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BICYCLIC ALKYNE DERIVATIVES AND USES THEREOF

BACKGROUND OF THE INVENTION
[0001] The human MAP Kinase;interacting kinases, also known as MAP Kinase signal-
integrating kinases, (MNKs), are ubiquitously expressed protein-serine/threonine kinases
that are directly activated by ERK or p38 MAP kinases (Buxade, M.; Parra-Palau, J. L.;
Proud, C. G. Front Biosci. 2008, 13, 5359-5373; Fukunaga, R.; Hunter, T. EMBO J. 1997,
16, 1921-1933; Waskiewicz, A. J.; Flynn, A.; Proud, C. G.; Cooper, J. A. EMBO J. 1997,
16, 1909-1920). They comprise a group of four proteins derived from two genes (gene
symbols: MKNK1 and MKNK2) by alternative splicing. MNK1a/b and MNK2a/b proteins
differ at their C-termini, in each case the a-form has a longer C-terminal region than the b-
form which lacks the MAP Kinase-binding region. The N-termini of all forms contains a
polybasic region which binds importin a and the translation factor scaffold protein
eukaryotic Initiation Factor (eIF4G). The catalytic domains of MNK1a/b and MNK2a/b ‘
share three unusual features, two short inserts and a DFD motif instead of the most
common DFG tripeptide presentfound on other kinases. MNK isoforms differ markedly in
their activity, regulation and subcellular localization. The best-characterized MNK substrate
is Eukaryotic Initiation Factor-4 E (eIF4E). Although the cellular role of eIF4E
phosphorylation remains unclear and is thought to 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 mnRNAs. MNK1 is highly expressed in hematolbgical
malignancies, and both MNK1 and MNK2 are up-regulated in solid tumors such as gliomas
and ovarian cancers (Worch, J.; Tickenbrock, L.; Schwable, I.; Steffen, B.; Cauvet, T;
Milody, B.; Buerger, H.; Koeffler, H. P.; Berdel, W. E.; Serve, H.; Muller-Tidow, C.
Oncogene 2004, 23, 9162-9172; Pellagatti, A.; Esoof, N.; Watkins, F.; Langford, C. F.;
~ Vetrie, D.; Campbell, L. J.; Fidler, C.; Cavenagh, J. D, Eagleton, H.; Gordon, P.;
Woodcock, B.; Pushkaran, B.; Kwan, M.; Wainscoat, J. S.; Boultwood, J. Br.J.Haematol.
2004, 125, 576-583; Bredel, M.; Bredel, C.; Juric, D.; Harsh, G. R.; Vogel, H.; Recht, L. D.;
Sikic, B. I. Cancer Res. 2005, 65, 4088-4096; Hendrix, N. D.; Wu, R.; Kuick, R.; Schwartz,
D. R.; Fearon, E. R, Cho, K. R. Cancer Res. 2006, 66, 1354-1362). ' '

~[0002] elF4E regulates the expression of genes involved in the proliferation and

survival as a cap dependent mRNA translation and mRNA export factor. eIF4Eis
dysregulated in several human cancers, including breast,b prostate, and leukemia, and

elevated levels of eIF4E are a marker of poor prognosis (Nathan, C. O.; Carter, P.; Liu, L.;
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Li, B. D.; Abreo, F.; Tudor, A.; Zimmer, S. G.; De Benedetti, A. Oncogene 1997, 15, 1087-
1094; Bianchini, A.; Loiarro, M.; Bielli, P.; Busa, R.; Paronetto, M. P.; Loreni, F.; Geremia,
R ; Sétté, C. Carcinogenesis 2008, 29, 2279-2288.; Topisirovic, .; Guzman, M. L.;
McConnell, M. J.; Licht, J. D.; Culjkovic, B.; Neering, S. J.; Jordan, C. T.; Borden, K. L.
Mol.Cell Biol. 2003, 23, 8992-9002; Graff, J. R:; Zimmer, S. G. Cliﬂ.Exp.Metastasis 2003,
20, 26_5-273). Moreover, overexpression and dysregulation of eIF4E leads to an increased
number of tumors, invasion, and metastases in mouse models' and transgenic expression of
elF4E leads to a variety of cancers (Graff, J. R.; Zimmer, S. G. Clin.Exp.Metastasis 2003,
20,7 265-273; Ruggero, D.; Montanaro, L.; Ma, L.; Xu, W.; Londei, P.; Cordon-Cardo, C.;
Pandolfi, P. P. Nat.Med. 2004, 10, 484-486). elF4E overexpression is believed to increase
the translation of weakiy competitive mRNAs, many of which ehcode products that
stimulate cell growth and angiogenesis, e.g., fibroblast growth factor 2 and vascular
endothelial growth factor, cyclin D1, and ribonucleotide reductase (Kevil, C.; Carter, P.; Hu,
B.; DeBenedetti, A. Oncogene 1995, 11, 2339-2348; Kevil, C. G.; De Benedetti, A.; Payne,
D.K.; Coe, L. L.; Laroux, F. S.; Alexander, J. S. Int.J .Céncer 1996, 65,‘785-790; Scott, P.
A.; Smith, K.; Poulsom, R.; De Benedetti, A.; Bickneﬂ, R.; Harris, A. L. Br. J. Cancer 1998,
77, 2120-2128; Rosenwald, I. B.; Lazaris-Karatzas, A.; Sonenberg, N.;‘ Schmidt, E. V.
Mol.Cell Biol. 1993, 13, 7358-7363; Abid, M. R.; Li, Y.; Anthbny, C.; D_etBene‘détti, A.
J.Biol.Chem. 1999, 274, 35991-35998). eIF4E is phosphorylated by the MNK1/2
serine/threonine kinases in response to activation by mitogénic and stress signals
downstream of ERK1/2 and p38 MAP kinase respectively (Buxade, M..; Parra—Palaﬁ, J.L,;
Proﬁd, C. G. Front Biosci. 2008, 13, 5359-5373; Fukunaga, R.; Hunter, T. EMBO J. 1997,
16, 1921-1933; Waskiewicz, A. J.; Flynn, A.; Proud, C. G.; Cooper, J. A. EMBOJ. 1997,
16, 1909-1920). Thus, inhibitors of MNK1/2 will prevent elF4E phosphorylation and
therefore could provide a viable therapeutic approach in high-eIF4E dependent cancers. .
[0003] S'tudiesvhave shown that overexpression of eIF4E, as well as eIF4E
phosphorylation, promote cancer cell survival, ét least in part by incréasing the level of the

- anti-apoptotic protein Mcl-1 .(Wendel, H. G.; Silva, R. L.; Malina, A.; Mills, J. R.; Zhu, H,
Ueda, T.; Watanabe-Fukunaga, R.; Fukunaga, R.; Teruya-Feldstein, J.; Pelletier, J.; Lowe,
S. W. Genes Dev. 2007, 21, 3232-3237; Ueda, T.; Wétanabe-Fukunaga, R.; Fukuyama, H.; | _
o Nagata, S.; Fukunaga, R. Mol.Cell Biol. 2004, 24, 6539-6549). Mcl—l is a Bcl2 family

E member with a very short half-life, and Mcl-1 mRNA translation highly depends on eIF4E. \
Thus, it is foreseeable tﬁat the inhibition of eIF4E phosphorylation by MNK might induce
tumor cells death, as shown for Myc-induced lymphoma. (Wendel, H. G.; Silv_a, R.L,;
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Malina, A.; Mills, J. R.; Zhu, H.; Ueda, T.; Watanabe-Fukunaga, R.; Fukunaga, R.; Teruya-
Feldstein,lJ .; Pelletier, J.; Lowe, S. W. Genes Dev. 2007, 21, 3232-3237)

Blastrcri‘sis chronic myeloid leukemia (B‘C—CML) is characterized by an expansion of a
population of granulocyte macrophage progenitor-like cells (GMPs) that have aéquired
self-renewal capacity, a feature not seen in normal or chronic phase (CP) GMPs .and
targeting of the MNK-€eIF4E axis in blast crisis chronicmyeloid leukemia inhibits leukemia
stem cell function. (Sharon Lim, Tzuen Yih Saw, Min Zhang, Matthew R. Janes, Kassoum
Nacro, Jeffrey Hill, An Qi Lim, Chia-Tien Chang,‘ David A. Fruman, David A. Rizzieri,
Soo Yong Tan, Hung Fan,c, Charles T. H. Chuah,g, and S. Tiong Ong; N. .
Proc.Natl.Acad.Sci.U..S'.A 2013, 110(25), E2298-E2307). The ability to self—renew'is
thought to be mediated by B-catenin' activation, and may contribute to disease persistence,
as well as initiate drug resistance. It was found siRNA-mediated knockdown or inhibition
of the MNK1/2 kinases (which mediate in vivb elF4E phosphorylation) with small
molecules prevented the increased beta-catenin activity, induced by eIF4E overéxpression.
These studies suggest that pharmacologic inhibition of the MNK1/2 kinases is a plausible
therapeutic mean to treat BC CML. |

[0004] The level of expression of e[F4E and the degree of eIF4E phosphorylation is
regulated by pathways that include the P38 kinase, MAPK kinase and AKT/mTOR
pathways (Hay, N. Proc.Natl.Acad.Sci.U.S.A 2010, 107, 13975-13976). Inhibitors of
mTOR such as rapamycin, decrease the level of phosphorylated eIF4E (Hay, N.
Proc.Natl. Acad.Sci.U.S.A 2010, 107, 13975-13976). The treatment with rapalogs t&pically
leads; to the clinically stable disease or partial remission rather than complete tumor
regression (Gibbons, J. J.; Abraham, R. T.; Yu, K. Semin.Oncol. 2009, 36 Suppl 3, S3-
S17). Combination therapy with MNK1/2 and mTOR kinases inhibitors could be arviable
strategy to treat certain types of cancer (Wang, X.; Yue, P.; Chan, C. B.; Ye, K.; Ueda, T;
Wata’nabé—Fukunaga, R.; Fukunaga, R.; Fu; H.; Khuri, F. R.; Sun, S. Y. Mol.Cell Biol. -
2007, 27, 7405-7413). WO 2010/055072 discloses MNK and mTOR combination therapy
with small molecules, 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 (W02010055072; Marzec, M.;-Liu, X.; Wysocka, M.; Rook, A. H.; Odufn, |
~ N.; Wasik, M. A. PLoS.One'. 2011, 6, €24849). - .

| [0005] Macrophages are major effectors of innate immunity, stimulated by a broad
variety of bacterial prodﬁcts through specific TLRs on the cell surface to produce pro-

inflammatory cytokines, such as TNF. E. coli LPS is a potent stimulus to macrophage gene
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expression, especially TNF, by engaging the TLR4 membrane signaling complex (Hou, L.;
Sasaki, H.; Stashenko, P. Infect.Immun. 2000, 68, 4681-4687). It was shown that TLR
signaiing 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), FSL (TLR6/2) and imiquimod (TLR7)
stimulation. In each case the production of TI\iF was inhibited by MNK kinases inhibitor
CGP57380 in a dose dependant fashionand the release of multiple innate proinflammatory
cytokines were affected, supporting a central role for MNK in inflammation (Rowlett, R.
M.; Chrestensen, C. A.; Nyce, M.; Harp, M. G.; Pelo, J. W.; Cominelli, F.; Ernst, P. B.;
Pizarro, T. T.; Sturgill, T. W.; Worthington, M. T. Am.J.Physiol Gastrointest.Liver Physiol
2008, 294, G452-G459). | | |
[0006] MNK inhibitors can regulate the innate immune response in macrophage. A
compound with anti inflammatory properties will inhibit the release of pro-inflammatory
cytokiheé.lt Has been shown that CGP57380, a MNK inhibitor, inhibits the release of TNF

' alpha by macrophage (and not eIF4E). According to W02005/003785 MNK kinases are
promising targets for anti-inflammatory therapy.

[0007] MNK 1/2 were also reported to phosphorylate a number of different proteins in
addition to eIF4E. Three of these are hnRNPA1, cPLA2 and Sprouty2 (Guil, S.; Long, J. C.;
Caceres, J. F. Mol.éell Biol. 2006, 26, 5744-5758; Buxade, M..; Mdrrice, N.; Krebs, D. L.;
Proud, C. G. J.Biol.Chem. 2008, 283, 57-65; Hefner, Y.; Borsch-Haubold, A. G.;
Murakami, M.; Wilde, J. I.; Pasquet, S.; Schieltz, D.; Ghomashchi, F.; Yates, J. R.; 11I;
Armétrong, C. G.; Paterson, A.; Cohen, P.; Fukunaga, R.; Hunter, T.; Kudo, I.; Watson, S.
P.; Gelb, M. H. J.Biol.Chem. 2000, 275, 37542-37551; DaSilva, J.; Xu, L.; Kim, H. J.;
Miller, W. T.; Bar-Sagi, D. Mol.Cell Biol. 2006, 26, 1898-1907). Their role and function is
still being investigated. Among these substrates, hnRNPA1 is overexpressed in colorecfal
cancer and could c.ontribute to mainténénce of telomere repeats in cancer cells with
eﬁhanced cell proliferation (Ushigome, M.; Ubagai, T.; Fukuda, H.; Tsuchiya, N.;
Sugimura, T.; Takatsuka, J.; Nakagama, H. Int.J.Oncol. 2005, 26, 635-640). It is also
reported that the expression levels of hnRNPA/B is deregulated in non small cell lung
cancer (Boukakis, G.; Patrinou-Georgoula, M.; Lekarakou, M.; Valavanis, C.; Guialis, A.

~~ BMC.Cancer 2010, 10, 434).

[0008] MNK inhibitors have a substancial potential for the treatment of cancers
including breast, protate, hematological malignancies (e.g., CML, AML), head and neck,

colon, bladder, prostatic adenocarcinoma, lung, cervical, and lymphomas (Soni, A.;
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Akcakanat, A.; Singh, G.; Luyimbazi, D.; Zheng, Y.; Kim, D.; Gonzalez-Angulo, A.;
Meric-Bernstam, F. Mol.Cancer Ther. 2008, 7, 1782-1788; Berkel, H. J.; Turbat-Herrera, E.
A S}ﬁ, R.; De Benedetti, A. Cancef Epidemiél.Biomarkers Prev. 2001, 10, 663—666;
Wendel, H. G.; De Stanchina, E.; Fridman, J. S.; Malina, A.; Ray, S.; Kogan, S.; Cordoﬁ—
Cardo, C.; Pelletier, J.; Lowe, S. W. Nature 2004, 428, 332-337; De Benedetti, A.; Graff, J.
R. Oncogene 2004, 23, 3189-3199). |

SUMMARY OF THE INVENTION
[0009] 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 aﬁd 2 (MNK1
and MNK2). These cdmpounds may be useful in the treatment of various disease

associated with kinase activity such as proliferative disorders (e.g., cancer), autoimmune

- disorders, inflammatory-disorders, metabolic disorders, and neurological disorders.

[00010] In certain embodiménts, a compound of the present invention is of Formula @:

@ @

or a pharmaceutically acceptable form (such as pharmaceutically acceptable salt, solvate,
hydrate, polymorph, co-crystal, tautomer, stereoisomer, isotopically labeled derivative, and
prodrugs thereof thereof, wherein Rl, Ring A, X, X3, X3, and X4 are as described herein.
In certain embodiments, the pharmaceutical acceptable form is pharmaceutically acceptable
salt. These compound are useful in treating proliferative diseases (e. g cancer including
hematological cancers and solid tumors), ihﬂammatory diseases, neurodegenerative
diseases (e.g. Alzheimer’s disease, autism, or autism spectrum disorders (e.g: Asperger
syndrome or Mendelsohnn's Syndrome), and metabolic disorders (e.g. obesity, diabetes). |

[00011] ~ In certain embodiments, the prbvided compound is of formula
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wherein RP?, .pr, RP° RM RP® Ring A, X, X3, X, and X, are as described herein.
[00012] In another aspect, the present invention relates to pharmaceutical compositions
compﬁsing an inventive compound, and thioﬁally a pharmaceutically acceptable
excipeient, and to their use for treating diseases associated With aberrant MNK1 or MNK2
activity or dysregulétion of the MNK 1 or MNK2 pathway, where MNK1 and MNK2 play a
role (MNK overexpression, elF4E ovefexpression, P38 MAPK kinase pathway).
Exemplary MNI_(—related disorders include, but are not limited to, metabolic diseases such
as obesity, as well as related disorders such as eating disorder, cachexia, diabetes mellitus,
hypertension, coronary heart disease, hypercholesterolemia, dyslipidemia, osteoarthritis,
gallstones, and sleep apnea, neurodegenerative disorders such as Alzheimer’s disea’se,
autism, or autism spec&um disorders (e.g. Asperger syndrome or Mendelsohnn's
Syndrome), and cancer such as breast, protate, hematological malignanciesb (e.g., CML,
AML, lymphomas), head and neck, colon, bladder, prostatic adenocarcinoma, lung,
cervical, and lymphomas. ' | -
[00013] In another aspect, the present invention relates to pharmaceutical compositions
comprising an inventive compound, and optionally a pharmaceutically acceptable
excipeient, and to their use for the prevention and treatment of a PI3-kinase (PI3K)-related
disorder. In certain embodiments, the PI3K-related disorder is PI3K o -related disorder. In
certain embodiments, the PI3K-related disorder is PI3K p-related di'sorder. In certain
embodiments, the PI3K-related disorder is PI3K y-related disorder. In certain embo_-diments,
the PI3K-related disorder is PI3K &-related disorder. Exemplary PI3K-related disorders
include, but are not limited to, cancers such as ovarian cancer, cervical cancer, breast
cancer, col;)n cancer, rectal cancer, endometrial cancer, stomach cancer, liver cancer, lung
cancer, thyroid cancer, acute myelogenous leukemia (AML), chronic myelogenous
leukemia (CML), and glioblastomas. |
[00014] In another éspect, the present innventi‘on relates to pharmaceuticai compositions
comprising these compounds and to their use for the prevention and treatment of a Janus
kinase (JAK)-related disorder. In certain embodiments, the J AK-related disorder is JAK1-
related disorder. In certain embodiments, t'he. JAK-related disorder is JAK2-related disorder.
In certain embodiments, the JAK-related disordef is JAK3-related disorder. Exemplar'y

- . JAK-related disorders include, but are not limited to, psoriasis, theumatoid arthritis, and

cancers such as prostate, colon, ovarian and breast cancers, melanoma, leukemia and other

hematological malignancies.
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[00015] In another aspect, the present invention relates to pharmaceutical cdmpositions
comprlsmg these compounds and to their use for the prevention and treatment of a Human
" Epidermal Growth Factor Receptor-related (HER -) disorder. In certain embodiments, the
HER-related disorder is HER2-related disorder. In certain embodiments, the HER-related
disorder is HER3-related disorder. Exemplary H—ER-relatéd disorders include, but aré not
limited to, cancers such as breast, lung, kidney, brain, ovarian, colon, cervical, endometrial,
prostate, liver, th_yroid, GI tract, blood and lymphoma and otherrdiseases such as multiple
sclerosis.
[00016] In another aspect, the present invention relates to pharmaceutical compositions
comprising these compounds and to their use for the prevention and treatment of an mTOR-
related disorder. Exemi)lary mTOR-releated disorders include, but are not limited to,
cancers, such as breast, lung, kidney, brain, ovarian, colon, cerViqal, endometrial, prostate,
liver, thyroid, GI tract, hematological cancers, and lymphoma, and other diseases such as
hamartoma syndromes, theumatoid arthritis, and multiple sclerosis. »
[000171 In another aspect, the present invention relates to pharmaceutical compositions
comprising these compounds and to their use for the prevention and treatment of diseases
such aé, but not limited to, proliferative diseases, cancer (e.g., hematological cancers, non-
solid cancers, and solid tumors), inflammatory diseases, neurodegenerative diseases (e.g.,
Alzheimer’s disease, autism, or autism spectrum disorders (e.g. Asp-erger. syndrome or
Mendelsohnn's Syndrome), metabolic disorders (obesity, diabetes) as well as methods of
treating these disorders using compounds described herein as single agents or in '
com‘bination with one or more additional agents. In some embodiments, the additional
agent is a kinase inhibitor. In some embodiments, the additional agent is an mTOR
inhibitor (e.g., Sirolimus (rapamycin), Temsirolimus (CCI779), Everolimus (RAD001),
AP23573 or other compounds disclosed in U.S. Pat. No. 7,091,213). In some embodiments,
the additional agent is a PI3K 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 GSK 1059615, 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 1nh1b1tor inhibits PI3K-a, PI3K-f, PI3K-y, and/or
| PBKS. -

- [00018] Inyet another aspect, the present invention describes methods for the synthesis
of compounds of Formula (I), such as, for example, (4-methy1piperazin-1-yl)(4—(3-
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(phenylethynyl)imidazo[ 1,2-a]pyrazin-6-yl)phenyl)methanone and 4-methyl-2-((6-(4-
(piperazine-1 -carbonyl)phenyl)imidazo[ 1 ,2-a]pyrazin-3-yl)ethynyl)benzonitrile.

[00'0179] ~ In another aspect, the present jnveﬁtion provides kits comprising a corhpound as
described herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition thereof. The provided kits may be useful for the treatment of proliferative
diseascé, cancer (e.g., hematological cancers, non-solid dancers, and solid tumors),
inflammatory diseases, neurodegenerative diseases (e.g., Alzheimer’s disease, autism, or
autism spectrum disorders (e.g. Asperger syndrome or Mendelsohnn's Syndrome)), and
metabolic disorders (e.g., obesity, diabetes). In certain embodiments, the kits described
herein further include instructions for administering the compound as described herein, or a
pharmaceutically accebtable salt thereof, or a pharmaceutical composition thereof. The kits
may also include packaging information describing the use or prescribing infofmatibn for
the subj ectora health care professional. Such information may be required by a regulatory
agency such as the U.S. Food and Drug Administration (FDA). The kit may also optionally '
include a device for administration of the compound or composition, for example, a syﬁﬁge

for parenteral administration.

BRIEF DESCRIPTION OF THE DRAWING
[00020] Figure 1 illustrates the cellular pathways that lead to eIF4E activation and
phosphorylation by MNK1/2 (PNAS,; 2010, 107(32): 13975-6). |

DEFINITIONS
Chemical definitions
[00021] Definitions of specific functional groups and chemical terms are described in
more detail below.' The chemical elements are identified in accordance with the Periodic
Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75™ Ed., inside )
cover, and specific functional groups are generally defined as described therein. |
Additionally, general prihciples of organic chemistry, as well as specific functional
moietiés and reactivity, are described in Thomas Sorrell, Organic Chemistry, Univérsity
' Science Books, Sausalito, 1999; Smith and March, March’s Advariced Organic Chemistry,
- 5% Edition, John Wiley & Sons, Inc., New York, 2001; Larock, Comprehensive Organic
Transformations, VCH Publishers, Inc., New York, 1989; and Carruthers, Some Médern
Methods of Organic Synthesis, 3 Edition, Cambridge University Press, Cambridge, 1987.
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[00022] Compounds descﬁbed herein can comprise one or more asymmetric centers, and
thus can exist in various isomeric forms, e.g., enantiomers and/or diastereomers. For
examplé, the compounds described herein canlbe 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 chromatography (HPLC) and the formation and crystallization of chiral
salts; or preferred isomers can be prepared by asymmetric syntheses. See, for example,
Jacques et al., Enantiomers, Racemates and Resolutions (Wiley Interscience, New York,
1981); Wilen et al., T e_trahedron 33:2725 (1977); Eliel, Stereochemistry of Carbon |
Compounds (McGraw—Hill, NY, 1962); and Wilen, Tables of Resolving Agents and Optical
Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

The invention additionally encompasses compounds described herein as individual isomers
substantially free of other isomers, and alternatively, as mixtures of various isorﬁers.
[00023] When arange of values is listed, it is intended to encompass each value and
sub—range within the range. For example “C;_¢ alkyl” is intended to encompass, C;, Cy, C;,
Cs, Cs, Cs, C16, Ci-5, C14, C13, C1-2, Co26, Ca-s, C24, Co3, C36, C35, C3.4, Cag, Cas, and
Cs_6 alkyl. : o |

[00024] “Alkyl” refers to a radical of a straight—chain or branched saturated hydrocarbon
group having from 1 to 20 carbon atoms (“Cj2 alkyl™). In some embodiments, an alkyl
group has 1 to 10 carbon atoms (“C 1 alkyl”). In some embodiments, an alkyl gréup has 1
to 9 éarbon atoms (“Cj alkyl”). In some embodiments, an alkyl group has 1 to 8 carbon
atoms (“Ci_g alkyl”). In some embodiments, an alkyl group has 1 to 7 carbon atoms (“C;_7
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 carbon atoms (“C;_s alkyl”). In some
embodiments, an aikyl group has 1 to 4 carbon atoms (“C;4 alkyl”). In some
embodiments, an alkyl group has 1 to 3 carbon atoms (“C;-3 alkyl”). In some
embodiments, an alkyl group has 1 to 2 carbon atoms (“Cl_é alkyl”). In some
embodiments, an alkyl group has 1 carbon atom (“C; alkyl”). In some embodiments, an
alkyl group has 2 to 6 carbon atoms (“C,¢ alkyl”). Examples of C;¢ alkyl groups include
o methyl (Cy), ethyl (C,), n—propyl (Cs), isopfopyl (Cs), n—butyl (C4), tert—butyl (C4), sec—

| butyl (Cy), iso-butyl (C4), n—pentyl (Cs), 3—pentanyl (Cs), amyl (Cs), neopentyl (Cs), 3—
methyl—2-butanyl (Cs), fcrtiary amyl (Cs), and n-hexyl (C¢). Additional éxamples of alkyl -
groups include n—heptyl (C,), n—octyl (Cs) and the like. Unless otherwise specified, each
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instance of an élkyl group is independently optionally substituted, i.e., unsubstituted (an
“unsubstituted alkyl”) or substitﬁted (a “substituted alkyl”) with one or more substituents.
In ceftaih embodiments, the alkyl group is unsubstituted Cr0 alkyl (e.g., —CHs). . In certain
embodiments, the alkyl group is substituted C;_1q alkyl. D
[00025] “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 (“Ca20 alkenyl”). In some embodiments, an alkenyl group has 2 to 10 carbon atoms
(“Ca-10 alkenyl”). In some embodiments, an alkenyl group has 2 to 9 carbon atoms (“Cy9
" alkenyl”). In some embodiments, an alkenyl group has 2 to 8 carbon atoms (“C»-s
alkenyl”). In some embodiments, an alkenyl group has 2 to 7 carbon atoms (“C2_7 '
alkenyl”). In some emBodiments, an alkenyl group has 2 to 6 carbon atoms (“C,
alkenyl”). In some embodiments, an alkenyl group has 2 to 5 carbon atoms (“Cy-s '
alkenyl”).. In some embodiments, an alkenyl group has 2 to 4 carbon atoms (“C4
alkeny ). In some embodiments, an alkenyl group has 2 to 3 carbon atoms (“Cé_3
alkenyl”). In some embodiments, .an alkenyl group has 2 carbon atoms (“C, alkenyl”).
The one or more carbon—carbon double bonds can be internal (such as in 2-butenyl) or
terminal (suéh as in 1-butenyl). Examples of C,4 alkenyl groups include ethenyl (C,), 1-
propenyl (C;), 2—propenyl (C3), 1-butenyl (Cs4), 2-butenyl (C4), butadienyl (Cs), and the
ﬁke. Examples of C,¢ alkenyl groups include the aforementioned CH alkenyl groups as
well as pentenyl (Cs), pentadienyl (Cs), hexenyl (Ce), and the like. Additional examples of
alkenyl include heptenyl (C7), octenyl (Cs), octatrienyl (Cs), 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 'Cz_lo
alkenyl. In certain embodiments, the alkenyl group is substituted C;_10 alkenyl.
[00026]  “Alkynyl” refers to a fadical, of a straight—chain or branched hydrocarbon groﬁp
having from 2 to 20 carbon atoms, one or more carbon—carbon triple bonds, and optionally
one or more double bonds (“Cs_59 alkynyl”). In some embodiments, an alkynyl group has 2
to 10 carbon atoms (“Cz..io alkynyl”). In some embodiments, an alkynyl group has 2 to 9
carbon atoms (“Cy_g alkynyl”). In some embodiments, an alkynyl group has 2 to § carbon
 atoms (“Cy_g alkynyl”). In some embodiments, an alkynyl group has 2 to 7 carbon atoms

V. (“Cy7 alkynyl”). In some embodiments, an alkynyl group has 2 to 6 carbon atoms (“C,-¢
alkynyl”). In some embbdiments, an alkynyl group has 2 to 5 carbon atoms (“Caz-s

alkynyl”). In some embodiments, an alkynyl group has 2 to 4 carbon atoms (“Ca4
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alkyny!l”). Insome embodiménts an alkynyl group has 2 to 3 carbon atoms (“C»-3 .
alkynyl”) In some emb0d1ments an alkynyl group has 2 carbon atoms (“C alkynyl”). The
one or more carbon—carbon tr1ple bonds can be internal (such as in 2-butynyl) or terminal
(such as in 1-butynyl). Examples of C,4 alkynyl groups include, without limitation, .
ethynyl (Cy), 1-propynyl (C3), 2—propynyl (C3), 1-butynyl (C4), 2-butynyl (Cs), and the
like. Examples of Cy_ alkenyi groups include the aforementioned C, 4 alkynyl groups as
well as pentynyl (Cs), hexynyl (Ce), and the like. Additional examples of alkynyl include
heptynyl (C7), octynyl (Cs), and the like. Unless otherwise specified, each instance of an
alkynyl group is independently optionally substituted, i.e., unsubstituted (an “unsubstltuted
alkynyl”) or substltuted (a “substituted alkynyl””) with one or more substltuents In certain
embodiments, the alkynyl group is unsubstituted C,-1 alkynyl. In certain embodiments, the
alkynyl group is substituted C;_0 alkynyl. '
[00027] . “Carbocyelyl” or “carbocyclic” refers to a radical of a non—aromatic cyclic
hydrocarbon group having from 3 to 10 ring carbon atoms (“Cs-10 carbocyclyl”) 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 some embodiments, a carbocyclyl
group has 3 to 6 ring carbon atoms (“Cj_¢ carbocyclyl”). In some embodiments, a
carbocyclyl group has 3 to 6 ring carbon atorhs (“Cs.s cérbbcyélyl”). In some
embodiments, a carbocyclyl group has 5 to 10 ring carbon atoms (“Cs_w é’arbocyclyl”).
Exemplary Cs ¢ carbocyclyl groups include, without limitation, cyclopropyl (Cs),
cyclopropenyl (Cs), cyclobutyl (Cs), cyclobutenyl (Cy), cyclopentyl (Cs), cyclopenfenyl
(C5),. cyclohexyl (Ce), cyclohexenyl (Cs), cyclohexadienyl (Ce), and the like. Exemplary

- C3 g carbocyclyl groups include, without limitation, the aforementioned C3_¢ carbocyclyl
groups as well as cycloheptyl (C7), cycloheptenyl (Cy), cycloheptadienyl (Cy),
cycloheptatrienyl (C7), cyclooctyl (Cs), cyclooctenyl (Cyg), bicyclo[2.2.1Theptanyl (C7),
bi'cyc10[2.2.2]octaﬁy1 (Cs), and the like. Exemplary Cs_jo carbocyclyl groups include, |
without limitation, the aforementioned Cs_g carbocyclyl groups as well as cyclononyl (Co),
cyclononenyl (Cy), cyclodecyl (Cio), cyclodecenyl (Cio), octahydro—lH—indenjl (Co),
decahydronaphthalenyl (Co), spiro[4.5]decanyl (Cio), and the like. As the foregoing
examples illustrate, in certain embodiments, the carbocyclyl group is.either moﬁocyclic

o (“monocyclic. carbocyclyl”) or contain a fused, bridged or spiro ring 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
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attachment is on the carbocyclyl ring, and in such instances, the number of carbons
contmue to designate the number of carbons in the carbocyclic ring system. Unless
otherw1se specnﬁed 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 substituents. In certain embodiments, the carbocyclyl
group is unsubstituted Cs_1o carbocyclyl. In certain embodiments, the carbocyclyl group is
a substituted C3_‘10‘carbocycly1. (

[00028] Insome embodiments, “carbocyclyl” is a monocyclic, saturated carbocyclyl
group having from 3 to 10 ring carbon atoms (“Cs-10 cycloalkyl”). In some embodiments, a
cycloalkyl group has 3 to 8 ring carbon atoms (“Cs_g cycloalkyl”). In some embodlments a
cycloalkyl group has 3 to 6 ring carbon atoms (“Cs—¢ cycloalkyl”). In some embodlments 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_jo cycloalkyl”). Examples of Cs¢
cycloalkyl groups include cyclopentyl (Cs) and cyclohexyl (Cs). Examples of Csg
cycloalkyl groups include the aforementioned Cs ¢ cycloalkyl groups as well as cyclopropyl
(C3) and cyclobutyl (Cs). Examples of Cs_g cycloalkyl groups include the aforementioned
Cs_6 cycloalkyl groui)s as well as cycloheptyl (C7) and cyclooctyl (Cg). Unless otherwise
specified, each instance of a cycloalkyl group is independc:ntly' unsubstituted (an
“unsubstituted cycloalkyl™) or substituted (a “substituted cycloalkyl;’) wifh one or more
substituents. In certain embodiments, the cycloalkyl group is unsubstituted Cs_1o
cycloalkyl In certain embodiments, the cycloalkyl group is substituted Cs_10 cycloalkyl
[00029] “Heterocyclyl” or “heterocyclic” refers to a radical ofa 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 heterocyclyl groups that contain one or more nitrogen atoms,
the point of attachinent can be a carbon or nitrogen atom, as valency permits. A
heterocyclyl group can either be monocyclic (“monocyclic 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. “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
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such instances, the number of ring members continue to designate the number of ring
members in the heterocyclyl ring system. Unless otherwise épeciﬁed, each instance of
heterocyclyl is independently optionally subsﬁtuted, i.e., unsubstituted (an “unsubstituted
heterocyclyl”) or substituted (a “éubstituted heterocyclyl”) with one or more substituents.
In certain embodiments, the heterocyclyl group is unsubstituted 3—10 membered
heterocyclyl. In certain embodiments, the heterocyclyl group is substituted 3—10 membered
heterocyclyl. |

[00030] Insome embodimenfs, a heterocyclyl group is a 5-10 membered non—aromatic
ring system having ring carbon atoms and 14 ring heteroatoms, wherein each heteroatom
is independently selec;[ed from nitrogen, oxygen, and sulfur (“5-10 membered |
heterocyclyl™). In somé embodiments, a heterocyclyl group is a 5-8 membered noﬁ—
aromatic ring system having ring carbon atoms and 14 ring heteroatoms, wherein each
heteroatqm is independently selected from nitrogen, oxygen, and sulfur (“5-8 membered
heterocyclyl”). In some embodiments, a heterocyclyl group is a 5-6 membered non—
ar;)matic ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen, and sulfur (“5—6 membered
heterocyélyl”). In some embodiments, the 5-6 membered heterocyclyl has 1-3 ring
heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the 5-6
membered heterocyclyl has 1-2 ring heteroatoms selected from nitro gen, oxygen, and
sulfur. In some embodiments, the 5—6 membered heterocyclyl has one ring heteroatom
selected from nitrogen, oxygen, and sulfur. .
[00031] Exemplary 3—membered heterocyclyl groups containing one heteroatom
include, without limitation, azirdinyl, oxiranyl, thiorenyl. Exemplary 4-membered
heterocyclyl groups containing one heteroatom include, without limitation, azetidinyl,
oxetanyl and thietanyl. Exemplary 5—-membered heterocyclyl groups containing one
heteroatom includé, without limitation, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyl, dihydropyrrolyl and pyrrolyl-2,5—
dione. Exemplary 5—membered heterocyclyl groups containing two heteroatoms include,
without limitation, dioxolanyl, oxasulfuranyl, disulfuranyl, and oxazolidin-2-one.

Exemplary 5-membered heterocyclyl groups containing three heteroatoms include, without

~ limitation, triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered

heterocyclyl groups containing one heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered heterocyclyl

groups containing two heteroatoms include, without limitation, piperazinyl, morpholinyl,
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dithianyl, and dioxanyl. Exemplary 6-membered heterocyclyl groups containing two
heteroatoms include, without limitation, triazinanyl. Exemplary 7-membered heterocyclyl
groups contammg one heteroatom 1nclude without hmltatlon azepanyl, oxepanyl and
thiepanyl. Exemplary 8—membered heterocyclyl groups containing one heteroatom include,
without limitation, azocanyl, oxecanyl, and thiocanyl. Exemplary 5 -membered
heterocyclyl groups fused to a Cg aryl ring (also referred to herein as a 5,6-bicyclic |
heterocyclic ring) include, without limitation, indolinyl, isoindolinyl, 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, tetrahydrbquinolinyl, tetrahydroisoquinolinyl, and fhe like.
[00032] “Aryl” reférs to a radical of a monocyclic or polycyclic (e.g., bicyclic or
tricyclic) 4n+2 aromatic ring system (e.g., having 6, 10, or 14 = electroﬁs shared in a cyclic
- -array) having 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 t;enrring carbon atoms (“Cyo
aryl”; e.g., naphthyl such as 1-naphthyl and 2-naphthyl). In some embodiments, an aryl
group has fourteen ring carbon atoms (“Cy4aryl”; e.g., anthracyl). “Aryl” also includes ring
systems wherein the aryl ring, as defined above, is fused with one or more carbocyclyl or
heterocyclyl groups wherein the radical or point of attachment is on the atyl 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 1is
independently optionally substituted, i.e., unsubstituted (an “unsubstituted aryl”) or
substituted (a “substituted aryl”) with one or more substituents. In certain embodirhents,
the aryl group is unsubstituted Ce_14 aryl. In certain embodiments, the aryl group is
substituted Cg_14 aryl.

[00033] “Heteroaryl” refers to a radical of a 5-10 membered monocyclic or bicyclic -
4n+2 aromatic ring system (e.g., having 6 or 10 7 electrons shared in a cyclic array) having
ring carbon atoms and 1—4 ring heteroatoms provided in the aromatic ring system, wherein
each heteroatom is independently selected from nitrogen, oxygen and sulfur (*5-10
membered heteroaryl”). In heteroarylv groups that contain one or more nitrogen atoms, the

: point of attachment can be a carbon or nitrogen atom, as valency permits. Heteroaryl
bicyclic ring systems can inclﬁde one or more heteroatoms in one or both rings.

“Heteroaryl” includes ring systems wherein the heteroaryl ring, as defined above, is fused
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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
desigﬁate the number of ring members in the Heteroaryl ting system. “Heteroaryi” 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 ﬁng,
and in such instances, the number of ring members designates the number of ring members
in the fused\ (aryl/heteroaryl) ring system. Bicyclic heteroaryl groups wherein one ring does
not contain a heteroatom (e.g., indolyl, quinolinyl, carbazolyl, and the like) the point of
attachment can be on either ring, i.e., either the ring bearing a heteroatom (e.g., 2—1nd01y1)
or the ring that does not contain a heteroatom (e.g., 5—indolyl).

[00034] Insome embodlments, a heteroaryl group is a 5—~10 membered aromatic ﬁng
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 (“5710 membered heteroaryl”). In some embodiments, a heteroaryl group.is as5-8
membered aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms

. provided in the aromatic ring system, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur (“5—8 membered heteroaryl”). In some embodiments, a
heteroaryl group is a 5—-6 membered aromatic ring system having ring carbon atoms and 1—
4 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 embodiments, the 5-6 membered heteroaryl has 1-3 ring heteroatoms selected 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 heteroaryl 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., urisubstituted (“unsubstituted heteroaryl”) or substituted (“substituted -
heteroaryl”) with one or more substituents. In certain embodiments, the heteroaryl group is
unsubstituted 5—-14 membered heteroaryl. In certain embodiments, the heteroaryl group is
substltuted 5-14 membered heteroaryl.

[00035] . Exemplary 5-membered heteroaryl groups containing one heteroatom include,
~ without limitation, pyrrolyl, furanyl and thiophenyl. Exemplary S-membered heteroaryl

' groups containing two heteroatoms include, without limitation, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiézolyl, and isothiazolyl. Exemplary S—r_nembered heteroaryl groups

containing three heteroatoms include, without limitation, triazolyl, oxadiazolyl, and

15



WO 2015/050505 ' » PCT/SG2014/000468

thiadiazolyl. Exemplary 5-membered heteroaryl groups containing four heteroatoms
include, without limitation, tetrazolyl. Exemplary 6-membered heteroaryl groups
containihg one heteroatom include, without lirhitation, pyridinyl. Exemplary 6-membered
heteroaryl groups containing two heteroatoms include, without limitation, pyridazinyl,
pyrimidinyl, and pYrazinyl. Exemplary 6-membered heteroaryl groups containing three or
four heteroatoms include, without limitation, triazinyl and tetrazinyl, respectively.
Exemplary 7-membered heteroaryl groups containing one heteroatom include, without
limitation, azepinyl, oxepinyl, and thiepinyl. Exémplary 5,6-bicyclic heteroaryl groups
include, without limitation, indolyl, isoindolyl, indazolyl, benzotriazolyl, benzothiophenyl,
isobenzothiophenyl, be?nzoﬁ,lranyl, bénzoisofuranyl, benzimidazolyl, benzoxazblyl,
benziszazolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazolyl, benzthiadiazolyl,r
indolizinyl; and purinyl. Exemplary 6,6-bicyclic heteroaryl groups include, without
limitation, haphthyridinyl, pteridinyl, quinolinyl, isoquinolinyl, cinnolinyl, quinoxalinyl,
phthalazinyl, and quinazolinyl. ' »

[00036] 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, “substituted” 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 hydrogen present on a group (e.g., a carbon or nitrogen atom) is reblaced
with a permissible substituent, e.g., a substituent which upon substitution results in a stable
compound, e.g., a compound which does not spontaneously undergo transformation such as
by rearrangement, cyclization, elimination, or other reaction. Unless otherwise indicated, a
“substituted” group has a substituent at one or more substitutable positions of the group,
and when more than one position in any given structure is substituted, the substituent is
either the same or different at each position. The term “substituted” is contemplated to
include substitution with all permissible substituents of organic compounds, any of the
substituents described herein that results in the formation of a stable compound. The
present invention contemplates 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.
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[00037] Exemplary carbon atom substituents include, but are not limited to, halogen, —
CN, ~NO,, -Ns, ~SO,H, —SO5H, ~OH, ~OR™, —ON(R™),, -N(R),, -N(R™);"X", -
N(OR*)R™, —SH, —-SR®, -SSR, -C(=O)R™, .—COZH, ~CHO, —~C(OR%®),, ~CO,R*, —
OC(=0)R®™, ~OCO,R™, —C(=O)I<I/(Rbb)2, —~OC(=0)N(R"™),, -NR"™C(=0)R* -NR*CO,R™,
~NR®C(=0)N(R™),, -C(=NR"™)R*, -C(=NR"OR*, ~OC(=NR"*)R*, ~OC(=NR"*)OR™,
—C(=NR®)N(R®),, ~OC(=NR")N(R"),, -NR®C(=NR"*)N(R"),, —-C(=0)NR"SO,R*, —
NR*™SO,R™, ~SO,N(R™), ~SO,R™, ~SO;0R™, ~OSO,R¥, —S(=0)R™, ~OS(=0)R™, —
Si(R™)s, ~OSi(R™); —C(=S)N(R™),, —C(=0)SR™, ~C(=S)SR®, -SC(=S)SR™, —
SC(=0)SR*, -OC(=0)SR®, —-SC(=0)OR™*, —SC(=0)R*, —P(=0),R™, —OP(=Q)2Raa, —
P(=0)(R™)2, ~OP(=0)(R™)z, ~OP(=0)(OR*), -P(=0)N(R™)z, ~OP(=O):NR™)z, -
P(=0)(NR®®),, —OP(=0)(NR™),, -NR**P(=0)(OR*),, -NR"P(=0)(NR"),, -P(R%),, —
P(R*)3, —OP(R**);, —OP(R%)3, ~B(R™),, ~-B(OR*"),, -BR*(OR*), Ci_jo alkyl,'C1_1§
perhaloalkyl, C;10 alkenyl, C»-19 alkynyl, Cs_jo carbocyclyl, 3—14 membered heterocyclyl,
Ceo-14 a.i'yl,Aand 5-14 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;

or two genﬁinal hydrogens on a carbon atom are replaced with the group =0, =S,
—NN(R"),, =NNRP®C(=0)R™, =NNR™C(=0)OR*, =NNR™S(=0),R*, =NR™, or =NOR*;

each instance of R* is, independently, selected from C;_1o aikyl, C1_10 perhaloalkyl,
Cy10 alkenyl, Cy_jo alkynyl, Cs_j0 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
hetver-ocycvlyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4,
or 5 RY groups; ' ‘

each instance of R is, independently, selected from hydrogen, —~OH, -OR®, —
| N(R*),, -CN, —C(=0)R*, ~C(=O)N(R*),, —CO,R™, —-SO,R™, ~C(=NR*)OR™*, -
C(=ENR)N(R),, —SO,N(R*)2, —SO,R%, ~SO,0R*, —-SOR™, —C(=S)N(R),, ~C(=0)SR*,
—C(=8)SR*, —-P(=0),R™, ~P(=0)(R™)z, —P(=0)2N(R*)2, -P(=O)(NR™)2, C1-10 alkyl, C1-10
perhaloalkyl, Cy_;o alkenyl, C,_;o alkynyl, Cs_o carbocyclyl, 3—14 membered heterocyclyl,

Ce_14 aryl, and 5-14 membered heteroaryl, or two R® groups are joined to form a 3-14

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

alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with O,
1,2,3,4,0r5 R% groups;
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each instance of R® is, independently, selected from hydrogen, Cy_1¢ alkyl, Ci_1o
perhaloalkyl, C,_jo alkenyl, C2_1§ alkynyl, Cs_o carbocyclyl, 314 _inembered heterocyclyl,
Co-14 éry1, and 5-14 membered heteroaryl, or two R™ groups are joined to form a 3—14
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0,
1,2,3,4,0r5 R% groups;

each instance of R% is, independently, selected from halogen, —CN, -NO,, N3, —
SO,H, —SO5H, ~OH, ~OR*, ~ON(R),, ~N(R),, -NR™);"X",~-N(OR*®)RY, —SH, -SR*°, —
SSR*, —C(=0)R*, -CO,H, -CO,R*, -OC(=0)R*’, ~OCO,R*, —C(=0)N(R™),, -
OC(=O)N(RT),, ~NRIC(=0)R®, ~NRTCO,R®, -NRFC(=O)NR™),, —C(=NRff)0R°e, -
OC(=NRHR*, —OC(=NRff)0Ree, ~C(=ENRHNRT),, —OCENRHNRD),, - |
NRICENRHNRD),,~NRISO,R®, —~SO,N(RT),, ~SO,R®, ~-SO,0R*, ~OSO,R%, —
S(=O)Ref, —Si(R%)3, ~OSi(R*)s, —C(=8)N(R™),, ~-C(=0)SR*, ~C(=S)SR*, ~SC(=S)SR", —
P(=0),R%, -P(=0)(R*),, ~OP(=0)(R*),, —OP(=0)(OR*),, Cy_¢ alkyl, Ci¢ perhéloalkyl,
C,_¢ alkenyl, C, ¢ alkynyl, Cs ;9 carbocyclyl, 3—10 membered heterocyclyl, Cg_10 aryl, 5-10
membered heteroziryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R®€ groups, or two
geminal R% substituents can be joined to form =0 or =S; ' | '

each instance of R is, independently, selected from Cj_¢ alkyl, C1_¢ perhaloalkyl,
C,_¢ alkenyl, C, ¢ alkynyl, Cs_;9 carbocyclyl, Cs_1¢ aryl, 3—10 membered heterocyclyl, and
3—10 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, hetérocyclyl, ‘
aryl,-and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups;
each instance of R is, independently, selected from hydrogen, Cy_¢ alkyl, Cj_s
perhaloalkyl, C,_¢ alkenyl; C,_¢ alkynyl, C3 40 carbocyclyl, 3—10 membered heterocyclyl,
Cs_10 aryl and 5-10 membered heteroaryl, or two RT groups are joined to form a 3—14
membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each valkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0,
1,2, 3,4, or5 R groups; and each instance of R® is, independently, halogen, —CN, -NO,,
—N3, =SO,H, —SO3H, —OH, ~OC,¢ alkyl, ~ON(C\-¢ alkyl)s, —-N(Cy alkyl)2, -N(Ci-¢
alkyl)s"X™, -NH(Cy_s alkyl), "X, -NH(Cy_¢ alkyl) "X, -NH3"X", -N(OC¢ alkyl)(C1 s

) - alkyl), —N(OH)(C1_6 alkyl), —NH(OH), —SH, —SCi6 alkyl, -S S(C1_6 alkyl), —C(=O)(C 1-6

alkyl), —COzH,‘—COZ(C 1-6 alkyl), —OC(:O)(Cl_s alkyl), —OCOz(Cl_s alkyl), —C(=O)NH2, -
C(=0)N(C_ alkyl), ~OC(=0)NH(C_ alkyl), -NHC(=0)( Cy.¢ alkyl), -N(Ci-s
alkyl)C(=0)( C alkyl), -NHCO4(Cy_¢ alkyl), -NHC(=O)N(C_¢ alkyl),, —
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NHC(=0)NH(C/_¢ alkyl), -NHC(=O)NH,, —C(=NH)O(C\_¢ alkyl),~OC(=NH)(C1¢ alkyl),
—OC(=NH)OC,_¢ alkyl, —C(=NH)N(C1_6 alkyl),, -C(=NH)NH(C;-¢ alkyl), -C(=NH)NH,,
—OC(%NH)N(C1_6 alkyl),, -OC(NH)NH(C; élkyl), ~OC(NH)NH,, -NHC(NH)N(Ci-¢
alkyl),, -NHC(=NH)NH,, -NHSO(C/_¢ alkyl), —SO,N(C ¢ alkyl)z, ~SO,NH(C;¢ alkyl), —
SOzNHz,—SOZC1_6 alkyl, —=SO,0C _¢ alkyl, —080,Ci- alkyl, -SOCy6 alkyl, —Si(Ci
alkyl)s, —OSi(Ci_¢ alkyl); —C(=S)N(C_¢ alkyl),, C(=S)NH(Ci_¢ alkyl), C(=S)NH,, —
C(=0)S(C1-¢ alkyl), ~C(=S)SCi alkyl, —SC(=S)SC.1_6 alkyl, —P(=0)»(C s alkyl), -
P(=0)(C,_s alkyl),, —OP(=0)(Ci- alkyl),, OP(=0)(OC alkyl),, C1-¢ alkyl, Ci-¢
perhaloalkyl, C;_¢ alkenyl, Co_¢ alkynyl, Cs_ig carbocyclyl, Cs 10 aryl, 3-10 membered
heterocyclyl, 5-10 membered heteroéryl; or two geminal R®® substituents can bé joined to

- form =0 or =5; wherein X is a counterion.

