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N-ACRYLOYLMORPHOLINE DERIVATIVES AS KEAP1 MODULATORS

AND USES THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[001] The present application claims the benefit under 35 U.S.C. § 119(e) of the earlier filing dates
of U.S. Provisional Patent Application No. 63/377,589, filed September 29, 2022, and U.S. Provisional
Patent Application No. 63/519,541, filed August 14, 2023, the entire contents of each of which are

incorporated herein by reference in its entirety.

STATEMENT REGARDING SEQUENCE LISTING
[002] A sequence listing having the name “BHC234005_WO_SeqListing_ST26.xml” was created
on August 23, 2023, having a file size of 3 kilobytes, and is herein incorporated by reference in its

entirety. The sequence listing is being filed herewith.

FIELD OF THE DISCLOSURE
[003] The disclosure relates to compounds and methods for modulating KEAP1, or modulating Nrf2
by mediating the activation of KEAPI.

BACKGROUND OF THE DISCLOSURE
[004] Diseases such as neurodegenerative diseases and cancer are widely abundant. Improved

therapeutics are needed for treating these diseases.

SUMMARY
[005] Disclosed herein, in some aspects, are modulators of Kelch-like ECH-associated protein 1
(KEAP1). Some such aspects relate to a KEAP1 agonist. The KEAP1 agonist may include a compound
described herein. The KEAP1 agonist may be useful in a method described herein.
[006] Disclosed herein, in some aspects, are compounds that inhibit nuclear factor erythroid-2-related
factor 2 (Nrf2). The inhibition of Nrf2 may be indirect. For example, some aspects relate to a KEAP1
agonist that indirectly inhibits Nrf2. Some such aspects may include a Nrf2 inhibitor. The Nrf2 inhibitor
may include a compound described herein. The Nrf2 inhibitor may be useful in a method described
herein. The inhibition of Nrf2 may include Nrf2degradation. For example, a Nrf2 inhibitor may mediate
its degradation.
[007] In one aspect, described herein is a compound that has the structure of Formula (I), or a

pharmaceutically acceptable salt or solvate thereof:
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wherein;
RBb
A e
R*is R? , wherein

R®* is H, D, halogen, or C;-Cs haloalkyl, and
R® and R* are each independently H or D;

ring A is aryl, heteroaryl, or heterocyclyl;

Z is O, S(=0),, C(R")2, or NR’;

R’ is -C(=O)R™, S(=0)R™, or S(=0),R™, wherein R™ is H, optionally substituted C,-Cs alkyl, or
optionally substituted Cs-C; cycloalkyl;

each R! is independently H, halogen, -OH, optionally substituted C,-Cs alkyl, optionally substituted
C\-Cs haloalkyl, optionally substituted Ci-Cs hydroxyalkyl, or -C(=0)N(R®),

or two R! are taken together with the atom(s) to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

X!is N or CR?%;

each R” is independently H, halogen, CN, OH, optionally substituted C-Cs alkyl, optionally
substituted C,-Cs haloalkyl, or optionally substituted C;-Cs hydroxyalkyl;

R* is H or optionally substituted C-Cs alkyl;

or one of R? and R* together with the atoms to which they are attached form an optionally substituted
5 to 7-membered heterocycloalkyl;

each R? is independently H, D, halogen, oxo (=0), thio (=S), -CN, -OH, -OR? -SH, -SR?, -S(=O)R?, -
NO:z, -N(RY),, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(R")3, -C(=O)R?, -C(=0)OR®, -C(=0)NHy, -
OC(=0)N(R®),, -NR*’C(=0)N(R"),, -NR*C(=O)R?, -NR’C(=0)OR?®, optionally substituted C;-Cq
alkyl, optionally substituted C,-Cg haloalkyl, optionally substituted C,-Cshydroxyalkyl,
optionally substituted Cs-Cs cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;

or two R? on adjacent atoms combine together with the atom(s) to which they arc attached to form an
optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl;

each R? is independently Ci-Cs alkyl, Ci-Csheteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, -C,-Cs alkyl(aryl), -C1-Cs alkyl(heteroaryl), -C,-Cs alkyl(cycloalkyl), or -C;-Cs
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alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is independently optionally substituted with one, two, or three -OH, C,-Cs alkyl, or C,-
Cs haloalkyl; and

each R® is independently H, C;-Cs alkyl, C;-Cs heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is
independently optionally substituted with one, two, or three -OH, C,-Cs alkyl, or C,-Cs
haloalkyl;

or two R® groups on a nitrogen atom are taken together with the nitrogen atom to which they are
attached to form a heterocycloalkyl which is optionally substituted with one, two, or three C-Cs
alkyl, or Ci-Cs haloalkyl;

mis 0, 1,2, or 3;

nis @, 1, 2, or 3;

p is an integer from 1-12; and

q is an integer from 1-10.

[008] In some embodiments, the compound of Formula (I) has the structure of Formula (II), or a

pharmaceutically acceptable salt or solvate thereof:
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Rk
R1<:WN R4RA
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Formula (IT)
wherein,

Zis O, S(=0),, CRYR™, or NR";

R'% R™, R'¢, R!, and R are ach independently H, halogen, -OH, optionally substituted C;-Cs alkyl,
optionally substituted C,-Cs haloalkyl, optionally substituted C,-Cs hydroxyalkyl, or -
C(=0)N(R")z;

or R'* and R'® together with atoms to which they are attached form an optionally substituted Cs-Cs
cycloalkyl;

or R'® and R¢ together with the carbon atom to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

or R'¥ and R'® together with the carbon atom to which they are attached form an optionally
substituted C3-Cy cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

R* is H, halogen, CN, OH, optionally substituted C;-Cs alkyl, optionally substituted C1-Cs haloalkyl,
or optionally substituted C,-Cs hydroxyalkyl; and

R* is H or optionally substituted C-Cs alkyl,;
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or R and R* together with the atoms to which they are attached form an optionally substituted 5 to
7-membered heterocycloalkyl.

[009] In some embodiments, ring A is:

wherein,
X2, X3, X*, and X are each independently N, NR*, or CR?;
each R* is independently H or an optionally substituted C;-C alkyl,
each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?*, -S(=0)R?, -NO», -
N(R)2, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(R),, -C(=0)R?, -C(=0)OR®, -C(=0)NH,, -
OC(=0)N(RP);, -NR"C(=0)N(R"),, -NR*C(=O)R?, -NR°C(=0)OR®, optionally substituted C;-Cg
alkyl, optionally substituted C-Cshaloalkyl, optionally substituted C,-Cg hydroxyalkyl,
optionally substituted Cs-Cg cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;
or two R? or two R** or R? and R* on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
optionally substituted heterocycloalkyl.
[0010] In some embodiments, the compound of Formula (I) has the structure of Formula (11I), or a

pharmaceutically acceptable salt or solvate thereof:
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Formula (III),

wherein,

X2, X3, and X* are each independently N, NR*, or CR;

each R* is independently H or an optionally substituted C;-Cg alkyl,

each R3 is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R, -NOy, -
N(R®),, -S(=0)2R%, -NHS(=0):R?, -S(=0).N(R®),, -C(=0)R?, -C(=0)OR®, -C(=O)NH,, -
OC(=0)N(R®);, -NR°’C(=0)N(R?),, -NR*C(=0)R?, -NR"C(=0)OR®, optionally substituted C-Cs
alkyl, optionally substituted C;-Cg haloalkyl, optionally substituted C;-Cg hydroxyalkyl,
optionally substituted Cz-Cs cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;
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or two R? or two R3* or R? and R* on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
optionally substituted heterocycloalkyl.
[0011] In some embodiments, the compound of Formula (I) has the structure of Formula (I1la), or a

pharmaceutically acceptable salt or solvate thereof:

) i
X5¢X4'/\(R3)q
Formula (I1la).

[0012] In some embodiments, the compound of Formula (I) has the structure of Formula (IV), or a

pharmaceutically acceptable salt or solvate thereof:
(R")
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Formula (IV)

wherein,

X?*is N or CR?;

X*is N or C; and

ring B is an optionally substituted 5 to 6-memebered heteroaryl; or

ring C is an optionally substituted 5 to 6-membered heteroaryl.
[0013] In another aspect, provided herein is a pharmaceutical composition comprising a compound
disclosed herein, or a pharmaceutically acceptable salt, or solvate thereof, and at least one
pharmaceutically acceptable excipient.
[0014] In another aspect, provided herein is a method of inhibiting Nrf2 by mediating the activation of
KEAP1, the method comprising administering to a subject in need thereof a therapeutically effective
amount of a compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof.
[0015] In another aspect, provided herein is a method of treating a disease mediated by the activation
of KEAP1 and the inhibition of Nrf2, the method comprising administering to a subject in need thereof a
therapeutically effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt or

solvate thereof
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[0016] In some embodiments, the disease is associated with oxidative stress. In some embodiments,
the disease is a cancer.

[0017] In another aspect, the present disclosure provides the compounds disclosed herein for use as a
medicament.

[0018]  In another aspect, the present disclosure provides the compounds disclosed herein for use in
the treatment of a disease mediated by the activation of KEAP1 and the inhibition of Nrf2.

[0019] In another aspect, the present disclosure provides for use of the compounds of the present
disclosure in the manufacture of a medicament useful for the treatment of a disease mediated by the
activation of KEAP1 and the inhibition of Nrf2. Additional aspects and advantages of the present
disclosure will become readily apparent to those skilled in this art from the following detailed
description, wherein only illustrative embodiments of the present disclosure are shown and described. As
will be realized, the present disclosure is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, all without departing from the
disclosure. Accordingly, the drawings and description are to be regarded as illustrative in nature, and not

as restrictive.

INCORPORATION BY REFERENCE
[0020]  All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent
application was specifically and individually indicated to be incorporated by reference. To the extent
publications and patents or patent applications incorporated by reference contradict the disclosure
contained in the specification, the specification is intended to supersede and/or take precedence over any

such contradictory material.

DETAILED DESCRIPTION
[0021] Nuclear factor erythroid-2-related factor 2 (Nif2) is a transcription factor that may play a
central role in cyto-protection against electrophilic and oxidative stress. Nrf2 may up-regulate expression
of a range of cytoprotective enzymes with antioxidant response elements in their promoter regions and
thus can protect cells against oxidative damage or affect oxidative cell signaling.
[0022] In some cases, Nrf2 is constantly synthesized under normal conditions, but is degraded due to
interaction with Kelch-like ECH-associated protein 1 (KEAP1). KEAP1 may be included as a substrate
adapter protein in an E3 ubiquitin ligase complex with RBX1 and Cul3. In some cases, the E3 ubiquitin
ligase continuously degrades Nrf2. KEAPI behaves as a fast-acting thiol sensor to electrophiles and
oxidants.
[0023] Insome conditions such as oxidative stress or oxidative signaling, cysteine 151 of KEAPI (and
possibly other KEAPI cysteines) may be oxidized, and the E3 ubiquitin ligase complex may be

destabilized. Nrf2 may accumulate and translocate to the nucleus, bind to an ARE element, and initiate
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transcription of genes that respond to the oxidative stress. Some compounds that bind cysteine 151 may
be useful for modulating this pathway.

[0024] Reducing Nrf2 activity (for example, when Nrf2 is upregulated or active without being
degraded) may be useful as a therapeutic intervention in a range of chronic neurodegenerative conditions
and cancer chemoprevention. One mechanism by which Nrf2 may be negatively regulated involves an
interaction with the ubiquitination facilitator protein, Kelch-like ECH-associated protein 1 (KEAP1) that
facilitates degradation of Nrf2. Inhibition of this process may underly a mode of action of a broad group
of compounds that increase Nrf2 activity. A number of natural products, including the isothiocyanate
sulforaphane, up-regulate Nrf2 by interacting with KEAP1 in a covalent manner to stall its activity.
[0025] The transcription factor nuclear factor erythroid-2-related factor 2 (Nrf2) up-regulates the
expression of a range of cytoprotective enzymes with antioxidant response elements in their promoter
regions and thus can protect cells against oxidative damage. Increasing Nrf2 activity may be useful as a
therapeutic intervention in a range of chronic neurodegenerative conditions and cancer chemoprevention.
One mechanism by which Nrf2 is negatively regulated involves an interaction with the ubiquitination
facilitator protein, Kelch-like ECH-associated protein 1 (KEAP1) that facilitates degradation of Nrf2.
Inhibition of this process underlies the mode of action of a broad group of compounds that increase Nrf2
activity. A number of natural products, including the isothiocyanate sulforaphane, up-regulate Nrf2 by
interacting with KEAP1 in a covalent manner to stall its activity. Agents which decrease levels of Nrf2 in
a cell may make the cell more susceptible to oxidative stress. In some embodiments, a compound
described herein enhances oxidative stress, such as in a cancer cell or in a damaged cell such as in a
neurodegenerative disease. This may lead to the cell being destroyed.

[0026] Disclosed herein are compounds and methods for inhibiting Nrf2 by mediating the activation
of KEAP1. Some embodiments relate to a compound or method of inhibiting Nrf2. The Nrf2 inhibition
may be in vitro or in vivo. The Nrf2 inhibition may include contacting a KEAP1 protein with a
compound disclosed herein. The Nrf2 inhibition may increase an antioxidant or improve an antioxidant
capacity in a subject or cell. The compound for inhibiting Nrf2 may be formulated for administration to a
subject. The Nrf2 inhibition may be performed in a subject.

[0027] Details and examples of some Nrf2 proteins may be found at www.uniprot.org under accession
number Q16236 (as of the priority date of this application). An Nrf2 protein may include a peptide of
about 705 amino acids long, or that includes a mass of about 68 kD.

[0028] Some embodiments relate to a compound or method of activating KEAP1. The KEAPL
activation may be in vitro or in vivo. The KEAPI1 activation may include contacting the KEAP1 with a
compound disclosed herein. The KEAPI activation may increase an antioxidant or improve an
antioxidant capacity in a subject or cell. The compound for activating KEAP1 may be formulated for
administration to a subject. The AP1 activation may be performed in a subject. Details and examples of
some KEAPI proteins may be found at www.uniprot.org under accession number Q14145 (as of the
priority date of this application). A KEAP1 may include a peptide of about 624 amino acids long, or that

includes a mass of about 70 kD.
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[0029] The compounds disclosed herein may be useful for treatment of diseases where Nrf2 activity
may be a concern, such as a neurodegenerative disease or cancer. In some cases, the compounds are
useful in diseases where reductive stress is present, or when oxidative signaling is diminished. In some
embodiments, the compound is used for treatment of a neurodegenerative disease. In some embodiments,
the compound is used for treatment of cancer. The compounds may be uselul for treating a disorder

associated with oxidative stress, or for reducing oxidative stress or damage.

Compounds of the Disclosure

[0030] Disclosed herein, in some embodiments, are modulators of Kelch-like ECH-associated protein
1 (KEAP1). Some such aspects relate to a KEAP1 agonist. In some embodiments, the KEAP1 agonist
inhibits nuclear factor erythroid-2-related factor 2 (Nrf2). Some embodiments relate to a Nrf2 modulator
such as an inhibitor of Nrf2. The inhibition of Nrf2 may be indirect, such as by activation of KEAP1. The
inhibition of Nrf2 may include Nrf2 degradation. A compound comprising an KEAP1 agonist may
stabilize an E3 ubiquitin ligase comprising the KEAP1, and increase or result in degradation of Nrf2.
[0031] In one embodiment, provided herein is a compound having structure of Formula (I), or a

pharmaceutically acceptable salt or solvate thereof:

O
(RY
VSN
[T 4 2
Z*KR(% R
A
™
2
R3
( )/\( s
Formula (I)
wherein;
R6b
A%\Rsc
R*is R® , wherein

R% is H, D, halogen, or C;-Cs haloalkyl, and
R® and R* are each independently H or D;

ring A is aryl, heteroaryl, or heterocyclyl;

Zis O, S(=0)2, C(R),, or NR’;

R’ is -C(=O)R™, S(=O0)R™, or S(=0):R™, wherein R™ is H, optionally substituted Ci-Cs alkyl, or
optionally substituted Cs-C; cycloalkyl;

each R' is independently H, halogen, -OH, optionally substituted C,-Cs alkyl, optionally substituted
C-Cs haloalkyl, optionally substituted C;-Cs hydroxyalkyl, or -C(=O)N(R"),,

or two R are taken together with the atom(s) to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

X'is N or CR?;
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each R? is independently H, halogen, CN, OH, optionally substituted C;-Cs alkyl, optionally
substituted C,-Cs haloalkyl, or optionally substituted C,-Cg hydroxyalkyl;

R* is H or optionally substituted C;-Cg alkyl;

or one of R? and R* together with the atoms to which they are attached form an optionally substituted
5 to 7-membered heterocycloalkyl;

each R? is independently H, D, halogen, oxo (=0), thio (=S), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R, -
NO3, -N(R®),, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(RP),, -C(=0)R?, -C(=0)OR®, -C(=O)NH>, -
OC(=0)N(R"),, -NR*C(=0)N(R)2, -NR°C(=0)R?, -NR’C(=0)OR®, optionally substituted C;-Cs
alkyl, optionally substituted C1-Cshaloalkyl, optionally substituted C)-Cs hydroxyalkyl,
optionally substituted Cs-Cg cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;

or two R? on adjacent atoms combine together with the atom(s) to which they are attached to form an
optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl;

each R?is independently Ci-Cs alkyl, Ci-Csheteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, -C,-Cs alkyl(aryl), -C,-Cs alkyl(heteroaryl), -C;-Cs alkyl(cycloalkyl), or -Ci-Cg
alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is independently optionally substituted with one, two, or three -OH, C;-Cg alkyl, or C;-
Cs haloalkyl; and

each R is independently H, C,-Cs alkyl, C,-Cgheteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is
independently optionally substituted with one, two, or three -OH, C,-Cs alkyl, or C;-Cs
haloalkyl;

or two R groups on a nitrogen atom are taken together with the nitrogen atom to which they are
attached to form a heterocycloalkyl which is optionally substituted with one, two, or three C;-Cs
alkyl, or C;-Cs haloalkyl;

mis0, 1,2, or3;

nis 0, 1, 2, or 3;

p is an integer from 1-12; and

q is an integer from 1-10.

[0032] In one embodiment, provided herein is a compound having structure of Formula (I), or a

pharmaceutically acceptable salt or solvate thereof:

Formula (I)

9
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wherein;
RED
/S/\ Ro¢
RAis R® , wherein

R% is H, D, or chloro, and R® and R* are independently H or D;

ring A is imidazolyl, isoxazolyl, oxazolyl, phenyl, pyridinyl, pyrimidinyl, diydropyrimidinyl,
tetrahydropyrimidinyl, pyrazinyl, triazinyl, purinyl, or pyrrolo[3,2-c]pyridinyl;

Zis O, S(=0)2, C(RY)2, or NR7; wherein
R’ is -C(=O)R™, wherein R is Ci-Cs-alkyl or Cs-C; cycloalkyl;

each R! is independently H, -OH, fluoro, C;-Cs-alkyl, or C,-Cs-haloalkyl;

or two R!are taken together with the atom(s) to which they are attached form a Cs-Cs cycloalkyl,

X'is N or CH;

R? is chloro;

R*is H o methyl;

each R?is independently H, halogen, C,-Cs-alkyl, C;-Cs-alkoxy, thio (=S), amino, C;-Cs-alkylamino,
di-C;-Cs-alkylamino, -C(=0)NH: or N,N-di-C;-C»-alkylamino-C-Cs-alkyl;

mis 1;

nis 1or?2;

pis6or & and

qis2,3,4,0r3.

[0033] In some embodiments, the compound of Formula (I) has the structure of Formula (ID), or a

pharmaceutically acceptable salt or solvate thereof:
R'™ O
A
A
R']C n N R4R
z X
X'

R2
m
RZa

3
RY),

Formula (II)
wherein,

Zis O, S(=0),, CR¥R', or NR’;

R'%, R™, R!¢, R!, and R" are ach independently H, halogen, -OH, optionally substituted C-Cs alkyl,
optionally substituted C;-Cs haloalkyl, optionally substituted C,-Cs hydroxyalkyl, or -
C(=0)N(R")z;

or R'* and R'® together with atoms to which they are attached form an optionally substituted Cs-Cs

cycloalkyl;

10



WO 2024/073587 PCT/US2023/075401

or R'® and R'® together with the carbon atom to which they are attached form an optionally
substituted C3-Cy cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;
or R'Y and R'® together with the carbon atom to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;
R* is H, halogen, CN, OH, optionally substituted Ci-Cs alkyl, optionally substituted C-Cs haloalkyl,
or optionally substituted C,-Cs hydroxyalkyl; and
R" is H or optionally substituted C;-Cs alkyl;
or R* and R* together with the atoms to which they are attached form an optionally substituted 5 to
7-membered heterocycloalkyl.
[0034] In some embodiments, R' and R™ together with atoms to which they are attached form an
optionally substituted C3-Cs cycloalkyl. In some embodiments, R'* and R'® together with atoms to which
they are attached form a cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. In some embodiments, R
and R'® together with atoms to which they are attached form a cyclopropyl. In some embodiments, R
and R'® together with atoms to which they are attached form cyclobutyl. In some embodiments, R and
R'® together with atoms to which they are attached form a cyclopentyl.
[0035] In some embodiments, R'® and R together with the carbon atom to which they are attached
form an optionally substituted Cs-Cs cycloalkyl. In some embodiments, R' and R!¢ together with the
carbon atom to which they are attached form a cyclopropyl, cyclobutyl, or cyclopentyl. In some
embodiments, R'® and R'® together with the carbon atom to which they are attached form a cyclopropyl. n
some embodiments, R'™ and R® together with the carbon atom to which they are attached form a
cyclobutyl. In some embodiments, R'® and R together with the carbon atom to which they are attached
form a cyclopentyl.
[0036] Insome embodiments, R'9 and R'® together with the carbon atom to which they are attached
form an optionally substituted Cs-Cs cycloalkyl. In some embodiments, R'9 and R'® together with the
carbon atom to which they are attached form a cyclopropyl, cyclobutyl, or cyclopentyl. In some
embodiments, R'¢ and R'® together with the carbon atom to which they are attached form a cyclopropyl. n
some embodiments, R!4 and R'® together with the carbon atom to which they are attached form a
cyclobutyl. In some embodiments, R' and R'® together with the carbon atom to which they are attached
form a cyclopentyl.
[0037] Insome embodiments, R'Y and R'® together with the carbon atom to which they are attached
form an optionally substituted 3 to 8-membered heterocycloalkyl, comprising 1, 2, or 3 heteroatoms
selected from N, O, or S. In some embodiments, R!9 and R'® together with the carbon atom to which they
are attached form an optionally substituted 5 to 6-membered heterocycloalkyl, comprising 1 or 2
heteroatoms selected from N or Q. In some embodiments, R'® and R'® together with the carbon atom to
which they are attached form an optionally substituted 4-membered heterocycloalkyl. In some
embodiments, R' and R together with the carbon atom to which they are attached form an optionally
substituted 5-membered heterocycloalkyl. In some embodiments, R' and R'® together with the carbon

atom to which they are attached form an optionally substituted 6-membered heterocycloalkyl.
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[0038] In some embodiments, R is H; and R'® and R'® are each independently H, halogen, -OH,
optionally substituted C,-Cs alkyl, optionally substituted C,;-Cs haloalkyl, optionally substituted C,-Cs
hydroxyalkyl, or -C(=0)N(R"),. In some embodiments, R and R'® are each independently H or an
optionally substituted C;-Cs alkyl. In some embodiments, R'® and R'* are each independently methyl or
ethyl. In some embodiments, R'® and R are each methyl. In some embodiments, R'™ and R'® are each H.
[0039] In some embodiments, R* is halogen, -OH, optionally substituted C-C alkyl, optionally
substituted C;-Cs haloalkyl, optionally substituted C-Cs hydroxyalkyl, or -C(=0)N(R"),; and R'® and R'®
are each H. In some embodiments, R is optionally substituted C;-Cs alkyl, optionally substituted C;-Cs
haloalkyl, or optionally substituted Ci-Cs hydroxyalkyl. In some embodiments, R™ is optionally
substituted C;-Cs alkyl. In some embodiments, R' is iso-propyl, ethyl, or methyl. In some embodiments,
R'™ is methyl. In some embodiments, R' is optionally substituted C1-Cs haloalkyl. In some embodiments,
R'* is CHF; of CFs. In some embodiments, R'* is -C(=O)N(R®),. In some embodiments, R is -
C(=0)N(CH3)2, -C(=O)NHCH3, or -C(=O)NHa.

[0040] In some embodiments, Z is CR'R!¢; and R!? and R'® are each independently H, halogen, -OH,
optionally substituted C;-Cs alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted C;-Cs
hydroxyalkyl, or -C(=0)N(R).. In some embodiments, R'¢ and R® are aech independently H, halogen, -
OH, optionally substituted C;-Cs alkyl. In some embodiments, R'? and R are each independently
halogen. In some embodiments, R!¢ and R!® are each independently Cl or F. In some embodiments, R
and R'® are each H.

[0041] In some embodiments, R? and R? together with the atoms to which they are attached form an
optionally substituted 5 to 7-membered heterocycloalkyl, wherein the heteroatom is selected from N or
O. In some embodiments, the heteroatom is O. In some embodiments, R* and R* together with the atoms
to which they are attached form a 5-membered heteroalkyl. In some embodiments, R? and R* together
with the atoms to which they are attached form a 6-membered heterocycloalkyl. In some embodiments,
R* and R* together with the atoms to which they are attached form a 7-membered heterocycloalkyl.
[0042] In some embodiments, R* is H, halogen, CN, or OH. In some embodiments, R* is halogen. In
some embodiments, R® is H.

[0043] In some embodiments, ring A and R? are in a 1,2,5 configuration. In some embodiments, ring
A and R? are in a 1,3,5 configuration. In some embodiments, ring A and R” are in a 1,4,5 configuration.
[0044] In some embodiments, ring A is Ce-10 aryl, 5 to 10-membered heteroaryl, or 5 to 10-membered
heterocycloalkyl.

[0045] In some embodiments, ring A is a 6-membered heteroaryl comprising 1, 2, or 3 heteroatoms
selected from N. In some embodiments, ring A is phenyl, pyridinyl, pyrazinyl, pyrimidinyl, or
pyridazinyl. In some embodiments, ring A is phenyl. In some embodiments, ring A is pyridinyl or
pyrazinyl. In some embodiments, ring A is pyridinyl. In some embodiments, ring A is pyrazinyl. In some

embodiments, ring A is pyrimidinyl.

12



WO 2024/073587 PCT/US2023/075401

[0046] In some embodiments, ring A is:

wherein,
X2, X3, X4, and X? are each independently N, NR*, or CR?;
cach R is independently H or an optionally substituted C,-Cg alkyl,
each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R?, -NO3, -
N(R®),, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(RP),, -C(=0)R?, -C(=0)OR", -C(=O)NHo, -
OC(=0)N(R");, -NR"C(=0)N(R"),, -NR"C(=0O)R?, -NR"C(=0)ORP, optionally substituted C;-Cs
alkyl, optionally substituted C-Cg haloalkyl, optionally substituted C,-Cg¢ hydroxyalkyl,
optionally substituted C3-Csg cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;
or two R? or two R** or R? and R* on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
optionally substituted heterocycloalkyl.
All other substituents are as defined above.
[0047] In some embodiments, the compound is of Formula (III), or a pharmaceutically acceptable salt

or solvate thereof:

0
(R")
p\HN)I\RA
r " R* 2
V4 N R
m
X
X2
] 1]
xiXF(R5>q
Formula (11T),

wherein,

X2, X3, X4, and X5 are each independently N, NR*, or CR3;

each R* is independently H or an optionally substituted C;-Ce alkyl,

each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R?, -NO», -
N(RP),, -S(=0):R?, -NHS(=0)2R?, -S(=0):N(R),, -C(=0)R?, -C(=0)OR®, -C(=0)NH,, -
OC(=0)N(RP), -NR*C(=O)N(RP),, -NR°C(=0O)R?, -NR*C(=0)OR®, optionally substituted C;-Cg
alkyl, optionally substituted C-Cs haloalkyl, optionally substituted C;-Cs hydroxyalkyl,
optionally substituted Cs-Cs cycloalkyl, or optionally substituted 4 to 8-membered

heterocycloalkyl;

13
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or two R? or two R3* or R? and R* on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
optionally substituted heterocycloalkyl.
All other substituents are as defined above.
[0048] In some embodiments, the compound is of Formula (III), or a pharmaceutically acceptable salt

or solvate thereof:

Formula (I1I),

wherein

RA is
wherein
R% is H, D, halogen, and R® and R* are each independently H or D;
Zis O, S(=0),, C(R')2, or NR”; wherein
R’ is -C(=0)R™, wherein R™ is optionally substituted C3-Cs cycloalkyl;
each R! is independently H, -OH, fluorine, C;-Cs-alkyl or C;-Cs-fluoroalkyl,
or two R! together with the carbon atom(s) to which they are attached form C;-Cs-cycloalkyl,
X!is N or CH;
R?is chloro;
each R? is independently H, D, chloro, fluoro, -O-C;-C;4 alkyl, -NHa, -NH- C;-C; alkyl, -NH-Ca -
alkyl-N(CH3)s, -C(=0)N(H)., or optionally substituted C,-Cy4 alkyl;
or two R on adjacent atoms combine together with the atom(s) to which they are attached to
form an optionally substituted pyrrolyl or imidazolyl ring;
R*is H or methyl;
X2, X?, X* and X3 are each independently N, or CR?;
mis 1;
nis 1or2;
pis6or§;

q is an integer from 2-5.
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[0049]

In some embodiments, the compound is of Formula (IlIx), or a pharmaceutically acceptable

salt or solvate thereof:

[0050]

Formula (IIIx),
wherein,
RAis
wherein
R% , R% and R* are each independently H ;
Zis O;

each R! is independently H or methyl, with the proviso that not more than two R! are methyl;
X!'is CH;

R?is chlorine;

each R? is independently H, D, -O-CHj, -NHa, -NH-CH; or methyl;

R*is H;
X2, X3, X* and X° are each independently N, or CR3;

wherein at least one but not more than three of X2, X°, X* and X° are N;
mis 1;

nis 1;

pis6;

q is an integer from 2-4.

In some embodiments, the compound is of Formula (Illa), or a pharmaceutically acceptable

salt thereof:
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Formula (Il1a)
wherein,
R6b
Rris R® , wherein

R% is H, D, or chloro, and R® and R* are independently H or D;
Zis O, S(=0),, CRR'®, or NR7; wherein
R’is -C(=0)R"4, wherein R™ is a C5-Cs cycloalkyl,;
each R™ is independently H, C,-Cy alkyl, or C,-C4 haloalkyl,
each R' is independently H or C-C; alkyl;
each R is independently H or C;-C4 alkyl;
or R®and R'® taken together with the atom to which they are attached form a Cs-Cs cycloalkyl;
each R' and R is independently H, fluoro, hydroxy, or methyl;
X'is N or CH;
R? is halogen;
R*is H or C-C4 alkyl;
X2, X3, X*, and X? are each independently N or CR?;
each R is independently H, D, halogen, -OR?, -N(R?®),, -C(=0)NHz, or C;-C alkyl;
or two R? on adjacent atoms combine together with the atom(s) to which they are attached to form an
optionally substituted heteroaryl ring;
each R*is independently C-Cs alkyl;
each RPis independently H, C,-Csalkyl, wherein the alkyl, is independently optionally substituted
with one, two, or three -OH, C,-C, alkyl, C,-C, haloalkyl, or -C;-C; alkyl-N(methyl)»;
mis1or?2,
nis 1or2;
pis6or8; and
q is an integer from 1-10.
[0051] In some embodiments, X?is N. In some embodiments, X? is NR*. In some embodiments, X2 is
CR?. In some embodiments, X? is N. In some embodiments, X* is NR*. In some embodiments, X° is

CR?. In some embodiments, X* is N. In some embodiments, X* is NR*. In some embodiments, X* is
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CR?. In some embodiments, X° is N. In some embodiments, X° is NR*. In some embodiments, X° is
CR?.

[0052] In some embodiments, X?is N; and X3, X* and X° are each CR®. In some embodiments, X" is
N; and X2, X* and X® are each CR>. In some embodiments, X* is N; and X2, X? and X® are each CR?. In
some embodiments, X is N; and X%, X? and X are each CR®.

[0053] In some embodiments, X? and X? are each N; and X* and X° are each CR>. In some
embodiments, X* and X> are N; and X and X" are each CR?. In some embodiments, X* and X are N; and
X? and X? are each CR?. In some embodiments, X* and X* are N; and X and X° are each CR>. In some
embodiments, X?, X* and X* are each N; and X is CR>.

All other substituents are as defined above.

[0054] In some embodiments, the compound of Formula (III) has the structure of Formula (IIIb), or a

pharmaceutically acceptable salt or solvate thereof:

0
(R")
p[\h;NJ'\RA
z R ~_R?
N
™
X
X27~x3
U]
N~ R
Formula (ITTb)

wherein,
X2, X3, and X* are each independently N, NR*, or CR;
each R* is independently H or an optionally substituted C;-Cs alkyl,
each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?*, -S(=0)R?, -NO,,
-N(R),, -S(=0):R?, -NHS(=0):R?, -S(=0):NH>, -C(=0)R?, -C(=0)OR?, -C(=O)NH,, -
OC(=0)N(RP),, -NR*C(=0)N(RP),, -NRC(=O)R?, -NR"C(=0)OR®, optionally substituted
Ci-Cs alkyl, optionally substituted C;-Ce haloalkyl, optionally substituted C;-Cs
hydroxyalkyl, optionally substituted C3-Cscycloalkyl, or optionally substituted 4 to §-
membered heterocycloalkyl.
[0055] In some embodiments, X and X? are each independently N; and X* is CR>. In some
embodiments, X2 and X* are each independently N; and X? is CR?. In some embodiments, X* is N; and
X? and X3 are each CR?. In some embodiments, X?, X3, and X* are each N.
[0056] In some embodiments, ring A is a bicyclic heteroaryl comprising 1, 2, 3, or 4 heteroatoms
selected from N, O, and S. In some embodiments, ring A is a bicyclic heteroaryl comprising 1, 2, 3, or 4
heteroatoms selected N.
[0057] In some embodiments, ring A is quinoxaline, naphthyridine, imidazopyridine,

imidazopyrimidine, pyrrolopyridine, triazolopyridine, or purine. In some embodiments, ring A is
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quinoxaline or naphthyridine. In some embodiments, ring A is imidazopyridine, imidazopyrimidine,
pyrrolopyridine, triazolopyridine, or purine.

[0058]  All other substituents are as defined above.

[0059] In some embodiments, the compound is of Formula (IV), or a pharmaceutically acceptable salt

or solvate thereof:

Formula (IV)
wherein,
X”is N or CR;
X*is N or C; and
ring B is an optionally substituted 5 to 6-memebered heteroaryl; or
ring C is an optionally substituted 5 to 6-membered heteroaryl.
All other substituents are as defined above.
[0060] In some embodiments, the compound is of Formula (IVa), or a pharmaceutically acceptable

salt or solvate thereof

Formula (IVa).

[0061] In some embodiments, ring B is an optionally substituted 5 to 6-membered heteroaryl. In some
embodiments, ring B is pyridinyl, pyrazinyl, pyrrolyl, furanyl, imidazolyl, pyrazolyl, oxazolyl, or
thiophenyl. In some embodiments, ring B is pyridinyl or pyrazinyl. In some embodiments, ring B is
pyrrolyl, imidazolyl, or pyrazolyl.

[0062] In some embodiments, ring C is an optionally substituted 5 to 6-membered heteroaryl. In some

embodiments, ring C is pyridinyl, pyrazinyl, pyrrolyl, furanyl, imidazolyl, pyrazolyl, oxazolyl, or
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thiophenyl. In some embodiments, ring C is pyridinyl or pyrazinyl. In some embodiments, ring C is
pyrrolyl, imidazolyl, or pyrazolyl.

[0063] Insome embodiments, ring A is a 5-membered heteroaryl comprising 1, 2, 3, or 4 heteroatoms
selected from N, O, and S. In some embodiments, ring A is a 5-membered heteroaryl comprising 1, 2, or
3 heteroatoms selected from N or O.

[0064] In some embodiments, ring A is triazinyl, pyrrolyl, furanyl, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiophenyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, or tetrazolyl. In some
embodiments, ring A is triazinyl, pyrrolyl, imidazolyl, pyrazolyl, or tetrazolyl. In some embodiments,
ring A is trizynyl. In some embodiments, ring A is pyrrolyl. In some embodiments, ring A is imidazolyl.

In some embodiments, ring A is pyrazolyl.

[0065] In some embodiments, ring A is: R® , 0 | TNR® N~NRS , ,
o nd
R a\ N R SRR R A NJas
NN Nf\ N AR X N N|r\ N
N-nRS3 ,or "NR®  In some embodiments, ring A is: N-NR? , NR® | N~NR3 ,or NR®
Y 3 .
N- \/R JJ“\J R3
I B
/
[0066] In some embodiments, ring A is: R3 . In some embodiments, ring A is: NR® 1
~ AV 3
\  R® R
S Y
some embodiments, ring A is: N~NR® 11 some embodiments, ring A is: ~NR® _In some

1 R R (R

NTY s
embodiments, ring A is N~NR® _In some embodiments, ring A is N-NR3
[0067] In some embodiments, ring A is a heterocycloalkyl. In some embodiments, the
heterocycloalkyl is monocyclic, bicyclic, or polycyclic and can be fully or partially saturated. In some
embodiments, the heterocycloalkyl has 1, 2, or 3 heteroatoms selected from N, O, and S.
[0068] In some embodiments, the heterocycloalkyl is an optionally substituted piperazine, piperdine,
morpholine, tertrahydropyran, pyrrolidine, or tetrahydrofuran.

[0069] In some embodiments, ring A is:
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[0071] In some embodiments, Z is -O- or -SOs-. In some embodiments, Z is -O-. In some
embodiments, Z is -SO;-.

[0072] In some embodiments, Z is C(R'). In some embodiments, Z is CF,. In some embodiments, Z
is CHa.

[0073] In some embodiments, Z is NR’, wherein R is -C(=0)R", S(=0)R", or S(=0)2R". In some
embodiments, Z is NC(=O)R". In some embodiments, Z is NC(=O)CH3. In some embodiments, Z is
NC(=0)(cyclopropyl). In some embodiments, Z. is NS(=0)2R7. In some embodiments, Z is NS(=0)>CHs.
In some embodiments, Z is NS(=O)R".

[0074] In some embodiments, R” is H. In some embodiments, R™ is an optionally substituted Ci-Cs
alkyl. In some embodiments, R™ is an optionally substituted C5-C7 cycloalkyl. In some embodiments, R™
is cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. In some embodiments, R” is cyclopropyl,
cyclobutyl or cyclopentyl. In some embodiments, R™ is cyclopropyl.

[0075] In some embodiments, each R! is independently H, halogen, -OH, optionally substituted C,-Cs
alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted C;-Cs hydroxyalkyl, or -
C(=O)N(RP),.

[0076] Insome embodiments, each R! is independently H, halogen, or -OH, In some embodiments,
each R! is independently an optionally substituted C,-Cs alkyl or optionally substituted C;-Cg haloalkyl.
In some embodiments, each R! is independently H, F, Cl, OH, CHs, CFs, or CHF-. In some embodiments,
each R! is independently H, F, or CHs. In some embodiments, each R! is independently H or CHs. In
some embodiments, each R! is independently -C(=O)N(R?).. In some embodiments, each R! is
independently -C(=O)N(CH3)a, -C(=0)NHCH3, or -C(=O)NHa.

[0077]  In some embodiments, two R' are taken together with the atom(s) to which they are attached
form an optionally substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered
heterocycloalkyl. In some embodiments, two R' on the same carbon atom or on adjacent carbon atoms
are taken together with the atom(s) to which they are attached form an optionally substituted C3-Cg
cycloalkyl. In some embodiments, two R! are taken together with the atom(s) to which they are attached
form a cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. In some embodiments, two R are taken
together with the atoms to which they are attached to form a cyclopropyl, cyclobutyl, or cyclopentyl. In
some embodiments, two R! are taken together with the atoms to which they are attached to form a
cyclopropyl. In some embodiments, two R' are taken together with the aloms to which they are atlached
to form a cyclobutyl. In some embodiments, two R" are taken together with the atoms to which they are
attached to form a cyclopentyl.

[0078] In some embodiments, two R' on the same carbon atom or on adjacent carbon atoms are taken
together with the atom(s) to which they are attached form an optionally substituted 3 to 8-membered
heterocycloalkyl. In some embodiments, two R' are taken together with the atom(s) to which they are
attached to form a 4 to 6-membered heterocyclic ring. In some embodiments, two R' are taken together
with the atom(s) to which they are attached to form an oxetenyl.

[0079] In some embodiments, X' is N. In some embodiments, X' is CR2.
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[0080] In some embodiments, R? is an optionally substituted C;-Cs alkyl, optionally substituted C,-Cs
haloalkyl, or optionally substituted C,-Cs hydroxyalkyl. In some embodiments, R? is halogen or CN. In
some embodiments, R” is halogen. In some embodiments, R? is Cl or F. In some embodiments, R? is CI.
In some embodiments, R? is F. In some embodiments, R? is CN.

[0081] In some embodiments, each R? is independently H, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -
SR, -S(=0)R?, -NO;, -N(RP),, -S(=0)2R?, -NHS(=0),R?, -S(=0):N(RP),, -C(=0)R?, -C(=0)OR®, -
C(=0)NHa, -OC(=0)N(R®),, -NR*C(=0)N(RP),, -NR°C(=0)R?, -NR®C(=0)OR?, optionally substituted
C,-Csalkyl, optionally substituted C;-Cshaloalkyl, optionally substituted C;-Cs hydroxyalkyl, optionally
substituted C3-Csg cycloalkyl, or optionally substituted 4 to 8-membered heterocycloalkyl. In some
embodiments, each R* is independently H, halogen, oxo (=0), -CN, -OH, -OR?, -N(R®),, -C(=O)R?, -
C(=0)0R?, -C(=0)NH,, -OC(=0)N(R®)2, -NR°C(=0)N(R")2, -NR®C(=0)R?, -NR*C(=0)ORP, optionally
substituted C;-Cs alkyl, optionally substituted C;-Ce haloalkyl, optionally substituted C,-Cs hydroxyalkyl,
or optionally substituted 4 to 8-membered heterocycloalkyl.

[0082] In some embodiments, each R? is independently an optionally substituted C;-Cgalkyl,
optionally substituted C;-Cs haloalkyl, or optionally substituted C;-Cs hydroxyalkyl. In some
embodiments, each R? is independently CHs, CFs, CHF>, or -OCHs.

[0083] In some embodiments, each R? is independently an optionally substituted Cs-Cscycloalkyl or
optionally substituted 4 to 8-membered heterocycloalkyl. In some embodiments, each R? is
independently an optionally substituted 4 to 8-membered heterocycloalkyl.

[0084] In some embodiments, each R? is independently H, halogen, -N(R?)», -C(=O)R?, -C(=O)OR®,
or -C(=O)NHa. In some embodiments, each R? is independently H, Cl, F, -NH,, or -C(=O)NH.. In some
embodiments, each R? is independently H, -NHs, or -C(=O)NH..

[0085] In some embodiments, each R? is independently H.

[0086] In some embodiments, each R? is independently oxo (=0).

[0087] In some embodiments, or two R® or two R* or an R* and R* on adjacent atoms combine
together with the atom(s) to which they are attached to form an optionally substituted aryl, optionally
substituted heteroaryl ring, or optionally substituted heterocycloalkyl.

[0088] In some embodiments, two R? on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
oplionally substituted heterocycloalkyl. In some embodiments, two R? on adjacent atoms combine
together with the atom(s) to which they are attached to form an optionally substituted aryl. In some
embodiments, two R? on adjacent atoms combine together with the atom(s) to which they are attached to
form an optionally substituted heteroaryl. In some embodiments, two R* on adjacent atoms combine
together with the atom(s) to which they are attached to form an optionally substituted heterocycloalkyl.
[0089] In some embodiments, two R* on adjacent atoms combine together with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or

optionally substituted heterocycloalkyl.
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[0090] In some embodiments, R* and R** on adjacent atoms combine together with the atom(s) to
which they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring, or
optionally substituted heterocycloalkyl.

[0091] In some embodiments, each R is independently H or an optionally substituted C-Ce alkyl. In
some embodiments, each R* is independently an optionally substituted C;-Csalkyl. In some
embodiments, each R* is independently methyl or ethyl. In some embodiments, each R* is
independently H.

[0092] In some embodiments, R* is optionally substituted C,-Cs alkyl. In some embodiments, R* is
methyl or ethyl. In some embodiments, R* is methyl. In some embodiments, R is H.

[0093] In some embodiments, R* is a reactive group comprising a Michael acceptor. In some
embodiments, R* is a reactive group capable of forming a bond with a sulfur group.

[0094] In some embodiments, R® is:

wherein;

R% is H, D, halogen, or C;-Cshaloalkyl, and

R% and R% are each independently H or D;

or R® and R® together with the carbon atom to which they are attached form a cyclopropyl ring.
[0095] In some embodiments, R% is H or D. In some embodiments, R* is H. In some embodiments,
R is D. In some embodiments, R* is halogen. In some embodiments, R®is Br, Cl, or F. In some
embodiments, R® is Br. In some embodiments, R® is CI. In some embodiments. R® is F. In some
embodiments, R% is C;-Cghaloalkyl. In some embodiments, R% is CFs; or CHF-.
[0096] In some embodiments, R® and R are each independently H. In some embodiments, R® and
R are each independently D. In embodiments, R® is H and R* is D. In some embodiments, R® is D and
R* is H.
[0097] In some embodiments, R® and R* together with the carbon atom to which they are attached
form a cyclopropyl ring.

D

S61s o 4o VPRI

[0098]  Insome embodiments, R*is D , CI  CFy

hp hop i

In some embodiments, R* is F , CI | CF3, CHF; , or M . In some embodiments, R*
D

D
P P
is D R Cl | or fv . In some embodiments, R is

D . In some embodiments, R*
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f

is Cl . In some embodiments, R is CFs . In some embodiments, R? is CHF2 n some

embodiments, R* is *’;'\/ )

[0099] In some embodiments, mis 1, 2, or 3. In some embodiments, m is 1, or 2. In some
embodiments, m is 2. In some embodiments, mis 1.

[00100] In some embodiments, nis O, 1,2, or 3. In some embodiments, n is 1 or 2. In some
embodiments, n is 2. In some embodiments, n is 1.

[00101] In some embodiments, p is an integer from 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, or 12. In some
embodiments, p is an integer from 1, 2,3, 4, 5, 6,7, 8,9, or 10. In some embodiments, p is an integer
from 1, 2,3,4,5,6,7, or 8. In some embodiments, p is an integer from 1, 2, 3, 4, 5, or 6. In some
embodiments, pis 1, 2, 3, or 4. In some embodiments, p is 1 or 2. In some embodiments, p is 3. In some
embodiments, p is 2. In some embodiments, p is 1.

[00102] In some embodiments, q is an integer from 1, 2, 3,4, 5, 6, 7, 8, 9, or 10. In some embodiments,
qis 1,2,3,4,or5. In some embodiments, q is 1, 2, or 3. In some embodiments, q is 1 or 2. In some
embodiments, q is 3. In some embodiments, q is 2. In some embodiments, q is 1.

[00103] In some embodiments, each R* is independently C,-Cs alkyl, C,-Cs heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, -C,-Cs alkyl(aryl), -C,-Cs alkyl(heteroaryl), -C,-Cs alkyl(cycloalkyl),
or -C1-Cs alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is independently optionally substituted with one, two, or three -OH, C,-Cs alkyl, or C,-C¢
haloalkyl. In some embodiments, each R? is independently C;-Cs alkyl, C;-C¢ heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl is independently optionally substituted with one, two, or three -OH, C1-Cs alkyl, or Ci-Cs
haloalkyl. In some embodiments each R* is independently C,-Cs alkyl or C;-Cs heteroalkyl; wherein the
alkyl or heteroalkyl is independently optionally substituted with one, two, or three -OH, C-Cs alkyl, or
C:-Ce haloalkyl.

[00104] In some embodiments, each R® is independently hydrogen, Ci-Cs alkyl, C;-Ceheteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl is independently optionally substituted with one, two, or three -OH,
C1-Cs alkyl, or C1-Cg haloalkyl. In some embodiments, each R® is independently hydrogen, C;-Cs alkyl,
C-Cs heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; wherein the alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is independently optionally substituted with one, two,
or three -OH, C,-Cs alkyl, or C,-Cs haloalkyl. In some embodiments, each R is independently hydrogen,
C;-Cs alkyl or C-Csheteroalkyl; wherein the alkyl or heteroalkyl is independently optionally substituted
with one, two, or three -OH, C;-Cs alkyl, or C;-Cs haloalkyl. In some embodiments, each R® is hydrogen.
[00105] In some embodiments, two R® groups on a nitrogen atom are taken together with the nitrogen
atom to which they are attached to form a heterocycloalkyl which is optionally substituted with one, two,

or three C,-Cs alkyl, or C;-Cs haloalkyl. In some embodiments, two R® groups on a nitrogen atom are
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taken together with the nitrogen atom to which they are attached to form a 3- to 7-membered
heterocycloalkyl which is optionally substituted with one, two, or three C,-Cs alkyl, or C,-Cg haloalkyl.
In some embodiments, two R groups on a nitrogen atom are taken together with the nitrogen atom to
which they are attached to form a 5- or 6-membered heterocycloalkyl which is optionally substituted with
one, two, or three C1-Cs alkyl, or C;-Cs haloalkyl. In some embodiments, two R® groups on a nitrogen
atom are taken together with the nitrogen atom to which they are attached to form pyrrolidine, piperidine,
or morpholine which is optionally substituted with one, two, or three C;-Cs alkyl, or C,-Ce haloalkyl. In

some embodiments, two R groups on a nitrogen atom are taken together with the nitrogen atom to which

they are attached to form pyrrolidine, piperidine, or morpholine.

[00106] Any combination of the groups described above for the various variables is contemplated

herein. Throughout the specification, groups and substituents thereof are chosen by one skilled in the

field to provide stable moieties and compounds.
[00107] The compounds of Formula (I), (I), (IIT), (IlTa), (IlIb), (IV), or (IVa) can be present in chiral or

achiral form. The form may either be racemic or R or S configuration.

[00108] Compounds of the disclosure include, but are not limited to:

Table 1. Compounds of the Disclosure.

Structure No. Name Stereochemistry NMR

[ 1H NMR (400 MHz,
(\NJV 1-03-(5-chi. CHLOROFORM-d) 6 ppm 7.33 -
o C g . '1(,_; ey 7.65 (m, 8 H) 6.51 - 6.64 (m, 1 H)

1 yl)l’mrp]fohmy))pmp racemic 6.36 - 6.48 (m, 1 H) 5.79 (dd,
el J=10.42, 1.88 Hz, 2 H) 4.50 (d,
O en-1-one J=12.30 Hz, 1 H) 3.80 - 4.03 (m, 2
H)3.10-3.72 (m, 3 H)

[ TH NMR (399 MHz,
(\NJK/ RY.NL(3 (4 CHLOROFORM-d) & ppm 7.47 -
o\).,,, o ) (1)'1 o }(1 '1. Single 7.67 (m, 4 H) 7.40 (t, J=7.89 Hz, |

5 dc;?y?)y_ S oloot | enantiomer of | H)7.29 (br d. J=7.89 Hz, 1 H) 6.53
o [i 1*-biphenyl]-3- known absolute | - 6.62 (m, | H) 6.36 - 6.45 (m, 1 H)

O A ’ I 'd configuration 5.47 -5.89 (m, 2 H) 4.49 (d,

N yDacetamide J=12.28 Hz, 1 H) 3.17 - 4.04 (m, 5
H)2.22 (s, 3 H)

o 1H NMR (400 MHz,
(\Nkf CHLOROFORM-d) & ppm 7.36 (br
° ° 1-(3-(3-chloro-5- Single s,1H)7.01-7.23(m,2H)6.49 -

(tetrahydro-2H- enantiomer of 6.62 (m, 1 H) 6.34 - 6.46 (m, 1 H)
5 pyran-4- unknown 5.78 (dd, J=10.42, 1.88 Hz, 1 H)
o yl)phenyl)morpholi absolute 4.31-449 (m, 1 H) 3.81-4.14 (m,
no)prop-2-en-1-one configuration 2H)3.72-4.00 (m, 3H) 3.33 -
3.64 (m, 5 H) 2.75 (tt, J=10.51, 5.36
Hz, 1H)1.71-1.81 (m,4H
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Structure No. Name Stereochemistry NMR
9 1H NMR (399MHz,
(\NJ\/ CHLOROFORM-d) & = 8.43 (brs,
Sst a N-(4-(3-(1- Sinel 1H), 8.34 - 8.26 (m, 2H), 7.72 -
¢ acryloyl-4- enant‘iffn ‘; of | 737 (m. 2H), 7.42 (brs, 1H), 7.30 -
7 o 6 (methylsulfonyl)pip unknown 7.27 (m, 1H), 6.68 - 6.58 (m, 1H),
Sy | . PG erazin-2-yl)-5- absolute 6.50 - 6.44 (m, 1H), 6.05 (br s, 1H),
H chlorophenyl)pyridi configuration 5.89-5.84 (m, 1H), 4.47 (br d,
n-2-yl)acetamide J=12.7 Hz, 1H), 3.89 - 3.69 (m,
1H), 3.30 - 3.10 (m, 2H), 3.02 -
2.71 (m, 4H), 2.27 - 2.21 (m, 3H)
ji\/ 1H NMR (400 MHz,
o CHLOROFORM-d) ppm 3.30 -
© o 1-(5-chloro-7- 3.40 (m, 1 H) 3.30 - 3.40 (m, 1 H)
Q phenyl-2H- 3.57-3.63 (m, 1 H) 3.68 - 3.74 (m,
cl O 7 spiro[benzofuran- racemic 1 H)3.79-4.00 (m, 3 H) 4.58 -
3’,3’-morpholin’- 471 (m, 2 H) 5.56 (dd, 1=10.42,
4’-yl)prop-2-en-1- 1.63Hz, 1 H)6.12-6.21 (m, 1 H)
one 6.27 - 6.39 (m, 1 H) 6.95 (d, J=2.13
Hz, 1 H) 7.23 - 7.30 (m, 2 H) 7.33 -
740 (m, 2 H) 7.58 - 7.65 (m, 2 H)
9 1H NMR (400 MHz,
(\NJ\/ N Sinel CHLOROFORM-d) & ppm 8.04 -
© 2 3-(4- 1mneie ¢ | 821(m 2H)7.50-7.63 (m, 1 H)
g | acryloylmorpholin- cniﬁgom;; © 727 (s, 1 H) 6.52 - 6.64 (m, 1 H)
WAy 3-y1)-5-(pyrimidin- absolute 6.35 - 6.50 (m, 1 H) 5.80 (dd,
I 2-yl)benzonitrile configuration J=10.42, 1.88 Hz, 2 H) 4.48 - 4.58
(m, 1 H) 4.51 (d, J=12.17 Hz, 1 H)
4.41 (s, 3 H) 3.85 - 4.06 (m, 2 H)
~ j\/ 1H NMR (400 MHz,
N CHLOROFORM-d) & ppm 8.04 -
oA e (»l;)']z'(g'(i"ihl‘g"' Single 8.21 (m, 2 H) 7.50 - 7.63 (m, 1 H)

@( 0 '(téﬁjztoly_ o enantiomer of | 7.27 (s, 1 H) 6.52 - 6.64 (m, 1 H)

NP yl)phenyl)m(;rpholi known absqlute 6.35 - 6.50 (m, 1 H) 5.80 (dd,

Pl no)prop-2-en-1-one configuration J=10.42,1.88 Hz, 2 H) 4.48 - 4.58

(m, 1 H) 4.51 (d, J=12.17 Hz, 1 H)
4.41 (s, 3 H) 3.85 - 4.06 (m, 2 H)

[ IH NMR (400 MHz,
(\‘)NJ\/ CHLOROFORM-d) & ppm 2.97 -
O a . 3.92 (m, 3 H)3.92-4.03 (m, 2 H)

bl IO AL T

NZN 10 Dphenyl)morpholi | known absolute J=10.30 Hz, 2 H) 6.35 - 6.50 (m, 1

W S P H) 6.53 - 6.70 (m, 1 H) 7.24 (t,

IlO)pI'Op cn: one configuration J=4_71 HZ, 1 H) 747 - 767 (m 1
H) 8.29 - 8.60 (m, 2 H) 8.82 (d,
J=4.82 Hz, 2 H)

9 1H NMR (400MHz,
(\NJ\/ Sinel CHLOROFORM-d) 3 = 7.60 (br s,
° o 4-(3-(4- enm‘i'éfn eer of | 2H)7.52-7.47 (m, 2H), 6.76 s,

1 acryloylmorpholin- unknown 1H), 6.63 - 6.49 (m, 2H), 6.46 -
A 3yh-5- absolutc 6.36 (m, 1H), 5.79 (dd, J=1.6, 10.4
o chlorophenyl)pyridi configuration Hz, 2H), 4.45 (d, J=12.2 Hz, 1H),

4.03 - 3.85 (m, 2H), 3.83 - 2.91 (m,
3H)
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Structure No. Name Stereochemistry NMR

2 1H NMR (400 MHz,
N CHLOROFORM-d) 6 ppm 1.15 -
O 1.30 (m, 1 H) 2.15 (quin, J=7.59

(R)-1-(4-(3-(4- Hz,2 H) 2.68 (t, J=8.03 Hz, 2 H)
g ° acryloylmorpholin- Single 2.74 -3.73 (m, 1 H) 3.48 - 3.71 (m,

Sy b 12 3-yD)-5- enantiomer of 1 H)3.80-4.02 (m, 2 H) 4.05 -

chlorophenyl)pyridi | known absolute 4.20 (m, 2 H) 4.47 (d, J=12.30 Hz,
n-2-yDpyrrolidin-2- |  configuration 1 H)5.77 (dd, J=10.42, 1.38 Hz, 2
one H) 6.27 - 6.46 (m, 1 H) 6.49 - 6.64
(m, 1 H) 7.19 (br d, J=4.64 Hz, 1 H)
7.51-7.71 (m, 3 H) 8.38 (d, J=5.27
Hz, 1 H) 8.61 (s, 1 H)

2 1H NMR (400 MHz,
A CHLOROFORM-d) & ppm 7.42 -
O R 7.68 (m, 3 H) 7.36 (d, J=7.03 Hz, |

(R)-4-(3-(4- . H) 6.76 (d, J=1.63 Hz, 1 H) 6.50 -

acryloylmorpholin- Single 6.64 (m, 1 H) 6.33 - 6.47 (m, 2 H)

[ 3-yD-5- enantiomer of . R ; ’

Ne 13 chlorophenyl)-1- known absolute 5'8501(6dd’6ja71 0'35’11}'1824112’ IdH)
methylpyridin- configuration J= 1’2' 4 Hz 1 5_1;;3 9 5)_ 4 02((1;1 1
2(1H)-one H)3.99 (dd, J=11.23,3.20 Hz, 1 H)

3.90 (dd, J=12.30, 3.64 Hz, 1 H)

2.51 - 3.83 (m, 6 H)

j\/ 1H NMR (400 MHz,
' Sinel CHLOROFORM-d) 6 ppm 3.19 -
© @ 1-3-(3-chloro-5- | S8E | 383 (m, 3 H) 3.88 - 4.06 (m, 2 H)

14 (pyridazin-4- unknown 4.48 (d, J=12.42 Hz, 1 H) 5.82 (dd,
2 yDhphenyl)morpholi absolute J=10.35, 1.82 Hz, 2 H) 6.34 - 6.49
N no)prop-2-en-1-one configuration (m, 1 H) 6.51 - 6.65 (m, 1 H) 7.50 -
7.86 (m, 4 H)9.27 (d, J=5.27 Hz, 1
H)9.43 (d, J=1.25 Hz, 1 H)
Q 1H NMR (400 MHz,
(‘NJ\/ CHLOROFORM-d) § ppm 7.63 (br
\S‘:N\)"" c R)-4-(3-(1 s, L H)7.53 (s, 1 H) 7.45 (br d,
¢ R4 Sinele 1=6.65 Hz, 2 H) 6.77 (5, 1 H) 6.59 -
N (meth ]}s/ulgon Dpi enantioigner of 6.67 (m, 1 H) 6.56 (br d, J=6.90 H,
I N0 15 eragin-Z- l))-/5-p P known absolute 1H)6.42-6.52 (m, 1 H)6.42 -
" hl hen yl) ridi configuration 6.52 (m, 1 H) 5.88 (d, J=10.79 Hz,
¢ Oéf’zrlei Ofl’ey & 1 H) 4.46 (br d, J=12.67 Hz, 1 H)
3.49-4.11 (m, 2 H) 3.16 (br d,
J=9.41 Hz,2 H)2.84 - 2.95 (m, 1
H)2.83 (5,3 H)

j’\/ 1H NMR (400 MHz,

' CHLOROFORM-d) & ppm 8.63 (s,
\,,s;“\) K 1 H) 8.42 (d, J=5.13 Hz, 1 H) 7.60 -
o0 (R)'l'f'(ﬂ(l' 7.69 (m, 2 H) 7.41 (brs, 1 H) 7.28

- o (meé‘fyrlzu‘go;ly'l)pip Single (brs, 1 H) 6.57 - 6.69 (m, 1 H) 6.41

S '\é 16 crazin-2-yl)-5- enantiomer of -6.53(m, 1 H)5.63-6.23 (m, 1 H)
Chlorophe.nyl)pyri di known absolute 5.86 (dd, J=10.45, 1.41 Hz, 1 H)

n-2-ylpyrrolidin-2- configuration 4.47 (brd,J=12.59 Hz, 1 H) 4.15 (t,

one J=7.09 Hz, 3 H) 3.75 (br d, J=11.13

Hz, 1H)3.03-3.38(m,2H)2.78 -
2.93(m, 4 H) 2.69 (t, J=8.07 Hz, 2
H) 2.17 (quin, J=7.58 Hz, 2 H)
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Structure No. Name Stereochemistry NMR
Q 1H NMR (400 MHz,

(\NJ\’ (R)-1-(4-acetyl-2- CHLOROFORM-d)  ppm 8.81 (d,
\n’N\)"" d (3-chloro-5- Single J=4.85 Hz, 2 H) 8.27 - 8.46 (m, 2
© 17 (pyrimidin-2- enantiomer of H)7.30-7.44 (m, | H)7.21 -7.27
N yDphenyl)piperazin | known absolute | (m, 1 H) 6.20 - 6.79 (m, 2 H) 5.10 -
\/“ -1-ylprop-2-en-1- configuration 6.08 (m, 2 H) 4.14 - 4.98 (m, 2 H)
one 3.57-4.09 (m, 2 H) 2.96 - 3.55 (m,

2H)2.04-2.18 (m, 3 H)

2 1H NMR (400 MHz,
(LNJV CHLOROFORM-d) & ppm 1.44 (d,
O o J=6.78 Hz, 3 H) 2.17 (quin, J=7.62

Hz, 2 H) 2.70 (t, J=8.09 Hz, 2 H)
ol 1'(4;03;;1(351’_551_2"4' 3.57-3.76 (m, 1 H) 3.81 (br d,
Sy N\f) . Single J=11.67 Hz, 1 H) 3.99 (dd, J=11.67,
methylmorpholin- . . )
18 3y1)-5- enantiomer of 3.14Hz, 1 H)4.16 (t,J=7.09 Hz, 3
chloropheny Dypyridi known absolute H)4.23-4.35(m, 1 H)4.82 -4.92
n-2-yl)pyrrolidin-2- configuration (m, 1 H) 5.61 -5.74 (m, 1 H) 6.29 -
-y pf)’ne 6.37 (m, 1 H) 6.40 - 6.68 (m, 1 H)
7.20 (dd, J=5.21,1.57 Hz, 1 H) 7.31
(s, 1 H)7.44 (s, 1 H)7.52 (s, 1 H)
8.40 (d, J=5.27 Hz, | H) 8.63 (d,
J=0.88 Hz, 1 H)
j\/ 1H NMR (400 MHz,
Q . CHLOROFORM-d) & ppm 8.65 -
(R)-1-(3-(3-chloro- 8.68 (m, 2 H) 8.30 - 8.50 (m, 2 H)
55, Single 7.44 -7.68 (m, 1 H) 6.59 (dd,
NEp 19 fluoropyrimidin-2- enantiomer of J=16.81, 10.42 Hz, 1 H) 6.43 (dd,
V D hegyl)mo holi known absolute J=16.69, 1.88 Hz, 1 H) 5.79 (dd,
i roron 2o Lone | configuration 1=10.48, 1.94 Hz, 1 H) 4.54 (d,
prop J=12.30 Hz, 2 H) 3.90 - 4.01 (m, 2
H) 3.64 (1d, J=11.76, 2.82 Hz, 2 H)
2.81-3.52(m, | H)
j’\/ 1H NMR (400MHz,
N 1-((3R,5R)-3-(3- CHLOROFORM-d) & = 8.80 (d,
oA, a chloro-5- Single J=4.9 Hz, 2H), 8.30 (s, 2H), 7.37 (s,
@/ 20 (pyrimidin-2- enantiomer of 1H), 7.22 (1, J=4.8 Hz, 1H), 6.65 -
NPy “ yl)phenyl)-5- known absolute | 6.19 (m, 2H), 5.63 (br s, 1H), 4.98 -
\) methylmorpholino) configuration 4.86 (m, 1H), 4.41 - 3.99 (m, 3H),
prop-2-en-1-one 3.80 (br d, J=11.7 Hz, 2H), 1.46 (br
d, J=6.8 Hz, 3H)
i (R)-1-(2-(3-chloro- 1H NMR (400MHz, DMSO-d6 ) 3
' 5-(2-methyl-2H- Sinel =8.02 - 7.86 (m, 2H), 7.55 (br s,
tg;“\)"" ° tetrazol-3- ngie ¢ | 1H).7.01-6386 (m, 1H), 6.28 (dd,
oo g 21 yl)phenyl)-4- kenan“‘“é‘erlot J=2.0, 16.7 Hz, 1H), 6.07 - 5.79 (m,
W (methylsulfonyl)pip ‘Clgl‘l”f?gil Zg(fne 2H), 4.43 (s, 3H), 4.39 - 3.87 (m,
NN erazin-1-yl)prop-2- 2H), 3.48 (br d, J=9.4 Hz, 1H), 3.32
en-1-one -3.19 (m, 2H), 2.93 (s, 4H)
jv (R)-1-(4-acetyl-2- IH NMR (400MHz, DMSO-d6 ) &
a0 (3-chloro-3-(2- Sinel =7.84 (s, 1H), 8.01 - 7.81 (m, 1H),
\n’N\)"" o methyl-2H-tetrazol- t‘.“g ¢ ¢ | 764-7.46(m, 1H), 7.1 - 661 (m,
° g 2 5- k"nan “’Illfrlot 1H), 6.29 - 6.13 (m, 1H), 5.86 -
WP ylphenyl)piperazin ‘clgr‘l”ffg;;z;‘ne 5.51 (m, 2H), 4.98 - 4.49 (m, 1H),
N=N © 4.43 (d, J=1.5 Hz, 3H), 4.14 (br dd,

J=4.9, 14.4 Hz, 1H), 3.96 - 3.50 (m,
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2H), 3.48 - 3.35 (m, 1H), 3.30 -
3.13 (m, 1H), 2.01 - 1.88 (m, 3H)
o 1TH NMR (400 MHz,
' NJK/ CHLOROFORM-d) é ppm 3.39 (br
© S “ 1-(3-(2-chloro-6- Sinele s, 1 H) 3.64 (td, J=11.79, 2.81 Hz, 1
2N (2-methyl-2H- enantio%n or of H) 3.78 (brs, 1 H) 3.92 (dd,
NN 3 tetrazol-3- unknown J=12.51,3.50 Hz, 1 H) 4.00 (dd,
/h-ﬁ - yl)pyridin-4- absolute J=11.38,3.38 Hz, 1 H) 4.46 (s, 3 H)
yl)morpholino)prop configuration 4.51(d,J=12.38 Hz, 1 H) 5.85 (dd,
-2-en-1-one J=10.38, 1.75 Hz, 2 H) 6.41 - 6.50
(m, 1 H) 6.53 - 6.69 (m, 1 H) 7.52
(brs, | H)8.26 (brs, 1 H)

e 1H NMR (400 MHz,
(LNJV 4'(3'((31R’f 1?'4' CHLOROFORM-d) & ppm 7.41 (br
O Ao me;"rlfn‘z i Single s, 2 H) 7.31 - 7.38 (m, 2 H) 6.49 -

04 %-yl)—g— enantiomer of 6.79 (m, 2 H) 6.33 (brd, J=15.69
S chlorophenyl)-1- known absolute | Hz, 2 H) 5.69 (brs, 1 H) 4.77 - 4.92
NN methylpyridin- configuration (m, 1 H)4.27 (brs, 1 H) 4.11 (br s,
| 2(1H)-one 1H)3.77 - 4.00 (m, 2 H) 3.63 (brs,
4 H) 1.43 (br d, J=6.02 Hz, 3 H)
e 1H NMR (400 MHz,
(\ NJ\/ CHLOROFORM-d) 6 = 8.05 - 7.83
°© B a 4-(4- Sinele (m, 1H), 7.66 (br s, 1H), 7.55 (br d,
2N acryloylmorpholin- enarltio%ner of J=7.0Hz, 1H), 7.27 (s, IH), 7.07
S 25 3-y1)-6-chloro-1’- unknown (brd,J =6.3 Hz, 1H), 6.81 - 6.67
W methyl-(2,4- absolute (m, 1H), 6.66 - 6.54 (m, 1H), 6.12 -
| bipyridin)-2’(1’H)- configuration 5.82 (m, 2H), 4.61 (brd,J=12.4
one Hz, 1H), 4.24 - 4.11 (m, 1H), 4.07
(brdd, J=2.9,12.3 Hz, 1H), 3.99 -
3.68 (m, 5H), 3.64 - 3.31 (m, 1H)
~ j\/ 1H NMR (400MHz, DMSO-d6 )

N =7.43-7.01 (m, 3H), 6.98 - 6.34

NP (R)-%l-c(ﬁl-sfstsyl-z (m. TH), 6.26 - 6.10 (m, 1H), 5.87 -
© (teE;rahydro-ZH- Single 5.31 (m, 2H), 4.66 (br s, 1H), 4.14
2% pyran-4- enantiomer of (br dd, J=3.8, 14.1 Hz, 1H), 3.93 (br

o yl)phenyl)piperazin known absolute d, J=10.3 Hz, 2H), 3.85 - 3.58 (m,

1-ylyprop-2-en-1- configuration 2H), 3.43 - 3.34 (m, 3H), 3.21 -
y pmli’e 3.04 (m, 1H), 2.86 - 2.69 (m, 1H),
2.01 - 1.82 (m, 3H), 1.77 - 1.51 (m,
4H)
j\/ 1H NMR (400 MHz,
o CHLOROFORM-d) & ppm 1.71 -
°F “ 1-(3-(3-chloro-5- 1.87 (m, 4 H) 2.77 (br d, J=4.63 Hz,
(tetrahydro-2H- 1H)3.10(brd, J=14.26 Hz, 1 H)
pyran-4-yl)phenyl)- 3.17-3.30(m, 1 H) 3.39-3.57 (m,
o 28 1,1- racemic 3H)3.63 (brt, J=13.32 Hz, 1 H)
dioxidothiomorphol 3.84 (brd, J=14.88 Hz, 1 H) 4.09
ino)prop-2-en-1- (brd, J=11.26 Hz, 2 H) 4.64 (br s, 1
one H) 5.90 (br d, J=9.88 Hz, 1 H) 6.10

(brs, 1 H) 6.41 - 6.65 (m, 2 H) 7.10
(s, 1 H)7.14 (s, 1 H) 7.20 (s, 1 H)
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JOK/ 1H NMR (400MHz, DMSO-d6 ) &
N =7.80(d, J=7.2 Hz, 1H), 7.71 (s,
o5 “ 1H), 7.63 (s, 1H), 7.39 (s, 1H), 6.90
4-(3-(4-acryloyl- (brs, 1H), 6.77 (d, J=1.9 Hz, 1H),
N 1,1- 6.61 (dd, J=2.1,7.1 Hz, 1H), 6.23
I N dioxidothiomorphol (dd, J=2.1, 16.7 Hz, 1H), 6.09 (br s,
| 29 in-3-yl)-5- racemic 1H), 5.80 (br d, J=10.7 Hz, 1H),
chlorophenyl)-1- 4.65 (br s, 1H), 4.39 - 4.27 (m, 1H),
methylpyridin- 3.76 (br dd, J=6.0, 15.0 Hz, 1H),
2(1H)-one 3.54 (br s, 1H), 3.46 (s, 3H), 3.39
(br d,J=10.9 Hz, 1H), 3.43 - 3.34
(m, 1H), 3.15 (br dd, J=2.6, 13.5
Hz, 1H)
j\/ 1H NMR (400 MHz,
N 1-(3-(2-chloro-6- Single CHLOROFORM-d) 6 ppm 9.78 (br
© S < (pyridazin-4- enantiomer of s, 1 H)9.33 (brs, 1 H) 7.59 - 8.15
ZN 30 yl)pyridin-4- unknown (m, 3 H) 6.40 - 6.65 (m, 2 H) 5.85
2 yl)morpholino)prop absolute (brs,2 H)4.47 (brs, 1 H)3.90 -
%N -2-en-1-one configuration 4.05 (m, 2 H) 3.66 (br s, 2 H) 3.32
(brs, 1 H)
Q 1H NMR (400 MHz,
(\Nk/ CHLOROFORM-d) 6 ppm 8.83 (d,
o a J=4.89 Hz, 2 H) 8.36 - 8.51 (m, 2
H) 7.39 (d, J=0.75 Hz, 1 H) 7.28 (br
NP 1-(3-(3-chloro-5- Single s,0.5H)7.26 (s, 0.5 H) 6.54 - 6.66
I (pyrimidin-2- - (m, 1 H) 6.51(d,J=1.88 Hz, 1 H)
enantiomer of
31 _yl?phegyl)—l,l— unknown 6.15 (br s, 1 H) 5.89 (dd, J=10.29,
dioxidothiomorphol absolute 1.76 Hz, 1 H) 4.73 (br s, 1 H) 3.96
ino)prop-2-en-1- configuration (dt, J=14.96,3.31 Hz, 1 H) 3.89 -
one 4.04 (m, 1 H) 3.74 (brt, J=13.05
Hz, 1 H) 3.51 (dd, J=15.06, 6.02
Hz, 1 H)3.28 (td, J=13.11, 4.14 Hz,
1 H) 3.13 (dd, J=13.80, 2.76 Hz, 1
H)
JOK/ 1H NMR (400 MHz,

. S(\ NP . CHLOROFORM-d) & ppm 8.13 (s,
& A 1H) 8.03 (s, 1 H)7.39 (d, J=0.88
° J\(P/ 1-(3-(3-chloro-3- . Hz, 1 H) 6.55 - 6.67 (m, 1 H) 6.45 -

(2-methyl-2H- Single

NTN tetrazol-5- enantiomer of 6.53 (m, 1 H) 6.19 (brs, I H) 5.91
AN 0 ylyphenyl)-1,1- unknown (dd, J=10.23,1.69 Hz, 1 H) 4.57 -
dioxidothiomm’*pho] ahsolute 4.85 (m, 1 H) 4.42 (s, 3 H) 3.91 (dt,

ino)prop-2-cn-1- conﬁguration J=14.96,3.37 Hz, 1 H) 3.73 (br t,
one J=13.11 Hz, 1 H) 3.50 (dd, J=15.12,

5.96 Hz, 1 H) 3.26 (td, J=13.05,

3.89 Hz, 1 H)3.11 (dd, J=13.87,

2.82 Hz, 1 H)
@ 1H NMR (400 MHz,

m NJ\/ 4-(4- Single CHLOROFORM-d) 6 ppm 3.18 -

© B a acryloylmorpholin- | enantiomer of 3.46 (m, 1 H) 3.53 - 3.84 (m, 2 H)

ZN 33 3-yD)-6-chloro- unknown 3.87 -4.06 (m, 2 H) 4.46 (d,

N [2.4’-bipyridin]- absolute J=12.51 Hz, 1 H) 5.66 - 5.97 (m, 2
| N 2’(1’H)-one configuration H) 6.39 - 6.67 (m, 2 H) 6.99 (dd,

H J=6.82, 1.19 Hz, 1 H) 7.12 (s, 1 H)
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7.43 (d, J=6.88 Hz, 1 H) 7.48 - 7.63
(m, 1 H) 7.70 - 7.90 (m, 1 H)
o IH NMR (400 MHz, DMSO-d6 ) &
(\Nk/ =9.00 (dd, ] = 1.7, 12.4 Hz, 3H),
o o Single 8.38 (s, 1H), 8.21 (s, 3H), 7.91 (s,
@ 1'(3'.(3'01‘}9”6'5' enantiomer of | 1H), 7.83 - 7.75 (m, 1H), 7.45 (br s,

34 l)(qh“‘nol’;a 1 ot unknown 1H), 6.90 (dd, J = 10.5, 16.6 Hz,
¢ S absolute 1H), 6.24 (dd, J = 1.9, 16.6 Hz, 1H),
T J nojprop-2-en-l-one | 6o iration | 5.77 (dd, J = 2.2, 10.4 Hz, 2H), 4.56
(d,J=12.5 Hz, 1H), 3.95 - 3.78 (m,

3H). 3.59 - 3.48 (m, 1H)
i 1H NMR (400 MHz,
) 1 3-3-chloro.S. Sinel CHLOROFORM-d) ppm 2.81 (s, 3
° . (3-( ghioro oinele | H)3.12-375 (m, 3 H)3.76- 4.10
35 - enantiomer o (m, 3 H) 4.51 (d, J=12.26 Hz, 1 H)
5 | methylpyrimidin-4- unknown %

ZoN yl)phenyl)morpholi absolute 3-80 (dd, ]=10.38, 1.88 Hz, 1 H)
s SN ot 6.39 - 6.45 (m, 1 H) 6.53 - 6.63 (m,
nojprop-2-en-l-one | configuration |y 1 5 48" 7 70 (m, 2 H) 8.04 (s, 2

H) 8.70 (br d, J=5.13 Hz, 1 H)

o 1H NMR (400 MHz,
(\NJ\/ CHLOROFORM-d) § ppm 7.67 (br
© o d, J=7.75 Hz, 2 H) 7.48 (dd, J=7.00,

3-(3-(4- Single 2.00 Hz, 2 H) 7.34 (dd, J=6.69, 1.81
PN acryloylmorpholin- ena£1ti0mer of Hz, 1 H) 6.49 - 6.63 (m, | H) 6.32 -
R 6 3-yD)-5- bnown 6.44 (m, 1 H) 6.26 (t, J=6.82 Hz, 1
chlorophenyl)-1- heolate H) 5.76 (dd, J=10.38, 1.88 Hz, 2 H)
methylpyridin- configuration | 48 (&:J=12.26 Hz, 1 H) 3.97 dd,

2(1H)-one J=11.13,3.00 Hz, 1 H) 3.88 (dd,

J=12.19,3.56 Hz, | H) 3.63 - 3.77

(m, 1 H) 3.62 (s, 3 H) 3.05 - 3.60

(m, 2 H)

o 1H NMR (400 MHz,
A CHLOROFORM-d) 3 ppm 9.20 (d,
° o 1-(3-(3-chloro-5- Single J=2.13 Hz, 1 H) 9.05 (dd, J=4.13,

(1,5-naphthyridin- enantiomer of 1.38 Hz, 1 H) 8.41 - 8.64 (m, 2 H)
g 37 3- unknown 7.50 - 7.90 (m, 4 H) 6.54 - 6.69 (m,
Na | yDphenyl)morpholi absolute 1 H) 6.35-6.50 (m, 1 H) 5.81 (dd,

« 0 no)prop-2-en-1-one configuration J=10.38, 1.75 Hz, 1 H) 4.52 (d,
J=12.38 Hz, 1 H) 3.80 - 4.37 (m, 3

H)2.79 - 3.79 (m, 3 H)
J()K/ 1H NMR (400 MHz,

O(\N 3 CHLOROFORM-d) ppm 1.22 -
. . 1.31 (m, 2 H) 1.60 (br s, 3 H) 2.62

1'(3'(3;‘36111"”'5' - st‘i‘;ﬂ‘;r o | (53H)275-386 (m.3 H) 393

A 18 | methviovimidina. e (dd, J=12.36, 3.58 Hz, 1 H) 4.01
s - b hﬁ{'}’}f)mo g R (dd, J=11.29, 3.14 Hz, 1 H) 4.52 (d,
zo)%rop{,}en—rlpione configuration J=12.42 Hz, 1 H) 5.81 (dd, =10.42,

1.88 Hz, 2 H) 6.39 - 6.46 (m, 1 H)

6.53 - 6.62 (m, 1 H) 7.56 (s, 2 H)

7.99 - 8.10 (m, 2 H) 9.15 (s, 1 H)
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j\/ 1H NMR (400MHz, DMSO-d6 ) &
N =11.68 (brs, 1H), 7.68 (s, 1H),
05 ol 7.60 (s, 1H), 7.47 (d, J=6.8 Hz, 1H),
4-(3-(4-acryloyl- Single 7.40 (s, 1H), 6.92 (br d, J=19.7 Hz,
A 1,1- enanﬁoil crof | 1H).6.67 (s, 1H), 6.53 (br d. J=6.4
|N . 39 dioxidothiomorphol unknown Hz, 1H), 6.23 (dd, J=1.8, 16.7 Hz,
H in-3-yl)-5- absolute 1H), 6.09 (brs, 1H), 5.80 (br d,
chlorophenyl)pyridi i " J=11.1 Hz, 1H), 4.64 (br s, 1H),
n-2(1H)-one cONgUration | 4 33 (pr d, J=14.7 Hz, 1H), 3.76 (br
dd, J=5.5, 14.9 Hz, 1H), 3.53 (br s,
LH), 3.37 (brs, 1H), 3.15 (br d,
J=11.4 Hz, 1H)
Jok/ 1H NMR (400 MHz,
a0 L3302 CHLOROFORM-d) & ppm 3.01 -
° “ . -(3-3« d? 4 Single 3.91 (m, 3 H) 3.91 - 4.10 (m, 2 H)
“m‘mpyln?l %" enantiomer of | 4.50 (d, J=12.28 Hz, 1 H) 5.27 (br s,
@ 40 chlorogh)e-ﬁy—l)morp unknown 2 H)5.79 (dd, J=10.41, 1.64 Hz, 2
\NJ\NHZ holino)prop-2-en-1- absolute H) 6.35 - 6.48 (m, 1 H) 6.54 - 6.64
one configuration (m, 1 H) 7.01 (d, J=5.26 Hz, 1 H)
7.63 (brs, 1 H) 7.94 (s, 1 H) 7.99
(brs, 1 H) 8.36 (d, J=5.26 Hz, 1 H)
j’v 1H NMR (400 MHz,
—y . CHLOROFORM-d) & ppm 3.64 (id,
Single J=11.80, 2.76 Hz, 3 H) 3.92 (dd,
1-(3-(3-chloro-5- enantiomer of | J=12-36: 3.58 Hz, 1 H) 4.00 (br d,
NS 41 | (1H-1.2.4-triazol-3- nknown J=8.66 Hz, 1 H) 4.51 (d, J=12.30
Vonik yl)phenyl)morpholi absolute Hz, 1 H) 4.45 - 4.56 (m, 1 H) 5.80
no)prop-2-en-1-one configuration (dd, J=10.42, 1.63 Hz, 2 H) 6.37 -
6.48 (m, 1 H) 6.51 - 6.64 (m, 1 H)
7.55 (brd, J=15.56 Hz, 1 H) 8.07 (s,
2H)8.29 (s, 1 H)
o 1H NMR (400 MHz,
(\NJ\/ CHLOROFORM-d) & =9.28 (s,
° . 1H), 8.80 (br d, J = 5.0 Hz, 1H),
. Single 8.21 -7.99 (m, 2H), 7.70 (brd, J =
A, 1'(3'(?"3.%1.0“;'5' enantiomer of | 5.0 Hz, 2H), 6.65 - 6.51 (m, 1H),
§ ap | omidind 0w 6.49 - 6.33 (m, 1H), 5.80 (dd, ] =
yhphenyl)morpholi absolute 1.8,10.3 Hz, 1H), 4.51 (d,J = 12.2
nojprop-2-en-l-one | o ration | Hz, 1H), 4.00 (dd, J = 3.0, 113 Hz,
1H), 3.93 (dd, J = 3.5, 12.4 Hz, 1H),
3.64 (dt,J = 2.6, 11.8 Hz, 1H), 3.58
- 3.06 (m, 1H)
j\/ 1H NMR (400 MHz,
OK\N . CHLOROFORM-d) § =822 (d,J =
. 7.0 Hz, 1H), 7.90 (br s, 1H), 7.78 -
1-(3-(3-chloro-5- Single
((im(idazo[1,2- enantiofréner of 7:47 (m, 6H), 7.15 - 7.04 (m, 1H),
7S 3 alpyridin.7- unknown 6.66 - 6.52 (m, 1H), 6.50 - 6.34 (m,
o yl)phenyl)morpholi absolute 1H), 581 (brd, J = 103 Hz, 2H),
it no)prop-2-en-1-one configuration 4.49 (brd, J = 12.3 Hz, IH), 4.08 -
S 3.97 (m, 1H), 3.93 (brdd, J = 1.0,
11.5 Hz, 1H), 3.84 - 3.58 (m, 2H),
3.55-3.18 (m, 1H)
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JOK/ 1H NMR (400 MHz,
N CHLOROFORM-d) = 8.31 (dd, J
© . (R)-3-(4 =2.5,7.4 Hz, 1H), 7.78 - 7.63 (m,
acryloylmorpholin- Single IH), 7.52 (s, 3H), 7.23 (dd, T = 8.6,
O 3-y1)-i’-chll())ro-4- enantio%ner of 11.4 Hz, 1H), 6.82 - 6.66 (m, 1H),
W |44 yﬂu(‘)m_[l N et | 6:64-631 (m, 1H), 6.47 - 6.36 (m,
F o biphenyl]’-S- configuration 1H), 5.79 (dd, J = 1.7, 10.5 Hz, 2H),
catboxa s 4.49 (d,] = 12.2 Hz, 1H), 3.99 (dd,
J=3.1, 11.0Hz, 1H), 3.91 (dd,J =
3.5,12.2 Hz, 1H), 3.63 (dt,J = 2.4,
11.9 Hz, 3H)
1H NMR (400 MHz, DMSQO-d6 ) 6
(R)-1-(5-(3-chloro- =9.03 (s, 2H), 8.28 (br's, 1H), 8.23
5-(5- Single (s, 1H), 7.59 (s, 1H), 6.94 - 6.69 (m,
45 fluoropyrimidin-2- enantiomer of 1H), 6.25 (dd, J = 1.5, 16.5 Hz, 1H),
yDphenyl)-2,2- known absolute 5.77 (br d, J = 8.6 Hz, 1H), 5.61 -
dimethylmorpholin configuration 5.31 (m, 1H), 4.35 - 4.08 (m, 1H),
o)prop-2-en-1-one 4.05-3.78 (m, 2H), 3.11 - 2.74 (m,
1H), 1.17 (s, 3H), 1.13 (s, 3H)
1H NMR (400 MHz, DMSO-d6 ) o6
=9.12(d, J= 0.9 Hz, 1H), 8.14 (br
(R"l'(izgm"m‘ Single d,J = 6.4 Hz, 2H), 8.08 (s, 1H),
methyl[;yrimjdin-ﬂr- enantiomer of 7.55 (s, 1H), 7.00 - 6.63 (m, 1H),
46 ylphenyl)-2,2- known absolute 6.24 (dd, J = 2.0, 16.5 Hz, 1H), 5.85
dimethylmorpl’lolin configuration -3.71 (m, LH), 5.55 - 5.15 (m, 1H),
0)prop-2-en-1-one 4.36 - 4.08 (m, 1H), 4.06 - 3.83 (m,
2H), 3.15 - 2.79 (m, 1H), 2.54 (s,
3H), 1.17 (s, 3H), 1.13 (s, 3H)
1H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.26 (s,
(E)(Lﬁl éza‘ﬂﬂ"g" Single 2H) 1.31(s,2H) 158 (brs, 1 H)
47 yl)phenyl)-2.2- enantiomer of 419 (brs, 1 H)5.63 -5.88 (m, 1 H)
dinlethyllnomﬁolin known absolute 6.31-6.72 (m, 1 H) 7.68 (s, 1 H)
configuration 8.00 (br d, J=8.55 Hz, 1 H) 8.20 (d,
o)prop-2-en-1-one J=8.77 Hz, 1 H) 8.28 (s, | H) 8.89
(d, J=8.33 Hz, | H)
1H NMR (400 MHz,
(A5 ehlorer Single CHLOROFORM-d) & ppm 8.70 (br
vl 4 | enantiomer of | G- 1 H)8.04 (brs, 2 H) 7.41-7.76
48 metl)yh?;n?)nZl; known absolute (m, 2H) 6.37 - 6.65 (m, 2 H) 5.79
dir)ilelt)hyln}llorpl’lolin configuration (br dd, 2 H) 4.07 - 4 35 (m, 2 H)
oyprop.2-cn. 1-one 3.00 - 3.59 (m, 2 H) 2.80 (s, 3 H)
1.18 - 1.32 (m, 6 H)
1H NMR (400 MHz,
\ CHLOROFORM-d) 6 ppm 3.34 (br
1‘(3‘(3'?‘1"”‘5‘ Single s, 1 H)3.51 - 3.85 (m, 2 H) 3.86 -
methoxy(p;rrimj din- enantiomer of 4.02 (m, 2 H) 4.09 (s, 3 H) 4.50 (d,
s 49 i unknown J=12.38 Hz, 1 H) 5.79 (dd, J=10.38,
s A~ Dohent] holi absolute 1.63 Hz, 2 H) 6.34 - 6.49 (m, 1 H)
yhphenylmorpholi configuration 6.51 - 6.64 (m, 1 H) 7.33 (d, J=5.13

no)prop-2-cn-1-one

Hz, 1 H) 7.65 (brs, 1 H) 8.06 (br s,
2 H) 8.58 (d, J=5.13 Hz, 1 H)
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i 1H NMR (400 MHz,
(‘NJK/ CHLOROFORM-d) & ppm 3.04 -
o “ 1-(3-(3-chloro-5- Sinel 3.30 (m, 2 H) 3.53 (dd, J=15.13,
(6-methylpyridin-2- enantlir(lfn ‘; of | 600Hz 1H)3.59-373 (m, 1 H)
A so | ybphenyD-L,1- o 3.96 (br d, J=15.13 Hz, 1 H) 4.58
\N)'\ - dioxidothiomorphol absolute (brs, 1 H)5.89-6.03 (m, 1 H) 6.34
ino)prop-2-en-1- configuration (brs, 1 H)6.49-6.70 (m, 2 H) 7.24
one (d, J=6.25 Hz, 1 H) 7.52 - 7.60 (m,
1 H) 8.06 (br d, J=18.89 Hz, 2 H)
8.22 (d,J=6.25Hz, 1 H)
j’v 1H NMR (400 MHz,
oy | CHLOROFORM-d) & ppm 3.03 -
o=s cl -(3-(3-chloro-5- .
& g Single 3.28 (m,2 H) 3.40 - 3.73 (m, 2 H)
(6-methylpyridin-2- . . ’
yDyphenyl)-1,1- enantllomer of 3.96 (brd, J=13.88 Hz, 1 H) 4.§6
an 51 dioxidothiomorphol unknown (brs, 1 H) 596 (brd, J=9.63 Hz, 1
NP 1ox1 5 fpl absolute H) 6.33 (br s, 1 H) 6.50 - 6.69 (m, 2
Ino)prop-Z-en-1- configuration H) 7.22 (brs, 1 H)7.55 (brs, 1 H)
one 8.05 (br d, J=15.26 Hz, 2 H) 8.20
(brs, 1 H)
)Ok/ 1H NMR (400 MHz,
e 13-3chloro. CHLOROFORM-d) & ppm 2.72 (s,
oss o -(3~( (% 0ro-3- Sinele 3 H) 3.07 - 3.33 (m, 2 H) 3.53 (dd,
methylpyrimidin-4- enantio%ner of J=15.13, 6.00 Hz, 1 H) 3.70 (br t,
A 5 Dphonyl-L.1. lrown J=13.70 Hz, 1 H) 3.95 (dt, J=15.13,
57 ) digxidoth{zmo}phol absolute 3.00 Hz, 1 H) 4.62 (br s, 1 H) 5.94
noyprop2-entl- | configuration | (4 J=1032,11.56 Hz, 1 H) 6.28 (br
o s, 1 H) 6.45 - 6.70 (m, 2 H) 7.48 (s,
1 H)7.68 (s, 1 H) 8.06 (s,2H)9.24
(s, 1H)
1H NMR (400 MHz,
5-(3-(4- Sinale CHLOROFORM-d) 6 ppm 3.34 (br
acryloylmorpholin- enantioil er of s, 1 H) 3.64 (br t, J=10.88 Hz, 1 H)
. 3-y1)-5- known 3.84 (s, 3H) 3.87 - 4.14 (m, 3 H)
- chlorophenyl)-2- absolute 4.45 (br d, J=12.26 Hz, 1 H) 5.81
methylpyridazin- configuration (br d, J=10.01 Hz, 2 H) 6.36 - 6.65
3(2H)-one (m,2H) 7.04 (s, 1 H) 7.36 - 7.80
(m, 3H)7.97 (s, 1 H)
1H NMR (400 MHz,
Single CHLOROFORM-d) 6 ppm 3.10 -
1-(3-(3-chloro-5- enantiom - op | 368 (m, 2 H)3.70-4.05 (m, 3 H)
54 (pyrazin-2- unknown 4.52 (d, J=12.17 Hz, 1 H) 5.80 (dd,
A yl)phenyl)morpholi absolute J=10.42,1.76 Hz, 2 H) 6.35 - 6.48
NJ no)prop-2-en-1-one configuration (m, 1 H) 6.52-6.64 (m, | H) 7.62
(brs, 1 H) 7.90 - 8.13 (m, 2 H) 8.56
(s, 1 H)8.65 (s, 1 H)9.01 (s, 1 H)
j\/ 1H NMR (400 MHz,
e R0 1(3.(3.(4 CHLOROFORM-d)  ppm 3.12 -
oAmp© (dr)mn(() 1(3'§ i Sinele 3.87 (m, 3 H) 3.91 - 4.04 (m, 2 H)
@/ triazin-2-;/];-i- enantio%ner of 4.53 (d, 1=12.26 Hz, 1 H) 5.60 (br s,
NN 55 chlorophen l)n;o known absolute 2 H) 5.80 (dd, J=10.38, 1.88 Hz, 2
Y N PPy ot oot H) 6.40 - 6.46 (m, 1 H) 6.54 - 6.64
0 m")p(r)‘[’l‘g' -en-l- - configuration | "y 1) 7,52 2775 (m, 1 H) 8.35

(s, 1 H)8.41 (brs, 1 H) 8.68 (s, 1
H)
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1H NMR (400 MHz,

1-(3-(3-chloro-5- Single CHLOROFORM-d) & ppm 3.35 (br
(6- enantiomer of | & 1 1) 3:64 td, J=11.76, 2.57 Hz, 2

56 methoxypyridazin- unknown H)3.81-4.05(m, 2 H) 4.20 (s, 3

4- absolute H) 4.47 (br d, J=12.30 Hz, 1 H)

yDphenyhmorpholi | o0 - 5.81 (dd, J=10.29, 1.63 Hz, 2 H)

no)prop-2-en-1-one & 6.34-6.72 (m,2 H) 7.09 (s, l H)

7.47 - 7.85 (m, 3 H) 9.06 (s, 1 H)

j\/ 1H NMR (400 MHz,
NN CHLOROFORM-d) 6 ppm 2.48 (s,
© “ 1-(3-(3-chloro-5- Sinel 3H)3.24-3.67 (m, 2 H) 3.67 -

(2- enam‘i’;ieer of | 406 (m, 3 H)4.48(d,J=12.17 Hz,
B 57 | methylimidazo[1,2- nknown 1 H)5.79 (dd, J=10.42, 1.88 Hz, 2
A a]pyridin-7- absolute H) 6.37 - 6.48 (m, 1 H) 6.54 - 6.63
\=§ yl)phenyl)morpholi confieuration (m, 1 H) 6.96 (dd, J=7.03, 1.51 Hz,
no)prop-2-en-1-one g 1 H)7.36 (s, 1 H) 7.54 (s,2 H) 7.60
-7.73 (m, 2 H) 8.08 (d, J=7.03 Hz,

1 H)

° 1H NMR (400 MHz,

0 CHLOROFORM-d) 6 ppm 3.16 -
O, o (R)-1-(3-(3-chloro Sinele 3.91 (m, 3 H) 3.93 - 4.08 (m, 2 H)
5-(OH. purin-6- enanﬁoiler of | 460(d J=12.17 Hz, 1 H) 5.82 (dd,

g N‘) 28 I)phenyl)morpholi | known absolute 1=10.54, 1.63 Hz, 2 H) 6.40 - 6.1

Su =y yop y2 1p ot (m, 1 H) 6.64 (dd, J=16.81, 10.54

no)prop- -en-1-one conliguration HZ, 1 H) 747-7.82 (m’ 1 H) 8‘35
(s,1 H)8.74 (brs, 1 H) 8.86 (s, 1
H)9.02 (s, 1 H)

0 1H NMR (400MHz,
(\Nk/ 1-(3-(3-chloro-5 Sinel CHLOROFORM-d) & = 8.79 (br s,
° 5 (6-(m-e(ti1-cl Orr: -in- enantlir(l)%an of LH), 8.44 (br s, 1H), 8.06 - 7.88 (m,

< - -‘;_f’y 7n- BT 2H), 7.61 (brs, 1H), 6.65 - 6.51 (m,
7N yl)phenyl)morpholi absolute 1H), 6.50 - 6.26 (m, 1H), 5.80 (dd,
AN no)prop-2-en-1-one configuration 1=18, 10.4 Hz, 2H), 4.53 (d, I=12.3
Hz, 1H), 4.05 - 3.79 (m, 2H), 3.78 -
2.92 (m, 3H), 2.64 (s, 3H)
JOK/ 1H NMR (400 MHz, DMSO-d6 ) &
N =8.14 - 8.07 (m, 1H), 8.07 - 8.01
© O . 3 -(4- Single (m, 1H), 7.99 - 7.91 (m, 1H), 7.68 -
acryloylmorpholin- enantioiler of 7.58 (m, 1H), 7.57 - 7.33 (m, 4H),
F @ o | 3-Yh-5-chloro-6- nknown 6.95 - 6.76 (m, 1H), 6.28 - 6.14 (m,
NH fluoro-[1,1°- absolute 1H), 5.82 - 5.70 (m, 1H), 5.67 -
° biphenyl]-3- confieuration 5.27 (m, 1H), 4.52 - 4.40 (m, 1H),
carboxamide g 4.31-3.93 (m, 1H), 3.92 - 3.85 (m,
1H), 3.84 - 3.73 (m, 1H), 3.56 -
3.46 (m, 1H), 3.30 - 2.86 (m, 1H)
0 , 1H NMR (400 MHz, DMSO-d6 ) &
N~As (R)-3 '(g'é’“y loyl- ppm 115 (br d, J=9.06 Hz, 5 H)
o\)"" < dimethvimorpholi Single 1.12- 1.12 (m, 1 H) 2.83 - 3.17 (m,
ol lgn;‘i)gnsﬁfgm";“ enantiomer of | 1 H)3.76 - 4.32 (m, 3 H) 5.19 -
O fluoro-[1,1- known absolute | 5.57 (m, 1 H) 5.74 (br d, J=9.89 Hz,
NHo biphenyli—?s— configuration 1 H)6.22 (dd, J=16.57,2.15 Hz, 1
Foo . H) 6.66 - 6.96 (m, 1 H) 7.34 - 7.44
carboxamide

