.18 mmol, 0.1 eq). The mixture was stirred at 100 °C for 12 h and then cooled to 20

°C, filtered, and concentrated under reduced pressure. The residue was purified by flash silica gel
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chromatography (ISCO®; 20 g SepaFlash® Silica Flash Column, Eluent of 0~30% Ethyl
acetate/Petroleum ethergradient @ 70 mL/min). 1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-
(dimethoxymethyl)-1-piperidyl]-3-isopropyl-benzimidazol-2-one (600 mg, 0.85 mmol, 46%
yield, 88% purity) was obtained as yellow oil.

[00238] Step 3

OBn o)

N= HN
BnO/Q o¢
N Pd/C, Hy N
QN#O EtOAc, 50 °C, 12 h N/<EEN>=o
> FUG IS
o}

BN N
[00239] To a solution of 1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-piperidyl]-
3-isopropyl-benzimidazol-2-one (600 mg, 0.96 mmol, 1 eq) in ethyl acetate (10 mL) was added
palladium on carbon (100 mg, 10% purity) and hydroxide palladium (100 mg, 10% ) under
nitrogen. The mixture was stirred at 50 °C for 12 h under hydrogen (50 psi) and then cooled to
20 °C, filtered, and concentrated in reduced pressure. The residue was purified by preparative
thin layer chromatography (dichloromethane: methanol = 15: 1). 3-[5-[4-(dimethoxymethyl)-1-
piperidyl]-3-isopropyl-2-oxo-benzimidazol-1-yl]piperidine-2,6-dione (320 mg, 0.71 mmol, 74%
yield, 99% purity) was obtained as white solid.

[00240]  Step 4
o]

0

HN

O’Sﬁ dL\JH
TFA

N

Q:NFO DCM, 20 °C, 1h =0
N
N N

0 /= °§/O )~
o}

~

[00241] To a mixture of 3-[5-[4-(dimethoxymethyl)-1-piperidyl]-3-isopropyl-2-oxo-
benzimidazol-1-yl]piperidine-2,6-dione (65 mg, 0.15 mmol, 1 eq) in dichloromethane (2 mL)
was added trifluoroacetic acid (665 mg, 5.83 mmol, 0.43 mL, 39.90 eq). The mixture was stirred
at 20 °C for 1 h and then concentrated under reduced pressure. 1-[1-(2,6-dioxo-3-piperidyl)-3-
isopropyl-2-oxo-benzimidazol-4-yl]piperidine-4-carbaldehyde (58 mg, 0.15 mmol, 99.55%
yield) was obtained as yellow oil.

[00242] Step 5
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q /’CO:(&

4, Cre 4. /@[&
0 N A(:;H NaBH(OAc);, DCM/HOAG X:) /\C \@
\QN NQ\/N 2 f

[00243] To a mixture of 1-[1-(2,6-dioxo-3-piperidyl)-3-isopropyl-2-oxo-benzimidazol-5-

Q

yl]piperidine-4-carbaldehyde (60 mg, 137.96 umol, 1 eq) and 3-[6-[4-[(2,2-dimethylpiperazin-1-
yl)methyl]-1-piperidyl |pyrimidin-4-yl]-5-(1-methylcyclopropoxy)-1H-indazole (65.62 mg,
137.96 umol, 1 eq) in DCM (5 mL) was added HOAc (24.85 mg, 413.87 umol, 23.69 uL, 3 eq)at
25°C for 1 hour, then NaBH(OAc¢)3 (58.48 mg, 275.92 umol, 2 eq) was added at 25°C for 15
hours. The residue was filtered and concentrated in vacuum. The residue was purified by prep-
HPLC (column: Xtimate C18 150*40mm™*10um;mobile phase: [water(FA)-ACN];gradient:0%-
36% B over 36 min) to give Compound 2 (58 mg, 67.27 umol, 48.76% yield, 99.52% purity) as
white solid.

[00244] Exemplary synthesis of Compound 3:

[00245]  Synthesis of intermediate 4-[[ 1-[1-(2,6-dioxo-3-piperidyl)benzimidazol-4-yl]-4-
piperidyl]oxy]cyclohexanecarbaldehyde

[00246] Step I

$ YO.\O
O

\o)
0, NH - NO
AN | 2
F\@/NH2 o O\p \Q\@/NHQ

Cs,CO4, DMF, 100 °C, 2 h 0

\

[00247] To astirred solution of 3-fluoro-2-nitro-aniline (1 g, 6.41 mmol, 1 eq) in N,N-
dimethylformamide (20 mL) was added 4-[4-(dimethoxymethyl)cyclohexoxy]piperidine (1.81 g,
7.05 mmol, 1.1 eq) and cesium carbonate (4.17 g, 12.81 mmol, 2 eq). The reaction mixture was
stirred at 100°C for 2 h and cooled. Water (200 mL) was added to the mixture and the aqueous
phase was extracted with ethyl acetate (100 mL x 2). The combined organic layer was washed
with brine (200 mL), dried over anhydrous sodium sulfate, filtered and the filtrate was

concentrated under vacuum. The residue was purified by silica gel chromatography(petroleum

ether: ethyl acetate=100:1-3:1) to obtain 3-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]

2-nitro-aniline (1.5 g, 3.81 mmol, 59% yield) as a yellow oil.
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[00248] Step 2

| ~0 NO, BnO” N7 ~0Bn { O;N E \ /
o) N NH,
Xphos Pd G4, Cs,CO3, dioxane
[ONg \O

90°C, 12 h

[00249] To a stirred solution of 3-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-
aniline (1.5 g, 3.81 mmol, 1 eq) and 2,6-dibenzyloxy-3-bromo-pyridine (1.69 g, 4.57 mmol, 1.2
eq) in dioxane (20 mL) was added methanesulfonato(2-dicyclohexylphosphino-2,4,6-tri-i-
propyl-1,1-biphenyl)(2-methylamino-1,1-biphenyl-2-yl)palladium(Il) (328 mg, 0.38 mmol, 0.1
eq) and cesium carbonate (2.48 g, 7.62 mmol, 2 eq). The reaction mixture was stirred at 100 °C
for 12 h and cooled. The mixture was filtered and the filtrate was concentrated under vacuum.
The residue was purified by silica gel chromatography(petroleum ether: ethyl acetate=100:1-3:1)
to obtain 2,6-dibenzyloxy-N-[3-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-
phenyl]pyridin-3-amine (2.2 g, 3.22 mmol, 84% yield)as a yellow solid.

[00250] Step 3

BnO N

CN BnQ o@“ UOBH
=l b3 N

\ O;N _—

H EtOH, H,0, 80°C,12h \
AN o -
o e}

[00251] To astirred solution of 2,6-dibenzyloxy-N-[3-[4-[4-(dimethoxymethyl)cyclohexoxy]-
1-piperidyl]-2-nitro-phenyl]pyridin-3-amine (2.2 g, 3.22 mmol, 1 eg) in ethanol (20 mL) and
water (5 mL) was added ammonium chloride (1.72 g, 32.22 mmol, 10 eg) and iron (900 mg,
16.11 mmol, 5 eq). The reaction mixture was stirred at 80 °C for 12 h and cooled. The mixture
was filtered and the filtrate was concentrated under vacuum. The residue was purified by silica

gel chromatography(petroleum ether: ethyl acetate=100:1-1:1) to obtain N1-(2,6-dibenzyloxy-3-

pyridyl)-3-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl [benzene-1,2-diamine (1.2 g, 1.84
mmol, 57% yield) as a yellow oil.

[00252] Step 4
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[00253] To a solution of N1-(2,6-dibenzyloxy-3-pyridyl)-3-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl Jbenzene-1,2-diamine (1 g, 1.53 mmol, 1 eq) in

methanol (10 mL) was added p-toluenesulfonic acid (26 mg, 0.15 mmol, 0.1 eq) and

trimethoxymethane (488 mg, 4.60 mmol, 3 eq). The mixture was stirred at 60 °C for 2 h and
cooled. The mixture was concentrated under vacuum. 1-(2,6-dibenzyloxy-3-pyridyl)-4-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl Jbenzimidazole (18mg, 0.03 mmol, 88 % yield) was
obtained as yellow oil without further purification.

[00254] Step S

DCM, 25°C,0.5h (
0]

0
RN 2\ Nd
NZ )
2 N
N o o
“Q\CN\G TFA \ N
—_—
\
o\é

o—
[00255] To a solution of 3-[4-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-
piperidyl]benzimidazol-1-yl]piperidine-2,6-dione (100 mg, 0.21 mmol, 1

eq) in dichloromethane (2.5 mL) was added trifluoroacetic acid (770 mg, 6.75 mmol, 0.5 mL,
32.72 eq). The mixture was stirred at 25 °C for 0.5 h and then concentrated under vacuum. 4-[[1-
[1-(2,6-dioxo-3-piperidyl )benzimidazol-4-yl]-4-piperidyl Joxy]cyclohexanecarbaldehyde (90
mg,0.21 mmol, 99 % yield) was obtained as a white solid without purification.

[00256] Synthesis of intermediate 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-
yl)-1H-indazole

[00257]  Step I

/\\
HN\\/N‘Boc _ [><o

TEA, DMSO

><
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[00258] To a solution of 2-[[3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)indazol-2-
ylJmethoxy]ethyl-trimethyl-silane (1 g, 2.32 mmol, 1 eq) and tert-butyl piperazine-1-carboxylate
(648.20 mg, 3.48 mmol, 1.5 eq) in DMSO (5 mL) was added EtzN (704.34 mg, 6.96 mmol,
968.82 uL, 3 eq). After addition, the reaction mixture was stirred at 100 °C for 1h. After cooling,
the reaction mixture was diluted with water (10 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was dried over sodium sulfate and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (0 to 50% ethyl acetate in
petroleum ether) to afford tert-butyl 4-[6-[5-(1-methylcyclopropoxy)-2-(2-
trimethylsilylethoxymethyl)indazol-3-yl|pyrimidin-4-yl]piperazine-1-carboxylate (1.2 g, 1.96
mmol, 84.60% yield, 95% purity) as a light-yellow solid.

[00259] Step 2

/N\
N—SEM
[>(0 = HCl/dioxane - [>(0
N\: \ N/\\ MeOH
=N\ N-Boc

[00260] To a solution of tert-butyl 4-[6-[5-(1-methylcyclopropoxy)-2-(2-
trimethylsilylethoxymethyl)indazol-3-yl |pyrimidin-4-yl]piperazine-1-carboxylate (1.2 g, 2.07
mmol, 1 eq) in MeOH (5 mL) was added HCl/dioxane (4 M, 5 mL, 9.68 eq). After addition, the
reaction solution was stirred at 65°C for 1h. After cooling, the reaction mixture was concentrated
under reduced pressure to afford 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-
1H-indazole (770 mg, 1.81 mmol, 87.37% yield, 90.7% purity, HCI) as a yellow solid. The crude
product was used for next step directly.

[00261] Exemplary final synthesis of Compound 3:

H
N,

N
Vi
Q NH q\o 7 H Q NH
2\ N,
o N N’tfo N\=N\ N/\\NH /\N NPy 0
S CN (4 - o “D\CN
NMM, NaBH(OAc)s, DMF.25 °C,3 h
N7\ 2\
N

b -

[00262] To a solution of 4-[[1-[1-(2,6-dioxo-3-piperidyl)benzimidazol-4-yl]-4-

piperidyl]oxy]cyclohexanecarbaldehyde (90 mg, 0.21 mmol, 1 eq) in N,N-dimethylformamide (3

mL) was added sodium triacetoxyborohydride (87 mg, 0.41 mmol, 2 eq) and 5-(1-
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methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-indazole (71 mg, 0.18 mmol, 0.9
eq, hydrochloric acid), followed by N-methyl morpholine (62 mg, 0.62 mmol, 0.09 ml, 3 eq). The
mixture was stirred at 25 °C for 3 h and then filtered. The mixture was purified by prep-HPLC:
(column: Phenomenex luna C18 150*25mm* 10um;mobile phase:[water(FA)-ACN];B%: 12%-
42%,7min.). Compound 3 (27 mg, 0.03 mmol, 17 % yield, 96 % purity) was obtained as a white
solid.

[00263] Exemplary synthesis of Compound 4:

[00264] Synthesis of intermediate of 2,6-dibenzyloxy-N-[5-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-phenyl]pyridin-3-amine

[00265] Step [

()

N NH
\ {O

NO, °

Br NH,

[00266] To a solution of 5-bromo-2-nitro-aniline (1.07 g, 4.92 mmol, 1.1 eq) in N,N-
dimethylformamide (10 mL) was added potassium carbonate (1.24 g, 8.94 mmol, 2 eq) and 4-[4-
(dimethoxymethyl)cyclohexoxy|piperidine (1.15 g, 4.47 mmol, 1 eq). The mixture was stirred at
120 °C for 12 h and cooled. The reaction mixture was partitioned between ethyl acetate (100
mL) and water (80 mL). The organic phase was separated, washed with saturated sodium
chloride (30 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (silicon dioxide,
Petroleum ether/Ethyl acetate=10:1 to 1:1). 5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-
piperidyl]-2-nitro-aniline (0.694 g, 1.76 mmol, 39.44% yield,5-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-aniline (0.694 g, 1.76 mmol, 39.44% yield,
was obtained as a yellow solid.

[00267] Step 2

83



WO 2025/072629 PCT/US2024/048800

~0 Br 7 '\\O‘CN
| NO,
(I) N Bno” N~ 0B
n n
\Q\ \O BnO  NH

Xphos Pd G4, Cs,CO3, dioxane v
NO: 90°C, 10 h 0~ N\

NH,
BnO

[00268] A mixture of 5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-aniline
(690 mg, 1.75 mmol, 1 eq), 2,6-dibenzyloxy-3-bromo-pyridine (779.10 mg, 2.10 mmol, 1.2 eq),
dicyclohexyl-[2-(2,4,6-triisopropylphenyl)phenyl]phosphane;methanesulfonate;[2-[2-
(methylamino)phenyl phenyl]palladium(1+) (150.89 mg, 0.17 mmol, 0.1 eq), and cesium
carbonate (1.14 g, 3.51 mmol, 2 eq) in dioxane (10 mL) was degassed and purged with nitrogen
for 3 cycles. The mixture was then heated at 90 °C for 10 h under a Nz atmosphere and cooled.
The reaction mixture was partitioned between ethyl acetate (50 mL) and water (30 mL). The
organic phase was separated, washed with brine (15 mL), dried over anhydrous Na2S04,
filtered, and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (silicon dioxide, Petroleum ether/Ethyl acetate=5/1). 2,6-dibenzyloxy-
N-[5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-phenyl]pyridin-3-amine (1.12
g, 1.64 mmol, 93.5% yield) was obtained as a red solid.

[00269] Compound 4 was made in a manner analogous to Compound 3 using intermediate
2,6-dibenzyloxy-N-[5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl ]-2-nitro-
phenyl]pyridin-3-amine in place of 2,6-dibenzyloxy-N-[3-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-2-nitro-phenyl]pyridin-3-amine.

[00270] Exemplary synthesis of Compound 5:

[00271]  Synthesis of intermediate 3-(2,6-bis(benzyloxy)pyridin-3-y1)-5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)-oxy)piperidin-1-yl)-1-methyl-1,3-dihydro-2H-benzo[d]imidazol-
2-one

[00272] Step I

,YO.\O
$ O
NH
N02 o ,\\O
NH > |
NO,

K,CO3, DMF, 120 °C, 12 h (ONG
Br NH,
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[00273] To a stirred solution of 5-bromo-2-nitro-aniline (1.69 g, 7.77 mmol, 1 eq) and 4-[4-
(dimethoxymethyl)cyclohexoxy]piperidine (2 g, 7.77 mmol, 1 eq) in N,N-dimethylformamide
(20 mL) was added potassium carbonate (2.36 g, 17.10 mmol, 2.2 eq). The reaction mixture was
stirred at 120 °C for 12 h and cooled. Water (200 mL) was added to the mixture and the mixture
was extracted with ethyl acetate (150 mL x2). The combined organic layer was washed with
brine (200 mL x2), dried over anhydrous sodium sulfate, filtered, and the residue was
concentrated under vacuum. The residue was purified by silica gel chromatography(petroleum
ether : ethyl acetate=100:1-2:1) to obtain 5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-
2-nitro-aniline (1.5 g, 3.81 mmol, 49% yield) as a yellow oil.

[00274] Step 2

W0 . NO,
BnO” "N” "OBn
(lJ\(O \O\l - b BnQ  NH
Xphos Pd G4, Cs,CO3, dioxane o 7 \
o NO, 90°C, 10 h = N_

NH, BnO

[00275] To astirred solution of 5-(4-(((1r,4r)-4-(dimethoxymethyl)cyclohexyl)oxy)piperidin-
1-yl)-2-nitroaniline (1.5 g, 3.81 mmol, 1 eq) and 2,6-dibenzyloxy-3-bromo-pyridine (1.69 g, 4.57
mmol, 1.2 eq) in dioxane (20 mL) was added methanesulfonato(2-dicyclohexylphosphino-
2’.4°,6’-tri-i-propyl-1,1’-biphenyl}(2’-methylamino-1,1’-biphenyl-2-yl)palladium(II) (328 mg,
0.38 mmol, 0.1 eq) and cesium carbonate (2.48 g, 7.62 mmol, 2 eq). The reaction mixture was
stirred at 100°C for 12 h and cooled. The mixture was filtered, and the filtrate was concentrated
under vacuum. The residue was purified by silica gel chromatography(petroleum ether : ethyl
acetate=100:1-3:1) to obtain 2,6-bis(benzyloxy)-N-(5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)-2-nitrophenyl)pyridin-3-amine (2.2 g, 3.22
mmol, 84% yield) as a yellow solid.

[00276] Step 3

(o] O
\p BnO Fe, NH,CI \p BnO NH

NO,
\
o NH > \O 7\
O— @ EtOH, H,0, 80°C,12 h O— N _

BnO
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[00277] To astirred solution of 2,6-bis(benzyloxy)-N-(5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)-2-nitrophenyl)pyridin-3-amine (2.2 g, 3.22
mmol, 1 eq) in ethanol (20 mL) and water (5 mL) was added ammonium chloride (1.72 g, 32.22
mmol, 10 eq) and iron (899 mg, 16.11 mmol, 5 eq). The reaction mixture was stirred at 80 °C for
12 h and cooled. The mixture was filtered and the filtrate was concentrated under vacuum. The
residue was purified by silica gel chromatography(petroleum ether : ethyl acetate=100:1-1:1) to
obtain N1-(2,6-bis(benzyloxy)pyridin-3-yl)-5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)benzene-1,2-diamine (1.2 g, 1.84 mmol, 57%
yield) as a yellow oil.

[00278] Step 4

CDI, DMAP
BnO NH > BnO N
\o THF, 25 °C, 10 h |
7\ \ NF
o— N o
— o— OBn

BnO
[00279] To astirred solution of N1-(2,6-bis(benzyloxy)pyridin-3-y1)-5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)benzene-1,2-diamine (1.2 g, 1.84 mmol, 1 eq)
in tetrahydrofuran (12 mL) was added 4-dimethylaminopyridine (22 mg, 0.18 mmol, 0.1 eq) and
1,1-carbonyldiimidazole (596 mg, 3.68 mmol, 2 eq). The reaction mixture was stirred at 20 °C
for 12 h. The mixture was concentrated under vacuum. The residue was purified by silica gel
chromatography (petroleum ether : ethyl acetate=100:1-2:1) to obtain 1-(2,6-
bis(benzyloxy)pyridin-3-yl)-6-(4-(((1r,4r)-4-(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)-
1,3-dihydro-2H-benzo[d]imidazol-2-one (1 g, 1.47 mmol, 80% yield) as a yellow solid.
[00280] Step 5

LY PCNQL
BnO

: N~ O
NaH, Mel - BnO
X 7
| THF, 20°C,12h No
\ \ NP~ \o
o O/ OBn O/ an
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[00281] To astirred solution of 1-(2,6-bis(benzyloxy)pyridin-3-yl)-6-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)oxy)piperidin-1-yl)-1,3-dihydro-2H-benzo[d]imidazol-2-one (1 g,
1.47 mmol, 1 eq) in tetrahydrofuran (10 mL) was added sodium hydride (88 mg, 2.21 mmol,
60% purity, 1.5 eq) at 0 °C. The mixture was stirred at this temperature for 0.5 h and
iodomethane (313 mg, 2.21 mmol, 0.14 mL, 1.5 eq) was added to the mixture. The resulting
mixture was stirred at 20 °C for 12 h. The mixture was cooled to 0 °C, quenched with sat.
ammonium chloride (150 mL) and extracted with ethyl acetate (100 mL*2). The combined
organic phase dried with anhydrous sodium sulfate, filtered, and concentrated under vacuum.
The residue was purified by silica gel chromatography (petroleum ether : ethyl acetate=100:1-
1:1) to obtain 3-(2,6-bis(benzyloxy)pyridin-3-yl1)-5-(4-(((1r,4r)-4-
(dimethoxymethyl)cyclohexyl)-oxy)piperidin-1-yl)-1-methyl-1,3-dihydro-2H-benzo[d]imidazol-
2-one (900 mg, 1.30 mmol, 88% yield) as a yellow solid.

[00282] Compound 5 was prepared in a manner analogous to Compound 1, utilizing
intermediates 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-indazole and 3-
(2,6-bis(benzyloxy)pyridin-3-yl)-5-(4-(((1r,4r)-4-(dimethoxymethyl)cyclohexyl)-oxy)piperidin-
1-yl)-1-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one in place of 5-(1-methylcyclopropoxy)-3-
(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridine and trans-1-(2,6-dibenzyloxy-3-
pyridyl)-5-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-benzimidazol-2-one
[00283] Exemplary synthesis of Compound 6, which was prepared in a manner analogous to
Compound 1 using intermediate 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-
1H-indazole in place of 5-(1-methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-
pyrazolo[3,4-c]pyridine:

[00284] Step [

o H
HN N,
0¢ q\o/@{‘\)\ :
7 N
o 'S A
N \

|
N
N M «~QCN )i 0 o

OAO /O N Y "
o NMM, NaBH(OAG)3, DMF A=y N\\/N CZNH

o]

[00285] To a mixture of 4-[[ 1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-

4-piperidyl]oxy]cyclohexanecarbaldehyde (109 mg, 0.23 mmol, 1 eq) and 5-(1-
methylcyclopropoxy)-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-indazole (107 mg, 0.23 mmol, 1 egq,
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3 hydrochloride acid) in N,N-dimethylformamide (3 mL) was added 4-methylmorpholine (71
mg, 0.70 mmol, 0.077 mL, 3 eq) and sodium triacetoxyborohydride (99 mmg, 0.47 mmol, 2 eq)
at 0 °C. The mixture was stirred at 20 °C for 12 h and then concentrated under reduced pressure.
The residue was purified by semi-preparative reverse phase (column: YMC Triart C18
150*25mm*5um;mobile phase: [water(TFA)-ACN];B%: 20%-40%,10min) and (column: YMC
Triart C18 150*25mm*5um;mobile phase: [water(TFA)-ACN];B%: 23%-43%,10min).
Compound 6 (60.7 mg, 0.072 mmol, 31% yield, 95.59% purity) was obtained as off-white solid.
[00286] Exemplary synthesis of Compound 7:
[00287] Step I

N N

= SEMCI =
NH - NSEM
Br NaH, THF, 0 - 20°C,12 h Br

[00288] To astirred, cooled (0 °C) solution of 5-bromo-1H-benzimidazole (8 g, 40.60 mmol,
1 eq) in tetrahydrofuran (80 mL) was added sodium hydride (2.44 g, 60.90 mmol, 60% purity,
1.5 eq) portions. The mixture was stirred at 0 °C for 0.5 h and SEM-CI (8.12 g, 48.72 mmol, 8.62

mL, 1.2 eq) was added to the mixture. The reaction was stirred at 20 °C for 2 h and then
quenched by addition of saturated ammonium chloride aqueous (250 mL) and the mixture was
extracted with ethyl acetate (150 mL x2). The combined organic layer was dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated under vacuum. The residue was
purified by silica gel chromatography (petroleum ether : ethyl acetate=5:1-0:1) to afford 2-[(5-
bromobenzimidazol-1-yl)methoxy]ethyl-trimethyl-silane (10 g, 30.55 mmol, 75% yield) was

obtained as a yellow oil.

[00289]  Step 2
/

o
>—CNH
N o

NS
] \ s N
NSEM = N “SEM
Br Ruphos Pd G3,Cs,CO3
—0

100 °C,12 h

[00290] To a stirred solution of 2-[(5-bromobenzimidazol-1-yl)methoxy]ethyl-trimethyl-
silane (10 g, 30.55 mmol, 1 eqg) and 4-(dimethoxymethyl)piperidine (5.35 g, 33.61 mmol, 1.1 eq)
in dioxane (100 mL) was added RuPhos Pd G3 (1.28 g, 1.53 mmol, 0.05 eq) and cesium
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carbonate (21.90 g, 67.22 mmol, 2.2 eq). The reaction mixture was stirred at 100 °C under
nitrogen for 12 h and cooled. The mixture was filtered, and the filtrate was concentrated under
vacuum. The residue was purified by silica gel chromatography (petroleum ether : ethyl
acetate=10:1-1:1) to afford 2-[[5-[4-(dimethoxymethyl)-1-piperidyl Jbenzimidazol-1-
ylJmethoxy]ethyl-trimethyl-silane (6.5 g, 16.03 mmol, 52% yield) as a yellow oil.

[00291] Step 3

NS NS
TBAF
—0 4®/N\ > —O O/NH
SEM
—0 o

—

[00292]  To a stirred solution of 2-[[5-[4-(dimethoxymethyl)-1-piperidyl |benzimidazol-1-
ylJmethoxy]ethyl-trimethyl-silane (4.50 g, 11.09 mmol, 1 eq) in tetrahydrofuran (50 mL) was
added the solution of tetrabutylammonium fluoride (1 M, 13.31 mL, 1.2 eq). The reaction
mixture was stirred at 60 °C for 12 h and cooled. Water (300 mL) was added, and the mixture
was extracted with ethyl acetate (150 mL x3). The combined organic layer was dried over
anhydrous sodium sulfate, filtered, and the filtrate was concentrated under vacuum. The residue
was purified by prep-HPLC (column: Kromasil Eternity XT 250*80mm™*10um; mobile phase:
[water (ammonia hydroxide v/v)-ACN];B%: 18%-48%,20min) to obtain 5-[4-
(dimethoxymethyl)-1-piperidyl]-1H-benzimidazole (2.6 g, 9.44 mmol, 85% yield) was obtained
as a yellow solid.

[00293] Step 4

BnO
=N
N=\ BnO \ /~0Bn

_ ‘OJNH 0 N « ' o T
O s S Ave
[00294] To astirred solution of 5-[4-(dimethoxymethyl)-1-piperidyl]-1H-benzimidazole (300
mg, 1.09 mmol, 1 eq) and 2,6-dibenzyloxy-3-bromo-pyridine (484.07 mg, 1.31 mmol, 1.2 eq) in
dimethyl sulfoxide (5 mL) was added N,N'-bis(2-furylmethyl)oxamide (108.19 mg, 435.82 umol,
0.4 eq), potassium phosphate (231.28 mg, 1.09 mmol, 1 eq) and cuprous oxide (31.18 mg,
217.91 umol, 22.27 uL, 0.2 eq). The reaction mixture was stirred at 120 °C for 12 h and cooled.

The mixture was filtered, and the filtrate was diluted with water (300 mL). The mixture was

extracted with ethyl acetate (150 mLx2) and the combined organic layer was washed with brine
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(100 mL x2), dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated
under vacuum. The residue was purified by prep-HPLC(column: Waters Xbridge C18
150*50mm* 10um;mobile phase: [water( ammonium hydrogen carbonate)-ACN];B%: 51%-
81%,10min) to afford the mixture(900 mg). The crude was further purified by SFC(column:
DAICEL CHIRALPAK AD(250mm*30mm,10um);mobile phase: [0.1% ammonium hydroxide
IPA];B%: 50%-50%,3.6min) to obtain 1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-
piperidyl]benzimidazole (500 mg, 885.47 umol, 55% yield) and 1-(2,6-dibenzyloxy-3-pyridyl)-
6-[4-(dimethoxymethyl)-1-piperidyl Jbenzimidazole (400 mg, 708.38 umol, 44.44% yield) as a
yellow oil.

[00295] Step 5

BnO
=N
—0,
N
. OO

N Pd/C, H, —0 N

—0 ] 0
)—CN N 50°C,THF,12 h

—d NH

(0]

[00296] To a stirred solution of 1-(2,6-dibenzyloxy-3-pyridyl)-6-[4-(dimethoxymethyl)-1-
piperidyl]benzimidazole (400 mg, 0.71 mmol, 1 eq) in tetrahydrofuran (10 mL) was added Pd/C
showed desired product was detected. The mixture was filtered and the filtrate was concentrated
under vacuum. The residue was triturated with N,N-dimethylformamide (6 mL) at 20 °C for 10
min to obtain 3-[6-[4-(dimethoxymethyl)-1-piperidyl Jbenzimidazol-1-yl]|piperidine-2,6-dione
(170 mg, 0.44 mmol, 62% yield) as a white solid.
[00297] Step 6

o) DCM,20°C,1 h 0]

NH NH

[00298] To astirred solution of 3-[6-[4-(dimethoxymethyl)-1-piperidyl]benzimidazol-1-
yl]piperidine-2,6-dione (160 mg, 0.41 mmol, 1 eq) in dichloromethane (3 mL) was added
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trifluoroacetic acid (2.46 g, 21.61 mmol, 1.60 mL, 52.19 eq). The reaction mixture was stirred at
20°C for 1 h. LCMS showed desired MS was detected. The mixture was concentrated under
vacuum. The residue was used directly for next step to obtain 1-[3-(2,6-dioxo-3-
piperidyl)benzimidazol-5-yl]piperidine-4-carbaldehyde (140 mg, 0.41 mmol, 99% yield) as a
yellow oil.

[00299]  Step 7

o
q\o NH
o//—’G N =~ NQ\/ N 0
0 ﬂ\o { N
NMM,NaBH(OAc);, DMF, 20 °C,12 h N N«@_,{,7
b s o 0 Yy O
0 \:N NS\/

[00300] To astirred solution of 1-[3-(2,6-dioxo-3-piperidyl)benzimidazol-5-yl]piperidine-4-
carbaldehyde (70 mg, 0.21 mmol, 1 eg) in N,N-dimethylformamide (2 mL) was added 5-(1-

N 2T
z

methylcyclopropoxy)-3-[6-[4-(piperazin-1-ylmethyl)-1-piperidyl Jpyrimidin-4-yl]-1H-indazole
(made in a manner analogous to intermediate 3-[6-[4-[(2,2-dimethylpiperazin-1-yl)methyl]-1-
piperidyl pyrimidin-4-yl]-5-(1-methylcyclopropoxy)-1H-indazole, 82 mg, 0.15 mmol, 0.72 eq,
3hydrochloride) and N-methylmorpholine (41 mg, 0.41 mmol, 2 eg). Sodium
triacetoxyborohydride (87 mg, 411.31 umol, 2 eq) was added and the mixture was stirred at 20
°C for 12 h. The mixture was concentrated under vacuum and the residue was purified by prep-
HPLC(column: Phenomenex luna C18 150*25mm®* 10um;mobile phase: [water(FA)-ACN];B%:
2%-32%,9min) to obtain Compound 7 (51.82 mg, 67.13 umol, 32% yield) as a purple solid.
[00301] Exemplary synthesis of Compound 8:

[00302] Step [

HN K2CO3, Mel N
Br o DMF, 25°C. 2h . BF 0

[00303] To a mixture of 7-bromoindoline-2,3-dione (12 g, 53.09 mmol, 1 eq), potassium
carbonate (11.01 g, 79.64 mmol, 1.5 eq) and water (1.2 mL) in N,N-dimethylformamide (60 mL)
was added dropwise methyl iodide (8.44 g, 59.43 mmol, 3.7 mL, 1.12 eq) in N,N-
dimethylformamide (24 mL) The mixture was stirred at 25 °C for 2 h. Water (120 mL) was

91



WO 2025/072629 PCT/US2024/048800

added and the mixture was stirred at 0 °C for 1 h. The resultant precipitate was collected by
filtration, washed with water (50 mL x 2), and dried in vacuo to give a residue. The residue was
used for the next step without further purification. 7-bromo-1-methylindoline-2,3-dione (8 g,
33.33 mmol, 62% yield) was obtained as a red solid.

[00304] Step 2

\ ~
N NaOH, H202 NH OH

Br. (o] > Br o)
15-25°C, 5 h

[00305] Hydrogen peroxide (38 g, 335.15 mmol, 32.20 mL, 30% in H20, 10.06 eq) was added
dropwise to a mixture of 7-bromo-1-methylindoline-2,3-dione (8 g, 33.33 mmol, 1 eq) and
sodium hydroxide (2 M, 199.96 mL, 12 eq) while maintaining the reaction temperature below 15
°C. The mixture was stirred at 25 °C for 5 h. The pH of the reaction mixture was adjusted to 4.0
with hydrochloric acid (1 M) and the mixture was stirred at 10 °C for 1 h. The mixture was then
extracted with ethyl acetate (80 mL x 3). The combined organic phase was washed with water
(60 mL), dried with anhydrous sodium sulfate, filtered, and concentrated under vacuum. The
residue was used for the next step without further purification. 3-bromo-2-(methylamino)benzoic

acid (6.0 g, crude) was obtained as a brown oil.

[00306] Step 3

~ N O
NH OH DPPA, DIEA N4

Br > NH
(@] Br
DMF, 75°C, 3 h

[00307] To a solution of 3-bromo-2-(methylamino)benzoic acid (6 g, 26.08 mmol, 1 eq,
crude) and N,N-diisopropylethylamine (5.04 g, 39.01 mmol, 6.80 mL, 1.50 eq) in N,N-

dimethylformamide (40 mL) was added dropwise diphenylphosphoryl azide (10.76 g, 39.10
mmol, 8.47 mL, 1.50 eq) at 75 °C. The reaction mixture was stirred at 75 °C for 3 h and cooled.
Water (30 mL) was added at 25 °C and the mixture was stirred at O °C for 0.5 h. The resultant
precipitate was collected by filtration, washed with water (30 mL) and diisopropylether (15 mL),

and dried in vacuo at 50 °C to give a residue. The residue was used for the next step without
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further purification. 7-bromo-1-methyl-1H-benzo[d]imidazol-2(3H)-one (4 g, 17.62 mmol, 67%
yield) was obtained as an off-white solid.

[00308] Step 4

o]
NH NaNO, con.HCI o
HOMOH -
H20 OH
© °© -5-25°C, 12 h d

[00309] To a solution of 2-aminopentanedioic acid (50 g, 339.84 mmol, 1 eq) in water (300
mL) and hydrochloric acid (37%, 50 mL) was added sodium nitrite (35.17 g, 509.76 mmol, 1.5
eq) at -5 °C. The mixture was stirred at 25 °C for 12 h. The reaction was filtered and the filtrate
was concentrated in vacuo to give the crude product. The residue was used for the next step
without further purification. 5-oxotetrahydrofuran-2-carboxylic acid (34 g, crude) was obtained
as a colorless oil.
[00310] Step 5
o o]
o 1) SOCI,, 25-80°C, 9 h o é
OH 2)PMBNH, DCM N\/©/

o 0-25°C,12h 0

[00311] To a solution of 5-oxotetrahydrofuran-2-carboxylic acid (67 g, 514.99 mmol, 1 eq,
crude) in dichloromethane (400 mL) was added thionyl chloride (135 g, 1.13 mol, 82.32 mL,
2.20 eq) at 0 °C. The mixture was stirred at 85°C for 3 h and then at 25°C for 6 h. The reaction
mixture was concentrated in vacuo to give the crude product. The residue was dissolved in
dichloromethane (400 mL) and p-methoxyaniline (56.52 g, 411.99 mmol, 53.32 mL, 0.8 eq) and
triethylamine (104.22 g, 1.03 mol, 143.36 mL, 2 eq) were added to the solution at 0 °C. The

mixture was stirred at 25°C for 12 h. Water (500 mL) was added, and the mixture was extracted
with ethyl acetate (500 mL x 3). The combined organic phase was washed with brine (200 mL),
dried, filtered, and concentrated in vacuo. The residue was purified by column chromatography
(petroleum ether/ethyl acetate=3/1 to 1/1), desired product (Rf=0.20). N-(4-methoxybenzyl)-5-
oxotetrahydrofuran-2-carboxamide (59 g, 236.70 mmol, 45 % yield) was obtained as a yellow

solid.

[00312] Step 6
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[00313] To a solution of N-(4-methoxybenzyl)-5-oxotetrahydrofuran-2-carboxamide (10 g,
40.12 mmol, 1 eq) in tetrahydrofuran (120 mL) was added dropwise potassium 2-methylpropan-
2-olate (1 M, 40.52 mL, 1.01 eq) at -78 °C under nitrogen. The resulting reaction mixture was
stirred at -40 °C for 1 h. The reaction mixture was quenched by addition ammonium chloride (50
mL) at -40 °C, and then diluted with water (150 mL) and extracted with ethyl acetate (100 mL x
3). The combined organic layers were washed with brine (100 mL), dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure to give a residue. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate=5/1 to 2/1). 3-
hydroxy-1-[(4-methoxyphenyl)methyl]piperidine-2,6-dione (7.5 g, 30.09 mmol, 75% yield) was
obtained as a light yellow solid.

[00314] Step 7

HO o TfO o
Y me. Py
—_—
N Py. DCM N
0 20°C,2h 0

[00315] To a solution of 3-hydroxy-1-(4-methoxybenzyl)piperidine-2,6-dione (3 g, 12.04
mmol, 1 eq) and pyridine (1.90 g, 24.02 mmol, 1.94 mL, 2.00 eq) in dichloromethane (100 mL)
was added 1,3-bis((trifluoromethyl)sulfonyl)trioxidane (5.67 g, 18.05 mmol, 1.5 eq) at -20 °C.
The mixture was stirred at -20 °C for 2 h. The reaction mixture was loaded directly onto a silica
gel column and eluted petroleum ether/ethyl acetate (10/1 to 2/1). 1-(4-methoxybenzyl)-2,6-
dioxopiperidin-3-yl trifluoromethanesulfonate (4.2 g, 11.01 mmol, 92% yield) was obtained as a
colorless oil.

