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BICYCLIC HETEROCYCLIC DERIVATIVES AS MNK1 AND MNK2 MODULATORS
AND USES THEREOF

RPN
!

CROSS-REFERENCE TO RELATED APPLiCATION S

The preseﬂt application claims priority to UK Patent Application No. 1205669.3, filed March

30, 2012, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
The human MAP Kinase-interacting kinases, also known as MAP Kinase signal-integrating -
kinases, (MNKs'), are ubiquitously expressed protein-serinc/threonine kinases that are

directly activated by ERK or p38 MAP kinases.”” They compnse a group of four proteins

~ derived from two genes (gene symbols: MKNK1 and MKNK?2) by alternative splicing.
' MNKla/b and MNK2a/b proteins differ at their C-termini, in each case the a-form poss‘essing

a longer C-terminal region than the b-form which lacks the MAP Klnase-bmdmg region. The
N-term1m of all forms contain a polybasic region which binds Importin a and the translation
factor scaffold protein eukaryotic Initiation Factor (eIF4G). The catalytic domains of

MNK 1a/b and MNK?2a/b share three unusual feattwes; two- short inserts and a DFD trlpcptlde
feature where other kinases have DFG. Mnk isoforms differ markedly in their activity,
regulation, and in subcellular l_ocahzajqon. The best-characterized MNK substrate is elF4E.
Althougﬁ the;ceilular role of elF4E phosphorylation remains unclear, it may promote export
of a defined set of mRNAs from the nucleus. Other Mnk substrates bind to AU-rich elements
that modulate the stability/translation of specific mRNAs.! MNK1 is highly expressed in
hematolbgical mahgnanmes”andboth MNK1 and MNK2 are up-reguléted in solid tumors

such as gliomas and ovarian cancers.%’

The Eukaryétic Initiation Factor-4 E (eIF4E) regulates the expression ‘of genes involved in
proliferation and survival as a cap dependent mRNA translation and mRNA export factor.
eIF4E is dysregulated in several human cancers, including breast,' prostatelbl, and some
leukemias,'? and elevated levels of eIF4E are a marker of poor prognosis.lzf13 Moreover,
overexpression and dysregulation of eIF4E leads to an increased tumor number, invasion, and
metastases in mouse models' and transgenic expression of eIF4E leads to a variety of
cancers."*"* eIF4E overexpression results in a speciﬁc increase in the translation of these
weakly competitive mRNAs, many of which encode products that stimulate cell growth and

angiogenesis, e.g., fibroblast growth factor 2 and vascular endothelial growth factor,">"’
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cyclin D1,'8 and ribonucleotide reductase.'’ Several lines of evidence support the key role
that eIF4E plays in cancer development and/or progression. First, overexpression of eI[F4E
can cause neoplastic transformation of cells or accentuate Vneoplasticf’f.eatures.m;2 ! Second,
reducing e[F4E with antisense RNA or reducing its function by overexpression of the
inhibitory 4E-BP proteins can suppress the oncogenic properties of many cell lines.lo;zz;j3
Third, increased expression of eIF4E found in the most classes of solid tumors. These include

bladder,* breast, > cervical,27 head and neck,*? and prostate tumors.’! Finally, both the

~ expression and activity of eIF4E are regulated at multiple levels by growth factors and

oncogenes,’> suggesting that the protein is a nexus of converging transformation signaling

pathways.

elF4E is phosphorylated by the MNK1/2 serme/threomne kinases in response to actlvatlonby
mitogenic and stress s1gna1s downstream of ERK1/2 and p38 MAP klnase respectively.®”
elF4E phosphorylation at serine 209 by MNK1/2 is requlred to promote its transformatlon
activity.**>* Surprisingly, MNK1/2 double knock-out mice do not have any apparent

’ phenotype > calling into question whether phosphorylation by MNK has any impact on the

functionality of the mammalian eIF4E. *® Nevertheless, MNK phosphorylatlon of eIF4E on

Ser-209 is believed to be critical to elF4E oncogemc activity.**

Thus, inhibitors of MNK1/2 by preventing the phosphorylatlon of of eIF4E could prov1de a
viable therapeutic approach in high-eIF4E dependent cancers. ’

Studies have shown that overexpression of eIF4E, as well as elF4E phosphorylation, promote
cancer cell sufvival at least in part through the elevation of the anti-apoptotic-protein Mcl-

1 Mcl-1isa Bch family member with a very short half-life, and Mcl-1 mRNA translation
highly depends on eIF4E. Thus, it is possible that the inhibition of elF4E phosphorylatlon by

Mnk might induce the death tumor cells, as shown for Myc-induced lymphoma.**

Blast crisis chronic myeloid leukemia (BC-CML) is characterized by an expansion of a
population of granulocyte macrophage progenitor-like cells (GMPs)i that have acquired self-
renewal capacity, >’ a feature not seen in normal or chronic phase (CP) GMPs. The ability to
self-renew is thought to be mediated by B-catenin activation, and may contribute to disease
persistence, as well as activity as a reservoir for drug resistance. The mechanisms

contributing to B-catenin activation remain obscure, and will need to be identified to improve
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the control of BC-CML. The role of the translation machinery in mediating B-catenin-
mediated self-renewal was investigated, since prior work had implicated aberrant mRNA
translation in drug-resistance and BC pathophysiology.’$* Using immunofluorescence (IF),
it was confirmed that BC-GMPs have activated nuclear beta-catenin compared to GMPs
isolated from normal cord blood, and that this was associatedeith increased eIF4E
expression and phosphorylation at Ser209. Trough biochemical énd genetic approaches in
CML cell lines (K562 and KCL22), it was demonstrated that eIF4E overexpression was
sufficient to increase beta-catenin activity (as measured by immunofluorescence for nuclear
beta-catenin, beta-catenin reporter assays, and expression of beta-catenin-regulated-genes).
By expressing phospho-mutant forms of elF4E (S209A, S209D), it was found that the .
increase in beta-catenin transcriptional activity is dependent on phosphorylation of at Ser209.
In line with these observations, siRNA-mediated knockdown or mhlbmon of the MNK1/2
kmases (which mediate in vivo eIF4E phosphorylatlon) with small molecules prevented the
increased beta-catenin activity 1_nduced by eIF4E overexpression. Mechanistically, eIlF4E
activates beta-catenin signaling viaa '&vo—step mechanism. First, eIF4E overexpression
increased total cell beta-catenin and secondly, eIF4E phosphorylation facilitated beta-catenin
nuclear translocation. The latter step wés associated with increased beta-catenin
phosphorylation at Ser552, a site known to be involved in nuclear trénslocaﬁon and directly
regulated by AKT. Con51stent with this model, siRNA-mediated knockdown or small 7
molecule inhibition of AKT (AKT inhibitor IV) prevented eIF4E-mediated increases in beta-

catenin transcriptional activity. The importance of eIF4E phosphorylation on beta-catenin

. activation and the self-renewal capacity of pritnary BC GMPs cells was assessed. Treatment

with CGP57380, but not imatinib or dasatinib, inhibited eIF4E phbsphorylation, as well as

- preventes accumulation of active nuclear beta-catenin in BC GMPs. The effect of MNK1/2

inhibition was evaluated on the stem cell function of BC cells using both in vitro and in vivo
assays. In an in vitro serial replating assay, it was shown that CGP573 80 impaired the ability
of CD34+ BC cells (including those carrying T3151 mutation), but not normal CD34+ cells,
to serially replate for more than 8 weeks in methylcellulose. Interestingly, treatment with
either imatinib or dasatinib only partially impaired the ability of BC-CML to sérially replate.
In vitro treatment of BC CD34+ CML cells, but not normal cord blood CD34+ cells, with
CGP57380 refarded their ability to engraft NSG mice. Finally, vin vivo serial transplantation
assay for assessing the leukemia stem cell (LSC) function of patient-derived BC-GMPs was
developped. BC GMPs or BC CD34+ CML cells were injected intrafemorally into 8- to 10-

week old sublethally irradiated NSG mice. Following engraftment, mice were treated with
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vehicle, CGP53780 (40 mg/kg/d), or dasatinib (Smg/kg/d) for three consecutive weeks.
Following treatment, human CD34+ cells were isolated from the mice, and transplanted into

a second rccipieﬁt'mouse. At 16 weeks, it was found that in vivo treatment with CGP57380, |
but not dasatinib, prevented BC cells from serially transplanting NSG mice. In summary,
these results demonstrate that: 1. eIF4E is overexpressed and phosphorylated at Ser209 in

BC, but not in normal GMPs; 2. eIF4E‘ phosphorylation activates beté—catenin signalling in

' BC GMPs; 3. MNK inhibition prev_énts elF4E phosphorylation and beta-catenin signalling in

BC GMPs; and 4. MNK inhibition prevents BC GMPs from functioning as leukemia stem
cells. These studies suggest that pharmacologic inhibition of the MNK1/2 kinases may be

therapeutically useful in BC CML. .

The level of exprcsswn of eIF4E and the degree of eIF4E phosphorylatlon is regulated by

__ pathways that mclude the P38 kinase, MAPK kinase and AKT/mTOR pathways*' as shown

in Flgure 4. Inhlbltors of mTOR such as: rapamycm decrease the level of phosphorylated
elF4E. 2 mTOR inhibitors, as single agents, have proven efficacious in several cancer types

43;44 45,46

such as transplant-assomated lymphoma™ ™ and Kaposi sarcoma, tuberous sclerosis-

related astrocytoma 7 and mantle cell and other non—Hodgkm lymphomas Two mTOR

mh1b1tors are currently marketed for the treatment of the renal cell carcinoma.*"*

Inhibiton of mTOR by rapamycin also suppresses mTOR catalyzed phosphorylation of EBP1
leading to an increased level elF4E-EBP1. Consequently, rapamycin inhibits translation
initiation by decreasing the phosphorylatlon of eIF4E-binding proteins, thus decreasing

elF4E ava11ab111ty to the initiation complex

The treatment with rapalogs typfcally leads to the-clinically stable disease or partial remission
rather than the tul';l;)r elimination.”® This suboptimal drug effect is likely due at Ieést in part to
the cytostatic rather than cytotoxic properties of the mTORC1 inhibitors. Therefore, there is a
potential for a drug combination therapy that ideally wouid culminate in the complete
remission of the cancer. However, most of the attempts to combine mTORC 1 inhibitors with
other drﬁgs, typically the standard chemotherapeutic agents targeting DNA replication, have
been disappointing, on occasion even leading to drug antagonism. Preclinical studies of

mTOR combined with cis-platin®® or methotrexate™ show the most promise.
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Combiﬁation therapy with MNK1/2 and mTOR kinases inhibitors could be a viable strategy
to treat certain types of cancer.>* WO 2010/055072 discloses MNK and mTOR combination
therapy with small moiecules, antibodies and siRNA for the treatment of cancer,’’ and recent
findings support that MNK and mTOR combination induces apoptosis in cutaneous T cell

lymphoma cells.**

 Macrophages are major effectors of innate immunity, stimulated by a broad variety of

bacterial products through specific TLRs on the cell surface to produce proinflammatory

- cytokines, such as TNF. E. coli LPS is a potent stimulus to macrophage gene expression,

especially TNF, by engaging the TLR4 membrane signaling complex.> It was shown that
TLR signaling pathways require Mnk expression through the use of a panel of commercial
TLR agonist panel on macrophage. TNF production was increased as a response to
Salmonella LPS (TLR4), ODN2006 (TLR9), HKLM (TLR2),Q_FS.L‘ (TLR6/2) and imiquimod
(TLR7) stimulation. In each case the production of TNF was inilieited by MNK kinases
inhibitor CGP57380 in a dose dependant fashjon5 7 and the release of multiple innate |
proinﬂa;fnmatory cytokines were affected, supporting a central role for MNK in

. S, 5
inflammation.>®

Itis reported that heterogeneous nuclear nbonucleOproteln ‘Al (hnRNPA1) when
phosporylated by MNK1/2 accumulates in the cytoplasmic stress granules (SGs) under stress
related conditions. hnRNPAT exit the nucleus bound to poly(A) mRNA and this complex is
required for hnRNPA1 phosphorylation by MNK1/2 and for its relocalization to the
cytoplasmic SGs. Phosphorylation of nRNPA1 by MNK1/2 reduces its binding affinity to

- 3’UTR mRNA and consequently Mnk inhibition enhances hnRNAPAT1 association with TNF

mRNA. TNF gene transcript level is undetectable in unstlmulated T Cell and greatly
increased upon stimulation. MNK mh1b1t1on effect on TNF appears to be more at the
translation level as MNK inhibition has no influence on the level of TNF mRNA.”
Moreover, the formation of SG is reported to beprevented by MNK inhibition® thus
removing the protection that was offered by the SGs where the phosphorylated hnRNPA 1
bound mRNA could localize.

MNK inhibitors can regulate the innate immune response in macrophage. A compound with

anti inflammatory properties will inhibit the release of pro-inflammatory cytokines.
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It has been shown that CGP57380, a Mnk inhibitor, inhibits the release of TNF alpha by
macrophage (and not eIF4E). According to WO2005/003785 MNK kinases are promising

targets for anti-inflammatory therapy

MNK1/2 were also reported to phosphorylate a number of different proteins in addition to

_eIF4E. Three of these are lnRNPA1,% cPLA2 and Sprouty2.5%%3 Tﬁeir role and function is

still being investigated. Among these substrates, hnRNPA is overexpressed in colorectal

- cancer and it could contribute to maintenance of telomere repeats in cancer cells with

enhanced cell proliferation.“ It is also reported that the expression levels of hnRNPA/B is

der_égulated in non small cell lung cancer.%’

MNK inhibitors are potentially useful in the treatment of cancers including breast,® protate,'!
hematological malignancies (e.g., CML, AML), head and neck, colon,” bladder, prostatic

. . 6 ‘68
adenocarcinoma, lung, cervical, and lymphomas.®® .

SUMMARY OF THE INVENTION
In one aspect, the present invention relates to compounds that act as kinase inhibitors, in

particular as inhibitors of the MAP kinase interacting kinases 1 and 2 (MNK1 and MNK2)

In certain embodiménts,, a compound of the present invention is of Formula (I):

X

N,
Porr )
| >
R’ P
: X7
: v
RI " Xg

R’ @
or a pharmaceutically acceptable form thereof, wherein R', R?, R®, R®>, R, R”, R}, R®, X;, Xs,
X3, X4, X5, Xg, X7, and Xy are as described herein.

In another aspect, the present invention relates to pharmaceutical compositions comprising

these compounds and to their use for the preparation of a medicament for the prophylaxis and
treatment diseases associated with a dysfunction linked to MNK1 and MNK?2 pathway, where
MNK1 and MNK2 play a role (MNK overexpression, elF4E overexpression, P38 MAPK



10

15

20 .

25

30

35

- WO 2013/147711 ) . PCT/SG2013/000126

kinase pathway), such as but not limited to, cancer (blood and solid tumors), inflammatory
conditions, Alzheimer’s disease, metabolic disorders (obesity, diabetes) as well as methods of
treatment of these disorders using compounds described herein as single agents or in

combination with one or more additional agents. In some embodiments, an additional agent

is a kinase inhibitor. In some embodiments, an additional agent is an mTOR inhibitor.

EXemplar.y mTOR inhibitors include sirblimué; temsirolimus, everolimus, and ridaforolimus.
In some embodiments, an additional agent is a P13-kinase inhibitor. Exemplary PI3-kinase

inhibitors include wortmannin, demethoxyviridin, LY294002, perifosine, CAL101, PX-886,

- BEZ235, SF1126, INK1117, INK1197, IPI-145, GDC-0941, BKM120, XL147, XL765,
- palomid 529, GSK1059615, ZSTK474, PWT33597, IC87114, TG100-115, CAL263, PI-103,
- GNE-477, CUDC-907, GSK 2126458, GDC-0980, PF-46915032, CAL263, SF1126 and PX-

886. In some embodiments, the PI3-kinase inhibitor inhibits PI3K-a, PI3K-B, PI3K-y, and/or
PI3K-5. |

In yet another aspect, the present invention describes methods for the synthesis and isolation
of a compound of Formula (I), such as, for example, substituted 3,6-diphenylimidazo[1,2-
a]pyridine; 3,6-diphenylimidazo[1,2-a]pyrazine; 3,6-diphenylimidazo[1,2-b]pyridazine; 3,5-
diphenylpyrazolo[1’,5.-a]pyrimidine; 1,6-diphenyl—1H-imidazo[4,5-é]pyridirie; 1,6-dipheﬁyl-
1H-benzo[d]imidazole. ‘ ' '

BRIEF DESCRIPTION OF THE DRAWINGS

* Figure 1 demonstrates that Example 6 (ETC-10445-3), Example 1 (ETC-5336) and Example

2 (ETC-6740) prevent eIF4E phosphorylation in BC-CML cell lines and primary cells. (A)
Western blot analysis of K562 cell lines treated with various concentrations of compounds
for 24 h. (B-D) BC-CML cells were treated with various éompdunds for 48 h. 48 hours post
drug treatment, cells were harvested for immunofluorescence analysis for nuclear active B-

catenin and phosplior-eIF4E level.

Figure 2 shows the effects of Example 6 (ETC-0445-3), Example 1 (ETC-5336); and
Examplé 2 (ETC-6740) on serial replating efficiency of BC-CML primary cells. Colony
forming and serial replating assays were performed on normal and BC-CML primary
samples. CD34+ cells from (A) cord blood and (B-D) BC CML cells were treated with
compounds for 48 hr. Forty-eight hours post drug treatmnent, 1 x 10* cells were plated for
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. colony-forming cell (CFC) assay; colonies were enumerated and individually picked for
serial replating. The serial replating efficiency was assessed by the ability of individual

clones to replate to the third plating over 8 weeks and display.éd as percentage relative to the

first colony forming assay readout.

~ Figure 3 demonstrates that Example 176 (ETC-7114) and Example 62 (ETC-7168) prevent

eIF4E phosphorylation in BC-CML cell line. (A) Western blot analysis of K562 cell line
treated with various concentration éf compounds for 24 h. Samples from BC-CML patients
were treated with various compounds for 24 h. 24 hours post drug treatment, cells were
harvested for immunofluorescence analysis for npclear active beta-catenin and phosphor-
elF4E level. .

Figure 4 shows the pathway connection between MNK and mTOR (PNAS 2010, 107 (32),
13975-13976). ‘ '

g DEFINITIONS .
Chemical definitions

Definitions of specific functional groups and chemical terms are described in more detail

‘ below. The chemical elements are identiﬁéd in accordance with the Periodic Table of the

Elemeﬁts, CAS version, Handbook of Chenﬁistry and Physics, 7 5“‘_ Ed, insidewcovei”, and
speeific functional groups are generally defined as described therein. Additionally, general

 principles of organic chemistry, as well as specific functional moieties and reactivity, are

" deseribed in Thomas Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999;

Smith and March, March's Advanced Organic Chemistry, 5 Edmon John Wiley & Sons
Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers,. -
Inc., New York, 1989; and Carruthers, Some Modern Methods of Orgqnic Syn_thesis, 3rd
Edition, Caﬁbridge University Press, Cambridge, 1987. | ’

Compounds described herein can compnse one or more asymmetric centers, and thus can _
exist in various isomeric forms, ¢.g., enantiomers and/or diastereomers. For example, the
compounds described herein can be in the form of an individual enantiomer, diastereomer or
geometric isomer, or can be in the form of a mixture of stereoisomers, including racemic

mixtures and mixtures enriched in one or more stereoisomer. Isomers can be isolated from

mixtures by methods known to those skilled in the art, including chiral high pressure liquid
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chromatography (HPLC) and the formation and crystallization of chiral salts; or preferred
isomers can be prepared by asymmetric synthéses. See, for example, J acques et al.,
Enantiomers, Racemates and Resolutions (Wiley Intérécience, New York, 1981); Wilen et
al., Tetrahedron 33:2725 (1977); Eliel, Stereochemistry of Carbon Compounds (McGraw~
Hill, NY, 1962); and Wilen, Tables of Resolving Agents and Optlcal Resolutions p. 268 (E. L.
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972) The invention addltlonally

“encompasses compounds described herein as individual isomers substantially free of other

isomers, and alternatively, as mixtures of various isomers.

The term “aliphatic,” as used herein, includes both saturated and unsaturated, nonéromatic,

straight chain (i.e., unbranched), branched, acyclic, and cyclic (i.e., carbocyclic)

hydrocarbons and combinations thereof In some embodiments; an aliphatic group 1s

~optionally substltuted Wlth one or more ﬂmctlonal groups. As w111 be appreciated by one of

ordinary skill in the art, “aliphatic” is intended herein to include, but is not limited to, alkyl,

alkenyl, alkynyl, cycloalkyl, and cycloalkenyl moieties, and combinations _thereof.

When a range of values is listed, it is intended to encompass each value and sub-range within
the range. For example “C;_¢ alkyl” is intended to chcompéss, Ci, G, Cs, Cy, Cs, Cg, Crs, A
Ci=s, C14, Ci3, C1a, Casg, Cos, Cos, Cos, Ca, Cas, Cagy Cas, Cas, and Cs 4 alkyl.

“Alkyl” refers to a radical of a straight—chain or branched saturated hydrocarbon group
having from 1 to 20 carbon atoms (“Cy_p alkyl”). In some embodiments, an alkyl group has

1 to 10 carbon atoms (“C; 10 alkyl”) In some embodlments, an alkyl group has 1 to 9 carbon

- atoms (“Ci- alkyl”). In some embodiments, an alkyl group has 1 to 8 carbon atoms (“C.g

-alkyl”). In some embodiments, an alkyl group has 1 to 7 carbon atoms (“Ci7 alkyl”). In

some embodiments, an alkyl group has 1 to 6 carbon atoms (“C;.¢ alkyl™). In some

embodiments, an alkyl group has 1 to 5 cgrbon atoms (“Cj_s alkyl”). In some embodiments,

an alkyl group has 1 to 4 carbon atoms (“C 4 élkyl”) In some embodiments, an alkyl group

'has 110 3 carbon atoms (“C1_3 alkyl”). In some cmbodlments an alkyl group has 1. to 2

carbon atoms (“Cy2 alkyl”). In some embodlments an alkyl group has 1 carbon atom (“C1 :' .
alkyl”). In some embodiments, an alkyl group has 2 to 6 carbon atoms (“Cy_g alkyl”).
Examples of Cy alkyl groups include methyl (C,), ethyl (C2), n~propyl (Cs), isopropyl (Cs),
n-butyl (Cy), tert-butyl (C4), sec-butyl (Cy), iso-butyl (Cs), n—pentyl (Cs), 3—pentanyl (Cs),
amyl (Cs), neopentyl (Cs), 3—methyl-2-butanyl (Cs), tertiary amyl (Cs), and n—hexyl (Cs).

9
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Additional examples of alkyl groupé include n—heptyl (C,), n—octyl (Cs) and the like. Unless.
otherwise specified, each instance of an alkyl group is independently optionally substituted,
i.e., unsubstitited (an ‘ ‘unsubstituted alkyl”) or substituted (a “substituted alkyl”) with one or
more substituents. In certain embodiments, the alkyl group is unsubstituted C;_1o alkyl (e.g.,
—CH3). In certain embodifnents, the alkyl group is-substituted C;_jo alkyl. .

“Alkenyl” refers to a radical of a straight—chain or branched hydrocarbon group having from

2 to 20 carbon atoms, one or more carbon-carbon double bonds, and no triple bonds (“Cj_2

- alkenyl”). In some embodiments, an alkenyl group has 2 to 10 carbon atoms (“Cs.1o

alkenyl”). In some embodiments, an alkeny! group has 2 to 9 carbon atoms (*Cy-9 alkenyl™). .
In some embodiments, an alkenyl group has 2 to 8 carbon atoms (“C,-g alkenyl”). In some
embodiments, an alkenyl group has 2 to 7 carbon atoms (“C,-7 alkenyl™). In some
embodiments, an élkenyl group has 2 to 6 carbon atoms .(;“C2~6 aik‘enyl”).‘ In -somc‘ .
embodiments, an alkenyl groub hés 2 to 5 carbon atoms (“Cy-s alkeﬁyl”j. In somel
embodimehts, an alkenyl group has 2t04 carbon atoms (“Cy-4 alkényl”).l In some

embodiments, an alkenyl group has 2 to 3 carbon atoms (“Cp_3 alkenyl”). In some

" embodiments, an alkcnyl group has 2 carbon atoms (“C2 alkenyl”) The one or more

carbon—carbon double bonds can be internal (such as in 2-butenyl) or terminal (such as in1—
butenyl). Examples of Co4 alkenyl groups include ethenyl (CZ),’ 1-propenyl (Cs), 2-propenyl
(C5), 1-butenyl (C4), 2-butenyl (Cs), butadienyl (C4), and the like. Examples of Cy ¢ alkenyl
groups include the aforementioned Cyp4 alkenyl groups as well as pentenyl (Cs), pentadienyl
(Cs), hexenyl (Cg), and the like. Additional examples of alkenyl include heptenyl (C-),

octenyl (Cg), octatrienyl (Cg), and the like. Unless otherwise specified, each instance of an

. alkenyl group is independently optionally substituted, i.e., unsubstituted (an “unsubstituted

alkenyl”) or substituted (a “substituted alkenyl”) with one or more substituents. In certain

embodiments, the alkenyl group is unsubstituted C,.¢ alkenyl. In certain émbodiments, the

-alkenyl group is substituted C,_yo alkenyl.

“Alkynyl” refers to a rad1c31 of a straight—chain or branched hydrocarbon group havmg from‘

2 to 20 carben atorns, one or more carbon—carbon triple bonds, and optionally one or more
double bonds (“C;-2 alkynyl”). In some embodiments, an alkynyl group has 2 to 10 carbon
atoms (“Cop—yo alkyny!™). In some embodiments, an alkynyl group has 2 to 9 carbon atoms
(“Ca-o alkynyl”). In some embodiments, an alkynyl group has 2 to 8 carbon atoms (“Cy_g

alkynyl”). In some embodiments, an alkynyl group has 2 to 7 carbon atoms (“Cy-7 alkynyl”).

10
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In some embodiments, an alkyny! group has 2 to 6 carbon atoms (“Co- alkynyl”). In some

~ embodiments, an alkynyl group has 2 to 5 carbon atoms (“Cs-s alkynyl”). In some

embodiments, an alkynyl group has 2 to 4 carbon atoms (“Cr— alkynyl”). In some

embodiments, an alkynyl group has 2 to 3 carbon atoms (“Cy_3 alkynyl”). In some

embodiments, an alkynyl group has 2 carbon atoms (“C; alkynyl”). The one or more carbon—

carbon triple bonds can be internal (such as in 2-butynyl) or terminal (suéh as in 1-butynyl).
Examples of Cy4 alkynyl groups include, without limitation, ethynyl (C,), 1-propynyl (Cs),
2~propynyl (C3), 1-butynyl (C,), 2-butynyl (Cy), and the like. Examples of C,.¢ alkenyl
groups include the aforementioned Cy_4 alkynyl groups as well as pentynyl (Cs), hexynyl
(Csj, and the like. Additional examples of alkynyl include heptynyl (C;), octynyl (Cs), and
the like. Unless otherwise specified, each instance of an alkynyl group is independently

optionally substituted, i.e., unsubstituted (an “unsubstituted alkynyl™) or substituted (a

- “substituted alkynyl”) with_dge or more substituents. In certain embodiments, the alkynyl

group is unsubstituted Cy_1o alkynyl. In certain embodiments, the alkynyl group is substituted

“Carbocyclyl” or “carbocyclic” fefers to a radical of a non—aromatic cyclic hydrocarbon
group having from 3 to 10 rihg carbon atoms (“Cj_jp carbdoyclyl”) and zero heteroatoms in
the non-aromatic ring system. In some embodiments, a carbocyclyl group has 3 to 8 ring
carbon atoms (“Cs-g carbocyclyl™). In-seme embodiments, a carbocyclyl group has 3 to. 6.
ring carbon atoms (“Cj_g carbocyclyl”). In some embpdiments, a carbocyclyl group has 3 to 6
ring carbon atoms (“Cs¢ carbocyclyl”). In some embodiments, a carbocyclyl groﬁp has 5 to

10 ring carbon atoms (“Cs-10 carbocyclyl™). Exemplary Cs_ carbocyclyl groups include,

- without limitation, cyclopropyl (Cs), cyclopropenyl (Cs), cyclobutyl (Cs), cyclobutenyl (Cy),
25 -

cyclopentyl (Cs), cyclopentenyl (Cs), cyclohexyl (Cs), cyclohexenyl (Cg), cyclohexadienyl
(Ce), and the like. Exémpléfy C3_g carbocyclyl groups include, without Hmitation, the
aforementioned C3 ¢ carbocyclyl groups as well as cycloheptyl (C7), cycloheptenyl (C7),
éycloheptadienyl (C7), cycloheptatrienyl (C5), cyclooctyl (Cg), cyclooctenyl (Cs),

-bicyclo[2.2.1]heptanyl (C7), bicyclo[2.2.2]octany] (Cs), and the like. Exemplary Cg;m '

carbocyclyl groups include, without limitation, the aforementioned C._g carbocyclyl groups
as well as cyclononyl (Cq), cyclononenyl (Co), cyclodecyl (Ciq), cyclodecényl (Cho),
octahydro—1H-indenyl (Co), decahydronaphthalenyl (Cyg), spiro{4.5]decanyl (C1o), and the
like. As the foregoing examples illustrate, in certain embodiments, the carbocyclyl group is

either monocyclic (“monocyclic carbocyclyl”) or contain a fused, bridged or spiro ring
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system such as a bicyclic system (“bicyclic carbocyclyl™) and can be saturated or can be
partially unsaturated. “Carbocyclyl” also includes ring systems wherein the carbocyclyl ring,
as defined above, is fused with one or more aryl or heteroaryl groups wherein the point of '.
attachment is on the carbocyclyl ring, and in such instances, the number of carbons continue
to designate the number of carbons in the carbocyclic.n‘ng system. Unless otherwise
specified, each instance of a carbocyclyl group is independently optionally substituted, i.e.,
unsubstituted (an “unsubstituted carbocyclyl”) or substituted (a “substituted carbocyclyl”)
with one or more substitnents. In certain embodiments, the carbocyclyl group is
unsubstituted Cs_1p carbocyclyl; In certain embodiments, the carbocyclyl group is a
subétituted Cs-1g carbocyclyl. '

In some embodiments, “carbocyclyl” is a monocyclic, saturated carbocyelyl group having
from 3 to 10 ring carbon atoms (“Cs_y¢ cycloalkyl”). In some embodiments, a cycloalkyl
group has 3 to 8 ring carbon atoms (“Cs_g cycloalkyl”). In some embodiments, a cycloalkyl
group has 3t0 6 ﬁng carbon atoms (“Cs— cycloalkyl”). In some embodiments, a cycloalkyl
group has 5 to 6 ring carbon atoms (“Cs¢ cycloalkyl”). In some embodiments, a cycloalkyl
group has 5 to 10 ring carbon atoms (“Cs.j0 cycloalkyi”). Examples of Cs_g cycloalkyl
groups include cyclopentyl (Cs) and cyclohexyl (Cs). Examples of Cs_¢ cycloalkyl groups
include the aforementioned Cs_¢ cycloalkyl groups as well as cyclopropyl (Cs) and cyclobutyl
(C4). Examples of Cs_g cycloalkyl groups include the aforementioned Cs¢ cycloalkyl groups
as well as cycloheptyl (C7) and cyclooctyl (Cg). Unless otherwise specified, each instance of

‘a cycloalkyl group is independently unsubstituted (an “unsubstituted cycloalkyl”) or

substituted (a “substituted cycloalkyl”) with one or more substituents. In certain
embodiments, the cycloalkyl group is unsubstituted Cs_;o cycloalkyl. In certain
embodiments, the cycloalkyl group is substituted Cs9 cycloalkyl.

© “Heterocyclyl” or “heterocyclic” refers to a radical of a 3— to 10-membered non—aromatic

ring system having ring carbon atoms and 1 to 4 ring heteroatoms, wherein each heteroatom
is independently selected from nitrogen, oxygen, and sulfur (“3-10 membered heterocyclyl™).
In héterocyclyl groups that contain one or more nitrogen atoms, the point of attachment can
be a carbon or nitrogen atom, as valency permits. A heterocyclyl group can either be
monocyclic (“monoeyclic heterocyclyl”) or a fused, bridged or spiro ring system such as a
bicyclic system (“bicyclic heterocyclyl™), and can be saturated or can be partially unsaturated.

Heterocyclyl bicyclic ring systems can include one or more heteroatoms in one or both rings.
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“Heterocyclyl” also includes ring systems wherein the heterocyclyl ring, as defined above, is

~ fused with one or more carbocyclyl groups wherein the point of attachment is either on the

carbocyclyl or heterocyclyl ring, or ring systems wherein the heterocyclyl ring, as defined
above, is fused with one or more aryl or heteroaryl groups, wherein the point of attachment is
on the heterocyclyl ring, and in such instances, the number of ring members continue to
designate the number of ring members in the heterocyclyl ring system. Unless otherwise
speciﬁed each instance of héterocyclyl is indcpendently optionally substituted, i.e.,

with one or more substituents. In certain embodlments the heterocyclyl group is
unsubsntuted 3—10 membered heterocyclyl. In certain embodiments, the heterocyclyl group
is substituted 3—10 membered heterocyclyl.

In some embodiments, a heterocyclyl grou}p> is a 5~10 membered non—aromatic ring syéfem

haying ring carbon atoms and 14 ring heteroatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, .and sulfur (“5-10 membered heterocyclyl”).
In some embodiments, a heterocyclyl group is a 5-8 membered non-aromatic ring system
Hiiving ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is

independéntiy s_elééted from nitrogen, oxygen, and sulfur (“5-8 membered heterocyélyl”). In

‘some émbodiments, a heterocyclyl group is a 5~6 membered non—aromatic ring system

having ring carbon atoms and 14 ring heteroatoms, wherein each heteroatom is

independently selected from nitrogen, oxygen, and sulfur (“5—6 membered heterocyclyl”). In

‘some embodiments, the 5~6 membered heterocyclyl has 1-3 ring heteroatoms selected from

mtrogen, oxygen, and sulfur. In some embodxments the 5-6 membered heterocyclyl has 1-2

- ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6

‘membered heterocyclyl has one ring heteroatom selected from nitrogen, oxygen, and sulfur.

Exemplary 3~membered heterocyclyl groups containing one heteroatom include, without
limitation, azirdinyl, oxiranyl, thiorenyl. Exemplary 4—membefed heterocyclyl groups |
containing one heteroatom include, without limitation, azetldmyl oxetanyl and thletanyl
Exemplary 5-membered heterocyclyl groups contalmng one heteroatom mcludc without
limitation, tetrahydrofuranyl, dihydrofuranyl, tctrahydrothlophenyl, dihydrothiophenyl,
pyrrolidinyl, dihydropyrrolyl' and pyrrolyl-2,5—dione. Exemplary S}membered heterocytlyl

groups containing two heteroatoms include, without limitation, dioxolanyl, oxasulfuranyl,

disulfuranyl, and oxazolidin-2-one. Exemplary S-membered heterocyclyl groups containing
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three heteroatoms include, without limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl.
Exemplary 6-membered heterocyclyl groups containing one heteroatom include, without
limitation, piperidinyl,ltetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6—
membered“heterocyclyl groups containing two heteroatoms include, without limitation,
piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered hetérocyplyl
grbups containing two heteroatoms include, without limitation, triazinanyl. Exemplary 7-

membered heterocyclyl groups containing one heteroatom include, without limitation,

azepanyl, oxepanyl and thiepanyl. Exemplary 8—-membered heterocyclyl groups containing

one heteroatom include, without limitation, azocanyl, oxecanyl and thlocanyl Exemplary 5- .

membered heterocyclyl groups fused to a Cq aryl ring (also referred to herein as a 5,6-bicyclic

" heterocyclic ring) include, without limitation, indolinyl, 1somdolmy1, dihydrobenzofuranyl,

dihydrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-membered heterocyclyl
groups fused to an aryl ring (also referred to herein as a 6,6-bicyclic heterocyclic ring)

include, without limitation, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and the like.

“Aryl” refers to a radical of a monocyclic or polycyclic (e.g., bicyclic or tricyclic) 4n+2
aromatic rmg system (e.g., havmg 6, 10 or 14 1 electrons shared in 2 cyclic array) havmg 6—

14 ring carbon atoms and zero heteroatoms provided in the aromatic ring system (“Ce-14

aryl™). In some embodiments, an aryl group has six ring carbon atoms (“Ce aryl”; e.g.,

-phenyl). -In some embodiments, an aryl group has ten ring carbon atoms (“Cy aryl”; e.g.;

" naphthyl such as 1-naphthyl and 2-naphthyl). In some embodiments, an aryl group has

fourteen ring carbon atoms (“Cj4 aryl”; e.g., anthracyl). “Aryl” also includes ring systems

wherein the éryl ring, as defined above, is fused with one or mor¢ carbocyclyl or heterocyelyl

. groups wherein the radical or point of attachment is on the aryl ring, and in such instances,

the number of carbon atoms continue to designate the number of carbon atoms in the aryl ring
system. Unless otherwise specified, each instance of an aryl group is independently
optionally substituted, i.e., unsubstituted (an “unsubstituted aryl”) or substituted (a
“substituted aryl”) with one or more substituents. In certain embodiments, the aryl group is

unsubstituted Cq_14 aryl. In certain embodiments, the aryl group isgsubstituted Ce14 aryl.

' “Heteroaryl” refers to a radical of a 5~10 membered monocyclic or bicyclic 4n+2 aromatic

ring system (e.g., having 6 or 10 = electrons shared in a-cyclic array) having ring carbon

atoms and 1-4 ring heteroatoms provided in the aromatic ring system, wherein each
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heteroatom is independently selected from nitrogen, oxygen and sulfur (*5-10 membered
heteroaryl”). In heteroaryl groups that contain one or more nitrogen atoms, the point of
attachment canbea carbon or nitrogen atom, as valency perrmts Heteroaryl bicyclic rmg
systems can 1nclude one or more heteroatoms in one or both rmgs “Heteroaryl” includes
ring systems wherem the heteroaryl ring, as defined above, is fused with one or more
carbocyclyl or heterocyclyl groups wherein the point of attachment is on the heteroaryl ring,
and in such instances, the number of ring members continue to designate the number of ring

members in the heteroaryl ring system. “Heteroaryl” also includes ring systems wherein the

‘heteroaryl ring, as defined above, is fused with one or more aryl groups wherein the point of

attachment is either on the aryl or heteroaryl ring, and in such instances, the fumber of ring
members designates the number of ring members in the fused (aryl/heteroaryl) ring system.
Bicyclic hcteroaryl groups wherein one ring does not contam a heteroatom (e. g mdolyl
quinolinyl, carbazolyl, and the like) the point of attachment can be on cither ring, i.e., elther
the ring bearlng a heteroatom (e.g., 2—indolyl) or the ring that does not contain a heteroatom

(e.g., 5-indolyl).

In some embodiments, a heteroaryl group is a 5-10 membered aromatic ring system having

ring carbon atoms and 1»4 ring heteroatoms provided in the aromatic ring system, wherein

. each heteroatom 1srmdependently selected from mtrogen, oxygen, and sulfur (“5,—10
-membered heteroaryl”). In some embodiments, a heteroaryl group is a 5-8 membered

" aromatic ring system having ring carbon atoms and 14 ring heteroatoms provided in the

aromatic ring system, wherein each heteroatom is independently selected from nitrogen,
oxifgcﬁ, and sulfur (*“5-8 membered het‘ero‘aryl”)'. In some embodiments, a heteroaryl group ‘

is a 56 membered aromatic ring system having ring carbon atoms and 14 ring heteroatoms

_provided in the aromatic ring system, wherein each heteroatom is independently selected

from nitrogen, oxygen, and sulfur (“5-6 membered heteroaryl™). In some embbdiments, the
5-6 membered heteroaryl has 1-3 ring heteroatoms selectéd from nitrogen, oxygen, and
sulfur. In some embodiments, the 5—6 membered heteroaryl has 1-2 ring heteroatoms .
selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6 membered
heteroéryl has 1 ring heteroatom selected from nitrogen, oxygen, and sulfur. Unless

otherwise specified, each instance of a heteroaryl group is independently optionally

substituted, i.e., unsubstituted (“unsubstituted heteroaryl”) or substituted (“substituted

heteroaryl™) with one or more substituents. In certain embodiments, the heteroaryl group is
ary) aryl group
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unsubstituted 5-14 membered heteroaryl. In certain embodiments, the heteroaryl group is

substituted 5-14 membered heteroaryl.

Exemplary S-membered heteroaryl groups containing one heteroatom include, without

limitation, pyrrolyl, furanyl and thiophenyl. Eiemplary S—membered heteroaryl groups

.containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl, oxazolyl, -

isoxazolyl, thiazolyl, and isothiazolyl. Exemplary S-membered heteroaryl groups containing

three heteroatoms include, without limitation, triazolyl, oxadiazblyl, and thiadiaiolyl.

‘Exemplary 5S-membered heteroaryl groups centaining four heteroatoms include, without

limitation, tetrazolyl. Exemplary 6-membered heteroaryl groups containing one heteroatom -

include, without limitation, pyridinyl. Exemplary 6-membered heteroaryl groups containing'
two heteroatoms ihclude, without limitation, pyridazinyl, pyrimidinyl, anid pyrazinyl.
Exemplary 6-membered heteroaryl groups containing three or four heteroatoms include,
without limitaﬁoﬁ, triazinyl and tetrazinyl, respectively. Exemplary T-membered heteroaryl
gfoups containing one hetéroatom include, without limitation, azepinyl, oxepinyl, and
thiepinyl. Exemplary 5,6-bicyclic heteroaryl groups include, without limitation, indolyl,
isoindolyl, indazolyl, benzotriazolyl, benzothiophenyl, isobenzothiophenyl, benzofufanyl, '
benzoisofuraﬁyl, benzimidazolyl, benzoxazolyl, beniisoxazolyl, benzoxadiazolyl, 4
benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6~
bicyclic heteroaryl glioups include, without limitation, naphthyridinyl, pteridinyl, quinolinyl,

1soquinolinyl, cinnblinyl, quinoxalinyl, phtha]azinyl, and quinazolinyl.

“Partially unsatirated” refers: to a group that includes at least oneAdos_lblc or triple bond. The

- term “partially unsaturated” is intended to encompass rings having multiple sites of

unsaturation, but is not intended to include aromatic groups (e.g., aryl or heteroaryl groups)
as herein defined. Likewise, “saturated” refers to a group that does not contain a-double or

triple bond, i.e., contains all single bonds.

Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl groups, as defined
herein, are optionally substituted (e.g., “substituted” or “unsubstituted” alkyl, “substituted” or
“unsubstituted” alkenyl, “subsﬁtuted’? or “unsubstituted” alkynyl, “substituted” or
“unsubstituted” carbocyclyl, “substituted” or “unsubstituted” heterocyclyl, “substituted” or
“unsubstituted” aryl or “substituted” or “unsubstituted” heteroaryl group). In general, the

term “substituted”, whether preceded by the term “optionally” or not, means that at least one
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hydrogen present on a group (e. g., a carbon t)r nitrogen atom) is replaced with a permissible
substituent, e.g., a substituent which upon substitution results in a stable compound, e.g., a
compound which does not spontaneouély undergo transformation such as by reafrangement, v.
cyclization elimination, or other reaction. Unless otherwise indicated, a “substituted” grbup
has a substltuent at one or more substitutable posmons of the group, and when more than one
position in any given structure is substituted, the substxtuent is either the same or dszerent at o
each position. . The term “substltuted’f is contemplated to include substitution with all
permissible substituents of organic compounds, any of the substitnents described herein that
results in the formation of a stable compound. The present invention contemplétes any and
all such combinations in order to arrive at a stable compound. For purposes of this invention,
heteroatoms such as nitrogen may have hydrogen substituents and/or any suitable substituent

as described herein which satisfy the valencies of the heteroatoms and results in the formation

of a stable moiety.

Exemplary cé;b@n atom substituents include, but are not limited to; hétlbgen, —CN, —NOz,v -

N3, —SOzHV ~SO3H, —OH, ~OR™, ~ON(R™);, ~N(R™),, “N(R®®);"X", -N(OR®)R™, ~SH, ~

SR™, ~SSR*, ~C(=O)R™, ~CO:H, -CHO, ~C(OR™),, ~CO,R™, ~OC(=O)R™, -OCO,R™, ~
C=O)NR®™),, -OC("O)N(R"b)z, NRbbC("O)R” NR®CO,R®, -N Rb"C(~0)N(R‘>")2,

“ ("NRbb)R“ ~C(=NR"™)OR®, ~OC(=NR"™)R*, ~OC(=NR*™)OR™, ~C(=NR™)NR™),, —

OC(=NR®N(R®),, ~NRP’C(=NR"*)N(R™),, ~C(=0)NR"®SO,R® ~NR?SO,R?, —
SO;N(R™),, ~SO,R™, ~SO,0R™, ~0SO,R?, ~S(=0)R™, ~OS(=0)R™, —Si(R*)s, ~OSi(R®);

T —C(=S)NR™),, ~C(=0)SR™®, —C(=S)SR®, ~SC(=S)SR*, ~SC(=0)SR®, ~OC(=0)SR*, —

SC(=0)OR™, ~SC(=O)R™, —P(=0),R*, ~OP(=0);R™, ~P(=0)(R™)2, ~OP(=0)R**)z, ~

- OP(=0)(OR"), ~P(=0):NR )2, ~OP(=0);N(R™)3, ~P(=0)(NR™),, ~OP(=0)(NR™),, —

NRP(=0)(OR*);, -NR™P(=0)(NR®)z, =P(R*)z, ~P(R*)3; ~OP(R*)z, ~OP(R®)3, ~B(R*),,
~B(OR™);, -BR®(OR®), Cy_10 alkyl, C-1 perbaloalkyl, C;_1o alkenyl, C, 10 alkynyl, Cs 1o
carbocyclyl, 314 membered heterocyclyl, Cs-14 aryl, and 5~14 membered heteroaryl,
wherein each alkyl, aikenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups; | -
or two geminal hydrogens on a carbon atom are replaced with the .group =Q, =8,
=NN(R®®),, =NNR®C(=0)R™, =NNR™C(=0)OR*, =NNR™S(=0),R*, =NR®, or =NOR™;
each instance of R® is, independently, selécted from C).po alkyl, Ci-j0 perhaloalkyl,

Ca-10 alkenyl, Co_19 alkynyl, Cs_0 carbocyclyl, 3—14 membered heterocyclyl, Cs-14 aryl, and

5-14 membered heteroaryl, or two R* groups are joined to form a 3—14 membered
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heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl aryl, and heteroaryl is mdependently substituted with 0, 1, 2,3,4,
or 5 R% groups; ' ,

each instance of R™ is, independently, selected from hydrogen, ~OH, ~OR™, —
NR®),, ~CN, ~C(=0)R™, ~C(=0)N(R®)z, <COR™, ~SO,R*, —C{(=NR¥)OR™, —
C(=ENREIN(R ™), ~SO2N(R ™), —=SO2R%, —SO,0R*, ~SOR™, —C(=S)N(R),, >—C(=O)SR°°, -
C(=S)SR*, ~P(=0),R®, —P(=0)(R*),, ~P(=0),N(R**),, —P(=O)(NR°°)2, Ci-10 alkyl, Ci-10
perhaloalkyl, ;19 alkenyl, Cs-19 alkynyl, Cs.1q carbocyclyl, 3~14 membered heterocyclyl,
Cé-14 aryl, and 5-14 membered heteroaryl, or two R™ groups are joined to form a 3-14
merﬁbered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, .
alkynyl, carbocyclyl, heterocyclyl aryl, and heteroaryl is mdependently substituted with 0, 1,
2,3, 4, or 5 R* groups; v .

each instance of R* is, independently, sele_efed ﬁom hy_drogen,_C!._m alkyl, Cl_lé .
perhaloalkyl, Cz_w alkenyl, Ca-10 alkynyl; Cs_1g carbocyclyl, 3-14 inembered heterocyclyl,
Co-14 aryl,‘ and 5-14 membered ﬁeteroaryl, or two R® groups are joined to form a 3-14

membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, s

alkynyl, carbocyclyl heterocyclyl aryl and heteroaryl is 1ndepcndently substituted with 0, 1,
2,3, 4, or 5 Rdd groups, '

. each mstancepf R“ is,-independently, selected from ha'logeh',‘ ~CN, =NO,, -N3, —
SO.H, ~SOsH, ~OH, ~OR%, ~ON(R™, -N(R™), -NRM;"X", -N(OR™)R", ~SH, -SR*, -
SSR*, —~C(=0)R%, —~CO,H, ~CO,R%, ~OC(=0)R, ~OCO,R**, ~C(=0)N(R™),, -
OC(=O)N®RY),, -NREIC(=0)R*, ~-NRTCO,R*, -NRIC(=0)N(RT),, -C=ENRHOR®, — -
OC(=NRT)R, ~OC(=NRMOR*, ~-C(=NRHNR™),, ~OC(=NRONRM),, -

- NRICENRHNRD,,~-NRISO,R®, ~SO,N(RT),, ~SO,R*, ~SO,0R*, ~OSO,R*, ~S(=0)R%,

~Si(R%)3, ~OSI(R*)s, ~C(=S)N(RT),, ~C(=0)SR*, ~C(=S)SR*; ~SC(=S)SR*, ~P(=0),R%, —

 P(=0)(R™),, ~OP(=0)(R®);, ~OP(=0)(OR®);, Cy_¢ alkyl, C1_¢ perhaloalkyl, C;¢ alkenyl, Cy-

¢ alkynyl, C3 1o carbocyclyl, 3—-10 membered heterocyclyl, Cs_19 aryl, 5-10 membered
heteroaryl, wherein each alkyl, alkenyl, alkyhyl, carbocyclyl, heterocyclyl, aryl, and ‘
heteroaryl is independently substituted with 0,1,2,3, 4, or 5 R® groups, or two geminél R%
substituents can be joined to form =0 or =S;

each instance of R* is, independently, selected from Ci_¢ alkyl, C;_¢ perhaloalkyl, Cy.
¢ alkenyl, C,-¢ alkynyl, Cs_jo carbocyclyl, C-10 aryl, 3——'10‘ membered heterocyclyl, and 3-10
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®€ groups;
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each instance of R™ is, independently, selected from hydro gen, C¢ alkyl, Cy.¢
perhaloalkyl, C,_¢ alkenyl, Cé_6 alkynyl, Cs_1¢ carbocyclyl, 3—10 membered heterocyclyl, Co
10 ary1 and 5~10-membered heteroaryl, or two Rﬁ groupsu are joinéd to form a 3~14 membered
heterocycly! or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryi is iﬁdependeﬁtly substituted with O‘, 1,2,3,4,

or 5 REE groups; and

each instance of R® is, independently, halogen, -CN, -NO,, N3, —=SO,H, -SO3H, —
OH, ~OC;.¢ alkyl, —ON(C1. alkyl)s, ~N(Ci¢ alkyl)z, -N(Ci_g alkyl)s X", ~NH(Cy

- alkyl), X7, -NH;(C).¢ alkyl) "X", -NH;"X", -N(OCs alkyl)(Cy_ alkyl), ~N(OH)(Cy_ alkyl),

~NH(OH), -SH, ~SC;_s alkyl, —-SS(Cy¢ alkyl), ~C(=0)(C,¢ alkyl), ~COH, ~CO,(C14
alkyl), ~OC(=0)(Cy¢ alkyl), ~OCO(Cy¢ alkyl), ~C(=O)NHs, —~C(=0)N(C, s alkyl)y, —
OC(=0)NH(C; ¢ alkyl), ~NHC(=0)( Cys alkyl), -N(Ci-¢ alkyl)C(=O)( C:- alkyl), -
NHCO,(Cy.s alkyl), ~NHC(=0)N(Cy.s alkyl)y, ——NHC(=O)NH(C1_6 alkyl), -NHC(=O)NH,,
~C(=NH)O(C_s alkyl),~OC(=NH)(C1¢ alkyl), “OC(=NH)OC'_ alkyl, ~C(=NH)N(C_s
alkyl)y, ~C(=NH)NH(C, alkyl), ~C(=NH)NH,, ~OC(=NH)N(C.¢ alkyl)s, ~
OC(NH)NH(C1¢ alkyl), ~OC(NH)NH,, -NHC(NH)N(C1.¢ alkyl)z, “NHC(=NH)NH; -
NHSO,(Cy6 alkyl), ~SO;N(Ci- alkyl)s, ~SO,NH(Ci-s alkyl), ~SO;NHy,-S0;C; ¢ alkyl, -
S0,0C; ¢ alkyl, ~0S0,C; ¢ alkyl, ~SOC,_¢ alkyl, ~Si(C; alkyl)s, ~OSi(Ci_g alkyl); —

"C(=8)N(C1¢ alkyl), C(=S)NH(Cis alkyl), C(=8)NHz, ~C(=0)S(Ci-s alkyl), ~C(=8)SC:.¢

alkyl, -SC(=85)SC)¢ alkyl, -P(=0)z(C1-¢ alkyl), ~P(=0)(Ci-¢ alkyl)z, ~OP(=0)(C) alkyl),, -
OP(=O)(OC1_6 alkyl)g, C1.6 alkyl, Ci_g pcrhalo:ﬂkyl, C2~6 aikenjl, C2<6 alkynyl, Cg_m
carbocyclyl, Ce-10 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two

geminal R&® substituents can be joined to form =0 or =S; wherein X" is a counterion.

A “counterion” or “anionic counterion” is a negatively charged group associated with a
cationic quaternary amino group in ovrde.r to m.ﬁintain electronic neutrality. Exemplary
counterions include halide ions (e.g., F, CI", Br'; 1), NO57, C1047, OH, HoPO4~, HSOy',
sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p—toluenesulfonate,
benzenesulfonate, 10—camphor sulfonate, naphthalene—2-sulfonate, naphthalene-1-sulfonic
acid—5-sulfonate, ethan—1—sulfonic acid!l——sulfonate, and the like), and carboxylate”i‘éns
(e.g., acetate, ethanoafe, propanoate, benzoate, glycerate, lactate, tartrate, glycolate, and the
like).
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“Halo” or “halogen” refer‘s.to fluorine (fluoro, —F), chlorine (chloro, ~Cl), bromine (bromo, —

Br), or iodine (iodo, ~I).

Nitrogen atoms can be substituted or unsubstituted as valency permits, and include primary,

secondary, tertiary, and quarternary nitrogen atoms, Exemplary nitrogen atom substitutents
include, but are not limited to, hydrogen, -OH, ~-OR™, -N(R*°),, ~CN, —-C(=O)Raa, —.
C(=0)N(R%),, -CO,R™, ~SO,R*™, —C(=NR"™R*™, ~C(=NR®)OR®, ~C(=NR“)N(R),, —
SON(R),, —SO2R*, —=SO,0R*, ~SOR™, ~C(=S)N(R"),, -C(=0)SR®, -C(=S)SR*, —
P(=0)R™, P(=0)(R*)2, -P(=0):N(R)z, ~P(=0)(NR*%),, C1_1 alkyl, Cy_1o perhaloalkyl, C,_

.10 alkenyl, Cos0 alkyn&l,' Cs-10 carbocyclyl, 3—14 membered heterocyclyl, Ce.14 aryl, and 5-

14 membered heteroaryl, or two R* groups attached to a nitrogen atom are joined to form a

3-14 membered _he_,temcyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,

alkjnyl; carbocyclyl, heterdcyclyl, aryl, and heteroaryl is independently substituted with 0,1,

2,3,4, 0or SR groups, and wherein R® R®, R® and R% are as defined above.

- group (aléo referred to as an amino protecting group). Nitrogen protecting groups include,
but are not limited to, ~OH, ~OR™, ~N(R%),, ~C(=O)R®, ~C(=0)N(R®),, -CO,R® —

SO,R™, ~C(=NR®)R®™, ~C(=NR*)OR™, —C(=NR°°)N(R°°)23 —SON(R*)z, ~SO,R”, ~
SO,0R%, —-SOR™, ~C(=S)N( °°)§, ~C(=0)SR¥, -C(=S)SR™, Cy_19 alkyl (e.g., aralkyl,
heteroaralkyl), Cy_10 alkehyl, Cz-10 alkynyl, Cs_1 carbocyclyl, 314 membered heterocyclyl,

- Ceo1a aryl, and 5-14 membered heteroaryl groups, wherein each alkyl, alkenyl, alkynyl,

vcarbocyclyl, het‘érocyclyl, aralkyl, aryl, and he’ceroaryfis independently substituted with 0, 1,
2,3,4,0r5 Rf'.dn,groups, and wherein R, Rbb, R, and R% are as defined herein. Nitrogen
protecting groups are well known in the art and include those described in detail in Protecting
Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3™ edition, John Wiley &

Sons, 1999, incorporated herein by reference.

Amide nitrogen protecting groups (e.g., —C(=0)R®) include, but are not limited to,
formamide, acetamide, chloroacetamide, trichloroacetamide, trifluoroacetamide,
phenylacetamide, 3—phenylpropanamide, picolinamide, 3—pyridylcarboxamide, N~
benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o-nitophenylacetamide, o—
nitrophenoxyacetamide, acetoacetamide, (N ’—dithiobenzyloxyacylamino)acetamide, 3~(p-

hydroxyphenyl)propanamide, 3—(o~nitrophenyl)propanamide, 2-methyl-2—(o—
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nitrophenoxy)propanamide, 2-methyl-2—(o~phenylazophenoxy)propanamide, 4—

chlorobﬁfanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine, o—

“ hiﬁobenia;ﬁide, and o~(benzoyloxymethyl)benzamide.

Carbamate nitrogen pfotccting groups (e.g., ~C(=0)OR™) include, but are not limited to,
methyl carbamate, ethyl carbamante, 9—fluorenylmethyl carbamate (Fmoc), 9..(2“,
sulfo)fluorenylmethy! carbamate, 9—(2,7—dibromo)fluoroenylmethyl carbamate, 2,7-di—t—-
butyl-{9-(10,10-diox0~10,10,10,10~tetrahydrothioxanthyl)Jmethyl carbamate (DBD-Tmoc)
4~metho’xyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbématc (Troé), 2~

2

trimethylsilylethyl carbamate (T eoé), 2-phenylethyl carbamate (hZ), 1-(1—adamantyl)—1-
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-
dibromoethyl carbamate (DB-+~BOC), 1,1-dimethyl-2,2,2-trichloroethyl carbamate
(TCBOCQ), l—methylfl~(4_——biphenylyl)'ethy1 carbamate (Bpoc), 1—(3,5—di—t—butylphenﬂ)—1——
methylethyl carbamate (+-Bumeoc), 22’ and 4’—pyridyl)ethyl carbamate (Pyoc), 2—(N,N~
dicyclohexylcarboxamido)ethyl carbamate, ?—-buiyl carbamate (BOC), 1~adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1 '—isopropylaﬁyl‘. RS

 carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-n1troc1r1namyl carbamate (N oc), 8—quinolyl

carbamaté, N- —hydroxypiperidinyl carbamate alkyldxthlo carbamate, benzyl carbamate (Cbz),

~ p-methoxybenzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p— -

chlorobenzyl carbamate, 2,4—dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate
(Msz), 9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2—methylthioethyl carbamate,
2-methylsulfonylethyl carbamate, 2—(p—toluenesulfonyl)ethyl carbamate, [2—(1,3~
dithianyl)]methjl carbamate (Dmoc), 4-methylthiophenyl carbamate Mtpc), 2,4~

- dimethylthiophenyl carbamate (Bmpc), 2~phos:phoni'oethy1 carbamate (Peoc), 2—

triphenylphosphonioisopropyl carbamate (Ppocj, 1,1-dimethyl-2—cyanoethyl carbamate, m—
chloro-p-acyloxybenzyl carbamate, p—(dihydroxyboryl)benzyl carbamate, 5— B
benzisoxazolylmethyl carbamate, 2—(trifluoromethyl)—6—chromonylmethyl carbamate
(Teroc), m—nitrophenyl carbamate, 3,5~dimethoxybenzyl carbamate, o—nitrobenzyl
carbamate, 3,4-dimethoxy—6-nitrobenzyl carbamate, phenyl(o—nitrophenyl)methyl
carbamate, t~amyl carbamate, Sibenzyl thioéari)amate, p—cyénobenzyl carbamate, cyclobutyl
carbamate, cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl éérbémate, -
decyloxybenzyl carbamate, 2,2—dimethoxyacylvinyl carbamate, o—(,N—
dimethylcarboxamido)benzyl carbamate, 1 l—dxmethyl-}—(N N—dlmethylcarboxam1do)propyl
carbamate, 1,1-dimethylpropynyl carbamate, di(2-pyridyl)methyl carbamate, 2—
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furanylmethyl carbamate, 2—iodoethyl carbamate, isoborynl carbamate, isobutyl carbamate,
isonicotinyl carbamate, p—(p '~methoxyphenylazo)benzyl carbamate, 1~mcthy1cyclob1_ityl
carbamate, 1-methylcyclohexyl carbamate, l~methyl—~iwyclopfopylmethyl carbamate, 1-
methyl—lQ(3,5—dimethoxyphenyl)ethyl carbamate, 1-methyl—1—(p—phenylazophenyl)ethyl
cafbamate, 1¥methyl—1fi)henylethy1 carbamate, 1-methyl-1—(4—pyridyl)ethyl carbamate,
phenyl carbamate, p—(phenylazo)benzyl ca.rBamate, 2,4,6-tri~—butylphenyl carbamate, 4—
(trimethylammonium)benzyl carbamate, and 2,4,6—trimethylbenzyl carbamate.

Sulfonamide nitrogen protecting groups (e.g., ~S(=0),R™) include, but are not limited to, p—

-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,~trimethyl—4—

methoxybenzenesulfonamide (Mtr); 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6—

. dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl—4—

methoxybenzenesulfonamide (Mte), 4—mcthoxy?@nzcnesulfonami_d_e (Mbs), 2,4,6— B
trimethylbcnzénesulfonamide (Mts), 2,6—-dimethoxy—4—methylbenzenesulfonamide (iMds),I
2,2,5,7,8~pentamethylchroman—6-sulfonamide (Pmc), methanesulfonamide (Ms), -
trimethylsilylethanesulfonamide (SES), 9~anthracenesulfonamide, 44,8~
dirqethoxyngphthylmethyl)benzenesﬁlfbnamide (DNMBS), benzylsulfonamide,

. tﬁﬂudromethylsulfonamide, and phena}cylsulfoﬁamide.

Other nitrogen protecting groups include, but are not limited to, phenothiazinyl-(10)-acyl
derivative, N —p-toluenesulfonylaminoacyl derivative, N —phenylaminothioacyl deﬁvativé,
N-benzoylphenylalanyl derivative, N—acetylmethionine derivative, 4,5-diphenyl-3—
oxazolin—2—one, N—phthalimide, N—dithiasuccinimide (Dts), N-2,3—diphenylmaleimide, N— '
2,5~dimethylpyrrole, N-1;1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 5—
substituted 1,3—dimethyl-1,3,5-triazacyclohexan—2-one, 5—substituted 1,3—dibenzyl-1,3,5—
triazacyclohexan—2-one, 1-substituted 3,5—dinitro—4-pyridone, N~methylamine, N—
allylamine, N—-{2~(trimethylsilyl)ethoxy]methylamine (SEM), N-3—acetoxypropylamine, N

( 1—isopropyl—4——nitro-—2—-oxo—~3~pyroolin«3-yl)aminé, quatefnary ammonium salts, N—

benzylamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzosuberylamine, N—

triphenylmethylalﬁine (Tr), N-[(4——methoxyphenyl)diphénylmethyl} amine (MMTr), N-9— -
phenylfluorenylamine (PhF), N-2,7—dichloro-9—fluorenylmethyleneamine, N—
ferrocenylmethylamino (Fem), N-2-picolylamino N ’-bxidc, N-1,1-
dimethylthiomethyleneamine, N~benzyl.idencaminc, N-p~methoxybenzylideneamine, N—

diphenylmethyleneamine, N-{(2—pyridyl)mesitylJmethylencamine, N—~(N ;N —
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dimethylaminomethylene)amine, N, N -isopropylidenediamine, N-p-nitrobenzylideneamine,
N-salicylideneamine, N—5—chlorosalicylideneamine, N~(5—~chloro—2—
hydroxyphenyl)phenylm ethyleneamme, —cyclohexyhdeneamme N—(S 5—dimethyl-3-oxo-
1~cyclohexenyl)amme, N-borane derivative, N—diphenylborinic acid derivative, N—
[phenyl(pentéécylchromium— or tungsten)acyl}amine, N-copper chel;lte, N-zinc chelate, N— |
nitroamine, N-nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,

benzenesulfehamide,» o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,

_pentachlorobenzenésulfenamide, 2-nitro—4—methoxybenzenesulfenamide,

triphenylmethylsulfenamide, and 3-nitropyridinesulfenamide (Npys).

In certain embodlments the subsutuent present on an oxygen atom is an oxygen protectmg
group (also referred toasa hydroxyl protecting group) Oxygen protecting groups include,
but are not limited to, ~-R™, -N(R™), ~C(=0)SR™, ~C(=0)R™, ~COR™, ~C(—Q)N(R"b)2,
C(ENRP)R™, ~C(=NR™)OR®, ~C(=NR™)N(R™),, ~S(=0)R™, ~SO,R*, ~Si(R™)3 ~P(R*)2, ~
P(R*);, ~P(=0);R™; ~P(=0)(R™)z, ~P(=0)(OR™)z, —P(=0),N(R™)3, and ~P(=0)(NR™),, "~

wherein R™, R™, and R® are as defined herein. Oxygen protecﬁng groups are well known in

- the art and include those described in detail in Protecting Groups in Organic Synthesis, T. W.

Greene and P. G. M. Wauts, 3"1 edition, John Wiley & Sons, 1999, incorporated herein by

reference.

Exemplary oxygen protecting groups include, but are not limited to, methyl, 'methoxylme'thyl
(MOM), methylthiomethyl (MTM), t~butylthi§methyl, (phényldimethylsilyl)methoxyﬁlethyl
(SMOM), benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), (4- |
methoxyphenoxy)methﬂ (p—AOM), guaiacolmethyl (GUM) t~butoxymethy1 4—
pentenyloxymethyl (POM) sﬂoxymethyl Z—me’thoxyethoxymethyl (MEM), 2,2,2—
tnchloroethoxymethyl b1s(2—chloroethoxy)methyl 2~(tr1mcthylsﬂy1)ethoxymethyl
(SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 1—
methoxycyclohexyl, 4—-methoxytetrahydropyranyl (MTHP), 4— -
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S—dioxide, 1- [(2~chloro—
4-methyl)phenyl]-4-methoxypiperidin—4-yl (CTMP), 1,4-dioxan—2-yl, tetrahydrofuranyl,
tetrahydrothiofuranYl, 2,3,3‘a,4,5,6,7,7a—octahydro—7,8,8—trimethy1~4,7~methanobenzoﬁ1ran—
2-yl, 1-ethoxyethyl, 1-(2—chloroethoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1~
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benzyloxyethyl, I—methyl——l»benzyloxy~2——ﬂuoroethyl, 2,2,2—trichloroethyl, 2—
trimethylsilylethyl, 2—(phenylselenyl)ethyl, +butyl, allyl, p~chlorophenyl, p-methoxyphenyl,
2,4—dinitrophenyl, behzyl (Bn), p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p—
nitrobenzyl, p~halobenzyl, 2 6—dichlorobenzyl p—cyanobenzyl, p——phenylbenzyl 2~picolyl,
4—picolyl, 3-methyl-2—picolyl N-0x1do diphenylmethyl, p,p ~dinitrobenzhydryl, 5——
dibenzosuberyl, triphenylmethyl, a—naphthyldmhenylmethyl -
methoxyphenyldiphenylmethyl, di(p—methoxyphenyl)phenylmethyl, tri(p—
methoxyphenyl)methyl, 4-(4" bromophenacyloxyphenyl)d1phcny1methy1 4,4', "—tris(4, 5—~

. dichlorophthalimidophenyl)methyl, 4,4',4”~tr1s(levuhnoyloxyphenyl)methyl, 4,4' 4"~

tris(benzoyloxyphenyl)methyl, 3—(imidazol-1-yl)bis(4',4"—dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9—(9-phenyl)xanthenyl, 9—(9—phenyl- .
10—-oxo)anthryl, 1,3—benzodisulfuran-2-yl, benzisothiazolyl S,S—chomqo-; trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, ~butyldimethylsilyl (TBDMS), ¢
butyldlphenylsxlyl (TBDPS), tnbenzylsﬂyl tn—-p«xylylsﬂyl triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl (TBMPS), formate,

benzoylformate, acetate, chloroacetate, dichloroacetate, tnchloroacetatc mﬂuoroacetate

'methoxyacetate tnphenylmethoxyacetate phenoxyacetate, p—~chlorophcnoxyacetate 3=

phenylpropionate, ZJr_—fovxopen‘canoatc (levulinate), 4,4—(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate, benzoate, p—

phenylbenzoate, 2,4,6—trimethylbenzoate (mesitoate), alkyl methyl carbonate, 9—

fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2—trichloroethyl carbonate

(Troc), 2—(triinethy1si1y1)ethy1 carbonate (TMSEC), 2-—(phenylsu}fony1) ethyl carbonate
(Psec), 2—(triphenylphosphonio) ethyl carbonate (Péoc), alkyl isobutyl carbonate, alkyl vinyl
carbonate alkyl allyl carbonate, alkyl p—nitrophenyl carbonate, alkyl Benzyl carbonate, alkyl
p-methoxybenzyl carbonate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitrobenzyl
carbonate, alkyl p—nitrobenzyl carbonate, alkyl S—.benzyl-'thiocarbonate, 4—ethoxy—1~ -
napththyl carbonate, methy! dithiocarbonate, 2—idd§benzoate, 4-azidobutyrate, 4-nitro—4—
methylpentanoate, o—(dibromomethyl)benzoate, 2—formylbenzenesulfonate, 2— .
(methylthiomethoxy)ethyl, 4~(methylthiomethoxy)butyrate, 2— ,
(methylthiomethoxymethyl)benzoate, 2,6-dichloro—4-methylphenoxyacetate, 2,6~di§hloro—
4-(1,1 ,3,3»-tetra1ﬁ ethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, fnonosuccinoate, (E£)-2—methyl-2-butenoate, o—

(methoxyacyl)benzoate, o—naphthoate, nitrate, alkyl N,N,N’ N -
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tetramethylphosphorodiamidate, alkyl N—-phenylcarbamate; borate, dimethylphosphinothioyl,
alkyl 2,4—dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzylsulfonate, 'andi
tosylate (T's). ' |

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting group

(also referred to as a thiol protecting group). Sulfur protecting groups include, but are not
limited to, -R*, -N(R™), ~C(=0)SR*, ~C(=0)R™, ~CO,R®, ~C(=O)NR™),, = ,
C(=NR™R®, ~C(=NR"™)OR™, -C(=NR")N(R"),, ~S(=0)R*, ~SO,R®, ~Si(R*)3, ~P(R*"),, ~
P(R™)3, ~P(=0);R™, ~P(=0)(R")s, ~P(=0)(OR*);, —P(=0),N(R™), and ~P(=0)(NR™),,

- wherein R®, R, and R® are as defined herein. Sulfur protecting groups are well known in .

Greene and P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999, incorporated herein by

reference.

These and other exemplary substituents are described in more detail in the Detailed

Description, Examples, and claims. The present invention is not intended to be limited in any

manner by the above exemplary listing of substituents.

Other definitions v
The term “pharmaceutically acceptable form thereof” as used herein refers to
pharmaceutically acceptable salts, solvates, hydrates, prodrugs, tautomers, isomers,

enantiomers, diastereomers, and/or polymorphs of.a compound of the present invention.

In certain embodiments, the pharmaceutically acceptable form is a pharmaceutically

-acceptable salt. The term “pharmaceutically acceptable salt” as used herein refers to those

salts which are, within the scope of sound medical judgment, suitable for use in contact with
the tissues df humans and lower animals without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, Bcrgé et al., describe
pharmaceutically acceptabie salts in detail in J. Phafmaceutical Sciences, 1977, 66, 1-1 9,
incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
invention include those derived from suitable inorganic and organic acids and bases.
Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino

group formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric

25



10

15

20

25

30

WO 2013/147711 - - PCT/SG2013/000126

_acid, sulﬁmc acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,

maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as ion exchange. Other pharmaceutically acceptable salts include adlpate.,‘
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
hemisulfdte, heptanoate, hexanoate, hydroiodide, 2—hydro§cy%thanesulfonatc, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleéte, malonaté, methanesulfonate, 2—

naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,

persulfate, 3——pheny1prop10nate, phosphate, pwrate pivalate, propionate, stearate, succinate,

sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.

- Salts denved from appropnate bases mclude alkali metal alkahne earth metal; ammonium

and N+(C1-4a1kyl)4 salts. Representative alkah or alkahne earth metal salts include sodlum
lithium, potassmm, calcium, magnesium, and the like. Further pharmaceutlcally acceptable
salts include, .when appropﬁate, nontoxic ammonium, quaternary amfnonium, and amine
cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,

nitrate, loweralkyl sulfonate and aryl sulfonate.

_ In certain embodiments, the pharmaceutically acceptable form is a hydrate or solvate. The

term “hydrate” as used herein refers to a compound non—covalently associated with one or
more molécules of water. Likewise, the term “solvate” refers to a compound non~covalently

associated with one or more molecules of an organic solvent.

In certain embodiments, the pharmaceutically acceptable form is a prodmg. The term
“prodrug” as used herein refers to a derivative of a parent compound that requires

transformation within the body in order to release the parent compound. In certain cases, a

“prodrug has improved physi;ai and/or delivery properties over the parent compound.

Prodrugs are typically designed to enhance pharmaceutically and/or pharmacokinetically

based properties associated with the parent compound. The advantage of a prodrug can lie in
its physical properties, such as enhanced water solubility for parenteral administration at
physiological pH compared to the parent compound, or it enhances absorption from the
digestive tract, or it may enhance drug stability for long-term storage. In recent years several
types of bioreversible derivatives have been exploited for utilization in designing prodrugs.

Using esters as a prodrug type for compounds containing a carboxyl or hydroxyl functionality
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is known in the art as described, for example, in The Organic Chemistry of Drug Deszgn and
Drug Interaction by Richard Sllverman published by Academic Press (1992)

In certain embodiments, the pharmaceutically acceptable form is-a tautomer. The term
“tautomer” as used herein includes two or more interconvertable compounds resulting from at
least bone formal migration of a hydrogen atom and at least one change in valehcy (e.g.,a
single bond to a double bond, a triple bond to a single bond, or vice vérsa). The exact ratio of

the tautomers depends on several factors, including temperature; solvént, and pH.‘

-Tautomerizations (i.e., the reaction providing a tautomeric pair) may catalyzed by acid or

base. Exemplary tautomerizations.include keto—to—enol; amide~to—~imide; lactam—to—lactim;

enamine~to-imine; and enamine-to—(a different) enamine tautomerizations.

In certain .embodimcnts, the pharmaceutically acc.cptaft‘)!:q»f‘_o_n}} is an isbiner. The term
“isomer” as used herein includes any and all geometric iéomcrs and stereoisomers (e.g.,
enantiomers, diasteromgré,, etc.). For.example,‘j“iAsomer” include cis— and trans—isomers, E-;
and Z- isomers, R— and S—enantiomers, diastereomers, (D)-isomers, (L)-isomers, racemic
mlxtures thereof, and other mixtures thereof as falling within the scope of the invention. For ’
mstance, an 1somer/enant10mer may, in some embodiments, be prov1ded substantially free of |
“Optically—enriched,” as used herein, means that the compound is made up of a significantly
greater proportion of one enantiomer. In certain embodiments the compound of the present
invention is made up of at least about 90% by weight of a preferred enantiomér. In other

embodiments the compound is -made up of at least about 95%, 98%, or 99% by weight of a

- preferred enantiomer. Preferred enantiomers may be isolated from racemic mixtures by any

method known to those skilled in the art, mcludmg chiral high pressure liquid
chromatography (HPLC) and the formation and crystallization of chiral salts or prepared by
asymmetric syntheses. See, for example, Jacques, ef al., Enantzomers, Racemates and- '
Resolutions (Wiley Interscience, New York, 1981); Wilen, S.H., et dl,, Tetrahedron 33:2725
(1977); Eliel, E.L. Stereochemé’stry of Carbon Compounds (McGraw—Hill, NY, 1962); Wilen,
S.H. Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of
Notre Dame Press, Notre Dame, IN 1972).

In certain embodiments, the pharmaceutically acceptable form is a polymorph. The term

“polymorph” as used herein refers to a crystalline compound existing in more than one
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crystalline form/structure. When polymorphism exists as a result of difference in crystal
packing it is called packing polymorphism. Polymorphism can also result from the existence
of different conformers of the same moleculefin conformational polymbrphism. In

pseudopolymorphism the different crystal types are the result of hydration or solvation.

A “subjéct” to which administration is contemplated incIudes, but is not limited to, humans
(i.., a male or female of any age group, e.g., a pediatric subject (e.g, infant, child,
adolescent) or adult subject (e.g., young adult, middle-aged adult or senior adult)) and/or
other primates (e.g., cynomolgus monkeys, rhesus monkeys); mammals, including
commercially relevant mammals such as cattle, pigs, horses, sheep, goats, cats, and/or dogs;
and/or birds, including commercially relevant birds such as chickens, ducks, geese, and/or

turkeys.

“Treat,” “treating” and “treatment” encompasses an action that occurs while a subject is
suffering from a condition (e.g., a “MNK1- or MNK2-related” disease, disorder, or condition,

e.g., a disease, disorder, or condition in which MNK1 and/or MNK2 is known to play role)

* which reduces the severity of the condition or retards or slows the progression of the

condition (“therapeutic treatment”). “Treat,” “treating” and “treatment” also encompasses an

_ action that occurs before a subject begins to suffer from the condition and which inhibits or =~ "~

reduces the severity-of the condition (“prophylactic treatment™).

As used herein “inhibition,” “inhibiting,” and “inhibit”, refer to the ability of a compound to
reduce, slow, halt or prevent activity of a particular biological process relative to vehicle. In
certain embodiments, the biological process is in vitro (e.g., a biochemical or cellular assay).

In certain embodiments, the biological process is in vivo.-

An “effective amount” of a compound refers to an amount sufficient to elicit the desired
biological response, e.g., treat the condition. As will be appreciated by those of ordinary skill
in this art, the effective amount of a compound described herein may vary depending on such
factors as the désired biological endpoint, the pharmacokinetics of the compound, the
condition being treated, the mode of administration, and the age and health of the subject. An -

effective amount encompasses therapeutic and prophylactic treatment.
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A “therapeutically effective amount” of a compound is an amount sufficient to provide a .

therapeutic benefit in the treatment of a condition or to delay or minimize one or more

| symptoms assomated with the condltlon A therapeuncally effective amount of a compound

means an amount of therapeutic agent alone or in combination with other therapies, which

prov1des a therapeutxc benefit in the treatment of the condition. The term “therapeutlcally

effective amount” can encompass an amount that i 1mpr0ves overall therapy, reduces or avoids

symptoms or causes of the condition, or enhances the therapeutic efficacy of another

therapeutic agent. Il some embodiments, a therapeutically effective amount is an amount

- effective to inhibit cell growth or induce cell death.
- 10
. A “prophylactically effective amount” of a compound is an amount sufficient to prevent a
* condition, or one or more symptoms associated with the condition or prevent its recurrence.

A pmphylacncally effective amount of a compound means an amount of a therapeutlc agent

alone or in combination with other agents, which provides a prophylactic benefit in the -
prevention of the condition. The term “prophylactically effective amount” can encompass an
amount that improves overall prophylaxis or enhances the prophylactic efficacy of another

prophylactic agent.

“ As used herein, the term “kinase” represent transferase class enzymes that are able to transfer

a phosphate group from a donor molecule to an acceptor molecule, e.g., an amino acid
residue of a protein or a lipid molecule. Representative, non-limiting examples of kinases
include Abl, ACK, Aktl/PKBa, Akt2/PKBf, Akt3/PKBy, ALK1, ALK2, Alk4,
AMPKa1/B1/y1, AMPKal/B1/y2, AMPKal1/B1/y3, AMPKal/B2/y1, AMPKo2/B1/y1,

. AMPKa2/B2/72, Abl2, ARKS, Askl, Aurora A, Aurora B, Aurora C, Axl, BARKI, BIk,

Bmx, B-Raf, Brk, BrSK1, BrSK2, Btk, CaMK1la, CaMK1p, CaMK1y, CaMK16, CAMK 2a,
CaMK2p, CAMK25, CAMK2y, CAMK4, CAMKK1, CAMKK2, CDK1, CDK2, CDK3,
CDK4; CDKS5, CDK6, CDK7, CDK9, CDK1/cyclin B, CDK2/cyclin A, CDK2/cyclin E,
CDK3/cyclin E, CDK5/p25, CDKS5/p35, CDK6/cyclinD3, CDK7/cyclin H/MATI,
CDK9/cyclin T1, CHK1, CHK2, CK1(y), CK10¢, CK2a1, CK20a2, cKit, c-RAF, CLK1,
CLK2, CLK3, COT, Csk, DAPK1, DAPK2, DAPK3, DCAMLK2, DDR2, DMPK, DRAK],
DYRKI1A, DYRK2, DYRK3, eEF2K, EGFR, EPHAL, EPHA2, EPHA3, EPHA4, EPHAS,
EPHAG, EPHA7, EPHAS, EphB1, EphB2, EphB3, EphB4, ErbB4, Erk1, Erk2, FAK, Fer,
Fee, FGFR1, Flt2, Flt4, FLT3 D835Y, FGFR2, FGFR3, FGFR4, Fgr, Flt1, Flt3, Fms, FRK,
FynA, GCK, GPRKS, GRK2, GRK4, GRK6, GRK7, GSK3a, GSK38, Hck, HER2, HER4,
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HIPK 1, HIPK2, HIPK3, HIPK4, IGFIR, IKK, IKKa, IKKe, IR, InsR, IRR, IRAK1, IRAKZ, '
IRAK4, Itk, JAK2, JAK3, JNK1, JNK2, JNK3, KDR, KHSI, Kit, Lck, LIMK1, LKB1, LOK,

ALRRKZ Lyn A, Lyn B, MAPKI MAPK2, MAPK12, MAPKAP K2 MAPKAP-K3,

MAPKAPK2, MAPKAPK3, MAPKAPKS5, MARK 1, MARK?2, MARK3 MARKA4, MELK’
MEK 1, MEK2, MEKK?2, MEKK3, Mer, Met MET M1250T, MINK MKK4, MKKS,

| MKX 7B, MLCK, MLK1, MLK3, MNK 1, MNK2, MRCKa, MRCK, MSK1, MSK2,

MSSK1, STK23, STK4, STK3, STK24, MST1, MST2, MST3, MST4, MUSK, mTOR,
MYO3B, MYT1, NDR1, NEK11, NEK2, NEK3, NEK6, NEK7, NEK9, NLK, NUAK2,
p38a, 1;38{3, p385, p38y, p70S6K, S6K, SRK, PAK1/CDC42, PAK2, PAK3; PAK4, PAKS,
PAKS6, PAR-1Bo, PASK, PBK, PDGFRo, PDGFRB, PDK1, PEK, PHKG2, PI3Ka, PI3KB,

"PI3Ky, PI3KS, Pim1, Pim2, PKAca, PKAcB, PKAcy, PKA(b), PKA, PKBa, PKBB, PKBY,

PKCa, PKCB1, PKC2, PKCB11, PKCB, PKCe, PKCy, PKCh, PKCy, PKCt, PKCO, PKCE,

PKDl PKD2, PKD3, PKGlo, PKGIB, PKNI PKN2 PKR, PLK1, PLK2, PLK3, PLK4,

Polo PRAK, PRK2, PrKX, PTKS5, PYKZ QIK, Raﬂ Ret, RIPK2 RIPKS5, ROCKI

FROCKZ, RON, ROS, Rse, RSK1 , RSK2, RSK3, RSK4, SAPK2a, SAPK?2b, SAPKB, SAPK4,

SGK1, SGK2, SGK3, SIK, MLCK, SLK, Snk, Src, SRPK1, SRPK2, STK33, SYK, TAK]1-
TABI1, TAK1, TBK1, TAO1, TAO2, TAO3, TBK1, TEC, TESK1, TGFBR1, TGFBR2, Tie2,

" TLK2, TrkA, TrkB, TtkC, TSSK1, TSSK2, TTK, TXK, TYK2, TYRO3, ULK1, ULK2,

WEE1, WNK2, WNK3, Yesl, YSK1, ZAK, ZAP70, ZC3, and ZIPK.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
In one aspect, the present invention provides a compound of Formula (I):
. Xq

. N
R XZ X >
. T

R5

or a pharmaceutically acceptable form thereof, wherein

X1, X5, and X3 are independently N or C;
X4, X5, X¢ are independently N or CR*;
wherein at least one of X, X3, X3, X4, X;, and Xg is N;
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X7 is Nor CR';

Xy is N or CR“-

Rl, R2, R® , RS, RG, R7, Rs, Rg, Rm, and R are mdepender;ﬂy hydrogen, halogen, “ )
optioﬁally substituted aliphatic, optionally substituted aryl, optionally substituted carbocyclyl
optionally substituted heteroaryl, optlonally substltuted heterocyelyl, -CN, -OR, -SR, -N(R)s,
~NO,, -C(O)R, -CO;_R -C(O)N(R), -C(O)NROR, -S(O)R, -SO;R, SOzN(R)z, -OC(O)R, -
NRC(O)R, -NRSO;R, or -NRC(O)N(R),; v

cach R is independently hydrogen, optionally substituted C,.¢ aliphatic, optionally

A subétituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or . |

optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken
together to fonn an optionally substituted heterocycle
each R is mdependently hydrogen, hal()gen or optxonally substituted Ci.¢ ahphatlc, o
and
©'R'and R% R? and R, R and R%, R and R"", R® and R"", R® and R, R® and R, R’
and R®, or R® and R? may be optionally taken together to form an optlonally substltuted 5-6

membered carbocychc, aryl, heterocyclic, or heteroaryl ring.

As described generally above, R is hydrogen, halogen, optionally substituted zi‘liphatic, o
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally sﬁbstituted heterocyclyl, -CN, -OR, —SR, -N(R}z, -NO,, -C(O)R, -
CO2R, -C(O)N(R)2, -C(O)NROR, -S(O)R, -SO;R, -SO;N(R),, -OC(O)R, -NRC(O)R, - ~
NRSO:R, or ¥NRC(O)N(R)2. In some embodiments, R’ is hydrogen. In som'e.én'ﬂ:‘)odiments,
R' is halogen. In some embodiments, R' is -CN, -CH,OH, -CH,NH,, -C(O)R,, -CH,Ry, -
CH(OH)R., or -SO,R,, wherein R,, Ry, and R, are as described herein. In some
embodiments, R is —C(O)R, where R is optionally substituted heterocyclyl.

As described generally above, R? is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),, -NO,, -C(O)R, -
CO:R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO2R, -SO;N(R)z, -OC(O)R, -NRC(O)R, -
NRSO:R, or -NRC(O)N(R),. In some embodiments, R” is hydrogen. In some embodiments,
R? is halogen. In some embodiments, R? is -H, -F, -Cl, -CHj, -CF3, -CHF,, -OH, -OC,¢
alkyl, -SR, -NH,, -NHCHj3, -N(CH3),, -NHEL, -N(Et),, -NHi-Pr, -NC(O)R,, SR, -S(O)R,, -
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S(O):R., CN, -CH,0H, -CHaNHp, -NR)z, -NO,, -CONHy, -CONHR, -CONRR, -C(O)R,
C(O)R., -C(O)ORs, -C(O)NReRy; -C(OH)RR, Cz-Cs alkenyl, C>-Cy alkynyl, C5-Ce cyeloalky,

| C4-C; cycloalkyl, mono or polycychc aryl, or mono or polycyclic heteroaryl. In some

embodiments, R* is optionally substituted from 1 to 3 times with substitutents selected from -

‘the group consisting of halogen, -H, -OR., -C(O)Ry, -C(O)OR., -C(O)NRRy, -NH>, -NHRy, -

NR4R, SR, -S(O)R, -S(O)R, ~CN, -NO,, C;-Cs alkyl, C;-Cs alkenyl, C;-Ce alkynyl, C5-Ce
cycloalkyl, C4-C cycloalkylalkyl, and mono or polycyclic aryl. In some embodiments, R? is—
H, -F, -Cl, -CN, -CHj, -CFs, -CHF,, -C(O)NH,, -OH,~OC;_salkyl, or —OCF;.

In some embodiments, R and R? are taken together to form an optionally substituted 5-

membered ring heterocyclic or heteroaryl moiety.

As descn'bed generally above, R’ is hydrogéﬁ halogen, optionally éubstituted aliphatic,'
opt1ona11y substituted aryl, optlonally substltuted carbocyclyl optionally substituted

heteroaryl, optionally substltuted heterocyclyl -CN, -OR, -SR, -N(R), -NOz, -C(O)R, -
CO3R; -C(O)N(R)s, —C(O)NROR -S(O)R, ~SOZR -SO;N(R),, -OC(O)R, -NRC(O)R, -

- NRSO3R, or -NRC(O)N(R)2 In some embodlments, R’ is hydrogen. In some embodlments

R*is halogen. In some embodiments, Riis -H, —F Cl -CHj3, ~CF3, -CHF,, -OH, or. —OMe

- In some embodiments, R* is —H, -F, -Cl, -CN, -CHj, -CFs, -CHF;, -C(O)NH,, -OH,~OC,.

salkyl, or—OCFs;..

As described generally above, each R‘.‘ is independently hydrogen, halogen, or optionally
substituted C; 4 éliphatic. In some embodiments, R%is hydrogen. In some einbodiments, R* ‘
is halogen. In some embodiments, R4 is fluoro or chloro. In some embediments, R%is
optionally substituted C;.¢ aliphatic. In some embodiments, ‘R4 is optionally substituted C .4
alkyl. In some embodiments, R* is unsubstituted C. alkyl. In some embodiments, R*isH or
Me.

As described generally above,_R5 is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R)3, -NO,, -C(O)R, -
CO,R, -C(O)N(R),; -C(O)NROR, -S(O)R, -SO2R, -SO:N(R)s, -OC(O)R, -NRC(O)R, -
NRSO2R, or -NRC(O)N(R),. In some embodiments, R’is hydrogen. In some embodiments,
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R’is halogen. In some embodiments; R’is-F , -Cl, Mg, -CF3, -OCF3, .OH, -OMe, -CN, or_;
‘CONH,. ‘ B

g

- As described generally above, R® is hydrogen, halogen, 6ptionally substituted aliphaﬁ@, |

optlonally substituted aryl, optionally substltuted carbocyelyl, optionally substltuted
heteroaryl optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R)a, -NO,, ~C(O)R -
CO3R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO2R, -SO,N(R),, -OC(O)R, -NRC(O)R, -
NRSO,R, or -NRC(O)N(R);. In some embodiments, Ris hydrogen. In some embodiments,
R®is halogen. In some embodiments, R%is -F, -Cl, Me, -CF3;~OCF3 _OH; -OMe, -CN, or -
CONH,. In some embodiments, R®is ~H, -F, -Cl, -CN, —CH3, -CF3, -CHF,, -C(O)NH,, -
OH,-0C,; 4alkyl, or —OCF3.

_ vAs described geﬁerally abq_ve, R_7 is hydrogéﬁ, halogen, 6p_tionally substi'aitcd aliphati'c,A

optionally substituted aryl, optionally substituted carbocyclyl, oﬁtionally substituted
heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -8R, -N(R)z, -NO,, -C(O)R, -
CO2R, -C(O)N(R), -C(O)NROR, -S(O)Rl V-SOZR '802N(R)2, -OC(O)R, -NRC(O)R, -
NRSO,R, or -NRC(O)N(R),. In some embodiments, R’ is hydrogcn In some embodiments,
R’is halogen. In some embodiments, R’is- H -F, -Cl, Me, -CF »H, -CF;, ~-OH, —NH;,
NHMe, -N(Me),, -CO-H, -CONH,, -CN, -OMe, alkyne, -CH,OH, -CH,NH,, -NHCOCHj, - -
CONHOH, -SO;NH,, -SO;Me, morpholine, 1_—methylpiperazine,‘carbocycl_yl, heterocyclyl,
aryl, heteroaryl, or substituted heteroaryl. In some embodiments, R’ is —CN. In some
embodnnents, R’ is -H, -F, -Cl, -CN, -CH,, CF;, —CHF;, —C(O)NHZ, -OH,~OC; 4alkyl, or —
OCFs. ‘

In some embodiments, R® and R” are taken together to form an optionally substituted 5- or 6-
membered ring heterocychc or heteroaryl moiety. In certam embodiments, a heterocyclic or
heteroaryl moiety formed by R6 and R’ together with the benzene ring fused thereto is one of

the following formulae:

e . \ \ o

3 e :
whrey ,\m o e
NH N
)\:2 N : : ) ; f
NH Q] i = _ ~N
HN:\L ; N /R NJKOH HN-N HN

0 O
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As déscribcd generally above, R® is hydrogen, halogen, ‘'optionally substituted aliphatic, -
optionally substituted aryl, optionally substituted carbocyclyl, optlonally substituted
heteroaryl, opt1onally subs'atuted heterocyclyl, -CN, -OR, -SR, -N(R)z, -NOz, -C(O)R, -
CO2R, -C(O)N(R)2, -C(O)NROR, -S(O)R, -SO2R, -SO:N(R),, -OC(O)R, -NRC(O)R, -
NRSO;R, or -NRC(O)N(R)s. In some embodi‘mf:n‘cs,.R8 is hydrogen. In somé embodimc;lts,
R® is halogen. | V

As described generally above, R® is hydrogen, halogen, optionally substituted aliphatic,
optionally substituted aryl, optionally substituted carbocyclyl, optionally substituted
hetéroaryl, optionally substituted hketerocyclyl, -CN, -OR, -SR, -N(R)z, -NO2, -C(O)R, - '
COsR, -C(O)N(R)2, -C(O)NROR, -S(O)R, -SO;R, -SO,N(R),, -OC(O)R, -NRC(O)R, -

NRSO:R, or -NRC(O)N(R)g. In some embodiments, R’ is hydrogen. In some embodiments,

R’ is halogen.

