wo 2015/164411 A2 |11 00000 OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/164411 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

29 October 2015 (29.10.2015) WIPOIPCT
International Patent Classification: (81)
A61K 31/4439 (2006.01)
International Application Number:

PCT/US2015/026926

International Filing Date:
21 April 2015 (21.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/982,184 21 April 2014 (21.04.2014) US
62/027,651 22 July 2014 (22.07.2014) US

Applicant: MAYO FOUNDATION FOR MEDICAL
EDUCATION AND RESEARCH [US/US]; 200 First
Street S.W., Rochester, Minnesota 55905 (US).

Inventors: STEWART, Alexander Keith; 11748 East
Bloomfield Drive, Scottsdale, Arizona 85259 (US). RICH,
Brian; 341 S. 15th, San Jose, California 95112 (US).
PLEKHOV, Artem; 46646 Winema Common, Fremont,
California 94539 (US). TONG, Zhiwei; 2645 Camloop
Drive, San Jose, California 95130 (US). YANG, Wen; 760
Paula Court, San Jose, California 95126 (US). SEPETOV,
Nikolai; 14800 Old Japanese Road, Los Gatos, California
95033 (US). GREENHOUSE, Robert; 7173 Arbeau
Drive, Newark, California 94560 (US).

Agents: FOLLETT, Angela D. et al.; Fish & Richardson
P.C., P.O. Box 1022, Minneapolis, Minnesota 55440-1022

(US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SMALL MOLECULE INHIBITORS OF G PROTEIN COUPLED RECEPTOR 6 KINASES POLYPEPTIDES

(57) Abstract: This document relates to inhibitors of G protein coupled receptor 6 kinase (GRK6) polypeptides as well as methods
and materials for using such inhibitors to treat hematological malignancies, inflammation diseases, and autoimmune disorders.



10

15

20

WO 2015/164411 PCT/US2015/026926

Small Molecule Inhibitors of G Protein Coupled Receptor 6
Kinases Polypeptides

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial Nos.
61/982,184, filed April 21, 2014, and 62/027,651, filed July 22, 2014, the disclosures of

each of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD
This document relates to inhibitors of G protein coupled receptor 6 kinase
(GRX6) polypeptides as well as methods and materials for using such inhibitors to treat

hematological malignancies, inflammation diseases, and autoimmune disorders.

BACKGROUND

GRK6 is a member of the enzyme group of kinases. Kinases regulate many
different cell proliferation, differentiation, and signaling processes by adding phosphate
groups to proteins. The kinases comprise the largest known protein group, a superfamily
of enzymes with widely varied functions and specificities. They are usually named after
their substrate, their regulatory molecules, or some aspect of a mutant phenotype. With
regard to substrates, the protein kinases may be roughly divided into two groups; those
that phosphorylate tyrosine residues (protein tyrosine kinases, PTK) and those that
phosphorylate serine or threonine residues (serine/threonine kinases, STK). A few protein
kinases have dual specificity and phosphorylate threonine and tyrosine residues. Almost
all kinases contain a similar 250-300 amino acid catalytic domain. The N-terminal
domain, which contains subdomains I-IV, generally folds into a two-lobed structure,
which binds and orients the ATP (or GTP) donor molecule. The larger C terminal lobe,
which contains subdomains VI-XI, binds the protein substrate and carries out the transfer
of the gamma phosphate from ATP to the hydroxyl group of a serine, threonine, or

tyrosine residue. Subdomain V spans the two lobes.
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SUMMARY
Provided herein is a compound of Formula I:
R4
RWN‘N
Nl
\ g Xj\sﬁn?z
R?
Formula 1
or a pharmaceutically acceptable salt thereof,
wherein:
X is selected from the group consisting of CH and N;
| £ N
Y s

N~N

7 is selected from the group consisting of -C(O)OR! and ;

R! is selected from the group consisting of H and (C1-Ce)alkyl;

R? is selected from the group consisting of: a substituted (C1-Ce)alkyl, a substituted or
unsubstituted (C2-Ce)alkenyl, a substituted or unsubstituted (Cz-Cs)alkynyl, (Ci-
Ce)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted
heterocycloalkyl, a substituted or unsubstituted aryl, and a substituted or

unsubstituted heteroaryl,

- R? and R* are independently selected from the group consisting of: H, halo, a substituted

(C1-Ce)alkyl, a substituted or unsubstituted (C»-Cs)alkenyl, a substituted or
unsubstituted (Cz-Cs)alkynyl, (C1-Ce)haloalkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstitutéd aryl, a substituted or unsubstituted heteroaryl, a substituted or
ﬁnsubstituted aralkyl, and a substituted or unsubstituted heteroaralkyl;

or R and R® or R? and R* come together to form a substituted or unsubstituted fused
cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and

m is an integer from 1 to 2.
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In some embodiments, a compound of Formula I can be a compound of Formula

TA:
R4
RS =N
Z
W ﬂ\ O\ 1
O N S™ /m R
R2 H 5

Formula IA

or a pharmaceutically acceptable salt thereof,

wherein:

R!is selected from the group consisting of H and (C;-Ce)alkyl;

R? is selected from the group consisting of: a substituted (C1-Ce)alkyl, a substituted or
unsubstituted (Co-Ce)alkenyl, a substituted or unsubstituted (C2-Ce)alkynyl, (Ci-
Ce)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted
heterocycloalkyl, a substituted or unsubstituted aryl, and a substituted or
unsubstituted heteroaryl;

R3 and R* are independently selected from the group consisting of: H, halo, a substituted
(C1-Ce)alkyl, a substituted or unsubstituted (C>-Cg)alkenyl, a substituted or
unsubstituted (Cz-Ce)alkynyl, (Ci-Ce)haloalkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted aralkyl, and a substituted or unsubstituted heteroaralkyl;

or R? and R? or R? and R* come together to form a substituted or unsubstituted fused
cycloalkyl ring, a é.ubstituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroary! ring; and

m is an integer from 1 to 2.

In some embodiments of the compounds of Formula I and/or Formula IA,

R? is a substituted or unsubstituted aryl. In some embodiments, R? is a substituted or

unsubstituted heteroaryl. In some embodiments, R? is a (C1-Ce)alkyl further substituted

by one or more heterocycloalkyls. In some embodiments, R? is a (C1-Ce)alkyl further

substituted by one or more aryl.
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In some embodiments of the compounds of Formula I and/or Formula IA, R® is
selected from a group consisting of: a substituted or unsubstituted (C1-Cs)alkynyl, halo,
and a substituted or unsubstituted aryl; and R* is H. In some embodiments, each of R!,
R®, and R*is H; and R? is a substituted or unsubstituted heteroaryl. For example, R? can

5 be selected from a group consisting of pyridazinyl, pyridyl, carbazolyl, thiopheneyl,

benzothiopheneyl, pyrrolyl, indolyl, quinolinyl, furanyl, and benzofuranyl.

In some embodiments of a compound of Formula IA, each of R! and R* is H;
R? is selected from a group consisting of a substituted or unsubstituted aryl and a
substituted or unsubstituted heteroaryl; and R? is selected from a group consisting of halo,

10 a substituted (C1-Ce)alkynyl, and a substituted or unsubstituted aryl.

Non-limiting examples of a compound of Formula I and/or A include:
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In some embodiments, a compound of Formula I can be a compound of Formula

1B:
N~
y
Rz ; A Hir O
3 m
R H 3
R6
4
R ks
Formula IB

or a pharmaceutically acceptable salt thereof,

wherein:

R! is selected from the group consisting of H and (C1-Cs)alkyl;

each of R%, R*, R, R®, and R are independently selected from the group consisting of: H,
halo, (Ci-Ce)alkyl, (Ci-Ce)haloalkyl, OR’, CN, NO,, C(O)R?, NRR!?, -S(O)NR’RC,
-S(O)NRR', -C(NR™R'2, -C(O)NR*R!, a substituted or unsubstituted aryl, a
substituted or unsubstituted heteroaryl, a substituted or unsubstituted cycloalkyl, and a
substituted or unsubstituted heterocycloalkyl;

or R? and R%, R* and R*, R* and R’, or R’ and R® come together to form a substituted or
unsubstituted fused cycloalkyl ring, a substituted or unsubstituted fused
heterocycloalkyl ring, a substituted or unsubstituted fused aryl ring, or a substituted or
unsubstituted fused heteroaryl ring;

each R7 is independently selected from the group consisting of H, (C1-Ce)alkyl, (Ci-
Ce)haloalkyl, (C1-Ce)aralkyl, (Ci-Ce)heteroaralkyl, a substituted or unsubstituted aryl,
and a substituted or unsubstituted heteroaryl;

each R® is independently selected from a group consisting of H, OH, (C-Cg)alkyl, (Ci-
Ce)haloalkyl, OR®, -NR3R3 wherein R and R® are independently selected from a
group consisting of H and (C1-Ce)alkyl; |

each of R%, R1%, R12 R!® and R are independently selected from a group consisting of H

and (C1-Cg)alkyl;

13
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each R'! is independently selected from a group consisting of H, (C1-Ce)alkyl, and OR'2
wherein R'?is independently selected from a group consisting of H, (C)-Ce)alkyl, a
substituted or unsubstituted aryl, and a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.
In some embodiments, at least one of R? and R?, R® and R*, R* and R®, and R® and
R® come together to form a substituted or unsubstituted fused cycloalkyl ring, a
substituted or unsubstituted fused heterocycloalkyl ring, a substituted or unsubstituted
fused aryl ring, or a substituted or unsubstituted fused heteroaryl ring. In some such
embodiments, R! is H. For example, R! is H; and R? is OR3?%; wherein R*® is selected
from a group consisting of H, (C1-Ce)alkyl, (C1-Cs)alkyl, (Ci-Ce)haloalkyl, (Ci-
Cejaralkyl, (Ci-Ce)heteroaralkyl, a substituted or unsubstituted aryl, and a substituted or
unsubstituted heteroaryl.

Non-limiting examples of a compound of Formula I and/or IB include:

N-N
s o
N
OH
| \>~S 0
N
OH

OH
—N OH
3\3/\&(()

14
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and

or a pharmaceutically acceptable salt thereof.

Also provided herein is a compound of Formula 11:

HN-N
Rz/w\sﬁr;z

Formula 10

20
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or a pharmaceutically acceptable salt thereof,
wherein:
, s
NN
| N

Z is selected from the group consisting of —C(O)OR! and N-N

R!is selected from the group consisting of H and (C1-Cy)alkyl;
R? is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.

In some embodiments, a compound of Formula II can be a compound of Formula

ITA:
HN—N
RzMS m O\R1
@]
Formula ITA

or a pharmaceutically acceptable salt thereof,
wherein:
R! is selected from the group consisting of H and (C1-Ce)alkyl;
R2 is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and
m 1is an integer from 1 to 2.

In some embodiments of Formula II and/or Formula ITA, R is H; and
R? is a substituted or unsubstituted heteroaryl. For example, R? is a substituted or
unsubstituted furanyl, or a substituted or unsubstituted thiopheneyl. In some
embodiments, R! is H; and R? is a substituted or unsubstituted aryl. For example, R?is a
substituted or unsubstituted phenyl. |

Non-limiting examples of a compound of Formula IT and/or Formula ITA include:

HN’N
\ T S 0
0 0! cl

S \

Cl

21
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HN-N

5
or a pharmaceutically acceptable salt thereof.
Further provided herein is a compound of Formula 1I:
vy
R H
X J\S% N,
\ N
N-N
10 Formula II1

or a pharmaceutically acceptable salt thereof,

wherein;:

22
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X is selected from the group consisting of CH and N;
R!is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.

In some embodiments, a compound of Formula III can be a compound of Formula

IHA:

Formula IITA
or a pharmaceutically acceptable salt thereof,
wherein:
R! is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.
In some embodiments of Formula III and [TTA, mis 1.
In some embodiments of Formula III and ITIA, R' can be a substituted or
unsubstituted aryl. For example,
R2
N
o
R3

wherein:
each of R? and R? are independently selected from the group consisting of: H, halo, (C;-

Ce)alkyl, (C1-Co)haloalkyl, OR*, NO,, NR*R3, CN, a substituted or unsubstituted aryl,

and a substituted or unsubstituted heteroaryl; and
each of R* and R® are independently selected from the group consisting of H, (Ci-

Ce)alkyl, and (C1-Cs)haloalkyl.
In some such embodiments, R? is H or NOy; and R? is (C;-Ce)alky! or a substituted or
unsubstituted phenyl. In other such embodiments, R? is H; and R3 is (C1-C¢)alkyl. For
example, R? is methyl. In other such embodiments, R? is NO»; and R? is a substituted or

unsubstituted phenyl.

In some embodiments of Formula 11T and Formula TTIA, R is:
23
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R3

In some such embodiments, R? is NOy; and R? is:

3

wherein:

each of R® and R7 are independently selected from a group consisting of: H, halo, (C1-
Ce)alkyl, (C1-Ce)haloalkyl, OR*, NO,, NR*R %2, CN, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and

each of R* and R*? are independently selected from the group consisting of H, (Ci-
Ce)alkyl, and (C1-Cs)haloalkyl.