[00316] Step 8
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[00317] To a solution of 7-bromo-1-methyl-1H-benzo[d]imidazol-2(3H)-one (2.00 g, 8.81
mmol, 1 eq) in tetrahydrofuran (40 mL) was added potassium 2-methylpropan-2-olate (1 M,
10.67 mL, 1.21 eq) and the mixture was stirred at O °C for 0.5 h. 1-(4-Methoxybenzyl)-2,6-
dioxopiperidin-3-yl trifluoromethanesulfonate (4.2 g, 11.01 mmol, 1.25 eq) in tetrahydrofuran
(20 mL) was added dropwise. The mixture was stirred at 0-25 °C for 0.5 h. The reaction mixture
was quenched by addition 10 % ammonium chloride solution 10 mL at 0 °C and stirred at 0 °C
for 1 h, extracted with ethyl acetate (50 mL x 3). The combined organic layers were washed with
brine (50 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure to give a solid. The solid was purified by silica gel column chromatography (Petroleum
ether/Ethyl acetate=6/1 to 1/1). 3-(4-bromo-3-methyl-2-ox0-2,3-dihydro-1H-benzo[d]imidazol-
1-yl)-1-(4-methoxybenzyl)piperidine-2,6-dione (3.5 g, 7.64 mmol, 87% yield) was obtained as a
white solid.

[00318] Step 9

NP o) )\CNH 2 N
o) /
Br N‘i VB \ . o) \NJ(NGO
Pd-PEPSSI,Cs,COs, 0)\C\N
0] dioxane,100 °C,12 h \

[00319] To astirred solution of 3-(4-bromo-3-methyl-2-oxo-benzimidazol-1-yl)-1-[(4-

methoxyphenyl)methyl]piperidine-2,6-dione (2 g, 4.36 mmol, 1 eq) and 4-
(dimethoxymethyl)piperidine (1.04 g, 6.55 mmol, 1.5 eq) in dioxane (20 mL) was added 1,3-
bis[2,6-bis(1-propylbutyl)phenyl]-4,5-dichloro-2H-imidazol-1-ium-2-ide;3-
chloropyridine;dichloropalladium (424.51 mg, 436.39 umol, 0.1 eq) and cesium carbonate (2.84
g, 8.73 mmol, 2 eq). The resulting mixture was stirred at 100 °C under Nz for 2 h and cooled.

The mixture was slowly poured into IM HCI1 (150 mL) at O °C and the pH of the mixture was
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adjusted to 8 with aqueous sodium bicarbonate solution. The mixture was extracted with
dichloromethane (100 mLx2) and the combined organic layer was dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under vacuum. The residue was purified by
silica gel chromatography (PE:EA=10:1-1:2) to afford 3-[4-[4-(dimethoxymethyl)-1-piperidyl]-
3-methyl-2-oxo-benzimidazol-1-yl]-1-[(4-methoxyphenyl)methyl ]piperidine-2,6-dione (900 mg,
1.68 mmol, 38% yield) as a white solid.
[00320] Step 10

o o [fMB o fMB

0}
N N
g \"'J(N—z;fo HiSO @MW) N‘tfo

[00321] To a stirred solution of 3-[4-[4-(dimethoxymethyl)-1-piperidyl]-3-methyl-2-oxo-

benzimidazol-1-yl]-1-[(4-methoxyphenyl)methyl]piperidine-2,6-dione (900 mg, 1.68 mmol, 1
eq) in tetrahydrofuran (5 mL) was added the solution of H2SO4 (2 M, 4.50 mL, 5.37 eq). The
reaction mixture was stirred at 45 °C for 12 h and cooled. The pH value of the mixture was
adjusted to 8 by addition of a sodium bicarbonate solution and the aqueous layer was then
extracted with ethyl acetate (100 mL x2). The combined organic layer was dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated under vacuum. This afforded 1-[1-[1-
[(4-methoxyphenyl)methyl]-2,6-dioxo-3-piperidyl]-3-methyl-2-oxo-benzimidazol-4-
yl]piperidine-4-carbaldehyde (700 mg, 1.43 mmol, 85% yield) as a yellow solid, which was used

directly without further purification.

[00322] Compound 8 was prepared in a manner analogous to Compound 7 utilizing
intermediate 1-[1-[1-[(4-methoxyphenyl)methyl]-2,6-dioxo-3-piperidyl]-3-methyl-2-oxo-
benzimidazol-4-yl]piperidine-4-carbaldehyde in place of 1-[1-(2,6-dioxo-3-piperidyl)-3-
isopropyl-2-oxo-benzimidazol-4-yl]piperidine-4-carbaldehyde.

[00323] Exemplary synthesis of Compound 9:

[00324]  Synthesis of intermediate frans-1-(2,6-dibenzyloxy-3-pyridyl)-4-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-benzimidazol-2-one

[00325] Step [
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[00326] To astirred solution of N1-(2,6-dibenzyloxy-3-pyridyl)-3-[4-[4-

(dimethoxymethyl)cyclohexoxy]-1-piperidyl Jbenzene-1,2-diamine (1.2 g, 1.84 mmol, 1 eq) in
tetrahydrofuran (12 mL) was added 4-dimethylaminopyridine (22 mg, 0.18 mmol, 0.1 eq) and
1,1-carbonyldiimidazole (596 mg, 3.68 mmol, 2 eq). The reaction mixture was stirred at 20 °C

for 12 h and then concentrated under vacuum. The residue was purified by silica gel

chromatography (petroleum ether: ethyl acetate=100:1-2:1) to obtain trans-3-(2,6-dibenzyloxy-

3-pyridyl)-7-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-1H-benzimidazol-2-one (1 g,
1.47 mmol, 80% yield) as a yellow solid.
[00327] Step 2

o BnO [o) BnO

OBn o SNy Yo
\C\@ NaH, Mel N N
S 5 T C)
)

\o THF, 20 °C, 12 h

- 0~

[00328] To astirred solution of frans-3-(2,6-dibenzyloxy-3-pyridyl)-7-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-1H-benzimidazol-2-one (1 g, 1.47 mmol, 1 eq) in
tetrahydrofuran (10 mL) was added sodium hydride (88 mg, 2.21 mmol, 60% purity, 1.5 eq) at O
°C. The mixture was stirred at this temperature for 0.5 h and iodomethane (313 mg, 2.21 mmol,
137.56 uL, 1.5 eq) was then added. The resulting mixture was stirred at 20 °C for 12 h. The
mixture was cooled to 0 °C, quenched with sat. ammonium chloride (150 mL) and extracted
with ethyl acetate (100 mL*2). The combined organic phase was dried with anhydrous sodium
sulfate, filtered, and concentrated under vacuum. The residue was purified by silica gel
chromatography (petroleum ether : ethyl acetate=100:1-1:1) to obtain
1-(2,6-dibenzyloxy-3-pyridyl)-4-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-
benzimidazol-2-one (900 mg, 1.30 mmol, 88% yield) as a yellow solid.
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[00329] Compound 9 was prepared in a manner analogous to Compound 1 using
intermediate frans-1-(2,6-dibenzyloxy-3-pyridyl)-4-[4-[4-(dimethoxymethyl)cyclohexoxy]-1-
piperidyl]-3-methyl-benzimidazol-2-one in place of rans-1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-[4-
(dimethoxymethyl)cyclohexoxy]-1-piperidyl]-3-methyl-benzimidazol-2-one

[00330] Exemplary synthesis of Compound 12, which was prepared in a manner analogous to
Compound 2.

[00331] Step [

H
N

v Lo <1‘o ¢
N~ ) -
N/ ~NH N D)
< o~N N
e o
N

KO NMM, NaBH(OAc)s,DMF
|

(o}

[00332] To a solution of 5-(1-methylcyclopropoxy)-3-[6-[4-(piperazin-1-ylmethyl)-1-
piperidyl Jpyrimidin-4-yl]-1H-indazole (135 mg, 0.24 mmol, 1 eq, 3 hydrochloride acid) in N,N-
dimethylformamide (2 mL) was added 4-methylmorpholine (74 mg, 0.73 mmol, 0.080 mL, 3
eq). The solution was stirred at 20 °C for 30 min, and then 1-[1-(2,6-dioxo-3-piperidyl)-3-
methyl-2-oxo-benzimidazol-5-yl|piperidine-4-carbaldehyde (90 mg, 0.24 mmol, 1 eq) was
added. The mixture was stirred at 20 °C for 30 min and sodium then triacetoxyborohydride (103
mg, 0.49 mmol, 2 eq) was added and the mixture was stirred at 20 °C for another 12 h. The
mixture was concentrated in reduced pressure and the resulting residue was purified by semi-
preparative reverse phase (column: Phenomenex luna C18 150*25mm* 10um;mobile phase:
[water(FA)-ACN];B%: 2%-32%,10min). Compound 12 (63.7 mg, 0.079 mmol, 32% yield,
99.15% purity) was obtained as orange solid.

[00333] Exemplary synthesis of Compound 16:

[00334] Synthesis of intermediate 3-(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-
piperidyl]-1-methyl-benzimidazol-2-one

[00335] Step I
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[00336] To a mixture of 5-fluoro-2-nitro-aniline (6 g, 38.43 mmol, 1 eq) and 4-
(dimethoxymethyl)piperidine (12.24 g, 76.87 mmol, 2 eq) in N,N-dimethylformamide (80 mL)
was added potassium carbonate (15.94 g, 115.30 mmol, 3 eq). The mixture was stirred at 120 °C
for 12 h and then cooled to 0 °C. Water (100 mL) was added which resulted in the formation of
solid. The mixture was filtered and the filtrate cake was washed with water (5 mL*3) and dried
to provide 5-[4-(dimethoxymethyl)-1-piperidyl]-2-nitro-aniline (10.5 g, 35.55 mmol, 92.51%
yield) was obtained as yellow solid.

[00337] Step 2

\o X I
BnO” "N~ ~0Bn N NH
N -

Xphos Pd G4, Cs,CO3, dioxane
NO, 90 °C, 10 h O N
NH, OBn

[00338] To a mixture of 5-[4-(dimethoxymethyl)-1-piperidyl]-2-nitro-aniline (2.63 g, 8.91
mmol, 1.1 eg) and 2,6-dibenzyloxy-3-bromo-pyridine (3 g, 8.10 mmol, 1 eq) in dioxane (50 mL)
was added dicyclohexyl-[2-(2,4,6-triisopropylphenyl)phenyl Jphosphane;methanesulfonate;[2-[ 2-
(methylamino)phenyl]phenyl]palladium(1+) (697 mg, 0.81 mmol, 0.1 eq) and cesium carbonate
(7.92 g, 24.31 mmol, 3 eq) under nitrogen. The mixture was stirred at 90 °C for 12 h and then
cooled to 20 °C. Ethyl acetate (50 mL) was added and the mixture was stirred at 20 °C for 30
min, filtered, and the filtrate was concentrated under vacuum. The residue was purified by silica
gel chromatography (column height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel,
dichloromethane /Ethyl acetate=100/1, 1/1). 2,6-dibenzyloxy-N-[5-[4-(dimethoxymethyl)-1-
piperidyl]-2-nitro-phenyl]pyridin-3-amine (4.9 g, 7.21 mmol, 89% yield, 86% purity) was
obtained as yellow solid.

[00339] Step 3
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[00340] To a mixture of 2,6-dibenzyloxy-N-[5-[4-(dimethoxymethyl)-1-piperidyl]-2-nitro-
phenyl]pyridin-3-amine (4.2 g, 7.18 mmol, 1 eq) in ethanol (90 mL) and water (30 mL) was
added reduced iron powder (2.01 g, 35.92 mmol, 5 eq) and ammonium chloride (3.84 g, 71.84
mmol, 10 eq). The mixture was stirred at 80 °C for 12 h and then cooled to 20 °C. Ethyl acetate
(100 mL) was added and the mixture was stirred at 20 °C for 30 min, filtered, the filtrate was
concentrated in reduced pressure. The residue was poured into ice-water (w/w = 1/1) (100 mL)
and extracted with ethyl acetate (100 mL*2). The combined organic phase was washed with
brine (100 mL), dried with anhydrous sodium sulfate, filtered, and concentrated under vacuum.
The residue was purified by silica gel chromatography (column height: 250 mm, diameter: 100
mm, 100-200 mesh silica gel, dichloromethane/ Ethyl acetate = 100/ 1, 1/ 1). N2-(2,6-
dibenzyloxy-3-pyridyl)-4-[4-(dimethoxymethyl)-1-piperidyl [benzene-1,2-diamine (3.8 g, 6.85
mmol, 95% yield) was obtained as brown oil.

[00341] Step 4

NH
N CDI, DMAP N =0
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[00342] To a solution of N2-(2,6-dibenzyloxy-3-pyridyl)-4-[4-(dimethoxymethyl)-1-
piperidyl]benzene-1,2-diamine (3.8 g, 6.85 mmol, 1 eq) in tetrahydrofuran (50 mL) was added 4-
dimethylaminopyridine (84 mg, 0.69 mmol, 0.1 eq) and di(1H-imidazol-1-yl)methanone (2.22 g,
13.70 mmol, 2 eq) at 0°C. The mixture was stirred at 20 °C for 12 h and poured into ice-water
(w/w =1/1) (50 mL) and extracted with ethyl acetate (50 mL*2). The combined organic phase
was washed with brine (50 mL), dried with anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified by silica gel chromatography (column height: 250 mm,
diameter: 100 mm, 100-200 mesh silica gel, Petroleum ether/ Ethyl acetate = 100/ 1, 1/ 2). 3-
(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-piperidyl]-1H-benzimidazol-2-one (3.2
g, 5.51 mmol, 80% yield) was obtained as brown solid.
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[00344] To a mixture of 3-(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-piperidyl]-
1H-benzimidazol-2-one (2.9 g, 4.99 mmol, 1 eq) in tetrahydrofuran (60 mL) was added sodium
hydride (299 mg, 7.49 mmol, 60% purity, 1.5 eq) at 0 °C. The mixture was stirred at 0 °C for 30
min, then the solution of iodomethane (780 mg, 5.49 mmol, 0.34 mL, 1.1 eq) in tetrahydrofuran
(20 mL) was added. The mixture was stirred at 20 °C for 2 hours. The mixture was quenched by
addition of sat. Ammonium chloride (50 mL) and extracted with ethyl acetate (100 mL*2), and
the organic phase was concentrated under reduced pressure. The residue was purified by silica
gel chromatography (column height: 250 mm, diameter: 100 mm, 100-200 mesh silica gel,
petroleum ether/ ethyl acetate = 100/ 1, 1/ 1). 3-(2,6-dibenzyloxy-3-pyridyl)-5-[4-
(dimethoxymethyl)-1-piperidyl]-1-methyl-benzimidazol-2-one (2.7 g, 4.36 mmol, 87% yield,
96% purity) was obtained as yellow solid.
[00345] Compound 16, was prepared in a manner analogous to Compound 7, using 3-(2,6-
dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-piperidyl]-1-methyl-benzimidazol-2-one in
place of 1-(2,6-dibenzyloxy-3-pyridyl)-5-[4-(dimethoxymethyl)-1-piperidyl |benzimidazole.
[00346] Exemplary synthesis of Compound 18
[00347] Step [

~
S
—_—
N NaH, THF O/
_N
Boc

[00348] To a solution of tert-butyl 4-hydroxypiperidine-1-carboxylate (2 g, 9.94 mmol, 1 eq)
in THF (20 mL) was cooled to 0 °C and NaH (794.91 mg, 19.87 mmol, 60% purity, 2 eq) was

Boc

added. The reaction mixture was stirred at 0 °C for 0.5 h and then 3-bromoprop-1-yne (1.77 g,
14.91 mmol, 1.28 mL, 1.5 eq) was added and the reaction was stirred at 25°C for 16 h under Na.
The reaction mixture was quenched by addition H2O (10 mL x 2) at 0 °C and extracted with
EtOAc (10 mL * 3). The combined organic layers were washed with brine (10 mL * 3), dried
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over NazSQq, filtered, and concentrated under reduced pressure to give a residue. The residue
was purified by flash silica gel chromatography (ISCO®; 12 g SepaFlash® Silica Flash Column,
Eluent of 0~10% Ethyl acetate/Petroleum ethergradient @ 60 mL/min) to give tert-butyl 4-prop-
2-ynoxypiperidine-1-carboxylate (720 mg, 3.01 mmol, 30.28% yield) as a yellow liquid.

[00349] Step 2

eRe
Br N o) H
M

0 - 7 N
O/ P(PPh3),Cly, Cul, Cs,COq, DMF 0 /"o
N
e

o

Boc”

[00350] A mixture of tert-butyl 4-prop-2-ynoxypiperidine-1-carboxylate (318 mg, 1.33 mmol,
1.33 eq) and 3-(4-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione (300 mg,
887.16 umol, 8.88e-1 eq) in DMF (5 mL) was added Cs2CO;3 (1.16 g, 3.56 mmol, 3.56 eq) , Cul
(33.8 mg, 177.47 umol, 1.78e-1 eq) and Pd(PPh3)Cl> (124 mg, 176.66 umol, 1.77e-1 eq). The
mixture was stirred at 80 °C for 16 h and allowed to cool. The mixture was filtered and
concentrated under vacuum. The residue was purified by Biotage ® combi flash (column 20g
SepaFlash ® Silica Flash column; Eluted: gradient 0~100% Ethyl acetate in petroleum ether;
Gradient time: 25 min; Hold time: 20 min; Flow rate: 35 mL/min). Pure fractions were combined
and concentrated under reduced pressure to afford tert-butyl 4-[3-[1-(2,6-dioxo-3-piperidyl)-3-
methyl-2-oxo-benzimidazol-4-yl|prop-2-ynoxy]piperidine-1-carboxylate (265 mg, 405.60 umol,
40.60% yield, 76% purity) as a brown oil.

[00351] Step 3

H

/QOI"T ) PO
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Boc
[00352] A mixture of tert-butyl 4-[3-[1-(2,6-dioxo0-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-4-yl]prop-2-ynoxy|piperidine-1-carboxylate (265 mg, 533.68 umol, 1 eq) in DCM
(5 mL) was added TFA (15 M, 1.35 mL, 37.96 eq), then the mixture was stirred at 25 °C for 2 h.
TLC (Petroleum ether : Ethyl acetate=3:1) showed one new spot. The residue was filtered and
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concentrated in vacuum to give 3-[3-methyl-2-ox0-4-[3-(4-piperidyloxy)prop-1-
ynyl]benzimidazol-1-yl]piperidine-2,6-dione (200 mg, crude, TFA) was obtained as a brown oil.
[00353] Step 4
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[00354] A mixture of 3-[3-methyl-2-ox0-4-[3-(4-piperidyloxy)prop-1-ynyl|benzimidazol-1-

yl]piperidine-2,6-dione (200 mg, 391.80 umol, 1 eq, TFA) and 1-[6-[5-(1-methylcyclopropoxy)-
2H-indazol-3-yl]pyrimidin-4-yl |piperidine-4-carbaldehyde (50.48 mg, 133.75 umol, 3.41e-1 eq)
in DCM (10 mL) and DMSO (0.5 mL) was added HOAc (407.73 mg, 6.79 mmol, 388.31 uL,
17.33 eq). The mixture was stirred at 0°C for 1 h, then NaBH(OAc); (83.04 mg, 391.80 umol, 1
eq) was added and the the mixture was stirred at O °C for 12 h. The mxiture was then filtered and
concentrated under vacuum. The resulting residue was purified by prep-HPLC (column:
Phenomenex C18 75*30mm™*3um; mobile phase: [water (FA)-ACN], B%: 8%-38%, 25 min).
Compound 18 (16.1 mg, 20.90 umol, 5.34% yield, 98.4% purity) was obtained as a white solid.
[00355] Exemplary synthesis of Compound 19:

[00356] Step I

e
oS A XOIN%N%

NO, THF, 0-200C, 16 h

[00357] To astirred solution of 4-methyl-5-nitro-pyridin-2-ol (10 g, 65 mmol) in THF (300
mL) was added 2-tert-butyl-1,3-diisopropyl-isourea (25.99 g, 130 mmol) dropwise at 0 °C under
nitrogen atmosphere. Then reaction mixture was stirred for 16 h at 20 °C under nitrogen
atmosphere. The mixture was diluted with water (100 mL) and extracted with ethyl acetate (150
mL x 3). The combined organic phase was washed with brine (80 mL x 2), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
silica gel chromatography (0 - 50% ethyl acetate/petroleum ether) to afford 2-tert-butoxy-4-
methyl-5-nitro-pyridine (7.7 g, 56%) as colorless oil.

[00358] Step 2
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[00359] To astirred solution of 2-tert-butoxy-4-methyl-5-nitro-pyridine (7.7 g, 37 mmol) in
THF (100 mL) and EtOH (100 mL) was added 10% palladium over carbon (1 g, 4 mmol). The
suspension was degassed and purged with hydrogen several times. The mixture was stirred under
hydrogen (50 psi.) at 50 °C for 16 h. The reaction mixture was filtered through celite, washed
with THF (100 mL x 3) and ethyl acetate (100 mL x 3) to afford 6-tert-butoxy-4-methyl-pyridin-
3-amine (5.6 g, 85%) as a yellow solid.
[00360] Step 3
O Na Ac,0 Ny o

\{/ \g)\mz e DoM T 7 ”J\
[00361] To a solution of 6-tert-butoxy-4-methyl-pyridin-3-amine (2.5 g, 14 mmol) in
dichloromethane (30 mL) was added triethylamine (5.23 mL, 38 mmol), followed by the
dropwise addition of acetic anhydride (2.83 mL, 30 mmol) at O °C under nitrogen atmosphere.
The mixture was stirred at 0 °C for 30 min, then 25 °C for 1 h. The reaction was diluted with
water (50 mL) and extracted with ethyl acetate (3 x 40 mL). The combined organic phases were
washed with water (40 mL), dried over sodium sulfate, concentrated under reduced pressure. The
residue was purified by silica gel chromatography (0 - 50% ethyl acetate in petroleum ether) to
afford N-(6-tert-butoxy-4-methyl-3-pyridyl)acetamide (3.5 g, 89%, 85% purity) as a yellow
solid.

[00362] Step 4
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[00363] To a solution of N-(6-tert-butoxy-4-methyl-3-pyridyl)acetamide (0.50 g, 2 mmol) in
toluene (10 mL) were added acetic anhydride (0.98 mL, 10 mmol) and potassium acetate (331
mg, 3 mmol), the solution was heated to 80 °C, and isopentyl nitrite (0.91 mL, 6.8 mmol) was
added dropwise. The mixture was stirred at 80 °C for 16 h. The reaction mixture was filtered
through celite, the filtrate was diluted with water (50 mL) and extracted with ethyl acetate (3 x
40 mL). The combined organic phases were washed with water (40 mL), dried over sodium

sulfate, filtered and concentrated under reduced pressure. The residue was purified by silica gel
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chromatography (0 - 30% ethyl acetate/petroleum ether) to afford 1-(5-tert-butoxypyrazolo[3,4-
c]pyridin-1-yl)ethanone (0.3 g, 57%) as a yellow solid.
[00364] Step 5

o'?/ NHy/MeOH N
ST T AT
[00365] To a mixture of 1-(5-tert-butoxypyrazolo[3,4-c]pyridin-1-yl)ethanone (2.7 g, 12
mmol) in MeOH (10 mL) was added NH3/MeOH (7 M, 2.5 mL) in one portion. The reaction
mixture was stirred at 25 °C for 1 h, then concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 50% ethyl acetate/petroleum ether) to afford 5-tert-
butoxy-1H-pyrazolo[3,4-c]pyridine (1.57 g, 71%) as a yellow solid.

[00366] Step 6
H
H I 2 N
NZ N\ 2 N | ‘N
>LOJ;I4N KOH >LO/CL/(
I

[00367] To a solution of 5-tert-butoxy-1H-pyrazolo[3,4-c]pyridine (1.57 g, 8 mmol) in DMF
(20 mL) were added potassium hydroxide (1.84 g, 33 mmol) and iodine (3.31 mL, 16 mmol), the

solution was stirred at 25 °C for 1 h. The reaction mixture was diluted with saturated sodium
thiosulfate solution (50 mL) and extracted with ethyl acetate (2 x 30 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 30% ethyl acetate/petroleum ether) to afford 5-tert-
butoxy-3-iodo-1H-pyrazolo|3,4-c]pyridine (2.3 g, 88%) as a yellow solid.

[00368] Step 7
N NaH, Trt-CI
NZ X an, Irt- Z N
| N N \
>|\o/@/( THF >|\0 S o
|

[00369] To a solution of 5-tert-butoxy-3-iodo-1H-pyrazolo[3,4-c]pyridine (2.3 g, 7 mmol) in
DMF (10 mL) was added NaH (435 mg, 11 mmol, 60%) at 0 °C under nitrogen atmosphere. The

solution was stirred at 0 °C for 0.5 h, followed by the addition of trityl chloride (2.43 g, 9 mmol).
The reaction mixture was stirred at 25 °C for 2 h under nitrogen atmosphere. The mixture was
diluted with water (30 mL) and extracted with ethyl acetate (30 mL x 3). The combined organic
layers were washed with brine (30 mL x 3), dried over sodium sulfate, filtered and concentrated

under reduced pressure. The residue was purified by silica gel chromatography (0 - 6% ethyl
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acetate/petroleum ether) to afford S-tert-butoxy-3-iodo-1-trityl-pyrazolo[3,4-c]pyridine (3.6 g,

89%) as a yellow solid.
[00370] Step 8
Tit
) >l m'*
AN Bis-Pin, Pd(dppf)CI
0 S KOAc, dioxane /B‘O
I

ey

[00371] To a solution of 5-tert-butoxy-3-iodo-1-trityl-pyrazolo[3,4-c]pyridine (1 g, 2 mmol)
and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane
(908 mg, 3 mmol) in dioxane (20 mL) were added Pd(dppf)Cl2 (131 mg, 0.2 mmol) and
potassium acetate (526 mg, 5 mmol). The mixture was stirred at 100 °C for 16 h under nitrogen
atmosphere. The reaction mixture was filtered and the filtrate was concentrated under reduced
pressure to afford 5-tert-butoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-
pyrazolo[3,4-c]pyridine (1.5 g, crude) as a gray gum, which was used in the next step directly.
MS (ESI) m/z: 478.1 [M-81]".

[00372] Step 9

Cl

;I'rt
N7 N, N}/\\>\
B~o

, Pd(dppf)Cl;,Na;COy
o] dioxane, H,0

[00373] To a solution of 5-tert-butoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-
trityl-pyrazolo[3,4-c]pyridine (1 g, 2 mmol) and 4,6-dichloropyrimidine (399 mg, 3 mmol) in
dioxane (10 mL) and water (2 mL) were added sodium carbonate (568 mg, 5 mmol) and
Pd(dppf)Cl2 (131 mg, 0.2 mmol). The mixture was stirred at 100 °C for 1 h under nitrogen
atmosphere. The reaction mixture was diluted with water (30 mL) and extracted with ethyl
acetate (30 mL x 3). The combined organic layers were washed with brine (30 mL x 3), dried
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (0 to 30% ethyl acetate in petroleum ether) to afford 5-tert-
butoxy-3-(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridine (0.9 g, 52%, 56% purity) as a
yellow solid. MS (ESI) m/z: 546.2 [M+H]".

[00374]  Step 10
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DIEA, DMSO

NL\N/ ¢ ! NC/\N‘Cbz

[00375] To a solution of benzyl piperazine-1-carboxylate (472 mg, 2 mmol) and 5-tert-
butoxy-3-(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridine (0.9 g, 2 mmol) in DMSO
(10 mL) was added DIEA (0.86 mL, 5 mmol). The mixture was stirred at 100 °C for 1 h under
nitrogen atmosphere. The reaction was diluted with water (40 mL) and extracted with ethyl
acetate (3 x 40 mL). The combined organic phases were washed with brine (40 mL), dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (0 to 30% ethyl acetate in petroleum ether) to afford benzyl 4-
[6-(5-tert-butoxy-1-trityl-pyrazolo[3,4-c]pyridin-3-yl )pyrimidin-4-yl]piperazine-1-carboxylate
(0.9 g, 75%) as a yellow solid.

[00376] Step 11

[00377] To a solution of benzyl 4-[6-(5-tert-butoxy-1-trityl-pyrazolo[3,4-c]pyridin-3-
yl)pyrimidin-4-yl]piperazine-1-carboxylate (1 g, 1 mmol) in dichloromethane (20 mL) was
added TFA (4 mL). The mixture was stirred at O °C for 3 h. The reaction mixture was diluted
with water (10 mL), then sodium bicarbonate was added to adjust the pH to 8, the resulting
mixture was extracted with dichloromethane (40 mL x 3). The combined organic layer was dried
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (0 to 100% ethyl acetate in petroleum ether) to afford 800
mg crude product as a yellow oil. The material was further purified by prep-HPLC (38%-78%
acetonitrile in water (ammonium bicarbonate) over 20 min) to afford benzyl 4-[6-(5-tert-butoxy-
1H-pyrazolo[3,4-c]pyridin-3-yl)pyrimidin-4-yl |piperazine-1-carboxylate (230 mg, 34%) as a
yellow solid. MS (ESI) m/z: 488.3 [M+H]".

[00378] Step 12
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H2, Pd/C
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THF
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[00379] To astirred solution of benzyl 4-[6-(5-tert-butoxy-1H-pyrazolo[3,4-c]pyridin-3-

yl)pyrimidin-4-yl]piperazine-1-carboxylate (230 mg, 0.5 mmol) in EtOH (10 mL) and ethyl
acetate (10 mL)was added 10% palladium over carbon (70 mg). The suspension was degassed
and purged with hydrogen several times. The reaction mixture was stirred under hydrogen (15
psi.) at 40 °C for 16 h, then filtered through celite. The celite was rinsed with THF (30 mL x 3)
and ethyl acetate (20 mL x 3) and the combined filtrates were concentrated under reduced
pressure to afford 5-tert-butoxy-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridine
(160 mg, 96%) as a yellow solid.

[00380] Step 13

o] /
§§:j\(:} e
o N O
NH n
<\§ [N S
>L|//N
N O

o

>|\ N7 (o] f‘ll
I K o
0 ~F = \CN\Q'T .
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N
0

NH

N 2T
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[00381] To a solution of 5-tert-butoxy-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-
c]pyridine (25 mg, 71 pmol) in dichloromethanedichloromethanme (10 mL) and DMSO (2 mL)
was added 4-[[1-[ 1-(2,6-dioxo0-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-4-
piperidyl]oxy]cyclohexanecarbaldehyde (33.1 mg, 71 umol) at 0 °C, the mixture was stirred for
0.5 h at 0 °C acetic acid before the addition of acetic acid (2.02 puL, 35 pmol). The mixture was
stirred at 0 °C for 2 h, followed by adding sodium triacetoxyborohydride (29.98 mg, 141 umol,).
The reaction mixture was stirred at 0 °C for 2 h, then diluted with water (40 mL) and extracted
with dichloromethane (30 mL x 3). The organic phase was washed with brine (30 mL), dried
over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was
purified by prep-HPLC (36%-76% acetonitrile in water (ammonium bicarbonate) over 20 min) to
give Compound 19 (22.4 mg, 39%) as off-white solid. MS (ESI) m/z: 806.5 [M+H] .
[00382] Exemplary synthesis of Compound 20:
[00383] Step [
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[00384] To a mixture of 4-methyl-5-nitro-pyridin-2-ol (10 g, 65 mmol) and 2-iodopropane
(19.4 mL, 195 mmol) in toluene (240 mL) was added silver carbonate (3.42 mL, 75 mmol). The

mixture was stirred at 60 °C for 16 h under nitrogen atmosphere. The reaction mixture was
filtered through celite, the filtrate was diluted with water (50 mL) and extracted with ethyl
acetate (3 x 200 mL). The combined organic phases were washed with brine (100 mL), dried
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel chromatography (0 - 15% ethyl acetate/petroleum ether) to afford 2-isopropoxy-4-
methyl-5-nitro-pyridine (12 g, 94%) as a yellow solid.

[00385] Step 2
\r \%j\ H; Pd/C Y \gj\

[00386] To a mixture of 2-isopropoxy-4-methyl-5-nitro-pyridine (12 g, 61 mmol) in THF (200
mL) was added 10% palladium over carbon (1.4 g). The suspension was degassed and purged
with hydrogen several times, then stirred at 25 °C for 16 h under hydrogen (40 psi). The reaction
mixture was filtered through celite, washed with MeOH (500 mL) and concentrated under
reduced pressure to afford 6-isopropoxy-4-methyl-pyridin-3-amine (10.1 g, 99%) as a yellow
gum.
[00387] Step 3
O Ny A6,0 ONy o

Y Q\NHZ oo Y | y J
[00388] To a solution of 6-isopropoxy-4-methyl-pyridin-3-amine (10 g, 60 mmol) in
dichloromethane (100 mL) was added triethylamine (21 mL, 0.15 mol), followed by the
dropwise addition of acetic anhydride (11.3 mL, 0.12 mol) at O °C under nitrogen atmosphere.
The mixture was stirred at 0 °C for 30 min, then 25 °C for 1 h. The reaction mixture was diluted
with water (50 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic phases
were washed with brine (50 mL), dried over sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (0 - 50% ethyl
acetate/petroleum ether) to afford N-(6-isopropoxy-4-methyl-3-pyridyl)acetamide (12 g, 96%) as

a yellow solid.
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[00389] Step 4
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[00390] To a solution of N-(6-isopropoxy-4-methyl-3-pyridyl)acetamide (12 g, 58 mmol) in
toluene (80 mL) were added acetic anhydride (25 mL, 0.27 mol) and potassium acetate (8.48 g,
86 mmol), the solution was heated to 80 °C and isopentyl nitrite (31 mL, 0.23 mol) was dropwise
added. The reaction mixture was stirred at 80 °C for 16 h, then filtered through celite. The filtrate
solution was diluted with water (50 mL) and extracted with ethyl acetate (3 x 200 mL). The
combined organic phases were washed with brine (100 mL), dried over sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by silica gel chromatography
(0 - 30% ethyl acetate/petroleum ether) to afford 1-(5-isopropoxypyrazolo[3,4-c]pyridin-1-
yl)ethanone (7.5 g, 59%) as a yellow solid.

[00391] Step 5

oh?, NH/MeOH N7 H\

SO T AR
[00392] To a mixture of 1-(5-isopropoxypyrazolo[3,4-c]pyridin-1-yl)ethanone (7.5 g, 34
mmol) in MeOH (100 mL) was added NH3/MeOH (7 M, 7.33 mL). The mixture was stirred at 25
°C for 16 h, then concentrated under reduced pressure. The residue was purified by silica gel
chromatography (0 - 50% ethyl acetate/petroleum ether) to afford 5-isopropoxy-1H-
pyrazolo[3,4-c]pyridine (5.3 g, 87%) as a yellow solid.
[00393] Step 6

N l2 NZ N

/LO)N;I//N KOH )\o)gl’(lh‘
[00394] To a solution of 5-isopropoxy-1H-pyrazolo[3,4-c]pyridine (5.3 g, 30 mmol) in DMF
(50 mL) were added potassium hydroxide (6.71 g, 0.12 mol) and iodine (12 mL, 60 mmol), the
solution was stirred at 25 °C for 1 h. The reaction mixture was diluted with saturated sodium
thiosulfate solution (50 mL) and extracted with ethyl acetate (2 x 30 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 30% ethyl acetate/petroleum ether) to afford 3-iodo-5-
isopropoxy-1H-pyrazolo[3,4-c]pyridine (7 g, 77%) as a yellow solid.
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[00395] Step 7

H NaH, Trt-Cl ;rrt
ST =
| 1

[00396] To a solution of 3-iodo-5-isopropoxy-1H-pyrazolo|3,4-c]pyridine (7.0 g, 23 mmol) in
DMF (50 mL) was added sodium hydride (1.39 g, 35 mmol, 60%). The solution was stirred at O
°C for 0.5 h before the addition of trityl chloride (7.73 g, 28 mmol). The reaction mixture was
stirred at 25 °C for 2 h, then diluted with water (50 mL) and extracted with ethyl acetate (30 mL
x 3). The combined organic layers were washed with brine (20 mL x 3), dried over sodium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (0 - 6% ethyl acetate/petroleum ether) to afford 3-iodo-5-isopropoxy-1-trityl-
pyrazolo[3,4-c]pyridine (7 g, 56%) as an off-white solid.
[00397] Step 8

gt N
B,Pin
2 N 2 J\ /
/L i | /‘N o 7
o X Pd(dppf)Cl,, KOAG, dioxane B~o
1

[00398] To a solution of 3-iodo-5-isopropoxy-1-trityl-pyrazolo[3,4-c[pyridine (2 g, 4 mmol)
and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane
(1.86 g, 7 mmol) in dioxane (20 mL) were added Pd(dppf)Cl: (268.3 mg, 0.4 mmol) and
potassium acetate (1.08 g, 11 mmol). The mixture was stirred at 100 °C for 16 h under nitrogen
atmosphere. The reaction mixture was filtered and concentrated under reduced pressure to afford
S-isopropoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridine (2.
g, crude) as a gray gum, which was used in the next step directly. MS (ESI) m/z: 464.1 [M-81]".

[00399] Step 9

Cl

’Trl
N —
/
O
O,B\o

Pd(dppf).Cl,, NasCOj3, dioxane

[00400] To a solution of 5-isopropoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-
trityl-pyrazolo[3,4-c]pyridine (2 g, 4 mmol) and 4,6-dichloropyrimidine (819 mg, 6 mmol) in

dioxane (20 mL) and water (4 mL) were added sodium carbonate (1.17 g, 11 mmol) and
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Pd(dppf)Cl2 (268.3 mg, 0.4 mmol). The mixture was stirred at 100 °C for 1 h under nitrogen
atmosphere, then filtered and concentrated under reduced pressure. The residue was diluted with
water (20 mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic phases were
washed with water, dried over sodium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (0 to 30% ethyl acetate in
petroleum ether) to afford 3-(6-chloropyrimidin-4-yl)-5-isopropoxy-1-trityl-pyrazolo[3,4-
c]pyridine (1.1 g, 56%) as an off-white solid.