[00038] “Halo” or “halogen” refers to fluorine (fluoro, —F), chlorine (chloro, —Cl),
bromine I(bromb‘, -Br), or iodine (iodo, —I).

[00039] Nitrogen atoms can be substituted or unsubstituted as valency permifs, 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(=0)R™, ~C(=0)N(R®),, ~CO;R®, ~SO,R™, ~C(=NR"")R™, ~C(=NR*)OR", —
C(=NR®)N(R*)2, —SO;N(R*)2, —SO,R%, —SO,0R*, -SOR", —C(=S)N(R*),, —C(=0) SR,
~C(=8)SR®, ~P(=0),R", ~P(=0)(R™)2, -P(=0):N(R*), —P(=O)(NR°°)2; Ci-10 alkyl, Ci-i0
perhaloalkyl, Cy_10 alkenyl, C,_1¢ alkynyl, Cs_15 carbocyclyl, 3-14 membered heterocyclyl,
Ce_14 aryl, and 5-14 membered heteroaryl, or two R* groups attached to a nitrogeﬁ atom
are j 6ined to form a 3—14 membered heterocyclyl or 5-14 membered heteroaryl ring,
wherein each alkyl, alkenyl, alkynyl, carbocyclyl, héterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3,4, or 5 R groups, and wherein R®, R™, R® and
R% are as defined above.

[00040] In certéin embodiments, the substituent present on a nitrogen atom is a nitrogen
protecting group (also referred to as an amino protecting group). Nitrogen protecting _
groups include, but are not limited to, ~OH, —OR™, —-N(R*);, -C(=0)R*, -C(=0)N(R*),
—CO,R™, —SO,R™, —C(=NR*“)R™, —C(=NR°°)OR“, —C(=NR*)N(R*),, ~SON(R*),, —
SO,R®, ~SO,0R*, —SOR™, ~C(=S)N(R**),, ~C(=0)SR*’, ~C(=S)SR*, C1_1¢ alkyl (e.g.,
 aralkyl, heteroaralkyl), Cy_19 alkenyl, C,1¢ alkynyl, Cs_io carbocyclyl, 3—14 membered

| heterocyclyl, C¢_14 aryl, and 5-14 membered heteroaryl groups, wherein each alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, aryl, and heteroaryl is independently
substituted with 0, 1, 2, 3, 4, or 5 R% groups, and wherein Ra.a, R™, R*, and R* are as
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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, iﬁcorporated herein by reference.

[00041] Amide nitrogen protecting groups (e.g., -C(=O)R™) include, but are not limited
to, formamide, acetémide, 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—hyd_roXyphenyl)propanamide, 3—(o-nitrophenyl)propanamide, 2—methy1—2—(d—
nitrophenoxy)propanamide, 2—methyi—2—(o—phenylazophenoxy)propanamide, 4— '
chlorobutanamide, 3—ﬂlethyl—3—nitrobutanamide, o-nitrocinnamide, N—acetylmethibnine,
o-nitrobenzamide, and o—(benzoyloxymethyl)benzamide. '
[00042] . Carbamate nitrogen protecting groups (e.g., —C(=0)OR™) include, but are not
limited' to, methyl carbamate, ethyl carbamante, 9—fluorenylmethyl carbamate (Fmoc), 9-
(2—-sulfo)fluorenylmethyl 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-methoxyphenacyl carbamate (Phenoc), 2,2,2—trichloroethyl carbamate (Troc), 2—
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hz), 1—(1—adamahty1)—l—
methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbaméte,~ 1,1-dimethyl-2,2—
dibroﬁloethyl carbamate (DB—+BOC), 1,1-dimethyl-2,2,2—trichloroethyl carbamate
(TCBOC), 1-methyl-1—(4-biphenylyl)ethyl carbamate (Bpoc), 1—(3,5—di—t—buty1§henyl)—
l—méthylethyl carbamate (-~Bumeoc), 2—(2°— and 4’—pyridyl)ethyl carbamate (Pyoc), 2—
(N,N—dicyélohexylcarboxémido)ethyl carbamate, #-butyl carbamate (BOC), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1-isopropylallyl
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4—nitrocinnamy1 carbamate (Noc), 8-
quinolyl carbamaté, N-hydroxypiperidinyl carbamate, alkyldithio 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—methylthibethyl carbamate, 2-methylsulfonylethyl carbamate, 2—(p—

" toluenesulfonyl)ethyl carbamate, [2—(1,3—dithianyl)Jmethyl carbamate (Dmoc), 4-
methylthiophenyl carbamate (Mtpc), 2,4—dimethylthiophenyl carbamate (Bmpc), 2—
phosphonioethyl carbalﬁate (Peoc), 2-triphenylphosphonioisopropyl carbamate (Ppoc),
1,1—dirhethy1—2—cyanoethy1 carbamate, m—chloro—p—acyloxybenzyl carbamate, p—
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(dihydroxyboryl)benzyl carbamate, 5-benzisoxazolylmethyl carbamate, 2—
(trifluoromethyl)-6—chromonylmethyl carbamate (Tcroc), m—nitrophenyl carbamate, 3,5—
diméthoXybenzyl carbamate, o—nitrobenzyl cafbamate,'3,4—dimethoxy—6—nitrobenzyl ,
carbamate, phenyl(o—nitrophenyl)methyl carbamate, t—amyl carbamate, S—benzyl
thiocarbamate, p—cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p—decyloxybenzyl carbamate, 2,2—
dimethoxyacylvinyl carbamate, o—(V, N—dimethylcarboxamido)benzyl carbamate, 1,1—
dimethy1—3—(N,N—dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl
carbamate, di(2—pyridyl)methyl carbamate, 2—furanylmethyl carbamate, 2—iodoethyl
carbamate, isoborynl carbamate, isoButyl carbamate, isonicotinyl carbamate, p;(p —
methoxyphenylazo)beﬁzyl carbamate, 1-methylcyclobutyl carbamate, l—methylcyciohexyl
~ carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3,5- ‘
dimetho:gyphenyl)ethyl carbamate, .1—methy_1—1—(p—phenylazopﬁenyl)ethyl carbamate, 1—
methyl~1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, pheﬁyl
carbamate, p—(phenylazo)benzyl carbamate, 2,4,6—tri——butylphenyl carbamate, 4—
(trime’thylammonium)benzyl carbamate, and 2,4,6—trimethylbenzyl carbamate.

[00043] Sulfonamide nitrogen protecting groups (e.g., —S(=0),R*) include, but are not
limited to, p—toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,—trimethy1—4— '

_ methoxybenzenesulfonamide (Mtr), '2,4,6—trimeth0xybenzenesulfoﬁamide‘ (Mtb), 2,6—
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl—4—
methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6—.
triméthylbenzenesulfonamide (Mts), 2,6—dimethoxy—4—methylbenzenesulfonamide (iMds),
2,2,5,7,8—pentamethyléhroman—6—su,lfonamide (Pmc), methanesulfonamide (Ms), B—
trimethylsilylethanesulfonamide (SES), 9—anthracenesulfonamide, 44,8 -
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,
triﬂuoromethylsulf.onamide,v and phenacylsulfonamide. ‘

[00044] Other nitrogen protecting groups include, but are not limited to, phenothiazinyl—
(10)-acyl derivative, N —p-toluenesulfonylaminoacyl derivative, N '—phenylaminothioacyl
derivative, N-benzoylphenylalanyl derivative, N—acetylmethionine derivative, 4,5—
dipheny1—3—oxazolin—2—one, N-phthalimide, N—dithiasuccinimide (Dts), N—2,3—

_ -' diphenylmaleimide, N-2,5-dimethylpyrrole, N—'l,1,4,4—tetramethyldisilylazacyclopéntane
 adduct (STABASE), S-substituted 1,3-dimethyl-1,3,5triazacyclohexan-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
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(SEM), N—3—aéetoxypropylarhine, N-(1-isopropyl—4-nitro—2—oxo—3-pyroolin-3—
yl)amine, quaternary ammonium salts, N-benzylamine, N—di(4— |
methdxyphenyl)methylaminc, N—S—dibenzosuberylamine, N—triphenylmethylamine (Tr),
N-{(4—methoxyphenyl)diphenylmethyl]amine (MMTr), N~9—phenylfluorenylamine (PhF),
N—2,7—dich10ro—9—ﬂuorenylmethyleneamine, N-ferrocenylmethylamino (Fem), N-2—
picolylamino N’-oxide, N-1, 1—dimethylthiomethyleneamine, N-benzylideneamine, N—p—
methoxybenzylideneamine, N-diphenylmethyleneamine, N—{(2— | :
pyridyl)mesityllmethyleneamine, N-(N’,N —dimethylaminomethylene)amine, N,N —
isopropylidenediamine, N-p—nitrobenzylideneamine, N-salicylideneamine, N—5—
chlorosalicylideneamine, N—(5—chlofo—Z—hydroxyphenyl)phenylmethyleneamihe, N-
cyclohexylideneamine, N-(S,5—dimethy1—3—oxo—l—cyclohexenyl) amine, N-borane
derivative, N—diphenylborinic acid derivative, N-[phenyl(pentaacylchromium— or ‘
tungsten)acylJamine, N—copper chelate, N—zinc chelate, N-nitroamine, N-nitrosoamine,
amine N—Qxide, diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt),
diphenylthiophosphinamide (Ppt), dialkyl phosphoram‘idates, dibenzyl phosphoramidate,
diphenyl phosphoramidate, benzenesulfenamide, o—nitrobenzenesulfenamide (Nps), 2,4—
dinitrobenzenesulfenamide, pentachlorobenzenesulfenamide, 2—nitr0>—4—
methoxybenzenesulfenamide, triphenylmethylsulfenamide, and 3-nitropyridinesulfenamide
(Npys). | J

[00045] In certain embodiments, the substituent present on an oxygen atom is an oxygen
protecting group (also referred to as a hydroxyl protecting group). Oxygen protecting
groups include, but are not limited to, ~R™, -N(R™),, ~C(=0)SR™, ~C(=0)R™, -CO,R™, —
C(=0)NR™),, -C(=ENR™)R*, —-C(=NR™)OR®, ~C(=NR"™)N(R"),, -S(=0)R™, -SO,R™, —
SiR™)3,P(R%)z, ~PR™)s, ~P(=0);R™, ~P(=0)(R™)z, P(=0)(OR*)2, P(=0):N(R™)s, and
éP(=O)(NRbb)2, wherein R® R™ and R® are as defined herein. Oxygen protecting groups
are well known in Athe art and include those described in detail in Protecting Groups in
Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3rd edition, John Wiley & Sons, 1999,
incorporated herein by reference.

[00046] . Exemplary oxygen protecting groups include, but are not limited to, methyl,
methoxylmethyl (MOM), methylthiomethyl (MTM), ~~butylthiomethyl,

o '(phenyldimethylsilyl)methoxymethyl (SMOM)-, benzyloxymethyl (BOM), p—

methoxybenzyloxymethyl (PMBM), (4—methoxyphen0xy)methy1 (p—AOM),
guaiacolmethyl (GUM), t-butoxymethyl, 4—pentenyloxymethy1 (POM), s110xymethy1 2—
methoxyethoxymethyl (MEM), 2,2,2—trichloroethoxymethyl, bis(2—chloroethoxy)methyl,
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2—(trimethylsilYl)ethoxymethyl (SEMOR) tetrahydropyranyl (THP), 3—
bromotetrahydropyranyl tetrahydrothlopyranyl 1—methoxycyclohexy1 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—trimethyl—4,7-
methanobenzofuran—2—yl, 1-ethoxyethyl, 1—(2—chloroethoxy)ethyl, 1-methyl-1-
methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy—2—fluoroethyl, 2,2,2—
trichloroethyl, 2-trimethylsilylethyl, 2—(phenylseleny1)ethy1 t-butyl, allyl, p—chlorophenyl,
p-methoxyphenyl, 2,4-dinitrophenyl, benzyl (Bn), p—methoxybenzyl, 3,4— | '
dimethoxybenzyl, o-nitrobenzyl, p—nitrobenzyl, p-halobenzyl, 2,6— dlchlorobenzyl p—
cyanobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 3—methyl-2—picolyl N—oxido,
diphenylmethyl, p,p —dinitrobenzhydryl, 5—dibenzosuberyl, triphenylmethyl, o—
naphthyldiphenylmethyl, p—methoxyphenyldiphenylmethyl, di(p— |
methoxyphenyl)phenylmethyl, tri(p—methoxyphenyl)methyl, 4-(4'—
bromophenacyloxyphenyl)diphenylmethyl, 4,4",4"tris(4,5—
dichlorophthaiimidophenyl)methyl, 4,4',4"—tris(levulinoy1c_>xyphényl)methyl, 4,4 4"~
tris(benzoyloxyphenyl)methyl, 3f(ir_r1idazol—1—yl)l;is(4',4"—dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1"—pyrenylmethyl, 9—anfhry1 9—(9—phenyl)xanthenyl, 9—(9- |
phenyl—10-oxo)anthryl, 1,3-benzodisulfuran—2-yl, benmsothlazolyl S,S—dioxido,
trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dlmethyhsopropylsﬂyl
(IPDMS), diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, #~butyldimethylsilyl
(TBDMS), t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p—xylylsilyl, tripheﬁylsﬂyl,
dlphenylmethylsﬂyl (DPMS), t—butylmethoxyphenylsﬂyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, tnchloroacetate trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p—chlorophenoxyacetate, 3—
phenylpropionate, 4-oxopentanoate (levulinate), 4,4—(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamar_ltoate,. crotonate, 4—methoxycrotonate, benzoate,
p—phenleenzoate 2,4,6—trimethylbenzoate (mesitoate), alkyl methyl carbonate, 9—
© fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2~trichloroethyl
" carbonate (Troc), 2—(trimethylsilyl)ethyl carbonate (TMSEC) 2—(phenylsulfonyl) ethyl
carbonate (Psec), 2—(triphenylphosphonio) ethyl carbonate (Peoc), alkyl isobutyl carbonate,
alkyl vinyl carbonate alkyl allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzyl
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carbonate, alkyl p-methoxybenzyl carbonate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl

o-nitrobenzyl carbonate, alkyl p—nitrobenzyl carbonate, alkyl S—benzyl thiocarbonate, 4—

ethoxy—l—napththyl carbonate, methyl dithiocé.rbonate, '2—,iodobenzoate, 4—azidobutyrate,

' L4—nitro—4—me’chy1pe:n’canoate, o—(dibromomethyl)benzoate, 2—formy1benzcnesulfonate, 2—
(methylthiomethoxy)ethyl, 4—(methylthiomethoxy_)butyrate, 2~
(methylthiomethoxymethyl)benzoate, 2,6—dichloro—4-methylphenoxyacetate, 2,6—
dichloro—4—(1,1,3,3—tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-
dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)—
2-methyl-2-butenoate, 0—(meth0xyacyl)benzoate, a—naphthoate, nitrate, alkyl N,N,N’ N'—
tetramethylphosphorodiamidate, alkyl N-phenylcarbamate, borate, o
dimethylphosphinothiéyl, alkyl 2,4—dinitrophenylsulfenate, sulfate, methanesulfonate
(mesylate), benzylsulfonate, and tosylate (Ts). '
[00047] .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(=0)NR™),, -C(ENRPR®, ~C(=NR™)OR™, ~C(=NR™)N(R™),, -S(=0)R*, ~SO,R™, -

Si(R™)3, ~P(R™);, ~-P(R™)s, -P(=0);R™, ~P(=0)(R™)z, ~P(=0)(OR™)z, ~P(=0),N(R™),, and
~P(=0)(NR®),, wherein R* R™, and R* are as defined herein. Sulfur protecting groups
are well known in the art and include those described in detail in Prbtecting Groups iﬁ
Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3" edition, John Wiley & Sons, 1999,
incorporated herein by reference. - ‘ |
[00048] 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 |

[00049] 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.
[00050]. 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 tﬁe tissues of humans and lower animals without undue toxicity,

irritation, allergic response and the like, and are commensurate with a reasonable
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benefit/risk ratio. Pharmaceuﬁcally acceptable salts are well known in the art. For example,
Berge et al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Scienées', 1977, 66, 1-19, incorporated herein By reference. Pharmaceutically acceptable
salts of the compounds of this invention include those derived from suitable inorganic and
organic acids and béses. 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 acid, sulfuric 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 inciude adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, forméte,
fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate,

hexanoate hydr01od1de 2-hydroxy—ethanesulfonate, lactobionate, lactate, laurate lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2—naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p—
toluenesulfonate, undecanoate, valerate salts, and the like. Salts derived from appropriate
bases include alkali metal, alkaline éarth metal, ammonium and N+(Cl—4a1ky1)4 salts.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when
appropriate, noritdxic ammonium, quaternary ammonium, and amine cations formed using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl
sulfonate and aryl sulfonate.

[00051] 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 molecules of water. Likewise, the term “solvate” refers to a compound
non—covalently associated with one or more molecules of an organic solvent.

[00052] . In certain embodiments, the pharmaceutically acceptable form is a prodrug. The
term “prodrug” as used herein refers to a derivative of a parent compouhd that requires |
~ transformation within the body in order to release the parent compound. In certain cases, a
prodrug has improved physical and/or delivery properties over the parent compound.
Prodrugs are typically désigned to enhanée pharmaceutically and/or pharmacokinetically

based properties associated with the parent compound. The advantage of a prodrug can lie
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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
digesﬁvé tract, or it may enhance drug stability fbr long—term storage. In recent years
several types of biorevérsible derivatives have been exploited for utilization in designing
“prodrugs. Using esters as a prodrug type for compounds containing a carboxyl or hydroxyl
functionality is known in the art as described, for example, in The Organic Chemistry of
Drug Design and Drug Interaction by Richard Silverman, published by Academic Press
(1992).
[00053] In certain embodiments, the pharmaceutically acceptable form is a tautomer.
The term “tautomer” as used herein ihcludes two or more interconvertable compounds
resulting from at least one formal migration of a hydrogen atom and at least one change in
valency (e.g., a single bond to a double bond, a triple bond to a single bond, or vice versa).
The exact ratio of the tautomers depends on several facfors, including temperature, solvent,
“and pH. Tautomerizations (i.e., the reaction providing a tautomeric pair) mayvca-talyzed 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.
[00054] In certain embodiments, the pharmaceutically acceptable form is an isomer. The
term “isomer” as used herein includes any and all geometric isomers and rstereoisc')mers
(e.g., énanti’omers, diasteromers, efc.). For example, “isomer” include cis— and trans—
isomers, E— and Z— isomers, R— and S—enantiomers, diastereomers, (D)—isomers, (L)—
isomers, racemic mixtures thereof, and other mixtures thereof, as falling within the scope of
the iﬁvention. For instance, an isomer/enantiomer may, in some embodiments, be provided
substantially free of the corresponding enantiomer, and may also be referred to as “optically
enriched.” “Optically—enriched,” as u’sedvherein, means that the compound is made up of a
significantly greater proportion of one enantiomer. In certain embodiments the compound
of the present invehtion is made up of at least about 90% by weight of a preferred
enantiomer. 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, including 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., Enantiomers,

Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen, S.H., et al.,
Tetrahedron 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon Compounds (McGraw—
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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).

[00055] ~ In certain embodiments, the pharméceutically acceptable form is a polymorph.
The term “polymorph™ as used herein refers to a crystalline compound existing in more
than one crystalliné form/structure. When polymorphism exists as a result of differencein - -
crystal packing it is called packing pblymorphism. Polymorphism can also result from the
existence of different conformers of the same molecule in conformational polymorphism.
In pseudopolymorphism the different crystal types are the result of hydration or solvation.
[00056] A “subject” to which administration is contemplated includes, but is not limited
to, humans (i.e., a ma1¢ or female of ény age group, e.g., a pediatric subject (e.g, infant,
child, adolescent) or adult subject (e.g., young adult, middie-aged adult or senior adult))
and/or other primates (e.g., cynomolgus monkeys, rhesus monkeys); mammals, inciuding
commerc_ially relevant mammals such as cattle, pigs, horses, sheep, goats, cats, and/or dogs;
and/or birds, including commercially relevant birds such as chickens, ducks, geése, and/or
turkeys. In certain embodiments, thersubj ect is an animal. The animal may be of either seﬁ(
and may be of any stage of development. In certain embodiments, the animal is a mammal.
In certain embodiments, the subject is a human. In certain embodiments, the subject is a
domesticated animal, such as a dog, cat, cow, pig, horse, sheep, or goat. In certain
embodiments, the subject is a companion animal such as a dog or cét. In certain
embodiments, the subject is a livestock animal such as a cow, pig, horse, sheep, or goat. In
certain embodiments, the subject is a zoo animal. In another embodiment, the subj-ect isa
reseeirch animal such as a rodent (e.g., mouse, rat), dog, pig, or non-human primate. In
certain embodimennts, the animal is a genetically engineered animal. In certain -
embodiments, the animal is a transgenic animal.

[00057] “Treat,” “treating” and “treatment” encompasses an action that occurs while a
sﬁbj ect is suffering from a condition (e.g, a “MNKl- 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).-

[00058]  As used herein “inhibitioh,”,“inhibiting,” and “inhibit”, refer to the ability of a
o compound to reduce, slow, halt, or prevent the activity of a particular biological process

| relative to a control. 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.
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[00059] 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
ordinéry skill in this art, the effective amount ofa compound described herein may vary
depending on such factors as the desired 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.
[00060] A “therapeutically effective amount” of a compound is an amount sufficient to
provide a therapéutic benefit in the treatment of a condition or to delay or minimize one or
more symptoms associated with the condition. A therapeutically effective amount of a
compound means an amount of therapeutic agent, alone or in combination witﬁ other
“therapies, which provides a therapeutic benefit in the treatment of the condition. The term
“therapeutically effective amount” can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of the condition, or enhances the therapeutic efficacy
of anothér_therapeutic agent. In some embodiments, a therapeutically effective amount is
an amount effective to inhibit cell growth or induce cell death.
[00061] 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 prophylactically effective amount of a comp'ourid‘means an amount of a
therapeutic agent, alone or in combination with other agents, whichAprovides 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
efﬁc;clcy of another prophylactic agent.
[00062] As used herein, the term “kinase™ represent a class of 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-Iimiting examples of
- kinases include Abl, 'ACK, Akt1/PKBo, Akt2/PKBp, Akt3/PKBy, ALK1, ALK2, Alk4,
AMPKal/B1/y1, AMPKol1/B1/y2, AMPKal/B1/y3, AMPKal/B2/y1, AMPKo2/B1/v1,
AMPKa2/p2/y2, Abl2, ARKS, Askl, Aurora A, Aurora B, Aurora C, Axl, BARK1, BIKk,
Bmx, B-Raf, Brk, BrSK1, BrSK2, Btk, CaMK1o, CaMK1p, CaMK 1y, CaMK156,
CAMK20, CaMK2p, CAMK?25, CAMK?2y, CAMK4, CAMKK 1, CAMKK?2, CDK1,
~ CDK2, CDK3, CDK4, CDKS, CDK6, CDK?7, CDK9, CDK1/cyclin B, CDKZ/cyclin A,
h CDKZ/cyclin E, CDK3/cyclin E, CDK5/p25, CDK5/p35, CDK6/cyclinD3, CDK7/cyc1in
H/MAT1, CDK9/cyclin -Tl, CHK1, CHK2, CK1(y), CK1§, CK2al, CK2a2, cKit, c-RAF,
CLK1, CLK2, CLK3, COT, Csk, DAPK1, DAPK2, DAPK3,-DCAMLK2, DDR2, DMPK,
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DRAKI1, DYRKiA, DYRK2, DYRK3, eEF2K, EGFR, EPHA1, EPHA2, EPHA3, EPHA4,
EPHAS, EPHA6, EPHA7, EPHAS, EphB1, EphB2, EphB3, EphB4, ErbB4, Erkl, Erk2,
FAK, Fer, Fes, FGFR1, Flt2, Flt4, FLT3 D83 5Y, FGFR2, FGFR3, FGFR4, Fgr, Flt1, Flt3,
Fms, FRK FynA, GCK GPRKS5, GRK2, GRK4, GRKS6, GRK7 GSK3a, GSK3p, Hek,
HER2, HERA4, HIPKI HIPK2, HIPK3, HIPK4, IGF1R, IKKf, IKKa, IKKe, IR, InsR IRR,
IRAK1, IRAK2, IRAKA4, Ttk, JAK2, JAK3, INK1, INK2, JNK3, KDR, KHS1, Kit, Lck,
LIMKI, LKB1, LOK, LRRK2, Lyn A, Lyn B, MAPK1, MAPK2, MAPK12, MAPKAP-
K2, MAPKAP-K3, MAPKAPK2, MAPKAPK3, MAPKAPKS, MARK1, MARKZ,
MARK3, MARK4, MELK, MEK1, MEK?2, MEKK?2, MEKK3, Mer, Met, MET M1250T,
MINK, MKK4, MKKG6, MKK78, MLCK,' MLK1, MLK3, MNK1, MNK2, MRCKa,
MRCK@, MSK1, MSK2, MSSKI1, STK23, STK4, STK3, STK24, MST1, MST2, MST3,
MST4, MUSK, mTOR, MYO3B, MYT1, NDR1, NEK11, NEK2, NEK3, NEKS6, NEK7,
NEKSY, NLK, NUAK?2, p38a, p38p, p385, p38y, p70S6K, S6K, SRK, PAK1/CDC42,
PAK2, PAK3, PAK4, PAKS, PAKS, PAR-1Ba, PASK, PBK, PDGFRa, PDGFRB PDKI
PEK, PHKG2, PI3Ka, PI3Kp, PI3Ky, PI3KS$, Pim1, Pim2, PKAca, PKACcpB, PKAcy,
PKA(b), PKA, PKBa, PKBf, PKBy, PKCo, PKCB1, PKCB2, PKCB11, PKC3, PKCe,
PKCy, PKCp, PKCn, PKC1, PKCO, PKCC, PKD1, PKD2, PKD3, PKGla, PKGIB, PKNI,
PKN2, PKR, PLK1, PLK2, PLK3, PLK4, Polo, PRAK, PRK2, PrKX, PTK5, PYK2, QIK,
Rafl, Ret, RIPK2, RIPKS, ROCK]1 , ROCK2, RON, ROS, Rse, RSKl, RSKZ, RSK3,
RSK4, SAPK2a, SAPK2b, SAPK3, SAPK4, SGK1, SGK2, SGK3, SIK, MLCK, SLK, Snk,
Sre, SRPK1, SRPK2, STK33, SYK; TAK1-TABI1, TAK1, TBK1, TAO1, TAO2, TAO3,
TBK1, TEC, TESK1, TGFBRI1, TGFBRZ, Tie2, TLK2, TrkA, TrkB, TrkC, TSSK1, TSSK2,
TTK, TXK, TYK2, TYRO3, ULKI, ULK2, WEE1, WNK2, WNK3, Yesl, YSK1, ZAK,
ZAP70,ZC3, and ZIPK. '

[00063] A “proliferative disease” refers to a disease that occurs due to abnormal growth
ot extension by the multiplication of cells (Walker, Cambridge Dictionary of Biology;‘ .
Cambridge University Press: Cambridge, UK, 1990). A proliferative disease may be
associated with: 1) the pathological proliferation of normally quiescent cells; 2) the
pathologi_cal migration of cells from their normal location (e.g., metastasis of neoplastic

cells); 3) the pathological expression of proteolytic enzymes such as matrix

' metalloproteinases (e.g., collagenases, gelatinases, and elastases); or 4) pathological

angiogenesis as in proliferative retinopathy and tumor metastasis. Exemplary proliferative

diseases include cancers (i.e., “malignant neoplasms”), benign neoplasms, angiogenesis or
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diseases associated with angiogenesis, inflammatory diseases, autoinflammatory diseases,
and autoimmune diseases. - _ ,

[00064] " The terms “neoplasm” and “tumor” are used herein interchangeably and refer to
an abnormal mass of tissue wherein the growth of the mass surpasses and is not coordinated
with the growth of a normal tissue.' A neoplasm or tumor may be “benign” or “malignant,”
depending on the following characteristics: degree of cellular differentiation (including
morphology and'functionality), rate of growth, local invaéion, and metastasis. A “benign
neoplasm” is generally well differentiated, has characteristically slower growth than a
malignant neoplasm, and remains localized to the site of origin. In addition, a benign
neoplasm does not have the capacity to infiltrate, invade, or metastasize to distant sites.
Exemplary benign neoi)lasms include, but are not limited to, lipoma, chondroma, |
adenomas, acrochordon, senile angiomas, seborrheic keratoses, lentigos, and sebaceous
hyperpla;ias. In some cases, certain “benign” tumors may later give rise to malignant
neoplasms, which may result from additional genetic changes in a subpopulatiori of the
tumor’s neoplastic cells, and these tumors are referred to as “pre-malignant neoplasms.” An
example of a pre-malignant neoplasm is a teratoma. In contrast, a “malignant neoplasm” is
generally poorly differentiated (anaplasia) and has characteristically rapid growth
accompanied by progressive infiltration, invasion, and destruction of the surrounding tissue.
Furthermore, a malignant neoplasm generally has the capacity to métastaéize to distant
sites.

[00065] The term “metastasis,” “metastatic,” or “metastasize” refers to the spreéd or
migfation of cancerous cells from a primary or original tumor to another organ or tissue and
is typically identifiable by the presence of a “secondary tumor” or “secondary cell mass” of
the tissue type of the primary or original tumor and not of that of the organ or tissue in
which the secondary (metastatic) tumor is located. For example, a prostate cancer that has
-migrated to bone fs said to be metastasized prostate cancer and includes cancerous prostate
cancer cells growing in bone tissue.

[00066] As used herein, the term “cancer” refers to a malignant neoplasm (Stedman’s
Medical Dictionary, 25th ed.; Hensyl ed.; Williams & Wilkins: Philadelphia, 1990).
Exemplary cancers include, but are not limited to, acoustic neuroma; adenocarcinoma

" adrenal gland cancer; anal cancer; angiosarcoma (e. g.,_lymphangiosarcoma; _
lymphangioendotheliosarcoma, hemangiosarcoma); appendix cancer; benign ﬁonoclonal
gammopathy; biliary cancer (e.g., cholangiocarcinoma); bladder cancer; breast cancer (e.g.,

adenocarcinoma of the breast, papillary carcinoma of the breast, mammary cancer,
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‘medullary carcinoma of the breast); brain cancer (e.g.,meningioma, glioblastomas, glioma
(e.g., astrocytoma, oligodendro giioma), medulloblastoma); bronchus cancer; carcinoid
tumor§ cervical cancer (e.g., cervical adenocaréinoma); choriocarcinoma; chordoma;
craniopharyngioma; colorectal cancer (e. g colon cancer, rectél cancer, colorectal
adenocarcinoma); connective tissue cancer; epitheljal carcinoma; ependymoma;
endotheliosarcoma (e.g., Kaposi’s sarcoma, multiple idiopathic hemorrhagic sarcoma);
endometrial cancer (e.g., uterine cancer, uterine sarcoma); esophageal cancer (e.g.,
adenocarcinoma of the esophagus, Barrett’s adenocarinoma); Ewing’s sarcoma; eye cancer
(e.g., intraocular melanoma, retinoblastoma); familiar hypereosinophilia; gall bladder
cancer; gastric cancer (e.g., stomach adenocarcinoma); gastrointestinal stromal tumor
(GIST); germ cell cancér; head and neck cancer (e.g., head and neck squamous cell
Qarcinoma,-oral cancer (e.g.,oral squamous cell carcinoma), throat cancer (e.g., laryngeal
cancer, pharyng‘eal cancer, nasopharyngeal cancer, oropharyﬁgeal cancer)); hematopoietic
cancers (e.g., leukemia such as acute 1ymphocytic leukemia (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 large B-cell lyinphoma),
follicular Ijrmphoma, chronic lymphocytic leukemia/small lymphocytic lymphoma-
(CLL/SLL), mantle cell lymphoma (MCL), marginal zone B-cell lymphomas (e.g., mucosa-
asso'ciated Iymphoid tissue (MALT) lymphomas, nodal marginal zone B-cell lymphoma,
splenic marginal zone B-cell lymphoma), primary mediastinal B-cell lymphoma, Burkitt
lymphoma, lymphoplasmacytic lymphoma (i.e., Waldenstrém’s macro globulinemia), hairy
cell leukemia (HCL), immunoblastic large cell lymphoma, precursor B-lymphoblastic
lymphoma and prifnary 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 fungiodes, Sezary syndrome),
angioimmunoblastic T-cell lymphoma, extranodal natural killer T-cell lymphoma,
enteropathy type T-cell lymphoma, subcutaneous panniculitis-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
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(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
carciﬁoma,small cell lung cancer (SCLC), non-small cell lung cancer (NSCLC),
adenocarcinoma of the lung); leiomyosarcoma (LMS); mastocytosis (e.g., systemic
mastocytosis); muscle cancer; myelodysplastic syndrome (MDS); mesothelioma;
myeloproliferative disorder (MPD) (e.g., polycythemia vera (PV), essential thrombocytosis
(ET), agnogenic‘myeloid metaplasia (AMM) a.k.a. myelofibrosis (MF), chronic idiopathic
myelofibrosis, chronic myelocytic leukemia (CML), chronic neutrophilic leukemia (CNL),
hypereosinophilic syndrome (HES)); neuroblastoma; neurofibroma (e.g., neurofibromatosis
(NF) type 1 ot type 2, schwannomatosis); neuroendocrine cancer (e.g., |
gastroenteropancreatic-neuroendoctrine tumor (GEP-NET), carcinoid tumor); osteosarcoma
(e.g.,bone cancer); ovarian cancer (e.g., cystadenocarcinoma, ovarian embryonal
carcinoma,, ovarian adenocarcinoma); papillary adenocarcinoma; pancreatic cancer
(e.g.,pancreatic andenocarcinoma, intraductal papillary mucinous neoplasm (IPMN), Islet
cell tumors); penile cancer (e.g., Paget’s disease of the penis and scrotum); pinealoma;
primitive néuroectodermal tumor (PNT); plasma cell neoplasia; paraneoplastic syndromes;
intraepithelial neoplasms; prostate cancer (e.g., prostate-adenocarcinoma); rectal cancer;
rhabdomyosarcoma; salivary gland cancer; skin cancer (e.g., squamous cell carcinoma
(SCC), keratoacanthoma (KA), melanoma, basal cell carcinoma (B CC)) ; .small bowel
cancer (e.g., appendix cancer); soft tissue sarcoma (e.g.,malignant fibrous histiocytoma
(MFH), liposarcoma, malignant peripheral nerve sheath tumor (MPNST), chondroéarcoma,
ﬁbrdsarcoma, myxosarcoma); sebaceous gland carcinoma; small intestine cancer; sweat
gland carcinoma; synovioma; testicular cancer (e.g., seminoma, testicular embryonal
carcinoma); thyroid cancer (e.g., papillary carcinoma of the thyroid, papillary thyroid
carcinoma (PTC), medullary thyroid cancer); urethral cancer; i/aginal cancer; and vulvar
cancer (e.g., Paget’s disease of the vulva).

[00067] The term “angiogenesis” refers to the formatidn and growth of new blood
vessels. Normal angiogenesis occurs in the body of a healthy subject during wound healing
and for restoring blood flow to tissues after injury. The body controls angiogenesis through

a number of means, e.g., angiogenesis-stimulating growth factors and angiogenesis

~ inhibitors. Many disease states, such as cancer, diabetic blindness, age-related macular

degeneration, rheumatoid arthritis, and psoriasis, are characterized by abnormal (i.e.,
increased or excessive) angiogenesis. Abnormal angiogenesis refers to angiogenesis greater

than that in a normal body, especially angiogenesis in an adult not related to normal
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angiogenesis (e.g., menstruation or wound healing). Abnormal angiogenesis can result in
new blood vessels that feed diseased tissues and/or destroy normal tissues, and in the case
of cancer, the new vessels can allow tumor celis to escape into the circulation and lodge in
other organs (tumor metastases).

[00068] As used herein, an “inflammatory disease” refers to a disease cahsed by,
resulting from, or resulting in inflammation. The term “inflammatory disease” may also
refer to a dysregulated inflammatory reaction that causes an exaggerated response by
macrophages, granulocytes, and/or T-lymphocytes leading to abnormal tissue damage
and/or cell death. An inflammatory disease can be either an acute or chronic inflammatory
condition and can result from infectibns or non-infectious causes.- Inflammatory diseases
include, without limitation, atherosclerosis, arteriosclerosis, autoimmune disorders,
multiple sclerosis, systemic lupus erythematosus, polymyalgia theumatica (PMR), gouty
arthritis, degenerative arthritis, tendonitis, bursitis, psoriasis, cystic fibrosis, arthrosteitis,
rheumatoid arthritis, inflammatory arthritis, Sjogren’s syndrome, giant cell arteritis,
progressive systemic sclerosis (sclefoderma), ankylosing spondylitis, polymyositis,
dermatomybsiﬁs, pemphigus, pemphigoid, diabetes (e.g., Type 1), myasthenia gravis,
Hashimoto’s thyroditis, Graves® disease, Goodpasture’s disease, mixed connective tissue
disease, sclerosing cholangitis, inflammatory bowel disease, Crohn’s disease, ulcerative
colitis, pernicious anemia, inflammatory dermatoses, usual interstitiAal pneumonitis (UIP),
asbestosis, silicosis, bronchiectasis, berylliosis, talcosis, pneumoconiosis, sarcoidosis,
desquamative interstitial pneumonia, lymphoid interstitial pneumonia, giant cell in’.terstitial
pneumonia, cellular interstitial pneumonia, extrinsic allergic alveolitis, Wegener’s
granulomatosis and related forms of angiitis (temporal arteritis and polyarteritis nodosa),
inflammatory dermatoses, hepatitis, delayed-type hypersensitivity reactions (e.g., poison
ivy dermatitis), pneumonia, respiratory tract inflammation, Adult Respiratory Distress
Syndrome (ARDS), encephalitis, immc;,diate hypersensitivity reactions, asthma, hayfever,
allergies, acute anaphylaxis, theumatic fever, glomerulonephritis, pyelonephritis, cellulitis,
cystitis, chronic cholecystitis, ischemia (ischemic injury), reperfusion injury, allograft
rejection, host-versus-graft rej ection, appendicitis, arteritis, blepharitis, bronchiolitis,
bronchitis, cervicitis, cholangitis, chorioamnionitis, conjunctivitis, dacryoadenitis,

_ : dermatomyositis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis,
epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis, gingivitis, ileitis, iritis, laryngitis,
myelitis, myocarditis, nephritis, omphalitis, oophoritis, orchitis, osteitis, otitis, pancreatitis,

parotitis, pericarditis, pharyngitis, pleuritis, phlebitis, pneumonitis, proctitis, prostatitis,
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rhinitis, salpingitis, sinusitis, stomatitis, synovitis, testitis, tonsillitis, urethritis, urocystitis,
uveitis, vaginitis, vasculitis, vulvitis, vulvovaginitis, angitis, chronic bronchitis,
osteorhylitis, optic neuritis, temporal arteritis, transverse myelitis, necrotizing fascilitis, and
necrotizing enterocolitis. |
[00069] As used herein, an “autoimmuhe disease” refers to a disease arising from an
inappropriate immune response in the body ofva subject against substances and tissues
normally present in the body. In other words, the immune system mistakes some part of the
body as a pathogen and attacks its own cells. This may be restricted to certain organs (e.g.,
in autoimmune thyroiditis) or involve a particular tissue in different places (e.g.,
Goddpasture’s disease which may affect the basement membrane in both the lﬂng and
kidney). The treatmenf of autoimmune diseases is typically with immunosuppressants, e.g.,
medications which decrease the immune response. Exemplary autoimmune diseases
include, but are not limited to, glomerulonephritis, Goodspature’s syndrome, necrotizing
vasculitis, lymphadenitis, peri-arteritis nodosa, systemic lupus erythematosis, rheumatoid,
arthritis, psoriatic arthritis, systemic lupus erythematosis, psoriasis, ulcerative colitis,
systemic sclerosis, dermatomyositis/polymyositis, anti-phospholipid antibody syndrome,

-scleroderma, perphigus vulgaris, ANCA-associated vasculitis (e.g., Wegener’s ‘
granulomatosis, microscopic polyangiitis), urveitis; Sjogren’s syndrome, Crohn’s disease,
Reiter’s syndrome, ankylosing spondylitis, Lyme arthritis, GuillainQBarré syndrome,
Hashimoto’s thyroiditis, and cardiomyopathy. -

[00070] The term “autoinflammatory disease” refers to a category of diseases that are
simiiar but different from autoimmune diseases. Autoinflammatory and autoimmune
diseases share common characteristics in that both groups of disorders result from the
immune system attacking a subject’s own tissues and result in increased inflammation. In
autoinflammatory diseases, a subject’s innate immune system causes inflammation for
unknown reasons. The innate immune system reacts even though it has never encountered
autoantibodies or antigens in the subject. Autoinflammatory disorders are characterized by
intense episodes of inflammation that result in such symptoms as fever, rash, or joint
swelling. These diseases also carry the risk of amyloidosis, a potentially fatal buildup of a
blood protein in vital organs. Autoinflammatory diseases include, but ,a;e not limited to,

" familial Mediterranean fever (FMF), neonatal onset multisystem inflammatory disease

. (NOMID), tumor necrosis factor (TNF) receptor—éssociated periodic syndrome (TRAPS),

deficiency of the interleukin-1 receptor antagonist (DIRA), and Behget’s disease. |
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[00071] The term “neurodegenerative disease” as used herein refers to motor neuron
diseases represented by amyotrophic lateral sc;lerosis, Parkinson's syndrome including
Parkiﬁson's disease, dementia represented by Alzheimer's disease, progressive supranuclear
palsy, Huntington's disease, multiple system atrophy including striatonigral degeneration,
Shy-Drager syndrofne and olivopontocerebellar atrophy, any type of spinocerebellar ataxia
including spinocerebellar ataxia type 1, spinocerebellar ataxia type 2, spinocerebellar ataxia
type 3 (Machado-Joseph disease, MID), spinocerebellar ataxia type 6, spinocerebellar
ataxia type 7, spinocerebellar ataxia type 12 and dentatorubral-pallidoluysian atrophy, or
multiple sclerosis, as well as autism and autism spectrum disorders (e.g. Asperger

syndrome or Mendelsohnn's Syndrorhe)

- DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
00072] . The invention provides bicyclic alkyne derivatives as kinase inhibitors. In
particular, the provided compounds act as inhibitors of the MAP kinase interactihg kinases
1 and 2 (MNK1 and/or MNK?2). The provided compounds and pharmaceutical
éompositions thereof are useful in treating diseases associated with aberrant MNK1 or
MNK2 activity or dysregulation of the MNK1 or MNK2 pathway, where MNK1 and
MNK2 play arole (e.g. MNK overexpression, e[F4E overexpression, P38 MAPK kinase
pathway). For example, the provided compounds and pharmaceuticél corhpositions can be
used to prevent and/or treat cancer (such as solid tumor, non-solid cancers, and
hem:_itological cancers), an inflammatory disease, a neurodegenerative disease (sudh as
Alzheimer’s. autism, or autism spectrum disorders (e.g. Asperger syndrome or
Mendelsohnn's Syndrome), or a metabolic disorder (such as diabetes, hyperlipidemia and
obesity). ‘ ‘

Compounds

[00073] In one aspect, the present invention provides a compound of Formula @):
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or a pharmaceutically acceptable form thereof (such as pharmaceutically acceptable salt,
solvate, hydrate, polymorph, co-cryétal, tautomer, stereoisomer, isotopically labeled
derivétii/e, and prodrugs thereof), | | '
wherein
th and X, are independently N or C;
X5 and X4 are independently N or CR?;

provided that at least two of Xy, X, X3, and X4 are N;

R! is independently hydrogen, optionally substituted C;.¢ alkyl, optionally
substituted Cs.¢ carboc_Yclyl, optionaily substituted phenyl, optionally substituted six-
membered heteroaryl, optionally substituted six-membered heterocyclyl, optionally
substituted Cs.¢ carbocyclylalkyl, optionally substituted arylalkyl, optionally substituted
five- or six-membered heteroarylalkyl, optionally substituted five- or six-membered
heterocyclylalkyl, —CN,V —ORA, or -N(RP)y; ' |

each instance of R is independently hydrogen, halogen, bptionally substituted C;.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, -OR?, or -N(R®),,

Ring A is optionally substituted phenyl, optionally substituted five-membered
heteroaryl, optionally substituted six-membered heteroaryl, or .optionaliyrsubstitu“[ed 5,6- -
bicyclic heteroaryl; |

each instance of R* is independently hydrogen, optionally substituted C;.q alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally subsfituted
hetefocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

~ each instance of R® is independently ﬁydro gen, optionally substituted C1_ alkyl,
optionally substituted Cs.6 carbocyelyl, optionally substituted aryl, optionally substituted
~ heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
protecting group.
[00074] In certain embodiments, the pharmaceutical acceptable form is pharmaceutically
acceptable salt.
[00075] . As génerally defined herein, R' is independently hydrogen, optionally
sﬁbstituted C1.6 alkyl, optionally substituted Cs.¢ carbocyclyl, optionélly substituted phenyl, |
 optionally substituted six-membered heteroaryl; optionally substituted six-membered
| heterocyclyl, optionally substituted Cs¢ carbocyclylalkyl, optionally substituted arylalkyl,
optionally substitlited ﬁ\'/e- or six-membered heteroarylalkyl, optionally substituted five- or
six-membered heterocyclylalkyl, -CN, ~OR?, or -N(R®),. In some embodiments, R! is |
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hydrogen. In some embodiments, R' is optionally substituted Ci.¢ alkyl. In some
embodiments, R! is substituted C1_6 alkyl. In some embodiments’, R1 is unsubstituted Ci¢
alkyl. In some embodiments, R'is methy, ethyi, n-propyl, or iso-propyl. In some
embodiments, R’ is optionally substituted Cs.¢ carbocyclyl. In some embodiments, Rlis
cyclopropyl, c'yclobﬁtyl, cyclopentyl, or cyclohexyl. In some embodiments, R'is
independently optionally substituted phenyl, optionally substituted six-membered
heteroaryl, or optionally substituted six-membered heterocyclyl. '

[00076] In some embodiments, R! is optionally substituted phenyl of the formula:

23
(Rl a)ml ©/
/

b

wherein .

each instance of R'? is iridependently hydrogen, halogen, optionally substituted Cis
alkyl, thi(')nally substituted Cs.¢ carbocyclyl, optionally substituted phenyl, optionally
substituted five- or six-membered heteroaryl, optionally sﬁbstituted five- or six-membered
heterocyclyl, optionally substituted acyl, -CN, -ORA, or -N(RP),; and

ml is an integer of 1 to 5, inclusive.

RUY %

[00077] In some embodiments, R‘1a is of the forﬁula : \[C])/ , wherein R is optionally
substituted six-membered heterocyclyl, -OR™, or -N(R®),, wherein R* and R® are d_eﬁned
herein.

