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PIPERIDINE DERIVATIVES AS HDACHZ INHIBITORS

RELATED APPLICATIONS
This application claims prionty to U.S. Provisional Application Serial No.
5 62/091.221, filed December 12, 2014, and to U S, Provisional Application Senal No.
62/238,931, filed October 8, 2015, which are incorporated herein by reference in their

enfireties.

BACKGROUND
10 A biological target of current interest s histone deacetylase (HDAC) (see, for
example, a discussion of the use of inhibttors of histone deacetylases for the treatment of
cancer: Marks et al. Nafure Reviews Cancer 2001, 7, 194; Johnstone ¢t al. Narure Keviews
Dirug Discovery 2002, 287). Post-translational modification of proteins through acetylation

and deacetyviation of lysine residues plays a critical role in regulating their celbular functions.

[
(4

HBACs are zinc hydrolases that modulate gone expression through deacetylation of the N-
acetyl-lysine residues of histone proteins and other transcriptional regulators (Hassig et al.
Curr. Opin. Chem. Biol 19971, 300-308). HDACs participate in cellular pathways that
control cell shape and differentiation, and an HDAC inhibitor has been shown to be effective
m treating an otherwise recalcitrant cancer (Warrell et al. J. Nadl. Cancer Inst. 1998, 90,

20 1621-1625).

Eleven human HDACs, which use Zn as a cofactor, have been identified (Taunton et
al. Science 1996, 272 408-411; Yang et al. J. Biol Chem. 1997 272, 28001- 28007
Grozinger ot al. Proc. Natl Acad. Sei. US. A 1999, 96, 4868-4873; Kao et al. Genes Dev.
2000, 14, 35-66. Hu et al. J Biol. Chem. 2000, 275, 15254-15264; Zhou ¢t al. Proc. Natl.

25 Acad Sci US.A. 2001, 98, 10572-10577; Venter et al. Science 2001, 291, 1304-1351) and
these members fall into three classes (class 1, H, and IV) based on sequence homology to their
veast orthologues (€. Witt et al. Cancer Lerters, 2009, 277, 8-21). Class  HDACs include
HBACI, HDAC2, HDAC3, and HDACS, and are referred to as “classical” HDACs, which
implics a catalytic pocket with a Zn”" ion at its base.

30 There remains a need for preparing structurally diverse HDAC inhibitors, particulardy

ones that are potent and/or selective inhibitors of particular classes of HDACs and individual

HDACs,
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SUMMARY OF THE INVENTION

Provided hercin are compounds, phammaceutical compositions comprising such
compounds, and methods of using such compounds to treat diseases or disorders associated
with HDAC activity, particularly diseases or disorders that involve HDACT and/or HDACZ

5  expression. Discases that involve HDACT and/or HDAC? expression include, but are not

fimited to, various types of cancer and hemoglobinopathies, such as sickle-cell anemia and
beta-thalassemia.

Thus, in one aspect, provided herein is a compound of Formula &

\f\)\;( O

10 i

or a pharmaceutically acceptable salt thereof.

In an embodiment, provided herein is a compound of Formula I

R-
I R ONH,
é J\y
[
15 or a pharmaceutically acceptable salt thereof.

In a particular embodiment, provided herein is a compound of Formula I

‘%

if

R‘

R

R

or a pharmaceutically acceptable salt thereof.
20 In another embodiment, provided herein are the compounds of Table 1, or

pharmaceutically acceptable salts thereof.
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In another aspect, provided herein 1s a pharmaceutical composition comprising a
compound of Formula I, Formula I, Formula Ha, Formula 1, or Formula {ila, a compound
presented o Table 1, a compound presented 1n Table 1a, or pharmaceutically acceptable salts
thereof, together with a pharmaceutically acceptable carrier.

In another aspect, provided herein is a method of inhibiting the activity of HDACH
and/or HDAC? in a subject comprising administering to the subject a compound of Fornmula
I, Formula I, Formula Ha, Formula I, or Formula fila, a compound presented mn Table 1, a
compound presented in Table la, or pharmaceutically acceptable salis thereof

In another aspect, provided herein is a method of selectively inhibiting the activity of
each of HDACT and/or HDAC?2 over other HDACs in a subject comprising administering to
the sebject a compound of Formula L Formula 1, Formulda la, Formula HL or Formula Hla, a
compound presented 1n Table 1, a compound presented 1n Table la, or pharmaceotically
acceptable salis thereof. fn some erabodiments, the compound has a selectivity for cach of
HDACT and/or HIXAC? that is 5 to 1000 fold greater than for other HDACs. In other
embodiments, the compound has a selectivity for each of HDACT and/or HBAC2 when
tested in a HDAC enzyme assay, of about 5 to about 1000 fold greater than for other HDACs.

fn another aspect, provided herein is a method for treating a disease mediated by one
or more HBACs 1n a subject comprising admimstering to the subject in need thereota
compound of Formuda §, Formula I, Formula Ha, Formula 1T or Formela Hla, a compound
presented i Table 1, a compound presented in Tablce 1a, or phammaceutically acceptable salts
thercof. In some embodiments, the disease 1s mediated by HDACT and HDAC2. In another
embodiment, the disease 13 mediated by HDACT, In vet another embodiment, the disgase is
mediated by HDAC2,

fn another aspect, provided herein is a method for treating a disease in a subject
coraprising administering to the subject a compound of Formula I, Formula II, Formula lla,
Formula I, or Formula [la, a compound presented in Table 1, a compound presented in
Table la, or pharmaceutically acceptable salts thercof. In an embodiment, the discasc is
myelodysplastic syndrome. In an embodiment, the discase is a hemoglobinopathy. In
another embodiment, the disease is sickle-cell disease. In vet another embodiment, the
diseasc is beta-thalassemia.

fn a further embodiment, the disease is a cancer. The cancer can be selected from
tung cancer, colon cancer, breast cancer, neuroblastoma, leukemia, or lymphoma. Inveta
further embodiment, the cancer is neuroblastoma. The leukemia can be acute myelogenous

leukenua or acute megakarvoceytic leukemia.
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In ancther aspect, provided herein is a method for treating sickle cell disease, beta
thalassemia, myvelodysplastic syadrome, acutec myelogenous leukemia, neuroblastoma, or
acute megakaryocytic leukemia in a subject 10 need thereof comprising admimistering to the
subject a therapeutically effective amount of a compound of Formula I, Formula I, Formula
Ua, Formula i, or Formula Hia, a compound presented in Table 1, a compound presented in
Table la, or pharmaceutically acceptable salts thereof.

In a turther embodiment of the methods of treatment described herein, the subject to
be treated is a buman.

In vet another aspect, provided herein is a method for treating a disease or disorder
associated with GATA binding protein 2 (Gata?) deficiency comprising admimstering to a
subject in need thereof a therapeutically effective amount of a compound of Formula [
Formula i, Formula Ha, Formula HE or Formula Hia, a compound presented in Table 1, a2
compound presented 1n Table la, or pharmaceutically acceptable salts thercof,

In still another aspect, provided herein is a method for increasing GATA binding
protein 2 {Gata2) expression in a cell comprising contacting the cell with a compound of
Formula 1, Formula I, Formula Ha, Forowla 1, or Formula Hia, a compound presented in
Table 1, a compound presented in Table la, or pharmaceutically acceptable salts thereof.

In a further aspect, provided herein is a method for inducing HbG {(gamma globin}
expression in 3 subject, comprising administering o the subject a compound of Formulda L
Formula [i, Formula Ha, Fornmula I}, or Formula Hlia, a compound presented in Table 1, a

compound presented 1o Table [a, or pharmaceutically acceptable salts thereof,

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing the HDAC mhibition protile of Compound 003 with
respect to HDACT, HDAC2, and HDAC3 (See, Example 43).

Figure 2 shows the plasma concentration in a rat as a function of time upon oral
adnunistration of 40 mg/kg of Compound 003 (Sec Example 44).

Figure 3 shows the in vitro fetal globin induction of Compoud 003 in companson to
another known HDAC/2 inhibitor, Compound A (See Example 45).

Figure 4 is a graph showing the HDAC whibition profile of Compound 0035 with
respect to HDACT, HDACZ, and HDACS (5ce, Example 43).

Figure 5 shows the plasma concentration 1o a rat as a tunction of time upon oral
administration of 20 mg/kg of Compound 005 (Seec Example 443}

Figure 6 shows the in vitro fetal globin induction of Compoud 0035 10 comparison to

4
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another known HDACY/2 inhibitor, Compound A (See Example 45}

Figure 7 shows that treatment of ervthroid progenitors with various HDACI/Z

mhibitors {Compounds 005 and A) leads to mduction of Gata2 mRNA.

DETAILED DESCRIPTION
The mstant application is directed, generally, to compounds, pbarmaceutical
compositions comprising such compounds, and methods of using such compounds to treat
disgases or disorders associated with HDAC activity, particularly diseases or disorders that

mvolve any type of HDACT and/or HDACZ expression.

Definitions

Listed below are definitions of various terms used to describe this invention. These
defuntions apply to the terms as they are used throughout this specification and claims, unless
otherwise limited in specific instances, either mdividually or as part of a larger group.

The term “about” generally indicates a possible variation of no more than 10%, 5%,
or 1% of avalue. For example, “about 25 mg/ke” will generally indicate, in its broadest
sense, a value of 22.5-27 5 mg/ke, i.e., 25 £ 2.5 myg/kg.

The term “alkvl” refers to saturated, straight- or branched-chain hydrocarbon moietics
containing, 10 certain enmbodiments, between one and six, or one and eight carbon atoms,
respectively. The nuraber of carbon atoms in an alkyl substituent can be indicated by the
prefix “Ce-Cy,” where x 15 the mummum and v 15 the maximum number of carbon atoms in
the substituent. Likewise, a €, chain description indicates a group containing x carbon atoms
{i.e., not including the number of heteroatoms). Examples of C-Cy-alkyl moieties include,
but arc not limited to, methyl, ethyl, propyl, isopropyl, n-butvl, ferr-butyl, neopentvl, n-hexyl
moigties; and examples of C-Cg-alkyl moieties inciude, but are not imited to, methyl, ethyl,
propyl, isopropvi, n-butyl, ferr-butyl, neopentyvl, n-hexyl, heptyvl, and octyl moieties.

The term “alkoxy” refers 1o an -O-alkyl moiety. Non-limiting examples of C;-Ce-
alkoxy inchude methoxy, ethoxy, 1-propoxy, 2-propoxy, n-butoxy, ~butoxy, pentoxy,
hexoxy, ete. The alky] portion of alkoxy can be straight- or branched-chain.

The term “arvi” refers to a mono- or poly-cvelic carbooyclic ring system having one
or more aromatic rings, fused or non-fused. including, but not himited to, phenvl i.e., Co-
arvl}), naphthvl, tetrahvdronaphthvl, indanvl, idenvl, and the like. In some embodiments, aryl

groups have 6 carbon atoms {¢.g., Ce-arvl). In some embodiments, aryl groups have from six
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to ten carbon atoms {(e.g., Ce-Cro-arvl). In some embodiments, aryl groups have from six to
sixteen carbon ators.

¢ term “cveloalkyl” denotes a monovalent group denived from a monocyclic or
polyevelic saturated or partially unsatured carbocvelic ring compound. Examples of C5-Co-
cycloalkyl include, but are not limited to, cyclopropyl, cvclobutyl, cvclopentyl, and
cyclohexyl; examples of Cs-Cs-cyeloalkyl include, but are not limited to, cyclopropyl,
cvelobutyl, cyclopentyl, cyclohexyl, evelopentyt and cyclooctvl; and examples of C5-Cyp-
cyveloalkyl include, but are not imited to, cyclopropyl, cvclobutyl, cyclopentyl, cyclohexyl,
bicyclo {2.2. 1 theptyvl, and bicyclof2.2 2]octvl. Also comtemplated are monovalent groups
derived from a monocvelic or polveyelic carbocyelic ring compound having a carbon-carbon
double bond by the removal of a single hydrogen atom. Examples of such groups mclude,
but are not limited to, cyclopropenyl, cyvclobutenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, cvclooctenyl, and the hike.

The term “heteroaryl” refers to a mono- or poly-cyclic {e.g., bi-, or tri-cyvclic or more)
fused or non-fused moiety or ring system having at least one aromatic ring, wherg one or
more of the ring-forming atoms is a heteroatom such as oxygen, sulfur, or nitrogen. In some
embodiments, the heteroaryl group has one to cight carbon atoms, one to six carbon atoms,
two to 6 carbon atoms (g.g., C-Ce-heteroaryl, C-Cy-heteroarvl, or C;-Co-heteroarvly. In
further embodiment the heteroary! group has one to fificen carbon atoms. In some
embodiments, the heteroaryl group contains five o sixteen ring atoms of which one ring atom
15 selected from oxvgen, sulfur, and nitrogen; zero, one, two, or three ring atoms are
additional heteroatoms mndependently selected from oxygen, sulfur, and nitrogen; and the
remaining ring atoms are carbon. Heteroaryl includes, but is not limited to, pyndinyi,
pyvrazinyl, pyrimidinyl, pyreolyl, pvrazolyl, unidazolyl, thiazolvl, oxazolyl, 1sooxazolyl,
thiazolvl, thiadiazolyl, oxadiazolyl, thiophenyl, furanvl, indolvl, quinolinyl, isoquinolinyl,
benzinmidazolyl, benzooxazolvl, quinoxalinyl, acridimyl, and the like.

The term “heterocyelyl” refers to a non-aromatic 3-, 4-, 5-, 6~ or 7-membered ring or
a bi- or in-cyclic group fused of non-fused system, where (1) cach ring contains between one
and three hetercatoms imdependently sclected from oxygen, sulfur, and nitrogen and the
rematning atoms are carbon {¢.g., £3-Cs-heterocychyl, Cs-Co-heterocyelvl, or $5-Cs-
beterocyelyl), (i) cach S-membered ring has 0 to 1 double bonds and cach 6-membered ning
has 0 to 2 double bonds, (in1) the nitrogen and sulfur heteroatoms can optionally be oxidized,
(iv} the nitrogen heteroatom can optionally be quaternized, and (iv) any of the above rings

canbe fused to a benzene ring. The term “heterocyelyl” mcludes, but 1s not limited to,

6
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I 1.3}dioxolane, pyvirolidinyl, pyrazolinyl, pyvrazohdinyl, imidazolinyl, imidazohdinyl,
pipenidinyi, piperazinyl, oxazolidinyl, isoxazohdinyl, morpholinyl, thiazolidiny,
isothiazolidinyt, and tetrahydrofuryl.

The terms “hale” and “halogen™ refer to an atom selected from fluorine, chlorine,
bromine and iodine.

The term “haloalkyl” refers to alkl radicals wherein anv one or more of the alky!
carbon atoms 1s substituted with halo as defined above. Haloalkyl embraces monochaloalkyl,
dihaloalkyl, and polvhaloalkyl radicals. The term “haloalkyl” includes, but is not limited to,
fluoromethyl, difluoromethyl, rifluoromethyi, chloromethyi, dichloromethyl,
trichloromethyl, and pentafluorocthvi,

The term “hvdroxy” refers to an —(OH radical.

The term “HDAC” refers to histone deacetylases, which are enzymes that remove the
acetyl groups from the lysine residues n core histones, thus leading to the formation of a
condensed and transcriptionally silenced chromatin. There arc currently 18 known histone
deacetylases, which are classified into four groups. Class F HBACs, which include HDACT,
HDACZ, HDACS, and HDACS, are related 1o the veast RPD3 gene. Class H HDACs, which
mclude HBACY, HDACS, HDACS, HDACT, HDACY, and HDACI0, are related to the veast
Hdal gene. Class HI HDACs, which are also known as the sirtuins are related to the 5ir2
gene and include SIRTI-7. Class IV HDACs, which contains only HDACH, has features of
both Class [ and Il HDACs. The term “"HDAC” refers to anv one or more of the 18 known
histone deacetviases, unless otherwise specified.

The term “inhibitor” ts synonymous with the term antagonist.

The term “pharmaceutically acceptable salt” refers to those salts of the compounds
formed by the process of the present invention which are, within the scope of sound medical
Judgment, suitable for use in contact with the tissues of humans and lower amimals without
undue toxicity, irntation, aliergic response and the like, and are commensurate with a
reasonable benefit/nsk ratio. Additionally, “pharmaccutically acceptable salis™ refers to
dernivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moicty to its salt form. Examples of pharmaceutically
acceptable salts include, but are not linuted to, mineral or organic acid salts of basic residues
such as amines; alkali or organic salts of acidic residucs such as carboxvlic acids; and the
like. The pharmaceutically acceptable salts of the present invention mchude the conventional
non-toxic salts of the parent compound formed, for example, from non-toxic morganic or

organic acids. The phamacewtically acceptable salts of the present invention can be

7



10

[
L

WO 2016/094824

synthesized from the parent compound, which containg a basic or acidic moiety by
conventional chenical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the approprate base
or acid 1n water or in an orgamic solvent, or in a mixture of the two; gencrally, nonagueous
media bike ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred. Lists of
suitable salts are found in Remington's Pharmaceutical Sciences, 17" ¢d., Mack Publishing
Company, Easton, Pa., 1985, p. 1418 and Joumal of Pharmaceutical Science, 66, 2 (1977},
cach of which is incorporated herein by reference in its entirety.

Combinations of substituents and variables envisioned by this invention are only
those that result in the formation ot stable compounds. The term “stable” refers to
compoands which possess stability sufficient to allow manafacture and which maintains the
mitegrity of the compound for a sufficient period of time to be useful for the purposes detailed
herein (e.g., therapeutic or prophvlactic administration to a subjoct).

The term “subject” refers to a mammal. A subject therefore refers to, for example,
dogs, cats, horses, cows, pigs, guinea pigs, and the hke. Preferably the subject 1s a human.

When the subject is a human, the subject can be referred to herem as a patient.

Compounds of the fnvention

In one aspect, provided herein is a compound of Formula I;

A
=3
Z

H
or a pharmaceutically acceptable salt thercof,
wherein,

Xis CRY or N;
X is CHor N:

PCT/US2015/065289
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Y is selected from the group consisting of;

NS
s s P N . N/ N aud

Z 1 selected from the group consisting of H, C-Ce-alkyl, Co-aryl,
COMNR'R?, COHORE, CLOYC 1-Co-allkyl, CUOYCo-Cy-alkyl-Cy-aryl, C{O)-C5-Co-
5 cycloalkyl, C{0)-Ch-Co-heterooyelyl, and C(O)Chg-alkyl-heteroaryl, wherein the aryl,

>

heteroaryl, cyveloalkyl, and heterocvelvl groups are optionally substituted by 1 or 2 of
4-Cy-altkyl, halo, Cy-Ce-haloalkyl, hydroxy, or C-Ce-alkoxy;
R*and R are H, or R® and R together form a fused C-aryi:
R'is selected from the group consisting of H and C;-Ce-alkyl;
10 R is selected from the group consisting of H, C,-Ce-alkyl, and Cg-arvl:
R’ is selected from the group consisting of H, C;-Ce-alkyl, and Cy-arvi;
or R? and R” together form a Cs-Cs-heterocyclyl;
R* is selected from the group consisting of H, C;-Ce-alkyl, C1-Ce-alkyl-OH,
and Ci-Ce-NH;:
R’ is C1-Ce-atkyl:

[
(4

or R* and R” together form a C,-Ce-hetorocyelyl, wherein heterocyelyl is
optionally substituted by 1 or 2 of C;-Ce-alkyd, halo, Ci-Cg-haloalkyl, hydroxy, or Ci-
Co-alkoxy;
R® is selected from the group consisting of C;-Ce-alkyt and Cy-Ce-alkyl-Co-
26 aryl, wherein arvl is optionally substituted by 1 or 2 of C}-Cy-alkyl, halo, or hydroxy;
and
R’ is selected from the group consisting of H, C;-Cg-alkyl, and C5-Cy-
eveloatkyl, In an embodiment of the compound of Formula I, R? and R® are Hand R is
selected from the group consisting of H and Ce-arvl.

23 In an embodiment of the compound of Formula 'Y is selected from the group

[FaVaVaV ol [V aVaV Vol
O
A and NP

In another embodiment ot the compound of Formula I, Z 15 selected trom the group

consisting of H, ;-Cs-alkyl, Co-aryl, C{O)ORS, CHC-Co-alkyl, CIOYCo-Comalkyl-Ce-aryl,

consisting of’
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C{O3-Ca-Co-cveloalkyl, and C{O)Y p-s-alkyi-heteroaryl, wherein the aryl, heteroaryl, and
cveloalkyl groups are optionally substituted by 1 or 2 of C;-Ce-alkyl, halo, C1-Ce-haloalkvl,
hvdroxy, or C-Ce-alkoxy.

In an embodiment, the compoond of Formnula 1 1s a compound of Fornuula 11

RQ

REN_ X )

Yy o
N |
}

u

or a pharmaceutically acceptable salt thereof.
In an embodiment of the compound of Formula | or Formula 1, X! and X* arec cach N,
or X' and X* are cach CH.

10 In another embodiment ot the compound of Formula f or Formula I, Y is:

g/ O

In another embodiment of the compound of Formula or Formuda I, Z is sclected
from the group consisting of C(OINR'R’, C{OYOR®, C(0)-C1-Ce-cyeloalkyl, C(O)-Co-Co-
heterocyclyl, and C{OYCo-g-alkyvl-heteroaryl, wherein heteroaryl, cycloalkyl, or heterocyelyi

15 are optionally substituted by | or 2 of C-Cg-alkyl, halo, or hydroxy; and

R® is Ce-aryl.

In vet another embodiment of the compound of Formula 1 or Formula I, Z is selected
from the group consisting of H, C;-Ce-alkyl, and Ce-aryl.

In an embodiment of the compound of Formula I or Formula I, R is H.

20 In another embodiment of the compound of Formula { or Formula I R? is H.

In another embodiment of the compound of Formula 1 or Formula 11, Ris H, methyl,
cthyl, isopropyl, or phenyvl. In another embodiment of the compound of Formula for
Formula I1, R’ is selected from the group consisting of H or Ce-aryl. In vet a further

embodiment of the compound of Formula | or Formula 1L, R is H.

10
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In an embodiment, the compound of Formuola 1is a compound of Formaula Ha:
R?2

w

N 22

Tia
or a pharmaceutically acceptable salt thereof.

