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THIENOPYRAZINE CARBOXAMIDES AS UBIQUITIN-SPECIFIC PRUTEASRE
INHIBITORS

Related Applications

10001] This application claims the benefit of and priority to U.S. provisional application No.
62/294,583, filed February 12, 2016, the entire contents of which are incorporated herein by

reference in iis entirety.

Field of Invention

{6002] The present disclosure is directed to modulators of ubiquitin-specific protease 28
(USP28) and/or ubiquitin-specific protease 25 (USP25) useful in the treatment of diseases or
disorders associated with USP28 and/or USP25 enzymes. Specifically, the disclosure is
concerned with compounds and compositions inhibiting USP28 and/or USP25, methods of
treating diseases or disorders associated with USP28 and/or USP25, and methods of synthesis of

these compounds.

Backeround of the Invention

{6003} USP28 and USP25 are cysteine isopeptidases of the USP sub-family of DUBs
containing three distinct domains: an N-terminal UBA-like domain; a pair of ubiquitin-
interacting motifs (UIM) and a USP domain that is predicted to have the conserved fold of the
USP sub-family (Nijman et al., Cell 2008, 123 773-786; Komander et al.,, Mol Cell Bio. 2009,
10, 550-563). USP28 and USP25 exert their function through regulating the stability of a
plethora of cellular proteins. USP28 has been characterized as a tumor-promoting factor and has
been found to stabilize many oncoproteins. USP25 has been characterized as a tumor-promoting
factor and as a regulator of cellular responses related to autoimmune disease, inflammation, and

infectious diseases (such as viruses and bacteria).

{6004] Amplification, deletions and mutations of USP28 have been identified in multiple

cancer types, including breast cancer, AML, ovartan cancer, and colorectal cancer. {cbioportal;

http://www .chioportal org; Diefenbacher et al., J. of Clin. Investi. 20614, 124, 3407-3418; Popov

et al.,, Nar. Cell Biol 20687, 9, 729-731). Furthermore, USP28 overexpression has been

correlated with poor prognosis in patients with glioblastoma, non-small cell lung carcinoma and

bladder cancers suggesting that USP28 plays an important role in tumorigenesis of these tumor
1
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types. {(Wang et al. Exp. Biol Med. 2016, 255-264; Zhang et al. .J. Cell Mol Med. 2018, /9, 799-
805, Guo et al., Tumor Bio. 2014, 33, 4017-4022).

{6003] A large-scale shRNA screen has also identified a role of USP28 in the control of the
stability of MYC protein. (Popov, Nat. Cell. Biol., 765-774). MYC is a master regulator of the
transcription of genes tnvolved in cell growth, proliferation and apoptosis and is essential for
tumor initiation and maintenance in many tumor types. (Mevyer et al,, Nat. Rev. Cancer 2008, &,
976-990; Conacci-Sorrell et al., Cold Spring Harb. Ferspect. Med. 2014, 4, 1-24; Huang et al
Cold Spring Harb. Perspect. Med. 20813; Roussel et al,, Cold Spring Harb. Perspect. Med. 2813,
Gabay et al., Cold Spring Harb. Perspect. Med 20814, Schmitz et al., Cold Spring Harb.
Perspect. Med. 2814). In addition, MYC is the most frequently amplified oncogene in human
cancer, with alterations in many tumor types including breast, lung and prostate. {Beroukhim et
al., Nature 2810, 463, 899-905). Knockdown of the USP28 gene has been shown to lead to a
decrease of MY protein and an associated inhibition of growth in a panel of human cancer cell

lines in vitro. (Popov, Nar. Cell Biol., 765-774).

{0006} USP28 has also been reported to be required to impart stability on the LSD1 (lysine-
specific demethvlase 1) protein. (Wu et al,, Cell Rep. 2013, 5, 224-236). LSD1 is a histone
demethylase that complexes with many partner proteins to control cellular pluripotency and
differentiation. (Metzger et al. Nafure 2005, 437, 436-439; Toffolo et al, J Neurochem. 2014
128, 603-616, 2014; Periz et al , Plo§ Biology 2818). Knockdown of USP28 in tumor cells has
been shown to lead to the destabilization of LSD1 protein, the suppression of cancer stem cell
(CSC)-like characteristics in vitro, and the inhibition of tumor growth in vivo. (Wu, Cell Rep.,
224-236). Small molecule inhibitors of 1.SD1 have shown antitumor activity in models of AML
and Bwing sarcoma. {Sankar et al | “Reversible LSD1 inhibition interferes with global EWS/ETS
transcriptional activity and impedes Ewing sarcoma turnor growth” Clin Cancer Res. 2014 4584-
4597. Schenk et al, Nat. Med 2012, 18 005-611). Thus, USP28 inhibition represents an
alternate approach to targeting LSD1 in these tumor types.

{6007} USP28 inhibition has also been shown to reduce NICDl-Levels and to lead to
inhibition of the NOTCH pathway activity. {Diefenbacher et al.}). NOTCH signaling controls
diverse cellular differentiation decisions and drives tumorigenesis in certain tumor types.
NOTCHI is a potent T-cell oncogene, with >50% of T-cell acute lymphoblastic leukemia (T-

y
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ALL} cases carrying activating mutations in NOTCHI. (Weng et al. Science 2004, 306, 269-
271). Increased NOTCHI protein levels have also been associated with disease progression in
colon cancer. (Meng et al., Cancer Kes. 2009, 69, 573-582). NOTCHI rearrangements lead to
constitutive pathway activation and drive tumorigenesis in many cancer types, including triple-

negative breast cancer. (Stoeck et al., Cancer Discov. 20814, 4, 1154-1167).

{0008} Other reported substrates of USP28 include c-Jun, Cyclin E, HIF-10, Claspin, 53BP1,
and Mdcl, many of which play important roles in tumorigenesis in humans. (Diefenbacher et al ;
Fligel et al. Blood 2012, 779, 1292-1301; Zhang et al., “ A role for the deubiquitinating enzyme
USP28 tn control of the DNA-damage response” Cell 2086, 726, 529-542). Interestingly, many
USP28 substrates are recognized by FBW7, the substrate recognition subunit of SCF (FBW7) E3
ubiquitin ligase. (Biefesbacher et al.). FBW7 recognizes USP28 substrates in a phosphorylation-
dependent manner and targets them for ubiquitination ultimately leading to their proteasomal
degradation. The antagonizing roles of USP28 and FBW7 on their shared oncoprotein substrates
indicate the intricate nature of protein stability control and may provide additional therapeutic

opportunities for cancer treatment.

{0009] Mice with a germline knockout of USP28 have been shown to be viable and fertile,
confirming that USP28 activity is not required for normal development and reproductive
function. (Knobel et al, Molecilar and Cellular Biology 2014, 34, 2062-2074). Conditional
knockout of USP28 in mouse intestine fed to the reduction of oncoproteins including c-Mye,
active NOTCH (NICD1) and ¢-JUN which was associated with decreased intestinal cell
proliferation and enhanced differentiation. More importantly, intestinal tumorigenesis induced by
APC mutation was effectively blocked with acute USP28 depletion suggesting that USP28 could
be an appealing target to reduce tumor burden and improve survival for intestinal cancers.

{Diefenbacher et al ).

{6010} In summary, USP28 and USP25 play important roles in promoting tumorigenesis in
cells and modulating immune responses.  Its major role being in the deubiquitination and
stabilization of diverse oncoproteins and epigenetic drivers and immunomodulatory proteins
among other cellular factors, which are necessary for immune responses and tumor initiation and
growth in humans. Inhibition of USP28 with small molecule inhibitors therefore has the potential
to be a treatment for cancers, autoimmune diseases, inflammatory diseases, infectious diseases,

3
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and other disorders. For this reason, there remains a considerable need for novel and potent

small molecule inhibitors of USP28 and/or USP2S,

Summarv of the Disclosure

{001 1] A first aspect of the disclosure relates to compounds of Formula (I):

R;
Rs
R; E xﬁﬂa%
Ry /\f
Rs (),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, and

tautomers thereof,
wherein:
X 13 N or CRg;

Riis H, (C1-Cs) alkyl, (C1-Co) alkoxy, (C1-Cs) haloalkyt, (C1-Cs) haloalkoxy,
{C1-Ce) hydroxyalkyl, halogen, (Cs5-Cs) cycloalkyl, -CN, or —-NRsRy;

Rz is H, (C1-Cs) alkyl, (C1-Cs) atkoxy, (C1-Co) haloalkyl, (Ci-Cs) haloalkoxy,

(C1-Co) hydroxyalkyl, halogen, {Us-Cs) cycloallkyl, or ~NRwoRiy;

or Ry and Ry together form a {(Cs~Cs) cycloalkyl optionally substituted with one or more

Raz
Rs1s H, {Ci-Co) alkyl, or (Ci-Ce) haloalkyt;
Rais H, {Ci-Us) alkyl, halogen, or (C1-Ce) haloalkyl,
Rais H, {C1-Co) alkyl, halogen, or (C1-Cs) haloalkyl;

Rs is -(Co-Cs) alkylene-C(O)OH, (Co-Cs) alkylene-heterocycloalkyl,
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-(O-heterocycloatkyl, -{(Co-C3) alkylene-aryl, ~(Co-Cs) alkylene-heteroaryl or -N(R7)-{Co-C3)
alkylene-heterocycloalkyl, wherein the heterocycloalkyl, aryl and hetercaryl are optionally

substituted with one or more Ris;

each Reis independently at each occurrence H, (Ci-Co) alkyl, (C1-Cs) alkoxy,
(C1-Ce)  haloalkyl, (Ci-Ceé) haloalkoxy, halogen, -OH, -CN, (Cs-Cs) cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, wherein the alkyl is optionally substituted with one or

more {Ci-Csy alkoxy or —OH, and wherein the cycloalkyl, heterocycloalkyl, arvl, and

k2

heteroary] are optionally substituted with one or more Ris; or

Rs and Re together when on adjacent atoms form a (Cs-Cs) cycloalkyl ring optionally
substituted with one or rore Rus; or Rs and Re together when on adjacent atoms form a
heterocycloalkyl ring optionally substituted with one or more Rus; Rs and Rs together when on
adjacent atoms form an aryl ring optionally substituted with one or more Riys; or Rs and Re
together when on adjacent atoms form a heteroary! ring optionally substituted with one or more

Ris; or

two R together when on adjacent atoms form a (Cs-Cs) cycloalkyl ring; or two Rs
together when on adjacent atoms form a heterocycloalky! ring; two Re together when on
adjacent atoms form an aryl ring; or two R together when on adjacent atoms form a heteroaryl

ring;
R7is H or (C1-Ce) alkyl;

each Rs, Ry, Rio, and Ry: is independently H, (C1-Ce} alkyl, or
—C(OYNC1-Ce) alkyl;

each Rz is independently at each occurrence (C1-Cs) alkyl, (Ci-Cs) alkoxy,

(C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, halogen, or -OH;

each Rus is independently at each occurrence (Ci-Ce) alkyl, (Ci-Ce) alkoxy,
{C1-Cs} haloalkyl, (C1-Cs) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl,
-C(OMNRsR 19, -S(0On{Ci-Co) alkyl, -OH, or —NRisRy7, wherein the alkyl is optionally
substituted with one or more substituents independently selected from (C1-Ce} alkoxy, OH, and
heterocycloalkyl; or

two Rz together when attached to the same carbon can form —C=(0) when Rs is

I

o
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-{Co-C3) alkylene-heterocycloalky!, -O-heterocycloalkyl, or
-N{R7}-(Co-Cs) alkylene-heterocycloalkyl; or two Rus together when attached to the same atom
form a (C3-Cs) spirocycloalkyl optionally substituted with one or more Roe when Rs is
~{(Co-C3}) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
~N{R7{Co-Cs) allylene-heterocycloalkyl; or two Ris together when attached to the same atom
form a ((C3-Cg) spircheterocycloalkyl optionally substituted with one or more Ryo when Rs i
-{Co-C3) alkylene-heterocycloalkyl, ~-O-heterocycloalkyl, or
-N{R7)-(Co-C3) alkylene-heterocycloalkyl; or two Ris together when on adjacent atoms form a
heterocycloalkyl ring optionally substituted with one or more Rao; or two Ris together when on
adjacent atoms form a heteroaryl ring optionally substituted with one or more Rao; or two Ry3
together with the atoms to which they are attached can form a bridged heterocycloalkyl ring
optionally substituted with one or more Rzo when Rs is ~{(Co-Cs) alkyvlene-heterocycloalkyl,
-O-heterocycloalkyl, or -N{R7)-(Co-Cs) alkylene-heterocycloalkyl;

each Ris is independently at each occurrence (C1-Cs) alkyl, (Ci-Cs) alkoxy,
{C1-Ce) haloalkyl, (C1-Cs) haloalkoxy, halogen, cycloalkyl, heterocycloalkyl, or
-C{O)-heterocycloalkyl, wherein the alkyl 1s optionally substituted with one or more

substituents independently selected from (C1-Cs) alkoxy and ~OH;

each Ris 15 independently at each occurrence (C1-Co) alkyl, {Ci-Co) alkoxy,
{C1-Ce) haloalkyt, (Ci-Cs) haloalkoxy, halogen, -OH, -CON, ~C{{H0H, or ~C{O)YO{(C1-Co} alkyl;

each Rie and Ri7 1s independently H, (C1-Cs) alkyl, (U5-Cr) cycloalkyl, -CH2C{O)NH,,
-S{OR(C1-Co) alkyl, -S(03{Cs-Cro) aryl or “C{ONC1-Cs) alkyl;

each Ris and Rig 15 independently H or {C1-Ce) alkyl;

each Rao is independently at each occurrence (Ci-Cs) alkyl, (C1-Co) alkoxy,
(C1-Co) haloalkyl, (C1-Cs) haloalkoxy, or halogen; or

two Ruo together when attached to the same carbon form —C=(0); and

nis 0, 1,2, or 3.

{0012] Another aspect of the disclosure relates to a method of treating a disease or disorder

assoctated with inhibition of USPZ8. The method comprises administering to a patient in need of

a treatment for diseases or disorders associated with inhibition of USP28 an effective amount of
o
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a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, or tastomer thereof.

{6013} Another aspect of the disclosure relates to a method of treating a disease or disorder
associated with inhibition of USP25. The method comprises administering to a patient in need of
a treatment for diseases or disorders associated with inhibition of USP28 an effective amount of
a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, or tautomer thereof.

{0014} Another aspect of the disclosure relates to a method of treating a disease or disorder
associated with inhibition of USP28 and USP25. The method comprises administering to a
patient in need of a treatment for diseases or disorders associated with inhibition of USP28 an
effective amount of a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautomer thereof.

{001 5] Another aspect of the disclosure 1s directed to a method of inhibiting USP28. The
method involves administering to a patient in need thereof an effective amount of a compound of
Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or

tautomer thereof.

{0016] Another aspect of the disclosure is directed to a method of inhibiting USP25. The
method involves administering to a patient in need thereof an effective amount of a compound of
Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or

tautomer thereof.

[0017] Another aspect of the disclosure 13 directed to a method of inhibiting USP28 and
USP25. The method involves administering to a patient in need thereof an effective amount of a
compound of Formula (1), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, or tautomer thereof

{6018] Angther aspect of the disclosure relates to a method of treating cancer. The method
comprises administering to a patient in need thereof an effective amount of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodiug, sterecisomer, or

tautomer thereof.

~J
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{6019] Another aspect of the disclosure relates to a method of treating inflammation. The
method comprises administering to a patient 1o need thereot an effective amount of a compound
of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof.

{0020] Another aspect of the disclosure relates to a method of treating an autoimmune
disease. The method comprises administering to a patient in need thereof an effective amount of
a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, or tautomer thereof

18021} Angther aspect of the disclosure relates to a method of treating an infectious
disease. The method comprises administering to a patient in need thereot an effective amount of
a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, or tautomer thereof.

{6022} Another aspect of the disclosure relates to a method of treating a viral infection.
The method comprises administering to a patient in need thereof an effective amount of a
compound of Formula (1), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

sterecisomer, of tautomer thereof.

{0023] Another aspect of the disclosure relates to a method of treating a bacterial infection.
The method comprises administering to a patient in need thereof an effective amount of a
compound of Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,

stereoisomer, or tautomer thereof.

[0024] Another aspect of the disclosure is directed to pharmaceutical compositions
comprising a compound of Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate,
prodrug, stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier.  The
pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

18025] Angther aspect of the present disclosure relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for

use in the manufacture of a medicament for treating a disease associated with inhibiting USP28.



WO 2017/139779 PCT/US2017/017691

{0026] Another aspect of the present disclosure relates to the use of a compound of
Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof, in the treatment of a disease associated with inhibiting USP28.

18027} Ancther aspect of the present disclosure relates to the use of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or

tautomer thereof, in the treatment of a disease associated with inhibiting USP25.

{0028] Another aspect of the present disclosure relates to the use of a compound of
Formula (I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof, in the treatment of a disease associated with inhibiting USP28 and USP25.

{0029] The present disclosure further provides methods of treating a disease or disorder
associated with modulation of USP28 and/or USP2S5 including, cancer, inflammation, an
autoimmune disease, a viral infection, and a bacterial infection, comprising administering to a
patient suffering from at least one of said diseases or disorder a compound of Formula (I), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereot.

1803¢] The present disclosure provides inhibitors of USP28 and/or USP25 that are
therapeutic agenis in the treatment of diseases such as cancer, inflammation, autoimmune
diseases, viral infections, and bacterial infections. Ultimately, the present disclosure provides the
medical community with a novel pharmacological strategy for the treatment of diseases and

disorders associated with USP28 and/or USP25 enzymes.

Detatled Descrintion of the Disclosure

18031} The present disclosure relates to compounds and compositions that are capable of
inhibiting the activity USP28 and/or USP25. The disclosure features methods of treating,
preventing or ameliorating a disease or disorder in which USP28 and/or USP2S5 plays a role by
administering to a patient in need thereof a therapeutically effective amount of a compound of
Formula (1}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or
tautomer thereof. The methods of the present disclosure can be used in the treatment of a variety
of USP28 and/or USP25 dependent diseases and disorders by inhibiting the activity of USP28
and/or USP25 enzymes. Inhibition of USP28 and/or USP2S provides a novel approach to the
treatment, prevention, or amelioration of diseases including, but not limited to, cancer.

8}
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{6032] In a first aspect of the disclosure, the compounds of Formula (I) are described:

R
R
{(Ra)
RZ E x‘;}/;jé 5/n
R, 2
Rs

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof, wherein R, Rz, R3, Ry, Ra, Rs, Re, X, and n are as described herein above.

{0033} The detatls of the disclosure are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used in
the practice or testing of the present disclosure, illustrative methods and materials are now
described. Other features, objects, and advantages of the disclosure will be apparent from the
description and from the claims. In the specification and the appended claims, the singular forms
also include the plural unless the context clearly dictates otherwise. Unless defined otherwise, all
techuical and scientific terms used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure belongs. Al patents and publications cited

in this specification are incorporated herein by reference in their entireties.
Definitions

{0034} The articles "a" and "an" are used in this disclosure to refer to one or more than one
{e.g., to at least one) of the grammatical object of the article. By way of example, "an element”

means one element or more than one element,

{(035] The term "and/or" is used in this disclosure to mean etther "and" or "or" unless

indicated otherwise,

{0036} The term “optionally substituted” 15 understood to mean that a given chemical moiety

{e.g., an alkyl group) can (but is not required to) be bonded other substituents {e.g., heteroatoms).

For instance, an alkyl group that is optionally substituted can be a fully saturated alkyl chain

{e.g., a pure hydrocarbon). Alternatively, the same optionally substituted alkyl group can have

substituents different from hydrogen. For instance, it can, at any point along the chain be
10
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bounded to a halogen atom, a hydroxyl group, or any other substituent described herein. Thus
the term “optionally substituted” means that a given chemical moiety has the potential to contain
other functional groups, but does not necessarily have any further functional groups. Suttable
substituents used in the optional substitution of the described groups include, without limitation,
halogen, oxo, -OH, -CN, -COOH, ~-CH2CN, ~0-(C1-Ce) alkyl, (Ci-Co} alkvl, (C1-Co) alkoxy, (Ci-
Cs) haloalkyl, (C1-Co) haloalkoxy, -0-(C2-Co) alkenyl, -0-{C2-Co) altkynyl, (C2-Cq) alkenyl, (Ca-
Coy alkynyl, ~OH, -OP(OXOH),, ~-OC(OXCi-Cey alkyl, ~C{ONCi1-Co) alkyl, ~-OC{OYO(C:-Cs)
alkyl, -NHz, -NH{C:-Ce)} alkyl), -N{C:1-Ce) alkyl), -NHC(ONCi-Co) alkyl, ~-C(ONH(C1-Cs)
alkyl, -S{0)(Ci-Cs) alkyl, -S(ONH(C1-Co) alkyl, and S(ON({C1-Co) alkyl)y. The substituents
can themselves be optionally substituted. “Optionally substituted” as used herein also refers to

substituted or unsubstituted whose meaning is described below.

{6037} As used herein, the term “substituted” means that the specified group or moiety bears
one or more suitable substituents wherein the substituents may connect to the specified group or
moiety at one or more positions. For example, an aryl substituted with a cycloalkyl may indicate
that the cycloalkyl connects to one atom of the aryl with a bond or by fusing with the aryl and

sharing two or more common atoms.

{0038} As used herein, the term “unsubstituted” means that the specified group bears no

substituents.

10039] Unless otherwise specifically defined, the term "aryl" refers to cyclic, aromatic
hydrocarbon groups that have 1 to 3 aromatic rings, including monocyclic or bicyclic groups
such as phenyl, biphenyl or naphthyl. Where containing two aromatic rings {(bicyclic, etc .}, the
aromatic rings of the aryl group may be joined at a single point {e.g., biphenyl), or fused (e.g.,
naphthyl). The aryl group may be optionally substituted by one or more substituents, eg., 1 t¢ 5
substituents, at any point of attachment. Exemplary substituents include, but are not limited to,
-H, -halogen, -O-(Ci-Cs} alkyl, (C1-Cs) alkyl, -0-(C2-Cs) alkenyl, -0-(C2-Cs) alkynyl,

(C2-Co) alkenyl, (C2-Co) alkynyl, -OH, -OP{OYOH}),, ~-OC{OXC1-Co) alkyl, -C{OXC1-Co) alkyl,
~OC(CHYO(Ci-Co) alkyl, -NHz, NH{{C1-Ce) alkyl}, N{(C1-Cs) alkyll, -S{0)2-(C1-Cs) alkyl,
~SONH(C1-Coy alkyl, and -S{OIN{{Ci-Cs) alkylyz. The substituents can themselves be
optionally substituted. Furthermore when containing two fused rings the aryl groups herein
defined may have an unsaturated or partially saturated ring fused with a fully saturated ring.

11
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Exemplary ring systems of these aryl groups include, but are not limited to, phenyl, biphenyl,
naphthyl, anthracenyl, pheuvalenyl, phenanthrenyl, indanyl, indenyl, tetrahydronaphthalenyl,

tetrahydrobenzoannulenyl, and the like.

1804¢] Unless otherwise specifically defined, "heteroaryl" means a monovalent monocyclic
aromatic radical of 5 to 24 ring atoms or a polycyclic aromatic radical, containing one or more
ring hetercatoms selected from N, O, and §, the remaining ring atoms being C. Heteroary! as
herein defined also means a bicyclic hetercaromatic group wherein the heteroatom is selected
from N, O3, and 8. The aromatic radical ts optionally substituted independently with one or more
substituents described herein. Exaraples include, but are not limited to, furyl, thienyl, pyrrolyl,
pyridyl, pyrazolyl, pyrimidinyl, imidazolyl, isoxazolyl, oxazolyl, oxadiazolyl, pyrazinyi, indoiyi,
thiophen-2-yl, quinolyl, benzopyranyi, iscthiazolyl, thiazolyl, thiadiazole, indazole,
benzimidazolyl, thieno[3,2-blthiophene, triazolyl, triazinyl, inudazof1,2-blpyrazolyl, furo{[2,3-
clpyridinvl, imidazo{1,2-alpyridinyl, indazolyl, pyrrolof2,3-clpyridinyl, pyrrolof3,2-clpyridinyl,
pyrazolof3.4-clpyridinyl, thienof3,2-clpyridinyl, thieno[23-clpyridinyl, thieno[2,3-blpyridinyl,
benzothiazolyl, indolyl, indolinyl, indolinonyl, dihydrobenzothiophenyl, dihydrobenzofuranyl,

benzofuran, chromanyl, thiochromanyl, tetrahydroquinolinyl dihydrobenzothiazine,

dibydrobenzoxanyl, quinolinyl, isoquinolinyl, 1,6-naphthyridinyl, benzo[delisoquinolinyl,
pyrido[4,3-bl[1,61naphthyridinyl, thienof2,3-blpyrazinyl, quinazolinyl, tetrazolof1,5-alpyridinyl,
[1,2,4triazolo[4,3-alpyridinyl,  isoindolyl, pyrrolof2,3-blpyridinyl, pyrrolo{3,4-blpynidinyl,
pyrrolof3,2-blpyridinyl,  imidazo{5 4-blpyridinvl,  pyrrolof1,2-ajpyrimidinyl,  tetrahydro
pyrrofol1,2-ajpyrimidinyi, 3,4-dihydro-2H-1A2-pyrrolo[2, 1-b]pyrimidine, dibenzolb,d]
thiophene,  pyridin-2-one, furo[3,2-clpynidinyl, furo[2,3-clpyridinyl, 1H-pyrido{3,4-b}{1,4]
thiazinyl, benzooxazolyl, benzoisoxazolyl, furo[23-blpyridinyl, benzothiophenvi, 1,5-
naphthyridinyl, furo[3,2-blpyridine, [1,2,4triazolof1,S-alpyridinyl, benzo [1,2,3}triazolyl,
imidazo{1,2-alpyrimidinyl, {1,2,4triazolof4,3-blpyridazinyl, benzo{ci{1,2,5]thiadiazolyl,
benzo[c][1,2,5loxadiazole, 1,3-dihydro-2H-benzo[dlimidazol-2-one, 3 4-dihydro-2H-pyrazolo
[1,5-bl{1,2]Joxazinyi, 4,5,0,7-tetrahydropyrazolof 1,5-a]pyridinyl, thiazolo[5,4-d]thiazolyl,
imidazo{2, 1-b][1,3 4 }thiadiazolyl, thieno[2,3-blpyrrolyl, 3H-indolyl, and derivatives thereof
Furthermore when containing two fused rings the heteroaryl groups herein defined may have an

unsaturated or partially saturated ring fused with a fully saturated ring. Exemplary ring systems
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of these hetercaryl groups include indolinyl, indolinonyl, dihydrobenzothiophenyl,
dihydrobenzofuran, chromanyl, thiochromanyl, tetrahydroquinolinyl, dihydrobenzothiazine, 3,4-

dibydro-~-1H--isoquinolinvl, 2,3~-dihydrobenzofuran, indolinyl, indolyl, and dihydrobenzoxanvl.
{0041} Halogen or “halo” refers to fluorine, chlorine, bromine, or iodine.

0042} Alkyl refers to a straight or branched chain saturated hydrocarbon containing 1-12
carbon atoms. Examples of a (C1-Ce) alkyl group include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, ferf-butyl, isopentyl, neopentyl, and

isohexyl.

{6043} “Alkoxy” refers to a straight or branched chain saturated hvdrocarbon containing 1-
12 carbon atoms containing a terminal “0” in the chain, e.g., -Ofalkyvl). Examples of alkoxy
groups include without lirsitation, methoxy, ethoxy, propoxy, butoxy, t-butoxy, or pentoxy

Sroups.

[0044] The term “alkylene” or “alkylenyl” refers to a divalent alkyl radical. Any of the above
mentioned monovalent alkyl groups may be an alkylene by abstraction of a second hydrogen
atom from the alkyl. As herein defined, alkylene may also be a Co-Cs alkylene. An alkylene may
further be a Co-Cy alkylene. Typical alkylene groups include, but are not linuted to, -CHa-, -
CH(CHj3)-, -C(CH3)~, -CH2CHa-, -CHCH(CH:)-, -CH2C(CH: o~ -CH2CH2CHa-,
~-CH2CHoCH2CH:-, and the like.

{0045] “Cycloalkyl” or “carbocyclyl” means monocyclic or polycyelic saturated carbon rings
containing 3-18 carbon atoms. Examples of cyeloalkyl groups include, without limitations,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptanyl, cyclooctanyl, norboranyl,
norborenyl, bicyclo]2.2 2Zoctanyl, or bicyclo[2.2 2]octenyl and derivatives thereof. A C3-Cs
cycloalkyl is a cycloalkyl group containing between 3 and 8 carbon atoms. A cycloalkyl group

can be fused (e.g., decalin} or bridged (e.g., norbornane).

10046} “Heterocyclyl” or “heterocycloalkyl” monocyclic or polveyclic rings containing
carbon and heteroatoms taken from oxygen, uitrogen, or sulfur and wherein there is not
delocalized 7w electrons (aromaticity) shared among the ring carbon or hetercatoms. The
heterocycloalkyl ring structure may be substituted by one or more substituents. The substituents
can themselves be optionally substituted. Examples of heterocyelyl rings include, but are not
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fimited to, oxetanyl, azetadinyl, tetrehydrofuranyl, tetrahydropyranyl, pyrrolidinyl, oxazelinyl,
oxazolidinyl, thuazolinyl, thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyranyl, dioxalinyl,
pipertdinyl, morpholinyl, thiomorpholinyl, thiomorpholinyl S-oxide, thiomorpholiny! S-dioxide,

piperazinyl, azepinyl, oxepinyl, diazepinyl, tropanyl, oxazolidinonyl, and homotropanyl.

{08047} The term “hydroxyalkyl” means an alkyl group as defined above, where the alkyl
group is substituted with one or more OH groups. Examples of hydroxyalky! groups include HO-

CHy-, HO-CH»-CHa- and CH3-CH(OH)-.