[00078] In certain embodiments, R! is of the formula:
RP?
RP? %,
RE®
RP  Rjpe
wherein »
RP is hydrogen, halogen, CN, optionally substituted C;.¢ alkyl, -OR*, -N(RP),, -
NH-CO-R, I |
* RS is optionally substituted Cy.¢ alkyl;
RP is independently hydrogen;' halogen, CN, -OR%, -N(R®),, optionally substituted |
- Ci1.6 alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl? or optionally substituted heteroai‘yl;
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each of R™ and R is independently hydrogen , halogen, CN, -OR?, or optionally

substituted Cy_g alkyl; ’
 orR™ and R™ are joined to form =O; and

R is optionally substituted six-membered heterocyclyl, -ORA, or -N(RB)z; and

each instance of R* is independently hydro gen, optionally substituted Cy.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
each instance of R® is independently hydrogen, optionally substituted Cy. alkyl, optionally
substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted heteraryl, optidnally substituted acyl, or a nitrogen proteéting group.
[00079] In certain efnbodiments, R™ and R are joined to form =O and R!is of the

formula:

each instance of R' is optionally substituted six-memBered heterocyclyl, -OR?, or -N(R®),.
[00080] In certain embodiments, R™ is hydrogen and R is halogen. In certain
embodiments, R® is hydrogen and R is F. In certain embodiments, R™ is hydrogen and
R™ is CL In certain embodiments, RP* is hydrogen and R™ is Br. In certain embodiments,
R™ is hydrogen and R is 1. In certain embodiments, R™ is hydrogen and R™ is halogen. In
certain embodiments, R?” is hydrogen and R™ is F. In certain embodiments, R™ is hydrogen
| and RP? is C1. In certain embodiments, R™ is hydrogen and R™ is Br. In certain
embodiments, R is hydrogen and R is L. |

[00081] In certain embodiments, RP* and R are both hydrogen.In certain embodiments,

R! is. of the formula:

* wherein each instance of R'% is opﬁonally substituted six-membered heterocyclyl, -OR*, or

T NRP)
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RP?
R 2,
Rld
[00082] In certain embodiments, R!is of the formula: O , Wherein RYis .

optionally substituted six-membered heterocyclyl, -ORA, or -N(RP),. In certain

RP?
RPP Y
Rld
embodiments, R! is of the formula: O , wherein RYis optionally substituted
RP?
RPP %

six-membered heterocyclyl. In ¢ertain embodiments, R'is of the formula: O
wherein R'¢ is optionally substituted morpholine or optionally substituted piperazine. In

RP?

certain embodiments, In certain embodiments, R!is of the formula: O R
wherein R' is -N(R®),, and each instance of R® is independenﬂy hydrogen, optiohally
substituted C;_¢ alkyl, optionally substituted Cs¢ carbocyclyl, optioﬁally substituted aryl,
optionally substituted heterocyclyl, optionally substituted heteroaryl, optionally substituted

acyl, or a nitrogen protecting group. In certain embodiments, R' is of the formula:

RP?
R® A
Rld
0 , and R s hydrogen. In certain embodiments, R' is one of the following
formulae: '
F

T o™ b *
E j K/N K/N K/N

‘ O M O 3 | O H . O b

' \N/\ ‘th ‘ | .7?1
LN H,N
' 0 , Or o .
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RP
RPP A,
v ' RU
[00083] In certain embodiments, R'is of the formula < , wherein R is
0pt1ona11y substituted s1x-membered heterocyclyl -OR™, or -N(R®),. In certain
: _ R

pr . ‘771

Rld

embodiments, R' is of the formula: , wherein R'? is optionally substituted

RP2
RPP %,
six-membered heterocyclyl. In certain embodiments, R is of the formula: }

wherein R!¢ is optionally substituted morpholine or optionally substituted piperazine. In
RP?
RPP LY
certain. efﬁbodiments, R!is of the fdrmula: RY oy whereih R4 is -N(RB )2, and
each instance of R is independently hydrogen, optionally substituted C;.¢ alkyl, optionally
substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen protecting group.

In certain embodiments, R! is of the formula ‘\/N\/©/

[00084] In some embodiments, R} is optionally substituted six-membered heteroaryl In

certam embodiments, R' is one of the followmg formulae:

’ Rl a)m2

wherein R'® is as defined herein; and each instance of m2 is independently an integer of 1

b

to 4, inclusive.

[00085] As generally defined herein, m2 is an integer of 1 to 4, inclusive. In certain
embodiments, m2 is 1. In certain embodiments, m2 is 2. In certain embodiments, m2 is 3.
In certain embodiments, m?2 is 4.

[00086]. In some embodiments, R'is optionally substituted six-membered heterocyclyl. »

" In some embodiments, R' is one of the following formulae:
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wny

L N
| [ \| . (Rla)m3
N o/
\‘__ la N T
[ ) (R )m3 : |
O or RV

3

whierein each instance of R'? is as defined herein; each instance of m3 is independently én
integer of 1 to 8, inclusive; and R is independently hydrogen, optionally substituted Cy.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a
nitrogen protecting group.

[00087] In certain embodiments, the provided compound of Formula (I) is of Formula
(I-):

Rpa x/ X/N

RRP \x;X2
RPe
RPd "Rpe

-i)
R is hydrogen, halogen, CN optlonally substituted Cj.¢ alkyl, -OR™, -N(RP),, -
NH-CO-RS
RC is optionally substituted Ci.¢ alkyl;
® is independently hydrogen halogen, CN, -OR%, -N(R® )2, optionally substituted
C1.6 alkyl, optionally substituted Cs¢ carbocyclyl, optionally substituted aryl, optlo_nally
substituted heterocyclyl, or optionally substituted heteroaryl;
each of R™ and RP is independently hydrogen halogen, CN, -OR?, or optionally
substltuted Ci.¢ alkyl;
or R™ and R are joined to form =O; and
RP® is optionally substituted six-membered heterocyclyl, -OR*, or -N(RP),; and
each instance of R* is independently hydrogeh, optionally substituted Cy.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
' each instance of R® is independently hydrogen, optionally substituted C,.¢ alkyl,
optionally substituted Cs_¢ carbocyclyl, optionally substituted aryl, optionally substituted

- heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen .

protecting group.
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[00088] ‘As generally definéd herein, m3 is an integer of 1 to 8, inclusive. In certain
embodiments, m3 is 1. In certaiﬁ embodiments, m3 is 2. In certain embodiments, m3 is 3.
In certain embodiments, m3 is 4. In certain embodimeﬁts m3 is 5. In certain embodiments,
m3 is 6. In certain embodiments, m3 is 7 In certain embodiments, m3 is 8.

[00089]  As generally used herein, RN is 1ndependent1y hydrogen, optionally substltuted
Ci1.6 alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a
nitrogen protectiﬁg group. In certain embodiments, RY is hydrogen, optionally substituted
C.¢ alkyl, or an oxygen protecting group. In certain embodiments, RY is hydrogen. In
certain embodiments, R" is optionally substituted Cy¢ alkyl. In certain embodiments, R" is
unsubstituted Ci.¢ alkyi. In certain embodiments, R is methyl or ethyl. In certain '
embodiments, R" is a nitrogen protecting group. In certain embodiments, RN is Bn, BOC,

Cbz, or Fmoc.

[00090] In certain émbodiments, R! is of the formula
[00091] In certain embodiments, R' is optionally substituted six-membered

heterocyclylalkyl. In certain embodiments, R! is one of the following formulae:
‘ Rlb iLHﬂ.' |
: ICX
Rlb' R
j‘i g
Rl ) Rma

N N
[ j_-(Rla)m4 I
O

or RN

> B

wherein R is as define herein; each instanced of R'™ and R" is independently hydrogen,
halogen, optionally substituted C1. alkyl, optionally substituted Cs.¢ carbocyclyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted acyl, -CN, -ORA,
or -N(R®),; each instance of m4 is independently an integer of 1 to 8, inclusive, as valency
permits; and RY is as defined herein. '

- [00092] . As generally defined herein, m4 is an integer of 1 to 8, inclusive. In certain

embodiments, m4 is 1. In certain embod1ments m4is2. In certaln embodlments m4is3.

. In certain embodiments, m4 is 4. In certain embodiments, m4 is 5. In certain .

embodiments, m4 is 6. In certain embodiments, m4 is 7. In certain embodiments, m4 is 8.

42



WO 2015/050505 _ i PCT/SG2014/000468

[00093]  As generally defined herein, each of R'® and R" is independently hydrogen,
halogen opt1onally substituted C,. 6 alkyl, optionally substituted Cs.¢ carbocyclyl, optionally
substituted aryl, optionally substltuted heteroaryl optionally substituted acyl, -CN, O o
-N( 7)2, wherein R” and R® are as defined herein. In certain embodiments, R™® and R are
both hydrogen.

[00094] In certain embodiménts, R! is one of the following formulae:
S
S
CRGINE
Y e

[00095] In certain embodiments, R1 is }—N(RB)z, wherein each instance of R]? is .
independeﬁtly hydrogen, optionally substituted Ci.6 alkyl, optionally substituted Cs.6
carBocycljrl, optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted heteraryl, optionally substituted acyl, or a nitrogen protecting group. In certain
embodiments, R! is -N(R®),, wherein each instance of R® is independently hydrogen,
optionally substituted C;.¢ alkyl, or optionally substituted acyl. In certain embodiments, R!
is -NHR®, wherein R® is hydrogen, opti.onally substituted Cy.¢.alkyl, or optionally
substituted acyl. In certain embodiments, R'is NH.z. In certain embodiments, R'!is -NHR®,
wherein R is optionally substituted Cy.¢ alkyl. In certain embodiments, RI is -N(CH3),. In
certain émbodiments, R!is -NHR®, wherein RB is optionally substituted acyl. In certain
embodiments, R! is -NHAc. '
[00096]  As generally defined herein, Ring A is optionally substituted phenyl, optionally
substituted ﬁve-membered heteroaryl, optibﬁally substituted six-membered heteroaryl, or

optionally substituted 5,6-bicyclic heteroaryl.

a

WA

[00097] In certain embodiments, Ring A is of the formula: G_(RRA)M ,
‘wherem

a indlcates the point of attachment to the alkyne;

each instance of R® is independently hydro gen, halogen, opt1ona11y substituted Cy.¢
- alkyl, optionally substituted acyl, -CN, -OR"°, or -N(R™M);;
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each instance of RA° is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocycljl, optionally substituted aryl, optionally substituted
heterdcyélyl, optionally substituted heteroaryl,.or an dxygen protecting group;

each instance of RN is independéntly hydrogen, optionally substituted alkyl, .
op_tionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
‘heterocyclyl, optionally substituted heteraryl, opti(;nally substituted acyl, or a nitrogen
protecting group; and |

nl is an integer of 1 to 5, inclusive.
[00098] As generally used herein, nl is an integer of 1 to 5, inclusive. In certain
embodiments, nl is 1. In certain embodiments, n2 is 2. In certain embodiments; n3is 3. In
certain embodiments, ﬁ4 is 4. In certain embodiments, n5 is 5. »

[00099] In certain embodiments, nl is 1 and Ring A is one of the formulae: -

_ ‘ , RRA .
;\:' / : ;\i v
: RRA , , Or . In certain embodiments, nl is 2, and

. In certain embodiments, n1 is 3 and Ring A is one of the formulae:

. ) RRA . RRA
- RRA 35‘ RRA RRA _ j’é _
)j RRA 55 I RRA
v - TRRA
RRA, RRA _RRA , RRA

RRA

Ring A is one of the formulae:

Sj_ RRA

or RRA

£

RRA RRA  In certain embodiments, nl is 4, and Ring A is one of the formulae:
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RRA ' ) , RRA

f RRA RRA f RRA

RRA . RRA
RRA , RRA RRA or R_RA . In certain embodiments, nl is 5,
RRA

R RRA
RRA RRA

and Ring A is of the formula: RRA

[000100] In certain embodiments, Ring A is | RRA wherein R* is one of the

. o :

o N N N fo o TR .
following formulae: H , H , H ,or¢ O , wherein R,
R*?, and R*N are as defined herein.

a
T a

[000101] In certain embodiments, Ring A is one of the formulae:

a
a ) » Wy
wan RRA
RRA
©/ ,or RRA , wherein each instance of R* is independently hydrogen, -

CN, -CH;,- OCHs, -NHAc, -NHC(=0)Ph, -NHSO,CHs, or -C(=O)NH,,
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[000102] In certain embodiments, Ring A is one of the following formulae:

oy a o o PV v hridd
@ d @ @ CN@
. CN
OCH3' CN NHAc
a a a a
) CN
' o
NHSO,CH3 NHCOPhO NHAc
CN NH;

[000103] As gene_rally defined herein, R* is independently hydrogen, halogen, optionally
substituted Cy.¢ alkyl, optionally substituted acyl, -CN, -ORA9, or -N(R™),. In certain
embodiments, R* is hydrogen. In certain embodiments, R** is halogen. In certain
embodiments, R*is -F, -Cl, -Br, or -I. In certain embodiments, R* is -CN. In c‘ertaiﬁ
embodiménts, RM s 6ptiona11y substituted C;. alkyl. In certain embodiments, RM is
unsubstituted Cy_¢ alkyl. In certain embodiments, R® is methyl, ethyl, n-propyl, or iso-
propyl. In certain embodiments, R® is substituted Cl-g alkyl. In certain embodiments, RM
is -CF3, -CHF,, or -CHF. In certain embodiments, R® is optionally substituted acyl. In
certain embodiments, R™ is acetyl. In certain embodiments, R* is-C(=0)NH,.

[000104] In certain embodiments, R®* is -OR*?, wherein each instance of RA9is.
independently hydrogen, optionally substituted alkyl, optionally substituted carbocyclyl,
optionally substituted aryl, optionally substituted heterocyclyl, optionally substituted
heteroaryl, or an oxygen protecting group. In certain embodiments, RR®* is —OH. In some
embodiments, R* is —OR”°, wherein RA° is independently optionally substituted Ci.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted hetefociyclyl, optionally substituted heteroaryl, or an oxygen protécting group.
In certain embodiments, RR4 is —ORA?, wherein R*? is optionally substituted Cy alkyl. In
certain embodiments, R is —OR?®, wheérein R*° is unsubstituted C;¢ alkyl. In certain
embodiments, R** is —O-methyl, ~O-ethyl, —O-propyl, or —O-isopropyl. In certain
émbodiménts, R®4 is ~ORA®, wherein RA° is optionally substituted heterocyclyl. In certain’
- embodiments, R* is —OR°, whérein RA° is optionally substituted aryl. In certain

' .embodiments, R* is —O-phenyl. In certain embodiménts, RRA is —ORAO, wherein R*° is

optionally substituted heteroaryl. In certain embodiments, R® is —OR"°, wherein R*° is an
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oxygen protecting group. In certain embodiments, RR* is ~ORA°, wherein R*? is Ac, Boc,
TBS, TIPS,.Bn, or Bz. |
[000105] In certain embodiments, R** is o R , wheréin cach instance of R*2 is
independently optionally substituted C;.¢ alkyl, optionally substituted Cs.¢ carbocYclyI,
optionally substituted phenyl, optionally substitﬁted five- or six-membered heterocyclyl, or
optionally substituted heteroaryl. In certain embodiments, R* is ~OBn.

[000106] - In certain embodiments, R*Mis -N(R*),, each instance of RN is iﬁdependently
hydrogen, optionally substituted alkyl, optionally substituted cérbocyclyl, optionally
substituted aryl, optionally substituted heterocyclyl, optionally substituted heteroaryl,
optiondlly substituted acyl, or a nitrogen protecting group. In certain embodiments, R*is -
N(R*™),, wherein each instance of RN is independently hydrogen, optionally substituted
alkyl, optiohally_ substituted acyl, or a nitro geri protecting group. In certain embodiments,
R**is -NH,. In some embodiments; R* is —N(RAN)Z. In certain embodiments, R* is -
NHRAN, wherein R* is optionally substituted alkyl, optionally substituted carbocyclyl,
optionally substituted aryl, optionally substituted heterocyclyl, optionally substituted
heteroaryl, optionally substituted acyl, or a nitrogen protecting group. In certain
embodiments, RR* is -NHRY, wherein R*" is optionally substituted Cj.¢ alkyl. In certain
embodiments, R* is -NHR*Y, wherein RAN is unsﬁbstituted Ci.6 alkyl. In certain
embodiments, R* is -NH-methyl, -NH-ethyl, -NH-n-propyl, or —NH—isb—propyl. In
certain embodiments, RR* is -NHR*N, wherein .R,AN is a nitrogen protecting group. In
certain embodiments, R* s —NHSOQCH3.
[000107] In certain embodiments, RMis optionally substituted Cs.¢ carbocyclyl. In
certain embodiments, R®* is optionally substituted aryl. In certain embodiments, R* is
optionally substituted phenyl. In certain embodiments, R is phenyl. In certain
embodiments, RRA is substitutedAphenyl. In certain embodiments, R®A is 0-CH;-Ph, m-CH3-
Ph, p-CHs-Ph, 0-C;Hs-Ph, m- CoHs-Ph, p- C;Hs-Ph, o-Pr-Ph, m- 'Pr-Ph, p- ‘Pr-Ph, 0-CL-Ph,
m-Cl1-Ph, p-C1-Ph, 0-CF3-Ph, m-CF3-Ph, p-CF3-Ph, 0-Ph-Ph, m-Ph-Ph, p-Ph-Ph, 0-NHo-Ph,

R Bt

N

. ' - _ ¢ \N/©iCF3
" m-NH,-Ph, p-NH,-Ph, 0-CH3-m-NH,-Ph, 0-Cl-m-CFs-Ph,or  H .In
certain embodiments, R** is optionally substituted five- or six-membéred heterocyclyl. In

certain embodiments, R®* is optionally substituted five-membered heterocyclyl. In certain
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embodiments, R** is optionally substituted six-membered heterocyclyl. In certain
embodiments, R® is optionally sﬁbstituted five- or six-membered heteroaryl. In certain
embodiments, R** is optionally substituted ﬁvé—membefed heteroaryl. In certain
embodiments, R** is optionally substitutéd six-membered heteroaryl. In certain
embodiment.s, R® is thiazole, pyridine, or pyrimidine. In certain embodiments, R* is 0-
CH;-pyridine, mi-CH;-pyridine, or p-CHj-pyridine. In certain embodiments, R* s -
N(RAN)Z, wherein each R™ is independently optionally substituted Cy. alkyl. In certain
embodiments, R** is “N(R*),, wherein each RAN is independently unsubstituted C.¢ alkyl.
In certain embodiments, R* is —N(CH3)RAN wherein each R*" is independently optionally
substituted C,.¢ alkyl orora mtrogen protecting group. In certain embodlments R®
NRN),, wherein each instance R™N is independently selected from the group cons1st1ng of
methyl, ethyl, or isopropyl. In some embodiments, RR4 is -N(R™Y),, wherein each RAN
the same. In some embodiments, R** is -N(RAN)Z, wherein each RN is different. In
certain embodlments, RN is a nitrogen protecting group. In certain embodiments, RN
Bn, BOC, Cbz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts.
6]

: . - )LRRAI :
[000108] In certain embodiments, R* is of the fqrmula - H , Wherein RF s
independently optionally substituted Ci. alkyl, optionally substituted Cs.¢ carbocyclyl,
optionally substituted phenyl, optionally substituted five- or six-membered heterocyclyl,
optionally substituted five- or six-membered heteroaryl, -ORA, or -N(R®),. In certain
embodiments, R*' is independentlyvoptionally substituted Cl;s alkyl. In certain
embodiments, RRA is unsubstituted Cy.¢ alkyl. In certain embodiments, R*! is methyl,
ethyl, n-propyl, or iso-propyl. In certain embodiments, R*! is substituted C.¢ alkyl. In
certain embodiments, RR®A is -.CH,CY, -CHC),, ~-CHF,, -CH,F or -CF3. In certain

einbodiments, R*! s optionallyl substituted Cs.¢ carbocyclyl. In certain embodiments, RRA

is optionally substitﬁted phenyl. In certain embodiments, RRA

is phenyl. In certain
embodiments, R is substituted phenyl. In certain embodiments, R*' is 0-CH;3-Ph, m-
CH3-Ph, p-CH3-Ph, 0-Cl-Ph, m-Cl-Ph, p-Cl1-Ph, or 0-Cl-m-CF3-Ph. In certain embodiments,
R*! is optlonally substituted five- or six-membered heterocyclyl. In certain embodiments, .

- R™! is optionally substituted five-membered heterocyclyl In certain embodlments RRAI
optionally substituted six-membered heterocyclyl. In certain embodiments, R**

* optionally substituted five- or six-membered heteroaryl. In certain embodiments, RRAI is

optionally substituted five-membered heteroaryl. In certain embodiments, R*! is
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optionally substituted six-membered heteroaryl. In certain embodiments, RRA] is optionally
substituted pyridine. In certain embodiments, R*! is pyridine.

o ‘ , - R

[000109] In certain embodiments, R* is of the formula H , wherein each
instance of R*? is independently optionally substituted Cy.6 alkyl, optionally subsﬁtuted
Cs.6 cﬁ_rbocyclyl, optionally substituted phenyl, opfionally substituted five- or six-
membered heterocyclyl, or optionally substituted five- or six-membered heterocyclyl. In
certain embodinients, R*? is independently optionally substituted Cy.¢ alkyl. In certain
embodiments, R®? is unsubstituted Cy alkyl. In certain embodiments, RRA2 is methyl,
ethyl, n-propyl, or iso-propyl. In certain embodiments, R®?2 is substituted Cy.¢ alkyl. In
certain embodiments, RR42 is -CH,Cl, -CHCL,, -CHF, -CH,F or -CF;. In certain '
embodirhents, RR2 is optionally substituted Cz.¢ carbocyclyl. In certain embodiments, RRAZ
is optionally substituted phenyl. In certain embodiments, R**? is phenyl. In certain
cmbodirﬂents, RRA2 is substituted phenyl. In certain embodiments, R® is one the formulae:
0-CHy-Ph, m-CHy-Ph, p-CHj-Ph, 0-C1-Ph, m-C1-Ph, or p-C1-Ph.
[000110] In certain embodiments, R is hydrogen, or one of the following formulae:

—CN, -Cl, -CF3, -CH3, -Ph, -OH, -OCHj, -OPh, -NH,, -NHAc, -NHSO,CHj,

S

J\ j\ /U\/Cl ;\ NHCH; &~y /“\© N )K@ LN )K©/
) oo A
K *@ VE A0

@*‘*“@*‘*J\@ f\><© 2 s J@s\m/@K

NE

| N
oD Bl DD 1 O
H H ¢F, H H H  Ph , :

H
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H . H . H H H .. .

[000111] In certain embodiments, Ring A is optionally substituted five-membered -
heteroaryl with two heteroatoms selected from the group consisting of O, S, and N. In

certain embodiments, Ring A is one of the following formulae:

4 a
o RA VUV
(RRA) (R )n2 (R )n2 (R )n2 -
N/k/7 ™ \ %7 s
L NH N-O —S or N:’\(RRA)"Z, wherein R* is

as defined herein, a indicates the point of attachment to the alkyne; and each instance of n2

is independently an integer of 1 or 2. In certain embodiments, R** is one of the following

RAN

O
\N>\\RRA1 ;\N/\RRAZ ;\N/

formulae: H ., H H

E b

or o , wherein R R®? and
RAN are as defined herein.
[000112] In certain embodiments, n2 is 1. In certain embodiments, n2 is 2.

[000113] In certain embodiments, Ring A is of the formula:

N-NH - NHz o NHBoc,
[000114] In certain embodiments, Ring A is optionally substituted six-membered

heteroaryl with one or two N. In certain embodiments, Ring A is one of the following

formulae:
- a S-SR a
Z ' %} )\ |
A orA ——(RRA N7 3
77— (R™)n 3 I /pRA
El\llj ( .)3 Nv n or l\) (R )n3;

wherein R** is as defined herein, a indicates the point of attachment to the alkyne; and each

instancerof' n3 is independently an integer of 1 to 4, inclusive. In certain embodiments, R®

0] .

>\\RRA1 /~RRA2 /RAN
. _ N N N f~of TR
is one of the following formulae: H , H , H ,ore O -

wherein R*AL, R*2, and R™" are as defined herein.
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[000115] As generally used herein, each instance of n3 is independently an integer of 1 to
4, inclusive. In certain embodiments, n3 is 1. In certain embodiments, n3 is 2. In certain
embodiments, n3 is 3. In certain embodiments, n3 is 4.

[000116] In certain embodiments of Ring A bemg an optionally substituted pyridine, R*A

is one of the following formulae:
Hydrogen -Ph -OH NHz, -OCH3, -OPh Cl CF3, —CH3,

) o 0
;’\NJK ,e‘\N)J'\/m g‘\N/U\/NHCHg 5\N)K© ;“\NJ\© f\NJ\©/
H H H H H H
Sh ok *@( o't ey
N H
@ﬁ\ ﬁj\@ E\QE\QE\QE\Q

N
J
@ Q WolyneRese
> x CNTX =N '/
H H H H H 4 )
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'[000117] In certain embodiments, Ring A is optionally substituted 5,6-bicyclic heteroaryl

with one, two, or three N. In certain embodiments, Ring A is one of the following formulae:

8 - ..
a
N J N, — = N
(RRA )n4/|\ )\N L R ,:\N/)\N,N (B *n4 -KN/)\NI' R L |\ /k
RAN \RAN T \RAN : \RAN
a
’ v - a
/\@ ¥ C
A\ S 2
TN A\
(RRA )n4)\ I\{ (RRA)"‘;m (RRA)M_————“\N//‘\N (RRA)n4‘—l|—Nj\N
N ' \
RAY \RAN RAN ' }?AN
a
S 2 J\ % e
N 7 A N
(RRM e S oRAY N ey \\ Z
L //KN\ R )n4m (R N (RRA) < =
RAN \ AN \ N
R RAN
; }:{AN f,w
AN NNy
(RRA)M—\\/\—EK ) 2/\/)'?)—(!?““);14
N or N = wheremR is as defined herein; ¢ indicates

the point of attachment to the alkyne; each instance of n4 is independently an integer of 1 to

Q.
>\\RRA1
5, inclusive. In certain embodiments, R* is one of the following formulae: ~ H ,

o~ pRA2 RAN
5‘N R f‘N/ 5\ /RRAZ . RAL -RA2 AN )
H or¢ O ~, wherein R, R™, and R™" are as defined herein.

[000118] As generally used herein, each instance of n4 is independently an integer of 1 to
4, inclusive. In certain embodiments, n4 is 1. In certain embodiments, n4 is 2. In certain
erhbbdiments, n4 is 3. In certain embodiments, n4 is 4. In certain embodiments, n4 is 5.
[000119] In certain embodiments, when Ring A is optionally substituted 5,6-bicyclic

heteroaryl with one, two, or three N atoms, each instance of R* is selected from the group

consiéting of —F, -CF3, -CN, and -NHAc.
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[000120] In certain embodiments, Ring A is one of the following formulae:

a a a .r\frv
, v o SN
HN” N N Nl N g T H
a a
2, a a a Y T - a
7N N " | N N\/N‘/
I U ULy o o
- = 7 —
N NHONT N N N=/ N/
2, a a
g B g
RN FsC
oL CD 0D m
P ~
NN NN N~ N
HN HN . H
a

a a a a o
V.V hividd i Y

’ ~
\ ‘/ \/ . /U\ =N
2N N NNF N~ N H

[000121] In some embodimerﬁs, a compound of the present invention is of one of the

following formulae:
- X‘?YN ’ N%\VN
PP

(I-a), (I-b),
S X/YN
/\% = R‘/‘\VN /
R! N '
\ \
(I-d),

(I-C) »

or a pharmaceutically acceptable salt thereof.
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[000122] In certain embodiments, a provided compound is of one of the following

formulae'

.Rpa N “ /N

R I N/

RPe \\
RP4RP° ‘
(I-i3) (1-i4)

ora pharméceutically acceptable salt thereof,

RP is hydrogen, halogen, CN, optionally substituted Cy.¢ alkyl, -OR*, —N_(RB)Z, -
NH-CORE; |

RE is optionally substituted Cy.6 alkyl;

R™ is mdependently hydro gen, halogen, CN, -OR", -N(RB)Z, optionally substituted
C1.¢ alkyl, optionally substituted Cs.¢ carbocyclyl, opt1ona11y substltuted aryl, optlonally
substituted heterocyclyl, or optionally substituted heteroaryl ,

each of R™® and R™ is independently hydro gen, , halogen, CN -OR", or optlonally
substltuted Ci.6 alkyl;

or R”® and R™ are joined to form =O; and

RP® is optionally substituted six-membered heterocyclyl -ORA, or -N(RP),; and

each instance of R” is mdependently hydro gen optionally substituted Ci. alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl optionally substituted heteroaryl, or an oxygen protecting group; and

“each instance of R® is independently hydrogen, optionally substituted Ci.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
protectlng group

[000123] In certain embodiments, a compound of the present 1nvent1on is of Formula (IT):
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. (Im)
or a pharmaceutically acceptable salt thereof, wherein R! and Ring A are as defined herein.

[000124] In certain embodiments, a compound of the present invention is of Formula
():

l ~
: /\(Rla)ml \\
6 (II1)

or a pharmaceutically acceptable salt thereof, wherein Ring A, R'® and m1 are as defined

herein. _

[000125] In certain embodiments, a compound of the present invention is of Formula (ITI-
i): .
rea N7 =N

N/

RPP ™
<

de RP¢
(III-i)
or a pharmaceutically acceptable salt thereof.

_ [000126] In certain embodiments, a compound of the present invention is of Formula (ITI-

a):

(ITI-a)

or a pharmaceutically acceptable salt thereof, wherein Ring A and R are as define herein.
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[000127] In certain embodiments, a compound of the present invention is of Formula (ITI-
b):

)

or a pharmaceutically acceptable salt thereof, wherein Z is -O- or -NR%-; and each instance

(ITI-b)

of R™is independentfy hydrogen, optionally substituted C;¢ alkyl, or a nitrogen protecting
group; and Ring A is as defined herein. In certain embodiments, Z is —O-. In certain
embodiments, Z is -NR™%-; and each instance of R™ s independently hydrogen, optionally
substitutéd Ci.6 alkyl, or a nitrogen protecting group. In c’erta’in. embodiments, Z is -NH-, -
NCH3-, or —-NC,Hs-.

[000128] In certain embodiments, a compound of the present invention is of Formula

(IV):

= N
~ N
R! N~

R

1v)
or a pharmaceutically acceptable salt thereof, wherein Ring A and R' are as defined herein.

[000129] In certain embodiments, a compound of the present invention is of Formula (V):

W\
o

“Cora pharmaceutically acceptable salt thereof, wherein Ring A, R' and m1 are as defined

herein.
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[000130] In certain embodiments, a compound of the present invention is of Formula (V-

i):

' (V-i)
or a pharmaceutically acceptable salt thereof.

[000131] In certain embodiments, a compound of the present invention is of Formula (V-

a):

(V-a)
or a pharmaceutically acceptable salt thereof, wherein Ring A and R'® are as defined herein.
[000132] In certain embodiments, a compound of the present invention is of Formula (V-

b):

or a pharmaceutically acceptable salt thereof, wherein Ring A is as defined herein; and Z is

(V-b)

~O- or -NRM%; each instance of R™?is independently hydrogen, optionally substituted C;.¢

alkyl, or a“nitrogen protecting group. In certain erhbodinients, Z is —O-. In certain

embodiments, Z is -NR"%; and each instance of R is independently hydrogen, optionally
- substituted Cj.¢ alkyl, or a nitrogen protecting group. In certain embodiments, Z is -NH-, -
" NCHj-, or -NC,Hs-.
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[000133] In certain embodiments, a compound of the present invention is of Formula
(VI): -

(VD
or a pharmaceutically acceptable salt thereof.

[000134] In certain embodiments, a compound of the present invention is of Formula
(VID):

A\
@) wm

or a pharmaceutically acceptable salt thereof, wherein R'® m1; and Ring A are as defined

herein.
[000135] In certain embodiments, a compound of the present invention is of Formula
(VII-i): |

rra =N

RPD N
RR® \\

RPdRPC
‘ (VII-)
ora pharmaceutically acceptable salt thereof.

[000136] In certain embodiments, a compound of the present invention is of Formula
(VII-a): |
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(VII-a)
or a pharmaceutically acceptable salt thereof, wherein R'% and Ring A are as defined herein.

[000137] In certain embodiments, a compound of the present invention is of Formula
(VII-b):

1
z (VII-b)

or a pharmaceutically acceptable salt thereof, wherein Ring A is as defined herein; Z is —O-
or —NRNZ- : and R"?is hydrogen, optionally substituted C;.¢ alkyl, or a nitrogen protecting
group. In certain embodiments, Z is —O-. In certain embodiments, Z is -NRNZ—; and RN is
hydrogen, optionally substituted Ci.¢ alkyl, or a nitrogen protecting group. In certain
embodiments, Z is -NH-, -NCH3-, or -NC,Hs-. - '

[000138] In certain embodiments; a compound of the present invention is of Formula

(VIID):
j@n
W\

(VIIN)

or a pharmaceutically acceptable salt thereof.
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[000139] In certain embodiments, a compound of the present.invention is of Formula
(IX):

(IX).
or a pharmaceutically acceptable salt thereof, wherein R'* m1, and Ring A are as defined

herein.

[000140] In certain efnbodiments, a compound of the present invention is of Formula (IX-

i):

. RpPa = N/N\
RPb X~ =~
ReS
RPd RPC \
® (IX-)

or a pharmaceutically acceptable salt thereof.

[000141] In certain embodiments, a compound of the present invention is of Formula (IX-

a):

(IX-a)

or a pharmaceutically acceptable salt thereof, wherein R and Ring A are as defined herein.
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[000142] In certain embodiments, a compound of the present invention is of Formula (IX-
b): |

)
z (IX-b)

or a pharmaceutically acceptable salt thereof, wherein Ring A is as defined herein; Z is —O-
or -NRV%; and R™is hydrogen, optionally substituted C;.¢ alkyl, or a nitrogen protécting
group. In certain embodiments, Z is —O-. In certain embodiments, Z is -NR"*-; and R is
hydrogen, optionally substituted C.¢ alkyl, or a nitrogen protecting group. In certain
embodlments Z1is -NH— -NCHj3-, or -NC,Hs-.

[000143] As used in any one of Formulae (I)-(IX), in certain embodiments, R™ is
hydrogen. In certain embodiments, R™ is halogen. In certain embodiments, R™ is F. In
certain embodiments, R is Cl. In certain embodiments, R™ is optionally substituted Ci.¢
alkyl. In certain embodiments, R™ is unsubstituted Cy.¢ alkyl (é.g. methyl). In certain
embodiments, RP* is -OR™ and R* is optionally substituted Cy.s alkyl. In certain
embodiments, R is -N(R®), and each instance of RB is independently hydrogen or-
optionally substituted Cy.¢ alkyl. In certain embodiments, R™ is -NH,. In certain
embodiments, RP* is -NHR® and R® is optionally substituted Cy.¢ alkyl. In certain
embodiments, R?* is -N(R®), and each instance of R® is independently r)ptionally,
substituted Cy.¢ alkyl. In certain embodiments, R is NH-CO-R® and R€ is optionally
substituted Cy.6 alkyl

1000144] As used in any one of Formulae (D)-(IX), in certain embodiments, R™ is
hydrogen. In certain embodiments, R is halogen. In certain embodiments, R is F. In
certain embodiments, R™ is Cl. In certain embodiments, R is optionally substituted C;.
alkyl. In certain embodiments, R is unsubstituted C1_6 alkyl (e.g. methyl). In certain
embodiments, R is -OR™ and R* is optionally substituted C;.¢ alkyl. In certain

- embodiments, R™ is -N(R®), and each instance of RP is independently hydrogen or

4 optionally substituted C,.¢ alkyl. In certain ernbodiments, RP® is —-NH,. In certain
embodiments, R™ is -NHR® and R® is optionally substituted C;.¢ alkyl. In certain

embodiments, R is -N(RP), and each instance of R® is independently optionally
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substituted C;.¢ alkyl. In certain embodiments, R™ is optionally substituted Cs.6
carbocyclyl, optionally substitutéd aryl, optionally substituted heterocyclyl, or optionally
substituted heteroaryl. In certain embodiments-, RP” is optionally substituted five- or six-
membered carbocyclyl, optionally substituted five- or six-membered aryl, optionally -
substituted five- or six-membered heterocyclyl, or optionally substituted five- or six-
membered heteroaryl. ‘
[000145] As uged in any one of Formulae (I)-(IX), in certain embodiments, R is
hydrogen. In certain embodiments, R™ is hydrogen. In certain embodiments, R”® and R™
are hydrogen. In certain embodiments, R” and R™ are joined to form =O.

[000146] As used in any one of Formulae (I)-(IX), in certain embodiments, Rpe is
optionally substituted éix—membered heterocyclyl. In certain embodiments, R”® is -OR?, and
and R is optionally substituted C .6 alkyl. In certain embodiments, R is -N(R®), and each
instance of R® is independently hydrogen or optionally substituted C,.¢ alkyl. In certain
embodirflqnts, RP® is -NH,. In certain embodiments, RP® is -NHR® and R® is optionally
substituted Cy.¢ alkyl. In certain embodiments, R® is -N(R®), and each instance of R® is
independently optionally substituted C;.¢ alkyl.

[000147] In some embodiments, a provided compound is one of the compouhds in Table

1.
Table 1. Exemplary compounds

Structure Example# | Structure Ekample#
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[000148] Enzymatic assays have shown that compounds as described herein are inhibitors
of MNK1 and MNK2 with ICsg values in the range of less than approxiinately 500 nM. |
" elF4e phosphorylation inhibition in Hela cell line was found to have ICsys in average up to

h 10 times higher than the enzymatic ICsys. These cell-based ICsgs vary from as low as

approximately 5 pM or lower.
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Pharmaceutzcal Compositions

[000149] The present invention also prov1des pharmaceutical compositions comprising a
therapeutically effective amount of a compound described herein, or a pharmaceutically
acceptable form thereof (e.g., a pharmaceutically acceptable salt, solvate, hydrate,
polymorph, co-crystal, tautomer, stereoisomer, isotopically labeled derivative, or prodrug
thereof), and, optionally, a pharmaceutically acceptable excipient. ‘

[000150] In another aspect, the present invention relates to pharmaceutical compositions
comprising an inventive compound, and optionally a pharmaceutically acceptable
excipeient, and to their use for treatiﬁg diseases associated with aberrant MNK1 or MNK2
activity or dysregulation of the MNK1 or MNK2 pathway, where MNK1 and MNK2 play a
role (MNK overexpression, eIF4E overexpression, P38 MAPK kinase pathway). |
Exemplary MNK-related disorders include, but are not limited to, metabolic diseases such
as obesity, as well as related disorders such as eating disdrder, cachexia, diabeteé mellitus,
hypertension, coronary heart disease, hypercholesterolemia, dyslipidemia, osteoarthritis,
gallstones, and sleepr apnea, neurodegenerative disorders such as Alzheimer’s disease, and
cancer such as breast, protate, hematological malignancies (e. g CML, AML), head and
neck, colon, bladder, prostatic adenocarcinoma, lung, cervical, and lymphomas

[000151] 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 of a PI3-kinase (PI3K) related disorder. In certain emboaiments,
the PI3K-related disorder is PI3K o -related disorder. In certain embodiments, the PI3K-
related disorder is PI3K B-related disorder. In certain embodiments, the PI3K-related
disorder is PI3K vy-related disorder. In certain embodiments, the PI3K-related disorder is
PI3K -related disorder. Exemplary PI3K-related disorders include, but are not limited to,
cancers such as ovarian cancer, cervical cancer, breast cancer, colon cancer, rectal cancer,
endometrial cancer, stomach cancer, liver cancer, lung cancer, thyroid cancer, acute
myelogenous leukemia (AML),Vchronic myelogenous leukemia (CML), and glioblastomas.
[000152] - 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 of a Janus kinase (JAK) related disorder. In certain

embodiments, the JAK-related disorder is JAK 1-related disorder. In certain embodiments,
the JAK-related disorder is JAK2-related disorder. In certain embodiments, the JAK-related
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disorder is JAK3-related disdrdcr. Exemplary JAK-related disorders include, but are not
limited to, psoriasis, rheumatoid arthritis, and cancers such as prostate, colon, ovarian and
breast cancefs, melanoma, leukemia and‘other'haematopoietic'malignancies.

[000153] In another aspect, the present invention relates to pharmaceutical compositions
comprising these cbmpounds and to their use for the prophylaxis and treatment of a Human
Epidermal Growth Factor Receptor-related (HER-) disorder. In certain embodiments, the
HER-related disorder is HER2-related disorder. In certain embodiments, the HER-related
disorder is HER3-related disorder. Exemplary HER-related disorders include, but are not
limited to, cancers such as breast, lung, kidney, brain, ovarian, colon, cervical, endometrial,
prostate, liver, thyroid,. GI tract, bloo>d and lymphoma and other diseases such as multiple
sclerosis.

[000154] In another aspect, the present invention relates to pharmaceutical cdmpdsitions
comprising these compounds and to their use for the preparation of a medicament for the
prophjilaxis and treatment of a mTOR-related disorder. Exemplary mTOR—releafed '
disorders include, but are not limited to, cancers such as breast, lung, kidney, brain, ovarian,
colon, cervical, endometrial, prostate, liver, thyroid, GI tract, blood and lymphoma and
other diseases such as hamartoma syndromes, rheumatoid arthritis, multiple sclerosis.
[000155] In certain embodiments, the kinase-related condition (e.g, MNKI1- and/or

- MNK2-related condition) is selected from the group consisting of pfoliferative diseases,
neurodegenerative diseases, autoimmune diseases, and inflammatory diseases.

[000156] Pharmaceutically acceptable excipients include any and all solvents, dilﬁents or
othef liquid vehicles, dispersion or suspension aids, surface active agents, isotonic agents,
thickening or emulsifying agents, preservatives, solid binders, lubricants and the like, as
suited to the particular dosage form desired. General considerations in formulation and/or
manufacture of pharmaceutical compositions agents can be found, for example, in
Remington’s Pharrﬁaceutical Sciences, Sixteenth Edition, E. W. Maﬁin (Mack Publishing
Co., Easton, Pa., 1980), and Remington: The Science and Practice of Pharmacy, 21st _
Edition (Lippincott Williams & Wilkins, 2005). v

[000157] . Pharmaceutical compositidns 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 and/or one or more ofher accessory ingredients, and then, if necessary and/or

desirable, shaping and/or packaging the product into a desired single— or multi-dose unit.
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[000158] Pharmaceutical compositions can be prepared, packaged, and/or sold in bulk, as
a single unit dose, and/or as a plurality of single unit doses. As used herein, a “unit dose” is
discrete amount of the pharmaceutical chpoéition comprising a predetermined amount of
the active ingredient. The amount of the active ingredient is generally equal to the dosage
o%‘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.
[000159] 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. .
[000160] . Pharmaceutically acceptable excipients used in the manufacture of provided
pharmacéutical compositions include inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents,
preservatives, buffering agents, lubricating égents, 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. . _ '
[000161] Exemplary diluents include calcium carbonate, sodium c'arbon'ate, calcium
phosphate, dicalcium phosphate, calcium sulfate, calcium hydrogen phosphate, sodium
phosphate lactose, sucrose, cellulose, microcrystalline celiulose, kaolin, mannitol, éorbitol,
inosi;col, sodium chloride, dry starch, cornstarch, powdered sugar, etc., and combinations
thereof. »

[000162] Exemplary granulating and/or dispersing agents include potato starch, corn
starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar gum, citrus pulp,
agar, bentonite, celiulose and wood products, natural sponge, cation—exchange res‘ins,
calcium carbonate, silicates, sodium carbonate, cross—linked poly(vinyl-pyrrolidone)
(crospovidone), sodium carboxymethyl starch (sodium starch glycolate), carboxymethyl
cellulose, cross-linked sodium carboxymethyl celiulose (croscarmellose), methylcellulose,
- pregelatinized starch (starch 1500), microcrystalline starch, water insoluble starch, calcium

" carboxymethyl cellulose, magnesium aluminum’ silicét’é (Veegum), sodium laﬁryl sulfate,

'- quaternary ammonium compounds, efc., and combinations thereof.
[000163] Exemplary sﬁrface active agents and/or emulsifiers include natﬁral emulsifiers

(e.g. acacia, agar, alginic acid, sodium alginate, tragacanth, chondrux, cholesterol, xanthan,
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pectin, gelatin, egg yolk, caséin,r wool fat, cholesterol, wax, and lecithin), colloidal clays
(e.g. bentonite (aluminum silicate) and Veegum (magnesium aluminum silicate)), long 7
chaiﬂ amino acid derivatives, high molecular Weight alcohols (e.g. stearyl alcohoi, cetyl
alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyceryl
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, hydroxypropyl cellulose, hydroxypropyl

- methylcellulose, methylcellulose), sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan
monolaurate (Tween 20), polyoxyethylene sorbitan (Tween 60), polyoxyethylene sbrbitan
monooleate (Tween 80), sorbitan monopalmitate (Span 40), sorbitan monostearate (Span
60), sorbitan tristearate (Span 65), glyceryl monooleate, sorbitan monooleate ('Span' 80)),
polyoxy¢thylene esters (e.g. polyoxyethylene monostearate (Myrj 45), polyoxyethylene
hydro genqted castor oil, polyethoxylated castor oil, polyoxymethylene stearate, énd :
Solutol), sucrose fatty acid esters, polyethylene glycol fatty acid esters (e.g.,
CREMOPHOR®), polyoxyethylene ethers, (e.g. polyoxyethylene lauryl ether (Brij 30)),
poly(vinyl-pyrrolidone), diethylene glycol monolaurate, triethanolamine oleate, sodium
oleate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate, éodium lauryl sulfafe,
Pluronic F-68, Poloxamer P188, cetrimonium bromide, cetylpyridinium chloride,
benzalkonium chloride, docusate sodium, etc. and/or combinations thereof.

[000164] Exemplary binding vagents— include starch (e.g. cornstarch and starch pas;te),
gelaﬁn, sugars (e.g. sucrose, glucose; dextrose, dextrin, molasses, lactose, lactitol, mannitol,
etc.), natural and synthetic gums (e.g. acacia, sodium alginate, extract bf Irish moss, panwar
gum, ghatti gum, mucilage of isapol husks, carboxymethylcellulose, methylcellulose;
ethylcellulose, hydroxyethylcellulose, hydroxypropyl! cellulose, hydroxypropyl
methylcellulose, nﬁcrocrystalline cellulose, cellulose acetate, poly(vinyl-pyrrolidone), 7
magnesium aluminum silicate (Veegum), and larch arabogalactan), alginates, polyethylene
oxide, polyethylene glycol, inorganic calcium salts, silicic acid, polymethacrylates, waxes,
water, alcohol, efc., and/or combinations thereof.

- [000165] Exemplary preservatives include antioxidants, chelating ageﬁts, antimicrobial

~ preservatives, antifungal preservatives, alcohol preservatives, acidic preservatives, and

~ other preservatives.
[000166] Exemplary antioxidants include alpha tocopherol, ascorbic acid, acorbyl
palmitate, butylated hydroxyanisole, butylated hydroxytoluene, monothioglycerol,
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potassium metabisulfite, propionic acid, propyl gallate, sodium ascorbate, sodium bisulfite,
sodium metabisulfite, and sodium sulfite.

[000167] Exemplary chelating agents include ethylenediaminetetraacetic acid (EDTA)
and salts and hydrates thereof (e.g., sodium edetate, disodium edetate, trisodium edetate,
calcium disodium edetate, dipotassium 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 chloride, benzyl alcohol, bronopol,
cetrimide, cetylpyridinium chloride, ehlorhexidine, chlorobutanol, chlorocresol,
chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea, phenol,
phenoxyethanol, phenylethyl alcohol, phenylmercuric nitrate, propylene glycol, and
thimerosal. .

[000168] _Exemplary antifungal preservatives include blityl paraben, methyl paraben, ethyl
paraben, propyl paraben, benzoic acid, hydroxybenzoic acid, potassium benzoate,
potassium sorbate, sodium benzoate, sodium propionate, and sorbic acid.

[000169] Exemplary alcohol preservatives include ethanol, polyethylene glycol, phenol,
phenolic compounds, bisphenol, chlorobutanol, hydroxybehzoete, and phenylethyi alcohol.
[000170] Exemplary acidic preservatives include vitamin A, Vitarﬂin C, vitamin E,. beta—
carotene, citric acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic acid, and_phytic
acid. .

[000171] Other preservatives include tocopherol, tocopherol acetate, deteroxime
mesylate, cetrimide, butylated hydroxyanisol (BHA); butylated hydroxytoluened (BHT),
ethylenediamine, sodium 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, and Euxyl. In
certain embodiments, the preservative is an anti—oxidant. In other embodiments, the
preservative is a chelating agent.

[000172] A Exemplary buffering agents include citrate buffer solutions, acetate buffer
solutions, phosphate buffer solutions, ammonium chloride, calcium carBonate, calcium
. chloride, calcium citrate, calcium glubionate, 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 phosphate, potassium acetate, potassium chloride, potassium
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gluconate, potassium mixturés, dibasic potassium phosphate, monobasic potassium
phosphate, potassium phosphaté mixtures, sodium acetate, sodium bicarbonate, sodium
chloﬁde, sodium citrate, sodium lactate, dibasic sodium phosphate, monobasic sodium
phosphate, sodium phosphate mixtures, tromethamine, magnesium hydroxide, aluminum
hydroxide, alginic acid, pﬁogen—ﬁee water, isotonic saline, Ringer’s solution, ethyl
alcohol, etc., and combinations thereof.