3 In an embodiment of the compound of Formula Ha, Y is:

In another embodiment of the compound of Formula Ha, Z 15 selected from the group
consisting of CIOWR'R’, C{OIOR®, C(O)-Cr-Ce-cveloalkyl, CO)-Cr-Co-heterocvelyl, and
C(O¥Cy-s-alkyl-heteroaryvl, wherein heteroarvl, cycloalkyl, or heterocyelyl are optionally

10 substituted by 1 or 2 of C-Cy-alkyl, halo, or hydroxy; and

R is Ce-aryl.

In yet another embodiment of the compound of Fornuula Ifa, Z 15 selected from the
group consisting of H, C;-Cg-alkyl, and Cg-aryl.

I an embodiment of the compound of Formula Ha, R’ is H.

15 In another embodiment of the compound of Formula Ha, R7isH.

In another embodiment of the compound of Formula Ia, R’ is H, methvl, ethyl,
isopropyl, or phenyl. In vet a further embodiment of the compound of Formula Ha, R’ is H.

In a specific embodiment, RsH R isHand R is H

In a firther embodiment, the compound of Formula © 1s a compound of Formula HE:

R2

R® N X!

20

1
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1}

or a pharmaccutically acceptable salt thereof.

In an embodiment of the compound of Formula HH, X! and X® are each N, or X! and
X* are cach CH.

In an embodiment of the compound of Formula HI, R is H.

In an embodiment of the compound of Formula I, R” is H, methyl, or isopropyl.

In an embodiment of the compound of Formula T, RiisHand R%is C (~Comalkyt.

In another embodiment of the compound of Formula I, R* and R’ together form a
heterocyelyl selected from the group consisting of morpholinyl, piperidinyl, piperazinvi, and
pvrrolidinyl, wherein the morpholinyl, piperidinyl, piperazinyi, and pyrrolidinyi are
optionally substituted by 1 or 2 of C;-Ce-alkyl, halo, or hydroxy.

In another embodiment of the compound of Formula HE X' and X are N:

R'isH;

R is H;

R’ is H or C;-Cy-alkyl; and

R* and R’ together form a heterocyelyl selected from the group consisting of
maorpholinvl, piperidinyi, piperazinyl, and pyrrolidinyl, wherein the morpholinyi, pipendinyi,
piperazinyl, and pyrrohidinyl are optionally substituted by 1 or 2 of C;-Ce-alkyl, halo, or
hvdroxy.

In another embodiment of the compound of Formula HE X' and X% are N;

R'isH;

R’ is H;

R is H; and

R* and R’ together form a heterocyely! selected from the group consisting of
morpholinyl, piperidinyl, piperazinyl, and pyrrolidinyl, wherein the morphohinvi, pipendinyi,
piperazinyl, and pyrrolidiny are optionally substituted by 1 or 2 of C-Ce-alkyl, halo, or
hydroxy.

In a further embodiment, the compound of Formula [ 15 a compound of Formula Hia:
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Hla

or a pharmaceuticallv acceptable salt thereof.

In an embodiment of the compound of Formula IHa, R’ is H.

In an embodiment of the compound of Fornwula Ha, R is B, methyl, or isopropyl. In
a further embodiment of the compound of Formula Ia, R’ is H.

In an embodiment of the compound of Formula Hi, R'isHand R’ is Ci-Coralkyl

fn an embodiment of the compound of Formula [Hfa, R* and R together form a
heterocvelyl selected from the group consisting of morpholinyl, piperidiny, piperazinyl, and
pyrrolidinyl, wherein the morpholinyl, piperidinyl, piperazinyl, and pyrrolidinyl are
optionally substituted by 1 or 2 of C-Ce-alkyl, halo, or hydroxy.

In another embodiment of the compound of Formula 1la,

R'isH;

R’ is H: and

RUisH

In another embodiment ot the compound of Formula [ila,

R'isH;

R isH;

R’ isH; and

R* and R together form a heterocyelyl selected from the group consisting of
morpholinyl, piperidinyl, piperazinyl, and pyrrolidiny, wherein the morpholinyl, pipendinyl,
piperazinyl, and pyreolidinyl are optionally substituted by 1 or 2 of C;-Cs~alkyl, halo, or
hvdroxy.

In another aspect, provided herem s a compound selected from any of the compounds

presented in Table 1



WO 2016/094824 PCT/US2015/065289

Table 1.
1050 (aM)
D Structure HDAC! | HDACZ HDAC3
NH
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R o
001 & 1 6.5 38 427
crf’\NH
]
po
002 7 28 203
003 15 56 204
004 2.0 21 286
005 1.2 4.9 82
906 4.7 22 274
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067 118 703 929
8038 5 37 124
49 32 145 250
010 7.3 26 195
011 8.5 32 201
812 19 177 1269
013 4 14 412
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014 63 299 52000
015 3.2 12 149
016 3.2 13 145
017 18 99 1739
018 12 78 516
019 0.9 4.2 43

N
&/\I \C . NH,
026 N J\J ) 3.7 17 304
O)\N ~ I
\‘/
021 15 72 555
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2% 12 17 541
030 7.1 9.4 466
031 91 71 264
632 i7 20 397
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and pharmaceutically acceptable salts thereof,

In another aspect, provided herein 1s a compound selected from any of the compounds

presented in Table la:
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and pharmaceutically acceptable salts thercof.

In preferred embodiments, the compounds of the instant nvention have one or more
of the following propertics: the compound is capable of inhibiting at least one histone
deacetylase (HDAC); the compound is capable of inhibiting HDACT and/or HDAC2; the
compound selectively inhibits HDACT and/or HDACZ over other HDACs.

Another object of the present invention is the use of a compound as described herein
{e.g., of anvy formulac herein) 1n the manufacture of a medicament for use in the treatment of
a disorder or disease herein.  Another object of the present invention is the use of a compound
as described herein {e.g., of any formulae herein) for use in the treatment of a disorder or
discase herein.

In another aspect, provided herein is a method of synthesizing a compound of
Formula I, Formula 1], Formula Ha, Formula I, or Formula Hia, a compound presented in
Table 1, a compound presented in Table la, or pharmaceutically acceptable salts thereof.

The synthesis of the compounds of the invention can be found in the Examples below. An
embodiment is therefore a method of making a compound of any of the formulae herein using
any one, or combination of, reactions delingated herein. The method can include the use of

one or more intermediates or chenucal reagents delineated herein,

)
(5]
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In another aspect, provided herein 1s an 1sotopically labeled compound of any of the
formulae delincated herein. Such compounds have one or more isotope atoms which can be
radioactive {e. 2., H, L MC, e 3¢ , 3ZF’, 125 I, and mi) introduced into the compound. Suc
compounds arg useful for drug metabolism studies and diagnostics, as well as therapeutic
applications.

Protected derivatives of the compounds of the invention can be made by means
known 1o those of ordinary skill n the art. A detailed description of techniques applicable to
the creation of protecting groups and their removal can be found in T. W. Greene, “Protecting
Groups in Organic Chemistry,” 3rd edition, John Wiley and Sons, Inc., 1999, and subsequent
editions thereof,

Compounds of the present invention can be conveniently prepared, or formed during
the process of the invention, as solvates {e.g., hvdrates}. Hydrates of compounds of the
present invention can be conveniently prepared by recrystallization from an agueous/organic
solvent mixture, using organic solvents such as dioxan, tetrahydrofuran or methanol.

In addition, compounds of this invention can have one or more double bonds, or one
or more asypunetric centers. Such compounds can occur as racemates, racemic 1mixtures,
single enantiomers, individual diastereomers, diastercomenc mixtures, and cis- or trans- or £~
or Z- double isomeric forms, and other stereoisomenc forms that can be defined, in terms of
absohute stereochemistry, as (R)- or (8}, or as {B}- or (L}~ for amimo acids. All such
isomeric forms of these compounds are expressty included m the present jnvention. Ophical
isomers can be prepared from their respective optically active precursors by the procedures
described above, or by resolving the racemic mixtures. The resohion can be carnied out in
the presence of a resolving agent, by chromatography or by repeated crystallization or by
some combination of these techniques which are known to those skilled in the art. Further
details regarding resolutions can be found n Jacques, et al., “Enantiomers, Racemates, and
Resohutions™ (John Wiley & Sons, 1981}, The compounds of this invention can also be
represcunted m multiple tantomeric forms, in such instances, the mvention expressly includes
all tantomeric forms of the compounds described herein. When the compounds described
heremn contain olefinic double bonds or other centers of geometric asymmetry, and unless
specified otherwise, it is intended that the compounds include both E and Z geometric
isomers. Likewise, all tavtomeric forms are also intended to be included. The configuration
of any carbon-carbon double bond appearing herein 1s selected for convenience only and 1s
not intended to designate a particular configuration unless the text so states; thus a carbon-
carbon double bond depicted arbitrarily herein as frans can be cis, frans, or a mixture of the
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two in any proportion. All such isomeric forms of such compounds are expressly included in
the present invention.

The synthesized compounds can be separated from a reaction mixture and turther
purified by a method such as column chromatography, high pressure iquid chromatography,
or recrystallization. As can be appreciated by the skilled artisan, further methods of
synthesizing the compounds of the formulae herem will be evident to those of ordinary skill
i the art. Additionally, the various synthetic steps can be performed in an altemnate sequence
or order to give the desired compounds. In addition, the solvents, temperatures, reaction
durations, cte. delincated herein are for purposes of illustration only and one of ordinary skill
mn the art will recognize that vanation of the reaction conditions can produce the desired
compounds of the present mvention. Synthetic chemistry transformations and protecting
group methodologies (protection and deprotection) useful in synthesizing the compounds
described herein are known in the art.

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

crabodiment or in combination with any other embodiments or portions thereof.

Pharmaceutical Compositions

Also provided herein is a pharmaceutical composition comprising a compound of the
mstant mvention, or a pharmaceuiically acceptable salt thereof, together with a
pharmaceutically acceptable carrier.

In an aspect, provided herein is a pharmaceutical composition comprising any of the
compounds of the instant invention {i.c., compounds of Formula I, Formula i, Formula Ua,
Formula 1, or Formula Iffa, a compound presented i Table 1, a compound presented in
Table 1a, or pharmaceutically acceptable salts thereot), together with a pharmaceutically
acceptable carrier,

In an aspect, provided herein is a pharmaceutical composition comprising a
compound of Formula §, or a pharmaceutically acceptable salt thereof, together with a
pharmaceutically acceptable carrier.

fn an aspect, provided berein is a pharmaceutical composition comprising a
corapound of Formula II, or a pharmaceutically acceptable salt thereof, together with a

pharmaceutically acceptable carrier.
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In an aspect, provided herein 1s a pharmaceutical composition comprising a
compound of Formula Ha, or a pharmaceutically acceptable salt thereof, together with a
pharmaceutically acceptable carrer.

In an aspect, provided herein is a pharmaceutical composition comprising a
compound of Formula I, or a pharmaceutically acceptable salt thereof, together with a
phamaceutically acceptable carrier,

In an aspect, provided herein is a pharmaceutical composition comprising a
compound of Formula HHa, or a pharmaceutically acceptable salt thereof, together with a
pharmaceutically acceptable carrier.

In an aspect, provided herein is a pharmaceutical composition comprising a
compound of Table 1, or pharmaceutically acceptable salts thereof, together with a
pharmaceutically acceptable carrier.

In an aspect, provided herein is a pharmaceutical composition comprising a
compound of Table 1a, or pharmaceutically acceptable salts thereof, together with a
pharmaceutically acceptable carrier.

in an aspect, provided herein 15 a pharmaceutical composition comprising Compound
0035, or a phammaceutically acceptable salt thercof, together with a pharmaceutically
acceptable carrier,

These pharmaceutical compositions comprise a therapeutically effective amount of a
compound of the present invention formulated together with one or more pharmaceutically
acceptable carriers. The term “pharmaceutically acceptable carrier” means a non-toxic, inert
solid, semi-solid or liquud filler, diluent, encapsulating material or formulation aaxiliary of
any type. The pharmaceutical compositions can be administered to humans and other
animals orally, rectally, parenterally, intracisternally, intravaginally, intraperitoncally,
topically {as by powders, ointments, or drops), buccally, or as an oral or nasal spray.

Compounds of the invention can be administered as pharmaceutical compositions by
any conventional route, in particilar enterally, for cxample, orally, e.g., in the form of tablets
or capsules, or parenterally, e.g., 1n the form of injectable solutions or suspensions, topically,
e.g2., in the form of lotions, gels, ointments or creams, or in a nasal or suppository form.

Pharmacewtical compositions comprising a compound of the present invention in free
form or in a pharmaceutically acceptable salt form in association with at least one
pharmaceutically accepiable carmer or diluent can be manufactured 1 a conventional manner
by mixing, granulating or coating methods. For example, oral compositions can be tablets or

gelatin capsules comprising the active ingredient together with a} diluenis, e. g, lactose,
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dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycing; b) lubricants, e.g., silica,
talcum, stearic acid, its magnesium or calcium salt and/or polvethvleneglveol; tor tablets also
¢} binders, e.g2., magnesium aluminum silicate, starch paste, gelatin, tragacanth,

methyleellulose, sodivm carboxymethyleellulose and or polyvinvipyrrohdone; if desired d}

W

disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or effervescent mixtures;
and/or ¢} absorbents, colorants, flavors and sweeteners. Injectable compositions can be
aqueous isofonic solutions or suspensions, and suppositories can be prepared from fatty
emulsions or suspensions. The compositions can be sterilized and/or contain adjuvants, such
as preserving, stabilizing, wetting or enuulsifying agents, solution promoters, salts for
10 regulating the osmotic pressure and/or buffers. In addition, thev can also contain other
therapeutically valuable substances. Suitable formulations for transdermal applications
mclude an effective amount of a compound of the present invention with a carrier. A carrigr
can include absorbable pharmacologically acceptable solvents to assist passage through the
skin of the host. For example, transdermal devices are in the form of a bandage comprising a
15 backing member, a reservoir containing the compound optionally with camers, optionally a
rate controlling harrer to deliver the compound to the skin of the host at a controlled and
predetermined rate over a prolonged perind of time, and means to secure the device to the
skin. Matrix transdermal formulations can also be used. Suitable formulations for topical
application, e.g., to the skin and eves, are preferably aquecus solutions, cintments, creams or
20 gels well-known in the art. Such can contain solubilizers, stabilizers, tonicity enhancing
agents, buffers and preservatives.

The solid dosage forms of tablets, dragees, capsules, pills, and granuoles can be
prepared with coatings and shells such as enteric coatings. release controlling coatings and
other coatings well known in the pharmaceutical formulating art. In such solid dosage forms

25 the active compound can be admixed with at least one nert diluent such as sucrose, lactose or
starch. Such dosage forms can also comprise, as i1s normal practice, additional substances
other than inert diluents, e.g., tableting fubnicants and other tableting aids such a maguesivm
stearate and microcrystalline celivlose. In the case of capsules, tablets and pills, the dosage

forms can also comprise buffering agents.

Methods for Treating

Provided heremn are methods for treating or preventing disorders in a subject, such as
a human or other animal, by administering to the subject a therapeutically effective amount of

a compound of the invention, in such amounts and for such time as is necessary to achieve
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the desired result. The term “therapeutically effective amount” of a compound of the
mvention means a sufficient amount of the compound so as to decrease the symptoms of a
disorder in a subject. As is well understood i the medical arts a therapeutically offective

amount of a compound of this invention will be at a reasonable benefit/nisk ratio applicable to

W

any medical treatment.

The term “treating” or “treatment” as used hercin comprises relicving, reducing or
alleviating at Jeast one svmptom in a subject or effecting a delav of progression of a disease.
For example, treatment can be the dimimishment of one or several symptoms of a disorder or
complete eradication of a disorder, such as cancer. Within the meaning of the present
10 disclosure, the term “treat” also denotes to arrest, delay the onset (i.¢., the pernod prior to
chnical mamfestation of a disease} and/or reduce the risk of developing or worsening a
disease. The term “protect” is used herein to mean prevent, delay, or treat, or all, ag
appropriate, development, continuance or aggravation of a disease in a subject. ¢.3., a

3 &C

marmal or human. The term “prevent”, “preventing” or “prevention” as used herem

15 compnses the prevention of at feast one symptom associated with or caused by the state,
disease or disorder being prevented.

In general, compounds of the invention will be administered in therapeutically

effective amounts via any of the usual and acceptable modes known in the art, either singly or
i combination with one or more therapeutic agents. A therapeutically effective amount can

20 varv widely depending on the severity of the disease, the age and relative health of the
subject, the potency of the compound used and other factors.

In certain embodiments, a therapeutic amount or dose of the compounds of the present

invention can range from about 0.1 mg/kg to about 500 me/kg (about 0.18 mg/m” to about
900 mg/m”), alternatively from about | to about 30 mg/kg (about 1.8 to about 90 mg/m?). In

25 general, treatment regimens according to the present invention comprise administration to a
patient 10 need of such treatment from about 10 mg to about 1000 mg of the compound(s) of
this invention per day in single or multiple doses. Therapeutic amounts or doscs will also
vary depending on route of admiumustration, as well as the possibility of co-usage with other
agents.

30 Upon improvement of a subject’s condition, a maintenance dose of a compound,
corposition or combination of this invention can be admunstered, if necessary.
Subsequently, the dosage or frequency of administration, or both, can be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the

symptoms have been alleviated to the desired level, treatment should cease. The subject can,
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however, require mtermittent treatment on a long-term basis upon any recurrence of disease
symptoms.

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

In one aspect, the mvention provides a method of selectively inhibiting the activity of
cach of HDAC and/or HDACZ over other HDACs 1n a subject, comprising administering a
compound of Formula {, Formula Ii, Formula {Ia, Formula 1T}, or Formula Hla, a compound
presented in Table 1, a compound presented in Table 1a, or pharmaceutically acceptable salts
thercof.

n an embodiment, the compound has a selectivity for cach of HDACI and/or
HBACZ of about 2 to 1000 (including ranges such as, e.g., 5 to 1000, 10 to 1000, 5 t¢ 100,
etc.) fold greater than for other HDACs, In another embodiment, the compound has a
selectivity for each of HDACT and/or HDACZ when tested m a HDAC enzyme assay of
about 2 to 1000 (including ranges such as, ¢.g., 5 to 1000, 10 to 1000, 5 10 100, etc.) fold
greater than for other HDACs.

In another aspect, the invention provides a method for treating a discase mediated by
an HDAC, specifically HDACT and/or HDACZ 1 a subject comprising administering to the
subject a compound of Formula §, Formula H, Formula [fa, Formula I, or Formula Iia, a
compound presented in Table 1, a compound presented in Table 1a, or pharmaceutically
acceptable salts thereof The sclective HDACT and HDAC?2 mhibitors of the present
mvention have favorable pharmacokinetic profiles (see, e.g., Example 44).

In an aspect, provided herein 1s a method for treating a disease mediated by HDAC!
and/or HDAC? 10 a subject comprising adminisiering to the subject a therapeutically
cffective amount of compound of Formula I, or a pharmaceutically acceptable salt thercof.

In an aspect, provided herein is a method for treating a disease mediated by HDACH
and/or HDAC? in a sabject comprising administering to the subject a therapeutically
effective amount of compound of Formula H, or a pharmaceutically acceptable salt thereof,
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In an aspect, provided herein 1s a method for treating a disease mediated by HDAC!
and/or HDAC? in a subject comprising administering to the subject a therapeutically
effective amount of compound of Formula Ha, or a pharmaceutically acceptable salt thereof.

In an aspect, provided herein is a method for treating a disease mediated by HDAC]
and/or HDAC? in a subject comprising administering to the sabject a therapeutically
effective amount of compound of Formula HI, or a pharmaceutically acceptable salt thereof.

In an aspect, provided herein 13 a method for treating a disease mediated by HDACH
and/or HDAC? 10 a subject comprising adminisiering to the subject a therapeutically
effective amount of compound of Formulda Hla, or a pharmaceutically acceptable salt thereof.

In an aspect, provided herein is a method for treating a disease mediated by HDACH
and/or HDAC? in a sabject comprising administering to the subject a therapeutically
effective amount of compound of Table 1, or pharmaceutically acceptable salts thereof.

In an aspect, provided herein is a method for treating a disease mediated by HDACH
and/or HDAC2 in a subject comprising admimstering to the subject a therapeutically
cffective amount of compound of Table 1a, or pharmaceutically acceptable salts thereof.

fn an aspect, provided berein is a method for treating a discase mediated by HDACH
and/or HDAC? in a subject comprising administering to the subject a therapeutically
effective amount of Compound 005, or a pharmaceutically acceptable salt thereof.

Inhibition of HDACT and HDAC? ig sufficient to derepress fetal globin, In cultured
human CD34+ bone marrow celis undergomg ervthroid differentiation, these compounds can
mduce a dose dependent mncrease in fetal hemoglobin expression (see, ¢.g., Example 45).

Thus, the compounds are capable of derepressing fetal globin through HDAC
mhibition. Accordingly, in an embodiment, the compounds are able to treat a subject
suffering from or susceptible to a hemoglobinopathv. In a preferred cmbodiment, the
compounds are able to treat sickle-cell disease or beta-thalessemia.

In another embodiment, the compounds of the invention are useful in the treatment of
myvelodysplastic syndromes.

In certain embodiments, the compounds of the present invention are useful as anti-
cancer agents. The compounds of the invention are capable of inducing apoptosis in cancer
cells thereby able to treat a disease such as a cancer or proliferation discase. Inan
crabodiment, the compound of the invention can be uscful in the treatment of cancer, by
effecting tumor cell death or mhibiting the growth of tumor cells.

In certain embodiments, the cancer is lung cancer, colon and rectal cancer, breast
cancer, prostate cancer, liver cancer, pancreatic cancer, brain cancer, kidney cancer, ovarian
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cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, glioma,
glioblastoma, neuroblastom, hepatocellular carcinoma, papillary renal carcinoma, head and
neck squamous cell carcinoma, leukemia, iymphomas, myelomas, retinoblastoma, cervical

cancer, melanoma and/or skin cancer, bladder cancer, uterine cancer, testicular cancer,

W

esophageal cancer, and solid tumors. In some embodiments, the cancer is lung cancer, colon

cancer, breast cancer, neuroblastoma, leukenua, or lymphomas. In other embodiments, the

cancer 1s lung cancer, colon cancer, breast cancer, neuroblastoma, leukemia, or lymphoma.
in a further embodiment, the cancer is non-small cell lung cancer (NSCLC) or small cell lung
cancer. In another embodiment, the cancer is neurchlastoma.