(m, 2H)7.58 (brs, 1 H) 7.70 (br s,
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2H)7.85(brs,2 H)7.88 (dd,
J=6.74,2.21 Hz, 1 H)
@ 1TH NMR (400 MHz,
OJ\’ 3 R-2-G-(344- CHLOROFORM-d) § ppm 3.09 -
" : R R . 3.79 (m, 2 H) 3.86 - 4.05 (m, 2 H)
acrylog l;llfrsph‘)h“' enai‘i‘;ﬁ; of 4.51(d, J=12.28 Hz, 1 H) 4.85 -
. N.'_,,N 62 chlorophenyl)-1H- known absolute 4;97 (m, 2.H) 5.71 - 5.84 (m, 2 H)
’ ' 1,2,4-triazol-1- configuration 6.33 - 6.49 (m, 2 H) 6.52 - 6.66 (m,
S ;/lsacetamide 1H)7.39-7.61 (m, 1 H)7.99 -
8.13 (m, 2 H) 8.22 (s, 1 H)
i/ 1H NMR (400 MHz,
o CHLOROFORM-d) 6 ppm 3.23 -
° “ 1-(3-(3-chloro-5- Single 3.77 (m, 3 H) 3.79 - 4.06 (m, 2 H)
(imidazo[1,2- enantiomer of 4.52 (d,J=12.26 Hz, 1 H) 5.81 (br
S 63 a|pyrimidin-7- unknown d, J=10.51 Hz, 2 H) 6.37 - 6.48 (m,
N*\N yl)phenyl)morpholi absolute 1 H) 6.53 - 6.67 (m, 1 H) 7.39 (br d,
=/ no)prop-2-en-1-one configuration J=6.75Hz, 1 H) 7.64 (s, 2 H) 7.87
(s, 1H)8.15 (brs, 2 H) 8.57 (br d,
J=6.88 Hz, 1 H)
j\/ 1H NMR (400MHz,
o(\ N . CHLOROFORM-d) 6 = 8.46 (br s,
x 1H), 8.29 (br d, J=6.9 Hz, 1H), 7.93
o ]((lll(lid(;rgf)lr?’6 Single (brs, 1H), 7.85 (br d, J=6.0 Hz,
S a]pyridin-’7h- enantiomer of 1H), 7.80 (s, 1H), 7.70 (s, 1H), 7.54
NN 64 1)pyridin-4- unknown -7.42 (m, 1H), 6.66 - 6.56 (m, 1H),
\=/ 1)nym yhohm) " absolute 6.52 - 6.40 (m, 1H), 5.86 (br d,
y fgn | Onep P| " configuration | J=10.3 Hz, 2H), 4.49 (br d, J=12.3
st Hz, 1H), 4.02 (br d, J=11.5 Hz, 1H),
3.94 (br d, J=12.3 Hz, 1H), 3.69 -
3.64 (m, 2H), 3.41 (br s, 1H)
j\% 1H NMR (400MHz,
o(\ N . CHLOROFORM-d) 6 = 8.65 (dd,
S 5-(4-(4- Single =2.4,7.3 Hz, 1H), 8.24 (br d, J=2.8
N acryloylmorpholin- enantiomer of Hz, 1H), 7.77 (br s, 1H), 7.41 (br s,
65 3-yD)-6- unknown 1H), 7.24 (s, 1H), 6.69 (br s, 1H),
NHz chloropyridin-2- absolute 6.63 - 6.54 (m, 1H), 6.49 - 6.42 (m,
F o yl)-2- configuration 1H), 5.84 (br d, J=11.7 Hz, 3H),
fluorobenzamide 4.49 (d, J=12.3 Hz, 1H), 4.04 - 3.68
(m, 3H), 3.67 - 3.60 (m, 1H), 3.36
(br s, 1H)
1 1H NMR (400 MHz,
@Jv i R0 0 Single CHLOROFORM-d) & ppm 1.24 (s,
N triazin-Z-grl’)-.i- enantiomer of 3 H) 1.30 (s, 3 H) 2.85 - 3.60 (m, 2
66 chlorophenyl)-2,2- known absolute H) 4‘00 -5.25 (m, 3 H) 5.62 (brs, 2
N i dimethylmorpholin configuration H)5.78 (br d, J=10.04 Hz, 2 H)
SNPSH, 0)prop-2-en-1-one 6.40 - 6.60 (m, 2 H) 7.43 - 7.75 (m,
1 H)8.34 (s,2H)8.68(s, 1 H)
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JOK/ 1H NMR (400 MHz,
o n CHLOROFORM-d) & ppm 3.13 -
© O z 3-d- Sinele 3.86 (m, 3 H) 3.88 - 4.29 (m, 2 H)
acryloylmorpholin- enanti(){[;n er of 4.49 (d, J=12.30 Hz, 1 H) 5.82 (dd,
O 67 3-y1)-5’-cyano-4- unknown J=10.42,1.38 Hz, 2 H) 5.98 (brs, 1
NHy fluoro-[1,1°- absolute H) 6.37 - 6.48 (m, 1 H) 6.51 - 6.63
F o biphenyl]-3- configuration (m, 1 H) 6.73 (brd, J=11.42 Hz, 1
carboxamide H)7.27 (s, 1 H)7.63-7.72 (m, 1
H)7.78 - 7.99 (m, 3 H) 8.31 (dd,
J=7.28,2.38 Hz, 1 H)
j’\/ 1H NMR (400 MHz,
o 1-(3-(3-chloro-5- Single CHLOROFORM-d) 6 ppm 8.40 -
° < (imidazo[1,5- enantiomer of | 8.67 (m, 3 H) 7.47 - 7.90 (m, 4 H)
68 a]pyrimidin-3- unknown 6.52 - 6.65(m, 1 H) 6.33 - 6.47 (m,
B yl)phenyl)morpholi absolute 1 H)5.82(brdd,2H)4.49 (brd, 1
NT\_N’ no)prop-2-en-1-one configuration H)3.93-4.07 (m,2H)3.25-3.86
N (m, 3 H)
2 1H NMR (400 MHz,
A~As 3-(4-(d-acryloyl- Sinel CHLOROFORM-d) 8 ppm 8.65
Ny dimethloorohol t‘.“g ¢ ¢ | @d 1H)8.17-8.32 (m, 1 H)7.32-
_N ime y IIIOI‘p olin enar;lzomer 0 7.90 (m, 2 H) 7.22 - 7.26 (m, 1 H)
69 -3-yD-6- unknown 6.69 - 6.78 (m, 1 H) 6.41 - 6.60 (m,
NH, chloropyridin-2- ab.soluteT 2H) 571 -5.95 (m., 3 H) 4.10 -
PO ﬂuor())l’)l;lzz'mi de configuration | 4 35 (m, 2 H) 2.92 - 3.65 (m, 2 H)
1.23 - 1.32 (m, 6 H)
j\/ IH NMR (CHLOROFORM-d,
) i 3.4 Single 400MHz): 6 =7.90 (d, J=8.1 Hz,
0 acryloylmorpholin- enantiomer of 2H), 7.48-7.72 (m, 5H), 6.35-6.66
70 3-yl)-5’-chloro- unknown (m, 2H), 6.17 (br s, 1H), 5.80 (br
O [1,1’-biphenyl]-4- absolute dd, J=10.4, 1.6 Hz, 2H), 4.50 (d,
carboxamide configuration J=12.3 Hz, 1H), 3.63-4.47 (m, 4H),
P 2.83-3.63 ppm (m, 2H)
JOK/ 1H NMR (400 MHz,
w 3-(4- Single CHLOROFORM-d) & = 8.06 - 7.97
° O . acryloylmorpholin- enantiomer of (m, 1H), 7.86 - 7.77 (m, 1H), 7.74 -
71 3-y1)-5’-chloro- unknown 7.67 (m, 1H), 7.65 - 7.44 (m, 4H),
O [1,1°-biphenyl]-3- absolute 6.65 - 6.49 (m, 1H), 6.48 - 6.34 (m,
NH, carboxamide configuration 1H), 6.32 - 5.25 (m, 3H), 4.55 -
° 4.44 (m, 1H), 4.18 - 2.99 (m, 5H)
j’\/ 1H NMR (400 MHz,
a0 CHLOROFORM-d) & ppm 3.07 -
© O c -~ 4.02 (m, 1 H) 3.64 (td, J=11.77,
acrylo&lr;fogpholin- Single 2.63 Hz, 1 H) 3.86 - 4.06 (m, 2 H)
Q 3-y1)-5"-chloro-5- enantiomer of 4.49 (d, J=12.35 Hz, 1 H) 5.55 -
. NHz 72 ﬂu(;ro-[l i unknown 5.81 (m, 1 H) 5.80 (dd, J=10.39,
o biphenylj—3— absolute 1.83Hz, 1 H) 6.16 (brs, 1 H) 6.33 -
. configuration 6.46 (m, 1 H) 6.52 - 6.65 (m, 1 H)
carboxamide

7.40 (br d, J=9.05Hz, 1 H) 7.48 -
7.69 (m, 4 H) 7.76 (d, J=1.34 Hz, 1
H)
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JOK/ 1 H NMR (400 MHz,
™ CHLOROFORM-d) & ppm 3.41 (br
© O c 3-(4- Sinel s, 1 H) 3.44 - 405 (m, 1 H) 3.92
acryloylmorpholin- enant‘iffn ‘; of | (4d.J=1229,3.61 Hz, 1 H) 3.98 -
O F 73 | 3-¥D-5'-chloro-2- anknown 4.05 (m, 1 H) 4.48 (d, J=12.10 Hz,
N fluoro-[1,1°- abeolute L H) 5.67 - 6.00 (m, 2 H) 6.34 -
° biphenyl]-3- configuration 6.45 (m, 1 H) 6.50 - 6.62 (m, 1 H)
carboxamide 6.68 (br s, 1 H) 7.35 (t, J=7.70 Hz,
1 H) 7.43 - 7.66 (m, 4 H) 8.05 -
8.19 (m, 1 H)
Jok/ 1H NMR (400 MHz, DMSO-d6 ) &
K\N ppm 1.90 - 2.00 (m, 3 H) 3.35 (br s,
N e (5"41'(4'.3“‘{ 1225 Sinel 1 H) 3.48 - 3.92 (m, 2 H) 4.03 -

o g ( tr(la;‘nmzn"l > nee | 469 2H)550-5.82 (m, 2 H)
WA 74| "Iy enantiomer oF ¢ 15 _6.28 (m, 1 H) 6.37 - 6.74 (m,
k\NJ\NH chlf)rophenyl)plper known absqlute 1 H) 6.75 - 7.08 (m, 1 H) 7.49 -

s azm-l-%l)pmp-z- configuration | , (m, 1 H) 7.73 (br's, 2 H) 8.05 -
en-1-one 8.27 (m, 2 H) 8.61 (d, J=4.50 Hz, 1
H)
2 1H NMR (400MHz,
(‘NJ\/ CHLOROFORM-d) & = 8.64 (d,
© ° 4-(3-(4- Single J=4.9 Hz, 1H), 8.42 (s, 1H), 7.93
acryloylmorpholin- enantiomer of (brs, 1H), 7.64 (br s, 4H), 6.63 -
z 75 3-yD)-5- unknown 6.53 (m, 1H), 6.48 - 6.38 (m, 1H),
Sy NH, chlorophenyl)picoli absolute 5.81 (br d, J=10.4 Hz, 2H), 5.63 (br
S namide configuration s, 1H), 4.49 (d, J=12.4 Hz, 1H),
4.03 - 3.89 (m, 2H), 3.64 (br t,
J=11.5 Hz, 1H), 3.35 (br s, LH)
[ 1H NMR (400MHz,
A/\NJ\/ 3 (T-acrvlovi-d CHLOROFORM-d) & = 8.31 (br d,
~ I PR Sinele J=6.8 Hz, 1H), 7.67 (brs, 1H), 7.53
azaspiro|2.5]octan- enantioiler of (brs, 2H), 7.26 - 7.18 (m, 1H), 6.74
O 76 6-y1)—5’-c'hlor0—4— unknown (brs, 1H), 6.61 - 6.31 (m, 2H), 5.86
NH ﬂu(‘)m_[l . absolute (brs, 1H), 5.78 (br d, J=10.0 Hz,
Foo bipheny”’_3_ configuration 1H), 4.43 (br d, J=11.6 Hz, 1H),
carboxamide 4.09 (br d, J=12.3 Hz, 1H), 3.84 (br
s, 1H), 3.09 (br s, 1H), 1.33 - 0.93
(m, 2H), 0.80 - 0.63 (m, 2H)
j\/ 1H NMR (400MHz, DMSO-d6 ) &
' =9.15(d, J=4.9 Hz, 1H), 8.78 -
© ° 2034 8.68 (m, 2H), 8.47 (br s, 1H), 8.05
acryloy'lm'o»rp'hoﬁn_ Single (br's, 1H), 7.95 (d, J=4.9 Hz, 1H),
NP N 3-y1)-5- enantiomer of 7.54 (br s, 1H), 6.89 (br dd, J=10.6,
R/Hrw 77| chtorophenybpyrim unknown 16.4 Hz, 1H), 6.24 (dd, J=2.3, 16.5
o ir()iine-y4-py absolute Hz, 1H), 5.78 (br d, J=10.4 Hz, 1H),
R configuration 5.60 (brs, 1H), 4.52 (d, J=12.1 Hg,
carboxamide

1H), 4.16 - 3.95 (m, 1H), 3.92 -
3.76 (m, 2H), 3.59 - 3.47 (m, 1H),
3.31 - 3.09 (m, 1H)
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ﬁ\/ 1H NMR (400 MHz,
N 1-(5-(2-chloro-6- CHLOROFORM-d) & ppm 9.03 (br
AN hloro-6 8
° B “ (imidazo[1,2- Single s, 1 H) 8.40 (d, 1 H) 8.16 - 8.28 (m,
2N a]pyridin-7- enantiomer of 1 H)7.90-8.02(m,2H)7.77 (s, 1
N 78 | yDpyridin-4-yl)- unknown H) 7.42-7.58 (m, 1 H) 6.57 - 6.78
LA, 22- absolute (m, 1 H) 6.37 - 6.53 (m, 1 H) 5.66 -
e/ dimethylmorpholin configuration 5.95 (m, 2H) 4.20 (brs, 2 H) 3.51 -
o)prop-2-en-1-one 3.78 (m, 1 H) 3.10- 3.46 (m, 1 H)
1.32(s,3 H) 1.27 (s, 3 H)
i/ 1H NMR (400 MHz,
N - ppm 8.22 -
N(\‘) . CHLOROFORM-d) & 8.22
bl . 8.36 (m, 1 H) 7.78 (s, L H) 7.45 -
e ottt | e | TR G 1
3{ y,p‘gl ne ¢ | 7:20-7.27 (m,2 H) 6.76 - 6.95 (m,
O W |79 2-y1)-5’-c 0rf)-4- enantiomer o 1 H) 6.36 - 6.65 (m, 2 H) 6.13 -
Y Eiu‘;f:r;[h’ _13: kggr‘l’}f fl'rjzz'(ff 6.27 (m, 1 H) 5.71 - 5.90 (m, 1 H)
Ca‘r’boxzmi - & 4.53-5.42 (m, 2 H) 4.07 - 4.37 (m,
1 H)3.70 - 3.88 (m, 1 H) 3.50 -
3.67 (m, 1 H) 3.15 - 3.47 (m, 2 H)
1.97 - 2.17 (m, 3 H)
° 1H NMR (400 MHz,
(\NM CHLOROFORM-d) & ppm 3.11 -
pp
Oy (R)-1-(3-(3-(6- 3.50 (m, 1 H) 3.63 (td, J=11.76,
aminopyrimidin-4- Single 2.25Hz, 1 H) 3.85 - 4.09 (m, 2 H)
NT ] 30 yD)-5- enantiomer of 4.50(d, J=12.26 Hz, 1 H) 5.07 (br s,
k\N NH, chlorophenyl)morp | known absolute 2 H)5.79 (dd, J=10.38, 1.63 Hz, 2
holino)prop-2-en-1- configuration H) 6.34 - 6.65 (m, 2 H) 6.79 (s, 1
one H) 7.27 (s, 1 H) 7.63 (br d, J=3.00
Hz, 1 H) 7.95 (brs, 2 H) 8.65 (s, 1
H)
° IH NMR (CHLOROFORM-d,
e (R)-1-(4-acetyl-2- 400MHz): & = 8.38 (d, J=5.3 Hz,
\n’N‘)"" “ amim@gi{i dind. Single 1H), 7.85-8.07 (m, 2H), 7.36 (s,
°© 31 p>1/) 5 enantiomer of 1H), 6.94-7.18 (m, 1H), 6.35-6.83
AN yuor known absolute (m, 2H), 5.81 (br s, 1H), 5.17-5.37
N C;ﬂ?:’fh?;‘iléplger configuration | (m, 2H), 4.15-4.71 (m, 1H), 2.99-
n-2-yprop-= 3.92 (m, 4H), 2.06-2.12 ppm (m,
en-1-one 3H)
Jov 1H NMR (CHLOROFORM-d,
(\)N (R)-6-(3-(4- 400MHz): & =8.06 (d, J=1.1 Hz,
© o serviovlmorsholin Single 1H), 7.76 (dd, J=7.9, 1.5 Hz, 1H),
% ey 1)-51? " | enantiomerof | 7.42-7.70 (m, 4H), 6.70-6.82 (m,
C] H i’l Disoi known absolute 1H), 6.35-6.66 (m, 2H), 5.80 (dd,
o croopeny [’lfom configuration | J=10.4, 1.9 Hz, 2H), 4.48-4.57 (m,
NH o 3H), 3.87-4.09 (m, 2H), 3.63 (td,
J=11.7,2.5 Hz, 2H), 3.41 (br s, 1H)
o 1H NMR (400 MHz,
D~ A 1-(6-(3-chloro-5- . CHLOROFORM-d) & = 8.77 - 8.60
(2- Single
© ¢ methvl - idind i & ¢ | (m, 1H), 8.13-7.95 (m, 2H), 7.81 -
YIPYTIMICIM=3= ) CRantiomer o 7.57 (m, 1H), 7.56 - 7.42 (m, 1H),
A 83| yhpheny 1)_;1-oxa-7- “It‘)kn‘fwn 6.61 - 6.35 (m, 2H), 6.11 - 5.62 (m
@ azaspiro[2.5]octan- absolute ’ (514 T e
N)\ 7-ylprop-2-en-1- configuration 2H), 451 - 4.41 (m, 1H), 4.16

3.68 (m, 2H), 3.35 - 2.88 (m, 1H),
2.87-2.72 (m, 3H), 1.10 - 0.96 (m,
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1H), 0.85 - 0.75 (m, 1H), 0.73 -
0.66 (m, 1H), 0.64 - 0.48 (m, 1H)
o TH NMR (400 MHz,
A(\NJ\/ P CHLOROFORM-d) & ppm 0.48 -
° “ . -(6-(3( d? 4 0.65 (m, 1 H) 0.66 - 0.74 (m, 1 H)
“m‘mpyl“g“ -5 Single 0.75 - 0.84 (m, 1 H) 0.95 - 1.11 (m,
an hl y ;1 A 1)-4- enantiomer of 1 H)2.99-3.22 (m, 1 H)3.70 -
Sy, | 84 | CHOOP e7ny unknown 4.20 (m, 2 H) 4.37 - 4.52 (m, 1 H)
azaspifo"[;' 5']OC an. absolute 5.29-5.62 (m, 2 H) 5.68 - 6.07 (m,
7-yl)pro :2—en717 configuration 2H) 6.34 - 6.61 (m, 2 H) 6.99 -
ylprob 7.13 (m, 1 H) 7.59 - 7.81 (m, 1 H)
one 7.92 - 8.13 (m, 2 H) 8.29 - 8.40 (m,
1 H)
Jov 1H NMR (DMSO-d6 ) & : 8.49-8.69
oy (m, 2H), 8.16 (s, LH), 7.93-8.03 (m,
° “ 7-(3-(4- Single 2H), 7.86 (d, J=1.5 Hz, 1H), 7.82
acryloylmorpholin- enantio%ner of (brs, 1H), 7.75 (d, J=0.8 Hz, 1H),
B 25 3-yD)-5- unknown 7.35 (br s, 1H), 6.89 (br dd, J=15.8,
HN AN A chlorophenyl)imida bsolut 10.9 Hz, 1H), 6.23 (dd, J=16.6, 2.3
o =/ z0[1,2-a]pyridine- ansolute Hz, 1H), 5.72-5.83 (m, 1H), 5.20-
5-carboxamide configuration 5.70 (m, 1H), 4.58 (d, J=12.3 Hz,
1H), 3.72-4.40 (m, 3H), 3.46-3.60
(m, 1H), 2.78-3.29 (m, 1H)
Jok/ 1H NMR (CHLOROFORM-d) 5 :
i 8.84 (s, 1H), 7.89-8.10 (m, 2H),
oI ® (R)-1-(3-(3-chloro- 7.62 (brs, 1H), 7.08 (s, 1H), 6.52-
5-(6- Single 6.65 (m, 1H), 6.36-6.49 (m, 1H),
NE 36 methoxypyrimidin- enantiomer of 5.80 (dd, J=10.4, 1.7 Hz, 1H), 4.51
k\N l o 4- known absolute (d, J=12.3 Hz, 1H), 3.92 (dd,
yl)phenyl)morpholi configuration J=12.3, 3.4 Hz, 1H), 3.87-4.14 (m,
no)prop-2-en-1-one 5H), 3.63 (td, J=11.7, 2.3 Hz, 1H),
3.52-3.86 (my, 1H), 3.15-3.51 (m,
1H), 1.67 (brs, 1H)

o 1H NMR (400MHz,
(‘NJV CHLOROFORM-d) & = 8.65 (br d,
NN J=4.8 Hz, 1H), 8.52 - 8.35 (m, 2H),

@/ 7.54 (brd, J=7.6 Hz, 1H), 7.10 (d,

WA (R)-1-(3-(3-chloro- Single J=4.5 Hz, 1H), 6.66 - 6.54 (m, 1H),

L 5-(4- enamtiomer of | 647 - 6:37 (m, 1H), 5.79 (dd, J=1.5,

87 | methylpyrimidin-2- known absolute 10.4 Hz, 2H), 4.57 (d, J=12.1 Hz,
yDphenyhmorpholi |~ " figuration 1H), 3.99 (br dd, J=3.0, 11.3 Hz,
no)prop-2-en-1-one 1H), 4.04 - 3.96 (m, 1H), 3.92 (dd,

J=3.5, 12.3 Hz, 1H), 3.64 (dt, J=2.4,
11.7 Hz, 1H), 3.37 (br s, 1H), 3.85 -
3.01 (m, 1H), 2.60 (s, 3H), 1.27 -
1.22 (m, 1H)

o 4

AN (R"l'(z"i'cmom' Singl CHLOl{](I;IFIZI)l\l;[f/I-(d)O g 1:[;1;6 d,J=
P ° methox‘ ! ;imjdin- enantlir(l)%nzr of 3-8 Hz, 1H), 8.45 (br s, 1H), 8.36 (s,

(P/ 88 Y g_y o e | LD, 7:56 (brs, 1H), 6.67(d. = 5.6

NTN 1)phenyl)morpholi configuration Hz, 1H), 6.60 (d, J = 6.3 Hz, 1H),

N yop yz rf & 6.42 (dd, J = 1.1, 16.6 Hz, 1H), 5.79

no)prop-2-en-1-one (dd, J= 1.8, 10.4 Hz, 1H), 4.55 (d,J
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=12.1 Hz, 1H), 4.08 (s, 3H), 4.02 -
3.88 (m, 3H), 3.69 - 3.51 (m, 2H),
3.43 - 3.24 (m, 1H)
Jok/ 1H NMR (400 MHz,
o 44 CHLOROFORM-d) & ppm 3.07 -
© ¢ Jov ool Single 3.48 (m, 1 H) 3.66 (td, J=11.82,
acry °3y nlmrsp OUN= | enantiomer of | 2.38 Hz, 2 H) 3.90 - 4.09 (m, 2 H)
@ 89 | hloro hyer’] I; . unknown 4.51(d, J=12.26 Hz, 1 H) 5.81 (dd,
‘NJ\,rN“z .1:1. yz Pyt absolute J=10.44, 1.56 Hz, 2 H) 5.94 (brs, 1
o 1cine-2- configuration | H)6.33-6.49 (m, | H) 6.51 - 6.68
carboxamide (m, 1 H) 7.60 - 7.99 (m, 3 1) 8.11
(brs, 2 H) 8.78 - 9.26 (m, 1 H)
Jok/ 1H NMR (400 MHz,
N CHLOROFORM-d) & ppm 2.92 (s,
N e (R)-1-(3-(3-chloro- 3H)3.42 (brd, J=8.76 Hz, 1 H)
5-(2-methyIpyridin- Single 3.58 -3.82 (m, 2 H) 3.97 (dd,
2 90 N | enantiomer of J=12.51,3.63 Hz, 1 H) 4.06 (br d,
Sy | I)phenylymorpholi known absolute J=11.01 Hz, 1 H) 4.50 (br d,
%’0)1; mpg_en_r]’ime configuration | J=12.38 Hz, 1 H) 5.76 - 5.98 (m, 2
H) 6.33 - 6.48 (m, 1 H) 6.50 - 6.65
(m, 1 H) 7.66 (s, 1 H) 7.70 - 7.99
(m, 4 H) 8.81 (br d, J=6.00 Hz, 1 H)
JOK/ 1H NMR (400 MHz,
O & 3 CHLOROFORM.-d) & ppm 3.06 -
3.45 (m, 1 H) 3.46 - 3.87 (m, 2 H)
(R)'l'(g'_gfhl"m' Single 3.91 (dd, J=12.32,3.56 Hz, 1 H)
Z ) 91 methoxypyridin-4- enantiomer of 3.99 (s, 4 H) 4.48 (d, J=12.26 Hz, 1
NP yhphenyhmorpholi known absolute | H) 5.80 (dd, J=10.38, 1.88 Hz, 2 H)
no)prop-2-en-1-one configuration 6.35 - 6.48 (m, 1 H) 6.50 - 6.65 (m,
prop 1 H)6.91 (s, 1 H) 6.99 - 7.15 (m, 1
H) 7.40 - 7.79 (m, 3 H) 8.23 (d,
J=5.38 Hz, 1 H)
j\/ 1H NMR (CHLOROFORM-d) & :
Q, . (R)-1-(3-(-chloro- . 831 (s, 3H). 8.25 (s, 1H), 7.34-7.63
“ 5.(5- Single (m, 1H), 6.52-6.67 (m, 1H), 6.35-
9 n1ethylpyfimj din2- enantiomer of 6.50 (m, 1H), 5.78 (br dd, J=10.4,
NZ N ylyphenyhmorpholi known absolute 1.7 Hz, 1H), 4.56 (d, J=12.1 Hz,
S) 5 1 configuration 1H), 3.99 (br dd, J=11.3, 3.1 Hz,
Nk, nojprop-2-en-1-one 1H), 3.87-3.95 (m, 1H), 3.56-3.80
(m, 2H), 2.99-3.55 (m, 2H)
ﬁ\/ IH NMR (400 MHz,
I CHLOROFORM-d) & ppm 2.54 (s,
oA (R)-1-(3-(3-chloro- 6 H) 3.38 (br d, J=6.80 Hz, 1 H)
(P/ 5-(4,6- Single 3.61 (s, 1 H) 3.63 - 3.68 (m, 1 H)
NN 93 dimethylpyrimidin- enantiomer of 3.87-4.02(m,3H)4.57 (d,
A)\ 2- known absolute | J=12.28 Hz, 1 H) 5.79 (dd, J=10.52,
yl)phenyl)morpholi configuration 1.75 Hz, 1 H) 6.39 - 6.45 (m, 1 H)

6.56-6.64 (m, 1 H) 6.96 (s, | H)
7.53 (brs, 1 H)8.38 (s, 1 H) 8.42
(brs, 1 H)
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o 1H NMR (400 MHz, DMSO-d6 ) &
(\NJ\/ ppm 3.41 - 3.44 (m, 2 H) 3.47 -
°© a . 3.56 (m, 2 H) 3.78 (brd, J=10.01

acry106yl(r?10(jpholin- enar?tlir(fr]l::r of Hz, 1 H) 3.88 (brd, 7=10.13 Hz, 1

WA o1 34005, o H) 4.47 (br d, J=12.26 Hz, 1 H)

"\N o chlorophenyl)pyrim absolute 5.57 (brs, 1 H) 5.77 (br d, 1=10.38

" idin-4(3H)-one configuration Hz, 1H) 6.22 (dd, J=16.57, 2.06
Hz, 1 H) 6.71 - 7.04 (m, 2 H) 7.48
(brs, 1 H)7.91-8.05 (m, 2 H) 8.30
(s, 1 H)

i/ 1H NMR (400 MHz, DMSO-d6 ) &
(o R)-1-(3-(3-(4- ppm 2.28 (s, 3 H) 3.29 (br s, 1 H)
O © (R)-1-(3~( : ( 3.46-3.56 (m, 1 H) 3.80 (br d,

@/ meth;‘ﬁ;;‘;ﬁ;ﬁ;ﬁn_z_ Single J=11.63 Hz, 1 H) 3.89 (br d, J=8.63

NP enantiomer of Hz, 1 H) 4.17 (br d, J=10.51 Hz, 1

R, |7 . ylll)'s’l known absolute | H) 441 (br d, J=12.13 Hz, 1 H)

lfoh"nrgﬁ) rf);fz)_?r‘l’_rﬁ configuration | 5.53 (brd, J=17.64 Hz, 1 H) 5.77
one (dd, J=10.44,2.19 Hz, 1 H) 6.16 -

6.33 (m, 2 H) 6.76 - 6.94 (m, 3 H)
7.46 (brs, 1 H)8.12 - 8.31 (m, 2 H)

)OK/ 1H NMR (400MHz,
i (R)-1-3-G-4 CHLOROFORM-d) § = 8.46 - 8.18
A aminopyrimidin-2- Single (m, 3H),7.53 (br s, 1H), 6.63 - 6.55

5. enantionor of | (M 1H), 645 - 6.37 (m, 3H), 5.78

'U\ % chlorophenyl)morp | known absolute ((2131’)];1%2’ ((11054_11_1: ’1111__11 ; ’ 2};? ébg;,

NH holino)prop-2-en-1- configuration S Al § i
(dd, J=3.3, 11.3 Hz, 1H), 3.91 (dd,
one J=3.6, 12.3 Hz, 1H), 3.63 (dt, J=2.8,

11.8 Hz, 2H), 3.35 (br s, 1H)

JOK/ 1H NMR (400 MHz,

o CHLOROFORM-d) 6 ppm 3.43 (br

O Ny R)-1-(3-(3chl s, 1 H)3.65 (td, J=11.79, 2.44 Hz, 2
(5_ ()1H(;yrro(1:o[(2)r§ Single H)3.87 - 4.08 (m, 2 H) 4.52 (d,

= 97 kb]pyridin-4- enantiomer of J=12.26 Hz, 1 H) 5.80 ((_id, J=10.44,

Xy N yl)phenyhmorpholi known absqlute 1.81 Hz, 1 H) 6.35 - 6.50 (m, 1 H)

no)prop-2-en-1-one configuration 6.52 -6.74 (m, 2 H) 7.17 (d, J=5.00
Hz, 1 H)7.34 -7.93 (m,2 H) 7.42
(d, J=3.38 Hz, 1 H) 8.39 (d, J=5.00

Hz, 1 H) 9.69 (br s, 1 H)

o 1H NMR (400 MHz,
(\‘)NJ\/ CHLOROFORM-d) 6 =7.99 (t,] =
O d 7.7 Hz, 1H), 7.91 (br s, 1H), 7.79 (s,

éfiélm(;}fy}h;’;rll";; Single 1H), 7.63 (br d, J = 7.8 Hz, 2H),
2 08 5. enantiomer of 7.40 (d, ] =7.8 Hz, 1H), 6.68 - 6.53
U ylphenylmorpholi known absolute (m, 1H), 6.40 (br d, J = 16.4 Hz,
n0)prop-2-en-1-one configuration 1H), 5.80 (br d, ] = 10.4 Hz, 2H),
4.51 (brd, J=12.3 Hz, 1H), 4.07 -
3.84 (m, 2H), 3.81 - 3.04 (m, 3H),
2.81 (s, 3H)
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j\/ 1H NMR (400 MHz,

AN 1-(5-(2-(2- CHLOROFORM-d) 6 = 8.44 (br d,

© S “ aminopyrimidin-4- Single J=52Hz, 1H), 8.42 - 8.33 (m,
2 yb-6- enantiomer of IH), 7.68 (d, ] =5.1 Hz, 1H), 7.53
>y 99 chloropyridin-4- unknown (br s, 1H), 6.68 - 6.41 (m, 2H), 6.06
' P, yD)-2,2- absolute -5.62 (m, 2H), 5.40 - 5.18 (m, 2H),
dimethylmorpholin configuration 4.31 -4.12 (m, 2H), 3.75 - 3.31 (m,

0)prop-2-en-1-one 1H), 3.21 - 2.83 (m, 1H), 1.30 (s,

1H), 1.23 (s, 1H)
j’k/ 1H NMR (400 MHz,
e CHLOROFORM-d) & = 7.98 (s,
A 2H), 7.64 (t,J =7.8 Hz, 2H), 7.31
(R)-1-(3-(3-chloro- Single (d,J=73Hz, 1H),6.73 (d,] =8.2

P 5-(6- s Hz, 1H), 6.57 (brd,J = 10.3 Hz,

A~ | 100 | methoxypyridin-2- kir(‘)wn it 1H), 6.47 - 6.37 (m, 1H), 5.76 -
yl)phenyl)morpholi configuration 5.75 (m, 1H), 5.79 (dd, 1 = 1.9, 10.4
no)prop-2-en-1-one Hz, 1H), 4.52 (d, J = 12.3 Hz, 1H),

4.03 (s, 3H), 4.01 - 3.96 (m, 1H),
392 (dd,J=3.6,12.2 Hz, 1H), 3.64

(dt, J=2.6, 11.7 Hz, 3H)
j’\/ H NMR (400 MHz,
K\j Z CHLOROFORM-d) & = 8.64 (s,
O~ cl 2H), 8.42 (brd, J = 1.3 Hz, 1H),
@/ (R)'l'(gzgzcm"m' Single 8.36 (s, 1H), 7.53 (brd, J = 1.0 He,
NP 101 | methylpyrimidin-2- enantiomer of 1H), 6.63 - 6.56 (m, 1H), 6.45 -
KH 1)phenyl)morpholi known absolute 6.40 (m, 1H), 5.80 - 5.77 (m, 1H),
zo)p . y 5 rf configuration 4.56(d, J = 12.3 Hz, 1H), 4.02 -
prop-s-en-1-one 3.90 (m, 3H), 3.63 (dt, J= 2.5, 11.8
Hz, 2H), 3.44 - 3.26 (m, 1H), 2.36
(s, 3H)
H\ )Ov 1H NMR (400 MHz,
N CHLOROFORM-d) 6 ppm 1.45 (br
O 1'(‘31§§§){ 33"53'(4' Sinole d, J=6.56 Hz, 3 H) 3.61 - 3.86 (m, 2
triazin-Z-;/I;-S- enantimgner of H) 4.00 (dd, J=11.56, 3.10 Hz, 1 H)
NP N 102 4.06 - 4.42 (m, 2 H) 4.91 (br d,
& chlorophenyl)-5- known absolute J=4.41 Hy, 1 H) 539 - 5.75 (m, 3
NTTNH, methylmorpholino) configuration H).6 32 (l;r d J=i 550 Hz 1 H)
prop-2-en-1-one 7.42 (s, 1 H) 8.20 - 8.33 (m, 2 H)
8.67 (s, 1 H)

j’\é 1H NMR (400MHz,

N CHLOROFORM-d) 6 = 8.47 (s,
0(\\) o (R)'l'(g'(é'cm"m' Sinel 2H), 8.43 - 8.27 (m, 2H), 7.51 (br d,

(P/ O mngle 1 11,1 He, 1H), 6.65 - 6.54 (m,
) 103 nlethoxygyrlnudln- enantiomer of 1H), 6.48 - 6.38 (m, 1H), 5.79 (dd,

NN 2- known absolute J=19. 10.5 Hz. 2H _

« . ) =19, 10.5 Hz, 2H), 4.55 (d, J=12.1
H) yDphenyl)morpholi configuration Hz, 1H), 4.06 - 3.95 (m, SH), 3.92

~ no)prop-2-en-1-one (dd, J=3.6, 12.2 Hz, 1H), 3.63 (d,
J=2.7, 11.7 Hz, 1H), 3.35 (br s, 1H)

" 1H NMR (CHLOROFORM-d,

(N 5(5:_1;1(;&1(31{1“:?;1‘;'_ Single 400MHz): = 8.51-8.66 (m, 1H),
104 2{/ Py enantiomer of 7.89-8.10 (m, 2H), 7.56 (br s, 2H),

yl)phenyl)morpholi
no)prop-2-en-1-one

known absolute
configuration

7.20 (br s, 1H), 6.35-6.73 (m, 2H),
5.55-6.01 (m, 2H), 4.55 (br d,
J=12.0 Hz, 1H), 3.70-4.17 (m, 3H),
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3.64 (brt, J=11.9 Hz, 1H), 3.49 (s,
1H), 2.48 ppm (br s, 3H)
(\ JOK/ IH NMR (CHLOROFORM-d,
N R 400MHz): 5 = 8.58 (br s, 1H), 7.83-
oAy © (R)'l'(;'(i'cmom' Single 8.05 (m, 2H), 7.46-7.72 (m, 1H),
105 methoxy_l()y;idin-} enantiomer of 7.22 (s, 1H), 6.90 (br s, 1H), 6.32-
NP | yDphenyhmorpholi known absqlute 0.68 (m, 2H), 5.66-5.99 (m, 2H),
> No” )prop-2-en-1-one configuration 4.55 (br d, J=11.9 Hz, 1H), 3.86-
foJprop 4.05 (m, 6H), 3.63 ppm (br t,
J=11.6 Hz, 2H)

Q 1H NMR (CHLOROFORM-d,
(\Nkf (R)-4-(3-(4- Sinel 400MHz): 5 = 8.88 (d, J=5.4 Hz,
SN N acryloylmorpholin- - tl‘ng © £ 1H), 8.09 (br s, 2H), 7.69-7.94 (m,

106 3-yl)-3- ken‘f‘;lr:‘;‘;:;lﬁte 2H), 6.34-6.75 (m, 2H), 5.57-5.97
Ay chlorophenyl)pyrim configuration (m, 2H), 4.50 (d, J=12.3 Hz, 1H),
Sy J\\ idine-2-carbonitrile 3.89-4.14 (m, 2H), 3.55-3.88 (m,
SN 2H), 3.07-3.53 ppm (m, 1H)
j’k/ 1H NMR (400 MHz,
- CHLOROFORM-d) & ppm 9.22 (d,
° o ] 6'1(3'(4'h i Single J=1.25 Hz, 1 H) 8.43 (d, J=1.25 Hz,
acry Og nllorsp O | enantiomer of | 1 H) 8.14 (brs, 1 H) 8.00 - 8.06 (m,
e 107 chloro 'ﬁ’e[)l- l-) im unknown 1H)7.77 (brs, 1 H) 7.59 (br s, 1 H)
5 AN M ilznne.ya,-py absolute 6.44 - 6.59 (m, 1 H) 6.29 - 6.42 (m,
0 ) . configuration 1H)5.64-579(m,2 H)4.45 (d,
carboxamide J=12.30 Hz, 1 H) 2.91 - 401 (m, 5
H)
H\ JOK/ 1H NMR (400 MHz,
N CHLOROFORM-d) 6 =8.19 (t,J =
°\)"" “ 2 ((3R.SR).4 8.3 Hz, 1H), 7.48 - 7.45 (m, 2H),
a(c(ry lo’yl_;'_ ) 7.38 -7.30 (m, 3H), 6.85 (br d, J =
O methylmorpholin- Single 11.5 Hz, 1H), 6.52 - 6.48 (m, 1H),
NHz 108 3-y1)-5°-chloro-4- enantiomer of 6.35(dd, J = 1.4, 16.6 Hz, 1H), 5.75
F O fluoro-[1,1- known absolute -570(m, 1H), 4.87 (brd,J=6.5
biphenyl]’-%- configuration Hz, 1H), 4.32 - 4.23 (m, 1H), 4.13
catboxamide (ddd, J=3.2,5.1, 8.2 Hz, 1H), 3.98
(dd, T=2.8,11.6 Hz, 1H), 3.83 (br
d,J=11.3 Hz, 1H), 3.72 - 3.54 (m,
1H), 1.45(d, J = 6.8 Hz, 3H)

j\/ 1H NMR (400MHz,

(LN & CHLOROFORM-d) 5 = 8.69 (d,
oA J=5.3 Hz, 1H), 7.94 (s, 1H), 7.89 (s,
1-((3R,35R)-3-(3- 1H), 7.47 (d, J=5.3 Hz, 1H), 7.38 (s,

a chloro-5-(2- Single 1H), 6.55 (br s, 1H), 6.33 (dd,

\NJ\ 109 methylpyrimidin-4- enantiomer of J=1.6,16.6 Hz, 1H), 5.68 (br d,

yDphenyl)-5-
methylmorpholino)
prop-2-en-1-one

known absolute
configuration

J=8.5 Hz, 1H), 4.90 (br dd, J=4.5,
7.6 Hz, 1H), 4.38 - 4.07 (m, 2H),
3.98 (dd, J=3.1, 11.6 Hz, 1H), 3.81
(brd,J=11.5 Hz, 1H), 3.70 (brs,
1H), 2.80 (s, 3H), 1.45 (d, J=6.8 Hz,
3H)
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)Ov 1H NMR (400 MHz,
N CHLOROFORM-d) 6 ppm 1.44 (d,
O, @ 1-((3R,5R)-3-(3-(2- J=6.84 Hz, 3 H) 3.57 - 3.86 (m, 2
aminopyrimidin-4- Single H) 3.98 (dd, J=11.47,2.65 Hz, 1 H)
a 110 yD-5- enantiomer of 4.12 (br s, 1 H) 4.29 (br s, 1 H) 4.89
\Nﬂ\NH? chlorophenyl)-5- known absolute (brs, 1 H)5.15 (br s, 2 H) 5.67 (br
methylmorpholino) configuration s, 1 H) 6.33 (br d, J=16.76 Hz, 1 H)
prop-2-en-1-one 6.55 (brs, 1 H) 7.00 (d, J=5.29 Hz,
1H)7.36(s,1H)7.82(s, 1 H)7.86
(s, 1 H)8.36 (d,J=5.29 Hz, | H)
JOK/ 1H NMR (400 MHz,
N CHLOROFORM-d) & ppm 9.15 -
° ¢ 1-(3-(3-chloro-5- Single 9.75 (m, 1 H) 8.24 - 8.41 (m, 1 H)
(1H-pyrrolo[3,2- enantiomer of 7.86-8.17 (m, 2 H) 7.48 - 7.74 (m,
Y 111 c]pyridin-4- unknown 1H)7.31-7.40(m,2 H)6.80(d, 1
SN yl)phenyl)morpholi absolute H) 6.53 -6.67 (m, 1 H) 6.48 (s, 1
no)prop-2-en-1-one configuration H)5.63-6.00(m,2H)4.55(d, 1
H)3.82-4.10(m, 2H) 3.15-3.81
(m, 3 H)
JOK/ 1H NMR (400 MHz,
o + 1-(3-(3-(4-amino- Single CHLOROFORM-d) & ppm 1.91 (s,
° ° 1,3,5-triazin-2-yl)- | enantiomer of | 3 H)3.56 (d, J=12.01 Hz, 1 H) 3.64
112 | 5-chlorophenyl)-3- unknown -3.75 (m,2 H) 3.87-3.99 (m, 2 H)
NP methylmorpholino) absolute 4.01-4.21 (m, 1 H) 5.51 (brs, 3 H)
/2 NH, prop-2-en-1-one configuration 6.06 - 6.51 (m, 2 H) 7.56 (s, 1 H)
8.20-8.44 (m, 2 H)8.69 (s, 1 H)
j\/ 1H NMR (400 MHz,
' CHLOROFORM-d) 6 ppm 1.90 (s,
° “ 1-(3-(3-(2- Sinel 3H)3.56 (d, J=12.13 Hz, 1 H) 3.66
aminopyrimidin-4- enam‘i‘(lfn ZT of | -377(m,2H)387-3.98 (m, 2 H)
a 113 yD)-5- unknown 4.04 -4.14 (m, 1 H) 5.59 (br d,
\NJ\NHZ chlorophenyl)-3- bsolut J=10.01 Hz, 1 H) 5.98 (br s, 2 H)
methylmorpholino) cosﬁ;‘zj;‘agon 6.19 (br d, J=15.63 Hz, 1 H) 6.39
prop-2-en-1-one (brs, 1 H) 7.09 (d, J=5.63 Hz, 1 H)
7.56 (s, 1 H)7.87 (s, 1 H) 8.02 (s, 1
H)8.33(d,J=5.25Hz 1 H
JOK/ 1H NMR (400 MHz,
o CHLOROFORM-d) 6 ppm 1.89 (s,
© 0 . 3’-(4-acryloyl-3- Sinel 3 H) 3.56 (d, J=12.01 Hz, 1 H) 3.63
methylmorpholin- enam‘i‘;i Zr of | -377(m.2H)3.90 (brd, 1=9.76
O 114 | 3¥D-5-chloro-4- o Hz, 2 H) 4.03 - 4.16 (m, 1 H) 5.57
NHz fluoro-[1,1’- bsolut (brs, 1 H)5.83 (brs, 1 H) 6.11 -
PO biphenyl]-3- apsofute 6.46 (m, 2 H) 6.73 (brs, 1 H) 7.17 -
carboxamide configuration | " 5’ 1 Hy 7.34 - 7.49 (m, 3 H)
7.67 (brs, 1 H) 8.31 (brd, J=6.13
Hz, 1 H)
j\/ 1H NMR (400MHz,
O . (R)-1-(3-(3-chloro- Sinele CHLOROFORM-d) 6 =17.72 (d,
“ 5-(1-cyclopropyl- enantio%ner of J=5.4 Hz, 2H), 7.39 (s, 3H), 6.65 -
115 1H-pyrazol-4- known absolute 6.52 (m, 1H), 6.48 - 6.34 (m, 1H),
@ yl)phenyl)morpholi confieuration 5.79 (dd, J=1.9, 10.4 Hz, 1H), 4.46
N-N no)prop-2-en-1-one & (d, J=12.3 Hz, 1H), 3.98 (br d,
<{ J=8.2 Hz, 1H), 3.89 (dd, J=3.5, 12.2
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Hz, 1H), 3.74 - 3.02 (m, 4H), 1.20 -
1.15 (m, 2H), 1.10 - 1.04 (m, 2H)

)0,\/ TH NMR (400 MHz,
N CHLOROFORM-d) & ppm 3.20 -
oA (R)-1-(3-(3-chloro- Sinel 3.67 (m, 3 H) 3.89 (dd, J=12.23,

5-(1-methyl-1H- enam‘i‘;il Zr of 3.58 Hz, 1 H) 3.95 (s, 3 H) 3.98
2 116 pyrazol-4- Known absolute | (@d: J=11.42,3.26 Hz, 1 H) 4.46 (d,
s yDphenyhmorpholi | “ """ .| J=12.17 Hz, 1 H) 5.79 (dd, J=10.42,
no)prop-2-en-1-one g 1.88 Hz, 2 H) 6.36 - 6.46 (m, 1 H)
6.52-6.62 (m, 1 H) 7.39 (s, 3 H)
7.62(s,1 H)7.73 (s, 1 H)
Jok/ 1H NMR (400 MHz,
O o (R)-1-(3-(3-chloro- Single CHLOROFORM-d)  ppm 3.05 -
17 5-(1H-pyrazol-4- enantiomer of 43'%761 (Znﬁz i 31'8}61 ) 54'5053 (glgg H
p yl)phenyl)morpholi | known absolute 2 H-) 6 33(_11;, 49 (111 '1 H-) 6 51(_m,
it no)prop-2-en-1-one configuration 6.66 ’ ; - ’
66 (m, 1 H) 7.32 - 7.62 (m, 4 H)
7.85 (brs, 2 H)

j\/ 1H NMR (400 MHz,
a0 CHLOROFORM-d) & ppm 2.08 -
O Ao 2.19 (m, 3 H) 3.35 (br s, 1 H) 3.62

Q (R)-1-(3-(3-chloro- Single (td, J=11.74, 2.69 Hz, 1 H) 3.90

N, 5-(4-methyl-1H- r g . (dd, J=12.29, 3.61 Hz, 1 H) 3.99
5\—’/ 118 pyrazol-1- ke”a“ '0';‘”1" o | (@d,J=1131,3.36 Hz, 1 H) 4.48 (¢,
ylphenyl)morpholi ggrvl}? f‘n Zg(;lne J=12.23 Hz, 1 H) 5.80 (dd, J=10.39,
no)prop-2-en-1-one & 1.96 Hz, 2 H) 6.38 - 6.46 (m, 1 H)
6.51-6.61 (m, 1 H) 7.39 (br s, 1 H)
7.52-7.56 (m, 1 H) 7.54 (s, 1 H)
7.59 - 7.78 (m, 3 H)
i/ 1H NMR (400 MHz,
N 1-(3-(2-(6- Sinel CHLOROFORM-d) & ppm 8.64 (d,
N aminopyrimidin-4- e e J=1.00 Hz, 1 H) 8.42 (br s, 1 H)
L) enantiomer of
7 119 y1)-6- anknown 7.48 (d, J=1.00 Hz, 2 H) 6.52 - 6.69
NP ] chloropyridin-4- absolute (m, 1 H) 6.37-6.51 (m, 1 H) 5.64 -
k\N NH, yl)morpholino)prop fi i 5.93 (m, 2 H) 5.14 (br s, 2 H) 4.53
-2-en-1-one COMUEUTAUON | (4 J=12.30 Hz, 1 H) 3.87 - 4.05 (m,
2 H) 3.02 - 3.86 (m, 3 H)

j\/ 1H NMR (400 MHz,

AV 1-(5-(2-chloro-6- CHLOROFORM-d) § =8.78 (d,J =

° S @ (2- Single 5.3 Hz, 1H), 8.59 - 8.35 (m, 1H),
2N methylpyrimidin-4- enantiomer of 8.13(d,J=5.3 Hz, 1H), 7.58 - 7.38
o 120 yl)pyridin-4-yl)- unknown (m, 1H), 6.65 - 6.51 (m, 1H), 6.51 -

SN 2- absolute 6.43 (m, 1H), 5.92 - 5.69 (m, 2H),
dimethylmorpholin configuration 4.35-4.12 (m, 2H), 3.81 - 2.86 (m,

o)prop-2-en-1-one 1H), 2.85 - 2.76 (m, 3H), 1.34 -
1.28 (m, 1H), 1.24 (s, 1H)

° 1H NMR (400 MHz,
AP 1'(3'(2";h1°r°'6' Single CHLOROFORM-d) 6 =8.79 (d, J =
°© S < vl ( 5 idind enantiomer of 5.3 Hz, 1H), 8.52 (br s, 1H), 8.14

2N 121 | met 1y Py ?g.m in' . unknown (d,J=5.1Hz, 1H), 7.59 - 7.42 (m,
A, i~ O)py}féﬁlfl‘('))'m absolute 1H), 6.68 - 6.54 (m, 1H), 6.53 -
s YOI O PP 1 configuration | 6.41 (m, 1H), 5.92 - 5.66 (m, 2H),

4.56 (d, J = 12.3 Hz, 1H), 4.06 -
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yl)phenyl)morpholi
no)prop-2-en-1-one

known absolute
configuration

(dd, J=10.42, 1.88 Hz, 1 H) 5.63 -

5.76 (m, 1 H) 6.36 - 6.49 (m, 1 H)

6.52 - 6.65 (m, 1 H) 7.45-7.76 (m,
5H)8.62-8.75(m, 2 H)
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3.87 (m, 2H), 3.86 - 3.54 (m, 2H),
3.53-3.18 (m, LH), 2.82 (s, 1H)

o TH NMR (400 MHz,
A~ 3T nerTovld CHLOROFORM-d) 6 = 8.73 - 8.56

© ° (3 'a,cr7y oyl-a- Single (m, 1H), 8.52 - 8.29 (m, 1H), 8.01 -
azaspifo"[‘; 5_]octan- cnantiomer of | 7.81 (m, 1H), 7.78 - 7.39 (m, 4H),
& 122 6- 1)'_5_ unknown 6.68 - 6.30 (m, 2H), 6.07 - 5.50 (m,

SN 2 chloropgenﬁ)picon absolute 3H), 4.54 - 4.32 (m, 1H), 4.22 -
° namide configuration 2.82 (m, 3H), 1.10 - 0.95 (m, 1H),
0.87 - 0.75 (m, 1H), 0.74 - 0.66 (m,

1H), 0.64 - 0.46 (m, 1H)
jv 1H NMR (400 MHz,

N (R)-1-(2-(3-(4- CHLOROFORM-d) & = 8.68 (s,
\,s;“\)"v “ amino-1,3,5- inel 1H), 8.52 - 8.29 (m, 2H), 7.56 (br s,
oo (E( triazin-2-yl)-3- Single 1H), 6.60 (br d, J = 10.4 Hz, 1),

enantiomer of
NP 123 | chlorophenyl)-4- | = T | 6.51-6.41 (m, 1H), 5.85 (brd, ) =
SN (methylsulfonyl)pip fiourai 10.3 Hz, 2H), 5.54 (br s, 2H), 4.44
erazin-1-ylprop-2- | COMIBUIALON 4 Y 123 Hy, 1H), 3.74 (br d, J
en-1-one =103 Hz, 1H),3.21 (brd, J = 10.1
Hz, 2H), 2.83 (s, 5H)
i/ 1H NMR (400 MHz,

- CHLOROFORM-d) & = 8.38 (br d,
\,,s\;“\)"" “ (R)'l'(z.'(i'i@ 4 J=5.0 Hz, 1H), 8.04 (s, 2H), 7.47
°e am'“(’p{“?‘ 1n-a Single (brs, 1H), 7.12 (brd, J = 5.0 Hz,

& IN 124 chlor(ilpil-erlyl)-4- enantiomer of 1H), 6.62 (br d, ] = 10.3 Hz, 1H),
‘NJ\NHQ - (methylsulfonyl)pip known absolute 6.53 - 6.39 (m, 1H), 5.87 (brd,J =
erazirf’_l_yl)prf) pat | configuration | 10.8 Hz, 2H), 5.19 (br s, 2H), 4.49
1 (brd,J=12.5 Hz, 1H), 3.76 (br d, J
en-1-one =10.3 Hz, 2H), 3.18 (br d, T = 12.6
Hz, 2H), 2.84 (s, 4H)
Jok/ 1H NMR (400 MHz,
o CHLOROFORM-d)  ppm 9.30 (d,
° S < 644 J=126 Hz, 1 H)9.13 (s, 1 H) 8.55
2N acrvlo 1( -0( -hol’n Single (brs, 1 H)7.83 (brs, 1 H)7.47 -
N Ty 3y 1111 r6p - enantiomer of 7.64 (m, 1 H) 6.53 - 6.67 (m, 1 H)

SAgpe 125 | S0 unknown 640 - 6.52 (m, 1 H) 5.85 (dd,

0 yl)pyrilzr}]]jrdine-4- absolute J=10.29,1.76 Hz, 1 H) 5.77 (brs, 1
carboxamide configuration H) 4.54 (d, J=12.55 Hz, 1 H) 4.00

(dd, J=11.48,3.20 Hz, 1 H) 3.94

(dd, J=12.30, 3.39 Hz, 1 H) 3.50 -

3.88 (m, 2 H) 3.07 - 3.50 (m, 1 H)

ji\/ 1H NMR (400 MHz,
i CHLOROFORM-d) & ppm 3.64 (br
O (R)-1-(3-(3-chloro- Single d, J=2.76 Hz, 2 H) 3.87 - 4.08 (m, 2
E/ 126 5-(pyridin-4- enantiomer of H) 4.49 (d, J=12.30 Hz, 1 H) 5.81
-
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j’k/ 1H NMR (400 MHz,
N 1-(3-(2-(6- ol CHLOROFORM-d) § = 9.24 - 9.07
© o aminopyrimidin-4- St‘.“g © ¢ | (m, 1H),8.62-8.43 (m, 1H),8.29-
17 y)-6- e“i‘;ﬁgg‘;flo 8.15 (m, 1H), 7.62 - 7.39 (m, 1H),
2 - chloropyridin-4- absolute 6.69 - 6.37 (m, 2H), 5.97 - 5.59 (m,
L\N yDmorpholino)prop configuration 2H), 4.60 - 4.47 (m, 1H), 4.07 -
-2-en-1-one 3.88 (m, 2H), 3.84 - 3.24 (m, 3H),
2.70 - 2.57 (m, 3H)
jk/ 1H NMR (400 MHz,
o CHLOROFORM-d) 6 = 7.93 (br s,
O (R)-1-(3-(3-(6- 2H), 7.60 (d, J = 9.1 Hz, 2H), 6.83
aminopyridazin-3- Single (d, J=9.1 Hz, LH), 6.65 - 6.51 (m,
e ] 128 yD)-5- enantiomer of 1H), 6.47 - 6.35 (m, 1H), 6.00 -
Ny chlorophenyl)morp | known absolute 5.55 (m, 2H), 4.87 (br s, 2H), 4.51
NHo holino)prop-2-en-1- configuration (brd,J=12.1 Hz, 1H), 3.99 (br dd,
one J=2.3,11.0Hz, 1H),3.91 (dd,J =
3.5,12.3 Hz, 1H), 3.80 - 2.62 (m,
3H)
1H NMR (400 MHz,
CHLOROFORM-d) 6 ppm 9.31 (d,
6-(4-(4- Sinele J=1.38 Hz, 1 H) 8.63 (d, J=1.25 Hz,
acryloylmorpholin- enantio%ner of 1 H) 8.50 (brs, 1 H) 7.54 (brs, 1 H)
129 3-yl)-6- unknown 6.46 - 6.58 (m, 1 H) 6.35 - 6.44 (m,
- chloropyridin-2- absolute 1 H)5.61-590(m, 2 H)4.44 (d,
yl)pyrimidine-4- configuration J=12.51 Hz, 1 H) 3.93 (dd, J=11.38,
carbonitrile 325 Hz, 1 H) 3.87 (dd, J=12.51,
3.50Hz, 1 H) 3.47 - 3.81 (m, 2 H)
3.02-3.43 (m, 1 H)
JOK/ 1H NMR (400 MHz,
N 1-((3R,5R)-3-(3-(5- CHLOROFORM-d) 6 ppm 1.46 (br
O aminopyrimidin-2- Single d, J=6.68 Hz, 3H) 3.72 - 3.88 (m, 4
130 yl)-5- enantiomer of H) 4.02 (dd, J=11.62,2.80 Hz, 1 H)
NP chlorophenyl)-5- known absolute | 4.08 - 4.45 (m, 2 H) 4.91 (br s, 1 H)
V methylmorpholino) configuration 5.63 (brs, 1 H) 6.31 (brd, J=16.21
NH, prop-2-en-1-one Hz, 1 H) 6.47 (brs, 1 H) 8.13 (s, 1
H)8.17 -8.27 (m, 3 H)
8 1H NMR (400 MHz,
WA CHLOROFORM-d) 3 = 8.76 - 8.57
O, “ 1-((3R,5R)-3-(3-(6- (m, 1H), 7.88 - 7.71 (m, 2H), 7.35
aminopyrimidin-4- Single (s, 1H), 6.84 - 6.68 (m, 1H), 6.64 -
NP ] 131 yD-5- enantiomer of 6.40 (m, 1H), 6.32 (brd, J=16.5
k\,\, NH, chlorophenyl)-5- known absolute Hz, 1H), 5.73 - 5.59 (m, 1H), 5.10
methylmorpholino) configuration (brs, 2H), 4.89 (br s, 1H), 4.34 -
prop-2-en-1-one 4.10 (m, 2H), 3.99 (dd,J =2.8, 11.6
Hz, 1H), 3.83 - 3.67 (m, 2H), 1.44
(brd,J =6.6 Hz, 3H)
j\/ 1H NMR (400 MHz,
[ (R)-1-(3-(3-(5- CHLOROFORM-d) 6 ppm 3.35 (br
O o aminopyridazin-3- Single s, 1 H) 3.58 - 3.69 (m, 1 H) 3.88 -
132 yD)-5- enantiomer of 4.02 (m, 2 H) 4.40 (brs, 1 H) 4.55 -
NF ) chlorophenyl)morp | known absolute 4.59 (m, 1 H) 5.79 (dd, J=10.44,

holino)prop-2-en-1-
one

configuration

1.81 Hz, 2 H) 6.31 - 6.48 (m, 1 H)
6.51 - 6.64 (m, 1 H) 6.96 (d, J=2.63
Hz, 1 H) 7.45 - 7.73 (m, 1 H) 7.86 -

48




WO 2024/073587 PCT/US2023/075401
Structure No. Name Stereochemistry NMR
8.06 (m, 2 H) 8.66 (d, J=2.63 Hz, 1
H)
0 TH NMR (400 MHz,
%/\NJV CHLOROFORM-d) 6 ppm 1.25 (s,
O uy® ;i)'ﬁ)'(f"é(‘g Sinele 3H) 1.30 (s, 3 H) 2.86 - 3.70 (m, 1
dimetgylri/lor;;holin enantio%ner of H) 4.17(br s, 2 H) 5.63 (br s, 1 H)
z 133 Ny 5.79 (br d, J=10.13 Hz, 2 H) 6.40 -
- NH, 3-yD-5 known absolute 6.58 (m., 2 H) 7.64 (s, 1 H) 7.62 -
N T chloropher}yl)picoli configuration 7 6 5 (m ’f H) 7 6 5. 7’ 67 (m '1 H)
namide 7.97 (brs, 1 H) 8.42 (s, 1 H) 8.65
(d,J=5.13Hz, 1 H)
Jov 1H NMR (400 MHz,
N CHLOROFORM-d) 6 = 8.63 (d, ] =
O Am© 5.1 Hz, 1H), 8.40 (s, 1H), 7.91 (brs,
4-(3-((3R,5R)-4- 1H), 7.66 - 7.59 (m, 1H), 7.58 -
z ] acryloyl-5- Single 7.53 (m, 1H), 7.50 - 7.45 (m, 1H),
Sy NHz 134 methylmorpholin- enantiomer of 7.37 -7.33 (m, 1H), 6.75 - 6.47 (m,
0 3-yl)-5- known absolute 1H), 6.40 - 6.25 (m, 1H), 5.75 -
chlorophenyl)picoli configuration 5.61 (m, 2H), 4.89 - 4.80 (m, 1H),
namide 4.33 -4.19 (m, 1H), 4.17 - 4.06 (m,
1H), 4.03 - 3.96 (m, 1H), 3.87 -
3.80 (m, 1H), 3.73 (br's, 1H), 1.47 -
1.40 (m, 3H)
o IH NMR (400 MHz,
QJ\/ . (R)-1-(3-3-5- CHLOROFORM-d) & = 8.49 (s,
. S ) 2H), 7.40 (s, 3H), 6.65 - 6.51 (m,
aminopyrimidin-2- S1'ngle 1H), 6.50 - 6.38 (m, 1H). 5.84 -
~ 135 chloroglll)e-rf)-/l)morp k?lr(l)zgllrtll(:ll;se(flﬁtfe >-80(dd, J =1.6, 104 Hz, 2H), 5.29
NN ) . (brs, 2H), 4.47 (d,J = 12.3 Hz,
THZ holino)prop-2-en-1- configuration 1H), 4.06 - 3.95 (m, 1H). 3.92 -
one 3.91 (m, 1H), 3.63 (dt, J=2.1,11.8
Hz, 3H)
jk/ IH NMR (CHLOROFORM-,
N R 1(3-(3-02 400MHz): 6 = 8.12 (d, J=5.4 Hz,
O A (R)-1-(3-(3-(2- A 1H), 7.45-7.72 (m, 3H), 6.83 (br d,
aminopyridin-4-yl)- Single J=5.1Hz, 1H), 6.67 (s, 1H), 6.37-
Q 136 Ch]omph‘z ;1yl)morp kizﬁgzi‘fglztfe 6.62 (m, 2H), 5.80 (dd, J=10.4, 1.5
S, holinoyorop 2.om 1. ot Hz, 2H), 4.70 (br s, 2H), 4.48 (d,
prop-z-en CONUEUIAlon | y_15 1 Hy, 1H), 3.83-4.05 (m, 2H),
one 3.57-3.82 (m, 2H), 3.36 ppm (br s,
1H)
o 1H NMR (400MHz,
I CHLOROFORM-d) 5 = 8.92 (br s,
O m 1(GRSR)-3-G3 1H), 8.74 (s, 1H), 8.53 (br s, 1H),
hioras, (9’H_ Single 8.17 - 7.92 (m, 1H), 7.41 (s, 1H),
g | N‘) urin-6-yl)phenyl)- enantiomer of 6.79 (s, 1H), 6.40 (br d, J=16.4 Hz,
Sy 137 | P ys pheny o alue | [FD: 5:80 (brs, 1H), 5.00 - 4.96 (m,
methylm;)rpholino) configuration 1H), 4.40 (br s, 1H), 4.18 (br s, 1H),
enLone 4.11 (br d, J=11.4 Hz, 1H), 3.86 (br
prop-z-en d, J=11.4 Hz, 1H), 3.79 - 3.62 (m,
1H), 1.51 (d, J=6.8 Hz, 3H), 1.34 -
1.21 (m, 1H)
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@ 1H NMR (400 MHz,
NJ\/ CHLOROFORM-d) 6 =8.44 - 8.40
O\)""l ¢ (m, 1H), 8.33 - 8.26 (m, 1H), 8.16 -
2 1-((3R,5R)-3-(2- 8.12 (m, 1H), 8.03 - 7.96 (m, 1H),
S chloro-6- Sinale 7.83 -7.79 (m, 1H), 7.83 - 7.75 (m,
NN (imidazo[1,2- ne 1H), 7.74 - 7.66 (m, 2H), 7.65 -
o o enantiomer of
138 a]pyridin-7- known absolute 7.60 (m, 1H), 6.74 - 6.61 (m, 1H),
yl)pyridin-4-yl)-5- configuration 6.40 - 6.29 (m, 1H), 5.82 - 5.73 (m,
methylmorpholino) < 1H), 4.83 - 4.74 (m, 1H), 4.32 -
prop-2-en-1-one 4.23 (m, 1H), 4.15 - 4.05 (m, 1H),
4.04 - 3.93 (m, 1H), 3.92 - 3.84 (m,
1H), 3.60 - 3.44 (m, 1H), 1.43 (d,J
= 6.7 Hz, 3H)
7 1H NMR (400 MHz,
NJ\/ CHLOROFORM-d) 6 ppm 1.44 (d,
°\)"~| ~r¢ J=6.85 Hz, 3 H) 3.42 - 3.67 (m, 1
7" 5-(4-((3R,5R)-4- H) 3.80-3.93 (m, 1 H)3.95 - 4.02
acryloyl-5- Single (m, 1 H) 4.09 (br d, J=7.46 Hz, 1 H)
NHz methylmorpholin- enantiomer of 4.26 (brs, 1 H) 4.77 (br dd, J=9.11,
Foo 139 3-y1)-6- Cnown absolute | 438 HZ 1H)5.70 - 5.94 (m, 2 H)
chloropyridin-2- configuration 6.35 (dd, J=16.69, 1.65 Hz, 1 H)
yD-2- 6.49 - 6.85 (m, 2 H) 7.19 (s, 1 H)
fluorobenzamide 7.22-7.27 (m, 1 H) 7.60 (d, J=0.73
Hz, 1 H) 8.33 (ddd, J=8.65, 5.10,
2.51 Hz, 1 H) 8.61 (dd, J=7.34, 2.57
Hz, 1 H)
2 1H NMR (400 MHz,
AN~ A . 1'(6'(.3'(3? , CHLOROFORM-d) & ppm 0.54 -
© o am'n"pﬁmj‘“ e Single 0.73 (m, 2 H) 0.75 - 1.04 (m, 2 H)
chloroypil-er;yl)- 4. enantiomer of 2.91-3.30 (m, 1 H) 3.77 - 4.15 (m,
N 140 oxa-T- unknown 2H)4.45(d,J=12.05Hz, 1 H) 5.08
oA, azaspirol2.5Joctan- absolute (brs, 2 H) 5.75-6.00 (m, 2 H) 6.37
7-yl)prop-2-en-1- configuration (i) 6(157J (rél,é I:I) 6.18% )(87, ;GI'-I()b7.692
r d, J=6. z, . rs,
one H) 8.66 (d, J=0.75 Hz, 1 H)
1H NMR (400 MHz,
CHLOROFORM-d) 6 =8.67 (d, ] =
(R)-1-(3-(3-(6- 2.5 Hz, 1H), 7.91 (brd, J =7.6 Hz,
aminopyridazin-4- Single 2H), 7.71 - 7.56 (m, 1H), 7.08 -
141 yD-5- enantiomer of 7.03 (m, 1H), 6.64 - 6.55 (m, 1H),
chlorophenyl)morp | known absolute | 6.43 - 6.35 (m, 1H), 5.87 - 5.72 (m,
holino)prop-2-en-1- configuration 2H), 5.65 - 5.43 (m, 1H), 4.56 -
one 4.48 (m, 1H), 4.03 - 3.96 (m, 1H),
3.94 - 3.87 (m, 1H), 3.67 - 3.57 (m,
1H), 3.51 - 3.30 (m, 1H)
e 1H NMR (400 MHz,
NP 1-((3R,5R)-3-(2- CHLOROFORM-d) 6 =8.76 (d, J =
O\)""l ~r“ chloro-6-(2- Single 5.3 Hz, 1H), 8.34 (s, 1H), 8.12 (d,J
2N methylpyrimidin-4- enantioiler of =5.3 Hz, 1H), 7.29 (s, 1H), 6.71 -
P 142 | SOyridinedin-4-yD)- | | | 6.53 (m, 1H), 6.34 (dd, T = 1.6, 16.7
\NJ\ 5- confieuration Hz, 1H), 5.75 (brd, J = 10.5 Hz,
methylmorpholino) & 1H), 4.84 (brdd, J = 4.1, 8.8 Hz,

prop-2-en-1-one

1H), 4.26 (brs, 1H), 4.12 (brd,J =
8.4 Hz, 1H), 4.01 - 3.93 (m, 1H),
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3.92-3.81 (m, 1H), 3.58 (br d, J =
1.0 Hz, 1H), 2.80 (s, 3H), 1.43 (d, J
=6.8 Hz, 3H)
Jok/ 1H NMR (400 MHz,
N CHLOROFORM-d) & ppm 8.43
° o o (dd, J=7.57,2.44 Hz, 1 H) 7.91
Q N, (ddd, J=8.54, 4.97,2.50 Hz, 1 H)
o O . 5-(4’-acryloyl-5- Single 7.37 (d,J=2.13 Hz, 1 H) 7.20 (dd,
chloro-2H- enantioiler of J=11.57,8.69 Hz, 1 H) 7.05 (d,
143 spiro[benzofuran- unknown J=2.13 Hz, 1 H)6.59 - 6.77 (m, 1
~ | 3,3’-morpholin]-7- absolute H) 6.37 - 6.50 (m, 1 H) 6.19 - 6.31
yb)-2- P (m, 1 H) 5.88 (br's, 1 H) 5.67 (dd,
fluorobenzamide contiguralion | y_10.38, 1.50 Hz, 1 H) 4.73 - 4.81
(m, 1 H) 4.64 - 4.73 (m, 1 H) 4.00 -
4.10 (m, 1 H) 3.87 - 4.00 (m, 2 H)
3.74 - 3.84 (m, 1 H) 3.61 - 3.73 (m,
1 H)3.36 - 3.50 (m, 1 H)
o 1H NMR (400 MHz,
r JJ\/ . CHLOROFORM-d) § = 8.43 (d, J =
K 5.3 Hz, 1H), 8.21 (s, L1H), 7.67 (d, J
o 1-(BRSR)-3-(2-(2- =5.3 Hz, 1H), 7.28 (brs, 1H), 6.70
A am‘“"p{“g“dm““ Single -6.54 (m, 1H), 6.35 (dd, J = 1.6,
\NJ\NHZ 144 - yb- ;j 4 enantiomer of 16.7 Hz, 1H), 5.75 (br d, J = 10.0
¢ Omll’)y_ fs‘ % known absolute | Hz, 1H), 5.24 (br s, 2H), 4.82 (br
methyli,norpholino) configuration dd, J=4.5, 8.9 Hz, 1H), 4.26 (br s,
1H),4.10 (br d, J= 7.6 Hz, 1H),
prop-2-en-1-one 3.99 - 3.94 (m, 1H), 3.88 - 3.82 (m,
1H), 3.66 - 3.51 (m, 1H), 1.43 (d, J
=6.8 Hz, 3H)
0 1H NMR (400 MHz,
A CHLOROFORM-d) 6 = 8.43 (d, J =
°\)""| ~r° 5.3 Hz, 1H), 8.21 (s, 1H), 7.67 (d,J
N 4-((3R,5R)-4- =5.3 Hz, 1H), 7.28 (br s, 1H), 6.70
7 | acryloyl-5- Single -6.54 (m, 1H), 6.35(dd, J = 1.6,
N NH 145 methylmorpholin- enantiomer of 16.7 Hz, 1H), 5.75 (brd, J=10.0
o 3-yl)-6-chloro- known absolute Hz, 1H), 5.24 (br s, 2H), 4.82 (br
[2,4°-bipyridine]- configuration dd,J=4.5,89Hz, 1H), 4.26 (br s,
2’-carboxamide 1H), 4.10 (brd, J =7.6 Hz, 1H),
3.99 - 3.94 (m, 1H), 3.88 - 3.82 (m,
1H), 3.66 - 3.51 (m, 1H), 1.43 (d, J
=6.8 Hz, 3H)
~ jv IH NMR (400 MHz,
N . . CHLOROFORM-d) § ppm 3.36 (br
AN 11'3‘3,5'(t2.'(47an2‘1n‘1" St‘.”gle o | d.1=978 Hz 1 H) 358" 3,45 (m, 2
| e | g | eroneet G092 145 @
NP Do h‘(’){ino) o absolute J=12.47 Hz, 1 H) 5.54 - 6.14 (m, 3
NP ybmorp | prop e urat H) 6.43 - 6.68 (m, 3 H) 7.50 - 7.69
Teen-l-one configuration |, "1 4y 8.53 (brs, 1 H) 8.76 (s, 1
H)
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P 1H NMR (CHLOROFORM-d,
N N = -
Sl | [ wrooomme | swe | g oo
147 ’j‘(}fﬁitmam’f‘l. ke“a““‘?%‘?rlof 6.66 (m, 2H), 5.81 (dd, I=10.4, 1.8
PN Y ))p e“yz’m"rf’ ol “"“}“ 4 5;). e\ Hz, 2H), 4.54 (d, J=12.3 Hz, 1H),
S A nNoJprop-c-en-1-one | contiguration 3.91-4.03 (m, 2H), 3.54-3.87 (m.
2H), 3.19-3.53 ppm (m, 1H)
i 1H NMR (400 MHz,
A (R)-1-(5-(3-(2- CHLOROFORM-d) 5 ppm 1.25 (s,
O aminopyrimidin-4- Single 3H) 1.30 (s, 3 H) 2.85 - 3.56 (m, 2
148 yD-5- enantiomer of H)4.11-4.29 (m, 2 H) 5.80 (br d,
a chlorophenyl)-2,2- known absolute J=10.13 Hz, 2 H) 6.09 (brs, 1 H)
\NJ\NH2 dimethylmorpholin configuration 6.35-6.59 (m,2 H) 7.11 (br s, 1 H)
o)prop-2-en-1-one 7.70 (brs, 1 H)7.90 - 8.16 (m, 2 H)
8.27 - 8.36 (m, | H)
° 1H NMR (400 MHz,
%/\NJ\/ (R)-1-65-(3-(6- . CHLOROFORM-d) & ppm 1.25 (s,
o0 cl aminopyrimidin-4- S{ngle 3H) 1.30 (s, 3 H) 3.04 - 3.68 (m, 2
19 | oty 2o, | el | 50 411439 .21 530 6r
N I dimethylmo h(;lin configuration 1=10.51 Hz, 2 H) 6.27 - 6.72 (m, 3
NS yimorp & H) 6.98 (brs, 1 H)7.68 (brs, 1 H)
0)prop-2-en-1-one 7.83 - 8.00 (m, 2 H) 8.62 (br s, 1 H)
o 1H NMR (400 MHz,
N~Ae . 1'(5'(.2'(2? , Sinal CHLOROFORM-d) & ppm 1.23 (s,
AN amm"pf‘g‘l in-a- enamli‘;i;r of | 3H)130(s,3H)3.13 (brs, | H)
[ 150 | chloropyridin-4- unknown | > (brs: LH) 398 - 4.67 (m, 2 H)
v 22 heolut 5.00 (br s, 2 H) 5.82 (br d, J=9.91
S, dimetl}llylm:)rpholin configuration Hz, 2H) 6.37 - 6.71 (m, 2 H) 7.36 -
o)prop.2.en-1-one 7.56 (m, 2 H) 8.41 (brs, | H) 8.65
(s, 1 H)

° 1H NMR (400 MHz,
NG CHLOROFORM-d) & ppm 8.72 (s,
1 o 1-(7-(4-amino- 1H)8.12(d, J=2.25 Hz, 1 H) 7.18

N§(NH2 1.3.5-triazin-2-yl)- Single (d, J=2.25 Hz, 1l H) 6.38 - 6.52 (m,

ol Q\,,N ’ é-chloro-ZH?, enantiomer of 1 H)6.22-6.33 (m, 1 H)5.75 -

151 | irofbenzofuran- unknown 6.16 (m, 2 H) 5.69 (dd, J=10.32,

3.5 -morpholin}4'- absolute 1.44 Hz, 1 H) 4.86 - 4.94 (m, 1 H)

Nprop.b-on- 1 configuration | 4.80 (d,J=9.13 Hz, 1 H) 4.01 - 4.09

ylprop-s-en-1-one (m, 1 H) 3.87 - 4.00 (m, 2 H) 3.82
(d, J=12.01 Hz, 1 H) 3.58 - 3.70 (m,

1H)3.35-3.49 (m, 1 H)
i 1H NMR (400 MHz, DMSO-d6 ) &
L7 L-(5-C(d-amino- ppm 2.10-2.23 (m, 1 H) 2.10 -
1.3.5-triazin-2y1)- 2.23(m, 1 H) 2.52 (brs, 1 H) 3.31 -
a 152 é-;:hlorophenyl)- Racemic 3.63 (m, 3 H)3.78 - 4.07 (m, 1 H)
' oY o 4.14 (s, 1 H) 5.27 - 5.85 (m, 2 H)
N7 N Noron.2 p 1 6.13 (br d, J=16.75 Hz, 1 H) 6.72 (s,
yDprop-2-en-1-one 1 H)7.31 -7.52 (m, 3 H) 8.17 (br d,
J=8.68 Hz, 2 H) 8.60 (s, 1 H)
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2 . 1H NMR (400 MHz,
D~ A 1-(6-3-(4- e - CHLOROFORM-d) & ppm 0.49 -
° o é"’]’fl'mai‘n'zi)y i‘ St‘.“g C of | 073 m2H)0.75-1.00 (m, 2 H)
153 | TR | S o O] 314 (brs, 1 H) 3.62-4.21 (m, 2 H)
NS N . 4.47 (d,J=11.86 Hz, 1 H) 5.59 (br s,
\NJ\NH azaspiro[2.5]octan- absolutf% 2H) 5.64 - 6.13 (m, 2 H) 6.39 -
' 7-yhprop-2-en-1- | configuration | <o 5 )7 51779 (m, 1 H)
one 8.32 - 8.54 (m, 2 H) 8.68 (s, 1 H)
2 1H NMR (400 MHz,
%/‘NJV (R)-1-(5-(3-(4- . CHLOROFORMS-d) & ppm 8.04 -
O aminopyrimidin-2- Single 8.44 (m, 3 H) 7.35 - 7.76 (m, 1 H)
@ 155 -5 enantiomer of | " )¢ 6 72 (m, 3 H) 5.76 (br d,
chlorophenyl)-2,2- | known absolute
NN dimethylmorpholin configuration J=0.76 Hz, 2 H) 4.89 - 5.35 (m, 2
A, 3’2 “i g H) 4.05 - 4.60 (m, 2 H) 2.76 - 3.76
0)prop-2-en-1-one (m, 2 H) 1.16 - 1.35 (m. 6 H)
2 1H NMR (400 MHz,

%/\NJ\/ R)-1-(5-(3-(5 METHANOL-d4 ) 6 7

o\).,, cl ( )-1-( _( _? ) . -d4 ) 6 ppm 7.97 -
’ aminopyrimidin-2- Single 8.50 (m,4 H)7.32-7.52 (m, 1 H)
@/ 156 yD-5- cnantiomer of 6.69 - 6.92 (m, 1 H) 6.33 (dd,
NPON ) chlorophenyl)-2,2- known absolute J=16.63,1.88 Hz, | H) 5.73 - 5.90
V dimethylmorpholin configuration (m, 1 H)5.26 (brs, 1 H) 3.79 (br s,
NH; o)prop-2-en-1-one 3H)2.88-3.28(m,1H)1.16-
1.32 (m, 6 H)

HO o 1H NMR (400 MHz,
g\NJv ACETONITRILE-d3 ) 6 =8.39 (d,
O O 1-((3R,5R)-3-(2- J=7.1Hz, 1H), 8.16 (s, 1H), 7.81

N chloro-6- (s, 2H), 7.64 (s, 1H), 7.53 (dd, J =
(imidazo[1,2- Single 1.5, 7.3 Hz, 1H), 7.33 - 7.18 (m,
i \ 157 a]pyridin-7- enantiomer of 1H), 6.85 - 6.67 (m, 1H), 6.13 (br d,
N\=\IN yDpyridin-4-y1)-5- | known absolute J=16.4 Hz, 1H), 5.71 - 5.59 (m,
(hydroxymethyl)m configuration 1H), 4.79 - 4.67 (m, 1H), 4.15 -
orpholino)prop-2- 3.99 (m, 3H),3.88 (dd, I =3.1,11.9
en-1-one Hz, 1H), 3.78 (dd, ] = 7.9, 10.9 Hz,
1H), 3.70 - 3.61 (m, 1H), 3.53 -
3.40 (m, 1H)
1H NMR (400 MHz,
CHLOROFORM-d) 6 ppm 8.21 -
L2 8.30 (m, 1 H) 8.07 (d, ]=2.25 Hz, 1
aminopyrimidin—él— Single H) 7.45 (d, J=5.25 Hz, 1 H) 7.05 (d,
1)-5-chloro-2H- enantiomer of J=2.25Hz,1 H)6.29 - 6.40 (m, 1
158 | V- benooter unknown H) 6.10-6.21 (m, 1 H) 5.53 - 5.63
3b§}f?£ofn}?§1i:1r]ﬁ:- absolute (m, 1 H)4.96 (brs, 2 H) 4.63 -4.76
’l _5_ 1- configuration (m,2H)3.93-4.04 (m, 1 H)3.82-
ybprop-2-en-1-one 3.92 (m, 2 H) 3.66 - 3.73 (m, 1 H)
3.56-3.62 (m, 1 H) 3.29 - 3.41 (m,
1 H)
j’v 1-(5-(3-(4-amino- 1H NMR (400 MHz,
N 1,3,5-triazin-2-yl)- Single CHLOROFORM-d) 6 = 8.75 - 8.65
) N Na 159 5-chlorophenyl)-2- enantiomer of (m, 1H), 8.52 - 8.35 (m, 1H), 8.31 -
wh o o0xa-6- unknown 8.18 (m, 1H), 7.51 - 7.35 (m, 1H),
o " azaspiro[3.3]heptan absolute 6.47 - 6.28 (m, TH), 5.94 - 5.74 (m,
-6-yl)prop-2-en-1- configuration 1H), 5.63 - 5.47 (m, 3H), 5.46 -

one

5.43 (m, 1H), 4.98 - 4.79 (m, 2H),
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4.59 - 4.40 (m, 2H), 4.38 - 4.06 (m,
2H)
j\/ TH NMR (400 MHz,
AN 1-(6-(3-(4-amino- CHLOROFORM-d) & ppm 8.68 (s,
° “ 1,3,3-triazin-2-yl)- Single 1 H)8.37-8.42(m, 1 H) 832 (s, 1
5-chlorophenyl)-6- enantiomer of H) 7.60 (t, J=1.69 Hz, 1 H) 6.09 -
NP 160 methyl-4-oxa-7- unknown 6.40 (m, 2 H) 5.34-5.75 (m, 3 H)
N ' N, azaspiro[2.5]octan- absolute 3.74 -3.98 (m, 2 H) 3.48 - 3.72 (m,
7-yl)prop-2-en-1- configuration 2H)1.95(s,3H)0.98 - 1.06 (m, 1
one H) 0.87 - 0.96 (m, 1 H) 0.71 - 0.83
(m, 2 H)
i/ 1H NMR (400 MHz,
D~y 1-(6-(3-(2- CHLOROFORM-d) & ppm 8.37 (d,
© “ aminopyrimidin-4- Sinel J=5.13 Hz, 1 H) 7.94 - 8.00 (m, 1
yl)-5- enamli‘;ilzr of | 788 (s, 1H)7.53 (t, J=1.75 Hz,
Za 161 chlorophenyl)-6- unknown 1 H)7.00(d, J=5.25Hz, 1 H) 6.08 -
\NJ\NHZ methyl-4-oxa-7- bsolut 6.44 (m, 2 H) 5.51 (brs, 1 H) 5.15
azaspiro[2.5]octan- Coﬁﬁfg‘:n‘;zon (brs, 2 H) 3.83 (brt, J=11.94 Hz, 2
7-yl)prop-2-en-1- H)3.48-3.71 (m,2H) 1.94 (s, 3
one H) 0.96 - 1.08 (m, 1 H) 0.86 - 0.95
(m, 1 H) 0.71 - 0.82 (m, 2 H)
jv 1H NMR (400 MHz, DMSO-d6 ) &
S o ppm 1.70 - 1.86 (m, 2 H) 3.46 -
o 3.97 (m,3 H) 4.11 - 4.60 (m, 1 H)
4.17 (dd, J=13.59, 5.48 Hz, 1 H)
" A 1-(3-(3-(4-amino- 5.42(dd, J=9.65, 5.48 Hz, 1 H) 5.53
SNT TN 1,3,5-triazin-2-yl)- (dd, J=10.30, 5.70 Hz, 1 H) 5.61
162 5-chlorophenyl)- Racemic (dd, J=10.41,2.30 Hz, 1 H) 5.73
1,4-oxazepan-4- (dd, J=10.41,2.30 Hz, 1 H) 6.05 -
yDprop-2-en-1-one 6.19 (m, 1 H) 6.39 - 6.96 (m, 1 H)
7.55-7.62 (m, 1 H) 7.74 (br d,
J=3.51 Hz, 2 H) 8.13 (s, 1 H) 8.18
(d, J=13.37 Hz, 1 H) 8.61 (d, J=1.53
Hz, 1 H)
j\/ IH NMR (400 MHz,
QAN 1-(8-(3-(2- CHLOROFORM-d) & ppm 1.68 (br
© “ aminopyrimidin-4- Sinel $,2H) 1.69-1.76 (m, 2 H) 1.82 (br
yb)-5- enam‘i‘;%n Zr of | $2H18Y (brs, 2 H) 190 (s, 3 H)
a 163 chlorophenyl)-8§- unknown 3.56 (d, J=12.38 Hz, 1 H) 3.65 -
‘NJ\NHZ methyl-6-0xa-9- bsolut 4.07 (m,3H)5.15(brs,2H)5.41 -
azaspiro[4.5]decan- mﬁﬁsg‘fu‘;zon 5.69 (m, 1 H) 6.07 - 6.58 (m, 2 H)
9-yl)prop-2-en-1- 6.99 (d, J=5.13 Hz, 1 H) 7.45 (1,
one J=1.63 Hz, 1 H) 7.86 - 7.93 (m, 2
H) 8.36 (d, J=5.25 Hz, 1 H)
o . 1H NMR (400 MHz,
O~As 11'3(53,5'([37(4.'&“2““‘1" Sinel CHLOROFORM-d) 6 ppm 1.59 (br
° o a2y )- ngle 13 H) 1.64 (br d, J=13.55 Hz, 2 H)
>-chlorophenyl) 8- - enantiomer of | 'y gg 'y 78 (my 2 H) 1.78 - 1.83 (m,
164 methyl-6-0xa-9- unknown
Nk: ij'\ azaspiro[4.5]decan- absolute Jz—?z) 41;;;_1]- 11'91_} (1311763 H‘z 8;5 (d’3
NTONR 9-yl)prop-2-en-1- configuration ey z, 1 H)3.65 - 4.08 (m,

one

H) 5.47 (brs, 3 H) 6.24 (br d,
J=15.69Hz, 1 H)7.49 - 7.55 (m, 1
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H) 8.27 - 8.35 (m, 2 H) 8.68 (s, 1
H)
i 1-(6-(3-chloro-5- TH NMR (400 MHz,
qo/\“‘ N (5-fluoropyrimidin- Single CHLOROFORM-d) 6 ppm 8.66 (s,
2-yl)phenyl)-6- enantiomer of 2H)839(s,2H)7.54 (s, 1 H) 6.01
%\(/P/ 165 methyl-4-oxa-7- unknown -6.43 (m, 2 H) 5.49 (brs, 1 H) 3.86
NPSN azaspiro[2.5]octan- absolute (s,2H)3.58 (s,2H) 1.96 (s, 3 H)
S) 7-yl)prop-2-en-1- configuration 1.02 (br dd, J=10.63, 5.13 Hz, 1 H)
F one 0.85-0.95(m, 1 H)0.78 (s, 2 H)
j’\/ 1H NMR (400 MHz,
C|/\N 1-(8-(3-chloro-5- CHLOROFORM-d) 6 ppm 1.61 -
° ° (5-fluoropyrimidin- Single 1.69 (m, 2 H) 1.78 (br d, J=6.00 Hz,
2-yDphenyl)-8- enantiomer of 2H) 1.80-1.84 (m, 2 H) 1.85 -
NPSN 166 methyl-6-oxa-9- unknown 1.92 (m, 2 H) 1.94 (s, 3 H) 3.56 (d,
S) azaspiro[4.5]decan- absolute J=12.38 Hz, 1 H) 3.64 - 4.18 (m, 3
F 9-yl)prop-2-en-1- configuration H) 5.38-5.66 (m, 1 H) 5.88 - 6.64
one (m, 2 H) 7.46 (, J=1.88 Hz, 1 H)
8.25 - 8.36 (m, 2 H) 8.66 (s, 2 H)
j\/ 1H NMR (400 MHz,
D~y 1-(6-(3-(6- CHLOROFORM-d) 6 ppm 8.67 (s,
© ° aminopyrimidin-4- Sinel 1 H) 7.96 (1,J=1.50 Hz, 1 H) 7.85
yl)-5- enam‘i‘;il Zr of (s, 1 H)7.53 (t,J=1.69 Hz, 1 H)
e 167 chlorophenyl)-6- unknown 6.78 (d, J=1.00 Hz, 1 H) 5.93 - 6.52
k\N NH, methyl-4-oxa-7- bsolut (m, 2 H)5.51 (brd, J=2.25 Hz, 1 H)
azaspiro[2.5]octan- Cogﬁsflr‘;gon 4.99 (brs, 2 H) 3.74 - 3.97 (m, 2 H)
7-yl)prop-2-en-1- & 3.44-3.70 (m,2 H) 1.95 (s, 3 H)
one 0.97 - 1.07 (m, 1 H) 0.85 - 0.96 (m,
1H)0.70 - 0.82 (m, 2 H)
j\/ 1H NMR (400 MHz,
N 1-(5-(3-(2- CHLOROFORM-d) 6 ppm 4.13 (br
o W aminopyrimidin-4- Sinle d, J=6.00 Hz, 1 H) 4.31 (br d,
A ) yD)-5- enantiofmr of | J=1051Hz, 1 H)4.42-4.51 (m, 2
ol 168 chlorophenyl)-2- nknown H) 488 (brs,2 H)5.18 (brs, 2 H)
oxa-6- ‘;bsolu o 5.45 (s, 1 H) 5.51 - 5.95 (m, 2 H)
azaspiro[3.3]heptan fi i 6.38 (br d, J=15.01 Hz, 1 H) 7.03
-6-yl)prop-2-en-1- |~ COMBUANON g 3595 Hy, 1 H) 7.32 - 7.45 (m,
one 1 H)7.86 (brs, 1 H) 8.00(brs, 1 H)
8.38-8.43 (m, 1 H)
1 (38,5R)-4-acryloyl- 1H NMR (400 MHz,
- 8 5-(2-(6- CHLOROFORM-d) § ppm 3.00 -
NN aminopyrimidin-4- Single 3.26 (m, 6 H) 3.85 - 4.49 (m, 4 H)
O\)""I ~r° 160 yl)-6- enantiomer of 4.88-5.41 (m,4 H) 5.58 (br d,
2zN chloropyridin-4- known absolute J=8.63 Hz, 1| H) 6.16 - 6.35 (m, 2
N y1)-N,N- configuration H)7.31 (brs, 1 H)7.51 (s, 1 H)
k\N | " dimethylmorpholin 8.30 (brs, 1 H) 8.64 (s, 1 H)
: e-3-carboxamide
o . 1H NMR (400 MHz,
Q/\NJ\/ . 1'(8'(.3'(3? 4 Single CHLOROFORM-d) & ppm 1.71 (br
° ¢ am‘“"pf'gm % | enantiomer of | d, J=4.38 Hz, 2 H) 1.73 - 1.80 (m, 2
170 chloroyp%;eﬂyl)-s- unknown H) 1.80 - 1.85 (m, 2 H) 1.86 - 1.91
Ny methyl-6-0xa-9- absolute (m, 2 H) 1.92 (s, 3 H) 3.55 (d,
K, NH Y configuration J=12.38 Hz, 1 H) 3.61 - 4.19 (m, 3

azaspiro[4.5]decan-

H)5.02 (brs, 2 H) 5.41 - 5.68 (m, 1
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9-yl)prop-2-en-1- H)5.88 -6.57 (m, 2 H) 6.76 (d,
one J=0.88 Hz, 1 H)7.38 - 7.50 (m, 1
H) 7.78 - 7.94 (m, 2 H) 8.65 (s, 1
H)
o 1H NMR (400 MHz,
Q/\NJ\/ 1-(B-(3-(4- CHLOROFORM-d) & ppm 1.64 -
° ¢ aminopyrimidin-2- . 1.67 (m, 2 H) 1.68 - 1.78 (m, 2 H)
-5 Single 1.80 (br d, J=5.13 Hz, 2 H) 1.85 -
NP chloro hén )-8- enantiomer of 1.92 (m, 2 H) 1.94 (s, 3 H) 3.53 (d,
WK, | 171 ' f p y ° unknown J=12.38 Hz, 1 H) 3.70 - 4.24 (m, 3
az?fpiryo[‘ ) ‘5"]’;1;;“_ absolute H) 4.90 - 5.14 (m, 2 H) 5.34 - 5.59
9-y1)pro ;”-en-l- configuration (m, 1 H) 6.24 (br d, J=15.51 Hz, 2
ylprop-= H) 6.36 (d, J=5.75 Hz, 1 H) 7.42 (t,
one J=1.88 Hz, 1 H) 8.28 (br d, J=1.50
Hz, 2 H) 8.33(d,J=5.75 Hz, 1 H)
N0 1H NMR (400 MHz,
P (352 l?_é‘_a('gfy foyl- METHANOL-d4 )  ppm 3.44 -
P Sminoavrmdind. Single 3.63 (m, 1 H) 3.89 - 4.55 (m, 4 H)
,N 17 %_ o cnantiomer of | 5.02-5.16 (m, 1 H) 5.38 - 5.76 (m,
A chloropyridin-4- known absqlute 1H)6.07-625(m, 1H)6.42-
[ [ morpholine-3- configuration 6.69 (m, 1 H) 7.39 - 7.46 (m, 1 H)
NS y brp i 7.59 - 7.66 (m, 1 H) 8.12 - 8.16 (m,
carboxamice 1H)8.57-8.61 (m, | H)
oo 1H NMR (400 MHz, DMSO-d6 ) &
P (3S,5R)-4-acryloyl- ppm 2.64 (d, J=4.38 Hz, 3 H) 3.83 -
L o 5-(2-(6- 4.10 (m, 3 H) 4.15 - 4.30 (m, 1 H)
) aminopyrimidin-4- Single 4.66 - 4.84 (m, 1 H) 4.98 (br d,
173 yl)-6- enantiomer of J=4.38 Hz, 1l H)5.43 -5.61 (m, 1
L’ 0 chloropyridin-4- known absolute H)5.63-5.71 (m, 1 H) 5.96 - 6.06
N7 TNH, yI)-N- configuration (m, 1 H) 6.35- 6.62 (m, 1 H) 7.37
methylmorpholine- (s, 1 H)7.63 (s, 1 H) 7.81 -7.96 (m,
3-carboxamide 1 H) 8.08 (br d, J=3.75 Hz, 1 H)
8.13 - 8.23 (m, 1 H) 8.56 (s, L H)
i 1H NMR (400 MHz,
D~y 1-(6-(2-(6- CHLOROFORM-d) & ppm 8.64 (s,
© S “ aminopyrimidin-4- Sinel 1 H) 8.43 (brs, 1 H) 7.35 - 7.58 (m,
2 yl)-6- enam‘i'éfn eer of | 2H)6.38-6.65(m, 2 H) 582 (dd,
o |74 | chloropyridin-4- koo J=10.07, 1.56 Hz, 2 H) 5.07 (br's, 2
NP . yl)-4-oxa-7- ool H) 4.48 (d, J=12.13 Hz, 1 H) 4.10
’ azaspiro[2.5]octan- afso e (br d, J=10.63 Hz, 1 H)3.02 - 3.92
7-yl)prop-2-en-1- configuration | ("5 H) 1.01 (brs, 1 H) 0.75 - 0.88
one ENTI (m, 1 H) 0.65 - 0.74 (m, 1 H) 0.45 -
0.63 (m, 1 H)

o 1H NMR (400 MHz,
D~y 1-(6-(2-(6- CHLOROFORM-d) & ppm 8.57 (d,
° S “ aminopyrimidin-4- Sinel J=0.75 Hz, 1 H) 8.36 (br s, 1 H)

2 y1)-6- enamli';izr of | 732-7:54(m,2H) 6.26 - 6.56 (m,
2 |75 | chloropyridin-4- nknown 2 H) 5.74 (dd, J=10.01, 2.13 Hz, 2
SR, yD)-4-oxa-7- bsolut H) 4.97 (brs, 2 H) 4.40 (d, J=12.13

azaspiro[2.5]octan- msﬁ;‘l’ﬂ‘zgon Hz, 1 H) 4.02 (br d, J=10.76 Hz, 1
7-yhprop-2-en-1- H)2.74 -3.92 (m,2 H) 0.93 (brs, 1
one ENT2 H) 0.69 - 0.82 (m, 1 H) 0.57 - 0.67