[000173] Exemplary lubricating agents include magnesium stearate, calcium stearate,
stearic acid, siliéa, talc, malt, glyceryl behanate, hydrogenated vegetable oils, polyethylene
glycol, sodium benzoate, sodium acetate, sodium chloride, leucine, magnesium lauryl
sulfate, sodium lauryl sulfate, etc., and combinations thereof. |

[000174] Exemplary.natural oils include almond, apricot kernel, avocado, babassu,
bergamot, black current seed, borage, cade, camomile, canola, caraway, carnauba, éastor,
cinnamon, cocoa butter, coconut, cod liver, coffee, corn, cotton seed, emu, eucalyptus,
evening i)ljimrose, ﬁsh,'ﬂaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl
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 buckthorn, sesame, shea butter,
silicone, soybean, sunflower, tea tree, thistle, tsubaki, vetiver, walmit, and wheat germ oils.
Exemplary synthetic oils include, but are not limited to, butyl stearate, caprylic triglyceride,
capric triglyceride, cyclomethicone, diethyl sebacate, dimethicone 360, isopropyl nﬁyristate,
mineral oil, octyldodecanol, oleyl alcohol, silicone oil, and combinations thereof.

[000175] Liquid dosage 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 aéetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, dimethylformamide, oils (e.g., cottonseed, groundnut, corn, germ, olive, castor, and
sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters
- of sorbitan, and mixtures 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 invention are mixed with solubilizing agents such as CREMOPHOR,
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alcohols, oils, modified oils, glycols, polysorbates, cyclodextrins, polymers, and
combinations thereof.
[00017 6] Injectable preparations, for exampie, 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. ' |
[000177] . The injectable formulations can be sterilized, for example, by filtration through
a bacterial-retaining filter, or by incorporating sterilizing agents in the form of s;cerile solid
compositions which can be dissolved or dispersed in sterile water or other sterile inj ectable
medium prior to use.
[000178] In order to prolong the effect of a drug, it is often desirable to slow the
absorption of the drug from subcutaneous or intramuscular'inje.ction. This can be
accomplished by the use of a liquid suspension of crystalline or amérphous material with
poor water solubility. The rate of absorption of the drugrthen depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form. |
Altex-’natively, delayed absorption of a parenterally administered drug form is accomplished
by dissolving or suspending the drug in an oil vehicle.
[000179] Compositions for rectal or vaginal administration are typically suppositories
which can be prepared by mixing the conjugates 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 therefore
melt in the rectum or vaginal cavity and release the active ingredient.
[000180] . 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 inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose,
glucose, mannitol, and silicic acid, b) binders such as, for example,

carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia, c)
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humectants such as glycerol, .d) disintegrating agents such as agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate, €) solution
retarding agents such as paraffin, f) absorption accelerators such as quaternary ammorlium
compounds, g) wetting agents such as, for example, cetyl alcohol and glycerol
monostearate, h) absorbents such as kaolin and bentonite clay, and i) 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.

[000181] Solid compositions of a similar type can be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the iike. 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 optronally comprise opacifying agents and can be ofa composition that they release |
the active ingredient(s) only, or preferentially, in a certain part of the intestinal tract,
optionally, in a delayed manner. Examples of embedding compositions which can be used
include polymeric substances and waxes. Solid compositions of a similar type can be
employed as fillers in soft and hard—filled gelatin capsules ﬁsirrg such excipients as lactose
or milk sugar as well as high molecular weight polethylene glycols and the like.

[000182] The active ingredients can be in micro—encapsulated form with one or n_rore
excipients as noted above. The solid 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., tableting lubricants and other
tableting aids such a magnesium stearate and microcrystalline cellulose. In the case of
capsules, tablets and pills, the dosage forms may eom_prise buffering agents. They may
optionally. 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, optiorlally,
. in a delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes.

[000183] Dosage forms for topical and/or transdermal administration of a compound of

this invention may include ointments, pastes, creams, lotions, gels, powders, solutions,
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sprays, inhalants and/or patches. Generally, the active ingredient is admixed under sterile
conditions with a pharmaceuticaﬂy acceptable carrier and/or any needed preservatives
and/or buffers as can be required. Additionalfy, the present invention contemplates the use
of transdermal patches, which often have the added advantage of providing controlled
delivery of an active ingredient 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 c;ontrolled by either providing a rate
controlling meﬁbrane and/or by dispersing the active ingredient in a polymer matrix and/or
gel. ‘
[000184] Suitable devices for use in delivering intradermal pharmaceutical cc;mp(')»sitions
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.pienetration 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 corneum and produces a jet which reaches the dermis are suitable. Jet injection
devices are described, for example, in U.S. Patents5,480,381; .5,599,302;7 5,334,144;
5,993,412; 5,649,912; 5,569,189, 5,704,911, 5,383,851; 5,893,397, 5 ,466,220; 5,339,163,
5,312,335; 5,503,627; 5,064,413; 5,520,639; 4,596,556, 4,790,824, 4,941,880; 4,940,460;
and PCT pubhcatlons WO 97/37705 and WO 97/13537. Ballistic powder/particle dehvery
devices which use compressed gas to 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 mantoux method of intradermal administration,
[000185] Formulations suitable.for topical administration include, but are not limited to,
liquid and/or semi Hquid preparations such as liniments, létions, 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 cofnprise one or more of the additional ingredients described
herein.
[000186] A pharmaceuﬁcal composition of the invention can be prepared, packaged,

and/or sold in a formulation suitable for pulmonary administration via the buccal cavity.
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Such a formulation may comprise dry particles which comprise the active ingredient and
which have a diameter in the range from about 0.5 to about 7 nanometers or from about 1 to
about 6 hanometers. Such compositions are cénveniently 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/oy suspended in a low—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. Alternatively, 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 include a solid fine
powder diluent such as sugar and are conveniently provided in a unit dose form.

[0001871 Low boiling propellants generally include liquid propellants having éboiling
point of below 65 °F at atmospheﬁc 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 ingfedient).

[000188] Pharmaceutical compositions of the invention formulated for pulmonary
delivery may provide the active ingredient in the form of droplets of a solution and/or
suspénsion. Such formulations can be prepared, packaged, and/or sold as aqueous and/or
dilute alcoholic solutions and/or suspensions, optionally sterile, comprising the active
ingredient, and may conveniently be administered using any nebulization and/or
atomization device. Such formulations may further comprise one or more additional
ingredients including, but not limited to, a flavoring ageht such as saccharin sodium, a
volatile oil, a buffering agent, a surface active agent, and/or a preservative such as
methylhydroxybenzoate. The droplets provided by this route of administration may have
an average diameter in the range from about 0.1 to about 200 nanometers.

[000189]. Formulations described herein as being useful for pulmonary delivery are useful |
~ for intraﬁasél 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
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formulation is administered. by rapid inhalation through the nasal passage from a container
of the powder held close to the hares. _
[000190] Formulations for nasal adminjstration may, for example, comprise from ‘about as
littie 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 composition
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 ﬁsing conventional methods, and may contain, for example, 0.1 to 20%
(w/w) active ingredient, the balance comprising an orally dissolvable and/or degradable
composition and, optionally, one or more of the additional ingredients describéd herein.
Alternately, formulatiéns for buccal administration may comprise a powder and/or én
aerosolized and/or atomized solution and/or suspension comprising the active ingredient.
Such powdered, aerosolized, and/or aerosolized formulations, when dispersed, may have an
averagé i)e;ﬂicle and/or droplet size in the range from about 0.1 to about 200 nanbmeters,
and may further comprise one or rhore of the additional ingredients described herein.
[000191] A pharmaceutical composition of the invention can be prepared, packaged,
and/or sold in a formulation for ophthalmic administration. Such formulations may, for
example, be in the form of eye drops including, for example, a0.1/1.0% (w/w) solution
and/or suspension of the active ingredient in an aquebus or oily liquid carrier. Such drops
may further comprise buffering agents, salts, and/or one or more other of the additional
ingredients described herein. Other opthalmically—administrable formulations which are
useful include those which comprise the active ingredient in microcrystalline form and/or in
a liposomal' preparation. Ear drops and/or eye drops are contemplated as being within the
scope of this invention. '
[000192] Although the descriptions 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 compositions 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 can désign and/or perform such modification with ordinary
experimentation. | _
[000193] Still further ehcompassed by the invention are kits_ (e.g., pharmaceutical packs).

The kits provided may comprise an inventive pharmaceutical composition or compound
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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
secoﬁd container comprising a pharmace_utical' excipienf for dilution or suspension of an
inventive pharmaceutical composition or compound. In some embodiments, the inventive
pharmaceutical composition or compound providé_d in the container and the second
container are combined to form one unit dosage form.
[000194] Optionally, a single container may comprise one or more compartments for
containing an inventive pharmaceutical composition or compound, and/or a
pharmaceutically acceptable excipient for suspension or dilution. In some embodiments, a
single container can be appropriate for modification such that the container may receive a
physical modification so as to allow combination of compartments and/or components of
individual 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
combiﬁatign of contents of two individual compartments once the signal to break the seal is
generated. A kit may thus comprisé such multi-compartment containers providing an
i;iventive pharmaceutical composition or compound and one or more pharmaceutically
acceptable excipients.
[000195] Optionally, instructions for use are additionally proizided in such kits of the
invention. - Such instructions may provide, generally, for example, instructions for dosage
and administration. In other embodiments, instructions maSl further provide additional
detail relating to specialized instructions for particular containers and/or systems fdr
administration. Still further, instructions may provide specialized instructions for use in
conjunction and/or in combination with an additional therapeutic agent.
[000196] 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 ﬁ
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; the activity of the specific active ingfedient employed; the specific A
~ 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
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coincidental with the specific active ingredient employed; and like factors well known in
the medical arts. | _
[000197] The compounds and compositions brovided herein can be administered by any
route, including enteral (e.g., oral), parenteral, intravenous, intramuscular, intra—arterial,
intramedullary, intrathecal, subcutaneous, intraventricular, transdermal, intérdermal, rectal,
intravaginal, intraperitoneal, topical (as by powders, ointments, creams, and/or drops),
mucosal, nasal, bucal, sublingual; by intratracheal instillation, bronchial instillation, and/or
inhalation; and/(;r as an oral spray, nasal spray, and/or aerosol. Specifically contemplated
routes are oral administration, intravenous administration (e.g., systemic intravenous
injection), regional administration via blood and/or lymph supply, and/or direcf
administration to an affected site. In general 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 env1ronment of the gastrointestinal tract), and/or the condltlon of the subject (e g,
whether the subject is able to tolerate oral administration).
[000198] 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 effects or disorder, identity of the particular compound(s),
mode of administration, and the like. The desired dosage can be delivered threé times a
day, two times a day, once a day, ev‘erylother day, every third day, évery 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, six, sev.en,
eighf, nine, ten, eleven, twélve, thirteen, fourteen, or more administrations).
[000199] In certain embodiments, 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 mg to about 1000 mg, about 0.01 mg to about 1000 mg, about 0.1 mg to about 1000
mg, about 1 mg to about 1000 mg, about 1 mg to about 100 mg, about 10 mg to about 1000
mg, or about 100 mg to about 1000 mg, of a compound per unit dosage form.
[000200] 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 tb about 40 mg/kg, preferably from about
05 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
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subject body weight per day, one or more times a day, to obtain the desired therapeutic
effect. ,
[000201] 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. ‘ ,
[000202] 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 sarfle disorder, and/or it may achieve different effects. |
[000203] 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. In
will further be appreciated that the additional therapeutically active agent utilized in this
combination can be administered together in a single composition of 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 |
therépeuticallyactive 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.
[000204] Exemplary additional therapeutically active 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, fnucoproteins, lipoproteins, synthetic polypepﬁdes or
V. proteins, small molecules linked to proteins, glycoproteins, steroids, nucleic acids, DNAs,‘
RNAs, nucleotides, nucléosides, oligonucleotides, antisense oligonucleotides, lipids,

hormones, vitamins, and cells. In some embodiments, an additional therapeutically active
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agent is a kinas'e'inhibitor. In some embodiments, an additional therapeutically active agent
is an inhibitor of MAP kinase. In some embodiments, an additional therapeutically active
agent‘is an inhibitor of JAK (e.g. JAK1, J AK2; or JAK3). In some embodiments, an
additional therapeutically active agent is an inhibitor of PI3K (e.g. PI3Ka, PI3K 3, PI3Ky,
or PI3K3). In some embodiments, an addiﬁonal therapeutically active agent is an inhibitor
of HER (e.g. HER2 or HER3 inhibitor). In some embodiments, an additional
therapeutically active agent is an inhibitor of mTOR (e.g. mTORCI or mTORC?2). In some
embodiments, an additional therapeutically active agent is a chemotherapeutic agent.
[000205] Also encompassed by the present discosure are kits (e.g., pharrriaceutical packs).
The kits provided may comprise a provided pharmaceutical composition or compou_nd 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 a provided
pharmaceutical composition or compound. In some embodiments, a provided |
pharmaceutical composition or compound provided in the container and the second
container are combined to form one unit dosage form. .In some embodiments, a provided

kits further includes instructions for use.

Methods of Treatment and Uses

[000206] Compounds and compositions described herein are generally useful for the
inhibition of one or more kinases. In certain embbdiments, compounds and compoéitions
descﬁbed herein are generally useful for the inhibition of MNK1 and/or MNK2. In some
embodiments, methods of treating kinase-related disorder in a subject are provided which
comprise admirﬁstering an effective amount of a compound described herein (e.g., a
compound as described herein), or a pharmaceutically acceptable form thereof), to a subject
inneed of tr@ahneﬁt. In some embodiments, methods of treating MNK 1- and/or MNK2-
related disorder in a subj ect are provided which comprise administering an effective
amount of a compound described herein (e.g., a compound as described herein ), or a
pharmaceutically acceptable form thereof), to a subject in need of treatment. In certain
embodiments, the effective amount is a therapeutically effective amount. In certain

~ embodiments, the effective amount is a prophylactically effective amoﬁnt. In certain

| embodiments, the subject is suffering from a MNK1-related disorder. In certain

embodiments, the subject is susceptible to a MNK1-mediated disorder. In certain
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embodiments, the subject is suffering from a MNK2-related disorder. In certain
embodiments, the subject is susceptible to a MNK2-mediated disorder.

[000207] As used herein, the term “kinase-related disorder” (e.g., “MNK1- and/or
MNK2-related disorder”) means any disease, disorder, or other pathological condition in
which a kinase (e.g., MNK1 and/or MNK2) is kﬁo_wn 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 play a role. Exemplary MNK-related disorders
include, but are not limited to, metabolic diseases such as obesity, as well as related
disorders such as eating disorder, cachexia, diabetes mellitus, hypertension, coronary heart
disease, hypercholesterolemia, dyslif)idemia, osteoarthritis, gallstones, and sleep apnea,
ﬁeurodegenerative disérders such as Alzheimer’s disease, and cancer subh as breast, protate,
hematological malignancies (e.g., CML, AML), head and neck, colon, bladder, proétatic

~ adenocarcinoma, Iung, cervical, and lymphomas.

[00020’8] _In certain embodiments, a provided compound is useful for treating a
proliferative disease, e.g., cancer. In certain embodiments, a provided compound is useful
for treating solid tumor. In certain embodiments, a provided compound is useful for treating
hematological cancer. Exemplary cancers inélude, but are not limited to, acoustic neuroma;
adenocarcinoma; adrenal gland cancer; anal cancer; angiosarcdma (e.g., »
lymphangiosarcoma, lymphangioendotheliosarcoma, hemangiosarcbma); 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;
marﬁmary cancer, medullary carcinoma of the breast); brain cancer (e.g., meningioma,
glioblastomas, glioma (e.g., astrocytoma, oligodendroglioma), medulloblastoma); bronchus
caﬁcer; carcinoid tumor; cervical cancer (e.g., cervical adenocarcinoma); choriocarcinoma;
chordoma; cranjopharyngioma; colorectal cancer (e.g., colon cancer, rectal cancer,
colorectal adenocarcinoma); connective tissue cancer; epithelia1 carcinoma; ependymoma;
endotheliosarcoma (é. g., Kaposi's sarcoma, multiple idiopathic hemorrhagic sarcoma);
endometrial cancer (e.g., uterine cancer, uterine sarcoma); esophageal cancer (e.g.,
adenocarcinoma of the esophagus, Barrétt’-_s adenocarinoma); Ewing sarcoma; eye cancer
(e.g., intraocular melanoma, retinoblastoma); familiar hypereosinophilia; gall bladder

" cancer; gastric cancer (e.g., stomach adenocarcinoma); gastrointestinal strdrﬁal tumor

i (GIST); germ cell cancer; head and neck cancer (e.g., head and neck squamous cell
carcinoma, oral cancer (é.g., oral squamous cell carcinoma), throat cancer (e.g., laryngeal

cancer, pharyngeal cancer, nasopharyngeal cancer, oropharyngeal cancer)); hematopoietic
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cancers (e.g., leukemia such as acute lymphocytic leukemia (ALL) (e.g., B-cell ALL, T-cell
ALL), acute myelocytic leukemia (AML) (e.g., B-cell AML, T-cell AML), chronic
myelbcytic 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 large B—cell lymphoma),
follicular lymphoma, chronic lymphocytic leukemia/small lymphocytic lymphoma
(CLL/SLL), mantle cell lymphoma (MCL), marginal zone B-cell lymphomas (e.g., mucosa-
associated lymphoid tissue (MALT) lymphomas, nodal marginal zone B-cell lymphoma,
splenic marginal zone B-cell lymphdma), primary mediastinal B-cell lymphoma, Burkitt
lymphoma, lymphoplasmacytic lymphoma (i.e., Waldenstrém’s macroglobulinemia), hairy
cell leukemia (HCL), immunoblastic large cell lymphoma, precursor B-lymphbblasﬁc
lymphoma and primary central nervous system (CNS) lymphoma; and T-cell NHL such as
precuréOr T-lymphoblastic lymphoma/leukemia, peripheral T-cell lymphoma (PTCL) (e.g.,
cutaneous T-cell lymphoma (CTCL) (e.g., mycosis fungiodes, Sezary syndrome),
angioimmunoblastic T-cell lymphoma, extranodal natural killer T-cell lymphoma,
enteropathy type T-cell lymphoma, subcutaneous panniculitis-like T-cell lymphoma, and
anaplastic large cell lymphoma); a mixture of one or more 1eukemia/lymphoma as
described above; and multiple myeloma (MM)), heavy chain diseasé (e.g., alpha chain
disease, gamma chain disease, mu chain disease); hemangioblastoma; hypopharyn)_{ cancer;
inflammatory myofibroblastic tumors; immunocytic amyloidosis; kidney cancer (e.g.,
nephi‘oblastoma 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 (SCLC), non-small cell lung cancer (NSCLC),
adenocarcinoma of the lung); leieomyosarcoma (LMS); mastocytosis (e.g., systemic
mastoc.ytosis) ; muééle cancer; myelodysplastic syndrome (MDS); mesothelioma;
myeloproliferative disorder (MPD) e.g., polycythemia Vera (PV), essential thrombocytosis
(ET), agnogenic myeloid metaplasia (AMM) a.k.a. myelofibrosis (MF), chronic idiopathic
myelofibrosis, chronic myelocytic leukemia (CML), chronic neutrophilic leukemia (CNL),
hypereosinophilic syndrome (HES)); neuroblastoma; neurofibroma (e.g., neurofibromatosis |
~ (NF) type 1 or type 2, schwannomatosis); neuroendocrine cancer (e.g.,

'- gastroenteropancreatic neuroendoctrine tumor (GEP-NET), carcinoid tumor); osteosarcoma
(e.g.,bone cancer); ovarién cancer (e.g., cystadenocarcinoma, ovarian embryonal

carcinoma, ovarian adenocarcinoma); papillary adenocarcinoma; pancreatic cancer (e.g.,
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pancreatic andenocarcinoma, intraductal papillary mucinous neoplasm (IPMN), Islet cell
tumors); penile cancer (e.g., Paget’s disease of the penis and scrotum); pinealoma; primitive
neureecfodennal tumor (PNT); plasma cell neoplasia; paraneoplastic syndromes;
intraepithelial neoplasms; prostate cancer (e.g., prostate adenocarcinoma); rectal cancer;
rhabdomyosarcome; salivary gland cancer; skin cancer [e.g., squamous cell carcinoma
(SCC), keratoacanthoma (KA), melanoma, basal cell carcinoma (BCC)]; small bowel
cancer (e.g., appendix cancer); soft tissue sarcoma (e.g., malignant fibrous histiocytoma
(MFH), liposarcoma, malignant peripheral nerve sheath tumor (MPNST), chondrosarcoma,
fibrosarcoma, myxosarcoma); seBaceous gland carcinoma; small intestine cancer; sweat
gland carcinoma; synovioma; testicular cancer (e.g., seminoma, testicular embryonal
carcinoma); thyroid cancer (e.g., papillary carcinoma of the thyroid, papillary thyroid
carcinoma (PTC), medullary thyroid cancer); urethral cancer; vaginal cancer; and ﬁlvar '
cancer (e.g., Paget’s disease of the vulva). In certain embodiments, a provided compound is
useful for treating breast cancer, protate cancet, hematolegical malignancies (e.g., CML,
AML), colon cancer, bladder cancer, prostatic adenocarcinoma, lung cancer, cervical
cancer, and lymphomas.

[000209] In certain embodiments,r a provided compound is useful for treating a
neurodegenerative disease. Exemplary neurodegenerative diseases include, but are not
limited to, autism, or autism spectrum disorders (e.g. Asperger syndrome or Mendelsohnn's
Syndrome), Alzheimer’s disease, Huntington’s disease, progressive supranuclear p_eilsy,
corticobasal degeneration, frontotemporal lobar degeneration, Pick’s disease, Parkinson’s
disease, Lewy body disease, and amyotropic lateral sclerosis (ALS).

[000210] In certain embodiments, a provided compound is useful for treaﬁng an
autoimmune disease. Exemplary autoimmune diseases include, but are not limited to,
theumatoid arthritis, spondyloarthopathies, gouty arthritis, degenerative joint diseases such
as osteoarthritis, systemic lupus erythematosus, Sjogren’s syndrome, ankylosing
spondylitis, undifferentiated spondylitis, Behcet's disease, haemolytic autoimmune
anaemias, multiple sclerosis, amyotrophic lateral sclerosis, amylosis, acute painful
shoulder, psoriatic arthritis, juvenile arthritis, asthma, atherosclerosis, osteoporesis,
bronchitis, tendonitis, bursitis, skin condition (e.g., psoriasis, eczema, burns, dermatitié,

~ pruritus (itch)), enuresis, eosinophilic disease, gastrointestinal disorder (e. g., selected from
| peptic ulcers, regional enteritis, diverticulitis, gastrointestinal bleeding, eosinophilic
gastrointestinal disorders (e.g., eosinophilic esophagitis, eosinophilic gastritis, eosinophilic

gastroenteritis, eosinophilic colitis), gastritis, diarrhea, gastroesophageal reflux disease

87



WO 2015/050505 PCT/SG2014/000468

(GERD), inflammatory bowel disease (IBD) (e.g., Crohn’s disease, ulcerative colitis,
collagenous colitis, lymphocyticr colitis, ischaemic colitis, diversion colitis, Behcet's
syndrbme, indeterminate colitis) and inﬂammétofy 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,
antiphospholipid antibody syndrome, autoimmune hepatitis, celiac disease, Goodpasture’s
syndrome, optic neuritis, scleroderma, primary biliary cirrhosis, Reiter's syndrome, warm
autoimmune herilolytic anemia, alopecia universalis, chronic fatigue, dysautonomia,
neuromyotonia, vulvodynia and disorders ameliorated by a gastroprokinetic agent (e. g,
ileus, postoperative ileus and ileus dliring sepsis; gastroesophageal reflux diseaée (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)).

[000211]I 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 pain (dolor, from the generation of noxious substances and the
stimulation of nerves), heat (calor, from vasodilatation), redness (rubor, from vasodilatation
and increased blood flow), swelling (tumor, from excessive inflow or restricted outflow of
fluid), and/or loss of function (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,
ﬁbroéing, focal, granulomatous, hyperplastic, hypertrophic, interstitial, metastatic, necrotic,
obliterative, parenchymatous, plastic, productive, proliferous, pseudomembranous, »
purulent, sclerosing, seroplastic, serous, simple, specific, subacute, suppurative, toxic,
traumatic, and/or ulcerative inflammation.

[000212] Exempiary inflammatory diseases include, but are not limited to inflammation
associated with acne, asthma, arteritis (e.g., polyarteritis, temporal arteritis, periarteritis
nodosa, Takayasu’s arteritis), arthritis (e.g., crystalline arthritis, osteoarthritis, psoriatic
arthritis, gouty arthritis, reactive arthritis, rheumatoid arthritis, and Reiter’s arthritis),
ankylosing spondylitis, amylosis, amyotrophic lateral sclerosis, autoimmune diseases,

~ allergies or allergic reactions, atherosclerosis, bronchitis, bursitis, chronic prostatitis,
| ,' conjunctivitis, Chagas disease, chronic obstructive pulmonary disease, cermatomyositis,
dry eye syndrome, diverﬁculitis, diabetes (e.g., type I diabetes mellitus, type 2 diabetes

mellitus), a skin condition (e.g., psoriasis, eczema, burns, dermatitis, pruritus (itch)),
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endometriosis, Guillain-Barre syndrome, infection, ischaemic heart disease, Kawasaki
disease, glomerulonephritis, gingivitis, hypersensitivity, headaches (e.g., migraine
headéchés, tension headaches), ileus (e.g., posfoperativé ileus and ileus during 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
esophagitis, 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, lymphocytic colitis,
ischaemic colitis, diversion colitis, B'ehcet’s syndrome, indeterminate colitis), inﬂammatory
bowel syndrome (IBS), lupus, multiple sclerosis, morphea, myeasthenia gravis, myocardial
ischemia, nephrotic syndrome, pemphigus vulgaris, pernicious aneaemia, peptic uléers,
polymyogitis, primary biliary cirrhosis, neuroinflammation associated with brain disorders
(e.g., autism, or autism spectrum disorders (e.g. Asperger syndrome or Mendelsbhim‘s
Syndrome), Parkinson’s disease, Huntington’s disease, and Alzheimer’é disease),
prostatitis, chronic inflammation associated with cranial radiation injury, pelvic
inflammatory disease, reperfusion injury, regional enteritis, rheumatic fever, systemic lupus
erythematosus, schleroderma, scierodoma, sarcoidosis, spohdyioarthopathies, Sjogren’s

- syndrome, thyroiditis, transplantation rejection, téndonitis, trauma dr injury (e.g., frostbite,
chemical irritants, toxins, scarring, burns, physical injury), vasculitis, vitiligo and
Wegener’s granulomatosis. In certain embodiments, the inflammatory disorder is sélected
fromy arthritis (e.g., rheumatoid arthritis), inflammatory bowel disease, inflammatory bowel
syndrome, asthma, psoriasis, endometriosis, iﬁterstitial cystitis, prostatistis, appendicitis,
Blau syndrome, blepharitis, bronchiolitis, cervicitis, cholangitis, cholecystitis, chronic
recurrent multifocal osteomyelitis (CRMO), cryopyrin associatgd periodic syndrome
(CAPS), dacryoadéﬁitis, dermatomyositis, dry eye syndrome, encephalitis, endocarditis,
endometritis, enterocolitis, epicondylitis, epididymitis, familial cold-induced
autoinﬂammatory syndrome, familial Mediterranean fever (FMF), fasciitis, fibrositis,
hepatitis, hidradenitis suppurativa, laryngitis, mastitis, meningitis, mevalonate kinase
deficiency (MKD), Muckle-Well syndrome, myelitis myocarditis, myoSitis, nephritis,

~ oophoritis, orchitis, osteitis, inflammatory osteolysis, otitis, pancreatitis, parotitis,

' pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis, pneumonia, proctitis,

pulmonary fibrosis, pyelbnephritis, pyoderma gangrenosum and acne syndrome (PAPA),

pyo genic sterile arthritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, TNF receptor

89



WO 2015/050505 PCT/SG2014/000468

associated periodic syndrome (TRAPS), tonsillitis, undifferentiated arthropathy, uveitis,
vaginitis and vulvitis. In certain embodiments, the inflammatory condition is an acute
inﬂarhmatory condition (e.g., inﬂamrriati_on reéulting 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
compounds may 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.

[000213] In certain embodiments, a provided compound is useful for treating or lessening
- the severity of arthropathies and ostéopathological diseases including, but not limited to,
rheumatoid arthritis, oéteoarthrtis, gout, polyarthritis, and psoriatic arthritis.

[000214] In certain embodiments, a provided compound is useful for treating or léssening
the severity of acute and chronic inflammatory diseases including, but not limited to,
ulcerative colitis, inflammatory bowel disease, Crohn’s disease, dry eye syndronie, allergic
rhinitis, allergic dermatitis, cystic fibrosis, chronic obstructive bronchitis, and asthma.
[000215] 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, athero_sclerosis, and
restenosis. '

[000216] In certain embodiments, a provided compound is useful for treating or lessening
the severity of endometriosis, uterine fibroids, endometrial hyperplasia, and benigﬁ prostate
hypefplasia.

[000217] Tn some embodiments, a provided compound is useful for treating or lessening
the severity of one or more diseases and conditions, wherein the disease or condition is
selected from immune-related conditions or diseases, which include, but are not limited to
graft versus host disease, transplantation, transfusion, anaphylaxis, allergies (e.g., allergies
to plant pollens, latex, drugs, foods, insect poisons, animal hair, animal dander, dust mites,
or cockroach calyx), type I hypersensitivity, allergic conjunctivitis, allergic rhinitis, and
atopic-dermatitis.

[000218] In some embodiments, a provided compound is useful for tréating

' tumorogenesis.

" [000219] In some embodiments, a provided compound is useful for treating a metabolic

disorder (e.g., obesity, diabetes).
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[000220]  In some embodiments, the present disclosure provides a method of inhibiting
MNK1 comprising contacting MNK1 with an effective amount of a compound described
hereln (e.g., a compound as described herein ) or a pharmaceutically 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 comppund as described herein), or a pharmaceutically acceptable form
thereof. The MNK1 or MNK2 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 ﬁnderstood by one of ordinary skill in the art that
inhibition of MNK1 or MNK2 does not necessarily require that 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 about 75% inhibition, at least 50% inhibition, at léast 75%
inhibition, about 80% inhibition, about 90% inhibition, and greater than 90% inhibition.
[000221] 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 ofa compound described
herein-(e. g., a compound as described herein), or a pharmaceuticall}'r acceptable form
thereof, or a pharmaceutical composition thereof. In some embodiments, provided isa
method of inhibiting MNK1 and/or MNK2 activity in a subject in need thereof (e. g., a
subjéct diagnosed as having a MNK1- and/or MNK2-related disorder) comprising
administering to the subject an effective amount of a compound described herein; or a

pharmaceutically acceptable form thereof, or a pharmaceutical composition thereof.

EXAMPLES
[000222] Compounds as described herein were synthesized and their ability to inhibit
MNK1/2 kinase was evaluated both in enzymatic and in cell-based assays. In parallel, their
ability to inhibit other kinases was also assessed (Table 2). Enzymatic assays have shown
that compounds as described herein are inhibitors of MNK 1 and MNK2 with ICs, values
~lower than about 500 nM elF4e phosphorylation inhibition in Hela cell line was found to
- have ICsps in average 10 time higher than the enzymatic ICsgs. These cell-based ICsgs are
less than about 5 uM. |
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Table 2. Enzymatic and Cellular ICso Activities of Exemplified Compounds

ICso (uM) B ICso (pM)
Example # Example #
. MNK1 MNK2 Hela MNK1 MNK2 -Hela
001 <0.5 <0.5 <5 ) 056 <0.5 <0.5 <5
002 <0.5 <0.5 <5 " 057 <0.5 <0.5 . <5
005 <0.5 <0.5 <5 058 <0.5 <0.5 <5
008 <0.5 <0.5 <5 059 <0.5 <0.5 <5
010 <0.5 <0.5 <5 060 <0.5 <0.5 <5
011 <0.5 <0.5 <5 063 <0.5 <0.5 <5
013 <0.5 <0.5 <5 064 <0.5 <0.5 <5
016 <0.5 <0.5 <5 065 <0.5 <0.5 <5
017 <05 <0.5 <5 070 <0.5 <0.5 <5
019 <0.5 <0.5 <5 071 <0.5 <05 | <5
020 <0.5 <0.5 <5 073 <0.5 <0.5 <5
022 " <0.5 <05 <5 074 <0.5 <0.5 <5
023 <0.5 <0.5 <5 075 <0.5 <05 <5
024 <0.5 <0.5 <5 089 <0.5 <0.5 <5
027 <0.5 <0.5 <5 094 <0.5 <0.5 <5
028 <0.5 <0.5 <5 095 <0.5 <0.5 <5
031 <0.5 <05 - <5 096 <0.5 <0.5 <5-
032 <0.5 <0.5 <5 097 <0.5 <05 <5
033 <0.5 <0.5 - <5 098 <0.5 <0.5 <5
034 <0.5 <05 <5 099 | <05 <0.5 <5
035 <0.5 <0.5 <5 101 <0.5 <05 | <5
037 <0.5 <0.5 <5 102 <0.5 <0.5 <5
040 <0.5 <0.5 ' <5 103 <0.5 <0.5 <5
043 <0.5 <0.5 <5 104 <0.5 <0.5 <5
044 - <0.5 <05 <5 - 105 <0.5 <0.5 <5
045 <0.5 <0.5 <5 106 <0.5 <0.5 <5
046 <0.5 <0.5 <5 107 1 <05 <0.5 <5
047 <05 <0.5. <5 108 <0.5 <0.5 <5
048 <0.5 <05 <5 109 <0.5 <0.5 <5
049 <0.5 <0.5 <5 110 <0.5 <0.5 <5
051 <0.5 <0.5 <5 111 <0.5 <0.5 <5
052 <0.5 <0.5 <5 114 '<0.5 <0.5 <5
053 <0.5 <0.5 <5 115 <0.5 <0.5 <5
054 <0.5 <0.5 <5 116 <05 .| <05 <5
055 <0.5 <0.5 - <5 121 <0.5 <0.5 <5
122 <0.5 <0.5 <5 : 123 <0.5 <0.5 <5
Synthetic Examples
Abreviations
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CAN: acetonitrile

AcOEt: ethyl acetate

AcOH: acetic acid

AUC: area under the curve

Brine: saturated aqueous solution of NaCl

cat.: catalyst

d: day(s)

DCM: dichloroﬂlethane

DIPEA: diisopropyl-ethyl-amine

DMEF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

DMSO-dg: per-deuterated dimethylsulfoxide -

dppf: 1,1'- Bis( diphenylphosphino) ferrocene

EDCI: 1 ;ejchyl-3 -(3-dimethylaminopropyl) carbodiimide)
Ether: diethylether |

EtOH: ethanol

h: hour(s)

HATU: 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium hexafluorophosphate
Methanaminium ' | A | )
HBTU: O-Benzotriazole-N,N,N'.N' ’-tetramethyl-uronium-hexaﬂuoro—phosphate
HOBt: N-Hydroxybenzotriazole '

HPLC: high pressure liquid chromatography

L: litre(s) -

LC-MS: Liquid chromatography—mass spectrometry

Me: methyl

MeOH: methanol

min: minute(s)

m.p.: melting point

MS: mass spectrometry

NBS: N-Bromosuccinimide

* Et3N: triethylamine

" NIS: N-iodosuccinimide

NMM: N-methylmorpholine

NMR: Nuclear Magnetic Resonance
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Pd(dppf)Cl,: [1,1"-Bis(diphenylphosphino)ferrocene]dichloropalladium(II)
THEF: tetrahydrofuran |
-TFA:I trifluoroacetic acid
TLC: thin layer chromatography
TMS: trimethylsilyl

Synthesis of Intermediates
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Intermediates 1: 4-(3-ethynylimidaéo[] ,2-b] pyridazin-6-yl)benzoic acid
[000223] Step-1: Preparation of ethyl 4-(imidazo[1,2-b]pyridazin-6-yl)benzoate: A
mixture of 6-chloroimidazo[1,2-b]pyridazine (10 g, 65.34 mmol), 4-Ethoxycarbonyl
phenylboronic acid (13.94 g, 71.88 mmol), K5PO4(27.7 g, 130.68 mmol) in 1,4-dioxane
(200 mL) and water (40 mL) was stirred under Argon for 1 h. Pd(PPhs)s (3.76 g, 3.26
mmol) was added and the reaction mixture was heated at 90 °C for 4 h. The reaction
mixture was diluted with EtOAc (2 x 200 mL) and washed with water (2 x 100 mL) and
. brine solutioﬁ (2 x 100 mL). 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 (silica gel, eluent petrolenm ether/EtOAc 90:10 to
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50:50) to afford ethyl 4-(imidazo[1,2-b]pyridazin-6-yl)benzoate (5 g, 45%) as an off-white
solid. "H NMR (400 MHz, DMSO-dg) ¢ (ppm): 9.79 'i(s, 1H), 8.55 (s, 1H), 7.78-7.72 (m,
2H), 7.67-7.46 (m, 3H), 6.94 (d, J= 12.0 Hz, 2H), 4.03 (q,J=7.2Hz,2H), 142 (t, J=72
Hz, 3H); MS (ESI) m/z 268.1 [C16H14N,0,+H]". _
[000224] Step 2: Preparation of ethyl 4-(3 -iodeimidazo[1,2-b]pyridazin-6-yl)benzoate: To
a solution of ethyl 4-(imidazo[1,2-b]pyridazin-6-yl)benzoate (5 g, 18.72 mmol) in DCM
(50 mL) and ACN (100 mL) was added NIS (5.04 g, 22.46 mmol) at 0 °C and stirred at
room temperature for 3 h. The reaction mixture was filtered and washed with water to
afford ethyl 4-(3-i0d0imidazo[1,Z—B]pyridazin-6-yl)benzoate (7 g, 95%) as a yellow solid.
'H NMR (400 MHz, DMSO-dg) ) (ppm): 9.79 (s, 1H), 8.55 (s, 1H), 7.78-7.72 .(m '2H)
7.67-7.46 (m, 2H), 6.94 (d, /= 12.0 Hz, 2H), 4.03 (q, /= 7.2 Hz, 2H), 142(t J=17.2 Hz,
3H); MS (ESI) m/z 393.1 [C1¢H13IN,0, + HT".
[000225] . Step 3: Preparation of ethyl 4-(3-((trimethylsilyl)ethynyl)imidazo[1,2-
b]pyrida.zip-6-y1)benzoate: A mixture of ethyl 4-(3-iodoimidazo[1,2—b]pyridaziﬁ—6-
yl)benzoate (7 g, 17.8 mmol), ethynyltrimethylsilane (2.99 mL, 21.36 mmol), Pd(PPh3)4 (1
g, 0.89 mmol), Cul (507 mg, 2.67 mmol), and DIPEA (4.65 mL, 26.7 mmol) in 100 mL of
DMEF was stirred at 80 °C under N; for 4 h. The <.)rganic layer was dried over anhydrous
Na,;SO4 and concentrated under reduced pressure. The crude residue was _puriﬁed'by. flash
column chromatography (silica gel, eluent CH,Cl,/CH3;0H 95:5) to afford ethyl 4-(3-
((trimethylsilyl)ethynyl)iniidazo[1,2-b]pyridazin—6-yl)benzoate (5 g, 78%) as an off-white
solid. "H NMR (400 MHz, CDCl3) § (ppm): 8.20 (d, J= 8.4 Hz, 2H), 8.12 (d, J = 8.0 Hz,
2H),-8.11—8.03 (m, 2H), 7.60 (d, J = 8.0 Hz, 1H), 4.43 (q,J= 7.2 Hz, 2H), 1.44 (t, J= 7.6
Hz, 3H);>MS (BESI) m/z 364.49 [CooH N30,8i+H] ", .
[000226] Step 4: Preparation of 4—(3—ethynylimidazo[1,2-b]pyridézin-6-yl)benzoic acid:
To a solution of ethyl 4-(3-((trimethylsilyl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)benzoate
(5 g, 13.77 mmol) in THF (50 mL) was added LiOH (1.15 g, 27.54 mmol) in water (25 mL)
and MeOH (20 mL) at room temperature and stirred for 5 h. The reaction mixture was
concentrated under reduced pressure to afford 4-(3 -ethynylimidazo[l,2-b]pyridazin-6-
yl)benzoic acid (3.5 g, 96%, AUC HPLC 96.3%) as a light brown solid; m.p. 267-270 °C;
'H NMR (400 MHz, DMSO-d¢) § (ppm): 13.2 (s, 1H), 8.35 (d, /=10 Hz, 1H), 8.23 (d,J =
8.4 Hz, 2H), 8.18-3.11 (m; 3H), 8.01 (d, J=9.6 Hz, 1H), 5.03 (s, 1H); MS (ESI) m/z

' 264.25 [C15HN;O+H]".

Intermediate 2: (4-(3-ethynylimidazo[1,2-b]pyridazin-6 yl)phenyl)(morpholino)methanone;
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[000227] To a solution of 4-(3-ethynylimidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (1 g, 3.8
mmol) in DMF (10 mL) was added NMM (0.84 mL, 7.6 mmol) followed by HATU (2.16
g, 5.77 mmol) and the resulting mixture was stiﬁed at roém temperature for 20 min.
Morpholine (0.4 g, 4.56 mmol) was added and the reaction mixture stirred at room
temperature overni ghf, then diluted with EtOAc and washed in turn with water and brine
solution. The organic layer was dried over anhydrous Na,SOs, filtered and concentrated |
under reduced pressure. The crude product was purified by column chromatography (silica
gel, eluent CHCI3/CH30H 97:3) to afford (4-(3-ethynylimidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (1.0 g, 79%, LC-MS 99%) as an off-white solid. 'H
NMR (400 MHz, CDCl3) & (ppm): 8;10—8.03 (m, 4 H), 7.59-7.57 (m, 3 H), 3.79 (s, 1 H),
3.66-3.49 (m, 8 H).

Intermediate 3: (4-(3-ethynylimidazo[1,2-b] pyridazin-6-yl)phenyl)(4-methylpiperazin-1-
yl)methanone ' |

[000228] To a solution of 4-(3-ethynylimidazo[ 1,2-b]pyridazin-6-yl)benzoic acid (816
mg, 3.10 mmol) in a mixture of DCM (6 mL) and DMF (6 mL) was added sequentially N-
methyl piperzine (2.66 mL, 18.61 mmol), HBTU (2.93 g, 7.75 mmol), HOBt (795 mg, 5.89
mmol) and DIPEA (2.70 mL, 15.51 mmol), the resulting mixture was then stirred at room
temperature for 12 h. The reaction mixture was concentrated under feduced pressure then
was diluted water (5 mL) and extracted with DCM (3x10 mL). The combined extracts were
dried over Na;SOy filtered and concentrated to dryness under reduced pressure. Thé residue
was ﬁuriﬁed by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to
afford (4-(3-ethynylimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1- -
yl)methanone (909 mg, 85%, AUC HPLC 95%) as light yellow foam. 'H NMR (DMSO-dg,
600 MHz)  (ppm): 8.31 (dd, J=9.5, 1.4 Hz, 1H), 8.21-8.09 (m, 3H), 7.96 (d, J=9.6 Hz,
1H), 7.58 (d, J = 7..9 Hz, 2H), 5.04-4.97 (m, 1H), 3.64 (s, 2H), 2.47-2.22 (m, 4H), 2.20 (s,
3H); *C NMR (DMSO-ds, 150 MHz)  (ppm): 168.3, 151.3, 139.0, 138.5, 137.6, 135.5,
127.6,127.1,126.4, 117.7, 111.8, 90.8, 70.9, 54.6, 54.1 and 45.6; MS (ESI) m/z 346
[Ca0H1oNsO + HJ".

 Intermediate 4: 4-(3-ethynylimidazo[ 1,2-a] pyridin-6-yl)benzoic acid

- [000229] Step 1: Preparation of ethyl 4-(imidazo[1,2-a]pyridin-6-yl)benzoate: 4-
(ethoxyca_rbonyl)phenleoronic acid (7.09 g, 36.54 mmol), K3PO4 (19.37 g, 91.36 mmol)
and Pd(PPhs)4 (1.75 g, 1.52 mmol) were added sequentially, under argon atmosphere, to a

96



WO 2015/050505 ' PCT/SG2014/000468

solution of 6-bfdmoimidazo[1,2fa]pyridine (6 g, 30.45 mmol) in a mixture of 1,4-dioxane
(90 mL) and H,O (10 ‘mL). The reaction mixture was refluxed overnight and the reaction
mixtﬁre was diluted with EtOAc and washed iﬁ turn with water and brine. The organic
layer was dried over anhydrous Na,SO, and concentrated under reduced pressure. The
crude product was puriﬁed by column chromatography (silica gel eluent petroleum
ethef/EtOAc 1:1) to afford ethyl 4-(imidazo[1,2-a]pyridin-6-yl)benzoate (6.4 g, 79%, LC-
MS 86.5%) as a solid. 'H NMR (400 MHz, CDCl;) 6 (ppm): 8.37 (s, 1H), 8.12'(d, /=79
Hz, 2H), 7.72-7.62 (m, 5H), 7.41 (d, J = 9.3 Hz, 1H), 4.42 (q, J = 7.0 Hz, 2H), 1.41 (t, J =
7.1 Hz, 3H); MS (ESI) m/z 267.09 [C16H14N202+H]
[000230] Step 2: Preparation of ethyl 4-(3-iodoimidazo[1,2-a]pyridin-6- yl)benzoate To a
solution of ethyl 4-(imidazo[1,2-a]pyridin-6-yl)benzoate (6.4 g, 24.06 mmol) in ACN (50
mL) was added NIS (6.49 g, 28.87 mmol) at 0 °C to room temperature and stirred af the
same temperature for 3 h. TLC indiéated absence of starting material and water (2 x 50 mL)
was added_ to the reaction mixture. The reaction mixture was filtered and Washed with water
to afford ethyl 4-(3-iodoimidazo[1,2-a]pyridin-6-yl)benzoate (8.5 g, 90%, LC-MS 99.5%)
as a yellow solid. "H NMR (400 MHz, DMSO-ds) & (ppm): 8.50 (s, 1H), 8.01 (d,/=8.4
Hz, 2H), 7.95-7. 92 (m, 2H), 7.74-7.72 (m, 3H), 4.31 (q,J 70Hz 2H), 1.32 (t, J 7.4
Hz, 3H); MS (ESD) m/z 392.5 [C1sH13IN,0,+H]*.
[000231] Step 3: Preparation of ethyl 4-(3- ((tnmethyls1lyl)ethynyl)1m1dazo[1 2-a]pyridin-
6-yl)benzoate: To a solution of ethyl 4-(3-iodoimidazo[1,2-a]pyridin-6-yl)benzoate (6 g,
15.30 mmol) in DMF (50 mL) was added ethynyitrimethylsilane (2.57mL, 18.36 rﬁmol),
Cul (860 mg, 4.81 mmol), and DIPEA (4.22 mL, 22.95 mmol) under argon. Pd(PPh;)4 (883
mg, 0.76 mmol) was added and the reaction mixture was heated at 80 °C for 4 h. The
reaction mixture was diluted with water (2 x 100 mL) which triggered a precipitate
formation which was filtered to give crude product. The crude product was purified by flash
chromatography (sﬂica gel, eluent petroleum ether/EtOAc 1:1) to afford ethyl 4-(3-
((trimethylsilyl)ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoate (54.5%, LC-MS 98%) as a
solid. "H NMR (400 MHz, DMSO-dg) & (ppm): 8.56 (s, 1H), 8.10-8.02 (m, 3H), 7.91 (d, J
= 8.3 Hz, 2H), 7.81 (q, /= 9.2 Hz, 2H), 4.31 (q, /= 7.5Hz, 2H), 1.32 (t, J= 7.1 H, 3H)
0.09 (s, 9H); MS (ESI) m/z 363.05 [C2HxN,0,8i+H]."
~[000232] Step 4: Preparation of 4-(3-ethynylimidazo[1,2-a]pyridin-6-yl)benzoic acid: To
E a solution of ethyl 4-(3-((trimethylsilyl)ethynyl)imidazo[1,2-ajpyridin-6-yl)benzoate (3 g,
8.28 mmol) in THF (20 IﬁL) was added LiOH (1.04 g, 24.86 mmol) in water (5 mL) at

room temperature and stirred for 2 h. The reaction mixture was concentrated under reduced
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pressure to afford 4-(3-ethynylimidazo[1,2-a]pyridin-6-yl)benzoic acid as a solid. '"H NMR
(400 MHz, DMSO-ds) 6 (ppm): 12.02 (s, 1H), 8.64 (s, 1H), 8.02 (t, /= 7.9 Hz, 3H), 7.92
(d, /= 8.4 Hz, 3H), 7.83 (s, 1H), 5.14 (s, IH); MS (ESI) m/z 263 [C16H1oN,O,+H]" .