In some embodiments, each R; is independeﬁtly "'ORf, N.HRé;.'NRCRf, Op‘t‘ié;lélly substituted
alkyi optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
carbocyclyl opnonally substituted aryl, optionally substituted heteroaryl, or optlonally
substituted heterocyclyl In some embodiments, each R, is independently —‘ORf, NHRc
NR(R¢, alkyl, cycloalkyl, aryl, or optionally substituted 3- to 7-membered heterocyclyl having

1-2 heteroatoms independently selected from nitrogen, oxygen, and sulfur,

In some embodiments, each Ry, is independently ~ORy, -NHR,, -NR Ry, optionally substituted
alkyl, dptionally substituted alkenyl, optionally substituted alkynyl, opf-ionally substituted ‘
- carbocyclyl, optionally substituted aryl, optionally substituted hetcrdaryl, optionally

substituted heterocyclyl, -SR¢, -S(O)R,, -S(0)2R., C(O)R;, -C(O)OR,, or -C(O)NRR;. In
some embodiments, Ry, is optionally Substitufed 3- to 7-membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some |
embodiments, Ry is Cz—Cg alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, C4-C; cycloalkylalkyl,
mono or polycyclic aryl, or mono or polycyclic heteroaryl. In certain embodiments, 'Rb.is
optionally substituted from 1 to 3 times with substituents independently selected from the
group consisting of halogen, -H, -OR,, -C(O)Ry, -C(O)OR., -C(O)NR Ry, -NHRy, -NR4Ry, -
SR., -S(O)R, -S(0)2R, -NH3, -CN, -NO,, C;-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C3-Cg

. cycloalkyl, C4-C cycloalkylalkyl, monocyclic aryl, and polycyclic aryl.
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In some embodiments, each R, is independently optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl

Voptlonally substituted heterocyclyl, optlonally substituted aryl, or opt1onally subst1tuted

heteroaryl. In some embodiments, R; is Cy.¢ alkyl (e. g., methyl, ethyl, isopropyl, cyclopropyl,
t-butyl), cycloalkyl, 3- to 7-membered heterbcyclyl, aryl, or heteroaryl.v In some “
embodiments, R, is optionally substituted phenyi.' In some embodiments, R, is an éptionally '
substituted 5- to 10-membered heteroaryl having 1-4 heteroatoms independently selected

" from nitrogen, oxygen, and sulfur.

In séme embodiments, each Ry is independently optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, -COR,, S(O)R., S(O),R., optionally
substltuted alkylaryl or optmnaliy substituted aryl. In some embodiments, Ry is alkyl -

~ COR,, S(O)Rc, S(O)2R., phenyl, benzyl, substituted benzyl, or aryl.

15«

20

25

30

In some embodiments, each ‘Rc 18 independentlyv hyc»iro.gen,‘“halo, -OH, -OR., ;NHz, -NHR,, -
NHSOR. -NR{SO2R., NRcRy, -CN, optionally substituted alkyl, optionally substituted
alkenyl, op‘aonally substltuted alkynyl optlonally substltuted aryl, optionally substltuted
heteroaryl optlonally substltuted hcterocyclyl -CORC, or -NHCORc In some embodlments

Reis -H, -F, -OH, -OR,, -NHs, -NHR,, -NHSO;R,, NR.Ry, -CN, aryl, heterocyclyl, -

trifluoroacetyl, acetyl, or NH-acetyl.

In some embodiments, each Ry is independently -H or Cy.6 alkyl.

. In some embodiments, each R, is independently hydrogen, halo, —OH, -OR,, -NH;, -NHR,, -

NHSO,R. -NR$SOzR NRcRy, -CN, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -COR,, or -NHCOR,. In some embodiments,
Rgis -H, -F, -OH, -OR., -NH;, -NHR,, -NHSO2R, NR(Ry, -CN, aryl, heterocyclyl,
trifluoreacetyl, dcetyl, or NH-acetyl.

In some embodiments, Rq and R, are each fluoro. In some embodiments, Rgq and R, are each

methyl. In some embodiments, Rq and R, are taken together to form =O. In some

embodiments, Rq and R, are taken together to form a 4-, 5-, or 6-membered spiro-fused

heterocycle .or carbocycle.
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In some embodiments, Ry and R, are each fluoro. In some embodiments, Rq and R; are each '
methyl. In some embodim‘ents,' R4 and Ry are taken together to form =O. In some
embodiments, Rq and R, are taken toéether to form a 4-, 5-, or 6—member¢d spiro-fused

heterocycle or carbocycle.

i

" In some embodiments, R' is ~CN or -SONH,. In some embodiments, R' is one of the

following:

PO A AR
oy  gQgAEJEJ

3

Ry

wheréin Ra, R, Re, and Ry aré described herein, andnis 0, 1, or 2.

In some émbodimenté, R'is ~C(O)R, wherein R is optionally substituted heterocyclyl.”I.n

By

r
N B

.some embodiments, R! is —~C(O)R, wherein Ris Rd' Re. In some embodiments, R' is — -

| C(O)R wherein R is one of the follomg:-:~

Mwww.lvwww Nw nane

e
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N N
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In some embodiments, R, is one of the following'

TR ole 5 ¥o! ohd S

. Rd p
o é’(\ Ry S Rdr“‘\ ‘ﬁ,\ -Rq ) ’Rd ‘XLN/\ : T

5 ¢ o QOV‘ ol

R S ,Q VP, O el

R

In some embodlments R, is one of the following:

QRPRRLRRR R RG R 2%

wan

) - TOTTYOT T T 0
N N N N _No _N N N N N N
Q5 Q0 aREQVOT O Qo
N CF,
_NH HO N ) N N :
(;/S\\gH . \fOr ) NH H' H,N  HpN HNS AN . Q Q 0 . xb,{
/J\O- » N
T T T T T 7T T T T
N N N N N N N N N N N N
. : 3o . .
SYSRSIUISRLLS 2%,
N NH ¢ N HO =N =N
@ 8 8 Sy ¢ SO g B
| RPROYRO N
' H H )
HNT o

In some embodiments, Ry, is one of the following:

oo 1 |
OH, NH, [ D) E ] E j [Nj
L I}';Id n 0 N o |
Ry , whereinnis 1 or 2.

10 ' In some embodiments, R, is one of the following:

Ry ,whereinnis 1 or 2.

37



10

15

20

WO 2013/147711 , ' PCT/SG2013/000126

A
. o | /J/j N}LLL‘” N
In some embodiments, R' and R are taken together to form: S

OYEOTKE

In some embodiments, R? is ~H, -CN, -NH,, -SO,NH,, ¢ » o
In some efhbodiments, Rz, R3, R“, -Rs, R6, Rg, and R® are each hydrogeh.

In some embodilﬂéﬁfs;f‘a»prOVided compoﬁnd' is'of Formula (Ia):

R4

R
R N
L2
Xyzear/

X

or a“pharmaceutically acceptable form thereof, wherein

X1, X3, and X3 are independently N or C;

X4 and X5 are independently N or CR*;
wherein at least one of X, Xz, Xs; X4, and X5 is N;

X7is Nor CRY;

Xgis Nor CR”;

‘

R', R%, R, R°, R% R7, R%, R%, R", and R! are independently hydrogen, halogen,
optionally substituted aliphatic, optionally substituted aryl, optionally substituted carbocyclyl,

optionally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),, . ...

-NO;, -C(O)R, -CO;R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO,R, -SO,N(R),, -OC(O)R, -
NRC(O)R, -NRSO3R, or -NRC(O)N(R),;

 cachRis independently hydrogen, optionally substituted C;.¢ aliphatic, optionally
substituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or
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optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken .
together to form an optionally substituted heterocycle '

each R* is 1ndependently hydrogen halogen, or optionally substltuted Cr 6 ahphatlc

and

R and R? R®and R, R? and RY, R’ and R", R and R"", R’ and R%, R® and R, R’
and R8 or R® and R® may. be optionally taken together to form an optlonally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (Ia-i):

ora pharmadeutically acceptable form thereof, wherein

. X, Xz, and X are independently N or C;

X4 and X5 are mdcpendently N or CR%;
wherein at least. one of X, X, X3, X4 and X5 is N;

X7is N or CRIO;

Xsis N or CR';

R, RE R R RS R7, RB, R’ R’O, and R are mdependenﬂy hydrogen, halogen,
optionally substituted aiiphatic, optionally substituted aryl, optionally substituted carbocyelyl,
optionally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),,
-NO;, -C(O)R, -CO2R, -C(O)N(R),, -C(O)NROR, -S(O)R, -SO,R, -SO,N(R),, -OC(O)R, -
NRC(O)R, -NRSO,R, or -NRC(O)N(R)s: |

each R is independently hydrogen, optionally substituted C,.¢ aliphatic, optionally
substituted Aaryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or
optionally substituted heterocyclyl; or Mo R groups on the same nitrogen may be taken

together to form an optionally substituted heteroéycle;
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each R? is independently hydrogen, halogen, or optionally substituted C, ¢ aliphatic;
and . : ' |
R' and R?, R? and R®, R® and R*, R! and R”, R and R!!, R® and RS, R and R, R’
and R®, or R® and R’ may be optionally taken together to form an optiqnally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ri'ng.‘

In some embodiments, a providéd compound is of Formula (Ib):

| Xe
_N
R? X X >
.. B . H \)

R6

“R7 ~ (Ib)
ora pharmaceuticdlly 5cceptabl’e form thereof; wherein o
X, X», and X3 are independently N or C;

" X4, X5, X¢ are independently N or CR*;

wherein at least one of X;, X5, X3, X4, X5, and Xg is N;-

X71s N or CH;

Xgis N or CH;

R' is <C(O)R, wherein R is optionally substituted heterocyclyl;

R?, R’, R, and R are independently —H, -F, -Cl, -CN, -CHs, -CFs, <CHF,, -C(O)NH,
-OH,—OC;Aalkyl, or —OCF;; or R6 and R” are taken tégether to form a 5-6 membcréd fused
heterocyclyl or heteroaryl moiety; and ' ‘

cach R*is independently hydrogen or Ci.6 alkyl.

In some embodiments, a provided compound is of Formula (Ib-i):
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o LR @
" or 'a‘pharn.laceutically acc_'eptaﬁ]e form thereof, whéyein :
Xl? X», and X3 are independently N or C;
X4 and X5 are independently N or CRY; . -
5  wherein at least one of Xl, Xa, X3, X4, and X is N
- Xyis Nor CH
Xg is N or CH;

is a single or double bond as valency allows
!is -C(O)R, wherein R is optionally substituted hetefocyclyl"
10 RZ R’, RS, and R’ areindependently -H, -F, -Cl, -CN, -CHj, -CFs, -CHF, -C{O)NH, .
-OH,~0C, 4alkyl, or ——OCF "3; O R6 and R7 are taken together to form a 5 6 membered fused
' Mheterocyclyl or heteroaryl moiety; and
each R* is independently hydrogen or Cy.¢ alkyl.

15 In some embodiments, R* is hydrogen.

In some embodiments, a provided compound is of Formula (Ib-ii):

N
RP - Xj X7
2
i S
R2 \ X3 o~ .
x7 %
4)(7
R! X3 » :
Y ' RS

R’ (Ib-ii)

or a pharmaceutically acceptable form thereof, wherein
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Xy, X5, and X3 are independently N or C;
X, and Xs are ihdgpend'ently Nor CR";
wherein at least one of X;, X, X3, X4, and X5_ is N;
X7 is N or CH; |
Xgis N or CH;
R' is -C(O)R, wherein R is optionally substituted heterocyclyl;
R% R%, R®, and R’ are independently —H, -F, -Cl, -CN, ~CHs, ~CF, -CHF,, -C(O)NH,,

- -OH,-OC 4alkyl, or OCF3; or R® and R” are taken together to form a 5-6 membered fused

heterocyclyl or heteroaryl moiety; and

each R* is independently hydfpgcn or Cy.¢ alkyl.

In some embodiments, a provided compound is of Formula (fe):

X%\T?N
)
N~ N\X2

RS

X[

or a pharmaceutically acceptable form thereof, wherein

X1, and X; are independently N or C;

X4 and X are independently N or CRY;

X718 Nor ACRIO; . B

XgisNor CR'; - "

R R% R, R, RS R7,RE, R, and R"! are independently hydrogen, halogen,
optionally substituted aliphétic,, optionally substituted aryl, optionally substituted cafbocyclyi,
optionally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),,
-NO3, -C(O)R, -CO2R, -C{O)N(R),, -C{O)NROR, -S(O)R, -SOsR, -SO,N(R),, -OC(O)R, - .'
NRC(O)R, -NRSOzR, or -NRC(O)NR)z; '

each R is independently hydrogen, optionally substituted C;_¢ aliphatic, optiohally
substituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl; or
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optlonally substituted heterocyclyl; or two R groups on the same nitrogen may be taken
together to form an optionally substituted heterocycle ' '
each R4 is 1ndependently hydrogen, halo gen, Or optlonally substxtuted C 1-6 ahphatlc,
and .
5 R' and R?, R2 and R, R3 and R%, R' and R", R" and R, R® and R, R6 andR", R’
and R8 or R® and R® may be optionally taken together to form an optionally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (Ic-i):

10 ) (Te-i)
" or a pharmaceutically acceptable form thereof, wherein -
Xl,. and X, are independently N or C;
| .9 and X5 are mdependen’dy N or CR4
"X7 isN or CH;
15 . XglsNorQH, ,
R'is -C(O)R, wherein R is optionally substituted heterocyclyl;
R* R*,R%, and R are independently —H, -F, -Cl, -CN, -CHj, -CF3, -CHF,, -C(O)NH,
“OH ~OC14aIky1 or ~OCFs; or R® and R” are taken together to form a 5-6 membered fused
- heterocyclyl or heteroaryl moiety; and
20 each R* is independently hydrogen or Ci¢ alkyl.

In some embodiments, a provided compound is of Formula (Id): -
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| ora pharmaceutlcally acceptable form thereof wherem '

Xy, and X5 are mdependently NorC,
X, and X;s are independently N or_CR";'
X7isNor CR';

Xsis N of cR';

is a double bond;
R, R, R3 R, RE, R", RY, R10 and R"! are independently hydrogen, halogen,

‘ op’uonally substituted aliphatic, optionally substituted aryl, optionally substltuted carbocyclyl,

optionally substituted heteroaryl, optlonally subsututed heterocyclyl -CN, -OR, -SR, ~N(R)2,
-NO,, -C(O)R, -COsR; -C(O)N(R)z,.~C(O)NRQR, -S(O)R, -SOR, -SO2N(R):, ~OC(O)R_ -
NRC(O)R, -NRSO;R, or -NRC(O)N(R)3; | ' L
each R is independently hydrogen optionally substituted C,. aliphatic, optlonaHy
substlmted aryl, optlonally subst1mted carbocyelyl, optionally substituted hetcroaryl, or

optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken

together to form an op‘uonally substituted heterocycle;

each R*is mdependently hydrogen, halogen, or optlonally substltuted CH@ ahphatlc
R and R? R? and R, R® and R*, R and R', R' and R"", R® and R®, R® and R, R’
and R®, or R® and R’ may be optionally taken together to form an optionally substituted 5-6

membered carbocyclic, aryl, heterocyclic, or heteroaryl ring.

In some embodiments, a provided compound is of Formula (Ed-i):
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RS

| | R (1d-i)
or a pharmaceutically acceptable form thereof, wherein |
X1, and X, are independenﬂy NorC; -
X4 and Xs are independently N or CR
X7is Nor CH;. - ’
Xgis N or CH; -

‘one 3= is a single bond, and the other-===== is a double bond;

R'is -C(O)R, wherein R is an optionally substituted heterocyclyl;

R%, R, R, and R’ are independently —H, -F, -Cl, -CN, -CHj, -CF;, -CHF,, -C(O)NH,
-OH,~OC; salkyl, or ~OCFs3; or R® and R’ are taken together to, form a 5-6 membered fused
heterocyclyl or heteroaryl; and ' ‘

each R* is independently hydrogen or C;.¢ alkyl.

* Insome embodiﬁients, for any of the formulae described herein, X7 and Xg ,ar'e each CH

In some embodiments, a provided compound is of Formula (XI), (III), (IV), W), (VI), or

(VID):
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R3 N?Y/N

Rz@)\w /
. R?
R!

. RS
RS

R7

Formula I1

Formula V

R AN
R? SN .
R! RS
R %7
Formula IIIV
FormulaVI

PCT/SG2013/000126

Formula IV ‘-

R7

Formula VII N

.-In some embod1ments, for Formula (1), (ITID), (IV),.(V), (VI), or (VII) Rlis ——C(O)R as -

described herein.

In some embodiments, a provided compound is of Formula (IIa) (IIIa), (IVa), (Va) (VIa) '

T oor (V IIa):

R3

Formula ITa

3 -N,
R NN

R2 ~ =~
1
R RS
R7

Formula Va

RS. =~ /N
R2 > . /
N N
RS
R7

Formula Hlia

RD NN
RZ \{ >

N
1
R . QRﬁ

R

Formula VIa

- 46
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In some embodiments, a provided compound is of Formula (IIa-l), (IIIa—l) (IVa-i), (Va-i),

(VIa-i), or (VIIa-l)

N7

Formula Va-i

Formula Via-i

Formula VHa-i_

In some ernbodnnents a prov1ded compound is of Formula (Ib), (IIIb) (IVb), (Vb), (Vib),

or (VIIb): -
R3 N7 /N
RI

Y

Formula IIb

. R3 Z N ’N\
RrR2 N
N
R]

R7

Formula Vb

R3 = /N
2 PN Y/,
R N‘N
Rl

Formula I0b
R? N7 >N
S
R? x N> 4
Rl < :}
R?
Formula Vib
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In some embodiments, a prov1ded compound is of Formula (IIb—l) (IIIb-x) (IVb-l), (Vb-l)
(VIb-l) or (VIIb-i):

NP N=N
R2 s N7 R2 SN/
0
. N7

Formula Ib-i  FormulaIllb-i Formula IVb-i

VFormula Vb-i N Formula VIb-i Formula VIIb-i

In some embodiments, a provided compound 1s of Formula (IIc) (IIIc) (IVc) (Vc) (VIc),
5 or (VIIc) ‘

R2
R
0
Formula Il¢
~ N"N\
R? S, A
R
0
CN
Formula V¢ Formula Vic Formula Viie

In somé embodiments, R is optionally substituted heterocyclyl.

10  In some embodiments, a provided compound is one of the following:
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e

CN[]

, K YQJ:T/ N/»
Y‘/‘i N
: o o : e

. ar [] NN, . \/N’N\

NN Y@/g% ?}@(@‘:/ : N
. SN o [ ° <
0 A N LS N SO
e A Q LW -
O ﬁ CN OH '

N

The present invention also provides pharmaceutical compositions comprising an effective
amount of a compound described hé'réin ora pharmaceﬁtically accéptable form (e.g.,
: pharmaceutlcal}y acceptable salt or prodrug) thereof, and, optionally, a pharmaceutlcally

) ’ A\
5  acceptable excipient.

* Pharmaceutically acceptable excipients include any and all solvents,‘diluents or other liquid
vehicles, dispersioh or suspension aids, sMaqe active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders lubricants and the like, as suited to the

10 particular dosage form desired. General considerations in formulation and/or manufacture of
pharmaceutlcal compositions agents can be found, for example, in Remmgz‘on S
Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa.,
1980), and Remington: The Science and Practice of Pharmac;y,ﬂ 21st Edition (Lippincott-

Williams & Wilkins, 2005). | | |

15 |
Pharmaceutical compositions described herein can be prepared by any method known in the

~ art of pharmacology. In general, such preparatory methods include the steps of bringing the

compound of the present invention (the “active ingredient™) into association with a carrier

49



10

15

20 -

25

30

WO 2013/147711 . . o ‘ PCT/SG2013/000126

and/or one or more other accessory ingredients, and then, if necessary and/or desirable,

shaping :_a,nd/or packaging the product into a desired single- or multi-dose unit.

- Pharmaceutical compos1t1ons can be prepared packaged and/or sold in bulk as a smgle unit

dose, and/or as a plurahty of single unit doses. As used herem, a umt dose is discrete
amount of the pharmaceutical composition comprising a predetermmed amount of the active

ingredient. The amount of the active ingredient is gerierally equal to the dosage of the active

.ingredient which would be administered to a subject and/or a convenient fraction of such a

dosage such as, for example, one~half or one-third of such a dosage.

Relative amounts of the active ingredient, the pharmaceutically acceptable excipient, and/or

‘any additional ingredients in a pharmaceutical composition of the invention will vary,

depending upon the identity, size, and/or condition of the subject treated and further
depending upon the route by which the composition is to be administered. By way of

example, the composition may comprise between 0.1% and 100% (w/w) active ingredient.

Pharmaceutlcally acceptable exc1p1ents used in the manufacture of provxded pharmaceutxcal

compositions. include inert dlluents dlspersmg and/or granulatmg agents, surface active

‘agents and/or emuls1ﬁers dzsmtegratmg agents, bmdmg agents, preservatives, buffenng

‘agents, lubricating agents, and/or oils. Excipients such as cocoa butter and suppository -

waxes, coloring agents, coating agents, sweetening, flavoring, and perfuming agents may also

be present in the composition.

Exemplary diluents include calcium carbonate, sodium carbonate, calcium phosphate,
dicalcium phosphate, calcium sulfate, calcium hydrogen phosphate, sodium phosphate
lactose, sucrose, cellulose, microcrystalline cellulose, kaolin, mannitol, sorbitol, inositol,

sodium chloride, dry starch, cornstarch, powdered sugar, etc., and combinations thereof.

Exemplary granulating and/or dispersing agents include potato sté:rch, corn starch, tapioca

- starch, sodium starch glycolate, clays, alginic acid, guar gum, citrus pulp, agar, b.entonite,

cellulose and wood products, natural sponge, cation—exchange resins, calcium carbonate,
silicates, sodium carbonate, cross-linked poly(vinyl-pyrrolidone) (crospovidone), sodium
carboxymethyl starch (sodium starch glycolate), carboxymethyl cellulose, cross~linked

sodium carboxymethyl cellulose (croscarmellose), methylcellulose, pregelatinized starch-
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(starch 1500), microcrystalline starch, water ihsoluble starch, calcium carboxymethyl
cellulose, magnesmm aluminum silicate (Veegum), sodmm Ia\uyl sulfate, quaternary

ammomum compounds, etc., and combinations thereof

Exemplary surface active agents and/or emulsifiers include natural emulsifiers (e.g. acacia,
agar, alginic acid, sodium alginate, tragacanth, chondrux, cholesterol, xanthan, pectin,
gelatin, egg yolk, casein, wool fat, cholesterol, wéx, and lecithin), colloidal cldys (eg

bentonite (aluminum silicate) and Veegum (magnesium aluminum silicate)), long chain

-~ amino acid derivatives, high molecular weight alcohols (e.g. stearyl alcohol, ceétyl alcohol,

oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyceryi monostearate, and -

propylene-glycol monostearate, polyvinyl alcohol), carbomers-(e.g. carboxy polymethylene,

- polyacrylic acid, acrylic acid polymer, and carboxyvinyl polymer), carrageenan, cellulosic
derivatives (e.g. carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl

cellulose, hydfoxypropyl cellulose, hydroxypropyl methylcellulose, methylcellulose),

.- sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate (Tween 20),

polyoxyethylene sorbitan (Tween 60), polyoxyethylene sorbitan monooleate (Tween 80),

' sorbitan monopalmitate (Span 40), sorbitan monostearate (Span 60), sorbitan tristearate (Span

65), glyceryl monooleate, sorbitan monooleate (Span 80)), polyoxyethylene esters (e.g.
polybxyethylépc monostearate (Myrj 45), polyoxyethylene hydrogenated castor oil,

polyethoxylated castor oil, polyoxymethylene stearate, and Solutol), sucrose fatty acid esters,

- polyethylene glycol fatty acid esters (e.g. CREMOPHOR), polyoxyethylene ethers, (e.g.

polyoxyethylene lauryl ether (Bn_} 30)), poly(vmy1~—pyrrohdone), diethylene glycol

monolaurate, tnethanolamme oleate, sodium oleate, potassmm oleate ethyl oleate, oleic acid,

. ethyl laurate, sodium lauryl sulfate, Pluronic F-68, Poloxamer P188, cetrimonium bromide,

cetylpyridinium chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations

thereof.

Exemplary binding agents include starch (e.g. cornstarch and starch paste), gelatin, sugars

(e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose, lactitol, mannitol, etc.), natural

~and synthetic gums (e.g. acacia, sodium alginate, extract of Irish moss, panwar gum, ghatti

gum, mucilage of isapol husks, carboxymethylcellulose, methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose,
microcrystalline cellulose, cellulose acetate, poly(vinyl-pyrrolidone), magnesium aluminum

silicate (Veegum), and larch arabogalactan), alginaies, polyethylene oxide, poiyethylcne
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glycol, inorganic calcium salts, sxhcw acid, polymethacrylates waxes, water, alcohol, etc.,

and/or combmatlons thereof

'Exemplary preservatives include antioxidants, chelating agents, antimicrobial preservatives,

antifungal preservatives, alcohol preservatives, acidic preservatives, and other preservatives.

Exemplary antioxidants include alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene, monothioglycerol, potassium metabisulfite,
propionic-acid, propyl gallate, sodium ascorbate, sodium bisulfite, sodium metabisu]ﬁt_'é, and

sodium sulfite.

Exemplary chelating agents include ethylenediaminetetraacetic acid (EDTA) and salts and

hydrates thereof (e.g., sodium edetate, disodium edetate, trisodium edetate, calcium disodium

. edetate, dipotaésium edetate, and the like), citric acid and salts and hydrates thereof (e.g. ,

. citric acid monohydrate), fumaric acid and salts and hydrates thereof, malic acid and salts and

hydrates thereof, phosphoric acid and salts and hydrates thereof, and tartaric acid and salts

‘and hydrates thereof. 'Exemplary antimicrobial .preservatives include benzalkonium chloride,
‘benzethonium chloﬁde ‘benzyl alcohol, bronopol, 4éetrimide, cetylpyridinium chloride,
,‘ chlorhemdmc chlorobutanol chlorocresol, chloroxylenol, crésol, ethyl alcohol, glycerin, -

.hexctldme 1m1durea phenol, phenoxyethanol, phenylethy! alcohol, phenylmercuric nitrate,

propylene glycol, and thimerosal.

Exemplary antifungal pfeservatives include bﬁtyl paraben, methyl paraben, ethyl paraben, V

- propyl paraben, benzoic acid, hydroxybenzoic acid, potassium benzoate, potassium sorbate,

sodium benzoate, sodium propionate, and sorbic acid.

Exemplary alcohol preservatives include ethanol, polyethylene glycol, phenel, phenolic
compounds, bisphenol, chlorobutanol, hydroxybenzoate, and phenylethyl alcohol.

Exemplary acidic preservatives include vitamin A, vitamin C, vitamin E, beta—carotene, citric

acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic acid, and phytic acid.

Other preservatives include tocopherol, tocopherol acetate, deteroxime mesylate, cetrimide,

butylated hydroxyanisol (BHA), butylated hydroxytoluened (BHT), ethylenediamine, sodium -
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lauryl sulfate (SLS), sodium lauryl ether sulfate (SLES), sodium bisulfite, sodium .

metabisulfite, potassium sulfite, potassium metabisulfite, Glydant Plus, Phenonip,

‘ methylparaben, Germall 115, GermaBen 11, Neolone, Kathon, ahd Euxyl. In certain

embodiments, the preservative is an anti~oxidant. In other embodiments, i:he'pfeserv;ltive isa .

chelating agent. .

Exemplary buffering agents include citrate buffer solutions, acetate buffer solutions,

* phosphate buffer solutions, ammonium chloride, calcium carbonate, calctum chloride, -

" calcium citrate, calcium glubiohate, calcium gluceptate, calcium gluconate, D—gluconic acid,

calcium glycerophosphate, calcium lactate, propanoic acid, calcium levulinate, pentanoic
acid, dibasic calcium phosphate, phosphoric acid, tribasic calcium phosphate, calcium
hydroxide phosbhate, potassium acetate, potassium chloride, potassium gluconate, potassium -
mixtures, dibasic potassium phosphate, monobasic potassium phosphate, potassium - |
phosphate mixfures; sodium acetate, sodium bicarbonate, sodium chloride, sodium citrate,
sodium lactate, dibasic sodium phosphate; monobasic sodium phosphate, sodium phospha-ue,
mixfures, tromethamine; magnesium hyciroxide, aluminum hydroxide, alginic acid, pyrogen—

free water, isotonic saline, Rir‘lger’s‘solution, ethyl alcohol, etc., and combinations thereof.

Exemplary lubrlcatm g agents include magnesium stearate, calcium stearate, stearic acid,
silica, talc, malt, glyceryl behanate, hydrogenated vegetable oils, polyethylene glycol, sodium
bénzoaté, sodium acetate, sodium chloride, leucine, magnesium lauryl sulfate, sodium lauryl

sulfate, etc., and combinations thereof.

Exemplary natural oils includé almond, apricot kernel, avocado, babassu, bergamot, black
current seed, borage, cade, camomile, canola, caraway, carnauba, castor, cinnamon, cocoa
butter, coconut, _codbliver, coffee, corn, cot-ton seed, emu, encalyptus, evening primrose, fish,
flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isdpropyl myristate, jojoba, kukui
nut, lavandin, lavender, lemon, litsea cubeba, macademia nut, mallow, mango seed,
meadowfoam seed, mink, nutmeg, olive, orange, orange roughy, palm, palm kernel, peach
kernel, peanut, poppy seed, pumpkin seed, rapeseed, rice bran, rosemary; safflower,
sandalwood, sasquana, savoury, sea buckthomn, sesame, shea butter, silicone, soybean,
sunflower, tea tree, thistle, tsubaki, vetiver, walnut, and wheat gérm oils. Exemplary

synthetic oils include, but are not limited to, butyl stearate, caprylic triglyc_eride, capric

53



10

15

20°

25

-30

WO 2013/147711 Co S PCT/8G2013/000126

triglyceride, cyclomethicone, diethyl sebacate, dimethicone 360, isopropyl myristate, mineral .

oil, octyldodecanol, oleyl alcohol, silicone oil, and combinations thereof.

- Liquid dbsage forms for oral and parenteral administration include pharmaceutically |

acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition
to the active ingredients, the liquid dosage forms may comprise inert diluents commonly used
in the art such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol,‘isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzéate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (e.g., cottonseed,
groﬁndnut, corn, germ, olive, castor, and sésame oils), glycerol, tetrahydrofurfuryl alédhol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtﬁres thereof. Besides inert

diluents, the oral compositions can include adjuvants such as wetting agents, emulsifying and -

- suspending agents, sweetening, flavoring, and perfuming agents. In certain embodiments for

parenteral administration, the conjugates of the invgntion are mixed with solubilizing agents

such as CREMOPHOR, alcohols, oils, modified oils, glycols, polysbrbates, cyclodextrins,

polymers, and combinations thereof.

Injectable pfeparations, for exémple, sterile injectable aqueous or oleaginous suspensions can

be formulated according to the known art using suitable dispersing or wetting agents and

suspending agents. The sterile injectable preparation can be a sterile injectable solution,
suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for example,

as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that can be

~ employed are water, Ringer’s solution, U.S.P. and isotonic sodium chloride solution. In

addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
For this purpose any bland fixed oil can be employed including synthetic mono— or
diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of

injectables.

The injectable formulations can be sterilized, for example, by filtration through a bacterial-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other sterile injectable medium priot to

use.
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In order to prolong the effect ofa drug, it is often desirable to slow the absorptlon of the drug ‘

from subcutaneous or intramuscular mjectlon This can be accomphshed by the use of a -

,hqmd suspension of crystalline or amorphous matcnal with poor water solubility. The rate of

absorption of the drug then depends upon its rate of dissolution which, in turn, may depend -
upon crystal size and crystalline form. Alternatively, delayed absorption of a parenterally
administered drug form is accomplished by dissolving or suspending the drug in an oil

vehicle.

Compositions for rectal or vaginal aid‘minisfration are typically suppositories which can be
prepared by miiing the coﬁjugates of this invention with suitable non-irritating excipients or- .
carriers such as cocoa butter, polyethylene glycol or a suppository wax which are solid at
ambient temperature but liquid at body temperature and t@crcfore melt in ‘”the rectum or

vaginal cavity and release the active ingredient.

Solid dosage forms for oral administration include capsules, tablets, pills, powders, and

granules. In such solid dosage forms, the active ingredient is mixed with at least one mert,
pharmaceutlcally acceptable exc:lp]ent or carrier such as sodlum citrate or dlcalcxum _
phosphate and/or a) fillers or extenders such as starches lactose, sucrose, glucose manmtol
and silicic acid, b) binders such as, for example carboxymethylcellulose, algmates gclatm,
polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d) dlsmtegratmg '
agents such as agar, calcium carbonate, potato or tapioca starch, alginic acid' certain silicates,
and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption accelerators

such as quaternary ammonium compounds, g) wettmg agents such as, for example, cetyl

- alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and 1)
25 7

lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the

dosage form may comprise buffering agents.

Solid compositions of a similar type can be employed as fillers in soft and hard-filled gelaﬁn
capsules using such excipients as lactose or milk sugar as well as high molecular weight

polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules, pills,

and granules can be prepared with-coatings and shells such as enteric coatings and other

coatings well known in the pharmaceutical formulating art. They may optionally comprise

opacifying agents and can be of a composition that they release the ‘act‘ive ingredient(s) only,
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or preferentially, in a certain part of the intestinal tract, opti“onall_'y, in a delayed manner.
Examples of embedding compositions which can be used inclade polymeric substances and -
waxes. Solid cbmpositions of a similar type can bevemployéd as fillers in soft and hard—filled

gelatin capsules using such excipients as lactose or milk sugar as well as high molecular - ‘

" weight polethylene glycols and the like.

The active ingredients can be in micro—encapsulated form with one or more excipients as
noted above. The splid dosage forms of tablets, dragees, capsules, pills, and granules 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 |

the active ingredient can be admixed with at least one inert diluent such as sucrose, lactose or

- starch. Such dosage forms may comprise, as is normal‘practice‘ additional substances other

than inert diluents, e.g., tabletmg lubncants and other tabletmg aids such a magnesxum
stearate and mmrocrystalhne cellulose. In the case of capsules, tablets and pills, the dosage
forms may compnse buffering agents They may optlonally comprise opacifying agents and

can be of a composition that they release the active ingredient(s) only, or preferentially, in a

certain part of the intestinal tract, optlonally, ina delayed manner. Examples of embedding

composmons which can be used include polymenc substances and waxes.

Dosage forms for topical and/or transdermal administration of -a compound of this invention
may include ointments, pastes, ¢reams, lotions, gels, powders, solutions, sprays, inhalants
and/or patches. Generally, the active ingredient is admixed under sterile conditions with a

phannaceutically acceptable carrier and/or any needed preservatives and/or buffers as can be

- required. Additionally, the present invention contemplates the use of transdermal patches,
25 .

which often have the added advantage of providing controlled dehvery of an active mgredlent
to the body. Such dosage forms can be prepared, for example, by dissolving and/or
dispensing the active ingredient in the proper medium. Alternatively or additionally, the rate

can be controlled by either providing a rate controlling membrane and/or by dispersing the

active ingredient in a polymer matrix and/or gel.

Suitable devices for use in delivering intradermal pharmaceutical compositions described
herein include short needle devices such as those described in U.S. Patents 4,886,499;
5,190,521; 5,328,483; 5,527,288; 4,270,537; 5,015,235; 5,141,496; and 5,417,662.

Intradermal compositions.can be administered by devices which limit the effective

56



10

15

20

30

WO 2013/147711 : ) ' PCT/8G2013/000126

penetration length of a needle into the skin, such as those described in PCT publication WO

99/34850 and functional equivalents thereof. Jet injection devices which deliver liquids to

" the dermis via a liquid jet injector and/or via a needle which pierces the stratum comeum and -

produces a jet which reaches the dermis are suitable. Jet injection devices are described, for

 example, in U.S. Patents 5,480,381; 5,599,302; 5,334,144; 5,993 412; 5,649,912; 5,569,189;

5,704,91 1; 5,383,851, 5,893,397; 5,466,220, 5,339,163; 5,3 12;335; 5,503,627; 5,064,413;
5,520,639; 4,596,556; 4,790,824; 4,941,880; 4,940,460; and PCT publications WO 97/37705
and WO 97/13537. Ballistic powder/particle.delivery devices which use compressed gasto -
accelerate vaccine in powder form through the outer layers of the skin to the dermis are
suitable. Alternatively or additionally, conventional syringes can be used in the classical

mantdux method of intradermal administration.

Formulations suitable for topical administration include, but are not limited to, liquid and/or

semi liquid preparations such as liniments, lotions, oil in water and/or water in oil emulsions

such as creams, ointments and/or pastes, and/or solutions and/or suspensions. Topically—

administrable formulations may, for example, comprise from about 1% to about 10% (w/w)
active ingredient, although the concentration of the active ingredient can be as high as the

solubility limit of the active ingredient in the solvent.  Formulations for topical administration

* may further comprise one or more of the additional ingredients described herein.

A pharmaceutical composition of the invention can be prepared, packaged, and/or sold in a
formulation suitable for pulmonary administration via the buccal cavity. Such a formulation

may comprise dry particles Wﬁich compﬁée the active ingredient and which have a diameter

- in the range from about 0.5 to about 7 nariometers or from about 1 to about 6 nanometers.
25 -

Such compositions are conveniently in the form of dry powders for administration using a

device comprising a dry powder reservoir to which a stream of propellant can be directed to

~ disperse the powder and/or using a self propelling solvent/powder dispensing container such

as a device comprising the active ingredient dissolved and/or suspended in a Jow-boiling
propellant in a sealed container; Such powders comprise particles wherein at least 98% of the
particles by weight have a diameter greater than 0.5 nanometers and at least 95% of the
particles by number have a diameter less than 7 nanometers. Alternétively, at least 95% of
the particles by weight have a diameter greater than 1 nanometer and at least 90% of the

particles by number have a diameter less than 6 nanometers. Dry powder compositions may

1
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include a solid fine powder diluent such as sugar and are conveniently provided in a unit dose

form.

Low boﬂmg propellants generally mclude hquld propellants havmg a bmhng pomt of below

65 °F at atmospheric pressure. Generally the propellant may constitute 50 to 99.9% (w/w) of

. the composition, and the active ingredient may constitute 0.1 to 20% (w/w) of the .

composition. The propellant may further comprise additional ingredients such as a liquid

" non—ionic and/or solid anionic surfactant and/or a solid diluent (which may have a particle

size of the same order as particles comprising the active ingredient). .

Pharmaceutical compositions of the invention formulated for pulmonary delivery may
provide the active ingredient in the form of droplets of a solution and/or suspension. Such
formulations can be prepared, packaged, and/or sold as aquéous and/br dilute alcoholic
solutions and/or suspensmns optionally sterile, compnsmg the active 1ngred1ent and may
convemenﬂy be admmlstered using any nebuhzatlon and/or atomlzanon devwe Such
formulations may further compnse one or more additional ingredients including, but not
limited to, a ﬂavormg agent such as saccharin sodium, a volatile oil, a buffering agent, a

surface active agent, and/or a preservatwe such as methylhydroxybenzoate The droplets

' prov1dcd by this route of admmlstratlon may have an average diameter in the range from

. about 0.1 to about 200 nanometers.

Formulations described herein as being useful for pulmonary delivery are useful for

intranasal delivery of a pharmaceutical composition of the invention. Another formulation

- suitable for intranasal administration is a coarse powder comprising the active ingredient and

having an average particle from about 0.2 to 500 micrometers. Such a formulation is

administered. by rapid inhalation through the nasal passage from a container of the powder

held close to the nares.

Formulations for nasal administration may, for example, comprise from about as little as
0.1% (w/w) and as much as 100% (w/w) of the active ingredient, and may comprise one or
more of the additional ingredients described herein. A pharmaceutical compeosition of the
invention can be prepared, packaged, and/or sold in a formulation for buccal administration.
Such formulations may, for example, be in the form of tablets and/or lozenges made'using

conventional methods, and may contain, for example, 0.1 to 20% (w/w) active ingredient, the
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balance comprising an orally dissolvable and/or degradable composition and, optionally, one

‘or more of the additional mgredlents described herein. Alternately, formulatlons for buccal

admlmstratlon may compnse a powder and/or an aerosohzed and/or atomlzed solution and/or

' suspenswn compnsmg the active ingredient. Such powdered, aerosolized, and/or aerosohzed .

fonnulatlons, when dispersed, may have an average partlcle and/or droplet size in the range

from about 0.1 to about 200 nanometers, and may further comprise one or more of the

“additional ingredients described herein.

A pharmaceuucal .composition of the invention can bc prepared, packaged, and/or sold in a

formulation for ophthalmic admmzstratlon Such formulations may, for example, be in the

form of eye drops including, for example, a 0.1/1.0% (w/w) solution and/or suspension of the

active ingredient in an aqueous or oily liguid camer Such drops may further comprise

\ ~ buffering agents, salts, and/or one or more other of the addmonal ingredients descnbed

15

20

herein. Other opthalmxcally——admxmstrable formulations which are useful include those
which comprise the actlve in gredlent in mlcrocrystalhne form and/or in a liposomal
preparation. Ear drops and/or eye drops are contemplated-as being within the scope of this

invention.

Although the dosoﬁpti_o_ns of pharmaceutical compositions provided herein are principally -

directed to pharmaceutical compositions which are suitable for administration to humans, it

will be understood by the skilled artisan that such composi{iohé are generally suitable for

administration to animals of all sorts. Modification of pharmaceutical compositions suitable

for administration to humans in order to render the compositions suitable for administration

" - to various animals is well understood, and the ordinarily skilled veterinary pharmacologist

25

.30

can design and/or perform such modification with ordinary experimentation.

Still further encompassed by the invention are kits (e.g., pharmaceutical packs). The kits
provided may comprise an inventive pharmaceutical composition or compound and a
container (e.g., a vial, ampule, bottle, syringe, and/or dispenser package, or other suitable
container). In some embodiments, provided kits may optionally further include a second
container comprising a pharmaceutical excipient for dilution or suspension of an inventive
pharmaceuntical composition or compound. In some embodiments, the inventive
pharmaceutical composition or compound provided in the container and the second container

are combined to form one unit dosage form.
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Optionally, a single container may oompnse one or more compartments for containing an
inventive pharmaceutlcal composmon or compound and/or a pharmaceuﬂcally acceptable

excxplent for suspension or dllutmn In some embodlments, a single container can be

' appropnate for modlﬁcatlon such that the container may receive a phys1ca1 modification so as |

to allow combination of compartments and/or components of 1nd1v1dua1 compartments For

' example, a foil or plastic bag may comprise two or more compartments separated by a

perforated seal which can be broken so as to allow combination of contents of two individual

compartments once the signal to break the seal is generated. A kit may thus comprise such

" multi-compartment containers providing an inventive pharmaceutical composition or

compound and one or more pharmaceutically acceptable excipients.

VOpt.iohally, Ainstructions for usne are additiohally provided in such kits of the invention. Such

instructions may provide, generally, for example, instructions for dosage and admmlstratlon
In other embodlments instructions may further provide additional detail relating to
specialized instructions for particular containers and/or systems for administration. Still
further, instructions niéy'provide specialized instructions for use in conjunction and/or in

combination with an additional therapeutic agent.

Compounds provided herein are typically formulated in dosage unit form for ease of
administration and uniformity of dosage. It will be understood, however, that the total daily
usage of the compositions of the present invention will be decided by the attending physician
within the scope of sound medical judgment. The specific therapeutically effective dose level
for any particular subject or organism will depend upon a variety of factors including the
disease, disorder, or condition being treated and the severity of the disorder; thevactivity/ of
the specific active ingredient erﬁployed; the specific composition employed; the age, body
weight, general health, sex and diet of the subject; the time of administration, route of
administration, and rate of excretion of the specific active ingredient employed; the duration
of the treatment; drugs used in combination or coincidental with the specific active ingredient

employed; and like factors well known in the medical arts.

The compounds and compositions provided herein can be administered by any route,
including enteral (e.g., oral), parenteral, intra\}enous, intramuscular, intra—arterial,

intramedullary, intrathecal, subcutaneous, intraventricular, transdermal, interdermal, rectal,
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intravaginal, intraperitoneal, topical (as by powders, ointments‘ creams, and/or drops),
mucosal, nasal, bucal, sublingnal; by intratracheal instillation, bronchial instillation, and/or
inhalation; and/or as an oral spray, nasal spray, and/or acrosol Specifically contemplated
routes are oral admlmstratlon, intravenous administration (e.g., systemic intravenous
injection), regional administration via blood and/or lymph supply, and/or direct .
administration to an affected site. In géneral the most appropriate route of administration will
depend upon a variety of factors including the nature of the agent (e.g., its stability in the
environment of the gastrointestineil tract), and/or the condition of the subject (e.g., whether

the subject is able to tolerate oral administration).
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The exact amount of a compound required to achieve an effective amount will vary from

subject to subject, depending, for example, on species, age, and general condition of a

~ subject, severity of the side @ff.e_c_txs.or disorder, identity of the particular compound(s), ri;og_ie

of administration, and the like. The desired dosége can be delivered three times a day, two

times a day, once a day, every other day, every third day, every week, every two weeks,

every three weeks, or every four weeks. In certain embodiments, the desired dosage can be

" delivered using multiple administrations (e.g., two, three, four, five, 51x, seven, elght mne,

ten, eleven, twclve, thlrteen fouﬁecn, or more admmxstrahons)

y -

In certain embodiment_s, an effective amount of a compound for administration one or more
times a day to a 70 kg adult human may comprise about 0.0001 mg to about 3000 mg, about
0.0001 mg to about 2000 mg, about 0.0001 mg to about 1000 mg, about 0.001 mgtoabout |
1000 mg, about 0.01 mg to about 1000 mg, about 0.1 mg to about 1000 mg; about 1 mg to
about 1000 tﬂg, about 1 mg to about iOO mg, about 10 mg to about 1000 mg, or about 100

mg to about 1000 mg, of a compound per unit dosage form.

In certain embodiments, the compounds of the invention may be at dosage levels sufficient to
deliver from about 0.001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 50

mg/kg, preferably from about 0.1 mg/kg to about 40 mg/kg, preferably from about 0.5 mg/kg
to about 30 mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about -
10 mg/kg, and more preferably from about 1 mg/kg to about 25 mg/kg, of sub_]ect body

weight per day, one or more times a day, to obtain the desxre A th apeutlc effect
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It will be appreciated that dose ranges as described herein provide guidance for the
administration of provided pharmaceutical compositions to an adult. The amount to be
administered to, for example, a child or an adolescent can be determined by a medical
practitioner or person skilled in the art and can be lower or the same as that administered to

an adult.

It will be also appreciated that a compound or composition, as described herein, can be
administered in combination with one or more additional therapeutically active agents. The
compounds or compositions can be administered in combination with additional
therapeutically active agents that improve their bioavailability, reduce and/or modify their
metabolism, inhibit their excretion, and/or modify their distribution within the body. It will
also be appreciated that the therapy employed may achieve a desired effect for the same

disorder, and/or it may achieve different effects.

The compound or composition can be administered concurrently with, prior to, or subsequent
to, one or more additional therapeutically active agents. In general, each agent will be
administered at a dose and/or on a time schedule determined for that agent. It will further be
appreciated that the additional therapeutically active agent utilized in this combination can be
administered together in a single composition or administered separately in different
compositions. The particular combination to employ in a regimen will take into account
compatibility of the inventive compound with the additional therapeutically active agent
and/or the desired therapeutic effect to be achieved. In general, it is expected that additional
therapeutically active agents utilized in combination be utilized at levels that do not exceed
the levels at which they are utilized individually. In some embodiments, the levels utilized in

combination will be lower than those utilized individually.

Exemplary additional therapeutically éctive agents include, but are not limited to, small
organic molecules such as drug compounds (e.g., compounds approved by the U.S. Food and
Drug Administration as provided in the Code of Federal Regulations (CFR)), peptides,
proteins, carbohydrates, monosaccharides, oligosaccharides, polysaccharides, nucleoproteins,
mucoproteins, lipoproteins, synthetic polypeptides or proteins, small molecules linked to
proteins, glycoproteins, steroids, nucleic acids, DNAs, RNAs, nucleotides, nucleosides,
oligonucleotides, antisense oligonucleotides, lipids, hormones, vitamins, and cells. In some

embodiments, an additional therapeutically active agent is a kinase inhibitor.
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Also encompassed by the present discosure are kits (e ., pharmaceumcal packs). The kits
provided may compnse a prov1ded pharmaceutlcal composition or compound and a contamer
(e.g., avial, ampule bottle, syringe, and/or dlspenser package or other suitable contamer)

In some embodlments provided kits may optlonally further mclude a second contamer
comprising a pharmaceutlcal excipient for dilution or suspens1on of a provided
pharmaceutical composmon or compound. In some embodiments, a provided pharmaceutical
composition or compound provided in the container and the second container aré combined
to form one unit dosage form. In some embodiments, a provided kits further includes-

instructions for use.

Compounds and compositions described herein are generally useful for the inhibition of one
or more kmases In certain embodlments, compounds and compositions described hcrem are
generally useful for the 1nh1b1t10n of MNK1 and/or MNKZ In some embodiments, methods
of treating kinase-related dxsorder in a subject are proylded which comprise ad;nmxstcnng an
effective amount of a compound described herein (e.g., a cofnpound of Formula (I)), or a
pharmaceutically acceptable form thereof), to a suoject in need of treatment. In some _
embodiments, methods of tféating MNK 1- and/or MNK 2-related disorder in a subject are
provided which comprise administering an effective amount of a compound described herein
(eg,a compound of Formula-(I})), or a pharmaceutically acceptable.form thcreof), toa
subject in need of treatment. In certain embodiments, the effective amount is a
therapeutically effective amount. In certain embodiments, the effective amount isa
prophylacticdﬂy’ effective amount. In certain embodiments, the subject is suffering from é
MNK 1-related disorder.. In certain embodiments, the subject is susceptible to a MNK1-
mediated disorder. In certain embodiments, the subject is suffenng from a MNK2-related

disorder. In certain embodiments, the subject is susccptlblc to a MNK2-mediated disorder.

As used herein, the term “kinase-related disorder” (e.g., “MNK 1- and/or MNK2-related
disorder”) means any disease, disorder, or other pathological condition in which a kinase
(e.g., MNK1 and/or MNK2) is known to play a role. In some embodiments, the present
disclosure relates to treating or lessening the severity of one or more diseases in which
MNK1 and/or MNK2 is known to pléy arole.
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In certain embodiments, the kinase-related condition (e.g., MNK1- and/or MNK2-related
condition) is selected from the group consisting of proliferative diseases, neurodegenerative

diseases, autoimmune diseases, and inflammatory diseases.

In certain embodiments, a provided compound is useful for treating a proliferative disease,
e.g., cancer. Exemplary cancers include, but are not limited to, acoustic neuroma, '

ad’enocarcinoma; adrenal gland cancer; anal cancer; angiosarcoma (e.g., lymphangiosarcoma,

- lymphangioendotheliosarcoma, hemangiosarcoma); appendix cancer; benign monoclonal

- gammopathy; biliary cancer (e.g., cholangiocarcinoma); bladder cancer; breast cancer (e.g.,

adenocarcinoma of the breast, papillary carcinoma of the breast, mammary cancer, medullary -
carcinoma of the breast); brain cancer. (e. g.‘ meningioma, glioblastomas, glioma (e.g.,
astrocytoma, oligodendroglioma), meduﬂoblastoma), bronchus cancer; carcinoid tumor
cervical cancer (e.g., cervical adenocarcmoma) chonocarcmoma hordoma,
cramophaqmgxoma colorectal cancer (e g colon cancer, rectal cancer, colorectal
adenocarcmoma), connective tlssue cancer; eplthehal carcinoma; ependymoma;
endothehosarcoma (e.g., Kaposi's sarcoma, mu1t1ple idiopathic hemorrhagic sarcoma);
endometrial cancer (e.g., uterine cancer, uterine sarcoma); esophageal cancer (e.g.,

adenocarcmoma of the esophagus, Barrett’s adenocarinoma); Ewing sarcoma eye cancer

(e.g., intraocular melanoma, retlnoblastoma); familiar hypereqsmophxha; gall bladder cancer;

gastric cancer (e.g., stomach adenocarcinoma); gastrointestinal stromal tumor (GIST); germ

"cell cancer; bead and neck cancer (e.g., head and neck squamous cell carcinoma, oral cancer

(e.g., oral squamous cell carcinoma), throat cancer (e.g., laryngeal cancer, ;Shafyngeal cancer,

nasophéryn_géal cancer, oropharyngeal cancer)); hematopoietic cancers (e.g., leukemia such 4

- as acute lymphocytic lenkemia (ALL) (e.g., B-cell ALL, T-cell ALL), acute myelocytic

leukemia (AML) (e.g., B-cell AML, T-cell AML), chronic myelocytic leukemia (CML) (e.g.,
B-cell CML, T-cell CML), and chronic lymphocytic leukemia (CLL) (e.g., B-cell CLL, T-
cell CLL)); lymphoma such as Hodgkin lymphoma (HL) (e.g., B-cell HL, T-cell HL) and
non~Hodgkin lymphoma (NHL) (e.g., B-cell NHL such as diffuse large cell lymphoma
(DLCL) (e.g., diffuse laige Bcell lymphoma), follicular lymphoma, chronic lymphocytic
leukemia/small vlymphocytic lymphoma (CLL/SLL}, mantle cell !ymphoma (MCL), marginal
zone B-cell lymphomas (e.g., mucosa-associated lymphoid tissue (MALT) lymphomas, nodal
marginal zone B-cell lymphoma, spleriic marginal zone B-cell lymphoma), primary |
mediastinal B-cell lymphoma, Burkitt lymphoma, lymphoplasmacytic lymphorha (ie.,

Waldenstrom’s macroglobulinemia), hairy cell leukemia (HCL), immunoblastic large cell
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lymphoma, precursor B-iymphoblastic lymphoma and primary central nervous system (CNS)

» lymphoma; and T-cell NHL such as precursor T-lymphoblastic lymphoma/leukemia,
peripheral T-cell lymphoma‘(PTCL) (e.g. cutaneous T-cell lymphoma (CTCL) (e.g., mycosis

funglodes Sezary syndrome), anglmmmunoblast:c T-cell lymphoma, extranodal natural

. kﬂler T-cell Iymphoma, eﬁ’teropathy type T-cell Iymphoma, subcutaneous parmmuhns like T-

_cell lymphoma, and anaplastic large cell lymphoma); a mixture of one or more

leukemia/lymphoma as described above; and multiple myeloma (MM)), heavy chain disease

(e.g., alpha chain disease, gamma chain disease, mu chain disease); hemangioblastoma;

- hypopharynx cancer; inflammatory myofibroblastic tumors; immunocytic amyloidosis;

- kidney cancer (e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carcinoma); liver cancer

(e. g, hepatocellular cancer (HCC), malignant hepatoma); lung cancer (e.g., bronchogenic
carcinoma, small cell lung cancer (SCLE), non-small cell lung cancer (NSCLC),
adenocércinomé of the lung); léiomyosarcoma (LMS); mastocytosi‘s (é g, | s&stemic
mastocytos1s) muscle cancer; myelodysplastic syndrome (MDS), mesothelioma, A
myeloproliferative dlsorder (MPD) e.g., polycythemla Vera (PV), essential thromBocytosm
(ET); agnogenic myeloid metaplasia (AMM) a.k.a. myelofibrosis (MF), chronic idiopathic

_myelofibrosis, chronic myelocytlc leukemia (CML), chronic neutrophilic leukemia (CNL),

hypereosmophlhc syndrome (HES)), neuroblastoma, neurofibroma (e.g., neurofibromatosis

(NF) type 1 or type 2, schwannomatos1s); neuroendocrine cancer (e.g., gastroenteropancreatic

neuroendoctrine tumor (GEP-NET), car(cinoid tumor); osteosarcoma-(e.g.,bone cancer);
ovarian cancer (e.g., cystadenocarcinoma, ovarian embryonal carcinoma, ovarian
adenocarcinoma); papillary adenocarcinoma; pancreatic cancer (e.g., pancreatic

andenocarcinomia, intraductal papillary mucinous neoplasm (IPMN), Islet cell tumors); penile

- cancer (e.g,, Paget’s disease of the penis and scrotum); pinealoma; primitive neuroectodermal

tumor (PNT), plasma cell neoplasia; paraneoplastic syndromes intraepithelial neoplasms;
prostate cancer (e.g., prostate adenocarcinoma); rectal cancer; rhabdomyosarcoma; sahvary
gland cancer; skin cancer [e.g., squamous cell carcinoma (SCCQC), keratoacanthoma (K A),
melanoma, basal cell carcinoma (BCC)]; small bowel cancer (e.g., appendix cancer); soft
tissue sarcoma (e.g., malignant fibrous hlstlocytoma (MFH), liposarcoma, mahgnant
peripheral nerve sheath tumor (MPNST), chondrosarcoma, fibrosarcoma, myxosarcoma)
sebaceous gland carcinoma; small intestine cancer; sweat gland carcinoma; synovmma;
testicular cancer (e.g., seminoma, testicular embryonal carcinoma); thyroid cancer (e.g.,

papillary carcinoma of the thyroid, papillary thyroid carcinoma (PTC), medullary thyroid
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cancer); urethral cancer; vaginal cancer; and vulvar cancer (e.g., Paget’s disease of the

" vulva).

In certam embodlments a provided compound is useful for treating a neurodegeneratlve

disease. Exemplary neurodegenerative diseases include, but are not limited to, Alzheimer’s |

disease, Huntington’s disease, progressive supranuclear,palsy, corticobasal degeneration,

frontotemporal lobar degeneration, Pick’s disease, Parkinson’s disease, Lewy body disease,

and amyotropic lateral sclerosis (ALS).

In certain embodiments, a provided compound is useful for treating an antoimmune disease.
Exemplary autoimmune diseases include, but are not limited to, rheumatoid arthritis,

spondyloarthopathles, gouty arthnus degeneratwe Jomt diseases such as osteoarthntls,

- systemlc 1upus erythematosus Sjogren S syndrome ankylosmg spondylitis, undlfferentlated

spondylitis, Behcet's disease, haemolytic autoimmune anaemias, multiple sclerosis,
amyotrophlc lateral sclerosis, amylosw, acute painful shoulder, psoriatic arthritis, juvenile -
arthritis, asthma, atherosclerosis, osteoporosis, bronchitis, tendonitis, bursitis, skin condition

(eg., psonasxs eczema, burns, dermatitis, pruritus (1tch)) enuresis, eosinophilic disease,

‘ gastromtcstmal disorder (e.g., selected from peptic ulccrs reg10nal enteritis, diverticulitis,

gastrointestinal bleeding, eosinophilic gastrointestinal disorders. (e.g., eosinophilic -

esophagitis, €osinophilic gastritis, eosinophilic gastroenteritis, eosinophilic colitis), gastritis,

* diarrhea, gastroesophageal reflux disease (GERD), inflammatory bowel disease (IBD) (e.g.,

- Crohn’s disease, ulcerative colitis, collagenous colitis, lymphocytic colitis, ischaemic colitis,

diversion colitis, Behcet's syndrome, indeterminate colitis) and inflammatory bowel
syndrome (IBS)), Still’s disease, myasthenia gravis, Hashimoto’s thyroiditis, Ord’s
thyroiditis, Grave’s disease, acute disseminated encephalomyelitis, Addison’s disease,
opsoclonus-myoclonus syndrome, antiphosphblipid antibody syndrome, autoimmune
hepatitis, celiac disease, Goodpasture’s syndrome, optic neuritis, scleroderma, primary biliary
cirrhosis, Reiter's syndrome, warm autoimmune hemolytic anemia, alopecia universalis,
chronic fatigue, dysautonomia, neuromyotonia, vulvodynia and disorders ameliorated bya
gastroprokinetic agent (e.g., ileus, postoperative ileus and ileus during sepsis;
gastroesophageal reflux disease (GERD); eosinophilic esophagitis, gastroparesis such as
diabetic gastroparesis; food intolerances and food allergies and other functional bowel
disorders, such as non-ulcerative dyspepsia (NUD) and non-cardiac chest pain (NCCP,

including costo-chondritis)).
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\

In certain embodiments, a provided compound is useful for treating an inflammatory disease.

The term “inﬂammatory disease” refers to those conditions that are characterized by signs of

paln (dolor, from the generation of noxious substances and the stimulation of nerves), heat

| (calor from vasodﬂatatlon) redness (rubor from vasodllatatlon and increased blood flow),

swellmg (tumor, from excessive inflow or restricted outflow of fluid), and/or loss of functlon
(functio laesa, which can be partial or complete, temporary or permanent. Inflammation takes

on many forms and includes, but is not limited to, acute, adhesive, atrophic, catarrhal,

-chronic, cirrhotic, diffuse, disseminated, exudative, fibrinous, fibrosing, focal,

granulomatous, hyperplastic, hypertrophic, intéfstitial, metastatic,-necrotic, obliterative,

parenchymatous, plastic, productive, proliferous, pseudomembranous, purulent, sclerosing,

- seroplastic, serous, simple, specific, subacute, suppurative, toxic, traumatic, and/or ulcerative

inflammation.

Exemplary inﬂamnﬁatory diseases inciude, but are not limited to inflammation assoéiated
with acne, asthma, arteritis (e.g., poljrarteritis, temporal arteritis, periarteritis nodosa,
Takayasu’s artenns), arthritis (e.g!, crystalline arthritis, osteoarthritis, psoriatic arthritis, =
gouty arthntls reactive arthritis, rheumatoid arthritis, and Reiter’s arthritis), ankylosing

spondylitis, amylosis, amyotrophic lateral sclerosm,’ autoimmune diseases, allergies or

allergic reactions, atheroscleroéis, Bronchi'tfs, bufsitis, chronic prostatitis, conjunctivitis,
Chagas disease, chronic obstructive pulmonary disease, cermatomyositis; dry-eye-syndvome,
diverticulitis, diabetes (e.g., type I diabetes mellitus, type 2 diabetes mellitus), a skin

condition (. g‘,,'psoriasis, eczema, burns, dermatitis, pruritus (itch)), endometriosis, Guillain-

3 _Barre syndrome, infection, ischaemic heart disease, Kawasaki disease, glomerulonephritis,

gingivitis, hypersen51t1v1ty, headaches (e.g., migraine headaches, tension headaches), ileus
(e j: postoperat1ve ileus and ileus dunng sepsis), idiopathic thrombocytopenic purpura,
interstitial cystitis (painful bladder syndrome), gastrointestinal disorder (e.g., selected from
peptic ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding, eosinophilic
gastrointestinal disorders (e.g., eosinophilic ésophagitis, eosinophilic gastritis, eosinophilic
gastroenteritis, eosinophilic colitis), gastritis, diarrhea, gastroesophageal reflux disease
(GERD), inﬂammatory bowel disease (IBD) (e.g., Crohn’s disease, ulcerative colitis,
collagenous colitis, lymphbbytic colitis, ischaemic colitis, diversion colitis, Behcet’s
syndrome, indeterminate colitis), inflammatory bowel syndrome (IBS), lupus, multiple

sclerosis, morphea, myeasthenia gravis, myocardial ischemia, nephrotic syndrome,
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pemphigus vulgaris, pernicious aneaemia, peptic ulcers, polymyositis, primary biliary
cmhosxs neuroinflammation associated with brain disorders (e. g., Parkinson’s disease,
Huntmgton s disease, and Alzheimer’s disease), prostauus chronic inflammation assoc:ated

with cranial radiation injury, pelvic mﬂammatory disease, reperfusnon mjury, regional

ententls theumatic fever, systemic lupus erythematosus schleroderma scwrodoma, '

sarcoidosis, spondyloarthopathles, Sjogren’s syndrome thyroiditis, transplantation rejectlon,
tendonitis, trauma or injury (e.g., frostbite, chemical irritants, toxins, scarring, burns, physical
injury), vasculitis, vitiligo and Wegener’s granulomatosis. In certain embodiments, the
inflammatory disorder is selected from arthritis (e.g., theumatoid arthritis), inflammatory
bo._Wel disease, inflammatory bowel syndrome, asthma, psoriasis, endometriosis, interstitial
cystitis, prostatistis, appendicitis, Blan syndrome, blepharitis, bronchiolitis, cervicitis, .
cholangitis, cholecystitis, chronic recurrent multifocal osteomyelitis (CRMO), cryopyrin
asso‘ciatéd peﬁodic syndrome (CAPS), dacryoadenitis, dermatomyositis, dry eye syndrdme,
encephalitis, endocarditis, endometritis, enterocolitis, epicondylitis, epididymitis, familial

cold- induced aut01nﬁammat0ry syndrome, familial Mediterranean fever (FMF), fasciitis,

fibrositis, hepatitis, hidradenitis suppurativa, laryngitis, mastitis, meningitis, mevalonate

kinase deficiency (MKD), Muckle-Well syndrome, myelitis myocarditis, myosiﬁs, nephritis,
oo'phorit.i-s, orchitis, osteitis, inflammatory osteolysis, otitis, panéreatitis, parotitis;
pericarditis, peritonitis, pharyngitis, pléuritis, phlebitis, pneumonitis; pneumonia, proctitis, =~
pulmonary fibrosis, pyelonephritis, pyoderma gangrenosum and acne syndrome (PAPA),
pyogenic sterile arthritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, TNF receptor
assoéiated periodic syndrome (TRAPS), tonsillitis, undifferentiated arthropathy, uveitis,
vaginitis and vulvitis. In certain embodiments, the inflammatory condition is an acute

inflammatory condition (e.g., inflammation resulting from infection). In certain

embodiments, the inflammatory condition is a chronic inflammatory condition (e.g.,

conditions resulting from asthma, arthritis and inflammatory bowel disease). The compoundé
inay also be useful in treating inflammation associated with trauma and non-inflammatory

myalgia. The compounds may also be useful in treating inflammation associated with cancer.
In certain embodiments, 2 provided compound is useful for treating or lessening the severity

of arthropathies and osteopathological diseases including, but not limited to, rheumatoid

arthritis, osteoarthrtis, gout, polyarthritis, and psoriatic arthritis.
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In certain embodiments, a provided compound is useful for treating or lessening the severity
of acute and chronic inflammatory diseases including, but not limited to, ulcerative colitis,
inflammatory bowel disease, Crohn’s disease, dry eye syndrome, allergic rhinitis, allergic |

dermatitis, cystic fibrosis, chronic obstructive bronchitis, and asthma.

In certain embodiments, a provided compound is useful for treating or lessening the severity
of hyperproliferative diseases including, but not limited to, psoriasis or smooth muscle cell

proliferation including vascular proliferative disorders, atherosclerosis, and restenosis. '

In certain embodiments, a provided compound is useful for treating or lessening the severity

of endometriosis, uterine fibroids, endometrial hyperplasia, and benign prostate hyperplasia.

In some embodimenis a provided compound is useful for treaﬁng or leseening the scve\':ity‘of |
one or more diseases and condmons, wherein the disease or condition is selected ﬁom
1mmune-related condmons or dlseases, which include, but are not 11m1ted to graft versus host
disease, transplantation, transfusion, anaphylams, allergies (e.g., allergies-to plant ponens,
latex, drugs foods insect poisons, animal hair, animal dander, dust mites, or cockroach

calyx), type I hypersensitivity, allergic con_;unctwms, allergxc rhinitis, and atopic dennatms. '
In some embodiments, a provided compound is useful for treating tumorogenesis.

In some embodiments, a provided compound is useful for treating a metabolic disorder (e. g s

obesity, diabetes).

In some embodiments, the present disclosure provides a method of inhibiting MNK 1
comprising confacting MNK1 with an effective amount of a compound described herein (e.g., |
a compound of Formula (I)), or a phannaceutically acceptable form thereof. In some
embodiments, the present disclosure provides a method of inhibiting MNK2 comprising -
contacting MNK2 with an effective amount of a compound described herein (e.g., a

eompound of Formula (I)), or a pharmaceutically acceptable form thereof. The MNK1 or
MNK?2 may be purified or crude, and may be present in a cell, tissue, or subject. Thus, such
methods encompass both inhibition of in vitro and in vivo MNK1 or MNK2 activity. In
certain embodiments, the method is an in vitro method, e.g., such as an assay method. It will -

be understood by one of ordinary skill in the art that inhibition of MNK1 or MNK?2 does not
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necessarily require thai all of the MNK1 or MNK2 be occupied by an inhibitor at once.
Exemplary levels of inhibition of MNK1 or MNK2 include at least 10% inhibition, about
10% to about 25% inhibition, about 25% to about 50% inhibition, about 50% to abouf 75%

' 1nh1b1t10n at least 50% inhibition, at least 75% mhlbltmn about 80% 1nh1b1t10n about 90%

inhibition, and greater than 90% inhibition.

In some-embodiments, provided is a method of inhibiting kinase activity in a subject in need

thereof (e.g., a subject diagnosed as having a kinase-related disorder) comprising

- administering to the subject an effective amount of a compound. described herein (e.g., a

compound of Formula (X)), or a pharmaceutically acceptable form thereof, or a

pharmaceutical composition thereof. In-some embodiments, provided is a method of

inhibiting MNK1 and/or MNK2 acnvxty m a sub} ect in neéd thereof (e.g., a subject dzagnosed e

as having a MNK1- and/or MNK2—related dlsorder) comprising administering to the subject

an effective amount of a compound described herein (e.g., a compound of Formula (I)), ora

pharmaceutlcally acceptable form thereof or a pharmaceutical composmon thereof

_ EXAMPLES
Compounds of formula (I) were synthesized and their ability to inhibit MNK1/2 kinase was
evaluated both in “enzymatic and in‘cc]l-based‘assays. In parallel, their ability to inhibit other

- kinases was also assessed. Enzymatic assays have shown that compounds of formula (I) are

inhibitors of MNK1 and MNK2 with ICsg values in the range of 1000 nM to lower than 10
nM. elF4e phosphorylation inhibition in Hela cell line was found to have ICs0s in average 10
time higher than the enzymatic ICsos. These cell-based ICsos vary from as low as 40 nM to 3 ‘
UM, ‘

To further evaluate the therapeutic potential of these bicyclic molecules, their ability to
inhibit growth of several tumotype cell lines was assessed. Below are the technical

descnpuons of these assays.

Enzymatlc and cell-based eIF4E phosphorylatlon assays and Thermal Shlft assay

‘Bmloglcal Methods
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The compounds described in this invention bind to and inhibit the kinases MNK1 and

MNK2. They were analyzed using both in vitro and in'vivo assays that aré known in the art.

Thermal Shift Assays =~
Thermal shlﬁ assays can be used to momtor the bmdmg of small molecules to protems by
measurmg ‘the change in meltmg temperature that results from an increase in thermal stab1hty

of the protein on binding a compound. The thermally induced unfolding of the protein is

monitored in the presence of a fluorescent dye, Sypro Orange using a real time PCR system.

* The innate fluorescence of Sypro Orange is quenched in an aqueous environment; however in . .

a hydrophbbic non-polar environment such as the exposed hydrophobic residues of an :
unfolding protein, the compound fluoresces profusely. This enables the unfolding of proteins
to be monitored by measuring an increase in ﬂuorescence Meltmg temperature is deﬁned as

the temperature at whlch half the protein is in an unfolded state

The increase in melting temperature of MNK1 and MNK2 on Einding sfnall molecular wei ght

vcompounds was determmed using recombinant full length human enzymes with N- termmal

GST tags (glutathione-S-transferase). The protems were-expressed in E.coli and purified on

glutathione sepharose using the Profinia Protein Purification Systcm (BioRad, Hercules, CA)

" and the GST tag was removed using PréScission protease. Both recombinant enzyﬁ}es were

20

30

diluted in buffer A (10mM Tris/HCl pH7.5, 50mM NaCl, ImM DTT) to a concentration of
62.5uM. The compounds to be analyzed were dissolved in 100% DMSO t0 a final
concentration of 100pM. The reaction mixture consisted of 5uM enzyme (MNK1 or MNK2),
4pM compound, 17pl buffer A and 5ul of 5X Sypro Orange in a final volume of 25 ul. The -

A - thermal analysis was performed on a BioRad CFX96 RTPCR instrument from 20°C to 90°C.
25

in 0.5°C increments with a dwell time of 20s.

The data is analyzed by plotting the fluorescent intensity as a function of temperature.
Readings that occur before or after the sigmoidal region of the melt curve are discarded. The

fluorescent values are normalized for each compound, 100 for the maximum reading (UL)

‘and 0 for the minimum reading (LL). The curve is fitted to the Boltzmann equation usihg '

non-linear regression (GraphPad Prism, GraphPad Software Inc.). The inflection point of the
transition curve, Trm (V50) is calculated using the Boltzmann equation:
Y =[LL+ (UL-LL)]/ 1+ exp(Ty — t/a)]
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Where t = temperature, LL and UL are the minimum and maximum intensities respectively
and o is the slope of the curve within Ty, The thermal shift is defined as the dlfference V

between the meltmg temperatures in the presence and absence of compound.

In thro MNK Kmase Assay

, MNKI and MNKZ mhlbltor actmty was determined using recombinant kinase domains

expressed in E.coli. MNK1 and MNK2 were expressed as GST fusion proteins and the GST
tag was removed using PreScission protease. After concentration to 10-15 mg/ml the proteins

were flash frozen in liquid nitrogen and stored at -80°C. MNK 1 and MNK2 were activated

'using recombinant ERK2 which was activated using a constitutively active mutant of MEK1,

both ERK2 and MEK1 were expressed in E.coli as N-terminally his tagged proteins.
Recombinant ERK2 was activated by incubating 11.3 uM of the kinase with 1 pM MEK1

~ and 100 uM ATP. This reaction mixture was then used xmmedlately for the activation of the ‘

MNKs. The act1vat1on of the MNK1 was performed by incubating 5.0 uM of MNK1 with 0.3
pM of activated ERK2 and 500 pM ATP at 30°C for_ 6 hours. The activation of MNK2 was
performed by incubating 50 uM of MNK2 with 3.0 uM of activated ERK2 and 500 uM ATP

at 30°C for 2 hours. The activated MNKs were étored at -20°C until required for assay.

Kinase as_says were performed on the Caliper Life Sciences (Mountain View, CA) -

Microfluidics LabChip® Platform. Enzyme activity is analyzed by ‘sipping’ reactions from a
microtitre plate into LabChip. The data signature is generated by the shift in mobility of non-
phosphorylated peptide substrates and phosphoryleted products by electrophoresis-in the chip
and detected by LED induced ﬂuoresce'n“ee.‘ The magnitude of the fluorescent signal reveals

- the extent of the reaction. The data is analyzed by calculating the relative heights of the

substrate and product peaks and the produc-t'/ (product-+substrate) peak ratio is reported.

The following buf%ers were used to assay kihase aetivity:

Reconstitution buffer: 10mM HEPES/NaOH pH7.5,0.003% Brij® 123, 0.004% TWEEN®
20. | '

Substrate buffer 245mM HEPES/NaOH pH7 5,0. 003% Brij® 123, 0.004% TWEEN® 20,
26mM MgCl,.

Termination buffer: 100mM HEPES/NaOH pH7.3, 0.022% Brij® 123, 5.6% DMSO 0.16%
CR3, 11.2mM EDTA pH8.0.
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Separation buffer: 100mM HEPES/NaOH pH7.3, 0.02% Brij® L23, 5% DMSO0, 0.1% CR3,
1mM EDTA pH3.0. ' -
Peptide substrate (JH3): 5-FAM-TATKSGSTTKNRFVV- CONHZ

| fhe MNK1 assay was performed by adding 65 nM of activated MNKl and 1 pl of test

compound to a microtitre plate in a volume of 15 pl of reconstitution buffer. The plate was
incubated at 22 °C for 15 minutes before the addition of 3.9 uM of JH3 and 3.12 mM ATP in
10p! of substrate buffer and a further incubation period of 60 minutes at 28 °C. The reaction
was stopped by the addition of 45 ul of termination buffer. The final concentration of MNKI,
JH3 peptxdc, 'ATP and compound in a 26 pl assay volume was 40 nM, 1.5 pM, 1.2 mM, and
1X respectively. .

The MNK2 assay was performed by édding 32.5 nM of activated MNK 1 z;nd 1 plof test
compound to a microtitre plate in a volume of 15 pl of reconstitution buffer. The plate was
incubated at 22 °C for 15 minutes before the addmon of 3. 9 M of JH3 and 650 puM ATP in
10 ! of substrate buffer and a further incubation period of 60 minutes at 28 °C. The reaction
was stopped by the additioh of 45 pl of termination buffer. The final concentration of MNK2,
JH3 peptide, ATP and compound ina26ul assay volume was 20 nM 1.5 uM, 250 uM, and
1X respectlvcly ,

Inhibition constants (ICsy) were determined by plotﬁng kinase activity versus log compound:
concentratiori and fitting with a non-linear regression algorhithm using GraphPad Prism
(GraphPad Software Inc.). :

MNK Cell-Based Assay -
It has been reported that Ser209 of elF4E 1 is solely phosphorylated by the MNK enzymes. The

" ab111ty of compounds to mh1b1t thlS process in Hela cells was investigated using the

' AlphaScreen SureFire® assay platform from Perkin Ehner (Waltham MA) elFAE

phosphorylated on Ser209 is recognized by two antibodles, the first which is fused to a
streptavidin coated donor bead binds to an epitope away from Ser209, the second which is
fused to a protein A conjugated acceptor bead binds to phosphorylated Ser209. The
phosphorylation of eIF4E on Ser209 brings the two antibodies into close proximity and when
excited by a laser a smglet oxygen is released by the donor bead which excites the acceptor
bead resulting in the emission of light. This enables the monitoring of elF4E Ser209

phosphorylation and its inhibition in a cellular context.
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Hela cells were seeded into microtitre plates (30,000 cells per well) in 100 pl of culture
medlum and mcubated at 37 °C for 24 hours. The media was then removed by aspiration and
the cells resuspended in 50 pl of serum free medium contalmng the test compound and
incubated at 37 °C for 2 hours. The culture medium was again removed by aspiration and the |

cells resuspended in 1ysxs buffer (provided in Perkin Elmer SureFire® Assay Kit). After

~ agitation at 350 rpm for 20 minutes at 22 °C, 4 pl was transferred to a 384 well OptiPlate™

(Perkin Elmer, Waltham, MA). To each well was added 5 pl of acceptor mix; the plate was
sealed and agitated gently at 22 °C-for 2 hours. Then, in subdued light, 2 ul of donor mix was
addéd to each well, the plate was sealed, wrapped in aluminum foil and agitated gently at 22
°C for 2 hours. Emission was measured using the EnVision® plate reader (Perkin Elmer,
Waltham, MA).

Inhibition constants (ICsp) were determined by plotting AlphaScreen signal versus log \’ N

compound concentration and fitting with a non-linear regression algorhithm using GraphPad

Prism (GraphPad Software Inc.).

Cell Cyto'xicity Assays

Methodoelogy: . .
Cancer cell lines, MV-4-11 (leukemia), P116.c139 (acute T cell leukemia) and D1.1 (acute T
cell leukemia), were purchased from ATCC and cultu;red according to supplier’s
recommendations. K562 cells (myelogenous leukemia) over-expréssing ¢IF4E, were also
used for the cytotoxicity assay. For cells treated for 48 hours, 5000 cells were seeded in 70 pl
of growth medium in Black, flat-bottom 96-well plate. For cells treated for six-days, 1000

. cells were seeded in 70 ul-of growth medium in black, flat-bottom 96-well plate. The
25 -

compounds, Cercosporamide, Example 176 (ETC-7114), Example 175 (ETC-7117), Example
133 (ETC-7165) and Example 62 (ETC-7168), were treated with doses ranging from 0.003

‘uM to 50 uM. 50 ul of the diluted compounds was added to the cells and incubated at 37 °C

in 5% CO,. Afier 48 hours or six days treatment, cell viability was determined by CellTiter-
Glo Lu'mirics-ccn:t Cell Viability Assay (Promega, Madison, WI). 120 pl of the reagent was
added to the cells and luminescence was measured using Tecan Safire Reader. Data was
analysed with Graphpad Pﬁsm software and the figures represented indicate the half maximal

inhibitory concentration (ICsg). Error bars denote standard deviation (SD).
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Results:
o Table 1: ICsb -(}LM) éftéf 48 hours of treatment
' | K562 MV-4-11 | D11 | P116.c139
Cercosporamide | > 50 - 1'>50 1202 >50
"ETC-7114 : .
. . 14.2 1.0 1.0 0.4
Example 176
ETC-7117 ‘ i .
. 18.2 . 1 0.9 12.3 { 12,5
Example 175 ‘
ETC-7165 ol ‘
. : : 1 23.0 2.8 15.8 10.9
Example 133
ETC-7168 .
7.5 0.8 1.6 1 0.8
Example 62 :
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Table 2: ICso (uM) after 6 days of treatment

K562 | MV-4-11 | DL1 | P116.c139
Cercosporamide 43 40 | 173 49
ETC-7114 . ' _ .
34 . | 0.4 0.8 0.1
. Example 176 :
ETC-7117 ,
T - 21.2 03 ) 10% -} - 57 ¢
Example 175 ,
ETC-7165 .- ‘
16.0 1.5 11.2 4.0
Example 133 . A : _
ETC-7168 - o
3.1 0.2 1.7 0.3
Example 62
Discussion: |

-Generally, the ICs is lower in cells treated for 6 days than in the cells treated for 48 hours.
- Amongst the three test cell lines, the MV-4-11 cell line is the most sensitive to all test
compounds. .
Amongst the four compounds, 'Exampleul 76 (ETC-7114 and“Example 62 (ETC-7168) are the
most cytotoxic. The ICso of example 176 (ETCA‘\ZI, 14) and Example 62 (]@TC-7168) is<1pM
o and <2 uM, respectiveiy, in the three test cell lines, regardless of the treatment durétion. The

ICs of example 176 (ETC-7114) and Example 62 (ETC-7168) in K562 cells over-expressing

| eIF4E were reduced by m;)re than half when treatment duratiox} was‘cxtended to 6 days.
Theéc data Suggcst that the cytotoxic effects of Example 176 (ETC-7114) and Example 62
(ETC-17168) are probably non-cell line specific. '

The treatment duration affects the cytotoxic effects of compounds Example 175 (ETC-7117)
and Example 133 (ETC-7165) in the test cell lines. vThe extended treatment duration from 48
hours to 6 days could decrease the 1Cso by more than half—fbld in P116.c139 cells. However,

" the ICs of example 175 (ETC-7117) and example 133 (ETC-7165) in K562 cells over-
expressing eIF4E and in D1.1 cells was not influenced by the treatment duration. These data
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suggests that the cytotoxw effects of Example 175 (ETC-7117) and Example 133 (ETC-
7165) are probably more cell line specific.
Immunoﬂuorescence and Serlal Replatmg Assays

Methods

- Cord Blood (CB) samples weré ;3uréhased from the Singapore Cord Blood bank. CML

samples were the Singapore General Hospital after signed informed consent under local IRB--

approved procedures. MNCs were obtained using Ficoll separation, and CD34" cells selected |

by immunomagnetic beads (Miltenyi Biotech, Germany).

Cell Culture and Generation of Cell Lines
K562 cell line was obtained from the ATCC, and grown in RPMI supplemented with 10%

- FCS, L—glutamme, and pemcﬂhn/streptomycm

Senal Replatmg Assay

CD34 enriched CB and BC cells were thawed and allowed to recover overmght in serum-free
StemPro media (Invitrogen, Carlsbad, CA), supplemented with human growth factors and 1x
nutrient supplement (Invitrogen). Cells were then subJected to drug treatment for 48 hr,
harvested, washed, and seeded in methycellulose (H4434 STEMCELL Technologles

' Canada). Colonies were enumeratsd after 2 weeks, individually plcked, ‘and replated in fresh

-methylcellulose in a 96-well format, and counted at 2 weeks. Three rounds of serial replating -

(representing > 8 weeks in cultuie) were performed.

Immuneﬂuorescence Analysis

- Cells (1x 10° ) were cytospun onto glass slides, fixed wnh 4% paraformaldehye, and stained

with mouse monoclonal antibodies against activated f-catenin (clone 8E7, Millipore, UK), or
rabbit mqnoclonal antibodies against phospho-elF4E S209 (EP2151Y, Abcam, UK). Slides .

were then stained with either PE—conjugated anti-mouse or FITC-conjugated anti-rabbit

antlbodles Images were obtamed w1th the use of a ﬂuorescence rmcroscope (Olympus '

IX71$ 1F3) at 40x magmﬁcanon

Western Blotting

- Exponentially growing cells were plated at 2 x 10° cells/ml, and whole cell lysate processed

for western blot analysis using antibodies recognizing elF4E, phospho-eIF4E (Cell signaling
Technology),
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Discussion ‘

As shown in figure 1A, treatment of K562 cells with i mcreasmg concentration of drugs causes
a dose dependent decrease in elF4E phosphorylanon Snmlar to what was observed in BC-
CML cell hnes, we showed that treatment of BC-CML primary cells with increasing dose of
drugs also resulted in a dose dependent decrease in eIF4E phosphorylation as well as active
beta-catenin (Figure 1B-D). The functional consequence of decrease beta-catenin as well as

eIFAE phosphorylation on the self renewal capacity of BC leukemia stem cells (LSCs) was

_..assessed next. We performed a serial replating assay as previously described (Jamieson ¢t al.,

2004). Importantly, the serial replating assay has been found to correlate well with beta-
catenin-driven self-renewal in BC-GMPs, and also the in vivo serial-transplanting ability of a
variety of fusion-gene driveo LSCs (ﬁuﬁﬂy et aln 2004) Using normal‘ CB CD34+ cello, we
found that control treated cells were capable of serial replatmg up to three tlmes (equivalent
to>8 weeks in vu‘ro) We also found that treatment with Example 6 (ETC-0445) did not
significantly alter thelsenal replating efficiency compared to DMSO (Figure 2A) In contrast,
for CD34" BC cells, treatment with i mcreasmg dose of Example 6 (ETC-0445) and Example
1 (ETC-5336) retards the serial replatmg cfﬁcxency as compared to DMSO (Flgure OBand
20). Treatment of CD34" BC cells with increasing dose of Example 2 (ETC«6740) not only -
retards serial replating efficiency, at 10.0 uM and 20.0 pM,, it potently 1mpa1red the ability of
BC célis to serial replate (Flgure 2D). ' '

References

. Huntly, B. J., Shigematsu, H., Deguchi, K., Lee, B. H., Mizuno, S., Duclos, N., Rowan, R.,

Amaral S., Curley, D., Williams, I. R., et al. (20()4) MOZ-TIF2, but not BCR-ABL, confers
propertles of leukemic stem cells to committed murine hematopoietic progemtors Cancer
Cell 6, 587-596. -
Jamieson, C. H,, Ailles, L. E., Dylla, S. J., Muijtjens, M., Jones, C., Zehnder, J. L., Gotlib, J.,
Li, K., Manz, M. G., Keating, A., et al. (2004). Gfanﬁlooyte-macrophage progenitors as

. candidate leukemic stem cells in blast-crisis CML. N Engl J Med 357, 657-667.

Treatment of K562 cells with of Example 176 (ETC-7114) or Example 62 (ETC-7168) cause
a decrease in eIF4E phosphorylation (Figure 1A); in addition to inhibition of eIF4E
phosphorylation, a decrease in BCR-ABL activity is observed, as demonstrated by the
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decrease in phosphorylation of CrKl, an i vivo substrate of BCR-ABL. The decrease in
elF4E phosphorylation is also accompanied by the decrease in nuclear beta-catenin

accumulation as demonstrated using immunofluorescence analysis (figure 1B and C). |

Syhthéﬁc Examples
The following examples serve to illﬁstr_ate the invention without limiting the scope thereof.

_Abbreviations |
CAN: acetonitrile
AcOEt: ethyl acetate
AcOH: acetic acid
AUC: area under the curve
Brine: saturated solution of NaCl in water
cat.: c‘atalyst' ” » - v
d: day(s)
-DCM: dichloromethane
DIEA: diisqpropyl-ethyl-amine
DMEF: N, N-dimethylformamide
DMSO: dimethylsulfoxide
- DMSO-dg: per-deunterated dimethylsulfoxide .
-dppf: 1,1'- Bis( diphcnylphosphino) ferrocene
EDCIL: 1-ethyl-S—(3-dimethylaminopropyl) carbodiimide)
Ether: diethylether '
EtOH: ethanol
h: hour(s) » .
HATU: 2-(1 H~7~Azabenzotriazol- 1-y1)-1,1,3,3-tetramethyl uronium hexafluorophosphate
Methanaminium _ A
HBTU: O-Benzotriazole-N,N,N',N"-tetramethyl-uronium-hexafluoro-phosphate
hOBt: N—Hydroxybenzotriazole o
HPLC: high pressure liquid chromatography
L: litre(s)
LC-MS: Liquid .chromatography~—mass spectrometry
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Me: methyl ..

" MeOH: methanol

min: minute(s) ,

m.p.: meltmg pomt

MS: mass spectrometry
NBS: N Bromosuccinimide

NEts: triethylamine

" NIS: N-iodosuccinimide
.NMM‘ N-methylmorpholine

NMR Nuclear Magnetic Resonance , S S o
Pd(dppH)Cl: [1, 1~B1s(d1phcnylphosph1no)ferrocene]dlchloropalladmm(II)

rt: room temperature

| THF: tetrahyd;oﬁlran

TFA: trifluoroacetic acid

TLC: thin layer chromato.graphy

Compounds accordmg to the mventxon for example starting materials, intermediates or
products, are preparcd as described herein or by the application or adaptation of known
methods, by which is meant methods used heretofore or described in the literature. -
Compounds useful according to thé invention may be prepared by the applicétion or
adaptation of known methods, by which is meant methods ﬁsed heretofore or described in the

literature, for example those described by Larock, R.C., Comprehensive Organic

" Transformations, VCH publisﬁéis, (1989), vv\‘&;ich is hereby incorporated by reference in its

entirety.

R; N

Formula 2

General procedure A

80



WO 2013/147711 o ‘ ) ' PCT/SG2013/000126

RR'NH

NM
Qe
. L

O

.. OH
To a solution of 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoic acid; N-methylmorphofine and
HATU in DMF, was added the desired amine (RR’NH) and the resulting mixture was stirred
for 10 h under ﬁitrogcn atmosphere. The reaction miiture was poured onto ice water and the

5 precipitate was isolated‘ by filtration and dried to ‘affordrthe desired amide used as such or

purified as indicated.

General procedureuB '

NN

~ R'-boronate ester/
R'-boronic acid

. AGNa,CO;, Pd(PPhs),

90 °C- -
R .

R = CONH,
R=CN

10 . To a»éoluticn of the halogenetated bicyclic derivative in 1,4~dioxane was added the boronic !
acid or the boronate ester derivative, KsPO, and water and Pd(PPhs)s. The reaction mixture
was heated at 90 °C for 12 h under argon atmosphere then, was filtered through celite and
vconcentrated under reduced pressure. The residue was punﬁed by flash column
chromatqgraphy to afford the desired product.

15

Intermediate 1 . [ ] intermediate 2 ) [ ] Intermediate 3 intermediate 4 [ j Intermediate §
NN NN NN N/ i
x N\./e " X N\/g N Z \ N /
Br Br
04 1 O3 . . Br-: . .