For example, R? can be:

R7
In some such embodiments, R® is halo; and R7 is OR®; wherein R° is selected from a
group consisting of H, (Ci-Ce)alkyl, and (C1-Ce)haloalkyl.
In some embodiments of Formula IIT and [IIA, R is selected from the group

consisting of:

In some embodiments of Formula ITI and ITIA, R! is a substituted or unsubstituted

heteroaryl. For example, R! can be:

24
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wherein:

each of R® and R’ are independently selected from a group consisting of: H, halo, (C;-
Ce)alkyl, (C1-Ce)haloalkyl, OR*, NO2, NR*®R>®, CN, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and

cach of R* and R are independently selected from the group consisting of H, (Ci-
Ce)alkyl, and (C1-Cs)haloalkyl.

For example, R! can be:

O

=~

In some such embodiments, R? is a substituted or unsubstituted aryl. For example, R® can
be:
R10
R 1_%/\_;
/-

R12

wherein:

each of R!%, RM, and R!? are independently selected from a group consisting of: H, halo,
(C1.Ce)alkyl, (C1.Co)haloalkyl, CN, NO,, OR, NRMR!5 C(O)R'®,  C(O)OR!, -
NRYS(O)R", -S(0)NRPR?, -NR7S(O)R!3, -S(ONRR?, -S(O)NRR?, -
NR?*'C(0)R?, a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, and a substituted or unsubstituted heterocycloalkyl; or

two of the groups R1%, R!!, and R'? come together to form a substituted or unsubstituted
fused cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused

heteroaryl ring; and
25
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each of R¥, R™, R, R, RY7 R8, R", R*, R*!, and R** are independently selected from
a group consisting of H, (Ci-Ce)alkyl, and (Ci-Ces)haloalkyl.
In some embodiments, R® is a substituted or unsubstituted heteroaryl. For
example, R® can be selected from a group consisting of a substituted or unsubstituted

quinolinyl, a substituted or unsubstituted indolyl, and a substituted or unsubstituted

pyridyl.

R! can be selected from:

N
|
0
| )i
)%
o)
O— Y—NH
H HN
N O3
\ 0 F \ 0
B FL )
|
O fNH RUF
o : o
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Non-limiting examples of a compound of Formula 1T and/or IIIA include:
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or a pharmaceutically acceptable salt thereof.

The compounds provided herein can also be present in a pharmaceutical
composition comprising a compound provided herein, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier.

The compounds provided herein are also useful in methods for inhibiting a G
protein coupled receptor 6 kinase polypeptide in a patient. In some embodiments, the
method can include administering to the patient a therapeutically effective amount of a

10 compound provided herein, or a pharmaceutically acceptable salt thereof. The
compounds provided herein are also useful for inhibiting a G protein coupled receptor 6
kinase polypeptide in a cell. In some embodiments, such methods include contacting the
cell with an effective amount of a compound provided herein, or a pharmaceutically
acceptable salt thereof. In some such embodiments, the cell is a cancerous cell. For

15 example, a B cell cancerous cell.

Also provided herein are methods for treating a hematological malignancy in a
patient, the method comprising administering to the patient a therapeutically effective
amount of a compound provided herein, or 2 pharmaceutically acceptable salt thereof. In

some embodiments, the hematological malignancy is a B cell cancer. For example, the B
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cell cancer can be selected from the group consisting of: a small lymphocytic lymphoma
(SLL), a mantle cell lymphoma, a Burkitt's [ymphoma, a follicle centre cell lymphoma, a
follicular lymphoma, a Burkitt-like lymphoma, a marginal zone B-cell lymphoma
(MZBCL), a nodal marginal zone B cell lymphoma, an extra-nodal marginal zone B cell
lymphoma, a splenic marginal zone B cell lymphoma, a lymphoplasmacytic lymphoma,
and a diffuse large B cell lymphoma. In some embodiments, the B cell cancer is selected
from the group consisting of: a B cell acute lymphocytic leukemia (B-ALL), a precursor
B cell acute lymphocytic leukemia (B-ALL), a B cell chronic lymphocytic leukemia (B-
CLL), a precursor B-lymphoblastic leukaemia, a precursor B-lymphoblastic lymphoma, a
small lymphocytic lymphoma, a B cell prolymphocytic leukemia, an undifferentiated B
cell lymphoma, a hairy cell leukemia, a mediastinal large B-cell lymphoma, a plasma cell
myeloma, a plasmacytoma, a primary effusive lymphoma, a Burkitt's cell leukemia, and a
B cell diffuse mixed lymphoma.

Further provided herein are methods for treating an inflammation disease in a
patient, the method comprising administering to the patient a therapeutically effective
amount of a compound provided herein, or a pharmaceutically acceptable salt thereof. In
some embodiments, the inflammatory disease can be selected from the group consisting
of: encephalitis, inflammatory eye disease, otitis, pharyngitis, pneumonia, gastritis,
enteritis, hepatitis, pancreatitis, nephritis, cystitis, urethritis, endometritis, vaginitis,
arthritis, peripheral neuritis, malignant tumor, infectious diseases, autoimmune diseases,
ischemic diseases, metabolic diseases, injury, scald, chemical corrosion, and
neurodegenerative diseases.

In some embodiments, an autoimmune disease can be selected from the group
consisting of: rheumatism, systemic lupus erythematosus, and sarcoidosis.

In some embodiments, an ischemic disease can be selected from the group
consisting of: myocardial infarction and cerebral infarction.

In some embodiments, a metabolic disease can be selected from the group
consisting of: diabetes and gout.

In some embodiments, a neurodegenerative can be Alzheimer’s disease.
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The compounds provided herein are also useful for suppressing an immune
response in a patient, the method comprising administering to the patient a
therapeutically effective amount of a compound provided herein, or a pharmaceutically
acceptable salt thereof.

Unless otherwisé 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
invention belongs. Methods and materials are described herein for use in the present
invention; 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 features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

DETAILED DESCRIPTION
Definitions
For the terms “for example” and “such as,” and grammatical equivalences thereof,
the phrase “and without limitation™ is understood to follow unless explicitly stated
otherwise. All measurements reported herein are understood to be modified by the term
“about”, whether or not the term is explicitly used, unless explicitly stated otherwise. As

9 <¢

used herein, the singular forms “a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise.

A “patient,” as used herein, includes both humans and other animals, particularly
mammals. Thus, the methods are applicable to both human therapy and veterinary
applications. In some embodiments, the patient is a mammal, for example, a primate. In
some embodiments, the patient is a human.

The terms “treating” and “treatment” mean causing a therapeutically beneficial

effect, such as ameliorating cne or more existing symptoms and/cr reducing the severity

of symptoms that will or are expected to develop.
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A “therapeutically effective” amount of the inhibitors described herein is typically
one which is sufficient to achieve the desired effect and may vary according to the nature
and severiiy of the disease condition, and the potency of the inhibitor. It will be
appreciated that different concentrations may be employed for prophylaxis than for
treatment of an active disease.

The term “contacting” means bringing at least two moieties together, whether in
an in vifro system or an in vivo system.

The term “inhibition” with respect to a GRK6 polypeptide refers to inhibition of a
GRK6 polypeptide and its biological activities associated with a GRK6 polypeptide
pathway. Inhibition of GRK6 polypeptide can include antagonizing or inactivation. The
mode of action of a GRK6 polypeptide inhibitor can be direct, e.g., through binding to a
GRKS6 polypeptide as a ligand. The mode of action of an inhibitor can be indirect, e.g.,
through binding to and/or modifying another molecule that otherwise binds to and
activates a GRK6 polypeptide.

As used herein, “administration” refers to delivery of an inhibitor or composition
comprising an inhibitor provided herein by any external route, including, without
limitation, IV, intramuscular, SC, intranasal, inhalation, transdermal, oral, buccal, rectal,
sublingual, and parenteral administration.

The term “cancerous B cell” is used herein to refer to a B cell that is cancerous.
By “cancerous cell” or “cancer ceil” is meant a cell that shows aberrant cell growth, such
as increased cell growth. A cancerous cell may be a hyperplastic cell, a cell that shows a
lack of contact inhibition of growth in vifro, a tumor cell that is incapable of metastasis in
vivo, or a metastatic cell that is capable of metastasis in vivo. 7

An inhibitor provided herein can also incorporate one or more isotopes of the
atoms occurring in the inhibitor. Isotopes include, for exampie, those atoms having the
same atomic number but different mass numbers. For example, carbon atoms can include
carbon-12, carbon-13, and/or carbon-14 and hydrogen atoms can include hydrogen,
deuterium, and/or tritium.

The term, “inhibitor,” as used herein is meant to include all stereoisomers,

geometric isomers, and tautomers of the structures depicted. Inhibitors herein identified
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by name or structure as one particular tautomeric form are intended to include other
tautomeric forms unless otherwise specified. For example, triazole and pyrazole
inhibitors provided herein are intended to include the appropriate equivalent tautomeric
forms shown below. |

—NH HN—N —N

N N
/N
R/QN/)\SCHzcozH R/<\N>\SCHZCOZH RAH)\SCHZC%H

\_ /
hd

5 equivalent
N—NH ‘ HN—N
! UM
R//\)\SCHZCOZH RN SCH,CO,H
N J
e
equivalent

One of ordinary skill will also realize that the pyrazole inhibitors provided are not
intended to include the structure shown below, which is not an appropriate tautomeric

form of a pyrazole ring.
N

—N
N

R SCH,CO,H

N Y

~
not equivalent

10

In some embodiments, an inhibitor provided herein, or salt thereof, is
substantially isolated. By “substantially isolated” is meant that the inhibitor is at least
partially or substantially separated from the environment in which it was formed or
detected. Partial separation can include, for example, a composition enriched in the

15 inhibitor provided herein. Substantial separation can include compositions containing at
least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
90%, at least about 95%, at least about 97%, or at least about 99% by weight of the
inhibitors provided herein, or salt thereof. Methods for isolating inhibitors and their salts
are routine in the art.

20 The phrase “pharmaceutically acceptable” is used herein to refer to those

inhibitors, materials, compositions, and/or dosage forms which are, within the scope of
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sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The term “alkyl” includes a substituted or unsubstituted straight-chain alkyl
groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.)
and branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl

- (alicyclic) groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl

substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain
embodiments, a straight chain or branched chain alkyl has six or fewer carbon atoms in
its backbone (e.g., Ci.6 for straight chain; Cs.¢ for branched chain). The term Ci6
includes alkyl groups containing 1 to 6 carbon atoms.

The term “alkenyl” includes a substituted or unsubstituted aliphatic groups that
may or may not be substituted, as described above for alkyls, containing at least one
double bond and at least two carbon atoms. For example, the term “alkenyl” includes
straight-chain alkenyl groups (e.g., ethylenyl, propenyl, butenyl, pentenyl, hexenyl,
heptenyl, octenyl, nonenyl, and decenyl) and branched-chain alkenyl groups. In certain
embodiments, a straight chain or branched chain alkenyl group has six or fewer carbon
atoms in its backbone (e.g., Ca.¢ for straight chain; Cs.¢ for branched chain). The term Ca-
¢ includes alkenyl groups containing 2 to 6 carbon atoms.

The term “alkynyl” includes a substituted or unsubstituted unsaturated aliphatic
group analogous in length and possible substitution to the alkyls described above, but
which contain at least one triple bond and two carbon atoms. For example, the term
“alkynyl” includes straight-chain aikynyl groups (e.g., ethynyl, propynyl, butynyl,
pentynyl, hexynyl, heptynyl, octynyl, nonynyl, and decynyl) and branched-chain alkynyl
groups. In certain embodiments, a straight chain or branched chain alkynyl group has six
or fewer carbon atoms in its backbone (e.g., Ca.¢ for straight chain; Cs.¢ for branched
chain). The term Ca. includes alkynyl groups containing 2 to 6 carbon atoms.

As used herein, “haloalkyl” means a hydrocarbon substituent, which is a linear or
branched or cyclic alkyl, alkenyl or alkynyl substituted with one or more chloro, bromo,

fluoro, or iodo atom(s). In some embodiments, a haloalkyl is a fluoroalkyl, wherein one
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or more of the hydrogen atoms have been substituted by fluoro. In some embodiments,
haloalkyls are of 1 to about 3 carbons in length (e.g., 1 to about 2 carbons in length or 1
carbon in length). ‘

The term “cycloalkyl” includes a substituted or unsubstituted cyclic aliphatic
group which may be saturated or unsaturated. For example, cycloalkyl groups include
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. In some
embodiments, cycloalkyls can have from 3-8 carbon atoms in their ring structure, for
example, they can have 3, 4, 5, or 6 carbons in the ring structure.

In general, the term “aryl” includes substituted or unsubstituted aromatic rings,
including 5- and 6-membered single-ring aromatic groups, such as benzene and phenyl.
Furthermore, the term “aryl” includes multicyclic aryl groups, e.g., tricyclic, bicyclic,
such as naphthalene and anthracene. In some embodiments, the aryl is a C¢-Ci4 aryl
group. In some embodiments, the aryl is a Cs-C1o aryl group. In some embodiments, the
aryl 1s a Cs-Cs aryl group. In some embodiments, the aryl is a substituted or unsubstituted
phenyl. In some embodiments, the aryl is substituted phenyl. In some embodiments, the
aryl is unsubstituted phenyl.