10 In further embodiments, the cancer is a hematologic cancer, such as leukenua or
lvmphoma. In a certain embodiment, lvmphoma 1s Hodgkins lymphoma or Non Hodgkin's
vmphoma. In certain embodiments, leukemia is myelowd, Ivmphocytic, myelocytic,
byophoblastic, or megakarvotic leukenia. In a particular embodunent, the leukemia is acute
myelogenous leukenia and megakaryocytic leukemia,

I5 In ancther aspect, provided herein is a method for treating sickle cell disease, beta
thalassemia, myelodysplastic syndrome, acutec myelogenous leukemia, neuroblastoma, or
megakarvocytic leukemia in a subject comprising administering to the subject in need thereof
a therapeutically effective amount of a compound of Formala §, Formuuda H, Formula la,
Formula I, or Formula [a, a compound presented in Table 1, a compound presented in

20 Table la, or pharmaccutically acceptable salts thercof.

In an aspect, provided herein 1s a method for treating sickle cell disease, beta
thalassemia, myelodysplastic svndrome, acute myelogenous leukemia, neoroblastoma, or
megakarvocovtic levkemia in a subject comprising administering to the subjecta
therapeutically cffective amount of compound of Formula I, or a pharmaceutically acceptable

25 salt thereof

In an aspect, provided herein is a method for treating sickle cell disease, beta
thalassemia, myelodysplastic syndrome, acute myelogenous leukemia, neuroblastoma, or
megakaryocvtic leukenua in a subject comprising administering to the subject a
therapeutically effective amount of compound of Formula I, or a pharmaceutically

30 acceptable salt thereof.

In an aspect, provided herein 15 a method for treating sickle cell disease, beta
thalassemia, myvelodysplastic syndrome, acute myelogenous leukemia, neuroblastoma, or

megakarvocovtie leukemia in a subject comprising administenng to the subject a
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therapeutically effective amount of compound of Formula Ha, or a pharmaceutically
acceptable salt thereof,

In an aspect, provided herein 1s a method for treating sickle cell disease, beta
thalassemia, myelodysplastic syndrome, acute myelogenous leukemia, neuroblastoma, or
megakaryocyiie leukemia in a subject comprising administenng fo the subject a
therapeutically cffective amount of compound of Fornwula U, or a pharmaceutically
acceptable salt thereof.

In an aspect, provided herein is a method for treating sickle cell discase, beta
thalassemia, myelodysplastic syndrome, acute myelogencus leukemia, neuroblastoma, or
megakarvocytic leukemia in a subject comprising administermg to the subject a
therapeutically effective amount of compound of Formula [a, or a pharmaceatically
acceptable salf thereof.

Methods delincated herein include those wherein the subject is identified as in need of
a particular stated treatment. Identifying a subject in need ot such treatment can be n the
judgment of a subject or a health care professional and can be subjective {e.g. opinion) or
objective (e.g. measurable by a test or diagnostic method).

Also, as discussed above, the compounds of the invention are selective inhibitors of
HBDACT and/or HDAC? and, as such, are usefol in the treatment of disorders modulated by
these histone deacetylases (HDACs} For example, compounds of the mvention can be useful
m the treatment of cancer {e.g., lung cancer, colon cancer, breast cancer, neuroblastoma,
leukemia, or lymphomas, etc.). Accordingly, in vet another aspect, according to the methods
for treatment of the present invention, tumor cells are killed, or their growth 15 inhibited by
contacting said tumor cells with an inventive compound or composition, as described herin.

Thus, in another aspect of the invention, methods for the treatment of cancer are
provided comprising adminstering a therapeutically effective amount of an inventive
compound {i.e., of any of the formulae hergin}, as described herein, to a subject in need
thereof. In certain embodiments, the subject is identified as in need of such treatment. In
certain embodiments, a method for the treatment of cancer is provided comprising
administering a therapeutically effective amount of an inventive compound, ora
pharmaceutical composition comprising an inventive compound to a subject in necd thereof,
mn such amounis and for such time as is necessary to achicve the desired result. o certain
embodiments of the present invention a “therapeutically effective amount” of the inventive
compoand or pharmaceutical composition is that amount effective for killing or inhibiting the

growth of tumor cclis. The compounds and compostitions, according to the method of the
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present imvention, can be administered using any amount and any route of administration
cffective for kilhing or imhibiting the growth of tumor cells. Thus, the expression “amount
effective to kill or inhibit the growth of tumor cells,” as used herein, refers to a sufficient
amount of agent to kill or inlnbit the growth of tumor cells. The exact amount required will
vary from subject to subject, depending on the species, age, and general condition of the
subject, the severity of the mfection, the particular anticancer agent, 1ts mode of
adnunistration, and the hike.

In certain embodiments, the method involves the adminisiration of a therapeutically
effective amount of the compound or a pharmaceutically acceptable derivative thercofto a
subject (including, but not hmited to a human or animal) in need of it. In certan
embodiments, the inventive compounds as useful for the treatment of cancer and other
proliferative disorders including, but not limited to lung cancer {e.g. non-small cell lung
cancer}, colon and rectal cancer, breast cancer, prostate cancer, liver cancer, pancreatic
cancer, brain cancer, kidney cancer, ovaran cancer, stomach cancer, skin cancer, bone
cancer, gastrie cancer, breast cancer, ghoma, glioblastoma, neuroblastoma, hepatocellular
carcinoma, papillary renal carcinoma, head and neck squamous cell carcinoma, lcukemia
{e.g., CML, AML, CLL, ALL), lymphomas {(non-Hodgkin's and Hodgkin’s), myelomas,
retmoblastoma, cervical cancer, melanoma and/or skin cancer, bladder cancer, uterine cancer,
testicular cancer, ¢sophageal cancer, and solid tumors.

In certain embodiments, the mvention provides a method for treating of any of the
disorders described herein, wherein the subject 1 a human.

In accordance with the foregoing, the present mvention further provides a method for
preventing or treating any of the discases or disorders described above in a subject in need of
such treatment, which method comprises administering to said subject a therapeutically
effective amount of a compound of the invention or a pharmaceutically acceptable salt
thereof. For any of the above uses, the required dosage will vary depending on the mode of

administration, the particular condition to be treated and the effect desired.

EXAMPLES
Examples have been set forth below for the purpose of illustration and to describe
certain specific embodiments of the invention. However, the scope of the claims 1s not to be
m any way himited by the examples set forth herein. Various changes and modifications to
the disclosed embodiments will be apparent to those skilled in the art and such changes and

modifications including, without limitation, those relating to the chemical structures,
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substituents, derivaiives, formulations and/or methods of the invention can be made without
departing from the spirit of the invention and the scope of the appended claims. Definitions
of the varniables in the structurcs mn the schemes herein are commensurate with those of

corrgsponding positions in the formulac presented hergin,

Example 1: Synthesis of Compound 061

CN
@
éOC
1
N
SN R i N
[ j ' N
\N. H E =
bioc SN
7

was slowly added into a round-bottomed flask with compound 1 (25 g 120 mmol} at -76 °C
under N;. The reaction was stirred for 4 h at 76 °C, and then 1odomethane (15 mi, 240
mmol} was tnjected into the system. The reaction mixture was stirred at ~76 °C for 30 min.
and then warmed to room temperature and stirred overnight. The reaction mixture was
guenched with 150 ml saturated aguecus NH,Cl, diluted with water and extracted with
EtOAc {cthy! acetate, or EAY. The organic layers were washed with water and brine and
dried over sodium sulfate, filtered and concentrated to vield target compound 2 (23 g, 93%)
as a light veliow solid.

Step 20 K005 (31 g, 224 mmol) was added into a solution of compound 2 {(25g, 111
mmol} in DMSO (120 ml). H, 0, (100 mi) was slowly added to the system at 60 °C, and the
reaction was stirred overmight at 60 °C. The system was then introduced into cold water and

extracted with EA. The organic lavers were washed with water and brine and dnied over
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sodium sulfate, filtered and concentrated to vield target compound 3 (26 g, 96%:;} as a white
sohid.

Step 3; Compound 3 (26 g, 107 mmol) was dissolved with ACN {acetonitrile) (200
ml) and SN KOH (100 ml}. 1 3-dibromo-3,5-dimethylimidazchidine-2 4-dione (15 g 34
mmol} was then added into the system. The mixture was stirred overnight and concentrated to
remove the ACN. The pH of the water phase was adjusted to about 5 with ZN HCl i an 1ce
bath, extracted with EA and separated. The pH of water phase was then adjusted to 10, The
precipitate was collected to vield compound 4 as a white sohid (16 g, 69%).
14.02mmol) and BIPEA (5.3 g, 28.03 mmol) in 1,4-dioxane {25 mi) was heated at 95 °C
overmght. The reaction mixture was then concentrated and purnfied by silica gel column with
EA/PE = 1/5 1o obtain compound 5(1 8 g, 33%;} as a light yelow solid.
m THF (10 mi), and EtOH (10 mi) was heated at 55 °C for Zh. The reaction solution was
concentrated and he pH of the water phase was adjusted to between about 5~6. The resuolting
solution was extracted with EA, the organic layers were washed with water and brine then
dried over sodium sulfate, filtered and concentrated to get target compound 6 (400 mg, 93%)
as a white solid.

Step 6. A mixture of compound 6 (400 mg, 1.19 mmol}. amine (345 mg, 1.19 mmol}.
EDCT (307 mg, 2.38 mmol) and DMAP (290 mg, 2.3% mmol) in DMF (10 mL) was heated at
55 °C overmight. The mixture was mixed with water and extracted with EA. The organic

lavers were washed with water and brine then dned over sodium sulfate, filicred and

to vield compound 7 {400 mg, 55%) as a purple solid.

Step 7. A solution of compound 7 (400 mg, 0.65 mmol) with HCV1 4-dioxane {5 ml,
20 mmol) 10 1,4-dioxane (10ml) was stirred at rocom temperature overnight. The reaction
solution was concentrated and washed with PE to yicld target compound 8 (350 mg, 100%;)
as a gray solid.

Step 8. Compound 8 (162 mg, 0.4 mmol) and E3N (80 mg, ¢.8 mmol} were dissolved
m THF {5 ml}. Isoproyvl Isocyanate (CAS: 1795-48-8, 1.2 eq) was added mnto the system. The
mixture was stirred at room temperature for Zh. Then the nuxture was concentrated and
purified by Pre-HPLC to vicld Compound 001 (35 mg, 16%). "H NMR (500 MHz, DMSO) &
951 (s, 1H}, 8.84 (s, 2H}, 7.50 (s, 1H), 744 (d, J = 2.0 Hz, 1H), 735(d, I =51 Hz, 1H}, 7.2
(dd, J=83,21Hz, 1H),723(d,J=27Hz, 1H),7.05(dd,J=50.36Hz 1H), 679, J=
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8.3 Hz, 1H), 6.09 (d, ] = 7.6 Hz, 1H), 5.20 (s, 2H), 3.53 (d. T = 13.6 Hz, 2H). 3.05 (¢, F = 10.7
Hz, 2H), 2.25(d, 1 = 13.8 Hz. 2H), 1.53 — 1.44 (m. 2H), 1.42 (s, 3H), 1.08 (d. I = 6.6 Hz,
1), 1.04 (d, T = 6.6 Hz, 6H). LCMS: m/z = 494 (M+H).

Example 2: Synthesis of Compound 002
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was added LHDMS (1M, 21 4 ml) at -78 °C. The reaction was stirred for 3h and then 2-
wodopropane (3.6 g, 21 .43 mmol) was slowlv added. The reaction solution was stirred at -78
°C, and warmed to room temperature overnight. The mixture was quenched with 1,0 (2 mb)
and concentrated, dissolved in EA (200 mil), and washed with water (100 mi*2) followed by
saturated Nall {aquecus, 100 mby. The organic layer was concentrated to obtain compound 2
as a brown solid (4 g, 100%).

Step 2: To a solution of 2 (1 g, 3.97 mmol) in DMSO (30 ml) was added K,CO: (1.6
g, 11.9 mmol). The resulting reaction mixture was stirred at 60 °C. Hz0: (30% aq, 5 ml) was
then added dropwise and stirred for 2 h. EA (100 ml) was added to the mixture which was
then washed with water (50 ml*2) and saturated NaCl (ag, 50 mb). Drving with anhvdrous
Naz$0y and concentrating vielded compound 3 as a white solid (1 g, 90%).

step 3: To a solution of compound 3 (2.7 g, 10 mmol} in ACN (30 mi) was added
KOH (4 N, aq, 50 m!} and DBDMH (2.81 g, 5 mmol) at 0°C. The resulting reaction mixture

was stirred at room temperature overnight. The muxture was concentrated and 1IN HCl was
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added to adjust the pH to about 6. The mixture was then extracted with EA (50 ml), and the
water phase was adjust to about pH 9 by adding KOH. The resulting water phase was
extracted with EA (50 mi«3). The EA phase was dried with anhvdrous Na; 504 and
concentrated to vield compound 4 as a colorless hignd (1 g, 40%).

Step 4 A solution of compound 4 {500 mg, 2.06 mmol} and ethyl 2-
chloropyrimidine-3-carboxyvlate (384 mg, 2.06 mmol) in NMP (10 mi) was flushed with N,
and stirred at 140 °C for | hour. EA (100 ml) was added to the mixture, which was then
washed with water (530 mix2) and saturated Nall {aq, 30 ml}. Concentration and purification
by silica gel chromatography column (PE/EA=5/1} vielded compound 5 as a white solid (120
mg 15%).

Step 3: To a mixture of compound 5 (400 mg} in EtOH (ag, 95%, 5ml) was added
Na(OH (ZM. 5 m}) and the reaction was stirred at 535 °C for 2 hours. Water (50 mi) was added
to the mixture and the pH was adjusted to about 7 with citric acid. The resulting aquoues
mixture was extracted with EA (50 mix3). The EA phase was dried with anhvdrous Na; 50y
and concentrated to vield compound 6 as a white solid (340 mg, crude).

Step 6: A solution of 6 {100 mg,crude), amine (79.6 mg, 0.274 mmol), EDCI (71 mg,
0.549 mmol), HOAT (75 mg, 0.549 mmol), DMAP (3.4 mg, 0.027 mmol), DIPEA (142 mg,
1.1 mmol } in DMF (5§ ml) was stirred at 33 °C overmight. EA (100 m1} was added to the
mixtore which was then washed with water (50 mix3) and concentrated to vield compound 7
as a brown oil (200 mg, crade).

Step 7. To a solution of 7 (200 mg, crude) in DCM (2 ml) was added TFA (2 mi) and
the resulting mixture as stirved at 1t for 2 hours. The mixtare was concentrated to vield
compound 8 as a brown oil (200 mg, 20%).

Step 8. To a solution of compound § (100 mg, crude) 10 DCM (5 ml} was added
DIPEA (88.8 mg, 0.688 mmol) and (44.6 mg, 0.275 mmol}. The reaction was stirred at 0 °C
for 1 hour. The mixture was concentrated and purified by Pre-HPLC 1o vield Compound
002as a white solid (34 mg,35%). "H NMR (400 MHz, DMSO) 8§ 9.75 (s, 1H), 9.64 (s, 1H).
884 (s, 2H)L 758 (5, IH), 747 (4. J=19Hz 1H}, 739(d, ] =49 Hz, 1H), 735(dd, J =83,
2.0 Hz, 1H), 728 (d, J =33 Hz, 1H), 709~ 704 (m, 1H), 688 (d, I =84 Hz 1H),364(d, ]
=105Hz, 2H), 350(d, J=119Hz, 2H), 337(d. J =84 Hz 2H}, 298(dd. J =308, 113
Hz, 6H), 2.81 (s, 3H), 2.61 — 255 (m, 1H), 238(d. J=117Hz 2H), 1 531 (¢, J=11.1 Hz,
2H), 0.86 (d, 1= 6.9 Hz, oH). LCMS: m/z = 363 (M+Hj.
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Example 3: Synthesis of Compound 803
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Step 1. A mixture of 2-Cl-pynmiding {1.86 g, 10 mmol), an amine (3.00, 15 mmol),
and NEt3 (3.0 g, 30 mmeol) m 1.4-dioxane (20 m1) was stitred at 95 °C overnight. The
mixture was concentrated, EA (60 ml) and agueous citric acid (60 mL) were added, and the
resulting mixture was stirred for 30 min. The organic layer was separated, dried, and
concentrated to vield compound 2 (3.4 g, vield: 97%: as a light yvellow solid.

Step 2; A mixture of compound 2 (3.5 g, 10 mmol) and NaQH (2M, 15 ml) in EtOH
{15 m1) and THF (135 ml) was stirred at 60 °C for 2 hours. The mixture was concentrated, and
aqueous citric acid was added untd the pH < 7. The resulting mixture was stirred for 30 nun
and filtered to vield compound 3 (2.8 g, vield: 90%;) as a light yellow solid.

Step 3: A mixture of compound 3 (3.2 g, 10 mmol), compound amine (2.9 g, 10
mmol), HOAT (2.0 g, 15 mmol), EDCI (3.8 g, 20 mmol) in DMF (25 ml) was stirred at 60 °C
overnight. EA (100nd) and aqueous saturated NaCl (100 ml} were added to the nuxture and
the resulting mixture was stirred for 30 min. The organic layer was separated, washed by
agueous saturated NaCl (50 mix2}, dried and concentrated to produce a residue, which was
washed by CHzCN (10~20ml} to yield compound 4 (2.9 g, 5096} as a gray solid.

Step 4. To a solution of compound 4 (2.9 g, 5 mmol} in DCM (30 mi) was added
TFA (8 ml) at 1t for 2 hours. The mixture was concentrated to vield compound 5¢(2.9 g,
1()0‘?/.;3) without further puriﬁcation
mmol} in DCM (5 ml) was added morphc;iine—4~carb0nyi chlonde (194 mg, 0.65 mmoi) atf
°C. LLCMS was used to monitor the reaction to completion. NHz-HL0 (0.5 ml) was added to
the reaction mixture which was then stirred for 30 min and concentrated to a residue.

Purification by silica gel column viclded Compound 003 (114 mg, 45%;) as a light yellow
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solid. 'H NMR (500 MHz, DMS0) § 9.54 (s, 1H), 8.85 (s, 2H), 7.88 (d, J = 7.9 Hz, 1H), 7.44

(d.I=19Hz 1), 735(d. J=50Hz 1H). 7.29(dd, I =83, 2.1 Hz, 1H), 724 (d, § =34

Hz, 1H), 7.05(dd, 1=4.9,3.7 Hz, 1H), 6.79 (4, ] =8 3 Hz, 1H), 5.21 (s, 2H). 4.01 (dd, I =

72,33 Hz, 1H), 3.68 - 3.51 (m, 7H), 3.18 - 3.04 (m, SH), 2.88 (&, J = 11.7 Hz, 2H), 1.86 (d.
5 J=10.0Hz 2H), 145 (dd, J =20.5, 11.3 Hz, 2H). LCMS: m/z = 508 (M+H)

Example 4: Synthesis of Compound 004
NH,
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Step 1. A solution of aming 1 {1 g, 4.67 mmol}, methyl 4-bromobenzoate {1 g, 4.67
10 mmol), Pdy{dba); (428 mg, 0.47 nunol), Ruphos (218 mg, 0.47 mmol), Cs,C0; (45 ¢, 14 0
mmol} in Tol (30 ml } was flushed with N, and stirred at 98 °C overnight. The mixture was
filtered, concentrated, and purified by silica gel chromatography (PE EA=5:1-1:1} to yield
compound 2 as a vellow schid (1.1 g, 65%;)
Step 2. To a mixture of compound 2 (1.1 g) in EtOH (agueous 95%, 3 ml) was added
15 NaOH (M, 5 mi) and the resulting solution was stirred at 55 °C for 2 hours, Water (30 mi)
was added to the mixture and the pH was adjusted to 7 with citnic acid. The resulting mixture
was extracted with EA (50 mix3). The EA phase was dried with anhvdrous Na, 50, and
concentrated to vield compound 3 as a white solid {1 g, crude).
Step 3: A solution of compound 3 (800 mg,crude), amine (694 mg, 2.395 mmol),
20 EDCI(618 mg, 4790 mmol), HOAT (851 mg, 4.790 mmeol}), DMAP (29 mg, $.239 mumol),
and DIPEA (927 mg, 7.186 mmol } in DMF (20 ml) was stirred at 55 °C for 3 days. EA (100
mi} was added to the mixture and the resulting solution was washed with water (30 mix3),
concentrated, and purified by silica gel chromatography (PE EA=6:1-1:1} to vield compound

4 as a brown schid {650 mg, 45%;).
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Step 4: To a solution of compound 4 (300 mg} in BCM (2 ml) was added TFA (2 mi}
and the resulting solution was stirred at 1t for 2 hours. The mixture was concentrated to vield

compound 5 as a brown o1} (400 mg, crude).

Step 3 To a solution of compound 5 (200 mg, crude) in BCM (20 mi) was added
5 DIPEA (190 mg, 1.478 mmol) and morpholine-4-carbonyl chlonde (110 mg, 0.739 mmol}.

The resulting reaction mixture was stirred at 0 °C for | hour. The mixture was concentrated
and purified by Pre-HPLC to vield Compound 004 as a white solid (67.4 mg). "HNMR (500
MHz, DMSO) 8985 (s, IH), 781 (. F =219 Hz, 2H), 758(d. I = 1 THz, 1H), 753 -742
(o, 2H), 740(d. J =31 Hz, 1H), 711 (dd, ] = 5.0, 3.6 Hz, 2H), 6.92 (5, 2H), 3.63 - 347 (m,

16 4H), 331301 (m, 8H), 198 (4, F =140 Hz, 2H), 163 (d, J =129 Hz, 2H), 1.37 (5, 3H}.
LCME: m/z = 520 (M+H).

Exampie 5: Synthesis of Cﬂmpmmd E]

Soc

H H
H_ N _ H_ N
fg\/’% . NHBoC /\)ﬁ EN . hH, fj@\ R
L A ! i
!\J ~ v N W
i el — . it
éGC =

2] 7S
4 - ¥ - il’

Step 1: To a solution of compound H{1g, Smmol} and methyl 4-bromobenzoate (1.1g,
Smmeol} in toloene (20ml} was added Pd2{dba)3 {230mg, 0.25mmol}, Ruphos (290mg,
0.5mmol) and Cs2C03 (4.9¢, 15mmol). The reaction was stirred at 95 °C overnight under a

20 N atmosphere. After the starting material was fully consumed, the heterogencous mixture

was filtered through diatomite and concentrated in vacuo to yield a viscous oil, which was
punficd by silica gel cohumn to vield compound 2 (1g .60%:).