{6048} The terro “haloalkyl” as used herein refers to an alkyl group, as defined herein, which
is substituted one or more halogen. Examples of halealky! groups include, but are not limited to,

trifluoromethyl, difluoromethyl, pentafiuoroethyl, trichloromethyi, ete.

{0049] The term “haloalkoxy” as used herein refers to an alkoxy group, as defined herein,
which is substituted one or more halogen. Examples of halcalkyl groups include, but are not

fimuted to, triflucrorethoxy, difluoromethoxy, pentativoroethoxy, trichloromethoxy, ete.

{005¢] The term “cvanc” as used herein means a substituent having a carbon atom joined to

a nitrogen atom by a triple bond, e.g., C=N.

10051} “Spirocycloalkyl” or “spirocyelyl” means carbogenic bicyclic ring systems with both
rings connected through a single atom. The ring can be different in size and nature, or identical
in size and nature. Examples include spiropentane, sprichexane, spiroheptane, spircoctane,
spirononane, or spirodecane. One or both of the rings in a spirccycle can be fused to another
ring carbocyclic, heterocyclic, aromatic, or heteroaromatic ring. One or more of the carbon
atoms in the spirocycle can be substituted with a heteroatom {(e.g., O, N, S, or P}. A (C3-Cuy)
spirocycloalkyl is a spirocycle containing between 3 and 12 carbon atoms. One or more of the

carbon atoms can be substituted with a heteroatom.

{0052} The term “spircheterocycloalkyl” or “spiroheterocyclyl” is understood to mean a
spirocycle wherein at least one of the rings 15 a heterocycle {e.g., at least one of the rings is

furanyl, morpholinyl, or piperadinyl).

{0053] The term "solvate” refers to a complex of variable stoichiometry formed by a solute

and solvent. Such solvents for the purpose of the disclosure may not interfere with the biological

activity of the solute. Examples of suitable solvents include, but are not hmited to, water,
14
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MeOH, EtOH, and AcOH. Solvates wherein water is the solvent molecule are typically referred
to as hydrates. Hydrates include corpositions containing stoichiometric amounts of water, as

well as compositions containing variable amounts of water.

18054] The term "isomer” refers to compounds that have the same composition and
molecular weight but differ 1o physical and/or chermical properties. The structural difference may
be in constitution (geometric isomers) or in the ability to rotate the plane of polarized light
{(sterecisomers). With regard to sterecisomers, the compounds of Formula (I} may have one or
more asymmetric carbon atom and may occur as racemates, racemic mixtures and as individual

enantiomers or diastereomers.

[0055] The disclosure also includes pharmaceutical compositions comprising an effective
amount of a disclosed compound and a pharmaceutically acceptable carrier. Representative
"pharmaceutically acceptable salts" include, e.g., water-soluble and water-insoluble salts, such as
the acetate, amsonate (4,4-diaminostitbene-2 2-disulfonate), benzenesulfonate, benzonate,
bicarbonate, bisulfate, bitartrate, borate, bromide, butyrate, calcium, calcium edetate, camsylate,
carbonate, chloride, citrate, clavulariate, dihydrochloride, edetate, edisylate, estolate, esylate,
fumerate, fiunarate, gluceptate, gluconate, glutamate, glycollvlarsanilate, hexafluorophosphate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide,
isothionate, lactate, lactobionate, laurate, magnesium, malate, maleate, mandelate, mesylate,
methylbromide, methyltrate, methylsulfate, mucate, napsylate, nitrate, N-methylglucamine
ammonium salt, 3-hydroxy-2Z-naphthoate, oleate, oxalate, palmitate, pamoate (1,1-methene-bis-
2-hydroxy-3-naphthoate,  einbonate),  pantothenate,  phosphate/diphosphate,  picrate,
polygalacturonate, propionate, p-toluenesulfonate, salicylate, stearate, subacetate, succinate,
sulfate, sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate

salts,

{6056] A "patient” or “subject” is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat,

horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus.

{6057} An "effective amount” when used in connection with a compound is an amount

effective for treating or preventing a disease in a subject as described herein.

[
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{0058] The term "carrier”, as used in this disclosure, encompasses carriers, excipients, and
diluents and means a material, composition or vehicle, such as a hiquid or solid filler, diluent,
excipient, solvent or encapsulating matertal, 1nvolved in carrving or transporting a
pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of the

body of a subject.

{0059] The term "treating” with regard to a subject, refers to improving at least one symptom

of the subject's disorder. Treating includes curing, improving, or at least partially amelioratin
1 g g, 1mp £, [ 3 g

the disorder.

1806¢] The term "disorder" is used in this disclosure to mean, and is used interchangeably

with, the terms disease, condition, or iliness, unless otherwise indicated.

{0061} The term "administer”, "administering”, or "administration” as used in this disclosure
refers to either directly administering a disclosed compound or pharmaceutically acceptable salt
of the disclosed compound or a composition to a subject, or administering a prodrug derivative
or analog of the compound or pharmaceutically acceptable salt of the compound or composition
to the subject, which can form an equivalent amount of active compound within the subject's

body.

{0062] The term “"prodrug," as used in this disclosure, means a compound which is

convertible in vivo by metabolic means (e.g., by hydrolysis) to a disclosed compound.

{0063} The term "cancer"” includes, but ts not limited to, the following cancers: bladder
cancer, breast cancer {e.g., ductal carcinoma}, cervical cancer (e.g.: squamous cell carcinoma},
colorectal cancer {e.g., adenocarcinoma), esophageal cancer {e.g., squamous cell carcinoma),
gastric cancer {e.g.: adenocarcinoma, medullobliastoma, colon cancer, choriocarcinoma,
squamous cell carcinoma), head and neck cancer, hematologic cancer (e.g., acute lymphocytic
angmia, acute myeloid leukemia, acute lvmphoblastic B cell leukemia, anaplastic large cell
lymphoma, B-cell lymphoma, Burkitt’s lymphoma, chronic lymphocytic leukemia, chronic
eosinophiliic leukemia/hypereosinophillic syndrome, chronic myeloid leukemia, Hodgkin’s
lymphoma, mantle cell lymphoma, multiple myeloma, T-cell acute lymphoblastic leukemia),
fung cancer {e.g., bronchioloalveolar adenocarcinoma, mesothelioma, mucoepidermoid

carcinoma, small-cell lung cancer, non-small cell lung cancer, adenccarcinoma, squamous cell
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carcinoma), liver cancer {e.g., hepatocellular carcinoma}, lymphoma, neurological cancer {e.g.,
glioblastoma, neuroblastoma, neuroglioma), ovarian {e.g., adenocarcinoma), pancreatic cancer
{e.g., ductal carcinoma}, prostate cancer {e.g., adenocarcinoma), renal cancer (e.g., renal cell
carcinoma, clear cell renal carcinoma}, sarcoma {(e.g., chondrosarcoma, Ewings sarcoma,
fibrosarcoma, multipotential sarcoma, osteosarcoma, rhabdomyosarcoma, synovial sarcoma),
skin cancer {e.g,. melanoma, epidermoid carcinoma, squamous cell carcinoma), thyroid cancer

{(e.g., medullary carcinoma), and uterine cancer.

{0064} As used herein, the terms “autotmmune disease” or “autoimmune disorder” refer to a
condition that 1s immune-mediated due to an attack on self-tissues, such as when a subject's own
antibodies react with host tissue, but can also involve an immune response 10 a microorganism,
Examples of autoimmune diseases include, but are not limited to, multiple sclerosis, psoriasis,
intestine inflammatory disease, ulcerative colitis, Crohn's disease, rheumatoid arthritis and
polyarthritis, local and systemic scleroderma, systemic lupus erythematosus, discoid lupus
erythematosus, cutancous lupus, cutaneous lupus erythematosus including chilblain lupus
erythematosus, lupus nephritts, discoid lupus, subacute cutaneous lupus erythematosus,
dermatomyositis, polymyositis, idiopathic myxedema, Hashimoto's disease, Guillain-Barre'
syndrome, Grave's disease, myasthenia gravis, Sjogren's syndrome, nodular panarteritis,
autoimmune enteropathy, uveitis, autoimmune cophoritis, chronic immune thrombocytopenic
purpura, colitis, diabetes, psoriasis, pemphigus vulgaris, proliferative glomerulonephritis,
Wiskott-Aldrich  syndrome, autoimmune lymphoproliferative syndrome, chronic arthritis,
inflammatory chronic rhinosinusitis, colitis, celiac disease, inflammatory bowel disease, Barrett's
esophagus, inflammatory gastritis, autcimmune nephritis, autoimmune vasculitis, autoimmune
hepatitis, autoimmune carditis, autoimmune encephalitis, and  autoimmune mediated

hematological disease.

{0065] The present disclosure relates to compounds or pharmaceutically acceptable salts,
hydrates, solvates, prodrugs, stereoisomers, or tautomers thereof, capable of imhibiting USP28
and/or USP25, which are useful for the treatment of diseases and disorders associated with
modulation of a USP28 and/or USPZS enzyme. The disclosure further relates to compounds, or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, or tautomers

thereof, which are useful for inhibiting USP28 and/or USP25.
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{0066} In any of the embodiments of the invention, the cancer can be any cancer in any
organ, for example, a cancer is selected from the group consisting of glioma, thyroid carcinoma,
breast carcinoma, smail-cell lung carcinoma, non-smali-cell carcinoma, gastric carcinoma, colon
carcinoma, gastrointestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS
carctnoma, ovarian carcinoma, endometrial carcinoma, prostate carcinoma, renal carcinoma,
anaplastic large-cell lymphoma, leukemia, multiple myeloma, mesothelioma, and melanoma, and

combinations thereof,

10067} The present invention relates to compounds or pharmaceutically acceptable salts,
hydrates, solvates, prodrugs, sterecisomers, or tautomers thereof, capable of inhibiting USP28
and/or USP25, which are useful for the treatment of diseases and disorders associated with
modulation of a USP28& and/or USP2S enzyme. The invention further relates to compounds, or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereocisomers, or tautomers

thereof, which are useful for inhibiting USP28 and/or USPZS.
0068] In one embodiment, the compounds of Formula (1) have the structure of Formula (Ia):

R,

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, and

tautomers thereof.

{0069] In ancther embodiment, the compounds of Formula (I) have the structure of Formula

(Ib):
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Rs (1),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and
tautomers thereof,

[8076] In another embodiment, the compounds of Formula (I} have the structure of Formula
{Ic):

Ry

Ry

{Ic),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, and
tautomers thereof.

{6071} In ancther embodiment, the compounds of Formula (I) have the structure of Formula
(Id):

Ry

Rs
R;’Z [ “EV ( RG)H
-
Ry &
Rs ),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and
tautomers thereof,
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{6072] In ancther embodiment, the compounds of Formula (I) have the structure of Formula
{(Ie):

YW,
N

NH.

Ry

Rs (10),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof

{6073} In another embodiment, the compounds of Formula (I} have the structure of Formula

(i)

(1t),
and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof

{B8074] o another ermnbodiment, the compounds of Formula (I) have the structure of Formula

(Ig):

(Ig),
and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof
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{6075] In ancther embodiment, the compounds of Formula (I) have the structure of Formula

{(Ihy:

Rs (m),

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, and

tautomers thereof.

{6076] In ancther embodiment, the compounds of Formula (I) have the structure of Formula

()

and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof

8077 In another embodiment, the compounds of Formula (I) have the structure of Formula
I

(di):
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and pharmaceutically acceptable salts, hydrates, solvates, prodrugs, sterecisomers, and

tautomers thereof

{6078} In some embodiments of the Formulae above, X is CRs. In another embodiment, X is
16079} In some embodiments of the Formulae above, Ry is H, (C1-Ce) alkyl, (C1-Cs) alkoxy,
{C1-Ce) haloalkyl, (C1-Cs) haloalkoxy, {C1-Ce) hydroxvalkyl, halogen, (Cs-Cs) cycioalkyl, or
~NRoR1e. In another embodiment, Ry 1s H, (Ci-Ca) alkyl, (Ci-Ca) alkoxy, (C1-Cs) haloalkyl,
{C1i-Ca) haloalkoxy, (C1-Ca) hydroxyalkyl, halogen, {Cs-Ce) cycloalkyl, -CN, or ~NRsRs. In yet
another embodiment, Ry 1s H, (Ci-Cs) alkyl, {Ci-Cs) alkoxy, (C1-Cs) haloalkyl,

{C1-Cs) haloatkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C3-Ce) cycloalkyl, -CN, or -NRsRs. In yet
another embodiment, Ry 1s H, (C1-Cs) alkyl, (C1-Cs) altkoxy, (C1-C3) haloalkyl,

(C:i-Cs) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or —NRsRs. In yet
another embodiment, R is (C1-Cy) alkyl, (C1-Ca) alkoxy, (C1-Ca) haloalkyl, (Ci-Ca) haloalkoxy,
(Ci-Cy) hydroxyalkyl, halogen, (C3-Ce) cycloalkyl, -CN, or —-NRsRo. In yet another embodiment,
R1is (C1-Ca) alkyl, (C1-Cs) alkoxy, (Ci-Ca) haloalkyl, (C1-Cq) haloalkoxy, (Ci-Ca) hydroxyalkyl,
halogen, (C3-Co) cycloalkyl, or -NRsRs. In yet another embodiment, Ry is H or (C1-Cs) alkyl. In
another embodiment, R1 is (Ci-Cs) alkyl. In yet another embodiment, R: is H, methyl, ethyl, n-
propyl, or iso-propyl. In another embodiment, Ry is H, methyl, or ethyl. In yet another

embodiment, R1 is methyl or ethyl.

{6080] In some embodiments of the Formulae above, Rz 1s H, (Ci-C4) alkyl,

{C1-Ca) alkoxy, (Ci-Ca) haloalkyl, (Ci-Ca) haloatkoxy, (Ci-Ca) hydroxyalkyl, halogen,

(C3-Cs) cycloalkyl, or -NRuoR 1. In another embodiment, Rz 1s H, (T1-Cs) alkyl,

(Ci-Cs) alkoxy, {C1-Cs) haloalkyl, (Ci-Cs) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen,

(C3-Ce) cycloalkyl, or -NRioR11. In yet another embodiment, Rz 18 H, (Ci-Ca) alkyl,

{C1-Ca) halealkyl, halogen, (C3-Cs) cycloalkyl, or ~NRioRii. In ancther embodiment, Ry is H,
(Ci-Cs) alkyl, (Ci-Cs) haloalkyl, halogen, {Cs~-Ce) cycloalkyl, or —-NRioRii.  In yet another
embodiment, Rz is (C1-Ca) alkyl, (C1-C4) alkoxy, (C1-C4) haloalkyl, (C1-C4) haloatkoxy, (Ci-C4)
hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or -NRioRii. In another embodiment, R2 is H or

halogen. In another embodiment, Rz is H.
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{6081] In another embodiment, Ri and Ko together form a {Cs-Ce) cycloalkyl optionally
substituted with one to three Riz. In vet another embodiment, Ri and Rz together form a (Ca-Co)

cycloalkyl optionally substituted with one to three Ruz.
10082] In some embodiments of the Formulae above, at least one of Ry or Ry is not H.

{0083] In some embodiments of the Formulae above, Ry 15 (C1-Cs) alkyl, (Ci-Ca) alkoxy,
{C:-C4) baloalkyl, (C1-Ca) haloalkoxy, {C1-Cs) hydroxvalkyl, halogen, (Cs-Cs) cycloalkyl, or
~INRsRo; and Rz is H, (C1-C3) alkyl, {(C1-C3) alkoxy, (C1-Cs) haloalkyl, (C1-Cs) haloalkoxy,
(C:i-Cs) hydroxyaltkyl, halogen, (C3-Ce) cycloalkyl, or -NRwoR11.

{6084} In some embodiments of the Formulae above, Rs 1s H, (C1-Cs) alkvl, or
(Ci-Cs) haloalkyl. In another embodiment, R3 1s H or (Ci-C3) alkyl. In yet another embodiment,
R3 1s H. In another embodiment, R3 1s H, methyl, ethyl, n-propyl, or iso~-propyl. In yet another

embodiment, Rz is H or methyl.

{0085] In some embodiments of the Formulae above, Rais H, (C1-Cs) alkyl, halogen, or

(Ci-Cs) haloalkyl. In another embodiment, R4 1s H, halogen, or (Ci-Cs) alkyl In yet another
embodiment, R4 1s H or {(C1-C3) alkyl.  In vet another embodiment, R4 is H. In another
embodiment, Reis H, methyl, ethyl, n-propyl, or iso-propyl. In yet another ervbodiment, Rais H,
F, Cl, methyl, ethyl, n-propyl, or iso-propyl. In another embediment, Re1s H, ¥, or methyl. In

yet another embodiment, Rais H or methyl.

{0086} In some embodiments of the Formulae above, Rais H, (C1-Cs) alkyl, halogen, or
(Ci-Cs) haloalkyl. In another embodiment, Ry is H, halogen, or (Ci-Cs) alkyl. In vet another
embodiment, Re is H or {Ci-C3) alkyl. In yet another embodiruent, Ra s H. In another
embodiment, Re1s H, methyl, ethyl, n-propyl, or iso-propyl. In yet another embodiment, Rais H,
fluoro, chloro, methyl, ethyl, n-propyl, or iso-propyl. In another embodiment, Re s H, F, or
methyl. In yet another embodiment, Re 1s H or methyl.

{6087} In some embodiments of the Formulae above, Rs is -{Co-Ca) alkylene-C{OY0OH,
~(Co-C3) alkylene-heterocycloalkyl, (Co-Cs) alkylene-aryl, ~(Co-Cs) alkylene-heteroaryl or
-IN(R7)-{Co-C3) alkylene-heterocycloalkyl, wherein the heterocycloalkyl, aryl and hetercary! are
optionally substituted with one to three Ry3. In another embodiment, Rs is

~(Co-C3) alkylene-C{OYOH, «(Co-Cs) alkylene-heterocycloalkyl, -(Co-Cs) alkylene-heteroaryl or
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-N(R7)}-{Co-C3) alkylene-heterocycloatkyl, wherein the heterocycloalkyl and hetercaryl are
optionally substituted with one to three Ris. In another embodiment, Rs s

-(Co-C3) alkylene-heterocycloalkyl, «(Co-Cs) alkylene-hetercaryl or

~N{R7}-(Co-C3) alkylene-heterocycloalkyl, wherein the heterocycloalkyl and heteroaryl are
optionally substituted with one to three Ruz. In another embodiment, R is

-(Co-C3) alkylene-heterocycloalkyl, -O-heterocycloalkyl, -{(Co-Cs) alkylene-hetercaryl or
-N(R7}-(Co~C3) alkylene-heterocycloalkyl, wherein the heterocycloalkyl and heteroaryl are
optionally substituted with one to three Ris. In another embodiment, Rs1s

~O-heterocycloalkyl optionally substituted with one to three Rus.

{6088] In some embodiments of the Formulae above, Reis H, {Ci-Ca) alkyl, (C1-Ca) alkoxy,
{C1-Ca) haloalkyl, (C1-Cs) haloalkoxy, halogen, -OH, —-CN, (C3-Cs) cycloalkyl, heterocycloalkyl,
aryi, or heteroaryl, wherein the alkyl is optionally substituted with one or more {(Ci-Ca) alkoxy or

—0OH, and wherein the cycloalkyl, heterocycloalkyl, aryl, and hetercaryl are optionally

substituted with one to three Ris. In another embodiment, Reis H, (Ci-Cy) alkyl, (C1-C4q) alkony,
{Ci-C4) haloalkyl, (C:i-Cs) haloalkoxy, halogen, -OH, —~CN, (Cs-Cs) cycloalkyl, aryl, or
heteroaryl, wherein the alkyl is optionally substituted with one or more (Ci-Cq) alkoxy or -OH,

and wherein the cycloalkyl, aryl, and hetercaryl are optionally substituted with one to three Rua.

{0089] In another embodiment, Rs and Re together when on adjacent atoms form a

{Cs5-Cs) cycloalkyl ring optionally substituted with one to three Ris. In vet another embodiment,
Rs and Re together when on adjacent atoms form a heterocycloalkyl ring optionally substituted
with one to three Ris. In another erobodiment, Rs and Re together when on adjacent atoms form
an aryl ring optionally substituted with one to three Ris. In yet another embodiment, Rs and Rs
together when on adjacent atorms form a heteroaryl ring optionally substituted with one to three

Ris.

{6090] In another embodiment, two Re together when on adjacent atoms form a

(C3-Cs) cycloalkyl ring. In yet another embodiment, two Re together when on adjacent atoms
form a heterocycloalkyl ring. In another embodiment, two Rs together when on adjacent atoms
form an arvl ring. In yet another embodiment, two Re together when on adjacent atoms form a

heteroaryl ring.
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{6091} In some embodiments of the Formulae above, Ry 1s H or {(C1-Cs) alkyl. In another
embodiment, Ry is H. To yet another embodiment, Ry 1s (C1-Cs) alkyl. In another embodiment,

Rz is H, methyl, ethyl, n-propyl, or iso-propyl. In another embodiment, Ry is H, methyl, or ethyl.

18092] In some embodiments of the Formulae above, Rsis H, {Ci1-Cs) alkyl, or

—C{OXCi-Cy) alkyl. In another embodiment, Rs 18 H, (Ci-Cs) alkyl, or -C{O}C1~-C2) alkyl. In
vet ancther embodiment, Rs is H, methyl, ethyl, n-propyl, iso-propyl, ~C{O)CH;s, or
~C{O)YCH2CH:s.

{6093} In some embodiments of the Formulae above, Ro 15 H, (Ci-Cs) alkyl, or

~C{O)Ci-Cs) alkyl. In another embodiment, Ro is H, (Ci-Cs) alkyl, or ~C(O)Ci-C2) alkyl. In
yet another embodiment, Ro s H, methyl, ethyl, n-propyl, 1so-propyl, “C{O)CHs, or
~C{OYCH2CH:.

{0094] In some embodiments of the Formulae above, Rio 1s H, (C1-Cs) alkyl, or
—C({O)C:-Cs) alkyl. In another embodiment, Rio 1s H, (Ci~Cs) alkyl, or -C{O¥C1-C2) alkyl. In
yet another embodiment, Rio is H, methyl, ethyl, n-propyl, iso-propyl, ~C(C)CHs, or

~C(OYCH,CHa. In another embodiment, Riois H.

{0095] o some embodiments of the Formulae above, Ru s H, (Ci-Cs) alkyl, or
~C{OYC1-Cs) alkyl. In another embodiment, Ry is H, {Ci-Cs) alkyl, or ~C{OYC1-Cy) alkyl. In
yet another embodiment, Ru is H, methyl, ethyl, n-propyl, iso-propyl, -C(CYCHs, or
~C{OyCHCHas. In another embodiment, Rivis H.

18096} In some embodiments of the Formulae above, Riz is (C1-C3) alkyl, (C1-Cs) alkoxy,
{C1-C3) haloalkyl, (C1~Cs) haloalkoxy, halogen, or —OH. In another embodiment, Ri2 13

{C1-C3) alkyl, {C1-Cs) haloalkyl, halogen, or ~OH. In vet another embodiment, Riz is

(Ci-Cs) alkyl, halogen, or -OH v another embodiment, R s {C1-Cs) alkyl or —-OH. o yet

another embodiment, Rz is ~OH.

18097} In some embodiments of the Formulae above, Rus is (Ci-Ca) alkyl, (Ci-C4) alkoxy,
(Ci-Cy) haloalkyl, (C1~-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl,
-C{ONRisR1o, -S(O3{Ci-Cs) alkyl, -OH, or ~NRisRy7, wherein the alkyl is optionally
substituted with one to three substituents independently selected from (Ci-Cs) alkoxy, OH, and

heterocycloalkyl. In another embodiment, Riz is (Ci1-Ca} alkyl, (C1-Ca) alkoxy,

2
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{C:-C4q) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, ~-C{O)NRisR1s, -S{O0{C1-Co) alkyl, -OH, or
-NRisR17, wherein the alkyl is optionally substituted with one to three substituents
independently selected from (Ci-Cs) alkoxy, OH, and heterocycloalkyl. In vet another
embodiment, Ruis 18 (Ci-Ca) alkyl, (Ci-Ca) alkoxy, (C1-Cs) hyvdroxyalkyl, halogen,
{C3-Ce) cycloalkyl, or ~NRisR17, wherein the alkyl is optionally substituted with one to three
substituents independently selected from (Ci-Cs) alkoxy, OH, and heterocycloalkyl. In another
embodiment, Riz is (Ci-Ca) alkyl, (C3-Cs) cycloalkyl, -C{(O)NRi1sR19, -S{O0n{C1-Cs) alkyl, -OH,
or —~NRjecRi7, wherein the alkyl is optionally substituted with one to three substituents
independently selected from (Ci-Ce) alkoxy, OH, and heterocycloalkyl. In yet another
embodiment, Riz is (Ci-Cs) alkyl, (C3-Cs) cycloalkyl, or —NRisR17, wherein the alkyl is
optionally substituted with one to three substituents independently selected tfrom (Ci-Cs) alkoxy,
OH, and heterocycloalkyl.
10098] In another embodiment, two Rus together when attached to the same carbon can form
~C={(3) when Rs is ~{Co-C3) alkylene-heterocycloalkyl or
-IN(R7)-{Co-C3) alkylene-heterocycloalkyl. In vet another embeodiment, two Ris together when
attached to the same atom form a {(Cs-Cs) spirocycloalkyl optionally substituted with one to three
Ruo when Rs is -{Co-C3) alkylene-heterocycloatkyl or -N(R7)-(Co-C3) alkylene-heterocycloalkyl.
In another embodiment, two Rus together when attached to the same atom form a
{C5-Ca) spiroheterocycloalkyl optionally substituted with one to three Ruo when Rs is
-{(Co-C3) alkylene-heterocycloalkyl or -N{R7-(Co-Cs) alkylene-heterocycloaltkyl. In another
embodiment, two Ris together when on adjacent atoms form a heterocycloalkyl ring optionally
substituted with one to three Rae. In another embodiment, two Rus together when on adjacent
atoms form a hetercaryl ring optionally substituted with one to three Ruzo.  In another
embodiment, two Ri3 together with the atoms to which they are attached can form a bridged
heterocycloalkyl ring optionally substituted with one to three Roo when Rs s
-(Co-C3) alkylene-heterocycloalkyl or -N{R7)-{Co-C3) alkylene-heterocycloalkyl.
[0099] In another embodiment, two Rus together when attached to the same carbon can form
~{C={(3) when Rs is ~{Co-C3) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
-MN(R7)}-(Co-C3) alkylene-heterocycloalkyl. In yet another embodiment, two Ris together when
attached to the same atom form a (C3-Cs) spirocycloalkyl optionally substituted with one or more
Rao when Rs 18 -{Co-C3) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or

26



WO 2017/139779 PCT/US2017/017691

-N(R7}-(Co-C3) alkvlene-heterocycloalkyl. In ancther embodiment, two Riz together when
attached to the same atomn form a (C3-Cg) spiroheterocycloalkyl optionally substituted with one
or more Rao when Rs is «(Co-Cs) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
~N{R7}-(Co-Cs3) alkylene-heterocycloalkyl. In another embodiment, two Ris together with the
atoms to which thev are attached can form a bridged heterocycloalkyl ring optionally substituted
with one or more Rao when Rs 15 -(Co-Cs) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
-N{R7)-(Co-Cs}) alkylene-heterocycloalkyl.

{80106¢] In some embodiments of the Formulae above, Ris is (C1-Cyq) alkyl, (C1-C4) alkoxy,
{C1i-Cy) haloalkyl, (C1~-Ca) haloalkoxy, halogen, cycloalkyl, heterocycloalkyl, or
-C{O)-heterocycloalkyl, wherein the alkyl is optionally substituted with one to three substituents
independently selected from (Ci-Cas) alkoxy and —OH. In another embodiment, Ris is

(Ci-Cay alkyl, (Ci-Ca) haloalkyl, halogen, heterocycloalkyl, or -C{{)-heterocycloalkyl, wheretn
the alkyl 1s optionally substituted with one to three substituents independently selected from

(C1-Cs) atkoxy and ~OH.

{60101] In some embodiments of the Formulae above, Ris is (C1-Cyq) alkyl, {(C1-C4) alkoxy,
{C1-Ca) haloalkyl, (C1-Cq4) haloalkoxy, halogen, -OH, -CN, —C(O)OH, or —C(O)0(C1-C4) alkyl.
In another embodiment, Rus 1s (Ci-Ca) alkyl, (C1-Ca) haloalkyl, halogen, -OH, -CN, ~C{(O)OH,
or —C{OY{(C-Cs) alkyl. In yet another embodiment, Rus is (Ci-Ca) alkyl, halogen, -OH, -CN,
~C{OYOH, or ~C(OYHCi-Ca) alkyl. In another embodiment, Ris 18 (Ci-Cy) alkyl, -OH,
~C{OYOH, or ~C{OYHCi-Ca) alkyl. In another embodiment, Ris is ~C{O)OH, or

—C(OYO(C1-Ca) alkyl.

i80102] In some embodiments of the Formulae above, Ris is H, (C1-Cy) alkyl,

(C3-Cs) cycloalkyl, -CH2C(O)NHa, -5{03{C1~-Cy) alkyl, -S{O{Ce-Cio) aryl or

~C{OWCi-Cay alkyl. In another embodiment, Ris is H, (C1-Ca) alkyl, (C3-Co) cycloalkyl,
~-CH2C{OYNH2, -S{On(Ci-Ca) alkyl, -S(O){Cs-Cio) aryl, or -C{O}C1-Cs) alkyl. In vet another
embodiment, Ris 1s H, (C1-Cy) alkyl or (C3-Cs) cycloalkyl. In another embodiment, Rie 15 H,
(Ci-Ca) alkyl -CH2C(OINH:, -3(0)2(C1-Ca) alkyl, -8(03(Co-Cro) aryl, or -C(ONCi-Ca) alkyl.
{00103]  To some embodiments of the Formulae above, Rz is H, (Ci-Cy) alkyl,

{C3-Ca) cycloalkyl, -CH2C{O)NHz, -S{OR(Ci-Ca) alkyl, -S{OR(Co-Cio} aryl or ~C{OYNC:-Cs)
alkyl. In another erobodiment, Rizis H, {Ci-Cy) alkyl, (Cs-Ce) cycloatkyl, -CHC(OYNHo,
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-8(0)(C1-Ca) alkyl, -S{0n(Cs-Cro) arvi, or ~C{OYC1-Cs) alkyl. In yet ancother embodiment, Ryy
is H, (Ci1-Cy) alkyl or (C3-Ce) cycloalkyl. In another embodiment, R is H, (Ci-Cy) alkyl
~CH2C(OMNH2, -S{On(Ci-Ca) alkyl, -S{O0){Ce-Cro) aryl, or ~C{O} Ci-Cy) alkyl.

i801¢4] In some embodiments of the Formulae above, Ris is H or (C1-Cs) alkyl. In another

embodiment, Ris is H, methyl, ethyl, n-propyl, or iso-propyl.