Intermediate 5: (- 4-(3 -ethynylimidazo[1, 2-a] pyridin-6-yl)phenyl) (i morpholino)methanone
[000233] To a solution of 4-(3-ethynylimidazo[1,2-a]pyridin-6-yl)benzoic acid (600 mg,
2.28 mmol) in DMF (10 mL) was added NMM (0.5 mL, 4.58 mmol) followed by HATU
(1.3 g, 3.43 mmol) and the reaction mixture was stirred for 30 min. Morpholine (0.24 mL,
2.5 mmol) was added and stirred at room temperature for 16 h. The reaction mixtufe was
diluted with EtOAc and washed with water and brine solution. The organic layer was dried
over anhydrous NaZSO4 and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica gel, eluent CHCls/ CH;0H 95:5) to afford (4-(3-
ethynylimidazo[1,2-a]pyridin—6—yl)phenyl)(morpholino)methanone (400 mg, 52.7%, LC-
MS 96.7%_) as a solid, '"H NMR (400 MHz, CDCl3) ¢ (ppm): 8.47 (s, 1H), 7.92 (é, 1H), 7.72
(d, J=9.2 Hz, 2H), 7.61 (d, J= 8.4 Hz, 2H), 7.54-7.52 (m, 2H), 5.12 (s; 1H), 3.86-3.84
(m, 8H); MS (ESI) m/z 332.09 [CooH7N30,+H]" .

Intermediate 6: tert-butyl 4-(4-(3-ethynylimidazo [ ],Z-a]pyridih-ti-yl)ben_zoyl)pzpérazine-] -
carboxylate | ' ) '

[000234] To a solution of 4-(3-ethynylimidazo[1,2-a]pyridin-6-yl)benzoic acid (300 mg,
1.14 mmol) in DMF (10 mL) was added NMM (0.25 mL, 2.29 mmol) followed by'HATU
(652'mg, 1.71 mmol) at room temperature and stirred for 30 min. To the reaction mixture,
morpholine (234 mg, 1.25 mmol) was added and stirred at room temperature for overnight.
The reaction mixture was diluted with EtOAc and washed with water and brine solution.
The organic layer was dried over. Na;SOy, filtered and concentrated under reduced pressure.
The residue was pﬁriﬁed by column chromato graphy (silica gel, eluent CHC13/CH§OH
95:5) to afford fert-butyl 4-(4-(3-ethynylimidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxylate (200 mg, 40.6%, LC-MS 99%) as a solid. 'H NMR (400 MHz, CDCls) ¢
(ppm): 8.47 (s, 1H), 7.93 (s, 1H), 7.72 (d, /= 9.2 Hz, 1H), 7.61 (d, J= 8.3 Hz, 2H), 7.50
(d, J=7.9 Hz, 3H), 3.86-3.84 (m, 9H), 1.48 (s, 9H), 1.25 (s, 2H); MS (ESI) m/z 431.10

A [CasHaeN,O3+H]" .

Intermediate 7: (4-(3-iodoimidazo[ 1,2-a]pyrazin-6-yl)phenyl) (morpholino) methanone
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[000235] 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 mL), was added N-Iodosuccinimide (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-ds) 6 9.13 (s, 1H), 8.80 (s, 1H), 8.29 (d,
J=8.4 Hz, 2H), 8.07 (d, /= 8.4 Hz, 2H), 8.00 (s, 1H), 4.37-4.31 (m, 2H), 1.34 (t,J=7.2
Hz, 3H); MS (ESI) m/z 393 [CI;H121N302 T.

[000236] ‘ Step 2: A solution of ethyl 4-(3 -iodoinﬁdazo[1,2—a]pyrazin—6—y1)benzoate- (11 g,
30.5 mmol) and LiOH-H,O (5.00 g, 121 mmol) in THF/CH;0H/H,0 (200/50/50 mL) was
stirred for 12 h. The reaction mixture was concentrated, diluted with water (20 mL) and
acidified with an aqueous solution of HC1 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) §: 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 [C15H;3IN;0,
+H]"™.

[000237] Step 3: N-methyl-morpholine (3.0 mL, 7.5 mmol), HATU (7.5 g, 27 mmol) and
morpholine (1.26 g, 14.85 mmol)_ were added sequentially to a solution of 4-(3-
iddoi_midazo[l,2-a]pyrazin-6-yl)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]pyrazin-6-
,yl)phenyl)(morpholino)methanone (2.0 g, 65%) as off-white solid. 'H NMR (400 MHz,

. CDCls) 8 9.10 (s, 1H), 8.50 (s, 1H), 8.10 '(d, 2H), 7.90 (s, 1H), 7.60 (d, 2H), 3.4-3.9 (m,

" 8H); MS (ESI) m/z 434 [C17H,sIN,O, +H]". | |
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Intermediate 8: (4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1-

yl)methanone
0 C OH
B\
AN HO OH
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ClI” °N N/ [ Intermediate 8
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[000238] Step 1: Preparation of 4-(imidazo[ 1,2-b]pyridazin-6-yl)benzoic acid

To a solution of 6-chloroimidazo [1, 2-b] pyridazine (2 g, 13.07 mmol) in 1, 4-dioxane (20
mL) and water (10 mL) were successively added 4-boronobenzoic acid (2.58 g, 15.87
mmol),KyCOs3 (3.6 g, 0.81 mmol), and Pd(PPh3)4(0.75 g, 6.5 mmol). The reaction mixture
was heated at 100 °C for 15 h under argon. The reaction mixture was diluted with water
(50 mL)-and exfracted with ethyl acetate (3 x 20 mL). The combined organic phase was
washed with brine (1 x 50 mL), dried over Na,SQy, filtered and concentrated under vacuum
to afford 4-(imidazo[1,2-b]pyridazin-6-yl)benzoic acid (2 g, 64%) as a white solid (LC-MS
84%). 'H NMR (400 MHz, DMSO-de) 6 13.01 (bs, 1H), 8.04 (s, 1H), 8.3-8.01 (m, SH),
7.85 (d, J= 7.2 Hz, 2H); MS (ESI) m/z 240 [M+ H]".

[000239] Step 2: Preparation of 4-(3-i0doimidazo [1, 2-b] pyridazin-6-yl) benzoic acid

A solution of 4-(imidazo [1, 2-b] pyridazin—6-yi) benzoic acid (2 g, 84% purity, 7.02 mmol)
and NIS (4.63 g, 20.77 mmol) in DMF (20 mL) was heated at 90 °C for 4 h. The reaction
mixture was poured into ice-cold water, the precipitate was isolated by filtration and dried
to afford 4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (1.5 g, 58%, HPLC 93%) as a
yellow solid. "H NMR (400 MHz, DMSO-de) 5 13.01 (bs, 1H), 8.3-8.01 (m, 5H), 7.85 (d,J
=7.2 Hz, 2H); MS.(ESI) m/z 366 [M+H]".

[000240] Step 3: Preparation of (4-(3-iodoimidazo [1, 2-b] pyridazin-6-yl) phenyl) (4-

methylpiperazin-1-yl) methanone

A solution of 4-(3-iodoimidazo [1, 2-b] pyridazin-6-yl) benzoic acid (1.5 g, 4.109 mmol),
NMM (0.67 mL, 6.164 mmol) and HATU (3.12 g, 8.218 mmol) in DMF (20 mL) WaS

: stirred for 30 min. 1-methylpiperazine (0.546 mL, 4.90 mmol) was added and the mixture

was stirred at room temperature for 6 h, then was diluted with EtOAc and washed with

water and brine solution. The organic layer was dried over anhydrous Na,SO,, filtered and
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concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel, eluent CHCl;/CH3OH 90:10) to give (4-(3-iodoimidazof1,2-
b]pyrida'zin-6-y1)pheny1)(4-methy1piperazin—l;yl)methanone (1.5 g, 82%, LC-MS 95%) as
a yellow solid. MS (ESI) m/z : 448.06 [M+1].

Intermediate 9: (4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)phenyl) (mo-i"phol'ino)methanone

N ] :
[ j " Intermediate 9
0 ) ‘

[000241] To a solution of 4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzoic acid (4 g, 10.95 -
mmol) in DMF (50 mL) was added NMM (2.21 mL, 21.91 mmol),HATU (8.32 g, 21.91
“mmol) and the mixture was stirred for 30 min prior to the addition of morpholine (1.14
mL, 13.14 mmol). The reaction mixture was stirred for 16 h and was diluted with EtOAc
and washed with water and brine solution. The organic layer was dried over anhydrous
Nast4 and concentrated under reduced pressure The crude product was purified by
“column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5) to afford (4-(3-
1odo1m1dazo[1 2-b]pyridazin-6 -yl)phenyl)(morphohno)methanone 4.2 g, 88%) as an off-
white sohd MS (ESI) m/z 435 [M+1] -

Example 1: (4-methylpiperazin—] -YI)(4-(3-(o-tolylethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)methanone ' 7

[000242] To a solution of (4—(3-ethyny1imidazo[l,2—b]pyri;iazin—6—y1)phenyl)(4-
methylpiperazin-1-yl)methanone (30 mg, 0.089 mmol), 1-iodo-2-methylbenzene (13.3 pL,
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0.104 mmoi) in a mixture of THF and DMF (2:1, 1.5 mL) was added PdCL(PPhs), (3.0 mg,
0.004 mmol), Cul (1.6 mg, 0.0086 mmol), EtsN (1 mL) and then the reaction mixture was
stirred at room temperature for 12 h. The reaction mixture was concentrated iz vacuo to
dryness and then purified by flash column chromatography (silica gel, eluent CH,Cl,
/CH;OH 95:5) to afford (4-methylpiperazin-1-y1)(4-(3-(o-tolylethynyl)imidazo[ 1,2-
b]pyridazin-6-yl)phenyl)methanone (20 mg, 53%, AUC HPLC 98%) as a light yellow
solid. "H NMR (600 MHz, DMSO-dg) o (ppm): 8.35 (d, J=9.4 Hz, 1H), 8.28-8.17 (m,
3H), 8.00 (d, /= 9.3 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.59 (d, /= 7.8 Hz, 1H), 7.41—
7.33(m, 2H), 7.29 (td, J=17.2, 1.7 Hz, 1H), 3.84-3.56 (m, 3H), 2.72-2.51 (m, 6H), 2.37 (s,
3H); C NMR (150 MHz, DMSO-dy) & (ppm): 168.4, 151.3, 139.5, 138.3, 137.3, 135.7,
131.1,129.8, 129.1, 127.7, 127.1, 126.5, 126.1, 121.6, 117.6, 112.5, 97.5, 80.5, 54.0, 53.7,
44.7, and 20.3; MS (ESI) m/z 436 [Co7H,sNsO+H]". -

 Example 2: (4-methylpiperazin-1 -yl)(4—(3-@henylethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)methanone

’ j N/N/ .
\N/\l N/
v \
0

[000243] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and iodobenzene in a éimilar
method to that described for Example 1. The reaction crude product was purified by flash
column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford (4-
methylpiperazin-1-yl)(4-(3-(phenylethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)methanone (18 mg, 50%, AUC HPLC 98%) as a light yellow solid; 'H NMR
(600 MHz, DMSO;dg) 3 (ppm): 8.34 (d, J=94 Hz, 1H), 8.29-8.15 (m, 3H), 7.98 (d, J =
9.4 Hz, 1H), 7.68-7.62(m, 2H), 7.62-7.56 (m, 2H), 7.48 (dd, J= 5.1, 2.0 Hz, 3H), 3.68-
3.65 (m, 2H), 2.48-2.32 (m, 4H), 2.26 (s, 3H); *C NMR (150 MHz, DMSO-dg) 6 (ppm):
168.3,151.3, 138.8, 137.5,135.6, 131.2, 129.3, 128.9, 127.7, 127.1,126.4,121.7, 117.6,
112.4, 98.4, 76.6, 54.4, 54.0, 45.2; MS (ESI) m/z 422 [CysH3N50 + H]". o

h Example 3: (4-methylpiperazin-1-yl)(4-(3-(m-tolylethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)methanone
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[000244] The title compound was synthesizedfrbm (4-(3-ethyny1imidazo[1,2—
blpyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and 1-iodo-3 -methylbenzene
in a similar method to that described for Example 1. The react1on crude product was
purified by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford
(4-methylpiperazin-1-yl)(4-(3-(m-tolylethynyl)imidazo[ 1,2-b]pyridazin-6- _
yl)phenyl)methanone (15 mg, 30%, AUC HPLC 98%) as a light yellow solid; "H NMR
(600 MHz, DMSO-ds) § (ppm): 8.34 (d, /=9.5 Hz, 1H), 8.24-8.16 (m, 3H), 7.98 (d,J=9.5
" Hz, 1H), 7.64-7.56 (m, 2H), 7.50-7.41 (m, 2H), 7.37 (t, J = 7.6 Hz, 1H), 7.29 (ddt, J = 7.9,
. 2.0, 0.9 Hz, 1H), 3.66-3.64 (m,'2H)i, 2.38-2.24 (m, 7H), 2.20 (s, 3H); >C NMR (150 MHz,
DMSO-dg) § (ppm): 168.3, 151.3,'138.9, 138.7, 138.3, 137.6, 135.5, 131.6, 130.0, 128.8,
128.4,127.7,127.2,126.4, 121.5, 117.7, 112.3, 98.5, 76.2, 54.7, 54.2, 45.6, 20.7; MS (ESI)
m/z 436 [Cy7HasNsO + H]

Example 4: (4-methylpiperazin-1 -yl)(4 (3-(p- tolylethynyl)zmzdazo[ 1,2- b]pyrzdazzn 6-
yvl)phenyl)methanone

\/N/
N

[0002_45] The title compound wlas synthesized from (4-(3-ethynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and 1-iodo-4-methylbenzene
in a similar method to that descﬁbed for Example 1. The reaction crude product was
purified by flash column chromatography (silica gel, eluent CH,Clo/CH3;0H 95:5) to afford
(4-methy1pipcrazin- 1-y1)(4-(3-(p-tolylethynyl)imidazo[ 1,2-b]pyridazin-6-

A yl)phenyl)methanone (21 mg, 42%, AUC HPLC 98%) as a light yellow solid. "H NMR
(600 MHz, DMSO-dq) 8 (ppm): 8.33 (d, J=9.5 Hz, IH), 8.28 —8.12 (m, 3H), 7.97 (d, J=
9.3 Hz, 1H), 7.59 (d, J/='8.2 Hz, 2H), 7.57-7.50 (m, 2H), 7.29 (d, J = 7.8 Hz, 2H), 3.6 7~
3.59 (m, 2H), 2.41-2.22 (m, 7H), 2.20 (s, 3H); *C NMR (150 MHz, DMSO-dj) &
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(ppm): 168.3, 151.3, 139.2, 138.6, 137.6, 135.6, 131.2, 129.5, 127.7, 127.1, 126.4,118.7,
117.6, 112.5, 98.5, 76.0, 54.6, 54.2, 45.5, 21.1; MS (ESI) m/z 436 [Cy7HsNsO+H]".

Example 5: (4-methylpiperazin-1-yl)(4-(3-(pyridin-4-ylethynyl)imidazo[1,2-b] pyridazin-6-
ylphenyl)methanone '

[000246] The title compound was synthesized from (4—methylpiperazin—1-yl)(4-(3¥
(pyridin-4-ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl) methanone and 4-iodopyridine
in a similar method to that described for Example 1. The reaction crude product was
purified ‘by flash column chrorhato graphy (silica gel, eluent CH,Cly/CH;0H 95:5) to afford
(4—methylf)iperazin- 1 ;yl)(4-(3 ~(pyridin-4-ylethynyl)imidazo[ 1 ,2—b]pyridazin—6—
yl)phenyl)methanone (16 mg, 46%, AUC HPLC 97%)' as a light yellow solid. "H NMR
(600 MHz, DMSO-dy) 5 (ppm): 8.67 (d, J = 4.9 Hz, 2H), 8.35 (d, J= 9.5 Hz, 1H), 8.28 (s,.
1H), 8.22 (d, J= 8.0 Hz, 2H), 8.02 (d, /= 9.5 Hz, 1H), 7.63 (d, J= 8.0 Hz, 2H), 7.60 (d, J =
5.3 Hz, 2H), 3.82-3.69 (m, 2H), 2.87-2.60 (m, 4H), 2.47 (s, 3H); *C NMR (150 MHz,
DMSO-ds) & (ppm): 168.6, 151.6,150.2,139.9, 139.5, 137.2, 135.7, 129.7, 128.0, 127 4,
126.7,125.0, 118.4, 111.5, 96.2, 81.1, 53.5, 44.2; MS (ESI) m/z 423 [CpsHNsO+ HJ'.

Example 6: (4-(3-((4-methoxyphenyl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl) (4-
methylpiperazin-1-yl)methanone

OCHg
[000247] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
: b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and 1-iodo-4-methoxybenzene
in a similar method to that described for Example 1. The reaction crude product was

purified by flash column chromatography (silica gel, eluent CH,Cl,/CH;0H 95:5) to afford
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4-3 ; ((4-methoxyphenyl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(4-methylpiperazin-
1-yl)methanone (16 mg, 41%, AUC HPLC 97%) as a light brown solid; 'HNMR (600
MHz; DMSO-ds) 6 (ppm): 8.45-8.12 (m, 4H),' 796 (d,J="17.4 Hz, 1H), 7.65-7.53 (m, 4H),
7.03 (d, J=8.7 Hz, 2H), 3.81 (s, 3H), 3.74-3.56 (m, 2H), 3.39-3.28 (m, 2H), 2.43-2.31 (m,
4H), 2.21 (s, 3H); *C NMR (150 MHz, DMSO-dg) 6 (ppm): 168.5 160.0, 151.4, 137.6,
135.7,133.1, 127.8,127.3, 127.2, 117.6, 114.7, 113.6, 110.8, 98.6, 55.4, 54.6, 54.1 and
45.5; MS (ESI) m/z 452 [Ca7H,sNsO,+H]"

Example 7: N-(4- ((6—(4-(4—methylpzperazme—] -carbonyl)phenyl)imidazo[1,2- b]pyrldazm 3-
yl)ethynyl)phenyl)acetamzde

[000248] The title compound was synthesized from (4-(3-etﬁynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and N-(4-
iodophenyl)acetamide in a similar inethod to that described for Example 1. The reaction
crude product was purified by flash column chromatography (silica gel, eluent
CH,Cl,/CH30H 94:6) to afford N—(4-_((6-(4-(45methy1piperazine-1-
carbonyl)phenyl)imidazol[ 1 ,2—b]pyridazin-3-yl)ethynyl)phenyl)acetamide (8 mg, 23%,
AUC HPLC 99%) as a yellow solid; "H NMR (600 MHz, DMSO-dy) (ppm): 10.22 (s,
1H), 8.33 (d,J=9.5 Hz, 1H), 8.25-8.15 (m, 3H), 7.97 (d, /= 9.5 Hz, 1H), 7.71 (d, /= 8.4
Hz, 2H), 7.63-7.55 (m, 4H), 3.66-3.67 (m, 2H), 2.44-2.25 (m, 4H), 2.08 (s, 3H), 2.08 (s,
3H); BCNMR (150 MHz, DMSO-dg) 6 (ppm): 168.7, 168.4, 151.3, 140.2, 138.7, 138.5,
135.6,132.1, 127.8, 127.2, 126.4, 119.0, 117.5, 115.7, 112.5, 99.5, 98.6, 75.6, 54.2, 40.0,
24.1; MS (ESI) m/z 479 [CasH26NsO,+H]".

- Example 8: Preparation of N—(S‘-( ( 6—(4—(4—methylpiperazine-] -
- carbonyl)phenyl)imidazo[1,2-b [ pyridazin-3-yl)ethynyl)phenyl)acetamide
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[000249] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(4-methylpiperazin-1-yl)methanone and N-(3-
iodophenyl)acetamide in a similar method to that described for Example 1. The reaction
crude product was purified by flash column chromatography (silica gel, eluent
CH,Cl,/CH;0H 95:5) to afford N—(3;((6-(4-(4-methy1piperazine-1-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)phenyl)acetamide (15 mg, 43%,
AUC HPLC 98%) as a light yellow solid; '"H NMR (600 MHz, DMSO-dy) 6 (ppm)f 10.24
(s, 1H), 8.33:(d, J=9.5 Hz, 1H), 8.24-8.20 (m, 3H), 8.05-7.91 (m, 2H), 7.67 (d, J = 8.2
Hz, 2H), 7.57 (dd, J= 7.9, 2.0 Hz, 1H), 7.40 (t,J = 7.9 Hz, 1H), 7.30 (d, J = 7.6-Hz, 1H),
3.74-3.59 (m, 4H), 3.20-3.14 (m, 4H), 2.72 (s, 3H), 2.08 (s, 3H); *C NMR (150 MHz,
DMSO-de) 6 (ppm): 169.0, 168.7, 151.4, 139.8, 139.0, 138.8, 136.6, 136.1, 128.1, 127.3,
126.6,125.9, 122.0, 121.3, 119.9, 117.9, 112.3, 98.6, 76.4, 524 45.7,24.2; MS (ESI) m/z
479 [CrsHpsNgO, +H]".

Example 9: 4-((6—(4—(m0rpholine-4-carb0nyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)benzomtrzle —

\N/

1000250] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-

b]pyridazin-6-y1)pheny1)(morpholino)methanone and 4-iodobenzonitrile (51 mg, 0.225

mmol) in a similar method to that described for Example 1. The reaction crude product was
purified by ﬂésh column chromatography (silic'a gel, eluent CH,Cl, /CH30H 96:4) to afford
R 4-((6-(4-(moi'pholine-4-carbonyl)phenyl)imidaz.o[1 ,2-b]pyridazin-3-yl)ethynyl)benzonitrile
(50.5 mg, 77%, AUC HPLC 99%) as a light yellow solid. "H NMR (600 MHz, DMSO-dy)
d (ppm): 8.44-8.27 (m, 2H), 8.22 (d, J = 8.2 Hz, 2H), 8.03 (d; /=9.1 Hz, 1H), 7.94 (d, J =
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8.3 Hz, 2H), 7.82 (d, J= 8.3 Hz, 2H), 7.63 (d, J= 8.2 Hz, 2H), 3.71-3.51 (m, 6H), 3.41-
3.33 (m, 2H); *C NMR (150 MHz, DMSO-ds) § (ppm): 168.5, 151.6, 139.8, 137.4, 135.6,
132.9, 131.9,128.0, 127.3, 126.7, 126.6, 118.5, 118.4, 111.3,97.4, 80.8, 66.2, 45.8; MS
(ESI) m/z 434 [Ca6H1oNsO+ H]'. '

Example 10: morpholino(4-(3-(pyridin-3-ylethynyl)imidazo[1,2-b] pyridazin-6-
yDphenyl)methanone

[000251] = The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridaéip-6-y1)pheny1)(morpholino)methanone and 3-iodopyridine in a similar method to
that described for Example 1. The reaction crude product was purified by flash column
chromatography (silica gel, eluent CH,Cl,/CH3O0H 95:5) to afford morpholino(4-(3-
(pyﬁ&in-S-ylethynyl)imidazo[1,2-b]pyridazin-6-y1)phenyl)méthanone (10.0 mg, 16%, AUC
HPLC 96%) as a light yellow solid. "H NMR (600 MHz, DMSO-dj) 8 (ppm): 8.85 (s, 1H),
8.68-8.58 (m, 1H), 8.35 (d, /=9.5 Hz, 1H), 8.26 (s, 1H), 8.22 (d, J=8.4 Hz, 2H), 8.08 (dt,
J=19, 1.9 Hz, 1H), 8.01 (d, /= 9.6 Hz, 1H), 7.63 (d, J= 8.4 Hz, 2H), 7.54-7.51 (im, 1H),
3.68-3.51 (m, 8H); *C NMR (150 MHz, DMSO-d,) § (ppm): 168.5, 151.5, 151.4,149.5,
139.3, 139.2, 138.6, 137.4, 135.6, 128.0, 127.3, 126.6, 123.9, 119.0, 118.1, 111.9, 95.4,
79.7, 66.1,47.7; MS (ESI) m/z 410 [CasH oNsO.+H]".

Example 11: N-(3-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[ 1, 2-b] pyridazin-3-
yl)ethynyl)phenyl)methane sulfonamide '

0,
AN

7

O\\
N O
H . 7

 [000252] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino)methanone and N-(3-

iodophenyl)methanesulfonamide in a similar method to that described for Example 1. The
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reaction crude product was pﬁriﬁed by flash column chromatography (silica gel, eluent
CH,Cl,/CH3;0H 94:6) to afford N-(3-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
b]pyﬁdazin-3-yl)ethynyl)phenyl)methanc sulfbnamide (20.0 mg, 28%, AUC HPLC 97%)
as a light yellow solid; "H NMR (600 MHz, DMSO-ds) & (ppm): 8.34 (d, J= 9.5 Hz, 1H),
8.26-8.18 (m, 3H),>7.99 (d,J=9.5Hz, 71H), 7.6‘3 (d, J=8.1 Hz, 2H), 7.46—7.39 (m, 2H),
732 (d, /J=7.6 Hz, 1H), 7.25 (dd, J=8.1, 2.1 Hz, 1H), 3.71-3.55 (m, 8H), 3.01 (s, 3H);
BC NMR (150 MHz, DMSO-dg) 6 (ppm): 168.5, 151.4, 140.2, 139.0, 138.8, 137.3, 135.7,
130.1, 128.0, 127.2, 126.5, 125.7, 122.5, 121.5, 120.5, 117.8, 112.2, 98.4, 76.7, 66.1, 48.7,
47.7; MS (ESI) m/z 502 [CaH,3Ns0,S+H]".

Example 12: N-(3-({ 6—(4—(morphéline-4—carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)phenyl)benzamide ' ' -
: N

[000253] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and.N-(3 -iodophenyl)benzamide in a
similar method to that described for Example 1. The reaction crude product was purified
by flash column chromatography (silica gel, eluent CH,Cl/CH;0H 95:5) to afford N-(3-
((6-(4—(morpholine-4-carbonyl)phenyi)imidazo[1,2—b]pyridazin—3-
yDethynyDphenyl)benzamide (20.0 mg, 25%, AUC HPLC 97%) as a yellow solid; 'H
NMR (600 MHz, DMSO-ds) & (ppm): 10.43 (s, 1H), 8.34 (d, J = 9.4 Hz, 1H), 8.30-8.13
(m, 4H), 8.03-7.92 (m, 3H), 7.81 (dt, /= 8.5, 1.3 Hz, 1H), 7.67-7.58 (m, 3H), 7.58-7.51
(rﬁ, 2H), 7.47 (t; J=17.9Hz, 1H), 7.38 (dt,J=17.8, 1.3 Hz, lH); 3.69-3.52 (m, 4H), 3.37—
3.22 (m, 4H); BC NMR (150 MHz, DMSO-ds) § (ppm): 168.6, 166.0, 151.4,139.6, 138.8,
137.3,135.7,134.7, 131.9, 129.5, 128.6, 128.0, 127.8, 127.2, 126.6, 126.4, 122.7, 122.0,
121.2,117.8, 98.6, 76.6, 66.1, 47.8; MS (ESI) m/z 528 [C3,HsNs0s+H]".

- Example 13: N-(3-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-
- yl)etﬁynyl)phenyl)ace'tamide ”
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[000254] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and N-(3-iodophenyl)acetamide in a
similar method to that described for Example 1. The reaction crude product was purified
by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford N-(3-
((6-(4-(morpholine-4- carbonyl)phenyl)lmldazo[1 2-blpyridazin-3-
yDethynyl)phenyl)acetamide (15.0 mg, 21%, AUC HPLC 99%) as a yellow solid; H NMR
(600 MHz, DMSO-ds) 6 (ppm): 10.15 (s, 1H), 8.33 (d, /=9.5 Hz, 1H), 8.27-8.16 (m, 3H),
8.01—7.97A(m, 2H), 7.64 (d, J= 8.3 Hz, 2H), 7.55 (ddd, J=8.1,2.2 Hz, 1H), 7.40 (t,J= 7.9
Hz, 1H),I7_.3l (dt, J= 7.6, 1.3 Hz, 1H), 3.68-3.54 (m, 8H), 2.08(s, 3H). *C NMR (150
MHz, DMSO-d;) 6 (ppm): 168.9, 168.6, 151.4, 139.7, 139.0, 138.8, 137.3, 135.7, 129.6,
128.0, 127.2, 126.5, 125.8, 122.0, 121.3, 119.9, 117.8,.112.3, 98.6, 76.4, 66.2, 24.1; MS
(BSI) m/z 466 [Cy7H3NsOs+ H]™.

Example 14: (4-(3-((3-chloropyridin-4-ylethynyl)imidazo[1,2-b] py}idazin-é-
yl)phenyl)(morpholino)methanone

\N/

[000255] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 3-chloro-4-iodopyridine in a similar
method to that described for Example 1. The reaction crude product was purified by flash
column chromatography (silica gel, eluent EtOAc/CH3OH 95:5) to afford (4-(3-((3-
chloropyridin—4-y1)ethynyl)imidazo[1,27b]pyﬁdazin—6-y1)phenyl)(morpholino)methanone -
- (22.8 mg, 34.5%, AUC HPLC 96%) as a yellow solid; "H NMR (600 MHz, DMSO-dj) &
| (ppm): 8.26 (d, J= 7.0 Hz, 4H), 8.13 (s, 2H), 7.84 (s, 2H), 7.63 (d, J=7.7 Hz, 5H), 3.67
- (s), 3.58 (s), 2.57 (s, 2H), 1.40-1.10 (m, , 4H); >C NMR (150 MHz, DMSO-dg) § (ppm):
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179.9, 168.8,—1'52.1, 149.6, 148.5, 137.9, 135.9, 129.5, 128.3, 127.6, 118.9, 93.9, 66.5, 48.0,
42.5,40.3, 40.2, 40.1, 39.9, 39.8, 39.6, 39.5, 29.9; MS (ESI) m/z 444 [C24H,3CINsO,+H]".

Example 15 (4-(3-((2-chloropyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone ' ' .

Yy
OAI SN
(N \
° 7\ o

[000256] The title cdmpound was synthesized from (4-(3-ethynylimidazo[1,2-
b]p}qidazin—6-yl)phenyl)(morpholino)methanone and 2-chloro-4-iodopyridine in a similar
method to that described for Example 1. The reaction crude product was purified by flash
column chromato graphy (silica gel, eluent EtOAc/CH30H 93:7) to afford (4-G3-((2-
chloropyri;iin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone
(85 mg, 64%, AUC HPLC 96.0%) as a light brown solid; 'H NMR (600 MHz, DMSO-dy) &
(ppm): 8.48 (d, J= 4.8 Hz, 1H), 8.37-8.33 (m, 1H), 8.20 (d, /= "7.8 Hz, 2H), 8.04-8.00 (m,
1H), 7.73 (s, 1H), 7.64-7.57 (m, 4H), 3.39-3.31 (m, 4H); *C-NMR (150 MHz, DMSO-dj)
8 (ppm): 168.9, 152.1, 151.1, 150.7,-137.6, 135.7, 133.2, 128.2, 127.6, 127.0, 125.2, 124.6,
122.3,119.0, 95.4, 83.1, 66.3 and 46.5; MS (ESI) m/z 444 [C»4H;sCINsO, + H]".

Example 16: (4-(3-((1H-pyrazolo[3,4-b] pyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone

[000257] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazih—6-yl)pheny1)(morpholino) methanone and 4-iodo-1H-pyrazolo[3,4-b]pyridine
cina simﬂar method to that described for Example 1. The reaction crude product was
- purified by flash column chromatography (silica gel, elﬁent EtOA¢/CH;0H 95:5) to afford
(4-(3-((1H-pyrazolo{3,4-b]pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6- '
yl)phenyl)(morpholino)methanone (22.0 mg, 20.3%, AUC HPLC 97%) as a yellow solid;
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~'HNMR (600 MHz, DMSO-d) 3 (ppm): 8.59 (d, J= 4.7 Hz, 1H), 8.38-8.35 (m, 2H), 8.32
(s, 1H), 8.23 (d, J= 7.8 Hz, 2H), 8.03 (d, J=9.5 Hz, 1H), 7.64 (d, J=7.9 Hz, 2H), 7.41 (d,J
—4.7 Hz, 1H), 3.68-3.38 (m, 8H); 1°C NMR (150 MHz, DMSO0-ds) & (ppm): 168.7, 152.0,
149.3, 140.2, 139.8, 137.5, 135.8, 132.2, 128.0, 127.4, 126.8, 122.9, 118.8, 118.2, 114.1,
111.6,99.7, 94.9, 84.5, 66.2 and 47.8; MS (ESI) m/z 450 [CasHsN;O,+ HT'.

Example 17: (4-(3-(( 6—amin0-]H-pyrrolo[ 2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone

[00025‘8] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino) methanone and 4-iodo-1H-pyrrolo[2,3-b]pyridin-6-
amine in a similar method to that described for Example 1. The reaction crude product was
purified by flash column chromatography (silica gel, eluent CH,Cl>/CH30H 94:6) to afford
(4-(3-((6-amino-1H-pyrrolo[2,3-b]pyridin-4-yl) etHynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (8 mg, AUC HPLC 95%) as a light yeHow solid'. 'H
NMR (600 MHz, DMSO-ds) & (ppm): 11.03 (s; 1H), 8.32 (d, /= 6.0 Hz, 1H), 8.26.(s, 1H),
8.22 (d, J= 6.0 Hz, 2H), 7.99 (d, J = 6.0 Hz, 1H), 7.64 (d,J=6.0 Hz, 2H), 7.10 (d, /= 6.0
Hz, 1H), 6.52 (s, 1H), 6.47 (d, J= 6.0 Hz, 1H), 5.75 (s, 2H); *C NMR (150 MHz, DMSO-
dg) & (ppmj: 169.1,156.1, 152.1, 147.9, 139.6, 137.6, 136.1,128.3, 127.6, 126.8, 122.7,
121.9, 118.7, 112.6, 111.9, 104.2, 99.6, 96.9, 80.7, 66.4, 63.3; MS (ESI) m/z 464
[Ca6H,1N,0,+ HT.

Example 18: morpholino(4?(3 -((2-phenoxypyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yvl)phenyl)methanone |
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[000259] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino) methanone and 4—iodo-2—phenoxypyﬁdine ina
similar method to that described for Example 1. The reaction crude product was purified
by flash column chromatography (silica gel, eluent EtOAc/CH3OH 94:6) to afford
morpholino(4-(3—((2-phenoxypyridin-4-y1)ethynyl_)imidazo[1,2—b]pyridazin-6-
yl)phenyl)methanone (12.0 mg, 20%, AUC HPLC 98%) as a light yellow solid. "H NMR
(600 MHz, DMSO-dp) 6 (ppm): 8.39 (d, /= 9.5 Hz, 1H), 8.32 (s, 1H), 8.27-8.23 (m, 3H),
8.05(d,/=9.5 ﬂz, 1H), 7.64 (d, J= 8.3 Hz, 2H), 7.45 (t, J= 7.9 Hz, 2H), 7.34 (d, /= 5.0
Hz, 1H), 7.16 (m, 4H), 3.68-3.59 (m, 8H). *C NMR (150 MHz, DMSO-ds) § (ppm):
168.4, 163.4, 153.5, 151.5, 148.2, 140. 0, 139.5,137.4, 135.4, 133.1, 129.8, 127 9, 127 2,
126.6, 124.8, 121.3, 1202 118.4,112.3,111.3,95.8, 81.3, 72.5, 66.1 and 63.1; MS (ESI)
m/z 502 [C30Ha3NsOs+ H]". '

Example 19: (4-(3-((2-methoxypyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6- -
vl)phenyl)(morpholino)methanone

[000260] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 4-iodo-2-methoxypyridine in a
similar me’;hod to that described for Example 1. Th¢ reaction crude product was purified
by flash column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford
(4-(3-((2-methoxypyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (99 mg, 75%, AUC HPLC 97%) as yellow solid. . 'H
NMR (400 MHz, DMSO-ds) & (ppm) 8.39 (d,/=9.5 Hz, 1H), 8.31 (s, 1H), 8.27 (d, J =

© 5.3 Hz, 1H), 8.24 (d, J= 8.3 Hz, 2H), 8.04 (d, J= 9.5 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H),
7.19 (dd, J=5.3,1.2 Hz, 1H), 7.04 (s, 1H), 3.90 (s, 3H), 3.64 (bs, 6H), 3.40 (bs, 2H); *C
NMR (100 MHz, DMSO-ds) & (ppm)' 168.34, 163 76, 151.46, 147.58, 139.76, 137.32, _
‘ 135. 42,132.12,127.79, 127.13, 126.52, 118. 25 118.18, 111.55, 95.93, 80.46, 65.99, 53.34;

. MS (ESI) m/z 440 [CysHyN5O5 + H]
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Example 20: (4-(3-((1H-pyrrolo[3,2-b] pyridin-6-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone

[000261] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]lpyridazin-6-yl)phenyl)(morpholino)methanone and 6-iod0—1H—pyrrolo[3,2-b]pyridine ina
similar method to that described for Example 1. The residue was purified by colum_h
chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford (4-(3-((1H-

pyrrolo[3,2-b]pyridin-6-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morphohno)methanone (2.4 mg, AUC HPLC 99%) as yellow sohd 1H NMR
(400 MHz, CD;0D) & (ppm): 8.47 (s, 1H), 8.27-8.25 (m, 3H), 8.16 (d, J= 9.5 Hz, 1H),
8.07 (s, 1H),7.92 (d, J=9.5 Hz, 1H), 7.64 (d, J= 8.5 Hz, 2H), 7.47 (d, J = 3.5 Hz, 1H),
6.56 (d, /= 3.5 Hz, 1H), 3.77-3.66 (m, 6H), 3.50-3.48 (bs 2H); MS (ESI) m/z 449
[C26H20NsO, + H]".

Example 21: (4-(3-((5-fluoro-1H-pyrrolo[2,3-b] py.ridin—6—yl)ethynyl)imidazo[ 1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone

[000262] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazih—G—yi)phenyl)(morpholino)methanone and 5-fluoro-6-iodo-1H-pyrrolo[2,3-
blpyridine in a similar method to that described for Example 1. The residue was purified by
column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford (4-(3-
((5-fluoro-1H-pyrrolo[2,3-b]pyridin-6-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenylj(morpholino)methanone (13 mg, AUC HPLC 98%) as yellow solid. "H NMR

- (400 MHz, CDCl3) 8 (ppm):'10706 (bs, 1H), 8.17 (s, 1H), 8.14 (d, /= 8.3 Hz, 2H)7, 8.11 (d,
=95 Hz, 1H), 7.71 (d, J=9.1 Hz, 1H), 7.62 (d, J= 9.5 Hz, 1H), 7.55 (d, /= 8.3 Hz, 2H),
7.52-7.51 (m, 1H), 6.45-6.44 (m, 1H), 3.90-3.48 (bs, 8H); *C NMR (100 MHz, CDCls) &
(ppm): 169.66, 156.28, 151.65, 144.91, 139.75, 139.25, 137.01, 136.60, 129.12, 127.91,
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127.50, 127.50, 126.18, 124.45, 121.29, 116.94, 114.56, 113.26, 101.51, 93.81, 80.59,
66.88, 46.20; MS (ESI) m/z 467 [CogH1sFN6O, + H.

Example 22: ((4-(3-((4-methylpyridin-3-yl)ethynyl)imidazo[ 1, 2-b] pyridazin-6-
yl)phenyl)(morpholino)meihanone

O
) 8
0 N=
[000263] The title cohlpound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 3-iodo-4-methylpyridine in a similar
| method to that described for Example 1. "The reaction crude product was purified by
column éh;omatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford ((4-(3-
((4-methylpyridin-3-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (6.2 mg, AUC HPLC 99.9%) as yellow solid. 'H NMR
(400 MHz, CD;0D) 3 (ppm): 8.63 (s, 1H), 8.38 (d, J=5.1 Hz, 1H), 8.20 (d, J= 8.4 Hz,
2H), 8.14 (d, J = 9.6 Hz, 1H), 8.07 (s, 1H), 7.90 (d,J = 9.6 Hz, 1H), 7.62 d,J= 8.4 Hz,
2H), 7.38 (d, J= 5.1 Hz, 1H), 3.78-3.68 (m, 6H), 3.50 (bs, 2H), 2.64 (s, 3H); *C NMR
(100 MHz, CD;0D) 6 (ppm): 171.69, 153.54, 151.92, 151.27, 149.33, 140.73, 138.96,
138.44, 137.89, 129.02, 128.61, 126.86, 126.14, 121.78, 119.47, 114.50, 95.20, 84..19,
67.79, 20.54; MS (ESI) m/z 424 [CsH NsO, + H]'.

Example 23: (4-(3-((1H-pyrrolo[2,3-b] pyridin-5-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone |

O,
N
[Oj o 1:\\
HN

- [000264] The title compound was synfhesized,from (4-(3-ethynylimidazo[1,2-

I

o blpyridazin-6-yl)phenyl)(morpholino)methanone and 5-iodo-1H-pyrrolo[2,3-b]pyridine in a
similar method to that described for Example 1. The residue was purified by column

chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford (4-(3-((1H-
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pyrrolo[2,3-b]pyridin-5-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yDphenyl)(morpholino)methanone (6.2 mg, AUC HPLC 98%) as yellow solid. "H NMR
(400 MHz, CD;OD) 6 (ppm): 8.53 (d, J=1.7 Hz, 1H), 8.24 (d, J= 8.4 Hz, 2H), 8.13 (d, J =
9.5 Hz, 1H), 8.05-8.03 (m, 2H), 7.88 (d, J=9.5 Hz, 1H), 7.71 (d, J = 3.3 Hz, 1H), 7.61 (d,
J = 8.4 Hz, 2H), 6.67-6.66 (m, 1H), 3.77-3.65 (m, 6H), 3.49 (bs, 2H); *C NMR (100 MHz,
CD;0D) 6 (ppm): 171.7, 153.4, 146.8, 145.8, 140.3, 138.7, 138.3, 138.1, 132.7, 129.7,
129.0, 128.6, 126.7,122.8,119.1, 115.0, 112.8, 103.0, 98.32, 77.66, 67.7; MS (ESI) m/z
449 [Cy6H20N6O, + H]*.

Example 24: (4-(3-((1H-pyrrolof. 2,3;b]py1jidin-3—yl)ethynyl)imidazo[ 1 ,2—b]pyridazin-6-
- yl)phenyl)(morpholino)methanone

[000265] The title compound was synthesized from (4-(3 —cthynylimidazd[l ,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 3-iodo-1H-pyrrolo[2,3-b]pyridine in a
similar method to that described fof Example 1. The residue was purified by column
chromatography (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) and preparative HPLC
(C18, eluents ACN/H,O/HCOOH 0.01%) to afford (4-(3-((1H-pyrrolo[2,3-blpyridin-3-
ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone (27 mg, 20%,
AUC HPLC 96%) as brown solid. 'H NMR (400 MHz, CDCl;) 8 (ppm): 9.46 (bs, 1H), 8.44
(dd, J=4.7,1.4 Hz, 1H), 8.24 (dd, J=7.9, 1.4 Hz, 1H), 8.16 (d, /= 8.4 Hz, 2H), 8.14-8.08
(m, 2H), 7.74 (d, J = 1.9 Hz, 1H), 7.62-7.57 (m, 3H), 7.25 (dd, J= 7.9, 4.7 Hz, 1H), 3.98—
3.35 (m, 8H); 13C NMR (100 MHz, CDCig) d (ppm): 169.66, 151.43, 147.77, 144.66,
138.75, 138.51, 136.96, 128.73, 1:28.65, 127.88, 127.47, 126.08, 120.92, 117.21, 116.33,
114.27, 97.22, 91.78, 77.20, 66.88; MS (ESI) m/z 449 [CpgHaoNeO, + H]". |

Example 25: morpholino(4-(3-((5-(trifluoromethyl)-1 H-pyrrolo[2, 3-b] pyridin-3-
- yDethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone
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[000266] The title compound was synthesizedvfrom (4-(3-ethynylimidazo[1,2~

CF;

blpyridazin-6-yl)phenyl)(morpholino)methanone and 3-iodo-5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pﬁdine in a similar method to that described for Example 1. Tﬁe residue
was purified by column chromatography (silica gel, eluent CHﬁClleeOH 95:5~90:10) to
afford morpholino(4-(3-((5-(trifluoromethyl)-1 H-pyrrolo[2,3-b]pyridin-3- _
ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone (5.3 mg, AUC HPLC 96%) as |
a yellow solid. 'H NMR (400 MHz, DMSO-dg) 8 (ppm): 8.70-8.68 (m, 1H), 8.40-8.39 (m,
1H), 8.35 (d, J=19.5Hz, 1H), 8.29 (s, 1H), 8.23 (d, J=8.4 Hz, 2H), 8.22 (s, 1H), 7.98 (d, J -
=9.5 Hz, 1H), 7.59 (d, J= 8.4 Hz, 2H), 3.78-3.42 (m, 8H); MS (ESI) m/z 517
[CarH1oFsNGO, + HI

Example 26: (4-(3-((1-methyl-1H-pyrrolo[2,3-b] pyridin-2-yl)ethynyl)imidazo[ 1, 2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone

NN
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[000267] The title compound was synthesized from (4-(3-ethynylimidazo[1,2- -
blpyridazin-6-yl)phenyl)(morpholino)methanone and 2-iodo-1-methyl-1H-pyrrolo[2,3-
blpyridine in a similar method to.that described for Example 1. The residue was purified
by column chromatography (silica gel, eluent CH,Cly/MeOH 95:5 to 90:10) to afford (4-(3-
((1-methyl-1H-pyrrolof[2,3-b]pyridin-2-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yDphenyl)(morpholino)methanone (62 mg, 45%, AUC HPLC 96%) as a yellow solid. 'H
NMR (400 MHz, CDCl3) 6 (ppm): 8.41 (dd, J=4.8, 1.5 Hz, 1H), 8.12-8.10 (m, 4H), 7.93
(dd, J=8.0,1.5 Hz, 1H), 7.62 (d, /= 9.5 Hz, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.11 (dd, J =
~ 7.8,4.7 Hz, 1H), 6.90 (s, 1H), 4.08 (s, 1H), 3.75-3.48 (m, 8H); °C NMR (100 MHg,

- CDCls) & (ppm): 169.56, 151.75, 148.09, 144.80, 139.25, 139.13, 137.21, 136.68, 129.02,
127.99, 127.41, 126.27, 122.02, 119.87, 116.99, 116.57, 113.25,105.94, 90.35, 83.01,
66.91, 29.50; MS (ESI) m/z 463 [Co7H2NgO, + H'.
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Eﬁ‘cample 27: (4-(3-((1H-benzo[d]imidazol-5-yl)ethynyl)imidazo[ 1, 2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone

[000268] The title compound was synthesized from (4-(3-ethynylimidazo(1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 5-iodo-1H-benzo[d]imidazole in a
similar method to that described for Example 1. The residue was purified by column
chromatography (silica gel, eluent CH,Cl,/MeOH 95:5~90:71 0) to afford (4-(3-((1H-
benzo[d]lmldazol -5- yl)ethynyl)lmldazo[l 2-b]pyridazin-6-
yDphenyl)(morpholino)methanone (90 mg, 67%, AUC HPLC 99%) as a yellow solid. 1H
NMR (400 MHz, DMSO-dg) & (ppm): 8.35 (s, 1H), 8.32 (d, /J=9.5 Hz, 1H), 8.21 (d,J =
8.4 Hz, 2H), 8.20 (s, 1H), 7.96 (d, J=9.5 Hz, 1H), 7.91 (s, 1H), 7.70 (d, /= 8.2 Hz, 1H),
7.63 (d, J= 8.4 Hz, 2H), 7.49 (dd, J= 8.2, 1.2 Hz, 1H), 3.79-3.32 (m, 8H); 3C NMR (100
MHz, DMSO-dy) & (ppm): 168.52, 151.31, 143.81,.138.66,- 138.31, 137.19, 135.74, 127.84,
127.13, 126.34, 125.42, 117.50, 114,82, 112.69, 99.59, 74.78, 66.04, 47.66; MS (ESI) m/z
449 [CyeHaoNgO, + HI'. | '

Example 28: (4-(3-(( 1H-pyrazol-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
ylphenyl)(morpholino)methanone
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[000269] The title compound was synthesized from (4 (3-ethynylimidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino)methanone and 4-iodo-1H-pyrazole in a similar
method as described for Example 1. The residue was purified by column chromatography
" (silica gel, eluent CH,Cl,/MeOH 95:5 to 90:10) to afford (4-(3-((1H-pyrazol-4-
- yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone (13.7 mg, 11%,
AUC HPLC 99%) as a yéllow solid. '"H NMR (400 MHz, CDC13) o (ppm): 8.28 (d, J=8.3
Hz, 2H), 8.07 (d, J=9.5 Hz, 1H), 8.02 (s, 1H), 7.88 (s, 2H), 7.59-7.54 (m, 3H),.3.79—3.49
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(m, 8H); *C NMR (100 MHz, DMSO-d6) 8 (ppm): 169.77, 151.55, 138.72, 138.63, 136.91,
136.89, 127. 90, 127.54, 126.09, 116.57, 113.99, 102.58, 90.29, 66.88, 48.32, 42.81; MS
(ESI) m/z 399 [CyH sNsO, + H]". '

Example 29: (4—(3-((6—methyl—]H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2- .
b]pyridazin-6-yl)phenyl)(morpholino)methanone

N =N
\N’N Y
0 \\
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[000270] The title compound was synthesized frém (4-(3-ethynylimidazof{1,2- _
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 4—iodo-6—methyl—1H—pyrfolo[2,3-
blpyridine in a similar method to that described for Example 1. The residue was purified
by column chromatography (silica gel, eluent CH2C12/MéOH 95:5 to 90:10) to afford (4-(3-
((6-methyl-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (24 mg, 35%, AUC HPLC 99%) as brown solid. 'H
NMR (400 MHz, DMSO-dy) 6 (ppﬁl): 11.75 (s, 1H), 8.39 (d, /= 9.5 Hz, 1H), 8.33 (s, 1H),
8.27 (d, J= 8.2 Hz, 2H), 8.04 (d, J= 9.5 Hz, 1H), 7.66 (d, J=82 Hz, 2H), 7.56-7.55 (m,
1H), 7.18 (s, 1H), 6.68-6.64 (m, 1H), 3.65-3.41 (m, 8H), 2.57 (s, 3H); °C NMR (100 MHz,
DMSO-ds) 6 (ppm): 168.33, 151.47, 150.94, 148.22, 139.20, 139.15, 137.35, 135.6_2,
127.74, 127.10, 126.47, 126.32, 120.69, 117.96, 117.53, 116.24, 111.99, 98.71, 96.08,
81.56, 65.97, 23.76; MS (ESI) m/z 463 [Co7Hy;:NsO, + H]'.