N . N
[ j Intermediate 6 [ ] Intermediate 7 Intermediate 8 CONH IntermednateQ CN-

Intermediate 1: 4-(3-bromoimidazo[1,2-a]pyrazin-6-yl)benzoic acid
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coom J r\14\’/)\1/ ' NN
)"\//Y /@)\/N / NBS - /@/R/Neg LioH O/&,N\/e
Br
EtO0C 0QC

Intermediate 1

Step 1: To a solution of 6 brom01m1dazo [1 2- al pyrazme (30 g, 151 mmol) in toluene (400

" mL) were sequentially added Cs,CO3 (123 g, 378 mmol), 4-(ethoxycarbonyl)phenylboronic

acid (35.2 g, 181 mmol) and Pd(dppf),Cl, (3.70 g, 4.50 mmol). The reaction mixture was
stirred at 90 °C for 12 h under argon atmosphere then, was filtered through celite. The filtrate

. was concentrated and the residue was purified the by flash column chromatography (silica .
. gel, eluent n.-hexanc/EtOAc 70:30) to afford ethyl 4-(imidazo [1, 2-a]pyrazin-6-ylbenzoate
(16 g, 39%) as yellow solid. 'H NMR (400 MHz, DMSO-dg) 6: 9.35 (s, 1H), 9.17 (s, 1H),

8.15 (d, J = 8.4 Hz, 2H), 8.03 (4, J = 8.4 Hz, 2H), 7.88 (s, 1H), 7.79 (s, 1H), 432 (g, /= 6.8
Hz, 2H), 1.44 (t,J = 7.2 Hz 3H); MS (ESI) m/z 268 [CysH1sN3 03 +HJ".

' Step 2: To a solution of ethy! 4-(imidazo [1, 2-a]pyrazin-6-ylybenzoate (16.0 g, 59.8 mmol) in

CCI4/CH3OH (200/ 50 mL) was added N~bromcsuccmam1de (12.7 g, 71.8 mmol). The
reaction rmxture was stirred at room temperature for 30 min then, was filtered through celite.
The filtrate was concentrated, resuspended in water and extracted with CH,Cl. The organic

phase was concentrated to afford ethyl 4-(3-bromoimidazo [1 ,‘ 2-a]pyrazin-6-yl)benzoate

(18.0 g, 87%) as a yellow solid. "H NMR (400 MHz, DMSO-de) 5: 9.17 (s, 1H), 8.78 (s, 1H),
8.28 (d,J = 8.4 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 7.94 (s, 1H), 434 (g, J = 7.2 Hz, 2H), 135

(t,J = 7.2 Hz, 3HY, MS (ESI) m/z 345 [C1sH,BrN; 0,

Step 3: To a solution of ethyl 4-(3-bromoimidazo [1, 2-a]pyrazin-6-yl)benzoate (27.0 g, 77.9

~ mmol) in THF/ CHgOId (300/100 mL) were added LiQH (26.0 g, 623 mmol) and water (100

mL). The reaction mixtyre was stirred for 5 h at room temperature then, was concentrated,
diluted with water (200 mL) and acidified with aqueous HCI solution till pH 3. The
precipitate was isolated by filtration and dried to afford 4~(3-bromoirﬁidazo [1, 2-alpyrazin-6-
yl)benzoic acid (14.0 g, 56%) as white solid. "H NMR (400 Mﬁz CDCl3) 8: 9.17 (s, 1H),
8.68 (s, 1H), 8.25 (d, J = 8.4 Hz 2H), 8.09 (d, /= 8.0 Hz, ZH), 7.99 (s, 1H); MS (ESI) m/z
316 [C13HgBrN: O]

Intermediates 2 and 3: (4-(3-bromoimidazo[1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-

yl)methanone

82



10 .

15

- 20

25

- WO 2013/147711 -~ . PCT/SG2013/000126

0‘ 'o ._ . ’ . e : . .
N B NAF,N . .
N%\éN o N\"\N_ o) NBS AN N\/g
S ] . g
Br N . [Nj e Br.
\ L)
I intermediate2 = N intermediate 3

Step 1: To a solution of 6-bromoimidazo[1,2-a]pyrimidine (2.4 g, 12.1 mmol) in DMF; were

sequentially added (4-methy1pipera2in-]'-yl)(4~(4,4,5,S-tetramethyl-'l',3;2-dioxaborolan—2—

" yl)phenyl)méthanone (80% of 4.1 g, 12.1 mmol), a solution of NaHCO; (3.1g, 36.3 mmol) in

water (30 mL), water (3 mL) and (A-Phos),PdC}; (400 mg, 0.60 mmol). The reaction mixture

- was heated at 90 °C-for 4 h, then was diluted with water (100 mL) and extracted with EtOAc-

(3%100 mL). The combined organic layer was dried over Na,SOy, filtered and concentrated
under reduced pressure. The residue was purified by flash column chromatography (silica gel,

cluent CHCl/MeOH 95:5 to 85:15) to afford of (4-(imidazo[ 1 ,2-a]pyrazin-—6—y])phenyl)(4-

-methylpiperazin-1-yl)methanone (1.5 g, 65%). 'H NMR (400 MHz, CDCl3) & 8.60 (d, J= 2.0
| Hz,lH),SlO(d J=4.0,1H), 7.80 (d, J = 80Hz,1H),758(m 4H) 7.39(d,/=8.0,1

H), 3.84 (br s, 2 H), 3. 50 (or s, 2 H), 240 (brs, 4 H), 235 (s, 3 H); MS (ESD m/z 322 [M+1]

: Step 2: To a solution of ((4-(irrﬁdazo[1 ,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-

yDmethanone (1:4 g, 4.36 mmoi) in ACN (15 mL) and DCM (5 mL) was added N-

" Bromosuccinimide (0.93 g, 5.23 mmol) at 0 °C. The reaction mixture was stirred for 90 min
* while warming to TOOm tcmperature Thc reaction mlxture was diluted with DCM and
. washed with water. The organic layer was dried over NazSO4, ﬁltered and concentrated under

- reduced pressure. The crude compound was purified by flash column chromatography (silica

gel, eluent CHCly/MeOH 95:5 to 90:10) to afford ((4-(3-bromoimidazo( 1 ,2-alpyrazin-6-
yDphenyl)(4-methylpiperazin-1-yl)methanone (1.0 g, 83%) as a brown solid. "H NMR (400
MHz, CDCl;) 6 8.82 (d, /= 4.0 Hz, 1 H), 8.53 (d, J=4.0 Hz, 1 H), 7.87 (s, l H), 7.50 (m, 4
H), 3.84 (bs, 2 H), 3.50 (br s, 2 H), 2.39 (bs, 4 H), 2.34 (s; 3 H); MS (ESI) m/z 400.

Intermediates 4 and 5: 4-(3-iodoimidazo[ 1,2-a]pyrazin-6-yl)benzoic acid and (4-(3-

iodoimidai_o[ 1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone
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N/v,N HNCN'—— NM
o o I
HoOC ‘

N .
Intermediate 4 [ ] Intermediate 5
; y
) .

~ Step 1: To a solution of ethyl 4-(imidazo [1, 2-a]pyrazin-6-yl)benzoate (8.00 g, 29.9 mmol) in

DMF (200 rpL), was added N—Iodosuécinimide (8.10 g, 36.0 mmol) and the mixture was -
heated at 60 °C for 2 h and poured onto ice water. The precipitate was isolated by filtration
and dried to afford ethyl 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoate (11 g, 94%) as yellow
solid. ]_'H“NMR (400 MHz, DMSO-dy) 6 9.13 (s, 1H), 8.80 (s, 1H), 8.29 (d, J= 8.4 Hz; 2H),
8.07 (d,J=8.4 Hz, 2H), 8.00 (s, 1H), 4.37-4.31 (m, 2H), 1.34 (t, /= 7.2 Hz, 3H); MS (ESI)
m/z 393 [CisHiN:O, T - |

Step 2: A solution of ethyl 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoate (11 g, 30.5 mmol)

and LIOH'H;0 (5.00 g, 121 mmol) in THF/CH;OH/H;0 (200/50/50 mL) was stirred for 12h. .

The reaction mixture was conce'ntratéd, diluted with water (20 mL) and acidified with an

aquéous solution of HCI till pH 2. The precipitate was isolated by filtration and dried to

afford 4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)benzoic acid (8.00 g, 72%) as off white solid. ‘H

NMR (400 MHz, DMSO-dg) 8: 9.12 (s, 1H), 8.78 (s, 1H), 8.26 (d, J = 8.4 Hz, 2H), 8.06 (d, J
= 8.4 Hz, 2H), 8.05 (s, 1H); MS (ESI) m/z 366 [CysHsIN;0 +HJ". |

Step 3: N-niethylmorpholine (6.90 mL, 54.64 mmol); HATU (15.58 g, 40.98 mmol) and N-
methylpiperazine (4.15 mL, 40.98 mmol) were added sequentially to a solution of 4-(3-
iodoimidazo[1,2-a}pyrazin-6-yl)benzoic acid (10.0 g, 27.32 mmol) in DMF (50-mL). The

, reéulting mixﬁn‘e was stirred at room temperature for 3 h under nitrogen atmosphere and, was

diluted with Waier (100 mL). The precipitate was isolated by filtration and dried to afford (4- .- . .

(3-iodoimidazo[l,2-a]pyrazin—é-yl)phenyl)(morpholino)methanone (10.5 g, 86%) as oft-
white solid. 'H NMR (400 MHz, CDCls) &: 9.15 (d, J = 1.2 Hz, 1H), 8.44 (d, J = 1.2 Hz, 1H),
8.05 (d, J = 8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, J= 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H),
2.53 (bs, 2H), 2.41 (bs, 2H), 2.35 (s, 3H); MS (ESI) m/z 447 [C1sH;5IN5O T

Intermediate 6: Synthesis of (4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)phenyl) (morpholino)
methanone

N-methyl-morpholine (3.0 mL, 7.5 mmol), HATU (7.5 g, 27 mmol) and morpholiné (1.26 g,
14.85 mmol) were added séquentially to a solution of 4-(3-iodoimidazo[1,2-ajpyrazin-6-
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- yb)benzoic acid (5.0 g, 3.25 mmol) in DMF (10 mL) and the resulting mixture was stirred at

room temperature for 3 h under nitrogen atmosphere. The reaction mixture was diluted with
water (50 mL) and the precipitate that has formed was filtered off and dried to afford (4-(3- '
iodoimidazo(1, 2—a]pyrazm—6 yl)phenyl)(morpholmo)methanone (2.0 g, 65%) as off-white
solid. "H NMR (400 MHz, CDC13) 69.10 (s, 1H), 8. 50 (s, 1H), 8.10 (d, 2H), 7.90 (s, 1H),

7,60 (d, 2H), 3.4-3.9 (m, $H); MS (ESI) m/z 434 [Cy7HsINSO, +H]

Intermediate 7: (4-(3-bromoimidazo[1,2-a]pyrazin—6-yl)phenyl)(morpholino)methanone
To a solution of 4-(3-bromoimidazo {1, 2-a]pyrazin-6-yl)benzoic acid (8.00 g, 25.14 mmol)
in DMF (70 mL), were added sequentially N-methyl-morpholine (5.5 mL, 50.28 rhmol),
HATU (14.4 g, 37.71 mmol) and Morpholine (3.32 mL, 37.71 mmol). The reaction mixture

T was stxrred at room temperature for 3 h under nitrogen atmosphere then, was diluted with

water (50 mL). The prempltate was isolated by filtration and dried to afford compound (4 (3-

'bromomudazo[l 2-a]pyrazin-6- yl)phenyl)(morphohno) methanone (6 40 g, 66%) as off-
white sohd 'H NMR (400 MHz, CDCl3) 8 9.15 (d, J= 12 Hz, 1H), 8. 44 (d J= 1 2 Hz 1H),

8.05 (d,J= 8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, J= 8.0 Hz, 2H), 3.85 (bs,2H) 3.51 (bs, 2H)

2.53 (bs 2H), 2.41 (bs, 2H); MS (ESI) m/z 387 [C17H15BrN402 +H"

Interihédiate 8: (6—bromoimi'dazo[l 24a]pyraziﬁ-3éyl)benzamid8 5a and 4-(6- )

bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile -

To a solution of 3-bromo-6-iodoimidazo [1, 2-alpyrazine (500 mg, 1.50 mmol) in DMF (20.0
mL) was added 4-carbamoylphenylboronic acid (305 mg, 1.84 mmol), Na,CO; (408 mg, 3.84
mmol), water (2:00 mL) and Pd(PPhs)s (36 mg, 0.03 mmol). The mixture was heated at 90 °C

. for 2 h and diluted with water. The precipitate was isolated by filtration and dried under

vacuum to afford 4-(6-bromoimidazo[1 ,2~a]pyrazin-3Tyl)benzamidc (300 mg, 61%) as an off |
white solid. 'H NMR (400 MHz, CDCl;) §: 9.04 (é, 1H), 8.82 ‘(s,i 1H), 8.20 (s, iH), 8.12 (s,
1H), 8.05 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 2H), 7.50 (s, 1H); MS (ESI) m/z 317 |
[C13HoBrN4O]". ‘

Intermediate 9: 4-(6-bromoimidazo[1 ,2-a]pyrazin-3 -yl)benzonitrile

To a solution of 6-bromo-3-iodoimidazo[1,2-a]pyrazitie (3 g, 9.26 mmiol) in DMF (50 mL), -
were added 4-cyanophenylboronic acid 3 (1.632 g, 11.1 mmol), K3;PO, (4.91 g, 23.15 mmol),
Pd(PPh3)4 (0.534 mg, 0.46 mmol) and water (5 mL). The reaction mixture was heated at 90

°C for 1 h and water was added to the mixture to induce precipitation. The precipitate was
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isolated by filtration and was purified by column chromatography (silica gel, eluent

" petroleum ether/EtOAc 1:1) to afford of 4- (6—brom01m1dazo[1 ,2-ajpyrazin- 3~y1)benzon1tnle

25g, 9()%) as an off-white solid. 'H NMR (400 MHz, DMSO—d,;) 0 9.88 (s, 1H), .90 (s

" 1H), 8.27 (s, 1H), 8.05-7.99 (m, 4H); MS (ESI) m/z 301.1 [C;3H7BrN+2 1",

. Example 1: (4-(3- (4~hvdroxvphcnvl)1m1dazofl 2-a]nvrazm 6~ yl)phenvl)(4-

methylpiperazin-1-yD)methanone
NN

SN
Oaor

NG .
) i
N B
CH,

The title was prepared following General procedure B using (4 (3-brom01m1dazo f1,2-

alpyrazin-6- yl)phenyl)(4—meﬂlylcyclohexyl)methanone (mtermedlate 7) and 4-
hydroxyphenylboromc acid as starting materials. The reaction crude product was purified by
flash column chromatography (silica gel, eluent CH,Cl/CH;OH 95:5) to afford (4-(3-(4-
hydroxyphenyl)imidazo[1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone (930
mg, 40%, AUC HPLC 98.2%) as an off-white solid. '"H NMR (400 MHz, CDCl:) § 9.21 (s,
1H), 8.54 (s, 1H); 7.96 (d, J = 8.4 Hz, 2H), 7.83.(s, 1H), 7.54 (d, /= 8.4 Hz,2H), 7.43 (d, J =
8.4 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H), 3.86 (bs, 2H), 3.51 (b's,ﬁz.ﬂ‘), 2.53 (bs, 2H), 2.41 (bs,
2H), 2.35 (s, 3H); MM (S m/z 414 [CouNSOHT.
Example 2: (4-(3-(4-hydroxyphenyl)imidazo[1.2-a

yliphenyl)(morpholino)methanone

The title compo’und was prepared following General procedure B using ((4-(3-

bromoimidazo[1,2-a]pyrazin-6-yl)phenyl)(morpholino) methanone (intermediate 7) and 4-
hydroxyphenylboronic acid as starting materials. The reaction crude product was purified by
flash column chromatography (silica gel, 100-200 eluent CH,Cl,/CH30H 95:5) to afford 4-

‘(3—(4-hydroxypheny1)imidazo[1,2-a]pyrazin-6-yl)phenyl)(morpholino)methanone (150 mg,

32%, AUC HPLC 97.6%) as an off-white solid. "H NMR (400 MHz, CD;0D) § 9.88 (s, 1H),
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9.21 (s, 1H), 8.83 (s, 1H), 8.11 (d, /= 8.0 Hz, 2H), 7.94 (s, 1H), 7.61 (d, J=84HZ 2H),
7.51 (& 7= 8.4 Hz, 2H), 6.97 (¢, = 8.4 Hz, 2H), 3.60 (bs, 8H); MS (ES]) m/z 401
[C23H20N4O3+H}

Step 1: The title compound was prepared ‘following General procedure A_and the reaction

~ crude product was used without further purification in the next step..

'H NMR (400 MHz, CDCl) 8: 9.08 (s, 1H), 8.41 (5, 1H), 8.04 (4, J = 8.4 Hz, 2H), 7.90 (s,
1H), 7.56 (d, J = 8.4 Hz, 2H), 3.75 (bs, 2H), 3.40 (bs, 2H), 1.51 (bs, 2H), 1.34 (s, 2H), 1.02
(s, 6H); MS (ESI) m/z 460 [CaoH2,IN,O7".

Step 2: The title was prepared following General procedure B with. (4 4-dimcthy1pipcridin—1-

yh(4- (3-iodoimidazo(1,2- a]pyrazm—6-yl)phenyl)methanone and 4—carbamov1phenylboromc
acid as starting materials. The reaction crude product was punﬁed by column '
chromatography (silica gel, 100-200 eluent CH,CL/CH30H 90:10) to afford 6-(4-(4,4-
difnéthylpiperidine—l-carbonyl)phenyl)imidazo[I,2~a]pyrazin-3¥yl)6enzamide (130 mg, 34%, |
AUC HPLC 95.4%) as an off-white solid. "H NMR (400 MHz, CDCL3) 8: 9.26 (s, 1H), 8.62

(s, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.96 (s, 1H), 7.95 (d, J = 4.8 Hz, 2H), 7.73 (d, J = 8.4 Hz,
" 2H), 7.52 (d, J = 8.0 Hz, JH), 6.25 (bs, 1H), 5.74 (bs, 1H), 3.75 (bs, 2H), 3.39 (bs, 2H), 1.49

(bs, 2H), 1.32 (bs, 2H), 1.02 (s, 6H); MS (ESI) m/z 453 [Ca7Hp7NsO,+H]".

Intermediate 10: 4-(3-(4- carbamoylphcnyl)lmldazo[l 2—a]pyrazm 6—yl)ben201c acid

N/\‘//N

Oﬂ&/
OH '

0
H,N

Intermediate 10
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- Step 1: To a solution of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzamide (2.00 g, 6.30

mmol) in a mixture of 1,4-dioxane (25 mL) and water (5 mL), were sequentially added 4-

(ethoxycarbonyl)phenylboronic acid (1.30 £, 6.90 mmol), Na,CO;3 (3.30 g, 6.90 mmol) and

Pd(PPhs)s (363 mg, 0.31 mmol). The reaction mixture was heated at 90 °C for 16 h under
argo‘nAatmosphere then, was filtered fhrough a short pad of celite. The filtrate was N
concentrated under reduced pressure and the residue was purified by ﬁash column
chromatography (silica gel, eluent CH,Clo/CH3;OH 95:5) to afford ethyl 4-(3-(4-
carbamoylphenyl)imidazo[1,2-a]pyrazin-6-yl)benzoate (1.50 g, 62%)as yellow solid. MS

~(ESD) m/z 387 [C22H18N4O3 +H]

Step 2: To a solution of eth}‘ll 4-(3—(4-carbamoylphenyl)imidazo[1,2-a]pyfazin-6-yl)benzoate
(1.50 g, 12.7 minol) in THF/CH;0H (20/ lOmL) was added LiOH-H,O (870 mg, O 7 mmol).

The mixture was stirred at rt for 5 h then Was concentrated under reduced pressure toa

smaller volume. The residue was diluted w1th water (20 mL) and acidified till pH 3 with an
aqueous 2M HCl solution. The precipitate was isolated by filtration a_ﬁd dried to afford 4-(3-
(4-carbamoylphenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid (750 mg, 93%) as an off-white
solid. "H NMR (400 MHz, CDCl3) 8 9.30 (s, 1H), 9.06 (s, 1H), 8.17 (d, J = 8.4 Hz, 2H), 8.14
(s, IH) 8. 10(d J= 84Hz,2H),803 d,J= 84Hz,2H),793 (d J=8.4Hz, 3H), 7.49 (bs
1H); MS (ESI) m/z 359 [CooH14N4O3 + H] o

Wl

Example 4: 4-(6-(4-(4-aminopiperidine- 1-carbonyl)phenyl)imidazo[ 1.2-alpyrazin-3-yl)

benzamide hydrochloride

NH, -HCl

- Step 1: tert-butyl 1-(4-(3-(4-carbamoylphenyl)imidazo[1 2-a]pyrazin-6¥yl) benzoyl)piperidin-

. 4-ylcarbamate was prepared following General procedure A using fert-butyl piperidin-4-

ylcarbamate and fert-butyl piperidin-4-ylcarbamate as starting materials. The reaction crude

'product was purified by column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to
-afford the boc protected intermediate. 'H NMR (400 MHz, DMSO-dq) 8 9.28 (s, 1H), 9.00 (s,

1H), 8.16-8.13 (m, 3H), 8.08 (d, J= 8 Hz, 2H), 7.93 (4, J = 8.4 Hz, 2H), 7.49-7.45 (m, 3H),
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6.89 (s, 1H), 4.30-4.20 (m, 1H), 3.55-3.46 (m, 2H), 3.15-3.10 (m, 4H) 1.79-1.71 (m, 2H),
1.23 (s 9H); MS (BSD m'z 541 [C30H32N604+H]

Step 2: To a soluﬁoﬁ 6f tert-butyl 1-(4-(3- (4—'czirbamoylpheny1)imidazb[1 2- a]pyraziﬁ 6-y1)
benzoyl)p1per1dm-4 ylcarba:mate (500 mg, 0.98 mmol) in CH2C12 (5 mL) was added a 20%
HCI solution in 1 4~ dloxane 0.15mL, 0.82 mmol) The rcactlon mixture was stirred at room
temperature for 2 h then, was concentrated under reduced pressure to afford 4-(6-(4-(4-

ammoplpendme-l carbonyl)phenyl)lmldazo[l 2-alpyrazin-3-yl) benzamide hydrochloride -

salt (90 mg, 15%, AUC HPLC 96%) as yellow solid. 'H NMR (400 MHz, DMSO-de) § 9.54
(s, 1H), 9.09 (s, 1H), 8.48 (s, 1H), 8.23-8.18 (m, 4H), 7.96 (d, J = 8.0 Hz, 2H), 7.60 (d, J =

8.0 Hz, 2H), 4.80 (bs, 1H), 3.89-3.85 (m, 2H), 3.10-3.00 (m, 2H), 2.10-2.00 (m, 2H), 1.59—
1.50 (m, 2H); MS (ESI) m/z 477 [CasHzqNeOy +H]".

Example 5: 4—( 6-(4-(4-tert-butylpiperazine- 1 -carbonylphenylimidazo] 1.2-alpyrazin-3-

yhbenzamide

NM .
X .
¢)
CI—I3
T H,CT TCHy -

The title compov'u'fxd‘ was prepared following General procedure A using N-t-butyl piperazine.

" The reactlon ‘crude product was purified by column chromatography (silica gel, 100-200

eluent CH2012/CH30H 97:3) to afford 4- (6-(4-(4-tert-butylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-a)pyrazin-3-yl)benzamide (158 mg, 70%, AUC HPLC 96%) as
an off-white solid. "H NMR (400 MHz, CDCls) § 9.28 (s, 1H), 9.00 (s, 1H), 8.16 (d, J= 8.0
Hz, 2H), 8.13 (s, 1H), 8.08 (d, J= 8.0 Hz, 2H), 7.94 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz,
3H), 7.45 (bs, 1H), 3.65 (bs, 1H), 2.82 (bs, 1H), 2.70-2.65 (m, 3H), 1.80 (bs, 3H), 1.54 (s,
9H); MS (ESI) m/z 483 [CasH3oNcO,+H]".

Example 6: 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2-alpyrazin-3-

yl)benzonitrile -
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eN
To a solution of (4—(3-brom01m1dazo[1 2-a]pyrazm 6- yl)phenyl)(4—methylplperazm-1—
yl)mcthanone (200 mg, 0.50 mmol) in toluene (4 mL) and Ethanol (2 ml) under inert
atmosphere, was added K,CO; (138 mg, 1.00 mmol), 4-cyanophenylboronic acid (110 mg,

- 0.75 mmol) and Pd(PPh;), (58 mg, 0.05 mmol). The resulting mixture was heated ina
‘microwave oven at 140 °C for 15 min, and then was concentrated under reduced pressure.

: “‘.The‘residue.__was purified by column chromatography (siliéa gel, eluent CH;Cl,/MeOH 95:5

to 90:1'0) to afford 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1 ,2-a]pyrazin-3-

. yl)benzonitrile (154.7 mg, 73%, AUC HPLC 99%) as a yellow sohd 1H NMR (300 MHz, -
DMSO-dg) &' 9 31 (s, IH), 9.04 (s, 1H), 8.25 (s, 1H), 8.16 (d, /= 8 1 Hz, 2H), 8 11 8. 04 (m, '
2“4H) 7.51 (d, J 8.1 Hz, 2H), 3.63 (bs, 2H), 3.46-3. 20 (m, ZH), 2 32 (bs, 4H), 2.20 (s, 3H)
’ MS (ESD) m/z 423 [CstleN(gO + H]

Examnle 7: 4-(6-(4- (morpholmc-4-carbonv1)phenvl)1m1dazo[1 a]nvrazin—&vl)benz’onitn’ie

| O/MQAV

To a solution of (4- (3—1od01m1dazo[l 2- a]pyrazm-6-y1)phenyl)(morphohno)methanone 200

mg, 0.52 mmol) in a mixture toluene (3 mL) and water (1. 5 ml)-under inert atmosphere was -

successively added KZCO3 (12’7 g, 0.92 mmol), 4- cyanophenylboromc acid (111 mg, 0.52

mmol) and Pd(PPh;), (53 mg, 0.05 mmol). The resulting mixture was microwaved at 140 °C
for 15 min then was concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel, eluent DCM/MeOH 95:5) to afford 4-(6-(4-(morpholine-
4—¢arbonyl)pheny1)imidazo[1,2—a}pyrazin~3 -yl)beﬁzoni‘m’le (100 mg, 53%, AUC HPLC
95%), yellow solid. 'H NMR (400 MHz, CD;0D) § 9.17 (d, J = 0.7 Hz, 1H), 8.55 (d, /= 1.0 . -
Hz, 1H), 7.95-7.86 (m, 3H), 7.80 (d, /= 8.3 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.43 (d, J =
8.2 Hz, 2H), 3.88-3.22 (m, 8H); MS (ESI) m/z 410 [Cp4H;9N50, + H]".

Example 8: 2-(6-
yhbenzonitrile

4-(4-methylpiperazine-1-carbonyl)phenylimidazo{1.2-a
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NN
N A CN
P
]
To a solution of (4- (3-10d01m1dazo[1 2—a]pyrazm-é—yl)phenyl)(4-methy1p1pcrazm-1-
yl)methanonc (400 mg, 0.89 mmol) in a mixture of toluene (8 mL) and ethanol (4 ml) under

inert atmosphere, was added K,CO; (247 mg, 1.79 mmol), 2-cyanophenylboronic acid (197

A mg, 1.34 mmol) and Pd(PPh3)4 (103 mg, 0.089 mmol). The resulting mixture was heated in a

,. microwave oven at 140 °C for 15 min, and then was concentrated under reduced pressure.

The residue was purified by column chromatography (silica gel, eluent CH,Cly/MeOH 95:5
to 90:10) to afford 2-(6- (4 (4 methylplperazme-l-carbonyl)phenyl)lmldazo[ 1,2-a]pyrazin-3-

- yl)benzonitrile (134 mg, 35%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz,

CD;0D) 69.13 (d, J = 0.8 Hz,1H), 8.65 (d, J = 0.8 Hz,1H), 8.06 (s, 1H), 8.03-7.98 (m, 3H),

7.91-7.84 (m, 2H), 7.73-7.68 (m, 1H), 7.46 (d, J = 8.2 Hz, 2H), 3.77 (bs, 2H), 3.48 (bs, 2H), .

2.52-2.42 (m, 4H), 2.33 (s, 3H); 13C NMR (100 MHz, CD;0D) & 171.99, 143.89, 141.99,

-140.85, 139.26, 137.46, 136.94, 135.46, 135.09, 132.04, 131.99, 131.26, 128.72, 127. 97

125.66, 55.96, 55 53, 46.01, 43 00 MS (ESI) m/z 423 [CosHnNeO + H}

metﬁ lamino i eridine—l-éarbbn Dphenyl)imidazo[1.2-a

1 benzomtn

@ﬁé

Step 1: To-a solution of 4*_(3-(4—cyanopheny1)imidazo[1,2~a]py1fazin76-y1)benzoic acid (100
mg, 0.294 mmol) in DMF (10.0 mL), were added H:A_TU (168 mg, 0.441 mmol), N-methyl
morpholine (59 mg,0.588 mmol) and tert—bﬁtyl methyl(piperidin-4-yl)carbamate (126 mg,
0.588 mmol). The reaction mixture was stirred at room temperature under inert atmosphere
for 16 h, and then was diluted with water (20 mL) and extracted with DCM (3x20 mL). The
combined organic layer was dried over Na;SOq; filtered and concentrated under reduced
pressure. The crude residue was phriﬁed by column chromato graphy (silica gel, eluent |
CH,Cly/MeOH 95:5 to 90:10) to afford the boc-protected derivative as a ye]low solid. MS
(ESD) m/z 537 [C3;1H3NgO3 + HJ .
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Step 2: To a solution of tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-
yl)benzdyl)piperidin-4-yl(methyl)carbamate (0.294 mmol) in methanol (3 mL) and dioxane

(3 mL), was added a solution of 4M HCI in dioxane (3 mL). The resulting mixture was stirred

at room temperature for 18 h and then was concentrated under reduced pressure. The residue

was purified by preparatlve HPLC (C18, eluent ACN/Hzo/HCOOH 0.01%) to afford 4- (6 (4—

) 4- (methylammo)p1pend1ne-l-carbonyl)phenyl)lmldazo[1 2- -a}pyrazin-3-yl)benzonitrile (63.3

mg, 50%, AUC HPLC 96%) as a yellow solid. 'H NMR (400 MHz, CD;OD) 6 9.22

(s, 1H), 8.97 (s, 1H), 8.17 (d, /= 8.2 Hz, 2H), 8.13 (s, 1H), 8.03-7.98 (m, 4H), 7.57 (d, J =
8.2 Hz, 2H), 4.75-4.72 (m, 1H), 3.91 (bs, 1H), 3.17-3.11 (m, 2H), 3.01-2.98 (m, 1H), 2.64(s,
3H), 2.19-2.05 (s, 2H), 1.51 (bs, 2H); °C NMR (100 MHz, CD;0D) 5 172.10, 144.07, .
142.39, 141.09, 139.45, 137.02, 136.83, 134.47, 133.68, 129.78, 128.56, 128.03, 119.37,

©7115.42, 113.53, 57.32, 31.51; MS (EST) m/z 437 [Cy6H24N6O + HI"

Example 10: 4- j 6-(4- (4-(2 ammoethvl)mpendme—l carbonyl)phenyl)umdazof l 2—a1nvrazm-

3- vl)benzommle

. Né\rﬁN.
HoN_ N7
\/\Q

.- Step 1: To a solution-of 4-(3-(4-cyanophenyl)imidazo[1,2-alpyrazin-6-yl)benzoic acid.(50 .
"’ mg, 0.147 mmol) in DMF (5.0 mL) were added HATU (84 mg, 0.221 mmol), N-methyl

morpholine (30 mg, 0.294 mmol) and fert-butyl 2-(piperidin-4-yl)ethylcarbamate (67 mg,

0.294 mmol): The reaction m:ixture was stirred at room ferriperature under inert atmosphere

- for 16 h and then diluted with water (10 mL) and extracted with DCM (3x10 mL). The ‘

combined organic layer was dried over Na,SO,, filtered and concentrated under reduced

pressure. The crude residue was purified by column chromatography (silica gel, eluent

CHCl,/MeOH 95:5 to 90:10) to afford the carbamate derivative as a yellow solid. MS (ESI)
m/z 551 [C32H34N5O3+H] )

Step 2: To a solution of tert- butyl 2-(1-(4~(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-
yl)benzoy!)piperidin-4-yl)ethylcarbamate (0.147 mmol) in DCM (1 mL) was added TFA (1

-mL). The reaction mixture was stirred at room temperature for 18 h and then concentrated

under reduced pressure. The residue was purified by preparative HPLC (C18, éluent
ACN/H,O/HCOOH 0.01%) to afford 4-(6-(4-(4-(2-aminoethyl)piperidine-1-
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_ carbonyl)phenyl)imidazo[1 2-a]ipyrazin- 3-yl)benzonitrile (15.9 mg, 22%, AUC HPLC 99%)

as a yellow solid. 11-1 NMR (400 MHz, CD30D) 6 9.19 (d, /= 1.3 Hz, 1H), 8.93 (d, /= 1.3
Hz, 1H), 8.13-8.11 (m, 3H),801 7.96 (m, 4H), 7.53 (d, J= 8.4 Hz, 2H), 4.69-4.66 (m, IH) ,
3.82-3.80 (m, 1H), 3.18-3.15 (m, 1H), 3.04-3.00 (m, 2H), 2.91 (bs, 1H), 1:89 (bs, 1H), 1.75-
1.64 (m, 4H), 1.30-1.27 (m, 2H); *C NMR (100 MHz, CD;OD) & 171.92, 167. 39, 144.03,
14235, 141.11, 139.14, 137.48, 136.83, 134.46, 133.65, 129.74, 128.50, 127.94, 119.39, ..

1115.32, 113.48, 43.46, 38.38, 34.93, 34.58, 33.46, 32.58; MS (ESI) m/z 451 [Co7H,¢NsO +

HT. |

Exainnle 11: 4-(6-(4-(4-methyl-1 ,2,3.6-tetrahvdronvﬁdine—l -carbonvl)phenyl)imidazo[1.2-

a)pyrazin-3-yl)benzonitrile

N/

N

Q oN

" To a solution of 4-(3 -(4-ca_‘rbkamoylphenyl)imidaio[1,2—a]pyrazin-6-yl)benzoic acid (100mg,

0.279 mmol) in DMF (0.56 mL) was added phosphorus oxychloride (51 pl, 0.558 mmol) -

dropwise. The reaction mixture was stirred at room temperature under inert atmosphere for 4

_h, followed by the addition-vof 4-methylpip,eﬁdin~4-ol (43 mg, 0.279 mmol) and anhydrous

pyridine (1 mL). The reaction mixture was cooled to 0°C, and phosphorus oxychloride (28 pl,
0.307 mmol) was added dropwise. The reaction mixture was stirred at 0°C for at least 30min,
and allowed to warm to room temperature overnight. The reaction mixture was then diluted
with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was

dried over Na;SO4 and was concentrated under reduced pressure. The crude residue was

" purified by column chromatography (silica gel, eluent CH,Cl/MeOH 95:5) to afford 4-(6-(4-

(4-methyl-1,2,3,6-tetrahydropyridine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyrazin-3-
yl)benzonitrile (36 mg, 31%, AUC HPLC 93%) as a yellow solid. 'H NMR (400 MHz,
CDCl3) 8 9.29 (s, 1H), 8.59 (s, 1H), 7.98-7.95 (m, 3H), 7.91-7.88 (m, 2H), 7.77-7.75 (m, 2H),
7.56-7.54 (m, 2H), 5.48-5.23 (br s, 1H), 4.17 (bs., 1H), 3.88 (bs., 2H), 3.50 (bs., 1H), 2.16-
2.07 (m, 2H), 1.74 (s., 3H); °C NMR (400 MHz, CDCl3) § 144.12, 141.20, 140.31, 137.37,
136.99, 136.25, 133.45, 132.49, 128.18, 126.49, 125.66, 118.13, 112.69, 112.38, 23.10; MS

(ESI) m/z 420 [CaH2NsO + HJ™.
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Example 12: 4-(6-(4-( 4—ethy1ﬁiperaiine— 1 -carbonvl)phenvl)imidazo[ 1 ,2—alpwaziﬁ-3 -

yl)benzonitrile
. o

N7
o

[j - 'CN

Step 1: (4- ethylplperazm 1—yI)(4 (3-1od01m1dazo[1 2- a]pyrazm 6-y1)pheny1)methanone was

prepared following General procedure A and the reaction crude product was used without

further purification in the next step. 'H NMR (400 MHz, CDCl)  9.11 (s, 1H), 872 (s, 1H);”
-~ 8.10 (s, 1H), 8.19 (d, J= 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 3.61 (bs, 2H), 3.51 (bs, 4H),

2.39 (bs, 2H), 2.34 (m, 2H), 1.00 (s, 3H); MS (ESI) m/z 461 [CsHy,IN5s0]"

Step 2:The title compound was prepared following General procedure B with (4-

ethylpiperazin-1-yl)(4-(3-iodoimidazo[1, 2—a]pyrazin -6- yl)phenyl)methanone and 4~
cyanophenylboromc acnd as stamng matenals The reaction crude product was purified by
column chromatography (silica gel 100- 200 eluent CH2C12/CH3OH 95:5) to afford 4-(6-(4-
(4- ethylplperazme- -carbonyl)phenyl)lmxdazo[1 2-a]pyrazin-3 yl)benzomtn}e (95 mg, 20%,
AUC HPLC 95. 7%) as a light green solid. "H NMR (400 MHz, DMSO'dé) 8 9.30 (s, 1H),
8.60 (s, 1H), 7.99 (s, 1H), 7.97 (d, /=8 Hz, 2H), 791 (d, J = 8.4 Hz, 2H), 7.77 (dJ =8 Hz,
2H), 7.55 (d, J = 8 Hz, 2H), 3.86-3.80 (m, 2H), 3. 50-3.43 (m 2H)7 2.60~2.40 (m 6H), 1.10
t,J=54 Hz 3H); MS (ESI) m/z 437 [Ca6HaaN6O+H]".

Example 13: 4-(6-(4-( 4-isbpropvlbiverazine~l -carbonyl)phenyl)imidazo[ 1 .2—a1nvrazin-3 -

yl)benzonitrile

o™
O 2
A

Step 1: (4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)phenyl)(4-isopropylpiperazin-1-yl)methanone

was prepared following General procedure A and the reaction crude product was used

without further purification in the next step.
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'H NMR (400 MHz, CDCly) 9.15 (d, J = 1.2 Hz, 1H), 8.4 (d, J= 1.2 Hz, 1H), 8.05 (d, /=
8.0 Hz, 2H), 7.83 (5, 1H), 7.57 (6, J = 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H), 2.53 (bs
2H), 2.41 (bs, 2H), 2.05-2.00 (m, IH), 135(d, /=80 Hz, 6H); MS (ESD) m/z 475
[Conzzmso]

. Step 2: 4—(6~(4-(4-isopfopylpiperazine~l-cafbonyl)phe_nyl)imidazo[ 1 ,2-5]pyféiin~3- :

yl)benzonitrile was prepared following General procedure B with (4-(3-iodoimidazo(1,2-

ajpyrazin-6-yl)phenyl)(4-isopropylpiperazin-1-ylymethanone and 4-cyanophenylboronic acid

as starting materials. The reaction crude product was purified by column chromatography

(silica gel, 100-200 eluent CH,Cl,/CH;OH 98:2) to afford 4—(6-(4:(4-._isopmpylpipe'razine-I— o

carbonyl)phenyl)imidazo[ 1 2—a]pyrazin-3¥yl)bcnzonitrile (60 mg, 23%, AUC HPLC >99%)
as an off white solid: "H NMR (400 MHz, DMSO ds) 8 9.30 (s 1H), 9.03 (s 1H), 8.23 (s, '
lH), 8. 14 (d, J = 8.0 Hz, 2H) 8.03-8. 09 (m 4H), 7.50 (d, J= 8.4 Hz, 2H), 3. 60 (bs, 4H),
2.66-2. 72 (m, 1H), 2. 49 (bs, 4H), 0. 96 d,J=6.4 Hz 6H), MS (EST) m/z 451
[C_27H26N60+H] .

VExamnle 14: 4-(6- (4-(4—cvclonropvlmnerazme—1 carbonvl)phcnvl)1m1dazoﬂ 2- ah)vrazm-S-

vl benzomtnl

N/

S
X

Step 1: (4-cyclopropy1pipcrazin- 1-y1)(4-(3-iodoimidazof1 ,2-a]pyrazin—6-y1)phényl)

methanone was.prepared following General procedure A and the reaction crude product was

used without further purification in the next step.“ ‘

'H NMR (400 MHz, DMSO-de) § 9.21 (s, 1H), 3 8.89 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.83
(s, 1H), 7.55 (d, J= 8.0 Hz, 2H), 3.75 (bs, 4H), 3.53 (bs, 4H), 2.84-2.90 (m, 1H), 1.10 (s,
2H), 0.77 (d, J = 8.0 Hz, 2H); MS (ESI) m/z 473 [CaoHpoINsO+H]".

Step 2: The title compound was prepared following General procedure B with (4-

cyclopropylpiperazin-1-yl)(4-(3-iodoimidazo{1,2-a]pyrazin-6-yl)phenyl) methanone and 4-
cyanophenylboronic acid as starting materials. The reaction crude product was purified by
column chromatography (silica gel, eluent CH,Cly/CH;O0H 97:3) to afford 4—(6-(4-(4—
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cyclopropylpiperazine—1~carbonyl)§henyl)imidazo[1,2—a]pyrazin—3-yl)benzonitrile (65 mg,
28%, AUC HPLC 96.9%) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) 6 9.30 (s,

1H), 9:03 (5, 1H)823(s,1H)815(dJ 8.0 Hz, 2H), 8.03-8.09 (m, 4H), 7.50 (d, J = 8.0

Hz, 2H), 3.58 (bs 4H), 2.62 (bs, 4H), 1.64-1.67 (m, 1H) 0. 32 (d J 8. O Hz ZH) 042 dJ

. =8.0Hg 2H); MS (ESD mz 449 [CZ7H24N6O+H]

Example 15: 4-(6-(4-(4-hydroxypiperidine-1-carbony])phenyl)imidazo[ 1.2-a]pyrazin-3- '

yhbenzonitrile

OH

Step 1: 1-(4-(3-iodoimidazo[1,2-a]pyrazin-6-y)benzoyl)piperidin-4-one was prepared

'following General procedure A and the reaction crude prbduqt was used without further '

puriﬁcaiion in the next step.
'H NMR (400 MHz, CDCl3) 6 9.15 (d, J = 1.2 Hz, 1H), 8.44 (d, J= 1.2 Hz, 1H), 8.05 (d, J =
8.0 Hz, 2H), 7.83 (s, 1H), 7.57 (d, J = 8.0 Hz, 2H), 3.85 (bs, 2H), 3.51 (bs, 2H), 2.53 (bs,

“2H), 2.41 (bs, 2H); MS (ESI) 7i/z 446 [CigH)sIN;Ox+H]™.

- Step 2: 4-(6-(4-(4-oxopiperidine-1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzonitrile

was prepared following General procedure B with 1-(4-(3-iodoimidazo[1,2-a]pyrazin-6-

yl)benzoyl)piperidin-4-one and and 4-cyanophenylboronic acid as starting'mateﬁals. The

reaction crude product was purified by column chromatography. (silica gel, 100~2(_)O‘ eluent

. CH,Cl,/CH3;0H 97:3) to afford 4-(6-(4-(4-oxopiperidine-1-carbonyl)phenyl)imidazo(1,2-

a]pyrazin-3-yl)benzonitrile (20 mg, 24%, AUC HPLC 96.9%) as an off-white solid; 'H NMR

(400 MHZ DMSO0-dg) & 9.31(s, 1H), 9.05 (s, 1H), 8.24 (s, 1H), 8.18 (d, /= 8.4 Hz, 2H),

8.04-8.09 (m, 4H), 7.61 (d, J= 8 4 Hz, 2H), 3.75 (bs, SH) MS (ESI) m/z 422
[CosH19NsO,+H]".

Step 3: To a solution of 4-(6-(4-(4-oxopiperidine- 1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-
3-yl)benzonitrile (140 mg, 0.34 mmol) in methanol (5 mL) was added sodium borohydride
(19 mg, 0.5 mmol). The reaction mixture was stirred at room temperature for 1 h and was

concentrated under reduced pressure. The residue was purified by flash column
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chromatbgraphy (silica gel, eluent CH,Cl,/CH3;0H 90:10) to afford 4—(6—(4-(4-
hydroxypxpendme-1-carbonyl)phenyl)1m1dazo[l 2-a]pyrazm— -yl)benzonitrile (65 mg, 50 A),
AUC HPLC >99%) as gray solid. "H NMR (400 MHz, DMSO-dg) § 9.30 (s, 1H), 9.03 (s,
lH), 8.23 (s, 2H), 8.03~8.09 (m, SH), 7 48 (d, J = 8.4 Hz, 2H), 4. 10 (d J=8.0Hz, lH), 1. 22
(bs, 8H); MS (ESI) m/z 424 [C25H21N502+H] |

Intermediate 11: ethyl 4-(3- (4—cyanopheny1)1m1dazo 1 2—a]pyrazm 6-yl)benzoate

Va
)\/N <:> 6‘”"’5 LiOH -

OC2H5

intermediate 11
Step 1: To a solution of 4- (6-bromoumdazo[1 2-a]pyrazm 3-yl)benzonitrile (5.00 g, 16.7

‘mmol) in DMF (100 mL), were added 4-(cthoxycarbonyl)phenylboronic acid (4.90 g, 25.2

mmol), Na;COj (4.40 g, 41.5 mmol), water (5.0 mL) and Pd(PPhs)4 (386 mg, 0.33 mmol).
The reaction mixture was heated at 90°C for 2 h under argon atmosphere then, was diluted

with water. The precipitate was isolated by filtration and dried under vacuum to afford ethyl

~:4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoate (2.80 g, 46%) as off white solid.. =

'H NMR (400 MHz, DMSO-d¢) 5 9.28 (s, 1H), 9.07 (s, 1H), 8.25 (s, 1H), 8.22 (d, J = 6.0 Hz,

2H), 8.08-8.02 (m, 6FD), 4.38-4.33 (m, 2K, 1.36 (1, /= 7.2 Hz, 3H); MS (ESD) mz 369

[C22H16N402+H]

Step 2: To .a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1 »2-a]pyrazin-6-yl)benzoate (2.80
g, 7.61 mmol) in THF/CHgOH/HgO (50/20/20 mL) was added LiOH-H,O (1.25 g, 30.5
mmol). The reaction mlxture was stirred at rt for 12 h and was concentrated to a smaller
volume. The residue was diluted with water (20 mL) and acldlﬁcd till pH 2. The precipitate
was filtered off and dried to afford 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic
acid (2.00 g, 80%) as off white solid. "H NMR (400 MHz, DMSO-ds) 8: 9.30 (s, 1H), 9.08 (s,
1H), 8.22 (d, J = 9.6 Hz, 3H), 8.06-8.02 (m, 6H); MS (ESI) m/z 341. [CooH;2N4O,+H]".

Example 16: 4-(6-(4-(4-hydroxy-4-methylpiperidine-1-carbonyl)phenyl)imidazo[1,2-

alpyrazin-3-yl)benzonitrile
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To a solution of 4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyrazin-6-yl)benzoic acid (100-mg,

0294 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl

morpholine (130 ul, 1.178 mmol). The reaction mixture was stirred at room temperature _
under inert atmosphere for 1 h, followed by the addition of 4—methylp1per1d1n 4-o0l
hydrochlonde (89 mg, 0.587 mmol) The reaction mixture was left to stir for 18 h, then was

" diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic

layer was dried over I\-I‘a"zSO4 and was génce@itratgd ‘undé:r' reduced pressure. The crude residue
was puﬁﬁed by column chromatography (siliéa éel, eluent CH,Cl,/MeOH 95:5) to afford 4-
(6—(4';(4-hydroxy—'4-mcthy1piperidine-l-‘carbonyl)pheﬁyl)imidazo[l ,2-a]pyrazin-3-
yl)benzonitrile (73 mg, 57%, AUC HPLC 97%) as a white solid. "H NMR (400 MHz, CDCl3)
89.28 (s, 1H), 8.59 (s, 1H), 7.98-7.94 (m, 3H), 7.90-7.88 (m, 2H), 7.77-7.75 (m, 2H), 7.53

(4, J=8.4 Hz, 2H), 4.35 (bs, 1H), 3.51-3.38 (., 3H), 1.70-1.55 (m, 4H), 1.32 (s, 3H); C
NMR (400 MHz, CDCl)-6 169.70, 144.12, 141.20, 140:29, 137.33, 136.86, 136:24, 133.45,
132,47, 128.19, 127.70, 126.54, 125. 68, 118.13, 112.70, 112.39, 68.13, 30.41; MS (ESI) m/z

- 438 [CyeH23NsO, + H]

Example 17: 4-(6-(4~( 4—methy1—1,4-diazenane-1-carbonvl)phen?ﬁimidazofl.2-a]nvrazin-3-

yDbenzonitrile

v
N ' N7

The title compound was prepared according to genral procedure A using 4-(3-(4-

cyanophenyl)iinidazo[l,2-a]pyrazin—6-y1)benzoic acid and 1—méthylfhomopiperazinebas
starting materials. The reaction mixture was stirred at room temperature under inert
atmosphere for 18 h, then it was diluted with water (10 mL) and extracted with EtOAc (3x30
mL). The combined organic layer was dried over Na,SO,4 and was concentrated under
reduced pressure. The residue was purified by preparative HPLC (C18, eluent ACN, water,
formic acid 0.1%) to afford 4-(6-(4-(4-methyl-1,4-diazepane-1 -carbonyl)phenyl)imidazo[l,2—
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a]pyrazin-3-yl)benzonitrile (11 mg, 17%, AUC HPLC 99%) as a white solid. 'H NMR (400,
MHz, DMSO-d;) 6 9.30 (4, J = 1.2 Hz, 1H), 9.03 (d, /= 1.2 Hz, 1H), 8.24 (5, 1H), 8.15.(d,J
—84Hz 2H), 8.11-8.01 (m, 4H), 7.50 (d, J = 7.2 Hz, 2H), 3.70-3.60 (m, 4H), 2.70-2.64 (m,
TH), 2.61-2.55 (m, 1H), 2.60-2.50 (m, 2H), 2.29 (d, J = 26.0 Hz, 3H), 1.91-1.82 (m, 1H),

1.80-1.70 (m, 1H); MS (ESD) m/z 437 [CagH24N6O +HJ".

=HCl

Step 1: tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl) benzoyl)piperidin-4-
ylcarbamate was prepared following General procedure A and the reaction crude product was
purified by column chromatography (silica gel, 100-200 eluent CHyClo/CH30H 97:3). 'H

NMR (400 MHz, CDCl) 6 9.30 (s, 1H), 8.61 (s, 1H), 8.02 (bs, 1H), 8.00 (s, 1H), 7.98 (d, J =

8.4 Hz, 2H),796(d J 8.0 Hz, 2H), 7.79 (d, J = 84HZ 2H),753 (d J= 8 OHZ 2H), ]
4.30-4.25 (m, 1H), 3. 74—3 70 (m, 4H), 2.10-2.06 (m, 4H) 1.45 (bS 9H), MS (ESI) m/z 523
[C30H30N603+H]

Step 2: A solution of rert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl) _
benzoyl)piperidin-4-ylcarbamate (100 mg, 0.90 mmol) in a mixture of CH,Cl, (5 mL), and

20% HCl solution in 1,4-dioxan (0.15 mL, 0.82 mmol) was stirred at room temperature for 2
" h. The reaction mixture was concentrated to afford 4-(6-(4-(4-aminopiperidine-1-

* carbonyl)phenyl)imidazo[1,2-alpyrazin-3-yl)benzonitrile Hydrochloride (52 mg, 59%, AUC

HPLC 98.0%) as a yellow solid. "H NMR (400 MHz, CDCls) § 9.32 (s, 1H), 9.04 (s, 1H), 8.3
(bs, 1H), 8.26 (s, 1H), 8.18-8.16 (m, 3H), 8.07-8.04 (m, 4H), 7.48 (d, J= 8.0 Hz, 2H), 3.30-
3.20 (m, 2H), 2.01-1.96 (m, 4H), 1.49-1.39 (m, 2H); MS (ESI) m/z 458 [C2sHooNsO+H]'.

Example 19: 4-(6-(4-(4.4-dimethylpiperidine-1-carbonylphenvl)imidazo[1.2-alpyrazin-3-
yl)benzonitrile
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H,C” “CH,

The titlé compound was prepared following General procedure A with 4,4-

dimeﬂxylpiperidine as starting material. The reaction crude prbduct was pﬁriﬁed By flash
column chromatography (silica gel, 100-200 eluent CH,ClL,/CH;0H 95:5) to afford 4-(6-(4-

- (4,41-diﬁiéthylpiperidine-1~carbony1)phenyl)ifriidazo[1,2—a]py1‘azin¥3-yl)benzonitrile (35 mg,

14%, AUC HPLC 95%) as a light brown solid. "H NMR (400 MHz, CDCly) 5 9.29 (s, 1H),
8.59 (s, 1H), 7.99-7.89 (m, SH), 7.77 (d, J=8.4 Hz, 2H), 7.53 (d, /= 8.4 Hz, 2H), 3.75 (bs,
2H), 3.39 (bs, 2H), 1.49 (bs, 2H), 1.32(bs, 2H), 1.0»1‘ (s, 6H); MS (ESI) m/z 436

[Cz7H25N50+H]+-

Example 20: 4-(6-(4-(4-(aminomethyl)-4-hydroxypiperidine-1-carbonylphenyl) imidazo[ 1,2~

" alpyrazin-3-y)benzonitrile

(0]
N

HO NH,

“ Step 1: To a solution of t—buf&f—4—(aminbmethyl)—4—hydroxypiperidiné-1;éarboxylate (2.0 g,

8.69 mmol) in THF, were added DMAP (110 mg, 0.86 mmol) and ethyl 2,2,2-trifluoroacetate

C(15g, 10.43 mmol). The reaction mixture was heated at 70 °C and stirred for 6 h then was

diluted with ethyl acetate. The organic layer was washed in turn with 1N HC1 (2x10 mL) and
brine then, dried over Na,SO,, filtered and concentrated. The residue was purified by flash
column chromatography (silica gel, eluent n-Hexane/EtOAc 70:30) to afford rert-butyl 4-
hydroxy—4—((2,2,2—triﬂuoroacetamido)methyl)pipéridine—l-carboxylate (2.00 g, 84%) as an
oil. 'H NMR’ (400 MHz, CDCl;) 6 6.90 (bs, 1H), 3.79 (bs, 2H), 3.41 (bs, 2H), 3.25-3.18 (m,
4H), 1.57 (bs, 4H), 1.48 (s, 9H); MS (ESI) m/z 327 [Ci3H2 F3N2O4t+ H]. - '

Step 2: A solution of rert-butyl 4-hydroxy-4-((2,2,2-trifluoroacetamido)methyl)piperidine-1-

carboxylate (500 mg, 8.69 mmol) in a mixture of 1,4-dioxane and 30% HCI solution in 1,4~
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dioxane (10 mL). The reaction mixture was stirred forv3 h at room temperature annd was .
concentrated to afford 2, 2 2-trifluoro-N-((4- hydroxyp1pendm~4—y Jmethyl)acetamide (400
mg, 90%) as an oil. 'H NMR (400 MHZ DMSO-dG) 55.08 (bs 1H), 3.37 (bs, 2H), 3. 20 (d J
= 6.4 Hz, 2H), 3.10-3.07 (m, 2H), 3.01-2.94 (m, 2H), 1.72-1. 64 (m, 2H), 1.57-1.54 (m, 2H) '
MS (ESI) m/z 227 [CsH14CIFsN,0, +H]".

Stcn 3: To a solution of 4-(3-(4;hydroXyphenyl)-1 —(tetrahydrc)éZH—nyrén—Z-yl)—1H‘~indazol-5—
yDhbenzoic acid (300 mg, 0.88 mmol) in DMF (5 mL) were added N-methylmorpholine (270
mg, 3.57 mmol), HATU (503 mg, 1.32 mmol) and 2,2,2-trifluoro-N-((4-hydroxypiperidin-4-
yl)rncthyl)acetamidc (350 mg, 3.57 mmol). The reaction mixture was stirred for 10 h at room
temperature and was quenched by adding water. The aqueous phase was extracted with.
CH2C12 and the organlc Iaycr was washed with brine solution, dried over NaZSO4, ﬁltered and -
concentrated The crude compound was purified by flash column chromatography (s1hca gel,-
eluent CHzClg/CH3OH 95:5) to afford N-((1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-

‘ yl)benzoyl)—4-hydroxypiperidin-4—yl)methyl)jZ,Z,Z-triﬂuoroacctamidc (70 mg, 20%) as an
. off white solid. "H NMR (400 MHz, DMSO-ds) & 9.29 (s, 2H), 9.03 (s, 1H), 8.23 (s, 1H),

8.14 (d, J = 8.4 Hz, 2H), 8.09-8.03 (m, 4H), 7.49 (d, /= 8.0 Hz, ZH), 4.78 (s, IH), 4.20 (bs, .
1H), 3.40 (bs, 1H), 3.28 (bs, 1H), 3.22 (4, J = 6.0 Hz, 2H), 3 15 s, 1), 1. 52-1 40 (m, 4H);
MS (ESD m/z 549 [C23H23F3N6O3 +H]

Step 4: To a solution of N-((1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoyl)-4-

hydroxypiperidin-4-yl)methyl)-2,2,2-trifluoroacetamide (100 mg, 0.17 mmol) in methanol (5
mL) was added K;CO3 (97 mg, 0.44 mmol) was added. The reaction mixture was stirred for 5

- hthen was concentrated under reduced pressure. The residue was purified by flash column

chromatography (silica gel, eluent CH,Cl,/CH,O0H 90:10) to afford 4—(6—(4—(4-
(aminomethyl)-4-hydroxypiperidine-1-carbonyl)phenyl) imidazo[1,2-a]pyrazin-3-
yDbenzonitrile (50 mg, 40%, AUC HPLC 96.7%) as a light ycilow solid. "H NMR (400 -

- MHz, DMSO-d) 8 9.20 (s, 1H), 8.95 (s, 1H), 8.15-8.11 (m, 3H), 8.02~7.96 (m, 4H), 7.55 (d,

J=8.4Hz, 2H), 441 (bs, 1H), 3.65-3.49 (bs, 2H), 3.35 (s 2H), 2.94 (5, 2H), 1.77-1.63 (am,
4H); MS (ESI) m/z 453 [CoeHpaNO+H]".

alpyrazin-3-yl)benzonitrile
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The title compound was prepared following General procedure A using 4—(3;(4-

cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid and NN-dimethyl-4-aminopiperidine
as starting materials. The reactiqn Acrude product was purified by column chromatography’
(silica gel, eluent CH,Cl,/CH30H 96:4) to afford 4-(6~(4—(4-(dimethylamino)piperidine—1‘-

' carBonyl)phenyl)imidqzo[l_,2-a}pyrazin;3-yl)benzdni'trile (65 mg, 22%, AUC HPLC 96%) as

an off-white solid. "H NMR (400 MHz, DMSO-dg) 8 9.31 (s, 1H), 9.03 (s, 1H), 8.24 (s, 1H),
8.16 (d, /= 8.0 Hz, 2H), 8.04-8.09 (m, 4H), 7.52 (d, /= 8.0 Hz, 2H), 3.55 (bs, 4H), 3.08—
3.16 (m, 1K), 2.85 (4, 6HD), 2.25 (bs, 4H); MS (EST) m/z 451 [C27H26N60+H]

NN
N
HN._.0
Y
CH,

The title compound was prepared following General procedure A using 4-(3- (4—

cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid and 4-N-acetamido-~ pzpendme as
starting materials. The reaction crude production was purified by column chromatography
(silica gel, eluent CH,Cl,/CH3OH 93:7) to afford N-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-
a]pyrazin-6-yl)benzoyl)piperidin-4-yl)acetamide (80 mg, 29%, AUC HPLC 96%) as an off-
white solid. "H NMR (400 MHz, CD;0D) 8 9.21 (s, 1H), 8.96 (s, 1H), 8.14 (d, /= 8.4 Hz,
2H), 8.11 (s, 1H), 8.02-7.96 (m, 4H), 7.54 (d, J = 8.0 Hz, 2H), 396 (bs, lﬂ), 3.72 (s, 3H),
3.09 (bs, 1H), 2.51 (bs, 2H), 4.59 (bs, 1H), 2.02 (bs, 1H), 1.94 (s 3H), 1 88 (bs, 1H) MS

) (ESD m/z 465 [C27H24N602‘LH]
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. Example 23: 4-(6-(4- (4-ammo-4—methvlmper1dme 1- carbonvl)phenvl)lmldazofl 2- zﬂpvrazm-

3-yl)benzonitrile hydrochlonde salt

N’j//N

AR

N

H,C' NHyHCL ,
Step 1: tert- butyl 1- (4—(3 -(4- cyanophenyl)nmdazo[l 2 a]pyrazm—é yI)benzoyl)-4-

methylp1per1dm-4 ylcarbamate was prepaxed followmg General procedure A using 4-(3- (4- .

cyanophcnyl)1m1dazo[1 2-a]pyrazin-6-yl)benzoic acid and fert-butyl 4-methylpiperidin-4-

ylcarbamate as startlng materials. The reactlon crude productlon was punﬁed by column ‘
chromatography (sﬂ1ca gel eluent CHzclz/CH3OH 95: 5). 'TH NMR (400 MHZ CDCI3) 59.30

(s, 1H), 9.03 (s, 1H), 8.23 (s, 1H); 8.12 (d, J = 8.0 Hz, 2H), 8.09-8.03 (m, 4H),7.49 (d, =
8.0 Hz, 2H), 6.62 (bs, 1H), 3.39-3.35 (m, 1H), 3.21 (bs, 3H), 2.10-1.96 (m, 3H), 1.37-1.30
(m, 13H); MS (ESI) sz 537 [Cy;HioNO3 + H T :

Step 2: A solution-of zert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoyl)-

4-methylpiperidin-4-ylcarbamate (150 mg, 0.27 mmol) in a mixture of CH,Cl, (5 ml)and ... .

20% HCl solution in 1,4-dioxane (0.15 mL, 0.82 mmol) was stirred at room temperature for 2
h. The reaction mixture was concentrated to affoid 4—(6-(4-(A:amino-4v-met‘hylpiperidine-1~ |
carbonyl)phenyl)imidazo[I,2—a]pyrazin—3fy])benzonitﬁle hydrochloride salt (76 mg, 60%,
AUC HPLC 97%)’ as an off-white so.lid.‘ "H NMR (460 MHZ, CDCl3) 8 9.32 (s, iH), 9.04 (s,
1H), 8. 26 (s, IH) 8.24 (bs, 1H), 8.17 (d, J = 12.0 Hz, 2H), 8.09-8.04 (m, 4H)' 7.49 (d,J=

8.0 Hz, 2H), 3. 39—3 29 (m, 3H), 1. 76—1 .58 (m, 4H), 1.39 (bs 3H), MS (ESI) m/z 473

[CasH24NgO+H]™.

Example 24: 4 (6-(4-(2-0xa-7-azaspiro[3. 5]nonane—7-carbonv1)phenvl)1m1dazo¥1 2-

a}pvrazm 3-v)benzonitrile

N/\'{/N
\N/
0O
N
%g | CN
(6]
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The title compound was prepared following General procedure A using 4-(3-(4-. . .

cyanophenyl)imidazo[l 2- a]pyrazin 6-yhbenzoic acid and 2-oxa-7-azaspiro[3.5]nonane as

stamng materials. The reaction crude product was punﬁed by column chromatography (silica
gel eluent CHCl,/CH;0H 95: 5) to afford 4- (6 (4-(2- oxa-7- azasp1ro[3 5inonane-7-
carbonyl)phenyl)lmldazo[l 2- a]pyrazm-3 yl)benzonitrile (58 mg, 25%, AUCHPLC 96%) as.
an off-white solid. 'TH NMR (400 MHz, CDCl3) § 9.30 (s, 1H), 9.04 (s, 1H), 8.24 (s, 1H),

8.14 (d, /= 8.0 Hz, 2H), 8.09-8.03 (m, 4H), 7.27 (d, J = 8.0 Hz, 2H), 4.33 (bs, 4H), 353(bs
2H), 3.28 (bs, 2H), 1.78-1.72 (m, 4H); MS (ESI) m/z 450 [C27H23N50, +HJ™.

" The title coﬁ-ipound was pfepared following '(.}neynverdl' procedufe'A. usil;g 4- (3 @

cyanophenyl)mldazo[l 2 ajpyrazin-6- yl)benzoxc acid and 2- oxa—6—azasp1ro[3 3]heptanc as

starting ‘material. The reaction crude product was punﬁed be column chromatography (silica - o

gel, eluent CH,Cly/CH30H 93:7) to afford 4-(6-(4-(2-oxa-6-azaspiro[3.3 Jheptane-6-
carbohyl)phenyl)imidazo[l,2—a]pyi‘ézin-3-y1)benzonitrilé (40 mg, 33%, AUC HPLC 96%) as
an off-white solid. "H NMR (400 MHz, CDCl3) 8 9.30 (s, 1H), 9.09 (s, 1H), 8.25 (s, 1H),
8.12 (d, /= 8.4 Hz, 2H), 8.01-8.10 (m, 4H), 7.27 (d, J= 8.0 Hz, 2H), 4.70 (bs, 4H), 4.50 (bs,
2H), 4.20 (bs, 2H); MS (ESI) m/z 422 [C,sHioNsOx+H]".

Example 26: 4-(6-(4-(4-tert-butylpiperazine-1-carbonyl)phenyl)imidazo[1.2-a}pyrazin-3-

ylibenzonitrile -

NEN=N
SN
0
N
IR
H3C)<CH3
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The title compound was prepared following General procedure A using 4-(3-(4-

cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid and N-t-butyl piperazine as starting

xhatérials The reaction crude prbduct was puriﬁed by column chromatography (silica gel,

~ eluent CH2C12/CH3OH 95 5) to afford 4-(6-(4- (4 tert-butylpiperazine-1-

carbonyl)phenyl)lmldazo[l 2-a]pyrazm 3-yl)benzonitrile (137 mg, 27%, AUC HPLC 98%)”
as an off-white solid. 'H NMR (400 MHz, CDCl3) 8.9.29 (s, IH), 9.02.(s, lH), 8. 21 (s, 1H),
8.14 (d, J = 8.0 Hz, 2H), 8.13-8.03 (m, 4H), 7.49 (d, J = 8.0 Hz, 2H), 3.59 (bs, 2H), 2.49-
2.43 (m, 6H), 1.02 (s, 9H), MS (ESI) m/z 465 [CysHasNsO +H] ™.

Example 27: 4-(6-(4-(4-aminopiperidine-1 —carbonvD-3 -methvlphenvl)imidazo[1.2-alpyrazin-

3-yl)benzonitrile

. /
K2C03 PdC,dppf’ . HATU NMM. SN TFA. DCM
)\/N D)\/N
HOOC

NHBoc

Step 1: Toa solutlon of 6- bromo—3—1odoxm1dazo[1 2-alpyrazine (5. 00 g 154 mmol) in DMF

- (60 mL) under inert atmosphere, was added Na,CO; (4.08 g, 38.6 mmol), 4-

cyanophenylboronic acid (2.66 g, 16.9 mmol) and Pd(PPhs)s (356 mg, 0.31 mmol). The-

_resulting mixture was stirred at 80 °C for 48 h, then was concentrated under reduced pressure.

The residue was p};riﬁed by column chromatography (silica gel, eluent hexane/EtOAc 3:2) to

.afford the crude 4-(6-bromoimidazo[1,2-a]pyrazin-3 -yl)benzoﬁitrile (1.51 g, 33%) as a pink

solid. '"H NMR (400 MHz, CD;0D) 8 9.07 (d, /= 1.2 Hz, 1H), 8.88 (d, J = 1.2 Hz, 1H), 8.27
(s, 1H), 8.02 (g, J =7.8 Hz, 4H); MS (ESI) m/z 301 [C1sH,BrN, + HT".

Step 2: 4-borono-2-methylbenzoic acid (100 mg, 0.55 mmol), K2C03 (138 mg, 1.00 mmql)

and Pd(dppf)Cl, (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4-(6-

‘bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF at room

temperature under inert atmosphere. The reaction mixture was refluxed for 18 h, then was

- diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined organic -

layers were dried over NaySQOq, filtered and concentrated under reduced pressure to afford 4-
(3-(4-cyanophenyl)imidazo( 1,2-a]pyrazin-6-yl)-2-methylbenzoic acid (105 mg, 83 %) as a
brown solid. "H NMR (400 MHz, DMSO-ds) 12.87 (bs, 1H), 9.31 (s, 1H), 9.07 (s, 1H), 8.24
(s, 1H), 8.10 — 8.04 (m, SH), 8.02 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 2.62 (s, 3H);
MS (ESI) m/z 355 [CoiH1iN4O2 + H T
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Step 3 To a solutlon of 4-(3-(4- cyanopheny])1m1dazo[l 2- a]pyrazm—6 -yD)-2- methylbenzmc
acid (50 mg, 0.14 mmol) in DMF (3 mL), were added HATU (80 mg, 0.21 mmol), N-methyl
morpholme (57 mg, 0.56 mmol) and tert-butyl piperidin-4-ylcarbamate hydroch]onde (56

m g, 0.30 mmol). The reaction mixture was stirred at room temperature under inert

» atmosphere for 18 h, then was diluted with water (10 mL) and extracted with DCM (3x10

mL). The combined organic layers were dried over Na,SO,, filtered and concentrated under .

reduced pressure. The crude residue was purified by column chfoma’tography (silica gel,

‘ ‘eluent EtOAc)to afford tert-butyl 1-(4~(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-y1)-2-

methylbenzoyl)plpendm 4-ylcarbamate- (63 mg, 83%) as off-white powder. MS (ESI) m/z
437 [CasHagNsO + HI".

~ Step 4: A solution of tert-butyl 1 (4 (3 (4—cyanopheny1)1mldazo[1 2~ a]pyrazm—6—yl)-2-

methylbenzoyl)p1pemd1n 4- ylcarbamate in DCM (3 mL) and TFA (3 mL) was stn‘red 18h at
room temperature. The reaction mixture was concentrated under reduced pressure and the
residue was purified By preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to afford
4-(6-(4-(4-aminopiperidine-1-carbonyl)-3-methylphenyl)imidazo[ 1,2-a]pyrazin-3- '
yDbenzonitrile (38 mg, 94%, AUC HPLC 98%) as a white solid. "H NMR (400 MHz,

- CDsO0D) § 9.16 (d, J= 1.4 Hz, 1H), 8.89 (d, J = 1.4 Hz, 1H), 8.08 (s, 1H), 8.00 ~ 7.88 (m,

6H), 7.33 (t, J = 8.6 Hz, 1H), 4.78 (s, 1H), 3.60 (bs, 1H), 3.43 (t,J = 11.3 Hz, 1H), 3.21 (t, J
=11.9 Hz, 1H), 2.97 (bs, 3H), 2.38 (d, J = 3.8 Hz, 3H), 2.17 (d, J = 12.3 Hz, 1H), 1.97 (bs,
1H), 1.71 - 1.42 (m, 2H); *C NMR (400 MHz, CD;0OD) & 171.84, 163.22, 163.88, 162.53, -
143.96, 142.33,141.26, 138.66, 137.22, 136.79, 134.45, 133.65, 129.74, 127.91, 127.57,

127.21,125.59, 119.72, 119.38, 115.20, 113.47, 46.00, 40.81, 31.85, 31.36, 30.84, 19.05; MS

(EST) m/z 437 [Ca6H24N6O + H]".

Example 28: 4-(6-(4-(4-amino-4-methvlpiperidine-1-carbonyl)-3-methviphenvl)imidazo[1.2-

alpyrazin-3-vl)benzonitrile

e
/
HN N
N
[¢)
C

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-y1)-2-methylbenzoic
acid (55 mg, 0.15 mmol) in DMF (3 mL), were added HATU (86 mg, 0.30 mmol), N-methyl
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morpholine (31 mg, 0.30 mmol) and fert-butyl plpendm-4 ylcarbamate hydrochloride (65
mg, 0.30 mmol). The reaction mixture was stirred at room temperature under inert
atmosphere for 18 h, thenv was diluted with water (10 mL) and the aqueous phase was
extracted with DCM (:3»><10 mL). The combinetl organic'layers were dried over Na2SO4,

filtered and concentrated under reduced pressure. The crude residue was punﬁed by column

chromatography (silica gel eluent EtOAc) to afford tert-butyl 1- (4-(3-(4- .
. cyanophenyl)1m1dazo[1 2-ajpyrazin-6-yl)- 2-methy1benzoyl)—4-methylp1per1d1n—4~

”ylcarbamate 7 (36 mg, 83%) as an off-white powder. MS (ESI) miz 437 [C26H24N60 + H]

.10
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Step 2: A solution of tert—butyl 1-(4-(3-(4-cyanophenyl)imidazof1 ,Z-a]pyrazin-ﬁ-yl)-2= :

- methylbenzoyl)-4-methylpiperidin-4-ylcarbamate in DCM (3 mL) and TFA (3 mL) was -

’stlrred 18 h at room temperature. The reaction m1xture was concentrated under reduced

| pressure and the residue was punﬁed by preparative HPLC (C18, eluent ACN/HZO/HCOOH

0.01%) to afford 4-(6-(4- (4-am1no—4—methylp1per1d1ne-I-carbonyl) 3-
methylphenyl)1m1dazo[1 2-a)pyrazin-3- yl)benzomtrlle (37 mg, 4%, AUC HPLC 99%) as a
white solid. 'H NMR (400 MHz, CD;0D) 9.18 (d, /= 1.4 Hz, 1H), 8.91 (d, /= 1.4 Hz, TH),
8.10 (s, 1H), 8.05~7.86 (m, 6H) 7.32 (d J=8. O Hz 1H), 4.37-3.90 (m, 2H) 3.78-3. 51(m
1H), 3.61-3. 32 (m, 1H), 2. 98 t,J= 8.6 Hz 3H), 1.93-1.64 (m, ZH), 1 61 (bs, 2H) 1.36 (s,

~ 3H); 3C NMR (400 MHz; CD30D) §170.32, 142.54, 140.94, 139.92, 137.19, 136. 04,

135.36, 134 88,132.27,128.43, 126.51, 124.11, 117. 95 113.77,112.07, 37.45, 36.95, 36 30,
17.72; MS (EST) m/z 451 [C27H26N50+H}

. Example 29: 4-L6-(4-(4-aminopineridine—1-earbonvl)-3-ﬂuoroghenyl)imidazo[ 132;a1b9rat‘iiné ‘

"3-Vl)benz£)nitri1e '

COOH NN

NN,
MI] ) 1@ &
H b4 .o

N

Step 1:4- borono 2 Fluorobenzow amd (102 mg, 0. 55 mmol), KZCO3 (138 mg, 1.00 mmol)

and Pd(dppt)Clz (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4-(6-
brom01m1dazo[1,2 a)pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF under inert
atmosphere. The reaction mixture was refluxed for 18 h, then was diluted with water (10 mL)
and extracted with DCM (3%10 mL). .The combined organic layers were dried over Na,SQ,,

filtered and concentrated under reduced pressure to afford the crude -(3-(4-
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. cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-fluorobenzoic acid (161 mg, 67 %) as brown o

sohd MS (ESI) m/z 359 [C20H11FN4O, + H]

| - Step 2: To a solution of 4-(3-(4-cyan0phenyl)imidazo[1,2‘a]pyfazin—6—yl);Z—ﬂuOrobenzoic

acid (60 mg, 0.17 mmol) in DMF (3 mL), were successively added HATU (95 mg, 0.25
mmol), N-methylmorpholine (67 mg, 0.67 mmol) and ters-butyl piperidin-4-ylcarbamate
hydrochloride (67 mg, 0.34 mmo!) The reaction mixture was stirred at room temperature
under inert atinosphere for 18 h and then was diluted with water (10 mL) and the aqueous

phase was extractéd with DCM (3>< 10 mL). The combmed orgamc layers were dried over B

- NapSOy, filtered and_conccntrated under reduced pressure. The resxdue was punﬁ¢d by

column chromatography (silica gel, eluent EtOAc) to afford 1-(4-(3-(4- .

. vcyanophenyl)lmldazo[l 2- a]pyrazm 6-yl)-2- ﬂuorobenzoyl)plpend1n—4-ylcarba1nate (70 mg,
_ 76%) as an off white powder. MS (ESI) m/z 441 [CysHy1FNgO + H]

Step 3: A solution of tert-butyl l—(4-(3—(4~cyanopheny1)imid,;zzo[1,Z-a]py:a;zin-é-yl);Z-

~ fluorobenzoyl)piperidin-4-ylcarbamate (70 mg, 0.13 mmol) in DCM (3 mL) and TFA (3 mL)

was stirred 18 h at room temperature The reaction mixture was concentrated under reduced
pressure and the resuiue was purified by preparative HPLC (C 1 8, eluent ACN/HzO/HCOOH
0.01%) to afford 4-(6-(4-(4-aminopiperidine-1 -carbonyl)-3-ﬂuorophenyl)lmldazo[1,2—

: a}pyfazin»3-yl)benzonitriie (39 mg, 53%, AUC HPLC 98%) as a white solid."H NMR (400

MHz, CD;OD) § 9.20 (4, J =1.4 Hz, 1H), 9.00 (d, J =1.4 Hz, 1H), 8.1 (s, 1H), 8.07-7.91 (m,

"6H), 7.50 (t, J=7.5 Hz, 1H), 4.75 (d, J = 13.7 Hz, 1H), 3.69 (d, J= 12.6 Hz, 1H), 3.39-3.18

(m,2H),298(tJ’117Hz 1H), 211(d J—-12 1Hz, 1H), 1.97 (4, J=11.7 Hz, 1H), 1.97~

- 1.45 (m, 2H); 130 NMR (400 MHz, CD3;0OD) 8 170.23, 166.98, 161.24, 158.80, 144.16,

142.48, 141.84, 139.82, 136.98, 134.49, 133.61, 130.45, 129.86, 128.20, 125.04, 124.85,
124.06, 124.03, 119.40, 115.980, 115.24, 115.01, 113.61, 46.78, 41.45, 32.61, 31. 88; MS
(EST) m/z 441 [CosHp FNGO + HJ'.

-carbonvl)-3-fluorophenvl)imidazo[1.2-

4-amino-4-methvylpiperidine-1

alpvyrazin-3-yl)benzonitrile

NE NN
F Qﬁ/ /
HN .
N
0
CN
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Step 1: To a solution of 4-(3-(4- cyé.nophenyl)imidazo[l ,2-a]pyrazin-6-yl)-2-fluorobenzoic
acid (90 mg, 0.25 mmol) in DMF (3 mL), was successively added HATU (95 mg, 0.25
mmol), N—rnethyhnorphohne (55 mg, 0.50 mmol) and tert—butyl piperidin-4- ylcarbamate

hyd:rochlonde (106 mg, 0.50 mmol) The reactlon mixture was stm'ed under mert atmosphere

for 18 h at room temperature, then was diluted with water (] 0 mL) and the aqueous phase
was extracted with DCM (3x10 mL). The combined organic layers were dried over Na2804,
filtered and concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gel, eluent EtOAc) to afford fert-butyl 1 '(4 -(3-(4-
cyanophenyl)lmldazo[l 2-a]pyrazin-6-yl)-2-fluorobenzoyl)- 4»methylp1per1dm 4- ylcarbarnatc
as off-whlte powder MS (ESI) m/z 455, [C26H23FN5O + H}

Step 2: A solution of fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-
ﬂuorobenzoyl)-4-methy1piperidin—4-ylcarbaniate in DCM @3 va) ano TFA 3 mL)"was.
stirred 18 h at foom temperature. The reaction mixture was concentrated under feduced
pressure and the residue was purified by preparotive HPLC (C18, eluent ACN/Hzo/I;ICOOH
0.01%) to afford 4-(6-(4-(4-amino-4-methylpiperidine-1-carbonyt)-3-
ﬂuorophenyl)1m1dazo[1 2~ a]pyrazm 3- yl)benzomtnle (42 mg, 37% over 2 steps AUC HPLC
9%) as a white solid. 'H NMR (400 MHz, CD3OD) 39.20(d,J=14 Hz 1H), 8.99 d,J=
1.4 Hz, 1H), 8.11 (s, 1H), 8.02-7.94 (m, 6H), 7.50 (t,J=5.0 He, 1H), 4.41 (d, /= 14.1 Hz,
1H), 3.60 (d, J = 14.5 Hz, 1H), 3.49-3.34 (m, 2H), 2.05-1.76 (m, 4H), 1.50 (s, 3H); °C
NMR (400 MHz, CD;0D) § 165.53, 159.80, 157.35, 142.70,°140.99, 140.55, 140.47, 138.36,
138.33, 135.50, 133.03, 132.13, 129.03, 128.40, 126.75, 123.36, 123.18, 122.60, 117.94,
114. 54, 113 81 113. 57 11.16, 52.22, 42. 86, 37.46,35.17, 34.42, 20.74; MS (ESI) m/z 455

‘ [CststNso +HJ".
25

Example 31; 4-(6-( 4j4—aminoniperidine-1-carbomd)—3-chlorobhenvl)imidazo[ 1 ;Z-o]pvrazin-

3-yDbenzonitrile

| NP
H,N cl N
@
I .

Step 1: 4-borono-2-Chlorobenzoic acid (110 mg, 0.55 mmol), K,CO; (138 mg, 1.00 mmol)
and Pd(dppf)Cl; (73.1 mg, 0.01 mmol) were added sequentially to a solution of 4~(6-
bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (150 mg, 0.50 mmol) in DMF under inert
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atmosphere. The reaction mixture was stirred at 80 °C for 18 h then was diluted with water
(10 mL) and extracted with DCM (3%10 mL). The combined organic layers were dried over
Na2804, ﬁltered and concentrated under reduced pressure to afford the 4- -(3- (4-
cyanophenyl)lmrdazo[l 2—a]pyrazm-6 yI) 2- chlorobenzmc acid (127 mg, 68 %) as brown
solid. MS (BSI) m/z 375 [C20H11C1N402+ HT . '

Step 2: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-chlorobenzoic
acid (53 mg, 0.14 mmol) in DMF (3 mkL) under inert atmosphere, was added HATU (80 mg,
0.21 mmol), N-methyl morpholine (57 mg, 0.56 minol) and ferz-butyl p1per1d1n 4-

—»vylcarbamate hydrochloride (56 mg, 0.28 mmol). The reaction mixture was stlrred at room

temperature for 18 h, then was diluted with water (10 mL) and extracted with DCM (3x10
mL). The combmed orgamc layer was dried over Na,SOy, ﬁltered and concentrated under
reduced pressure The crude residue was purified by column chromatography (silica gel

eluent EtOAc) to afford rert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2- a]pyrazm-6 yI) 2-
chlorobenzoy_l)piperidin-4—ylcarbamate (70 mg, 89%) as off-white powder. "H NMR (400

MHz, CDCl3) § 9.26 (s, 1H), 8.61 (s, 1H), 8.23 (d, J=2.7 Hz, 1H), 8.07-7.96 (m, 2H), 7.93—

7.81 (m, 4H), 7.35 (m, J = 9.8 Hz, 1H), 4.64 (s, 2H), 3.72 (s, 1H), 3.4 (¢, J = 12.5 Hz, 1H),
3.18 (t,J=11.5 Hz, 1H), 3.00 — 2.94 (m, 3H),208(dJ 10.6 Hz, 1H), 1.93 (1, /= 10.3 Hz,
1H), 1.45 (s, 9H); MS (ESI) m/z 457 [CosHiCINGO + HJ"

Step 3: To a solution of tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-
fluorobenzoyl)piperidin-4-ylcarbamate (70 mg, 0.13 mmol) in DCM (5 mL) were added TFA

(5 mL) and the resulting mixture stirred 18 h at room temperature. The reaction mixture was

- concentrated under reduced pressure and purified by preparative HPLC (C18, eluent

25

30

ACN/H,O/HCOOH 0. 01%) to afford 4—{6 (4-(4—am1nop1pendme— -carbonyl)-3-
chlorophenyl)1m1dazo[1 2-a]pyrazin-3 -yl)benzomtn]e (15 mg, 26%, AUC HPLC 97%) as
white solid. "H NMR (400 MHz, CDs0OD) § 9.20 (d, J = 1.4 Hz, 1H), 8.93 (d, J= 1.2 Hz,
1H), 8.23 (d, J = 2.7 Hz, 1H), 8.04-8.15 (m, 2H), 7.98 (m, J = 7.6 Hz, 4H), 7.45 (m, J=9.7
Hz, 1H), 4.73 (t, J = 14.9 Hz, 1H), 3.53 (t, J = 12.5 Hz, 1H), 3.11-3.27 (m, 2H), 2.98 (m, J =
6.5 Hz, 1H), 2.09 (d, J= 14.2 Hz, 1H), 1.93 (t, J= 13.0 Hz, 1H), 1.70~1.45 (m, 2H); °C.
NMR (100 MHz, CD;0D) § 167.27, 167.15, 142.72, 140.99, 139.16, 139.04, 138.33, 135.51
135.34,135.21, 133.03, 132.15, 130.59, 130.50, 128.42, 127.91, 127.49, 127.44, 126.75, !
125.32, 125.27, 114.50, 112.14, 45 44, 44.87, 39.84, 39.03, 31.72, 31.13, 30.85; MS (ESI)
m/z 457 [C23H21C1N60 +HT".

>
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Example 32: 4-(6-(4-(4-amino- 4-methylpmend1nenl carbonvl) 3- chloropheny1)1m1dazo[1 2~

alpyrazin- 3-yl)benzon1tnle

N/
a . \N/
H,N
ﬁp“

Step1: To a solution of 4-(3—(4-cyahophenyl)imidazo[1,2~a]pyrazin-é—yl)-z-chlorobehzoic

acid (75 mg, 0.20 mmol) in DMF (2 mL), were successively added HATU (114 mg, 0.30

- mmol), N-methyl morpholine (61 mg, 0.40 mmol) and ter¢-butyl 4*methylpiperidiﬁ—'4f o
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‘ylcarb'amate hydrochloride (86 mg, 0.40 mmol). The reaction mixture was stirred at room

temperature under inert atmosphere for 18 h, then was diluted with water (10 mL) and the
aqueous layer was extracted with DCM(3x10 mL). The combmed organic layers were dried

over Na,SOq, filtered and concentrated under reduced pressure The crude residue was

~ purified by column chromatography (silica gel, eluent EtOAc) to afford fert-butyl 1-(2-

chloro-4-(3-(4- cyanophenyl)lmldazo[l 2va]pyrazmw6—y1)benzoyl)—4—mcthylp1pendm-4-

-ylcarbamate as an off-white powder. MS (ESD) m/z 471 [C26H23C1N50 +H]".

Step 2: A solution of ferz-butyl l*(2-chloro—4—(3-(4-eyanophenyi)imidazo[‘1,2-a]pyrazin—6- .
yl)bcnzoyl)—4-methylp‘ivp‘g;idinv-{}‘—ylcarbamate in DCM (3 mL) and TFA (3 mL)_qu stirred at |
room temperature for 18h. The reaction mixture was concentrated under reduced ‘pressure and
the residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to
afford 4-(6-(4-(4-amino-4-methylpiperidine-1-carbonyl)-3-chlorophenyl)imidazo[1,2-
a]pyrazin-3-yl)benzonitrile (11 mg, 13% over 2 steps, AUC HPLC 99%), white solid. 'H

NMR (400 MHz, CD;0D) 8 9.20 (d, J = 1.3 Hz, 1H), 8.99 (d, J =1.3 Hz, 1H), 8.24 (s, 1H),
© 8.21-7.88 (i, 2H), 7.98 (m, J= 5.7 Hz, 4H), 7.46 (d, J = 8.0 Hz, 1H), 4.32-4.00 (m, 1H),

3.71-3.51 (m, 1H), 3.50-3.30 (m, 2H), 1.931.51(m, 4H), 1.37 (4, J = 4.0 Hz, 3H): *C NMR
(100 MHz, CD;OD) & 170.32, 142.54, 140.94, 139.92, 137.19, 136.04, 135.36, 134.88,
132.27, 128.43, 126.51, 124.11, 117.95, 113.77, 112.07, 43.01, 37.45, 36.95, 36.3, 17.72; MS
(ES) m/z 471 [CagHasCINGO + HI'. |
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Example 33: 4-(6-(3-methoxy-4-(piperazine-1-carbonyl)phenyl)imidazo[ 1 .2-a]pyrazin-3-

yDbenzonitrile

OCH;

.@_{ml I \ N ) [ e H,CO N /
L10H
o0 OcH OH ocH,
CN CN
H,CO N
HCl

Step 1: To a solution of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (2.00 g, 6.91
mmol) in 1,4-dioxane, were added 3-methoxy-4-(methoxycarbonyl)phenylboronic acid (1.76
g, 8.7 mmol), an aqueous solution of Na,COj; (1.46 g, 13.8 mmol) in water and Pd(PPh;),
(498 mg, 0.43 mmol. The reaction mixture heated for 3 h at 90 °C under argon atmosphere
and was filtered through celite. The filtrate was concentrated and the residue was purified by
flash column chromatography (silica gel, eluent CH,Cl,/CH3O0H 98:2) to afford methyl 4-(3-
(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-methoxybenzoate (1.20 g, 44%) as yellow
solid. '"H NMR (400 MHz, DMSO-dg) 6: 9.87 (s, 1H), 9.22 (s, 1H), 8.89 (s, 1H), 7.95 (s, 1H),
7.80 (s, 1H), 7.73 (s, 1H), 7.61 (d, J=8.0 Hz, 2H), 6.98 (d, J=8.0 Hz, 2H), 3.91 (s, 3H), 3.79
(s, 3H); MS (ESI), m/z 385 [CoyH1sN,O3 +H]".

Step 2: To a solution of methyl 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-
methoxybenzoate (1.20 g, 3.20 mmol) in THF/CH3;OH (40/10 mL) was added a solution of
LiOH (440 mg, 9.7 mmol) in water (10 mL). The reaction mixture was stirred at room
temperature for 5 h and was concentrated in vacuo. The residue was first diluted with water
(10 mL) and then was acidified till pH 3 using an aqueous solution of 2N HCL. The yellow
precipitated was isolated by filtration and washed with water then was dried under vacuum to
afford 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyrazin-6-yl)-2-methoxybenzoic acid (800 mg,
80%) as light yellow solid. "H NMR (400 MHz, DMSO-dg) 6: 9.91 (s, 1H), 9.23 (s, 1H), 8.89
(s, 1H), 7.97 (s, 1H), 7.73.(d, J= 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 6.98 (d, /= 8.0 Hz,
2H), 3.91 (s, 3H); MS (ESI), m/z 371 [C2;H14N4O3 +H]".

Step 3: To a stirred solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-
methoxybenzoic acid (300 mg, 0.81 mmol) in DMF (5 mL) were added N-methylmorpholine
(250 mg, 2.43 mmol), HATU (465 mg, 1.22 mmol) and tert-butyl piperazine-1-carboxylate
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- (230 mg, 1.22 mmol). The reaction mixture was stirred for 10 h at room temperature, and was

diluted with water followed by an extraction with CH,Cl,. The organic layer was washed
with brine, dried over Na2804, ﬁltered and concentrated. The residue was purified by flash
column chromatography (silica gel, eluent CHZC]Q/CH3OH 97: 3) to afford tert-butyl 4-(4-(3-

- @ cyanophenyl)lmldazo[l 2-a]pyrazin-6-yl)- 2-methoxybenzoyl)plperazme— ~carboxylate

(100 mg, 30%) as off-whlte solid. '"H NMR (400 MHz, DMSO-dg) 6 9.29 (s, 1H), 9.02 (s,
1H), 8.17 (s, 1H), 8.08 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.75 (s, 1H), 7.69 (d, J =

8.0 Hz, 1H), 7.30(d, J = 7.6 Hz, 1H), 3.89 (s, 3H), 3.62-3.56 (m, 2H), 3.46-3.41 (1, 2H),

3.37-3.29 {m, 4H), 1.39 (s, 9H); MS (ESI) m/z 539 [CsoH3oNsOs+ HJ".

Step 4: A solution of fert-butyl 4-(4-(3-(4-cyanophenyl)imidazo[1,2-ajpyrazin-6-y1)-2-
methoxybenzoyl)piperazine-1-carboxylate (50 mg, 0.09 mmol) in a mixture of 1,4-dioxane -
and 30% HCl ‘solution in 1,4-dioxane (1 mL) was stirreéi at room tom..perature‘ for 3 hl and was
coocentrated under reduced pressure. The residue wés purified by flash column
chromatography (silica gel, eluent 10% CH;Cly/CH;OH 90:10) to afford 4-(6-(3-methoxy-4-
(piperazine—l-carbonyl)phér[yi)irﬁidazo[l ,2-a]pyrazin-3-yl)benzonitrile (25 mg, 30%, AUC

HPLC 88%) as a light yellow solid. "H NMR (400 MHz, DMSO-dg)  9.21 (bs, 1H), 8.97 (s,

1H), 8.12 (bs, 1H), 8.02-7.96 (m, 4H), 7.81 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7:39 (d, J= 8.0
Hz, 1H), 3.99 (s, 3H), 3.89-3.84 (m, 2H), 3.52-3.43 (m, 2H), 3.14 (bs, 2H), 3.03 (bs, 2H);
MS (ESI) m/z 439 [Cy5H2NsOx+ H]".