Step 2. Compound 2 (1g, 3 mmol} was dissolved with McOH (10 ml) and THF (10
ml). 2N NaQOH (15 ml) was then added into the solution. The reaction was stirred at 535 °C

25 for lhour. The reaction mixture was concentrated to remove the solvent and the pH was
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adjusted to between about 4~5 and extracted with EA. The organic phase was washed with
brine and dried over Na,50,. Concentration of the organic phase viclded compound 3 (800
mg, 82%;) as a white sohid.

step 3: To a solution of compound 3 (500 mg, 1.56 mmol) and amine (453 mg, 1.56
mmol} in DMF (10 ml) was added HOAT (421 mg, 3.1 mmol}, EDCI (392 mg, 3.1 mmol}
and DIPEA (400 mg, 3.1 mmol). The reaction was stirred at 35 °C ovemight. The reaction
was quenched with water and extracted with EA. The organic phase was washed with brine
and dried over Na,50,. Purification by silica gel column vielded compound 4 (800 mg,
80%) as a light vellow solid.

Step 4: To a solution of the compound 4 (800 mg, 1.35 mmol) in DCM (10 ml) was
added TFA (& ml). The solution was stirred at rt for 30 min. Concentration of the solution
vielded compound 3 (600 mg, 160%} as a gray solid.
carbonyl chloride hydrochlonde (40 mg, 0.20 mmol) was added tricthviamine {100 mg, 1
mmol) at 0 °C. The reaction was stirred at 0 °C for 2 h and then filtered through silica gel.
Concentration and purification by Pre-HPLC vielded Compound 004 (15 mg, 15%)asa
white solid. "H NMR (400 MHz, DMS0) 5937 (s, 1H), 7.78 (4. J =87 Hz, 2H), 745(d. J =
20 Hz, H), 736 (dd, =51, 1.0Hz, 1H),728{(d, J=21Hz, 1H},7.26{(d, ] =22 Hz, 1H),
724{dd, F =35 1.1 Hz 1H), 705{(dd, ] =51, 3.6 Hz, 1H}, 680(d. J =83 Hz, 1H), 6.65(d,
J=88Hz 2H), 620(d, J=8.1 Hz, 1H), 508 (s, 2H), 3.57(d, J = 13.0 Hz, 3H), 3.15 (s, 4H),
291, F=113Hz, 2H), 233 (s, 3H), 220 (s, 3H), 1 91 (d, I =102 Hz, 2H), 1 41 - 1.24 (m,
28}y LCMS: my/z = 519 (M+H).

Example 6: Synthesis of Compound 006

H H
L
y i /i
PN, h

chloride (34 mg, 0.25 nmmol) was added triethylamine (100 mg, | mmol) at 0 °C. The

reaction was stirred at 0 °C for 2h and then filtered through silica gel. Concentration and
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purification by Pre-HPLC vielded Compound 006 {10 mg, 8%} as a white solid. 'H NMR
{400 MHz, DMSO)} 5950 (s, 1H)., 7.79(d. ¥ =88 Hz, 2H), 7.50(d, J =21 Hz, 1H), 740 (d,
J=42Hz 1H), 733(dd, J =83, 21 Hz, 1H), 729¢(d, J=27Hz 1H),707(dd, J=5.1,36
Hz, 1H), 691¢(d, J=83Hz, 1H}, 666 (d, F=88Hz ZH), 3.63(d, I =132 Hz, 2H)}, 3.53 (5,

5 IH), 326 J=065Hz 4H), 287, J=112Hz 2H), 191 (d, =108 Hz 2H), 175 (. I =
6.5 Hz, 5H), 1.34 (dd, } =20.6, 10.1 Hz, 2H). LCMS: m/z = 490 (M+H).

Example 7: Synthesis of Compound 007
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10 Step 1. A solution of lithium bis(irimethylsilylamide (1.0 M solution in THF, 240

ml, 240 mmol) was added slowly into a round-bottomed flask with compound 1 (25 g, 126
mmol} at ~-76°C under nitrogen atmosphere. The mixture was stirred for 4h at -76°C. Then
iodomethane (15 ml, 240 mumol) was added into the svstem. The reaction mixture was stirred
at -76°C for 30 min, and then warmed to room temperature and stirred overnight. The
15 reaction mixture was quenched with 150 ml saturated aqueous NH4C], diluted with water and
extracted with EtOAc. The organic layers were washed with water and brine then dried over
sodium sulfate, filtered and concentrated to afford target compound 2 (25 g, 93%) as a light
vellow solid.
Step 20 Added KZCO3 {31 g, 224 mmaol) into the solution of the compound 2 (23 g,
200 111 vunol) in DMSO (120 mby. H202 (100 mi) was added into the system at 60°C slowly
and the reaction was stired overmight at 60°C. After completed, the system was quenched
with cold water and extracted with EA. The organic layers were washed with water and bring
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then dried over sodium sulfate, filtered and concentrated to get target compound 3 (26 g,96%)
as a white solid.

Step 3. To a solution of compound 3 (26 g, 107 mmol} in 200 ml CH3CN was added
SN KOGH (100 mly. Then 1, 3-dibromo-3,S-dimethyvlimidazoliding-2 4-dione (15 g,54 mmol)
was added into the system. The reaction was stirred overnight. After completion, the
mixture was concentrated to remove the CH3CN, and the pH of the water phase was adjusted
to 5 with 2N HCI in an 1ce bath, extracted with EA and separated. Then the pH of water
phase was adjusted to 10, The precipitate was collected to afford compound 4 (16.1 g, 69%)
as a white solid.

Step 4; To a solution of compound 4 (2 g, 9.34 mmol) in 1 4-dioxane (25 ml) was
added ethyl 2-chloropyrimidine-S-carboxylate (2.6 g, 14.02 mmol} and DIPEA (§3 ¢ 28.03
mmol). The reaction was stirred at 95°C overnight. Concentration and purifcation by silica
gel coloom with EA/PE = 1/5 afforded compound 3 (1.8 g, 539) as a light vellow solid.

Step 5: A solution of the compound 5 {465 mg, 1.28 mmol} and 2N NaGH (10 ml, 20
mmol) in THF (10 mi} and EtOH (10 mi} was stirred at 55°C for 2h. Concentration and
adjustment of the pH of the water phase to 5-6 was followed by extraction with EA (2*15
mil}). The organic layvers were washed with water and brine then dried over sodium sulfate,
filtered and concentrated to afford the compound 6 (400 mg, 93%;} as a white solid.

Step 6 A solution of the compound 6 (400 mg, 1.19 mumol), tert-butyl Z-aminc-4-
(thiophen-2-yhphenvicarbamate (345 mg, 1.19 mmol), EDCY (307 mg, 2.38 punol) and
DMAP (290 mg, 2.38 mmol} m DMF (10 mi} was formed. The reaction was stirred at 35°C
overnight. After completion, the mixture with was added into water and extracted with EA
{2*15 ml}. The organic layers were washed with water and brine then dried over sodium
sulfate, filtered and concentrated. Then purtfication by silica gel column with EA/PE=1/2
vielded compound 7 (400 mg, 55%) as a purple solid.

Step 7: To a solation of the compound 7 (400 mg, 0.65 mmol} in 1 4-dioxane {10 mi)
was added HCU/1 4-dioxane (5 mi, 20 mmol) at room temperature overnight. Concentration
and washing with PE vielded the compound 8 (350 mg, 100%) as a gray sohd.

Step 8: To a solution of compound & (200 mg, 0.45 mmol) and EGN (101 mg, 2.2 eq)
m THF {10 ml) was added phenyl carbonochlornidate (78 mg, 0.5 mmol}. The mixture was
stirred at room temperature for 2h. After completion, the mixture was concentrated and
purified by Prep-HPLC to afford Compound 007 (66 mg, 28%). H NMR (500 MHz,
DMS0)89.71 (s, 1H), 8.88 (s, 2H), 7.68 (s, 1H), 7.30 (s, 1H), 7.42-7.35 (m, 4H), 7.30(d, I =
29Hz, 1H), 722 (1,J=73Hz 1H), 712, I =79 Hz 2H), 7.10-7.06 (m, 1H), 691 ({d, J =
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8.2 Hz, 1H), 3.76 (d, ] = 60.0 Hz, 2H), 3.32 (4, ] = 79.9 Hz, 2H), 2 40 (s, 2H), 1.65 (s, 2H),
1.48 (s, 3H). LCMS: nv/z = 529 (M+H)".

Example 8: Synthesis of Compound 0038
H
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Step 8. To a solution of compound 8§ (100 mg, 0.22 mmol) and F13N (44 mg, 0.44
mmol} in THF (5 ml} was added morphine-1-carbonyl chlonide (36 mg, 1.1 eg). The mixture
was stirred at room temperature for 2 hours. After completion, the muxture was concentrated
10 and purificd by Prep-HPLC to afford Compound 008 (50 mg, 44%). 'H NMR (500 MHz,
DMS0O) 0952 (s, 1H), 8.85 (s, 2H), 7.56 (s, 1H), 7.44 (s, 1H), 7.35(d, I = 5.0 Hz, 1H), 7.29
(d,}=83Hz 1H), 723(d, I =3 1Hz, 1H), 7.07- 703 (m, IH}, 6.79{(d, ] = 84 Hz, 1H),
522(s, 2H), 356 (s, 4H),3.08(d, J=229Hz oH), 231 (d, J=129Hz Z2H), 156 (1. f =
10.1 Hz, 2H), 142 (s, 3H). LCMS: m/z = 322 (M+H)'

Exampie 9: Synthesis of Compound 809

Step 1. A mixture of compound 1 {1.86 ¢, 10 mmol}, compound Boc-amine (3.0 g,
20 15 mmol), and NEi3 (3.0 g, 30 mmol) in 1 4-dioxane (20 ml} was stirred at 95°C overmight.
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The mixture was concentrated, and following the addition of EA (60 mil} and of agueous
citric acid {60 ml), the mixture was stirred for 30 min. The organic laver was separated, dred
and concentrated to yield compound 2 (3.4 g, 97%;) as a light vellow solid.

Step 20 A muxture of compound 2 (3.5 g, 10 mmol) and NaGQH (2M, 15 ml) in EtOH
{15 ml) and THF {15 ml) was stirred at 60°C for 2 h. The mixture was concentrated, and
following the addition of aguoous citric acid to adjust to pH<7, the mixture was stirred for 30
min, and filtered to afford compound 3 (2.8 g, 90%;) as a light vellow solid.

Step 3. A mixture of compound 3 {3.2 g, 10 mmol}, compound Boc-amine (2.9 g, 10
mmol), HOAT (2.0 g, 15 mmol), and EDCI (3.8 g, 20 mmol) 1o DMF {25 mli) wags stirred at
60°C overnight. To the muxture was added EA (100 mi) and aqueous saturated NaCl (100
ml}, and the mixture was stirred for 30 min. The organic laver was separated, washed by
aqueous saturated NaCl {30 mi*2), dried and concentrated to vield a residue, which was
washed by CH3CN (10-20 ml) to afford compound 4 (2.9 g, 50%) as a gray solid.

Step 3; To a solution of compound 4 (2.9 g, 5 mmol) in DCM (30 mi) was added
TFA (5 ml). The mixture was stirred at room temperature for 2 h. The mixture was
concentrated to afford compound 5 (2.9 g, 100%) without anv further punfication.

Step 4: To a solution of compound 5 (197 mg, 0.5 mmol} and NEL3 (250 mg, 2.5
mmol} in DCM (5 ml} was added piperidine-1-carbonyl chlonde {96 mg, 0.65 mmol} at 0°C.
LCME wag monitored until reaction completion. To the mixture was added NH3H20 (05
ml}, the mixture was stirred for 30 min and was concentrated to get a residue, which was
purified by silica gel column to afford Compound 009 (114 mg, 45%;) as light vellow solid.
'H NMR {500 MHz, DMS0)} § 9.69 (s, 1H), 8.86 (s, 2H), 7.89 {d, J = 8.0 Hz, 1H), 7.49 (s,
1H), 740(d. J=351Hz 1H),736(d, J =82 Hz, 1H), 730, }=33Hz, 1H), 707 (@dd, ] =
3.0,37Hz 1H), 690(d, J=82Hz 1H), 3.99(s, 1H), 356, J=115Hz 2H), 3.10 (s,
4H}, 284 {t, I=11 o Hz, 2H), 185(d, T =107 Hz, 2H), 1.52 (s, 2H), 146 {d, =83 Hz,
6H). LCMS: m/z = 506 (M+H)".

Example 19: Synthesis of Compound 019
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Step 8: To a solution of compound & (1080 mg, 0.22 mmol) and B3N (44 mg, 0.45
mmol} in THF (5 ml) was added piperazine-1-carbonyl chloride (60 mg, 0.24 amol}. The
mixture was stirred at room temperature for 2 hours. Atter completion, the mixture was
concentrated to afford the crude compound 9 as an 01l (110 mg, crude).

3 Step 9: To a solation of the compound 9 (100 mg} in DCM (5 mi) was added TFA (1
ml} at room temperature for 40 mins. Afier completion, the mixture was concentrated and
purification on prep-HPLC to afford Compound 010 (33 mg, 30%, 2 steps) as a yvellow solid.
"H NMR (500 MHz, DMSO) § 9.70 (s, 1H). 8.86 (s, 2H). 8.79 (s, 2H), 7.63 (s, 1H), 749 (d, J
=1 8Hz HH), 740{(d. J=50Hz 1H), 736{(dd. J =83, 1.9Hz 1H), 729(d, § =32 Hz,

16 1H), 7.10-7.04 (m, 1H), 6.90(d, J =83 Hz, 1H), 3.37 (s, 1H}, 3.29 (s, 4H), 3.09 (s, 6H), 2.32

(d,§ =136 Hz 2H), 1.56 (t, ] = 10.2 Hz, 2H), 1.43 (s, 3H). LCMS: m/z = 321 (M+H)".

Example 11: Synthesis of Compaund 11

________________________ %O

N/\

mmol) i THF (8 mi) was added 4umethyip1perazme~i ~carbonvl chioride (40 mg, 6.24
mmol). The mixture was stirred at room temperature for 2h. The mixture was filtered
through silica gel and washed with EA. Concentration and purification by Prep-HPLC

20 vielded Compound 011 (42 mg, 36%). 'H NMR (500 MHz, DMS0) § 9.88 (s, 1H), 9.72 (s,
1H), 8.86 (s, 2H), 7.64 (5, 1H}:, 749 (d, I = 1.8 Hz, 1H), 741 {(d, J =30 Hz, 1H), 7.37(dd, ]

=83 20Hz 1H), 730(d, F=29Hz, 1H),708(dd, J=49 37Hz 1H),692(d, J=84

Hz, 1H),363(d. J=112Hz 2H), 338 (d, f =82 Hz, 3H), 3.15-2.97 (m, 6H), 2.81 (s, 3H),
233(d, J=135Hz, 2H), 1.57(t, T =101 Hz, 2H), 1.43 (s, 3H). LCMS: m/z = 535 (M+H)".

o
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Example 12: Synthesis of Compound 612
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Step 1. To a solution of compound 6 (95 mg, 0.79 mumob) and B3N (159 mg, 1.6
mmol) i THF (8 ml} was added bis{trichloromethyvijcarbonate (119 mg, 0.4 mmol). The
5 muxture was stirred at room temperature for 2 hours and was used directly in the next step
{step 2).
Step 2; Refer to steps 1-7 of Example 7 to obtan compound 8. A solution of
compoand 8 (162 mg, 0.4 mmol) and 3N (80 mg, 0.8 mmol} in THF (5 ml} was added to a
solution of the reaction mixture of step | containing compound 7. The reaction was stirred at
10 room temperature for 2 hours. Then the mixture was concentrated and purified by Pre-HPLC
to vield Compound 012 (35 mg, 16%). "H NMR (500 MHz, DMS0) 5 9.73 (s, 1H), 8.86 (s,
2H}, 7.62 (s, 1H), 750 (s, 1H), 742(d, F =50 Hz, 1H), 738 (d, I =84 Hz, IH), 731{d, I =
30 Hz 1H), 708(dd, J=5.0,37Hz 1H), 693 (d, ] =81 Hz, 1H), 3.34 (s, 1H), 3.31 (5,
H)L 323, J=56Hz 4H), 308 (1. J=108Hz 2H).231{d, J=137Hz 2H). 194 {d, I =
15 13.9Hz 4H), 1.57 (¢, J = 10.0 Hz, 2H), 1.43 (s, 3H). LCMS: m/z = 556 (M+H)".

Example 13: Synthesis of Compound §13

20 Step 1. A mixture of methvi 4-iodobenzoate (2.6 g, 10 mmol), compound 4 (6.4 g, 30
mmal), Pd2(dba)3 (915 mg, | mmol), Ruphos (467 mg, 1 mmol) and Cs2C03 (975 ¢,

30mmol, 3eq) i tol (30 ml) was stirred at 95°C under nitrogen atmosphere overnight. The
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mixture was cooled, and EA was added (100mi). The mixture was filtered and was
concentrated to get a residue, which was purtfied by silica gel column to afford compound 5
(2.2 g, 60%; as light vellow solid.

Step 20 To a solution of the compound 5 (300 mg, 1.4 mmol} m EtOH (15 ml) and
THF (15 ml) was added aqueous NaOH (2M., 15ml), and the mixture was stirred at 60°C for
Zh. The mixture was concontrated to vield a residue, and water (160 ml) was added and then
agueous citric acid was added to adjust to pH <7 at 0°C, then filtration afforded compound 6
{369 mg, 80%}) as a white solid.
mg, 0.45 mmol), HOAT (103 mg, .76 mmol}, EDCI (145 mg, 0.76 mmol ) and NE3 (154
mg, 1.52 mmol} in DMF (5 ml} was stirred at 60°C overnight. To the mixture was added EA
{100 ml) and aqueous saturated Nall {100 ml), and the mixture was stirred for 30 min. The
organic layer was separated. washed with agueous saturated NaCl (50 mi*2), dried and
concentrated to get a residue, which was purtfied by Prep-TLC to afford compound 7 (123
mg, 45%) as a yellow solid.
TFA (3 ml) at room temperature for 2 h. The mixture was concentrated to afford compound
8 (80 mg, 100%), which was used in the next step without further purification.

Step 5. To a solution of the compound 8 (80 mg, 0.20 mmol} and Et3N (106 mg, 1.03
mmaol} in THF (8 ml} was added compound pyrrolidine-1-carbonyl! chloride (74 mg, 0.30
mmol} at 0°C and stirred for 2h. To the mixture was added EA (50 ml) and aqueous saturated
NaCl (50 ml}), and the mixture was stirred for 30 mun. The organic layer was separated,
washed by agueous saturated NaCl (50 ml*2), dred and concentrated to afford a residue
which was purified by Prep-TLC to get Compound 013 (99 mg, 80%) as a yellow solid. 'H
NMR {500 MHz, DMSG) 38935 (s, 1HL 7.75(d, J =8 7Hz 2H), 745 (d, I = 2.0 Hz, IH),
736{(d. J=51Hz 1H),727(dd, J=83,21Hz, 1H),724{(d, J=35Hz IH),705(dd, §=
50,36Hz, 1H), 6.79(dd, J=85,35Hz, 3H), 580 (s, 1H), 5.07(d, I = 12,4 Hz, 2H), 3.3}
(d,J=78Hz, 1H), 325¢,J=064Hz, 5SH., 310, J=105Hz 2H), 197(d,J =139 Hz,
2H), 1.74 (s, 4H), 1.39 (1, I = 9.9 Hz, 2H), 1.37 (s, 3H). LCMS: m/z = 504 (M+H)"



WO 2016/094824 PCT/US2015/065289

Example 14: Synthesis of Compound 614
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Step 1. A solution of the 4-hydroxypiperidine {compound 1, 0.8 2. 7.9 mmol},

pyridine (1.3 g, 16 mmol) and tert-Butvidimethylsilyl chlonde (1.4 g, 9.5 mmol) in CH2C)2

(4

{25 ml) was formed at 0°C. The mixtare was stirred for 3 h. Afier completion, the mixture
was concentrated and was punfied by silica gel coluran with EAPE = 1:3 1o afford
compound 2 (1.5 g, 88%6} as a light vellow solid.

Step 2: To a solution of compound 2 (95 mg, 0.44 mmol) and Et3N (89 mg, 0.9
mmol} in THF (3 ml) was added triphosgene (74 mg, 0.25 mumol). The mixture was stirred at
10 room temperature for 2 hours and was used directly in the next step.

Step 3. To a solution of the compound 4 (162 mg, 0.4 mmol) and E3N (80 mg, 0.8
mmol) in THF (5 ml} was added the above solution from step 2 containing compound 3. The
mixture was stirred at room temperature for 2 hours and was used in the next step without
any further purification.