(m, 1 H) 0.38 - 0.56 (m, 1 H)
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i/ 1H NMR (400 MHz,
N (R)-4-(3-(4- METHANOL-d4 ) é ppm 3.50 -
oA, a acryloylmorpholin- Single 3.66 (m, 1 H) 3.78 - 3.97 (m, 3 H)
177 3-yD)-5- enantiomer of 4.42 - 4.60 (m, 2 H) 5.79 (dd,
Ny chlorophenyl)-6- known absolute J=10.61, 1.79 Hz, 2 H) 6.28 (dd,
o [ N,go amino-1,3,5- configuration J=16.69, 1.31 Hz, 1 H) 6.77 (dd,
H triazin-2(1H)-one J=16.69, 10.61 Hz, 1 H) 7.63 (br s,
1 H) 8.01 - 8.58 (m, 2 H)
)Ok/ 1H NMR (400 MHz,
i (R)-1-(3-(3-(4- CHLOROFORM-d) & ppm 2.53 -
O amino-6-methyl- Singl 2.56 (m, 3 H)3.19-3.47 (m, 1 H)
@/ 13,5-triazin-2-yl)- | SPEC | 3.58-3.72 (m, | H) 3.86 - 407 (m,
NN 178 5- known absolute 1H)3.87-4.03 (m, 1 H) 4.49 -
AN' NH, chlorophenyl)morp onfi " 4.60 (m, 1 H) 5.37 - 5.58 (m, 2 H)
holino)prop-2-en-1- | OMEWANON 5 94 585 (m, 1 H) 6.38 - 6.48 (m,
one 1 H)6.51-6.63 (m, 1 H) 7.55 -
7.73(m, 1 H) 8.31 (s, 1 H)
. Jok/ 1H NMR (400 MHz,
N METHANOL-d4 ) 6 =8.02 (brd,J
“’\)"" < 3 ((3R.6R)-4 =35.9 Hz, 1H), 7.82 - 7.74 (m, 1H),
acyloyl-6. Single 7.69 - 7.56 (m, 2H), 7.56 - 7.47 (m,
O NH methylmorpholin- | diastereomer of LH), 7.43 - 7'2§ (m, 1H), 6.91 -
“ 1179 3-y1)-5’-chloro-4- unknown 6.77 (m, 1H), 6.39 - 6.25 (m, 1H),
F O f e 5.87 -5.78 (m, 1H), 5.74 - 5.66 (m,
uoro-[1,1 absolute A "
biphenyl]-3- configuration 1H), 5.30 - 5.22 (m, 1H), 461 -
carboxamide 4.51 (m, 1H), 4.46 - 4.36 (m, 1H),
4.05 - 3.88 (m, 2H), 3.74 - 3.62 (m,
1H), 2.99 - 2.90 (m, 1H), 2.68 -
2.57 (m, 1H), 1.24 - 1.15 (m, 3H)
"N o 1H NMR (400 MHz,
;(N Z CHLOROFORM-d) é ppm 3.38 -
ot cl " 374 (m, 1 H) 3.92-4.15 (m, 2 H)
:N 3 (:nyigf ?_'4' 4.30 (brd, J=12.13 Hz, 2 H) 4.76
(difluorome&;yl)mo Single (brs, 1 H)5.76 (brd, J=9.13 Hz, |
Hs 180 rpholin-3-yl)-6- enantiomer of H)5.98 (brs, 1 H) 6.03 - 6.24 (m, 1
chloronvridin.?2- known absolute H) 6.27 - 6.35 (m, 1 H) 6.39 - 6.58
oo lf)yrz configuration | (m, 1 H) 6.75 (br d, J=9.88 Hz, 1 H)
ﬂu()m{)enzami e 7.16 (s, 1 H) 7.21 - 7.27 (m, 1 H)
7.58 (s, 1 H) 8.31 (ddd, J=8.60,
5.03,2.50 Hz, 1 H) 8.59 (dd,
J=7.19,2.19 Hz, 1 H)
HN$© o IH NMR (400 MHz,
Iz CHLOROFORM-d) & ppm 3.46 -
0 I, ] (3S,5R)-4-acryloyl- 3.65 (m, 1 H)3.85-4.01 (m, 1 H)
N 5-(2-(3-carbamoyl- Single 4.15-4.28 (m, 2 H) 4.68 - 4.94 (m,
181 4-fluorophenyl)-6- enantiomer of 1 H)4.99-5.14 (m, 1 H) 5.61 -
N, chloropyridin-4- known absolute | 5.79 (m, 2 H) 5.97 (brs, 1 H) 6.31 -
I yl)morpholine-3- configuration 6.46 (m, 2 H) 6.72 - 6.80 (m, 1 H)

carboxamide

7.18 - 7.20 (m, 1 H) 7.59 - 7.65 (m,
1 H) 8.30-8.35(m, 1 H) 8.57 -
8.63 (m, 1 H)
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j\/ 1H NMR (400 MHz,
N METHANOL-d4 ) 6= 8.02 (dd, J =
°~)"" ° T ((IRES)d 2.4, 6.9 Hz, 1H), 7.79 (ddd, J = 2.6,
ER.08)4- Sinel 477,8.6 Hz, 1H), 7.62 - 7.56 (m,
acryloyl-n- | mngle 2H), 7.43 (s, 1H), 7.32 (dd, J = 8.7,
O NH, methylmorpholin- enantiomer of 10.7 Hz, 1H), 6.75 (dd. J = 10.5
Foo 182 3'%)[1';;)"_1[111"{?_’4' ‘;ﬁ‘;ﬁ: 16.6 Hz, 1H), 6.31 (dd, ] = 1.9, 16.7
: ; : - Hz, 1H),5.79 (dd, ] = 1.9, 10.5 Hz,
blphenyl]j3— configuration 1H), 5.46 - 5.40 (m, 1H), 4.25 -
carboxamide 4.13 (m, 2H), 4.11 - 4.04 (m, 1H),
3.92 - 3.81 (m, 1H), 3.69 - 3.61 (m,
1H), 1.28 (d, ] = 6.5 Hz, 3H)
i/ 1H NMR (400 MHz,
N (R)-1-(4-acetyl-2- CHLOROFORM-d) 6 ppm 2.05 -
ﬁr”\)‘"’ “ (3-(4- - 2.15 (m, 3 H) 3.14 - 3.57 (m, 2 H)
° aminopyrimidin-2- Single ¢ | 3:66-4.10 (m,2H)4.17 - 4.63 (m,
NP 183 y)-5- ke“a““"mer Ol | 2H)4.89-5.44 (m, 3 H) 5.75 (brs,
NG chlorophenylypiper | <ROWnabsolute | 1t eas €39 (m, 1 H) 6.4 (br d
N, phenyl)pip configuration ) 6.33 m, 1 H) 6.4 (br d,
azin-1-yl)prop-2- J=7.25 Hz, 2 H) 7.28 - 7.39 (m, 1
en-1-one H) 8.18 - 8.28 (m, 1 H) 8.28 - 8.35
(m, 2 H)
Jok/ H NMR (400 MHz,
oy (R)-4-(3-(4- CHLOROFORM-d)  ppm 8.96 -
oAy acryloylmorpholin- Single 9.43 (m, 1 H) 7.50 (br s, 1 H) 7.34
184 3-yD)-5- enantiomer of (brs, 1 H) 6.47 - 6.66 (m,2 H) 6.32
am chlorophenyl)-1,3- known absolute -6.44 (m, 1 H) 5.76 (br d, J=9.51
HN"QO dihydro-2H- configuration Hz, 1 H)4.36 -4.67 (m, 1 H) 3.73 -
imidazol-2-one 4.19 (m, 3 H) 3.60 - 3.73 (m, 1 H)
2.98 - 3.59 (m, 2 H)
j’,\/ 1H NMR (400 MHz,
Nsod CHLOROORML) Spom .
40 (m, 1 H) 7.91 - 8.07 (m, 1 H)
© an(li)ol(rszdﬁ 4 7.82-7.90 (m, 1 H) 7.35 - 7.50 (m,
A p{) 5 Single 1H)6.94-7.15 (m, 1 H) 6.37 -
\NJ\NHZ 185 Hl Y h . -4 enantiomer of 6.60 (m, 2 H) 5.71 - 5.90 (m, 1 H)
(C‘;Cl‘;rgg)piﬁcéﬂ;o known absolute | 5.03 - 5.35 (m, 3 H) 4.46 - 4.73 (m,
nyl)piperazin-1- configuration 1H)3.76-4.13 (m, 2 H) 3.45 -
Iprop-2-cn-1-one 3.71 (m, 1 H) 3.05 - 3.45 (m, 2 H)
ybprop 1.61 - 1.68 (m, 1 H) 1.03 - 1.11 (m,
1H)0.94 (brd, J=2.25 Hz, 1 H)
0.80 (br dd, J=14.51, 6.25 Hz, 2 H)
2 1H NMR (400 MHz,
Ok’ . CHLOROFORM-d) 8 ppm 8.30 -
N’//\for N (R)-3-(4-acryloyl- 8.49 (m, 1 H) 7.93 - 8.04 (m, 1 H)
3-(3-(2- Sinele 7.80-7.93 (m, 1 H) 7.32 - 7.39 (m,
\/JN\ aminopyrimidin-4- enantiofr%ner of 1 H)6.96-7.12 (m, 1 H) 6.20 -
NN | 186 yl)-5- ‘nown absolute | €72 (M 2 H) 5.74 -5.92 (m, 1 H)
chlorophenyl)piper configuration 4.96 - 5.46 (m, 3 H) 4.40 - 4.96 (m,
azin-1-yl)-3- 1 H) 4.02 - 4.40 (m, 1 H) 3.60 -
oxopropanenitrile 3.94 (m,2 H) 3.53-3.60 (m, 1 H)

3.37-3.51 (m, 2H) 3.10- 3.35 (m,
1 H)
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i 1H NMR (400 MHz,
N (R)-1-(4-acetyl-2- CHLOROFORM-d)  ppm 2.05 -
\rrN‘)"" “ (3-(6- Sinel 2.15 (m, 3 H) 3.14 - 3.57 (m, 2 H)
0 aminopyrimidin-4- ia ¢ | 366-4.10(m, 2H)4.17- 463 (m,
" 187 yD)-5- enantiomer Of | 5 1) 4.89 - 5.44 (m, 3 H) 5.75 (brs,
) chlorophenylpiper | KIOWRabSOIUte |y 6 33639 (m, 1 H) 6.4 (br d
NTNH . configuration ’ ’
azin-1-yl)prop-2- J=7.25Hz,2 H)7.28 - 7.39 (m, 1
en-1-one H) 8.18 - 8.28 (m, 1 H) 8.28 - 8.35
(m, 2 H)
~ i 1H NMR (400 MHz,
(R)-1-(4-acetyl-2- CHLOROFORM-d) 5 ppm 1.98 -
\er‘/' K (3-(5- Singl 2.19 (m, 3 H) 2.99 - 3.58 (m, 2 H)
© aminopyrimidin-2- enam‘i‘éfn Zr of | 3:62-3.76 (m, 1 H)3.79-3.92 (m,
NN 188 yD)-5- K R 2H)4.16 - 4.43 (m, 1 H) 5.64 -
V chlorophenyl)piper onfieurati 5.86 (m, 1 H) 6.19 - 6.65 (m, 2 H)
N, azin-1-yl)prop-2- CONMBUTANON | 9 51 _7.26 (m, 1 H) 7.28 - 7.32 (m,
en-1-one 1 H)8.16 -8.22 (m, 1 H) 8.23 -
8.29 (m, 3 H)
~ i 1H NMR (400 MHz,
(R)-N-(4-(3-(1- CHLOROFORM-d) & ppm 8.62 -
N/,/ﬁr“‘\) K o acryloyl-4-(2- Sinel 8.85 (m, 2 H) 7.97 - 8.21 (m, 1 H)
° cyanoacetyl)pipera enantlir(l)%nir of 7.83 -7.96 (m, 1 H) 7.44 - 7.53 (m,
o % 189 zin-2-yl)-5- 1 H) 7.41 (s, 1 H) 6.37 - 6.76 (m, 2
N\\\)’\ﬂ S chlorophenyl)pyrim k“"“}n absolute | p1's 54 6.3 (m, 2 H) 4.49 - 5.47
' idin-2-y1)-2- configuration | )\ "1 H) 3.94 - 4.37 (m, 3 H) 3.72
cyanoacetamide (brd,J=12.13 Hz, 1 H) 3.20 - 3.58
(m, 5 H)
o 1H NMR (400 MHz,
A~
%}”N . 1-(6-(2-chloro-6- CHLOROFORM-d) & ppm 0.50 -
o (imidaro[1.2- . 0.64 (m, 1 H) 0.66 - 0.76 (m, 1 H)
7 alpyridin-7- Single 0.78-0.91 (m, 1 H) 0.97 - 1.13 (m,
| N yDpyridin-4-yl)-4- enantiomer of 1H)3.06-3.26(m,1H)3.77-
. 190 oxnt. unknown 3.89 (m, 1 H) 4.10 (brd, J=11.37
\=/ azaspico[2.5]octan- absolute Hz, 1 H) 4.42 (br d, J=12.35 Hz, 1
vhprop2-onel. | configuration | H)5.77- 592 (m, 2 H) 6.40 - 6.56
ylprop (m, 2 H) 7.42 - 7.52 (m, 1 H) 7.59 -
one 7.68 (m, 2 H) 7.74 (s, 1 H) 7.86 -
7.96 (m, 1 H) 8.18 - 8.26 (m, 2 H)
1H NMR (400 MHz, DMSO-d6 ) &
(R)-1-(3-(3-chloro- Single =8.18 (s, 2H), 7.53 (br s, 1H), 6.98
5-(4,6-@1amln0- enantiomer of -6.70 (m, 5H),06.27 -6.20 (m, 1H),
191 | 1,3,5-triazin-2- Lo absotoge | 377 (dd. T =2.3,10.4 Hz, 1H), 5.67
yl)phenylymorpholi o anso -5.23 (m, 1H), 4.40 (d,J = 12.3 Hz,
no)prop-2-en-l-one | COMTIBUIALON |y "y 56 368 (m, 3H), 3.51 (br d,
J=2.5Hz, 1H), 3.27 - 2.92 (m, IH)
1-(7-2- 1H NMR (400 MHz,
aminopyrimidin-4- Single CHLOROFORM-d) 6 ppm 8.35 (br
yl)-5-chloro-2H- enantiomer of s, 1 H)8.15 (d, J=2.20 Hz, 1 H)
192 | dispiro[benzofuran- unknown 7.54 (d,J=5.01 Hz, 1 H) 7.19 (d,
3.5’ -morpholine- absolutc J=2.20 Hz, 1 H) 6.29 - 6.40 (m, 1
2’ 1”-cyclopropan]- confipuration H) 6.19-6.27 (m, 1 H)5.59-5.69

4’-yl)prop-2-en-1-
one

(m, 1 H)5.13 (brs, 2 H) 4.75 - 4.92
(m, 2 H) 3.69 - 3.89 (m, 2 H) 3.63
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(s,2H)0.94-1.13 (m, 2 H) 0.67 -
0.86 (m, 2 H)
e 1H NMR (400 MHz,
QJ\/ . (R)-1-3-(3-(2- CHLOROFORM-d) & ppm 3.44 -
g DI, Single 3.83 (m, 2 H) 3.84 - 3.93 (m, 1 H)
imidazol-4-yl)-5- enantiomer of 3.95-4.03 (m, 1 H) 4.34 - 4.57 (m,
L 193 chlorophenyl)mo. known absolute LH)5.47 - 5.92 (m, 2 H) 6.36 (br d,
HN*N”E holino)p TO }-,2-en-rlpi configuration J=16.63 Hz, 1 H) 6.55 - 6.89 (m, 2
ponlé & H) 6.98 - 7.26 (m, 1 H) 7.29 - 7.36
(m, 1 H) 7.37 - 7.59 (m, 2 H) 12.00
-13.56 (m, 2 H)
N o 1-((3R,55)-3-(2- 1H NMR (400 MHz,
NJ\/ chloro-6- CHLOROFORM-d) & ppm 9.26 (s,
oA, NG| (imidazo[1,2- Single 1H)8.19-8.57 (m, 2 H) 7.93 -
X 194 a]pyridin-7- enantiomer of 8.11 (m, 1 H) 7.87 (s, 1 H) 7.74 (s,
yhpyridin-4-yl)-5- known absolute 1 H)7.34 (s, 1 H) 6.46 - 6.95 (m, 1
[ (difluoromethylymo configuration H)5.96-6.42 (m, 2 H) 5.62 - 5.89
N\;/N rpholino)prop-2-en- (m, 1 H) 4.86 (brs, 1 H) 3.87 - 4.60
1-one (m,4H)3.23-3.79 (m, 1 H)
j’v 1H NMR (400 MHz,
A SHe CHLOROFORM-d) § ppm 8.29
T ' (R)-3’-(1-acryloyl- (dd, J=7.32, 2.31 Hz, 1 H) 7.68 (br
4- Single s, 1 H)7.43-7.57 (m, 2 H) 7.29 -
O " (cyclopropanecarbo ing 7.41 (m, 1 H)7.19-7.25 (m, 1 H)
2 . . enantiomer of
I 195 | nyl)piperazin-2-yl)- known absolute 6.76 (brs, 1| H) 6.36 - 6.67 (m, 2 H)
5’-chloro-4-fluoro- i i 5.92 (brs, 1 H) 5.81 (br d, J=8.00
[1,1-biphenyl]-3- | COMMUANON |y 1 H)4.82-5.51 (m, 1 H)3.92 -
carboxamide 4.80 (m,3 H)2.98-3.82(m, 3 H)
1.67 (brs, 1 H) 0.90 - 1.16 (m, 2 H)
0.79 (brs, 2 H)
j’v 1H NMR (400 MHz,
) (R)-1-(2-(3-(4- CHLOROFORM-d) & ppm 8.23 -
A\(N\)"v “ aminopyrimidin-2- Sinel 8.36 (m, 3 H) 8.20 (br s, 1 H) 7.35
0 (P/ yD)-5- enam‘i‘;il Zr of | (51H6.30-6.47 (m,3H)5.61-
NP 196 chlorophenyl)-4- 5.88 (m, 1 H) 5.00-5.26 (m, 3 H)
N'Q (cyclopropanecarbo | <POWRabsolute | o) by 0 0 1 H) 3.84 - 423 (m
NH ye opropar figuration ; ’
nyl)piperazin-1- contig 2H)3.11-3.78 (m, 2 H) 1.69 -
yl)prop-2-en-1-one 1.82 (m, 1 H) 0.91 - 1.14 (m, 2 H)
0.75 - 0.83 (m, 2 H)
j\/ 1H NMR (400 MHz,
o CHLOROFORM-d) & ppm 0.74 -
A,r“\)"" ¢ (R)'l'(z.'(ii@' 4 0.95 (m, 3 H)0.99 - 1.14 (m, 1 H)
° am‘“"pylr‘g“ 1n-a- Single 3.03 - 3.55 (m, 2 H) 3.64 - 4.34 (m,
NP 197 chlorg i—el; 1)-4- enantiomer of 2H)4.39-473 (m, 1 H)5.04 (brs,
N pheny known absolute | 2H) 5.69 - 5.90 (m, 1 H) 6.38 -
2 (cyclopropanecarbo

6.70 (m, 2 H) 6.73 - 7.02 (m, 1 H)
7.29 (brs, | H) 7.34 (br s, 1 H) 7.53
(s, 1 H)7.82 - 8.10 (m, 1 H) 8.06
(brs, 1 H) 8.65 (s, 1 H)
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F,’.(_\NJOJ\/ 1H NMR (400 MHz,
o CHLOROFORM.-d) & ppm 3.48 -
oA ~ zn(l(i?gi)ﬁyfr{i)nfid(izn _(46_ A 3.77 (m, 1 H) 3.84 - 4.13 (m, 3 H)
11y domer of | 435449 (m. 1 T £69- 497 (1
i o enantiomer o .35 - 4.49 (m, 69-4.97 (m,
S | 198 le)l‘g‘g’y“d“i'j' known absolute | 1 H) 5.03 (brs, 2 H) 5.75 - 5.85 (m,
y o_xa_lzelzlpogr(l)-_ﬁl-’ } configuration 1H)5.89 -6.03 (m, 1 H) 6.42 (br d,
JDprop-2.en-one J=16.51 Hz, 1 H) 6.81 (dd, J=16.76,
10.51 Hz, 1 H) 7.33 (s, 1 H) 7.49 (s,
1 H)8.26 (s, 1 H) 8.65 (s, 1 H)
i/ 1H NMR (400 MHz,
O . (R)-1-G3-(3-(4 CHLOROFORM-d) & ppm 8.21 -
’ amino-tchlor. . 8.50 (m, 2 H) 7.54 - 7.79 (m, 1 H)
1,3 5-triazin-2-y1)- S{ngle 6.51-6.66 (m, 1 H) 6.34 - 6.51 (m,
NF p 199 [ 5. enantiomer of 1H)5.37-6.19(m,4 H)4.52 (d,
. \NJ\NHZ chlorophenyl)mo known absolute J=12.26 Hz, 1 H) 4.00 (br dd,
holino)% rop)—IZ—en—rE configuration | J=11.26,3.00 Hz, 1 H) 3.92 (dd,
one J=12.32,3.56 Hz, 1 H) 3.64 (td,
J=11.76,2.63 Hz, 2 H) 3.14 - 3.42
(m, 1 H)
2 1H NMR (400 MHz,
% Ok’ 3 CHLOROFORM-d) & ppm 8.26 (s,
T R)-1-2-G-6- 2H)8.22 (brs, 1 H) 8.14 - .21 (m,
aminopyrhimidin-2- . 1H)7.29 (brd, J=1.63 Hz, 1 H)
NN y1)-5- S{ngle 6.42 (brd, J=14.88 Hz, 1 H) 5.66 -
V 200 chlorophenyl)-4- enantiomer of 5.83 (m, 1 H) 4.87-5.55 (m, 1 H)
NH, (cyclopropanecarbo known absolute | 4.51 -4.82 (m, 1 H) 4.16 - 4.44 (m,
: nyl)piperazin-1- configuration 1 H)3.88-4.01 (m, 1 H) 3.85 (brs,
yD)prop-2-en-1-one 2H)3.56-3.81 (m, 1 H)3.41 -
3.54 (m, 1 H) 2.55-3.30 (m, 1 H)
1.63-1.81 (m, 1 H) 1.01 (br s, 2 H)
0.78 (br d, J=5.25 Hz, 2 H)
N o 1H NMR (400 MHz,
A v CHLOROFORM-d) & ppm 9.13 (s,
o, O methvlpyrimidin-4- Single 1 H) 8.30 (s, 1 H) 8.21 (s, 1 H) 7.30
T 01 yl)pyyﬁ%ﬁ_ dylys. | cnantiomerof | (brd,J=088 H, 2H)5.97-661
J (difluoromethylmo known absolute | (m,3 H) 5.14 - 5.89 (m, 1 H) 4.57 -
L ) rpholino)prop-2-en- configuration 5.05 (m, 1 H) 3.99 - 4.36 (m, 4 H)
N e 2.64 (s,3 H)
Y o 1H NMR (400 MHz,
;Nkf l&iﬁ&?ﬂiéﬁl @ CHLOROFORM-d) & = 8.64 (d, J =
O, NG 1)-6- Sinale 1.0 Hz, 1H), 8.22 (s, 1H),7.50 (d,J
l N Chlorgl ridin-4- enantioier of = 1.0 Hz, IH), 6.54 - 6.02 (m, 3H),
] 202 yﬁ’i s e e | 375 (brd, T =120 Hz, 1H), 5.01
k\N | N (difluoromethyl)mo configuration éb;s_, %H)’ 4.79 (brs, 1H), 4.29 (br
: rpholinoyprop-2-cn. ,J=109 Hz, 1H), 4.16 - 3.99 (m,
Lone 2H), 3.80 - 3.41 (m, 1H)
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' o 1H NMR (400 MHz, DMSO-d6 ) &
;(NJ\/ 1'((.3R’55.)'3.'é.2'(f' =8.42(d,J=5.0 Hz, 1H), 8.12 (br
O A am‘“"pf‘g“ -5 Sinele s, 1H), 7.53 (br s, 1H), 7.33 (d, J =
l 2N chlorg _ri;1in-4- enantio%ner of >-0Hz, 1H), 6.80 (s, 3H), 6.59 -
J 203 y‘f)y_ 5 Coown absolute | 627 (my LH), 6.07 (brd, I = 16.3
N JN\ (diﬂuorom;:thyl)mo configuration Hz, 1H), 5.72 (brd, J = 10.1 Hz,
N7 TNH; rpholino)prop-2-en- 1H), 4.78 (br d, J = 78.9 Hz, 2H),
N, 4.11 (s, 1H), 4.18 - 3.95 (m, 1H),
3.43 (br s, 1H)
NS o 1H NMR (400 MHz,
P CHLOROFORM-d) 6 ppm 8.66 (d,
o\)“k/ o afry(l(gfl’_?_%_“(é_ . J=0.88 Hz, 1 H)7.76 - 7.93 (m, 2
aminopyrimidin-4- Sl‘ngle H) 7.32 (br d, J=1.50 Hz, 2 H) 6.78
J 204 y1)-5 enantiomer of (d, J=1.00Hz, 1 H) 6.33 (br d,
L ) chlorophenyl)mo known absolute J=4.75Hz, 2 H) 5.60-5.78 (m, 1
NN h%lin_g_ | configuration | H)5.05 (brs, 2 H) 4.48 - 4.97 (m, 2
yDacetonitrile H)3.92-4.22 (m,3 H) 3.11 (dd,
J=16.51,9.38 Hz, 1 H) 2.72 - 2.93
(m, 1 H)
i 1H NMR (400 MHz, DMSO-d6 ) &
OzS(\N 3 13- (4-amino- ppm 8.61 (s, 1 H) 8.21 (s, 1 H) 8.09
3 1.3.5-triazin.2.y1)- ‘ (5, 1 1) 7.73 (br d, J=4.50 Hz, 3 H)
5-chlorophenyl)- S{ngle 6.79 - 7.03 (m, 1 H) 6.25 (dd,
NP 11 enantiomer of J=16.63,2.00 Hz, 1 H) 6.15 (brs, 1
SH | 205 | o dothiomorphol unknown H) 5.82 (br d, J=10.76 Hz, 1 H)
ino)prop-2-cn 1. absolute 4.52 - 4.86 (m, 1 H)4.17 (dt,
one configuration J=14.88, 3.50 Hz, 1 H) 3.78 (br dd,
Enantiomer 1 J=14.88,5.50 Hz, 1 H) 3.34 -3.43
(m, 1 H) 3.14 (br dd, J=13.26, 2.13
Hz, 1 H)
j’v 1H NMR (400 MHz, DMSQO-d6 ) 6
g 3 1-(3-(3~(4-amino- ppm 8.61 (s, 1 H) 821 (s, 1 H) 8.09
> 13.5-trtazin-2-y1)- . (s, 1 H) 7.73 (br d, J=4.50 Hz, 3 H)
5-chlorophenyl)- S{ngle 6.77 - 7.01 (m, 1 H) 6.25 (dd,
T, | 206 LI known | 382 (brd, Jo1088 Ho, 1K)
SN T unknown .82 (br d, J=10. Z,
’ dli‘l’l’(‘)l)d"‘h“’jnorplhd absolute 4.53 - 4.87 (m, 1 H) 4.18 (dt,
prop-2-en-1- configuration | J=14.70, 3.53 Hz, 1 H) 3.78 (br dd,
Enan‘t’i‘(l)emer 5 J=15.20,5.57 Hz, | H) 3.35 - 3.45
(m, 1 H) 3.15 (br dd, J=13.45, 2.31
Hz, 1 H)

i {H NMR (400 MHz, DMSO-d6 ) &
lgo@ 1-G-3-65. =8.22 (s, 2H), 8.09 (s, 1H), 7.99 (s,
¢ aminopyrimidin-2- Single 1H), 7.47 (s, 1H), 6.99 - 6.81 (m,

5. enamtionor of | 1) 6.23 (dd, J=2.0,16.6 Hz, 1H),
g 207 | chlorophenyl)-1,1- unknown 6.18 - 6.04 (m, 1H), 5.89 - 5.74 (m,
S) dioxidothiomorpi]ol absolute 3H), 4.83 - 4.62 (m, 1H), 4.16 (1d. J
NH, inojprop-2-en-1- configuration =3.5,15.0Hz, 1H), 3.77 (brdd, J =
N 5.6, 14.8 Hz, 1H), 3.64 - 3.35 (m,
2H), 3.15 (brdd, J =2.4, 13.4 Hz,
1H)

62




WO 2024/073587 PCT/US2023/075401
Structure No. Name Stereochemistry NMR
)Ov 1H NMR (400 MHz,
N CHLOROFORM-d) 6 ppm 8.17 -
O (R)-1-(3-(3-(4- 8.49 (m, 2 H) 7.45 - 7.75 (m, 1 H)
amino-1,3,5- Single ’ ’ : i ’
@( triazin-2-yl-6-d)-5- enantiomer of 6.47 - 6.62 (m, 1 H) 6.29 - 6.44 (m,
NTN 208 chlorophenyl)mo known absolute 1 H) 5.75 (brd, 1=10.15 Hz, 2 H)
A, o )p o oarat 5.54 (br's, 2 H) 4.48 (br d, J=12.35
oINPT el | COMIBNIEON | Hg, 1 H) 3.94 (br d, J=10.64 Hz, 1
H) 3.86 (br dd, J=12.04, 3.36 Hz, 1
H) 3.05 - 3.73 (m, 3 H)
Jov IH NMR (400 MHz, DMSO-d6 ) &
S LG4 =8.24 - 8.12 (m, 2H), 8.05 (s, 1H),
°F “ - -3-3« d? 5 Sinel 7.58 (s, 1H), 7.12 - 6.80 (m, 3H),
e | nantiomerof | 6-40(d. =57 He, 1H), 6.25 (dd. J
“K)N\ 209 chloroghenyl)-l,l- unknown =1:i_'10’ 167'7 HZ’I I{]H)Z‘ﬁ'ig _465'(7)7 (m,
N dioxidothiomorphol absolute ), 3.73 (s, 1H), 4.81 - 4.57 (m,
ino)prop-2-en-1- configuration LH), 4.25 - 4.07 (m, 1H), 3.84 -
one 3.70 (m, 1H), 3.59 - 3.46 (m, 1H),
3.38 (brd, J=5.7 Hz, 1H), 3.19 -
3.10 (m, 1H)
j\/ 1H NMR (400 MHz,
o CHLOROFORM-d) & = 12.11 (br s,
O © (R)-1-(3-(3-chloro- Singl 1H), 10.54 (br s, 1), 7.93 (s, 1H),
5-(3-hydroxy-1H- B of | 786 (brs, 1H), 7.72 (brs, 1H), 7.78
S 210 | 124utriazol:3. | SPMMOMEION 9 64 (m, 1H), 6.61 - 6.41 (m, 2H),
= Dphenyhmorpholi | XMOWR absolute | “<en g T2 113 He, 2H), 4.53
OH ylpheny P configuration ’ N ’
no)prop-2-en-1-one (brd,J=13.8 Hz, 1H), 4.08 - 3.84
(m, 2H), 3.66 (br t, ] = 12.3 Hz,
2H), 3.43 (brs, 1H)
j’,\/ 1H NMR (400 MHz,
Q . CHLOROFORM-d) & ppm 7.61 (br
(R)-1-(3-(3-(4- s, 2 H) 7.49 (s, | H) 7.40 (s, 2 H)
Q/ amino-1H-pyrazol- Single 6.51 - 6.64 (m, 1 H) 6.35- 6.47 (m,
S\l;IN 211 1-yl)-5- enantiomer of 1 H) 5.79 (dd, J=10.51, 1.75 Hz, 2
N chlorophenyl)morp | known absolute H) 4.47 (d, J=12.26 Hz, 1 H) 3.99
holino)prop-2-en-1- configuration (dd, J=11.01, 2.8§ Hz, 1 H) 3.89
one (dd, J=12.38,3.50 Hz, 1 H) 3.62
(td, J=11.79, 2.44 Hz, 2 H) 2.98 -
3.21 (m, 1 H)
1H NMR (400 MHz, DMSO-d6 ) 6
i (R)-1-(3-(3-(5- ppm 7.60 - 7.73 (m, 2 H) 7.4 (br s,
aminoisoxazol-3- Single 1H) 6.77 - 6.95 (m, 3 H) 6.22 (dd,
212 yb-5- enantiomer of J=16.57,2.19 Hz, 1 H) 5.76 (dd,
chlorophenyl)morp | known absolute | J=10.38,2.00 Hz, 1 H) 5.44 (s, 2 H)
holino)prop-2-en-1- configuration 4.44 (d, J=12.26 Hz, 1 H) 4.18 (br s,
one 3 H)3.50(td, J=11.66, 2.56 Hz, 1
H)2.73 -3.27 (m, 1 H)
jv 1H NMR (400 MHz,
o (R)-5-(3-(4- CHLOROFORM-d) § ppm 8.84 (d,
o < acryloylmorpholin- Single J=3.38 Hz, 1 H) 7.83 (d, J=3.38 Hz,
213 3-yD)-5- enantiomer of 1H)7.60 (brd, J=2.63 Hz, 1 H)
N chlorophenyl)-1- known absolute 7.40-7.49 (m,1 H)7.35(s, | H)
/N\n/” methylpyrimidin- configuration 6.33 - 6.67 (m, 2 H) 5.81 (dd,
0o 2(1H)-one J=10.32, 1.81 Hz, 2 H) 4.46 (d,

J=12.26 Hz, 1 H) 3.89 - 4.03 (m, 2
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H) 3.60 - 3.79 (m, 5 H) 3.20 - 3.47
(m, 1 H)

o 1H NMR (400 MHz,
(\NM CHLOROFORM-d) & ppm 3.11
oA, ¢ (R)-1-(3-(3-chloro- Sinal (dd, J=18.09, 4.93 Hz, 3 H) 3.16 -

5-(4- enam‘i‘;il Zr of | 335 (m 1H)3.58-4.02(m, 4 H)

NN 214 (methylamino)- unknown 4.46-4.59 (m, 1 H) 5.47 - 5.57 (m,

\N)'\N, 1,3,5-triazin-2- absolute 1H)5.77-5.82 (m, 1 H) 6.38 -
H yDphenyl)morpholi configuration 6.47 (m, 1 H) 6.53 - 6.68 (m, 1 H)
no)prop-2-en-1-one 7.50 -7.70 (m, 1 H) 8.27 - 8.38 (m,
1 H) 8.38-8.54 (m, 1 H)8.55 -
8.75 (m, 1 H)

i/ 1H NMR (400 MHz,

Q . CHLOROFORM-d) & ppm 8.21 (s,

“1 (R)-1-(3-(3-3- 1H)7.64 (brs, 1 H)7.56 (s, 1 H)

S . 7.47 (brs, 1 H)6.50 - 6.64 (m, 1 H)
' a:‘?mo'll?'ll’zf‘ Stf“gle ] 6.34 - 6.48 (m, 1 H) 5.81 (dd,
e 215 | e | oo | I=10.32, 1,94 He, 2 H) 446 (@,
holino)I;)rop}-IZ-en-rE configuration J=12.26 Hz, 1 H) 434 (br 5,2 H)
one 3.99 (br dd, J=11.26, 3.13 Hz, 1 H)
3.90 (dd, J=12.32, 3.56 Hz, | H)
3.63 (td, J=11.79, 2.69 Hz, 2 H)
3.19-3.44 (m, 1 H)
j\/ 1H NMR (400 MHz,
o 5-(3-((R)-4- Single CHLOROFORM-d) & ppm 7.40 -
o, ¢ acryloylmorpholin- | stereoisomer with | 7.53 (m, 1 H) 7.21 - 7.27 (m, 1 H)
3-yl)-5- unknown 7.16 (s, 1 H) 6.39 - 6.60 (m, 2 H)
216 chlorophenyl)-1- absolute 5.80 (dd, J=10.38, 1.88 Hz, 1 H)
’NTNH methyltetrahydropy | configurationat | 4.72 (brs, 1 H) 4.42 (d, J=12.26 Hz,
° rimidin-2(1H)-one | tetrahydropyrimi 1 H)3.82-4.02 (m, 2 H) 3.56 -
Diastereomer 1 dinone 3.78 (m, 2 H) 3.24 - 3.52 (m, 6 H)
298 (s,3H)

JO’\/ 1H NMR (400 MHz,

o 5-(3-(R)-4- Single CHLOROFORM-d) & ppm 7.37 -
o, “ acryloylmorpholin- | stereoisomer with | 7.56 (m, 1 H) 7.20 - 7.27 (m, 1 H)
3-yl)-5- unknown 7.16 (s, 1 H) 6.35 - 6.65 (m, 2 H)
217 chlorophenyl)-1- absolute 5.80 (dd, J=10.38, 1.88 Hz, | H)

/NT“H methyltetrahydropy | configurationat | 4.73 (brs, 1 H) 4.41 (d, J=12.26 Hz,
° rimidin-2(1H)-one | tetrahydropyrimi | 1H) 3.83-4.05 (m, 2 H) 3.62 (td,
Diastereomer 2 dinone J=11.76,2.75 Hz, 2 H) 3.20 - 3.51

(m, 6 H) 2.98 (s, 3 H)

e 1H NMR (400 MHz,
A (R)'l'.(3'(2'(4' CHLOROFORM-d) & = 8.48 - 8.17
O Ao (mea[fﬁ“?;m'm)_ Sinele (m, 2H), 7.58 (br s, 1H), 6.64 - 6.52

1,3 S-triyazin-Z-yl)- enantio%ner of (m, 1H), 6.47 - 6.38 (m, 1H), 5.78

WA 218 5. known absolute (dd, J=1.9,10.4 Hz, 1H), 5.44 -

‘N)*N I NH, chlorophenyl)morp configuration 4.94 (m, 4H), 4.53(d, J = 12.1 Hz,
H holino)prop-2-en-1- 1H), 4.02 - 3.86 (m, 2H), 3.62 (dt, J
one =2.3,11.7 Hz, 1H), 3.41 - 3.15 (m,

1H), 3.12 - 2.95 (m, 3H)
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jL/ 1H NMR (400 MHz, Dimethyl
O\)N 7 ) sulfoxide-d6) & 8.63 (d, J = 34.6 Hz,
! 1H), 8.40 — 8.07 (m, 3H), 7.64 (d, J
@/ (R)‘lé(_zl(_igﬂom' Single = 11.1 Hz, 1H), 6.87 (dt, J = 19.4,
NN hydroxyethyl)amin enantiomer of 9.8 Hz, 1H), 6.24 (dt, 1 =16.6, 1.8
Ho~, A J 219 R Hz, 1H), 5.77 (dd, J = 10.4, 2.4 Hz,
NN 0)-1,3,5-triazin-2- known absolute
3 D)phenyl)morpholi configuration IH), 5.52(d, 1 =714 Hz, 1H), 4.44
ybphenyjmorp & (t,J=11.6 Hz, 1H), 3.83 (dd, J =
nojprop-2-en-1-one 33.1, 11.8 Hz, 3H), 3.50 (ddt, ] =
43.6, 20.6, 6.0 Hz, 5H), 2.90 (s,
1H).

Q 1H NMR (400 MHz,
(\NJv CHLOROFORM-d) 6 ppm 3.14 -
NN R34 351 (m, 1 H)3.52 - 3.81 (m, 2 H)

(P/ acry(lo)yln_lgr_;fh;nn- Single 3.89-4.07 (m, 2 H) 449 (d,

o 220 3-y1)-5- enantiomer of J;12.26 Hz, 1 H) 5.56 - 5.96 (m, 2

\=S= chlorophenylyoxazo known absqlute H) 6.03-6.35(m, 1 H) 6.38 - 6.48
o ° le-5-carboxamide configuration (m, 1 H) 6.39-6.48 (m, 1 H) 6.52 -
6.65 (m, 1 H) 7.54 - 7.76 (m, 1 H)
7.86 (s, 1 H) 8.02 (s, 1 H) 8.12 (br
s, 1 H)
JOK/ 1H NMR (400 MHz, DMSO-d6 ) 6
O(\‘)N & . ppm 1.86 - 1.97 (m, 2 H) 2.76 (br s,
" 6 H) 3.10 (brd, J=4.75 Hz, 2 H)
(R"I;(_%ﬁg_ﬂ"m' 3.53 (brs, 4 H) 3.74 - 3.92 (m, 3 H)
NP (dimethylaminoypr Single 4.43 (br dd, J=19.26, 12.26 Hz, 1
PN NP N 1 Damino)-1.3.5- enantiomer of H)5.41-5.64(m, 1 H)5.67-581
| H opy >§¥mfﬁo 2777 | known absolute | (m, 1 H) 6.22 (dt, J=16.57, 2.85 Hz,
yl)ph;ﬁ;‘;;phoh configuration 1 H) 6.76 - 6.92 (m, 1 H) 7.58 -
noyprop.2-en.lone 7.69 (m, 1 H) 8.18 - 8.24 (m, 1 H)
8.27 - 8.35 (m, 1 H) 8.55 - 8.73 (m,
1 H) 9.50 (br dd, J=6.57, 3.06 Hz, 1
H)
JOK/ 1H NMR (400 MHz,
o CHLOROFORM-d) § ppm 7.41 -
O (R)-5-(3-(4- 7.56 (m, 1 H) 7.07 - 7.23 (m, 2 H)
acryloylmorpholin- Single 6.32 - 6.62 (m, 2 H) 5.80 (dd,
229 3-yl)-5- enantiomer of J=10.38,1.75 Hz, 2 H) 4.99 (brs, 2
HNTNH chlorophenyljtetrah | known absolute H) 4.41 (d, J=12.13 Hz, 1 H) 3.98
o ydropyrimidin- configuration (brdd, J=11.38,2.75 Hz, 1 H) 3.88
2(1H)-one (br dd, J=12.19, 3.44 Hz, 1 H) 3.57
-3.71 (m, 2 H) 3.39 - 3.53 (m, 4 H)
3.14 -3.39 (m, 2 H)
N o 1H NMR (400 MHz,
A 6‘(:;;?;’?_ o . CHLOROFORM-d) 6 =9.28 (d, J =
Oy A (difluoromethyl)mo Single 1.0 Hz, 1H), 9.16 - 9.09 (m, 1H),
| N 23 rpholin-3-yl)-6- enantiomer of 8.33 (s, 1H), 7.82 (br s, 1H), 7.33
A chloropyrigin-} known absqlute (s, 1H), 6.57 - 6.03 (m, 3H), 5.75
s | b, ylypyrimidine-4- configuration (brs, 2H), 4.82 (br s, 1H), 4.40 -

carboxamide

3.95 (m, 4H)
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1H NMR (400 MHz,
CHLOROFORM-d) & ppm 3.20 -
3.45 (m, 1 H) 3.64 (1d, J=11.79,
acry(lli)yﬁgﬁ(—)nn- Single 2.69 Hz, 2 H) 3.89 - 4.05 (m, 2 H)
294 3-y1)-5- enantiomer of 4.50(d, J=12.26 Hz, 1 H) 5.58 -
chlorophenyljoxazo known absqlute 5.66 (m, 1 H) 5.66 - 5.93 (m, 2 H)
lo-d-carboxamide configuration 6.37 - 6.49 (m, 1 H) 6.53 - 6.65 (m,
1 H)6.92 (brs, 1 H) 7.65 (br d,
J=4.63 Hz, 1 H) 7.94 - 8.17 (m, 2
H)8.29 (s, | H)
1H NMR (400 MHz,
<1:1-1(15)3rl(§-)£(—ﬁr‘nethyl- Single ) CHLOROFORM-d) 6 ppm 7.37 -
5. stereoisomer with | 7.59 (m, 1 H) 7.05 - 7.25 (m, 2 H)
thioxohexahydropy unknown 6.51 - 6.65 (m, 1 H) 6.32 - 6.50 (m,
226 | . idin-5- absolute 2H)5.54-586(m,2H)4.32-
“l‘;“h‘” | Loli | configurationat | 4.47 (m, 1 H) 3.83 - 4.04 (m, 3 H)
Yo riﬁz)firf.oié tetrahydropyrimi | 3.57 - 3.66 (m, 1 H) 3.46 - 3.56 (m,
Diastercomer 1 dine-thione 3H)343-345(m,3H)3.24 -
3.41 (m, 3H)
1H NMR (400 MHz,
ity ﬁ'nethyl_ Single CHLOROFORM-d) & ppm 7.44 -
5. stereoisomer with | 7.62 (m, 1 H) 7.17 - 7.25 (m, 1 H)
thioxohexahydropy unknown 7.11 (s, 1 H)6.51 - 6.68 (m, 1 H)
227 rimidin-5- absolute 6.41 (brd, J=15.88 Hz, 2 H) 5.81
ylyphenylymorpholi configuration at | (dd, J=10.44,1.81 Hz, 2 H) 4.41 (d,
no)prop-2-en-1-one tetrahydropyrimi | J=12.26 Hz, 1 H) 3.68 - 4.05 (m, 3
Diastercomer 2 dine-thione H) 3.46-3.67(m,4H)3.44 (s, 3
H) 3.19 - 3.41 (m, 3 H)
1H NMR (400 MHz,
CHLOROFORM-d) § ppm 6.81 -
,E\ 7.23 (m, 2 H) 6.77 (d, J=1.71 Hz, 1
(R)-4-(3-(4- Single H) 6.52-6.62 (m, 1 H) 6.33-6.52
E acryloylmorpholin- enantiomer of (m,2H) 5.79 (d, J=1.83 Hz, 1 H)
[ L 228 3-yl)-5- Kknown absolute 5.76 (d, J=1.83 Hz, 1 H) 4.40 (d,
y chlorophenyl)piper configuration J=12.10 Hz, 1 H) 3.92 - 4.01 (m, 1
azin-2-one H) 3.88 (s,2H) 3.78 - 3.88 (m, 1
H) 3.58-3.72 (m, 1 H) 3.47 - 3.58
(m,3H)3.36-3.47 (m,2H) 3.15-
3.36 (m, 1 H)
1H NMR (400 MHz,
METHANOL-d4 ) & ppm 2.40 -
(i)mln?ﬁ(ié“ 256 (m, 2 H) 3.31 (s, 6 H) 3.57 -
(dimethylamiho)pr Single 3.69 (m, 2H) 3.71 - 3.88 (m, 1 H)
opyl)amino)-1,3,5- enantiomer of 3.90-4.10 (m, 3 H) 4.12 - 4.51 (m,
229 Py o 3H)4.93(brd,J=12.42 Hz, | H)

triazin-2-yl)-5-
chlorophenyl)morp
holino)prop-2-en-1-
one

known absolute
configuration

5.60-6.36 (m,2 H) 6.71 (br d,
J=16.81 Hz, 1 H) 7.20 (br dd,
J=16.75, 10.60 Hz, 1 H) 8.11 (br d,
J=0.75Hz, 1 H) 8.50 - 8.82 (m, 2
H)

66




WO 2024/073587 PCT/US2023/075401
Structure No. Name Stereochemistry NMR

j’k/ 1H NMR (400 MHz, DEUTERIUM
o . OXIDE) 6 ppm 7.55 (s, 1 H) 7.48
O N Single (brs, 1 H) 7.31 (brs, | H) 6.56 -

Q L-(3-(R)-4- enantiomer of | ¢ o % 1 H) 6,23 (br d, J=17.01

N o acryloylmorpholin- known abgolute Hz., 1 H) ’5.73 : 6..0~1 (m, 1 H) 5..18 i
Y—Z:Hz 230 Chlof’o'g}lltj;l)_g_ C&fﬁﬁiﬂﬁﬁfj 5.69 (m, 2 H) 4.49 (br d, J=12.51
aminopyrrolidin-2- and unknown | 1% 1H)4.15-4.41 (m, 2H) 3.81 -
- . 4.14 (m, 5 H) 3.66 (br d, J=9.88 Hz,
one configuration on | '3 (350 (m 1 F) 2,71 (d,
the pyrrolidinone | 51585 6.52 Hz, | H) 2.13 - 236
(m, 1 H)

& . 1H NMR (400 MHz,
e 6-3-(R)-3- Single | CHI OROFORM-d) = 7.63 - 7.30
o, cl acryloylmorpholin- | stereoisomer with (m, 3H), 6.60 - 6.36 (m, 2H), 6.04 -

231 3-yD-5- unknown 5.95 (m, 1H), 5.83 - 5.74 (m, 1H),

. chlorophenyl)morp absolute 4.80 - 4.69 (m, 1H), 4.49 - 4.28 (m

HrNH holin-3-one configuration at .3H) 3 99 - 3 83 (’m .2H) 3 24 - ’

Diastereomer 1 the morpholinone > . i >
o P 3.10 (m, 5H)

jj\/ 1H NMR (400 MHz,

' 6-(3-((R)-4- Single CHLOROFORM-d) 0 = 7.56 - 7.32
oA, . acryloylmorpholin- | stereoisomer with | (m, 3H), 6.61 - 6.51 (m, 1H), 6.45 -

g . 3-yl)-5- unknown 6.35 (m, 1H), 6.04 - 5.97 (m, 1H),

o ) chlorophenyl)morp absolute 5.80(dd, J = 2.0, 10.4 Hz, 1H), 4.79

HrNH holin-3-one configuration at | -4.70 (m, 1H), 4.50 - 4.30 (m, 3H),

o) Diasterecomer 2 the morpholinone | 4.02 - 3.84 (m, 2H), 3.74 - 3.14 (m,
5H)

o R 1H NMR (400 MHz,
(\NJ\/ (R)'l‘(g'(;'cmom' Sinel CHLOROFORM-d) & ppm 7.39 -
S i thioxohe;fal; dro enantlilcl)i;r of 761 (m, 1 H)7.05-7.25 (m, 2H)

233 s | e | 6-35 - 6:65 (m, 3H) 5.31-5.97 (m,

b yDphenyl)morpholi configuration 3%813)- 1‘515 ((?;,di {-])15 Zg _H3Z’811 I(_:l)l’

T nojprop-2-en-1-one 4H)3.13 - 3.48 (m, 4 H)

j’v 1H NMR (400 MHz,

Q . (R)-1-3-G3-(2- CHLOROFORM-d) & ppm 8.33 -

’ R . 8.55(m, 1 H)7.49-7.73 (m, 2 H)

aminooxazol-3-yl)- Single 7.39-7.43 (m, 1 H) 7.10- 7.17 (m.
o 234 > enantiomer of |7y "y s) 6 61 (m, 1 H) 6.38 -
N=(NH ch]prophenyl)morp known absqlute 6.46 (m, 1 H) 5.69 - 5.88 (m, 2 H)
2 holino)prop-2-en-1- configuration 439 -4.50 (m, 1 H) 3.97 - 4.06 (m,
one 1 H) 3.87 - 3.96 (m, 1 H) 3.26 -
3.80 (m, 3H)

j\/ 1H NMR (400 MHz, DMSO-d6 )
(\\)N (R)-1-(3-(3-(5- =7.63-7.55 (m, 2H), 7.27 - 7.22
O N amino-1H-pyrazol- Single (m, LH), 6.94 - 6.77 (m, 1H), 6.23

235 3-yl)-5- enantiomer of (dd, J=2.3,16.6 Hz, 1H), 5.84 -

v chlorophenyl)morp | known absolute 5.43 (m, 3H), 5.19 - 5.00 (m, 1H),
Ve holino)prop-2-en-1- configuration 4.44 (brd, J = 12.4 Hz, 1H), 3.95 -
one 3.72 (m, 3H), 3.49 (dt,] =2.3,11.6

Hz, 1H)
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) j\/ 1H NMR (400 MHz,
N CHLOROFORM-d)  ppm 8.21 -
~ " o 1-((2S,5R)-4- 8.31 (m, 3 H)8.13-8.21 (m, 1 H)
© acetyl-2-(3-(5- Single 7.29-7.20 (m, 1 H) 6.56 - 6.71 (m,
W aminopyrimidin-2- enantiomer of 1 H)6.35-6.54 (m, 1 H)5.90 -
N 236 yD)-5- unknown 6.14 (m, 1 H) 5.64 - 5.87 (m, 1 H)
NH, chlorophenyl)-5- absolute 5.01 -5.26 (m, 1 H) 4.38 - 4.83 (m,
methylpiperazin-1- configuration 1 H)3.84-4.31 (m, 2 H) 3.46 -
yl)prop-2-en-1-one 3.81(m,2H)3.12-3.44 (m, 1 H)
1.90 - 2.25 (m, 3 H) 1.18 - 1.36 (m,
3H)
JO'\/ 1H NMR (400 MHz,
N 1-((28,58)-4- CHLOROFORM-d) & ppm 8.31 (br
~ ! “ acetyl-2-(3-(5- Single s, 3 H) 8.06 - 8.21 (m, 1 H) 7.30 (s,
© aminopyrimidin-2- enantiomer of 1 H) 6.36-6.48 (m, 1 H)6.11 -
NPy 237 y)-5- unknown 6.35 (m, 1 H) 5.56 - 5.83 (m, 1 H)
N chlorophenyl)-5- absolute 4.85-525(m,2H)4.11-4.61 (m,
NH, methylpiperazin-1- configuration 1 H) 3.80 - 4.08 (m, 2 H) 2.80 -
yl)prop-2-en-1-one 3.60 (m,2 H) 2.09 - 2.33 (m, 3 H)
1.17 - 1.36 (m, 3 H)
. 1H NMR (400 MHz,
A 1305 CHLOROFORM-d) § ppm 8.24 -
° - -2 '(d? 5 Single 8.34 (m,3 H)8.13 (s, L H) 7.18 -
aminop ){mSm - enantiomer of 7.24 (m, 1 H) 6.50 - 6.76 (m, 1 H)
NN 238 | o N yl}5.5- unknown 6.38-6.48 (m, 1 H) 5.82 (br d,
Y TN absolute J=8.25 Hz, 2 H) 451 - 5.57 (m, 1
N, ) gf’ n configuration | H)3.60 - 4.31 (m, 2 H) 3.06 - 3.37
ylprop-z-en-1-one (m, 1 H) 2.52-2.61 (m, 1 H) 2.16 -
233 (m, 2H) 1.92 -2.09 (m, 1 H)
i 1H NMR (400 MHz,
W 3} CHLOROFORM-d) & ppm 8.27 (s,
1-(2-(3-(5- Single 2 H) 821 (brs, 1 H)8.12 (d, J=0.88
aminopyrimidin-2- enantiomer of Hz, 1 H) 7.22 (s, 1 H) 6.51 - 6.86
a 739 yb)-5- unknown (m, 1 H) 6.36 (br d, J=16.63 Hz, 1
v - chlorophenyl)piperi bsolute H) 5.59-6.22 (m, 2 H) 4.50 - 5.50
NH, din-1-yl)prop-2-en- cofllﬁ uration (m, 1 H) 3.45-4.29 (m, 3 H) 2.70 -
1-one & 3.19 (m, 1 H) 2.49 (brd, J=14.13
Hz, 1 H) 1.96 (brs, 1 H) 1.68 (br d,
J=9.13 Hz, 3 H)
JOK/ 1H NMR (400 MHz,
'] inel CHLOROFORM-d) 6 =8.12 - 8.04
N e 1-(R)-3-(3-chloro- | Single 4 | (M. 1H),7.53-7.32 (m, 3H), 6.58 -
5-((S)-5- SO " | 649 (m, 1H), 6.46 - 6.32 (m, 1H),
o 240 thioxomorpholin-2- absolute 5.69-5.67 (m, 1H), 5.80 (dd, ] =
Hr“” yhphenyhmorpholi | <70 S 1.9, 10.3 Ha, 1H), 4.96 - 4.84 (m,
s no)prop-2-en-1-one gthe 1H), 4.78 - 4.72 (m, 1H), 4.69 -
Diastereomer 1 . . 4.57 (m, 1H), 4.48 - 4.36 (m, 1H),
thiomorpholinone

3.97 (dd, J = 3.2, 11.3 Hz, 1H), 3.90
(br s, 1H), 3.67 - 3.36 (m, 4H)

68




WO 2024/073587 PCT/US2023/075401
Structure No. Name Stereochemistry NMR
j\/ 1H NMR (400 MHz,
O\)N'"' o | Single CHLOROFORM-d) 6 = 8.15 - 7.97
“(R)-3-(3-chloro- | 0 & Lo | (m, 1H),7.52-7.32 (m, 3H), 6.60 -
5-((R)-5- unknown 6.49 (m, 1H), 6.36 (s, 1H), 5.82 -
o 241 thioxomorpholin-2- absolute 5.33 (m, 2H), 4.96 - 4.83 (m, 1H),
HrNH yDphenyl)morpholi configuration at 4.78 - 4.72 (m, 1H), 4.69 - 4.60 (m,
s no)prop-2-en-1-one the 1H), 4.51 - 4.33 (m, 1H), 4.02 -
Diastereomer 2 thiomorpholinone 3.94 (m, 1H), 3.93 - 3.82 (m, 1H),
3.66 - 3.19 (m, 4H)

e 1H NMR (400 MHz,
(\NJ\/ METHANOL-d4 ) & ppm 7.21 -
O, a 4-(-((R)4 7.48 (m, 3 H) 6.79 (dd, I=16.70,

acrylo&lmorpholin- Single 10.57 Hz, 1 H) 6.24 - 6.39 (m, 1 H)
N 3-v1)-5- I 5.76 - 5.92 (m, 1 H) 4.62 (dd,
yl)-5 enantiomer of
N’go 242 chlorophenyl)tetrah | known absolute J=6.38,4.75 Hz, 1 H) 4.45 (br d,
" ydropyrimidin- configuration J=12.26 Hz, 1 H) 3.83 - 3.99 (m, 2
2(1H)-one H)3.54-3.70 (m, 1 H) 3.06 - 3.28
(m, 3 H) 2.09-2.21 (m, 1 H) 1.86
(dtd, J=13.45, 6.85, 6.85,4.13 Hz, 1
H)
. j\/ 1H NMR (400 MHz,
N CHLOROFORM-d) é ppm 8.28 (br
A,r“ “ 1-((28,5R)-2-(3-(5- Single s, 1H) 8.21-8.26 (m, 2 H) 8.12 -
° aminopyrimidin-2- enantiomer of 8.20 (m, 1 H) 7.28 - 7.37 (m, 1 H)
NZN yD-5- unknown 6.55-6.72 (m, 1 H) 6.36 - 6.52 (m,
S) 243 chlorophenyl)-4- absolute 1 H)5.83-6.11 (m, 1 H) 5.64 -
NH; ~ | (cyclopropanecarbo configuration, 5.83(m, 1 H)4.75-5.32 (m, 1 H)
nyl)-5- known relative 4.33-4.73 (m, 1 H) 3.77 - 4.21 (m,
methylpiperazin-1- trans- 1 H)3.56-3.74 (m, 1 H) 3.29 -
yl)prop-2-en-1-one configuration 355(m, 1 H)1.55-1.90 (m, 1 H)
1.19-1.43 (m,3 H)0.87-1.18 (m,
2 H) 0.49 - 0.86 (m, 2 H)
j’v 1H NMR (400 MHz,
N CHLOROFORM-d) 6 ppm 11.82
°\)"~©/°' (R)-1-(3-(3-(5- (brs, 1 H) 10.43 (brs, 1 H) 7.78 (br
N dinydropyta single | 681 (o 1 D 650
E l Hhycropyrazin- enantiomer of 21 (m, 1 H)6.81 (s, 1 H) 6.50 -
P, | 244 1(2H)-y1)-5- Chown absolute | 6-06 (m, 1 H) 6.27-6.46 (m, 1 H)
Eh]prophenyl)morp configuration 5.80 (dd, J=10.51, 1.50 Hz, 1 H)
olino)prop-2-en-1- 5.45-5.73 (m, 1 H) 4.40 (br d,
one J=12.26 Hz, 1 H) 4.12 (s, 2 H) 3.75
-4.06 (m, 3 H)3.51-3.73 (m, 4 H)
3.25-3.51 (m, 2 H)
(\Nb ] . 1H NMR (400 MHz,
A\[(” 3 . 1-((2R,5R)-4- S{ngle CHLOROFORM-d) & ppm 8.27 (s,
( acetyl-2-(3-(5- enantiomer of 3H)8.13 (s, 1 H) 7.24 (s, 1 H) 6.35
° aminopyrimidin-2- unknown (s, 1 H) 6.22 (br d, J=6.63 Hz, 1 H)
NP 245 yD)-5- absolute 5.63 (brs, 1 H)5.04-5.11 (m, 1 H)
S) chlorophenyl)-5- configuration, 4.89-5.00 (m, 1 H) 4.42 (brs, 1 H)

methylpiperazin-1-
yl)prop-2-en-1-one

known relative
cis-configuration

3.81-3.95 (m, 1 H) 3.06 (br d,
J=1.25Hz, 1 H) 2.93 (br d, J=10.76
Hz, 1 H) 1.71 (brs, 3 H) 1.33 (br s,
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3 H) 1.05 (brs,2 H) 0.82 - 0.88 (m,
2 H)

2 1H NMR (400 MHz,
%(‘NJV . 1'(5'(.3'(.‘;? . METHANOL-d4 ) 3 = 8.22 (s, 1H),
o o ammo}’?‘g‘“ -2 Single 8.18 - 8.11 (m, 2H), 7.47 (s, 1H),

Ch]OIO[})/h)E;n;ll)Q 5 enantiomer of 7.01 - 6.84 (m, 1H), 6.51 - 6.19 (m,

NP 246 dimethvl-1 1_’ unknown 3H), 5.89 (br d, J = 10.5 Hz, 1H),

LN dioxi dolhiim(; hol absolute 4.61 - 4.27 (m, 1H), 4.07 (br d, J =
ino )prop-?.-er?l- configuration 15.4 Hz, 1H), 3.82 (brdd, J = 5.3,

o 15.5 Hz, 1H), 3.60 - 3.49 (m, 1H),

1.48 (s, 3H), 1.26 (s, 3H)
1H NMR (400 MHz,

CHLOROFORM-d) & ppm 8.26 (s,

1-(2-(3-(5- Single 2H) 824 (s, 1 H)8.15 (s, 1 H) 7.21

aminopyrimidin-2- enantiomer of (d, J=0.63 Hz, 1 H) 6.50 - 6.69 (m,
NZ N 247 yl)-5- unknown 1H)6.36 -6.47 (m, 1 H) 5.78 (br d,
'\H chlorophenyl)-4 4- absolute J=11.26 Hz,2 H) 4.26 - 4.72 (m, |
NH, difluoropiperidin-1- configuration H) 3.86 (br d, J=2.13 Hz, 2 H) 3.26
yl)prop-2-en-1-one (brt,J=11.82 Hz, 1 H)2.89-3.04

(m, 1 H) 2.27-2.47 (m, 1 H) 1.91 -

2.19 (m, 2 H)

Q 1H NMR (400 MHz,
(\NJV METHANOL-d4 ) & ppm 9.06 (s, 2
o, < (R)-N-(2-(3-(4- Sinel H)8.39 (brs, 1 H)8.27 (s, 1 H)

Ej acryloylmorpholin- enam‘i‘éffn Zr of | 734 (brs, 1 H)6.82(dd, J=16.76,

PN 248 3-yl)-5- e ote | 1063 Hz, 1) 6.33 (dd, J=16.76,

V chlorophenyl)pyrim confieuration 1.25 Hz, 1 H) 5.83 (dd, J=10.57,

HN O idin-5-yl)acetamide & 1.94 Hz, 2 H) 4.53 (d, J=12.38 Hz,

Y 1 H) 3.75 - 4.09 (m, 3 H) 3.63 (id,
J=11.79,2.81 Hz, 2 H) 2.20 (s, 3 H)

e 1H NMR (400 MHz,

ﬁ/‘wk/ ] (RO 1-(6-C65- METHANOL-d4 ) § ppm 1.05 -
& aminopyrimidin-2- . 114 (m, 1 H) 1.18 - 1.26 (m, 1 H)
y1)-5- S1Anglc 1.31 - 1.39 (m, 1 H) 1.39 - 1.49 (m,
NP chlorophenyl)-4 4- enantiomer of 1 H)3.71 (brdd, J=14.95, 5.44 Hz,
A | 249 di .é’ 4 fh. % unknown 1 H) 4.01 - 430 (m, 3 H) 5.87 (br d,
az;z;ré’[z S]é‘émn absolute J=10.76 Hz, 1 H) 6.38 (br d,
7-yl)prop;2-en-1- configuration J=16.88 Hz, 2 H) 6.46 (d, J=6.00
Hz, 1 H) 6.88 (br dd, J=16.07,
one 11.19Hz, 1 H) 7.52 (s, 1 H) 8.11 -
8.26 (m, 3 H)

8 1H NMR (400 MHz,
S CHLOROFORM-d) & ppm 8.31 (,
O (R)-1-(3-(3-(6- 1 H) 7.90 - 7.99 (m, 2 H) 7.86 (s, |

aminopyrazin-2- Single H)7.46-7.67 (m, 1 H) 6.53 - 6.63

o 250 yl)-5- enantiomer of (m, 1 H) 6.37 - 6.46 (m, 1 H) 5.52 -

N§)\NH2 ) chlorophenyl)morp | known absolute 6.03 (m,2 H)4.66-5.13 (m, 2 H)

holino)prop-2-en-1- configuration 4.51 (d, J=12.13 Hz, 1 H) 3.99 (dd,
one J=11.26,3.13 Hz, 1 H) 3.91 (dd,
J=12.26,3.50 Hz, 1 H) 3.03 - 3.83
(m, 3H)

70




WO 2024/073587 PCT/US2023/075401
Structure No. Name Stereochemistry NMR

JOK/ 1H NMR (400 MHz,

N CHLOROFORM-d) & ppm 8.42 (d,
O O J=1.25Hz, 1 H) 8.05 (d, J=1.25 Hz,
(R)-1-(3-(3-(5- 1H)7.75 - 7.97 (m, 2 H) 7.48 (br d,

AN aminopyrazin-2- Single J=2.25Hz,1 H)6.52 - 6.66 (m, 1

Nﬁ) 251 yD)-5- enantiomer of H) 6.32 - 6.50 (m, 1 H) 5.79 (dd,
NH, N chlorophenyl)morp | known absolute | J=10.38, 1.88 Hz, 2 H) 4.72 (brs, 2
holino)prop-2-en-1- |  configuration H) 4.51 (d, J=12.13 Hz, 1 H) 3.99
one (br dd, J=11.19, 3.19 Hz, 1 H) 3.91

(dd, J=12.26,3.63 Hz, 1 H) 3.63

(td, J=11.79, 2.69 Hz, 2 H) 3.12 -

3.54 (m, 1 H)
jv 1H NMR (400 MHz,

o CHLOROFORM-d) & ppm 8.21 (br

oAy d, J=10.76 Hz, 2 H) 7.94 (s, 1 H)
(R)-1-(3-(3-chloro- 7.39-7.63 (m, 1 H) 6.51 - 6.65 (m,

NP 5-(4,5- Single 1 H) 6.36 - 6.46 (m, 1 H) 5.78 (dd,
N 553 | diaminopyrimidin- | cnantiomer of | J=10.44, 1.69 Hz, 1 H) 5.01 - 5.46
NH, 2- known absolute (m, 2 H) 4.53 (d, J=12.13 Hz, 1 H)
yl)phenyl)morpholi configuration 4.00 (br dd, J=11.26,2.88 Hz, 1 H)

no)prop-2-en-1-one 3.90 (dd, J=12.19,3.56 Hz, 1 H)

3.63 (td, J=11.66, 2.56 Hz, 2 H)
3.17-3.51 (m, 2 H) 1.46 - 1.87 (m,

2 H)

o 1H NMR (400 MHz,

S d CHLOROFORM-d) 6 ppm 8.24 (s,

O © (R)-1-(3-(3-(5- 2H)7.99 (s, 1 H) 7.45 (brs, 1 H)
amino-4- Single 6.60 (dd, J=16.70, 10.44 Hz, 1 H)

NN methoxypyrimidin- anti & ¢ 6.31 -6.49 (m, 1 H) 5.77 (dd,

K('ko/ 254 2°y1)-5- ki%ﬁ;‘;‘;‘:élﬁ o | 1=1044,194 Hz, 2H) 454,

NH, chlorophenyl)morp confieuration J=12.13Hz, 1 H)4.13 (s, 3H) 3.96
holino)prop-2-en-1- & -4.01 (m, 1 H) 3.91 (dd, J=12.13,
one 3.50 Hz, 1 H) 3.82 (br s, 2 H) 3.60 -
3.67 (m, 1 H) 3.20 - 3.50 (m, 1 H)
1.63 (brs, 1 H)

o 1H NMR (400 MHz,
i CHLOROFORM-d) & ppm 8.01 (s,
O © (R)-1-(3-(3-(5- 1H)7.83 (s, 2 H) 7.43 (brs, 1 H)

amino-6- Single 6.53 - 6.65 (m, 1 H) 6.37 - 6.46 (m,
Ay methoxypyrazin-2- anti g ¢ | 1H)5.78(dd, J=1037,1.91 Hz, 1
Nﬁﬂ\o/ 255 yl)-5- ken“n lml?erlo o | H492(brs, 2H) 4.50 (¢, J=12.16
NH, chlorophenyl)morp 28;3? ir:toisne Hz, 1 H) 4.08 (s,3 H) 3.98 (dd,
holino)prop-2-en-1- & J=11.27,3.04 Hz, 1 H) 3.91 (dd,
one J=12.22,3.52 Hz, 1 H) 3.63 (td,
J=11.80,2.62 Hz, 1 H) 3.19 - 3.49
(m, 1 H)
j\/ 1H NMR (400 MHz,
N (R)-N-(2-(3-(4- CHLOROFORM-d) & ppm 8.68 (d,
O, o Tovl holi Single J=5.63 Hz, 1 H) 8.27 - 8.45 (m, 2
256 acry 03}1;11)(?? oln- enantiomer of H) 8.20 (brs, 1 H) 8.06 (d, J=5.63
NP o " | chlorophen Dpyrim known absolute | Hz, 1 H) 7.45-7.78 (m, 1 H) 6.53 -
P i &Dagetf%i do | configuration | 675 (m, 1 H)6.35 - 6.49 (m, 1 H)
" 5.51-6.02 (m, 2 H) 4.53 (d,

J=12.26 Hz, 1 H) 3.88 - 4.11 (m, 2
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H) 3.64 (td, J=11.73, 2.69 Hz, 2 H)
3.39 (brs, 1 H) 2.30 (s, 3 H)
TH NMR (400 MHz,

. CHLOROFORM-d) 5 ppm 8.24 (s,
1-((2R,5R)-2-(3-(5- Single 2 H) 820 (s, 1 H)8.10 (s, 1 H) 7.21

aminopyrimidin-2- enantiomer of (s, 1 H) 6.57 - 6.71 (m, 1 H) 6.40

P yh-3- unknown (b d, J=15.97 Hz, 1 H) 5.76 (br d,

U 257 chlorophenyl)-5- absolute J=10.49 Hz, 2 H) 3.31 - 4.50 (m, 3

Y, hydroxy-3- configuration, |y 0y 5 o4 ("1 1 2.40 - 2.53
methylpiperidin-1- known relative (m 1 H) 2 'OO ) ’11 (m 1 H) 1'75

yl)prop-2-en-1-one configuration (br’d J=4_65 Hy '2 H) l’.71 (br.s |

H)1.32(s,3H)
o 1H NMR (400 MHz,
OJV . CHLOROFORM-d) & ppm 3.16 -
(R)-1-(3-(3-chloro 3.86 (m, 3 H) 3.91 (dd, J=12.29,
s ;5 P Single 3.61 Hz, 1 H) 3.95 - 4.06 (m, 1 H)
AN 258 | diamino ,ra in2 enantiomer of 4.50 (brd, J=11.98 Hz, 1 H) 4.58 -
N, Dghen ﬁ’)yn A | knownabsolute | 4.95 (m, 2 H) 496 - 5.60 (m, 2 H)
N, ropron.2.en Loge | configuration | 5.80 (dd, J=10.45, 177 Hz, 2 H)
prop 6.36 - 6.46 (m, 1 H) 6.52 - 6.64 (m,
1 H)7.35 - 7.66 (m, 1 H) 7.73 (br d,
J=10.88 Hz, 2 H) 7.86 (s, 1 H)
j\/ 1H NMR (400 MHz,
i (R)-1-3-3-6 CHLOROFORM-d) & ppm 7.82 (s,
NN oS, 2 H)7.78 (s, 1 H) 7.46 (br dd,
methonao Single J=7.19,3.06 Hz, 1 H) 6.52 - 6.65
A, 250 38”5 | enantiomerof | (m,1H)635-6.47 (m, 1 H)5.78
! ﬁ)\ chloro Yhen mor | known absolute | (dd, J=10.38, 1.88 Hz. 2 H) 4.90 (br
T holino)p " g_en_rﬁ configuration s, 2 H) 4.50 (d, J=12.13 Hz, 1 H)
- ponl; 4.03 (s, 3 H) 3.88 - 4.01 (m, 2 H)
3.62 (td, J=11.79, 2.56 Hz, 2 H)
3.16 - 3.49 (m, 1 H)
° TH NMR (400 MHz,

AN~ A L0 lggm R CHLOROFORM-d) 8 ppm 0.71 (br
h'e < p%)-s- - Single d,J=4.03Hz, 2H) 1.21 - 1.27 (m, 2
© L yh a i & ¢ | H202(,3H)341-3.60(m,2
NP chlorophenyl)-4- enantiomer o H) 3.92 - 4.34 (m, 2 H) 5.29 (br d,

V 260 | (cyclopropanecarbo unknown J=13.33 Hz, 1 H) 5.75 (brd

N, _ oyb-47- absolute J=10.03 Hz, 1 H) 6.39 (br d,
diazaspiro[2.5]octa configuration J=16.75 Hz, 2 H) 6.46 - 6.58 (m, 1
“‘7'yl)l’(rfr'£‘2‘e“'l' H)7.32 (brs, 1 H)8.21 (brs, 1 H)

8.23 (brs, 1 H) 8.26 (s, 3 H)

0 1H NMR (400 MHz,
S (R),;Ilrii(s(;g:“' METHANOL-d4 ) § ppm 3.32 -
SNEIPNG ethon Single 3.47 (m, 1 H) 3.56 - 3.74 (m, 1 H)

261 Z-yli)y—i— ; enantiomer of 3.80 - 4.13 (m, 6 H) 4.43 - 4.60 (m,
A 4 known absolute 1 H) 5.54 - 6.00 (m, 2 H) 6.24 -
NZEN chlorophenyl)morp

6.42 (m, 1 H) 6.73 - 6.90 (m, 1 H)
7.66 - 7.92 (m, 2 H) 8.03 - 8.23 (m,
2 H)
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o 1H NMR (400 MHz,
I (R?'l'ﬁ3'(g'(4' CHLOROFORM-d) & ppm 8.16 -
O Iy a amm.o'.ci. , Single 8.42 (m, 3 H) 7.33 - 7.62 (m, 1 H)
063 “Ompyl;“;“ 2" 1 enantiomer of | 7.27-7.30 (m, 1 H) 6.34 - 6.67 (m,
WPy chloro yhe'n Dmo known absolute 2H)5.67-5.88 (m, 1 H)5.10 -
S o )p = rf configuration | 5.35 (m, 2 H) 4.49 - 4.66 (m, 1 H)
; onne p;‘[’llé"'e“' - 3.83 - 4.05 (m, 2 H) 3.52 - 3.80 (m,
2H)2.97-3.47 (m, 1 H)
° 1H NMR (400 MHz,
. CHLOROFORM-d) & ppm 8.27 (s,
- (s,1H)6.39-6.58 (m, 1 H) 6.28 -
N yD->- unknown 6.37 (m, 1 H) 5.66 (brd, J=11.13
o 264 chlorophenyl)-4- absolute Hz, 1 H) 5.44 - 5.58 (m, 1 H) 4.40 -
NH, hydroxy-4- configuration, | s’ 1 ') 385 (5. 2 H) 3.22 (br
methylpiperidin-1- known relative S iH) 5 30 (l;r d J=’6 00 Hz. 1 H)
yl)prop-2-en-1-one configuration é.l 6- 2‘.'23 (m l, H) 1'.79 (s ’2 H)
1.51 (s, 1 H)1.11 (s, 3 H)
j\/ 1H NMR (400 MHz,
—O CHLOROFORM-d) & ppm 8.27 (s,
PN~ 1-((2S,48)-2-(3-(5- 2H)8.21 (s, 1 H) 8.11 (d, J=0.75
aminopyrimidin-2- Single Hz, 1 H) 7.19(s, 1 H) 6.40 - 6.55
N7 N yl)-5- enantiomer of (m, 1 H) 6.30-6.36 (m, 1 H) 5.66
Y 265 | chlorophenyl)-4- unknown (brd,J=11.13 Hz, 1 H) 5.53 (br d,
Nt hydroxy-4- absolute J=6.13 Hz, 1 H) 4.54 (br d, J=2.50
methylpiperidin-1- configuration Hz, 1 H)3.85(s,2H) 3.21 (brs, 1
yl)prop-2-en-1-one H) 2.30 (br d, J=5.88 Hz, 1 H) 2.22
(d, J=6.50 Hz, 1 H) 1.79 (s, 2 H)
1.52 (s, 1 H) 1.11 (s, 3H)
1H NMR (400 MHz,
CHLOROFORM-d) & ppm 8.25 (s,
- =D(R-(5-
1-(2R,45)-2-3(3 . 2H) 8.18 (s, 1 H) 8.13 (d, J=1.00
amm"pf‘g‘ldm'“ enaft‘i';ﬁzr of | Hz 1H)7.23 (brs, 1 H) 6.45- 6.84
NP Y=o (m, 1 H) 6.37 (brs, 1 H) 5.50 - 6.24
g 266 chlorophenyl)-4- unknown (m, 2 H) 431 - 5.45 (m, | H) 3.85
hydroxy-4- absolute (s, 2 H) 3.00 - 3.66 (m, 1 H) 2.56
methylpiperidin-1- configuration (b’r d J—l. 463 I-iz 1 H’) 207 ((.i d
ylyprop-2-en-1-one J=14.63,6.75 Hz, 1 H) 1.64 (brs, 3
H) 1.29 (s, 3 H)
j\/ TH NMR (400 MHz,
B~y CHLOROFORM-d) & ppm 0.53 (br
1-(4-acetyl-6-(3-(5
AWN ° “Loracelyl-h o . s, 2 H) 0.65 (br s, 2 H) 0.69 - 0.93
0 aminopyrimidin-2- S{ngle i (m. 3 H) 1.35 - 1.90 (m, 2 H) 3.27 -
Ny yl)-5- enantiomer of | "y 55 1 4 'H) 5,13 (br dd, J=8.86,
S) 267 | chlorophenyl)-4,7- unknown 3.85 Hz, 1 H) 5.67 (br d, J=9.78 Hz
| diazaspiro[2.5]octa absolutff 1 H) 6.32 (br d, J=16.63 Hz, 1 H)
n-7-yhprop-2-en-1- | - configuration | <357 'St 1) 704 br s, 1 H)
one 8.09 (s, 1 H) 8.15 (br s, 1 H) 8.17
(s, 2 H)
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o 1H NMR (400 MHz,
A (R)f 1‘.(3'(;'(5' CHLOROFORM-d) & ppm 8.17 (s,
N oo Single 1 H) 7.59 - 7.83 (m, 3 H) 6.51 -
s | Or‘)py{)r_lgfl "1 enantiomer of | 6.61 (m, 1 H) 6.40 (br d, J=15.77
NNy N2 chlorophenyl)morp known absolute Hz, 1 H) 5.56 - 5.88 (m, 2 H) 4.47
C‘)%N | holino)propB-IZ-en—l— configuration (d,J=11.86 Hz, 1 H) 3.85 - 4.07 (m,
one 5H)3.57-3.79 (m, 2 H)
° 1H NMR (400 MHz,
L~ < X
OK:)N . (R)-1-(3-(3-chloro- y CHLOROFORM-d) & ppm 7.9 (s,
5-(1H-1.2.3-triazol- {ngle ‘ 1H)7.77 (s,2 H) 7.34 - 7.68 (m, 1
269 4 enantiomer of H) 6.53-6.65 (m, 1 H) 6.39 - 6.51
AN ylyphenyl)morpholi known absolute (m, 1 H) 5.67 -5.94 (m, 2 H) 4.51
HN-N 5 en.l. configuration (d,J=12.23 Hz, 1 H) 3.89 - 4.06 (m,
nojprop-2-en-1-one 2 H) 3.58 - 3.82 (m, 2 H) 3.30 -
3.53 (m, 1 H)
JOK/ 1H NMR (400 MHz,
a0 (R)-1-(3-(3-(6- CHLOROFORM-d) & ppm 7.96 -
O o amino-2- Sinel 8.12 (m, 1 H) 7.59 - 7.95 (m, 2 H)
chloropyrimidin-4- emm‘i‘;ﬁl‘; of | 6:69-683(m, 1 H)6.51-6.65 (m,
-y 271 yD)-5- Ko absolute 1 H) 6.29 - 6.48 (m, 1 H) 5.54 -
NS chlorophenyl)morp configuration 599 (m,52 H) 5.29 - 5.50 (m, 2 H)
holino)prop-2-en-1- 4.43-4.59 (m, 1 H) 3.86 - 4.12 (m,
one 2H)3.51-3.84 (m, 2 H)3.08 -
3.48 (m, 1 H)
1H NMR (400 MHz,
. . METHANOL-d4 ) & ppm 8.32 (d,
LRG| e | s 2 s
S5 anknown (s, 1H)7.31 (brs, 1 H) 6.70 - 7.01
g 273 chlorophenyl)-5- absolute (m, 1 H) 6.30 (br d, J=16.26 Hz, |
S ; ; R H)5.69 - 6.01 (m, 2 H) 3.81 (br d,
T, hydroxy-5- configuration, J=13.13 Hz, 1 H) 2.88 - 3.03 (m, 1
n;emylpizperidlin-l- knov:ﬁ rela_tive H) 240 ) 2_’73 (m, 1 H) 221 : 2.’38
ylprop-2-en-1-one | configuration | /'y 1 66 br s 2 H) 1.19 - 1.60
(m, 2 H) 1.15 (s, 3 H)
Jok/ 1H NMR (400 MHz,
o (R)-1-(3-(3-(5- CHLOROFORM-d)  ppm 8.21 -
O amino-4- Sine] 8.33 (m, 3 H) 7.47 (brs, 1 H) 6.54 -
fluoropyrimidin-2- enam‘i‘;izr of | 665(m 1H)636-648m, | H)
g 278 y1)-5- cnown absoluie | 379 (br d. J=10.38 Hz, 2 H) 4.54
S chlorophenyhmorp | “J0R PN | (d J=12.13 Hy, 1H) 3.96 - 4.02 (m,
NH, holino)prop-2-en-1- 1 H) 3.88-3.94 (m, 2 H) 3.63 (td,
one J=11.66,2.31 Hz, 1 H)3.18 - 3.51
(m, 1 H)
j\/ 1H NMR (400 MHz,
o (R)-1-(3-(3-(6- CHLOROFORM-d)  ppm 7.81 -
O © amino-3- Sinel 7.95 (m, 3 H) 7.56 (br dd, J=9.48,
fluoropyrazin-2- inete 2.68 Hz, 1 H) 6.55 - 6.65 (m, 1 H)
A 279 )-5- enantiomer of 6.39 - 6.50 (m, 1 H) 5.81 (dd
N\\l)N\ " | chloro yhen Dmorp | Kmownabsolute |y, sy e T H) 4.97 (br s, 2
T holino)r;)rop}-/Z-en-rR configuration | 11’5 4 212,28 Hz, 1 H) 3.8 -
one 4.06 (m, 2 H) 3.65 (td, J=11.74,

2.62Hz, 1 H)3.15-3.49 (m, 1 H)
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Structure No. Name Stereochemistry NMR
2 1H NMR (400 MHz,
I (R?'l'ﬁ3'(§'(é' CHLOROFORM-d) & ppm 7.92 -
O A © a Amino->- 5 Single 8.08 (m, 2 H) 7.49 - 7.64 (m, 2 H)
280 “Omyli)yf;‘_z‘“' " | enantiomerof | 6.53-6.64 (m, 1 H)6.36-6.47 (m,
N chlorophenyl)mo known absolute | 1 H) 5.57 - 5.90 (m, 2 H) 4.61 (brs,
N holinoyrop.2.on 1. | configuration | 2 H) 4.50 (d. J=12.16 Hz, 1 H) 3.88
PO -4.01 (m, 2 H) 3.63 (td, J=11.80,
2.74 Hz, 1H) 3.17 - 3.51 (m, 1 H)
1H NMR (400 MHz,
CHLOROFORM-d) 6 =8.71 (d, J =
1-(2-(3-chloro-5- Single 5.3 Hz, 1H), 7.9 (s, 1H), 7.87 (s,
(2- enantiomer of 1H), 7.47 (d, ) = 5.3 Hz, 1H), 7.36
281 methylpyrimidin-4- unknown (s, 1H), 6.70 - 6.56 (m, 1H), 6.49 -
yl)phenyl)-4,4- absolute 6.41 (m, 1H), 6.04 - 5.88 (m, 1H),
difluoropiperidin-1- onfieurati 5.84 (brd, J=10.9 Hz, 2H), 4.41
yhprop-2-en-1-one | CMEUEHNON T hr g 1H), 3.28 - 3.15 (m, 1H), 3.03
-2.90 (m, 1H), 2.81 (s, 3H), 2.48 -
2.29 (m, 1H), 2.19 - 1.94 (m, 2H)
JOK/ 1H NMR (400 MHz,
Q . 1-G-G2- METHANOL-d4 ) 8 ppm 7.69 -
aminooxazol 4-y1)- Single 7.72 (m, 1 H) 7.61 - 7.68 (m, 1 H)
5. enantiomer of 7.57 -7.60 (m, 1 H) 7.29 - 7.39 (m,
@ 282 chlorophenyl)mor unknown 1H)6.77 -6.85 (m, 1 H) 6.26 -
oL, hol‘no)p y2 1p absolute 6.36 (m, 1 H) 5.78 - 5.87 (m, 1 H)
1NOJProp=c-eN=1- | onfiguration | 5.45 - 5.74 (m, 1 H) 4.46 - 4.53 (m,
one 1 H) 3.82 - 4.00 (m, 3 H) 3.56 -
3.66 (m, 1 H) 3.33 - 3.36 (m, 1 H)
1H NMR (400 MHz,
a CHLOROFORM-d) & ppm 7.90 -
R-1- i(rf(;g:(ﬁ' . 8.00 (m, 2 H) 7.58 - 7.77 (m, 1 H)
fluoropyrimidin-4- Sl‘ngle 6.71 (d, J=3.75 Hz, 1 H) 6.52 - 6.62
283 y1)-5- enantiomer of (m, 1 H) 6.37 - 6.46 (m, 1 H) 5.80
chlorophenylmorp known absqlute (dd, J=10.38, 1.75 Hz, 1 H) 5.20 (br
holino)prop-2-en-1- configuration s, 2 H) 4.50 (d, J=12.26 Hz, 1 H)
o 3.83 - 4.07 (m, 3 H) 3.64 (td,
J=11.82,2.50 Hz, 2 H) 3.17 - 3.48
(m, 1 H)
1H NMR (400 MHz,
CHLOROFORM-d) & ppm 8.38 (d,
1-(2-(3-(2- Single J=5.13Hz, 1 H)7.75-7.97 (m, 2
aminopyrimidin-4- . H)7.33 (s, 1 H) 7.00 (d, J=5.13 Hz,
. enantiomer of .
284 yb-5- unknown 1H)6.34-6.72 (m, 2 H) 5.83 (br d,
chlorophenyl)-4,4- absolute J=10.76 Hz, 2 H) 5.12 (br s, 2 H)
difluoropiperidin-1- configuration 4.24-4.62 (m, 1 H)3.21 (brt,
yl)prop-2-en-1-one J=11.82 Hz, 1 H) 2.85-3.04 (m, 1
H)2.26-2.58 (m, 1 H) 1.87 -2.22
(m, 2 H)
1-2-(3-chloro-5- . 1H NMR (CHLOROFORM-d, 400
(6- Single MHz): (ppm) 9.01-9.38 (m, 1H),
methylpyrimidin-4- enantiomer of 7.97 (s, 1H), 7.90 (s, 1H), 7.48-7.66
285 ylyphenyl)-4.4- unknown (m, 1H), 7.37 (s, 1H), 6.56-6.69 (m,
difluoropiperidin.I- absolute 1H), 6.40-6.49 (m, 1H), 5.76-6.11
configuration (m, 2H), 4.19-4.67 (m, 1H), 3.15-

yl)prop-2-en-1-one

3.33 (m, 1H), 2.88-3.02 (m, 1H),
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Structure No. Name Stereochemistry NMR
2.54-2.71 (m, 3H), 2.27-2.46 (m,
1H), 1.89-2.20 (m, 2H)
] 1H NMR (400 MHz,
%o/\r{)]\/ y (R)-1-(5-(3-chloro- CHLOROFORM-d) & ppm 7.89 (s,
556 Single 1 H)7.74 (brs, 2 H) 7.39 - 7.61 (m,
diaminop};razin-Z- enantiomer of L H) 6.54 (dd, 1=16.75, 10.31 Hz, 1
~ 286 Dphenyl)-2,2- known absolute H) 6.42 (br d, J=16.57 Hz, 1 H)
Nﬁ)\NHZ dirile]:hyln}llorpl’;)lin configuration 5.29 - 5.86 (m, 2 H) 4.98 - 5.25 (m,
N, o)prop.2-cn- 1-one 1 H) 431 -4.96 (m, 3 H) 4.06 -
4.24 (m, 2 H) 3.11 - 3.58 (m, 1 H)
1.30 (s,3H) 1.25(s,3 H)
j‘\/ 1H NMR (400 MHz,
e (R)-1-(5-(3-chloro- CHLOROFORM-d) & ppm 8.10 -
O 5-(4,5- Single 8.29 (m, 2 H) 7.94 (s, 1 H) 7.32 -
287 diaminopyrimidin- enantiomer of 7.60 (m, 1 H) 6.46 - 6.60 (m, 1 H)
NP N 2-yl)phenyl)-2,2- known absolute | 6.37 - 6.46 (m, 1 H) 5.53-5.93 (m,
S/M\NH2 dimethylmorpholin configuration 2H)4.85-539(m,2H)4.01-
NH, o)prop-2-en-1-one 4.63 (m, 2 H) 2.88 - 3.64 (m, 3 H)
1.29 (s,3H) 124 (s,3H)

JOK/ 1H NMR (400 MHz,

Q . (R)-1-(3-(3-(5- CHLOROFORM-d) & ppm 8.32 (d,

amino-6- Sinele J=4.41 Hz, 1 H)7.73 - 7.90 (m, 2

fluoropyrazin-2- ne H)7.38-7.56 (m, 1 H) 6.51 - 6.64
enantiomer of
Z N 289 yl)-5- known absolute (m, 1 H) 6.37 - 6.45 (m, 1 H) 5.80
Nﬁ)\p chlorophenyl)morp i . (dd, J=10.37, 1.91 Hz, 2 H) 4.94 (br
NH, holinojprop-2-en-1- | contiguration s, 2 H) 4.50 (d, J=12.28 Hz, 1 H)
one 3.86-4.01 (m, 2 H) 3.12 - 3.79 (m,
3H)
NF o 1H NMR (400 MHz,
;(NJK/ CHLOROFORM-d) 6 ppm 8.37 (d,
S 1-((3R,58)-3-(3-(2- J=5.13 Hz, 1 H)7.89 (s, | H)7.81
aminopyrimidin-4- Sinale (s, 1 H)7.33 (s, 1 H) 6.99 (d,
y1)-5- _>me ¢ | =525 Hz, 1 H) 640 (brd, J=1.63
Ch 290 | chlorophenyl)-5- k‘;ﬁ;‘g‘;‘é‘:&ﬁ o | Hz1H)6.11-632(m,2H) 565
NT TNHp (difluoromethyl)mo fi i (brs, 1 H)5.15 (brs, 2 H) 4.88 (br
rpholino)prop-2-en- | COMEWANON 1 Y 498 (br d, J=2.00 Hz, 2 H)
1-one 4.08-4.17 (m, 1 H) 4.02 (br d,
J=12.38 Hz, 1 H) 3.73 (br d, J=3.38
Hz, 1 H)
' o A 1H NMR (400 MHz,
P lﬁiﬁsfl);léfn(; CHLOROFORM-d) 3 ppm 8.26 (s,
ot p¥ s Single 3H)8.12 (s, 1 H) 7.22 - 7.26 (m, 1
@/ 291 chlorgp%;cgrlyl)- s. enantiomer of H) 6.09 - 6.45 (m, 3 H) 5.59 (br d,
y (difluoromethylmo known absolute J=6.25 Hz, 1 H) 4.91 (brs, 1 H)
N\ I rpholino)pro y2 en configuration 438-4.71 (m, 1 H) 4.30 (dd,
Hj PRoTnPIPop-S-en- J=12.32,1.69 Hz, 1 H) 4.03 - 4.18
? (m,2H)3.72-3.93 (m, 3 H)

a 1H NMR (400 MHz,
A (R)-1-(3-(3-(3- Single CHLOROFORM-d) 8 ppm 8.68 (s,
O, o amino-1,3,5- . 1 H)8.43 (brs, 1 H)8.35 (s, 1 H)

203 | triazin-2-yly5. | Saniomer of
Chlorophenyl)morp known absolute 7.66 (br d, J=0.88 HZ, 1 H) 6.59 (S,
NPN A Conﬁgmaﬁon 1 H) 5.52 (br S, 2 H) 4.55 (d,
N/ holino)-2- J=12.26 Hz, 1 H) 3.96 (ddd,
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Structure No. Name Stereochemistry NMR

cyclopropylideneet J=19.82,11.82,3.25 Hz, 2 H) 3.64
han-1-one (td, J=11.63,2.38 Hz, 1 H) 3.06 -
3.52 (m, 1 H) 1.44 - 1.51 (m, 2 H)

1.17 - 1.28 (m, 2 H)

C‘f (R)-1-(3-(3-(4- 1H NMR (400 MHz,

(\N o amino-1,3,5- Sinale CHLOROFORM-d) 6 = 8.81 - 8.56
o ol triazin-2-y1)-3- ne (m, 1H), 8.51 - 8.27 (m, 2H), 7.81 -
‘ enantiomer of
294 | chlorophenyl)morp 7.52 (m, 1H), 5.77 - 5.68 (m, 2H),
known absolute
holino)-2- confi ur;nion 5.63 -5.24 (m, 3H), 4.59 - 4.52 (m,

NK:JN\ chloroprop-2-en-1- & 1H), 4.03 - 3.87 (m, 2H), 3.84 -

N" TNH, one 3.55 (m, 2H), 3.43 - 3.14 (m, 1H)

F R 1H NMR (400 MHz,

F’f RO CHLOROFORM-d) & ppm 8.69 (s,
o riagin 24105 Single 1 H) 8.36 - 8.47 (m, 2 H) 7.49 -
O, cl 295 | chloro henyl)mo enantiomer of 7.70 (m, 1 H) 6.11 (br s, 1 H) 5.73

(P/ h(flinoy 5 ™ | known absolute | (s, 1 H) 5.48 (brs, 2 H) 4.57 (br d,

2 . )-2- configuration J=12.35Hz, 1 H) 3.88 - 4.01 (m, 3
o L (trifluoromethy Dpr H) 3.53 - 3.66 (m, 2 H) 3.28 - 3.40
SN NH, op-2-en-1-one e (m 1 H) o o

j’v 1H NMR (400 MHz,

(" CHLOROFORM-d) & 9.00 (s, 1H),
O 8.53 (s, 1H), 7.98 (d, J = 14.5 Hz,

(R)-1-(3-(3-chloro- Sinel 2H), 7.81 —7.61 (m, 1H), 7.68 —

W2 5-(1H-pyrrolo[3,2- nee 7.40 (m, 2H), 7.32 —7.29 (m, 1H),

enantiomer of

N 296 c]pyridin-6- Kknown absolute 6.76 — 6.63 (m, 1H), 6.58 (dd, ] =
= yDphenyl)morpholi confieuration 16.7, 10.3 Hz, 1H), 6.41 (d, ] = 16.6
no)prop-2-en-1-one g Hz, 1H), 5.77 (dd, J = 10.4, 2.0 Hz,
1H), 4.66 — 4.26 (m, 2H), 3.95 (ddd,
J=30.8,11.7, 3.6 Hz, 3H), 3.63 (td,

J=11.5,2.7Hz, 2H).