Example 34: 4—(6-( 2-fluoro-4-(4-methvlpiperazine-1-carbonyDphenyl)imidazo] 1.2-alpvrazin-

-yl benzomtn

Step 1: To a solution of 4»(6—brom01m1dazo [1,2-a]pyrazin-3-yl)benzonitrile (50 mg, 0.167

* mmol) in a mixture of DMF (2 mL) and water (1,3 mL), was added Na,COs (35 mg, 0.334

mimol), 4-borono-3-fluorobenzoic acid (33 mg, 0.183 mmol) and Pd(PPh,), (19 mg, 0.016
mmol). The resulting mixture was heated in a microwave reactor at 140 °C for 0.5 h and was

filtered through celite. The filtrate was concentrated under reduced pressure and the residue

~was purified by column chromatography to afford 4-(3-(4-cyanophenyl)imidazof1,2-

a}pyraziﬁ-G-yl)-?&-ﬂuorobenzoic acid (25.0 mg, 42.3%, AUC HPLC 99%) as a off white solid.
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'H NMR (600 MHz, DMSO-dy) 6 9.33 (s, 1H), 8.97 (s, 1H), 8.26 (s, 1H), 8.10-8.01 (m, 5H),
7.84 (d, J= 8.4 Hz; 2H), 7.72 (d, J= 12.6 Hz, 2H); MS (ESI) m/z 359 [C3oHy FN4O, + HJ".

Step 2: To a solution of 4- (3 (4-cyanophenyl)1m1dazo[l 2- a]pyrazm— -yl) 3- ﬂuorobenzow

acid (30 mg, 0. 083 mmol) in a mixture of CHCl, (2 mL) and DMF (1, 3 mL) was added

sequentlally DIPEA (60 pL, 0.351 mmol), HOBt (23 mg, 0.175 mmol), EDCI*HCI (33 mg,
0.175 mmol) and N-methyl piperazihe (14 VpL, 0.125 mmol). The reaction mixture was stirred
at room temperaturc under inert atmosphere for 16 h, and then solvents were removed under
vacuum. The crude residue was pﬁriﬁe’d by column chromatography to afford 4-(6-(2-ﬂuoro-
4-(4~methylpiperazine— 1 -carbonjl)phenyl)imidazo[l ,2-ajpyrazin-3-yl)benzonitrile (1 6 mg,’
5%, AUC HPLC 99%) as an white solid. "H NMR (600 MHz, DMSO-ds) & 9.36 (s, 1
H), 9.01 (s 1H), 8.30 (s, 1H), 8.14 (, /= 7.8 Hz, 1H),8 15 8.03 (m, 4H), 7.44 (d, J = 114
Hz, 1H), 7.39 (d J=9.6 Hz, 1H), 3.64-3.62 (m, 2H), 2.40- 226 (m, 4H), 2.20 (s, 3H); MS
(EST) m/z 441 [CysH2 FNgO + HJ".

3-yl)benzonitrile

4
s N/ /N o
NS A
\N/\| ' . ) ;
“VNYQ)\/ A
X J ‘
e bN

To a solution of (4—(3~iodoimidazo[l,2~a]pyrazin¥6-y1)phenyl)(4-methylpiperazin-1- i

“yhmethanone (200 mg, 0.45 mmol) in a mixture of toluene (4 mL) and ethanol (2 ml) under
. inert atmosphere, was-added K,CO;.(124 mg, 0.89 mmol), 4-cyano-2-fluorophenylboronic

acid (88 mg, 0.54 mmol) and PA(PPhs)4 (52 mg, 0.045 mmol). The resulting mixture was
heated in a microwave reactor at 140 ‘5C for 15 min, and then was concentrated under reduced
pressure. The residue was puriﬁed by column chromatography (silica gel, eluent l
CH,Cl/MeOH 95:5 to 90:10) to afford 3-fluoro-4-(6-(4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzonitrile (18.1 mg, 9%, AUC HPLC 96%) as
a yellow solid. "H NMR (400 MHz, CD;0D) 6 9.21 (s, 1H), 8.74 (d,J=1.5Hz, 1H), 8.12 (d,
J=8.2Hz, 2H), 8.10 (s, 1H), 8.00-7.96 (m, 1H), 7.89-7.87 (m, 1H), 7.82 (d, J = 8.0 Hz, 1H),
7.54 (d, J = 8.2 Hz, 2H), 3.81 (bs, 2H), 3.53 (bs, 2H), 2.55-2.52 (m, 4H), 2.36 (s, 3H); °C
NMR (100 MHz, CD;0D) & 171.97, 160.63, 143.81, 142.39, 140.94, 139.19, 138.00, 136.99,
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133.17, 130.43, 128.75, 127.91, 122.44, 122.00, 121.61, 118.25, 116.42, 115.57, 55.98, .
55.58, 46.01; MS (ESI) m/z 441 [CasH FNO + HJ".

Example 36: 4-(6-(6-( 4-methv1vinerazine- 1-carbonylpyridin-3-vl)imidazo]1.2-a]pyrazin-3-

yl )benzonitrile

#%

Step:' 1 To a solution of 4-(6~bromoimidaio[1 ,2-aJpyrazin-3-yl)benzonitrile (140 mg, 0.468 -

. mmol) and methyl 5-(4,4,5,5-tetramefhyl—.1 ,3,2~d_ioxaborolan-2-yI)picolinate (246 meg, 0936

mmol) in a mixture of DMF/H,0 (6:1, 3.5 mL) was added Na,CO; (148 mg, 1.40 mmol).
The suspension was stirred vigorously whilst de-gassing with N, for 5 min before adding
PA(PPhs)s (54 mg, 0.046 mmol). The mixture was heated to 100°C for 3 h and then,
concentrated under reduced pressure. The crude residue was puriﬁed by column |
chromatography to afford methyl 5-(3-(4-cyanophenyl) imid#zo[1,Z-a]pyrazin-é-yl)picolinate
(120 mg, 72%) as an off white solid. 1‘H NMR (600 MHz, DMSO-dg) 49.42 (s, lH), 9.35 (s,
1H), 9.25 (s, 1H), 8.66 (d, J = 10.8 Hz, 1H), 8.28 (s, 1H), 8.18 (d, /= 8.4 Hz, 1H) 8.12-8.05

" (m, 4H), 3.92 (s, 3H); MS (ESI) m/z 356 [CaoHy3NsO, + HJ'.

Step: 2 A solution of methyl 5-(3-(4-cyanophenyl) imida:éo{l ,2~a]pyrazin-6-yl)picolinate (60

"mg, 0,169 mmoi) and a 5N sodium hydroxide solution (135 plL, 0.676 mmol) in methanol 3
. ml) was stirred at room temperature for 1 hr. 5N hydrochloric acid (319 pL) was added to the -

reaction solution at room temperature, followed by extraction with ethyl acetate. The extract
was dried over Na,SO4, concentrated under reduced préssure. To a solution of the crude acid
(50 mg, 0.146 mmol) in DMF (1.5 mL) was added sequentially N-methy! piperizine (41 pL,
0.366 mmol), HBTU (139 mg, 0.366 mmol), HOBt (38 mg, 0.2;78.mm01) and -DIPEA 127 - |
uL, 0.733 mmol). The reaction mixture was stirred at room temperature under inert
atmosphere for 12 h, then it was diluted with water (3 mL) and extracted with CH,Cl, (3%10

mL). The combined organic layer was dried over NaySO; and was concentrated under

‘reduced pressure. The crude residue was purified by column chromatography to afford 4-(6-
~ (6-(4-methylpiperazine-1-carbonyl)pyridin-3-yl)imidazo[ 1,2-a]pyrazin-3-yl)benzonitrile (35
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mg, 56%, AUC HPLC 96%), light brown solid. 'H NMR (600 MHz, DMSO-ds) 6 9.33 (s,
1H), 9.28 (s, 1H), 927 (s, 1H), 8.57 (d, /= 10.2 Hz, 1 H), 8.26 (s, 1H), 8.13-8.02 (m, 4H),
7.70 (d, J = 8.4 Hz, 1H), 3'71 3.64 (m, 2H), 3.50-3.42 (m, 2H), 2. 45-2.37 (m, 2H), 2.34-2.26
(m, 2H), 2.20 (5, 3H); MS (ESI) m/z 424 [CqHyN-0+ HJ"

vl)benzonitrile

N4\r/N

N A NZ
I\ <
P

o &

Step 1: A mixture of 4-(6-bromoimidazo[1,2-a]pyrazin-3-yl)benzonitrile (50 mg, 0.167

mmol), ethyl 6-bromonicotinate (39 mg, 0.167 mmol), PACL>(PPhs), (12 mg, 0.016 mmol),

..and hexamethylditin (35 plL, 0.167 mmol) in anhydrous DMF (0.5 mL) was heated at 100°C

for 3 h, and then cooled to room temperature and solvents were removed under vacuum. The

crude i'esidue was puriﬁed by column bhromatography to afford niethyl 6-(3-(4- cydnophenyl)

imidazo[1,2- a}pyrazm—é yl)mcotmate (29 6 mg, 48%) as an off white solid. "H NMR (600 .
MHz DMSO-dg) 0942 (s, 1H), 9.36 (s, 1H), 9.16 (s, 1H), 8.53-8.46 (m, 2H), 3 29 (s, 1H),

~ 8.14 (d, J= 8.4 Hz, 2H), 8.05 (d, J = 8.4'Hz, 2H), 4.38 (q, /= 7.2 Hz, 2H), 1.36 (t, 7= 7.2

Hz, 2H); MS (ESI) m/z 370 [C21H;sNs0, + H]™.

| Step2: A solﬁtibn of methyl 6-(3-(4-¢yanophcnyl) imidazo[1,2-a]pyrazin-6-ylnicotinate (20

20 ° mg, 0.054 mmol) and a 5N sodium hydroxide solution (43 pL, 0.216 mmol) in ethanol (1 ml) -

was ,stirfed at room temperature for 1 hr. 5N hydrochloric acidﬂ(li()' 1 uL) was added to the
reaction solution at room temperature, followed by extraction with ethyl acetate. The extract
was dried over Na;SOq, filtered and concentrated under reduced pressure and directly used in A
the next step without further purification.

To a solution of above acid (15 mg, 0.043 mmol) in DMF (0.5 mL) was added sequentxally

- N-methylpiperazine (12 uL, 0.109 mmol), HBTU (42 mg, 0.109 mmol), HOBt (12 mg, 0.083

mmol) and DIPEA (13 pL, 0.073 mmol). The reaction mixture was stirred at room
temperature under inert atmosphere for 12 h, then was diluted with water (1 mL) and

extracted with EtOAc (3x5 mL). The combined organic layer was dried over Na;SO4 and was
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concentrated under reduced pressure. The crude residue was purified by column

chromatography to afford 4-(6-(5- (4—methy1p1perazme—1-carbonyl)pynd1n-2 yl)1m1dazo[1 2~

| aJpyrazin-3- yl)benzomtnle (12 mg, 66%, AUC HPLC 93. 6%) as a hght brown sohd 1H

NMR (600 Mz, DMSO-dg) 6 9.34 4,J=120Hz, 2H), 8.68 (s, 1H), 8.40 (d,J=7.8 Hz,
1H), 8.26 (5, 1H), 8.12 (4, /= 8.4 Hz, 2H), 8.05-7.98 (m, 3H), 3.68-3.63 (m, 2H), 2.40-2.35
(m, 4H), 2.20 (5, 3H); MS (ESI) m/z 424 [C24H21N70+H]

Example 38: 4-(6-(2-hydroxy-4-(4-methylpiperazine-1-carbonvl)phenvlimidazol 1,2-

_ a]pyrazin-3-yl)benzonitrile

OH N7NRN
N7

[N] CN

Step 1: To a solution of 3-methoxy-4-bromobenzoic acid (500 mg, 2.16 mmol) in DMF (5
mL) was added NMM (0.44 g, 4.32 mmol) followed by addition of HATU (1.23g,3.24
mmol) at rt and stirred for 30 min. l-methylplperazme (0.24 g, 2.38 mmol) was added and
stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na,SO4 and concentrated .
under reduced pressure to obtain 350 mg (83%) of (4-bromo-3 -methoxyphenyl)(4~ |
methylp1perazm- -yl)methanone (AUC LC-MS 83%) as a brown solid.

Step 2: To a solution of (4-bromo-3-methoxyphenyl)(4-methylpiperazin- ﬂyl)methanone (350
mg,) 1,4-dioxane (10 rnL), were added bis(pinacolato)diboron (O 30 g, 1.19 mmol), KOAc

' (330 mg, 3.36 mmol), PdClzdppf (24 mg, 0.03 mmol) and dppf (18 mg, 0.033 mmol) The

reaction mixture was heated at 90 °C for 16 h, was diluted with EtOAc and washed w1th
water, the organic layer was dned over a.nhydrous NaSO4 and concentrated under reduced
pressure to afford 350 mg of (3-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyi)(4-methyipiperazin¥l—yl)meﬂlaﬁone as a brown liquid which was used in next step

without further purification.
Step 3: To a mixture of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (232 mg), (3-
methoxy-4-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan—Z-yl)phenyl)(4-methy1piperazin- 1-

yl)methanone (350 mg), K3sPOy4 (412 mg, 1.94 mmol) in 1,4-dioxane (5 mL) and water (5
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mL) was added Pd(PPhs)4 (56 mg, 0.048 mmol). The reaction mixture was heated at 90 °C
for 16 h under argon atmosphere, was diluted with water and extracted with EtOAc. The
organic phase was washed in turn with water, brine solution, dried over anhydrous Na,SOy
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography to afford 4-(6-(3-methoxy-4-(4-methylpiperazine-1-carbonyl) phenyl)
imidazo [1,2-a]pyridin-3-yl)benzonitrile (80 mg, 30%, AUC HPLC 99.3%) as an off-white
solid; m.p. 311-318°C. "H NMR (400 MHz, DMSO-ds) 6 (ppm): 9.27 (s, 1 H), 9.14 (s, 1 H),
8.19(d,J=8.0Hz, 1 H), 7.99 (s, 1 H), 7.88 (d, /= 8.0 Hz, 2 H), 7.79 (d, /= 8.0 Hz, 2 H),
7.14-7.12 (m, 2 H), 3.95 (s, 3 H), 3.84 (bs, 2 H), 3.54 (bs, 2 H), 2.54 (s, 2 H), 2.36 (bs, 2 H),
2.34 (s, 3 H); MS (ESI) m/z 453.32 [CasH24NsOy + H]".

Step 4: A solution of 4-(6-(3-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (150 mg) in anhydrous DCM (5
mL) was treated with BBrj at rt for 3 h. After the completion of reaction as indicated by TLC,
the reaction mixture was washed with NaHCO;. The organic layer was dried over Na;SOy
filtered and concentrated. The residue was purified by preparative HPLC to afford 4-(6-(2-
hydroxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-alpyrazin-3-yl)benzonitrile
(50 mg, 34%, AUC HPLC 97%) as an off white solid; m.p. 237-241°C. "H NMR (400 MHz,
DMSO-dys) 6 (ppm): 11.15 (s, 1 H), 9.43 (s, 1 H), 9.31 (s, 1 H), 8.26 (s, 1 H), 8.16 (d, J=12.0
Hz, 1 H), 8.09-8.01 (m, 4 H), 6.95 (s, 2 H), 3.59 (bs, 2 H), 3.34 (bs, 2 H), 2.49 (bs, 2 H), 2.27
(bs, 2 H), 2.19 (s, 3 H); MS (ESI) m/z 439.2 [CasH2oNgO, + HJ .

Example 39: 4-(6-(3-methoxy-4-(4-methylpiperazine-1-carbonyDphenvl)imidazo[1.2-

aJpyrazin-3-vl)benzonitrile

Step: 1 To a solution of 4-bromo-2-methoxy benzoic acid (1 g, 4.34 mmol) in DMF (15 mL)
was added NMM (0.876 mL, 8.68 mmol) followed by HATU (2.08 g, 6.51 mmol) at rt and

stirred for 30 min. 1-Methylpiperazine (0.478 mg, 4.78 mmol) was added and stirred at rt for
16 h. The reaction mixture was diluted with EtOAc, washed with water and brine solution.

The organic layer was dried over anhydrous Na,SO, and concentrated under reduced
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pressure. The residue was purified by column chromatography (silica gel, Petroleum
ether/EtOAc 100:0 to 50:50) to afford (4-bromo- 2-methoxyphenyl)(4~1nethy1p1perazm 1-
yI)methanone (1. 1g, 81%) of as an off white solid. 'H NMR (400 MHz, CDC13) 6733 (s
1H), 7.25-7.19 (m, ZH) 3.84 (s 3H) 3.6-2.9 (m, 8H), 2. 83 (s 3 H), MS (ESI) m/z315.10
[C;3H17BTN202+2 T

- Step 2: A'mixture of (4—bromo—2-methoxyphenyl)(4-methylpiperazin—1-yl)methémone (1.1 g
* 3.52 mmol), Bis(pinacolato)diboron (1.07 g, 4.23 mmol), KOAc (1.03 g, 10.56 mmol) in 1,4-

dioxane (20 mL) was degassed with argon for 30 min. PdCLdppf (75 mg, 0.1 mmol), dppf -
(56 ﬁg, 0.1 mmol) was added and again degassed with argon for 30 min and the reaction
mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc and
washed with water. The orgamc iayer was dned over-anhydrous Na;SO, and ooncentrated

under reduced pressure to afford 800 mg of (2-methoxy—4 (4 4,5,5- tetramethyl 1,3,2-

’ dxoxaborolan—Z yl)phenyl)(4—methylplperazm 1-yl)methanone as a dark brown liquid whlch

was used in next step without punﬁcauon

3

| Step 3: Toa mixture of 2- methoxy-4-(4,4,5,5-tetramethyl-1,3 2-d10xaborolan-2—yl)phenyl)(4- o

methylp1perazm~ -yl)mcthanone (678 mg, 1.88 mmol), 4-(6-bromoimidazo[1, 2- a]pyrazm-B-

" yl)benzonitrile (400 mg, 1.34 mmol), K3PO4 (568.1 mg, 2.68 mmol) in'1,4-dioxane (20 mL)

and water (5 mL) was adde Pd(PPhs)4 (77 mg, 0.05 mmol). The.reaction mixture was heated
at 90 °C for 1 h and was diluted with water and extracted with EtOAc. The organic phase was
washed with water and brine, dried over anhydrous Na,SOy, filtered and concentrated under

reduced preséu;'e. The residue was purified by Preparative HPLC to afford 4-(6-(3-methoxy-

: 4~(4~methylpipefazinc-1 -carbonyl)phenyl)imidazo[ 1,2-a]pyrazin-3-yl)benzonitrile (180 mg,
25 -

30%, AUC HPLC 96.7%) as a pale brown solid; m.p. 188-192°C. '"H NMR (400 MHz,

CD;OD) & (ppm): 9.19 (s, 1 H), 8.94 (s, 1 H), 8.89 (s, 1 H), 8.00-7.94 (m, 4 H),7.78 (s, 1 H),

7.64 (d,J=8.0 Hz, 1 H), 732 (4, /= 8.0 Hz, 1 H), 3.95 (s, 3 H), 3.80 (bs, 2 H), 3.34 (bs, 2
H), 2.54 (s, 2 H), 2.45 (bs, 1.H), 2. 38 (bs, 1 H), 2.33 (S, 3 H); MS (ESI) m/z 453.30
[C26H24N602+ HI".
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4-methylpiperazin-1- 1sulfonyl)phenyl)imidazo[1.2-a

1 benzomtnl

1-methyl-4-(4-(4,4,5,5-tetramethyl-1,3 ,2-dioXaborolan—Z-yl)phenylsulfonyl)piperazine (240 .
mg, 0.656 mmol), K;POy4 (212 mg, 1 minol) and Pd(PPh3)4 (28 mg, 0.025 mmol) were added

" sequentially to a-solution of 4-(6-bromoimidazd[1 ,2;é}i§§razin-3-yl)bénzonitrile (150 mg, 0.5

10

15

20

25

- mmol) in a mixture of 1,4-dioxane/H,O (10' 1 mL) at room temperature under argon -

atmosphere. The reaction mixture was refliixed for 6 h and was diluted w1th water (10 mL)
and extracted with EtOAc (3%50 mL). The combined. .organic layer was dried over Na,SOy,

filtered and concentrated under reduced pressure. The residue was purified by column

. chromatography (silica gel, eluent CHC13/MeOH 95:5) to afford 4-(6-(4-(4-methylpiperazin-

1-ylsulfonyl)f)henyl)imidazo[1 2- a]pyrazin 3-yl)benzonitrile (80 mg, 36%, AUC HPLC
99.1%) as an off-white solid; m.p. 220-228°C. "H NMR (400 MHz, CDCl;) & (ppm) 930 (s,
1 H), 8.6] (s,lH),SOS(d J=8.8 Hz, 2 H), 8.00 (s, 1 H), 7.92-7.85 (m, 4 H), 7.77 (d, J =

8.4 Hz, 2 H), 3.08 (bs, 4 H), 2.50-2.48 (m, 4 H), 2.27 (s, 3 H); MS (ESI) m/z 459.27

[CaaH2NgO2S + H]

" Example 41: (4-(3-(4-chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-

oyl )methanon

(O

Cl

To a solution of (4~(3-iodoimidazo[l,2-q]pyrazin—6-yl)phenyl)(4-methylpiperazin-1- A
yDmethanone (1 50 mg, 0.34 mmol) in a mixture of toluene (4 mL) and ethanol (2 ml) uhder
inert atmosphere, was added K;CO3 (93 mg, 0.67 mmol), 4-chlorophenylboronic acid (79
mg, 0.50 mmol) and Pd(PPh;)4 (39 mg, 0.034 mmol). The resulting mixture was heated in a

microwave reactor at 140 °C for 15 min, and then was concentrated under reduced pressure.

The residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5
to 90:10) to afford (4-(3-(4-chlorophenyl)imidazo[1,2-alpyrazin-6-yl)phenyl)(4-
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methylpiperaziml—yl)methanone (128.4 mg, 66%, AUC HPLC 99%) as a yellow solid."H

“NMR(4OOMHZ CDC13)5924(d J—-14Hz 1H), 8.54 (d, J = 1.4 Hz, 1H), 795(dJ 84

Hz, ZH) 7.89 (s, 1H), 7.60- 7 35 (rn, 4H), 7.52 (d, J=8.4 Hz 2H) 3.82 (bs, 2H), 3.49 (s,

' 2H),2.50-2.33 (m, 7H); *C'NMR (100 MHz, CDCl;) § 169.78, 143.84, 140.70, 139.63,

10
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25

137.76, 136 14, 135.34, 135.33, 129.98, 129 36,127.84,126.45, 126 41, 126.24, 112. 54

.35, 27 54.79, 46.03; MS (ESI) m/z 432 [CagHpoCINSO + H]

Example 42: 4-(3-(4-chlorophenyl)imidazo( 1 ,2-a]pvrazin-64vl)benzémide

To a solution.of 6-bromo-3—(4~chlor§phenyl_)imidazo[l ,2-a]pyrazine (200 mg, 0.65 vmm.ol) in

a mixture of toluene (3 mL) and EtOH (1 5 mL) under inert atmosphere, was consecutively

added K,COs (180 mg, 1.30 mmol), 4-carbamoylphenylboronic acid (117 mg, 0.71 mmol)

- and Pd(PPhs)4 (75 mg, 0.06 mmol). The resulting mixture was heated in a microwave reactor

at 140 °C for 30 min and was concentrated under reduced pressure. The remdue was purified
by column chromatography (5111ca gel, eluent hexane/EtOAc 3: 2) to afford 4- (3 (4-
chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzamide (31 mg, 83%, AUC HPLC 97%) as
white solid. '"H NMR (400 MHz, DMSO-dy) § 9.26 (s, 1H), 8.97 (s, 1H), 8.16 (d, /= 8.2 Hz,
2H), 8.13 — 8.02 (m, 2H), 7.99 (d, J= 8.2 Hz, 2H), 7.87 (d, J = 8.2 Hz, 2H), 7.66 (d, /= 8.3
Hz, 2H), 7.42 (m, 1H); >C NMR (100 MHz, DMSO-ds) § 167.43, 142.93, 140.29, 138.83,
187.92, 135. 55,133.99, 133.30, 129.74, 129.38, 127 87,126.43,126.21, 126.01, 114.30; MS

- (BSI) m/z 390 [C1oH3CINGO + HT".

Example 43: 1-(4-(3-(4-chlorophenyl)imidazo[ 1 .2»a1t>vraziﬁ-6-vi)bcnzovl)piperidin—4—one

NP N=N

5
o
I ‘
Enj Cl
S .
Step 1: To a solution of 6-bromo-3-iodoimidazo(1,2-a]pyrazine (3.00 g, 9.26 mn&ol) in DMF
(20 mL), was added Na,COs (2.46 g, 23.2 mmol), 4—chlorophenylboronic acid (1.60 g, 10.2

mmol) and Pd(PPhs)4 (214 mg, 0.18 mmol). The resulting mixture was stirred at 80 °C for 18
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h under inert atmosphere and was concentrated under reduced pressure. The residue was . .

purlﬁed by column chromatography (silica gel, eluent Hex/EtOAc 3:2) to afford 6 bromo 3-

' (4-ch10rophenyl)1m1dazo[l 2-a]pyrazme (930 mg, 2%) as a yellow solid. 'H NMR (400

MHz, CDCl3) § 9.03 (d, J = 1.2 Hz, 1H), 8.36 (d, /=12 Hz, 1H), 791 (s, 1H), 7.54 (q,
=12.3 Hz, 4H); MS (ESI) m/z 308 [C13H/BrN, + HY .

Step 2: To a solution of 6-bromo-3-(4-chlorophenyl)imidazo[1,2-alpyrazine (2.78 g, 9.03
mmol) in a mixture of DMF (24 mL) and water (4.8 mL) under inert atmosphere, was added
K>CO; (2.50 g, 18.1 mmol), 4-boronobenzoic acid (1.65 mg, 9.94 mmol) and PdCl,dppf(1.32

‘g, 1.81 mmol). The resulting mixture was heated in a microwave reactor at 140 °C for 30 min

then, was concentrated under reduced pressure. The residue was purified by column

*“chromatography (silica gel; eluent CH,Cl/MeOH 9:1) to afford 4-(3- (4-

o _chlorophenyl)1m1dazo[1 2-a]pyrazin-6- yl)benzow acid 5 (326 mg, 11%) as a brown sohd 'H

15

20

30

NMR (400 MHz, DMSO-dq) § 13.02 (bs, 1H), 9.28 (d, J = 1.3 Hz, 1H), 9.00 (d, /= 1.4 Hz,
1H), 8.2 (4, J = 8.5 Hz, 2H), 8.11 (s, 1H), 8.04 (d, J = 8.5 Hz, 2H), 7.88 (4, J = 8.5 Hz, 2H),
7.67 (d, J = 8.5 Hz, 2H); *C NMR (100 MHz, DMSO-dq) § 167.05, 142.99, 140,33, 140.30,
137.64,135.62, 133.35, 130.56, 129.81, 120.66, 129.40, 126.42, 12631, 114.72; MS (ES)
mfz 350[019H12C1N302+ H]

Step 3: To a solution of 4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid (45 - ... ...

mg, 0.13 mmol) in DMF (5 mL), were sequentially added HATU (73 mg, 0.19 mmol), N-
methyl morpholine (52 mg, 0.51 mmol) and piperidin-4-one (45 mg, 0.40 mmol). The

reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then was

+ diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined organic

25  layers were dried over NéZSO,;, filtered and concentrated under reduced pressure. The crude

residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to afford
1-(4—(3-(4-chlorophenyl)imidazo[1,2-a]pyrazinfé—yl)benzoyl)'piperidin-4-one (41 mg, 75%,
AUC HPLC 99%) as brown solid. "H NMR (400 MHz, CD;0D) 8 9.11 (s, 1H), 8.74 — 8.79
(m, 1H), 8.00 — 8.08 (m, 2H), 7.96 (s, 1H), 7.71 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H),
7.48 (d, J=8.4 Hz, 2H), 4.12-3.61 (m, 3H), 3.45 (bs, 1H), 2.70-2.36 (m, 1H), 1.91-1.62 (m,
3H); °C NMR (100 MHz, CD;OD) ¢ 208.88, 1.72.48, 171.94, 164.41, 143.52, 143.47,
141.05, 140.96, 139.31, 138.96, 137.41, 137.35, 136.89, 136.40, 135.00, 134,92, 130.90,
128.70, 128.53, 127.89, 127.84, 127.22, 115.16, 115.09, 99.62, 96.49, 46.52, 40.93, 36.99,
36.14; MS (ESI) m/z 431 [C24H;4CIN,O, + H]".
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Example 44: (4-(3- (4-chlorophenyl)1m1dazo[ 1 2~a]nvraz1n 6- vl)phenvl)(4-hvdroxvpmer1dm—

yl )m ethanone

cl
To a solution of 1-(4-3 -(4—chlorophenyl)imidazo[1,2—a}pyrazin-6-'y1)benzoyl)piperidin-4—pne _
(22 mg, 0.05 mmol) in MeOH (3 mL) was added NaBH, (5 mg, 0.13 mmol) and the reaction

* mixture was stirred at room temperature for 18 h. The reaction was quenched by adding water.

(10 mL) dropwise, and the aqueous solution was extracted with DCM (3x10 mL). The
combined organic layers were dried over Na;SO,4 and were concentrated under reduced
pressure. The crude residue was purified by preparative HPLC (C18, eluent ACN/H,0/0.01%
HCOOH) to afford (4-(3-(4-chlorophenyl)imidazo(1 ,2-alpyrazin-6-yl)phenyl)(4-

_hydroxypiperidin-1- -yl)methanone (10 mg, 45%, AUC HPLC >99%) as a white solid. 'H.
' NMR(400MHZ CD3OD)89 15 (d J- 1.3 Hz, 1H), 8.82(d,J= 1.3 Hz lH),8 08 (d,J=

8.4 Hz, 2H), 7.98 (s, 1H), 7.75 (d, = 8.6 Hz, 2H), 7.63 (d, /= 8.6 Hz, 2H), 751 (d, /=84
Hz, 2H), 4.19 (bs, 1H), 3.91 (m, J ,4.0 Hz, 1H), 3.68 (bs, 1H), 3.46-3.19 (m, 2H), 2.044.74

© (m, 2H), 1.67-1.39 (m, 2H); *C NMR (400 MHz, CD30D) & 172.00, 143.69, 141.66, 140.95,

139.15,137.42, 136.35, 135.43, 130.89, 128.56, 128.46, 127.44, 115.12, 67.64, 46.48, 40.87,
35.45, 34.75; MS (ESI) m/z 433 [Ca4H CIN,O, + HT".

Example 45: (4-(3-(4-chlorophenvl)imidazo[ 1 ,2-a1pvrazin-6-§fl)nhenyl) (4-ethylpiperazin-1-

" yDmethanone
N7 N=N
' Y
/\N N

cl

Toa Solutxon of 4- (3 (4-ch10rophenyl)1m1dazo[1 2-a]pyrazin-6-yl)benzoic acid (50 mg, 0.14
mmol) in DCM (5 mL) at 0 °C, was added oxalyl chloride (36 mg, 0.29 mmol) and the
mixture thus obtained was stirred to room temperature for 3h. The reaction mixture was
concentrated under reduced vacuum and to the residue, was added DMF (5 mL), 1-

ethylpiperazine (92 mg, 0.23 mmol) and a solution of KOH (0.10 ml, 13 M in THF). The
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resulting mixture was stirred at room temperature for 18 h, then was diluted with water (10
mL) and extracted with DCM (3><1() mL). The.combined organic layers were dried over
Na,SO4 and concentrated under reduced 'pressure The crude residue was purified by
preparative HPLC (C18, eluent ACN/HzO/HCOOH 0. Ol%) to afford (4 (3 (4—
ch]orophenyl)lmldazo[l 2- a]pyrazm -6- yl)phenyl)(4-ethy1p1perazm -1- yl)methanone (28 mg,
44%, AUC HPLC 99%) as brown solid. 'H NMR (400 MHz, DMSO-ds) 6 9.08 (d, /= 1.0 .
Hz, 1H), 8.76 (d; J=1.1 Hz, 1H), 8,05 (d, J = 8.3 Hz, 2H), 7.93 (s, 1H), 7.71 (d, J = 8.5 Hz,

“2H), 7.60 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.3 Hz; 2H), 3.80 (bs, 4H), 3.10 -2.79 (m, 6H),
©.1.25 (t,J ="7.2 Hz; 3H); “C NMR (100 MHz, DMSO-d)  171.92, 143.84, 141.82, 140.56, .- . .
210 .

139.58, 136.24, 136.22, 135.84, 130.88, 130.81, 128.89, 128.46, 127.86, 127.49, 115.11,
53.17, 52.79, 10.67; MS (ESI) m/z 446 [CosH4CINsO + H]".

 Example 46: (4-(3-(4-chlorophenyl)imidazo[ 1.2-a]pyrazin-6-yl)phenyl)(piperazin-1-

ylmethanone 2L2,2-tziﬂuoroacetate salt

o NN
SN
HN
. 0 HO FF
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25
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o

Step 1: To a solution of 4- (3 -(4- chiorophenyl)lmldazo[l ,2-a]pyrazin-6-yl)benzoic acid (50
mg, 0.14 mmol) in DMF (5 mL) were added HATU (82 mg, 0.22 mmol) N-methyl
morpholine (29 mg, 0.29 mmol) and zert-butyl piperazine-1-carboxylate (54 mg, 0.29 mmol).
The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then
was diluted with water (10 mL) and extracted with DCM (3x10 mL) The combined organic

layer was dried over NaZSO4, filtered and concentrated under reduced pressure. The crude

residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to afford - -

tert-butyl 4-(4-(3-(4-chlorophenyl)imidazo[1,2-alpyrazin-6-yl)benzoyl)piperazine-1-

- carboxylate (23 mg, 31%, AUC HPLC 100%) as a brown solid. 'H NMR (400 MHz, CDCl3)

§9.33 (s, 1H), 8.54 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.91 (s, 1H), 7.57 (d, J = 7.5 Hz, 4H), -
7.51 (d, J = 8.0 Hz, 2H), 3.84-3.60 (bs, 2H), 3.60-3.28 (bs, 6H), 1.46 (s, 9H);*C NMR (100
MHz, CDCls) 8 169.97, 162.65, 154.55, 143.07, 140.40, 139.28, 137.46, 136.05, 135.90,
133.08, 129.61, 127.89, 126.69, 125.36, 112.64, 80.47, 28.36; MS (ESI) m/z 518
[CasHasCINsO; + HY .
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Step 2: A solution of tert—butyl 4—(4-(3 -(4-chlorophenyl)imidazo[1,2-a}pyrazin-6-

yl)benzoyl)pxperazme—l carboxylate (66 mg, 0.65 mmol) i ina mixture of DCM (5 mL) and

TFA (5 mL) was stirred at room temperature for 18 b, then was concentrated under reduced

pressure to afford (4- (3 (4—chlorophenyl)1m1dazo[l 2-alpyrazin-6- yl)phenyl)(plperazm-l-

yl)metha.none as a TFA salt (24 mg, 69 %, AUC HPLC 98%) as a brown solid. "H NMR (400

" MHz, CDCL)$ 9.29 (4, J = 1.3 Hz, 1H), 8.96 (d, J=1.3 Hz, 1H), 8.18 (d, J = 8.4 Hz, 2H), .
© 8.12 (s, 1H), 7.8 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 3.68

(s, 5H), 3.20 (s, 4H); *C'NMR (100 MHz, CDCl3) 6 170.01, 142.99, 140.34, 138.97, 138.12,

1136.21, 134.45, 132.67, 130.23, 129.65, 127. 99, 126.99. 126.88, 125.02, 112.75;:43.42,

29.69; MS (ESD) miz 418 [CasHaoCINSO + H]

Step1: Toa solution of 4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-yl)benzoic acid (70
mg, 0.20. mmol) in DMF (5 mL),:_was successively added HATU (1A14 mg, 030 mmol), N-
methyl morpholine (41 mg, 0.40 mmol) and tert-butyl piperidin-4-ylcarbamate (80 mg, 0.40°
mmol).-Thereaction mixture was stirred at room teniperature under inert atmosphere for 18
h, then was diluted with water (10 mL) and extracted with DCM (3%10 mL). The combined
organic layers v;ere dried over Na;SOy, filtered and concentrated under reduced pressure. The |
crude residue was purified by preparative (C1 8v, eluent ACN/H,0/0.01%HCOOH acid) to .
afford tert-butyl 1-(4-(3-(4-chlorophenyl)imidazo( 1 ,2-a]pyrazin-6-yl)benzoyl)piperidin-d4-
ylcarbamate (47 mg, 44 %, AUC HPLC 98%) as a brown solid. 'H NMR (400 MHz, CDCls)
89.30 (s, 1H), 8.53 (s, 1H), 7.92 (t, J= 7.3 Hz, 3H), 7.56 (d, J = 1.2 Hz, 4H), 7.47 (d, /= 8.1
Hz, 2H), 4.58 (d, J=7.1 Hz, 2H), 3.69 (bs, 2H), 3.21- 2.83 (m, 2H), 1.97 (bs, 2H), 1.43 (s,

_ 9H); *C NMR (100 MHz; CDCl3) 6 169.72, 162,92, 155.09, 143.03, 140.39, 139.36, 137.27,

136.51, 135.80, 133.20, 130.09, 129.59, 127.64, 126.66, 126.60, 125.44, 112.64, 79.67,
47.92, 46.55, 41.22, 33.10, 32.15, 28.39; MS (ESI) m/z 532 [CasH30CINsOs + H]".
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Step 2: A solution of tert-butyl 1-(4-(3-(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-

* yl)benzoyl)piperidin-4-ylcarbamate (40 mg, 0.08 mmol) in 2 mixture of DCM (5 mL) and

TFA (5 mL) was stirred at room température for 18 h, then was concentrated under rcduéed

~ pressure to afford (4- ammop1per1dm—1 -y)(4-(3- (4-chloropheny1)1m1dazo[1 2-a]pyrazm 6-
yl)phenyl)methanone as a TFA salt (54 mg, >99%, AUC HPLC 96%) asa brown solid. lH

NMR (400 MHz, CD;0OD) & 9.22 (s, 1H), 8.83 (s, 1H), 8.07 (d, J = 7.8 Hz, 3H), 7.73 (d, J =
8.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 4.71 (bs, 1H), 3.85 (bs, 1H),
3.45 (m, J = 3.4 Hz, 1H), 3.30-2.85 (m, 2H), 2.28-1.91 (m, 2H), 1.62 (bs, 2H); *C NMR
(100 MHz, CD;0D) 5 172.04, 143.03, 141.45, 140.50; 139.00, 137.041, 136.68,.133.66,
131,50, 131.04, 130.94,.130.58, 128.76, 128.60, 128.02, 126.78, 117.47, 115.32, 114.65,
47.09, 41.61, 32.74, 31.48, 30.76; MS (ESI) m/z 432 [Co3HyoCINSO + HI'. -

Example 48: N-( 1 -(4-(3-(4-chlorophenvyl)imidazo[ .2-a]pvrazin—6—vl)benzoyl)ﬁipen'din-éi-yl)-
2.2 .2-trifluoroacetamide o

To a solution of (4—aminopiperidin-1-y1)(4-(3 -(4-chlorophenyl)imidazo[1,2-a]pyrazin-6-
yl)phenyl)methanone (16 mg, 0.04 mmol) in DMF (3 mL) were added pyridine (0.05 mL)

- and 2,2,2-trifluoroacetic anhydride (0.3 mL). The reaction mixture was stirred at room

temperature for 18 h and was concentrated under reduced pressure, The crude residue was

. purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-(lﬂ-(4-(3-

(4-ch10ropheny1)imidazo[1,2—a}pyrazin-6-yl)bénzoyl)piperidin—4—y1)—2,2,2—triﬂuoroacetamidc '

(13 mg, 63 %, AUC HPLC 99%) as yellow solid."H NMR (400 MHz, CD;0D) & 9.12 (d, J =

1.3 Hz, 1H), 8.80 (d, J = 1.3 Hz, 1H), 8.08 (d, J = 8.4 Hz, 2H), 7.96 (s, 1H), 7.74 (d, /= 8.6
Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.65 (bs, 1H), 4.05 (m, J= 5.7
Hz, 1H), 3.80 (bs; 1H), 3.25 (bs, 1H), 3.00 (bs, 1H), 2.00 (bs, 1H), 1.88 (bs, 1H), 1.58 (bs,
2H); *C NMR (100 MHz, CD;0D) § 170.63, 157.09, 156.35, 142.41, 140.45, 139.30,
137.92, 135.67, 134.86, 134.86, 134.38, 129.44, 127.09, 126.46, 126.11, 120.32, 117.47,
114.62, 113.69, 111.77, 46.44, 40.91, 31.11, 30.32; MS (ESI) m/z 528 [CygHa CIF3N50 +
HT'.
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Example 49: N-(1-(4-(3-( 4—ch1-oropﬁénv1)imidazo{ 1.2-glpyrazin-6-yD)benzoypiperidin-4-v1)-

2.2.2-acetamide

_yl)phenyl)methanone (16 mg, 0.04 inmol) in DMF (3 mL), were successively added pyridine .
- (00 OS mL) and acetic anhydnde ©. 3 mL 3. 18 mmol ). The reactlon mixture was stirred at

- room temperature for 18 h and was concentratcd under reduccd pressure. The crude resxdue

was punﬁed by preparative HPLC (C18 clucnt ACN/H;O/O Ol% HCOOH) to afford N—(l—
(4-(3-(4-chlorophenyl)imidazo[ 1,2-a]pyrazin-6-yl)benzoyl)piperidin-4-yl)- 2,2,2 acetamide
(11 mg, 61 %, AUC HPLC >99%) as White solid. '"H NMR (400 MHz, CD;0D) ‘6 9.13(d,J=
1.3 Hz, 1H), 8.81 (d, /= 1.3 Hz, 1H), 8.07 (d, J=?'8;4'Hz, 2H), 7.96 (s, 1H), 7.74 (d, J= 8.6

" Hz, 2H), 7.62 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.55 (bs, 1H), 3.95 (d, /= 5.3 Hz,

1H), 3.74 (bs, 1H), 3.24 (bs, 1H), 3.07 (bs, 1H), 2.03-1.81 (m, 5H), 1.32-1.60 (m, 2H); ©*C
NMR (400 MHz, CD;0D) & 172.61, 172.03, 143.83, 141.86, 140.75, 139.39, 137.21, 136.27,

" 135.79, 130.87,.128.49, 127.87, 127.54, 115.10, 42.30, 42.30,-33.22, 32.31, 22.66; MS (ESI)

m/z 474 [CreHo4CINsO, + HT .

To a solution of 4-(6-(4-(4-methylpiperazine-1 -carbonyl)phenyl)imidazo[l ,2-a]pyrazin-3-
yl)benzonitrilemethanone (100 mg, 0.16 mmol) in DMF (3 mL), was added NH4Cl (30 mg,
0.56 mmol) and NaN3 (30 mg, 0.46 mmol). The resulting mixture was heated at 100 °C for 18
h and was concentrated under redﬁced pressure. The residue was purified by preparative
HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford (4-(3-(4-(2H-tetrazol-5-
yDphenyl)imidazo[ 1,2-a}pyrazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone (25 mg,
33%, AUC HPLC 99%) as a white solid. 'H NMR (400 MHz, CD;0D) § 9.15 (d, /= 1.2 Hz,
1H), 9.91 (d, /= 1.2 Hz, 1H), 8.29 (d, /= 8.4 Hz, 2H), 8.13 (t, J= 8.7 Hz, 3H), 8.06 (s, 1H),
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7.91 (d,J = 8.4 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 3.86 (m, 4H), 3.19 (m, 4H), 2.84 (s, 3H);
Be NMR (100 MHz, CD;0D) 5 172.09, 165.22, 160.86, 143.88, 141.92, 140.60, 139.91,

135.96, 135.77, 130.35, 129. 8, 129.15, 127. 98, 115.40, 54.60, 44.2; MS (ESI) m/z366
I [C25H23N90+H] C

Example 51: (4-methylpiperazin-1-y1)(4-(3-(4-(irifluoromethyl)phenyl)imidazo[1.2-

a]pvrazin-6~v1)ﬁheﬁvl)methanone A

N

CFs.
Toa solutlon of (4-(3-1odoxm1dazo[l 2-a}pyrazm-6-y1)phenyl)(4-methylp1perazm—1—
yl)methanone (200 mg, 0. 45 mmol) in a mixture of toluene (4 mlL) and ethanol (2 ml) under
inert atmosphere was added K2C03 (124 mg, 0.89 mmol), 4-(trifluoromethyl)phenylboronic

A ‘ac1d (101 mg, 0.54 mmol) and Pd(PPh3)4 (52 mg, 0.045 mmol). The resulting mixture was

" heated in a microwave reactor at 140 °C for 15 min then, was concentrated under reduced

pressure. The residue was punﬁed by column chromatography (silica gel, cluent
CHzclz/MeOH 95:5 to 90: 10) to afford (4-methylpiperazin-1 —yl)(4 (3-(4-

‘ (tr1ﬂuoromethyl)phenyl)lmldazo[1,2-a]pyraz1n—6—y1)phenyl)methanone (150 mg, 72%, AUC

HPLC 97%) as a yellow solid. 'H.NMR (400 MHz, CDsOD) 5-9.18 (s, 1H), 8.91 (s, 1H),
8.11 (d, J= 8.2 Hz, 2H), 8.08 (s, 1H), 8.00.(d, J = 8.2 Hz, 2H), 7.94 (d, J = 8.2 Hz, 2H), 7.54
(d, J = 8.3 Hz, 2H), 3.81 (bs, 2H), 3.54 (bs, 2H), 2.55-2.47 (m, 4H), 2.36 (s, 3H); *C NMR -
(100 MHz, CD30OD) & 172 00, 143.96, 142.16, 140.93, 139.31, 136.90, 136.43, 132.89,

- 131.85,129.77, 128.75, 128.19, 127.90, 127.57, 125. 52, 115.24, 45.99; MS (ESI) m/z 466

[CstzstNso + H]

Example 52: N-hydroxy-4-(6-(4-( 4—methylbinergzihc-1‘—c‘a‘rbom/1)p‘henyl)imidazo[1 2=

alpvrazin-3-yl)benzamide

NG N

N

@) ”

l O bH
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Step 1: To a solution of (4~(3-bromoimidazo[1,2- a]pyrazin -6-yDphenyl)(4- - -
methylcyclohexyl)methanone (1 00 & 2.5 mmol) in 1,4- dloxane (25 mL), were added 4-

-. (ethoxycarbonyl)phenyiboromc acxd 70 mg, 5 0 mmol) K3P04 (1.06 g,5.0 mmol), water (5

mL) and Pd(PPhs)s (580 mg, 0.5 mmol). The reaction mixture was heated at 90 °C for 12 h
under argon atmosphere then, was cooled and ﬁltered through a pad of celite. The filtrate was

- concentrated under reduce pressure and the residue was purified by flash column

chromatography (eluent CHCIg/McOH 94:6) to afford ethyl 3-(6- (4 (4—mcthylp1perazme—1-

"carbonyl)phenyl)lmldazo[1,Z-a]pyrazm-?:-yl)bcnzoate (600 mg, 55%) as a off-white solid. 'H

NMR (400 MHz, CD;0D) $ 9.28-9.27 (d, J= 1.2 Hz, 1H), 5 8.64-8.64 (d, J= 1.2 Hz, 1H),

8.29-8.27 (d, J = 8.0 Hz, 2H), 7.99-7.98 (d, J = 2.0 Hz, 2H), 7.96(s, 1H), 7.74-7.72 (d, J= - - - -

8.4 Hz, 2H), 7.55-7.53 (d, J = 8.4 Hz, 2H), 4.48-4.43 (q, J = 7.2 Hz, 2H), 3.84 (bs, 2H), 3.50 -
(bs, 2H), 2.53 (bs, 2H), 2.39 (bs, 2H), 2.35 (s, 3H), 1.47-1.44 (¢, J= 7.2 Hz, 3H); MS (BSD) -
m/z 470 [Co7HyNsQs + HT". '

Step 2' A solution of ethyl 3-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyrazm—3 yl)benzoate (600 mg, 1.28 mmol) and LiOH (107 mg, 2.56 mmol) in THF/
MeOH/HZO (6/2.5/2 20 mL) was stirred at room temperature for 5h. The reactlon mlxture
was evaporated and diluted with H,O (200 mL) and acidified Wlth aqueous HCI till pH 3. Thc

"white precipitate was isolated by filtration and dried to afford the 3-(6-(4-(4-

methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-yl)benzoic acid as a white
solid (450 mg, 80%). 'H NMR (400 MHz, DMSO-ds) 8 9.28 (s, 1H), 9.01 (s, 1H), 8.17-8.11 '

(m, SH), 7.94-7.92 (d, J = 8.0 Hz, 2H), 7.50-7.48 (d, J = 8.0 Hz, 2H), 3.61 (bs, 4H), 2.32 (bs, -
4H), 2.19 (s, 3H); MS (ESD m/z 440 [C15HpsNs05-H]".

‘Step 3: To a solution of acid (50 mg, 0.113 mmol) in CH,Cly: DMF (3:1, 4 mL) was added

sequentially DIPEA (83 uL, 0.476 mmol), HOBt (32 mg, 0.238 mmol), EDCI-HCI (45 mg,
0.238 mmol) and NH,-OTHP (26 mg, 0.226 mmol). The reaction mixture was stirred at room

'temperature under inert atmosphere for 12 h, then it was diluted with water (3 mL) and

extracted with CH,Cl, (3x10 mL). The combined organic layer was dried over Na,SO, and
was concentrated under reduced pressure. The crude residue was purified by column
chromatography to afford 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyrazin-3-yl)—N-(tetrahydm—2H-pymn—2—yloxy)benzamidc (44.6 mg, 73%, AUCHPLC
94.5%) as a white solid. "H NMR (600 MHz, DMSO-de) § 11.81 (bs, 1H), 9.30 (s, 1H), 9.00
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(s, 1H), 8.19 (s, 1H), 8.16 (d, /= 12 Hz, 2H), 7.99 (dd, /= 10.6, 8.3 Hz, 4H), 7.51 (d, J = 12
Hz, 2 H), 5.08-5.04 (m, 1H), 4.13-4.06 (m, 1H), 3.70-3.53 (m, 3H), 2.43-2.27 (m, 4H), 2.22
(s, 3H), 1.79-1.73 (m, 3H), 1.63-1.53 (m, 3H); MS (ESI) m/z 541 [C3oHzNeO4 + HJ'.

Step 4: To a solution 6f protected hydroxamate (10 mg, 0.0i 8 mmol) in a. CH;3;CN: MeOH
(1:1,0.6 mL) Washadded IM aqueous HC1 (0.111 mL) at roém temperature. After stirring for
4 h, the solution was concentrated in vacuo. The solid was triturated in hexane dried to yield
N-hydroxy-4-(6-(4-(4-methylpiperazine- 1-carbonyl)phenyl)imidazo[1,2-a]pyrazin-3-
yl)benzamide (5V.3'mg, 63%, AUC HPLC 99%), light yellow solid. "H NMR (600 MHz, -
DMSO—dg) 8 11.39 (bs, 1H), 9.35 (s, 1H), 9.04 (s, 1H), 8.26 (s, 1H), 8.20 (d,J = 8.4 Hz, 2H),
8.00 (d, J = 7.8 Hz, 2H), 7.95 (d, /= 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 4.39-3.60 (m, .

_ 6H), 3.05-3.15 (m, 2H), 2.77 (s, 3H); MS (ESD) m/z 457 [CosHasNeOs + HI'.

Example 53: (4_{3—(4~(diﬂuoromethyl)phenyl)imidazoj1,27a]pyrazin—6—yl)phenvl)( 4-

methvlpiperazin-1-ylimethanone

NN
N7

S

F

. To a mixture of 2-(4-(difluoromethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (200

mg ,0.5 mmol), (4-(3-bromoimidazo[1,2-a]pyrazin-6-yl)phenyl)(4-methylpiperazin-1-
yl)methanone (317 mg,' 1.25 mmol), K3POq4 (212 mg, 1 mmol) in 1,4-Dioxane (10 mL) and
water (1 mL) was added Pd(PPhs)s (30 mg) and the reaction mixture was heated at 90 °C for
1 h. Water was added to tl;e reaction mixture and extracted with EtOAc. The organic layer
was dried over anhydrdus Na, SOy, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, eluent CHCl3/MeO 96.5:3.5%)
and by preparative HPLC to give (4-(3-(4-(difluoromethyl)phenyl)imidazo[ 1,2-a}pyrazin-6- |
yDphenyl)(4-methylpiperazin-1-yl)methanone (50 mg, 23%, AUC.HPLC 99.59%) as an off-
white solid; m.p. 73-86 °C. '"H NMR (400 MHz, QDCls) d (ppm): 9.26 (s, 1 H), 8.60 (s, 1 H),
7.96-7.94 (m, 3 H), 7.77-7.71 (m, 4 H), 7.52 (d, J¥ 8.0 Hz, 2 H), 6.76 (t, /= 5.6 Hz, 1 H),
3.82 (bs, 2 H), 3.47 (bs, 2 H), 2.51 (bs, 2 H), 2;34 (bs, 2H), 2.33 (s, 3 H); MS (ESD) m/z
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" Formula 3

Intermediate 12: 4-(3-(4- cyanophenyl)1m1dazo[l 2~ b]pymdazm 6- yl)benz01c acid

. J '
,' » NC—@-B(OH)Z o SN Hooc” /@"(\r
. HOOG

CN ) Intermediate 12 CN

Step 1: To a solution of 6- chloro 3—10d01m1dazo[1 2- b]pyndazme (1.00 g, 3.58 mmol)ina
mixture of DMF (20 mL) and water (1 mL) under inert atmosphere, were added N32CO3 (759
mg, 7.16 mmol), 4-cyanophenylboronic acid (885 mg, 5.37 mmol) and Pd(PPh;)4 (414 mg,
0.358 mmol). The resulting mixture was stirred at 90 °C for 18 h and quenched with ice

water. The precipitate was isolated by filtration and dried in vacub-fo a-fford 4-(6- .

chloroimidazo[1,2-b]pyridazin-3-yljbenzonitrile (897 mg; 98%) as a yellow solid. 'H NMR - -~
_ (400 MHz, CDCl;) 6 8.24-8.21 (m, 2H), 8.18 (s, 1H), 8.02 (d, J = 9.4 Hz, 1H), 7.81-7.79.(m,

2H), 7.45 (d, J = 9.4 Hz, 1H); MS (ESI) m/z 255 [C13H/CIN, + HJ*,

" Step 2: To a solution of 4-(6-chloroimidazo[1,2-b]pyridazin-3 -yl)benzonitrile‘(48‘4 mg, 1.9

mmoi) in DMF (20 mL) and water (4 mL) under inert atmosphere were added Cs,CO; (1.24

838 mmdl), 4-boronobenzoic acid (473 mg, 2.85 mmol) and Pd(dppf),Cl, (278 mg,0.38 .

.mmol). The resulting mixture was heated at 90 °C for 18 >h, and then was diluted with water o

(20 mL) and extracted with DCM (3x40 mL).The combined organic layer was dried over
Na,S0y, filtered and concentrated under reduced pressure. The residue was purified by ‘
column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford 4-(3-(4-
cyanophenyl)xmldazo[l 2-blpyridazin-6- yl)benzoxc acid (310 mg, 48%) as a brown solid. 'H
NMR (400 MHz, DMSO-dq) 6 8.54 (s, lH), 8.51 (d, /= 8.6 Hz, 2H), 8.40 (d, /= 9.6 Hz,
1H), 8.26 (d,J = 84Hz 2H), 8.13 (d, J = 8.4 Hz, 2H), 8.03 (d, J= 8.6 Hz, 2H), 8.02 (d, /=
9.6 Hz, 1H); MS (ESI) m/z 341 [CaH2N4O, + HY.
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Intermediate 13: 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid

HO,
b Coon
HO ° -

“Intermediate 13

Step 1: 4-boronobenzoic acid (11.88 g, 71.61 mmol), KsPO4 (27.60 g, 13.02 mmél) and

" Pd(PPh;s)4 (3.75 g, 3.25 mmol) were added sequentially to a solution of 6-chloroimidazo[1,2-

b]pyridazine (10 g, 65.10 mmol) in a mixture of 1,4-dioxane/H,0(250:50 mL) at room
temperature under argon atmosphere. The reaction mixture was refluxed for 6 h and was
dil.ufed with water (100 mL) and extracted with EtOAc (3x100 mL). The combined aqueous
layer was acidified to pH 2 using citric acid. The precipitate was isolated by filtration and
dried under reduced pressure to afford 4- (nmdazo[l 2 b]pyndazm 6- yl)benzow acid (4.5 g,
57%) as an off-white solid. H NMR (400 MHz, DMSO-de) 6 13. 01 (bs 1H), 8.04 (s, IH),
8.3-8.01 (m, SH), 7.85 (d, J = 7.2 Hz, 2H); MS (ESI) m/z 240 [M+ H]".

* Step 2: To a solution of 4-(imidazo[1,2-b]pyridazin-6-yl)benzoic acid (4.5 g, 18.82 mmol) in
" DCM (25 mL) and ACN (55 mL) was added NBS (3.68 g, 20.71 mmiol) and stirrcd at0 °C

for 3 h. The reaction mixture was filtered, washed with water and dried to afford 4-(3- "
bromoimidazo(1 ,2-b]pyridazin-6-yl)benzoic acid (5.5 g,"93%) as a yelldw solid. '"H NMR
(400 MHz, DMSO-ds) 6 13.01 (bs, 1H), 8.3-8.01 (m; SH) 7.85.(d, J=17.2 Hz, 2H); MS (ESI)
m/z 317 M]".

Example 54: (4-(3-(4-chlorophenyl)imidazo[ 1.2-b)pyridazin-6-y)phenvl)(4-methvlpiperazin-

- 1-yDmethanone

Step 1: To a solution of 6-chloro-3-iodoimidazo[1,2-b]pyridazine (1.00 g, 3.58 mmol) in a
mixture of DMF (20 mL) and water (1 mL) under inert atmosphere, were added Na,CO; (759
mg, 7.16 mmol), 4-cyanophenylboronic acid (885 mg, 5.37 mmol) and Pd(PPhs)4 (4i4 mg,
0.358 mmol). The resulting mixture was stirred at 90 'C for 18 h and quenched with ice
water. The precipitate was isolated by filtration and dried in vacuo to afford 4-(6-
chloroimidazof 1,2-b]pyridazin-3-yl)benzonitrile (897 mg, 98%) as a yellow solid. '"H NMR
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(400 MHz, CDCl;) 6 8.24-8.21 (m, 2H), 8.18 (s, 1H), 8.02 (d, /= 9.4 Hz, 1H), 7.81-7.79 (m, -

2H), 7.45 (d,J = 9.4 Hz, 1H); MS (ES]) m/z 255 [C13H7CINg + HJ".

Step 2: To a sQIution' of 4-(6-chloroimidazo[1,2-b]pyridazin-3-yl)benzonitrile (200 mg, 0.785 -
mmol) in tolueﬁe (3 mL) and ethanol (1.5 mL) under inert-atmosphere were 'addéd KyCO;3
(347 mg, 2.51 mmol), 4—(4—ﬁlethy1piperazine-1-carbdnyl)phenylboronic acid hydrocﬁloride
(268 mg, 0.942 mmol) and Pd(PPhs); (91 mg, 0.079 mmol). The resulting mixture was heated

" in a microwave reactor at 140 °C for 15 min and then was concentrated under reduced

pressure. The residue was purified by column chromatography (silica gel, eluent
CHéClg/MeOH 95:5 to 90:10) to afford 4-(6-(4-(4-methylpiperazine-1- |
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (91.2 mg, 43%, AUC HPLC
99%) as a yellow solid."lH_ NMR '(400”MHz,.CDC1__3) _5 8.30 (d, J = 8.6 Hz, 2H), 8.23-8.21 (m,
2H), 8.06 (4, /= 8.4 Hz, 2H), 7.81 (d, J = 8.6 Hz, 2H), 7.66-7.61 (m, 3H), 7.31 |

(bs, 1H), 3.97-3.74 (m, 4H), 2.84 (bs, 4H), 2.56 (s, 3H); 13CNMR (100 MHz, CDCl;) &
169.57,165.35, 151.41, 140.15, 137.01, 136.67, 134.25, 132.82, 132.60, 128.12, 127.49,
127.05, 126.70, 126.54, 118.75,116.71, 111.15, 53.78, 44.43; MS (ESI) m/z 423 [C,5H2 NGO

Example 55: 4-(6-(4-(4-hydroxypiperidine.1 _carbonyl)phenyl)imidazo[ 1 S-blpyridazin-3-

yhbenzonitrile

To a solution (4-hydroxypiperidin -1-y1) (4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyl)methanone (94 mg, ~0.28 mmol) in a mixture of DMF (8 mL) and water (2 mL)
blanketed with nitrogen, was successively added K2COj3 (217 mg, 1.58 mmol), Pd(dppf)Cl,
(114 mg, 0.08 mmol) and 4—(6—chloroimidazo[1,;~b]py1idazin—3-yl)benzoni’crile (200' mg,
0.78 mmol). The reaction mixture was stirred at 80 °C for 18 h, tﬁen was diluted with watef
(10 mL) and extracted with DCM (3x10 mL). The combined organic layers were dried over

NaySOy, filtered and concentrated under reduced pressure. The crude residue was purified by

' preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(4-(4-
30
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61%, AUC HPLC 99%) as yellow solid. 'H NMR (400 MHz, DMSO-dg)  8.51-8.47 (m,
3H), 8.37 (d, /= 8.0 Hz, 1H) 8.19 (d?:J= 8.0 Hz, 2H), 8.02-7.96 (m, 3H), 7.59 (d, J= 8.0 Hz,
2H), 4.82 (s, 1H), 4.03 (s, 1H), 3.77 ‘('s, 1H); 3.54 s, 1H), 3.37-3.20 (m, 2H), 1.82-1.74 (m,
2H), 1.40 (s, 2H); 1°C NMR (100 MHz, DMSO-ds) ppm 168.14, 150.88, 140.10, 138.02,
135.60, 135.37, 132.84, 132.64, 127.37, 127.17, 126.58, 126.22, 125.87, 118.79, 116.89,
109.47, 65.32, 44.49, 34.391, 33.63; MS (ESI) m/z 424 [CosHa N5O5+H]".

Example 56: 4-(6-(4-(4-aminopiperidine-1-carbonyl)phenylimidazo[1.2-b

“ yDbenzonitrile benzomtnl

HzN@

Stepl To a soluiion of 4—(3—(4;cya;ﬁ6phenyl)im1;dazo[1 ,2-b]pyridazin-.6-y])benzoic acid (100
mg, 0.294 mmol) in DMF (10 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (59 mg, 6.588 mmol) and tert-Butyl~piperidin~4-ylcarbamate (126 mg, 0.588
mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h, and then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The

‘combined organic layer was dried over Na,SQy, filtered and concentrated under reduced
'lpressure The crude remdue was pumﬁed by column chromatography (silica gel eluent
: CHZCIZ/MeOH 95:5 to 90:10) to afford title compound as a yellow solid. MS (ESI) m/z 523

[C30H30NsO5 + HJ".

 Step 2: To a solution of fert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-blpyridazin-6-

yl)benzoyl)piperidin-4-ylcarbamate (0.294 mmol).in DCM (1 mL) was added TFA (1 mL). -
The resulting mixture was stirred at room temperature for 18 h and was concentrated under
reduced pressure. The residue was purified by'preparaﬁvc HPLC (C18, cluent
ACN/H,0/0.01% HCOOH) to afford 4-(6-(4-(4-aminopiperidine-1-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (20.5 mg, 15%, AUC HPLC
98%) as a yellow solid. "H NMR (400 MHz, CD;0D) 6 8.30 (d, J= 8.4 Hz, 2H), 8.21 (bs,
1H), 8.14-8.10 (m, 3H), 7.83 (d, /=9.4 Hz; 1H), 7.76 (d, /= 8.4 Hz, 2H), 7.62 (d, /= 8.2
Hz, 2H), 4.78 (bs, 1H), 3.89 (bs, 1H), 3.51-3.45 (m, 1H), 3.32-3.22(m, 1H), 3.07-2.99 (m,
1H), 2.18-2.05 (m, 2H), 1.67 (bs, 2H); *C NMR (100 MHz, CD;0D) § 171.72, 167.66,
152.79, 141.68, 138.46, 138.03, 135.25, 134.11, 133.59, 128.88, 128.64, 128.17, 127.68,
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127.07, 119.71, 118.50, 111.88, 47.10, 41.61, 31.59, 30.85; MS (ESI) m/z 423 [CysH»N¢O +
HI". ' '

. Example 57 N<( 1-(4—(3-(4—cyanophenvl)1m1dazo[1 Z-b]pvndazm—6 yl)benzoy)mpendm—él-

yl )acetaml de

To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (100 mg,
0.294 mmol).in DMF.(10.mL) were added HATU (224 mg, 0.588 mmol), N-methyl

_ morpholme (89 mg, 0.882 mmol) and N-(plpendm-4 yhacetamide (125 meg, 0.882 mmol).”

The reactlon mixture was stirred at room temperature under inert atmaosphere for 18 h, and

then diluted with water (10 mL) and extracted with DCM (3x10 mL). The combined orgamc
layer was dned over Na;SO4, filtered and concentrated under reduced pressure The crude
residue was punﬁed by column chromatography (silica gel, eluent CH,Cl’MeOH 95:5 to
90:10) to afford N—(l—(4»(3*(4-cyanophenyl)1m1dazo[1 2-blpyridazin-6-yl)benzoyl)piperidin-
4—y1)acetam1de, (33 mg, 24%, AUC HPLC 98%) as a yellow solid. "H NMR (400 MHz,
DMSO-dg) 6 8.53-8.49 (m, 3H), 8.39 (d, J=9.6 Hz, 1H), 8.22 (d, J=8.3 Hz, 2H), 8.03-7.98

- (m, 3H), 7.86 (d, /= 7.6 Hz, 1H), 7.59 (4, J = 8.3 Hz, 2H), 434 (bs, 1H), 3.85-3.83 (m, 1H),

359 (bs, 1H), 3.19-3.03 (m, 2H), 1.89-1.70 (m, 5H), 1.35-1.34 (m, 2H); 13C NMR (100 MHz,
‘.DMSO-d6)'8 168.31, 168.23, 150.88, 140.12, 137.83, 135.71, 135.38, 132.85, 132.67,127.39,
127.23, 126. 61 126 27 125. 91, 118.79, 116.93, 109 49,45.48, 22.63; MS (ESI} m/z 465

. [C27HasNgO; + HI'.

Example 58: 4-(6-(4-( 4-emino~4—inethvlniperidine— 1 -carbonvl)phenvl)hnidaéo[ 1:2-

blpyridazin-3-vl)benzonitrile

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (10 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (59 mg, 0.588 mmol) and fert-butyl 4-methylpiperidin-4-ylcarbamate (126 mg,
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0.588 mmol) The reaction mixture was stirred at room temperature under inert atmosphere

for 18 b, and then was diluted with water (10 mL) and extracted with DCM (3>< 10 mL). The

" combined orgamc layer was dned over Na,;SOy, filtered and concentrated under reduced

pressure. The crude res1due was purified by column chromato graphy (s1hca gel eluent
CHZCIQ/MCOH 95:5 to 90:10) to afford tert—butyl 1-(4-(3- (4-cyanopheny1)1m1dazo[1 2-

. b]pyndazm—6 yl)benzoyl) 4—methylp1pendm-4~ylcarbamate as a yellow solid. MS (ESI) m/z
‘ 537 [C31H32N603 + H]

Step2: Toa solution of tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6--

* yDbenzoyl)-4-methylpiperidin-4-ylcarbamate (0.294 mmol) in DCM (1 mL) was added TFA

(1 mL). The resulting mixture was stirred at room temperature for 18 i and concentrated

under r@e_@iuCed pressure. The résidqe was purified by preparative HPLC (C18, eluent

b__‘,A‘C‘;N/HzOZ0.0I_% HCOOthI? to afford_&;(,6—(4:(4-amin0—45me_thylpiperidine—l- e

carbonyl)phenyl)imidazo[1,Z—b]pyridazin-S-yl)benzonitrile (23.5mg, 17%, AUC HPLC

99%) as a yellow solid, "H NMR (400 MHz, CD;0OD) 6 8.28 (d, J = 8.4 Hz, 2H), 8.18 (bs,

1H), 8.12-8.08 (m, 3H), 7.82 (d, J = 9.4 Hz, 1H), 7.74 (d, J= 8.4 Hz, 2H), 7.61 (d, J= 8.0
Hz, 2H),436 (bs, 1H), 3.73 (bs, 1H), 3.50-3 47 (m, 2H), 1.94-1.85 (m, 4H), 1.53 (s, 3H); °C
NMR(lOO MHz, CD30D)6171 70, 152. 75, 138 42,137.99, 135.25, 134.08, 133.58, 128.89,
128.62, 128.10, 127.63, 127.06, 119.72, 118.48, 111.84, 53.50, 44.88, 39.31, 36.73, 36.01,
22:66; MS (ESI) m/z 437 [CasHasNeO + H] .

To a solution of 4—(3-(4—cyanophenyl)imidazo[1,2-b]pyridazin-6-y1)benzoic acid (55 mg,
0.162 mmot) in DMF (10 mL) were added HATU (123 mg, 0.324 mmol), N-methyl
morpholine (49 rhg, 0:486 mmol) and 1-isopropylpiperazine (62 mg, 0.486 mmol). The

reaction mixture was stirred at room temperature under inert atmosphere for 18 h, and then
was diluted with water (10 mL) and extracted with DCM (3%20 mL). The combined organic

layer was dried over NaySQy, filtered and concentrated under reduced pressure. The crude
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residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to
90: IO) to afford 4-(6-(4- (4—1sopropylp1perazme-1 carbonyl)phenyl)1m1dazo[l 2-blpyridazin-
3- yl)benzomtnle (32 mg, 44%, AUC HPLC 98%) as a yellow solid. 'H NMR (400 MHz,
DMSO-dy) §8.53-8.49 (m, 3H), 839 (d,J= 9.5 Hz, 1H), 8.22 (4, J = 8.3 Hz, 2H), 8.03-8.01

(m, 3H), 7.64 (d, J = 8.2 Hz, 2H), 3.90-3.59 (m, 3H), 2.99-2.92 (m, 2H), 2.75 (bs, 4H), 1.08
~ (d,J=6.3 Hz, 6H); "*C NMR (100 MHz, DMSO-dq) § 168.14, 150.84, 137.18, 135.92,

135.42, 132.85, 132.66, 127.79, 127.18, 126.64, 126.28, 125. 93, 118.79, 116.92, 109.50,
47.54,17.43; MS (ESI) m/z 451 [CoHsNgO + HJ'. ‘

Step 1: To a solution of 4-(3'-(4—cyanophenyl)imidazd[1,2-b]pyridazin—6-yl)benzoic acid (55

mg, 0.162 mmol) in DMF (10 mL) were added HATU (123 mg, 0.324 mmol), N-methyl -. ..

- morpholine (49 mg, 0.486 mmol) and zert-butyl piperidin-4-ylcarbamate (104 mg, 0.486

- mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h and then was dituted with water (10 mL) and extracted with DCM (3x10 mL). The

‘ combmed orgamc layer was dried over Na,SQy, filtered and concentrated under reduced

pressure. The crude residue was purified by column chromatography (silica gel, eluent
CH,Cl,/MeOH 95:5 to 90:10) to afford tert-butyl 1-(4’-(~3‘-(4«cyanopheny1)imidazo[l 2-

b]pyndazm-é-yl)benzoyl)pxpendm-4—yl(methyl)carbamate as a yellow solid. MS (ESI) m/z

537 [C31H32N6O;3 + HJ".

" Step 2: To a solution of fert-butyl 1—(4-(3-(4—cyanopheny1)imidazo[1,2-b]pyr§dazin~6—'

yhbenzoyl)piperidin-4-yl(methyl)carbamate (0.162 mmol) in DCM (1 mL) was added TFA

(1 mL). The resulting mixture was stirred at room temperature for 18 h and concentrated

- under reduced pressure. The residue was purified by preparative HPLC (C18, eluent

ACN/H;0/0.01% HCOOH,) to afford 4-(6-(4-(4-(methylamino)piperidine-1-

. carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (29.8 mg, 42%, AUC HPLC

99%) as a yellow solid. 'H NMR (400 MHz, CD30D) ¢ 8.29 (d, J = 8.4 Hz, 2H), 8.19 (bs,
1H), 8.13-8.09 (m, 3H), 7.82 (d, J= 9.4 Hz, 1H), 7.75(d, J= 8.4 Hz, 2H), 7.62 (d, J= 8.0 Hz,
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2H), 3.94 (bs, 1H), 3.40 (bs, 1H), 3.34-3.20 (m, 2H), 3.01(bs, 1H), 2.77 (s, 3H), 2.37-2.16 (m,
2H), 1.66 (bs, 2H); *C NMR (100 MHz, CD;0D) & 171.69, 152.76, 138.39, 138.02, 135.24,
134.09, 133.59, 128.91, 128.62, 128.12, 127.65, 127.06, 119.72, 118.49, 111.84, 57.16,
47.09, 41.58, 30.66, 29.87, 29.16; MS (ESI) m/z 437 [CasHa4NgO + H]".

Example 61: 4-(6-(4-(4-ethypiperazine-1-carbonyl)phenvl)imidazo[1.2-b]pyridazin-3-

yl)benzonitrile

CN
To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (120 mg,
0.353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-methyl
morpholine (143 mg, 1.41 mmol) and 1-ethylpiperazine (181 mg, 1.41 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h before diluted with
water (10 mL) and extracted with DCM (3x10 mL). The combined organic layer was dried
over Na;SQy, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, eluent CH,Clo/MeOH 95:5 ~ 90:10) to afford
4-(6-(4-(4-(methylamino)piperidine-1-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)benzonitrile (64.6 mg, 42%, AUC HPLC 99%) as yellow solid. "H NMR (400 MHz,
DMSO-dy) 6 8.54 (s, 1H), 8.51 (d, J= 8.7 Hz, 2H), 8.42 (d,J=9.6 Hz, 1H), 8.25(d, /= 8.4
Hz, 2H), 8.03-8.00 (m, 3H), 7.69 (d, J = 8.2 Hz, 2H), 3.44-3.22 (m, 4H), 3.17-3.04 (m, 6H),
1.24-1.20 (m, 3H); °C NMR (100 MHz, DMSO-dy) 8 168.45, 162.96, 150.86, 140.21,
136.40, 135.54, 132.93, 132.73, 128.01, 127.34, 126.77, 126.39, 126.02, 118.86, 117.00,
109.62, 51.01, 50.26, 9.12; MS (ESI) m/z 437 [Co6H24NsO + H]".

Example 62: 4-(6-(4-(morpholine-4-carbonyl)phenvDimidazol1.2-bIpyridazin-3-

yl)benzonitrile
O/\} 7'/Ej/(\r E

To a solution of 4-(6-chloroimidazo[1,2-b]pyridazin-3-yl)benzonitrile (150 mg, 0.59 mmol)
in DMF (2.5 mL) and water (0.5 mL) under inert atmosphere were added Cs,CO3 (384 mg,
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1.18 mmol), morpholino(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)methanone
(279 mg, 0 88 mmol) and Pd(dppf)zClg (86 mg, 0 118 mmol). The resultmg mlxture was

heated in a microwave reactor at 140 °C for 30 mm and then was diluted w1th water (10 mL) .

 and extracted with DCM (3x15 mL). The combmed organic layer was dried over Na;SQ4,

. 1.0:
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30

filtered and concentrated under 'reduced pressure. The crude residue was purified by column

-chromatography (silica gel, eluent CHgClz/MeOH 95:5 t0 90:10) to afford 4-(6-(4-

(morpholine-4-carbonyl)phenyl)imidazo[1,2 b]pyndazm—?: yl)benzomtnle (72 1 mg, 5%,
AUC HPLC 96%) as a yellow solid. 'H NMR (400 MHz, CDCly) §8.31-8.25 (m, 4H), 8.06-
8.05 (m, 2H), 7.82-7.81 (m, 2H), 7.70-7.61 (m, 3H), 3.78-3.53 (m, 8H); '°C NMR (100 MHz,

-CDCls) § 169.39, 151.86, 137.43, 136.45, 133.24, 132.63, 132.52, 128.14, 128.08; 127:47, - -

127.26, 126.86, 126.30, 118.66, 117.32, 111.39, 66.87, 48.21, 42.67; MS (ESI) m/z 410 -

 [CaqHoNsO, + HI".

iperidine-1-carbonyl)phenv])imidazo[1.2-

Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (500 mg, 1.57

mmol) in DMF (5 mL) was added NMM (317 mg, 3.14 mmol) followed by HATU (754.7
mg, 2.35 mmol) and the solution was stirred for 30 min at rt. N,N—dimethylpipéﬁdin—ll-amihe'
(221 mg, 1.72 mmol) was added fo the reaction mixture and stirred for an a_dditiqpal 16h.
The reaction mixture was diluted with EtOAc and washed with water and brine. The organic
layer was dried over anhydrous Na,SO, and concentrated under reduced pressure to obtain
crude product. The crude residue was purified by column chromatography (silica gel, eluent
CH,Cl,/MeOH 95:5) to afford (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
(dimethylamino)piperidin-1-yl)methanone (350 mg, 52%) as an off-white solid. 'H NMR
(400 MHz, DMSO-de) 6 13.01 (bs, 1H), 8.3-8.01 (m, 5H), 7.85 (d, J = 7.2 Hz, 2H); MS (ES])
m/z 317 [M]".

Step 2: To a mixture of (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
(dimethylamino)piperidin-1-yl)methanone (350 mg, 0.817 mmol), 4-cyanophenylboronic
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acid (144 mg, 0.981 mmol), K3PO4 (346 mg, 1.63 mmol) in 1,4-dioxne (25 mL) and water (5
mL) was added Pd(PPhs)s (47 mg, 0.04 ‘mmol). The reactlon mixture was heated at 90 °C for
6 h under argon athmosphere then, was diluted with water (200 mL) The prempltate was

" isolated by ﬁltratlon and was punﬁed by column chromatography (silica gol, eluent =

CHClg/MeOH 95 5) to afford 4-(6- (4—(4—(d1methylammo)pxpendme—1—
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)benzonitrile (150 mg, 41%, AUC HPLC

98.9%) as a yellow solid; 'H NMR (400 MHz, CDCl3) & (ppm): 8.78 (d, J = 8.77 Hz, 1H),

8.52 (s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, /= 8.2 Hz, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.62
(d,J=17.6 Hz, 2H), 7.41 (d, J= 7.4 Hz, 1H), 4.9 (bs, 1H), 3.9 (bs, 1H), 3:17 (bs; 1H), 2.91 "
(bs, 1H), 2.45.(bs, 1H), 2.38 (bs, 6H), 2.08 (bs, 1H), 1.95 (bs, 1H), 1.52 (b. s, 2H); MS (ES])
m/z 451.2 [Co7HagNsO + H]".

4-(1 4'—oxaz‘ ane-4-carbon 1 'hen Dimidazo[1.2-blpyri

()

To a solution of 4-(3-(4-cyanophenyl)imidazo[1 2-b]pyr1dazm 6- yl)benzow acid (200 mg,

. 0.588 mmol) in DMF (5 mL) was added NMM (118.8 mg, 1.176 mmol) followed by HATU

(376.3 mg, 1.17 mmol) and the solution was stirred at rt for 30 min. 1,4-oxazepane (65 mg,
0.646 mmol) was added to the reaction mixture which was stirred for an additional for 16 h.

The reaction mixture was diluted with EtOAc and washed with water and brine. The organic

' 1éyer was dried over anhyorous Na,SO4 and co‘ncentrated under reduced pressure to obtain

crude product. The crude product was purified by column chromatography (silica gel, eluent
CH,Clp/MeOH 95:5) to afford 4-(6-(4-(1 4—oxazepane—4-carbony1)pheny1)nmdazo[1 2-

blpyridazin-3- yl)benzomtnle (120 mg, 50%, AUC HPLC 99. 42%) asa pale-yellow solid; '"H
NMR (400 MHz, CDCls) 6 8.33 (d, /= 7.9 Hz, 2H), 8.21 (s, lH), 8.16 (d, J=9.7 Hz, 1H),

8.05 (d,J="7.5 Hz, 2H), 7.82 (d, J = 8.3 Hz, 2H), 7.63-7.59 (m, 3H), 3.9 (m, 5H), 3.7 (bs,

1H), 3.59 (bs, 2H), 2.17 (bs, 1H), 1.87 (bs, 1H); MS (ESI) m/z 424.31 [CasHy NsO, + HI'.
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Example 65: 4-(6-(4- (pmerazme-l-carbonvl)phenvl)lmldazorl 2- bhovrldazm-B-

_ yl benzonitrile

~ Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (120 '

mg, 0.353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-methyl
morpholine (143 mg, 1.41 mmol) and fert-butyl piperazine-1-carboxylate (263 mg, 1.41

_ mmol). The reéqtion mixture was stirred at room temperature under inert atmosphere for 18

h, and then was diluted with water (10 mL) and extracted with DCM (3%20 mL). The
combined organic layer was dried over Na;SQy, filtered and concentrated under reduced
pressure The crude resuiue was punﬁed by column chromato graphy (sxhca gel, eluent
CH2C12/I\/IeOH 95:5to 90 10) to afford tert- butyl 4- (4 (3-(4 -cyanophenyl)lmldazo[l 2-
b]pyndazm 6- yl)benzoyl)plperazme—l carboxylate asa yellow solid. MS (ESI) m/z 509
[C29H28N60 +H]J".

Step 2: To a solution of 'i'éi;t'—butyl'4-(4-('3’4(4—éyanophenyl)imidazo[1,2—b]pyridazin~6-f'

" yDbenzoyl)piperazine-1-carboxylate (0.353 mmol) in DCM (1 mL) was added TFA (1 mL).

_ The resulting mixture was stirred at room temperature for 18 h and concentrated under

reduced pressure. The residue was purified by preparative HPL.C (C18, eluent
ACN/H,0/0.01% HCOOH) to afford 4-(6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-
b]pyridazin—is‘-yl’)bénzonit:ﬂe (15.4 mg, 11%, AUC HPLCV92%) as a yellow solid. "H NMR

(400 MHz, CD;OD) 6 8.45 (d, J = 8.6 Hz, 2H), 8.34 (s, 1H), 8.26-8.22 (m, 3H), 7.95 (d, J =
. 9.6 Hz, 1H), 7.89.(d, J = 8.6 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 3.87 (bs, 4H), 3.27 (bs, 4H);

*C NMR (100 MHz, CD;0D) 8 171.80, 152.88, 138.46, 137.54, 135.28, 134.19, 133.64,

©129.23,129.11, 128.72, 128.27, 127.85, 127.14, 119.70, 118.58, 112.00, 44.56; MS (EST) m/z

409 [C24H20N60 + H]+.
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Step 1: To asolution of 4-(3-(4- cyanophenyl)lmldazo[l 2- b]pyndazm—6 yl)benzow acid (120
mg, 0.353 mmol) in DMF (10 mL) were added HATU (402 mg, 1.06 mmol), N-methyl '

'morphohne (143 mg, 1.41 mmol) and tert-butyl 4 ethylp1per1dm—4~ylcarbamate (322 meg,

1.41 mmol). The reactxon mlxturc was s’utred at room temperature under inert atmosphere for

18 h, and then was dlluted w1th water 10 mL) and extracted with DCM (3x20 mL). The

~ combined organic layer was dried over NaySOy, filtered and concentrated under reduced

10 ‘pressure. The crude résidue was purified by column chromatography (silica gel, eluent

CH,Cl,/MeOH 95:5 to 90:10) to afford tert-butyl 1-(4-(3- (4—cyanopheny1)imidazo{1 ,2-

Vb]pyndazm~6 yl)benzoyl)-4-ethylpiperidin- 4—y1carbamate asa yellow solid. MS (ESI) mlz
. 509 [CogHysN6O + H]

Step 2: To a solution of tert-butyl 1-(4-(3- (4~cyanophenyl)1m1dazo[1 2- b]pyndazm—6—
yl)benzoyl)- 4-ethy1p1pendm 4 ylcarbamate (0. 353 mmol) in DCM (1 mL) was added TFA (1

mL). The reaction mixture was stirred at room temperature for 18 h and was concentrated

~ under reduced pressure. The crude compound was carried forth to the next step without

further purification. MS (ESI) m/z 409 [Cy7H6NeO + H]".

- Step 3: To a solution 6f 4-(6—(4-(4-amind-4éethylpiperidine-1 fcarboﬁyl)pheny.l)himi'dézhcv)[i,2'—'

b]pyridazin-3-yl)benzonitrile (0.353 mmol) in DCM (1 mL) were added acetic anhydride (0.1
mL, 1.06 mmol) and triethylamine (0.15 mL, 1.06 mmol). The resulting mixture was stirred
at room temperature for 1 h and concentrated under reduced pressure. The crude residue ‘was
purified by column chromatogfaphy‘ (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) and.
preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-(1-(4-(3-(4-
cyanophényi)imidazo[ 1,2-b]pyridazin-6-yl)benzoyl)-4-ethylpiperidin-4-yl)acetamide (44.2
mg, 25%; AUC HPLC 96%) as a yellow solid. "H NMR (400 MHz, CD;0D) & 8.20 (d, J=
8.3 Hz, 2H), 8.02-7.98 (m, SH), 7.72 (d, /= 9.5 Hz, 1H), 7.67 (d, J= 8.3 Hz, 2H), 7.55-7.53

(m, 3H), 4.39-4.36 (m, 1H), 3.58-3.55 (m, 1H), 3.37-3.34 (m, 1H), 3.24-3.18 (m, 1H), 2.31-
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2.29 (m, 2H), 2:01(s, 3H), 1.86-1.77 (m, 2H), 1.55-1.50 (m, 2H), 0.86-(t, J= 7.4 Hz, 3H); °C

NMR (100 MHz, CD;0D) & 171.50, 171.37, 152.67, 138.98, 137. 55,135.19, 133.98, 133.59,

133.54, 128.83, 128.45, 127.49, 126.93, 119.70,.118.35, 111 80, 56.18, 45.30, 39.55, 35.26,

34,54, 31.58,23.64, 7.70; MS (ESD m/z 493 [CaoHagNeO, + HI.

Step 1: To a solution of 4 (3-(4—cyanopheny1)xm1dazo{1 2-blpyridazin-6- yI)benzoxc acid (120
mg, 0. 353 mmol) in DMF ( 10 mL) were added HATU (402 mg, 1.06 mmol), N-

" "methylmorpholme (143 mg, 1.41 mmol) and fert-butyl piperidin-4- ylmethylcarbamate (302

mg, 1 41 mmol), The reaction mixture was stirred at room temperature under inert

atmosphere for 18 h, and then was diluted with water (10 mL) and extracted with DCM
(3%20 mL). The combined orgamc layer was dried over Na2804, ﬁltered and concentrated
under reduced pressure The crude residue was punﬁed by column chromatography (silica
gel, eluent CH,Cl,/MeOH 95:5 to 90.10) to afford tert-butyl (1-(4-(3-(4-

-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoyl)piperidin-4-yl)methylcarbamate as a

yellow solid. MS (ESI) m/z 537 [C3;HNgOs + H]".

Step 2: A solution of ié}z?bufyl (1-(4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-

was stirred at room temperature for 18 h and concentrated under reduced pressure. The crude
compound was used for next step without further punﬁcatzon MS (ESI) m/z 437 [C26H24N60

+HT.

Step 3: To a solution of 4-(6-(4-(4-(aminomethyl)piperidine-1-carbonyl)phenyl)imidazo[ 1,2-
b]pyridazin-3-yl)benzonitrile (0.353 mmol) in DCM (1 mL) were added acetic anhydride (0.1

-~ mL, 1.06 mmol) and triethylamine (0.15 mL, 1.06 mmol). The resulting mixture was stirred

at room temperature for 1 h and concentrated under reduced pressure. The crude residue was
purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) and
preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford N-((1-(4-(3-(4-
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cyanophcnyl)ilﬁidazo[ 1 ,2—27]pyridazin-6‘-yl)bcnzoyl)pipcridin-4-y1)m ethyl)acetamide (40.3
mg, 24%, AUC HPLC 96%) as a yellow solid. 'H NMR (400 MHz, CD;OD) 08 ‘42 d,J=
8.6 Hz, 2H), 8.29.(bs, 1H), 8.18 (d, /= 8.6 Hz, 3H),790(d J=9.6Hz, 1H), 7.86 (4, J = 86‘
Hz 2H), 7.60 (d, /= 8.4 Hz, 2H), 4.68-4.65 (m, IH) 3.79-3.76 (m, 1H), 3.13 (bs, 3H), 2.93-
2.87 (m, 1H), 1.95 (s, 3H), 1.88-1.79 (m, 2H), 1.73-1.70 (m, 1H), 1.28-1.24 (m, 2H); B

o NMR(IOO MHz, CD;0D) § 173.51; 171.60,153.21, 139.20, 137.96, 135.24, 134.37, 133.75,
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128 78 128.69, 128.60, 128.07, 127. 62, 12717 119.75, 118.77, 45 65 43. 39 37. 59 31 55

' 30 70, 29.07, 22.56; MS (ESI) m/z 479 [C23H26N502+ H]

Example 68: 4§(6-(4-(3_oxopiperazine-1-carbonvl)phenyl)imidazor1;2-b1pvridazin-3-

© yhbenzonitrile

To a solution of 4-(3-(4-cyanophenyl)imidazo{1,2-b]pyridazin—-6-yl)benzoic acid (50 mg, ‘
6.147 mxhol) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl

- morpholine (65 pL, 0.588 mmol) and 2-oxopiperazine (18 mg, 0.177 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted
with water (15 mL) and extracted with EtOAc (3%30 mL). The combined organic layer was
dmed over NapSQy, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (s1hca gel, eluent CHCl3/MeOH 92:8) to afford 4-(6-(4-
(3-oxopiperazine-1-carbonyl)phenyl)imidazo[ 1 ,2-b}pyﬁdazin—3—yl)benzonitrile (28 mg, ’45%,

- AUC BPLC 99%) as a yellow solid. "H NMR (400 MHz, DMSO-ds) 5 8.53-8.46 (m, 3H),
838 (d,J= 9.6 Hz, 1H), 8.22 (d,J = 8.4 Hz, 2H), 8.15 (s, 1H), 8.03-7.96 (m, 3H), 7.67 (d, J

= 8.4 Hz, 2H), 4.20-4.05 (m, 1H), 4.05-3.90 (m, 1H), 3.90-3.70 (m, 1H), 3.60-3.50 (m, 1H),
3.30-3.20 (m, 2H); 1°C NMR (100 MHz, DMSO-d5) § 168.44, 150.95, 140.24, 137.06,
136.24, 135.51,132.94, 132.79, 127.93, 127.36, 126.74, 126.39, 126.04, 118.92, 117.07,
109.62, 30.70; MS (ESI) m/z 423 [CpsH;sNsO, + H] .

144



10

20

25

0 N
SN SN
LN
K

WO 2013/147711 ' - PCT/SG2013/0600126

Example 69: 4-(6-(4-(4-methyl- 3-oxomperazme- -carbonvl)phenvl)lmxdazo[ 1 2-b]'ovndazm-

—vl)benzomtnle

Y .
(- S |
To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-b]pyridazin-6-yl)benzoic acid (50 mg,
0.147 mmol) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl
morpholine (65 pL, 0.588 mmol) and 1~methy1—2—oxopiperazirié hydrochloride (27 mg, 0.177

. mmol). The reaction mixture was stirred at room teniperature under inert atmosphere for 18

h, then was dlluted with water (15 mL) and extracted with EtOAc (3x30 mL). The combmed .
orgamc Iayer was dried over NaZSO4, ﬁltercd and concentrated under reduced pressure. The

res1due was purified by column chromatography (sxhca gel eluent CHCIg/McOH 92:8),

-followed by preparative HPLC (CI 8, eluent ACN, water, fonmc acid 0.1%) to afford 4-(6-(4-

(4-methyl-3-oxopiperazine-1 carbonyl)phenyl)xmldazo[1,2~b]pyr1dazm— —yl)benzomtnlc (16
mg, 24%, AUC HPLC 99%) as a yellow solid. "H NMR (400 MHz, DMSO-ds) 5 8.52-8.47
(m, 3H), 8.39 (d, /= 9.6 Hz, 1H), 8.23 (d, J = 8.4 Hz, 2H), 8.04-7.97 (m, 3H), 7.67 (d, /=

" 8.4 Hz, 2H), 4.25-3.95 (m, 2H), 3.95-3.75 (m, 1H), 3.75-3.55 (m, 1H), 3.50-3.20 (m 2H),.
2.8 (s, 3H); MS (ESI) m/z 437 [CasHagNeO2 + H] .

