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Abstract:

The present disclosure features useful methods to treat cancer, e.g., in a subject in need thereof. The
methods described herein are useful in the treatment of disorders associated with GRK2 expression,
e.g., cancer or cardiovascular disease. The present disclosure also features compounds (e.g., GRK2
inhibitors), pharmaceutically acceptable salts thereof, and pharmaceutical compositions thereof.

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
GRK2 INHIBITORS AND USES THEREOF

RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent Application
U.S.S.N. 63/030,676, filed May 27, 2020, the entire contents of which is incorporated herein by reference.

BACKGROUND

G protein-coupled receptor kinases (GRKs) participate in the processes of regulation of multiple
G protcin-coupled receptors (GPCRs) of great physiological and pharmacological relevance. These
proteins form a family of seven members that phosphorylate agonist-activated receptors in
serine/threonine residues, promoting internalization, recycling and/or degradation processes of GPCRs.

GRK2, which is the most ubiquitous and best characterized isoform of the family of GRKs, has
been found to regulate the activity of different GPCRs involved in cancer, along with cytosolic proteins
involved in proliferative and survival signaling pathways, as well as non-GPCRs membrane proteins with
oncogenic potential.

GRK2 levels and activity have also been reported to be enhanced in patients and/or in preclinical
models of heart failure, cardiac hypertrophy, and hypertension.

Accordingly, there is a need to develop new compounds which decrease the level and/or activity

of GRK2.

SUMMARY OF THE DISCLOSURE
The present disclosure features useful methods to treat cancer, e.g., in a subject in need thereof.
In some embodiments, the methods described herein are useful in the treatment of disorders associated
with GRK2 expression, e.g., cancer or cardiovascular disease. The present disclosure also provides
compounds, pharmaceutically acceptable salts thereof, and pharmaceutical compositions thereof, which
arc GRK2 inhibitors, c.g., GRK2-sclective inhibitors.
In one aspect, the disclosure features a compound, or a pharmaceutically acceptable salt thereof,

having the structure:

R4
o ,\'l\
R5
F|{1 R’ R8 =
19 \)\( 7)<N TR,
(R®)m
Formula I

wherein m and n are, independently, 0, 1, 2, or 3;
X!is CR® or N;
X2%is CR?or N;
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R! is hydrogen, optionally substituted C1-Cs alkyl, optionally substituted C;-Ce heteroalkyl,

optionally substituted C5-Cg cycloalkyl, optionally substitutcd C>-Cg heterocyclyl, optionally substituted
C1-Co alkyl C3-Cg cycloalkyl, optionally substituted C1-Cq heteroalkyl Cs-Cg cycloalkyl, optionally
substituted C;-Cg alkyl C>-Cq heterocyclyl, or optionally substituted Ci-Cg heteroalkyl C»-Co heterocyclyl;

R? and R*are, independently, hydrogen or optionally substituted C,-Cs alkyl;

cach R? and R is, independently, halogen, optionally substituted C1-Ce alkyl, optionally
substituted C;-C¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R? is optionally substituted Cs-C o aryl, optionally substituted C,-Co heteroaryl, optionally
substituted C2-Cy heterocyclyl, optionally substituted C3-Cs cycloalkyl, optionally substituted C;-Cs alkyl
Cs-Cio aryl, optionally substituted C-Cs alkyl C2-Co heteroaryl, or optionally substituted C1-Cg alkyl Co-
Co heterocyclyl; and

R’ and R® are, independently, hydrogen, deuterium, optionally substituted C;-C¢ alkyl, or R” and
R® combine with the atoms to which they are attached to form a optionally substituted C3-Cs cycloalkyl or
C>-Co heterocyclyl; and

R’ is hydrogen, halogen, optionally substituted C;-Cy alkyl, optionally substituted C1-Cs
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R? combines with R! and the atoms to
which they are attached to form a C,-Co heterocyclyl.

In some embodiments, the compound is a GRK2-selective compound.

In some cmbodiments, if m and n arc 0, R” and R® arc hydrogen, X2 is CH, R! is hydrogen or
optionally substituted C1-Cs alkyl, and R3 is optionally substituted C1-Cs alkyl Cs-Cyp aryl, then X? is N.

In some embodiments, the compound has the structure:

R4
o) 1
N\R5
R1
N&\)\(1 ’{l e
!
A~ TR
N—N R2

Formula Ia

whereinn is 0, 1, 2, or 3;

X! and X2 are, independently, CR? or N;

R', R?, and R*are, independently, hydrogen or optionally substituted Ci-Ce alkyl;

each R? is, independently, hydrogen, halogen, optionally substituted C-Cs alkyl, optionally
substituted C1-C¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R’ is optionally substituted Cs-Cio aryl, optionally substituted C»-Co heteroaryl, optionally
substituted C»-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C;-Cs alkyl
Cs-Cio aryl, optionally substituted C;-Cs alkyl C2-Cy heteroaryl, or optionally substituted C;-Cs alkyl Ca-
C, heterocyclyl, wherein if n is 0, X2 is CH, and R? is optionally substituted C;-C alkyl Cs-Cio aryl, then
X?is N.
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In some embodiments, X! is N. In some embodiments, X' is CH. In some embodiments, X is N.
In somc cmbodiments, X? is CH. In somc cmbodiments, R? is hydrogen. In some cmbodiments, R* is
hydrogen. In some embodiments, R' is hydrogen. In some embodiments, R! is optionally substituted C-
Cs alkyl (e.g., methyl or ethyl). In some embodiments, R! is hydroxyalkyl. In some embodiments, R! is
C,-Cs hydroxyalkyl. In some embodiments, R! is unsubstitued C;-Cs alkyl. In some embodiments, n is 0.
In some embodiments, mis 0. In some embodiments, R”is hydrogen. In some embodiments, R® is
hydrogen. In some embodiments, both R” and R* are hydrogen.

In some embodiments, R? is optionally substituted C;-Cs alkyl Cs-C o aryl (e.g., optionally
substituted C: alkyl Cs-Cio aryl). In somc ecmbodiments, R is optionally substituted C; alkyl Cs-Cyo aryl.

In some embodiments, R? is optionally substituted C alkyl phenyl. In some embodiments, R is:

CF; OCH;
i ”“1“@ F ﬁ el
F OCHs HsCO
OCH,CHs4 Hs
/\© /\©> )\©/OCH3
In some embodiments, R? is optionally substituted C,-Cy heterocyclyl (e.g.,
g fi@ 8
RS O
|
0] , (e} , CH3 , (@] , Cl , Or o )
In some embodiments, R’ is optionally substituted Cs-Cy cycloalkyl (e.g.,
7\
N =N
. HaCO ).
In some embodiments, R? is optionally substituted C;-Cs alkyl C2-Co heteroaryl (e.g.,
CH
CH; CF3 3 cl CHs
N
N CH ~
al\z|\N“H|\‘z|\‘%|\3ﬁz‘)I)
N~ = =N =N = H;C
CHj;
CHs % AN
OCF3 Nx S | = N -CFs % Ns
< T ) P -
ZN > % CHs = cl
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0 X, TR L &o

In some cmbodiments, R is optionally substitutcd C; alkyl C>-Cs heteroaryl. In some cmbodiments, R is
optionally substituted C; alkyl pyridinyl.

In some embodiments, R is of the formula:

wherein:

G'is CR¥or N;

G2, G3, G*, and G° are each independently CR'®, CH, or N;

each instance of R'® and R'® is independently hydrogen, halogen, —CN, —N3, -NO., optionally
substituted C1.Cs alkyl, optionally substituted Cy.Cs heteroalkyl, optionally substituted C».Cs alkenyl,
optionally substituted C,.Cs alkynyl, optionally substituted Cs Cg carbocyclyl, optionally substituted 3-8
membered heterocyclyl, optionally substituted Cs Cyo aryl, optionally substituted 5-10 membered
heteroaryl, optionally substituted C;.C¢ acyl, optionally substituted hydroxyl, optionally substituted amino,
or optionally substituted thiol;

R'* and R'* are independently hydrogen or optionally substituted C; ¢ alkyl, or R'* and R' are
joincd together with the intcrvening atoms to form optionally substtutcd Cs g carbocyclyl or 3-8
membered heterocyclyl; and

optionally wherein R'? and R are joined together with the intervening atoms to form optionally
substituted Ca 5 carbocyclyl or optionally substituted 4-8 membered heterocyclyl.

In some embodiments, G' is CR'. In some embodiments, G! is CH. In some embodiments, G2 is
CR'. Tn some embodiments, G? is CH. Tn some embodiments, G* is CR'®. In some embodiments, G* is
CH. In some embodiments, G*is CR'®. In some embodiments, G* is CH. In some embodiments, G is
CR!. In some embodiments, G° is CH. In some embodiments, G2, G, G*, and G are independently CR!®
or CH. In some embodiments, G2, G*, G*, and G” are CR'®. In some embodiments, G2, G*, G*, and G are
CH.

In some embodiments, R'? is optionally substituted C1.s alkyl. In some embodiments, R'? is
unsubstituted Cy¢ alkyl. In some embodiments, R'? is unsubstituted C;3 alkyl. In some embodiments, R’
is methyl. In some embodiments, R is hydrogen.

In some embodiments, R4 is hydrogen. In some embodiments, R'® and R!* are hydrogen. In some
embodiments, R'? is optionally substituted C1.6 alkyl; and R is hydrogen. In some embodiments, R? is
unsubstituted C.¢ alkyl; and R* is hydrogen. In some ecmbodiments, R'? is unsubstituted Cy.5 alkyl; and

R™ is hydrogen. In some embodiments, R'* is methyl; and R is hydrogen. In some embodiments, R
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and R are joined together with the intervening atoms to form optionally substituted Cs s carbocyclyl or
3-8 mcmbecred heterocyclyl.

In some embodiments, R'® is optionally substituted Ci¢ alkyl. In some embodiments, RS is
halogen. In some embodiments, R is —F. In some embodiments, R'® is Cy6 haloalkyl. In some
embodiments, R' is trihalomethyl. In some embodiment, R'’ is ~CFs. In some embodiments, R" is
optionally substituted hydroxyl. In some embodiments, R'* is —O-C1.6 alkyl. In some embodiments, R is
—OMe.

In some embodiments, R'? and R'” are joined together with the intervening atoms to form
optionally substituted Cs45 carbocyclyl or optionally substituted 4-8 membered heterocyclyl. In some
embodiments, R" and R" are joined together with the intervening atoms to form optionally substituted 5-
7 membered heterocyclyl comprising 1 or 2 heteroatoms independently selected from O, N, and S. In
some embodiments, R and R" are joined together with the intervening atoms to form optionally
substituted 5-7 membered heterocyclyl comprising 1 heteroatom selected from O, N, and S. In some
embodiments, R and R"° are joined together with the intervening atoms to form optionally substituted 6-
membered heterocyclyl comprising 1 or 2 heteroatoms independently selected from O, N, and S. In some
embodiments, R'¥ and R are joined together with the intervening atoms to form optionally substituted 6-
membered heterocyclyl comprising 1 heteroatom selected from O, N, and S.

In some embodiments, at least one instance of R is hydrogen. In some embodiments, at least one
instance of R is optionally substitutcd Cisalkyl. In some cmbodiments, at lcast onc instancc of R is
halogen. In some embodiments, at least one instance of R'¢is —CN. In some embodiments, at least one
instance of R is —Ns. In some embodiments, at least one instance of R'® is -NQOa. In some embodiments,
at least one instance of R'® is optionally substituted C;.Cs heteroalkyl. In some embodiments, at least one
instance of R is optionally substituted C» Ce alkenyl. In some embodiments, at least one instance of R!¢
is optionally substituted C2.Cs alkynyl. In some embodiments, at least one instance of R'® is optionally
substituted Cs.Cs carbocyclyl. In some embodiments, at least one instance of R is optionally substituted
3-8 membered heterocyclyl. In some embodiments, at Icast onc instance of R'6 is optionally substituted
Cs Cip aryl. In some embodiments, at least one instance of R'¢ is optionally substituted 5-10 membered
heteroaryl. In some embodiments, at least one instance of R'® is optionally substituted C;.Ces acyl. In some
embodiments, at least one instance of R is optionally substituted hydroxyl. In some embodiments, at
least one instance of R'° is optionally substituted amino. In some embodiments, at least one instance of
R!¢is optionally substituted thiol.

In some embodiments, R'® and the adjacent R1® are joined together with the intervening atoms to
form optionally substituted Cs.s carbocyclyl, optionally substituted 5-8 membered heterocyclyl, optionally
substituted Cgaryl, or optionally substituted 5-6 membered heteroaryl.

In some embodiments, two adjacent R!® are joined together with the intervening atoms to form
optionally substituted Cs_g carbocyclyl, optionally substituted 5-8 membered heterocyclyl, optionally

substituted Ceg aryl, or optionally substituted 5-6 membered heteroaryl.
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In some embodiments, R7 is of the formula:

16
15(R e

whereinp is 0, 1, 2, 3, or 4.

In somc cmbodiments, R? is of the formula: . wherein Y2 is O, S, or optionally
substituted N (e.g., -NH-, -N(C;-C; alkyl)-). In some embodiments, Y? is O. In some embodiments, Y? is
optionally substituted N. In some embodiments, Y2 is -NH-. In some embodimens, Y? is -N(C1-Cg alkyl)-

(e.g., -N(Me)-).

(R™%)

p

. In some embodiments, R” is:

99 O

In some embodiments, R’ is of the formula:

. In some embodiments, R’ is: ~= . In some embodiments, R’ is:
In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:

H d

G%-G*

1
F$ R’ R =

L/J\( 7)<N IR,

(R%)m
In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:

R15 (R‘IG)p
R14 -
N\ /
Ox-N
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In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structurc:

1
s~x' R R g8 =~

N N
IS T

(Rﬁ)m N—N R2

In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:
o (/R16)p
N/
@)
1 N\R4
l? R’ RS =
1
L/J\< %N oGt

(R®m

In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:
O
@)
N,
R' R*
/\X1 R R7 R =
3
M/N %N TR
(R%m

In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:
13 12
R14R G_G\
N &
O N G5_G4
\R4
R1
RN =
A~ A TR
N—N R'z
7
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In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structurc:
RiRC (R,
N\ /
0] N.
R! R
N//\)\(1 'l\l —
[
S e YA
N—N R'2

In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:
v3 (/R16)p
Y/
0] N.
R’ R*
RN =
i
A\~ AT R,
N-N g2 %

In some embodiments, the compound or pharmaccutically acceptable salt thercof has the

structure:
o (/R16)p
Y/,
O N.
R4
1 R!
77X ) —

z
§/
z=
Z
:S
=z
. 7
N
\:/~
B
<&
=

In some embodiments, the compound or pharmaceutically acceptable salt thereof has the

structure:

@)

(0]
N,
R’ R

N A =

!

N—N R?

In an aspect, the disclosure features a compound, or a pharmaceutically acceptable salt thereof,
having the structure of Formula II:
A-L'-B

Formula II,
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wherein

L' is a linker;

B is a degradation moiety (e.g., a ubiquitin ligase binding moiety such as a ubiquitin ligase
binding moiety including a Cereblon ligand, a IAP (Inhibitors of Apoptosis) ligand, a mouse double
minute 2 homolog (MDMZ2), or a von Hippel-Lindau (VHL) ligand, or a derivative or an analog thereof);
and

A has the structure of Formula ITI:

Formula II1

wherein m and n are, independently, 0, 1, 2, or 3;

X'is CR% or N;

X%is CR%or N;

R'is A', hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C;-C¢ heteroalkyl,
optionally substituted Cz-Cs cycloalkyl, optionally substituted Ci-Co heterocyclyl, optionally substituted
C,-Cs alkyl C5-Cg cycloalkyl, optionally substituted C;-Cs heteroalkyl Cs-Cs cycloalkyl, optionally
substituted C1-Cs alkyl C,-Co heterocyclyl, or optionally substituted C;-Cs heteroalkyl C,-Co heterocyclyl;

R?is hydrogen or optionally substituted C1-Cs alkyl;

each R? and R®is, independently, hydrogen, halogen, optionally substituted C;-Cs alkyl,
optionally substituted C;-Cs heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R7 and R® arc, indcpendently, hydrogen, deuterium, optionally substituted Ci-Cs alkyl, or R” and
R® combine with the atoms to which they are attached to form a optionally substituted Cs-Cs cycloalkyl or
C1-Co heterocyclyl,

R’ is hydrogen, halogen, optionally substituted C,;-Cs alkyl, optionally substituted C-Cs
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R? combines with R! and the atoms to
which they are attached to form a C2-Co heterocyclyl;

R!%is -C(O)NR!'R® or -NHC(0O)-R'?;

R!'!is A, optionally substituted Cs-Cio aryl, optionally substituted C»-Co heteroaryl, optionally
substituted C2-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C1-Cs alkyl
Cs-Cio aryl, optionally substituted C;-Cs alkyl C2-Cy heteroaryl, or optionally substituted C;-C¢ alkyl Cs-
Co heterocyclyl;

R!? is hydrogen or optionally substituted C;-Cs alkyl; and

Alis a bond between A and the linker, wherein at least one, and only one of R! and R®is AL,

CA 03174266 2022-9-29
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In some embodiments, A has the structure:

R4
O [}
N\R5
A1
N4\)\(1 l{l —
o3
e TN TR,
N—N R2

Formula ITla

whercinnis 0, 1, 2, or 3;

X! and X2 are, independently, CR® or N;

R, R?, and R*are, independently, hydrogen or optionally substituted C;-Cs alkyl;

each R? is, independently, hydrogen, halogen, optionally substituted C;-Ce alkyl, optionally
substituted C;-C¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R’ is optionally substituted C¢-C1o aryl, optionally substituted C,-Co heteroaryl, optionally
substituted C»-Cs heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C;-Cg alkyl
Cs-Cyo aryl, optionally substituted C;-Cs alkyl Cz-Cy heteroaryl, or optionally substituted C;-Cs alkyl C»-
Co heterocyclyl; and

A'is a bond between A and the linker

In some embodiments, X! is N. In some embodiments, X' is CH. In some embodiments, R? is
hydrogen. In some embodiments, R* is hydrogen. In some embodiments, n is 0.

In some embodiments, R* is optionally substituted C;-Cs alkyl Cs-C1o aryl (e.g., optionally
substituted C; alkyl Cs-Cio aryl). In some cmbodiments, R® is optionally substituted C; alkyl Cs-Cyo aryl.
In somec cmbodiments, R is optionally substitutcd Cy alkyl phenyl. In some embodiments, R? is:

F CFs % F F OCHgj;
DG Y v T, 00
F ) F : ) OCHj; , H;CO ,

[l

CHgy
OCHchs O O C:H3
OCH
) , ,Or .

In some embodiments, R’ is optionally substituted C,-Cq heterocyclyl (e.g.,

velgep
e S =
O , (@] . CH3 . O , Cl , Or O

In some embodiments, R* is optionally substituted Cs-Cg cycloalkyl (e.g.,

10
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7\
SN

H,CO

In some embodiments, R’ is optionally substituted Ci-Cs alkyl C>-Co heteroaryl (e.g.,

CH3
CHs CF3 cl
N CH
CAITANCTN) T
N~ = ~N =N =

Hs

CH N
N CHs YOS
= OCF N = N._ _CF
HsC N = = CHs =

N N
IS SRS EES eRa N
Cl |/,Hsz;(;,HCO

&

CHs
N

F ). In some embodiments, R® is optionally substituted C; alkyl C»-Cs heteroaryl. In some

embodiments, R is optionally substituted C; alkyl pyridyl.

In somc cmbodiments, the degradation moicty compriscs the structurc of Formula AA:

AZ— (RM)yq

XS X

>7
N
\

o RAS
Formula AA
wherein
A?is a bond between the degradation moiety and the linker;
vlis0,1,2,3,4,0r5;
R is H, optionally substituted C;-Cs alkyl, or optionally substituted C;-Cs heteroalkyl;

each R is, independently, halogen, optionally substituted C;-C alkyl, or optionally substituted

C,-Cs heteroalkyl; and

J is absent, optionally substituted C;-Cyp carbocyclylene, optionally substituted Cs-Cio arylene,

optionally substituted C2-Co heterocyclylene, or optionally substituted C2-Cy heteroarylene,

alkyl.

CA 03174266 2022-9-29

or a pharmaceutically acceptable salt thereof.

In some embodiments, v1 is 0. In some embodiments, R*’ is H or optionally substituted C;-Cs
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A2
N o)
N\
In some embodiments, the structure of Formula AA is @) RS
In some embodiments, J is absent.
(@]
N\

In some embodiments, the structure of Formula AAis O RAS

In some embodiments, J is optionally substituted C>-Cy heterocyclylene or optionally substituted
C,-Co heteroarylene.

In some embodiments, the structure of Formula AA has the structure of
A2—N/_\N o

N\
O O RAS

In some embodiments, the structure of Formula AA has the structure of Formula A:

RA1
RA2 Y1

RA3 N
RM o O RAS
Formula A
wherein in
RA8

O RAS RAT
e 2 2.
Y'is , ;

O sk

R#5 is H, optionally substitutcd C;-Cs alkyl, or optionally substitutcd Cy-Cs heteroalkyl;

R4% is H or optionally substituted C;-Cs alkyl; and R*7 is H or optionally substituted C;-Cs alkyl;
or R*® and R*, together with the carbon atom to which each is bound, form an optionally substituted Cs-
Cs carbocyclyl or optionally substituted C2-Cs heterocyclyl; or R*% and R*7, together with the carbon atom
to which each is bound, form an optionally substituted Cs;-Ces carbocyclyl or optionally substituted Cz-Cs
heterocyclyl;

R*% is H, optionally substituted C;-Ce alkyl, or optionally substituted C;-Cs heteroalkyl;

each of RA!, R4, R#? and R#*is, independently, H, A2, halogen, optionally substituted C;-Cs
alkyl, optionally substituted C1-Cs heteroalkyl, optionally substituted Cs-Cio carbocyclyl, optionally
substituted C»-Cs heterocyclyl, optionally substituted Cs-Cp aryl, optionally substituted C,-Co heteroaryl,
optionally substituted C»-C¢ alkenyl, optionally substituted C2-C¢ heteroalkenyl, optionally
substituted -Q-C3-Cs carbocyclyl, hydroxyl, thiol, or optionally substituted amino; or RA! and RA2, RA2
and R*?, and/or R** and R**, together with the carbon atoms to which each is attached, combine to form

@- and

[}

12
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@ is optionally substituted Cs-C1o aryl, optionally substituted Cs-Cjo carbocyclyl, optionally

substituted C»-Cg heteroaryl, or C>-Co heterocyclyl, any of which is optionally substituted with A2,

wherein one of R*!, R#%, R*?, and R** is A% or @ is substituted with A2, or a
pharmaceutically acceptable salt thereof.

In some embodiments, each of R4!, R#2, R*%, and R** is, independently, H, A2, halogen,
optionally substituted C;-Cs alkyl, optionally substituted C,-Csheteroalkyl, optionally substituted Cs-Cjp
carbocyclyl, optionally substituted C2-Cy heterocyclyl, optionally substituted Cs-C1o aryl, optionally
substituted C>-Cs heteroaryl, optionally substituted C;-Cs alkenyl, optionally substituted C;-Ceg

heteroalkenyl, hydroxyl, thiol, or optionally substituted amino; or R*! and R*?, R*? and R*?, and/or R*?
and R4, together with the carbon atoms to which each is attached, combine to form ®; and

@ is optionally substituted Ce-C o aryl, optionally substituted Cs-C,o carbocyclyl, optionally

substituted C»-Cs heteroaryl, or C»>-Co heterocyclyl, any of which is optionally substituted with A2,

where one of RA, R4%2, R*}, and R is A?; or @ is substituted with A2, or a pharmaceutically
acceptable salt thereof.

In some embodiments, each of R4!, RA%, R, and R is, I, A?, halogen, optionally substituted
C1-Cs alkyl, optionally substituted C;-Cgheteroalkyl, optionally substituted -O-C3-Cg carbocyclyl,

hydroxyl, optionally substituted amino; or R*! and R*?, R*? and R*?, or R** and R*%, together with the
carbon atoms to which each is attached, combine to form ®; and

@ is optionally substituted C»-Co heterocyclyl, which is optionally substituted with A2,
wherein one of R, R*%, R*3, and R is A%; or @ is substituted with AZ.

Me
In some embodiments, each of R*!, R*?, R**, and R#* is, independently, H, A% F, \( ,

O _H
\‘(O\CHG \< \FZH \{o\/CHS

2H " or ; or R* and R*?, R*?* and R™, or R™® and R™, together with the

carbon atoms to which each is attached, combine to form ®; and @ is optionally substituted C--

Co heterocyclyl, which is optionally substituted with A2, wherein one of R, R22, R, und R* is A2 or

@ is substituted with AZ.

13
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O RAG RA7
In some embodiments, Y! is \81\/ or W .
(@]
In some embodiments, Y! is \ejy .
RAG RA7

In somc cmbodiments, Y! is \eg/ .

®)
In some embodiments, Y! is . , , , , Or .

In some embodiments, the structure of Formula A has the structure of Formula A1:

RA2 Y1

Formula Al
or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula A has the structure of Formula A2:

RA2 Q?
o
A3 N
R RAM4 O O \RA5
Formula A2

or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula A has the structure of Formula A3:

RA1
Y1
N\
N (@]
A3 N
R R & \R A5

A4 5
Formula A3
or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula A has the structure of Formula A4:

RA1 o

N O
N

A3
R R4 O O \RA5

E

Formula A4

or a pharmaceutically acceptable salt thereof.
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In some embodiments, the structure of Formula A has the structure of Formula A7:

O
Formula A7

or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula A has the structure of Formula A9:

A4 O
Formula A9
or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula A has the structure of Formula A10:

RA1
RA2

2
A RA4 9] O \RAS

Formula A10

or a pharmaccutically acceptable salt thercof.

In some embhodiments, the structure of Formula A is CH3

e T ;Jiﬁ:
/DQ& é@& A@ﬁo

Hz;C—O O

-
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o)
N @ N 0o N 0
NH NH NH
o O 0 O , 0 O

[l

o) 0
N—s;?>=o N O
NH NH
v O ’Or O O

, or derivative or analog thereof.

O

N O
NH

o O

In some embodiments, the structure of Formula A is
O
N @]
NH
O O

!
In somec cmbodiments, @ is RA® or , wherein R is H, A2, optionally

, or derivative or analog thereof.

substituted C1-Cs alkyl, or optionally substituted C1-Cesheteroalkyl.

RA9™ N Y1\
N (]
A3 N
R RA O \RAS
RA
N RAT RA9  RA
Y1 Y1 \ Y']
N\ A9 N N N
N O R™—N N (@) N O
RA3 N\ N\ N\
RAY O O RAS RM O O RAS RA O O RAS

In some embodiments, the structure of Formula A 1is

RA’I
RA2 Y1
AN
N @)
N\
R N O e RA5
RA9 RA4 or RA/Q )

In some embodiments, R*? is H. In some embodiments, R*? is AZ.

16
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RA1
N N 0
N\
RM o O RAS

In some embodiments, the structure of Formula A is or

RAY O

RA4 O (@) RA5 )

In some embodiments, the structure of Formula AA has the structure of Formula B:

RA1
RZ 2 =N,
S _N N 0]
RA3 \« N\
RA4 O @] RA5
Formula B

wherein

RA% is H, optionally substituted C;-Cg alkyl, or optionally substituted C;-Cgheteroalkyl;

each of R, R#2, R, and R* is, independently, H, A%, halogen, optionally substituted C;-Cs
alkyl, optionally substituted C-Cesheteroalkyl, optionally substituted Cs-Cyo carbocyclyl, optionally
substituted C2-Cs heterocyclyl, optionally substituted Cs-C1o aryl, optionally substituted C>-Cy heteroaryl,
optionally substituted C»-Cs alkenyl, optionally substituted C»>-Ce heteroalkenyl, optionally
substituted -O-C5-Cs carbocyelyl, hydroxyl, thiol, or optionally substitutcd amino; or RA! and R42, RA2
and R*?, and/or R** and R**, together with the carbon atoms to which each is attached, combine to form

@' and

]

@ is optionally substituted Ce-C1o aryl, optionally substituted Cs-Co carbocyclyl, optionally

substituted C»-Cs heteroaryl, or C>-Co heterocyclyl, any of which is optionally substituted with AZ,

wherein one of RA!, R42, R#?, and R is A? or @ is substituted with A2,

or a pharmaceutically acceptable salt thereof.

In some embodiments, each of R#!, RA2, R*3 and R* is, H, A?, halogen, optionally substituted
C1-Cs alkyl, optionally substituted C;-Cgheteroalkyl, optionally substituted -O-C3-Cg carbocyclyl,

hydroxyl, optionally substituted amino; or R*' and R*?, R** and R*?, or R** and R**, together with the

carbon atoms to which each is attached, combine to form ®; and @ is optionally substituted Cs-

C, heterocyclyl, which is optionally substituted with A2, wherein one of R2!, R*2, R*, and R* is A% or

@ is substituted with A2,

CA 03174266 2022-9-29
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Me
In some embodiments, each of RA!, R42, R4, and R** is, independently, H, A% F, \{ ,

O PH
3 2H " or ; or R*! and R*?, R*? and R*?, or R*® and R*%, together with the

carbon atoms to which each is attached, combine to form ®; and @ is optionally substituted C»-

Cy heterocyclyl, which is optionally substituted with A2, wherein one of R, RA2, R and R is A or

@ is substituted with A2.

In somc cmbodiments, the structurc of Formula B has the structurc of Formula B1:

A2
RA2

Z =N,
N N ©
RAS \« N\
rRM O O RAS

Formula B1

s

or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula B has the structure of Formula B2:

RA1

AL~
= -N N ©
RAS \« N\
rMd O O RA®
Formula B2
or a pharmaceutically acceptable salt thereof.

In some embodiments, the structure of Formula B has the structure of Formula B3:

RA1

RA2 . /N\
N N ©
A2 ~ N,
RA4 O O RA5

Formula B3

or a pharmaceutically acceptable salt thereof.
In some embodiments, the structure of Formula B has the structure of Formula B4:

RA1

RZ ~ =N,
SN N @]
RA3 \\< N\
A2 O O RAS

)

Formula B4

or a pharmaceutically acceptable salt thereof.