[00401] Step 10

DIEA, DMSO

N\
\\/N‘Boc
[00402] To a solution of tert-butyl piperazine-1-carboxylate (578 mg, 3 mmol) and 3-(6-

N A~
\\N

chloropyrimidin-4-yl)-5-isopropoxy-1-trityl-pyrazolo[ 3,4-c]pyridine (1.1 g, 2 mmol) in DMSO
(10 mL) was added DIEA (1.08 mL, 6 mmol). The mixture was stirred at 100 °C for 1 h under
nitrogen atmosphere, then diluted with water (40 mL) and extracted with ethyl acetate (3 x 40
mL). The combined organic phases were washed with brine (50 mL), dried over sodium sulfate,
filtered and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (0 to 30% ethyl acetate in petroleum ether) to afford tert-butyl 4-[6-(5-
isopropoxy-1-trityl-pyrazolo[3,4-c]pyridin-3-yl)pyrimidin-4-yl]piperazine-1-carboxylate (1.3 g,
92%) as a yellow solid.

[00403] Step 11

2M HCI/EtOAc
—_—
MeOH

2~N" 1\
\__N-Boc

[00404] To a solution of tert-butyl 4-[6-(5-isopropoxy-1-trityl-pyrazolo[3,4-c]pyridin-3-

yl)pyrimidin-4-yl]piperazine-1-carboxylate (1.22 g, 1.8 mmol) in MeOH (8 mL) was added
HCl/dioxane (2 M, 10 mL). The mixture was stirred at 40 °C for 16 h under nitrogen
atmosphere, then diluted with water (10 mL). The pH of the mixture was adjusted to 13 with
sodium hydroxide, then extracted with ethyl acetate (40 mL x 3). The organic layer was dried
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over sodium sulfate, filtered and concentrated under reduced pressure to afford 5-isopropoxy-3-
(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridine (0.6 g, 99%) as a red solid, which
was used in the next step directly.

[00405]  Step 12
y: {
SO, H
z__—zNH NN
A ° AJ\jLﬁN\L a@’ o
o —
e NaBH(OAc)s, HOAc, DCM N\\\ 2~ p \GN .
NN {:i
NH

o]

[00406] To a solution of 5-isopropoxy-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-
c]pyridine (100 mg, 0.29 mmol) and 4-[[1-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl Joxy]cyclohexanecarbaldehyde (138 mg, 0.29 mmol) in
dichloromethanedichloromethane (10 mL) was added acetic acidacetic acid (16.9 pl.0.29 mmol)
at 0 °C under nitrogen atmosphere. The mixture was stirred at O °C for 30 min and then sodium
triacetoxyborohydridesodium triacetoxyborohydride (156.1 mg, 0.74 mmol) was added. The
mixture was stirred at O °C for 12 h and filtered. The filtrate solution was concentrated. The
residue was purified by prep-HPLC (0%-34% acetonitrile in water (TFA) over 20 min ), the
crude product was further purified by prep-HPLC(0%-32% acetonitrile in water (formic acid)
over 20.5 min) to afford Compound 20 (104.7 mg, 45%) as an off-white solid. MS (ESI) m/z:
792.4 [M+H]",

[00407] Exemplary synthesis of Compound 21:

[00408] Step 1
/O N\ ACzo -~ N\ o
NH; TEA, DCM N
[00409] To a mixture of 6-methoxy-4-methyl-pyridin-3-amine (10 g, 72 mmol) and
triethylamine (25.18 mL, 181 mmol) in dichloromethane (100 mL) was added acetic anhydride
(13.6 mL, 145 mmol). The mixture was stirred at 25 °C for 16 h, then diluted with water (60 mL)
and extracted with ethyl acetate (60 mL x 3). The combined organic phase was washed with

brine (60 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure. The residue was purified by silica gel chromatography (0 - 100% ethyl acetate in
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petroleum ether) to afford N-(6-methoxy-4-methyl-3-pyridyl)acetamide (12 g, 92%) as a yellow
gum. MS (ESI) m/z: 180.9 [M+H]".
[00410] Step 2

/o N\ (0] ONO/\)\ OY
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[00411] To a solution of N-(6-methoxy-4-methyl-3-pyridyl)acetamide (12.0 g, 66 mmol) in

toluene (20 mL) were added acetic anhydride (28.8 mL, 306 mmol) and potassium acetate (9.80
g, 100 mmol), the solution was heated to 80 °C, followed by the dropwise addition of isopentyl
nitrite (35.9 mL, 266 mmol). The reaction mixture was stirred at 80 °C for 16 h, then filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (0 -
13% ethyl acetate in petroleum ether) to afford 1-(5-methoxypyrazolo[3,4-c]pyridin-1-
yl)ethanone (8.2 g, 64%) as a yellow solid. MS (ESI) m/z: 192.0 [M+H]".

[00412] Step 3

0
Y NHyMeOH ~ N
ey, ——
/@://N SNATX %
~o X O

[00413] To a mixture of 1-(5-methoxypyrazolo[3,4-c]pyridin-1-yl)ethanone (8.2 g, 43 mmol)
in MeOH (100 mL) was added NHz/MeOH (7 M, 12.3 mL). The mixture was stirred at 25 °C for
16 h, then concentrated under reduced pressure. The residue was triturated with methyl tert-butyl
ether:petroleum ether (1:1) to afford S-methoxy-1H-pyrazolo[3,4-c]pyridine (6.3 g, 98%) as a
yellow solid. MS (EST) m/z: 150.0 [M+H]".
[00414] Step 4

H H
A~_N I2 NZSN,
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[00415] To a mixture of 5-methoxy-1H-pyrazolo[3,4-c]pyridine (6.2 g, 41 mmol) and
potassium hydroxide (9.33 g, 166 mmol) in DMF (50 mL) was added iodine (16.8 mL, 83
mmol). The mixture was stirred at 25 °C for 16 h. The reaction mixture was diluted with
saturated sodium thiosulfate solution (50 mL) and extracted with ethyl acetate (3 x 50 mL). The
combined organic layers were washed with brine (3 x 40 mL), dried over anhydrous sodium

sulfate, filtered and concentrated under reduced pressure. The residue was triturated with methyl
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tert-butyl ether:acetonitrile (5:1) to afford 3-iodo-5-methoxy-1H-pyrazolo[3,4-c]pyridine (8.2 g,
72%) as a yellow solid. MS (ESI) m/z: 275.8 [M+H]".
[00416] Step 5
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[00417] To a mixture of 3-iodo-5-methoxy-1H-pyrazolo[3,4-c]pyridine (7.5 g, 27 mmol) in
DMF (30 mL) was added sodium hydride (1.64 g, 41 mmol, 60%) at 0°C, the mixture was stirred
at 25 °C for 1 h under nitrogen atmosphere, followed by the addition of trityl chloride (9.12 g, 33
mmol) at 0 °C. The reaction mixture was stirred at 25 °C for 15 h, then diluted with water (50
mL) and extracted with ethyl acetate (60 mL x 3). The combined organic phase was washed with
brine (50 mL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (0 - 14% ethyl acetate in
petroleum ether) to afford 3-iodo-5-methoxy-1-trityl-pyrazolo[3,4-c]pyridine (7.2 g, 51%) as a
yellow solid.

[00418] Step 6

Tt
Trt _ NN
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[00419] To a mixture of 3-iodo-5-methoxy-1-trityl-pyrazolo[3,4-c]pyridine (2 g, 4 mmol) and
4,45, 5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (1.47 g,
6 mmol) in dioxane (10 mL) were added Pd(dppf)Cl: (282.9 mg, 0.4 mmol) and potassium
acetate (1.14 g, 12 mmol) under nitrogen atmosphere. The mixture was stirred at 100 °C for 16 h
under nitrogen atmosphere, then filtered and concentrated under reduced pressure to afford 5-
methoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridine (2 g,
75%, 75% purity) as black solid, which was used in the next step directly. MS (ESI) m/z: 436.2
[M-81+H]".

[00420] Step 7
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Jt cl Trt
NN, N>:>70| N,
A Ay N L N
0 \0
B~0 Pd(dppf),Clp, Na,COj, dioxane

N\\\\N/ cl

[00421] To a mixture of S-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-
pyrazolo[3,4-c]pyridine (2 g, 4 mmol) and 4,6-dichloropyrimidine (748.6 mg, 5 mmol) in
dioxane (50 mL) and water (5 mL) were added Pd(dppf)Cl2 (282.8 mg, 0.4 mmol) and sodium
carbonate (1.23 g, 12 mmol) under nitrogen atmosphere. The mixture was stirred at 100 °C for 2
h under nitrogen, then filtered and concentrated under reduced pressure. The residue was purified
by silica gel chromatography (0 - 17% ethyl acetate in petroleum ether) to afford 3-(6-
chloropyrimidin-4-yl)-5-methoxy-1-trityl-pyrazolo[3,4-c]pyridine (680 mg, 35%) as a yellow
solid. MS (ESI) m/z: 504.1 [M+H]".

[00422] Step 8

DIEA, DMSO

N N
\\\N/ cl \\\N/ \__N~Boc

[00423] To a mixture of 3-(6-chloropyrimidin-4-yl)-5-methoxy-1-trityl-pyrazolo[3,4-
c]pyridine (250 mg, 0.5 mmol) and tert-butyl piperazine-1-carboxylate (120 mg, 0.6 mmol) in
DMSO (5 mL) was added DIEA (260 uL, 1.5 mmol). The mixture was stirred at 100 °C for 1 h,
then diluted with water (60 mL) and extracted with ethyl acetate (60 mL x 3). The combined
organic phase was washed with brine (60 mL x 2), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by silica gel chromatography
(0 - 23% ethyl acetate in petroleum ether) to afford tert-butyl 4-[6-(5-methoxy-1-trityl-
pyrazolo[3,4-c]pyridin-3-yl)pyrimidin-4-yl Jpiperazine-1-carboxylate (250 mg, 77%) as a yellow
solid. MS (ESI) m/z: 654.4 [M+H]".

[00424] Step 9

HCl/Dioxane
B ——
DCM
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[00425] To a mixture of tert-butyl 4-[6-(5-methoxy-1-trityl-pyrazolo[3,4-c]pyridin-3-
yl)pyrimidin-4-yl]piperazine-1-carboxylate (250 mg, 0.4 mmol) in MeOH (5 mL) was added
HCl/dioxane (2 M, 10 mL). The mixture was stirred at 40 °C for 1 h, then sodium hydroxide was
added to adjust the pH to 14, the resulting mixture was concentrated under reduced pressure. The

residue was suspended in dichloromethane:MeOH (10:1), filtered and the filtrate solution was

concentrated under reduced pressure to afford S-methoxy-3-(6-piperazin-1-ylpyrimidin-4-yl)-
1H-pyrazolo[3,4-c]pyridine (110 mg, 83%) as pink solid. MS (ESI) m/z: 312.2 [M+H]".
[00426] Step 10

[00427] To a mixture of 5-methoxy-3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-
c]pyridine (110 mg, 0.35 mmol) and 4-[[1-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidylJoxy]cyclohexanecarbaldehyde (165.5 mg, 0.35 mmol) in
dichloromethanedichloromethane (5 mL) was added acetic acidacetic acid (60.68 pL, 1.1 mmol)
in one portion at 0 °C under nitrogen atmosphere. The mixture was stirred for 1 h before the
addition of sodium triacetoxyborohydride sodium triacetoxyborohydride (149.8 mg, 0.7 mmol).
The reaction mixture was stirred for 3 h, then filtered and concentrated under reduced pressure.
The residue was purified by prep-HPLC (0%-30% acetonitrile in water (formic acid) over 20.5
min) to give Compound 21 (93.7 mg, 33%, formic acid salt) as white solid. MS (ESI) m/z:
764.6 [M+H]".

[00428] Exemplary synthesis of Compound 22:

[00429] Step I

\

N
- CN|| N
Z

O—CN .

Josiphos-SL-J009-1-G3, LiIHMDS, THF

Y
N, 2T

Cl

z
N ZI

[00430] To a solution of 5-chloro-1H-pyrazolo[3,4-c]pyridine (1.0 g, 7 mmol),
cyclobutanecarbonitrile (1.58 g, 19 mmol) and {(R)-1-[(sp)-2-
(dicyclohexylphosphino)ferrocenyl Jethyldi-tert-butylphosphine}[2-(2"-amino-1,1"-
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biphenyl)]palladium(II) methanesulfonate (602 mg, 0.7 mmol) in THF (20 mL) was added
lithium bis(trimethylsilyl)amide (1 M, 16.3 mL). The mixture was stirred at 80 °C for 12 h, then
slowly diluted with saturated ammonium chloride solution (100 mL) at 0 °C and extracted with
ethyl acetate (100 mL x 2). The combined organic phase was washed with brine (100 mL), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (0 - 30% ethyl acetate/petroleum ether) to afford 1-
(1H-pyrazolo[3,4-c]pyridin-5-yl)cyclobutanecarbonitrile (1.2 g, 93%) as a yellow solid. MS

(EST) m/z: 199.1 [M+H]".
H
A \ I N N\
CN _ N — = NC | P /N
|

[00431] Step 2
[00432] To a solution of 1-(1H-pyrazolo[3,4-c]pyridin-5-yl)cyclobutanecarbonitrile (0.5 g, 2

—2Z

N 2T
A

@)

I

mmol) and potassium hydroxide (566 mg, 10 mmol) and in DMF (10 mL) was added iodine (1
mL, 5 mmol). The mixture was stirred at 25 °C for 2 h, then slowly diluted with saturated
ammonium chloride solution (100 mL) and extracted with ethyl acetate (100 mL x 2). The
combined organic phase was washed with brine (100 mL x 3), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (0 - 30% THF in petroleum ether) to afford 1-(3-iodo-1H-pyrazolo[3,4-
c]pyridin-5-yl)cyclobutanecarbonitrile (0.55 g, 67%) as a brown solid. MS (ESI) m/z: 325.0
[M+H]".

[00433] Step 3

H ITft
NG N| A N\N NaH, Trt-Cl N| N N\N
N ——— e
& DMF A~
| |

[00434] To a solution of 1-(3-iodo-1H-pyrazolo[3,4-c]pyridin-5-yl)cyclobutanecarbonitrile
(0.55 g, 1.7 mmol) in DMF (10 mL) was added sodium hydride (81.4 mg, 2 mmol, 60%) at 0 °C
under nitrogen atmosphere. The mixture was stirred for 30 min before the addition of trityl
chloride (567.7 mg, 2 mmol) at 0 °C, the mixture was warmed to 25 °C and stirred for 3 h under
nitrogen atmosphere. The reaction mixture was slowly diluted with saturated ammonium

chloride solution (100 mL) and extracted with ethyl acetate (100 mL x 2). The combined organic
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phase was washed with brine (100 mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was triturated with petroleum ether/methyl
tert-butyl ether (10 mL/1 mL) to afford 1-(3-iodo-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl)cyclobutanecarbonitrile (0.8 g, 77%) as a brown solid. MS (ESI) m/z: 567.1 [M+H]".
[00435] Step 4

Br.

7
N
Trt \§\ N/\\N
NTXAN N\ N~Boc
NC | P /N -

Bis-Pin,CsF, MeOH,
| Pd(OAc),, Cataxium A, Toluene

[00436] A mixture of 1-(3-iodo-1-trityl-pyrazolo[3,4-c]pyridin-5-yl)cyclobutanecarbonitrile
(0.4 g, 0.7 mmol), tert-butyl 4-(6-bromopyrimidin-4-yl)piperazine-1-carboxylate (218 mg, 0.6
mmol) , 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,2-dioxaborolane
(179.3 mg, 0.7 mmol) and cesium fluoride (536 mg, 3.5 mmol) in MeOH (10 mL) was degassed
and purged with nitrogen several times. Then a solution of palladium(II) acetate (15.9 mg, 71
umol) and bis(1-adamantyl)-butyl-phosphane (50.6 mg, 0.1 mmol) in toluene (5 mL) was added
to the mixture and the mixture was further degassed and purged with nitrogen. The reaction
mixture was stirred at 70 °C under nitrogen atmosphere for 2 h, then filtered and concentrated
under reduced pressure. The residue was diluted with water (100 mL) and extracted with ethyl
acetate (100 mL x 3). The combined organic phase was washed with brine (150 mL x 3), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (0 - 20% THF in petroleum ether) to afford tert-butyl
4-[6-[5-(1-cyanocyclobutyl)-1-trityl-pyrazolo[ 3,4-c]pyridin-3-yl |pyrimidin-4-yl]piperazine-1-
carboxylate (220 mg, 39%, 88% purity) as light yellow solid. MS (ESI) m/z: 703.4 [M+H]".
[00437] Step 5

[00438] To a solution of tert-butyl 4-[6-[5-(1-cyanocyclobutyl)-1-trityl-pyrazolo[3,4-
c]pyridin-3-yl]pyrimidin-4-yl]piperazine-1-carboxylate (200 mg, 0.3 mmol) in dichloromethane
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(3 mL) was added TFA (4 mL). The mixture was stirred at 25 °C for 2 h, then concentrated
under reduced pressure to afford 1-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-
c]pyridin-5-yl]cyclobutanecarbonitrile (200 mg, crude, 3TFA salt) as a brown oil. MS (ESI) m/z:
361.2 [M+H]".

[00439] Step 6

NaBH(OAc)3, HOAc, DCM/DMSO

N\\/NH

[00440] To a solution of 1-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridin-5-
yl]cyclobutanecarbonitrile (100 mg, 0.28 mmol) and 4-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-
2-oxo-benzimidazol-5-yl]-4-piperidyl Joxy]cyclohexanecarbaldehyde (65.0 mg, 0.14 mmol) in
dichloromethanedichloromethane (10 mL) was added acetic acid (0.5 mL, 9 mmol) at 0 °C under
nitrogen atmosphere, followed by the addition of sodium triacetoxyborohydride (88.2 mg, 0.42
mmol). The reaction mixture was stirred for 12 h at 0 °C, then filtered and concentrated under
reduced pressure. The residue was purified by prep-HPLC (0%-36% acetonitrile in water (TFA)
over 20.5 min) to give a light yellow solid (60 mg, 94% purity), which was further purified by
prep-HPLC (30%-70% acetonitrile in water (ammonium bicarbonate) over 25 min) to afford
Compound 22 (32.2 mg, 13% formic acid salt) as a white solid. MS (ESI) m/z: 813.4 [M+H]".
[00441] Exemplary synthesis of Compound 23:

[00442] Step [

H H
NN Ne » CNN| S N\N
N >
l P Josiphos-SL-Jggg-1-G3, LIHMDS, THF A~

Cl

[00443] To a solution of 5-chloro-1H-pyrazolo[3,4-c]pyridine (1.8 g, 12 mmol) and
cyclopropanecarbonitrile (2.6 mL, 35 mmol) in THF (30 mL) were added lithium
bis(trimethylsilyl)amide (1 M, 29.3 mL) and {(R)-1-[(sp)-2-
(dicyclohexylphosphino)ferrocenyl]ethyldi-tert-butylphosphine}[2-(2’-amino-1,1’-
biphenyl)]palladium(II) methanesulfonate (1.08 g, 1 mmol) under argon atmosphere, the mixture

was stirred at 80 °C under argon atmosphere for 12 h. The reaction mixture was diluted with
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saturated ammonium chloride solution at 0 °C and extracted with ethyl acetate (60 mL x 3). The
combined organic layers were washed with brine (50 mL), dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (O -
30% ethyl acetate in petroleum ether) to afford 1-(1H-pyrazolo[3,4-c]pyridin-5-
yl)cyclopropanecarbonitrile (1.9 g, 88%) as a light yellow solid. MS (ESI) m/z: 185.1 [M+H]".
[00444]  Step 2

H H
NN I2 NN
| /N _— I > /N
F KOH
CN CN |

[00445] To a solution of 1-(1H-pyrazolo[3,4-c]pyridin-5-yl)cyclopropanecarbonitrile (1.9 g,
10 mmol) in DMSO (20 mL) were added potassium hydroxide (2.31 g, 41 mmol) and iodine (3.1
mL, 15 mmol). The mixture was stirred at 25 °C for 2 h, then diluted with water (50 mL) and
extracted with ethyl acetate (40 mL x 3). The combined organic layers were washed with brine
(30 mL x 3), dried over sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (0 - 100% ethyl acetate in petroleum ether) to
afford 1-(3-iodo-1H-pyrazolo[3,4-c]pyridin-5-yl)cyclopropanecarbonitrile (3 g, 94%) as a light
yellow solid.

[00446] Step 3

H Jrt
N N, NaH, Trt-Cl NN
CN|| N ——— > CN| N
& THF A~

I I
[00447] To a solution of 1-(3-iodo-1H-pyrazolo[3,4-c]pyridin-5-yl)cyclopropanecarbonitrile
(3.0 g, 10 mmol) in DMF (70 mL) was added sodium hydride (464 mg, 12 mmol, 60%) at 0 °C
under nitrogen atmosphere. The mixture was stirred at 0 °C under nitrogen atmosphere for 0.5 h
before the addition of trityl chloride (3.24 g, 12 mmol). The reaction mixture was stirred at 25 °C
under nitrogen atmosphere for 2 h, then diluted with water (100 mL) and extracted with ethyl
acetate (80 mL x 3). The combined organic layers were washed with brine (70 mL x 3), dried
over sodium sulfate, filtered and concentrated under reduced pressure. The residue was triturated
with petroleum ether (30 mL) and methyl tert-butyl ether (30 mL) to afford 1-(3-iodo-1-trityl-
pyrazolo[3,4-c]pyridin-5-yl)cyclopropanecarbonitrile (3 g, 50%) as a light yellow solid. MS
(ESI) m/z: 553.1 [M+H]".
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[00448] Step 4

Tt
Trt CNN A \N
XN B,Pin | _
CN]| /N >
F Pd{dppf)Cl,, KOAc, dioxane B~o

[00449] To a solution of 1-(3-iodo-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl)cyclopropanecarbonitrile (1.3 g, 2 mmol) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,3,2-dioxaborolane (956 mg, 4 mmol) in dioxane (50 mL) were added
potassium acetate (693 mg, 7 mmol) and Pd(dppf)Cl: (137.8 mg, 0.2 mmol), the mixture was
stirred at 110 °C under nitrogen atmosphere for 12 h. The reaction mixture was filtered and
concentrated under reduced pressure to afford 1-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-yl]cyclopropanecarbonitrile (3 g, crude) as a brown solid,
which was used in the next step directly. MS (ESI) m/z: 471.2 [M-81+H]".

[00450] Step 5

,Trt Cl
N N\ N)\\>\
Nl N \s /¢
/B\O Pd(dppf)Clg, N32C03

% dioxane/H,0, 110°C

[00451] To a solution of 1-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-
pyrazolo[3,4-c]pyridin-5-yl]cyclopropanecarbonitrile (1.5 g, 3 mmol) and 4,6-
dichloropyrimidine (445 mg, 3 mmol) in dioxane (50 mL) and water (10 mL) were added sodium
carbonate (719 mg, 7 mmol) and Pd(dppf)Clz (139 mg, 0.2 mmol), the mixture was stirred at 100
°C under nitrogen atmosphere for 4 h. The reaction mixture was diluted with water (50 mL) and
extracted with ethyl acetate (40 mL x 3). The combined organic layers were washed with brine
(30 mL), dried over sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (0 - 20% ethyl acetate in petroleum ether) to
afford 1-[3-(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl]cyclopropanecarbonitrile (1.5 g, 54%, 53% purity) as a colorless oil. MS (ESI) m/z: 539.3
[M+H]".

[00452] Step 6
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[00453] To a solution of 1-[3-(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl]cyclopropanecarbonitrile (1.5 g, 3 mmol) and tert-butyl piperazine-1-carboxylate (777 mg, 4
mmol) in DMSO (30 mL) was added DIEA (1.5 mL, 8 mmol), and the mixture was stirred at 90
°C for 8 h. The reaction mixture was diluted with water (50 mL) and extracted with ethyl acetate
(40 mL x 3). The combined organic layers were washed with brine (40 mL x 3), dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
silica gel chromatography (0 - 28% ethyl acetate in petroleum ether) to afford tert-butyl 4-[6-[5-
(1-cyanocyclopropyl)-1-trityl-pyrazolo[3,4-c]pyridin-3-yl]pyrimidin-4-yl]piperazine-1-
carboxylate (0.8 g, 38%) as a white solid.

[00454]  Step 7

[00455] To a solution of tert-butyl 4-[6-[5-(1-cyanocyclopropyl)-1-trityl-pyrazolo[3,4-
c]pyridin-3-yl]pyrimidin-4-yl]piperazine-1-carboxylate (250 mg, 0.4 mmol) in dichloromethane
(3 mL) was added TFA (3.8 mL). The reaction solution was stirred at 25 °C for 4 h, then
concentrated under reduced pressure to afford 1-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-
pyrazolo[3,4-c]pyridin-5-yl]cyclopropanecarbonitrile (210 mg, 70%, 56% purity, TFA salt) as a
yellow gum, which was used in the next step without further purification. MS (ESI) m/z: 347.1
[M+H]"

[00456] Step 8

NaBH(OAG)3, HOAc, DCM/DMSO
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[00457] To a solution of 1-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo[3,4-c]pyridin-5-
yl]cyclopropanecarbonitrile (77.63 mg, 0.22 mmol) in dichloromethane (15 mL) were added
acetic acid (8.55 uL, 0.15 mmol) and 4-[[1-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-oxo0-
benzimidazol-5-yl]-4-piperidylJoxy]cyclohexanecarbaldehyde (70 mg, 0.15 mmol) in
dichloromethane (15 mL) at -10 °C. The mixture was stirred for 1 h, followed by the addition of
sodium triacetoxyborohydride (79.16 mg, 0.37 mmol,). The reaction mixture was stirred for 4 h
at -10 °C, then filtered and concentrated under reduced pressure. The resulting residue was
purified by prep-HPLC (26%-66% acetonitrile in water (ammonium bicarbonate) over 25 min) to
afford Compound 23 (81.3 mg, 68%) as a white solid. MS (ESI) m/z: 799 .4 [M/2+H]".

[00458] Exemplary synthesis of Compound 24:

[00459]  Step [

N\

~ H
CN TN NN

Cl
. e N
Josiphos-SL-J009-1-G3, LIHMDS, THF

[00460] To a solution of spiro[2.3]hexane-5-carbonitrile (1 g, 9 mmol) and 5-chloro-1H-
pyrazolo[3,4-c]pyridine (1.58 g, 10 mmol) in THF (30 mL) was added
[bis(trimethylsilyl)amino]lithium (1 M, 23 mL) and {(R)-1-[(sp)-2-

—Z
N ZT

(dicyclohexylphosphino)ferrocenyl Jethyldi-tert-butylphosphine}[2-(2"-amino-1,1"-
biphenyl)]palladium(II) methanesulfonate (863 mg, 0.9 mmol) at 25 °C under argon atmosphere.
The mixture was stirred at 80 °C under argon atmosphere for 12 h. The reaction mixture was
diluted with saturated ammonium chloride solution (60 mL) at 0 °C and extracted with ethyl
acetate (60 mL x 3). The combined organic layers were washed with brine (50 mL), dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
silica gel chromatography (0 - 30% ethyl acetate in petroleum ether) to afford a crude product
(1.7 g). The above material was triturated with methyl tert-butyl ether (20 mL) to afford 5-(1H-
pyrazolo[3,4-c]pyridin-5-yl)spiro[2.3 Jhexane-5-carbonitrile (750 mg, 36%) as a light yellow
solid. MS (ESI) m/z: 225.1 [M+H]".

[00461] Step 2
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[00462] To a solution of 5-(1H-pyrazolo[3,4-c]pyridin-5-yl)spiro[ 2.3 Jhexane-5-carbonitrile
(0.75 g, 3 mmol) in DMSO (15 mL) were added potassium hydroxide (562.9 mg, 10 mmol) and
iodine (1 mL, 5 mmol). The reaction mixture was stirred at 25 °C for 2 h, then diluted with water
(50 mL) and extracted with ethyl acetate (40 mL x 3). The combined organic layers were washed
with brine (40 mL x 3), dried over sodium sulfate, filtered and concentrated under reduced
pressure. The residue was triturated with methyl tert-butyl ether (20 mL) to afford 5-(3-iodo-1H-
pyrazolo[3,4-c]pyridin-5-yl)spiro[2.3]hexane-5-carbonitrile (1.1 g, 94%) as a white solid. MS
(ESI) m/z: 351.0 [M+H]".

[00463] Step 3

H Tr
~x—N N
N N NaH, Trt-CI o) N
A~ —_ = o~
DMF

[00464] To a solution of 5-(3-iodo-1H-pyrazolo[3,4-c]pyridin-5-yl)spiro[2.3 Jhexane-5-
carbonitrile (1.1 g, 3 mmol) in DMF (30 mL) was added NaH (188.5 mg, 5 mmol, 60%) at 0 °C
under nitrogen atmosphere. The mixture was stirred at 0 °C for 0.5 h, followed by the addition of
trityl chloride (1.14 g, 4 mmol). The reaction mixture was stirred at 25 °C under nitrogen
atmosphere for 2 h, then suspended in water (100 mL). The mixture was filtered and the filter
cake was washed with methyl tert-butyl ether (70 mL), dried to afford 5-(3-iodo-1-trityl-
pyrazolo[3,4-c]pyridin-5-yl)spiro[2.3|hexane-5-carbonitrile (1.8 g, 97%) as a white solid. MS
(ESI) m/z: 593.1 [M+H]".

[00465] Step 4

OB ’4?
t ~p-Bo
! ?/ [

(o}

Pd(dppf)Cl,, KOAc, dioxane
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[00466] To a solution of 5-(3-iodo-1-trityl-pyrazolo[3,4-c]pyridin-5-yl)spiro[ 2.3 Jhexane-5-
carbonitrile (1.8 g, 3 mmol) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1,3,2-dioxaborolane (1.16 g, 5 mmol) in dioxane (30 mL) were added Pd(dppf)Cl2 (178 mg,
0.2 mmol) and potassium acetate (894.51 mg, 9 mmol). The reaction mixture was stirred at 110
°C under nitrogen atmosphere for 12 h, then filtered and concentrated under reduced pressure to
afford 5-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl]spiro[2.3 Jhexane-5-carbonitrile (2.1 g, 85%, 73% purity) as a brown solid. MS (ESI) m/z:
511.2 [M-81+H]".

[00467] Step 5

Cl

4

N

-

Pd(dppf)Cl,, Na,CO3, dioxane/H,0O

[00468] To a solution of 4,6-dichloropyrimidine (452.6 mg, 3 mmol) and 5-[3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-yl]spiro[ 2.3 Thexane-5-
carbonitrile (1.8 g, 3 mmol) in dioxane (30 mL) and water (5 mL) were added Pd(dppf)Cl2 (178
mg, 0.2 mmol) and sodium carbonate (708 mg, 7 mmol), the mixture was stirred at 90 °C under
nitrogen atmosphere for 4 h. The reaction mixture was diluted with water (80 mL) and extracted
with ethyl acetate (60 mL x 3). The combined organic layers were washed with brine (60 mL),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 12% ethyl acetate in petroleum ether) to afford 5-[3-
(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-yl]spiro[2.3 Jhexane-5-carbonitrile
(1.2 g, 68%) as a light yellow solid. MS (ESI) m/z: 579.2 [M+H]".

[00469] Step 6

HN/\\
\\/N‘Boc

_—
DIEA, DMSO

[00470] To a solution of 5-[3-(6-chloropyrimidin-4-yl)-1-trityl-pyrazolo[3,4-c]pyridin-5-
yl]spiro[2.3 Jhexane-5-carbonitrile (1.2 g, 2 mmol) and tert-butyl piperazine-1-carboxylate (579
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mg, 3 mmol) in DMSO (30 mL) was added DIEA (1.8 mL, 10 mmol), and the mixture was
stirred at 90 °C for 6 h. The reaction mixture was diluted with water (100 mL) and extracted with
ethyl acetate (50 mL x 3). The combined organic layers were washed with brine (40 mL x 4),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 17% ethyl acetate in petroleum ether) to afford tert-
butyl 4-[6-[5-(5-cyanospiro[2.3 Thexan-5-yl)-1-trityl-pyrazolo[ 3,4-c]pyridin-3-yl |pyrimidin-4-
yl]piperazine-1-carboxylate (1.2 g, 79%) as a light yellow solid.

[00471] Step 7

[00472] To a solution of tert-butyl 4-[6-[5-(5-cyanospiro[2.3 Jhexan-5-yl)-1-trityl-
pyrazolo[3,4-c]pyridin-3-yl|pyrimidin-4-yl|piperazine-1-carboxylate (0.5 g, 0.7 mmol) in
dichloromethane (3 mL) was added TFA (6 mL). The reaction solution was stirred at 25 °C for 2
h, then concentrated under reduced pressure to afford 5-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-
pyrazolo[3,4-c]pyridin-5-yl]spiro[2.3 Jhexane-5-carbonitrile (0.52 g, 78%, 75% purity, 3 TFA
salt) as a white solid, which was used in the next step without further purification. MS (ESI) m/z:
387.2 [M+H]".

[00473] Step 8

H

NN, L<o Ne I N l
CNJ| N Va 0o N._o
Z { /N\GT o
} _
Y NaBH(OAc)s, HOAC, DCM/DMSO ' Y
.l W <y N\\/N "

NN

o
[00474] To a solution of 5-[3-(6-piperazin-1-ylpyrimidin-4-yl)-1H-pyrazolo|3,4-c]pyridin-5-
yl]spiro[2.3 Jhexane-5-carbonitrile (123.7 mg, 320 umol) in dichloromethane (15 mL) were
added acetic acid (12.2 uL, 213 umol) and 4-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidylJoxy]cyclohexanecarbaldehyde (0.1 g, 0.2 mmol) in
dichloromethane (5 mL) at -10 °C. The mixture was stirred for 1 h, then sodium

triacetoxyborohydride (90.47 mg, 0.43 mmol) was added. The reaction mixture was stirred for 4
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h, then filtered and concentrated under reduced pressure. The residue was purified by prep-
HPLC (0%-38% acetonitrile in water (TFA) over 20 min), the crude product was further purified
by prep-HPLC (38%-78% acetonitrile in water (ammonium bicarbonate) over 25 min) to afford
Compound 24 (61.1 mg, 34%) as a white solid. MS (EST) m/z: 420.4 [M/2+H]".

[00475] Exemplary synthesis of Compound 25:

[00476] Step I

OH c—\ N HCI U\ O\O
Ho“‘O +BuONa, DMSO X \KJ 2N

[00477] To a solution of cyclohexane-1,4-diol (5.0 g, 43 mmol) and 4-chloropyridine (14.2 g,
95 mmol, HCI salt) in DMSO (150 mL) was added sodium tert-butoxide (20.7 g, 215 mmol), and

the reaction mixture was stirred at 80 °C for 10 h. The mixture was cooled to 25 °C, diluted with
water (100 mL) and extracted with ethyl acetate (200 mL x 3). The combined organic phase was
washed with brine (200 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (0 - 4%
methanol in dichloromethane) to afford 4-[4-(4-pyridyloxy)cyclohexoxy]pyridine (8.73 g, 75%)
as a brown solid. MS (ESI) m/z: 271.2 [M+H]".

[00478] Step 2

g T —=. RO
A N 2 toluene X - N
[0) (&)

[00479]  To a solution of 4-[4-(4-pyridyloxy)cyclohexoxy]pyridine (7.73 g, 29 mmol) in
toluene (400 mL) was dropwise added bromomethylbenzene (5.1 mL, 43 mmol) in toluene (40
mL) over 15 h. The mixture was stirred at 80 °C for 36 h. The reaction mixture was filtered, the
filter cake was washed with petroleum ether (500 mL) and dried to afford 1-benzyl-4-[4-(4-
pyridyloxy)cyclohexoxy]pyridin-1-ium (11.52 g, crude) as a white solid, which was used directly
in the next step. MS (ESI) m/z: 361.1 [M+H]".

[00480]  Step 3

N7 O S NaBH,4 NZ o}
| | iBr — | |
A \ ~N EtOH X XS N

[00481] To a solution of 4-[4-[(1-benzyl-4-pyridyl)oxy]cyclohexoxy]pyridine (11.52 g, 28
mmol, 89% purity) in EtOH (120 mL) was added sodium borohydride (3.8 g, 0.1 mol) at 0 °C
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under nitrogen atmosphere. The mixture was stirred at 0 °C for 1 h, then diluted with water (200
mL) and extracted with ethyl acetate (300 mL x 3). The combined organic phase was washed
with brine (100 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford 4-[4-[(1-benzyl-3,6-dihydro-2H-pyridin-4-
yloxy]cyclohexoxy|pyridine (9.97 g, 68%, 71% purity) as a yellow oil, which was used directly
in the next step. MS (ESI) m/z: 365.1 [M+H]".

[00482] Step 4

U\ 0,0\@ \/@ Hy , Pd(OH),, Pd/C, Boc,O N7 ‘ 0,0\G
X o N EtOH XN o NH

[00483] To a solution of 4-[4-[(1-benzyl-3,6-dihydro-2H-pyridin-4-
yl)oxy]cyclohexoxy]pyridine (9.97 g, 24 mmol) in EtOH (200 mL) were added 10% palladium
on carbon (2.5 g), 20% palladium hydroxide (2.5 g) and di-tert-butyl dicarbonate (10.9 mL, 48

mmol). The suspension was degassed and purged with hydrogen several times. The mixture was
stirred under hydrogen (50 psi) at 60 °C for 12 h. The reaction mixture was filtered and
concentrated to afford 4-[4-(4-piperidyloxy)cyclohexoxy]pyridine (7.09 g, crude) as a white
gum, which was used directly in the next step. MS (ESI) m/z: 277.1 [M+H]".

[00484] Step 5

U\ O’O\G Boc,0, DIEA,DMAP U\ O’O\O
X o NH CH,Cly 2 o N\Boc

[00485] To a solution of 4-[4-(4-piperidyloxy)cyclohexoxy]pyridine (7.09 g, 26 mmol), DIEA
(4.5 mL, 26 mmol) and DMAP (313 mg, 2.6 mmol) in dichloromethane (140 mL) was added di-
tert-butyl dicarbonate (8.8 mL, 38 mmol). The mixture was stirred at 25 °C for 12 h, then

concentrated under reduced pressure. The residue was purified by flash column chromotography
(0 - 52% ethyl acetate in petroleum ether) to afford tert-butyl 4-[4-(4-
pyridyloxy)cyclohexoxy]piperidine-1-carboxylate (4.37 g, 37%, 82% purity) as a yellow solid.
MS (ESI) m/z: 377.2 [M+H]".