{60105]  In some embodiments of the Formulae above, Ris is H or (C1-Cs) alkyl. In another

embodiment, Ris is H, methyl, ethyl, n-propyl, or iso-propyl.

{60106] In some embodiments of the Formulae above, Roo is (C1-Cs) alkyl, {Ci-C3) alkoxy,
(Ci-Cs) haloalkyl, {C:i-Cs) haloalkoxy, or halogen. In another embodiment, Rao 1s (Ci-Ca) alkyl,
(Ci-Cay alkoxy, (C1-Ca) haloalkyl, (Ci-C2) haloalkoxy, or halogen. In yet another embodiment,
Rao 1s {C1-C2) alkyl, (Ci-Ca) haloalkyl, or halogen. In another embodiment, Roo is (C1-Ca) alkyl,
or {C1-C2) haloalkyl. In another embodiment, Rao is (C1-Cs) alkyl. In another embodiment, Rao is

methyl, ethyl, n-propyl, or iso-propyl.

{80107] In another embodiment, two Roo together when attached to the same carbon form

~C=(0).

{00108] In some embodiments of the Formulae above, nis 0, 1, or 2. In another embodiment,
nis O or 1. In yet ancther embodiment, nis 1, 2, or 3. In another embodiment, nis L or 2. In
another embodiment, nis 2 or 3. In another embodiment, nis 0. In another embodiment, nis 1.

In another embodiment, nis 2. In another embodiment, nis 3.

{60109] In some embodiments of the Formulae above,

Rs 18 -(Co-C3) alkylene-C(O)YOH, -(Co-Cs) alkylene-heterocycloalkyl,
~(Co-C3) alkylene-aryl, (Co-Cs) alkylene-heteroary] or -N(R7)-{Co~C3} alkvlene-heterocycloalkyl,
wherein the heterocycloalkyl, aryl and heteroaryl are optionally substituted with one or more Ry,
and

each Riz is independently at each occurrence {Ci-Co) alkyl, {C1-Co) alkoxy,

{C1-Co) haloalkyl, (C1-Co) haloalkoxy, (C1-Ce) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl,
~C{OINRaR 1, -S{O3(Ci-Cey alkyl, -OH, or ~NRicRi7, wherein the alkyl is optionally
substituted with one or more substituents independently selected from (C:-Cs) alkoxy, OH, and

heterocycloalkyl; or
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two Rus together when attached to the same carbon can form ~C=(0) when Rs is

-(Co-C3) alkylene-heterocycloalkyl or -N{R7)«(Co-Cs) alkylene-heterocycloalkyl; or two Ris
together when attached to the same atom form a {Us-Cs} spurocycloalkyl optionally substituted
with one or more Rao when Rs is -(Co-Cs) alkylene-heterocycloalkyl or

~-N{R7)~{Co-C3) alkylene-heterocycloalkyl; or two Ris together when attached to the same atom
form a {C3-Cy) spircheterocycloalkyl optionally substituted with one or more Ruo when Rs i
-(Co-C3) alkylene-heterocycloalkyl or -N{R7)«(Co-Cs) alkylene-heterocycloalkyl; or two Ris
together when on adjacent atoms form a heterocycloalkyl ring optionally substituted with one or
more Roo, or two Ris together when on adjacent atoms form a heteroaryl ring optionally
substituted with one or more Rog; or two Rus together with the atoms to which they are attached
can form a bridged heterocycloalkyl ring optionally substituted with one or more Ruo when Rs is

-(Co-C3) alkylene-heterocycloalkyl or ~N{R7)}-(Co-C3) alkylene-heterocycloalkyl.
{80116] In some embodiments of the Formulae above, X is CH.
{00111] In some embodiments of the Formulae above, Rs is H or CHs and R4 1s H or CH3.

{00112] In some embodiments of the Formulae above, Rs 18 H or CH3, Ry 1s H or CHj3, and Ra

is H, fluoro, or CHs.

{00113] In some embodiments of the Formulae above, Rz is H, (Ci-Cs) alkyl,

{C1-Co) haloalkyl, halogen, (C3-Cs) cycloalkyl, or -NHz.

{00114] In some embodiments of the Formulae above, R1 and Rz together form a

(C3-Cs) cycloalkyl optionally substituted with one or more Riz.

{00115] In some embodiments of the Formulae above, Ry 1s H and Ry 18 (C1-Cs) alkyl.

{00116]  In some embodiments of the Formulae above, Ri 15 {C1-Co} alkyl and Rois H.

{00117] In some embodiments of the Formulae above, only one of Ry or Ry is H.

{60118] In some embodiments of the Formulae above, Ri is {(C1-Ce) alkyl, (Ci-Cs) alkoxy,
(Ci-Cs) haloalkyl, (Ci-Co) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, -CN,
or —NRsRe and Ro is H, {(C1-Co) alkyl, (Ci-Ce) alkoxy, (Ci-Cs) haloalkyl, (Ci-Cs) haloalkoxy,
{C1-Co) hydroxvyalkyl, halogen, (Cs-Cs) cycloalkyl, or ~NRioRu.

{00119] In some embodiments of the Formulae above, Ry is H, {C1-Co) alkyl, (Ci-Cs) alkoxy,
{C:i-Cs) haloalkyl, (C1-Ce) haloalkoxy, (Ci1-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, -CN,
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or ~NRsRy and Ry is {C1-Co) alkyl, {(Ci-Ce) alkoxy, (Ci-Cs) haloalkyl, {Ci-Co) haloalkoxy, (Ci-
Ce) hydroxyalkyl, halogen, {Cs-Cs) cvcloaltkyl, or —-NRoR 11,

{00128] In some embodiments of the Formulae above, one of R1 or R ts H and the other is
(Ci-Co) alkyl.

{60121]  In another embodiment, Ru is H, {Ci-Ca) alkvl, (Ci-Ca) alkoxy, (Ci-Cs) haloalkyl,
{C1-Ca) haloalkoxy, (Ci-Ca) hydroxyalkyl, halogen, (C5-Cs) cycloalkyl, or -NRsRg; and Ry is
(Ci-Cs) alkyl, (Ci-Cs) alkoxy, (C1-Cs) haloalkyl, (C1-C3) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, (C3-Cs) cycloatkyl, or -NRjoRi1.

{00122] In some embodiments of the Formulae above, X is CRs. In another embodiment, X is
CRe and Ri s H, (C1-Cy) alkyl, (C1-Ca) alkoxy, (C1-Ca) haloalkyl, (C1-Cs) haloalkoxy,

{C1-Ca) hydroxvalkyl, halogen, (C3-Cs) cycloalkyl, or ~NRaRoe. In yet another embodiment, X 1s
CRe, Ruis H, {(C1-Cy) alkyl, (C1-Ca) alkoxy, (C1-Ca) haloalkyl, (C1-Cy) haloalkoxy,

(Ci-Ca) hydroxyalkyl, halogen, {C3-Cs) cycloalkyl, or -NRsRy, and Ry is H, (Ci-Ca) alkyl,
(Ci-Cy) haloalkyl, halogen, (C3-Cs) cycloatkyl, or -NRwoRii. o another embodiment, X 15 CRe,
Riis H, (C1-Cq) alkyl, (C1-Ca) alkoxy, (C1-Ca) haloalkyl, (C1-Cy) haloalkoxy,

{C1-Cas) hydroxyalkyl, halogen, {(C3-Cs) cycloalkyl, or -NRsRs, Ro is H, (Ci-Ca) alkyl,

{C:i-Ca) haloalkyl, halogen, (C3-Cs) cycloatkyl, or -NRioR11, and Rs is H or (C1-Cs) atkyl. In
another embodiment, X 1s CRe, Ry 18 H, (C1-Ca) alkyl, (Ci-Ca) alkoxy, {C1-C4) haloalkyl,

{C1-Ca) haloalkoxy, (C1-Ca) hydroxyalkyl, halogen, {Us-Cs) cycloalkyl, or ~NRsRs, Rz 15 H,
{C1-Ca) alkyl, {C1-Cs) haloalkyl, halogen, (C3-Cs) cycloalkyl, or -NRioRu, RsisH or

{Ci-Cs) alkyl, and Ra1s H or (C1-Cs) alkyl. In another embodiment, X is CRe, Riis H,

(Ci-Caq) alkyl, (Ci1-C4) alkoxy, (C1-Ca) haloalkyl, {Ci-C4) haloalkoxy, (Ci-Cs) hydroxyalkyl,
halogen, (C3-Cs) cycloalkyl, or -NRsRs, Rz 1s H, (Ci-Cy) alkyl, (C1-C4) haloalkyl, halogen,
{Cs5-Cs) cycloalkyl, or -NR1oRu11, Rz is H or {C1-Cs) alkyl, Rais H or (C1-Cs) alkyl, and Rais Hor
{C1-C3) alkyl.

{60123] In another embodiment, X is CRe, R is H, (C1-Cyq) alkyl, (C1-Cy) alkoxy,

(Ci-Ca) haloalkyl, (C1-Ca) haloaltkoxy, (Ci-Ca) hydroxyalkyl, halogen, {Cs-Cs) cycloalkyl, or
~INRsRo, Ra is H, (Ci-Cy) alkyl, {(C1-C4) haloalkyl, halogen, (C3-Cs) cycloalkyl, or -NRwoR1y, Rs
is H or (C1-Cs) alkyl, Ra1s H or {C1-Cs) alkyl, Rais H or {Ci-Cs) alkyl, and Rs s

-(Co-C3) alkylene-heterocycloalkyl optionally substituted with one or more Rus.
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{60124]  In another embodiment, X is CRe, Riis H, (C1-C4) alkyl, {(Ci-Cy) alkoxy,

(C:i-C4) haloalkyl, (C1-C4) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~NRsRo, Ra 18 H, (C1-Ca} alkyl, (C1-Cy) haloalkyl, halogen, {C5-Cs) cycloalkyl, or -NRoRi1, Rs
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) alkyl, Rais H or (Ci-Cs) alkyl, and Rs is

~{Co-C3}) alkviene-C{O)OH.

{60125]  In another embodiment, X is CRe, Riis H, (C1-C4) alkyl, {Ci-Cy) alkoxy,

{C1-Ca) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or
~NRsRog, Ra 15 H, (Ci-Ca} alkyl, (C1-Ca) haloalkyl, halogen, (C5-Cs) cycloalkyl, or -NRwoRi1, Rs
is H or (Ci-Cs) alkyl, Rs is H or (Ci-C3) alkyl, Re is H or (Ci-Cs) alkyl, and Rs is «(Co-C3)

alkylene-heteroaryl optionally substituted with one or more Rus.

{00126] I another embodiment, X 15 CRe, R1is H, (C1-Ca) alkvl, (C1-Ca) alkoxy,

{C:-C4) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~NRsRog, Ra is H, (Ci-Cyq) alkyl, (C1-C4) haloalkyl, halogen, (Cs-Cs) cycloalkyl, or ~NRwoRu11, Rs
is H or (Ci-Cs) alkyl, Rai1s H or {C1-Cs) alkyl, Re 1s H or (C1-Cs) alkyl, and Rs is -N{R7-(Co-C3)

alkylene-heterocycloalkyl optionally substituted with one or more Ris.

{00127] In another embodiment, X 15 CRe, R1is H, (C1-Ca) alkvl, (C1-Ca) alkoxy,

{C:-C4) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~NRsRo, Ra is H, (C1-Cy) alkyl, (C1-Ca) haloalkyl, halogen, (Csi-Cs) cycloalkyl, or ~NRiwoR11, R3
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) alkyl, Rais H or (Ci-Cs) alkyl, and Rs is

~(Co-C3) alkylene-aryl optionally substituted with one or more Ris.

{00128] In another embodiment, X 15 CRe, R is H, (C1-Ca) alkvl, (C1-Ca) alkoxy,

{C1-Ca) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or
~NRsRo, Ra is H, (C1-Cy) alkyl, (C1-Ca) haloalkyl, halogen, (Csi-Cs) cycloalkyl, or ~NRiwoR11, R3
s H or {Ci-Cs) alkyl, Ra 1s H or (C1-C3) alkyl, Ra is H or {C1-C3) alkyl, and Rs and Re together
when on adjacent atoms form a (Cy-Cs) cycloalkyl ring optionally substituted with one or more

Ris.

{60129] In another embodiment, X is CRe, Ry is H, (Ci-Cy) alkyl, (C1-Cy) alkoxy,
{C1-Ca) haloalkyl, (C1-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or
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~INRsRs, Rz is H, (C1-Cyq} alkyl, (C1-Ca) haloalkyl, halogen, (C3-Cs) cycloalkyl, or -NReRu, Rs
is H or (Ci-Cs) alkyl, Ra 13 H or (C1-Cs) alkyl, R i3 H or (C1-C3) alkyl, and Rs and Re together
when on adjacent atoms form a heterocycloalkyl ring optionally substituted with one or more

Ris.

[00130]  In some embodiments of the Formulae above, X 18 N In another embodiment, X is N
and R 1s H, (C1-Cs) alkyl, (C1-Cs) alkoxy, {(C1-Ca) haloatkyl, (C1-Cs) haloalkoxy,

{C1-Ca) hydroxvyalkyl, halogen, (C3-Cs) cycloalkyl, or -NRaRs. In yet another embodiment, X is
N, Riis H, (Ci-Ca) alleyl, (C1-Ca) alkoxy, (C1-Ca) haloalkytl, (Ci-C4) haloalkoxy,

(Ci-Cay hydroxyalkyl, halogen, {Cs-Cs) cycloalkyl, or -=NRsRo, and Ry 18 H, (C-Ca) alkyl,
{C1-Ca) haloalkyl, halogen, (C3-Cs} cycloalkyl, or -NRioR11. In another embodiment, X is N, R
is H, (Ci-C4) alkyl, (C1-Ca) alkoxy, (C1-Ca) haloalkyl, (C1-Cs) haloalkoxy, (Ci-C4) hydroxyalkyl,
halogen, (C3-Cs) cycloalkyl, or -NRsRs, Ro 153 H, (Ci-Cy) alkyl, (C1-Ca) haloalkyl, halogen,
(C3-Cs) cycloalkyl, or ~NRioRu, and Rz is H or (Ci-Cs) alkyl. In another embeodiment, X is N,
Riis H, (C1-Cq) alkyl, (C1-Cy) alkoxy, (C1~-Ca) haloalkyl, (C1-Cy4) haloalkoxy,

{C1-Ca) hydroxvalkyl, halogen, {Us-Cs) cycloalkyl, or -NRsRs, Rz 1s H, (Ci-Cs) alkyl,

{C1-Cas) haloalkyl], halogen, (Cs3-Cs) cycloalkyl, or -NRwoR, R is H or (C1-Cs) alkyl, and R4 is
H or (Ci1-Cs) altkyl. In yet another embodiment, X is N, Ry is H, {(C1-Cy} alkyl, {Ci-Cq) alkoxy,
(Ci-Cay haloalkyl, (C1-Ca) haloalkoxy, (Ci-Ca) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~INRsRo, Rz 18 H, {(C1-C4) alkyl, (C1-Cy) haloalkyl, halogen, (Ts-Cs) cycloalkyl, or -NRioR11, Rs
is H or (C1-Cs) alkyl, Reis H or (C1-Cs) alkyl, and R is H or (C1-Cs) alkyl.

{60131}  In another embodiment, X is N, Ry is H, {C1-Cy) alkyl, (Ci-Cs) alkoxy,

(Ci-Ca) haloalkyl, (C1-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C:-Cs) cycloalkyl, or
~NRsRo, Ry 18 H, {C1-Cyq) alkyl, (C1-C4) haloalkyl, halogen, (Cs-Cs) cycloalkyl, or -NRwRyy, R
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) alkyl, Rais H or (Ci-Cs) alkyl, and Rs is

-{Co-Cs}) alkylene-heterocycloalkyl optionally substituted with one or more Rys.

{60132] In another embodiment, X is N, Ru is H, {C1-Cy) alkyl, (C1-Cs) alkoxy,
(Ci-Ca) haloalkyl, (C1-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C:-Cs) cycloalkyl, or
~NRsRy, Rz 1s H, {C1-Cyq) alkyl, (C1-C4) haloalkyl, halogen, {(Cs-Cs) cycloalkyl, or ~NRwRyi, Rs
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) altkyl, Ra 1s H or (Ci-Cs) alkyl, and Rs 1s
~{Co~C3) alkylene-C{O}OH.
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100133] In another embodiment, X is N, Ry is H, {C1-Ca) alkyl, (Ci-Cy) alkoxy,

{C1-Ca) haloalkyl, (C1-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or
~NRsRog, Ra is H, (Ci-Cyq) alkyl, (C1-C4) haloalkyl, halogen, (Cs-Cs) cycloalkyl, or ~NRwoRu11, Rs
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) alkyl, Rais H or (Ci-Cs) alkyl, and Rs is

~{Co-C3) alkylene-hetercary! optionally substituted with one or more Ris.

{00134] In another embodiment, X is N, Ry is H, {C1-Ca) alkyl, (Ci-Cy) alkoxy,

{C:-C4) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~NRsRog, Ra is H, (Ci-Cyq) alkyl, (C1-C4) haloalkyl, halogen, (Cs-Cs) cycloalkyl, or ~NRwoRu11, Rs
is H or (C1-Cs) alkyl], Ra1s H or (Ci-Cs) alkyl, Re is H or (Ci-Cs) alkyl, and Rs is

~N{R7)~{Co-C3) alkvlene-heterocyeloalkyl optionally substituted with one or more Rus.

{60135]  ln another embodiment, X is N, R is H, (C1-Cy) alkyl, (C1-Ca) alkoxy,

{C:-C4) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (Cs-Cs) cycloalkyl, or
~NRsRog, Ra is H, (Ci-Cyq) alkyl, (C1-C4) haloalkyl, halogen, (Cs-Cs) cycloalkyl, or ~NRwoRu11, Rs
is H or (C1-Cs) alkyl, Ra1s H or (Ci-Cs) alkyl, Rais H or (Ci-Cs) alkyl, and Rs is

~(Co-C3) alkylene-aryl optionally substituted with one or more Ris.

{60136]  ln another embodiment, X is N, R is H, (C1-Cy) alkyl, (C1-Ca) alkoxy,

{C1-Ca) haloalkyl, (C1-Ca) haloalkoxy, (C1-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl, or
~NRsRo, Ra is H, (C1-Cy) alkyl, (C1-Ca) haloalkyl, halogen, (Csi-Cs) cycloalkyl, or ~NRiwoR11, R3
is H or {Ci-Cs) alkyl, Ra 1s H or (C)-Cs) alkyl, R is H or {C1-Cs) alkyl, and Rs and R together
when on adjacent atoms form a (C4-Cs) cycloalkyl ring optionally substituted with one or more
Ris.

{60137]  In another embodiment, X is N, Ry is H, {C1-Cy) alkyl, (Ci-Cs) alkoxy,

(Ci-Ca) haloalkyl, (C1-Ca) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C:-Cs) cycloalkyl, or
~INRsRs, Rz 15 H, (C1-Cy) alkyl, (Ci-C4) haloalkyl, halogen, (C3-Cs) cycloalkyl, or ~NRwoRii, Rs
is H or (Ci~Cs) alkyl, Ra is H or (C1-Cs) alkyl, Ry is H or {C1-C3) alkyl, and Rs and Re together

when on adjacent atoms form a heterocycloalkyl ring optionally substituted with one or more Ris

{00138] Non-hinmiting illustrative compounds of the disclosure include:
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{06013%] In another embodiment of the disclosure, the compounds of Formula (I) are
enantiomers.  In some embodirents the compounds are the (S)-enantiomer. In other
embodiments the compounds are the (K)-enantiomer. In yet other embodiments, the compounds

of Formula (I} may be (+) or (-) enantiomers.

{00140] It should be understood that all 1someric forms are included within the present
disclosure, including mixtures thereof. If the compound contains a double bond, the substituent
may be in the E or Z configuration. If the compound contains a disubstituted cycloalkyl, the
cycloalkyl substituent may have a cis~ or trans configuration. All tautomeric forms are also

intended to be included.

[00141] Compounds of the disclosure, and pharmaceutically acceptable salts, hydrates,
solvates, stereoisomers and prodrugs thereof may exist in their tautomeric form (for example, as
an amide or imingo ether). All such tautomeric forms are contemplated herein as part of the

present disclosure.

i80142] The compounds of the disclosure may contain asymmetric or chiral centers, and,
therefore, exist in different sterecisomeric forms. It is intended that all stereoisomeric forms of
the compounds of the disclosure as well as mixtures thereof, including racemic mixtures, form
part of the present disclosure. In addition, the present disclosure embraces all geometric and
positional isomers. For example, if a compound of the disclosure incorporates a double bond or a
fused ring, both the cis- and trans-forms, as well as mixtures, are embraced within the scope of
the disclosure. Each compound herein disclosed includes all the enantiomers that conform to the
general structure of the compound. The compounds may be in a racemic or enantiomerically
pure form, or any other form in terms of stereochemistry. The assay results may reflect the data
collected for the racemic form, the enantiomerically pure form, or any other form in terms of

stereochemistry.

[00143] Diastereomeric mixtures can be separated into their individual diastereomers on the
basis of their physical chemical differences by methods well known to those skilled in the art,
such as, for example, by chromatography and/or fractional crystallization. Evantiomers can be
separated by converting the enantiomeric mixture into a diastereomeric mixture by reaction with
an appropriate optically active compound {e.g., chiral auxiliary such as a chiral alcohol or

Mosher's acid chloride), separating the diastereomers and converting (e.g., hydrolyzing) the
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individual diastereomers to the corresponding pure enantiomers. Also, some of the compounds of
the disclosure may be atropisomers {e.g., substituted biaryls) and are considered as part of this

disclosure. Enantiomers can also be separated by use of a chiral HPLC column.

i00144] It is also possible that the compounds of the disclosure may exist in different
tautomeric forms, and all such forms are embraced within the scope of the disclosure. Also, for
example, all keto-enol and imine-enamine forms of the compounds are included in the

disclosure.

{00143] All stereoisomers {(for example, geometric isomers, optical isomers and the like) of
the present compounds (including those of the salts, solvates, esters and prodrugs of the
compounds as well as the salts, solvates and esters of the prodrugs), such as those which may
exist due to asymmetric carbons on various substituents, including enantiomeric forms (which
may exist even in the absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this disclosure, as are positional
isomers (such as, for example, 4-pyridyl and 3-pyridyl). (For example, if a compound of Formula
{Pancorporates a double bond or a fused ring, both the cis- and trans-forms, as well as mixtures,
are embraced within the scope of the disclosure. Also, for example, all keto-enol and imine-
enamine forms of the compounds are included in the disclosure.) Tndividual sterecisomers of the
compounds of the disclosure may, for example, be substantially free of other isomers, or may be
admixed, for example, as racemates or with all other, or other selected, sterecisomers. The chiral
centers of the present disclosure can have the 8§ or R configuration as defined by the IUPAC
1974 Recommendations. The use of the terms “salt”, “solvate”, “ester,” “prodrug” and the like,
is intended to equally apply to the salt, solvate, ester and prodrug of enantiomers, sterecisomers,

rotamers, tautomers, positional 1somers, racemates or prodrugs of the inventive compounds.

{00146] The compounds of Formula I may form salts which are also within the scope of this
disclosure. Reference to a compound of the Formula herein 1s understood to include reference to

salts thereof, unless otherwise indicated.

{00147] The present disclosure relates to compounds which are modulators of USP28 and/or
USP25. In one embodiment, the compounds of the present disclosure are inhibitors of USP28

and/or USP25.
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{00148] The disclosure 1s directed to compounds as described herein and pharmaceutically
acceptable salts, hydrates, solvates, prodrugs, stereoisomers, or tautomers thereof, and
pharmaceutical compositions comprising one of more compounds as described herein, or
pharmaceutically acceptable salts, hydrates, solvates, prodrugs, stereoisomers, or tautomers

thereot
Method of Synthesizing the Compounds

{060149] The compounds of the present disclosure may be made by a variety of methods,

including standard chemistry. Suitable synthetic routes are depicted in the Schemes given below.

{6015¢] The compounds of Formula (I) may be prepared by methods known in the art of
organic synthesis as set forth in part by the following synthetic schemes. In the schemes
described below, it is well understood that protecting groups for sensitive or reactive groups are
employed where necessary in accordance with general principles or chemistry. Protecting groups
are manipulated according to standard methods of organic synthesis {(T. W. Greene and P. G. M.
Wuts, "Protective Groups in Organic Synthesis”, Third edition, Wiley, New York 1999). These
groups are removed at a convenient stage of the compound synthesis using methods that are
readily apparent to those skilled in the art. The selection processes, as well as the reaction
conditions and order of their execution, shall be consistent with the preparation of compounds of

Formula ().

{80151] Those skilled in the art will recognize if a stereocenter exists in the compounds of
Formula (I). Accordingly, the present disclosure includes both possible stereoisomers (unless
specified in the synthesisy and includes not only racemic compounds but the individual
enantiomers and/or diastereomers as well. When a compound is desired as a single enantiomer or
diastereomer, it may be obtained by stereospecific synthesis or by resolution of the final product
or any convenient intermediate. Resoclution of the final product, an intermediate, or a starting
material may be affected by any suitable method known in the art. See, for example,
"Stereochemistry of Organic Compounds” by E. L. Eliel, S. H. Wilen, and L. N. Mander (Wiley-

interscience, 1994).

{00152] The compounds described herein may be made from coromercially available starting

materials or synthesized using known organic, inorganic, and/or enzymatic processes.
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Preparation of compounds

{00133] The compounds of the present invention can be prepared in a number of ways well
known to those skilled 1o the art of orgavic synthesis. By way of example, compounds of the
present invention can be synthesized using the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereof as appreciated by
those skilled in the art. Preferred methods include but are not limited to those methods described
below. Compounds of the present invention can be synthesized by following the steps outlined
in General Scheme 1 which comprise the assembling of intermediates 2a and 2b.  Starting
materials are either commercially available or made by known procedures in the reported

literature or as illustrated.

General Scheme 1

Ry e <Rﬁn NHz

NH,

Rz N A o . MM _ Steoi R, N

I E j /\S (Reln

Ry S8 on %
Z2a 2b

wherein Ri-Rs, R, Rs, Re and n are defined as in Formula (I},

{00154] The general manner of preparing target compounds of Formula (I) by using
intermediates 2a and 2b, is outlined above in General Scheme 1. Coupling of carboxylic acid 2a
with amine 2b under standard amide forming conditions using a coupling agent, e.g., 1-Ethyl-3-
(3-dimethylaminopropy!jcarbodiimide with I-hydroxybenzotriazole (EDCI/HOBYY,
{Benzotriazol-1-yvloxy}ris{dimethylaminojphosphonium  hexafluorophosphate  (BOP), (-
benzotriazole-N, N, N, N’ -tetramethyl-uronium-hexafluoro-phosphate  (HBTU}  or [bis
{(dimethylaminoymethylene]-1H-1,2 3-triazolof4,5-blpyridinium-3-oxide  hexafluorophosphate
(HATU), and a base, eg., tricthylamine (TEA), N N-diisopropylethylamine (DIEA), or 4-
dimethylaminopyridine (DMAP), in a solvent (e.g. DCM or DMF, etc.) provides the desired

product of Formula (£}

{60135] Compounds of Formula (I} can exist as enantiomeric or diastereomeric stereoisomers.

Enantiomerically pure compounds of Formula (F} can be prepared using enantiomerically pure
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chiral building blocks. Alternatively, racemic mixtures of the final compounds or a racemic
mixture of an advanced intermediate can be subjected to chuiral purification as described heretn
below to deliver the desired enantiomerically pure intermediates or final compounds. In the
instances where an advanced intermediate is purified into its individual enantiomers, each
individual enantiomer can be carried on separately to deliver the final enantiomerically pure

compounds of Formula ().

{00136] It should be understood that in the description and formula shown above, the various
groups Ri-R4, Ra, Rs, Rs, n, and other variables are as defined above, except where otherwise
indicated. Furthermore, for synthetic purposes, the compounds of General Scheme | are merely
representative with elected radicals to illustrate the general synthetic methodology of the

compounds of Formula (I} as defined herein.
Methods of Using the Disclosed Compounds

{80137] Ancther aspect of the disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder associated with modulation of USP28. The
method comprises administering to a patient in need of a treatment for diseases or disorders
assoctated with modulation of USP28 an etfective amount the compositions and compounds of

Formula (I). In one embodiment, the disease or disorder is cancer.

{00138] In another aspect, the present disclosure is directed to a method of treating,
preventing, inhibiting, or eliminating a disease or disorder associated with inhibition of USP28.
The method comprises administering to a patient in need of a treatment for diseases or disorders
assoctated with modulation of USP28 an etfective amount the compositions and compounds of

Formula (I). In one embodiment, the disease or disorder is cancer.

{80139] In another aspect, the present disclosure is directed to a method of inhibiting USP2B.
The method involves administering to a patient in need thereof an effective amount of a

compound of Formula (T).