F 1H NMR (400 MHz, DMSO-d6 ) 6
(\Nfo (Er]mlné31(§§4 ppm 8.62 (s, 1 H) 8.30 (s, 1 H) 8.24
o\).,,, c triazin.2 ’ l’ 5 Single (d, J=1.50Hz, 1 H) 7.76 (s, 2 H)

207 | chpatt 'YD’" - enantiomer of | 7.66 (s, 1 H) 5.23 - 5.46 (m, 3 H)
¢ Of(ﬁilfgy 2“”" known absolute 4.46 (d, J=12.51 Hz, 1 H) 3.78 -
NK/JN\ )z configuration 3.92 (m, 4 H) 3.53 (br d, J=2.63 Hz,
Sy, fluoroprop-2-en-1- 1H) 3.19 (br s, 1 H)
one ’ ’

e 1H NMR (400 MHz,
(\NJ\/ METHANOL-d4 ) & ppm 3.32 -
oA ® 3.49 (m, 1 H) 3.64 (1d, J=11.76,

(R)-2-(3-(4- . 2.63 Hz, 1 H) 3.85 - 4.07 (m, 3 H)
Single
N? acryloylmorpholin- i ¢ 4.56 (d, J=12.38 Hz, 1 H) 5.41 -
S| 298 3-y1)-5- chantiomer o 6.01 (m, 2 H) 6.32 (br d, J=16.76
Y known absolute
0 chlorophenyl)isonic fiouratio Hz, 1 H) 6.83 (dd, J=16.76, 10.51
otinamide contguration | g, 1 Hy7.57 (br d, J=2.00 Hz, 1 H)

7.77 (dd, J=5.00, 1.13 Hz, 1 H) 7.99
-8.17(m,2H) 8.25 (s, 1 H) 8.78
(d, J=5.00 Hz, 1 H)

[00109] According to further embodiments, compounds of the disclosure are selected from:

1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
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(R)-3’-(4-acryloylmorpholin-3-y1)-5’-chloro-4-fluoro-[1,1’-biphenyl]-3-carboxamide;
1-(3-(3-chloro-5-(2-methoxypyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(9H-purin-6-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
4-(3-(4-acryloylmorpholin-3-y1)-5-chlorophenyl)picolinamide;
3’-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-5'-chloro-4-fluoro-[1,1°-biphenyl]-3-carboxamide;
(R)-1-(3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino )prop-2-en-1-one;
1-(6-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2-yl)-5-chlorophenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(4-amino- 1,3,5-triazin-2-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en- 1 -one;
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2-yl )phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
6-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-4-carboxamide;
1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one; ,
compounds
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(1H-pyrrolo[ 3,2-c]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
1-(3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
6-(4-(4-acryloylmorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-carboxamide;
1-(3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en- 1-one;
1-((3R,5R)-3-(3-chloro-5-(9H-purin-6-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
5-(4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-y1)-6-chloropyridin-2-yl)-2-fluorobenzamide;
4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-6-chloro-[2,4’-bipyridine]-2'-carboxamide;
(R)-1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(6-(3-(4-amino- 1,3,5-triazin-2-yl)-5-chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[ 2.5]octan-7-yl)prop-2-

en-1-one;
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1-(6-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-methyl-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
3’-((3R,6R)-4-acryloyl-6-methylmorpholin-3-yl)-5’-chloro-4-fluoro-[1,1-biphenyl]-3-carboxamide;
5-(4-((3R,55)-4-acryloyl-5-(difluoromethyl)morpholin-3-yl)-6-chloropyridin-2-yl1)-2-fluorobenzamide;
(R)-1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl )prop-2-
en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholino )prop-2-en-1-one; 191
(R)-1-(3-(3-(2-amino- 1H-imidazol-4-yl)-5-chlorophenyl ) morpholino)prop-2-en-1-one; 193
(R)-3’-(1-acryloyl-4-(cyclopropanecarbonyl)piperazin-2-yl1)-5°-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-
carboxamide;
(R)-1-(2-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-2-
en-1-one;
1-((3R,6R)-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-6-fluoro-1,4-oxazepan-4-yl)prop-2-en-1-
one;
(R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1 -yl )prop-2-
en-1-one;
1-((3R,55)-3-(2-chloro-6-(6-methylpyrimidin-4-yl)pyridin-4-yl)-5-(difluoromethyl)morpholino)prop-2-
en-1-one;
1-((3R,5S)-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-5-(difluoromethyl)morpholino)prop-2-
en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-(methylamino)-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one
(R)-1-(3-(3-(4-amino-6-(methylamino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
6-(4-((3R,58)-4-acryloyl-5-(difluoromethyl)morpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-
carboxamide;
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)oxazole-4-carboxamide;
1-((3R)-3-(3-chloro-5-(1-methyl-2-thioxohexahydropyrimidin-5-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-yl)-5-
chlorophenyl)morpholino)prop-2-en-1-one;
1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethyl-1,1-dioxidothiomorpholino)prop-2-en-1-
one;

1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-yl)prop-2-en-1-one;
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(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-4-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-fluoropyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2R,48S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-methylpiperidin- 1-yl)prop-2-en-
1-one;
1-(4-acetyl-6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,7-diazaspiro[ 2.5 Joctan-7-yl)prop-2-en-1-
one;
(R)-1-(3-(3-(6-amino-2-chloropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-3-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-2-fluoropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4,4-difluoropiperidin- 1-yl)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino )prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5S)-3-(3-(2-aminopyrimidin-4-y1)-5-chlorophenyl)-5-(difluoromethyl)morpholino)prop-2-en-1-
one;
1-((3R,5S)-3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-(difluoromethyl)morpholino)prop-2-en-1-
one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-chloroprop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1H-pyrrolo[3,2-c]pyridin-6-yl)phenyl)morpholino)prop-2-en-1-one; or
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isonicotinamide;

or a pharmaceutically acceptable salt thereof.

According to further embodiments, compounds of the disclosure are selected from:

(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2-yl)-5-chlorophenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino )prop-2-en-1-one;
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1-((3R,5R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en- 1-one;
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en- 1-one;
(R)-1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholino )prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-(methylamino)-1,3,5-triazin-2-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-(methylamino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-4-methoxypyrimidin-2-yl)-5-chlorophenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)ymorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino )prop-2-en-1-one; or
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isonicotinamide;

or a pharmaceutically acceptable salt thereof.

[00110] Any combination of the groups described above for the various variables is contemplated
herein. Throughout the specification, groups and substituents thereof are chosen by one skilled in the

field to provide stable moieties and compounds.

Further Forms of Compounds

[00111] In some aspects, a compound disclosed herein possesses one or more stereocenters and each
stereocenter exists independently in either the R or S configuration. The compounds presented herein
include all diastereomeric, enantiomeric, and epimeric forms as well as the appropriate mixtures thereof.
The compounds and methods provided herein include all cis, trans, syn, anti, entgegen (E), and
zusammen (Z) isomers as well as the appropriate mixtures thereof. In certain embodiments, compounds
described herein are prepared as their individual stereoisomers by reacting a racemic mixture of the

compound with an optically active resolving agent to form a pair of diastereoisomeric compounds/salts,
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separating the diastereomers and recovering the optically pure enantiomers. In some embodiments,
resolution of enantiomers is carried out using covalent diastereomeric derivatives of the compounds
described herein. In another embodiment, diastereomers are separated by separation/resolution
techniques based upon differences in solubility. In other embodiments, separation of stereoisomers is
performed by chromatography or by the forming diastereomeric salts and separation by recrystallization,
or chromatography, or any combination thereof. Jacques, J., et al., “Enantiomers, Racemates and
Resolutions”, John Wiley And Sons, Inc., 1981. In one aspect, stereoisomers are obtained by
stereoselective synthesis.

[00112] In some embodiments, compounds described herein are prepared as prodrugs. A “prodrug”
refers to an agent that is converted into the parent drug in vivo. Prodrugs are often useful because, in
some situations, they may be easier to administer than the parent drug. They may, for instance, be
bioavailable by oral administration whereas the parent is not. The prodrug may also have improved
solubility in pharmaceutical compositions over the parent drug. In some embodiments, the design of a
prodrug increases the effective water solubility. An example, without limitation, of a prodrug is a
compound described herein, which is administered as an ester (the “prodrug”) to facilitate transmittal
across a cell membrane where water solubility is detrimental to mobility but which then is metabolically
hydrolyzed to the carboxylic acid, the active entity, once inside the cell where watersolubility is
beneficial. A further example of a prodrug might be a short peptide (polyaminoacid) bonded to an acid
group where the peptide is metabolized to reveal the active moiety. In certain embodiments, upon in vivo
administration, a prodrug is chemically converted to the biologically, pharmaceutically or therapeutically
active form of the compound. In certain embodiments, a prodrug is enzymatically metabolized by one or
more steps or processes to the biologically, pharmaceutically or therapeutically active form of the
compound.

[00113] In one aspect, prodrugs are designed to alter the metabolic stability or the transport
characteristics of a drug, to mask side effects or toxicity, to improve the flavor of a drug or to alter other
characteristics or properties of a drug. By virtue of knowledge of pharmacokinetic, pharmacodynamic
processes and drug metabolism in vivo, once a pharmaceutically active compound is known, the design
of prodrugs of the compound is possible. (see, for example, Nogrady (1985) Medicinal Chemistry A
Biochemical Approach, Oxford University Press, New York, pages 388-392; Silverman (1992), The
Organic Chemistry of Drug Design and Drug Action, Academic Press, Inc., San Diego, pages 352-401,
Rooseboom et al., Pharmacological Reviews, 56:53—102, 2004; Aesop Cho, “Recent Advances in Oral
Prodrug Discovery”, Annual Reports in Medicinal Chemistry, Vol. 41, 395-407, 2006; T. Higuchi and V.
Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series).

[00114] In some embodiments, some of the herein-described compounds may be a prodrug for another
derivative or active compound.

[00115] In some embodiments, sites on the aromatic ring portion of compounds described herein are
susceptible to various metabolic reactions Therefore incorporation of appropriate substituents on the

aromatic ring structures will reduce, minimize or eliminate this metabolic pathway. In specific
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embodiments, the appropriate substituent to decrease or eliminate the susceptibility of the aromatic ring
to metabolic reactions is, by way of example only, a halogen, or an alkyl group.

[00116] In another embodiment, the compounds described herein are labeled isotopically (e.g., with a
radioisotope) or by another other means, including, but not limited to, the use of chromophores or
fluorescent moieties, bioluminescent labels, or chemiluminescent labels.

[00117] Compounds described herein include isotopically-labeled compounds, which are identical to
those recited in the various formulae and structures presented herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of isotopes that can be incorporated into the present
compounds include isotopes of hydrogen, carbon, nitrogen, oxygen, sulfur, fluorine, chlorine, and iodine
such as, for example, 2H, *H, °C, “C, N, #0, 70, S, '®F, *Cl, and *I. In one aspect, isotopically-
labeled compounds described herein, for example those into which radioactive isotopes such as *H and
€ are incorporated, are useful in drug and/or substrate tissue distribution assays. In one aspect,
substitution with isotopes such as deuterium affords certain therapeutic advantages resulting from greater
metabolic stability, such as, for example, increased in vivo half-life or reduced dosage requirements.
[00118] In additional or further embodiments, the compounds described herein are metabolized upon
administration to an organism in need to produce a metabolite that is then used to produce a desired
effect, including a desired therapeutic effect.

[00119] “Pharmaceutically acceptable” as used herein, refers a material, such as a carrier or diluent,
which does not abrogate the biological activity or properties of the compound, and is relatively nontoxic,
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.

[00120] The term “pharmaceutically acceptable salt” refers to a formulation of a compound that does
not cause significant irritation to an organism to which it is administered and does not abrogate the
biological activity and properties of the compound. In some embodiments, pharmaceutically acceptable
salts are obtained by reacting a compound disclosed herein with acids. Pharmaceutically acceptable salts
are also obtained by reacting a compound disclosed herein with a base to form a salt.

[00121] Compounds described herein may be formed as, and/or used as, pharmaceutically acceptable
salts. The type of pharmaceutical acceptable salts, include, but are not limited to: (1) acid addition salts,
formed by reacting the free base form of the compound with a pharmaceutically acceptable: inorganic
acid, such as, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
metaphosphoric acid, and the like; or with an organic acid, such as, for example, acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, trifluoroacetic acid, tartaric acid, citric acid, benzoic
acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,

toluenesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-carboxylic acid,
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glucoheptonic acid, 4,4’ -methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, butyric acid, phenylacetic acid,
phenylbutyric acid, valproic acid, and the like; (2) salts formed when an acidic proton present in the
parent compound is replaced by a metal ion, e.g., an alkali metal ion (e.g., lithium, sodium, potassium),
an alkaline earth ion (e.g., magnesium, or calcium), or an aluminum ion. In some cases, compounds
described herein may coordinate with an organic base, such as, but not limited to, ethanolamine,
diethanolamine, triethanolamine, tromethamine, N-methylglucamine, dicyclohexylamine,
tris(hydroxymethyl)methylamine. In other cases, compounds described herein may form salts with amino
acids such as, but not limited to, arginine, lysine, and the like. Acceptable inorganic bases used to form
salts with compounds that include an acidic proton, include, but are not limited to, aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium carbonate, sodium hydroxide, and the like.

[00122] It should be understood that a reference to a pharmaceutically acceptable salt includes the
solvent addition forms, particularly solvates. Solvates contain either stoichiometric or non-stoichiometric
amounts of a solvent, and may be formed during the process of crystallization with pharmaceutically
acceptable solvents such as water, ethanol, and the like. Hydrates are formed when the solvent is water,
or alcoholates are formed when the solvent is alcohol. Solvates of compounds described herein can be
conveniently prepared or formed during the processes described herein. In addition, the compounds
provided herein can exist in unsolvated as well as solvated forms. In general, the solvated forms are
considered equivalent to the unsolvated forms for the purposes of the compounds and methods provided

herein.

Methods of Treatment

[00123] In another aspect, provided herein is a compound of Formula (I), (II), (III), (IIx), (IITa), (IlIb),
(IV), or (IVa), or a pharmaceutically acceptable salt thereof, for use in a method of inhibiting Nrf2 by
mediating the activation of KEAP1. In some embodiments, provided herein is a method of inhibiting
Nrf2 by mediating the activation of KEAPI1, the method comprising administering to a subject in need
thereof a therapeutically effective amount of a compound of Formula (I), (IT), (III), (Il1x), (IlIa), (I1Ib),
(IV), or (IVa), or a pharmaceutically acceptable salt thereof.

[00124] In another aspect, the present disclosure provides the compounds of Formula (I), (ID), (II),
(IlIx), (ITa), (IIb), (IV), or (IVa), or a pharmaceutically acceptable salt thereof, disclosed herein for use
as a medicament.

[00125] In another aspect, the present disclosure provides the compounds of Formula (I), (II), (TII),
(Mx), (ITa), (I1Ib), (IV), or (IVa), or a pharmaceutically acceptable salt thereof, disclosed herein for use
in the treatment of a disease mediated by the activation of KEAP1 and the inhibition of Nrf2.

[00126] In another aspect, the present disclosure provides for use of the compounds of Formula (I), (II),

(I1D), (I1Ix), (IIa), (IIIb), (IV), or (IVa), or a pharmaceutically acceptable salt thereof, disclosed hereinin
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the manufacture of a medicament useful for the treatment of a disease mediated by the activation of
KEAP1 and the inhibition of Nrf2.

[00127] In another aspect, provided herein is a compound of Formula (I), (II), (IIT), (Illx), (IlTa), (IIIb),
(IV), or (IVa), or a pharmaceutically acceptable salt thereof, for use in a method of treating a disease. In
some embodiments, provided herein is a method of treating a disease, the method comprising
administering to a subject in need thereof a therapeutically effective amount of a compound of Formula
(D, (I, (1), (IIx), (IlIa), (I1Ib), (IV), or (IVa), or a pharmaceutically acceptable salt or solvate thereof.
In some embodiments, the disease is mediated by the activation of KEAP1 and the inhibition of Nrf2.
[00128] In another embodiment, provided herein is a method of treating a disease mediated by the
activation of KEAP1 and the inhibition of Nrf2, the method comprising administering to a subject in
need thereof a therapeutically effective amount of a compound of Formula (I), (II), (II), (Illx), (Illa),
(IlIb), (IV), or (IVa), or a pharmaceutically acceptable salt or solvate thereof.

[00129] In some embodiments, the disease is associated with oxidative stress. In some embodiments, a
compound described herein (e.g., a compound of Formula (I), or a pharmaceutically acceptable salt
thereof) enhances oxidative stress, such as in a cancer cell or in a damaged cell such as in a
neurodegenerative disease.

[00130] In some embodiments, the disease is diabetes, fibrosis, neurotoxicity, or cancer.

[00131] In some embodiments, the disease is selected from the group consisting abdominal aortic
aneurysm, acute kidney injury, adult brain glioblastoma, advanced solid tumors lymphoid malignancies,
aging, alcohol sensitivity, allergic, Alport syndrome, Alzheimer’s disease, asthma, atopic asthmatics,
autism spectrum disorder, autosomal dominant polycystic kidney, Barrett esophagus, low-grade
dysplasia, brain ischemia, breast cancer or breast neoplasm, cardiovascular risk, cataract surgery,
cholelithiasis, cholestasis, chronic hepatitis ¢, chronic kidney disease, chronic lymphocytic leukemia,
chronic renal insufficiency, chronic schizophrenia, chronic subclinical inflammation, CKD associated
with type 1 diabetes, cognition, colon cancer, COPD, corneal endothelial cell loss, crohn's disease,
cutaneous t cell lymphoma, diabetes mellitus, diabetic nephropathy, diarrhea, endometriosis,
environmental carcinogenesis, focal segmental glomerulosclerosis, Friedreich’s ataxia, helicobacter
pylori infection, hepatic impairment, Huntington disease, IgA nephropathy, inflammation and pain
following ocular surgery, insulin resistance, liver disease, lung cancer, non-small cell lung cancer,
squamous non-small cell lung cancer, lung adenocarcinoma, esophageal cancer, squamous cell
esophageal carcinoma, esophageal adenocarcinoma, head and neck cancer, squamous cell head and neck
carcinoma, bladder cancer, squamous cell bladder carcinoma, uterine corpus endometrial carcinoma,
cervical cancer, cervical squamous cell carcinoma, major depression, melanoma, metabolic syndrome X,
mild cognitive impairment, mitochondrial myopathy, multiple sclerosis, neoplasms, nonalcoholic fatty
liver or nonalcoholic steatohepatitis, noninsulin-dependent, nonischemic cardiomyopathy, obstructive
sleep apnea, ocular inflammation, ocular pain, polymorphism, prediabetes, primary biliary cirrhosis,
primary focal segmental glomerulosclerosis (FSGS), prostate cancer, psoriasis, psychosis, pulmonary

arterial hypertension (PAH), pulmonary hypertension, redox status, rheumatoid arthritis, rhinitis,
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schistosomiasis, schizophrenia, small lymphocytic lymphoma, subarachnoid hemorrhage, and type 2
(type 2 diabetes).

[00132] In some embodiments, the disease is selected from the group consisting of adult brain
glioblastoma, solid tumors, lymphoid malignancies, breast cancer or breast neoplasm, chronic
lymphocytic leukemia, colorectal cancer, cutaneous t cell lymphoma, environmental carcinogenesis, lung
cancer, non-small cell lung cancer, squamous non-small cell lung cancer, lung adenocarcinoma,
esophageal cancer, squamous cell esophageal carcinoma, esophageal adenocarcinoma, head and neck
cancer, squamous cell head and neck carcinoma, bladder cancer, squamous cell bladder carcinoma,
uterine corpus endometrial carcinoma, cervical cancer, cervical squamous cell carcinoma, major
depression, melanoma, metabolic syndrome X, mild cognitive impairment, mitochondrial myopathy,
multiple sclerosis, neoplasms, nonalcoholic fatty liver or nonalcoholic steatohepatitis, noninsulin-
dependent, nonischemic cardiomyopathy, obstructive sleep apnea, ocular inflammation, ocular pain,
polymorphism, prediabetes, prostate cancer, and small lymphocytic lymphoma.

[00133] In some embodiments, the disease is selected from the group consisting of major depression,
metabolic syndrome x, mild cognitive impairment, mitochondrial myopathy, multiple sclerosis,
neoplasms, nonalcoholic fatty liver or nonalcoholic steatohepatitis, noninsulin-dependent, nonischemic
cardiomyopathy, obstructive sleep apnea, ocular inflammation, ocular pain, polymorphism, and
prediabetes.

[00134] In some embodiments, the disease is cancer.

[00135] In some embodiments, the disease is selected from the group consisting of bladder cancer,
uterine cancer, head and neck cancer, esophageal cancer, ovarian cancer, liver cancer, cervical cancer,
cholangiocarcinoma, gastric cancer, kidney cancer, and pancreatic cancer.

[00136] In another aspect, provided herein is a method of degrading Nrf2 in a cell or subject,
comprising administering to the cell or subject an effective amount of a compound of any of Formula (I),
(I, (1), (I1Ix), (IlTa), (I1Tb), (IV), or (IVa), or a pharmaceutically acceptable salt thereof. In some

embodiments, the compound activates KEAPI, thereby resulting in Nrf2 degradation.

Dosing and Treatment Regimens

[00137] In one aspect, the compounds disclosed herein are used in the preparation of medicaments for
the treatment ol diseases or conditions described herein. In addition, a method for treating any of the
diseases or conditions described herein in a subject in need of such treatment, involves administration of
pharmaceutical compositions that include at least one compound disclosed herein or a pharmaceutically
acceptable salt, active metabolite, prodrug, or solvate thereof, in therapeutically effective amounts to said
subject.

[00138] In certain embodiments, the compositions containing the compound disclosed herein are
administered for prophylactic and/or therapeutic treatments. In certain therapeutic applications, the
compositions are administered to a patient already suffering from a disease or condition, in an amount

sufficient to cure or at least partially arrest at least one of the symptoms of the disease or condition.
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Amounts effective for this use depend on the severity and course of the disease or condition, previous
therapy, the patient's health status, weight, and response to the drugs, and the judgment of the treating
physician. Therapeutically effective amounts are optionally determined by methods including, but not
limited to, a dose escalation clinical trial.

[00139] In prophylactic applications, compositions containing the compounds disclosed herein are
administered to a patient susceptible to or otherwise at risk of a particular disease, disorder or condition.
[00140] In certain embodiments, the dose of drug being administered may be temporarily reduced or
temporarily suspended for a certain length of time (i.e., a “drug holiday”).

[00141] Doses employed for adult human treatment are typically in the range of 0.01 mg-5000 mg per
day or from about 1 mg to about 1000 mg per day. In one embodiment, the desired dose is conveniently

presented in a single dose or in divided doses.

Pharmaceutical Compositions

[00142] In another aspect, provided herein is a compound of Formula (I), (II), (III), (IIx), (Illa), (IIIb),
(IV), or (IVa), or a pharmaceutically acceptable salt or solvate thereof for use in the manufacture of a
medicament.

[00143] In one aspect, the compounds described herein (e.g., compound of Formula (I), (I), (I1I),
(Illx), (IlTa), (ITIb), (IV), or (IVa), or pharmaceutically acceptable salts thereof) are formulated into
pharmaceutical compositions. Pharmaceutical compositions are formulated in a conventional manner
using one or more pharmaceutically acceptable inactive ingredients that facilitate processing of the active
compounds into preparations that can be used pharmaceutically. Proper formulation is dependent upon
the route of administration chosen. A summary of pharmaceutical compositions described herein can be
found, for example, in Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.:
Mack Publishing Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds., Pharmaceutical
Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical Dosage Forms and Drug
Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999), herein incorporated by reference
for such disclosure.

[00144] A pharmaceutical composition, as used herein, refers to a mixture of a compound disclosed
herein with other chemical components (i.e., pharmaceutically acceptable inactive ingredients), such as
carriers, excipients, binders, filling agents, suspending agents, flavoring agents, sweetening agents,
disintegrating agents, dispersing agents, surfactants, lubricants, colorants, diluents, solubilizers,
moistening agents, plasticizers, stabilizers, penetration enhancers, wetting agents, anti-foaming agents,
antioxidants, preservatives, or one or more combination thereof. The pharmaceutical composition
facilitates administration of the compound to an organism.

[00145] Pharmaceutical formulations described herein are administrable to a subject in a variety of
ways by multiple administration routes, including but not limited to, oral, parenteral (e.g., intravenous,

subcutaneous, intramuscular, intramedullary injections, intrathecal, direct intraventricular,
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intraperitoneal, intralymphatic, intranasal injections), intranasal, buccal, topical or transdermal
administration routes. The pharmaceutical formulations described herein include, but are not limited to,
aqueous liquid dispersions, self-emulsifying dispersions, solid solutions, liposomal dispersions, aerosols,
solid dosage forms, powders, immediate release formulations, controlled release formulations, fast melt
formulations, tablets, capsules, pills, delayed release formulations, extended release formulations,
pulsatile release formulations, multiparticulate formulations, and mixed immediate and controlled release
formulations.

[00146] In some embodiments, the compounds disclosed herein are administered orally.

[00147] In some embodiments, the compounds disclosed herein are administered topically. In such
embodiments, the compound disclosed herein is formulated into a variety of topically administrable
compositions, such as solutions, suspensions, lotions, gels, pastes, shampoos, scrubs, rubs, smears,
medicated sticks, medicated bandages, balms, creams or ointments. In one aspect, the compounds
disclosed herein are administered topically to the skin.

[00148] In another aspect, the compounds disclosed herein are administered by inhalation.

[00149] In another aspect, the compounds disclosed herein are formulated for intranasal administration.
Such formulations include nasal sprays, nasal mists, and the like.

[00150] In another aspect, the compounds disclosed herein are formulated as eye drops.

[00151] In any of the aforementioned aspects are further embodiments in which the effective amount of
the compound disclosed herein is: (a) systemically administered to the mammal; and/or (b) administered
orally to the mammal; and/or (c) intravenously administered to the mammal; and/or (d) administered by
inhalation to the mammal; and/or (e) administered by nasal administration to the mammal; or and/or (f)
administered by injection to the mammal; and/or (g) administered topically to the mammal; and/or (h)
administered by ophthalmic administration; and/or (i) administered rectally to the mammal; and/or (j)
administered non-systemically or locally to the mammal.

[00152] In any of the aforementioned aspects are further embodiments comprising single
administrations of the effective amount of the compound disclosed herein, including further
embodiments in which (i) the compound is administered once; (ii) the compound is administered to the
mammal multiple times over the span of one day; (iii) the compound is administered continually; or (iv)
the compound is administered continuously.

[00153] In any of the aforementioned aspects are {urther embodiments comprising multiple
administrations of the effective amount of the compound disclosed herein, including further
embodiments in which (i) the compound is administered continuously or intermittently: as in a single
dose; (ii) the time between multiple administrations is every 6 hours; (iii) the compound is administered
to the mammal every 8 hours; (iv) the compound is administered to the mammal every 12 hours; (v) the
compound is administered to the mammal every 24 hours. In further or alternative embodiments, the
method comprises a drug holiday, wherein the administration of the compound disclosed herein is

temporarily suspended or the dose of the compound being administered is temporarily reduced; at the end
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of the drug holiday, dosing of the compound is resumed. In one embodiment, the length of the drug
holiday varies from 2 days to 1 year.

[00154] In certain embodiments, the compound disclosed herein is administered in a local rather than
systemic manner.

[00155] In some embodiments, the compound disclosed herein is administered topically. In some
embodiments, the compound disclosed herein is administered systemically.

[00156] In some embodiments, the pharmaceutical formulation is in the form of a tablet. In other
embodiments, pharmaceutical formulations of the compounds disclosed herein are in the form of a
capsule.

[00157] In one aspect, liquid formulation dosage forms for oral administration are in the form of
aqueous suspensions or solutions selected from the group including, but not limited to, aqueous oral
dispersions, emulsions, solutions, elixirs, gels, and syrups.

[00158] For administration by inhalation, a compound disclosed herein is formulated for use as an
aerosol, a mist or a powder.

[00159] For buccal or sublingual administration, the compositions may take the form of tablets,
lozenges, or gels formulated in a conventional manner.

[00160] In some embodiments, compounds disclosed herein are prepared as transdermal dosage forms.
[00161] In one aspect, a compound disclosed herein is formulated into a pharmaceutical composition
suitable for intramuscular, subcutaneous, or intravenous injection.

[00162] In some embodiments, the compound disclosed herein is be administered topically and can be
formulated into a variety of topically administrable compositions, such as solutions, suspensions, lotions,
gels, pastes, medicated sticks, balms, creams or ointments.

[00163] In some embodiments, the compounds disclosed herein are formulated in rectal compositions
such as enemas, rectal gels, rectal foams, rectal aerosols, suppositories, jelly suppositories, or retention

enemas.

Combination Treatments

[00164] In certain instances, it is appropriate to administer at least one compound disclosed herein in
combination with another therapeutic agent.

[00165] In one specific embodiment, a compound disclosed herein is co-administered with a second
therapeutic agent, wherein the compound disclosed herein and the second therapeutic agent modulate
different aspects of the disease, disorder or condition being treated, thereby providing a greater overall
benefit than administration of either therapeutic agent alone.

[00166] For combination therapies described herein, dosages of the co-administered compounds vary
depending on the type of co-drug(s) employed, on the specific drug(s) employed, on the disease or
condition being treated and so forth. In additional embodiments, when co-administered with one or more
other therapeutic agents, the compound provided herein is administered either simultaneously with the

one or more other therapeutic agents, or sequentially.
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[00167] If administration is simultaneous, the multiple therapeutic agents are, by way of example only,

provided in a single, unified form, or in multiple forms.

Modified Protein
[00168] In another aspect, provided herein is a modified KEAP1 protein comprising a non-naturally
occurring small molecule fragment having a covalent bond to cysteine 151 of the KEAPI protein,

wherein the modified KEAP! protein comprises SEQ ID NO:1 or a variant thereof; and has the structure

of Formula (X):
HN
(0]
/CH2
T
Q
Formula (X)
wherein:

S is the sulfur atom of Cysteine 151 in SEQ ID NO: 1 or a variant thereof;
1-150 and 152-624 represent amino acids at positions 1-150 and 152-624 respectively of SEQ ID
NO: 1 or the variant thereof; and

Q is the small molecule fragment of Formula (X*):

Formula (X*)

wherein,

§ indicates the point of attachment;

ring A is aryl, heteroaryl, or heterocyclyl;

Zis O, S(=0)2, C(R")2, or NR7;

R7 is -C(=O)R™, S(=O)R™, or S(=0)-R™, wherein R™ is H, optionally substituted C;-Ce
alkyl, or optionally substituted C3-C; cycloalkyl;

each R! is independently H, halogen, -OH, optionally substituted C;-Cs alkyl, optionally
substituted C;-Cs haloalkyl, optionally substituted C;-Cs hydroxyalkyl, or -C(=Q)N(R").,
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or two R!are taken together with the atom(s) to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered
heterocycloalkyl;
X'is N or CR?;
each R? is independently H, halogen, CN, OH, optionally substituted C,-Cs alkyl, optionally
substituted C;-Cs haloalkyl, or optionally substituted C;-Cs hydroxyalkyl;
R' is H or optionally substituted C;-C alkyl,
or one of R? and R* together with the atoms to which they are attached form an optionally
substituted 5 to 7-membered heterocycloalkyl;
each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=O)R?, -
NOz, -N(R")2, -S(=0)2R?, -NHS(=0)2R?, -S(=0)2N(R?)2, -C(=O)R*, -C(=0)OR?, -
C(=0)NHa, -OC(=0)N(R")2, -NR"C(=0)N(RP)2, -NR°C(=0)R?, -NR°C(=0)OR®,
optionally substituted C,-Cs alkyl, optionally substituted C;-Cs haloalkyl, optionally
substituted C;-Cg hydroxyalkyl, optionally substituted C3-Cs cycloalkyl, or optionally
substituted 4 to 8-membered heterocycloalkyl;
or two R® on adjacent atoms combine together with the atom(s) to which they are attached to
form an optionally substituted aryl, optionally substituted heteroaryl ring, or optionally
substituted heterocycloalkyl;
each R? is independently C1-Cs alkyl, Ci-Csheteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, -C;-Cs alkyl(aryl), -C,-Cs alkyl(heteroaryl), -C,-Cs alkyl(cycloalkyl), or -C;-
Cs alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl is independently optionally substituted with one, two, or three -OH,
C,-Cs alkyl, or C;-Cs haloalkyl; and
each R® is independently H, C;-Cs alkyl, C,-Csheteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, or heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is independently optionally substituted with one, two, or three -OH, C,-C¢
alkyl, or C;-C¢ haloalkyl;
or two R® groups on a nitrogen atom are taken together with the nitrogen atom to which they
are attached to form a heterocycloalkyl which is optionally substituted with one, two, or
three Ci-Cs alkyl, or C)-Cs haloalkyl;
mis0, 1,2, or 3;
nis 0, 1, 2, or 3;
p is an integer from 1-12; and
q is an integer from 1-10.
[00169] SEQ ID NO:1 relates to the sequence of human KEAPI, also referred to by Uniprot identifier
Q14145 (see Uniprot version downloaded 2023-08-23), namely:
MQPDPRPSGAGACCRFLPLQSQCPEGAGDAVMYASTECKAEVTPSQHGNRTFSYTLEDHTKQA
FGIMNELRLSQQLCDVTLQVKYQDAPAAQFMAHKVVLASSSPVFKAMFTNGLREQGMEVVSIE
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GIHPKVMERLIEFAYTASISMGEKCVLHVMNGAVMYQIDSVVRACSDFLVQQLDPSNAIGIANF
AEQIGCVELHQRAREYIYMHFGEVAKQEEFFNLSHCQLVTLISRDDLNVRCESEVFHACINWVK
YDCEQRRFYVQALLRAVRCHSLTPNFLQMQLQKCEILQSDSRCKDYLVKIFEELTLHKPTQVMP
CRAPKVGRLIYTAGGYFRQSLSYLEAYNPSDGTWLRLADLQVPRSGLAGCVVGGLLYAVGGRN
NSPDGNTDSSALDCYNPMTNQWSPCAPMSVPRNRIGVGVIDGHIYAVGGSHGCIHHNSVERYEP
ERDEWHLVAPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRMITAMNTIRS
GAGVCVLHNCIYAAGGYDGQDQLNSVERYDVETETWTFVAPMKHRRSALGITVHQGRIYVLG
GYDGHTFLDSVECYDPDTDTWSEVTRMTSGRSGVGVAVTMEPCRKQIDQQNCTC, wherein the
sequence has been modified with any of the compounds listed according to Table 1. According to a
highly preferred embodiment cysteine 151 of SEQ ID NO: 1 carries the aforementioned modification
according to Table 1, i.e., the respective compound according to the Table in [00100] is covalently bound
to the protein encoded by SEQ ID No: 1 via the side chain of C151.

[00170] In some embodiments, the KEAP1 protein comprises an amino acid sequence at least 75%, at
least 80%, at least 85%, or at least 90% identical to the sequence of SEQ ID NO: 1. In some
embodiments, the KEAP1 protein comprises an amino acid sequence at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99 identical to the
sequence of SEQ ID NO: 1. In some embodiments, the KEAP1 protein comprises an amino acid
sequence at least 99.1%), at least 99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%; or at least 99.9 identical to the sequence of SEQ ID NO: 1. “Sequence
identity” or “percent identity” is a number that describes how similar a query sequence is to a target
sequence, more precisely how many characters in each sequence are identical after alignment. The most
popular tool to calculate sequence identity is BLAST (basic local alignment search tool,
https://blast.ncbi.nlm.nih.gov/), which performs comparisons between pairs of sequences, searching for
regions of local similarity. Suitable alignment methods are known in the art, e.g., Needleman- Wunsch
algorithm for global-global alignment, using BLOSUMG62 matrix, with gap opening penalty of 11 and a
gap extension penalty of 1. Afterwards, the pairs of aligned identical residues can be counted and then
divided by the total length of the alignment (including gaps, internal as well as external) to arrive at the
percent identity value. The KEAP protein may include a functional fragment of any of these sequences,
such as a functional fragment of at least 300 amino acids in length, at least 350 amino acids in length, at
least 400 amino acids in length, at least 450 amino acids in length, at least 500 amino acids in length, at
least 550 amino acids in length, or at least 600 amino acids in length. According to the current invention
a protein fragment is considered functional if the fragment may at least partially exert the biological
functions of its parent protein, i.e., in the case of KEAP1 a fragment of the parent protein is called
functional e.g., if it has activity in the Nrt2 antagonism assay according to Example 108.

[00171] In some embodiments, the compounds described herein form an adduct with the KEAP1
protein at cysteine 151. The cysteine 151 may be a cysteine at amino acid residue position 151 of a
polypeptide chain of a KEAP1 protein, as numbered from N to C. The cysteine 151 may be with regard
to SEQ ID NO: 1. In embodiments where the KEAP1 amino acid sequence is not 100% identical to SEQ
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ID NO: 1, the cysteine 151 may be an equivalent cysteine to the cysteine 151 with regard to SEQ ID
NO: 1.

[00172] In some embodiments, the adduct is a compound fragment that results from the reaction of a
compound described herein with the protein thiol group. In some embodiments, the compound prior to
reaction with the protein is a compound of any of Formulas (I), (I), (ITT), (IlIx), (IITa), (IlTb), (IV), or

(IVa), or a pharmaceutically acceptable salt thereof.

Definitions

[00173] As used in this specification and the appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates otherwise. It should also be noted that the term
“or” is generally employed in its sense including “and/or” unless the content clearly dictates otherwise.
Further, headings provided herein are for convenience only and do not interpret the scope or meaning of
the claimed invention.

[00174] The terms below, as used herein, have the following meanings, unless indicated otherwise:
[00175] “Oxo” refers to the =O substituent.

[00176] “Alkyl” refers to a straight or branched hydrocarbon chain radical, having from one to twenty
carbon atoms, and which is attached to the rest of the molecule by a single bond. An alkyl comprising up
to 10 carbon atoms is referred to as a C1-Cjo alkyl, likewise, for example, an alkyl comprising up to 6
carbon atoms is a C;-Cs alkyl. Alkyls (and other moieties defined herein) comprising other numbers of
carbon atoms are represented similarly. Alkyl groups include, but are not limited to, C,-C)¢ alkyl, C;-Cy
alkyl, C-Cs alkyl, C1-C7 alkyl, C1-Cs alkyl, C,-Cs alkyl, C,-C;y alkyl, C,-Cs alkyl, C;-Cz alkyl, C2-Cs
alkyl, Cs-Cg alkyl and C4-Cs alkyl. Representative alkyl groups include, but are not limited to, methyl,
ethyl, npropyl, 1methylethyl (ipropyl), nbutyl, i-butyl, s-butyl, npentyl, 1,1dimethylethyl (tbutyl),
3methylhexyl, 2methylhexyl, 1-ethyl-propyl, and the like. In some embodiments, the alkyl is methyl or
ethyl. Unless stated otherwise specifically in the specification, an alkyl group may be optionally
substituted as described below.

[00177] “Alkylene” refers to a straight or branched divalent hydrocarbon chain linking the rest of the
molecule to a radical group. In some embodiments, the alkylene is -CHa-, -CH2CHs-, or -CH2CH2CHz-.
In some embodiments, the alkylene is -CH»-. In some embodiments, the alkylene is -CH>CH,-. In some
embodiments, the alkylene is -CH2CH2CH>-.

[00178] “Alkoxy” refers to a radical of the formula OR where R is an alkyl radical as defined. Unless
stated otherwise specifically in the specification, an alkoxy group may be optionally substituted as
described below. Representative alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy,
butoxy, pentoxy. In some embodiments, the alkoxy is methoxy. In some embodiments, the alkoxy is
ethoxy.

[00179] “Heteroalkyl” refers to an alkyl radical as described above where one or more carbon atoms of
the alkyl is replaced with a O, N (i.e., NH, N-alkyl) or S atom. “Heteroalkylene” refers to a straight or

branched divalent heteroalkyl chain linking the rest of the molecule to a radical group. Unless stated
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otherwise specifically in the specification, the heteroalkyl or heteroalkylene group may be optionally
substituted as described below. Representative heteroalkyl groups include, but are not limited to -
OCH>0OMe, -OCH,CH>OMe, or -OCH>CH,OCH>CH:NH,. Representative heteroalkylene groups
include, but are not limited to -OCH,CH»O-, -OCH,CH,OCH,CH-O-, or -
OCH>CH>OCH>CH>,OCH>CH20O-.

[00180] “Alkylamino” refers to a radical of the formula -NHR or -NRR where each R is,
independently, an alkyl radical as defined above. Unless stated otherwise specifically in the specification,
an alkylamino group may be optionally substituted as described below.

[00181] The term “aromatic” refers to a planar ring having a delocalized T-electron system containing
4n+2 T electrons, where n is an integer. Aromatics can be optionally substituted. The term “aromatic”
includes both aryl groups (e.g., phenyl, naphthalenyl) and heteroaryl groups (e.g., pyridinyl, quinolinyl).
[00182] “Aryl” refers to an aromatic ring wherein each of the atoms forming the ring is a carbon atom.
Aryl groups can be optionally substituted. Examples of aryl groups include, but are not limited to phenyl,
and naphthyl. In some embodiments, the aryl is phenyl. Depending on the structure, an aryl group can be
a monoradical or a diradical (i.e., an arylene group). Unless stated otherwise specifically in the
specification, the term “aryl” or the prefix “ar-” (such as in “aralkyl”) is meant to include aryl radicals
that are optionally substituted.

[00183] “Carboxy” refers to -CO;H. In some embodiments, carboxy moieties may be replaced with a
“carboxylic acid bioisostere”, which refers to a functional group or moiety that exhibits similar physical
and/or chemical properties as a carboxylic acid moiety. A carboxylic acid bioisostere has similar
biological properties to that of a carboxylic acid group. A compound with a carboxylic acid moiety can
have the carboxylic acid moiety exchanged with a carboxylic acid bioisostere and have similar physical
and/or biological properties when compared to the carboxylic acid-containing compound. For example,
in one embodiment, a carboxylic acid bioisostere would ionize at physiological pH to roughly the same
extent as a carboxylic acid group. Examples of bioisosteres of a carboxylic acid include, but are not

limited to:
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[00184] “Cycloalkyl” refers to a monocyclic or polycyclic non-aromatic radical, wherein each of the

, and the like.

atoms forming the ring (i.e., skeletal atoms) is a carbon atom. Cycloalkyls may be saturated, or partially
unsaturated. Cycloalkyls may be fused with an aromatic ring (in which case the cycloalkyl is bonded
through a non-aromatic ring carbon atom). Cycloalkyl groups include groups having from 3 to 10 ring

atoms. Representative cycloalkyls include, but are not limited to, cycloalkyls having from three to ten
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carbon atoms, from three to eight carbon atoms, from three to six carbon atoms, or from three to five
carbon atoms. In some embodiments, a cycloalkyl is a Cs-Cecycloalkyl. In some embodiments, the
cycloalkyl is monocyclic, bicyclic or polycyclic. In some embodiments, cycloalkyl groups are selected
from among cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cyclooctyl, spiro[2.2]pentyl, bicyclo[1.1.1]pentyl, bicyclo[3.3.0]octane, bicyclo[4.3.0]nonane,
bicyclo[2.1.1]hexane, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.2]nonane,
bicyclo[3.3.2]decane, norbornyl, decalinyl and adamantyl. In some embodiments, the cycloalkyl is
monocyclic. Monocyclic cyclcoalkyl radicals include, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. In some embodiments, the monocyclic cyclcoalkyl is
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. In some embodiments, the cycloalkyl is bicyclic.
Bicyclic cycloalkyl groups include fused bicyclic cycloalkyl groups, spiro bicyclic cycloalkyl groups,
and bridged bicyclic cycloalkyl groups. In some embodiments, cycloalkyl groups are selected from
among spiro[2.2]pentyl, bicyclo[1.1.1]pentyl, bicyclo[3.3.0]octane, bicyclo[4.3.0]nonane,
bicyclo[2.1.1]hexane, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.2]nonane,
bicyclo[3.3.2]decane, norbornyl, 3,4-dihydronaphthalen-1(2H)-one and decalinyl. In some
embodiments, the cycloalkyl is polycyclic. Polycyclic radicals include, for example, adamantyl, and. In
some embodiments, the polycyclic cycloalkyl is adamantyl. Unless otherwise stated specifically in the
specification, a cycloalkyl group may be optionally substituted.

[00185] “Fused” refers to any ring structure described herein which is fused to an existing ring
structure. When the fused ring is a heterocyclyl ring or a heteroaryl ring, any carbon atom on the existing
ring structure which becomes part of the fused heterocyclyl ring or the fused heteroaryl ring may be
replaced with a nitrogen atom.

[00186] “Halo” or “halogen” refers to bromo, chloro, fluoro or iodo.

[00187] “Haloalkyl” refers to an alkyl radical, as defined above, that is substituted by one or more halo
radicals, as defined above, e.g., trifluoromethyl, difluoromethyl, fluoromethyl, trichloromethyl,

2,2 2trifluoroethyl, 1,2difluoroethyl, 3bromo2fluoropropyl, 1,2dibromoethyl, and the like. Unless stated
otherwise specifically in the specification, a haloalkyl group may be optionally substituted.

[00188] “Haloalkoxy” refers to an alkoxy radical, as defined above, that is substituted by one or more
halo radicals, as defined above, e.g., trifluoromethoxy, difluoromethoxy, fluoromethoxy,
trichloromethoxy, 2,2,2trifluoroethoxy, 1,2difluoroethoxy, 3bromo2{luoropropoxy, 1,2dibromoethoxy,
and the like. Unless stated otherwise specifically in the specification, a haloalkoxy group may be
optionally substituted.

[00189] “Heterocycloalkyl” or “heterocyclyl” or “heterocyclic ring” refers to a stable 3 to 14membered
nonaromatic ring radical comprising 2 to 10 carbon atoms and from one to 4 heteroatoms selected from
the group consisting of nitrogen, oxygen, and sulfur. Unless stated otherwise specifically in the
specification, the heterocycloalkyl radical may be a monocyclic, bicyclic ring (which may include a fused
bicyclic heterocycloalkyl (when fused with an aryl or a heteroaryl ring, the heterocycloalkyl is bonded

through a non-aromatic ring atom), bridged heterocycloalkyl or spiro heterocycloalkyl), or polycyclic. In
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some embodiments, the heterocycloalkyl is monocyclic or bicyclic. In some embodiments, the
heterocycloalkyl is monocyclic. In some embodiments, the heterocycloalkyl is bicyclic. The nitrogen,
carbon or sulfur atoms in the heterocyclyl radical may be optionally oxidized. The nitrogen atom may be
optionally quaternized. The heterocycloalkyl radical is partially or fully saturated. Examples of such
heterocycloalkyl radicals include, but are not limited to, dioxolanyl, thienyl[1,3]dithianyl,
decahydroisoquinolyl, imidazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl, morpholinyl,
octahydroindolyl, octahydroisoindolyl, 2oxopiperazinyl, 2oxopiperidinyl, 2oxopyrrolidinyl, oxazolidinyl,
piperidinyl, piperazinyl, 4piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl,
tetrahydrofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl, 1oxothiomorpholinyl,
1,1dioxothiomorpholinyl. The term heterocycloalkyl also includes all ring forms of carbohydrates,
including but not limited to monosaccharides, disaccharides and oligosaccharides. Unless otherwise
noted, heterocycloalkyls have from 2 to 10 carbons in the ring. In some embodiments, heterocycloalkyls
have from 2 to 8 carbons in the ring. In some embodiments, heterocycloalkyls have from 2 to 8 carbons
in the ring and 1 or 2 N atoms. In some embodiments, heterocycloalkyls have from 2 to 10 carbons, 0-2
N atoms, 0-2 O atoms, and 0-1 S atoms in the ring. In some embodiments, heterocycloalkyls have from 2
to 10 carbons, 1-2 N atoms, 0-1 O atoms, and 0-1 S atoms in the ring. It is understood that when referring
to the number of carbon atoms in a heterocycloalkyl, the number of carbon atoms in the heterocycloalkyl
is not the same as the total number of atoms (including the heteroatoms) that make up the
heterocycloalkyl (i.e., skeletal atoms of the heterocycloalkyl ring). Unless stated otherwise specifically in
the specification, a heterocycloalkyl group may be optionally substituted.

[00190] “Heteroaryl” refers to an aryl group that includes one or more ring heteroatoms selected from
nitrogen, oxygen and sulfur. The heteroaryl is monocyclic or bicyclic. Illustrative examples of
monocyclic heteroaryls include pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, pyridazinyl, triazinyl,
oxadiazolyl, thiadiazolyl, furazanyl, indolizine, indole, benzofuran, benzothiophene, indazole,
benzimidazole, purine, quinolizine, quinoline, isoquinoline, cinnoline, phthalazine, quinazoline,
quinoxaline, 1,8-naphthyridine, and pteridine. Illustrative examples of monocyclic heteroaryls include
pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, pyridazinyl, triazinyl, oxadiazolyl, thiadiazolyl, and furazanyl.
Tllustrative examples of bicyclic heteroaryls include indolizine, indole, benzofuran, benzothiophene,
indazole, benzimidazole, purine, quinolizine, quinoline, isoquinoline, cinnoline, phthalazine, quinazoline,
quinoxaline, 1,8-naphthyridine, and pteridine. In some embodiments, heteroaryl is pyridinyl, pyrazinyl,
pyrimidinyl, thiazolyl, thienyl, thiadiazolyl or furyl. In some embodiments, a heteroaryl contains 0-4 N
atoms in the ring. In some embodiments, a heteroaryl contains 1-4 N atoms in the ring. In some
embodiments, a heteroaryl contains 0-4 N atoms, 0-1 O atoms, and 0-1 S atoms in the ring. In some
embodiments, a heteroaryl contains 1-4 N atoms, 0-1 O atoms, and 0-1 S atoms in the ring. In some

embodiments, heteroaryl is a C,-Coheteroaryl. In some embodiments, monocyclic heteroaryl is a Ci-
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Csheteroaryl. In some embodiments, monocyclic heteroaryl is a 5-membered or 6-membered heteroaryl.
In some embodiments, a bicyclic heteroaryl is a Cs-Coheteroaryl.

[00191] The term “optionally substituted” or “substituted” means that the referenced group may be
substituted with one or more additional group(s) individually and independently selected from alkyl,
haloalkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, -OH, alkoxy, aryloxy, alkylthio, arylthio,
alkylsulfoxide, arylsulfoxide, alkylsulfone, arylsulfone, -CN, alkyne, C;-Csalkylalkyne, halogen, acyl,
acyloxy, -CO;H, -COxzalkyl, nitro, and amino, including mono and disubstituted amino groups (e.g., -
NH>, -NHR, -NR), and the protected derivatives thereof. In some embodiments, optional substituents are
independently selected from alkyl, alkoxy, haloalkyl, cycloalkyl, halogen, -CN, -NHa, -NH(CH3), -
N(CHzs),, -OH, -COH, and -COalkyl. In some embodiments, optional substituents are independently
selected from fluoro, chloro, bromo, iodo, -CHs, -CH2CHs, -CFs, -OCHjs, and -OCFs. In some
embodiments, substituted groups are substituted with one or two of the preceding groups. In some
embodiments, an optional substituent on an aliphatic carbon atom (acyclic or cyclic) includes oxo (=0).
[00192] A “tautomer” refers to a proton shift from one atom of a molecule to another atom of the same
molecule. The compounds presented herein may exist as tautomers. Tautomers are compounds that are
interconvertible by migration of a hydrogen atom, accompanied by a switch of a single bond and adjacent
double bond. In bonding arrangements where tautomerization is possible, a chemical equilibrium of the
tautomers will exist. All tautomeric forms of the compounds disclosed herein are contemplated. The
exact ratio of the tautomers depends on several factors, including temperature, solvent, and pH. Some

examples of tautomeric interconversions include:
H H
A = b da— B
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[00193] The terms “co-administration” or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents to a single patient, and are intended to include treatment
regimens in which the agents are administered by the same or different route of administration or at the
same or different time.
[00194] The terms “effective amount” or “therapeutically effective amount,” as used herein, refer to a
sufficient amount of an agent or a compound being administered which will relieve to some extent one or
more of the symptoms of the disease or condition being treated. The result can be reduction and/or
alleviation of the signs, symptoms, or causes of a disease, or any other desired alteration of a biological
system. For example, an “effective amount” for therapeutic uses is the amount of the composition

comprising a compound as disclosed herein required to provide a clinically significant decrease in
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disease symptoms. An appropriate “effective” amount in any individual case may be determined using
techniques, such as a dose escalation study. An “effective amount” is an amount sufficient for a
compound to accomplish a stated purpose relative to the absence of the compound (e.g., achieve the
effect for which it is administered, treat a disease, reduce enzyme activity, increase enzyme activity,
reduce a signaling pathway, or reduce one or more symptoms of a disease or condition). An example of
an “‘effective amount” is an amount sufficient to contribute to the treatment, prevention, or reduction of a
symptom or symptoms of a disease, which could also be referred to as a “therapeutically effective
amount.” A “reduction” of a symptom or symptoms (and grammatical equivalents of this phrase) means
decreasing of the severity or frequency of the symptom(s), or elimination of the symptom(s). A
“prophylactically effective amount” of a drug is an amount of a drug that, when administered to a
subject, will have the intended prophylactic effect, e.g., preventing or delaying the onset (or
reoccurrence) of an injury, disease, pathology or condition, or reducing the likelihood of the onset (or
reoccurrence) of an injury, disease, pathology, or condition, or their symptoms. The full prophylactic
effect does not necessarily occur by administration of one dose, and may occur only after administration
of a series of doses. Thus, a prophylactically effective amount may be administered in one or more
administrations. An “activity decreasing amount,” as used herein, refers to an amount of antagonist
required to decrease the activity of an enzyme relative to the absence of the antagonist. A “function
disrupting amount,” as used herein, refers to the amount of antagonist required to disrupt the function of
an enzyme or protein relative to the absence of the antagonist. The exact amounts will depend on the
purpose of the treatment, and will be ascertainable by one skilled in the art using known techniques (see,
e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science and
Technology of Pharmaceutical Compounding (1999); Pickar, Dosage Calculations (1999); and
Remington: The Science and Practice of Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippincott,
Williams & Wilkins).

[00195] The term “pharmaceutical combination” as used herein, means a product that results from the
mixing or combining of more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. The term “fixed combination” means that the active ingredients,
e.g., a compound of Formula (I) and a co-agent, are both administered to a patient simultaneously in the
form of a single entity or dosage. The term “non-fixed combination” means that the active ingredients,
e.g., a compound of Formula (I) and a co-agent, are administered (o a patient as separate enlities either
simultaneously, concurrently or sequentially with no specific intervening time limits, wherein such
administration provides effective levels of the two compounds in the body of the patient. The latter also
applies to cocktail therapy, e.g., the administration of three or more active ingredients.

[00196] The term “subject” or “patient” encompasses mammals. Examples of mammals include, but
are not limited to, humans. In one embodiment, the mammal is a human.

[00197] The terms “treat,” “treating” or “treatment,” as used herein, include alleviating, abating or
ameliorating at least one symptom of a disease or condition, preventing additional symptoms, inhibiting

the disease or condition, e.g., arresting the development of the disease or condition, relieving the disease
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or condition, causing regression of the disease or condition, relieving a condition caused by the disease or
condition, or stopping the symptoms of the disease or condition either prophylactically and/or

therapeutically.

EXAMPLES
[00198] The following examples are offered to illustrate, but not to limit the claimed invention. The
following examples further illustrate the invention but, of course, should not be construed as in any way
limiting its scope.
[00199]  The following synthetic schemes are provided for purposes of illustration, not limitation. The
following examples illustrate the various methods of making compounds described herein. It is
understood that one skilled in the art may be able to make these compounds by similar methods or by
combining other methods known to one skilled in the art. It is also understood that one skilled in the art
would be able to make, in a similar manner as described below by using the appropriate starting materials
and modifying the synthetic route as needed. In general, starting materials and reagents can be obtained
from commercial vendors or synthesized according to sources known to those skilled in the art or
prepared as described herein.
[00200] In further embodiments, the compounds described herein, and other related compounds
having different substituents are synthesized using techniques and materials described herein as well as
those that are recognized in the field, such as described, for example, in Fieser and Fieser’s Reagents for
Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd’s Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989); Organic Reactions,
Volumes 1-40 (John Wiley and Sons, 1991), Larock’s Comprehensive Organic Transformations (VCH
Publishers Inc., 1989), March, Advanced Organic Chemistry 4th Ed., (Wiley 1992); Carey and Sundberg,
Advanced Organic Chemistry 4th Ed., Vols. A and B (Plenum 2000, 2001), and Green and Wuts,
Protective Groups in Organic Synthesis 3rd Ed., (Wiley 1999) (all of which are incorporated by reference
for such disclosure). General methods for the preparation of compounds as disclosed herein may be
derived from reactions and the reactions may be modified by the use of appropriate reagents and
conditions, for the introduction of the various moieties found in the formulae as provided herein. As a

guide the following synthetic methods may be utilized.

Abbreviations

[00201] DCM: Dichloromethane

[00202] DIEA: Diisopropylethylamine
[00203] DMAP 4-(Dimethylamino)pyridine
[00204] DMF: Dimethyl formamide
[00205] DMSO: Dimethyl sulfoxide

[00206] EA or EtOAc: Ethyl acetate
[00207] ESI:  Electrospray ionization
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[00208] HPLC: High performance liquid chromatography
[00209] HRMS: High resolution mass spectrometry
[00210] h or hr(s): Hour(s)

[00211] MeOH: Methanol

[00212] Ms:Mesyl, or methanesulfonyl

[00213] min(s): Minutes

[00214] m/z:  Mass-to-charge ratio

[00215] 'HNMR: Proton nuclear magnetic resonance
[00216] BC NMR: Carbon nuclear magnetic resonance
[00217] PE: Petroleum ether

[00218] rt: Room temperature
[00219] TLC Thin layer chromatography
[00220] TFA: Trifluoroacetic acid

en-1-one (Compound 1
[00221] Procedure A

S R R - |
S R

[00222]  To a mixture of 4-(tert-butoxycarbonyl)morpholine-3-carboxylic acid (200 mg, 0.86 mmol)
and 1-bromo-3-chloro-5-iodo-benzene (315 mg, 0.99 mmol) in DMF (6 mL, 0.14 M) was added
[IR(DF(CF3)PPY )2(DTBPY)]PFs (9.7 mg, 0.0086 mmol), nickel(II) chloride (19 mg, 0.086 mmol),
dtbbpy (34 mg, 0.12 mmol), and Cs2CO; (845 mg, 2.59 mmol) at 20°C under N» in the glovebox. The

mixture was stirred and irradiated using 34W blue LED lamps for 12 hours at 25°C. The mixture was
poured into ice water (100 mL), extracted with EtOAc (50 mL, 2 eq), washed with brine, dried over
NazSOy, filtered, and concentrated under vacuum. The crude product was chromatographed on silica gel
(PE / EtOAc 100:1 — 0:1) to give the tert-butyl 3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate
(300 mg, 92% yield) as a white solid.

[00223]  To a mixture of tert-butyl 3-(3-bromo-5-chloro-phenyl)morpholine-4-carboxylate (100 mg,
0.26 mmol) and phenylboronic acid (37 mg, 0.31 mmol) in 1,4-dioxane (2 mL), MeCN (2 mL), and
water (1 mL) was added K>COs (2 eq, 75 mg) and Pd(PPh;)s (30 mg) at 20°C under N». The mixture was
stirred for 3 hours at 90°C. The reaction solution was poured into ice water (30 mL), extracted

with EtOAc (20 mL * 2), washed with brine, dried over Na>SQq, filtered, and concentrated under
vacuum. The residue was purified by prep-TLC (SiO», PE:EtOAc = 5:1) to afford tert-butyl 3-(5-chloro-
[1,1'-biphenyl]-3-yl)morpholine-4-carboxylate (170 mg) as a yellow oil.
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[00224]  To tert-butyl 3-(3-chloro-5-phenyl-phenyl)morpholine-4-carboxylate (170 mg, 0.45 mmol) in
ethyl acetate (5 mL, 0.09 M) was added HCl in EtOAc (10 mL) at 20°C and stirred for 3 hours. The
mixture was concentrated under vacuum to afford 3-(5-chloro-[1,1'-biphenyl]-3-yl)morpholine HCI (170
mg) as a white solid.

[00225]  To a mixture of 3-(5-chloro-[1,1'-biphenyl]-3-yl)morpholine HCI (170 mg, 0.62 mmol) in
DCM (5 mL, 0.12 M) was added triethylamine (94 mg, 0.93 mmol) and acryloyl chloride (56 mg, 0.62
mmol) at 0°C. The mixture was allowed to warm to 25°C and stirred for 20 minutes. The mixture was
poured into ice water (3 mL), extracted with DCM (2 mL * 2), washed with brine, dried over Na,SOsx,
filtered, and concentrated under vacuum. The residue was purified by prep-TLC and concentrated under
vacuum to afford 1-(3-(5-chloro-[1,1'-biphenyl]-3-yl)morpholino)prop-2-en-1-one (48 mg, 22% yield) as
a colorless oil. LC-MS my/z: 328.1 [M+1].

[00226] Stereochemistry: racemic.

Example 2. Synthesis of 1-(3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)morpholino)prop-2-en-
1-one (Compound 5)

ClJ/\N | F3C ’1

[00227]  tert-butyl 3-(3-bromo-5-chloro-phenyl)morpholine-4-carboxylate was obtained from

Procedure A

[00228]  To a mixture of tert-butyl 3-(3-bromo-5-chloro-phenyl)morpholine-4-carboxylate (660 mg,
1.75 mmol) and bis(pinacolato)diboron (1334 mg, 5.25 mmol) in 1,4-dioxane (10 mL, 0.17 M) was
added AcOK (2 eq, 345 mg) and Pd(dppf)Cl,.CH2Cl, (0.1 eq, 100 mg) at 25°C. The reaction was stirred
for 3 hours at 120°C under Na. The mixture was poured into ice water (30 mL), extracted with EtOAc
(20 mL * 2), washed with brine, dried over Na,SQs, filtered, and concentrated under vacuum. The crude
product was chromatographed on silica gel (PE/EtOAc 1:0—0:1) to give tert-butyl 3-(3-chloro-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine-4-carboxylate (700 mg, 94% yield) as a
white solid.

[00229]  To a mixture of 3,6-dihydro-2H-pyran-4-yl trifluoromethanesulfonate (263 mg, 1.13 mmol)
and tert-butyl 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine-4-
carboxylate (400 mg, 0.94 mmol) in ethanol (2 mL, 0.14 M), toluene (4 mL, 0.14 M), and water (0.5 mL,
0.14 M) was added NaHCOs (3 eq, 290 mg) and Pd(PPh3)2Cl, (40 mg) at 25°C. The reaction was stirred
for 3 hours at 130°C under N,. The mixture was poured into ice water (20 mL), extracted with EtOAc
(20 mL * 2), washed with brine, dried over Na»SQys, filtered, and concentrated under vacuum. The

residue was purified by prep-TLC (SiO», PE:EtOAc = 2:1) and concentrated under vacuum to give tert-
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butyl 3-(3-chloro-5-(3,6-dihydro-2H-pyran-4-yl)phenyl ) morpholine-4-carboxylate (130 mg, 36% yield)
as a colorless oil.

[00230]  To a mixture of tert-butyl 3-(3-chloro-5-(3,6-dihydro-2H-pyran-4-yl)phenyl)morpholine-4-
carboxylate (20 mg, 0.052 mmol) in ethyl acetate (5 mL, 0.01 M) was added PtO> (20 mg) at 25°C and
stirred for 3 hours at 25°C under H2 (15 psi). The mixture was concentrated under vacuum to give crude
tert-butyl 3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)morpholine-4-carboxylate (20mg) as a
colorless oil. The crude material was used for the next step.

[00231]  Using tert-butyl 3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)morpholine-4-carboxylate
at Step 3 of Procedure A, the title compound was obtained. LC-MS m/z: 336.1 [M+1].

[00232] Enantiomeric Separation Conditions: Column: REGIS (s,s) WHELK-O1
(250mm*30mm, 10um); Mobile Phase: CO2 and MeOH. Retention time 2.03.

[00233] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 3. Procedure B and Synthesis of (R)-1-(3-(3-(2-aminopyridin-4-yl)-5-

chlorophenvl)morpholino)prop-2-en-1-one (Compound 136
[00234] Procedure B

o Br Cl j\)ok A~C i cl
KT T —
O\/&O Br Br

OH Q‘S’P
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j\ A o cl o o
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Br Br
[00235]  n-Butyllithium (2.5 M, 29.59 mL, 73.97 mmol, 1 equiv) was added dropwise to a solution
of 1,3-dibromo-35-chloro-benzene (20 g, 73.97 mmol, 1 equiv) in isopropyl ether (200 mL) at -65°C

under N and then stirred for 1 hour. tert-Butyl 3-oxomorpholine-4-carboxylate (14.88 g, 73.97 mmol, 1
equiv) in isopropyl ether (100 mL) was added dropwise and stirred for 1 hour at -65 C.

[00236]  The mixture was quenched with saturated aqueous NH4Cl (100 mL). The solution

was extracted with EtOAc (100 mL) and the combined organic phase was washed with brine (100

mL), dried by Na-SQy, filtered, and concentrated under vacuum. The residue was purified by column
chromatography (SiOz, petroleum ether: ethyl acetate = 1:0 to 4:1) to afford tert-butyl N-[2-[2-(3-bromo-
5-chloro-phenyl)-2-oxo-ethoxyJethyl]carbamate (6.0 g, 15.28 mmol, 21% yield) as yellow oil.

[00237] BH;s-THF (5.88 mL, 5.88 mmol, 1.1 equiv) was added to (S)-2-methyl-CBS-oxazaborolidine
(1.02 g, 1.06 mmol) in THF (10mL) at 0°C under N;. The mixture was allowed to warm to 25°C and
stirred for 1 hour. A solution of tert-butyl N-[2-[2-(3-bromo-5-chloro-phenyl)-2-oxo-
ethoxy]ethyl]carbamate (2.1 g, 5.34 mmol, 1 equiv) in THF (15 mL) was added at 0°C. The mixture was
allowed to warm to 25°C and stirred for 1 hour. The reaction was quenched with MeOH (15mL) at 0°C,

stirred for 2 hours at 25°C, and then concentrated under vacuum. The crude residue was purified by
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column chromatography (SiOz, 6-15% EtOAc in pet ether) to afford (S)-(2-(2-(3-bromo-5-chlorophenyl)-
2-hydroxyethoxy)ethyl)carbamate (1.80 g, 4.56 mmol, 85% yield) as white oil. Stereochemistry assigned
according to Angew. Chem. Int. Ed. 1998, 37, 1986-2012.

[00238]  To a solution of tert-butyl (S)-(2-(2-(3-bromo-5-chlorophenyl)-2-
hydroxyethoxy)ethyl)carbamate (1.80 g, 4.56 mmol, 1 equiv) in DCM (15 mL) was added 4-
(dimethylamino)pyridine (27 mg, 0.23 mmol, 0.05 equiv) and triethylamine (1.38 g, 13 mmol) at 0°C. A
solution of methylsulfonyl methanesulfonate (1.191 g, 6.84 mmol, 1.5 equiv) in DCM (5 mL) was added
slowly at 0°C and then allowed to warm to room temperature and stirred for 16 hours. The reaction
mixture was poured into water (15 mL) and extracted with DCM (20 mL*3). The combined organic
layers were washed with brine (15 mL*2), dried over Na>SQy, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography (petroleum ether: ethyl acetate = 3:1 to
0:1) to afford (S)-1-(3-bromo-5-chlorophenyl)-2-(2-((tert-butoxycarbonyl)amino)ethoxy)ethyl
methanesulfonate (2.00 g, 4.23 mmol, 93% yield) as white solid.

Q.0 Q.0
Vs A
O’S\ 0/5\ I/\NH

ﬁ\ JOL O, cl
0 N/\/O\/‘\Q/Cl —_— HQN/\/O\)\Q/C' —_—
H
Br

Br

[00239]  To a solution of (S)-1-(3-bromo-5-chlorophenyl)-2-(2-((tert-
butoxycarbonyl)amino)ethoxy )ethyl methanesulfonate (100 g, 211 mmol, 1 equiv) in 1,4-dioxane (200
mL, 1.06 M) was added HCl in dioxane (4 M, 1000 mL) at 0°C. The mixture was allowed to warm to
25°C and stirred for 3 hours. The mixture was concentrated under vacuum to afford (S)-2-(2-
aminoethoxy)-1-(3-bromo-5-chlorophenyl)ethyl methanesulfonate HCI as colorless oil and used in the
next step without purification.

[00240]  To a solution of (S)-2-(2-aminoethoxy)-1-(3-bromo-5-chlorophenyl)ethyl methanesulfonate
HCI (16.5 g, 44 mmol) in DCM (200 mL, 0.22 M) was added N,N-diethylethanamine (26.8 g, 265
mmol) at 0°C under N,. The reaction was stirred at 25°C for 16 hours. The solution was diluted with
H,O (40 mL), extracted with EtOAc (40 mL*3), washed with brine (100 mL), dried over Na»SOu,
filtered, and concentrated under vacuum. The crude product was purified by silica gel column
chromatography (petroleum ether: ethyl acetate = 100: 0 to 88: 12) to afford (R)-3-(3-bromo-5-
chlorophenyl)morpholine (3.90 g, 14.1 mmol, 32% yield) as yellow solid.

[00241] To a solution of (R)-3-(3-bromo-5-chlorophenyl)morpholine (5 g, 18.07 mmol) in DCE (60
mL, 0.30 M) was added triethylamine (3658 mg, 36 mmol), 4-(dimethylamino)pyridine (2208 mg, 18
mmol), and di-tert-butyl dicarbonate (7891 mg, 36 mmol) at 0°C. The mixture was stirred at 70°C for 16

hours under N». The reaction mixture was poured into water (80 mL) and extracted with DCM (80
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mL*3). The combined organic layers were washed with brine (50 mL*2), dried over Na,SQq, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel chromatography
(ISCO®; 80 g SEPAFLASHP® Silica Flash column, eluent of 0-30% ethyl acetate/petroleum ether gradient
@ 75 mL/min) to afford tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (4.90 g,
13.0 mmol, 72% yield) as a yellow solid.

[00242] Pd(dppf)Cl (578 mg, 0.1 equiv) was added to a solution tert-butyl (R)-3-(3-bromo-3-
chlorophenyl)morpholine-4-carboxylate (3 g, 7.96 mmol, 1 equiv), bis(pinacolato)diboron (2427 mg,
9.55 mmol, 1.2 equiv), and potassium acetate (1954 mg, 19.91 mmol, 2.5 equiv) in 1,4-dioxane (30 mL,
0.26 M) at 25°C under N2. The reaction was stirred at 80°C for 3 hours. The mixture was poured into
water (10 mL), extracted with ethyl acetate (10 mL*2), washed with brine, dried over Na>SQOy, filtered,
and concentrated under vacuum. The crude product was chromatographed on silica gel (pet ether / ethy!l
acetate) to afford tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine-4-carboxylate (2700 mg, 6.37 mmol, 80% yield) as yellow oil.

NjLoJ< JOL J< ha j\/
B z

/O)_(O\ \/N | NH, S l Nz :l\l ! NH,
[00243]  Pd(dppf)Cl> (20 mg, 0.028 mmol, 0.1 equiv) was added to a solution of tert-butyl (R)-3-(3-
chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine-4-carboxylate (120 mg, 0.28
mmol, 1 equiv), 2-amino-4-bromopyridine (58 mg, 0.33 mmol, 1.2 equiv), and potassium carbonate (97
mg, 0.70 mmol, 2.5 equiv) in 1,4-dioxane (2 mL) and water (0.4 mL) at 25°C under N». The reaction was
stirred at 80°C for 3 hours under N,. The mixture was poured into water (4 mL), extracted with ethyl
acetate (4 mL*2), washed with brine, dried over Na»SQy, filtered, and concentrated under vacuum. The
residue was purified by prep-TLC (SiOs, PE:EtOAc = 1:5) to afford tert-butyl (R)-3-(3-(2-aminopyridin-
4-yD)-5-chlorophenyl)morpholine-4-carboxylate (90 mg, 0.23 mmol, 82% yicld) as a yellow oil.
[00244] 4M HClin EtOAc (1 mL) was added to a solution tert-butyl (R)-3-(3-(2-aminopyridin-4-yl)-
5-chlorophenyl)morpholine-4-carboxylate (100 mg, 0.25 mmol, 1 equiv) in EtOAc (1 mL) at 0°C. The
mixture was stirred at 25°C for 3 hours and then concentrated to afford crude (R)-4-(3-chloro-5-
(morpholin-3-yl)phenyl)pyridin-2-amine HCI (100 mg, 0.24 mmol, 94% yield).
[00245] Triethylamine (55 mg, 0.55 mmol, 2 equiv) was added to a solution of (R)-4-(3-chloro-5-
(morpholin-3-yl)phenyl)pyridin-2-amine HCI (80 mg, 0.27 mmol, 1 equiv) in DCM (1 mL) at 0°C.
Acryloyl chloride (14 mg, 0.16 mmol, 0.6 equiv) in DCM (1 mL) was added at 0°C. The mixture was
stirred at 25°C for 1 hour. The reaction mixture was poured into water (3 mL), extracted with DCM (3
mL*3), washed with brine (3 mL*2), dried over Na>SQy, filtered, and concentrated under reduced
pressure. The residue was purified by prep-TLC (SiO2, MeOH:EtOAc = 1:10) to afford (R)-1-(3-(3-(2-
aminopyridin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one (24 mg, 0.066 mmol, 24 % yield) as
pale yellow solid. LC-MS m/z: 344.1 [M+1].
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Stereochemistry: single enantiomer of known absolute configuration.
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All compounds are P [M+1]
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(R)-1-(3-(3-(2-aminopyridin-4-y1)-5-

136 chlorophenyl)morpholino)prop-2-en-1- | 2-amino-4-bromopyridine 3441
one
(R)-1-(3-(3-chloro-5-(pyrimidin-2- L.

10 2-b d 330.1
yl)phenyl)morpholino)prop-2-en-1-one romopyridine
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R)-4-(3-(4-acryloyl holin-3-yl)-3-

13 f:hl)oro( he(:n Tjrly methylpyriin 2(y1;1) 4-bromo-1- 359.0
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4-chloro-N-methyl-1,3,5-

214 1,3,5-triazin-2- AN 391 360.1
yl)phenyl)morpholino)prop-2-en-1-one
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Example 4. Procedure C and Svynthesis of (R)-3'-(4-acrylovlmorpholin-3-vyl)-5'-chloro-4-fluoro-

1,1'-biphenyl]-3-carboxamide (Compound 44

[00247] Procedure C

[ NH N i

/u\/ 0, _.0 \)
o ¢ — s O, cl | —
EP NH,
B Br F o] @ NHy

[00248] (R)-3-(3-bromo-5-chlorophenyl)morpholine was obtained from Step 5 of Procedure B.
[00249]  To a solution of (R)-3-(3-bromo-5-chlorophenyl)morpholine (5 g, 18.07 mmol, 1 equiv) in
DCM (60 mL, 0.30 M) was added triethylamine (2.74 g, 27 mmol, 1.5 equiv) and acryloyl chloride (1.8
g, 19.88 mmol, 1.1 equiv) dropwise at 0°C under N>. The mixture was stirred for 2 hours at 25°C and
then poured into H>O (40 mL). The aqueous phase was extracted with DCM (30 mL*3). The combined
organic phase was washed with brine (20 mL*2), dried over Na>SQu, filtered, and concentrated under
vacuum. The residue was purified by flash silica gel chromatography (PE/EA=77/23 to 3/1) to
afford (R)-1-(3-(3-bromo-5-chlorophenyl)morpholino)prop-2-en-1-one (5.17 g, 15.6 mmol, 86% yield)
as a yellow oil.
[00250]  To a solution of (R)-1-(3-(3-bromo-5-chlorophenyl)morpholino)prop-2-en-1-one (310 mg,
0.93 mmol) in 1,4-dioxane (8 mL, 0.09 M) and water (1.6 mL, 0.097 M) was added 2-fluoro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (298 mg, 1.12 mmol, 1.2 equiv) and potassium carbonate
(324 mg, 2.34 mmol, 2.5 equiv). Pd(dppf)Cl, (68 mg, 0.093 mmol) was added, and the resulting mixture
was stirred at 80°C for 16 hours under N,. The reaction mixture was quenched by saturated aqueous
NH:Cl (15 mL) and extracted with EtOAc (20 mL*3). The organic layers were washed 20 mL saturated
brine solution. The organic layer was then separated, dried over Na»SOs, filtered, and concentrated. The
crude residue was purified by column chromatography (SiO-, petroleum ether/ethyl acetate = 0.5/1 to
0/1) to afford the title compound (96.8mg, 0.36 mmol, 38% yield) as white solid. LC-MS m/z: 389.1
[M+1].
[00251]  Stereochemistry: single enantiomer of known absolute configuration.
(\N)ov o(\ NJv
o\).,,, o e 'I

[00252] Using the appropriate coupling partner in Procedure C, the title compounds can be obtained.

All compounds are single enantiomers of known absolute configuration.
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Cmp. Name Coupling Partner in Step 2 nlI;.f[::\d/lfI]
2-fluoro-5-(4.4.5,5-
(R)-3'-(4-acryloylmorpholin-3-yl)- 5'<chloro- uoro-5-(
4 4-fluoro-{1,1'-biphenyl]-3carboxamide tetramethyl-1,3,2- 389.1
e dioxaborolan-2-yi)benzamide

5 (R)-N-(3'-(4-acryloylmorpholin-3-y)-5'- (3-acetamidopheny!)boronic 185.1

chloro-[1,1'-biphenyl]-3-yl)acetamide acid )
. 6-(4.4,5,5-tetramethyl-1,3,2-
R)-6-(3-(4 3-yl)-5-
82 R)-6-(3- -aC_lyl.oyhn.orpholln 3915 dioxaborolan-2-yl)isoindolin- 383.1
chlorophenyl)isoindolin-1-one
1-one
- 2-methyl-4-(4,4.5,5-
(R)-1-(3-(3chloro-5-(2-methylpyridin-4- methyl-4-(

20 Dphenyl)morpholino)prop-2-en-1-one tetramethyl-1.3.2- 3431

YUphetyJmorp Prop dioxaborolan-2-yl)pyridine
] o 2-methoxy-4-(4.4,5,5-

o [ oo [CLiIT T,
YVPIenymorp prop-c-en-1- dioxaborolan-2-yDpyridine
(R)-1-(3-(3-chloro-5-(1 H-pyrrolo[2,3- 4-(4,4.5,5-tetramethyl-1,3.2-

97 blpyridin-4-yl)phenyl)morpholino)prop-2- dioxaborolan-2-yl)-1H- 368.0
en-1-one pymrolo[2,3-b]pyridine

1-cyclopropyl-4-(4,4,5,5-
(R)-1-(3-(3<chloro-5-(1-cyclopropyl-1H- te;tcrz;zgllgi)j 3 2(_

115 | pyrazol-4-yDphenyDmorpholino)prop-2-en- dioxaborolan-2-yl)-1 H- 358.2

1-one
pyrazole
1-methyl-4-(4.4.5,5-

116 (R)-1-(3-(3chloro-5-(1-methyl-1H-pyrazol- . | tetramethyl-1,3,2- 3321
4-yDphenyl)morpholino)prop-2-en-1-one dioxaborolan-2-yl)-1H- )

pyrazole
4-(4.4,5,5-tetramethyl-1,3,2-
R)-1-(3- & T _ >

17 (l)) 1161(13 l()?:c}]ki::liflcf)l Ili'opy;a:il?one dioxaborolan-2-y1)-1H- 318.1
yhphenyl)morp prop pyrazole

135 (R)-1-(3-(3-(5-aminopyrimidin-2-yl)-5- (2-aminopyrimidin-5- 345.1
chiorophenylmorpholino)prop-2-en-1-one yDboronic acid ’

Example S. Procedure D and Synthesis of (R)-1(3-(3-(4-aminopvrimidin-2-vl)-5-

chlorophenvi)morpholine)prop-2-en-1-one (Compound 96

[00253]) Procedure D
A i
o " I/‘m g
ff\ﬁ»ﬂ*\f’ c(l:},% & R o,
o, & e e L
B !
> gy %’&*NH‘:
[00254] (R)-1-(3-(3-bromo-5-chlorophenymorpholino)prop-2-en-1-one was obtained from
Procedwre C.
[00255] - To asolution of (R)-1-(3-(3-bromo-5-chlorophenyl)morpholino)prop-2-en-1-one (5.8 g, 17

mmnol, 1 equiv) and bis(pinacolato)diboron (6.68 g, 26.31 nunol, 1.5 equiv) in 1,4-dioxane (60 mL, 0.29
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M) was added potassium acetate (4.30 g, 43 mmol, 2.5 equiv) and Pd(dppf)Cl; (0.89 g, 1.22 mmol, 0.07
equiv). The mixture and was stirred at 80°C under N; for 16 hours. The solution was filtered and
concentrated. The residue was dissolved in EtOAc (10 ml), washed with water (8 mL x 2), brine (8§ mL x
2), dried over Na»SQy, filtered ,and concentrated to afford 5.9 g of crude (R)-1-(3-(3-chloro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-2-en-1-one as a brown oil. The crude
material was used in the next step.

[00256] To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)morpholino)prop-2-en-1-one (30 mg, 0.0794 mmol, 1 equiv) and 2-chloropyrimidin-4-amine
(10.29 mg, 0.079 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.03 M) was added Pd(dppf)Cl: (5.7 mg, 0.0079
mmol, 0.1 equiv) and potassium carbonate (21.9 mg, 0.15 mmol, 2 equiv) at 0°C. The mixture was
stirred for 6 hours at 80°C. The reaction mixture was poured into water (5 mL) and extracted

with EtOAc (5 mL * 3). The combined organic layers were washed with brine (10 mL), dried over
NaySOy, filtered, and concentrated under reduced pressure. The residue was purified by prep-TLC
(EtOAc, Rf=0.45) to afford the title compound (5 mg, 0.014 mmol, 18% yield) as a white solid. LC-MS
m/z: 345.1 [M+1].

[00257]  Stereochemistry: single enantiomer of known absolute configuration.

o] o}

(\NJV (\NJ’\/
. Qc. S G

[00258]  Using the appropriate coupling partner in Procedure D, the title compounds can be obtained.

All compounds are single enantiomers of known absolute configuration.

. . LC-MS
Cmp Name Coupling Partner in Step 2 m/z [M+1]
(R)-1-(3-(3-(4-aminopyrimidin-2-y1)-5- " s .
&= -4- 345.
% chlorophenyl)morpholino)prop-2-en-1-one chloropyrimidin-4-amine 4.1
R)-1-(3-(3-(6-ami imidin-4-y1)-5-
80 (®)-1-3-3-(6 annnop?rrlnn n-4-y1)-5 4-amino-6-chloropyrimidine 345.1
chlorophenyl)morpholino)prop-2-en-1-one
36 (R)-1-(3-(3-chloro-5-(6-methoxypyrimidin-4- | 4-chloro-6- 360.1
yl)phenyl)morpholino)prop-2-en-1-one methoxypyrimidine ’
(R)-1-(3-(3-chloro-5-(4-methylpyrimidin-2- N
7 2- 4- d 44.
8 yl)phenyl)morpholino)prop-2-en-1-one chloro-4-methylpyrimidine 3441
38 (R)-1-(3-(3-chloro-5-(4-methoxypyrimidin-2- | 2-chloro-4- 360.1
yl)phenyl)morpholino)prop-2-en-1-one methoxypyrimidine ’
R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-
92 (R)-1-3-G3-c oro' (3-methylpyrimidin 2-chloropyrimidin-5-amine 345.1
yDphenyl)morpholino)prop-2-en-1-one
93 (R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin- | 2-chloro-4,6- 1581
’ 2-yD)phenyl)morpholino)prop-2-en-1-one dimethylpyrimidine T
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LC-M
Cmp Name Coupling Partner in Step 2 m/zC[Mfl]
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2- L.
95 yD)-5-chlorophenyl)morpholino)prop-2-en-1- 2-ch19ro—6—methy Ipyrimidin- 359.0
4-amine
one
(R)-1-(3-(3-chloro-5-(6-methylpyridin-2- R L
2-b -6-methylpyrid 43.1

o8 yl)phenyl)morpholino)prop-2-en-1-one romo-6-methylpyridine 3
(R)-1-(3-(3-chloro-5-(6-methoxypyridin-2- R L \

100 yDphenyhmorpholino)prop-2-en-1-one 2-chloro-6-methoxypyridine 359.2

jo1r | ®-1-G-G-chloro-5-(5-methylpyrimidin-2- |, 100 s o by Ipyrimidine 344.1
yDphenyl)morpholino)prop-2-en-1-one

103 (R)-1-(3-(3-chloro-5-(5-methoxypyrimidin-2- | 2-chloro-5- 360.1
ylphenyl)morpholino)prop-2-en-1-one methoxypyrimidine ’
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2- " .

2- -4- 343.

104 yDphenyhmorpholino)prop-2-en-1-one chloro-4-methylpyridine 43.1
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2- .

105 2-chloro-4-meth d 359.1

0 yl)phenyl)morpholino)prop-2-en-1-one chioro-4-mefhoxypyndine ?
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5- 4-chloropyrimidine-2-

106 o o L 355.1
chlorophenyl)pyrimidine-2-carbonitrile carbonitrile
(R)-1-(3-(3-chloro-5-(pyridin-4- ..

126 yDphenyl)morpholino)prop-2-en-1-one 4-chloropyridine 3291
(R)-1-(3-(3-(6-aminopyridazin-3-yl)-5- - .

128 chlorophenyl)morpholino)prop-2-en-1-one 6-bromopyridazin-3-amine 3451
(R)-1-(3-(3-(5-aminopyridazin-3-yl)-5- L .

- 4= ’% .

132 chlorophenyl)morpholino)prop-2-en-1-one 6-chloropyridazin-4-amine 3451
(R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin- . L

199 | 2-yl)-5-chlorophenyl)morpholino)prop-2-en- 4’6._ dichloro-1,3,5-triazin-2- 380.0
Lone amine
(B)-%-(3-(37(4-armn0-6—(melhylam1n0)—1,3,5- 6-chloro-N2-methyl-1,3,5-

218 | triazin-2-yD)-5- triazine.2 4-diamine 375.2
chlorophenylymorpholino)prop-2-en-1-one Anest
(R)-1-(3-(3-chloro-5-(4-((2- .

219 | hydroxyethyl)amino)-1,3,5-triazin-2- 2-((4-.ch10r0-1,3,5-tr1<121n-2- 390.2

. yl)amino)ethan-1-ol
yl)phenyl)morpholino)prop-2-en-1-one
-1-(3-(3-(5-amino-1H- -3-yD-5- .

235 (R)-1-(3~(3-(5-amino 1H pyrazol-3-yl)-3 3-bromo- 1H-pyrazol-5-amine 333.2
chlorophenylymorpholino)prop-2-en-1-one
(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5- . .

2 - -2- 5.

>0 chlorophenylymorpholino)prop-2-en-1-one 6-bromopyrazin-2-amine 3450
(R)-1-(3-(3-(5-aminopyrazin-2-yl)-3- . .
2 5- azin-2-: 2
o1 chlorophenyl)morpholino)prop-2-en-1-one bromopyrazin-2-amine 345
(R)-1-(3-(3-(5 -amino-4-met}'10xypyrirnidin-Z- >-chloro-A-

254 yb)-5-chlorophenyl)morpholino)prop-2-en-1- s . 375.2
one methoxypyrimidin-5-amine
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2- .

5 3. -

255 | yb-5-chlorophenyh)morpholinojprop-2-en-1- | > bromo-3-methoxypyrazin 3752
one 2-amine
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2- . L.

2 5-b -2,3-d .

58 yDphenylmorpholino)prop-2-en-1-one romopyrazine-2,3-diamine 360.0
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LC-M

Cmp Name Coupling Partner in Step 2 m/zC[Mfl]
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2- .

259 | y1)-5-chlorophenyl)morpholino)prop-2-en-1- f‘°h19r°'3'meth°"y pyrazin- 375.2

2-amine
one
1-03-03-(4-aminos5- "

261 (111))51 shléro(izril]i;lr?lj nﬁ:}fﬁg Izm;l(i;nlz 2-chloro-3- 375.2
Zne: i phenylmorp prop-c-en-i- methoxypyrimidin-4-amine o
(R)-1-(3-(3-(5-amino-2-chloropyrimidin-4- oA Lo

2,4-dichl din-5-
268 yl)-5-chlorophenyl)morpholino)prop-2-en-1- T ichloropyrimidin-5 379.2
amine
one
(R)-1-(3-(3-(6-amino-2-chloropyrimidin-4- . o
271 yD)-5-chlorophenyl)morpholino)prop-2-en-1- 2’6‘- dichloropyrimidin-4- 379.2
amine
one

55 (R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5- 4-chloro-1,3,5-triazin-2- 346.1
chlorophenyl)morpholino)prop-2-en-1-one amine o
(R)-1-(3-(3-(6-aminopyridazin-4-yl)-5- S .

5- 2in-3-: .

141 chlorophenyl)morpholino)prop-2-en-1-one bromopyridazin-3-amine 3451
(R)-1-(3-(3-chloro-5-(1H-pyrrolo[3,2- .

296 | clpyridin-6-yl)phenyl)morpholino)prop-2-en- 6-chl(.)rf)-1H-pyrr010[3,h- 368.2
Lone c]pyridine

Example 6. Synthesis of (R)-1-(3-(3-chloro-5-(4-methyl- 1H-pvrazol- 1-y)phenyl)morpholino)prop-

2-en-1-one (Compound 118)
Xk ~ O
o NH Z
O
JLOJ< o\)N.,,, a o\).,,( “ O,,, c
2y cl e —— B — — Q/
N,
Wi

L L &

[00259]  tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from Step
6 of Procedure B.

[00260]  To a solution of tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (350
mg, 0.92 mmol, 1 equiv) in DMA (15 mL, 0.062 M) was added 4-methylpyrazole (152 mg, 1.85 mmol, 2

(\N

o} ,

equiv), trans-N-N'-dimethylcyclohexane-1, 2-diamine (97%) (26 mg, 0.18 mmol, 0.2 equiv), potassium
tert-butoxide (312 mg, 2.78 mmol), and Cul (35 mg, 0.18 mmol). The mixture was stirred at 130°C for
16 hours. The crude product was purified by prep-HPLC (column: Waters XBridge BEH C18
100*30mm* 10um; liquid phase: [A-10mM NH4HCO3 in H>O; B-ACN] B%: 50%-80%,10min]) to afford
tert-butyl (R)-3-(3-chloro-5-(4-methyl-1H-pyrazol-1-yl)phenyl)morpholine-4-carboxylate (40 mg, 0.084
mmol, 9% yield) as a white solid.

[00261]  To a solution of tert-butyl (R)-3-(3-chloro-5-(4-methyl- 1H-pyrazol-1-yl)phenyl)morpholine-
4-carboxylate (20 mg, 0.053 mmol, 1 equiv) in ethyl acetate (3 mL, 0.017 M) was added HCl in ethyl
acetate (4 M, 3 mL). The mixture was stirred at 20°C for 4 hrs. The solution was concentrated under

reduced pressure and the crude product was used directly without further purification.
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[00262]  To a solution (R)-3-(3-chloro-5-(4-methyl-1H-pyrazol-1-yl)phenyl)morpholine (16 mg,
0.057 mmol, 1 equiv) in DCM (3 mL, 0.019 M) was added triethylamine (8.74 mg, 0.086 mmol) and
acryloyl chloride (6.25 mg, 0.069 mmol). The mixture was stirred at 2 0°C under N2 for 3 hours. The
reaction was poured into HO (10 mL) and the aqueous layer was extracted with EtOAc (5 mL x 3). The
combined organic layer was washed with brine (10 mL), dried over Na>SQs, filtered, and concentrated
under vacuum. The residue was purified by prep-TLC (PE:EtOAc = 1/1) to afford the title compound (11
mg, 0.032 mmol, 56% yield) as a yellow solid. LC-MS ny/z: 332.0 [M+1].

[00263]  Stereochemistry: single enantiomer of known absolute configuration.

Example 7. Synthesis of (R)-1-(3-(3-chloro-5-(1,3.5-triazin-2-vl)phenyl)morpholino)prop-2-en-1-

one (Compound 147)

[o] Q o] o]
NJLOJ< A J< N J< (\I\H N~

o’B‘o h?: \9 N: J|N NN
/)_(\ k\NJ\NH; k\NJ N k\NJ

[00264] tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholine-4-carboxylate was obtained from Step 7 of Procedure B.

[00265] Pd(dppf)Cl, (20 mg, 0.1eq) was added to a solution of tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine-4-carboxylate (500 mg, 1.18 mmol, 1 equiv), 4-
chloro-1,3,5-triazin-2-amine (231 mg, 1.77 mmol, 1.5 equiv), and potassium carbonate (407 mg, 2.94
mmol, 2.5 equiv) in 1,4-dioxane (2 mL, 0.49 M) and water (0.40 mL, 0.49 M) at 25°C. The reaction was
stirred at 80°C for 3 hours under N». The mixture was poured into water (4 mL), extracted with ethyl
acetate (4 mL * 2), washed with brine, dried over Na>SQs, filtered, and concentrated under vacuum. The
residue was purified by prep-TLC (SiO», PE:ETOAC=1:5) to afford tert-butyl (R)-3-(3-(4-amino-1,3,5-
triazin-2-yl)-5-chlorophenyl)morpholine-4-carboxylate (130 mg, 0.33 mmol, 28% yield) as a yellow
solid.

[00266]  To a solution of tert-butyl (R)-3-(3-(4-amino- 1,3,5-triazin-2-yl)-5-chlorophenyl)morpholine-
4-carboxylate (110 mg, 0.28 mmol, 1 equiv) in DMF (1.5 mL, 0.18 M) was added tert-butyl nitrite (86
mg, 0.84 mmol, 3 equiv) at 0°C under N> and stirred at 80°C for 3 hours. The mixture was poured into
water (2 mL), extracted with ethyl acetate (1 mL * 3), washed with brine, dried over Na>SOy, filtered,
and concentrated under vacuum. The residue was purified by prep-TLC (SiO,, PE:ETOAC=1:1) to
afford tert-butyl (R)-3-(3-chloro-5-(1,3,5-triazin-2-yl)phenyl)morpholine-4-carboxylate (18 mg, 0.052
mmol, 19% yield) as a yellow solid.

[00267] HCl in EtOAc (1 mL, 4M) was added to a solution of (R)-3-(3-chloro-5-(1,3,5-triazin-2-
yl)phenyl)morpholine-4-carboxylate (20 mg, 0.053 mmol, 1 equiv) in EtOAc (1 mL) at 0°C. The mixture
was stirred at 25°C for 3 hours. The solution was concentrated under vacuo to afford (R)-3-(3-chloro-5-

(1,3,5-triazin-2-yl)phenyl)morpholine HC1 (10 mg, 0.036 mmol, 68% yield).
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[00268] Triethylamine (10 mg, 0.11 mmol, 1.5 equiv) was added to a solution (R)-3-(3-chloro-5-
(1,3,5-triazin-2-yl)phenyl)morpholine (20 mg, 0.072 mmol, 1 equiv) in DCM (1 mL) at 0°C. A solution
of acryloyl chloride (7.8 mg, 0.086 mmol, 1.2 equiv) in DCM (1mL) was added slowly at 0°C and then
stirred at 25°C for 1 hour. The reaction mixture was poured into water (3mL), extracted with DCM (3
mL * 3), washed with brine (3 mL*2), dried over Na2SO,, filtered, and concentrated under reduced
pressure. The residue was purified by prep-TLC (SiO,, EtOAc:PE = 1:1) to afford the title compound
(5.2 mg, 0.015 mmol, 22% yield) as pale yellow solid. LC-MS m/z: 331.1 [M+1].

[00269]  Stereochemistry: single enantiomer of known absolute configuration.

Example 8. Synthesis of (R)-4-(3-(4-acrylovlmorpholin-3-vyl)-5-chlorophenyl)-6-amino-1,3.5-triazin-
2(1H)-one (Compound 177)

Ak oK
Y

(\N’u\oJ<

[o]
NJLDJ<
Q"n@/c O\)"I:@/CI
HoN )N\\/N )IN\NH j

OJ\NJN\NH

> b H

SN o
¢ ¢

[00270] tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from
Procedure B.

r

[00271]  To a solution of tert-butyl (R)-3-(3-bromo-35-chlorophenyl)morpholine-4-carboxylate (6.5 g,
17.25 mmol, 1 equiv) in methanol (180 mL, 0.095 M) was added triethylamine (17.46 g, 172 mmol, 10
equiv) and [1,1'Bis(diphenylphosphino)ferrocene]palladium(Il) dichloride (1.25 g, 1.72 mmol, 0.1
equiv). The suspension was degassed and purged with CO several times and then stirred for 48 hours

at 65°C under CO (50 psi). The reaction mixture was filtered and concentrated. The material was taken
up into water (30 mL), extracted with ethyl acetate (30 mL * 2), washed with brine, dried over Na,SQOu,
filtered, and concentrated under vacuum. The residue was purified by flash column chromatography
(PE:EA=1:0~3:1) to afford tert-butyl (R)-3-(3-chloro-5-(methoxycarbonyl)phenyl)morpholine-4-
carboxylate (120 mg, 0.34 mmol, 64% yield) as yellow oil.

[00272]  To a solution tert-butyl (R)-3-(3-chloro-5-(methoxycarbonyl)phenyl)morpholine-4-
carboxylate (520 mg, 1.46 mmol, 1 equiv) in methanol (10 mL, 0.14 M) was added sodium borohydride
(0.346 g, 9.15 mmol, 3 equiv), carbamimidoyl urea (596 mg, 5.84 mmol, 4 equiv), and sodium
methoxide (631 mg, 11.69 mmol, 8 equiv). The mixture was stirred for 7 hours at 80°C under N,. The
crude was then purified by prep-HPLC (column: Waters Xbridge BEH C18 100*30mm*10um; liquid
phase: [A-10mM NH4HCOs; in H-O; B-ACN] B%: 20%-60%,8min]) to give tert-butyl (R)-3-(3-chloro-5-
(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholine-4-carboxylate (35 mg, 0.085 mmol, 6% yield) as a
white solid.

[00273] Sodium nitrite (38.15 g, 553 mmol, 50 equiv) in water (40 mL, 0.092 M) was added to a
solution of tert-butyl (R)-3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholine-4-carboxylate
(4.5 g, 11.06 mmol, 1 equiv) in acetic acid (80 mL, 0.092 M) at 20°C. The mixture was stirred for 2
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days. The reaction mixture was filtered and washed with water (10 mL) to afford tert-butyl (R)-3-(3-(6-
amino-4-oxo-4,5-dihydro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholine-4-carboxylate (3.50 g, 8.58
mmol, 78% yield) as a yellow solid. The crude product was used to the next step without further

purification.

[00274] HCl in dioxane (50 mL) was added to a solution of tert-butyl (R)-3-(3-(6-amino-4-oxo0-4,5-
dihydro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholine-4-carboxylate (12 g, 23.53 mmol, 1 equiv) in 1,4-
dioxane (100 mL, 0.23 M). The mixture was stirred at 15°C for 6 h and then concentrated to afford crude
(R)-6-amino-4-(3-chloro-5-(morpholin-3-yl)phenyl)-1,3,5-triazin-2(1H)-one HCI (8.0 g, 23.2 mmol, 99%
yield) as a yellow solid. The crude product was used to the next step without further purification.
[00275]  Acryloyl chloride (352 mg, 3.89 mmol, 0.5 equiv) was added to a mixture of (R)-6-amino-4-
(3-chloro-5-(morpholin-3-yl)phenyl)-1,3,5-triazin-2(1H)-one HCI (2.4 g, 7.79 mmol, 1 equiv) and N,N-
diisopropylethylamine (2.01 g, 15.59 mmol, 2 equiv) in DCM (50 mL, 0.15 M) at 0°C. The mixture was
stirred at 0°C for 30 minutes. The reaction mixture was poured into water (100 mL) and extracted with
DCM (50 mL*3). The combined organic layer was washed with brine (50 mL), dried over Na,SO.,
filtered, and concentrated. The residue was purified by prep-HPLC (column: Welch Xtimate C18
250*100mm* 1 Qum; mobile phase: [water (NH4sHCO3)-ACN]; B%: 1%-40%, 20 min) to afford the title
compound (600 mg, 1.66 mmol, 21% yield) as a yellow solid. LC-MS m/z: 362.1 [M+1].

[00276] Stereochemistry: single enantiomer of known absolute configuration.

Example 9. Synthesis of (R)-4-(3-(4-acryloylmorpholin-3-vl)-5-chlorophenyl)-1.3-dihvdro-2H-

imidazol-2-one (Compound 184)

Br

[00277]  tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from
Procedure B.

[00278] A solution of 1,3-dihydroimidazol-2-one (15 mg, 0.17 mmol, 1 equiv), tert-butyl (R)-3-(3-
bromo-5-chlorophenyl)morpholine-4-carboxylate (100.8 mg, 0.26 mmol, 1.5 equiv), palladium acetate
(4.01 mg, 0.017 mmol, 0.1 equiv), and sodium acetate (43.9 mg, 0.53 mmol, 3 equiv) in DMSO (2 mL,

0.089 M) was stirred at 80°C for 12 hours. The mixture was poured into water (3 mL), extracted with
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ethyl acetate (2 mL * 2), washed with brine, dried over Na:SOy, filtered, and concentrated under
vacuum. The residue was purified by prep-TLC (SiO2,EtOAc = 1) to give tert-butyl (R)-3-(3-chloro-5-(2-
0x0-2,3-dihydro-1H-imidazol-4-yl)phenyl)morpholine-4-carboxylate (17 mg, 0.045 mmol, 25% yield) as
a yellow oil.

[00279]  Using tert-butyl (R)-3-(3-chloro-5-(2-0x0-2,3-dihydro-1H-imidazol-4-yl)phenyl)morpholine-
4-carboxylate in Step 9 or Procedure B, the title compound was obtained. LC-MS m/z: 334.1 [M+1].

[00280] Stereochemistry: single enantiomer of known absolute configuration.