Example 30: 4-((6—(4—(morpholine-4;carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yhethynyl)-1H-pyrrolo[2,3-b]pyridine-6-carbonitrile

. N
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[000271] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
. blpyridazin-6-yl)phenyl)(morpholino)methanone and 4-iodo-1H-pyrrolo[2,3-b]pyridine-6-
carbonitrile in a similar method to that described for Example 1. The residue was purified

by colurhn chromatography (silica gel, eluent CH,Cl,/MeOH 95:5~90:10) to afford 4-((6-
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(4-(morpholine-4-carbonyl)phenyl)imidazo[ 1 ,2-blpyridazin-3-yl)ethynyl)-1H-pyrrolo[2,3-
blpyridine-6-carbonitrile (15 mg, 21%, AUC HPLC 98%) as brown solid. '"H NMR (400
Mz, DMSO-dg) § (ppm): 12.59 (s, 1H), 8.42 (d, J = 9.5 Hz, 1H), 8.39 (s, 1H), 8.28 (d, J =
8.4 Hz, 2H), 8.07 (d, J= 9.5 Hz, 1H), 8.04 (d, J = 3.4 Hz, 1H), 7.90 (s, 1H), 7.67.(d, J = 8.4
Hz, 2H), 6.90 (d, J = 3.4 Hz, 1H), 3.65-3.41 (m, 8H); *C NMR (100 MHz, DMSO-dy) &
(ppm): 168.33, 151.66, 147.83, 139.87, 139.58, 137.41, 135.51, 132.58, 127.76, 127.15,
126.57, 124.03, 122.98, 121.55, 120.63, 118.39, 118.32, 111.47, 99.98, 94.43, 84.33, 65.98;
MS (ESI) m/z 474 [CosHsN70,+ H]".

Example 31: morpholino(4-(3—((5-(tfiﬂuoromethyl)-]H—pyrrolo[Z,3-b]pyridin-4- '
yDethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone

A\
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[000272] Step 1: tert-butyl 4-((6-(4-(morpholine-4-c;clrbonyl)phenyl)imidazo[1,2-
blpyridazin-3-yl)ethynyl)-5-(trifluoromethyl)-1H-pyrrolo[2,3 -b]pyridine—l—carboxylafe was
synthesized from (4-(3-ethynylimidazo[1,2-b]pyridazin-6- ' '
yl)phenyl)(morpholino)methanone and ferz-butyl 4-iodo-5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridine-1-carboxylate in a similar method to that described for Example 1.
The residue was purified by column chromatography (silica gél, eluent CH,Cl,/MeOH 95:5
to 90:10) to afford terz-butyl 4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2- |
blpyridazin-3-yl)ethynyl)-5-(trifluoromethyl)-1 H-pyrrolo [2,3-b]pyﬁdine—1-carboxylate (50
mg, 30%) as a yellow solid. 'H NMR (400 MHz, CDCls) 8 (ppm): 8.81 (s, 1H), 8.20 (s,
IH), 8.17 (d, J=84 Hz, 2H), 8.12 (d, J=9.5 Hz, 1H), 7.82 (d, /= 4.0 Hz, 1H), 7.67 (d, J =
9.5 Hz, 1H), 7.62 (d, J= 8.4 Hz, 2H), 6.98 (d, /= 4.0 Hz, 1H), 3.79-3.52 (m, 8H), 1.71 (s,
9H); MS (ESI) m/z 617 [C3,H27FaNgO4+ H]".
[000273] Step 2: To a solution of fert-butyl 4-((6-(4-(morpholine-4-
carbonyl)f)henyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)-5-(trifluoromethyl)-1H-

- pyrrolo[2,3-b]pyridine-1-carboxylate (5>0 mg, 0.081 mmol) in DCM (1 mL) was added TFA
Q mL) and the was stirred at room temperature for 3 h; The reaction mixture was
concentrated and the reaction mixture was basified with NaHCO3, diluted with EtOAc and

washed with water and brine solution. The organic layer was dried over anhydrous Na;SO4
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and concentrated under reducéd pressure to obtain the reaction crude product which was
purified by column chromatography (silica gel, eluent CH,Cl,/MeOH 95:5~90:10) to afford
morpholino(4-(3-((5-(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-
b]pyridazin-6-yl)phenyl)methanone (36 mg, 86%, AUC HPLC 98%) as a yellow solid. 'H
“NMR (400 MHz, DMSO-dp) 6 (ppm): 12.46 (s, 1H), 8.65 (s, 1H), 8.44-8.42 (m, 2H), 8.31
(d, J=8.4 Hz, 2H), 8.11 (d, /= 9.6 Hz, 1H), 7.89 (d, J=3.4 Hz, 1H), 7.67 (d, /= 8.4 Hz,
2H), 6.96 (d, J = 3.4 Hz, 1H), 3.66-3.42 (m, 8H); °C NMR (100 MHz, DMSO-ds) &

(ppm): 168.3, 151.6, 149.6, 140.1, 139.7, 139.5, 137.4, 135.4, 130.27, 127.6, 127.0, 126.6,
120.3,119.0,118.4, 116.0, 111.4, 100.1, 92.3, 87.9, 65.9; MS (ESI) m/z 517 [C37H9F3NcO,
+HJ". | o

Example 32: morpholino(4—(3-varidin-4-ylethynyl)imidazo[ 1,2-b] pyridazin-6-
ylphenyl)methanone

N . ,
[000274] The title compound was synthesized ﬂoﬁ (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholinb)methanone (100 mg, 0.301 mmol), 4-bromopyridine
hydrochloride (87.6 mg, 0.451 mmol), PdClz(PPh3)2 (13.7 mg, 0.0195 minol), Cul (5.7 mg,
0.030 mmol) and PPh; (27.6 mg, 0.105 mmol), in DMF (1.0 mL) was added DIPEA (1.0
mL) and purged with Ny for 10 min. The reaction mixture was heated at 70 °C in a sealed
tube for 12 h and was concentrated in vacuo to dryness. The residue was purified by flash
column chromatography (silica gel, eluent CH,Cl,/CH3OH 94:6) to afford morpholino(4-
(3-(pyridin-4-ylethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)methanone (72.0 mg, 58.5%,
AUC HPLC 97%) as a 1ight yellow solid; 1H NMR (600 MHz, DMSO-de) & (ppm): 8.69 (d,
J=6.0 Hz, 2H), 8.38 (d, /= 9.5 Hz, 1H), 8.31 (s, 1H), 8.24 (d, /=8.4 Hz, 2H), 8.04 (d, J =
9.6 Hz, 1H), 7.66-7.60 (m, 4H), 3.69-3.58 (m, 8H); *C NMR (150 MHz, DMSO-d5) §-
(ppm)f 168.5, 152.6, 150.1, 149.8, 139.4, 137.8, 135.5, 139.6, 127.9, 127.3, 126.6, 124.9,

1184, 111.5,96.1, 81.1, 66.1, 47.6.; MS (ESI) m/z 410 [Cy4H1oN5O, + H]".

Example 33: (4-(3-((1H-pyrrolo[2,3-b] pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholinb)methanone
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[000275] The title compound was synthesized-from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino) methanone and 4-bromo-1H-pyrrolo[2,3-b]pyridine
in a similar method to that described for Example 32. The reaction crude product was
purified by flash column chromatography (silica gel, eluent CH,Cl,/ CHgOH 96:4) to afford
(4-(3-((1H-pyrrolof2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone ( 18.0 mg, 25%, AUC HPLC 97%) as a yelléw solid; 'H
NMR (600 MHz, DMSO-d6) o (ppm): 11.98 (s, 1H), 8.37 (d, /=9.5 Hz, 1H), 8.33 (s, 1H),
8.30-8.24 (m, 3H), 8.04 (d, /=9.5 Hz, 1H), 7.69-7.64 (m, 3H), 7.29 (d, J= 4.9 Hz, 1H),
6.74 (s, 1H), 3.69-3.56 (m, 8H); °C NMR (150 MHz, DMSO-d;) § (ppm): 168.6, 151.7,
148.4, 142_.6, 139.4,139.3, 137.5, 135.8, 128.0, 127.7, 127.3, 126.6, 120.6, 120.0, 1183,
116.7,112.1,99.1, 96.1, 82.3, 66.1, and 48.7; MS (ESI) m/z 449 [CysH20NsOo+ H]".

Example 34: (4-(3-((2-aminopyridin-4-yDethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl)(morpholino)methanone S

[000276] The title compound was synthesized from (4-(3-ethynylimidazo[1,2- -
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 4-bromopyridin-2-amine in a similar
method to that described for Example 32. The reaction crude product was purified by flash
column chromatography (silica gel, eluent CH,Cl,/CH30H 94:6) to afford (4-(3-((2- |
aminopyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone
(14.0 mg, 18%, AUC HPLC 97%) as a light yellow solid; "H NMR (600 MHz, DMSO-dj)
3 (ppm): 8.34 (d, J=9.5 Hz, 1H), 8.25 (s, 1H), 8.19 (d, /= 8.1 Hz, 2H), 7.99 (d, J=9.6 Hz,
2H), 7.66~7.37 (m, 4H), 6.69—6.63 (m, 1H), 6.18 (s, 1H), 3.68-3.64 (m, 4H); >*C NMR
(150 MHz, DMSO-de) 8 (ppm): 168.6,159.9, 151.6, 148.6, 139.4, 137.4, 135.7, 130.2,
128.0, 127.3, 126.6, 118.2, 113.0, 111.9, 109.2, 97.1, 78.8, 66.2, 48.0 and 42.2; MS (ESI)
miz 425 [CasHagNgOy+ HJ'. |
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Example 35: (4-(3-((1-methyl-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1, 2-
' b]pyridazin-6-yl)phenyl)(morpholino) methanone

[000277] The title compound was synthesized from (4—(3-ethynylimidézo[l;2-
b]pyridazin—6-yi)phenyl) (morpholino)methanone and 4-bromo-1-methyl-1H-pyrrolo[2,3-
b]pyridine in a similar method to that described for Example 32. The reaction crude product
was purified by flash column chrométography (silica gel, eluent EtOAc/CH3OH 90:10) to
afford (4-(3-((1 -methyi— 1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1 ,2-b]pyridézin—6-
yl)phenyl)(morpholino) methanone (24.0 mg, 29%, AUC HPLC 98%) as a yellow solid; 'H
NMR (600 MHz, DMSO-ds) 6 (ppm): 8.41 (s, 1H), 8.34 (d, J=4.6 Hz, 1H), 8.27 (d, J =
78Hz 2H), 8.06 (d, J= 7.7 Hz, 1H), 7.72 (d, /= 2.7 Hz, 1H), 7.66 (d, J = 79Hz 2H),
7.64-7.52 (m, 1H), 7.32 (d, J=4.6 Hz, 1H), 6.75 (d, J=2.7 Hz, 1H), 3.88 (s, 3H), 3.63 (m,
8H); *C NMR (150 MHz, DMSO-dq) 8 (ppm): 168.9, 152.1, 147.7, 142.8, 137.9, 136.1,
131.9,129.2,128.3, 127.6, 121.3, 120.6, 118.6, 117.1, 98.4, 96.3, 66.5, 31.5; MS (ESI) m/z
463 [Cy7HpNgO+ H'.

Example 36: (4-(3-((1H-indol-4 -yl)ethynyl)zmzdazo[ 1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone

°T ”/i
oS N
K/N\H/Q/(Y \\
o . N

[000278] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]lpyridazin-6- yl)phenyl)(morphohno)methanone and 4-bromo-1H-indole in a 51m11ar
method to that described for Example 32. The reaction crude product was purified by flash
column chromatography (silica gel, eluent EtOAc/CH3OH 90:10) to afford (4-(3-((1H-
indol-4-yl)ethynyl)imidazo[1,2-b]pyridazih-6-yl)phenyl)(morpholino)methanone (25.9 mg, -
- 29.0%, AUC HPLC 97%) as a yellow solid; 'H NMR (600 MHz, DMSO-dp) 8 (ppm):
- 11.45 (s, 1H), 8.37 (s, 1H), 8.27 (d, J = 8.1 Hz, 2H), 8.05-7.99 (m, 1H), 7.93 (t,J=7.4 Hz,
1H), 7.77 (td, J="1.9, 3.7 Hz, 2H), 7.72 (dd, J= 12.9, 7.5 Hz, 2H), 7.65 (d, J = 8.2 Hz, 1H),
7.55-17.52 (m, 2H), 7.32 (d, /= 7.2 Hz, 1H), 7.18 (t, J= 7.7 Hz, 1H), 6.77 (s, 1H), 3.61 (m,
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9H); °C NMR (150 MHz, DMSO-dq) § (ppm): 168.4, 151.5, 137.3, 135.8, 135.5, 135.1,
134.4,134.3, 1304, 1304, 128.8, 127.8, 127.2, 126.8, 122.3, 121.1, 117.8, 117.4, 113.1,
112.4, 100.4, 98.4, 66.0; MS (ESI) m/z 448 [Ca7Hy NsOy+ HJ.

Example 37 N—(4—( (6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b] pyridazin-3-
yl)ethynyl)pyridin-2-yl)acetamide

[000279] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and N—(4-bromopyridin—2-yl)acetémide in
a similar method to that described for Example 32. The reaction crude product was purified
by ﬂash column chromatography (silica gel, eluent CH,CL/CH;0H 90:10) to afford N-(4-
((6-(4—(morpholine-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-
yl)acetamide (24.7 mg, 29.0%, AUC HPLC 100%) as a yellow solid; 'H NMR (600 MHz,
DMSO-dys) § (ppm): 10.69 (s, 1H), 8.39 (t, J = 7.8 Hz, 2H), 8.32 (d, J = 8.6 Hz, 2H), 8.25
(d, J= 8.2 Hz, 2H), 8.05 (d, J= 9.5 Hz, 1H), 7.65 (d, J= 8.2 Hi, 2H), 7.29 (d, J=47 Hz,
1H), 3.76 — 3.49 (m, 8H), 2.14 (s, 3H); *C NMR (150 MHz, DMSO-dg) 8 (ppm): 169.7,
168.4,152.4, 151.4, 148.7, 139.7, 137.3, 135.5, 131.2, 127.9, 127.2, 126.6, 120.0, 1j18.2,
114.1,111.5, 96.7, 80.7, 79.2, 66.1, 47.7, 24.0; MS (EST) m/z 467 [CoHaN6O5 + H]™.

Example 38: N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b] pyridazin-3- .
yvl)ethynyl)pyridin-2-yl)benzamide |

[000280] = The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and N—(4-bromopyridin—2-yl)benzamide
~ in a similar method to that described for Example 32. The reaction crude product was
h purified by flash column chromatography (silica gel, eluent EtOAc/CH30H 90:10) to afford
N-(4-((6-(4-(morpholine;4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyDpyridin-
2-yl)benzamide (40.8 mg, 43.0%, AUC HPLC 99%) as a yellow solid; "H NMR (600 MHz,
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DMSO-dg) & (ppm): 11.02 (s, 1H), 8.50 (d, J = 4.9 Hz, 1H), 8.48 (s, 1H), 8.40 (d, J=9.5

Hz, 1H), 8.34 (s, 1H), 8.28 (d, J = 7.8 Hz, 2H), 8.06 (d, /= 7.5 Hz, 3H), 7.66 (d, /= 7.8

Hz, 2H), 7.63 (t, J = 7.3 Hz, 1H), 7.54 (t, J = 7.5 Hz, 2H), 7.38 (4, = 4.9 Hz, 1H), 3.59 (m,
8H); '°C NMR (150 MHz, DMSO-dq) § (ppm): 168.5, 166.4, 152.6, 151.5, 148.8, 139.7,
139.5, 1374, 135.5, 133.9, 132.2, 131.3, 128.4,128.1, 127.9, 127.2, 126.6, 120.5, 118.32,
115.61, 111.5, 96.8, 80.9, 66.0; MS (ESI) m/z 529 [Ca;H24NsOs+ HJ".

Example 39: (4-(3-(imidazo[ 1, 2-b]pyridazin-3-ylethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone

[0002811 The title compound was synthesized from (4-(3-ethynylimidazo[1,2- |
b]pyridazin-6-y1)phenyl)(morpholino)methanone and 3-bromoimidazo[1,2-b]pyridazine in
a similar method to that described for Example 32. The reaction crude product was purified
by flash column chromatography (silica gel, eluent EtOAc/CH30H 93:7) to afford (4 (3-
(imidazo[1,2-b]pyridazin-3-ylethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (31.5 mg, 50.8%, AUC HPLC 99%) aé a yellow solid;
"H NMR (600 MHz, DMSO-ds) 8 (ppm): 8.74(dd, J=4.4; 1.3 Hz, 1H), 8.41-8.26 (m,
4H), 8.23 (d, J= 8.3 Hz, 2H), 8.04 (d, /= 9.5 Hz, 1H), 7.63 (d, /= 8.4 Hz, 2H), 7.42 (dd, J
= 9.1', 4.4 Hz, 1H), 3.66-3.54 (m, 8H); >C NMR (150 MHz, DMSO-ds) § (ppm): 168.4,
151.4, 1451, 139.3, 138.8, 137.3, 135.5, 127.8, 127.2, 126.5, 126.2, 119.4, 118.0, 112.0,
85.6, 85.3, 66.0, 42.0; MS (ESI) m/z 450 [C,sH oN;0, + H]™.

Example 40: (4—(3;( (6-hydroxypyridin-3-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone

OH
[000282] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 5-bromopyridin-2-ol a procedure

124



WO 2015/050505 PCT/SG2014/000468

similar to that described for Example. 32. The reaction crude product was purified by flash
column chromatography (silica gel, eluent CH,Cl,/CH;O0H 95:5) to afford (4-(3-((6-
hydrdepyridin-3 -yl)ethynyl)imidazo[1 ,2-b]p&ridazin—6-y1)ph'enyl) (morpholino)methanone
(23.0 mg, 65%, AUC HPLC 98%) as a light yellow solid; "H NMR (600 MHz, DMSO-d;)
o (ppm): 8.34 (d, J=95 Hz, 1H), 8.19 (d, J=8:1 Hz, 2H), 8.15 (s, 1H), 7.97 (d, /= 9.5 Hz
1H), 7.61 (d, J= 8.3 Hz, 3H), 6.43 (d, J= 9.4 Hz, 1H), 3.61 (m, 6H); *C NMR (150 MHz,
DMSO-ds) 8 (ppm): 168.9, 161.7, 151.7, 142.9, 141.0, 139.1, 139.0, 137.7, 136.1, 128.3,
127.6, 126.9, 120.7, 118.0, 112.9, 95.4, 76.4, 66.5, 40.5, 40.3, 40.2, 40.1, 39.9, 39.8, 39.6,
39.5; MS (ESI) m/z 426 [C24HoNsOs+ H]".

b

Example 41: (4-(3-((1H-indol-5-yl)ethynyl)imidazo[1,2-b] pyridaziﬁ—é—

[000283] The title compound was synthesized from (4-(3;ethynylimidazo[1,2- |
blpyridazin-6-yl)phenyl)(morpholino)methanone and 5-bronio-lH—indole in a similar
method to that described for Example 32. The reaction crude product was purified ‘_by
prepa_trative HPLC (C18, eluents ACN/H,O/HCOOH 0.1%) to afford (4-(3-((1H-indol-5-
yDethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone (1.7 mg, AUC
HPLC 96%) as a yellow solid. "HNMR (400 MHz, CDCls) § (ppm): 8.33 (s, 1H), 8.14 (d,J
= 8.4 Hz, 2H), 8.07—8.04 (m, 2H), 7.98 (s, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.55 (d,J = 9.5
Hz, 1H), 7.48 (dd, J = 8.4, 1.4 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.29-7.27 (m, 1H), 6.61-
6.60 (m, 1H), 3.77-3.48 (m, 8H); >’CNMR (400 MHz, CDCls) & (ppm): 169.7, 151.3,
138.6, 138.4, 137.0, 136.8, 135.8, 127.9, 127.4, 126.0, 125.7, 125.3, 124.9, 116.1, 114.4,
113.7,111.2, 103.1, 100.6, 77.2, 73.5, 66.9; MS (ESI) m/z 448 [C7H,1Ns0,+ H]".

Example 42: (4-(3-((6-methoxypyridin-3-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
 ylphenyl)(morpholino)methanone '
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: OMe

[000284] The title compound was synthesized frbrri (4-(3-ethynylimidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone and 5—bromo-2-methoxypyfidine ina
similar method to that deécribed for Example 32. Thé reaction crude product was purified

- by column chromatography (silica gel, eluent CHCls/ CH3OH 98:2) to afford (4-(3-((6-
methoxypyridin-3-yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl) (morpholino)méthanone
(50 mg, LC-MS 99%) as a light yellow solid. 'H NMR (400 MHz, CDCl;) § (ppm): 8.47
(s, 1 H), 8.10 (d, J= 7.9 Hz, 4 H), 7.78 (dd, J = 6.6 Hz, 1 H), 7.59—7.57 (m, 3 H), 6.79 (d, J
= 8.8 Hz, 1 H), 3.99 (s, 3 H), 3:80-3.50 (m, 8 H); MS (ESI) m/z 440.4 [Ca5H21NsO5+H]"

Example 43: 2-chloro-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-3-yl)ethynyl)pyridin-2-yl)acetamide and -

Example 44: 2-(methylamino)-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[ 1, 2-
b]pyridazin-3-yl)ethynyl) pyridin-2-yl)acetamide |

=N
\N(N /
O \\
N Q
[ j ) N>\\/'C'I
0] =N H

[000285] ‘Step 1: Preparation of 2-chloro-N-(4-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-yl)acetamide: The title
compound was synthesized from. (4-(3-ethynylimidazo[1,2-b]pyridazin-6-
yl)phenyl)(morphoiino)methanone and N-(4-bromopyridin-2-yl)-2-chloroacetamide ina
similar method to that described for Example 32. The compdund was purified by
preparative TLC (eluent acetone/CH,Cl, 1:1) to afford 2-chloro-N-(4-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-yl)acetamide as a brown
solid (2.1 mg, AUC HPLC 97.4%). "H NMR (600 MHz, DMSO-d) 8 (ppm): 11.05 (s, 1H),
 844(d,J/=5.0Hz, 1H), 8.39 (d, /=9.5 Hz, lH), 8.33 (d,J=3.3 Hz, 2H), 8.28 (d, /=8.3
Hz, 2H), 8.07 (d, /= 9.5 Hz, 1H), 7.68 (d, J= 8.2 Hz, 2H), 7.36 (dd, J=5.1, 1.1 Hz, 1H),
4.41 (s, 2H), 3.79-3.48 (m, 8H);>C NMR (150 MHz, DMSO-dj) & (ppm): 168.5, 165.9,
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151.8, 151.4, 149, 0, 139.5, 1374 1354, 131.6, 128.0, 127.2, 126.6, 120.5, 118.3, 114 .4,
111. 4 96.7, 81.1, 66.1, 43.5, 40.0; MS (ESI) m/z 501 [C26H21CINgO3+ H]".

[000286] Step 2: Preparation of 2- (methylamlno)-N (4-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl) pyridin-2-yl)acetamide: .

To a solution of 2-chloro-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
blpyridazin-3-yl)ethynyl)pyridin-2-yl)acetamide (12 mg, 0.024 mmol) and ethanol:DMF
(1:0.5, 1.5 mL) was added a solution of methylamine in ethanol (33% wt) and the reaction
stirred for 12h at room temperature. The reaction mixture was concentrated in-vacio to
dryness. The crude product was purified by preparative TLC (eluent CH2C12/CH3OH
92:8%)) to afford 2- (methylam1no)-N—(4 ((6-(4-(morpholine-4-
carbonyl)phenyl)lmldazo[1,2-b]pyr1dazm—3 -yD)ethynyl) pyridin-2-yl)acetamide (1.8 mg,
15%, AUC HPLC 95%) as a light yellow solid. 'H NMR (600 MHz, DMSO-dy) 6 (ppm):
8.42 (d, J=5.1 Hz, 1H), 8.39 (d, J= 9.5 Hz, 1H), 8.35 (s, 1H), 8.34 (s, 1H), 8.26 (d,/=8.2
Hz, 2H), 8.06 (d, /= 9.6 Hz, 1H), 7.66 (d, J= 8.2 Hz, 2H), 7.33 (d, /= 5.0 Hz, 1H), 3.63
(m, 8H), 2.54 (d, J = 4.6 Hz, 2H), 2.35 (s, 3H); MS (ESI) m/z 496 [Co;HysN;05+ =]

Example 45: (4-(3-((1H-pyrrolo[2,3-b] pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
ylphenyl)(piperazin-1-yl) methanone

=N

\N,N /
° \
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[000287] Step 1: tert—butyl 4-(4-(3-((1H-pyrrolo[2,3-b]pyridin-4- yl)ethynyl)lmldazo[l 2-
blpyridazin-6- yl)benzoyl)plperazme 1-carboxylate was synthesized from fert-butyl 4-(4-(3-
ethynylimidazo[1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate and 4-bromo-7-

azaindole in a similar method to that described for Example 32. The compound was

~ purified by flash column chromatography (silica gel, eluent CH,Cl,/CH;0H 90:10) to

. afford tert-butyl 4-(4-(3-((1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-

6-yl)benzoyl)piperazine-1-carboxylate (34.8 mg, 27%). "H NMR (600 MHz, DMSO-dy) 6
(ppm): 11.99 (s, 1H), 8.39 (d, /= 9.5 Hz, 1H), 8.34 (s, 1H), 8.29 (d, /= 4.9 Hz, 1H), 8.27
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(d, /=8.4 Hz, ZH), 8.05 (d, J= 9.5 Hz, 1H), 7.69-7.66 (m, 2H), 7.65 (s, 1H), 7.29 (d, J =
4.9 Hz, 1H), 6.74 (dd, J=3.3, 1.9 Hz, 1H), 3.42 (m, 4H), 3.35 (m, 4H), 1.41 (s, 9H); 1*C
NMR (150 MHz, DMSO-d6) d (ppm): 168.6, 153.8, 151.6, 148.4, 142.5, 139.3, 137.6,
135.7,127.8, 127.6, 127.2, 126.6, 120.6, 119.9, 118.1, 116.6, 112.0, 99.5, 99.0, 96.0, 82.2,
79.3, 40.0, 28.0; MS (ESI) m/z 548 [C3HooN703+ HJ".

[000288] Step 2: To a solution of fert-butyl 4-(4-(3-((1H-pyrrolo[2,3-b]pyridin-4-
yDethynyl)imidazo[1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate (12.4 mg,
0.0226 mmol) and DCM (2.5 mL) was added TFA (0.5 ﬁlL) and the mixture was stirred at
room temperature for 12 h. The reaction mixture was purified by preparative TLC (eluent
CH,ClL,/CH3OH 80:20) to afford (4-(‘3-((1H-pyrrolo[2,3-b]pyridin—4- ,
yDethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(piperazin-1-yl) methanone (4.5 mg, 44%,
AUC HPLE 97%) as a yellow oil. "H NMR (600 MHz, DMSO-ds) & (ppm): 12.00 (s, 1H),
8.39 (d, J= 9.5 Hz, 1H), 8.33 (s, 1H), 8.29 (d, /= 4.9 Hz, 1H), 8.26 (d, /= 8.3 Hz, 2H),
8.04 (d, J= 9.6 Hz, 1H), 7.69-7.66 (m, 1H), 7.64 (d, J= 8.3 Hz, 2H), 7.29 (d, f= 4.9 Hz,
1H), 6.74 (dd, J= 3.2, 1.7 Hz, 1H), 3.65 (m, 4H), 2.83 (m, 4H); >C NMR (150 MHz,
DMSO-dg) & (ppm): 168.4, 158.0, 157.8, 151.6, 148.4, 142.5, 139.3, 137.7, 135.6, 127.8,
127.6,127.2, 126.6, 120.6, 119.9, 118.3, 118.2, 116.6, 116.3, 112.07, 99.08, 96.0, 82.2,
40.0; MS (ESI) m/z 448 [CaeHaN,O+H]". o |

Example 46: (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo| 1,2-b]pyridazin-6-
yl)ph_enyl)(pzperazin-] -yl)methanone - »
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'[6_00289] Stepilz tert-butyl 4-(4-(3-((1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate was synthesized from fert-butyl 4-(4-(3-
ethynylimidazo[1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-carboxylate and 4-bromo-2-
aminopyridine in a similar method to that described for Example 32. The compound was
purified by flash column chromatography (eluent CH,Cl,/CH3OH 90:10) to afford fert-

-~ butyl 4—(4-(3-((lH-pyrrolo[2,34b]pyridih—4-y1)et,hyr_lyl)imidazo[1,2—b]pyridazin-6-

E yl)benzoyl)piperazine-1-carboxylate (52.5 mg, 43%); 1.H NMR (600 MHz, CDCls) & (ppm):
8.12 - 8.08 (m, 3H), 8.08 — 8.04 (m, 2H), 7.58 (dd, J=8.8, 1.6 Hz, 3H), 6.83 (dd, J= 5.3,
1.4 Hz, 1H), 6.70 (s, 1H), 4.58 (s, 2H), 3.65-3.30 (m, 8H), 1.47 (s, 9H); "°C NMR (150
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MHz, CDCls) § (ppm): 169.8, 158.5, 154.6, 151.7, 148.4, 139.7, 137.3, 136.7, 132.2, 132.1,
132.1, 128.6, 128.5, 128.0, 127.6, 126.3,117.1, 115.8, 110.1, 97.1, 80.6, 79.3, 47.6, 42.2,
128.4; MS (ESI) m/z 524 [CaoHoN;O5+ H]" | - '
[000290] Step 2: (4-(3-((2-aminopﬁidin-4-yl)ethyhyl)imidazo[1,2—b]pyridazin-6-
yl)phenyl)(piperazih—l-yl)methanbne was synthesized from tert—butyl 4-(4-(3-((LH-
pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)benzoyl)piperazine-1-
carboxylate in a similar method to that described in step 2 of Example 45 synthesis. The
reaction mixture was purified by preparative TLC (eluent CH,Cl,/CH30H 80:20) to afford
(4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(piperazin-1-
yDmethanone (9.5 mg, 22%, AUC HPLC 95.9%) as a yellow solid; "H NMR (600 MHz,
DMSO-dp) 6 (ppm): 8.36 (d, J= 9.4 Hz, 1H), 8.25 (s, 1H), 8.20 (d, /= 7.8 Hz, 2H), 8.01 (d,
J=9.5Hz, 1H), 7.98 (d, J= 4.8 Hz, 1H), 7.62 (d, J = 7.8 Hz, 2H), 6.66 (d, J= 4.9 Hz, 1H),
6.64 (s, 1H), 6.18 (s, 2H), 3.64 (m, 4H), 2.82 (m, 4H); BC NMR (150 MHz, DMSO-de) 6
(ppm): 168.4, 159.9, 158.0, 148.6, 139.2, 137.7, 135.5, 130.1, 127.8, 127.2, 126.6, 118.1,
116.3, 112.8, 111.7, 109.0, 97.0, 78.7, 47.5, 45.0; MS (ESI) m/z 424 [C24Hy N;O+ HJ*.

Example 47: (4-(3-((2-((2-methylpyridin-3-yl)amino)pyridin-4-ylethynyl)imidazo[1,2-
b]pyridazin-6-yl)phenyl) (morpholino)methanone ' 7
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[000291] To a solution of (4-(3-((2-chloropyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-
6-yl)phenyl)(morpholino)methanone (20 mg, 0.045 mmol), 2-methylpyridin-3-amine (9.7
rﬁg, 0.090 mmoi)) in a mixture of 1,4 dioxane and DMF (9:1, 1 mL) was added BINAP (5.6
mg, 0.0090 mmol)); t-BuONa (13 mg, 0.135 mmol)) and then Pd,(dba); (4.2 mg, 0.0045
mmol)). The resulting mixture was microwave at 90 °C for 24 hand was filtered. The
filtrate was purified by column chromatography (silica gel, eluent EtOAc /CH;OH 90:10)
to afford (4-(3-((2—((2—methylpyridin—3-yl)aminp)pyridin-4-yl)ethynyl)imidazo[ 1,2-

: b]pyridaéin—6-y1)pheny1) (morpholino)methanone (5.3 mg, 23%, AUC HPLC 98.7%) as a
" light yellow solid. 'H NMR (600 MHz, DMSO-dj) & @pm): 8.53 (s, 1H), 8.38 (d,J=9.5
Hz, 1H), 8.30 (s, 1H), 8.21 (d, J = 8.4 Hz, 2H), 8.16 (t, J= 4.9 Hz, 2H), 8.07 (dd, J = 8.1,
1.4 Hz, 1H), 8.03 (d, J= 9.5 Hz, 1H), 7.64 (d, /= 8.4 Hz, 2H), 7.21 (dd, J= 8.0, 4.7 Hz,
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1H), 7.05 (s, 1H), 6.93 (dd, J = 5.2, 1.3 Hz, 1H), 3.63 (m, 8H), 2.46 (s, 3H); "*C NMR (150
MHz, DMSO-dq) 8 (ppm): 168.4, 156.5, 151.6, 150.9, 148.1, 143.3, 139.7, 137.3, 135.6,
134.8, 130.5, 129.7, 127.9, 127.2, 126.6, 1243, 121.3, 118.2, 115.3, 111.1, 96.6, 91.8, 79.6,
66.1, 63.0, 21.3; MS (ESI) m/z 516 [C3oHasN;Oo+ H". ‘

Exdmple 48: morpholino(4-(3-((2-(pyridin-2-ylamino)pyridin-4-yl)ethynyl)imidazo[ 1, 2-
b]pyridazin-6-yl)phenyl)methanone
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[000292] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[1 ,2-b]pyridézin—6-yl)pheny1) (morpholino)methanone and pyridin-2-
amine in a similar method to that déscribed for Example 47. The reaction crude product
was purified by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to
afford morpholino(4-(3-((2-(pyridin-2-ylamino)pyridin-4-yl)ethynyl)imidazo[ 1,2-
blpyridazin-6-yl)phenyl)methanone (9 mg, 32.4%, AUC HPLC 99%) as a light yellow
solid. "H NMR (600 MHz, DMSO-dy) & (ppm): 9.80 (s, 1H), 8:35-8.28 (m, 3H), 8.25-8.20
(m, 3H), 8.05 (s, 1H), 8.00 (d, /= 12.0 Hz, 1H), 7.62-7.61 (m, 1H), 7.62-7.61 (m, 3H),
7.08 (d, J= 6.0 Hz, 1H), 6.92 (t, J = 6.0 Hz, 1H); "*C NMR (150 MHz, DMSO-dj) & (ppm):
169.1, 154.9, 154.4, 152.1, 148.7, 147.8, 139.8, 139.7, 138.2, 137.6, 136.0, 131.1, 128.3,
127.6,126.9,118.8,117.3,116.8, 112.9, 112.5, 112.0,97.3, 80.1, 66.4; MS (ESI) m/z 502
[CaoH23N,0+ HY'.

Example 49: morpholino(4-(3-(1 (2—@yridin-3-ylamino)pyridin—4—yl)éthynyl)imidazo[ 1,2-
b] 'pyridazin-6 yl)phenyl)methanone ‘
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[000293] The title compound was syntﬁesized from (4-(3-((2-chloropyridin-4-

- yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and pyridin-3-

amine in a similar method to that described for Example 47. The reaction crude product

was purified by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to
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afford morpholin0(4¥(3 -((2-(pyridin-3 -ylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin-6 yl)phenyl)methanone (12 mg, 42.8%, AUC HPLC 97%) as a light yellow
solid. "H NMR (600 MHz, DMSO-dg) 8 (ppm): 9.49 (s, 1H), 8.78 (d, J = 2.6 Hz, 1H), 8.30
(d,J=9.5 Hz, 1H), 8.25-8.22 (m, 2H), 8.18 (dd, J=9.2, 2.7 Hz, 3H), 8.10 (dd, J=4.8, 1.5
Hz, 1H), 7.97 (d, J = 9.5 Hz, 1H), 7.61 (d, J=8.0 Hz, 2H), 7.31:(dd, J= 8.3, 4.7 Hz, 1H),
7.02 (s, 1H), 6.96 (dd, J= 5.1, 1.4 Hz, 1H), 3.55-3.32 (m, 4H);">C NMR (150 MHz,
DMSO-ds) § (ppm): 169.1, 156.0, 152.1, 148.5, 142.1, 140.4, 139.9, 139.7, 138.3, 137.6,
136.0, 131.0, 128.3, 127.6, 126.9, 125.4, 124.1, 118.8, 116.2, 112.4, 112.0, 96.9, 80.2, 66.5,
48.1; MS (ESI) m/z 502 [CaoHasN7Ox+ HJ'.

Example 50: morpholino(4-(3-((2-(pyridin-4-ylamino)pyridin-4-yl)ethynyl)imidazo[ 1, 2-
b]pyridazin-6-yl)phenyl)methanone. '
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[000294] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yDethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and pyridin-4-
amine in a similar method to that described for Example 47. The reaction crude product
was purified by flash column chromatography (Silica gel, eluent CH,Cl,/CH30H 94:6) to
afford morpholino(4-(3-((2-(pyridin-4-ylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin-6-yl)phenyl)methanone (12 mg, 26%, AUC HPLC 99%) as a off white solid;
'H NMR (600 MHz, DMSO-ds) 8 (ppm): 9.81 (s, 1H), 8.34-8.28 (m, 4H), 8.25 (s, 1H),
8.19 (d, J=6.0 Hz, 2H), 7.98 (d, J= 6.0 Hz, 1H), 7.68 (d, J= 6.0 Hz, 2H), 7.62 (d, /= 12.0
Hz, 2H), 7.10 (s, 1H), 7.07 (s, 1H), 3.69-3.61 (m, 4H); °C NMR (150 MHz, DMSO-d) §
@pm)_: 169.1, 155.5, 152.1,150.1, 148.5, 148.1, 140.0, 139.7, 137.6, 136.0, 131.3, 128.3,
127.6,126.9,118.9, 117.4, 113.3, 112.5, 111.9, 96;7, 80.6, 66.4 and 48.4; MS (ESI) m/z
502 [CaoHa3N70,+ HI".

Example 5 1: morpholino(4-(3-((2-(phenylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
- b]pyridazin-6-yl)phenyl)methanone |
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‘[000295] The title compound was synthesized.froin (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[l,2—b]pyridazin—6-y1)phenyl)(fnorpholino)methanone and aniline in a
similaf method to that described for Example 47. The reaction crude product was purified
by preparative TLC (eluent CH,Cl,/CH30H 95:5) to afford morpholino(4-(3-((2-
(phenylamino)pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone (8.9
mg, 18%, AUC HPLC 99.7%) as a yellow solid. 'H NMR (600 MHz, DMSO-da) o (ppm):
9.22 (s, 1H), 8.38 (d, J= 9.5 Hz, 1H), 8.30 (s, 1H), 8.23 (d, J= 5.7 Hz, 2H), 8.21 (s; 1H),
8.03 (d, /= 9.5 Hz, 1H), 7.70-7.66 (m, 2H), 7.64 (d, J= 8.3 Hz,WZH), 7.29 (dd, J=8.4,7.5
Hz, 2H), 7.02 (s, 1H), 6.95-6.91 (m, 2H), 3.62 (m, 8H); *C NMR (150 MHz, DMSO-dj) §
(p_pm):"l'68.4, 156.1, 151.6, 148.1, 141.1, 139.6, 139.3, 137.4, 135.6, 130.3, 128.7, 127.9,
127.2, 126_.6, 121.0, 1‘18.5, 118.2,115.0, 111.6, 96.6, 79.5, 66.1, 40.0; MS (ESI) m/z 501
[C30H24NgOo+ H]".

Exa)nple 52: morpholino(4-(3-((2-(o-tolylamino)pyridin-4-yl)ethynyl)imidazo[ 1, 2-
b]pyridazin-6-yl)phenyl)methanone - -
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[000296] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and o-toluidine in
a 'similér_ method to that described for Example 47. The reaction crude product was purified
by flash column chromatography (silica gél, eluent EtOAc/CH3;0H 90:10) to afford
morpholino(4-(3 -((2-(0-tolylamino)pyridin-4-yl)ethynyl)imidazo[1 ,2-b]pyridazin-6-
yl)phenyl)methanone (6.3 mg, 1v4%, AUC HPLC 99.9%) as a yellow solid; 'H NMR (600
MHz, DMSO-dg) 8 (ppm): 8.42-8.34 (m, 2H), 8.27 (s, 1H), 8.19 (d, J= 8.2 Hz, 2H), 8.13
(d,J=5.0 Hz, 1H), 8.02 (d, /= 9.5 Hz, 1H), 7.62 (d, J= 8.1 Hz, 2H), 7.56 (d, J= 7.9 Hz,
. 1H),7.24 (d,J=7.4 Hz, 1H), 7.18 (t,J=17.6 Hi, 1H), 7.04 (t, /=7.4 Hz, 1H), 6.86 (d, J =
7.3 Hz, 2H), 3.62 (m, 8H), 2.23 (s, 3H); >°C NMR (150 MHz, DMSO-d;) & (ppm): 168.4,
157.2,151.5, 148.4, 139.6, 139.3, 138.5, 137.3, 135.6, 131.4,:130.6, 130.4, 127.9, 127.2,
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126.6,126.2, 123.9, 118.2, 114L5, 111.6, 109.9, 96.8, 79.3, 66.1, 40.0, 18.1; MS (ESI) m/z
515 [C31H2¢NO2+ HI".

Example 53: morpholino(4-(3-( (2—(thiazol-Z-ylamino)pyridin—4—yl)ethynyl)imidazo[ 1,2-
'b] pyridazin-6—yl)phenyl)methanone

2
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[000297] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and thiazol-2-
amine in a similar method to that described for Example 47. The reaction crude product
was purified by flash column chfomatography (silica gel, eluent CHgClz/CH3OH 96:4) to
afford mbrpholino (4-(3 —((2-(thiazol-2-y1amino)pyridin—4-'y1) ethynyl)imidazof1,2-
b]pyridéziﬁ-6—yl)pheﬁy1)methanone (8.9 mg, 20%, AUC HPLC 98%) as a off white solid.
'"H NMR (600 MHz, DMSO-dj) § (ppm): 8.35 (d, J = 5.2 Hz, 1H), 8.31 (d, J=9.5 Hz, 1H),
8.27 (s, 1H), 8.19 (d, /=8.0 Hz, 2H), 7.99 (d, /= 9.5 Hz, 1H), 7.62 (d, /= 7.9 Hz, 2H),
7.38 (d, J=3.6 Hz, 1H), 7.26 (s, 1H), 7.08 (d, /= 5.2 Hz, 1H), 7.03 (d, /= 3.6 Hz, 1H),
3.58-3.51 (m, 4H); BC NMR (150 MHz, DMSO-dy) & (ppm): 169.1, 160.0, 152.5, 152.1,
147.8, 140.0, 139.8, 137.9, 137.6, 136.0, 131.3, 128.3, 127.7, 126.9, 118.9, 117.2, 112.0,
111.9, 96.8, 80.7, 72.7, 63.3 and 42.4; MS (ESI) m/z 508 [Co7H21N;0,S + HJ".

Example 54: morpholino(4-(3-(i (2—(pyrimidin—4—ylamino)pyridin-4ayl)ethynyl)imidazo[ 1,2-
b]pyridazin-6-yl)phenyl)methanone -

[000298] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyi)imidazo[l,2-b]pyridazin—6-yl)pheny1)(morpholino)methanone and pyrimidin-4-
- amine in a similar method to that described for Example 47. The reaction crude product |
- was purified by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 94:6) to
afford morpholino(4-(3-((2-(pyrimidin-4-ylamino)pyridin-4-yl)ethynyl)imidazo[ 1,2~
blpyridazin-6-yl)phenyl)methanone (18 mg, 26%, AUC HPLC 98%) as a off white solid;
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'H NMR (600 MHz, DMSO-d5) 8 (ppm): 10.35 (s, 1H), 8.71 (s, 1H), 8.43 (d, J = 6.0 Hz,
1H), 8.38 (d, J = 6.0 Hz, 1H), 8.31 (d, J = 12.0 Hz, 2H), 8.27 (s, 1H), 8.21-8.18 (m, 2E),
8.01-7.99 (m, 1H), 7.98 (s, 1H), 7.65 (d, J=6.0 Hz, 1H), 7.61 (d, J=6.0 Hz, 2H), 7.20 (d, J
~12.0 Hz, 1H), 3.58-3.53 (m, 4H); 13C NMR (150 MHz, DMSO-d) 8 (ppm): 169.1, 159.2,
158.1, 156.7, 153.7.,.152.1, 148.9, 140.0, 139.8,137.6, 136.0, 131.5, 128.3, 127.6, 126.9,
119.1,118.9,114.4,111.9, 108.9, 97.0, 80.8, 66.4, and 42.5.; MS (ESI) m/z 503
[C28H22N8(52 +H]".

Example 55 morpholin0(4-(3-( (2-((2-(trifluoromethyl)phenyl)amino)pyridin-4-
yhethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone
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[000299] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and 2-
(trifluvoromethyl)aniline in a similar method to that described for Example 47. The reactibn
crude product was purified by preparative TLC (eluent EtOAc/CH;OH 95:5) to afford
morpholino(4-(3-((2-((2-(trifluoromethyl)phenyl) amino)pyridin—4-yl) ethynyl)imidazo [1,2-
blpyridazin-6-yl)phenyl)methanone (3.3 mg, 13%, AUC HPLC 96.9%) as a off yellow
solid; "H NMR (600 MHz, DMSO-dy) & (ppm): 8.48 (s, 1H), 8.37 (d, J=9.5 Hz, IH), 8.28
(s, IH), 8.20 (d, /= 8.3 Hz, 2H), 8.11 (d, /= 5.1 Hz, 1H), 8.02 (d, /= 9.5 Hz, 1H), 7.73 (d,
J="17.9 Hz, 1H), 7.71 (d, J= 8.0 Hz, 1H), 7.66 (d, /= 8.1 Hz, 1H), 7.63 (d, J= 8.3 Hz, 2H),
' 7.35 (t,J="1.6 Hz, 1H), 7.02 (s, 1H), 6.93 (dd, /= 5.1, 1.3 Hz, 1H), 3.62 (m, 8H); °C
NMR (150 MHz, DMSO-d;) 8 (ppm): 168.5, 157.2, 151.6, 148.3, 139.7, 139.3, 138.3,
137.4, 135.6, 133.0, 130.7, 128.4, 127.9, 127.2, 126.6, 126.5, 126.5, 124.9, 124.8, 118.3,
115.6, 111.6, 110.8, 96.6, 79.7, 66.1, 47.7; MS (ESI) m/z 569 [C3,Hp3F3NeOo+ H]'

Example 56: morpholino(4-(3-( (2;@yrimidin-Z-ylamino)pyridin—4-yl)ethynyl)imidazo[ 1,2-
b]pyridazin-6 yl)phenyl)methanone ' ' '
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[000300} " The title compound was syntliésized from (4-(3-((2-chloropyridin-4: -
ylethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and pyrimidin-2-
aminé in a similar method to that described fof Example 47. The reaction crude product
was purified by flash column chromatography (silica gel, eluent CH,Cl,/CH30H 94:6) to
afford morpholino(4-(3-((2-(pyrimidin-2-ylamino)_pyridin-4-yl)ethynyl)imidazo[1,2—
blpyridazin-6 yl)phenyl)methanone (21 mg, 32.3%, AUC HPLC 95%) as a light brown
solid; 'H NMR (600 MHz, DMSO-dg) 6 (ppm): 9.99 (s, 1H), 8.59-8.47 (m, 3H), 8.37-8.31
(m, 3H), 8.20 (d, /= 7.8 Hz, 2H), 8.01 (d, /= 9.6 Hz, 1H), 7.61 (d, J= 7.8 Hz, 2H), 7.20 (s,
1H), 7.01 (s, 1H), 3.42-3.37 (m, 4H); "*C NMR (150 MHz, DMSO-ds) & (ppm): 169.0,
159.3, 158.6, 158.5, 153.6, 152.1, 149.1 139.9,137.7, 136.0, 132.1, 131.3, 128.5, 128.3,
127.7,127.0, 118.8, 114.5, 113.7, 112.0, 97.4, 80.5, 66.5, 48.1; MS (ESI) m/z 503
[C2gH2oNgOx H] |

Example 57 morpholiﬁo(4-(3 -(t (2-(m—tolylamino)pyridin#—yl)ethynyl)imidazo[ 1,2-
b]pyridazin-6-yl)phenyl)methanone

! .
Q/ET/
/\b

N

[000301] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[ 1 ,2-b]pyridazin-6_—yl)phenyl)(morpholino)methanone and m-toluidine
amine in a similar method to that described forv Example 47. The residue was purified by
preparative HPLC (C18, eluents CH3CN/H,O/HCOOH 0.01%) to afford morpholino(4-(3-
((2-(m—tolylamihojpyridin—4-y1) ethynyl)imidazo[1 ,Z—b]pyridazin—6—yl)pheny1)methanone
(1.8 mg, AUC HPLC 99%) as a yellow solid. "H NMR (400 MHz, CH30D) 6 (ppm): 8.25
(d, J=83 Hz, 2H)', 8.18 (d,J= §.5 Hz, 1H), 8.14-8.10 (m, 2H), 7.96 (d, /= 9.6 Hz, 1H),
7.63 (d,J= 8.4 Hz, 2H), 7.34-7.28 (m, 2H), 7.18 (t,J="7.7 Hz, 1H), 6.99 (s, 1H), 6.89—
6.87 (m, 1H); 6.84 (d, J= 7.4 Hz, 1H), 3.90-3.51 (m, 8H), 2.33 (s, 3H); MS (ESI) m/z 515
[C31H6N6O, + H]".