[00486] Step 6

—— -
[ ] [ ] Br [ ]
NNor N-Boc toluene N0 N-Boc

[00487] To a solution of tert-butyl 4-[4-(4-pyridyloxy)cyclohexoxy|piperidine-1-carboxylate
(4.37 g, 12 mmol) in toluene (160 mL) was added benzyl bromide (1.8 mL, 15 mmol). The
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mixture was stirred at 80 °C for 12 h. The reaction mixture was filtered, the filter cake was
washed with petroleum ether (250 mL) and dried to afford tert-butyl 4-[4-(1-benzylpyridin-1-
ium-4-yl)oxycyclohexoxy|piperidine-1-carboxylate (5.27 g, 78%) as a white solid. MS (ESI)
m/z: 467.2 [M+H]".

[00488] Step 7

070,00, = 0,0

N Nego  EtOH o NBoc

[00489] To a solution of tert-butyl 4-[4-(1-benzylpyridin-1-ium-4-
yl)oxycyclohexoxy]piperidine-1-carboxylate (5.27 g, 9 mmol, 89% purity) in EtOH (50 mL) was
added sodium borohydride (1.18 g, 31 mmol) at 0°C under nitrogen atmosphere. The mixture
was stirred at 0°C for 1 h, then diluted with water (50 mL) and extracted with ethyl acetate (70
mL x 3). The combined organic phase was washed with brine (20 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
prep-HPLC (5% - 43% acetonitrile in water (formic acid) over 22 min). The collected fractions
were combined, sodium carbonate was added to adjust the pH to 9, the mixture was extracted
with dichloromethane/MeOH (10/1). The organic phase was concentrated under reduced
pressure to afford tert-butyl 4-[4-[(1-benzyl-3,6-dihydro-2H-pyridin-4-

yl)oxy]cyclohexoxy |piperidine-1-carboxylate (2.92 g, 70%) as a white solid. MS (ESI) m/z:
471.7 [M+H]".

[00490] Step 8

©/\U\ O,O\G H, , Pd(OH),,PdiC _ HO\ O,O\O
o N\Boc t-BuOH o N‘Boc

[00491] To a solution of tert-butyl 4-[4-[(1-benzyl-3,6-dihydro-2H-pyridin-4-

yl)oxy]cyclohexoxy]piperidine-1-carboxylate (200 mg, 0.4 mmol) in tert-butanol (10 mL) were
added 10% palladium on carbon (40 mg) and 20% palladium hydroxide (40 mg) under nitrogen
atmosphere. The suspension was degassed and purged with hydrogen several times. The mixture
was stirred under hydrogen (50 psi) at 60 °C for 36 h, then filtered and concentrated to afford
tert-butyl 4-[4-(4-piperidyloxy)cyclohexoxy |piperidine-1-carboxylate (116.2 mg, 71%) as a
white solid. MS (EST) m/z: 383.5 [M+H]".

[00492]  Step 9
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Br N NaH N
\ >:o
Br N\

[00493] To a solution of 5-bromo-3-methyl-1H-benzimidazol-2-one (15 g, 66 mmol) in THF
(400 mL) was added sodium hydride (15.85 g, 0.4 mol, 60%) at 0 °C and stirred for 0.5 h, the
mixture was heated to 65 °C. Then a solution of 3-bromopiperidine-2,6-dione (38.05 g, 0.2 mol)
in THF (200 mL) was dropwise added, the resulting mixture was stirred for 2 h at 65 °C. The
reaction mixture was poured into 1 M aqueous sulfuric acid (400 mL) at 0 °C, then diluted with
saturated aqueous sodium bicarbonate solution (150 mL) and extracted with dichloromethane
(500 mL x 2). The combined organic layers were washed with brine (300 mL x 2), dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue was triturated with
MeOH/THF (300 mL/30 mL) at 25 °C for 12 h, filtered to afford 3-(5-bromo-3-methyl-2-oxo-
benzimidazol-1-yl)piperidine-2,6-dione (14 g, 63%) as a gray solid. MS (ESI) m/z: 339.9
[M+H]".

[00494] Step 10

N .\\0 /
- ) T e
0 s . -
OGRS ‘ )
o N\Buc LiIHMDS, RuPhos, RuPhos Pd G2 toluene, 100°C,2 h Q\IH

o}

[00495] To a mixture of tert-butyl 4-[4-(4-piperidyloxy)cyclohexoxy]|piperidine-1-carboxylate
(0.5 g, 1 mmol), 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione (663 mg, 2
mmol) and RuPhos (30.5 mg, 65 umol) in toluene (7 mL) were added Ruphos Pd G2 (50.8 mg,
65 pmol) and lithium bis(trimethylsilyl)amide (1 M, 6.5 mL) dropwise at 0°C. The mixture was
stirred at 100 °C for 3 h under nitrogen atmosphere. The reaction solution was cooled to 25 °C
and poured into aqueous acetic acid solution (acetic acid/water = 2 mL/20 mL) at O °C, the
mixture was diluted with saturated aqueous sodium bicarbonate solution to adjust the pH to 8 - 9.
The mixture was extracted with ethyl acetate (100 mL x 2). The combined organic layers were
washed with brine (100 mL) and dried over anhydrous sodium sulfate, filtered and concentrated.
The residue was purified by silica gel chromatography (0 - 80% THF/petroleum ether) to afford
tert-butyl 4-[4-[[1-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-4-
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piperidyl]oxy]cyclohexoxy]|piperidine-1-carboxylate (300 mg, 36%) as a white solid. MS (ESI)
m/z: 640.4 [M+H]".
[00496] Step 11

B <0 / e /
=0 O Ty (OUORSN,

O \CENFOO HCl/dioxane o) \@N):Oo

Cj DCM Q

NH NH

0 0
[00497] To a solution of tert-butyl 4-[4-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl Joxy]cyclohexoxy]piperidine-1-carboxylate (0.3 g, 0.5 mmol) in
dichloromethane (5 mL) was added HCl/dioxane (2 M, 10 mL). The reaction solution was stirred
at 25 °C for 2 h, then concentrated under reduced pressure to afford 3-[3-methyl-2-oxo0-5-[4-[4-
(4-piperidyloxy)cyclohexoxy]-1-piperidyl|benzimidazol-1-yl|piperidine-2,6-dione (300 mg,
crude, 2HCI salt) as a gray solid. MS (ESI) m/z: 540.3 [M+H]".

[00498] Step 12

H
N7SN
.\\O\C\ / ﬂ\o [ AN
HN N N
Q\O/O \g =0 e
N o W To

~\o
N
NH
DIEA, DMSO EZNH
o}

[00499] To a solution of 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-

pyrazolo[3,4-c]pyridine (50 mg, 0.17 mmol) and 3-[3-methyl-2-0x0-5-[4-[4-(4-
piperidyloxy)cyclohexoxy]-1-piperidyl [benzimidazol-1-yl|piperidine-2,6-dione (89.4 mg, 0.17
mmol) in DMSO (5 mL) was added DIEA (144 uL, 0.83 mmol), the resulting mixture was
heated to 80 °C and stirred for 2 h. The reaction mixture was allowed to cool to 25 °C, filtered,
and the filtrate solution was purified by prep-HPLC (0%-40% acetonitrile in water (formic acid)
over 25 min), the crude product was further purified by prep-HPLC (28%-68% acetonitrile in
water (sodium bicarbonate) over 25 min) to afford Compound 25 (57.1 mg, 42%) as a white
solid. MS (ESI) m/z: 805.3 [M+H]".

[00500] Exemplary synthesis of Compound 26:

[00501] Step [
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[00502] To a solution of 4-bromo-2-fluoro-1-nitro-benzene (10 g, 45 mmol) in DMF (100

mL) were added propan-2-amine (3.91 mL, 45 mmol) and potassium carbonate (12.56 g, 91
mmol). The mixture was stirred at 25 °C for 12 h, then diluted with water (100 mL) and
extracted with ethyl acetate (150 mL x 2). The combined organic phase was washed with brine
(150 mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (0 - 1% ethyl acetate/petroleum
ether) to afford S-bromo-N-isopropyl-2-nitro-aniline (11.3 g, 96%) as an orange solid. MS (ESI)
m/z: 259.0 [M+H]".
[00503] Step 2

Br \,G Fe, NH,CI Br. \rﬁ

\©:N02 EtOH \CENHZ

[00504] To a solution of 5-bromo-N-isopropyl-2-nitro-aniline (11.3 g, 44 mmol) in EtOH
(100 mL) and water (100 mL) were added iron (12.18 g, 0.2 mol) and ammonium chloride
(23.33 g, 0.4 mol). The mixture was stirred at 80 °C for 5 h, then filtered and washed with
MeOH. The filtrate solution was concentrated under reduced pressure. The residue was diluted
with water (200 mL) and extracted with ethyl acetate (200 mL x 2). The combined organic phase
was washed with brine (400 mL), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (0 - 20% ethyl
acetate/petroleum ether) to afford 4-bromo-nitrogen atmosphere-isopropyl-benzene-1,2-diamine
(9.8 g, 98%) as a purple solid. MS (ESI) m/z: 229.0 [M+H]".
[00505] Step 3

Y coi 3/
Br NH Br N
_—
NH, N
[00506] To a solution of 4-bromo-nitrogen atmosphere-isopropyl-benzene-1,2-diamine (9.8 g,

43 mmol) in THF (100 mL) was added carbonyldiimidazole (10.4 g, 64 mmol). The mixture was
stirred at 60 °C for 12 h, then diluted with water (100 mL) and extracted with ethyl acetate (150
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mL x 2). The combined organic phase was washed with brine (150 mL x 3), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 40% ethyl acetate/petroleum ether) to afford 5-bromo-
3-isopropyl-1H-benzimidazol-2-one (10.5 g, 96%) as a gray solid. MS (ESI) m/z: 257.0 [M+H]".
[00507] Step 4

NaH(6.0 eq)
NH

o:HgN_Ji) Br: R/
R/ BY (3.0 eq) \C[N):O
>=o - 0
N

(0]
[00508] To a solution of 5-bromo-3-isopropyl-1H-benzimidazol-2-one (10.5 g, 41 mmol) in
THF (200 mL) was added sodium hydride (9.88 g, 0.2 mol, 60%) at 0 °C and stirred for 0.5 h.
The mixture was heated to 65 °C and a solution of 3-bromopiperidine-2,6-dione (23.71 g, 0.1
mol) in THF (200 mL) was added dropwise. The mixture was stirred for 3 h at 65 °C. The
reaction mixture was poured into 1 M aqueous sulfuric acid solution (250 mL) at 0 °C and
diluted with saturated aqueous sodium bicarbonate solution (150 mL), the mixture was extracted
with dichloromethane (500 mL x 2). The combined organic layers were washed with brine (300
mL x 2), dried over sodium sulfate, filtered and concentrated under reduced pressure. The
residue was triturated with isopropyl alcohol/THF (200 mL/20 mL) to afford 3-(5-bromo-3-
isopropyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione (9.7 g, 54%, 84% purity) as an off-
white solid. MS (EST) m/z: 368.3 [M+H]".
[00509] Step 5

Br. R/ Boc., O e
Ty, 0070 =00 Uy

LiIHMDS, RuPhos, RuPhos Pd G2 0
NH toluene, 100°C, 2 h

< &

o

?/
=0
N

N

[00510] To a mixture of tert-butyl 4-[4-(4-piperidyloxy)cyclohexoxy]|piperidine-1-carboxylate
(200 mg, 0.5 mmol), 3-(5-bromo-3-isopropyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione

(287.2 mg, 0.8 mmol) and RuPhos (12.2 mg, 26 umol) in toluene (5 mL) were added Ruphos Pd
G2 (20.3 mg, 26 umol) and lithium bis(trimethylsilyl)amide (1 M, 2.6 mL) dropwise at 0 °C. The
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mixture was stirred at 100 °C for 3 h under nitrogen atmosphere. The reaction mixture was
cooled to 2 5 °C and poured into aqueous acetic acid solution (acetic acid/water =2 mL/20 mL)
at 0 °C, then saturated aqueous sodium bicarbonate solution was added to adjust the pHto 8 - 9.
The above mixture was extracted with ethyl acetate (100 mL x 2). The combined organic layers
were washed with brine (100 mL) and dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel chromatography (0 - 60% THF/petroleum
ether) to afford tert-butyl 4-[4-[[1-[1-(2,6-diox0-3-piperidyl)-3-isopropyl-2-oxo-benzimidazol-5-
yl]-4-piperidyl]oxy]cyclohexoxy|piperidine-1-carboxylate (110 mg, 20%, 65% purity) as a light
yellow solid. MS (ESI) m/z: 668.3 [M+H]".

[00511] Step 6

oc~ © Y . Y
OSSO
C((NH DCM QH

) )
[00512] To a solution of tert-butyl 4-[4-[[1-[1-(2,6-dioxo-3-piperidyl)-3-isopropyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl |oxy]cyclohexoxy|piperidine-1-carboxylate (110 mg, 0.2 mmol)
in dichloromethane (3 mL) was added HCl/dioxane (2 M, 4 mL). The mixture was stirred at 25
°C for 2 h, then concentrated under reduced pressure to afford 3-[3-isopropyl-2-oxo-5-[4-[4-(4-
piperidyloxy)cyclohexoxy]-1-piperidyl ]benzimidazol-1-yl]piperidine-2,6-dione (100 mg, crude,
HCI salt) as a light yellow solid. MS (ESI) m/z: 568.3 [M+H]".
[00513] Step 7

(o] (¢}
[00514] To a solution of 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-
pyrazolo[3,4-c]pyridine (50 mg, 0.17 mmol) and 3-[3-isopropyl-2-ox0-5-[4-[4-(4-
piperidyloxy)cyclohexoxy]-1-piperidyl ]benzimidazol-1-yl]piperidine-2,6-dione (94.1 mg, 0.17
mmol) in DMSO (6 mL) was added DIEA (144 pL, 0.83 mmol). The mixture was stirred at 80
°C. for 2 h, then filtered and the filtrate solution was purified by prep-HPLC (4%-44%
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acetonitrile in water (formic acid) over 25 min) to afford Compound 26 (29.7 mg, 21%) as an
off-white solid. MS (ESI) m/z: 833.4 [M+H]".
[00515] Exemplary synthesis of Compound 27:

H
N\
)\ %
<© ;e N
O Tt s T ) .
OAS A, e A O
DIEA, DMSO N Q N
NH A=y NQ\O NH
0 o)

[00516] To a solution of 3-(6-chloropyrimidin-4-yl)-5-isopropoxy-1H-indazole (prepared in a
manner analogous to Compound 20, 50 mg, 0.17 mmol) and 3-[3-methyl-2-ox0-5-[4-[4-(4-
piperidyloxy)cyclohexoxy]-1-piperidyl [benzimidazol-1-yl]piperidine-2,6-dione (synthesis
described for Compound 25, 99.8 mg, 0.17 mmol, HCl) in DMSO (5 mL) was added DIEA
(151 pL, 0.87 mmol). The mixture was stirred at 80 °C for 2 h, filtered and the resulting filtrate
was purified by prep-HPLC (0%-40% acetonitrile in water (formic acid) over 25 min) to afford
Compound 27 (62.6 mg, 43%) as an off-white solid. MS (ESI) m/z: 792.4 [M+H]".

[00517] Exemplary synthesis of Compound 28:

DIEA, DMSO

[00518] To a solution of 3-(6-chloropyrimidin-4-yl)-5-isopropoxy-1H-pyrazolo[3,4-c]pyridine
(prepared in a manner analogous to Compound 20, 50 mg, 0.17 mmol) and 3-[3-methyl-2-oxo-
5-[4-[4-(4-piperidyloxy)cyclohexoxy]-1-piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione
(synthesis described for Compound 25, 93.1 mg, 0.17 mmol) in DMSO (5 mL) was added
DIEA (150 puL, 0.86 mmol), the mixture was heated to 80 °C and stirred for 2 h. The reaction
mixture was filtered and the filtrate solution was purified by prep-HPLC (2%-42% acetonitrile in
water (formic acid) over 25 min) to afford Compound 28 (38.2 mg, 27%) as a brown solid. MS
(ESI) m/z: 793.4 [M+H]".

[00519] Exemplary synthesis of Compound 29:

[00520] Step [
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[00521] To a solution of tert-butyl 4-(3-hydroxycyclobutoxy)piperidine-1-carboxylate (5.0 g,
18 mmol) and pyridin-4-ol (2.10 g, 22 mmol) in THF (50 mL) was added tripheny! phosphine

(5.8 g, 22 mmol). The mixture was stirred at 0 °C for 30 min before the dropwise addition of
diisopropyl azodicarboxylate (4.3 mL, 22 mmol) at O °C under nitrogen atmosphere. The
reaction mixture was stirred at 50 °C for 12 h under nitrogen atmosphere, then concentrated
under reduced pressure. The residue was purified by silica gel chromatography (0 - 34% ethyl
acetate/petroleum ether), the crude product was further triturated with methyl tert-butyl ether (5
mL x 2) to afford tert-butyl 4-[3-(4-pyridyloxy)cyclobutoxy]piperidine-1-carboxylate (7.43 g,
96%) as yellow oil. MS (ESI) 349.2 [M+H] "

[00522] Step 2

Boc. ’\O\ 0 N 1.H; (50 psi), PtO,, EtOH - Boc\,\O\ (D_‘\o
O/O \@ 2.CbzCl, TEA, DCM 0 N-cbz

[00523] To a solution of tert-butyl 4-[3-(4-pyridyloxy)cyclobutoxy|piperidine-1-carboxylate
(7.43 g, 20 mmol) and acetic acid (4.49 mL, 78 mmol) in EtOH (80 mL) was added platinum(IV)

oxide (3.56 g, 16 mmol). The suspension was degassed and purged with hydrogen several times.
The mixture was stirred under hydrogen (50 psi.) at 60 °C for 12 h, then filtered through celite,
washed with EtOH (60 mL x 5) and ethyl acetate (60 mL x 5). The filtrate solution was
concentrated under reduced pressure. The above residue was dissolved in dichloromethane (30
mL), triethylamine (6.0 mL, 43 mmol) and benzyl chloroformate (4.2 mL, 29 mmol) were added
to the mixture at 0 °C under nitrogen atmosphere. The reaction mixture was stirred at 25 °C
under nitrogen atmosphere for 2 h. Saturated sodium bicarbonate solution was added to the
mixture to adjust the pH to 7-8. The mixture was extracted with ethyl acetate (20 mL x 3). The
combined organic phase was washed with brine (20 mL x 2), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (0 - 87% ethyl acetate/petroleum ether) to afford benzyl 4-[3-[(1-tert-
butoxycarbonyl-4-piperidyl)oxy]cyclobutoxy]piperidine-1-carboxylate (2.74 g, 29%) as a
colorless oil. MS (EST) 389.1 [M-100+H]".
[00524] Step 3
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0" - N<chy EtOH, EtOAc 0//: \O‘IH

[00525] To a solution of benzyl 4-[3-[(1-tert-butoxycarbonyl-4-

piperidyl)oxy]cyclobutoxy|piperidine-1-carboxylate (2.87 g, 6 mmol) in EtOH (15 mL) and
ethyl acetate (15 mL) was added 10% palladium on carbon (312.5 mg). The suspension was
degassed and purged with hydrogen several times. The mixture was stirred under hydrogen (50
psi.) at 50 °C for 12 h. The reaction mixture was filtered through celite, and the filter cake was
washed with MeOH (100 mL x 5) and ethyl acetate (100 mL x 5). The filtrate solution was
concentrated in vacuo to afford tert-butyl 4-[3-(4-piperidyloxy)cyclobutoxy|piperidine-1-
carboxylate (2.06 g, 99%) as a colorless oil.

[00526] Step 4

o]

HN
o o]
HN
N,
>=o O
.Boc Br N
\ o

"o
H"O/ 0 LIHMDS, RuPhos, RuPhos Pd G2 o N
toluene, 100°C, 2 h U he) /O
‘1
Boc” o

[00527] To a mixture of 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione

N
=0
N\

(620 mg, 1.8 mmol) and tert-butyl 4-[3-(4-piperidyloxy)cyclobutoxy|piperidine-1-carboxylate
(500 mg, 1.4 mmol) in toluene (5 mL) were added RuPhos (32.91 mg, 70 pmol) and [2-(2-
aminophenyl)phenyl]-chloro-palladium;dicyclohexyl-[2-(2,6-
diisopropoxyphenyl)phenyl]phosphane (54.78 mg, 70 pmol). To the above mixture was
dropwise added lithium bis(trimethylsilyl)amide (1 M, 7.1 mL) at 0 °C under nitrogen
atmosphere. The mixture was stirred at 100 °C for 2 h under nitrogen atmosphere. The reaction
mixture was poured into acetic acid (4 mL) and water (40 mL) at 0 °C, then diluted with
saturated aqueous sodium bicarbonate solution (40 mL). The mixture was extracted with ethyl
acetate (50 mL x 2). The combined organic layers were washed with brine (50 mL x 2) and dried
over anhydrous sodium sulfate, filtered and concentrated. The residue was purified by silica gel

chromatography (0 - 60% ethyl acetate/petroleum ether) to afford tert-butyl 4-[3-[[1-[1-(2,6-
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dioxo-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-4-piperidyl Joxy]cyclobutoxy]piperidine-
1-carboxylate (450 mg, 52%) as an off-white solid. MS (EST) 612.3 [M+H]".
[00528] Step 5

Boc.. /D H,O\ ,D \G
O\ \G\Q: >=° __ HClidioxane \@ >= °

DCM

0 o]
[00529] To a solution of tert-butyl 4-[3-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidylJoxy]cyclobutoxy]piperidine-1-carboxylate (250 mg, 0.4 mmol)
in dichloromethane (2 mL) was added HCl/dioxane (2 M, 6 mL). The mixture was stirred at
25°C for 3.5 h, then concentrated under reduced pressure to afford 3-[3-methyl-2-ox0-5-[4-[3-(4-
piperidyloxy)cyclobutoxy]-1-piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione (240 mg, crude,
HCI salt) as an off-white solid. MS (ESI) 512.2 [M+H]".
[00530] Step 6

o, ﬂg .

=N

SO A Oy,
% %

[00531] To a solution of 3-[3-methyl-2-ox0-5-[4-[3-(4-piperidyloxy)cyclobutoxy]-1-
piperidyl]benzimidazol-1-yl]piperidine-2,6-dione (205.8 mg, 402 umol) and 3-(6-
chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-indazole (110 mg, 366 pmol) in DMSO (4
mL) was added DIEA (191 pL, 1.1 mmol). The mixture was stirred at 70 °C for 12 h, then
cooled to 25 °C, filtered and concentrated under reduced pressure. The residue was purified by
prep-HPLC (2%-42% acetonitrile in water (TFA) over 20 min), the crude product was further
purified by prep-HPLC (0%-60% acetonitrile in water (formic acid) over 20 min) to give
Compound 29 (98.8 mg, 35%) as an off-white solid. MS (EST) m/z: 776.4 [M+H]".

[00532] Exemplary synthesis of Compound 30:
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[00533] To a solution of 3-[3-methyl-2-ox0-5-[4-[3-(4-piperidyloxy)cyclobutoxy]-1-
piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione (synthesis described for Compound 29, 205.8
mg, 402 umol,) and 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-indazole (110 mg,
366 pumol) in DMSO (4 mL) was added DIEA (191 pL, 1.1 mmol). The mixture was stirred at 70
°C for 12 h, then allowed to cool to 25 °C, filtered and concentrated under reduced pressure. The
residue was purified by prep-HPLC (2%-42% acetonitrile in water (TFA) over 20 min), the
crude product was further purified by prep-HPLC (0%-60% acetonitrile in water (formic acid)
over 20 min) to afford Compound 30 (98.8 mg, 35%) as an off-white solid. MS (ESI) m/z: 776.4
[M+H]".
[00534] Exemplary synthesis of Compound 31:

NS
s
, e L0
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T o
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[00535] To a solution of 3-[3-methyl-2-0x0-5-[4-[3-(4-piperidyloxy)cyclobutoxy]-1-
piperidyl]benzimidazol-1-yl]piperidine-2,6-dione (synthesis described for Compound 29, 137.7
mg, 269 pumol) and 3-(6-chloropyrimidin-4-yl)-5-isopropoxy-1H-pyrazolo[3,4-c]pyridine (60.0
mg, 207 umol) in DMSO (5 mL) was added DIEA (108 pL, 0.6 mmol). The mixture was stirred
at 80 °C for 2 h, then cooled to 25 °C, filtered and concentrated under reduced pressure. The
residue was purified by prep-HPLC (4%-44% acetonitrile in water (TFA) over 25 min), the
crude product was further purified by prep-HPLC (2%-42% acetonitrile in water (formic acid)
over 20.5 min) to afford Compound 31 (39.9 mg, 25% y) as a white solid. MS (ESI) m/z: 765.3
[M+H]".

[00536] Exemplary synthesis of Compound 32:

[00537] Step I
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[00538] To a solution of methyl 3-hydroxycyclobutanecarboxylate (15 g, 0.1 mol) in THF
(150 mL) were added chloro(trimethyl)silane (16.1 mL, 0.1 mol) and triethylamine (19.3 mL, 0.1
mol) at 0 °C under nitrogen atmosphere, the mixture was stirred at 25 °C for 1 h under nitrogen
atmosphere. The reaction mixture was filtered and concentrated under reduced pressure. To a
stirred solution of above residue and benzyl 4-oxopiperidine-1-carboxylate (27.5 mL, 0.1 mol) in
dichloromethane (150 mL) were added triethylsilane (27.6 mL, 0.2 mol) and trimethylsilyl
trifluoromethanesulfonate (11.5 mL, 63 mmol) dropwise at -70 °C under nitrogen atmosphere,
the reaction mixture was stirred at 0 °C under nitrogen atmosphere for 2 h. The mixture was
diluted with water (200 mL) and extracted with dichloromethane (200 mL x 3). The combined
organic layers were washed with brine (200 mL x 2), dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (0 -
30% ethyl acetate/petroleum ether) to afford benzyl 4-(3-
methoxycarbonylcyclobutoxy)piperidine-1-carboxylate (21.39 g, 53%) as a colorless oil. MS
(ESI) 370.2 [M+23]".

[00539] Step 2

Pd/C, H, (50 Psi)

o~ o~
Cbz. \&O Boc. .‘\\l\\o
/D Boc,0, MeOH ,D
[®) (0]

[00540] To a solution of benzyl 4-(3-methoxycarbonylcyclobutoxy)piperidine-1-carboxylate
(21.4 g, 61 mmol) and di-tert-butyl dicarbonate (42.4 mL, 185 mmol) in MeOH (200 mL) was

added palladium on carbon (3.28 g). The suspension was degassed and purged with hydrogen
several times. The mixture was stirred under hydrogen (50 psi.) at 50°C for 12 h. The reaction
mixture was filtered through celite, washed with MeOH (100 mL x 5) and ethyl acetate (100 mL
x 5), the filtrate solution was concentrated in vacuo. The residue was purified by silica gel
chromatography (0 - 30% ethyl acetate/petroleum ether) to afford tert-butyl 4-(3-
methoxycarbonylcyclobutoxy)piperidine-1-carboxylate (17.57 g, 91%) as a colorless oil.
[00541] Step 3
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[00542] To a mixture of tert-butyl 4-(3-methoxycarbonylcyclobutoxy)piperidine-1-
carboxylate (1 g, 3 mmol) in THF (10 mL) was dropwise added lithium aluminum chloride (2.5
M, 1.3 mL) at 0 °C under nitrogen atmosphere, the mixture was stirred at 0 °C for 2 h under
nitrogen atmosphere. The reaction mixture was diluted with water (0.12 mL), followed by 15%
aqueous sodium hydroxide solution (0.12 mL) and water (0.36 mL). The mixture was dried over
anhydrous sodium sulfate, filtered, washed with THF (40 mL x 4). The combined filtrate
solution was concentrated under reduced pressure to afford tert-butyl 4-[3-
(hydroxymethyl)cyclobutoxy]piperidine-1-carboxylate (900 mg, crude) as a colorless oil, which
was used in the next step directly. MS (ESI) 230.2 [M-55+H]".

[00543] Step 4

Boc.. . CI—CN HCI Z "N
OWay e
0 t-BuONa, DMSO, 80°C ,D
(0)

[00544] To a solution of sodium tert-butoxide (5.79 g, 60 mmol) in DMSO (50 mL) was

added 4-chloropyridine hydrochloride (3.39 g, 23 mmol), the mixture was stirred at 40 °C for 0.5
h before the addition of tert-butyl 4-[3-(hydroxymethyl)cyclobutoxy]piperidine-1-carboxylate
(4.3 g, 15 mmol). The reaction mixture was stirred at 80 °C for 12 h, then cooled to 0 °C and
diluted with saturated ammonium chloride solution (100 mL). The mixture was extracted with
ethyl acetate (100 mL x 3). The combined organic phase was washed with brine (100 mL x 3),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (0 - 77% ethyl acetate/petroleum ether) to
afford tert-butyl 4-[3-(4-pyridyloxymethyl)cyclobutoxy|piperidine-1-carboxylate (3.26 g, 60%)
as a white solid. MS (ESI) 363.0 [M+H]".
[00545] Step 5
Boc. O\ /D"“\O/Ql HzA (5;) :sz;:;oz . Boc\,\O\ ,D"\\\O/O "
cOH,
0 0
[00546] To a solution of tert-butyl 4-[3-(4-pyridyloxymethyl)cyclobutoxy]piperidine-1-
carboxylate (3.26 g, 9 mmol) and acetic acid (1.54 mL, 27 mmol) in EtOH (30 mL) was added

platinum(IV) oxide (1.63 g, 7 mmol). The suspension was degassed and purged with hydrogen
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several times. The mixture was stirred under hydrogen (50 psi.) at 50 °C for 16 h. The reaction
mixture was filtered through celite and washed with EtOH (50 mL x 5) and ethyl acetate (50 mL
x 5). The filtrate solution was concentrated to afford tert-butyl 4-[3-(4-
piperidyloxymethyl)cyclobutoxy]piperidine-1-carboxylate (5 g, crude) as a colorless oil, which
was used in the next step directly. MS (EST) 369.6 [M+H]".

[00547] Step 6

.Cbz
Boc NH CbzCl, TEA N
N SN Boc\N o~
Uui oo Jun
o (o}

[00548] To a solution of tert-butyl 4-[3-(4-piperidyloxymethyl)cyclobutoxy |piperidine-1-
carboxylate (3.3 g, 9 mmol) in dichloromethane (40 mL) were added triethylamine (3.74 mL, 27
mmol) and benzyl chloroformate (1.92 mL, 13 mmol) at 0 °C under nitrogen atmosphere. The
mixture was stirred at 25 °C for 2 h under nitrogen atmosphere, then cooled to 0 °C and diluted
with saturated aqueous sodium bicarbonate solution (60 mL). The mixture was extracted with
ethyl acetate (60 mL x 3). The combined organic phase was washed with brine (50 mL x 3),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (0 - 25% ethyl acetate/petroleum ether) to
afford benzyl 4-[[3-[(1-tert-butoxycarbonyl-4-piperidyl)oxy]cyclobutyl methoxy]piperidine-1-
carboxylate (1.19 g, 26%) as a colorless oil. MS (ESI) 403.3 [M-100+H]".

[00549] Step 7

.Cbz
5 N Pd/C, Hj (50 Psi) Boc /O‘“"
OC\Q -“\\0 \r\O\ "‘\\0
13 EtOH, EtOAG 13
o) (®)

[00550] To a solution of benzyl 4-[[3-[(1-tert-butoxycarbonyl-4-

piperidyl)oxy]cyclobutyl Jmethoxy]piperidine-1-carboxylate (970 mg, 2 mmol) in EtOH (10 mL)
and ethyl acetate (10 mL) was added 10% palladium on carbon (102.7 mg). The suspension was
degassed and purged with hydrogen several times. The mixture was stirred under hydrogen (50
psi.) at 50 °C for 12 h. The reaction mixture was filtered through celite, washed with MeOH (50
mL x 5) and ethyl acetate (50 mL x 5). The filtrate solution was concentrated in vacuo to afford
tert-butyl 4-[3-(4-piperidyloxymethyl)cyclobutoxy]piperidine-1-carboxylate (750 mg, crude) as a
colorless oil, which was used in the next step directly. MS (ESI) 369.2 [M+H]".

[00551] Step 8

143



WO 2025/072629 PCT/US2024/048800

o]
HN
o]
N,
=0
Br N\

\ 0
N—( o
NH
Boc /O Boc, N NH
N Mg > N
,D LIHMDS, RuPhos, RuPhos Pd G2 N N 0
O o’Q o

toluene, 100°C, 2 h

[00552] To a mixture of tert-butyl 4-[3-(4-piperidyloxymethyl)cyclobutoxy]piperidine-1-
carboxylate (550 mg, 1.5 mmol) and 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-
2,6-dione (1.31 g, 4 mmol) in toluene (10 mL) was added RuPhos (69.6 mg, 0.1 mmol) and
RuPhos Pd G2 (115.9 mg, 0.15 mmol), followed by the dropwise addition of lithium
bis(trimethylsilyl)amide (1 M, 14.9 mL) at 0 °C for 15 min under nitrogen atmosphere. The
mixture was stirred at 100 °C for 12 h under nitrogen atmosphere. The reaction mixture was
poured into acetic acid (0.5 mL) and water (5 mL) at 0 °C. The resulting mixture was diluted
with saturated aqueous sodium bicarbonate solution (50 mL) and extracted with ethyl acetate (50
mL x 3). The combined organic layers were washed with brine (50 mL x 2), dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was purified by silica gel
chromatography (0 - 50% THF/petroleum ether) to afford tert-butyl 4-[3-[[1-[1-(2,6-dioxo0-3-
piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-4-piperidyl Joxymethyl]cyclobutoxy]piperidine-1-
carboxylate (250 mg, 24%) as a green solid. MS (ESI) 626.6 [M+H]".

[00553] Step 9

\ O \ o]
N o N Q
_‘ﬁ HCl/dioxane ‘ﬁ
Boc\N NH » HN NH
Q ” o "y 0
SN /C/ AN
Q*Q o 0 (o]

[00554] To a solution of tert-butyl 4-[3-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl Joxymethyl]cyclobutoxy ]piperidine-1-carboxylate (250 mg, 0.4
mmol) in dichloromethane (4 mL) was added HCl/dioxane (2 M, 12 mL). The reaction mixture
was stirred at 25 °C for 6 h, then concentrated under reduced pressure to afford 3-[3-methyl-2-
0x0-5-[4-[[3-(4-piperidyloxy)cyclobutyl methoxy]-1-piperidyl Jbenzimidazol-1-yl]piperidine-
2,6-dione (250 mg, crude, HCI salt) as a brown solid. MS (EST) 526.3 [M+H]".

[00555]  Step 10
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[00556] To a solution of 3-[3-methyl-2-0ox0-5-[4-[[3-(4-piperidyloxy)cyclobutyl [methoxy]-1-
piperidyl]benzimidazol-1-yl|piperidine-2,6-dione (87.1 mg, 0.16 mmol) and 3-(6-
chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-pyrazolo[3,4-c]pyridine (50 mg, 0.16
mmol) in DMSO (5 mL) was added DIEA (86.6 uL, 0.5 mmol). The mixture was stirred at 80 °C
for 2 h, then cooled to 25 °C, filtered and concentrated under reduced pressure. The residue was
purified by prep-HPLC (2%-42% acetonitrile in water (TFA) over 20 min), the crude product
was further purified by prep-HPLC (0%-60% acetonitrile in water (formic acid) over 20 min) to
give Compound 32 (33.5 mg, 26%) as an off-white solid. MS (ESI) m/z: 396.5 [M/2+H]".
[00557] Exemplary synthesis of Compound 33:

$oC A5
: o
”Q e @ @ {L/& T oeaowso ﬂ\ Q
% \ \3 ):‘
[00558] To a solution of 3-[3-methyl-2-oxo0-5-[4-[[3-(4-piperidyloxy)cyclobutyl Jmethoxy]-1-
piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione (synthesis described for Compound 32, 122
mg, 0.2 mmol) and 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-indazole (70 mg,
0.2 mmol) in DMSO (4 mL) was added DIEA (122 uL, 0.7 mmol). The mixture was stirred at 70
°C for 12 h, then cooled to 25 °C, filtered and concentrated under reduced pressure. The residue
was purified by prep-HPLC (0%-40% acetonitrile in water (TFA) over 20 min), the crude
product was further purified by prep-HPLC (0%-60% acetonitrile in water (formic acid) over 20

min) to give Compound 33 (36.2 mg, 19%) as an off-white solid. MS (ESI) m/z: 789.3 [M+H]".
[00559] Exemplary synthesis of Compound 34:

[00560]  Step /
Boc. O\ HCl/dioxane HI\O\ o
{ 7 —> [T
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[00561] To a solution of tert-butyl 4-[3-(hydroxymethyl)cyclobutoxy]piperidine-1-
carboxylate (2.7 g, 9 mmol) in dichloromethane (7 mL) was added HCl/dioxane (2 M, 22.7 mL).
The mixture was stirred at 25 °C for 12 h, then concentrated under reduced pressure to afford [3-
(4-piperidyloxy)cyclobutyl Jmethanol (2.05 g, crude, HCI salt) as a white solid, which was used
in the next step directly.

[00562] Step 2
HNO\ ,D CszI TEA Cbz., O\ /D ~

[00563] To a solution of [3-(4-piperidyloxy)cyclobutylJmethanol (2.05 g, 9 mmol, HCI) in
dichloromethane (20 mL) was added triethylamine (3.9 mL, 28 mmol) at O °C, followed by the
dropwise addition of benzyl chloroformate (2.0 mL, 14 mmol) in dichloromethane (5 mL) at 0
°C under nitrogen atmosphere. The reaction mixture was stirred at 25 °C for 2 h under nitrogen
atmosphere, then cooled to 0 °C. The mixture was diluted with saturated aqueous sodium
bicarbonate solution (60 mL) and extracted with ethyl acetate (60 mL x 3). The combined
organic phase was washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by silica gel chromatography
(0 - 80% methyl tert-butyl ether/petroleum ether) to afford benzyl 4-[3-

(hydroxymethyl )cyclobutoxy]|piperidine-1-carboxylate (1.55 g, 52%) as a colorless oil. MS (ESI)
320.1 [M+H]".