18
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A~z =N,
N N @)
~ \< NH

In some embodiments, the structure of Formula B is o O or

AN =N,
N N O
AZ N \\< NH
O O .
A2 N

/ — N
N o
ST
o O .
=N,
N o
a2 SN~( NH
0 O .

In some embodiments, the degradation moiety comprises the structure of Formula C:

In some embodiments, the structure of Formula B is

In some embodiments, the structure of Formula B is

RB7

N
/RB4 | \>7RBS
2 RB5 7 \ S

|
RB2 Uﬁ( N = \
| N (RBG)VZ

Formula C,

wherein

RB! is H, A2, optionally substituted C;-Ce alkyl, or optionally substituted C;-Csheteroalkyl;

R is H, optionally substituted C:-Cs alkyl, or optionally substituted C;-Csheteroalkyl;

R¥ is A%, optionally substituted C1-Cg alkyl, optionally substituted C1-Cs heteroalkyl, optionally
substituted C3-Co carbocyclyl, optionally substituted Cs-Cig aryl, optionally substituted C;-Cs alkyl Cs-
C1o carbocyclyl, or optionally substituted C;-Ceg alkyl Cs-Cio aryl;

RP is H, optionally substituted C1-Cs alkyl, optionally substituted C3-Cio carbocyclyl, optionally
substituted Cs-Cio aryl, optionally substituted C,-Cs alkyl C3-C;o carbocyclyl, or optionally substituted C;-
Cs alkyl Ce-Cip aryl;

RP is H, optionally substituted C1-Ce alkyl, or optionally substituted C;-Cs heteroalkyl;

v2is0,1,2,3, or4;

each RB¢ is, independently, halogen, optionally substituted C1-Cs alkyl, optionally substituted Ci-
Ce heteroalkyl, optionally substituted Cs-Cio carbocyclyl, optionally substituted C>-Cg heterocyclyl,
optionally substituted Cs-Cip aryl, optionally substituted C,-Cg heteroaryl, optionally substituted C,-Csg
alkenyl, optionally substituted C:-Cg heteroalkenyl, hydroxy, thiol, or optionally substitutcd amino; and

cach of R®” and R™ is, independently, H, halogen, optionally substitutcd Ci-Ce alkyl, or
optionally substituted Cs-Cip aryl,

where one of R®' and R®® comprises A%

19

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

or a pharmaceutically acceptable salt thereof.

| \
HO, s>
@\WH
N
H N
A2 o O
H3C CHj
In some embodiments, the structure of Formula C is CHs or
HsC N
| \
HO, S>
H
N N
H
H3C N/,, O
)ig o
v CH
H,;C
3 S 3
A? , or derivative or analog thereof.
H3C N
| N
HO, s>

H
AZ/N:ﬁO O
HsC~ TCH;
In some embodiments, the structure of Formula C is CHs

In some embodiments, the degradation moiety comprises the structure of Formula D:

RC2

O RC5
\.)J\N/’\fo 0

|
N
R 1§
R RC4 N . N V%
e KA
w2, | R (R%)s

Formula D,

wherein

A? is a bond between B and the linker;

cach of R°!, R, and R“ is, indcpendently, H, optionally substituted Ci-Cg alkyl, or optionally
substitutcd C1-Cg heteroalkyl;

R is optionally substituted C1-Cg alkyl, optionally substituted C3-Cyo carbocyelyl, optionally
substituted Ces-Cio aryl, optionally substituted C;-Ce¢ alkyl C3-C1o carbocyclyl, or optionally substituted Ci-
Cs alkyl Ce-C)p aryl;

20
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R is optionally substituted Ci-Cs alkyl, optionally substituted Cs-Cyy carbocyclyl, optionally
substitutcd Cs-Cig aryl, optionally substitutcd C,-Cs alkyl C3-Ciq carbocyclyl, or optionally substituted C;-
Cs alkyl C6-Cyp aryl;

v3is0,1,2,3, or4;

each R®® is, independently, halogen, optionally substituted C;-Cs alkyl, optionally substituted C;-
Csheteroalkyl, optionally substituted Cs-Cio carbocyclyl, optionally substituted C>-Cg heterocyclyl,
optionally substituted Cs-Cio aryl, optionally substituted C>-Co heteroaryl, optionally substituted C>-Cs
alkenyl, optionally substituted C,-Cs heteroalkenyl, hydroxy, thiol, or optionally substituted amino;

v4is 0,1, 2,3, or4; and

cach R% is, independently, halogen, optionally substituted C1-Cs alkyl, optionally substituted Ci-
Cs heteroalkyl, optionally substituted Cs-Cqo carbocyclyl, optionally substituted C;-Cg heterocyclyl,
optionally substituted Cs-Cio aryl, optionally substituted C>-Co heteroaryl, optionally substituted C2-Cs
alkenyl, optionally substituted C,-Cs heteroalkenyl, hydroxy, thiol, or optionally substituted amino,

or a pharmaceutically acceptable salt thereof.

In some embodiments, the degradation moiety comprises the structure of Formula E:

C11
o’R

Cl

(RC"3)5

Formula E,

wherein

AZis a bond between B and the linker;

each of R and R is, independently, H, optionally substituted C1-Cs alkyl, optionally
substituted C3-C1o carbocyclyl, optionally substituted Cs-C1o aryl, optionally substituted C1-Ce¢ alkyl Cs-
Cio carbocyclyl, or optionally substituted C;-Cg¢ alkyl Cs-Cig aryl;

v5is0,1,2, 3, or4;

cach R€!? is, indcpendently, halogen, optionally substitutcd Cy-Cealkyl, optionally substituted C;-
Cg heteroalkyl, optionally substituted Cs-Cyo carbocyclyl, optionally substituted C;-Cg heterocyclyl,
optionally substituted Cs-Cio aryl, optionally substituted C>-Co heteroaryl, optionally substituted C2-Cs
alkenyl, optionally substituted C,-Cs heteroalkenyl, hydroxy, thiol, or optionally substituted amino;

v6is 0,1, 2, 3, or4; and

each R? is, independently, halogen, optionally substituted C;-Cg alkyl, optionally substituted Cs-

Cgheteroalkyl, optionally substituted Cs-C o carbocyclyl, optionally substituted C;-Cy heterocyclyl,

21
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optionally substituted Ce-Cyo aryl, optionally substituted C»-Cy heteroaryl, optionally substituted Cz-Cg

alkenyl, optionally substituted C>-Cg heteroalkenyl, hydroxy, thiol, or optionally substituted amino,
or a pharmaceutically acceptable salt thereof.

HzCO

HsC

J
()

In some embodiments, the structure of Formula E is Cl
In somc embodiments, the degradation moicty comprises the structurc of Formula F:
O
F1
Ry NH
[ o)
_N
AZ

Formula F,
wherein
A?is a bond between the degrader and the linker; and
R s absent or O,
or a pharmaceutically acceptable salt thereof.
In some embodiments, RF! is absent.

In some embodiments, RF! is O.

= NH
N

e
In some embodiments, the structure of Formula F is A2

In some embodiments, the degradation moiety comprises the structure Formula G:
0O

YZ’/<
NH

Formula G,

A2

wherein

A? is a bond between the degrader and the linker; and
Y?is CHs or NH,

or a pharmaceutically acceptable salt thereof.

In some embodiments, Y~ is CHo.

In some embodiments, Y is NH.

22
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O O
H N%
NH NH
27 N @] 27 N O
In some embodiments, the structure of Formula G is A or A

In some embodiments, the linker has the structure of Formula IV:
A-(BHHCHe-(BHp-(D)-(B)i(C-(BH—-A>
Formula IV

wherein

Alis a bond between A and the linker;

A? is a bond between the linker and B;

each of B!, B2, B?, and B" is, independently, optionally substituted C;-Ce alkyl, optionally
substituted C;1-C¢ heteroalkyl, O, S, S(O)2, or NRY;

each RY is, independently, H, optionally substituted Cq_4 alkyl, optionally substituted C» 4 alkenyl,
optionally substituted C»_4 alkynyl, optionally substituted C- ¢ heterocyclyl, optionally substituted Ce_1>
aryl, or optionally substituted C; 7 heteroalkyl;

each of C' and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

cach of f, g, h, 1, j, and k is, independently, O or 1; and

D is optionally substituted C;12 alkyl, optionally substituted C» 12 alkenyl, optionally substituted
C».12 alkynyl, optionally substituted C,-C1> polyethylene glycol, or optionally substituted Ci_12
heteroalkyl, or a chemical bond linking A'-(B')-(Ch)~(B*)i- to -(B>)i-(C?);-(B*)—AZ.

In an aspect, the disclosure features a compound, or a pharmaceutically acceptable salt thereof,
having the structure of any one of compounds 1-65 in Table 1 or compounds D1-D51 in Table 2.

In some embodiments, the compound is any one of the compounds in Table 1. In some
embodiments, the compound is any one of the compounds in Table 1, or a pharmaceutically acceptable
salt thercof.

In some embodiments, the compound is any one of the compounds in Table 2. In some
embodiments, the compound is any one of the compounds in Table 2, or a pharmaceutically acceptable
salt thereof.

In some embodiments, the compound is any one of the compounds in Table 7. In some
embodiments, the compound is any one of the compounds in Table 7, or a pharmaceutically acceptable
salt thereof.

In addition to free base and pharmaceutically acceptable salt forms of the compounds descirbed
herein, the present disclosure provides sterecoisomers, tautomers, isotopically labeled derivatives, solvates,
hydratcs, polymorphs, co-crystals, and prodrugs of thc compounds described herein.

The recitation of a listing of chemical groups in any definition of a variable herein includes
definitions of that variable as any single group or combination of listed groups. The recitation of an
embodiment for a variable herein includes that embodiment as any single embodiment or in combination

with any other embodiments or portions thereof. The recitation of an embodiment herein includes that
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embodiment as any single embodiment or in combination with any other embodiments or portions

thereof.

Table 1. Compounds of the Disclosure

# Structure
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In an aspect, the disclosure features a pharmaceutical composition comprising any of the
forcgoing compounds, or pharmaccutically acceptable salt thercof, and a pharmaceutically acceptable
excipient.

In an aspect, the disclosure fecaturcs a method of decreasing the activity of GRK?2 in a cell. This
method includes contacting the cell with an effective amount of any of the foregoing compounds or
pharmaceutical compositions.

In an aspect, the disclosure features a method of treating a GRK2-related disorder in a subject in
need thereof. This method includes administering to the subject an effective amount of any of the
foregoing compounds, or pharmaceutically acceptable salt thereof, or pharmaceutical compositions.

In some embodiments, the GRK?2-related disorder is a hematological disease, an infection, a
cardiovascular disease, e.g., cardiac failure, cardiac hypertrophy, and hypertension, cancer (e.g., skin
cancer such as melanoma, breast cancer, ovarian cancer, prostate cancer, gliomas, thyroid cancer,
pancreatic cancer, bile duct cancer, urinary tract cancer, head and neck cancer, gastric cancer, rhabdoid
cancer, mesothelioma, cervical cancer, liver cancer, colorectal cancer, lymphoma, lung cancer, leukemia,
and kidney cancer), an endocrinological disease, a metabolic disease, a gastroenterological disease, a
respiratory disease, inflammation such as inflammatory bowel disease, a neurological disease, opioid

addiction, or an urological disease.
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In an aspect, the disclosure features a method of treating cancer (e.g., pancreatic cancer) in a
subjcct in need thercof. This method includes administecring to the subjcct an cffective amount of any of
the foregoing compounds, or pharmaceutically acceptable salt thereof, or s pharmaceutical composition
thereof.

In some embodiments, the method further includes administering to the subject an anticancer
therapy.

In an aspect, the disclosure features a method of identifying a GRK2-selective compound. This
method includes contacting a first cell line that expresses GRK?2 with a test compound; contacting a
sccond ccll line that has been enginecred to overcxpress GRK?2 with the test compound; and asscssing
whether the proliferation of the first cell line is decreased in step a relative to the proliferation of the
second cell line in step b, wherein a decrease in proliferation of the first cell line in step a of at least 2-fold
(e.g., at least 3-fold, at least 4-fold, at least 5-fold, at least 10-fold, at least 15-fold, or at least 20-fold)
indicates that the test compound is a GRK2-selective compound.

The details of one or more embodiments of the disclosure are set forth in the description below.
Other features, objects, and advantages of the disclosure will be apparent from the description and from
the claims. Further features, objects, and advantages of the disclosure will be apparent from the examples

and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate several embodiments of the invention and together with the description, provide non-limiting
examples of the invention.

FIG. 1 shows in vivo tolerability of GRK?2 inhibitor Compound S1 in mice with PAXF1657
tumors. All compounds were dissolved in 10%PG/50%PEG400/35% Peanut Qil/5% DMSO.

FIG. 2 shows in vivo efficacy of GRK2 inhibitor Compound S1 in a PAXF1657 pancreatic tumor
modcl. All compounds dissolved in 10%PG/50%PEG400/35% Pcanut Oil/5% DMSO. Trcatment with
Compound S1 led to 36% tumor growth inhibition (TGI) with 300kg/kg QD dosing in in
10%PG/50% PEG/35 % Peanoil/5%DMSO.

FIG. 3 shows the structure of Compound S1.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
The present inventors have found that inhibition and/or depletion of GRK2 in cancer cells inhibits
the prolifcration of the cancer cells.
Accordingly, the disclosure features methods and compositions useful for the inhibition of the
activity of GRK2, e.g., for the treatment of cancer such as pancreatic cancer. The disclosure further
features methods and compositions useful for depletion of the GRK?2 protein, e.g., for the treatment of

cancer such as pancreatic cancer, e.g., in a subject in need thereof. Exemplary methods are described
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herein. The disclosure also provides compounds (e.g., GRK2 inhibitors) which are useful in the methods

described herein.

Compounds
In some embodiments, the compound of the disclosure, or a pharmaceutically acceptable salt
thereof, has the structure:
R4
!
@) N, .
1 R'" o7 R
X Y R R8 ==

N \ N !
I A

(R®)m N—N R2
Formula I

wherein m and n are, independently, 0, 1, 2, or 3;

X'is CR% or N;

X2%is CR® or N;

R' is hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C1-Ce heteroalkyl,
optionally substituted Cs-Cs cycloalkyl, optionally substituted C:-Co heterocyclyl, optionally substituted
C1-Cs alkyl C3-Cg cycloalkyl, optionally substituted C;-Cg heteroalkyl C3-Cg cycloalkyl, optionally
substituted C1-Cq alkyl C»-Co heterocyclyl, or optionally substituted Ci-Cs heteroalkyl C2-Co heterocyclyl;

R? and R*are, independently, hydrogen or optionally substituted C,-Cs alkyl;

each R? and R®is, independently, halogen, optionally substituted C;-Ce alkyl, optionally
substituted Cy-Cg heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R? is optionally substituted C¢-Cio aryl, optionally substituted C,-Co heteroaryl, optionally
substituted C»-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C;-Cg alkyl
Cs-Co aryl, optionally substituted C,-Cs alkyl C>-Cs heteroaryl, or optionally substituted C;-Cs alkyl C»-
Co heterocyclyl; and

R7 and R* are, independently, hydrogen, deuterium, optionally substituted Ci-Cs alkyl, or R” and
R?® combine with the atoms to which they are attached to form a optionally substituted Cs-Cs cycloalkyl or
C>-Cy heterocyclyl; and

R?is hydrogen, halogen, optionally substituted C1-Cs alkyl, optionally substituted C1-Ce
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R® combines with R' and the atoms to
which they are attached to form a C,-Co heterocyclyl.

In some embodiments, the compound is a GRK2-selective compound.

In some embodiments, if m and n are 0, R” and R® are hydrogen, X?is CH, R! is hydrogen or

optionally substituted C1-Cs alkyl, and R5 is optionally substituted C1-Cs alkyl C6-Cio aryl then X? is N.
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In some embodiments, the compound of the disclosure, or a pharmaceutically acceptable salt

thecrcof, has the structurc:

R4
0] 1
N
R? RY
Né\)\C N =
L
U T i
N—N R2

Formula Ia

whereinnis 0, 1, 2, or 3;

X1 and X2 are, independently, CR? or N;

R!, R?, and R*are, independently, hydrogen or optionally substituted C;-Cs alkyl;

each R? is, independently, hydrogen, halogen, optionally substituted C;-Cs alkyl, optionally
substituted C1-C¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R? is optionally substituted Cs-C10 aryl, optionally substituted C>-Co heteroaryl, optionally
substituted Cz-Co heterocyclyl, optionally substituted C3-Cs cycloalkyl, optionally substituted C1-Cs alkyl
Cs-Cio aryl, optionally substituted C;-Cs alkyl C2-Co heteroaryl, or optionally substituted C1-Cg alkyl Co-
Cs heterocyclyl, wherein if n is 0, X?is CH, and R’ is optionally substituted C1-Cs alkyl Cs-Cio aryl then
X?%is N.

In some embodiments, the compound of the disclosure, or a pharmaceutically acceptable salt
thereof, has the structure of Formula II:

A-L-B
Formula 11,

wherein

L is a linker;

B is a degradation moiety (e.g., a ubiquitin ligase binding moiety such as a ubiquitin ligase
binding moiety including a Cereblon ligand, a IAP (Inhibitors of Apoptosis) ligand, a mouse double
minute 2 homolog (MDM?2), or a von Hippel-Lindau (VHL) ligand, or a derivative or an analog thereof);
and

A has the structure of Formula III:

R10
1
R AK Rsf‘\
I SN g R
(R6)m N—N R2

Formula IIT
wherein m and n are, independently, 0, 1, 2, or 3;
X'is CR? or N
XZ%is CR?> or N:
R'!is Al, hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C;-C¢ heteroalkyl,

optionally substituted Cs-Cs cycloalkyl, optionally substituted C2-Co heterocyclyl, optionally substituted
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C1-Cs alkyl Cs-Cg cycloalkyl, optionally substituted C1-Cg heteroalkyl Cs-Cy cycloalkyl, optionally
substituted C1-Cg alkyl C2-Cq hetecrocyclyl, or optionally substituted C;-Cg heteroalkyl C»-Co heterocyclyl;

R? is hydrogen or optionally substituted C1-Cg alkyl;

cach R? and RC is, independently, hydrogen, halogen, optionally substituted C;-Cs alkyl,
optionally substituted C,-Cs heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R” and R?® are, independently, hydrogen, deuterium, optionally substituted C1-Cs alkyl, or R” and
R*® combine with the atoms to which they are attached to form a optionally substituted C3-Cg cycloalkyl or
C;,-Cy heterocyclyl,

R’ is hydrogen, halogen, optionally substituted C;-Ce alkyl, optionally substitutcd C1-Ce
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R® combines with R' and the atoms to
which they are attached to form a C»-Cg heterocyclyl;

R'%is -C(O)NR"R'? or -NHC(O)-R'";

R!'is A!, optionally substituted Cs-Cio aryl, optionally substituted C»-Cq heteroaryl, optionally
substituted C»>-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C;-Cs alkyl
Cs-Cio aryl, optionally substituted C;-Cs alkyl C2-Cy heteroaryl, or optionally substituted C;-Cs alkyl Ca-
Cy heterocyclyl;

R is hydrogen or optionally substituted C;-Ce alkyl; and

Al is a bond between A and the linker, wherein at least one, and only one of R! and R®is Al

In some cmbodiments, the compound has the structurc of any onc of compounds 1-65 in Tablc 1
or D1-D51 in Table 2.

In some embodiments, the compound is any one of the compounds in Table 1. In some
embodiments, the compound is any one of the compounds in Table 1, or a pharmaceutically acceptable
salt thereof.

In some embodiments, the compound is any one of the compounds in Table 2. In some
embodiments, the compound is any one of the compounds in Table 2, or a pharmaceutically acceptable
salt thercof.

In some embodiments, the compound is any one of the compounds in Table 7. In some
embodiments, the compound is any one of the compounds in Table 7, or a pharmaceutically acceptable
salt thereof.

In addition to free base and pharmaceutically acceptable salt forms of the compounds descirbed herein,
the present disclosure provides stereoisomers, tautomers, isotopically labeled derivatives, solvates,

hydrates, polymorphs, co-crystals, and prodrugs of the compounds described herein.

Methods of Treatment

The methods described here can be used to treat cancer.

Treating cancer can result in a reduction in size or volume of a tumor. For example, after
treatment, tumor size is reduced by 5% or greater (e.g., 10%, 20%, 30%, 40%, 50%. 60%, 70%, 80%,
90% or greater) relative to its size prior to treatment. Size of a tumor may be measured by any
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reproducible means of measurement. The size of a tumor may be measured as a diameter of the tumor or
by any rcproduciblc mcans of mcasurcment.

Treating cancer may further result in a decrease in number of tumors. For example, after
treatment, tumor number is reduced by 5% or greater (e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or greater) relative to number prior to treatment. Number of tumors may be measured by any
reproducible means of measurement. The number of tumors may be measured by counting tumors visible
to the naked eye or at a specified magnification (e.g., 2x, 3x, 4x, 5x, 10x, or 50x).

Treating cancer can result in a decrease in number of metastatic nodules in other tissues or organs
distant from the primary tumor sitc. For cxample, after trcatment, the number of mctastatic nodules is
reduced by 5% or greater (e.g., 10%, 20%, 30%, 409%, 50%, 60%, 70%, 80%, 90% or greater) relative to
number prior to treatment. The number of metastatic nodules may be measured by any reproducible
means of measurement. The number of metastatic nodules may be measured by counting metastatic
nodules visible to the naked eye or at a specified magnification (e.g., 2x, 10x, or 50x).

Treating cancer can result in an increase in average survival time of a population of subjects
treated according to the present disclosure in comparison to a population of untreated subjects. For
example, the average survival time is increased by more than 30 days (more than 60 days, 90 days, or 120
days). An increase in average survival time of a population may be measured by any reproducible means.
An increase in average survival time of a population may be measured, for example, by calculating for a
population the average length of survival following initiation of trcatment with the compound of the
disclosure. An increase in average survival time of a population may also be measured, for example, by
calculating for a population the average length of survival following completion of a first round of
treatment with the compound of the disclosure.

Treating cancer can also result in a decrease in the mortality rate of a population of treated
subjects in comparison to an untreated population. For example, the mortality rate is decreased by more
than 2% (e.g., more than 5%, 10%, or 25%). A decrease in the mortality rate of a population of treated
subjccts may be mecasured by any reproducible means, for example, by calculating for a population the
average number of disease-related deaths per unit time following initiation of treatment with the
compound of the disclosure. A decrease in the mortality rate of a population may also be measured, for
example, by calculating for a population the average number of disease-related deaths per unit time
following completion of a first round of treatment with the compound of the disclosure.

Treating cancer can also result in an increased average progression-free survival time of a
population of treated subjects in comparison to an untreated population. For example, the average
progression-free survival time is incrcased by morc than 30 days (morc than 60 days, 90 days, or 120
days). An increase in average progression-free survival time of a population may be measured by any
reproducible means. An increase in average progression-free survival time of a population may be
measured, for example, by calculating for a population the average length of progression-free survival
following initiation of treatment with the compound of the disclosure. An increase in average

progression-free survival time of a population may also be measured, for example, by calculating for a
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population the average length of progression-free survival following completion of a first round of

trecatment with the compound of the disclosure.

Combination Therapies

A method of the disclosure can be used alone or in combination with an additional anti-cancer
therapy, e.g., surgery, radiation, and/or a therapeutic agent, e.g., other agents that treat cancer or
symptoms associated therewith, or in combination with other types of therapies to treat cancer. In
combination treatments, the dosages of one or more of the therapeutic compounds may be reduced from
standard dosagcs when administered alone. For cxample, doscs may be determined empirically from drug
combinations and permutations or may be deduced by isobolographic analysis (e.g., Black et al.,
Neurology 65:S3-S6 (2005)). In this case, dosages of the compounds when combined should provide a
therapeutic effect.

In any of the combination embodiments described herein, the first and second therapeutic agents

are administered simultaneously or sequentially, in either order.

Pharmaceutical Compositions

The pharmaceutical compositions described herein are preferably formulated into pharmaceutical
compositions for administration to human subjects in a biologically compatible form suitable for
administration in vivo.

The compounds described herein may be used in the form of the free base, in the form of salts,
solvates, and as prodrugs. All forms are within the methods described herein. In accordance with the
methods of the disclosure, the described compounds or salts, solvates, or prodrugs thereof may be
administered to a patient in a variety of forms depending on the selected route of administration, as will
be understood by those skilled in the art. The compounds described herein may be administered, for
example, by oral, parenteral, buccal, sublingual, nasal, rectal, patch, pump, intratumoral, or transdermal
administration and the pharmaccutical compositions formulated accordingly. Parcnteral administration
includes intravenous, intraperitoneal, subcutaneous, intramuscular, transepithelial, nasal, intrapulmonary,
intrathecal, rectal, and topical modes of administration. Parenteral administration may be by continuous
infusion over a selected period of time.

A compound described herein may be orally administered, for example, with an inert diluent or
with an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin capsules, or it may be
compressed into tablets, or it may be incorporated directly with the food of the diet. For oral therapeutic
administration, a compound described herein may be incorporated with an cxcipient and usced in the form
of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, and wafers. A
compound described herein may also be administered parenterally. Conventional procedures and
ingredients for the selection and preparation of suitable formulations are described, for example, in
Remington’s Pharmaceutical Sciences (2012, 22nd ed.) and in The United States Pharmacopeia: The

National Formulary (USP 41 NF36), published in 2018. The pharmaceutical forms suitable for injectable
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use include sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
prcparation of sterile injectable solutions or dispcrsions. In all cascs the form must be sterilc and must be
fluid to the extent that may be easily administered via syringe. Compositions for nasal administration
may conveniently be formulated as aerosols, drops, gels, and powders. Aerosol formulations typically
include a solution or fine suspension of the active substance in a physiologically acceptable aqueous or
non-aqueous solvent and are usually presented in single or multidose quantities in sterile form in a sealed
container, which can take the form of a cartridge or refill for use with an atomizing device. Alternatively,
the sealed container may be a unitary dispensing device, such as a single dose nasal inhaler or an aerosol
dispensecr fitted with a metering valve which is intended for disposal after usc. Where the dosage form
includes an aerosol dispenser, it will contain a propellant, which can be a compressed gas, such as
compressed air or an organic propellant, such as fluorochlorohydrocarbon. The aerosol dosage forms can
also take the form of a pump-atomizer. Compositions suitable for buccal or sublingual administration
include tablets, lozenges, and pastilles, where the active ingredient is formulated with a carrier, such as
sugar, acacia, tragacanth, gelatin, and glycerine. Compositions for rectal administration are conveniently
in the form of suppositories containing a conventional suppository base, such as cocoa butter. A
compound described herein may be administered intratumorally, for example, as an intratumoral
injection. Intratumoral injection is injection directly into the tumor vasculature and is specifically
contemplated for discrete, solid, accessible tumors. Local, regional, or systemic administration also may
be appropriatc. A compound described hercin may advantagcously be contacted by administering an
injection or multiple injections to the tumor, spaced for example, at approximately, 1 cm intervals. In the
case of surgical intervention, the present disclosure may be used preoperatively, such as to render an
inoperable tumor subject to resection. Continuous administration also may be applied where appropriate,
for example, by implanting a catheter into a tumor or into tumor vasculature.

The compounds described herein may be administered to an animal, e.g., a human, alone or in
combination with pharmaceutically acceptable carriers, as noted herein, the proportion of which is
determinced by the solubility and chemical naturc of the compound, chosen route of administration, and

standard pharmaceutical practice.

Dosages

The dosage of the compounds described herein, and/or compositions including a compound
described herein, can vary depending on many factors, such as the pharmacodynamic properties of the
compound; the mode of administration; the age, health, and weight of the recipient; the nature and extent
of the symptoms; the frequency of the treatment, and the type of concurrent trcatment, if any; and the
clearance rate of the compound in the animal to be treated. One of skill in the art can determine the
appropriate dosage based on the above factors. The compounds described herein may be administered
initially in a suitable dosage that may be adjusted as required, depending on the clinical response. In

general, satisfactory results may be obtained when the compounds described herein are administered to a
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human at a daily dosage of, for example, between 0.05 mg and 3000 mg (measured as the solid form).
Dosc ranges include, for cxample, between 10-1000 mg.

Alternatively, the dosage amount can be calculated using the body weight of the patient. For
example, the dose of a compound, or pharmaceutical composition thereof, administered to a patient may

range from 0.1-50 mg/kg.

Chemical Terms and Definitions
Chemical Terms

For any of the following chemical definitions, a number following an atomic symbol indicates
that total number of atoms of that element that are present in a particular chemical moiety. As will be
understood, other atoms, such as hydrogen atoms, or substituent groups, as described herein, may be
present, as necessary, to satisfy the valences of the atoms. For example, an unsubstituted C; alkyl group
has the formula —CH>CHs. When used with the groups defined herein, a reference to the number of
carbon atoms includes the divalent carbon in acetal and ketal groups but does not include the carbonyl
carbon in acyl, ester, carbonate, or carbamate groups. A reference to the number of oxygen, nitrogen, or
sulfur atoms in a heteroaryl group only includes those atoms that form a part of a heterocyclic ring.

When a range of values (*range”) is listed, it encompasses each value and sub-range within the
range. A range is inclusive of the values at the two ends of the range unless otherwise provided. For
cxample “Cy-Cg alkyl” cncompasscs, C1, Ca, Cs, Ca, Cs, Cg, C1-Cs, Ci_Cs, Ci_Cy, Ci_C3, C12C;, C2.Cs, Co
Cs, C3 Cy, C2.C3, C3.Ce, C3.Cs, C5.Cy, C4 Cg, C4.Cs, and Cs Cp alkyl.

The term “acyl,” as used herein, represents a hydrogen or an alkyl group that is attached to a
parent molecular group through a carbonyl group, as defined herein, and is exemplified by formyl (i.e., a
carboxyaldehyde group), acetyl, trifluoroacetyl, propionyl, and butanoyl. Exemplary unsubstituted acyl
groups include from 1 to 6, from 1 to 11, or from 1 to 21 carbons.

The term “alkyl,” as used herein, refers to a branched or straight-chain monovalent saturated
aliphatic hydrocarbon radical of 1 to 20 carbon atoms (c.g., 1 to 16 carbon atoms, 1 to 10 carbon atoms, or
1 to 6 carbon atoms). An alkylene is a divalent alkyl group.