Example 70: 4-(6-(4-(4-(4-methylpiperazin-1-yl)piperidine-1-carbonvl)phenyl)imidazo{1,2-

- blpyridazin-3-yl)benzonitrile

CN

To a solution of 4—(3~(4?cyénopheny1)imidazo[.1 ,2-b]pyridazin-6-yl)benzoic acid (50-mg,
0.147 mmol) in DMF (0.74 mL) were added HATU (84 mg, 0.221 mmol), N-methyl
morpholine (65 pL, 0.588 mmol) and 1—methyi—4f,(piperidin—4—yl)piperazine (32 mg, 0.177
mmol). The reaction mixture was stirred at room temperature under inért atmosphere for 18
h, then was diiuted with water (15 mL) and extracted with EtOAc(3x30 mL). The combined
organic layer was driéd over Na SOy, filtered and concentrated under reduced pressure. The

residue was purified by column chromatography (silica gel eluent CHCl3/MeOH 90:10) to

145



15

20

25

30

WO 2013/147711 . : . PCT/SG2013/600126

afford 4-(6-(4-(4-(4-methylpiperazin-1-yl)piperidine-1 &arbonyl)phenyl)imida‘zo [‘1 2=
b]pyridazin-3-yl)benzonitrile (17 .mg, 23%, AUC HPLC 99%) as avyellow solid. l‘H NMR |
(400 MHZ, DMSO-de) 6 8.53-8.47 (m, 3H), 8.38 (d, /= 9.6 Hz, 1H), 8.20(d,J=84Hz,
2H), 8.04-7.96 (m, 3H), 7.60 (d, J = 8.4 Hz, 2H), 4.55-4.40 (m, lH), 3.70-3.60 (m, 1H), 3.50-

3.20 (m, 4H), 3.15-3.00 (m, 1H), 2.90-2.75 (m, 1H), 2.55-2.40 (m, 2H), 2.40-2.20 (m, 3H), ..

2.13 (s, 3H), 1.95-1.65 (m, 2H), 1.50-1.35 (m, 2H); BC NMR (100 MHz, DMSO -dg) &
168.18, 151.03, 140.24, 138 08, 135.75, 135.47, 132 97, 132.80, 127.56, 127.29, 126.73,
126.41, 126.04, 118.92, 117 07, 109. 61 60. 71 55.16, 48.50, 45.75, 30.70; MS (ESI) m/z 506

- [C30H31N70 +H]".
. 10 .

Example 71: 4-(6-(4-(1,9-diazaspiro[ 5. 51undecane-9 carbonvl)phenvl)lmldazofl 2~

blpyridazin-3-vl)benzonitrile =~

vStep 1: To a solution of 4- -(3- (4-cyanopheny1)1mxdazo[1 2-b]pyr1dazm-6-yl)benzom acnd (100 |

mg, 0. 294 mmol) in DMF (1.47 mL) were added HATU (168 mg, 0.441 mmol), fert-butyl
1,9-diazaspiro[5.5]undecane- 1 -carboxylate hydrochlonde (103 mg, 0.353 mmol) and N-
methylmorpholine (162 pl, 1.47 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 18 b, then it was diluted with H,O (15 mL) and extracted with
EtOAc(3x30 mL). The combined organic layer was dried over Na,SO4 and was concentrated

under reduced pressure. The residue was purified by column chromatography (sﬂica gel,

. eluent CHCly/MeOH 96:4) to afford terz-butyl 9-({4-[3-(4-cyanopheny1)imidazo[1,2-

b]pyridazin—é-yll}phenyl}carbonyl)-1,9—di_azaspiro{5 .5]undecane-l-cqu’oxylate (70 mg, 41%) -
as a yellow solid. MS (ESD) m/z 577 [C34H36NgO3 + H] *,

Step 2: To tert-butyl 9-(4—(3-(4—cyanophenyl)imidazo[1,Z-b]pyridazin-6—yl)benzoyl)—1 ,9-
diazaspiro{5.5]undecane-1-carboxylate (50 mg, 0.131 mmol) was added 20% TFA in CH,Cl,
(5 mL). The reaction mixture was stirred at room temperature for 20 min then concentrated
under reduced pressure. To the residue was added saturated sodium bicarbonate (10 mL) and
extracted with EtOAc (3 x 30 mL). The combined organic was dried over Na;SO, filtered
and concentrated under reducéd pressure. The residue was purified by preparative HPLC

(C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(1,9-diazaspiro[5.5Jundecane-
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9—carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)bénzonitrile (37 mg; 89%, AUC HPLC

9%) as a yellow solid. 'H NMR (400 MHz, DMSO- d6) $ 8.54-8.48 (m, 3H), 8.38 (d, J=96
Hz 1H), 8.28 (s, 1H),821 (d, J= 8.0 Hz, 2 H), 8.04- 797(m 3H),7.59@W,J= 80Hz,2H),
3.75-3.60 (m, 3H), 2.85- 2.70 (m, 2H), 1.80-1.40 (m, 11H); *C NMR (100 MHz, DMSO-ds)

_6168 36, 164.63, 151.10, 140. 29 138.00, 135.87, 135,50, 133.01, 132.86, 127.61, 127.40,

126.79, 126.49, 126.11, 118.99, 117.14, 109.68, 30.76, 24.82, 18.89; MS (ESI) m/z477
[C29H28N60 +HJ".

' Example 72: 4-(6-(3-chloro-4-(4-methylpiperazine-1-carbonyl)phenvl)imidazo[1.2-

blpvridazin-3-yhbenzonitrile

~Step 1: Tb a solution of 4-(6-chloroimidazo[1 ,2—b]pyridazih-?»-yI)benZonitrile (100 mg, 0.39

mmol) in a mixture of DMF (4 mL) and water (1mL) under inert atmosphere, was
successively added K,COj3 (108 mg, 0.78 mmol), Pd(dppf)Cl; (57 mg, 0.08 mmol) and 4-

. borono-2-chlorobenzoic acid (78 mg, 0.39 mmol) were added at room temperature. The

reaction rmxture was stlrred at 80 °C for 18 h, then was diluted with water (10 mL) and

extracted wzth DCM (3x10 mL). The combined organic layers were dried over Na;SQy,

filtered and concentrated under reduced pressure to afford the crude 2-chloro-4-(3-(4-

" cyanophenyl)imidazo[ 1,2-b]pyridazin-6-yl)benzoic acid as a black sohd MS (ESI) m/z 375

[C2oH11CINGO; + H T

~"Step 2: To a solution of 2-chloro-4-(3-(4-cyanophenyl)imidazof1,2-blpyridazin-6-yl)benzoic

acid in DMF (5 mL) was successively added HATU (223 mg, 0.59 mmol), N-methyl
morpholine (80 mg, 0.78 mmol) and 1-methylpiperazine (78 mg, 0.78 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted -
with water (10 mL) and the aqueous phase extracted with DCM (3x10 mL). The corhbined
organic layer was driéd over Na;SOq, filtered and concentrated under reduced pressure. The
crude residue was purified by preparative HPLC (C18, eluent ACN/H,O/HCOOH 0.01%) to
afford 4-(6-(3-chloro-4-(4-methylpiperazine-1 —carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)benzonitrile (50 mg, 28%, AUC HPLC 95%) as yellow solid. 'H NMR (400 MHz,
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CD;0D) 8 8.06-7.97 (m, 3H), 7.96-7.85 (m, 3H), 7.64 (d, 7= 9.5 Hz, 1H),7.58 (4, J~ 8.4
Hz, 2H), 7.49 (d, J = 8.0 Hz, 1H), 3.97 (s, 2H), 3.48 (s, 2H), 2.93 (5, 2H), 2.85 (s, 2H), 2.60.
(s, 3H); °C NMR (100 MHz, CD;0D) § 168.03, 151.17, 141.47,138.71, 137.81, 135.52,
133.65,132.25, 130.16, 130.01, 129.61, 128.93, 128.01, 127.73, 127.23, 127.17, 127.11,
119.65, 117.95, 111.78, 55.23, 54.75, 48.42, 46.57, 45.08, 41.43, 30.75; MS (ESI) m/z 457
[CasHa CINGO + HT', -

Example 73: 4-(6-(3-fluoro-4-(4- methvlmoerazme 1 carbonvl)nhenvl)lmldazo(l 2-

b]nvndazxm -yl)benzonitrile

CN .
Step 1: To a solutmn of 4- (6 chloroxmxdazo{ 1 2 b]pyndazm 3- yl)benzomtnle (100 mg, 0.39
mmol) in a mixture of DMF (4 mL) and water (ImL) at room temperature, was successwely
added K,COs (108 mg, 0.78 mmol), Pd(dppf)Cl, (57 mg, 0.08 mmol) and 4-borono-2-
fluorobenzoic acid (72 mg, 0.39 mmol) under inert atmosphere. The reaction mixture Was
stirred at 80 °C for 18 h and was diluted with water (10 mL). The aqueous phase was
extracted with DCM (3%10 mL) and the combined organic layers were dried over Na,SOs,
filtered and concentrated under reduced pressure to afford the crude 4-(3-(4- -
cyanophenyl)imidazo[1 2-b]pyndazm-6 yl) 2-fluorobenzoic acid as black solid. MS (ESI)
m/z 359 [CgoHllFN4OZ + H]

Step 2: To a solution of 4—(3—(4-cyanophenyl)imidazo[1,2—b]pyridazin-6~y1)—2-ﬂuorobenzoic
acid (~ 0.39 mmol) in DMF (5 mL) was added HATU (223 mg, 0.59 mmol), N-methyl
morpholine (80 mg, 0.78 mmol) and 1-methylpiperazine (78 mg, 0.78 mfnol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h, was diluted with
water (10 mL) and extracted with DCM (3x10 mL). The combined organic layer was dried
over Na,SQOy, filtered and Was concentrated under reduced pressure. The crude residue was
purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-
fluoro-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)benzonitrile

(35 mg, 20%, AUC HPLC 97%) as a yellow solid. "H NMR (400 MHz, CD;0D) & 8.07-8.33

(m, 3H), 8.02 (d, /= 9.0 Hz, 1H), 7.87 (d, J= 7.6 Hz, 1H), 7.63-7.82 (m, 4H), 7.58 (t, J=17.2
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Hz, 1H), 3.99 (bs, 2H), 3.61 (bs, 2H), 3.03 (bs, 2H), 2.93 (bs, 2H), 2.67 (s, 3H); BCNMR
(100 MHz, CD;0D) 5 167.15, 166.38, 161.13, 158.67, 151.44, 141.60, 140.24, 14016,
135.51, 133.56, 135.51, 133.80, 133.56, 131.29, 131.19, 130.15, 127.97, 127.44, 127.15,
126.08, 125.90, 124.73, 124.70, 119.67, 118.14, 115.68, 115.45, 111.89, 55.11, 54.66, 46.59,
44.77, 41.44; MS (BST) m/z 441 [CosHnFNO + H'.

. Example 74: 4-(6-( 3-mefh?l-4-(4—methvlpiperazine-1-carbonvl)phenvl)imidazb[ 1.2-

b}pﬁduin»S-vl)bemoniﬁle

CN
Step 1: To a solution of 4-(6-chloroimidazo[1,2-blpyridazin-3-yl)benzonitrile (200 mg, 0.67
mmol) in a mixture of DMF (4 mL) and water (1mL) blanketed with nitrogen, was
successively added chog (185.mg, 1.34 mmol), Pd(dppf)Cl2 (98 mg, 0.13 inmol) and 4-
borono-2-methylbenzoic acid (131 mg, 0.73 mmol). The reaction-mixture was stirred at 80 °C -
for 18 h, then was diluted with water (10 mL) and extracted with DCM (3x10 mL). The
combined organic layers were dried over Na,SO,, filtered and concentrated under reduced
pressure to afford the crude 4-(3-(4—cyanopheny])imidaz_o[1,2-b]pyridazin~6-y1)~2—
niethylbenzoié aéid 271 ﬁlg) as black solid which waé used carried forth to the next steﬁ

. without further purification. MS (ESI) m/z 355 [C)H1sFN4O2 + HT'.

Step 2: To a solution of 4-(3~(4ncyanophcny1)imidazo[1,2-b]pyridazin-G-yI)—2;methylbénzoic

 acid (90 mg, crude) in DMF (5 mL), was added HATU (142 mg, 0.38 mmol), N-methyl

morphdline (52 mg, 0.50 mmol) and 1-methylpiperazine (51 mg, 0.50 mmol). The reaction
mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted
with water (10 mL) and extracted with DCM (3x10 mL). The combined organic layers were
dried ovér Na,SO,, filtered and concentrated under reduced pressure. The crude residue was
purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-
méthy1-4-(4-m ethylpiperazine-1 -carbonyl)phenyl)imidazé[ 1 ,2-b]pyridazin-3-yl)benionitn'le
(30 mg, 28%, AUC HPLC 99%) as a brown solid. "H NMR (400 MHz, CD;0D) 8 8.12 (s,
1H), 8.02 (d, /= 9.5 Hz, 1H), 7.91-7.82 (m, 2H), 7.75 (d, J= 9.5 Hz, 3H), 7.70 (d, J= 8.4
Hz, 2H), 7.39 (d, /= 7.9 Hz, 1H), 4.09-3.85 (m, 2H), 3.48 (s, 2H), 2.95 (s, 2H), 2.79 (s, 2H),
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2.60 (s, 3H), 2.41 (s, 3H); *C NMR (100 MHz, CD;0D) & 169.86, 165.89, 151.43, 140.16,

136.98, 135.48, 133.71, 132.62, 132,10, 128.96, 126.58, 126.51, 126.08, 125.48, 124.59,
118.29, 117.07, 110.36, 53.90, 53.46, 45.20, 43.59, 39.84, 17.97; MS (ESI) m/z 437
[C26H24N60 + H]". ‘

Example 75: 4-(6-(3-isopropoxy-4-( 4’-methvlpibe’taz’iﬁe- 1-carbonylphenyl) imidazo{1.2-

blpvridazin-3-yl)benzonitrile

CN

Toa solutlon of 4-(6 chlormmldazo[l 2- a]pyrazm-3 yl)bcnzomtnle (100 mg, 0 39 mmol) in
a m1xture of DMF (4 mL) and water (1 mL) blanketed with mtrogen, was scquennally added
K2C03 (108 mg, 0.78 mmol) Pd(dppf)Clz (57 mg, 0.08 mmol) and (2-isopropoxy-4- -(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(4-methylpiperazin-1-yl)methanone (200 mg,
0.39 mmoi). The reaction mixture was stirred at 80 °C for 18 h, then was diluted with water

(10 mL) and extracted with DCM (3x10 mL). The combinéd c;rganic layers were dried over

" NaySOy, filtered and concentrated under reduced pressure. The crude residue was purified by

preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to. afford 4-(6-(3-isopropoxy-4-.
(4-methylpiperazine-1 -car’bonyl)phenyl) imidazo[1,2-b]pyridazin-3-yl)benzonitrile (74 mg,

' 40%, AUC HPLC 99%) as yellow solid. 'H NMR (400 MHz, CD;0D) § ppm 8.00~8.14 (m,
© 3H), 7.95 (d, J = 8.16 Hz, 1H) 7.66 ~7.74 (m, 1H), 7.51-7.60 (m, 4H), 7.40 (d, J = 6.90 Hz,
~ 1H), 4.69-4.82 (m, 1H) 3.82-4.20 (m, 2H), 3.57 (s, 2H), 2.90-3.18 (m, 4H), 2.74 (s, 3H),

1.31-1.49 (m, 6H); *C'NMR (100 MHz, CD;OD) & ppm 169.42, 155.57, 152.50, 138.95,
135.28, 133.94, 130.30, 129.05, 128.73, 127.23, 126.91, 120.88, 119.67, 118.36, 112.90,
111.70, 72,498, 55.09, 55.092, 54.63, 48.42, 46.06, 44.56, 40.80, 22.52, 22.36; MS (ESI) m/z
481 [CogHagNsO+H] .
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Example 76: 4-(6-(3-hydroxy-4-(4-methylpiperazine-1-carbonyl)phenvl) imidazo[1.2-

blpyridazin-3-yl)benzonitrile

NN
HO SN /

Boron tribromide (195 mg, 0.78 mmol) was added slowly to a solution of 4-(6-(3-
isopropoxy-4-(4-methylpiperazine-1-carbonyl) phenyl) imidazo[1,2-b]pyridazin-3-
yl)benzonitrile (237 mg, 0.49 mmol) in DCM (10 ml) at -78 °C then the reaction mixture was
stirred at room temperature for 6 h. The reaction mixture was quenched by adding MeOH and
concentrated under vacuum. The crude residue was purified by preparative HPLC (C18,
eluent ACN/H,0/0.01% HCOOH) to afford 4-(6-(3-isopropoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl) imidazo[1,2-b]pyridazin-3-yl)benzonitrile (18 mg, 11%, AUC HPLC 95%)
as yellow solid. "H NMR (400 MHz, CD;0D) & ppm 8.29 (d, J = 8.0 Hz, 3H), 8.19 (s, 1 H),
8.00-8.12 (m, 1H), 7.70-7.82 (m, 3H), 7.49-7.63 (m, 2H), 7.40 (d, J = 8.0 Hz, 1H), 3.48—
4.11 (m, 4H), 3.01 (s, 4H), 2.64-2.74 (m, 3 H); °C NMR (100 MHz, CD;0D) & ppm 169.82,
167.16, 155.65, 152.74, 141.68, 139.22, 135.16, 134.13, 133.71, 133.58, 130.52, 128.06,
127.66, 126.91, 126.42, 125.79, 119.83, 119.72, 118.45, 115.15, 111.86, 54.97, 44.70, 40.47,
MS (ESI) m/z 439 [CysH2oNsO,+H]"

Example 77: 4-(6-(3-hydroxy-4-(morpholine-4-carbonvyl)phenyl)imidazo[ 1,2-blpvyridazin-3-

yhbenzonitrile
=N
’g< \N,N\/>

H,CO
H,CO
HsCO
H,CO Br ?JC( 3}08 Bo:é ﬁ )
O O
% o
OH :

e . R

) EOJ

HyCO SN N Z -
° HsCO sy N / HO sy N7
° o
N N
H %
o

O CN
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Step 1: To a solution of 4-bromo- 2-methoxybenzow acid (2 g, 8.66 mmol) in DMF (20 mL)
were added HATU (4.94 g, 12.99 mmol), N-methyl morpholine (1. 75 g 17. 32 mmol) and

rmorpholme (0.83.g, 0.95 mmol). The reaction mixture was stirred at 0 °C to rt for 16 h, then .

-was diluted with H,O (15 mL) and extracted with EtOAc (3 x 25 mL). The combined organic : |
. layer was dried over Nay;SO4 and was concentrated under reduced pressure to afford (4-
- bromo-2-methoxyphenyl)(morpholino)methanone (1.4 g, 54% ). TH NMR: (400 MHz,

CDCIg) o (ppm) 7.07-7.04 (m, 2H), 6.99 (s, lH), 3.78 (s, 3H), 3. 74-3.71 (bs, 4H), 3.69-3. 52

(bs, 2H), 3.19-3.66 (bs, 2H); M$ (ESI) m/z 301. {C12H14BrNO3+ H]

Steb 2: To a mixture of (4—bromo—2-methoxyphcnyl)(mdrpholino)methanone (1.19 g,3.96
mmol), bls(pmacolato)dlboron (1.07 g, 402 mmol), KOAc (1.16 g, 11.89 mmol) in 1,4~

- _dioxane (18 mL) was added PdCIzdppf (87 08 mg, 0.12 mmol) dppf (65 97 mg, 0.12 mmol) |

‘15

20

25

30

and the reaction mixture was heated at 90 °C for 16 h under argon. The reactxon mixture was

diluted with EtOAc and washed with water, the organic layer was dried over anhydrous

- NapSOy and concentrated under reduced pressure to afford (2-methoxy-4-(4,4,5,5-

tetramethyl-l,3,2-dioxabor91_an-2-yl)phenyl)(morpholino)methanone (123 g,90%) as a

brown liquid which was used in next step without purification. Direct mass indicated desired

1 ‘m/z 345

Step 3: To a mixture of (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)(morphoImo)methanonc 2 (1 23 g, 3. 54 mmol), 6-chloro1m1dazo[l 2-b]pyndazme
(0.43 g, 2.84 mmol), KsPO4 (1.5 g, 7. 08 mmol) in 1,4-dioxane (18 mL) and water (3 mL) was
added Pd(PPh3)4 (204 mg, 0.17 mmol) and the reaction mmture was heated at 90 °C for 16 h

. under ai'gon. The reaction mixture was diluted with water and extracted with EtOAc and

washed with water and bririe solution. The organic layer was dried over anhydrous Na,SO,
and concentrated under reduced pressure to obtain the crude product. The crude product was
purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to afford (4-
(imidazo[l,2-b]pyridazin~6-yl)-Z-methpxyphcnyl)(morpholino)methanone (Q.7 g, 58.8 %,

- LC-MS 85%) as a light yclblow solid. 'TH NMR: (400 MHz, CDCls) 6 (ppm) 8.04 (d,J=6.8
Hz, 2H),7.82 (s, 1H), 7.59 (s, 1H),7.49-7.40 (m, 3H), 3.98 (s, 3H), 3.87-3.65 (m, 4H), 3.61—- "

3.33 (m, 2H), 3.29 (bs, 2H); MS (ESI) m/z 339.14 [C1sH,sN,O3+ H]".

Step 4: To a solution of (4-(imidazo[1,2-b]pyridazin-6-y1)-2- , |
methoxyphenyl)(morpholino)methanone (0.66 g, 1.95 mmol) in ACN (10 mL) was added
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* NIS (0.52 g,2.34 mmol) and stirred at 70 C for 3 h. The reactlon mixture was dﬂuted with'

EtOAc and washed with water, the organic layer was dried over anhydrous Na;SOzand
concentrated under reduced pressure to afford (4—(3-1od01m1dazo[_1,2—b]pyr1dazm—6-y1)-2—
methoxyphenyl)(morpholino)methanone (0.88 g, 97%, LC-MS 65%) as a green solid. 'H

'NMR: (400 MHz, CDCls) & (ppm) 7.99 (d, J= 9.2 Hz, 1H), 7.88 (s, 1H), 7.71 (s, 1H), 7.60
(d,J=7.6 Hz, 1H),7.54 (d, /= 9.2 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 3.9 (s, 3H), 3.83- 3.80
(m, 4H), 3.61-3.59 (m, 2H), 3.39-3.33 (m, 2H); MS (ESI) m/z 465 {C18H17N4O3+ H]

~ Step 5: To a mixture of (4-(3 -iodoimidazd[1’,2;b]pyxfidazin-6-yl)-2-

methoxyphenyl)(motpholino)methanone (0.86 g, 1.85 mmol), 4-cyansphenylboronic acid’ :

1 (0.33 g, 2.22 mmol), K3PO,4 (0.78 g, 3.7 mmol) in 1,4-dioxane (14 mL) and water (2 mL) was
_""added Pd(PPhs), (106.8 mg, 0.09 mmol) and the reaction mixture was heated at 90 °C for 16

.-h under argon. The reaction mixture was diluted with water and extracted with EtOAc and

washed with water and brine solution. The organic layer was dried over anhydrous Na,SO4
and concentrated under reduced pressure to obtain the crude product. The crude product was

purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to afford 4-(6-(3-

methoxy-4-(morpholine-4-carbonyl)phenyl)imidazof 1 ,‘27b}pyridazin—3-yl)benzonitﬁle_:_ (0.35 )

, 43.2 %, LC-MS 99%) as a light yellow solid.

Step 6: To a solution of 4;(6;(3lméthOXy-4a(morpholine-4-carbonyl)pheny1)imidazo[1‘,2— o

b]pyridazin-3-y1)benzonit1"ile (0.25 g, 0.57 mmol) in CH,Cl; (10 mL) cooled to 0°C was

- added BBr; (2 mL). The reaction mixture waé stirred at room temperature for 2 h. The

reaction mixture was cooled to 0 °C and quenched by drop . wise.addition of a saturated

- 7 aqueous NaHCOj3 (10 mL) and extracted W1th CHCl, (3 x 30 mL). The organic layer was .

25

30

washed with water and bnne, dried over anhydrous Na,SOy, filtered and concentrated under -
reduced pressure. The crude compound was purified by column chromatography (silica gel,
eluent MeOH/CHCl; 3:97) followed by preparative TLC to afford 4-(6-(3-hydroxy-4-
(morpholine-4-carbonyl)phenyl)imidazo[1 ,2-b]pyridazin-3-yl)benzonitrile (80 mg, 33%,
AUC HPLC 98.2%) as an pale yellow solid, m.p: 149-153 °C. "H NMR (400 MHz, CDCL3) &
(rpm) 9.86 (s, 1H), 8.39 (d, /= 8.4 Hz, 2 H), 8.14 (d, /= 9.2 Hz, 1H), 7.81 (d, J= 8.4 Hz,
2H), 7.61 (t,J = 10 Hz, 2H), 7.52 (d, J = 8.0, 1H), 7.42 (d, /= 8.2 Hz, 1H), 3.81 (bs, 8 H);
MS (ESI) m/z 426 [Co4HjsNsOs+ HI'.
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[

Example 78: 4- ( 6- (2—methoxv—4 (4-methvlpiperazines1: carbonvl)nhcnvl)lmldazof1 2-

b}nvndazm-3 y)benzomtnle _

NG

To a solution of (4-bromo-3 -methoxyphenyl)(4-mcthylp1pcrazm- -yl)methanone (312 mg, -
1.00 mmol) in DMF (10 mL) under inert atmos_phere, were added 4,4,4',4',5,5,5',5'— ' ‘

- octamethyl-2,2'-bil,3,2-dioxaborolane) (280 mg, 1.10 mmol), KOAc (295 mg, 3.00 mmol)

and PdCl,dppf (22 mg, 0.03-mmol). Thé resulting mixture was stirred at 100 °C for 2 h after

which time the reaction mixture was diluted with DMF (8 mL) and water (2 mL) prior to the

‘addmon of 4- (6-chlor01m1dazo[1 2-alpyrazin-3 ~y1)benzon1tnie (100 mg, 0.39 mmol), K2C03

(108 mg, 0.78 mmol) and additional PdCl,dppf (57 mg, 0.08 mmol). The reaction mixture.
fhus obtained was heated to reflux for 3 h and was concentrated under reduced pressure. The
residue was purified by preparative HPLC (C18, eluent, ACN/HzC/O 01% HCOOR) to afford
4-(6-(2-methoxy-4-(4-methylpiperazine-1- carbonyl)phenyl)lmldazo[l ,2-b]pyridazin-3-
yl)benzomtnle (30 mg, AUC HPLC 97%) as yellow sohd 1H NMR (400 MHz, CD;0D) &

ppm 8.3 (s, 1H), 8.27 (d, /= 8.2 Hz, 2H), 818(s lH) 8.01 (d, J=9.5 Hz, 1H), 7.66-7.78

(m, 4H), 7.16 (d, J=7.7 Hz, 1H), 3 65-4.00 (m 7H), 2.83-3.01 (m, 4H) 2.57-2.67 (m, 3H);
BC NMR (100 MHz, CDsOD) 6 ppm 171.45, 167.58, 159.10, 152.89, 141.44, 139.44,

| 134.71, 134.21, 133.41, 132.29, 130.47, 129.04, 127.95, 127.76, 127.58, 125.35, 122,63,

120.58,119.73, 111.91, 111.69, 56.66, 54.99, 444.92; MS (ESI) m/z 453 [CysHa4NgO,+H]".

. Example 79: 4-(6-(4- (4—methv1mnerazmc— -carbonxl) 3*n1trobhenyl)1m1dazof 1,2-

blpyridazin-3-yl)benzonitrile

A
OZN Sy N/

Step 1: To a solution of 2—nitro—4—bromobcnzoicb acid (9.3 mmol) in DMF (6 mL) was added
NMM (1.87 g, 18.6 mmol) followed by addition of HATU (5.3 g, 13.95 mmol) and the
mixture was stirred at rt for 30 min. 1-Methylpiperazine (1.39 g, 13.95 mmol) was added and
sﬁrréd at 1t for an additional 16 h. The reaction mixture was diluted with EtOAc and washed

with water and brine. The organic layer was dried over anhydrous Na,SO,, filtered and
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concentrated under reduced pressure to give ((4-bromo-2-methylyphenyl)(4-methylpiperazin- -

1-y)methanone (1.9 g, 70%, AUC HPLC 98%) as a brown Soli_d. 1H NMR (400 MHz, ,
CDCl3): 6 8.4 (s,1 H),8.01 (d,J= 6.2 Hz, 1 H), 7.4 (d,J=18.3 Hz, 1.H) 3.8 (bé, 2H),2.3-25 |

(s, 7 H).

Step 2: To a solution of (4-bromo-2-nitrophenyl)(4-methylpiperazin-1-yl)methanone 6 (328
mg, 1.00 mmol) in DMF (10 mL) under inert atmosphere was added 4 4,4, 4' 5 5, 5' 5.
octamethyl 2, 2’~b11 3 2 dmxaborolane) (280 mg, 1. }O mmol), KOAc (295 mg, 3 OO mmol)

and PdClydppf (22 mg, 0. 03 mmol). The resulting mxxture was stirred at 100 °C for2h aﬂer B

which time, it was diluted with DMF (8 mL) and water (2 mL) pnor 16 the addition of 4-(6-

| chloroimidazo[1,2-a]pyrazin-3-yl)benzonitrile 3 (200 mg, 0.78 mmol), K»CO; (217 mg, 1.58

mﬁiol) and additional PdClydppf (114 mg, 0.08 mmol). The reaction mixture thus »_'optv_ained N
was heat to reflux for.3 h and was concentrated under reduced pressure. The residue was
purified by préparative HPLC (C18, eluent ACN/HZO/O.OI % HCOOH) to afford 4-(6-(4-(4-
methylpiperazine-1-carbonyl)-3-nitrophenyl)imidazo[ 1 2—bjpyridazin-3 -yl)benzonitrile (129
mg, 36% over 2 steps, AUC HPLC 97%) as yellow solid. 1H NMR (400 MHz, CD;OD) 8.94
d,J= 16Hz 1H), 8.56 (dd, J = 8.0, 163Hz 1H), 843(d J= 85Hz 2H), 8.36 (s, 1H),
8.28 (d,/=9.5 Hz, 1H), 8.02 (d, /= 9.5 Hz, 1H), 7.89 (d,J= 8.5 Hz, 2H), 7.72 (d, /= 7.9
Hz, 1H), 3.71-4.05 (m, 2H), 3.41 (s, 2H), 2.70 (t, J = 5.0 Hz, 2H), 2.53 (s, 2H), 2. 42(s SH),

Be NMR (100 MHz, CD3OD) & ppm 168.22, 151.26,147.63, 141.86, ]39 15, 135.75,

13446 134.18, 133.78, 130.40, 128.68, 128.24, 127.63, 124.68, 11967 11841 11239

55.35, 54.99, 47.61, 45.88, 42.47; MS (ESI) m/z 468 [CasHa N7O5+H]".

- Example 80: N-(5-(3-(4- cvanovhenv])lmldazo[l .2-blpyridazin-6-y1)-2- (morphohne—4-

carbonvl‘mhenvl)acetamxde
O,N Br O?N Br < "Q
oﬁjij ° w N’
— N ——————
OH ‘ .

| ® oA T |
AN Z ) Z
Sy N /? sy N /? HgCOCHN \N N /
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Step 1: To a solution of 4-bromo-2-nitrobenzoic acid (2.5 g, 10.16 mmol) in DMF ( 15mlL)
were added HATU (5.79 g, 15.24 mmol), N-methyl morpholine (2. 05 g, 20.32 mmol) and

-morpholine (0.97 g, 11.18 mmol). The reaction mixture was stirred at 0 °C to room

temperature for 16 h, then it was diluted with H,O (30 mL) and extfécted with EtOAc (3 x
100 mL). The combined organic layer was dried over Na,SO4 and was concentratéd under
reduced pressure to afford (4-bromo-2-nitrophenyl)(morpholino)methanone (4. 2 g, 91.8%,
LC-MS 69.8%). "H NMR (400 MHz, DMSO-dq) 6 (ppm) 8.40 (s, 1H), 8.08 (d,/=8.4 Hz,
1H), 7.54 (d, /= 8.0 Hz 1H), 3.67-3. 51 (m 4H), 3.51 (bs ZH), 3.21 (bs, ZH), MS (ESI) m/z '

1316 {CUH“BrN204+ H]".

3

Step 2: To a mixture of 6-cliloroimidazo[1,2-b]pyridazine (1.5 g, 9.76 mmol),
Bis(pinacolato)diboron (2.65 g, 10.45 mmol), KOAc (2.87 g, 29.29 mmol) in 1,4-dioxane (15
mL) was added PdCLdppf (214 mg, 0.29 mmol) and dppf (162.4 mg, 0.29 mmol) and the

reaction mixture was heated at 90 °C for 16 h under argon. The reaction mixture was diluted

- with EtOAc and washed with water, the organic layer was dried over anhydrous Na,SOj4 and

concentrated under reduced pressure to afford 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)lmldazo[l 2—b]pyndazme (215 g, 90%) as a brown liquid Wthh was used in next step
without purification. MS (ESI) m/z 246 [C1,H;6BN;Oo+ H].

Step 3: To a mixture of (4-bromo- Z-nxtrophcnyl)(morphohno)methanone (2 g, 7.32 mmol), 6-
(4,4,5,5- tetramethyl 1,3,2- dioxaborolan-2- y1)1m1dazo[1 2-b]pyr1dazme 2.15 g 8.78 mmol};
K;PO4 (3.1 g, 14.64 mmol) in 1,4-dioxane (30 mL) and water (4 mL) was added Pd{(PPhs)4
(423 mg, 0. 36 mmol) and the reaction mixture was heated at 90 °C for 16 h under argon. The »
reaction mixture was diluted with water and extracted with EtOAc and washed with water
and brine solution. The organic layer was dried over. anhydrous Na,SOy4 and concentrated
under reduced pressure to obtain the crude product. The crude product was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to -affofd_ (4-(imidazo[1,2-
b]pyridazixi-6—yl)—2—nitrophcnyl)(morpholino)methanone (1.25 g,55.8 %, LC-MS 96;5%) as
a light yellow solid. "H NMR: (400 MHz, DMSO-ds) 6 (ppm) 8.84 (s, 1H), 8.54 (4, J=6.0
Hz, 1H), 8.46 (s, 1H), 8.32 (d, /= 9.6 Hz, 1H), 7.98 (d, J= 9.6 Hz, 1H), 7.89 (s, 1H), 7.77 (4,
J=8.0 Hi, 1H), 3.7 (bs, 4H), 3.55 (bs, 2H), 3.17 (bs, 2H); MS (ESI) m/z 354 [C17H sNsO4+
HI". '
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Step 4: To a solution of (4-(imidazo(1, 2—b]pyr1dazm—6—yl) 2-
nitrophenyl)(morpholino)methanone (1 24 g, 3. 51 mmol) in ACN (l 8 mL) was added N—

iodosuccinimide (0.95 g, 4.2 mmol). The reaction m-lxture was stirred at-80 °C for 2 h and

. ’was diluted with EtOAc and washed with water. The organic layer was dried over auhydroué o

Na,SO4and concentrated under reduced pressure to afford (4-(3-iodoimidazo[1,2-
b]pyridazin-6‘-yl)-2—nitrophcnyl)(morpholino)methanone (1.7 g, 94%, LC-MS 93. 3%)asa
green solid. 1H NMR: (400 MHZ CDCh) 5 (ppm) 8.84 (s, 1H), 8.45 (d, /= 8.0 Hz, 1H), 8.08
(d, J=9.6 Hz, ZH), 7.94 (s, IH), 7.59 (d J=28.0 Hz, 1H), 3.85-3. 66 (m, 6H), 3.29 (bs 2H),
MS (ESI) m/z 480 [C17H14N504+ H] ‘

Step 5: To a mixture of (4- (3—10dozm1dazo[1 2-b]pyndazm~6—yl) 2-
nitrophenyl)(morpholino)methanone (1.7 g, 3.54 mmol), 4-cyanophenylboronic acid (0.62 g,
4.25 mmol), KsPOs (1.5 g, 7.08 mmol) in 1,4-dioxane (18 mL) and water (2.5 mL) was added

- Pd(PPh;)4 (204 mg, 0.17 mmol) and the reaction mixture was heated at 90 °C for 16.h under

argon. The reaction mixture was diluted with water and extracted with EtOAc and washed

with water and brine solution. The organic layer was dried over anhydrous Na,SO; and

4 concentratcd under reduced pressure to obtam the crude product The crude product was
punﬁcd by column chromatography (silica gcl cluent CH,Cl,/MeOH 97:3) to afford 4-(6-
- (4-(morpholine-4-carbonyl)-3-nitrophenyl)imidazo[1,2-b]pyridazin-3- yl)bcnzomtnle (1.1g,

68.7 %, LC-MS 91%) as a light yellow solid. 'H NMR (400 MHz, CDCls) 6 (ppm) 8.80 (s,
1H), 8.67 (d, J = 8. O'H'z 1H), 8.55-8. 23’(&"11“ 4H) 7.83 (d, J= 8.4 Hz, 2H), 7.67 (d, /= 9.6
Hz, 1H), 7.61 (d, J= 8. 0 1H), 3.86-3.67 (m, 4H), 3.66 (bs, 2H), 3.31 (t,J = 4 4 Hz, 2H); MS
(ESI) m/z 455 [C24H18N604+ H]

- "Step 6: To a solution of 4-(6-(4- (morphohne 4-carbonyl)-3-nitrophenyl)imidazo[1,2-
t.'b]pyndazm~3 yl)benzomtnle (. 6 g, 1.32 mmol) in ethanol (10 ml) was added SnCl,.2H,O .

(0.89 g, 3.96 mmol) and concentrated HCI (1 mL). The reaction mixture was stirred at 90 °C
for 3 h. The solvent was evaporated under reduced pressure and basified with a saturated aq.
NaHCOj; and extracted with EtOAc (3 x 30 mL). The organic layer was washed with water

and brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure to

afford 4-(6-(3-amino-4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-

yD)benzonitrile (250 mg, 45%, LC-MS 77%) as a yellow solid.

Step 7: To a solution of 4-(6-(3-amino-4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-3-yl)benzonitrile (0.24 g, 0.56 mmol) in dichloromethane (10 mL) were added
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‘TEA (0.15mL,1.13mmiol) and acetyl chloride (0.06 mL, 0.85 mmol). The reaction mixture

was stirred for 2 h at room temperature. The reaction mixture was dilutcd with H,O (20 mL),

basified with saturated aqueous NaHCOj and extracted with CHCI; (3 x 50 mL). The

: ;'_-combmcd orgamc laycr was conccntrated under reduced pressure to afford crude compound.
‘The crude product was punﬁcd by .column chromatography (s1hca gel, eluent CHCly/MeOH
97 :3) to afford N-(S—(3-(4—cyan0phenyl)1m1dazo[1,2—b]pyndazm—6-yl)~2-(morphohnc—4-

carbonyl)phenyl)acetamide (100 mg, 38%, AUC HPLC 98.09%) as an pale yellow solid,

‘m.p: 226-229 °C. NMR: (400 MHz, CDCly) § (ppm) 9.12 (d, J = 11.6 Hz, 2H), 8.39 (d, J =
8.4 Hz, 2H), 8.22 (s, 1H), 8.14 (d, /= 9.1 Hz, 1H), 7.84 (d, /= 8.0 Hz, 2H), 7.75 (d, J=8.0

Hz, 1H), 7 66 (d,/=9.2 Hz, 1H), 7. 39 (d J=7.6 Hz, 1H), 3.76 (bs, 8H), 2.26 (s, 3H); MS
(ESI) m/z 467 [C26H22N603+ H]

. Example 81: N-_( 5-( 3-(4-cvanophenvl)imidazof1 2-bIpyridazin-6-y1)-2-(4-

(dim ethvlaminc)pipeﬁdinc-l -carbonyl)phenvl)acetamide

Hi\lg@/Br H H:‘D/Bf I : Br

N - NG

Step 1: To a solution of 2-amino-4-bromobenzoic acid (4 g, 18.51 mmol) in 1,4-dioxane (40 .
mL) was added bis(trichloromethyl)carbonate in 1,4-dioxane (1.81 g, 6.11 mmol) drop wise -
at.0 °C. The reaction mixture was stirred at 110 °C for 16 h. The solvent was evaporated
under reduced pressure and washed with n-hexane to afford 7-bromo-1H-
benzo[d][1,3]oxazine-2,4-dione (4.3 g, 95.8% LC-MS 97%)."H NMR: (400 MHz, DMSO-
de) 6 (ppm) 11.8 (s, 1H), 7.80 (d, /= 8.4 Hz, IH), 7.40 (d,J = 8.4 Hz, 2H); MS (ESD) m/z
243.02 [CsH,BrNO5+H]".
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Step2: Toa solutlon of 7-bromo-1H- benzo[d][l 3}oxazme-2 4-dione (1 g, 4. 13 mmol), N, N- ‘
dimethylpiperidin-4-amine (0. 5 8g, 454 mmol) in dry DMF (10 mL) was added DMAP (50.4
mg, 0.41 mmol) at rt. The reaction mixture was stirred for 16 h, then was diluted with H,0

(30 mL) and extracted with EtQAc'(3V % 100 mL). The combined organié layer was dried ovér :
Na,S0; and concentrated under reducéd pressure to afford (2—amino-4-bromobhényl)(4— ’

' (dlmethylammo)plpendm—1 yDmethanone (0 97 & 72. 4% LC=MS 99.5%). '"HNMR (400
' MHz, CDCI3)(5(ppm)692(d J=8.0 Hz, 1H), 6.88 (s, 1H), 6.83 (d, J = 68Hz 1H), 44(5 -
' 2H), 2.96 (bs, 2H), 2.39-2.37 (m; 1H), 2.36 (s, 6H), 1.89 (d, J=11.6 Hz, 2H), 1.49-1.41 (m o
T 2H) MS (ESI) iz 327 {CI4HzoBrN3O+ H)'.
10+ | |
" Step 3: To‘ a solution of (2-amino-4-bromophenyl)(4-(dimethylamino)piperidin-1-

yDmethanone (0.5 g, 1.53 mmol) in dichloromethane (10 mL) were added triethylamine (0.63

- -mL,4:59 mmol) and acetyl chloride (0.16 mL, 2.29 mmol). The reaction mixture was stirred --

for 3 h at rt. The reaction mixture was diluted with H,O (20 mL), basified with saturated ,
aqueous solution of NaHCO3 and extracted with CHCl; (3 x 50 mL). The combined organic
layer was concentrated under reduced pressure to afford N-(5-bromo-2-(4- "

(dnnethylam1no)p1pendme-1 carbonyl)phenyl)acctamxde (0.6 g, 88. 23%, LC-MS 83%) H

- NMR: (400 MHz, CDCl3) 6 (ppm) 9.01 (s, 1H), 8. 53 (s, 1H), 7.42 (4, J - 8.4 Hz, 1H), 7.06
(d J=17.6Hz, 1H), 4.6 (bs, 1H), 2.95 (bs, 3H), 241 (m, 1H), 2.32 (s, GH), 2.08 (s 3H), 1.95

(bs 2H), 1.52 (bs, 2H), MS (ESI) m/z 369.07 [ClgszBrN302+H]

Sten 4:Toa mixtnre of N-(S-bromo-2-(4-(dimethylzimi‘no)pipeﬁdine»1- _
carbonyl)phenyl')acetamide (0.52 g, 1.42 mmol), 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

- ylimidazo[1,2-bJpyridazine (416.3 mg, 1.69 mmol), KsPO, (602 mg, 2.84 mmol) in 1,4~
“dioxane (10 mL) and water (2 mL) was added Pd(PPhs)4 (82 mg, 0.07 mmol) and the reaction

mixture was heated at 90 °C for 6 h. The reaction mixture was filtered through celite bed and
washed with 10% MeOH in CHCl; and dried over anhydrous Na,SO, and concentrated under
reduced pressure to obtain the crude product. The crude product was purified by column
chromatography (silica gel, eluen{ CHCh/MeOH/NH; 90:10:1) to afford N-(2-((4-

* (dimethylamino)piperidin-1-yl]carbonyl)-5-(imidazo(1,2-a)pyridazin-6-yl)phenyl)acetamide

(0.5 g, 70 %, LC-MS 81%) as a light yellow solid. NMR: (400 MHz, CDCl;) & (ppm) 9.07 (s,
1H), 8.91 (s, 1H), 8.02 (d, J = 8.8 Hz, 2H), 7.76 (s, 1H), 7.75 (d, J = 6.4 Hz, 1H), 7.42 (d, J =
1.6 Hz, 1H), 4.75 (bs, 1H), 3.95 (bs, 1H), 3.15-2.95 (m, 2H), 2.41 (m; 1H), 2.25 (s, 6H), 2.19
(s, 3H), 1.98 (bs, 1H), 1.75 (bs, 2H), 1.25 (s, 3H); MS (ESI) m/z 406.16 [C23HNsO,+ H]".
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, Step_S: To a solution of N-(2~:(4_~(dimethylamino)piperidine-\1-carbényl)-S-(imidazo[l,z-

a]pyridin-6-yl)phenyl)acetamide (0.49.g, 1.21 mmol) in ACN (10 mL) wasadded N-
iodosuccinimidé (0.32 g, 1.45 mmol) and stirred at 80 °C for 3 h The reaction nvaixtur,e'was L
diluted wfth EtOAc and washed with water, the organic layer was dried over anhydrous
Na,S04 and concentrated under reduced pressure to afford N-(2-((4-
(dimcthylamino)pipcﬁdin-l -yl)carbonyl)-5- (3-iodoimidzizo[1 2-a]‘pyn'dazin—6-
yl)phenyl)acetam1de (0.3 g, 46.7%) as a green solid. The crude product was used in the next

step without purification.

Step 6: To a mixture of N-(2-(4- (dxmethylammo)plpendme—l ca:rbonyl) 5-(3-

iodmmdazo[l 2- a]pyndm—é yl)phenyl)acetamlde 03 g, 0 56 . mmol), 4-cyanophenylboronic

acid-(99.4 mg, 0.67 mmol),: K3PO4 (237 mg, 101 mmol) in 1,4-dioxane (10 mL) and water (2~ -~
mL) was added Pd(PPh;)s (32.3 mg, 0.03 mmol) and the reaction mixture was heated at 90 °C
for 16 h. The reaction mlxture was filtered through cehte and washed with 10% MeOH in

~.residue was puriﬁéd by preparative HPLC to afford N—(S-(3-(4—cyan0phenyl)imidazo[1 2-

b}pyndazm—6 yl) -2- (4-(dlmethylammo)plpendme- -carbonyl)phenyl)acetamxde (50 mg, 17.4 |
%, LC-MS 95%) as-a yellow solid. m.p: 141-146 °C. "H NMR: (400 MHz, CDCls) § (ppm)
9.13 (s, 1H), 9.08 (s, 1H), 8.39 (d, /= 8.4 Hz, 2H), 8.22 (s, 1H), 8.13 (d, /= 9.2 Hz, 1H),
7.85 (d, J = 8.4 Hz, 2H),7.75 (d, J = 7.6, 1H), 6.67 (d, J = 9.6 Hz, 1H), 7.40 (d, J=8.4 Hz,

' 1H), 4.75 (bs, 1H), 3.95 (bs, 1H), 3.15-2.95 (m, 2H), 2.41 (m, 1H), 2.3 (s, 6H), 2.21 (s, 3H),

1.95 (bs, 2H), 1.65 (bs, 2H); MS (ESI) m/z 508.16 [C2sHzN:O+ HJ".

Example 82: (4-(3-(4-chlorophenyl)imidazo[1 .2-blpyridazin-6-yDphenvl)(4-methvipiperazin-

l-yDmethanone

Step 1: To a solution of 3-bromo-6-chloroimidazo[1,2-b]pyridazine (500 mg, 2.15 mmol) in
1,4-dioxane (4.5 mL) under inert atmosphere were added aqueous Na,CO; solution (3.76 mL,
2 M), 4-chlorophenylboronic acid (336 mg, 2.15 mmol) and Pd(dppf),Cl, (124 mg, 0.108

~mmol). The resulting mixture was heated to reflux for 18 h, and then diluted with water 20 .
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mL) and extracted with DCM (3x30 mL).The combined organic layer was dried over
NapSOy, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,Clo,/MeOH 95:5 to 90:10) to afford 6-chloro-
3-(4-chlorophenyl)imidazo[1,2-b]pyridazine (243 mg, 43%) as a yellow solid. "H NMR (400
MHz, CDCls) 0 8.06 (s, 1H), 8.01-7.96 (m, 3H), 7.50-7.47 (m, 2H), 7.11 (d, J = 12 Hz, 1H);
MS (ESI) m/z 264 [C1,H;CbN; + HT',

Step 2: To a solution of 6-chloro-3-(4-chlorophenyl)imidazo[ 1,2-b]pyridazine (200 mg, 0.757
mmol) in toluene (3 mL) and ethanol (1.5 mL) under inert atmosphere were added K»,CO3
(335 mg, 2.4 mmol), 4-(4-methylpiperazine-1-carbonyl)phenylboronic acid hydrochloride
(259 mg, 0.909 mmol) and Pd(PPh;)4 (88 mg, 0.076 mmol). The resulting mixture was heated
in a microwave reactor at 140 °C for 15 min, and then was concentrated under reduced
pressure. The residue was purified by column chromatography (silica gel, eluent
CH2Cly/MeOH 95:5 to 90:10) to afford (4-(3-(4-chlorophenyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(4-methylpiperazin-1-yl)methanone (41 mg, 17%, AUC HPLC 99%) as a yellow
solid. "TH NMR (400 MHz, CDCl3) 6 8.19 (d, J = 9.5 Hz, 1H), 8.11-8.06 (m, 5H), 7.62-7.58
(m, 3H), 7.54-7.51 (m, 2H), 3.94-3.67 (m, 4H), 2.72-2.66 (m, 4H), 2.49 (s, 3H); '*C NMR
(100 MHz, CDCl3) & 169.59, 165.33, 150.94, 139.36, 137.12, 136.71, 133.88, 132.95,
129.00, 128.02, 127.98, 127.90, 127.36, 126.89, 126.24, 115.76, 54.12, 44.83; MS (ESI) m/z
432 [Co4H,,CINSO + HI'.

Example 83: (4-(3-(4-chlorophenyl)imidazo[1.2-bIpyridazin-6-y1)-2-methviphenvl)(4-

methylpiperazin-1-vl)methanone

a /N
>N SN %
0
: al "

Step 1: To a solution of 6-chloro-3-(4-chlorophenyl)imidazo[1,2-b]pyridazine (308 mg, 1.00

mmol) in a mixture of DMF (4 mL) and water (1mL), were successively added K,CO; (138
mg, 1.00 mmol), Pd(dppf)Clg (146 mg, 0.20 mmol) and 4-borono-2-methylbenzoic acid (198
mg, 1.10 mmol). The reaction mixture was stirred at 80 °C for 18 h under inert atmosphere,
then was diluted with water (10 mL) and extracted with DCM (3%x10 mL). The combined

organic layers were dried over Na,SQy, filtered and concentrated under vacuum to afford the
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crude‘4—(3-(4—chlorophenyl)imidazo[1,2-b]pyridazin-6—yl)-2~methylbenzoic acid (724 mg) as
black solid. MS (ESI) m/z 364 [C20H14CIN;O, + H T ‘

‘Step 2: To a solution of 4~(3-(4—chlorophenyl)imfdazo[1,,2ub]p)nidazin-6~yl)-2—methy1blé:r‘1vzoic :
acid (363 nig, ~1.00 mmol) in DMF (5 mL), was successively added HATU (1.14 g;3.00
mmol), N-methyl morpholine (400 mg, 4.00 mmol) and l-mcthylpipcrazinc (2(')0“mg, 2.00
mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

h, then was diluted with v’x‘fa‘ter' (10 mL) and extracted w,i_th DCM 3x10 mL); The cdin.bined :

‘ /6rgaﬁiq layer was dried over Na,SOy, filtered and concentrated under reduced pressure. The

" crude residue was purified by preparative HPLC (C18, eluent ACN/H,0/0.01% HCOOH) to

afford (4-(3-(4-chlorophenyl)imidazo[1,2-b]pyridazin-6-yl)-2-methylphenyl)(4-
methylpiperazin-1-yl)methanone (24 mg, 5%, AUC HPLC 99%) as yellow solid. 'H NMR
(400 MHz, CD;0D) & 8.05-7.93 (m, 4H), 7.89-7.82 (m, 2H), 7.67 (d, J= 9.5 Hz, 1H), 7.39

' (d,J= 8.6 Hz, 3H), 4.18-3.83 (m, 2H), 3.50 (s, 2H), 3.08 (s, 2H), 2.91 (s, 2H), 2,70 (s, 3H),

2.39 (s, 3H); *C:NMR (100 MHz, CD;OD) § 171.40, 166.86, 152.68, 140.84, 138.16,

113771, 136.82, 134.77, 133.56, 130.39, 129.87, 129.14, 128.97, 128,33, 127.93,126.71,
1126.03, 117.84, 55.26, 54.85, 46.54, 44.94, 41.19, 19.34; MS (ESI) m/z 446 [Cy5HCINGO +

HJ*.

Example 84: (4-(3-(1H-indol-5-yDimidazo[1,2-bIpyridazin-6-vl)phenyl)(4-methylpiperazin-
1-yDmethanone . ' v

AN

N
E“l'] e
Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (IOO mg,
0.314 mmol) in DMF (1.5 mL) was added HATU (179 mg, 0.471 mmol) and N-methyl -
morpholine (138 pl, 1.257 mmol).The reaction mixture was stirred at room temperature under
inert atmosphere for 1 h, followed by the addition of I-methylpiperazine (70 ul, 0.628

mmol). The reaction mixture was left to stir for 18 h, then it was diluted with H,O (25 mL)
and extracted with EtOAc (3x25 mL). The combined organic layer was dried over Na;SO4

~ and was concentrated under reduced pressure. The crude residue was purified by column

chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford the product as a yellow
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solid-(127 mg, 99%): 'H NMR (400 MHz, CDC13) 58.09(d,/=8.0 HZ, 2H), 8.02 (d, J=9.2
Hz, 1H), 7.81 (s, 1H), 7.59-7.54 (m, 3H), 3.84 (bs, 2H), 3.49 (bs, 3H), 2.50-2.34 (m, 6H); MS
(ESI) m/z 400 [C15H gBrNsO + HT'.

NN

V4
\N,N

0.

[:j e

Step 2: (4- (3~brom01m1dazo[1 2-b]pyr1daz1n 6- yl)phenyl)(4 -methylpiperazin-1 yl)methanone N

(100 mg, 0.250 mmol); 1H-indol-5- ylboromc acid (48 mg, 0.300 mmol), Pd(PPhs)s (29 mg,
0.025 mmol) and Cs,CO; (163 mg, 0.50 mmol) was dissolved in dioxane (2.0 mL.) and water

(0.5 mL). The resulting mixture was heated in a microwave reactor for 30 min at 110°C, then

was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic. - - . .-

layer was filtered through celite, dried over Na»SO4 and was concentrated under reduced

pressure.. The crude residue was purified by column chromatography (silica gel, eluent

CHgClszeOH 95:5) to afford (4-(3- (1H-mdol 5-yl)1m1dazo[1 2~b]pyndazm-6-yl)phenyl)(4- -

methylpxperazln-l yl)methanone (51 mg, 47 %, AUC HPLC 97%) as a yellow solid. 1H NMR
(400 MHz, CDCl3) & 8. 45 (s, 1H), 8.32 (bs, 1H), 8. 10-8.07 (m, 4H) 7.91 (d J=8.4Hz, 1H),
7.57-7.50 (m, 4H), 7.29 (t J=2.8 Hz, 1H), 6.67 (s, 1H),.3.83 (bs, 2H), 3.49 (bs, 2H), 2.50- |
2.33 (m, 7H); °C NMR (100 MHz, CDCIg) 169.67, 150.44, 138.93, 137.35, 137.10, 135.61, .-
133.08, 130.37, 128. 11, 127.80, 127.27, 126.09, 125.00, 121. 77 120 35,119.87, 114.56,
111.32, 103.30, 46.06; MS (ESI) m/z 437 [CyH24NgO + H] '

Example 85: 5-(6- ( 4- (4-methvlmperazme-l-carbonyl)phenvl)lmldazo[1 2 b]pvndazm 3-

vl )mdohn~2 -one

N
() NH
N ,
|
(4-(3-bromoimidazo(1 ,2—b]pyridazin—6-yl)ﬁhenyl)(4—methy1piperazin-1 -yDmethanone (100

mg, 0.250 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indolin-2-one (78 mg,
0.300 mmol), Pd(PPhs)4 (29 mg, 0.025 mmol) and Cs,CO; (163 mg, 0.500 mmol) was

163



10

15

20

25

WO 2013/147711 . o ' PCT/S5G2013/000126

dissolved in dioxane (2.0 mL) and water (0.5 mL). The reaction mixture»_was heated in a
microwave reactor for 30 min at 110°C, then was diluted with water (25 mL) and extracted
with EtOAc (3x25 mL). The combmed organic Iayer was filtered through cehte, dned over
NagSOa, and was concentrated under reduced pressure. The. crude res1due was punﬁed by _
column chromatography (silica gel, eluent CH,Cly/MeOH 95:5) to afford 5-(6-(4-(4- . . .
methylpipcrazine‘-1'-carbonyl)phcnjfl)imidazo[1 2’~b]pyri‘dafz"’ih—3-yl)ind'olin.2 one (33 mg,
29%, AUC HPLC 98%)-as a yellow solid. '"H NMR (400 MHz, CDC13) §8.12 (d J=92Hz,
1H),8 06- 804(m 4H), 7.99 (s, 1H), 760(d J= 84Hz 3H),755 (d J= 96Hz 1H), 7.04
(d, J = 8.0 Hz, 1H), 3.85 (bs, 2H), 3.68 (s, 2H), 3.52 (bs; 2H), 2.53-2.36 (m, 7H); *CNMR
(I’OO MHz, CDCI5) 6 176.79, 169.52, 150.82, 142.26, 139.19, 137.34, 137.08, 1.32 93, 128. 78, '
127.89, 127.25, 127.00, 126.29, 125.78, 123. 54 123 03, 115.13, 109. 71 46.04, 36. 22 MS
(EST) m/z 453 [CysH24NsO, + HJ'. .

Example 86: (4—( 3-(1H-indazol-5-yDimidazo[1.2-b]pvridazin-6-yDphenvi)(4- . .

methylpiperazin-1-yl)methanone

“4-3 -bromoi_midazo‘[ 1 ,2-b]pyri_dazin—6-&l)phenyl)(4—methylpiperazin- 1-yl)methanone (100
mg, 0.250‘mm'01)-, 1H—indazol-5-ylboronic acid (49 mg, 0.300 mmoi), Pd(PPhs)4 (29 mg,
0.025 mmol) ‘and Cs2CO; (163 mg, 0.500 mmol) was dissolved in dioxane (2.0 mL) and
water (0.5 mL). The reaction mixture was heated in a microwave reactor for 30 min at 110
°C, then it Waé”diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The
combined organic layer was filtered through celite, dried over Na,SO4 and was concentrated ‘
under reduced pressure. The crude residue was purified by preparative HPLC (C18, eluent
ACN, water, formic acid 0.1%) to afford (4-(3-(1H-indazol-5-yl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(4-methylpiperazin-1-yl)methanone (21 mg, 19%, AUC HPLC 99%) as a yellow
solid. "H NMR (400 MHz, CDCl;) & 8.62 (s, 1H), 5 8.20 (s, 1H), 8.13-8.05 (m, 5H), 7.66 (d,
J= 8.8 Hz, 1H), 7.59-7.53 (m, 3H), 3.84 (bs, 2H), 3.50 (bs, 2H), 2.51-2.34 (m, 7H); MS
(ESI) m/z 438 [CosHy3N-0 + HI'.
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Example 87: (4-(3-( lH—benzo( dlimidazol-5-yl)imidagzo[ 1 Z—anvrldazm 6-yliphenvyl}(4- -

methvlmnerazm— -vl)methanone

(4 (3-brom01m1dazo[1 Z-b}pyndazm—é yl)phenyl)(4-methylp1perazm- -yl)methanone (50
mg, 0.125 mmol), lH-benzo[d]1m1dazol 5- ylboromc acid (22 mg, 0.137 mmol) and
Pd(PPh3)4 (22 mg, 0.019 mmol) was dissolved in dzo_xanc (0.6 mL) and saturated NaHCO;

solution (0.6 mL) was added. The reaction mixture was heated at 150 °C in a microwave

reactor for 10 min, then was diluted with water (25 mL) and extracted with EtOAc (3x25

mL). The combined organic layer was filtered over celite, dried over Na3SO4 and was -

concentrated under reduced pressure. The crude residue was purified by preparative HPLC

+ (C18, eluent ACN, water, formic acid 0.1%) to afford (4-(3-(1H-benzo[dlimidazol-5-

yh)imidazo[ 1 ,2-b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone (15 m g,i 27%,
AUCHPLC 95%) as a yellow solid. "H NMR (400 MHz, CDCls) § 8.55 (s, 1H), 8.18-8. 15

 (m, 2H), 8.12 (t, J = 4.8 Hz, 2H), 8.03 (d, /= 8.0 Hz, 2H), 7.95-7.92 (m, 1H), 7.82-7.80 (m,

1H), 7.56-7.49 (m, 3H), 3.89 (bs, 2H), 3.55 (bs, 2H), 2.60-2.50 (m, 4H), 2.39 (s, 3H), MS

" (ESD) m/z 438 [CasHzNA0 + HJ™

A mixture of (4-(3—br0moimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-methylpiperazin-l-

‘ yi)methanone (53 mg, 0.132 mmol), IH—bénzo[d][1,2,3]mazol-5-y1boronic acid (24 mg,

0.146 mmol) and Tetrakis (23 mg, 0.020 nimol) in 1,4-dioxane (0.65 mL) and saturated
NaHCO; solution (0.65 mL), was heated in a microwave reactor for 10 min at 150 °C, then it
was diluted with H20‘ (25 mL) and washed with EtOAc (3x25 mL). The crude product -
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~ remained in the aqueous layer, hence it was concentrated under reduced pressure, dissolved

in methanol and filtered over celite and the filtrate was concentrated under reduced pressure.

The residue was then purified by preparative HPLC (C18, eluent ACN, water, formic acid

 0.1%) to afford (4-(3- (1H-benzo[d][1,2,3]triazol-5-yl)imidazo[ 1,2-b]pyridazin-6-

10
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20

25

30

yl)phenyl)(4—m_ethy1p1perazm-1 yl)methanone (13 mg, 23%, AUC HPLC 98%) as a yellow
solid. 'H NMR (400 MHz, CDCl,) § 8.91 (s, 1H), 8.21-8.14 (m, 3H), 8.06-8.03 (m.4H), 7.61
(d, /= 8.4 Hz, 2H), 7.55 (d, J= 8.8 Hz, 1H), 3 95 (bs, 2H), 3.63 (bs, 2H) 2.68-2.60 (m, 4H),
2.43 (s 3H) MS (ESI) m/z 439 [C24H22N80 + H]

Exémnle 89: 5-(6-(4-(4-(4-m ethvlbiperazin-l -vDpiperidine-1 -carbonyl)phenyl)ifnidazoi 1.2-

blpyridazin-3-y1)indolin-2-one

.- Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (200 mg,

0.589 mmol) in DMF (3.0 mL) was added HATU (336 mg, 0.884 mmol)-and N-methyl - -
morpholine (259 pl, 2.357 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the add1t10n of 1—rnethyl 4- (p1p€r1d1n—4-
yl)plpcrazme (162 mg, 0.884 mmol) The rcactlon mlxture ‘was stirred for 18 h then, was

. diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined orgamc , |

layer was dried over Na,SOy and was concentrated under reduced pressure. The crude residue

‘was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH/NH,OH 94:5:1) 1o
A afford a light yellow solid '(128 mg, 45%). 'H NMR (400 MHz, CD;0D) 6 8.25 (d, /= 8.4

Hz, 2H), 8.14 (d, /= 9.6 Hz, 1H), 7.92 (d, J = 9.6 Hz, 1H), 7.86 (s, 1H), 7.63 (d, J= 8.4 Hz,
2H), 4.73 (bs, 1H), 4.58 (bs, 1H), 3.85 (bs, 1H), 3.15 (bs, 1H), 2.93 (bs, 1H), 2.68-2.57 (m,
8H), 2.32 (s, 3H), 2.09-1.92 (m, 2H), 1.51 (bs, 2H); MS (ESI) m/z 483 [C,3Ha7BrN¢O -+ H.

Step2: (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-(4-methylpiperazin-1-
yDpiperidin-1-yl)methanone (125 mg, 0.258 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)indolin-2-one (81 mg, 0.310 mmol), Pd(PPhs)s (30 mg, 0.026 mmol) and
Cs,CO;5 (169 mg, 0.517 mmol) was dissolved in dioxane (2.0 mL) and water (OS mL). The

reaction mixture was heated in a microwave reactor for 30min at 1 10°C, diluted with water
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(25 mL) and washed with EtOAc (3x25 mL). The aqueous layer was concentrated under
réduced preésure The crude residue was dissolved in dichloromethane and filtered-through a ‘v
pad of celite. The filtrate was punﬁed by preparative HPLC (C18, eluent ACN water, formic
acid 0. 1%) to afford 5- (6 ~(4-(4-(4- methylpxperazm—l -yl)piperidine-1-

“carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)indolin-2-one (15 mg, 11%, AUC HPLC"
- 98%) as a yellow solid. 'H NMR (400 MHz, CD;0D) 6 8.21 (d, J = 8.4 Hz, 2H), 8.16 (d, J=

9.6 Hz, 1H), 8.10-8.07 (m, 3H), 7.86 (d, J = 9.6 Hz, 1H), 7.63 (d, J= 8.4 Hz, 2H), 7.08 (d, J

= 8.0 Hz, 1H), 4.69-4.58 (m, 2H), 3.86 (bs, 1H), 3.32-3.20 (m, 3H), 2.94-2.62 (m, 9H), 2.45
(s, 3H), 2.05-1.89 (m, 2H), 1.5 (bs, 2H); MS (ESI) m/z 536 [C31HssN-0; + HJ'.

Examplc 90: 5-(6~ ( 4-(1.9-diazaspiro[5. 5]undecanc—9 carbogyl)phenvl)lmxdazo[l D b

blpyridazin-3-yl)indolin-2-one

Step 1: tert-butyl 9-(4-(3-(2-oxoindolin-5-yl)imidazo[ 1,2-b]pyridazin-6-yl)benzoyl)-1,9-

diazaspiro[5.5]undecane-1-carboxylate was prepared following General procedure A using 4- .

@3 bromonmdazo[l 2-b]pyr1dazm 6- yl)benzmc acid and fert-butyl 1,9-

. diazaspiro|[5. S]undecanc- -carboxylate as starting materials. Purification by column

chromatography (silica gel, eluent EtOAc/Hexane 60:40) to afford a light yellow solid (330
mg). MS (ESI) m/z 554 [Co7HzBrNsO; + H]"

Step 2: tert-butyl O-(4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoyl)-1,9-
diazaspiro[5.5]undecane-1-carboxylate (340 mg, 0.521 mmol), 5-(4,4,5;5-tetrametlly1-1,3,2—
dioxaborolan-2-yl)indolin-2-one (162 mg, 0.625 mmol), Pd(PPh;)4 (60 mg, 0.052 mmol) and
Cs,COs (340 mg, 1.042 mmol) was dissolved in dioxane (4.0 mL) and watef (1.0 mL). The
réaction mixture was heated in a microwave reactor for 30 min at 110 °C, then it was diluted
with H,O (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was
filtered over celite, dried over Na,SQy,, filtered and conceritrated under reduced pressure. The

crude residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH ..

| 95:5) to afford a yellow solid (144 mg). MS (ESI) m/z 607 [C3sH3gNsO4 + H]'.
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Step 3: To a solution of terr butyl 9-(4-(3-(2-oxoindolin-5- yl):mldazo[ 1 2-b]pyndazm 6- -
~ yDbenzoyl)-1,9-diazaspiro[5. 5]undecane—1 carboxylate (142 mg, 0. 234 mmol) in DCM (3.0

- mL) was added trifluoroacetic acid (1.0 mL). The reaction mixture was stirred at room

15

20

25

30

temperature under inert atmosphere for 30 min, the_n it w_aé neutralized with NaHCO%‘an»:d. ‘
diluted with water (25 mL) and washed with EtOAc (3x25 mL). The crude product remained

in the aqueous layer; hence it was concentrated under reduced pressure. The crude residue

‘was dissolved in dichloromethane, filtered, and was concentrated under reduced pressure.

The residue was purified by preparative HPLC (C18, eluent ACN, water, formic acid 0.1%)
to afford 5-(6-(4-(1,9- d1azasp1ro[5 5Jundecane-9-carbonyl)phenyl)imidazo[ 1 2-b]pyr1dazm—3- '

-'Iﬂ"yl)lndolxn 2-one (85 mg, 79%, AUC HPLC 99%) as a yellow solid. 'HNMR (400 MHz,

CD;0D) 6 8.23 (d, J = 8.4 Hz, 2H), 8.17 (d; J = 9.6 Hz, 1H), 8.09-8.06 (m, 3H), 7.86 (d, J =
9.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.0 Hz, 1H), 4.57-4.38 (m, 2H), 3.73-3.44
(m., 4H), 3.23 (bs, 2H), 2.15-1.79 (m, 10H); '*C NMR (400 MHz, CD;0D) & 179.83, 171.80,

.152.36, 144.81, 140.39, 138.61, 138.07, 132.82, 130.46, 128.81, 128.58, 128.01, 127.56,

126.70, 124.44, 123.70,.117.22, 110.84, 56.81, 40.76, 30.79, 23.56, 18.69; MS (ESI) m/z 507
[CaoH30NgO2 + H]". |

Example 91: 5-(6-(4-(4-(dimethylamino)piperidine-1-carbonyl)phenyl)imidazo[1.2-

blpyridazin-3-vl)isoindolin-1-one

NH

Step 1: To a solution of 4-(3-bromoimidazo[1,2-b]pyridazin-6-yljbenzoic acid (200 mg, 0.63
mmol) in DMF (5 mL) were added HATU (479 mg, 1.26 mmol), N-methyl morpholine (191
mg, 1.89 mmo}) and N,N-dimethylpiperidin—4~aminé (242 mg, 1.89 mmdl). The reaction -

mixture was stirred at room temperature under inert atmosphere for 18 h, and then was

diluted with water (10 mL) and extracted with DCM (3x20 mL). The combined organic layer -~ - - - -
- was dried over NaySOy, filtered and concentrated under reduced pressure. The crude residue

was puﬁﬁed by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to

afford (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-(dimethylamino)piperidin-1-
yl)methanone as a yellow solid. MS (ESI) m/z 428 [CyoH2BrNsO + H]".
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Step 2: To a solution of tert-butyl 4-(4-(3-bromoimidazo[1,2-b]pyridazin-6-
yI)benzoyl)piperazine—lqcarboiylaté (0.63 mmol) in DMF (4 mL) énd water (0.8 mL) under
inert atmosphere were added C32C03 (411 mg, 1.26 mmol), 5-(4,4,5,5- tetramethyl 1,3 2-
dioxaborolan-2- yl)mdohn-2 -one (245 mg, 0.945 mmol) and Pd(dppf)ﬁlz (92 mg, 0.126

mmol). The resulting mixture was stirred and heated to 90 °C for 18 h, and then was diluted

" with water (20 mL) and extracted with DCM (3x40 mL).The combined organic layer was

dried over Na,SQO,, filtered and concentrated under reduced pressure. The crude residue was
purified by column chromatography (sﬂlca gel, eluent CHZCIZ/MeOH 95 5 to 90:10) to afford
5- (6—(4—(4 -(dimethylamino)piperidine-1- -carbonyl)phenyl)imidazo[1,2- b]pyr1dazm—3- '

'yl)isoindolin-1-one (66 mg, 22%, AUC HPLC 96%) as yellow solid. '"H NMR (400 MHZ‘;
- DMSO-dj) 6 10.56(s, 1H), 8.30-8.02 (m, 6H), 7,88-7.86 (m, 1H), 7.60-7.58 (m, 2H), 7.02-

7.00 (m, 1H), 4.47 (bs, 1H), 3.62 (bs, 3H), 3.06 (bs, 1H), 2.83 (bs, 1H), 2.35 (bs, 1H), 2.18 (s,
6H), 1.84-1.71 (m, 2H), 1.37.(bs, 2H); '3C NMR (100 MHz, DMSO-dy) 5 176.28, 168.12;
150.21, 143.46, 138.61, 137.72, 135.92, 132.61, 128.02, 127.43, 126.97, 126.28, 12624,
125.99, 122.76, 121.43, 115.21, 109.19, 61.09, 54.80, 41.32, 35.81; MS (ESI) m/z 481

 [CagHasNgO, + HJ".

Example 92: 5-( 6—( 4—(niperazine-1—carbonvl)phenvl)imidazo[ 1,2-b]pyridazin—3-Vl)indolin-Z-

one
o ZaY
HN SN
g
: HN=S,

Step 1: To a solution of 4-(3-,bromoimidazo[l,2-b]pyﬁdazin—6-yl)benzoic acid (200 mg, 0.63 - '-

mmol) in DMF (5 mL), were added HATU (479 mg, 1.26 mmol), N-methyl morpholine (191

mg, 1.89 mmol) and tert-butyl piperazine-1-carboxylate (352 mg, 1.89 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, and then was

. diluted with water (10 mL) and extracted with DCM (3x20 niL). The combined orgahic layer

was dried over NaQSO4,'ﬁ1tered and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, eluent CHZCIZ/MeOH 95:5 to 90:10) to afford ..
tert-butyl 4-(4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate as a
yellow solid. MS (ESI) m/z 486 [CyHp4BrNsO;3 + HJ™.
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Step 2: To a solution of tert-butyl 4-(4-(3-bromoimidazo(1,2- b]pyndazm -6-
yl)benzoyl)piperazine-1- carboxylate (0.63 mmol) in DMF (4 mL) and water (0.8 mlL) under » '_
inert atmosphere were added Cs,CO3 (411 mg, 1.26 mmol), 5-(4,4,5,5- tetramethyLl 3, 2-

‘ vdloxaborolan-2-yl)mdohn-z -one (245 mg, 0.945 mmol) and Pd(dppf)gClz (92 mg, 0. 126
_ mmol). The resulting mixture was stirred and heated at 90 °C for 18 h, and then was diluted

with water (20 mL) and extracted with DCM (3x40 mL). The combihed organic layer was
dried over Na2804, ﬁltered and concemrated under reduced pressure. The crude residue was
purified by column chromatography (sﬂlca gei eluent CHgClszeOH 95:5 to 90: 10) to afford
tert- butyl 4-(4-3-(2- oxomdohn— -yl)1m1dazo[1 2- b}pyndazm 6—y1)benzoyl)p1perazme—1- B

“carboxylate . MS (ESI) m/z 539 [C30H30N604 +H]"

Step 3: To a solution of ters-butyl 4-(4-(3-(2-oxoindolin-5-yl)imidazo[1, 2~b]pyridazin-6-. -
yl)benzoyl)p1perazme~1 -carboxylate (0.63 mmol) in DCM (1 mL) was added TFA (1 mL).

. The resulting mixture was stirred at room temperature for 18 h and was concentrated under

reduced pressure. The crude residue was purified by column chromatography (silica gel, -
eluent CH,Cl/MeOH 95:5 to 90:10) and preparative HPLC (C18, eluent ACN/H0/0.01% ,
HCOOH) to afford 5-(6- (4—(piperazine—1-carbonyl)phenyl)imidazo[1 ,2-blpyridazin-3-

yl)indolin-2-one (71 mg,: 26%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz

DMSO-ds) 6 10.56 (s, 1H), 8.29 (d, J = 9.6 Hz, 1H), 8.19-8.17 (m, 3H), 8.09 (d, /= 8.0 Hz,
1H), 8.02 (s, 1H), 7.87 (d, J= 9.5 Hz, 1H), 7.58 (¢, /= 7.7 Hz; 2H), 7.01 (¢, / = 8.0 Hz, 1H),
3.62-3.51 (m, 7H), 2.75-2.69 (m, 4H); "*C NMR (100 MHz, DMSO-dq) 3176.29, 168.24,
150.21, 143.46, 138.61, 137.56, 135.92, 132.60, 128.02, 127.60, 126.97, 126.28, 126.24,
126.00, 122.76, 121.43, 115.20, 109.20, 54.79, 45.71, 35.81; MS (ESI) m/z 439 [CgsH22N602

- +HT.

Example 93: 5-(6-(4-(1,4-diazepane- 1 -carbonylphenvlimidazo[1,2-b]pyridazin-3- -

’ 1lsomdohn- -one

_N
HN \N/'

Step 1: To a solution of 4—(3—brom01m1dazo{l,2—b]p§nidazin-6-yl)benzoic acid (ZOO.mg, 0.63 :
mmol) in DMF (5 mL) were added HATU (479 mg, 1.26 mmol), N-methyl morpholine (191
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mg, 1.89 mmol) and fert-butyl 1,4-diazepane-1-carboxylate (379 mg, 1.89 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h, and then
was diluted with water (10 mL) and extracted with DCM (3%20 mL) The combined organic

1ayer was dried over NaZSO4, filtered and concentrated under reduced _pressure.. The crnde

. residue was purified by column chromatography (sﬂlca gel, eluent CHzClszeOH 95:5 to

90:10) to afford tert-butyl 4-(4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)benzoyl)-1,4-

diazepane-1-carboxylate as a yellow solid. MS (ESI) m/z 500 [Cy3Ha6BrNsO; + H]".

" Step 2: To a solution of ert-butyl 4-(4:(3-bromoimidazo[1,2-b]pyridazin-6-y1)benzoyl)-1,4-
10 -

diazepane-1-carboxylate (0.63 mmol) in DMF (4 mL) and water (0.8 mL) under inert - =~
atmosphere were added Cs,CO; (411 mg, 1.26 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)indolin-2-one (245' rflg, 0.945 mmol) and Pd(dppf),Cl, (92 mg, 0.126

mmol). The resulting mixture was stirred and heated t0.90 °C for 18 h, and then was diluted
with water (20 mL) and extracted with DCM (3x40 mL). The combined organic layer was
dried over Na,SOq, filtered and concentrated under reduced pressure. The crude residue was

purified by column chromé.tégraphy (silica gel cluent CHzClz/MeOH 95'5 to 90: 10) to ‘é‘fford

tert-butyl 4-(4-(3-(2- oxomdolm 5- yI)lmldazo[l 2- b]pyndazm 6-yl)benzoyl)-1,4- dlazepane-l-
A carboxylate 5310 mg, 48%) asa brown solid. MS (ESI) m/z 553 [C31H32N6O4 + H]

Step 3: A solution of zert-butyl 4-(4-(3-(2-oxoindolin-5-yl)imidazo[ 1,2-b]pyridazin-6-

- yl)benzoyl)-1,4'diazepane-i-cérbbxylate (0.63 mmol) in a mixture of DCM (1 mL) and TFA

(1 mL), was stirred at room temperature for 18 h and was concentrated under reduced

pressure. The crude residue was purified by column chromatography (silica gel, eluent .

- CH,Cly/MeOH 95:5 to 90:10) and preparative HPLC (C18, eluent ACN/H,0/0.01%

HCOOH) to afford 5-(6-(4-(1,4-diazepane-1-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-
yl)isoindolin-1-one (46 mg, 16%, AUC HPLC 98%) as a yellow solid. '"H NMR (400 MHz,
DMSO-dg) 6 10.55 (s, 1H), 8.29 (d, /= 9.5 Hz, 1H), 8.19-8.17 (m, 3H), 8.09 (d, /= 8.2 Hz,
1H), 8.03 (s, 1H), 7.87(d,J=9.4 Hz, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.01 (d, J=82Hz, 1H),
3.68-3.62 (m, 4H), 3.41-3.38 (m, 2H), 3.17 (d, J= 5.2 Hz, 1H), 2.91-2.85 (m, 1H), 2.81-2.74
(m, 3H), 1.78-1.72 (m, 1H), 1.63-1.56(m, 1H); *C NMR (100 MHz, DMSO-d) 176.28,
169.60, 150.24, 143.46, 138.61, 135.56, 128.02, 127.27, 127.01, 126.92, 126.28, 126.24,
126.00, 122.76, 121.45, 115.20, 109.20, 48.49, 44.53, 35.80; MS (ESI) m/z 453 [Ca6H24NO-
+HJ".

171



10

15

20

25

30

WO 2013/147711 ) . PCT/SG2013/000126

 Step1:Toa solution of 4~(3-brom01m1dazo[1 2- b]pyndazm -6- yl)benzow acid (200 mg, 0. 63 _

mmoI) in DMF (5 mL) were added HATU (479 mg, 1 26 mmol), N-methyl morphohne (191
mg, 1.89 mmol) and 4- (p1pendm-4 yl)morphohne (321 mg, 1. 89 mmol) The reactmn

mixture was stirred at room temperature under inert atmosphere for 18 h, and then was

diluted with water (10 mL) and extracted with DCM (3%20 mL). The combined organic layer

was dried over NaZSOA,', ﬁltered and concentrated under reduced pressure. The crude residue
was purified by column chromatography (silica gel, eluent CH2Cl,/MeOH 95:5 to 90:10) to
afford (4-(3-bromoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-morpholinopiperidin-1-
yl)methenone as a yellow solid. MS (ESI) m/z 470 [C2,H4BrNsO, +H]".

Step 2: To a solution of (4-(3-bromoimidazo(1,2-b]pyridazin-6-yl)phenyl)(4- '
morpholinopiperidin-1-yl)methanone (0.63 fnmol) in DMF (4 mL) and water (0.8 mL) under
inert atmosphere were added Cs;COj3 (411 mg, 1.26 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
diexaborolan-z-yl)iﬁdolin-?.-one (245 mg, 0.945 mmol) and Pd'(dppf)';,;d2 (92 mg, 0. 126
mmol). The resulting mixture was heated to 90 °C for 18 h, and then was diluted w1th water
(20 mL) and extracted with DCM (3 x40 mL).The combined organic layer was dried over
Na,S0y, filtered and concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford 5-(6-(4-(4-
morpholindpiperidine—l ~carbonyl)pﬁehy1)imidazo[ 1 ,2¥b}pyxidazin-3-yl)indolin-2—one (16.2
mg, 5%, AUC HPLC 98%) as a yellow solid. "H NMR (400 MHz, DMSO-dg) 6 10.56 (s,
1H), 8.29 (d, /= 9.5 Hz, 1H), 8.19-8.17 (m, 3H), 8.09 (4, /= 8.0 Hz, 1H), 8.02 (s, IH), 7.88

. (d,J=9.6Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.01 (d, J = 8.1 Hz, 1H), 4.48-4.46 (m, 1H),

3.62-3.56 (m, 7H), 3.08 (bs, 1H), 2.84 (bs, 1H), 2.44-2.41 (m, 5H), 1.91-1.76 (m, 2H), 1.05-
1.03 (m, 2H); '*C NMR (100 MHz, DMSO-dq) 5176.85, 168.69, 150.78, 144.04, 139.19,
138.27, 136.50, 133.18, 128.59, 128.00, 127.54, 126.85, 126.82, 126.57, 123.33, 122.01,
115.78, 109.76, 67.03, 61.41, 49.87, 36.38; MS (ESI) m/z 523 [C3oH3oNeOs + HI'.
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Formula 4 -

Intermediate 14: Synthesis of 6Qbromo-3-(4—chlorophenyl)imidazo[_1 ,2-alpyridine

. O
Pd(PPh3)4, KaPO4 &

Intermediate 14 ,CN

Step 1: To a solution of 6-bromo-3-iodoimidazo[1,2-ajpyridine (21 g, 65.4 mmol), 4- v
Chlorophenylboronic acid (11.22 g, 71.9 mmol) K3PO4 (27 7g, 130.8 mmoljin a m1xture
of DMF (100 mL) and water (15 mL), was added Pd(PPh3)4 (3 77 g, 3. 27 mmol). The
reaction mixture was heated at 90 °C for 6 h under argon atmosphere pnor to the addition
of water (200 mL). The precipitate was isolated by filtration and was purlﬁed by column
chromatography (silica gel, eluent CHCl;/MeOH 95:5) to afford of 6-bromo-3-(4-

* chlorophenyl)imidazo[1,2:a]pyridine (10.6 g, 52%) as a yellowish green solid. 'H NMR

(400 MHz, CDCl;) & 8.38 (s, 1H), 7.69 (s, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.82 (t, J = 9.2.
Hz, 1H), 7.58 (q, J = 5.2 Hz, 4H), MS (ESI) m/z 309 [CisHsBrN,Cl+ 2HT,

Step 2: 4-(ethoxycarbonyl) phenylboronic acid (3.81 g, 19.67 mmol), K3PO4 (6.95 g, 32.78
mmol) and Pd(PPh3)4 (0.56 g, 0.49 mmol) were added sequentially to a solution of ethyl 4-(6-
bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (5 g, 16.39 mmol) in a mixture of 1,4-
dioxane(50 mL) and water (5 mL) at room temperature. The reaction mixture was refluxed
for 6 h under argon atmosphere, and was diluted with water (100 mL) and extracted with
EtOAc (3x100 mL). The combined organic layer was dried over Na,SOy, filtered and
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ooncentratéd under reduced pressure. The residue was purified by column chromatography

_ (silica gel eluent petroleum ether/EtOAc 1:1) to afford ethyl 4-(3-(4-

cyanophenyl)lmldazo[l ,2-ajpyridin-6 -yl)benzoate (2.7 mg, 45%) as an off-white sohd 1H
NMR (400 MHz, CDs0D) 8 9,21 (s, 1 H), 8.54 (s, 1 H), 8.16 (d, J = 8.4 Hz, 2 H), 7.85-7.44
(m, 9H),4.44 (q,/=7.2Hz, 2 H), 1.42 (t, /J=7.2 Hz, 3 H); MS (ESI) m/z 369 [M + HJ".

Step 3 To a sohmon of ethyl 4-(3- (4—cyanophenyl)1m1dazo{1 2-a}pymdm- -yl)benzoate (2.7
g, 7.18 mmol) in THF (40 mL) was added a solution of LIOH (0. 9 g, 21.54 mmol) in water

" (10 mL) and MeOH ( 10 mL). The reaction mixture was stirred for 5 h at rt and was

10 =-~concentrated under reduced pressure to afford 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-

yl)berizoi¢ acid (900 mg, 37%) of as an off white solid which was used in the next step

. ... without purification. 'H NMR (400 MHz, DMSO-ds) 6 (ppm): 8.88 (s, 1 H), 8.13-8.03 (m, 6

15

20

25

H), 7.92-7.90 (m, 4 H); MS (EST) m/z 340 [C5H1sN:0, + HJ".

-Example 95: 4-(6-(4-(4-Methylpiperazine-1 carbonvl)phenvl)lmldazoﬂ 2—a]gvr1dm—3—

yl )benzonitrile

)
N7

Oso

- To a solution of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (210 mg, 0.9 mmol), (4-

methylpiperazin-1-yl)(4-(4,4,5,5 -tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)methanone
(388 mg, 1.17 mmol), NaHCO; (228 frig', 2.71 mmol) in a mixture of DMF (11 mL) and
water (2 mL) was added (A-Phos),PdCl, (31 mg, 0.04 mmol). The reaction mixture was

~ heated at 90 °C for 1 h under argon atmosphere then, was diluted with water and extracted

with EtOAc. The organic phase was washed with water and brine solution, dried over
anhydrous Na;SQ,, filterd and concentrated under reduced pressure. The residue was purified
by Preparative TLC to afford of 4-(6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyridin-3-yl)benzonitrile (130 mg, 45%, AUC HPLC purity 98.4%) as a pale yellow solid;
m.p. 106-116°C.-'H NMR (400 MHz, CDCls) & (ppm): 8.50 (s, 1 H), 7.85-7.79 (m, 4 H),
7.74 (4, J = 8.0 Hz, 2 H), 7.60-7.52 (m, 5 H), 3.83.(bs, 2 H), 3.50 (bs, 2 H), 2.51 (bs, 2 H),
2.37 (bs, 2 H), 2.34 (s, 3 H). C NMR (75 MHz, CDCl;) 6 (ppm): 169.5, 146.3, 138.5, 135.6,
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134.8,133.8,133.2, 128.1, 127.8, 127.2, 127.1, 125.6, 124.5, 120.6, 118.7,118.4, 111.5,

55.3, 47.7, 46.0; MS (ESI) m/z 422.30 [CasHsNsO+ HY".

Examble 96: 4-(6-( 4-( morpholine-4-carbonvl)phenvl)imidazof 1 ,2—a1pv1‘idin¥3-vl)benzonitxﬂe

. . o
: s N7
. ,

® b

" To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (0.2 g, 0.58

mmvol) in DMF (5 mL) were added HATU (033 g;-0.88 mmol), N-methyl morpholine (0.18 ..
g, 1.76 mmol) and morpholine (60 mg, 0.70 mmol). The reaction mixture was stirred at room
temperature under inert atmosphere for 16 h then, was diluted with water (15 mL) and
extracted with EtOAc(3x25 mL). The combined organic layer was dried over NaySO,, |
filtered ooncentrated under reduced pressure. The crude residue was first purified by column
chromatography (silica gel, eluent CH,ClyMeOH 95:5) and by Prep-HPLC to afford 4-(6-(4-
(morphohne—4 carbonyl)pheﬁyl)lmldazo[l 2~ a]pyrldm 3-yl)benzonitrile (39 mg; 16.2%,
AUC HPLC >99) as an off white solid; m.p.. 117 130 °C.'H NMR (400 MHz, CDClg) s
(ppm): 8.49 (s, 1 H), 7.84-7.71 (m, 5 H), 7.60-7. 50 (m, 5H), 3. 72 (m, 8 H); MS (ESI) m/z o

409 19 [C25H20N4O2+ H]

Example 97: 4-( 6—(4;( 1 ,4—oxazepahe-4~cérbdnvl)phenvl)imidazdj 1 ,2»éjpvﬁdin—3- '

" yl)benzonitrile

Payy
a NF

LGN

To a solution of 4-(3- (4-cyanophenyl)1m1dazo[l 2-a]pyridin-6-yl)benzoic acid (0.2 g, O 58
mmol) in DMF (5 mL) at 0 °C, were added HATU (0.33 g, 0.88 mmol), N-methy!l
morpholine (0.18 g, 1.76 mmol) and 1,4-oxazepane (64 mg, 0.638 mmol). The reaction
mixture was allowed to warm to rt and stirred under inert atmosphere for 16 h, then was
diluted with water (15 mL) and extracted with EtOAc (3x25 mL). The combined organic
layer was dried over Na;SOy, filtered and concentrated under reduced pressure. The crude
residue was purified by colsmn chromatography (silica gel, eluent CH,Cly/MeOH 95:5) and
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followed by preparatlve HPLC (C18, ACN/H,0/ 10 mM NH,HCO:3) to afford 4-(6-(4-
(morphohne-4 carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (130 mg, 54%, AUC

- HPLC 99.85%) as an off-white solid; m.p. 107-112 °C. "H NMR (400 MHz, CDCls) § (ppm):

8.49 (s, 1H), 7.84-7.71 (m, SH), 7.60-7.50 (m, 5H), 4.09-3.8 (m, 5H), 3.7 (bs, 1H), 3.67 b.,
2H), 2.1 (bs, 1H); 1.9 (bs, 1H); MS (ESI) m/z 423.32 [CaeHsN4O, + HI".