As used herein, “arylalkyl” means an aryl-alkyl- group in which the aryl and alkyl
moieties are as previously described. Preferred arylalkyl groups contain a Cj.alkyl
moiety. Exemplary arylalkyl groups include benzyl and 2-phenethyl.

The term “hetéroaryl” means a substituted or unsubstituted mono-, bi-, tri- or
polycyclic group having 5 to 14 ring atoms, alternatively 5, 6, 9, or 10 ring atoms; having
6, 10, or 14 pi electrons shared in a cyclic array; wherein at least one ring in the system is
aromatic, and at least one ring in the system contains one or more heteroatoms
independently selected from the group consisting of N, O, and S. Exemplary heteroaryl
groups include, for example, pyrrole, furan, thiophene, thiazole, isothiaozole, imidazole,
triazole, tetrazole, pyrazole, oxazole, isooxazole, pyridine, pyrazine, pyridazine, and
pyrimidine, and the like. Furthermore, the term “heteroaryl” includes multicyclic
heteroaryl groups, e.g., tricyclic, bicyclic, such as benzoxazole, benzodioxazole,
benzothiazole, benzoimidazole, benzothiophene, methylenedioxyphenyl, quinoline,

1soquinoline, napthyridine, indole, benzofuran, purine, benzofuran, quinazoline,
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deazapurine, indazole, or indolizine. In some embodiments, the heteroary! group is
unsubstituted. In some embodiments, the heteroaryl group is substituted. In some |
embodiments, the heteroaryl group is a 5-14 membered heteroaryl group. In some
embodiments, the heteroaryl group is a 5-10 membered heteroaryl group. In some
embodiments, the heteroaryl is a 5-6 membered heteroaryl group.

As used herein, “heteroarylalkyl” means a heteroaryl-alkyl- group in which the
heteroaryl and alkyl moieties are as previously described. Preferred heteroarylalkyl
groups contain a Ci4 alkyl moiety. Exemplary heteroarylalkyl groups include
pyridylmethyl.

The term “heterocycloalkyl” includes substituted or unsubstituted groups,
including but not limited to, 3- to 10-membered single or multiple rings having one to
five heteroatoms, for example, piperazine, pyrrolidine, piperidine, or homopiperazine. In
some embodiments, the heterocycloalkyl is a 3-10 membered heterocycloalkyl group. In
some embodiments, the heterocycloalkyl is a 5-10 membered heterocycloalkyl group. In
some embodiments, the heterocycloalkyl is a 5-7 membered heterocycloalkyl group. In
some embodiments, the heterocycloalkyl is a 5-6 membered heterocycloalkyl group.

The term “substituted” means that an atom or group of atoms replaces hydrogen
as a “substituent” attached to another group. For aryl and heteroaryl groups, the term
“substituted”, unless otherwise indicated, refers to any level of substitution, namely
mono, di, tri, tetra, or penta substitution, where such substitution is permitted. The
substituents are independently selected, and substitution may be at any chemically
accessible position. In some cases, two sites of substitution may come together to form a
3-10 membered cycloalkyl or heterocycloalkyl ring. In some embodiments, two sites of
substitution may come together to form a 3-10 membered cycloalkyl group, a 5-14
membered aryl group, a 5-14 membered heteroaryl group, or a 3-10 membered
heterocycloalkyl group. Non-limiting examples of substituents include: (C;-Ce)alkyl,
halo, (Ci-Ce)haloalkyl, ~CN, -NR3R’, -NO,, ~O(C1-Cs)haloalkyl, —OR3, ~OC(O)R?, —
C(O)R8, —C(O)OR3, —C(O)NR®R’, —SR®, —S(O)R?, —SO,R®, ~SO,NR®*R’, (C3-C7)
cycloalkyl, (Cs-Cy)heterocycloalkyl, (Cs-Cia)aryl, and (Cs-Cia)heteroaryl, wherein R® and
R’ are independently selected from H and (C-Ce)alkyl.
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Inhibitors

This,document provides inhibitors of GRK6 polypeptides as well as methods and
materials for using such inhibitors to treat hematological malignancies, inflammation
diseases, and autoimmune disorders.

Provided herein is a compound of Formula I:

R4
N
\ S X)\sﬁm\z
R2
Formula [

or a pharmaceutically acceptable salt thereof,
wherein:

X is selected from the group consisting of CH and N;
H

AN

7 is selected from the group consisting of ~C(O)OR! and N-N ;

R! is selected from the group consisting of H and (C1-Ce)alkyl;

R? is selected from the group consisting of: a substituted (Ci-Ce)alkyl, a substituted or
unsubstituted (C2-Ce)alkenyl, a substituted or unsubstituted (C»-Cs)alkynyl, (Ci-
Ce)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted
heterocycloalkyl, a substituted or unsubstituted aryl, and a substituted or
unsubstituted heteroaryl;

R? and R* are independently selected from the group consisting of: H, halo, a substituted
(C1-Ce)alkyl, a substituted or unsubstituted (C2-Cs)alkenyl, a substituted or
unsubstituted (Cz-Ce)alkynyl, (C1-Ce)haloalkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted aralkyl, and a substituted or unsubstituted heteroaralkyl;

or R? and R? or R? and R* come together to form a substituted or unsubstituted fused

cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
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substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and
m is an integer from 1 to 2.
In some embodiments, R? is a substituted or unsubstituted aryl. In some
5 embodiments, R? is a substituted or unsubstituted heteroaryl. In some embodiments, R?
is a (C1-Ce)alkyl further substituted by one or more heterocycloalkyls. In some
embodiments, R? is a (C1-Ce)alkyl further substituted by one or more aryl. In some
embodiments, R? is a substituted or unsubstituted phenyl. In some embodiments, R? is a
substituted (C»-Ce)alkynyl. In some embodiments, R? is a (C2-Ce)alkynyl further
10 substituted by a substituted aryl group. In some embodiments, R? is a (C2-Cg)alkynyl
further substituted by a dichlorophenyl group. In some embodiments, R? is a heteroaryl
selected from a group consisting of pyridazinyl, pyridyl, carbazolyl, thiopheneyl,
benzothiopheneyl, pyrrolyl, indolyl, quinolinyl, furanyl, benzofuranyl, and carbazole,
each of which may be optionally substituted.
15 In some embodiments, R? is selected from a group consisting of: a substituted or
unsubstituted (C1-Cg)alkynyl, halo, and a substituted or unsubstituted aryl; and R* is H.
In some embodiments, each of R!, R?, and R* is H; and R? is a substituted or
unsubstituted heteroaryl. For example, R? can be a heteroaryl selected from a group
consisting of pyridazinyl, pyridyl, carbazolyl, thiopheneyl, benzothiopheneyl, pyrrolyl,
20 indolyl, quinolinyl, furanyl, and benzofuranyl. In some embodiments, R? is a carbazole.

In some embodiments, a compound of Formula I is a compound of Formula TA:

R4
R3 N~N

N~

B BN Oy -

20 H S™ m R
O

Formula TA

R

or a pharmaceutically acceptable salt thereof,
25 wherein:
R! is selected from the group consisting of H and (Ci-Cs)alkyl;
R? is selected from the group consisting of: a substituted (C1-Ce)alkyl, a substituted or

unsubstituted (Cz-Cg)alkenyl, a substituted or unsubstituted (C>-Ce)alkynyl, (Ci-
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Cs)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted
heterocycloalkyl, a substituted or unsubstituted aryl, and a substituted or
unsubstituted heteroaryl;

R3 and R* are independently selected from the group consisting of: H, halo, a substituted
(C1-Co)alkyl, a substituted or unsubstituted (C2-Ce)alkenyl, a substituted or
unsubstituted (Co-Ce)alkynyl, (Ci-Ces)haloalkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted aralkyl, and a substituted or unsubstituted heteroaralkyl;

or R? and R? or R? and R* come together to form a substituted or unsubstituted fused
cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and

m is an integer from 1 to 2.

In some embodiments, R? is a substituted or unsubstituted aryl. In some
embodiments, R? is a substituted or unsubstituted heteroaryl. In some embodiments, R>
is a (Cy-Ce)alkyl further substituted by one or more heterocycloalkyls. In some
embodiments, R? is a (Ci-Ce)alkyl further substituted by one or more aryl. In some
embodiments, R? is a substituted or unsubstituted phenyl. In some embodiments, R? is a
substituted (C1-Ce)alkynyl. In some embodiments, R? is a (C2-Cs)alkynyl further
substituted by a substituted aryl group. In some embodiments, R? is a (C2-Ce)alkynyl
further substituted by a dichlorophenyl group. In some embodiments, R? is a heteroaryl
selected from a group consisting of pyridazinyl, pyridyl, carbazolyl, thiopheneyl,
benzothiopheneyl, pyrrolyl, indolyl, quinolinyl, furanyl, benzofuranyl, and carbazole,
each of which may be optionally substituted.

In some embodiments, R> is selected from a group consisting of: a substituted or

unsubstituted (C1-Ce)alkynyl, halo, and a substituted or unsubstituted aryl; and R* is H.

In some embodiments, each of RL, R, and R* is H; and R? is a substituted or

unsubstituted heteroaryl. For example, R? can be a heteroaryl selected from a group
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consisting of pyridazinyl, pyridyl, carbazolyl, thiopheneyl, benzothiopheneyl, pyrrolyl,
indolyl, quinolinyl, furanyl, and benzofuranyl. In some embodiments, R? is a carbazole.
In some embodiments, each of R! and R* is H; R? is selected from a group
cousisting of a substituted or unsubstituted aryl and a substituted or unsubstituted
heteroaryl; and R? is selected from a group consisting of halo, a substituted (Ci-
Cejalkynyl, and a substituted or unsubstituted aryl.
In some embodiments, a compound of Formula I includes a compound of

Formula IB:

Formula IB

or a pharmaceutically acceptable salt thereof,

wherein:

R! is selected from the group consisting of H and (C1-Cg)alkyl;

each of R?, R?, R*, R5, and R® are independently selected from the group consisting of: H,
halo, (C1-Cs)alkyl, (C1-Ce)haloalkyl, OR7, CN, NO,, C(O)R®, NR°R!, -
S(0)NRRY, -S(O)NR°R!?, -C(NR'R!?, -C(O)NRR, a substituted or
unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted cycloalkyl, and a substituted or unsubstituted heterocycloalkyl;

or R? and R?, R* and R*, R* and R®, or R’ and R come together to form a substituted or
unsubstituted fuseci cycloalkyl ring, a substituted or unsubstituted fused
heterocycloalkyl ring, a substituted or unsubstituted fused aryl ring, or a substituted or
unsubstituted fused heteroaryl ring;

each R’ is independently selected from the group consisting of H, (C1-Ce)alkyl, (Ci-
Ce)haloalkyl, (Ci-Ce)aralkyl, (Ci1-Ce)heteroaralkyl, a substituted or unsubstituted

aryl, and a substituted or unsubstituted heteroaryl;
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each R® is independently selected from a group consisting of I, O, (Ci-Ce)alkyl, (C1-
Ce)haloalkyl, OR® -NR*R® wherein R% and R®® are independently selected from a
group consisting of H and (C;-Cg)alkyl;

each of R%, R R12 R and R are independently selected from a group consisting of H

5 and (C1-Cealkyl; '

each R is independently selected from a group consisting of H, (C1-Ce)alkyl, and OR!2
wherein R'2 is independently selected from a group consisting of H, (C1-Ce)alkyl, a
substituted or unsubstituted aryl, and a substituted or unsubstituted heteroaryl; and

m is an integer from 1 to 2.

10 In some embodiments, at least one of R? and R?, R® and R*, R* and R?, and R’ and
R come together to form a substituted or unsubstituted fused cycloalkyl ring, a
substituted or unsubstituted fused heterocycloalkyl ring, a substituted or unsubstituted
fused aryl ring, or a substituted or unsubstituted fused heteroaryl ring.

In some embodiments, R! is H. In some such embodiments, R! is H; and R? is

15 OR?*; wherein R is selected from a group consisting of H, (C1-Ce)alkyl, (C1-Ce)alkyl,
(Ci1-Ce)haloalkyl, (Ci-Ce)aralkyl, (Ci-Ce)heteroaralkyl, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl.

Non-limiting examples of a compound of Formula I, 1A, and/or IB include the
compounds in Table 1, or a pharmaceutically acceptable salt thereof.

20 Table 1.
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Also provided herein are compounds of Formula II:
HN-N
RzMSHrFZ
Formula IT
or a pharmaceutically acceptable salt thereof,

wherein:
H

AN
Z is selected from the group consisting of ~C(O)OR! and N-N' ;
R! is selected from the group consisting of H and (C1-Ce)alkyl;
R? is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.

In some embodiments, R? is a substituted or unsubstituted furanyl, or a substituted

or unsubstituted thiopheneyl.
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In some embodiments, a compound of Formula II includes a compound of

Formula [TA:
HN-N

\ O\R
RzMS% !
O

Formula ITA

or a pharmaceutically acceptable salt thereof,
wherein:
R!is selected from the group consisting of H and (Ci1-Ce)alkyl;
R? is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.