The term “alkenyl,” as used herein, alone or in combination with other groups, refers to a straight
chain or branched hydrocarbon residue having a carbon-carbon double bond and having 2 to 20 carbon
atoms (e.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6, or 2 carbon atoms).

The term “alkynyl,” as used herein, alone or in combination with other groups, refers to a straight
chain or branched hydrocarbon residue having a carbon-carbon triple bond and having 2 to 20 carbon
atoms (c.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6, or 2 carbon atoms).

The term “amino,” as used herein, represents —N(R™!),, wherein each RN! is, independently, H,
OH, NO,, N(RN?),, SO,0RN?, SO:RN2, SORM?, an N-protecting group, alkyl, alkoxy, aryl, arylalkyl,
cycloalkyl, acyl (e.g., acetyl, trifluoroacetyl, or others described herein), wherein each of these recited RN!

groups can be optionally substituted; or two RN' combine to form an alkylene or heteroalkylene, and
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wherein each RN is, independently, H, alkyl, or aryl. The amino groups of the compounds described
hercin can be an unsubstituted amino (i.c., -NH>) or a substitutcd amino (i.c., —N(R!)»).

The term “aryl,” as used herein, refers to an aromatic mono- or polycarbocyclic radical of 6 to 12
carbon atoms having at least one aromatic ring. Examples of such groups include, but are not limited to,
phenyl, naphthyl, 1.2.3.4-tetrahydronaphthyl, 1,2-dihydronaphthyl, indanyl, and 1H-indenyl.

The term “arylalkyl,” as used herein, represents an alkyl group substituted with an aryl group.
Exemplary unsubstituted arylalkyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or from 7 to 20
carbons, such as C;-C¢ alkyl Cs-C g aryl, C;-Cjg alkyl Cs-Cip aryl, or C;-Cyp alkyl Cs-C)o aryl), such as,
benzyl and phenethyl. In some ecmbodiments, the alkyl and the aryl cach can be further substituted with 1,
2, 3, or 4 substituent groups as defined herein for the respective groups.

The term “azido,” as used herein, represents a —INs group.

The term “bridged cyclyl,” as used herein, refers to a bridged polycyclic group of 5 to 20 atoms,
containing from 1 to 3 bridges. Bridged cyclyl includes bridged carbocyclyl (e.g., norbornyl) and bridged
heterocyclyl (e.g., 1,4-diazabicyclo[2.2.2]octane).

The term “cyano,” as used herein, represents a —CN group.

The term “carbocyclyl,” as used herein, refers to a non-aromatic Cs-Ci> monocyclic or polycyclic
(e.g., bicyclic or tricyclic) structure in which the rings are formed by carbon atoms. Carbocyclyl
structures include cycloalkyl groups and unsaturated carbocyclyl radicals. Polycyclic carbocyclyl
includcs spirocyclic carbocyclyl, bridged carbocyclyl, and fused carbocyclyl.

The term “cycloalkyl,” as used herein, refers to a saturated, non-aromatic, monovalent mono- or
polycarbocyclic radical of 3 to 10, preferably 3 to 6 carbon atoms. This term is further exemplified by
radicals such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and adamantyl.

The term “halogen,” as used herein, means a fluorine (fluoro), chlorine (chloro), bromine
(bromo), or iodine (iodo) radical.

The term “heteroalkyl,” as used herein, refers to an alkyl group, as defined herein, in which one
or morc of the constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some
embodiments, the heteroalkyl group can be further substituted with 1, 2, 3, or 4 substituent groups as
described herein for alkyl groups. Examples of heteroalkyl groups are an “alkoxy” which, as used herein,
refers alkyl-O— (e.g., methoxy and ethoxy). A heteroalkylene is a divalent heteroalkyl group. The term
“heteroalkenyl,” as used herein, refers to an alkenyl group, as defined herein, in which one or more of the
constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some embodiments, the
heteroalkenyl group can be further substituted with 1, 2, 3, or 4 substituent groups as described herein for
alkenyl groups. Examplcs of hetcroalkenyl groups arc an “alkenoxy” which, as uscd herein, refers
alkenyl-O—. A heteroalkenylene is a divalent heteroalkenyl group. The term “heteroalkynyl,” as used
herein, refers to an alkynyl group, as defined herein, in which one or more of the constituent carbon atoms
have been replaced by nitrogen, oxygen, or sulfur. In some embodiments, the heteroalkynyl group can be

further substituted with 1, 2, 3, or 4 substituent groups as described herein for alkynyl groups. Examples
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of heteroalkynyl groups are an “alkynoxy” which, as used herein, refers alkynyl-O—. A heteroalkynylene

is a divalent heteroalkynyl group.

The term “heteroaryl,” as used herein, refers to an aromatic monocyclic or polycyclic structure of
5 to 12 atoms having at least one aromatic ring containing 1, 2, or 3 ring atoms selected from nitrogen,
oxygen, and sulfur, with the remaining ring atoms being carbon. One or two ring carbon atoms of the
heteroaryl group may be replaced with a carbonyl group. Examples of heteroaryl groups are pyridyl,
pyrazoyl, benzooxazolyl, benzoimidazolyl, benzothiazolyl, imidazolyl, oxaxolyl, and thiazolyl.

The term “heteroarylalkyl,” as used herein, represents an alkyl group substituted with a heteroaryl
group. Excmplary unsubstituted heteroarylalkyl groups arc from 7 to 30 carbons (c.g., from 7 to 16 or
from 7 to 20 carbons, such as C1-Cs alkyl C>-Co heteroaryl, C1-Cio alkyl C>-Co heteroaryl, or Ci-Cao alkyl
C,-Co heteroaryl). In some embodiments, the alkyl and the heteroaryl each can be further substituted with
1, 2, 3, or 4 substituent groups as defined herein for the respective groups.

The term “heterocyclyl,” as used herein, refers a monocyclic or polycyclic (e.g., bicyclic or
tricyclic) structure having 3 to 12 atoms having at least one ring containing 1, 2, 3, or 4 ring atoms
selected from N, O or S, wherein no ring is aromatic. Polycyclic heterocyclyl includes spirocyclic
heterocyclyl, bridged heterocyclyl, and fused heterocyclyl. Examples of heterocyclyl groups include, but
are not limited to, morpholinyl, thiomorpholinyl, furyl, piperazinyl, piperidinyl, pyranyl, pyrrolidinyl,
tetrahydropyranyl, tetrahydrofuranyl, and 1,3-dioxanyl.

The term “heterocyclylalkyl,” as used hercin, represcnts an alkyl group substituted with a
heterocyclyl group. Exemplary unsubstituted heterocyclylalkyl groups are from 7 to 30 carbons (e.g.,
from 7 to 16 or from 7 to 20 carbons, such as C;-Cs alkyl C»-Co heterocyclyl, Ci-Cyo alkyl C2-Co
heterocyclyl, or Ci-Csyg alkyl C,-Cgq heterocyclyl). In some embodiments, the alkyl and the heterocyclyl
each can be further substituted with 1, 2, 3, or 4 substituent groups as defined herein for the respective
groups.

The term “hydroxyalkyl,” as used herein, represents alkyl group substituted with an —OH group.

The term “hydroxyl,” as uscd herein, represents an —OH group.

The term “N-protecting group,” as used herein, represents those groups intended to protect an
amino group against undesirable reactions during synthetic procedures. Commonly used N-protecting
groups are disclosed in Greene, Protective Groups in Organic Synthesis, 3rd Edition (John Wiley & Sons,
New York, 1999). N-protecting groups include, but are not limited to, acyl, aryloyl, or carbamyl groups
such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl,
trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-
bromobenzoyl, 4-nitrobenzoyl, and chiral auxiliarics such as protccted or unprotected D, L, or D, L-amino
acids such as alanine, leucine, and phenylalanine; sulfonyl-containing groups such as benzenesulfonyl,
and p-toluenesulfonyl; carbamate forming groups such as benzyloxycarbonyl, p-
chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-
nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 3,5-

dimethoxybenzyloxycarbonyl, 2.4- 20 dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 2-
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nitro-4,5-dimethoxybenzyloxycarbonyl, 3.4.5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-
mcthylethoxycarbonyl, a,a-dimethyl-3,5-dimcthoxybenzyloxycarbonyl, benzhydryloxy carbonyl, t-
butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
methoxycarbonyl, allyloxycarbonyl, 2,2,2 -trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxy
carbonyl, fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,
cyclohexyloxycarbonyl, and phenylthiocarbonyl, arylalkyl groups such as benzyl, triphenylmethyl, and
benzyloxymethyl, and silyl groups, such as trimethylsilyl. Preferred N-protecting groups are alloc,
formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, alanyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc),
and benzyloxycarbonyl (Cbz).

The term “nitro,” as used herein, represents an —NO- group.

The term “thiol,” as used herein, represents an —SH group.

The alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl (e.g.,
cycloalkyl), aryl, heteroaryl, and heterocyclyl groups may be substituted or unsubstituted. “Optionally
substituted” as used herein refers to the group being either substituted or unsubstituted. When substituted,
there will generally be 1 to 4 substituents present, unless otherwise specified. Substituents include, for
example: alkyl (e.g., unsubstituted and substituted, where the substituents include any group described
herein, e.g., aryl, halo, hydroxyl), aryl (e.g., substituted and unsubstituted phenyl), carbocyclyl (e.g.,
substituted and unsubstituted cycloalkyl), halogen (e.g., fluoro), hydroxyl, heteroalkyl (e.g., substituted
and unsubstituted methoxy, cthoxy, or thioalkoxy), hetcroaryl, heterocyclyl, amino (c.g., NH> or mono- or
dialkyl amino), azido, cyano, nitro, or thiol. Aryl, carbocyclyl (e.g., cycloalkyl), heteroaryl, and
heterocyclyl groups may also be substituted with alkyl (unsubstituted and substituted such as arylalkyl
(e.g., substituted and unsubstituted benzyl)).

Exemplary substituents (e.g., “optional substituents™) include, but are not limited to, halogen,
—CN, —NO3, —N3, —=SO:H, —-SO:H, —OH, —OR*, —ON(R"),, —N(R")3, —-N(R")3:*X~, -N(OR*)R"", —SH,
—SR*, —SCN, —SSR*, -C(=0)R*, —-CO;H, —-CHO, —C(OR%"),, —CO:R*, —OC(=0O)R**, —OCO:R*,
—C(=O)N(R®),, —OC(=O)N(R");, —NR"®C(=0)R**, —-NR"®CO,R*, —-NR**C(=0)N(R"®),, —C(=NR")R*,
—C(=NR"OR*, —OC(=NR™R*, —OC(=NR™)OR*, —C(=NR"™)N(R");, —OC(=NR"™)N(R"),,
—NR"C(=NR")N(R"), ~C(=0)NR"SO:R*, -NR"SO2R*, —SO:N(R*")2, —SO:R*, —SO,OR*,
—0SO:R*™, =S(=0)R™, —OS(=0)R™, —Si(R™)3, —OSi(R*™)3 —C(=S)N(R"*),, —C(=0)SR*, —C(=S)SR*™,
—-SC(=S)SR™, =SC(=0)SR™, —OC(=0)SR*, -SC(=0)OR*, —=SC(=0)R*, —P(=0)(R*),, —P(=0)(OR*),,
—OP(=0)(R*)2, ~OP(=0)(OR*)2, ~P(=0)(N(R"*)2)2, ~OP(=0)(N(R**)2)2, ~NR*P(=0)(R™)2,
—NRP®P(=0)(0OR%),, —~NRP*P(=O)}N(R®")1)2, —=P(R);, —=P(QR),, —P(R®):*X~, —P(OR);*X ", —P(R),,
—P(OR)4, —OP(R)2, —OP(R**)5*X"~, —OP(OR%), —OP(OR*)5*X"~, —OP(R*)4, —OP(OR )4, —B(R*"),
—B(OR*),, —-BR™(OR*®), C,_Cs alkyl, C,_Cg¢ perhaloalkyl, C, Cgs alkenyl, C, Cg alkynyl, C,_Cg
heteroalkyl, C2_Cs heteroalkenyl, C2_Cs heteroalkynyl, Cs.Cg carbocyclyl, 3-8 membered heterocyclyl, Ce.
Cio aryl, and 5-10 membered heteroaryl; wherein X~ is a counterion;

or two geminal hydrogens on a carbon atom are replaced with the group =0, =S,

=NN(R),, =NNR"C(=0)R*, =NNRC(=0)OR*, =NNR"S(=0),R* =NR", or =NOR";
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wherein:
cach instance of R* is, independently, sclected from Ci-Cs alkyl, Ci-Cs perhaloalkyl, Co-

Ce alkenyl, C, Cg alkynyl, C_C¢ heteroalkyl, C, C¢ heteroalkenyl, C> Cg heteroalkynyl, C;.Cg

carbocyclyl, 3-8 membered heterocyclyl, Cs.Cyp aryl, and 5-10 membered heteroaryl, or two R*

groups are joined to form a 3-8 membered heterocyclyl or 5-10 membered heteroaryl ring;

each instance of R is, independently, selected from hydrogen, —OH, —OR®, —N(R*),,

—CN, —C(=O0)R™, —C(=0)N(R*),, —CO,R*, —SO:R™*, —C(=NR*“)OR*, —C(=NR*“)N(R“),,

—SO:2N(R*)2, =SO:R**, =SO,0R®, —=SOR*, —C(=S)N(R*")2, —C(=0)SR*, —C(=S)SR*",

—P(=0)(R*)2, —P(=0)(OR)2, —P(=0)(N(R°)2)2, C1 C¢ alkyl, C, C¢ perhaloalkyl, C> Ce alkenyl,

C» Cs alkynyl, C1_Ce heteroalkyl, Cs_Cg heteroalkenyl, C> Cs heteroalkynyl, Cs.Cg carbocyclyl, 3-

8 membered heterocyclyl, Cs Cyo aryl, and 5-10 membered heteroaryl, or two R groups are

joined to form a 3-8 membered heterocyclyl or 5-10 membered heteroaryl ring;

each instance of R* is, independently, selected from hydrogen, Ci-Cs alkyl, Ci-Cs
perhaloalkyl, C>_Cs alkenyl, C>_C¢ alkynyl, C1_Cs heteroalkyl, C»>_Cs heteroalkenyl, C>_Cs
heteroalkynyl, Cs Cg carbocyclyl, 3-8 membered heterocyclyl, Ce Cio aryl, and 5-10 membered
heteroaryl, or two R groups are joined to form a 3-8 membered heterocyclyl or 5-10 membered
heteroaryl ring; and each X~ is a counterion.

In some embodiments, each substituent is independently halogen, substituted (e.g., substituted
with onc or morc halogen) or unsubstituted Cis alkyl, —OR?*?, —SR?#2, _N(R");, —CN, —SCN, —-NO,, —N3,
—C(=0)R™, —COzR™, —C(=0)N(R")2, —OC(=0)R*, —OCO:R™, —OC(=0)N(R"),, -NR**C(=0)R**,
—NR"C0,R**, or —-NR"C(=0)N(R"™),; wherein each R* is independently hydrogen or C;_Cg alkyl; and
each R is independently hydrogen or C1_Cs alkyl.

Compounds described herein can have one or more asymmetric carbon atoms and can eXist in the
form of optically pure enantiomers, mixtures of enantiomers such as, for example, racemates, optically
pure diastereoisomers, mixtures of diastereoisomers, diastereoisomeric racemates, or mixtures of
diastcrcoisomeric racemates. The optically active forms can be obtained, for example, by rcsolution of
the racemates, by asymmetric synthesis or asymmetric chromatography (chromatography with a chiral
adsorbent or eluant). That is, certain of the disclosed compounds may exist in various stereoisomeric
forms. Stereoisomers are compounds that differ only in their spatial arrangement. Enantiomers are pairs
of stereoisomers whose mirror images are not superimposable, most commonly because they contain an
asymmetrically substituted carbon atom that acts as a chiral center. "Enantiomer" means one of a pair of
molecules that are mirror images of each other and are not superimposable. Diastereomers are
stercoisomers that arc not rclated as mirror images, most commonly because they contain two or morc
asymmetrically substituted carbon atoms and represent the configuration of substituents around one or
more chiral carbon atoms. Enantiomers of a compound can be prepared, for example, by separating an
enantiomer from a racemate using one or more well-known techniques and methods, such as, for example,
chiral chromatography and separation methods based thereon. The appropriate technique and/or method

for separating an enantiomer of a compound described herein from a racemic mixture can be readily
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determined by those of skill in the art. "Racemate" or "racemic mixture" means a compound containing
two cnantiomers, whercin such mixturcs cxhibit no optical activity; i.c., they do not rotatc the planc of
polarized light. “Geometric isomer" means isomers that differ in the orientation of substituent atoms in
relationship to a carbon-carbon double bond, to a cycloalkyl ring, or to a bridged bicyclic system. Atoms
(other than H) on each side of a carbon- carbon double bond may be in an E (substituents are on 25
opposite sides of the carbon- carbon double bond) or Z (substituents are oriented on the same side)
configuration. "R," "S," "S* " "R*,)" "E," "Z," "cis," and "trans,"” indicate configurations relative to the
core molecule. Certain of the disclosed compounds may exist in atropisomeric forms. Atropisomers are
stercoisomers resulting from hindered rotation about single bonds wherc the steric strain barricr to
rotation is high enough to allow for the isolation of the conformers. The compounds described herein
may be prepared as individual isomers by either isomer-specific synthesis or resolved from an isomeric
mixture. Conventional resolution techniques include forming the salt of a free base of each isomer of an
isomeric pair using an optically active acid (followed by fractional crystallization and regeneration of the
free base), forming the salt of the acid form of each isomer of an isomeric pair using an optically active
amine (followed by fractional crystallization and regeneration of the free acid), forming an ester or amide
35 of each of the isomers of an isomeric pair using an optically pure acid, amine or alcohol (followed by
chromatographic separation and removal of the chiral auxiliary), or resolving an isomeric mixture of
either a starting material or a final product using various well known chromatographic methods. When
the stercochemistry of a discloscd compound is named or depicted by structure, the named or depicted
stereoisomer is at least 60%, 70%, 80%, 90%, 99%. or 99.9% by weight relative to the other
stereoisomers. When a single enantiomer is named or depicted by structure, the depicted or named
enantiomer is at least 60%, 70%, 80%, 90%, 99%. or 99.9% by weight optically pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%, 70%,
80%, 90%, 99%, or 99.9% by weight pure. Percent optical purity is the ratio of the weight of the
enantiomer or over the weight of the enantiomer plus the weight of its optical isomer. Diastereomeric
purity by weight is the ratio of the weight of onc diastercomer or over the weight of all the diastcrcomers.
When the stereochemistry of a disclosed compound is named or depicted by structure, the named or
depicted stereoisomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by mole fraction pure relative to
the other stereoisomers. When a single enantiomer is named or depicted by structure, the depicted or
named enantiomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by mole fraction pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%, 70%,
80%, 90%, 99%, or 99.9% by mole fraction pure. Percent purity by mole fraction is the ratio of the moles
of the cnantiomer or over the moles of the cnantiomer plus the moles of its optical isomer. Similarly,
percent purity by moles fraction is the ratio of the moles of the diastereomer or over the moles of the
diastereomer plus the moles of its isomer. When a disclosed compound is named or depicted by structure
without indicating the stereochemistry, and the compound has at least one chiral center, it is to be
understood that the name or structure encompasses either enantiomer of the compound free from the

corresponding optical isomer, a racemic mixture of the compound, or mixtures enriched in one
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enantiomer relative to its corresponding optical isomer. When a disclosed compound is named or
depicted by structurc without indicating the stcrcochemistry and has two or more chiral centers, it is to be
understood that the name or structure encompasses a diastereomer free of other diastereomers, a number
of diastereomers free from other diastereomeric pairs, mixtures of diastereomers, mixtures of
diastereomeric pairs, mixtures of diastereomers in which one diastereomer is enriched relative to the other
diastereomer(s), or mixtures of diastereomers in which one or more diastereomer is enriched relative to
the other diastereomers. The disclosure embraces all of these forms.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by onc of ordinary skill in the art to which this disclosure belongs. Mcthods and
materials are described herein for use in the present disclosure; other, suitable methods and materials
known in the art can also be used. The materials, methods, and examples are illustrative only and not
intended to be limiting. All publications, patent applications, patents, sequences, database entries, and
other references mentioned herein are incorporated by reference in their entirety. In case of conflict, the

present specification, including definitions, will control.

Other Definitions

In this application, unless otherwise clear from context, (i) the term “a” may be understood to
mean “at least one”; (ii) the term “or’” may be understood to mean “and/or’’; and (iii) the terms
“including” and “including” may bc undcrstood to cncompass itcmized componcents or stcps whether
presented by themselves or together with one or more additional components or steps.

As used herein, the terms “about” and “approximately” refer to a value that is within 10% above
or below the value being described. For example, the term “about 5 nM” indicates a range of from 4.5 to
5.5 nM.

As used herein, the term “administration” refers to the administration of a composition (e.g., a
compound or a preparation that includes a compound as described herein) to a subject or system.
Administration to an animal subjcct (c.g., to a human) may be by any appropriate route. For cxample, in
some embodiments, administration may be bronchial (including by bronchial instillation), buccal, enteral,
interdermal, intra-arterial, intradermal, intragastric, intramedullary, intramuscular, intranasal,
intraperitoneal, intrathecal, intratumoral, intravenous, intraventricular, mucosal, nasal, oral, rectal,
subcutaneous, sublingual, topical, tracheal (including by intratracheal instillation), transdermal, vaginal,
and vitreal.

The term “cancer” refers to any cancer caused by the proliferation of malignant neoplastic cells,
such as tumors, ncoplasms, carcinomas, sarcomas, lcukecmias, and lymphomas.

As used herein, a “combination therapy” or “administered in combination” means that two (or
more) different agents or treatments are administered to a subject as part of a defined treatment regimen
for a particular disease or condition. The treatmment regimen defines the doses and periodicity of
administration of each agent such that the effects of the separate agents on the subject overlap. In some

embodiments, the delivery of the two or more agents is simultaneous or concurrent and the agents may be
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co-formulated. In some embodiments, the two or more agents are not co-formulated and are administered
in a scqucntial manncr as part of a prescribed regimen. In some cmbodiments, administration of two or
more agents or treatments in combination is such that the reduction in a symptom, or other parameter
related to the disorder is greater than what would be observed with one agent or treatment delivered alone
or in the absence of the other. The effect of the two treatments can be partially additive, wholly additive,
or greater than additive (e.g., synergistic). Sequential or substantially simultaneous administration of each
therapeutic agent can be effected by any appropriate route including, but not limited to, oral routes,
intravenous routes, intramuscular routes, and direct absorption through mucous membrane tissues. The
therapeutic agents can be administered by the same route or by different routes. For example, a first
therapeutic agent of the combination may be administered by intravenous injection while a second
therapeutic agent of the combination may be administered orally.

As used herein, the term ““degrader” refers to a small molecule compound including a
degradation moiety, wherein the compound interacts with a protein (e.g., GRK2) in a way which results in
degradation of the protein, e.g., binding of the compound results in at least 5% reduction of the level of
the protein, e.g., in a cell or subject.

As used herein, the term “degradation moiety” refers to a moiety whose binding results in
degradation of a protein, e.g., GRK2. In one example, the moiety binds to a protease or a ubiquitin ligase
that metabolizes the protein, e.g., GRK2.

By “dctermining the level of a protein™ is meant the detection of a protein, or an mRNA cncoding
the protein, by methods known in the art either directly or indirectly. “Directly determining” means
performing a process (e.g., performing an assay or test on a sample or “‘analyzing a sample” as that term is
defined herein) to obtain the physical entity or value. “Indirectly determining’ refers to receiving the
physical entity or value from another party or source (e.g., a third-party laboratory that directly acquired
the physical entity or value). Methods to measure protein level generally include, but are not limited to,
western blotting, immunoblotting, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), immunoprccipitation, immunofluorescence, surface plasmon resonance, chemiluminescence,
fluorescent polarization, phosphorescence, immunochistochemical analysis, matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry, liquid chromatography (LC)-mass
spectrometry, microcytometry, microscopy, fluorescence activated cell sorting (FACS), and flow
cytometry, as well as assays based on a property of a protein including, but not limited to, enzymatic
activity or interaction with other protein partners. Methods to measure mRNA levels are known in the art.

The term “effective amount” means an amount that is sufficient, when administered to a
population sutfering from or susceptible to a discasc, disorder, and/or condition in accordancc with a
therapeutic dosing regimen, to treat the disease, disorder, and/or condition. In some embodiments, a
therapeutically effective amount is one that reduces the incidence and/or severity of, and/or delays onset
of, one or more symptoms of the disease, disorder, and/or condition. Those of ordinary skill in the art will
appreciate that the term “effective amount” does not in fact require successful treatment be achieved in a

particular individual. Rather, an effective amount may be that amount that provides a particular desired
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pharmacological response in a significant number of subjects when administered to patients in need of
such trcatment. It is specifically understood that particular subjccts may, in fact, be “refractory” to an
“effective amount.” To give but one example, a refractory subject may have a low bioavailability such
that clinical efficacy is not obtainable. In some embodiments, reference to an effective amount may be a
reference to an amount as measured in one or more specific tissues (e.g., a tissue affected by the disease,
disorder or condition) or fluids (e.g., blood, saliva, serum, sweat, tears, urine). Those of ordinary skill in
the art will appreciate that, in some embodiments, an effective amount may be formulated and/or
administered in a single dose. In some embodiments, an effective amount may be formulated and/or
administered in a plurality of doses, for example, as part of a dosing regimen.

As used herein, the term “GRK2” refers to G-protein-coupled receptor kinase 2 and belongs to the
G-protein-coupled receptor kinase subfamily of the Ser/Thr protein kinases. GRK2 is encoded by the
ADRBKI gene, the nucleic acid sequence of which is set forth in SEQ ID NO: 1.

SEQ ID NO: 1

ATGGCGGACCTGGAGGCGGTGCTGGCCGACGTGAGCTACCTGATGGCCATGGAGAAGAGCAAGGCCACGC
CGGCCGCGCGCGCCAGCAAGAAGATCCTGCTGCCCGAGCCCAGCATCCGCAGTGTCATGCAGAAGTACCT
CGAGGACCGCCGGCGAGCGTCACCTTTGAGAACATCTTTTCCCACAAGCTGGCGTACCTGCTCTTCCGAGALC
TTCTGCCTGAACCACCTGGAGGCGAGGCCAGGCCCTTGECTGGAATTCTATCGAGGAGATCAAGAAGTACGAGA
AGCTGGAGACGGAGGAGGAGCGETGTGGCCCGCAGCCGGGAGATCTTCGACTCATACATCATGAAGGAGCT
GCTGGCCTGCTCGCATCCCTTCTCGAAGAGTGCCACTGAGCATGTCCAAGGCCACCTGGGGAAGAAGCAG
GTGCCTCCGGATCTCTTCCAGCCATACATCGAAGAGATTTGTCAAANACCTCCGAGGGGACGTGTTCCAGA
AATTCATTGAGAGCGATAAGTTCACACGGTTTTGCCAGTGGAAGAATGTGGAGCTCAACATCCACCTGAC
CATGAATGACTTCAGCGTGCATCGCATCATTGGGCGEGCGGGEGGCTTTGGCGAGGTCTATGGGTGCCGGAAG
GCTGACACAGGCAAGATGTACGCCATCAAGTGCCTGGACAAAAAGCGCATCAAGATCGAAGCAGGGGGAGA
CCOTGGCCCTGAACGAGCGCATCATGCTCTCGCTCGTCAGCACTGGGGACTGCCCATTCATTGTCTGCAT
GTCATACGCGTTCCACACGCCAGACAAGCTCAGCTTCATCCTGGACCTCATGAACGGTGGGGACCTGCAC
TACCACCTCTCCCAGCACGGGGTCTTCTCAGAGGCTGACATGCGCTTCTATGCGGCCGAGATCATCCTGG
GCCTGGAGCACATGCACAACCGCTTCGTGGTCTACCGGGACCTGAAGCCAGCCAACATCCTTCTGGACGA
GCATGGCCACGTGCGGATCTCGGACCTGGGCCTGGCCTGTGACTTCTCCAAGAAGAAGCCCCATGCCAGC
GTGGGCACCCACGGGTACATGGCTCCGGAGGTCCTGCAGAAGGGCGTGGCCTACGACAGCAGTGCCGACT
GGTTCTCTCTGGGGTGCATGCTCTTCAAGTTGCTGCGCGGGGCACAGCCCCTTCCGGCAGCACAAGACCAA
AGACAAGCATGAGATCGACCGCATGACGCTGACGATGGCCGTGGAGCTGCCCGACTCCTTCTCCCCTGAA
CTACGCTCCCTGCTGGAGGGGTTGCTGCAGAGGGATGTCAACCGGAGATTGGGCTGCCTGGGCCGAGGGG
CTCAGGAGGTGAAAGAGAGCCCCTTTTTCCGCTCCCTGGACTGGCAGATGGTCTTCTTGCAGAAGTACCC
TCCCCCEGCTGATCCCCCCACGAGGGGAGGTGAACGCGGCCGACGCCTTCGACATTGGCTCCTTCGATGAG
GAGGACACAAAAGGAATCAAGTTACTGGACAGTGATCAGGAGCTCTACCGCAACTTCCCCCTCACCATCT
CGGAGCGGTGGCAGCAGGAGGTGGCAGAGACTGTCTTCGACACCATCAACGCTGAGACAGACCGGCTGGA
GGCTCGCAAGAAAGCCAAGAACANGCAGCTGGGCCATGAGGAAGACTACGCCCTGGGCAAGGACTGCATC
ATGCATGGCTACATGTCCAAGATGGGCAACCCCTTCCTGACCCAGTGGCAGCGGCGGTACTTCTACCTGT
TCCCCAACCGCCTCGAGTGGCGEGGGGCGAGGGCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCA
GTCGGTGGAGGAGACGCAGATCAAGGAGCGCAAGTGCCTGCTCCTCAAGATCCGCGGTGGGAAACAGTTC
ATTTTGCAGTGCGATAGCGACCCTGAGCTGGTGCAGTGGAAGAAGGAGCTGCGCGACGCCTACCGCGAGG
CCCAGCAGCTGGCTCGCACGCGGGTCGCCCAAGATGAACAACAAGCCGCACTCGCCCCTGGTGCGAGCTCAGCAA
GGTGCCGCTGGTCCAGCGCGGCAGTGCCAACGGCCTCTGA

The term “GRK?2” also refers to natural variants of the wild-type GRK?2 protein, such as proteins
having at least 85% identity (e.g., 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.9% identity, or more) to the amino acid sequence of wild-type GRK2, which is set
forth in SEQ ID NO: 2.
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SEQ ID NO: 2

MADLEAVLADVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVIFEKIFSQKLGYLLFRD
FCLNHLEEARPLVEFYEEIKKYEKLETEEERVARSREIFDSYIMKELLACSHPFSKSATEHVQGHLGKKQ
VPPDLFQPYIEEICONLRGDVFQKFIESDKFTRFCOWKNVELNIHLTMNDFSVHRI IGRGGFGEVYGCRK
ADTGKMYAMKCLDKKRIKMKQCETLALNERIMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMNGGDLHE
YHLSQHGVFSEADMRFYAAET ILGLEHMHNRFVVYRDLKPANILLDEHGHVRISDLGLACDFSKKKPHAS
VGTHGYMAPEVLQKGVAYDSSADWFSLGCMLFKLLRGHSPFROHKTKDKHEIDRMTLTMAVELPDSFSPE
LRSLLEGLLORDVNRRLGCLGRGAQEVKESPFFRSLDWOMVFLOKYPPPLIPPRGEVNAADAFDIGSFDE
EDTKGIKLLDSDQELYRNFPLTISERWQQOEVAETVEFDTINAETDRLEARKKAKNKQLGHEEDYATL.GKDCT
MHGYMSKMGNPFLTQWQORRYFYLFPNRLEWRGEGEAPQSLLTMEEIQSVEETQIKERKCLLLKIRGGKQF
ILOQCDSDPELVOQWKKELRDAYREAQQLVORVPKMKNKPRSPVVELSKVPLVQORGSANGL

As used herein, the term “GRK2-related disorder,” refers to a diseases or condition that is
associated with cells that express or overexpress GRK2 (e.g., cancer cells that express or overexpress
GRK2 compared to a reference). GRK2-related disorders can be identified by assessing a cell or a biopsy
of a tissue sample for GRK2 expression and comparing it to GRK2 expression in a reference cell or tissue
sample.