Example 10. Synthesis of (R)-1-(3-(3-(2-amino-1H-imidazol-4-

2-en-1-one (Compound 193)
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[00281] To a solution of 2-nitro-1H-imidazole (1 g, 8.84 mmol, 1 equiv) in THF (20 mL, 0.44 M)
was added sodium hydride (459 mg, 11.49 mmol, 1.3 equiv) (60% Purity) under N> at 0°C. The reaction
was stirred at 0° for 30 minutes. 2-(trimethylsilyl)ethoxymethyl chloride (1.91 g, 11.49 mmol, 1.3
equiv) was added and the reaction was stirred at 25°C for 2 hours. The reaction was poured into H;O
(100 mL) and the aqueous layer was extracted with ethyl acetate (20 mL x 3). The combined organic
layer was washed with brine (50 mL), dried over Na,SOu, filtered, and concentrated under vacuum. The
crude product was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1
to 5:1) to afford trimethyl-[2-[(2-nitroimidazol- 1-yl)methoxy]ethyl]silane (1.90 g, 7.81 mmol, 88% yield)
as a yellow oil.

[00282] To a solution of trimethyl-[2-[(2-nitroimidazol-1-yl)methoxy]ethyl]silane (2.1 g, 8.62 mmol,
1 equiv) in DMF (10 mL, 0.86 M) and CHCI5 (10 mL) was added N-bromosuccinimide (1.68 g, 9.49
mmol, 1.1 equiv). The reaction was stirred at 20°C for 16 hours. The reaction was poured into H>O (100
mL) and the aqueous layer was extracted with DCM (20 mL x 3). The combined organic layer was
washed with brine (20 mL), dried over Na,;SOy, filtered, and concentrated under vacuum. The crude
product was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1

to 3:1) to afford 2-[(4-bromo-2-nitro-imidazol-1-yl)methoxy]ethyl-trimethyl-silane (1.50 g, 4.66 mmol,
54% yield) as a yellow oil.

[00283] tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholine-4-carboxylate was obtained from Step 7 of Procedure B.

[00284] To a solution of tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)morpholine-4-carboxylate (580 mg, 1.36 mmol, 1 equiv) in 1,4-dioxane (10 mL, 0.11 M)

and water (2.5 mL, 0.11 M) was added 2-[(4-bromo-2-nitro-imidazol-1-yl)methoxy Jethyl-trimethyl-
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silane (661 mg, 2.05 mmol, 1.5 equiv), potassium phosphate tribasic (581 mg, 2.73 mmol, 2 equiv), and
cataCXiumA Pd G2 (91.5 mg, 0.13 mmol, 0.1 equiv) under N». The reaction was stirred at 80°C for 16
hours. The reaction was poured into HO (20 mL) and the aqueous layer was extracted with ethyl acetate
(10 mL x 3). The combined organic layer was washed with brine (20 mL), dried over Na,SO,, filtered,
and concentrated under vacuum. The crude product was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 10:1 to 1:1) to afford tert-butyl (R)-3-(3-chloro-5-(2-nitro-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazol-4-yl)phenyl)morpholine-4-carboxylate (470 mg, 0.87 mmol,

64% yield) as a brown oil.
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[00285] To a solution of tert-butyl (R)-3-(3-chloro-5-(2-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-

2

1H-imidazol-4-yl)phenyl)morpholine-4-carboxylate (300 mg, 0.55 mmol, 1 equiv) in DCM (10 mL,
0.055 M) was added ZnBr-» (250 mg, 1.11 mmol, 2 equiv). The reaction was stirred at 25°C for 16 hours.
The mixture was filtered and concentrated under reduced pressure to afford 342 mg as a crude brown oil.
The product was used for the next step without further purification.

[00286]  To a solution of (R)-3-(3-chloro-5-(2-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazol-4-yl)phenyl)morpholine (342 mg, 0.78 mmol, 1 equiv) in DCM (10 mL, 0.078 M) was

added acrylic acid (84 mg, 1.17 mmol, 1.5 equiv), N,N-diisopropylethylamine (201 mg, 1.55 mmol, 2
equiv), and 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane-2,4,6-trioxide (991 mg, 1.55 mmol, 2
equiv). The reaction mixture was stirred at 25°C for 1 hour. The reaction was poured into H,O (50 mL)
and the aqueous layer was extracted with DCM (10 mL x 3). The combined organic layer was washed
with brine (20 mL), dried over Na:SOy, filtered, and concentrated under vacuum. The crude product was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1 to 1:1) to afford
(R)-1-(3-(3-chloro-5-(2-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)- 1 H-imidazol-4-
yDphenyl)morpholino)prop-2-en-1-one (177 mg, 0.36 mmol, 46% yicld) as ycllow oil.

[00287] To a solution of (R)-1-(3-(3-chloro-5-(2-nitro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazol-4-yl)phenyl)morpholino)prop-2-en-1-one (177 mg, 0.35 mmol, 1 equiv) in ethanol (2 mL, 0.14
M) and water (0.6 mL) was added iron powder (60 mg, 1.07 mmol, 3 equiv) and ammonium chloride (19
mg, 0.35 mmol, 1 equiv). The reaction was stirred at 80°C for 1 hour. The organic layer was filtered and
evaporated to dryness to provide a 166 mg of crude product. The crude material was used into the next
step without further purification.

[00288] To a solution of (R)-1-(3-(3-(2-amino-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-4-
yl)-5-chlorophenyl)morpholino)prop-2-en-1-one (154 mg, 0.33 mmol, 1 equiv) in DCM (2 mL, 0.11 M)

was added trifluoroacetic acid (1 mL, 0.11 M). The reaction was stirred at 25°C for 1 hour. The mixture
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was evaporated to dryness and the residue was purified by Pre-HPLC to afford the title compound (55
mg, 0.165 mmol, 49% yield) as a white solid. LC-MS m/z: 333.0 [M+1].
[00289] Stereochemistry: single enantiomer of known absolute configuration.

Example 11. Synthesis of (R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 208

o] e}
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[00290] (R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-
one was obtained using Procedure D.
[00291] To a solution of (R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin-2-yl)-5-
chlorophenyl)morpholino)prop-2-en-1-one (100 mg, 0.26 mmol, 1 equiv) in DO (2 mL) and THF (1 mL,
0.26 M) was added zinc (granular, 200 mg, 3.06 mmol, 11.63 equiv) and acetic acid-D3 (47 mg, 0.78
mmol, 3 equiv) at 25°C. The mixture was stirred at 40°C for 12 hours under N2. The reaction mixture
was filtered, poured into water (15 mL), and extracted with EtOAc (15 mL * 3). The combined organic

layers were washed with brine (10 mL * 2), dried over Na>SOy, filtered, and concentrated under reduced

pressure. The residue was purified by_prep-HPLC (column: Waters Xbridge Prep OBD C18
150*40mm* 1 Qum; liquid phase: [A-10 mM NH4HCO; in H,O; B-ACN]B%: 15%-45%,8min]) to afford
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one (10 mg, 0.028
mmol, 11% yield) as a white solid. LC-MS m/z: 347.1 [M+1].

[00292] Stereochemistry: single enantiomer of known absolute configuration.
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[00293] (R)-3-(3-bromo-5-chlorophenyl)morpholine was obtained from Step 5 of Procedure B.
[00294]  To a solution of (R)-3-(3-bromo-5-chlorophenylymorpholine (200 mg, 0.72 mmol, 1 equiv)
in MeCN (10 mL, 0.072 M) was added potassium carbonate (199.9 mg, 1.44 mmol, 2 equiv) and 4-
methoxybenzyl chloride (226.51 mg, 1.44 mmol, 2 equiv). The mixture was stirred for 16 hours at 80°C.
The reaction was quenched with water (10 mL) and extracted with EtOAc (20 mL x 2). The combined
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organic layer was washed with brine (10 mL), dried over Na,SOy, filtered, and concentrated. The crude
product was purified by prep-TLC (petroleum ether : EtOAc = 3:1) to afford (R)-3-(3-bromo-5-
chlorophenyl)-4-(4-methoxybenzyl)morpholine (260 mg, 0.65 mmol, 91% yield) as yellow oil.

[00295]  Tetrakis(triphenylphosphine) (2.91 g, 2.52 mmol, 0.2 equiv) and zinc cyanide (1.18 g, 10.08
mmol, 0.8 equiv) were added (o a solution of (R)-3-(3-bromo-5-chlorophenyl)-4-(4-
methoxybenzyl)morpholine (5 g, 12.6 mmol, 1 equiv) in DMF (50 mL, 0.25 M). The mixture was stirred
at 120°C for 16 hours. The reaction mixture was quenched with water (100 mL) and extracted with
EtOAc (50 mL*3). The combined organic layer was washed with water (50 mL*2), brine (50 mL), dried
over Na;SOy, filtered, and concentrated. The residue was purified by MPLC (40 g SEPAFLASH® Silica
Flash Column, Eluent of 0-15% ethyl acetate/petroleum ether gradient) to afford (R)-3-chloro-5-(4-(4-
methoxybenzyl)morpholin-3-yl)benzonitrile (2.50 g, 7.29 mmol, 58% yield) as a colorless oil.

[00296] Sodium methoxide (210.1 mg, 1.16 mmol, 0.2equiv) was added to a solution of (R)-3-
chloro-5-(4-(4-methoxybenzyl )morpholin-3-yl)benzonitrile (2 g, 5.83 mmol, 1 equiv) in methanol (20
mL, 0.29 M). The resulted mixture was stirred at 50°C for 5 hours. The reaction mixture was
concentrated under reduced pressure. The residue was purified by MPLC (12 ¢ SEPAFLASH® Silica
Flash Column, Eluent of 0~20% ethyl acetate/petroleum ether, gradient @ 36 mL/min) to afford (R)-3-
chloro-5-(4-(4-methoxybenzyl)morpholin-3-yl)benzimidate (500 mg, 1.33 mmol, 23% yield) as a white

solid.
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[00297] N-methyl morpholine (674 mg, 6.66 mmol, 5 equiv) and aminourea hydrochloride (148 mg,
1.33 mmol, 1 equiv) were added to a solution of methyl (R)-3-chloro-5-(4-(4-methoxybenzyl)morpholin-
3-yl)benzimidate (500 mg, 1.33 mmol, 1 equiv) in 1,4-dioxane (10 mL, 0.13 M). The resulted mixture
was heated to 120°C and stirred for 16 hours. The reaction mixture concentrated to give a residue. The
residue was purified by MPLC (12 g SEPAFLASH® Silica Flash Column, Eluent of 0~80% Ethyl
acetate/Petroleum ether gradient @ 36 mL/min) to afford (R)-5-(3-chloro-5-(4-(4-
methoxybenzyl)morpholin-3-yl)phenyl)-1H-1,2,4-triazol-3-o0l (300mg, 0.75 mmol, 56% yield).
[00298] The mixture of (R)-5-(3-chloro-5-(4-(4-methoxybenzyl)morpholin-3-yl)phenyl)-1H-1,2,4-
triazol-3-ol (280 mg, 0.69 mmol, 1 equiv) in trifluoroacetic acid (3 mL, 0.23 M) and TfOH (3 mL) was
stirred at 90°C for 2 days. The reaction mixture was poured into saturated aqueous NaHCO; (50 mL) and
extracted with EtOAc (10 mL*3). The combined organic layer was washed with brine (10 mL), dried
over NaxSQy, filtered, and concentrated. The residue was purified by prep-HPLC (column: Waters
Xbridge BEH C18 100*30 mm* 10 um; mobile phase: [water (NH4sHCO3)-ACN]; B%: 1%-30%, 10 min).
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[00299]  Acrylic acid (14.11 mg, 0.19 mmol, 1.1 equiv), N,N-diisopropylethylamine (446 mg, 3.45
mmol), and 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane-2,4,6-trioxide (283 mg, 0.44 mmol, 2.5
equiv) were added to a solution of (R)-5-(3-chloro-5-(morpholin-3-yl)phenyl)-1H-1,2,4-triazol-3-ol (50
mg, 0.17 mmol, 1 equiv) in DCM (1 mL, 0.17 M) at 0°C. The resulted mixture was stirred at 0°C for 30
minutes. The reaction mixture was purified by prep-TLC (EtOAc: MeOH=10:1) and prep-HPLC
(column: Waters Xbridge BEH C18 100*30 mm* 10 um; mobile phase: [water (NH4sHCO3)-ACN]; B%:
15%-45%, 8 min.) to afford (R)-1-(3-(3-chloro-5-(3-hydroxy-1H-1,2 4-triazol-5-
ylphenyl)morpholino)prop-2-en-1-one (1.9 mg, 0.0055 mmol, 3% yield) as a white solid. LC-MS m/z:
335.1 [M+1].

[00300] Stereochemistry: single enantiomer of known absolute configuration.

Example 13. Synthesis of (R)-1-(3-(3-(4-amino-1H-pyrazol-1-yl)-5-chlorophenyl)morpholino)prop-

2-en-1-one (Compound 211)
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[00301] (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino) prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00302] To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholino)prop-2-en-1-one (300 mg, 0.79 mmol, 1 equiv) in MeCN (8 mL, 0.099 M) was
added 4-nitro-1H-pyrazole (233 mg, 2.06 mmol, 2.6 equiv), boric acid (294 mg, 4.76 mmol, 6

equiv), 4A molecular sieves (300 mg), and copper (II) acetate (72 mg, 0.39 mmol, 0.5 equiv) at 25°C.
The mixture was stirred at 90°C tor 12 hours. The reaction mixture was filtered and concentrated under
reduced pressure. The residue was purified by prep-HPLC (column: Waters Xbridge Prep OBD C18
150*40mm* 1 0um; liquid phase: [A-10mM NH4sHCOs in H20; B-ACN]B%: 35%-55%,8min]) to afford
(R)-1-(3-(3-chloro-5-(4-nitro-1H-pyrazol-1-yl)phenyl)morpholino)prop-2-en-1-one (50 mg, 0.138 mmol,
17% yield) as a yellow solid.

[00303] To a solution of (R)-1-(3-(3-chloro-5-(4-nitro-1H-pyrazol-1-yl)phenyl)morpholino)prop-2-
en-1-one (50 mg, 0.13 mmol, 1 equiv) in ethanol (3 mL, 0.028 M), water (1.5 mL, 0.028 M) and acetic
acid (0.30 mL, 0.028 M) was added zinc (granular, 31.53 mg, 0.48 mmol, 3.5 equiv) at 0°C. The mixture
was stirred at 0°C for 30 minutes. The reaction mixture was poured into water (15 mL) and extracted
with EtOAc (15 mL * 3). The combined organic layers were washed with brine (10 mL * 2), dried over
NasSOy, filtered, and concentrated under reduced pressure. The residue was purified by prep-HPLC
(column: Waters Xbridge BEH C18 100*30mm*10um; liquid phase: [A-10 mM NH;HCOs3 in H,O; B-
ACN]B%: 20%-40%,8min]) to afford (R)-1-(3-(3-(4-amino- 1H-pyrazol-1-yl)-5-
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chlorophenyl)morpholino)prop-2-en-1-one (6.6 mg, 0.019 mmol, 14% yield) as brown solid. LC-MS
m/z: 333.1 [M+1].

[00304] Stereochemistry: single enantiomer of known absolute configuration.

Example 14. Synthesis of (R)-1-(3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en-

1-one (Compound 212)
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[00305]  tert-butyl (R)-3-(3-chloro-5-(methoxycarbonyl)phenyl)morpholine-4-carboxylate was

obtained from step 1 of the synthesis to Compound 177 .

[00306] NaH (40 mg, 1.68 mmol, 3 equiv) was added to a solution of acetonitrile (46 mg, 1.12 mmol,
2 equiv) in THF (3 mL, 0.18 M) and stirred for 15 minutes before addition of tert-butyl (R)-3-(3-chloro-
5-(methoxycarbonyl)phenyl)morpholine-4-carboxylate (200 mg, 0.56 mmol, 1 equiv) at 25°C. The
mixture was stirred at 60°C for 1 hour under N»>. The reaction mixture was poured into saturated aqueous
NH4CI (6 mL) and extracted with EtOAc (6 mL * 3). The combined organic layers were washed with
brine (5 mL * 2), dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue
was purified by prep-TLC (SiO2, PE:EtOAc = 1:1) to afford tert-butyl (R)-3-(3-chloro-5-(2-
cyanoacetyl)phenyl)morpholine-4-carboxylate (100 mg, 0.274 mmol, 49% yield).

[00307]  To a solution of tert-butyl (R)-3-(3-chloro-5-(2-cyanoacetyl)phenyl)morpholine-4-
carboxylate (100 mg, 0.27 mmol, 1 equiv) in methanol (3 mL, 0.091 M) was added hydroxylamine
hydrochloride (57 mg, 0.82 mmol, 3 equiv) at 25°C. The mixture was stirred at 25°C for 16 hours under
Na. The reaction mixture was poured into saturated aqueous NH4Cl (6 mL) and extracted with EtOAc (6
mL * 3). The combined organic layers were washed with brine (5 mL * 2), dried over Na»SQs, filtered,
and concentrated under reduced pressure. The residue was purified by prep-TLC (SiOz, EtOAc) to
afford tert-butyl (R)-3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholine-4-carboxylate (70 mg,
0.184 mmol, 67% yield).

[00308]  To a solution of tert-butyl (R)-3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholine-4-
carboxylate (70 mg, 0.18 mmol, 1 equiv) in DCM (3 mL, 0.061 M) was added THF (1 mL) at 0°C. The
mixture was stirred at 25°C for 1 hour under N»>. The reaction mixture was poured into saturated aqueous
NH.CI (6 mL) and extracted with DCM (6 mL * 3). The combined organic layers were washed with
brine (5 mL * 2), dried over Na,SOs, filtered, and concentrated under reduced pressure to afford

crude (R)-3-(3-chloro-5-(morpholin-3-yl)phenyl)isoxazol-5-amine (51 mg, 0.182 mmol, 99% yield).
[00309] To a solution of (R)-3-(3-chloro-5-(morpholin-3-yl)phenyl)isoxazol-5-amine (104 mg, 0.37
mmol, 1 equiv) in DCM (5 mL, 0.078 M) was added DIEA (120 mg, 3 equiv) and acryloyl chloride (16
mg, 0.18 mmol, 0.5 equiv) at 0°C. The mixture was stirred at 25°C for 1 hour under N2. The reaction

mixture was poured into saturated aqueous NH4Cl (6 mL) and extracted with DCM (6 mL * 3). The
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combined organic layers were washed with brine (5 mL * 2), dried over Na,SOy, filtered, and
concentrated under reduced pressure. The residue was purified by Prep-TLC (EtOAc) to afford (R)-1-(3-
(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one (30 mg, 0.089 mmol, 24% yield)
as a pale yellow solid. LC-MS m/z: 334.1 [M+1].

[00310]  Stereochemistry: single enantiomer of known absolute configuration.

Example 15. Synthesis of (R)-1-(3-(3-(3-amino-1H-1,2.4-triazol-1-yl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 215)
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[00311] (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00312] To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholino)prop-2-en-1-one (400 mg, 1.05 mmol, 1 equiv) in MeCN (8 mL, 0.13 M) was
added 3-nitro-1H-1,2,4-triazole (314 mg, 2.75 mmol, 2.6 equiv), boric acid (392 mg, 6.35 mmol, 6
equiv), 4A molecular sieves (400 mg), and copper diacetate (96 mg, 0.52 mmol, 0.5 equiv) at 25°C. The
mixture was stirred at 80°C for 12 hours under O,. The reaction mixture was filtered and concentrated
under reduced pressure. The residue was purified by flash silica gel chromatography (ISCO®; 12 g
SEPAFLASH® Silica Flash Column, Eluent of 20-60% Ethyl acetate/Petroleum ether gradient @ 60
mL/min) to afford (R)-1-(3-(3-chloro-5-(3-nitro-1H-1,2,4-triazol-1-yl)phenyl)morpholino)prop-2-en-1-
one (80 mg, 0.22 mmol, 21% yield) as a yellow oil.

[00313] To a solution of (R)-1-(3-(3-chloro-5-(3-nitro-1H-1,2,4-triazol-1-
yDphenyl)morpholino)prop-2-en-1-one (80 mg, 0.22 mmol, | equiv) in ethanol (2 mL), water (1

mL) and acetic acid (0.2 mL) was added zinc, granular (50 mg, 0.76 mmol, 3.5 equiv) at 0°C and stirred
for 30 minutes. The reaction mixture was poured into water (15 mL) and extracted with EtOAc (15 mL *
3). The combined organic layers were washed with brine (10 mL * 2), dried over Na;SOy, filtered, and
concentrated under reduced pressure. The residue was purified by prep-TLC (EA:MeOH=5:1) to afford
(R)-1-(3-(3-(3-amino-1H-1,2,4-triazol- 1-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one (38 mg, 0.11
mmol, 51% yield) as a white solid. LC-MS m/z: 334.1 [M+1].

[00314] Stereochemistry: single enantiomer of known absolute configuration.
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Example 16. Synthesis of (R)-2-(3-(4-acryloylmorpholin-3-y1)-5-chlorophenyvl)oxazole-5-

carboxamide (Compound 220
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[00315] (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.
[00316] A solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholino)prop-2-en-1-one (1200 mg, 2.83 mmol), ethyl 2-bromooxazole-5-carboxylate (560
mg, 2.54 mmol, 0.9 equiv), potassium carbonate (782.8 mg, 5.66 mmol), and Pd(dppf)Cl2 (204 mg, 0.28
mmol, 0.1 equiv) in 1,4-dioxane (12 mL, 0.18 M) and water (3 mL, 0.18 M) was stirred at 80°C for 12
hours under N2. The reaction mixture was poured into H2O (10 mL) and extracted with ethyl acetate (10
mL*3). The combined organic layers were washed with brine (20 mL), dried over Na,SO, filtered, and
concentrated under pressure. The crude residue was purified by flash column chromatography
(PE=EA=3:1) to afford tert-butyl (R)-3-(3-chloro-5-(5-(ethoxycarbonyl)oxazol-2-yl)phenyl)morpholine-
4-carboxylate (740 mg, 1.69 mmol, 60% yield) as a yellow oil.
[00317] tert-butyl (R)-3-(3-chloro-5-(5-(ethoxycarbonyl)oxazol-2-yl)phenyl)morpholine-4-
carboxylate (740 mg, 1.69 mmol, 1 equiv) and lithium hydroxide monohydrate (284 mg, 6.77 mmol, 4
equiv) in THF (6 mL, 0.23 M) and water (1.2 mL, 0.23 M) were stirred at 25°C for 3 hours. The reaction
mixture was diluted with H-O (10mL) and extracted with MTBA (10 mL*2). 1M aq. HCI was added
to adjust the pH to 4~5. The water phase was extracted with ethyl acetate (10 mL*2). The combined
organic layers were washed with brine (50 mL), dried over Na,SO,, filtered, and concentrated to afford
(R)-2-(3-(4-(tert-butoxycarbonyl)morpholin-3-yl)-5-chlorophenyl)oxazole-5-carboxylic acid (560 mg,
1.37 mmol, 81% yield) as a yellow oil.
[00318]  To asolution of (R)-2-(3-(4-(tert-butoxycarbonyl)morpholin-3-yl)-5-chlorophenyljoxazole-
5-carboxylic acid (150 mg, 0.36 mmol, 1 equiv) in THF (2 mL, 0.18 M) was added ammonium
bicarbonate (58 mg, 0.73 mmol, 2 equiv), pyridine (58 mg, 0.73 mmol, 2 cquiv), and di-tert-butyl
dicarbonate (160 mg, 0.73 mmol, 2 equiv) at 25°C under N; and stirred for 12 hours. The reaction
mixture was diluted with H>O (5 mL) and extracted with ethyl acetate (5 mL*2). The combined organic
layers were washed with brine (10 mL), dried over Na,SOs, filtered, and concentrated to afford tert-butyl
(R)-3-(3-(5-carbamoyloxazol-2-yl)-5-chlorophenyl)morpholine-4-carboxylate (130 mg, 0.319 mmol,
87% yield) as a yellow solid.
[00319] tert-butyl (R)-3-(3-(5-carbamoyloxazol-2-yl)-5-chlorophenyl)morpholine-4-carboxylate was
used in Step 9 of Procedure B to obtain the title compound. LC-MS ny/z: 334.1 [M+1].
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[00320]  Stereochemistry: single enantiomer of known absolute configuration.

Example 17. Synthesis of (R)-1-(3-(3-chloro-5-(4-((3-(dimethylamine)propyl)amino)-1,3.5-triazin-2-

yDphenyl)morpholino)prop-2-en-1-one (Compound 221)
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[00321] To a solution of 3-amino-1-propanol (601 mg, 8.0 mmol, 1.2 equiv) in 1,4-dioxane (10 mL,
0.66 M) was added DIEA (1.3equiv) and 2,4-dichloro-1,3,5-triazine (1 g, 6.66 mmol) and stirred at 35°C
for 2 hours under N». The reaction was poured into water (15 mL). The aqueous phase was extracted
with EtOAc (10 mL * 3). The combined organic phase was washed with brine (10 mL), dried with
anhydrous Na2SOs, filtered, and concentrated under vacuum. The residue was purified by column
chromatography (petroleum ether/ethyl acetate = 2/1 to 0/1) to afford 3-[(4-chloro-1,3,5-triazin-2-
yl)aminoJpropan-1-ol (820 mg, 4.35 mmol, 65% yield) as a yellow solid.

[00322] (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00323]  To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholino)prop-2-en-1-one (1505.3 mg, 3.55 mmol, | equiv) in 1,4-dioxane (10 mL, 0.22
M), H20 (1.8 mL) was added 3-[(4-chloro-1,3,5-triazin-2-yl)amino]propan-1-ol (670 mg, 3.55 mmol, 1
equiv), KoCOs (2 eq, 981 mg), and Pd(PPhs)4 (0.1 eq, 411 mg) under N; and stirred for 3 hours at 80°C.
The reaction was poured into water (15 mL). The aqueous phase was extracted with DCM (10 mL * 3).
The combined organic phase was dried with anhydrous Na>SQy, filtered, and concentrated under vacuum
to afford tert-butyl (R)-3-(3-chloro-5-(4-((3-hydroxypropyl)amino)-1,3,5-triazin-2-
yDphenyl)morpholine-4-carboxylate (500 mg, 1.11 mmol, 31% yield) as a yellow solid.

[00324]  To a solution of tert-butyl (R)-3-(3-chloro-5-(4-((3-hydroxypropyl)amino)-1,3,5-triazin-2-
yDphenyl)morpholine-4-carboxylate (200 mg, 0.44 mmol, 1 equiv) in DCM (5 mL, 0.08 M) was

added Dess—Martin periodinane (245.1 mg, 0.57 mmol) and stirred at 20°C for 2 hours under N,. The
reaction was poured into water (8mL). The aqueous phase was extracted with DCM (5 mL*3). The
combined organic phase was washed with brine (10 mL*2), dried with anhydrous Na>SOu, filtered, and
concentrated under vacuum. The residue was purified by prep-TLC (EtOAc) to afford tert-butyl (R)-3-
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(3-chloro-5-(4-((3-oxopropyl)amino)- 1,3,5-triazin-2-yl)phenyl)morpholine-4-carboxylate (40 mg, 0.089
mmol, 20% yield) as a yellow solid.

[00325] To a solution of tert-butyl (R)-3-(3-chloro-5-(4-((3-oxopropyl)amino)-1,3,5-triazin-2-
yl)phenyl)morpholine-4-carboxylate (40 mg, 0.089 mmol, 1 equiv) in DCM (5 mL, 0.018 M) was

added dimethylamine hydrochloride (11 mg, 0.13mmol) and stirred at 20°C for 12 hours under Na2. The
reaction was poured into water (8 mL). The aqueous phase was extracted with EtOAc (5 mL*3). The
combined organic phase was washed with brine (10 mL*2), dried with anhydrous Na»SQy, filtered, and
concentrated under vacuum to afford tert-butyl (R)-3-(3-chloro-5-(4-((3-(dimethylamino)propyl)amino)-
1,3,5-triazin-2-yl)phenyl)morpholine-4-carboxylate (100 mg, 0.084 mmol, 94% yield).

[00326] tert-butyl (R)-3-(3-chloro-5-(4-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-
yl)phenyl)morpholine-4-carboxylate was used in step 9 of Procedure B to afford the title compound. LC-
MS nv/z: 431.3 [M+1].

[00327] Stereochemistry: single enantiomer of known absolute configuration.

R0 NO, NO, NH; NH, e

[00328]  tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from Step
6 of Procedure B.

[00329]  To a solution of tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (3 g,
7.96 mmol, 1 equiv) in DMF (30 mL, 0.26 M) was added sodium carbonate (2.53 g, 23.8 mmol, 3
cquiv), tricthylsilane (2.31 g, 19.91 mmol, 2.5 equiv), and Pd(dppf)Cl, (404.57 mg, 0.55 mmol,
0.07equiv). The suspension was degassed and purged with CO several times and then stirred for 16 hours
at 80°C under CO (50psi). The reaction mixture was filtered, and the filtrate was concentrated. The
mixture was poured into water (50 mL), extracted with ethyl acetate (30 mL * 2), washed with brine,
dried over Na SOy, filtered, and concentrated under vacuum. The residue was purified by column
chromatography (SiOa, petroleum ether/ethyl acetate=1/1 to 5/1) to afford tert-butyl (R)-3-(3-chloro-5-
formylphenyl)morpholine-4-carboxylate (2.00 g, 6.14 mmol, 77% yield) as yellow oil.

[00330] Nitromethane (937 mg, 15.31 mmol, 50 equiv) was added to a mixture tert-butyl (R)-3-(3-
chloro-5-formylphenyl)morpholine-4-carboxylate (100 mg, 0.31 mmol, 1 equiv) and Al>O; (100 mg).
The mixture was stirred at 95°C for 4 hours. The mixture was filtered and washed with EtOAc (10 mL).
After 10% aqueous citric acid solution (10 mL) was added, the mixture was extracted with EtOAc three

times and the combined organic layer was dried over Na,SOs, filtered, and concentrated under vacuum to
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afford tert-butyl (R)-3-(3-chloro-5-(1,3-dinitropropan-2-yl)phenyl)morpholine-4-carboxylate (100 mg,
0.23 mmol, 76% yield) as a yellow oil.

[00331]  To a solution of tert-butyl (R)-3-(3-chloro-5-(1,3-dinitropropan-2-yl)phenyl)morpholine-4-
carboxylate (600 mg, 1.39 mmol, 1 equiv) and 1,3,5-trichlorobenzene (253 mg, 1.39 mmol, | equiv) in
THF (1 mL, 1.39 M) was added PtO: (10 mg) at 25°C under Ar. The reaction was stirred at 25°C for 12
hours under H, (50 PSI). The organic layer was filtered and evaporated to dryness. The crude residue
was purified by prep-HPLC (column: Phenomenex Luna C18 75*30mm*3um; liquid phase: [A-
TFA/H20=0.075% v/v; B-ACN]B%: 1%-30%,8min]) to afford tert-butyl (R)-3-(3-chloro-5-(1,3-
diaminopropan-2-yl)phenyl)morpholine-4-carboxylate (100 mg, 0.270 mmol, 20% yield) as a white
solid.

[00332]  To a solution of tert-butyl (R)-3-(3-chloro-5-(1,3-diaminopropan-2-yl)phenyl)morpholine-4-
carboxylate (40 mg, 0.11 mmol, 1 equiv) in THF (1 mL, 0.11 M) was slowly added 1,1'-carbonyl-
diimidazole (17 mg, 0.11 mmol, 1 equiv) in THF (0.5 mL) under N2 at 25°C and stirred for 16 hours.
The solution was concentrated under vacuum and the residue was purified by prep-TLC (SiO»,
EA:MeOH = 5:1) to afford tert-butyl (R)-3-(3-chloro-5-(2-oxohexahydropyrimidin-5-
yl)phenyl)morpholine-4-carboxylate (40 mg, 0.101 mmol, 93% yield) as a yellow oil.

[00333] tert-butyl (R)-3-(3-chloro-5-(2-oxohexahydropyrimidin-5-yl)phenyl)morpholine-4-
carboxylate was used in Step 9 of Procedure B to afford the title compound. LC-MS m/z: 350.2 [M+1].

[00334]  Stereochemistry: single enantiomer of known absolute configuration.

Example 19. Synthesis of (R)-2-(3-(4-acryvloylmorpholin-3-yl)-5-chlorophenvl)oxazole-4-

carboxamide (Compound 224
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[00335] (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00336] A solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholino)prop-2-en-1-one (2.4 g, 5.66 mmol), ethyl 2-bromooxazole-4-carboxylate (1.24 g,
5.66 mmol, 1 equiv), potassium carbonate (1.56 g,11.32 mmol), and Pd(dppf)Cl, (0.41 g, 0.56 mmol, 0.1
equiv) in 1,4-dioxane (25 mL, 0.18 M) and water (5 mL, 0.18 M) was stirred at 80°C for 16 hours under
N2. The reaction mixture was poured into H>O ( 30mL) and extracted with ethyl acetate (20 mL*3). The
combined organic layers were washed with brine (50 mL), dried over Na,SOs, filtered, and concentrated
under vacuum. The crude residue was purified by column chromatography (PE:EA = 0:1-1:1) to afford
tert-butyl (R)-3-(3-chloro-5-(4-(ethoxycarbonyl)oxazol-2-yl )phenyl)morpholine-4-carboxylate (2.10 g,
4.81 mmol, 85% yield).
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[00337] A solution of tert-butyl (R)-3-(3-chloro-5-(4-(ethoxycarbonyl)oxazol-2-
yDphenyl)morpholine-4-carboxylate (0.50 g, 1.14 mmol) and LiOH (0.18 g, 4.43 mmol, 4 equiv) in THF
(5 mL, 0.18 M) and water (1.2 mL, 0.18 M) at 25°C under N, was stirred for 3 hours. The reaction
mixture was diluted with HO (10 mL) and extracted with MTBA (10 mL*2). Aqueous HCI (1 M) was
added to the water phase to adjust pH to 4-5. The water phase was extracted with ethyl acetate (10
mL*3). The combined organic layers were washed with brine (20 mL), dried over Na,SO.,, filtered, and
concentrated under reduced pressure to give the (R)-2-(3-(4-(tert-butoxycarbonyl)morpholin-3-yl)-5-
chlorophenyl)oxazole-4-carboxylic acid (0.43 g).

[00338]  To a solution of (R)-2-(3-(4-(tert-butoxycarbonyl)morpholin-3-yl)-5-chlorophenyljoxazole-
4-carboxylic acid (200 mg, 0.48 mmol, 1 equiv) in THF (2 mL, 0.24 M) was added ammonium
bicarbonate (77 mg, 0.97 mmol, 2 equiv), pyridine (77.39 mg, 0.97 mmol, 2 equiv), and di-tert-butyl
dicarbonate (213.53 mg, 0.97 mmol, 2 equiv) at 25°C under N and stirred for 12 hours. The reaction
mixture was diluted with H>O (5 mL) and extracted with ethyl acetate (5 mL*2). The combined organic
layers were washed with brine (10 mL), dried over Na>SQy, filtered, and concentrated under reduced
pressure to give tert-butyl (R)-3-(3-(4-carbamoyloxazol-2-yl)-5-chlorophenyl)morpholine-4-carboxylate
(220 mg).

[00339] tert-butyl (R)-3-(3-(4-carbamoyloxazol-2-yl)-5-chlorophenyl)morpholine-4-carboxylate was
used in Step 9 of Procedure B to afford the title compound. LC-MS m/z: 362.0 [M+1].

[00340]  Stereochemistry: single enantiomer of known absolute configuration.

Example 20. Synthesis of (R)-4-(3-(4-acrvloylmorpholin-3-yl)-5-chlorophenvl)piperazin-2-one

Compound 228
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[00341]  tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholinc-4-carboxylate was obtained from Step
6 of Procedure B.

[00342] A solution of palladium (IT) acetate (40.53 mg, 0.18 mmol, 0.10 equiv) and binap (racemic)
(224 mg, 0.36 mmol, 0.20 equiv) in 1,4-dioxane (40 mL, 0.045 M) under N, was stirred at 40°C for 30
min. tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (680 mg, 1.81 mmol, 1 equiv),
1-boc-2-oxopiperazine (361.47 mg, 1.81 mmol, 1 equiv), and cesium carbonate (882.3 mg, 2.70 mmol,
1.5 equiv) were added and the solution was stirred at 80°C for 12 hours. The reaction mixture was
poured into H>O (100 mL) and extracted with EtOAc (100 mL * 3). The combined organic layers were
washed with brine (80 mL), dried over Na»SQy, filtered, and concentrated under reduced pressure. The

residue was purified by flash silica gel chromatography (ISCO®; 40 ¢ SEPAFLASH® Silica Flash
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Column, Eluent of 0-70% ethyl acetate/petroleum ether gradient @ 80 mL/min) to afford tert-butyl (R)-
3-(3-(4-(tert-butoxycarbonyl)-3-oxopiperazin-1-yl)-5-chlorophenyl)morpholine-4-carboxylate (650mg,
1.31 mmol, 73% yield).

[00343] tert-butyl (R)-3-(3-(4-(tert-butoxycarbonyl)-3-oxopiperazin-1-yl)-5-
chlorophenyl)morpholine-4-carboxylate was used in Step 9 of Procedure B to afford the title compound.
LC-MS m/z: 349.8 [M+1].

[00344] Stereochemistry: single enantiomer of known absolute configuration.

Example 21. Synthesis of (R)-1-(3-(3-(4-amino-6-((3-(dimethylaming)propyl)amino)-1.3.5-triazin-2-

[00345] A solution of 4,6-dichloro-1,3,5-triazin-2-amine (1 g, 6.06 mmol, 1 equiv) in 1,4-dioxane (10
mL, 0.61 M), DIEA (1.3 eq, 1.01 g), and 3-amino-1-propanol (546.32 mg,7.27 mmol) was stirred at 35°C
for 2 hours under N,. The reaction was poured into water (15 mL). The aqueous phase was extracted
with EtOAc (10 mL * 3). The combined organic phase was washed with brine (10 mL), dried with
anhydrous Na>SQy, filtered, and concentrated under vacuum. The residue was purified by column
chromatography (petroleum ether/ethyl acetate = 2/1 to 0/1) to atford 3-[(4-amino-6-chloro-1,3,5-triazin-
2-yl)amino]propan-1-ol (1.00 g, 4.91 mmol, 81% yield) as yellow solid.

[00346]  (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00347]1  To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenylymorpholino)prop-2-en-1-one (228.9 mg, 0.54 mmol, 1.1 equiv) in 1,4-dioxane (2 mL, 0.15 M)
and H->O (1.8 mL) was added 3-[(4-amino-6-chloro-1,3,5-triazin-2-yl)amino]propan-1-ol (100 mg, 0.49
mmol, 1 equiv), KoCOs3 (2 eq, 65 mg), and Pd(PPhs), (0.1 eq, 30 mg) and stirred for 12 hours at

80°C under N,. The reaction was poured into water (8§ mL). The aqueous phase was extracted with DCM
(10 mL * 3). The combined organic phase was dried with anhydrous Na,SO,, filtered, and concentrated
under vacuum. The residue was purified by column chromatography (SiO,, petroleum ether/ethyl acetate
=2/1 to 0/1) to afford tert-butyl (R)-3-(3-(4-amino-6-((3-hydroxypropyl)amino)-1,3,5-triazin-2-yl)-5-
chlorophenyl)morpholine-4-carboxylate.
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[00348]  To a solution of tert-butyl (R)-3-(3-(4-amino-6-((3-hydroxypropyl)amino)-1,3,5-triazin-2-
yD)-5-chlorophenyl)morpholine-4-carboxylate (500 mg, 1.04 mmol, 1 equiv) in DCM (5 mL, 0.21

M) was added Dess—Martin periodinane (592.95 mg, 1.39 mmol) and stirred at 20°C for 2

hours under N». The reaction was poured into water (8 mL). The aqueous phase was extracted with
DCM (5 mL*3). The combined organic phase was washed with brine (10 mL*2), dried with anhydrous
NaySOy, filtered, and concentrated under vacuum to afford tert-butyl (R)-3-(3-(4-amino-6-((3-
oxopropyl)amino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholine-4-carboxylate (450 mg, 0.680 mmol,
63% yield).

[00349] To a solution of tert-butyl (R)-3-(3-(4-amino-6-((3-oxopropyl)amino)-1,3,5-triazin-2-yl)-3-
chlorophenyl)morpholine-4-carboxylate (450 mg, 0.91 mmol, 1 equiv) in DCM (5 mL, 0.19 M) was
added dimethylamine hydrochloride (119 mg, 1.46 mmol) and sodium triacetoxyborohydride (515 mg,
2.43 mmol) and stirred at 20°C for 12 hours under N,. The reaction was poured into water (§mL). The
aqueous phase was extracted with DCM (5 mL*3). The combined organic phase was washed with brine
(10 mL*2), dried with anhydrous Na2SO4, filtered, and concentrated under vacuum to afford tert-butyl
(R)-3-(3-(4-amino-6-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-yl)-5-chlorophenyl )morpholine-
4-carboxylate (280 mg, 0.39 mmol, 41% yield).

[00350] tert-butyl (R)-3-(3-(4-amino-6-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-yl)-3-
chlorophenyl)morpholine-4-carboxylate was used in Step 9 or Procedure B to afford the title compound.

LC-MS m/z: 446.3 [M+1]. Stereochemistry: single enantiomer of known absolute configuration.

Example 22. Synthesis of (R)-1-(3-(3-chloro-5-(2-thioxohexahydropyrimidin-5-

1)phenyl)morpholino)prop-2-en-1-one (Compound 233
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[00351] tert-butyl (R)-3-(3-chloro-5-(1,3-diaminopropan-2-yl)phenyl)morpholine-4-carboxylate was
obtained from Step 3 of the synthesis for Compound 222.

[00352]  To a solution of tert-butyl (R)-3-(3-chloro-5-(1,3-diaminopropan-2-yl)phenyl)morpholine-4-
carboxylate (320 mg, 0.86 mmol, 1 equiv) in THF (1 mL, 0.86 M) was slowly added di(imidazol-1-
yl)methanethione (154 mg, 0.86 mmol, 1 equiv) in THF (0.5 mL) and then stirred for 16 hours. The
residue was purified by prep-TLC (SiO2, EA:MeOH = 10:1) to give tert-butyl (R)-3-(3-chloro-5-(2-
thioxohexahydropyrimidin-5-yl)phenyl)morpholine-4-carboxylate (100 mg, 0.24 mmol, 28% yield).
[00353] tert-butyl (R)-3-(3-chloro-5-(2-thioxohexahydropyrimidin-5-yl)phenyl)morpholine-4-
carboxylate was used in Step 9 of Procedure B to afford the title compound. LC-MS m/z: 366.2 [M+1].

[00354]  Stereochemistry: single enantiomer of known absolute configuration.
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Example 23. Synthesis of (R)-1-(3-(3-(2-aminooxazol-5-yl)-5-chlorophenyl)morpholino)prop-2-cn-

1-one (Compound 234)
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[00355]  tert-butyl (R)-3-(3-chloro-5-formylphenyl)morpholine-4-carboxylate was obtained from Step
2 of the synthesis of Compound 222.

[00356]  To a solution of (methoxymethyl)triphenylphosphonium chloride (136.79 mg, 0.39 mmol,
1.3 equiv) in THF (3 mL, 0.10 M) was added sodium bis(trimethylsilyl)amide (1.3 equiv) at 0°C. The
mixture was stirred for 1 hour at 0°C. tert-butyl (R)-3-(3-chloro-5-formylphenyl)morpholine-4-
carboxylate (100 mg, 0.31 mmol) was then added at 0°C and the mixture was stirred for 2 hours. The
reaction mixture was poured into water (10mL). The aqueous layer was extracted with ethyl acetate (20
mL*2). The combined organic layers were washed with brine (50 mL), dried over Na,SO4, and
evaporated to dryness. The crude product was purified by prep-TLC (PE:EtOAc = 3:1) to afford tert-
butyl (R,Z)-3-(3-chloro-5-(2-methoxyvinyl)phenyl)morpholine-4-carboxylate (130 mg) as a colorless oil.
[00357]  To a solution of tert-butyl (R,Z)-3-(3-chloro-5-(2-methoxyvinyl)phenyl)morpholine-4-
carboxylate (130 mg,0.36 mmol) in 1,4-dioxane (2 mL, 0.09 M) and water (2 mL) was added N-
bromosuccinimide (71 mg, 0.40 mmol, 1.1 equiv) at 0°C and stirred 1 hour. Urea (22. mg, 0.36 mmol, 1
equiv) was added and stirred at 70°C for 16 hours. The mixture was evaporated to dryness and the crude
product was purified by prep-HPLC (column: Phenomenex C18 75*30mm*3um; liquid phase: [prep-
HPLC (column: Phenomenex C18 75*30mm*3um; liquid phase: [A-10mM NH4HCO; in H>O; B-ACN]
B%: 25%-70%, 8min))) to afford tert-butyl (R)-3-(3-(2-aminooxazol-5-yl)-5-chlorophenyl)morpholine-
4-carboxylate (15 mg, 0.039 mmol, 11% yield).

[00358]  tert-butyl (R)-3-(3-(2-aminooxazol-5-yl)-5-chlorophenyl)morpholine-4-carboxylate was used
in Step 9 of Procedure B to afford the title compound. LC-MS m/z: 334.0 [M+1].

[00359]  Stereochemistry: single enantiomer of known absolute configuration.

Example 24. Synthesis of 1-((R)-3-(3-chloro-5-((S)-5-thioxomorpholin-2-

yDphenyl)morpholino)prop-2-en-1-one and 1-((R)-3-(3-chloro-5-((R)-5-thioxomorpholin-2-

1)phenyl)morpholino)prop-2-en-1-one (Compounds 240 and 241
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[00360] tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from Step
6 of Procedure B.
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[00361]  To a solution of tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (20 g,
53 mmol, 1 equiv) and potassium vinyltrifluoroborate (8.53 g, 63.71 mmol, 1.2 equiv) in ethanol (200
mL, 0.26 M) was added triethylamine (16.11 g, 159.29 mmol, 3 equiv) and Pd(dppf)Cl, DCM complex
(430.4 mg, 0.53 mmol, 0.01 equiv) under N> and then stirred for 1 hour at 85°C. The reaction mixture
was concentrated under reduced pressure. The crude product was purified by flash silica gel
chromatography (Silica Flash Column 12 g, Eluent of 30-70% ethyl acetate/petroleum ether gradient @
60 mL/min) to give tert-butyl (R)-3-(3-chloro-5-vinylphenyl)morpholine-4-carboxylate (20.80 g) as a
pale yellow oil.

[00362]  To a solution of tert-butyl (R)-3-(3-chloro-5-vinylphenyl)morpholine-4-carboxylate (5 g,
15.44 mmol, 1 equiv) in DCM (50 mL, 0.31 M) was added 3-chloroperbenzoic acid (6.66 g, 30.88 mmol,
2 equiv) at 0°C. The mixture was stirred for 5 hours at 25°C. An aqueous solution of Na>SO; (50 mL)
was added to the reaction mixture and then stirred for 30 minutes. The mixture was extracted with DCM
(50 mL * 3). The combined organic layer was washed with saturated aqueous NaHCOs (50 mL*2), brine
(50 mL), dried over Na»>SOy, filtered, and concentrated. The residue was purified by flash silica gel
chromatography (ISCO®; 80 g SEPAFLASH? Silica Flash Column, Eluent of 0-50% ethyl
acetate/petroleum ether gradient @ 100 mL/min) to give tert-butyl (3R)-3-(3-chloro-5-(oxiran-2-
yDphenyl)morpholine-4-carboxylate (2.50 g, 7.36 mmol, 48% yield).

[00363] tert-butyl (3R)-3-(3-chloro-5-(oxiran-2-yl)phenyl)morpholine-4-carboxylate (2.5 g, 7.35
mmol, 1 equiv) in a large excess of ammonia methanol (26.27 mL, 183 mmol, 25 equiv) was stirred for
12 hours at 70°C. The reaction mixture was concentrated under reduced pressure to give tert-butyl (3R)-
3-(3-(2-amino-1-hydroxyethyl)-5-chlorophenyl)morpholine-4-carboxylate (2.30 g, 6.45 mmol, 88%
yield) as a yellow solid. Purity of 55% was assigned by '"H NMR.

NJOLOJ< (\NJLOJ< (\NJLOJ< O’i a

[ 0w, ol 0LIm, cl
R —— 9 E— —_—
o
HO 0] HrNH
HO
N, al /ﬁrNH HrNH I
0o

[00364]  To a solution of tert-butyl (3R)-3-(3-(2-amino-1-hydroxyethyl)-5-chlorophenyl)morpholine-
4-carboxylate (2.25 g, 6.30 mmol, 1 equiv) in DCM (20 mL, 0.32 M) was added triethylamine (1091 mg,
10.78 mmol, 1.71 equiv) at 0°C. Chloroacetyl chloride (783 mg, 6.93 mmol, 1.1 equiv) was added
slowly at 0°C and then stirred for 2 hours at 25°C. The mixture was concentrated to afford tert-butyl
(3R)-3-(3-chloro-5-(2-(2-chloroacetamido)-1-hydroxyethyl)phenyl)morpholine-4-carboxylate with purity
~40%. The crude residue was not purified.

[00365] A solution of tert-butyl (3R)-3-(3-chloro-5-(2-(2-chloroacetamido)-1-
hydroxyethyl)phenyl)morpholine-4-carboxylate (2.6 g, 6 mmol, 1 equiv) in THF (30 mL, 0.20 M) was
cooled at 0°C before addition of sodium hydride (480 mg, 12 mmol, 2 equiv). The reaction was stirred

for 2 hours at 50°C. The mixture was poured into the saturated aqueous NH,Cl (30 mL) and extracted
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with DCM (30 mL*3). The combined organic layer was washed with brine (30 mL), dried over Na;SO.,
filtered, and concentrated. The residue was purified by prep-HPLC to afford tert-butyl (3R)-3-(3-chloro-
5-(5-oxomorpholin-2-yl)phenyl)morpholine-4-carboxylate (210 mg, 0.52 mmol, 9% yield).

[00366] To a solution of phosphorus pentasulfide (179.22 mg, 0.40 mmol, 1 equiv) in m-Xylene (2
mL, 0.20 M) was added tert-butyl (3R)-3-(3-chloro-5-(5-oxomorpholin-2-yl)phenyl)morpholine-4-
carboxylate (160 mg, 0.40 mmol, 1 equiv) at 25°C. The mixture was heated to 135°C for 16 hours under
N;. The reaction mixture was concentrated under reduced pressure and purified by prep-HPLC
(instrument: ACSTJ-GX-AP; column: water Xbridge BEH C18 100*30mm*10um; conditions: water
(NH4HCO3-ACN)) to afford 6-(3-chloro-5-((R)-morpholin-3-yl)phenyl)morpholine-3-thione (30 mg,
0.096 mmol, 24 % yield).
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[00367] Triethylamine (19.40 mg, 0.19 mmol, 2 equiv) was added to a solution of 6-(3-chloro-53-((R)-
morpholin-3-yl)phenyl)morpholine-3-thione (30 mg, 0.095 mmol, 1 equiv) in DCM (1 mL, 0.095

M) under N at 0°C. Acryloyl chloride (7.81 mg, 0.086 mmol, 0.9 equiv) was added and the mixture was
stirred for 1 hour at 0°C. The mixture was concentrated, and the diastereomers were separated using
Prep-HPLC (ACSTJ-GX-AK, column: Waters Xbridge BEH C18 100*30mm*10 um, condition: water(
NH4HCO:)-ACN) to give 1-((3R)-3-(3-chloro-5-(5-thioxomorpholin-2-yl)phenyl)morpholino)prop-2-en-
1-one (20 mg, 0.054 mmol, 56% yield).

[00368]  Stereochemistry: Single enantiomer of known absolute configuration at the morpholine
stereocenter. The stereocenter on the morpholine-3-thione was arbitrarily assigned..

[00369] 1-((R)-3-(3-chloro-5-((S)-5-thioxomorpholin-2-yl)phenyl)morpholino)prop-2-en-1-one, LC-
MS nv/z: 367.2 [M+1].

[00370] 1-((R)-3-(3-chloro-5-((R)-5-thioxomorpholin-2-yl)phenyl)morpholino)prop-2-en-1-one, LC-
MS nv/z: 367.2 [M+1].

Example 25. Synthesis of (S)-6-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenvl)morpholin-3-one

and (R)-6-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)morpholin-3-onc (Compounds 231 and

232)
[00371] tert-butyl (3R)-3-(3-chloro-5-(5-oxomorpholin-2-yl)phenyl)morpholine-4-carboxylate, from

Step 5 of the synthesis of Compounds 240 and 241, was used in Step 9 of Procedure B.

[00372] The diastereomeric mixture of 6-(3-((R)-4-acryloylmorpholin-3-yl)-5-
chlorophenyl)morpholin-3-one (78 mg, 0.22 mmol, 1 equiv) was separated by chiral SFC.

[00373] Chiralpak TH-3,100x4.6mm L.D.,3 um; Mobile phase: A: CO; B: EtOH(0.1%IPAm, v/v);
Flow rate:3.4mlL/min; Column temp.: 35°C.
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[00374]  Stereochemistry: Single enantiomer of known absolute configuration at the morpholine
stereocenter. The stereocenter on the morpholine-3-one was arbitrarily assigned.

[00375] The compound that eluted first was arbitrarily assigned as (S)-6-(3-((R)-4-
acryloylmorpholin-3-yl)-5-chlorophenyl)morpholin-3-one (18.5 mg).

[00376]  The compound that eluted second was arbitrarily assigned as (R)-6-(3-((R)-4-
acryloylmorpholin-3-yl)-5-chlorophenyl)morpholin-3-one (18.7 mg).

Example 26. Synthesis of (R)-1-(3-(3-(5-amino-3,6-dihydropyrazin-1(2H)-yl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 244

[00377] tert-butyl (R)-3-(3-(4-(tert-butoxycarbonyl)-3-oxopiperazin-1-yl)-5-

chlorophenyl)morpholine-4-carboxylate was obtained from the synthesis of Compound 228.
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[00378]  To a solution of tert-butyl (R)-3-(3-(4-(tert-butoxycarbonyl)-3-oxopiperazin-1-yl)-5-
chlorophenyl)morpholine-4-carboxylate (840 mg, 1.69 mmol, 1 equiv) in DCM (6 mL, 0.28 M) was
added TFA (2 mL) at 25°C and stirred for 2 hours. The reaction was concentrated under reduced
pressure to give a residue (500mg) and used in the next step without further purification.

[00379]  To a solution of crude (R)-4-(3-chloro-3-(morpholin-3-yl)phenyl)piperazin-2-one (500 mg,
1.69 mmol, 1 equiv) in DCM (10 mL, 0.17 M) was added triethylamine (342.14 mg, 3.38 mmol, 2 equiv)
and di-tert-butyl dicarbonate (368.96 mg, 1.69 mmol, 1 equiv) at 0°C under N». The solution was stirred
at 25°C for 12 hours. The reaction mixture was poured into HO (15 mL) and extracted with DCM (15
mL * 3). The combined organic layers were washed with brine (10 mL), dried over Na»>SOy, filtered, and
concentrated under reduced pressure. The residue was purified by flash silica gel chromatography
(ISCO®; 12 g SEPAFLASH® Silica Flash Column, Eluent of 50-100% ethyl acetate/petroleum ether
gradient @ 60 mL/min) to give tert-butyl (R)-3-(3-chloro-5-(3-oxopiperazin-1-yl)phenyl)morpholine-4-
carboxylate (500 mg, 1.26 mmol, 75% yicld) as a ycllow oil.

[00380]  To a solution of tert-butyl (R)-3-(3-chloro-5-(3-oxopiperazin-1-yl)phenyl )morpholine-4-
carboxylate (500 mg, 1.26 mmol, 1 equiv) in DCM (6 mL, 0.21 M) was added trimethyloxonium
tetrafluoroborate (242 mg, 1.64 mmol, 1.3 equiv) at 0°C under N2. The solution was stirred at 25°C for
12 hours. The mixture was used into the next step.

[00381]  To a solution of crude tert-butyl (R)-3-(3-chloro-5-(5-methoxy-3,6-dihydropyrazin-1(2H)-
ylphenyl)morpholine-4-carboxylate (500 mg, 1.22 mmol, 1 equiv) in DCM (6 mL) was added aq. NH3
(6 mL) at -40°C under N,. The solution was stirred at -40°C for 2 hours and then returned to 25°C. The
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reaction mixture was concentrated under reduced pressure. The crude residue was purified by prep-
HPLC (column: Phenomenex C18 8§0*30mm*3um; liquid phase: [A-TFA/H,0=0.075% v/v; B-ACN]
B%: 20%-50%.8min]) to give tert-butyl (R)-3-(3-(5-amino-3,6-dihydropyrazin-1(2H)-yl)-5-
chlorophenyl)morpholine-4-carboxylate (125 mg, 0.32 mmol, 26% yield).

[00382]  tert-butyl (R)-3-(3-(5-amino-3,6-dihydropyrazin-1(2H)-yl)-5-chlorophenyl)morpholine-4-
carboxylate was used in Step 9 of Procedure B to afford the title compound. LC-MS m/z: 349.2 [M+1].

[00383]  Stereochemistry: single enantiomer of known absolute configuration.

Example 27. Synthesis of (R)-N-(2-

yDacetamide (Compound 248)
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[00384] (R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one was
obtained from Procedure D.
[00385]  To a solution of (R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-
en-1-one (250 mg, 0.73 mmol, 1 equiv) in DCM (3 mL, 0.24 M) was added triethylamine (110 mg, 1.08
mmol, 1.5 equiv), acetyl chloride (68.3 mg, 0.87 mmol, 1.2 equiv), and 4-(dimethylamino)pyridine (8.85
mg, 0.072 mmol, 0.1 equiv) at 0°C. The mixture was stirred at 20°C for 20 hours under N». The reaction
mixture was concentrated, diluted with water (20 mL), and extracted with DCM (15 mL * 3). The
combined organic layers were washed with brine (10 mL), dried over Na2SOsq, filtered, and concentrated
under reduced pressure. The residue was purified by prep-HPLC (column: Phenomenex Luna
80*30mm*3um; liquid phase: [A-TFA/H,0=0.075% v/v; B-ACN] B%: 20%-45%.,8min]) to atford (R)-
N-(2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidin-5-yl)acetamide (121 mg, 0.31 mmol, 43%
yield) as a white solid. LC-MS m/z: 387.2 [M+1].

[00386]  Stereochemistry: single enantiomer of known absolute configuration.

Example 28. Synthesis of (R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-

yhphenyl)morpholine)prop-2-en-1-one (Compound 253)

o o] o]
A N~ I/\NJ\/ (\NJ\/
o\) "uE;C' i ° ""[ \j’ c O\) 1y ¢l
NZN
] E—— —_—
S)\NHQ |
o NO, NP IN NP |N
NO, NH,

132



WO 2024/073587 PCT/US2023/075401

[00387] (R)-1-(3-(3-chloro-5-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-yl )phenyl )morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.

[00388] To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholino)prop-2-en-1-one (300 mg, 0.79 mmol, 1 equiv) in 1,4-dioxane (5 mL, 0.13 M) and
water (1 mL, 0.13 M) was added 2-chloro-5-nitro-pyrimidin-4-amine (221.83 mg, 1.27 mmol, 1.6 equiv),
potassium carbonate (219.56 mg, 1.58 mmol, 2 equiv), and Pd(dppf)Cl» (57 mg, 0.079 mmol, 0.1 equiv)
at 20°C. The mixture was stirred at 80°C for 20 hours under N». The reaction mixture was poured into
water (15 mL) and extracted with EtOAc (15 mL * 3). The combined organic layers were washed with
brine (10 mL * 2), dried over NaxSQq, filtered, and concentrated under reduced pressure. The residue
was purified by flash silica gel chromatography (ISCO®; 12 ¢ SEPAFLASH® Silica Flash Column,
Eluent of 30-60% ethy! acetate/petroleum ether gradient @ 50 mL/min) to afford (R)-1-(3-(3-(4-amino-
5-nitropyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one (220 mg, 0.56 mmol, 71% yield).
[00389]  To a solution of (R)-1-(3-(3-(4-amino-5-nitropyrimidin-2-yl)-5-
chlorophenyl)morpholino)prop-2-en-1-one (200 mg, 0.51 mmol, 1 equiv) in ethanol (2 mL, 0.12 M),
water (1 mL, 0.12 M), and acetic acid (1 mL, 0.12 M) was added zinc, granular (130 mg, 1.98 mmol) at
25°C. The mixture was stirred at 25°C for 20 hours under N». The mixture was filtered and the solution
was quenched with 1N HCI. The solution pH was adjusted with saturated aqueous NaHCO3 to pH=8-9
and extracted with EtOAc (15 mL * 3). The combined organic layers were washed with brine (10 mL *
2), dried over Na»SQs, filtered, and concentrated under reduced pressure to afford (R)-1-(3-(3-chloro-5-
(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one (40.7 mg, 0.11 mmol, 22% yield). LC-
MS m/z 360.2 [M-+1].

[00390]  Stereochemistry: single enantiomer of known absolute configuration.

Example 29. Synthesis of (R)-N-(2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidin-4-
yDacetamide (Compound 256)
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[00391] (R)-1-(3-(3-(4-aminopyrimidin-2-y1)-5-chlorophenyl)morpholino)prop-2-en-1-one was
obtained from Procedure D.

[00392]  To asolution of (R)-1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-
1-one (200 mg, 0.58 mmol, 1 equiv) in acetic anhydride (4 mL, 0.14 M) was added 4-
(dimethylamino)pyridine (2.12 mg, 0.017 mmol, 0.03 equiv) at 20°C. The mixture was stirred at 80°C for
4 hours under N,. The mixture was concentrated under reduced pressure and purified by prep-HPLC
(column: Waters Xbridge BEH C18 100*30mm*10um; liquid phase: [A-10mM NH4HCO; in H2O; B-
ACN] B%: 30%-50%,8min]) to afford (R)-N-(2-(3-(4-acryloylmorpholin-3-yl)-5-
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chlorophenyl)pyrimidin-4-yl)acetamide (85 mg, 0.21 mmol, 37% yield) as a white solid. LC-MS m/z:
387.0 [M+1].

[00393] Stereochemistry: single enantiomer of known absolute configuration.

Example 30. Synthesis of Compound 263

Cl Cl
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[00394] To a solution of 2-chloro-5-fluoropyrimidin-4-amine (1 g, 5.98 mmol, 1 equiv) was added
aqueous NH3 (40 mL) at 25°C. The mixture was stirred at 35°C for 3 hours under Na. The reaction
mixture was filtered and concentrated under reduced pressure to give a crude 2-chloro-5-fluoro-
pyrimidin-4-amine.

[00395] 2-chloro-5-fluoro-pyrimidin-4-amine was used in Step 2 of Procedure D to afford the title
compound. LC-MS m/z: 363.1 [M+1].

Example 31. Synthesis of (R)-1-(3-(3-chloro-5-(1H-1,2,3-triazol-4-y)phenyl)morpholino)prop-2-en-
1-one (Compound 269)
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[00396] To a solution of 4-bromo-1H-triazole (100 mg, 0.67 mmol, 1 equiv) in DMF (2 mL, 0.33 M)
at 0°C was added cesium carbonate (440.42 mg, 1.37 mmol, 2 equiv) and 2-(trimethylsilyl)ethoxymethyl
chloride (169.02 mg, 1.013 mmol, 1.5 equiv). The mixture was stirred at 20°C for 12 hours. The
reaction was poured into HO (5 mL) and the aqueous layer was extracted with EtOAc (5 mL x 3). The
combined organic layer was washed with brine (5 mL), dried over Na2SOs, and concentrated under
vacuum. The residue was purified by prep-TLC (PE:EtOAc = 5/1) to afford 2-[(4-bromotriazol-1-
yl)methoxyJethyl-trimethyl-silane (30 mg, 0.108 mmol, 16% yield) as yellow solid.
[00397]  (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl )morpholino)prop-
2-en-1-one was obtained from Step 1 of Procedure D.
[00398] To a solution of (R)-1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholino)prop-2-en-1-one (50 mg, 0.13 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.02 M)
and water (0.40 mL, 0.055 M) was added 2-[(4-bromotriazol-1-yl)methoxy]ethyl-trimethyl-silane (36
mg, 0.13 mmol, 1 equiv), potassium carbonate (45 mg, 0.33 mmol, 2.5 equiv), and Pd(dppf)Cl» (9.5 mg,

0.013 mmol, 0.1 equiv) at 25°C under N». The mixture was stirred at 80°C for 7 hours. The reaction was

poured into H>O (10 mL) and the aqueous layer was extracted with EtOAc (5 mL x 3). The combined
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organic layer was washed with brine (10 mL), dried over Na»SOy, filtered, and concentrated under
vacuum. The residue was purified by prep-TLC (PE:EtOAc = 1/1) to afford (R)-1-(3-(3-chloro-5-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,3-triazol-4-yl)phenyl)morpholino)prop-2-en-1-one (10 mg, 0.022
mmol, 17% yield).

[00399]  To a solution of (R)-1-(3-(3-chloro-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,3-triazol-
4-yhphenyl)morpholino)prop-2-en-1-one (110 mg, 0.24 mmol, 1 equiv) in DCM (2 mL, 0.08 M) was
added trifluoroacetic acid (1 mL, 0.08 M) at 20°C. The mixture was stirred at 35°C for 16 hours under N»
and then concentrated under vacuum. The crude material was purified by prep-HPLC (column: Waters
Xbridge BEH C18 100*30mm*10um; liquid phase: [A-10mM NH4sHCOs in H,O; B-ACN]B%: 10%-
40%,8min]) to give (R)-1-(3-(3-chloro-5-(1H-1,2,3-triazol-4-yl)phenyl)morpholino)prop-2-en-1-one (47
mg, 0.14 mmol, 59% yield) as a yellow solid. LC-MS m/z: 319.2 [M+1].

[00400] Stereochemistry: single enantiomer of known absolute configuration.

chlorophenyl)morpholino)prop-2-en-1-one (Compound 278)
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[00401]  To a solution of 2.4-dichloropyrimidin-5-amine (400 mg, 2.43 mmol, 1 equiv) in DMF (3
mL, 0.81 M) was added potassium fluoride (283 mg, 4.87 mmol). The mixture was stirred at 130°C for
13 hours in the microwave. The reaction was poured into H-O (10 mL) and the aqueous layer was
extracted with EtOAc (5 mL x 3). The combined organic layer was washed with brine (10 mL), dried
over Na,SO, filtered, and concentrated under vacuum to give crude 2-chloro-4-fluoropyrimidin-5-amine
(400 mg) as a brown oil. The product was used for the next step without further purification.
[00402]  Crude 2-chloro-4-fluoropyrimidin-5-amine was used in Procedure D to afford the title
compound. LC-MS m/z: 363.1 [M+1].

[00403] Stereochemistry: single enantiomer of known absolute configuration.

chlorophenyl)morpholino)prop-2-en-1-one_(Compound 279)

Cl & Cl

7 F
%\N —_— ,!%IN j)\N
o
NH,

N§)\NH2

[00404] A solution of 6-chloropyrazin-2-amine (500 mg, 3.85 mmol, 1 equiv), SELECTFLUOR®
(1.025 g, 2.89 mmol, 0.75 equiv), and silver carbonate (106.42 mg, 0.38 mmol, 0.1 equiv) in MeCN (8

F

mL, 0.48 M) was stirred at 85°C for 24 hours in the microware. The reaction mixture was poured into

H,0 (20 mL) and extracted with ethyl acetate (20 mL x 3). The organic layer was washed with brine (30
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mL) and concentrated. The crude residue was purified by flash column chromatography (pet ether : ethyl
acetate = 1:0 to 1:1) to give 6-chloro-3-fluoro-pyrazin-2-amine (200 mg, 1.36 mmol, 35% yield) and 6-
chloro-5-fluoro-pyrazin-2-amine (170 mg, 1.15 mmol, 30% yield).

[00405]  6-chloro-3-fluoro-pyrazin-2-amine was used in Procedure D to afford the title compound.
LC-MS m/z: 363.0 [M+1].

[00406]  Stereochemistry: single enantiomer of known absolute configuration.

Example 34. Synthesis of (R)-1-(3-(3-(6-amino-3-fluoropyrazin-2-yl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 280

[00407]  6-chloro-5-fluoro-pyrazin-2-amine from the synthesis of Compound 279 was used in
Procedure D to afford the title compound. LC-MS nv/z: 363.1 [M+1].

[00408] Stereochemistry: single enantiomer of known absolute configuration.

Example 35. Synthesis of (R)-1-(3-(3-(6-amino-2-fluoropyrimidin-4-yl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 283

cl cl
oL L

N N
HN NJ\CI H,N N)\F

[00409]  Potassium fluoride (1.77 g, 30.49 mmol) was added to a solution of 2,6-dichloropyrimidin-4-
amine (1 g, 6.09 mmol, 1 equiv) in DMF (10 mL, 0.61 M) at 20°C. The mixture was stirred at 130°C for

16 hrs. The reaction mixture was poured into water (20 mL) and extracted with EtOAc (30 mL * 3). The
combined organic layers were washed with brine (30 mL), dried over Na>SOy, filtered, and concentrated
under reduced pressure. The residue was purified by prep-HPLC [column: Phenomenex luna C18 75*30
mm*3 um; mobile phase: [water (0.1% TFA)-ACN]; B%: 1%-30%, 8 min] to afford 6-chloro-2-
fluoropyrimidin-4-amine (50 mg, 0.34 mmol, 6% yield) as a white solid.

[00410]  6-chloro-2-fluoropyrimidin-4-amine was used in Step 2 of Procedure D to afford the title
compound. LC-MS m/z: 363.2 [M+1].

[00411]  Stereochemistry: single enantiomer of known absolute configuration.

Example 36. Synthesis of (R)-1-(3-(3-(5-amine-6-fluoropyrazin-2-vl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 289)

Cl Cl
~ — P}
N\HI N\g\

X X F

NH, NH,
[00412] A solution of 5-chloropyrazin-2-amine (500 mg, 3.85 mmol, 1 equiv), SELECTFLUOR®

(1.025 g, 2.89 mmol, 0.75 equiv), and silver carbonate (106.42 mg, 0.38 mmol, 0.10 equiv) in MeCN (8
mlL, 0.48 M) was stirred at 85°C for 12 hours in the microwave. The reaction was poured into H,O (20

mL) and extracted with ethyl acetate (20 mL x 3). The organic layer was washed with brine (30 mL) and
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concentrated. The crude material was purified by flash column chromatography (PE:EA = 1:0-1:1) to
give 5-chloro-3-fluoro-pyrazin-2-amine (100 mg, 0.67 mmol, 18% yield) as a yellow solid.

[00413]  5-chloro-3-fluoro-pyrazin-2-amine was used in Procedure D to afford the title compound.
LC-MS m/z: 363.1 [M+1].

[00414]  Stereochemistry: single enantiomer of known absolute configuration.

Example 37. Procedure E and Svnthesis of 4-(3-(4-acrvloylmorpholin-3-vl)-5-chlorephenyl)pyridin-
2(1H)-one (Compound 11)
[00415] Procedure E

(\NH —_— NJOLOJ< —_— N)OLOJ<
L ®

O\/go O FH#

OP(O)XOPh),
[00416] To a solution of morpholin-3-one (10.098 g, 99.88 mmol) in THF (100 mL, 0.99 M) was
added triethylamine (15 g) and DMAP (300 mg) at 10°C. Di-tert-butyl dicarbonate (23. 97 g, 109.87
mmol) was added in portions and then stirred at 10°C for 1 hour. The reaction was poured into water
(100 mL) and the mixture was extracted with ethyl acetate (100 mL * 2). The combined organic layer
was washed with brine (100 mL) and concentrated to afford tert-butyl 3-oxomorpholine-4-carboxylate
(20 g, 99.39 mmol, 99% yield) as a yellow solid.
[00417]  To a solution of tert-butyl 3-oxomorpholine-4-carboxylate (5000 mg, 24.84 mmol) in THF
(100 mL, 0.24 M) was added LIHMDS (28.4 mL, 1 M) dropwise at -30°C. The reaction was stirred at -
30°C for 30 minutes. Diphenyl phosphorochloridate (7342.5 mg, 27.33 mmol) was added dropwisc at -
30°C and then stirred at 10°C for 1 hour. The reaction was poured into water (100 mL) and extracted
with ethyl acetate (30 mL x 3). The organic layer was washed with brine (50 mL) and concentrated. The
crude product was purified by column chromatography (PE:EA = 100:1-10:1) to give tert-butyl 5-
((diphenoxyphosphoryl)oxy)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (4500 mg, 10.38 mmol, 42%

yield) as a brown oil.

[00418] To a solution of 1,3-dibromo-5-chloro-benzene (20 g,73.97 mmol) in 1,4-dioxane (200 mL,
0.36 M) was added bis(pinacolato)diboron (56 g, 221.9 mmol, 3 eq), KOAc (36 g, 5 eq) and Pd(dppf)Cl>
(2 g). The resulting mixture was stirred at 90°C for 16 hours under N»>. The reaction mixture was
quenched with H>O (100 mL) and extracted with ethyl acetate (100 mL x 3). The combined organic
layers were washed with 50 mL saturated aqueous brine solution. The organic layer was then separated,

dried over Na SOy, filtered, and concentrated. The crude residue was purified by flash column
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chromatography (PE:EtOAc) to afford 2,2'-(5-chloro-1,3-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (16 g, 43.6 mmol, 59% yield) as a white solid.

[00419] To a solution of 2,2'-(5-chloro-1,3-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)
(18 g, 49.38 mmol) in 1,4-dioxane (72 mL, 0.34 M), MeCN (72 mL), and H>O (36 mL) was added tert-
butyl 5-((diphenoxyphosphoryl)oxy)-2,3-dihydro-4H-1,4-0oxazine-4-carboxylate (16.49 g, 39.51 mmol),
K>COs (2 eq, 13.8 g), and Pd(dppf)Cl, (1.8 g). The resulting mixture was stirred at 80°C for 4 hours
under N». The reaction mixture was quenched with H>O (100 mL) and extracted with EtOAc (100
mL*3). The organic layers were washed 50 mL saturated brine solution, dried over Na>SQOy, filtered, and
concentrated. The crude residue was purified by flash column chromatography (PE:EtOAc = 10:1 to 1:1)
to give tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,3-dihydro-4H-
1,4-oxazine-4-carboxylate (10.0 g, 23.7 mmol, 48% yield) as a yellow oil.

K

(e} o
N NH
(\NJLOJ< é/\l N ! N NJK/
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\)\Q/ B ——— B ——— B —— B ———
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B
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[00420] To a solution of tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (200 mg, 0.47 mmol, 1 equiv) in 1,4-dioxane (1
mL, 0.47 M) , MeCN (1 mL), and water(0.5 mL) was added 4-bromo-1-methyl-pyridin-2-one (89.2 mg,
0.47 mmol, 1 equiv), K»CO3 (131.26 mg) and Pd(dppf)Cl» (20 mg). The mixture was stirred for 16 hours
at 80°C under N,. The reaction mixture was quenched by H-O (3 mL) and extracted with EtOAc (3 mL x
3). The organic layers were washed 3 mL saturated brine solution. The organic solution was then
separated and dried (Na2SQ4) before concentration to dryness. The crude was then purified by column
chromatography (PE:EtOAc = 0:1) to give tert-butyl 5-(3-chloro-5-(2-oxo0-1,2-dihydropyridin-4-
yDphenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (100mg, 0.25 mmol, 52% yield) as a yellow oil.
[00421]  To a solution of tert-butyl 5-(3-chloro-5-(2-ox0-1,2-dihydropyridin-4-y)phenyl)-2,3-
dihydro-4H-1.4-oxazine-4-carboxylate (400 mg, 1.03 mmol, 1 equiv) in DCM (3 mL) was added TFA (1
mL) at 0°C. The reaction was allowed to warm to 25°C and stirred for 30 minutes. The reaction

was concentrated to give crude 4-(3-chloro-5-(5,6-dihydro-2H-1,4-oxazin-3-yl)phenyl)pyridin-2(1H)-one
(290 mg) as yellow oil.

[00422]  To a solution of 4-(3-chloro-5-(5,6-dihydro-2H-1,4-oxazin-3-yl)phenyl)pyridin-2(1H)-one
(550 mg, 1.90 mmol, 1 equiv) in methanol (5 mL, 0.38 M) was added NaBH4 (144 mg, 3.80 mmol, 2
equiv) at 0°C under N>. The reaction mixture was stirred at 25°C for 30 minutes. The solution was
quenched with aqueous HC1 to adjust the pH to 5-6 and then concentrated under reduced pressure. The
aqueous layers were adjusted to pH=9-10 with saturated aqueous NaHCQj3 and then extracted with
EtOAc (5 mL*3). The organic layers were washed with brine, dried over Na2SOy, filtered, and

concentrated under reduced pressure. The residue was purified by column chromatography
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(Al1,03, dichloromethane/methanol = 100/1 to 10/1) to afford 4-(3-chloro-5-morpholin-3-yl-phenyl)-1H-

pyridin-2-one (300mg, 1.03mmol, 54% yield) as yellow oil.

[00423]

To a solution of 4-(3-chloro-5-morpholin-3-yl-phenyl)-1H-pyridin-2-one (300 mg, 1.03

mmol, 1 equiv) in DCM (4 mL, 0.25 M) was added triethylamine (156 mg, 1.54 mmol, 1.5

equiv) and acryloyl chloride (112 mg, 1.23 mmol, 1.2 equiv) at 0°C. The mixture was stirred at 25°C for

1 hour under N». The reaction mixture was poured into water (12 mL) and extracted with DCM (9 mL *

3). The combined organic layers were washed with brine (20 mL), dried over Na>SQOy, filtered, and

concentrated under reduced pressure.

[00424]  The residue was purified by prep-TLC (PE:EtOAc=0:1). Enantiomers were separated by
SFC (column: (S,S)-WHELK-O1, 50x4.6mm ID, 3.5um) with mobile phase CO; and EtOH (0.05%
IPAm, v/v).
[00425]  The title compound’s absolute stereochemistry was not assigned. LC-MS m/z: 345.1 [M+1].
[00426] Stereochemistry: single enantiomer of unknown absolute configuration.
o o
(\NJLOJ< (\NJLOJ<
0 A al Oz al
— T
JB\
A (J
[00427]  Using the appropriate coupling partner in Procedure E, the title compounds can be obtained.
Enantiomers were separated and the absolute stereochemistry was not assigned.
. LC-MS
Cmp Name Coupling Partner m/z [M+1]
1 4-(3-(4-acryloylmorpholin-3-yl)-5- 4-bromo- 1 -methyl-pyridin-2- 345 1
chlorophenyl)pyridin-2(1H)-one one o
1-(3-(3-chloro-5-(pyridazin-4- .
: - 330.
14 yl)phenyl)morpholino)prop-2-en-1-one 4-bromopyridazine 301
1-(3-(3-chloro-5-(quinoxalin-6- . .
4 -b al 1
3 yDphenyl)morpholino)prop-2-en-1-one 6-bromoguinoxaline 380
1-(3-(3-chloro-5-(2-methylpyrimidin-4- 5 L
35 yDphenyhmorpholino)prop-2-en-1-one 4-chloro-2-methylpyrimidine 344.1
36 3-(3-(4-acryloylmorpholin-3-yl)-5- 3-bromo-1-methylpyridin- 359.1
i chlorophenyl)-1-methylpyridin-2(1H)-one | 2(1H)-one ’
3.3, T .
37 1-(3-(3-chloro-5 (1"5 naphthyridin-- 3-bromo-1,5-naphthyridine 380.1
yDphenyl)morpholino)prop-2-en-1-one
1-(3-(3-chloro-5-(6-methylpyrimidin-4- .
38 yDphenyhmorpholino)prop-2-en-1-one 4-bromo-6-methylpyrimidine 3441
"33 2-ami o
40 13- annnopyrl@dln -5 4-bromopyrimidin-2-amine 345.1
chlorophenyl)morpholino)prop-2-en-1-one
1-(3-(3-chloro-5-(pyrimidin-4- o
9l -
42 yl)phenyl)morpholino)prop-2-en-1-one 4-bromopyrimidine 3300
1-(3-(3-chloro-5-(imidazo[1,2-a]pyridin-7- | 7-bromoimidazo[1,2-
43 . o 368.1
yDphenyl)morpholino)prop-2-en-1-one a]pyridine
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LC-MS
Cmp Name Coupling Partner m/z [M+1]
49 1-(3-(3-chloro-5-(2-methoxypyrimidin-4- 4-bromo-2- 3600
yl)phenyl)morpholino)prop-2-en-1-one methoxypyrimidine ’
5-(3-(4-acryloylmorpholin-3-yl)-5- . -
L 5-iodo-2-methylpyridazin-
-2- -3(2H)- .
53 chlorophenyl)-2-methylpyridazin-3(2H) 3(2H)-one 360.1
one
1-(3-(3-chloro-5-(pyrazin-2- " .
34 yl)phenyl)morpholino)prop-2-en-1-one 2-bromopyrazine 3301
1-(3-(3-chloro-5-(2-methylimidazo[ 1,2- "
57 a]pyridin-7-yl)phenyl)morpholino)prop-2- 7-bromo-2- 382.1
Py y pheny P prop-= methylimidazo[1,2-a]pyridine -
en-1-one
56 1-(3-(3-chloro-5-(6-methoxypyridazin-4- 5-chloro-3- 360.1
yl)phenyl)morpholino)prop-2-en-1-one methoxypyridazine ’
1-(3-(3-chloro-5-(6-methylpyrazin-2- .
2-chloro-6-methylpyr: 44.
3 yDphenyl)morpholino)prop-2-en-1-one chloro-6-methylpyrazine 3448
3'-(4-acryloylmorpholin-3-yl)-5'-chloro-6- .
60 fluoro-[1,1"-biphenyl]-3-carboxamide 3-bromo-4-fluorobenzamide 389.1
3'-(4-acryloylmorpholin-3-yl)-5'-chloro- .
70 [1,1"-biphenyl]-4-carboxamide 4-bromobenzamide 371.1
3'-(4-acryloylmorpholin-3-yl)-5'-chloro- .
3. 371.
n [1,1'-biphenyl]-3-carboxamide 3-bromobenzamide 3710
3'-(4-acryloylmorpholin-3-yl)-5'-chloro-5- . .
2 - . -5
72 fluoro-[1,1"-biphenyl]-3-carboxamide 3-bromo-5-fluorobenzamide 389.0
3'-(4-acryloylmorpholin-3-yl)-5'-chloro-2- .
7 -b -2-fluorob ds X
3 fluoro-[1,1'-biphenyl]-3-carboxamide 3-bromo-2-fluorobenzamide 389.0
4-(3-(4-acryloyl holin-3-yl)-5-
75 (3-(4-acty oy‘mo.rp o.m 3yD-5 4-bromopicolinamide 372.1
chlorophenyl)picolinamide
77 2-(3-(4-acryloylmorpholin-3-yl)-5- 2-chloropyrimidine-4- 373.0
chlorophenyl)pyrimidine-4-carboxamide carboxamide ’
107 6-(3-(4-acryloylmorpholin-3-yl)-5- 6-chloropyrimidine-4- 3731
J
chlorophenyl)pyrimidine-4-carboxamide carboxamide N

Example 38. Synthesis of 1-(3-(3-chloro-5-(1H-1,2.4-triazol-3-y)phenv)morphelino)prop-2-en-1-

onc (Compound 41)
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[00428]
dihydro-4H-1,4-oxazine-4-carboxylate was obtained from coupling 3-bromo-1-(tetrahydro-2H-pyran-2-

tert-butyl 5-(3-chloro-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-1,2,4-triazol-3-yl)phenyl)-2,3-

yl)-1H-1,2,4-triazole in Procedure E.
[00429]  To a solution of tert-butyl 5-(3-chloro-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-1,2,4-triazol-3-
yDphenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (400 mg, 0.89 mmol, 1 equiv) in THF (4 mL, 0.22
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M) was added borane dimethylsulfide (430.13 mg, 5.37 mmol, 6 equiv) dropwise at 0°C under N;. The
mixture was stirred for 2 hours at 70°C. Methanol was added dropwise to the reaction mixture at 0°C
until bubble formation dissipated, then the mixture was stirred at 60°C for 1 hour. The solution was
concentrated under reduced pressure to afford 3-(3-chloro-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-1,2,4-
triazol-3-yl)phenyl)morpholine (180 mg, 0.52 mmol, 58% yield) as a white solid.

[00430]  To a solution of crude 3-(3-chloro-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-1,2,4-triazol-3-
yl)phenyl)morpholine (180 mg, 0.52 mmol, 1 equiv) and triethylamine (104.43 mg, 1.03 mmol, 2 equiv)
in DCM (2 mL, 0.26 M) was added acryloyl chloride (56. mg, 0.62 mmol, 1.2 equiv) dropwise at 0°C and
the mixture was stirred for 2 hours. The mixture was poured into H>O (5 mL), extracted with DCM (5
mL x 3), washed with brine (5 mL x 2), dried over Na>SQs, filtered, and concentrated under reduced
pressure. The crude residue was purified by prep-TLC (Ethyl acetate) to afford 3-(3-chloro-5-(1H-1,2,4-
triazol-3-yl)phenyl)morpholine (20 mg, 0.063 mmol, 12% yield) as a yellow oil.

[00431] 3-(3-chloro-5-(1H-1,2,4-triazol-3-yl)phenyl)ymorpholine was used in Procedure E to obtain
the title compound. Enantiomers were separated by SFC. The title compound’s absolute stereochemistry
was not assigned. LC-MS m/z: 319.1 [M+1].

[00432]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 39. Synthesis of (R)-1-(3-(3-chloro-5-(9H-purin-6-yl)phenyDmorpholino)prop-2-en-1-one

(Compound 58)

e (\NH

L o Oy A
¢ — ¢

Br LN

[00433]  (R)-3-(3-bromo-5-chlorophenyl)morpholine was obtained {rom Step 5 of Procedure B.
[00434] To a solution of bis(pinacolato)diboron (1079.8 mg, 4.25 mmol, 1.2 equiv) (R)-3-(3-bromo-
5-chlorophenyl)morpholine (980 mg, 3.54 mmol, 1 equiv) in 1,4-dioxane (10 mL, 0.35 M) was added
potassium acetate (1043.3 mg, 10.63 mmol, 3 equiv) and Pd(dppf)Cl: (257.14 mg, 0.35 mmol, 0.1
equiv) under N. The resulting mixture was stirred for 12 hours at 90°C. The mixture was concentrated

and then used directly in the next step.
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[00435] To a solution of 6-chloro-9H-purine (1.64 g, 10.61 mmol, 1 equiv) in ethyl acetate (5 mL,
2.12 M) was added TsOH (0.02eq, 20 mg) and 3,4-dihydro-2h-pyran (1338.9 mg, 15.92 mmol, 1.5
equiv). The reaction was stirred at 90°C for 1 hour. The solution was concentrated and then purified by
column chromatography (PE:EA= 10:1 to 0:1) to afford 6-chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-
purine (2.2 g, 9.22 mmol, 87% yield) as a yellow solid.

[00436] To a solution of (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine (1100 mg, 3.40 mmol) and 6-chloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine
(892.38 mg, 3.74 mmol) in 1,4-dioxane (10 mL), MeCN (10 mL) and water (5 mL) was added potassium
carbonate (939.56 mg, 6.80 mmol) and Pd(dppf)Cl: (246.66 mg, 0.34 mmol) under N-. The resulting
mixture was stirred for 12 h at 80°C. The reaction mixture was diluted with water (20 mL) and extracted
with EtOAc (15 mL * 3). The combined organic layers were washed with brine (9 mL * 2), dried over
Na>SOy, filtered, and concentrated under reduced pressure. The residue was purified by prep-HPLC
(column: Welch Xtimate C18 250*70mm#10um; liquid phase: [A-10mM NH4HCO3 in H-O; B-
ACN]B%: 35%-65%,20min]) to give (3R)-3-(3-chloro-5-(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-
yDphenyl)morpholine (500 mg, 1.25 mmol, 37% yield).

[00437]  To a solution of (3R)-3-(3-chloro-5-(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-
yDphenyl)morpholine (400 mg, 1.0 mmol, 1 equiv) in DCM (6 mL, 0.17 M) was added acrylic acid (86.5
mg, 1.20 mmol), N,N-diisopropylethylamine (193.92 mg, 1.50 mmol, 1.5 equiv), and 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphorinane-2,4,6-trioxide (954.85 mg, 1.50 mmol, 1.5 equiv) at 0°C. The
resulting mixture was stirred at 25°C for 2 hours under N». The crude was concentrated to afford 1-
((3R)-3-(3-chloro-5-(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-yl)phenyl)morpholino)prop-2-en-1-one
(420 mg, 0.93 mmol, 92% yield) as a brown solid.

[00438] A solution of 1-((3R)-3-(3-chloro-5-(9-(tetrahydro-2H-pyran-2-yl)-9H-purin-6-
yDphenyl)morpholino)prop-2-en-1-one (420 mg, 0.93 mmol, 1 equiv) in trifluoroacetic acid (3 mL, 0.15
M) and DCM (3 mL, 0.15 M) at 25°C was stirred for 1 hour under N2 and then concentrated under
vacuum. The crude residue was purified by prep-HPLC (column: Phenomenex Luna 80*30mm*3um;

liquid phase: [A-TFA/H>0=0.075% v/v; B-ACN] B%: 20%-40%,8min]) to afford (R)-1-(3-(3-chloro-5-
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(9H-purin-6-yl)phenyl)morpholino)prop-2-en-1-one (253 mg, 0.68 mmol, 73% yield). LC-MS m/z:
370.1 [M+1].

[00439] Stereochemistry: single enantiomer of known absolute configuration.

Example 40. Svynthesis of 1-(3-(3-chloro-5-(imidazo[1.2-a]pvrimidin-7-yl)phenyl)morpholinoe)prop-

2-en-1-one (Compound 63)

Br

SN
SN — |
| N/)\NH N*\N
2 \/

[00440] To a solution of 4-bromopyrimidin-2-amine (500 mg, 2.87 mmol, 1 equiv) in water (5 mL,
0.48 M) was added acetic acid (1 mL, 0.48 M) and bromoacetaldehyde diethyl acetal (1506.3 mg, 7.64
mmol, 2.66 equiv). The solution was stirred at 70°C for 12 hours. The reaction mixture was
concentrated to afford 7-bromoimidazo[1,2-a]pyrimidine (100 mg, 0.051 mmol, 18% yield) as a yellow
oil.

[00441] 7-bromoimidazo[1,2-a]pyrimidine was used in Procedure E to obtain the 1-(3-(3-chloro-5-
(imidazo[ 1,2-a]pyrimidin-7-yl)phenyl)morpholino)prop-2-en-1-one . Enantiomers were separated by
SFC. Absolute stereochemistry was not assigned. LC-MS m/z: 369.1 [M+1].

[00442] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 41. Synthesis of 1-(3-(3-chloro-5-(imidazo[1.5-a]pyrimidin-3-yl)phenyl)morpholino)prop-

2-en-1-one (Compound 68)
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[00443]  To a solution of (5-chloropyrimidin-2-yl)methanamine (1 g, 6.96 mmol, 1 equiv) in triethyl
orthoformate (10 mL) was added acetic acid (1 mL) at room temperature. The reaction was stirred
at 80°C for 2 hours and then concentrated. The mixture was purified by prep-HPLC (column: Waters
Xbridge BEH C18 100*25mm*5um; liquid phase: [A-10mM NH4HCO:s in H,O; B-ACN]B%: 10%-
50%,10min]) to afford N-((5-chloropyrimidin-2-yl)methyl)formamide (0.50 g, 2.91 mmol, 42% yield) as
a white solid.
[00444] A solution of N-((5-chloropyrimidin-2-yl)methyl)formamide (140 mg, 0.82 mmol, 1
equiv) in POCl3 (3 mL) was stirred at 130°C for 1 hour. The mixture was concentrated, poured into ice-
water (15 mL), basified with Na>COs (solid) to pH~ 9, and extracted with DCM (20 mL x 2). The
combined organic phase was washed with water (10 mL x 2) and brine (10 mL), dried over Na>SOsx,
filtered, and concentrated. The crude product was purified by prep-TLC to give 3-chloroimidazo[1,5-

a]pyrimidine (67 mg, 0.44 mmol, 53% yield).



WO 2024/073587 PCT/US2023/075401

[00445] 3-chloroimidazo[1,5-a]pyrimidine was used in Procedure E to obtain 1-(3-(3-chloro-5-
(imidazo[1,5-a]pyrimidin-3-yl)phenyl)morpholino)prop-2-en-1-one. Enantiomers were separated by
SFC. The title compound’s absolute stereochemistry was not assigned. LC-MS ny/z: 369.1 [M+1].

[00446] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 42. Synthesis of 7-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenylimidazo[ 1,2-a]pyridine-5-

carboxamide (Compound 85)

x X x
o] | 0 I > HN |
< N7 NH; s Ny 2 Ny
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[00447] To a solution of methyl 6-amino-4-bromopicolinate (500 mg, 2.16 mmol, 1 equiv)

in methanol (10 mL, 0.22 M) was added chloroacetaldehyde (424.69 mg, 2.16 mmol, 1 equiv). The
reaction mixture was stirred at 75°C for 16 hours and then concentrated. The residue was diluted with
saturated aqueous NaHCOs3 (8 mL), stirred for 30 minutes]s, and then filtered. The filter cake was dried
to give methyl 7-bromoimidazo[1,2-a]pyridine-5-carboxylate (500 mg, 1.96 mmol, 91% yield) as

a yellow solid.

[00448]  To a solution of methyl 7-bromoimidazo[1,2-a]pyridine-5-carboxylate (500 mg, 1.96 mmol,
1 equiv) in methanol (5 mL, 0.39 M) was added 7M NHj3 in MeOH (5 mL). The reaction mixture was
stirred at 20°C for 16 hours. The reaction was concentrated, and the crude residue was taken up into
MTBE, filtered, and dried under reduced pressure to give 7-bromoimidazo[ 1,2-a]pyridine-5-carboxamide
(470 mg, 1.96 mmol, 99% yield) as a yellow solid.

[00449] 7-bromoimidazo[1,2-a]pyridine-5-carboxamide was used in Procedure E to obtain 7-(3-(4-
acryloylmorpholin-3-yl)-5-chlorophenyl)imidazo[1,2-a]pyridine-5-carboxamide. Enantiomers were
separated by SFC. The title compound’s absolute stereochemistry was not assigned. LC-MS m/z: 411.1
[M+1].

[00450]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 43. Synthesis of 4-(3-(4-acryloylmorpholin-3-vyl)-5-chlorophenyl)pyrimidine-2-

[00451] tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,3-dihydro-
4H-1,4-oxazine-4-carboxylate was obtained using Procedure E.

[00452] To a solution of tert-butyl 5-(3-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (100 mg, 0.24 mmol, 1 equiv) in ethanol (4 mL,

144



WO 2024/073587 PCT/US2023/075401

0.059 M) was added PtO; (10 mg) at 20°C. The mixture was stirred at 20°C for 3 hours under H». The
solution was filtered and concentrated to afford 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholine (90 mg, 0.21 mmol, 90% yield) as a brown oil.

[00453] To a solution of 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine (1 g, 3.09 mmol) in 1,4-dioxane (10 mL) and water (2 mL) was added 2,4-
dichloropyrimidine (0.55 g, 3.70 mmol), KoCOs (1.3 g, 9.27 mmol), and Pd(dppf)Cl; (0.1 eq, 0.22 g) at
25°C. The mixture was stirred at 80°C for 12 hours under N». The reaction mixture was poured into
water (30 mL) and extracted with EtOAc (35 mL * 3). The combined organic layers were washed with
brine (20 mL * 2), dried over NaxSQs, filtered, and concentrated under reduced pressure. The residue
was purified by flash silica gel chromatography (ISCO®; 25 g SEPAFLASH® Silica Flash Column,
Eluent of 0-20% MeOH/Ethyl acetate gradient @ 60 mL/min) to afford 3-(3-chloro-5-(2-
chloropyrimidin-4-yl)phenyl )morpholine (560 mg, 1.80 mmol, 58% yield).

o
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[00454] To a solution of 3-[3-chloro-5-(2-chloropyrimidin-4-yl)phenyl]Jmorpholine (560 mg,1.80
mmol) in DMF (5 mL, 0.36 M) was added zinc cyanide (380 mg, 3.23 mmol) and Pd(PPhs)4 (0.1 eq, 207
mg) at 25°C. The mixture was stirred at 110°C for 12 hours under N». The reaction mixture was
concentrated under reduced pressure. The residue was purified by flash silica gel chromatography
(ISCO®; 12 ¢ SEPAFLASH?® Silica Flash Column, Eluent of 0~20% MeOH/Ethyl acetate gradient @ 60
mL/min) to afford 4-(3-chloro-5-morpholin-3-yl-phenyl)pyrimidine-2-carbonitrile (390mg).

[00455]  To a solution of 4-(3-chloro-5-morpholin-3-yl-phenyl)pyrimidine-2-carbonitrile (390 mg,
1.29 mmol) in methanol (5 mL, 0.25 M) was added aqueous H>0, (30%, 410 mg, 3 eq) and NaOH (155.6
mg, 3 eq, 1M, 3.89 mL) at 0°C. The mixture was stirred at 25°C for 12 hours under N;. The reaction
mixture was quenched with aqueous Na>SO; (40 mL) and extracted with DCM (30 mL * 3). The
combined organic layers were washed with brine (20 mL * 2), dried over Na,SO.u, filtered, and
concentrated under reduced pressure to afford 270 mg of a grey solid.

[00456]  To a solution of 4-(3-chloro-5-morpholin-3-yl-phenyl)pyrimidine-2-carboxamide (120 mg,
0.37 mmol) in DCM (3 mL, 0.12 M) was added triethylamine (76 mg, 0.75 mmol) and acryloyl chloride
(40 mg, 0.45 mmol) at 0°C. The mixture was stirred at 25°C for 2 hours. The reaction mixture was
poured into water (15 mL) and extracted with DCM (15 mL * 3). The combined organic layers were
washed with brine (10 mL * 2), dried over Na>SQy, filtered, and concentrated under reduced

pressure. The residue was purified by prep-HPLC (column: Phenomenex Gemini-NX 80*40mm*3um;
liquid phase: [A-10mM NHsHCOs3 in H20; B-ACN]B%: 10%-40%,8min]) to afford 4-(3-(4-
acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-2-carboxamide (30 mg, 0.08 mmol, 21% yield).
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[00457]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not

assigned. LC-MS nmy/z: 373.1 [M+1]. Stereochemistry: single enantiomer of unknown absolute

configuration.

[00458] tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,3-dihydro-
4H-1,4-oxazine-4-carboxylate was obtained from Procedure E.

[00459]  To a solution of tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (100 mg, 0.24 mmol, 1 equiv) in ethanol (4 mL,
0.059 M) was added PtO: (10 mg) at 20°C. The mixture was stirred at 20°C for 3 h under H>. The
solution was filtered and concentrated to afford 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholine (90 mg, 0.21 mmol, 90% yield) as a brown oil.

[00460] To a solution of crude 4-bromo-1H-pyrimidin-6-one (216.28 mg, 1.236 mmol, 1 equiv) and
3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine (500 mg, 1.24 mmol, 1
equiv) in 1,4-dioxane (10 mL, 0.08 M) and water (5 mL, 0.08 M) was added Na>COs (393 mg, 3eq) and
Pd(dppf)C12 (18 mg, 0.1eq). The mixture was stirred at 100°C for 16 hours. The reaction mixture was
filtered and concentrated under reduced pressure. The residue was purified by column chromatography
(Si0,, DCM:MeOH=1/0 to 5/1) to afford 6-(3-chloro-5-(morpholin-3-yl)phenyl)pyrimidin-4(3H)-one
(800 mg) as a yellow solid.