Example 98: 4-(6- (4-(4 ethvlmperazme-l~carbonv1)phenv1)1m1dazof 1 2-a]pyr1d1n—3-
vl !benzomtnl

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid 1 (100 mg,
0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methy}
morpholine (130 pl,.1.178 mmol). The reaction mixture was stirred at room temperature
under inert atmosphere for 1 h, followed by the addition of 1-ethylpiperazine (75 ul, 0.589
mmol). The reaction mixture was left to stir for 18 h, then was diluted with water (25 mL)

and extracted with EtOAc (3_x 25 mL). The combined organic layer was dried over Na; SOy,

 filtered and concentrated under reduced pressure. The crude residue was purified by column

chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford 4-(6-(4-(4-cthylpiperazine-

-carbonyl)phenyl)imidazo[1 '2-a]pyﬁdin-3;yl)benzonitrile 93 mg, 73%, AUC HPLC 99%) :
as a white solid. "H NMR (400 MHz, DMSO-d,) § 8.80 (s 1H), 8.03-7.98 (m, 5H), 7.84-7.81
(m, 3H), 7.74-1.72 (m 1H), 7.50 (d, J = 8.0 Hz, 2H), 3.62-3.38 (m, 4H), 2. 37 (s, 6H), 1.01 (8,
J= 6.8 Hz, 3H); *C NMR (100 MHz, DMSO-ds) & 168.49, 145.73, 137.74, 135.24,135.08,
133.49, 133.15, 127.73, 127.66, 127.02,125.73, 125.51, 124.40, 121.82, 118.78, 117.76,
109.77, 51.40, 11.69; MS (ESI) m/z 436 [Cy7HasNsO + HJ'.
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Example 99: N-(1-(4-(3-( 4-cvanophenvl)imidaio[ 1.2-alpyridin-6-yDbenzovl)-4-

methvlpiperidin-4—vl)acetamide

Q . b
OONH ,

0

- Step 1: To a solution of 4-(3 -(4—cyanopheny1)irﬁi‘dazo[1,2-§]pyﬁdin—6-yl)benzoic acidu(hi"wg,‘

2.9 mmol) in DMF (15.0 mL) were added HATU (1.65 g, 4.38 mmol), N-methyl morpholihe
(O 641'mL, 5.8 mmol) and tert~buty1 4—methylp1per1dm 4-ylcarbamate (691 mg, 3.24 mmol)

The reaction mixture was stirred at room temperature under inert atmosphere for 16 h, then

was diluted w1th water (15 mL) and extracted with EtOAc (3 x 25 mL). The combined

organic layer was dried over Na,SO, and was concentrated under reduced pressure. The crude

-residue was purified by column chromatography (silica gel, eluent CH,Cl;MeOH 95:5) to

afford tert-butyl‘ 1-(4-(3 —(4-cyanqpheny1)imidazo{ 1,2-a]pyridin-6-yl)benzoyl)-4-

... methylpiperidin-4-ylcarbamate (800 mg, 33%) as an off-white solid. 'H NMR (400 MHz,

CDgOD)cS(ppm) 8.47 (s, 1H), 7.88 (d,J=17.6 Hz, 2H), 7.83 (s, 1H), 7.78 (d, J = SOHZ

2H), 7.72 (d, J= 9.2 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 4.42 (bs,
' 1H), 4.19 (bs; 1H), 3.55-3.32 (m, 3H), 2.07-1.95 (m, 4H), 1.44 (s, 9H), 1.40 (s, 3H); MS

(BSI) m/z 536.2 [Cx,HzNs03 + HI".

Step 2:Toa sblution of tert-butyl 1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-

: yl)benzoyl)-4—methylpipéridin—4-ylcarbamate (800 mg, 1.49 mmol) in DCM (10 mL) were

added TFA (3 mL) in DCM (5 mL). The reaction mixture was stirred for 4 h at rt. The
reaction mixture was diluted With water (100 mL), NaHCO; (2 x 100 mL) and extracted with
CH,Cl, (2 x 50 mL). The combined organic layer was concentrated to dryness under reduced
pressure to afford 4-(6-(4-(4-amino-4-methylpiperidine-1 -carbonyl)phenyl)imidazo[ 1 2~
a]pyridin-3-yl)benzonitrile (600 mg, 61%, AUC HPLC >99%) as an off white solid; m.p.
233-235°C. 'H NMR (400 MHz, CD;0D) 8 (ppm): 8.75 (s, 1 H), 7.92 (m, 3 H), 7.87 (s, 1 H),
7.79-7.76 (m, 4 H), 7.52 (d, J=11.2 Hz, 2 H), 3.8 (bs, 2 H), 3.62 (m, 2 H), 1.72-1.41 (m, 4
H), 1.20 (s, 3 H); MS (ESI) m/z 436.2 [Co7H,sNsO + HT™.
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Step 3: To a solution of 4-(6-(4-(4- am1no—4-methy1p1per1dme~1—

| carbonyl)phenyl)xmldazo[l 2-a]pyridin-3-yl)benzonitrile (200 mg, 046 mmol) in DCM (10 '

mL) were added TEA (0.13 mL, 0.92 mmol) and acetyl chloride (0.05 mL, 0.596 mmol) The
reaction mixture was stirred at room temperature under inert atmosphere for 4 h, then was. |

diluted with cold water (10 mL) and extracted with EtOAc (3 x 25 mL). The combined

organic layer was washed with NaHCO; (2 x10 mL), dried over Na,SO,, filteredand = -

concentrated under reduced pressure. The crude residue was purified by column
chfomatography (silica gel, eluent CH>Cl,MeOH 95:5) and by préparative HPLC to afford
N-(1-(4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)-4-methylpiperidin-4-

. yl)acetamide (100 mg, 47%, AUC HPLC 98.1%) as afi off white solid; m.p. 188:210 °C: 'H- -

NMR (100 MHz, DMSO-ds) & (ppm): 8.79 (s, 1 H), 8.02-7.96 (m, 5 H), 7.81 (d, /= 8.0 Hz,2 ~

H), 7.72 (d, J = 12.0 Hz, 2 H), 7.50-7.45 (m, 3 H), 4.12 (bs, 1 H), 3.23 (bs, 2 H), 2.09 (bs, 2 _

H), 1.82 (s, 3 H), 1.44 (bs, 2 H), 1.29 (s, 3 H); MS (ESI) m/z 478.39 [Co0HyN50, + HI".

Example 100; 4-(6-(4-(4-(diethylamino

-4-methvlpiperidine-1-carbonylphenylimidazo[1.2-

alpyridin-3-vl)benzonitrile

AN =N
s N7

o)
N

To a solution of ‘4-(6-(4-(4-amino—4~m§:thy1piperidine—1—carbonyl)phenyl)imidazo[l 22~
a]pyridin-3-yl)benzonitrile (200 mg, 0.46 mmol) in methanol (15.0 mL) were added '
acetaldehyde (40 mg, ‘0.92. mmol), catalytic anﬁ'ount of acetic acid (0.5 mL). The reaction
mixture was stirred at 0 °C under inert atmosphere for 2 h, then was slowly added NaBH;CN
(97 mg, 1.38 mmol) then the reaction was slowly wdﬂcd to rt and stirred for 24‘ h. Reaction
mixture was diluted with water and extracted with EtOAc (3 x 25 mL). The combined organic
layer was dried over Na;SO4 and was concentrated under reduced pressure. The crude residue
was purified by column chromatography (silica gel, eluent CH,Cl,MeOH 95:5 to afford
followed by éreparative HPLC to afford 4-(6-(4-(4-(diethylamino)-4-methylpiperidine-1-
carbonyl) phenyl) imidazo [1,2-a]pyridin-3-yl)benzonitrile (100 mg, 46%, AUC HPLC
97.2%) as an off white solid; m.p. 204-208 °C. '"H NMR (400 MHz, DMSO-ds) & (ppm): 8.49
(s, 1 H), 7.84-7.71 (m, 6 H), 7.60-7.50 (m, 5 H), 3.85-3.59 (m, 3 H), 3.33 (bs, 1 H), 2.57-2.49
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(m, 4 H), 1.90 (bs, 1 H), 1.74 (bs; 1 H), 1.42-1.30 (m, 2 H), 1.06-1.01 (m, 9 H); MS (ESI) m/z
492.34 [C3;H33NsO + H]". |

’ Example 101: 4—(3 (4-cvanonhenv1)1m1dazofl 2- a]ovrldm 6*V1)-N-mcthvl N ( 2-m0rphohno- .

2-oxoethvl)benzamide

To a solution of 4-(5—(4;cyanoéhenyl)imidazo[1‘,2-a}pyridin—6-yl)benzoic acid (100 ing,

-0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methiyl. -

“'morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of 2-(methylamino)-1-
morpholinoethanone hydrochloride (115 mg, 0.589 mmol). The reaction mixture was stirred
for 18‘ h, then was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The
combined organic layer was dried over Na,SO,4 and was concentrated under reduced pressure.
The crude residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH .
97:3) to afford 4-(3-(4- cyanophenyl)1m1dazo[l 2-alp yr1d1n~6 y1)-N-methyl-N-(2-morpholino-

‘ 2-0xoethyl)bcnzam1de (87 mg, 61%, AUC HPLC 97%) as a white solid. 'H NMR (400 MHz, -
CDCls) 6 8.50 (s, 1H), 7.84-7.79 (m, 4H), 7.75-7.73 (m, 2H), 7.63-7.52 (m, 5H), 4.36 (s, 2H),

3.73-3.54 (m, 8H), 3.11 (s, 3H); *C NMR (100 MHz, DMSO-dq) & 170.16, 166.08, 145.71,
137.68, 135.54, 135.04, 133.49, 133.16, 127.75, 127.60, 126.95, 125.75, 124.42, 121.83,

v]18 78, 117. 76 109.80, 66.06, 52. 21 48 37,44.53, 41, 68 34, 39 MS (ESI) m/z 480
: [C28H25N503 + H]

Example 102: 4-(6-(4-(3-oxopiperazine-1-carbonyliphenyl)imidazol 1.2-alpyridin-3-
yDbenzonitrile

W pﬁé
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To a solution of 4-(3-(4-cyanophenyl)imidazo[l,2-a]pyridin—6-yl)benzoic acid (70 mg, 0.206 " -

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

(90 pL, 0.824 mmol) and 2- oxoplperazme (25.mg, 0.247 mmol). The reaction mixture was
. stirred at room temperature under inert atmosphere for 18 h, then was diluted with water (a 5
- mlL) and extracted wnth EtOAc (3x30 mL). The combmed organic layer was dried over
N2,SO4 and was concentrated under reduced pressure. The residue was purified by column

' chromatography (silica gel, eluent CHC13/MeOH 95:5) to afford 4-(6~(4-(3-oxopiperazine-1-

carbonyl)phenyl)xmldazo[l,2-a]pyndm—3—yl)be_nzomtnle (80 mg, 92%, AUC 'HPLC 98%) as
a white solid. "H NMR (400 MHz, DMSO-ds) 5 8.81 (s, 1H), 8.13 (bs, 1H), 7.95-8.05 (m,
5H), 7.78-7.89 (m, 3H), 7.70-7.78 (m, 1H), 7.57 (d, J = 8.53 Hz, 2H), 4.09 (bs, 2H), 3.72

* (bs., 1H), 3.55 (bs, 1H), 3.26 (bs, 2H); 1*C NMR (100 MHz, DMSO-dy) '168.65, 145.74,
©138.12, 135.06, 133.48, 133.17, 127.75, 128.00, 125.69, 125.55, 124.44, 121.93, 118.79,
117.76, 109.79; MS (ESI) m/z 422 [CosHisNsO; + H] ™.

Examnle 103: 4-(6-(4-(4-methyl-1,4- dlazepane 1 carbonvl)phenvl)zmldazorl 2-alpyridin-3-

vl )benzomml

To a solution of 4-(3~(4~cyanopheny1)irhidazo[1,2-a]pyridin-6-y1)benzoic acid (70 mg, 0.206
mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine
(0 pL,' 0.824 mmol) and N-methylhomopiperazine (31 ul, 0.247 mmol). The reaction

. mixture was stirred at room temperature under inert atmosphere for 18 h, then was diluted

with water (15 mL) and extracted with EtOAc (3%30 mL)‘. ‘The combined organic layer was

dried over NaySO4 and was concentrated under reduced pressure. The residue was purified by

- column chromatography (silica gel, eluent CHCl/MeOH 90:10) to afford 4-(6-(4-(4-methyl-

1,4—diazepane~1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3;YI)benzonitdle (47 mg, 52%, AUC
HPLC 98%) as a white solid. "H NMR (400 MHz, CD;0OD) & 8.76 (s, 1H), 7.90-7.97 (m,
4H), 7.88 (s, 1H), 7.74-7.82 (m, 4H), 7.56 (d, J = 8.2 Hz, 2H), 3.80-3.83 (m, 1H), 3.74-3.80
(m, 1H), 3.56-3.62 (m, 1H), 3.52-3.56 (m, 1H), 2.95 (s, 1H), 2.86 (bs, 1H), 2.70-2.76 (m,
1H), 2.64-2.70 (m, 2H), 2.42 (d, /= 0.8 Hz, 3H), 1.86-1.94 (m, 1H); 3C NMR (100 MHz,
DMSO-de) 6 169.94, 145.78, 135.10, 133.55, 133.22, 127.81, 127.47, 127.03, 125.80, 125.59, |
124.47, 121.81, 118.84, 117.83, 109.84, 47.98; MS (ESI) m/z 436 [Ca7HasNsO+ H] ™.
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Example 104 4-(6- ( 4-(4-(piperazin-1 -Vl)mpendme-l carbonyl)phenvl)lmldazo[l 2-

alpyridin- 3~vi)benzomtnle

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100

- mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg; 0.441 mmol), N-methyl

morpholine (129 pL, 1.18 mmol) and 1-Boc-4-(piperidin-4-yl)piperazine (95 mg, 0.353

mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18

"1, then was diluted with water (15 mL) and ;xﬁac_:t;_:d with EtOAc (3x30 mL). The-combined

organic layer was dried over NaiSOz, and was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gél, eluent CHCl;/MeOH 96‘:.4) to
afford tert-butyl 4-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoylpiperidin-4-
yl)piperazine-1-carboxylate (57 mg, 33%, AUC HPLC 98%) as a white solid. "H NMR (400
MHz, CD;0D) 5 8.76 (bs., 1H), 7.96-7.88 (m, 5H), 7.83-7.77 (m, 4H), 7.56 (d, J= 8.0 Hz,

2H), 4.00-3.85 (m, 1H), 3.65- 3.55 (m, 4H), 3.25-3. 10(m 2H),3 10-3.00 (m 4H),300270

(m, 2H), 2.25-1.95 (m, 2H), 1.75-1.55 (m, 2H), 1.47 (s, 9H); 1*C NMR (100 MHz, DMSO-dj)

+8171.93, 15572, 140.09:136.30, 134.67, 134.40, 134.25, 129.50, 129.96, 128.76, 128.55,
©128.10,122.92, 119.49, 118, 30 112.80, 82 11, 64 13, 28.53; MS (ESI) m/z 591 [C3sH3NgO;3

+H]

. Step 2: A solution of tert-butyl 4-(1-(4-(3~(4-cyanophenyl)imidazo[1,2-a]pyridin-6- .

yhbenzoyl)piperidin-4-yl)piperazine-1-carboxylate (56 mg, 0.095 mmol) was added 20%
TFA in CH,CL, (5 mL). Tﬁe reaction>mixture waé stirred at room temperatufe for 20 min
then, was concentrated under reduced pressure. To the residue was added saturated sodium
bicarbonate (10.mL) and extracted with EtOAc (3x30 mL). The combined organic was dried
over Na;SO4 and concentrated under reduced preésure. The residue was puriﬁed by |
préparative HPLC (C18, cluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(4-
(piperazin-1-yl)piperidine-1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (47
mg, 99%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz, CD;0D) & 8.88 (s, 1H),
8.36-8.30 (m, 2H), 8.11 (d, J = 9.6 Hz, 1H), 8.05-7.98 (m, 4H), 7.84 (d, J = 8.4 Hz, 2H), 7.59
(d,J = 8.0 Hz, 2H), 4.75-4.65 (m, 1H), 3.90-3.75 (m, 1H), 3.35-3.25 (m, 1H), 3.25-3.15 (m,
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1H), 3.10-3.00 (m, 4H), 3.00-2.85 (m, 2H), 2.15-1.85 (m, 2H), 1.70-1.50 (m, 2H),1.40-1.20
(m, 2H), 1.00-0.85 (m, 1H) "*C NMR (100 MHz, DMSO-dq) & 168.47, 158.52, 158.19,

.136.84,135.75, 133.25, 131.81, 128.85, 127.55, 127.38, 125.16, .122.92, 118.59, 117.87,

115.44,114.92, 111.09, 61.85, 45.27 ; MS (ESI) m/z 491 [C3oH30N¢O + HJ".

Example 105: 4-(6-(4-(1'-methyl-4.4"-bipiperidine-1-carbonyl)phenvl)imidazo[1,2-alpyridin-

3.yl)benzonitrile

Toa solutlon of 4—(3~(4-cyanophenyi)imidazo{1 ,la]pyﬁdin—&yl)beﬁzoic acid (100 mg,

~0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl

morpholine (129 uL, 1.18 mmol) and, 1-methyl-4,4"-bipiperidine (64 mg, 0.353 mmol). The
reaction mixture was stirred at room temperature under inert atmosphere for 18 h; then it'was
diluted with water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic
layer was dried over Na;SO4 and was éonc_:cntrated under reduced pressure. The residue was
purified by column chromatography (silica gel, eluent CHCI3;/MeOH 96:4), followed by cold
CH30H/CH3€N wash to afford 4-(6-(4~(1 '-methyl-4,4'—bipiperidinc-1- _

- carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (131 mg, 89%, AUC HPLC 97%) as.

a white solid. "H NMR (400 MHz, DMSO-dg) & 8.80 (s, 1H), 8.04-7.98 (m, 5H), 7.87-7.79
(m, 3H), 7.77-7.70 (m, 1H), 7.50 (d, J = 8.0 Hz, 2H), 4.60-4.40 (m, 1H), 3.75-3.60 (m, 1H),
3.45-3.35 (m, 1H), 3.15-2.70 (m, 9H), 2.65-2.55 (m, 1H), 2.50-2.35 (m, 2H), 1.90-1.65 (m,

© 2H), 1.50-1.30 (m, 2H), 1.30-1.10 (m, 1H); *C NMR (100 MHz, DMSO-dy) & 168.39,
. 145.66, 137.60, 135.02, 133.44, 133.09, 127.69, 127.41, 126.94, 125.67, 125.46, 124.34,

121.74,118.71, 117.71, 109.72, 53.11, 45.67; MS (ESI) m/z 505 [C3,H33NsO + H]".
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Example 106; 4-(6-(4-(4-hydroxy-4-methvlpiperidine-1- carbonvl)phenvlhm1dazo[l 2=

ajpmdm 3- yl)benzomtmle

To a solution of 4~(3-(4—cyanophenyl)imidazo[1,2-a]pyridin—6—yl)benzoicv acid (200 mg, 0.58
minol) in DMF (15.0 mL) were added HATU (335 mg, 0.88 mmol), N-methyl morpholine
(0.21 mL, 1.17 mmol) and 4-methylpiperidin-4-ol hydrochloride (115 mg, 0.76 mmol). The -

reaction mixture was stirred at room' temperature under inert atmosphere for 16 h, then it was

diluted with water (25 mL) and extracted with EtOAc (3 x 25 mL). The combined ofganic

-layer was dried over Na;SO4 and was concentrated under reduced pressure. The crude residue

was purified by column chromatography (silica gel, eluent CH,ClMeOH 95:5) followed by
preparative HPLC to afford 4-(6-(4-(4-hydroxy-4-methylpiperidine-1-carbonyl) phenyl)
imidazo [1,Q-a]pyridin-3.—y1)benzonitrile (100 hlg, 40%, AUC HPLC >99%) as an off white
solid; m.p. 149-154 °C.'H NMR (400 MHz, DMSO-ds) 6 (ppm): 8.80 (bs, 1 H), 8.03-7.97
‘(.m, 5H), 7.82-7.71 (m, 4 H), 7.48 (d, J = 8.0 Hz, 2 H), 4.45 (s, 1 H), 4.11 (bs, 1 H), 3.41 (bs,

1 H), 3.27 (bs, 2 H), 1.53-1.44 (m, 4 H), 1.16 (s, 3 H); MS (ESI) m/z 437.26 [Ca7HpN4O, +

HI".

Example 107: 4-(6-(4-(1,4- dlazenanc 1 carbonvl)nhenvl)lmMazo(1 2- alpyridin- 3-

yl zbenzomtnl

Step 1: To a solution of 4-(3-(4-cyanophenyl) imidazo[1,2-a]pyridin-6-yl) benzoic acid (100
mg, 0.29 mmol) in DMF (3 mL) were édded HATU (165 mg, 0.44 mmol), N-methyl
morpholine (117 mg, 1.16 mmol) and tert-butyl 1,4-diazepane-1-carboxylate (118 mg, 0.59
mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18 h
before being diluted with water (10 mL) and extracted with DCM (3%10 mL). The combined
organic layer was dried over Na;SO4 and was concentrated under reduced pressure. The

residue was purified by columﬁ chromatography (silica gel, eluent DCM/MeOH 7:3) to
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afford tert-buty] 4-(4-(3-(4-cyanophcny1)imidazo[l 2—a]pyn'din— -yl)benzoyl)-1 4—diazepéne-

' 1-carboxylate (120 mg, 79%, AUC HPLC 98%) as white solid, MS (ESI) m/z 522

15

20

25

30

[C31H31N503 +HJ".

Step 2: To a solution of fert-butyl 4-(4-(3 -(4~cyanophenyl)imidazo[l_,2;a_]py1~_i'din-'6-

- yl)benzoyl)-1,4- diazepane-1-carboxylate in DCM (3 mL) was added TFA (3 mL): The

reaction mixture was stirred at room temperature for 18 h then, was concentrated under

reduced pressure and the residue was punﬁed by prepa;ratwe HPLC (C18, cluent

Y 'ACN/HZO/O 01% HCOOH) to afford 4-(6 (4- (1 4- dxazepane-l-carbonyl)phenyl)1m1dazo[l 2.
10

a]pyridin-3-yl)benzonitrile (78 mg, 64%, AUC HPLC 98%) as white solid. "H NMR (400
MHz, CD;OD) & 8.75 (s, 1H), 7.93 (s, 4H), 7.89 (s, 1H), 7.81 (d, J= 8.2 Hz, 2H), 7.77 (s,
2H), 7.61 (d, J = 8.2 Hz, 2H), 4.05-3.60 (m, 4H), 3.50-3.32 (m, 4H), 2.27-2.00 (m, 2H); 1°c
NMR (400 MHz, CD;0D) & 173.64, 166.40, 147.45, 140.31, 136. 31, 134.85, 134.72, 134 43,
129.51, 129.00, 128.59, 127.84, 126.63, 122.92, 119.53, 118.53, 112.79, 46.73, 45.87, 43.46, _

27.48; MS (ESI) m/z 422 [CagHpNsO + H]".

iperazine-1-carbonyl)phenvyl)imidazo[1.2-

Step 1: To a solution of 4-(3-(4-cyanophenyl) imidazo[1,2-aJpyridin-6-y1) benzoic acid (200

. mg, 0.58 mmol) in DMF (3 mL), were sequentially added HATU (330 mg, 0.87 mmol), N-

methyl morpholine (235 mg, 2.32 mmol) and fert-butyl 4-(piperazin-1-yl)piperidine-1-

~ carboxylate (312 mg, 1.16 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 18 h then, was diluted with water (10 mL) and extracted with

DCM (3x15 niL). The combined organic layer was dried over NaySOsq, filtered and
concentrated under reduced pressure. The residue was puriﬁéd by column chromatography
(silica gel, eluent DCM/MeOH 9:1) to afford tert-butyl 4-(4-(4-(3-(4-

cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazin-1-yl)piperidine-1-carboxylate
(239 mg, 69%, AUC HPLC 95%) as an off-white solid. '"H NMR (400 >MHZ, CD30D) & 8.64
(s, 1H), 7.84 (s, 4H), 7.80 (s, 1H), 7.20-7.65 (m, 4H), 7.49 (d, J = 8.0 Hz, 2H), 4.72 (s, 1H),
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 4.00-3.69 (s, 1H), 3.55-3.36 (m, 4H), 3.29-2.75 (m, 2H), 2.65-2.49 (m, SH), 2.19-1.59 (m,

2H), 1.59~1.38 (m, 11H); MS (ESI) m/z 591 [CysHagNgOs +HJ'.

: Step 2: To a solution of tert-butyl 4f(4-(4~(3—(4-cyanopheny1)imidaio[1,2-a]j)yri_diri¥5:

10:

.15

20

.25

yl)benzoyl)piperazin-1-yl)piperidine-1-carboxylate in DCM (3 mL), was added TFA (BmL).
The reaction mlxture was stirred at room temperature for 18 h then, was concentrated under .-
reduced pressure and the residue was punﬁed by column chromatography (Slhca gel eluent
DCM/MeOH 4:1) to afford 4-(6-(4-(4-(piperidin-4- yl)piperazine-1-

' carbonyl)phenyl)1m1dazo[1 2-a]pyridin-3-yl)benzonitrile (141 mg, '48%, AUC HPLC 99%) as

pink solid. "H NMR (400 MHz, CD;0D)  8.79 (s, 1H); 8.09-8.03 (s, 1H), 8.02-7.98 (m,
1H), 7.96 (s, 4H), 7.94-7.88 (m, 1H), 7.80 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 4.66
(s, 1H), 3.82 (s, 1H), 3.28-3.06 (m, SH), 3.00-2.83 (m, 5H), 2.76 (m, J = 5.5 Hz, 1H), 2.08 -
1.74 (m, 2H), 1.67~1.40 (m, 2H); *C NMR (100 MHz, CD;OD) § 171.78, 163.59, 163.24,
162.90, 162,56, 145.15, 139.22, 137.14, 135.65, 134.53, 133.45, 130.87, 130.28, 130.20,
129.37, 128.96, 128.86, 128.73, 127.23, 123.65, 119.75, 119.36, 116.94, 113.75, 62.66,
47.18, 45.13, 44.43, 42.58, 29.70, 28.94; MS (ESI) m/z 491 [C3sH3oN¢O +H]*

Examnlc 109 4-(6- (4—(4 ammompendme-l-carbonvl)uhenvl)lmldazofl 2~a1nvr1dm 3—

yl )benzomtnl

' NH;

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (300
mg, 0.88 mmol) in DMF (2 mL) was added NMM (134 mg, 1.33 mmol) followed by addition
of HATU (504 mg, 1.33 mmol}) at 1t and stirred for 30 min. terz-butyl piperidin-4-
ylcarbamate(l95 mg, 0.97 mmol) was added and stlrred atrt for 1 h. The reaction mixture
was diluted with water and filtered to obtain of tert-butyl 1-(4-(3-(4-
cyanophenyl)lmldazo[1,2—a]pyr1d1n-6-_yl)benzoyl)plpend1n—4-ylcarbamate (325 mg, 55%, ,
LC-MS 78.5%) as a pale yellow solid. MS (ESI) m/z: 522.2(M+H).
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Step 2: Trifluoroacetic acid (3.5 mL) in CH,Cl, (15 mL) was added to a solution of tert-butyl
1 (4 (3~(4 cyanophenyl)imidazo[1 2-a}pyndm-6 yl)bcnzoyl)plpendxn-4—ylcarbamate (325
mg, 0.624 mmol) in CH,Cl, at 0 °C and stirred at rt for 1 h. Reactgqn mixture was diluted
with water and,b@siﬁcd with sat.Na,COj solution. The aqueous layer was extracted with
EtOAc, dried and concentrated under reduced pressure to give crude product which, was
purified by preparative HPLC to afford 4-(6-(4-(4-aminopiperidine-1- -
carbonyl)phenyl)imidazo[l,Zva]pyridin-?’-yl)benzoﬁitrile (30 mg, 21%, AUCHPLC 97.3%)
as an off-white solid; m.p. 129-138 °C. "H NMR (400 MHz, DMSO-dy) § (ppm): 8.80 (s, 1
H),803 7.97 (m, 5 H), 7.82 (d, J= 11.0 Hz, 2 H), 7.72 (d; J= 140Hz,2H) 7.46 (d,J=

- 11.0 Hz, 2 H), 4.29 (bs, 1 H), 3.57 (bs, 1 H), 3.07-2.84 (i, 3 H); 2.27-2.18 (m, 2°H), 1.76 (bs,
2H), 1.23 (bs, 2 H); MS (ESI) m/z 422.24 [CasHysNsO+ H].

Example 110: N-(1-(4-(3-(4-cyanopheny])imidazo[ 1,2-a]nvridin-6-vl)benzoyl)piﬁeridin-ti—
y1)~242,2—triﬂu6roacetamide

HN___O
\(

CF3

To a solution of 4- -(6-(4- (4-am1nop1pend1nc-1-carbonyl)phcnyl)lmldazo[l ,2-a]pyridin-3-
yl)benzomtnle (300 mg, 0.71 mmol) in dichloromethane (10 mL) were added tnﬂuoroacetlc

. anhydride (0.12 mL, 0.85 mmol) and triethyl amine (0.2 mL, 1.42 mmol) in dichloromethane.

- The reactxon mixture was stlrred for 2 h atrt. The reactlon mlxture was diluted w1th H20 (1 OO o

mL), NaHCO; (100 mL) and extracted with CH,Cl, (2x50 mL) The combined organic layer
was concentrated to dryness under reduced pressure to afford crude compound. The crude
product was punﬁed by Prep-HPLC (C18, ACN/H,O/ 10 mM NH4HC03) to afford N-(1 (4—
(3~ (4-cyanophenyl)1m1dazo[1 2- a]pyndm~6—y1)benzoyl)plpendm 4-y1)—2 2,2-

V trifluoroacetamide (120 mg, 33%, AUC HPLC 97.7%) as a white solid; "H NMR (400 MHz,

DMSO-ds) & (ppm): 9.40 (d, J= 9.3 Hz, 1H ), 8.80 (s, 1H), 8.03-7.97 (m, 5H), 7.86-7.82 (m,
4H), 7.50 (d, J = 7.48 Hz, 2H), 4.47 (s, 1H), 3.97 (g, J = 3.2 Hz, 1H), 3.69-3.36 (m, 1H),
3.31-3.28 (m, 1H), 2.97-2.93 (m, 1H), 2.07-1.77 (m, 2H), 1.51~1.49 (m, 2H); MS (ESI) m/z
518.31 [CasHaoFsNsO, + HJ'.
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Example 111: N-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperidin-4- -

vl )methanesulfonamide

NH,_

To a solution of'4—1(6—'(;i-(4-aminopipericiine; l'm—cafbony_l)bhenyl)imidézo[i;Z-a]f)yﬁdin-Sf,,, .
yl)benzonitrile (130 mg, 0.30 mmol) in dichloromethane (10 mL) were added TEA (0.12mL,
0.91 mmo!) and MsCl (0.42 mL, O.37»mmbl).hThc reaction mixture was stirred for 2 h at
ambienf temperature and diluted with H,O (100 mL); NaHCO; (100 mL) and extracted with
CH,CL> (2 x 50 mL). The combined organic layer was concentrated to dryness under reduced
pressure to afford crude compound. The crude product was purified by preparative HPLC to
afford N-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-aJpyridin-6-yl)benzoyl)piperidin-4- -
yl)methanesulfonamide (60 mg, 42%,:AUC HPLC 99.02%) as an off-white solid; mp 211-
215 °C, '"H NMR (400 MHz, CDCls) & (ppm): 8.50 (s, 1H), 7.84-7.80 (m, 4H), 7.73 (d, J =
8.4 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.53-7.50 (m, 3H), 4.60- (bs, 1H), 4.29.(d, /= 7.6 Hz,
1H), 3.85 (bs, 1H), 3.63-3.60 (m, 1H), 3.15 (bs, 2H), 3.09 (s, 3H), 2.03 (bs, 2H), 1.45 (bs,

" 2H); MS (ESI) m/z 500 [CoHosNsO3S + HI.

~carbonylphenvhimidazo[1.2-

N

~

~
To a solution of 4-(3-(4-cyanophenyl)imidazo{1,2-a]pyridin-6-yl)benzoic acid (0.2 g, 0.58
mmol) in DMF (5 mL) were added HATU (0.33 g, 0.88 mmol); N-methyl morpholine (0.18
g, 1.76 mmol) and N,N-dimethylpiperidin-4-amine (81 mg, 0.70 mmol). The réaction mixture
was stirred at 0 °C to room temperature undér inert atmosphere for 16 h, then it was diluted

with water (15 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was
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dried over Na,S0;4 and was concentrated under reduced pressure. The crude residﬁe was
| .puriﬁed by column chromatography (silica gel, eluent. CH2012/MeQH 95:5) to afford 4-(6-(4-
: (4-(dimethylamino)pipeﬁdine~1 -v,c‘arbonyl)phenyl)imidazo[.1 ,2-a}pyridin—3eyl)benzoniﬁile
(140 mg, 57%, AUC HPLC >99%) as an off-white ‘solid; m.p. 128-132 °C. TH NMR (400
~ MHz, CDé13) d (ppm): 8.49 (s, 1H), 7.84-7.71 (m, 5H), 7.60-7.50 (m, 5H), 7.80 (m, 3H),

7.71 (m, 1H), 7.45 (g, 2H), 4.45 (bs, 1H), 3.65 (bs, 1H), 3.15-2.8 (m, 2H), 2.39 (m, 1H), 2.22

(bs, 6H), 1.9-1.6 (m, 2H),1.35 (m, 2H); MS (ESI) m/z 450.3 [CagHyyNsO+ HJ".

.(4-amino-4-ethvylpiperidine-1-carbonyl)phenyl)imidazol1.2-a]

ST
NH,

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-aJpyridin-6-yl)benzoic acid (100
mg, 0.294 mmo}) in DME-(1.5 mL) was added HATU (168 mg;0.442 mmol) and N-methyl
morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of fert-butyl 4-ethylpiperidin-4-

4 ylcarbamate (134 mg, 0.539 nimois, The reaction mixture was stirred for 18 h,_t_heh'was

diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic

layer was dried over Na,SOy4 and was concentrated under reduced pressure. The crude residue

was purified by column chromatography (silica gel, eluent CH>Cloy/MeOH 95:5) to afford a

white solid (45 mg, 28%, AUC HPLC 96%); MS (ES) m/z 550 [C33H;sNsOs + HJ'.

Step 2: Tb a solution of fert-butyl 1-(4-(3 -(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-
yl)benzoyl)-4-ethylpiperidin-4-ylcarbamate (45 mg, 0.082 mmol) in DCM (1.0 mL) was
added trifluoroacetic acid (1 mL). The reaction mixture was stirred at room temperature
under inert atmosphere for 30min,.then was neutralized with NaHCO;, diluted with water (25
mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over
NaéSO;; and was conc_entrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH/NH,OH 90:9:1) to afford 4-(6-(4-
(4-amino-4-ethylpiperidine-1-carbonyl)phenyl)imidazo[1,2-alpyridin-3-yl)benzonitrile (6
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mg, 16%, AUC HPLC 98%) as a white solid. 'H NMR (400 MHz, CD;OD) & 8.77 (s, 1H),
7.97-7.90 (m, SH), 7.82-7.79 (m, 4H), 7.55 (d, J =8.4 Hz, 2H), 3.90- 3.54 (m, 4H), 1.75-1.51
(m, 6H), 0.98 (t, J = 7.6 Hz, 3H); MS (ESI) m/z 451 [CasH,NsO + HI*.

Example 114: 4-(6-(4-(2.7-diazaspiro[3.5]nonane-7-carbonyl)phenyl)imidazo[1.,2-alpyridin-

3-yDbenzonitrile

AN
N7

O

N
gg on

N
Step 1:To a solution of 4-(3-iodoimidazo [1,2-a]pyridin-6-yl)benzoic acid (500 mg, 1.37
mmol) in DMF (15.0 mL) were added HATU (782.9 mg, 2.05 mmol), N-methyl morpholine
(0.03 mL, 2.74 mmol) and 1-methylpiperazine (340 mg, 1.5 mmol). The reaction mixture was
stirred at room temperature under inert atmosphere for 16 h, then it was diluted with water
(25 mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over
Na,SO4 and was concentrated under reduced pressure. The crude product was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford tert-butyl 7-(4-(3-
(4-cyanophenyl)imidazo[ 1,2-alpyridin-6-yl)benzoyl)-2,7-diazaspiro[ 3.5 nonane-2-
carboxylate (440 mg, 56%) as an off-white solid. "H NMR (400 MHz, DMSO-dy) 6 (ppm):
8.45 (s, 1H), 7.94-7.67 (m, SH), 4.08 (s, 1H), 3.98 (s, 1H), 3.79 (s, 1H), 3.29 (m, 4H), 2.89 (s,
3H), 1.77-1.70 (m, 4H), 1.38 (s, 9H); MS (ESI) m/z 573.1 [CasH IN,O3 + H]".

Step 2: 4-cyanophenylboronic acid (135 mg, 0.92 mmol), K3PO;, (326 mg, 1.53 mmol), and
Pd(PPhs)4 (66 mg, 0.04 mmol) were added sequentially to a solution of zert-butyl 7-(4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate
(440 mg, 0.769 mmol) in a mixture of 1,4-Dioxane/H,0 (30:10 mL) at room temperature
under argon atmosphere. The reaction mixture was refluxed for 6 h and was diluted with
water (50 mL) and extracted with EtOAc (3 x 50 mL). The combined organic layer was dried
over NaySOy, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel eluent CHCl3/MeOH 95:5) to afford 4-(6-(4-(2,7-
diazaspiro[3.5]nonane-7-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (250 mg,
59%). "H NMR (400 MHz, DMSO-dj) 6 (ppm): 8.80 (s, 1H), 8.01 (s, 4H), 7.85-7.73 (m, 6H),
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4.06 (s, 1H), 3.78 (s, 1H), 3.34 (m, 4H), 1.6 (bs, 4H), 1.38 (5, 9H), MS (ESI) m/z 548
[C33H33N503 + H]

. Step 3:To a solution of 4¥(6-(4-(2,7-diazaspiro[_3.S]nonane-7—carbonyl)phenyl)iinidazo[1,2- o

a]pyridin-3-yl)benzonitrile (150 mg, 0.274 mmol) in dichloromethane (10 mL) were added
TFA (3 mL)in dichloromethane (5 mL). The reaction mixture was stirred for 4 h at rt. The
reaction mixture was diluted with water (100 mL), NaHCO; (100 mL) and extracted with
CH,Cl, (2 x 50 mL). The combined ofganic 1ayer was concentrated to dryness under reduced
pressure to afford crude compound. The crude product was purified by preparative HPLC
(C1 S, ACN/H,0/ 10 mM NHHCO3) to afford (4-amino'-4—methyipiperidin»1-y1)(4-(~3-(4~
chlo'rophenyl)imidazo[1,2—é]pyridiri-6-yl_)’pheny1)methanone.(80 mg, 16%, AUC HPLC
97.23%) as a brown solid; "H NMR (400 MHz, CDCl;) 6 (ppm): 8.81 (s, 1H), 8.01 (m, 5H),
7.85-7.82 (d,J=17.83 Hz, 3H), 7.76-7.73 (d, J= 7.74 Hz, 3H), 4.01 (bs, 2H) 3.73 (bs, 2H),
2.50 (m, 4H), 1.60 (m, 4H); MS (ESI) m/z 448.26 [CagHasNsO + HJ.

} ‘Examnle 115: 4-(3-(4- cvanophenvl)lmldazo{l 2- alnvndm-é—vl)-N (2-morpholino-2-
-oxoethyl )benzamld

To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid. (100 mg,

0.295 mmol) in DMF (1 .S'mL) was added HATU (168 mg, 0.442 minol) and N-methyl

under inert atmosphere for 1 h, followed by the addition of 2-amino-1-morpholinoethanone
(106 mg, 0.589 mmol). The reaction mixture was left to stir for 18 h, then it was diluted with

- water (25 mL) and extracted with EtOAc (3x25 mL). The combined organic layer was dried

over Na,SOy4 and was ooncentrated under reduced pressure. The crude residue was purified -
by column chromatography (s1hca gel, eluent CH,Cl,/MeOH 97:3) to afford 4-(3-(4- .
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-N-(2-morpholino-2-oxoethyl)benzamide (84 mg,
61%, AUC HPLC 98%) as a white solid. "H NMR (400 MHz, DMSO-dy) & 8.84 (s, 1H), 8.65
(t,J=5.6 Hz, 1H), 8.04-7.98 (m, 7H), 7.89-7.87 (m, 2H), 7.84-7.75 (m, 2H), 4.16 (d, /= 5.6
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Hz, 2H), 3.61-3.57 (m, 4H), 3.51-3.46 (m, 4H); °C NMR (100 MHz, DMSO-d;) § 167.20,
165.82, 145.76, 139.39, 135.11, 133.49, 133.28, 133.17, 127.92, 127.75, 126,88, 125.57,

- 125.52, 124.46, 121.97, 118.79, 117 76, 109.79, 66.04, 44.61, 41 78, 40.81; MS (ESI) m/z

466 [C27H23N503 + H]

Examnle 116: 4-(3- (4~cvan0phenvl)1m1dazofl 2- a1nvr1d1n 6-y1)-N-(2- -

morpholmoetht)benzamme

“To a solution of 41'(3-(4-cyanophcnyl)imidézo[1,2-a]pyridin-6-yl)benzoic acid (100 mg, -

0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl -

_ morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 1 h, followed by the addition of 2-morpholinoethanamine (77-pl,

-0.589 mmol). The reaction mixture was left to stir for 18 h, then it was diluted with water (25

mL) and extracted with EtOAc (3x25 mL). The combined organic layer was dried over
Na,SO; and was concentrated under reduced pressure. The crude residue was purified by
column chromatography (silica gel, eluent CH,ClyMeOH 95:5) to afford 4-(3-(4-

v cyanophényl_)imidazo[l ,2-a]pyridin-6-yl)-N-(2-morpholinoethyl)benzamide (90 mg, 67%, -

AUC HPLC 98%) as a white solid. 'H NMR (400 MHz, CDCly) § 8.52 (s, 1H), 7.90-7.88 (m,
2H), 7.84-7.80 (m, 4H), 7.75-7.73 (m, 2H), 7.64-7.61 (m, 2H), 7.56-7.53 (m, 1H), 3.74 (t, J =
4.4 Hz, 4H), 3.61-3.57 (m, 2H), 2.64 (t, J = 6.0 Hz, 2H), 2.53 (s, 4H); *C NMR (100 MHz, »
DMSO-dg) § 165.59, 145.69, 139.17, 135.05, 133.54, 133.42, 133.09, 127.75, 127.65, 126. 775
125.51, 125.44, 124.37, 121.85, 118.71, 117.69, 109.72, 65.92, 57.09, 53.04; MS (ESD) m/z
452 [Cy7H,sN50, + HY
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- Example 117: 4-(6-(4-(1.9- dlazasmroLS Slundecane-9- carbonvl)nhenvl)xmxdazo[l 2-

alpyridin-3-y)benzonitrile

N

NH

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyridin-6-yl)benzoic acid (120

“mg, 0.353 mmol) in DMF (1.7 mL) was added HATU (201 mg, Q.sso'miﬁol) and N-methyl ~

morpholine (155 pl, 1.41 mmol). The reaction mixture was stirred at room temperature under-

" inert atmosphere for 1 h, followed by the addition of tér¢-butyl 1,9-diazaspiro[5.5]undecane-
.1-carboxylate hydrochloride (205 mg, 0.707 mmol). The reaction mixture was left to stir for

18 b, the;n it was diluted with water (25 mL) and extracted with EtOAc (3x25 mL). The
combinéd organic layer was dried over Na,SO,4 and was concentrated under reduécd -pressure-
The crude residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH
95:5) to afford tert-butyl 9 (4-(3- (4 cyanophenyl)lmldazo[l 2- a]pyndm 6- yl)benzoyl) 1,9-
diazaspiro[5.5]undecane-1-carboxylate (192 mg, 94%, AUC HPLC 96%) as a white solid. 'H

NMR (400 MHz, DMSO-dg) 5 8.81 (s, 1H), 8.03-7.98 (m, SH), 7.84-7.81 (m, 3H), 7.75-7.72 "

(m, 1H), 7.49-7.47 (m, 2H), 3.42-3.31 (m, SH), 1.70-1.51 (m, 9H), 1.40 (bs, 11H); MS (ESI)
m/z 576 [C35H37N503 + H]

’ Stép 2:Toa solution of tert-butyl 9-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-
. yhbenzoyl)-1,9-diazaspiro[5.5Jundecane-1-carboxylate (183 mg, 0.318 mmol) in DCM (1.0

mL) was added trifluoroacetic acid (1.0 mL). The reaction mixture was stirred at room »
temperature under inert atmosphere for 30 min, then was neutralized with soiid"NaHCO;,
then diluted with water (25 mL) and ex&acted with EtOAc (3x25 mL). The combined organic
layer was dried over Na,SO4 and was concentrated under reduced pressure. The crude residue -
was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 92.;8) to afford 4-
(6-(4-(1,9-diazaspiro[5.5 ]undecarie-9-carb6ny1)phenyl)imidazo[ 1,2-ajpyridin-3-
yl)bénzonitn'le (96 mg, 64%, AUC HPLC 99%) as a white solid. "H NMR (400 MHz, -
DMSO-de) 6 8.80 (s, 1H), 8.03-7.98 (m, 5H), 7.86-7.82 (m, 3H), 7.75-7.72 (m, 1H), 7.49-"
7.47 (m, ZH), 3.50-3.31 (m, 4H), 2.98 (bs, 2H), 1.69-1.58 (m, 10H); *C NMR (100 MHz,
DMSO-ds) 6 168.64, 145.73, 137.80, 135.26, 135.08, 133.49, 133.16, 127.75; 127.44, 127.09,
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125.71, 125.51, 124.42, 121.81, 118.78, 117.78, 115.76, 10979 53 66, 2292 17. 80 MS -

(ESI) m/z 476 [CaoHaoNsO + H]".

. Example 118: 4-(6f(4-(‘}-acetvl;l.9-diazaspiro[5.5]undecane-9—Qarbonvl)phenvi)imidazo[1,2- o

alpyridin-3-vl)benzonitrile

81

To a solution of 4-(6-(4-(1,9-diazaspiro[5.5Jundecane-9-carbonyl)phenyl)imidazo[ 1,2-
a]pyridin-3-yl)benzonitrile (30 mg, 0.063 mmol) in DCM (0.5 mL) at 0°C was-added = -

 triethylamine (26 ul, 0.189 mmol), followed by acetyl chloride (10 pl, 0.126 mmol). The

reaction mixture was stirred at 0°C under inert atmosphere and allowed to warm to room
temperature over 30 mjnutes. The reaction mixture was then diluted with Awater (25 mL) and
extraéted with EtOAc (3 x25 mL). The combined organic layer was dﬁed ovéf Na2$O4 and )
was concentrated under reduced pressure. The crude residue was purified by column L
chromatography (silica gel, eluent CH2C12/MeOH/NH4OH 90:9:1) to. afford 4 (6 (4 (1— “
acetyl-1,9-diazaspiro[5.5undecane- 9—carbonyl)phcnyl)1rn1dazo[1 2- a]pynd1n—3—
yl)benzonitrile (14 mg, 43%, AUC HPLC 99%) as a white solid. ' NMR (400 MHz, CDCls)
0 8.49 (s, 1H), 7.85-7.82 (m, 4H), 7.81-7.78 (m, 2H), 7.75-7.73 (m, 5H), 3.96-3. 40 (m, 6H),
3.09-2.96 (m, 2H), 2.13 (s, 3H), 1.76-1.69 (m, 6H), 1.42 (bs, ZH) MS (ESI) m/z 518

© [CsH31N50, + H]

carbonyl)phenvhimidazo[ 1,2-alpyridin-3-yl)benzonitrile

A =N
N

CN
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A mixture of 4-(6- (4 (1,9-diazaspiro(5. 5]undecane 9-carbonyl)phenyl)1m1dazo[1 ,2-a]pyridin-
3-yl)benzonitrile (104 mg, 0.219 mmol) and paraformaldehyde (70 mg) in acetomtnlc (3 mL)

and acetic acid (1.7 mL) was treated with sodium borohydnde (35 mg). The reaction mixture

- was left to stir for 24 h, then it was diluted with sét_urated NaHCO; (25 mL) and extracted

with EtOAc (3x25 mL). The combined organic layer was dried over Na;SOq4 and was
concentrated under reduced pressure. The crude residue was purified by column
chromatography (silica gél, eluent CH2C12/MeOH/NH4OH 90:9:1) to afford 4-(6-(4-(1-
methyl- 1‘9 diazaspirol[5. S]undecane-‘9-carbonyl)phényl)imidaz'o[1 2-alpyridin-3-

' "yl)benzomtrlle (49 mg, 45%, AUC HPLC 93%) as a white'solid. 'H NMR (400 MHz, CDC13)
10 -

5 8.52-(s, 1H), 7.86-7.82 (m, 4H), 7.77-7.74 (m, 2H), 7:61-7.59 (m, 2H), 7.55-7.53 (m, 3H),
4,45 (bs, 1H), 3.77 (bs, 1H), 3.24 (bs, 2H), 2.94 (bs, 2H), 2.56 (bs, 3H), 2.01-1.52 (m, 10H);
50 NMR (100 MHz, CDCly) § 169.72, 146.34, 13862, 13478, 133.79, 133.25,127.95,
127.84, 127.23, 127.19, 125.68,124.52, 120.61,118.73, 118.43, 111.60, 50.03, 35.99, 22.12,
21.78, 18.94; MS (ESI) m/z 490 [C3;H3 NsO + HJ".

Example 120: 4-(6-(4-( 4—hvdroxv-4-nhenVlbiperidine— 1 -carbonyl)phen\il)iml_'dazo[ 1.2-°

a1nyridin~3 -yl)benzonitrile

OH

" To a's.o’l'ution of 4-(3-(4-0§}anophenyl)im§dazo['1 ,2-a]pylidin-6;yl)beﬁzoic acid (100 mg,
10.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methy]

morpholine (130 pl, 1.178 mmol). The reaction mixture was stirred at room temperature

“under inert atmosphere for 1 h, followed by the addition of 4-phenylpiperidin-4-ol (105 mg,

0.589 mmol). The reaction mixture was left to stir for 18 h, then was diluted with water (25
mL) and extracted with EtOAc¢ (3x25 mL). The combined organic layer was dried over
Na,;SO, and was concentrated under reduced pressure. The crude residue was purified by
preparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afford 4-(6-(4-(4-hydroxy-
4-phenylpiperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (52 mg, 35%,
AUC HPLC 99%) as a white solid. "H NMR (400 MHz, DMSO-d) & 8.80 (s, 1H), 8.03-7.98
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(m, SH), 7.84-7.81 (m, 3H), 7.75-7.72 (m, 1H), 7.58-7.53 (m, 4H), 7.35-7.31.(m, 2H), 7.24-
721 (m, 1H), 5.18 (5, 1H), 4.46 (bs, 1H), 3.53 (br s, 2H), 3.31 (bs, 1H), 1.96 (bs, 2H), 1.72-
1.58 (m, 2H); 13C NMR (100 MHz, DMSO-dy) & 168.44, 149.11, 145.66, 137.42, 135.80,
134.99, 133.44, 133.08, 127.79, 127.66, 127.47, 12691, 126,32, 125.74, 125.49, 124.69,
124.33,121.71, 118.71, 117.67, 109.69, 70.07; MS (ESI) m/z 499 [C3,HpeN4O; + H]".

Examnle 121: 4-(3- (4-cyanonhenvn1m1dazoﬂ 2-a1pyndm-6 Vi)-N (2-( I-methy_lnmendm-4—
yl)ethyl )benzamxd '

Toa solutlon of 4-(3-(4- cyanophenyl)1m1dazo[l 2- a]pynd1n-6-y1)benz01c acid (100 mg,

0. 295 mmol) in DMF (l 5 mL) was addcd HATU (168 mg, 0.442 mmoI) and N-methyl
morpholme (130 pl, 1 178 mmol). The reaction mixture was stirred at room tempcrature

under inert atInOSphere for 1 h, followed by the addition of 2-(1-methylpiperidin-4-
yl)ethanamine (84 mg, 0.589 mmol). The redction mixture was left to stir for 18 h, then it was
diluted with water (2A5‘ mL) and extracted with EtOAc (3x25 mL). The combined organic .
layer Was dried over Na,SO;, and was concentrated under reduced pressure. The crude residue

was washed with MeOH (3x25 mL) and dried under vacuum to afford 4-(3-(4-

- cyanophenyl)imidazo[1,2-a]pyridin-6-y1}-N-(2-(1-methylpiperidin-4-yl)ethyl)benzamide (36

mg, 26%, AUC HPLC 97%) as a white solid. "H NMR (400 MHz, DMSO-dq) § 8.82 (s, 1H),
8.49 (br s, 1H), 8.03-7.99 (m, SH), 7.96-7.94 (m, 2H), 7.88-7.82 (m, 3H), 7.76-7.74 (m, 1H),
3.41 (b. s, 3H), 3.02-2.56 (m., 11H), 2.32 (m, 2H); "*C NMR (100 MHz, DMSO-d;) § 145.68,
139.25, 135.05, 133.42, 133.09, 127.76, 127.67, 126.78, 125.49, 125.44, 124.37, 121.84,
118.71, 117.71, 109.75, 55.77, 52.67, 49.48, 20.65; MS (EST) m/z 465 [CasHaoNsO + HJ'.
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, Examvle 122: 4 (3~ (4 cvanophenvl)lmldazofl 2-aJpyridin-6- VD-N-methvl N-(pyridin-4-

yl )benzam 1d

Toa solutlon of 4-(3 (4- cyanophenyl)lmldazo[l 2-a}pyr1dm—6 yl)benzmc acid (100 mg, .
' 0.295 mmol) in DMF (1.5 mL) was added HATU (168 mg, 0.442 mmol) and N-methyl

morpholine (130 pl, 1.178 mmol).The reaction mixture was stirred at room temperature under
inert atmosphere for 1 h, followed by the addition of N-methylpyridin-4-amine (64 mg,

0.589mmol). The reaction mixture was stirred for 18 h, then it was diluted with water 25

- mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was dried over

Na,SO,4 and was concentrated under reduced pressure. The crude residue was purified by

prcparatlve HPLC (C18, eluent ACN/water/formlc acid 0.1%) to afford 4-(3-(4-

_ cyanophenyl)1m1dazo[1 2-ajpyridin-6-yl)- N-methyl—N (pynd1n-4-y1)benzam1de (20 mg, 16/0, _
. AUC HPLC 97%) as a white soho_l.' HNMR (400 MHz, DMSO-dg) § 8.77 (s, 1H), 8.45-8.43

(m, 2H), 7.99-7.98 (m, SH), 7.79-7.68 (m, 4H), 7.45-7.43 (m, 2H), 7.24-7.23 (m, 2H), 3.43

| (s, 3H); PC NMR (100 MHz, DMSO-dg) § 169.33, 151.39, 150.40, 145.72,-138.18, 135.09,

134.83,133.45, 133.15, 129.10, 127.76, 126.53, 125.32, 125.22, 124.69, 121.88, 120.50,

118.78,117.72, 109.79, 37.04; MS (ESI) m/z 430 [C2sH;NsO + HI".

Example 123: 4-(6 -(4-(4- (aminomethyl)piperidine-1 ~carb0nvllphenvljlm1dazof1 2- a]nvndm-
3-y1 benzomtml ' ' ' ’

NH‘Z

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (129 pL, 1.18 mmol) and 4-(boc-aminomethyl)piperidine (95 mg, 0.441 mmol).

The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then it

'~ was diluted with water (10 mL) and extracted with EtOAc (3%20 mL). The combined organic
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layer was dried over Na,SOy4 and-was concentrated under reduced pressure. The residue was

purified by column chromatography (silica gel, eluent CHClyMeOH 96:4) to afford rers-butyl

(1- (4 (3 (4—cyanopheny1)1m1dazo[1 2 a]pynd1n—6~yl)benzoy1)p1pend1n—4 ylmethylcarbamate

(157 mg, 99%, AUC HPLC 99%) asa whlte solid. 'H NMR (400 MHz, DMSO-ds) 6 8. 80 (s, .
'IH), 8.03-7.98 (m, 5H), 7.84-7.80 (m, 3H), 7.75-7.70 (m, 1H), 7.48 (d, /= 8.4 Hz, 2H), 6.90-

6.85 (m, 1H), 4. 55-4.35 (m, 1H), 3.70-3:55 (m, TH), 3.10-2.95 (m, 1H), 2.90-2.70 (m, 4H),

 1.75-1.55 (m 2H) 1.37 (s 9H), 1 15 1.00 (m, 2H), MS (ESI) m/z 536 [C32H33N503+H]

Step 2: To tert—butyl (1-(4-(3-(4-cyanophenyl)imidazo[1,2- a]pynd1n-6 yl)benzoyl)piperidin- -
4- yl)methylcarbamate (70 mg, 0.131 mmol) was added 20% TFA in CHCIl; (3 mL). The

reaction mixture was stirred at room temperature for 20 min then concentrated under reduced

*  pressure. To the residue was added saturated sodium bicarbonate (10 mL) and extracted with

15

90

25°

EtOAc (3 x 30 mL). The combined organic was dried over Na,SO; and concentrated under
reduced pressdre..Th; residue was purified by preparative HPL.C (C18, eluent ACN/H,O/
formic acid 0.1%) to afford 4- (6-(4-(4~(aminomethyl)piperidine-1-
carbonyl)phenyl)imidazo[1,2- a]pymdln 3-yl)benzonitrile (26 mg, 6%, AUCHPLC 99%) as

._a white solid. "H NMR (400 MHz, CD;0D) ¢ 8.76 (s, 1H), 8.55 (s lH) 7.95-7.90 (m, 4H),
7 89 (s 1H), 7.81-7.76 (m, 3H), 7. 54 (d J=84 Hz 2H), 4.80-4.65 (m, 1H), 3.90-3. 75 (m,

IH), 3.30-3.15 (m, 1H), 3.00-2.85 (m, 1H), 2.86 (d, J = 6.8 Hz, 2H), 2.00-1.85 (m, 2H), 1.85-
1.70 (m; 1H), 1.40-1.20 (m, 2H); *C NMR (100 MHz, CD;OD): & 171.96, 147.44, 140.03,
136.66, 134.84, 134.72, 134.39, 129.44, 128.84, 128.61, 128.50, 127.80, 126.56, 122.83,

" 119.50,118.48, 112.72, 45.70, 36.32; MS (ESI) m/z 436 [Ca7HasNs0 + H".

. Example 124: 4-( 6-(4-(4-(2-aminoethyl)piperidine-1-carbonyl)phenyl)imidazo[1.2-a]pyridin-' -

’ .3;—"51 )benzonitrile

Step 1: To a solution of 4—(3—(4-cyandphenyl)imidazo[1,2-a]pyridin—6-yl)benzoic acid (100
mg, 0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
morpholine (129 pL, 1.18 mmol) and terz-butyl 2-(piperidin-4-yl)ethylcarbamate (101 mg,
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0.441 mmol). The reaction mixture was stirred at room température under inert atmosphere
for 18 h, then it was diluted with water (10 mL) and extracted with EtOAc (320 mL). The
combined orgénic layer was dried over NaySO4 and was concentrated under reduced pressﬁre.
The residue was purified by column chromafogréphy (silica gel, eluent CHCE/MeOH 97:3) to -
afford tert-butyl 24(1-(4-(3-(4-cyanophenyl)imidazo[1 ,2-a]pyridin-6-yl)benzoyl)piperidin-4-
yl)ethylcarbamate (79 mg, 49%, -AUC HPLC 98%) as a white solid. 'H NMR (400 MHz,
DMSO—d6) 5 8. 70(5 1 H), 8.05-7.97 (m, 4 H), 7.85-7.78 (m, 3 H), 7.75-7. 70(m 1 H), 7.48
d,J= SOHZ 2'H), 6.80-6.73 (m, 1H),455 435(bs 1 H), 3. 70350(bs 1 H), 3.10-2.90
(m, 3 H), 2.85-2.70 (bs; 1 H), 1.85-1.50 (m, 3 H), 137(s 9 H), 135 1.30 (m, 2H),120 1.00
(m, 3 H); MS (EST) m/z 550 [C33H35N503+ H]

* Step 2: To tert-butyl 2-(1-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-

yDbenzoyl)piperidin-4-yl)ethylcarbamate (70 mg, 0.127 mmol) was added 20% TFA in. -
CHCIs (3 mL). The reaction mixture was stirred at room temperature for 20 min then it was
concentrated under reduced pressure. To the residue was added saturated sodium bicarbonate

(10 mL) and extracted w1th EtOAc (3 x 30 mL). The combmed organic was dried over

) Na2S04 and concentrated under reduced pressure. The residue was purified by preparative |

HPLC (Cl 8, eluent ACN/water/fonmc acid 0.1%) to afford 4-(6-(4-(4-(2-

L am1noethyl)p1pendme—1 carbonyl)phenyl)lmldazo[l 2- a]pyrldm- -yl)benzomtnle (16 mg,

20

25

29%, AUC HPLC 99%) as a white solid. 'H NMR (400 MHz, CD;0D) ¢ 8_.75 (s, 1H), 8.55:
(s, 1H), 7.95-7.90 (m, 4H), 7.89 (s, 1H), 7.81-7.76 (m, 3H), 7.53 (d, J = 8.4 Hz, ZH) 4.75-
4.60 (m, 1H), 3. 90 3.75 (m, 1H), 3.25-3.10 (m lH) 3.00-2.80 (m, 3H), 1.95-1.80 (m, 1H),
1.80-1.65 (m, 2H), 1.65-1.60 (m, 2H), 1 40 1.15 (m, 2H); *C NMR (400 MHz, CDi0D) &

- 171.89, 147.44, 139.93, 136.82 134.84, 134.71, 134.39, 129.43, 128.81, 128.64, 128.48,
127, 81, 126.55, 122.81, 119.50, 118.47, 112.71, 38.53, 35.50, 34.61; MS (ESI) m/z 450

[Cst27N50 +HJ".
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Example 125: 4- (6 (4-(4~(pyridin-4-vl)piperazine-1- carbonvl)phenvl)lmldazo[1 2- a]nmdm-

3-vl)benzonitrile

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100 mg, .. -
0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl

..morpholine (129 pL, 1.18 mmol)-and 1-(4-pyridinyl)-piperazine (58 mg, 0.441 mmol). The .

reaction mixture was stirred at room temperature under inert atmosphere for 18 h then, was
diluted with water (15 mL) and extracted with EtOAc(3 x30 mL). The combined organic _
layer was dried over Na;SO4 and was concentrated under reduced pressure. The residue was

punﬁed by column chromatography (s1hca gel cluent CHClg/'MeOH 92:8) to afford 4-(6- (4-

- (4-(pyridin-4-yl)piperazine-1-carbonyl)phenyl)imidazo(1,2-a]pyridin-3-yl)benzonitrile (34

mg, 24%, AUC HPLC 96%) as a white solid. 'H NMR (400 MHz, DMSO-dg) 4 8.77 (s, 1H),
8.17(d, J = 7.2 Hz, 2H), 7.96-7.90 (m, 4H), 7.90 (s, 1H), 7.83 (d, 7= 8.0 Hz, 2H), 7.79 (s,
2H), 7.63 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 7.2 Hz, 2H) 3.95-3.68 (m, 8H); *C NMR (400

MHz, DMSO-de): § 168.98, 156.53, 145.76, 140.38, 138.13, 135.11, 134.76, 133.51, 133.19, - .
127.91, 127.79, 127.10, 125.70, 125.55, 124.46, 121.92, 118.81, 117.81, 109.83, 107.56; MS -

(ESI) m/z 485 [C30H24NsO + H]".

. Example 126: 4-(6-(4-(4-benzoylpiperazine-1-carbonyl)phenyl)imidazo[1.2-aJpyridin-3-

-yD)benzonitrile

. CN .
To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (100 mg,
0.294 mmol) in DMF (1.5 mL) were added HATU (168 mg, 0.441 mmol), N-methyl
niorpholine (129 pL, 1.18 mmol) and 1-benzoylpiperazine (67 mg, 0.441 mmol). The

reaction mixture was stirred at room temperature under inert atmosphere for 18 h then, was
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diluted with water (15 mL) and extracted with EtOAc (3x30 mL) The combined organic-

41ayer was dried over Na;SO4 and was concentrated under reduced pressure. The residue was

purified by column chromatography (sﬂlca gel eluent CHCl3/MeOH 92:8) to afford 4- (6- (4-
(4- benzoylp1perazme—l—carbonyl)pheny1)1m1dazo[1 2- a]pyndm 3-ybbenzonitrile (75 mg,
50%, AUC HPLC 99%) as a white solid. 1H NMR (400 MHz, DMSO-dg) 6 8.75 (s, 1H),
7.95-7.89 (m, 4H), 7.88 (s, 1H), 7.82-7.55 (m, 4H), 7.59 (d J = 8.0 Hz, 2H), 7.63-7.43 (m,
5H), 4.00-3.40 (m, 8H); *C NMR (100 MHz, CD;OD): 6 172. 90, 172.34, 147.49, 140.29,
136.50, 136.11, 134.87, 134.76, 134.43> 131.43, 129.87, 129.48, 129.22, 128.63, 128.59,

1128.21,127.85, 126.61, 122.92; 119.55, 118.51, 112.76; MS (ESI) m/z 512.[CxoHasNsO+

HI.

Example 127: 4-(3-(4-cyanophenyl)imidazo[1.2-a]pyridin-6-y1)-N-(4-(4-methylpiperidin-1-

vl)phenvl )benzanﬁde

O

To a solution of 4—(3Q(4—cyanophenyl)imidazo[l ,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206

~ mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

(90 plL, 0.824 mmol) and 4-(4-methylpiperidin-1-yl)aniline (47 mg, 0.309 mmol). The
reaction mixture was stirred at room temperature undeér inert atmosphere for 18 h then, was
diluted with water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic

layer was dried over Na,SO4 and was concentrated under reduced pressure. The residue was

* washed with cold CHCI;/MeOH mixture and the precipitates obtainéd were further washed

with cold CH3CN to afford 4-(3—(4-cyanophenyl)imidazo_[1,2—a]pyﬁdin—é-yl)-N-(4-(4-
methylpiperidin-1-yl)phenyl)benzamide (17 mg, 17%, AUC HPLC 96%) as a white solid. 'H
NMR (400 MHz, CD;0D) 6 8.80 (s, 1H), 8.07 (d, J= 8.4 Hz, 2H), 7.98-7.91 (m, 4H), 7.90
(s, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.80 (s, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8:4 Hz,
2H), 3.60-3.45 (m, 2H), 3.13 (bs, 1H), 3.10-2.95 (m, 2H), 2.85 (s, 3H), 2.20-2.05 (m, 2H),
2.03-1.85 (m, 2H);"3c NMR (400 MHz, DMSO-d): 6 164.93, 145.82, 139.73, 139.29,
137.63, 135.20, 134.03, 133.53, 133.21, 128.37, 127.78, 126.95, 126.70, 125.55, 124.51,
122.08, 120.67, 118.82, 117.85, 109.86. 37.72; MS (ESI) m/z 512 [Cs3HaoNsO + H] .
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Example 128: 4-(3-(4-cyanophenylimidazo[1.2-a 4;meth Ipiperazin-1-

Vl)methvl)phénvl)benzamide

Zar

o HN
D 0 T
CN .

°

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206
mmol) in DMF (1.0 mL) were added HATU (117 nig,_ 0.309 mmol), N-mefhyl morpholine
(90 pL, 0.824 mmol) and 4~((4-methylpiperazin-1-yl)methyl)aniline (51 mg, 0.309 mmol).

- The reaction mixture was stirred at room temperature under inert atmosphere for 18 h, then it

was dilutéd with water (15 mL) and extracted with EtOAc (3%30 mL). The ‘combine_:d; organic
layer was dried over Na;SO4and was concentrat'é“d. under reduced ﬁfeééure. | The rééidﬁe was
purified by preparative HPLC (C18, eluent ACN, water, formic acid 0.1%) to afféggci 4-(3-(4-
cyanophenyl)imidazo[l,2—a]pyridin-6—yl)—N-(4-((4—rhethylpipefazin—17 o -

: yl)methyl)pheﬁyl)benzamide (40 mg, 37%, AUC HPLC 99%) as a white solid. "TH NMR (400

MHz, CD;0D) 6 8.78 (s, 1H); 8.05 (d, J = 8.4 Hz, 2H), 7.96-7.90 (m; 4H), 7.84 (s, 1H), 7.83"
(d, J = 8.4 Hiz, 2H), 7.80-7.76 (m, 2H), 7.68 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), -
3.56 (s, 2H), 2.70-2.40 (m, 8H), 2.36 (s, 3H); °C NMR (100 MHz, CD;0D): § 168.12,
147.47, 141,62, 139.17, 135.76, 134.82, 134.74, 134.53, 134.40, 131.08, 129.56, 129.44,
128.49, 128.30, 127.79, 126.61, 122.95, 122.18, 119.51, 118.48, 112.72, 63.14, 55.55, 53.15,
45.65: MS (EST) rv/z 527 [CysHaNgO + H]*. | '

Example 129: 4-((4-(4-(3-(4-cyanophenyllimidazo[ 1.2-alpyridin-6-yl)benzovl)piperazin-1-

yl)methyl)benzamide

AN =N
Y
N/\ N
HoN N 4 i ‘
' O O . .
CN .

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206
mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine
(113 pL, 0.824 mmol) and 4-(1-piperazinylmethyl)benzamide dihydrochloride (72 mg, 0.247

mmol). The reaction mixture was stirred at room temperature under inert atmosphere for 18
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h, then it was diluted with water (15 mL) and extracted witﬁ EtOAc (3x30 mL). The

combined organic layer was dried over Na,SO, and was concentrated under reduced pressure.

The residue was purified by preparative HPLC (C18, eluent ACN, water, formic acid 0. 1%) o
to afford 4- ((4-(4- (3 (4-cyanophenyl)imidazo[1,2-a]pyridin-6- yl)benzoyl)plperazm l- ‘

yDmethyl)benzamide (7 mg, 7%, AUC HPLC 99%) as a white solid. '"H NMR (400 MHz, '
DMSO-dy) 6 8.80 (s, 1H), 8:03-7.97 (m, 5H), 7.95 (bs, 1H), 7.90-7.80 (m, SH), 7.96-7.71 (m,
1H), 7.51 (d, J = 7.6 Hz, 2H), 7. 43 (bs, ZH), 7.34 (bs, 1H), 3 80-3.40 (m, 8H), 2.69 (s, 2H);
MS (ESI) m/z 541 [C33H23N602 + H]™.

%

Exafnple 1 30'; 4-( 6-( 4-( 4-meth$/l-3 -oxopipcrazihe- 1 -carbonyl)phenyl)imidaib[ 1,2-alpyridin-

3-yD)benzonitrile

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 mg, 0.206

. ‘mimol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

(90 pL, 0.824 mmol) -and 1-methylpiperazin-2-one (37 mg, 0.247 mmol). The reaction

mixture was stirred at room temperature under inert atmosphere for 18 h, then it was diluted ‘

vﬁth water (15 mL) and extracted with EtOAc (3x30 mL). The combined organic layer was
dried over Na,SO4 and concentrated under reduced pressure. The résiduc was purified by
cdluﬁm chromatography (silica gel, eluent CHCls/MeOH 96:4) to afford 4-(6-(4-(4-methyl-3-
oxopiperazine-1 -carbonyl)phenyl)imidazo['l ,2-a]pyridin-3-yl)benzonitrile (64 mg, 57%,

" AUC HPLC 98%) as a white solid. "H NMR (400 MHz, CD30D) 6 8.76 (bs, 1H), 7.97-7.89

(m, 4H), 7.88 (s, 1H), 7.84-7.78 (m, 2H), 7.77 (d, J = 1.2 Bz, 2H), 7.64-7.57 (m, 2H), 4.40- "
4.10 (m, 2H), 4.10-3.60 (m, 2H), 3.57-3.42 (m, 2H), 3.01 (s, 3H); '*C NMR (100 MHz,
CD;0D): 6 171.72, 147.44, 140.53, 135.51, 134.81, 134.72, 134.38, 129.42, 129.27, 128.56,
128.52, 127.79, 126.58, 122.93, 119.50, 118.47,-112.70, 34.68; MS (ESI) m/z 436
[CaH21NsO, + H] ™. A
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Example 131: 4-(6-(4-(4- phenvlmperazme—l carbonvl)nhenvl)lmldazofl 2-a]vvr1d1n 3~

1 benzomtnl

To a solution of 4-(3-(4- cyanophenyl)lmldazo[l' 2-a]pyndm 6- yl)benzou: a01d (70 mg, 0.206

mmol) in DMF (1. 0OmL) were added HA ( -:’7'mg, 0. 309 mmol), N-methyl morphohne )

| (90 uL O 824 mmol) and 4-phenylp1perazme (38 p.L 0. 247 mmol) The rcactlon mixture was - -
' stirred at room temperature under inert atmosphere for 18 h then, was diluted with water (15
‘ mL) and extracted with EtOAc (3x30 mL). The combmed orgamc layer was dried over

- NaySO4 and was concentrated under reduced pressure. The residue was purified by column

chromatography (silica gel ‘elnent EtOAc) to afford 4-(6-(4-(4-phenylpiperazine-1-
carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (83 mg, 84%, AUC HPLC 98%) as
a white solid. 'H NMR (400 MHz, DMSO-ds) 6 8.81 (s, 1H), 8.04-7.98 (m, 5H), 7.88-7.80
(m, 3H), 7.66-7.62 (m, 1H), 7.56 (d, J= 8.0 Hz, 2H), 7.37-7.20 (m, 2H), 6.96 (d, J = 8.0 Hz,
2H), 6.83-6.79 (m, 1H), 3.90-3.45 (m, 4H), 3.30-3.10 (m, 4H); "*C NMR (100 MHz, DMSO-

. dg): 0 168.66, 150.74, 145.77, 137.86, 135.18, 135.10, 133.52, 133.19, 128.99, 127.79,

127.77,127.09, 12577, 125.57, 124.45, 121,88, 119.40, 118.81, 117.79, 115.94, 109.81; MS
(ESI) m/z 484 [CyHasNsO+H] ",

Example 132: 4-(6-(4-(4-benzylpiperazine- 1 —carbonvl)nhenvl)imidaéo[ 1.2-alpyridin-3- .

- yl)benzonitrile

“To.a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yljbenzoic acid (70 mg, 0.206

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine
(90 pL, 0.824 mmol) and 4-benzylpiperazine 43 gL, 0.247 mmol). The reaction mixture was
stirred at room temperature under inert atmosphere for 18 h, then it Was diluted with water
(15 mL) and extracted with EtOAc (3%30 mL). The combined organic layfer was dried over

Na,SO, and was concentrated under reduced pressure. The residue was purified by column
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'chrezﬁatography (silica gel, eluent CHCl3/MeOH 96:4) to afford 4-(6-(4-(4-benzylpiperazine-

1-carbonyl)phenyl)imgdazo{1,"2-a]'pyxjdi;3-3-y1)benzonitrﬂe (48 mg, 47%, AUC HPLC 97%)
as a white solid. 'H NMR (400 MHz, DMSO-dj) 6 8.79 (bs, 1H), 8.03-7.96 (m, 5H), 7.84-

778 (m, 3H), 7.74-7.69 (m, 1H), 7.49 (, J = 8.4 He, 2H), 7.36-7.28 (m, 4H), 7.28-7.22 (m,

1H), 3.75-3.55 (m, 2H), 3.51 (s, 2H), 3.50-3.33 (m, 2H), 2.49-2.30 (m, 4H); *C NMR (100
MHz, DMSO-dg): 8 168.54, 145.75, 137.77,137.74, 135.28, 135.09, 133.51, 133.18, 128.89,
128.21, 127.76, 127.70, 127.04, 125.75, 125.54, 12443 121.83, 118.81, 117 79, 109.80,

v 61 83 MS (ESI) m/z 498 [C32H27N50+ H]

Exainmc 133: 4-(6-(4-(4-(4-mcthvipiperazin-1'~y1)pipeﬁdine-1;car'bonyi)phen@imidazén 2

a]pyridin-3-yl)benzonitrile

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (70 m}g‘, 0.206 .. . .

mmol) in DMF (1.0 mL) were added HATU (117 mg, 0.309 mmol), N-methyl morpholine

- (90 pL, 0.824 mmol) and 1-methyl-4-(piperidin-4-yl)piperazine (45 mg, 0.247 mmol). The
reaction mixture was st_irréd at room temperature under inert atmosphere for 18 h then, was
- dilufed with water (15 mL) énd extréctéd with EtOAc (3x30 mL). The combined organic
_layer.was dried over Na,SO, and was concentrated under reduced pfessure. The residue was

 purified by preparative HPLC (C18, eluent ACN, water; formic acid 0.1%) to afford 4-(6-(4-

(4-(4-methylpiperazin-1- yl)plperldme—l carbonyl)phenyl)lmldazo[l 2- a]pyndm 3-

\yl)benzomtnle (23 mg, 22%, AUC HPLC 99%) as a white solid. "H NMR (400 MHz

CD;0D) 6 8.76 (br s, 1H), 7.97-7.90 (m, 4H), 7.89'(s; 1H), 7.81-7.76 (m, 4H), 7.54'(d, J =
8.4 Hz, 2H), 4.75-4.60 (m, 1H), 3.90-3.75 (m, 1H), 3.25-3.10 (m, 1H), 3.00-2.85 (m, 1H),
2.80-2.55 (m, 9H), 2.40 (s, 3H), 2.10-1.95 (m, 1H), 1.95-1.80 (m, 1H), 1.65-1.40 (m, 2H);

13C NMR-(100. MHz, CD;0D): § 171.87, 140.01, 136.75. 134.89, 134.75, 134.44, 129.48,.

128.89, 128.71, 128.53, 127.89, 122.89, 119.56, 118.51, 112.75, 62.65, 55.83, 45.55; MS -

~ (ESI) m/z 505 [C3;HNgO + H] ™.
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Example 134: 4- (6 (4- (4-momhohnonmend1ne 1- carbonyl)phenvl)lmldazo( L. 2 alnvmdm 3-

1 benzomtnl

" To a solution of 4-(3 (4 cyanophenyl)lmldazo[l 2 a]pynd1n—6 yl)benzom acid (0.2 g, 0 58 .
mmol) in DMF (5 mL) were ‘added HATU (0. 33 g, 0. 88 mmol), N—methyl morpholine (0. 18 o

g, 1.76 mmol) and 4- (plpendm-4-yl)morphohne (108.4 mg, 0.70 mmol). The reaction

mixture was stirred at 0 °C to room temperature under inert atmoSphere for 16 h, then it was _'

-diluted with water (15 mL) énd extracted with EtOAc (3x25 mL). The combined organic

layer was dried over Na,SO4 and was concentrated under reduced pressure. The crude residue

- was purified by column chromatography (silica gel, eluent CH,Cly/MeOH 95:5) and followed

by preparative HPLC (C18, ACN/H,0/ 10 mM NH;HCO;) to afford 4-(6-(4-(4-

o mqrpholinopiperidine- 1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (140 mg,

50%, AUC HPLC 98.7%) as a white solid; m.p. 131-141°C. 'H NMR (400 MHz, CDCls) §

- (ppm): 8.6 (s, 1H), 8.05-7.91 (m, SH), 7.80 (m, 2H), 7.48 (m, 1H), 4.45 (bs, 1H), 3.65-3.56
(m, 5H), 3.01-2.82 (m, 2H), 2.46-2.39 (m, 5H) ,1.85-1.75 (m, 2H), 1.38 (bs, 2H); MS (ESI)
m/z 49223 [C3oHpoN50,+ HJ'.

5-meth 1-‘1-_3 4-oxadiazol—2- Dpiperidine-1- .

* carbonyl)phenyl)imidazo[1.2-alpyridin-3-yl)benzonitrile

=N
N7

% )
N“ O X

N={

To a solution of 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (150 mg, 0.44

mmol) and 2-methy1—5-(4-methy1piperidin—4—y1)-1,3,4-0xadiazolc B (105 mg, 0.48 mmol) in
DMF( 5 mL) was added HATU (250 mg, 0.66 mmol) followed by NMM (0.09 mL, 0.88 .. .
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mmol) and the reaction mixture was stirred at rt for 16 h. The reaction mixture was diluted - -

with EtOAc and washed with water and brine solution. The o;'ganié layer was dried over

~ anhydrous Na;SO, and concentrated under reduced pressure to obtain 4-(6-(4-(4-methyl-4-(5- -

methyl-1,3,4-oxadiazol-2-yl)piperidine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3- -
yl)benzonitrile (60 mg, 27%, AUC HPLC 95.3%) as a white solid, m.p : 150-160 °c.'H |
NMR (400 MHz, CDCl3) & (ppm): 8.80 (s, 1H), 8.03-7.98 (m, 5H),7.82 (d, J = 7.9 Hz, 4H),
7.51 (d, J = 8.3 Hz, 2H), 4.08 (bs, 1H), 3.54 (bs, 1H), 3.31 (bs, 2H ), 2.48 (s, 3H), 2.07 (bs,

2H), 1.70 (bs, 2H), 1.35 (s, 3H); MS (ESI) m/z 503.34 [C3oHa6NsO, + HJ:

Example 136 4-(6-(4-(4-methyl-4-(1H-pyrazol-3:v)piperidine-1:

carbonyl)phenvl)imidazo[1,2-a]lpyridin-3-yl)benzonitrile

N=

HN,

To a solution of 4-(3-(4-cyanophenyl)imidazo(1 ,2—a]pyridin—6~yl)benzoic acid (150 mg,
0.442 mmol) in DMF (5.0 mL) were added HATU (251 mg, 0.663 mmol), N-methyl
morpholine (0.17 mL, 1.547 mmol) and tert-butyl 4-methyl-4-(1H-pyrazol-3-yl)piperidine
hydrochloride (126 mg, 0.53 mmol). The reaction mixture was stirred at room temperature

under inert atmosphere for 16 h, then was diluted Wiﬂl.H;:O_ (15 mL) and extracted with

" BtOAc (3x25 mL). The combined organic layer was dried over Na;SO, and was concentrated

under reduced pressure. The crude product was puriﬁ‘ed. by column chromatography (silica

gel, eluent _CH2C12/MeOH 95:5) to afford 4-(6-(4-(4—methy1—4~(1H—pyrazol—3—yl)piperidine-1- .
carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (80 mg, 38%, AUC HPLC 97.2%)

as an white solid; mp. 223-226 °C. 'H NMR (400 MHz, CDCL) & (ppm): 8.50 (s, 1H), 7.83-
7.73 (m, 6H), 7.57-7.50 (m, 6H), 6.18 (s, 1H), 4.21 (s, 1H), 3.58 (s, 1H), 3.38 (s, 2H), 2.22-
2.16 (m, 2H), 1.85-1.77 (m, 2H), 1.32 (s, 3H); MS (ESI) m/z 487.5 [C3pHeNsO+H]". -
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7.

4-amino-4-methylpiperidine-1-carbonyl)phenyl

v methvlimidazo{1.2-a]gyﬁdin*3—ybbenzonitrile '

NHp

“Br*fj; CI\)? Ij:) NaOAG B;Q‘:/{ NCOBOH ﬁ% Exo OH‘ ‘

N

. . P ;N . /
NN LiOH, NG BocHN _TFa.DCM
NS THE MeOH i S — : .
. p/y e
\ : ' : - NH2

NHBOC .

' _Step 1 A solutlon of S—bromo 4 methylpyrldm—z -amine (8 g, 42 78 mmol) and

chloroacetaldehyde (approx 50 %wt) solution in water (27.52 ml, 214 mmol) in ethanol (50

_ ml) was heated at 100 °C under N for 16 h. The solvent was removed and the residue was

dlssolved in EtOAc (100 ml). The organic layer was washed with sat. NaHCO3 (2x50 ml),

~ water (2x50 ml), bnn¢ (2x100 rr_xl), dried over Nap_SQ4 and the solvent was removed

completely under vacuum to afford 6-bromo-7-methylimidazo [1,2-a]pyridine (8.5 g, 94 %)
as a brown solid. 'H NMR (400 MHz, DMSO-de) 6 8.93 (s, 1H), 7.85 (s, 1H), 7.57 (d Jw
7.56 Hz, 2H), 2.38 (s 3H); LC-MS (95%) m/z 211 [C8H7BrN2 + H]

Step 2: To a solution of 6-bromo-7-methylimidazo(1,2-a)pyridine (9 g, 43.0 mmol) and

anhydrous sodium acetate (9.52 g, 116.1 mmol) in MeOH (100 mL) at 0 °C was added iodine s

(12.0 g, 47.3 mmot). The reaction mixture was stirred at rt for 20 h. The precipitate was
collected by filtration and washed with MeOH to afford 6-bromo-3-iodo-7-
methylimidazo[ 1,2-a]pyridine (6 g, 41%) as a light grey solid. '"H NMR (400 MHz, CDCl3) 5

~ . 8.30 (s, 1H), 7.64 (s, 1H) 7.49 (s, 1H) 2.50 (s, 3H); MS (ESI) m/z 336.7 [M+H]".

20

25

Step 3: To mixture of 6-bromo-3-iodo-7-methylimidazo[1,2-a]pyridine (5 g,14.9 mrﬁol), 4-
cyanophenylboronic acid (2.41g, 16.4 mmol) aﬁd K3PO4 (6.32 g, 29.8 mmol) in 1,4-dioxane
(200 mL) and water (50 mL) was added Pd(PPhs)4 (860 mg, 0.74 mmol). The reaction
mixture was heated at 90 °C for 1 h. The reaction mixture was diluted with water and
extracted with EtOAc (le 00 ml) and washed with water (2x50 ml) and brine solution (2x50
ml). The organic layer was dried over anhydrous Na;SO4 and concentrated under reduced -
pressure to obtain the crude product. The crude product was purified by column
chromatography .(silicav gel, eluent CHCl;/MeOH 95:5) to give 4-(6-bromo-7-
methylimidazo[1,2-a]pyridin-3-yl)benzonitrile (2.72 g, 59%). "H NMR (400 MHz, CDCly) 6
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8.52 (s, 1H), 7.83 (d, J = 7.82 Hz, 2H),7.74 (s, 1H)768(d./ 76HZ2H)249(S -3H);

- MS (ESI)m/z312 [M+HT"

~ Step 4: To a mixture of 4-(5-bmmo-7-methy1imidazo[1‘,2‘~g]pyridin-3-‘yl)ben’z.onimle Q7g

8.68 mmol), 4-(ethoxycarbonyl) phenylboronic acid (1.85 g, 9.54 mmol), K3PO4 (3.68 g,
17.36 mmol) in 1,4-dioxane (200 mL) and water (50 mL), was added Pd(PPh;)s (501 mg, -
0.43 mmol). The reaction mixture was heated at 90 °C fdr 1 h and was diluted with water,
extracted with EtOAc (2x100 ml) and washed with water (2x50 ml) and brine solution (2 x

‘50 ml) The organic layer was dried over anhydrous NaySO4 and concentrated under reduced

»pressure The residue was purified by column chromatography (sxhca gel eluent -

alpyridin-6-yl)benzoate. H NMR (400 MHz, CD;0D) 8 9.21 (s, 1H), 8.95 (s, 1H), 8.21 (s,
1H), 8.17-8.12 (m, SH), 8.08 (s, 1H), 7.91 (d,J = 8.0 Hz, 1H), 7.82 (t, J/ = 8.4 Hz, 1H), 4,03
(/=72 Hz, 2H), 2.39 (s, 3H) 2.1-2.23 (t, /= 7.2 Hz, 3H); MS (ES]) m/z 353 [M+ HT".

Step 5: To a solution of 4-(3-(4-cyanophenyl)-7-methylimidazo[ 1 ,2-a}pyri_din—6—y1)benzoate
(1.6 g, 3.26 mmol) in THF (20 mL) was added LiOH (0.411 g, 9.79 mmol) in water (15 mL)

and MeOH (15 ml) at rt and stirred for 16 h. TLC mdlcated absence of SM and formation of a |

polar spot The reactlon mixture was concentrated under reduced pressure to afford 4- (3 -(4-
cyanophenyl)-7-methylimidazo[ 1,2-a}pyridin-6-yl)benzoic acid (900 mg, 64%) as an off
white solid which was used in the next step with out pun'ﬁcaﬁoh "H NMR (400 MHZ
CD;0D) & 9.21 (s, 1H), 8.95 (s, 1H), 8.21 (s, 1H), 8.17-8.12 (m 5H), 8.08 (s lH), 7.91 (d,J
=8.0 Hz, 1H), 7.82 (t, /= 8.4 Hz, 1H), 4.03 (g, /= 7.2 Hz, 2H), 239(s 3H)2 1-2.23 (t J-__

- 7.2 Hz, 3H); MS (ESI) m/z 353 [M+ HT".

Step 6: To a solution of 4-(3 -(4-cyadophenyl)-7—methylimidazo[1,2-a]pyridin-6-y1)benzoic
acid (250 mg, 0.7 mmol) in DMF (15.0 mL) were added HATU (400 mg, 1.05 mmol), N-
methyl morpholine (0.155 mL, 1.4 mmol) and fers-butyl 4-methylpiperidin-4-ylcarbamate

. (165 mg, 0.77 mmol). The reaction mixture was stirred at room temperature under inert

atmosphere for 16 h then, was diluted with water (25 mL) and extracted with EtOAc (3x25
mL). The combined organic layer was dried over N32304 and was concentrated under
reduced pressure. The crude product was purified by column chrqmato,g;_a_,phy (sflig:a gel,
eluent CH,Cl, MeOH 95:5) to afford zert-butyl 1-(4-(3 -_(4-cyanophex.1'yvl)-7~ . 4
methylimidazo[1 ,2-a]pyridin-6-y1)benioyl)-4—methylpiperidin-4-ylcarbamate (300 mg, 77%,
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LC-MS 92%) as an off-white solid. '"H NMR (400 MHz, DMSO-dg) 0 (ppm) 8.41 (s, 1 H)
7.95-7.94 (m, 5H),767(s,1H),754(d J= lZOHz 2H),744(d J= 120Hz 2H) 3.79
(bs, 2 H), 3.45 (bs 3H) 229(s,3H) 1.58- 124(m,6H) 109(s,9H) MS(ESI)m/zSIO
[M+ H]

Step 7: To a solution of tert-butyl 1-(4-(3 —(4-cyanophenyl)-7-methylimidazo[l,2-a]pyridin—6—

' yDbenzoyl)-4-methylpiperidin-4-ylcarbamate (300 mg, 0.546 mmol) in dichloromethane (10
. mL) was added TFA (3 mL) in dichloromethane (5 mL). The reaction mixture was stirred for '

4h at t. The reaction mixture was diluted with water (100 mL)-and NaHCO; (1 00 mL) and--

extracted with CH2C12 (2x50 mL). The combined organic 1ayer was concentrated to dryness

under reduced pressure to afford 4-(6-(4-(4-amino- 4-methylp1pendmc—1 -carbonyl)phenyl)-7- -

 methylimidazo[1,2-a]pyridin-3-yl)benzonitrile (100 mg, 46%, AUC HPLC 95.5%) as ax} off-

white solid; m.p. 124-132 °C. '"H NMR (400 MHz, DMSO-ds) & (ppm): 8.41 (s, 1 H), 7.95-
7.94 (m, 5 H), 7.67 (s, 1 H), 7.54 (d, /= 12.0 Hz, 2 H), 7.44 (d, J = 12.0 Hz, 2 H), 3.79 (bs, 2
H), 3.45 (bs, 3 H), 2.29 (s, 3 H), 1.58-1.24 (m, 6 H), 1.09 (s, 3 H); MS (ESD) m/z 450.31
[CasHaNsO + HJ.

Examnle 138: 4-( 7-methv1 6- (4~(4»methylmm¢razme-1 carbonvl)phenvl)lmldazo[ 1.2-

4 a]pyndm»B —yl)benzonltnle

To a solution of 4-(3-(4-cyanophenyl)-7-methylimidazo[1,2-a]pyridin-6-yl)benzoic acid (200 .
mg, 0.566 mmol) in DMF (10.0 mL) were added HATU (322 mg, 0.849 mmol), N—methyl -
morpholine (0.158 mL, 1.132 mmol) and I-.methylpipc;razin (0.068'mL, 0.623 mmol). The
reaction mixture was stirred at room temperature under inert a’fmospheré for 16 h, then it was
diluted with water (25 mL) and extracted with EtOAc (3%25 mL). The combined organic '
layer was dried over Na;SO, and was concentrated under.reduced pressure. The crude 'res"idhé .
was puriﬁéd by column chromatography v(silica gel, eluent CH,ClyMeOH 95:5) and followed
by preparatlve HPLC to afford 4-(7-methyl-6-(4-(4-methylpiperazine-1-
carbonyl)phenyl)lmldazo{l 2- a]pyrxdm-3 yl)benzomtnle (100 mg, 50%, AUC HPLC 97 6%)
as an off-white solid; m.p. 162-164 °C. '"H NMR (400 MHz, CD;0D) 6 (ppm): 8.47 (s, 1 H),
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7.85-7.81 (m, 5H),757753(m,5H),383(bs 2H),353(bs 2H) 254234(bm,4H),

234 (s,3 H), 233 (s, 3 H); MS (ESD) m/z 436.27 [CopHlasNsO + H]

Step 1:Toa solution of 2-methyl-4-bromobenzoic acid (2 g 9.30 mmol) in DMF (6 mL) was
added NMM (1.87g, 18.604 mmol) fo]lowcd by addition of HATU (5.3 g,.13.95 mmol) atrt ..

and stirred for 30 mm l-methylpxperazme (13%9g, 13 95 mmol) was added and stirred at rt
for 16 h. The reactlon mixture was diluted with EtOAc and Washed with water and brmc )
solution. The organic layer was dried over anhydrous Na,SO4 and concentrated under

reduced pressure to obtain (4-bromo-2-méﬂiylyp‘hényl)(4-methylpiperazin— 1 -yl)me_thanoine‘

(1.9 g, 70%, AUC-LC-MS 98%) as a brown solid.