In some embodiments, R! is H; and R? is a substituted or unsubstituted heteroaryl.
In some embodiments, R? is a substituted or unsubstituted furanyl, or a substituted or
unsubstituted thiopheneyl. In some embodiments, R is H; and R? is a substituted or
unsubstituted aryl. For example, R? can be a substituted or unsubstituted phenyl.

Non-limiting examples of a compound of Formula IT or ITA include the

compounds in Table 2, or a pharmaceutically acceptable salt thereof.

Table 2.
# Compound Structure
HN-N s o
\ Dol
2-1 © © OH
Cl
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Formula IIT

or a pharmaceutically acceptable salt thereof,
wherein:
X 1s selected from the group consisting of CH and N;
R! is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.

In some embodiments, m is 1.

In some embodiments, R! is a substituted or unsubstituted aryl. For example,

R! can be:

wherein:
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each of R? and R® are independently selected from the group consisting of: H, halo, (Ci-

Ce)alkyl, (Ci-Co)haloalkyl, OR* NO,, NR*R®, CN, a substituted or unsubstituted aryl,

and a substituted or unsubstituted heteroaryl; and
each of R* and R’ are independently selected from the group consisting of H, (Ci-

5 Ce)alkyl, and (C;-Ce)haloalkyl.
In some such embodiments, R? is H or NO»; and R is (C3-Ce)alkyl or a
substituted or unsubstituted phenyl. For example, R? can be H; and R? can be (C;-
Ce)alkyl. In some embodiments, R? is methyl. In other such embodiments, R? is NOy;
and R? is a substituted or unsubstituted phenyl. For example, R! can be:
o
10 R®
In some such embodiments, R? is NOy; and R3 is:
6
R\/\
=
R7
wherein:
each of R® and R7 are independently selected from a group consisting of: H, halo, (Ci-
15 Ce)alkyl, (Ci-Ce)haloalkyl, OR*:, NO,, NR*R32, CN, a substituted or unsubstituted

aryl, and a substituted or unsubstituted heteroaryl; and
each of R** and R are independently selected from the group consisting of H, (C;-

Cs)alkyl, and (C1-Ce)haloalkyl.
For example, R? can be:

RGVE

20 R’
In some embodiments, R® is halo; and R” is OR®; wherein R is selected from a group
consisting of H, (Ci-Ce)alkyl, and (Ci-Ce)haloalkyl.
In some embodiments, R is selected from the group consisting of:
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In some embodiments, R! is a substituted or unsubstituted heteroaryl. For

example, R! can be:

wherein:
each of R® and R’ are independently selected from a group consisting of: H, halo, (Ci-
Ce)alkyl, (C1-Ce)haloalkyl, OR*®, NO,, NR*R*®, CN, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and
10 each of R*® and R* are independently selected from the group consisting of H, (C-
Cs)alkyl, and (C1-Ce)haloalkyl.
In some such embodiments, R' is:
RE_ O\
W
For example, R® can be a substituted or unsubstituted aryl. In some embodiments, R® is:
R10
P
A
15 R12
wherein:
each of RY%, R and R!? are independently selected from a group consisting of: H, halo,
(C1-Ce)alkyl, (C1-Co)haloalkyl, CN, NO2, OR, NRM¥R! C(O)R!,  C(O)OR!, -
NRYS(0)R!3, -S(0):NRR?®, -NR!7S(O)R*8, -S(0),NRR?, -S(O)NR’R?, -
20 NR2!C(O)R?, a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, and a substituted or unsubstituted heterocycloalkyl; or
67
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two of the groups R!%, R!!, and R'? come together to form a substituted or unsubstituted
fused cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
hetercaryl ring; and
5 each of R13, R R R, RY7 R R!° R¥ R2! and R? are independently selected from
a group consisting of H, (C1-Ce)alkyl, and (Ci-Ce)haloalkyl.

In some embodiments,R® is a substituted or unsubstituted heteroaryl. For
example, R® can be selected from a group consisting of a substituted or unsubstituted
quinolinyl, a substituted or unsubstituted indolyl, and a substituted or unsubstituted

10 pyridyl. In some embodiments, R? is a substituted or unsubstituted quinolinyl. In some
embodiments, R? is a substituted or unsubstituted indolyl. In some embodiments, R®is a
substituted or unsubstituted pyridyl.

In some embodiments, R! is selected from the group consisting of?

Ve Qg%

15
0
O— %NH
H HN
N o3
\ o) F \ o)
P F L Wan
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In some embodiments, a compound of Formula III is a compound of Formula
HIA:

R14N\jN\ H
N S%N\N
N-N

Formula [TTA
or a pharmaceutically acceptable salt thereof,
wherein:
R!is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl; and
m is an integer from 1 to 2.
In some embodiments, m is 1.
In some embodiments, R! is a substituted or unsubstituted aryl. For example,
R! can be:
R2
N
o
R3
wherein: ‘
each of R? and R® are independently selected from the group consisting of: H, halo, (C-
Ce)alkyl, (C1-Ce)haloalkyl, OR*, NO2, NR*R®, CN, a substituted or unsubstituted aryl,
and a substituted or unsubstituted heteroaryl; and
each of R* and RS are independently selected from the group consisting of H, (Ci-
Ce)alkyl, and (Ci-Cs)haloalkyl.
In some such embodiments, R? is H or NO»; and R? is (C1-Ce)alkyl or a
substituted or unsubstituted phenyl. For example, R? can be H; and R can be (Ci-
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Ce)alkyl. In some embodiments, R® is methyl. In other such embodiménts, R?is NOy;

and R® is a substituted or unsubstituted phenyl. For example, R can be:

wherein:
each of R® and R7 are independently selected from a group consisting of: H, halo, (Ci-
Ce)alkyl, (C1-Ce)haloalkyl, OR*:, NO2, NR*R% CN, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and
10 each of R* and R’? are independently selected from the group consisting of H, (Ci-
Ce)alkyl, and (Ci-Ce)haloalkyl.

For example, R? can be:

R7
In some embodiments, R is halo; and R is OR®; wherein R® is selected from a group
15 consisting of H, (C1-Ce)alkyl, and (C;-Ce)haloalkyl.

In some embodiments, R! is selected from the group consisting of:
NO,

and
In some embodiments, R! is a substituted or unsubstituted heteroaryl. For
example, R! can be:
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wherein:
each of R® and R’ are independently selected from a group consisting of: H, halo, (Ci-
Cealkyl, (C1-Ce)haloalkyl, OR*®, NO,, NR*R™®, CN, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and
each of R* and R*® are independently selected from the group consisting of H, (C1-
Ce)alkyl, and (Ci-Ce)haloalkyl.
In some such embodiments, R! is:
Re_ O %
R
For example, R® can be a substituted or unsubstituted aryl. In some embodiments, R® is:
R10
R BN
YA
R12
wherein:
each of R'%, R™, and R'? are independently selected from a group consisting of: H, halo,
(C1.Ce)alkyl, (C1-Ce)haloalkyl, CN, NO,, OR"3, NRM¥R!5, C(O)R'S,  C(O)OR'S, -
NRYS(0%R8, -S(0):NRRY, -NR7S(0)RS, -S(0),NR’R?, -S(O)NR"R?, -
NRZIC(O)R?, a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, and a substituted or unsubstituted heterocycldalkyl ; or
two of the groups R'?, R, and R'? come together to form a substituted or unsubstituted
fused cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and
each of R13, RM™ R R!6 R!7 R!® R! R R and R* are independently selected from
a group consisting of H, (C1-Cs)alkyl, and (Ci-Ce)haloalkyl.
In some embodiments,R? is a substituted or unsubstituted heteroaryl. For
example, R8 can be selected from a group consisting of a substituted or unsubstituted
72
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quinolinyl, a substituted or unsubstituted indolyl, and a substituted or unsubstituted
pyridyl. In some embodiments, R® is a substituted or unsubstituted quinolinyl. In some
embodiments, R? is a substituted or unsubstituted indolyl. In some embodiments, R¥isa
substituted or unsubstituted pyridyl.

In some embodiments, R' is selected from the group consisting of:

0 C. N
’
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| ) | )¢
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O— %NH
¥ HN
N 0%
\ o F \ o)
\/§ FL | )
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Non-limiting examples of a compound of Formula 1T and/or IIIA include the

compounds in Table 3, or a pharmaceutically acceptable salt thereof.

Table 3.

] # | Compound Structure
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Also provided herein is a compound of Formula I'V:
HN-N
Sk b
Formula IV
or a pharmaceutically acceptable salt thereof,
wherein:

X is selected from the group consisting of CH and N

Y is a substituted or unsubstituted heteroaryl;
AN
\]/ I:N
Z is selected from the group consisting of ~C(O)OR! and N-N ;
R! is selected from the group consisting of H and (C1-Ce)alkyl; and
m is an integer from 1 to 2.

In some embodiments, m'is 1.
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In some embodiments, a compound of Formula I'V is a compound of Formula

IVA:
HN-
Y/<\X ﬂ\s ﬁm\n/o\ "
O
Formula IVA
or a pharmaceutically acceptable salt thereof,
wherein:
X is selected from the group consisting of CH and N;
Y is a substituted or unsubstituted heteroaryl;
R!is selected from the group consisting of H and (C1-Ce)alkyl; and
m is an integer from 1 to 2.

Non-limiting examples of a compound of Formula I'V and/or IVA include the

compounds in Table 4, or a pharmaceutically acceptable salt thereof.

Table 4.

# Compound Structure
Cl
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An inhibitor provided herein, including a pharmaceutically acceptable salt
thereof, can be purchased commercially or prepared using known organic synthesis
techniques. See, for example, Examples 1-17.

A reaction for preparing an inhibitor provided herein can be carried out in suitable
solvents that can be readily selected by one of skill in the art of organic synthesis.
Suitable solvents can be substantially non-reactive with the starting materials (reactants),
the intermediates, or products at the temperatures at which the reactions are carried out,
e.g., temperatures which can range from the solvent's freezing temperature to the
solvent's boiling temperature. A given reaction can be carried out in one solvent or a
mixture of more than one solvent. Depending on the particular reaction step, suitable
solvents for a particular reaction step can be selected by the skilled artisan.

Preparation of an inhibitor can involve the protection and deprotection of various
chemical groups. The need for protection and deprotection, and the selection of
appropriate protecting-groups, can be readily determined by one skilled in the art. The
chemistry of protecting groups can be found, for example, in Profecting Group
Chemistry, 15 Ed., Oxford University Press, 2000; and March’s Advanced Organic
chemistry: Reactions, Mechanisms, and Structure, 5® Ed., Wiley-Interscience

Publication, 2001 (each of which is incorporated herein by reference in their entirety).

Pharmaceutically Acceptable Salts and Compositions

This document also provides pharmaceutically acceptable salts of the inhibitors
provided herein. Examples of pharmaceutically acceptable salts of the inhibitors
provided herein include acid addition salts and base salts of the inhibitors.

Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, adipate, aspartate, benzoate, besylate,

bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate,
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edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, hydrogen phosphate, isethionate, D- and L-lactate, malate, maleate,
malonate, mesylate, methylsulphate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen, phosphate/phosphate dihydrogen,
pyroglutamate, saccharate, stearate, succinate, tannate, D- and L-tartrate, 1-hydroxy-2-
naphthoate tosylate, and xinafoate salts.

Suitable base salts are formed from bases which form non-toxic salts. Examples
include the aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine,
glycine, lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine, and
zinc salts.

Hemisalts of acids and bases may also be formed, for example, hemisulphate and
hemicalcium salts.

An inhibitor provided herein intended for pharmaceutical use may be
administered as a crystalline or amorphous product. In some cases, such a product may be
obtained, for example, as a solid plug, powder, or film by methods such as precipitation,
crystallization, freeze drying, spray drying, or evaporative drying. Microwave or radio
frequency drying may be used for this purpose. |

An inhibitor may be administered by any route, including oral, rectal, sublingual,
and parenteral administration. Parenteral administration includes, for example,
intravenous, intramuscular, intraarterial, intraperitoneal, intranasal, intravaginal,
intravesical (e.g., to the bladder), intradermal, transdermal, topical or subcutaneous
administration. Also contemplated is the installation of an inhibitor in the body of the
patient in a controlled formulation, with systemic or local release of an inhibitor to occur
at a later time. For example, an inhibitor can be localized in a depot for controlled
release to the circulation, or for release to a local site. Advantageously, an inhibitor can
be administered in the form of a pharmaceutical composition.

An inhibitor may be administered alone or in combination with one or more other
inhibitors provided herein or in combination with one or more other drugs (or as any

combination thereof). Generally, an inhibitor will be administered as a formulation in
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association with one or more pharmaceutically acceptable excipients. The term
"excipient” is used herein to describe any ingredient other than an inhibitor(s) provided
herein. The choice of excipient will to a large extent depend on factors such as the
particular mode of administration, the effect of the excipient on solubility and stability,
and the nature of the dosage form.