. Example 58: morpholino(4-(3-((2-(p- tolylamzno)pyrzdm 4-yl)ethynyl)imidazo[1,2-

o b]pyrzdazzn 6-yl)phenyl)methanone
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[000302] The title compound was synthesized-from (4~(3-((2-chloropyridin-4-
yDethynyl)imidazo{1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and p-toluidine in
a similar method to that deséribed for Example 47. The reaction crude product was purified
by preparative ﬁPLC (C18, eluent CH3;CN/H,O/HCOOH 0.1%) to afford morpholino(4-(3-
((2-(p-tolylamino)pyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)methanone
(2.2 mg, AUC HPLC 98%) as a brown solid. 'H NMR (400 MHz, CH;0D) & (ppm): 8.24
(d, J=8.3 Hz, 2H), 8.17 (d, J=9.5 Hz, 1H), 8.14-8.10 (m, 2H), 7.94 (d, /=9.5 Hi, 1H),
7.62 (d, J= 8.3 Hz, 2H), 7.37 (d, J= 8.3 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 6.96 (s, 1H),
6.85 (d, J 8.3 Hz, 1H), 3.85-3.46 (m, 8H), 2.31 (s, 3H), ¥CNMR (100 MHz, CH;0D) &
(ppm): 171 79, 158.34, 153.62, 148.99, 140.89, 139.64, 139.48, 138.47, 137.94, 133. 30,
133.11, 130.57, 129.05, 128.70, 126.94, 121.66, 119.64, 116.27, 114.38, 112.22, 98.06,
79.84, 67.85, 20.94; MS (ESI) m/z 515 [C51H26N¢O, + H]+‘.

Example 59: (4-(3-((2-(2-isopropylphenylamino)pyridin- 4—yl)ethynyl)zmzdazo[ 1,2-
b]pyridazin-6- yl)phenyl)(morpholmo)methanone

[000303] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and 2-
isopropyaniline in a similar method to that described for Example 47. The reaction crude
product was purified by preparative HPLC (C18, eluent CH;CN/H,O/HCOOH 0.1%) to
afford (4-(3—((2-(2—isopropylphénylamino)pyﬁdin—4-y1) ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (5.63 mg, 15%, AUC HPLC 96%) as a brown solid. 'H ‘
NMR (400 MHz, CDCls) & (ppm): 8.18 (d, J='5.2 Hz, 1H), 8.09-8.04 (m, 4H), 7.60-7.55

: (m, 3H), 7.41-7.36 (m, 2H), 7.26—7;23 (m, 2H), 6.90-6.87 (m, 1H), 6.73 (s, 1H), 6.61 (s,
1H), 4.78-3.30 (m, 8H), 3.24 (m, J= 6.8 Hz, 1H), 1.25 (d, /= 6.8 Hz, 6H); BC NMR (100
MHz, CDCl;) 6 (ppm): 169.61, 157.88, 151.65, 148.30, 143.88, 139.69, 139.24, 137.14,
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136.58, 136.37, 132.27, 127.96, 127.43,126.74, 126.61, 126.28, 126.21, 125.72, 117.01,
115.96, 113.02, 108.38, 97.21, 66.92, 28.03, 23.30; MS (ESI) m/z 543 [C33H30Ns0, + H]".

Example 60: (4-(3-((2-(biphenyl-2-ylamino)pyridin-4-ylethynyl)imidazo[1,2-b]pyridazin-
6-yl)phenyl)(morpholino)methanone

e

[000304] The title compound was synthesized from (4-(3-((2-chloropyridin-4-
ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and biphenyl-2-
amine in a similar method to that described for Example 47. The reaction crude product
was purified by preparative HPLC (C18, eluent CH3;CN/H,O/HCOOH 0.1%) to afford (4-
(3 -((2-(bipheny1-2-ylamino)pyridin-4-yl)eth'ynyl)imidazo[1 ,2-b]pyridazin-6-
yl)phenyl)(morpholino)methénone (6.4 mg, 17%, AUC HPLC 99%) as a brown solid. 'H
NMR (400 MHz, CH30D) & (ppm): 8.18 (d, /= 5.2 Hz, 1H), 8.11-8.07 (m, 4H), 7.82 (d, J
= 7.5 Hz, 1H), 7.59 (t, /= 8.7 Hz, 3‘H), 7.45-7.26 (m, 7H), 7.21-7.16 (m, 1H), 6.99 (s, 1H),
6.91-6.89 (m, 1H), 6.60 (s, 1H), 4.16-3.08 (m, 8H); 1*C NMRl(lOO_MHz,, CH;0D) 5
(ppm): 169.58, 156.12, 151.69, 148.37, 139.68, 139.26, 138.65, 137.13, 136.90, 134.07,
132.10, 130.92, 129.26, 128.90, 128.35, 127.97, 127.70, 127.43, 126.22, 123.70, 121.51,
117.08, 116.52, 117.08, 116.52, 113.00, 109.92, 97.07, 79.65, 66.89; MS (ESI) m/z 577
[Ca6HagNsO, + HI.

Example 61: 3-methyl-N-(4-((6-(4-(morpholine-4 c_arbonyl)phenyl)imidazo[ 1,2-
b]pyridazin—i’ -yl)ethynyl)pyridin-2-yl)benzamide

N . 4 \ >L©/
[000305] To a solution of (4-(3-((2-aminopyridin—4-yl)ethynyl)imidazo[1,2-b]pyrida2in—6-
. yl)phenyl)(morpholino)methanone (30 mg, 0.07 mmol) in DCM (5 mL) was added 3-
methylbenzoyl chloride (60 mg, 0.35 mmol), DMAP (43 mg, 0.35 mmol) and TEA (22 mg,

0.21 mmol). The resulting mixture was stirred at room temperature 6 h. The reaction
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mixture was then filtered and the filtrate was purified by preparative HPLC (C18, eluent
CH;CN/H,O/HCOOH 0.1%) to afford the mono and bis benzamide derivatives 3-methyl-
N—(4-((6—(4—(morpholine-4-carbonyl)phenyl)irﬁidazo[ 1,2-b]pyridazin-3-yl)ethynyl)pyridin-
2-yDbenzamide and 3-methyl-N-(3-methylbenzoyl)-N-(4-((6-(4-(morpholine-4- .
carbonyl)phenyl)irﬁidazo [1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-yl)benzamide.
3-methyl-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-
yl)ethynyl)pyridin-2-yl)benzamide (13.4 mg, 35 %, AUC HPLC 99%) as yellow solid. 'H
NMR (400 MHz, CDCls) 6 (ppm): 8.82 (s, 1H), 8.29 (d, J = 5.2 Hz, 1H), 8.18-8.11 (m,
4H), 7.88 (s, 2H), 7.67-7.64 (m, 3H), 7.44-7.42 (m, 2H), 7.31 (d, J = 5.6 Hz, 1H), 4.11-
~-3.34 (m, 8H), 2.48 (s, 3H); Bc NMR (100 MHz, CDCl3) 8 (ppm): 169.68, 165.95, 164.34,
151.81, 147.91, 139.86, 138.88, 137.11, 136.52, 134.08, 133.21, 133.16, 128.82, 128.07,
127.92, 127.51, 126.21, 124.316, 121.35, 117.19, 115.72, 112.94, 97.00, 80.98, 66.89,
53.42,48.23, 42;60,' 21.41; MS (ESI) m/z 543 [C3HasNgO; + HJ'.

[000306] 3-methyl-N—(3-methylbenzoyl)-N—(4-((6—(4-(rriorpholine-4-
carbdnyl)phenyl)imidazo [1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-yl)benzamide (6.2 mg, 14
%, AUC HPLC 99%) as brown solid. 'H NMR (400 MHz, CDCl;) 6 (ppm): 8.40 (d,J =8.4
Hz, 1H), 8.10 (d, J = 8.4 Hz, 4H), 7.70-7.52 (m, 8H), 7.34-7.21 (m, 5H), 4.04-3.31 (m,
8H), 2.33 (s, 6H); *C NMR (100 MHz, CDCLs) § (ppm): 173.15, 169.55, 154.17, 151.40,
149.28, 140.10, 138.61, 137.23, 136.47, 134.61, 133.04, 130.02, 128.44, 128.02, 127.50,
126.34, 126.31, 123.58, 123.21, 117.41, 96.04, 81.83, 66.88, 21.29; MS (ESI) m/z 661
[CaoH32N6O4 + HJ". '

Example 62: 4-methyl-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-3 -yl)ethynyl)pyridin-Z-yl)benzamide

=N
\N,N
oL

[000307] The title compound was synthesized from (4-(3-((2-aminopyridin-4-

yl)ethynyl)imidazo[l ,2-b]pyridazin—6-y1)ph_eny1)(morpholino)methanone and 4-

_ methylbenzoyl chloride in a similar method to that described for Example 61. The reactién

. crude product was purified by preparative HPLC (C18, eluent CH;CN/H,O/HCOOH 0.1%)

to afford 4-methyl-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)pyridin-2-yl)benzamide (4.48 mg, 12 %, AUC HPLC 95%) as yellow solid. 'H
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NMR (400 MHz, CDCl;) & (ppm): 9.07 (s, 1H), 8.71 (s, 1H), 8.321-8.29 (m, 1H), 8.18—
8.10 (m, 4H), 7.89 (d, J = 7.9 Hz, 2H), 7.64 (d, J = 8.0 Hz, 3H), 7.34 (d, J = 7.9 Hz, 2H),
7.28-7.25 (m, 1H), 4.11-3.34 (m, 8H), 2.45 (s; 3H); *C NMR (100 MHz, CDCl;)  (ppm):
169.68, 165.66, 151.78, 151.68, 147.17, 143.31, 140.05, 137.14, 136.51, 133.63, 131.05,
129.65, 129.53, 129.39, 128.08, 127.53, 127.35, 126.23, 121.22, 117.26, 115.88, 97.00,
66.90, 21.58; MS (ESI) m/z 543 [C3;HagNgOs + HJ".

Example 63: 2-methyl—N—(4-((6—(4—(morpholine-4—carb0nyl)phenyl)imidazo[ 1,2-
b]pyridazin-3-yl)ethynyl)pyridin-2-yl)benzamide

=N
\N’N Y
o) \\
N
4
[oj ‘N\ H

[000308] The title compound wasrsynthesized from (4-(3-((2-aminopyridin-4- -
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone and 2- -
methylbenzoyl chloride in a similar method to that described for Example 61. The reaction
crude product was purified by preparative HPLC (C18, eluent CH;CN/H,O/HCOOH 0.1%)
to afford 2-methyl-N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)pyridin-z-yl)benzamidev (I mg, AUC HPLC 99%) as yellow solid. 'H NMR
(400 MHz, CDCl3) 6 (ppm): 8.73 (s, 1H), 8.29 V(d,AJ= 5.1 Hz, 1H), 8.18-8.10 (m, 4H),
7.71-7.61 (m, 4H), 7.43 (t, J = 7.4 Hz, 1H), 7.33-7.30 (m, 3H), 4.96-3.36 (m, 8H), 2.57 (s,
3H);*C NMR (100 MHz, CDCL) 5 (ppm): 169.68, 165.89, 151.78, 151.72, 147.69,
139.95, 138.92, 137.15, 136.54,134.03, 133.36, 133.27, 128.86, 128.09, 127.92, 127.52,

126.23, 124.31, 121.36, 117.21, 115.73, 97.00, 81.19, 66.91, 21.41‘; MS (ESI) m/é 543
[C32H26N6O3 +HJ".

Example 064: N-(4-((6-(4-(morpholine~-4-carbonyl)phenyl)imidazo[1,2-b] pyridazin-3-
yDethynyl)pyridin-2-yl)isonicotinamide

NN ‘
o . SN /
N \
o] : y 0 _
' m\ ﬁLCN

" [000309] To a solution of isonicotinic acid (29 mg, 0.24 mmol) in DMF (5 mL) were
added HATU (68 mg, 0.18 mmol), N-methyl morpholine (24 mg, 0.24 mmol) and (4-(3-
((2-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
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yl)phenyl)(mofpholino)methéno_ne (50 mg, 0.12 mmol). The reaction mixture was stirred
at room temperature under inert atmosphere for 18 h, and was diluted with H,O (10 mL)
and ethacted with DCM (3x10 mL). The corﬁbined organic layer was dried over Na,SQy, -

~ filtered and concentrated under reduced pressure. The crude residue was purified by flash
column chromato gfaphy (C18, eluents ACN/H,O/HCOOH 0.01%) to afford N-(4-((6-(4-
(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-

~ yl)isonicotinamide (9.4 mg, 15%, AUC HPLC 96%) as a yellow solid. "H NMR (400 MHz,
DMSO-ds) 6 (ppm): 11.40 (s, 1H), 8.85 (s, 2H), 8.53 (d, J= 4.9 Hz, 1H), 8.46 (s, 1H), 8.41
(d,J=9.4 Hz, 1H), 8.36 (s, 1H), 8.28 (d, /= 7.9 Hz, 2H), 8.08 (d, /= 9.6 Hz, 1H), 8.02 (d,
J=4.8 Hz, 2H), 7.66 (d, J= 8.1 Hz, 72H), 7.44 (d, J = 4.6 Hz, 1H), 3.62-3.22 (m, 8H); "°C
NMR (100 MHz, DMSO-dp) 8 (ppm): 168.36, 164.80, 152.03, 151.44, 149.46, 148.76,
139.65, 137.33, 135.42, 131.44, 127.83, 127.11, 126.51, 122.11, 120.94, 115.61, 96.52,
81.03, 69.22, 65.98; MS (ESI) m/z 530 [C30H23N70;3 + H]".

Example 65: N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b] pyridazin-3-
yl)ez‘hynyl)pyridin-2-yl)nicotinamide

=
\N/

/\ \/

[000310] The title compound was synthesized from (4-(3-((2-aminopyridin-4-
yl)ethynyl)imidazo[l,2-b]pyridazin—&yl)phenyl)(morpholino)methanone and nicotinic acid
in a similar method to that described for Example 64. The crude residue was purified by
column chromatography (C18, eluents ACN/H,O/HCOOH 0.01%) to afford N-(4-((6-(4-
(morpholine-4-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-
yl)nicdtinamide-(1'9 mg, 27%, AUC HPLC 98%) as a yellow solid. "H NMR (400 MHz,"
DMSO-ds) & (ppm): 11.30 (s, 1H), 9.18 (s, 1H), 8.80 (d, /= 4.2 Hz, 1H), 8.52 (d, J=5.0
Hz, 1H), 8.47 (s, 1H), 8.42-8.35 (m, 3H), 8.28 (d, /= 8.3 Hz, 2H), 8.07 (d, J = 9.6 Hz, 1H),
7.67 (d, J= 8.2 Hz, 2H), 7.60 (dd, J= 7.7, 5.0 Hz, 1H), 7.42-7.41 (m, 1H), 3.83-3.52 (m,

- 8H); 13CNMR (100 MHz, DMSO-ds) 8 (ppm): 168.50, 165.11, 152.31, 151.50, 148.88,

- 148.82, 139.67, 139.49, 137.36, 135.98, 135.48, 131.44, 129.82, 127.91, 127.18, 126.57,

- 123.51,. 120.76, 115.58, 111.44, 96.69, 80.99, 69.27, 66.04, 65.44,62.60; MS (ESI) m/z 530

[CsoH2sN,O3+H]".
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Example 66: NF(4-((6—(4—(mo}fpholine-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)pyridin-Z-yl)picolinamide ‘

Z
\N/

7\

o

| asav

[000311] The title compound was synthesized from (4-(3-((2-aminopyridin-4-
yl)ethynyl)imide;zo[l,2-b]pyridazin—6-yl)pheny1)(morpholino)methanone and picolinic acid
in a similar method to that described for Example 64. The reaction crude product was
purified by column chromatography (C18, eluents ACN/H,O/HCOOH 0.01%) .to afford N-
(4-((6—(4-(morpholine-4-carbonyl)phenyl)imidazo [1 ,2-b]pyﬁdazin—3 -yDethynyl)pyridin-2-
yl)picolinamide (39 mg, 61%, AUC HPLC 99%) as a yellow solid. 'H NMR (400 MHz,
DMSO-ds) 8 (ppm): 11.40 (s, 1H), 8.85 (s, 2H), 8.53 (d, J=4.9 Hz, 1H), 8.46 (s, 1H), 8.41
(d,J= 9..47Hz, 1H), 8.36 (s, 1H), 8.28 (d, /= 7.9 Hz, 2H), 8.08 (d, /=9.6 Hz, lH), 8.02 (d,
J=4.8 Hz, 2H), 7.66 (d, J= 8.1 Hz, 2H), 7.44 (d, J = 4.6 Hz, 1H), 3.62-3.22 (m, 8H); 1°C
NMR (100 MHz, DMSO-dq) 8 (ppm): 169.71, 162.71, 151.72,151.41, 149.18, 148.36,
148.34, 139.83, 139.37, 137.66, 137.09, 136.56, 132.88, 128.04, 127.53, 126.9'1, 126.19,
122.53,121.38, 117.16, 115.45, 113.00, 97.03, 80.70, 66.91, 48.35, 42.74; MS (ESI) m/z
530 [C30H23N,05+ HJ". -

Example 67: 4-methyl-3-((6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1 ,2-
b] pyfidazin-3—yl)ethynyl)benzonitrile

. AN A N=N » =N
Br ” mm\% CI/(N?\J// @J Sy Ny
1.=—TMs Br \\ (HO)zB K,N
— -
[ J 2. KCOs
NC .

NC

NC
[000312] Step 1: Preparation of 4-methyl-3-((trimethylsilyl)ethynyl)benzonitrile: Toa
mixture of 3-bromo-4-methylbenzonitrile (0.5 g, 2.57mmol), PdCl,(PPhs), (117 mg, 0.167
mmol), PPh; (236 mg, 0.902 mmol) and Cul (50 mg, 0.257 mmol) was added THF (15 mL)
foilowed by TMS-acetylene (0.878 mL, 6.18 mmol) and Et;N (15 mL). The resulting - '
- mixture was stirred at 90 °C for 12 h and was concentrated in vacuo. The residue was
E purified by flash column chromatography (silica gel, eluent hexanes/EtOAc 4:1) to afford
4-methy1—3-((tl‘imethylsiiyl)éthynyl)benzonitrile (0.398 g, 72%). 'HNMR (600 MHz,
CDCl3) 6 (ppm): 7.67 (d, J=1.7 Hz, 1H), 7.44 (dd, J=17.9, 1.8 Hz, 1H), 7.27 (dt, J = 8.0,
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0.8 Hz, 1H), 2.46 (s, 3H), 0.25 (s, 9H); *C NMR (150 MHz, CDCl;) § (ppm): 146.1, 135.6,
131.5,130.3,124.7,118.4, 109.9, 101.4, 101.4, 21.2, -0.0; MS (ESI) m/z 214 [C,3H;sNSi+
H. o :

[000313] Step 2: Preparation of 3-ethynyl-4-methylbenzonitrile: To a solution of 4-
methy1-3-((trimethylsilyl)ethynyl)benzonitrile (350 mg, 1.62 mmol) and THF:MeOH (1:1,
8 mL), K,CO3 (247 mg, 1.79 mmol) was added and the mixture stirred at room temperature
for 30 min. The reaction mixture was concentrated in vacuo to dryness and theén suspended
between ethyl acetate (10 mL) and saturated aqueous ammonium chloride (5 mL). The
layers were separated and the aqueous layer extracted with ethyl acetate (2x10 mL). The
organic layers were co_mbined, dried.over Na,SO, and concentrated under reduced 'pressure.
The residue was purified by flash column chromatography (silica gel, eluent
hexanes/EtOAc 1:1) to afford 3-ethynyl-4-methylbenzonitrile (0.118 g, 82%). 'H NMR
(600 MHz, CDCl3) 6 (ppm): 7.70 (d, /= 1.7 Hz, 1H), 7.48 (dd, J = 8.0, 1.8 Hz, 1H), 7.29
(dd, J=8.0, 0.9 Hz, 1H), 3.36 (s, 1H), 2.49 (s, 3H). ’C NMR (150 MHz, CDCIQ) 8 (ppm):
146.3, 135.9,131.9, 130.5, 123.7, 118.2, 110.1, 83.5, 80.2, 21.1.; MS (ESI) m/z 142
[C1oH;N+ HJ'.

[000314] Step 3: Preparation of 34((6—chloroimidézo[1,2—b]pyridazin-3—yl)ethynyl)—4—
methylbenzonitrile: To a solution of 3-bromo-6-chloroimidazo [1,2-b]pyridazine (90.5 mg,
0.390 mmol), PdCl,(PPh;), (12.4 mg, 0.017 mmol), PPh; (27.8 mg,»0.106 mmol), Cul (6.73
mg, 0.035 mmol) in a mixture of THF and DMF (1:1, 2 mL) was added 3-ethynyl-4-
methylbenzonitrile (50 mg, 0.354 mmol) and Et;N (1 mL). The resulting mixture Was
stirréd at 90 °C for 4 h and was concentrated in vacuo. The residue was purified by flash
column chromatography (silicabgel, eluent hexanes/EtOAc 2:3) to afford 3-((6- -
chloroimidazo[1,2-b]pyridazin-3-yl)ethynyl)-4-methylbenzonitrile (71.6 mg, 69%). 'H
NMR (600 MHz, CDCl3) 8 (ppm): 8.07 (s, 1H), 7.98 (d, J= 9.4 Hz, 1H), 7.88 (d, J=1.7

| Hz, 1H), 7.57 (dd, j= 7.9, 1.8 Hz, 1H), 7.41 (dt, J= 8.1, 0.6 Hz, 1H), 7.18 (d, /= 9.4 Hz,
1H), 2.68 (s, 3H). *C NMR (150 MHz, CDCls) & (ppm): 148.3, 145.9, 138.9, 135.1, 132.0,
130.7, 127.3,123.9, 120.2, 118.3, 113.5, 110.2, 105.2, 96.3, 81.4, 21.3. MS (ESI) m/z 293 |
[C1sHoCINg+ HT'.

[000315] Step 4: Preparation of 4-methy1—3-((6'—(4—(4—methy1piperazihe—1-
 carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)benzonitrile: To a solution of 3-((6-
| chloroimidazol[1,2-b]pyridazin-3-yl)ethynyl)-4-methylbenzonitrile (35 mg, 0.119 mmol),
(4—(4-methylpiperazine-i-carbonyl)phenyl)boronic acid (50 mg, 0.175 mmol) in a mixture
of 1,4 dioxane and H,O (1:1, 3 mL) was added sodium carbonate (63 mg, 0.595 mmol) and
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tetrakis-\ (tliphénylphosphine) palladium (13.7 mg, 0.011 mmol); The resulting mixture
was heated in a microwave reactor at 110 °C fqr 4 h. Upon cooling to room temperature,
the reaction mixture was extracted with EtOAc (3x10 mL). Thev organic layers were
combined, dried over Na,SO;4 and concentrated under reduced pressure. The residue was
purified by flash column chrbmatography (silica gel, eluent CH,Cl,/CH3OH 95:5) to afford
4-methyl-3-((6-(4-(4-methylpiperazine-1 -carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-
yl)ethynyl)benzonitrile (41 mg, 75%, AUC HPLC 95%) as a yellow solid. "H NMR
(DMSO-ds) 6 (ppm): 8.38 (d, /= 9.5 Hz, 1H), 8.26 (s, 1H), 8.21 (d, /= 8.4 Hz, 2H), 8.07
(d, J=1.7 Hz, 1H), 8.03 (d, /=9.6 Hz, 1H), 7.81 (dd, J=7.9, 1.8 Hz, 1H), 7.64-7.56 (m,
3H), 3.6643.63 (m, 2H), 2.69 (s, 3H), 2.46-2.23 (m, 4H), 2.21 (s, 3H); BCNMR (150
MHz, DMSO-ds) & (ppm): 168.3, 151.6, 145.4,139.2, 139.0, 137.9, 135.5, 134.2, 132.3,
131.0, 127.7,127.2, 126.6, 123.1, 118.6, 118.1, 111.9, 109.4, 95.5, 82.5, 45.6, and 20.8;
MS (ESI) m/z 461 [Co3Hp4NgO+H]".

Example 68: 4-methyl-3-((6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-
b]pyridazin-3-yl)ethynyl)benzamide
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[000316] To a solution of 4-methyl-3-((6-(4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)benzonitrile (30 mg, 0.065 mmol) in
a mixture of DMSO, EtOH and H,O (1:4:3, 4 mL) were added HO, (20 mL), followed by
NaOH (6.0N, 20 mL). The resulting mixture was stirred at 40 °C for 3 hand was extracted
with EtOAc (3x10 mL) The organic layers were combined, dried over Na,SO4 and
concentrated under reduced pressure. The resulting residue was purified by flash column
chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford 4-methyl-3-((6-(4-(4-
methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-bjpyridazin-3 -yl) ethynyl)benzamide (22
mg, 71%, AUC HPLC 96%) as a light yellow solid. '"H NMR (600 MHz, DMSO-ds) &
(ppm): 8.36 (d, J= 9.5 Hz, 1H), 8.26-8.19 (m, 3H), 8.11 (d, J= 1.9 Hz, 1H), 8.05 (bs, 1H),
- 8.01 (d, /=9.6 Hz, 1H), 7.86 (dd,J=7.9, 1.9 Hz, 1H), 7.62—7.56 (m, 2H), 7.47 (d, J=8.0
-~ Hz, 1H), 7.39 (bs, 1H), 3.66-3.63 (m, 2H), 2.65 (s, 3H), 2.47-2.23 (m, 4H), 2.21 (s, 3H);
C NMR (150 MHz, DMSO-ds) § (ppm): 168.2, 166.8, 151.5, 142.7, 139.0, 138.4, 137.7,
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135.5, 132.2, 130.0, 129.8, 128.1, 127.6, 127.0, 126.4, 121.6, 117.7, 112.2, 97.0, 80.8, 54.6,
54.1,45.5,20.2; MS (ESI) m/z 479 [CosHa6NsO, + HI'.

Example 69: 3-((6-(4-(4- methylpiperazine-] -carbonyl)phenyl)imidazo[l,2-b]pyria’azin-3-
yl)ethynyl)benzomtrzle

7 ;N " ﬁD/fT/
3

Br /@/y\
2. (HO),B'

[000317] Step 1: Preparation of 3—((6-chloroimidazo[1,2-b]pyridazin—3-
yl)ethynyl)benzonitrilé: The title compound was synthesized from 3-bromo-6-
chloroimidazo[1,2-b]pyridazine and 3-ethynylbenzonitrile in a similar method to that
described in step 3 of Example 67 synthesis. The reaction crude product was purified by
flash colimn chromato graphy (siliéa gel, eluent Hexanes/EtOAc 70:30) to afford 3-((6-
chloroimidazo[l,2—b]pyridazin-3 -yl)ethynyl)benzonitrile (234 mg, 71%); "H NMR (600
MHz, DMSO-ds) 6 (ppm): 8.36 (d, J=9.5 Hz, 1H), 8.28 (s, 1H), 8.15 (t, /= 1.6 Hz, 1H),
7.96 (ddt, J= 8.0, 3.2, 1.4 Hz, 2H), 7.69 (t, J = 7.9 Hz, 1H), 7.55 (d, J = 9.5 Hz, 1H); 3C
NMR (150 MHz, DMSO-dy) 6 (ppm): 147.8, 139.5, 135.9, 134.6, 133.0, 130.3, 128.3,
122.7,121.1,112.4, 1179, 111.7, 99.5, 96.6, 77.8; MS (ESI) m/z 279 [CysH;CINs+H]+.
[000318] Step 2: Preparation of 3-((6-(4-(4-methylpiperazine-1-
carbonyl)phenyl)imidazo[1,2-b]pyridazin—3 -yl)ethynyl)benzonitrile: The title compound
was synthesized from 3-((6-chloroimidazo[1,2-b]pyridazin-3-yl)ethynyl)benzonitrile and
(4-(4-methylpiperazine-1-carbonyl)phenyl)boronic acid in a similar method to that
described in step 4 of Example 67 synthesis. The réaction crude product was purified by
flash column chromatography (silica gel, eluent CH,Cl,/CH30H 95:5) to afford 3-((6-(4-(4-
methylpiperazine-1-carbonyl)phenyl)imidazo[ 1,2-blpyridazin-3-yl)ethynyl)benzonitrile (16
mg, 40 %, AUC HPLC 96%) as a light yellow solid. "H NMR (600 MHz, DMSO-ds) 6
(ppm): 8.37 (d, J=9.5 Hz, 1H), 8.27 (s, 1H), 8.25-8.20 (m, 2H), 8.16 (td, /= 1.7, 0.7 Hz,
1H), 8.02 (d, /= 9.5 Hz, 1H), 8.00-7.96 (m, 1H), 7.94 (dt, /= 7.9, 1.4 Hz, 1H), 7.70 (td, J
=7.8, 0.6 Hz, 1H), 7.62-7.57 (m, 2H), 3.66-3.64 (m, 2H), 2.41-2.27 (m, 4H), 2.20 (s, 3H); -
~13C NMR (150 MHz, DMSO-d;) 8 (ppm): 1683 151.5, 139.4, 139.1, 137.7, 135.8, 135.4,

1344, 132.7,130.3, 127.7, 127.2, 126.5, 123.1, 118.1, 1179 112.3,111.7, 96.3, 78.6, 54.5,

45.6, 40.0; MS (ESI) m/z 447 [Ca7HyNsO+H]",
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Example 70: nio%pholino(4—(3-( (2-phenylpyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)methanone

AN
S| 4
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o \\

O -
[000319] To a solution of (4-(3-((2-chloropyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-
6—y1)pheny1)(mdrpholino)methanone (50 mg, 0.112 mmol), phenyl boronic acid (16.3 mg,
0.135 mmol) and 1,4 Dioxane:H,0 (1:1, 2 mL) was added Pd(PPh3)4 (13.0 mg, 0.011
mmol) and Na,CO; (35.8 mg, 0.336 mmol). The reaction mixture was stirred at 80 °C for
12 h. Solvents were evaporated and the crude material was purified by flash column
chromatography (silica gel, eluent EtOAc/CH30H 95:5) to afford morpholino(4-(3-((2-
phenylpyn'din—4_-y1)ethynyl)imidazo[1,2-b]pyridazin—6—y1)phenyl)methanone (17 mg, 32%,
AUC HPLC 97%) as a light yellowr solid; "H NMR (600 MHz, DMSO-ds) & (ppm): 8.74 (d,
J=6.0 Hz, 1H), 8.29-8.27 (m, 2H), 8.23-8.20 (m, 3H), 8.11-8.08 (m, 3H), 7.99 (dd, J =
9.5,2.8 Hz, 1H), 7.63-7.61 (m, 2H), 7.56 (d, /=6.0 Hz, 1H), 7.55-7.51 (m, 2H), 7.49-7.47
(m, 1H), 3.41-3.37 (m, 2H); °C NMR (600 MHz, DMSO-ds) § (ppm): 169.2, 157.0,
152.2, 150.5, 138.1, 137.6, 135.9, 133.3, 131.2, 129.4, 128.3, 127.7, 127.1, 126.9, 125.3,
124.7,124.0, 121.7, 118.9, 96.9, 81._4, 66.4, 63.1, 42.5; MS (ESI) m/z 486 [C30H23NsOx+
H]".

Examplé 71: (4-(3-((2-(methyl(phenyl)amino)pyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-
6-yl)phenyl) (mbrpholino) methanone
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[000320] To a solution of morphoﬁno(4-(3-((2-(pheny1amino)pyridin-4-
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)methanone (8 mg, 0.0165 mmol) and dry
DMF (1 mL) was added Potassium tert-butoxide (3.6 mg, 0.0320 mmol)) and the reaction
mixture stitred at room temperature for 10 min, followed by addition of methyl iodide (1.8 |
~ uL, 0.288 mmol) and stirring at room temperature for 12 h. DMF was removed under

; vacuum and the residue was purified by preparative TLC (eluent CH,Cl, /CH30H 95:5) to
afford (4-(3 -((2-(methyl@henyl)amino)pyridin-4-yl)ethynyl)i_midazo[1,2-b]pyridazin—6- '
yl)phenyl) (morpholino) methanone as a light yellow solid (3.7 mg, 45%, AUC HPLC
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98.0%); "H NMR (600 MHz, DMSO-dg) § (ppm): 8.33 (d, /= 9.5 Hz, 1H), 8.24 (d, J= 5.1
Hz, 1H), 8.22 (s, 1H), 8.14 (d, J = 8.3 Hz, 2H), 7.99 (d, /= 9.5 Hz, 1H), 7.60 (d, J= 8.3
Hz, 2H),’ 7.49 (t, J="7.9 Hz, 2H), 7.39-7.34 (m, 2H), 7.30 (t, J= 7.4 Hz, 1H), 6.85 (dd, J =
5.1, 1.2 Hz, 1H), 6.57 (s, 1H), 3.64 (m, 8H), 3.42 (s, 3H); *C NMR (150 MHz, DMSO-dy)
& (ppm): 168.5, 158.3, 151.4, 148.5, 145.8, 139.5, 139.3, 137.3, 135.5, 130.1, 130.0, 127.9,
127.1,126.5,126.5, 126.0, 118.2, 113.9, 111.5, 109.0, 96.9, 79.4, 66.1, 47.7, 38.2; MS
(ESI) m/z 515 [C3;HsN6O, + H] . '

Example 72: N-(4-((6-(4-(morpholine-4-carbonyl)phenyl)imidazo[1,2-b] pyridazin-3-
ylethynyl)-1H-pyrrolo[2,3-b]pyridin-6-yl)acetamide '

[000321] To a solution of (4-(3-((6-amino-1H—pyrrolo[2,3-b]pyridin—4-
ylethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone (20 mg, 0.0432
mmol) and DCM (2 mL) was added triethylamine (12.0 pL, 0.0863 mmol) followed by
acetyl chloride (6.1 pL, 0.0863 mmol). The mixturé was stirred at room temperature for 12
h, and then concentrated in vacuo. The reaction crude product was purified by preparative
TLC (eluent CH,Cl,/CH30H 95:5) to afford N—G-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)-1H-pyrrolo]2,3-b]pyridin-6-
ylacetamide (6.4 mg, 29%, AUC HPLC 97%) as a yellow solid. '"H NMR (600 MHz,
DMSO-dg) & (ppm): 11.73 (s, 1H), 10.44 (s, 1H), 8.39 (d, J=9.5 Hz, 1H), 8.36 (s, 1H),
8.28 (d, /= 8.4 Hz, 2H), 8.13 (s, 1H), 8.05 (d, /= 9.5 Hz, 1H), 7.71-7.65 (m, 2H), 7.53
(dd, J=3.3; 2.5Hz, 1H), 6.66 (dd, J= 3.4, 1.9 Hz, 1H), 3.63 (m, 8H), 2.13 (s, 3H); 13C
NMR (150 MHz, DMSO-dpg) 6 (ppm): 169.0, 168.4, 159.7, 151.5, 146.8, 146.4,‘139.-4,
137.4,135.7,127.9, 127.1, 126.6, 126.1, 122.0,118.1, 116.7, 111.9, 107.6, 99.1, 96.4, 81.8,
66.0, 48.6, 24.0; MS (ESI) m/z 506 [CagH3N;O5+ H]".

A Example 73: (4-(3-((6-(benzylamino)-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-
L b]pyridazin-6—yl)phenyl)(morpholino)methanoné
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[000322] To a solution of (4-(3-((6-amino-1H-pyrrolo[2,3-b]pyridin-4-
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(morpholino)methanone (20 mg, 0.0432
mmol) and DMF (1.5 mL) was added NaH (2 mg, 0.0475 mmol) and stirred for 15 minutes
at room temperéture. Benzyl bromide (6 pL, 0.0475) in DMF (0.5 mL) was then added.
The mixture was stirred at room temperature for 12 h, and then concentrated in.vacuo. The
reaction crude product was purified by preparative TLC (eluent CH,Cl,/CH;OH 95.:5) to
afford (4-(3-((6-(benzylamino)-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin-6-yl)phenyl)(morpholino)methanone (1.8 mg, AUC HPLC 99%) és a light
yellow solid. 'H NMR (600 MHz, DMSO-dp) 8 (ppm): 8738 (d, J=9.5Hz, 1H), 8.31 (s,
1H), 8.27-8.22 (m, 2H), 8.02 (d, J=9.6 Hz, 1H), 7.67-7.62 (m, 2H), 7.33-7.29 (m, 2H),
7.25(d,J="7.4Hz, 1H), 7.22 (d, J= 3.4 Hz, 1H), 7.21-7.17 (m, 2H), 6.54 (s, 1H), 6.52 (d,
J=13.4Hz, 1H), 5.98 (s, 2H), 5.33 (s, 2H), 3.61 (m, 8H); >C NMR (150 MHz, DMSO-d;) &
(ppm): 168.8, 156.5, 152.0, 147.1, 139.7, 139.1, 137.8, 136.2, 132.8, 128.9, 128.3, 127.6,
127.4,127.0,124.9, 123.1, 118.5, 112.5, 111.8, 104.5, 100..0, 99.4,96.6, 81.0, 66.5, 47.3,
42.5; MS (ESD) m/z 554 [C33H27N7O§+ HI".

Example 74: 4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1, 2—b]pyridazin—6—yl)benzamide
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[000323] Step 1: Preparation of 4-(imidazo[1,2-b]pyridazin-6-yl)benzamide: A mixture of
6-chloroimidazo[1,2-b]pyridazine (1.5 g, 9.76 mmol), 4-carbamoylphenylboronic acid
(1.93 g, 11.72 mmol), Na,CO; (2.07 g, 19.52 mmol) in 1,4-dioxane (30 mL) and water (8
mL) was stirred under Argon for 20 min. Pd(PPh3)4 (563 mg, 0.49 mmol) was added and
_the reacﬁon mixture was heated at 100 °C for 16 h. The reaction mixture was diluted with
~ BtOAc and filtered through a short pad of celite. The ﬁltr_ate was washed with EtOAc and

dried over Na;SO4 and concentrated under reduced pressure. The crude product was
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purified by column chromato‘graphy (silica gel, eluent CHCl3/MeOH 97:3) to afford 4-
(imidazof1,2-b]pyridazin-6-yl)benzamide (1.6 g, 68.9%, LC-MS 90%) as a brown solid.
[000324] Step 2: Preparation of 4-(3-iod0imidazo[l,2—b]pyridazin—6-yl)benzamide: To a
solution of 4-(imidazo[1,2-b]pyridazin-6-yl)benzamide (1.6 g, 6.72 mmol) in DMF (20 mL)
was added NIS (1 82 g; 8.06 mmol) at room temperature and stirred at 90 °C for 4 h. The
reaction mixture was subjected to an aqueous work-up and dried to afford 4-(3-
iodoimidazo[1,2-b]pyridazin-6-yl)benzamide (1.6 g, 65.5%as a green solid. ~

[000325] Step 3: Preparation of 4-(3-((trimethylsilyl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
yDbenzamide: A mixture of 4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzamide (1.6 g, 4.39
mmol), ethynyltrimethylsilane (0.74 AmL, 5.27 mmol), Cul (125.6 mg, 0.66 mmol), and
diisopropylethylamine (1.13 mL, 6.58 mmol) in DMF (20 mL) was stirred under argon for
20 min. Pd(PPhs)s (253 mg, 0.22 mmol) was added and the reaction mixture was héated at
90 °C for 3 h. Water (2 x 100 mL) was added to the reaction mixture and the precipitate
was isolated by filtration and purified by column chromatbgraphy (silica gel, eluént
CHCIl3/MeOH 97:3) to afford 4-(3-((trimethylsilyl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)benzamide (800 mg, 54.8%, LC-MS 94.7%) as a light green solid. "H NMR (400 MHz,
DMSO-dg) 6 (ppm): 8.33 (d, 'J= 9.7 Hz, 1 H), 8.22-8.01 (m, 7 H), 7.50 (bs, 1H), 0.32 (s, 9
H); MS (ESI) m/z 335 [C15H1sNOSi+H]". o |
[000326] Step 4: Preparation of 4-'(3-ethyny1imidazo[1,2-b]pyr_idé.zin—64y1)benzamide: To -
a solution of 4-(3-((trimethylsilyl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)benzamide (500
mg, 1.5 mmol) in a mixture of THF, EtOH and H,0 (1:1:1, 15 mL) was added LidH-HZO
(126 mg, 3 mmol) and the reaction mixture was stirred at room temperature for 2 h. The
solvents were evaporated under reduced pressure and the residue was diluted with EtOAc
and washed in turn with water and brine solution. The organic layer was dried over
anhydrous Na28_04. and concentréted under reduced pressure. The crude product was
washed with diethyl ether and n-pentane to afford 4-(3-ethynylimidazo[1,2-b]pyridazin-6-
yl)benzamide (305 mg, 77.8%, LC-MS 96.6%) as a green solid. 'H NMR (400 MHz,
DMSO de) 8 (ppm): 8.33 (d, J= 9.7 Hz, 1 H), 8.20-7.90 (m, 7 H), 7.52 (bs, 1H), 5.02 (s,
1H); MS (ESI) m/z 261 [C1sH1oN4O+H]". -

[000327] Step 5: Preparation of fert-butyl 4-((6-(4-carbamoylphenyl)iinidazo[1,2- _ ‘

_ b]pyridazin-3-yl)ethynyl)pyridin-2-ylcarbamate: A mixture of 4-(3-ethynylimidazo[1,2-
blpyridazin-6-yl)benzamide (300 mg, 1.14 mmol), tert-butyl 4-bromopyridin-2-
ylcarbamate (374 mg, 1.37 mmol), Cul (32.37 mg, 0.17 mmol), and DIPEA ( 0.3 mL, 1.72
mmol) in DMF (10 mL) was sti_rred under argon for 20 min. Pd(PPhs)4 (69.3 mg, 0.06
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mmol) was added and the reabtion mixture was heated at 90 °C for 3 h. Water (2 x 100 mL)
was added and the solid that has precipitated was isolated by filtration to give the reaction
crudé product which was purified by column éhromatography (silica gel, eluent CHCl5/
MeOH 97:3) to affofd tert-butyl 4-((6-(4-carbamoylphenyl)imidazo[1,2-b]pyridazin-3-
yl)ethynyl)pyridin-Z-ylcarbamate mixed with its diboc analog (260 mg, mixture of mono.
and diboc compounds) as a light green solid.

[000328] Step 6: Preparation of 4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-
blpyridazin-6-yl)benzamide: To a solution of fert-butyl 4-((6-(4-
carbamoylphenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-ylcarbamate (260 mg,
0.57 mmol) in DCM (10 mL) was added TFA (2 mL) at 0°C and stirred at room
temperature for 3 h. The reaction mixture was diluted with water and basified with
NaHCO;, extracted with CHCls, and washed with brine solution. The organic layef was
dried over. anhydrous Na,SO4 and concentrated under reduced. The crude product was
purified by flash column chromatography (silica gel, eluent CHCly/MeOH 96:4)-to afford
4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)benzamide (120 mg,
59.4%, LC-MS 95.3%) as a pale yellow solid. 'H NMR (400 MHz, DMSO d¢) 6 (ppm):
8.37 (d, J=9.6 Hz, 1H), 8.26-8.22 (m, 3 H), 8.12-8.04 (m, 4 H), 7.99 (d, J= 5.2 Hz, 1 H),
7.51 (bé, 1H), 6.66-6.63 (m, 2H), 6.17 (s, 2 H); MS (ESI) m/z 355.12 [C20H14NgO+H]".

Example 75: 4-(4-(3-((1H-pyrrolo[2,3-b] pyridin#—yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-
vl)benzyl)morpholine
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[000329] Step 1: Preparation of 6-ch10r0—3-((trimethylsilyl)ethynyl)imidazo[1,2-
b]pyridazine: to a solution of 6-chloro-3-iodoimidazo[1,2-b]pyridazine (200 mg, 0.716
mmol), and THF (2 mL) was added PdCl,(PPhs), (25 mg, 0.035 mmol), Cul (13.6 mg,
0.071 inm'ol), Et;N (1 mL) and TMS acetyiene (102 pL, 0.716 mmol) and then the reaction -
_ mixture was stirred at room temperature for 12 h. The reaction mixture was concentrated in
" - vacuo to dryness and then purified by flash coluﬁm chromato graphsl (silica gel, eluent
Hexanes /EtOAac 85:15) to afford 6-chloro-3-((trimethylsilyl)ethynyl)imidazo[1,2- -
blpyridazine (153 mg, 86%).
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[000330] Step 2: Preparation of 6-chloro-3-ethynylimidazo[1,2-b]pyridazine: to a solution
of 6-chloro-3-((trimethylsilyl)ethynyl)imidazo[1,2-b]pyridazine (170 mg, 0.682 mmol) in a
nﬁxtﬁre of THF and MeOH (1:1, 3 mL) was added K2CO; (113 mg, 0.819 mmol) and the
mixture stirred at room temperature for 30 min. Theb reaction mixture was concentrated in
vacuo to bdryness and the residue was suspended in a mixture ethyl acetate (6 mL) and
saturated aqueous ammonium chloride (3 mL). The aqueous layer extracted with ethyl
acetate (2x8 mL) and the combined extracts were dried over Na,SO4 and concéntrated
under reduced pressure. The residue was purified by flash column chromatography (silica
gel, eluent hexanes/EtOAc 85:15) to afford 6-chloro-3-ethynylimidazo[1,2-b]pyridazine (68
mg, 56.3%). | | |
[000331] Step 3: Preparation of 4-(4-(3-ethynylimidazo[1,2-b]pyridazin-6-
yl)benzyl)morpholine: to a solution of 6-chloro-3-ethynylimidazo[1, 2-b]pyrida'zine-(130
mg, 0.734.mmol) in a mixture of 1 4 dioxane and H,O (2:1, 6 mL) was added (4-
(morphohnomethyl)phenyl)boromc acid (238 mg, 0.881 mmol), sodium carbonate (389 mg,
3.67 mmol) and tetrakis-(triphenylphosphine)palladium (84.8 mg, 0.073 mmol). The
resulting mixture was heated at 80 °C in a microwave apparatus for 5 h. The reaction
mixture was extracted with EtOAc (3x10 mL). The organic layers were combined, dried
over Na,SOy and concentrated under reduced pressure. The résulting residue was purified
by flash column chromatography (silica gel, eluent hexanes/EtOAc 20'80) to afford 4-(4-
(3-ethynylimidazo[1,2-b]pyridazin-6- yl)benzyl)morpholme (87 mg, 37.3%); MS (ESI) m/z
319 [C19H13N4O+ H]".

| [000332] Step 4: Preparation of 4-(4-(3-((1H-pyrrolo[2,3-b]pyridin-4-
yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)benzyl)morpholine: to a solution of 4-(4-(3-
ethynylimidazo[ 1,2-b]pyridazin-6-yl)benzyl)morpholine (20 mg, 0.062 mmol) and DMF (1
mL) was added 4-bromo-1H-pyrrolo[2,3-b]pyridine (18.5 mg, 0.094 mmol), PACly(PPhs),
(2.8 mg, 0.004 mmbl), Cul (1.2 mg, 0.006 mmol), PPhs (5.76 mg, 0.022 mmol) and DIPEA
(1 mL). The resulting mixture was stirred at 90 °C for 12 h. U'poh cooling to room
temperature, DMF was then removed in vacuo and the resulting residue was purified by
flash column chromatography (eluént CH,Cl,/CH;0H 95:5) to afford 4-(4-(3-((1H-
pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)benzyl)morpholine (3.0

- mg, 11.1%,‘AUC HPLC 94%) as a light yellow solid; 'H NMR (600 MHz, DMSO-d;) 6

| (ppm): 8.34 (s, 1H), 8.21 (d, J= 9.6 Hz, 1H), 8.03 (d, J=7.9 Hz, 3H), 7.83-7.76 (m, 3H),

7.50 (d, J="7.9 Hz, 3H),.3.59 (t, /=4.8 Hz, 4H), 3.55 (s, 2H), 2.41 - 2.36 (m, 4H); MS

(ESI) m/z 435 [CosHpNsO+H]". -

150



WO 2015/050505 » PCT/SG2014/000468

Exanip'le- 76: (4—(3-((Z-aminopyridin-4—yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)phenyl)(4-
| methylpiperazin-]-yl)methanone

[000333] To a solution of (4-(3-ethynylimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
methylpipéraziﬂ-1—y1)methanone (160 mg, 0.46 mmol) in acetonitrile (6 mL) under inert
atmosphere was added 4-iodopyridin-2-amine (132 mg, 0.60 mmol), Pd(PPh3)4 (26.6 mg,
0.02 mmol), Cul (8.8 mg, 0.05 mmol) and 3 mL of DIPEA. The reaction mixture was
heated at 70 °C for 2.5 h, was diluted with water (10 mL) and extracted with
dichloromethane (25 mL x 3). The combined organic 1aye;s were dried over sodium
sulfate, filtered and concentrated under reduced préssure. The residue was purified by flash
column chromatography (silica gel, eluent DCM/Methanol 94:6) and washed with saturated
NaHCO; solution (5 mL x 2). The organic phasé ‘was dried over Na,SQO,, filtered aﬁd
concentrated under reduced pressure and high vacuum to afford (4-(3-((2-aminopyridin-4-
yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl) (4-methy1piperazin—1 -yl)methanone (91.2
mg, 45%, AUC HPLC 99.08 %) as yellow solid mp 120-122 °C. 1H‘NMR (400 MHz,
CDCl3) 6 (ppm): 8.20-8.00 (m, 5H), 7.70-7.50 (m, 3H), 6.85 (d, J = 4.8 Hz, 1H), 6.71 (s,
1H), 4.52 (bs, 2H), 3.84 (bs, 2H), 3.49 (bs, 2H), 2.60-2.30 (m, 4H), 2.21 (s, 3H); *C NMR
(400 MHz, CDCI3) 0 (ppm): 169.49, 158.41, 151.76, 148.31, 139.52, 139.20, 137.61,
136.40, 132.03, 127.88, 127.38, 126.12, 117.08, 115.73, 113.03, 110.05, 97.00, 79.26,
46.02; MS (ESI) m/z 438.20 .[C2'5H23N7O +H]".