[00461]  Using 6-(3-chloro-5-(morpholin-3-yl)phenyl)pyrimidin-4(3H)-onc in Procedure E, the title
compound was obtained. LC-MS m/z: 346.1 [M+1].

[00462] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 45. Synthesis of 1-(3-(3-chloro-5-(1H-pyrrolo[3.2-¢]pyridin-4-yl)phenyl)morpholino)prop-

2-en-1-one (Compound 111)

O\/k?/cl L o
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[00463] 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl )morpholine was obtained

[e]
ol NJK%
O(\
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from the synthesis of Compound 94.
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[00464] To a solution 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholine
(1.0 g, 3.09 mmol, 1 equiv) in DCM (10 mL, 0.31 M) was added acryloyl chloride (279.68 mg, 3.09
mmol, 1 equiv) and triethylamine (625.36 mg, 6.18 mmol, 2 equiv) at 25°C under Na. The reaction was
stirred at 25°C for 2 hours. The reaction was quenched with the water (20 ml) and extracted with DCM
(20 *2 mL). The organic phase was dried over Na2SQOy, filtered, and concentrated. The crude product
was purified by flash column chromatography (EA:PE=0-20%) to afford 1-(3-(3-chloro-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-2-en-1-one (1.2 g, 2.54 mmol, 82%

yield) as a white solid which was used the next step without further puriﬁcation.
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[00465] To a solution of 4-bromo-1H-pyrrolo[2,3-b]pyridine (200 mg,1.02 mmol) in THF (10 mL,
0.10 M) was added sodium hydride (48 mg, 1.22 mmol) at 0°C and then stirred under a N, atmosphere
for 30 minutes. 2-(trimethylsilyl)ethoxymethyl chloride (203 mg, 1.22 mmol) was added and the mixture
was stirred at 25°C for 2 hours. The mixture was quenched with water (40 mL) and extracted with
EtOAc (40 mL). The organic layer was dried over Na-SQy, filtered, and concentrated. The residue was
purified by column chromatography (petroleum ether : ethyl acetate= 3:1 to 1:1) to give 2-[(4-
bromopyrrolo[2,3-b]pyridin-1-yl)methoxyJethyl-trimethyl-silane (230 mg, 0.70 mmol, 69% yield).
[00466]  To a solution of 2-[(4-bromopyrrolo[2,3-b]pyridin-1-yl)methoxy Jethyl-trimethyl-silane
(207.98 mg, 0.63 mmol, 1.2 equiv) in 1,4-dioxane (1 mL, 0.44 M) was added 1-(3-(3-chloro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)morpholino)prop-2-en-1-one (200 mg, 0.53 mmol, 1 equiv),
Pd(dppf)Cl» (38.42 mg, 0.053 mmol, 0.1 equiv), and potassium carbonate (146.38 mg, 1.059 mmol, 2
equiv) at room temperature under N2. The reaction was stirred at 80°C for 16 hours. The reaction
solution was filtered and then evaporated under reduced pressure. Crude residue was purified by prep-
TLC and prep-HPLC to give 1-(3-(3-chloro-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[3,2-
¢]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one (90 mg, 0.181 mmol, 34% yield).

[00467] TFA (1.5 mL) was added slowly to a solution of 1-(3-(3-chloro-5-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[3,2-c]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one (90
mg, 0.18 mmol, 1 equiv) in DCM (5mL) at 0°C. The reaction was stirred at 35°C for 16 hours. The
solution was concentrated to afford crude 1-(3-(3-chloro-5-(1-(hydroxymethyl)-1H-pyrrolo[3,2-

147



WO 2024/073587 PCT/US2023/075401

c]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one (95 mg) which was used the next step without further
purification.

[00468]  To a solution of crude 1-(3-(3-chloro-5-(1-(hydroxymethyl)-1H-pyrrolo[3,2-c]pyridin-4-
yl)phenyl)morpholino)prop-2-en-1-one (75 mg, 0.19 mmol, | equiv) in MeCN (3 mL, 0.06 M) and water
(1 mL, 0.06 M) was added K2COs3 (18 eq, 561 mg). The mixture was stirred at 90°C for 16 hours. The
solution was diluted with water and extracted with ethyl acetate(10mL*3). The combined organic
solutions were dried over NaSQyu, filtered, and evaporated under reduced pressure. The crude product
was purified by prep-TLC.

[00469]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS my/z: 368.1 [M+1]. Stereochemistry: single enantiomer of unknown absolute

configuration.

Example 46. Synthesis of (R)-1-(3-(3-(4-amino-6-methyl-1.3,5-triazin-2-yl)-5-

chlorophenyl)morpholino)prop-2-en-1-one (Compound 178)
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[00470] To a solution of 2,4-dichloro-6-methyl-1,3,5-triazine (200 mg, 1.22 mmol, 1 equiv)
in toluene (2 mL, 0.61 M) was added NH3 in MeOH (4 M, 1.2 mL). The mixture was stirred at 25°C for

2

12 hours. The reaction mixture was concentrated to give the crude product 4-chloro-6-methyl-1,3,5-
triazin-2-amine (150 mg1.04 mmol, 85% yield) as a yellow solid.

[00471] 4-chloro-6-methyl-1,3,5-triazin-2-amine was used in Procedure D to afford the title
compound. LC-MS m/z: 360.1 [M+1]. Stereochemistry: Scalemic mixture of unknown absolute

configuration, e.e. = 84%.

Example 47. Synthesis of (R)-1-(3-(3-chloro-5-(4,6-diamino-1.3.5-triazin-2-
yl)phenyl)morpholino)prop-2-en-1-one (Compound 191)
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[00472]  tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate was obtained from
Procedure B.

[00473]  Pd(PPhs)4 (2.08 g, 1.81 mmol) and zinc cyanide (847.84 mg, 7.22 mmol, 0.80 equiv) were
added to a solution of tert-butyl (R)-3-(3-bromo-5-chlorophenyl)morpholine-4-carboxylate (3.4 g, 9.03
mmol, 1 equiv) in DMF (50 mL, 0.18 M) at 20°C. The mixture was stirred at 120°C for 16 hours under
N;. The reaction mixture was poured into water (50 mL) and extracted with EtOAc (30 mL*2). The

combined organic layer was washed with water (20 mL*3), brine (20 mL), dried over Na»SOy, filtered,
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and concentrated. The crude residue was purified by MPLC (ISCO®; 40 ¢ SEPAFLASH® Silica Flash
Column, Eluent of 0-15% ethyl acetate/petroleum ether gradient @ 100 mL/min) to afford tert-butyl (R)-
3-(3-chloro-5-cyanophenyl)morpholine-4-carboxylate (1.30 g, 4.03 mmol, 45% yield) as a white solid.
[00474] 2-cyanoguanidine (338.62 mg, 4.03 mmol, 1 equiv) and potassium hydroxide (225.98 mg,
4.03 mmol, 1 equiv) were added to a solution of afford tert-butyl (R)-3-(3-chloro-5-
cyanophenyl)morpholine-4-carboxylate (1.3 g, 4.03 mmol, 1 equiv) in DME (20 mL, 0.20 M). The
mixture was heated to 125°C and stirred for 20 minutes. The reaction mixture was concentrated, and the
residue was crystallized from MeOH (20 mL). tert-butyl (R)-3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-
yl)phenyl)morpholine-4-carboxylate (1.30 g, 3.20 mmol, 79% yield) was obtained as pale yellow solid.
[00475] tert-butyl (R)-3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholine-4-
carboxylate was used in Procedure B to afford the title compound. LC-MS m/z: 361.1 [M+1].

[00476] Stereochemistry: single enantiomer of known absolute configuration.

Example 48. Synthesis both diastereomers of 5-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)-
1-methyltetrahydropyrimidin-2(1H)-one (Compounds 216 and 217
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[00477] tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine-4-carboxylate was obtained from Procedure B.

[00478] To a solution of tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)morpholine-4-carboxylate (500 mg, 1.18 mmol) in 1,4-dioxane (1 mL, 0.98 M) and water
(0.20 mL, 0.98 M) was added 5-bromo-1-methyl-pyrimidin-2-one (267.63 mg, 1.41 mmol, 1.2 equiv),
Pd(dppf)Cl; (85.62 mg, 0.12 mmol, 0.10 equiv), and potassium carbonate (407.71 mg, 2.95 mmol, 2.5
equiv). The mixture was stirred at 80°C for 4 hours under N>. The reaction mixture was poured into
water (5 mL) and extracted with EtOAc (5 mL * 3). The combined organic layers were washed with
brine (5 mL * 2), dried over Na2SOs, filtered, and concentrated under reduced. The residue was purified
by column chromatography (SiO2, Ethyl acetate) to afford tert-butyl (R)-3-(3-chloro-5-(1-methyl-2-oxo-
1,2-dihydropyrimidin-5-yl)phenyl)morpholine-4-carboxylate (300 mg, 0.74 mmol, 63% yield).

[00479]  To a solution of tert-butyl (R)-3-(3-chloro-5-(1-methyl-2-oxo0-1,2-dihydropyrimidin-5-
yl)phenyl)morpholine-4-carboxylate (2.8 g, 6.89 mmol, 1 equiv) in THF (10 mL, 0.69 M) was

added platinum dioxide (548.29 mg, 2.41 mmol, 0.35 equiv) and 1,3,5-trichlorobenzene (1.25 g, 6.89
mmol, 1 equiv). The reaction was stirred at 20°C under H; (15 psti) for 72 hours. The mixture was
filtered and concentrated under vacuum. The crude product was chromatographed on silica gel (PE/ EA
20:1—1:1—0:1) to afford tert-butyl (3R)-3-(3-chloro-5-(1-methyl-2-oxohexahydropyrimidin-3-
yl)phenyl)morpholine-4-carboxylate.
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[00480]  To a solution of tert-butyl (3R)-3-(3-chloro-5-(1-methyl-2-oxohexahydropyrimidin-5-
yDphenyl)morpholine-4-carboxylate (130 mg, 0.32 mmol, 1 equiv) in 1,4-dioxane (1 mL, 0.25 M) was
added HCl in dioxane (4M, 2 mL) at 25°C. The mixture was stirred for 2 hours, filtered, and
concentrated under vacuum to afford crude 5-(3-chloro-5-((R)-morpholin-3-yl)phenyl)-1-
methyltetrahydropyrimidin-2(1H)-one (100 mg, 0.32 mmol, 83% yield) as a yellow oil.
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[00481]  N,N-Diisopropylethylamine (83.43 mg, 0.65 mmol) was added to a solution of 5-(3-chloro-
5-((R)-morpholin-3-yl)phenyl)-1-methyltetrahydropyrimidin-2(1H)-one (100 mg, 0.33 mmol) in DCM (5
mL, 0.065 M) at 0°C. Acrylic acid (25.58 mg, 0.35 mmol) was added dropwise at 0°C before addition a
solution of 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane-2,4,6-trioxide (308 mg, (.48 mmol)

in DCM (2 mL, 0.024 M). The mixture was stirred at 25°C for 30 minutes. The mixture was diluted
with water (20 mL), extracted with DCM (10 mL * 3), dried over by Na2SO4, filtered, and concentrated
under reduced pressure. The residue was purified by prep-TLC (SiOz; PE:EtOAc = 1:5) to afford 5-(3-
((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)-1-methyltetrahydropyrimidin-2(1H)-one (50mg, 0.14
mmol, 43% yield).

[00482]  Diastereomers were separated by SFC [Column: Phenomenex-Cellulose-2
(250mm*30mm, 10um) CO, and EtOH] and the stereochemistry of the 1-methyltetrahydropyrimidin-
2(1H)-one was arbitrarily assigned. LC-MS m/z: 364.2 [M+1]. LC-MS m/z: 364.2 [M+1].

[00483]  Stereochemistry: single diastereomers of known absolute configuration on the morpholine

and unknown absolute configuration on the pyrimidine.

Example 49. Synthesis of 1-((R)-3-(3-chloro-5-((R)-1-methyl-2-thioxohexahydropyrimidin-5-

Dphenyl)morpholino)prop-2-en-1-one Diastereomers 1 and 2(Compounds 226 and 227

[00484] tert-butyl (3R)-3-(3-chloro-5-(1-methyl-2-oxohexahydropyrimidin-5-yl)phenyl)morpholine-
4-carboxylate was obtained from the synthesis of Compounds 216 and 217.

[00485]  To a solution of tert-butyl (3R)-3-(3-chloro-5-(1-methyl-2-oxohexahydropyrimidin-5-
yl)phenyl)morpholine-4-carboxylate (2 g, 4.88 mmol, 1 equiv) in m-xylene (40 mL, 0.12 M) was added
(dithioxo-A5-phosphanyl)sulfanyl-dithioxo-A5-phosphanc (2.17 g, 4.87 mmol, 1 equiv) at 25°C. The

mixture was heated to 130°C for 16 hours under N»>. The mixture was filtered and concentrated under
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vacuum. The residue was purified by Prep-HPLC (TFA) to obtain 5-(3-chloro-5-((R)-morpholin-3-
yDphenyl)-1-methyltetrahydropyrimidine-2(1H)-thione (530 mg, 1.63 mmol, 33% yield) as yellow solid.
[00486]  5-(3-chloro-5-((R)-morpholin-3-yl)phenyl)-1-methyltetrahydropyrimidine-2(1H)-thione was
used in the final steps of the route to Compounds 216 and 217 to obtain the title compounds.

[00487]  Diastereomers were separated by SFC and the stereochemistry of the 1-
methyltetrahydropyrimidine-2(1H)-thione was arbitrarily assigned. LC-MS m/z: 380.0 [M+1]. LC-MS
m/z: 380.2 [M+1].

[00488]  Stereochemistry: single stereoisomer of unknown absolute configuration. Morpholine
stereocenter is known, 1-methyltetrahydropyrimidine-2(1H)-thione stereochemistry was arbitrarily

assigned.

Example 50. Synthesis of 1-(3-((R)-4-acrvloylmorpholin-3-yl)-5-chlorophenyl)-3-aminopyrrolidin-
2-one (Compound 230
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[00489] (R)-1-(3-(3-bromo-5-chlorophenyl)morpholino)prop-2-en-1-one was obtained from
Procedure C.
[00490] A solution of (R)-1-(3-(3-bromo-3-chlorophenyl)morpholino)prop-2-en-1-one (50 mg, 0.15

Br

mmol, 1 equiv) and tert-butyl N-(2-oxopyrrolidin-3-yl)carbamate (60.56 mg, 0.30 mmol, 2 equiv) in 1,4-
dioxane (5 mL, 0.03 M) was added tris(dibenzylidencacetone)dipalladium(0) (13.84 mg, 0.015 mmol,
0.10 equiv), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (8.75 mg, 0.015 mmol, 0.10 equiv),

and cesium carbonate (88.69 mg, 0.27 mmol, 1.8 equiv). The mixture was stirred at 90°C for 12 hours
under N». The reaction was diluted with water, extracted with EtOAc (20 mLx 3), and concentrated
under vacuo. The residue was purified by prep-TLC (SiO, EA:MeOH = 10:1) to afford tert-butyl (1-(3-
((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)-2-oxopyrrolidin-3-yl)carbamate (90 mg) as a yellow oil.
The diastereomers were separated by SFC.

[00491]  To a solution of tert-butyl (1-(3-((R)-4-acryloylmorpholin-3-y1)-5-chlorophenyl)-2-
oxopyrrolidin-3-yl)carbamate (35 mg, 0.077 mmol, 1 equiv) in DCM (1.5 mL, 0.04 M) was

added trifluoroacetic acid (0.50 mL, 0.038 M) at 0°C. The mixture was stirred at 0°C for 1 hour under
N;. The reaction mixture was concentrated under reduced pressure and then purified by prep-HPLC
(column: Phenomenex Luna 80*30mm*3um; liquid phase: [A-TFA/H,0=0.075% v/v; B-ACN]B%: 1%-
30%,8min]) to afford 1-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)-3-aminopyrrolidin-2-one as a
white solid. LC-MS m/z: 349.8. [M+1].

[00492]  Stereochemistry: single enantiomer of known absolute configuration. Morpholine
stereocenter is known, 3-aminopyrrolidin-2-one stereochemistry is unknown.
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Example 51. Synthesis of 4-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyltetrahvdropyrimidin-

2(1H)-one (Compound 242
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[00493] tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine-4-carboxylate was obtained from Procedure B.

[00494] To a solution of tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)morpholine-4-carboxylate (1 g, 2.35 mmol, 1 equiv) and 2,4-dichloropyrimidine (703.17 mg,
4.71 mmol, 2 equiv) in 1,4-dioxane (20 mL, 0.098 M) and water (4 mL, 0.098 M) was added potassium
carbonate (652.33 mg, 4.71 mmol, 2 equiv) and Pd(dppf)Cl; (85.62 mg, 0.12 mmol, 0.05 equiv). The
mixture was stirred at 80°C under N; for 16 hours. The reaction mixture was poured into saturated
aqueous NH4CI (15 mL) and extracted with EtOAc (10 mL * 3). The combined organic layers were
washed with brine (5 mL * 2), dried over Na>SQq, filtered, and concentrated under reduced pressure. The
residue was purified by Prep-TLC (Petroleum ether : Ethyl acetate= 3:1) to give tert-butyl (R)-3-(3-
chloro-5-(2-chloropyrimidin-4-yl)phenyl)morpholine-4-carboxylate (192 mg, 0.47 mmol, 20% yield) as
a white solid.

[00495]  tert-butyl (R)-3-(3-chloro-5-(2-chloropyrimidin-4-yl)phenyl)morpholine-4-carboxylate (850
mg, 2.07 mmol, 1 equiv) in 38% aqueous HCI (20 mL) was stirred at 100°C for 16 hours. The mixture
was cooled, and the pH adjusted to 8 with aqueous 1M sodium hydroxide. Most of the water was
removed under reduced pressure and the remaining solution was extracted with DCM:iPrOH = 3:1 (20
mL % 3). The combined organic layer was dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure to afford crude (R)-4-(3-chloro-5-(morpholin-3-

yDphenyl)pyrimidin-2-ol (830 mg) as a ycllow solid.
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[00496]  To a solution crude (R)-4-(3-chloro-5-(morpholin-3-yl)phenyl)pyrimidin-2-ol (630 mg, 2.15
mmol, 1 equiv) in THF (5 mL) and EtOH (10 mL) was added Pt-O (0.2 eq, 98 mg) under Ar,. The
suspension was degassed under vacuum and purged with H2 several times. The mixture was stirred
under 15 Psi of hydrogen pressure for 16 hours at 25°C. The suspension was filtered through a pad of
Celite and the filter cake was washed with EtOH (10 mLx3). The combined filtrates were concentrated
to dryness to afford 4-(3-chloro-5-((R)-morpholin-3-yl)phenyl)tetrahydropyrimidin-2(1H)-one (550 mg,
1.49 mmol, 69% yield) as a yellow solid.
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[00497]  To a solution of 4-(3-chloro-5-((R)-morpholin-3-yl)phenyl)tetrahydropyrimidin-2(1H)-one
(50 mg, 0.16 mmol), acrylic acid (12.18 mg, 0.16 mmol), and N,N-diisopropylethylamine (43.69 mg,
0.33 mmol) in DCM (2 mL, 0.05 M) was added 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane-2 4,6-
trioxide (161.37 mg, 0.25 mmol) at 0°C under N». The reaction was stirred for 30 minutes. The reaction
mixture was poured into saturated aqueous NH4Cl (5 mL) and extracted with DCM (5 mL * 3). The
combined organic layers were washed with brine (3 mL), dried over Na,SO.,, filtered, and concentrated
under reduced pressure. The residue was purified by prep-HPLC (neutral conditions) to give desired
compound (60 mg) as a white solid. The diastereomers were separated by SFC. LC-MS m/z: 350.2
[M+1].

[00498]  Stercochemistry: single enantiomer of unknown absolute configuration. Morpholine

stereocenter is known, tetrahydropyrimidin-2(1H)-one stereochemistry is unknown.

Example 52. Synthesis of 1-(3-(3-(2-aminooxazol-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one
(Compound 282)
Br Cl
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[00499] To a solution of 1,3-dibromo-5-chlorobenzene (10 g, 36.98 mmol) in i-PrO (150 mL) at -

60°C was added n-butyllithium solution (10.56 g, 38.83 mmol) under N; and then stirred for 30 minutes.
2-Chloro-N-methoxy-N-methyl-acetamide (5.59 g, 40.68 mmol) in i-Pr,O (20 mL) was added dropwise
and the reaction was allowed to warm to 0°C and stirred for 1 hour. The solution was diluted

with saturated aqueous NH4Cl (300 mL) and extracted with EtOAc (300 mL * 3). The combined organic
solutions were washed with brine (50 mL), dried over NaxSQu, filtered, and concentrated under

vacuum. The crude product was purified by silica gel column (petroleum ether: ethyl acetate = 1: 0 to
99: 1) to afford 1-(3-bromo-5-chlorophenyl)-2-chloroethan-1-one (3.70 g, 13.8 mmol, 37% yield).
[00500] To a solution of 1-(3-bromo-5-chlorophenyl)-2-chloroethan-1-one (1.3 g, 4.85 mmol)

in acetone (10 mL, 0.48 M) was added sodium bromide (1.99 g, 19.40 mmol) at 20°C under N>. The
reaction was stirred at 60°C for 16 hours. The solution was diluted with H>O (20 mL), extracted with
EtOAc (20 mL * 3), washed with brine (20 mL * 3), dried over Na>SOu, filtered, and concentrated under
vacuum to afford 2-bromo-1-(3-bromo-5-chlorophenyl)ethan-1-one (2.0 g) as a yellow solid.

[00501] To a solution of 2-bromo-1-(3-bromo-5-chlorophenyl)ethan-1-one (500 mg, 1.60 mmol, 1
equiv) in MeCN (5 mL, 0.32 M) was added urea (961.3 mg, 16.01 mmol, 10 equiv) at 25°C. The mixture
was stirred at 80°C for 12 hours under N;. The reaction mixture was poured into saturated aqueous
NH4CI (10 mL) and extracted with EtOAc (10 mL * 3). The combined organic layers were washed with
brine (8 mL * 2), dried over Na>SQs, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography (SiO2, Petroleum ether/Ethyl acetate=3/1 to 1/1) to afford 4-(3-
bromo-5-chlorophenyl)oxazol-2-amine (241 mg, 0.88 mmol, 55% yield).
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[00502] To a solution of a 4-(3-bromo-5-chlorophenyl)oxazol-2-amine (570 mg, 2.08 mmol, 1 equiv)
in 1,4-dioxane (5 mL, 0.42 M) was added bis(pinacolato)diboron (582.14 mg, 2.29 mmol, 1.1 equiv),
potassium acetate (409.05 mg, 4.16 mmol, 2 equiv), and Pd(dppf)Cl, (150.81 mg, 0.21 mmol, 0.10
equiv) at 25°C under N2. The mixture was stirred at 90°C for 16 hours. The reaction mixture was poured
into water (6 mL) and extracted with EtOAc (6 mL * 3). The combined organic layers were washed with
brine (5 mL * 2), dried over Na>SOq, filtered, and concentrated under reduced pressure to afford 4-(3-
chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)oxazol-2-amine (780 mg) as yellow oil.
[00503] To a solution of 4-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)oxazol-2-
amine (785 mg, 2.44 mmol, 1 equiv) in 1,4-dioxane (5 mL, 0.41 M) and water (1 mL, 0.41 M) was

added tert-butyl 5-diphenoxyphosphoryloxy-2,3-dihydro-1,4-oxazine-4-carboxylate (1061.2 mg, 2.44
mmol, 1 equiv), potassium carbonate (676.87 mg, 4.89 mmol, 2 equiv), and Pd(dppf)Cl- (88.59 mg, 0.12
mmol, 0.05 equiv) at 25°C. The mixture was stirred at 80°C for 2 h under N». The reaction mixture was
poured into saturated aqueous NH4Cl (6 mL) and extracted with EtOAc (6 mL * 3). The combined
organic layers were washed with brine (5 mL * 2), dried over Na,SOy, filtered, and concentrated under
reduced pressure. The residue was purified by column chromatography (SiO-, Petroleum ether/Ethyl
acetate=3/1 to 1/1) to afford tert-butyl 5-(3-(2-aminooxazol-4-yl)-5-chlorophenyl)-2,3-dihydro-4H- 1 ,4-
oxazine-4-carboxylate (300 mg, 0.79 mmol, 32% yield).
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[00504]  To a solution of tert-butyl 5-(3-(2-aminooxazol-4-yl)-5-chlorophenyl)-2,3-dihydro-4H-1,4-
oxazine-4-carboxylate (305 mg, 0.81 mmol, 1 equiv) in DCM (3 mL, 0.20 M) was added trifluoroacetic
acid (1 mL, 0.20 M) at 25°C under N;. The mixture was stirred at 25°C for 1 hour. The reaction was
concentrated under reduced pressure. The mixture was neutralized with 2N NaOH solution at 0°C and
extracted with ethyl acetate. The combined organic layer was washed with water, brine, dried over
Na»SO,, filtered, and concentrated under reduced pressure to afford crude 4-(3-chloro-5-(5,6-dihydro-
2H-1,4-oxazin-3-yl)phenyl)oxazol-2-amine (224 mg, 0.81 mmol, 100% yield). The crude product was
used in the next step without further purification.
[00505]  To a solution of 4-(3-chloro-5-(5,6-dihydro-2H-1,4-oxazin-3-yl)phenyl)oxazol-2-amine (147

mg, 0.53 mmol, 1 equiv) in DCM (2 mL, 0.26 M) was added sodium cyanoborohydride (33.26 mg, 0.59

mmol, 1 equiv) at 0°C. The mixture was stirred at 25°C for 1 hour under N>. The reaction mixture was
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poured into saturated aqueous NH4Cl (5mL) and extracted with DCM (5 mL * 3). The combined organic
layers were washed with brine (5 mL * 2), dried over Na,SQs, filtered, and concentrated under reduced
pressure. The residue was purified by prep-HPLC (TFA condition) to 4-(3-chloro-5-(morpholin-3-
yl)phenyl)oxazol-2-amine (50 mg, 0.18 mmol, 34% yield) as a white solid.

[00506]  4-(3-chloro-5-(morpholin-3-yl)phenyl)oxazol-2-amine was used Step 8 of Procedure E to
obtain the title compound.

[00507]  Enantiomers were separated by SFC and the absolute stereochemistry was not assigned. LC-
MS nv/z: 344.2 [M+1].

[00508]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 53. Procedure F and Synthesis of 1-(5-chloro-7-phenyl-2H-spiro[benzofuran-3.3'-

morpholin]-4'-y)prop-2-en-1-one (Compound 7)
[00509] Procedure F
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[00510]  To a solution of 1-(5-chloro-2-hydroxy-phenyl)ethanone (50 g, 293.1 mmol, 1

equiv) in DMF (500 mL, 0.58 M) was added N-bromosuccinimide (54.77 g, 307.76 mmol, 1.05 equiv) at
25°C. The mixture was stirred at 25°C for 16 hours under N,. The solution was poured into water

(600 mL) filtered, washed with aqueous Na,SOs (500 mL), dried over Na,SO,, filtered, and concentrated
under reduced pressure to afford 1-(3-bromo-5-chloro-2-hydroxy-phenyl)ethanone (65.0 g, 261 mmol,
89% yield) as brown solid.

[00511]  To asolution of 1-(3-bromo-5-chloro-2-hydroxy-phenyl)ethanone (5000 mg, 20.04 mmol, 1
equiv) in DCM (50 mL, 0.40 M) was added triethylamine (6083 mg, 60.12 mmol, 3 equiv) and tert-
butyldimethylsilyl trifluoromethanesulfonate (10595 mg, 40.08 mmol, 2 equiv) at 0°C. The mixture was
stirred at 25°C for 12 hours under N». The reaction mixture was poured into water (60 mL) and extracted
with DCM (50 mL * 3). The combined organic layers were washed with brine (50 mL * 2), dried over
NazSOy, filtered, and concentrated under reduced pressure. The residue was purified by flash silica gel
chromatography (ISCO®; 80 ¢ SEPAFLASH?® Silica Flash Column, Eluent of 0-10% Ethyl
acetate/Petroleum ether gradient @ 80 mL/min) to atford ((1-(3-bromo-2-((tert-butyldimethylsilyl)oxy)-
5-chlorophenyl)vinyl)oxy)(tert-butyl)dimethylsilane (7.25 g, 14.7 mmol, 73% yield) as a colorless oil.
[00512]  To a solution of ((1-(3-bromo-2-((tert-butyldimethylsilyl)oxy)-5-
chlorophenyl)vinyl)oxy)(tert-butyl )dimethylsilane (7.25 g, 15.17 mmol) in DCM (80 mL, 0.19 M) was
added sodium bicarbonate (3185 mg, 37.91 mmol, 2.5 equiv) and 3-chloroperbenzoic acid (4926 mg,
24.26 mmol) at 0°C. The mixture was stirred at 25°C for 4 hours under N>. The reaction mixture

was quenched with aqueous Na,SOs (100 mL) and extracted with DCM (60 mL * 3). The combined

organic layers were washed with brine (50 mL * 2), dried over Na,SQy, filtered, and concentrated under
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reduced pressure. The residue was purified by flash silica gel chromatography (ISCO®; 80 g
SEPAFLASH® Silica Flash Column, Eluent of 0-10% Ethyl acetate/Petroleum ether gradient @ 80
ml/min) to afford ((2-(3-bromo-2-((tert-butyldimethylsilyl)oxy)-5-chlorophenyl)oxiran-2-yl)oxy)(tert-
butyl)dimethylsilane (5.00 g, 10.1 mmol, 67% yield) as a yellow oil.

| <0 HQ e o e
e~ — "R — R
\‘6 —_— — o) —_— o

ol ” o Br ol o cl ”
[00513]  To a solution of ((2-(3-bromo-2-((tert-butyldimethylsilyl)oxy)-5-chlorophenyl)oxiran-2-
yhoxy)(tert-butyl)dimethylsilane (20 g, 40.48 mmol) in THF (200 mL, 0.18 M) and water (20 mL, 0.18
M) was added p-toluenesulfonic acid monohydrate (1.54 g, 8.09 mmol) at 25°C. The mixture was stirred
at 70°C for 12 hours under N;. The reaction mixture was poured into water (650 mL) and extracted with
EtOAc (750mL * 3). The combined organic layers were washed with brine (300 mL * 2), dried over
Na,SOs, filtered, and concentrated under reduced pressure to give a crude 1-(3-bromo-5-chloro-2-
hydroxyphenyl)-2-hydroxyethan-1-one (10.00 g, 37.7 mmol, 93% yield) as a yellow solid.

[00514]  To a solution 1-(3-bromo-5-chloro-2-hydroxyphenyl)-2-hydroxyethan-1-one (6.72 g, 25
mmol, 1 equiv) in ethanol (50 mL, 0.25 M) and water (50 mL, 0.25 M) was added diammonium
carbonate (12647 mg, 131 mmol, 5.2 equiv) and trimethylsilyl cyanide (98%) (3264 mg, 32 mmol, 1.3
equiv) at 0°C. The mixture was stirred at 55°C for 12 hours under N>. The reaction mixture was filtered,
and the filter cake was dried under reduced pressure to afford 3-amino-7-bromo-5-chloro-2,3-
dihydrobenzofuran-3-carboxamide (5.14 g, 17.6 mmol, 70% yield) as a yellow solid.

[00515] To a solution of 3-amino-7-bromo-35-chloro-2,3-dihydrobenzofuran-3-carboxamide (5.14 g,
17.63 mmol, 1 equiv) in ethanol (30 mL, 0.58 M) was added potassium hydroxide (2967 mg, 52 mmol, 3
equiv) (dissolved in 30 mL of water) at 0°C. The mixture was stirred at 55°C for 12 hours under N,. The
muddy mixture turned clear. The reaction mixture pH was adjusted to 4 with HCl in EtOAc. The filter
cake was collected by filtration and dried under reduced pressure to afford 3-amino-7-bromo-5-chloro-

2,3-dihydrobenzofuran-3-carboxylic acid (4.26 g, 14.6 mmol, 82% yield) as a white solid.
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[00516] To a solution of 3-amino-7-bromo-3-chloro-2,3-dihydrobenzofuran-3-carboxylic acid (4.26

g, 14.56 mmol, 1 equiv) in THF (40 mL, 0.36 M) was added borane THF (72.8 mL, 72.8 mmol, 5 equiv)
at 0°C. The mixture was stirred at 70°C for 2 hours under N> and then quenched with MeOH (100

mL). The solution was stirred at 70°C for 1 hour and then concentrated under reduced pressure to afford
(3-amino-7-bromo-5-chloro-2,3-dihydrobenzofuran-3-yl)methanol (4.60 g, 13.2 mmol, 90% yield) as a

white solid.
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[00517] To a solution of (3-amino-7-bromo-5-chloro-2,3-dihydrobenzofuran-3-yl)methanol (1000
mg, 3.59 mmol, 1 equiv) in THF (10 mL, 0.3 M) was added NaH (287 mg, 7.18 mmol, 2 equiv) at 0°C.
The mixture was stirred at 0°C for 30 min under N2. Ethyl chloroacetate (659 mg, 5.38 mmol, 1.5 equiv)
was then added slowly at 0°C. The mixture was stirred at 25°C for 12 hours under N; and then poured
into water (30 mL) and extracted with EtOAc (30 mL * 3). The combined organic layers were washed
with brine (20 mL * 2), dried over Na,SOsy, filtered, and concentrated under reduced pressure. The
residue was purified by flash silica gel chromatography (ISCO®; 12 ¢ SEPAFLASH® Silica Flash
Column, Eluent of 10-30% Ethyl acetate/Petroleum ether gradient @ 60 mL/min) to afford 7-bromo-5-
chloro-2H-spiro[benzofuran-3,3’-morpholin]-5°-one (413 mg, 1.30 mmol, 36% yield) as a yellow solid.
[00518] To a solution of 7-bromo-5-chloro-2H-spiro[benzofuran-3,3'-morpholin]-5'-one (413 mg,
1.29 mmol, 1 equiv) in THF (10 mL, 0.13 M) was added borane THF (6.5 mL, 6.48 mmol, 5 equiv) at
0°C. The mixture was stirred at 70°C for 2 hours under N;. The mixture was quenched by MeOH (30
mL) at 0°C and then stirred at 70°C for 12 hours under N,. The mixture was concentrated under reduced
pressure to afford 7-bromo-5-chloro-2H-spiro[benzofuran-3,3'-morpholine] (470 mg, 1.23 mmol, 95%

yield) as a yellow oil.
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[00519] To a solution of 7-bromo-5-chloro-2H-spiro[benzofuran-3,3’-morpholine] (470 mg, 1.54
mmol, 1 equiv) in DCM (5 mL, 0.31 M) was added triethylamine (0.43 mL, 3.08 mmol, 2 equiv)

Br
Cl

and acryloyl chloride (139.67 mg, 1.54 mmol, 1 equiv) at 0°C. The mixture was stirred at 0°C for 1 hour
under N2. The reaction mixture was poured into water (15 mL) and extracted with DCM (15 mL * 3).
The combined organic layers were washed with brine (10 mL * 2), dried over Na»,SOs, [iltered, and
concentrated under reduced pressure. The residue was purified by flash silica gel chromatography
(ISCO®; 4 g SEPAFLASH® Silica Flash Column, Eluent of 20-40% Ethyl acetate/Petroleum ether
gradient @ 36 mL/min) to afford 1-(7-bromo-5-chloro-2H-spiro[benzofuran-3,3’ -morpholin]-4'-yl)prop-
2-en-1-one (346 mg, 0.97 mmol, 62% yield) as a yellow solid.

[00520] To a solution of phenylboronic acid (3.43 mg, 0.028 mmol) and 1-(7-bromo-5-chloro-2H-
spiro[benzofuran-3,3'-morpholin]-4'-yl)prop-2-en-1-one (15 mg, 0.042 mmol) in MeCN (3 mL), 1,4-
dioxane (3 mL), and water (1 mL) was added K»CO3 (23 mg) and Pd(dppf)Cl, (20mg). The resulting
mixture was stirred at 80°C for 1 hour. The reaction was quenched with brine (20 mL) and then extracted
with EtOAc (20 mL * 2). The organic layers were combined, dried over Na>SOx, filtered, and
concentrated under reduced pressure. The crude product was purified by prep-TLC to afford racemic 1-
(5-chloro-7-phenyl-2H-spiro[benzofuran-3,3'-morpholin]-4'-yl)prop-2-en-1-one (8.7 mg, 83% yield) as a
yellow solid. LC-MS m/z: 356.1 [M+1].

[00521] Stereochemistry: racemic.
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[00522] 7-bromo-5-chloro-spiro[2H-benzofuran-3,3’-morpholine] was obtained from Procedure F.
[00523]  To a solution of 7-bromo-5-chloro-spiro[2H-benzofuran-3,3'-morpholine] (300 mg, 0.98
mmol, 1 equiv) in CPME (3 mL) was added potassium acctate (290 mg, 2.95 mmol, 3 cquiv),
bis(pinacolato)diboron (250.13 mg, 0.985 mmol, 1 equiv), and CPy3 Pd G2 (0.1 eq, 58.16 mg) at 25°C in

a glove box. The mixture was stirred at 80°C for 12 hours under N>. The solution was used directly in the
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next step.

[00524] To a solution of 5-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)spiro[ 2H-
benzofuran-3,3'-morpholine] (300 mg, 0.85 mmol, 1 equiv) in CPME (3 mL) and water (0.6 mL) was
added potassium carbonate (353 mg, 2.55 mmol), 4-chloro-1,3,5-triazin-2-amine (111 mg, 0.85 mmol),
and Pd(dppf)Cl: (0.1 eq, 62.41 mg) at 25°C. The mixture was stirred at 80°C for 12 hours under N>. The
reaction mixture was poured into water (15 mL) and extracted with EtOAc (15 mL * 3). The combined
organic layers were washed with brine (10 mL * 2), dried over Na,SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel chromatography (ISCO®; 4 g
SEPAFLASHP® Silica Flash Column, Eluent of 0-20% MeOH/EtOAc @ 36 mL/min) to afford 4-(5-
chloro-2H-spiro[benzofuran-3,3’-morpholin]-7-y1)-1,3,5-triazin-2-amine (110 mg, 0.344 mmol, 40 %
yield) as a yellow oil.

[00525] The title compound was obtained using 4-(5-chloro-2H-spiro[benzofuran-3,3"-morpholin]-7-
yl)-1,3,5-triazin-2-amine in Procedure F. LC-MS m/z: 374.1 [M+1].

[00526] Enantiomers were separated by chiral SFC (column: Chiralpak AS-3, 50x4.6mm ID, 3um)
with mobile phase CO: and 0.1% IPAm in MeOH. The title compound’s absolute stereochemistry was

not assigned. Stereochemistry: single enantiomer of unknown absolute configuration.

Example 55. Synthesis of 5-(4’-acryloyl-5-chloro-2H-spiro[ benzofuran-3.3'-morpholin]-7-yl)-2-

fluorobenzamide (Compound 143)
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[00527] 1-(7-bromo-5-chloro-spiro[2H-benzofuran-3,3’-morpholine]-4’-yl)prop-2-en-1 -one was
obtained from Procedure F.

[00528]  To a solution of 1-(7-bromo-5-chloro-spiro[2H-benzofuran-3,3’ -morpholine]-4’-yl)prop-2-
en-1-one (100mg,0.27mmol) in 1,4-Dioxane (3 mL) and water (0.6 mL) was added 2-fluoro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (96 mg, 0.36 mmol, 1.3 equiv), potassium carbonate
(115 mg, 0.83 mmol, 3 equiv), and Pd(dppf)Cl; (0.1 eq, 20 mg) at 25°C. The mixture was stirred at 80°C
for 12 hours under N»>. The reaction mixture was poured into water (20 mL) and extracted with EtOAc
(20 mL * 3). The combined organic layers were washed with brine (15 mL * 2), dried over Na;SOs,
filtered, and concentrated under reduced pressure. The residue was purified by prep-TLC (ethyl

acetate) to give 100 mg of crude product as a yellow oil. The product was further purified by prep-HPLC
to 5-(4’-acryloyl-5-chloro-2H-spiro[benzofuran-3,3’-morpholin]-7-yl)-2-fluorobenzamide.

[00529] Enantiomers were separated by chiral SFC (column: Chiralpak AD-3, 50x4.6mm ID, 3um)
with mobile phase CO2 and 0.1% IPAm in MeOH. The title compound’s absolute stereochemistry was
not assigned. LC-MS m/z: 417.1 [M+1].

[00530]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 56. Synthesis of 1-(7-(2-aminopyrimidin-4-yl)-5-chlore-2H-spiro[benzofuran-3.3'-

morpholin]-4’-yl)prop-2-en-1-one (Compound 158)
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[00531] 5-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl )spiro[2H-benzofuran-3,3’-
morpholine] was obtained from the synthesis of Compound 151.

[00532] To a solution of 5-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)spiro[ 2H-
benzofuran-3,3’-morpholine] (400 mg, 1.13 mmol, 1 equiv) in 1,4-dioxane (5 mL, 0.19 M) and water (1
mL, 0.19 M) was added potassium carbonate (471 mg, 3.41 mmol, 3 equiv), 4-chloropyrimidin-2-amine
(147 mg, 1.13 mmol, 1 equiv), and Pd(dppf)Cl» (0.1 eq, 83.19 mg) at 25°C. The mixture was stirred at
80°C for 12 hours under N». The reaction mixture was poured into water (15 mL) and extracted with
EtOAc (15 mL * 3). The combined organic layers were washed with brine (10 mL * 2), dried over
NasSQs, filtered, and concentrated under reduced pressure. The residue was purified by flash silica gel
chromatography (ISCO®; 4 ¢ SEPAFLASH® Silica Flash Column, Eluent of 0-20% MeOH/EtOAc @ 60
mL/min) to afford 4-(5-chlorospiro[2H-benzofuran-3,3'-morpholine]-7-yl)pyrimidin-2-amine (115 mg,
0.361 mmol, 32% yield) as a yellow oil.

[00533] The title compound was obtained using 4-(5-chlorospiro[2H-benzofuran-3,3'-morpholine]-7-

yDpyrimidin-2-amine in Procedure F.
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[00534] Enantiomers were separated by chiral SFC (column: Chiralpak AD-3, 50x4.6mm ID, 3um)
with mobile phase CO; and 0.1% IPAm in EtOH. The title compound’s absolute stereochemistry was
not assigned. LC-MS m/z: 373.0 [M+1].

[00535] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 57. Synthesis of 7-(2-aminopyrimidin-4-vyl)-5-chloro-2H-dispiro[ benzofuran-3.5’-

morpholine-2’,1”’-cyclopropan]-3’-one (Compound 192)
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[00536] Installation of the cyclopropane was achieved on 7-bromo-5-chloro-2H-spiro[benzofuran-
3,3’-morpholin]-5"-one from Procedure F. The product was taken forward to obtain 7-(2-
aminopyrimidin-4-yl)-5-chloro-2H-dispiro[benzofuran-3,5-morpholine-2°,1”-cyclopropan]-3'-one.
[00537]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS m/z: 399.1 [M+1].

[00538]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 58. Procedure G and Synthesis of 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-3-

methylmorpholino)prop-2-en-1-one (Compound 112)
[00539] Procedure G
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[00540] 1,3-dibromo-5-chloro-benzene (30 g, 110.97 mmol) was dissolved in anhydrous i-Pr,O (300

mL) in a dried flask under nitrogen. The reaction mixture was cooled to -78°C. A 2.5 M solution of n-
BulLi in hexanes (44.40 mL, 110.97 mmol) was added dropwise to the above solution and the reaction
mixture was stirred at -78°C for 30 min. N-Methoxy-N-methylacetamide (13.73 g, 133.16 mmol, 1.2
equiv) was added slowly at -78°C. The reaction mixture was warmed slowly to room temperature and
stirred for 30 minutes. The reaction mixture was poured into 120 mL of saturated aqueous NH,Cl1 and
the mixture was stirred for 15 minutes. The organic phase was separated, dried over anhydrous Na,SOy,
filtered, and concentrated. The residue was purified by column chromatography (SiO,, Petroleum
ether/Ethyl acetate=10/1) to afford 1-(3-bromo-5-chlorophenyl)ethan-1-one (21 g, 89.9 mmol, 81%
yield) as a yellow oil.

[00541] A solution of 1-(3-bromo-5-chloro-phenyl)ethanone (21 g, 89.94 mmol, 1 equiv),
(NH4)>COs (45 g, 5.2 eq), and TMSCN (12 g, 1.31 eq) in ethanol (250 mL, 0.18 M) and water (250 mL,
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0.18 M) was stirred at 55°C for 12 hours. The reaction mixture was cooled to room temperature and
filtered. The solid was collected, washed with water, and dried under vacuo to afford 5-(3-bromo-5-
chlorophenyl)-5-methylimidazolidine-2,4-dione (24.5 g, 80.7 mmol, 90% yield) as a white solid.

[00542] To a solution of 5-(3-bromo-5-chlorophenyl)-5-methylimidazolidine-2,4-dione (24.5 g, 80.71
mmol, 1 equiv) in water (250 mL, 0.32 M) was added NaOH (12.9 g, 322.8 mmol, 4 equiv) at 25°C. The
resulting mixture was stirred at 135°C for 10 hours under N». The reaction mixture was cooled to 0°C
and 2N aqueous HCI was added until pH~6. The solid was collected by filtration, washed with water,
and dried under vacuo to afford 2-amino-2-(3-bromo-5-chlorophenyl)propanoic acid (20 g, 71.8 mmol,

89% yield) as a white solid.

[00543]  To a solution of 2-amino-2-(3-bromo-5-chloro-phenyl)propanoic acid (15 g, 53.85 mmol, 1
cquiv) in THF (150 mL, 0.36 M) was added a boranc tetrahydrofuran complex solution (235.88 g, 269.27
mmol, 5 equiv) at 0°C. The mixture was stirred at 25°C for 2 hours under N;. The reaction mixture was
quenched with MeOH (200 mL) and aqueous HCI (5 mL) , stirred for 1 hour, and then concentrated
under reduced pressure. The mixture was neutralized with 2N NaOH solution at 0°C and extracted with
ethyl acetate. The combined organic layer was washed with water, brine, dried over anhydrous Na>SOs,
and concentrated under reduced pressure to afford 2-amino-2-(3-bromo-5-chlorophenyl)propan-1-ol
(13.8 g, 52.1 mmol, 97% yield).

[00544]  To a solution of 2-amino-2-(3-bromo-5-chloro-phenyl)propan-1-ol (2 g, 7.56 mmol, 1 equiv)
in toluene (30 mL, 0.25 M) was added NaH (10.65 g, 2 eq) at 0°C. The reaction was stirred for 30 mins
before ethyl chloroacetate (1.11 g, 9.07 mmol, 1.2 equiv) was added dropwise. The reaction was allowed
to warm to 25°C and stirred for 30 minutes. The mixture was then heated to 130°C for 16 hours. The
reaction was quenched with saturated aqueous NH4Cl (30 mL) and extracted with ethyl acetate (30
mL*3). The organic layers were washed 100 mL saturated brine solution, dried over Na,SQq, filtered,
and concentrated. The crude material was purified by flash column chromatography (PE:EA=1:0-1:1) to
afford 5-(3-bromo-5-chlorophenyl)-5-methylmorpholin-3-one (1.4 g, 4.59 mmol, 61% yield) as a white

solid.
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[00545]  To a solution of 5-(3-bromo-5-chlorophenyl)-5-methylmorpholin-3-one (0.50 g, 1.64 mmol,
1 equiv) in THF (5§ mL, 0.32 M) was added a borane tetrahydrofuran complex solution (8.628 g, 9.85

mmol, 6 equiv) at 0°C. The mixture was stirred at 25°C for 2 hours under N»2. The reaction mixture was

quenched with McOH (15 mL) and HCI (1 mL) and then stirred for 1 hour before concentration under
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reduced pressure. The mixture was neutralized with 2N NaOH solution at 0°C, extracted with ethyl
acetate, washed with water and brine, dried over anhydrous Na,SO4, and concentrated under reduced
pressure. The crude product was purified was by flash silica gel column (EA:PE=0~60%) to afford 3-(3-
bromo-5-chlorophenyl)-3-methylmorpholine (240 mg, 0.83 mmol, 50% yield) as a yellow oil.

[00546]  To a solution of 3-(3-bromo-5-chlorophenyl)-3-methylmorpholine (240 mg, 0.82 mmol, 1
equiv) and bis(pinacolato)diboron (251.69 mg, 0.99 mmol, 1.2 equiv) in 1,4-dioxane (2 mL, 0.41 M) was
added potassium acetate (243.17 mg, 2.47 mmol, 3 equiv) and Pd(dppf)Cl» (59.9 mg, 0.082 mmol, 0.1
equiv) under N». The resulting mixture was stirred for 12 hours at 90°C under N>. The mixture

was concentrated and used directly for the next step without purification.
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[00547] To a solution of crude 3-[3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-3-
methyl-morpholine (500 mg, 1.48 mmol, 1 equiv) and triethylamine (449 mg, 4.44 mmol, 3 equiv)

in DCM (6 mL, 0.25 M) was added acryloyl chloride (160 mg, 1.77 mmol, 1.2 equiv) dropwise at 0°C
under N». The reaction mixture was quenched with water (1 mL) and extracted with DCM (2 mL*3). The
organic layers were washed with saturated brine solution, dried over Na»SQy, filtered, and concentrated.
[00548] The crude was purified by flash column chromatography (PE:EA=1:0-1:1) to give 1-(3-(3-
chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-3-methylmorpholino)prop-2-en-1-one
(110 mg0.281 mmol, 19% yield) as a yellow oil.

[00549] To a solution of 1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-3-
methylmorpholino)prop-2-en-1-one (300 mg, 0.76 mmol, 1 equiv) and 4-chloro-1,3,5-triazin-2-amine
(109.98 mg, 0.84 mmol, 1.1 equiv)) in 1,4-dioxane (5 mL, 0.14 M) and water (0.5 mL, 0.14 M) was
added Pd(dppf)Cl2 (55.42 mg, 0.076 mmol) and potassium carbonate (211.71 mg, 1.53 mmol) under N».
The resulting mixture was stirred for 12 hours at 80°C under N». The reaction mixture was quenched
with water (2 mL) and extracted with EtOAc (3 mL * 3). The combined organic layers were washed
with brine (3 mL * 2), dried over Na:zSQOy, filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography (PE:EA=1:0~0:1) to afford 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-
5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one (150 mg, 0.42 mmol, 54% yield) as a yellow
solid.

[00550] Enantiomers of 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-3-
methylmorpholino)prop-2-en-1-one were separated by SFC. Absolute stereochemistry was not assigned.
LC-MS m/z: 360.1 [M+1].

[00551]  Stereochemistry: single enantiomer of unknown absolute configuration.
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[00552] Using the appropriate coupling partner Procedure G, the title compounds can be obtained.

\

Cmp Name Coupling Partner Step 9 LC-MS m/z [M+1]

1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5- .

112 | chlorophenyl)-3- ’ 4-chloro-1,3,5-triazin-2- 360.1
methylmorpholino)prop-2-en-1-one amine
1-(3-(3-(2-aminopyrimidin-4-yl)-5-

113 | chlorophenyl)-3- 4-bromopyrimidin-2-amine 359.2
methylmorpholino)prop-2-en-1-one
3'-(4-acryloyl-3-methylmorpholin-3-y1)-

114 | 5'-chloro-4-fluoro-[1,1'-biphenyl]-3- 5-bromo-2-fluorobenzamide 403.1
carboxamide

Example 59. Procedure H and Synthesis of 1-((3R.5R)-3-(2-(2-aminopyrimidin-4-vyl)-6-

chloropyridin-4-yl)-5-methylmorpholino)prop-2-en-1-one (Compound 144)
[00553] Procedure H

NH —_— NJOLO _ NJOLOJ<
(LNHZ - ":L/go ((L/J*o J< H\

OH o0F OP(O)(OPhy),

[00554] To a solution of D-alaninol (25 g, 332 mmol) in toluene (500 mL, 0.66 M) was added NaH
(19.17 g, 2 eq) at 0°C and stirred for 30 minutes. Ethyl chloroacetate (48.94 g, 399.41 mmol, 1.2

equiv) was added dropwise and then allowed to warm to 25°C and stir for 30 minutes. The reaction
mixture was heated to 130°C for 16 hours. The solution was quenched with saturated

aqueous NH4Cl (1000 mL) and extracted with ethyl acetate (1000 mL*3). The organic layers were
washed with saturated brine solution, dried over Na>SOy, filtered, and concentrated to afford to (R)-3-
methylmorpholin-3-one.

[00555] To a solution of (R)-5-methylmorpholin-3-one (25 g, 217.15 mmol, 1 equiv) in DCM (300
mL, 0.72 M) was added di-tert-butyl dicarbonate (56.87 g, 260.58 mmol, 1.2 equiv), triethylamine (43.94
g. 434.29 mmol, 2 equiv), and 4-(dimethylamino)pyridine (5.30 g, 43.49 mmol, 0.2 equiv) at 25°C and
then stirred for 16 hours. The reaction mixture was quenched with water (300 ml) and extracted with
DCM (300 #*3 mL). The organic phase was dried over Na,SOy, filtered, and then concentrated. The crude
product was purified was by flash column chromatography (petroleum ether & ethyl acetate) to afford
tert-butyl (R)-3-methyl-5-oxomorpholine-4-carboxylate.

[00556]  To a solution of tert-butyl (R)-3-methyl-5-oxomorpholine-4-carboxylate (5 g, 23.23 mmol)
in THF (50 mL, 0.46 M) was added lithium bis(trimethylsilyl)amide (4275 mg, 25.55 mmol) dropwise at

-30°C. The reaction was stirred for 30 minutes before dropwise addition of diphenyl phosphorochloridate
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(6863 mg, 25.55 mmol) at -30°C. The reaction was allowed to warm to room temperature and stirred
for 1 hour. The reaction was poured into water (50 mL) and extracted with ethyl acetate (50 mL x 3).
The organic layer was washed with brine (50 mL) and concentrated. The crude product was purified by
column chromatography (PE:EA = 5:1 to 2:1) to afford tert-butyl (R)-5-((diphenoxyphosphoryl)oxy)-3-
methyl-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (9300 mg, 20.8 mmol, 89% yield) as a yellow oil.

L S LAk A A,
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[00557] A solution of tert-butyl (R)-5-((diphenoxyphosphoryl)oxy)-3-methyl-2,3-dihydro-4H-1,4-
oxazine-4-carboxylate (6.3 g, 14.08 mmol), 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (4.24 g, 15.49 mmol, 1.1 equiv), K2COs (5.86 g, 111.75 mmol, 2.0 eq), and Pd(dppf)Cl; (1.55
g, 0.1eq) in MeCN (20 mL, 0.28 M), 1,4-dioxane (20 mL, 0.28 M), and water (10 mL, 0.28 M) was
stirred at 80°C for 12 hours under N». The reaction was quenched with H20O (200 mL) and extracted with
EtOAc (200 ml x 3). The organic layer was concentrated and then purified by column chromatography
(PE/EA = 10/1 to PE/EA = 5/1) to afford tert-butyl (R)-5-(2,6-dichloropyridin-4-yl)-3-methyl-2,3-
dihydro-4H-1.,4-oxazine-4-carboxylate (3.6 g, 10.42 mmol, 74% yield) as a white solid.
[00558] A solution of tert-butyl (R)-5-(2,6-dichloropyridin-4-yl)-3-methyl-2,3-dihydro-4H-1,4-
oxazine-4-carboxylate (26 g, 75.31 mmol) in 4M HClI in EtOAC (60 mL) was stirred 25°C for 1 hour.
The reaction mixture was concentrated under reduced pressure to (R)-5-(2,6-dichloropyridin-4-yl)-3-
methyl-3,6-dihydro-2H-1,4-oxazine HCI (21 g, 70.6 mmol, 94% yield) as a yellow solid.
[00559] Zn (2.32 g, 2 eq, 24.4 mmol) was added to a solution of (R)-5-(2,6-dichloropyridin-4-yl)-3-
methyl-3,6-dihydro-2H-1,4-oxazine HCI (4000 mg, 14.21 mmol) in acetic acid (40 mL) and then stirred
25°C for 20 minutes. The reaction was quenched with 1N HCI (50 mL), extracted with DCM (50ml*3),
washed with brine (50 mL), dried over Na>SQy, filtered, and concentrated. The residue was purified by
flash silica gel chromatography (ISCO®; 12 ¢ SEPAFLASH? Silica Flash Column, Eluent of 0-30%
Ethyl acetate/Petroleum ether gradient @ 80 mL/min) to afford (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-
methylmorpholine (3000 mg, 12.1 mmol, 86% yield) as a yellow oil.
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[00560] A solution of (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-methylmorpholine (200 mg, 0.81
mmol), 4-trimethylstannylpyrimidin-2-amine (187.86 mg, 0.73 mmol, 0.9 equiv), LiCl (3.43 mg, 0.081
mmol, 0.10 equiv), and Pd(PPh3)4 (93.52 mg, 0.081 mmol, 0.1 equiv) in 1,4-dioxanc (5 mL, 0.16 M) was
stirred at 90°C for 12 hours under N2. The reaction was quenched with H2O (5 mL) and extracted with
EtOAc (2 ml x 3). The organic layer was concentrated and purified by Prep-TLC (PE/EtOAc=0/1) to
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afford 4-(6-chloro-4-((3R,5R)-5-methylmorpholin-3-yl)pyridin-2-yl)pyrimidin-2-amine (80 mg, 0.26
mmol, 32% yield) as a yellow oil.

[00561] A solution of 4-(6-chloro-4-((3R,5R)-5-methylmorpholin-3-yl)pyridin-2-yl)pyrimidin-2-
amine (80 mg, 0.26 mmol, 1 equiv), acryloyl chloride (23.68 mg, 0.26 mmol, 1 equiv), and triethylamine
(0.5 mL) in DCM (2 mL, 0.13 M) was stirred at 25°C for 2 hours. The reaction was quenched with H20
(5§ mL) and extracted with DCM (5 mL x 3). The organic layer was concentrated and purified by prep
TLC (EtOAc/MeOH=10/1) to afford 1-((3R,5R)-3-(2-(2-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-5-
methylmorpholino)prop-2-en-1-one (7.2 mg, 0.02 mmol, 8% yield) as a white solid. LC-MS m/z: 360.1
[M+1].

[00562] Stereochemistry: single enantiomer of known absolute configuration.
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[00563]  Using the appropriate coupling partner Procedure H, the title compounds can be obtained.

Cmp Name Coupling Partner m]/JzC[li\/I/[fl]
1-((3R,5R)-3-(2-(2-aminopyrimidin-4-yl)-6- 4-
144 | chloropyridin-4-yl)-5-methylmorpholino)prop- | (trimethylstannyl)pyrimid 360.1
2-en-1-one in-2-amine

1-((3R,5R)-3-(2-chloro-6-(2-methylpyrimidin- 2-methyl-4-
142 | 4-yDpyridin-4-yl)-5-methylmorpholino)prop-2- | (trimethylstannyl)pyrimid 359.1

en-1-one ine
4-((3R,5R)-4-acryloyl-5-methylmorpholin-3- 4-(4,4,5.,5-tetramethy1-
145 T , . 1,3,2-dioxaborolan-2- 387.0
yD)-6-chloro-[2,4'-bipyridine]-2'-carboxamide L. .
yl)picolinamide

Example 60. Procedure I and Synthesis of 1-((3R.5R)-3-(2-chloro-6-(imidazo[1.2-a]pyridin-7-

yD)pyridin-4-yl)-5-methylmorpholino)prop-2-en-1-one (Compound 138)
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[00564]  (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-methylmorpholine was obtained from Procedure H.
[00565] To a solution of (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-methylmorpholine (470 mg, 1.90
mmol) and acryloyl chloride (189.36 mg, 2.09 mmol) in DCM (5 mL, 0.38 M) was added DIEA (0.8 mL)
at 25°C and then allowed to stir for 2 hours. The mixture was diluted with H>O (15 mL) and extracted
with DCM (15 mL*3). The combined organic solutions were washed with brine (20 mL), dried over
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NazSOy, filtered, and concentrated under vacuo. The residue was purified by flash silica gel
chromatography (ISCO®; 12 g SEPAFLASH® Silica Flash Column, Eluent of 0-30% Ethyl
acetate/Petroleum ether gradient @ 80 mL/min) to afford 1-((3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-
methylmorpholino)prop-2-en-1-one (440 mg, 1.46 mmol, 77% yield).

[00566]  To a solution of 1-((3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-methylmorpholino)prop-2-en-1-
one (100 mg, 0.33 mmol, 1 equiv) and imidazo[1,2-a]pyridin-7-ylboronic acid pinacol ester (64.84 mg,
0.26 mmol, 0.8 equiv) in 1,4-dioxane (3 mL, 0.09 M) and water (0.60 mL, 0.09 M) was added AcOK
(65.17 mg, 0.66 mmol, 2 eq) and Pd(dppf)Cl» (24.29 mg, 0.033 mmol, 0.1 eq). The mixture was stirred
for 12 hours at 80°C under Nz. The reaction mixture was quenched with water (10 mL) and extracted
with EtOAc (20 mL x 2). The combined organic layer was washed with brine (10 mL), dried over
NazSOy, filtered, and concentrated. The crude product was purified by Prep-HPLC (column: Waters
Xbridge BEH C18 100*25mm*5um; liquid phase: [A-10mM NHsHCO;3 in H-O; B-ACN|B%: 30%-
60%,10min]) to afford 1-((3R,5R)-3-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-5-
methylmorpholino)prop-2-en-1-one (10 mg, 0.027 mmol, 8% yield) as a yellow solid. LC-MS m/z:
383.0 [M+1].

[00567]  Stereochemistry: single enantiomer of known absolute configuration.
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[00568]  Using the appropriate coupling partner in Procedure I, the title compounds can be obtained.

. LC-MS
Cmp Name Coupling Partner Step 9 m/z [M#1]
1-((3R,5R)-3-(2-chloro-6-(imidazo[1,2- imidazo[1,2-a]pyridin-7-
138 alpyridin-7-yl)pyridin-4-yl)-5- ylboronic acid pinacol 383.0
methylmorpholino)prop-2-cen-1-one ester
139 5-(4-((3R,5R)-4-acryloyl-5-methylmorpholin- | (3-carbamoyl-4- 404.0
3-yl)-6-chloropyridin-2-yl)-2-fluorobenzamide | fluorophenyl)boronic acid ’

Example 61. Synthesis of 1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1.4-oxazepan-4-
yDprop-2-en-1-one (Compound 152)
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[00569]  To a solution of 1,4-oxazepan-5-one (3000 mg, 26.05 mmol) and di-tert-butyl dicarbonate
(7393.2 mg, 33.87 mmol) in DCM (60 mL, 0.43 M) was added DMAP (3.42 g, 1 eq) and triethylamine
(3.94 g, 2eq) at 0°C. The mixture was stirred at 25°C for 12 hours. The reaction was diluted with H,O
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(150 mL) and extracted with EtOAc (150 mL*3). The combined organic solutions were washed with
brine (200 mL), dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified by
flash silica gel chromatography (ISCO®; 12 ¢ SEPAFLASH® Silica Flash Column, Eluent of 0-30%
Ethyl acetate/Petroleum ether gradient @ 80 mL/min) to give tert-butyl 5-oxo-1,4-oxazepane-4-
carboxylate (3000 mg, 13.9 mmol53% yield).

[00570]  To a solution of tert-butyl 5-oxo-1,4-oxazepane-4-carboxylate (2500 mg, 11.61 mmol)

in THF (30 mL, 0.38 M) was added LiHMDS (13.7 mL, 1.1 equiv) dropwise at -30°C. The reaction was
stirred at -30°C for 30 minutes before dropwise addition of diphenyl phosphorochloridate (3432 mg,
12.77 mmol, 1.1 equiv). The reaction was warmed to 25°C and then stirred for 1 hour under N>. The
reaction was poured into water (10 mL) and extracted with ethyl acetate (10 mL x 3). The organic layer
was washed with brine (10 mL) and concentrated under reduced pressure. The crude product was
purified by column chromatography (PE:EA = 5:1 to 2:1) to give tert-butyl 5-diphenoxyphosphoryloxy-
3,7-dihydro-2H-1,4-oxazepine-4-carboxylate (2100 mg, 4.69 mmol, 40% yield).

[00571] 2,2’-(5-chloro-1,3-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) was obtained
from Procedure A.

[00572]  To a solution of tert-butyl 5-diphenoxyphosphoryloxy-3,7-dihydro-2H-1,4-oxazepine-4-
carboxylate (4.3 g, 9.61 mmol) and 2,2’-(5-chloro-1,3-phenylene)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (4203 mg, 11.53 mmol) in 1,4-dioxane (40 mL, 0.2 M) and water (8 mL, 0.2 M) was
added K2COs (3 eq, 3.978 g) and Pd(dppf)Clz (0.1 eq, 600 mg) at 25°C. The mixture was stirred at 80°C
for 12 hours under N». The mixture was diluted with H,O (50 mL) and extracted with EtOAc (50 mL*3).
The combined organic solutions were washed with brine (50 mL), dried over Na>SQy, filtered, and
concentrated in vacuo. The residue was purified by flash silica gel chromatography (ISCO®; 12 g
SEPAFLASH?® Silica Flash Column, Eluent of 0-30% Ethyl acetate/Petroleum ether gradient @ 80
mL/min) to give tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2.3-
dihydro-1,4-oxazepine-4(7H)-carboxylate (1500 mg, 3.44 mmol, 36%).
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[00573] To a solution of tert-butyl 5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)-2,3-dihydro-1,4-oxazepine-4(7H)-carboxylate (200 mg, 0.45 mmol, 1 equiv) and 4-chloro-
1,3,5-triazin-2-amine (71 mg, 0.55 mmol, 1.2 equiv) in 1,4-dioxane (2.5 mL, 0.15 M) and water (0.5mL,
0.15 M) was added K»>COs (3 eq, 182 mg) and Pd(dppf)Cl2 (0.1 eq, 32 mg) at 25°C. The mixture was
stirred at 80°C for 12 hours under N». The mixture was diluted with H,O (15 mL) and extracted with
EtOAc (15 mL*3). The combined extracts were washed with brine (15 mL), dried over Na,SQy, filtered,
and concentrated in vacuo. The crude product was purified by prep-TLC (PE:EtOAc = 1: 1) to give tert-
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butyl 5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,3-dihydro-1,4-oxazepine-4(7H)-carboxylate
(50 mg, 0.123 mmol, 27% yield) as a white solid.

[00574] A solution of tert-butyl 5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,3-dihydro-1,4-
oxazepine-4(7H)-carboxylate (80 mg, 0.19 mmol, 1 equiv) in 4M HCI in ethyl acetate (10 mL) was
stirred at room temperature for 2 hours. The reaction mixture was concentrated under reduced pressure

to give 4-(3-chloro-5-(2,3,6,7-tetrahydro-1,4-oxazepin-5-yl)phenyl)-1,3,5-triazin-2-amine (60 mg).
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[00575] To a solution of 4-(3-chloro-5-(2,3,6,7-tetrahydro-1,4-oxazepin-5-yl)phenyl)-1,3,5-triazin-2-
amine (60 mg, 0.19 mmol, 1 equiv) in methanol (1 mL, 0.19 M) was added NaBH, (24.6 mg, 2 eq, 0.39
mmol) at 0°C. The mixture was stirred at room temperature for 2 hours under N,. The mixture was
diluted with NH4Cl (3 mL) and extracted with EtOAc (5 mL*3). The extract was washed with brine (5
mL), dried over Na>SOy, filtered, and concentrated in vacuo. The crude product was purified by prep-
TLC (DCM:MeOH = 10: 1) to give 4-(3-chloro-5-(1,4-oxazepan-5-yl)phenyl)-1,3,5-triazin-2-amine (20
mg, 0.065 mmol, 33% yield).

[00576] To a solution of 4-(3-chloro-5-(1,4-oxazepan-5-yl)phenyl)-1,3,5-triazin-2-amine (20 mg,
0.065 mmol, 1 equiv) in DCM (1 mL, 0.065 M) and Et3N (0.1 mL) was added acryloyl chloride (5.92
mg, 0.06 mmol, 1 equiv) at 0°C. The mixture was stirred at 25°C for 2 hours under N2. The mixture was
diluted with H»O (13 mL) and extracted with EtOAc (15 mL*3). The combined organic solution was
washed with brine (15 mL), dried over Na>SOs, filtered, and concentrated in vacuo. The crude product
was purified by prep-TLC (EtOAc:PE = 1: 0) to give 1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-
chlorophenyl)-1,4-oxazepan-4-yl)prop-2-en-1-one (13 mg, 0.036 mmol, 55% yield) as a white solid. LC-
MS m/z: 360.1 [M+1].

[00577] Stereochemistry: racemic.

Example 62. Synthesis of 1-(3-(3-(4-amino-1,3.5-triazin-2-yl)-5-chlorophenyl)-1.4-oxazepan-4-

yD)prop-2-en-1-one (Compound 162)
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[00578] To a solution of 1,4-oxazepan-3-one (9 g, 78.17 mmol, 1 equiv) in DCM (100 mL, 0.78
M) was added di-tert-butyl dicarbonate (22.17 g, 101.62 mmol, 1.3 equiv), DMAP (2.33 g, 0.2 eq),

and triethylamine (15.82 g, 156.35 mmol, 2 equiv). The mixture was stirred at 25°C for 12 hours and

then concentrated under reduced pressure. The product was purified by column chromatography
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(petroleum ether : EtOAc = 3 : 1) to give the product tert-butyl 3-oxo-1,4-oxazepane-4-carboxylate (2500
mg, 11.6 mmol, 15% yield) as a yellow oil.
[00579] To a solution of 1,3-dibromo-5-chloro-benzene (1.256 g, 4.64 mmol, 1 equiv) in i-Pr,O (10
mL) at -78°C was added n-BuLi (1.86ml, 1 eq). The mixture was stirred at -78°C for 1 hour under N>. A
solution of tert-butyl 3-oxo-1,4-oxazepane-4-carboxylate (1000 mg, 4.64 mmol, 1 equiv) in i-Pr20 (10
mL) was added slowly at -78°C. The mixture was stirred at -78°C for 1 hour. The mixture was diluted
with H2O (50 mL) and extracted with EtOAc (50 mL*3). The extract was washed with brine (50 mL),
dried over Na2SO4, and concentrated in vacuo. The crude product was purified by column
chromatography (petroleum ether: ethyl acetate = 3: 1) to give tert-butyl N-[2-[3-(3-bromo-5-chloro-
phenyl)-3-oxo-propoxyJethyl]carbamate (600 mg, 1.48 mmol, 32% yield).
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[00580]  To a solution of tert-butyl N-[2-[3-(3-bromo-5-chloro-phenyl)-3-o0xo-
propoxyJethyl]carbamate (600 mg, 1.47 mmol, 1 equiv) in methanol (6 mL, 0.25 M) was added NaBH4
(279 mg, 7.35 mmol, 5 equiv ) at 0°C under N». The reaction was stirred at room temperature for 1.5
hours. The mixture was diluted with H,O (15 mL) and extracted with DCM (15 mL*3). The extract was
washed with brine (20 mL), dried over Na,SQy, filtered, and concentrated in vacuo. The residue was
purified by flash silica gel chromatography (ISCO®; 12 ¢ SEPAFLASH® Silica Flash Column, Eluent of
0-30% Ethyl acetate/Petroleum ether gradient @ 80 mL/min) to give tert-butyl N-[2-[3-(3-bromo-5-
chloro-phenyl)-3-hydroxy-propoxy]Jethyl]Jcarbamate (540 mg, 1.32 mmol, 90% yield) as a yellow oil.
[00581] To a solution of tert-butyl N-[3-[2-(3-bromo-5-chloro-phenyl)-2-hydroxy-
ethoxy]propyl]carbamate (540 mg, 1.32 mmol) in DCM (6 mL, 0.22 M) was added Ms»O (343 mg, 1.97
mmol, 1.5 equiv), DMAP (80 mg, 0.5 eq), and triethylamine (399 mg, 3.95 mmol, 3 equiv). The mixture
was stirred at 25°C for 12 hours. The solution was concentrated under reduced pressure. The product
was purified by column chromatography (petroleum ether : EtOAc =3 : 1) to give [1-(3-bromo-5-chloro-
phenyl)-2-[3-(tert-butoxycarbonylamino)propoxyJethyl] methanesulfonate (400 mg, 0.82 mmol, 62%
yield).

[00582] 4M HCl in EtOAc (5 mL) was added to [1-(3-bromo-5-chloro-phenyl)-2-[3-(tert-
butoxycarbonylamino)propoxyJethyl] methanesulfonate (400 mg, 0.82 mmol, 1 equiv) and then stirred at
25°C for 1 hour. The reaction mixture was poured into water (15 mL) and extracted with DCM (15 mL *
3). The combined organic layers were washed with brine (10 mL * 2), dried over Na;SOy, filtered, and
concentrated under reduced pressure to afford [2-(3-aminopropoxy)-1-(3-bromo-5-chloro-phenyl)ethyl]

methanesulfonate (400 mg) as a yellow solid.
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[00583] Cs2COs3 (450 mg, 3 equiv) was added to a solution of [2-(3-aminopropoxy)-1-(3-bromo-5-
chloro-phenyl)ethyl] methanesulfonate (400 mg, 1.03 mmol, 1 equiv) in MeCN (5 mL, 0.21 M) at room
temperature. The mixture was heated to 80°C for 16 hours under N». The reaction mixture was poured
into water (15 mL), extracted with DCM (15 mL * 3), washed with brine (10 mL*2), dried over NaxSOyq,
filtered, and concentrated under reduced pressure. The crude material was purified by prep-TLC
(petroleum ether: ethyl acetate) to afford 3-(3-bromo-5-chloro-phenyl)-1,4-oxazepane (40 mg, 0.14 mmol
, 13% yield) as a white oil.

[00584]  To a solution of 3-(3-bromo-5-chloro-phenyl)-1,4-oxazepane (40 mg, 0.14 mmol, | equiv)
in DCM (3 mL, 0.045 M) was added acryloyl chloride (12 mg, 0.13 mmol, 1 equiv) at 0°C. The mixture
was stirred at 25°C for 2 hours under N>. The mixture was diluted with H,O (13 mL) and extracted

with DCM (15 mL*3). The extract was washed with brine (15 mL), dried over Na2S04, and
concentrated in vacuo. The crude product was purified by prep-TLC (EtOAc:PE = 1: 5) to give 1-[3-(3-
bromo-5-chloro-phenyl)-1,4-oxazepan-4-yl]prop-2-en-1-one (40 mg, 0.12 mmol, 84% yield) as a white

solid.
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[00585]  To a solution of 1-[3-(3-bromo-5-chloro-phenyl)-1,4-oxazepan-4-yl]prop-2-en-1-one (40 mg,
0.12 mmol, 1 equiv) and Pin:B» (44 mg, 2 eq) in 1,4-dioxanc (3 mL, 0.04 M) was added KOAc (24.5 mg)
and Pd(dppf)Cl: (10.4 mg, 0.1 eq). The reaction mixture was stirred at 90°C for 16 h under N,. Water
(20 mL) was added to the reaction mixture and then extracted with ethyl acetate (15 mL*3). The
combined organic layers were washed with brine (20 mL), dried over Na>SOy, filtered, and concentrated
under reduced pressure (o afford crude 1-[3-[3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl]-1,4-oxazepan-4-yl]prop-2-en-1-one (45 mg, 0.12 mmol, 99% yield) as a dark oil.
[00586] To a solution of 1-[3-[3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,4-
oxazepan-4-ylJprop-2-en-1-one (45 mg, 0.11 mmol) and 4-chloro-1,3,5-triazin-2-amine (17 mg, 0.13
mmol, 1.2 equiv) in 1,4-dioxane (3 mL, 0.03 M) and water (0.60 mL, 0.032 M) was added K2COs (47.5
mg, 3eq) and Pd(dppf)Cl» (10.4 mg, 0.1 eq). The reaction mixture was stirred at 80°C for 16 hours under
N,. The mixture was diluted with H>O (15 mL) and extracted with EtOAc (15 mL*3). The extract was
washed with brine (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The residue was
purified by prep-HPLC to give [-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,4-oxazepan-4-
yl)prop-2-en-1-one (19 mg, 0.051 mmol, 44% yield) as a pale yellow solid. LC-MS m/z: 360.0 [M+1].
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[00587] Stereochemistry: racemic.

Example 63. Procedure J and Synthesis of 1-((3R,5R)-3-(2-chloro-6-(imidazo[1.2-a]pvyridin-7-

yDpyridin-4-yl)-5-(hydroxymethyl)morpholino)prop-2-en-1-one (Compound 157)

[00588]  Procedure J
Ph Ph
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[00589] LiAlH4 (17.11 g, 1.5 eq) was added to a solution of O-benzyl-D-serine (60 g, 307.35 mmol, 1

equiv) in THF (1 L, 0.3 M) under N2. The mixture was stirred 70°C for 16 hours. The reaction mixture
was diluted carefully water (18 mL), 15% aq. NaOH 15 (18 mL), and then water (36 mL). The mixture

Ph Ph

b b

was stirred for 3 hours and then extracted with EtOAc (200 mL * 3). The combined organic layers were
washed with brine (300 mL), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
residuc was purificd by column chromatography (SiO,, DCM:McOH =100/1 to 5/1) to afford (S)-2-
amino-3-(benzyloxy)propan-1-ol (20.0 g, 110 mmol, 36% yield) as a yellow oil.

[00590] NaH (60 wt%) (8.828 g, 2 eq) was added to a solution of (S)-2-amino-3-(benzyloxy )propan-
1-0l (20 g, 110.36 mmol) in toluene (300 mL, 0.37 M) at 0°C under N and stirred for 30 minutes. Ethyl
chloroacetate (20.286 g, 165.54 mmol, 1.5 equiv) was added dropwise and stirred at 0°C for 30

minutes. The mixture was heated to 130°C for 16 hours. The reaction mixture was poured into water (80
mL) and extracted with EtOAc (40 mL * 3). The combined organic layers were washed with brine (80
mL), dried over Na2SOy, filtered, and concentrated under reduced pressure to afford crude (R)-5-
((benzyloxy)methyl)morpholin-3-one (23.00 g, 104 mmol, 94% yield) as a brown oil.

[00591]  To a solution of (R)-5-((benzyloxy)methyl)morpholin-3-one (23 g, 103.95 mmol, 1 equiv)
in DCM (250 mL, 0.42 M) was added di-tert-butyl dicarbonate (27.226 g, 124.75 mmol, 1.2 equiv),
triethylamine (28.89 mL, 2 eq) and DMAP (2.54 g, 0.2 eq). The mixture was stirred 25°C for 16 hours.
The reaction mixture was poured into water (100 mL) and extracted with DCM (40 mL * 3). The
combined organic layers were washed with brine (50 mL), dried over Na2SQy, filtered, and concentrated
under reduced pressure. The residue was purified by column chromatography (SiO-, Petroleum
ether/Ethyl acetate=1/0 to 0/1) to afford tert-butyl (R)-3-((benzyloxy)methyl)-5-oxomorpholine-4-
carboxylate (8.10 g, 25.2 mmol, 24% yield) as a yellow oil.
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[00592]  To a solution of tert-butyl (R)-3-((benzyloxy)methyl)-5-oxomorpholine-4-carboxylate (8.1 g,
25.20 mmol, 1 equiv) in THF (100 mL, 0.2520 M) was added lithium bis(trimethylsilyl)amide (4.639
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g,27.72 mL, 1 M, 1.1 eq) dropwise at -30°C under N,. The reaction was stirred at -30°C for 1 hour.
Diphenyl phosphorochloridate (7.447 g, 27.75 mmol, 1.1 equiv) in THF (50 mL) was added dropwise at -
30°C and then stirred at 25°C for 1 hour. The reaction was poured into water (80 mL) and extracted with
ethyl acetate (30 mL x 3). The organic layer was washed with brine (100 mL) and concentrated. The
crude product was purified by column chromatography (PE:EA =5:1 to 2:1) to give tert-butyl (R)-3-
((benzyloxy)methyl)-5-((diphenoxyphosphoryl)oxy)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate (13.00 g,
23.5 mmol, 93% yield) as a yellow oil.

[00593] A solution of tert-butyl (R)-3-((benzyloxy)methyl)-5-((diphenoxyphosphoryl)oxy)-2,3-
dihydro-4H-1,4-oxazine-4-carboxylate (13 g, 23.48 mmol), 2,6-dichloro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (7.077 g, 25.83 mmol, 1.1 equiv), potassium carbonate (6491 mg, 46.97
mmol), and Pd(dppf)Clz (852.11 mg, 1.17 mmol, 0.05 equiv) in MeCN (50 mL, 0.18 M), 1,4-dioxane (50
mL, 0.18 M) and water (25 mL, 0.18 M) was stirred at 80°C for 16 hours under N». The reaction was
diluted with HO (40 ml) and extracted with EtOAc (20 ml x 3). The organic layer was concentrated and
purified by column chromatography (PE/EA = 10/1 to PE/EA = 1/1) to give tert-butyl (R)-3-
((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)-2,3-dihydro-4H- 1,4-oxazine-4-carboxylate (7.5 g, 16.6
mmol, 71% yield).
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[00594] To a solution of tert-butyl (R)-3-((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)-2,3-
dihydro-4H-1,4-oxazine-4-carboxylate (7.5 g, 16.62 mmol, 1 equiv) in ethyl acetate (30 mL, 0.55 M) was
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added HCl in EtOAc (40 mL). The mixture was stirred 25°C for 1 hour. The reaction mixture was
concentrated under reduced pressure to afford (R)-3-((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)-
3,6-dihydro-2H-1,4-oxazine (6.00 g) as a yellow oil.

[00595]  To a solution of (R)-3-((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)-3,6-dihydro-2H-
1,4-oxazine (6 g, 17.08 mmol, 1 equiv) in acetic acid (30 mL) was added Zn (2.23 g, 2 eq, 34.16 mmol).
The mixture was stirred at 25°C for 30 minutes. The reaction was quenched with IN HCI (25 mL) and
then adjusted with saturated aqueous NaHCO; until pH=8~9. The resulting solution was extracted with
DCM (40mL*3), washed with brine (45 mL), dried over Na,SQy, filtered, and concentrated in

vacuo. The residue was purified by prep-TLC (SiO,, PE:EtOAc= 3:1) to afford (3R,5R)-3-
((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)morpholine (1700 mg, 4.81 mmol, 28% yield) as a
yellow oil, and 2.2 of the cis diastereomer.

[00596]  To a solution of (3R,5R)-3-((benzyloxy)methyl)-5-(2,6-dichloropyridin-4-yl)morpholine
(1700 mg, 4.81 mmol, 1 equiv) in DCM (25 mL, 0.19 M) was added BCl; (1 M, 9.624 mL, 2 eq) at 0°C.
The mixture was stirred 25°C for 30 minutes. The reaction mixture was poured into MeOH (20 mL),

stirred for 30 minutes, and then concentrated. The resulting mixture was taken up into DCM (20 mL)
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and triethylamine (5 mL) was added dropwise until pH=8~9. The solution was diluted with water (20
mL) and then extracted with DCM (20 mL x 3). The combined organic layers were washed with brine
(20 mL x 2), dried over Na;SO,, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography (SiO», Petroleum ether/Ethyl acetate=1/0 to 0/1) to afford ((3R,5R)-
5-(2,6-dichloropyridin-4-ylymorpholin-3-yl)methanol (1000 mg, 3.80 mmol, 79% yield) as a yellow oil.
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[00597]  To a solution of ((3R,5R)-5-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol (0.8 g, 3.04
mmol, 1 equiv) in DCM (10 mL, 0.30 M) was added di-tert-butyl dicarbonate (0.663 g, 3.04 mmol, 1
equiv), triethylamine (0.847 mL, 6.08 mmol, 2 equiv), and 4-(dimethylamino)pyridine (74.29 mg, 0.60
mmol, 0.2 equiv). The mixture was stirred 25°C for 5 hours. The reaction mixture was quenched by
H20 (20 mL) and extracted with DCM (20 mL x 3). The organic phases were dried over Na,SOy,
filtered, and concentrated. The residue was purified by column chromatography (PE/EA=0/1 to 1/1) to
give tert-butyl (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-(hydroxymethyl)morpholine-4-carboxylate (800
mg, 2.20 mmol, 72% yield).

[00598] A solution of tert-butyl (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-(hydroxymethyl)morpholine-
4-carboxylate (200 mg, 0.55 mmol), imidazo[1,2-a]pyridin-7-ylboronic acid (80 mg, 0.49 mmol, 0.9
equiv), KOAc (107 mg, 2.0 eq), and Pd(dppf)Cl: (39 mg, 0.055 mmol, 0.1 equiv) in 1,4-dioxane (5 mL,
0.09 M) and water (1 mL, 0.09 M) was stirred at 90°C for 12 hours under N2. The reaction mixture was
poured into water (15 mL) and extracted with EtOAc (15 mL x 3). The combined organic layers were
washed with brine (10 mL x 2), dried over Na,SOy, filtered, and concentrated under reduced pressure.
The residue was purified by prep-TLC (SiO;, DCM:MeOH = 10:1) to afford tert-butyl (3R,5R)-3-(2-
chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-y1)-5-(hydroxymethyl )morpholine-4-carboxylate (80 mg,
0.180 mmol, 33% yield).
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[00599]  To a solution of tert-butyl (3R,5R)-3-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-
5-(hydroxymethyl)morpholine-4-carboxylate (60 mg, 0.13 mmol) in dioxane (2 mL) at 0°C was added

HCl in dioxane (2 mL, 4M) under N». The mixture was stirred at room temperature for 30 minutes. The
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reaction mixture was concentrated under reduced pressure to afford ((3R,5R)-5-(2-chloro-6-
(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)morpholin-3-yl)methanol HCI (50 mg, 0.131 mmol, 97% yield).
[00600] To a solution of ((3R,5R)-5-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)morpholin-
3-yl)methanol HCI (110 mg, 0.28 mmol) in THF (2 mL, 0.14 M) was added acrylic acid (20 mg, 0.28
mmol, 1 equiv), triethylamine (0.12 mL, 0.86 mmol, 3 equiv), and bis(2-oxo0-3-oxazolidinyl)phosphinic
chloride (95 mg, 0.37 mmol, 1.3 equiv) at 0°C. The mixture was stirred at room temperature for 2 hours.
The reaction was diluted with H>O (5 mL) and extracted with DCM (5 mL x 3). The organic layer was
concentrated and purified by prep TLC (DCM/MeOH=10/1) to give 1-((3R,5R)-3-(2-chloro-6-

(imidazo[ 1,2-a]pyridin-7-yl)pyridin-4-y1)-5-(hydroxymethyl)morpholino)prop-2-en-1-one (9.9 mg, 0.025
mmol, 9% yield). LC-MS m/z: 399.1 [M+1].

[00601] Stereochemistry: Single enantiomer of known absolute configuration.

Example 64. Procedure K and Synthesis of 1-(6-(3-(4-amino-1.3.5-triazin-2-vl)-5-chlorophenyl)-6-

methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one (Compound 160)
[00602] Procedure K
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[00603] 2-amino-2-(3-bromo-5-chlorophenyl)propan-1-ol was obtained from Procedure G.
[00604] To a solution of 2-amino-2-(3-bromo-5-chlorophenyl)propan-1-ol (6 g, 22.68 mmol, 1 equiv)
in toluene (50 mL, 0.45 M) was added NaH (1.814 g, 60 wt %, 2 eq) at 0°C and stirred for 30 minutes.
Ethyl chloroacetate (3.335 g, 27.21 mmol, 1.2 equiv) was added dropwise and stirred at 25°C for 30
minutes, and then heated to 130°C for 16 hours. The reaction mixture was quenched with saturated
aqueous NH4Cl (100 mL) and extracted with EtOAc (50 mL*3). The organic layers were washed 30 mL
saturated brine solution. The organic solution was then separated, dried over Na,SOx, filtered, and
concentrated under reduced pressure. The crude material was purified by flash column
chromatography (PE:EA=5:1-0:1) to give 5-(3-bromo-5-chlorophenyl)-5-methylmorpholin-3-one (3 g,
9.85 mmol, 43% yield) as a white solid.
[00605]  To a solution of 5-(3-bromo-5-chloro-phenyl)-5-methyl-morpholin-3-one (3000 mg, 9.85
mmol, 1 equiv) in DMF (30 mL, 0.32 M) was added sodium hydride (472.8 mg, 11.82 mmol, 1.2 equiv)
at 0°C. The reaction was stirred for 20 minutes at 0°C under N2 before dropwise addition of 4-
chloroanisole (1685 mg, 11.82 mmol, 1.2 equiv). The reaction was stirred for 3 hours at 25°C. The
reaction mixturc was pourcd into saturated aqueous NH4Cl (150 mL) and extracted with EtOAc (40 mL *
3). The combined organic layers were washed with brine (20 mL*3 ), water(10 mL*3), dried over

Na»SOy, filtered, and concentrated under reduced pressure. The residue was purified by column

174



WO 2024/073587 PCT/US2023/075401

chromatography (SiO:, Petroleum ether/Ethyl acetate=10/1 to 3/1) to give 5-(3-bromo-5-chloro-phenyl)-
4-(4-methoxyphenyl)-5-methyl-morpholin-3-one (4000 mg, 9.42 mmol, 96% yield) as a white solid.
[00606]  To a solution of 5-(3-bromo-5-chloro-phenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-
morpholin-3-one (4 g, 9.41 mmol, 1 equiv) in THF (40 mL, 0.23 M) was added LDA (1.5 eq, 7 mL, 2 M)
at -78°C under Nz and stirred for 30 minutes. 3-Bromoprop-1-ene (1253.3 mg, 10.36 mmol) was

added and the mixture was stirred for 1 hour at -78°C. The reaction mixture was poured into saturated
aqueous NH,Cl (50 mL) and extracted with EtOAc (50 mL * 3). The combined organic layers were
washed with brine (30 mL), dried over Na»SOy, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate=10/1 to 3/1) to
give 2-allyl-5-(3-bromo-5-chloro-phenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-morpholin-3-one
(2.50 g, 5.38 mmol, 57% yield) and 2,2-diallyl-5-(3-bromo-5-chloro-phenyl)-4-[(4-
methoxyphenyl)methyl]-5-methyl-morpholin-3-one (0.60 g, 1.19 mmol, 13% yield).
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[00607] A stream of ozone was bubbled through a solution of 2-allyl-5-(3-bromo-5-chloro-phenyl)-4-
[(4-methoxyphenyl)methyl]-5-methyl-morpholin-3-one (2.15 g, 4.6258 mmol, 1 equiv) in CH2Cl» (22
mL) at -78°C for 15 minutes until the distinctive blue color of ozone was clearly observed. The reaction
mixture was purged with O for 30 minutes and then quenched with triethylamine (2 mL). The resulting
mixture was used directly in the next step.

[00608]  To a solution of 2-[5-(3-bromo-5-chloro-phenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-3-
oxo-morpholin-2-yl]acetaldehyde (2.15 g, 4.60 mmol, 1 equiv) in MeOH (10 mL) was added NaBH, (5
eq, 874 mg) at 0°C under N> and then stirred for 1 hour. The reaction mixture was poured into saturated
aqueous NH4Cl (50 mL) and extracted with DCM (20 mL * 3). The combined organic layers were
washed with brine (10 mL ), dried over Na;SOy, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography (SiO;, Petroleum ethet/Ethyl acetate=10/1 to 1/1) to
give 5-(3-bromo-5-chloro-phenyl)-2-(2-hydroxyethyl)-4-[(4-methoxyphenyl )methyl]-5-methyl-
morpholin-3-one (1000 mg, 2.13 mmol, 46% yield) as a yellow oil.

[00609]  To a solution of 5-(3-bromo-5-chloro-phenyl)-2-(2-hydroxyethyl)-4-[(4-
methoxyphenyl)methyl]-5-methyl-morpholin-3-one (1 g, 2.13 mmol) and triethylamine (647 mg, 6.39
mmol) in DCM (10 mL, 0.21 M) was added methanesulfonyl chloride (450 mg, 3.92 mmol) at 0°C under
N>. The mixture was stirred for 15 minutes at 0°C. The reaction mixture was poured into saturated
aqueous NH4Cl (10 mL) and extracted with DCM (10 mL * 3). The combined organic layers were
washed with brine (5§ mL), dried over Na>SQs, filtered, and concentrated under reduced pressure to give
2-[5-(3-bromo-5-chloro-phenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-3-oxo-morpholin-2-yljethyl

methanesulfonate (950 mg, 1.74 mmol, 81% yield) as a yellow oil.
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[00610]  To a solution of 2-[5-(3-bromo-5-chloro-phenyl)-4-[(4-methoxyphenyl)methyl]-5-methyl-3-
oxo-morpholin-2-yl]ethyl methanesulfonate (950 mg, 1.73 mmol) in THF (10 mL, 0.17 M) was added
LDA (3 eq, 2.6 mL, 2M) at 0°C under N> and then stirred for 1 hour. The reaction mixture was poured
into saturated aqueous NH4Cl (15 mL) and extracted with EtOAc (15 mL * 3). The combined organic
layers were washed with brine (10 mL * 2), dried over Na>SOy, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography (SiO», PE:EtOAc= 3:1; Petroleum
ether/Ethyl acetate=10/1 to 3/1) to give 6-(3-bromo-5-chloro-phenyl)-7-[(4-methoxyphenyl)methyl]-6-
methyl-4-oxa-7-azaspiro[2.5]octan-8-one (277 mg, 0.61 mmol, 35% yield) as a yellow oil.

[00611]  To a solution of 6-(3-bromo-5-chloro-phenyl)-7-[(4-methoxyphenyl)methyl]-6-methyl-4-
oxa-7-azaspiro[2.5]octan-8-one (277 mg, 0.61 mmol, 1 equiv) in MeCN (3 mL) and water (3 mL) was
added CAN (3 eq, 1 g). The resulting mixture was stirred for 2 hours at 50°C. The reaction was treated
with saturated aqueous NayCOs and extracted with DCM (5 mL*3). The combined organic layers were
washed with brine (3 mL), dried over Na>SQy, filtered, and concentrated under reduced pressure. The
residue was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate=10/1 to 1/1) to
give 6-(3-bromo-5-chloro-phenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-8-one (138 mg, 0.41 mmol, 68%
yield) as a yellow oil.

[00612] To a solution of 6-(3-bromo-5-chloro-phenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-8-one
(138 mg, 0.41 mmol) in THF (3 mL) was added BH3-Me,S (5 equiv) dropwise under N2 at 0°C. The
mixture was stirred for 2 hours at 40°C. MeOH (2 mL) was added dropwise at 0°C and then stirred for
30 minutes at 60°C. The mixture was concentrated under reduced pressure to give the crude 6-(3-bromo-

5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octane (150 mg) as a yellow solid.
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[00613]  To a solution of 6-(3-bromo-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octane (150
mg, 0.47 mmol) and triethylamine (95 mg, 0.94 mmol) in DCM (2 mL, 0.23 M) was added acryloyl

—_—
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chloride (42.87 mg, 0.47 mmol) dropwise at 0°C under N2. The reaction mixture was poured into
saturated aqueous NH4Cl (5 mL) and extracted with EtOAc (5 mL * 3). The combined organic layers
were washed with brine (3 mL), dried over Na»SQy, filtered, and concentrated under reduced pressure.

The residue was purified by column chromatography (SiO2, Petroleum ether/Ethyl acetate=10/1 to 3/1) to
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give 1-(6-(3-bromo-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one (100
mg, 0.270 mmol, 57% yield) as a yellow oil.

[00614] To a mixture of 1-(6-(3-bromo-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-
ylprop-2-en-1-one (100 mg, 0.27 mmol), potassium acetate (52 mg, 0.54 mmol),

and bis(pinacolato)diboron (82 mg, 0.32 mmol) in 1,4-dioxane (2 mL, 0.13 M) was added Pd(dpp{)Cl»
(20 mg). The reaction was stirred for 16 hours at 90°C under N,. The reaction mixture was filtered, and
the filtrate was poured into water (5 mL) and extracted with EtOAc (5 mL * 3). The combined organic
layers were washed with brine (3mL * 2), dried over Na,SOy, filtered, and concentrated under reduced
pressure to give a crude 1-(6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-6-methyl-
4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one (90 mg, 0.22 mmol, 80% yield) as a yellow oil.
[00615] To a mixture of 1-(6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-6-
methyl-4-oxa-7-azaspiro[2.5 Joctan-7-yl)prop-2-en-1-one (110 mg, 0.26 mmol), 4-chloro-1,3,5-triazin-2-
amine (34 mg, 0.26 mmol), and potassium carbonate (36 mg, 0.26 mmol) in 1,4-dioxane (2 mL, 0.11 M)
and water (0.40 mL, 0.11 M) was added Pd(dppf)Cl: (22 mg) at 25°C under N>. The mixture was stirred
at 85°C for 4 hours under Na. The reaction mixture was poured into water (5 mL) and extracted with
EtOAc (5 mL * 3). The combined organic layers were washed with brine (3 mL * 2), dried over Na>SQOy,
filtered, and concentrated under reduced pressure. The residue was purified by prep-TLC (SiO», EtOAc)
to give 1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-
yDprop-2-en-1-one (30 mg, 0.078 mmol, 30% yield) as a yellow oil.

[00616] Enantiomers of were separated by SFC. Absolute stereochemistry was not assigned. LC-MS

m/z: 386.1 [M+1]. Stereochemistry: Single enantiomer of unknown absolute configuration.
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[00617] Using the appropriate coupling partner in Procedure K, the title compounds can be obtained.

W

Coupling Partner LC-MS
Cmp Name Step 12 m/z [M+1]
0 ;-(6-((}3.1-(14‘-Lannn07-1,3,5 -t.na[qur:]}yll)-S;Chi;)ropheznyl)- 4-chloro-13.5- ol
-methyl-4-oxa-7-azaspiro[2.5]octan-7-yDprop-2-en- | . . o . .
1-one
1-(6-(3-(2-aminopyrimidin-4-y1)-5-chlorophenyl)-6- L
4-b din-
161 methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1- ro.m OpyHITain 385.1
2-amine
one
1-(6-(3-chloro-5-(5-fluoropyrimidin-2-yl)phenyl)-6- 2-bromo-3
165 Lr:le;hyl—4—oxa—7—azasp1r0[2.5]octan—7—yl)prop—2—en- 1- fluoropyrimidine 388.1
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Coupling Partner LC-MS

Cmp Name Step 12 m/z [M+1]

1-(6-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-6-
167 methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-
one

4-chloropyrimidin-
2-amine

Example 65. Procedure L and Synthesis of 1-(8-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-8-

methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-en-1-one (Compound 163)
[00618] Procedure L

o®C| o\/’\?m o\/‘\(?/u

Br

[00619]  2,2-diallyl-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)-5-methylmorpholin-3-one was
obtained from Procedure K.