{00166]  Another aspect of the disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder associated with modulation of USP25. The
method comprises administering to a patient in need of a treatment for diseases or disorders
associated with modulation of USP25 an effective amount the compositions and compounds of
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Formula (1}. In one embodiment, the disease or disorder is cancer. In ancther embodiment, the
disease or disorder is inflammation. In another embodiment, the disease or disorder is an
autoimmune disease. In another embodiment, the disease or disorder is an infectious disease. In
another embodiment, the disease or disorder is a viral infection. In another embodiment, the

disease or disorder is a bacterial infection.

{060161] In another aspect, the present disclosure is directed to a method of treating,
preventing, inhibiting, or eliminating a disease or disorder associated with inhibition of USP28.
The method comprises administering to a patient in need of a treatment for diseases or disorders
assoctated with modulation of USP25 an etfective amount the compositions and compounds of
Formula (1}). In one embodiment, the disease or disorder is cancer. In ancther embodiment, the
disease or disorder is an autcimmune disease. In another embodiment, the disease or disorder is
an infectious disease. In another embodiment, the disease or disorder is a viral infection. In

another embodiment, the disease or disorder is a bacterial infection.

{00162] In another aspect, the present disclosure is directed to a method of inhibiting USP25.
The method involves administering to a patient in need thereof an effective amount of a

compound of Formula (1).

{00163] Another aspect of the disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder associated with modulation of USP25. The
method comprises administering to a patient in need of a treatment for diseases or disorders
associated with modulation of USP28 and USP25 an effective amount the compositions and
compounds of Formula {I}. In one embodiment, the disease or disorder is cancer. In another
embodiment, the disease or disorder is inflammation. In another embodiment, the disease or
disorder is an autoimmune disease. In another embodiment, the disease or disorder is an
infectious disease. In another embodiment, the disease or disorder 1s a viral infection. In another

embodiment, the disease or disorder is a bacterial infection.

{060164] In another aspect, the present disclosure is directed to a method of treating,
preventing, inhibiting, or eliminating a disease or disorder associated with inhibition of USP28.
The method comprises administering to a patient in need of a treatment for diseases or disorders
associated with modulation of USP28 and USP25 an effective amount the compositions and

compounds of Formula (1}, In one embodiment, the disease or disorder is cancer. In another
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embodiment, the disease or disorder is an autoimmune disease. In another embodiment, the
disease or disorder is an infectious disease. In another embodiment, the disease or disorder is a

viral infection. In another embodiment, the disease or disorder is a bacterial infection.

i80165] In another aspect, the present disclosure is directed to a method of inhibiting USP28
and USP25. The method wnvolves administering to a patient in need thereof an effective amount

of a compound of Formula (D).

{060166] Another aspect of the present disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder in a patient associated with the inhibition of
USP28, the method comprising administering to a patient in need thereof an effective amount of

a compound of Formula (1). Tn one embodiment, the disease or disorder is cancer.

{00167]  Another aspect of the present disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder in a patient associated with the inhibition of
USP235, the method comprising administering to a patient in need thereof an effective amount of
a compound of Formula (I}. In one embodiment, the disease or disorder is cancer. In another
embodiment, the disease or disorder is inflammation. In another embodiment, the disease or
disorder is an autoimmune disease. In another embodiment, the disease or disorder is an
infectious disease. In another embodiment, the disease or disorder is a viral infection. In ancther

embodiment, the disease or disorder is a bacterial infection.

i00168] Another aspect of the present disclosure relates to a method of treating, preventing,
inhibiting, or eliminating a disease or disorder in a patient associated with the inhibition of
USP28 and USP2S, the method comprising administering to a patient tn need thereof an effective
amount of a compound of Formula (I}. In one embodiment, the disease or disorder is cancer. In
another embodiment, the disease or disorder is inflammation. In another embodiment, the disease
or disorder is an autoimmune disease. In another embodiment, the disease or disorder is an
infectious disease. In another embodiment, the disease or disorder is a viral infection. In another

embodiment, the disease or disorder is a bacterial infection.

{00169] In another aspect, the present invention relates to a method of treating, preventing,

inhibiting, or eliminating cancer. The method comprises administering to a patient in need of a
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treatment for cancer an effective amount of a compound of Formula (I}, or a pharmaceutically

acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof,

{60176] In another aspect, the present invention relates to a method of treating, preventing,
inhibiting, or eliminating inflammation. The method comprises administering to a patient in
need of a treatment for cancer an effective amount of a compound of Formula (I), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereocisomer, or tautomer thereof.

{060171] In another aspect, the present invention relates to a method of treating, preventing,
inhibiting, or eliminating an autoimmune disease. The method comprises administering to a
patient in need of a treatment for cancer an effective amount of a compound of Formula (I}, ora

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

[60172] In another aspect, the present invention relates to a method of treating, preventing,
inhibiting, or eliminating an infectious disease. The method comprises administering to a patient
in need of a treatment for cancer an effective amount of a4 compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof. In
one embodiment, the infectious disease is a viral infection. In another embodiment, the infectious

disease is a bacterial infection.

{60173] In another aspect, the present invention relates to a method of treating, preventing,
inhibiting, or eliminating a viral infection. The method comprises administering to a patient in
need of a treatment for cancer an effective amount of a compound of Formula (0), or a

pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

[00174] In another aspect, the present invention relates to a method of treating, preventing,
inhibiting, or eliminating a bacterial infection. The method comprises administering to a patient
in need of a treatment for cancer an effective amount of a4 compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterectsomer, or tautomer thereot.

i80175]  Another aspect of the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for
use in a method of treating, preventing, inhibiting, or eliminating a disease or disorder associated

with inhibiting USP28. In one embodiment, the disease or disorder is cancer.
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{060176] In another aspect, the present invention relates to a compound of Formula (I}, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof, for
use in a method of treating, preventing, inhibiting, or eliminating a disease or disorder associated
with inhibiting USP25. In one embodiment, the disease or disorder is cancer. In another
embodiment, the disease or disorder is inflammation. In another embodiment, the disease or
disorder is an autoimmune disease. In another embodiment, the disease or disorder is an
infectious disease. In another embodiment, the disease or disorder is a viral infection. In another

embodiment, the disease or disorder is a bacterial infection.

{00177]  Another aspect of the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof, for
use in a method of treating, preventing, inhibiting, or eliminating a disease or disorder associated
with inhibiting USP28 and USP25. In one embodiment, the disease or disorder is cancer. In
another embodiment, the disease or disorder is inflammation. In another embodiment, the disease
or disorder is an autoimmune disease. In another embodiment, the disease or disorder is an

infectious disease. In another embodiment, the disease or disorder is a viral infection. In another

embodiment, the disease or disorder is a bacterial infection.

{60178] In another aspect, the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for

use in a method for treating, preventing, inhibiting, or eliminating cancer.

{00179] Iov another aspect, the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof, for
use in a method for treating, preventing, inhibiting, or eliminating inflammation.

{00180] In another aspect, the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for
use in a method for treating, preventing, inhibiting, or eliminating an autoimmune disease.
{60181] In another aspect, the present invention relates to a compound of Formula (I}, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof, for

use in a method for treating, preventing, inhibiting, or eliminating an infectious disease.
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{060182] In another aspect, the present invention relates to a compound of Formula (I}, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof, for

use tn a method for treating, preventing, inhibiting, or eliminating a viral infection.

{00183] In anocther aspect, the present invention relates to a compound of Formula (I), or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, for

use in a method for treating, preventing, inhibiting, or eliminating a bacterial infection.

{00184] Another aspect of the present invention relates to the use of a compound of Formula
(D), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhtbiting, or eliminating a
disease or disorder associated with inhibiting USP28  In one embodiment, the disease or

disorder is cancer.

{60185]  Another aspect of the present invention relates to the use of a compound of Formula
(D), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhtbiting, or eliminating a
disease or disorder associated with inhibiting USP2ZS. In one embodiment, the disease or
disorder is cancer. In another embodiment, the disease or disorder is inflammation. In another
embodiment, the disease or disorder is an autoimmune disease. In another embodiment, the
disease or disorder is an infectious disease. In another embodiment, the disease or disorder is a

viral infection. In another embodiment, the disease or disorder is a bacterial infection.

{00186]  Another aspect of the present invention relates to the use of a compound of Formula
(1), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhibiting, or eliminating a
disease or disorder associated with inhibiting USP28 and USP25. In one embodiment, the
disease or disorder is cancer. In another embodiment, the disease or disorder is inflammation. In
another embodiment, the disease or disorder 1s an autoimmune disease. In another embodiment,
the disease or disorder is an infectious disease. In another embodiment, the disease or disorder is

a viral infection. In another embodiment, the disease or disorder 1s a bacterial infection.

{60187] In another aspect, the present invention relates to the use of a compound of Formula

(D), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer

4
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thereof, in the manufacture of a medicament for treating, preventing, inhibiting, or eliminating

cancer.

{00188] In another aspect, the present invention relates to the use of a compound of Formula
(D), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhubiting, or eliminating

inflammation.

{06018%] In ancther aspect, the present invention relates to the use of a compound of Formula
(D), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhibiting, or eliminating

autoiramune disorder.

[00190] In another aspect, the present invention relates to the use of a compound of Formula
(I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, in the manufacture of a medicament for treating, preventing, inhibiting, or eliminating an
infection disease. In one embodiment, the infectious disease is a viral infection. In another

embodiment, the infectious disease is a bacterial infection.

[00191] In another aspect, the present invention relates to the use of a compound of Formula
(I}, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, 1n the manufacture of a medicament for treating, preventing, inhibiting, or eliminating a

viral infection.

i80192] In another aspect, the present invention relates to the use of a compound of Formula
(1), or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereot, in the manufacture of a medicament for treating, preventing, inhibiting, or eliminating a

bacterial infection,

{60193] In other embodiments, the present invention relates to the use of an inhibitor of
USP28 for the preparation of a medicament used in the treatment, prevention, inhibition or

elimination of a disease or disorder associated with cancer,

{60194] In other embodiments, the present invention relates to the use of an inhibitor of
USP28 for the preparation of a medicament used in the treatment, prevention, inhibition or
elimination of a disease or disorder associated with inflammation.
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{060195] In other embodiments, the present invention relates to the use of an inhibitor of
USP28 for the preparation of a medicament used 1o the treatment, prevention, inhibition or

elimination of a disease or disorder associated with an autoimmune disease.

i80196] In other embodiments, the present invention relates to the use of an inhibitor of
USP2R for the preparation of a medicament used in the treatment, prevention, inhibition or
elimination of a disease or disorder associated with an infectious disease. In one embodiment, the
infectious disease is a viral infection. In another embodiment, the infecticus disease is a bacterial
infection,

i80197] In other embodiments, the present invention relates to the use of an inhibitor of
USP2R for the preparation of a medicament used in the treatment, prevention, inhibition or

elimination of a disease or disorder associated with a viral infection.

{060198] In other embodiments, the present invention relates to the use of an inhibitor of
USP28 for the preparation of a medicament used 1o the treatment, prevention, inhibition or

elimination of a disease or disorder associated with a bacterial infection.

i80199] The present disclosure also relates to the use of an inhibitor of USP28 for the
preparation of a medicament used in the treatment, prevention, inhibition, or elimination of a
disease or condition mediated by USP2Z8, wherein the medicament comprises a compound of

Formula (I).

{002008] The present disclosure also relates to the use of an inhibitor of USP25 for the
preparation of a medicament used in the treatment, prevention, inhibition, or elimination of a
disease or condition mediated by USP25, wherein the medicament comprises a compound of

Formula (I).

{00201] The present disclosure also relates to the use of an inhibitor of USP28 and USP25 for
the preparation of a medicarent used in the treatment, prevention, inhibition, or elimination of a
disease or condition mediated by USP28 and USP25, wherein the medicament comprises a

compound of Formula (I).

{00202]  In another aspect, the present disclosure relates to a method for the manufacture of a
medicament for treating, preventing, inhibiting, or eliminating a disease or condition mediated
by USP28, wherein the medicament comprises a compound of Formula (1).
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{060203]  Another aspect of the present disclosure relates to a method for the manutacture of a
medicament for treating, preventing, inhibiting, or eliminating a disease or condition mediated

by USP25, wherein the medicament comprises a compound of Formula (I).

i802¢4] In another aspect, the present disclosure relates to a method for the manufacture of a
medicament for treating, preventing, inhibiting, or eliminating a disease or condition mediated

by USP28 and USPZS, wherein the medicament comprises a compound of Formula (I).

{060205] In some embodiments of the methods described herein, the cancer is selected trom
bladder cancer, breast cancer {e.g, ductal carcinoma), cervical cancer {e.g., squamous cell
carcinoma}, colorectal cancer {(e.g., adenocarcinoma), colon cancer, esophageal cancer {(e.g,
squarnous cell carcinoma), gastric cancer {e.g., adenocarcinoma, choriocarcinoma, squarnous cell
carcitnoma), head and neck cancer, hematologic cancer (e.g., acute lymphocytic anemia, acute
myeloid leukemia, acute lymphoblastic B cell leukemia, anaplastic large cell lymphoma, B-cell
fymphoma, Burkitt’s lyvmphoma, chronie lymphocytic leukemia, chronic eosinophillic
leukemia/hypereosinophillic syndrome, chronic myeloid leukermia, Hodgkin’s lymphoma, mantle
cell lymphoma, multiple myeloma, T-cell acute lymphoblastic leukemia), lung cancer {(e.g,
bronchicloalveolar adenccarcinoma, mesothelioma, muccepidermoid carcinoma, small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma, squamous cell carcinoma), liver cancer
{e.g., hepatocellular carcinoma), lymphoma, neurological cancer (e.g, glicblastoma,
neuroblastoma, veuroglioma), ovanan cancer (e.g., adenocarcinoma), pancreatic cancer {e.g,
ductal carcinoma), prostate cancer {e.g, adenocarcinoma), renal cancer {e.g, renal cell
carcinoma, clear cell renal cancer carcinoma}, sarcoma {e.g., chondrosarcoma, Ewings sarcoma,
fibrosarcoma, multipotential sarcoma, osteosarcoma, rhabdomyosarcoma, synovial sarcomal,
skin cancer {(e.g., melanoma, epidermoid carcinoma, squamous cell carcinoma), thyroid cancer
{e.g., medullary carcinoma), and uterine cancer. In some embodments, the cancer is a cancer that
is sensitive to USP28 inhibition. In other embodments, the cancer is a cancer that is sensitive to
USP25 inlubition. In other embodments, the cancer is a cancer that is sensitive to USP28 and

USP2S inhibition.

i80206] In any of the embodiments of the disclosure, the cancer can be any cancer in any
organ, for example, a cancer is selected from the group cousisting of glioma, thyroid carcinoma,
breast carcinoma, small-cell lung carcinoma, non-small-cell carcinoma, gastric carcinoma, colon
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carcinoma, gastrointestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS
carcinoma, ovarian carcinoma, endometnial carcinoma, prostate carcinoma, renal carcinoma,
anaplastic large-cell lymphoma, leukemia, multiple myeloma, mesothelioma, and melanoma, and

combinations thereof

[00207]  In other embodiments, the cancer is selected from acute myeloid leukemia, gastric,
pancreatic, colorectal, glioblastoma, neuroblastoma, small-cell lung, non-small cell lung, and

squamous cell carcinoma.

{60208] In another embodiment, the present disclosure relates to a compound of Formula (1)
or a pharmaceutical composition comprising a compound of the present disclosure and a
pharmaceutically acceptable cartier used for the treatment of cancers including, but not limited
to, bladder cancer, breast cancer {(e.g., ductal carcinoma), cervical cancer (e.g., squamous cell
carcinoma), colorectal cancer {e.g., adenocarcinoma}, esophageal cancer (e.g, squamous cell
carcinomaj, gastric cancer {e.g., adenocarcinoma, choriocarcinoma, squamous cell carcinoma),
head and neck cancer, hematologic cancer {e.g., acute lymphocytic anemia, acute myeloid
leukernia, acute lymphoblastic B cell leukemia, anaplastic large cell lymphoma, B-cell
lymphoma, Burkitt’s lymphoma, chronic lymphocytic leukemia, chronic eosinophillic
feukemia/hypereosinophillic syndrome, chronic myeloid leukenua, Hodgkin’s lymphoma, mantle
cell lymphoma, multiple myeloma, T-cell acute lymphoblastic leukemia), lung cancer (e.g,
bronchioloalveolar adenocarcinoma, mesothelioma, mucoepidermoid carcinoma, small-cell lung
cancer, non-small cell lung cancer, adenccarcinoma, squamous cell carcinoma), liver cancer
{e.g., hepatocellular carcinoma), lymphoma, neurclogical cancer ({eg., glioblastoma,
neuroblastoma, neuroglioma), ovarian cancer {e.g., adenoccarcinoma), pancreatic cancer (e.g,
ductal carcinoma), prostate cancer ({e.g., adenocarcinoma)}, renal cancer {e.g, renal cell
carcinoma, clear cell renal cancer carcinoma), sarcoma {(e.g., chondrosarcoma, Ewings sarcoma,
fibrosarcoma, multipotential sarcoma, osteosarcoma, rhabdomyosarcoma, synovial sarcomal,
skin cancer {(e.g., melanoma, epidermoid carcinoma, squarnous cell carcinoma), thyroid cancer
{e.g., medullary carcinoma}, and uterine cancer. In other embodiments, the cancer is selected
from acute myeloid leukemia, gastric cancer, pancreatic cancer, colorectal cancer, glioblastoma,

neurchlastoma, small-cell lung cancer, non-small cell lung cancer, and squamous cell carcinoma.
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{060209] In some embodiments, the patient is selected for treatment based on gene
amplification and/or elevated tumor expression of USP28, MY, L8D1, NICDI, and/or reduced

expression of FBXW7 relative to tissue-matched expression.

i802106] In some embodiments, the patient is selected for treatment based on gene
amplification and/or elevated tumor expression of USP28, USP25, MYC, LSD1, NICDI, and/or

reduced expression of FBXW7 relative to tissue-matched expression.

{00211] In some embodiments, administration of a compound of Formula (I} or a
pharmaceutical composition comprising a compound of the present disclosure and a
pharmaceutically acceptable carrier induces a change in the cell cycle, cell viability, cell

apoptosis, or differentiation.

{00212] For example, the change in the cell cycle or cell viability or differentiation may be
indicated by decreased tumor levels of MY, LSD1, NICD1, PIM1, CDK1, POLAZ, HEY1,
and/or CCND1, and/or increased levels of CDR6 | p21, LGALS4, and/or BLLT.

{60213] In another embodiment, the present disclosure relates to a compound of Formula (1)
or a pharmaceutical composition comprising a compound of the present disclosure and a
pharmaceutically acceptable carrier used for the treatment of autoimmuune diseases including, but
not limited to, multiple sclerosis, psoriasis, intestine inflammatory disease, uicerative colitis,
Crohn's disease, theumatoid arthritis and polyarthritis, local and systemic scleroderma, systemic
lupus erythematosus, discoid [lupus erythematosus, cutaneous lupus, cutaneous lupus
ervthematosus including chilblain lupus erythematosus, lupus nephritis, discoid lupus, subacute
cutaneous lupus erythematosus, dermatomyositis, polymyositis, idiopathic myxedema,
Hashimoto's disease, Guillain-Barre' syndrome, Grave's disease, myasthenia gravis, Sjogren's
syndrome, nodular panarteritis, autoimmune enteropathy, uveitis, autoimmune oophoritis,
chronic immune thrombocytopenic purpura, colitis, diabetes, psoriasis, pemphigus vulgaris,
proliferative glomerulonephritis, Wiskott-Aldrich syndrome, autoimmune lymphoproliferative
syndrome, chronic arthritis, inflammatory chronic rhinosinusitis, colitis, celiac disease,
inflammatory bowel disease, Barrett's esophagus, inflammatory gastritis, autotmmune nephritis,
autcimmune vasculitis, autoimmune hepatitis, autoimmune carditis, autoimmune encephalitis,

and autoimmune mediated hematological disease.
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{060214] In any of the embodiments of the disclosure, the autoimmune disease can be, for
example, an autoiromune disease selected from multiple sclerosis, psoriasis, intestine
inflammatory disease, ulcerative colitis, Crohn's disease, theumatoid arthritis and polyarthritis,
local and systemic scleroderma, systemic lupus erythematosus, discoid lupus erythematosus,
cutaneous lupus, cutaneous lupus erythematosus including chilblain lupus erythematosus, fupus
nephritis, discoid lupus, subacute cutaneous lupus  ervthematosus, dermatomyositis,
polymyositis, idiopathic myxedema, Hashimoto's disease, Guillain-Barre' syndrome, Grave's
disease, myasthenia gravis, Sjogren's syndrome, nodular panarteritis, autoimmune enteropathy,
uveitis, autoimmune oophoritis, chronic immune thrombocyiopenic purpura, colitis, diabetes,
psoriasis, pemphigus wvulgaris, proliferative glomerulonephritis, Wiskott-Aldrich syndrome,
autoimmune lymphoproliferative  syndrome, chronic  arthritis,  inflammatory  chronic
rhinosinusitis, colitis, celiac disease, inflammatory bowel disease, Barrett's esophagus,
inflamnmatory gastritis, autoimmune nephritis, autoimmune vasculitis, autoimmune hepatitis,
autoimmung carditis, autoimmune encephalitis, and autoimmune mediated hematological

disease.

{00215] Another aspect of the disclosure is directed to pharmaceutical compositions
comprising a compound of Formula {I) and a pharmaceutically acceptable carrier.  The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[00216] In one embodiment, are provided methods of treating a disease or disorder associated
with modulation of USP28 including cancer comprising administering to a patient suffering from

at least one of said diseases or disorder a compound of Formula (I).

{60217] In another embodiment, are provided methods of treating a disease or disorder
associated with modulation of USP25 including cancer, inflammation, an autcimmune disease, a
viral infection and a bacterial infection, comprising administering to a patient suffering from at

jeast one of said diseases or disorder a compound of Formula (I).

{060218] In another embodiment, are provided methods of treating a disease or disorder
associated with modulation of USP28 and USP25 including cancer, inflammation, an
autoimmune disease, a viral infection and a bacterial infection, comprising administering to a

patient suffering from at least one of said diseases or disorder a compound of Formula (I).
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{060219] One therapeutic use of the compounds or compositions of the present disclosure

which inhibit USP28 1s to provide treatment to patients or subjects suffering from cancer.

{80220] Anocther therapeutic use of the compounds or compositions of the present disclosure

which inhibit USP25 is to provide treatment to patients or subjects suffering from cancer.

{00221]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhibit USP28 and USP25 is to provide treatment to patients or subjects suffering from

cancer.

{00222]  Another therapeutic use of the compounds or compositions of the present disclosure

which inhibit USP25 is to provide treatment to patients or subjects suffering from inflammation,

i80223]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhibit USP28 and USP25 is to provide treatment to patients or subjects suffering from
inflammation.

{060224]  Another therapeutic use of the compounds or compositions of the present disclosure
which mhibit USP25 1s to provide treatment to patients or subjects suffering from an

autoimmune disease.

i80225]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhibit USP28 and USP25 15 to provide treatment to patients or subjects suffering from an

autoimmune disease.

{00226] Another therapeutic use of the compounds or compositions of the present disclosure
which inhibit USP2S is to provide treatment to patients or subjects suffering from an infectious

disease.

i00227]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhibit USP2Z8 and USP25 1s to provide treatment to patients or subjects suffering from an
infecticus disease.

{00228] Another therapeutic use of the compounds or compositions of the present disclosure

which inhibit USP25 is to provide treatment to patients or subjects suffering from a viral

infection.
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{060229]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhubit USP28 and USP25 is to provide treatment to patients or subjects suffering from a

viral infection.

i80230]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhubit USP25 is to provide treatment to patients or subjects suffering from a bacterial

infection.

{060231]  Another therapeutic use of the compounds or compositions of the present disclosure
which inhubit USP28 and USP25 is to provide treatment to patients or subjects suffering from a

bacterial infection.

{00232] The disclosed compounds of the disclosure can be administered in effective amountis

to treat or prevent a disorder and/or prevent the development thereof in subjects.

{00233] Admunistration of the disclosed compounds can be accomplished via any mode of
administration for therapeutic agents. These modes include systemic or local administration such
as oral, nasal, parenteral, transdermal, subcutanecus, wvaginal, buccal, rectal or topical

administration modes.

{00234] Depending on the intended mode of administration, the disclosed compositions can be
in solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets,
suppositories, pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders, liquids,
suspensions, or the like, sometimes in unit dosages and consistent with conventional
pharmaceutical practices. Likewise, they can also be administered in intravenous (both bolus and
infusion), intraperitoneal, subcutaneous or intramuscular form, and all using forms well known

to those skilled in the pharmaceutical arts.

{00235] [lustrative pharmaceutical compositions are tablets and gelatin capsules comprising a
Compound of the Disclosure and a pharmaceutically acceptable carrier, such as a) a diluent, e.g.,
puritied water, triglyceride oils, such as hydrogenated or partially hydrogenated vegetable oil, or
mixtures thereof, corn oil, olive oil, sunflower oil, safflower oil, fish oils, such as EPA or DHA,
or their esters or triglycerides or mixtures thereof, omega-3 fatty acids or derivatives thereof,
factose, dextrose, sucrose, mannitol, sorbitol, cellulose, sodium, saccharin, glucose and/or
glycine; b) a lubricant, e.g., silica, talcum, stearic acid, its magnesium or calcium salt, sodium

=
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oleate, sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chioride
and/or polyethylene glycol; for tablets also; ¢} a binder, e.g., magnesiom aluminum silicate,
starch paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, magnesium
carbonate, natural sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium alginate, waxes and/or polyvinylpyrrolidone, if
desired; d) a disintegrant, e.g., starches, agar, methyl cellulose, bentonite, xanthan gum, algic
acid or its sodium salt, or effervescent mixtures; ¢) absorbent, colorant, flavorant and sweetener;
£} an emulsifier or dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caproyl 909,
labrafac, labrafil, peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin
E TGPS or other acceptable emulsifier; and/or g} an agent that enhances absorption of the

compound such as cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, PEG200.

{80236] Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, etc. For example, the disclosed compound is dissolved in or mixed with a
pharmaceutically acceptable solvent such as, for example, water, saline, aqueous dexirose,
glycerol, ethanol, and the like, to thereby form an injectable isotonic solution or suspension.
Proteins such as albumin, chylomicron particles, or serum proteins can be used to solubilize the

disclosed compounds.

i80237] The disclosed compounds can be also formulated as a suppository that can be
prepared from fatty emvulsions or suspensions; using polyalkylene glycols such as propylene

glycol, as the carrier.

{060238] The disclosed compounds can also be administered in the form of liposome delivery
systems, such as small unifamellar vesicles, targe unilamellar vesicles and roultilamellar vesicles.
Liposomes can be formed from a variety of phospholipids, containing cholesterol, stearylamine
or phosphatidyicholines. In some embodiments, a film of lipid components is hydrated with an
aqueous solution of drug to a form lipid layer encapsulating the drug, as described in U.S. Pat.

No. 5,262,564 which is hereby incorporated by reference in its entirety.

{60239] Disclosed compounds can also be delivered by the use of monoclonal antibodies as
individual carriers to which the disclosed compounds are coupled. The disclosed compounds can
also be coupled with soluble polymers as targetable drug carriers. Such polymers can include

polyvinylpyrrolidone, pyran copolymer, polyhydroxypropyimethacrvlamide-phenol,
4
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polvhydroxyethylaspanamidephenacl, or polyethyleneoxidepolylysine substituted with palmitoyl
residues. Furthermore, the Disclosed compounds can be coupled to a class of biodegradable
polymers useful in achieving controlled release of a drug, for example, polvlactic acid,
polyepsilon  caprolactone, polyhydroxy  butyric  acid, polyorthoesters, polyacetals,
polydibydropyrans, polycyanoacrylates and cross-linked or amphipathic block copolymers of
hydrogels. In one embodiment, disclosed compounds are not covalently bound to a polymer, e.g.,

a polycarboxylic acid polymer, or a polyacrylate.

{00240] Parental injectable administration is generally used for subcutaneocus, intramuscular
or intravenous injections and infusions. Injectables can be prepared in conventional forms, etther
as liquid solutions or suspensions or solid forms suitable for dissolving 1o liquid prior to
injection.

{00241] Another aspect of the disclosure is directed to pharmaceutical compositions
comprising a compound of Formula {I) and a pharmaceutically acceptable carrier.  The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

{00242] Compositions can be prepared according to conventional mixing, granulating or
coating methods, respectively, and the present pharmaceutical compositions can contain from
about 0.1% to about 99%, from about 5% to about 90%, or from about 1% to about 20% of the

disclosed compound by weight or volume.

i80243] The dosage regimen utilizing the disclosed compound is selected in accordance with a
variety of factors including type, species, age, weight, sex and medical condition of the patient;
the severity of the condition to be treated; the route of administration; the renal or hepatic
function of the patient; and the particular disclosed compound employed. A physician or
veterinarian of ordinary skill in the art can readily determine and prescribe the effective amount

of the drug required to prevent, counter or arrest the progress of the condition.

{00244] Effective dosage amounts of the disclosed compounds, when used for the indicated
effects, range from about 0.5 mg to about S600 mg of the disclosed compound as needed to treat
the condition. Compositions for in vivo or in vitro use can contain about 0.5, 5, 20, 50, 75, 100,

150, 250, 500, 750, 1000, 1250, 2500, 3500, or 5000 mg of the disclosed compound, or, in a
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range of from one amount to another amount in the list of doses. In one embodiment, the

compositions are in the form of a tablet that can be scored.