Step 2: A mixture of (4-bromo-2-methylphenyl)(4-methylpiperazin-1-yl)methanone (1.9 g,
6.39 mmol), Bis(pinacolato)diboron (1.74 g, 6.84 mmol), KOAc (41.88 g, 19.19 mmol) in

1,4-dioxane (30 mL) was degassed with argon for 30 min. PdClydppf (140.5 mg, 0.19 mmol)
and dppf (106.4 mg, 0.19.mmol) were added and again degassed with argon for 30 min and

the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with

EtOAc' and washed with water, the organic layer was dried over anhydrous Na,SO; and

. concentrated under reduced pressure to afford the crude (2-methyl-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)phenyl)(4-methylpiperazin-1-yl)methanone (~1.3 g) as a brown
liquid which was used in next step without further purification. MS (ESI) m/z 345.

Step 3: To a mixture of 4-(6-bromoimidazo[ 1,2-a]pyridin-3-yl)benzonitrile (3.95 g,13.33
mmol), (2-methyl—4-(4,4,S,S-tctramcthyk1,3,2—dioxaborolan-2-yl)phenyl)(4—methylpiperazin- '
1-yDmethanone (1.3 g, 3.78 mmol), K3PO4 (1.6 g, 7.56 mmol) in bl,4-dioxane (30 mL) and -
water (6mL) was added Pd(PPhs)s (218 mg, 0.188 mmol). The reaction mixture was heated at
90 °C for 1 hand was diluted with water and extracted with EtOAc and washed with water

and brine solution. The organié layer was dried over anhydrous Na; SO, and concentrated
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under reduced pressure to obtain the crude product. The crude product was purified by :

_ ‘column chromatography followed by preparatwe HPLC to afford 4-(6- (2-methyl-4- (4- N
mcthylpxperazme—l-carbonyl)phenyl)lmldazo[l Z-a]pyndm- -yl)benzonitrile (45 mg, AUC

HPLC >99%); White solid; m.p. 169-173 °C. "H NMR (400 MHz, CDCl;) & (ppm): 8.46 (s, 1
H), 7.85-7.80 (m, 3 H), 7.77-7.72 (m, 2 H), 7.52-7.48 (m, 1 H), 7.39-7.37 (m, 2 H), 7.28 (s, 1

- H), 3.86 (bs, 2 H), 3.31 (bs, 2 H), 2.51 (bs, 2 H) 2. 39 (s, 3 H), 2.33 (s, 5-H); MS (ESI) m/z

436 [C27HasNsO + HY".

Examnle 140: 4- ( 6- (2-fluoro-4-(4 methvlmperazme—l-carbonvl)nhenvl)lmldazo( 1.2--

alpvndm 3-yl)benzonitrile -

' St'cp" 1: To a solution of 2-fluoro-4-bromobenzoic acid (1' g, 4.56 mmol) in DMF (3 mL) was

added NMM (922 mg, 9.1 3' mmol) followed by addition of HATU (2.6 g, 6.85 mmol) at rt
and stirred for 30 min. 1-Methylpiperazine (684 mg, 6.85 mmol) was added and stirred at 1t’

vfof 16 h. The reaction mixture was diluted with EtQAc and washed with water and brine

- solution. The organic layer was dried over anhydrous Na;SO4 and concentrated under

reduced pressure to obtain (4-bromo-2-fluoroyphenyl)(4-methylpiperazin-1-yl)methanone
(1.6 g, 100%, LC-MS 87%) as a brown solid. MS (ESI) m/z 302.

5.31 mmol), Bis(pinacolato)diboron (1.45 g, 5.68 mmol), KOAc (1.56 g, 15.95 mmol) in 1,4-
dioxane (30 mL) was degassed with argon for 30 min. PdCl,dppf (116 mg, 0.159 mmol) and
dppf (88.4mg, 0.159 mmol) were added and again degassed with argon for 30 min and the
reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc
z_md ‘Washed with water, the organic layer was dn'cd over anh‘ydrous Nay;SO4 and concentrated
under reduced pressure to afford 2-fluoro-4-(4-methylpiperazine-1-carbonyl)phenylboronic

acid (900 mg, LC-MS 55%) as a brown 11qu1d which was used.in next step without

» punﬁcatlon
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Step 3: To a solution of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (400 mg,1.342 .

mmol}), 2—ﬁuoro-4-(4-methy1piperazinej 1 —carbony})phenylboronic acid (900 mg, 3.30 mmol),

K3PO4 (711 mg, 3.35 mmol) in a mixture of 1,4-diqxane (12 mL) and water (3 mL) was
added Pd(PPhs)s (77.5 mg, 0.067 mmol). The reaction mixture was heated at 90 °C for 1 b,
wés diluted with water, extracted wi‘;h EtOAc and the organic phase was washed with water '
and brine solution, dried over anhydrous NaySQy, filtered and concentrated under reduced.

The residue was purified by prepafative HPLC to gi{/e 4—(6-(2-methy1—4-(4—methy1piperazine—

) 1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (35 mg, AUC HPLC 99.56%));

m:p. 170-174 °C. '"H NMR (400 MHz, CD;0D) & (ppm): 8.77 (s, 1 H); 7.91 (m, 5 H); 7.79-
7.66 (m, 3 H), 7.38-7.36 (m, 2 H), 3.80 (bs, 2 H), 3.54 (bs, 2 H),2.61 (bs, 4 H), 2.40 (s, 3 H);

- MS (ESD)'m/z 440.40 [CstzzFNsQ'{"- H]+.' B

4-methylpipérazine-1-carbonyl henyl)imidazo[1.2-

aJpvridin—3-y1)Benzonitdle

Step 1: To a mixture of 4-(6-bromoimidazo[1,2-a]pyridin-3,—.,yl)benzoni{n'le (436 mg,1.46

‘minol), 3-chloro-4-(ethoxycarbonyl)phenylboronic acid (500 mg,1.61 mmol), KsPO4 (775

mg, 3.65 mmol) in 1,4-dioxane (14 mL) and water (3.5 mL), was added Pd(PPh;),4 (85 mg,
0.0736 mmol). The reaction mixture was heated at 90 °C for 1 h, then was diluted with water
énd ektracted'with EtOAc; The organic layerand washed in'turn with watér and brine then
was dried over anhydrous Na,SO4 and cqncentfated under reduced pressure to obtain ethyl 2-
chloro—4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin—6—'y1)benzoate ¢! ‘ g, 90%). The product

was used in the next step without further purification.

Step 2: To a solution of ethyl 2-chloro-4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-
yl)benzoate (1 g, 2.49 mmol) in THF (10 mL) and MeOH (10 mL) was added LiOH (261 mg,
6.23 mmol) in water (4 mL). The reaction mixture was stirred for 16 h at rt and was

concentrated under reduced pressure then diluted with water and acidified with potassium

_bisulphate. The aqueous layer was extracted witﬁ EtOAc, which was dried and concentrated

212



10

15

20

25

WO 2013/147711 - S - PCT/SG2013/000126

. under reduced pressure to give 300 mg (38%) of 2-chloro-4-(3-(4- cyanophenyl)lmxdazo 1,2-
» a]pyndm—G yl)benzoxc acid (LC MS 68%) asa yellow sohd '

. 'Ste;p'sz To a solution of270h10r0—4-(3-(45pyandph§nyl)imidazo[1,27a]pyridin-6-y1)benzbi6

acid (300 mg, 0.80 mmol) in DMF (2 mL) was added NMM (162 mg, 1.60 mmol) followed
by addition of HATU (458 mg, 1.20 mmol) at rt and stirred for 30 min. 1-Methylpiperazine
(120 mg, 1.21 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted
with water g,nd filtered to obtain a solid which was further purified by preparative HPLC to

" ifford 4-(6-(3-chloro-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-alpyridin-3-
 yl)benzonitrile (60 mg, 24%) as an off white solid; m.p. 143-157.°C. '"HNMR (400 MHz,- - - .

CDCL3) & (ppm): 8.46 (s, 1 H), 7.85-7.79 (m, 4 H), 7.73-7.71 (m, 2 H), 7.56 (5, 1 H), 7.49-

- 7.38 (m, 3 H), 3.88-3.83 (m, 2°'H), 3 34 (bs, 2 H),2.51-2.41 (m, 4H) 233 (s, 3H); MS (ESI) ‘

m/z 456.32 [C25H22C1N50+ H] S L b et e

Example 142: 4-(6-(3-fluoro-4-(4-methylpiperazine-1-carbon yDphenylimidazo{1.2-

~ a)pyridin-3-yl)benzonitrile

H

-w-g

oM

' OﬁD/ =
LtOH
=N NIS NC—< >~a(ou;
NN OB . F NS DM \8 ? ﬁﬁ
Br@ O.

OEt

-
§/\©/©\:/
C 3.

~ Step 1: To a solution of 4-(ethoxycarbony1)-3-ﬁuorophenylboronic acid ( 1.29 g, 6.091

mmol), KsPO4 (3.22 g, 15.22 mmol) in 1,4-dioxane (20 mL), and water (3 mL) was added 6-
bromoimidazo[1,2-ajpyridine (1 g, 5.07 mmol) and degassed with argon for 30 min. (A-
Phos),PdCl, (293 mg, 0.25 mmpl) was added and again degassed with argon for 30 min and
the reaction mixﬁlrc was heated at 90 °C for overnight. The reaction mixture was Washed
with water. The organic layer was concentrated and the crude product was purified by |
column chromatography (silica gel, eluent CHCl3/MeOH 96.5: 3.5) to afford 2-fluoro-4-
(imidazo[1,2-a]pyridin-6-yl)benzoate (1.16 g, 81%, AUC LC-MS 84%). "H NMR (300 MHz,
DMSO-ds) ppm 6 9.1 (s; 1H),7.9(@m,2H),7.6(m,5H),43(q,/J=69Hz,2H),;1.3(,J=

6.9 Hz, 3 H); MS (ESI) m/z 285 (M+1).
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Step 2: To a solution of 2-fluoro-4-(imidazo[ 1,2-a]pyridin-6-yl)benzoate (1.16 g, 4.10 mmol)
in DMF (20 mL) and added to NIS (1.10 g, 4.92 mmol). The reaction mixture stirred for 3 h
at 100 °C. Water was added to the reaction mixture to induce precipitation of the product
which was filtered and dried under reduced pressure to give ethyl 2-fluoro-4-(3-
iodoimidazo[1,2-a]pyridin-6-yl)benzoate (1.2 g, 75%, AUC LC-MS 92.5%). "H NMR (300
MHz, DMSO-dg) 6 8.5 (s, 1 H), 7.8 (m, 6 H), 4.3 (q, /= 6.9 Hz, 2 H), 1.3 (t, /= 6.9 Hz, 3 H);
MS (ESI) m/z 410 (M+1).

Step 3: A solution of ethyl 2-fluoro-4-(3-iodoimidazo[1,2-a]pyridin-6-yl)benzoate ( 900 mg,
2.23 mmol) and 4-cyanophenylboronic acid (394 mg, 2.68 mmol), K3PO4 (949 mg, 4.47
mmol) in 1,4-dioxane (10 mL), and water (1 mL) was degassed with argon for 30 min. (A-
Phos),PdCl, (129 mg, 0.111 mmol) was added and again degassed with argon for 30 min and
the reaction mixture was heated at 90 °C for overnight. TLC indicated absence of SM. The
reaction mixture was washed with water. The organic layer was concentrated and purified by
column chromatography (silica gel, eluent CHCI3/MeOH 96.5:3.5) to afford ethyl4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-2-fluorobenzoate (600 mg, 71%). 'H NMR (300
MHz, DMSO-ds) ppm 6 8.9 (s, 1 H), 7.8 (m, 6 H), 4.3 (q, /= 6.9 Hz, 2 H), 1.3 (t, /= 6.9 Hz,
3 H); MS (ESI) m/z 386 (M+1).

Step 4: To a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-2-
fluorobenzoate (600 mg , 1.55 mmol) dissolved in THF (5 mL), water (5 mL), EtOH (5 mL)
was added LiOH (130 mg, 3.11 mmol). The reaction mixture was stirred for 1 h. After
completion of the reaction as indicated by TLC, the reaction mixture was added to citric acid
and washed with water and extracted with EtOAc. The organic layer was washed with water
and brine, dried over anhydrous Na,SQOy, filtered and concentrated under reduced pressure.
The crude compound was purified by recrystallization to afford 4-(3-(4-
cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)-2-fluorobenzoic acid (450 mg, 81%, AUC LC-MS
83.2%). "H NMR (300 MHz, DMSO-ds) ppm 6 8.07 (s, 1 H), 7.6 (d, J= 8.0 Hz, 2 H), 7.5 (m,
2 H), 7.4 (m, 4 H), 7.3 (d, J=11.2 Hz, 2 H); MS (ESI) m/z 358 (M+1).

Step 5: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)-2-fluorobenzoic
acid (450 mg, 1.26 mmol) in DMF (5 mL) was added NMM (0.28 mL, 2.52 mmol) followed
by addition of HATU (957 mg, 2.52 mmol) at rt and stirred for 20 min. 1-Methylpiperazine
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(0.138 mL, 1.38 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted

with EtOAc and wéshed with water and brine solution. The organic layer was dried over

~ anhydrous Na2804- and concentrated under reduced pressure to obtain 4-(6-(3-fluoro-4-(4-
f méthylpiperzizine—l-carbonyl)phéhyl)imidézd[l,2-a]p_yridin-3—yl)benzonit;ile (150 mg,
- 27.1%, AUC HPLC 97.4%) as an off white solid; m.p. 176-185 °C. H NMR (400 MHz,

DMSO-dy) 6 (ppm): 8.86 (s, 1 H), 8.01 (m; 5 H), 7.84-7.67 (m, 4 H), 7.49.(t, /= 8.0 Hz, 1 H),
3.65 (bs, 2 H), 3.26 (bs, 4 H),2.37 (bs, 2 H), 2.27 (bs, 4 H), 2.20 (s 3 H), MS (ESI) m/z 440

[C26H22FN50 + H]

Example 143: 4-(6-(2-hydroxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2- - -

-alpyridin-3-yl)benzonitrile -

- Step 1:To a mixture of 4~(6-bromoimidaio[1,2-a]pyridin~3 -yl)benzonitrile (3.95 g,13.33
mmol), (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(4-

methylpiperazin-1-yl)methanone (4.9 g, 13.61 mmol), K;PO4 (5.8 g, 27.22 mmol) in 1,4-
dxoxane (80 mL) and water (20 mL) was added Pd(PPh;)4 (785 9 mg, 0.68 mmol). The

_ reac‘uon mixture was heated at 90 °C for 1 h. The reaction mixture was diluted with water and

extracted with EtOAc and washed with water and brine solution. The organic layer was dried

over anhydrous Na;SO, and concentrated under reduced pressure to obtain crude product

- The crude product was purified by column chromatography and by preparative HPLC of 4-

6-3 methoxy~4 (4—methy1p1perazme—l-carbonyl)phenyl)lmldazo[l 2- -a]pyridin-3- a
yl)benzonitrile (54 mg, AUC HPLC 98.1%) as an off-white solid; m.p. 121-134 °C. 1HNMR |
(400 MHz, CDCI;) ¢ (ppm): 8.46 (s, 1 H), 7.84-7.71 (m, 4 H), 7.49 (d,J= 15.0 Hz, 1 H),
734 (d,/=10.4Hz, 1 H),7.13 (d, /= 10.4 Hz, 1 H), 7.01 (s, 1 H), 3.90 (s, 3 H), 3.85 (bs, 2
H), 3.32 (bs, 2 H), 2.61-2.40 (m, 4 H), 2.32 (s, 3 H); MS (ESI) m/z 452 [Ca7HasN5O, + HJ"

Step 2: A solution of 4-(6-(3-methoxy-4-(4-methylpiperazine-1- -
carbonyl)phenyl)imidazo[l,2-a]pyridin-3-yl)benzonitrile (600 mg, 1.33 mmol) in CH,Cl, (10.
mL) was cooled to 0 °C followed by the addition of BBr; (738 mg, 2.2 mmol). The reaction

mixture was stirred at rt for 2 h. The reaction mixture was cooled to 0 °C and quenched by
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.- dropwise addition of a saturated aqueous solution of NaHCO; (100 mL) followed by

o extraction with EtOAc (3 x 100 mL). The organic layer was Washed in turn with water and
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brin_e then, was dried over anhydrous Na,SO,, filtered and concentrated under reduced

‘ p_r_essﬁre. The crude compound was purified by column chromatography (silica gel, eluent:

CHCl3/MeOH 99/1 to 97/3) and by purification by preparative HPLC to afford 4-(6-3-

- hydroxy-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile

(80 mg, 20%, AUC HPLC 98.7%) as an off-white solid; 'H NMR (400 MHz, DMSO-dg) 6

(ppm): 8.69 (s, 1 H), 8.28 (s, 1 H), 8.00 (m, 4 H), 7.82-7.79 (m, 1 H), 7.64-7.61 (m, 1 H),

7.21-7.15 (m, 3 H), 3. 39 (bs, 4 H), 2.29 (bs, 2 H), 2. 18 (S 3 H), MS (ESI) m/z 438.2
[C26H23N502+ HJ".

Example 144: 4-(6-(3 -hvd_roxv-4-’( 4 -methvlpiperazine-1 —carbonyl)phenvl)imidazcj 1.2-

a]pyridin-3-yD)benzonitrile ..

CN

Step 1: A mixture of 4-(6-bromoimidazo'[‘1 ',2-a]pyr.idihl—3z-yl)beﬂzbﬁiﬁ‘ile‘(2.38 g, 8 mmol), (3-

- methoxy-4-(4,4,5,5-tetramethyl-1 ,3,2~dioxaborolan-z-yl)phenyl)(4-methylpiperazin- 1-
yl)methanone (2.88 g, 8 mmol), KsPOy (3.4 g, 2 mmol) in 1,4-dioxane (30 mL) and water (6
‘mL) was degassed with argon for 30 min. Pd(PPh;), (462 mg, 0.4 mmol) was added and -

again degassed with argon for 30 min and the reaction mixture was heated at 90 °C for 1 h.

.~ The reaction mixture was diluted with water and extracted with EtOAc, washed with water

and brine solution. The organic layer was dried over anhydrous Na,SOq4 and concentrated

. under reduced pressure to obtain the crude product. The crude prbduct was purified by

column chromatography to obtain 4-(6-(2-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)lmldazo[l 2-ajpyridin- 3ny1)benzomtnlc 1g, 28%, AUC 99. 3%) as an off— )
white solid; m.p. 123-178 °C. '"H NMR (400 MHz, CD3OD) o (ppm) 8.72 (s, 1 H), 7. 92 7 86
(m, 5 H), 7.70-7.52 (m, 3 H), 7.17 (s, 1 H), 7.10 (d, /= 8.0 Hz, 1 H), 3.90 (s, 3 H), 3.81-3.56
(br. m, 4 H), 2.60 (bs, 4 H), 2.41 (s, 3 H); MS (ESI) m/z 452.36 [C27H25N502 +H]"

Step 2: A solution of 4-(6-(2-methoxy-4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2~ a}pyndm 3-yDbenzonitrile (500 mg, 1.1086 mmoi) in CH;zClz
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(10 mL) was cooled to 0 °C followed by addition of BBr; (1.72 g, 6.87 mmol). The reaction
mixture was stitred at rt for 2h and heated to 40 °C for 30 min. After completion, the reaction

mixture was cooled to 0 °C and quenched by drop wise addition of a saturated aqueous

‘solution of NaHCOs (100 mL) followed by extraction with EtOAc (3 x 100 mL). The organic

layer was washed with water and b;ﬁng, dried over anhydrous Na,SOy, filtered angi
concentrated under reduced pressure. The crude compound was purified. by column
chromatography (silica gel, eluent CHCly/MeOH 99:1 to 97:3) to afford 4-(6-(2-hydroxy-4-
(4-methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (100 mg,

20%, AUC HPLC 96.8) as an off white solid; i.p. 263-272°C. "H'NMR (400’ MHz; CD;OD) -

5 (ppm): 10.20 (s; 1 H), 8.81 (s, 1 H), 8.00-7.93 (m, 5 H); 7.76-7.73 (m, 1 H), 7.63-7.60 (m, 1

H), 7.53-7.50 (m, 1 H), 6.96-6.89 (m, 2H) 3.70-3.35 (m, 4 H), 234(bs 4H),221 (s, 3 H);
MS (ESI) m/z 438 [C26H23N502+H]

Step 1: To a solution of 2-triﬂuoromethyl-4—brom6i§éﬁibic acid (1 g, 3.74 mmol) in DMF (15

~ mL) was added NMM (755 mg, 7.41 mindl) followed by addition of HATU (2.14 g, 5.61
mmol) at rt and stirred for 30 min. 1-Methylpiperazine (411 mg, 7.41 mmol) was added and

stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous NaZSO4 and concentrated
under reduced pressure to obtain crude product. Thé crude product was purified by column
chromatography(silica gel , eluent petroleum ether/ EtOAc 100:0 to 60:40) to afford (4-
bromo—2u(txiﬂuoromethyl)phenyl)(4-methylpiperazih—l-yl)methanone (1.2 g,91%) as ared
liquid. "H NMR (400 MHz, CDCls) & 7.56 (d, J = 8.1 Hz, 2 H), 7.39 (s, 1 H), 3.79 (bs, 2 H),
3.58 (bs, 2 H), 2.45 (bs, 4 H), 2.32 (s, 3 H); MS (BSI) m/z 352 [M+HT"

Step 2: To a solution of 4-bromo-2-(trifluoromethyl)phenyl)(4-methylpiperazin-1-
yl)methanone (1.2 g, 3.42 mmol), bis(pinacolato)diboron (1.04 g, 4.11 mmol), KOAc (1 g,
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:10.26 mmol) in 1,4-dioxane (20 mL), was added PdCl,dppf (75 mg, 0.1 mmol), dppf (56 mg;

0.1 inmpl) and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was
dilutéd with EtOAc and washed with wate}, the organic layer was dried over anhydrous
Na,SO, and concentrated under reduced pressure to affo_rd (4-methylpiperazin-1-yl)(4- "
(4,4,5,5;tetramethyl-l ,3v?2-dioxaboroian-Z-yi)fZ-(triﬂuor_omethyl)phenyl)methandhe (600 mg)

as a brown liquid which was used in next step without purification.

Step 3: To a solution of 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (390 mg, 1.3

“mmol), (4-methylpiperazin-1-yl)(4-(4,4,5,5:tetramethyl-1,3,2-dioxaborolan-2-yl)-2-

(trifluoromethyl)phenyl)methanone (400 mg, 1 mmol), KsPO4 (636 mg, 3 mmol) in 1,4-
dioxane (iO mL) and water (2 mL) was dégassed-with argon for 30 min. Pd{(PPhs)4 (34 mg,

10.03 mmol), was added and again degasscd with argon for 30 min and the reaction mlxture

- was heated at 90 °C for 1 h. TLC mdlcated absence of SM. The reaction mixture was diluted

with water and extracted with EtOAc and washed with water and brine solution. The organic
layer was dried over anhydrous Na,SOy4 and concentrated under reduced pressure. The crude
product was pﬁriﬁed by preparative HPLC to afford 4-(6-(4-(4-methylpiperazine-1-
carbony!)f?‘i -(t{iﬂuoroinéthyl)phenyl)imidazo[1,2—a]pyridin~3—yl_)benzonitrile (40 mg; 8%,

- AUC HPLC >99%) as a pale yellow solid; m.p. 126-131 °C. "H NMR (400 MHz, CDClLy) 6

(ppm): 8.49 (s, 1 H), 7.86-7.83 (m, 5 H), 7.76-7.72 (m, 3 H), 7.51-7.44 (m, 2 H), 3.89 (bs, 1
H), 3.81 (bs, 1 H), 3.26 (bs, 2 H), 2.50 (bs 2H),2 33 (s S H); MS (ESD m/z 490
[C27H22F3N50+ H]

- Example 146: 4-(6-(3-amino-4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2--

a]nvridin-3~yl)benz_onitrile

Step v1: A solution of (4-brofno-2~nitropheny1)(4—methy1_piperazin-I—yi)methanone (750 ﬁlg,
2.29 mmol), bis(pinacolato)diboron (623 mg, 2.45 mmol), KOAc (675 mg, 6.87 mmol) in
1,4-dioxane (15 mL) was degassed with argon for 30 min. PdCl,dppf (50 mg, 0.068 mmol),
dppf (38 mg, 0.0687 mmol) was added and again degassed with argon for 30 min and the

218



15. ..
H), 7.7(d,J=8.3 He, 2 H), 7.5 (&,J=7.9Hz, 2 H), 3.9 (bs,1 H), 3.7 (bs, 1 H), 3.3 (5, 2 H),
2.5 (bs, 2H), 2.3 (s, SH).

20

R 25 -

30

WO 2013/147711 L L PCT/SG2013/000126

reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc -
and washed with watei', the organic }ayer was.dried over anhydrous Na,SOy and concentrated

under reduced pressure to afford (4—methy1piperaziﬁ_—1 -yl)(2-nitro~4~(4,4,5,5-tetramcthyl-

. 1,3,2—dioxaborolan-Z-yl)phe;qy}‘)inethanone‘ (400 mg) of as a brown Hquid which direét—mass_

indicated the desired m/z. The crude product was used in the next step without purification.

Step 2: To a solution of(44methylpiperazin—l-yl)(2-nitro-4-(4,4,5_,5—tetramethyl-1;3,2—
dioxaborolan-2-yl)phenyl)methanone (400 mg, 1.06 mmol), KsPO, (451 mg, 2.13 mmol) in

- 1,4-dioxane (5 mL) and water (I*mL) was degassed with argon for 30 min. (A-Phos),PdCl, -
10

~mixture was heated at-90 °C-for 1 h. Water was added to the reaction mixture to induce

(61 mg;0.053 inmol) was added and again-degassed with éfgon for 30 min and the reaction

* precipitation which was filtered to give crude produet. The crude product was purified by

column chromatography (silica gel, eluent CHCl3/MeOH 96.5:3.5) to afford 4-(6-(4-(4-
methylpipera;ine;;1_—car_bqnyl)—3 -nitrophenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (340 ’
mg, 68.5%, LC-MS 89%). 'H NMR (400 MHz, CDCl): 6 8.5 (s, 1 H), 8.3 (s,1H,),7.8(s,4

Step 3: A solution of 4-(6-(4-(4-métﬁy1piperazine- 1‘~carbonyl)—3-nitrophéﬁyl)imidazo[i 22

a]pyridin-3-yl)benzonitrile (340 mg, 0.73 mmol) in EtOH (10 mL) was added HC1 (1 mL)
and SnCl, (492 mg, 2.18 mmol). The reaction mixture was heated at 90 °C for 2 h. Work-up

- and-purification by column chl_*omat_ography gave 4-(6-(3-amino-4-(4-methylpiperazine-1-

carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile (120 mg, 99.2%, AUC HPLC
>99%) as an off-white solid; m.p. 218-222 °C. 'H NMR (400 MHz, DMSO-dg) 6 (ppm): 8.67
(s, 1 H), 8.02-7.99 (m, 5 H), 7.80 (d, /= 8.0 Hz, 1 H), 7.61 (d, /= 8.0 Hz, 1 H), 7.10 (d, J =

- 8.0Hz, 1 H), 7.02 (s, 1 H), 6.93 (d,/=8.0 Hz, 1 H), 5.32 (s, 2H),347(bs 4 H), 2.31 (bs, 4

H), 2.19 (s, 3 H); MS (ESI) m/z 437 [CreHpNgO+ HI'.

Example 147: 4-(6-(3-( diethylamino)-4-( 4-m ethylpiperazine-1-carbonyl)phenyl)imidazo[1,2-

alpyridin-3-yl)benzonitrile
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Toa solutlon of 4-(6-(3-amino-4- (4—methy1p1perazme-l carbonyl)phenyl)lmldazo[l 2-
alpyridin-3- yl)benzomtnle (200 mg) in methanol (20 mL) were added formaldehyde (6 mL)
and acetic acid (2 mL) and the reaction mixture was stirred for 2 h at rt. NaCNBH; (4 eq) was
éddcd at0°C anﬂ the bfoaoﬁon .mivxturc was stirred at 1t for 6 h. The reaction mixture was

basified with NaHCO; solution and extracted with EtOAc. The organic layer was dried over

" anhydrous Na,SO, and concentrated under reduced pressure. The crude product was punﬁed

by column chromatography to obtain (150 mg, 75%) Wthh further purified by preparative

- HPLC to afford 4-(6-(3-(dimethylamino)-4-(4-methylpiperazine-1-
: carbonyl)phenyl)lmldazo[l 2-alpyridin-3-yl)benzonitrile (90 mg, 45%, AUC HPLC 97.52%)

as an off-white s’ohd; m.p. 161-166 °C. 'H NMR (400 MHz, CDCl3) 6 8.47 (s, 1H ), 7.84-

| 7.74 (m, 6H), 7.51 (d, = 9.2 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.05 (d, J = 7.6 Hz, 1H), 3.85
« (s, 2H), 3.40-3.27 (m, 2H), 2.87 (s, 6H), 2.51 (bs, 2H), 2.34 (bs, 6H); MS (ESI) m/z 465

15

20

. - 25v..—. -

[Ca6HaogNsO+H]".

4-methylpiperazine-1-carbonyl)phenvl)imidazo[1,2-

To a solution of 4-(6-(3-amino-4-(4- methylplperazme- -carbonyl)phenyl)lmldazo[l 2-
a]pyridin-3- yl)benzomtnle (200 mg) in methanol (20 ml) were added acetaldehyde (4 mL)
and acetic acid (2 mL) and the reaction mixture was stirred for 2 h at rt. NaCNBH; (4 eq) was

‘added at 0 °C and the reaction mixture was stirred at rt for 6 h. The reaction mixture was

basified with NaHSO, solution and extracted with EtOAc. The organic layer was dried over
anhydrous'Na;SO, and concentrated under reduced pressure to afford the crude product

which was purified by column chromatography to obtain the desired product (90 mg, 90%)
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which was purified further by preparative HPLC to give 4-(6-(3-(diethylamino)-4-(4- - -
methylpiperazine-'l—carbonyl)phenyl)imidazo{l,2—a}pyridim3—yl)bénzonitrile (70 mg, 31%, '

* AUC HPLC 99.15%) as an off-white solid; m.p. 118-122 °C. '"H NMR (400 MHz, CDCl) 6
8.48 (s, 1H ), 7.83-7.73 (m, 6H), 7.50 (d, J= 9.2 Hz, 1H), 7.33 (4, /= 8.0 Hz, 1H), 7.11 (&, -
~ =7.6 Hz, 1H), 7.05 (s, 1H), 4.00 (bs, 1H), 3.71 (bs, 1H), 3.39 (bs, 1H), 3.26-3.15 (m, SH),

3.58 (bs, 1H), 2.42 (bs, 2H), 2.32 (s, 2H),222 (bs, 2H), 1.1 (t, /= 6.0 Hz, 6H) MS (ESD)

m/z 493 [C30H32N60+H]

'Example 149: N-(5:(3= (4—cvanophenvl)1m1dazo[1 2-alpyridin-6-v1)-2-(4-methylpiperazine-1-+ = ..

carbonyl)phenyl)acctamldc

R L U

. Toa solution of 4-(6-(3 —amino-4-(4—mcthylpiperazin¢_7I-carbonyi)phenyl)imidazo[1,27
~ a]pyridin-3-yl)benzonitrile (200 mg, 0.45 mmol) in DCM (20, mlL) were added acetic

anhydride (70 mg, 0.68 mmol) and pyridine (72 mg, 0.91 mmol) at 0 °C and the reaction

- mixture was stirred at 0 °C to rt for 16 h. The reaction mixture was acidified with aq

NaHSO@ and extracted with EtOAc. The organic layer was dried over anhydrous Na,SO4 aﬁd

concentrated uﬁder reduced pressure and purified by preparative HPLC to afford N-(5-(3-(4-

cyanophenyl)imidazo[1,2-a]pyridin-6-yl)-2-(4-methylpiperazine-1-

“carbonyl)phenyl)acetamide (50 mg, 22%, AUC HPLC 96.7%) as an off’-white‘solid; m.p.

156-172 °C. ”HN‘MR (400 MHz, DMSO dg) 6 9.68 (s, 1H), 8.73 (s, 1H), 7.99 (s, SH), 7.81-
7.80 (m, 2H), 7.65 (d, J = 11.2 Hz, 1H), 7.58 (d, J = 12.0 Hz, 1H), 7.34(d, J= 10.8 Hz, 1H),
3.6 (bs, 2H), 3.25 (bs, 2H), 2.39 (bs , 2H), 2.25 (bs , 2H), 2.20 (s, 3H), 2.00 (s, 3H); MS (ESI)
m/z 479 [CasHasNgOL+HT |

Example 150: 4-
alpyridin-3-vl)benzonitrile

4-methylpiperazine-1-carbonyl)phenyl)imidazo[1.2-
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E]

Step 1: To a solutmn of mcthylamme (2 M in THF, 128 mL, 255 mmol) in THF (23 mL) at 0
°C was added n-butyl lithium (2.5 M in hexanes, 80 mL, 201 mmol) slowly. The mixture was

stirred for one hour at 0 °C and then it was transferred via cénnula to a solution of 4—br6ino-2-

- ﬂuorobenzmc acid (5 g, 22.8 mmol) in THF (5 mL) at -78 °C. The reaction was stirred for 30

minutes before it was quenched at -78 °C with 270 mL of IN HCI The aqueous layer was
extracted ethyl acetate (4x200 mL) and the combined organic extracts were dried over
Na,SOy, filtered, and chceritrafed. The crude product was purified by flash chromatography
(silica, eluent 100% CH,Cl, to CH,Cl,/MeOH 93:7) to give 4-bromo-2- | _
(methylamino)benzoic acid (1.83 g, 35%, LC-MS 94%) as a light orange solid. 'q NMR (400
MHz, CDCl5) 6 7.82 (d, J = 8.8 Hz, 1H), 6.86 (d, /= 1.2 Hz, 1H), 6.76 (dd, J = 1.6, 8.4 Hz,

_ ‘IH), 2.94 (s, 3H); LC-MS m/z 230 [M]+.

Step 2: Toa solutlon of 4—bromo—2—(methylammo)benzmc acid (1 g 4. 38 mmol) in DMF (15
ml) was added NMM (664 mg, 6.57 mmol) followed by addition of HATU 2. 49 g, 6.57

- mmol) at rt and stirred for 30 min. 1-methylpiperazine (486 mg, 4.81 mmol) was added and

stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na,SOy4 and concentrated
under reduced pressure to obtain crude product. The crude product was purxﬁed by column

cbromatography (silica gel, eluent petroleum ether to petroleum ether/EtOAc 60/40) to afford

~ (4-bromo-2-(trifluoromethyl)phenyl)(4-methylpiperazin-1-yl)methanone (0;8 g, 60%, LC-MS

68%) as an off-white solid. "H NMR (400 MHz, CDCly) 6 8.01 (s, 1H), 6.91 (d, J=7.9 Hz,
2H), 6.79 (d, J = 4.8 Hz, 1H), 5.3 (bs, 1H), 3.61 (bs, 4H), 2.54 (bs, 4H). LC-MS m/z 312
[M]+.

Step 3: To a solution of (4-bromo-2-(methylamino)phenyl)(4-methylpiperazin-1-
yl)methanone (0.8 g, 2.564 mmol) 1,4-dioxane (20 mL), were sequentially added

_bis(pinacolato)diboron (716 mg, 2.82 mmol), KOA;: (544 mg, 5.56 mmol), PACLdppf (56

mg, 0.076 mmol) and dppf (42 mg, 0.076 mmol). The reaction mixture was heated at 90 °C
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- for 16 h, then was diluted with EtOAc and washed with water. The orgamc layer was dried
over anhydrous NaZSO,; and concentrated under reduced pressure 'to afford (2 (methylarmno)

4-(4,4,5,5-tetramethyl-1,3, 2-d10xaborolan—2 yl)phenyl)(4-methy1p1perazm- -yl)methanone as

a brown liquid (700 mg) which was used in the next step w1thout punﬁcatlon

Step 4: A solution of (2-(methylamino)—4—(4,4,5,5-tetrametfxy1—1 ,3,2—&i;)>§ai)orolan-2-
yl)phenyl)(4-methylpiperazin-1-yl)methanone (300 mg, 1.01 mmol), (2-(methylaﬁ1ino)-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)(morpholino)methanone (400 mg, 1.1
mmol) KsPO, (428 mg, 2.02 riimol) in 1,4- -dioxane (20 mL) and water (4 mL) was degassed
with. argon for 30 min prior to the addition of Pd(PPhs)4 (34 mg, 0.03 mmol). The reaction - -
mixture was heated at 90 °C for 1 h under argon atmosphere, then was diluted with water and
extracted with EtOAc. The ofganic phase.was washed with water and brine, was dried over

anhydrous Na;SO, and concentrated under reduced pressure. The crude residue was purified -

by column chromatography (silica gel, eluent CH,ClyMeOH 95:5) followed by Preparative

HPLC (C18, ACN/H,O/ 10 mM NH4HCO:3) to afford 4-(6-(3-(methylamino)-4-(4-
methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (145 mg, 26%,

- AUC HPLC 99.2%) as a light brown solid; m.p. 128-133 °C. "H NMR (400 MHz, CDCL;) 6

(ppm): 8.5 (s, 1H), 7.84- 7.54 (m, 6H),754752(d J=175Hz, 1H), 7.15- 713(d J=1.1Hz, |
1H), 6.80-6.76 (m, 2H), 5.04 (s, 1H), 3.67 (bs, 4H), 2.88 (4, J= 0.08 Hz, 3H), 244 (bs, 4H),
2.33 (S, 3H), MS (ESI) m/z 451.1 [Cz7H25N50+ H] .

Example 151: 4-(6-(3-(methylamino

-4-(mo holine—4-c_arbon Dphenvlimidazo[1.2- -

' alpyridin-3-y])benzonitrile

CHN N
0

N
) ¢

Y .
Step 1: To a solution of methylamine (2M in THF, 128 mL, 255 mmol) in THF (23 mL) at 0
°C was slowly added n-butyl lithium (2.5M in hexanes, 80.3 mL, 201 mmol). The mixture
was stirred for one hour at 0 °C and then it was transferred via cannula to a solution of 4-
bromo-2- fluorobenzoic acid (5 g, 22.8 mmol) in THF (5 mL) at -78 °C. The reaction was
stirred for 30 minutes before it was quenched at -78 °C with 270 mL of 1N HCL The aqueous

layer was extracted with ethyl acetate (4x200 mL). The combined brganic extracts were dried
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over Na;SOy, filtered and concentrated. The crude product was purified by flash column
chromatography (silica gel, eluent 100% CH,Cl; to CHﬁlﬂMeOH 93. 7) to give 4 bromo—Z—
(methylam1no)benz01c acid (1.83 g, 35%, LC-MS 94%) as a light orange solid. '"H NMR (400
MHz, CDCI3) 6 7.82 (4, J = 8.8 Hz, 1H), 6.86 (d,J= 12Hz 1H),676(dd J= 1.6, 8.4 Hz,
1H), 2.94 (s, 3H); LC-MS m/z 230.8 [M]+.

Step 2: To a solution of 4-br0mo—2-.(methylamino)bénzoic; acid (1 g, 4.38 mmol) in DMF (15
mL) was added NMM (664 mg, 6.57 mmol) followed HATU (2.49 g,'6.57 mmol) and the =~
resulting mixture stirred-at rt for 30 min. Morpholine (419 mg, 4.81 mmol) was added and
stirréd at rt for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine. The organic layer was dried over anhydrous Na,SO4 and concentratéd under

reduced pressure to obtain crude product. The crude product was purified by column

_- chromatography (silica gel, eluent 100% Petroleum ether to petroleum ether/BtOAc 40: 60) to

affqrd (4-bromo»2 (mﬂuoromethyl)phenyl)(4 methylpiperazin-1 -yl)methanone (1.2 g, 92%,
AUC LC-MS 88%) as a solid. "H NMR (400 MHz, CDC13) 67.82(d,J= 8.8 Hz, 1H), 6.86

(d, /= 1.2 Hz, 1H), 6.76 (dd, J = 8.4 Hz, 1H), 5.41 (bs 1H), 3.84-3.61 (m, 8H),2.94 (d, J =
4.4 Hz, 3H) LC-MS m/z 299 [M}~L

Step 3: To a solution of (4-Bi6mo—2-(inéthylanﬁno)phenyl)(mbmholiﬁo)ﬁemanone (12 g,
4.02 mmol), Bis(pinacolato)diboron (1.12 g, 4.42 mmol), KOAc (1.18 g, 12.06 mmol) in 1,4~
dioxane (20 mL) was added PdCl,(dppf) (87 mg, 0.12 mmol) and dppf (66 mg, 0.12 mmol)
were added and again degassed with argon for 30 min and the reaction mixture was héated at

90 °C for 16 h. The reaction mixture was diluted with EtOAc and washed with water, the

- organic layer was dried over anhydrous Na;SO4 and concentrated under reduced pressure to
 afford (2-(methylamino)-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-

yl)phenyl)(rnbl'pholino)m‘ethanone (800 mg) as a brown liquid which was used in the next

step-without purification.

Step4: Toa solution Qf 4—(6~bromoimidazd[1 ,2-a]pyridin-3-yl)benzonitrile (300 mg, 1.013

mmol), (2-(methylamino)-4-(4,4,5,5-tetramethyl— 1 ,3,2-dioxaborolan—2-
ylphenyl)(morpholino)methanone (385 mg, 1.1 mmol), K5PO, (428 mg, 2.02 mmol) in 1,4-
dioxane (10 mL) and water (2 mL), was added Pd(PPh;)s (58 mg, 0.05 mmol). The reaction
mixture was heated at 90 °C for 1 h then, was diluted with water and extracted with EtOAc.

The organic layer was washed with water and brine, dried over anhydrous Na,SO, and
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concentrated under reduced pressure to obtain crude product. The crude residue was purified
by column chromatography (silica gel, eluent CH,Cl/MeOH 95:5) followed by preﬁél:ative.
HPLC (C18, ACN/H,0/ 10 mM NH4HCO:;) to afford 4-(6 -(3- (methylamino)-4-(morpholine~

_ 4-carbony1)pheny1)1m1dazo[l 2- a]pymd1n-3 yl)benzomtnle 4.5 mg, 10 2%, AUC HPLC

94.67%) as an off-White solid; m.p. 302-307 °C. 'H NMR (400 MHz, CDCL) & (ppm): 8. 5 (s
1H), 7.84-7.54 (m, 6H), 7.54-7.52 (d, J = 7.5 Hz, 1H),7.15-7.13 (d, J = 7.1 Hz, 1H), 6.80- -
6.76 (m, 2H), 5.04 (s 1H), 3.70-3.79 (m, 8H) 2.88 (d, J= 2.8 Hz, 3H); MS (ESI) m/z 436.1

[Cz6Ha3NsO, + H]

\
AT

Example 152: 4-(6-(4-(2-(4-methylpiperazin-1-ylacetyl)phenyl)imidazo[1.2-alpyridin-3-

- yl)benzonitrile

| | [i) | j " °£ ) :)§< Bﬁ%
ar | N - Bt e - o

5 é;

Step 1: To a solution of 2-bromo-1-(4-bromophenyl)ethanone (2.5 g, 8.99 mmol) in ACN (30 '
mL) was added K,CO; (2.5 g, 173 mmol) followed by 1-methylpiperazine (1.17 g,.11.69..... ..
mmol) at rt and stirred for 16 h. The reaction mixture was filtered and the filtrate was

concentrated under reduced pressure to obtain crude product. The crude product was passed

~ through a plug of silica gel using 10% MeOH in CHClj as eluent and concentrated to afford

of 1-(4-bromophenyl)-2- (4-methy1p1perazm~l yl)ethanone 1 (500 mg, 0%, LC-MS- 84%) as’

a yellow solid.

Step 2: To a mixture of 1-(4-bromophenyl)-2-(4-methylpiperazin-1-yl)ethanone (250 mg,
0.84 mmol), bis(pinacolato)diboron (278 mg, 1.09 mmol), KOAc (323 mg, 3.29 mmol) in

"1,4-dioxane (10 mL) were added PdCly(dppf) (18.5 mg, 0.02 mmol) and dppf (14 mg, 0.02

mmol) and the reaction mixture was heated at 90 °C for 16 h. The direct mass indicated

desired m/z. The reaction mixture was used in the next step without isolation.
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Step 3: To a mixture of (4-methylpiperazin-1-y1)-1-(4-(4,4,5,5-tetramethyl-1,3,2-

. dioxaborolan-2-yl)phenyl)ethanone (1.2 g, 3.48 mmol), 4-'(6-bromdimidazo['1 ,2-a]pyridin-3-

yl)benzonitrile (1.24 g, 4.18 mmol), K3PO4 (2.21 g, 10.44 mmol) in 1,4-dioxane (20 mL) and

_ water (3'mL.) was added Pd(PPh;)s (120 mg, 0.1 mmol) and the reaction mixture was heated

at 90 °C for 4 h. The reaction mixture was diluted with EtOAc and washed with water and

brine solution. The organic 1ayer was dried over-anhydrous Na, SOy and concentrated under

 reduced pressure to obtain the crude product. The crude product Was purified by preparative

HPLC to afford 4-(6-(4-(2-(4-methylpiperaziri-1-yl)acetyl)phenyl)imidazo[ 1,2-a]pyridin-3-

" yl)benzonitrile (150 mg, 15%; AUC HPLC 95.07%) as a yellow solid, m.p: 93-98 °C."HNMR
(400 MHz, CDCls) & (ppm): 8.53 (s, 1H), 8.12 (d, J = 10.8 Hz, 2H), 7.85-7.77 (m, 6H), 7.62
-(d, J=10.8 Hz, 2H), 7.54 (d, /= 12.8 Hz, 1H), 3.82 (s, 2H), 2.67-2.62 (m, 8H), 2.32 (s, 3H);
* MS (ESI) m/z 436 [CoHpsNsO+H'.

)
/

The following -co_mppupds in the table below were prepared following a procedure similar to

that used in step 3 of example 152
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Ex.

# | Boronate ester

Compound -

Characterization

153

)

Yﬁj&

&

|

a PN
o )

CN

(200 mg, 22.9%, AUC HPLC 99.03%) as an
off-white solid, m.p: 215-218 °C.'HNMR
(400 MHz, DMSO-dq) 8 (ppm): 8.67 (s, 1H),
7.96-8.03:4tm, SH), 7.79 (d, J=9.4 Hz, 1H),

.7.78-7.61 (m, 2H), 7.56-7.40 (m, 2H), 3.65

(bs, 2H), 3.31 (bs, 2H), 2.32 (bs,.4H),2.20 (s, .
3H); MS (ESI) m/z 456 [CogHpCINSO+H]'.

154

(150 mg, 16.9%, AUC HPLC 98.91%) as a

..|.off-white solid, m.p: 188-191 °C. 'H NMR

(400 MHz, DMSO-dg) & (ppm): 8.51 (s, 1H),
8.01 (s, 1H), 7.95 (s, 4H), 7.76 (d, J=9.2 Hz,
1H), 7.42 (4, J = 8.2 Hz, 2H), 7.34 (bs, 2H),

13,31 (bs, 4H), 2.31 (s, 7H), 2.20 (s, 3H); MS
|(BSI) m/z 436 [C17HsN5O + H]*

RES

(100 mg, 23.5%, AUC HPLC 99.85%) as an

“off-white solid, m.p: 195-197 °C. '"H NMR

(400 MHz, CDC) & (ppm): 8.31 (s, 1H),
7.86 (s, 3H), 7.80-7.75 (m, 2H), 7.69-7.63 (m,
3H), 7.4 (d, J = 7.9 Hz, 1H), 7.26 (s, 1H),
3.86 (bs, 2H), 3.54 (bs, 2H), 2.60-2.34'(m,
4H), 2.39 (5, 3H); MS (ESI) m/z 490
[Ca7HpF3NsO+ H]*

1156

CN

“|(m, 6H), 7.51 (dd, J = 1.6 Hz, 1H), 7.38 (bs,

(120 mg, 37.7%, AUC HPLC 98.77%) as an
off-white solid, m.p: 140 °C. 'H NMR (400
MHz, CDCLy) & (ppm) 8.46 (s, 1H), 7.84-7.72

2H), 7.29 (s.1H), 3.84 (d, J=4.81 Hz, 4H),
3.60 (s, 2H), 3.30 (s, 2H), 2.40 (s, 3H); MS
(ESY) m/z 423 [CosHpN4O, + H]
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157

ZNz=N
F4CO N7
e}

-CN

(45 mg, 50%, AUC HPLC 96.9%) as a white
solid; m.p. 109-113 °C. 'H NMR (400 MHz,
CDCls) 6 8.47 (s, 1H), 7.85-7.71 (m, 6H),

L7 | . 7.50-7.43 (m, 4H), 4.92-4.75 (m, 2H), 3.35
| (bs, 2H), 2.50 (bs, 2H), 2.39 (bs, 2H), 2.30 (s,
3H); MS (ESI) m/z 506 [CoyHyuFsNsO+H "

1158 (120 mg, 20%, AUC HPLC 95.96%) as an
| off-white solid; m.p. 169-174 °C. 'H NMR
- [N] o (:j " (flOOMHz, CDCls) & (ppm): 8.46 (s, 1H),
N . - | 7.84-7.71 (m, 6H), 7.49 (d, J = 15.0 Hz, 1H),
© 17.34(d,J=10.4 Hz, 1H), 7.13 (d, /= 10.4
| Hz, 1H), 7.01 (s, 1H), 3.90 (s, 3H), 3.85 (br. s,
| 4H), 3.42 (br. s, 2H), 3.35 (m, 2H); MS (ESI)
m/z 437 [CagHyoN4O5 - H
NN
g N /

| r——

Intermedlat 15 CN

Intcrmcdmte 15: 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2 »yl)nmdazo[l 2—a]pynd1n—3-
yl)bcnzom’mle .

A solution of 4-‘(6-bromoimidazo[1 ,2-a]pyridin-3-yl)benzonitrile (450 g, 1.51 mmol),

Bis(pinacolato)diboron (410 mg, 1.61 mmol), KOAc (444 mg, 4.53 mmol) in 1,4-dioxane (15
mL) was degassed with argon for 30 min. PdClzdppf (33 mg, 0.045 mmol), dppf (25 mg,
0.045 mmol) was added and again degassed with argon for 30 min and the reaction mixture
was heated at 90 °C for 16 h. The reaction mixture was diluted with EtOAc and washed with
water, the organic layer was dried over anhydrous Na;SQ4 and concentrated under reduced
pressure to afford 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-a]pyridin-3- -
yl)benzonitrile as a brown liquid which was used in next step without purification. MS (ESI)
m/z 346 [M+H]. '
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Example 159: 4-(6-( 3~hvdroxv-4-(DiDerazine-l-carbonvl)bhenvl)imidazo[ 1.2-a]pyridin-3-

HQC:U Br

‘ = /
: . Y/, = /

vi )’Qenzonitrile

o Stcp 1: To a solution of 2-methoxy-4-bromobenzoic acid (1 g, 4.32 mmol) in DMF (5 mL)

was added NMM (0. 97 mL, 8.65 mmol) followed by HATU (2 46 g, 6.49 mmol) at rt and
stirred for 30 min. N-Boc-piperazine (886 mg, 4.76 mmol) was added and stirred at rt for 16

" h. The reaction mixture was diluted with EtOAc and washed with water and bﬁne‘solutlfon. '

The organic Iayer was dried over anhydrous Na,SO, and concentrated under reduced pressure

. to obtain tert -butyl 4-(4-bromo-2-methoxybenzoyl)piperazine-1 -carboxylatc (1.7 g, 95%, LC-
- Hz, 2H), 3.82 (s, 3H), 3.5 (bs, 2H), 3.31~3.26 (m, 2H), 3.25-3.09 (m, 4H), 1.40 (s OH); MS

MS 92%) as a solid. "H NMR (400 MHz, DMSO-ds) & (ppm): 7.29 (s, 1H), 7.17 (g, J=11.6

- (BSD m/z 398/401 [anngerod

15

95 -

Step 2; A mixture of tert-butyl 4-(4-bromo-2-methoxybenzoyl)piperazine-1-carboxylate (649
mg, 1 62 mmol) 4-(6-(4,4,5 ,S-tetramethyl-1,3,2-dioxaborolan-2- -yl)imidazo[1,2-a]pyridin-3- ‘
yl)benzomtnle (468 mg, 1.35 mmol), KsPO, (862 mg, 4.06 mmol) in 1 ,4-dioxane (10 mL)
and water (2 mL) was added Pd(PPh;), (78 mg, 0.06 mmol) and the reaction mixture was

heated at 90 °C for 1 h..The reaction mixture was diluted with water and extracted with -

" EtOAc and washed with water and brine solution. The organic layer was dried over

anhydrous Na,SO4 and cohéentratéd under reduced pressure to obtain crude product. The

crude product was purified by column chromatography to obtain tert-butyl 4-(4-(3-(4-

cyanophenyl)imidazo[1,2-a]pyridin-6-y1)- 2-methoxybcnzoyl)p1perazme-1—carboxylate (500
mg, 50%, LC-MS 87%) as a sohd

Step 3: To a solution of tert-butyl 4-(4-(3-(4—byanophenyl)imidazo[1‘,'2-a]pyridin-6-yl)-2~.
methoxybenzoyl)piperazine-l-carboxylate (100 mg, 0.18 mmol) in CH,Cl; (5 mL) cooled to
0 °C, was added BBr;3 (2 mL). The reaction mixture was stirred at rt for 2 h. The reaction
mixture was cooled to 0 °C and quenched by drop wise addition of saturated aq. NaHCO; (50 -
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- mL) and extracted with EtOAc (3 x 50 mL). The organic layer was washed with water, brine,

dried over anhydrous Na;zSO,;, filtered and concentrated undcr reduccd pressure. The crudc '
compound was purified by column chromatography (silica gel eluent MeOH/CHCIg, 5: 95)
followed by preparative HPLC to glve 4-(6~ (3—hydroxy—4 (p1peraz1ne-1—

'carbonyl)phenyl)mldazo[1 2-a]pyridin-3- yl)benzonltnle (50 mg, 63%, AUC HPLC 96.65%)

as a white solid, m.p: 170-175 °C. "H NMR (400 MHz, DMSO-dg) 6 (ppm): 10.0 (bs, 1H),
8.69 (s, 1H), 7.99 (s, 5H), 7.80 (d, /= 9.3 Hz, 1H), 7.62 (d, /= 7.9 Hz, 1H), 7.19 (3, 2H),
7.12 (s, 1H), 3.51 (bs, 2H), 3.21 (bs, 2H), 2.63 (s, 4H); MS (ESI) m/z 422.0 [CasH,,N;sO; - HJ.

Ex ainple 160: 4-(6-[3-(morpholin-4-y1)-4-(morpholin-4-yl carbonyl)pheﬁyl]imidazo{ 1.2-

OH o ] Ej . Nj .

Step 1: Toa solutlon of 2-fluororo-4-bromobenzoic acid (1 g, 4.56 mmol) in DMF (6 mL)

~ was added K,COj3(1.26 g, 9.13 mmol) followed by morpholine (0.47 g, 5.47 mmol) at rt and -

“reaction was heated to reflux and stirred for 20 h at the same temperature. The reaction

mixture was cooled to rt, and water (20 mL) was added and acidified with IN HCI (5 mL).

The reactlon mixture was extracted with EtOAc and washed w1th water and brine sohmon

~ The organic layer was dried over anhydrous Na,SO, and concentrated under reduced pressure

to obtain ‘4-bromo-2-’(morpholin-4—yl)benzoic acid (700 mg, 90%, LC-MS .95%)
Step 2: To a solution of 4-bromo-2-morpholinobenzoic acid (700 mg, 2 46 mmol) i DMF (6

. mL) was added NMM (0 49 8 4, 91 mmol) followed by HATU (1. 39 9 3 68 mmol) atrt and

stirred for 30 min. Morphohne (0.25 g, 2.94 mmol) was added to the reaction mixture and
stirring was continued at 1t for 16 h. The reaction mixture was diluted with EtOAc and
washed with water and brine solution. The organ@c layer was dried over anhydrous Na,SO,
and concentrated under reduced preséure to oBtain (4-bromo-2-

morpholinophenyl)(morpholino)methanone (600 mg, LC-MS 86%).
Step 3: To a mixture of (4-bromo-2-morpholinophenyl)(morpholino)methanone (400 mg
,1.12 mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-a]pyridin-3-

yl)benzonitrile (470 mg, 1.35 mmol), KsPO, (478 mg, 2.25 mmol) in 1,4-dioxane (5 mL),
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and water.(1 mL) was added Pd(PPh3)4 (50 mg) and the reaction mixture was heated at 90 °C -

for 16 h. The reaction mixture was concentrated to glvc the crude product. The crude product

was purified by preparative HPLC to obtain 4-(6- [3 (morphohn-4-y1)—4 (morphohn~4-
ylcarbonyl)phenyl]lmzdazo[l 2-a]pyridin- 3-y1)bcnzon1tnle (50 mg, 20%, AUC HPLC
99.20%) as an off-white solid; m.p. 237-240 °C. 'H NMR (400 MHz, CDCl3) 6 8.46 (s, 1H)
7.84-7.79 (m, 4H), 7.73 (d, J= 8.4 Hz,; 2H), 7.51 (t, /= 5.6 Hz, 1H), 7.37 (d, /= 8.0 Hz,
1H), 7.24 (s, 1H), 7.11 (s, 1H), 3.99-3. 95 (m, 1H), 3.85-3.66 (m, 8H), 3.55-3.40 (m, 1H),
3.42-3.32 (m, 3H), 3.21-3.18 (m, 1H), 2.90-2.89 (m 2H); MS (ESI) m/z 494"

" [CaoH2sNsO5+H].

Examples 161 a and b: 4-(6-(3-hvdroxy-4-(piperazine-1-carbonyl)phenvl)imidazo[1,2-
alpyridin-3-yl)benzonitrile '

O~B/Q,\r‘l/ g BeoN Br O,
£:

Step 1: To a solution of (4—brom0pheny1)(pipcridin—4~yl)methénone (600 mg, 2.23 mmol)in .
MeOH (5 mL) was added (Boc),0O (561 mg, 2.57 mmol). The reaction mixture was stirred for

2 h at rt and concentrated. The residues was recrystallized from methanol to give tert-butyl 4-

(4-brqm0b;nzoyl)pipci’idipe-1—carboxylate_(650 mg, 74.5%, LC-MS 98%) as a solid. 'H

NMR (400 MHz, DMSO-ds) & (ppm): 7.94 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.8 Hz, 2H),
3.82-3.59 (m, 3H), 3.02 (bs, 2H), 1.92 (bs, 2H), 1.75 (bm 2H), 1.46 (bs, 9H); MS (ESI) miz
370 [C17H2231‘N03+2]

Step 2: A mixture of tert-butyl 4-(4-bromobenzoyl)piperidine-1-carboxylate (599 g, 1.62 -

" mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-a]pyridin-3-

yh)benzonitrile (468 mg, 1.35 mmol), K3PO4 ( 862 mg, 4.06 mmol) in 1,4-dioxane ( 10 mL)
and water (2 mL) was added Pd(PPh;)4 (78 mg, 0.06 mmol) and the reaction mixture was
heated at 90 °C for 16 h. The reaction mixture was diluted with water and extracted with

EtOAc. The organic layer was washed with water and brine solution then dried over
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anhydrous Na,;SO, and concentrated under reduced pressure to give the crude product, which
was purified by column chromatography to afford tert—butyl 4—(4 (3-(4-
cyanophenyl)1m1dazo[l 2~a]pyr1dm»6 yl)benzoyl)pzpemdme—l ~carboxylate (250 mg, 28%,

- LC-MS 39.6 %) as a solid.

Step 3: tert-butyl 4-(4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-ylYbenzoyl)piperidine-1-
carboxylate (250 mg) was treated with HCl in 1,4-dioxane (5 mL) at 0 °C for 2 h. The

reaction mixture was cooled to 0 °C and quenchéd by drop wise addition of a saturated

- aqueous solution of NaHCOs (50 mL) and the mixture was extracted with EtOAc (3 x 50

mL). The ofganic layer was washed with water and brine, dried over afthydrous Na,SOq,
filtered and concentrated under reduced pressure. The crude compound was purified by
column chromatography (silica gel, eluent MeOH/CHCl, '5:95) foll'ov‘ved'by preparative
HPLC to furnish 4-(6- (4—(plpendme-4-carbony1)phenyl)1m1dazo{1 ,2-a]pyridin-3- ‘_
yhbenzonitrile (50 mg, 25%, AUC HPLC 98.84%) as a white solid, m.p: 129-133 °C. 'H
NMR (400 MHz, DMSO-dg) 6 (ppm): 8.87 (s, 1H), 8.59 (bs, 1H), 8.30 (bs. IH), 811(d,J=
8.4 Hz, 1H), 8.07 (s, 1H), 8.04-7.97 (m, 4H), 7. 95»7 87 (m, 4H), 3.80 (bs, 1H), 3.34 (d, J =
127Hz 2H),3 IO(t J=11. 2 Hz, 2H), 1. 97(d J 132Hz 2H), 1.76 (q,J 108Hz 2H) }

'MS (BST) m/z 407 [ C26H22N4O+H]

- Step 4: To a solution of 4-(6-(4-(piperidine-4-carbonyl)phenyl)imidazo[ 1,2-a)pyridin-3-yl)

(20 mg, 0.04 mmol) in MeOH (5 mL) cooled to 0 °C was added NaBH, (37 mg, 0.09 mmol)
and the reaction mixture was stirred at rt for 2 h. The reaction mixture was extracted with

EtOAc and the organic layer was washed with water aﬁd b_n'no, dried ovér NaySOy, filtered

. and concentrated under reduced pressure. The crude compound was purified by column -

chromatography (silica gel, eluent MeOH/CHCI; 5:95) followed by preparative HPLC to give
4-(6-(4-(hydroxy(piperidin-4-yl)m ethyl)phcnyl}imidazo[l ,2-a]pyridin-3-yl)benzonitrile (50
mg, 25%, AUC HPLC 97%) as a white solid. The racemic compound was resolved by chiral

HPLC to afford both enatiomers as white solids. Fi irst enantiomer (example 161a) (10 mg,

| 30%, AUC HPLC 98%, chiral HPLC 99.6%) and second enatiomer (example 161b) (15 mg,

AUC HPLC 98%, chiral HPLC 95.3%). "HNMR (400 MHz, CDCls) § (ppm): 8.48 (s, 1H),
7.83-7.71 (m, 6H), 7.53-7.50 (m, 3H), 7.41 (d, J = 7.6 Hz, 2H), 4.48 (d, J = 6.8 Hz, 1H), 3.20
(dd, J = 12.48 Hz, 2H), 2.60 (q, / = 9.6 Hz, 3H), 2.10 (d, /= 13.2 Hz, 2H), 1.80 (bs, 2H),
1.40 (d, J = 12.8 Hz, 2H); MS (ESI) m/z 409 [C2eH24N;0 + H]".
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oN o ) CN’ [j B CN

- Step 1: To a mixture of 4-(ethoxycarbonyl)-3-fluorophenylboronic acid (400 mg, 1.34 mmol),

4-6-bromoimidazo[1,2a]pyridin3 yl)benzonitrilev(3'l3'mg, 1.47 mmol), K3PO4 (853 mg, 4.02
mmol) in 1,4-dioxane (5 mL) and water was added (_A-Phos)deClg (77 mg, 0.06 mmol) and
the reaction mixture was heated at 100 °C-for overnight under argon.ﬁ’l.‘he reaction mixture
was washed with water and extracted with ethylacetate and concentrated. The crude product
was purified by column chromatography (silica gel eluent MeOH/CHCb 10:90) to afford
ethyl 4—(3 (4-cyanophenyl)1m1dazo[1 2- a}pyndm-6-yl)-2 ﬂuorobenzoate (350 mg, 67 8%,
LC-MS 98.5%). 1H NMR (400 MH?, DMSO-d6) S (ppm): 8.91 (s, 1H), 7.99-8.02 (m, 6H) |
7.83-7.79 (m, 4H), 4.3 (g, J= 7 Hz, 2H), 1.3 (t, J= 7.4 Hz, 3H); MS (ESI) m/z 386
[Ca3H16FN3;O, +H] ™. ' |

. Step 2: To a solution of ethyl 4-(3-(4-C§fandphenyl)imidazo[1 ,2-a]pyridif1;6—y1)-2~

fluorobenzoate (350'mg, 0.90 mmol) in 15 mL of THF/H,O/EtOH 1:1:1 was added LiOH (76
mg, 1.81 mmol) and the reaction mixture was stirred at rt for 3. h. The reaction mixture was
quenched with citric acid, washed with water and extracted with EtOAc (3 x 25 mL). The
organic layer was washed with water and brine, dried-over anhydrous Na,SQy, filtered and

concentrated under reduced pressure. The crude product was purified by recrystalhzatlon to

~ afford 4-(3-(4- cyanophenyl)xmldazo[l 2- a]pynd1n—6 yi)- 2- ﬂuorobcnzmc acid (200

mg,61.7%, LC-MS 95.7%).

Step 3: Toa solutioh of 4-(3-(4-cyanopﬁenyl)imida20[1,2-a]pyridin-6-yl)-2-ﬂuorobenzoic
acid (200 mg, 0.56 mmol) in DMF (5 mL) was added NMM (0.12mL, 1.12 mmol) followed
by HATU (319 g, 0.84 mmol) and stirred for 20 min. To the reaction mixture, morpholine
(0.05 g, 0.61 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted
with EtOAc and washed with water and brine solution. The organic layer was dried over
anhydrous Na;SO4 and concentrated under reduced pressure to obtain 4-(6-(3-fluoro-4- -

(morpholine-4-carbonyl)phenyl)imidazo[1,2—a]pyn'din-3-yl)benzonitrile (100 mg, 42%, AUC

HPLC 99.33%) as a white solid, m.p: 115-135 °C. 'H NMR (400 MHz, CDCL;) & (ppm): 8.48 -
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(s, 1H), 7.85-7.80 (m, 4H), 7.72 (d, J=8.3 Hz, 2H), 7.54-7.45 (m, 2H), 7.47 (dd, J=3.0 Hz,
| 1H), 7.29.(d,J =12 Hz, 1H), 3.83 (d, /= 4.3 Hz, 4H), 3.79 ) G5 2H), 3.39 (s, 2H); MS (BS])
miz 42735 [CosHisFNaOy+ H]".

CN

A mixturc.bf 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (250 mg, 0.73

mmol), 4-(4-methylpiperidin-4-yl)morpholine (149 mg, 0.81 mmol) in DMF (10 mL) was .
added HATU (41.mg, 1.10 mmol) and NMM (0.16 mL, 1.47 mmol) and the reaction mixture
was stirred at 1t for 16 h. The reaction mixture was diluted with EtOAc and washed with

. ,water and brme solutlon ‘The orgamc layer was dned over anhydrous Na,SOy4 and

concentrated under reduced pressure to, afford of 4 (6-(4- (4-methy1 4~morphohn0p1pendme—

-carbonyl)phenyl)lmldazo[1 2-ajpyridin-3- yl)benzomtrlle (60 mg ,16%, AUC HPLC
97. 67%) as an off-white solid, m. p 238 242 °C, 1H NMR (400 MHz, DMSO-d;) 6 8.79 (s,
1H), 8.00 (s, SH), 7.82-7.72 (m 4H), 7. 49 (d,J=74Hz, 2H), 3.92 (bs, IH), 3.58 (s, 4H),
3.41 (s, 2H), 3.31 (s, 1H), 2. 44 (s 4I—I), 1.82 (bs, 1H), 1.75 (bs, 1H), 1.39 (bs 2H), 0.90 (s,
3H); MS (ESD m/z 506.46 [C31H31N502+ H].

Example 164: 4-(6-(4-(4-methyl-4-(4-methylpiperazin-1-yl)piperidine-1-

carbonyl)phenvl)imidazo[ 1.2-alpyridin-3-vl)benzonitrile

To a mixture of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (250 mg; 0.73
mmol), 1-methyl-4-(4-methylpiperidin-4-yl)piperazine (159 mg, 0.81 mmol) in DMF (5 mL)
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was added HATU (419 mg, 1.10 mmol), followed by NMM (0.16 mL, 1.47 mmol) and the

‘ reactlon mxxture was stn'rcd atrt for 16 h. Thc reactxon mlxture was diluted with EtOAc and

Washed with water and brme solution. The organic layer was dried over anhydrous Na2804
and concentrated under reduced pressure to afford 4-(6-(4-(4-methyl-4- (S-methylml 3 4-
oxad1azol-2 yl)plpendme-l carbonyl)pheny1)1m1dazo[1 2-alpyridin-3 yl)benzomtnle 100
mg, 26%, AUC HPLC 98.77%) as a white solid, m.p: 262-267 °C. H NMR (400 MHz,
CDCL): 6 (pbm): 8.49 (s, 1H), 7.84-7.72 (m, 6H), 7.57-7.50 (m, 5H), 4.01 (bs, 1H), 3.55 (bs,
2H), 3.37 (bs, 1H), 2.55-2.45 (m, 8H), 2.28 (s, 3H), 1.93 (bs, 1H), 1.77 (bs, 1H), 1.51 (bs, =~

- 1H), 1.42 (bs, 1H);0.97 (s, 3H); MS (ESI) m/z 519 [C3,H34NsO + H]. -

Example 165: 4-(6-(4-(piperazine-1 -carbbnvl)phenvl)imidazo[ 1.2-alpyridin-3-yl)benzonitrile

]

Step 1: To a solution of 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoic acid (0.25

‘g, 0.74 mmol) in DMF (5 mL) were added HATU (0.419 g, 1.1 mmol), N-methyl morpholme

(0.15 g, 1.47 mmol) and tert-buty! piperidine-4-carboxylate A (0.15 g, 0.81 mmol). The
reaction mixture was stirred at 0 °C to rt under inert atmosphere for 16 h, then was diluted
with HyO (15 mL) and extracted with EtOAc (3 x 25 mL). The combined organic layer was

dried over Na,SO4 and was concentrated under reduced pressure. The crude product was

© purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to.afford tert-

20 .butyl 4 (4- (3 (4-cyanophenyl)imidazo[1,2- a]pyndm 6-yhbenzoyl)piperazine-1 -carboxylate

(023 g, LC-MS 92%).'HNMR (400 MHz, CDCL); 5 8.48 (5, 1H), 7:87-7.83 (m, 4H), 7.72.
(d, J=8 Hz, 2H), 7.59-7. 51 (m, 5H), 3.7-3.46 (m, 8H), 1.43 (s, 9H); MS (ESI) m/z 508
[C30H9NsO3 +H]".

Step 2: A solution of hydrochloric acid in Ether was added drop wise to tert-butyl 4-(4-(3-(4-
cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoyl) piperazine-1-carboxylate (0.23 g, 0.45
mmol) at 0 °C. Reaction mixture was stirred at rt for 2 h. Ether was evaporated under reduced .
pressure and basified with saturated NaHCO; solution. The solid thus formed was filtered to
afford 4-(6-(4-(piperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3 —yl)bénzonitrile (80

mg, 43.3%, AUC HPLC 95.22%) as an off-white solid, m.p: 88-98 °C. 'H NMR: (400 MHz,
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CDCly) 5 (ppm) 8.50 (s, 1H), 7.84-7.73 (m, 6H), 7.59-7.51 (m, SH), 3.84 (bs, 2H), 3.25 (bs,

~ 2H),3.05- 2.8 (m, 4H), 1.62 (s, 1H); MS (EST) m/z 408.2 [C25H21N5O+ HI"

Example 166: N-(5-(3-(4-cyanophenyl)imidazo[1 2-apyridin-6-yl)-2-( mornhdli_he;4—,

carbonyllphenvl)acetarnlde :

O

=N N

[J

i

Step 1:Toa solutlon of methyl 2-acetamido- 4 bromobenzoate (1 g 4.37 mmol) in DCM (15
mL) was added TEA (0.873 g, 8.6 mmol) followed by acetyl chloride (0.406 g, 5.21 mmol) at.

0 °C and stirred for 4 h. The reaction mixtute was diluted with DCM and washed with water

and brine solution. The organic Iayer was dned over anhydrous Na,SO; and concentrated

_ under reduced pressure to obtain methyl 2 acetam1do—4-bromobenzoate (600 mg, 1%) as a

white solid.

Step2: Toa solutlon of methyl 2- acetamido- 4~bromobenzoate (0.6 g, 2.21 mmol),
' bls(pmacolato)dlboron ( 0.61 g, 2.435 mmol), KOAc (0.65g, 6.64 mmol) in 1,4-dioxane (15

mL) were added sz(dba)g (60 mg, 0.066 mmot), P(Cy); (60 mg, 0. 066 mmol) and the

~ reaction mixture was heated at 90 °C for 16 h under argon. The reactlon mixture was diluted

.. with ethyl acetate and washed with water. The organic layer was dried over anhydrous

N2,SO4 and concentrated under reduced pressure to afford mefhyl 2-acetamido-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (600 mg, LC-MS 70%) as a green solid which

was used in the next step without purification.

Step 3: To a mixture of methyl 2-acctamido—4~(4,4,5,S-tetram‘ethyl—1,3,2-diokaborolan-2- |
yl)benioatc 0.6 g, 1.87 mmol), 4-(6-bromoimidazo[1,2-a]pyridin-3-yl)benzonitrile (0.4 g,
1.34 mmol), K3PO4 (0.57 g, mmol) in 1,4-dioxane (5 mL), and water (1 mL) was added
Pd(PPh3)4 (40 mg) and the reaction mixture was heated at 90 °C for overnight and

concentrated to give crude product. The crude product was purified by column
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chromatography (silica gel, eluent MeOH/CHCI; 3.5: 96.5) to afford methyl 2-acetamido-4-

(3~(4-cyanophenyl)irhidazo[1,2'—a']pyridin-G-yl)benzoatg (350 mg,_63%, LC-MS 85%)

Step 4: To als'olution of methyl 4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-y1)-2-
formamidobenzoate (350 mg, 0.85‘mmo'1) in10mL of_THF: H20:.EtOH (1:1:1) was added

-+ LiOH ¢72 mg, 1.723 mmol) at 0 °C and stirred at rt for 2 h. The reaction mixture was

concentrated under reduced pressure then water (10 mL) was added to the reaction mixture,

the resulting solid was filtered to give 2—acetamido-_4—(3-(4-cyaﬁ0phenyl)imidazo[1,2~- o

- a]pyﬁdin-(i—yl-)benzoic acid (200 mg, LC-MS 92%) as a white solid.

Step 5: To a solution of 2—acetamido—4-(-3;(4-cyéﬁopheny1)imidazo[1,2-a]pyridin—6-

- y)benzoic acid (200 mg) in DMF (6 mL) was added NMM (0.178 g, 1.76 mmol) followed by
" HATU (0.59 g, 1.56 mmol) at rt and stirred for 30"minf_ Mo_rpholiiie (92 mg, 1.06 mmol) was

added and the stirring was continued-at rt for overnight. The reaction mixture was diluted

~ with EtOAc and washed with water and brine solution. The organic layer was dried over

15
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anhydrous Na,SO4 and concentrated under reduced pressure to obtain crude compound
which was purified by preparatwe HPLC to give N-(5-(3-(4-cyanophenyl)imidazo[1,2-
a]pyndm—6-yl) 2- (morphohne—4—carbonyl)phenyl)acetamlde (151 mg, AUC HPLC 96 2%) of
as a pale yellow solid: mp 150-153 °C. "H NMR (400 MHz, CDC13) §9.10 (s, lH) 8 57 (s,
1H), 8. 53 (s, 1H), 7.84-7.73 (m, 6H), 7.53 (d J=9. .6 Hz, 1H), 7. 31 (d J=8. OHz 2H), 3.73

- (bs, 8H), 2.21 (s, 3H); MS (ESI) m/z 466 [M+1]

Example 167: 4-(6-(3-hydroxy-4-( momholine-4-carbohvl)phénvl)imidazo[1 .2-alpyridin-3-

yhbenzonitrile

H;yCO.

SN & I

Step 1: To a mixture of 4—(6—bromoimidazo[1,2-a]pyridin—3—yl)benzonitrilc (400 mg, 1.35
mmol), (2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpbenyl)(morpholino)methanone (562 mg, 1.62 mmol), KsPO, (572 mg, 2.7 mmol) in 1,4-

dioxane (80 mL) énd water (20 mL) was added Pd(PPhs)s (77 mg, 0.068 mmol) and the -

reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted with water
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and extracted with BtOAc and washed with water and brine solution. The organic layer was

’ dned over anhydrous Na;SO4 and concentrated under reduced pressure to obtam crude

product. The crude product was purified by preparat;ve HPLC to give 4-(6-(3-methoxy-4-

‘ (morpholi;ie—4~éarbopyl)phenyl)imj_dazo[l,2-a]pyridirf?»—yl)benzonitrile (120 mg, 20%, AUC

10

15

~ HPLC 95.96%) as an off-white solid; m.p. 169-174 °C. 'H NMR (400 MHz, CDCls) 6 (ppm):

8.46 (s, 1H), 7.84-7.71 (m, 6H), 7.49 (d, /= 15.0 Hz, 1H), 7.34 (d, J=10.4 Hz, 1H), 7.13 (d, -
J=10.4 Hz, 1H), 7.01 (s, 1H), 3.90. (s, 3H) 3.85 (bs, 41~1) 3. 42 (b s, 2H), 3.35 (m 2H), MS -
(ESI) m/z 437 [C25H22N403 -H ]

Step 2: To a solution of 4-(6-(3»ﬁléthoxy—4~(morphdline44-carbonyl)phenyl)imidaz‘o[‘l 2-
a]pyridin—3-y1)benzonit1ile (120 mg, 0.273 mmol) in CH,Cl, (10 mL) cooled to 0 °C was -

“added BBr;3 (136 mg, 0.547 mmol). The reaction mixture was stirred at rt for 2h.The

reaction mixture was cooled to 0 °C and quenched by drop wise addition of saturated aq.
NaHCO; (100 mL) and extracted with EtOAc (3x100 mL). The organic layer was waS__hed

. with water, brine, dried over anhydrous Na;SOy, filtered and concentrated under reduced

pressure. The crude compound was purified by preparative HPLC to give 4-(6- ~(3-hydroxy-4--

o (morphohne-4 carbonyl)phenyl)lmldazo[l 2-alpyridin-3- yl)benzom’mle (80 mg, 72%, AUC

20
- HI

HPLC 98. 42%) as an off—whlte solid. mp 104-106 °C. "H NMR (400 MHz, DMSO- d(;) 5
(ppm) 10 06 (s, 1H), 8.69 (s, IH) 7.99 (m 5H), 7.80 (d J=9.2Hz, 1H), 7.62 (d J=92 Hz,
1H),7.27-7.54 (m, 2H), 7.13 (s, 1H), 3.59-3.26 (m, 8H); MS (ESD) m/z 425 [CosHagN4O3 +
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[Hj ores U a

Step 1: A solﬁtion of 5:Bf61;1$}§oben2;furén;l(3H>-one (5g,23.47 mmol)and KOH (1.58 g,
28.17 mmol) in MeOH (100 mL) was refluxed for 4 h. MeOH was rezndved and the residue

was dissolved in DMF (30 mL) and treated with 1m1dazole (4. 79 g, 70.41 mmol) and tert- N
butyl dlmethyl silyl chloride (7. 07 g, 46.94 mmol) at O °C and reaction was stirred for 16 h at |

rt. The reaction mixture was poured 1_nto water and extracted with EtZO (3 x 100 mL}). The

- combined organic layer was washed with brine solution, dried over anhydrous Na,SO,4 and

concentrated in vaccuo. The crude residue was dissolved in MeOH (15 mL) and THF (15
mL) and then treated with aqueous solution of K,CO;3(6.47 g, 46. 94 mmol) The mixture was
stirred for 16 h at 1t and diluted with water (60 mL). The rmxture was cooled to 0 °C and pH

- was adjusted to'5-6 with saturated solution of citric acid. The two phases were separated and

the aqueous layer was extracted with Et;O (3 x 50 mL) The combmed organic layer was
washed with brine solu‘uon dried over anhydrous Na;SO4 and concentrated in vacuum to
afford 4-bromo-2- ((telt—butyldlmethylsﬂyloxy)methyl)benzow acid (4 g, 49%, LC-MS
90.5%)."H NMR (400 MHz, DMSO-dg) 6 13.21 (s, 1H),7.88-7.81 (m, 2H), 7.62/(d, J = 8 Hz,
1H), 5.08 (s, 2H), 0.97 (s, 9H), 0.48 (s, 6H), MS (ESI) m/z 346 [C14H2;Br8103 + H]

Step 2: To a solution of 4-bromo-2-((tert-butyldimethylsilyloxy)methyl)benzoic acid (3 g,
8.69 mmol) in DMF ( 20 mL) were added HATU (4.95 g, 13.03 mmol), N-methyl

~ morpholine (1.75 g, 17.38 mmol) and morpholine (0.9 g, 10.43 mmol). The reaction mixture
was stirred at 0 °C to 1t for 16 h, then was diluted with H,0 (50 mL) and extracted with -
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EtOAc (3x‘] 50 mL). The combined organic layer was dried over Na;SQ4 and was.
concentrated under reduced pressure The crude residue was punﬁcd by. column
chromatography (silica gel, eluent hexane/EtOAc 70:30) to afford (4-bromo- 2 -((tert~
butyldlmethylsxlyloxy)methyl)phenyl)(morphchno) methanone (1 g, 28%, LC-MS_98.56%5.

- "HNMR (400 MHz, CDCl;) 4 7.70 (s, 1H), 7.43 (4, J= 1.6 Hz, 1H), 7.02 (d, /= 8 Hz, 1H),

4.69 (bs, 2H), 3.77 (bs, 4H), 3.58 (bs, 2H), 3 26 (bs, ZH), 0.94 (s 9H), 0.11 (s 6H), MS (ESI)
m/z 415 [C]gszBI‘NSlO3+H ]

Step 3: To a solution of (4-bromo-2-((tert- ‘
butyldimethylsilyloxy)methyl)phenyl)(morphoﬁno) methanone (1g 241 mmol) in THF (10
mL) was added tetrabutylammonium fluoride in THF (1M solution in THF, 4.83 mL, 4.83

‘mmol) drop wise at 0 °C The reaction mixture was stirred at rt for lh ‘and was diluted thh

H;O (20 mL) and extractcd with EtOAc (3 x 50 mL). The combmed organic layer was dried
over Na,SO4 and was concentrated under reduced pressure. Thc crude product was punﬁed
by column chromato graphy (silica gel, eluent hexanc/EtOAc 30:70) to afford (4-bromo-2-
(hydroxymethyl)phenyl)(morphohno)methanone (570 mg, 79%, LC-MS 90%). 'H NMR
(400 MHZ CDCly) ¢ 7.62 (s, 1H), 7. 47 d,J= 8 0 Hz, 1H), 7.09 (d, /=8 Hz, 1H) 4.55 (bs

2H), 3. 78 (bs 4H), 3. 60 (bs, 2H), 3. 35 (bs 2H) MS (ESI) m/z 301 15 [C12H14BrNO3+H]

Step 4: To a solution of (4-bromo-2—(hydroxymethyl)phenyl)(moiphoiinc)mcthanone (2.8 g,
9.33 ﬁimol), phthalimide (1.5 g, 10.26 mmol) and triphenyl phosphine (3.66 g, 13.99 mmol)
in THF ( 30 mL) was added DEAD (2.43 g, 13.99 mmol) drop wise at 0 °C. The reaction
mixture was stirred at t for 2 h then was diluted with HyO (50 mL) and extracted with EtOAc

- (3x150 mL). The combined organic layer was dried over Na,SOj, and was concentrated under

reduced pressiire. The crude product was purified by column chromatography (silica gel,

eluent hexane/EtOAc 70:30) to afford 2—(5-bromo-2-(morpholine-4— _
carbonyl)benzyl)isoindoline-1,3-dione (2 g, LC-MS 39%) which was used in the next step

without punﬁcatlon

Step 5: To a mixture of 2-(5—bromo-2-(morpholine~4—carbonyl)benzyl)isoindoline—1,3-dione 5

(540 mg, 1.26 mmol), 4-(6-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)imidazo[ 1,2-

. a]pyridin-3-yl)benzonitrile (521 mg, 1.51 mmol), K5PO;, (534 mg, 2.52 mmcl) in 1,4-dioxane

(15 mL) and water (3 mL) was added Pd(PPh;)4 (72.7 mg, 0.06 mmol) and the reaction

_ mixture was heated at 90 °C for 16 h under argon. The reaction mixture-was diluted with
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water and extracted: with EtOAc and washed with water and brine solution. The organic layer:

' was dried over anhydrous Na:SO,; and concentrated under reduced pressure to obtain the

ccrude product. The crude product was purified by. column chromato graphy (silica gel, eluent ,
CH2C12/MeOH 97.3) to afford 4-(6-(3- ~((1,3-dioxoisoindolin-2-yl)methyl)-4- -(morpholine-4-
carbonylphenyl)imidazo[1,2-alpyridin-3-yllbenzonitrile ( 250 me, 35%, AUC HPLC 98%)
as an light yelldw solid; 'H NMR (400 MHz, CDCI3) 0 (ppm)' 8.44 (s, 1H), 7.86-7.64 (m,
10H), 7.46 (d, J=8.4Hz, 2H), 7.31(d,J=8. 2Hz, 2H), 5.03-4.97 (m 2H), 3. 85-3.66 (m,
6H), 3.40 (s, 2H); MS (ESI) m/z 568 [Cg4H25N5O4 +HT; |

Example 169: N-(S-(3-(4-cvanophenvi)imidazd[1,Z—eileridinvé-s}l)-'Z-”(ﬁl.- .

(methvlamino)piperidine-1-carbonyl)phenylacetamide

?pgﬁm@&%

_NB« o
o¢ NBoc

y . o cend - N
® i O
SN HN N~
o AA

CN

NBoc

_NH

© Step: 1 To a solution of 2-amino-4-bromobenzoic acid (2.5 g, 11.57 mmol) in 1,4-dioxane

- (10 mL) was added bis(trichloromethyl) carbonate at 0 °C and the reaction mixture was -

heated at 110 °C for 16 h. The reaction mixture was concentrated, filtered and washed with

hexane to afford 7—bromo'1H-bénzd{d}[1,3]oxazine-2,4—dione (2.3 g, 82%, LC-MS 99%) as
an off white solid. "H NMR (400 MHz, DMSO-dg) 6 11.8 (s', 1H), 7.83 (d, J= 8.4 Hz, 1H),

7.43 (d, J = 8.4 Hz, 2H); MS (ESI) m/z 242 [CgH,BrNO;+H]".

Step 2: To a solution of 7-bromo-1H-benzo[d][1,3]oxazine-2,4-dione (400 mg, 1.65 mmol),

tert-butyl methyl(pipeﬁdin~4-yl)carbamate (389 mg, 1.81 mmol) in DMF (5 mL) was added
DMAP (20 mg, 0.16 mmol) at rt and stirred at same temperature for 16 h. The reaction
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mixture was added ice cooled water and extracted with EtOAc (330 mL). The combined

'orga;mc laycr was washcd w1th water brme solutlon and dried over Na2804 and was

concentrated under reduced pressure to obtain the crude product The crude product was

" washed with n~pentane to afford tert-butyl 1-(2-amino-4 bromobenzoyl)p1pendm-4—

10

15.

20

25

30

‘ yl(methyl)carbamate (670 mg, 98%, LC-MS 94%) 1H NMR (400 MHz, CDCls) d 6. 93 dJ

= 8.4 Hz, 1H), 6.88 (s, 1H), 6.83 (d, J= 6.8 Hz, 1H), 4.42 (s, 3H), 4.21 (br s, 2H), 2.95 (s,
2H), 2.8 (s, 3H), 1.72-1.62 (m, 4H), 1.46 (s, 9H); MS (ESI) m/z 412/414 [CygHyeBN;O; T,

Step 3: Toa solution of tert-butyl 1-(2-amino-4-bromobenzoyl)piperidin-4-
yl(methyl)carbamate (0.73 g, 1.78 mmol) in DCM (10 mL) was added triethylamine (0.74

mL; 5.34 mmol). Acetyl chloride (0.19 mL, 2.67 mmol) was added to the reaction mixture at
" 0°C and stirred at rt for 2 h. The reaction mixture was added water and extracted with

EtOAc (3 x 30 mL). The combined organic layer was washed w1th water, brine solutlon and

dried over Na2SO4 and was concentrated under reduced pressure to obtain the crude product.

The crude product was washed with n-pentane to afford tert-butyl 1-(2-acetamido-4-. .

“Bromobenzoyl)piperidin-4- yl(mcthyl)carbamate (650 mg, 80.5%, LC-MS 92.5%). 'H NMR

(400 MHz, CDCL) 6 9.01 (s, 1H), 8.55 (s, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.01 (d, J = 6. 8 Hz,
1H), 4.18 (s, 2H), 2.95 (s, 3H), 2.74 (s, 4H) 2.18 (s, 3H), 1.82-1.65 (m, 3H), 1.46 (s, 9H);

"MS (ESI) m/z 554/556 [ CagHapsBrN3O4]".

Step 4: To a mixture of tert-butyl 1'-(2-acetamido-4—brom0benzoyl)pipeﬁdin’~4—

' yl(methyl)carbamate (215 mg, 0.47 mmol), 4-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)lmldazo{l 2- a} yridin-3-yl)benzonitrile (196.8 mg, 0.57 mmol), K3PO4 (201 mg, 0. 95

- mmol) in 1,4-dioxane (10 mL) and water (2 mL) was added Pd(PPhs)s (27.4 mg, 0.02 mmol)

and the reaction mlxture was hcated at 90 °C for 16 h: The reaction mixture was filtered
through celite bed and washed with 10% MeOH in CHCI; and the filtrate was dried over

anhydrous Na,SO, and concentrated under reduced pressure to obtain the crude product. The'

- crude product was purified by column chromatography (silica gel, eluent CHCl3/MeOH 97 3)

to afford tert-butyl 1-(2-acetamido-4-(3-(4- cyanophenyl)1m1dazo[1 2-a]pyridin-6-
yl)benzoyl)p1per1dm-4-yl(methyl)carbamate (210 mg, 75%, LC-MS 61%) as a light yellow
solid. '

Step 5: To a solution of tert-butyl 1-(2-acetamido-4—(3-(4~cyanophenyl)imidazo[.l ,2-
a]pyridin-6-yhbenzoyl)piperidin-4-yl(methyl)carbamate (200 mg, 0.33 mmol) in DCM (10
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- mL) was added TFA (1.2 mL) at 0 °C. The reaction mixture was stirred at rt for 3 h,

concentrated under reduced pressure and basified with saturated NaHCO3 solutlon The

prempltated was isolated by filtration and was dried. The crude product was punﬁed by
preparative HPLC to afford N- (5 (3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin- 6-y1) 2-(4-
(methylam1no)p1per1dme-l carbonyl)phcnyl)acetam1de (30 mg, 18%, AUC HPLC 95. 9%) as

. apale yellow solid. m.p. 147-151 °C. '"H NMR (400 MHz, CDCl3) 6 9.07 (s, 1H), 8.53 (s,

2H), 7.84-7.73 (m, 6H), 7.76 (d, J = 7.6 Hz, 1H), 7.73 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 4.60
(s, 1H), 3.95 (s, 1H), 3.15 (s, 2H), 2.77 (s, 1H), 2.49 (s, 3H), 2.19 (5, 3H), 2.05(s, 3H) 1.44 (s, .

. ""ZH), MS (ESI) m/z 493.05 [C2oHasNgOo+HT'.
10

Example 170; N-(5-(3-(4-cyanophenylimidazo[1,2-alpyridin-6-yl)-2-(piperazine-1-

Ca’fr,gaﬁ\%i)pheﬁvl)acetamide

0O
N

® oo
N .
H

~ Step: 1 To a solution of 2-amino-4-bromobenzoicacid (2.5 g, 11.57 mmol) in 1,4-dioxane (10

'.me) was added bis(trichloromethyl) carbonate at 0 °C and the reaction mixture was heated at

110 °C for 16 h. The reaction mixture waé concentrated, filtered and washed with hexane to

afford 7- -bromo-1H-benzo[d][1 3]oxazme 2,4-dione (2. 3 g, 82%, LC-MS 99%) as an off

white solid. 'H NMR (400 MHz, DMSO-dq) 6 11.8 (s, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.43 (d,
J = 8.4 Hz, 2H); MS (ESI) m/z 242 [ CsH4BrNO;+HJ".