As used herein, the term “GRK2-selective compound,” refers to a compound having a ratio of
greater than 2 (e.g., greater than 3, greater than 4, greater than 5, greater than 10, greater than 15, or
greater than 20) of the Glso in the PAXF1657 cell line stably overexpressing GRK?2 over the Gls in the
PAXF1657 control empty vector cell line in the assay described in Example 9. For example, compound 1
has a ratio of 12.34, i.c., a Gls in thc PAXF1657 ccll linc stably overcxpressing GRK2 of 24.30 and a
Glso in the PAXF1657 control empty vector cell line of 1.97 (24.30:1.97). Thus, compound 1 is a GRK2-
selective compound.

By “reducing the activity of GRK2” or “decreasing the activity of GRK2” is meant decreasing the
level of an activity related to a GRK2 protein, or a related downstream effect. In some embodiments, the
level of an activity related to a GRK?2 protein, or a downstream effect, is decreased in a cell. In some
embodiments, the cell is a mammalian cell. In some embodiments, the cell is a cancer cell (e.g.,
pancreatic cancer cell).

By “level” is meant a level of a protein, or mRNA encoding the protein, as compared to a
reference (i.e., control). The reference can be any useful reference, as defined herein. By a “decreased
level” or an “increased level” of a protein is meant a decrease or increase in protein level, as compared to
areference (e.g., a decrease or an increase by about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%. about 85%, about 90%, about 95%, about 100%, about 150%, about 200%,
about 300%, about 400%, about 500%, or more; a decrease or an increase of more than about 10%, about
15%, about 20%, about 50%. about 75%, about 100%, or about 200%, as compared to a reference; a
decrease or an increase by less than about 0.01-fold, about 0.02-fold, about 0.1-fold, about 0.3-fold, about
0.5-fold. about 0.8-fold, or lcss; or an incrcasc by morc than about 1.2-fold, about 1.4-fold, about 1.5-fold,
about 1.8-fold, about 2.0-fold, about 3.0-fold, about 3.5-fold, about 4.5-fold, about 5.0-fold, about 10-
fold, about 15-fold, about 20-fold, about 30-fold, about 40-fold, about 50-fold, about 100-fold, about
1000-fold, or more). A level of a protein may be expressed in mass/vol (e.g., g/dL, mg/mL, ng/mL,
ng/mL) or percentage relative to total protein or mRINA in a sample.
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The term “pharmaceutical composition,” as used herein, represents a composition containing a
compound described hercin formulated with a pharmaccutically acceptable cxcipicnt, and manufacturcd
or sold with the approval of a governmental regulatory agency as part of a therapeutic regimen for the
treatment of disease in a mammal. Pharmaceutical compositions can be formulated, for example, for oral
administration in unit dosage form (e.g., a tablet, capsule, caplet, gelcap, or syrup); for topical
administration (e.g., as a cream, gel, lotion, or ointment); for intravenous administration (e.g., as a sterile
solution free of particulate emboli and in a solvent system suitable for intravenous use); or in any other
pharmaceutically acceptable formulation.

A “pharmaccutically acceptable cxcipient,” as used herein, refers any ingredicent other than the
compounds described herein (for example, a vehicle capable of suspending or dissolving the active
compound) and having the properties of being substantially nontoxic and non-inflammatory in a patient.
Excipients may include, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dyes (colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors,
fragrances, glidants (flow enhancers), lubricants, preservatives, printing inks, sorbents, suspensing or
dispersing agents, sweeteners, and waters of hydration.

As used herein, the term “pharmaceutically acceptable salt” means any pharmaceutically
acceptable salt of the compound of any of the compounds described herein. For example,
pharmaceutically acceptable salts of any of the compounds described herein include those that are within
the scope of sound medical judgment, suitable for usc in contact with the tissucs of humans and animals
without undue toxicity, irritation, allergic response and are commensurate with a reasonable benefit/risk
ratio. Pharmaceutically acceptable salts are well known in the art. For example, pharmaceutically
acceptable salts are described in Berge et al., J. Pharmaceutical Sciences 66:1-19, 1977 and in
Pharmaceutical Salts: Properties, Selection, and Use, (Eds. P.H. Stahl and C.G. Wermuth), Wiley-VCH,
2008. The salts can be prepared in situ during the final isolation and purification of the compounds
described herein or separately by reacting a free base group with a suitable organic acid.

“Progression-free survival” as used herein, refers to the length of time during and after
medication or treatment during which the disease being treated (e.g., cancer) does not get worse.

“Proliferation™ as used in this application involves reproduction or multiplication of similar forms
(cells) due to constituting (cellular) elements.

By a “reference” or “control” is meant any useful reference used to compare protein or mRNA
levels. The reference can be any sample, standard, standard curve, or level that is used for comparison
purposes. The reference can be a normal reference sample or a reference standard or level. A “reference
sample™ can be, for cxample, a control, c.g., a predctermined ncgative control valuc such as a “normal
control” or a prior sample taken from the same subject; a sample from a normal healthy subject, such as a
normal cell or normal tissue; a sample (e.g., a cell or tissue) from a subject not having a disease; a sample
from a subject that is diagnosed with a disease, but not yet treated with a compound described herein; a
sample from a subject that has been treated by a compound described herein; or a sample of a purified

protein (e.g., any described herein) at a known normal concentration. By “reference standard or level” is
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meant a value or number derived from a reference sample. A “normal control value” is a pre-determined
valuc indicative of non-discasc statc, c.g., a valuc cxpected in a hecalthy control subjcct. Typically, a
normal control value is expressed as a range (“between X and Y”), a high threshold (“no higher than X*),
or a low threshold (*no lower than X’’). A subject having a measured value within the normal control
value for a particular biomarker is typically referred to as “within normal limits” for that biomarker. A
normal reference standard or level can be a value or number derived from a normal subject not having a
disease or disorder (e.g., cancer); a subject that has been treated with a compound described herein. In
preferred embodiments, the reference sample, standard, or level is matched to the sample subject sample
by at lcast onc of the following critcria: age, weight, scx, discasc stage, and overall health. A standard
curve of levels of a purified protein, e.g., any described herein, within the normal reference range can also
be used as a reference.

As used herein, the term “subject™ refers to any organism to which a composition in accordance
with the disclosure may be administered, e.g., for experimental, diagnostic, prophylactic, and/or
therapeutic purposes. Typical subjects include any animal (e.g., mammals such as mice, rats, rabbits,
non-human primates, and humans). A subject may seek or be in need of treatment, require treatment, be
receiving treatment, be receiving treatment in the future, or be a human or animal who is under care by a
trained professional for a particular disease or condition.

As used herein, the terms "treat," "treated,” or "treating" mean both therapeutic treatment and
prophylactic or preventative mcasurcs wherein the object is to prevent or slow down (lessen) an undesired
physiological condition, disorder, or disease, or obtain beneficial or desired clinical results. Beneficial or
desired clinical results include, but are not limited to, alleviation of symptoms; diminishment of the extent
of a condition, disorder, or disease; stabilized (i.e., not worsening) state of condition, disorder, or disease;
delay in onset or slowing of condition, disorder, or disease progression; amelioration of the condition,
disorder, or disease state or remission (whether partial or total), whether detectable or undetectable; an
amelioration of at least one measurable physical parameter, not necessarily discernible by the patient; or
cnhancement or improvement of condition, disorder, or discasc. Treatment includes cliciting a clinically
significant response without excessive levels of side effects. Treatment also includes prolonging survival
as compared to expected survival if not receiving treatment.

As used herein, the terms “variant” and ““derivative’ are used interchangeably and refer to
naturally-occurring, synthetic, and semi-synthetic analogues of a compound, peptide, protein, or other
substance described herein. A variant or derivative of a compound, peptide, protein, or other substance
described herein may retain or improve upon the biological activity of the original material.

The details of onc or morc cmbodiments of the disclosure arc sct forth in the description below. Other
features, objects, and advantages of the disclosure will be apparent from the description and from the
claims.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. Methods and

materials are described herein for use in the present disclosure; other, suitable methods and materials
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known in the art can also be used. The materials, methods, and examples are illustrative only and not
intended to be limiting. All publications, patent applications, patcnts, scquencces, databasc cntrics, and
other references mentioned herein are incorporated by reference in their entirety. In case of conflict, the

present specification, including definitions, will control.

EXAMPLES
Example 1. Preparation of Key Intermediates

Schemes below illustrate the preparation of key intermediates.

Scheme 1: Synthesis of BB-001 (3-(((5-(pyridin-4-yl)-4 H-1,2 4-triazol-3-
yDmethyl)amino)benzoic acid)
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Step 1: Ethyl 3-[[2-(benzyloxy)-2-oxoethyl]Jamino]benzoate

To a stirred solution of tricaine (5.0 g, 30.37 mmol, 1.0 equiv.) and benzyl 2-bromoacetate (6.9 g,
30.27 mmol, 1.0 equiv.) in DMF (40.0 mL), was added K>COs (6.3 g, 45.40 mmol, 1.5 equiv.) in portions
at 0 °C under atmosphere of nitrogen. The resulting mixture was stirred for overnight at 45 °C and then
quenched by the addition of water. The resulting mixture was extracted with EtOAc, washed with brine,
dried over anhydrous Na;SO., and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, cluted with petrolcum cther/EtOAc (1:25) to afford cthyl 3-[[2-
(benzyloxy)-2-oxocthyl]amino]benzoatc (6.3 g, 66.4%) as a ycllow solid. MS-ESI: 314.1 [M+H] *.

Step 2: [[3-(ethoxycarbonyl)phenyl]amino]acetic acid
To a solution of ethyl 3-|| 2-(benzyloxy)-2-oxoethyl Jamino [benzoate (30.0 g, 95.74 mmol, 1.0
equiv.) in 300 mL MeOH was added Pd/C (10%. 8.9 g). The solution was degassed and back filled with
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nitrogen for three times and then stirred for overnight under atmosphere of hydrogen. After filtration
through a Ceclitc pad, the solution was conccntrated under reduced pressure to atford [[3-

(ethoxycarbonyl)phenyl]amino]acetic acid (15.1 g, crude) as a yellow oil. MS-ESI: 224.1 [M+H] *.

Step 3: ethyl 3-[(INV-[(1Z)-amino(pyridin-
4yDmethylidene]hydrazinecarbonylmethyl)amino]benzoate

To a stirred solution of [[3-(ethoxycarbonyl)phenyl]amino]acetic acid (15.0 g, 67.20 mmol, 1.0
equiv.) and (Z)-N-aminopyridine-4-carboximidamide (9.2 g, 67.20 mmol, 1.0 equiv.) in DMF (150.0 mL),
were added HOBt (13.6 g, 100.80 mmol, 1.5 equiv.) and WSC.HCI (19.3 g, 100.80 mmol, 1.5 cquiv.) at
room temperature. The final reaction mixture was stirred for overnight at room temperature and then
quenched by the addition of water. The resulting mixture was extracted with EtOAc, washed with brine,
dried over anhydrous MgSO., and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, eluted with DCM/MeOH (10:1) to afford ethyl 3-[{[N-[(1Z)-
amino(pyridin-4yl)methylidene]hydrazinecarbonylJmethyl)amino]benzoate (12.1g, 52.3%) as a yellow
solid. MS-ESI: 342 2 [M+H] *.

Step 4: ethyl 3-([[5-(pyridin-4-yl)-4H-1,2 4-triazol-3-yllmethylJamino)benzoate

To a stirred solution of ethyl 3-[([N-[(1Z)-amino(pyridin-4-
yDmcthylidenc]hydrazinecarbonylJmcethyl)amino]benzoate (12.0 g, 35.15 mmol, 1.0 cquiv.) in EtOH
(120.0 mL), was added AcOH (12.0 mL) dropwise at room temperature. The resulting mixture was
stirred for overnight at 90 °C and then concentrated under vacuum. The residue was purified by silica gel
column chromatography, eluted with DCM/MeOH (10:1) to afford ethyl 3-([[5-(pyridin-4-y1)-4H-1,2.4-
triazol-3-yl]JmethylJamino)benzoate (7.1 g, 61.6%) as a yellow solid. MS-ESI: 324.1 [M+H] *.

Step 5: 3-([[5-(pyridin-4-yl)-4H-1,2,4-triazol-3-ylJmethylJamino)benzoic acid

To a stirred solution of cthyl 3-([[5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl]mcthyl]Jamino)bcnzoatc
(7.0 g, 21.65 mmol, 1.0 equiv.) in MeOH/water (30.0 mL/30.0 mL), NaOH (3.5 g, 86.59 mmol, 4.0
equiv.) was added at 0 °C. The resulting mixture was stitred for overnight at room temperature and then
concentrated under vacuum to remove MeOH. The resulting mixture was acidified to pH 6 with conc.
HCI. The precipitated solids were collected by filtration and dried to afford 3-([[5-(pyridin-4-yl)-4H-
1,2,4-triazol-3-yllmethyl]amino)benzoic acid (4.68 g,73.2 %) as a white solid. MS-ESI: 296.1 [M+H] *.
'H NMR (300 MHz, DMSO-d¢) & 14.34 (brs, 1H), 12.68 (brs, 1H), 8.68 (d, J= 4.8 Hz, 2H), 7.91-7.78 (m,
2H), 7.24-7.15 (m, 3H), 6.87-6.83 (m, 1H), 6.59 (t, / =5.7 Hz, 1H), 4.48 (d, J = 5.7 Hz, 2H).
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Scheme 2: Synthesis of BB-002 (3-(((4-methyl-5-(pyrimidin-4-yl)-4H-1,2,4-triazol-3-
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Step 1: ethyl (imethylcarbamoyl)formate

To a stirred solution of methylamine (12.5 g, 402.84 mmol, 1.1 equiv.) and triethylamine (92.7 g,
915.58 mmol, 2.5 equiv.) in DCM (1.5 L), was added ethyl chloroglyoxylate (50.0 g, 366.22 mmol, 1.0
equiv.) dropwise at 0 °C. The resulting mixture was stirred for 1 h at 0 °C and then quenched by the
addition of water. The mixture was extracted with DCM and concentrated under vacuum to afford ethyl

(methylcarbamoyl)formate (25 g, 52.1%) as a brown yellow oil. MS-ESI: 132.1 [M+H] *.

Step 2: ethyl (methylcarbamothioyDformate

To a solution of ethyl (methylcarbamoyl)formate (25.0 g, 190.65 mmol, 1.0 equiv.) in toluene
(500.0 mL), was added Lawesson reagent (38.5 g, 95.33 mmol, 0.5 equiv.). The resulting mixture was
stirred for overnight at 90 °C and then concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, eluted with petroleum ether/EtOAc (1:1) to afford ethyl
(methylcarbamothioyl)formate (12 g, 42.7%) as a yellow oil. MS-ESI: 148.0 [M+H] *.

Step 3: ethyl 4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazole-3-carboxylate

To a stirred solution of ethyl (methylcarbamothioyl)formate (12 g, 81.53 mmol, 1.0 equiv.) in
DCM (100 mLl1), was added a solution of EtzOBF4 (23.2 g, 122.29 mmol, 1.5 equiv.) in DCM (200.0 mL)
dropwise at O °C. The resulting mixture was stirred for 1.5 h at room temperature under nitrogen
atmosphere. The solution was washed with brine and concentrated under vacuum. The residue was
dissolved in toluene (400.0 mL), and to the mixture was added pyrimidine-4-carbohydrazide (11.3 g,
81.53 mmol, 1.0 equiv.). The resulting mixture was stirred for additional overnight at 130 °C and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,
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eluted with DCM/MeOH (20:1) to afford ethyl 4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazole-3-carboxylate

(13 g, 63.9%) as a ycllow solid. MS-ESI: 234.1 [M+H] *.

Step 4: [4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-ylJmethanol

To a stirred solution of ethyl 4-methyl-5-(pyrimidin-4-yl)-1.2.4-triazole-3-carboxylate (12.0 g,
51.45 mmol, 1.0 equiv.) in EtOH (160.0 mL), were added CaCl- (1.7 g, 15.44 mmol, 0.3 equiv.), and
NaBH4 (2.4 g, 61.74 mmol, 1.2 equiv.) in portions at O °C. The final reaction mixture was stirred for 3 h
at room temperature and then quenched by the addition of water. After concentration under vacuum, the
residuc was purificd by silica gel column chromatography, cluted with DCM/McOH (12:1) to afford [4-
methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl]methanol (9.0 g, 91.5%) as a white solid.. MS-ESI: 192.1
[M+H] ™.

Step 5: 4-[5-(chloromethyl)-4-methyl-1.2.4-triazol-3-yl]pyrimidine

To a stirred solution of [4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl]Jmethanol (9.0 g, 47.07
mmol, 1.0 equiv.) in DCM (45.0 mL), was added SOCI; (45.0 mL) dropwise at O °C under atmosphere of
nitrogen. The resulting mixture was stirred for 2 h at room temperature and then concentrated under
reduced pressure to afford 4-[S-(chloromethyl)-4-methyl-1,2,4-triazol-3-yl]pyrimidine (12.6 g, crude) as
a yellow crude solid. MS-ESI: 210.1 [M+H]*.

Step 6: ethyl 3-([[4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-ylJmethylJamino)benzoate

To a stirred solution of 4-[5-(chloromethyl)-4-methyl-1,2,4-triazol-3-yl]pyrimidine (12.6 g, 60.10
mmol, 1.0 equiv.) in DMF (300.0 mL), was added ethyl 3-aminobenzoate (29.8 g, 180.31 mmol, 3.0
equiv.). The resulting mixture was stirred for 14 h at 90 °C and then quenched by the addition of water.
The aqueous layer was extracted with DCM and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, eluted with DCM/MeOH (12:1) to afford ethyl 3-([[4-
mcthyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl]JmcthylJamino)benzoate (11.0 g, 54.1%) as a brown solid.
MS-ESI: 325.1 [M+H] *.

Step 7: 3-([[4-methyl-5-(pyrimidin-4-yl)-1,2.4-triazol-3-ylJmethyl Jamino)benzoic acid

To a stirred solution of ethyl 3-([[4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl |methyl]amino)
benzoate (11.0 g, 32.51 mmol, 1.0 equiv.) in THF/water (80.0 mL/80.0 mL), was added NaOH (5.2 g,
130.04 mmol, 4.0 equiv.). The resulting mixture was stirred for overnight at room temperature and
concentrated under reduced pressurc to remove THF. The resulting solution was acidified to pH = 6 with
HCI (aq.). The resulting solids were collected by filtration, washed with DCM and dried to afford 3-([[4-
methyl-5-(pyrimidin-4-yl)-1,2 4-triazol-3-yl]methylJamino)benzoic acid (10.1 g, 99.1%) as an off-white
solid. MS-ESI: 311.2 [IM+H]| *. 'H NMR (400 MHz, DMSO-de) 6 9.34 (s, 1H), 8.98 (d, / = 5.2 Hz. 1H),
8.19-8.17 (m, 1H), 7.35 (s, 1H), 7.24-7.17 (m, 2H), 7.001-6.98 (m, 1H), 4.58 (s, 2H), 3.35 (s, 3H).
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The intermediates in Table 3 below were prepared using methods similar to those described for

BB-002 above.

Table 3.
Building Starting e
Block material Structure Analytical data

MS-ESI: 339.1 [M+H] ~.
‘) "H NMR (400 MHz, DMSO-de) &
N

12.75 (brs, 1H), 9.34 (s, 1H), 8.97 (d
/= g J=52Hz, 1H), 8.22-8.20 (m, 1H),
- NH N OH
BB-005 AN N TN 7.35 (s, 1H), 7.24-7.17 (m, 2H),
N 7.00-6.98 (m, 1H), 4.60 (s, 2H), 4.54
(t, J=7.6 Hz, 2H), 1.76-1.67 (m,

2H), 0.86 (t, J = 7.6 Hz, 3H).

MS-ESI: 430.2 [M+H] *.
'H NMR (300 MHz, DMSO-d) &
BnO 12.66 (brs, 1H), 9.34 (s, 1H), 8.67 (d,

H J = 4.8 Hz, 2H),7.67 (d, J = 6.0 Hz,
B 007 BnO\/\NH2 N ®\<N /@\(OH 2H), 7.34 (s, LH), 7.27-7.18 (m, SH),
\ P~ TN 7.04-7.02 (m, 2H), 6.97-6.93 (m,
N-N - H o 1H), 6.55-6.51 (m, 1H), 4.57-4.55
(m, 2H), 4.45 (1, J = 4.8 Hz, 2H),
4.32 (s, 2H), 3.60 (t, J = 4.8 Hz, 2H),
3.60 (t, J = 4.8 Hz, 2H).

Scheme 3: Synthesis of BB-006 (3-(((5,6-dihydropyrido[4,3-f]1[1,2.4]triazolo[4,3-
d][1.,4]oxazepin-3-yl)methyl)amino)benzoic acid)
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Step 1: Methyl 2-mercaptothiazole-5-carboxylate

To a stitred solution of 3-hydroxypyridine-4-carboxylic acid (50.0 g, 359.43 mmol, 1.0 cquiv.) in
MeOH (500.0 mL), was added conc. H>SO4 (70.0 mL, 1313.24 mmol, 3.7 equiv.) dropwise at O °C. The
resulting solution was stirred for 16 h at 80 °C and then quenched by the addition of water. The pH value
of the solution was adjusted to 7 with K»COs aqueous. The resulting solution was extracted DCM and
concentrated under reduced pressure to afford methyl 3-hydroxypyridine-4-carboxylate (42.0 g, 76.3%) as
a light yellow solid. MS-ESI: 154.0 [M+H] *.

Step 2: Mcthyl 3-(2-[[(benzyloxy)carbonylJamino Jethoxy)pyridine-4-carboxylate

To a solution of methyl 3-hydroxypyridine-4-carboxylate (42.0 g, 274.26 mmol, 1.0 equiv.), PPhs
(86.3 g, 329.12 mmol, 1.2 equiv.), and benzyl (2-hydroxyethyl)carbamate (53.5 g, 274.26 mmol, 1.0
equiv.) in THF (300.0 mL), was added a solution of DIAD (66.6 g, 329.12 mmol, 1.2 equiv.) in THF
(100.0 mL) dropwise with stirring at O °C. The resulting solution was stirred for 16 h at room temperature
and concentrated under reduced pressure to afford methyl 3-(2-
[[(benzyloxy)carbonyl Jamino]ethoxy)pyridine-4-carboxylate (200 g, crude) as yellow oil. MS-ESI: 331.1
[M+H]*.

Step 3: 2H,3H 4H-pyrido[4,3-f][1,4]oxazepin-5-one

To a solution of methyl 3-(2-[[(bcnzyloxy)carbonyl Jamino]cthoxy)pyridinc-4-carboxylate (200.0
g, 605.44 mmol, 1.0 equiv.) in EtOH (700.0 mL), was added Pd/C (20 g, 10%). The solution was
degassed and back filled with hydrogen for three times and the resulting solution was stirred for
additional 48 h at 50 °C under atmosphere of hydrogen. The solids were filtered out and the filtrate was
concentrated under reduced pressure. The residue was applied onto a silica gel column, eluted with ethyl
acetate/petroleum ether (1:1 to 1:0) to afford 2H,3H,4H-pyrido[4,3-f][1,4]oxazepin-5-one (40 g) as a light
yellow solid. MS-ESI: 165.1 [M+H]*.

Step 4: 2H,3H 4H-pyrido[4,3-f][1,4]Joxazepine-5-thione

To a solution of 2H,3H,4H-pyrido[4,3-f][1,4]oxazepin-5-one (30.0 g, 182.74 mmol, 1.0 equiv.) in
toluene (600.0 mL), was added Lawesson Reagent (37.0 g, 91.37 mmol, 0.5 equiv.). The resulting
solution was stirred for 3 h at 100 °C and then concentrated under reduced pressure. The residue was
applied onto a silica gel column with ethyl acetate/petroleum ether (1:1 to 1:0) to afford 2H,3H,4H-
pyrido[4,3-f][1,4]oxazepine-5-thione (16.0 g, 48.6%) as a yellow solid.MS-ESI: 181.0 [M+H]*.

Step 5: 5-(methylsulfanyl)-2H,3H-pyrido[4,3-f][1,4]oxazepine

To a solution of 2H,3H,4H-pyrido[4,3-f][1,4]oxazepine-5-thione (16.0 g, 88.78 mmol, 1.0 equiv.)
in MeOH/THF (100.0 mL/200.0 mL), was added NaOH (5.3 g, 133.26 mmol, 1.5 equiv.). After stirred
for 30 min, to the solution was Mel (15.1 g, 106.53 mmol, 1.2 equiv.) dropwise with stirring at 0 °C. The

resulting solution was stirred for 2 h at O °C and the quenched by the addition of water. The resulting
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solution was extracted with DCM and concentrated under reduced pressure. The residue was applied onto
a silica gecl column with cthyl acctate/petrolcum cther (1:3 to 1:1) to atford 5-(mcthylsultanyl)-2H,3H-
pyrido[4,3-f][1.,4]oxazepine (12 g, 69.6%) as a light yellow solid., MS-ESI: 195.1 [M+H] *.

Step 6: 5-(methylsulfanyl)-2H,3H-pyrido|4.,3-f][1,4]oxazepine

To a solution of 5-(methylsulfanyl)-2H,3H-pyrido[4,3-f] [1.,4] oxazepine (5.0 g, 25.74 mmol, 1.0
equiv.) in EtOH (100.0 mL), was added NH,NH2.H>0O (6.4 g, 128.65 mmol, 5.0 equiv.). The resulting
solution was stirred for 14 h at 80 °C and then concentrated under reduced pressure to afford (52)-
2H,3H,4H-pyrido[4,3-f] [1,4] oxazcpin-5-ylidenchydrazine (4.0 g, 87.2%) as a ycllow solid. MS-ESI:
179.1 [M+H]*.

Step 7: ethyl 3-[[2-(tert-butoxy)-2-oxoethyl] amino]benzoate

To a solution of tricaine (20.0 g, 121.07 mmol, 1.0 equiv.) in ACN (200.0 mL), were added 2-
bromoacetate (35.4 g, 181.61 mmol, 1.5 equiv.) and K-COs (33.5 g, 242.14 mmol, 2.0 equiv.). The
resulting solution was stirred for 14 h at 60 °C and diluted with water. The resulting solution was
extracted with DCM and concentrated under reduced pressure. The residue was applied onto a silica gel
column with ethyl acetate/petroleum ether (1:30 to 1:15) to afford ethyl 3-[[2-(tert-butoxy)-2-oxoethyl]
amino]benzoate (30 g, 88.7%) as light yellow oil. MS-ESI: 250.2 [M+H] *.

Step 8: [[3-(ethoxycarbonyl)phenyl]Jamino]acetic acid

To a solution of ethyl 3-[[2-(tert-butoxy)-2-oxoethyl]amino]benzoate (40.0 g, 143.20 mmol, 1.0
equiv.) in DCM (150.0 mL), was added HCI/1,4-dioxane (150.0 mL). The resulting solution was stirred
for 14 h at room temperature and then concentrated under reduced pressure to afford [[3-

(ethoxycarbonyl)phenyl]amino]acetic acid (30 g, 93.9%) as a light yellow solid. MS-ESI: 224.1 [M+H] *.

Step 9: ethyl 3-[([N'-[(5Z)-2H,3H,4H-pyrido[4,3-f][1,4]oxazepin-5-
ylidene]hydrazinecarbonyl]methyl)amino]benzoate

To a solution of 2H,3H-pyrido[4,3-f][ 1 ,4]oxazepin-5-ylhydrazine (20.0 g, 112.24 mmol, 1.0
equiv.) in THF (300.0 mL), were added TEA (22.7 g, 224.47 mmol, 2.0 equiv.), [[3-
(ethoxycarbonyl)phenyl Jamino]acetic acid (25.1 g, 112.24 mmol, 1.0 equiv.) and HATU (51.2 g, 134.68
mmol, 1.2 equiv.). The resulting solution was stirred for 6 h at room temperature and concentrated under
reduced pressure to afford ethyl 3-[([N'-[(5Z)-2H,3H 4H-pyrido[4,3-f][1,4]oxazepin-5-
ylidenc]hydrazinccarbonyl Jmcthyl)amino]benzoate (40 g, crude) as ycllow oil. MS-ESI: 384.2 [M+H] *.