Non-limiting examples of pharmaceutical excipients suitable for administration of
the inhibitors provided herein include any such carriers known to those skilled in the art
to be suitable for the particular mode of administration. Pharmaceutically acceptable
excipients include, but are not limited to, ion exchangers, alumina, aluminum stearate,
lecithin, self-emulsifying drug delivery systems (SEDDS) such as d-a~tocopherol
polyethylene glycol 1000 succinate, surfactants used in pharmaceutical dosage forms
such as Tweens or other similar polymeric delivery matrices, serum proteins, such as
human serum albumin, buffer substances such as phosphates, glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water,
salts or electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium-chloride, zinc salts, colloidal silica, magnesium trisilicate,
polyvinyl pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethyl cellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, and wool fat. Cyclodextrins such as a-, p, and y-cyclodextrin, or chemically
modified derivatives such as hydroxyalkylcyclodextrins, including 2- and 3-
hydroxypropyl-b-cyclodextrins, or other solubilized derivatives can also be
advantageously used to enhance delivery of an inhibitor provided herein. In some
embodiments, the excipient is a physiologically acceptable saline solution.

A pharmaceutical composition can bo, in one embodiment, formulated into
suitable pharmaceutical preparations such as solutions, suspensions, tablets, dispersible
tablets, pills, capsules, powders, sustained release formulations or elixirs, for oral
administration or in sterile solutions or suspensions for parenteral administration, as well
as transdermal ointments, creams, gels, and patch preparations and dry powder inhalers
(see, e.g., Ansel Introduction to Pharmaceutical Dosage Forms, Fourth Edition 1985,
126).
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The concentration of an inhibitor in a pharmaceutical composition will depend on
absorption, inactivation, and excretion rates of the inhibitor, the physicochemical
characteristics of the inhibitor, the dosage schedule, and amount administered as well as
other factors known to those of skill in the art.

The pharmaceutical composition may be administered at once, or may be divided
into a number of smaller doses to be administered at intervals of time. It is understood
that the precise dosage and duration of treatment is a function of the disease being treated
and may be determined empirically using known testing protocols or by extrapolation
from in vivo or in vitro test data. It is to be noted that concentrations and dosage values
may also vary with the severity of the condition to be alleviated. It is to be further
understood that for any particular patient, specific dosage regimens should be adjusted
over time according to the individual need and the professional judgment of the person
administering or supervising the administration of the compositions, and that the
concentration ranges set forth herein are exemplary only and are not intended to limit the
scope or practice of the claimed compositions.

The pharmaceutical compositions are provided for administration to humans and
animals in unit dosage forms, such as tablets, capsules, pills, powders, granules, sterile
parenteral solutions or suspensions, and oral solutions or suspensions, and oil-water
emulsions containing suitable quantities of the inhibitors. The pharmaceutically
therapeutically active inhibitors are, in one embodiment, formulated and administered in
unit-dosage forms or multiple-dosage forms. Unit-dose forms as used herein refers to
physically discrete units suitable for human and animal patients and packaged
individually as is kﬁown in the art. Each unit-dose contains a predetermined quantity of
the therapeutically active inhibitor sufficient to produce the desired therapeutic effect, in
association with the required pharmaceutical carrier, vehicle or diluent. Examples of unit-
dose forms include ampoules and syringes and individually packaged tablets or capsules.
Unit-dose forms may be administered in fractions or multiples thereof. A multiple-dose
form is a plurality of identical unit-dosage fbrms packaged in a single container to be

administered in segregated unit-dose form. Examples of multiple-dose forms include

90



10

15

20

25

30

WO 2015/164411 PCT/US2015/026926

vials, bottles of tablets or capsules or bottles of pints or gallons. Hence, multiple dose
form is a multiple of unit-doses which are not segregated in packaging.

Liquid pharmaceutically administrable compositions can, for example, be
prepared by dissolving, dispersing, or otherwise mixing an inhibitor as provided herein
and optional pharmaceutical adjuvants in a carrier, such as, for example, water, saline,
aqueous dextrose, glycerol, glycols, ethanol, and the like, to thereby form a solution or
suspension. If desired, a pharmaceutical composition to be administered may also contain
minor amounts of nontoxic auxiliary substances such as wetting agents, emulsifying
agents, solubilizing agents, pH buffering agents and the like, for example, acetate, sodium
citrate, cyclodextrine derivatives, sorbitan monolaurate, tricthanolamine sodium acetate,
triethanolamine oleate, and other such agents.

Dosage forms or compositions containing an inhibitor provided herein in the
range of 0.005% to 100% with the balance made up from non-toxic carrier may be
prepared. Methods for preparation of these compositions are known to those skilled in
the art. The contemplated compositions may contain 0.001%-100% active ingredient, in
one embodiment 0.1-95%, in another embodiment 75-85%.

Pharmaceutical compositions suitable for the delivery of inhibitor provided herein
and methods for their preparation will be readily apparent to those skilled in the art. Such
compositions and methods for their preparation may be found, for example, in

Remington's Pharmaceutical Sciences, 19th Edition (Mack Publishing Company, 1995).

Methods of Use

This document also provides methods and materials for using inhibitors of G
protein couple receptor 6 kinase (GRK6) polypeptides. In some cases, an inhibitor
provided herein may be used to treat any disease or disorder which involves the inhibition
of a GRK6 polypeptide or a GRK6 polypeptide pathway. For example, a GRK6
polypeptidecan be inhibited in a patient by administering a therapeutically effective
amount of an inhibitor provided herein. In addition, a GRK6 polypeptide can be
inhibited in a cell by contacting the cell with an effective amount of an inhibitor provided

herein.
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An inhibitor provided herein can have an ICsg value in a GRK6 polypeptide
inhibition assay ranging from about 0.1 uM to greater than about 20 uM. For example,
see Examples 18-21.

Diseases and disorders which involve overexpression or over-activation of a
GRKS6 polypeptide can include, for example, hematological malignancies, inflammation
diseases, and autoimimune disorders.

Hematological malignancies that may be treated by the inhibitors, compositions
and methods described herein include, but are not limited to, cancers of the bone marrow,
blood, and lymph nodes. For example, hematological malignancies can include, for
example, malignant lymphoma (reticulum cell sarcoma), multiple myeloma, acute
myeloid leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia, chronic
lymphocytic leukemia, myeloproliferative diseases, multiple myeloma, myelodysplastic
syndrome, Hodgkin's lymphoma, non-Hodgkin's lymphoma (malignant lymphoma),
harry cell leukemia, and Waldenstrom's macroglobulinemia.

Hematological malignancies may be solid tumors that may or may not be
metastatic. Cancers may also occur, as in leukemia, as a diffuse tissue. Thus, the term
"tumor cell", as provided herein, includes a cell afflicted by any one of the above
identified disorders.

In some embodiments, the hematological malignancy is a B cell cancer. For
example, the B cell cancer is a B cell Non-Hodgkin Lymphoma. B cell Non-Hodgkin's
Lymphomas can include mediastinal large B-cell lymphoma, lymphoblastic B cell
lymphoma, Waldenstrom's macroglobulinaemia, and follicular lymphoma. Thus, in some
embodiments, the B cell Non-Hodgkin's Lymphoma is small lymphocytic lymphoma
(SLL), a mantle cell lymphoma, a Burkitt's lymphoma, a follicle centre cell lymphoma, a
follicular lymphoma, a Burkitt-like lymphoma, a marginal zone B-cell lymphoma
(MZBCL), a nodal marginal zone B cell lymphoma, an extra-nodal marginal zone B cell
lymphoma, a splenic marginal zone B cell lymphoma, a lymphoplasmacytic lymphoma,
or a diffuse large B cell lymphoma. In some embodiments, the B cell cancer is myeloma.

In some embodiments, the B cell cancer is a B cell acute lymphocytic leukemia

(B-ALL), a precursor B cell acute lymphocytic leukemia (B-ALL), a B cell chronic
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lymphocytic leukemia (B-CLL), a precursor B-lymphoblastic leukaemia, a precursor B-
lymphoblastic lymphoma, a small lymphocytic lymphoma, a B cell prolymphocytic
leukemia, an undifferentiated B cell lymphoma, a hairy cell leukemia, a mediastinal large
B-cell lymphoma, a plasma cell myeloma, a plasmacytoma, a primary effusive
lymphoma, a Burkitt's cell leukemia, or a B cell diffuse mixed lymphoma.

An inhibitor provided herein can also be administered in combination with
existing methods of treating hematological malignancies, for example by chemotherapy,
irradiation, or surgery. Thus, there is further provided a method of tréating hematological
malignancies comprising administering an effective amount of an inhibitor described
herein, or a pharmaceutically acceptable salt form thereof, to a patient, wherein a
therapeutically effective amount of one or more additional cancer chemotherapeutic
agents are administered to the patient.

The inhibitors provided herein are also useful in treating an inflammatory disease
in a patient. Examples of inflammatory diseases treated by an inhibitor provided herein
include, but are not limited to, general inflammatory diseases such as encephalitis,
inflammatory eye disease, otitis, pharyngitis, pneumonia, gastritis, enteritis, hepatitis,
pancreatitis, nephritis, cystitis, urethritis, endometritis, vaginitis, arthritis, and peripheral
neuritis, and further include inflammatory diseases that secondarily cause inflammation,
such as malignant tumor, infectious diseases, allergic diseases, autoimmune diseases
(such as rheumatism, systemic lupus erythematosus, and sarcoidosis), ischemic diseases
(such as myocardial infarction and cerebral infarction), metabolic diseases (such as
diabetes and gout), injury, scald, chemical corrosion, and neurodegenerative diseases
(such as Alzheimer's disease).

For example, an inhibitor provided herein can be used to treat an autoimmune
disease or disorder. The term “autoimmune” refers to the process by which immune
system components such as antibodies or lymphocytes attack or harm molecules, cells, or
tissues of the organism producing them. The term “autoimmune disorders” refers to
diseases where damage, such as tissue damage, or pathogenesis is, at least partially, a

result of an autoimmune process.
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In some embodiments, suppression of the immune response is useful in the
treatment of patients suffering from autoimmune diseases as well as adverse immune
reactions associated with organ transplantations.

Autoimmune diseases include allograft rejection, autoimmune thyroid diseases
(such as Graves' disease and Hashimoto's thyroiditis), autoimmune uveoretinitis, giant
cell arteritis, inflammatory bowel diseases (including Crohn's disease, ulcerative colitis,
regional enteritis, granulomatous enteritis, distal ileitis, regional ileitis, and terminal
ileitis), insulin-dependent diabetes mellitus, multiple sclerosis, pernicious anemia,
psoriasis, theumatoid arthritis, sarcoidosis, scleroderma, and systemic lupus
erythematosus. ‘

Inhibitors provided herein are effective to inhibit a GRK6 polypeptide in a cell,
for example, in a cancer cell (e.g., in a cell from a hematological malignancy). Therefore
there is also provided a method of inhibiting a GRK6 polypeptide in a cell comprising
contacting the cell with an effective amount of an inhibitor provided herein, or a
pharmaceutically acceptable salt form thereof. The method may be performed by
contacting the cell with an inhibitor as described herein, or a pharmaceutically acceptable
salt form thereof, in vitro, thereby inhibiting a GRK6 polypeptide in vitro. Uses of such
an in vitro method of inhibiting a GRK6 polypeptide include, but are not limited to use in
a screening assay (for example, wherein an inhibitor described herein is used as a positive
contro] or standard compared to compounds of unknown activity or potency in inhibiting

a GRK6polypeptide).
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EXAMPLES
Example 1: Preparation of 2-((5-(5-bromofuran-2-yl)-1H-1,2,4-triazol-3-
yijthic)acetic acid t-butyl ester (a3)
' S

HzN\ /U\

NH,

clcocodl S
L, — A [y A
Br o CO,H DCM codl Br o) H NH,
cat. DMF 0 .

HN—N
BrCH,CO,t-Bu
2N NaOH )\SH 22 )\S/ﬁrm Bu
DMF / Et,N

Step 1: To a stirred suspension of 5-bromo-2-furoic acid (12.0 g) in dry dichloromethane
(100 mL), oxalyl chloride (11.0 mL) was added in portions over 10 min at 0 °C. Upon
completion, DMF (20 pL) was added and the ice bath was removed. When the solution
became homogeneous and bubbling ceased, stirring was stopped and the solvent and
excess reagent was removed under reduced pressure. The crude acid chloride was used

without purification in the next reaction.

Step 2: Thiosemicarbazide (7.4 g) was suspended in dry pyridine (60 mL). The reaction
mixture was cooled in ice and the crude acid chloride (Step 1) in THF / pyridine was
slowly added and the reaction was set to stir overnight. The solvent was then removed

and the crude residue washed with water and dried.

Step 3: The crude aroylthiosemicarbazide (Step 2) was treated with 2 M sodium
hydroxide at 85 °C overnight. After cooling, the solution was acidified with hydrochloric

acid and the precipitate was filtered, washed with water, and dried.

Step 4: The crude product of Step 3 was dissolved in dry DMF (100 mL) and treated with
triethylamine (2 eq.) and t-butyl bromoacetate (1 eq.). The mixture was stirred at room

temperature for 4 h and then briefly heated to 50 °C. The reaction mixture was poured
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over ice and extracted with ethyl acetate. The organic layer was subsequently washed

with water and evaporated to dryness to give the title compound.