Step 2: To a solution of 7-bromo-1H-benzo[d][1,3Joxazine-2,4-dione (400 mg, 1.65 mmol),

‘tert-Butyl methyl(piperidin-4-yl)carbamate (389 mg, 1.81 mmol) in DMF (5 mL) was added

DMAP (20 mg, 0.16 mmol) at rt and the mixture was stirred for 16 h. To the reaction mixture
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was added ice cooled water and the solid thus precrpltated was filtered and washed in turn
_ w1th water n—pcntane and dned to afford fert- butyl 4—-(2 ammo 4 bromobenzoyl)pzperazme—
~carboxy1ate (910 meg, 7%, LC-MS 64. 6%) MS (ESI) m/z 384/386 [C;GszBrNgoyi-H]

Step 3: To a solution of tert- butyl 4- (2 ammo-4-bromobenzoyl)p1perazme l-carboxylate (0 9
g,2.35 mmol) in dichloromethane (10 mL) was added TEA (0. 08 mL, 7.05 mmol). Acetyl

chloride (0.25 mL, 3.53 mmol) was added to the reaction mixture at 0 °C and stirred at rt for

2. To the reaction mixture was added water and the mixture was extracted with EtOAc (3 X

50 mL) The combined organic layer was washed in tirn with-water and brine. The organic

solution and dried over Na;SOs, filtered and was concentrated under reduced pressure to

obtain the crude product The crude product was purified by column chromatography (silica

- gel, eluent CHClg/MeOH 97:3) to afford tert-butyl 4-(2-acetamido-4-

bromobenzoyl)piperazine-1-carboxylate (600 mg, 60%, LC-MS 96.3%) as a hght yellow
solid. "H NMR (400 MHz, CDCls) 6 8.96 (s, 1H), 8.54 (s, 1H), 7.24 (d, /= 10 Hz, 1H), 7.04

(d,J=8.0Hz, IH), 3.58-3.41 (m, 8H), 2.15 (s, 3H), 147 (s, 9H); MS (ESI) m/z 426/428

[C1eH24BrN304]".

Stcp 4 To a mixture of tert butyl 4- (2-acetam1do-4 bromobenzoyl)p1perazme—1 carboxylatc
(373 mg, 0.87 mmol), 4-(6-(4,4, 5 S-tetramethyl-l 3,2 dloxaborolan 2-y1)1m1dazo{1 2- )
alpyridin-3-yl)benzonitrile C (364 mg, 1.05 mmol), K3PO4 (372.7 mg, 1.76 mmol) in 1,4~ -
dioxane (10 mL) and water (2 mL) was added Pd(PPh3)4 (50.7 mg, 0.04 mmol) and the
reaction mixture was heated at 90 °C for 16 h under argon. The reaction mixture was ﬁltered
through celite bed and washed with 10% MeOH in CHCl; and the filtrate was dried over

- anhydrous Na;SO4 and conccntrated.under reduced pressure to obtain the crude product. The

crude product was purified by column chromatography (silica gel, eluent CHC13/MeOH 97:3) |
to afford tert-butyl 4-(2-acetamido-4-(3-(4- cyanophenyl)zmldazo[l ,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate (310 mg, 62%, LC-MS 76%) as a light yellow solid. MS
(BSI) m/z 565 [C3H3NsO4+H]".

Step 5: To a solution of tert-butyl 4-(2-acetamido-4-(3 -(4-cyanophenyl)imidazo[1,2-
a]pyn'din-6—y1)benzoyl)piperazine-1-'-carboxylate (250 mg, 0.44 mmol) in dichloromethane
(10 mL) was added TFA (1.2 mL) at 0 °C. The reaction mixture was stirred at rt for 3 h.

‘Reaction mixture was diluted with water and basified with saturated NaHCOj3 solution and

- extracted with 10% MeOH in CHCl;. The combined organic layer was washed with water,
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brine solution and dried over Na;SO4 and was concentrated under reduced pressure to obtain

the crude product. The compound was further punﬁed by preparatlve HPLC to afford N- (S- ‘

(3-(4- cyanophenyl)lmxdazo[l 2—a]pyndm 6-y1)-2- (p1peraz1ne—1—carbonyl)phenyl)acetamxde o

_ (30'mg, 14.6%, AUC HPLC 98.3%) as an off-white solid. mp 160-165 °C. 'H NMR (400

MHz, CDCl;) 6 9.08 (s, 1H), 8.56-8.53 (m, 2H), 7.84-7.77 (in, 6H), 7.75-7.73 (m, IH),‘7.5:_3-
7.30 (m, 3H), 3.62 (s, 4H), 2.93 (s,-4H), 2.20 (s, 3H); MS (ESI) m/z 465 [C27H4NO, + H}"

Example 171: 4~(6-(3-(piperazin-1-v1)-4-(piperazine-1 -carbon’vl)phénvl)imidazo[ 1.2-

‘ ‘a]pyljidin-s’-vl-)benzonitrile

‘éccn’ﬁ ‘ ‘%Oxg % B‘ocm'

N Br .. .

SR @ :
L o ’ Boc

Step 1: To a solution of 4-bromo-2-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoic acid (0.8

g, 2.08 mmol) in DMF (6 mL) was added NMM (0.41 g, 4.16 mmol) followed by HATU
(1.18 g,3.12 mmol) at rt and the reaction mlxture was stirred for 30 min. tert-butyl '

piperazine-1-carboxylate (0.46 g, 2:49 mimol) was added and stirred was continued at rt for = 7 *

16 h. The reaction mixture was‘ diluted with EtOAc and washed with water, brine solution.
The organic layer was dried over anhydrous Na,SO4 and concentrated under reduced pressure
to obtain tert-butyl 4-(4-bromo-2-(4-(tert-butoxycarbonyl)piperazin-1-yl)benzoyl)piperazine- -
1-carboxylate (600 mg, 52%, LC-MS-80%) as an off white solid. |

Step 2: To a mixture of tert-butyl 4—(4-br0m0-2-(4—(tert—butoxycarbonyl)piperazin»1—
yl)benzoyl)piperazine-1-carboxylate (612 mg, 1.10 mmol), 4-(6-(4,4,5 ,S-tetramethyl-1,3,2-
dioxaborolan-2-yl)imidazo{1,2- a]pyndm 3-y1)benzon1mle (470 mg, 1.00 mmol), K;PO4
(427 mg, 2.01 mmol) in 1,4-dioxane (15 mL) and water (1 mL) was added Pd(PPh;), (40 mg,

© 0.01 mmol) and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was

diluted with BtOAc and washed with water and brine solution. The organic layer was dried
over anhydrous Na,SOy4 and concentrated under reduced pressure to-obtain the crude product.
The crude product was purified by column chromatography (silica gel, eluent

methanol/dichloromethane 10:90) to afford tert-butyl 4-(2~(4—(tert~butoxycarbonyl)piperazin—

245



10

15

20

25

1-y1)-4-(3-(4-cyanophenyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate (200
mg, 29%, LC-MS 52%) as a light brown solid.

Step 3: To a solution of tert-butyl-4-(2-(4-(tert-butoxycarbonyl)piperazin-1-yl)-4-(3-(4-
cyanophenyl)imidazo[1 ,2-é]pyridin—6—y])benz0yl)piperazine—1 -carboxylate (200 mg) in DCM
(5 mL) was added a HCI solution in ether (5 mL) at 0 °C and stirred at rt for 2 h. The reaction
mixture was concentrated basified with NaHCO3, diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over anhydrous Na,SO, and concentrated
under reduced pressure to obtain the crude product. The crude product was purified by
column chromatography (silica gel, eluent methanol/dichloromethane 10:90) to afford 4-(6-
(3-(piperazin-1-yl)-4-(piperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)benzonitrile
(100 mg ,70%, AUC HPLC 94.35%) as an off-white solid; mp 170-174 °C. "H NMR (400
MHz, DMSO dg) 6 8.76 (s, 1H), 8.02 (s, 5H), 7.80 (d, /= 9.2 Hz, 1H), 7.71 (d, J =8.0 Hz,
1H), 7.39 (d, /= 8.0 Hz, 1H), 7.28 (s, 1H), 7.25 (d, J = 8.0 Hz, 2H), 3.67-3.64 (m, 1H), 3.51-
3.47 (m, 1H), 3.16-3.13 (m, 3H), 3.01 (s, 1H), 2.97-2.67 (m, 9H), 2.5 (s, 1H); MS (ESI) m/z
492.31 [CHN;0 + HJ'.

Example 172: Synthesis of 4-(6-(4-(4-methoxy-4-methylpiperidine-1-

carbonyl)phenvl)imidazo[1.2-alpyridin-3-yl)benzonitrile

=N
O\B/CNr % =N
Br Br \536/) N/
OY©/ OY©/ o)
CN
N
O ¢
(0]

N - N
/ /

Step 1: To a solution of 4-bromobenzoic acid (500 mg, 4.97 mmol) in DMF (10 mL) were
added HATU (1.41 g, 7.46 mmol), N-methyl morpholine (0.69 mL, 12.44 mmol) and 4-
methylpiperidin-4-ol hydrochloride (452 mg, 5.97 mmol). The reaction mixture was stirred at
0 °C to room temperature under inert atmosphere for 16 h, then was diluted with H,O (30
mL) and extracted with EtOAc (3%30 mL). The combined organic layer was washed with
water, brine and dried over Na,SO, and was concentrated under reduced pressure. The crude
residue was purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 97:3) to
afford (4-bromophenyl)(4-hydroxy-4-methylpiperidin-1-yl)methanone (435 mg, 58%, LC-
MS 92.2%) as a pale yellow solid. MS (ESI) m/z 298/300 [C13H;sBrNO,+H]".
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" Step 2: A solution of (4-bromophenyl)(4 hydroxy- 4-methylp1per1d1n 1 yl)methanone G 75

mg, 1.26 mmol) in anhyrous DMF (8 mL) was added to sodium hydnde (120 8 mg, 50%, o
5.03 mmol) that was prewashed with n-hexane, cooled fo 0 °C Methyl 1od1de @25 mL, 40.14 '

‘mmol) was added to the reaction mixture and stirred at rt for }6 h. The reaction mixture was

quenched with ice-cold water and extracted with EtOAc(3%x30 mL). The combined organic
layer was washed with water, brine solution and dried over Na;SO,, filtered and was
concentrated under reduced pressure to afford (4-bromophenyl)(4-methoxy-4-
methylpzpendm- -yl)methanone (250 mg) as a green solid: \/IS (ESI) m/z 312/314
[C14H;BrNO,+H]".

'Step 3: To a mixture of (4- bromophenyl)(4-methoxy—4~methylp1pendm- -yl)methanone (240_ '
. mg, 0.77 mmol), 4-(6- (4 45 S—tetramethyl 1,3 ,2-dioxaborolan-2-yl)imidazo[1,2- a]pyndm-?;-

yl)bcnzommle (318.4 mg, 0.92 mmol), K3PO, (326 mg, 1.54 mmol) in 1,4-dioxane (15 mL)
and water (2 mL) was added Pd(PPhs), (44 mg, 0.04 rhmol) and the reaction mixture was

heated at 100 °C for 16 h. The reaction mixture was diluted with EtOAc and washed in turn
W1th water and bnne solution. The orgamc layer was dried over anhydrous Na2804, ﬁltered

and concentrated under reduced. The residue was punﬁed by column chromatography (s1hca

’ gel, ‘eluent MeOH/DCM/MeOH 97:3) to afford 4-(6—(4-(4-methoxy-4-methylp1pend1ne»l-
- carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile (70 mg;29%, AUC HPLC 96.73%)

as an off white solid. mp 159-163 °C. 'H NMR (400 MHz, CDCl3) & (ppm): 8.50 (s, 1H),
7.84-7.72 (m, GH), 7.58-7.50 (m, 5H), 4.40 (s, 1H), 3.55-3.40 (m, 2H), 3.33- 312 (m; ‘_
4H),,1.92 (s, 1H), 1.75 (s, 1H), 1.45 (s, 20, 120 s 3H); MS (ESI) m/z 451 -

- [CagHaeN,Ox+H]".
25°
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Example 173: (4-amino-4-methvlpiperidin-1-y1)(4-(3-( 4—cb10rophenvl)irhidazo[ 1.2-a]pyridin-

-Vl)nhcnvl)methanone

OH N
‘ N B 7V
B :
|
BocH{\?CNH ﬂg/ \({ Y@/O/

' CI ) ' NHBoc , . . NHZ

Step 1 To a solution of 6-bromoimidazo [1 2—a]pyndme (20 g, 101.5 mmol) in ACN (300
ml) was added N-lodosuccmlmlde (22.8 g, 101.5 mmol) atrt and stn*red for 5 h. Thereaction
mixture was ﬁltered and washed w1th hot acetommie to afford 6-bromo-3-1od01m1dazo[l 2-
ajpyridine (22 g, 67%) as 2 pale yellow sohd 1H NMR (400 MHz, CDCls) ¢ 8. 29 (s, 1H),
7.58 (d, /=9.2 Hz, 1H), 7.35 (d, J= 7.6 Hz, 1H), 7.27 (s, 1H).

Step 2: A mixture of 6-bromo- 3-10d01m1daz0[1 2-alp yndlne (21 g, 65.4 mmbol), 4-

. chlorophenylboromc acid (11.22 g, 71 9 mmol) K3PO4 (27 78, 130.8 mmol) in DMF (100

mL), and water (15 mL) was degassed with'z argon for 30 min. Pd(PPhs)s 3777 g,3.27
mmol) was added and again degassed with argon for 30 min and the reaction mixture was .
heated at 90 °C for 6 h. TLC indicated absence of SM and formation of two polar spots.’
Water (2x100 ml) was added to the reaction mixture to induce precipitation which was

filtered to give crude product. The crude product was purified by column chromatographny

| . (silica gel eluent (CHCIg/MeOH 95:5) to afford 6-bromo-3-(4-chlorophenyl)imidazo[1,2-

a]pyridine (10.6 g, 52%) as a: yellow1sh green solid. "H NMR (400 MHz, CDCl3) & 8.38 (s,
1H), 7.69 (s, 1H), 760(d J=28.0 Hz, 2H), 7.82 (t, /= 9.2 Hz, 1H),758 (g, J=5.2 Hz,
4H), MS (ESI) m/z 309 [C13HsBrN2Cl+ 2HT

Step 3: 4-(ethoxycarbonyl) phenylboronie acid (3.81 g, 19.67 mmol), KsPO4 (6.95 g, 32.78

‘mmol), and Pd(PPh3)4 (0.56 g, 0.49 rhmol) were added sequentially to a solution of ethyl 6-

bromo-3-(4-chlorophenyl)imidazo[1,2-a]pyridine (5 g, 16.39 mmol) in a mixture of 1,4-
dioxane/H,0 (50:5 mL) at room temperature under argon atmosphere. The reaction mixture

was refluxed for 6 h and was diluted with water (100 mL) and extracted with EtOAc (3100

 mL). The combined organic layer was dried over Na;SOq, ﬁltered and concentrated under
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reduced pressure. The residue was purified by column chromatography (silica gel, eluent
petroleum ether/EtOAc L: l) to afford ethyl 4-(3- (4-chloropheny1)1m1dazo[l 2-alpyridin-6-
ylbenzoate (2.7 mg, 58%) as an off-white solid. "H NMR (400 MHz, CDCls) 8 9,21 (s, 1H),

8.95 (s, 1H), 8.21 (5, 1H), 8.17-8.12 (m, SH), 8.08 (s, 1H), 7.91 (d, /= 8.0 Hz, 2H), 7.82 (t,]
= 8.4Hz, 1H), 4.03 (q, /= 7.2 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); MS (ESI) m/z 378
[CpuHi7CIN,0, + HT

Step 4: To a solution of éthyi_ﬂ4~(,3—(f}-ghiorophenyl)imi_dazo{1,Z-é.]pyridin-é-yl)benzoate .7
g,-7.18 mmol) and LiOH (0:9-g, 21.54 mmol) in a mixture of THF (40 mL), water (10 mL)
and MeOH (10 m]) was stirred for 5 h at rt. The reaction mixture was concentrated under.
reduced pressure to afford 4-(3-(4-chlorophenyl)imidazo[1,2-alpyridin-6-yl)benzoic acid

(900 mg, 37%) as an off white solid which was used in the next step without purification. 'H
NMR (400 MHz, DMSO-dg) & (ppm): 8.87 (s, 1 H), 8.14 s, 1 H), 8.12-8.02 (m, § H), 7.95-
7.87 (m, 5 H); MS (ESI) m/z 349 [CooH13CIN2O, + H]'.

‘Step 5: To a solution of 4-(3-(4- chlorophenyl)imidazo[l 2-ajpyridin-6- yl)benzdic acid (500

mg, 1.43 mmol) in DMF (15.0 mL) were added HATU (817 mg, 2.14 mmol), N-methyl

morphohne (0.317 mL, 2.86 mmol) and tert—butyl 4—methy1p1per1d1n 4-ylcarbamate (336 mg,

1.58 mmol). The reaction mixture was stirred at room temperature under inert atmosphere for T

16 h, then was diluted with water (15 mL) and’ extracted with EtOAc (3x25 mL). The
combined organic layer was dried over Na,SOs, filtered and was concentrated under reduced
pressure. The residue was purified by column chromatography (silica gel, eluent

CH,ClyMeOH 95:5) to afford t'ert—‘butylﬂ 1-(4-(3-(4-chlorophenyl)imidazo( 1,2-a]pyridin-6-

,. yl)benzoyl)-4-methylpiperidin-4—ylcarbamzite (410 mg, 52%, LC-MS 92%) as an off-white

solid."H NMR (400 MHz; DMSO-ds) 8 (ppm): 8.68 (s, 1 H), 7.85-7.77 (m, 6 H), 7.70-7.66
(m, 1 H), 7.61 (d, /= 12.0 Hz, 2 H), 7.46 (d, J = 12,0 Hz, 2 H), 3.79 (bs, 2 H), 3.45 (bs, 3 H),
1.45 (bs, 5 H), 1.38 (s, 9 H), 1.10 (s, 3 H); MS (ESI) m/z 545 [C3Hy:CINOs + HJ',

Step 6: To a solution of te?t—butyl 1-(4-(3-(4—chlor6phehyl)imidazo[1;2—a]p)rx’idin—6-
yl)benzoyl)-4~méthy1piperidin-4-ylcarbamate (400 mg, 0. 73 mmol) in dichloromethane (10
mL) was added TFA (3 mL) in diéhloromethane (5 mL).The reaction mixture was stirred for
4 h at rt. The reaction mixture was diluted with water (100 mL), NaHCO; (100 mL) and
extracted with CH2Cl, (2x50 mL). The combined organic layer was concentrated to dryness |

under reduced pressure to afford crude compound. Crude compound was purified by prep-
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HPLC to afford (4—amino—4-methyl-piperidin-1-yl)(4~(3-(4-chlorophenyl)imidazd[1 2.

- a]pyridin-6-yl)phenyl)methanone (80 mg, 1 6%, AUC HPLC 97.59%) as a yeudw solid; m.p.

109-124°C. "H NMR (400 MHz, DMSO-d;) & (ppm): 8.68 (s, 1 H), 7.85-7.77 (m, 6 H), 7.70-
7.66 (m, 1 H), 7.61 (4, /= 12.0 Hz, 2 H), 7.46 (d, /= 12.0 Hz, 2 H), 3.79 (bs, 2 H), 3.45 (bs,
3 H), 1.45 (bs, 5 H), 1.10 (s, 3 H); MS (ESI) m/z 45 [CaeHasCIN,O + HJ'.

Example 174: ( 4-aminopiperidin— 1 -yl)(4-( 3_(4-chlorophenyl)imidazo[1 .2-a1nvﬁ din-6-

vhiphenyl)methanone

Cl

NH,

Step 1: To a solution of 4-(3-(4-chlorophenyl)imidazo[1,2-a]pyridin-6-yl)benzoic acid (400
mg, 1.14 mmol) in DMF (15.0mL) were added HATU (651 mg, 1.71 mmol), N-methyl .
morpholme (. 253 mL 2. 28 mmol) and tert—butyl piperidin-4-ylcarbamate (251 mg, 1.26
mmol). The reactlon mixture was stirred at room temperature under inert atmosphere for 16
h, then it was dﬂuted with water (15 mL) and extracted with EtOAc (3%25 mL) The

combined organic layer was dried over Na,SO4 and was concentrated under reduced pressure.

" " The crude residue was purified by'column chromatography (siliéa gel, eluent CH,Cl,/MeOH 7

25

95:5 to afford tert-butyl 1-(4-(3-(4-ghloro§hehy})imidazo[1,2-a]pyridin-6-y1)benzoyl)-4-
‘methylpiperidin-4-ylcarbamate (310 mg, 50%, LC-MS 91%) as an off-white solid. 'H NMR

(400 MHz, DMSO-dg) & (ppm): 8.42 (s, 1H), 8.0 (s, 1H), 7.79 (d, J = 9.2 Hz, 2H), 7.73 (s,
-

1H),7.58-7.45 (m, 7H), 4.60 (bs, 1H), 4.45 (bs, 1H); 3.78 (bs, 2H), 3.18 (bs, 2H), 3.00 (bs, 2
H), 2.18-1.89 (m, 2H), 1.4 (s, 9H); MS (ESI) m/z 531 [CaoH31CINO; + H]".

Step 2: To a solution of fers-butyl 1-(4-(3-(4-ch1(_)rophenyl)imidazo[l,2-a]pyridin—6-‘
yl)benzoyl)-4-methylpiperidin-4-ylcarbamate (310 g, 0.73 mmol) in DCM (15 mL) was
added TFA (3 mL) and the reaction mixture was stirred at rt for 3 h. The reaction mixture

was concentrated and poured into ice cold water, extracted with EtOAc (3 x 50 mL). The -

~ organic layer was washed with NaHCO; solution (2x20 mL), water (2x10 mL ) and brine,

dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure. The crude
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compound was purified by preparative b HPLC to afford (4-ammop1per1dm- -yD)(4-(3-(4-

. chlorophenyl)1m1dazo[1 ,2-a]pyridin-6- yl)phenyl)methanone (80 mg, 21%, AUC HPLC

 97.7%)as a white solid; m.p. 85-89 °C. 'H NMR (400 MHz, DMSO-dy) 6 (ppm): 8.69 (s,

15

20

25

10

"1H), 7.85 (s, 1H), 7.82- 778(m,5H),770761 (m, 3H), 7.46 (d, J= 8.0 Hz, 2H), 4.28 (bs,

1H), 3.58 (s, 1H), 3.07 (bs, 1H), 294 (bs, 1H), 2.82 (e, 1H), 1.75- 1.67 (m, 4H), 1.23 (5, 1H),

1.18 (bs; TH); MS (EST) m/z 431.44 [C25H2301N4O + H]

Example 175: (4-(3-(4-hvdfoxvnhenvl)ﬁnida'zo[1,2-a1nvridin-6-’v1mhenv1)(4-

methvlbinerazin—l-'yl)meth'aim')né —

HO B

-hydroxyphenylboromc a01d (136 mg, 0.98 mmol), KsPO,4 (380 mg, 1.79 mmol) and
Pd(PPhs)s (51 mg, O 04 mmol) were added sequenually to a solution of 4-(3- 10d01m1dazo[1 2-
a]pynd1n—6 yl)phenyl)(4—methylp1perazm~ —yl)mcthanone (400 mg, 0. 896 mmol) ina
mlxture of 1, 4- d1oxane/H20 (15:1.5 mL) at room temperature under argon atmiosphere. The

- reaction mixture was refluxed for 6 h and was dituted with water (50 mL) and extracted with
“EtOAc (3 x 50 mL). The combined organic layer was dried over Na,SQy, filtered and

concentrated under reduced pressure. The residue was purified by column chromatography

" (silica gel, eluent CHCIy/MeOH 95:5) and by preparative HPLC to afford of (4-(3-(4-
. hydrokyphenyl)imidazo[l ,2-a]pyridin-6-yl)phenyl)(4- methylpiperazin-1-yl) (100 mg,

23%,AUC HPLC 98.3%) as an off-white solid; m.p. 151-217 °C. '"H NMR (400 MHz,

. DMSO-de) & (ppm): 9.79 (s, 1H), 8.5 (s, 1H), 7.78-7.72 (m, 3H), 7.67-7.46 (m, 6H), 6. 94 (d

J=12.0 Hz, 2H), 3.62 (bs, 2H), 3.35 (bs, 2H), 2.31 (m, 4H), 2.20 (s, 3H); MS (ESI) m/z 413
[C25H24N4O + Hr‘

251



10

15

20

WO 2013/147711 ' ’ o , ‘ o PCT/SG2013/000126

N “ l.forr;lﬁula 5

Example 176: 4-(5-(4-(4- methvlbmerazme 1- carbonvl)phenvl)nvrazolo[l aﬂnvnmxdm 3-

yl )benzomml

OH
' Z NN e~ )-8
f\ b E‘OOC“O—B /@r( N‘N _NBS, CHiCN, CHCly _ N )Q? oK
Br
E100C

. Et0OC

#~N-N .

' 88 ' HATU, DIPEA,; DMF Oﬁg
Sy LIOH, H,0, THE.

" Et00C H°°C

CN

» Step 1:Toa solution of 5-bromopyrazolo[1 5 a]pynmldme (300 mg, 1.5 mmol) in 1,4~

dloxane (10 mL) and water (2 mL), were sequentlally added 4~ethoxycarbony1 phenyl

B boromc acid (380 mg, 1.95 mmol), K3PO4 (955 mg, 4.5 mmol) and Pd(PPhs)s (52 mg, 0.04

- mmol). The reaction mixture was heated at 90 °C for 4 h under argon atmosphere then, was

diluted with EtOAc and washed with water and brine solution. The organic layer was dried

- over anhydrous Na,SOy, filtered and concentrated under reduced pressure. The crude product

was puriﬁed By column chromatography (silica gel, eluent petroleum ether/EtOAc 9:1 to 1:1) '

- to afford éthyl 4—(pyrézolo{l 5-a]pyrimidin-5-yl)benzoate (200 mg, 49%) of as a yellow

solid. '"H NMR (400 MHz, CDCls) 6 (ppm): 8.77 (d, J = 8.0, LH), 8.18-8.15 (m, 4H), 7.33 (d,

J=1.5Hz, 2H), 7.12 (d, /= 4.4 Hz, 1H), 6.77 (d, J = 2.2 Hz, 1H), 4.45 (q, J = 6.8 Hz, 2H),

1.44 (t,J = 7.2 Hz, 3H); MS (ESI) m/z 268 [C15H;3N;0, + H]" .

Step 2: To a solution of ethy! 4—(pyrazolo[i,S-a]pyrimidin-S—yl)beﬁzoate (R3¢, 9.36‘ mmol)
in DCM (15 mL) and ACN (35 mL) was added NBS (2.02 g, 11.23 mmol) at 0 °C and stirred
at same temperature for 1 h. The reaction mixture was filtered and washed with water and
dried to afford ethyl 4-(3-bromopyrazolo[1,5-alpyrimidin-5-yl)benzoate (2.0 g, 67%) as a
yellow solid. "H NMR (400 MHz, CDCI3) d (ppm): 8.77 (d, J = 8.0 Hz, 1H), 8.18-8.15 (m,
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4H), 8.14 (s, 1H), 7.38 (d, J = 4.4 Hz, 1H), 4.40 (g, J = 6.8 Hz, 2H), 1.4 (t, J=7.2 Hz, 3H);
MS (ESI) m/z 346 [CisHi, BiN:O,]", I

Step 3: A solutlon of ethyl 4- (3-bromopyrazolo[1 5~a]pyr1m1d1n-5 yl)benzoate (120 mg, 0 4
mmol), 4—cyanophenylboromc acid (66 mg, 0.44 mmol), KsPO4 (220 mg, 1 03 mmol) in 1,4~

© dioxane (3 mL) and water (1 mL) was degassed with argon for 30 min prior to the addition of

Pd(PPhs)4 (12 mg, 0.01 mmol). The reaction mixture was heated at 90 °C for 3 h under argon
then, was diluted with EtOAc and washed with wéter and brine solution. The organic layer

was dried over anhydrous Na,SO4 and concentrated under reduced pressure. The crude

: product was punﬁed by column chromatography ( silica gel, eluent petrolcum ether/EtOAc

90/10 to 50/50) to afford of ethyl 4-(3 ~(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-
yhberizoate (80 mg, 61%) as a yellow. solid. "H NMR (400 MHz, CDCl;) 6 (ppm): 8.80 (d, J
=7.5Hz, IH), 8.58 (s, 1H), 8.30-8.20 (m, 6H), 7.79 (d, /= 12.0 Hz, 2H), 7.45(d,J=120 .

Hz, 1H), 4.40 (q, J = 6.8 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H); MS (ESI) m/z 369 [CpHigN:O, +

H".

Step 4: To a solution of 4-(3-(4- cyanophenyl)pyrazolou 5-alpyrimidin-5 '-yl)benz'oaie (500
meg, 1.35 mmol) in THF (20 mL) Was ‘added LiOH (228 mg, 5.43 mmol) in water (4 mL) at rt
and stirred for 16 h. TLC md1cated absence of SM and formatlon of a polar spot The reaction

mixture was concentrated under reduced pressure to afford 700 mg of 4-(3-(4-

" cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid as a yellow solid which was used in
* the next step without purification. "H NMR (400 MHz, CDCls) 6 (ppm): 'H NMR (400 MHz,
DMSO-dg) & (ppm): 12.2 (bs, 1H), 9.35 (d, J = 6.8 Hz, 1H), 8.97 (s, 1H), 8.48-8.44 (m, 2H),

. 8.34 (d, J=8.0 Hz, 1H), 8.14 (d,J = 8.4 Hz, 2H), 8.09 (d, /= 8.0 Hz, 2H), 7.93 (4, J=8.0

‘Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H); MS (ESI) m/z 340 [C30H1:N4O; + H] !,

Step 5: To a solution of 4-(3 -(4-¢yanophenyl)pyrazolo[1,S-a]pyrimidin-S-yl)benzoic acid
(460 mg, 1.35 mmol) in DMF (5 mL) was added NMM (348 mg, 2.7 mmol) followed by

| daddition of HATU (775 mg, 2.03 mmol) at rt and stirred for 30 min. 1-Methylpiperazine (270

mg, 2.7 mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted with
EtOAc and washed with water and brine. The organic layer was dried over anhydrous
N2,S04 and concentrated under reduced pressure to obtain crude product. The crude product

was purified by column chromatography (silica gel, eluent CHCl/MeOH 90:10) and

followed by preparative HPLC to.afford 4-(5-(4-(4-methylpiperazine-1-
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cafbonyl)phenyl)pyrazolo[1,5-a]pyrimidin—3—yl)benzonih'ile, (50 mg, 9%, AUC HPLC -
97.6%) as a yellow solid; m.p. 111-124 °C. "H NMR (400 MHz, CDCls) § (ppm): 8.78 (4, J =

8.0 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J= 16.0 Hz, 2H), 8.23 (d,J = 16.0 Hz, 2H), 7.75 (d,J=

16.0 Hz, 2H), 7.61 (d, J = 16.0 Hz, 1H), 7.41 (d, J= 12.0 Hz, 1H), 3.84 (bs, 2H), 3.49 (bs,
2H), 2.53 (bs, 2H), 2.39 (bs, 2H), 2.34 (5, 3H); MS (ES]) m/z 423 [CasHzNsO + HI'.

Example 177: 4-(5-(4-(4-isopropylpiperazine-1 —carbonﬂ)phenyl)pyrazolo[l ,S-é]pvﬁfnidin—3-

_ yDbenzonitrile
; _ N‘N\ ‘

“’T6 a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-aJpyrimidin-5-yl)benzoic (400 mg, 1.17

" . mmol) in DMF (5 mL) was added NMM (303 mg, 2.3 mmol) followed by HATU (670 mg,

15

20

~ 1.76 mmol) at rt and the reaction mixture was stirred for 30 min. 1-isopropylpiperazine (196

mg, 1.52 mmol) was added to the reaction mixture and stirred was continued at'rt for 16 h.-

The reaction mixture was diluted with FtOAc and washed with water and brine-solution. The.

organic layer was dried over anhydrous Na,SO, and concentrated under reduced pressure to

obtain crude product. The crude product was purified by Prcp-HPLC to afford 4-(5-(4-(4-
methylpiperazine-1-carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile (45 mg, 8%,
AUC HPLC >99%) as a yellow solid; m.p.A 106-116 °C. "H NMR (400 MHz, CDCl3) §
(ppm): 8.77 (d, J= 8.0 Hz, 1H), 8.51 (m, 1H), 8.30 (d, /=12 Hz, 2H), 8.22 (d, /=12 Hz,
2H),775 (d, J=8.0 Hz, ZH) 7.61 (4, J=18.0 Hz, 2 H), 7.40 (d J= 8 0 Hz, 1H),3 83 (s, 2H),
3.47 (bs, 2H), 2 75 (m, 1H), 2.63 (bs, 2H), 2.49 (bs, 2H), 1.06 (d J=28.0 Hz, 6H), MS (ESI)
m/z 451 [C7HaeNsO + HJ".
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: 4-(5-(4-(4-ethylpiperazine-1-carbonyl)phenyl

yl )b¢nzonitn’le

. To asolution of 4-(3-(4-cyanopheny1)pyrazolo[l,S-a]pyrimidin.—s-yl)benioic acid (400 mg,

1.17 mmol) in DMF (5 mL) was added NMM (303 1jr§g,~2.35 mmol) followed by HATU (670 -

mg, 1.76 mmol) at rt and the solu.tionwwgs stirred for 30 min. 1-methy1p@pqrazine (270 mg,

- 2.7 mmol) was added to the reaction mixture and stirring was continued for 16 h..The

“reaction mixture was diluted with EtOAc and washéd with water and brine solution. The

organic 1ayér. was dﬁed ovcf anhydrous NaﬁSO4. and coﬁcentratéd under reduced f)reséﬁre 10
obtain crude product. The crude pfoduct was purified by preparative HPLC to afford 4-(5-(4-
(4-ethylpiperazine-1 -carbonyl)phéﬁyl)pyrazolo[1,S-é}pylt'imidin*3-yl)benzonitrile (15 mg, |
AUC HPLC 97.4%) as a yellow solid; m.p. 200-202 °C. 'HNMR (400 MHz, CDCl3) 6
(ppm): 8.77 (d, J=8.0 Hz, 1 H), 8.51 (s, 1 H), 8.30-8.20 (m, 4H), 7.75 (d, J = 12.0 Hz, 2H),
7.61 (d; J=12.0 Hz, 2H), 7.40 (d, /= 8.0 Hz, 1H), 3.85 (bs, 2H), 3.50 (bs, 2H), 2:56 (bs,
4H), 2.47 (g, J = 8.0 Hz, 2H), 1.11 (¢, J = 8.0 Hz, 3H); MS (EST) m/z 437 [CasHa4NsO + HT".

Example 179:-4-(5-(4-(4-(4-methylpiperazin-1-yDpiperidine-1-. . .

carbonvphenylpyrazolo[ 1.5-alpyrimidin-3-yl)benzonitrile

= N'N\

[Nj
N
l
To a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid (200 mg,

0.588 mmol) in DMF (5 mL), was added NMM (117 mg, 1.17 mmol) followed by HATU

(667 mg, 0.88 mmol) and the solution was stirred at room temperature for 30 min.. 1-methyi-
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4- (piperidin—4 yl)piperazine (1 18 mg, 0.646 mmol) was added to the reaction mixture and -

stlrrlng was malntamed for 16 h. The reaction mlxture was dlluted with EtOAc and washed

- with water and brine. The organic layer was dried over anhydrous Na2804, filtered and

_concentrated under reduced pressure. The residue was purified by Preparative HPLC (C18, ' ‘ ‘

ACN/H,0/0.075% NH4HCO;) to affo;d 4—(5—(4-(4~(4-mefhylpiperazin;v}_-yl)pipeﬂdine~1-
carbonyl)phenyl)pyrazolo[ 1,5-a]pyrimidin-3-yl)benzonitrile (30 mg, 10%, AUC HPLC
08.6%) as a yellow solid; 'H NMR (400 MHz, CDCl;) 6 (ppm): 8.78 (d, J = 8.7 Hz, 1H), 8.52

(s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.768 (d, /= 7.7 Hz, 2H), 7.62 (4,

J= ’7 6 Hz, 2H), 7.41 (d, J = 7.4 Hz, 1H), 5.6 (bs, 1H), 3.8 (bs, 1H), 3.19 (bs, 1H), 2.6 (bs,

. 4H), 2.4 (bs, 4H), 2.3 (bs, 3H), 2.06-1. 82 (m, 2H), 1.45 (bs, 3H);MS (ESI) m/z 506

[C30H31N7O+ H]

1-carbonyl)phenyl

4-(dimethylamino)pi eridine-

alpyrimidin-3-yl)benzonitrile

A NN

SN

" To a solution of 4-(3-(4- cyanophenyl)pyrazolo[l 5- a]pyrlmldm-S -yl)benzoic acid (200 mg,

0.588 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU
(667 mg, 0. 88 mmol) and the solution was stirred at rt for 30 min. N,  N-dimethylpiperidin-4-
amine (82 mg, 0.646 mmol) was added to the reaction mixture and stirring was continued for
16 h. The reaction mixture was d11utcd with EtOAc and washed with water and brine
solution. The organic layer was dried over anhydrous Na,SO4 and concentrated under
reduced pressure to obtain crude product. The crude product was purified by column
chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) followed by preparative HPLC (C18,
ACN/H,0/ 10 mM NHHCO;3) té afford 4«(5—(4-(4-(d_imethy1arr'ii_no)piperidine_—1 -
carbonyl)pheny})pyrazolo[] ,5-a]pyrimidin-3-yl)benzonitrile (50 mg,- 19%, AUC HPLC
99.8%) as a yellow solid; IHV NMR (400 MHz, CDClg);‘é (ppm): 8.78 (d, J = 8.7 Hz, 1H),
8.52 (s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, J = 8.2 Hz, 2H), 7.76 (4, J = 7.7 Hz, 2H), 7.62
(d,J=7.6 Hz,2H), 741 (d,J=T7.4 Hz, 1H), 4.9 (bs, 1H), 3.90 (bs, 1H), 3.17 (bs, 1H), 2.91
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(bs, 1H), 2.45 (bs, 1H), 238 (bs, 6H), 2.08 (bs, 1H), 1.95 (bs 1H) 1.52 (bs, 2H); MS (ESD
m/z 451 [CorFlagNeO + HJ'.

Example 181: 4-(5-(4-(1.4-oxaz ane—4—carbo_n Nphenyl

yl)benzonitrile

Z NN

S >/ -

N

Toa solutlon of 4-(3- (4 cyanophenyl)pyrazolo[l S—a]pymmldm‘ -yl)benzoic acid (200 mg,

~0.58 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU (667

mg, 0.88 mmol) at rt and the solution was stirred for 30 min. 1,4-0Xa2é;5ané (65" mg, 0.646
mmol) was added to the reaction mixture and stirring was continued for 16 h. The reaction

mixture was diluted with EtOAc and washed with water and brine solution. The organic layer

. was dried over anhydrous Na,SO4 and concentrated under reduced pressure to obtain crude

’ product. The crude product was punﬁed by column chromatography (sﬂwa gel, eluent

CH2C12/MeOH 95 :5) followed by Preparatlve HPLC (C18, ACN/H20/O 075% NH4HCO;) to
afford 4- (5 (4- (morphohne 4—carbonyl)phenyl)pyrazolo[1 5- a]pynm1d1n-3 yl)benzomtnle
(20 mg, 8%, AUC HPLC 99%) as a yellow solid; "H NMR (400 MHz, CDCls) § (ppm): 8.78
(d, J=8.7 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J = 8.3 Hz, 2H), 8.23 (4, J = 8.2 Hz, 2H), 7.768 (d,
J=7.7Hz, 2H), 7.62' (d, J="17.6 Hz, 2H), 7.41 (d, J = 7.4 Hz, 1H) 4.09-3.80 (m, 5H), 3.7 (bs,
1H), 3.67 (bs, "2H),‘_;,1 (bs, 1H); 1.9 (bs, 1H); MS (ESD) m/z 424 [CasHpNsO, + HI™.

- Example 182 N-(1-(4-(3-(4-cyanophenylpyrazolo[1.5-alpyrimidin-5-yl)benzovl)-4-

methvlpineri_din—4—'yl)acetamide )

- ANN

NS g

gg CN
. RS
NH )

O
Step 1: To a solution of 4-(3-(4-cyanopheny1)pyrazo]o[1,5—a]pyﬁmidin~5-y1)benzoic acid
(600 mg, 1.76 mmol) in DMF (5 mL) was added NMM (266 mg, 2.64 mmol) followed by
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HATU (1.0 g, 2.64 mmol) at rt and the solution was stirred for 30 min. tert-butyl 4-
methylpiperidin-'df- léarBamatc (414 3 mg, 1.93 mmol) was added to the reaction mixture and '

stlmng was contmued for 16 h. The reaction mixture was dlluted w1th EtOAc and washed .

with water and brine. The orgamc layer was dried over anhydrous NayS0y, filtered and and

concentrated under reduced pressure to obtain crude pr(_)duct to afford tert-butyl 1-(4-(3-(4-

| cyanophenyl)pyrazolo[1,5~a]pyrimidin~S-yl)benzoyl)-4-methy1piperidin—4—ylcarbamate asa-

yellow solid (400 me, 42.5%). 'H NMR (400 MHz, DMSO-ds) & (ppm): 8.77 (d, J = 7.5 Hz,

1H), 8.52 (s, 1H), 8.30 (d, J= 8.3 Hz, 2H), 8.22 (d, J= 7.9 Hz, 2H), 7.75 (4, J/ = 8.4 Hz, 2H),

7.59 (d, J = 8.0 Hz, 2H), 7.41 (4, J = 8.8 Hz, 1H), 4.39"(bs, 1H), 4.1 (s, 1H), 3.41-3.32 (m,

'3H), 2.3 (m, 2H), 1.67-1.44 (m, 2H), 1.4 (s, 3H), 1.25 (s, 9H); MS (BSI) m/z 537

[C31HaNgO3 + HJ™.

_ Step 2: To a solution. of tert-butyl 1-(4-(3-(4-cyanophenyl)pyrazolo[1,5-aJpyrimidin-5- -

yl)benzoyl) 4—methy1p1pendm—4 ~ylcarbamate (400 mg, 0.73 mmol) in dichloromethane (10
mL) was added TFA (3 mL) in dichloromethane (5 mL). The reaction mixture was stirred for
4 h at rt. The reaction mixture was diluted with water (100 mL), NaHCO;; (100 mL) and
extracted w1th CH2C12 (2><50 mL) The combined organic 1ayer was concentrated to dryness

) "under reduccd pressure to afford 4- (5-(4-(4-amino- 4—methy1p1per1d1ne-1-

carbonyl)phenyl)pyrazolo[l 5-a]pyrimidin-3 —yl)benzomtnle as a crude product (300 mg,
93%) as a yellow solid; 'H NMR (400 MHz, DMSO-dg) 6 (ppm): 9.33 (d, J=7.2 Hz, 1H),
8.96 (s, 1H), 8.46 (d, J=8.4Hz, 2H), 8.41 (d,J= 8.4 Hz, ZH), 7.93 (d,J = 8.0 Hz, 2H), 7.84
(d,J= 7.2 Hz, 2H), 7.60 (d, J = 8.4 Hz, 1H), 5.20 (bs, 2H), 3.44-3.35 (m, 4H), 1.90-1.60 (m,
4H), 1.38 (s, 3H); MS (ESI) m/z 437 [C26H24N60+ H]"; MS (EBSI) m/z 437 [CasH24N6O +

' H]+. .

Step 3: To a solution of 4~(5-(4-(4-amino-4-methylpiperidine-1-

carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile 7 (300 mg, 0.73 mmol) in
dichloromethane (10 mL) were added TEA (3 mL) and acetyl chloride in dichloromethane
(63 mg, 0.825 mmol). The reaction mixture was stirred for 2 h at rt. The reaction mixture was
diluted with water (100 mL), NaHCO; (100 mL) and extracted with CHzCl; (2x50 mL). The
combined organic layer was concentrated to dryness under reduced pressure to afford crude
compound. The crude residue was purified by preparative HPLC (C18, ACN/H0/ 10 mM
NH,HCO3) to afford N-(1-(4-(3-(4-cyanophenyl)pyrazolo[1 ,S—a]pyﬁmidin-s-yl)benzoyl)—4-
methylpiperidin-4-yl)acetamide (180 mg, 56%, AUC HPLC 99.48%) as-a yellow solid; 'H
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'NMR (400 MHz, CDCIg)(S(ppm) 8.78 (d,J=7.6 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J=8.4 Hz, ..
© 2H),8.23 (d,J = 8.4 Hz, 2H), 7.76 (d, J = 84Hz,2H),762(d J=18.0 Hz, 2H), 7.41 (4, J= |
7.6 Ha, 1H),519(s, 1H), 4.1 (bs, 1H), 3.54-3.25 (m, 3H), 23-2. 10 (m, 2H), 2.0 (s, 3H), 1.6- o

1.70 (m, 2H) 1.42 (s, 3H), MS (ESI) m/z 479 35 [C23H26N602 + H] MS (ESI) m/z 479
{ngH26N602 + H]

Examnlé 183 :>‘4-( 5—(4—(piperaziné§ 1 —carbbn\}i}ﬁﬁen\‘/l)nvrazolo[ 1 ,5—a1nvﬁniidin-3;

vl)benzonitrile

Step 1: Toa solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5—a]pyrimidin—S—yl)benzoic acid

" piperazine-1-carboxylate (239 mg, 1.28 mmol) was added to the reaction mixture and stirring

was continued for 16 h. The reaction mixture was diluted with EtOAc and washed with water
and brine solution. The organic layer was dried over éﬁhydrous Na,SO, and cbncentraté_d
under reduced pressure to-obtain crude product to afford tert-butyl 4-(4-(3-(4-
cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoyl)piperazine-1 -carboxylvate'(ZSO meg,

. 429%); "H NMR (400 MHz, CDCl5) & (ppm): 8.78 (d, /= 7.6 Hz, 1H), 8.52.(s, 1H), 8.30 (4, ]
'=8.0Hz, 2H), 8.23 (d, J = 8.4 Hz, 2H), .75 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H),
20 ..

7.41 (4, J = 7.6 Hz, 1H) 3.90-3.40 (m, 8H), 1.48 (s, 9H); MS (ESI) m/z 509 [C2sH2sNeO3 +
HJ"; MS (ESI) m/z 509 [CaoH2sNsO3 + HJ".

Step 2: To a solution of tert-butyl 4-(4-(3-(4-cyanophenyl)pyrazolo[1,5-ajpyrimidin-5-
yl)benzoyl)piperazine-1-carboxylate (250 mg, 0.492 mmol) in dichloromethane (10 mL)
were added TFA (3 mL) in dichloromethane (5 mL). 'fhe reaction mixture was stirred for 4 h
at rt. The reaction mixture was diluted with water (100 mL), NaHCO3 (100 mL) and extracted
with CH,Cl, (2x50 mL). The combined organic layer was concentrated to dryness under
reduced pressure to afford crude compound. The crude product was purified by preparative
HPLC (C18, ACN/H,0/ 10-mM NH4HCO3) to afford 4-(5-(4-~(piperazine-1-
carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3-yl)benzonitrile (120 mg, 38% , AUC HPLC
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97.14%) as a yellow solid; 8.78 (d, /= 7.6 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J = 8.4 Hz, 2H), -

8.23 (d,J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.6 (d, /= 8.0 Hz, 2H), 7.42 (4, J=7.6 Hz,

1H), 3.8 (bs, 2H), 3.43 (bs, 2H), 3.00-2,80 (m, 4H); MS (ESI) m/z 409 [C24HaNsO+ HJ'.

Example 184: 4-(5-(4-( 4-methvlpjnerazine— 1 -carbonvl)nhenvl)njrazo]o[ 1.5-alpyrimidin-3-

yl )benzomtnl

P N,N .

N

Toa solution of ,.4—(3 ~(4-cyanopheny1)pyfazolo[l ,'S-a]p_yrimidin—S—yl)benzo‘ic'~acid 6 (400 mg,
- 1.17-mmol) in DMF (5 mL) was added NMM (234 mg, 2.35 mmol) followed by HATU (667

‘mg, 1.76 mmot) at rt and the solution was stirred for 30 min. 1-(piperazin-1 -yl)ethanone

(164.7 mg, 1.28 mmol) was added to the reaction mixture and stirring was continued for 16 h-
The reac‘aon mixture was diluted with EtOAc and washed w1th water and brine solution. The
orgamc Iayer was dned over anhydrous Na,SO;4 and concentrated under reduced pressure to
obtain crude product The crude residue was purified by-column chromatography (silica gel, -
eluent CH,Cl/MeOH 95:5) to afford 4-(5-(4- (4—acetylpxperazme~l-. : - -
carbonyl)phenyl)pyrazolo[1,5-a]pyrimidin-3- yl)benzomtnle (220 mg, 42%, AUC HPLC

98.4%) as a yellow solid; 'H NMR (400 MHz, CDCls) & (ppm): 8.78 (4, J= 8.7 Hz, 1H), 8.52

(s, 1H), 8.30 (d, J = 8.2 Hz, 2H), 8.23 (d, / = 8.2 Hz, 2H), 7.76 (d, /= 7.7 Hz, 2H), 7.62 (d, J
= 7.6 Hz, 2H), 7.41 (d, J = 7.4 Hz, 1H)3934(m,8H) 216(bs 3H); MS (ESI) m/z 451.1

[C2(,H22N502 + H]

To a solution of 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acid (200 mg,
0.58 mmol) in DMF (5 mL) was added NMM (117 mg, 1.17 mmol) followed by HATU (667
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mg, 0.88 mmol) at rt and the solution was stirred for 30 min. Morpholine (56 mg, 0.646
mmol) was added to the reaction mixture and stirring was contmued for 16 h. The reactlon
mlxture was diluted wuh EtOAc and washed thh water and bnne The organic layer was
dried over anhydrous Na,SOy4 and concentrated under reduced pressure to obtain crude
product. The crude product ﬂvas purified by column chr_orﬁatqgraphy (silica gel, eluent
CH,Cl1/MeOH 95:5) to afford 4-(5-(4—(morpholine—4-carbonyl)f>henyl)pyrazolo[1 ,5-
a]pyrimidin-3-yl)benzonitrile (120 mg, 75%, AUC HPLC 97.6%) as a yellow solid; 'H NMR
(400 MHz CDCl3) 6 (ppm): 8.78 (d, J= 8.7 Hz, 1H), 8.52 (s, 1H), 8.30 (d, J=82Hz, 2H),

823 (d, J = 8.2 Hz, 2H), 7.76 (4, J = 7.7 Hz,2H), 7.62 (d, /= 7.6 Hz, ) 2H), 741 (¢, /=74
Hz, 1H) 3.9-3.4 (m, 8H); MS (ESD) m/z 410 [C24HioNsO2 + HI'.

Example 186: N-(1-(4~( 3-(4‘-(:vanophen\L1)erazolofl,S—eﬂDVI‘imidin—S—Vl)benzovl)ninci'idin— o

4-yDacetamide 1de .
y©f‘ é YQ/( & /J\éN’N
eN'
oo S HN . e vt
NHBoc H2 \f(

l¢]

Step 1: To a solution of tert-butyl 1-(4-(3-(4-cyanophenyl)pyrazolo[1 5»a]pyrimidin-5-

yl)benzoyl)p1pcr1dm— -ylcarbamate (450 mg, 0. 865 mmol) in DCM (10 mL) was added HCl

in 1, 4 dioxane (7 mL) at 0 °C and stirred at 0 °C to 1t for 4 h. The reaction mixture was
bas1ﬁed with an aqueous solution of NaHCOj; and then extracted with DCM (60 mL). The '
organic layer .v-va's dried over anhydrous Na;SO,4 and concentrated under reduced pressure to
afford of 4—(5-(4—(4—amindpiperidine-l—carbonyl)phenyl)pyrazoIo[1 S-a]pyﬂrﬁidin—S-

step w1thout punﬁcatlon.

Step 2: To a solution of 4-(5-(4—(4—laminopipéribdine-lfcarbonyl)phenyl)pyrazolo[1‘,5-
a]pyrimidin-3-yl)benzonitrile (300 mg, 0.71 mmol) in DCM (5 mL) were added TEA (0.25
mL, 2.13 mmol) and acetyl chloride (0.07 g, 0.855 mmo!). The reaction mixture was stirred
at 0 °C to room temperature under inert atmosphere for 1 h, and was diluted with ice-cold
water (10 mL) and extracted with DCM (25 mL). The organic layer was dried over NayS0y

and was concentrated under reduced pressure. The crude product was purified by column .
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chromatography (silica gel, eluent MeOH/DCM 5:95) to afford N-(1-(4-(3-(4-
éyandphenyl)pyrézoio[l,S-a]pyrimidin-5-yl)benzoyl)piperidin-4-yl)acetamidé (‘6'1 mg, "1.8%; ’
AUC HPLC 96.26%) as a yellow solid; mp. 295-297 °C; 'H NMR (400 MHz, CD‘CI:;)' )
(ppm): 8.77 (d, J= 7.6 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J=8.0Hz, 2H), 8.22 (d, J= 8.4 Hz,
2H), ‘775.(d J-I84Hz 2H), 7.60 (d, J = 8.4 Hz, 2H),_740 (d, J=7.2 Hz, 1H), 537(d J=

" 8.0 Hz, 1H), 4.71. (bs, 1H),409-4 06 (m, 1H), 3.78 (bs, 1H), 3.19 (bs, 1H), 2.98 (bs 1H)

2.10 (bs, 2H), 2.00 (5, 3HD, 1.37 (bs, 2H); MS (ESI) m/z 465 [C27H24N602+ H]

morpholine-4-carbonyl)phenyl)

-vl)benzohitrﬂe

N
. Z>N-N Z NN
N
HCO. H3CO H;CO N )§) HsCO X, A
, ﬁ N , N -
. - 0 b . - . - En

N

" Step 1: To a mixture of methyl-4-bromo-2—methéxybenzoate (B3g 12.24 mrifol),

bis(pinacolato)diboron (3.42 g, 13.46 mmol), KOAc (3.59'g, 36,72 mmol) in 1,4-dioxane (15

. mL) was added PdCl;(PPhs), (300 mg), and the reaction mixture was heated at 90 °C for 16h

under argon. The reaction mixture was used in next step without isolation.

Step 2: To a mixture methyl 2—methoxy—4 (4,4,5,5-tetramethyl- 1 3, 2 dioxaborolan-2-

'. 4 yl)benzoate (3 2 g, 11.04 mmol), S-chloropyrazolo[1,5- a]pynm1dme (13g,849 mmol),

K3PO4 (3.6 g, 16.99 mmol) in 1,4-dioxane (20 mL) and water (2 mL) was added Pd(PPhs)4
(150 mg) and the reaction mixture was heated at 90 °C for 16 h under argoh. The reaction
mixtﬁre was diluted with EtOAc and washed with water and brine solution. The orgar‘xic. léyer
was dried over anhydrous Na;SOy and concentrated under reduced pressure to obtain

Preparation of methyl 2-methoxy-4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate (850 mg, LC-

- MS 83%) as a crude product which was used in the next step without purification.

Step 3: To a solution of methyl 2-methoxy-4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate (850
mg, 3.00 mmol) in ACN (30 mL) was added N-iodosuccinimide (810 mg, 3.60 mmol) at rt

and stirred for 2 h. Water was added to the reaction mixture and the resulting solid was
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~ filtered and washed with water to afford methyl 4-((4-iodo-1-methyl-1 H~pyféiol—5-
_ ylimino)methyl)-2-methoxybenzoate (1.1 g, 90%, LC-MS 70%). ' '

Step 4: To a mixture of (E}me@hyl 4-((4-iodof1-methyl—1H-pyrazol—5-ylimino)mcthyl):-?f-_

methoxybenzoate (1.1 g, 2. 68 mmol), 4-cynophenylboronic aéid (0.51 g, 3.49 mmol), KsPOq4 o

(1.14 g, 5.37 mmol) in 1,4- dloxane (20 mL) and water (3 mL) was added Pd(PPh3)4 (150 mg)

"and the reaction rmxture was heated at 90 °C for 16 h under’ argon. The reaction mixture was

diluted with EtOAc and washed with water and brine solution. The organic layer was dried

over anhydrous Na;SO4 and concentrated under reduced pressure to obtain the crude product.

The crude product was purified by column chrométééréiﬁﬁy'(silicé gel, eluent CHCl;/MeOH

95:5) to afford methyl 4-(3-(4-cyanophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)-2+ -

" methoxybenzoate (1 g, 90%, LC-MS 44%) as a yellow solid.

Step 5: To a solution of ethyl 4-(3-(4-cyanophenyl)imidazo[1,2-a]pyridin-6-yl)benzoate (2.7
g, 7.18 mmol) in THF (40 mL) was added LiOH (0.9 g, 21.54 mmol) in water (10 mL) and
MeOH (10 ml) at rt and the reaction mixture was stirred for 5 h. The reaction mixture was
conccn’crated under reduced pressure to glve crude compound Wlnch was washed thh EtOAc |

and water was added to the reaction mlxture then diluted with EtOAc The aqueous layer was

 acidified W1th sat. KHSO4 solutlon then sohd thus formed was filtered and dned to afford 4-

(3-(4-cyanophenyl)pyrazolo[1,5- a]pymrmdm 5-yl)- 2—methoxybenzmc acid (600 mg, 4%,
LC-MS 51%) which was used in the next step without punﬁcatmn

Step 6: To a solution of 4-(3-(4—cyanophenyl)pyraibio[1,5-a]pyrimidin-5¥yl)-2-

. methoxybenzoic acid (300 mg, 0.81 mmol) in DMF (6 mL) was added NMM (0.163g, 1.62 .

mmol) followed by HATU (0.42 g, 1.21mmol) at rt and stirred for 30 min. Morpholine (84
mg, 0.97 mmol) was added and stirring was continued at rt for 16 h. The reaction mixture

was diluted with EtOAc and washed with water and brine solution. The organic layer was

‘dried over anhydrous Nay;SO;4 and concentrated under reduced pressure to obtain crude

prodﬁot'which was purified by column thomatography (silica gel, eluent MeOH/DCM
10:90) to afford 4-(5-(3-methoxy-4-(morpholine-4-carbonyl)phenyl)pyrazolo[1,5-
a}pyrimidin-3-yl)benzonitrile (300 mg, 84%, LC-MS 27%) as a yellow solid.

Step 7: To a solution of 4-(5-(3-methoxy-4-(morpholine-4-carbonyl)phenyl)pyrazolo[ 1,5-
a]pyrimidin-3-yl)benzonitrile (300 mg) in DCM was added BBr; (3 mL) at 0 °C and stirred
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- for 2 h at rt. The reaction mixture was basified with aq NaHSO4 and extracted with DCM.

The organic layer was dried over anhydrous Na2804 and concentrated under reduced pressure

~ to obtain crude product which purified by column chromatography (silica gel, eluent MeOH-

DCM 10: 90) followed by preparatlve HPLC to afford 4-(5-(3-hydroxy-4- (morphohne 4-

»carbonyl)phonyl)pyrazolo[l,5-a]pyrlm1d1n~3-y1)benzon1tnl_c (25 mg, 8%, AUC HPLC

98,06%)) as a yellow solid; mp. 290-295 °C; 'H NMR (400 MHz, CDCls) é (ppm): 9.81 (s,

" 1H), 8.77 (d, /= 7.2 Hz, 1H), 8.52 (s, 1H), 8.29 (d, J = 8.0 Hz, 2H), 7.78-7.72 (m, 4H), 7.44

(d,J=7.6 Hz, 1H), 7.38 (d, J= 7.6 Hz, 1H), 3.81-3.79 (m, §H); MS (ES]) mlz 426
[C24H19N503+H]

* carbonyl)phenyl)acetamide

- f z N’“
HACOCHN . ‘\f< ol " HiCOCHN Hacoc""“
ﬁ/ HsCOCHN
- .

OMe
~

HO:.OH

N’N

= A
OCHN /
HC HsCOCHN

N—N

—
HgCOCHN J\K g\

‘Step 1: To'a sohition of methyl-2-acetamido-4-bromobenzoate (2 g, 7.38 mmol),

bis(pinacolato)diboron (2.06 g, 8.11 mmol), KOAc (2.16 g, 22.14 mmol) in 1,4-dioxane (15
mL) was added Pd,(dba); (200 mg) and P(Cy)3;(200 mg) and the reaction mixture was heated _

at 90 °C for 16 h. The reaction mixture was used in next step without isolation.

Step 2: To a mixture of methyl 2-acetamido-4-(4,4,5 5~tctraniethyl-l 3,2-dioxaborolan-2-
yl)benzoate (2.3 g 7. 18 mmol), 5- chloropyrazolo[l 5- a]pynmldmc (1g,6.53 mmol), K3P04 '
2.77¢g,13.07 mmol) in 1,4- dioxane (20 mL) and water (2 ml) was addcd Pd(PPhs)4 (150 H
mg) and the reaction mixture was heated at 90 °C for 16 h. The reaction mixture was diluted
with EtOAc and washed with water and bﬁne solution. The organic layer was dried over
anhydrous Na,SO4 and concentrated under reduced pressore to obtain the crude product. The
crude product was purified by column chromatography (silica gel, eluent EtOAc/ petroleum
ether 50:50) to afford methyl 2-acetamido-4-(pyrazolo[ 1,5-a]pyrimidin-5-yl)benzoate (600
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mg, 30%, LC-MS 98%) as a pale yellow solid. 'H NMR (400 MHz, CDCl3) 5 11.14 (s, 'IH),b :

9.43 (s, 1H), 8.74 (d, J=7.6 Hz, 1H), 8.17 (4, /= 8.1 Hz, 1H), 7.94 (d, /= 1.6 Hz, 1H), 7.93-
7.92 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 6.76 (s 1H), 3.97 s, 3H) 2.29 (s, 3H) MS (ESD) m/z

311 [M+H]

v Step 3: To a solution of methyl 2-acetamido-4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate (600
mg, 1.93 mmol) in ACN (30 mL) was added N-iodosuccinimide (522 mg, 2.32 mmol) at rt

" and stirred for 2 h. Water was added to the reaction mixture and the resulting solid was

filtered and washed with water to afford methyl 2-acetamido-4-(3-iodopyrazolo[1,5-
a]pyrimidin‘-S-yl_)benzoate.(0.7 g, 83%, LC-MS 87%) as a light brown solid. "H NMR (400
MHz, CDCls) 6-11.15-(s, 1H), 9.46 (s, 1H), 8:70 (d;J= 7.6 Hz, 1H), 8.18 (d, J = 8.8 Hz, 2H),
8.09 (d, = 8.4 Hz, 1H), 7.43 (4, J = 7.6 Hz, 1H), 3.98 (s, 3H), 2.29 (s, 3H); MS (ESD m/z
437 [CreHNOsHH]. L | |

Step 4: To é‘lﬁ’i)‘cf’ure of me’;hyl 2-acetamido-4-(3-iodopyrazolo[1,5- a]pyrimidin 5-y1)benzoate‘
(0.7 g, 1. 60 mmol) 4-cyanophenylboromc acid (0.3 g, 2.08 mmol), KsPO; (0.68 g, 3.21
mmol) m l 4 dloxane (20 mL) and water (3 mL) was added Pd(PPh3)4 (100 mg ) and the '
reactxon mixture was heated at 90 °C for 16 h. The reaction mixture was diluted Wlth EtOAc

and washed w1thv water and brine solution. The orgamc layer was dned over anhydrous

-Na3SO4-and concentrated under reduced pressure to obtain the crude product. The crude

product was purified by column chromatography (silica gel, eluent CHCl3/MeOH 95:5) to
affotd"mefhyl"2-acetamid0-4-((E)-1—(4—cyanostyrylimino)allyl)benzoate (550 mg, 85%, LC-

MS 30%) as a yellow solid. The intvem'lediéte was used in the next step without purification. -

_Step 5 To a solutlon of methyl 2-acetamido-4- ((E) 1-(4- cyanostyryhmmo)aliyl)benzoate

(0.55 g, 1.33 mmol) in THF (6 mL) was added LiOH (0.11 g, 2.67 mmol) in water (2 mL)
and MeOH (4 mL) at rt and stirred for 5 h. The reaction mixture was concentrated under
reduced pressure to 2-acetamido-4- (3 (4 -cyanophenyl)pyrazolo[1,5- a]pynmldm 5-
yl)benzoxcacxd (350 mg, lithinm salt LC-MS 30%)asa yellow solid which was used in the

next step without purification.

Step 6: To a solution of 2-ace'tamido-4-(3-(4—cyanoph¢nyl)pyrazolo[1v,5'-_a]pyrimidin-5-
yDbenzoic acid 5 (350 mg, 0.88 mmol) in DMF (6 mL) was added NMM (0.17 g, 1.76 mmol)
followed by HATU (0.44 g, 1.16 mmol) at rt and stirred for 30 min. Morpholine (92 mg, 1.05
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mmol) was added and stirred at rt for 16 h. The reaction mixture was diluted with EtOAc and
washed with water and brine so_lﬁfdon. The organié layef was dried over anhydrous Na,SO4

and concentrated under reduced pressure to obtain crude compound which was purified by

. columﬁchmrriatogfap_hy (silica gel; eluqnt MéOH/D‘CM 10:90) followed by preparative
- HPLC to afford N-(5-(3-(4-cyanophenyl)pyrazolo[1 ,57a]pyrimidin-5-yl)—2-(morpholine—4— '

carbonyl)phenyl)acetamide (28 mg, 7%, AUC HPLC 95.24%) as a yellow solid. m.p 151-155
°C. 'H NMR (400 MHz CDCl3) 6 9.16 (s, 1H), 9.10 (s, 1H), 8.76 (d, J = 7.6 Hz, 1H), 8.52 (s
1H), 8.31 (d, J = 8.0 Hz, 1H), 8.04 (d,/=1.2 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.46-7.41
(m, 2 H), 3.76 (bs, 8H), 2.25 (s, 2H); MS (ESI) m/z 465 [M-1]. "~ -

Formula 6

Examnle 189: 4 (6- (4-(4—methv1mperazme—l carbonvl)ghenyl) 1H- nmdazoM c]pvndm 1-

ylbenzonitrile

NH,

+-BuOOH, i POBr

. © ' NO,
. : : N
NN N0 KOwBu, THE NP N0 )J
e | ——— . e | —~———'—> Br NH
0~ Agq. NHCI, S

HO

CN
(\N)KQ\ [SnClz.ZHZO
: EtOH
—n N 50 | v
N B: = N \‘
O : T -——— By NH
\f ' ’ (A-phos),PdCl, :
[j ' NaHCO;4 .
N
, .

CN
CN

Step: 1 To a solution of anhydrous NH3 (150 mL) in THF (50 mL) at -78 °C was

Potassium z-butoxide (19.1 g, 170 mmol) and the reaction mixture was allowed to warm to -
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35 °C. A solution of 4-Methoxy-3-nitropyridine (10.5 g, 68.2 mmpl)in 100 mL of THF was
cooled to 0 °C and 15 mL of t-BuOOH (5 M in decane, 75 mmol) was added slowly over 5

min. The resulting solution was then 'added dropwise to the At-BuOK solution prepared above

over h; then stirred for 2 h at -35 °C and theh carefully quenched With 50 mL of sat; aqueous -

solution of NH4Cl. The reaction mixture was allowed to vent and warm to 1t ove;might? then
the organics were concentrated and the residue was acidified with NH;Cl solution and

filtered. The resulting solid was waéhed with éoid water and dried under vacuum to give the
title compound as a brown solid (10.6 g, 91%). "H NMR (400 MHz, cuczg 58.48 (s, 1H);

©5.58 (s, 1H), 3.84 (s, 3H); MS (ESI) m/z 171 [M+H]
- Step 2: Phosphorous oxybromide (5.73 g, 20 mmol) was added to a suspension of 4-
methoxy-5-nitro-1H-pyridin-2-one (1.70 g, 10 mmol) in acetonitrile (20 mL) at rt and

heated at reflux for 3 h. The reaction mixture was cooled and carefully poured on to icy
saturated aquéous solution of K,CO; then extracted with EtOAc. The organic extracts were
combined, washed with water and brine, dried over MgSQq, filtered and concentrated to
give 2,4-dibromo-5-nitropyridine (2.1 g, 75 %) as a black solid. '"H NMR (400 MHz, CDCl3)
8 8.87 (s, 1H), 7.94 (s, 1H), MS (ESD) m/z 285 [M+ H]".

Stej) 3: A solution of 2,4—dibrom0-5-ﬁitropyridinek(3 g, 7.16 mmol) in ethahol 25 mL)~wias‘
cooled to 0 °C followed by addition of 4-cyanoaniline (0.845 g, 7.16 mmol) and * -
triethylamine(1.52 ml,10.75 mmol). The reaction mixture was stirred at rt for 24 h. After

- completion, the reaction mixture was cooled to 0 °C, filterered and dried with vacuum to

afford 4-(2-bfomo—5-nitropyridin#-ylamino)benzonitrﬂe (1 .7g,‘38.8%) as a yellow solid.iH |

- NMR (400 MHz, CDCl3) 6 9.73 (bs, 1H), 9.09 (s, 1H), 7.82 (d, J= 7.80 Hz, 2H), 7.43 (d, /=

7.42 Hz, 2H); MS (ESD) m/z 317 [M]".

Step 4: A solution of 4-(2-bromo-5-nitropyridin-4-ylamino)benzonitrile (1 g, 3.15 mmol) in
ethanol (25 mL) was cooled to 0 °C followed by addition of SnCl,.H,0 (2.13 g, 9.46 mmol).
The reaction mixture was stirred at 80 °C for 4 h. After compietion, the reaction mixture was
cooled to 0 °C and quenched by drop wise addition of saturated NaHCO; (100 mL) followed
by extraction with EtOAc (3x100 mL). The organic layer was washed with water, brine, dried-
over anhydrous Na,SO,, filtered and concentrated under reduced préssure to afford 4-(5-
amino-Z»bromopyridin-4—ylamino)benioﬁitrile (0.8 g). MS (ESI) m/z 288 [M]". Crude

product was used without purification in the next step.
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Step 5: A solution of 4—(5-amino—2-bromopyridin-4—y1amiuo)bcnzohiu‘ilc (0.8 g,2.77 mmol)

in ftliéthylorthofonnate (15 mL) was stirred at 100 °C for 16 h. After completion, the reaction

mixture was cooled to 0 °C and quenched by drop wise addition of saturatcdvaqueous solutiou -
of NaHCOj3 (100 mL) followed by extraction with EtOAc (3 x 100 mL). The organic layer '

was washed with water, brine, dried over anhydrous Na,SOq, filtered and concentrated under

“reduced pressure. The crude compound was purified by column chromato graphy (silica gcl

" eluent petroleum ether/EtOAc 70:30) to afford 4-(6—bromo-lH—xmldazo[4,5-c}pyr1dm-l—

10

15

20

yDbenzonitrile (0.4 g, 48%); "H NMR (400 MHz, DMSO-d¢) & 8.9 (d, /=8.9 Hz, 2H), 8.15

(d, J= 8.1 Hz, 2H), 7.9 (t, J = 7.9 Hz, 3H), MS (ESI) m/z 297 [M]".

Step 6: To a mixture of 4-(6-bromo-1H-imidazo[4,5-c]pyridin-1-yl)benzonitrile (300 mg, 1.0
mmol), (4—mcthylp1pcraz1n-1 -y1)(4-(4,4,5 5—tetramethy1 1,3,2-dioxaborolan-2-

' yl)phenyl)methanone (366 mg, 1.11 mmol), NaHCO; (169 mg, 2.02 mmol) in DMF (15 mL) ‘

and water (5 mL), was added (A-Phos),PdCl, (35 mg, 0.05 mmol) and the reaction mixture
was heated at 90 °C for 1 h. The reaction mixture was diluted with water and extracted Wlth
EtOAc, the orgamc phase was washed w1th water and brme, dned over NaZSO4 and
concentrated under reduced pressure to obtam crude product Thc crude product was pumﬁcd
by Preparatxve TLC to afford of 4-(6- (4—(4—methylp1perazmc—l—carbonyl)phenyl)-lH-
imidazo[4,5-c]pyridin-1-yl)benzonitrile (60 mg, 15%, AUC HPLC 99.6% ) as an off white
solid. "H NMR (400 MHz, CDCl;) & (ppm): 9.32 (s, 1 H), 8.23 (s, 1 H), 8.05 (d, /=80 Hz, 2
H), 7.97 (d, J = 8.8 Hz, 2 H), 7.86 (s, 1H),772(d J 8.8 Hz, 2H) 7.53 (d,J=8.4 Hz, 2
H), 3.83 (bs, ZH) 3.48 (bs, 2 H), 2.51 (bs, 2H),234(bs 2H),233 (s, 3H); MS (ESI)m/z

- 423,24 [CstzstO +H]
25

Formula 7

Example 190: Svnthes'is of 4-(6-(4-(morpholine-4-carbonyl)phenvyl)-1H-benzo[dlimidazol-1-
yl)benzonitrile
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Br B o )Nk NO, ' NH, /@: Y
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280, > Br
Br TP Br  KOBu-t .
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CN

CN
Step 1: To an ice-bath cooled solunon of 1,3- dlbromobenzene (8. 2 mlL, 34.7 mmol) in

‘concentrated sulfuric acid (80 mL) was slowly added KNOs (6.8 g, 34.7 mmol) soas to

maintain the internal reaction temperature below 10 °C. The reaction mixture was stirred for =~~~

an additional 1 h and then poured into crushed ice (500 mL). The yellow precipitate isolated

by filtration, washed with water and dried under reduced pressure to afford 2,4-dibromo-1-
nitrobenzene (8.4 g, 90%) as a yellow solid. 'H NMR (400 MHz, CDCl3) 6 (ppm): 7.92 (s,
1H), 7.75 (d, J = 8.4 Hz, 1H), 7.61 (d, J= 1.6 Hz, 1H); MS (ESI)-m/z 280.9 [C¢H3Br,NO,]".

Step 2: To a solution of 2,4-dibromonitrc?bcnzé§e (8 g, 2847 mmol)‘ aﬁd 4-éﬁ1inobenzégiﬁile
(3.69 g, 28.79 mmol) in DMF (100 mL) was slowly added -BuOK (6.38 g,56.94 mmol)‘ o
while m?ﬁntaining temperatureuBetween 0°Cto5°C. The reaction mixture Was stirred at rt
for 1'h then, was poured into ice-water and pH was adjusted to 6 with 5% aqueous HCL. The
solid was collected washed with water, and punﬁed by recrystalhzatlon from EtOH to afford
4- (5~bromo—2~mtrophenylammo)benzomtnle (7.0g,77%) as.a pale yellow solid. 'H NMR

(400 MHz, CDCls) & (ppm): 9.54 (s, 1H), 8.19 (d, J=9.2, 1H), 7.71 (4, J = 8.4 Hz, 2H), 7.35
" (d,J=8.8 Hz, 2H), 6.91 (d,J =2.0 Hz, 1H); MS (ESD) m/z 318 [Ci3HsBrN;0,]".

Step 3: To a solution of 4-(5-bromo-2-nitrophenylamino)benzonitrile (7 g, 22 mmol) in

ethanol (70 mL) cooled at 0 °C was added SnCl,.H,0 (14.9 g, 66.0 mmol). The reaction
mixture was stirred at 80 °C for 4 h. The reaction mixture was cooled to 0 °C and quenched
by drop wise addition of saturated aqueous solution of NaHCO; (100 mL) and extracted with.
EtOAc (3x100 mL). The organic layer was washed with water, brine, dried over anhydrous
NaySOq, filtered and concentrated under reduced pressure to afford 4~(2-amino-5-
bromophenylamino)benzonitrile (5.0 g, 79%, LC-MS 60%). The crude product was used in
the next step without purification. MS (ESI) m/z 288 [Cy3H;oBrN; |™. ‘
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Step 4: A solution of 4—(2 amino- 5—bromophenylammo)benzomtnle (5g17.36 mmol) in

. methylorthoformate @5 mL) was stirred at 100 °C for 16 h. The reaction mixture was cooled

10

15

.20

25

30

to 0 'C and quenched by drop Wlse addltlon of saturated aqueous solutmn of NaHCO; (100
mL) then, extracted with EtOAc (3 x 100 mL) The organic layer was washed w1th water,

brine, dried over anhydrous Na;SOz;, filtered and concentrated under reduced pressure The
crude product was purified by column chromatography (silica gel, eluent EtOAc/petroleum
ether 30:70) to afford 4-(6-bromo-1H-benzo[d]imidazol-1-yl)benzonitrile (3.5 g, 68%, LC-

MS 80%); "H NMR (400 MHz, CDCl;) 6 8.11 (s, 1H), 7.92 (d, J = 4.0 Hz, 2H), 7.76:(d, J = -

8.8 Hz, 1H), 7.71 (s, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 1.6 Hz, 1H); MS.(ESI) m/z

298 [C14H3B1'N3 ]

‘:Step 5:A mlxture of 4- (6-bromo-1H—benzo[d}1m1dazol l-yl)benzomtnle (3 5 g, 11 74 mmo}),

4- ethoxycarbony] phenylboromc acid (2.5 g, 12.94 mmol), KsPO4 (4.97 g, 23.48 mmol),
Pd(PPh3)4 (0.67 g, 0.587 mmol) in 1,4~ dloxane (100 mL) and water (20 mL) was heated at 90

+ °C for 4 h under argon. The reaction mixture was diluted with EtOAc (2 x 100 mL) and

washed with water (2x50 mL), brine solution (2x50 mL). The organic layer was dried over

anhydrous Na,SO; and concentrated under reduced preésure to obtain crude product. The

" crude product was purified by column chromatography (silica gel, eluent EtOA¢/petroleum ™ ™~

ether 10:90 to 50: 50) to afford ethyl 4-(1-(4-cyanophenyl)-1H-benzo[d)imidazol-6- - .
yl)benzoate (2.8 g, 65%) as an off-white solid. "H NMR (400 MHz, CDCls) 6 (ppm): 8. 19 (s,
1H), 8.12 (d, J= 8.4 Hz, 2H), 7.99-7.92 (m, 3H), 7.75-7.65 (m, 6H), 4.41 (d, J= 7.2 Hz, 2H),
144 (¢ J=16 Hz, 3H); MS (ESI) m/z 368 [C23H17N302+ HI"

Step 6: To a solutlon of 4- (3 (4-cyanopheny1)pyrazolo[1 5-alpyrimidin-5- yl)benzoate 525
g, 6.8 mmol) in THP 20 mL) was added L]OH (571 mg, 13.6 mmol) in water (4 mL) and
stirred for 16 h at rt. The reaction mixture was worked up and concentrated under reduced
pressure to afford 4-(1-(4-cyanophenyl)-1H-benzo[d]imidazol-6-yl)benzoic acid (2 g, 86%,
LC-MS 65%) as an off-white solid. "H NMR (400 MHz, DMSO-dy) 6 (ppm): 8.77 (s, 1H),
8.14 (d, J = 8.0 Hz, 2H), 8.10-7.95 (m, 5H), 7.95-7. 83 (m, 3H), 7.72 (d, J = 8.4 Hz, 1H); MS
(ES) m/z 340.13 [C2H3N30, + H] ™.

Step 7: To a solution of 4—(1—(4-cyanophenyl)-1H-benzo[d]im{dazol-6-yI)benzoic acid 6 (300
mg, 0.88 mmol) in DMF (5 mL) was added NMM (0.178 mL, 1.76 mmol) followed by
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HATU (501 mg, 1.32 mmol) at rt and the solution was stirred for 30 min. Morpholine (0.84

mL, 0.968 mmol) was added to the reaction mixture and stirring was continued for 16 h. The

- reactlon mixture was dﬂuted with EtOAc and washed with water and brine solution. The -

organic layer was dried over anhydrous Na2804 and concentrated under reduced pressure to

obtain crude product. The crude product was purified by preparative HPLC to afford 4-(6-(4-

_(morpholine-4-carbonyl)phenyl)-1H-benzo[d]imidazol-1-yl)benzonitrile (100 mg, 27%, AUC :

HPLC 95.9%) as an off-white solid; m.p. 207-210 °C; 'H NMR (400 MHz, CDCL) & (ppm):

8.18 (s, 1H), 7.98-7.92 (m, 3H), 7.72 (d; J = 6:6 Hz, 3H), 7.66-7.61 (m, 3H), 7.51 (d, J= 7.9

Hz, 2H); 3.90-3.40 (m, 8H); MS (ESI) m/z 409.15 [CsHaoN;O, + H]*.

10
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Enzymaﬁc and Cellular ICsy table:

ANNEXURE

| 1C50 ()
‘| Examples ;
Mnk1 Mnk2 Hela
1 <0.1 <0.1 <1.0
2 <1.0 <1.0 <1.0
3 <1.0 <0.1 <1.0
4 <0.1 <01 <1.0
5 <01 | <04 | <10
6 <1.0 <1.0 '<1.0
"7 - <1.0 & <1.0 <1.0
9. <10 | <10 | <10
14 <1.0 <10 | ..<1.0
15 <10. | <10 <10
17 <10 | <10 | <10
21 <1.0 <1.0 <1.0
23 . <1.0 <0.1 <1.0
24 <10 | <10 <1.0
26 <1.0 <1.0 <10
27 <0.1 <0.1 <1.0
28 <0.1 <0.1 <1.0
29 <10 | <10 | <0
30 <10 | <10 <1.0
31 <1.0 <1.0 <10
32 | <01 |.<10.} <o
38 <1.0 <10 | <10
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Examples 1C50 G
Mnk1 Mnk2l Hela
39 <1.0 <1.0 <1.0
41 <1.0 <10 | <10
42 <1.0 <10 | <10
43 <10 <1.0 <1.0
45 <1.0 <1.0 <1.0
46 | <10 | <10 | <10
47 | <10 | <0 <1.0
48 <1.0 <1.0 <1.0
-49 %10 <10 | <10
54 <0.1 <0.1 <1.0
- 85 -, <0.1 <0.1 <1.0
56 <0.1 <0.1 <1.0
57 <0.1 <01 | <1.0
58 <0.1 <0.1 <1.0
59 <01 | . <0.1 <1.0
60 <0.1 <01 | <10
61 <041 <01 | <10
62 <0.1 01 | <10
63 <0.1 <0.1 <1.0
64 <0.1 <0.1 <1.0
65 <0.1 <0.1 <1.0
66 | <0.1 <01 | <10
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Examples _1es0 L

o Mnk1 Mnk2 Hela )
68 <01 | <0.1 <1.0 . |
69 <0.1 <0.1 <1.0
70 <01 | <0. <1.0
71 <0.1 <01 | <10
72 <0.1 <0.1 <1.0
73 <04, |, <0.1 <1.0
74 <01 | <041 <1.0
78 <0.1 <0.1 <1.0
79 <01 <0.1 <1.0
80 | <01 | <04 .| <10
81 <0.1 <0.1 <1.0
.85 <0.1 <0.1 <1.0
86 | <01 | <01 <1.0
87 <0.1 <0.1 <10
89 | <0. <0.1 <1.0
94 <0.1 <0.1 <1.0
95 <0.1 <0.1 <1.0
96 <0.1 <0.1 <1.0
97 <01 | <01 <1.0
98 <0.1 <0.1 <1.0.
99 <0.1 <0.1 <1.0
100 <0.1 <0.1 <1.0
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IC50 (uM)
Examples —r— : -
Mnk1 Mnk2 Hela
101 | <01 <01 | <10
102 <04 | <04 | <10
103 <0.1 <0.1 <10
105 | <0.1 <0.1 <1.0
106 <0.1 <0.1 <1.0
107 <0.1 <0.1 <1.0
1090 | <04 | <01 <1.0
111 <0.1 <0.1 '<1.0
112 <0.1 <0.1 <1.0"
13| <04 | <04 <10
115 <10 | <10. |. <10
116 | <10 | <10 <1.0
17 | . <0.1 <0.1 -<1.0
18 | <04 | <04 | <10
119 | <0.1 <0.1 <1.0
122 <1.0 <1.0 <1.0
123 <04 | . <0.1 <1.0
124 <0.1 <0.1 <10
125 <0.1 <0.1 <1.0
126 <0.1 <01 | <10
120 | <10 | <0t | <10
130 <0.1 <0.1 <1.0

]
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Examplés - 150 (i)
~ | Mnk1 Mnk2 ) Hela
. 133 <0.1 <01 | <10
134 | <01 | <041 <10
135 <0.1 <01 | <10
137 <1.0 <0.1 <1.0
138 <1.0 <1.0 <1.0
139 <0.1 <01 | <10
140 <01 | <01 <1.0
141 <0.1" <0.1 - <1.0
142 <1.0 <0.1 <10
143 | . <0.1 <0.1 <1.0
144 <0.1 <01 | <10
145 <0.1 <1.0 . <10
146 <0.1 <01 [ -<1.0
147 | <0 <0.1 <1.0
149 | . <10 <10 <1.0
150 <0.1 <0.1 ,<1.6
151 <1.0 <01 | . <10
153 <1.0 <1.0 <1.0
156 <1.0 <1.0 <1.0
157 | <10 | <10 | <t0
158 - | * <1.0 <0.1 <1.0
159 <01 | <0.1 <1.0
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: IC50 (M)
Examples
Mnk1 Mnk2 _ Hela
160 <0.1 <01 | <10
162 <1.0 <10 <10
163 <04 <0.1 <1.0
164 <0.1 <0.1 <1.0
165 <0.1 <01 | <10
166 <0.1 <0.1 <1.0
167 | <04 | <04 | <10 |
169 | ‘<01 | <01 | <10
170 <0.1 <0.1 <10
| 172 <01 | .<01 <1.0.
473 | <04 <0.1 <1.0
174 <0.1 <01 .| .<10
o175 " <1.0 <0.1.. <10
176 <0.1 <01 | <10
179 <0.1 <01 | <10
181 <0.1 <0.1 <1.0
183 <0.1 <0.1 <1.0 -
184 <01 | <01 <1.0
185 <0.1 <0.1 <1.0
186 | <0. <04 | <10
187 <0.1 <0.1 <1.0
- 188 <0.1 <0.1 <1.0
190 <1.0 <1.0 <10 -
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CLAIMS

What is claimed i§: -

5 1. A compound of Formulé (Ia):

(Ta)
or a pharmaceutically acceptable form thereof, wherein
X1, X2, and X3 are independently N or C;
. X4 and X are independently N or CR%;
10 wherein at least one of X, X5, X3, X4, and X5 is N;
X7 is N or CR'?;
Xgis Nor CR'Y;

is a single or double bond, as valency allows;

R, R?, R3 ,R%, RS, RV, R®, R’, R', and R are independently hydrogen, halogen,

15  optionally substituted aliphatic, optionally substituted aryl, optionally substituted carbocyclyl,
_ optiohally substituted heteroaryl, optionally substituted heterocyclyl, -CN, -OR, -SR, -N(R),,
, -NOz,‘-C'(O)R, -COZR, -C'(O)N(R)z, -C(O)NROR, -S(O)R, -SO;R, -SO;N(R), -OC(O)_R, -
NRC(O)R, -NRSO;R, or -NRC(O)N(R),; o
each R is independently hydrogen, optionally substituted C,¢ aliphatic, optionally
20  substituted aryl, optionally substituted carbocyclyl, optionally substituted heteroaryl, or

optionally substituted heterocyclyl; or two R groups on the same nitrogen may be taken
together to form an optionally substituted heterocycle;
each R* is independently hydrogen, halogen, or optionally substituted C,.¢ aliphatic;

and
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R' and R?, R? and R*, R’ and R%, R' and R", R and R"", R® and R%, R® and R’, R’
and R®, or R® and R’ may be optionally taken together to form an optlonally substltuted 5-6

membered carbocyclic, aryl, heterocychc or heteroaryl ring.

5 2. The compouﬂd of claim 1, wherein the compound is of Formula (Ia-i):

or a pharmaceutically acceptable form thereof.

3. The compound of claim 1, wherein the compound is of Formula (Ib-i):

10 | ‘ o R’ (Ibsi):~
or a pharmaceutically acceptable form thereof, wherein
X1, X3, and X3 are independently N or C;
X4 and X5 are independently N or CR4;
wherein at least one pf X1, X2, X3, X4, and X5 is N;
15 _ AX_7i_sNorCI‘-i;
o XgiiShNor CH; |

is a single or double bond, as valency allows;

R' is -C(O)R, wherein R is an optionally substituted heterocyclyl;
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R% R’ R® and R are independently ~H, -F, -Cl, -CN, -CHj, -CF3, -CHF,, -C(O)NH,,
-OH,—OC, 4alkyl, or —OCF3; or R® and R’ are taken together to form a 5-6 membered fused
heterocyclyl or heteroaryl; and ‘ o »

each R*is independently Hydrogoﬁ or C1-6.‘a1ky1.

5
4. The compound of claim 3, wherein the compoﬁnd is of Formula (Ib-ii):
‘r‘@ .
R (Tb-ii)
or a pharmaceutically acceptable form thereof. .
10 5. The compound of any one of claims 1-4, Wherein R’ is —-CN.
6. The compound of any one of claims 1-5, wherein R' is —C(O)R, wherein R is one of
the following: '
Q . Tk
J U[ ;%3{@%& 92@9%&2@9 @9 @% Q X
[¢]
nnnﬂ%& 9@@@@@@ s[¢
NH HO H R o _N_ ’w
@ - | ;
oy T T T T
N N N

T 0000 0C g

[N] b) N N ~ NH

oy eleNele

15 ,
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7. The compound of any one of claims 1, 2, 5, and 6,.wherefn the compound is of

Formula (II), (IEI), (IV), (V), (VI), or (VII):

R, N7 RRe AN
R, =~ _N / Re
R; R
Rs R
Formula IT Formula IT1 Formula IV

Ry R, N N R, O N,
R, R, n , > R, N>
R O R
. h Q& . R6
RS R7 R RS R7
Formula V ' .o Formula VI - - Formula VII
8. The compound of claim 1 wherem the compound is selected from the group

con81st1ng of

N SICRENR NS
AT st A R

N’N

N

and pharmaceutically acceptable forms thereof.
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9. A compound of any one of claims 1-8, wherein the compound is an MNK 1 and/or

MNK2 inhibitor.

10. A composition cofnpﬁsing a compound of any one of claims 1-9, of a

pharmaceutically acceptable form thereof, and a pharmaceutically acceptablé excipient.

11. ©  The composition of claim 10, wherein the composition comprises an additional

therapeutic agent.

12.  The composition of claim 11, wherein the additional therapeutic agent is a kinase

inhibitor.
13.  The éomposition of claim 12, wherein the kinase inhibitor is a PI3K inhibitér.

14.  The composition of claim 12, wherein the kinase inhibitor is an mTOR inhibitor.

/s

15. A method of inhibiting MNK1 and/or MNK2 in a cell comprising administering toa

cell a compound of any one of claims 1-9, or a pharmaceutically acceptable form thereof. =
16.  The method of elaim 15, wherein the cell is in vitro.
17.  The method of claim 15, wherein the cell is in a subject.

18. A method of treating a MNK1- or MNK2-related disorder comprising administering
to a subject in need of treatment a compbund of any one of claims 1-9,0ra phanhaceutically

acceptable form thereof, or a composition of any one of claims 10-14.

19.  The method of claim 18, wherein the disorder is cancer (e.g., blood and solid tumors),
an inflammatory conditions, Alzheimer’s disease, or a metabolic disorder (e.g., obesity,

diabetes).

20. The method of claim 1'8, wherein the compound is administered in combination with

an additional therapeutic agent.
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21.  The method of claim 20, wherein the additional therapeutic agent is a kinase inhibitor.

22. Tﬁe method of claim 21, wherein the kinase inhibitor is a PI3K .inhibitor. v

23. The method of claim 21, wherein the kinase inhibitor is an mTOR inhibitor. :
24, The method of claim 19, wherein the disorder is cancer.’

25.  The method of any one of claims 18-24, wherein the compound or compositionis . -

administered at a dosage level sufficient to deliver from about 0.001 mg/kg to about 100

mg/kg to a subject in need thereof.

26. Useofa compound of any one of claims 1-9, or a pharmaceutically acceptable form
thereof, or a composition of any one of claims 10-14 for treatment of a MNK1- or MNK2-

related disorder.

27.  The use of claim 26, wherein the disorder is cancer (e.g., blood and solid ttihioré), an
inflammatory conditions, Alzheimer’s disease, or a metabolic disorder (e.g., obesity,

diabetes).

28. The use of claim 26, wherein the compound is used in combination with an additional

therapeutic agent.

29. - The use of claim 28, wherein the addjtiénal thergpeutic agent is a kinase inhibitor.
30. The use of claim 29, wherein the kinase inﬁibitor is a PI3K inhibitér.

31. The use of claim 29, wherc.in the kinase inhibitor is an mTOR inhibitor. o

32. The use of claim 26, wherein the disorder is cancer.
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33.  The use of any one of claims 26-32, wherein the compound or composition is
administered at a dosage level sufficient to deliver from about 0.001 mg/kg to about 100
mg/kg to a subject in need thereof. .
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