Step 10: ethyl 3-(((5,6-dihydropyrido[4,3-f][1,2,4]triazolo[4,3-d][1,4]oxazepin-3-
yDmethyl)amino)benzoate

To a solution of ethyl 3-[([N'-[(5Z)-2H,3H,4H-pyrido[4,3-f][1,4]oxazepin-5-
ylidene|hydrazinecarbonyl J[methyl)amino]benzoate (40.0 g, 104.33 mmol, 1.0 equiv.) in EtOH (200.0
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mL), was added AcOH (25.1 g, 417.12 mmol, 4.0 equiv.). The resulting solution was stirred for 5 h at §0

°C and then concentrated under reduced pressurc. The residuc was dissolved in DCM (200 mL), the
resulting mixture was washed with brine and concentrated under reduced pressure. The residue was
applied onto a silica gel column with petroleum ether/EtOAc (1:100) to afford ethyl 3-(((5.6-
dihydropyrido|4,3-f][1.,2.,4]triazolo]4,3-d]| 1,4]oxazepin-3-yl)methyl)amino)benzoate (30 g, 78.7%) as
yellow oil. MS-ESI: 366.2 [M+H] *.

Step 11: 3-(((5,6-dihydropyrido| 4,3-f][1,2,4]triazolo[4,3-d][1,4]oxazepin-3-y)methyl)amino)benzoic
acid

To a solution of ethyl 3-(((5.6-dihydropyrido[4,3-f][1,2,4]triazolo[4,3-d][1,4]oxazepin-3-
yDmethyl)amino)benzoate (30.0 g, 82.10 mmol, 1.0 equiv.) in MeOH/water (200.0 mL/30.0 mL), was
added NaOH (13.1 g, 328.41 mmol, 4.0 equiv.). The resulting solution was stitred for 14 h at room
temperature and diluted with 200 mL of water. The pH value of the solution was adjusted to 5 with HCI
aqueous. The solids were collected by filtration and dried in an oven under reduced pressure to afford 3-
(((5,6-dihydropyrido[4,3-f][1,2 4]triazolo[4,3-d][ 1 ,4]oxazepin-3-yl)methyl)amino)benzoic acid (20 g,
72.2%) as a yellow solid. MS-ESI: 338.1 [M+H] *. '"H NMR (400 MHz, DMSO-ds) 6 8.51 (s, 1H), 8.36 (s,
2H), 7.35 (s, 1H), 7.24-7.17 (m, 2H), 6.99-6.97 (m, 1H), 4.70-4.56 (m, 6H).

Example 2: N-((2,3-dihydrobenzofuran-7-yl)methyl)-3-(((4-methyl-5-(pyrimidin-4-yl)-4H-1,2,4-

triazol-3-yl)methyl)amino)benzamide (Compound 1)

@)
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N N—N
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N N-N
BB-002 1
To a solution of 3-([[4-methyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl]Jmethyl]amino)benzoic acid
(312.0 mg, 1.0 mmol, 1.0 equiv.) and DIEA (389.8 mg, 3.0 mmol, 3.0 equiv.) in DMF (15 mL), were
added EDCI (289.1 mg, 1.5 mmol, 1.5 equiv.) and HOBT (203.8 mg, 1.5 mmol, 1.5 equiv.) at room

temperature. This was followed by the addition of 1-(2,3-dihydro-1-benzofuran-7-yl)methanamine (150.0
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mg, 1.0 mmol, 1.0 equiv.). The resulting mixture was stirred for 3 hours at room temperature and then
concentrated under vacuum. The residuc was applicd onto a silica gel column with DCM/McOH (8:1) to
afford the crude product which was further purified by Prep-HPLC with following conditions: Column:
YMC-Actus Triart C18, 30%250, 5um; Mobile Phase A: Water (10 MMOL/L. NH;HCO»+0.1%
NH3.H>0O), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient: 22 B to 42 B in 10 min; 254/210 nm;
RT1:10.33. This afforded N-(2,3-dihydro-1-benzofuran-7-ylmethyl)-3-([[4-methyl-5-(pyrimidin-4-yl)-
1,2,4-triazol-3-ylJmethyl]amino)benzamide (186.4 mg, 42.0%) as a white solid. MS-ESI: 442 [M+H]*. 'H
NMR (300 MHz, DMSO-ds) 69.29 (s, 1H), 8.93 (d, / = 5.1 Hz, 1H), 8.21-8.19 (m, 1H), 7.26-7.07 (m.
5H), 6.97-6.93 (m, 1H), 6.81-6.76 (m, 1H), 4.66 (s, 2H), 4.57 (t, J = 8.7 Hz, 2H), 4.51 (s, 2H), 4.18 (s,
3H). 3.20 (t, /= 8.7 Hz, 2H).

The analogs in Table 4 below were prepared using similar methods as for Compound 1 above.

Table 4.
# Bll;lll(?cll?g Anal. data
MS-ESI: 418 IM+H]|".
TH NMR (300 MHz, DMSO-ds) 6 9.35 (s, 1H), 898 (d, J = 4.5 Hz, 1H), 8.90-8.87
2 BB-002 (m, 1H), 8.19 (d, J=5.4 Hz, 1H), 7.40-7.34 (m, 1H), 7.25-7.10 (m, 6H), 6.97-6.93
(m, 1H), 6.55-6.51 (m, 1H), 4.59 (d, J = 5.7 Hz, 2H), 4.47 (t, J = 6.0 Hz, 2H), 4.08
(s, 3H).
MS-ESI: 442 [M+H]".
1TH NMR (400 MHz, DMSO-ds) §9.34 (s, 1H), 898 (d, J=52Hz, 1H), 868 (d, J
3 BB-002 =8.4 Hy, 1H), 8.19-8.18 (m, 1H), 7.27 (s, 1H), 7.17-7.12 (1n, 2H), 6.80-6.78 (in,
1TH), 5.30-5.26 (m, TH), 4.59 (s, 2H), 4.31-4.23 (m, 2H), 4.08 (s, 3H), 2.09-2.05
(m, 2H).
MS-ESI: 469 [M+H]".
4 BB-002 1H NMR (300 MHz, DMSQO-ds) 6 9.33 (s, 1H), 9.00-8.96 (m, 2H), 8.61 (d, J=3.9

Hz, 1H), 8.18-8.16 (m, 1H), 7.96-7.93 (m, 1H), 7.73-7.69 (m, 1H), 7.26-7.12 (1n,
3H), 6.94-6.92 (m, 1H), 4.65-4.63 (m, 2H), 4.58 (s, 2H), 4.07 (s, 3H).

MS-ESI: 448 |[M+H]*.

1H NMR (400 MHz, DMSO-ds) 6 9.32 (s, 1H), 895 (d, ) =5.2 Hz, 1H), 8.22-8.21
5 BB-002 (m, 1H), 7.33-7.29 (m, 1H), 7.26-7.21 (m, 2H), 7.16-7.13 (m, 1H), 6.98-6.95 (m,
1H), 6.75-6.71 (m, 1H), 6.68 (d, J = 2.8 Hz, 1H), 4.68 (s, 2H), 4.54 (s, 2H), 4.20
(s, 3H), 3.79 (s, 3H).

MS-ESI: 460 [M+H]*.

1H NMR (400 MHz, DMSO-ds) 6 9.34 (s, 1H), 897 (d, J=5.2 Hz, 1H), 8.19-8.17
6 BB-002 (m, 1H), 7.82 (t,J = 4.4 Hz, 1H), 7.27-7.23 (m, 1H), 7.16-7.10 (i, 2H), 7.03 (d, J
=7.6 Hz, 1H), 6.87-6.85 (m, 1H), 6.67 (d, ] = 8.4 Hz, 2H), 4.57-4.56 (m, 2H),
4.44 (d, T = 4.4 Hz, 2H), 4.08 (s, 3H), 3.79 (s, 6H).

MS-ESI: 444 [M+H]*.

1H NMR (400 MHz, DMSO-ds) 6 9.34 (s, 1H), 8.98 (d, J =5.2 Hz, 1H), 8.65-8.63
7 BB-002 (m, TH), 8.19-8.18 (m, 1H), 7.27 (s, 1H), 7.26-7.16 (m, 4H), 6.98-6.91 (m, 3H),
4.59 (s, 2H), 4.43 (d, J = 5.6 Hz, 2H), 4.10-4.05 (m, 2H), 4.08 (s, 3H), 1.36 (t, J =
7.2 Hz, 3H).

MS-ESI: 470 [M+H]".

1H NMR (400 MHz, DMSO-ds) 6 9.34 (s, 1H), 898 (d, /=5.2 Hz, 1H), 8.23 (s,
8 BB-002 1H), 8.19-8.17 (m, TH), 7.42-7.40 (m, 2H), 7.34-7.30 (m, 2H), 7.22-7.14 (m, 3H),
7.08(d,J=7.6Hz, 1H),6.93 (d, J=7.6 Hz, 1H), 4.58 (s, 2H), 4.08 (s, 3H), 3.77-
3.72 (m, 4H), 2.34-2.32 (m, 2H), 1.99-1.93 (m, 2H).
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MS-EST: 416 [M+H]".
1H NMR (400 MHz, DMSO-ds) 5 8.78-8.76 (m, 1H), 8.67 (d, J = 4.4 Hz, 2H),
9 BB-001 8.05-8.04 (m, 1H), 7.91-7.90 (m, 2H), 7.49-7.47 (m, 1H), 7.19-7.13 (m, 3H), 6.94-
6.91 (m, 1H), 6.82-6.80 (m, 1H), 4.50 (brs, 2H), 4.36 (d, J = 6.47 Hz, 2H), 3.91 (s,
3H).
10 BB-002 MS-ESI: 435.18 [M+H]".
11 BB-002 MS-ESL: 414.21 [M+H]".
12 BB-002 MS-EST: 428.23 [M+H]".
13 BB-002 MS-EST: 434.15 [M+H]".
14 BB-002 MS-EST: 414.21 [M+H]".
15 BB-002 MS-ESI: 435.21 [M+H]".
16 BB-002 MS-EST: 454.25 [M+H]".
17 BB-002 MS-ESIL: 428.23 [M+H]".
18 BB-002 MS-ESI: 428.23 [M+H]".
19 BB-002 MS-EST: 498.19 [M+H]".
20 BB-002 MS-EST: 475.17 [M+H]".
21 BB-002 MS-ESI: 442.25 [M+H]".
22 BB-002 MS-EST: 414.21 [M+H]".
23 BB-002 MS-ESI: 443.24 [M+H]".
24 BB-002 MS-ESI: 450.21 [M+H]".
25 BB-002 MS-EST: 428.23 [M+H]".
26 BB-002 MS-EST: 427.19 [M+H]".
27 BB-002 MS-EST: 443.23 [M+H]".
28 BB-002 MS-ESI: 468.18 [M+H]".
29 BB-002 MS-EST: 448.17 [M+H]".
30 BB-002 MS-ESI: 455.23 [M+H]".
31 BB-002 MS-EST: 441.21 [M+H]".
32 BB-002 MS-EST: 455.23 [M+H]".
33 BB-001 MS-EST: 415.19 [M+H]".
34 BB-001 MS-ESI: 428.23 [M+H]".
36 BB-002 MS-EST: 472.2 [M+H]".
37 BB-002 MS-EST: 454.2 [M+H]".
38 BB-002 MS-ESIT: 454.2 [M+H]".
39 BB-002 MS-EST: 444.2 [M+H]".
40 BB-002 MS-EST: 440.2 [M+H]".
41 BB-002 MS-ESI: 475.2 [M+H]".
42 BB-002 MS-EST: 467.2 [M+H]".
43 BB-002 MS-ESIL: 425.2 [M+H]".
44 BB-002 MS-ESI: 454.2 [M+H]".
45 BB-002 MS-LST: 454.2 [M+H]".
46 BB-002 MS-EST: 444.2 [M+H]".
47 BB-002 MS-ESI: 4335.1 [M+H]".
49 BB-002 MS-ESI: 460.2 [M+H]".
51 BB-002 MS-ESI: 404.2 [M+H]".
52 BB-002 MS-EST: 404.2 [M+H]".
53 BB-002 MS-EST: 492.2 [M+H]".
54 BB-002 MS-ESI: 425.2 [M+H]".
55 BB-002 MS-EST: 467..2 [M+H]".
56 BB-002 MS-EST: 442.2 [M+H]".
57 BB-002 MS-EST: 441.1 [M+H]".
58 BB-002 MS-ESL: 467.2 [M+H]".
59 BB-002 MS-EST: 403.2 [M+H]".
60 BB-002 MS-EST: 443.2 [M+H]".
61 BB-002 MS-EST: 421.2 [M+H]".
62 BB-002 MS-EST: 466.2 [M+H]".
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Example 3: 2-(((4-propyl-5-(pyrimidin-4-yl)-4H-1,2,4-triazol-3-yl)methyl)amino)-N-(2-

(trifluoromethyl)benzyl)isonicotinamide (Compound 35)
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Step 1: ethyl 2-0x0-2-(propylamino)acetate

To a stirred solution of propan-1-amine (25.0 g, 423.73 mmol, 1.2 equiv.) and triethylamine (92.7
g, 915.58 mmol, 2.5 equiv.) in DCM (1.5 L), was added ethyl chloroglyoxylate (50.0 g, 366.22 mmol, 1.0
equiv.) dropwise at 0 °C. The resulting mixture was stirred for 1 h at 0 °C and then quenched by the
addition of water. The mixture was extracted with DCM and concentrated under vacuum to afford ethyl

2-ox0-2-(propylamino)acetate (25 g) as a brown yellow oil. MS-ESI: 160.1 [M+H]*.

Step 2: ethyl 2-(propylamino)-2-thioxoacetate

To a solution of cthyl 2-oxo-2-(propylamino)acctate (30.0 g, 188.68 mmol, 1.0 cquiv.) in toluecnc
(500.0 mL), was added Lawesson reagent (38.5 g, 95.33 mmol, 0.5 equiv.). The resulting mixture was
stirred for overnight at 90 °C and then concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, eluted with petroleum ether/EtOAc (1:1) to afford ethyl 2-
(propylamino)-2-thioxoacctatc (12 g) as a ycllow oil. MS-ESI: 176.1 [M+H] *.

Step 3: ethyl 4-propyl-5-(pyrimidin-4-yl)-4H-1,2 4-triazole-3-carboxylate
To a stirred solution of ethyl 2-(propylamino)-2-thioxoacetate (14.5 g, 82.86 mmol, 1.0 equiv.) in

DCM (100 mL), was added a solution of Et:OBF, (23.2 g, 122.29 mmol, 1.5 equiv.) in DCM (200.0 mL)
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dropwise at 0 °C. The resulting mixture was stirred for 1.5 h at room temperature under nitrogen
atmosphcre. The solution was washed with brinc and concentrated under vacuum. The residuc was
dissolved in toluene (400.0 mL), and to the mixture was added pyrimidine-4-carbohydrazide (11.3 g,
81.53 mmol, 1.0 equiv.). The resulting mixture was stirred for additional overnight at 130 °C and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with DCM/MeOH (20:1) to afford ethyl 4-propyl-5-(pyrimidin-4-y1)-4H-1,2,4-triazole-3-
carboxylate (13 g) as a yellow solid. MS-ESI: 262.1 [M+H] *.

Step 4: (4-propyl-5-(pyrimidin-4-yl)-4H-1,2,4-triazol-3-yl)methanol

To a stirred solution of ethyl 4-propyl-5-(pyrimidin-4-yl)-4H-1,2 4-triazole-3-carboxylate (13.5 g,
51.66 mmol, 1.0 equiv.) in EtOH (160.0 mL), were added CaCl, (1.7 g, 15.44 mmol, 0.3 equiv.) and
NaBH4 (2.4 g, 61.74 mmol, 1.2 equiv.) in portions at O °C. The final reaction mixture was stirred for 3 h
at room temperature and then quenched by the addition of water. After concentration under vacuum, the
residue was purified by silica gel column chromatography, eluted with DCM/MeOH (12:1) to afford (4-
propyl-5-(pyrimidin-4-yl)-4H-1,2 4-triazol-3-yDmethanol (9.0 g) as a white solid.. MS-ESI: 220.1
[M+H]*.

Step 5: 4-propyl-5-(pyrimidin-4-yl)-4H-1,2.4-triazole-3-carbaldehyde

To a stirrcd solution of [4-propyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-yl Jmcthanol (400.0 mg, 1.82
mmol, 1.0 equiv.) in DCM (5.0 mL), was added Dess-Martin reagent (2321.4 mg, 5.47 mmol, 3.0 equiv.).
The resulting mixture was stirred for 2 hours at room temperature under atmosphere of nitrogen and ten
diluted with water. The resulting mixture was extracted with DCM, washed with brine, dried over
anhydrous Na>SO4 and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with DCM/MeOH (8:1) to afford 4-propyl-5-(pyrimidin-4-yl)-1,2.4-
triazole-3-carbaldehyde (250 mg, 63.1%) as a yellow solid. MS-ESI: 218.1 [M+H] *.

Step 6: 2-amino-V-(2-(trifluoromethyl)benzyDisonicotinamide

To a stirred solution of 2-aminopyridine-4-carboxylic acid (500.0 mg, 3.62 mmol, 1.0 equiv.) and
EDCI (1040.9 mg, 5.43 mmol, 1.5 equiv.) in DMF (5.0 mL), were added DIEA (1403.5 mg, 10.86 mmol,
3.0 equiv.) and HOBT (733.7 mg, 5.43 mmol, 1.5 equiv.). This was followed by the addition of 1-[2-
(trifluoromethyl)phenyl]methanamine (760.8 mg, 4.34 mmol, 1.2 equiv.). The resulting mixture was
stirred for overnight at room temperature and then concentrated under vacuum. The residue was purified
by silica gel column chromatography, cluted with DCM / McOH (10:1) to atford 2-amino-N-[[2-
(trifluoromethyl)phenyl]methyl]pyridine-4-carboxamide (400 mg, 37.4%) as light yellow oil. MS-ESI:
296.1 [M+H]*.
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Step 7: 2-(((4-propyl-5-(pyrimidin-4-yl)-4H-1,2,4-triazol-3-yl)methyl)amino)-~N-(2-
(trifluoromethyl)benzyl)isonicotinamide

To a stirred solution of 4-propyl-5-(pyrimidin-4-yl)-1,2 ,4-triazole-3-carbaldehyde (270.0 mg,
1.24 mmol, 1.0 equiv.) and 2-amino-N-[[2-(trifluoromethyl)phenylJmethyl]pyridine-4-carboxamide
(440.4 mg, 1.49 mmol, 1.2 equiv.) in THF (5.0 mL), was added tetracthoxytitanium (850.6 mg, 3.73
mmol, 3.0 equiv.) under nitrogen. The resulting mixture was stirred for 12 hours at 70 °C under
atmosphere of nitrogen. After cooling down to room temperature, NaBH4(141.1 mg, 3.73 mmol, 3.0
equiv.) was added. The resulting mixture was stirred for additional 2 hours at room temperature under
atmospherc of nitrogen and then quenched by the addition of water. The resulting mixturce was cxtracted
with EtOAc, washed with brine, dried over anhydrous Na>SO4 and concentrated under reduced pressure.
The residue was purified by Prep-HPLC with following conditions: Column: YMC-Actus Triart C18,
30%250, Sum; Mobile Phase A: Water (10MMOL/L NH;HCO3+0.1% NH3.H:O), Mobile Phase B: ACN;
Flow rate:60 mL/min; Gradient: 32 B to 62 B in 7 min; 210/254 nm; RT1: 6.42. This resulted in 2-([[4-
propyl-5-(pyrimidin-4-yl)-1,2,4-triazol-3-ylJmethyl]amino)-N-[[2-
(trifluoromethyl)phenyl]methyl]pyridine-4-carboxamide (12.2 mg, 2.0%) as a white solid. MS-ESI: 497
[M+H]*. 'H NMR (400 MHz, DMSO-ds) 5 9.34 (s, 1H), 9.20-9.18 (m, 1H), 8.97 (d, /= 5.2 Hz, 1H),
8.22-8.20 (m, 1H), 8.15 (d, /= 5.2 Hz, 1H), 7.76-7.74 (m, 1H), 7.67-7.65 (m, 1H), 7.51-7.49 (m, 3H),
7.05 (s, 1H), 7.01-6.99 (m, 1H), 4.84-4.83 (m, 2H), 4.65-4.63 (m, 2H), 4.54 (t, J = 7.6 Hz, 2H), 1.74-1.70
(m, 2H), 0.80 (t, / =7.6 Hz, 3H).

Example 5. Synthesis of BB-013

BB-013 was prepared as described in the scheme below:

NaBr:, CaCi:

HO
le“i\--.."N\:E" N
N SN N B
g NN

7
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Example 6. Synthesis of BB-011

BB-011 was prcparcd as described in the scheme below:

Ny MeNH, f\{ D
i D T o ¥ Bttt hatt Lk
L N \:‘:’/OH Step 4 N \\SJN\
% s
1 2
) o
. > i - =~ Ol A & /i N
Gy //LW/O\/ Ac‘rfz,ch% ;T,.O\ {(/\\/ \N,-)\ iT,O\,- >y Y /'\Tf NHg -
b4 Step 4 & HOS L) H o

Example 7. GRK2 Inhibition Assay

Enzyme GRK2 (1 nM final concentration) was diluted in 25 mM HEPES, 10mM MgCI2, 2mM
DTT, 0.01% Tween-20, and 1mM EGTA. Then the GRK2 mixture was added into ProxiPlate-384 white
plate and pre-incubated for 30 min with test compounds at room temperature. ATP (7 uM final
concentration) and Ulight Topolla (50 nM final concentration) were added into the assay plate to initiate
the reaction and the mixture was incubated at room temperature for 90 min. Then, Eu anti-Topolla (0.12
nM final concentration), BSA(0.01% final concentration), and EDTA (11 mM final concentration) in
LANCE assay buffer were added into each well. After 60 min incubation time at room temperature, TR-
FRET signal was measured by EnVision plate reader.

Results: As shown in Table 5 below, compounds of the disclosure were found to inhibit GRK2.

Example 8. ADPGlo GRK2 Inhibition Assay

Assay: GRK2 (7.5 nM) was incubated with ATP (10 pyM) and GRKtide (0.3 mg/mL) in 5 uL of
assay buffer (see above) for 180 min at room temperature. HTS was performed using 1 uM compound.
Compounds were dissolved in 100 % DMSO, serially diluted tree-fold from 100 uM concentration to 46
nM and transferred (50 nL) into assay ready plate.

Materials: GRK2 was purchased from SignalChem (Cat # A14-10G, Lot # X645-3). Substrate
GRKtide was from SignalChem (Cat # G46-58, Lot # R339-6). ADP-Glo Kinase Assay from Promega
(Cat #V9102). Assay buffer consisted of 25 mM HEPES (pH7.5), 10 mM MgCl», 0.01% Tween-20,
1mM DDT. 384-well white plates were from Greiner Bio-Rad (Item # 784075).

HTS protocol: Take 384 well plate with 50 nL of compound in columns 3-22 / DMSO solution1-
2,23-24. Add 2.5 pL assay buffer to columns 23 and 24 using Thermo Scientific Multidrop Combi
Dispenser. Add 2.5 uL of 2x enzyme solution (15 nM in 1x assay buffer) using Thermo Scientific
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Multidrop Combi Reagent Dispenser to all columns except of 23 and 24. Incubate for 15 minutes. Fill

platc with 2.5 pL of 2x substratc mix (20 pM ATP and 0.6 mg/mL GRXKtidec in 1x assay buffcr) using
Thermo Scientific Multidrop Combi Reagent Dispenser. Spin 15 seconds at 1000rpm and incubate for
180 min at room temperature. Add 5 pL. ADP-Glo reagent to all the wells. Spin 15 seconds at 1000rpm
and incubate for 40 min at room temperature. Add 10 uL. Detection solution to all the wells. Incubate for
30 min at room temperature. Read plate in Luminescent modeon BMG PheraStar FSX (gain = 3600).

Data Analysis: Data were analyzed in GraphPad Prism 8.0.2. Each HTS plate contains
compounds in columns 3-22, controls (enzyme, no compound) in columns 1 and 2, and blanks (no
cnzyme) in columns 23 and 24. HTS percent inhibition was calculated for cach compound from the
signal in luminescence units and the mean of the plate controls and the mean of the plate blanks using the
following equation: % Inhibition = 100*(1-((signal-blank mean)/(control mean-blank mean))). At the
final stage of data processing, we obtain dose-response curves, tables and SDF-files with the results of
screening for each substance.

Results: As shown in Table 5 below, compounds of the disclosure were found to inhibit GRK2.

Table 5.
GRK2 ICso GRK2 ICso GRK2 ICsp GRK2 ICso
Compound (nM) (nM) Compound nM) (nM)
(Example 7) (Example 8) (Example 7) (Example 8)
1 4.7 27 32 22
2 56 49 33 7.8
3 10 18 34 10
4 28 36 35 4.5
5 5.4 19 36 0.5
6 19 44 37 0.79
7 33 30 38 0.96
8 170 140 39 1.1
9 5.8 12 40 1.7
10 15 41 1.8
11 14 42 2.1
12 51 43 2.7
13 9.1 44 2.8
14 45 3
15 18 46 3.3
16 37 47 4.3
17 10 48 4.4
18 49 5.4
19 17 50 5.5
20 10 51 5.7
21 67 52 5.7
22 420 53 6.2
23 54 6.3
24 61 55 6.5
25 56 7.3
26 9.8 57 9.4
27 12 58 9.5
28 59 9.5
29 12 60 9.6
30 15 61 9.8
31 22 62 10
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Example 9. Proliferation Assay

In ordcer to identity compounds specific for GRK2, we gencrated two isogenic ccll line pairs of
the pancreatic cancer cell line PAXF1657, a pair of cells stably overexpressing GRK2 ¢cDNA or the
control empty vector and a cell line pair of PAXF1657 GRK?2 knockout clonal cells versus non-targeting
control clonal cells. The goal was to identify compounds that effectively impair proliferation in
PAXF1657 empty vector or non-targeting control cells, but not in GRK2 ¢cDNA overexpressing or GRK2
knockout cells, thereby identifying compounds superior to compounds of Okawa et al. J. Med. Chem.

2017, 60, 6942-6990.

Proliferation Assay: Cellular anti-proliferative activity of compounds was assessed by using the
pancreatic cancer cell line, PAXF1657, stably overexpressing GRK2 cDNA or the control empty vector,
as well as the parental urinary bladder cancer cell line, 5637. In addition, we also took advantage of
GRK2 knockout cell lines that were generated via CRISPR. Cell lines were seeded into tissue culture
treated, white-walled, 96-well plates at a density of 500 cells/well in RPMI1640 media supplemented with
10% H.I. FBS and penicillin/streptomycin. Plates were incubated overnight at 37°C, 5% COs to allow
cells to adhere to the wells. GRK2 inhibitors were added to the cells using a 10-point dilution series with
a final concentration ranging from 30 pM — 0.0002 pM in 0.3% DMSO. At the time of compound
addition, a sct of platcs, that were not trcatcd with compounds, were collected and ccll viability was
measured using CellTiter-Glo (Promega). CellTiter-Glo reagent was added to the designed plates and
luminescence was measuring using a Biotek Synergy plate reader. The compound treated cells were
incubated for 3 days at 37°C, 5% CO». The media was then aspirated from each well and replaced with
fresh media containing GRK2 inhibitors. The compound treated cells were then incubated for an
additional 4 days at 37°C, 5% COa.. Cell viability was assessed and at end of the 7-day compound
treatment by CellTiterGlo.

Results: As shown in Table 6, the compounds of the disclosure were found to inhibit proliferation
the PAXF1657 control cell line significantly more than a PAXF1657 cell line that overexpresses GRK2.
This indicates the inhibition of proliferation by the compounds of the disclosure is the result of GRK2
inhibition by the compounds. In contrast, compounds 133a, 115h, and 139¢ described in Okawa et al. as
GRK2 inhibitors has similar effects on both cell lines indicating the inhibition of proliferation by these

compounds is likely not the result of GRK2 inhibition. Compounds 133a, 115h, and 139¢ have the

structure:
F3C F3C F3C
@] A@ Q (@]
N—N H N NN M N N-N H N
N H N H N H
[ »\/ N d »\J l/ N\ ! »\/
N NI N NI N
— —
oJ CH, H
133a 115h CHy 139¢

81

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

Table 6.
Glso, (UM); Glso, (uM); PAXF1657 Ratio GRK2
Compound PAXF1657 control stably overexpressing overexpressing
empty vector cell line GRK2 cells/Empty vector cells
133a 0.14 0.24 1.71
115h 8.91 10 1.12
139¢ 0.84 1.47 1.75
35 1.30 3.22 2.49
10 1.58 13.67 8.65
1 1.97 24.30 12.34
2 1.79 20.50 11.46
3 1.16 8.61 7.42
4 0.79 4.59 5.79
12 0.97 8.01 8.24
5 1.51 10.26 6.79
6 2.08 12.49 6.01
15 4.01 17.73 4.42
7 3.32 14.25 4.29
8 >30 22.66
17 211 10.32 4.89
20 1.03 7.99 7.76
25 >30 25.83
26 0.68 4.18 6.15
29 1.24 5.01 4.04
33 1.33 17.71 13.27

Example 10. Additional Compounds of the Disclosure

Additional compounds of the disclosure are provided in Table 7. The data in Table 7 also show

that the compounds are effective GRK2 inhibitors and antiproliferative agents.

The enzymatic assays in Table 7 are as follows:
A: Enzymatic GRK2: IC50 (nM) (Examplc 8); and
B: Enzymatic GRK2: IC50 (nM) (Example 7).