Examples
{00245] The disclosure is further lustrated by the following examples and synthesis schemes,
which are not to be construed as limiting this disclosure in scope or spirit to the specific
procedures herein described. It is to be understood that the examples are provided to illustrate
certain embodiments and that no limitation to the scope of the disclosure is intended thereby. It is
to be further understood that resort may be had to various other embodiments, modifications, and
equivalents thereof which may suggest themselves to those skilled in the art without departing

from the spirit of the present disclosure and/or scope of the appended claims.
Analytical Methods, Materials, and Instrumentation

[00246] Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance (NMR) spectra were obtained on
either Bruker or Varian spectrometers at 300 or 400 MHz Spectra are given in ppm (6) and
coupling constants, J, are reported in Hertz. Tetramethylsilane (TMS) was used as an internal
standard. Mass spectra were collected using a Waters ZQ Single Quad Mass Spectrometer (ion
trap electrospray ionization (ESI)). Purity and low resolution mass spectral data were measured
using Waters Acquity i-class ultra-performance liquid chromatography (UPLC) system with
Acquity Photo Diode Array Detector, Acquity Evaporative Light Scattering Detector (ELSD)
and Waters ZQ Mass Spectrometer. Data was acquired using Waters MassLynx 4.1 software and
purity characterized by UV wavelength 220 nm, evaporative light scattering detection (ELSD)
and electrospray positive ion (ESH). (Column: Acquity UPLC BEH C18 1.7 pm 2.1 X 50 mum;
Flow rate 0.6 mL/nun; Solvent A (95/5/0.1%: 10 mM Ammonium Formate/Acetonitrile/Formic
Acid}, Solvent B (95/5/0.09%: Acetonitrile/Water/Formic Acid); gradient: 5-100% B from 0t0 2
mins, hold 100% B to 2.2 mins and 5%B at 2.21mins. Preparatory HPLC purifications were
conducted on a Waters SunFire C18 OBD Prep Coluran, 1004, 5 um, 19 mm x 50 mm, Waters
XBridge BEH C18 OBD Prep Column, 1304, 5 um, 19 mm X 50 mm with UV detection
(Waters 2489 UV/998 PDA), Waters SunFire C18 OBD Prep Column, 1004, 5 um, 19 mm x
150 mm, Waters XBridge BEH Shield RP18 OBD Prep Column, 130A, 5 um, 19 mm x 150 mm,
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or Waters XSelect CSH C18 OBD Prep Column, 1304, 5 pm, 19 mm x 150 mm at 254 nm or
220 v using a standard solvent gradient program  {e.g., as designated below) The absolute
configuration of the separated enantiomers of the compounds in the examples described herein
were not determined. As such, the configuration of the resolved materials were arbitranly

assigned as R or § in each case.

{060247]  Abbreviations used in the following examples and elsewhere herein are:

atm atmosphere

br broad

BINAP (2,2'-bis(diphenylphosphino)-1,1'-binaphthyl)

BOP {(1H-benzold|1,2,3 triazol-1-yDoxy tris{dimethylamino)phosphonium

hexafluorophosphate(V)

Cbz carboxybenzyl

d doublet

DCM dichioromethane

DEA diethylamine

DIEA N, N-diisopropylethylamine

DMA N N-dimethylacetamide

DMAP 4-dimethylaminopyridine

DMF N N-dimethylformamide

DMSO dimethy! sulfoxide

dppf 1,1'-bis(diphenylphosphino)ferrocene
EA ethyl acetate

EDCI N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
ESI electrospray ionization

FCC tlash column chromatography
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h hour(s)

HATU [bis(dimethylamino)methylene]-1H-1,2 3-tnazolof4,5-bpyridinium 3-

oxide hexafluorophosphate

HBTU 3-{bis{dimethylamino}methyliumyl}-3H-benzotriazol-1-oxide
hexaftuorophosphate

HMPA hexamethylphosphoramide

HOBt benzotriazol-1-ol

HPLC high-performance liquid chromatography

LCMS liquid chromatography-mass spectrometry

m multiplet

MHz megahertz

min minutes

uw microwave

NCS N-chlorosuccinimide

NMR nuclear magnetic resonance

PE petroleum ether

ppm parts per million

q quartet

RT room temperature

RuPhos 2-dicyclohexvlphosphino-2',6'-ditsopropoxybiphenyl

S singlet

SPhos 2-Dicyclohexylphosphine-2',6'-dimethoxybiphenyl

t triplet

tBuBrettPhos di-fers-butyl(2',4',6'-triisopropyl-3,6-dimethoxy-{ 1, 1'-bipheny}}-2-
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yliphosphine
TEA tricthylamine
TFA trifluoroacetic acid
THF tetrahydroturan
T1L.C thin layer chromatography
TosMIC I-{isocyanomethylsulfonyl}-4-methylbenzene
XantPhos 4,5-Bis(diphenylphosphino)-9,9-dimethvixanthene
XPhos 2-Dicyclohexylphosphino-2',4' 6'-triisopropylbiphenyl

Example 1: Intermediate 1. 7-Amine-3-methylthieno|2,3-b]pyrazine-6-carboxylic acid

POCI,
o 1) NaHSO;, NaOH o TEA
H H,0, 80°C (X i 0 °C to reflux N _CN
O 2} NaDAc, HyCy Me \N OH Step 2 e N Cl
50-65 °C
9 9 | 9
HN NH, Me“‘o/bSH
NH; | NaH, THF
Step 1 | 0°CtoRT

¥ Step 3
NaOH, H,O, THF ANH,

NH,
Jo o X e LU o
7N

Me” SN S OH Step 4 /[\ .

Intermediate 1
Step 1. 3-Hydroxy-5-methylpyrazine-2-carboxamide

{00248] A solution of 2-oxopropanal (277 mL, 40% wt, 1.54 mol), NaHSOs3 (201 g, 1.93 mol)
and sodium hydroxide (6.4 g, 0.16 mol} in water (500 mL) was stirred for 1 b at 80 °C. 2-
Aminopropanediamide (150 g, 1.28 mol) was then added and the mixture was stirred for another
2 b at 80 °C. Sodium acetate (263 g, 3.21 mol} was added, followed by Hx02 (30%,; 210 mL)
was added dropwise at 50-65 °C. The reaction mixture was cooled to RT and stirred for 1 h. The

resulting precipitate was collected by filtration and recrystallized from 75% EtOH to afford 3-
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hydroxy-5-methylpyrazine-Z-carboxamide (119 g, 61% vield) as an orange solid. 'H-NMR (400
MHz, DMSO-ds): 8 875 (brs, 1H), 8.06 (brs, 1H), 7.83 (brs, 1H), 2.37 (5, 3H).

Step 2. 3-Chloro-S-methylpyrazine-2-carbonitrile

{60249] To a mixture of 3-hydroxy-5-methylpyrazine-2-carboxamide (155 g, 1.01 mol) and
TEA (205 g, 2.03 mol) was added dropwise POCH (500 mL) at 0 °C. The reaction mixture was
refluxed for 4 b and then cooled to room temperature. The mixture was concentrated under
vacuum and then ethyl acetate (500 mL) and saturated aquecus NaHCQO; (1000 mL) were added.
The organic phase was separated and the aqueous phase was extracted with ethyl acetate (2 x 500
ml}). The combined organic phases were dried over anhydrous sodium suifate, filtered, and
concentrated.  The residue was purified by silica gel column chromatography eluting with
petroleum ether / EtOAc (95:5) to afford 3-chioro-5-methylpyrazine-2-carbonitrile (55 g, 35%

yield) as a light yellow solid. '"H NMR (400 MHz, CDCls): § 8.51 (s, 1H), 2.69 (s, 3H).
Step 3. Methyl 7-amino-3-methylthieno{2,3-b]pyrazine-6-carboxylate

{6025¢] To a solution of 3-chloro-5-methyipyrazine-2Z-carbonitrile (19 g, 0.12 mol} and
methyl 2-mercaptoacetate (14 g, 0.13 mol) in THF (200 mL} was added NaH (60% dispersion in
mineral oil; 7.5 g, 0.19 mol) in small portions at 0 °C.  The reaction mixture was stirred
overnight at RT and then water (200 mL) was carefully added to quench the reaction. The
resulting mixture was extracted with ethyl acetate (2 x 300 mL). The combined organic phases
were dried over anhvdrous sodium sulfate, filtered, and concentrated. The residue was purified
via silica gel column chromatography eluting with petroleum ether / EtOAc (90:10 to 70:30) to
afford methyl 7-amino-3-methyithieno{2,3-bpyrazine-6-carboxylate (20 g, 72% vyield) as a light
yellow solid. 'H NMR (400 MHz, DMSO-ds): & 8.68 (s, 1H), 7.10 (br s, 2H), 3.83 (s, 31, 2.65
(s, 3H),

Step 4. 7-Amino-3-methylthiens|2,3-4ipyrazine-6-carboxylic acid

{80251] To a solution of methyl 7-amino-3-methylthieno{2,3-bpyrazine-6-carboxylate (50 g,
0.22 mol)y in THF (200 mL) and water (200 ml.) was added NaOH (13 g, 0.34 mol) at RT. The
reaction mixture was stirred for 4 h at 50 °C, cooled to RT, and then washed with ethyl acetate (2
x 200 mL). The aqueous layer was separated and the pH was adjusted to 4-5 with aqueous HCI

(2M}.  The resulting precipitate was isclated by filtration and dried to afford 7-amino-3-
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methyithieno[2,3-5]pyrazine-6-carboxylic acid (45 g, 96% vyield) as a vellow solid. 'H NMR
(400 MHz, DMSO-dk): § 12.97 (br s, 1H), 8.66 (s, 1H), 6.96 (br s, 2F), 2.65 (s, 3H).

Example 2: Intermediate 2. 7-Amino-3-ethylthieno]2,3-b]pyrazine-6-carboxylic acid

I{N\Im K805 [ I \/U\ e EN*\ s, @
NT en Hy ao ﬁ NaOMe QW D-Me
Qto25° O DMF (‘) NH?
Step 1 ) Step 2 - POC,
MVY, S0 °C
Step 3

\iN\’ -5 F &ﬂm TN —~S 9 htzm Pd(dppfiCl,
he 2y MeOH/H,C Moo AL gk / /[ M
N o ¥ Q\/)\N O-Me  uene so°c  C O-Me
NH5 Step & NHo
intermediate 2 Step 4

N/
§

Step 1. 3-Chiloro-2-cyanopyrazine 1-oxide

{60232] Into a 250-mL 3-vecked round-bottom flask was added 3-chloropyrazine-2-
carbonitrile (10.0 g, 71.7 mmol} and concentrated sulfuric acid (70 mL) followed by the
portionwise addition of K25:0s (233 g, 86.3 mmol) at 0 °C. The resulting solution was stirred
for 24 b at 25 °C and then extracted with ethyl acetate (3 x 500 mi.). The combined organic
layers were dried over anhydrous sodium sulfate, filtered, and concentrated in vacwo. The crude
product was triturated with petroleum ether (100 mL) and the resulting solids were collected by
filtration and dried under vacuum to afford 3-chloro-2-cyvanopyrazine 1-oxide as a yellow solid

which was carried on without further purification (3.4 g, 31%). LCMS (ESL, m/z): 156 [M+H}".
Step 2. 7-Amine-6-(methoxycarbonyljthieno|2,3-b]pyrazine 1-oxide

{060253] Into a 250-mL round-bottom flask, purged and maintained with an inert atmosphere
of nitrogen, was added 3-chloro-2-cyanopyrazine 1-oxide (440 g, 283 mmol), methyl 2-
mercaptoacetate (3.01 g, 284 mmol), and DMF (40 mL) followed by the portionwise addition of
sodium methoxide (6.13 g, 114 mmol} at 0 °C. The resulting mixture was stirred for 13 h at 25
°C and then guenched by the addition of water (150 mL). The resulting solution was extracted
with ethyl acetate (3 x 200 mL). The combined organic layers were dried over anhydrous
sodium sulfate, filtered, and concentrated in vacwo. The crude product was purified via silica gel
chromatography and eluted with ethyl acetate/petroleum ether (1:100 to 10:1) to afford 7-amino-
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o-(methoxyecarbonyljthieno[2,3-blpyrazine 1-oxide as a vellow solid (2.3 g, 36%). LCMS (ESI,

m/zy. 226 {MHH]
Step 3. Methyl 7-amino-2-chlorothieno}2,3-blpyrazine~-6-carboxylate

{60254] Into a 12-mL microwave tube was added 7-amino-6-(methoxycarbonylithieno{2,3-
blpyrazine 1-oxide (0.600 g 2.66 mmol}) and POClH; (6 mL). The resulting solution was heated
under microwave irradiation for 1 b at 90 °C. The reaction mixture was cooled to RT and then
concentrated in vacuo. The crude product was taken up into water (50 mL) and the resulting
aqueous mixture was extracted with ethyl acetate (3 x 100 wl) The organic layers were
combined, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The crude
product was purified via silica gel chromatography and eluted with ethy! acetate/petroleum ether
{1:100 to 10:1} to afford methyl 7-amino-2-chiorothieno[2,3-bipyrazine-6-carboxylate as a

yvellow solid (200 mg, 31%). LCMS (ESL m/z): 244 [M+H]".
Step 4. Methyl 7-amino-2-ethylthieno]2,3-bipyrazine-6-carboxylate

{80255] Into a 25-mb round-bottom flask, purged and maintained with an inert atmosphere of
nitrogen, was added methyl 7-amino-2-chlorothieno[2 3-A]pyrazine-6-carboxylate {(0.20 g, 0.82
mmol), Pd{dppHCh CHaCla (0.13 g, 0.16 mmol), and toluene (7 mL). A solution of diethylzinc
in toluene (1.5 M, 4.11 mL, 6.16 mmol} was then added and the resulting solution was stirred for
18 b at 80 °C. The reaction was cooled to RT and concentrated in vacue. The crude product was
puritfied via silica gel chromatography and eluted with ethyl acetate/petroleum ether (1:3) to
afford methyl 7-amino-2-ethylthieno[2 3-Flpyrazine-6-carboxylate as a yellow solid (190 mg,

98%). LCMS (ESL m/z) 238 [M+HT"
Step 5. 7-Amine-2-ethylthieno{2,3-blpyrazine-6-carbexylic acid

{00236] Into a 25-mL round-bottom flask was added methyl 7-amino-2-ethylthieno[2 3-
blpyrazine-6-carboxylate {(0.190 g, 0.80 mmol), methanol (3 mL), water (1 mL), and sodium
hydroxide {0.064 g, 1.60 mmol). The resulting solution was stirred for 18 h at 25 °C and then
concentrated in vacuo to remove most of the organic solvent. The pH of the solution was
adjusted to approximately 7 with agueous HCI (1M). The resulting solids were collected by
filtration and dried in vacue to atford 7-amino-2-ethylthieno[2,3-blpyrazine-6-carboxylic acid as
a yellow solid (125 mg, 70%). LCMS (ESI, m/z): 224 [M+H]",
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Example 3: Intermediate 3. Beneyl 4-(4-(Z-aminoethyljphenyl)piperazine-{-carboxylate

{hydrochioride salt)

22X

o

M

NHy g % E \i
/©/’\/ Boc,O /@A/ “Boc Cbz K\N s
h = i : P
Br BN, CHCh gy Pd{OAc),, XPhos Cbz/N\)
Step 1 Cs,C0;4

PhMe, 105 °C
Step 2 ﬂi\ HCldioxans

Step 3

“Boc

Chz” intermediate 3
Step 1. tert-Butyl (d-bromophenethyljcarbamate

{60257]  To a solution of 2-(4-bromophenyllethan-1-amine (5.00 g, 25.0 mmol} in anhydrous
dichloromethane (50 mL) was added Boc:O (6.57 g, 30.1 mmol) tollowed by EtsN (104 mL,
74.9 mmol). The resulting solution was stirred overnight at 25 °C and then concentrated in
vacuo. The crude product was purified by FCC eluting with ethyl acetate/petroleum ether
(PE/EA=3:1) to afford tert-butyl (4-bromophenethylicarbamate as a white solid (7.1 g, 95%).
LOMS (BSL m/z): 300 [M+H]™

Step 2. Benzyl 4-(4-(2-((tert-butoxycarbonyljaminejethyl jphenylpiperazine-1-carboxylate

{00238] Into a 100-mL round-bottom flask, purged and maintained with an inert atmosphere
of nitrogen, was added rert-butyl (d-bromophenethyijcarbamate (400 g, 133 mmol) and
anhydrous toluene (50 mL).  To the resulting solution was added benzyl piperazine-1-
carboxylate (3.53 g, 16.0 mmol), PAOAc) (300 mg, 1.34 mmol), XPhos (1.28 g, 2.69 mmol),
and Cs2C0s3 (13.1 g, 40.0 mmol). The reaction mixture was stirred overnight at 105 °C in an oil
bath and then cooled to RT and quenched by the addition of HoO (200 ml). The resulting
mixture was extracted with ethyl acetate (2 x 50 mL). The combined organic layers were
washed with brine (1 x 200 mL), dried over anhydrous sodium sulfate, filtered, and concentrated
in vacuo. The crude product was puritied by FCC eluting with ethyl acetate/petroleum ether
(PE/EA=3:1) to afford benzyl 4-(4-(2-({fert-butoxycarbonylyaminojethylphenyl)piperazine-1-
carboxylate as a yellow solid (5 g, 85%). LCMS (ES], m/z): 440 [M+HT"
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Step 3. Benzyl 4-(4-(2-aminoethyl)phenyl)piperazine-1-carboxylate (hydrochloride salt)

{60239] Into a 100-mL round-bottom flask was added benzyl 4-(4-(2-({(fers-
butoxycarbonylamino)ethyphenylpiperazine-1-carboxylate (3.0 g, 6.83 mmol), followed by 4
N hydrogen chloride/dioxane (10 mbL}. The resulting solution was stirred for 1 h at RT then was
concentrated /n vacwo to atford benzyl 4-(4-(2-aminoethylphenvhpiperazine-1-carboxylate

{hydrochloride salt) as a yellow solid (2.0 g, 86%). LCMS (ESL, m/z): 340 [M+HT"

Example 4: Intermediate 4. fer-Butyl 4-{4-(Z-aminoethyl}-2-chlorophenyl]piperazine-1-

carboxylate
7 N
H -~
o cbzCl szfN P HN N—-Boc p = i
HoN - I S N
TEA, S, PAOAC), XPhos
DCM. 0 °C C 5,00, L
Step 1 e 105 0 Boc
(Y toluene, 105 °C NCS
Step 2 : DOM, refiux
H Step 3
c ». Raney Ni ct P
HoN =/ ; H5, Raney Ni Cbszvﬁ
o N/\' MaOH o N/\]
R Step 4 N
o rmae P ~gac

intermediate 4
Step 1. Benzyl N-[2-(4-bromophenyllethylicarbamate

{00260] Into a 1-L 3-necked round-bottom flask was added 2-(4-bromophenyljethan-1-amine
{80.0 g, 400 mmol}, avhydrous DCM (8O0 ml.), and TEA (487 g, 67.1 mlL, 481mmol}. The
resulting mixture was cooled to 0 °C and then a solution of benzyl chloroformate (683 g, 56.9
ml., 400 mmol) i anhydrous DCM (20 mb) was added dropwise. The resulting solution was
stirred for 2 h at 0 °C and then concentrated in vacuo. The crude product was purified via silica
gel chromatography and eluted with ethyl acetate/petroleum ether (1:3) to afford benzyl N-[2-(4-
bromophenyi jethyljcarbamate as a white solid (100 g, 75%). LCMS (BSL, m/z): 334 [M+H]"™.
Step 2. tert-Butyl 4-14-(2-{i(benzylexy)carbonyljamino]lethyljphenylipiperazine-i-
carboxylate

{860261] Into a I-L round-bottom flask, purged and maintained with an inert atmosphere of
nitrogen, was added benzyl N-[2-(4-bromophenyljethyl]carbamate (50.0 g, 150 mmol), toluene

{500 ml), fert-butyl piperazine-l-carboxylate (34.0 g, 183 mmol), PHOAck (340 ¢, 151
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mmol}, XPhos (14.3 g, 30.3 mmotl), and Cs2C0Os3 (98.0 g, 301 mmol). The resulting mixture was
stirred overnight at 105 °C and then cooled to RT and poured into water (300 mL)}. The resulting
mixture was exiracted with ethyl acetate {3 x 300 mL). The combined organic layers were dried
over anhydrous sodium sulfate, filtered, and concentrated in vacwo. The crude product was
purtfied via silica gel chromatography and eluted with ethyl acetate/petroleum ether (1:1) to
atford rert-butyl 4-[4-(2-[[{(benzyloxy)carbonyl]aminolethylyphenylpiperazine-i-carboxylate as
a yellow solid (26 g, 40%). LCMS (EST, mz): 440 [M+H]"

Step 3. tert-Butyl 4-[4-(2-[[{benzyloxyjcarbonyljaminojethyl)-2-chlorophenyi]piperazine- i~

carboxviate

[00262] Into a 2530-mL  round-bottom  flask was added fert-butyl  4-[4-(2-
[{(benzyloxycarbonyl]aminolethyl yphenylpiperazine-1-carboxylate (5.40 g, 12.3 mmol), DCM
{100 mL), and N-chlorosuccinimide (1.64 g, 123 mmol). The resulting solution was stirred
overnight at reflux and then cooled to RT and concentrated in vacuo. The crude product was
purified via silica gel chromatography and eluted with ethyl acetate/petroleum ether (1:1) to
afford  fert-butyl  4-[4-(2-f{{benzyloxy)carbonyllaminolethyl)-2-chlorophenylpiperazine-1-
carboxylate as an orange ol (5.1 g, 88%). LCMS (ESI, m/z): 474 [M+HT"

Step 4. tert-Butyl 4-[4-(2-aminoethyl}-2-chisrophenyl]piperazine-1-carboxylate

{60263] Into a 500-mL round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added Raney Ni (5 g}, methanol (250 mL), and fert-butyl 4-[4-(2-[{{benzvioxy}
carbonyljamino] ethyl}-2-chlorophenylipiperazine-1-carboxylate (10.0 g, 21.1 mmol}. The
resulting mixture was sparged with hydrogen and then stirred overnight at RT under a hydrogen
atmosphere. The solids were removed by filtration over Celite, and the filtrate was concentrated
in vacuo to afford feri-butyl 4-[4-(Z-aminoethyl}-2-chlorophenylipiperazine-1-carboxylate as a
gray solid (6.8 g, 95% that was carried on without further purification. LCMS (ES], m/z): 340
IMVHT
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Example 5: Intermediate S5, tert-Butyl  3-[4-(2-amineethyl}-2-chlorophenyl]-3,3-

diazabicyelo{3.2.1]joctane-8-carboxylate

HN@N —-Boc

Chz, B;« obz. N@Nwaec

HN Pd(dppACly, XPhos
g NCS
C52C0s DOM, reflux
foiuene, 100 °C '

Step 1 Step 2

\ 0
O N [ N-Boc  KOBU  gpy O N [ N-Boc
Cl dioxane, 100 °C Cl
Step 3
Intermediate §
Step 1 fert-Butyl 3-14-(2-[{(benzyloxy)carbonyijamino]ethyhphenyl]-3,8-

diazabicycle]3.2.1joctane-8-carboxylate

{00264] Into a 50-mbL 3-necked round-bottom flask, purged and maintained under an
atmosphere of nitrogen, was added benzyl N-[2-(4-bromophenyliethyljcarbamate (0.692 g, 2.07
mmol}, toluene (10 mL), ferr-butyl 3,8-diazabicyciof3.2.1]octane-8-carboxylate (0.400 g, 188
mmol), Cs2C0s (1.85 g, 5.68 mol), Pd(dppHCl2{0.078 g, 0.10 mumol), and XPhos (0.090 g,
0.20 mmol). The resulting solution was stirred overnight at 100 °C in an oil bath and then
cooled to RT and concentrated in vocwo. The crude product was purified via silica gel
chromatography and eluted with ethy! acetate/petroleunm ether (1:10} to afford fers-butyl 3-[4-(2-
[{(benzyloxy)carbonyljaminolethyl)phenyl]-3 8-diazabicyclo[3.2 1joctane-8-catboxylate as a

yvellow oil (440 mg, 50%). LOCMS (ESI, m/2z): 466 [M+H]"

“5

Step 2. tert-Butyl  3-14-(2-[{(benzyloxyjcarbonyljaminojethyl)-2-chlorophenyl]-3,8-
diazabicycle{3.2.1 joctane-8-carboxylate

{80265] Into a 25-mL  round-bottom  flask was added fert-butyl  3-[4-(2-
[{{(benzyloxy)carbonyllaminolethylphenyl]-3 8-diazabicyelo[3.2. 1]octane-8-carboxylate {0.44 g,
0.95 mmol), DCM (S mL), and NCS (0.13 g, 0.94 mmol). The resulting solution was stirred
overnight at 40 °C in an oil bath. The reaction mixture was concentrated in vacro. The crude
product was purified via silica gel chromatography and eluted with ethyl acetate/petroleum ether
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{1:10} to afford fert-butyl 3-[4-(2-[[(benzyloxv)carbonyl]aminolethyl}-2-chiorophenyl]-3,8-
diazabicyclof3.2 Hoctane-§-carboxylate as a yellow ol (200 mg, 42%). LCMS (ESL m/z). 500
IMAHTT

Step 3. tert-Butyl  3-[4-(2-aminocethyl}-2-chiorophenyl}-3,8-diazabicyclo{3.2.1]octane-§-

carboxylate

{00266] Intc a  S0-mL  round-bottom  flask was added err-butyl  3-[4-(2-
[{{benzyloxyicarbonyljaminojethyl}-2-chlorophenyi}-3 8-diazabicyclof3.2. 1]octane-8-

carboxylate {(0.20 g, 0.40 mmol), 1,4-dioxane (6 mL}, and potassium feri-butoxide (0.135 g, 1.20
mmol}. The resulting solution was stirred for 2 h at 100 °C in an oil bath and then cooled to RT.
The reaction mixture was diluted with water {10 mL) and then extracted with dichloromethane (3
x 10 mL). The combined organic layers were washed with brine, dried over anhydrous sodium
sulfate, filtered, and concentrated i vacwo to afford tfert-butyl 3-[4-(2-aminoethyl})-2-
chlorophenyl}-3,8-diazabicyclo[3.2. 1]octane-8-carboxylate as an off-white solid (140 mg, 96%).

LCMS (ESL m/z): 366 [M+HT".

Example e Intermediate 6. fer-Butyl 3-(4-(2-aminoethyi)phenyl}-3,8-

diazabicycle]3.2.1joctane-8-carboxylate

4 14 : \
7 PdIC, H Ny 55 N-Boc
i - iy Tig \ / i
Chz, _/_@JN\ I}ﬁ/N Boc B SO & D11 .

HN MeOH
infermediate §

{60267] Into a 50-mL round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added fert-butyl  3-[4-(2-[[(benzyloxy)carbonyijaminojethyl)phenyi}-3 &-
diazabicyclof3.2.1] octane-§-carboxylate (025 g, 0.54 mmol), methanol (8 mL), and 10%
paliadium on carbon (100 mg). The resulting mixture was sparged with hydrogen and then
stirred for 2 h at RT under a hydrogen atmosphere. The solids were removed by filtration over
Celite and the filtrate was concentrated in vacuo to atford rers-buty! 3-(4-(2-aminoethyl)phenyl)-
3,8-dhazabicyclo[3.2 1]octane-8-carboxylate as a vellow oil which was carried on without further

purification (170 mg, 96%). LOMS (ESI m/z): 332 [M+H]"
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Example 7-1: Intermediate 7-1. fert-Butyl 3-[4-(Z-aminoethyi}-2,5-difluorophenyl}-3,8-

diazabicyelo{3.2.1]joctane-8-carboxylate

HN N—-Boo

N—-Boc
Pd,{dba)s, XantPhos p— H
NaOmBu Chz” ™ “BF,K
toluene, 70 °C
st i 4 Pd{dppfiCl; RuPhos
e Stop 2 08,C0;5

ep toluene/H,0, 100 °C

E
N 5
H N AV
F

intermediate 7-1

Step L tert-Butyl  3-{4-brome-2,5-difluorophenyl}-3,8-diazabicyclo{3.2.1 joctane-8-

carboxylate

{00268] Into a I-L round-bottom flask, purged and maintained with an inert atmosphere of
nitrogen, was added 1,4-dibromo-2,5-difluorobenzene (15.0 g, 55.0 mmol), ferf-butyl 3,8-
diazabicyclof3.2 1]octane-8-carboxylate (10.6 g, 49.9 mmol), Pdx{dba)yCHCL: (2.59 g, 2.50
mmol), XantPhos (2.89 g, 5.00 mmol), sodium feri-butoxide (9.60 g, 99.9 rumol), and toluene
{500 mL}). The resulting solution was stirred for 45 min at 70 °C and then cooled to RT and
guenched by the addition water (100 mL). The resulting solution was extracted with ethyl
acetate (3 x 100 mL) and the combined organic lavers were dried over anhydrous sodium suifate,
filtered, and concentrated 77 vacuo. The crude product was purified by silica gel column and
eluted with ethyl acetate/petroleum ether (1:10) to afford fert-butyl 3-(4-bromo-2,5-
diftuorophenyl)-3,8-diazabicyclo[3.2.1]octane-8-carboxylate as light yellow oil (15 g 67%).
LCMS (ESL, m/z): 403,405 [M+H]".