15 Step 4. To the solution of the compound § {crude mixture} in THF (5 ml) was added
TBAF (5 drops) at 0°C. The mixture was stirred at room temperatare for 2 hours, then
concentrated and purified by Prep-HPLC to afford Compound 014 (29 mg, 15%. 3 steps). 'H
NMR (400 MHz, DMS0) 5 9.67 (s, 1H), 886 (s, 2H), 7.56 (5, 1H), 748 (s, 1H), 739 (d, J =
49 Hz, tH), 7.37-731 {m, 1H), 7.28 (4, J =33 Hz, 1H), 7.10-7.03 (m, 1H), 6.88{d, ] =83

20 Hz, 1H), 359 (s, 3H), 342 (s, 1H), 325(d, J =136 Hz, 2H), 3.03 (t, = 11.0 Hz, 2H), 2.83

(t,1=106Hz 2H), 229, J=135Hz 2H), 1.70(d, F =99 Hz, 2H), 1.57 (¢, I = 103 Hz,

2H), 1.44 (d, J = 104 Hz, 3H), 134-1.27 (m, 2H). LCMS: m/z = 536 (M+H)".
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Example 15: Synthesis of Compound 615
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Steps 1-4: Referto steps 1-4 of Example 13 to obtain compound 8.
5 Step 5 To a solution of the compound 8 {80 mg, .20 mmol) and Et3N (106 mg, 1.05

mmol} in THF (5 o) was added tert-buty! 4-{chlorocarbonybipiperazine-1-carboxylate (74
mg, 0.30 mmol) at 0°C, and the mixture was stirred for 2h. To the mixture was added EA (20
ml} and agueous saturated Nall (20 ml), and the mixture was stirred for 30 min. The organic
laver was separated, washed bv agueous saturated NaCl (50 ml*2), dried and concentrated to
10 vield a residue, which was purified by Prep-TLC to afford compound 9 (99 mg, 80%) as a
vellow sohd.
Step 6. To a solution of compound 9 (90 mg, §.15 mmol) in DCM (5 mi) was added
TFA (3 ml) slowly. The mixturc was stirred at roorm teraperature for 2 h. Then the nuxture
was concentrated to get a residue, which was purified by Prep-HPLC to vield Compound 013
15 (45 mg, 60%) as a white solid. "H NMR (400 MHz. DMSO) 6 9.58 (s, 1H), 8.78 (s, 2H),
778, J=96Hz, 2H), 752 (4. J=21Hz, iH). 742{d. J=51Hz 1H),736(dd, ] =83,
20 Hz 1H), 731(d, F=35Hz [H), 708 (dd, } =50, 3.6 Hz, IH), 696 (d, =83 Hz, 1H),
6.84 (d, =84 Hz, 2H), 5.97 (s, 6H), 3.18 (t, I = 10.6 Hz, 2H}, 3.10 (s, 4H), 2.02-1.93 (m,
2H), 1.60 (. 1 = 9.7 Hz, 2H), 1.37 (s, 3H). LCMS: m/z =519 (M+H)".
AL
Example 16: Synthesis of Compound 016
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Steps 1-4: Referto sieps 1-4 of Example 13 to obtain compound &.
Step 5. To a solution of the compound 8 {80 mg, 0.20 mmol) and E3N (106 mg, 1.05
25 mmol} in THF (5 o) was added 4-methyipiperazine-1-carbonyl chionide (49 mg, 0.30 mmol)

at 0°C, and the mixture was stirred for 2h. The mixture was purified by Prep-TLC to afford

30



10

20

WO 2016/094824 PCT/US2015/065289

Compound 016 {49 mg, 46%) as a vellow solid. "H NMR (400 MHz, DMS(3) 6 9.79 (s, 1H),
058 (s, 1H), 7.79¢d, J=87Hz, 2H), 751 (d,J=21Hz 1H), 742(d, J =42 Hz, 1H), 736
(dd, J=83,21Hz, IH), 731 (0. J=35Hz 1), 708{(dd.J=50,36Hz 1H),693(d. I=
B3Hz 1H), 684 (d, F=83Hz 2H}L 364(d, I =116Hz 2H), 343-328 {m, 4H), 3.18 (¢, J
=103 Hz, 2H), 3.10-2.96 (m, 4H}, 281 (s, 3H}, 1 99, I =134 Hz 2H), 160, 1=9.7Hz,
2H), 1.37 (s, 3H). LCMS: m/z = 533 (M+H).

Example 17: Synthesis of Compound 617
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Step 1. To a solution of lithium bis(trimethyisdylamide (1.0 M wm THF, 240 mi, 240
mmol} in a round-bottomed flask was added compound 1 (25 g, 120 mmol) slowly at -76°C
under nitrogen atmosphere. After the mixture was stirred for 4 hours at -76°C, iodocthane
{17 ml, 240 nuvnol) was added dropwisc into the system. The reaction mixture was stured for
further 30 minutes and then warmed fo room temperature and stirred overnight. The residue
was quenched with 150 mi saturated agueous NHACI, diluted with water and extracted with
EtQAc. The organic layers were washed with water and brine then dried over sodium suifate,
filtered and concentrated to afford target compound 2 (20 g, 70%;) as a light vellow solid.

Step 2: To a solution of the compound 2 (20 g, 84 mmol} was added K2CO3 (23 g,
168 mmol} in DMSO (120 ml). H202 (100 mi) was added into the system at 60°C very
slowly and the reaction was stirred overnight at 60°C. Cold water was added, and the

mixture was extracted with EA (3*100 mi). The organic lavers were washed with water and
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brine then dried over sodium sulfate, filtered and concentrated to get target compound 3 (21
2. 99%) as a white solid.

Step 3 To a solution of the compound 3 (20.5 g, 80 mmol) in CH3CN (200 ml) and
SN KOH (100 mly was added 1, 3-dibromo-5,5-dimethylimidazoliding-2 d-diong (11.1 g, 40
mmol). The mixture was stirred overnight at room temperature. After completion, the
mixture was concentrated to remove CH3CN. Adjustment of the pH of the water phase to §
was with 2N HCI in ice bath, the nuxture was extracted with EA and separated. Then
adjostment of the pH of water phase to 10. The precipitate was collected to afford the
compound 4 (10 g, 559} as a white solid.

Step 4. A solution of the compound 4 (1.0 g, 4.4 mmol), ethyl 4-bromobenzoate (943
mg, 4.4 mmol), Pd2(dba)3 (202 mg, 0.22 mimol), Ruphos (103 mg, 0.22 mmgol} and Cs2C03
(2.9 g, 8.8 mmol} in toluene {25 ml) was stirred at 100°C overnight. The mixture was
concentrated and purified by silica gel column with EAPE = 1:5 to atford compound 5 (1.0
g, 59%) as a light yellow sohd.

Step 3: A solution of the compound 5 {233 mg, 0.65 mmel} and 2N NaGQH (10 ml, 20
mmol} in THF (10 ml) and EtOH (10 mi) was stitred at 55°C for 2 hours. Concentration and
adjustment of the pH of the water phase to 5-6, was followed by extraction with EA (3%15
ml}). The organic layers were washed with water and brine then dried over sodium sulfate,
filtered and concentrated to afford compound 6 {200 mg, 93%) as a white solid.
(thiophen-2-yhphenvicarbamate (173 mg, 0.6 mmol), EDCE (154 mg, 1.2 mmol) and DMAP
{145 mg, 1.2 mmol} in DMF (10 mi) was stirred at 35°C overmight. The muxture was diluted
with water and extracted with EA. The organic layers were washed with water and brine then
dricd over sodium sulfate, filtered and concentrated. Then purification by silica gel column
with EAPE=1:2 vielded compound 7 {200 mg, 35%) as a purple solid.

Step 7. To a solution of compound 7 (200 mg, 0.32 mmol) in 1 4-dioxane (10 ml}
was added HCU/1 4-dioxane (5 mi, 20 mmol), and the mixture was stirred at room
temperature overnight. Concentration and washing with PE afforded compound 8 (175 mg,
100%) as a gray solid.

Step 8 To the solution compound 8 {95 mg, 0.21 mmaol) and B3N (106 mg, 1.05
mmol} in THF (5 o} was added morpholine-4-carbonyl chioride (30 mg, 0.3 mmol}, and the
mixture was stirred at room temperature for 2 hours. The mixture was filtered through silica
gel and was washed with EA. Concentration and purification by Prep-HPLC afforded

Compound 017 (10 mg. 9%). 'H NMR (400 MHz, DMSO) 5956 (s, 1H), 7.76 (d, J = 8.7
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Hz, 2H). 7.52 (s, 1H), 7.42 (4, T = 4.8 Hz, 1H), 736 (d, T = 8.2 Hz, 1H), 7.31 (d, J = 3.0 Hz.
1H), 7.11-7.04 (o, 1H), 6.95(d, } = 8.2 Hz. 1H), 6.81 (d, } = 8.5 Hz, 2H), 5.86 (s, 1H), 3.55
(s, 5H). 3.11 (s, 4F1). 2.02 (d. T = 133 Hz, 21D, 1.76 (d, T = 6.6 Hz, 2H), 1.50 (1. T = 10.9 Hz,
2H), 0.75 (¢, F = 7.3 Hz, 3H). LCMS: m/z = 534 (M+H)".

Exampﬂe i8: Synthesis of Compound §18
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step 1. To a solation of compound 1 (1.2 g, 5 mmol) in dioxane (20 mi}) was added

DIPEA (1.3 g, 10 mmol} and ethvi 2-chloropvrinudine-5-carboxylate (5.5 munol, 1.0 g). The
mixture was stirred at 100°C overnight. Afier completion, concentration and direct
purnification by prep-TLC with PE:EA=2:1 afforded compound 2 {1.37 g, 70%} as a white
sohid.

Step 2: To a solution of compound 2 (220 mg, 0.56 mmol} in EtOH (Smi) and THF
(3ml) was added aqueous NaOH (2M, 2ml). The reaction was stirred at 60°C for 2h. The
mixture was concentrated to get a residue. To the residue was added water (10 ml), and
aqueous citric acid was added to adjust to pH<7 at 0°C, and the mixture was filtered to afford
compound 3 (200 mg, crude) as a white solid.

Step 3: A mixture of the compound 3 (200 mg, crude), compound tert-butyl 2-amino-
4-(thiophen-2-vijphenyicarbamate (160 mg, 6.55 mmol), EDCIE (154 mg. 1.2 mmol) and
DMAP (145 mg, 1.2 mmol) in DMF (10 ml) was stirred at 67°C ovemnight. The mixture was
diluted with water and extracted with EA to afford compound 4 (200 mg, 55%;) as a vellow
oil.
added TFA (2 ml), and the muxture was stirred at room temperature for 30 min,

Concentration and washing with PE afforded compound 5 (250 mg, crude} as a brown oil.
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Step 3; To the solution of compound 3 (250 mg, crude} and E{3N (106 mg, 1.05
mmol} in THF (5 o) was added pyrrohidine-1-carbony! chioride (70 mg, 0.5 mmol}. The
mixture was stirred at room temperature for 2 hours. The mixture was filtered through silica
gel and washed with EA. Concentration and purification by Prep-HPLC afforded Compound
018 (61 mg, 60%). 'H NMR (400 MHz, DMSO) 8 9.72 (s, 1H), 8.91 (s, 2H), 7.53 (5. 1H),
742(d,J=48Hz H).739(d. J=83Hz 1H),732(d, J=32Hz 1H), 7.12-7.04 (m,
1H), 6.95(d, =82 Hz, 1H), 6.85-6.13 (m, 1H), 3.70 (dd, F = 13.5, 7.5 Hz, 4H), 3.29 (s, 4H),
307 3=105Hz 2H), 281 (£, J =128 Hz, 2H)}, 2.11 {dd. J = 145, 7.9 Hz, 2H}, 193-1.84
{m, 2H), 1.76 (s, 4H), 1.32 (d, J = 12.1 Hz, ZH). LCMS: m/z = 532 (M+H)".

Example 19: Synthesis of Compound 819
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Step 1. A mixture of methyl 4-bromobenzoate (2.1 g, 10mmol, leg), compound 1
(6.0 g, 30mamol, 3eq), Pd2(dba)3 (915 mg, immol, 0.1eqg), Xantphos (478 mg, lmmol, 0.1leq)
and Cs2CO3(9.75g, 30mmol, 3eq) in toluene (30 mi) was stirred at 95°C under nitrogen
atmosphere overnight. The mixture was cooled, and addition of EA {100ml), filtration and
concentration vielded a residue, which was purified by silica gel column to afford compound
2(1.97g, 59%j) as a light yellow solid.

Step 20 To a solution of compound 2 (3.34 g, 10mmol) 0 EtCH (15ml) and THF
(13m}) was added aqueous NaOH (2M, 15mi) and stirred at 60°C for 5h. The mixture was
concentrated to get a residue. The mixture was diluted with water {100 mi), and addition of
agueous citric acid to pH<7 at 0°C and filtration afforded compound 3 (3.07 g, 96%) as a

white solid.

NHBoo
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Step 3: A mixture of compound 3 (3.2 g, 10 mmol, 1 eq}, Boc-amine (2.6g, 9 mmol,
0.9 eq), EDCI (5.7g, 30 mmol, 3 eq) in Py (15 ml) was stirred at 25°C overnight. To the
mixture was added EA (100 ml) and agueous atric acid (30 mi), and the muxture was stirred
for 30mins. The organic layer was separated, dried and concentrated to vield a residue,
which was purified by silica gel columa to afford compound 4 (3.7 g, 70%) as a light yellow
solid.

Step 4 To a solution of compound 4 (2.96 g, 5 mmol) in DCM {20 ml) was added
TFA (20 ml)}, and the mixture was stirred at room temperature for 1 h. The mixture was
concentrated to vield a residue. To the mixtue was added water (100 mb) and NaQH (2M
soultion} to adjust to pH>7, and the mixture was fiftered to vield compound 5 (1.86 g, 95%)
as a light yellow schid.

Step 5. To the solution of compound 5 (100 mg, 0.25 mmol) and Et3N {50 mg, 0.5
mmal) in THF (5 ml) was added tert-butyl 4-(chlorocarbonyhpiperazine-1~carboxylate (68
mg, 0.275 mmol}, and the mixture was stirred at room temperature for 2 hours. After
completion, the mixture was concentrated to afford the crude compound 6 (110 mg} for the
next step.

Step 6; To a solution of compound 6 (110 mg, crude} in DCM (5 ml) was added TFA
(2 mi} slowly. The mixture was stirred at room temperature for 2 h. Then the mixture was
concentrated to get a residue, which was purified by Prep-HPLC to vield Compound 019 {40
mg. 32%, 2 stops) as a white solid. 'H NMR (400 MHz, DMS0) §9.37 (s, 1H), 8.71 (s. 2H),
779, I=87THz 2H)., 745 (. J=21Hz, 1), 736{d, =51 Hz, 1H)}, 7.30-7.20 (m, 3H)},
7.05(dd, F=51,36Hz 1H), 681 (4 I=83Hz, 1H),666(d, I=88Hz ZH) 363{d. J=
135 Hz 2H). 348-342 {m, 1H), 3.30 (s, 4H), 3,11 (s, 4H), 296 (¢, I = 11.9 Hz, 2H), 192 (d,
J=98Hz 2H), 1.34(d, J =108 Hz, 2H), 1.05 (1, J = 7.0 Hz, 1H). LCMS: m/z =505
(M+H)".

Example 20: Synthesis of Compound 029
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Step 3; To the solution of compound 5 (100 mg, 0.25 mmol) and Et3N (50 mg, 0.5
mmol} in THF (5 ml) was added tert-butyl 4-{chlorocarbonybipiperazine-1-carboxylate (41
mg, 0.275 mmol), and the muxture was stirred at room temperature for 2 hours. Then the
mixture was concentrated to get a residue, which was punified by Prep-HPLC to afford
Compound 020 (32 mg. 25%) as a white solid. "H NMR (400 MHz, DMSO) § 9.37 (s, 1H).
778(d. J=86Hz 2H), 745(d,. J=20Hz 1H), 736(d, =44 Hz 1H), 730 - 7.20 (m,
2H), 7.05(dd, J=5.0,37 Hz, 1H), 6.80(d, J =83 Hz, [H), 6.653(d, J =88 Hz, 2H), 6.20 (d.
J=79Hz 1H), 5.07 (5. 2H), 3.60-3.52 (m, 6H). 3.18 -~ 3.06 (m, 4H). 292 {t. I = 11 6 Hz,
2HY. 208 (s, 1H), 191 (d, J =102 Hz, 2H), 1.33(dd, § =20.7,9.8 Hz, 2H). LCMS: m/z =
506 (M+H).

Example 21; Synthesis of Compound 0821

O Yy T

Steps 1-4. Referto sieps 1-4 of Example 19 to obtain compound 3.

Step 3: To the solution of compound 5 {100 myg, 0.25 mmol) and Ei3N (50 mg, 0.5
mmol} in THF (3 ml) was added cyclohexanecarbonyi chloride (41 mg, 0.275 mmol)}, and the
mixture was stirred at room temperature for 2 hours. Then the misture was concentrated to
get a residue, which was purified by Prep-HPLC to afford Compound 021 (30 mypg, 24%} as 3
white solid. "HNMR (400 MHz, DMS0O)} 5 9.61 (s, 1H), 7.81 (4, I =86 Hz, 2H). 7.55 (d. ]

=1 8 Hz, 1H), 743 {d, ] =4 8 Hz, 1H), 7384{d, J =83 Hz, 1H), 733 (d, J =33 Hz, 1H),
7.13-705(m, 1H), 6.98(d, J =84 Hz, 1H) 668{(d, J=87Hz 2H}. 429(d,J= 113 Hz,
H).3.92(d. J=123 Hz, 1H). 3.66-3.57 (m, 1H), 3.27-3.13 (m, 1H), 2.85-2.73 (m, iH).
2672536 (m, 1H), 2.03-1.88 (m, 2H), 1.75-1.58 (m, SH), 1 37-1.12 (m, 7H). LCMS: m/z =
503 (M+H)'.
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Example 22: Synthesis of Compound 022
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steps 1-4: Referto steps 1-4 of Example 19 to obtain compound 5.
Step 5. To the solution of compound 5 (100 mg, 0.25 mmol} and F3N {30 mg, 0.5
5 mmol) in THF (8 ml) was added tetrahydro-2H-pyran-4-carbonyl chloride (41 mg, 0.275
mmol), and the mixture was stirred at room temperature for 2 hours. Then the mixture was
concentrated to get a residue, which was puntfied by Prep-HPLC to afford Compound 022 {20
mg, 16%) as a white solid. 'H NMR (400 MHz, DMSO0) 8 9.57 (s, 1H), 7.80 (d, 1 = 8.6 Hz,
28, 7.52 (s, TH), 7.46-7.29 (m, 3H), 7.1-7.06 (m, 1H)}, 6.96 (5, 1H), 6.68 (d, ] = 8.6 Hz, 2H},
10 429(d J=144Hz IH) 397{d. J=130Hz 1H),385(d, J=97Hz 2H), 371-355 (m,

1HL 339 J=115Hz 2H), 322 (1. J =116 Hz, 1H), 2.98-2.87 (m, 1H), 281 (1, =121
Hz, 1H), 2.08-1.86 (m, 2H), 1.68-1.43 {m, 4H), 1.39-1.13 (m, 2H). LCMS: m/z = 505
{(M+H) .

[
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Example 23: Synthesis of Compound 623
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Steps 1-7. Referto steps 1-7 of Example 17 to obtain compound 8.

Step & To a mixture of the compound 8 (175 mg, 0.4 mmol} and Et3N (106 mg, 1.05
20 mmol} in THF (5 ml) was added tert-butyl 4-{chlorocarbonyl) piperazine-1-carboxylate {125
mg, 0.5 mmol). The mixture was stirred at room temperature for 2 hours. Filtration through
sifica gel and washing with EA vielded compound 9 (175 mg, 67%]) as a vellow oil.
Step 9. To the solution of the compound 9 (175 mg. .28 mmol} in 1,4-dioxane (10
mil}) was added HCV/1 4-dioxane (5 ml, 20 mmol} at room temperature followed by stirmng
25 overmght. Concentration and washing with PE to afforded target Compound 023 (92 mg,
63%) as a vellow solid. "H NMR (400 MHz, DMSQ) § 10.21 (s, 1H), 9.30 (s, 3H), 7.91 (4, J
=8 1Hz 2H), 781 (s, 1H), 7.59(d, ] =59 Hz, 2H), 751 (d, =33 Hz IH). 745{(d. ] =84
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Hz, 1H), 7.19-7.12 (m, 1H), 6.90 (s, 2H), 3.48-3.41 (m, 1H), 3.33 (s, 47D), 3.18-3.10 (m, 2H),
3.06 (s, 4H), 2.04 (d, ] = 13.0 Hz, 2H), 1.77(d, J = 7.0 Hz, 2H), 1.59-1 .48 (m, 2H), 1.08-1.02
(m, M), 0.78 (t. ] = 7.0 Hz, 3H). LCMS: nv/z = 533 (M+1D)".

Example 24; Synthesis of Compound 024
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Step L A solution of the compound 2 (300 mg, 0.90 mmol) in TFA (5 m1) was stirred
at room temperature overnight. Then concentration and washing with PE vielded target
compound 3 (200 mg, 959%;) as a gray solid.

Step 2. A muxture of the compound 3 (180 mg, 0.77 mmol}, 1-hvdroxycyclohexane-
carboxylic acid (111 mg, 0.77 mmol}, HATU (351 mg, 8.92 mmol) and DIPEA (199 mg, 1.3
mmol) in DMF (10 ml) was formed. The reaction was stirred at room temperature for 2
hours. The mixture was dissolved in water and extracted with EA. The organic layers were
washed with water and brine then dried over sodium sulfate, filicred and concenirated. Then
purification by silica gel cohunn with EA:PE=1:2 yielded compound 4 (150 mg, 54%)} asa
puiple solid.

Step 3; The solution of compound 4 (150 mg, 0.42 mmol) and ZN NaOH (10 ml, 20
mmol) in THF (10 ml} and EtOH (10 ml} was stirred at 60 °C for 6 hours. Then the mixture
was concentrated, and the pH of the water phase was adjusted to 5-6 followed by extraction
with EA. The organic lavers were washed with water and brine then dried over sodium
sulfate, filtered and concentrated to yield the target compound 5 (130 mg, 9096} as a white
solid.

Step 4. A muxture of the compound 5 (70 mg, 0.2 mmol}, tert-butyl Z-aming-4-
{thiophen-2-yhphenvicarbamate (59.0 mg, 0.2 numol), EDCI (39.0 mg, 0.3 mmol), HOAT
{41 mg, 0.3 mmol} and DIPEA (52 mg, 0.4 mmol) m DMF (10 ml) was formed. The muxture

was stirred at 65 °C overnight. Then the mixture was dissolved in water and extracted with
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EA. The organic layers were washed with water and brine then dried over sodium solfate,
filtered and concentrated. Then purification by stlica gel column with EAPE=1:2 vielded
compound 6 (20 mg, 16%6) as a purple solid.

Step 3. To the solution of the compound 6 {20 mg, 0.03 mmol) in DCM (10 ml} was
added HCI/1 4-dioxane (2 ml, 8.0 mumol} followed by stirring at room temperature overnight.
Concentration and washing with PE afforded the target Compound 024 (12 mg, 71%) asa
white solid. "H NMR (400 MHz, DMS0) 5 9.41 (s, [H), 7.80(d, T = §.5 Hz, 2H), 7.46 (s,
1H), 736 (d. J = 4.9 Hz, 1H), 7.30-7.22 {m, 2H)}, 7.09-7.03 (m, 1H), 6.80{(d, ] = 8.4 Hz, 1H),
6.66(d, J=86Hz 2H), 6.26 (d, I =79 Hz, 1H), 524 (5, IH). 5.09 {s, 2H), 2.04-1 87 {m,
3H), 1.76-1.39 (o, TOHD, 1.35-1 14 (m, 6H). LCMS: m/z = 519 (M+H)".

Example 25; Synthesis of Compound 025
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Step 1 Refer to step 1 of Example 24 to obtain compound 3.