The proliferation assays in Table 7 are as follows:

CA 03174266 2022-9-29

C: 7-day prolifcration assay: IC50 GeoMcan (uM) [Cell Linc: PAXF1657 empty vector

(EV) cel line] (Example 9); and

D: 7-day proliferation assay: %Minimum GeoMean (%) [Cell Line: PAXF1657 empty

vector (EV) cell line] (Example 9).
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Table 7. Additional Compounds and Data

Enzyme Assay Proliferation Assay

Compound Structure A B C D

F\Q’@/K)\@)LH /\©> 39 > 10.0 70.6

S
N/Q*_<©}/\N Q l

200 > 10.0 34

zT M

N

O 30 > 30.0 85.6

zT

\N/\/N
N 1400

NH
170
I N

660

HO\/\/ N
47

83

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

4400

N/>©>’<:Qj\/n\©)(i\N F
/ N : :

/\ \j/\ /@\"/%:O 29 115 13.1
e OV l
— / ’\“ ) [+
/f>’</\\/” " N
N \Q)k”/\@/\o >10.0 78.5
N / > 10.0 66.5
~ ]
Naa
— /N\\N H o
/\\:_’>’</)\/ \C)ké 34 > 10.0 68.7
[;\ //NJ\/H\Q)I\N/\(S 22 >10.0 26.5
/N\/
\/?’{ JVH\@*N/\Ey > 10.0 71.7
\N
S~ \ \/@ >10.0 74.4
< ]
43 > 10.0 102
/
. N
jH/©\N N\ ) /—’\
E ~ 15 2,07 37.4
S /N\N . o
\/—:>’<//\k/ C*g > 10.0 89.8
d

CA 03174266 2022-9-29

84




WO 2021/242844

PCT/US2021/034225

10.0 74.2
R WNEN A !
DT
. F
\\CHJ\/\C)‘\ N >10.0 82.6
N A
— /N\\N . Ie]
"\_7 N)\/” ~ 430 >10.0 45.5
] ®
= /N\N . e}
\_7 NJ\/N NN 540 > 100 87.2
/ “~ |
VA i
— N/k/” . v - 23 41.4
) g
/’-N\ /N\N . O
N NJ\/N y i~ 17 0.19 47.6
/ H \N/N,-—
8 N/\(N/ N,
" - = 11 > 10.0 71.1
@é
S
e /N\N . o
N\,N/ /NJ\/\O)‘\/\(\ >10.0 76.5
-/
//——’\ /N (I . o
— N)\/N NN 26 > 10.0 54.1
] -,
e /N\i\l ) o)
! /)\/\O)k/fo 19 0.173 62.5
./
— /N\iw ) o
/\\:>’<)\/ " : 26 >100 | 369
] D
/’-N\ /N\N . o
AN /NJ\/\O)‘\ AN\ 27 2.15 71.3

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

—  \ Q(\@\ P 54 >10.0 43.3
N\\\N/ \J/\u o

ﬁH A @A A/@ 1 22

N\C‘H‘)\/N\Q)‘\ﬂ/to/ - 27 42

CHJ\/\OAHAG 16 >10.0 61.5

[_-N\ /N\N . o] F
\— ] JV\@*/\@\ 10 > 10.0 64.5

7\
AN )\/ 20 1.9 723
/ ™~

N/\\;:HNJ\/ N\CAI\N ~ | F 0.995 79

/-—-N\ /N\N ) 0
" J\/ \ = 24 0.591 75.1
/ /N\}

— /N\N ) o
Q‘{/\k/ ' 'S 14 161 33.5
/ P

//_’-N\ /N\N ) o
N NJ\/N . S e 3.15 76.6
/ o P

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

N NN o
7N PG
N/YN 370 >10.0 75.1

— N
/ H

—_—

/N\N o}
N/ /J\/ n u/\(j > 10.0 63.4

=

i
N / y N ) N . .
N/ /)\/ \O)\/@ > 10.0 94.9

—_—

N //NJ\/

16 1.49 36.2

N
_

/ N} ’ e}
N/ /NJ\/ N\O)‘\H/IN} 16 54.5

N4
AN N)\/N \ R 361 61
/ |
NN

N [
AN )\/ N \ 2.58 75.3
/ | P

o /N\N q
NQ/%J\/H\Q)l\N 7 |N 49.3

= o
N/ /NJ\/ m H/\(\ >10.0 69.4

— /N\v . o
CHJ\/ \O)H/Ij 9.1 406 27
o] F "

/T i
N/ A \ "~ 392 31.8
/ P

— /N\N a
NQ‘S\‘J\/H\QXH S 49 > 10.0 75.8

\ N
N [ [
AN /)\/\QJ\HAKS 16 >10.0 93.6
\/
-~
87

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

//—-—N\ /N‘\N . o
AN /J\/\©)‘\><i\ - > 10.0 593
~./

W*@*XQ’

fH )\/ \©)k >100 | 943

/\\%)\/ i ' 100 59.7

/T, i
N/ /*/\Q)k/Ij 69 0.164 61.7
NG

IN_¢ 1 i 36 > 10.0 84.1
N /NJ\/N\O)‘\” SN

[oN]
)
o0

. N>‘\>© 39 > 10.0

/_’-N\ /N\N . o
4 DS N >
/ /\O/\ 253 69.7

7 \ HjD > 10.0 73.1

Ofonghols || |

/‘\:’:}’SJ\/ \C)L/j@ 31 432 33.7
S

' >|\/V\u 33 > 10.0 58.1
/ \ Y\

88

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

/_,N\ /N\N . o
<j<NJ\/ " . 15 54.5
| 9]

- /N\N 1 i
N%k/N@*u/Ii 10 >10.0 47.8
=

[\
[3®]

>30.0 65.9

\jﬂ< J\/ \©)‘\ //v\\ 0.555 34.8

> 10.0 90.8

— /@(ﬁ} 350 >10.0 85.3
=T “

@%@{j»*@ R T R

/J\/\dk)\@ 49 >10.0 73.4

/@\’( N/N >10.0 99.8
/\>\< Y\

) ) E 97 47.1
N\__N/ /NJ\/N\C)‘\u/\/F

N \ " 24 > 10.0 85.9
Van \ ;

I N_d ) £ 54 >10.0 56.8
O Py

89

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

NCH J\/\@)]\ N 60 57.7

NCHLH\GJKH Q 49 > 10.0 40

//——N\ /N\N ’ o
N A \ "~ 0.738 63.6
/ P

N4 I

AN NJ\/N . s 410 > 10.0 47.6
/ T W

@Ej 11 1.23 39.4

[

N@{J\/N\CXAO)\ 2 > 10.0 38.3

/\\—’j>’—<///\k/ H\@)kw/\g 20 >10.0 87.7

— N N > 10.0 77.2
=T Q\’( B

NWJ\/“\C)‘\N/\Q\ 19 2.16 72.2

e /N“N . o
N/\\’"’N>’</NJ\/N\©)‘\u/)v|\\)V 13 0.557 44.4
7

4 E
Q’S)\/ \@ ) >10.0 76.2

CH\J\/N\G)LAT\NH 2.6 276

20

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

//\;\}’{/J\/ \QJ\J\Q >10.0 37.8

(a}

n
2
~

/\iﬂN/\K/ H\Q)J\ v >10.0
/ gt

//_’-N\ /N\N ) o F

N J\/ y NN 200 > 10.0 70.5
/ P

V_—_’—_\N

&(ﬁ

>10.0 64.4

&

— /N\N . o F .
Qﬁ%\@*n/\@/ 30 > 10.0 36.6
|

%\ | 37 9.34 38.9

[\
NWL“\@)L I( > 100 101
— ) X

N I
\— /)\/\QJ\)Y> 230 >10.0 75.7
/

/N\N

W\J\/ | / 236 48.9

= /N\\N ] o]
/\\}S)\/N\Q)KH% 630 > 10.0 62.4
/

21

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

CHE\/\@/L /\E> ’O >10.0 54.2

N4 q I /% 201 63.4

/O
— /©Y 29 2.06 30.4
=T [

— " :\ > 10.0 80
N\%J/\HQJ/ \/k,/

I \—¢ | i
\==>/</)\/H\©)‘\/Ij 290 > 10.0 71.2
NN

NC?—%NJ\/ : ! ~ 267 49
J g

N

~ /1 .
%J\/ H\©)‘\H)?© 15 0.103 49
F /N

N i
N N)\/N \ " > 10.0 69.7
/ J_

HN 92 64.4
N/YN/

— /N\N
N/\\:>’<J\/\©)‘\“ ~ | > 10.0 84.3

N
— /”\N 9
Q/SNJ\/H\@)‘\N v | >10.0 68.7
SN

92

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
— /N\\N ] o
W |
N
— /N\N ) o 3 )
N/ NJ\/N ¥ =~ O\/kr—
/ Q I 17 376 18.7
) ~
NFN N N : =
MI\ | 15 35.5
\ »
aaw: ' i /
. \N:’N}/\H 9.88 54.8
N4 |
AN /)\/ Y ~ 70 >10.0 51.3
\O N/
N i
AN /)\/\ED)k | N 50 0.537 51.6
/
N
|
p——n o e
7N /J\/m 67 122 39.8
NI . i
— /)\/N Y ~ 420 > 8.57 55.1
N/
— /@\(H\/E> 59 >10.0 68.1
~
— / N ’ o (\N
SRS R0 & i
P > 10.0 100
- /N \\N . O\% 37 >10.0 40.4
N/\\_—”_>’—</N)\/N\©)k” -

23

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

== /N\\N ] o
N/%N)\/N . o
T L S

_</ |N ]
NH /N /
o “ \If 221 14.1
N/\ Y
N_N/
P
=—_ 7/ 1 . il >10.0 114

Q 46 0.28 57.4

/ N
N/ /N/\k/ H\©)J\H/\E>, > 100 66.2

/N\N . o}
N\_—/ NJ\/N N
N / A 200 0.583 55.5
g

N
__ /)\/ Hmﬂ\ 3.55 40.4

N O
AN )\/\©)k | S~ 45 0.771 63.3
/N

/
O I
o N / :WN > 10.0 15.7
o

R N
.
X T 12 > 100 35
| Y H N—-—N

94

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225
[
T
" - = 61 3.64 11.2
/N
™
/ 15 > 10.0 36.7
Hﬁ N/\(N /N_,\N
I L/ N
N4 . I
— /N)VN\Q)‘\N | S 1.51 67.5
N
_</ |N
NH N N
/ =
100 58
i v \WN
1) é
N\N Q
—— /7 H
N\’N/ N)\/N i
/ H 20 0.224 65.7
A
| 7
I
N N |

> 10.0 65.9
Nt | i
J\/ N e > 10.0 65.1
/ he |
N4, i
— A J\\/> >10.0 63.1
/ |/
/ N
o /N\\w . o
NL( N)\/N NX(N
/ )

71.6
Ok 9
N N ~
. J N
=_ /7 . i 880
N\’N/ /NJ\/N\Q)‘\H -

CA 03174266 2022-9-29

57.8




WO 2021/242844

PCT/US2021/034225

/
P
— J S
/\\—;>”</)\/ N\QAI\HX() >10.0 76
"~
— /N\\N m o
/\}S)\/ \Q)k:/ | > 10.0 78.5
N
o [~
YQ\/\VJ’Q; 0.291 23.3
~
P
e /N\r N
m)\/ NN;? 140 0.445 64.5
= / \N n o >
/\\’,’>‘< )\/ \Q)kﬁ; 100 0.726 75.4
9
™
< L p
/\\’,’HJ\/ H; § 474 46.4
)\_S
N\/:N>\<\7/\”/©\’(\/L/N\> >10.0 713
N—" | N\
N4 P Y 32 1.17 28.4
) JVN()*%
— / g
\ :i‘jiﬁ 17 >10.0 34.9
\/:>\<N\”/\H/©\’(N N/
/’\ /Nj\/H I /'\r
W h 150 0.172 66.7
T

CA 03174266 2022-9-29

92




PCT/US2021/034225

WO 2021/242844
//_—N\ /N\N . o
N /J\/\Q)L SN 12 0.377 40.7
NI
AN /)\/\Q)‘\ | "~ 9.4 > 10.0 65.5
N A
—~ 7 . P
Q/S)\/\C)k/\@/k 1.86 10.5
\,>d<)\/\©)k/\( 72 >10.0 94.4
5.39 62.2

N/\g\>—‘</\k/ H@*inj 27 >10.0 64.2
/ -~
~

A
46

6.11 435

o /N\N .
N\’N/ NJ\/N NH
/ >10.0 77.8
/N>_
0.136 72.5

22

/b,H\/(‘\ /N\“ 15 0.543 30.3
/ |

97

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
/ N\>
\N
\N
\N/
- >10.0 90.6
N,
N
&
\ /@\’H ’ 2.5 53.7
N\\\/ \ \IfA
\(j)k /\O\/OI 170 > 10.0 61.5
/
/§>\<\‘Y\ /O\’(HY@):C
! N 21 0.158 46.9
\an |
N, = | N
LA >
; ( 7/\ =~ >10.0 89.4
/@ij >10.0 56.8
)\/ \@)1\ 2.48 66.6
p\ —~ 22 0.563 51.1
N \N
H/\\’\EH;/

98

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
— /N\\N o 34 > 10.0 33.3
NC’\>"</N*/H ! OH
’ /7 , i 1.76 69
\C}’—SNJ\/N\Q)ku
- ) v©:>7
\__/ \\L’/\H i 22 3.37 31.1
= /N\N ) o F
\_/ NJ\/N 7 ° 220 < 0.0390 61.7
/ ]
N?’\
N’\/“
VAR ! N/C\KH\/Q/ >10.0 67.7
! > 10.0 78.2
N T \N N/©\’(H ;>
o< T I
//’—N\ /N\N . Q
N ’ /NJ\/N\©)‘\N/I? > 10.0 88.9
~ "
— /N\N ) o
NWNJVN\C)LN/\@ > 10.0 81.6
\ N
//_——N\ /N\N . o
AN /J\/\O)‘\ /\>., 0.862 46.6
) L/
//—fN\ /N\N ) o .
AN NJ\/” \ '\ > 10.0 84.4

/ i \ /N

N—N/
/

N A B 7
/—”"H )\N\/H i 41 0.0664 63
N~ @A

99

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

— \W/\ /C\H/NVQi/( >10.0 57.2
=TT

®’</\k/\©)k A >100 | 837
“r
A
— /\> 14 2.88 45.1

//\’}-’{kﬁ\@i / >10.0 70.7
— N /\( />,< \

N®/<N\\N H | N
— /k/ \O)k/\g 15 >10.0 100

— ' . 20 > 10.0 37.7
NM‘JAHQ( S

— " Q\’(ji/\ 19 > 10.0 59.8

N4, I
Q’<J\/ \QAI\/IJV\ 28 > 10.0 46.4
N

2 A i
Q_’<u/k/\©)k/)(i 19 >10.0 83.4
=

= : ,> >10.0 92.7
NMfHQ( \/KN

E

TN I >S

>10.0 20.1

100

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

—— /N\‘v . o
Q’<H)\/ \O)kN/ >10.0 61.9
N

Q\ /</N/NH u’?/_\:;\@N

>10.0 94.4

— /N\\N . o
NQ—{u)\/N "
H/ >10.0 136
\N |

=Sy
o N Y A 12 5.8 >11.0 29.8

=

\O N/
N@‘%n\ﬂ/\N n\/\(N\ >10.0 96.6
H
—_— \N/—N o N\)
N,
= \N
.
| > 10.0 64.7
N N
N/
DY
’_ y > 10.0 56.8

/ \

N\N
N/ \ / J\/n N,
_ \ H/\|/ SN 27 > 10.0 89.8

P
N 4.
QKJ\/ 12 0.56 45.8
2 N
NQ’<NJ\/N . . > 10.0 66.7
D
AYal
Q/<~)\/N = >10.0 26

Q. % Qg

101

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
/ \
_N\
HN /N
>10.0 54.4
O
C>/< \©*H >10.0 134
N/ N
U
N§\
S
/O\H/V\O 19 >10.0 453
O™
/ \ /\\\1 (8]
Q{ NN, 0.651 55.6
N\//
-~ "
N~y o
/7 N\ |
NQ’<H)\/ \ ~ >10.0 75.1
I
9
N~y o)
I N\ |
Q%)\/ Y ~ 26 > 10.0 72.7
N
N I
/7 N\ | "
Q%)\/ H/\g >10.0 68.6
"”I/;,O/
p o)
/7 4 | " /
Q/</k/ A( > 10.0 70.1
7
N
S /N\r\u o
Q%H)\/ ¥ 13
. , >10.0 61
A
SN o]
7 \_ 4 "
N®f<m/\k/“ u/>O 3.22 26.3
\ /N\N c
{ J\/“ > 10.0 89
— N N 0

CA 03174266 2022-9-29

102




WO 2021/242844 PCT/US2021/034225
N~y o
I N~ |
NQ’A%)\/N N e 24 > 10.0 72.4
9
N~ I
/7 N4 |
Q%)\/ . . 16 > 10.0 46.6
)
Ny o
7 N4 |
N®/<H)\/ Y ~ >10.0 61.7
~
Ny o
/7 N\ J\/
©’<n 0 X = > 10.0 84.6
\/”\N/
I N4 | i i
NQ’{”)\/N\Q)‘\N/\E(/N— > 10.0 102
F. i F
/N\
a
\<\NH
g >10.0 74.9
HN
N/ NH
\
N =
(U
72 A [ .
NQ”<H)\/N H/\VLF > 10.0 51.6
(Y
\ /N\N o _/
/ | . H > 10.0 38
Q’<)\/ S
I\ _¢ ) i
©/<)\/ J\(> 981 65.9
\/
/ N

CA 03174266 2022-9-29

103




WO 2021/242844 PCT/US2021/034225
O/“\N
N\<
9]
48 > 10.0 74.9
>\NH
\ —
e
A
N~ Q
7 N |
Q%/k/ VNN >100 | 436
\N/
O
) i | > 10.0 95.9
N/ \ "'W/\u F
== \N/N s}
\N/<
@{H\’/\ /©\H/HVQN/” > 10.0 96.6
! ¥
\_/\_! !
e /N\\V o
H
\_/ H/k/ N 12 572 50.5
. L
NN c
/7 N4 | .
Q%N)\/ ¥ N\, > 10.0 71.4
Pt
720 A
Qﬂ<H)\/ \ "\ 8.4 0.866 39.2
| >’\
o 7/ T/\/O\
—N N > 10.0 71.6
[
| g H}J
N
N T /j\/m | N
\_/ u N/U 17 >10.0 64.2
N\
N~y o
/7 \ ¢ J\/H
Q%u i N > 10.0 67.5
H NH
\N/
— /“\\N . Q
Q%)\/N " 36
]

104

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
= /N\V Q
Q’</\k/\©)k/\0 25 >10.0 103
/N\N o
®’<J\/ \@JI\X\ 18 3.11 55.7
~/
vk 45 > 10.0 79.1
®,< )\/ \@)}\ = 11 0.405 63.4
N//\j>74< )\/n N
— y N\ >10.0 91.4
7\
— . ' \/Cg 19 >10.0 94.4
N@\< Y\HD\’( =
7\
®’< )\/ \Ej)k >10.0 78.7
N@% J\/H N
- x \©)J\H/\Q > 10.0 68.9
®’< )\/ \O)‘\ 0.739 711
N\
@/< )\/ \@)k > 10.0 129
N\ ’
NQ<NJ\/ N\©)‘\H/\Ej/ " 17 >10.0 98.5
$
— /N\v o
Q—{,,/\k/N\@)ku/\@ >10.0 129
\ N
== /N\v ; o
®/<J\/ N\©)‘\/\© 34 >10.0 120
x

CA 03174266 2022-9-29




WO 2021/242844

PCT/US2021/034225

N~n ]
7 N4 | .
Qﬂ<)\/ SN 24 >100 | 989
-~/
— . " w 210 > 100 88.7
o= ~
\ /U !
—_— /N\N ]
Q%J\/H AN, > 10.0 116
H \ |
o W TN
NH /‘r\g
O/k >\/ > 10.0 101
7\ i
D’{/k/ ' N 20 > 100 66.9
I,
Py o
I N~
Q’<H/k/ N > 10.0 85
\
N
\ /N\N o
/ | . > 10.0 83.1
|
h o
7 N |
/Li>/<)\/H " N 0.323 71.8
H \ /N
NH
N, . N ™
e—— / \N y
. ’ 10 5.51 21.9
\ 7/ H/k/ '
N ="
LA >
.
kj/\ g 37 > 10.0 105
NH
Q

CA 03174266 2022-9-29

106




WO 2021/242844 PCT/US2021/034225
_
N
F /\N
N\<\
NH
0)\@ > 10.0 89.3
S
N/ NH
\ =
-
s
— /\\N o}
N\ / u)\/N "
20 > 10.0 83.1
N,
_
5
N,
J
N/
Q( 12 0.736 24.3
== 1y NH
Q—~—<J/\H I
N~ a
/7 4 | "
NQ/<)\/ NEN >100 | 867
N/
()
N o #
®,<J\/ P > 100 82.1
"’ |
M e}
/I N\ | .
Q"%)\/N TN >10.0 78.6
\/
/\/
“
— /N\N s} N\
\ . 20 > 10.0 78.5
N\ / u)\/N \ OH
\ /N\v el
/ | .
©/<~)\/ N \ \> 83 >7.50 51.9
O
—— /N\N o
b« .
\_7 N)\/ H/\Ej 25 >10.0 100
\
N
\\ o N >.\©N

107

CA 03174266 2022-9-29




WO 2021/242844

PCT/US2021/034225
F\S//O
Ny 5 // \o
O @\/H § 12 7.64 16.3
r\s//o
Ve
©\<m f 73 13.1 5.47
N Y\u
@) |
o\\ _o Qp\ g
S, N N
P \\O \©/\/ I H/\N(O>/© 210
O\//O
/°\
©\<NY\ \/©/ 7 20 >30.0 8.59
N N
@) [
@ °
|
©/<N)\/N N 15 031 54.2
/ IO
O—O
=" H” 2.9 >30.0 7.94
@ 0
©’<)\/\©)J\/\©/ 6.1 14.5 8.49
H H
H . 2.1 > 1.76 1.5
/\Q/QN
Qo N
=
F N
.
y . O 13 >30.0 22.6
N@\@j/\u
N N a
@ °
@f{)\/ \©)\i©\ 15 18.8 14.6
. o
N@N o o/
©y<)\/\©)‘\/j© 1.4 0.981 15.3
\O

CA 03174266 2022-9-29

108



CA 03174266 2022-9-29

WO 2021/242844

PCT/US2021/034225

O Py

10 >30.0 17.7

Q’QV@)*é

330

>30.0 25

5.3 19.2 27.9

I
Zln

2.3

>30.0 17.5

2.6 0.667

37.8

>30.0 54.1

>30.0 69.8

8.2

>30.0 24.2

22

9.26 13.2

109



WO 2021/242844

PCT/US2021/034225

/O N
\\\N \IQJ 3.8 >30.0 68.7
N N
O—O ™7
O
N
N/O (o]
@ )/\’J 2.4 301 12.3
) HN
Q
N/NO o)
,Q/ )/\J 3.7 7.02 23.8
HN
q
o]
O
N/NO O
)/\’J 2.6 >30.0 16.4
i
Q,
N/NC> o
W /. )/N\J 35 6.57 16.3
ool
;
N
~ @
"OQ )/ ~/ 1.6 >300 | 259
F HN

CA 03174266 2022-9-29

110




WO 2021/242844 PCT/US2021/034225
/N
N,
)/ ~/ 6.7 >130.0 73.7
\ HN
0
O
)/ ~/ 9.1 232 10.7
0\/ HN
!
O
O
e ,
o
)/ 39 202 12.1
HN
-
o o
O
/N
N ON\’JO
N )/ 7.5 > 30.0 29.4
O
HO <
©>\H<” A §
Q ' 6.3 6.08 69.5
\\\N \/©\ 0.2 ~30.0 83.2
O |
N'/N e}
: Y /J 8.2 458 58.8
HN M
OO

CA 03174266 2022-9-29

111




WO 2021/242844 PCT/US2021/034225
\\\ i N
O—~<N /©\y( O 52 >30.0 92.1
N O Cj,/\H
H F. o\
G{N 4.9 >30.0 78.9
N O j/\u
\\\ °
\ 23 >30.0 57.9
O-ao™
=N ] o\
U\\\ ~.°
Q \ /©\'(N\J© 19 6.31 53.3
Q\@j/\ I
@)
/N
JQN
/ R 130
\\\ /O N
\ \I@ 20 0.256 77
N@—@Y\N
=N
®</K/ " 34 >30.0 95.4
@
)
Cl
@'@)\/ 79 >30.0 76.6
/ 9@
WKQ /)’C 170
NSO
=10 g
N\N o
. O @\/\©)k 41 1.48 57.2

CA 03174266 2022-9-29

112




WO 2021/242844

PCT/US2021/034225

Zli

N/ F
T@”A@ 5

44.3

59 1.49 40.4

HO.

4.2 14.5 58.7

5.8 >30.0 44.6

>
10E+03

CA 03174266 2022-9-29

113




WO 2021/242844 PCT/US2021/034225

H
/N

114

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

oo

Wr(@f
@

| /(
HO/\/ \l\/\
N

o

O

NH
N

CA 03174266 2022-9-29

115




WO 2021/242844

PCT/US2021/034225

o

N’

o'

?

@i@ﬂ

O

Ve
@*/

\/

§

o

5@?

Q

N—"N

LHwA@wp@

a_
CRaad

CA 03174266 2022-9-29

116




WO 2021/242844

PCT/US2021/034225

N 4T i F 10 > 30.0 68
NS /JV@)LN
N Ny o 14 > 30.0 64.3
N4 |
N\ / N/k/N H OH
/
7N
=N
Y
\ 73 24 1.41 70
/O
=N 4T i 54 13 > 30.0 84.6
N\ / N)\/N . ol
/ m
/_=—_N /N\\N . o
"\_7 /N)\/N\<j)‘\u | N 43 17 1.19 52.2
Cl /
Ve k “v©i> 9.4 15 >30.0 75.3
\ / "\ WA I
od
F 9.6 13 0.285 67.5
HN N/\(N/ / \N
J\N,/ N——r‘/
/—_;:N /N\‘v ) e}
\_7 /)\/ - ~ 15 > 30.0 65.1
N/
/—-’—N /N\r\v . o
N\ / /‘)\/N\O)‘\H/\Gj\ 140
\ Br

CA 03174266 2022-9-29

117




WO 2021/242844 PCT/US2021/034225

8.1 >30.0 79.4

/Z\“
s

= =z

%,z/

; ?
Q

u_)

u_)

~~ -
" N\)\\N = 14 >30.0 69.7

1.8 12 >30.0 77.2

I/ % . i . .
/\;>’</J\/N\©)kN)\© 11 2.15 46.2
A

N"/’N

!

S eWe;
N4 : . " 9.5 18 >30.0 94.9

9

/N\N o
CHJ\/ \O)‘\H/r\/d 19 6.22 64.8

“@1{1\/ I H/\\(\>_’ 110

/ O
N/ \ /NLH I
AN, ) ’ N 17 4.15 58.9

/F_H\,\V ) o H

N, N

N ) oS 29 0.522 76
N, /

N/\‘”/ /N/:/\k/w\@iu/\i:j\ 150

118

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

“//\;M//NJ\/N\CXN/E 9.5 6.7 0.551 70.4

/N\N o
NCHJ\/“\CXH/\C/N’_H 110

//\;HJ\/\O)‘\/\i\/\’ 60 1.29 57.9

mrng\:@j 0.5 33 0.996 52

N 4T i 1.1 8.6 0.407 71.9
N\ / /N)\/N\O)‘\H OH

/—__—:N /N\N ) o
\_7 /J\/\O)‘\/ﬁ 45 >30.0 31.9
b

/—,-:_N /N\\N ) a P
"\ / /N/k/N\Q)kﬂ/\Q/ 2.7 12 > 30.0 66.9

# N N
. -
- \)\\ N 0.96 3.2 1.49 57.1

NW\J\/N\@)LH/\E:j ¥ 7700 o

N

WL“\CX/U 580

/N\N o
CM/J\/\O)HJ\K\” 13 16.8 58.8
~/

2.8 7.2 >30.0 59.3

N / N/N N
~ \& H\)\\N\}QJ
NH N \

119

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

N 7N g . N 67 >30.0 77.2
/ \@)J\H/\'}(%
/N/
C)\<\NWA /QW\/L/}\ 41 >30.0 38.8
\ v
\ /N\N ) a
N<:_N /J\/N\Q)k)\g\# 5.7 60 >30.0 87.7
N/
o\\s/\
\ Q(ﬂ 3 100
Vi \ ' H <,
I
/ \ \N /©\’(n\/©/ 2.1 20 > 30.0 73.5
o\\s/
7 \
7\ \ /O\’(H\/gj/ 240
&N
! /C\KVC/ 6.3 20 30.0 81.8
N/ \ N . N . > . .
O~
F /N\
N N N
@// N/\>’[\N
j\ i \)\\N ~/ 260
NH N \
/-—_;‘4 /N\N . o
\_/ /J\/\Q)k/\() 43 >30.0 62.9
\ N
/-—_;V /N\N . o
"\ /NJ\/\Q)‘\/\K\O 27 >30.0 81.9
N§/
N i | 210
\_7 /NJ\/N\QXN : "~
N . " \ = 5.7 29 >30.0 66.9
/ \@)‘\H/\m
/\N

120

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

\j< )\/ \CJ\ 13 >30.0 80.8

| ¢
\,_/>/<)\/\<j)k AN 9.8 13 >30.0 63.7
/ H/\E>’

5 J\/n
N/ ; NN 23 >130.0 82.9

”/\5 / ///\k/H\C)kN /\iNN/ 27 575 66.9

N
N / N\/N\ /,>N
\)\\ = 0.79 2.1 >300 | 293

N4, I
AN/ N)\/N NN
/ _/ 6.5 18 >30.0 5.27

2 i 2
NEN /N)\/N\O)‘\u o

O\\S/\

\ QY o
FN \ o
y " 62 21 >30.0 86.3
Ve |
/ \ /N\il H i /N\N\
N N)\/N YOS

/ 9! 17 >30.0 89

121

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

20

5.6

78.6

36

9.77

70

122

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

o'y

\N/\/“\/\N/(
N Q/N

123




WO 2021/242844

PCT/US2021/034225

124




PCT/US2021/034225

WO 2021/242844

z
z, L \\\ 2|
§

.