Step 2. fert-Butyl  3-[4-(2-]{{benzyloxy}carbenyllamino]ethyi})-2,5-difluorophenyi]-3.8-
diazabicyelo3.2.1joctane-8-carboxyiate

{00269] loto a 1-L round-bottom flask, purged and maintained with an 1oert atmosphere of
nitrogen, was added fert-butyl 3-{4-brome-2 5-difluorophenyl)-3,8-diazabicycio[3.2 1]octane-8-

carboxylate (14.0 g, 34.7 ramol), potassium [2-(benzyloxyearbonviaminojethyil influoroborate
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{109 g, 38.2 mmol}, Pd{dppt)Cla (2.55 g, 3.49 mmol), RuPhos (3.25 g, 6.96 mmol}, Cs2l0s
(22.7 g, 69.7 mmol), toluene (500 mL), and water (100 mL). The reaction mixture was stitred for
3 h at 100 °C and then cooled to room temperature. The resulting mixture was extracted with
ethyl acetate (3 x 100 mL) and the combined organic layers were dried over anhydrous sodium
suifate, filtered, and concentrated i vacuo. The crude product was purified via silica gel
chromatography and eluted with ethyl acetate/petroleum ether (PE/EA = 100:1 to 5:1) to afford
tert-butyl 3-{4-(2-[{{benzyloxy)carbonyl]aminofethyl)-2,5-difluorophenyl}-3,8-diazabicyclo

[3.2.1]octane-8-carboxylate as a yellow oil {12 g, 62%). LCMS (ESE, m/z): 502 [M+H]"

Step 3. tert-Butyl 3-[4-(2-aminocethyl)-2,5-difluorophenyi]-3,8-diazabicyclo{3.2.1joctane-8-

carboxylate

{00270] Into a 1-L round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added ferf-butyl 3-[4-(2-[{(benzyloxy)carbonyljaminolethyl}-2 5-difluorophenyl]-
3,8-diazabicyclof3 2. Hoctane-8-carboxylate (12.0 g, 23.9 mmol}, 10% palladium on carbon (12
g}, and methanol {500 mL). The resulting mixture was sparged with Hy and then stirred for 1 h
at 20 °C under a hydrogen atmosphere. The solids were removed by filtration over Celite, and
the filtrate was concentrated i vacwo. The crude product was purified via silica gel
chromatography and eluted with dichlororethane/methanol (100:1 to 10:1) to afford sert-butyl
3-[4-(Z-aminoethyl}-2,5-difluorophenyl}-3,8-diazabicyclo[3 2. 1joctane-8-carboxylate as a light

yellow oil (891 g, 99%). LCMS (ES], mz): 368 [M+H]".

{060271] The Intermediate in Table 1 below was synthesized according to the procedures

outlined above for Example 7-1, Intermediate 7-1, using the appropriate synthetic precursors.

Table 1:
MS (ES,
Intermediate No.: Precursor Used (Notes) ez}
(M-+H]
Intermediate 7-2. fer/-Butyl 4- | fert-Butyl piperazine-1-carboxylate and 1,4-
{4~{2-aminoethyl}-2,5- dibromo-2,5-difluorcbenzene (Step 1 was 347
difluorophenyhpiperazine-1- conducted at 80 °C, Step 2 was conducted at |
carboxylate 95 °C)
Intermediate 7-3. ferf-Butyl 7- | tert-Butyl 9-oxa-3,7-
{4~{2-aminoethyl}-2,5- diazabicyclo{3.3 1 nonane-3-carboxylate and 384
diftuorophenyl}-9-oxa-3,7- 1,4~dibromo-2,5-difluorcbenzene (Step 2 was )
diazabicyclo{3.3 1lnonane-3- | conducted in DMF and water.}
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MS (ESE
Intermediate No.: Precursor Used {(Notes} B7)
IMI+HI
carboxylate
Example 8 Intermediate 8. fert-Butyl 3-(4-bromo-2-cyanophenyl}-3,8-

diazabicyclo3.2.1]joctane-8-carboxylate

MM N-B B N N-B
—Boc T i = 10094
DIFA A

MBSO, 80°C
N
Step 1 ]

intermediate 8

i860272] Intc a  100-mbL  round-bottomr  flask was added fert-butyl  38-
diazabicyclof3.2 Toctane-8-carboxylate (1.00 g, 471 mmol), 5-bromo-2-fluorobenzonitrile
{1.88 g, 9.40 mmol), DIEA (1.83 g, 2.47 mL, 142mmol), and DMSO (25 mL). The resulting
mixture was stirred for 24 h at 80 °C in an oil bath and then cooled to RT and quenched by the
addition of water (20 mL}. The resulting solution was extracted with ethyl acetate {2 x 20 mL).
and the combined organic layers were dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. The crude product was purified via silica gel chromatography and eluted
with ethyl acetate/petroleum ether (1:5) to afford fert-butyl 3-(4-bromo-2-cyanophenyl)-3,8-
diazabicyclof3.2 Hoctane-§-carboxylate as a vellow o1l (350 mg, 30%). LCMS (ESE m/z): 392,

304 [M+HT".
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Example 9 Intermediate 9. tere-Butyl 3-{4-brome-2-flucrophenyl}-3,8-

diazabicyelo{3.2.1]joctane-8-carboxylate

F N F F
/ M | N-Boc / o NG /
3 -8, 7N
OZN@--F QZNN N-Bog —————— HZN'@N { N-Boc
== KsCOs THF/MeOH/H,C —/ N\

DMF, 90 °C 80°C
Step 1 Step 2
isopentyl nitrite
CuBr

F acetoniirile, 60 °C

N Step 3
Br—@i\a i N-Boc
— o

intermediate 9

Step 1. tert-Butyl 3-(2-fluoro-4-nitrophenyl)-3,8-diazabicyclo[3.2.1]octane-8-carboxylate

{60273] Into a 100-mL round-bottom flask, purged and maintained with an inert atmosphere
of nitrogen, was added 12-diflucro-4-nitrobenzene (1.00 g, 6.29 mmol), feri-butyl 3.8-
diazabicyclof3.2 1 octane-8-carboxylate (1.47 g, 6.92 mmol), potassium carbonate (2.60 g, 188
mmol}, and DMF (10 mL}. The resulting mixture was stirred for 4 b at 90 °C and then cooled to
RT and quenched by the addition of water (20 mL). The resulting solution was extracted with
ethyl acetate (3 x 10 mL} and the combined organic layers were dried over anhydrous sodium
sulfate, filtered, and concentrated i vacuo. The crude product was purified via silica gel
chromatography and eluted with ethyl acetate/petroleurn ether (1:10) to afford rert-butyl 3-(2-
fluoro-4-nitropheny!)-3, 8-diazabicyclo[3.2. 1]octane-8-carboxylate as a yellow solid (193 g,

B87%). LCMS (ESI, m/z): 352 [M+H]™
Step 2. tert-Butyl 3-(4-amino-2-fluorophenyl)-3,8-diazabicyclo]3.2. 1 joctane-8-carboxylate

{60274] Into a 100-mL round-bottom flask was added rers-butyl 3-(2-fluoro-4-nitrophenyl)-
3.8-dhazabicyclof[3.2 1joctane-8-carboxylate {1.63 g 4.64 mmol}, iron powder (130 g}
ammonium chloride (1.23 g, 23.0 mmol}, tetrahvdrofuran (18 mL), methanol (18 ml.), and water
(3 mL). The resulting mixture was stirred for 4 h at 80 °C and then cooled to RT. The solids
were removed by filtration, and the filtrate was diluted with ethyl acetate (60 ml.) and washed
with water (20 mL). The organic layer was dried over anhydrous sodium suifate, filtered, and

concentrated 7n vacuo to afford ferf-butyl 3-(4-anuno-2-flucrophenyl)-3,8-diazabicyclo]3.2.1]
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octane-8-carboxylate as a yellow oil (1.71 g).

purification. LCMS (ESI, m/z): 322 [M+H]"

The material was used without further

Step 3. tert-Butyl 3-(4-bromo-2-fluorophenyl}-3.8-diazabicyelo]3.2. Hoctane-8-carboxylate

{860275] Into a 100-mL round-bottom flask, purged and maintained with an inert atmosphere
of nitrogen, was added fert-butyl 3-(4-amino-2-fluorophenyl})-3,8-diazabicyclof3.2. 1]octane-8-
carboxvlate (1.71 g, 5.32 mmol), acetonitrile (30 mbL), CuBr (1.53 g, 10.7 mmol), and isopentyl
nitrite (0.938 g, 8.02Z mmol). The resulting mixture was stirred for 3 h at 60 °C and then cocled
to RT and concentrated i vacuo. The crude product was purified via silica gel chromatography

and eluted with ethyl acetate/petroleum ether (1:8) to afford ferr-butyl 3-(4-bromo-2-

fluorophenyl)-3,8-diazabicyclof3 2 1]octane-8-carboxylate as a yellow oil (448 mg, 22%).

LOMS (B8, m/z): 385, 387 [M+H]".

[00276]

The Intermediates in Table 2 below were synthesized according to the procedures

outlined above for Example 7-1, Intermediate 7-1 (Steps 2 and 3) using the appropriate

synthetic precursors.

Tabie 2:
MS (ESI,
Intermediate No.: Precursor Used {Notes) 1%
(Vi+H]}
0 f 1 3-{4- - ) 3.
Intermediate 18-1. rerr-Butyl 3-[4-(2- iwf Bl]'tyi N (4 brorim . cyai?oghenyl)
. 4 3,8-diazabicyclo[3.2 1]octang-8- ,
aminoethyl)-2-cyanophenyi}-3,8- ) e _ . 357
. . o carboxylate (Step 2 was conducted with
diazabicyclo[3 .2 1octane-8-carboxylate | v BN
7 THF as the solvent)
Intermediate 10-2, ferf-Butyl 3-[4-(2- | fert-Butyl 3-(4-bromo-2-fluorophenyi}-
aminoethyl}-2-fluorophenyl}-3,8- 3,8-diazabicyclof3.2.1]octane-8- 350
diazabicyclo[3 2 1loctane-8-carboxylate | carboxylate
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Example 11-1: Intermediate 11-1. tere-Butyl 3-14-(Z-aminoethyl)-3-thuorophenyl]-3,8-

diazabicyelo{3.2.1]joctane-8-carboxylate

Chz
NG BHyTHE  HaN— == Chz-C {
R U S T S
) 70°C T EiN, DOM
F Btep 14 Step 2 // F
_ / Hy [ N-Boc
Chz, L/

HZN s _ BN s /"7\
\ N { N-Bog Hz PdC N | N-Boc PdOAC),, RuPhos
N/ NN/ P AN
MeOH C5,00,

F Step 4 F PhMe, 100 °C
Step 3
intermediate 111

Step 1. 2-{4-Bromo-2-{lnorophenyllethan-1-amine

{060277) Into a 100-mL round-bottom tlask was added 2-(4-bromo-2-fluorophenyllacetonitrile
(1.20 g, 5.61 munol), borane tetrahydrofuran complex (1M, 16.8 mL, 16.8 mumol), and THF (20
mb}. The resulting solution was stirred for 18 h at 70 °C 1n an oil bath and then cooled to RT
and quenched by the addition of methanol (5 mL) The resulting mixture was concentrated /n
vacuo to afford 2-{(4-bromo-2-fluorophenyllethan-1-amine as a brown oil that was carried on

without further purification (900 mg, 74%6). LCMS (ESI, m/z): 218, 220 [M+H]".
Step 2. Benzyl N-[2-(4-bromo-2-{luorophenyllethyljcarbamate

{060278] Into a 100-mL round-bottom flask was added 2-(4-bromo-2-fluorophenyliethan-1-
amine (0900 g 4.13 mmol), benzyl chloroformate (0.915 g, 0763 ml, 537 mmol),
iriethylamine (1.25 g, 1.72 mL, 12.38 mmol), and dichloromethane (10 mL) The resulting
solution was stirred for 2 h at 20 °C and then quenched by the addition of water (10 mL} and
extracted with ethyl acetate (3 x 20 ml). The organic layers were combined, dried over
anhydrous sodium sulfate, filtered, and concentrated in vacuo. The crude product was purified
via silica gel chromatography and eluted with ethyl acetate/petroleum ether (PE/EA=100:1 to
10:1) to afford benzyl N-[2-(4-bromo-2-fluorophenyllethylicarbamate as a yellow solid (1.2 g,

83%). LCMS (ESL mr/z): 352, 354 [M+H]".
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Step 3 tert-Butyl 8-[4-(2-[{(benzyloxy)carbonyi{amino]ethyi}-3-flusrophenyl}-3,3-

diazabicyelo{3.2.1]joctane-3-carboxylate

{60279] Into a 50-mL 3-necked round-bottorm flask, purged and maintained with an inert
atmosphere of nitrogen, was added benzyl N-[2-(4-bromo-2-flucrophenyljethylicarbamate
(0.500 g, 142 mmol), fert-butyl 3,8-diazabicyclo[3.2 Toctane-3-carboxylate (0.320 g, 151
mmol}, Cs2C0Os (1.40 g, 430 mmol), PAd(OAc)h (0.032 g, 0.14 mmol), RuPhos (0.13 g, 0.29
mmol), and toluene (10 mL). The resulting mixture was stirred for 2 h at 100 °C in an oil bath
and then cooled to RT and guenched by the addition of water (20 mL}. The resulting solution
was extracted with ethyl acetate (3 x 20 mL) and the combined organic layers were dried over
anhvdrous sodium suifate, filtered, and concentrated in vacuo. The crude product was purified
via silica gel chromatography and eluted with ethyl acetate/petroleum ether (PE/EA = 100:1 to
3:1 to aftord  fert-butyl  8-{4-(2-[[(bevzyloxy)carbonyllaminojethyl)-3-fluorophenyl}-3,8-
diazabicyclo{3. 2. 1]octane-3-carboxylate as light yellow oil (220 mg, 32%). LCMS (ESL m/z):
484 [M+H'.

Step 4. tert-Butyl  3-[4-(Z-aminoethyl}-3-fluorophenyl}]-3,8-diazabicyclo3.2.1 joctane-8-

carboxylate

{60280] Into a 50-mL round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added ferf-butyl 8-[4-(2-{[(benzyloxy)carbonyllaminolethyl-3-fluorophenyt]-3,8-
diazabicyclof3.2 1]octane-3-carboxylate {0.22 g, 0.45 mmol), and methanol (10 mL) followed by
the addition of 10% palladium on carbon {220 mg). The reaction mixture was sparged with
hydrogen and stirred for 2 h at 20 °C under a hydrogen atmosphere (balloon pressure). The
solids were rernoved by filtration over Celite and the filtrate was concentrated 7# vacuo to afford
fert-butyl 3-[4-(2-aminoethyl}-3-fluorophenyl]-3 8-diazabicyclo[3.2. 1]octane-8-carboxylate as a
light yvellow o1l which was carried on without further punification (70 mg, 40%). LCMS (ESL

m/z) 350 [MHHT

{00281] The Intermediate in Table 3 below was synthesized according to the procedures
outlined above for Example 11-1, Intermediate 11-1, using the appropriate syuthetic

Precursors.
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Table 3:
MS (ESI,
Intermediate No.: Precursors Used {Notes) HZ)
v+
2-{4-Bromo-2.6-
intermediate 11-2. fer-Butyl 3-(4-(2- “.(4 Bromo-2,6 L .
L e s difluorophenylyacetonitrile (XPhos
aminoethyl)-3,5-difluorophenyl}-3,8- TR . N 368
diazabicyclol3 2.1 Joctane-8-carboxylate was used instead of RuPhos in Step 3;
’ T o HiOH was used as solvent in Step 4)
Example 12-1: Istermediate 12-1. fert-butyl  3-[4-(1-aminopropan-2-y1}-2,5-
diffusrophenyl}-3,8-diazabicyelon}3.2. 1 joctane-8-carboxylate
£t
G% -Bu
F ,Srg
Bu By
B N[ B -
' @ O atgoptiCl, N-Boc
F oA TosMIC
Hduene. 100 °C [ol3]] ;
toluene, 100 °C KOSy
Step 1 DME/IBuUCH
90°C
Step 2
_____ Hy, Ranay Ni
Y N—-Rgg ™ N N-Boo
NH3/MeOH
20°C
. Siep 3
intermediate 12
Step 1. fert-Butyl  3-(d-acetyl-2,5-difluorophenyl})-3.8-diazabicyclo[3.2. 1 octane-§-

carboxylate

[060282] Into a 250-ml round-bottom flask, purged and maintained with an inert atmosphere
of nitrogen, was added ferr-buty! 3-(4-bromo-2,5-difluorophenyl)-3,8-diazabicyclo[3.2 1]octane-
B-carboxylate (1.30 g, 3.22 mol), trbutyl{(1-ethoxyvinyl)stannane (1.75 g, 1.64 mL, 4.85
mmol}, Pd{dppHClaCHzClz (0.53 g, 0.64 mmol), DIEA (125 g, 1.68 mb, 9.67 mmol), and
toluene (100 mL). The resulting solution was stirred for 18 h at 100 °C and then cooled to RT
and quenched by the addition of saturated agueous ammonium chioride solution (30 mL). The
resulting mixture was extracted with ethyl acetate (3 x 100 mL) and the combined organic layers
were dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was

puritied via silica gel chromatography and eluted with ethyl acetate/petroleum ether (1:100 to

~J
¥4
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1:10) to  afford rerr-butyl  3-(4-acetyl-2,5-difluorophenyi)-3,8-diazabicyciof3 2. 1]octane-8-
carboxylate as a light vellow oil (460 mg, 35%). LCMS (ESI, m/z): 367 [M+H]".

Step 2. fert-Butyl 3-]4-(1-cyanoethyl)-2,3-difluorophenyl}-3.8-diazabicyclof3.2.1joctane-8-

carboxviate

{00283] Into a 100-mL round-bottom flask was added fert-butyl 3-(4-acetyl-2.S-
difluorophenyl)-3,8-diazabicyelo|3.2. 1joctane-8-carboxylate  (0.420 g, 1.15 mmol}, p-
toluenesultonyl isocyanide (0.336 g, 1.71 mmol), potassium #~butoxide (0.321 g, 2.86 mmol}, 7
butanol (10 mL), and ethylene glycol dimethyl ether (10 mL). The resulting solution was stirred
for 18 h at 90 °C and then cooled to RT and quenched by the addition of water (50 mL). The
resulting mixture was extracted with ethyl acetate (3 x 20 mlL) and the combined organic layers
were dried over sodium sulfate, filtered, and concentrated in vacwo. The crude product was
purified via silica gel chromatography and eluted with ethyl acetate/petroleum ether {1:100 to
1:10} to afford fersr-butyl 3-[4-(1-cyanoethyl}-2,5-difluorophenyl]-3,8-diazabicyclo[3.2 T octane-
8-carboxylate as a light yellow solid (350 mg, 73%). LCMS (ESI, m/z): 378 [M+H]".

Step 3. fert-Butyl 3-{4-(1-aminopropan-2-yi}-2,3-diflucrephenyl}-3,8-diazabicycle

{3.2.1]joctane-8-carboxylate

{060284] Into a 50-mL round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added fert-butyl 3-[4-(1-cyanoethyl)-2,S-difluorophenyl}-3,8-diazabicyclo{3.2.1]
octane-8-carboxylate (0.35 g, 0.93 mmol), Raney Ni (0.350 g), and a solution of ammonia in
methanol (7 M, 20 mL). The resulting mixture was sparged with Ho and then stirred for 2 h at
20 °C under a hydrogen atmosphere (balloon pressure). The solids were removed by filtration
over Celite and the filtrate was concentrated in vacuo to afford ferf-butyl 3-[4-(1-aminopropan-2-
y13-2,5-difluorophenyl]-3,8-diazabicyclo[3 .2 Tloctane-8-carboxylate as a light yellow solid (200

mg, 51%). LCMS (ESL, m/z): 382 [M+H]"

{00285]  The Intermediate in Table 4 below was synthesized according to the procedures

outlined above for Example 12-1, Intermediate 12-1, using the appropriate synthetic precursors.
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Table 4:
MBS (ESI,
Intermediate No.: Precursors Used (Notes} HZ)
v+

Sats - y -2 A

Intermediate 12-2. ferr- Butyl 7-(4-(1- Z;‘;i?:;huii; go;rz 2 ::,"
aminopropan-2-yi)-2,5- dlf'iucrcmheﬂy} IS diézabicifﬂof% 8 i}nbh;u’aeﬂm 398
9-oxa-3,7-diazabicyclo[3.3.1]nonane-3- A - ) o

carboxylate {Step 1 was conducted at
carboxylate 80 °C )

Example 13-1: Intermediate 13-1. fert-Butyl 3-l4-(1-aminoprepan-2-yi}-3-flucrephenyl]-

3,8-diazabicyclo]3.2. 1 joctane-§-carboxylate

E
MH [ N-Boc F
O, o} : TosMIC NC, = )
N N—~Bog i~ N ‘N“‘BOC
e \-----/ Ckeor M€ E ome | mé SF N

HMPA, 70 °C DME/BuGH
Step 1 80 °C
Step 2
Hs, Raney Ni
v NHa/MeOH
R

Step 3

HyN-— e Y
Y N—Boc
e N_ 4N { :

Intermediate 13-4
Step 1. tert-Butyl 3-(4-acetyl-3-fluorophenyl}-3.8-diazabicyclo]3.2.1joctane-8-carboxylate

{060286] Into a 100-mbL round-bottom flask was added 1-(2 4-difluorophenyl)ethan-1-one
(2.65 g, 17.0 mmol)}, rert-butyl 3,8-diazabicyclof3 2 1]octane-8-carboxylate (3.00 g, 14.1 mmol),
potassium carbonate (5.86 g, 42.4 mmol), and HMPA (30 mL). The resulting solution was
stirred overnight at 70 °C in an oil bath and then cooled to RT and quenched by the addition of
water (30 mL}. The resulting solution was extracted with ethyl acetate (3 x 30 mL) and the
combined organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated in
vacuo. The crude product was purified via silica gel chromatography and eluted with ethyl
acetate/petroleum  ether (1:5) to afford fert-butyl  3-{4-acetyl-3-fluorophenvyi}-3,8-
diazabicyclof3.2 T]octane-8-carboxylate as a brown ot (1.8 g, 30%) LCMS (ESL m/z): 349
IVIHT
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Step 2. tert-Butyl  3-[4-(I-cyanoethyl}-3-fluorophenyl}-3.8-diazabicycla]3.2.1{octane-3-

carboxylate

{60287] Into a 100-mL round-bottom flask was added ferr-butyl 3-(4-acetyl-3-fluorophenyl)-
3,8-diazabicyclof3.2.1]octane-8-carboxylate (1.80 g, 5.17 mmol}, KO-Bu (1.45 g, 13.0 mmol),
p-toluenesulfonyl isocyanide (1.51 g 7.74 mmol), ferf-butanol (20 wl), and ethylene glycol
dimethyl ether (20 mL}. The resulting solution was stirred overnight at 90 °C in an oil bath and
then cooled and quenched by the addition water (20 mL) The resulting solution was extracted
with ethyl acetate (3 x 20 ml.) and the combined organic lavers were dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo. The crude product was purified via silica gel
chromatography and eluted with ethyl acetate/petroleum ether (1:5) to afford rers-butyl 3-{4-(1-
cyanoethyl}-3-fluorophenyl]-3,8-diazabicyclo[3.2 1]octane-8-carboxylate as a brown ol (12 g,

65%). LCMS (ESI, m/z). 360 [M+H]".

Step 3. fert-Butyl 3-14-(1-aminopropan-2-yi}-3-fluorophenyl-3,8-diazabicyclo}3.2. 1 Jociane-

8-carboxyiate

{00288] Into a 100-mL round-bottom flask, purged and maintained under an atmosphere of
nitrogen, was added zerr-butyl 3-[4-(1-cyanoethyl)-3-flucrophenyl]-3,8-diazabicyclo[3 2. 1]
octane-8-carboxylate (1.00 ¢, 2.78 mmol), NHz in MeOH (7 M, 20 mL)}, and Raney Ni (500 mg).
The reaction mixture was sparged with hydrogen and stirred for 2 h at RT under a hydrogen
atmosphere (balloon pressure). The solids were removed by filtration over Celite and the filtrate
was concentrated /# vacuo. The crude product was purified via silica gel chromatography and
eluted with dichloromethane/methanol (10:1) to afford rerr-butyl 3-[4-(1-aminopropan-2-y1}-3-
fluorophenyl}-3,8-diazabicyclof3.2.1]octane-8-carboxylate as a yellow ol (800 mg, 79%).

LCMS (ESL, m/z): 364 [M+H]".

{00289] The Intermediate in Table 5 below was synthesized according to the procedures
outhined above for Example 13-1, Intermediate 13-1, using the appropriate synthetic

precursors.
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Table 5:
MS (ESL,
. . 71044
intermediate No.: Precursors Used (Motes) '
IM+H]
Intermediate 13-2. fert-Butyl 3-[4-(1- i—(3A—D‘li'luomphenj,fi)ethan~1-mc—: and
. o YT | ferf-butyl 3 8- o
aminopropan-2-yi}-2-fluorophenyi}-3,8- diambiévcl@{? 2 1]octane-8- 364
diazabicyclof3.2 Hoctane-§-carboxylate SN '
carboxylate

Example 14: Intermediate 14. feri-Butyl 3-(4-(1-aminopropan-2-yi}-2-cyanophenyi}-3.8-
diazabicyelo|3.2. 1joctane-8-carboxylate

TosMIC

Br HN [ N-Boc oSl
O, KOBu, THF-78°C, 1k
N-B
[

120°C (;vw; Step 2

Step 1
Br
o e ChzCl, KGO
ML f“ Bog o N [ N-Boc Tamecooo
Be ON
_____ fe X;\
Be, == / PAd{PPh3)4,Zn{CN),, K N N—~Boc
\\ / M N—Bog N \ 4
HMN DMF, 120 °C (uw)  cps”
'3
Chz Step 5
H,, PAiC
e N—Boc
Step 8

intermediate 14
Step 1. tert-Butyl 3-(4-acetyl-2-bromephenyl)-3.8-diazabicyclo]3.2.1]octane-8-carboxylate

i80296] Into a 20-mL microwave tube was added 1-(3-brome-4-flucrophenyljethan-1-one
(3.00 g, 13.8 mmol), fert-butyl 3,8-diazabicyclof3.2. 1 joctane-8-carboxylate (3.67 g, 17.3 mmol),
DIEA (548 g, 7.39 ml., 42 4 mmol), and DMSO (8 ml.). The resulting solution was heated at
120 °C for 4 h under microwave irradiation. The reaction mixture was cooled to RT and then
poured into water (30 mL}. The resulting mixture was extracted with ethyl acetate (3 x 30 mL)},
and the combined organic layers were dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. The crude product was purified via silica gel chromatography and eluted

with ethyl acetate/petroleum ether (1:5) to afford rerr-butyl 3-(4-acetyl-2-bromophenyl}-3,8-
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diazabicyclo{3.2 1]octane-8-carboxvlate as a vellow oil (1.5 g, 27%). LCMS (ESI, m/z): 409,
4T1[M+H]"

o]

Step 2. tert-Butyl 3-[2-bromo-4-(1-cyanoethyliphenyl]-3,8-diazabicyelo[3.2.1}octane-8-
carboxviate

{00291] Into a 100-mL 3-necked round-bottom flask, purged and maintained with an inert
atmosphere of nitrogen, was added potassium #butoxide (0.480 g, 4.28 mmol) and THF (15 mL)
followed by the dropwise addition of a solution of p-toluenesuifonyl isocyanide (0.500 g, 2.56
mmol) in tetrabydrofuran (3 mL) with stirring at ~78 °C. The resulting solution was stirred for
15 minutes at -78 °C and then a solution of fer-butyl 3-(4-acetyl-2-bromophenyl}-3 8-
diazabicyclof3.2 Toctane-8-carboxylate (0.700 g, 1.71 mmol) in tetrahydrofuran (S rl) was
added dropwise with stirring at -78 °C. The resulting mixture was then stirred for an additional
1.5 h at this temperature. Methanol (10 mL) was added, and the resulting solution was heated to
80 °C and stirred for another 30 minutes. The reaction was then cooled to RT and was
concentrated iz vacuo. The crude product was purified via silica gel chromatography and eluted
with ethy] acetate/petroleum ether (1:5) to afford reré-butyl 3-[2-bromo-4-(1-cyanoethylphenyl]-
3,8-diazabicyclof3.2. 1 octane-8-carboxylate as a yellow ail (500 mg, 70%). LOMS (ESL m/z):
420, 422[M+HT".

Step 3. tert-Butyl 3-{4-(L-aminopropan-2-yi)-2-bromophenyi]-3,8-diazabicyclo]3.2. 1 Joctane-~
8-carboxyiate

{00292] Into a 250-mL round-bottom flask was added rert-butyl 3-[2-bromo-4-(1-
cyanoethyiphenyl]-3,8-diazabicyclo[3.2. 1]octane-8-carboxylate (1.50 g, 3.57 mmol) and borane
tetrahydroturan complex (1 M, 20 mL, 20 mmol). The resulting solution was stirred for 2 h at 25
°C and then quenched by the addition of methanol (30 mbL). The resulting mixture was
concentrated in vacuo. The crude product was purified via silica gel chromatography and eluted
with dichloromethane/methanol (10:1) to afford ferr-butyl 3-[4-(1-aminopropan-2-yi)-2-
bromophenyl}-3,8-diazabicyclof3.2. 1]octane-8-carboxylate as a white solid (1.3 g, 86%). LCMS

(BSL, m/z): 424, 426]M+HT"
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Step 4. fert-Butyl 3-[4-(1-}{(benzyloxyjcarbenyljamine]propan-2-yi}-2-bromophenyl}-3,3-

diazabicyelo{3.2.1]joctane-8-carboxylate

{60293] Into a 100-mL round-bottom flask was added rers-butyl 3-[4-(1-aminopropan-2-y1)-2-
bromophenyl]-3,8-diazabicycio[3.2 1]octane-8-carboxylate (1.40 g 330 mmol), potassium
carbonate (1.37 g, 9.91 mmel), ethyl acetate (20 mL), water (20 mL), and ChzCl (0.619 g, 0.516
ml, 3.63 mmol). The resulting mixture was stirred for 3 h at 60 °C in an oil bath and then
cooled to RT. The reaction mixture was diluted with water (100 mL) and then extracted with
ethyl acetate (3 x 20 mL}. The combined organic layers were dried over anhydrous sodium
sulfate, filtered, and concentrated in vacwo. The crude residue was puritied via silica gel
chromatography and eluted with ethyl acetate/petroleum ether {1:1) to afford rers-butyl 3-{4-(1-
H{benzyloxycarbonyljaminolpropan-2-y1)-2-bromophenyl}-3,8-diazabicyclof 3.2 1joctane-§-

carboxylate as a light vellow oil (1.0 g, 54%). LCMS (ESL, m/z): 558, S60{M+H]"

Step 5. fert-Butyl 3-14-(1-{{{benzyloxy)carbonyljaminojpropan-2-yi}-2-cyanophenyl}-3,8-

diazabicycin]3.2.1joctane-8-carboxylate

{00294] Into a 10-mL microwave tube, purged and maintained with an inert atmosphere of
nitrogen, was  placed  ferf-butyl  3-[4-(1-{[{benzyioxy)carbonyllaminolpropan-2-yi}-2-
bromophenyl]-3 8-diazabicyclof3.2 1]octane-8-carboxylate (0.800 mg, 1.43 mmol), Zn(CN»
(0.167 g, 1.42 mmol), PA(PPha) (0.166 g, 0.14 mmol}, and DMF (3 mlL). The resulting mixture
was heated at 120 °C for 4 h under microwave 1rradiation. The reaction mixture was then cooled
to RT, poured into water {50 mL), and extracted with ethyl acetate (3 x 10 wL) The combined
organic layers were concentrated iz vacuo and the crude product was purified via Prep-TLC plate
and eluted with ethyl acetate/petroleumn  ether (1:3) to  afford tert-butyl  3-{4-(1-
[{(benzyloxy)carbonyl]aminolpropan-2-yl}-2-cyanophenyl]-3,8-diazabicyclof3.2. 1 joctane-8-

carboxylate as a colorless oil (400 mg, 55%). LCMS (ESL m/z): 505[M+H]".