Example 2: Preparation of additional compounds

The following examples (Table 5) can be prepared as described above for 2-((5-(5-
bromofuran-2-yl)-1H-1,2,4-triazol-3-yl)thio)acetic acid t-butyl ester (Example 1) by
substituting ethylbromoacetate (al), 5-(chloromethyl)-1H-tetrazole (a2), or bromoacetic

acid (1-97), fdr t-butylbromoacetate (a3).

PCT/US2015/026926

Table 5.
# Compound Structure MW
O//
al /@\(“ S//§O 332.18
Br 0 q »/
N—N
N—N
N
a2 - /[_\)\(H N 328.15
r 0 \ »/
N—N
ok
a3 /[‘\)\(H SAO 360.23
Br 0 . W/
N—N
N—N OH
A\
1-97 Y 304.12
\ H O
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Example 3: Preparation of 2-((3-(5-(quinolin-6-yl)furan-2-yl)-1H-1,2,4-triazol-5-
yvhthio)acetic acid (1-30)

N—NH
A [ /)\5/\\(
\ d N 0
Br

N—NH OH
Ne PACh(dppf), TFA/DCM /N/)\S/\\(
+ l — s =\ 0
Y _0 K,C0; / MeCN 0

Ot-Bu

o-—m

N\

—

Tert-butyl 2-((3 -(5-brom0furan—2-yl)—1H-‘1 ,2,4-triazol-5-yl)thio)acetate (58 mg), 6-
(4,4,5,5-tetra-methyl-1,3,2-dioxaborolan-2-yl)quinolone (45.2 mg), and 1,1'-
bis(diphenylphosphino)ferrocene palladium dichloride (11.8 mg) were added to a mixture
of acetonitrile (1.6 mL) and potassium carbonate (1.6 mL, 2 M aqueous). The reaction
10 mixture was heated at 120 °C in a microwave reactor for 30 minutes. Reaction mixture
was poured into ethyl acetate and washed with water. The organic phase was then
collected and evaporated to dryness. The resulting residue was purified by HPLC to
afford a yellow solid. The solid was treated with a 1:1 mixture of dichloromethane and
trifluoroacetic acid to give the title conipound.
15
Example 4: Preparation of 2-((5-(5-(1-methyl-1H-indazol-6-yl)furan-2-yI)-4H-1,2,4-
triazol-3-yl)thio)acetic acid (1-63)

B(OH),
MeCN LiOH

N-——N
N /N>\S + —— e
V. N \\(0 Pd(PPh,),Cl,
Br \N/N\ K,CO4

OMe CH,

20
[5-(5-Bromo-furan-2-yl)-4H-[1,2,4]triazol-3-ylsulfanyl]acetic acid methyl ester (37 mg,
0.116 mmol) was dissolved in CH3CN (1 mL) in a microwave vessel, followed by

addition of (dppf)PdCl; (5 mg,), K2CO3 (0.5 mL, 1 N aq. 0.5 mmol) and (1-methyl-1H-
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indazol-6-yl)boronic acid (30 mg, 0.12 mmol). The mixture was heated under
microwave irradiation at 130 °C for 30 min. The mixture was subsequently concentrated
and the residue was treated with aqueous LiOH in THF for 2 h. The mixture was then
concentrated and the residue was purified by prep HPLC to give the title compound (0.9
mg). MS: (m/z) caled. 355.1, observed (M+H") 356.3.

Example 5: Preparation of 2-((5-(5-(2-aminopyridin-4-yhfuran-2-yl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid (1-92)

Y Xy
o]
( AN N)\S L DME LiOH N [ N>\S
0 H 0o P —_— e ——— \ o H 0
Br Pd(PPh,),Cl —
OMe \ 3t -
N / K,COy \ /
NH, N
NH,

[5-(5-Bromo-furan-2-yl)-4H-[1,2,4 ]triazol-3-ylsulfanyl]acetic acid methyl ester (155 mg,
0.145 mmol) was dissolved in DMF (1 mL) in a microwave vessel, followed by addition
of (dppf)PdCl; (20 vmg), K2COs3 (2.5 mL, 1 N aq. 2.5 mmol), and 2-aminopyridine-4-
boronic acid pinacol ester (108 mg, 0.22 mmol). The mixture was heated under
microwave irradiation at 130 °C for 30 min. The mixture was subsequently concentrated
and the residue was treated with aqueous LiOH in THF for 2 h. The mixture was then
concentrated and the residue was purified by prep HPLC to give the title compound (0.9
mg). MS: (m/z) caled. 317.0, observed (M+H") 318.1.

Example 6: Preparation of 2-((5-(5-(5-chlorothiophen-2-yl)furan-2-yl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid (1-76)
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/o
A DMF LioH { N N)\s
{ N o A"\~ B(OH), _
4 H k( Pd(PPh,),Cl, oH
5
Br OMe K,COy AN

al
[5-(5-Bromo-furan-2-yl)-4H-[1,2,4]triazol-3-ylsulfanyl]acetic acid methyl ester (46 mg,
0.145 mmol) was dissolved in DMF (1 mL) in a microwave vessel followed by addition
of PA(PPh3)s (12 mg, 0.01 mmol), K2CO3 (30 mg, 0.22 mmol), and 5-chlorothiophene-2-
boronic acid (36 mg, 0.22 mmol). The mixture was heated under microwave irradiation
at 130°C for 30 min. The mixture was subsequently concentrated and the residue was
treated with aqueous LiOH in THF for 2 h. The mixture was then concentrated and the
residue was purified by prep HPLC to give the title compound (0.9 mg). MS: (m/z)
caled. 340.9, observed (M+H") 342.2.

Example 7: Preparation of 2-((5-(5-(naphthalen-2-ylethynyl)furan-2-yl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid (1-19)

N—N
OH
Pd(PPh,),Cl, / DMF _ N I\
N—N o/ ELN LiOH ( H)\s/\g

pxxﬁ( i Ve

QQ

[5-(5-Bromo-furan-2-y1)-4H-[1,2,4]triazol-3-ylsulfanyl]acetic acid methyl ester (50 mg,
0.157 mmol) was dissolved in DMF (1 mL) at RT followed by addition of 2-
ethynylnaphthalene (28 mg, 0.189 mmol), Pd(PPh3):Cl> (2.2 mg), Cul (1.2 mg) and NEt3
(0.2 mL). The mixture was stirred at 80 °C for 2 h. The reaction mixture was then
concentrated and treated with aqueous LiOH and THF. After removal of all volatiles, the
residue was purified by prep HPLC to give the title compound (0.3 mg). MS: (m/z) calcd.
375.0, observed (M+H") 376.1.

99



WO 2015/164411 PCT/US2015/026926

Example 8: Preparation of additional ethynyl furanyl derivatives

The following examples (Table 6) can be prepared as described above for the preparation
of 2-((5 -(5-(naphthalen-2-ylethynyl)furan—Z—yl)—4H—1,2,4-triazol-3-yl)thio)acetic acid
(Example 7) by substituting the appropriate starting materials.

Table 6.
# Compound Structure MW
O
T N/Ks/\(
0 H OH
V4
1-11 O 405.43
O
\
N~
, N\ ,N
O N
S OH
1-19 I Z H /zf 375.40
~N
. M | >s o
1-93 s N < 24925
// OH
O
S Wa:
1-102 O = "0 ij/ / 389.43
® A
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Example 9: General synthetic scheme for the preparation of S-heterocyclic- and

hetero-biaryl substituted 2-(1H-1,2,4-triazol-3-yl)thio)acetic acid derivatives

S

HoNQ /U\

cicocod N NH,

S
Oy = A i A
Br— CcO cod! Br o H NH,
(6]

0 oH DCM
cat. DMF

HN—N
2N NaOH p/k )\SH p/( )\s/ﬁr
R =t-Bu, Et, etc.
HN\_N)\ OR HN\_N>\ OH
. Q/QN S/\Jf . Q/QN S/\g/
PH PH
5 Example 10: Alternative general scheme for the preparation of S-heterocyclic- and

hetero-biaryl substituted 2-(1H-1,2,4-triazol-3-yl)thio)acetic acid derivatives

HZN\ /“\

clcococ! NH, -
AN, — AN B NN
Ph™ N~ ~CO,H bCM cocl Ph"Ng N7 TNH,
cat. DMF 0
HN'N)\ HN—N
2N NaOH 8
G T G — f}/()\sﬁf
0
PH
HN—N>\
. OH
— @A\ Y
0 ¢}
PH
10 Example 11: Preparation of additional furanyl derivatives
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The following examples (Table 7) can be prepared as shown above using the general
synthetic scheme for the preparation of 5-heterocyclic- and hetero-biaryl substituted 2-
(1H-1,2,4-triazol-3-yl)thio)acetic acid derivatives (Example 9) or the alternative general
scheme for the preparation of 5-heterocyclic- and hetero-biaryl substituted 2-(1H-1,2,4-

triazol-3-yl)thio)acetic acid derivatives (Example 10).

Table 7.

# Compound Structure MW
N-N
() s o
N
1-1 y H OH 416.45
N
H
N’N
Do S
N
12 O\\’T” 0 o H | 45244
5
H
N
-0 4
1-3 X K\ko 390.42
S
7
N—N
N’N
B JN%SL{O
1-4 / O o H oH 416.45
(O
H .
N’N
B !N\>*SL/<O
1-5 o _ c H OH 416.45
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N
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—~0
N— OH
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N)\S/\«
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Cl
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\ N o)
Cl
N-N 0
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7
\ N Nﬂ\s
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N/
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Example 12: Preparation of 2-[(S5-phenyl-1H-pyrazol-3-yDsulfanyljacetic acid (2-12)
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SMe
: CS, / NaH = NMe NH,NH, I;l’NH
_— : _ = S SH
0 Mel 0

N—NH N—NH
Q/L/ks/\“ﬂﬁt WSA{I/OH
0 0

The title compound was prepared using procedures previously reported in Bioorganic &
Medicinal Chemistry Letters, volume 22, issue 19, pages 6261-6266, and EP 14810 A2,

Example 19, which are incorporated by reference in their entirety herein.

Example 13: Preparation of additional pyrazole derivatives

The following examples (Table 8) can be prepared as described above for the preparation
of 2-[(5-phenyl-1H-pyrazol-3-yl)sulfanyl]acetic acid (Example 12) using procedures
previously reported in Bioorganic & Medicinal Chemistry Letters, volume 22, issue 19,
pages 6261-6266, and EP 14810 A2, Example 19, which are incorporated by reference in

their entirety herein.

Table 8.
# Compound Structure MW
HN-N, .
O
| D
21 © OH 364.81
Cl
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389.43
2-10 314.36
2-11 303.13

\
2-12 @/&/\3/\\( 23428
(@]

Example 14: Preparation of 5-(((5-(m-tolyl)-1H-1,2,4-triazol-3-yl)thio)methyl)-1H-
tetrazole (3-35)

HN—N acetone HN_L
- HN—N )
\ + Cl N\ —_—— X
\N)\SH \/(\ _N . N S H
N diisopropylethylamine \\(N\N
]
N—N

5-(m-tolyl)-1H-1,2,4-triazole-3-thiol (95 mg) and 5-(chloromethyl)-1H-tetrazole (60 mg)
were mixed in acetone (1 mL), followed by addition of diisopropylethylamine (130 pL).
The mixture was warmed to 50 °C for 1 h and quenched by pouring into water / ethyl
acetate. The residue, upon removal of the organic solvent, was purified by HPLC to

afford the title compound.

Example 15: Preparation of additional tetrazole derivatives
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The following examples (Table 9) can be prepared as described above for the preparation

of 2-((5-(5-(5-chlorothiophen-2-yl)furan-2-yl)-4H-1,2,4-triazol-3-yl)thio)acetic acid

PCT/US2015/026926

(Example 6) by substituting 5-(((5-(5-bromofuran-2-yl)-1H-1,2 4-triazol-3-

yl)thio)methyl)-1H-tetrazole and the appropriate starting materials, or as described above
for the preparation of 5-(((5-(m-tolyl)-1H-1,2,4-triazol-3-yl)thio)methyl)-1H-tetrazole
(Example 14) by substituting 5-(3-nitrophenyl)-1H-1,2,4-triazole-3-thiol and the

appropriate starting materials.

Table 9.
# Compound Structure MW
3-1 37541
3-2 394.26
3-3 376.40
3-4 444.40
3-5 O 401.45
H
H N-N
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Example 16: Preparation of 2-((5-(1-(3-chlorophenyl)-1H-pyrazol-4-yl)-4H-1,2 ,4-

triazol-3-yl)thio)acetic acid (4-6)

N—N N /jB(OH)Z
Br/4 >\s + N J

e

MeCN

e Y. e

Pd(PPh,),Cl,
K,CO5
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| (5-Bromo-1H-pyrrol-2-ylsulfanyl)-acetic acid tert-butyl ester (30 mg, 0.1 mmol)
was dissolved in acetonitrile (1 mL) in a microwave vessel, followed by addition of
Pd(PPh3)s (12 mg, 0.01 mmol), K2CO;5 (0.5 ml, 2 N aqg.) and 1-(3-chlorophenyl)pyrazole-
4-boronic acid (34 mg, 0.15 mmol). The mixture was heated under microwave
irradiation at 130 °C for 30 min. The mixture was subsequently concentrated and treated
with trifluoroacetic acid (2 mL) for 2 h at room temperature. It was fhen concentrated
and the residue was purified by prep HPLC to give the title compound (0.8 mg). MS:
(m/z) caled. 355.0, observed (M+H") 336.0.