[00620] To a solution of 2,2-diallyl-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)-5-
methylmorpholin-3-one (6.6 g, 12.33 mmol) in DCM (100 mL, 0.12 M) was added Grubbs II Catalyst
(525 mg, 0.62 mmol, 0.05 equiv) at room temperature under N> and then stirred for 4 hours. The reaction
mixture was quenched with water (80 mL) and extracted with DCM (60 mL*3). The combined organic
phases were dried over Na;SO4 and then concentrated under produce pressure. The residue was purified
by flash silica gel column chromatography to give 8-(3-bromo-5-chloro-phenyl1)-9-[(4-
methoxyphenyl)methyl]-8-methyl-6-oxa-9-azaspiro[4.5]dec-2-en-10-one;ethane (5.60 g, 11.0 mmol,
90% yield) as a white solid.

[00621]  To a solution of 8-(3-bromo-5-chloro-phenyl)-9-[(4-methoxyphenyl)methyl]-8-methyl-6-
oxa-9-azaspiro[4.5]decan-10-one (20 mg, 0.042 mmol, 1 equiv) in ethyl acetate (2 mL, 0.02 M) was
added PtO; (0.05 eq, 300 mg) at room temperature under H; (15 psi). The reaction was stirred at room
temperature for 5 hours. The reaction was filtered and then concentrated under reduced pressure to
afford 8-(3-bromo-5-chloro-phenyl)-9-[(4-methoxyphenyl)methyl]-8-methyl-6-oxa-9-
azaspiro[4.5]decan-10-one (5.30 g, 11.1 mmol, 94% yield) as a white solid.

[00622] 1-(8-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-8-methyl-6-oxa-9-azaspiro[4.5 ]decan-9-
yl)prop-2-en-1-one was obtained using 8-(3-bromo-5-chloro-phenyl)-9-[(4-methoxyphenyl)methyl]-8-
methyl-6-0xa-9-azaspiro[4.5]decan-10-one in Procedure K. LC-MS m/z: 413.2 [M+1].

[00623]  Stereochemistry: Single enantiomer of unknown absolute configuration.

178



WO 2024/073587 PCT/US2023/075401
o 0
Q/\NJ\/ Q/\NJV
o c 0 al
— ®
'B\
hg QJ
[00624] Using the appropriate coupling partner in Procedure L, the title compounds can be obtained.
LC-M
Cmp Name Coupling Partner m/zC[M-I-SI]
1-(8-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-8- 4-
163 methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-en-1- bromopyrimidin- 413.2
one 2-amine
83 damino] 3 5 triarin v 5. =
164 rlnithl 240‘121132 - lrllailzsljnﬁ yl); Clhlompl;enyli " | dchloro-1.35- 4142
yl-6-oxa-9-azaspiro[4.5|decan-9-yl)prop-2-en-1- (riazin.2-amine .
onc
1-(8-(3-chloro-5-(5-tfluoropyrimidin-2-yl)phenyl)-8- 2-bromo-3
166 methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-en-1- fluoropyrimidine 416.1
one
1-(8-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-8- .
170 | methyl-6-oxa-9-azaspiro[4.5|decan-9-ylyprop-2-en-1. | & -chloropyrimidin-j 5
4-amine
one
1-(8-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-8- .
. 2-chloropyrimidin-
171 thyl-6-oxa-9-azas 4.5]d -9-yl -2-en-1- 413.2
:)r:lee yl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-en A-amine

Example 66. Procedure M and Synthesis of (3S.5R)-4-acrylovl-5-(2-(6-aminopyrimidin-4-yl)-6-

chloropyridin-4-yl)morpholine-3-carboxamide (Compound 172

[00625]

HO

NH

cl

[00626]
J.
[00627]
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Procedure M
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(3R,5R)-5

To a solution of ((3R,5R)-5-
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-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol was obtained from Procedure

(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol (1.5 g, 5.70

mmol, 1 equiv) in THF (20 mL, 0.28 M) and saturated aqueous NaHCOs (15 mL) was added 9H-
Fluoren-9-ylmethyl chloroformate (1.769 g, 6.84 mmol, 1.2 equiv) in THF (10 mL) dropwise. The

resulting mixture was stirred at room temperature for 3.5 hours. The reaction mixture was poured

into H>O (10 mL) and extracted with EtOAc (20 mL * 3). The combined organic layers were washed

with brine (10 mL), dried over Na>SQy, filtered, and concentrated under reduced pressure. The residue

was purified by column chromatography (SiO», Petroleum ether/Ethyl acetate=1/0 to 0/1) to afford (9H-
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fluoren-9-ylymethyl (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-(hydroxymethyl )morpholine-4-carboxylate (
2400 mg, 4.94 mmol, 86% yield) as a yellow oil.

[00628]  To a solution of (9H-fluoren-9-yl)methyl (3R,5R)-3-(2,6-dichloropyridin-4-yl)-5-
(hydroxymethyl)morpholine-4-carboxylate (1.8 g, 3.70 mmol, 1 equiv) in MeCN (7 mL, 0.17 M), ethyl
acetate (7 mL, 0.17 M), and water (7 mL, 0.17 M) was added NalO4 (2 eq, 1.58 g) and RuCl3 (0.01 eq, 8
mg) at 0°C. The resulting mixture was stirred at 25°C for 2 hours. The reaction mixture was poured
into H>O (20 mL) and extracted with EtOAc (20 mL * 3). The combined organic layers were washed
with brine (20 mL), dried over Na2SOy, filtered, and concentrated under reduced pressure to atford
(35,5R)-4-(((9H-fluoren-9-yl)methoxy )carbonyl)-5-(2,6-dichloropyridin-4-yl)morpholine-3-carboxylic
acid (1.75 g, 3.50 mmol, 95% yield).

[00629] To a solution of (3S,5R)-4-(((9H-fluoren-9-yl)methoxy)carbonyl)-5-(2,6-dichloropyridin-4-
yl)morpholine-3-carboxylic acid (600 mg, 1.20 mmol, 1 equiv) in 1,4-dioxane (10 mL, 0.12 M) was
added di-tert-butyl dicarbonate (524 mg, 2.40 mmol, 2 equiv), pyridine (190.09 mg, 2.40 mmol, 2 equiv),
and NH4HCO3 (189 mg, 2 eq) at 25°C. The mixture was stirred 25°C for 3 hours. The reaction mixture
was poured into water (10 mL) and extracted with EtOAc (20 mL * 3). The combined organic layers
were washed with brine (10 mL), dried over Na-SQq, filtered, and concentrated under reduced. The
residue was purified by column chromatography (SiO-, Petroleum ether/Ethyl acetate=1/0 to 0/1) to

give (9H-fluoren-9-yl)methyl (3S,5R)-3-carbamoyl-5-(2,6-dichloropyridin-4-yl)morpholine-4-
carboxylate (350 mg, 0.70 mmol58% yield) as a white solid.
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[00630] To a solution of (9H-fluoren-9-yl)methyl (3S,5R)-3-carbamoyl-5-(2,6-dichloropyridin-4-
yl)morpholine-4-carboxylate (280 mg, 0.56 mmol, 1 equiv) in MeCN (3 mL, 0.18 M) was

added diethylamine (821.86 mg, 11.23 mmol, 20 equiv) and the resulting mixture was stirred at 25°C for
1 hour. The mixture was concentrated, and the residue was purified by prep-TLC (SiO», PE:EtOAc= 1:2)
to afford (3S,5R)-5-(2,6-dichloropyridin-4-yl)morpholine-3-carboxamide (120 mg, 0.43 mmol, 77%
yield) as a white solid.

[00631] To a solution of (3S,5R)-5-(2,6-dichloropyridin-4-ylymorpholine-3-carboxamide (110 mg,
0.39 mmol, 1 equiv) in 1,4-dioxane (1 mL, 0.39 M) was added tert-butyl (tert-butoxycarbonyl)(6-
(trimethylstannyl)pyrimidin-4-yl)carbamate (164.26 mg, 0.35 mmol, 0.9 equiv) and Pd(dppf)Cl2 (0.1 eq,
8.8 mg). The resulting mixture was stirred at 100°C for 16 hours. The reaction mixture was poured into
H20 (5 mL) and extracted with EtOAc (5 mL * 3). The combined organic layers were washed with

brine (10 mL), dried over Na.SOy, filtered, and concentrated under reduced pressure. The residue was
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purified by prep-HPLC to afford tert-butyl (tert-butoxycarbonyl)(6-(4-((3R,5S)-5-carbamoylmorpholin-
3-y1)-6-chloropyridin-2-yl)pyrimidin-4-yl)carbamate (15 mg, 0.028 mmol, 7% yield) as a white solid.
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[00632]  To a solution of tert-butyl (tert-butoxycarbonyl)(6-(4-((3R,5S)-5-carbamoylmorpholin-3-yl)-
6-chloropyridin-2-yl)pyrimidin-4-yl)carbamate (20 mg, 0.037 mmol, 1 equiv) in DCM (1 mL, 0.03 M)
was added acryloyl chloride (3.38 mg, 0.037 mmol, 1 equiv) and N,N-diisopropylethylamine (4.8 mg,
0.037 mmol, 1 equiv). The resulting mixture was stirred at 25°C for 1 hour. The reaction mixture was
poured into H>O (5 mL) and extracted with EtOAc (5 mL * 3). The combined organic layers were
washed with brine (10 mL), dried over Na,SOs, filtered, and concentrated under reduced pressurc. The
residue was purified by prep-TLC (SiO,, EtOAc:MeOH = 10:1) to afford tert-butyl (6-(4-((3R,5S)-4-
acryloyl-5-carbamoylmorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidin-4-yl)(tert-
butoxycarbonyl)carbamate (15 mg, 0.025 mmol, 68% yield) as a white solid.

[00633]  To asolution of tert-butyl (6-(4-((3R,55)-4-acryloyl-5-carbamoylmorpholin-3-yl)-6-
chloropyridin-2-yl)pyrimidin-4-yl)(tert-butoxycarbonyl)carbamate (10 mg, 0.017 mmol, 1 equiv)

in DCM (1 mL, 0.017 M) was added TFA (0.3 mL). The resulting mixture was stirred at 25°C for 1
hour. The reaction liquid was concentrated to afford (3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-
chloropyridin-4-yl)morpholine-3-carboxamide (7.9 mg) as a yellow oil. LC-MS mv/z: 389.1 [M+1].

[00634] Stereochemistry: Single enantiomer of known absolute configuration.
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[00635]  Using the appropriate coupling partners in both steps of Procedure M, the title compounds

can be obtained.
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LC-MS
Cmp Name m/z [M+1]
(38,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-

172 . . 389.1
yDmorpholine-3-carboxamide
(3S,5R)-4-acryloyl-5-(2-(3-carbamoyl-4-fluorophenyl)-6-chloropyridin-4- .

181 . . 433.1
yDmorpholine-3-carboxamide

169 (3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-y1)-6-chloropyridin-4-yl)- 4170
N,N-dimethylmorpholine-3-carboxamide ’
(3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-N-

173 T . 403.1
methylmorpholine-3-carboxamide

Example 67. Synthesis of 3-(4-acrvloylmorpholin-3-yD)-5-(pyrimidin-2-vl)benzonitrile (Compound

0%

. Zh 2 ¢
[00636] A solution of 3-bromo-5-chloro-benzonitrile (3770 mg, 17.41 mmol, 1
equiv) and bis(pinacolato)diboron (5749 mg, 22.64 mmol, 1.3 equiv) in 1,4-dioxane (40 mL, 0.43 M)
was added PdCla(dppf) (1.27 g, 0.1 eq) and KOAc (4.29 g, 2.5 eq) under N>. The mixture was stirred at
90°C for 12 hours. The solution was poured into water (40 mL) and extracted with ethyl acetate (40
mL*3). The combined organic phase was washed with brine (20mL*2), dried over Na,SOy, filtered, and
concentrated under vacuum. The crude product was purified by silica gel chromatography (petroleum
ether: ethyl acetate=30:1) to afford 3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile
(4500 mg, 17.07 mmol, 98% yield) as a yellow solid.
[00637] To a solution of 3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (2000
mg, 7.58 mmol, 1 equiv) and 2-bromopyrimidine (1085 mg, 6.83 mmol, 0.9 equiv) in 1,4-dioxane (15
mL), MeCN (15 mL), and water (7.5 mL) was added PdCl>(dppf) (277 mg, 0.05eq) and K,CO; (2622
mg, 2.5eq) under N2. The mixture was stirred at 90°C for 5 hours. The mixture was cooled to 25°C and
concentrated under reduced pressure. The residue was poured into ice-water (w/w = 1/1) (20 mL) and
extracted with ethyl acetate (20 mL*3). The combined organic phase was washed with brine (20mL*2),
dried over Na,SO,, filtered, and concentrated under vacuum. The residue was purified by silica gel
chromatography (Petroleum ether/Ethyl acetate=15:1) to afford 3-chloro-5-pyrimidin-2-yl-benzonitrile
(950 mg, 4.40 mmol, 58% yield) as a yellow solid.
[00638] A solution of 3-chloro-5-pyrimidin-2-yl-benzonitrile (720 mg, 3.33 mmol, 1 equiv) and
bis(pinacolato)diboron (1017.5 mg, 4 mmol, 1.2 equiv) in toluene (7 mL, 0.47 M) was added x-Phos
PdG2 (131 mg, 0.05 eq) and KOAc (983 mg, 3.0 eq) under N>. The mixture was stirred at 110°C for 12
hours. The solution was poured into water (10 mL) and extracted with ethyl acetate (10 mL*3). The
combined organic phase was washed with brine (10mL*2), dried over Na,SOs, filtered, and concentrated

under vacuum. The crude product was purified by silica gel chromatography (petroleum ether: ethyl
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acetate=15:1) to give 3-pyrimidin-2-yl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (1000
mg, 3.26 mmol, 97% yield) as a yellow solid.
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[00639] A solution of 3-pyrimidin-2-yl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile
(1000 mg, 3.25 mmol, 1 equiv) and tert-butyl 5-((diphenoxyphosphoryl)oxy)-2,3-dihydro-4H-1,4-
oxazine-4-carboxylate (1630 mg, 3.90 mmol, 1.2 equiv) in 1,4-dioxane (10 mL), MeCN (10 mL), and
water (5 mL) was added PdCla(dppf) (100mg, 0.05 eq) and K2COs (900mg, 2.0 eq) under N». The
mixture was stirred at 80°C for 5 hours. The solution was poured into water (20 mL) and extracted with
ethyl acetate (20 mL*3). The combined organic phase was washed with brine (20 mL*2), dried over
NaySOy, filtered, and concentrated under vacuum. The crude product was purified by silica gel
chromatography (petroleum ether: ethyl acetate=15:1) to give tert-butyl 5-(3-cyano-5-pyrimidin-2-yl-
phenyl)-2,3-dihydro-1,4-oxazine-4-carboxylate (800 mg, 2.19 mmol, 67% yield) as a yellow solid.
[00640]  To a solution of tert-butyl 5-(3-cyano-5-pyrimidin-2-yl-pheny!)-2,3-dihydro-1,4-oxazine-4-
carboxylate (300 mg, 0.82 mmol) in DCM (0.5 mL) was added TFA (2.5 mL) and stirred 25°C for 30
minutes. The reaction was concentrated to give 3-(3,6-dihydro-2H-1,4-oxazin-5-yl)-5-pyrimidin-2-yl-
benzonitrile (200 mg, 0.75 mmol) as yellow oil.
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[00641]  To a solution of 3-(3,6-dihydro-2H-1,4-oxazin-5-yl)-5-pyrimidin-2-yl-benzonitrile (200 mg,
0.75 mmol) in methanol (3 mL) was added NaBH, (45 mg) and stirred 25°C for 10 minutes. The reaction
was concentrated and purified by prep-HPLC to afford 3-morpholin-3-yl-5-pyrimidin-2-yl-benzonitrile
(150mg, 0.56 mmol) as a yellow oil.

[00642]  To a solution of 3-morpholin-3-yl-5-pyrimidin-2-yl-benzonitrile (60 mg, 0.22 mmol) in
DCM (2 mL, 0.1 M) was added triethylamine (44 mg, 2.5 eq) and acryloyl chloride (24.47 mg, 0.27
mmol, 1.2 equiv) at 25°C. The reaction was stirred for 30 minutes. The solution was concentrated and
purified by prep-TLC (EtOAc) to afford 3-(4-acryloylmorpholin-3-yl)-5-(pyrimidin-2-yl)benzonitrile
(6.8 mg, 0.021 mmol, 9.4% yield).

[00643]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS m/z: 321.1 [M+1].

[00644]  Stereochemistry: single enantiomer of unknown absolute configuration.
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Example 68. Synthesis of 3'-

carboxamide (Compound 67
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[00645] To a solution of 3-chloro-5-cyanophenylboronic acid (2 g, 11.027 mmol, 1 equiv) in 1,4-
dioxane (30 mL) and water (6 mL) was added tert-butyl 5-((diphenoxyphosphoryl)oxy)-2,3-dihydro-4H-
1,4-oxazine-4-carboxylate (5.73 g, 13.23 mmol, 1.2 equiv), potassium carbonate (3.048 g, 22.053 mmol,
2 equiv), and Pd(dppf)Cl2 (800 mg, 1.10 mmol, 0.1 equiv). The reaction was stirred at 80°C for 2 hours
under N». The reaction mixture was quenched with H>O (10 mL) and extracted with ethyl acetate (10 mL
x 2). The organic layers were washed with a brine solution, dried over Na>SQy, filtered, and
concentrated. The crude material was purified by column chromatography (PE:EA= 10:1 to EA) to give
tert-butyl 5-(3-chloro-5-cyano-phenyl)-2,3-dihydro-1,4-oxazine-4-carboxylate (3 g, 9.35 mmol, 85%
yield) as a yellow solid.

[00646] HCl in ethyl acetate (5 mL) was added to tert-butyl 5-(3-chloro-5-cyano-phenyl)-2,3-
dihydro-1,4-oxazine-4-carboxylate (200 mg, 0.62 mmol, 1 equiv) and stirred at 25°C for 2 hours. The
reaction mixture was concentrated directly to afford 3-chloro-5-(3,6-dihydro-2H-1,4-oxazin-5-
yl)benzonitrile hydrochloride (210mg) as a yellow solid.

[00647]  To a solution of 3-chloro-5-(3,6-dihydro-2H-1,4-oxazin-5-yl)benzonitrile hydrochloride (210
mg, 0.81 mmol, 1 equiv) in methanol (5 mL, 0.16 M) was added NaBH4 (100 mg, 4 eq) at 0°C. The
reaction was stirred at 25°C for 1 hour. The mixture was quenched with 1M aqueous HCI and then
extracted with ethyl acetate (10 mL x 2). The organic layers were washed with brine, dried over Na,SOu,
filtered, and concentrated to afford crude 3-chloro-5-morpholin-3-yl-benzonitrile (60 mg) as a yellow

solid.

0 (\NJv

[00648]  To a solution of 3-chloro-5-morpholin-3-yl-benzonitrile (60 mg, 0.26 mmol, 1 equiv) in
DCM (3 mL, 0.08 M) was added acryloyl chloride (36 mg, 0.40 mmol, 1.5 equiv) and triethylamine (54
mg, 0.53 mmol, 2 equiv). The solution was stirred at 25°C for 2 hours. The reaction mixture was
quenched with H>O (10 mL) and extracted with DCM (10 mL x 2). The organic layers were washed with
a brine solution, dried over Na»SQy, filtered, and concentrated to afford crude 3-chloro-5-(4-prop-2-
enoylmorpholin-3-yl)benzonitrile (100 mg) as a yellow solid.

[00649]  To a solution of 3-chloro-5-(4-prop-2-enoylmorpholin-3-yl)benzonitrile (50 mg, 0.18 mmol,
1 equiv) in 1,4-dioxane (5 mL) and water (1 mL) was added 2-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-
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dioxaborolan-2-yl)benzamide (71.84 mg, 0.27 mmol, 1.5 equiv), potassium carbonate (49.94 mg, 0.36
mmol, 2 equiv), and [2-(2-aminophenyl)phenyl]-chloro-palladium;dicyclohexyl-[3-(2,4,6-
triisopropylphenyl)phenyl]phosphane (14.21 mg, 0.018 mmol, 0.1 equiv). The reaction was heated to
80°C for 12 hours under N2. The mixture was concentrated directly to provide 3’-(4-acryloylmorpholin-
3-y1)-5’-cyano-4-fluoro-[1,1’-biphenyl]-3-carboxamide as a yellow oil.

[00650]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS m/z: 380.1 [M+1].

[00651]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 69. Procedure N and Synthesis of 4-(3-((3R.5R)-4-acrvloyl-5-methylmorpholin-3-vl)-5-

chlorophenyl)picolinamide (Compound 134)
[00652] Procedure N
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[00653] tert-butyl (R)-3-methyl-5-oxomorpholine-4-carboxylate, obtained from Procedure H, was
taken through the first 5 steps of Procedure B to afford (3R,5R)-3-(3-bromo-5-chlorophenyl)-5-
methylmorpholine.

[00654] To a solution of (3R,5R)-3-(3-bromo-5-chlorophenyl)-5-methylmorpholine (2500 mg, 8.60
mmol) and acryloyl chloride (856.57 mg, 9.46 mmol) in DCM (30 mL, 0.28 M) was added DIEA (0.5
mL) at room temperature and allowed to stir for 90 minutes. The mixture was diluted with H,O (15 mL)
and extracted with DCM (15 mL*3). The combined organic extracts were washed with brine (20 mL),
dried over Na,SQy, filtered, and concentrated in vacuo. The residue was purified by flash silica gel
chromatography (ISCO®; 12 g SEPAFLASH® Silica Flash Column, Eluent of 0-30% Ethyl
acetate/Petroleum ether gradient @ 80 mL/min) to afford 1-((3R,5R)-3-(3-bromo-5-chlorophenyl)-5-
methylmorpholino)prop-2-en-1-one (2.50 g, 7.25 mmol, 84% yield) as a yellow oil.

[00655]  To asolution of 1-((3R,5R)-3-(3-bromo-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-
one (2500 mg, 7.25 mmol) and bis(pinacolato)diboron (2763.2 mg, 10.88 mmol) in 1,4-dioxane (30 mL,
0.24 M) was added KOAc (14.51 mmol, 1.53 g) and Pd(dppf)Cl; (650 mg, 0.1 eq). The reaction mixture
was stirred at 90°C for 16 hours under N2. Water (20 mL) was added to the rcaction mixturc and
extracted with ethyl acetate (15mL*3). The combined organic layers were washed with brine (20 mL),
dried over NasSOs, filtered, and concentrated under reduced pressure to give the crude 1-((3R,5R)-3-(3-
chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one (2.7
g, 6.89 mmol, 95% yield) as a dark oil.

[00656] To a solution of 1-((3R,5R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-5-methylmorpholino)prop-2-en-1-one (100 mg, 0.25 mmol, 1 equiv) and 4-bromopyridine-2-
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carboxamide (66 mg, 0.33 mmol, 1.3 equiv) in 1,4-dioxane (4 mL) and H,O (0.8 mL) was added K>CQO3
(70 mg, 0.51 mmol, 2 equiv) and Pd(dppf)Cl> (18 mg, 0.025 mmol, 0.1 equiv) under N>. The mixture
was stirred at 80°C for 15 hours. The reaction was quenched with water (10 mL) and extracted with
EtOAc (20 mL x 2). The combined organic layer was washed with brine (10 mL), dried over Na;SOs,
filtered, and concentrated under reduced pressure. The crude product was purified by Prep-HPLC(
column: Waters Xbridge BEH C18 100*30mm* 10um; liquid phase: [A-10mM NH4HCOs in H,O; B-
ACN]B%: 20%-50%,8min]) to afford 4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-5-
chlorophenyl)picolinamide (34 mg, 0.085 mmol, 34% yield) as a pale yellow solid. LC-MS m/z: 386.1
[M+1].

[00657] Stereochemistry: single enantiomer of known absolute configuration.
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[00658]  Using the appropriate coupling partner in Procedure N, the title compounds can be obtained.

. LC-MS
Cmp Name Coupling Partner m/z [M+1]
4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)- | 4-bromopyridine-2-
134 N X 386.1
5-chlorophenyl)picolinamide carboxamide
18 1-(4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3- | 1-(4-bromopyridin-2- 426.1
yD)-5-chlorophenyl)pyridin-2-yl)pyrrolidin-2-one yl)pyrrolidin-2-one ’
20 l-((3R,5R)-3-(3-c.h10r0-5 -(pyrimidin-2-yl)phenyl)- 2 bromopyrimidine 344.0
5-methylmorpholino)prop-2-en-1-one
4-bromo-1-
4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)- s
24 5-chlorophenyl)-1-methylpyridin-2(1H)-one er;c;hylpyndln—h(lH)— 373.1
1-((3R,5R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5- ..
4-chloro-1,3,5-t -2-
102 | chlorophenyl)-5-methylmorpholino)prop-2-en-1- arr(;in:m ,3,5-triazin 360.0
one
108 3'-((3R,5R)-4-acryloyl-5-methylmorpholin-3-y1)-5'- | 5-bromo-2- 403.1
chloro-4-fluoro-[1,1'-biphenyl]-3-carboxamide fluorobenzamide ’
109 1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4- 4-chloro-2- 358.1
yDphenyl)-5-methylmorpholino)prop-2-en-1-one methylpyrimidine ’
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5- .
110 | chlorophenyl)-5-methylmorpholino)prop-2-en-1- 4—c~hlor0py rimidin-2- 359.0
one amine
1-((3R,5R)-3-(3-(5-aminopyrimidin-2-yl)-5- o
2-chl din-5-
130 | chlorophenyl)-5-methylmorpholino)prop-2-en-1- anclin:mpymm in-5 359.0
one
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5- .
131 chlorophenyl)-5-methylmorpholino)prop-2-en-1- g;l(l:ihr}:ropyrmndln-4- 359.1
one
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. LC-MS
Cmp Name Coupling Partner m/z [M+1]
. 6-chloro-9-(tetrahydro-
(3 -3-(3- -5-(9H- -6- .
137 1-((3R,5R)-3-(3 c.hloro 5-(9H-purin-6-yl)phenyl) 2H.pyran-2-yl)-9H- 184.0
5-methylmorpholino)prop-2-en-1-one purine

Example 70. Procedure O and Synthesis of 1-(3-(2-(4-amino-1,3.5-triazin-2-vy1)-6-chloropyridin-4-

yDmorpholino)prop-2-en-1-one (Compound 146)
[00659] Procedure O
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[00660]  3-(2,6-dichloropyridin-4-yl)morpholine was prepared in a similar fashion to Procedure H
starting with 2-aminocthan-1-ol.

[00661]  To a solution of 3-(2,6-dichloropyridin-4-yl)morpholine (2 g, 8.58 mmol, 1 equiv) in DCM
(15 mL, 0.57 M) was added triethylamine (1.302 g, 12.87 mmol, 1.5 equiv) and acryloyl chloride (0.931
g, 10.29 mmol, 1.2 equiv) at 0°C under N». The mixture was stirred at 25°C for 1 hour. The reaction
mixture was poured into water (100 mL), extracted with DCM (100 mL x 3), washed with brine (100
mL), dried over Na2SQy, filtered, and concentrated under reduced pressure. The crude residue was
purified by column chromatography (SiO., Petroleum ether/Ethyl acetate=100/1 to 1/1) to give 1-(3-(2,6-
dichloropyridin-4-yl)morpholino)prop-2-en-1-one (1.1 g, 3.83 mmol, 45% yield) as a white solid.
[00662] To a solution of 4-(trimethylstannyl)-1,3,5-triazin-2-amine (140 mg, 0.54 mmol, 1 equiv)
and 1-(3-(2,6-dichloropyridin-4-yl)morpholino)prop-2-en-1-one (232.91 mg, 0.81 mmol, 1.5

equiv) in toluene (5 mL) was added lithium chloride (22.92 mg, 0.54 mmol) under N». The solution was
stirred for 8 hours at 90°C. The reaction mixture was filtered and then concentrated. The residue was
purified by prep-HPLC (column: Waters Xbridge C18 150 x 50 mm x 10 um; liquid phase: [A-10mM
NH4HCO; in H>O; B-ACN]B %: 20%-40%,10 min]) to give 1-(3-(2-(4-amino-1,3,5-triazin-2-yl)-6-
chloropyridin-4-yl)morpholino)prop-2-en-1-one (15 mg, 0.043 mmol, 8% yield) as a white solid.
[00663] Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS m/z: 347.1 [M+1].

[00664]  Stereochemistry: single enantiomer of unknown absolute configuration.
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[00665]  Using the appropriate coupling partner in Procedure O, the title compounds can be obtained.

187



WO 2024/073587 PCT/US2023/075401
LC-MS
Cmp Name Coupling Partner m/z
[M+1]
1-(3-(2-(4-amino-1,3,5-triazin-2-yl)-6- . L.
- -1.3.5- -
146 | chloropyridin-4-yl)morpholino)prop-2-en- f (trlmethylstannyl) 1,3,5-triazin 347.1
2-amine
1-one
1-(3-(2-(6-aminopyrimidin-4-yl)-6- tert-butyl (tert-butoxycarbonyl)(6-

119 | chloropyridin-4-yl)morpholino)prop-2-en- | (trimethylstannyl)pyrimidin-4- 346.1
1-one yl)carbamate
1-(3-(2-(6-aminopyrimidin-4-yl)-6-

L . 4-methyl-6-

127 hl din-4-yl hol -2-en- 45.
(1: 0<[)1reOpy ridin-4-yhmorpholino)prop-2-en (trimethylstannyl)pyrimidine 3450
6-(4-(4-acryloylmorpholin-3-yl)-6- 6-(trimethylstannyl)pyrimidine-4-

125 | chloropyridin-2-yl)pyrimidine-4- carbonitrile (additional step for 374.1
carboxamide hydrolysis to amide)

21 -5-(4,4,5,5-tet thyl-
5-(4-(4-acryloylmorpholin-3-yl)-6- . uore 3-(4,4,5.5-tetramethy .

65 L. . 1,3,2-dioxaborolan-2- 390.0

chloropyridin-2-yl)-2-fluorobenzamide .
yl)benzamide
4-(4-acryloylmorpholin-3-yl)-6-chloro-1'- ! -meth?/l-4-(4,4,5,5 -tetrame?h?/l-

25 methyl-[2,4"bipyridin]-2(1'H)-one 1,3,2-dioxaborolan-2-yl)pyridin- 360.0

yhLes-bipyndini- ) 2(1H)-one
6-(4-(4-acryloylmorpholin-3-yl)-6- . .
-(trimethylst: 1 dine-4-
129 | chloropyridin-2-yl)pyrimidine-4- 6-( 1m-e o stannylpyrimidine 356.1
L carbonitrile
carbonitrile

3 4-(4-acryloylmorpholin-3-yl)-6-chloro- (2-ox0-1,2-dihydropyridin-4- 346.0

. [2,4'-bipyridin]-2'(1'H)-one yDboronic acid ’

21| vhpyidintyhpholinoprop.anc. | LU
zn:y -y P prop-c-en-i- (trimethylstannyl)pyrimidine ’
1-(3-(2-chloro-6-(imidazo[1,2-a]pyridin- .. . .

dazo[1,2- din-7-ylb

64 | 7-ypyridin-4-yDmorpholino)prop-2-en- ::fd azol1,2-alpyridin-7-ylboronic | 44 |
1-one

30 1-(3-(2-chloro-6-(pyridazin-4-yl)pyridin- | 4-(4,4,5,5-tetramethyl-1,3,2- 331.0
4-yl)morpholino)prop-2-en-1-one dioxaborolan-2-yl)pyridazine N
1-(3-(2-chloro-6-(2-methyl-2H-tetrazol-5- | 2-methyl-5-(4,4,5,5-tetramethyl-

23 yDpyridin-4-yl)morpholino)prop-2-en-1- 1,3,2-dioxaborolan-2-yl)-2H- 335.0
onc tetrazole (generated in situ)

Example 71. Procedure P and Synthesis of (R)-1-(5-(3-chloro-5-(5.6-diaminopyrazin-2-yl)phenyl)-

2.2-dimethylmorpholino)prop-2-en-1-one (Compound 286)

[00666]

e

o]
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5 Steps
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Procedure P
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[00667]  (R)-5-(3-bromo-5-chlorophenyl)-2,2-dimethylmorpholine was obtained from 6,6-
dimethylmorpholin-3-one according to Procedure B.
[00668]  To a solution of (R)-5-(3-bromo-5-chlorophenyl)-2,2-dimethylmorpholine (10 g, 32.82
mmol, 1 equiv) and triethylamine (6.643 g, 65.65 mmol, 2 equiv) in DCM (100 mL, 0.32 M) at 0°C was
added acryloyl chloride (3.268 g, 36.11 mmol, 1.1 equiv). The reaction was stirred at room temperature
for 30 minutes. The mixture was poured into ice water (100 mL), extracted with DCM (50 mL * 2),
washed with brine, dried over Na,SQy, filtered, and concentrated. The crude product was
chromatographed on silica gel (EA /PE 0—50%) to afford (R)-1-(5-(3-bromo-5-chlorophenyl)-2,2-
dimethylmorpholino)prop-2-en-1-one (10.30 g, 28.7 mmol, 88% yield) as a yellow solid.
[00669]  To a solution of afford (R)-1-(5-(3-bromo-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-
en-1-one (10.3 g, 28.71 mmol, 1 equiv) and bis(pinacolato)diboron (8.021 g, 31.59 mmol, 1.1 equiv) in
1,4-dioxane (100 mL, 0.28 M) was added potassium acetate (5.636 g, 57.46 mmol, 2 equiv) and
Pd(dppf)Cl, (2.084 g, 2.87 mmol, 0.1 equiv). The mixture and was stirred at 90°C under N for 4 hours.
The reaction was poured into H>O (100 mL) and the aqueous layer was extracted with ethyl acetate (50
mL x 3). The combined organic layer was washed with brine (100 mL), dried over Na>SOs, filtered, and
concentrated under vacuum. The crude product was chromatographed on silica gel (EA/PE 0—1:1) to
give the (R)-1-(5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2-
dimethylmorpholino)prop-2-en-1-one (9.00 g, 22.2 mmol, 77% yield) as a brown oil.
[00670] To a solution of (R)-1-(5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-
2.,2-dimethylmorpholino)prop-2-en-1-one (50 mg, 0.123 mmol, 1 equiv) and 5-bromopyrazine-2,3-
diamine (23 mg, 0.12 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.05 M) and water (0.50 mL, 0.05 M) was
added potassium phosphate tribasic (78 mg, 0.36 mmol, 3 equiv) and [1,1'-Bis(di-tert-
butylphosphino)ferrocene]dichloropalladium(II) (7.9 mg, 0.012 mmol, 0.1 equiv) under N>. The reaction
was stirred at 90°C for 16 hours. The mixture was poured into water (20 mL), extracted with ethyl
acetate (10 mL * 2), washed with brine, dried over Na2SO, filtered, and concentrated under vacuum.
The crude product was purified by prep-HPLC (NH:HCOs3) to obtain (R)-1-(5-(3-chloro-5-(5,6-
diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one (13 mg, 0.033 mmol, 27% yield)
as a yellow solid. LC-MS m/z: 388.1 [M+1].
[00671]  Stereochemistry: single enantiomer of known absolute configuration.
Q 0
0w, ©/Cl OR ©/ - O
N
R g

[00672]  Using the appropriate coupling partner in Procedure P, the title compounds can be obtained.

. LC-MS
Cmp Name Coupling Partner m/z [M+1]
286 (R)-1-(5-(3-chloro-5-(5,6-diaminopyrazin-2- 5-bromopyrazine-2,3- 388.1
- yDphenyl)-2,2-dimethylmorpholino)prop-2-en-1-one | diamine (B) ’
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LC-MS
Cmp Name Coupling Partner m/z [M+1]
287 (R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2- 2-chloropyrimidine- 188.1
- yDphenyl)-2,2-dimethylmorpholino)prop-2-en-1-one | 4,5-diamine (B) ’
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5- s
. . 2-chloropyrimidin-4-
-2,2- -2-en-1- 3.
155 chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1 amine (B) 373.1
one
(R)-1-(5-(3-(6-aminopyrimidin-4-y1)-5- s
149 chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1- i—:}:jhi:r((});ymmdm—& 3731
one
(R)-1-(5-(3-(2-aminopyrimidin-4-y1)-5- L
R : 4-chloropyrimidin-2-
-2,2- -2-en-1- 373.
148 chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1 amine (B) 373.1
one
(R)-4-(3-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-5- | 4-bromopicolinamide
133 S 400.1
chlorophenyl)picolinamide (B)
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5- L.
4-chloro-1,3,5-triazin-
-2,2-di i -2-en-1- N 374.
66 chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1 2-amine (B) 374.1
one
61 (R)-3'-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-5'- 5-bromo-2- 4171
chloro-4-fluoro-[1,1'-biphenyl]-3-carboxamide fluorobenzamide (B) ’
43 (R)-1-(5-(3-chloro-5-(2-methylpyrimidin-4- 4-chloro-2- 372.0
yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one | methylpyrimidine o
R)-1-(5-(3-chloro-5-(qui lin-6-yl)phenyl)-2,2-
47 (, )-1-(5-(3-c 0r9 (quinoxalin-6-ylphenyl)-2, 6-bromoquinoxaline 408.1
dimethylmorpholino)prop-2-en-1-one
46 (R)-1-(5-(3-chloro-5-(6-methylpyrimidin-4- 4-bromo-6- 3721
yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one | methylpyrimidine ’
45 (R)-1-(5-(3-chloro-5-(5-fluoropyrimidin-2- 2-bromo-5- 376.1
yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one | fluoropyrimidine ’

Example 72. Synthesis of (R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-

dimethylmorpholino)prop-2-en-1-one (Compound 156)

NH
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[00673] (R)-5-(3-bromo-5-chlorophenyl)-2,2-dimethylmorpholine was obtained from 6,6-
dimethylmorpholin-3-one according to Procedure B.
[00674] To a solution of (R)-5-(3-bromo-35-chlorophenyl)-2,2-dimethylmorpholine (1 g, 3.28 mmol, |

equiv) and bis(pinacolato)diboron (1 g, 3.94 mmol, 1.2 equiv) in 2-MeTHF (10 mL) was added

potassium acetate (0.64 g, 6.56 mmol, 2 equiv) and Pd(dppf)Cl» (0.119 g, 0.16 mmol, 0.05 equiv). The

mixture was stirred at 80°C under N> for 16 hours. The reaction was diluted with H-O (20 mL) and

extracted with ethyl acetate (10 mL*3). The combined organic phase was washed with brine, dried over
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anhydrous Na;SOy, filtered, and concentrated to afford crude (R)-5-(3-chloro-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-2,2-dimethylmorpholine (1.15 g, 3.27 mmol, 99% yield) as a brown oil.
[00675] To a solution of (R)-5-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2-
dimethylmorpholine (500 mg, 1.42 mmol, 1 equiv) and 5-amino-2-chloropyrimidine (221 mg, 1.70
mmol, 1.2 equiv) in 1,4-dioxane (8 mL, 0.14 M) and water (2mL, 0.14 M) was added potassium
carbonate (393 mg, 2.84 mmol, 2 equiv) and Pd(dppf)Cl; (51.5 mg, 0.07 mmol, 0.05 equiv). The
solution was stirred at 100°C under N, for 18 hours. The mixture was filtered, concentrated, taken up
into H2O (30 mL), and extracted with EtOAc (10 mL * 3). The solution was dried over Na>SQy, filtered,
and concentrated under reduced pressure. The residue was purified by prep-TLC (PE: EA=0:1) to afford
(R)-2-(3-chloro-5-(6,6-dimethylmorpholin-3-yl)phenyl)pyrimidin-5-amine (160 mg, 0.50 mmol, 35%
yield) as a white solid.

[00676] Acryloyl chloride (45 mg, 0.50 mmol, 1 equiv) in MeCN (1 mL, 0.17 M) was added
dropwise to a solution of (R)-2-(3-chloro-5-(6,6-dimethylmorpholin-3-yl)phenyl)pyrimidin-5-amine (160
mg, 0.50 mmol) and triethylamine (101 mg, 1 mmol, 2 equiv) in MeCN (2 mL, 0.16 M) at -15°C and
then stirred for 30 minutes. The mixture was concentrated under vacuum. The residue was purified

by prep-HPLC (column: Waters Xbridge Prep OBD C18 150*40mm* 10um; liquid phase: [A-10 mM
NH:HCOs in H-O; B-ACN)) to afford (R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-
dimethylmorpholino)prop-2-en-1-one (40 mg, 0.107 mmol, 21% yield) as a white solid. LC-MS m/z:
373.2 [M+1].

[00677] Stereochemistry: single enantiomer of known absolute configuration.

Example 73. Procedure Q and Synthesis of 5-(4-(4-acryloyl-6.6-dimethylmorpholin-3-vyl)-6-

chloropyridin-2-yl)-2-fluorebenzamide (Compound 69)
[00678] Procedure Q

0]
Procedure H %/\N)v

0]
Procedure |
%/\NHZ - %/\NJ\/CI I ﬂ — » O O
H
OH OH [¢] I ZN
cl

[00679]  To a solution of 1-amino-2-methyl-propan-2-ol (50 g, 560.92 mmol, 1 equiv) in DCM (1000
mL, 0.56 M) was added 2M aqueous NaOH (50 mL) and chloroacetyl chloride (63.350 g, 560.92 mmol,
1 equiv) at 0°C under N and stirred for 2 hours. The reaction mixture was quenched with the water (200
mL) and extracted with DCM/isopropanol (3/1) (300 *2 mL). The organic phase was dried over Na>SQOu,
filtered, and concentrated to afford 2-chloro-N-(2-hydroxy-2-methylpropyl)acetamide (62 g, 374.3 mmol,
67% yield) as a colorless oil.

[00680]  To a solution of 2-chloro-N-(2-hydroxy-2-methylpropyl)acetamide (62 g, 374.35 mmol, 1
equiv) in isopropanol (500 mL) was added potassium tert-butoxide (84.012 g, 748.7 mmol, 2 equiv)

at 25°C under N: and then stirred for 2 hours. The reaction mixture was quenched with water (200 mL)
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and extracted with DCM/isopropanol (3/1) (200 *2 mL). The organic phase was dried over Na;SO,
filtered, and concentrated. The crude product was purified was by flash silica gel chromatography
(EA:PE = 0-60%) to give 6,6-dimethylmorpholin-3-one (8.5 g, 65.81 mmol, 18% yield) as a yellow oil.
[00681] 1-(5-(2,6-dichloropyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one was obtained by

using 6,6-dimethylmorpholin-3-one in Procedures H and I.

(o

A~y

o] %
%/\NJI\/ 0.0 o O
0 O - L _n
ZN NH,
cl || NH,
F o

[00682] To a solution of 1-(5-(2,6-dichloropyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one
(0.30 g, 0.95 mmol, 1 equiv) in 1,4-dioxane (2.4 mL, 0.15 M), MeCN (2.4 mL, 0.15 M) and water (1.2
mL, 0.15 M) was added 2-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (252.31 mg,
0.95 mmol, 1 equiv), Pd(dppf)Cl2 (69 mg, 0.0952mmol, 0.10 equiv), and potassium carbonate (263.09
mg, 1.90 mmol, 2 equiv) at room temperature under N». The reaction was stirred at 80°C for 16 hours.
The reaction solution was filtered and then evaporated under reduced pressure. The crude product was
purified by prep-TLC to give 5-(4-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-6-chloropyridin-2-y1)-2-
fluorobenzamide (140 mg, 0.33 mmol, 35% yield) as a colorless oil.

[00683] Enantiomers were separated by SFC [Column: REGIS(s,s) WHELK-O1
(250mm*30mm,10um), CO2 and EtOH). The title compound’s absolute stereochemistry was not
assigned. LC-MS m/z: 487.1 [M+1].

[00684]  Stereochemistry: single enantiomer of unknown absolute configuration.

! o O |\ Cl
® N
N
Cl

[00685]  Using the appropriate coupling partner in Procedure Q, the title compounds can be obtained.

LC-M
Cmp Name Coupling Partner m/zC[Mfl]
5-(4-(4-acryloyl-6,6-dimethylmorpholin-3- | 2-fluoro-5-(4,4,5,5-tetramethyl-

69 yl)-6-chloropyridin-2-yl)-2- 1,3,2-dioxaborolan-2- 487.1
fluorobenzamide yl)benzamide
1-(5-(2-(6-aminopyrimidin-4-yl)-6- . .

~(trimethylst 1 din-4-

150 | chloropyridin-4-yl)-2,2- gngjr;;ne ylstannyDpyrimidin 374.1
dimethylmorpholino)prop-2-en-1-one
1-(5-(2-(2-aminopyrimidin-4-yl)-6- . N

‘ 4-(trimethylst 1 din-2-

99 | chloropyridin-4-yl)-2,2- an;::le ylstannyDpyrimidin 374.1

dimethylmorpholino)prop-2-en-1-one
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. LC-MS
Cmp Name Coupling Partner m/z [M#1]

1-(5-(2-chloro-6-(imidazo[1,2-a]pyridin-7- | 7-(4,4,5,5-tetramethyl-1,3,2-

78 yDpyridin-4-yl)-2,2- dioxaborolan-2-yl)imidazo[1,2- 397.1
dimethylmorpholino)prop-2-en-1-one a]pyridine
1-(5 -(?-?hloro-é-(2-methylpyrimjdin-4- 2-methyl-4-

1201 yhpyridin-4-yl)-2,2- (trimethylstannyl)pyrimidine 37130
dimethylmorpholino)prop-2-en-1-one

Example 74. Procedure R and Synthesis of 3'-(7-acrvloyl-4-oxa-7-azaspiro|2.5]octan-6-

chloro-4-fluoro-[1.1'-biphenyl]-3-carboxamide (Compound 76

[00686] Procedure R

A~ ALK A~

I
Procedure Q Procedure E 0F cl © o
A/\NHz —_— NH —_— —_—
OH o\/ko
oo

H -
[00687] tert-butyl 6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-oxa-7-
azaspiro[2.5]oct-5-ene-7-carboxylate was obtained using Procedures Q and E with 1-
(aminomethyl)cyclopropan-1-ol.
[00688] To a solution of tert-butyl 6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)-4-oxa-7-azaspiro[2.5]oct-5-ene-7-carboxylate (1.5 g, 3.35 mmol, 1 equiv) in ethyl acetate (10
mL, 0.33 M) was added HCI in EtOAc (10 mL). The mixture was stirred at 20°C for 5 hours and then
concentrated to give 6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-oxa-7-
azaspiro[2.5]oct-6-ene (800 mg, 2.30 mmol, 69% yield) as a yellow solid.

o
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[00689]  To a solution of 6-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-oxa-7-
azaspiro[2.5]oct-6-ene (900 mg, 3.89 mmol) in methanol (10 mL, 0.34 M) was added sodium

W,

cyanoborohydride (852 mg, 13.55 mmol) under N> and stirred at 20°C for 1.5 hours. The solution was
diluted with H-O (20 mL), extracted with EtOAc (20 mL * 3), washed with brine (5 mL), dried over
Na»SQy, filtered, and concentrated under vacuum to afford crude (3-chloro-5-(4-oxa-7-
azaspiro[2.5]octan-6-yl)phenyl)boronic acid (850 mg, 2.99 mmol, 88% yield).

[00690]  To a solution of (3-chloro-5-(4-oxa-7-azaspiro[2.5]octan-6-yl)phenyl)boronic acid (780 mg,
2.92 mmol, 1 equiv) in 1,4-dioxane (2 mL, 1.21 M) was added 5-bromo-2-fluoro-benzamide (635.67 mg,

2.91 mmol, 1 equiv). The mixture was stirred at 80°C under N> atmosphere for 16 hrs. The mixture was
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quenched by water and extracted with EtOAc. The organic solution was dried over Na;SO, filtered, and
concentrated to give 3’-chloro-4-fluoro-5’-(4-oxa-7-azaspiro[2.5]octan-6-yl)-[1,1’-biphenyl]-3-
carboxamide (700 mg, 1.94 mmol, 67% yield).

[00691]  To a solution of 3’-chloro-4-fluoro-5’-(4-oxa-7-azaspiro[2.5]octan-6-yl)-[1,1°-biphenyl]-3-
carboxamide (200 mg, 0.55 mmol, 1 equiv) in DCM (3 mL, 0.18 M) was added acryloyl chloride (50.17
mg, 0.55 mmol, 1 equiv). The mixture was stirred at 20°C under N, atmosphere for 2 hours. The
mixture was quenched by water and extracted with EtOAc. The organic was dried over Na,SOy, filtered,
and concentrated. The residue was purified by prep-HPLC (column: Nano-micro Kromasil C18
100*30mm 5Sum;mobile phase: [water(0.1%TFA)-ACN]; B%: 40%-60%,2min) to give the racemic
product and then separated by SFC to give 3’-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-5’-chloro-4-
fluoro-[1,1°-biphenyl]-3-carboxamide (33.6 mg, 0.081 mmol, 15% yield) as a yellow solid.

[00692] Enantiomers were separated by SFC [Column: REGIS(s,s) WHELK-O1

(250mm*30mm, 10um) CO2 and EtOH]. LC-MS nv/z: 415.0 [M+1].

[00693] Stereochemistry: single enantiomer of unknown absolute configuration.

N
HO” " “OH

[00694]  Using the appropriate coupling partner in Procedure Q, the title compounds can be obtained.

Cmp Name Coupling Partner LC-MS
m/z [M+1]
3'-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-
76 yD)-5'-chloro-4-fluoro-[1,1'-biphenyl]-3- 5-bromo-2-fluoro-benzamide 415.0
carboxamide
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5- o
153 | chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7- iﬁg:m- 1.3,5-triazin-2- 372.0

yDprop-2-en-1-one

1-(6-(3-(2-aminopyrimidin-4-yI)-5-
84 chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7- | 4-bromopyrimidin-2-amine 371.0
yl)prop-2-en-1-one

4-(3-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-

122
6-yl)-5-chlorophenyl)picolinamide

4-bromopicolinamide 398.0

1-(6-(3-chloro-5-(2-methylpyrimidin-4-
83 yDphenyl)-4-oxa-7-azaspiro[2.5]octan-7- 4-chloro-2-methylpyrimidine 370.0
yl)prop-2-en-1-one

1-(6-(3-(6-aminopyrimidin-4-yl)-5-
140 | chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7- | 6-bromopyrimidin-4-amine 371.0
yl)prop-2-en-1-one
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Example 75. Synthesis of Compounds 174 and 175
[00695]  Enantiomer 1: 1-(6-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-4-oxa-7-

azaspiro[2.5]octan-7-yl)prop-2-en-1-one
[00696]  Enantiomer 2: 1-(6-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-4-oxa-7-

azaspiro[2.5]octan-7-yl)prop-2-en-1-one

Q
A A~ Az |
Procedure Q NJI\/ ZN ¢} Y

A/\NH _— o [ . —_— I
L 2 | \N NZ | 0 J< ZN
=~
. k\N NJLO N’I
o)‘o L\N NH;

[00697] 1-(6-(2,6-dichloropyridin-4-yl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one was
obtained according to Procedure Q using 1-(aminomethyl)cyclopropan-1-ol.

[00698] To a solution of 1-(6-(2,6-dichloropyridin-4-yl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-
1-one (200 mg, 0.63 mmol, 1 equiv) in 1,4-dioxane (5 mL, 0.12 M) was added tert-butyl N-tert-
butoxycarbonyl-N-(6-trimethylstannylpyrimidin-4-yl)carbamate (292 mg, 0.63 mmol, 1 equiv) and
Pd(PPhs)s (73 mg, 0.063 mmol, 0.10 equiv) at 25°C. The resulting mixture was stirred at 100°C for 16
hours. The reaction mixture was poured into water (15 mL) and extracted with EtOAc (15 mL * 3). The
combined organic layers were washed with brine (10 mL * 2), dried over Na>SQs, filtered, and
concentrated under reduced pressure. The residue was purified by flash silica gel chromatography
(ISCO®; 12 g SEPAFLASH® Silica Flash Column, Eluent of 10-50% Ethyl acetate/Petroleum ether
gradient @ 60 mL/min) to afford tert-butyl (6-(4-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-6-
chloropyridin-2-yl)pyrimidin-4-yl)(tert-butoxycarbonyl)carbamate (125 mg, 0.22 mmol, 34% yield) as a
yellow oil.

[00699] To a solution of tert-butyl (6-(4-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-6-
chloropyridin-2-yl)pyrimidin-4-yl)(tert-butoxycarbonyl)carbamate (125 mg, 0.22 mmol, 1 equiv)

in DCM (3 mL, 0.054 M) was added TFA (1 mL, 0.054 M) at 25°C and allowed to stir for 16 hours. The
reaction mixturc was concentrated under reduced pressure. The residue was purificd by prep-HPLC
(column: Phenomenex C18 80*40mm*3um; liquid phase: [A-10mM NH4HCO; in H>O; B-ACN]B%:
15%-35%,8min]) to afford 1-(6-(2-(6-aminopyrimidin-4-yl1)-6-chloropyridin-4-yl)-4-oxa-7-
azaspiro[2.5]octan-7-yl)prop-2-en-1-one (50 mg, 0.134 mmol, 62% yield) as a white solid.

[00700] Enantiomers were separated by SFC to alford Compound 174 (10.2 mg) and Compound 175
(13 mg). The title compound’s absolute stereochemistry was not assigned. LC-MS ny/z: 372.1 [M+1] and
LC-MS m/z: 372.1 [M+1].

[00701] Stereochemistry: single enantiomer of unknown absolute configuration.
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azaspiro[2.5]octan-7-yl)prop-2-en-1-one (Compound 190)
[00702]  The title compound was obtained in a similar fashion as Compound 174 using 7-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-a]pyridine.
[00703]  Enantiomers were separated by SFC. The title compound’s absolute stereochemistry was not
assigned. LC-MS nv/z: 395.1 [M+1].

[00704]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 77. Synthesis of 3'-((3R.,6R)-4-acryloyl-6-methylmorpholin-3-yl)-5'-chloro-4-fluoro-[1.1'-

biphenyl]-3-carboxamide (Compound 179)
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[00705]  5-(3-bromo-5-chlorophenyl)-2-methylmorpholine can be obtained in a similar fashion to
Procedure H and Procedure I using 1-aminopropan-2-ol.

[00706]  To a solution of 5-(3-bromo-5-chlorophenyl)-2-methylmorpholin (250 mg, 0.86 mmol, 1
equiv) in DCM (5 mL, 0.17 M) was added N,N-diisopropylethylamine (0.224 mL, 1.29 mmol, 1.5 equiv)
and acryloyl chloride (116 mg, 1.29 mmol, 1.5 equiv) at 0°C. The mixturc was stirred for 30 minutes at
25°C. The reaction mixture was quenched with water (10 mL) and extracted with EtOAc (20 mL x 2).
The combined organic layer was washed with brine (10 mL), dried over Na»SO, filtered, and
concentrated. The crude product was purified by prep-TLC (petroleum ether:EtOAc =2 : 1). The
mixture was separated by SFC to afford 100mg of this unassigned cis enantiomer.

[00707] The title compound was obtained using Procedure P and 2-fluoro-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamide. LC-MS m/z: 403.1 [M+1].

[00708]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 78. Synthesis of 3'-((3R.,6S)-4-acryloyl-6-methylmorpholin-3-vl)-5'-chloro-4-fluore-[ 1.1'-

biphenyl]-3-carboxamide (Compound 182)
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[00709]  5-(3-bromo-5-chlorophenyl)-2-methylmorpholine can be obtained in a similar fashion to

Procedure H and Procedure I using 1-aminopropan-2-ol.
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[00710]  To a solution of 5-(3-bromo-5-chlorophenyl)-2-methylmorpholin (250 mg, 0.86 mmol, 1
equiv) in DCM (5 mL, 0.17 M) was added N,N-diisopropylethylamine (0.224 mL, 1.29 mmol, 1.5 equiv)
and acryloyl chloride (116 mg, 1.29 mmol, 1.5 equiv) at 0°C. The mixture was stirred for 30 minutes at
25°C. The reaction mixture was quenched with water (10 mL) and extracted with EtOAc (20 mL x 2).
The combined organic layer was washed with brine (10 mL) and dried over Na2SOs, filtered, and
concentrated. The crude product was purified by prep-TLC (petroleum ether : EtOAc =2 : 1). The
mixture was separated by SFC to afford 25mg of this single unassigned trans enantiomer.

[00711]  3'-((3R,6S)-4-acryloyl-6-methylmorpholin-3-yl)-5'-chloro-4-fluoro-[1,1'-biphenyl]-3-
carboxamide was obtained using Procedure P and 2-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylbenzamide. LC-MS m/z: 403.1 [M+1].

[00712]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 79. Synthesis of 5-(4-((3R.5S)-4-acrylovl-5-(difluoromethyl)morpholin-3-yl)-6-
chloropyridin-2-yl)-2-fluorobenzamide (Compound 180)

O/

HO
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[00713] ((3R,5R)-5-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol was obtained from Procedure
J.
[00714]  To a solution of ((3R,5R)-5-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol (100 mg,
0.38 mmol, 1 equiv) in DMF (1 mL, (.38 M) was added 4-methoxybenzyl chloride (59.52 mg, 0.38
mmol, 1 equiv) and Nal (40 mg, 1 equiv) and then stirred at 80°C for 12 hours. The reaction was
quenched by H20O (5 mL) and extracted with EtOAc (5 mL x 3). The organic phases were dried with
NaySOy, filtered, and concentrated. The residue was purified by prep TLC (PE/EA=2/1) to
afford ((3R,5R)-5-(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholin-3-yl)methanol (56 mg, 0.15
mmol, 38% yield).
[00715] To a solution of ((3R,5R)-5-(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholin-3-
yDmethanol (1 g, 2.61 mmol, 1 equiv) in DCM (10 mL, 0.26 M) was added DMP (2 eq, 2.2 g) at 0°C.
The resulting mixture was stirred at 25°C for 3 hours. The reaction mixture was quenched with Na2S:0;3
(4 g) and poured into saturated aqueous NaHCO3 (20 mL). The resulting mixture was stirred at 25°C for
30 minutes and then extracted with DCM (20 mL * 3). The combined organic layers were washed with
brine (20mL), dried over Na-SQq, filtered, and concentrated under reduced pressure to afford (3S,5R)-5-
(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholine-3-carbaldehyde (990 mg, 2.60 mmol, 99%
yield).
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[00716]  To a solution of (3S,5R)-5-(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholine-3-
carbaldehyde (1 g, 2.62 mmol, 1 equiv) in DCM (10 mL, 0.26 M) was added DAST (2 eq, 844 mg) at
0°C. The resulting mixture was stirred at 25°C for 30 minutes. The reaction mixture was poured

into H>O (5 mL) and extracted with EtOAc (10 mL * 3). The combined organic layers were washed with
brine (10 mL), dried over Na:SOy, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography (SiO2, Petroleum ether/Ethyl acetate=1/0 to 0/1) to afford (3R,5S)-
3-(2,6-dichloropyridin-4-yl)-5-(difluoromethyl)-4-(4-methoxybenzyl)morpholine (400 mg, 0.99 mmol,
38% yield) as a white solid.
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[00717] To a solution of (3R,55)-3-(2,6-dichloropyridin-4-yl)-3-(difluoromethyl)-4-(4-
methoxybenzyl)morpholine (120 mg, 0.29 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.12 M) and water (0.4
mL, 0.12 M) was added 2-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide (78 mg, 0.29
mmol, 1 equiv), K2CO; (90 mg, 2 eq), and Pd(dppf)Cl: (0.1 eq, 30 mg). The resulting mixture was
stirred at 80°C for 16 hours under N». The reaction mixture was filtered, and the filtrate was
concentrated under vacuum. The residue was purified by prep-TLC (SiO», PE:EtOAc= 1:1,) to afford 5-
(6-chloro-4-((3R,58S)-5-(difluoromethyl)-4-(4-methoxybenzyl)morpholin-3-yl)pyridin-2-y1)-2-
fluorobenzamide (70 mg, 0.14 mmol, 47% yield) as a white solid.

[00718] Trifluoroacetic acid (2.5 mL, 0.06 M) was added to 5-(6-chloro-4-((3R,55)-5-
(difluoromethyl)-4-(4-methoxybenzyl)morpholin-3-yl)pyridin-2-y1)-2-fluorobenzamide (80 mg, 0.15
mmol, 1 equiv) and the resulting mixture was stirred at 80°C for 12 hours. The reaction mixture was
poured into saturated aqueous NaHCOs (5 mL) and extracted with DCM (10 mL * 3). The combined
organic layers were washed with brine (10 mL), dried over Na>SQsq, filtered, and concentrated under
reduced pressure. The residue was purified by prep-TLC (SiO,, PE:EtOAc = 1:2) to afford 5-(6-chloro-
4-((3R,5S)-5-(difluoromethyl)morpholin-3-yl)pyridin-2-yl)-2-fluorobenzamide (40 mg, 0.104 mmol,
66% yield).

[00719] To a solution 5-(6-chloro-4-((3R,55)-5-(difluoromethyl)morpholin-3-yl)pyridin-2-yl)-2-
fluorobenzamide (35 mg, 0.09 mmol, 1 equiv) in DCM (1 mL, 0.09 M) was added acryloyl chloride (16
mg, 0.18 mmol, 2 equiv) and N,N-diisopropylethylamine (11 mg, 0.09 mmol, 1 equiv) and the resulting
mixture was stirred at 25°C for 30 minutes. The reaction mixture was poured into HO (1 mL) and
extracted with DCM (3 mL * 3). The combined organic layers were washed with brine (5 mL), dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified by prep-TLC

(8i0,, PE:EtOAc = 1:2) to afford 5-(4-((3R,5S)-4-acryloyl-5-(difluoromethyl)morpholin-3-yl1)-6-
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chloropyridin-2-yl)-2-fluorobenzamide (27 mg, 0.058 mmol, 64% yield) as a white solid. LC-MS m/z:

440.0 [M+1].
[00720] Stereochemistry: single enantiomer of known absolute configuration
o
O/
@j HF,C
HF,C
N
\)C( Y
ZN
cl
[00721] Using the appropriate coupling partner in Procedure T, the title compounds can be obtained.
. LC-MS
Cmp Name Coupling Partner m/z [M41]
5-(4-((3R,55)-4-acryloyl-5- 2-fluoro-5-(4,4,5,5-tetramethyl-

180 | (difluoromethyl)morpholin-3-yl)-6- 1,3,2-dioxaborolan-2- 440.0
chloropyridin-2-yl)-2-fluorobenzamide yl)benzamide
1-((3R,55)-3-(2-(6-aminopyrimidin-4-yl)-6- | tert-butyl (tert-

0 chloropyridin-4-yl)-5- butoxycarbonyl )(6- 396.0
(difluoromethyl)morpholino)prop-2-en-1- (trimethylstannyl)pyrimidin-4- o
one yl)carbamate
6-(4-((3R,55)-4-acryloyl-5-

223 (difluoromethyl)morpholin-3-y1)-6- 6-(trimethylstannyl)pyrimidine- 4040
chloropyridin-2-yl)pyrimidine-4- 4-carboxamide ’
carboxamide
1-((3R,5S)-3-(2-chloro-6-(6-

201 methylpyrimidin-4-yl)pyridin-4-y1)-5- 4-methyl-6- 3951
(difluoromethyl)morpholino)prop-2-en-1- (trimethylstannyl)pyrimidine
one
1-((3R,5S)-3-(2-chloro-6-(2-

203 methylpyrimidin-4-yl)pyridin-4-yl)-5- 2-methyl-4- 396.1
(difluoromethyl)morpholino)prop-2-cn-1- (trimethylstannyl)pyrimidine
one
1-((3R,5S)-3-(2-chloro-6-(imidazo[1,2-
a]l()(yBri c{iSnS-)7-3yl()pyri din. fy(l)-i- (L, 7-(4,4,5,5-tetramethyl-1,3,2-

194 . . dioxaborolan-2-yl)imidazo[1,2- 419.0
(difluoromethyl)morpholino)prop-2-en-1- .
one a]pyridine
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1.4-oxazepan-4-yl)prop-2-en-1-one (Compound 198
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[00722] ((3R,5R)-5-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol was obtained from Procedure
J.

[00723]  To a solution of ((3R,5R)-5-(2,6-dichloropyridin-4-yl)morpholin-3-yl)methanol (100 mg,
0.38 mmol, 1 equiv) in DMF (1 mL, 0.38 M) was added 4-methoxybenzyl chloride (59.52 mg, 0.38
mmol, 1 equiv) and Nal (40 mg, 1 eq). The reaction was stirred at 80°C for 12 hours. The reaction was
quenched by H,O (5 mL) and extracted with EtOAc(5 mL x 3). The organic phases were dried with
NazSO,, filtered, and concentrated. The residue was purified by prep TLC (PE/EA=2/1) to

give ((3R,5R)-5-(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholin-3-yl)methanol (56 mg, 0.146
mmol, 38% yield).

[00724]  To a solution of ((3R,5R)-5-(2,6-dichloropyridin-4-y1)-4-(4-methoxybenzyl)morpholin-3-
yDmethanol (450 mg, 1.05 mmol, 1 equiv) in DCM (5 mL, 0.21 M) was added 4-
(dimethylamino)pyridine (6.4 mg, 0.052 mmol, 0.05 equiv) and triethylamine (0.44 mL, 3.16 mmol, 3
equiv) at 0°C. A solution of methylsulfonyl methanesulfonate (275 mg, 1.58 mmol, 1.5 equiv) in DCM
(1 mL) was added at 0°C under N2 and then stirred at room temperature for 1 hour. The reaction mixture
was poured into HO (10 mL) and extracted with DCM (10 mL x 3). The combined organic layers were
washed with brine (10 mL x 2), dried over Na>SQOy, filtered, and concentrated under reduced pressure.
The crude product was purified by flash silica gel column chromatography to give ((3S,5R)-5-(2,6-
dichloropyridin-4-y1)-4-(4-methoxybenzyl )morpholin-3-yl)methyl methanesulfonate (437 mg, 0.87
mmol, 82% yield).

[00725] To a solution of ((3S,5R)-5-(2,6-dichloropyridin-4-yl)-4-(4-methoxybenzyl)morpholin-3-
yl)methyl methanesulfonate (437 mg, 0.94 mmol, 1 equiv) in t-BuOH (5 mL) was added cesium fluoride
(1448 mg, 9.472 mmol, 10 equiv) at room temperature. The reaction was stirred at 90°C for 8 hours.
The reaction was poured into saturated aqueous NaHCO; (5 mL) and the aqueous layer was extracted
with ethyl acetate (10 mL x 3). The combined organic layer was washed with brine (10 mL), dried over
Na,SOy, filtered, and concentrated. The crude product was purified by column

chromatography (PE:EA=3:1) to obtain 400 mg of an inseparable mixture of (3R,6R)-3-(2,6-
dichloropyridin-4-yl)-6-fluoro-4-(4-methoxybenzyl)-1,4-oxazepane and (3R,5S)-3-(2,6-dichloropyridin-
4-yN)-5-(fluoromethyl)-4-(4-methoxybenzyl)morpholine.
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[00726]  To a solution of a 700 mg of mixture of (3R,6R)-3-(2,6-dichloropyridin-4-y1)-6-fluoro-4-(4-
methoxybenzyl)-1,4-oxazepane and (3R,5S)-3-(2,6-dichloropyridin-4-yl)-5-(fluoromethyl)-4-(4-
methoxybenzyl)morpholine) in 1,4-dioxane (10 mL, 0.091 M) was added tert-butyl N-tert-
butoxycarbonyl-N-(6-trimethylstannylpyrimidin-4-yl)carbamate (417 mg, 0.91 mmol, 1 equiv),
Pd(PPhs), (105 mg, 0.09 mmol, 0.1 equiv), and lithium chloride (3.8 mg, 0.09 mmol, 0.1 equiv). The
reaction mixture was stirred at 110°C for 3 hours. The reaction was poured into water (10 mL) and the
aqueous layer was extracted with ethyl acetate (10 mL x 3). The combined organic layer was washed
with brine (20 mL), dried over Na,SQy, filtered, and concentrated. The crude product was purified

by prep-TLC (Petroleum cther : Ethyl acetate= 1:1) to obtain 300mg of a mixture of tert-butyl (tert-
butoxycarbonyl)(6-(6-chloro-4-((3R,6R)-6-fluoro-4-(4-methoxybenzyl)-1,4-oxazepan-3-yl)pyridin-2-
yD)pyrimidin-4-yl)carbamate and tert-butyl (tert-butoxycarbonyl)(6-(6-chloro-4-((3R,5S)-5-
(fluoromethyl)-4-(4-methoxybenzyl)morpholin-3-yl)pyridin-2-yl)pyrimidin-4-yl)carbamate.

[00727]  300mg of a mixture of tert-butyl (tert-butoxycarbonyl)(6-(6-chloro-4-((3R,6R)-6-fluoro-4-(4-
methoxybenzyl)-1,4-oxazepan-3-yl)pyridin-2-yl)pyrimidin-4-yl)carbamate and tert-butyl (tert-
butoxycarbonyl)(6-(6-chloro-4-((3R,55)-5-(fluoromethyl)-4-(4-methoxybenzyl)morpholin-3-yl)pyridin-
2-yD)pyrimidin-4-yl)carbamate was taken up into TFA (3 mL) and then stirred at 60°C for 3 hours. The
reaction was concentrated under vacuun. The crude product was adjusted pH to 9 with saturated aqueous
NaHCOs and extracted with ethyl acetate (10mL*3). The combined organic phases were concentrated
under reduced pressure. The crude residue was purified by prep-TLC afford 6-(6-chloro-4-((3R,6R)-6-
fluoro-1,4-oxazepan-3-yl)pyridin-2-yl)pyrimidin-4-amine (50 mg, 0.15 mmol).

[00728] To a solution of afford 6-(6-chloro-4-((3R,6R )-6-fluoro-1,4-oxazepan-3-yl)pyridin-2-
yDpyrimidin-4-amine (50 mg, 0.15 mmol) in DCM (3 mL, 0.03 M) was added acryloyl chloride (11 mg,
0.12 mmol) and triethylamine (39 mg, 0.38 mmol). The reaction mixture was stirred at room temperature
for 2 hours. The reaction was poured into water (10 mL) and the aqueous layer was extracted with ethyl
acetate (10 mL x 3). The combined organic layer was washed with brine (50 mL), dried over Na>SOu,
filtered, and concentrated. The crude product was purified by prep-TLC (EA:MeOH = 20:1) to obtain 1-
((3R,6R)-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-6-fluoro-1,4-oxazepan-4-yl)prop-2-en-1-
one (16 mg, 0.042 mmol, 27% yield) as a white solid. LC-MS m/z: 378.1 [M+1].

[00729]  Stereochemistry: single enantiomer of known absolute configuration.

201



WO 2024/073587 PCT/US2023/075401

Example 81. Synthesis of 2-((3R.5R)-4-acryloyl-5-(3-(6-aminopyrimidin-4-vl)-5-

chlorophenyl)morpholin-3-ylDacetonitrile (Compound 204
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[00730]  ((3S,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholin-3-yl)methyl
methanesulfonate was obtained in a similar fashion to the synthesis of Compound 198.

[00731] NaCN (210 mg, 4.28 mmol, 2.16 equiv) was added to a solution of ((3S,5R)-5-(3-bromo-5-
chlorophenyl)-4-(4-methoxybenzyl)morpholin-3-yl)methyl methanesulfonate (1000 mg, 1.98 mmol, 1
equiv) in DMF (10 mL, 0.19 M) at room temperature. The mixture was stirred at 80°C for 16 hours
under N». The reaction was quenched by addition of H,O (20 mL) and extracted with ethyl acetate (20
mL*3). The combined organic phase was washed by brine(20 mL*3), dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was purified by column chromatography (SiO»,
Petroleum ether/Ethyl acetate=1/0 to 1/1) to afford 2-((3R,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-
methoxybenzyl)morpholin-3-yl)acetonitrile (660 mg, 1.51 mmol, 76% yield).

[00732] To a solution of 2-((3R,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholin-3-
ylacetonitrile (7500 mg, 17.21 mmol, 1 equiv) in 1,4-dioxane (8 mL, 2.15 M) was added tert-butyl N-
tert-butoxycarbonyl-N-(6-trimethylstannylpyrimidin-4-yl)carbamate (7885 mg, 17.212 mmol, 1 equiv),
Pd(PPh3)s (1989 mg, 1.72 mmol, 0.1 equiv), and lithium chloride (72 mg, 1.72 mmol, 0.lequiv). The
reaction mixture was stirred at 110°C for 16 hours under N». The reaction was poured into aqueous KF
(15 mL) and the aqueous layer was extracted with ethyl acetate (15 mL x 3). The combined organic layer
was washed with brine (15 mL), dried over Na»SQq, filtered, and concentrated. The crude product was
purified by column chromatography (SiO,, Petroleum ether/Ethyl acetate=1/0 to 0/1) to obtain tert-butyl
(tert-butoxycarbonyl)(6-(3-chloro-5-((3R,5R)-5-(cyanomethyl)-4-(4-methoxybenzyl)morpholin-3-
yDphenyl)pyrimidin-4-yl)carbamate (400 mg, 0.62 mmol, 4% yield) as a white solid.

[00733]  The title compound was obtained from tert-butyl (tert-butoxycarbonyl)(6-(3-chloro-5-
((3R,5R)-5-(cyanomethyl)-4-(4-methoxybenzyl)morpholin-3-yl)phenyl)pyrimidin-4-yl)carbamate in a
similar manner to the synthesis of Compound 198. LC-MS m/z: 394.1 [M+1].

[00734]  Stereochemistry: single enantiomer of known absolute configuration.
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Example 82. Procedure U and Synthesis of 1-((3R.5S)-3-(3-(2-aminopyrimidin-4-yl)-5-

chlorophenyl)-5-(difluoromethyl)morpholine)prop-2-en-1-one (Compound 290
[00735] Procedure U
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[00736] ((3R,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholin-3-yl)methanol was
obtained in a similar fashion to the synthesis of Compound 198.

[00737]  To a solution of ((3R,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholin-3-
ylmethanol (3.151 g, 7.38 mmol, 1 equiv) in DCM (30 mL, 0.24 M) was added Dess—Martin
periodinane (4.698 g, 11.07 mmol, 1.5 equiv) at 0°C. The mixture was stirred at room temperature for 2
hours. The mixture was quenched with 10% aqueous Na»S>0s (40 mL) and stirred for 30 minutes.
Saturated aqueous NaHCO;3 (20mL) was added and stirred for 30 minutes. The solution was extracted
with DCM (30 mL x 3), washed with brine (30 mL), dried over Na,SQy, filtered, and concentrated to
afford crude (3S,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholine-3-carbaldehyde (3.61
8)-

[00738]  To a solution of (3S,5R)-5-(3-bromo-5-chlorophenyl)-4-(4-methoxybenzyl)morpholine-3-
carbaldehyde (3.606 g, 8.49 mmol, 1 equiv) in DCM (30 mL, 0.283M) at 0°C was added
diethylaminosulfur trifluoride (3.041 g, 16.98 mmol, 2 equiv). The mixture was stirred at 0°C for 2
hours. The reaction was poured into saturated aqueous NaHCO3 (30 mL) and then extracted by DCM
(3x30 mL). The residue was purified by column chromatography (SiO;, Petroleum ether/Ethyl
acetate=100/0 to 93/7) to afford (3R,5S)-3-(3-bromo-5-chlorophenyl)-5-(difluoromethyl)-4-(4-
methoxybenzyl)morpholine (1.57 g, 3.52 mmol, 41% yield).

[00739] A mixture of (3R,5S)-3-(3-bromo-5-chlorophenyl)-3-(difluoromethyl)-4-(4-
methoxybenzyl)morpholine (1.571 g, 3.51 mmol, 1 equiv) in trifluoroacetic acid (16 mL, 0.22 M) was
stirred at 60°C for 2 hours. The reaction mixture was filtered and concentrated afford (3R,5S)-3-(3-

bromo-5-chlorophenyl)-5-(difluoromethyl)morpholine (1.92 g) as a brown solid.
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[00740]  To a solution of (3R,5S)-3-(3-bromo-5-chlorophenyl)-5-(difluoromethyl )morpholine (300
mg, 0.91 mmol, 1 equiv) in DCM (3 mL, 0.3 M) was added N,N-diisopropylethylamine (237.46 mg, 1.83

mmol, 2 equiv) and acryloyl chloride (108.09 mg, 1.19 mmol, 1.3 equiv). The mixture was stirred at 0°C
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for 1 hour. The solution was quenched with brine (10 mL) and extracted with DCM (10 mL*3). The
organic phases were dried over Na,SQOq, filtered, and concentrated. The residue was purified by prep-
TLC (SiO,, PE:EA=5:1) to afford 1-((3R,5S)-3-(3-bromo-5-chlorophenyl)-5-
(difluoromethyl)morpholino)prop-2-en-1-one (177 mg, 0.46 mmol, 51% yield).

[00741] To a solution of 1-((3R,5S)-3-(3-bromo-5-chlorophenyl)-5-
(difluoromethyl)morpholino)prop-2-en-1-one (176.7 mg, 0.46 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.23
M) was added bis(pinacolato)diboron (176.84 mg, 0.69 mmol, 1.5 equiv), potassium acetate (115.08 mg,
1.1606 mmol, 2.5 equiv), and Pd(dppf)Cl: (33 mg, 0.046 mmol, 0.10 equiv) at room temperature under
Na. The reaction was stirred at 80°C for 48 hours. The solution was quenched with water (20 mL) and
extracted with ethyl acetate (20 mL*3). The organic phases were dried over Na,SO,, filtered, and
concentrated to afford 200 mg of a brown oil.

[00742] To a solution of 1-((3R,5S)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-5-(difluoromethyl)morpholino)prop-2-en-1-one (199 mg, 0.46 mmol) in 1,4-dioxane (2 mL,
0.19 M) was added potassium carbonate (160.77 mg, 1.16 mmol, 2.5 equiv) in water (0.40 mL, 0.2 M),
2-amino-4-bromopyrimidine (105.25 mg, 0.60 mmol, 1.3 equiv), and Pd(dppf)Cl>(33.671 mg, 0.045
mmol, 0.1 equiv) at 25°C. The mixture was stirred at 80°C under N for 16 hours. The reaction mixture
was poured into water (10 mL) and extracted with EtOAc (10 mL * 3). The combined organic layers
were washed with brine (10 mL * 2), dried over Na>SQy, filtered, and concentrated. The residue was
purified by prep-TLC (EA:MeOH=10" 1) to afford 1-((3R,5S)-3-(3-(2-aminopyrimidin-4-yl)-5-
chlorophenyl)-5-(difluoromethyl )morpholino)prop-2-en-1-one (38.6 mg, 0.097 mmol, 21% yield). LC-
MS nv/z: 395.2 [M+1].

[00743] Stereochemistry: single enantiomer of known absolute configuration.
S o NULIN
NJI\/ NJK/
O, c oM, cl
g — 7C
IB\
FH g

[00744]  Using the appropriate coupling partner in Procedure U, the title compounds can be obtained.

. LC-MS
Cmp Name Coupling Partner m/z [M+1]
1-((3R,55)-3-(3-(2-aminopyrimidin-4-y1)-5- > amino.d
290 chlorophenyl)-5-(difluoromethyl)morpholino)prop- i L 395.2
bromopyrimidine
2-en-1-one
1-((3R,55)-3-(3-(5-aminopyrimidin-2-yl)-5- s
291 chlorophenyl)-5-(difluoromethyl)morpholino)prop- 2—b.r omopyrimidin-5- 395.1
2-en-1-one amine
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Example 83. Synthesis of 1-(5-(3-(4-amino-1,3.5-triazin-2-yl)-5-chlorophenyl)-2-oxa-6-

azaspiro|3.3]heptan-6-vl)prop-2-en-1-one (Compound 159

o S s s
Br s B, HNJ\K NJ\K NJ*
,JZ//N_% Q—Br — o —> o0 — > o0
o} cl Br Br B
d cl ol
[00745] To a solution of 1,3-dibromo-5-chloro-benzene (195 mg, 0.72 mmol, 1 equiv) in i-Pr20O (5
mL) was added n-Butyllithium solution (0.259 mL, 0.64 mmol, 0.9 equiv) dropwise at -70°C under No.
The reaction mixture was stirred for 30 minutes before (NE)-N-[[3-(bromomethyl)oxetan-3-
yl]methylene]-2-methyl-propane-2-sulfinamide (203.55 mg, 0.7213 mmol, 1 equiv) in 1 mL of i-Pr,0O
was added and then stirred at -70°C and stitred for 1 hour. The reaction was poured into HO (10 mL)
and the aqueous layer was extracted with ethyl acetate (5 mL x 3). The combined organic layer was
washed with brine (20 mL), dried over Na»SOys, filtered, and concentrated. The crude product was
purified by prep-TLC (Petroleum ether : Ethyl acetate= 1:1) to obtain N-[(3-bromo-5-chloro-phenyl)-[3-
(bromomethyl)oxetan-3-ylJmethyl]-2-methyl-propane-2-sulfinamide (35 mg, 0.073 mmol, 10% yield) as
colorless oil.
[00746] To a solution of N-[(3-bromo-5-chloro-phenyl)-[3-(bromomethyl)oxetan-3-ylJmethyl]-2-
methyl-propane-2-sulfinamide (796 mg, 1.68 mmol, 1 equiv) in THF (4 mL, 0.42 M) was
added potassium tert-butoxide (264 mg, 2.35 mmol, 1.4 equiv) at 0°C and then stirred for 1 hour. The
reaction was poured into H.O (20 mL) and the aqueous layer was extracted with ethyl acetate (10 mL x
3). The combined organic layer was washed with brine (20 mL), dried over Na,SQ,, filtered, and
concentrated under vacuum to afford 510 mg of crude product.
[00747]  To a solution of 7-(3-bromo-5-chloro-phenyl)-6-tert-butylsulfinyl-2-oxa-6-
azaspiro[3.3]heptane (255 mg, 0.64 mmol, 1 equiv)) and bis(pinacolato)diboron (197 mg, 0.77 mmol, 1.2
equiv) in 1,4-dioxane (5 mL, 0.13 M) was added potassium acetate (191 mg, 1.94 mmol, 3 equiv)
and Pd(dppf)Cl2(47 mg, 0.064 mmol, 0.1 equiv) under N». The resulting mixture was stirred for 2 hours
at 90°C under N;. The reaction was poured into H;O (20 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL x 3). The combined organic layer was washed with brine (20 mL), dried over

NasSOy, filtered, and concentrated under vacuum to afford 285 mg which was taken forward without

purification.
S [}
NH
N)H< Nkﬁ N, NJK/
o
© —» O N_<NHZ E— N=< —» O N_<NH2
P = P =
B, 8 /N N—Z & ,N
ro) N—7 al N—7
cl <l el

[00748]  To a solution of 6-tert-butylsulfinyl-7-[3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]-2-oxa-6-azaspiro[3.3]heptane (285 mg, 0.64 mmol, 1 equiv) and 4-chloro-1,3,5-triazin-2-
amine (101 mg, 0.77 mmol, 1.2 equiv) in 1,4-dioxane (10 mL, 0.05 M) and water (2 mL, 0.05 M) was
added potassium carbonate (268 mg, 1.94 mmol, 3 equiv) and Pd(dppf)Cl, (47 mg, 0.064 mmol, 0.10
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equiv) under Ns. The resulting mixture was stirred for 2 hours at 90°C. The reaction was poured into
H>O (50 mL) and the aqueous layer was extracted with ethyl acetate (10 mL x 3). The combined organic
layer was washed with brine (50 mL), dried over Na,SO,, filtered, and concentrated. The crude product
was purified by prep-TLC (Ethyl acetate) to obtain 4-[3-(6-tert-butylsulfinyl-2-oxa-6-
azaspiro[3.3]heptan-7-yl)-5-chloro-phenyl]-1,3,5-triazin-2-amine (255 mg, 0.625 mmol, 97% yield) as a
brown solid.

[00749] A solution of 4-[3-(6-tert-butylsulfinyl-2-oxa-6-azaspiro[3.3]heptan-7-yl)-5-chloro-phenyl]-
1,3,5-triazin-2-amine (250 mg, 0.61 mmol, 1 equiv) in trifluoroacetic acid (3 mL, 0.20 M) was stirred

at 25°C for 16 hours. The mixture was evaporated to dryness and the residue was used for the next step
without further purification.

[00750]  To a solution of 4-[3-chloro-5-(2-oxa-6-azaspiro[3.3]heptan-7-yl)phenyl]-1,3.5-triazin-2-
amine (186 mg, 0.61 mmol, 1 equiv) in DCM (5 mL, 0.12 M) was added triethylamine (123 mg, 1.22
mmol, 2 equiv) and acryloyl chloride (16 mg, 0.18 mmol, 0.3 equiv). The reaction was stirred for 2
hours at room temperature. The crude product was purified by pre-HPLC (column: Waters Xbridge Prep
OBD C18 150*40mm* 10um; liquid phase: [A-10mM NH4HCOs in H20; B-ACN]B%: 10%-40%,8min])
to obtain 1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2-oxa-6-azaspiro[ 3.3]heptan-6-yl)prop-2-
en-1-one (18 mg, 0.051 mmol, 8% yield) as a white solid. The title compound’s absolute stereochemistry
was not assigned. Stereochemistry: single enantiomer of unknown absolute configuration.

[00751]

[00752]  Enantiomers were separated by SFC. Absolute stereochemistry was not assigned. LC-MS
m/z: 358.0 [M+1].

[00753]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 84. Synthesis of 1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2-oxa-6-

azaspiro[3.3lheptan-6-yl)prop-2-en-1-one (Compound 168)

[00754]  The title compound was obtained in a similar fashion as compound 159 using 4-
bromopyrimidin-2-amine. LC-MS m/z: 357.0 [M+1]. The title compound’s absolute stereochemistry was
not assigned. Stereochemistry: single enantiomer of unknown absolute configuration.

[00755]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 85. Synthesis of (R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-

cvclopropylideneethan-1-one (Compound 293)
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[00756] tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyl)morpholine-4-carboxylate was obtained from Procedure B.

[00757] To a solution of tert-butyl (R)-3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)morpholine-4-carboxylate (1.77 g, 4.17 mmol, 1 equiv) in 1,4-dioxane (20 mL, 0.18 M) and
water (3 mL, 0.18 M) was added 4-chloro-1,3,5-triazin-2-amine (0.817 g, 6.26 mmol, 1.5 equiv),
potassium carbonate (1.154 g, 8.35 mmol, 2 equiv), and Pd(dppf)Cl, (0.302 g, 0.42 mmol, 0.1 equiv) at
25°C. The mixture was stirred at 85°C for 12 hours under N». The mixture was poured into water (10
mL), extracted with ethyl acetate (10 mL * 3), washed with brine, dried over Na>SQs, filtered, and
concentrated. The residue was purified by column chromatography (SiO:, Petroleum ether/Ethyl
acetate=10/1 to 3/1) to give tert-butyl (R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholine-
4-carboxylate as a yellow solid.

[00758] A solution of tert-butyl (R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )morpholine-4-
carboxylate (90 mg, 0.23 mmol, 1 equiv) in 4M HCl in dioxane (2 mL) was stirred at 25°C for 30
minutes. The mixture was concentrated to afford (R)-4-(3-chloro-5-(morpholin-3-yl)phenyl)-1,3,5-
triazin-2-amine (67 mg, 0.23 mmol, 100% yield) as white solid.

[00759]  To a solution of 2-cyclopropylideneacetic acid (33 mg, 0.34 mmol, 1.5 equiv) in DCM (5
mL, 0.04 M) was added HATU (130 mg, 0.34 mmol, 1.5 equiv) and triethylamine (69 mg, 0.68 mmol, 3
equiv) at 0°C under N». The mixture was stirred for 5 minutes before addition of (R)-4-(3-chloro-5-
(morpholin-3-yl)phenyl)-1.3,5-triazin-2-amine (67 mg, 0.23 mmol, 1 equiv). The reaction mixture was
stirred for 16 hours. The mixture was poured into water (10 mL), extracted with ethyl acetate (5 mL * 2),
washed with brine, dried over Na>SOy, filtered and concentrated. The residue was purified by Prep-
HPLC(NH4HCO:s5) to obtain (R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-
cyclopropylideneethan-1-one (8.9 mg, 0.024 mmol, 10% yield) as a white solid. LC-MS m/z: 372.1
[M+1].

[00760] Stereochemistry: single enantiomer of known absolute configuration.

Example 86. Synthesis of (R)-1-(3-(3-(4-amino-1,3.5-triazin-2-yl)-5-chlorophenyl)morpholing)-2-

chloroprop-2-en-1-one (Compound 294)

[00761]  The title compound was obtained according to the synthesis of Compound 293 using 2-
chloroacryloyl chloride. LC-MS m/z: 380.2 [M+1].

[00762] Stereochemistry: single enantiomer of known absolute configuration.

Example 87. Synthesis of (R)-1-(3-(3-(4-amino-1,3.5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-

(trifluoromethyl)prop-2-en-1-one (Compound 295)

[00763]  The title compound was obtained according to the synthesis of Compound 293 using 2-
(trifluoromethyljacryloyl chloride. LC-MS m/z: 414.1 [M+1].

[00764] Stereochemistry: single enantiomer of known absolute configuration.
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Example 88. Synthesis of ((R)-1-(3-(3-(4-amino-1,3.5-triazin-2-yl)-5-chlorophenyl)morpholine)-2-

fluoroprop-2-en-1-one (Compound 297)

[00765]  The title compound was obtained according to the synthesis of Compound 293 using 2-
fluoroacrylic acid. LC-MS m/z: 364.1 [M+1].

[00766]  Stereochemistry: single enantiomer of known absolute configuration.

Example 89. Procedure W and Svnthesis of Compounds 205 and 206

NZN

SR,
[00767] Ent 1: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-
dioxidothiomorpholino)prop-2-en-1-one
[00768] Ent 2: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-
dioxidothiomorpholino)prop-2-en-1-one

[00769] Procedure W
0 o
NJkOJ< N JLOJ<

0 N NH
c cl |/\|
U S Cl S Cl
— T — Y — My —
Br 8r Br
Br Br

[00770] 1-(3-bromo-5-chlorophenyl)-2-chloroethan-1-one was obtained from the synthesis of
Compound 282.

[00771] To a solution of 1-(3-bromo-5-chlorophenyl)-2-chloroethan-1-one (19.7 g, 73.52 mmol) in
1,4-dioxane (200 mL, 0.14 M) was added a solution of 2-aminoethanethiol (28.363 g, 367.63 mmol) in
1,4-dioxane (300 mL, 0.14 M) at 0°C. The reaction was treated with molecular sieves (50 g) at 10°C and
then stirred at 25°C for 16 hours. The solution was filtered and concentrated under reduced pressure to
afford crude 5-(3-bromo-5-chlorophenyl)-3,6-dihydro-2H-1,4-thiazine (28.8 g).

[00772]  To asolution of 5-(3-bromo-5-chlorophenyl)-3,6-dihydro-2H-1,4-thiazine (21.4 g, 73.63
mmol, 1 equiv) in methanol (220 mL, 0.33 M) was added sodium borohydride (27.99 g, 739.89 mmol, 10
equiv) in portions at 0°C under N,. The mixture was stirred for 2 hours at 25°C. The reaction mixture
was poured into saturated aqueous NH4Cl (600 mL) and extracted with EtOAc (100 mL * 3). The
combined organic layers were washed with brine (40mL * 2), dried over Na>SQOy, filtered, and
concentrated under reduced pressure to give a crude 3-(3-bromo-5-chlorophenyl)thiomorpholine (17.5 g).
[00773]1  To a solution of crude 3-(3-bromo-5-chlorophenyl)thiomorpholine (15.5 g, 52.97 mmol, 1
equiv) in DCM (160 mL, 0.31 M) was added pyridine (8.379 g, 105.94 mmol, 2 equiv), DMAP (1 eq,
542 mg), and di-tert-butyl dicarbonate (17.341 g, 79.45 mmol, 1.5 equiv). The mixture was stirred for 42
hours at room temperature. The reaction mixture was poured into saturated aqueous NH4Cl (100 mL)

and extracted with DCM (100 mL * 3). The combined organic layers were washed with brine (50 mL *
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2), dried over Na;SO.,, filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography (SiO, Petroleum ether/Ethyl acetate=25/1) to afford tert-butyl 3-(3-bromo-5-
chlorophenyl)thiomorpholine-4-carboxylate (8.5 g, 21.64 mmol, 41% yield) as a yellow oil.

[00774]  To a solution tert-butyl 3-(3-bromo-5-chlorophenyl)thiomorpholine-4-carboxylate (8.5 g,
21.64 mmol, 1 equiv) in DCM (90 mL, 0.24 M) was added 3-chloroperbenzoic acid (18.675 g, 86.57
mmol, 4 equiv) at 0°C, and then stirred at room temperature for 16 hours. The mixture was quenched
with aqueous Na>SO; (60 mL) and the mixture was stirred at room temperature for 30 minutes. The
solution was extracted with DCM (50 mL*2), washed with brine (20 mL*2), dried over Na»>SQu, filtered,
and concentrated under vacuum. The residue was purified by column chromatography (SiO:z, Petroleum
ether/Ethyl acetate=4/1) to afford tert-butyl 3-(3-bromo-5-chlorophenyl)thiomorpholine-4-carboxylate
1,1-dioxide (6.50 g, 15.3 mmol, 71% yield) as a white solid.

Ak NS00 SO A N

[*N]]

O
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[00775]1  To a solution of tert-butyl 3-(3-bromo-5-chlorophenyl)thiomorpholine-4-carboxylate 1,1-
dioxide (1 g, 2.35 mmol, 1 equiv) in 1,4-dioxane (10 mL, 0.23 M) was added bis(pinacolato)diboron
(0.717 g, 2.82 mmol, 1.2 equiv), Pd(dppf)Cl» (0.171 g, 0.23 mmol, 0.1 equiv), and potassium acetate
(0.577 g, 5.88 mmol, 2.5 equiv) at 25°C. The mixture was stirred at 90°C for 12 hours under N». The
reaction mixture was poured into water (15 mL) and extracted with EtOAc (15 mL * 3). The combined
organic layers were washed with brine (10 mL * 2), dried over Na,SQy, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel chromatography (Eluent of 12% Ethyl
acetate in Petroleum ether gradient @ 80 mL/min) to afford tert-butyl 3-(3-chloro-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)thiomorpholine-4-carboxylate 1,1-dioxide (860 mg, 1.82 mmol, 77%
yield) as a yellow oil.

[00776] To a solution of tert-butyl 3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)thiomorpholine-4-carboxylate 1,1-dioxide (860 mg, 1.82 mmol, 1 equiv) in 1,4-dioxanc (10
mL, 0.18 M) was added 4M HCI in dioxane (5 mL) at 25°C. The mixture was stirred at 25°C for 2 hours
under N2. The mixture was concentrated under reduced pressure to afford 3-(3-chloro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)thiomorpholine 1,1-dioxide (660 mg, 1.78 mmol, 97% yield)
as a yellow solid.

[00777] To a solution of crude 3-(3-chloro-35-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)thiomorpholine 1,1-dioxide (677 mg, 1.82 mmol, 1 equiv) in DCM (6 mL, 0.3 M) was

added triethylamine (0.507 mL, 3.64 mmol, 2 equiv) and acryloyl chloride (0.162 mL, 2.00 mmol, 1.1
equiv) at 0°C. The mixture was stirred at 25°C for 5 hours under N2. The reaction mixture was poured
into water (15 mL) and extracted with DCM (15 mL * 3). The combined organic layers were washed

with brine (10 mL * 2), dried over Na,SOy, filtered, and concentrated under reduced pressure. The
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residue was purified by flash silica gel chromatography (25% Ethyl acetate 75% Petroleum ether gradient
@ 80 mL/min) to afford 1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,1-

dioxidothiomorpholino)prop-2-en-1-one (500 mg, 1.17 mmol, 65% yield) as a yellow oil.

[00778]

To a solution of 1-(3-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,1-

dioxidothiomorpholino)prop-2-en-1-one (335 mg, 0.78 mmol, 1 equiv) in 1,4-dioxane (5 mL, 0.13 M)

and water (1 mL, 0.13 M) was added 4-chloro-1,3,5-triazin-2-amine (123 mg, 0.944 mmol, 1.2 equiv),
Pd(dppf)Cl2 (56.9 mg, 0.078 mmol, 0.01 equiv), and K2COs (271.9 mg, 1.96 mmol, 2.5 equiv) at 25°C.

The mixture was stirred at 80°C for 5 hours under N». The reaction mixture was poured into water (10

mL) and extracted with EtOAc (15 mL * 3). The combined organic layers were washed with brine (10

mL * 2), dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified

by prep-TLC (Si02, EA:MeOH= 10:1) to afford 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-

1,1-dioxidothiomorpholino)prop-2-en-1-one (290 mg, 0.736 mmol, 94% yield) as a yellow oil.

[00779] Enantiomers were separated and the absolute stereochemistry was not assigned.
[00780] Enantiomer 1: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-
dioxidothiomorpholino)prop-2-en-1-one or Compound 205. LC-MS m/z: 394.1 [M+1].
[00781]  Enantiomer 2: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-
dioxidothiomorpholino)prop-2-en-1-one or Compound 206. LC-MS m/z: 394.1 [M+1].
[00782]  Stereochemistry: single enantiomer of unknown absolute configuration.
o}
(\NJK/ (\NJI\/
O=IS. J\ ; ,Cl 0=S Cl
OI O’l
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[00783] Using the appropriate coupling partner in Procedure W, the title compounds can be obtained.
All compounds are single enantiomers of unknown absolute configuration.
. LC-MS
Cmp. Name Coupling Partner m/z [M+1]
Ent 1: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5- dechloro-1.3.5
-1.1-dioxi i i -2-en-1- B T 394.
205 chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1 triazin-2-amine 394.1
onc
Ent 2: 1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-
.. . . 4-chloro-1,3,5-
206 | chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1- .. . 394.1
triazin-2-amine
one
1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1- 2-chloropyrimidin- .
209 . . . . 393.1
dioxidothiomorpholino)prop-2-en-1-one 4-amine
207 1-(3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1- 2-chloropyrimidin- 393.1
- dioxidothiomorpholino)prop-2-en-1-one S-amine e
51 Ent 1: 1-(3-(3-chloro-5-(2-methylpyrimidin-4- 4-bromo-2- 3930
yDphenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one | methylpyrimidine o
50 Ent 2: 1-(3-(3-chloro-5-(2-methylpyrimidin-4- 4-bromo-2- 193.0
) yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one | methylpyrimidine o
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. LC-MS
Cmp. Name Coupling Partner m/z [M#1]

1-(3-(3-chloro-5-(6-methylpyrimidin-4-yl)phenyl)-1,1- | 4-bromo-6-

52 L . . o 392.0
dioxidothiomorpholino)prop-2-en-1-one methylpyrimidine

N 1-(3-(3-chloro-5-(pyrimidin-2-yl)phenyl)-1,1- o

31 dio xidothiomorphzi/ino)prop—Z-yenl—)l —ori/e 2-bromopyrimidine 3780

39 4-(3-(4-acryloyl-1,1-dioxidothiomorpholin-3-yl)-5- 4-bromopyridin- 3931
chlorophenyl)pyridin-2(1H)-one 2(1H)-one o

.. . . 4-bromo-1-
2 | Gttt ool S | 02
’ 2(1H)-one

3 1-(3-(3-chloro-5-(2-methyl-2H-tetrazol-5-yl)phenyl)- S-iodo-2-methyl- 382.0

1,1-dioxidothiomorpholino)prop-2-en-1-one 2H-tetrazole
2-(3,6-dihydro-2H-

1-(3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)- pyran-4-yl)-

28 1,1-dioxidothiomorpholino)prop-2-en-1-one, racemic, 4,4,5,5- 384.0
additional reduction step tetramethyl-1,3,2-

dioxaborolane

dioxidothiomorpholino)prop-2-en-1-one (Compound 246)

[00784]

The title compound can be prepared in a similar fashion to Procedure W using 2-methyl-2-

(methylthio)propan-1-amine. LC-MS m/z: 421.2 [M+1].