Step 6. tert-Butyl 3-(4-(1-aminopropan-2-yvij-2-cyanophenyl}-3,8-diazabicyclo]3.2. 1 joctane-
&-carboxylate

{60295] Into a 100-mL round-bottom flask, purged and maintained under an atmosphere of
mitrogen, was  added  ferr-butyl  3-[4-(1-{[(benzyloxy)carbonyllaminolpropan-2-y1)-2-

cvanophenyl]-3,8-diazabicyclo [3.2.1]octane-8-carboxylate (0.35 g, 0.69 mmol), tetrahydrofuran
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{15 mL), and 10% palladium on carbon (350 mg) The reaction mixture was sparged with
hydrogen and was stirred for 1 b at RT under a hydrogen atmosphere (balloon pressure). The
solids were removed by filtration over Celite and the filtrate was concentrated iz vacuo. The
crude product was purified via prep-TLC plate and eluted with dichloromethane/methanol (10:1)
to afford ferz-butyl 3-{4-(1-aminopropan-2-yi}-2-cyanophenvi)-3,8-diazabicyclof3.2. 1 Joctane-8-

carboxvlate as a brown oil (180 mg, 70%). LCMS (ESL, m/z): 371 {M+H]".
Methods for the Synthesis of Compounds of Formaula (I}

Example 151 (-1} T-Amino-3-methyl-N-(d-(piperazin-1-yi}phenethyljthieno[2,3-
bipyrazine-6-carboxamide

N N-CB NH
""" — - Z 3
NH, w— NN Ne Do

<

: H
M O ;
Z Intermediate 3
LA e WoWe
Mo M 8 O HATU, DIEA ----N N~—-Cbz
A4

DMF
Step 1 BB,
N NH; o DCM, -20 °C
/E’ m Step 2
"
Me” “NT TS HN-— an
—N  NH

Example 153-1 -1}

Step 1. Bemzyl 4-(4-(2-(7-amino-3-methyithieno|2,3-#pyrazine-6-carboxamide)ethyl)

phenylpiperazine-1-carboxylate

180296] Into a 8-mL vial was added 7-amino-3-methylthieno[2,3-5lpyrazine-6-carboxylic acid
(0.11 g, 0.53 mmol), benzyl 4-[4-(2-aminoethyl}phenylpiperazine-1-carboxylate hydrochloride
salt (0.259 g, 0.58 mmol), HATU (0.240 g, 0.63 mmol), DMF (5 mL), and DIEA (02 g, 03 mL,
1.72 mmol). The resulting solution was stirred overnight at RT. The solids were removed by
filtration and the filtrate was purified by Prep-HPLC using the following conditions: (Waters 1)
Column: XBridge C18, 19 x 150 mm, 5 1m; mobile phase, phase A: water (0.05% NH4OH);
phase B:.CHaCN (30% up to 85 in 7 min)Flow rate: 20 mL/min; Detector, 254 nm. This
provided benzyl 4-(4-(2-(7-amino-3-methylthieno[2,3-blpyrazine-6-carboxamidojethylphenyl)
piperazine-1-carboxylate (120 mg, 43%) as a yellow solid. LOCMS (ESL mz): 531[M+H]" 'H
NMR (300 MHz, DMSO-ds): 6 ppm 8.64 (s, 1H), 7.93 (t, J =57 Hz, 1H), 741 - 7.30 (m, SH),
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7.29 - 7.08 (m, 2H), 6.91 - 6.88 (m, 4H), 5.10 (s, 2H), 3.53 - 3.50 (m, 4H), 3.42 - 3.31 (m, 2H),
3.09 - 3.06 (m, 4H), 2.76 - 2.71 (m, 2H), 2.64 (s, 3H).

Step 2. 7-Amino-3-methyl-N-(4-(piperazin-1-yhphenethyhthieno[2,3-blpyrazine-6-

carboxamide

{00297] Into a 50-mbL round-bottom flask was added benzyl 4-(4-(2-(7-amino-3-
methylthienof2,3-blpyrazine-6-carboxamidojethyliphenylipiperazine-1-carboxylate  (0.050 g,
0.09 mmol), and dichloromethane (10 mL). The resulting solution was cooled to -20 °C then
BB (I Mo DCM; 1 mL, 1 mmol) was added dropwise. The reaction mixture was stirred for 2
h at -20 °C and then quenched by the addition of methanol (10 mL). The resulting mixture was
concentrated i vacuo, diluted with DMF (4 ml) and purified by Prep-HPLC using the following
conditions: Column: XBridge €18, 19 x 150mm, 5 um; mobile phase; phase A: water (10 mm
NHHCO3 + 0.05% NHsOH); phase B:CHiCN (20% up to 70% in 8 min);, Flow rate: 20
mL/min; Detector wavelength: 254 nm. This provided 7-amino-3-methyl-N-(4-(piperazin-1-
yhphenethyl} thienof2,3-b]pyrazine-6-carboxamide (28 mg, 74%) as a yellow solid.  LCMS
(BSI, mz): 391[M+H]". 'H NMR (300 MHz, DMSO-d:): § ppm  8.64 (s, 1H), 7.96-7.92 (m,
tH), 7.09 - 701 (m, 1H), 6.88 - 6.94 (m, 4H), 3.65 - 3.37 (m, 2H), 2.99 - 2.97 (m, 4H}, 2.91 -
2.71 {m, 6H), 2.65 (s, 3H).

{00298] The Example in Table 6 below was synthesized according to the procedures outlined

above for Example 15-1 (I-1), using the appropriate synthetic precursors. Additional details

around the synthetic methods as well as HPLC purification conditions appear below the example.

Table 6:
Example MS (ESI,
{(Cmpd Structure %4 H NMR
No.) [V+H]

(DMSO-ds, 300MHz): &

N o 8.64 (s, 1H), 7.98-7.95

v > N N

(5.3 /[ m (m, 1H), 7.28 (s, 1H),
~ ~r ~ y s |

Me” N7 TS HN— - 431 /7_1/ - 7.047 (m,’ ZE“{),

(1-2) \—{/ N NH 6.89 (br s, ZH), 345 -
p— 339 (m, 2H), 297 -

cl 2.74 (m, 10H), 2.64 (s,
3H)
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Prep HPLC Purification Method: (Waters): Colummn X Bridge C18, 19 x130 mm, 5 jim; mobile phase, Mobile
Phase A: Water (10 maM NH.HCO; + 0.05% ammonia), Mobile Phase B: ACN; Flow rate: 20 mL/min; Gradient:
35% B 10 40% B in 8 many Detector wavelengthe 254 nm

Example 16-1 (I-3): N-{4-(3,8-diazabicycle[3.2. 1jectan-3-yl}-3-chlorophenethyl}-7-amino-3-

methylthieno]2,3-blpyrazine-6-carboxamide (hydrochloride salt)

I‘* N—-Boc
NH,
h 7 2 e
/Ef : ’\g _____ 4, Entermediateﬁ /E\ Sy N N—Boc
S5 bH EDCI, HOBT Me” N7 S HN g -~
DIEA

DCM 4D °C
Step 1 HCHin dioxane
MeOH
NH, Step 2
N O
i N / F \
| N wH
S N
Me” N HN , HEH

C
Example 16-1 (1-3}

Step 1. tert-Butyl 3-(4-(2-(7-amino-3-methylthieno|2,3-blpyrazine-6-carboxamido)ethyi)-2-

chiorophenyl}-3,8-diazabicycie{3.2.1]octane-8-carboxylate

{60299] Into a 25-mL round-bottorn flask was added fert-butyl 3-[4-(2-aminoethyl)-2-
chlorophenyl}-3,8-diazabicyclo{3.2 1]octane-8-carboxylate {0.100 2, 0.27 mmol},
dichloromethane (5 mL), 7-amino-3-methyithieno[2,3-blpyrazine-6-carboxylic acid (0.058 g,
0.28 mmol), EDCI (0.063 g, 0.33 mmol), HOBT (0.040 g, 0.30 mmol), and DIEA (0.106 g,
0.143 ml, 0.82 mmol). The resulting solution was stirred for 2 h at 40 °C in an oil bath. The
reaction mixture was concentrated in vacuo and the crude product was dissolved in DMF (2 m

and purified by Prep-HPLC using the following conditions: Column: SunFire Prep C18 Sum 19
x 150 mm; mobile phase: water {containing 0.1% formic acid) and CH3CN (CHsCN 35% up to
65% in 6 min), Detector wavelength: 254 nm. This provided fert-butyl 3-(4-(2-(7-amino-3-
methylthieno[2,3-blpyrazine-6-carboxamidoethyl)-2-chlorophenyl)-3,8-diazabicyclo

[3.2. Hoctane-8-carboxylate (50 mg, 33%) as a yellow solid. LCMS (ESI, m/z). 557[M+H]™
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Step 2. N-{4-{3,8-diazabicycle]3.2.1}octan-3-yi}-3-chiorophenethyl)-7-amino-3-methylthieno
{2,3-blpyrazine-6-carboxamide (hydrochioride salt)

{603066] Into a 25-ml round-bottom flask was added tert-butyl 3-(4-(2-(7-amino-3-
methylthieno[2,3-b]pyrazine-6-carboxamido)ethyl)-2-chlorophenyl}-3,8-diazabicyelo{3.2.1]
octane-3-carboxylate (0.040 g, 0.07 mmol), methanol (1 L), and 4 N HCl/dioxane (2 mL). The
resulting solution was stirred for 2 h at RT and then concentrated in vacwo. The solids were
triturated with ether/MeOH (10:1; 10 mbL) and collected by filtration to afford N-(4-(3,8-
diazabicyclof3.2. Hoctan-3-y1}-3-chlorophenethyl}-7-amino-3-methylthieno{2,3-blpyrazine-6-
carboxamide (hydrochlonide salt ; 16.9 mg, 48%;) as a yellow solid. LCMS (ESL, m/z): 493
[MHHT 'H NMR (300 MHz, MeOD): 8 ppm  8.59 (s, 1H), 7.38 (s, 1H), 7.25-7.21 (m, 1H),
7.16-7.12 (m, 1H), 4.12 (br s, 2H), 3.68-3.52 (m, 2H), 3.33-3.29. (m, 2H), 3.19-3.15 (m 2H),
2.90-2.86 {m, 2H), 2.70 (s, 3H). 2.46-2 41 (m, 2H), 2.11-2.08 (m, 2H}.

{003¢1] The Examples in Table 7 below were synthesized according to the procedures

outlined above for Example 16-1 {I-3), using the appropriate synthetic precursors.

Table 7:
Example {;‘/ii
(Cmpd Structure m/ >’ TH NMR
No) [M+H]
NH, (300 MHz, DMSO-ds):
N \«’: O 8 ppm 9.28 (br s, 2H),
/E I F 8.66 (s, 1H), 8.01 (t,J
6y | MO NS HN =N\ = 5.6 Hz, 1H), 7.15
N\ /T N/ 433 | (ddJ=130, 7.0Hz,
(4 . 1H), 6.95 (dd, J= 11 4,

el 7.5 Hz, 1H). 3.54 -
3.32 (m, 2H), 3.19 (br
s, 8H), 2.89 — 2.72 (m,
2H), 2.64 (s, 3H)

N, (300 MHz, DMSO-ds):
LN 0 . S ppra 937 (br s, 2ZH),

(6.3 B M N@NH 8.67(s, 1H), 8.00-7.90
8 HN ! 459 (m, 1”), 7.10 (d, Jo=

T OHCH 84 Hz, 2H), 684 (d, J
= 8.7 Hz, 2H), 4.09 (br
s, 2H), 3.58-3.50 (m,
2H), 341330 (m,

2
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Example é{;
{Cmpd Structure N H NMR
No.) ")
N0 [M+H]

ZHy, 3.10-3.00  {(m,
ZH), 2.76-2.64 {m,
2H), 2.63 (s, 3H). 1.98-
1.90 {m, 4H)

(3060 MHz, Me0D) &
NH, ppm 8.59 (s, 1H}, 7.16

TNWG O CC ~ 692 (m, 3H), 4.14
- i ~ y—N | NH br s, 2H), 3.60-3.51
16-4 A8 HN— . ' 441 gm 2H), i4z - 335
{-6)° " HC (m, 2H), 3.25 — 3.16
(m, 2H), 2.92 — 2.82
(m, 2H), 2.69 (s, 3H),
2.35 = 2.06 (m, 4H).

! Isolation Conditions: The reaction mixture from Step 2 was concentrated iz vacue o afford a product that was
triturated with diethyl ether. Filiration afforded the title compound as the HCI salt.

? Isolation Conditions: The reaction mixture from Step 2 was concentrated in vacuo to afford a product that was
triturated with diethyl ether : MeOH (10:1). Filtration afforded the title compound as the HCI salt.

* Isolation Conditions: The reaction mixture from Step 2 was concenirated in vacuo to afford a product that was
triturated with diethyl ether. Filtration afforded the title compound as the HCI salt.

Example 17-1 (I-7):  N-(4-(3,8-diazabicycle}3.2.1 joctan-3-y1)-2.5-difluorophenethyl)-7-

amine-3-methylthiens{2,3-blpyrazine-6-carboxamide

E
N N—Boc
HaN
N, F

MH,
/M "l O
/N \ O intermediate 7-1 w N N—Boc
/[ IR S8 HN
Me” TN TS OH Me N

EDCI, HOBT

DIEA F
intermediate 1 DMF, 1t
Step 1 TEA/DCM
Siep 2
NH, F
~ O
| Nl N ! MH
X __/ AV
Me M 8 HN

Example 17-1 (-7}
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Step 1. tert-Butyl 3-(4-(2-(7-amine-3-methyithiens|2,3-5]pyrazine-6-carboxamido)ethyl}-2,5-

diflusrophenyl}-3,8-diazabicyclo]3.2. 1 Joctane-8-carboxylate

{80302] Into a 500-mL round-bottom flask was added ters-butyl 3-[4-(2-aminoethyl)-2 5-
diftuorophenyl]-3,8-diazabicyclo[3.2. 1joctane-8-carboxylate (3.00 g, 8.16 mmol), 7-amino-3-
methylthieno[2,3-blpyrazine-6-carboxylic acid {2.05 g, 9.80 mmol), EDCI(2.04 ¢, 10.64 mmol),
HOBT (132 g, 9.77 mmol), DIEA (3.17 g, 427 mL, 24.5 mmol)}, and DMF (100 mL). The
resulting solution was stirred for 1 h at 20 °C and then poured into water (500 mL). The
resulting precipitate was collected by filtration and dried s vacuo to afford fers-butyl 3-(4-(2-(7-
amino-3-methylthienof2,3-pyrazine-6-carboxamidojethyl)-2, 5-difluorophenyl)-3,8-

diazabicyclo[3.2.1]octane-8-carboxylate (2.4 g, 50%) as a yellow solid. LCMS (ESI, m/Zz): 559

[VHHT

{60303] Srep 2. N-(4-(3,8-diazabicyclo]3.2.1]octan-3-y1}-2,5-difluorophenethyl}-7-amino-

3-methylthieno[2,3-blpyrazine-6-carboxamide

i8603¢4] Into a 100-mbL round-bottom flask was added terr-butyl 3-(4-(2-(7-amino-3-
methylthienof2,3-Alpyrazine-G-carboxamidojethyl}-2 S-difluorophenyl)-3,8-diazabicyclo

[3.2. Hoctane-8-carboxylate (2.80 g, 5.01 mmol), dichloromethane (50 mL), and trifluoroacetic
acid {10 mL}. The resulting solution was stirred for 1 h at 20 °C and then concentrated i vacuo.
The crude product was sturried with a sclution of ammonia in methanol (7 M, 50 mbL) The
solids were removed by filtration, and the filtrate was concentrated i vacuo to afford a crude
product purified via Cis-reversed phase silica gel chromatography and eluted with acetonitrile
and agueous ammonium bicarbonate solution {10 mmol/L concentration of NHsHCO3) (from O -
60%). This provided N-(4-(3,8-diazabicyclof3 2. Hoctan-3-y1)-2,5-diflucrophenethyl)-7-amino-
3-methylthieno{2 3-blpyrazine-6-carboxamide (1.5 g, 65%) as a yellow solid. LCMS (ESI, m/z):
459 [M+H]" H NMR (300 MHz, DMSO-ds) & ppm: 8.64 (s, 1H), 7.96 — 8.00 (m, 1H), 6.99 ~
7.06 (m, 1H), 6.89 (s, 2H), 6.65 ~ 6.72 (m, 1H), 3.55 ~ 3.63 (m, 4H), 3.06 — 3.10 (m, 2H), 2.74 —
2.79 (m, 4H), 2.64 (s, 3H), 2.24 (br s, 1H), 1.74 — 1 81(m, 2H), 1.64 — 1.71 (m, 2H).

{00305] The Examples in Table 8 below were synthesized according to the procedures

outlined above for Example 17-1 (I-7), using the appropriate synthetic precursors. Additional
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details around the synthetic methods as well as HPLC purification conditions appear below the

examples.

Table 8:

Example
{Cmpd
0.}

Structure

MS (ESL,
w7}

[V+H]

H NMR

(1-23)!

NH,
N o N
TS O

437

(400 MHz, CD:0D) 6
ppra 8.56 (s, 1H), 7.14 -
7.23 (m, 2H), 6.85 - 6.94
{m, ZH), 4.08 —4.13 (m,
2H), 3.61 —3.65 (m, ZH).
347 -3.56 (m, 2H), 2.94
~3.09 (m, 4H).2.78 —
2.83 (m, 2H), 2.03 - 2.21
(m, 4H), 140 ¢, /=78
Hz, 3H)

17-3

19y

448

(400 MHz, CDbB:OD) &
ppm 8.56 (s, 1H), 741 —
753 (m, 2H), 7.05(d, J=
8.5 Hz, 1H), 347 - 358
(m, 4H), 328 — 331 (m,
2H), 2.99(d,.J=11.0 Hz,
2Hy, 2.836 (. J = 7.3 Hz,
2Hy, 2.67 {s, 3H), 2.19 -
223 (m, ZH), 179 - 192
{m, 2H)

441

(400 MHz, CB:.OD) &
ppm 8.54 (s, 1H), 7.08 —
712 {m, 1H), 6.52 ~ 6.59
(m, 2H), 3.62 (s, 2H},
345 -352 (m, 2H), 3.41
~ 344 (m, 2H), 282 -
2.87 {(m, 4H), 2.67 (s,
3H), 1.85 - 1.94 (m, 4H)

(d-11y*

459

(400 MHz, CbB:0D). &
ppm 8.55 (s, 1H}); 638 -
6.42 (m, 2H); 3.51 - 361
{m, 6Hy;, 2.72 — 2.88 {m,
4HY; 2.67 (s, 3H) 1.75 ~
1.84 (m, 4H)

17-6

(1-20)°

(300 MHz, DMSO-d5): &
ppm 8.63 (s, 1H}, 8.00 (¢,
J =57 Hz 1H), 711 -
718 (m, 1H), 6.82 - 6.90
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{(m, 3H), 3.66 (s, Z2H),
333 -348 (m, 5H), 3.05
— 322 (m, 4Hy, 292 -
301 (m, 2H), 275 -2.85
{m, 2H), 2.65 (5, 3H}

L Prep HPLC Purification Conditions: Waters, L.C parameters: Puwap Mode: Binary gradient, Start Conc. of
Pump B: 30.0%, End Conc. of Pamp B: 35.0% Total Flow: 20 mi/min, Time: 8 min, Phase A: Water (10
mmol/L. NHsHCOs), Phase B: MeCN-HPLC, Column Name: XBridge BEH C18 OBD Prep Column Length: 150
mn, Internal Diameter: 19 mm, Particle Size: § vin, Aperture Size: 130 A, Colamn Temp: 235 °C, PDA Model:
SPD-M20A, Wavelength: from 190 nm to 500 am.

2 Notes: Step 1 was conducted at 40 °C. Prep HPLC Purification Conditions: SHIMADZU LC-20AD, L.C
parameters: Pump Mode: Binary gradient, Start Conc. of Pump B: 18.0%, Fad Conc. of Pump B: 30.8% Total
Flow: 20 mL/min, Time: 8 min, Phase A: Water (10 mmol/L NH,HCGO;), Phase B: MeCUN-HPLC, Cohymn Name:
SunFire Prep C18 OBD Colomn Length: 150 mm, Intermnal Diameter: 19 mu, Particle Size: 5 v, Aperture Size:
130 A, Column Temp: 25 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm

5 Prep HPLC Purification Conditions: SHIMADZU LC-20AD, LC parameters: Pump Mode: Binary gradient,
start Cone. of Pump B: 30.0%, Eand Conc. of Pump B 42.0% Total Flow: 20 mL/min, Time: 8 min, Phase A:
Water (10 mmol/L. NHHCO;), Phase B: MeCN-HPLC, Column Name: XBridge Prep CI8 OBD Coluow
Length: 150 num, Internal Diameter: 19 o, Particle Size: 5 um, Aperure Size: 130 A, Cohiran Temp: 25 °C,
PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm.

4 Prep HPLC Purification Conditions: SHIMADZU LC-20AD, LC parameters: Pump Mode: Binary gradient,
Start Cone. of Pump B: 10.0%, End Conc. of Pump B: 55.0% Total Flow: 20 mL/min, Time: 8 min, Phase A:
Water (10 mmol/L NHHCO:), Phase B: MeCUN-HPLC, Column Name: XBridge BEH C18 OBD Prep Column
Length: 150 mm, Internal Diameter: 19 mm, Particle Size: 5 um, Aperture Size: 130 A, Colummn Temp: 25 °C,
PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm.

> Motes: Steps | and 2 were conducted at 30 °C. Prep HPLC Purification Cenditions: SHIMADZU LC-20AD,
LC parameters: Pump Mode: Binary gradient, Start Conc. of Pump B: 25.0%, End Conc. of Pump B: 53.0% Total
Flow: 20 mL/min, Time: 7 min, Phase A: Water (0.05% NH,OH), Phase B: MeUN-HPLC, Column Name:
SunFire Prep C18 OBD Prep Column, Length: 150 mm, Internal Diameter; 19 mm, Particle Size: 5 um, Aperture
Size: 130 A, Columm Temp: 23 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm.
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Examples 18-1A (§-12) and 18-1B (3-13): N-((28)-2-(4-(3.8-diazabicycio]3.2.1octan-3-yi}-3-
fluorophenyl}propyl}-7-amine-3-methylthiens{2.3-5pyrazine-6-carboxamide
(stereochemical configuration assumed} and N-((AR}-2-(4-(3,8-diazabicyclo3.2.1]octan-3-
vi}-3-fluorophenylipropyl)-7-amino-3-methylthieno|2,3-blpyrazine-6-carboxamide

{stereochemical configuration assumed)

Mo e S
N/ N\CN"B(BC

N H N~ NH,
2 F N o Me
meﬁ intermediate 13-2 /[: m N N—Boc
N £ Me” NT S HN A
e SN oH EDCI, HOBT .
DIEA
intermediate 1 DMF, 1t
Step 1 Chiral Separation
MNH, 8454
2
A \P " N o Me
o N { N-Boc ~ R\ % -
PN | N [ N-Boc
Me” N7 S HN Me” Un” T8 HN
F F
Enantiomer A Enantiomer B
| TEADCM TEAIDCM
; Step2 Step 2
NH NH
N o] Me N 2 Me
NN % /7\ Ny o /AN
/E\m N\E/NH /[m ; N (e
Me” N7 S HN Me” ST TS HN
F F
Example 1814 {1-12} Example 18-18 {(-13}
Step I3 tert-Butyl 3-{4-{(S)-1-(T-amino-I-methylthiens]2,3-b]pyrazine-6-

carboxamido}propan-2-yl}-2-fluorophenyi)-3,8-diazabicycle[3.2.1}octane-8-carboxylate
{stereochemical configuration assamed) and fert-butyl  3-(4-((R)-1-(7T-amino-3-
methylthieno{2,3-b]pyrazine-6-carboxamido)propan-2-yi}-2-fluorophenyl}-3.8-

diazabicyclo{3.2.1joctane-8-carboxylate (stereochemical configuration assumed)

{0603¢6] Into a 100-mL round-bottom tlask was added ters-butyl 3-[4-(1-aminopropan-2-y1}-2-
fluorophenyl}-3,8-diazabicyclof3 2. 1]octane-8-carboxylate (0.120 g, 033 mmol), 7-amino-3-
methylthieno[2,3-blpyrazine-6-carboxylic acid (0.069 g, 0.33 mmol}, EDCI (0.082 ¢, 043
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mmol}, HOBt (0.053 g, 039 mmol), DIEA (0.085 g, 0.66 mmol}, and DMF (8 mL}). The
resulting solution was stirred overnight at 20 °C and then quenched by the addition of water (10
mi}. The resulting mixture was extracted with ethyl acetate (3 x 20 mL} and the combined
organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated i vacuo.
The crude product was purified via silica gel column chromatography and eluted with ethyl
acetate/petroleum ether (PE/EA = 1:3). Chiral separation of the racemate was achieved by
Chiral-Prep-HPLC using the following conditions: Instrument Name: SHIMADZU LC-20AD,
LC parameters: Pump Mode: Binary gradient, Start Conc. of Pump B: 30.0%, Total Flow: 20
mL/min, Phase A: Hexane {0.1% DEA), Phase B: IPA-HPLC, Column Name: DAICEL
CHIRALPAK 1A, Length: 25 mm, Internal Diameter: 2 mm, Particle Size: 5 um, Column Temp:
20 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm. This provided: Step 1,
Enantiomer A: 1% eluting peak (retention time = 22.9 min, 27 mg (15%)) as a yellow solid.
LCMS (BSI, mz): 555 [M+H]": and Step 1, Enantiomer B: 2™ eluting peak (retention time =

24.9 min, 50 mg (27%)) as a yellow solid. LCMS (ESL m/z): 555 [M+H]"

Step 2. Example 18-1A (3-12) N-((25)-2-(4-(3,8-diazabicycle]3.2. 1 joctan-3-yi}-3-
fluorophenyljpropyl}-7-amino-3-methylthieno{2,3-b|pyrazine-6-carboxamide

{stereochemical configuration assumed)

{00397] loto a 25-mb round-bottomn flask was added fert-butyl 3-(4-((3)-1-(7-amino-3-
methylthienof2,3-b]pyrazine-6-carboxamidopropan-2-yi)-2-fluorophenyl)-3,8-diazabicycio

[3.2.1]octane-8~carboxylate (Enantiomer A, stereochemical configuration assumed; ¢.027 g, 0.05
mmol, 1.00 equiv), dichloromethane (2 mlL), and trifluoroacetic acid {0.5 ml.). The resulting
solution was stirred for 30 min at 20 °C and was then concentrated in vacuo. The resulting crude
product was dissolved in DCM (5 ml.) and the pH of the solution was adjusted to approximately
8 with NHsyMeOH (7 M). The resulting nuxture was concentrated i vacuo and the crude
product was purified by Prep-HPLC using the following conditions: Instrument Name:
SHIMADZU LC-20AD, LC parameters: Pump Mode: Binary gradient, Start Conc. of Pump B:
25.0%, End Cone. of Pump B: 42.0% Total Flow: 20 mL/min, Time: § min, Phase A: Water (10
mmol/L NH4HCO3), Phase B: MeCN-HPLC, Column Name: XBridge Prep C18 OBD Column
Length: 150 rom, Internal Diameter: 19 mm, Particle Size: 5 pm, Aperture Size: 130A, Column

Temp: 25 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nm. Thus provided M-
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{(25)-2-(4-(3,8-diazabicyclo[3 2. 1]octan-3-y1}-3-fluorophenylpropyl - 7-amino-3-
methylthieno[2,3-bpyrazine-6-carboxamide (stereochernical configuration assumed, 12 mg,
53%) as a vellow solid. LCMS (BSL, m/z): 455 [M+H]". "H NMR (400 MHz, CD:OD}): § ppm
8.56 (s, 1H), 6.85 — 7.02 (m, 3H), 3.65 (s, 2H), 3.37 — 3.48 (m, 2H), 3.22 (d, /= 11.2 Hz, 2H),
2.93 - 3.10 (m, 3H), 2.67 (s, 3H), 2.02 — 2.07 (m, 2H), 1.80 — 1.90 (m, 2H), 1.26 (d, J = 6.8 Hz,
3H).