Example 17: Preparation of additional S-heterocyclic- and hetero-biaryl substituted
2-(1H-1,2,4-triazol-3-yl)thio)acetic acid derivatives

The following examples (Table 10) can be prepared as shown above for the preparation
of 2-((5-(1-(3-chlorophenyl)-1H-pyrazol-4-y1)-4H-1,2,4-triazol-3-yl)thio)acetic acid

(Example 16) by substituting the appropriate starting materials.

Table 10.

# Compound Structure MW
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Example 18: ICso determination for Series 1

General Assay Conditions

The following assay conditions were used.

Buffer: 50 mM TRIS-HCL, pH 7.5, 5 mM MgClz, 2 mM DTT, 0.01% Triton X-

100, 10 pM NasVOs, 10 pM b-GP, 1% DMSO

PCT/US2015/026926

Enzyme: 20 nM GRKS6, recombinant full-length GST-tagged human protein

ATP: 12 pM (Km)

Peptide substrate (Peptide 216): 1 uM

Incubation Time: 7 h

One hundred two compounds (1-1 — 1-102) were further characterized by determining

ICs0 values in a GRK®6 assay. This screen has been previously described in WO

2013/063458, which is incorporated by reference in its entirety herein. Briefly, the

following activities were performed: 8-point concentration-response determinations in

singlicate wells (top concentration = 60 uM, 3-fold dilution steps); Repeat tests for QC

failed or inconclusive compounds; and Repeat tests (titrate down) for compounds with

>50% inhibition at all tested concentrations.

Results of the testing are shown in Table 11.

Table 11.

# 1Cso # ICso # 1Cso
1-1 0.079 1-42 0.392 1-83 1.41
1-2 0.126 1-43 0.395 1-84 1.44
1-3 0.131 1-44 0.402 1-85 1.44
14 0.133 1-45 0.413 1-86 1.57
1-5 0.137 1-46 0.421 1-87 1.8
1-6 0.162 1-47 0.424 | 1-88 1.82
1-7 0.167 1-48 0.458 1-89 2.02
1-8 0.17 1-49 0.458 1-90 2.04
1-9 0.175 1-50 0.473 1-91 2.09
1-10 0.186 1-51 0.497 1-92 2.17
1-11 0.187 1-52 0.505 1-93 2.3
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1-12 | 0189 | 1-53 | 0514 | 1-94 3.1
1-13 | 0195 | 1-54 | 0516 | 1-95 | 3.18
1-14 | 0216 | 1-55 | 0563 | 1-96 | 3.31
1-15 | 0234 | 1-56 | 0595 | 1-97 | 333
1-16 | 0241 | 1-57 | 0.608 | 1-98 | 3.68
1-17 | 0245 | 1-58 | 0.616 | 1-99 | 437
1-18 | 025 | 1-59 | 0617 | 1-100 | 62
1-19 | 0259 | 1-60 | 063 | 1-101 | 6.71
120 | 026 | 1-61 | 0635 | 1-102 | 825
121 | 0265 | 1-62 | 0.636
1-22 | 0269 | 1-63 | 0.699
123 | 0273 | 1-64 | 0.711
124 | 0276 | 1-65 | 0.711
125 | 0284 | 1-66 | 0.734
126 | 0285 | 1-67 | 0.737
127 | 0309 | 1-68 | 0.813
128 | 0311 | 1-69 | 0.828
129 | 0314 | 1-70 | 0.86
1-30 | 0315 | 1-71 | 0.875
131 | 0324 || 1-72 | 0987
132 | 0327 || 173 | 0.99
1-33 | 0332 | 1-74 | 1.02
1-34 | 0341 | 175 | 1.05
135 | 0347 | 176 | 1.12
136 | 0359 | 177 | 1.15
137 | 0359 | 1-78 | 1.17
1-38 | 0362 | 1-79 | 1.17
139 | 0364 | 1-80 | 121
1-40 | 0367 | 1-81 | 121
141 | 0368 | 1-82 | 131

Example 19: ICso determination for Series 2

Twelve compounds (2-1 —2-12) were further characterized by determining the

ICs0 values in a GRK6 assay. This screen has been previously described in WO
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2013/063458, which is incorporated by reference in its entirety herein. Specific activities

were performed as described above (Example 18).

Results of the testing are shown in Table 12.

Table 12.

# ICso
2-1 0.309
2-2 0.402
2-3 0.475
2-4 0.608
2-5 0.626
2-6 0.721
2-7 0.788
2-8 1.25
2-9 1.29

2-10 1.47
2-11 5.44
2-12 18.3

Example 20: ICso determination for Series 3

Thirty-six compounds (3-1 — 3-36) were further characterized by determining the

ICso values in a GRK6 assay. This screen has been previously described in WO

2013/063458, which is incorporated by reference in its entirety herein. Specific activities

were performed as described above (Example 18).

Results of the testing are shown in Table 13.

Table 13.

# ICso # ICso
3-1 | 0442 | 3-19 | 3.57
3-2 | 0545 | 3-20 | 3.62
3-3 | 0.667 | 3-21 | 3.71
3-4 | 0.881 | 3-22 | 3.78
3-5 0.9 3-23 | 3.81
3-6 1.1 3-24 | 3.83
3-7 1.21 | 325 | 4.66
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3-8 1.27 | 3-26 | 5.52
3-9 1.28 | 3-27 | 5.63
3-16 | 1.51 | 3-28 | 6.21
3-11 | 153 1§ 3-29 6.9
3-12 | 1.58 | 3-30 | 7.16
3-13 | 2.16 | 3-31 | 745
3-14 | 234 | 3-32 | 8.63
3-15 | 248 | 3-33 | 891
3-16 | 2.55 | 3-34 | 9.09
3-17 | 2.86 || 3-35 | 169
3-18 | 331 | 3-36 | 9.05

Example 21: ICso determination for Series 4

PCT/US2015/026926

Fifty-four compounds (4-1 — 4-54) were further characterized by determining the

ICso values in a GRK6 assay. This screen has been previously described in WO

2013/063458, which is incorporated by reference in its entirety herein. Specific activities

were performed as described above (Example 18).

Results of the testing are shown in Table 14.

Table 14.

# ICso # ICso
4-1 0.595 4-28 22.3
4-2 0.78 4-29 27.3
4-3 1.01 4-30 27.8
4-4 1.12 4-31 31.2
4-5 1.27 4-32 32.5
4-6 2.01 4-33 353
4-7 2.56 4-34 38.8
4-8 2.58 4-35 78.7
4-9 2.61 4-36 82.7
4-10 2.98 4-37 89.2
4-11 3.64 4-38 95.4
4-12 4.11 4-39 >100.0
4-13 4.64 4-490 >100.0
4-14 5.7 4-41 >100.0
4-15 6.29 4-42 >100.0
4-16 6.54 4-43 >100.0
4-17 7.1 4-44 >100.0
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> 86.0

4-18 7.41 4-45

4-19 8.96 4-46 > 80.0
4-20 9.21 4-47 > 64.0
4-21 9.61 4-48 > 54.0
4-22 113 4-49 >100.0
4-23 12.3 4-50 >100.0
4-24 12.9 4-51 >100.0
4-25 13 4-52 >100.0
4-26 13 4-53 >100.0
4-27 20.7 4-54 100.0

OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended

claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WHAT IS CLAIMED IS:
1. A compound of Formula I:
R4
N
R2 | o X)\S'Hm\z
Formula I

or a pharmaceutically acceptable salt thereof,

wherein:

X is selected from the group consisting of CH and N;

H
f\f N‘N
Z is selected from the group consisting of -C(O)OR! and N-N' ;
R! is selected from the group consisting of H and (C-Ce)alkyl;

R? is selected from the group consisting of: a substituted (C1-Ce)alkyl, a substituted or
unsubstituted (C»-Cg)alkenyl, a substituted or unsubstituted (Cz-Ce)alkynyl, (Ci-
Ce)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted heterocycloalkyl, a substituted or unsubstituted aryl, and a
substituted or unsubstituted heteroaryl;

R? and R* are independently selected from the group consisting of: H, halo, a
substituted (Ci-Cs)alkyl, a substituted or unsubstituted (C2-Cs)alkenyl, a
substituted or unsubstituted (C»-Ce)alkynyl, (C1-Ce)haloalkyl, a substituted or
unsubstituted cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a
substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl, a
substituted or unsubstituted aralkyl, and a substituted or unsubstituted
heteroaralkyl;

or R? and R or R? and R* come together to form a substituted or unsubstituted fused
cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and

m is an integer from 1 to 2.
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2. A compound of Formula TA:

R4
R3 N }\J\N
\
\o N*Sﬁm\(o‘w
R2 H
o}

Formula TA

or a pharmaceutically acceptable salt thereof,

wherein:

R!is selected from the group consisting of H and (C1-Ce)alkyl;

R? is selected from the group consisting of: a substituted (C-Ce)alkyl, a substituted or
unsubstituted (Ca-Ce)alkenyl, a substituted or unsubstituted (Ca-Ce)alkynyl, (Ci-
Ce)haloalkyl, a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted heterocycloalkyl, a substituted or unsubstituted aryl, and a
substituted or unsubstituted heteroaryl;

R3 and R* are independently selected from the group consisting of: H, halo, a
substituted (C1-Ce)alkyl, a substituted or unsubstituted (C;-Ce)alkenyl, a
substituted or unsubstituted (C»-C¢)alkynyl, (C1-Ce)haloalkyl, a substituted or
unsubstituted cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a
substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl, a
substituted or unsubstituted aralkyl, and a substituted or unsubstituted
heteroaralkyl;

or R? and R? or R? and R* come together to form a substituted or unsubstituted fused
cycloalkyl ring, a substituted or unsubstituted fused heterocycloalkyl ring, a
substituted or unsubstituted fused aryl ring, or a substituted or unsubstituted fused
heteroaryl ring; and

m is an integer from 1 to 2.

3. The compound of claim 1 or 2, wherein R? is a substituted or unsubstituted aryl.
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10.

The compound of claim 1 or 2, wherein R? is a substituted or unsubstituted

heteroaryl.

The compound of claim 1 or 2, wherein R? is a (C1-Ce)alkyl further substituted by one

or more heterocycloalkyls.

The compound of claim 1 or 2, wherein R? is a (C1-Ce)alkyl further substituted by one

or more aryl.

The compound of claim 1 or 2, wherein:

R? is selected from a group consisting of: a substituted or unsubstituted (C;-
Ce)alkynyl, halo, and a substituted or unsubstituted aryl; and

R*is H.

The compound of claim 1 or 2, wherein:
each of R, R?, and R* is H; and
R? is a substituted or unsubstituted heteroaryl.

The compound of claim 8, wherein R? is selected from a group consisting of
pyridazinyl, pyridyl, carbazolyl, thiopheneyl, benzothiopheneyl, pyrrolyl, indolyl,
quinolinyl, furanyl, and benzofuranyl.

The compound of claim 2, wherein:

each of R! and R* is H;

R? is selected from a group consisting of a substituted or unsubstituted aryl and a
substituted or unsubstituted heteroaryl; and

R3 is selected from a group consisting of halo, a substituted (C;-Ce)alkynyl, and a
substituted or unsubstituted aryl.
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11. The compound of claim 1 or 2, wherein the compound is selected from a group

congisting of:
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or a pharmaceutically acceptable salt thereof.

12. A compound of Formula IB:
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Formula IB

or a pharmaceutically acceptable salt thereof,

wherein:

R!is selected from the group consisting of H and (C1-Ce)alkyl;

cach of R%, R?, R*, R’, and R® are independently selected from the group consisting
of: H, halo, (C1-Ce)alkyl, (Ci-Ce)haloalkyl, OR’, CN, NO,, C(O)R?, NR°R!?, -
S(0):NRRY, -S(O)NRR', -C(NR!HR!?, -C(O)NRPR™, a substituted or
unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted cycloalkyl, and a substituted or unsubstituted heterocycloalkyl;

or R? and R?, R® and R, R* and R®, or R® and R® come together to form a substituted
or unsubstituted fused cycloalkyl ring, a substituted or unsubstituted fused
heterocycloalkyl ring, a substituted or unsubstituted fused aryl ring, or a
substituted or unsubstituted fused heteroaryl ring;

each R’ is independently selected from the group consisting of H, (C1-Ce)alkyl, (C1-
Ce)haloalkyl, (Ci-Ce)aralkyl, (Ci-Ce)heteroaralkyl, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl;

each R8 is independently selected from a group consisting of H, OH, (C;-Cs)alkyl,
(C1-Ce)haloalkyl, OR®, -NR3*R® wherein R® and R® are independently selected
from a group consisting of H and (C;i-Ce)alkyl;

each of R%, R1%, R12, R!3 and R'* are independently selected from a group consisting
of H and (C1-Ce)alkyl;

each R!! is independently selected from a group consisting of H, (C1-Cs)alkyl, and
OR!'2 wherein R!!? is independently selected from a group consisting of H, (Ci-
Ce)alkyl, a substituted or unsubstituted aryl, and a substituted or unsubstituted
heteroaryl; and

m is an integer from 1 to 2.
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13. The compound of claim 12, wherein at least one of R? and R?, R? and R*, R* and R®,
and R’ and R® come together to form a substituted or unsubstituted fused cycloalkyl
ring, a substituted or unsubstituted fused heterocycloalkyl ring, a substituted or

5 unsubstituted fused aryl ring, or a substituted or unsubstituted fused heteroaryl ring.
14. The compound of claim 12 wherein R! is H.