[00785]

Stereochemistry: single enantiomer of unknown absolute configuration.

Example 91. Synthesis of 1-(6-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-4.4-dioxido-4-thia-7-

azaspiro[2.5]octan-7-yl)prop-2-en-1-one (Compound 249)

[00786]

(methylthio)cyclopropyl)methanamine. LC-MS m/z: 421.2 [M+1].

[00787]

The title compound can be prepared in a similar fashion to Procedure W using (1-

Stercochemistry: single enantiomer of unknown absolute configuration.

Example 92. Procedure X and Synthesis of (R)-1-(4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-

chlorophenyl)piperazin-1-vl)prop-2-en-1-one (Compound 188)

[00788] Procedure X
a Br c Cl i Cl HN(\IN Cl HN 4 Cl
S Gy Py
O\ Br
Br Br Br
[00789] To a solution of 1,3-dibromo-5-chloro-benzene (50 g, 184.95 mmol) in i-Pr-O (500 mL) at -

78°C was added n-BuLi (75 mL, 1 eq) dropwise. The resulting yellow mixture was stirred at -78°C for
30 minutes. 2-chloro-N-methoxy-N-methyl-acetamide (27985 mg, 203.44 mmol) was added to the
reaction mixture drop-wise and then stirred at -78°C for 1 hour. The reaction mixture was quenched with

saturated aqueous NH,Cl (100 mL) at -40°C and then poured into water (400 mL). The solution was
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extracted with EtOAc (200 mL*2). The organic layers were washed with brine (300 mL), dried over
NasSOy, filtered, and concentrated. The crude product was purified by column chromatography (PE:
EtOAc = 10:1) to afford 1-(3-bromo-5-chloro-phenyl)-2-chloro-ethanone (30 g, 60% yield) as a white
solid.

[00790]  To a solution of 1-(3-bromo-5-chloro-phenyl)-2-chloro-ethanone (5000 mg,18.6 mmol) in
1.4-dioxane (75 mL, 0.20 M) was added a solution of ethylene diamine (5607 mg, 93.30 mmol) in 1,4-
dioxane (15 mL, 0.21 M) at 0°C. Molecular sieves (5 g) were added at 15°C and the reaction was stirred
at 15°C for 20 hours. The reaction was filtered, and the organic layer was concentrated to afford crude 5-
(3-bromo-5-chloro-phenyl)-1,2,3,6-tetrahydropyrazine (6 g).

[00791] To a solution of 5-(3-bromo-3-chloro-phenyl)-1,2,3,6-tetrahydropyrazine (30 g, 109.67
mmol) in methanol (300 mL, 0.36 M) at 0°C was added NaBH. (10 g) portion wise. The reaction
mixture was stitred at 0°C for 2 hours. The reaction mixture was quenched with 1M aqueous HCI (200
mL), adjusted to pH 5~6, and then concentrated. The crude product was purified by column
chromatography (DCM: MeOH = 10: 1) to afford 2-(3-bromo-5-chlorophenyl)piperazine (10g, 33%
yield) as a white solid.

[00792]  To a solution of 2-(3-bromo-5-chlorophenyl)piperazine (10 g, 36.3 mmol) in DCM (150 mL,
0.24 M) was added 9H-fluoren-9-ylmethyl carbonochloridate (4.693 g, 18.14 mmol). The reaction
mixture was stirred at 15°C for 2 hours. The reaction was filtered, and the organic layer was
concentrated to afford 10 g of crude product.

[00793]  To a solution of 9H-fluoren-9-ylmethyl 3-(3-bromo-5-chloro-phenyl)piperazine-1-
carboxylate (20 g, 40.17 mmol) in DCM (200 mL, 0.2 M) was added 4-(dimethylamino)pyridine (2.45 g,
20 mmol) and di-tert-butyl dicarbonate (13.15 g, 60.2 mmol) portion-wise at 0°C and stirred for 1 hour.
The reaction was filtered, and the organic layer was concentrated to give 30 g of crude product.

[00794]  To a mixture of Ol-tert-butyl O4-(9H-fluoren-9-ylmethyl) 2-(3-bromo-5-chloro-
phenyl)piperazine-1,4-dicarboxylate (15 g, 25.1 mmol) in DCM (100 mL, 0.25 M) was added piperidine
(12.82 g, 150 mmol) at 20°C and stirred for 16 hours. The mixture was cooled to 20°C and concentrated
under reduced pressure. The residue was poured into water (10 mL) and extracted with ethyl acetate (10
mL*2). The combined organic phase was washed with brine (10 mL*2), dried with anhydrous Na;SOs,
filtered, and concentrated to afford tert-butyl 2-(3-bromo-5-chloro-phenyl)piperazine-1-carboxylate (5 g,

53% yield) as a white solid.
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Br Br Br

[00795]  Enantiomers were separated by SFC to afford tert-butyl (S)-2-(3-bromo-5-
chlorophenyl)piperazine-1-carboxylate and tert-butyl (R)-2-(3-bromo-5-chlorophenyl)piperazine-1-
carboxylate. Absolute stereochemistry was established by crystallography.

[00796]  To a solution of tert-butyl (R)-2-(3-bromo-5-chlorophenyl)piperazine-1-carboxylate (2500
mg, 6.65 mmol, 1 equiv) in ethyl acetate (20 mL, 0.33 M) was added HCI in EtOAc (30 mL) at 0°C and
stirred for 1 hour. The reaction solution was concentrated in vacuo.

[00797]  To a solution of (R)-2-(3-bromo-5-chlorophenyl)piperazine dihydrochloride (7800 mg, 22.38
mmol, 1 equiv) in DCM (80 mL, 0.28 M) was added triethylamine (6794 mg, 67.14 mmol, 3 equiv) and
di-tert-butyl dicarbonate (4396 mg, 20.14 mmol, 0.9 equiv) at 0°C. The mixture was stirred at 0°C for |
hour under N». The reaction mixture was poured into saturated aqueous NH4Cl (100 mL) and extracted
with EtOAc (80 mL * 3). The combined organic layers were washed with brine (40 mL), dried over
NaxSOy, filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography (SiO;, Petroleum ether/Ethyl acetate=1/1 to 0/1) to afford tert-butyl (R)-3-(3-bromo-5-
chlorophenyl)piperazine-1-carboxylate (7.7 g, 20.49 mmol, 92% yield) as a yellow oil.

[00798]  To a solution of tert-butyl (R)-3-(3-bromo-35-chlorophenyl)piperazine- 1-carboxylate (6 g,
15.97 mmol, 1 equiv) in DCM (60 mL, 0.26 M) was added triethylamine (4.45 mL, 31.91 mmol, 2 equiv)
and acryloyl chloride (1.734 g, 19.16 mmol, 1.2 equiv) at 0°C under N> and stirred for 40 minutes. The
solution was quenched with water (150 mL) and extracted with DCM (150 mL*3). The organic phases
were dried over Na»SQy, filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:0 to 1:1) to afford tert-butyl (R)-4-

acryloyl-3-(3-bromo-5-chlorophenyl)piperazine-1-carboxylate (6.666 g, 15.51 mmol, 97% yield).
o 0 o)

(\Nw (\NJ\/

S
>|/o\g,N\)..u Q/CI L HN_, Q/cu . \g/N\).,U Q/m

Br Br
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[00799]  To a solution of tert-butyl (R)-4-acryloyl-3-(3-bromo-5-chlorophenyl)piperazine-1-
carboxylate (4.26 g, 9.91 mmol, 1 equiv) in DCM (20 mL) was added TFA (20 mL). The reaction was
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stirred at room temperature for 1.5 hours. The mixture was concentrated under reduced pressure to
afford (R)-1-(2-(3-bromo-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one.

[00800]  To a solution of (R)-1-(2-(3-bromo-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one (4 g,
12.13 mmol, 1 equiv) in DCM (50 mL, 0.24 M) was added triethylamine (1.841 g, 18.20 mmol, 1.5
equiv) and acetyl chloride (1.238 g, 15.77 mmol, 1.3 equiv) at 0°C under N and stirred for 40 minutes.
The solution was quenched with water (150 mL) and extracted with DCM (150 mL*3). The organic
phases were dried over Na,SO,, filtered, and concentrated. The crude product was purified by column
chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:0 to 0:100) to afford (R)-1-(4-acetyl-
2-(3-bromo-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one (3.239 g, 8.71 mmol, 72% yield).

[00801]  To a solution of (R)-1-(4-acetyl-2-(3-bromo-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one
(3.239 g, 8.71 mmol, 1 equiv) in 1,4-dioxane (35 mL, 0.25 M) was added bis(pinacolato)diboron (2.656
g, 10.46 mmol, 1.2 equiv), potassium acetate (2.160 g, 21.79 mmol, 2.5 equiv), and Pd(dppf)Cl» (0.6308
g, 0.8717 mmol, 0.1 equiv). The reaction was heated to 80°C for 17 hours. The solution was quenched
with water (150 mL) and extracted with DCM (150 mL*3). The organic phases were dried over
Na2S04, filtered, and concentrated. The crude product was purified by column chromatography

on silica gel (Petroleum ether/Ethyl acetate = 100:0 to 0:100) to afford (R)-1-(4-acetyl-2-(3-chloro-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl )phenyl)piperazin-1-yl)prop-2-en-1-one (2.285 g, 5.45
mmol, 63% yield).

[00802] To a solution of (R)-1-(4-acetyl-2-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)piperazin-1-yl)prop-2-en-1-one (50 mg, 0.11 mmol, 1 equiv) in 1,4-dioxane (2 mL, 0.2 M) and
water (0.5 mL) was added the 2-bromopyrimidin-5-amine (24 mg, 0.14 mmol, 1.2 equiv), potassium
carbonate (33 mg, 0.24 mmol), and Pd(dppf)Cl: (8.6 mg, 0.01 mmol, 0.1 equiv). The reaction was
heated to 80°C for 12 hours under N,. The reaction mixture was quenched with H,O (5 mL) and
extracted with ethyl acetate (5 mL x 2). The organic layers were washed with 10 mL saturated brine
solution. The organic layer was then separated, dried over Na>SOy, filtered, and concentrated. The crude
residue was purified by column chromatography (PE:EA = 10:1 to 0:1) to give (R)-1-(4-acetyl-2-(3-(5-
aminopyrimidin-2-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one (8.0 mg, 0.02 mmol, 17% yield) as
white solid. LC-MS m/z: 386.1 [M+1].

[00803]  Stereochemistry: single enantiomer of known absolute configuration.

0 0

(\NJ\/ (\NJK/
\IorN\).,,,Q,CI . \('er\).,,, cl

A g

[00804]  Using the appropriate coupling partner in Procedure X, the title compounds can be obtained.

All compounds are single enantiomers of known absolute configuration.
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LC-MS
Cmp Name Coupling Partner in Step 2 m/z [M41]
(R)-1-(4-acetyl-2-(3-(5-aminopyrimidin-2-y1)- L .
188 5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one Z-bromopyrimidin-3-amine 386.1
-1-(4- 2-(3- -5-(pyrimidin-2-

17 (R)-1-(4 acgtyl ( 3-chloro-5-(pyrimidin-2 2-bromopyrimidine 3711

yDphenyl)piperazin-1-yl)prop-2-en-1-one
-1-(4- 2-(3- -5-(2- _OH-

| | Siodo-2-methy-2H- -
etrazol-5-yl)phenyl)piperazin-1-yl)prop-2-en- tetrazole .
1-one
(R)-1-(4-acetyl-2-(3-chloro-5-(tetrahydro-2H- 3,6-dihydro-2H-pyran-4-

26 pyran-4-yl)phenyl)piperazin-1-yl)prop-2-en-1- | yltrifluoromethanesulfonate 3717.2
one (additional reduction step)
(R)-1-(4-acetyl-2-(3-(4-amino-1,3,5-triazin-2- e

4-chloro-1,3,5-t -2-
74 yl)-3-chlorophenyl)piperazin-1-yl)prop-2-en-1- croro -3,5-triazin 387.0
amine
one
(R)-3'-(4-acetyl-1-acryloylpiperazin-2-yl)-5'- .
7 5-b -2-fluorob ds 430.1
? chloro-4-fluoro-[1,1'-bipheny!]-3-carboxamide romo-c-Huorobenzamide 30
(R)-1-(4-acctyl-2-(3-(2-aminopyrimidin-4-yl)- o X
1 4-b din-2- .1

8 5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one romopyrimdin--amine 386
(R)-1-(4-acetyl-2-(3-(4-aminopyrimidin-2-y1)- T .

183 5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one Z-bromopyrimidin-4-amine 386.1
(R)-1-(4-acetyl-2-(3-(6-aminopyrimidin-4-yl)- Lo o

187 5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one 6-bromopyrimidin-4-amine 386.1

i i
NP Q N~
A‘r r\Q-,,, cl (\ N Jl\/ A'r O,,‘, a
A & N e A &
fB\ ©
o ' %)
[00805] (R)-1-(2-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-

(cyclopropanecarbonyl)piperazin-1-yl)prop-2-en-1-one was obtained from Procedure X using

cyclopropanecarbonyl chloride. Using the appropriate coupling partner similar to Procedure X, the title

compounds can be obtained. All compounds are single enantiomers of known absolute configuration.

. LC-MS
Cmp Name Coupling Partner m/z [M+1]

(R)-3'-(1-acryloyl-4- 2-fluoro-5-(4,4,5,5-

195 (cyclopropanecarbonyl)piperazin-2-yl)-5'-chloro- tetramethyl-1,3,2- 456.1
4-fluoro-[1,1'-biphenyl]-3-carboxamide dioxaborolan-2-

yl)benzamide

(R)-1-(2-(3-(4-aminopyrimidin-2-y1)-5- oo

196 chlorophenyl)-4-( cycfgpropanec ar}l;onyl)piperazin— 2—cblor0pynnnd1n—4— 4121
1-yl)prop-2-en-1-one amine
(R)-1-(2-(3-(6-aminopyrimidin-4-y1)-5- L

197 chlorophenyl)-4-(cyclopropanecarbonyl)piperazin- 6-bf0m0pyr1mld1n-4- 412.2
1-yl)prop-2-en-1-one amine
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LC-MS
Cmp Name Coupling Partner m/z [M#1]
(R)-1-(2-(3-(5-aminopyrimidin-2-y1)-5- L
200 | chlorophenyl)-4-(cyclopropanecarbonyl)piperazin- 2—bfomopy rimidin-3- 4121
amine
1-yl)prop-2-en-1-one
(R)-1-(2-(3-(2-aminopyrimidin-4-y1)-5- L
4-b din-2-
185 chlorophenyl)-4-(cyclopropanecarbonyl)piperazin- amirr(l);nopyrlrm n 412.2
1-yl)prop-2-en-1-one
o o

\
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e
)
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[00806] (R)-1-(2-(3-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4-

Cl

.
o]

aaw,

(methylsulfonyl)piperazin-1-yl)prop-2-en-1-one was obtained from Procedure X using sulfonyl chloride.
Using the appropriate coupling partner similar to Procedure X, the title compounds can be obtained. All

compounds are single enantiomers of known absolute configuration.

LC-MS
Cmp. Name Coupling Partner m/z
[M+1]

6 N-(4-(3-(1-acryloyl-4-(methylsulfonyl)piperazin-2- | N-(3- 463.1
yD)-5-chlorophenyl)pyridin-2-yl)acetamide bromophenyl)acetamide

15 (R)-4-(3-(1-acryloyl-4-(methylsulfonyl)piperazin-2- | 4-bromopyridin-2(1H)- 021
y1)-5-chlorophenyl)pyridin-2(1H)-one one
(R)-1-(4-3-(1 —acr.yloyl—fl— 1-(4-bromopyridin-2-

16 (methylsulfonyl)piperazin-2-yl)-5- Dpyrrolidin-2-one 489.1
chlorophenyl)pyridin-2-yl)pyrrolidin-2-one yopy
(R)-1-(2-(3-chloro-5-(2-methyl ?”H-te.trazol -5- 5-iodo-2-methyl-2H-

21 yDphenyl)-4-(methylsulfonyl)piperazin-1-yl)prop-2- 411.1

tctrazole
en-1-one
(R)-1-(2-(3-(4-amino-1,3,5-triazin-2-yl)-5- 4-chloro-1.3.5-triazin-

123 | chlorophenyl)-4-(methylsulfonyl)piperazin-1- > amine ™ 423.1
yl)prop-2-en-1-one
(R)-1-(2-(3-(2-aminopyrimidin-4-yl)-5- .o

124 | chlorophenyl)-4-(methylsulfonyl)piperazin-1- :;Il:irr(l);nopyrlnndm—;’— 422.1
yDprop-2-en-1-one

Example 93. Synthesis of (R)-3-(4-acryloyl-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)piperazin-

1-yD)-3-oxopropanenitrile (Compound 186)

[00807]  The title compound was obtained in a similar fashion to Compound 81 using 2-cyanoacetyl
chloride. LC-MS m/z: 411.1 [M+1].

[00808] Stereochemistry: single enantiomer of known absolute configuration.
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chlorophenyl)pyrimidin-2-vl)-2-cvanoacetamide (Compound 189

[00809]  The title compound was obtained in a similar fashion to Compound 81 using excess 2-
cyanoacetyl chloride. LC-MS m/z: 478.0 [M+1].

[00810]  Stereochemistry: single enantiomer of known absolute configuration.

Example 95. Synthesis of 1-((2S.5R)-4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-

methylpiperazin-1-yl)prop-2-en-1-one (Compound 236)

QH /{\, Y\

NH
\(\N Ho B Cl Ny cl HN cl
N%)\l

Br Br Br

Py

Br Br

[00811] To a solution of 3-bromo-5-chlorophenylboronic acid (4.3 g, 18.27 mmol, 1 equiv) in 1,4-
dioxane (80 mL, 0.09 M), MeCN (80 mlL., 0.09 M), and water (40 mL, 0.09 M) was added 2-iodo-5-
methyl-pyrazine (4021 mg, 18.27 mmol, 1 equiv), potassium carbonate (6315 mg, 45.69 mmol, 2.5
equiv), and Pd(dppf) (1326 mg, 1.82 mmol, 0.1 equiv) at 25°C. The mixture was stirred at 65°C for 3
hours under N». The reaction mixture was poured into water (150 mL) and extracted with EtOAc (150
mL * 3). The combined organic layers were washed with brine (100 mL * 2), dried over Na:SOu,
filtered, and. The residue was purified by flash silica gel chromatography (ISCO®; 80 g SEPAFLASH®
Silica Flash Column, Eluent of 0-30% Ethyl acetate/Petroleum ether gradient @ 100 ml/min) to

afford 2-(3-bromo-5-chloro-phenyl)-5-methyl-pyrazine (4.36 g, 15.4 mmol, 84% yield) as a yellow solid.
[00812]  To a solution of 2-(3-bromo-5-chloro-phenyl)-5-methyl-pyrazine (4.1 g, 14.46 mmol, |
equiv), pinacolborane (9.252 g, 72.29 mmol, 5 equiv), and N-phenylaniline (9.787 g, 57.8 mmol, 4
equiv) in toluene (100 mL, 0.14 M) was added tris(2,3,4,5,6-pentafluorophenyl)borane (740.3 mg, 1.44
mmol, 0.1 equiv) at room temperature. The reaction mixture was stirred for 12 hours at 110°C under
N,. The reaction mixture was concentrated under reduced pressure. The residue was purified by flash
silica gel chromatography (ISCO®; 80 g SEPAFLASH® Silica Flash Column, Eluent of 100-70% Ethyl
acetate/ MeOH gradient @ 120 ml/min) to afford 2-(3-bromo-5-chloro-phenyl)-5-methyl-piperazine (
4.50 g, 12.4 mmol, 86% yield).

[00813]  To a solution of 2-(3-bromo-5-chloro-phenyl)-5-methyl-piperazine (1000 mg, 3.45 mmol, 1
equiv) in DCM (15 mL, 0.23 M) was added triethylamine (349 mg, 3.45 mmol, 1 equiv) and di-tert-butyl
dicarbonate (678 mg, 3.10 mmol, 0.9 equiv) at 0°C. The reaction mixture was stirred for 12 hours

at room temperature. The reaction mixture was poured into water (20 mL) and extracted with DCM (20
mL * 3). The combined organic layers were washed with brine (10 mL * 2), dried over Na,SQy, filtered,
and concentrated. The residue was purified by flash silica gel chromatography (ISCO®; 12 g
SEPAFLASH® Silica Flash Column, Eluent of 0-40% Ethyl acetate/Petroleum ether gradient @ 60

217



WO 2024/073587 PCT/US2023/075401

mL/min) to afford tert-butyl rac-(2S,5R)-5-(3-bromo-5-chloro-phenyl)-2-methyl-piperazine-1-
carboxylate (400 mg, 1.03 mmol, 30% yield) and tert-butyl rac-(2S,5S)-5-(3-bromo-5-chloro-phenyl)-2-
methyl-piperazine-1-carboxylate (390 mg, 1.00 mmol, 29% yield).

[00814]  The title compound was obtained using tert-butyl rac-(2S,55)-5-(3-bromo-5-chloro-phenyl)-
2-methyl-piperazine-1-carboxylate in Procedure X. Enantiomers were separated by SFC. LC-MS m/z:
400.1 [M+1].

[00815]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 96. Synthesis of 1-((2S.5S)-4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-

methylpiperazin-1-vl)prop-2-en-1-one (Compound 237)

[00816]  The title compound was obtained using tert-butyl rac-(2S,5R)-5-(3-bromo-5-chloro-phenyl)-
2-methyl-piperazine- 1-carboxylate from the synthesis of Compound 236 in Procedure X.
[00817] Enantiomers were separated by SFC. LC-MS m/z: 400.1 [M+1].

[00818] Stereochemistry: single enantiomer of unknown absolute configuration.

(cyclopropanecarbonyl)-5-methylpiperazin-1-yl)prop-2-en-1-one (Compound 243)

[00819] The title compound was obtained in a similar fashion to Compound 236 using
cyclopropanecarbonyl chloride. LC-MS n/z: 426.3 [M+1].

[00820]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 98. Synthesis of 1-((2R.5R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-

cyclopropanecarbonyl)-5-methylpiperazin-1-yl)prop-2-en-1-one (Compound 245

[00821]  The title compound was obtained in a similar fashion to Compound 237 using
cyclopropanecarbonyl chloride. LC-MS nv/z: 426.3 [M+1].

[00822]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 99. Synthesis of 1-(6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-

(cyclopropanecarbonyl)-4.7-diazaspiro[2.5]octan-7-yl)prop-2-en-1-one (Compound 260)

0
o} 9 , ©
0 Br cl \O)J\I ;N cl NH
\OJL: NHy [ — »~ HN Cl
Br Br
o Br

NH

OAN)LNH cl O N Cl
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[00823]  To a solution of 2-bromo-1-(3-bromo-5-chloro-phenyl)ethanone (10.853 g, 34.74 mmol)
in DMF (120 mL, 0.29 M) was slowly added NaHCOs (7.297 g, 86.85 mmol) at 0°C under N> and stirred
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for 30 minutes. Methyl 1-aminocyclopropanecarboxylate (4 g, 34.74 mmol) was added and the mixture
was stirred at 20°C for 2 hours. The solution was diluted with saturated aqueous NH4Cl1 (800 mL),
extracted with EtOAc (150 mL * 3), washed with brine (500 mL), dried over Na,SQ,, filtered, and
concentrated. The crude product was used directly for the next step without purification.

[00824]  To a solution of methyl methyl 1-[[2-(3-bromo-5-chloro-phenyl)-2-oxo-
ethylJamino]cyclopropanecarboxylate (5 g, 14.42 mmol) in methanol (100 mL, 0.14 M) was added
ammonium acetate (11.119 g, 144.26 mmol) at 20°C under N> and stirred for 2 hours. Sodium
cyanoborohydride (1.813 g, 28.85 mmol) was added at 0°C. The reaction was heated to 50°C for 16
hours. The solution was diluted with H2O (500 mL), extracted with DCM (300 mL * 3), washed with
brine (1000 mL), dried over Na>SQOy, filtered, and concentrated. The crude product was diluted with
MTBE (50 ml) and stirred at 20°C for 30 minutes. The suspension was filtered, and the filtrate was
concentrated to afford 6-(3-bromo-5-chloro-phenyl)-4,7-diazaspiro[2.5 ]octan-8-one (160 mg, 0.50 mmol,
43% yield) as a yellow solid.

[00825] To a solution of 6-(3-bromo-5-chloro-phenyl)-4,7-diazaspiro[2.5]octan-8-one (2.4 g, 7.60
mmol) in 1,4-dioxane (30 mL) was added triethylamine (1.539 g, 15.20 mmol) and di-tert-butyl
dicarbonate (2.157 g, 9.88 mmol) at room temperature under N, and then stirred at 80°C for 4 hours. The
reaction was diluted with water (50 mL) and extracted with ethyl acetate (35 ml*3). The combined
organic layers were washed with brine (100 mL), dried over Na,SOy, filtered, and concentrated. The
crude product was purified by silica gel chromatography (PE: EtOAc=100:0 to PE: EtOAc=80:20) to
give tert-butyl 6-(3-bromo-5-chloro-phenyl)-8-oxo0-4,7-diazaspiro[2.5]Joctane-4-carboxylate (3.05 g, 7.34
mmol, 96% yield) as a yellow solid.

[00826]  To a solution of tert-butyl 6-(3-bromo-5-chloro-phenyl)-8-o0xo-4,7-diazaspiro[2.5]octane-4-
carboxylate (3.05 g, 7.35 mmol) in THF (40 mL, 0.18 M) was slowly added borane dimethylsulfide
(1.763 g, 22.01 mmol) dropwise at 0°C under N; and then stirred at room temperature for 16 hours.
MeOH (30 mL) was added dropwise at 0°C and then stirred at 70°C for 4 hours. The solution was
concentrated to afford crude tert-butyl 6-(3-bromo-5-chlorophenyl)-4,7-diazaspiro[2.5]octane-4-
carboxylate (3.2g) that was used directly without purification.

[00827]  The title compound was obtained using tert-butyl 6-(3-bromo-5-chlorophenyl)-4,7-
diazaspiro[2.5]octane-4-carboxylate in Procedure X. Enantiomers were separated by SFC. LC-MS m/z:
412.0 [M+1].

[00828] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 100. Synthesis of 1-(4-acetvl-6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4.7-

diazaspiro[2.5]octan-7-yl)prop-2-en-1-one (Compound 267)
[00829]  The title compound was obtained in a similar fashion to Compound 260. LC-MS m/z: 438.0
[M+1].

[00830] Stereochemistry: single enantiomer of unknown absolute configuration.
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Example 101. Synthesis of 1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5.5-difluoropiperidin-

1-yD)prop-2-en-1-one (Compound 238

S PN P
PR

[00831]  To a solution of tert-butyl 3-oxopiperidine-1-carboxylate (5 g, 25.09 mmol, 1 equiv) in DCM
(100 mL, 0.25 M) at -70°C was added diethylaminosulfur trifluoride (8.988 g, 50.18 mmol, 2 equiv).

The mixture was stirred at -70°C for 19 hours. The reaction was poured into saturated aqueous NaHCO3
(200 mL) and then extracted by DCM (3x100 mL). The residue was purified by column chromatography
(SiO3, Petroleum ether/Ethyl acetate=100/0 to 5/95) to afford tert-butyl 3,3-difluoropiperidine-1-
carboxylate (3.36 g, 15.2 mmol, 61% yield) as a yellow oil.

[00832] Sodium periodate (5.367 g, 24.86 mmol, 5 equiv) was dissolved in water (40 mL, 0.045 M)
before addition of RuCls (0.355 g, 1.69 mmol, 0.34 equiv). The resulting solution was taken up in ethyl
acetate (70 mL, 0.04 M). tert-Butyl 3,3-difluoropiperidine-1-carboxylate (1.1 g, 4.97 mmol, 1 equiv) was
added and then stirred at room temperature for 21 hours. The reaction solution was diluted with ethyl
acetate, washed with water and brine, dried over magnesium sulfate, filtered, and concentrated. The
residue was purified by column chromatography (SiO-, Petroleum ether/Ethyl acetate=100/1 to 90/10) to
give tert-butyl 5,5-difluoro-2-oxo-piperidine-1-carboxylate (858 mg. 3.65 mmol, 74% yield) as a yellow
oil.

[00833]  The title compound was obtained by Procedure B using tert-butyl 5,5-difluoro-2-oxo-
piperidine-1-carboxylate. Enantiomers were separated by SFC. LC-MS m/z: 379.2 [M+1].

[00834]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 102. Synthesis of 1-(2-(3-(5-aminopyrimidin-2-vl)-5-chlorephenyl)piperidin-1-yl)prop-2-

en-1-one (Compound 239)

[00835]  The title compound was obtained with Procedure B using tert-butyl 2-oxopiperidine-1-

carboxylate. Enantiomers were separated by SFC. LC-MS m/z: 343.2 [M+1].

[00836]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 103. Synthesis of 1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4.4-difluoropiperidin-

1-y)prop-2-en-1-one (Compound 247)

O L
Br Cl
Z N7 o N“ ~0
Z N

] )OL — Cl — Cl
Ny o [¢)
[¢] Cl O

Br
Br Br

[00837]1  To a solution of 1.3-dibromo-5-chloro-benzene (1 g, 3.69 mmol, 1 equiv) in THF (15 mL,
0.25 M) was added lithium isopropylmagnesiumchloride LiCl (3.129 mL, 4.06 mmol, 1.1 equiv) at -23°C
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and stirred at that temperature for 30 minutes under N>. 4-methoxypyridine (403.66 mg, 3.69 mmol, 1
equiv) and phenyl chloroformate (579.14 mg, 3.69 mmol, | equiv) were added at -23°C and then stirred
for 20 minutes. The reaction mixture was poured into 10% aqueous HCI (15 mL) and the mixture was
stirred at room temperature for 10 minutes. The solution was extracted with EtOAc (15 mL * 3), washed
with brine (10 mL * 2), dried over Na>SOx, filtered, and concentrated. The residue was purified by (lash
silica gel chromatography (ISCO®; 20 ¢ SEPAFLASH® Silica Flash Column, Eluent of 21% Ethyl
acetate/Petroleum ether gradient @ 78 mL/min) to afford phenyl 2-(3-bromo-5-chloro-phenyl)-4-oxo-
2,3-dihydropyridine-1-carboxylate (955 mg, 2.35 mmol, 64% yield) as a white solid.

[00838]  To a solution of phenyl 2-(3-bromo-5-chloro-phenyl)-4-o0xo0-2,3-dihydropyridine-1-
carboxylate (30.625 g, 75.30 mmol, 1 equiv) in acetic acid (306 mL, 0.25 M) was added granular zinc
(51 g,780.13 mmol, 10 equiv) at 25°C. The mixture was stirred at 25°C for 17 hours under N2. The
reaction solution was filtered and then adjusted by NaHCOs to pH=8-9. The filtrate was adjusted with
saturated aqueous NaHCOs to pH=8-9 and then extracted with EtOAc (500 mL * 3). The combined
organic layers were washed with brine (300 mL * 2), dried over Na>SQy, filtered, and concentrated. The
residue was purified by flash silica gel chromatography (ISCO®; 220 g SEPAFLASH® Silica Flash
Column, Eluent of 20-30% Ethyl acetate/Petroleum ether gradient @ 150 mL/min) to afford phenyl 2-(3-
bromo-5-chloro-phenyl)-4-oxo-piperidine-1-carboxylate (20.70 g, 50.7 mmol, 67% yield) as a yellow oil.
[00839]  The title compound was obtained in a similar fashion to Compound 238 using phenyl 2-(3-
bromo-3-chloro-phenyl)-4-oxo-piperidine-1-carboxylate. LC-MS m/z: 379.3 [M+1]._Stereochemistry:
single enantiomer of unknown absolute configuration.

[00840] Using the appropriate coupling partner in synthesis of Compound 247, the title compounds

can be obtained. All compounds are single enantiomers of unknown absolute configuration.

LC-MS
Cmp Name m/z [M+1]

1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-

247 379.3
yDprop-2-en-1-one

281 1-(2-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-4,4-difluoropiperidin-1- 3782

- yD)prop-2-en-1-on -
1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-

284 379.2
yl)prop-2-en-1-one

285 1-(2-(3-chloro-5-(6-methylpyrimidin-4-yl)phenyl)-4,4-difluoropiperidin-1- 3782
yhprop-2-en-1-one 28

221



WO 2024/073587 PCT/US2023/075401

S5-hydroxy-5-methylpiperidin-1-yl)prop-2-en-1-one (Compounds 257 and 273)

Ik
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[00841]  To a solution of tert-butyl 2-acetoxy-5-oxo-2,6-dihydropyridine-1-carboxylate (3.8 g, 14.88

—_—

Br

mmol, 1 equiv) in toluene (30 mL, 0.49 M) was added 3-bromo-5-chlorophenylboronic acid (7004.6 mg,
29.77 mmol, 2 equiv), potassium carbonate (4114.8 mg, 29.77 mmol, 2 equiv), and palladium (II) acetate
(334.21 mg, 1.48 mmol, 0.1 equiv) at 25°C under N». The mixture was stirred at 25°C for 30 minutes.
The reaction mixture was poured into water (150 mL) and extracted with EtOAc (150 mL * 3). The
combined organic layers were washed with brine (100 mL * 2), dried over Na>SOs, filtered, and
concentrated. The residue was purified by flash silica gel chromatography (ISCO®; 40 ¢ SEPAFLASH®
Silica Flash Column, Eluent of 20-30% Ethyl acetate/Petroleum ether gradient @ 80 mL/min) to afford
tert-butyl 2-(3-bromo-5-chloro-phenyl)-5-0x0-2,6-dihydropyridine-1-carboxylate (1.70 g, 4.40 mmol,
30% yield).

[00842]  To a solution of tert-butyl 2-(3-bromo-5-chloro-phenyl)-5-o0x0-2,6-dihydropyridine-1-
carboxylate (1.5 g, 3.87 mmol, 1 equiv) in THF (15 mL, 0.13 M) and tert-butanol (15 mL, 0.13 M) was
added tris(triphenylphosphine)rhodium(I) chloride (358.92 mg, 0.38 mmol, 0.1 equiv) at 25°C. The
mixture was stirred at 35°C for 12 hours under H». The reaction mixture was poured into water (15 mL)
and extracted with EtOAc (25 mL * 3). The combined organic layers were washed with brine (20 mL *
2), dried over Na,SOy, filtered, and concentrated. The residuc was purified by flash silica gel
chromatography (ISCO®; 25 g SEPAFLASH® Silica Flash Column, Eluent of 20-40% Ethyl
acetate/Petroleum ether gradient @ 80 mL/min) to afford tert-butyl 2-(3-bromo-5-chloro-phenyl)-5-oxo-
piperidine-1-carboxylate (1.30 g, 3.34 mmol, 86% yield).

[00843] To a solution of methylmagnesium bromide (0.247 mL, (.74 mmol, 1.5 equiv) in i-Pr2O (3
mL) was added tert-butyl 2-(3-bromo-5-chloro-phenyl)-5-oxo-piperidine-1-carboxylate (200 mg, 0.49
mmol, 1 equiv) at 0°C. The mixture was stirred at this temperature under N> for 2 hours. The solution
was diluted with saturated aqueous NH4Cl (15 mL) and extracted with EtOAc (2 x 10 mL). The
combined organic extracts were washed with brine (15 mL), dried over Na>SOy, filtered, and
concentrated. The residue was purified by prep-TLC (SiOz, PE:EtOAc = 3:1) to afford 1 tert-butyl rac-
(2R,5R)-2-(3-bromo-5-chloro-phenyl)-5-hydroxy-5-methyl-piperidine-1-carboxylate and tert-butyl rac-
(2S,5R)-2-(3-bromo-35-chloro-phenyl)-5-hydroxy-5-methyl-piperidine-1-carboxylate.
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[00844] 1-((2R,5R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-hydroxy-5-methylpiperidin-1-
yDprop-2-en-1-one was obtained using Procedure B and tert-butyl rac-(2S,5R)-2-(3-bromo-5-chloro-
phenyl)-5-hydroxy-5-methyl-piperidine-1-carboxylate. Enantiomers were separated by SFC. LC-MS
m/z: 373.2 [M+1].

[00845] 1-((2R,55)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-hydroxy-5-methylpiperidin-1-
ylprop-2-en-1-one was obtained using Procedure B and 1 tert-butyl rac-(2R,5R)-2-(3-bromo-5-chloro-
phenyl)-5-hydroxy-5-methyl-piperidine-1-carboxylate. Enantiomers were separated by SFC. LC-MS
m/z: 373.2 [M+1].

[00846]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 105. Synthesis of 1-((2R,4R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hvdroxy-4-

methylpiperidin-1-vl)prop-2-en-1-one & 1-((2S.4S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-

4-hydroxy-4-methylpiperidin-1-yl)prop-2-en-1-one (Compounds 264 and 265)

i, i,k ik ik
NH
A i A A A
o cl —_— » © — Cl g HOW ¢l HOwy Cl
Br
Br Br Br Br

[00847] Phenyl 2-(3-bromo-5-chloro-phenyl)-4-oxo-piperidine- 1-carboxylate was obtained from the

synthesis of Compound 247.

[00848]  To a solution of phenyl 2-(3-bromo-5-chloro-phenyl)-4-oxo-piperidine-1-carboxylate (8 g,
19.57 mmol, 1 equiv) in MeCN (80 mL, 0.12 M) and water (80 mL, 0.12 M) was added lithium
hydroxide monohydrate (7.392 g, 176.18 mmol, 9 equiv) at 25°C. The mixture was stirred at 50°C for 8
hours under N»,. The reaction mixture was poured into water (100 mL) and extracted with EtOAc (100
mL * 3). The combined organic layers were washed with brine (50 mL * 2), dried over Na>SQy, filtered,
and concentrated. The crude material was obtained as yellow oil and used into the next step without
further purification.

[00849]  To a solution of 2-(3-bromo-5-chloro-phenyl)piperidin-4-one (10.64 g, 36.87 mmol, 1 equiv)
in DCM (100 mL, 0.4 M) was added triethylamine (3.731 g, 36.87 mmol, 1 equiv) and di-tert-butyl
dicarbonate (8.047 g, 36.87 mmol, | equiv) at 25°C. The mixture was stirred at room temperature for 16
hours. The mixture was poured into water (40 mL) and extracted with DCM (40 mL * 3). The combined
organic layers were dried over Na>SOy, filtered ,and concentrated. The crude product was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 100: 0 to 40 : 60) to give tert-butyl
2-(3-bromo-5-chloro-phenyl)-4-oxo-piperidine- 1 -carboxylate (5.87 g, 15.1 mmol, 41% yield).

[00850]  To a solution of tert-butyl 2-(3-bromo-5-chloro-phenyl)-4-oxo-piperidine-1-carboxylate (1 g,
2.57 mmol) in THF (10 mL, 0.25 M) under N was added methylmagnesium bromide (5.145 mL, 15.436
mmol, 6 equiv) at 0°C and then stirred for 1 hour. The reaction was quenched with saturated aqueous
NH.Cl (40 mL) and cxtracted with cthyl acetate (30 mL). The organic solution was washed with water, a
brine solution, dried over sodium sulfate, filtered, and concentrated. The residue was purified by column

chromatography (SiOa, Petroleum ether/Ethyl acetate=100/0 to 14/86) to afford racemic tert-butyl
223



WO 2024/073587 PCT/US2023/075401

(2R,4R)-2-(3-bromo-5-chlorophenyl)-4-hydroxy-4-methylpiperidine-1-carboxylate and racemic tert-
butyl (2R,485)-2-(3-bromo-5-chlorophenyl)-4-hydroxy-4-methylpiperidine-1-carboxylate.

[00851]  The title compounds were obtained using Procedure B starting with tert-butyl (2R,4R)-2-(3-
bromo-5-chlorophenyl)-4-hydroxy-4-methylpiperidine- 1-carboxylate. Enantiomers were separated by
SFC. LC-MS m/z: 373.2 [M+1] and LC-MS m/z: 373.2 [M+1].

[00852]  Stereochemistry: single enantiomer of unknown absolute configuration.

Example 106. Synthesis of 1-((2R,4S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-
methylpiperidin-1-vD)prop-2-en-1-one (Compound 266)

[00853]  The title compounds was obtained using Procedure B starting with racemic tert-butyl

(2R,485)-2-(3-bromo-5-chlorophenyl)-4-hydroxy-4-methyIpiperidine-1-carboxylate from the synthesis of
Compounds 264 and 265. Enantiomers were separated by SFC. LC-MS m/z: 373.2 [M+1].

[00854] Stereochemistry: single enantiomer of unknown absolute configuration.

Example 107. Nrf2 TMT Measurement
[00855]  Invitro TEs values for KEAP1_C151 were obtained by treating 500 ug of cell lysate

generated from MDA-MB-468 breast cancer cells with DMSO or compound for 1 hour at room
temperature followed by the addition of 200 uM IA-DTB (in DMSO) for one hour at room temperature.
Samples were then precipitated by the addition of 8x ice cold acetonitrile and incubated at -80°C for two
hours. Protein was then pelleted by centrifugation (4,200 RPM, 45 min, 4°C). The pelleted material was
resuspended in 9M Urea, 50 mM ammonium bicarbonate and proteins were reduced and alkylated by the
addition of DTT and iodoacetamide (10 and 30 mM, respectively). Following reduction and alkylation,
samples were exchanged into 2M urea (Zeba spin desalting plates, Thermo Fisher) and digested with
Trypsin. IA-DTB labeled peptides were isolated with streptavidin agarose resin. Enriched peptides were
eluted by the addition of 50% acetonitrile (ACN) 0.1% Formic Acid (FA) and dried in a SpeedVac
vacuum concentrator.

[00856]  Dried peptides were resuspended in 0.2 M EPPS pH 8.5 and treated with 6.5 puL of 11-plex
tandem mass tag (TMT) (8.3 ug/uL in dry ACN) for 2 hours at room temperature. Reactions were
quenched by the addition of 6.5 uL of 5% Hydroxylamine. Samples were then combined and desalted on
a Biotage Evolute express ABN plate (600-0010-PX01).

[00857]  Targeted TMT. Targeted TMT measurements were collected using an Orbitrap
LumosTribrid Mass Spectrometer (Thermo Scientific) coupled to an UltiMate 3000 Series Rapid
Separation LC system and autosampler (Thermo Scientific Dionex). Peptides were eluted onto a custom
C18 capillary analytical column (75-um inner diameter fused silica, packed with Acclaim PepMap C18
resin (Thermo Scientific)) using an Acclaim PepMap 100 (Thermo 164535) loading column, and
separated at a flow rate of 1.0 ul min—1. Data were acquired using a specific MS3-based TMT method
targeting the peptide containing KEAP1 C151 (C(+324.2)VLHVMNGAVMYQIDSVVR, +3 charge

state) where MS2 peptide fragmentation is triggered upon detection of the peptide precursor ion.
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Subsequent MS3 analysis was then performed using pre-selected peptide fragment ions that were isolated
for fragmentation using synchronous precursor selection. RAW files were converted to MZXML format
and searched with the SEQUEST algorithm using the MassPike software package. TMT quantitation was
performed with a filter requiring at least ten summed signal-to-noise for control channels. Quantified

signals were used for dose response curve-fitting and ICso calculation using R’s drc package.

Example 108. Nrf2 Antagonism Assay

[00858] NRF2 binds to a promoter region, antioxidant response element (ARE), to initiate expression
of multiple genes. ARE luciferase reporter assays are used to test whether a ligand can activate or repress
the expression of target genes using luciferase as a reporter gene.

[00859] KYSE-70 is an esophageal squamous cell carcinoma cell line with a Nrf2 mutation at amino
acid position W24C. This mutation lowers the affinity between the E3 ligase that includes KEAPI and
Nrf2, resulting in a state in which the synthesis rate of new Nrf2 is faster than the E3’s degradation rate
of Nrf2, resulting in a “Nrf2 high” state. In KYSE-70 cells, genes are inserted directly after the ARE that
trigger the expression of luciferase. Without a NRF2 antagonist in this modified KYSE70 cell line which
has an inherently “NRF2 high state”, luciferase is expressed, and a signal is observed.

[00860] Nrf2 antagonists bind at C151 of KEAPI and stabilize the E3 which results in an increased
degradation rate of Nrf2. Increased degradation of Nrf2 results in less expression of luciferase, and
therefore a less intense signal.

[00861]  An ICy is generated from the dose-response curve and an Imax. A positive Imax
corresponds to Nrf2 antagonism. Imax > 90% correlates with in vivo tumor grown inhibition. Compounds
with Imax > 50% were included in this description.

[00862]  Representative data for exemplary compounds disclosed herein is presented in Table 2.

Table 2. Data for representative compounds of the disclosure.

No. | REAPLCISE | B erase
Tha (M) T (%)
1 0.41 56
2 0.0107 52
5 0.13 70
6 0.0026 58
7 5.26 55
8 0.055 53
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No. | NEAPLCISL | L eermse
Imax (%)
9 0.0605 76
10 0.0228 79
11 0.067 79
12 0.0039 68
13 0.05 72
14 0.1442 55
15 0.022 57
16 0.0022 62
17 0.0963 65
18 0.01 69
19 0.033 84
20 67
21 54
22 64
23 55
24 73
25 0.0584 86
26 0.088 56
28 0.15 50
29 0.33 62
30 72
31 0.036 66
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No. | NEAPLCISL | L eermse
Imax (%)
32 0.063 52
33 0.12 82
34 0.018 83
35 0.0178 89
36 0.11 69
37 0.022 85
38 0.027 89
39 0.049 66
40 0.04 93
41 0.2 68
42 0.037 79
43 0.025 87
44 0.0157 93
45 0.089 83
46 0.14 84
47 0.02 74
48 0.066 85
49 0.042 91
50 0.5735 86
51 0.237 89
52 0.1739 80
53 0.066 55
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No. | NEAPLCISL | L eermse
Imax (%)
54 0.049 70
55 0.022 93
56 74
57 100 84
58 0.0305 95
59 81
60 0.058 70
61 0.0513 89
62 0.22 55
63 0.0033 63
64 0.001 75
65 0.024 88
66 0.023 93
67 0.019 73
68 0.09 72
69 0.0884 82
70 0.054 81
71 0.03 78
72 0.027 80
73 0.056 74
74 0.022 89
75 0.016 92
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No. | NEAPLCISL | L eermse
Imax (%)
76 0.024 90
77 0.086 82
78 0.018 78
79 0.018 85
80 0.29 94
81 0.012 85
82 <0.01 77
83 0.089 86
84 0.047 93
85 0.036 89
86 0.0073 83
87 0.01 81
88 0.014 85
89 0.036 73
90 0.12 81
91 0.011 82
92 0.023 94
93 0.04 91
94 0.016 87
95 0.025 94
96 0.02 94
9 0.023 86
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No. | NEAPLCISL | L eermse
Imax (%)
98 0.026 76
99 82
100 0.14 78
101 0.024 87
102 0.0432 92
103 0.017 85
104 0.045 91
105 0.036 92
106 0.037 67
107 0.018 92
108 70
109 91
110 93
111 90
112 95
113 94
114 87
115 74
116 84
117 84
118 63
119 96
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No. | NEAPLCISL | L eermse
Imax (%)
120 0.11 77
121 0.026 82
122 0.011 88
123 0.013 73
124 0.018 72
125 <0.0064 91
126 0.05 72
127 0.039 92
128 0.12 70
129 0.079 84
130 0.094 89
131 0.3 91
132 <0.0064 78
133 0.072 85
134 0.063 85
135 0.01 83
136 0.052 81
137 0.025 92
138 0.041 75
139 0.074 90
140 72
141 89
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No. | NEAPLCISL | L eermse
Imax (%)
142 81
143 0.77 56
144 0.083 86
145 0.011 90
146 181.9 71
147 0.18 74
148 0.051 93
149 0.015 95
150 0.031 97
151 81
152 78
153 94
155 0.067 94
156 0.105 94
157 0.012 81
158 2.72 71
159 0.32 63
160 91
161 0.87 83
162 0.6 80
163 0.61 72
164 0.44 85
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No. | NEAPLCISL | L eermse
Imax (%)
165 0.33 53
166 0.53 50
167 2.89 87
168 0.12 74
169 0.07 82
170 1.67 81
171 0.35 72
172 0.02 71
173 <0.0064 86
174 0.076 51
175 0.032 92
177 0.15 87
178 0.03 93
179 0.19 92
180 0.0073 90
181 66
182 0.016 89
183 0.027 87
184 72
185 94
186 83
187 0.12 71
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No. | NEAPLCISL | L eermse
Imax (%)
188 0.018 86
189 79
190 0.0066 75
191 0.012 93
192 6.71 64
193 0.097 91
194 84
195 90
196 90
197 87
198 93
199 92
200 91
201 93
202 94
203 0.011 87
204 0.011 86
205 0.034 92
206 0.52 55
207 0.045 90
208 0.033 94
209 0.082 93
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No. | NEAPLCISL | L eermse
Inax (%)
210 0.38 55
211 0.085 57
212 0.069 90
213 0.47 75
214 0.1 93
215 0.35 65
216 0.14 86
217 0.03 78
218 0.016 92
219 81
220 0.049 73
221 0.28 78
222 0.33 85
223 0.0035 94
224 0.17 90
226 0.2 85
227 0.095 90
228 0.13 79
229 0.56 92
230 0.82 51
231 0.32 55
232 0.14 84
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No. | NEAPLCISL | L eermse
Inax (%)
233 0.66 83
234 0.22 89
235 0.11 86
236 0.025 87
237 0.14 50
238 0.034 82
239 0.22 83
240 0.15 61
241 0.17 87
242 0.25 59
243 0.022 88
244 0.15 81
245 0.09 53
246 0.043 90
247 0.016 91
248 0.01 89
249 0.0053 89
250 0.036 92
251 0.017 93
253 0.05 93
254 0.086 92
255 0.05 93
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No. | NEAPLCISL | L eermse
Imax (%)
256 0.086 63
257 0.077 83
258 0.016 93
259 0.14 93
260 0.02 88
261 0.019 95
263 0.019 93
264 0.16 86
265 11.16 51
266 0.32 90
267 0.01 94
268 0.49 53
269 0.95 72
271 0.059 93
273 1.36 88
278 0.0061 87
279 0.045 92
280 0.032 90
281 0.061 84
282 0.051 78
283 0.018 94
284 0.083 94
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No. | NEAPLCISL | L eermse
Imax (%)
285 0.022 83
286 0.032 96
287 0.11 96
289 <0.0064 95
290 0.015 93
291 <0.0064 93
293 0.031 54
294 1.38 91
295 0.20 88
296 0.036 96
297 - 58
298 0.032 94

[00863] It is understood that the examples and embodiments described herein are for illustrative

purposes only and that various modifications or changes in light thereof will be suggested to persons

skilled in the art and are to be included within the spirit and purview of this application and scope of the

appended claims. All publications, patents, and patent applications cited herein are hereby incorporated

by reference in their entirety for all purposes.
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CLAIMS
WHAT IS CLAIMED IS:
1. A compound of Formula (I), or a pharmaceutically acceptable salt thereof:
(R") ,i
Pr\“,;N RA
z R SR
m ] 7

X
3
(:;m%
Formula (I)

wherein;

R*is R® , wherein
R® is H, D, halogen, or C,;-Cg haloalkyl, and
R® and R are each independently H or D;

ring A is aryl, heteroaryl, or heterocyclyl;

Zis O, S(=0)», C(R')2, or NR';

R’ is -C(=0)R™, S(=0)R™, or S(=0)>R™, wherein R™ is H, optionally substituted Ci-Cs alkyl, or
optionally substituted C3-C; cycloalkyl;

each R' is independently H, halogen, -OH, optionally substituted Ci-Cs alkyl, optionally
substituted C;-Cs haloalkyl, optionally substituted C-Cg hydroxyalkyl, or -C(=Q)N(R?),,

or two R! are taken together with the atom(s) to which they are attached form an optionally
substituted C3-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

X!is N or CR%

each R? is independently H, halogen, CN, OH, optionally substituted C,-Cs alkyl, optionally
substituted C1-Cs haloalkyl, or optionally substituted C;-Cs hydroxyalkyl;

R* is H or optionally substituted C;-Cs alkyl;

or one of R? and R* together with the atoms to which they are attached form an optionally
substituted 5 to 7-membered heterocycloalkyl;

each R? is independently H, D, halogen, oxo (=0), thio (=S), -CN, -OH, -OR%, -SH, -SR¢, -
S(=0)R?, -NOs, -N(RP),, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(R"),, -C(=0)R?, -C(=0)OR®, -
C(=0)NH>, -OC(=0)N(RP)2, -NR"C(=O)N(R®),, -NR°C(=0)R?, -NR°C(=0)OR®, optionally
substituted C;-Cg alkyl, optionally substituted C;-Cshaloalkyl, optionally substituted C;-Cs
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hydroxyalkyl, optionally substituted Cs-Cg cycloalkyl, or optionally substituted 4 to 8-
membered heterocycloalkyl;

or two R? on adjacent atoms combine together with the atom(s) to which they are attached to form
an optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl;

each R* is independently C-Cs alkyl, Ci-Cs heteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, -C,-Cs alkyl(aryl), -C1-Cs alkyl(heteroaryl), -C1-Cs alkyl(cycloalkyl), or -C-Cs
alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl is independently optionally substituted with one, two, or three -OH, C;-Cs
alkyl, or C;-Cs haloalkyl; and

each R is independently H, C;-Cs alkyl, C;-Cs heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; wherein the alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl is
independently optionally substituted with one, two, or three -OH, C;-Cs alkyl, or C;-Cs
haloalkyl;

or two R groups on a nitrogen atom are taken together with the nitrogen atom to which they are
attached to form a heterocycloalkyl which is optionally substituted with one, two, or three Ci-
Cs alkyl, or C,-Ce haloalkyl;

mis0,1,2, or3;

nis0,1,2,o0r3;

p is an integer from 1-12; and

q is an integer from 1-10.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein ring A and R? are in
a 1,3,5-configuration.
3. The compound of claim 1, wherein the compound has the structure of Formula (II), or a

pharmaceutically acceptable salt thereof:

Formula (IT)

wherein,

Zis O, S(=0)», CR'R", or NR’;
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10.

11.

12.

R'%, R, R!¢, R!, and R are ach independently H, halogen, -OH, optionally substituted C-Cs
alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted C,-Cs hydroxyalkyl, or -
C(=0)N(R");

or R!* and R'® together with atoms to which they are attached form an optionally substituted C3-Cs
cycloalkyl,;

or R™ and R'® together with the carbon atom to which they are attached form an optionally
substituted C3-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

or R!¥ and R'® together with the carbon atom to which they are attached form an optionally
substituted Cs-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

R* is H, halogen, CN, OH, optionally substituted C;-Cs alkyl, optionally substituted C-Cs
haloalkyl, or optionally substituted C;-Cs hydroxyalkyl; and

R*is H or optionally substituted C;-Cs alkyl;

or R? and R* together with the atoms to which they are attached form an optionally substituted 5
to 7-membered heterocycloalkyl.

The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R? and R* together
with the atoms to which they are attached form an optionally substituted 5 to 7-membered
heterocycloalkyl.

The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R? is H.

The compound of any one of claims 1-3, or a pharmaceutically acceptable salt thereof, wherein R* is
H.

The compound of any one of claims 3-6, or a pharmaceutically acceptable salt thereof, wherein R
and R'® together with atoms to which they are attached form an optionally substituted Cs-Cs
cycloalkyl.

The compound of any one of claims 3-6, or a pharmaceutically acceptable salt thereof, wherein R
and R together with the carbon atom to which they are attached form an optionally substituted C3-Cs
cycloalkyl.

The compound of claim 8, or a pharmaceutically acceptable salt thereof, wherein R and R'® together
with the carbon atom to which they are attached form a cyclopropyl, cyclobutyl, or cyclopentyl.

The compound of any one of claims 3-6, or a pharmaceutically acceptable salt thereof, wherein R™ is
H; and R™ and R'* are each independently H, halogen, -OH, optionally substituted C;-Cs alkyl,
optionally substituted C;-Cs haloalkyl, optionally substituted C,-Cs hydroxyalkyl, or -C(=O)N(R®),.
The compound of claim 10, or a pharmaceutically acceptable salt thereof, wherein R™® and R'® are
each independently H or an optionally substituted C;-Cs alkyl.

The compound of claim 10 or 11, or a pharmaceutically acceptable salt thereof, wherein R'™ and R'®

are each methyl.
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13.

14.

15.

16.

17.

19.

20.

21.

22.

The compound of claim 10 or 11, or a pharmaceutically acceptable salt thereof, wherein R'® and R¢
are each H.

The compound of any one of claims 3-6, or a pharmaceutically acceptable salt thereof, wherein R'? is
halogen, -OH, optionally substituted C,-Cs alkyl, optionally substituted C,-Cs haloalkyl, optionally
substituted C;-Cs hydroxyalkyl, or -C(=O)N(R)2; and R'™® and R'® are each H.

The compound of claim 14, or a pharmaceutically acceptable salt thereof wherein R'? is optionally
substituted C1-Cs alkyl.

The compound of any one of claims 1-15, or a pharmaceutically acceptable salt thereof, wherein ring
Ais Ce.10 aryl, 5 to 10-membered heteroaryl, or 5 to 10-membered heterocycloalkyl.

The compound of claim 16, or a pharmaceutically acceptable salt thereof, wherein ring A is a 6-

membered heteroaryl comprising 1, 2, or 3 heteroatoms selected from N.

. The compound of any one of claims 1-16, or a pharmaceutically acceptable salt thereof, ring A is

phenyl, pyridinyl, pyrazinyl, pyrimidinyl, triazinyl, or pyridazinyl.

The compound of any one of claims 18, or a pharmaceutically acceptable salt thereof, wherein ring A
is phenyl.

The compound of any one of claims 18, or a pharmaceutically acceptable salt thereof, wherein ring A
is pyridinyl or pyrazinyl.

The compound of any one of claim 1-16, or a pharmaceutically acceptable salt thereof, wherein ring

Ais:

wherein,

X2, X3, X% and X are each independently N, NR*, or CR?;

each R3 is independently H or an optionally substituted C-Cs alkyl;

each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R?, -NO», -
N(R), -S(=0)2R?, -NHS(=0):R?, -S(=0)>N(R),, -C(=0)R?, -C(=0)ORP, -C(=0)NH,, -
OC(=0)N(R®)5, -NR’C(=0)N(R?),, -NR*C(=0)R?, -NR’C(=0)OR?®, optionally substituted C;-
Cs alkyl, optionally substituted C;-Cshaloalkyl, optionally substituted C,-Cs hydroxyalkyl,
optionally substituted Cs-Cy cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;

or two R® or two R* or R* and R* on adjaccnt atoms combinc togcther with the atom(s) to which
they are attached to form an optionally substituted aryl, optionally substituted heteroaryl ring,
or optionally substituted heterocycloalkyl.

The compound of claim 1, wherein the compound is of Formula (III), or a pharmaceutically

acceptable salt thereof:
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Formula (III)

wherein,

X2, X3, X4, and X3 are each independently N, NR*, or CR3;

each R* is independently H or an optionally substituted C-Cs alkyl,

each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=0)R?, -NO», -
N(R")2, -S(=0)zR%, -NHS(=0)2R?, -S(=0):N(R)2, -C(=O)R?, -C(=0)OR", -C(=0)NH,, -
OC(=0)N(RP),, -NRPC(=O)N(RP),, -NR*C(=0)R?, -NRPC(=0)ORP, optionally substituted C;-
Csalkyl, optionally substituted Ci-Ce haloalkyl, optionally substituted C,-Cs hydroxyalkyl,
optionally substituted Cs-Cg cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;

or two R* on adjacent atoms combine together with the atom(s) to which they are attached to form
an optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl.

23. The compound of claim 1, wherein the compound is of Formula (Ila), or a pharmaceutically

acceptable salt thereof:

R™ O

Formula (ITla)

wherein,

Zis O, S(=0)2, CR"R’™, or NR';

R'%, R'®, R!¢, R!, and R'® are ach independently H, halogen, -OH, optionally substituted C;-Cs
alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted C;-Cg hydroxyalkyl, or -
C(=0)N(R")z;

or R'* and R'® together with atoms to which they are attached form an optionally substituted Cs-Cs
cycloalkyl;
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24.

28.

29.

30.

or R and R together with the carbon atom to which they are attached form an optionally
substituted C3-Cz cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

or R'Y and R'® together with the carbon atom to which they are attached form an optionally
substituted C3-Cs cycloalkyl or an optionally substituted 3 to 8-membered heterocycloalkyl;

R? is halogen or CN;

X2, X3, X", and X3 are each independently N, NR*, or CR3;

each R* is independently H or an optionally substituted C,-Cs alkyl; and

each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?*, -S(=0)R?, -NO», -
N(R"),, -S(=0)2R?, -NHS(=0)2R?, -S(=0):N(R"),, -C(=O)R?, -C(=0)OR", -C(=O)NHo, -
OC(=0)N(R?),, -NRPC(=O)N(R®),, -NRC(=0)R?, -NRPC(=0)OR?", optionally substituted C;-
Cs alkyl, optionally substituted C;-Cs haloalkyl, optionally substituted C,-Ces hydroxyalkyl,
optionally substituted Cs-Cs cycloalkyl, or optionally substituted 4 to 8-membered
heterocycloalkyl;

or two R? on adjacent atoms combine together with the atom(s) to which they are attached to form
an optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl.

The compound of claim 22 or 23, or a pharmaceutically acceptable salt thereof, wherein X* and X are

each independently N; and X* and X5 are each CR>.

. The compound of claim 22 or 23, or a pharmaceutically acceptable salt thereof, wherein X? and X* are

each independently N; and X* and X® are ache CR®.

. The compound of claim 22 or 23, or a pharmaceutically acceptable salt thereof, wherein X* is N; and

X2, X3, and X° are each CR®.

. The compound of claim 22 or 23, or a pharmaceutically acceptable salt thereof, wherein X2, X*, and

X* are each N; and X® is CR?,

The compound of any one of claims 21-27, or a pharmaceutically acceptable salt thereof, wherein two
R? on adjacent atoms combine together with the atom(s) to which they are attached to form an
optionally substituted aryl, optionally substituted heteroaryl ring, or optionally substituted
heterocycloalkyl.

The compound of any one of claims 1-16, or a pharmaceutically acceptable salt thereof, wherein ring
A is a bicyclic heteroaryl comprising 1, 2, 3, or 4 heteroatoms selected from N, O, and S.

The compound of claim 1, wherein the compound is of Formula (IV), or a pharmaceutically

acceptable salt thereof:
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31.

32.

34.

35.

36.

37.

Formula (IV)

wherein,

X?is N or CR%;

X*is N or C; and

ring B is an optionally substituted 5 to 6-membered heteroaryl; or

ring C is an optionally substituted 5 to 6-membered heteroaryl.

The compound of claim 30, or a pharmaceutically acceptable salt thereof, wherein ring B is an
optionally substituted 5 to 6-membered heteroaryl.

The compound of claim 30, or a pharmaceutically acceptable salt thereof, wherein ring C is an

optionally substituted 5 to 6-membered heteroaryl.

. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein ring A is a 5-

membered heteroaryl comprising 1, 2, 3, or 4 heteroatoms selected from N, O, and S.

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein ring A is triazinyl,
pyrrolyl, furanyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiophenyl, thiazolyl, isothiazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, or tetrazolyl.

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein:

3”\“R3‘“‘“\“R“” - e N R
A x Y

ring A is: R i L . NR? N‘NR3 N-n&o or NSNR®

The compound of any one of claims 1-33, or a pharmaceutically acceptable salt thereof, wherein each
R? is independently hydrogen, halogen, -CN, -OH, -OR%, -N(R),, -C(=0)R?, -C(=0)OR?, -
C(=0)NH,, -OC(=0)N(R®),, -NR°C(=0)N(R?),, -NR*C(=0)R?, -NR’C(=0)OR®, optionally
substituted C;-Cg alkyl, optionally substituted C;-Cghaloalkyl, or optionally substituted C,-Cs
hydroxyalkyl.

The compound of claim 36, or a pharmaceutically acceptable salt thereof, wherein each R is

independently hydrogen, halogen, -N(R®),, or -C(=0)NH..
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38. The compound of any one of claims 1-15, or a pharmaceutically acceptable salt thereof, wherein ring

(R9q N (Rq
Ais WNH N0 A , 7 ’ Z
o A A e
s

. NN
(R3 (R )q / R)q N/(R )q
\ N
, \——NH HN

39. The compound of any one of claims 1-15, or a pharmaceutically acceptable salt thereof, wherein
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40.

41.

43.
44.

45.

46.

47.

48.
49.

50.

51.

NTSN
N~ N I
PR~ )l\ A SN kN/)\N/
NH, N"NH; HaNT N7 NHy N"NH, D7 N7 TNH, H
X N
NN | NI\N NN NS

The compound of any one of claims 1-39, or a pharmaceutically acceptable salt thereof, wherein q is
1.
The compound of any one of claims 1-39, or a pharmaceutically acceptable salt thereof, wherein q is

2.

. The compound of any one of claims 1-41, or a pharmaccutically acceptable salt thercof, wherein R? is

halogen or CN.

The compound of claim 42, or a pharmaceutically acceptable salt thereof, wherein R? is CI.

The compound of any one of claims 1-43, or a pharmaceutically acceptable salt thereof, wherein X' is
N.

The compound of any one of claims 1-43. or a pharmaceutically acceptable salt thereof, wherein X' is
CH.

The compound of any one of claims 1-45, or a pharmaceutically acceptable salt thereof, wherein Z is
NR’.

The compound of any one of claims 1-45, or a pharmaceutically acceptable salt thereof, wherein Z is -
O- or -SO»-.

The compound of claim 47, or a pharmaceutically acceptable salt thereot, wherein Z is -O-.

The compound of any one of claims 1-48, or a pharmaceutically acceptable salt thereof, wherein m is
landnis 1.

The compound of any one of claims 1-48, or a pharmaceutically acceptable salt thereof, wherein m is
landnis 2.

The compound of any one of claims 1-50, or a pharmaceutically acceptable salt thereof, wherein, R*

sdade do O

is Cl s F s CF3,

. The compound of claim 51, or a pharmaceutically acceptable salt thereof, wherein, R* is "f\/ .
53.

A compound selected from:
1-(3-(5-chloro-[1,1'-biphenyl]-3-yl)morpholino)prop-2-en-1-one;
(R)-N-(3’-(4-acryloylmorpholin-3-yl)-5’-chloro-[1,1’-biphenyl]-3-yl)acetamide;

1-(3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)morpholino)prop-2-en-1-one;
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N-(4-(3-(1-acryloyl-4-(methylsulfonyl)piperazin-2-yl)-5-chlorophenyl)pyridin-2-yl )acetamide;
1-(5-chloro-7-phenyl-2H-spiro[benzofuran-3,3’ -morpholin]-4’-yl)prop-2-en-1-one;
3-(4-acryloylmorpholin-3-yl)-5-(pyrimidin-2-yl)benzonitrile;
(R)-1-(3-(3-chloro-5-(2-methyl-2H-tetrazol-5-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(pyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyridin-2(1H)-one;
(R)-1-(4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyridin-2-yl)pyrrolidin-2-one;
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-1-methylpyridin-2(1H)-one;
1-(3-(3-chloro-5-(pyridazin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-4-(3-(1-acryloyl-4-(methylsulfonyl)piperazin-2-yl)-5-chlorophenyl)pyridin-2(1 H)-one;
(R)-1-(4-(3-(1-acryloyl-4-(methylsulfonyl)piperazin-2-yl)-5-chlorophenyl)pyridin-2-yl)pyrrolidin-2-
one;
(R)-1-(4-acetyl-2-(3-chloro-5-(pyrimidin-2-yl)phenyl)piperazin-1-yl)prop-2-en-1-one;
1-(4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-5-chlorophenyl )pyridin-2-yl)pyrrolidin-2-one;
(R)-1-(3-(3-chloro-5-(5-fluoropyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-chloro-3-(pyrimidin-2-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(2-(3-chloro-5-(2-methyl-2H-tetrazol-5-yl)phenyl)-4-(methylsulfonyl)piperazin-1-y1l)prop-2-en-
1-one;
(R)-1-(4-acetyl-2-(3-chloro-5-(2-methyl-2H-tetrazol-5-yl)phenyl)piperazin-1-yl)prop-2-en-1-one;
1-(3-(2-chloro-6-(2-methyl-2H-tetrazol-5-yl)pyridin-4-yl)morpholino)prop-2-en-1-one;
4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-5-chlorophenyl)- 1 -methylpyridin-2(1H)-one;
4-(4-acryloylmorpholin-3-yl)-6-chloro-1’-methyl-[2,4'-bipyridin]-2°(1’H)-one;
(R)-1-(4-acetyl-2-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)piperazin-1-yl)prop-2-en-1-one;
1-(3-(3-chloro-5-(tetrahydro-2H-pyran-4-yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en- 1-one;
4-(3-(4-acryloyl-1,1-dioxidothiomorpholin-3-yl)-5-chlorophenyl)-1-methylpyridin-2(1H)-one;
1-(3-(2-chloro-6-(pyridazin-4-yl)pyridin-4-yl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(pyrimidin-2-yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(2-methyl-2H-tetrazol-5-yl)phenyl)- 1,1-dioxidothiomorpholino)prop-2-en-1-one;
4-(4-acryloylmorpholin-3-yl)-6-chloro-[2,4’-bipyridin]-2’ (1’H)-one;
1-(3-(3-chloro-5-(quinoxalin-6-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;
3-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)- 1-methylpyridin-2(1H)-one;
1-(3-(3-chloro-5-(1,5-naphthyridin-3-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(6-methylpyrimidin-4-yl)phenyl)morpholino )prop-2-en-1-one;
4-(3-(4-acryloyl-1,1-dioxidothiomorpholin-3-yl)-5-chlorophenyl)pyridin-2(1H)-one;
1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
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1-(3-(3-chloro-5-(1H-1,2,4-triazol-3-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(pyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;

1-(3-(3-chloro-5-(imidazo[ 1,2-a]pyridin-7-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-3’-(4-acryloylmorpholin-3-yl)-5’-chloro-4-fluoro-[1,1’-biphenyl]-3-carboxamide;
(R)-1-(5-(3-chloro-5-(5-fluoropyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(6-methylpyrimidin-4-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(quinoxalin-6-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(2-methoxypyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(6-methylpyridin-2-yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en- 1 -one;
1-(3-(3-chloro-5-(6-methylpyridin-2-yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
5-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-2-methylpyridazin-3(2H)-one;
1-(3-(3-chloro-5-(pyrazin-2-yl)phenyl)morpholino)prop-2-en- 1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(6-methoxypyridazin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(2-methylimidazo[1,2-a]pyridin-7-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(9H-purin-6-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(6-methylpyrazin-2-yl)phenyl)morpholino)prop-2-en-1-one;
3'-(4-acryloylmorpholin-3-yl)-5’-chloro-6-fluoro-[1,1'-biphenyl]-3-carboxamide;
(R)-3’-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-5'-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
(R)-2-(3-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-1H-1,2 4-triazol-1-yl)acetamide;
1-(3-(3-chloro-5-(imidazo[1,2-a]pyrimidin-7-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(2-chloro-6-(imidazo[ 1,2-a]pyridin-7-yl)pyridin-4-yl)morpholino)prop-2-en-1-one;
5-(4-(4-acryloylmorpholin-3-yl)-6-chloropyridin-2-y1)-2-fluorobenzamide;
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
3’-(4-acryloylmorpholin-3-yl)-5’-cyano-4-fluoro-[1,1’-biphenyl]-3-carboxamide;
1-(3-(3-chloro-5-(imidazo[ 1,5-a]pyrimidin-3-yl)phenyl)morpholino)prop-2-en-1-one;
5-(4-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-6-chloropyridin-2-yl)-2-fluorobenzamide;
3’-(4-acryloylmorpholin-3-yl)-5'-chloro-[ 1,1’ -biphenyl]-4-carboxamide;
3’-(4-acryloylmorpholin-3-y1)-5°-chloro-[1,1°-biphenyl]-3-carboxamide;
3’-(4-acryloylmorpholin-3-yl1)-5°-chloro-5-fluoro-[1,1’-biphenyl]-3-carboxamide;
3'-(4-acryloylmorpholin-3-yl)-5°-chloro-2-fluoro-[1,1°-biphenyl]-3-carboxamide;
(R)-1-(4-acetyl-2-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one;
4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)picolinamide;
3’-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-5'-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
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2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-4-carboxamide;
1-(5-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-3’-(4-acetyl-1-acryloylpiperazin-2-yl)-5'-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
(R)-1-(3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(4-acetyl-2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one;
(R)-6-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isoindolin-1-one;
1-(6-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
1-(6-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
7-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)imidazo[ 1,2-a]pyridine-5-carboxamide;
(R)-1-(3-(3-chloro-5-(6-methoxypyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-2-carboxamide;
(R)-1-(3-(3-chloro-5-(2-methylpyridin-4-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(2-methoxypyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
6-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidin-4(3H)-one;
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-aminopyrimidin-2-y1)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1H-pyrrolo[2,3-b]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(6-methylpyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
1-(5-(2-(2-aminopyrimidin-4-y1)-6-chloropyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(6-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methoxypyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-2-carbonitrile;
6-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-4-carboxamide;
3’-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-5° -chloro-4-fluoro-[ 1,1’-biphenyl]-3-carboxamide;
1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(1 H-pyrrolo[3,2-c]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
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1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
3’-(4-acryloyl-3-methylmorpholin-3-y1)-5’-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
(R)-1-(3-(3-chloro-5-(1-cyclopropyl-1H-pyrazol-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1-methyl-1H-pyrazol-4-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1H-pyrazol-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methyl-1H-pyrazol-1-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
1-(5-(2-chloro-6-(2-methylpyrimidin-4-yl)pyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(3-(2-chloro-6-(2-methylpyrimidin-4-yl)pyridin-4-yl)morpholino)prop-2-en- 1-one;
4-(3-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-5-chlorophenyl)picolinamide;
(R)-1-(2-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-4-(methylsulfonyl)piperazin-1-yl)prop-2-en-
1-one;
(R)-1-(2-(3-(2-aminopyrimidin-4-y1)-5-chlorophenyl)-4-(methylsulfonyl)piperazin-1-yl)prop-2-en-1-
one;
6-(4-(4-acryloylmorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-carboxamide;
(R)-1-(3-(3-chloro-5-(pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(2-(6-aminopyrimidin-4-y1)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyridazin-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
6-(4-(4-acryloylmorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-carbonitrile;
1-((3R,5R)-3-(3-(5-aminopyrimidin-2-y1)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminopyridazin-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-4-(3-(4-acryloyl-6,6-dimethylmorpholin-3-yl)-5-chlorophenyl)picolinamide;
4-(3-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-5-chlorophenyl)picolinamide;
(R)-1-(3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(2-aminopyridin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-chloro-5-(9H-purin-6-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-5-methylmorpholino)prop-2-en-
1-one;
5-(4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-6-chloropyridin-2-yl)-2-fluorobenzamide;
1-(6-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyridazin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(2-chloro-6-(2-methylpyrimidin-4-yl)pyridin-4-yl)-5-methylmorpholino)prop-2-en-1-
one;

5-(4’-acryloyl-5-chloro-2H-spiro[benzofuran-3,3"-morpholin]-7-yl)-2-fluorobenzamide;
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1-((3R,5R)-3-(2-(2-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-5-methylmorpholino)prop-2-en-1-
one;
4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-y1)-6-chloro-[ 2,4’ -bipyridine]-2'-carboxamide;
1-(3-(2-(4-amino-1,3,5-triazin-2-yl)-6-chloropytidin-4-yl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(7-(4-amino-1,3,5-triazin-2-yl)-5-chloro-2H-spiro[benzofuran-3,3’-morpholin]-4’-yl)prop-2-en-1-
one;
1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )-1,4-oxazepan-4-yl)prop-2-en-1-one;
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )-4-oxa-7-azaspiro| 2.5 Joctan-7-yl )prop-2-en- 1 -
one;
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-5-
(hydroxymethyl)morpholino)prop-2-en-1-one;
1-(7-(2-aminopyrimidin-4-yl)-5-chloro-2H-spiro[benzofuran-3,3’ -morpholin]-4’ -yl )prop-2-en-1-one;
1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2-oxa-6-azaspiro[ 3.3 ]heptan-6-yl)prop-2-en-1-
one;
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-
2-en-1-one;
1-(6-(3-(2-aminopyrimidin-4-y1)-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-
en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )-1,4-oxazepan-4-yl)prop-2-en-1-one;
1-(8-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-8-methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-
en-1-one;
1-(8-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-8-methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-
2-en-1-one;
1-(6-(3-chloro-5-(5-fluoropyrimidin-2-yl)phenyl)-6-methyl-4-oxa-7-azaspiro[ 2.5 Joctan-7-yl)prop-2-
en-1-one;
1-(8-(3-chloro-5-(5-fluoropyrimidin-2-yl)phenyl)-8-methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-
en-1-one;
1-(6-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-6-methyl-4-oxa-7-azaspiro[2.5 Joctan-7-yl)prop-2-
en-1-one;

1-(5-(3-(2-aminopyrimidin-4-yl1)-5-chlorophenyl)-2-oxa-6-azaspiro[3.3]heptan-6-yl)prop-2-en- 1 -one;
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(3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-N,N-dimethylmorpholine-3-
carboxamide;
1-(8-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-8-methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-
en-1-one;
1-(8-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-8-methyl-6-oxa-9-azaspiro[4.5]decan-9-yl)prop-2-
en-1-one;
(3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)morpholine-3-carboxamide;
(3S,5R)-4-acryloyl-5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-N-methylmorpholine-3-
carboxamide;
1-(6-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-
one;
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-6-amino-1,3,5-triazin-2(1H)-one;
(R)-1-(3-(3-(4-amino-6-methyl-1,3,5-triazin-2-yl)-5-chlorophenyl )morpholino)prop-2-en-1-one;
3’-((3R,6R)-4-acryloyl-6-methylmorpholin-3-yl)-5° -chloro-4-fluoro-[ 1,1°-biphenyl]-3-carboxamide;
5-(4-((3R,5S)-4-acryloyl-5-(difluoromethylymorpholin-3-yl)-6-chloropyridin-2-yl)-2-
fluorobenzamide;
(38,5R)-4-acryloyl-5-(2-(3-carbamoyl-4-fluorophenyl)-6-chloropyridin-4-yl)morpholine-3-
carboxamide;
3’-((3S,6R)-4-acryloyl-6-methylmorpholin-3-yl)-5’-chloro-4-fluoro-[1,1’-biphenyl]-3-carboxamide;
(R)-1-(4-acetyl-2-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one;
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-1,3-dihydro-2H-imidazol-2-one;
(R)-1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-
2-en-1-one;
(R)-3-(4-acryloyl-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)piperazin-1-y1)-3-oxopropanenitrile;
(R)-1-(4-acetyl-2-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one;
(R)-1-(4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)piperazin-1-yl)prop-2-en-1-one;
(R)-N-(4-(3-(1-acryloyl-4-(2-cyanoacetyl)piperazin-2-yl)-5-chlorophenyl)pyrimidin-2-yl)-2-
cyanoacetamide;
1-(6-(2-chloro-6-(imidazo[1,2-a]pyridin-7-yl)pyridin-4-yl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-
en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one;
7-(2-aminopyrimidin-4-yl)-5-chloro-2H-dispiro[benzofuran-3,5'-morpholine-2°,1”-cyclopropan]-3'-
one;
(R)-1-(3-(3-(2-amino-1H-imidazol-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,58)-3-(2-chloro-6-(imidazo[ 1,2-a]pyridin-7-yl)pyridin-4-yl)-5-

(difluoromethylymorpholino)prop-2-en-1-one;
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(R)-3’-(1-acryloyl-4-(cyclopropanecarbonyl)piperazin-2-yl)-5’-chloro-4-fluoro-[1,1’-biphenyl]-3-
carboxamide;
(R)-1-(2-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-
2-en-1-one;
(R)-1-(2-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-
2-en-1-one;
1-((3R,6R )-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-6-fluoro-1,4-oxazepan-4-yl )prop-2-
en-1-one;
(R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin- 1-yl)prop-
2-en-1-one;
1-((3R,5S)-3-(2-chloro-6-(6-methylpyrimidin-4-yl)pyridin-4-y1)-5-(difluoromethyl )morpholino)prop-
2-en-1-one;
1-((3R,5S)-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-5-(difluoromethyl)morpholino)prop-
2-en-1-one;
1-((3R,5S)-3-(2-chloro-6-(2-methylpyrimidin-4-yl)pyridin-4-yl1)-5-(difluoromethyl)morpholino)prop-
2-en-1-one;
2-((3R,5R)-4-acryloyl-5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)morpholin-3-yl)acetonitrile;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(3-hydroxy-1H-1,2,4-triazol-5-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1H-pyrazol-1-yl)-5-chlorophenyl)morpholino)prop-2-en- 1-one;
(R)-1-(3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-5-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)-1-methylpyrimidin-2(1H)-one;
(R)-1-(3-(3-chloro-5-(4-(methylamino)-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one
(R)-1-(3-(3-(3-amino-1H-1,2,4-triazol-1-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
5-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)- 1-methyltetrahydropyrimidin-2(1H)-one;
(R)-1-(3-(3-(4-amino-6-(methylamino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-
one;
(R)-1-(3-(3-chloro-5-(4-((2-hydroxyethyl)amino)-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-
one;

(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)oxazole-5-carboxamide;
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(R)-1-(3-(3-chloro-5-(4-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-
yl)phenyl)morpholino)prop-2-en-1-one;
(R)-5-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)tetrahydropyrimidin-2(1H)-one;
6-(4-((3R,55)-4-acryloyl-5-(difluoromethyl)morpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-
carboxamide;
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)oxazole-4-carboxamide;
1-((3R)-3-(3-chloro-5-(1-methyl-2-thioxohexahydropyrimidin-5-yl)phenyl)morpholino)prop-2-en-1-
one;
(R)-4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)piperazin-2-one;
(R)-1-(3-(3-(4-amino-6-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-yl)-5-
chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)-3-aminopyrrolidin-2-one;
6-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)morpholin-3-one;
(R)-1-(3-(3-chloro-5-(2-thioxohexahydropyrimidin-5-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(2-aminooxazol-5-yl)-5-chlorophenyl )ymorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-1H-pyrazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2S,5R)-4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-methylpiperazin-1-yl)prop-2-
en-1-one;
1-((28,5S)-4-acetyl-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-methylpiperazin-1-yl)prop-2-en-
1-one;
1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5,5-difluoropiperidin-1-yl)prop-2-en-1-one;
1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)piperidin-1-yl)prop-2-en-1-one;
1-((R)-3-(3-chloro-5-((S)-5-thioxomorpholin-2-yl)phenyl)morpholino)prop-2-en-1-one;
4-(3-((R)-4-acryloylmorpholin-3-yl)-5-chlorophenyl)tetrahydropyrimidin-2(1H)-one;
1-((2S,5R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)-5-
methylpiperazin-1-yl)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-3,6-dihydropyrazin-1(2H)-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2R,5R)-4-acetyl-2-(3-(5-aminopyrimidin-2-y1)-5-chlorophenyl)-5-methylpiperazin-1-yl)prop-2-
en-1-one;
1-(5-(3-(4-aminopyrimidin-2-y1)-5-chlorophenyl)-2,2-dimethyl-1,1-dioxidothiomorpholino)prop-2-
en-1-one;
1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-yl)prop-2-en-1-one;
(R)-N-(2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidin-5-yl)acetamide;
(R)-1-(6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,4-dioxido-4-thia-7-azaspiro[2.5]octan-7-
yl)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
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(R)-1-(3-(3-(5-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-4-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-N-(2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidin-4-yl)acetamide;
1-((2R,5R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-hydroxy-5-methylpiperidin-1-yl)prop-2-
en-1-one;
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)morpholino)prop-2-en- 1-one;
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)-4,7-diazaspiro[2.5]octan-
7-yl)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-fluoropyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2R,4R)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-methylpiperidin-1-yl)prop-2-
en-1-one;
1-((28,4S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-methylpiperidin-1-yl)prop-2-
en-1-one;
1-((2R,48)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-methylpiperidin-1-yl)prop-2-
en-1-one;
1-(4-acetyl-6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,7-diazaspiro[2.5]octan-7-yl)prop-2-en-1-
one;
(R)-1-(3-(3-(5-amino-2-chloropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1H-1,2,3-triazol-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-2-chloropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2R,5S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-hydroxy-5-methylpiperidin-1-yl)prop-2-
en-1-one;
(R)-1-(3-(3-(5-amino-4-fluoropyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-3-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en- 1-one;
1-(2-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-4,4-difluoropiperidin- 1-yl)prop-2-en-1-one;
1-(3-(3-(2-aminooxazol-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-2-fluoropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-yl)prop-2-en-1-one;
1-(2-(3-chloro-5-(6-methylpyrimidin-4-yl)phenyl)-4,4-difluoropiperidin-1-yl )prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(3,6-diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en- 1-one;
(R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino )prop-2-en-1-one;
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(R)-1-(3-(3-(5-amino-6-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,55)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-(difluoromethyl )morpholino)prop-2-en-
1-one;
1-((3R,5S)-3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-(difluoromethyl )morpholino)prop-2-en-
1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-cyclopropylideneethan-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-chloroprop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl ) morpholino)-2-(trifluoromethyl)prop-2-en-1-
one;
(R)-1-(3-(3-chloro-5-(1H-pyrrolo[3,2-c]pyridin-6-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-fluoroprop-2-en-1-one; or
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isonicotinamide;
or a pharmaceutically acceptable salt thereof.
A compound selected from:
1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-3’-(4-acryloylmorpholin-3-yl)-5’-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
1-(3-(3-chloro-5-(2-methoxypyrimidin-4-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(9H-purin-6-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
4-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)picolinamide;
3’-(7-acryloyl-4-oxa-7-azaspiro[2.5]octan-6-yl)-5'-chloro-4-fluoro-[ 1,1’ -biphenyl]-3-carboxamide;
(R)-1-(3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(6-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chloropheny1)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
6-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)pyrimidine-4-carboxamide;
1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-(3-(3-chloro-5-(1 H-pyrrolo[3,2-c]pyridin-4-yl)phenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
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1-(3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-3-methylmorpholino)prop-2-en-1-one;
1-(3-(2-(6-aminopyrimidin-4-y1)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
6-(4-(4-acryloylmorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-carboxamide;
1-(3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-chloro-5-(9H-purin-6-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
5-(4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-6-chloropyridin-2-yl)-2-fluorobenzamide;
4-((3R,5R)-4-acryloyl-5-methylmorpholin-3-yl)-6-chloro-[2,4’-bipyridine]-2'-carboxamide;
(R)-1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(5-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-yl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )-4-oxa-7-azaspiro| 2.5 Joctan-7-yl )prop-2-en- 1 -
one;
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
1-(6-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl )-6-methyl-4-oxa-7-azaspiro[2.5]octan-7-y)prop-
2-en-1-one;
1-(6-(2-(6-aminopyrimidin-4-y1)-6-chloropyridin-4-yl)-4-oxa-7-azaspiro[2.5]octan-7-yl)prop-2-en-1-
one;
(R)-1-(3-(3-(4-amino-6-methyl-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
3’-((3R,6R)-4-acryloyl-6-methylmorpholin-3-yl)-5° -chloro-4-fluoro-[ 1,1’-biphenyl]-3-carboxamide;
5-(4-((3R,5S)-4-acryloyl-5-(difluoromethyl)morpholin-3-yl)-6-chloropyridin-2-yl)-2-
fluorobenzamide;
(R)-1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-
2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one; 191
(R)-1-(3-(3-(2-amino-1H-imidazol-4-y1)-5-chlorophenyl)morpholino)prop-2-en-1-one; 193
(R)-3’-(1-acryloyl-4-(cyclopropanecarbonyl)piperazin-2-yl)-5° -chloro-4-fluoro-[ 1,1’-biphenyl]-3-
carboxamide;
(R)-1-(2-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin- 1-yl)prop-
2-en-1-one;
1-((3R,6R )-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-6-fluoro-1,4-oxazepan-4-yl )prop-2-
en-1-one;
(R)-1-(3-(3-(4-amino-6-chloro-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-(cyclopropanecarbonyl)piperazin-1-yl)prop-

2-en-1-one;
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1-((3R,5S)-3-(2-chloro-6-(6-methylpyrimidin-4-yl)pyridin-4-y1)-5-(difluoromethyl)morpholino)prop-
2-en-1-one;
1-((3R,5S)-3-(2-(6-aminopyrimidin-4-yl)-6-chloropyridin-4-y1)-5-(difluoromethyl)morpholino)prop-
2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
1-(3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-1,1-dioxidothiomorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminoisoxazol-3-yl)-5-chlorophenyl)morpholino)prop-2-en- 1 -one;
(R)-1-(3-(3-chloro-5-(4-(methylamino)-1,3,5-triazin-2-yl)phenyl)morpholino)prop-2-en-1-one
(R)-1-(3-(3-(4-amino-6-(methylamino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-
one;
6-(4-((3R,5S)-4-acryloyl-5-(difluoromethyl )ymorpholin-3-yl)-6-chloropyridin-2-yl)pyrimidine-4-
carboxamide;
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)oxazole-4-carboxamide;
1-((3R)-3-(3-chloro-5-(1-methyl-2-thioxohexahydropyrimidin-5-yl)phenyl)morpholino)prop-2-en-1-
one;
(R)-1-(3-(3-(4-amino-6-((3-(dimethylamino)propyl)amino)-1,3,5-triazin-2-yl)-5-
chlorophenyl)morpholino)prop-2-en-1-one;
1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethyl-1,1-dioxidothiomorpholino)prop-2-
en-1-one;
1-(2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,4-difluoropiperidin- 1-yl)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-4-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-fluoropyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((2R,4S)-2-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4-hydroxy-4-methylpiperidin-1-yl)prop-2-
en-1-one;
1-(4-acetyl-6-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-4,7-diazaspiro[2.5]octan-7-yl)prop-2-en-1-

one;
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(R)-1-(3-(3-(6-amino-2-chloropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-5-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-3-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-amino-2-fluoropyrimidin-4-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-(2-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-4,4-difluoropiperidin-1-yl)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en- 1-one;
(R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-fluoropyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en- 1-one;
1-((3R,55)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-(difluoromethyl )morpholino)prop-2-en-
1-one;
1-((3R,5S)-3-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-5-(difluoromethyl )morpholino)prop-2-en-
1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)-2-chloroprop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(1H-pyrrolo[ 3,2-c]pyridin-6-yl)phenyl ) morpholino)prop-2-en-1-one; or
(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isonicotinamide;
or a pharmaceutically acceptable salt thereof.
A compound selected from:
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-(6-aminopyrimidin-4-y1)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5-methylpyrimidin-2-yl)phenyl)morpholino)prop-2-en- 1 -one;
(R)-1-(3-(3-chloro-5-(4,6-dimethylpyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-methylpyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(4-amino-1,3,5-triazin-2-yl)-5-chlorophenyl)-5-methylmorpholino )prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methylpyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4-methoxypyridin-2-yl)phenyl)morpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-chloro-5-(2-methylpyrimidin-4-yl)phenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
1-((3R,5R)-3-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-5-methylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(2-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(6-aminopyrimidin-4-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(4-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(5-(3-(5-aminopyrimidin-2-yl)-5-chlorophenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,6-diamino-1,3,5-triazin-2-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-1,3,5-triazin-2-yl-6-d)-5-chlorophenyl)morpholino)prop-2-en-1-one;
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56.

57.

(R)-1-(3-(3-chloro-5-(4-(methylamino)-1,3,5-triazin-2-yl)phenyl )morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-6-(methylamino)-1,3,5-triazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-
one;

(R)-1-(3-(3-(6-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-aminopyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-4-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(5-amino-6-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)morpholino)prop-2-en- 1-one;
(R)-1-(3-(3-(6-amino-5-methoxypyrazin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(3-(3-(4-amino-5-methoxypyrimidin-2-yl)-5-chlorophenyl)morpholino)prop-2-en-1-one;
(R)-1-(5-(3-chloro-5-(5,6-diaminopyrazin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en- 1 -one;
(R)-1-(5-(3-chloro-5-(4,5-diaminopyrimidin-2-yl)phenyl)-2,2-dimethylmorpholino)prop-2-en-1-one;
or

(R)-2-(3-(4-acryloylmorpholin-3-yl)-5-chlorophenyl)isonicotinamide;

or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising a compound of any one of claims 1-55, or a
pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable excipient or carrier.

A modified KEAPI protein comprising a non-naturally occurring small molecule fragment having a
covalent bond to cysteine 151 of the KEAP1 protein, wherein the modified KEAP1 protein comprises
SEQ ID NO:1 or a variant thereof; and has the structure of Formula (X):

HN
O
/CH2
T
Q
Formula (X)

wherein:

S is the sulfur atom of Cysteine 151 in SEQ ID NO: 1 or a variant thereof;

1-150 and 152-624 represent amino acids at positions 1-150 and 152-624 respectively of SEQ ID NO:
1 or the variant thereof; and

Q is the small molecule fragment of Formula (X*):
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Formula (X*)

wherein,

E indicates the point of attachment;

ring A is aryl, heteroaryl, or heterocyclyl;

Zis O, S(=0)2, C(RY)2, or NR7;

R is -C(=O)R™, S(=O)R™, or S(=0)2R™, wherein R is H, optionally substituted C;-Cs alkyl,
or optionally substituted C3-C; cycloalkyl;

each R! is independently H, halogen, -OH, optionally substituted C;-Cs alkyl, optionally
substituted C;-Cg haloalkyl, optionally substituted C-Cs hydroxyalkyl, or -C(=0)N(R"),,

or two R! are taken together with the atom(s) to which they are attached form an optionally
substituted C3-Cg cycloalkyl or an optionally substituted 3 to 8-membered
heterocycloalkyl;

X'is N or CR%;

each R? is independently H, halogen, CN, OH, optionally substituted C;-C alkyl, optionally
substituted C;-Cs haloalkyl, or optionally substituted C;-Cs hydroxyalkyl;

R* is H or optionally substituted C;-Cs alkyl,

or one of R? and R* together with the atoms to which they are attached form an optionally
substituted 5 to 7-membered heterocycloalkyl;

each R? is independently H, D, halogen, oxo (=0), -CN, -OH, -OR?, -SH, -SR?, -S(=O)R?, -
NO2, -N(R%),, -S(=0)2R?, -NHS(=0)2R?, -S(=0)2N(R?),, -C(=O)R?, -C(=0)OR®, -
C(=0)NH,, -OC(=0)N(R®),, -NR'C(=O)N(RP),, -NRPC(=0)R?, -NR*C(=0)OR®,
optionally substituted C;-Cs alkyl, optionally substituted C;-Cs haloalkyl, optionally
substituted C;-C¢ hydroxyalkyl, optionally substituted C3-Cs cycloalkyl, or optionally
substituted 4 to 8-membered heterocycloalkyl;

or two R? on adjacent atoms combine together with the atom(s) to which they are attached to
form an optionally substituted aryl, optionally substituted heteroaryl ring, or optionally
substituted heterocycloalkyl;

each R?is independently C;-Cs alkyl, C;-Cgheteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, -C:-Cs alkyl(aryl), -C:-Cs alkyl(heteroaryl), -C;-Cs alkyl(cycloalkyl), or -C;-
Cs alkyl(heterocycloalkyl); wherein each alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
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58.

59.

60.

61.

63.
64.

aryl, and heteroaryl is independently optionally substituted with one, two, or three -OH,
C1-Cs alkyl, or C;-Cg haloalkyl; and
each R" is independently H, C;-Cs alkyl, C,-Csheteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
or heteroaryl; wherein the alkyl, , heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl is independently optionally substituted with one, two, or three -OH, C;-Cs
alkyl, or C,-Cs haloalkyl;
or two R® groups on a nitrogen atom are taken together with the nitrogen atom to which they
are attached to form a heterocycloalkyl which is optionally substituted with one, two, or
three C;-Cs alkyl, or C;-Cs haloalkyl;
mis0, 1,2, or 3;
nis 0, 1,2, or 3;
p is an integer from 1-12; and
q is an integer from 1-10.
A method of inhibiting Nrf2 by mediating the activation of KEAP1, the method comprising
administering to a subject in need thereof a therapeutically effective amount of a compound of any
one of claims 1-57, or a pharmaceutically acceptable salt or solvate thereof.
A method of degrading Nrf2 in a cell or subject, comprising administering to the cell or subject an
effective amount of a compound any one of claims 1-57, or a pharmaceutically acceptable salt or
solvate thereof.
The method of claim 59, wherein the compound activates KEAP1, thereby resulting in Nrf2
degradation.
A method of treating a disease comprising administering to a subject in need thereof a therapeutically
effective amount of a compound any one of claims 1-57, or a pharmaceutically acceptable salt or

solvate thereof.

. The method of claim 61, wherein the disease is mediated by the activation of KEAPI and the

inhibition of Nrf2.

The method of claim 62, wherein the disease is associated with oxidative stress.

The method of any one of claims 61-63, wherein the disease is selected from the group consisting of
adult brain glioblastoma, solid tumors, lymphoid malignancies, breast cancer or breast neoplasm,
chronic lymphocytic leukemia, colorectal cancer, cutaneous t cell lymphoma, environmental
carcinogenesis, lung cancer, non-small cell lung cancer, squamous non-small cell lung cancer, lung
adenocarcinoma, esophageal cancer, squamous cell esophageal carcinoma, esophageal
adenocarcinoma, head and neck cancer, squamous cell head and neck carcinoma, bladder cancer,
squamous cell bladder carcinoma, uterine corpus endometrial carcinoma, cervical cancer, cervical
squamous cell carcinoma, major depression, melanoma, metabolic syndrome x, mild cognitive

impairment, mitochondrial myopathy, multiple sclerosis, neoplasms, nonalcoholic fatty liver or
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nonalcoholic steatohepatitis, noninsulin-dependent, nonischemic cardiomyopathy, obstructive sleep
apnea, ocular inflammation, ocular pain, polymorphism, prediabetes, prostate cancer, and small
lymphocytic lymphoma.

65. The method of claim 64, wherein the disease is selected from the group consisting of major
depression, metabolic syndrome x, mild cognitive impairment, mitochondrial myopathy, multiple
sclerosis, neoplasms, nonalcoholic fatty liver or nonalcoholic steatohepatitis, noninsulin-dependent,
nonischemic cardiomyopathy, obstructive sleep apnea, ocular inflammation, ocular pain,
polymorphism, and prediabetes.

66. The method of any one of claims 61-63 wherein the disease is a cancer.

67. The method of claim 66, wherein the cancer is selected from the group consisting of lung cancer,
bladder cancer, uterine cancer, head and neck cancer, esophageal cancer, ovarian cancer, liver cancer,
cervical cancer, cholangiocarcinoma, gastric cancer, kidney cancer, and pancreatic cancer.

68. The method of claim 66, wherein the cancer is selected from the group consisting of non-small cell
lung cancer, squamous non-small cell lung cancer, lung adenocarcinoma, esophageal cancer,
squamous cell esophageal carcinoma, esophageal adenocarcinoma, head and neck cancer, squamous
cell head and neck carcinoma, bladder cancer, squamous cell bladder carcinoma, uterine corpus
endometrial carcinoma, cervical cancer, and cervical squamous cell carcinoma.

69. The method of claim 68, wherein the cancer is squamous non-small cell lung cancer or lung

adenocarcinoma.
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