[00564] Step 3

Boc\N
b (;[\ Boc\N
Z
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o

2. Et3SiH, TMSOTT, -65-0 oC

[00565] To a solution of ethyl benzyl 4-[3-(hydroxymethyl)cyclobutoxy]piperidine-1-
carboxylate (1.5 g, 5 mmol) in THF (20 mL) were added chloro(trimethyl)silane (656 pL, 5
mmol) and triethylamine (784 pL, 6 mmol) at 0 °C under nitrogen atmosphere, the mixture was
stirred at 25 °C for 1 h under nitrogen atmosphere. The reaction mixture was filtered, and the
filtrate was concentrated under reduced pressure. To a stirred solution of the above residue and
tert-butyl 4-oxopiperidine-1-carboxylate (2.81 g, 14 mmol) in dichloromethane (20 mL) were
added triethylsilane (1.13 mL, 7 mmol) and trimethylsilyl trifluoromethanesulfonate (467 uL, 2.6

mmol) dropwise at -70 °C under nitrogen atmosphere. The reaction mixture was stirred at 0 °C
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under nitrogen atmosphere for 2 h, then diluted with water (20 mL) and extracted with
dichloromethane (20 mL x 3). The combined organic layers were washed with brine (20 mL x 2),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 23% THF/petroleum ether) to afford tert-butyl 4-[[3-
[(1-benzyloxycarbonyl-4-piperidyl Joxy|cyclobutyl [methoxy [piperidine-1-carboxylate (320 mg,
14%) as a yellow oil. MS (ESI) 403.2 [M-100+H]".

[00566] Step 4

Bocy PdIC, Hy (50 Psi Bocy
[00567] To a solution of tert-butyl 4-[[3-[(1-benzyloxycarbonyl-4-
piperidyl)oxy]cyclobutyl Jmethoxy]piperidine-1-carboxylate (320 mg, 0.6 mmol) in EtOH (5 mL)
and ethyl acetate (5 mL) was added 10% palladium on carbon (33.9 mg). The suspension was
degassed and purged with hydrogen several times. The mixture was stirred under hydrogen (50
psi.) at 50 °C for 12 h. The reaction mixture was filtered through celite, washed with MeOH (50
mL x 5) and ethyl acetate (50 mL x 5), and concentrated in vacuo to afford tert-butyl 4-[[3-(4-
piperidyloxy)cyclobutyl |methoxy|piperidine-1-carboxylate (210 mg, 75%, 84% purity) as a
yellow oil. MS (EST) 369.3 [M+H]".
[00568] Step 5

o)
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[00569] To a mixture of tert-butyl 4-[[3-(4-piperidyloxy)cyclobutyl methoxy]piperidine-1-

carboxylate (150 mg, 0.4 mmol) and 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-
2,6-dione (151 mg, 0.4 mmol) in toluene (5 mL) were added RuPhos (9.5 mg, 20 umol) and
RuPhos Pd G2 (15.8 mg, 20 umol), followed by the dropwise addition of lithium
bis(trimethylsilyl)amide (1 M, 2 mL) at 0 °C under nitrogen atmosphere. The mixture was stirred
at 100 °C for 2 h under nitrogen atmosphere. The reaction mixture was poured into acetic acid
(0.3 mL) and water (5 mL) at 0 °C, then diluted with saturated aqueous sodium bicarbonate

solution (10 mL) and extracted with ethyl acetate (20 mL x 3). The combined organic layers
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were washed with brine (20 mL x 2) and dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel chromatography (0 - 54% THF/petroleum
ether) to afford tert-butyl 4-[[3-[[1-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-
yl]-4-piperidyl]oxy]cyclobutyl Jmethoxy]piperidine-1-carboxylate (110 mg, 23%, 53% purity) as
a yellow solid. MS (ESI) 626.4 [M+H]".

[00570] Slegg 6
o] 0O o
A ) NH \NJ<N _Z\;N)H:
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NCLO“O.,OQ QA@OQ

[00571] To a solution of tert-butyl 4-[[3-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo0-

Boc~

benzimidazol-5-yl]-4-piperidylJoxy]cyclobutyl JmethoxyJpiperidine-1-carboxylate (110 mg, 0.2
mmol) in dichloromethane (4 mL) was added HCl/dioxane (2 M, 4 mL), and the solution was
stirred at 25 °C for 1 h. The reaction solution was concentrated under reduced pressure and used
in the next step directly.

[00572] Step 7

N,

<]F i
o~ X/l 0 Q
0 0 7
J:f:j” o N7
< | N
— P
DIEA, DMSO o

HNO\Om"'oQ N\;N\ NQ\O/\O"'OQ

[00573] To the crude product from step 6 above and 3-(6-chloropyrimidin-4-yl)-5-(1-

= -

methylcyclopropoxy)-1H-pyrazolo[3,4-c]pyridine (53.04 mg, 0.17 mmol) in DMSO (10 mL)
was added DIEA (153.1 uL, 0.9 mmol). The resulting solution was stirred at 70 °C for 16 h, then
diluted with water (20 mL) and extracted with dichloromethane (2 x 30 mL). The organic layer
was dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by prep-TLC (dichloromethane:methanol = 10:1) to give 100 mg crude product as
yellow gum, which was further purified by prep-HPLC (2%-42% acetonitrile in water (formic
acid) over 20 min) to give Compound 34 (24.2 mg, 17%) as a white solid. MS (ESI) m/z: 791.4
[M+H]".

[00574] Exemplary synthesis of Compound 35:
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[00575] Step I

R DMP W0
HO\/D \O - OVD \G
N‘Boc DCM N\Boc

[00576] To a solution of tert-butyl 4-[3-(hydroxymethyl)cyclobutoxy [piperidine-1-
carboxylate (2 g, 7 mmol) in dichloromethane (35 mL) was added Dess-Martin periodinane (3.26
mL, 10 mmol), the mixture was stirred at 25 °C for 1 h. The reaction mixture was diluted with
saturated sodium bicarbonate solution until pH 8, saturated sodium thiosulfate solution (80 mL)
was added, and the resulting mixture was extracted with dichloromethane (60 mL x 3). The
combined organic layers were washed with brine (80 mL), dried over sodium sulfate, filtered and
concentrated under reduced pressure to afford tert-butyl 4-(3-formylcyclobutoxy)piperidine-1-
carboxylate (1.74 g, 88%) as a colorless oil.

[00577] Step 2

N,Cbz

'“O\T:::W iy I ~0
o T @
N-Boc NaBH(OAc), DCM ~ N-goc

[00578] To a solution of benzyl piperazine-1-carboxylate (1.78 mL, 9 mmol) in
dichloromethane (20 mL) were added acetic acid (351 pL, 6. mmol) and tert-butyl 4-(3-

formylcyclobutoxy)piperidine-1-carboxylate (1.74 g, 6 mmol) in dichloromethane (20 mL) at 0
°C under nitrogen atmosphere. The solution was stirred at 0 °C for 0.5 h before the addition of
sodium triacetoxyborohydride (3.90 g, 18 mmol). The reaction mixture was stirred at 0 °C under
nitrogen atmosphere for 2 h. The mixture was diluted with saturated sodium bicarbonate solution
until pH 8, the resulting mixture was extracted with dichloromethane (30 mL x 3). The combined
organic layers were washed with brine (30 mL), dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (0 -
90% ethyl acetate/petroleum ether) to afford benzyl 4-[[3-[(1-tert-butoxycarbonyl-4-
piperidyl)oxy]cyclobutyl Jmethyl |piperazine-1-carboxylate (1.94 g, 65%) as a colorless gum.
[00579] Step 3

Cbz. Cbz.

N ~0 TFA N .0

K/N\/D \O\I‘Boc DCM K/N\/D \O\IH

[00580] To a solution of benzyl 4-[[3-[(1-tert-butoxycarbonyl-4-
piperidyl)oxy]cyclobutyl Jmethyl |piperazine-1-carboxylate (0.8 g, 2 mmol) in dichloromethane

(4 mL) was added TFA (4 mL). The reaction solution was stirred at 25 °C for 1 h, then
149



WO 2025/072629 PCT/US2024/048800

concentrated under reduced pressure. The residue was diluted with saturated sodium carbonate
solution to adjust the pH to 12, the mixture was extracted with dichloromethane (40 mL x 3).
The combined organic layers were washed with brine (50 mL x 2), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to afford benzyl 4-[[3-(4-
piperidyloxy)cyclobutylJmethyl |piperazine-1-carboxylate (0.6 g, 94%) as a light yellow gum.
MS (ESI) m/z: 388.3[M+H]".

[00581] Step 4

o

HN
o
N
=0
(o]
N
Br \ e o
N,
NH

|

N
N © A OS-
K/N\/D \O"H LiHMDS, RuPhos, RuPhos Pd G, Cbz—N’ \NP

toluene A ti

(0]

Cbz.

[00582] To a solution of benzyl 4-[[3-(4-piperidyloxy)cyclobutyl Jmethyl]piperazine-1-
carboxylate (0.54 g, 1.4 mmol) and 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-
2,6-dione (518 mg, 1.5 mmol) in toluene (30 mL) were added RuPhos (32.5 mg, 70 umol),
Ruphos Pd Gz (54.1 mg, 70 umol) and lithium bis(trimethylsilyl)amide (1 M, 7 mL), the mixture
was stirred at 100 °C under nitrogen atmosphere for 2 h. The reaction mixture was slowly poured
into acetic acid (40 mL) at O °C, then diluted with saturated aqueous sodium bicarbonate solution
until pH 8. The mixture was extracted with dichloromethane (40 mL x 2). The combined organic
layers were washed with brine (50 mL x 2), dried over sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (0 - 7% methanol
in dichloromethane) to afford benzyl 4-[[3-[[1-[1-(2,6-dioxo0-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]-4-piperidyl]oxy]cyclobutyl methyl]|piperazine-1-carboxylate (150 mg, 13%,
75% purity) as a white solid. MS (ESI) m/z: 645.3 [M+H]".

[00583] Step 5

| |
N.__O N._O
.>°‘CN©,T 0 TFA ~°OC”©'T 0
CbZ‘N/\\NP NH IJ"“/\\N~/D &H
s

-/
0 0

[00584] A solution of benzyl 4-[[3-[[1-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo0-

benzimidazol-5-yl]-4-piperidyl Joxy]cyclobutyl Jmethyl |piperazine-1-carboxylate (0.14 g, 0.2

mmol) in TFA (3.5 mL) was stirred at 70 °C for 1 h, then concentrated under reduced pressure to
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afford 3-[3-methyl-2-ox0-5-[4-[3-(piperazin-1-ylmethyl)cyclobutoxy]-1-piperidyl Jbenzimidazol-
1-yl]piperidine-2,6-dione (0.2 g, 81%, 55% purity, TFA salt) as a light yellow gum. MS (ESI)
m/z: 511.3 [M+H]".

[00585] Step 6

N 2T

z
N

N,
YL
¢}
|

| ) NS
N o) =N Cl o
o F © o N
O R Pa=at ey
HN/\\NP d@m DIEA, DMSO \=y N\\/N
s o NH

o]

N L ZT

N

i

[00586] To a solution of 3-[3-methyl-2-ox0-5-[4-[3-(piperazin-1-ylmethyl)cyclobutoxy]-1-
piperidyl]benzimidazol-1-yl]piperidine-2,6-dione (0.1 g, 0.2 mmol, TFA) and 3-(6-
chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-pyrazolo[3,4-c]pyridine (53 mg, 0.2 mmol)
in DMSO (5 mL) was added DIEA (2.0 mL, 12 mmol). The reaction mixture was stirred at 70 °C
for 12 h, then filtered and concentrated under reduced pressure. The residue was purified by
prep-HPLC (0%-32% acetonitrile in water (TFA) over 20 min), then further purified by prep-
HPLC (22%-62% acetonitrile in water (ammonium bicarbonate) over 25 min) to afford
Compound 35 (19.3 mg, 15%) as a white solid. MS (ESI) m/z: 776.4 [M+H]".

[00587] Exemplary synthesis of Compound 36:

[00588] Step I

Boc\,O\ NN Pd/C, H, BOC‘N RN
— - ' N
O’D k/)\j ~Cbz EtOH O\of : K/)\lH

[00589] To astirred solution of benzyl 4-[[3-[(1-tert-butoxycarbonyl-4-
piperidyl)oxy]cyclobutyl Jmethyl]piperazine-1-carboxylate (0.5 g, 1 mmol) in EtOH (15 mL) was
added 10% palladium on carbon (218 mg). The suspension was degassed and purged with
hydrogen several times, then stirred at 40 °C under hydrogen (40 psi) for 4 h. The reaction
mixture was filtered and concentrated under reduced pressure to afford tert-butyl 4-[3-(piperazin-
1-ylmethyl)cyclobutoxy]piperidine-1-carboxylate (0.32 g, 88%) as a gray gum.

[00590] Step 2
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[00591] To a solution of tert-butyl 4-[3-(piperazin-1-ylmethyl)cyclobutoxy]piperidine-1-
carboxylate (0.3 g, 0.8 mmol) and 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-
2,6-dione (301 mg, 0.9 mmol) in toluene (20 mL) were added Ruphos Pd G2 (33 mg, 42 umol),
RuPhos (19.8 mg, 42 umol) and lithium bis(trimethylsilylyamide (1 M, 4.24 mL) at 25 °C under
nitrogen atmosphere, the mixture was stirred at 100 °C under nitrogen atmosphere for 2 h. The
reaction mixture was slowly poured into acetic acid (40 mL) at 0°C and diluted with saturated
aqueous sodium bicarbonate solution until pH 8. The mixture was extracted with
dichloromethane (40 mL x 2). The combined organic layers were washed with brine (50 mL x 2),
dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (0 - 7% methanol in dichloromethane) to afford tert-butyl
4-[3-[[4-[1-(2,6-diox0-3-piperidyl)-3-methyl-2-ox0-benzimidazol-5-yl piperazin-1-
ylJmethyl]cyclobutoxy]piperidine-1-carboxylate (240 mg, 46%) as a light yellow solid.

[00592] Step 3

/ﬁ \N/\\ N0

TN HCl/dioxane 4 o
—»
~0 AT = o SO,

[00593] To a solution of tert-butyl 4-[3-[[4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]piperazin-1-ylJmethyl]cyclobutoxy]piperidine-1-carboxylate (0.2 g, 0.3
mmol) in dichloromethane (5 mL) was added HCl/dioxane (2 M, 5 mL). The reaction solution
was stirred at 25 °C for 3 h, then concentrated under reduced pressure to afford 3-[3-methyl-2-
0x0-5-[4-[[3-(4-piperidyloxy)cyclobutyl Jmethyl|piperazin-1-yl Jbenzimidazol-1-yl]piperidine-
2,6-dione (170 mg, 92%, HCI salt) as a white solid. MS (EST) m/z: 511.3 [M+H]".

[00594] Step 4
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[00595] To a solution of 3-[3-methyl-2-ox0-5-[4-[[3-(4-
piperidyloxy)cyclobutyl |methyl |piperazin-1-ylJbenzimidazol-1-yl]piperidine-2,6-dione (141 mg,
0.26 mmol, HCI) and 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-pyrazolo[3,4-
c]pyridine (60 mg, 0.2 mmol) in DMSO (3 mL) was added DIEA (346 uL, 2 mmol). The
reaction mixture was stirred at 80 °C for 2 h, then filtered and concentrated under reduced
pressure. The residue was purified by prep-HPLC (22%-62% acetonitrile in water (ammonium
bicarbonate) over 25 min) to afford Compound 36 (35.1 mg, 22%) as a white solid. MS (ESI)
m/z: 776.3 [M+H]".

[00596] Exemplary synthesis of Compound 37:

[00597] Step I

o o ?

B HN

HN 0

O¢ Eoc’U Oé
/©:N>=o CsF, Pd118,dixane/H,0 } :/L_O

Br N\ N | \

Boc”

[00598] To a solution of 3-(5-bromo-3-methyl-2-oxo-benzimidazol-1-yl)piperidine-2,6-dione
(3 g, 9 mmol) and tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydro-2H-

> Ta~s

pyridine-1-carboxylate (2.74 g, 9 mmol) in dioxane (30 mL) and water (1.5 mL) were added
cesium fluoride (4.04 g, 27 mmol) and Pd 118 (578 mg, 0.9 mmol) under nitrogen atmosphere.
The mixture was stirred at 90 °C for 12 h under nitrogen atmosphere. The reaction mixture was
cooled to 25°C, filtered and concentrated under reduced pressure. The residue was triturated with
THF (10 mL) to afford tert-butyl 4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-
yl]-3,6-dihydro-2H-pyridine-1-carboxylate (2 g, 51%) as a gray solid. MS (ESI) m/z: 441.2
[M+H]".

[00599] Step 2
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[00600] To a solution of tert-butyl 4-[ 1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl1]-3,6-dihydro-2H-pyridine-1-carboxylate (1 g, 2 mmol) in ethyl acetate (20
mL) and DMF (10 mL) were added 10% palladium on carbon (0.2 g) and 20% palladium
hydroxide (0.2 g). The suspension was degassed and purged with hydrogen several times. The
mixture was stirred under hydrogen (30 psi) at 40 °C for 12 h. The mixture was cooled to 25 °C,
filtered and concentrated in vacuo to afford tert-butyl 4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-
oxo-benzimidazol-5-yl |piperidine-1-carboxylate (0.9 g, 90%) as a white solid. MS (ESI) m/z:
387.2 [M-56+H]".

[00601] Step 3

O 0

HN HN
0 HCl/dioxane o
N - N
=0 DCM =0
N\ N
\
Bog” ¥ HN

[00602] To a solution of tert-butyl 4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-
benzimidazol-5-yl]piperidine-1-carboxylate (0.9 g, 2 mmol) in dichloromethane (10 mL) was
added HCl/dioxane (2 M, 10 mL). The reaction solution was stirred at 25 °C for 2 h, then
concentrated under reduced pressure to afford 3-[3-methyl-2-ox0-5-(4-piperidyl)benzimidazol-1-
yl]piperidine-2,6-dione (0.8 g, crude, HCI salt) as a white solid, which was used in the next step
directly. MS (ESI) m/z: 343.1 [M+H]".

[00603] Step 4
;gﬁ
N OTf o
SWag

o
Baocl
N
N>:o MeCN, DIEA ©/©:N>‘=°
HN N\ Bocl\O\ (D.\\N '
0
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[00604] To a solution of 3-[3-methyl-2-ox0-5-(4-piperidyl)benzimidazol-1-yl]piperidine-2,6-
dione (500 mg, 1.5 mmol) and tert-butyl 4-[3-
(trifluoromethylsulfonyloxy)cyclobutoxy|piperidine-1-carboxylate (589 mg, 1.5 mmol) in
acetonitrile (10 mL) and DMSO (2 mL) was added DIEA (1.27 mL, 7 mmol). The mixture was
stirred at 35 °C for 12 h, then cooled to 25 °C and poured into water (100 mL). The mixture was
extracted with ethyl acetate (100 mL x 2). The combined organic phase was washed with brine
(100 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (0 - 80% THEF/petroleum ether)
to afford tert-butyl 4-[3-[4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-benzimidazol-5-yl]-1-
piperidyl]cyclobutoxy]piperidine-1-carboxylate (290 mg, 27%, 82% purity) as a light yellow
solid. MS (ESI) m/z: 596.3 [M+H]".

[00605] Step 5
[0} [o]

HN HN
[e) (o]
HCl/dioxane
N N
=0 DCM =0
N\ N\
O Wen O Wan
(o) (@)

[00606] To a solution of tert-butyl 4-[3-[4-[1-(2,6-dioxo-3-piperidyl)-3-methyl-2-oxo-

benzimidazol-5-yl]-1-piperidyl]cyclobutoxy]piperidine-1-carboxylate (0.29 g, 0.5 mmol) in
dichloromethane (4 mL) was added HCl/dioxane (2 M, 8 mL). The reaction solution was stirred
at 25 °C for 1 h, then concentrated under reduced pressure to afford 3-[3-methyl-2-o0x0-5-[1-[3-
(4-piperidyloxy)cyclobutyl]-4-piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione (300 mg, crude,
HCI salt) as an off-white solid. MS (ESI) m/z: 496.4 [M+H]".

[00607] Step 6

155



WO 2025/072629 PCT/US2024/048800

[00608] To a solution of 3-(6-chloropyrimidin-4-yl)-5-(1-methylcyclopropoxy)-1H-indazole
(60 mg, 0.2 mmol) and 3-[3-methyl-2-oxo0-5-[ 1-[3-(4-piperidyloxy)cyclobutyl]-4-
piperidyl Jbenzimidazol-1-yl]piperidine-2,6-dione (98.9 mg, 0.2 mmol) in DMSO (10 mL) was
added DIEA (257.9 mg, 347.5 uL, 2.00 mmol). The mixture was stirred at 80 °C for 2 h, filtered
and concentrated under reduced pressure. The residue was purified by prep-HPLC (34%-74%
acetonitrile in water (ammonium bicarbonate) over 25 min), the crude material was further
purified by prep-HPLC (0%-38% acetonitrile in water (formic acid) over 25 min) to afford
Compound 37 (30.4 mg, 20%) as a white solid. MS (ESI) m/z: 760.3 [M+H]".
[00609] The remaining compounds were prepared by procedures analogous to the above
examples as follows:
[00610] Compound 10 was prepared in a manner analogous to compound 7. Compound 11
was prepared in a manner analogous to compound 7. Compound 13 was prepared in a manner
analogous to compound 7. Compound 14 was prepared in a manner analogous to compound 2.
Compound 15 was prepared in a manner analogous to compounds 7 and 8. Compound 17 was
prepared in a manner analogous to compounds 5 and 16. Compounds 38-41 were prepared in a
manner analogous to compound 13. Compounds 42-45 were prepared in a manner analogous to
compounds 3 and 13. Compound 46 was prepared in a manner analogous to compounds 1 and
9. Compound 47 was prepared in a manner analogous to compounds 1 and 8. Compound 48
was prepared in a manner analogous to compounds 1 and 14. Compounds 49, 50, 54-57, 60,
and 61 were prepared in a manner analogous to compound 6. Compound 51 was prepared in a
manner analogous to compounds 1 and 2. Compounds 52, 53, 66, and 67 were prepared in a
manner analogous to compound 1. Compound S8 was prepared in a manner analogous to
compound 19. Compound 59 was prepared in a manner analogous to compound 20.
Compound 62 was prepared in a manner analogous to compound 22. Compound 63 was
prepared in a manner analogous to compound 23. Compounds 64-66 were prepared in a manner
analogous to compound 23. Compound 69 was prepared in a manner analogous to compounds
3 and 10. Compound 70 was prepared in a manner analogous to compounds 3 and 11.
[00611] Characterization data for the compounds of the disclosure is presented below in Table
1.

Table 1.
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Comp. IUPAC N 1

No. ame LCMS H NMR (400MHz, DMSO-ds)

1 3-[3-methyl-2-ox0-5-(4- 804.4 3=13.89(d,J=0.9 Hz, 1H), 11.05 (s, 1H), 8.79
{[(1r,4r)-4-[(4-{6-[5-(1- (s, 1H), 8.65 (s, 1H), 7.79 (s, 1H), 7.38 (s, 1H),
methylcyclopropoxy)-1H- 6.92 (d,J=8.6 Hz, 1H), 6.83 (d, J =2.1 Hz, 1H),
pyrazolo[3,4-c]pyridin-3- 6.63 (dd, ] =2.0,8.6 Hz, 1H), 5.28 (dd, ] =5.3,
yl]pyrimidin-4- 12.8 Hz, 1H), 3.68 (s, 4H), 3.57 (dt,J =4.2, 8.5
yl}piperazin-1- Hz, 1H), 3.45 - 3.39 (m, 2H), 3.30 (s, 3H), 2.90 -
yD)methyl]cyclohexyl]oxy} 2.78 (m, 3H), 2.74 - 2.60 (m, 2H), 2.42 (s, 4H),
piperidin-1-yl)-2,3- 2.12(d, J =7.0 Hz, 2H), 2.06 - 1.84 (m, 6H), 1.81
dihydro-1H-1,3- (d, J=12.1 Hz, 2H), 1.61 (s, 3H), 1.59 - 1.47 (m,
benzodiazol-1- 3H), 1.22 - 1.12 (m, 2H), 0.95 - 0.87 (m, 4H), 0.78
yl]piperidine-2,6-dione -0.74 (m, 2H)

2 3-{5-[4-({3,3-dimethyl-4- | 858.5 8=13.37(s, 1H), 11.05 (s, 1H), 8.61 (s, 1H), 8.28
[(1-{6-[5-(1- - 8.01 (m, 2H), 7.50 (d, J = 9.0 Hz, 1H), 7.36 (s,
methylcyclopropoxy)-1H- 1H), 7.12 - 7.01 (m, 1H), 6.95 - 6.83 (m, 2H), 6.69
indazol-3-yl|pyrimidin-4- -6.54 (m, 1H), 5.35 - 5.16 (m, 1H), 4.65 - 4.52 (m,
yl}piperidin-4- 1H), 4.51 -4.37 (m, 2H), 3.54 (brd,J =11.1 Hz,
yl)methyl]piperazin-1- 2H), 3.29 - 3.18 (m, 4H), 2.98 - 2.84 (m, 3H), 2.69
yl}methyl)piperidin-1-yl]- -2.57 (m, 4H), 2.17 - 2.06 (m, 4H), 2.02 - 1.91 (m,
2-0x0-3-(propan-2-yl)-2,3- 2H), 1.86 - 1.75 (m, 4H), 1.74 - 1.67 (m, 1H), 1.64
dihydro-1H-1,3- - 1.58 (m, 1H), 1.54 (s, 3H), 1.44 (d, J = 6.9 Hz,
benzodiazol-1- 6H), 1.29 - 1.20 (m, 2H), 1.11 - 1.00 (m, 2H), 0.95
yl}piperidine-2,6-dione (s, 8H), 0.79 - 0.73 (m, 2H)

3 3-[4-(4-{[(1r,4r)-4-[(4-{6- | 773.5 8=13.42-13.35(m, 1H), 11.22 - 11.12 (m, 1H),
[5-(1- 8.67 - 8.60 (m, 1H), 8.18 - 8.14 (m, 1H), 8.12 (s,
methylcyclopropoxy)-1H- 1H), 7.54 - 7.47 (m, 1H), 7.41 - 7.35 (m, 1H), 7.10
indazol-3-yl]pyrimidin-4- -7.05 (m, 2H), 6.98 (d, /= 8.0 Hz, 1H), 6.57 -
yl}piperazin-1- 6.51 (m, 1H), 5.62 (dd, /=52, 12.8 Hz, 1H), 4.07
yl)methyl]cyclohexyl]oxy } -3.99 (m, 2H), 3.71 (s, 4H), 3.58 (br d, /= 4.0 Hz,
piperidin-1-yl)-1H-1,3- 1H), 3.08 - 3.02 (m, 2H), 2.71 (br d, /=5.0 Hz,
benzodiazol-1- 1H), 2.59 -2.56 (m, 1H), 2.54 (brd, /=24 Hz,
yl]piperidine-2,6-dione 4H), 2.45 - 2.40 (m, SH), 2.25 - 2.16 (m, 2H), 2.15

-2.09 (m, 2H), 2.00 - 1.90 (m, 5H), 1.85 - 1.79 (m,
2H), 1.54 (s, 3H), 1.20 - 1.17 (m, 1H), 1.15 (s,
1H), 0.95 - 0.93 (m, 2H), 0.79 - 0.75 (m, 2H)

4 3-[6-(4-{[(11,41)-4-[(4-{6- | 773.5 d=13.39(s, 1H), 11.20 - 11.08 (m, 1H), 8.64 (s,

1H), 8.15 (s, 1H), 8.05 (s, 1H), 7.49 (dd, /= 8.8,
14.4 Hz, 2H), 7.37 (s, 1H), 7.07 (dd, /=24, 8.8
Hz, 1H), 7.03 - 6.98 (m, 1H), 6.93 (dd, /= 1.6, 8.8
Hz, 1H), 5.63 (dd, J=4.2, 12.8 Hz, 1H), 3.72 -
3.63 (m, 4H), 3.62 - 3.54 (m, 2H), 3.49 - 3.43 (m,
4H), 2.91 - 2.83 (m, 3H), 2.78 (br dd, /=32, 12.4
Hz, 1H), 2.74 - 2.64 (m, 2H), 2.42 (br s, 3H), 2.36
-2.30 (m, 2H), 2.18 (br dd, J = 6.0, 10.4 Hz, 1H),
2.12 (br d, J = 6.8 Hz, 2H), 1.97 - 1.86 (m, 4H),
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1.81 (br d, J = 12.0 Hz, 2H), 1.54 (s, 3H), 1.50 -
1.43 (m, 1H), 1.24 - 1.12 (m, 2H), 0.96 - 0.93 (m,
2H), 0.80 - 0.73 (m, 2H)

3-[3-methyl-2-0x0-6-(4- 803.5 0=13.41 (brs, 1H), 11.05 (s, 1H), 8.64 (s, 1H),
{[(1r,4r)-4-[(4-{6-[5-(1- 8.20 (s, 1H), 8.15(d,J=2.0Hz, 1H), 7.50 (d, J =
methylcyclopropoxy)-1H- 9.0 Hz, 1H), 7.37 (s, 1H), 7.07 (dd, /=2.4,9.0
indazol-3-yl]pyrimidin-4- Hz, 1H), 6.99 (d, /= 8.4 Hz, 1H), 6.80 (br s, 1H),
yl}piperazin-1- 6.73 - 6.62 (m, 1H), 5.32 (s, 1H), 3.66 (br s, 4H),
yD)methyl]cyclohexyl]oxy} 3.55(brdd,/J=4.4,82Hz, 3H),3.36 (brdd, /=
piperidin-1-yl)-2,3- 3.6, 10.6 Hz, 4H), 2.90 - 2.72 (m, 4H), 2.65 (br s,
dihydro-1H-1,3- 1H), 2.41 (br s, 4H), 2.11 (br d, J=7.0 Hz, 2H),
benzodiazol-1- 2.02-1.75(m, 7H), 1.54 (s, 6H), 1.16 (brd, J=
yl]piperidine-2,6-dione 13.4 Hz, 2H), 1.00 - 0.81 (m, 4H), 0.81 - 0.73 (m,
2H)
3-[3-methyl-2-0x0-5-(4- 803.6
{[(1r,4r)-4-[(4-{6-[5-(1- 0=13.72-13.36 (m, 1H), 11.11 (s, 1H), 9.67 -
methylcyclopropoxy)-1H- 9.13 (m, 1H), 8.76 (s, 1H), 8.13 (br s, 1H), 7.65 -
indazol-3-yl|pyrimidin-4- 7.43 (m, 2H), 7.36 - 6.56 (m, 4H), 5.45 - 5.29 (m,
yl}piperazin-1- 1H), 4.71 - 4.56 (m, 3H), 3.83 - 3.36 (m, 12H),
yl)methyl]cyclohexyl]oxy } 3.21-2.99 (m, SH), 2.84 - 2.83 (m, 1H), 2.96 -
piperidin-1-yl)-2,3- 2.83 (m, 1H), 2.70 - 2.58 (m, 1H), 2.07 - 1.93 (m,
dihydro-1H-1,3- 5H), 1.91 - 1.62 (m, 6H), 1.58 - 1.58 (m, 1H), 1.56
benzodiazol-1- (s, 3H), 1.30 - 1.19 (m, 2H), 1.12 - 1.00 (m, 2H),
yl]piperidine-2,6-dione 0.99 - 0.93 (m, 2H), 0.82 - 0.76 (m, 2H)
3-{6-[4-({4-[(1-{6-[5-(1- 772.5 0 =11.16 (s, 1H), 8.64 (s, 1H), 8.19 - 8.12 (m,
methylcyclopropoxy)-1H- 2H), 8.08 (s, 1H), 7.50 (t, /= 9.2 Hz, 2H), 7.39 (s,
indazol-3-yl]pyrimidin-4- 1H), 7.11 - 6.88 (m, 3H), 5.63 (br s, 1H), 4.47 (br
yl}piperidin-4- dd, J=3.8, 6.2 Hz, 2H), 3.66 (br d, /= 12.0 Hz,
yl)methyl]piperazin-1- 2H), 3.51 - 3.37 (m, 6H), 3.03 - 2.62 (m, 13H),
yl}methyl)piperidin-1-yl]- 220 (brd,J=58Hz, 1H), 1.83 (brd,/J=12.0
1H-1,3-benzodiazol-1- Hz, 6H), 1.54 (s, 3H), 1.41 - 1.26 (m, 2H), 1.15 (br
yl}piperidine-2,6-dione dd,/=1.4,9.2Hz 2H), 0.99 - 0.91 (m, 2H), 0.81
- 0.73 (m, 2H)
3-{4-[4-({3,3-dimethyl-4- | 830.05
[(1-{6-[5-(1- 0 =13.39 (brs, 1H), 11.09 (s, 1H), 8.62 (s, 1H),
methylcyclopropoxy)-1H- 8.18 - 8.09 (m, 2H), 7.50 (d, /= 8.8 Hz, 1H), 7.38
indazol-3-yl]pyrimidin-4- (s, IH), 7.07 (dd, /=2.2,9.0 Hz, 1H), 7.01 - 6.94
yl}piperidin-4- (m, 1H), 6.88 (brdd, /=82, 12.0 Hz, 2H), 5.35
yDmethyl]piperazin-1- (brdd, J=5.4,128 Hz, 1H), 4.57 - 437 (m, 2H),
yl}methyl)piperidin-1-yl]- 3.62(s,3H),3.10 (brd, /J=9.2 Hz, 3H), 3.02 -
3-methyl-2-ox0-2,3- 2.83 (m, 4H), 2.79 - 2.57 (m, 6H), 2.31 - 2.09 (m,
dihydro-1H-1,3- 4H), 2.08 - 1.95 (m, 2H), 1.92 - 1.74 (m, SH), 1.70
benzodiazol-1- - 1.59 (m, 1H), 1.54 (s, 3H), 1.46 - 1.21 (m, 3H),
yl}piperidine-2,6-dione 1.18 - 0.91 (m, 10H), 0.81 - 0.70 (m, 2H)
3-[3-methyl-2-ox0-4-(4- 803.5 0 =13.57 (brs, 1H), 11.08 (s, 1H), 9.55 (br s, 1H),

{[(1r,4r)-4-[(4-{6-[5-(1-

8.75 (d,.J=0.6 Hz, 1H), 8.10 (d, /= 1.8 Hz, 1H),
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methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperazin-1-
yl)methyl]cyclohexyl]oxy}
piperidin-1-yl)-2,3-
dihydro-1H-1,3-
benzodiazol-1-
yl]piperidine-2,6-dione

7.62-7.46 (m, 2H), 7.11 (dd, J = 2.4, 9.0 Hz, 1H),
7.02 - 6.81 (m, 3H), 5.43 - 5.28 (m, 1H), 4.62 (br
dd, J=2.6, 12.8 Hz, 3H), 3.62 (s, SH), 3.54 - 3.26
(m, 4H), 3.18 - 2.93 (m, 6H), 2.92 - 2.56 (m, SH),
2.04 - 1.89 (m, 4H), 1.82 (br d, /= 11.8 Hz, 4H),
1.54 (s, 4H), 1.21 (br d, J = 8.2 Hz, 2H), 1.05 (br
d,J=11.6 Hz, 2H), 0.97 - 0.90 (m, 2H), 0.81 -
0.73 (m, 2H)

10 3-{6-[4-({3,3-dimethyl-4- | 800.5 0 =13.49 (brs, 1H), 11.22 (s, 1H), 8.69 - 8.63 (m,
[(1-{6-[5-(1- 1H), 8.53 - 8.41 (m, 1H), 8.18 - 8.00 (m, 2H), 7.62
methylcyclopropoxy)-1H- -7.48 (m, 2H), 7.42 (s, 1H), 7.21 - 6.97 (m, 3H),
indazol-3-yl]pyrimidin-4- 5.75 (br s, 1H), 4.63 - 4.40 (m, 2H), 3.70 (br d, J=
yl}piperidin-4- 7.2 Hz, 4H), 3.08 - 2.65 (m, 12H), 2.36 - 1.97 (m,
yDmethyl]piperazin-1- 6H), 1.81 (brd, /=9.8 Hz, 4H), 1.54 (s, 3H), 1.33
yl}methyl)piperidin-1-yl]- (br's, 10H), 0.99 - 0.90 (m, 2H), 0.81 - 0.72 (m,
1H-1,3-benzodiazol-1- 2H)
yl}piperidine-2,6-dione

11 3-{5-[4-({4-[(1-{6-[5-(1- 772.5 0=13.38 (brs, 1H), 11.16 (s, 1H), 8.62 (s, 1H),
methylcyclopropoxy)-1H- 8.21 - 8.05 (m, 2H), 7.50 (d, /= 8.8 Hz, 1H), 7.41
indazol-3-yl|pyrimidin-4- -7.28 (m, 2H), 7.13 (s, 1H), 7.07 (dd, /= 1.6, 9.0
yl}piperidin-4- Hz, 1H), 7.00 (br d, /= 8.8 Hz, 1H), 5.58 (brs,
yl)methyl]piperazin-1- 1H), 4.43 (br s, 2H), 3.57 (br d, J=11.0 Hz, 3H),
yl}methyl)piperidin-1-yl]- 3.48 -3.41 (m, 3H), 3.02 - 2.56 (m, 9H), 2.47 -
1H-1,3-benzodiazol-1- 2.38 (m, 2H), 2.34 - 2.13 (m, 5H), 1.81 (brd, J =
yl}piperidine-2,6-dione 12.8 Hz, SH), 1.66 (br s, 1H), 1.54 (s, 3H), 1.28

(brd, J=10.2 Hz, 2H), 1.09 (brd, /= 12.8 Hz,
2H), 0.99 - 0.90 (m, 2H), 0.81 - 0.72 (m, 2H)