Step 2. A mixture of the compound 3 (400 mg, 1.7 mmol}, 1-hydroxycyclopentane-
carboxylic acid (222 mg, 1.7 mmol), HATU (969 mg, 2.6 mmol) and DIPEA (439 mg, 3.4
mmol) in DMF (10 ml) was formed. The mixture was stirred at room temperature for 2
hours. The mixture was dissolved in water and extracted with EA. organic layers were
washed with water and brine then dnied over sodium sulfate, filiered and concentrated. Then
purification by silica gel cohunn with EA:PE=1:2 yielded compound 4 300 mg, S1%)}asa
puiple solid.

{10 ml}) was added ZN NaOH (10 ml, 20 mmol} at 60 °C, and the resulting reaction mixture

was stirred for 6 hours. Concentration and adjustment of the pH of the water phase to 5-6
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was followed by extraction with EA (2%15 ml}. The organic lavers were washed with water
and brine then dried over sodium sulfate, filtered and concentrated to vield target compound
5 {250 mg, 87%) as a white solid.

Step 4: A muxture of the compound 5 (250 mg, 0.75 mmol), tert-butyl 2-amino-4-

5 (thiophen-2-yvhphenylcarbamate (218 mg, .75 mmol}, EDCI (143 0 mg, 1.1 mmol), HOAT
{147 mg, 1.1 mmol) and DIPEA (194 mg, 1.5 mmol) i DMF (10 ml} was formed. The
reaction was stirred at 65 °C overnight. Then the mixture was dissolved in water and
extracted with EA. The organic layers were washed with water and brine then dnied over
sodiwm sulfate, filtered and concentrated. Then purification by silica gel column with

10 EAPE=1.2 vielded compound 6 (50 mg, 11%;) as a purple solid.

Step 3. To a solution of the compound 6 (30 mg, 0.08 mmol} m BCM was added
HC/1 4-dioxane (2 ml, 8 0 mmol). The mixture was stirred at room termperature overnight,
Concentration and washing with PE afforded the target Compound 025 (13 mg, 32%) asa
white solid. "HNMR (400 MHz, DMSO) 5 9.61 (s, 1H), 7.81 (d, T = §.6 Hz, 2H), 7.53 (s,

15 1H), 7.46-7.30 {m, 3H), 7.11-7.07 (m, 1H), 6.98 (d, I = 8.0 Hz, 1H}, 6.68(d, ] = 8.7 Hz, 2H},
4.57-4.44 (m, 1H), 4.36-4.19 (m, 1H), 3.24-317 (m, 1H), 2.90-2.79 {(m, 1H}), 2.39-2.25 (m,
1H), 2.08-1.91 (o, 4H), 1.74-1.63 (m, 4H), 1.57-1.52 (m, 2H), 1.38-1.22 (m, 2H). LCMS:
m/z = 305 (M+H)'

20 Example 26: Synthesis of Compound 5626

{5 mi}) was added 2M NaOH {over 5 m}, and the resulting reaction mixture was stirred at
60°C for Sh. The mixiure was concentrated to afford a residue, which was purified by flash
25 column to vicld compound 2 {180 mg, vield: 65%) as a yellow solid.
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Step 2: A mixture of compound 2 {150 mg, 0.48 mmol}, compound Boc-aming (139
mg, 0.48 mmol), HOAT (131 mg, (96 mmol), and EDCI (183 mg, 0.96 mmol) in DMF (4
ml) was stirred at 60°C overmight. To the mixture was added EA (30 ml) and aqueous
saturated Na(l {100 ml}, and the resulting reaction mixture was stirred for 30 min. The
5  organic layer was separated, washed with agueous saturated NaCl (50 mi*2}, dried and
concentrated to afford a residue, which was purified by Prep-TLC to vield compound 3 (100
mg, 35%) as a vellow solid.
Step 3. To a solution of compound 3 (100 mg, 0.17 mmol) in DCM (3 ml) was added
TFA (3 ml), and the resulting reaction mixture was stirred at room temperature for 2 h. The
10 wmixture was concentrated to get a residue, which was punified by Prep-HPLC to afford
Compound 026 (20 mg, 249%) as a white solid. 'H NMR (400 MHz, DMSO) § 9.53 (s, 1H),
8.76{(d. J =865 Hz, 2H). 841 {d, J =138 Hz, 1H), 7.43-738 (m, 3H), 7.37-731 {m, 3H),
729(dd, J=83,22Hz 1H),722(dd, }=77.42Hz 2H), 704 (dd, I =51, 3.6 Hz, 1H),
6.79(d, =84 Hz 1H)., 346 ({d, ]=11.2 Hz 2H), 3.34-3.20 (m, 2H}, 2.96-2.90 {m, 2H},
15 2.86(d, J=4.5Hz, 3H), 2.26-2.08 (m, 2H). LCMS: m/z = 485 (M+H)".

Example 27: Synthesis of Compound 027
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Step b A muxture of compound 1 (3.6 g, 15 mmol), bromobenzene (7.0 g, 45 nymol),
20 Pd2{dba)3 (1.4 g, 1.5 mmol}, Ruphos {700 mg, 1.5 mmol) and Cs2CO3 (14.6 g, 45 mmol) m
toluene (100 ml) was stirred at 95°C under a nitrogen atmosphere ovemight. The mixture
was filtered and concentraied followed by washing with PE (30 mi) to afford compound 2
(3.5 g, vield: 85%9%) as a light vellow solid.
Step 2. To a solution of compound 2 (3.5 g, 12.6 mmol) in 1,4-dioxane (50 ml) was
25 added HCl in L 4-dioxane {(9.45 ml, 37.8 mmol} at room temperature, and the mixture was
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stitred overnight. The mixture was filiered to afford compound 3 (2.0 g, 90%) as a white
sohid.

Step 3. A maxture of compound 3 (500 mg, 2.8 mmol), ethyl 2-chloropyrimidineg-3-
carboxyvlate (352 mg, 1.9 mumol), and NEt3 (576 mg, 5.7 mmol) in 1 4-dioxane (15 ml) was
stirred at 60°C overnight. To the mixture was added EA (100ml) and aqueous saturated citric
acid (30 ml}, and the resulting reaction mixture was stirred for 30 min. The organic layver was
separated, washed by agueous saturated Nall (50 ml*2), dried and concentrated, and washed
by PE (30 ml} to yield compound 4 (300 mg, 1%} as 3 yellow solid.

{15mi) was added aqueousNaQH (2M, 15mli), and the resuliing reaction mixture was stirred
at 60°C for 5h. To the mixture was added aqueous saturated citric acid to adjust to pH<7
followed by filtation to vield compound 5 (400 mg. 87%) as a white solid.

mg, 0.5 mmol), HOAT (136 mg, | mmol), EDCI (191 mg, | mmol) and NEt3 202 mg, 2
mmol} in DMF (5 ml) was stirred at 60°C overnight. To the mixture was added EA (100mi)
and agueous saturated NaCl (100 ml), and the resulting reaction mixture was stirred for 30
min. The organic layer was scparated, washed by aqueous saturated NaCl (50 mi*2), dned
and concentrated, and washed by CH3CN (10-20mL) to afford compound 6 (140 mg, 49%;)
as a yelow solid.

TFA (3 ml}) at room temperature, and the resulting reaction muxture was stirred for 2h. The
mixture was concentrated and purified by Prep-HPLC to afford Compouand 027 (110 mg,
93%) as a white solid. "H NMR (300 MHz, DMSO) 8 9.52 (s, 1H), 8.86 (s, 2H), 7.87(d, I =
TE&Hz 1H), 745 (s, 1H), 735(d, ] =49 Hz, 1H),7.29(d, I =83 Hz, 1H), 725-7.18 (m,
3D, 7.07-7.02 (m, TH), 6.96{d, ] =82 Hz, 2H}, 6.83-6.73 (m, 2H), 520 (s, 2H}. 3.72(d. J =
12.2Hz, 2H), 2.82 (1, = 11.7 Hz, ZH), 1.99 (s, 1H), 1.96 (d, } = 10.5 Hz, 2H), 1.69-1.58 (m,
2H). LCMS: m/z =471 (M+H)"
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Example 28: Synthesis of Compound 028
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Steps 1-Z2. Referto steps 1-2 of Example 27 to obtain compound 3.

Sten 3. A mixture of compound 3 {300 mg, 1.7 mmol), 4-fluorobenzonitrile (181 mg,
1.5 mmaol), and K2CO3 (414 mg, 3 nunol} in DMSO (10 ml} was stirred at 100°C ovemnight.
To the mixture was added EA (100ml} and agueous saturated citric acid (30 ml), and the
resulting reaction mixture was stirred for 30 min. The organic laver was separated, washed
by agueous saturated Nall (50 mt*2), dried and concentrated, and punified by silica gel
column to vield compound 4 (300 mg, 72%;) as a vellow solid.

Step 4. A solution of compound 4 (300 mg. 1.1 mmol) in 6M HCI (20 ml) was stirred
at 80°C for 3 days. The nuxture was filtered to afford compound 3(250 mg, 78%) as a white
sohid.

Step 3 A muxture of compound 5 (130 mg, 0.5mmol}, compound Boc-amine (145
mg, 0.5 mmol), HOAT (136 mg, | mumol), EDCE {191 mg, 1 mmol } and NEG3 (202 mg 2
mmol} in DMF (5 ml) was stirred at 60°C overmight. To the mixture was added EA (80mi)
and agueous saturated NaCl (80 ml), and the resulting reaction mixture was stirred for 30
min. The organic layer was separated, washed by aqueous saturated NaCl (30 ml* 2}, dried
and concentrated, and purtfied by Prop-TLC to afford compound 6 (50 mg, 18%) as a vellow
sohid.

Step 6: To a solution of compound 6 (50 mg, 0.09 mmol} in BCM (5 mi) was added
TFA (3 ml) at room teraperature, and the resulting reaction mixture was stirred for 2 h. The
mixture was concentrated and purified by Prop-HPLC to afford Compound 028 (5 mg, 12%
as a white solid. "H NMR (500 MHz, DMS0) 8 9.36 (s, 1H), 7.79 (d, T = 8.6 Hz, 2H), 7.46
(d,J=19Hz 1H),735(d, J=30Hz 1H),727(dd, ] =8.3,2.0Hz, 1H), 7.25-7.18 (m,
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3H), 7.08-7.03 {m, 1H), 6.96 (4, I = 8.2 Hz, 2H), 680 (4. J =83 Hz, IH). 6.75(t, I =72 Hz
1H). 6.67 (d. J=8.7 Hz, 7H), 6.22 (d, ] = 8.0 Hz, 1H), 5.07 (s. 2H), 3.70 (ﬁﬁ J=12.8Hz Z.H)ﬁ
353 (s, 1H), 2.89 (1. J=11.0 Hz, 2HD, 2.01(d. T = 10.8 Hz, 2H), 1.51 (dd. T=20.6, 10.5 Hz,
2H). LCMS: m/z = 469 (M+H)'.

Example 29: Synthesis of Compound 429
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Steps 1-2; Referto sieps 1-2 of Example 13 to obtain compound 6.

Step 3. A mixture of compound 6 {630 mg, 1.89 mmol}, compound Boc-amine (484
mg, 1. 7mmol}, HOAT (510 mg, 3.78 mmol), EDCE{(721 mg, 3.78 mmol} DIPEA (487 mg,
3.78 mmol) and DMAP (461 mg, 3.78 mmol) in DMF (23ml) was stirred at 67°C for 3 days.
To the mixture was added EA (160ml) and aqueous saturated NaCl (100 mi), and the
resulting reaction mixture was stirred for 30 min. The organic layer was separated, washed
by aqueous saturated NMaCl (30 ml*2), dned and concentrated, and purified by silica gel
column to afford compound 7 (473mg, 46%;} as a yellow solid.

Step 4: To a solution of compound 7 (250 mg, 0.42 mmol) in DCM (10 ml) was
added TFA (3 ml} at room temperature, and the resulting reaction mixture was stirred for 2 h.
The mixtare was concentrated to afford compound & (300 mg, crude) and was used in the
next step without further purnification.

Step 5; To a solution of the compound 8§ (150 mg, crude) and Ef3N (80 mg, 0.5
mmol} in THF (5 ml) was added compound morpholing-4-carbonyl chloride (37 mg, 0.25
mmal) at 0°C, and the resulting reaction mixture was stirred for Zh. To the mixture was
added EA (10 ml) and aqueous saturated NaCl (10 ml), and the resulting reaction mixture
was stirred for 30 mm. The organic layer was separated, washed by aqueocus saturated NaCl

{10 ml*2}, dried and concentrated, and punfied by Prep-HPLC to afford Compound 029 (44
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mg, 35%) as a white solid. 'H NMR (400 MHz, DMSO) § 9.36 (s, 1FH), 8.51 (dd, J= 4.7, 1.5
Hz 2H), 7.76 (4, 1 = 8.8 Hz. 2H), 7.66 (d. T = 2.1 Hz, 1H). 757 (dd. T = 4.7, 1.6 Hz, 2H).
747 (dd. J=8.4,2.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H]), 6.79 (d, T = 8.§ Hz. 2H), 5.87 (s. 1H),
5.29 (s, 2H), 3.60-3.51 (m, 4H), 3.32-3.24 (m, 2H), 3.17-3.08 (m, 6H), 1.98 (d, J = 13.8 Hz,
2H), 1.64-1.55 (m, 2H), 1.36 (s, 3H). LCMS: m/z = 515 (M+H)".

Exampile 30: Synthesis of Compound 039
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Steps_1-3: Referto steps 1-3 of Example 29 to obtain compound §.

Step 3; To a solution of the compound 8§ (150 mg, crude) and Ef3N (80 mg, 0.5

mmol} in THF (5 ml} was added compound pyrrolidine-1-carbonyl chloride (33 mg, 0.25
mmol) at 0°C, and the resulting reaction mixture was stirred for 2h. To the mixture was
added EA (10 ml) and aqueous saturated NaCl (10 ml), and the resulting reaction mixture
was stirred for 30 mm. The organic layer was separated, washed by aqueocus saturated NaCl
{10 ml*2}, dried and concentrated, and punfied by Prep-HPLC to afford Compound 0306 (17
me, 14%) as a white solid. "H NMR (400 MHz, DMS0) § 934 (d, J = 10.2 Hz, 1H), 8.51 (d,
FJ=55Hz 2H), 776(d, J=86Hz, 2H), 767 (4, I = 1 8 Hz, 1H), 758 (d, I = 5.9 Hz, 2H),
748{dd, J =83, 1.9Hz, IH}, 688(d, J=84Hz 1H), 6.79(d, J = 8.6 Hz, 2H), 587 (s, 1H),

531 (s, 2H), 3.31-3.20 {m, 6H), 3.10 (. J = 105 Hz, 2H), 198 {d, J = 13.5 Hz, 2H), 1 74 (s,
4H), 1.59 (1, 1 = 10.1 Hz, 2H), 1.37 (5, 3H). LCMS: m/z = 499 (M+H)".
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Example 31: Symhesis of Compound 031

éOC

mg, 0.72 mmol), HOAT (216 mg, 1.6 mmol}, EDCI (305 mg, 1.6 mmol) DIPEA (2(}6 mg,
1.6 mmol) and DMAP (195 mg, 1.6 mmol) in DMF (25ml) was stirred at 67°C for 3 days.

(]

To the mixture was added EA (60ml) and aqueous saturated Na('l {60 mli}, and the resulting
reaction mixture was stured for 30 min. The organic laver was separated, washed by agueous
saturated NaCl (20 mi*2), dried and concentrated, and punified by silica gel column to afford

compound 7 (400 mg, 83%) as a yellow solid.

10 Step 20 To a solution of compound 7 (200 mg, 0.33 mmol) in DCM (10 mi) was
added TFA (3 ml}, and the resulting reaction mixture was stirred at room teraperature for 2 h.
The mixture was concentrated to afford compound 8 (250 mg, crude} and was used i the
next step without fusther pui‘iﬁcaﬁon.

15 mmol) m THF (8 ml) was added compound merphoimeméiucarbmlyi chlonde (37 mg, 0.25
mmol} at 0°C, and the resulting reaction mixture was stirred for Zh. To the mixture was
added EA {10 mb) and aqueous saturated Nal'l {10 mi), and the resulting reaction mixture
was stirred for 30 min. The organic layer was separated, washed by agueous saturated NaCl
(10 mi*2), dried and concentrated, and purified by Prep-HPLC to afford Compound 031 (85

20 mg. 60%) as a white solid. "H NMR (400 MHz. DMSO) § 9.57 (s, 1H), 9.09 (s, 1H), 8.76-
8.58 (m, 2H), 8.01-7.69 (m, 4H), 7.56(d, ] =72 Hz, 1H), 7.05-6.87 (m, 3H). 3.56 (s, 4H).
3.07(d, 7 =398 Hz, 8H), 1.96 (s, 2H), 1.61 (s, 2ZH), 137 (5, 3H). LCMS: m/z =515
{(M+H) .
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Example 32: Synthesis of Compound 632
NHBoc
HoN l
H H N Ho R
H__N ar BNy, NHBoc < X MH,
P OH — " NFN RN B e '\N/' ” IE Ny
N VT Boc g/ | xJ H o "\If?’
GC
3 4 & s a

Steps 1-2: Referto steps 1-2 of Example 19 to obtain compound 3.

Step 3. A mixture of compound 3 {150 mg, 0.45mmol), compound Boc-amine (130
mg, 0.45 mmol), HOAT (103 mg, 0.76 mmol}, EDCI (145 mg, 0.76 mumol) and NE3 (154
mg, 1.52 mmol) in CH3CN (5 ml) was stirred at 60°C overnight. To the mixture was added
EA (10 mly and aqueous saturated NaCl (10 ml}, and the resulting reaction mixture was
sticred for 30 min. The organic layer was separated, washed by agueous saturated Na(’l (10
ml*2), dried and concentrated, and purified by silica gel column to afford compound 4 (90
mg, 30%) as a vellow solid.

Step 4: To a solution of compound 4 (90 mg, 0.15 mmoly in BCM (5 ml} was added
TFA (3 ml) at room temperature, and the resulting reaction mixture was stirred for 2 h. The
mixture was concentraied to afford compound 5 (58 mg, crude) and was used in the next step
without further purification.

Step 3: To a solation of the compound 5 (58 mg, 0.15 mmol) and B3N {33 mg, 0.33
mmaol} in THF (8 ml} was added compound pyrrolidine-1-carbonyl! chloride (20 mg, 015
mmol} at 0°C, and the resulting reaction mixture was stirred for 7h. The mixture was purified
by Prep-HPLC to afford Compound 032 (12 mg, 17%) as a white solid. "H NMR (400 MHz,
DMS0)3937 (s, 1H), 858 (d, I =51Hz, 2H), 7.79(d, ] =88 Hz, 4H}, 776 (d. ] = 2.1 Hz,
H)L 7.59(dd. J=835,22 Hz, 1H), 689(d, J=85Hz 1H), 6.66(d, ] =88 Hz, 2H), 6.22 (d,
J=74Hz 1H), 3.63¢(d, J=132Hz, 2H), 326 (1, ] =64 Hz, 4H), 2.87 (1, ] = 1 1.3 Hz, 2H},
191{(d. J=100Hz 2H}), 1.75{(t ] =65 Hz 4H), 134 (dd, ] =202, 104 Hz, ZH). LCMS:
m/z = 485 (M+H)".
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Example 33: Synthesis of Compound §33
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Step . A mixture of compound 1 {2.1 g, 9.6 mmol), ethyl 2-chloropynmidine-5-

(4

carboxylate {600 mg, 3.2 mmol) and NE3 (970 mg, 9.6 mmol) in I 4-dioxane (20 ml} was
stirred at 95°C ovemight. The nuixture was concentrated followed by addition of EA (50ml)
and agueous citric acid (60 ml), and the resolting reaction mixture was stirred for 30 min.
The organic layer was separated, dried and concentrated to afford compound 2 {880 mg,
vield: 75%;) as a light vellow solid.

1 Step 2. To a solution of compound 2 (880 mg, 2.4 mumol} in BCM (10 m!) was added
TFA (5 ml} at room temperature, and the resulting reaction mixture was stirred for 2 h. The

mixture was concentrated to afford compound 3 (630 mg, 99%;) as a vellow solid.
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Step 3. A mixture of compound 3 {630 mg, 2.4 mmol}, Z-indoleacetic acid (331 mg,
3 mmol), HOAT (816 mg, 6 mmol), EDCI (1.1 g, Smmolyand NE3 (1.2 g, 12 mmol) in
DMF (15 mi) was stitred at 60°C overnight. To the mixture was added EA (100ml) and
aqueous saturated NaCl (100 mi), and the resulting reaction mixture was stirred for 30 min,
The organic layer was separated, washed by agueous saturated Nall (30 ml*2), dried and
concentrated to get a residue, which was purified by Prep~-TLC to vield compound 4 (600 mg,
60%) as a vellow sohid.