O 0

@

e

2~ 00

O~

@)

N—"

53,000

O

N —

N
O~
N

A
O

125



WO 2021/242844

I}\”

@/\

=N

0
Re




WO 2021/242844

PCT/US2021/034225

HO\/Pq /\/N\L

N @\ §
O

&

N
; H
HN

o]

)
Ak

@@

CA 03174266 2022-9-29

127




WO 2021/242844 PCT/US2021/034225

R

94 > 30.0 87.8
NN

@)
@“@{ \)Niz’@j 7.9 275 70.2

QQ\ 4 \)Q\ Qj 24 > 30.0 44

>0.33 45.0

E(?
O~
3
P
;

128

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

\ J@(Fﬁg 11 >30.0 63.7
O™~

OO
oo :

12

C@'”()\/ \© o o 7300 6d
N w1
o

/@{/C)\/UJ\ ! N 9% >30.0 528

o | @
N N
@\\(@-\/\(Q N// 12.9 15.3 0.476 49.9

@ O /\(5@:’ 6 | 1s | s

cl
i :: N 63 >30.0 71.3
it
N

[s) N
C.
@ = 20 2.07 45.1
HM ‘ /
N

N’
N)\/N A 55 >30.0 55.9
/ O " IO
N
Cl

129

CA 03174266 2022-9-29



WO 2021/242844

OO

CA 03174266 2022-9-29

PCT/US2021/034225
A ' \ - 65 >30.0 38.3
@ @)
o
23 >30.0 63.1
I W
(\(@/N
N\O/N
HO
O-o™>1
A Y 1.7 >30.0 17.4
O,
\/:Q jA “\I@ 2.5 1.16 20.9
_\H)i@\ /J 4.1 25 0.104 49.4
O H/\M_’)\/
\\\N V\CQ <29 >2.97 52.6
N N
\/:>‘<<_?NC/>7/\ O
o'
D
HN \40’_(
o j 6.3
NH
HO
b 1O
N y 2.4
O-o™
=
@T@L e
" q g i <0.51 0.58 52
o}*@ OH
130




WO 2021/242844 PCT/US2021/034225
QQ o~
Q/\%\ \)\\ 1 3.08 18.3
NH )
HGC 3 i
\\\N ﬁ@ 098 | >300 | 214
OO0
= \\\ \;@i j 1.4 >300 | 278
N N 0
O—O
Cl
% /J 46 0.123 38.7
[ O\
cl
OO |
Y@\ //f L5 0.163 24.1
N - ON
0O
/-’-N > o =
@ HO/Q P 2.32 <038 0.05 56.0
[_‘ @ N 0\9/
) NO)\/\©)\ 11 1.51 50.2
©:> /\© Q <051 | 0107 | 4658
:%\‘ u N=—"N
@ie ~0) Q 1.95 <36 0.09 475
HN i N=nN

CA 03174266 2022-9-29

131




WO 2021/242844 PCT/US2021/034225
= \\\N " O <051 0.803 45.2
[ Jle]
\\\ Cl
= Y\ \I@ 4.89 0.88 > (.22 35.9
\\>\<N/N (<] é
(o
y
- J
NH F ! N/ 280
NN
-7
—
'S\/N
(o
N
—
S
/ 15 1.2 25.9
I W N
N
-~/
e
'
e O
N/’>’<O)\/n
N, h i
/ 3 20.4 >14.2 47.1
O/\/ \
/_,—N NC\>N o
/ 39 0.779 55.7
F\S//o
= o O//\o
@’@*/“ ) 8.94 4.2 1.55 6.68
Z
0.
15.5 7.7 13.3 52.2
K i
O-o™ o
i e} \\s/o
N\

132

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
Q\{Y\ /@\H/ 13 >7.50 54
NC/>N o) o\s/o
N\
O
N\
“’\/\/NQ>QN
©\\(K ‘
N
N\
\
O\/\/N\LN
O/ \ N
I\
i
! N A\ 34.9 10.8 8.62
O™ X ' sl s
N_/N @]
x
0O,
@{@A N 28.4 7.44 38.1
N} o
O
N
\N
BN
17 > 30.0 13.4
NH
- ;;
O\S/O
° F/ \\O

133

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
N/N
N\/\/OH
)/ 50 > 30.0 52.6
F\s/o HN
q
o]
Q
N
a0
/( / 1000 >30.0 76.3
N/\/\N '
N/
IO
HO N
O™ Y
N/!\ o]
Br
0.
13 1.63 63.9
N N
1
O\
3.6 >30.0 45.6
| O\
i NQNW
s \ =~ 9.99 0.648 0.644
Jo @
o N—==N,
_O—0
[ . 00>E+03 258 0.138
H\/kO>_\(<:>/\N
H \ " 4.6 0.196 35.6
hOo®

CA 03174266 2022-9-29

134




WO 2021/242844 PCT/US2021/034225
HN
\@i'j \ " 210 >30.0 69.3
\©;J / 7 >30.0 7.49
I H/\N(QN>’</\ (N’_—/)
\©[J / 11 > 30.0 8.51
HN /\rn>/<©\
N N
Y
o O\
/ 8.4 0.24 49.9
HN N,
00O
¢} At N
\©ij / 18 >29.4 10.6
) /\("H@\“
O\~
NN,
H\/Q >\©\ N
) R NJ
\ 48 >30.0 14.9
° @
HN N\AN}QN
\ 240 > 30.0 16.3
(o)
O,
B’/©© / 510 >30.0 1.9
-0
| F/\N(QN>—’<:\J
y F / 2.6 0.0426 41.7
HN N
o0
/©ilj / 2.9 0.0339 45.4
\
| O\

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
/©ij / 120 > 30.0 10.5
HR. N
o0
= N
F. o,
] 3.3 0.178 50.5
HN ,’\‘,/\(N>_,_©\N
[ O\
F. 0,
Y@\ ] 1500 > 30.0 50.8
o0
\O
@;} 26.1 774 9.11
HN N/
-0
o] N\N N—"/
\O
@;j 87.5 0.47 71.2
/
| H/\@>"<©\‘/
\(O/VHJ / 1900 0.168 46.2
HN /\rN>___<©\
N N
(o] ) NQN N”‘/
0@
H [ 6.4 >30.0 67.9
) OO
-0
@ 1.3 7 0.192 48.7
-0
N N
4
| O\~
§ / 144 990 > 10.1 59.7
HN. N
| H/\@}—(\ (N—’_/)

CA 03174266 2022-9-29

136




WO 2021/242844 PCT/US2021/034225
=J\©/ 60.9 0.485 50.7
\OJ@E)
O-O
\ 1000 10.1 18.7
F / 2 0.0962 47.9
N N>—"<©\N
[ O\~
F / 24 >30.0 47.7
[ O
/ 45 9.09 31.1
HN N
u/\( >©\N
l O\
oy
\(@\ / 30 >30.0 38.1
i K
H/\@>’<N’\_Q/
=} =N
O~
. H \ ) 15.2 >30.0 34.7
o9
'O’
PO Q)
\ " > 43.1
_° 1.00E+03
Q'
Q.
. / 8.09 0.594 23.7
e aan -2,
| O\
/ 834 28.5 1.07
| O\

CA 03174266 2022-9-29

137




WO 2021/242844 PCT/US2021/034225

F. F

3.8 >0.972 45.9

9.7 >30.0 46.5

/
o0

F
. 0.
/ 56 0.0932 54
N

\:\Jo
NQ%T/NCDX/H I /%\
N
A S//O
A

@

S
QS( \©)1\::O 20.2 9.4 >30.0 27.4

©©Y© heon®

w)@“@fO

@3@%%@

138

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

mr@ O

zllll

AS
&w Q( \I@ 5.38 3.62 9.33

@Q DoV

< \\\u

@N@@

©’©v©*<'i/

o

9’%@*

? 65.9 13.1 50.5
\/>’<®\/ \@)k /\/\OH

N@;Noj\/“@iﬁ l ) 9.54 4.19 26.3

oS O
\©i?\(©\/\<(> = 25.8 0.117 36.9

/\(O Q/ 9.03 >300 | 0.766

N—N

il
£‘\\“u‘§ C

139

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

o7

@?@ O

>3.20 16.4

2 EMO

ZIO/ \ZI O
:é /
Zo{
5"
QO

pow ge
‘p\/\(—)}/@ 3.35 >30.0 74.3
HN
(o]

140

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

/’\1

H
N
o)

85.3

2.84 22

CA 03174266 2022-9-29

141




WO 2021/242844

PCT/US2021/034225

B

147

0.592

16.5

38.1

>2.11

18.5

CA 03174266 2022-9-29

142




WO 2021/242844 PCT/US2021/034225
r. o N
/\© /) 22.4 0.0254 35.3
HN u N N
o )
m /\@ Y@ 3.84 0.256 41.6
:”ﬂ n N—-N
O
N, N N [} O/
OO0
- T
HO
O ° Q/
0
/) 9.28 >30.0 69.2
HN N
H/\( >/©N
i H 10.9 0.0416 30.7
N/\(N>/©N
Cl
OH
/J 9.91 0.0242 48.6
OO
OH
. /) 7.18 >30.0 3.17
~o-O
o} NQN
HO /H\S//O
\\\ ),
1
N N
O™
NN [e] F

143

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

: > NH O 4.8 3.13 63.3
HN
hos ¢©"
= 23.2 >30.0 48.1

g/@ 227 > 30.0 5.55
O on@®

gb 32.5 0.0615 57.5
D OO

cl

- 60.4 >30.0 80.1

d-
o

cl

: - 21.9 0.245 42.1
OO
~ -
F o N

i)‘\©/n\/k0\>\‘©'“ 33.9 2.7 60

S//O
0// \3/
144

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

05 a0 -] |-~
@2«%@9
355 WQA@O
Y©\ ~0-0
o ﬁ NN@TQ

CA 03174266 2022-9-29




WO 2021/242844

PCT/US2021/034225
O A
N
\p\/\@ 6.81 >7.49 347
2 H N=—"N

— . e

" . 117
/

/\©/\ 761 >30.0 58.6
Ny o
OO
/

Nﬁ\‘j 297
e
cl

> 185 65.4
Q{/O\)\/\d(]\/@ 11.4 > 478 455

~,

146
CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

e

Y \\\ g 3.22 >30.0 63.6
N@\@ANQY JO

- _
P N\’/\ N\L.J\ 4.12 > 30.0 56.7
O—a ™ g

\\\N N\>©\ 4.82 > 4.60 69.5
O-o™ ~

\\\ ~
@\-{7/\ \IOJ\ 7.15 15.1 50.5

N@@)\/“@)l\u/'\@‘\ 17.5 >30.0 7.94

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

C>*<®v©x PN
@%w@*x@
/ — 23 0.227 73.9
¢} H/\E/ /"’— :
//’—N\ / ) Q
_ NJ\/” . AN 15 >30.0 51.8
/ \©)‘\H | b
7N\ | . i
AN uJ\/N . : 26 3.79 58.9
[—‘\ /\N . Q
- J\/ . SN 9.6 16 0.696 61.9
j P
N T
AN NJ\/“ W 12 15 27.1 56.7
j “ 1
!
/ 21 > 30.0 16
HN N/YN /N’_d\N
o N\N/ =
|
o N/\rN /N—’\\‘N
: N\ / e
| 8.2 3.6 > 0.47 49.0
HN . N N"\N
o H/\EH’_;/

CA 03174266 2022-9-29

148




WO 2021/242844 PCT/US2021/034225
cl

%\ 33.6 13.2 >1.01 45.9

zllll

z\\\\

N——N

@N@YQ

I\H/li:]\ TN 20.2 11.9 > 0.80 47.6
O H/\r}( ﬁ—s/w

% N/ N_’\ 66 >11.8 38.2

Z(m

Q%C)\/@x%

HN
N

-
N
X T 35.4 0.547 52.1
H NN
[e]
N (o)
|

N— /)\/\QJ\D/ ™~ 20 0.917 56.9

; =

\ V\Q/
ey ‘ 12.03 0.413 513
=T |

NH

59.1

149

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
AS
74
— HiD 62.5
U\\S//Q
/ 18.2 2.79 53.6
N /\(N N——_\N
I LU
X
- 63.5 > 1.90 53.9
/N\N
Vo /
/
7\
e
IO
NH A\/ =
E i 9.78 2.99 25.7
N/:N
\ _/
/N_
N\ N\
i 68.9
//o
//S\N/
O\\S/
Ny HN/\\
N A " 68
= /
o\s//o
5 / 065.4 8.68 47.4
HMN N/\(N N——-—\N
[ RO

CA 03174266 2022-9-29

150




WO 2021/242844 PCT/US2021/034225

N
NN

N
N
-/

N

10000

2\
<

T

o/\
NF\ : N 3 F
=TT T

s
L " 412
N/:\\>\< w/\u/()j/

C\N\j

— p—n o C)//
Q/(/ J\/\QJ\ R % 107

T ) /©\K°
\_y \N:’N’/\ ool 10000

X

151

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

W”@%r :

)\/ \(j)k /Ij/ 21.5 0.61 52.7

CN>”</N)\/ \©)‘\H | e 9.97 1.7 40.1
F

o
~ | NTE/Q\N/\NEN&@N 192

" N

o+ wfw

136

\ N

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

\ /D
@ﬁ \VKO\ / . 26.9 2.17 49.1
N N ’ \

o] N

z
/N —

N N

-

HN

69.8
- 4 = 531

(el

#

\N/VH
F

— /N\&v . o
Q/S)\/\C)k/i[j 27.6 0.506 70
F

== /N\\N ) o
QH/&/\O*/@\ 17.8 0.803 48.9
N

=Sy °
N\’_N/ N)\/” Y SN 382

Ry
AN N)\/” " "~ 69 2.66 57.7
/ @

g
o\ >© 46.4 232 65.6

—_— /N\N o
N\/—:H/\k/ H\Q)kn ~ 103
| T

153

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

//_.—N\ /N\y\v . fa)
AN /N)\/\Q)LN | j 61 >12.5 48.2
=
\ “
’ 14.3 1.46 64.9
N/\“\ N . Iy N
= \le/\H o
—— /\N ) o N
"\ /NJ\/N\Q)‘\”/D/ 17.6 >1.28 51.0
0 ‘ 7/\N
@ /\< ) = 26.6 1.26 55.1
|
/N
— \D 14.8 161 50.9
N\\\N/ A\ 7/\ Il
/—;}—{N\N 5 13.2 0.681 65.8
| "
N/ A .
/
//_,JN\ /"‘\‘q . o
AN N)\/“ \ ~ 30.1 >30.0 70
/ p®
Y©\ /\( H_./ 104
/“ \
/k/ \Ej)k /D\ 24.7 28 17.2
\
/ 65 > 30.0 77.2
/N ~
T \N /@\’(“\I; 120
N\\\N/ \J/\H I N

154

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225

//__—N\ /N\iv ) o
AN N)\/“ y "~ 67.5 > 124 54.8
/ ~ | Z

— \ i

15.3 >11.7 10.9
I
N
OH
48.9 >6.45 67.7
43.4 >30.0 65.8
45.4 >13.0 62.3

=== /N\‘V Q F 83.1 3.07 72.9

ij\/ﬁ\@)ci\” ] . 35.6 0.536 54.4

\ {D 57.1 1.95 62.6
=u I

an . i - 209
"\ /NJ\/“\QXH

N N~ ]
I s
— ) Y ~ 37.2 0.797 62.7
\o N/ o/

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
L
5\ 38.1 > 300 73.5
/N\N
\ /
v
7\
-
\ e @
146
NF\ N N/@\’(H e
— \,\/J/\” !
T / \\N N N\~
7 /)\/ . Y 52 > 16.0 56.3
L
\ Y D 58.8 >258 726
LN NN NN N
e I
— @p 50 325 65.1
~7
— /N\i\l [ o// S
NQ—</N )\/N\Q)l\ . l 9.42 3.25 59
E\S//O
\r Y,
-\ 0 65.8 >15.9 57.6
el I
=_ /1 i — 54 4.29 47.4
N - { J\/H D Q
7 i . o 10000

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
i 267
\_/ \,7/\ |
S /N\\N . o
W&\@)k/ﬁ 13.8 0.633 56.3
Br /N
\_/ y \Q)kij@ 18.4 1.56 51.9
"~
«\ \ﬁ 50.2 >30.0 33.4
N/:\ \f I -
N I
AN /J\/\Q)‘\/n 28.1 5.09 50.5
T~
N, i
AN /)\/\©)k:)£j 22.6 451 13.3
7
|
/N N\
-\ /QY\I; 46.1 1.16 71.6
\_/ \j/\ |
e i
\?>/</N/K/ S 373 093 52.7
\O N/
N4 i
AN /)\/“ Y ~ 28.5 >30.0 17.2
N/ O/
N—n Q o/
NW J\/N 6.03 0.468 37.7
N/ / TN,

157

CA 03174266 2022-9-29




WO 2021/242844

PCT/US2021/034225

N_{—\N
oy
AN
L 146
O\\S/’O \ 7/\N
@ /\<_/ = 20.2 1.44 56.5
—
A / N\ 45.9 7.67 52.8
)
_ —, N 19.2 22.6 55.7
£ .
c
..\;O 184
s \ |
e
N\ N
- \ /@;/\D 30 1.15 57.6
=T 7
=T o
/l\j
— \ O\(O@ 47.2 215 40.1

CA 03174266 2022-9-29

158




WO 2021/242844 PCT/US2021/034225

- <

. ”N/ //J\/“\C)kw 55.7 7.41 74.7

(

NCHL“O)LN ; O/ﬁo(N\ 67.2 >27.8 53.5

C

HN—

S~
o\ /@\”/ | 53.5 >23.3 68.8
N/\ : N g /

- N
NWNJ\/N\Q)I\N/\@ 16.7 1.44 67.1
/ <

N4, i i
AN N)\/N \ S 15.5 >30.0 66.9
] ®

N=—="

NH N ==
’——-\N 2
&,/Qﬁ

—

505

159

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

q 134
/O
r
N\
™~
N \N
-
q“ 929
(o]
1IN
% ; ~OH
N/ N
L/
| : \
N\N/ Hi
651
;;
HO: HN: 283

CA 03174266 2022-9-29




WO 2021/242844 PCT/US2021/034225
r
I
N\,
-~/
" 253
1IN ©
o)
| 7/\N
( j:é = 19 0.867 61.1
HN
(e}
| 7
— N NH
N N
\\\V/ \ T\H |
o\//
N 194
' /
~7 \_/
N 0
=
x
/ 56.7 > 30.0 84.2
N N
WA
N N\ -
% \)L \
N N
)\\@ \
. 142
H
\_/ //\\/ N 14.9 >30.0 78.9
7 N
— /N\V\V o)
\_7 /)\/\O)‘\ 10.8 0.738 51.3

CA 03174266 2022-9-29

161




WO 2021/242844 PCT/US2021/034225
— /N \N ) a
"\_7 NJ\/” ! "N 11.2 >30.0 16.2
/ ®
/H\S//O
\ 4 7.36 12.7 0.732 47.1
=N o r
o, . N/ /N"\
H/\( / B N
e Ny 18.4 > 30.0 96.1
°Y©\ N/ /Nd\
N N
H/\( / B
N M 8.5 > 30.0 37.8
[
|
)
159
VR \ N i
N j/\H
= \ N o
J——n o k/N
— / J\/ 71.5 6.71 59.8
N\’N/ /N N H
|
P
: 53.3 >30.0 84.4
Ny HNM
7 N\_4 J\/
~/
/N\N o o// e
/’>’< A 32.1 >30.0 65.6
N\ /“ N

CA 03174266 2022-9-29

162




WO 2021/242844 PCT/US2021/034225

N/EN
\_/
N/N_ N

42 >11.8 54.3

119

(o]
VA //\k/
=/ S 18.3 1.63 43.3
\N N/

IN_d T i
N ’ N)\/N ! N\ 133
/ P

N \ < 172

J N f
N/\\ \NJ/\” I 7

N

N \ H
NF N . N O
B \ \j’/\” I \/\@/ 340

NWJ\/H\GXE/\@N 135
=~/

N4 . i
N )\/ . ~ 950
O

[—N\ /N\N ) o
AN NJ\/N 593
/ -

a2
\_7 /”/\\\/\Q)ku/\@/ 103

163

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

\N/ *@*n

m 526

— /N\N .
NO’_SNJ\/ N\O)‘\Hw 48.2 > 16.4 40.6
Cl /

O
CN>’</)\/ \QAI\/IE/ 1.00>E+O3

P ~
NH N ==
/h 1.00I>5+O3

— /N\N . o
/ “/\Q“’\_,F 82.9 > 5.60 67.5

N ®\< \\”A/Gﬁ‘/\/Q)\ 64.2 >13.1 72.6

/‘——\’>’-’< )\/ \©)L /\@/ 12.6 >12.6 26.4

7N\
“/, N)\/N . 2 271
] g

/N i
”\’_N/ /NJ\/N\QXH/\QE 118

\ ’
V' \ g y
M I\Q\f \/I;\ 432

=~ /@
\)\\N = 71.6 >24.8 59.3

104

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

N/\::’MJ\/\CX/\QC 63.7 933 65.1

{3 /J\/ . e 73.6 >30.0 72
— / H/\©/

NOF—%‘JK/H\@*NA@ 182
g

N/’N\ /l/n o
- NA@\ Py 35.3 1.2 66.9

— /N\N . o
Q%J\/ N\C)‘\nf 748
/ W7
\/ :

~ -
J— \ L I 44.6 > 4.16 71.2
. 4 T\ I
NH
7.43 1.79 62.1

//_—N\ /N\N ) Q
N N/\k/” ’ 8.2 0.246 53.2
/ ~

//-—N\ /N\N . o
N J\/ X 913
/ "

N//—_’ \ / /\k/ﬂ F
—/ /\@ 30.1 6.65 48.9
e

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

@ J\@/ \/L >‘<\/ 68.4 >12.6 68.1
B
/@ie\p\/\( = 18.8 0.332 60.7
e i o N/N\
N/ //NJ\/N\CXN ~ 133
/: \ \\T\ : S 290
N/N [s] N /
=
g— /N\N o AN |
N\’N/ /”/“\/H\Q)kﬂ oH S11
O:?\ 7N )
- n\)\\\ = 54.7 >5.21 71.9
CH)\/N\C)LN ) 26.4 1.09 60.4
7
— ) A |
NQ</J\/N\©)‘\H o1 7
N/N\
. \ I, = 171
T T
N©\<”w/\j/©ﬁ‘/nm 732
//\ &\@*)ﬁj\ 74 >5.02 25.6

CA 03174266 2022-9-29

166




WO 2021/242844 PCT/US2021/034225

N °
AN /)\/\©)k = | 16.2 0.784 56.8
.

. / « WN 208

| =
N Ny o N
VAR 4 J\/ 52.8 1.9 64.5
—" @X

WLH\O)L )\( 189
/ H\/Nj
/\

Ny N
Q{/\K/O)J\j/ﬁ 52.9 375 47.4

N /N\N o
®’<J\/\©)l\)\© 22.6 1.71 56.3
/ g
N u N
N N Q N
VR 4 J\/N\Q)k X/ 152

L
o0
L

QA{/NJ\/N\G)HI@ 68.9 263
N

— /N\N ) 9 o
o~
) \

e \ @ﬁ 65.8 7.89 71.9
=T 77

oS |
\(;\(N)/\ /q/@@ 47.2 8.84 68.9

167

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

L N
_ \ /@\”/ 1.00E+03
T T
/l\s//O

o \ K:Q 5.78 0.263 26.9
T o [

N/:N

\_ /

| S

N4 i
N . /N)\/N\Q)ku)\‘/ij\ 310
o -

VAR /JV

-

8.50

\

168

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

oy
.
LI

NI N
oo

N4,
N . h)\/N . .
/ ~ | A"

N//’\ /RJ\/n " ~

- .

N I
N__, !\)\/N § N
j o0

o] | 7/\\N
/ /\(N ) = 7.8

CA 03174266 2022-9-29

169




WO 2021/242844 PCT/US2021/034225
0, | N//\N
i = 28
pw&
N:'”\N
\_/
_F\\
/N\i'\‘
i 5.7
HN &
N;\N
\_/
N_’\\N
— \i
i 5.1
HN &N
W\V ' i ©\ 4.1
\\\’N /N)\/ \Q)J\H/\N
== /\\V . o Br 45
N\\\~_.._/ N)\/N N =
J : E\N
N a 2 F 10
/—”_1>/</ \ H ?

CA 03174266 2022-9-29

170




WO 2021/242844 PCT/US2021/034225

— p——n o - 4.9 0.122 42.7
Nw J\/H

N/\'\:>’</NJ\/N u/\; 3.5

=—_ /1 . il ! < 3.5 0.0544 25
N\,—-N/ /NJ\/N\Q)‘\H %F

o t\o/ 68

N S o wd 7.8
©%9v“©*£

N -~
J=i . (/Eto
W, / J\/\Q)k /\/> 100

H 25 0.579 78.2

/ . 3 5.5 0.0593 29

N Ny o e
/\w\/ 6.8 00826 | 297
N

171

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

= AR H 15.7 0.244 35
N/\:’—HJ\/N\Q)I\H/\

o D
N/ // \J\/O)%;o\; 4.63 0.0304 49
) // \J\/O)‘\% 497 00355 | 486

LH&@x

O

N 7N\ /N\\N m o
\”)/</N)\/ %n\/\/\

12.6 2.13 19.4

732

172

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225

Wz

b o
~ TN
8.3 0.236 27.8
o

O
N N
@A \

@/&é\/ \d\ei@/ TN ss0
N / o

H H o
LN NC/>N o} =

/\>\j\<N /©ﬁ\/n\(©\ - 40.1 >0.219 53.5
OO °
@) |

o

@Q@A@Wf@
Js,

O \y
~ 6.52 10.1 9.01

. g

e
o

15.9 >3.65 56.5

173

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
/N
)Q ~
Ou
]
@
/N
)@ ~
o g
) [e]
HO
N \\\ 241 0.0307 30.1
7 > /@(“\Q/
N N Y o)
@\Q\J/\H l :
HO
N \\\ H 4.91 1.23 40.5
N@}_@Y\u/@\’( j)@\o/
N N [e]
HQ
\\\N H\/©\ P 2.99 >30.0 51.2
O- ™~y >
\\\N H 99.4 > 30.0 68.8
O -
Q\\\<\N /@\[{H\I@ 28.3 0.0809 49.2
HO
3OO0
O-G™"
F
N=n o
NQ'@\/N u N 11.6 >30.0 34.1
/
=
— Q =
@ Q\/N\©)k/\©/o\ 181 >300 | 288

CA 03174266 2022-9-29

174




WO 2021/242844 PCT/US2021/034225

NGZXCBN i | N 52.8 1.03 27.6
oo

2 0

\\\ A~
—_ \ N PP 14.3 >30.0 41
4 / \\]N]/\H

N~ ©

©$Y©W(“/

=pt / 71.1 11 54.4
-0

\ )@\(H{j@ 15.1
O "1

ROoaC |-

175

CA 03174266 2022-9-29



WO 2021/242844

PCT/US2021/034225

©>—</ /k/ O /ji@/ 7.07 1.41 37.1
N/QHQ\/@LQI@/ 28.1 >30.0 49.7
/\©>’<©\/©)L/k©/ ~ 125 8 52.7

9.89 0.468 58.6

/N
oo

CA 03174266 2022-9-29

176




WO 2021/242844

PCT/US2021/034225

(@M

J@v@A%

Qv@xfw

O Pt o

Oy QT >5©

Q{ Bead

8.9 >10.2 25.6
QYJL e
12.2 >30.0 1.37

O @%

m@p@o

177




WO 2021/242844

PCT/US2021/034225

O Q ~rC

o0 @ NQYO

0.116

48.5

178




PCT/US2021/034225

179




PCT/US2021/034225

WO 2021/242844

Z
z
z

oel

Z
zZ
z

o

180




WO 2021/242844 PCT/US2021/034225

181



WO 2021/242844

PCT/US2021/034225

H°N O
O

182




r
N QO

- “O-

) O

r

Q00

o)
R 0o
O 5.-&C

S oo
©i§j N/ / 8.3 2.65 50.6

”N\L(©\”><@>/<_©/

183




WO 2021/242844

PCT/US2021/034225

PR, o RC

O/\i N/ON>/.@ ) N
H\)_\N\
)\Q

YQ ~5-O

©©Y©L ~5-O

Jro, -0

052

Q*QV@*%

O%%QATW

184




PCT/US2021/034225

0.096

35.4

391

> 1.36

39

>30.0

31.9




WO 2021/242844 PCT/US2021/034225

Ny o
y Q O)\/H 18 >30.0 14.3
N ] 'OH

Q{O)\/ \@)}\ J 28.9 > 1.44 253

Q*QV\@*w

sz@wgw%

on, j@m&@g

on, j{@ ﬁ@ja

186

CA 03174266 2022-9-29



WO 2021/242844 PCT/US2021/034225
. ;%j@ 39.1 >2.32 20.7
O™
e\*‘n\
O 456 57 > 4.57 58.8
O—O ™
N/N o
H\
ON 10000 3900
/\ \ NY\ i
LHN/N o)
N 529 810
VZan\ Nw/\ g
\\}‘<N/N s}
H\
O/ O 10000 1000
oo~
O™
= o
@D D HY©
D>L(N J
[o]
o9 :
Xr /J 323 0.094 35.3
g ) )
3 OO
ol
[ 1O\
N
3 O\

CA 03174266 2022-9-29

187




WO 2021/242844 PCT/US2021/034225

Iz

1 0.274 39.4
O

? 190
o O ‘<Q]/\/©\L(
5 3O, T
OO0 71
oL SO0
5410 0
U>% i /@LH/ ; /Kj\ B Kj/ KJ\ s >0.117 50.1

~ A
\\/\n/@\’T T@\n/”///

>
1.00E+03

gl

\Qﬂ})\/ \©)‘\u/\©/\/\/\/\°/\/\/\“/\/\m 67.5

Example 11. In Vivo Efficacy of GRK2 Inhibitor

Compound S1 is effective in viveo in a PAXF1675 (pancreatic cancer) tumor model.