12 3-{3-methyl-5-[4-({4-[(1- |802.6 3 =13.60-13.15 (m, 1H), 11.06 (s, 1H), 8.62 (s,
{6-[5-(1- 1H), 8.24 - 8.08 (m, 3H), 7.50 (d, J = 8.8 Hz, 1H),
methylcyclopropoxy)-1H- 7.37 (s, 1H), 7.06 (dd, J =2.4, 8.8 Hz, 1H), 6.92
indazol-3-yl]pyrimidin-4- (d,J=8.8Hz, 1H), 6.81 (d, ] = 1.6 Hz, 1H), 6.62
yl}piperidin-4- (dd,J=1.6,88Hz 1H),528(dd,J=52,12.8
yl)methyl]piperazin-1- Hz, 1H), 4.54 - 435 (m, 2H), 3.57 (brd, J=11.6
yl}methyl)piperidin-1-yl]- Hz, SH), 3.00 - 2.82 (m, 4H), 2.70 - 2.55 (m, 4H),
2-0x0-2,3-dihydro-1H-1,3- 239 (brd,J=12Hz 7H),2.17 (brt, ] = 8.0 Hz,
benzodiazol-1- 4H), 2.02 - 1.94 (m, 1H), 1.89 - 1.74 (m, SH), 1.69
yl}piperidine-2,6-dione - 1.57 (m, 1H), 1.54 (s, 3H), 1.31 - 1.17 (m, 2H),

1.14 - 1.01 (m, 2H), 0.99 - 0.89 (m, 2H), 0.81 -
0.72 (m, 2H).
13 3-{5-[4-({3,3-dimethyl-4- | 800.03 | d=13.38(s, 1H), 11.16 (s, 1H), 8.62 (s, 1H), 8.23 -

[(1-{6-[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperidin-4-
yl)methyl]piperazin-1-
yl}methyl)piperidin-1-yl]-

8.03 (m, 2H), 7.50 (d, J = 9.0 Hz, 1H), 7.40 - 7.31
(m, 2H), 7.13 (d, J = 1.8 Hz, 1H), 7.07 (dd, J = 2.4,
9.0 Hz, 1H), 7.03 - 6.95 (m, 1H), 5.61 (s, 1H),
4.46 (brs, 2H), 3.56 (br s, 2H), 3.31 - 3.18 (m,
SH), 3.09 - 2.55 (m, 10H), 2.25 - 2.10 (m, 4H),
1.95 - 1.70 (m, SH), 1.63 (br d, J = 5.2 Hz, 1H),
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1H-1,3-benzodiazol-1-
yl}piperidine-2,6-dione

1.54 (s, 3H), 1.34 - 1.20 (m, 2H), 1.18 - 0.99 (m,
7H), 0.96 - 0.92 (m, 2H), 0.80 - 0.74 (m, 2H)

14 3-{5-[4-({3,3-dimethyl-4- | 830.7 8=14.21-13.34 (m, 1H), 11.11 (s, 1H), 8.70 (s,
[(1-{6-[5-(1- 1H), 8.13 - 7.78 (m, 1H), 7.76 - 7.51 (m, 1H), 7.41
methylcyclopropoxy)-1H- (s, 1H), 7.41 - 7.40 (m, 1H), 7.39 - 6.52 (m, 4H),
indazol-3-yl]pyrimidin-4- 5.45-5.29 (m, 1H), 4.66 - 4.57 (m, 2H), 3.66 -
yl}piperidin-4- 3.52 (m, 3H), 3.32 - 2.57 (m, 12H), 2.35 - 2.09 (m,
yl)methyl]piperazin-1- 5H), 2.07 - 1.64 (m, 7H), 1.63 - 1.44 (m, 5H), 1.43
yl}methyl)piperidin-1-yl]- -1.02 (m, 10H), 1.00 - 0.95 (m, 2H), 0.82 - 0.74
3-methyl-2-ox0-2,3- (m, 2H)
dihydro-1H-1,3-
benzodiazol-1-
yl}piperidine-2,6-dione

15 3-{3-methyl-4-[4-({4-[(1- |802.00 |d=13.37 (brs, 1H), 11.08 (s, 1H), 8.62 (s, 1H),
{6-[5-(1- 8.21-8.11 (m, 2H), 7.50 (d, J =8.8 Hz, 1H), 7.37
methylcyclopropoxy)-1H- (s, 1H), 7.06 (dd, J =2.4, 9.0 Hz, 1H), 7.00 - 6.94
indazol-3-yl|pyrimidin-4- (m, 1H), 6.94 - 6.79 (m, 2H), 5.35 (br s, 1H), 4.46
yl}piperidin-4- (brs, 2H), 3.62 (s, 3H), 3.09 (br s, 2H), 2.94 (br s,
yl)methyl]piperazin-1- 4H), 2.77 - 2.61 (m, 4H), 2.39 (br d, J = 1.8 Hz,
yl}methyl)piperidin-1-yl]- 6H), 2.25 - 2.12 (m, 4H), 2.04 - 1.94 (m, 1H), 1.80
2-0x0-2,3-dihydro-1H-1,3- (brd,J=12.6 Hz, SH), 1.54 (s, 4H), 1.31 (brs,
benzodiazol-1- 2H), 1.09 (br's, 2H), 0.98 - 0.91 (m, 2H), 0.81 -
vyl }piperidine-2,6-dione 0.71 (m, 2H)

16 3-{3-methyl-6-[4-({4-[(1- |802.6 8 =13.38 (brs, 1H), 11.06 (s, 1H), 8.62 (s, 1H),
{6-[5-(1- 8.22 - 8.08 (m, 2H), 7.51 (d, J=9.2 Hz, 1H), 7.37
methylcyclopropoxy)-1H- (s, IH), 7.07 (dd, J=2.4,9.2 Hz, 1H), 6.99 (d, ] =
indazol-3-yl|pyrimidin-4- 8.8 Hz, 1H), 6.78 (br s, 1H), 6.68 (dd,J=1.6, 8.8
yl}piperidin-4- Hz, 1H), 533 (dd, J =5.2, 12.8 Hz, 1H), 4.52 -
yl)methyl]piperazin-1- 4.36 (m, 2H), 3.51 - 3.46 (m, SH), 3.03 - 2.67 (m,
yl}methyl)piperidin-1-yl]- 5H), 2.66 - 2.51 (m, 4H), 2.38 (br s, 6H), 2.16 (br
2-0x0-2,3-dihydro-1H-1,3- t,J=8.0Hz, 4H), 1.99 (brd, J =5.6 Hz, 1H), 1.90
benzodiazol-1- - 1.71 (m, 5H), 1.54 (s, 4H), 1.32 - 1.01 (m, 4H),
yl}piperidine-2,6-dione 0.99 - 0.89 (m, 2H), 0.82 - 0.72 (m, 2H)

17 3-{6-[4-({3,3-dimethyl-4- | 830.7
[(1-{6-[5-(1- 8 =13.37 (brs, 1H), 11.05 (s, 1H), 8.62 (s, 1H),
methylcyclopropoxy)-1H- 8.21-8.09 (m, 3H), 7.50 (d, ] =9.2 Hz, 1H), 7.37
indazol-3-yl]pyrimidin-4- (s, IH), 7.06 (dd,J =2.4,9.2 Hz, 1H), 6.99 (d,J =
yl}piperidin-4- 8.4 Hz, 1H), 6.78 (br s, 1H), 6.67 (dd,J=1.6, 8.4
yDmethyl]piperazin-1- Hz, 1H), 5.32 (br s, 1H), 4.46 (br s, 2H), 3.78 -
yl}methyl)piperidin-1-yl]- 3.71 (m, 2H), 3.03 - 2.69 (m, 6H), 2.63 - 2.51 (m,
3-methyl-2-ox0-2,3- 6H), 2.35-1.94 (m, 8H), 1.78 (br d, J = 11.6 Hz,
dihydro-1H-1,3- 5H), 1.54 (s, 4H), 1.31 - 1.15 (m, 2H), 1.12- 0.89
benzodiazol-1- (m, 10H), 0.81 - 0.73 (m, 2H)
yl}piperidine-2,6-dione

18 3-{3-methyl-4-[3-({1-[(1- 8=13.46-13.31 (m, 1H), 11.26 - 10.99 (m, 1H),

{6-[5-(1-

8.64 - 8.58 (m, 1H), 8.17 - 8.15 (m, 1H), 8.15 -
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methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperidin-4-
yl)methyl]piperidin-4-
yl}oxy)prop-1-yn-1-yl]-2-
0x0-2,3-dihydro-1H-1,3-
benzodiazol-1-
yl}piperidine-2,6-dione

8.10 (m, 1H), 7.54 - 7.46 (m, 1H), 7.38 - 7.34 (m,
1H), 7.20 - 7.00 (m, 4H), 5.44 - 5.34 (m, 1H), 4.53
- 437 (m, 4H), 3.64 (br s, 3H), 3.00 - 2.82 (m,
4H), 2.73 - 2.59 (m, 4H), 2.19 - 2.01 (m, 4H), 1.95
-1.73 (m, 6H), 1.54 (s, 3H), 1.50 (br d, ] = 1.6 Hz,
1H), 1.13 - 1.01 (m, 2H), 0.94 (br s, 2H), 0.77 (br
s, 2H)

19 rel-3-[3-methyl-2-0x0-5- 806.5 8=14.15-13.21 (m, 1H), 11.16 - 10.96 (m, 1H),
(4-{[(1r,41)-4-[(4-{6-[5- 8.77(d,J=1.0Hz 1H), 8.65 (s, 1H), 7.71 (d, J =
(tert-butoxy)-1H- 1.0 Hz, 1H), 7.39 (s, 1H), 6.93 (d, ] = 8.6 Hz, 1H),
pyrazolo[3,4-c]pyridin-3- 6.84 (d, ] =2.0 Hz, 1H), 6.67 - 6.59 (m, 1H), 5.35
yl]pyrimidin-4- -5.22 (m, 1H), 3.68 (br s, 4H), 3.61 -3.56 (m,
yl}piperazin-1- 1H), 3.48 - 3.38 (m, 4H), 2.95-2.76 (m, 3H), 2.71
yDmethyl]cyclohexyl]oxy } -2.63 (m, 2H), 2.60 - 2.53 (m, 2H), 2.43 (br s,
piperidin-1-yl)-2,3- 4H), 2.13 (brd, J = 6.4 Hz, 2H), 2.04 - 1.88 (m,
dihydro-1H-1,3- 5H), 1.86 - 1.77 (m, 2H), 1.60 - 1.45 (m, 12H),
benzodiazol-1- 1.22 - 1.08 (m, 2H), 0.99 - 0.80 (m, 2H)
yl]piperidine-2,6-dione

20 rel-3-[3-methyl-2-oxo0-5- 792.4 8=13.98-13.73 (m, 1H), 11.13 - 10.98 (m, 1H),
(4-{[(1r,41)-4-[(4-{6-[5- 8.82 -8.71 (m, 1H), 8.69 - 8.56 (m, 1H), 8.19 -
(propan-2-yloxy)-1H- 8.12 (m, 1H), 7.73 - 7.57 (m, 1H), 7.41 - 7.31 (m,
pyrazolo[3,4-c]pyridin-3- 1H), 6.98 - 6.86 (m, 1H), 6.85 - 6.79 (m, 1H), 6.66
yl]pyrimidin-4- -6.59 (m, 1H), 5.32 - 5.24 (m, 1H), 5.24 - 5.14 (m,
yl}piperazin-1- 1H), 3.72 - 3.63 (m, 4H), 3.61 - 3.55 (m, 1H), 3.46
yl)methyl]cyclohexyl]oxy} -3.41 (m, 2H), 3.30 - 3.30 (m, 3H), 2.93 - 2.77 (m,
piperidin-1-y1)-2,3- 3H), 2.73 - 2.62 (m, 2H), 2.54 - 2.52 (m, 1H), 2.44
dihydro-1H-1,3- -2.39 (m, 4H), 2.17 - 2.08 (m, 2H), 2.00 - 1.86 (m,
benzodiazol-1- 5H), 1.84 - 1.75 (m, 2H), 1.62 - 1.45 (m, 3H), 1.32
yl]piperidine-2,6-dione - 1.25 (m, 6H), 1.23 - 1.10 (m, 2H), 1.00 - 0.85 (m,

2H)

21 rel-3-[3-methyl-2-ox0-5- 764.4 5 =14.28 -13.40 (m, 1H), 11.06 (s, 1H), 8.78 (d,J
(4-{[(1r,4r)-4-{[4-(6-{5- =0.9 Hz, 1H), 8.65 (s, 1H), 8.15 (s, 1H), 7.70 (d, J
methoxy-1H-pyrazolo[3,4- =1.0 Hz, 1H), 7.38 (s, 1H), 6.92 (d, ] = 8.6 Hz,
c]pyridin-3-yl }pyrimidin- 1H), 6.83 (d, J = 1.9 Hz, 1H), 6.67 - 6.58 (m, 1H),
4-yl)piperazin-1- 539-5.11 (m, 1H), 3.91 (s, 3H), 3.68 (br s, 4H),
ylJmethyl } cyclohexyl]oxy} 3.59-3.53 (m, 1H), 3.44 - 3.39 (m, 2H), 3.36 -
piperidin-1-yl)-2,3- 3.34 (m, 1H), 3.30 (s, 3H), 2.95 - 2.78 (m, 3H),
dihydro-1H-1,3- 271 -2.61 (m, 2H), 2.42 (br s, 4H), 2.12 (br d, J =
benzodiazol-1- 6.9 Hz, 2H), 2.01 - 1.85 (m, 5H), 1.81 (brd,J =
yl]piperidine-2,6-dione 12.9 Hz, 2H), 1.60 - 1.40 (m, 3H), 1.17 (br d, J =

13.5 Hz, 2H), 0.99 - 0.79 (m, 2H)
22 rel-1-{3-[6-(4-{[(1r,4r)-4- | 8134 8=11.24-10.83 (m, 1H), 9.24 (s, 1H), 8.76 - 8.65

({1-[1-(2,6-dioxopiperidin-
3-yl)-3-methyl-2-ox0-2,3-
dihydro-1H-1,3-

(m, 1H), 8.59 - 8.50 (m, 1H), 8.23 - 8.19 (m, 1H),
7.44 (s, 1H), 6.97 - 6.89 (m, 1H), 6.85 - 6.77 (m,
1H), 6.67 - 6.52 (m, 1H), 5.28 (dd, J = 5.3, 12.8
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benzodiazol-5-yl]piperidin-
4-

yl}oxy)cyclohexyl |methyl }
piperazin-1-yl)pyrimidin-
4-yl]-1H-pyrazolo[3,4-

Hz, 1H), 3.69 (br s, 4H), 3.60 - 3.58 (m, 1H), 3.48
-3.46 (m, 2H), 3.30 (s, 3H), 2.87 - 2.71 (m, 7H),
2.70 - 2.61 (m, 2H), 2.42 (br s, 4H), 2.37 - 2.25
(m, 2H), 2.14 - 2.03 (m, 3H), 2.01 - 1.85 (m, 5H),
1.85 - 1.76 (m, 2H), 1.64 - 1.43 (m, 3H), 1.23 -

c]pyridin-5- 1.09 (m, 2H), 0.99 - 0.82 (m, 2H)
yl}cyclobutane-1-
carbonitrile

23 rel-1-{3-[6-(4-{[(1r,4r)-4- | 799.4 8=11.43-10.60 (m, 1H), 9.13 - 8.96 (m, 1H),
({1-[1-(2,6-dioxopiperidin- 8.76 - 8.68 (m, 1H), 8.68 - 8.58 (m, 1H), 8.22 -
3-yl)-3-methyl-2-ox0-2,3- 8.12 (m, 1H), 7.50 - 7.32 (m, 1H), 6.96 - 6.86 (m,
dihydro-1H-1,3- 1H), 6.86 - 6.79 (m, 1H), 6.70 - 6.51 (m, 1H), 5.35
benzodiazol-5-yl]piperidin- - 5.19 (m, 1H), 3.69 (br s, 4H), 3.59 (br s, 1H),

4- 3.40 (br s, 4H), 3.35 (br s, 1H), 3.30 (s, 3H), 2.92 -
yl}oxy)cyclohexyl methyl} 2.85 (m, 1H), 2.84 -2.75 (m, 2H), 2.71 - 2.59 (m,
piperazin-1-yl)pyrimidin- 2H), 2.45 - 2.39 (m, 4H), 2.16 - 2.06 (m, 2H), 2.02
4-yl]-1H-pyrazolo[3,4- - 1.85 (m, 5H), 1.85 - 1.76 (m, 4H), 1.75 - 1.65 (m,
c]pyridin-5- 2H), 1.62 - 1.39 (m, 3H), 1.25 - 1.08 (m, 2H)
yl}cyclopropane-1-

carbonitrile

24 rel-5-{3-[6-(4-{[(1r,4r)-4- | 4204 8=14.62-13.79 (m, 1H), 11.21 - 10.79 (m, 1H),
({1-[1-(2,6-dioxopiperidin- | [M/2]" |9.30-9.11 (m, 1H), 8.77 - 8.66 (m, 1H), 8.66 -
3-yl)-3-methyl-2-0x0-2,3- 8.56 (m, 1H), 7.52 - 7.37 (m, 1H), 6.97 - 6.87 (m,
dihydro-1H-1,3- 1H), 6.86 - 6.78 (m, 1H), 6.71 - 6.47 (m, 1H), 5.36
benzodiazol-5-yl]piperidin- -5.21 (m, 1H), 3.78 - 3.61 (m, 4H), 3.59 - 3.51 (m,
4- 1H), 3.48 - 3.39 (m, 2H), 3.37 - 3.35 (m, 1H), 3.30
yl}oxy)cyclohexyl Jmethyl} (s, 3H), 3.12 - 3.02 (m, 2H), 2.95 - 2.85 (m, 1H),
piperazin-1-yl)pyrimidin- 2.85-2.77 (m, 4H), 2.59 (br s, 2H), 2.46 - 2.38
4-yl]-1H-pyrazolo[3,4- (m, 4H), 2.16 - 2.06 (m, 2H), 2.02 - 1.86 (m, 5H),
clpyridin-5- 1.84-1.72 (m, 2H), 1.61 - 1.38 (m, 3H), 1.25 -
yl}spiro[2.3 ]hexane-5- 1.08 (m, 2H), 0.98 - 0.81 (m, 2H), 0.80 - 0.66 (m,
carbonitrile 2H), 0.60 - 0.43 (m, 2H)

25 rel-3-[3-methyl-2-o0x0-5- 805.3 8=11.32-10.85 (m, 1H), 8.81 - 8.75 (m, 1H),
(4-{[(1r,41r)-4-[(1-{6-[5-(1- 8.67 - 8.59 (m, 1H), 8.24 - 8.22 (m, 1H), 7.85 -
methylcyclopropoxy)-1H- 7.76 (m, 1H), 7.44 - 7.34 (m, 1H), 6.95 - 6.88 (m,
pyrazolo[3,4-c]pyridin-3- 1H), 6.84 - 6.77 (m, 1H), 6.69 - 6.55 (m, 1H), 5.34
yl]pyrimidin-4- -5.21 (m, 1H), 4.15 - 4.00 (m, 2H), 3.78 - 3.66 (m,
yl}piperidin-4- 1H), 3.58 - 3.50 (m, 1H), 3.37 (br s, 6H), 3.30 (br
yloxy|cyclohexyl]oxy } pip s, 3H), 2.96 - 2.76 (m, 3H), 2.74 - 2.59 (m, 2H),
eridin-1-yl)-2,3-dihydro- 2.03-194 (m, 1H), 1.94 - 1.82 (m, 8H), 1.65 -
1H-1,3-benzodiazol-1- 1.59 (m, 3H), 1.59 - 1.49 (m, 2H), 1.48 - 1.36 (m,
yl]piperidine-2,6-dione 2H), 1.31 - 1.21 (m, 4H), 0.98 - 0.89 (m, 2H), 0.79

-0.71 (m, 2H)
26 rel-3-[2-ox0-3-(propan-2- | 833.4 3 =14.06 - 13.78 (m, 1H), 11.16 - 10.91 (m, 1H),

y1)-5-(4-{[(1r,4r)-4-[(1-{6-
[5-(1-

8.81 - 8.77 (m, 1H), 8.66 - 8.61 (m, 1H), 8.15 -
8.13 (m, 1H), 7.88 - 7.73 (m, 1H), 7.50 - 7.38 (m,
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methylcyclopropoxy)-1H-
pyrazolo[3,4-c]pyridin-3-
yl]pyrimidin-4-
yl}piperidin-4-
yDoxy]cyclohexyl]oxy}pip
eridin-1-yl)-2,3-dihydro-
1H-1,3-benzodiazol-1-
yl]piperidine-2,6-dione

1H), 7.00 - 6.84 (m, 2H), 6.51 (br d, J = 2.9 Hz,
1H), 5.32 - 5.17 (m, 1H), 4.65 - 4.53 (m, 1H), 4.16
-3.99 (m, 2H), 3.80 - 3.66 (m, 1H), 3.59 - 3.49 (m,
1H), 3.49 - 3.34 (m, 6H), 2.92 - 2.75 (m, 3H), 2.70
-2.57 (m, 2H), 2.04 - 1.96 (m, 1H), 1.96 - 1.81 (m,
8H), 1.65 - 1.59 (m, 3H), 1.59 - 1.51 (m, 2H), 1.49
- 139 (m, 8H), 1.32 - 1.22 (m, 4H), 0.98 - 0.88 (m,
2H), 0.80 - 0.69 (m, 2H)

27 rel-3-[3-methyl-2-0x0-5- 792.4 8=13.44-13.28 (m, 1H), 11.13 - 10.98 (m, 1H),
4-{[(1r,4r)-4-[(1-{6-[5- 8.69 - 8.55 (m, 1H), 8.20 - 8.17 (m, 1H), 8.00 -
(propan-2-yloxy)-1H- 7.95 (m, 1H), 7.53 - 7.47 (m, 1H), 7.42 - 7.36 (m,
indazol-3-yl]pyrimidin-4- 1H), 7.08 - 7.01 (m, 1H), 6.92 (d, J =8.6 Hz, 1H),
yl}piperidin-4- 6.84 - 6.80 (m, 1H), 6.67 - 6.58 (m, 1H), 5.34 -
yhoxy]cyclohexylJoxy}pip 5.19 (m, 1H), 4.67 - 4.51 (m, 1H), 4.15 - 3.99 (m,
eridin-1-yl)-2,3-dihydro- 2H), 3.78 - 3.66 (m, 1H), 3.57 - 3.50 (m, 1H), 3.47
1H-1,3-benzodiazol-1- -3.38 (m, 6H), 3.30 - 3.29 (m, 3H), 2.95 - 2.79 (m,
yl]piperidine-2,6-dione 3H), 2.73 - 2.60 (m, 2H), 2.03 - 1.95 (m, 1H), 1.94

- 1.83 (m, 8H), 1.61 - 1.48 (m, 2H), 1.47 - 1.37 (m,
2H), 1.34 - 1.29 (m, 6H), 1.29 - 1.22 (m, 4H)

28 rel-3-[3-methyl-2-ox0-5- 793.4 8=13.99-13.65 (m, 1H), 11.15 - 10.91 (m, 1H),
(4-{[(1r,4r)-4-[(1-{6-[5- 8.79 - 8.71 (m, 1H), 8.65 - 8.57 (m, 1H), 8.22 -
(propan-2-yloxy)-1H- 8.18 (m, 1H), 7.66 (d, ] = 1.0 Hz, 1H), 7.43 - 7.32
pyrazolo[3,4-c]pyridin-3- (m, 1H), 6.96 - 6.88 (m, 1H), 6.85 - 6.80 (m, 1H),
yl]pyrimidin-4- 6.68 - 6.60 (m, 1H), 5.33 - 5.25 (m, 1H), 5.23 -
yl}piperidin-4- 5.12 (m, 1H), 4.14 - 3.99 (m, 2H), 3.76 - 3.65 (m,
yloxy]cyclohexyl]oxy }pip 1H), 3.57 - 3.51 (m, 1H), 3.49 - 3.38 (m, 5H), 3.30
eridin-1-yl)-2,3-dihydro- (s, 3H), 2.95-2.77 (m, 3H), 2.67 - 2.55 (m, 3H),
1H-1,3-benzodiazol-1- 2.03-196 (m, 1H), 1.94 - 1.82 (m, 8H), 1.61 -
yl]piperidine-2,6-dione 1.50 (m, 2H), 1.47 - 1.38 (m, 2H), 1.33 - 1.29 (m,

6H), 1.29 -1.21 (m, 4H)

29 rel-3-(3-methyl-2-ox0-5- 7764 | 3=13.38 (brs, 1H), 11.06 (brs, 1H), 8.63 (d, ] =
{4-[(11,3r)-3-[(1-{6-[5-(1- 0.6 Hz, 1H), 8.17 (s, 1H), 8.15 (d, J =2.0 Hz, 1H),
methylcyclopropoxy)-1H- 7.50(d,J=9.0Hz, 1H), 7.39 (s, 1H), 7.07 (dd, J =
indazol-3-yl]pyrimidin-4- 24,9.0Hz 1H), 6.92 (d, J =8.6 Hz, 1H), 6.83 (d,
yl}piperidin-4- J=21Hz, 1H), 6.62 (dd,J=2.1, 8.6 Hz, 1H),
yloxy]cyclobutoxy |piperid 528 (dd,J=53,12.8 Hz, 1H), 4.31 - 4.21 (m,
in-1-yl}-2,3-dihydro-1H- 2H), 4.10 (brd, J=13.1 Hz, 2H), 3.57 (br dd, J =
1,3-benzodiazol-1- 4.1,8.0Hz 1H), 3.41 (dt,J =4.4, 8.4 Hz, 4H),
yD)piperidine-2,6-dione 3.34 (br s, 2H), 3.30 - 3.24 (m, 2H), 2.87 (brd, J =

16.6 Hz, 1H), 2.83 - 2.74 (m, 2H), 2.72 - 2.57 (m,
2H), 2.18 (t, ] = 5.6 Hz, 4H), 2.03 - 1.95 (m, 1H),
1.88 (br d, J =3.8 Hz, 4H), 1.63 - 1.50 (m, SH),
1.48 - 1.37 (m, 2H), 0.97 - 0.92 (m, 2H), 0.79 -
0.74 (m, 2H)

30 rel-3-(3-methyl-2-ox0-5- 777.4 d=13.38 (brs, 1H), 11.06 (brs, 1H), 8.63 (d, ] =

{4-[(11,3r)-3-[(1-{6-[5-(1-

0.6 Hz, 1H), 8.17 (s, 1H), 8.15 (d, J = 2.0 Hz, 1H),

163




WO 2025/072629

PCT/US2024/048800

methylcyclopropoxy)-1H-
pyrazolo[3,4-c]pyridin-3-
yl]pyrimidin-4-
yl}piperidin-4-
yl)oxy]cyclobutoxy piperid
in-1-yl}-2,3-dihydro-1H-
1,3-benzodiazol-1-
yl)piperidine-2,6-dione

750 (d, 7 =9.0 Hz, 1H), 7.39 (s, 1H), 7.07 (dd, J =
2.4,9.0 Hz, 1H), 6.92 (d, ] = 8.6 Hz, 1H), 6.83 (d,
J=2.1Hz, 1H), 6.62 (dd, T =2.1, 8.6 Hz, 1H),
528 (dd, J=5.3, 12.8 Hz, 1H), 4.31 - 4.21 (m,
2H), 4.10 (br d, J = 13.1 Hz, 2H), 3.57 (br dd, J =
4.1,8.0 Hz, 1H), 3.41 (dt, J = 4.4, 8.4 Hz, 4H),
3.34 (brs, 2H), 3.30 - 3.24 (m, 2H), 2.87 (br d, J =
16.6 Hz, 1H), 2.83 - 2.74 (m, 2H), 2.72 - 2.57 (m,
2H), 2.18 (t, ] = 5.6 Hz, 4H), 2.03 - 1.95 (m, 1H),
1.88 (br d, J = 3.8 Hz, 4H), 1.63 - 1.50 (m, 5H),
1.48 - 1.37 (m, 2H), 0.97 - 0.92 (m, 2H), 0.79 -
0.74 (m, 2H)

31 rel-3-(3-methyl-2-oxo0-5- 765.3 8=13.97-13.76 (m, 1H), 11.20 - 10.89 (m, 1H),
{4-[(1r,3r)-3-[(1-{6-[5- 8.77 (d, J =09 Hz, 1H), 8.63 (d, J = 0.8 Hz, 1H),
(propan-2-yloxy)-1H- 7.66 (d,J =1.0Hz, 1H), 7.39 (s, 1H), 6.92 (d, J =
pyrazolo[3,4-c]pyridin-3- 8.6 Hz, 1H), 6.84 (d, J =2.0 Hz, 1H), 6.63 (dd, J =
yl]pyrimidin-4- 2.1,8.6 Hz, 1H), 5.29 (brdd, ] = 5.6, 12.8 Hz,
yl}piperidin-4- 1H), 5.23 - 5.15 (m, 1H), 4.33 - 4.21 (m, 2H), 4.18
yloxy]cyclobutoxy|piperid -4.02 (m, 2H), 3.59 (td, ] =4.1, 8.2 Hz, 1H), 3.49
in-1-yl}-2,3-dihydro-1H- -3.39 (m, 4H), 3.30 (br s, 3H), 2.94 - 2.71 (m,
1,3-benzodiazol-1- 4H),2.58 (brd,J=3.3 Hz, 2H), 2.18 (t, J =57
yl)piperidine-2,6-dione Hz, 4H), 2.04 - 1.96 (m, 1H), 1.90 (br s, 4H), 1.60

- 1.50 (m, 2H), 1.48 - 1.38 (m, 2H), 1.31 (d,J =
6.1 Hz, 6H)

32 rel-3-[3-methyl-2-oxo0-5- 396.5 | 8=14.35-13.30 (m, 1H), 11.05 (br s, 1H), 8.78
(4-{[(1r,3r)-3-[(1-{6-[5-(1- | [M/2]" | (s, IH), 8.63 (s, 1H), 8.18 (s, 1H), 7.79 (s, 1H),
methylcyclopropoxy)-1H- 7.39 (s, 1H), 6.93 (d, ] =8.6 Hz, 1H), 6.84 (d, J =
pyrazolo[3,4-c]pyridin-3- 1.8 Hz, 1H), 6.64 (dd, J =18, 8.6 Hz, 1H), 5.28
yl]pyrimidin-4- (brdd,J=52,12.8 Hz, 1H), 4.23 (brt,J =7.0 Hz,
yl}piperidin-4- 1H), 4.09 (brd, J = 12.5 Hz, 2H), 3.57 (td, J = 4.1,
yloxy]cyclobutyl |methoxy 7.9 Hz, 1H), 3.46 (br d, J =7.0 Hz, 3H), 3.40 (br
}piperidin-1-yl)-2,3- d, J =129 Hz, 4H), 3.33 (br s, 4H), 2.94 - 2.81
dihydro-1H-1,3- (m, 3H), 2.71 - 2.56 (m, 2H), 2.38 - 2.24 (m, 1H),
benzodiazol-1- 2.06 - 1.99 (m, 4H), 1.97 - 1.92 (m, 2H), 1.90 -
yl]piperidine-2,6-dione 1.79 (m, 2H), 1.64 - 1.54 (m, 5H), 1.48 - 1.37 (m,

2H), 0.96 - 0.90 (m, 2H), 0.79 - 0.72 (m, 2H)

33 rel-3-[3-methyl-2-ox0-5- 396.0 d=13.38 (s, 1H), 11.06 (s, 1H), 8.63 (d, ] =0.6
(4-{[(1r,3r)-3-[(1-{6-[5-(1- | [M/2]" |Hz, 1H), 8.16 (d, J=2.3 Hz, 1H), 8.14 (s, 1H),

methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperidin-4-
yloxy]cyclobutyl Jmethoxy
}piperidin-1-yl)-2,3-
dihydro-1H-1,3-
benzodiazol-1-
yl]piperidine-2,6-dione

7.50 (d,J =9.0 Hz, 1H), 7.39 (s, 1H), 7.07 (dd, J =
2.3,9.0 Hz, 1H), 6.93 (d, J = 8.6 Hz, 1H), 6.85 (d,
J=2.0Hz, 1H), 6.64 (dd, J = 2.0, 8.6 Hz, 1H),
529 (dd,J =5.4,12.9 Hz, 1H), 4.24 (t, ] = 7.0 Hz,
1H), 4.15 - 4.04 (m, 2H), 3.62 - 3.53 (m, 1H), 3.51
-3.43 (m, 3H), 3.43 - 3.38 (m, 2H), 3.35 (brd, J =
3.0 Hz, 1H), 3.31 (br s, 4H), 2.94 - 2.82 (m, 3H),
2.72 -2.58 (m, 2H), 2.35 - 2.28 (m, 1H), 2.07 -
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1.92 (m, 7H), 1.90 - 1.80 (m, 2H), 1.67 - 1.57 (m,
2H), 1.55 (s, 3H), 1.48 - 1.36 (m, 2H), 0.98 - 0.91
(m, 2H), 0.80 - 0.75 (m, 2H)

34 rel-3-(3-methyl-2-oxo0-5- 791.4 d=14.11-13.78 (m, 1H), 11.06 (s, 1H), 8.79 (d,J
{4-[(1r,3r)-3-{[(1-{6-[5-(1- =1.1 Hz, 1H), 8.65(d, J=1.0 Hz, 1H), 8.35-8.20
methylcyclopropoxy)-1H- (m, 1H), 7.80 (d, J = 1.0 Hz, 1H), 7.42 (s, 1H),
pyrazolo[3,4-c]pyridin-3- 6.92 (d,J =8.6 Hz, 1H), 6.83 (d, J =2.1 Hz, 1H),
yl]pyrimidin-4- 6.69 - 6.53 (m, 1H), 538 - 5.20 (m, 1H), 4.28 -
yl}piperidin-4- 4.17 (m, 1H), 4.10 - 3.96 (m, 2H), 3.66 - 3.58 (m,
yloxy]methyl } cyclobutox 1H), 3.51 - 3.38 (m, 8H), 2.96 - 2.85 (m, 1H), 2.79
y]piperidin-1-yl}-2,3- (brt, J =9.8 Hz, 2H), 2.70 - 2.57 (m, 2H), 2.35 -
dihydro-1H-1,3- 2.26 (m, 1H), 2.10 - 1.79 (m, 10H), 1.65 - 1.39 (m,
benzodiazol-1- 8H), 0.99 - 0.90 (m, 2H), 0.81 - 0.73 (m, 2H)
yDpiperidine-2,6-dione

35 rel-3-(3-methyl-2-oxo-5- 776.4 8 =14.06 - 13.70 (m, 1H), 11.17 - 10.96 (m, 1H),
{4-[(1r,3r)-3-[(4-{6-[5-(1- 8.93 - 8.74 (m, 1H), 8.69 - 8.48 (m, 1H), 7.86 -
methylcyclopropoxy)-1H- 7.69 (m, 1H), 7.47 - 7.30 (m, 1H), 6.97 - 6.88 (m,
pyrazolo[3,4-c]pyridin-3- 1H), 6.87 - 6.76 (m, 1H), 6.67 - 6.50 (m, 1H), 5.35
yl]pyrimidin-4- -5.20 (m, 1H), 3.98 (br s, 1H), 3.79 - 3.50 (m,
yl}piperazin-1- 4H), 3.46 - 3.38 (m, 3H), 3.31 - 3.29 (m, 3H), 2.96
yDmethyl]cyclobutoxy Jpip -2.84 (m, 1H), 2.84 - 2.75 (m, 2H), 2.59 (brs,
eridin-1-yl}-2,3-dihydro- 2H), 2.48 - 2.28 (m, 8H), 2.08 - 1.94 (m, 2H), 1.94
1H-1,3-benzodiazol-1- - 1.81 (m, 2H), 1.65 - 1.60 (m, 3H), 1.59 (brs,
yl)piperidine-2,6-dione 4H), 1.00 - 0.88 (m, 2H), 0.81 - 0.69 (m, 2H)

36 rel-3-[3-methyl-2-oxo0-5- 776.3 8=14.31-13.03 (m, 1H), 11.30 - 10.66 (m, 1H),
(4-{[(1r,31)-3-[(1-{6-[5-(1- 8.83 - 8.73 (m, 1H), 8.68 - 8.58 (m, 1H), 7.84 -
methylcyclopropoxy)-1H- 7.72 (m, 1H), 7.45 - 7.33 (m, 1H), 6.98 - 6.88 (m,
pyrazolo[3,4-c]pyridin-3- 1H), 6.86 - 6.78 (m, 1H), 6.68 - 6.55 (m, 1H), 5.39
yl]pyrimidin-4- -5.16 (m, 1H), 4.18 - 4.00 (m, 2H), 4.00 - 3.89 (m,
yl}piperidin-4- 1H), 3.64 - 3.56 (m, 1H), 3.39 - 3.36 (m, 1H), 3.35
yl)oxy]|cyclobutyl Jmethyl} -3.33 (m, 4H), 3.30 - 3.28 (m, 3H), 3.11 - 2.99 (m,
piperazin-1-yl)-2,3- 4H), 2.93 - 2.83 (m, 1H), 2.56 (brd, J = 18.6 Hz,
dihydro-1H-1,3- 3H), 2.33 (brs, 4H), 2.11 - 1.92 (m, 2H), 1.91 -
benzodiazol-1- 1.76 (m, 2H), 1.66 - 1.58 (m, 3H), 1.58 - 1.49 (m,
yl]piperidine-2,6-dione 2H), 1.49 - 1.36 (m, 2H), 1.00 - 0.87 (m, 2H), 0.82

- 0.64 (m, 2H)
37 rel-3-(3-methyl-2-o0x0-5- 760.3 3=1345-13.31(m, 1H), 11.18 - 10.93 (m, 1H),

{1-[(1r,3r)-3-[(1-{6-[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl|pyrimidin-4-
yl}piperidin-4-
yloxy]cyclobutyl |piperidi
n-4-yl}-2,3-dihydro-1H-
1,3-benzodiazol-1-
yl)piperidine-2,6-dione

8.71 - 8.57 (m, 1H), 8.20 - 8.10 (m, 2H), 7.54 -
7.47 (m, 1H), 7.42 - 7.35 (m, 1H), 7.13 - 7.09 (m,
1H), 7.09 - 7.04 (m, 1H), 7.02 - 6.97 (m, 1H), 6.95
-6.88 (m, 1H), 5.38 - 5.26 (m, 1H), 4.24 - 4.16 (m,
1H), 4.14 - 4.03 (m, 2H), 3.67 - 3.59 (m, 1H), 3.39
-3.36 (m, 3H), 3.29 - 3.28 (m, 2H), 3.05 - 2.99 (m,
2H), 2.99 - 2.76 (m, 3H), 2.76 - 2.60 (m, 2H), 2.22
-2.12 (m, 2H), 2.07 - 1.95 (m, 3H), 1.94 - 1.84 (m,
2H), 1.83 - 1.63 (m, 6H), 1.58 - 1.51 (m, 3H), 1.50
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=137 (m, 2H), 0.99 - 0.91 (m, 2H), 0.81 - 0.71 (m,
2H)