Step 4. To a solution of compound 4 (600 mg, 1 4 mmol} in EtOH (15mi) and THF
{15ml} was added aqueousNaOH (ZM, 15m!}, and the resulting reaction mixture was stirred
at 60°C for 5h. The mixture was concentrated to vield a residue. To the mixture was added
water (100 ml) and aqueous citric acid to adjust to pH<7 at 0°C, followed by filtration to
vield compound 5(400 mg, 72%) as a white sohd.
mg, 0.38 mmol}, HOAT (103 mg, 0.76 mmol}, EDCI (145 mg, 0.76 mmol) and NE{3 (154
mg, 1.52 mmol) in DMF (5 ml) was stirred at 60°C overnight. To the mixture was added EA
{20 ml} and aqueous saturated NaCl (20 mL), and the resulting reaction mixture was stirred
for 30 min. The organic layer was separated, washed by agueous saturated NaCl (20 ml*2),
dried and concentrated, and purified by Prep-TLC to afford compound 6 (150 mg, 59%)as a
vellow solid.
TFA (3 ml}) at room temperature, and the resulting reaction muxture was stirred for 2h. The
mixture was concentrated and purified by Prep-HPLC to afford Compoand 033 (28 mg, 22%)
as a white solid. "H NMR (500 MHz, DMSO) 3 10.94 (s, 1H), 9.75 (s, 1H), 8.91 (s, 2H),
758{dd, J=158 79 Hz SH), 741 (t, I=76Hz 4H), 736 (d, J =81 Hz, 1H), 731-7.24
(0, 3HG, 7.08 (6, I =75 Hz, 1H), 701697 (m, 2H)}, 484 (4, J =11 4 Hz, 2H}, 458 ¢(d. I =
140Hz 2H), 4.14(d, I=119Hz 1H),382 (¢, ] =151 Hz, 3H), 3.09 (t, } = 12.1 Hz, 1H),
2.82(s, 3H), 263, ¥ =12.0Hz, 1H), 1.63-1.44 (m, 3H), 1 31 (d. J=8.2 Hz, 2H). LCMS:
m/z = 562 (M+H)".
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Example 34: Synthesis of Compound 634
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Step 2. To a solution of compound 2 (5.25 g, 15 mmol} in DMSO (30 mi) was added
5 K2C03(4.14 g, 30 mmol} and Cu (960 mg, 15 mmol). The mixture was stirred under
nitrogen atmosphere at 145°C ovemight. The mixture was filtered, and the filtrate was
collected followed by purification on a column to afford the compound 3 (2.4, 38%)as a
white solid.
Step 3: To a solution of compound 3 (600 mg, 1.5 mmol} in 1 4-diosane (15 ml) was
10 added 4M HCL in | 4-dioxane (10 ml) at room temperature overnight. The mixture was
filtered to get compound 4 (437 1ag, 95%;) as a vellow solid.
Step 4: A mixture of compound 4 {437 mg, 1.73 mmol}, EDCI (343 mg, 3.5 mmol),
HOAT (476 mg, 3.5 munol), BIPEA (903 mg, 7 mmol), and 2-mdoleacetic acid {307 mg,
1.75 mmol} in 5 ml DMF was stirred at 60°C overight. After extraction by EA, the target

15 compound 3 (600 mg, 84 %) was afforded afier purification by column with EA.
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Step 5. To a solution of compound 5 (600 mg, 1.47 mmol) i EtOH/THF was added
2N NaOH (5 mi), then the resulting reaction mixture was stirred at 60°C overnight. Afier the
solvent was evaporated off, the mixture was extracted by EA, and then the combined organic
layer was dried to afford the desired compound 6 as a white solid (140 mg, 25%;).

Step 6. A mixture of compound 6 (200 myg, .33 munol), EDCI (102 mg, 0.66 mmol},
HOAY (88 mg, 0.66 mmol), DIPEA (170 mg, 1.32 mmol), and amine (102 mg, .33 numol)
in 5 ml DMF was stirred at 60°C overnight. After extraction by EA, the target compound 7
{200 mg, 20 %} was afforded as a white solid.
added 2 ml TFA, and the mixture was stured at room femperature for 2 h. After extraction by
EA, the target Compound 034 (10 mg, 6 %) was purified by Prep-HPLC. "H NMR (500
MHz, DMSO} 5 10.86 (s, 1H), 9.67 (s, 1H), .85 (s, 1H), 7.57-7.52 (m, 2H), 7.47 41 {m, 3H),
7.40-735(m, 3H), 733(d, J=81Hz, 1H), 726(, I =74 Hz, 1H), 712 (s, 1H), 7.09(d J =
8.8 Hz, [H), 7.07-7.04 (m, 2H), 692 (1, =70 Hz, [H), 496 (5, I1H). 449 (. J =104 Hz,
1H,412{d, J=109Hz 1H), 3.71{q, J=150Hz 2H), 344 (q, J =70 Hz, 2H), 3.10(t. I =
123Hz, 1H), 264 F=122Hz, 1H), 2.09(s, 2H), 1.87(dd. J =267, 12.8 Hz, 2H]), 1.16-
1.08 (m, 1H), 1.05 (¢, ] =7.0 Hz, 3H). LCMS: m/z = 622 (M+H)".
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Example 35: Synthesis of Compound 6358
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Step 1. A mixture of cthyl 2-chloropyrimidine-5-carboxviate {1.86 g, 10 mmol},
compound 1 (3.00, 15 mmoh), and NE3 {3.0 g, 30 mmol} in 1 4-dioxane (20 ml) was stirred
at 95°C ovemnight. The mixture was concentrated, and EA (60 ml} and aqueous citric acid
(60 ml) were added. The resulting reaction mixture was stirred for 30 min. The organic layer
was separated, dried and concentrated to afford compound 2 (3.4 g, vield: 97%} as a light
vellow solid.

Step 2. To a solution of compound 2 (600 mg, 1.7 mumol} in 1, 4-dioxane (15 ml) was
added 4M HCI in 1 4-dioxane (10 ml} at room temperature, and the resulting reaction mixture
was stirred overnight. The muxture was filtered to vield compound 3 (427 mg, 100%)asa
vellow solid.

Step 3: A muxture of compound 3 (427 mg, 1.7 mmol}, compound 2Z-indoleacetic acid
(301 mg, 1.7 mmmol), HOAT (462 mg_ 3 4 mmol), EDCI {649 mg, 3 4 mmaol) and NE3 (687
mg, 6.8 mmol} in DMF (15 mi) was stirred at 60°C overnight. To the mixture was added EA
{100 ml) and aqueous saturated NaCl (100 mi), and the resulting reaction mixture was stirred

for 30 min. The organic laver was sgparated, washed by agucous saturated NaCl (50 m1¥2),
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dried and concentrated to vield a residue, which was purified by Prep-TLC to afford
corapound 4 (584 mg, 84%) as a vellow solid.

Step 4; To a solution of compound 4 (300 mg, 1.2 mmol) in EtOH (15mi) and THF
{(153mi) was added agueous NaOH (M, 13mL), and the resulting reaction mixture was stirred
at 60°C for 2h. The mixture was concentrated to afford a residue. To the mixture was added
water {100mL) and agueous citric acid to adjust to pH<7 at 0°C followed by filtration to yield
compound 5 (342mg, 759} as a white solid.

Step 5. A mixture of compound 5 {150 mg, 0.3%mmol}, compound Boc-amine (113
mg, 0.39 mmol), HOAT (103 mg, 0.76 mmol}, EDCT (145 mg, 0.76 mmol) and NE3 (154
mg, 1.52 mmol} in DMF (5 ml) was stirred at 60°C overmnight. To the mixture was added EA
(100 ml) and aqueous saturated NaCl {100 ml), and the resulting reaction mixture was stirred
for 30 min. The organic layver was separated, washed by agueocus saturated NaCl (50 ml*2),
dried and concentrated to vield a residue, which was purified by Prep-TLC to afford
compound 6 {150 mg, 59%} as a yellow sohid.

Step 6; To a solution of compound 6 (150 mg, 0.23 mmol) mn BCM (3 mi} was added
TFA (3 ml) at room temperature, and the resulting reaction mixture was stirred for 2 h. The
mixture was concentrated and purified by Prep-HPLC to afford Compound 035 (2 mg, 1.5%)
as a white solid. 'H NMR {400 MHz, DMSO0) § 10.92 (s, 1H), 9.57 (s, 1H), 8.86 (s, 2H),
T84{d J=78Hz 1H). 756(dd, J= 126,79 Hz 4H}, 749 (s, 1H), 736(dt, J =177, 85
Hz, 5H), 727 -719(m, 3H), 707 (,J=74Hz, IH), 697 (. J=73Hz, 1H),684(d. J=
83 Hz, [H), 515 (s, 2H), 433(d, J=140Hz, 1H),378(LJ=24Hz, 2,315 J=125
Hz, 1H), 2.77 (¢, F=11.7 Hz, 1H), 1.84 (s, 2H), 1.32 (4, J = 10.9 Hz, ZH). LOMS: m/z = 548
(M+H)Y
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Example 36: Synthesis of Compound 636
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Step 4. A muxture of compound 4 (500 myg, 1.53 mmol), EDCI (573 mg, 3 mmol),
HOAT (405 mg, 3 mmol), DIPEA (390 mg, 3 mmol}, and 2-methvl-3-indoleacetic acid (289
mg, 1.53 mmol) in 10 ml BMF was stirred at 60°C overnight. Afier quenching with ice
water, the target compound 5 {308 mg, 69 %) was precipitated and was collected as a white
sohid.

Step 3. To a solution of compound 5 (508 mg, 1 mmol} in EtOH/THF (10 ml) was
added 2N NaOH (3 ml), then the resulting reaction mixture was stirred at 60°C overnight.
Afier the solvent was evaporated off, the pH of the mixture was adjusted to 4-5. The
precipitate was collected to afford the desired compound 6 as a white solid (460 mg, 96%;).

Step 6. A mixture of compound 6 {200 mg, 042 mmol), EDCI {160 mg, 0.84 mmocl),
HOAT (113 mg, 0.84 munol), DIPEA (108 mg, 0.84 mmol), and anuine (120 mg, 0.42 mmol)
m 5 mi DMF was stirred at 60°C ovemnight. After extraction by EA, the target compound 7
(200 mg, crude) was afforded as an ol
TFA, and the mixture was stirred at room temperature for 2 b, After extraction by EA, the

target Compound 036 (94 mg, 46 %) was purified by Prep-HPLC. 'H NMR (500 MHz,
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DMS0)Y 8 10.74 (s, 1H), 9.78 (s, 1H), 8.84 (s, 2H), 7.61-7.54 (m, 3H), 7.48- 7.36 (m, 6H),
7.34-7.25 (m. 2H), 7.22 (4, } = 8.0 Hz, 1H). 7.04-6.94 (m, 4H). 6.86 (. =74 Hz, 1H). 493
(t,I=119Hz, 1H), 448 (d, T=13.2Hz, 1H),3.98(d, =121 Hz, 1H), 3.64 (dd, T =45.6,
154 Hz, 2H), 3.07(, F =124 He, 1H), 2.62 (1, J= 122 Hz, 1H), 2.22 (s, 3H), 1.85(d, I =
113 Hz, 1H), 175 (4 1= 10.8 Hz, 1H), 1.08 (4. J =84 Hz, 1H), 0.94 (d. I = 8.5 Hz, 1H).
LOMS: m/z = 636 (M+H)".

Example 37: Synthesis of Compound 037
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Step 1. Referto step 1 of Example 13 to obtain compound 5.
1g, 0.69 ramol) and NBS (123 mg, 069 ramol
in DCM (10 ml) was stirred at 0°C for 30 nun. To the mixture was added EA (20 mi) and
aqueous saturated NaZS03 (20 ml}, and the resulting reaction mixture was stirred for 30 min.
The organic layer was separated, washed by agueous saturated NaCl (20 mix2), dried and
concentrated, and purified by Prep-TLC to vield compound 6 (258 mg, 85%) as a yellow
solid.

Step 3. A mixture of compound 6 {240 mg, 0.55 mmol}, cyclopropyiboronic acid
(232 mg, 2.7 mmol}, Pd(OACc)? (11 mg, 0.05 mmol}, tricyclobexylphosphine (14 mg, 0.05
mmol} and K3P0O4 (360 mg, 1. 7mmol} in toluene (30 mi) and H2O (5 ml) was stirred at 93°C
under nitrogen atmosphere overnight. The mixture was cooled, and to the mixture was added
EA (100mb). Filtration, concentration, and purnification by sifica gel cohuma yielded
compound 7 (200 mg, 90%; as a light vellow solid.

Step 4: To a solution of compound 7 (200 mg, 0.5 mmoly m EtOH (15mb) and THF
{15mi) was added aquecusNaGOH (2M, 15mb}, and the resulting reaction mixture was stirred

at 60°C for Zh. The nuxturc was concentrated, and then, to the mixture, was added water (20
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ml) and agueous citric acid to adjust to pH<7 at 0°C followed by filiration to vield compound
8 (168 mg, 90%) as a white solid.

Step 5. A puxture of compound 8 (150 mg, §.40mmeol}, compound Boc-amine {114
mg, 0.40 mmol), HOAT (103 mg, 0.76 mmol}, EDCI (145 mg, 0.76 mmol) and NE{3 (154
mg, 1.52 mmol) in BMF (5 mil) was stirred at 60°C overnight. The mixture was extracted
with EA (10ml*2), dricd and concentrated, and purified by Prep-TLC to afford compound 9
{120 mg, 50%) as a vellow solid.

Step 6. To a solution of compound 9 (120 mg, 0.20 mmol) in DCM (5 ml) was added
TFA (3 ml) at room temperature, and the resulting reaction mixture was stirred for 2h. The
mixture was concentrated to afford compound 10 (80 mg, 100%) and was used in the next
step without further purification.

Step 7. To a solution of the compound 10 (80 mg, 0.20 mmol} and EX3N {106 mg,
1.05 mmol) in THF (5 ml) was added morpholine-4-carbonyl chloride (45 mg, 0.30 munol) at
0°C, and the resulting reaction mixture was stirred for 2h. To the mixture was added EA (10
ml} and agueocus saturated NaCl (10 ml}, and the resulting reaction mixture was stirred for 30
min. The organic layer was scparated, concentrated, and purtfied by Prep-HPLC to afford
Compound 037 (3 mg, 3% as a vellow sclid. "H NMR (400 MHz, McODY 8 7.78 (4, 1= 7.1
Hz 2H), 7.58(d, I =76 Hz, 2H), 748 (s, 1H), 739 (. F =79 Hz, 3H), 7.26 (t. § = 7.4 Hz,
1H), 6.99(d, J =83 Hz 1H), 693(d, J =92 Hz, 1H), 3.71-3.66 {m, 4H), 3.50(d, J = 13.6
Hz, 2H), 3.30-3.20 (m, 6H), 2.19(d, ] = 139 Hz, 2H), 2.05 (s, 1H}, 1.84-1.67 (m, 3H), 1.53
(s, 3H), 133¢d, J=179Hz, 1H}, 1.06-0.99 (m, 2H), 0.67 (4, F =44 Hz, 2H). LCMS: m/z =
554 (M+H)
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Example 38: Synthesis of Compound 638
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Step 1. A muxture of the compound 1 (1.5 g, 10.2 mmol), (Boc)20 (2.2 ¢, 10.2
mmol) and TEA (2.06 g, 20.4 mmol} in CH2CI2 (30 ml) was stirred at room temperature
overnight. Concentration and purification by silica gel column with EAPE = 1.5 afforded
compound 2 (1.5 g, 60%) as a vellow solid.

Step 2. The mixture of the compound 2 (1.4 g, 5.7 mmol), NaBH3CN (539 mg, 8.6
mmol} and ammonium acetate (3.1 g, 40.0 mmol) m MeOH (20 ml) was stirred at 70 °C for 2
hours. Concentration and punfication by silica gel column with EA:PE = 1:1 afforded
compound 3 (1.2 g, 85%) as a vellow solid.

Step 3: S solution of the compound 3 (800 mg, 3.2 mmol}, ethyl 2-chloropyrimidine-
3-carboxylate (603 mg, 3.2 mmol) and DIPEA (826 mg, 6.4 mmol) in 1 4-dioxane (25 mi)
was formed. The mixture was heated to 95 °C and was sturred overnight. Concentration and
purification by silica gel column with EAPE = 1:10 afforded compound 4 (1.0 g, 79%) as a
light vellow solid.

Step 4: A solution of the compound 4 (1.0 g, 2.5 mmol) and 2N NaOGH (10 ml, 20
mmal) in THF(10 md) and EtOH (10 mi) was formed. The mixture was heated to 60 °C and
was stirred for 6 hours. Concentration and adjustment of the pH of the water phase to 5-6
was followed by extraction with EA. The organic layers were washed with water and brine
then dried over sodium sulfate, filtered and concentrated to vield target compound 5 (600 mg,
63%;} as a white solid.

Step 3: A muxture of the compound 5 (100 mg, 0.27 nunol), tert-butyl 3-
aminobiphenvi-4-vicarbamate (77 mg, 0.27 mmol}. EDCI (53.0 mg, 0.41 mmol), HOAT
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{55.0 mg, .41 mmol) and DIEA (70 mg, 0.54 mmol} in DMF (10 ml} was formed. The
mixture was heated to 65 °C and was stirred overnight. Then the mixture was dissolved in
water and extracted with EA. The organic lavers were washed with water and brine then
dried over sodium sulfate, filtered and concentrated. Purification by silica gel colummn with
EAPE=1:1 viclded compound 6 (130 mg, 76%) as a purple solid.

Step 6. To a stirred sclution of compound 6 (130 mg, 0.2 numol) in CH2ZCI2 (10 ml)
was added HCV1 4-dioxane (2 mi, 8.0 mmol}, and the resulting reaction mixiure was stirred
at room temperature overnight. Concentration and washing with PE afforded the target
Compound 038 (55 mg, 62%) as a white solid. "H NMR (400 MHz, DMSO) § 9.58 (s. 1H),
8.92(s,2H), 810, J =88 Hz, 1H), 7.6-7.47 (m, 3H), 745-729 (m, 3H}, 724 1, §1=73
Hz, 1H), 6.98-6 81 (i, 3H), 6.34-6.40 (m, 2H), 5.85 (5, 1H), 5.29 (s, 1H}, 3.13-3.04 (m, 1H),
1.94{(d. J=51Hz 2H), 1.18(t. } =72 Hz, 2H), 0.85 (s, 1H). LCMS: nmv/z = 437 (M+H)".

Eﬂampie 39: Synthesis of Compound 039
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Step 1 A muxture of compound 1 (200 mg, (.62 mmol), EDCI (192 mg, 1.24 mmol),
HOAT (170 mg, 1.24 mmol}, DIPEA (400 mg, 2.5 mmol), and amine (177 mg, 6.62 mmol)
in 5 ml DMF was stirred at 60°C overmight. After extraction by EA, the target compound 2

(220 rog, 59 %) was afforded as a crude oil.

Step 2. To a misture of compound 2 {220 mg, 0.4 mmol} in 5 ml CH2CI2 was added
I ml TFA. The mixture was stirred at room temperature for 2 h. After extraction by EA (10
mil} and water (10 mi*2}, the target Compound 039 (120 mg, 67%) was purified by Prep-
HPLC. "H NMR (400 MHz, DMSO) § 9.65 (s, 1H), 8.89 (s, 2H), 8.58 (s, 1H), 8.32 (s, 1D,
3.07{(d, J=73Hz 1H), 762-749{m,3H), 739(dd, ] =17.1,92Hz 3H), 726(, I=74
Hz, 1H), 6.92 (s, 1H), 413 (5, 1H), 3.33(d, 1 = 128 Hz, ZH), 3.05(d, } = 9.9 Hz, 2H), 2.05
(d,J =114 Hz 2H), 1.77-1.63 (m, 2H). LCMS: m/z = 389 (M+H)".
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Example 40: Synthesis of Compound 040
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Step 1. A mixture of compound 1 (2.0 g, 17.5 mmol}, ethyl 2-chloropyrinndine-5-
carboxylate (3.2 g, 17 Smamol}, and DIPEA (4.5 mg, 350 mmol} in 5 mi CH2CI2 was stirred
5 atroom temperature for 2 h. After extraction by EA (2*50 nm), the combined organic laver
was dried to afford the target compound 2 (2.0 g, 43%) as a white solid.
Step 2. A solution of compound 2 (400 mg, 1.5 mmol) in 6M HCH was stirred at
100°C overnight, and the desired compound 3 was dried by freeze dryver (300 mg, 85%).
Step 3. A miuxture of compound 3 {150 mg, 0.63 mumol), EDCI (197 mg, 1.26 mmol),
10 HOAT (171 mg, 1.26 mmol), DIPEA (325 mg, 2.5 mmol}, and amine (179 mg, 0.63 mmol)
in 5 ml DMF was stirred at 60°C overnight. Afier extraction by EA, the target compound
{200 mg, 63 %) was purified by column with CH2CI2:CH30H (10:1).
Step 4 To a mixture of compound 4 (100 mg, 0.2 mumol} in § ml CH2CI2 was added
TFA (1 ml}. The mixtore was stirred at room temperatare for 2 h. Afier extraction by EA
15 (10 ml) and water (10 m1*2), the target Compound 040 {20 mg, 25%) was purified by Prep-
HPLC. "HNMR (400 MHz, DMSG) 8952 (s, 1H), .84 (s, 2HD), 7.78 (d, I = 7.5 Hz, 1H),
739746 (m, 3H), 739 (t, =75 Hz, 2H), 732(d, F =75 Hz, 1H), 724 (t, } = 7.0 Hz,
1H), 685(d. J=83Hz 1H), 514 (s, 2H), 3.77 (5. 1H), 2.75(d, J = 11.5 Hz, 2H), 2.16 (s,
3HL 195, J=109Hz 2H), 183(d. J=104Hz 2H), 1.55(d, I =935 Hz, 2H). LCMS:
20 mw/z =403 (M+H)".
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Example 41: Synthesis of Compound 041

Ej\i/\y\l/ .................. - C J ! 1[( ? ------------------- E;?“UW” N

é(ﬁ(; hd BO\J
8

Steps 1-5: Referto steps 1-5 of Example 7 to obtain compound 6.
Step 6. A muxture of compoond 6 (200 mg, .62 mmol), EDCI{192 mg, 1.24 mmmol},
5 HOAT (170 mg, 1.24 mmol), DIPEA (400 mg, 2.5 mmol), and amine (177 mg, 0.62 nunol)

in 5 m! DMF was stirred at 60°C overnight. After extracted by EA, the target compound 7
{187 mg, 50 %} was afforded as a crude ¢il.

Step 7. To a mixture of compound 7 {186 mg, 6.31 mmol} in 5 ml CH2ZCI2 was
added 1 ml TFA. The mixture was stirred at room temperature for 2 b, After extraction by

10 EA (10 ml) and water (10 mi*2), the target Compound 041 (90 mg, 70%\) was purified by

Prep-HPLC. "H NMR (400 MHz, DMSO) § 9.57 (s, 1H), 8.88 (s, 2D, 7.63 (s, 1H), 7.54 (4,
J=T74Hz 2H), 7T49(s, 1H), 739 (. J =77 Hz 2H), 735-729{m, 1H), 724 (. J = 7.3 Hz,
1H), 6.85¢d, J =84 Hz, 1H), 516 (s, 2H), 3.04 (d, J=13.0Hz, 2H), 2.96 {t, I = 105§ Hz,
2H), 2.43 (s, 2H), 1.68 (1, J = 10.7 Hz, 2H), 1.44 (s, 3H). LCMS: m/z = 402 (M+H)"

Example 42: Synthesis of Compound 042

/j O/\
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Step 1. A muxture of compound 1 (2.0 g, 13.6 mmol), iodomethanc (5.8 g, 40.8
mmol}, and K203 (5.5 g, 40.8 mmol) in DMF (30 ml) was stirred at 80°C overnight. To

20 the mixture was added EA (100 ml) and aqucous saturated NaCl (100 ml), and the resulting
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reaction mixture was stirred for 30 min. The organic layer was separated, washed by aqueous
saturated NaCl (50 m1*2), dried and concentrated, purified by silica gel column to afford
corapound 2 (1.5 g, 68%) as a vellow solid.