Step 2. Example 183-1B  ({1-13): N-((QR)-2-(4-(3,8-diazabicycln}3.2.1{octan-3-yi}-3-
fluorophenylpropyl}-7-amino-3-methylthieno{2,3-b]pyrazine-6-carboxamide

{stereochemical configuration assumed}

{060308] Example 13-1B (§-13} was prepared from Step 1, Enantiomer B according to the
procedure outlined above for Example 18-1A (3-12}. This afforded the title compound (10 mg,
25%) as a vellow solid. LCMS (ESL, m/z): 455 [M+H]". 'H NMR (400 MHz, CDs0D) § 8.56
(s, 1H), 6.85 — 7.02 (m, 3H), 3.63 (s, 2H), 3.37 — 3.48 (m, 2H), 3.17 — 3.25 (m, 2H), 3.01 — 3.05
{m, 1H), 2.96 (d, /= 11.3 Hz, 2H), 2.67 (s, 3H), 1.98 - 2.06 (m, 2H), 1.82 — 1.88 (m, 2H), 1.26
(d,J=7.2Hz, 3H).

{00308] The Examples in Table 9 below were synthesized according to the procedures
outlined above for Examples 18-1A (1-12) and 18-1B (I-13), using the appropriate synthetic
precursors. Additional detail around the synthetic methods as well as Chiral HPLC {after Step 1)

and Prep HPLC purification conditions appear below each enantiomer pair.

Tahle 9:
MS
(ES],
Example Structure /%4 H NMR
N+ H)
(400 MHz, CD;0D) § ppm
8.57 (s, 1H), 7.06 — 7.10 (m,
N 1H), 6.71 — 6.76 (m, 1H),
18-24A N 4.03 (brs, 2H), 3.45 — 3.54
@-14) /[\ A 473 | (m, 2H), 336 — 340 (m,
Me” NS 3H), 3.09 ~ 3.12 (m, 2H),
2.66 (s, 3H), 2.18 - 2.23 (m,
2H), 2.03 — 2.14 (m, 2H),
128 — 131 (m, 3H)
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18-2B >
|
({1-15)

473

{400 MHz, CD;0D) ¢ ppm
8.55 (s, 1H),7.06 — 7.10 {m,
IH), 667 — 671 (m, 1H),
4.03 (brs, 2H), 345 — 334
{m, 2H), 336 — 340 (m,
3H), 3.09 — 3.12 {m, ZH),
2.66 (s, 3H), 2.18 — 2.23 {m,
2Hy, 2.03 — 210 (m, ZH),
1.27(d, /= 6.8 Hz, 3H)

Chiral HPLC conditions for Step 1: SHIMADZU LC-20AD, LT parameters: Pump Mode: Binary gradient,
Start Cong. of Pump B: 30.0%, Total Flow: 20 ml/min, Phase A : Hexane (0.1%6 DEA) Phase B: Fthanol,
Column Name: (R R)-WHELK-CG1-Kromasil, Length: 250 mm, Internal Diameter: 5 ¢, Particle Size: 5 um,
Columm Temp: 20 °C, PDA Maodel: SPD-M20A, Wavelength: from 190 nm t0 500 nm

Step 1, Enantiomer A: 1% ehiting peak (retention time = 10.3 nun, 40 mg, 14%) as a white solid. LCMS (B8,

m/zy: STIM+H].

Step 1, Enantiomer B: 2% eluting peak (retention time = 14.5 min, 40 mg, 149%) as a white solid. LCMS (ES,

m/zy: §73 PMAH]

Prep HPLC Purification Method for Step 2: SHIMADZU LC-20AD, LC parameters: Pump Mode: Binary
gradient, Start Cone. of Pump B: 25.0%, End Conc. of Pump B: 48.0% Total Flow: 20 mL/min, Time: § min,
Phase A: Water (10 mumol/L NHHCO:), Phase B: MeCUN-HPLC, Column Name: XBndge Prep C13 OBD
Column Length: 150 mm, Internal Diameter: 19 mm, Particle Size: $ pum, Aperture Size: 130 A, Colurn Temp:

25 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm {0 500 mn,

18-3A N o Ve
(1-16) e/[\ | j:‘} ----- § N) ______ @

(300 MHz, CD:0D) 8 ppm
8.57 (s, 1H), 7.15 - 7.18 {m,
IH), 650 - 6.69 (m, 2H),
368 —3.71 (m, 2H), 3.39 -
357 (m, SH), 285 {d, J =
114 Hz, 2H), 2.68 (s, 3H),
1.78 — 1.90 (m, 4}, 1.23 ~
1.35 (m, 3H)

18-3B R

{(I-17}

L

NH,
N oM .
LTSL A

455

{300 MHz, CDB:0D) § ppm
8.56 (s, 1H), 7.12 - 7.18 (m,
IH3, 630 - 669 (m, 2H),
3.68 — 371 {m, 2H), 339 -
357 (m, 5H), 287 (d, J =
114 Hz, 2HY, 2.67 (s, 3H),
178 — 1.90 (m, 4H), 1.28 (1,

J=17.2Hz, 3H)

Chiral HPLC conditions for Step 1: SHIMADZU LC-20AD, LC parameters: Pump Mode: Binary gradicnt,
Start Cone. of Pump B 50%, Total Flow: 16 mL/min, Phase A: Hexane (0.1% DEA), Phase B: EtOH-HPLC,
Column Name: DAICEL CHIRALPAK TA, Length: 250 mm, Intemnal Diameter: 20 v, Particle Size: 5 um,
Columm Temp: 20 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm o 500 nm.

step 1, Enantiomer A: 1% chuling peak (retention time = 12.5 min, 30 mg, 33%) as a white solid. LCMS (ES,

m/zy. 355[MHH]

Step 1, Enantiomer B: 2" eluting peak (retention time = 15.5 min, 50 mg, 56%) as a white solid. LCMS (ES,
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wzy. 355 [MAH]

Prep HPLC Purification Method for Step 2 : SHIMADZU LC-20AD, L.C pamameters: Pump Mode: Binary
gradient, Start Conc. of Pump B: 25.0%, End Conc. of Pump B: 75.0% Total Flow: 30 mL/min, Time: 7 min,
Phase A: Water (10 mmol/L NHJHCO3), Phase B: Me(UN-HPLC, Column Name: XBridge Prep C183 OBD
Column Length: 150 mm, Internal Diameter: 19 mm, Particle Size: 5 um, Aperture Size: 130 A, Column Temp:
25 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 500 nin,

{400 MHz, CD:0D) 8 ppm
8,56 (s. 1H). 742 ~ 7.54 {m,
2HY. 697 — 7.05 (m, 1H)
3.50 — 354 (m, 2H), 3.3% -
1349 (m, 2H), 329 - 332
462 Lym. 2H), 3.05 - 3.13 (m,
H), 2.99 (d, J = 112 Hz,
2H), 267 (s, 3H), 2.09 -
228 (m, 2H), 1.78 - 1.86
(o, 2H). 128 (t,.J = 6.8 Hz,
3H)

18-4A
(1-18)

(400 MHz, CD;0D) & ppm
8.55 (s, 1H), 7.42 — 7.54 (m,
IH). 7.05 (d, J = 8.4 Hz,
NH, 1), 3.30 ~ 3.54 {m, 2H),

3
18-4B N oMe . ) 3.38 ~ 3.49 (m, 2H), 3.29 —
(119) /E Tj%% 4 N@NH 462 1332 (m, 2H), 3.05 ~ 3.13

) § HN (m. 1H), 2.95 — 299 (m,
CN 2H), 2.66 (s, 3H), 2.09 —
2.28 (m, 2H), 1.78 — 1.86
(o, 2H), 128 (1, J = 7.2 Hz,
3H)

Meotes: Step 1 was conducted at 40 °C. Chirval HPLL conditions for Step 1: SHIMADZU LC-20AD, LC
parameters: Pump Mode: Binary gradient, Start Conc. of Pump B: 50.0%, Total Flow: 20 mL/min, Phase A:
Hexane-HPLC, Phase B: IPA-HPLC, Coluran Name: Column: Repaired DAICEL CHIRAL IA, Length: 250 mm,
Internal Diameter: 21.2 mm, Particle Size: Sum, Colunm Temp: 20 °C, PDA Model: SPD-M20A, Wavelength:
from 190 nm 10 300 nm.

Step 1, Enantiomer A: 1¥ eluting peak (retention time = 13.4 min, 30 mg, 23%) as a white solid. LCMS (ES,
m/z): S62IM+HT". Step 1, Enantiomer B: 2% eluting peak (retention time = 18.3 min, 30 mg, 25%;) as a while
solid. LOMS (ES, m/z): 562 [M-+HT

Prep HPLC Purification Method for Step 2 : Tosteument Name: SHIMADZU LC-20AD, LC parameters: Poop
Mode: Binary gradicnt, Start Conc. of Pump B: 22.0%, End Conc. of Pump B: 37.0% Total Flow: 20 mL/min,
Time: 7 min, Phase A: Water (10 mmol/L. NHsHCG;), Phase B: MeCN-HPLC, Column Name: XBridge Prep
(18 OBD Column Length: 150 mm, Internal Diameter: 19 mm, Particle Size: 5 um, Aperture Size: 130 A,
Columm Temp: 23 °C, PDA Model: SPD-M20A, Wavelength: from 190 nm to 300 nm.

=76 Hz 1H), 7.17 - 722
489 | (m, 1H), 6.87 (s. 2H). 6.79 -
6.84 (m, 1H), 3.66 (s, 2F),
333 — 3.48 (m, 6H), 3.05 —
322 (m, 4H), 292 — 301

{400 MHz, DBMSO-d) o

N MH, o Me ppm 8.63 (s, 1H), 795 (1. J
18-5A i T’w
(F-21) | Me” N7 S HN—
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(m, 2H), 2.75 — 285 (m,
ZH}, 265 (s, 3H), LIR{(d. J
= 6.0 Hz, 3H)

(400MHz, DMSO-dg): 8
ppm 865 {s, 1H}, 795 (1, J
=56 He, 1H), 717 - 722
{m, 1H}, 6.88 (g, 2H), 6.79 -
489 6.84 {m, 1H), 3.66 (s, 2H),
333 — 348 {m, 6H), 3.05 -
322 {m, 4H), 292 - 301
(m, ZH), 2.65 (s, 3H). 1.18
{d, /=64 Hz, 3H)

18-5B
(1-22)

Chiral HPLC conditions for Step 1: SHIMADZU LC-20AD, LC parameters: Pomp Mode: Binary gradient,
Start Conc. of Purap B 35.0%, Total Flow: 20 ml/min, Phase A: Hexane:DCM = 3:1, Phase B: IPA-HPLC,
Column Name: Chiralpak [D-2, Length: 25 nun, Internal Diameter: 2 mirn, Particle Size: Sum, Column Temp: 20
°C, PDA Model SPD-M20A, Wavelength: from 190 nm to 500 nm.

Step 1, Enantiomer A: 1% cluting peak (retention time = 13.1 min, 20 mg, 24%) as a light vellow solid. LCMS
(BS. m/z): 589 [M+H]". Siep 1, Enantiomer B: 2 cluting peak (retention time = 16.7 min, 21 mg, 25%) as a
tight vellow solid. LCMS (ES, m/z): 389 [M+H]".

Prep HPLC Parification Method for Step 2 ¢ Instrament Name: SHIMADZU LC-20AD, LC parameters: Pump
Muode: Binary gradient, Start Cong. of Pump B: 20.0%, End Conc. of Pamp B: 55.0% Total Flow: 20 mb/min,
Time: 8 mun, Phase A: Water (6.05% NH,OH), Phase B: MeCUN-HPLC, Colamn Name: Sunfire Prep C18 OBD
Cohmnn, Length: 150 mm, Internal Diameter: 19 mm, Particle Size: 5 um, Aperture Size: 130 A, Column Temp:
25 °C, PDA Modcel: SPD-M20A, Wavelength: from 190 nim to 560 am.

Example 19: Biochemical Assay: Ubiquitin-Rhodamine 110 Assay for USP28 Activity.

{003106] Each assay was performed in a final volume of 20 gl in assay buffer containing 20
mM Tris-HCH (pH 8.0, (1M Tris-HCL, pH 8.0 solution; Corning 46-031-CM)), 2 mM CaCl, (1M
Calcium Chloride solution; Sigma #21114) 2 mM BME (2-Mercaptoethanol; Sigma 63689-
25ML-F), 0.01% Prionex (0.22 uM filtered, Sigma #G-0411), and 0.01% Triton X-100. Stock
compound solutions were stored at -20 °C as 10 mM in DMSO. Up to 1 month prior to the
assay, 2 mM test compounds were pre-dispensed into assay plates (Black, low volume; Corning
#3820) and frozen at -20 °C. Prestamped assay plates were allowed to come to room
temperature on the day of the assay. For the screen, 100 ol of 2 mM was pre-dispensed for a
final screening concentration of 10 uM (DMSQOy = 0.5%). Enzyme (USP28, construct USP28
{USP28-5(1-1077)-TEV-6*His; LifeSensors) concentration and incubation times were optimized
for the maximal signal-to-background while maintaining initial velocity conditions at a fixed
substrate concentration. The final concentration of the enzyme in the assay was 400 pM. Final

substrate (Ub-Rh110; Ubiquitin-Rhodamine 110, R&D Systems #U-555) concentration was 25

S
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nM with [Ub-Rh110]<<Km. 10 ub of 2x enzyme was added to assay plates {pre-stamped with
compound) either siroultaneously with 2 x Ub-Rh110 or preincubated with USP28 40 minutes
prior to the addition of 10 ul. of 2 x Ub-Rh110 to compound plates. Plates were incubated
stacked for 90 minutes at room temperature before fluorescence was read on the Envision
{Excitation at 485 nm and Emission at 535 nm; Perkin Elmer) or on the PheraSTAR (Excitation

at 485 nm and Emission at 535 nm; BMG Labtech).

{00311] For follow-up studies, Each assay was performed 1n a final volume of 15 pl in assay
buffer containing 20 mM Tris-HCL (pH 8.0, (1M Tris-HCl, pH 8.0 solution; Corning 46-031-
CM)), 3mM BME (2-Mercaptoethanol;, Sigma 63689-25ML-F), 0.03% BGG (022 uM
filtered, Sigma, G7516-25G), and 0.01% Triton X-100 (Sigma, T9284-10L}. Naunoliter
quantities of either an 8-point or 10-point, 3-fold serial dilution in BMSO was pre-dispensed into
assay plates (Perkin Elmer, ProxiPlate-384 F Plus, #) for a final test concentration of either 25
uM to TinM or 25 uM to 1.3 nM, respectively. Enzyme USP28, construct USP28 (USP28-5(1-
10773-TEV-0*His; LifeSensors) concentration and incubation times were optimized for the
maximal signal-to-background while maintaining initial velocity conditions at a fixed substrate
concentration. The final concentration of the enzyme in the assay was 75 pM. Final substrate
(Ub-Rh110; Ubiquitin-Rhodamine 110, R&D Systems #U-555) concentration was 25nM with
fUb-Rh110]<<Km. 5 ul. of 2x enzyme was added to assay plates (pre-stamped with
compound} preincubated with USP28 for 30 minutes and then 5 pL of 2 x Ub-Rh110 was added
to assay plates. Plates were incubated stacked for 20 minutes at room temperature before 5 ul.
of stop solution was added (final concentration of 10mM citric acid (Sigma, 251275-500G)).
Fluorescence was read on the Envision (Excitation at 485 nm and Emission at 535 nm; Perkin

Elmer) or on the PheraSTAR (Excitation at 485 nm and Emission at 535 nim; BMG Labtech).
Example 20: Biochemical Assay: Ubiquitin-Rhodamine 110 Assay for USP2S Activity.

{60312] The assay was performed 1n a final volume of 9 L 1n assay buffer containing 20 mM
Tris-HCE (pH 8.0, (1M Tris-HCL, pH &0 solution; Corning 46-031-CM)), 3 mM BME (2-
Mercaptoethanol;, Sigma 63689-25ML-F}, 0.03% BGG (0.22 uM filtered, Sigma, G7516-25G),
and 0.01% Triton X-100 (Sigma, T9284-101). Nanoliter quantities of 10-point, 3-fold serial
dilution in DMSO was pre-dispensed into 1536 assay plates (Corning, #3724BC) for a final test
concentration of 25 pM to 1.3 nM, top to lowest dose, respectively. Enzyme USP2S, construct
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USP25-His6, (Boston Biochem E-546). Concentration and incubation times were optimized for
the maximal signal-to-background while maintaining nitial velocity conditions at a fixed
substrate concentration. The final concentration of the enzyme in the assay was 75 pM. Final
substrate (Ub-Rh110; Ubiquitin-Rhodamine 110, R&D Systems #U-555) concentration was 25
oM with [Ub-Rh110]<<Km. 3 pb. of 2x enzyme was added to assay plates (pre-stamped with
compound) preincubated with USP235 for 30 minutes and then 3 pl of 2 x Ub-Rh110 was added
to assay plates. Plates were incubated for 45 minutes at room temperature before addition of 3
ul. of stop solution (final concentration of 10 mM citric acid (Sigma, 251275-500G}).
Fluorescence was read on the Envision (Excitation at 485 nm and Emission at 535 nm; Perkin

Elmer) or on the PheraSTAR (Excitation at 485 nm and Emission at 535 nim; BMG Labtech).

{060313] For both the USP28 and USP25 assay formats Date were reported as percent
inhibition cormpared with control wells based on the following equation: %inh = 1-({FLU -
AveLow } / {Avedigr — AveLow)) where FLU = measured Fluorescence, Avewow = average
Fluorescence of no enzyme control (n=16), and Avenigr= average Fluorescence of DMSO control
{n=16). ICso values were determined by curve fitting of the standard 4 parameter logistic fitting
algorithm included in the Activity Base software package: IDBS XE Designer Model205. Data
is fitted using the Levenburg Marguardt algorithm,

i00314] Table 18: USP28 and USP2S activities of compounds of the disclosure in USP28 and
USP25 assays. ++++ indicates an ICso of less than about 0.2 uM, +++ indicates an ICso between
about 0.2 UM and about 2 UM, ++ indicates an ICso between about 2 UM and about 10 UM, and
+ indicates an ICso between about 10 uM and about 25 uM. ND indicates that the data has not

been determined.

TABLE 10 USP28 and USP25 Assays

Compound UsP28 Uspzs Compound Uspzs USP2s
Ng. 1Cse s Ne. ¥Cso ICse
i1 At ND 1-6 -4 ot
-2 At ND i-7 - A+
-3 e ND I-9 et et
i-4 At A+ i-10 A At
-8 et ND i-11 et A+
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Compound yUsp2s UsP25 Compound USP28 USP2s
No. 1Css s No, s 1Cs
1-12 -+ ++ 3-18 ++ ++
=13 o+ ++ 119 ++ -+
i-14 -+ N 129 -t
i-158 + ++ 1-3% RS NI
I-16 tt e -22 ++ T
§-17 et ++ 1-23 o -+

Eguivalents
{00315] Those skilled in the art will recognize, or be able to ascertain, using no more than

routine  experimentation, numercus equivalents to the specific embodiments described
specifically herein.  Such equivalents are intended to be encompassed in the scope of the

following claims.
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CLAIMED:

L. A compound of Formula (I):
R4
Ry

(1,

or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, and

tautomer thereof,
wherein:
X is N or CRe;

Riis H, (C1-Cs) alkyl, (C1-Co) alkoxy, {C1-Cs) haloalkyl, (C1-Cs) haloalkoxy,
(C1-Ce) hydroxyalkyl, halogen, (Cs5-Cs) cycloalkyl, -CN, or ~NRsRo;

Rz is H, (C1-Cs) alkyl, (C1-Cs) alkoxy, (C1-Ce) haloalkyl, (Ci-Cs) haloalkoxy,
(C1-Co) hydroxyalkyl, halogen, {Cs-Cs) cycloalkyl, or —-NRioRiy;

or R and R: together form a (Cs-Cs) cycloalkyl optionally substituted with one or more
Ruz;

Rs s H, (Ci-Co) alkyl, or (C1-Co) haloalkyl;

Rasis H, (C1-Cs) atkyl, halogen, or (Ci-Ce) haloalkyl;

Rais H, (C1-Ce) alkyl, halogen, or (C1-Ce} haloalkyl;

Rs is «(Co~Ca) altkylene-C(OYIH, -(Co-Cs) alkylene-heterocycloalkyl,
-O-heterocycloatkyl, <(Co-Cs) alkylene-aryl, -(Co-Cs) alkylene-hetercary! or
-N{R73-(Co-C3) alkylene-heterocycloalkyl, wherein the heterocycloalkyl, aryl and heteroaryl

are optionally substituted with one or more Ris;

each Rs1s independently at each occurrence H, (Ci-Ce) alkyl, (C1-Cs) alkoxy,
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(C1-Cs) haloalkyl, (Ci-Cey heloalkoxy, halogen, -OH, -CN, ((3-Cs) cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, wherein the alkyl 1s optionally substituted with one or
more {Ci1-Ce) alkoxy or ~-0OH, and wherein the cvcloalkyl, heterocycloalkyl, arvl, and

heteroaryl are optionally substituted with one or more Rys; or

Rs and Re together when on adjacent atorns form a (Ca-Cs) cycloalkyl ring optionally
substituted with one or more Rus; or Rs and Re together when on adjacent atoms form a
heterocycloalkyl ring optionally substituted with one or more Ris; Rs and Re together when on
adjacent atoms form an aryl ring optionally substituted with one or more Ris; or Rs and Re
together when on adjacent atoms form a heteroaryl ring optionally substituted with one or more

Ris; or

two Re together when on adjacent atoms form a (Cs-Cs) cycloalkyl ring, or two Re
together when on adjacent atoms form a heterocycloalkyl ring; two Re together when on
adjacent atoms form an aryl ring; or two Re together when on adjacent atoms form a heteroaryl

1ing;
Ry 1s H or (C-Co) alkyl;

each Rs, Ro, Ruio, and Ru: is independently H, (C1-Ce) alkyl, or
~C{OYCi-Ce) alkyl;

each Ruz 1s independently at each occurrence (Ci-Ce) alkyl, (Ci-Ce) alkoxy,

(C1-Co) haloalkyl, {C1-Cs) haloalkoxy, halogen, or -OH;

each Ris is independently at each occurrence (C1-Ce) alkyl, {Ci-Co) alkoxy,
(Ci-Cs) haloalkyl, {(C1-Co) haloalkoxy, (Ci-Cs) hydroxyalkyl, halogen, (C3-Cs) cycloalkyl,
~C{ONR1eR1o, -5(03(Ci-Cey alkyl, ~OH, or -NRisR17, wherein the alkyl ts optionally
substituted with one or more substituents independently selected from (C:-Cs) alkoxy, OH, and
heterocycloalkyl; or

two Rus together when attached to the same carbon can form ~C=(0} when Rs is
~{Co-C3) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
~N{R7)-{Co-Cs) alkylene-heterocycloalkyl; or two Ris together when attached to the same atom
form a (C3-Cg) spirocycloalkyl optionally substituted with one or more Rae when Rs 18

-(Co-Cs) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or
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~IN{R7)-{Co-Cs) alkylene-heterocycloatkyl; or two Ris together when attached to the same atom
form a (C3-Cs) spiroheterocycloalkyl optionally substituted with one or more Rzo when Rs is
-(Co-Cs) alkylene-heterocycloalkyl, -O-heterocycloalkyl, or

-N{R7}-(Co-Cs) alkylene-heterocycloalkyl; or two Ris together when on adjacent atoms form a
heterocycloalkyl ring optionally substituted with one or more Rao; or two Riz together when on
adjacent atoms form a heteroaryl ring optionally substituted with one or more Rao; or two Ry3
together with the atoms to which they are attached can form a bridged heterocycloalkyl ring
optionally substituted with one or more Rz when Rs is -{Co-Cs) alkyvlene-heterocycloalkyl,

~-O-heterocycloalkyl, or ~-N{R7)-{Co-C3) alkylene-heterocycloalkyl;

each Ri4 is independently at each occurrence (C1-Cs) alkyl, (Ci-Cs) alkoxy,
{C1-Ce) haloalkyl, (C1-Cs) haloalkoxy, halogen, cycloalkyl, heterocycloalkyl, or
-C{O)-heterocycloalkyl, wherein the alkyl is optionally substituted with one or more

substituents independently selected from (C1-Cs) alkoxy and ~OH;

each Ris 15 independently at each occurrence (C1-Co) alkyl, {Ci-Co) alkoxy,

(C1-Ce) haloalkyl, (C1-Cs) haloalkoxy, halogen, -OH, -CN, =C(0)YOH, or —-C{(O)YO(C1-Ce) alkyl;

each Ris and Ri7 1s independently H, {C1-Ce) alkyl, (C5-Cs} eycloalioyl, -CH2C{O)NHz,
-S{OR(C1-Co) alkyl, -S(03{Cs-Cro) aryl or “C{ONC1-Cs) alkyl;

each Rus and Rug 15 independently H or (C1-Ce) alkyl;

each Roo is independently at each occurrence (C1-Ce) alkyl, (C1-Co) alkoxy,

(C1-Co) haloalkyl, (C1-Cs) haloalkoxy, or halogen; or

two Ruo together when attached to the same carbon form —C=(0); and

nis @, 1,2, or 3.

The compound of claim 1, wherein X 1s CH.

The compound of claim 1 or 2, wherein Rs 1s H or CHs.

The compound of any one of claims 1 to 3, wherein Re1s H or CHa.
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The compound of any one of claims 1 to 4, wherein Ry is H.

The compound of any one of ¢laims 1 to 5, wherein Ry is H or {Ci-Cs) alkyl.

The compound of any one of claims | to 6, wherein Rz 1s H or halogen.

The compound of any one of claims 1 to 5, wherein Ri and Rz together form a

(C5-Cs) cycloalkyl optionally substituted with one or more Rz

The compound of any one of claims | to 8, wherein Re1s halogen, or -CN.

The compound of any one of claims 1 to 9, wherein nis 0.

The compound of any one of claims 1 to 9, whereinnis 1 or 2.

The compound of any one of claims 1 t0 9, wherein nis 3.

The compound of claim 1 baving Formula (Ia}, (Ib) or (Ic):
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or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, and

tautomer thereof

14. The compound of claim | having Formula (Id), Formula (Ie), or Formula (If):
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(If),

or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, and

tautomer thereof.

1S, The compound of claim 1 having Formula (Ig}, Formula (th), Formula (Ii}, or Formula
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Rs ().

or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, and

tautomer thereof

16. The compound of any one of claims 13 to 15, wherein Rz 1s H or CHs.

17.  The compound of any one of claims 13 to 15, wherein Rs is H or CHs.

I8. The compound of any one of claims 13 to 17, wherein Re1s H.

19. The compound of any one of claims 13 to 18, wherein Ry is H or (Ci-Cs) alkyl.
20.  The compound of any one of claims 13 to 19, wherein Rz is H or halogen.

21, The compound of any one of 13 to 18, wherein Ri and Rz together form a

(C3-Cs) cycloalkyl optionally substituted with one or more Rz

22, The compound of any one of claims 13 to 21, wherein Reis halogen, or -CN.
23, The compound of any one of claims 13 to 22, wherein n is 0.

24, The compound of any one of claims 13 to 22, whereinnis 1 or 3.

25 The compound of any one of claims 13 to 22, wherein nis 3.
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or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, and

tautomer thereof.

27. A pharmaceutical composition comprising, a compound of any one of claims 1 to 26, and

a pharmaceutically acceptable carrier.

28, A method of treating a disease or disorder associated with inhibition of USP28
comprising, administering to a patient in need thereof an effective amount of a compound

of any one of claims 1 to 26.

29, The method of claim 28, wherein the disease or disorder associated with inhibition of
USP28 is cancer.
30. A method of inhibiting USP28 comprising, administering to a patient in need thereof an

etfective amount of a compound of any one of claims 1 to 26.

31 A method of treating cancer, the method comprising administering, to a patient in need

thereof an effective amount of a compound of any one of claims 1 to 26.

32. The method of claim 31, wherein the cancer is acute myeloid leukemia, gastric cancer,
pancreatic cancer, colorectal cancer, ghioblastoma, neuroblastoma, small-cell lung cancer,

non-small cell lung cancer, or squamous cell carcinoma.

33 The method of claim 31, wherein administration of the compound induces a change in

the cell cycle, cell viability, cell apoptosts, or differentiation.

34 A method of treating a disease or disorder associated with inhibition of USP25
comprising, administering to a patient in need thereof an effective amount of a compound

of any one of claims 1 to 26.
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35. A method of treating a disease or disorder associated with inhibition of USP28 and
USP25 comprising, admunistering to a patient in need thereof an effective amount of a

compound of any one of claims 1 to 26,

36. The method of any one of claims 28 to 35, wherein administering is performed orally,

parentally, subcutanecusly, by injection, or by infusion.

37. A compound of any one of claims 1 to 26 for use in the manufacture of a medicament for
treating a disease associated with inhibiting USP28.

38 Use of a compound of any one of claims 1 to 26 in the treatment of a disease associated
with inhibiting USP28.

39, A compound of any one of claims 1 to 26 for use in the manufacture of a medicament for
treating a disease associated with inhibiting USP25.

40.  Use of a compound of any one of claims 1 to 26 in the treatment of a disease associated
with inhibiting USP25.

41. A compound of any one of claims 1 to 26 for use in the manufacture of a medicament for
treating a disease assoctated with inhibiting USP28 and USP 25,

42, Use of a compound of any one of claims 1 to 26 in the treatment of a disease associated
with inhibiting USP28 and USP 25

43, A method of treating inflammation, the method comprising, administering to a patient in
need thereof an effective amount of a coropound of any one of claims 1 to 26.

44, A method of treating an autoimmune disease, the method comprising, administering to a

patient in need thereof an effective amount of a compound of any one of claims 1 to 26
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A method of treating an infectious disease, the method comprising, administering to a

patient in need thereof an effective amount of a compound of any one of claims 1 to 26

The method of claim 45, wherein the infectious disease is a viral infection or a bacterial

infection.

A voethod of treating a viral infection, the method comprising, administering to a patient

in need thereof an effective amount of a compound of any one of claims 1 to 26.

A method of treating bacterial infection, the method comprising, administering to a

patient in need thereof an effective amount of a compound of any one of claims 1 to 26.
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