38 3-{5-[4-({3,3-dimethyl-4- | 814.4 d=13.37 (brs, 1H), 11.19 (s, 1H), 8.61 (s, 1H),
[(1-{6-[5-(1- 8.15 (s, 2H), 7.50 (d, ] =9.0 Hz, 1H), 7.37 (s, 1H),
methylcyclopropoxy)-1H- 7.17 (br d, J = 6.1 Hz, 1H), 7.09 - 7.04 (m, 1H),
indazol-3-yl]pyrimidin-4- 7.02 (d,J=1.4Hz, 1H), 6.89 - 6.79 (m, 1H), 5.54
yl}piperidin-4- (brd, J=7.6Hz, 1H), 4.53 - 437 (m, 2H), 3.52
yl)methyl]piperazin-1- (brd, J=10.0 Hz, 4H), 3.04 - 2.83 (m, 4H), 2.78 -
yl}methyl)piperidin-1-yl]- 2.52 (m, 6H), 2.45 (s, 3H), 2.37 - 2.28 (m, 1H),
2-methyl-1H-1,3- 222 -2.02 (m, 6H), 1.80 (brd,J=10.4 Hz, 4H),
benzodiazol-1- 1.70 (br d, J =2.8 Hz, 1H), 1.64 - 1.56 (m, 1H),
yl}piperidine-2,6-dione 1.56-1.49 (m,3H), 1.33 - 1.19 (m, 2H), 1.08 -

0.98 (m, 2H), 0.96 (s, 6H), 0.94 - 0.93 (m, 1H),
0.81 -0.74 (m, 2H)

39 3-{5-[4-({3,3-dimethyl-4- | 8184 8 =13.37 (s, 1H), 11.19 (s, 1H), 8.61 (s, 1H), 8.17
[(1-{6-[5-(1- (s, 1H), 8.16 - 8.12 (m, 2H), 7.50 (d, J = 9.1 Hz,
methylcyclopropoxy)-1H- 1H), 7.36 (s, 1H), 7.06 (dd, J = 2.3, 8.9 Hz, 1H),
indazol-3-yl]pyrimidin-4- 6.94 (d,J =1.8 Hz, 1H), 6.85(d, J = 13.4 Hz, 1H),
yl}piperidin-4- 5.62(dd, J =5.5,13.0 Hz, 1H), 4.53 - 4.37 (m,
yl)methyl]piperazin-1- 2H), 3.65 -3.59 (m, 2H), 3.01 - 2.81 (m, 4H), 2.75
yl}methyl)piperidin-1-yl]- -2.57 (m, 4H), 2.46 - 2.35 (m, 2H), 2.35 - 2.22 (m,
7-fluoro-1H-1,3- 3H), 2.09 (d, J = 7.0 Hz, 3H), 1.85 - 1.75 (m, 4H),
benzodiazol-1- 1.75 - 1.56 (m, 3H), 1.54 (s, 3H), 1.28 - 1.18 (m,
yl}piperidine-2,6-dione 2H), 1.04 (d, J = 9.6 Hz, 2H), 0.95 (s, 9H), 0.79 -

0.75 (m, 2H)

40 3-{5-[4-({3,3-dimethyl-4- | 8184 8=13.44-13.28 (m, 1H), 11.25 - 11.05 (m, 1H),
[(1-{6-[5-(1- 8.660 - 8.58 (m, 1H), 8.17 (s, 2H), 7.54 - 7.47 (m,
methylcyclopropoxy)-1H- 1H), 7.46 - 7.40 (m, 1H), 7.39 - 7.35 (m, 1H), 7.32
indazol-3-yl]pyrimidin-4- -7.26 (m, 1H), 7.10 - 7.03 (m, 1H), 5.66 - 5.52 (m,
yl}piperidin-4- 1H), 4.57 - 438 (m, 2H), 3.27 - 3.21 (m, 4H), 3.02
yl)methyl]piperazin-1- -287 (m, 3H), 2.87 -2.75 (m, 2H), 2.70 - 2.58 (m,
yl}methyl)piperidin-1-yl]- 3H),2.22-2.16 (m, 2H), 2.15 - 2.05 (m, 4H), 1.87
6-fluoro-1H-1,3- - 1.75 (m, 4H), 1.71 - 1.60 (m, 2H), 1.54 (s, 3H),
benzodiazol-1- 1.36 - 1.22 (m, 3H), 1.12 - 0.99 (m, 3H), 0.97 -
yl}piperidine-2,6-dione 0.95 (m, 6H), 0.94 - 0.86 (m, 2H), 0.79 - 0.75 (m,

2H)

41 3-{5-[4-({3,3-dimethyl-4- | 8184 8=13.48-13.19 (m, 1H), 11.31 - 11.12 (m, 1H),

[(1-{6-[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl|pyrimidin-4-
yl}piperidin-4-
yl)methyl]piperazin-1-
yl}methyl)piperidin-1-yl]-
4-fluoro-1H-1,3-
benzodiazol-1-
yl}piperidine-2,6-dione

8.64 - 8.56 (m, 1H), 8.25 - 8.20 (m, 1H), 8.17 -
8.10 (m, 2H), 7.54 - 7.47 (m, 1H), 7.39 - 7.33 (m,
1H), 7.29 - 7.23 (m, 1H), 7.11 - 7.01 (m, 2H), 5.73
-5.56 (m, 1H), 4.53 - 4.37 (m, 2H), 3.27 - 3.24 (m,
4H), 2.93 (brt, J = 12.1 Hz, 3H), 2.87 - 2.76 (m,
2H), 2.75 (br s, 4H), 2.55 - 2.53 (m, 1H), 2.27 -
2.18 (m, 2H), 2.17 - 2.07 (m, 4H), 1.88 - 1.76 (m,
4H), 1.75 - 1.60 (m, 2H), 1.57 - 1.49 (m, 3H), 1.37
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=125 (m, 2H), 1.12 - 1.00 (m, 2H), 0.98 - 0.91 (m,
8H), 0.81 - 0.74 (m, 2H)

42 rel-3-[2-methyl-5-(4- 787.4 5 =13.40 (s, 1H), 11.19 (s, 1H), 8.65 (s, 1H), 8.15
{[(1r,4r)-4-[(4-{6-[5-(1- (s, 1H), 7.51 (d, J =9.0 Hz, 1H), 7.38 (s, 1H), 7.23
methylcyclopropoxy)-1H- -7.14 (m, 1H), 7.10 - 7.05 (m, 1H), 7.03 (d,J =
indazol-3-yl|pyrimidin-4- 1.9 Hz, 1H), 6.87 (br d, J =8.9 Hz, 1H), 5.55 (br
yl}piperazin-1- d, J=8.4Hz, 1H), 3.67 (br s, 4H), 3.58 - 3.53 (m,
yl)methyl]cyclohexyl]oxy} 1H), 3.45 -3.39 (m, 4H), 2.97 - 2.87 (m, 1H), 2.79
piperidin-1-yl)-1H-1,3- (brt, J=10.2 Hz, 2H), 2.72 - 2.61 (m, 2H), 2.47 -
benzodiazol-1- 242 (m, 6H), 2.13 (br d, ] = 7.4 Hz, 3H), 1.99 -
yl]piperidine-2,6-dione 1.87 (m, 4H), 1.82 (brd, J = 12.6 Hz, 2H), 1.61 -

1.46 (m, SH), 1.22 - 1.11 (m, 2H), 0.99 - 0.86 (m,
4H), 0.80 - 0.74 (m, 2H)

43 rel-3-[7-fluoro-5-(4- 791.4 8=13.39 (s, IH), 11.19 (s, 1H), 8.64 (s, 1H), 8.15
{[(1r,4r)-4-[(4-{6-[5-(1- (d, J=3.1Hz, 2H), 7.50 (d, J = 8.9 Hz, 1H), 7.37
methylcyclopropoxy)-1H- (s, 1H), 7.07 (dd,J =2.4,9.0 Hz, 1H), 6.96 (d, ] =
indazol-3-yl]pyrimidin-4- 1.5 Hz, 1H), 6.86 (dd, J = 1.3, 14.6 Hz, 1H), 5.62
yl}piperazin-1- (dd, J=5.3,13.0 Hz, 1H), 3.67 (s, 4H), 3.61 - 3.55
yl)methyl]cyclohexyl]oxy } (m, 1H), 3.46 (d, ] = 11.9 Hz, 3H), 2.92 - 2.81 (m,
piperidin-1-yl)-1H-1,3- 3H), 2.69 (d, J = 16.8 Hz, 1H), 2.42 (s, 4H), 2.30
benzodiazol-1- (dd,J=5.9,11.4Hz, 1H),2.12(d, J = 7.0 Hz,
yl]piperidine-2,6-dione 2H), 1.97 - 1.86 (m, 4H), 1.81 (d, J =11.6 Hz,

2H), 1.66 - 1.37 (m, 7H), 1.22 - 1.11 (m, 2H), 0.97
- 0.86 (m, 4H), 0.80 - 0.75 (m, 2H)

44 rel-3-[6-fluoro-5-(4- 791.4 8=13.51-13.24 (m, 1H), 11.31 - 10.98 (m, 1H),
{[(1r,4r)-4-[(4-{6-[5-(1- 8.68 - 8.58 (m, 1H), 8.20 - 8.12 (m, 2H), 7.54 -
methylcyclopropoxy)-1H- 7.48 (m, 1H), 7.47 - 7.41 (m, 1H), 7.40 - 7.35 (m,
indazol-3-yl]pyrimidin-4- 1H), 7.33 - 7.27 (m, 1H), 7.10 - 7.03 (m, 1H), 5.73
yl}piperazin-1- -5.48 (m, 1H), 3.81 - 3.53 (m, 6H), 3.24 - 3.12 (m,
yl)methyl]cyclohexyl]oxy } 2H), 2.92 - 2.64 (m, SH), 2.46 - 2.37 (m, 4H), 2.24
piperidin-1-yl)-1H-1,3- -2.16 (m, 1H), 2.15 - 2.08 (m, 2H), 2.03 - 1.88 (m,
benzodiazol-1- 4H), 1.87 - 1.75 (m, 2H), 1.66 - 1.40 (m, 6H), 1.27
yl]piperidine-2,6-dione - 1.10 (m, 2H), 1.01 - 0.83 (m, 4H), 0.81 - 0.71 (m,

2H)

45 rel-3-[4-fluoro-5-(4- 791.4 8=13.47-13.31(m, 1H), 11.32 - 11.09 (m, 1H),

{[(1r,4n)-4-[(4-{6-[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperazin-1-
yDmethyl]cyclohexyl]oxy}
piperidin-1-yl)-1H-1,3-
benzodiazol-1-
yl]piperidine-2,6-dione

8.67 -8.61 (m, 1H), 8.27 - 8.20 (m, 1H), 8.18 -
8.12 (m, 1H), 7.54 - 7.47 (m, 1H), 7.42 - 7.34 (m,
1H), 7.29 - 7.22 (m, 1H), 7.15 - 6.99 (m, 2H), 5.72
-5.57 (m, 1H), 3.67 (br s, 4H), 3.62 - 3.54 (m,
1H), 3.41 - 3.35 (m, 1H), 3.24 - 3.14 (m, 2H), 2.92
-2.76 (m, 4H), 2.74 - 2.67 (m, 1H), 2.45 - 2.37 (m,
4H), 2.27 - 2.19 (m, 1H), 2.17 - 2.09 (m, 2H), 2.02
- 1.88 (m, 4H), 1.86 - 1.76 (m, 2H), 1.66 - 1.57 (m,
2H), 1.56 - 1.53 (m, 3H), 1.52 - 1.44 (m, 1H), 1.26
- 1.13 (m, 2H), 1.00 - 0.88 (m, 4H), 0.81 - 0.73 (m,
2H)
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46 rel-3-[3-methyl-2-ox0-4- 804.4 5 =14.09 - 13.65 (m, 1H), 11.09 (br s, 1H), 8.79
(4-{[(1r,41)-4-[(4-{6-[5-(1- (s, 1H), 8.65 (s, 1H), 7.80 (s, 1H), 7.39 (s, 1H),
methylcyclopropoxy)-1H- 7.02 - 6.94 (m, 1H), 6.92 - 6.83 (m, 2H), 5.35 (dd,
pyrazolo[3,4-c]pyridin-3- J=5.6,12.6 Hz, 1H), 3.68 (br s, 4H), 3.63 (s, 3H),
yl]pyrimidin-4- 3.14-2.99 (m, 2H), 2.92 - 2.83 (m, 1H), 2.80 -
yl}piperazin-1- 2.59 (m, 4H), 2.42 (br s, 5H), 2.13 (brd,J =73
yD)methyl]cyclohexyl]oxy} Hz, 2H), 2.07 - 1.90 (m, 5H), 1.88 - 1.73 (m, 3H),
piperidin-1-yl)-2,3- 1.69 - 1.42 (m, 6H), 1.27 - 1.14 (m, 2H), 0.99 -
dihydro-1H-1,3- 0.86 (m, 4H), 0.79 - 0.73 (m, 2H)
benzodiazol-1-
yl]piperidine-2,6-dione

47 3-{4-[4-({3,3-dimethyl-4- | 831.5 3=0.73-0.79 (m, 2 H) 0.90 - 0.97 (m, 8 H) 0.99 -
[(1-{6-[5-(1- 1.10 (m, 2H) 1.22 - 1.37 (m, 2 H) 1.61 (s, 3 H)
methylcyclopropoxy)-1H- 1.66-173(m, 1 H)1.75-1.87 (m,4 H) 1.94 -
pyrazolo[3,4-c]pyridin-3- 2.05 (m,2H)2.06 -2.18 (m, 4 H) 2.43 (br d,
yllpyrimidin-4- J=9.51Hz,4H)2.61 -2.74 (m, 4 H) 2.81 - 3.01
yl}piperidin-4- (m,4H)3.10 (brd, J=9.38 Hz, 3 H) 3.59 - 3.63
yl)methyl]piperazin-1- (m, 3 H)4.33-4.60 (m, 2H)5.28 -5.40 (m, 1 H)
yl}methyl)piperidin-1-yl]- 6.82-692 (m,2H)693-7.00(m, 1 H) 733 -
3-methyl-2-ox0-2,3- 7.40 (m, 1 H)7.76 - 7.82 (m, 1 H) 8.16 - 8.17 (m,
dihydro-1H-1,3- 1H)8.59-8.64 (m, 1 H)8.76-8.80 (m, 1 H)
benzodiazol-1- 11.04 - 11.14 (m, 1 H) 13.75 - 14.02 (m, 1 H)
yl}piperidine-2,6-dione

48 3-{5-[4-({3,3-dimethyl-4- | 8314 5 =14.07 - 13.68 (m, 1H), 11.04 (s, 1H), 8.78 (s,
[(1-{6-[5-(1- 1H), 8.62 (s, 1H), 8.15 (s, 1H), 7.79 (s, 1H), 7.37
methylcyclopropoxy)-1H- (s, IH), 6.91 (d, ] = 8.5 Hz, 1H), 6.81 (s, 1H), 6.62
pyrazolo[3,4-c]pyridin-3- (brd,J=8.6Hz 1H), 528 (brdd,J=5.5,12.8
yl]pyrimidin-4- Hz, 1H), 4.53 - 434 (m, 2H), 3.57 (brd, J=11.6
yl}piperidin-4- Hz, 2H), 3.30 (br s, 6H), 3.02 - 2.82 (m, 4H), 2.69
yl)methyl]piperazin-1- - 2.58 (m, 4H), 2.29 - 2.02 (m, 6H), 2.01 - 1.94 (m,
yl}methyl)piperidin-1-yl]- 1H), 1.79 (br d, J = 11.0 Hz, 4H), 1.70 (br d, J =
3-methyl-2-ox0-2,3- 2.1 Hz, 1H), 1.61 (s, 4H), 1.31 - 1.16 (m, 2H),
dihydro-1H-1,3- 1.04 (br d, J = 10.9 Hz, 2H), 0.95 (s, 6H), 0.94 -
benzodiazol-1- 0.90 (m, 2H), 0.76 (s, 2H)
yl}piperidine-2,6-dione

49 rel-3-[2-ox0-3-(propan-2- | 831.4 0=13.58-13.18 (m, 1H), 11.31 - 10.71 (m, 1H),

yD)-5-(4-{[(1r,4r)-4-[(4-{6-
[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl]pyrimidin-4-
yl}piperazin-1-
yDmethyl]cyclohexyl]oxy }
piperidin-1-yl)-2,3-
dihydro-1H-1,3-
benzodiazol-1-
yl]piperidine-2,6-dione

8.64 (s, 1H), 8.22 (s, 1H), 8.15 (d, J = 1.9 Hz, 1H),
7.50 (d, J = 9.0 Hz, 1H), 7.37 (s, 1H), 7.12 - 7.02
(m, 1H), 6.95 - 6.83 (m, 2H), 6.67 - 6.57 (m, 1H),
5.40 - 5.12 (m, 1H), 4.70 - 4.43 (m, 1H), 3.67 (br
s, 4H), 3.60 - 3.51 (m, 2H), 2.96 - 2.75 (m, 4H),
2.71 - 2.60 (m, 2H), 2.42 (br s, 4H), 2.16 - 2.07
(m, 2H), 2.00 - 1.86 (m, SH), 1.81 (brd,T=11.9
Hz, 2H), 1.63 - 1.48 (m, SH), 1.44 (d, ] = 6.9 Hz,
6H), 1.27 - 1.21 (m, 1H), 1.20 - 1.10 (m, 2H), 0.99
-0.87 (m, 4H), 0.80 - 0.71 (m, 2H)
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50 rel-3-[2-ox0-3-(propan-2- | 416.5 83=13.40 (brs, 1H), 11.29 - 10.84 (m, 1H), 8.64
y)-5-(4-{[(1r,4r)-4-[(4-{6- | [M/2]" | (s, 1H), 8.22 (s, 1H), 8.15 (s, 1H), 7.50 (d,J =8.9
[5-(1- Hz, 1H), 7.37 (s, 1H), 7.12 - 7.02 (m, 1H), 6.97 -
methylcyclopropoxy)-1H- 6.86 (m, 2H), 6.63 (brd, J = 8.6 Hz, 1H), 5.39 -
indazol-3-yl]pyrimidin-4- 5.10 (m, 1H), 4.71 - 4.44 (m, 1H), 3.67 (br s, 4H),
yl}piperazin-1- 3.53-3.47 (m, 2H), 2.96 - 2.76 (m, 4H), 2.70 -
yD)methyl]cyclohexyl]oxy} 2.60 (m, 2H), 2.43 (br s, 4H), 2.17 (brd, J=7.0
piperidin-1-yl)-2,3- Hz, 2H), 2.05 - 1.81 (m, 4H), 1.75 - 1.67 (m, 2H),
dihydro-1H-1,3- 1.66 - 1.60 (m, 1H), 1.58 - 1.50 (m, SH), 1.44 (br
benzodiazol-1- d,J=6.8 Hz, 8H), 1.34 - 1.22 (m, 3H), 0.98 - 0.90
yl]piperidine-2,6-dione (m, 2H), 0.82 - 0.71 (m, 2H)

51 3-{5-[4-({3,3-dimethyl-4- | 859.5 0=14.02-13.68 (m, 1H), 11.04 (s, 1H), 8.78 (s,
[(1-{6-[5-(1- 1H), 8.62 (s, 1H), 8.15 (s, 1H), 7.79 (s, 1H), 7.37
methylcyclopropoxy)-1H- (s, 1H), 6.99 - 6.82 (m, 2H), 6.62 (br d, ] = 8.6 Hz,
pyrazolo[3,4-c]pyridin-3- 1H), 5.25(dd, J=5.4, 12.8 Hz, 1H), 4.64 - 4.54
yl]pyrimidin-4- (m, 1H), 4.46 (br dd, J =3.6, 5.7 Hz, 2H), 3.54 (br
yl}piperidin-4- d,J=11.6 Hz, 2H), 3.31 - 3.27 (m, 3H), 3.05 -
yl)methyl]piperazin-1- 2.81 (m, 4H), 2.70 - 2.55 (m, 4H), 2.22 - 1.92 (m,
yl}methyl)piperidin-1-yl]- 7H), 1.80 (br d, J = 10.6 Hz, 4H), 1.70 (br s, 1H),
2-o0x0-3-(propan-2-yl)-2,3- 1.61 (s, 4H), 1.44 (d,J =69 Hz, 6H), 1.30-1.18
dihydro-1H-1,3- (m, 2H), 1.03 (brd, J = 11.4 Hz, 2H), 0.95 (s, 6H),
benzodiazol-1- 0.94 -0.91 (m, 2H), 0.79 - 0.72 (m, 2H)
yl}piperidine-2,6-dione

52 rel-3-[2-ox0-3-(propan-2- | 8324 5=11.29-10.89 (m, 1H), 8.79 (s, 1H), 8.70 - 8.59
y1)-5-(4-{[(1r,4r)-4-[(4-{6- (m, 1H), 8.22 (s, 1H), 7.80 (s, 1H), 7.39 (s, 1H),
[5-(1- 7.00 - 6.83 (m, 2H), 6.72 - 6.54 (m, 1H), 5.34 -
methylcyclopropoxy)-1H- 5.12 (m, 1H), 4.67 - 4.50 (m, 1H), 3.75 - 3.64 (m,
pyrazolo[3,4-c]pyridin-3- 4H), 3.61 - 3.49 (m, 2H), 2.95 - 2.76 (m, 4H), 2.73
yl]pyrimidin-4- -2.56 (m, 3H), 2.45 - 2.38 (m, 4H), 2.13 (brd, J =
yl}piperazin-1- 7.1 Hz, 2H), 2.02 - 1.87 (m, 5H), 1.85 - 1.77 (m,
y)methyl]cyclohexyl]oxy} 2H), 1.62 (s, 3H), 1.59 - 1.49 (m, 3H), 1.45(d, J =
piperidin-1-yl)-2,3- 6.8 Hz, 6H), 1.24 - 1.11 (m, 2H), 1.00 - 0.86 (m,
dihydro-1H-1,3- 4H), 0.85 - 0.72 (m, 2H)
benzodiazol-1-
yl]piperidine-2,6-dione

53 rel-3-[2-ox0-3-(propan-2- | 832.4 0=11.30-10.87 (m, 1H), 8.90 - 8.73 (m, 1H),

yD)-5-(4-{[(1r,4r)-4-[(4-{6-
[5-(1-
methylcyclopropoxy)-1H-
pyrazolo[3,4-c]pyridin-3-
yl]pyrimidin-4-
yl}piperazin-1-
yDmethyl]cyclohexyl]oxy }
piperidin-1-yl)-2,3-
dihydro-1H-1,3-

8.79 (s, 1H), 8.65 (s, 1H), 8.20 (s, 1H), 7.80 (s,
1H), 7.39 (s, 1H), 6.96 - 6.81 (m, 2H), 6.63 (br d, J
=9.4 Hz, 1H), 5.32 - 5.14 (m, 1H), 4.68 - 4.49 (m,
1H), 3.67 (br s, 6H), 2.95 - 2.77 (m, 3H), 2.73 -
2.57 (m, 2H), 2.54 - 2.51 (m, 2H), 2.43 (br s, 4H),
2.16 (br d, J = 6.9 Hz, 2H), 2.04 - 1.83 (m, 3H),
1.74 - 1.66 (m, 2H), 1.63 - 1.38 (m, 12H), 1.36 -
1.14 (m, 3H), 1.00 - 0.89 (m, 2H), 0.85 - 0.70 (m,
2H)
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benzodiazol-1-
yl]piperidine-2,6-dione

54 rel-3-[3-methyl-2-oxo0-5- 805.5 8=13.54-13.37 (m, 1H), 11.08 - 10.97 (m, 1H),
(4-{[(1r,41)-4-[(4-{6-[5- 8.71 - 8.56 (m, 1H), 8.15 - 8.12 (m, 1H), 8.11 -
(tert-butoxy)-1H-indazol- 8.06 (m, 1H), 7.53 - 7.47 (m, 1H), 7.41 - 7.35 (m,
3-yl]pyrimidin-4- 1H), 7.13 - 7.05 (m, 1H), 6.95 - 6.89 (m, 1H), 6.85
yl}piperazin-1- - 6.80 (m, 1H), 6.66 - 6.59 (m, 1H), 5.28 (dd, J =
yl)methyl]cyclohexyl]oxy} 5.4,12.9Hz, 1H), 3.74 - 3.63 (m, 4H), 3.62 - 3.56
piperidin-1-yl)-2,3- (m, 1H), 3.46 - 3.41 (m, 3H), 3.30 - 3.27 (m, 3H),
dihydro-1H-1,3- 291-2.77 (m, 3H),2.71 - 2.61 (m, 2H), 2.44 -
benzodiazol-1- 237 (m, 4H), 2.17 - 2.09 (m, 2H), 2.03 - 1.87 (m,
vl]piperidine-2,6-dione 5H), 1.84 - 1.75 (m, 2H), 1.61 - 1.45 (m, 3H), 1.35

-1.29 (m, 9H), 1.22 - 1.10 (m, 2H), 0.99 - 0.83 (m,
2H)

55 rel-3-[3-methyl-2-0x0-5- 791.4 d=13.39 (brs, 1H), 11.06 (br s, 1H), 8.65 (s, 1H),
(4-{[(1r,41)-4-[(4-{6-[5- 8.17 (s, 1H), 7.97 (s, 1H), 7.50 (d, J = 9.0 Hz, 1H),
(propan-2-yloxy)-1H- 7.37 (s, 1H), 7.09 - 7.00 (m, 1H), 6.92 (d,J =8.6
indazol-3-yl]pyrimidin-4- Hz, 1H), 6.83 (d, J = 1.9 Hz, 1H), 6.69 - 6.56 (m,
yl}piperazin-1- 1H), 5.45 -5.11 (m, 1H), 4.72 - 4.44 (m, 1H), 3.74
yl)methyl]cyclohexyl]oxy } -3.62 (m, 4H), 3.60 - 3.54 (m, 1H), 3.47 - 3.37 (m,
piperidin-1-y1)-2,3- 4H), 3.30 (br s, 3H), 2.83 (br d, J = 11.9 Hz, 2H),
dihydro-1H-1,3- 2.75-2.61 (m, 2H), 2.42 (br s, 4H), 2.12 (br d, J =
benzodiazol-1- 7.0 Hz, 2H), 2.00 - 1.86 (m, 5H), 1.81 (brd, J =
yl]piperidine-2,6-dione 12.4 Hz, 2H), 1.61 - 1.46 (m, 3H), 1.30 (d, J =6.0

Hz, 6H), 1.22 - 1.10 (m, 2H), 0.97 - 0.83 (m, 2H)

56 rel-3-[2-ox0-3-(propan-2- | 833.5 d=13.46 (s, 1H), 11.05 (s, 1H), 8.65 (s, 1H), 8.17
y1)-5-(4-{[(1r,4r)-4-[(4-{6- (s, 1H),8.09 (d,J =1.8 Hz, 1H), 7.50 (d, ] = 8.8
[S-(tert-butoxy)-1H- Hz, 1H), 7.39 (s, 1H), 7.08 (dd, J = 2.1, 8.9 Hz,
indazol-3-yl]pyrimidin-4- 1H), 6.96 - 6.85 (m, 2H), 6.66 - 6.58 (m, 1H), 5.26
yl}piperazin-1- (brdd,J=52,12.8 Hz, 1H), 4.64 - 4.51 (m, 1H),
yl)methyl]cyclohexyl]oxy} 3.67 (brs, 4H), 3.56 (td, ] = 4.3, 8.1 Hz, 1H), 3.41
piperidin-1-yl)-2,3- (brs, 3H),2.94 - 2.77 (m, 4H), 2.65 - 2.59 (m,
dihydro-1H-1,3- 2H), 2.42 (br s, 4H), 2.13 (br d, J = 6.6 Hz, 2H),
benzodiazol-1- 1.99 - 1.86 (m, SH), 1.82 (br d, J =12.0 Hz, 2H),
yl]piperidine-2,6-dione 1.58 - 1.51 (m, 2H), 1.45 (d, ] = 6.8 Hz, 6H), 1.32

(s, 9H), 1.17 (br d, J = 11.4 Hz, 2H), 0.97 - 0.82
(m, 2H)
57 rel-3-[2-ox0-3-(propan-2- 8194 d=28.65 (s, 1H), 7.97 (s, 1H), 7.50 (d, ] = 9.0 Hz,

yD)-5-(4-{[(1r,4r)-4-[(4-{6-
[5-(propan-2-yloxy)-1H-
indazol-3-yl|pyrimidin-4-
yl}piperazin-1-
yDmethyl]cyclohexyl]oxy}
piperidin-1-yl)-2,3-
dihydro-1H-1,3-

1H), 7.37 (s, 1H), 7.05 (dd, J = 2.3, 8.9 Hz, 1H),
6.97 - 6.84 (m, 2H), 6.62 (br d, J = 8.6 Hz, 1H),
5.26 (br dd, J = 5.6, 12.2 Hz, 1H), 4.66 - 4.53 (m,
2H), 3.66 (br s, 4H), 3.60 - 3.49 (m, 1H), 3.37 (br
d,J=8.0 Hz, 3H), 2.80 (br t, J = 10.3 Hz, 2H),
2.67-2.61 (m, 1H), 2.42 (brs, 4H), 2.12 (br d, J =
7.0 Hz, 2H), 2.00 - 1.86 (m, SH), 1.84 - 1.77 (m,
2H), 1.55 (brd, J = 9.6 Hz, 2H), 1.44 (brd, ] = 6.8

170




WO 2025/072629

PCT/US2024/048800

benzodiazol-1-
yl]piperidine-2,6-dione

Hz, 6H), 131 (d,J = 6.0 Hz, 6H), 1.23 (s, 3H),
1.19 - 1.11 (m, 2H), 0.94 - 0.83 (m, 2H)

58 rel-3-[2-ox0-3-(propan-2- | 834.4 8 =14.65-13.29 (m, 1H), 11.33 - 10.92 (m, 1H),
yD)-5-(4-{[(1r,4r)-4-[(4-{6- 8.77 (s, 1H), 8.65 (s, 1H), 7.70 (s, 1H), 7.38 (s,
[S-(tert-butoxy)-1H- 1H), 6.98 - 6.80 (m, 2H), 6.62 (br d, ] = 8.6 Hz,
pyrazolo[3,4-c]pyridin-3- 1H), 5.33 - 5.20 (m, 1H), 4.66 - 4.47 (m, 1H), 3.67
yl]pyrimidin-4- (brs, 4H), 3.56 (br s, 2H), 2.88 - 2.74 (m, 3H),
yl}piperazin-1- 2.70 - 2.52 (m, 4H), 2.41 (br s, 4H), 2.12 (br d, J =
yD)methyl]cyclohexyl]oxy} 6.5 Hz, 2H), 2.03 - 1.87 (m, 5SH), 1.81 (brd, J =
piperidin-1-yl)-2,3- 11.6 Hz, 2H), 1.58 - 1.39 (m, 17H), 1.23 - 1.11 (m,
dihydro-1H-1,3- 2H), 0.97 - 0.83 (m, 2H)
benzodiazol-1-
yl]piperidine-2,6-dione

59 rel-3-[2-ox0-3-(propan-2- | 820.4 8 =13.87 (s, IH), 11.06 (s, 1H), 8.77 (s, 1H), 8.64
yD)-5-(4-{[(1r,4r)-4-[(4-{6- (s, 1H), 7.66 (s, 1H), 7.38 (s, 1H), 7.03 - 6.81 (m,
[5-(propan-2-yloxy)-1H- 2H), 6.63 (brd, J =8.6 Hz, 1H), 5.34 - 5.12 (m,
pyrazolo[3,4-c]pyridin-3- 2H), 4.66 - 4.50 (m, 1H), 3.74 - 3.64 (m, 4H), 3.60
yl]pyrimidin-4- -3.54 (m, 1H), 3.45 - 3.38 (m, 4H), 2.89 - 2.76 (m,
yl}piperazin-1- 3H), 2.65 - 2.57 (m, 2H), 2.42 (br s, 4H), 2.13 (br
yl)methyl]cyclohexyl]oxy } d,J=6.8 Hz, 2H), 1.98 - 1.86 (m, SH), 1.84 - 1.77
piperidin-1-yl)-2,3- (m, 2H), 1.60 - 1.52 (m, 2H), 1.45 (d, J = 6.8 Hz,
dihydro-1H-1,3- 6H), 1.31 (d, J = 6.1 Hz, 6H), 1.21 - 1.12 (m, 2H),
benzodiazol-1- 0.98 - 0.85 (m, 2H)
yl]piperidine-2,6-dione

60 rel-3-[3-methyl-2-oxo0-5- 763.3 8=13.53-13.26 (m, 1H), 11.19 - 10.90 (m, 1H),
(4-{[(1r,4r)-4-({4-[6-(5- 8.72 -8.57 (m, 1H), 8.24 - 8.12 (m, 1H), 8.03 -
methoxy-1H-indazol-3- 7.85 (m, 1H), 7.60 - 7.46 (m, 1H), 7.43 - 7.32 (m,
yD)pyrimidin-4- 1H), 7.12 - 7.02 (m, 1H), 6.97 - 6.89 (m, 1H), 6.86
yl]piperazin-1- -6.74 (m, 1H), 6.68 - 6.50 (m, 1H), 5.35 - 5.20 (m,
yl}methyl)cyclohexyl]oxy} 1H), 3.92 - 3.77 (m, 3H), 3.75 - 3.60 (m, 4H), 3.60
piperidin-1-yl)-2,3- -3.54 (m, 1H), 3.47 - 3.38 (m, 4H), 3.22 - 3.12 (m,
dihydro-1H-1,3- 1H), 2.97 - 2.86 (m, 1H), 2.86 - 2.76 (m, 2H), 2.59
benzodiazol-1- (brs, 3H), 2.45 -2.37 (m, 4H), 2.18 - 2.08 (m,
yl]piperidine-2,6-dione 2H), 2.04 - 1.85 (m, SH), 1.85 - 1.72 (m, 2H), 1.62

- 1.41 (m, 3H), 1.27 - 1.09 (m, 2H), 1.02 - 0.79 (m,
2H)

61 rel-3-[3-methyl-2-0x0-5- 7774 5=13.51-13.28 (m, 1H), 11.12 - 10.87 (m, 1H),

(4-{[(1r,4r)-4-({4-[6-(5-
ethoxy-1H-indazol-3-
yl)pyrimidin-4-
yl]piperazin-1-
yl}methyl)cyclohexyl]oxy}
piperidin-1-yl)-2,3-
dihydro-1H-1,3-
benzodiazol-1-
yl]piperidine-2,6-dione

8.70 - 8.54 (m, 1H), 8.20 - 8.17 (m, 0.11H), 8.00 -
7.85 (m, 1H), 7.55 - 7.44 (m, 1H), 7.41 - 7.30 (m,

1H), 7.10 - 6.98 (m, 1H), 6.95 - 6.87 (m, 1H), 6.86
-6.76 (m, 1H), 6.69 - 6.51 (m, 1H), 5.34 - 5.22 (m,
1H), 4.12 - 3.98 (m, 2H), 3.77 - 3.59 (m, 4H), 3.58
-3.53 (m, 1H), 3.48 - 3.44 (m, 1H), 3.42 - 3.40 (m,
2H), 3.30 - 3.29 (m, 3H), 2.95 - 2.76 (m, 3H), 2.70
-2.58 (m, 2H), 2.44 - 2.39 (m, 4H), 2.18 - 2.05 (m,
2H), 2.05 - 1.84 (m, 5H), 1.84 - 1.69 (m, 2H), 1.63
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~1.42 (m, 3H), 1.42 - 1.31 (m, 3H), 1.26 - 1.04 (m,
2H), 1.00 - 0.78 (m, 2H)

62 rel-1-{3-[6-(4-{[(1r,4r)-4- | 8124 8=13.76 - 13.56 (m, 1H), 11.16 - 10.94 (m, 1H),
({1-[1-(2,6-dioxopiperidin- 8.71 - 8.64 (m, 1H), 8.60 - 8.55 (m, 1H), 8.24 -
3-yl)-3-methyl-2-ox0-2,3- 8.17 (m, 1H), 7.74 - 7.64 (m, 1H), 7.54 - 7.45 (m,
dihydro-1H-1,3- 1H), 7.44 - 7.35 (m, 1H), 6.98 - 6.88 (m, 1H), 6.86
benzodiazol-5-yl]piperidin- -6.78 (m, 1H), 6.68 - 6.56 (m, 1H), 5.36 - 5.22 (m,
4- 1H), 3.75 - 3.65 (m, 4H), 3.62 - 3.56 (m, 1H), 3.46
yl}oxy)cyclohexylmethyl } -3.42 (m, 2H), 3.29 - 3.26 (m, 3H), 2.90 - 2.76 (m,
piperazin-1-yl)pyrimidin- SH), 2.74 - 2.62 (m, 4H), 2.45 - 2.39 (m, 4H), 2.27
4-yl]-1H-indazol-5- (brs, 2H),2.16 -2.10 (m, 2H), 2.07 - 1.86 (m,
yl}cyclobutane-1- 6H), 1.85-1.76 (m, 2H), 1.62 - 1.43 (m, 3H), 1.24
carbonitrile - 1.08 (m, 2H), 0.97 - 0.82 (m, 2H)

63 rel-1-{3-[6-(4-{[(1r,4r)-4- | 798.5 8 =13.62 (brs, 1H), 11.05 (s, 1H), 8.69 (s, 1H),
({1-[1-(2,6-dioxopiperidin- 8.61(d,J=1.1Hz 1H), 8.15(s, 1H), 7.63 (d, J =
3-yl)-3-methyl-2-ox0-2,3- 8.9 Hz, 1H), 7.41 (s, 1H), 7.36 (dd, J = 1.9, 8.8 Hz,
dihydro-1H-1,3- 1H), 6.92 (d, J=8.6 Hz, 1H), 6.83 (d, ] =2.0 Hz,
benzodiazol-5-yl]piperidin- 1H), 6.63 (dd,J=1.9,8.7Hz, 1H), 5.28 (dd, J =
4- 5.3,12.8 Hz, 1H), 3.68 (br s, 4H), 3.56 (brd, J =
yl}oxy)cyclohexyl Jmethyl} 4.0 Hz, 2H), 3.43 - 3.41 (m, 2H), 3.30 (br s, 3H),
piperazin-1-yl)pyrimidin- 291 -2.78 (m, 3H), 2.71 - 2.60 (m, 2H), 2.42 (br
4-yl]-1H-indazol-5- s, 4H), 2.13 (brd, J = 6.9 Hz, 2H), 2.02 - 1.86 (m,
yl}cyclopropane-1- 5H), 1.85 - 1.74 (m, 4H), 1.61 - 1.43 (m, SH), 1.17
carbonitrile (brd,J=13.5 Hz, 2H), 0.98 - 0.85 (m, 2H)