Step 20 A muxture of compound 2 (1.5 g, 9.3 mmol), NaBHICN (1.8 g, 27 9 mmol},
and AcONH4 (3.6 g, 46.5 mmol) in MeOH (30 mi) was stirred at 70°C for 3h. To the
mixture was added EA (100ml) and agueous saturated NaCl (100 ml), and the resulting
reaction mixture was stirred for 30 min. The organic layer was separated, washed by agueous
saturated NaCl (50 mI*2), dried and concentrated to afford compound 3 (1 4 ¢, 80%} as a
white solid.

Step 3. A maxture of compound 3 (1.6 g, 10 mmol), ethyt 2-chloropyrimidine-5-
carboxyvlate (1.7 g, 9 mmol)and DIPEA (3.9 g, 30 mmol} in BCM (30 ml) was stirred at
room temperatare overnight. The mixture was purified by silica gel column to afford
compound 4 (800 mg, 29%;) as a yvellow solid.

Step 4. To a solution of compound 4 (800 mg, 2.6 mmol} in EtOH (20 m1) and THF
{20 m1) was added aqueousNaOH (ZM, 20 ml). The mixture was stirred at 60°C for 2h. The
mixture was concentraied to vield a residue, and, to the mixture, was added water (100 ml)
and aqueous citric acid to adjust to pH<7 at 0°C followed by filtration to afford compound 3
{600 mg, 80%]) as a white solid.

Step 30 A muxture of compound 5 (130 mg, 0.53mmaol}, compound Boc-amine (152
mg, 0.53 mmol}, HOAT (103 mg, 6.76 mumol), EDCI (145 mg, 0.76 mmol) and NE3 (154
mg, 1.52 mmol) in DMF (5 mL) was stirred at 60°C overnight. The mixture was extracted by
EA {10 ml) and water (10 mi*2). The orgamc laver was separated, washed by aqueous
saturated NaCl (20 mi*2), dried and concentrated, and purified by Prep-TLC to afford
compound 6 (45 mg, 15%) as a yellow sohid.

Step 6. To a solution of compound 6 (45 mg, 0.08 mmol) in 1,4-dioxane (5 ml) was
added HCl 1n 1 4-dioxane (0.5 ml} at room temperature, and the resulting reaction mixture
was stirred overnight. The mixture was filtered to afford Compound 042 (15 me, 41%). 'H
NMR (500 MHz, DMSO) 5 1043 (s, 1H), 0.00(d, =290 Hz, 2H), 830 (d, T = 8.6 Hz, 1H),
780(d, F=19Hz 1H), 767, I1=74Hz 2H), 761 {(dd. I =83, 1.9 Hz 1H), 745 (1, I =
77 Hz, 2H), 745-737 {m, 2H), 712 (1, J =78 Hz, 1H), 704 (d, ] =73 Hz, 1H), 6.72(d. I =
82Hz, 1H), 663 FJ=73Hz, H),532(d. J=68Hz, IH), 3.39(s, 2H), 2.90 (s, 3H), 2.07
(dd, 7=22.1, 42 Hz, 2H). LCMS: m/z =451 (M+H)'.
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Example 43: HBAC Enzyme Assays
Compounds for testing were diluted in BDMSO 1o 50 told the final concentration and a
ten point three fold diution seres was made. The compounds were diluted 1n assay buffer (50
mM HEPES, pH 7 4, 160 mM KCI 0.001% Tween-20, 0.05% BSA, 20 uM tris(2-
5 carboxvethyliphosphine) to 6 fold their final concentration. The HDAC enzymes {purchased
from BPS Biosciences) were diluted to 1.5 fold their final concentration in assay buffer and

pre-incubated with the compounds for 24 hours prior to addition of the substrate.

The substrate tripeptide substrate 3 {synthesized m house) for cach enzyme was equal

to the Km as determined by a substrate titration curve. The enzyme and substrate

10 concentrations used are given in Table 2. The substrates were diluted 10 assay buffer at 6x
their final concentration with 0.3 puM sequencing grade trypsin (Sigma}. The substrate/trypsin
mix was added to the enzyme/compound mix, the plate was shaken for 60 seconds and placed
wto a Spectramax M3 microtiter plate reader. The development of fluorescence was
monitored for 30 nun and the linear rate of the reaction was calculated. The 1Csy was

15 determined vsing Graph Pad Prism by a four parameter curve fit. The ICso valucs obtammed
for the compounds of this invention are found in Table 1. Examples of the curves are found

m Figures 1 and 4.

Table 2.
Fnzyme concentration Substrate concentration
HDACH 3.5 ng/d 3.8 uM
HDAC2 0.2 ng/ul 23 uM
HDAC3 0.08 ng/ul 3.9 uM
20 Example 44: Pharmacokinetics

Male 5D rats were fasted overnight. Compounds of the invention were dissolved in
dimethyl acetamide at 10 times the final concentration, then Solutol HS 15 (BASF} was
added to a final concentration ot 10%. Finally 80% saline was added and vortexed 1o achieve

a clear solution. For the IV dosing three amimals were injected via the foot dorsal vein with 1

N
(4

meg/kg compound. For the PO dosing 5 mg/kg of compound was delivered by oral gavage.
Blood was collected via the tail vein into K2EDTA tubes at 5 minutes, 15 minutes, 30
minutes, 1 hour, 2 hours, 4 hours, 8 hours and 24 hours after dosing. The blood was

centrifuged at 2000 g for 5 minutes at 4 °C to obtain plasma. The plasma was extracted with
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acctonitrile and the level of compound was analyzed by LC/MS/MS. The level of compound
i plasma was calculated from a standard curve in rat plasma. The 1V clearance and arca
wnder the curve were calculated using WinNonLan software. The dose adjusted area under
the curve for the 1V and oral dosing were used to calculate the oral bicavailability.

A summary of resufts is presented in Table 3 and Table 4, as well as Figure 2.

Cynomolgus monkev pharmacokinetics was determined for Compound 0035,
Compound 005 was dissolved in 0.5% hydroxypropyl methyl cellulose and given to fod
cynomolgus monkeys at 20 mg/kg body weight. Plasma samples were collected over time
and analyzed as described above. Plasma levels at each time point are shown in Figure 5.

Table 3.

Compound Cell based | Cassette Rat PK (3 mg/kg PO)

assay

potenty 1 v Cir. | POCye | POTI2 | PO F%

AUC

Compound 003 3uM 0.12 2316 17 59876 118
Compound 001 3 M (.53 988 3.8 5959 63
Compound 002 3 uM 12 1011 59 6091 142
Compound 005 P uM (.38 569 >24 9162 79
Compound 004 ND 0.57 1497 7.6 15941 209
Compound 006 | ND (.15 1517 4.3 31640 76

Table 3: Compounds were tested in the fetal globin induction assay and the lowest
concentration to achieve a 2 fold mcrease o fetal globin gene expression over baseline is
presented o the “Cell based assay potency” column. Pharmacokinetic propertics were
assessed in a rat cassetie dosing experiment. The IV clearance 1V Clr} is 1o units of L/hr/kg.
The oral maximum plasma concentration (PO Cmax) is in units of ng/mi. The oral plasma
half ife (PO T1/2) 15 in units of hows. The oral area under the curve (PO AUC) 15 wn units of
hours*ng/ml. The fraction absorbed by the oral route (F9) 1s a percentage of the oral area

under the curve to the IV area under the curve, dose adjusted.

Table 4.

Compound

in vitro tox

In vitro ADME

{Absorption, Distribution, Metabolism, and
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Excretion)
hERG Cyp Ames | MN | Solubility | Plasma | Protein Microsome

stability | binding | stability

Comp. 003 30 uM | >10uM | Neg Neg | 34 uM ND ND 4.7 min

Comp. 001 >30 uM | 209 ND NE | 169uM | ND ND £ min

Comp. 002 30 uM | >10uM | ND ND {427uM | ND ND ND

Comp. 805 138uM | >10uM | Neg Neg | 138uM | ND ND ND

Comp. 004 12 uM >0 uM | ND ND 12 uM ND ND ND

Comp. 006 >30uM | >i0uM | ND NEB | ND ND N[y ND

Example 45: Fetal Globin Indaction

CD34+ cells isolated from buman bone marrow were cultured /7 vifro using a method

described by Bradner JE (Proc Natl Acad Sci USA. 2010 Jul 13:107(28):12617-22), which

consists of a 7 day expansion phase in media that supports differentiation of cells towards the

ervthroid lincage followed by a differentiation phase for 3 days where ervihroid cell

development continucs. At the end of the differentiation period these cells are pruvarnity late

cryvthroblasts. mRNA levels were determined by quantitative real time PCR using

primer/probe sets designed o adult major B-globin (B), adult minor B-globin (8}, fetal B-like

globin (HbG, v), and crabrvonic P-hike globin {(g). Protein levels were deternuned by tiow

cvtometry using fluorescent antibodies aganst tetal hemoglobm (HbF) or adult hemoglobin

(HbA).

In the experiment shown in Figure 3, cells were differentiated 1o the presence of

vehicle (DMSQ) 0.3, 1 and 3 uM of Compound A, and of 0.3, 1, and 3 uM of Compound

003, In the experiment shown in Figure 6, cells were differentiated 1n the presence of vehicle

{DMS0) 0.3, 1 and 3 uM of Compound A, and of 0.3, 1, and 3 ubM of Compound 003,

Globin mRNA levels were determined at day 3 of differentiation.

Compound A 1s an HDACY/2 mnhibitor (1Cs 15 about 4, 15, and 114 oM for HDACH,

HDAC?, and HDACS, respectively) with the structure shown below. The characienization

and synthesis of Compound A 1s found in U.S. Publication No. 2014-0128391.
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Compound A

Example 46: Additional Studies
Additional experiments were performed that show Cempound 083 lacks hERG, CYP
5  inhibition, and genotoxicity.
For hERG assays, a CHO cell line stably transfected with hERG ¢DNA and
gxpressing hERG channels were seeded mnto a QPatch plate {Sophion) at a density of 3-8 x
10° cells/mi. The cells were voltage clamped at a holding potential of -80 mV. The hERG
current wags activated by depolarizing at +20 mV for 3 sec, afier which the current was taken
10 back to -50 mV for 3 sec to remove the mactivation and observe the deactivating tail current,
The maximum amount of tall carrent size was used to determine hERG carrent amplitude.
Six doses (30, 10, 3, 1, 0.3 and 0.1 uM) of Compound 003 were chosen to obtain fitting
curves and 1C30. Pata were analyvzed using Assay Software provided by Sophion and
Graphpad Prism. Compound 003 did not mhibit the activity of the hERG channel at the
15 highest concentration of 30 uM.
For Cyp inhibition, human live microsomes from BD Gentest were incubated with
Compound 003 (10,333, 1.11,0.37,0.12, 0.04, 0.01 uM) and substrate (CYP1A2:
Phenacetin at 30 uM; CYP2C9: Diclofenac at 10 uM; CYP2C19: S-Mephenytom at 35 pM;
CYP3A4: Midazolam at 5 uM and Testosterone at 80 pM; CYP2D6: Buturalod at 10 pM) for
20 the following mncubation times: CYPIAZ, 2C9, 2036 10 minutes, 37 °C;, CYP2{19: 45
minutes, 37 °C; CYP3A4: 5 minutes, 37 °C. Substrate conversion was measured by liquid
chromatographv/mass spectrometrv/mass spectrometry (LC/MS/MS). fnbibition was
calculated by curve fitting in Graph Pad Prism. Compound 003 did not inhibit activity of any
Cvpup to 10 pM.
25 For genotoxicity, bacterial tester strains TA98, TA100, TA1535 and TAY7a as
described by Ames et al. (19753) and the E. coli tester strain WP2 uvrA as described by Green
and Munel (1976} were incubated with Compound 003 at 250, 75,25, 7.5,2.5,0.75, 0.25,
and 0.075 pg/well in 24 well plates either with or without iver homogenate {59) purchased

coramercially (MolTox; Boone, NC) prepared from male Spraguc Dawley rats that have been
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mjected ntraperitonealy with Aroclor 1254 200 mg/mb in corn oil), at a dose of 500 mg/kg,
5 days before sacrifice. Mutagenicity 1s evaluated by counting the number of colonies that
form on non-permissive media. Compound 003 did not merease the number of revertant
colonies of any strain either with or without $9 activation.

Genotoxicity was further evaluated by micronucleus formation assay in human
peripheral blood Ivmphocytes (HPBL). HPBL were obtained from healthy donors and
exposed to Compound 003 at 3500, 2450, 1715, 1200, 840, 588, 412, 288, 202, 141, 98 8,
69.2, 48,4, and 33.9 ug/mli for 4 hours with or without 59 activation. The cells were washed
with PBS and incubated in complete medivm with 6 ug/mi cviocholasin B for 24 houss. The
cells were then lysed, fixed, and mounted on microscope shides. The number of
mononucleated, binucleated, and micronucleated cells was counted under bhinded conditions.

Compound 003 did not increase the number of micronucleated cells at any concentration.

Example 47: Treatment of ervthroid progenitors
with various HDACE/2 inhibitors leads to induction of Gata2 mRNA

Human bone marrow derived CD34+ cells were expanded for 7 days as described by
Sankaran et al., Science, vol. 322{(5909), pp. 1839-42 (2008). Cclis were then differentiated,
n the presence of the indicated concentration of Compound 005, Compoond A (another
known HDAC1/2 inhibitor), or vehicle control (DMSO), for 3 days in media supporting
erythropoiesis (Hu et al., “Isolation and functional characienization of human erythroblasts at
distinct stages: implications for understanding of normal and disordered eryihropoiesis in
vive”, Blood, vol. 121{163, pp. 3246-533 (2003}, Gata? mRNA was determingd using
guantitative real time PLCR and expressed relative to the level beta-actin mRNA control.
Compound 005 or Compound A treatroent of primarv ervthroid progenitors results in an
equivalent dose and time-dependent induction of %HbG (Figure 63 and Gata? mRNA (Figure
7).

Incorporation bv Reference

The contents of all references {(ncluding hierature references, 1ssued patents,
published patent applications, and co-pending patent apphcations) cited throughout this
application are hereby cxpressly incorporated herein in their entireties. Unless otherwise
defined, all technical and scientitic terms used herein are accorded the meaning commonly

known to one with ordinary skill in the art.
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Eguivalents
Those skilled in the art will recognize, or be able to ascertain using no more than
routing experimentation, many equivalents of the specific embodiments of the invention

described herein. Such equuvalents are mtended to be encompassed by the following claims.
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CLAIMS
WE CLADME
1. A compound of Formula b
Rz
\i
I

or a pharmaccutically acceptable salt thereof,
wheren,

Xis CR or N;

X?is CHor N;

Y 1s selected from the group consisting of:

SQ0.

Z 18 selected from the group consisting of H, C-Ceralkyl, Corarvl,
CIOWR'R®, C(OIOR", CLOYC 1-Co-alkyl, CIO)Co-Co-alkyl-Co-arvi, C{O)-Cs-Co-
cycloalkvl, C{0)-Cy-Co-heterocvelyl, and C{O)Co-s-alkyl-heteroaryl, wherein the arvl,

5

heteroaryl, cycloalkyl, and heterocyelyl groups are optionally substituted by 1 or 2 of
Cy-Coalkvi, halo, Cy-Ce-haloalkyl, hyvdroxy, or C;-Cy-alkoxy;

R? and R” are H. or R* and R® together form a fused Co-arvl:

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

R is sclected from the group consisting of H, C;-Cs-alkyl. and Ce-arvl;

R’ is sclocted from the group consisting of H, C,-Ce-alkyl. and Cg-arvl:

or R? and R™ together form a C,-Ce-heterocyelyl;

R* is selected from the group consisting of H, C;-Ce-alkyl, C;-Cs-alkyi-OH,
and C-Ce-NH,;

R’ is C-Ce-alkvl:

or R* and R” together form a Cy-Ce-heterocyelyl, wherein heterocyelyl is
optionally substituted by 1 or 2 of C;-Cy-alkyl, halo, C-Ci-haloalkyl, hydroxy, or Cy-
Co-alkoxy;
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R® is selected from the group eonsisting of C;-Co-alkyl and Co-Co-alkyl-Ce-
aryl, wherein aryl is optionally substituted by 1 or 2 of C-Ce-alkvl, halo, or hvdroxy;
and

R’ is selected from the group consisting of H, C;-Ce-alkyl, and Cs-C-

cycloalkyl

2. The compound of claim |, having the structure of Formula I

RZ

H

or a pharmaceuiicallv acceptable salt thereof.

3. The compound of claim 1 or 2, wherein X' and X” arc cach N, or X' and X? arc cach
CH.
4. The compound of any one of claims 1-3, wherein Y 1a:
or
Z# s
3. The compound of any one of claims 1-4, wherein Z s selected from the group

consisting of C{OINR'R’, CUOYOR®, C(O)-C5-Cy-cycloalkyl, C{O-Co-Co-heterocyelyl, and
C{OYCy-c-alkyl-heteroaryl, wherein heteroaryl, cyeloalkyl, or heterocyelyl are optionally
substituted by 1 or 2 of C-Ce-alkyl, halo, or hydroxy; and

R is Co-aryl.
6. The compound of any one of claims 1-4, wherein Z is selected from the group

consisting of H, C-Ce-alkyl, and Ce-aryl.

7. The compound of any one of claims 1-6, wherein R’ is H.
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8. The compound of any ong of claims 1-7, wherein R is H.
9. The compound of any one of claims 1-8, wherein R’ is H. methyl, ethyl, isopropyl, or
phenvl.
10.  The compound of claim |, having the structore of Formula L
RZ
R3 \Ei X!
Y R f
K4 o f
N
R4
O N
L

j11

or a pharmaceutically acceptable salt thereof.

11, The compound of claim 10, wherein X' and X* are each N, or X and X? are ecach CH.
12. The compound of claim 10 or 11, wherein R is H.

13 The compound of any one of claims 10-12, wherein R’ is H, methvl, or isopropyl.

4. The compound of any one of claims 10-13, wherein R is H and R’ is C-Ce-alkyl,

15. The compound of any one of claims 10-13, wherein R and R’ together form a

heterocvelyl sclected from the group consisting of morpholinyl, piperidinyl, piperazinyi, and
pyrrolidinyl, wherein the morpholinyl, piperidinyl, piperazinyl, and pyrrolidinyt are

optionally substituted by 1 or 2 of C-Cy-alkyl, halo, or hydroxy.

16. The compound of any ong of claims 10-15, wherein X' and X* are N;
R'is H:
R isH;
RiisHor Cy~Cy-alkyl; and
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R* and R together form a heterocyelyl selected from the group consisting of
maorpholinvl, piperidinyi, piperazinyl, and pyrrolidinyl, wherein the morpholinyi, pipendinyi,

piperazinyl, and pyrrolidinyl are optionally substituted by 1 or 2 of C;-Cs-alkyl, halo, or

hydroxy.
17. The compound of any ong of claims 1-16 selected from:
N n
E( YNy N
N~ N
hj ) ®
i L /
0P NH
L A
—;
001 602
NN
o
H.
O/‘)\N/"\
005 006
H H
~ le\!/jqj\ g N, > fN\\er\\ b MM,
Ld gN = ‘\E/J ’\f"TN s
7 ' 2
oo Q)\N/j) a
C - ~ &
= 808
007
H
NYN\\E oo N
N\///ﬁi’N\/J\\'
N i
L .z
QA\NAW
s
809 816
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or pharmaceuticallyv acceptable salts thereof.
18.  The compound of any one of claims 10-16, selected from:
H
. H
) N\H/N“ Hoh N NH
N T JRANA
Y N N E/ |
&7 NH ; P N 7
A NN
LI 002
0 H
NS g NHa
j :{i\;\ N. ’J%
X I Y3
e i
L /g:» Zn
003 004
H
H,_ N s
o
A
N G
e NA i
SR
805 006

or pharmaceutically acceptable salts thereof.
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19, A pharmaceutical composition comprising a compound of any onc of claims 1-18 and

a pharmaceutically acceptable camer,

20.  Amethod for inhibiting the activity of HDACT and/or HBDAC? in a subject,
comprising administering a compound of any one of claims 1-18, or a pharmaceutically

acceptable salt thereof.

21, A mcthod for treating a disease mediated by HDACT and/or HDAC? in a3 subject
comprising administering to the subject a compound of any one of claims 1-18, ora

pharmmaceutically acceptable salt thereof.

22 The method of claim 21, wherein the disease 1s a myelodvsplastic syndrome.
23 The method of claim 21, wherein the discase is a hemoglobinopathy.

24 The method of claim 23, wherein the hemoglobmopathy is sickle-cell disease or beta-
thalassemia.
25. The method of claim 21, wherein the disease 1s lung cancer, colon cancer, breast

cancer, neuroblastoma, leukemia, or lymphoma.

26, The method of claim 21, wherein the discase is acute myelogenous leukemia or acute

megakarvocytic leukemia.

27. The method of claim 21, wherein the disease 1s neuroblastoma.

28. A method for treating sickle cell disease, beta thalassemia, myvelodysplastic
syandrome, acute mvelogenous leukemia, neuroblastoma, or acute megakarvocytic leukemia
i a subject 10 need thereof, comprising administering to the subject a therapeutically
cifective amount of a compound of any one of claims 1-18, or a pharmaccutically acceptable

salt thereof,

29, The method of any one of claims 20-28, wherein the subject is a human.
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30, A method for treating a discase or disorder associated with GATA binding protemn 2
{Gata2) deficiency comprising adminastering to a subject n need thereof a therapeutically
effective amoant of a compound of any one of claims 1-18, or a phammaceutically salt

thereof.

3. A mcthod for increasing GATA binding protein 2 (Gata2} expression in a cell
comprising contacting the cell with a compound of any one of claims 1-18, ora

pharmaceutically acceptable salt thereof.

32. The method of claim 31, wherein Gata2 overexpression induces HbG (gamma
globin).
33, A method for inducing HbG (gammma globin) expression in a subject, comprising

administering to the subject a compound of any onc of claims 1-18, or a pharmaceutically

acceptable salt thereof.
34, The method of claim 33, wherein the compound of any one of claims 1-18, ora

pharmaceutically acceptable salt thereof, 1s admunistered in a dosage resulting in about a 2-

fold to about a 20-fold increase 1o Hb( in the subisct.
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