15. The compound of claim 12 wherein:
10 R'is H; and
R?is OR?%;
wherein:
R is selected from a group consisting of H, (C1-Ce)alkyl, (C1-Ce)alkyl, (Ci-
Ce)haloalkyl, (Ci-Ce)aralkyl, (Ci-Ce)heteroaralkyl, a substituted or unsubstituted
15 aryl, and a substituted or unsubstituted heteroaryl.

16. The compound of claim 12, wherein the compound of Formula IB is selected from

the group consisting of:

N
B }N\>‘S a
H
© © OH
20 H , O ’
H
N ~N
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or a pharmaceutically acceptable salt thereof.
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17.

18.

19.

20.

A compound of Formula 1I:

HN—N
RzMS%Z

Formula I1
or a pharmaceutically acceptable salt thereof,
wherein:

AN
N N

Z is selected from the group consisting of -C(O)OR! and N~N

R!is selected from the group consisting of H and (C1-Ce)alkyl;
R? is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and

m is an integer from 1 to 2.

A compound of Formula [TA:

HN—-N 0
\ ~
RZMS/H"\]( Rq
O

Formula TTA
or a pharmaceutically acceptable salt thereof,
wherein:
R!is selected from the group consisting of H and (C1-Cé)alkyl;
R? is a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl; and

m is an integer from 1 to 2.

The compound of claim 18, wherein:
R'is H; and
R? is a substituted or unsubstituted heteroaryl.

The compound of claim 17 or 18, wherein R? is a substituted or unsubstituted furanyl,
or a substituted or unsubstituted thiopheneyl.
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21. The compound of claim 18, wherein:
R!is H; and

R? is a substituted or unsubstituted aryl.

5
22. The compound of claim 21, wherein R? is a substituted or unsubstituted phenyl.
23. The compound of claim 18, wherein the compound of Formula IIA is selected from a
group consisting of:
HN-N
\ s S 0
o © ~ OH ¢ HN-N
Cl s AT éj
\ !
10 Ci , OH,
HN-N
a2 Wi -0
o HN-N
N
OH s. koS 0
cl \ OH
Cl Cl

HN-N
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5 or a pharmaceutically acceptable salt thereof.

24. A compound of Formula III:

Formula IIT
10 or a pharmaceutically acceptable salt thereof,
wherein:
X is selected from the group consisting of CH and N;
R!is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl;
and

15 m is an integer from 1 to 2.

25. A compound of Formula ITIA:

Formula IITA
20 or a pharmaceutically acceptable salt thereof,
wherein:
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R!is a substituted or unsubstituted aryl or a substituted or unsubstituted heteroaryl,
and

m is an integer from 1 to 2.
26. The compound of claim 24 or 25, wherein m is 1.
27. The compound of claim 24 or 25, wherein R! is a substituted or unsubstituted aryl.

28. The compound of claim 24 or 25, wherein R! is:

(Y

wherein:

each of R? and R? are independently selected from the group consisting of: H, halo,
(C1-Ce)alkyl, (C1-Co)haloalkyl, OR?, NO,, NR*R?, CN, a substituted or
unsubstituted aryl, and a substituted or unsubstituted heteroaryl; and

each of R* and R’ are independently selected from the group consisting of H, (Ci-
Cs)alkyl, and (C1-Cs)haloalkyl.

29. The compound of claim 28, wherein:

R? is H or NOy; and
R3 is (C1-Ce)alkyl or a substituted or unsubstituted phenyl.

30. The compound of claim 28, wherein:
R?is H; and
R3 is (C1-Ce)alkyl.

31. The compound of claim 30, wherein R? is methyl.
32. The compound of claim 28, wherein:

R?is NO;; and
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R? is a substituted or unsubstituted phenyl.

33. The compound of claim 28, wherein R! is:

RZ\Q/E
R3

34. The compound of claim 33, wherein:
R? is NO»; and
R3 is:

10 wherein:
each of R® and R’ are independently selected from a group consisting of: H, halo,
(C1-Ce)alkyl, (C1-Ce)haloalkyl, OR*3, NO,, NR**R3?, CN, a substituted or
unsubstituted aryl, and a substituted or unsubstituted heteroaryl; and
each of R** and R3? are independently selected from the group consisting of H, (Ci-
15 Ce)alkyl, and (Ci-Ce)haloalkyl.

35. The compound of claim 34, wherein R? is:
RS ; Y
R7
20 36. The compound of claim 35, wherein:
R® is halo; and

R’ is OR®;
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wherein R® is selected from a group consisting of H, (C1-Ce)alkyl, and (C;-
Ce)haloalkyl.

37. The compound of claim 28, wherein R! is selected from the group consisting of:
NO,

38. The compound of claim 24 or 25, wherein R! is a substituted or unsubstituted

heteroaryl.
10 39. The compound of claim 38, wherein R! is:
Rg
3
=
R8
wherein:

each of R® and R’ are independently selected from a group consisting of: H, halo, (Ci-
15 Ce)alkyl, (Ci-Ce)haloalkyl, OR*®, NO,, NR*®R, CN, a substituted or
unsubstituted aryl, and a substituted or unsubstituted heteroaryl; and
each of R* and R are independently selected from the group consisting of H, (C-

Ce)alkyl, and (C;-Cs)haloalkyl.

20 40. The compound of claim 39, wherein R! is:

41. The compound of claim 40, wherein R® is a substituted or unsubstituted aryl.
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42.

43.

44,

45.

46.

47.

The compound of claim 41, wherein R® is:

R10
RH_K\_\/\I_%
=

R12

wherein:

each of R'%, R, and R'? are independently selected from a group consisting of: H,
halo, (C1.Ce)alkyl, (C1-Ce)haloalkyl, CN, NO,, OR"3, NRMR', C(O)R',
C(O)OR!S, -NRVS(0O)R, -S(0)NRR?’| -NR'S(O)R!8, -S(0),NRR?,
-S(O)NRR?®, NR?!C(0)R?, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, and a substituted or unsubstituted heterocycloalkyl; or

two of the groups R1%, R!!, and R'? come together to form a substituted or
unsubstituted fused cycloalkyl ring, a substituted or unsubstituted fused
heterocycloalkyl ring, a substituted or unsubstituted fused aryl ring, or a
substituted or unsubstituted fused heteroaryl ring; and

each of R?, R RS, R R!7 R!® R!® R?%, R?!, and R* are independently
selected from a group consisting of H, (C1-Ce)alkyl, and (C;-Ce)haloalkyl.

The compound of claim 39, wherein R® is a substituted or unsubstituted heteroaryl.
The compound of claim 43, wherein R8is selected from a group consisting of a
substituted or unsubstituted quinolinyl, a substituted or unsubstituted indolyl, and a
substituted or unsubstituted pyridyl.

The compound of claim 44, wherein R® is a substituted or unsubstituted quinolinyl.

The compound of claim 44, wherein R® is a substituted or unsubstituted indolyl.

The compound of claim 44, wherein R? is a substituted or unsubstituted pyridyl.
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48. The compound of claim 40, wherein R! is selected from the group consisting of:
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49. The compound of claim 25, wherein the compound of Formula IIIA is selected from

the group consisting of:

S
/ N
Cl \ H \\« \I!\l
N

161



WO 2015/164411 PCT/US2015/026926

N
|
X O -N
\
| />\s/\“(
| H
N o N-N H
| /B N
=\Q—( )\s/\( Wan a-an i
\\N+
H
cl Ili: N
N H
\ />/S N-N N N-.
N-y < \ o N
N H/\N ) /N\ S/\<\N/‘\Il
/O N H s
O
“NH
]\
) - § o N\ N
F H \ \IN \ / /N S/\« I/N
FF N-N | H N~-N

. \ N
L) s" T N WanCa-dhi
N~N H N-N
F
RF
N—N N—N
0 /B % o /N
NT S H | \ N~ S H
\ I!\! \ I,N
N-N N-N

162



PCT/US2015/026926

WO 2015/164411

N

1

Iz

ad
N-N

S

163

H

10



WO 2015/164411 PCT/US2015/026926

-N —NH N
N w20 N
R I >—s N =S | >—s N
ol b © o N <}
F N~ I N~
\ H | \ H
N
9
e -N ~ o N-n
87 | S N- &
O o) N 4 h‘ | Y/, N)\S _N,
| H N~ H N
\ H HN-N/
N
/
'e) N‘N _N\ @] -
.87 D
/ N S/\(/N\ O 7
H N [ H N-N
HN-N \ H

N\N O N N

% H 7 N

NN ¢

H /,N O:N: _ H
HN-N and 0

or a pharmaceutically acceptable salt thereof.

50. A compound selected from the group consisting of:
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,and ;

or a pharmaceutically acceptable salt thereof.

51. A pharmaceutical composition comprising a compound of any one of claims 1-50, or

a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

10 52. A method for inhibiting a G protein coupled receptor 6 kinase polypeptide in a
patient, the method comprising administering to the patient a therapeutically effective
amount of a compound of any one of claims 1-50, or a pharmaceutically acceptable

salt thereof.

15 53. A method for inhibiting a G protein coupled receptor 6 kinase polypeptide in a cell,
the method comprising contacting the cell with an effective amount of a compound of

any one of claims 1-50, or a pharmaceutically acceptable salt thereof.

168



10

15

20

25

WO 2015/164411

54.

55.

56.

57.

58.

59.

PCT/US2015/026926

The method of claim 53, wherein the cell is a cancerous cell.
The method of claim 54, wherein the cancerous cell is a B cell cancerous cell.

A method for treating a hematological malignancy in a patient, the method
comprising administering to the patient a therapeutically effective amount of a

compound of any one of claims 1-50, or a pharmaceutically acceptable salt thereof.
The method of claim 56, wherein the hematological malignancy is a B cell cancer.

The method of claim 57, wherein the B cell cancer is selected from the group
consisting of: a small lymphocytic lymphoma (SLL), a mantle cell lymphoma, a
Burkitt's lymphoma, a follicle centre cell lymphoma, a follicular lymphoma, a
Burkitt-like lymphoma, a marginal zone B-cell lymphoma (MZBCL), a nodal
marginal zone B cell lymphoma, an extra-nodal marginal zone B cell lymphoma, a
splenic marginal zone B cell lymphoma, a lymphoplasmacytic lymphoma, and a

diffuse large B cell lymphoma.

The method of claim 57, wherein the B cell cancer is selected from the group
consisting of: a B cell acute lymphocytic leukemia (B-ALL), a precursor B cell acute
lymphocytic leukemia (B-ALL), a B cell chronic lymphocytic leukemia (B-CLL), a
precursor B-lymphoblastic leukaemia, a precursor B-lymphoblastic lymphoma, a
small lymphocytic lymphoma, a B cell prolymphocytic leukemia, an undifferentiated
B cell lymphoma, a hairy cell leukemia, a mediastinal large B-cell lymphoma, a
plasma cell myeloma, a plasmacytoma, a primary effusive lymphoma, a Burkitt's cell

leukemia, and a B cell diffuse mixed lymphoma.
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60.

61.

62.

63.

64.

65.

66.

A method for treating an inflammation disease in a patient, the method comprising
administering to the patient a therapeutically effective amount of a compound of any

one of claims 1-50, or a pharmaceutically acceptable salt thereof.

The method of claim 60, wherein the inflammatory disease is selected from the
group consisting of: encephalitis, inflammatory eye disease, otitis, pharyngitis,
pneumonia, gastritis, enteritis, hepatitis, pancreatitis, nephritis, cystitis, urethritis,
endometritis, vaginitis, arthritis, peripheral neuritis, malignant tumor, infectious
diseases, autoimmune diseases, ischemic diseases, metabolic diseases, injury, scald,

chemical corrosion, and neurodegenerative diseases.

The method of claim 61, wherein the autoimmune diseases are selected from the

group consisting of: rheumatism, systemic lupus erythematosus, and sarcoidosis.

The method of claim 61, wherein the ischemic diseases are selected from the

group consisting of: myocardial infarction and cerebral infarction.

The method of claim 61, wherein the metabolic diseases are selected from the

group consisting of: diabetes and gout.
The method of claim 61, wherein the neurodegenerative disease is Alzheimer’s.
A method of suppressing an immune response in a patient, the method comprising

administering to the patient a therapeutically effective amount of a compound of any

one of claims 1-50, or a pharmaceutically acceptable salt thereof.
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