64 rel-5-{3-[6-(4-{[(1r,4r)-4- | 8384 8=13.78 -13.53 (m, 1H), 11.13 - 10.86 (m, 1H),
({1-[1-(2,6-dioxopiperidin- 8.78 - 8.59 (m, 2H), 7.76 - 7.63 (m, 1H), 7.61 -
3-yl)-3-methyl-2-ox0-2,3- 7.52 (m, 1H), 7.49 - 7.32 (m, 1H), 6.98 - 6.87 (m,
dihydro-1H-1,3- 1H), 6.86 - 6.77 (m, 1H), 6.68 - 6.56 (m, 1H), 5.35
benzodiazol-5-yl]piperidin- -5.19 (m, 1H), 3.58 (br s, 4H), 3.58 - 3.49 (m,
4- 1H), 3.46 - 3.38 (m, 2H), 3.37 - 3.33 (m, 1H), 3.30
yl}oxy)cyclohexyl Jmethyl} (s, 3H), 2.97 - 2.92 (m, 2H), 2.91 - 2.85 (m, 2H),
piperazin-1-yl)pyrimidin- 2.85-274 (m,3H),2.70 - 2.57 (m, 2H), 2.47 -
4-yl]-1H-indazol-5- 231 (m, 4H), 2.19 - 2.03 (m, 2H), 2.01 - 1.86 (m,
yl}spiro[2.3 ]hexane-5- S5H), 1.81 (brd, J=11.9 Hz, 2H), 1.60 - 1.43 (m,
carbonitrile 3H), 1.22 - 1.06 (m, 2H), 1.00 - 0.81 (m, 2H), 0.79

- 0.65 (m, 2H), 0.63 - 0.47 (m, 2H)
65 (1IR**)-1-{3-[6-(4- 8244 d=13.61 (brs, 1H), 11.05 (s, 1H), 8.78 - 8.53 (m,

{[(1r*,4r*)-4-({ 1-[1-(2,6-
dioxopiperidin-3-yl)-3-
methyl-2-0x0-2,3-dihydro-
1H-1,3-benzodiazol-5-
yl]piperidin-4-
yl}oxy)cyclohexyl methyl}
piperazin-1-yl)pyrimidin-
4-yl]-1H-indazol-5-

2H), 8.17 (s, 1H), 7.64 (d, ] = 8.9 Hz, 1H), 7.41 (s,
1H), 7.32 - 7.21 (m, 1H), 6.93 (d, J = 8.5 Hz, 1H),
6.83 (d, J = 2.0 Hz, 1H), 6.67 - 6.47 (m, 1H), 5.39
-5.19 (m, 1H), 3.68 (br s, 4H), 3.62 - 3.52 (m,
3H), 3.48 - 3.43 (m, 4H), 2.95 - 2.88 (m, 1H), 2.85
-2.78 (m, 2H), 2.74 - 2.61 (m, 2H), 2.43 (brs,
4H), 2.28 (d,J = 5.0 Hz, 1H), 2.13 (br d,J = 6.8
Hz, 2H), 2.04 - 1.87 (m, 6H), 1.82 (brd, J=12.1
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yl}spiro[2.2]pentane-1-
carbonitrile

Hz, 2H), 1.63 - 1.43 (m, 3H), 1.27 - 1.11 (m, SH),
1.01 - 0.85 (m, 3H)

66 (IR**)-1-{3-[6-(4- 824 4 d3=13.60 (s, 1H), 11.04 (s, 1H), 8.73 - 8.53 (m,
{[(1r* 4r*)-4-({ 1-[1-(2,6- 2H), 8.12 (s, 1H), 7.62 (d, ] = 8.8 Hz, 1H), 7.41 (s,
dioxopiperidin-3-yl)-3- 1H), 7.29 - 7.19 (m, 1H), 6.91 (d, J =8.5 Hz, 1H),
methyl-2-ox0-2,3-dihydro- 6.82 (d, J=2.0Hz, 1H), 6.65 - 6.58 (m, 1H), 5.33
1H-1,3-benzodiazol-5- -5.19 (m, 1H), 3.76 - 3.48 (m, 5H), 3.46 - 3.33 (m,
yl]piperidin-4- 4H), 3.22 (br s, 2H), 2.93 - 2.75 (m, 3H), 2.70 -
yl}oxy)cyclohexylmethyl } 2.60 (m, 2H), 2.36 (br s, 4H), 2.27 (d, J = 5.1 Hz,
piperazin-1-yl)pyrimidin- 1H), 2.22 - 2.08 (m, 2H), 2.02 - 1.86 (m, 6H), 1.81
4-yl]-1H-indazol-5- (brd,J=12.6 Hz, 2H), 1.61 - 1.40 (m, 3H), 1.24 -
yl}spiro[2.2]pentane-1- 1.10 (m, SH), 1.00 - 0.82 (m, 3H)
carbonitrile

67 rel-3-[6-bromo-3-methyl- | 884.3 d=13.89 (brs, 1H), 11.06 (s, 1H), 8.78 (s, 1H),
2-0x0-5-(4-{[(11,4r)-4-[(4- 8.65 (s, 1H), 7.80 (s, 1H), 7.48 - 7.34 (m, 2H),
{6-[5-(1- 7.08 (s, 1H), 5.42 - 5.24 (m, 1H), 3.79 - 3.48 (m,
methylcyclopropoxy)-1H- 5H), 3.39 -3.32 (m, 4H), 3.13 - 3.05 (m, 2H), 2.91
pyrazolo[3,4-c]pyridin-3- -2.81 (m, 1H), 2.79 - 2.72 (m, 2H), 2.68 - 2.56 (m,
yl]pyrimidin-4- 2H), 2.42 (br s, 4H), 2.13 (br d, J = 6.5 Hz, 2H),
yl}piperazin-1- 2.00 - 1.88 (m, 5H), 1.82 (brd, J = 11.6 Hz, 2H),
yl)methyl]cyclohexyl]oxy } 1.68 - 1.57 (m, SH), 1.54 - 1.42 (m, 1H), 1.27 -
piperidin-1-y1)-2,3- 1.09 (m, 2H), 1.01 - 0.87 (m, 4H), 0.82 - 0.68 (m,
dihydro-1H-1,3- 2H)
benzodiazol-1-
yl]piperidine-2,6-dione

68 3-[3-methyl-2-0x0-5-(4- 804.6 8=13.91(brt,J=12.0 Hz, 1H), 11.27 - 10.92 (m,
{[(1s,4s)-4-[(4-{6-[5-(1- 1H), 8.79 (d, ] = 0.8 Hz, 1H), 8.64 (d, ] = 0.8 Hz,
methylcyclopropoxy)-1H- 1H), 7.79 (s, 1H), 7.38 (s, 1H), 6.92 (d, ] = 8.4 Hz,
pyrazolo[3,4-c]pyridin-3- 1H), 6.83 (d, ] =2.0 Hz, 1H), 6.63 (dd,J=2.0, 8.4
yl]pyrimidin-4- Hz, 1H), 5.28 (br dd, ] =5.2, 12.4 Hz, 1H), 3.67
yl}piperazin-1- (brs, SH), 3.56 - 3.47 (m, 1H), 3.46 - 3.38 (m,
yDmethyl]cyclohexyl]oxy} 2H), 3.30 (s, 3H), 2.95 - 2.79 (m, 3H), 2.71 - 2.56
piperidin-1-yl)-2,3- (m, 2H), 2.43 (br s, 4H), 2.23 - 2.12 (m, 2H), 2.03
dihydro-1H-1,3- - 1.95 (m, 1H), 1.89 (br d, J = 10.4 Hz, 2H), 1.70
benzodiazol-1- (brdd, J=32, 8.4 Hz, 2H), 1.61 (s, 3H), 1.60 -
yl]piperidine-2,6-dione 1.38 (m, 7H), 1.36 - 1.20 (m, 2H), 0.98 - 0.89 (m,

2H), 0.80 - 0.72 (m, 2H)

69 3-{4-[4-({3,3-dimethyl-4- | 800.6 5 =13.38 (s, 1H), 11.17 (s, 1H), 8.64 (s, 1H), 8.15

[(1-{6-[5-(1-
methylcyclopropoxy)-1H-
indazol-3-yl|pyrimidin-4-
yl}piperidin-4-
yl)methyl]piperazin-1-
yl}methyl)piperidin-1-yl]-
1H-1,3-benzodiazol-1-
yl}piperidine-2,6-dione

(d,J=2.0 Hz, 1H), 8.13 (s, 1H), 8.11 (s, 1H), 7.51
(d,J =52 Hz, 1H), 7.43 - 7.35 (m, 1H), 7.12 -
7.03 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H), 6.59 - 6.48
(m, 1H), 5.71 - 5.49 (m, 1H), 4.61 - 4.37 (m, 2H),
437 - 4.17 (m, 2H), 3.30 (br s, 4H), 3.06 - 2.84
(m, SH), 2.81 - 2.69 (m, SH), 2.25 - 2.14 (m, 4H),
1.89 - 1.63 (m, 6H), 1.54 (s, 3H), 1.41 - 1.22 (m,
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6H), 1.17 - 0.99 (m, 4H), 0.96 - 0.93 (m, 2H), 0.79
- 0.75 (m, 2H)

70 3-{4-[4-({4-[(1-{6-[5-(1- 772.6 3=13.37 (s, 1H), 11.17 (s, 1H), 8.63 (s, 1H), 8.15
methylcyclopropoxy)-1H- (s, 1H), 8.13 (s, 1H), 8.12 (s, 1H), 7.51 (d,J =9.2
indazol-3-yl|pyrimidin-4- Hz, 1H), 7.38 (s, 1H), 7.14 - 7.03 (m, 2H), 7.01 -
yl}piperidin-4- 6.92 (m, 1H), 6.60 - 6.48 (m, 1H), 5.62 (dd, J =
yl)methyl]piperazin-1- 5.2,12.8 Hz, 1H), 4.57 - 436 (m, 2H), 4.34 - 4.23
yl}methyl)piperidin-1-yl]- (m, 2H), 3.20 - 2.84 (m, 7H), 2.83 - 2.69 (m, 6H),
1H-1,3-benzodiazol-1- 2.30-2.12 (m, 5H), 1.83 (brd, J =12.0 Hz, 8H),
yl}piperidine-2,6-dione 1.54 (s, 3H), 1.43 - 1.29 (m, 2H), 1.21 - 1.06 (m,

2H), 0.97 - 0.91 (m, 2H), 0.80 - 0.75 (m, 2H)
Biological Assays
[00612] Exemplary assay for testing LRRK2 degradation driven by exemplary hetero-

bifunctional compounds designed to target LRRK2

[00613]

The assay measures the degradation of LRRK2 in cells where the C-terminus (3’) of

the endogenous gene has been tagged with a HiBit sequence in HEK293 cells. The cells also

express firefly lucisferase, expressed from a Cytomegalovirus promoter and introduced into the

HiBit tagged cells and stably expressed. The Nano-Glo® Dual Luciferase Reporter Assay System

(Promega™, Madison, WI) was utilized.

[00614]

Day 1 - Preparation of Compound and Assay Plates. Two sets of plates were

prepared: a triplicate set for the HiBit assay in white 384-well plates and a triplicate set of plate

in black 384-well plates for the Alamar Blue cell viability assay. Briefly, the growth media

(DMEM+Glutamax-10% fetal bovine serum-1% Penicillin-Streptomicin) from two T128 flasks

was aspirated from the flasks. Cells were washed with Dulbecco’s Phosphate Buffered Saline

(dPBS) and aspirated. Trypsin (3 mL per flask) was added and the flasks were incubated for 2-3

minutes.

[00615]

Ten mL of OptiMEM-10% fetal bovine-1% penicillin-streptomycin (hereinafter,
p p ptomy

“OptiMEM media”) was added to the flask and the cells and transferred to a 50 mL conical tube.

A cell count (25ul of cell into Effendorf vial + 25ul of Trypan Blue Stain) was performed and the
cell density adjusted to 15,000 cell/45 pl/well (3.33 x 10"5/mL) in OptiMEM media.

[00616]

Fourty-five microliters of the cell suspension (15,000 cells) was aliquoted to each

well of the white 384-well plate. The plates incubated at room temperature for 10 minutes before

being placed in the 37°C + 5% COx3 incubator overnight
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[00617] Day 2 - Compound Treatment. Exemplary compounds were prepared at a 1 mM
starting concentration and 1:3 serial dilution for 11 points CRC prepared and stored in the
freezer. The Master Compound Plate was thawed overnight at room temperature. DMSO (20 pL)
was added into column 24 of the Master Compound Plate for negative control and 20 pL of 300
uM of Compound 4 in column 23 as positive control.

[00618] Intermediate Compound Plate with 4% DMSO in OptiMEM Media. DMSO was
added to warm OptiMEM media to achieve a 4% DMSO solution (approximately 50 mL/plate).
One-hundred microliters of the OptiMEM-4% DMSO was aliquoted to each well of 384-Well
Deep Well Microplates.

[00619] The Master Compound Plate and the Intermediate Compound Plate were spun down.
[00620] One microliter of compound from the Master Compound Plate was transferred into
the Intermediate plate (a 1:100 dilution). The diluted mixture was mixed and 5 pL transferred
into the assay plate (a 1:10 dilution) for the final starting concentration of 1 uM. The Treated
Assay plates were incubated for 24 hours at 37°C + 5% COa. The Master Compound Plate was
sealed and store at room temperature for a second run that was performed within a week.
[00621] Day 3 - HiBit Assay. Five microliters of Alamar Blue was added to each well of the
black 384-well plates. The plates were incubated for 2 hours in the incubator (37°C + 5% COy)
and at room temperature for one hour. Fluorescence of each plate was read on a plated reader for
the Alamar Blue viability assay.

[00622] One set of white assay plates was warmed to room temperature (45 minute).

[00623] The One Glo luciferase mixture was prepared. The media from white 384-well assay
plates was aspirated. Twenty-five uL of the One Glo luciferase mixture was added to each well
of the assay plates. The plates were incubated on the bench (room temperature) for 45 minutes,
including 10 minutes of shaking at 700 rpm. The luminescence of each plate was read on a plate
reader.

[00624] 1:100 DLR substrate and 1:100 LgBiT Protein dilution were added to the Promega
Stop and Glo buffer and mixed just before addition to assay plates. Twenty-five microliters of
Stop and Glo mixture was added to each well. Assay plates incubated for at least 45 minutes,
including 10 minutes of shaking at 700 rpm. The luminescence of each plate was read on a plate

reader.
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[00625] Analysis of LRRK2 HiBit Screening assays. As mentioned above, plates were run in
triplicate and the assay repeated twice (total of 6 replicate for exemplary compounds). For each
treatment, measurements were taken for firefly luciferase for cell number, cell viability (Alamar
Blue), and Nanoluc for the LRRK2-HiBit quantification.

[00626] The LRRK2 HiBit and alamar blue signal was normalized to % DMSO median value
for each plate. Curve fitting was performed on each compound for replicates across three plates.

[00627] Data for compounds disclosed herein is provided in Table 2.

Table 2.
Compound No. \*)VT LRRK2 WT LRRK2
DCso (nM) **Dmax (%)
1 0.14 53
2 0.18 55
3 28 30
4 75 62
5 1000 NT
6 0.17 58
7 6.4 64
8 1.2 65
9 1.2 66
10 45 69
11 1.6 62
12 0.17 64
13 1 64
14 0.22 58
15 15 59
16 1000 **%¥nd
17 1000 **%*nd
18 3.9 74
19 28 76
20 0.56 40
21 1000 *¥¥nd
22 0.14 46
23 0.56 45
24 0.46 49
25 0.32 48
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26 1.1 69
27 0.25 57
28 17 60
29 0.16 54
30 0.065 48
31 160 61
32 0.33 51
33 0.14 62
34 0.42 57
35 0.052 50
36 0.079 60
37 0.053 64
38 1.2 53
39 4.9 56
40 42 59
41 3.7 49
42 52 42
43 6.2 49
44 6.3 50
45 3.9 56
46 2.1 90
47 24 100
48 0.14 56
49 0.44 55
50 0.48 43
51 1.1 64
52 0.28 53
53 0.59 54
54 0.33 53
55 1.5 53
56 0.95 43
57 0.64 51
58 33 70
59 0.74 41
60 0.67 38
61 0.51 48
62 0.3 54
63 0.13 56
64 0.16 63
65 0.13 64
66 0.14 61
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67 59 90
68 1.2 35
69 5 50
70 20 33

NT = Not Tested
[00628] As shown below in Table 3, certain compounds comprising a 3-(3-methyl-2-ox0-2,3-
dihydro-1H-benzo[d]imidazol-1-yl)piperidine-2,6-dione group attached to variable (L), in the
described compounds had improved activity over the following direct comparators, in particular
those bearing a 3-(4-methoxy-1-oxoisoindolin-2-yl)piperidine-2,6-dione group. For example,
Compound 1 showed over a 40-fold increase in WT LRRK2 DCso activity when compared to
Comparator Example 1, which comprises a 3-(4-methoxy-1-oxoisoindolin-2-yl)piperidine-2,6-
dione group attached to variable (L),. Compounds 6, 12, 14, and 48 when compared to
Comparator Examples 2, 4, 5, and 6, respectively, all showed a similar trend. These data, along
with the additional data presented in Table 3 evidence activity improvements arising from the

use of the 3-(3-methyl-2-ox0-2,3-dihydro-1H-benzo[d]imidazol-1-yl)piperidine-2,6-dione group.

Table 3.
WT WT
Compound L L
*DCso | **Dmax
(nM) (%)
7\
k/N\'
0.14 53
0
OCNQ L
N
o]
/o
Compound No. 1
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5.6 52

43 65

Q 0.17 58
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Comparative Example 2

ﬁl{\lr O/\C o O/Q::)_ 52 52
NN
Aio

Compound No. 42

HN~{\] ) O/\O\OO/@::/) 6.2 49

|
NN
Aio

Compound No. 43

F

éj\(\l( O/\O\o Oﬁ:) 6.3 50
NN

Aio

Compound No. 44
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0]
HN
o]
N
?
HN-N (\N N N 39 56
! N F
2 | (o)
NN
Do
Compound No. 45
H
N\
FoAK m
O
%
N\QN\ NQi”(:) @‘N 2 0.22 58
NH
6]
Compound No. 14
O
><i\> 1.6 65
o. H
Oy
o}
Comparative Example S
/©/\S\>\ @ 1 .
o]
Compound No. 13
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NS

So \
’ N\N\ NQ\%{;/\CN\Q\NN?/ :H 1.2 53

o
Compound No. 38

ZT

o]
>
P4

N
N N
N/\ \ NQ\%N(:)/\CN\Q‘I\? 0] 49 56
N F

NH

Compound No. 39

ZI

o]
N
4

N
N NQjN(:;/\CNﬁJ 0 42 59
N F NH

o)
Compound No. 40
H
N~
N Rk
0 X\N/\C \ﬁ\lﬁ
N
2
N
\:N\ NQ\/N\) N9 37 49
NH
0]

Compound No. 41
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H
N
ﬂQ%l ¢
N\;N\ ND\/O/\CN\QQSH 0.17 64

o}
Compound No. 12

N 0.79 80
&} -0 oiH);O

O
[o]

Comparative Example 4

N
V
\w NQ\/N \) N 9 1.6 62
N {::NH

>C;> | 0.14 56

o]
Compound No. 48
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1.7 68

Comparative Example 6

0O O
pas e,
o N 0
g ﬂ@ - | -
N
N

Compound No. 9

28 30

NQ\/{;/\CN \@N 1.2 65

Compound No. §

O H
N
o
AC\@ 5 50

Compound No. 69
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(\N/\CN@N ° L5 59

Compound No. 15

NQVO/\C\NﬁN‘K\:):o 20 33

Compound No. 70

[00629] The disclosed subject matter is not to be limited in scope by the specific embodiments
and examples described herein. Indeed, various modifications of the disclosure in addition to
those described will become apparent to those skilled in the art from the foregoing description
and accompanying figures. Such modifications are intended to fall within the scope of the
appended claims.

[00630]  All references (e.g., publications or patents or patent applications) cited herein are
incorporated herein by reference in their entirety and for all purposes to the same extent as if
each individual reference (e.g., publication or patent or patent application) was specifically and
individually indicated to be incorporated by reference in its entirety for all purposes. Other

embodiments are within the following claims.
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CLAIMS

What is claimed is:

1. A compound of Formula (Ia):

(Ia)

or a pharmaceutically acceptable salt thereof,
wherein:

X'is CR' or N;

X?is H, C1 alkyl, or O;

R!, R% R3 R* and R’ are each independently selected from H, acetyl, halo, C.¢ alkyl, C:-
¢ haloalkyl, Cs.19 cycloalkyl, OCs.s cycloalkyl, and Ci.¢ alkoxy, wherein the Cs.10 cycloalkyl,
OCs.6 cycloalkyl and Ci.¢ alkoxy are optionally substituted with 1 or 2 C1.¢ alkyl or cyano;

RS is halo or Ci3 alkyl;

R”is H or C1.3 alkyl;

one === is a double bond, and one === is a single bond; provided that when R*N===C is
a double bond, then R* is absent; and provided that when X? is O, C===X? is a double bond;

each L is independently selected from Ci alkyl, Ca.s alkynyl, C1.¢ haloalkyl, Cis alkoxy,
O, Cs.11 cycloalkyl, and 4—12-membered heterocycloalkyl, wherein Cs.11 cycloalkyl and 4—12-
membered heterocycloalkyl are optionally substituted with 1, 2, or 3 substituents R", wherein
each R" is independently selected from halo, CN, and Ci.¢ alkyl;

nis1,2,3,4,56,7,8,9, or10;

3~ s Ty vy My S

mis 0, 1, or 2.
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2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R is H
or -CHs.
3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, wherein m

is 0 or 1 and R®, when present, is halo.

4. The compound of claim 1, wherein the compound is of Formula (I):

R4
NI\
L || >=x?
X N
(@)
N—R5
o ;
@

or a pharmaceutically acceptable salt thereof, wherein:

X'is CR' or N;

X?isHor O;

R! R? R? R* and R’ are each independently selected from H, acetyl, halo, Ci.¢ alkyl, Ci-
¢ haloalkyl, Cs.6 cycloalkyl, OCs.s cycloalkyl, and Ci.s alkoxy, wherein the Cs. cycloalkyl, OCs.s
cycloalkyl and Ci.¢ alkoxy are optionally substituted with 1 or 2 C1. alkyl;

one === is a double bond, and one === is a single bond; provided that when R*N===C is
a double bond, then R* is absent; and provided that when X? is O, C===X? is a double bond;

each L is independently selected from Ci.s alkyl, Cz2.6 alkynyl, C16 haloalkyl, C1.¢ alkoxy,
O, Cs.11 cycloalkyl, and 4—12-membered heterocycloalkyl, wherein Cs.11 cycloalkyl and 4-12-
membered heterocycloalkyl are optionally substituted with 1, 2, or 3 substituents R", wherein
each R¥ is independently selected from halo, CN, and Ci alkyl; and
nis1,2,3,4,5,6,7,8,9, or 10.
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5. The compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt thereof,
wherein:

X'is CR' or N;

X?isHor O;

R', R% R’ R? and R’ are each independently selected from H, halo, Ci-6 alkyl, C-
cycloalkyl, OCs.6 cycloalkyl, and Ci.¢ alkoxy, wherein Cs.s cycloalkyl, OCs. cycloalkyl, and Ci.¢
alkoxy are optionally substituted with 1 or 2 Ci.6 alkyl;

each L is independently selected from Ci.s alkyl, Cz2.6 alkynyl, C16 alkoxy, O, Cs.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4—12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R", wherein each R" is independently selected
from halo, CN, and Ci.s alkyl; and

nis1,2,3,4,5,6,7, or 8.

6. The compound of any one of claims 1 to 5, or a pharmaceutically acceptable salt thereof,
wherein:

X'isCHor N;

X?isHor O;

R2, R3, R* and R’ are each independently selected from H, C1. alkyl, OCs.¢ cycloalkyl,
and Ci.s alkoxy, wherein OCs.s cycloalkyl, and Ci.s alkoxy are optionally substituted with 1 or 2
C1.4 alkyl;

each L is independently selected from Ci.s alkyl, Co6 alkynyl, Ci6 alkoxy, O, Cs.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4—12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R%, wherein each R is halo or Ci. alkyl; and

nis1,2,3,4,5 oro6.

7. The compound of any one of claims 1 to 6, or a pharmaceutically acceptable salt thereof,
wherein:

X'isCHor N;

X?isHor O;

R? R* and R’ are each independently H or Ci.6 alkyl;
R? is OC3.6 cycloalkyl, optionally substituted with 1 or 2 C1.4 alkyl;
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each L is independently selected from Ci.s alkyl, Ca.¢ alkynyl, Ci.¢ alkoxy, O, C3.11
cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4-12-membered heterocycloalkyl is
optionally substituted with 1 or 2 substituents R%, wherein each R is halo or Ci. alkyl; and

nis1,2,3,4,5 oro6.

8. The compound of any one of claims 1 to 7, or a pharmaceutically acceptable salt thereof,

wherein R? is H.

9. The compound of any one of claims 1 to 8, wherein the compound is a compound of

Formula (II):

R4
Z\ N
- e
XN
O
N—R5
0 2
an
or a pharmaceutically acceptable salt thereof.
10.  The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt thereof,
wherein
R*N===C is a double bond;
X?%is H; and
R*is absent.
11. The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt thereof,
wherein
X?2===C is a double bond; and
X2%is O.
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12.  The compound of any one of claims 1 to 9 and 11, wherein the compound is a compound

of Formula (ITA):

R4
a N
L I =0
N o
N—R5
O 2
(ITA)
or a pharmaceutically acceptable salt thereof.
13.  The compound of any one of claims 1 to 10, wherein the compound is a compound of
Formula (IIB):
2 N
R _N
N7 \
< AN
I
XN
o]
N—R5
O >
(IIB)
or a pharmaceutically acceptable salt thereof.

14. The compound of any one of claims 1 to 5 and 8 to 12, or a pharmaceutically acceptable

salt thereof, wherein R! is H.
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15. The compound of any one of claims 1 to 3 and 8 to 14, or a pharmaceutically acceptable
salt thereof, wherein R? is Ci.4alkoxy, Cs.s cycloalkyl, or OCs.s cycloalkyl, wherein the C3.s
cycloalkyl and OCs.s cycloalkyl are each optionally substituted with 1 or 2 Ci.4 alkyl or cyano.

16.  The compound of any one of claims 1 to 15, or a pharmaceutically acceptable salt

thereof, wherein R? is OCs.s cycloalkyl optionally substituted with 1 or 2 C1.4 alkyl.

17. The compound of any one of claims 1 to 16, or a pharmaceutically acceptable salt

thereof, wherein R? is OCs.s cycloalkyl optionally substituted with C.3 alkyl.

18.  The compound of any one of claims 1-17, or a pharmaceutically acceptable salt thereof,

DL

wherein R? is
19. The compound of any one of claims 1 to 3 and 8 to 15, or a pharmaceutically acceptable

salt thereof, wherein R? is -OCH3, -OCH2CH3, -OCH(CH3),, -OC(CHa)s, , s

R

20. The compound of any one of claims 1 to 9, 11, 12, and 14 to 19, or a pharmaceutically
acceptable salt thereof, wherein R* is H, C1.¢ alkyl, Ci-6 haloalkyl, or C3.10 cycloalkyl, wherein
the Cs.10 cycloalky is optionally substituted with 1 or 2 Ci.s alkyl or cyano.

21. The compound of any one of claims 1t0 9, 11, 12, and 14 to 20, or a pharmaceutically

acceptable salt thereof, wherein R* is C1.3 alkyl.

22. The compound of any one of claims 1 t0 9, 11, 12, and 14 to 21, or a pharmaceutically

acceptable salt thereof, wherein R* is -CHs.
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23. The compound of any one of claims 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein R’ is H, C1.¢ alkyl, C1.¢ haloalkyl, or Cs.10 cycloalkyl, wherein the Cs.10
cycloalky is optionally substituted with 1 or 2 Ci.¢ alkyl or cyano.

24.  The compound of any one of claims 1 to 23, or a pharmaceutically acceptable salt

thereof, wherein R’ is H.

25. The compound of any one of claims 1 to 24, or a pharmaceutically acceptable salt
thereof, wherein each L is independently selected from Ci.s alkyl, Ca.s alkynyl, Ci.s alkoxy, O,
Cs.11 cycloalkyl, and 4-12-membered heterocycloalkyl, wherein 4—12-membered
heterocycloalkyl is optionally substituted with 1 or 2 substituents RY, wherein R is C1.¢ alkyl.

26. The compound of any one of claims 1 to 25, or a pharmaceutically acceptable salt
thereof, whereinnis 2, 3, 4, 5, 6, 7, or 8, and at least two L are 4-12-membered heterocycloalkyl,
wherein the 4-12-membered heterocycloalkyl is optionally substituted with 1 or 2 substituents
RE, wherein R is Ci.¢ alkyl.

217. The compound of any one of claims 1 to 26, or a pharmaceutically acceptable salt
thereof, wherein nis 3, 4, 5, 6, 7, or 8, and at least three L are 4—12-membered heterocycloalkyl,
wherein the 4—-12-membered heterocycloalkyl is optionally substituted with 1 or 2 substituents

RY, and wherein R" is Cy.¢ alkyl.

28. The compound of any one of claims 1 to 27, or a pharmaceutically acceptable salt
thereof, wherein each L is independently selected from Ci.s alkyl, C2.4 alkynyl, Ci.s alkoxy, O,
Cs.7 cycloalkyl, and 6—8-membered heterocycloalkyl, wherein 6-8-membered heterocycloalkyl is

optionally substituted with 1 or 2 substituents R", and wherein R is Cy.3 alkyl.

29. The compound of any one of claims 1 to 28, or a pharmaceutically acceptable salt

thereof, whereinnis 4, 5, or 6.
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30. The compound of any one of claims 1 to 26, 27, and 28, or a pharmaceutically acceptable
salt thereof, wherein n is 5, and each L, taken together, forms a linker selected from (4—12-
membered heterocycloalkyl)-(Ci.¢ alkyl)-(4—12-membered heterocycloalkyl)-(Ci.¢ alkyl)-(4—12-
membered heterocycloalkyl); (4—12-membered heterocycloalkyl)-(Ci.s alkyl)-(Cs.12 cycloalkyl)-
(0)-(4-12-membered heterocycloalkyl); (4—12-membered heterocycloalkyl)-(Ci.s alkyl)-(4—12-
membered heterocycloalkyl)-(Ci. alkoxy)-(Cs.s alkynyl); and (4—12-membered
heterocycloalkyl)-(C1.s alkyl)-(4—12-membered heterocycloalkyl)-(0O)-(Cs.¢ alkynyl), wherein
each 4-12-membered heterocycloalkyl is optionally substituted with 1 or 2 substituents R,
wherein R" is C1.6 alkyl.

31.  The compound of any one of claims 1 to 26 and 28 to 30, or a pharmaceutically
acceptable salt thereof, wherein n is 5, and each L, taken together, forms a linker selected from
(5—6-membered heterocycloalkyl)-(Ci.¢ alkyl)-(5—6-membered heterocycloalkyl)-(Ci-s alkyl)-(5—
6-membered heterocycloalkyl); (5—6-membered heterocycloalkyl)-(Ci-s alkyl)-(Cs.¢ cycloalkyl)-
(O)-(5-6-membered heterocycloalkyl); (5—6-membered heterocycloalkyl)-(Ci-s alkyl)-(5—6-
membered heterocycloalkyl)-(Ci.¢ alkoxy)-(Cs.¢ alkynyl); and (5—6-membered heterocycloalkyl)-
(Ci-6 alkyl)-(5—6-membered heterocycloalkyl)-(0)-(Cs.s alkynyl), wherein each 5—6-membered
heterocycloalkyl is optionally substituted with 1 or 2 substituents RY, wherein R' is Cy.¢ alkyl.

32.  The compound of any one of claims 1 to 26 and 28 to 30, wherein the compound is a

compound of Formula (ITAa):

(ITAa)
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or a pharmaceutically acceptable salt thereof,
wherein:

each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring A is optionally substituted with 1 or 2
substituents RY, wherein R" is Ci alkyl;

ring B is selected from cyclohexyl, piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring B is optionally substituted with 1 or 2
substituents RY, wherein R" is C.¢ alkyl; and

each Y is independently O, Ci-s alkyl, or Ci.¢ alkoxy.

33.  The compound of any one of claims 1 to 26 and 28 to 30, wherein the compound is a

compound of Formula (IIAb):

Y- 4

(ITADb)

or a pharmaceutically acceptable salt thereof,
wherein:

each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring A is optionally substituted with 1 or 2
substituents R", wherein R" is C.¢ alkyl;

ring B is selected from cyclohexyl, piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl, wherein each ring B is optionally substituted with 1 or 2
substituents R", wherein R" is C.¢ alkyl; and

each Y is independently O, Ci.s alkyl, or Ci.¢ alkoxy.
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34.  The compound of any one of claims 1 to 26 and 28 to 30, wherein the compound is a

compound of Formula (ITBa):

(I1Ba)
or a pharmaceutically acceptable salt thereof,
wherein:
each ring A is independently selected from piperidinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, and piperazinyl;
Y'is Ci6 alkyl;
Y?is O or C1.6 alkoxy; and
Z is C;-¢ alkynyl.

35.  The compound of any one of claims 1 to 24, or a pharmaceutically acceptable salt
thereof, wherein (L), is selected from:

(o]
5)\ N /\\\/\N \CN ¥ ;\ N Q\{;/\CN r

s\NQﬂoﬁNf AL e
w0

Ny

> >
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MO O |y T

(j”‘%
;LNQ\OJ:(N g\NQ\/N , and

>

.
4

e

36. The compound of any one of claims 1 to 24, or a pharmaceutically acceptable salt

thereof, wherein (L), is selected from:

"y At
‘LNCN \/O | ’s\NQ\/N\)
Fu
O/\CN:; /

o
f\NQ\/N and f\NQ\/O

37. The compound of claim 1, wherein the compound is a compound of Formula (III):

o amy;

or a pharmaceutically acceptable salt thereof, wherein
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R*is C1 alkyl;
L! and L? are each independently 5- to 6-membered heterocyclyl; and

L2 is Cs.6 cycloalkyl.

38. The compound of claim 37, wherein the compound is a compound of Formula (Illa):

R4
N,
=0
N (0]
NH
O (Ima),
or a pharmaceutically acceptable salt thereof.
39. The compound of claim 37 or 38, wherein the compound is a compound of Formula
(111b):
R4
N
=0
3 o]
NH
O (1)
or a pharmaceutically acceptable salt thereof.
40. The compound of any one of claims 37 to 39, or a pharmaceutically acceptable salt

thereof, wherein L' is piperazinyl.
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41. The compound of any one of claims 37 to 40, or a pharmaceutically acceptable salt

thereof, wherein L? is piperidinyl.

42. The compound of any one of claims 37 to 41, or a pharmaceutically acceptable salt

thereof, wherein L? is cyclohexyl.

43.  The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound is selected from any of Compounds 1-70.

44. A pharmaceutical composition comprising a compound of any one of claims 1 to 43, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

45.  The pharmaceutical composition of claim 44, wherein the pharmaceutical composition

further comprises an additional bioactive agent.

46.  The pharmaceutical composition of claim 45, wherein the additional bioactive agent is an

anti-inflammatory agent, a chemotherapy agent, or an immunomodulatory agent.

47. A method of treating a disease, a disorder, or a symptom causally related to LRRK2,
comprising administering to a subject an effective amount of the compound of any one of claims

1 to 43, or the pharmaceutical composition of claim 44.

48. The method of claim 47, wherein the disease or disorder is idiopathic Parkinson’s
Disease (PD), LRRK?2 mutation-associated Parkinson’s Disease (PD), progressive supranuclear
palsy (PSP), corticobasal degeneration (CBD, lewy body dementia, Crohn’s Discase, Leprosy
with type 1 inflammatory reactions, neuroinflammation, Kennedy’s disease, TDP-43 ALS, c9orf
ALS, Huntington’s disease, Alzheimer’s disease, Picks disease, multiple systems atrophy,
systemic lupus erythematosus (SLE), acute kidney injury, rhabdomyolysis, lipofusinosis, fabry’s
disease, batten’s disease, ulcerative colitis, irritable bowel disease, Kufor—Rakeb syndrome,
gaucher Disease, Frontal Temporal Dementia, spinocerebellar ataxias (SCAs) 1, 2, 3, 6, 7 and

17, and/or dentatorubral pallidoluysian atrophy (DRPLA).
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49.  The method of claim 47 or 48, wherein the disease or disorder is idiopathic PD.

50. The method of claim 47 or 48, wherein the disease or disorder is LRRK2 mutation-

associated PD.

51.  The method of claim 47 or 48, wherein the disease or disorder is progressive

supranuclear palsy (PSP).

52.  The method of claim 47 or 48, wherein the disease or disorder is systemic lupus
erythematosus (SLE).
53. A method of treating Parkinson’s disease comprising administering to a subject an

effective amount of the compound of any one of claims 1 to 43, or the pharmaceutical

composition of claim 44.

54. The method of claim 53, wherein the Parkinson’s disease is LRRK2 mutation associated

Parkinson’s disease.

55. A method of treating progressive supranuclear palsy (PSP) comprising administering to a
subject an effective amount of the compound of any one of claims 1 to 43, or the pharmaceutical

composition of claim 44.
56. A method of treating systemic lupus erythematosus (SLE) comprising administering to a

subject an effective amount of the compound of any one of claims 1 to 43, or the pharmaceutical

composition of claim 44.
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