Study Design: Table 8 shows in vivo study design of GRK2 inhibitor Compound S1 in a
PAXF1657 tumor model. 5x10° cells per mouse were subcutancous(s.c.) implanted on right or left flank
of the mice in a total volume of 100 uL (50% PBS/50% matrigel). Treatment with Compound S1 started
at tumor volume of ~200mm?. All compounds were dissolved in 10%PG/50%PEG400/35% Peanut
Oil/5% DMSO. Mice were treated for 28 days; treatment was normalized to body weight of the animals.
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Compound S1.

Table 8. In Vivo Study Design

PCT/US2021/034225
Daily bodyweight measured and body condition score recorded daily. FIG. 3 shows the structure of

Group\Strain/Sexy  Model |Inoculation Route | Trearment Vehicle Dose . Dose Daosing Route szce

B Concentration|Freguecyl #

. [Compound
Gl S1 300me/ke | QD 15
&2 | NoD. Comspl"“nd 10% 100me/ke | BID 15
o SCID  [PAXF1657Subcutancous(s.c.) - PG/50%PEG400/35%) subcutancous(s.c.) 5
| Female [Vehicle | peanut 0il/5%DMSO Qb .
G4 15

[Vehicle BID

in FIG. 1. In vivo cfficacy of Compound S1 in PAXF1657 pancrcatic tumor model is shown in FIG. 2.

Results: Tolerability of GRK2 inhibitor Compound S1 in mice with PAXF1657 tumors is shown

Treatment with Compound S1 led to 35% tumor growth inhibition (T'GI) with 300kg/kg QD dosing in in
109%PG/50%PEG/35%Peanoil/S7%DMSO (see Table 9).

Table 9. PAXF1657 Tumor Growth Inhibition

% TGI
Groups Day 32 Day 34 Day 36
Compound S1 300mg/kg QD 36 36 37
Compound S1 100mg/kg BID 14 9 7

optionally substituted Cz-Cs cycloalkyl, optionally substituted Cs-Co heterocyclyl, optionally substituted
C,-Cs alkyl C5-Cg cycloalkyl, optionally substituted C;-Cs heteroalkyl Cs-Cs cycloalkyl, optionally

ADDITIONAL EMBODIMENTS

Additional embodiments are provided in the following numbered paragraphs:

1. A compound, or a pharmaceutically acceptable salt thereof, having the structure:

R%
!
O N\
R R®
/\X1 | R’ R8 ==
I

Rﬁ)m
Formulal
wherein m and n are, independently, 0, 1, 2, or 3;
X'is CR%or N;
X?*is CR?or N;

R'! is hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C;-Ce heteroalkyl,

substituted C1-Cs alkyl C,-Co heterocyclyl, or optionally substituted C;-Cs¢ heteroalkyl C.-Co heterocyclyl;
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R? and R*are, independently, hydrogen or optionally substituted C1-Cs alkyl;

cach R* and R®is, indcpendently, halogen, optionally substitutcd Ci-Cs alkyl, optionally
substituted C;-Cg heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R? is optionally substituted Ce-C1o aryl, optionally substituted C>-Cs heteroaryl, optionally
substituted C»-Cs heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C,-Cs alkyl
Cs-Cyo aryl, optionally substituted C;-Cs alkyl C2-Cs heteroaryl, or optionally substituted C;-Cs alkyl Co-
Co heterocyclyl; and

R” and R? are, independently, hydrogen, deuterium, optionally substituted C-Cg alkyl, or R” and
R® combine with the atoms to which they arc attached to form a optionally substituted C3-Cs cycloalkyl or
C>-Co heterocyclyl; and

R’ is hydrogen, halogen, optionally substituted C;-Cs alkyl, optionally substituted C1-Cs
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R® combines with R! and the atoms to
which they are attached to form a C>-Co heterocyclyl,

wherein the compound is a GRK2-selective compound.

2. The compound of paragraph 1, wherein the compound has the structure:

R4
O [}
N\R5
R’I
N A =
L n3
A~ TR
N—N RZ

Formula Ia

whereinn is 0, 1, 2, or 3;

X' and X? are, independently, CR? or N;

R!, R? and R*are, independently, hydrogen or optionally substituted C;-Cs alkyl;

cach R?is, independently, hydrogen, halogen, optionally substituted Cy-Cg alkyl, optionally
substituted C;-Cg heteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R3 is optionally substituted Cs-Cio aryl, optionally substituted C»-Co heteroaryl, optionally
substituted C»-Cs heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C,-Cg alkyl
Cs-Co aryl, optionally substituted C;-Cs alkyl Cz-Cs heteroaryl, or optionally substituted C,-Cs alkyl C»-
Co heterocyclyl, wherein if R” is optionally substituted C1-Cs alkyl Cs-Cio aryl then X” is N.

3. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 1 or 2, wherein X!
is N.

4. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 1 or 2, wherein X!
is CH.

5. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to 4,
wherein R? is hydrogen.

6. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to 5,

wherein R* is hydrogen.
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7. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to 6,

wherein R! is hydrogen.

8. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to 6,
wherein R! is optionally substituted C;-Cg alkyl.

9. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 8, wherein the
optionally substituted C;-Cs alkyl is methyl or ethyl.

10. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 9, wherein the
optionally substituted Cy-Cg¢ alkyl is methyl.

11. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to
10, wherein n is O.

12. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to
11, wherein R’ is optionally substituted C;-Cs alkyl Cs-Cio aryl.

13. The compound, or a pharmaceutically acceptable salt thereof of paragraph 12, wherein the
optionally substituted C1-Cs alkyl Cs-Cyo aryl is optionally substituted C; alkyl Ce-Cio aryl.

14. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 13, wherein the
optionally substituted C; alkyl Cs-Cyo aryl is:

N CFs
\Bel ﬁg ARe!
F , OCHs
OCH,CHs /»\I:fiig
ot S

15. The compound, ora pharmaceutically acceptable salt thereof, of paragraph 14, wherein the

OCH,

20

3

s

optionally substituted C; alkyl Cs-Cio aryl is:
F
ii/\@/
F
16. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to

11, wherein R’ is optionally substituted C,-Cs heterocyclyl.
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17. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 16, wherein the

optionally substitutcd C»-Cs heterocyclyl is:

3 ﬁj@ ‘“““Z_Q
|}| O
0 . o . CHs , o) , Cl .or© )

18. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to
11, wherein R’ is optionally substituted Cs-Cx cycloalkyl.
19. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 18, wherein the

optionally substituted C3-Csg cycloalkyl is:

7\
4
or H3CO ]
20. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 1 to
11, wherein R? is optionally substituted C1-Cs alkyl C>-Co heteroaryl.

21. The compound, or a pharmaccutically acccptable salt thercof, of paragraph 20, wherein the

optionally substituted C;-Cs alkyl C»-Co heteroaryl is:

CH
CH; CFsq 8 cl GHs "
N.__CH <
CYTUONT) T ”)j'/\)
N~ = =N =N = HsC

CH,

CHs % Nx
I N
~OCFa o N “‘s_)\@ /p Ny _-CFs %L/Ij
LR S I O R i R
CHy
O o e

22. A compound, or a pharmaceutically acceptable salt thereof, having the structure of Formula
1I:
A-L-B
Formula I1,
wherein
L is a linker;

B is a degradation moiety; and
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A has the structure of Formula ITI:

R1O

NS R Y Ra/h
GO,
(R%)m
Formula III

wherein m and n are, independently, 0, 1, 2, or 3;

X'!is CR% or N;

X?is CR?or N;

R!is Al, hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C;-Cs heteroalkyl,
optionally substituted Cs3-Csg cycloalkyl, optionally substitutcd C3-Co heterocycelyl, optionally substituted
C1-Cs alkyl C5-Cg cycloalkyl, optionally substituted C+-Cs heteroalkyl Cs-Cs cycloalkyl, optionally
substituted C;-Cg alkyl C>-Cq heterocyclyl, or optionally substituted Ci-Cg heteroalkyl C»-Cy heterocyclyl;

R? is hydrogen or optionally substituted C1-Cs alkyl;

cach R? and RPis, independently, hydrogen, halogen, optionally substituted C,-Cs alkyl,
optionally substituted C,-Ce¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R7 and R* are, independently, hydrogen, deuterium, optionally substituted C1-Cs alkyl, or R” and
R® combine with the atoms to which they are attached to form a optionally substituted C5-Cs cycloalkyl or
C>-Cy heterocyclyl;

R is hydrogen, halogen, optionally substituted Ci-Cs alkyl, optionally substituted C{-Cs
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R? combines with R! and the atoms to
which they are attached to form a C;-Co heterocyclyl;

10js -C(O)NR!''R'? or -NHC(0)-R';

is A, optionally substituted Cs-Cio aryl, optionally substituted C»-Cs heteroaryl, optionally
substituted C2-Co heterocyclyl, optionally substituted C3-Csg cycloalkyl, optionally substituted C1-Ce alkyl
Ces-Cyo aryl, optionally substituted C;-Cs alkyl C2-Cy heteroaryl, or optionally substituted C;-Cs alkyl Co-
Co heterocyclyl;

12 is hydrogen or optionally substituted C;-Ce alkyl; and

A'is a bond between A and the linker, whercin at Icast onc, and only onc of R! and R® is A'.
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23. The compound of paragraph 22, wherein A has the structure:

R4
OxN
A’ R
NN @
A~ S TR
N—N F\"2

Formula ITIa

whereinnis 0, 1, 2, or 3;

X! and X2 are, independently, CR> or N;

R!, R?, and R*are, independently, hydrogen or optionally substituted C;-Ce alkyl;

each R? is, independently, hydrogen, halogen, optionally substituted C;-Ce alkyl, optionally
substituted C;-C¢ heteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R? is optionally substituted Cs-Cio aryl, optionally substituted C»-Co heteroaryl, optionally
substituted C»-Cs heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C;-Cg alkyl
Cs-Cyo aryl, optionally substituted C;-Cs alkyl Cz-Cy heteroaryl, or optionally substituted C;-Cs alkyl C»-
Co heterocyclyl; and

A'is a bond between A and the linker.

24. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 22 or 23, wherein
X'is N.

25. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 22 or 23, wherein
X'is CH.

26. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
25, wherein R? is hydrogen.

27. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
26, wherein R* is hydrogen.

28. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
27, wherein n is 0.

29. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
28, wherein R® is optionally substituted C-Cs alkyl Cs-Cio aryl.

30. The compound, or a pharmaceutically acceptable salt thereof of paragraph 29, wherein the

optionally substituted C;-Cs alkyl Cs-Cyo aryl is optionally substituted C; alkyl Cs-Cyo aryl.
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31. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 30, wherein the
optionally substituted C; alkyl Cs-Cio aryl is:

F CFy % F F OCHg3;

F F /U OCH;_ HsCO

B

CH;
OCHonS O O CH3
OCH
P . , Or .

32. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 31, wherein the

optionally substituted C; alkyl Cs-Cyp aryl is:
F
Kt

F
33. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
28, wherein R’ is optionally substituted C,-Co heterocyclyl.
34. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 33, wherein the

optionally substituted C>-Cs heterocyclyl is:

g ED < J\
) TED
0 N O N CH3 N O N Cl , or O )

35. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
28, wherein R’ is optionally substituted Cs-Cs cycloalkyl.
36. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 35, wherein the

optionally substituted C3-Cs cycloalkyl is:

7\
N =N
or H;CO )

37. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to

28, wherein R” is optionally substituted C;-Cg alkyl C>-Cs heteroaryl.
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38. The compound, or a pharmaceutically acceptable salt thereof, of paragraph 37, wherein the

optionally substituted C1-Cs alkyl C2-Co heteroaryl is:

CH
CH; CFs4 3 cl CH; .
N CH x>
TN % | SN Y | N | N o S 3 "&)jf\)
N~ = _N N P> HaC

CHj

CHs % |N\ "
~OCFs 5 N N /\Q Ng-CFs ‘&L/Ij

N
Sh e s

39. The compound, or a pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
38, wherein the degradation moicty is a ubiquitin ligasc binding moicty.

40. The compound, or pharmaceutically acceptable salt thereof, of paragraph 39, wherein the
ubiquitin ligase binding moiety comprises Cereblon ligands, IAP (Inhibitors of Apoptosis) ligands, mouse
double minute 2 homolog (MDM?2), or von Hippel-Lindau (VHL) ligands, or derivatives or analogs
thereof.

41. The compound, or pharmaceutically acceptable salt thereof, of any one of paragraphs 22 to
40, wherein the linker has the structure of Formula IV:

A'-(BNe(CHg-(BHn-(D)-(BH)i-(C)-(BH)—A?
Formula IV

wherein

A'is a bond between A and the linker;

A?is a bond between the linker and B;

each of B!, B%, B®, and B* is, independently, optionally substituted C;-Ce alkyl, optionally
substituted C;-Cg heteroalkyl, O, S, S(O),, or NRY;

each RN is, independently, H, optionally substituted C; 4 alkyl, optionally substituted Cs 4 alkenyl,
optionally substituted C, 4 alkynyl, optionally substituted C;_¢ heterocyclyl, optionally substituted Ce 2
aryl, or optionally substituted C, 7 heteroalkyl;

each of C!' and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

each of 1, g, h, 1, j, and k is, independently, 0 or 1; and

D is optionally substituted C; 12 alkyl, optionally substituted C» 12 alkenyl, optionally substituted
C>.12 alkynyl, optionally substituted C»-Ci» polyethylene glycol, or optionally substituted Ci_12
heteroalkyl, or a chemical bond linking A'-(BY)~(C)y-(B?)p- to -(B)i«(C?);-(BH)—AZ.

42. A compound, or a pharmaceutically acceptable salt thereof, having the structure of any one of
compounds 1-65 in Table 1, compounds D1-D51 in Table 2, or any compound in Table 7.
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43. A pharmaceutical composition comprising the compound, or pharmaceutically acceptable salt
thercof, of any onc of paragraphs 1 to 42 and a pharmaccutically acccptable cxcipicnt.

44. A method of decreasing the activity of GRK?2 in a cell, the method comprising contacting the
cell with an effective amount of the compound of any one of paragraphs 1 to 42 or a pharmaceutical
composition of paragraph 43.

45. A method of treating a GRK2-related disorder in a subject in need thereof, the method
comprising administering to the subject an effective amount of a GRK?2-selective compound, or
pharmaceutically acceptable salt thereof, or a composition thereof.

46. The mcthod of paragraph 45, whercin the GRK2-sclective compound, or pharmaccutically
acceptable salt thereof, or a composition thereof is the compound of any one of paragraphs 1 to 42 or a
pharmaceutical composition of paragraph 43.

47. A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject an effective amount of the compound, or pharmaceutically acceptable salt
thereof, of any one of paragraphs 1 to 42 or a pharmaceutical composition of paragraph 43.

48. The method of paragraph 47, wherein the cancer is pancreatic cancer.

49. A method of identifying a GRK2-selective compound, the method comprising:

a. contacting a first cell line that expresses GRK2 with a test compound;

b. contacting a second cell line that has been engineered to overexpress GRK2 with the test
compound;

c. assessing whether the proliferation of the first cell line is decreased in step a relative to the
proliferation of the second cell line in step b,

wherein a decrease in proliferation of the first cell line in step a of at least 2-fold indicates that the

test compound is a GRK2-selective compound.

OTHER EMBODIMENTS

All litcraturc and similar matcrial cited in this application, including, but not limited to, patcnts,
patent applications, articles, books, treatises, and web pages, regardless of the format of such literature
and similar materials, are expressly incorporated by reference in their entirety. In the event that one or
more of the incorporated literature and similar materials differs from or contradicts this application,
including but not limited to defined terms, term usage, described techniques, or the like, this application
controls.

While the methods have been described in conjunction with various embodiments and examples,
it is not intcnded that the methods be limited to such cmbodiments or examples. On the contrary, the
present disclosure encompasses various alternatives, modifications, and equivalents, as will be
appreciated by those of skill in the art.

While the methods have been particularly shown and described with reference to specific
illustrative embodiments, it should be understood that various changes in form and detail may be made

without departing from the spirit and scope of the present disclosure. Therefore, all embodiments that
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come within the scope and spirit of the present disclosure, and equivalents thereto, are intended to be
claimed. The claims, descriptions and diagrams of the mcthods, systcms, and assays of the present

disclosure should not be read as limited to the described order of elements unless stated to that effect.
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CLAIMS

‘What is claimed is:

1. A compound, or a pharmaceutically acceptable salt thereof, having the structure:

| R’ R’ R8 =
L/J\( 7)<N TR,
(R%)m
Formula I

wherein m and n are, independently, 0, 1, 2, or 3;

X'is CR® or N;

X?is CR*or N;

R!is hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C;-Cs heteroalkyl,
optionally substituted Cs-Cg cycloalkyl, optionally substituted C»-Co heterocyclyl, optionally
substituted C;-Cs alkyl Cz-Cg cycloalkyl, optionally substituted C1-C¢ heteroalkyl Cs-Cg cycloalkyl,
optionally substituted C;-Cs alkyl C,-Cg heterocyclyl, or optionally substituted C;-Cg¢ heteroalkyl C»-
Co heterocyclyl;

R? and R*are, independently, hydrogen or optionally substituted C1-Cs alkyl;

each R? and R® is, independently, halogen, optionally substituted C;-Cgalkyl, optionally
substituted C1-Cesheteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R’ is optionally substituted Ce-Cio aryl, optionally substituted C:-Cs heteroaryl, optionally
substituted C»-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C-Csq
alkyl Ces-Cio aryl, optionally substituted C1-C¢ alkyl C2-Co heteroaryl, or optionally substituted C1-C¢
alkyl C»-Cs heterocyclyl; and

R’ and R® are, independently, hydrogen, deuterium, optionally substituted C;-Cg alkyl, or R’
and R* combine with the atoms to which they are attached to form a optionally substituted C3-Cs
cycloalkyl or C;-Cg heterocyclyl; and

R® is hydrogen, halogen, optionally substituted C;-Cs alkyl, optionally substituted C;1-Cg
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R’ combines with R! and the atoms to
which they are attached to form a C,-Co heterocyclyl,

wherein the compound is a GRK?2-selective compound.
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2. The compound of claim 1, wherein the compound has the structure:

R4
®) [
N
‘R5
R' R
NN @
~—~(R3
A TR
N—N R2

Formula 1a

whereinnis 0, 1, 2, or 3;

X" and X? are, independently, CR® or N;

R!, R?, and R*are, independently, hydrogen or optionally substituted C;-Cs alkyl;

each R?is, independently, hydrogen, halogen, optionally substituted C;-Ce alkyl, optionally
substituted C1-Ceheteroalkyl, hydroxyl, thiol, or optionally substituted amino; and

R’ is optionally substituted Cs-C1o aryl, optionally substituted C»-Cs heteroaryl, optionally
substituted C3-Co heterocyclyl, optionally substituted C3-Cs cycloalkyl, optionally substituted C1-Cs
alkyl Ce-Cip aryl, optionally substituted C;-Cs alkyl C2-Co heteroaryl, or optionally substituted C1-Ce
alkyl C>-Co heterocyclyl, wherein if R? is optionally substituted C;-Cg alkyl Cs-Cio aryl then X is N.

3. The compound, or a pharmaceutically acceptable salt thereof, of claim 1 or 2, wherein X'

is N.

4. The compound, or a pharmaceutically acceptable salt thereof, of claim 1 or 2, wherein X!

is CH.

5. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to 4,

wherein R? is hydrogen.

6. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to 5,

wherein R? is hydrogen.

7. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to 6,

wherein R' is hydrogen.

8. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to 6,

wherein R! is optionally substituted Ci-Cs alkyl.
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9. The compound, or a pharmaceutically acceptable salt thereof, of claim §, wherein the

optionally substituted C;-Cs alkyl is methyl or ethyl.

10. The compound, or a pharmaceutically acceptable salt thereof, of claim 9, wherein the

optionally substituted C;-Cg alkyl is methyl.

11. The compound. or a pharmaceutically acceptable salt thereof, of any one of claims 1 to

10, wherein nis 0.

12. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to

11, whercin R® is optionally substitutcd C-Cs alkyl Cs-Cio aryl.

13. The compound, or a pharmaccutically acccptable salt thercof of claim 12, wherein the

optionally substituted C;-Cg alkyl Cs-Cip aryl is optionally substituted C; alkyl Cs-Cip aryl.

14. The compound. or a pharmaceutically acceptable salt thereof, of claim 13, wherein the

optionally substituted C; alkyl Ce-Cip aryl is:

F CFs % F F
e v h
F , Foo A(>/ , OCHj |

s

CH,

OCH, OCH,CHs o) o) CHs
OCH
HsCO , , , or .

15. The compound, or a pharmaccutically acccptable salt thercof, of claim 14, whercin the

optionally substituted Cs alkyl Cs-C1p aryl is:

“e?_ F

16. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to

11, wherein R’ is optionally substituted C,-Cs heterocyclyl.
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17. The compound, or a pharmaceutically acceptable salt thereof, of claim 16, wherein the

optionally substituted C»-Cs heterocyclyl is:

SSise ba® A
N (o)
O , © , CHs , (@ , Cl ,or o .

18. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to

11, wherein R is optionally substituted C3-Cg cycloalkyl.

19. The compound, or a pharmaceutically acceptable salt thereof, of claim 18, wherein the

optionally substituted C3-Cs cycloalkyl is:

7\
AN

or HsCO

20. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 1 to

11, wherein R’ is optionally substituted C;-Cs alkyl C>-Co heteroaryl.

21. The compound, or a pharmaceutically acceptable salt thereof, of claim 20, wherein the

optionally substituted C;-Cs alkyl C,-Co heteroaryl is:

CH
CHs CFs 3 cl CHs N
N.__CH X
O T B 4 | SN ¥ | oS kY | N ¥ B ’ E)I)
CHs

N
OCF N = No_-CFs % AN
% | S ° % | ~ | =N % | = ° |
N = L CHs, P Cl Z
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N ] N CHs
% | E/Ij 2w N ¥ PN N

_— P N = ] )
HsCO _HaCO™ "N N CHg ’ N—? or

A

22. A compound, or a pharmaceutically acceptable salt thereof, having the structure of
Formula I1:
A-L-B
Formula II,
wherein
L is alinker;
B is a degradation moiety; and

A has the structure of Formula I11:

Formula III

wherein m and n are, independently, 0, 1, 2, or 3;

X!'is CR® or N;

X?is CR?or N;

R!is Al hydrogen, optionally substituted C;-Cs alkyl, optionally substituted C1-Ce
heteroalkyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C2-Co heterocyclyl,
optionally substituted C,-Cs alkyl C;-Cx cycloalkyl, optionally substituted C,-Cs heteroalkyl Cs-Cy
cycloalkyl, optionally substituted C-Cg alkyl C,-Cq heterocyclyl, or optionally substituted C;-Ce
heteroalkyl C,-Co heterocyclyl;

R? is hydrogen or optionally substituted C1-Cs alkyl;

each R? and R®is, independently, hydrogen, halogen, optionally substituted C;-Cg alkyl,
optionally substituted C;-Cs heteroalkyl, hydroxyl, thiol, or optionally substituted amino;

R’ and R8 are, independently, hydrogen, deuterium, optionally substituted C-Cs alkyl, or R’
and R® combine with the atoms to which they are attached to form a optionally substituted C3-Cg

cycloalkyl or C:-Cg heterocyclyl;
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R? is hydrogen, halogen, optionally substituted C1-Cs alkyl, optionally substituted C;-Cs
heteroalkyl, hydroxyl, thiol, or optionally substituted amino, or R? combines with R! and the atoms to
which they are attached to form a C,-Cy heterocyclyl,

R'""is -C(O)NR''R"? or -NHC(O)-R'';

R''is A', optionally substituted Cs-Cio aryl, optionally substituted C>-Co heteroaryl,
optionally substituted C»>-Co heterocyclyl, optionally substituted C;-Cg cycloalkyl, optionally
substituted C1-Ce alkyl Cs-Cio aryl, optionally substituted Ci-Ce alkyl C>-Co heteroaryl., or optionally
substituted C;-Cs alkyl C»-Cs heterocyclyl;

R'? is hydrogen or optionally substituted C-Cs alkyl; and

Al is a bond between A and the linker, wherein at least one, and only one of R! and R® is AL,

23. The compound of claim 22, whercin A has the structurc:

R4
®) !
N\R5
A1
NN @
~— 3
W~ TN TR
N—N R2

Formula IT1a

whereinn is 0, 1, 2, or 3;

X' and X? are, independently, CR? or N;

R', R?% and R*are, independently, hydrogen or optionally substituted C;-Cg alkyl;

each R is, independently, hydrogen, halogen, optionally substituted C1-Ce alkyl, optionally
substituted C;-Cs heteroalkyl, hydroxyl. thiol, or optionally substituted amino; and

R’ is optionally substituted C¢-Crp aryl, optionally substituted C>-C, heteroaryl, optionally
substituted C»-Co heterocyclyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted C1-Csq
alkyl Cs-C)o aryl, optionally substituted C,-Cs alkyl C,-Cs heteroaryl, or optionally substituted C;-Cs
alkyl C2-Co heterocyclyl; and

Al' is a bond between A and the linker.

24. The compound, or a pharmaceutically acceptable salt thereof, of claim 22 or 23, wherein

X'is N.

25. The compound, or a pharmaceutically acceptable salt thereof, of claim 22 or 23, wherein

X'is CH.
26. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to
25, wherein R? is hydrogen.
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27. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

26, wherein R* is hydrogen.

28. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

27, wherein n is 0.

29. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

28, wherein R is optionally substituted C1-Cg alkyl Cs-Cio aryl.

30. The compound, or a pharmaccutically acceptable salt thercof of claim 29, whercin the

optionally substituted C1-Cs alkyl Cs-C1o aryl is optionally substituted C3 alkyl Cs-Cip aryl.

31. The compound, or a pharmaceutically acceptable salt thereof, of claim 30, wherein the

optionally substituted C; alkyl Cs-Cip aryl is:

F CFy % F F
0G Y o e
F X ) F X /\©/ X OCH3

CH,
OCH, OCH,CH, o) o) CHs
OCH
e clach o
HaCO , , , o _

32. The compound, or a pharmaceutically acceptable salt thereof, of claim 31, wherein the

optionally substituted C; alkyl Cs-Cip aryl is:

g F

33. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

28, wherein R® is optionally substituted C»-Cs heterocyclyl.

34. The compound, or a pharmaceutically acceptable salt thereof, of claim 33, wherein the

optionally substituted C»>-Cy heterocyclyl is:
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/ Cb ~ 1
X Z_Q o
O , ©O . CHs , O , Cl or 0 .

35. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

28, wherein R is optionally substituted C3-Cs cycloalkyl.

36. The compound, or a pharmaceutically acceptable salt thereof, of claim 35, wherein the

optionally substituted Cs-Csg cycloalkyl is:

ANy

7\
AN

or H3CO

37. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

28, wherein R® is optionally substituted C;-Cs alkyl C2-Cs heteroaryl.

38. The compound. or a pharmaceutically acceptable salt thereof, of claim 37, wherein the

optionally substituted C;-Cs alkyl C,-Co heteroaryl is:

ﬁﬁéﬂé ﬁw

a”

, Or
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39. The compound, or a pharmaceutically acceptable salt thereof, of any one of claims 22 to

38, wherein the degradation moiety is a ubiquitin ligase binding moiety.

40. The compound, or pharmaceutically acceptable salt thereof, of claim 39, wherein the
ubiquitin ligase binding moiety comprises Cereblon ligands, IAP (Inhibitors of Apoptosis) ligands,
mouse double minute 2 homolog (MDM?2), or von Hippel-Lindau (VHL) ligands, or derivatives or

analogs thereof.

41. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 22 to

40, wherein the linker has the structure of Formula IV:
A-(BH-(CH(B)n-(D)-(BHi(C-(BH—A>
Formula IV

wherein

Al is a bond between A and the linker;

AZ? is a bond between the linker and B;

each of B!, B2, B?, and B#is, independently, optionally substituted C,-Cs alkyl, optionally
substituted C;-Cg heteroalkyl, O, S, S(O)2, or NRN;

each RV is, independently, H, optionally substituted Cy_4 alkyl, optionally substituted Cz4
alkenyl, optionally substituted C,_4 alkynyl, optionally substituted C; s heterocyclyl, optionally
substituted Ce¢ 12 aryl, or optionally substituted C; 7 heteroalkyl;

each of C' and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

each of f, g, h, i, j, and k is, independently, O or 1; and

D is optionally substituted Ci_;> alkyl, optionally substituted C»1> alkenyl, optionally
substituted Ca 1> alkynyl, optionally substituted C»-Ci» polyethylene glycol, or optionally substituted
C1.12 heteroalkyl, or a chemical bond linking A!'-(BY)e-(C1)g-(B?)s- to -(B)i-(C2)i-(B¥)—AZ.

42. A compound, or a pharmaceutically acceptable salt thereof, having the structure of any

one of compounds 1-65 in Table 1, compounds D1-D51 in Table 2, or any compound in Table 7.

43. A pharmaceutical composition comprising the compound, or pharmaceutically acceptable

salt thereof, of any one of claims 1 to 42 and a pharmaceutically acceptable excipient.

44. A method of decreasing the activity of GRK2 in a cell. the method comprising contacting
the cell with an effective amount of the compound of any one of claims 1 to 42 or a pharmaceutical

composition of claim 43.
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45. A method of treating a GRK2-related disorder in a subject in need thereof, the method
comprising administering to the subject an effective amount of a GRK2-selective compound, or

pharmaceutically acceptable salt thereof, or a composition thereof.

46. The method of claim 45, wherein the GRK2-selective compound, or pharmaceutically
acceptable salt thereof, or a composition thereof is the compound of any one of claims 1 to 42 or a

pharmaceutical composition of claim 43.

47. A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject an effective amount of the compound, or pharmaceutically acceptable salt

thercof, of any onc of claims 1 to 42 or a pharmaccutical composition of claim 43.
48. The method of claim 47, wherein the cancer is pancreatic cancer.

49. A method of identifying a GRK2-selective compound, the method comprising:

a. contacting a first cell line that expresses GRK2 with a test compound;

b. contacting a second cell line that has been engineered to overexpress GRK2 with the test
compound;

c. assessing whether the proliferation of the first cell line is decreased in step a relative to the

prolifcration of the sccond cell linc in stcp b,

wherein a decrease in proliferation of the first cell line in step a of at least 2-fold indicates that

the test compound is a GRK2-selective compound.
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