.. Example 77: 4-(4—(3-((2—aminopyridin-4—yl)ethynyl)im'idazo[ 1,2-b]pyridazin-6-yl)benzoyl)-

1-methylpiperazin-2-one,
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[000334] The title compound was synthesiz'ed'in-a similar fashion as described for
Example 76 starting from 4-(4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzoyl)-1-
methylpiperazin-2-one (130 mg, 0.28 mmol) and 4-ethynylpyridin-2-amine hydrochloride
(56.29 mg, 0.36 mmol). The reaction crude product was purified by flash column
chromatography (silica gel, eluent DCM/Methanol 94:6) and washed with NaHCO; (5 mL
x 3). The organic phase was dried over Na,SOy, filtered and concentrated under reduced
pressure to afford 4-(4-(3-((2-aminopyridiﬁ~4-yl)ethynyl)imidazo[1,2-b]pyridazin—6_-
yl)benzoyl)-l-methylpiperazin-Z—one (96 mg, 0.21 mmol, 76%, AUC HPLC 96.48 %) as
yellow solid mp: 193.6-194.6 °C. "H NMR (400 MHz, DMSO) & (ppm): 8.38 (d,J = 9.5
Hz, 1H), 8.27 (s, 1H), 8.23 (d, J = 8.0 Hz, 2H), 8.03 (d, /= 9.5 ‘Hz, 1H), 7.99 (d,J = 5.1
Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 6.75-6.55 (m, 2H), 6.17 (s, 2H), 4.30-3.50 (m, 4H), 3.45-
3.30 (m, 2H), 2.88 (s, 3H); °C NMR (400 MHz, DMSO) § (ppm): 168.74, 164.74, 159.96,
151.49, 148.61, 142.99, 139.46, 139.24, 130.14, 128.03, 127.29, 126.58, 118.17, 112.91,
111.81, 109.05, 97.11, 78.74, 33.71; MS (ESI) m/z 452.10[CasHarN7O, + HJ'. |

Example 78: (4-(3-((6-aminopyridin-3-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl
)phenyl)(morpholino)methanone,

, NH,
[000335] | Step 1: Preparation of tert-butyl 5-((6-(4-(morpholine-4-
: carbonyl)phenyl)imidazo[1,2—b]pyridazin-3—yl)ethynyl)pyridin—2—ylcarbamate: Toa
" solution of (4-(3-iodoimidazo[1,2-b]py1‘idazin—6-yl)phenyl)(morpholino)methanone (500
mg, 1.15 mmol) and diisopropylethylamine (0.4 mL, 2.30 mmol) in acetonitrile (10 fnL)
were successively added Pd(PPhs), (66 mg, 0.057 mmol), PPh, (15 mg, 0.057 mmol), Cul
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(32.8 mg, 0.172 mmol) and fert-butyl 5-ethynylpyridin-2-ylcarbamate (274 mg, 1.26
mmol). The reaction mixture was heated at 80 °C for 10 h under argon and was
concéntfated under reduced pressure. The resi>due was purified by column chromatography
(silica gel, eluent methanol/dichloromethane 3:97) to afford fert-butyl 5-((6-(4-
(morpholinc-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-

- ylcarbamate (300 mg, 40%, LC-MS 86%) as a yellow solid. 'H NMR (400 MHz, (DMSO-
de) 6 (ppm): 10.15 (s, 1H), 8.54 (d, J=1.2 Hz, 1H), 8.35 (d, /= 9.2 Hz, 1H), 8:21-8.14 (m,
2H), 8.01-7.99 (m, 2H), 7.92 (d, J = 8.8 Hz, 1H), 7.81-7.75 (m, 1H), 7.64 (d, /= 8.4 Hz,
2H), 3.65-3.41 (m, 8H), 1.49 (s, 9H); MS (ESI) m/z: 525.25 [C29H28N604+H]+..

[000336] Step 2: Preparation of (4—(3-((6-aminopyridin—3-yl)ethynyl)imidazo[1,2'-7
b]pyridazin-6-yl )phenyl)(morphdlino)methanone: A solution of tert-butyl 5-((6-(4-
(morpholine-4-carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)pyridin-2- -
ylearbamate (300 mg, 0.49 mmol) and trifluoroacetic acid (3 mL) in dichloromethane (10
mL) was stitred at room temperature for 3 h and was conéen_trated under reduced pressure.
The residue was basified with an aqueous solution of saturatedNaHCO; solution, extracted
with 5% methanol in dichloromethane. The organic layer was washed with water and
brine, dried over NaSQOy, filtered aﬁd concentrated under reduced pressure. The residue
was purified by preparative HPLC to afford (4-(3-((6-aminbpyﬁdin-3- ,
yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl )phenyl)(morpholino)methénone (120 mg, 71%,
AUC HPLC 98%) as a yellow solid. 'H NMR (400 MHz, (DMSO-de) & (ppm): 8.33 (d, J =
9.6 Hz, 1H), 8.21-8.18 (m, 3H), 8.13 (s, 1H), 7.97 (d, /= 9.2 Hz, 1H), 7.63-7.58 (m, 3H),
6.53;6.49 (m, 3H), 3.66-3.62 (m, 8H); MS (ESI) m/z: 425.24 [Ca4HoNsO,+H]".

Example 79: (4-(3-((3-amino-4-fluorophenyl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone, ' "

N
o s
0 o
- NH, ’
| l s
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[000337] To a solution of 2;ﬂuoro-5-iodoaniline (342 mg, l>.44 mmol) and
diisopropylethylamine (0.43 mL, 2.4 mmol) in acetonitrile (10 mL) under argon were _
succeésiVely added Pd(PPhs)4 (69 mg, 0.0602 fnmol), PPh; (15.7 mg, 0.0602 mmol), Cul -
(34.3 mg, 0.18 mmol) and (4-(3-ethynylimidazo[1,2-b]pyridazin-6-
yl)phenyl)(morphoiino)methanone (400 mg, 1.20 mmol), the reaction mixture was heated at
80 °C for 4 h The reaction mixture was concentrated under reduced pressure. The residue
was purified by column chroinatography (silica gel, eluent dichloromethane/methanol 3:97)

- and by preparative HPLC to afford (4-(3-((3-amino-4-fluorophenyl)ethynyl)imidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino)methanone (150 mg, 28.2%, AUC HPLC 99%) as a
pale yellow solid. 'H NMR (400 MHz, (DMSO-dg) 6 (ppm): 8.33 (d, /= 9.2 Hz, 1H), 8.21
(d, /= 8.4 Hz, 2H), 8.13 (s, 1H), 7.96 (d, /= 9.6 Hz, lH), 7.63 (d, J="1.6 Hz, 2H), 7.26 (dd,
J=12.0,2.0 Hz, 1H), 7.17 (dd, J = 8.4, 2.0 Hz, 1H), 6.82-6.78 (m, 1H), 5.76 (bs, 2.H),
3.66-3.37 (m, 8H); MS (ESI) m/z: 442.26 [Ca5H20FN50,+H] ™.

Example 80: (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-6-yl)-2-

fluorophenyl)(morpholino)methanone formate salt

AN =N
E. \N’N Y
*HCOCH
0. \\

N

/) C o

o} R '

[000338] The title compound was synthesized in a similar fashion as described for
Example 76 starting from (2-fluoro-4-(3-iodoimidazol[1,2-b]pyridazin-6- |
yl)phenyl)(morpholino)methanone (100 mg, 0.221 mmol) and 4-ethynylpyridin-2-amine
hjdrochloride (41 mg, 0.265 mm.ol). The solvents were then removed in vacuo and the
resulting residue was purified by flash column chromatography (silica gel, eluent
CH,Cl,/CH30H 90:10) and by preparatory HPLC to afford (4-(3-((2-aminopyridin-4-
yDethynyl)imidazo[1,2-b]pyridazin-6-yl)-2-fluorophenyl)(morpholino)methanone fdrmate
salt (38.8 ing, 36%, AUC HPLC 99.8%) aé a light green solid; "H NMR (600 MHz, _

_ DMSO—d6) 6 8.40 (d, J=9.5 Hz, 1H), 8.30 (s, iH), 8.13 (s, 1H), 8.10 — 8.04 (m, 3H), 8.00

" (d,J=5.3 Hz, 1H), 7.66 (t,J = 7.5 Hz, 1H), 6.72 —~ 6.65 (m, 2H), 6.35 (s, 2H), 3.68 (m,

4H), 3.56 (t, J = 4.7 Hz, 2H); °C NMR (150 MHz, DMSO-ds) §163.4, 163.0, 159.4, 158.7,
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157.1, 150.4, 139.8, 137.8, 130.5, 129.8,126.6,125.3,123.5, 118.1, 114.4, 112.8, 111.7,
109.4, 96.9, 79.1, 66.0, 47.0, 41.9; MS (ESI) m/z 443 [Ca4H oFNsOx+ H]"

Example 81: (4-(3-( (2-aminopyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)-2-
methylphenyl)(morpholino)methanone formate salt,

AN
N Y,
NN HCOOH
0. \\
7
=N

N

()

o NH,

[000339] The title compound was synthesized in a similar fashion as described for
Example 76 starting from (4-(3-iodoimidazof 1,2-b]pyridazin-6-yl)-2-
methylphenyl)(morpholino)methanone (100 mg, 0.223 mmol) and 4-ethynylpyridin-2-
“amine h}}drochloride. The reaction cude product was purified by flash column
chromatog—raphy (eluent EtOAc/CH;0H 85:15) and by preparative HPLC to afford (4-(3-
((2-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)-2-
methylphenyl)(morpholino)methanone formate salt (62.9 mg, 58%, AUC HPLC 96.2%) as
a light yellow solid; "H NMR (600 MHz, DMSO-dg) § 8.37 (d, J = 9.6 Hz, 1H), 8.28 (s,
1H), 8.13 (s, 1H), 8.05 (d, J= 1.7 Hz, 1H), 8.03-7.98 (m, 3H), 7.42 (d, J =19 Hz, 1H),
6.74-6.69 (m, 2H), 6.53 (s, 1H), 3.68 (m, 4H), 3.52 (m, 2H), 3.19 (m, 2H), 2.36 (s, 3H); 1*C
NMR (150 MHz, DMSO-d;) 8 168.0, 163.0, 158.7, 151.7, 146.3, 139.6, 137.9, 134.9,
131.2,128.9, 126.7, 126.5, 124.6, 118.3, 112.8, 111.5, 109.8, 96.7, 66.2, 46.7, 41 .4, 18.8;
MS (ESI) m/z 439 [CosHxNgO+H]"

Example 82: (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-b] pyridazin-6-yl)-2-
chlorophenyl)(morpholino)methanone ‘

NN,
cl SN Y
o ' \\

N

[j : /\\NHZ

(0] N

[000340] The title compound was synthesized in a similar fashion as described for

Example 76 starting from (2-chloro-4-(3-iodoimidazo[ 1,2-b]pyridazin-6-
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yl)phenyl)(morpholino)methdnone and 4-ethynylpyridin-2-amine (98.97 mg, 0.64 mmol).
The reaction crude product was purified by ﬂash column chromatography (silica gel,
DCM/Methanol 94:6) to afford (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[ 1, 2-
b]pyridazin-6-yl)-2-chlorophenyl)(morpholino)methanone (53.69 mg, 0.12 mmol, 27.4 %,
AUC HPLC 99.36 %) as yellow solid, mp 193.7-194.8 °C. "H NMR (400 MHz, CDCl;) 6
(ppm): 8.25-8.05 (m, 4H), 8.00 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.50 (d, J =
7.6 Hz, 1H), 6.87 (s, 1H), 6.76 (s, 1H), 4.70 (bs, 2H), 4.00-3.88 (m, 1H), 3.87-3.78 (m, 3H),
3.77-3.58 (m, 2H), 3.45-3.20 (m, 2H); ?C NMR (400 MHz, CDCl5) 166.26, 158.08,
150.50, 147.50, 139.94, 138.94, 137.52, 137.00, 132.38, 131.42, 128.67, 128.41, 126 .45,
126.03, 116.73, 115.65, 113.09, 110.32, 97.17, 80.00, 66.80, 66.72, 47.19, 42.17, MS (ESI)
m/z 459.10 [C24H;9CINGO, + H]".

Example 83: (4—(3-((Z-aminopyridin-4—yl)ethynyl)imidazo[ 1,2-b]pyridazin-6-yl)-2-
(trifluoromethyl)phenyl)(morpholino)methanone

AN
FiC SN 4
(O

0 N NH:
[000341] The title compound was synthesized in a similar fashion as described for
Example 76 starting from (4-(3-iodoimidazo[1,2-b] pyridazin-6-yl)-2-
(triﬂitoromethyl)phenyl)(morpholiho)methanoné (130 mg, 0.26 mmol) and 4-
ethynylpyridin-2-amine (60 mg, 0.39 mmol), Pd(PPhs)4 (14.96 mg, 0.013 mmol). The
reaction crude product was purified by flash column chromatdgraphy (silica gel, eluent
DCM/methanol 96:4) to afford (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-
b]pyridazin—6-ylj—2-(triﬂuoromethyl)phenyl)(morpholino)methanone (41.99 mg, 0.085
mmol, 32.9 %, AUC HPLC 97.91 %) as yellow solid mp: 258.5-258.9 °C. "H NMR (400
MHz,i CDCls) 6 (ppm): 8.47 (s, 1H), 8.28 (d, J = 7.2 Hz, 1H), 8.20-8.15 (m, 3H), 7.63 (d, J
=9.2 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 6.85 (d, J= 4.8 Hz, 1H), 6.72 (s, 1H), 4.71 (s, 2H),
4.00-3.87 (m, 1H), 3.86-3.74 (m, 3H), 3.67-3.56 (m, 2H); 3.30-3.20 (m, 2H); BC NMR

- (400 MHz, CDCl3) 6 (ppm): 166.69, 154.42, 144.96, 144.05, 137.87, 136.53, 136.35,
E 132.67, 1.30.94, 128.42,127.93, 126.32, 125.66, 125.61, 119.16, 109.62, 109.55, 105.63,
66.61, 66.27, 47.53, 42.22; MS (ESI) m/z 493.10 [C,sH oF3N4O, + H]'. |
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Example 84: N-(4-((t 6—(4—(4-methyl—3 -oxopiperazine-1-carbonyl)phenyl)imidazo[ 1, 2-
b]pyridazin-3-yl)ethynyl)pyridin-2-yl)acetamide, '

NN
/
\N,N
0. \\
N Q
1) AW
o] 'il =N ”

[000342] The title compound was synthesized in a similar fashion as described for
Example 76 starting from 4-(4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzoyl)-1- |
methylpiperazin-2-one (110 mg, 0.24 mmol) and N-(4-ethynylpyridin-2-yl)acetamide
(49.50 mg, 0.31 mmol). The reaction crude product was purified by flash column
chromatography (silica gel, eluent DCM/Methanol 95:5) to give N-(4-((6-(4-(4-methyl-3-
oxopiperazine-1-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl) ethynyl)pyridin-Z-
yl)acetamide (56.64 mg, 0.11 mmol, 48%, AUC HPLC 98.85 %) as yellow solid mp:
258.2-259.5 °C. "H NMR (400 MHz, DMSO) § (ppm): 10.69 (s, 1H), 8.42-8.37 (m, 2H),
8.40-8.30 (m, 2H), 8.27 (d,J = 8.3 Hz, 2H), 8.07 (d, J = 9.5 Hz, 1H), 7.70 (d, J = 8.3 Hz,
2H), 7.30 (dd, J = 5.0, 1.3 Hz, 1H), 4.30-3.50 (m, 4H), 3.40 (bs, 2H), 2.88 (s, 3H), 2.14 (s,
3H); *C NMR (400 MHz, DMSO) § (ppm): 170.25, 168.69, 152.88, 151.89, 149.16,
140.19, 137.26, 136.32, 131.73, 128.49, 127.66, 127.03, 120.50, 118.73, 114.63, 111.97,
97.20, 81.11, 55.33, 34.11, 24.45; MS (ESI) m/z 494.20 [Ca7Ha3N,05+ H]*

Example 85: 4-(4-(3-((1H-pyrrolo[2,3-b] pyridin-4-yl)ethynyl)imidazo[ 1,2-b] pyridazin-6-
yl)benzoyl)-1-methylpiperazin-2-one,

AN =N
i \N’N Y,
\
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N

[000343] The title compound was synthesized in a similar fashion as described for
Example 76 starting from 4-(4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)benzoyl)-1-
methylpiperazin-2-one (101 mg, 0.22 mmol) and 4-ethynyl-1H-pyrrolo[2,3-b]pyridine

_ (40.5 mg, 0.29 mmol). The reaction crude product Was purified by flash column
chromatography (silica gel, eluent DCM/Methanol 92:8) to give4-(4-(3-((1LH-pyrrolo[2,3-
blpyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-yl)benzoyl)-1-methylpiperazin-2-one
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(72.6 mg, 0.15 inmol, 69 %, AUC HPLC 99.85 %) as yellow solid mp: 207.2-208.2 °C. 'H
NMR (400 MHz, CDCls) ¢ (ppm): 9.03 (s, 1H), 8.34 (d, J = 5.0 Hz, 1H), 8.20-8.15 (m,
3H), 8.12 (d,J =9.4 Hz, 1H), 7.68-7.60 (m, 3H), 7.45-7.40 (m, 1H), 7.31 (d, J = 5.0 Hz,
1H), 6.86 (s, 1H), 4.45-3.60 (m, 4H), 3.46 (bs, 2H), 3.04 (s, 3H); *C NMR (400 MHz,
DMSO) é (ppm): 168.74, 164.74, 152.02, 148.84, 142.99, 139.80, 139.74, 137.32, 136.52,
128.39, 128.07, 127.70, 127.02, 121.04, 120.41, 118.62, 117.10, 112.52, 99.51, 96.48,
82.66, 34.11; MS (ESI) m/z 476.10 [Cy7H21N;O, + HT".

Example 86: 4-(4-(3-(1 (]H—pyrrolo[Z,..?—b] pyridin-4-yl)ethynyl)imidazo[1,2-b]pyridazin-6-
yl)benzoyl)-1-methylpiperazin-2-one

(o]

N .

/

\ .
HNJ\I

[000344] A mixture of (4-(3 —iodoimidazb[l,2—b]pyridazin—6-yl)phenyl)(4-
methylpiperazin-1-yl)methanone (500 mg 1.118 mmol in DMF (10 mL), 5-ethynyl-1H-
benzo[d]imidazole (190 mg, 1.342 mmol), Cul (32 mg, 0.167 mmoi), DIPEA (0.422 mL,
2.36 mmol) and Pd(PPhs)4 (64 mg, 0.0520 mmol) in DMF was heated at 80 °C for 4 h
under argon. The reaction mixture was diluted with water (25 mL), extracted with'ethyl
acetéte (50 mL), and washed with brine solution. The organic layer was dried over
anhydrous Na;SOy4 and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica gel, eluent CHCl3;/CH30H 90:10) to give (4-(3-
((1H-benzo [d]imidazol-S-yl) ethynyl)imidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
methylpiperazin—l;yl)methanone (160 mg, 29%, HPLC 95%) as a yellow solid. 'H NMR
(400 MHz, DMSO dg) ppm & 12.70 (s, 1H), 8.38 (s, 2H), 8.23-8.21 (m, 3H), 7.96 (s, 1H),
7.89 (s, 1H), 7.66 (s, 1H), 7.60 (s, 1H), 7.47 (s, 1H), 3.64 (s, 2H) 3.39-3.32 (m, 3H), 2.36-
2.29 (m, 4H), 2.19 (m, 3H); MS (ESI) m/z 462.5 [Co7HpsN;,0+H] .

' Example 87: N-(4-((6-(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-b] pyridazin-
3-yDethynyl)pyridin-2-yl)acetamide
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[000345] To a solution of (4-(3-iodoimidazo[1,2-b]pyridazin-6-yl)phenyl)(4-
methylpiperazin-1-yl)methanone (200 mg, 0.45 mmol) in acetonitrile (6 mL) under inert
atmosphere was added N-(4-ethynylpyridin-2-yl)acetamide (94.5 mg, 0.59 mmol), -
Pd(PPhs)4 (26.6 mg, 0.02 mmol), Cul (8.6 mg, 0.05 mmol) and 3 mL of DIPEA. The
reaction mixture was heated at 70 °C for 2.5 h, was diluted with water (10 mL) and-
extracted with dichloromethane‘(ZO_ mL x 3). The combined organic layers were dried over
sodium shifat_e filtered and concentrated under reduced pressure. The residue was purified
byvﬂash column chromato graphy (silica gel, eluent, DCM/Methanol 94:6) to give N-(4-((6-
(4-(4-methylpiperazine-1-carbonyl)phenyl)imidazo[1,2-b]pyridazin-3-yl)ethynyl)pyridin-2-
ylacetamide (122 mg, 0.25 mmol, 57 %, AUC HPLC .99.49 %) as yellow solid mp: 216.8-
217.9 °C. 'H NMR (400 MHz, CDCls) 6 (ppm): 8.44 (s, 1H), 8.28 (d, J = 5.0 Hz; 1H),
8.15-8.05 (m, 4H), 7.96 (s, 1H), 7.64-7.60 (m, 3H), 7.22 (dd, J = 5.1, 1.3 Hz, 1H), 3.85 (bs,
2H), 3.52 (bs, 2H), 2.60-2.30 (m, 7H), 2.25 (s, 3H); '*C NMR (400 MHz, CDCl;) 6 (ppm):
169.56, 168.79, 151.81, 151.61, 147.78, 139.80, 139.36, 137.58, 136.29, 133.02, 127.96,
127.39, 126.15, 121.26, 117.22, 115.44, 112.88, 96.87, 80.84, 46.01, 24.76; MS (ESI) m/z
480.2 [Co7HsN70,+ H]' .
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Example 88: (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-a] pyrazin-6-
yl)phenyl)(morpholino)methanone,

[000346] To a solution of (4-(3-iodoimidazo[1,2-a]pyrazin-6-
yl)phenyl)(morpholzno)methanone (180 mg, 0.41 mmol) in acetonitrile (3 mL) was added
4-ethynylpyridin-2-amine (95.9 mg, 0.62 mmol), Pd(PPh;)4 (24.3 mg, 0.021 mmol), Cul
(7.8 mg, 0.041 mmol) and DIPEA (1.5 mL). The reaction mixture was heated at 85 °C for
1.5 h under nitro gen. The resulting mixture was diluted with dichloromethane (50 th),
filtered through celite and concentrated under reduced pressure. The residue was purified
by flash column chromatography (silica gel, 100% DCM to DCM/Methanol 96:4). The
fractiohsl containing the products were concentrated under reduced pressure. rTh-e residue
was diluted with DCM (50 mL) and washed with saturated sodium bicarbonate solution (2
x 5mL). The combined organic layer was dried over sodium sulfate, filtered and
concentrated under reduced pressure to afford (4-(3-((2-aminopyridin-4-
yl)ethynyl)imidazo[1,2-a]pyrazin-6-yl)phenyl)(morpholino)methanone (93 mg, 0.22 mmol,

' 53.4 %, AUC HPLC 99.46 %) as light yellow solid mp: 143.5-144.2 °C. TH NMR (400
MHz, CDCl;) 6 (ppm): 9.22 (d,J = 1.2 Hz, 1H), 8.58 (d, /=12 Hz, 1H), 8.14(d,J=4.8
Hz, 1H), 8.10-8.05 (m, 3H), 7.57 (d, J = 8.4 Hz, 2H), 6.83 (dd, J = 5.2; 1.2 Hz, 1H), 6.69 |
(s, IH), 4.61 (s, 2H), 4.00-3.40 (m, 8H); MS (ESI) m/z 425.10 [CosHNgO, + H]".

Example 89: (4-methylpiperazin-1-yl)(4-(3-(phenylethynyl)imidazo[1,2-a] pyrazin-6-
yl)pheny'l)methqnoné

N'/mr/N

\ﬁ/\ \'(@)%N 7
N \
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[000347] To a solution of (4-(3-iodoimidazo[1,2-a]pyrazin-6-yl)phenyl)(4-
rhethylpiperazin—l-yl)methanone (100 mg, 0.223 mmol), PdCl, (PPhs),,(8 mg, 0.011
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mmol), and Cul (4.2 mg, 0.022 mmol) in THF (1 mL) was added phenyl acetylene (25 pL,
0.223 mmol) and triethylamine (1 mL). The reaction mixture was stirred at room
temperature for 12 h and was concentrated under reduced pressure. The residue was
purified by flash chromatography to afford (4-methylpiperazin-1-yl)(4-(3-
(phenylethynyl)imidazo[1,2-a]pyrazin—6-y1)pheny1)methanone as a light yellow solid (51
mg, 56%, AUC HPLC 98.19%). 'H NMR (DMSO-d) & (ppm): 9.29 (s, 1H), 9.09 (s, 1H),
8.28-8.21 (m, 3H), 7.81-7.76 (m, 2H), 7.56-7.48 (m, 5SH), 3.71-3.32 (m, 4H), 2.41-2.22 (m,
4H), 2.20 (s, 3H). *C NMR (DMSO-dy) & (ppm): 168.5, 142.5, 140.1, 139.8, 138.7, 136.8,
136.1, 131.4,129.4, 128.7, 127.4, 126.3, 121.4, 115.5, 110.0, 100.2, 75.3, 54.2, and 45.5.
MS (ESI): m/z 422 [CysH,3Ns0 + HJ'. |

Example 90: (4-(3-((1H-pyrazolo[3,4-b] pyridin-4-yl)ethynyl)imidazo[1,2-a] pyrazin-6-
yl)pheﬁyl)(morpholino)methanone_

[000348] To a solution of (4-(3-iodoimidazo[1,2-a]pyfazin—6-
yDphenyl)(morpholino)methanone (180 mg, 0.41 mmol) in acetonitrile (3 mL) was added
4-ethynyl-1H-pyrazolo[3,4-b]pyridine (88.04 mg, 0.62 mmol), Pd(PPhs), (24.3 mg, 0.021
mmol), Cul (7.8 mg, 0.041 mmol) and DIPEA (1.5 mL). The reaction mixture was heated
at 80 °C overnight under nitrogen, was then diluted with dichloromethane (50 mL), filtered
through celite and concentrated under reduced pressure. The residue was purified by flash
ce_lumn chromato graphy (silica éel, eluent DCM/Methanol 96:4) to yield (4-3-((1H-
pyrazolo[3,4-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyrazin-6-
yl)phenyl)(morpholino)methanone (77 mg, 0.17 mmol, 41.8 %, AUC HPLC 98.87 %) as
yellow solid mp: 192.8-193.8 °C. 'H NMR (400 MHz, CDCIQ) o (ppm): 9.31 (d, J = 1.3 Hz,
1H), 8.70 '(d, J=1.3Hz, 1H), 8.67 (d, / = 4.7 Hz, 1H), 8.33 (s, 1H), 8.24 (s, 1H), 8.10. d,J
. =84 HZ, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.41 (d, J=4.7 Hz, 1H) 4.00-3.40 (m, 8H); MS
" (ESI) m/z 450.10 [C2sHoN7O, + HI. |
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Example 91: (4—(3-( (2—aminopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyrazin-6-yl)-2-
fluorophenyl)(morpholino)methanone |

g
0 \\

N .
B O

N
[000349] A round bottom flask was loaded with (2-fluoro-4-(3-iodoimidazo[1,2-a]
pyrazin-6-yl)phenyl)(morpholino)methanone (i 00 mg, 0.221 mmol), 4-ethynylpyridin-2-
amine (39 mg, 0.332 mmol), PACI,(PPh;), (20 mg, 0.0287 mmol) and Cul (4.2 mg,.0.0221
mmol) follcl)wedl by the addition of DMF (1.0 th) and DIPEA (1.0 mL). The mixture was
heated at 90°C for 2 h under afgon. The solvents were removed in vacuo and the crude
residue was purified by column chromatography (silica gel, eluent EtOAc/CH30H 95:5)
followed by preparative HPLC to afford (4-(3-((2-aminopyridin-4—yl)ethynyl)imidazo[1,2-
a]pyrazin—6—yl)-2-ﬂu0r6phenyl)(mo_rpholino)methanohe (42.9 mg, 44%, AUC HPLC:
99.0%) as a light brown solid. 'H NMR (600 MHz, DMSO-d¢) & (ppm): 9.33 (d,J=1.5
Hz, 1H), 9.22 (d, /= 1.5 Hz, 1H), 8.34 (s, 1H), 8.14 (s, 1H), 8.13-8.10 (m, IH), 8.01(d,J=
5.6 Hz, 1H), 7.58 (t, /= 7.7 Hz, 1H), 6.90 (dd, J=5.5, 1.4 Hz, 1H), 6.86 (s, 1H), 6.69 (bs,
2H), 3.68 (s, 4H), 3.56 (t, J= 4.7 Hz, 2H) 3.35-3.25 (m, 2H); MS (ESI) m/z 443
[C24H19FN6O, +H]" - | |

Example 92: (4-(3(4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-a] pyrazin-6-yl)-2-
Sfluorophenyl) (mbrpholinq)methahone
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[000350] The title compound was synthesized in a similar fashion as described for

Example 91 starting from (4-(3 -iodoimidazo[l,2-a]pyrazin—6-yl)-2-
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methylphenyl)(morpholino)rriethanone and 4-ethynylpyridin-2-amine (40 mg, 0.335 mmol).
The reaction crude product was purified by column chromatography (silica gel, eluent
EtOAc/CH3OH 95:5) to afford (4—(3-((2—aminépyridin-4-yl)et'hynyl)imidazo[1,2-a]pyrazin—
6-yl)-2-fluorophenyl)(morpholino)methanone (70.2 mg, 72%, AUC HPLC: 96.6%) as a
brown solid. "H NMR (600 MHz, DMSO-ds) 8 (ppm): 9.33 (d, J= 1.5 Hz, 1H), 9.14 (d, J =
1.5 Hz, 1H), 8.35 (s, 1H), 8.09 (d, /= 1.7 Hz, 1H), 8.06 — 8.01 (m, 2H), 7.35 (d,J=7.9 Hz,
1H), 7.20 (bs, 2H), 7.01 (dd, J= 5.9, 1.5 Hz, 1H), 6.99 (s, 1H), 3.68 (s, 4H), 3.56 —3.49 (m,
2H), 3.19 (s, 2H), 2.35 (s, 3H); MS (ESI) m/z 439 [Cy5HooNO; +HT

Example 93: (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-a] pyrazin-6-yl)-2- '
chlorophenyl)(morpholino)methanone

o Cl \._N ' T
O —~=
\N/ NH, ’

[000351] The title compound was synthesized in a similar faéhion as described for
Example 91 starting from (4-(3 -bromoimidazo[l,2—a]pyrazin-6-y1)—2-
chlorophenyl)(morpholino)methanone (55 mg, 0.13 mfnol) and 4-ethynylpyridin-2-amine
(40.2 mg, 0.26 mmol). The reaction crude prodlict was purified by flash column |
chromatography (silica gel, eluent DCM/Methanol 96:4) and was washed with NaHCO;3 (2
x 5 mL). The organic phase was dried over NaySOy, filtered and concentrated to-dryness
under reduced pressure to afford (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-
a]pyrazin—6-y1)-2-thoropheny1)(morpholino)methanone (11.6 mg, 0.025 mmol, 19.4 %,
AUC HPLC 95.42 %) as yellow solid mp: 119.8-121.1 °C. "TH NMR (400 MHz, CDCl3) ¢
(ppm): 9.15 (s, 1H), 8.49 (s, 1H), 8.07 (d, J = 4.6 Hz, 1H), 8.02 (s, 2H), 7.87 (d, J =1.7Hz,
1H), 7.38 (d, J = 7.7 Hz, 1H) 6.77 (d, J = 4.6 Hz, 1H), 6.63 (s, 1H), 4.52 (s, 2H), 3.90-3.80
(m, 1H), 3.79-3.70 (m, 3H), 3.69-3.50 (m, 2H), 3.35-3.15 (m, 2H), MS (ESI) m/z 459.10
[C24H19CINGO, + HT". 7
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Example 94: morpholino(4-(3-(pyridin-4-ylethynyl)imidazo[ 1,2-a]pyridin-6-
yl)phenyl)methanoﬁe
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[000352] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 4-iodopyridine in a similar method as described for
Example 1. The crude product was purified by flash column chromatography (silica gel,
eluent CHCI,/CH;OH 95:5) to afford morpholino(4-(3-(pyridin-4-ylethynyl)imidazo[1,2-
a]pyridin‘-6-y1)pheny1)methanone (40 mg, 32.5%, AUC HPLC 97.33%) as a pale yellow
solid. m.p: 165-166 °C; "H NMR (400 MHz, CDCls) 6 (ppm): 8.66 (s, 2H), 8.49 (s, 1H),
8.03 (s, 1H), 7.82 (d, /= 9.2 Hz, 1H), 7.73 (d, /= 7.9 Hz, 2H), 7.51 (d, J= 7.9 Hz, 3H),
7.42 (s, 2H), 3.74 (s; 8H); MS (ESI) m/z 409.06 [CasHy0N4O, + H]+

Example 95: (4-(3-((3-methylpyridin-4-yl)ethynyl)imidazo( 1,2-a] pyridin-6-
yl)phenyl)(morpholino)methanone

AN =N
xN-Z
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[000353] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 4-bromo-3-methylpyridine in a similar method as
de'scﬁbed'fbr Example 32. The crude product was purified by flash chromatography (silica
gel, eluent CH,Cly/CH30H 95:5) to afford (4-(3-((3-methylpyridin-4-
yl)ethynyl)imidazo[l,2-a]pyridih—6-yl)phenyl)(morpholino)methaﬁone (80 mg, 41.8%, LC-
MS 97%, AUC HPLC 98.23%) as an off-white solid; m.p: 99-104 °C; "H NMR (400 MHz, _
CDCl3) 6 (ppm): 8.55-8.53 (m, 3H), 8.02 (s, 1H), 7.82 (d,J= 5.7 Hz, 1H), 7.71 (d, J=92
: Hz, 2H), 7.52 (d, J= 7.9 Hz, 3H), 7.31 (d, /= 4.8 Hz, 1H), 3.73-3.71 (m, 8H), 2.54 (s, 3H);
MS (ESI) m/z 423.04 [CasHpN4Ox+H] " .
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Example 96: (4-(3-((Z-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
vl)phenyl)(morpholino)methanone

[000354] Step 1: Preparation of fert-butyl 4-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)ethynyl)pyridin-2-ylcarbamate: The title
compound was synthesized from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and fert-butyl 4-bromopyridin-2-ylcarbamate ina
similar method to that described for Example 32. The crude product was purified by flash
chromatography (silica gel, eluent CHCl3/CH3;0H 95:5) to afford tert-butyl 4-((6—(4-
(morpholine-4-carbonyl)phenyl)imidazo[ 1‘,2-a]pyridin—3 -yl)ethynyl)pyridin-2-ylcarbamate
(90 mg, 57%, LC-MS 61%) as a solid. |
Step 2: Preparation of (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone: The title compound was synthesized from fert-butyl 4-
((6—(4-(morpholine-4-carbonyl)phehyl)imidazo[1 ,2-a]pyridin-3-yl)ethynyl)pyridin-2-
ylcarbamate in a similar method as described in step 2 of Example 31 synthesis. The crude
product was purified by flash column chromato graphy (silica gel, eluent CH,Cl,/CH;0H
90:10) to afford (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-a]pyridin-6- -
yl)phenyl)(morpholino)methanone (50 mg, 51. 5%, AUC HPLC 97.57 %) as a solid. m. p
1133-138.°C; 'H NMR (400 MHz, CDCl;) 6 (ppm): 8.46 (s, 1H), 8.12 (d, /= 5.3 Hz, 1H),
- 8.02 (s, 1H) 7.79 (d, J=9.3 Hz, IH) 7.61(d,J= 79Hz 2H), 7.56—7.54 (m, 3H), 6.80 (s,
1H), 6.79 (s, 1H), 4.53 (s, 2H), 3.75-3.73 (m, 8H); MS (ESI) m/z 424.11 [CasHy N5O+H]"

Example 97: (4-(3-((1H-pyrazolo[3,4-b] pyridin-4-yl)ethynyl)imidazo[1,2-a] pyridin-6-
yl)phenyl)(morpholino)methanone
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[000355] Step 1: Prepafation of (4-(3-((1-(4-methoxybenzyl)-1 H-pyrazolo[3,4-b]pyridin-
4-yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)(morpholino)methanone: The title
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compound Was>p'repared from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 4-iodo-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-
b]pyﬁdihe in a similar method to that des_cribéd for Exafnple 1. The crude product was
purified by flash chromatography (silica gel, eluent CHCl3/CH30H 95:5) to afford (4-(3-
(1 —(4—methoxyben2yl)- 1 H-pyrazolo| 3,4-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
yl)phe_ﬁyl)(morpholino)methanone (470 mg, 97%, LC-MS 85.3%) as a light yellow solid;
"H NMR (400 MHz, CDCl3) 6 (ppm): 8.59 (d, /= 4.8 Hz, 1 H), 8.54 (s, 1 H), 8.17 (s, 1 H),
8.16 (s, 1 H), 7.95 (bs, 1 H), 7.68-7.57 (m, 6 H), 7.34 (d, /= 8.4 Hz, 2 H), 6.84 (d, /= 8.4
Hz, 2 H), 5.68 (s, 2 H), 3.82-3.50 (m, 8 H), 3.76 (s, 3 H); MS (ESI) m/z 569.17
[C34H2sN6Os + H]" ‘

[000356] Step 2: Preparation of (4-(3-((1H-pyrazolo[3,4-b]pyridin-4-
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)(morpholino)methanone: The title coinpound
was synthesiZed from (4-(3-((1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridin-4-
yl)ethynyl)imidazo[l,2-a]pyridin—6-yl)phenyl) (morpholiho)methanonc by stirring with TFA
at 100 °C for 4 h. The crude product (200 mg, LC-MS 78%) was purified by preparative
HPLC to afford (4—(3-((1H—pyrazolo[3,4—b]pyridin—4-y.1)ethynyl)imidazo[1,2-a]pyridin—6-

| yl)phenyl)(morpholino)methanone (25 mg, 9.6%, LC-MS 99%) as a pale yellow solid. 'H
NMR (400 MHz, CDCl3) & (ppm):.10.97 (bs, 1 H), 8.60 (d,'J=. 4.9 Hz, 1 H), 8.57 (s, 1 H),
827(s,1H),813(s,1H),7.84(d,J=9.2Hz,1 H),7.70(d,J = 7.9 Hz, 2 H), 7.63-7.59
(m, 3 H), 7.33 (d, J=4.9 Hz, 1 H), 3.82-3.55 (m, 8 H); MS (ESI) m/z 449.04 [C26H2NsO,
+HJ". ' |

Example 98: (4-(3-((6-amino-1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-
a]pyridin-6-yl)phenyl)(morpholino)methanone

[000357 ] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 4-i§do-1H—indol-6-amine in a similar procedure to

. that descﬁbed for Example 1. The crude mateﬁal was purified by preparative HPLC (C18,
- eluent CH;CN/H,0/HCOOH 0.1%) to afford (4-(3-((6;amino- 1H-pyrrolo[2,3-b]pyridin-4-
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl) (morpholino)methanoné (5 mg, 12 %, AUC
HPLC 95%) as a brown solid. 'H NMR (400 MHz, CDCL3) & (ppm): 8.57 (s, 2H), 8.03 (s,
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1H), 7.79 (d,J = 9.3 Hz, 1H), 7.69 (d, J = 8.0 Hz, 2H), 7.57 (d, J =8.1Hz, 3H), 7.07 (s,
1H), 6.58-6.54 (m, 2H), 4.39-4.30 (bs, 2H), 4.01-3.30 (m, 8H); *C NMR (100 MHz,
CDC13) & (ppm): 169.85, 154.56, 147.41, 14533, 139.73, 13872, 135.13, 128.20, 127.32,
127.20, 126.36, 124.39, 122.69, 121.29, 118.65, 113.24, 109.04, 104.86, 100.74, 96.98,
81.26, 66.92; MS (ESI) m/z 463 [C27HpNeO, + H'.”

Example 99: (4-(3-((1H-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[l,2-a] I;yridin—é-
yl)phenyl)(morpholino)methanone

A =N :
o s N7
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[000358] The title compound was synthesized from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 4-iodo-1H-pyrrolo[2,3-b]pyridine in a similar
method to that described for Example 1. The reaction crude product was purified by
preparative HPLC (C18, eluent CH;CN/H,O/HCOOH 0.1%) to afford (4-(3-((1H-
pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-a]pyridin-6- .
yl)phenyl)(morpholino)methanone (8.8 mg, 22 %, AUC HPLC 97%) as brown solid. 'H
NMR (400 MHz, CDCl;) 6 (ppm):’-8..60 (s, 1H), 8.34 (d, J=4.96 Hz, 1H), 8.06 (s, 1H),
7.81 (d, J=9.3 Hz, 1H), 7.70 (d, J = 8.3 Hz, 2H), 7.58 (q, J = 3.6 Hz, 3H), 743 (t,J =228
Hz, 1H), 7.28-7.26 (m, 2H), 6.73-6.72 (m, IH), 4.01-3.43 (m, 8H); C NMR (100 MHz,
CDCls) & (ppm): 169.84, 148.44, 145.40, 142.99, 139.88, 138.71, 135.16, 128.22, 127.32,
127.26, 12_6.44,'125.73, 122.69, 122.38, 120.37, 118.30, 117.95, 109.00, 100.65, 96.85,
82.39, 66.92; MS (ESI) m/z 488 [C7H2NsO,+ H]. '

Example 100: (4-(3-((1 -methyl-1H-pyrrolof2,3-b]pyridin-2-ylethynyl)imidazo[1,2-
a]pyridin-6-yl)phenyl)(morpholino)methanone

A N=N
0/\ N7
N \\
[0} i y N
. —
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.. [000359] The title compound was synthesized'from (4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)phenyl)(morpholino)methanone and 2-iodo-1-methyl-1H-pyrrolo[2,3-b]pyridine in a

similar method to that described for Example 1. The residue was puriﬁed by preparative
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HPLC (C18, eluent CH;CN/H,O/HCOOH 0.1%) to afford (4-(3-((1-methyl-1H-pyrrolo
[2,3-b]pyridin¢2-y1)ethynyl)imidazo[1 ,2-a]pyridin-6-yl) phenyl)(morpholino)methanone
(6.9 nig,’ AUC HPLC 95%) as a brown solid. 'HNMR (400 MHz, CH;0D) 6 (ppm): 8.74
(s, 1H), 8.35-8.32 (m, 1H), 8.05-8.00 (m, 2H), 7.87-7.77 (m, 4H), 7.59 (d, J = 8,3 Hz,
2H), 7.17 (q, J = 4.2 Hz, 1H), 6.99 (s, 1H), 3. 99 (s 3H), 3.89-3.48 (m, 8H); MS (ESI) m/z
462 [CysHp3N50, + H]

Example 101: N-(4-((6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-a] pyridin-3-
yl)ethynyl)pyridin-2-yl)acetamide
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[000360} Step 1: Preparation of teft—butyl 4-(4-(3-((2-acetamidopyridin-4- 7
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate: The title
compound was synthesized from tert-butyl 4-(4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate and N-(4-bromop'yridin-2—y1)acetamide in a similar
method to that described for Example 32. The crude product was purified by flash

- chromatography (silica gel, eluent CHCl3/CH30H 90:10) to afford tert-butyl 4-(4-(3-((2-
acetamidopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1- .
carboxylate (220 mg, LC-MS 40%) as an off-white solid.

[000361] . Step 2: Preparation of N—(4-((6-(4-(piperazine-1—carbonyl)phenyl)imidazo[1,2-
a]pyridin—3_—yl)ethynyl)pyridin-Z-yl)acetamide: The title comipound was synthesized from
tert-butyl 4-(4-(3-((2-acetamidopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate in a similar fashion to that described in step 2 of
EXample 45 synthesis. The crude product was purified by preparative HPLC to afford N-(4-
((6-(4-(pip erazine-1-carbonyl)phenyl)imidazo[1,2-a]pyridin-3-yl)ethynyl)pyridin-2-
yhacetamide (30 mg, AUC HPLC 96.5%) as a yellow solid. '"H NMR (400 MHz, DMSO-
ds) 6 (ppm): 10.45 (s, 1H), 8.83 (s, 1H), 8.37 (d, /= 5.6 Hz, 1H), 8.26 (s, 2H), 8.19 (s,
1H),7.90—7.13 (m, 4H), 7.53 (d, /= 8.0 HZ, 2H), 7.40 (d, /= 5.2 Hz, 1H), 3.57 (bs, 4H),
272 (bs,'4H), 2.12 (s, 3H); MS (ESI) m/z 465.2 2 [CoHpNgO+H]" .

Example 102: (4-(3-((2-(3-amino-2-methylphenylamino)pyr zdm-4-yl)ethynyl)zmzdazo[ 1,2-
a]pyridin-6-yl)phenyl)(piperazin-1 -yl)methanone
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[000362] Step 1: Preparation of tert-butyl 4-(4-(3-((2-(3-amino-2-
methylphenylamino)pyridin-4-yl) ethynyl)imiddzo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxylate: The title compound was synthesized starting from ferz-butyl 4-(4-(3- |
ethynylimidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate and N-1-(4-
iodopyridin-2-yl)-2-methylbenzene-1,3-diamine in a similar méthod to that described for
“Example 1. Water (2 x 100 mL) was added to the reaction mixture to induce the desired
product precipitation which was filtered to give crude product. The crude product was
washed with n-hexane and dried to afford ters-butyl 4-(4-(3-((2-(3-amino-2-
methylpheﬁylamino)pyridin—4—y1) ethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxylate (230 mg, 78.8%) as a p'ale yellow solid. "H NMR (400 MHz, CDCls) 8 (ppm):
8.42 (s, 1H), 8.18 (d, J= 5.3 Hz, 1H), 7.96 (s, 1H), 7.79 (d, J= 9.2 Hz, 1H), 7.66-7.53 (m,
5H), 7.06 (t,J= 7.9 Hz, 1H), 6.80-6.78 (m, 2H), 6.63 (d, J= 7.9 Hz, 1H), 6.59 (s, 1H),
6.37 (s, 1H), 3.77 (bs,4H), 3.48 (bs, 6H), 2.09 (s, 3H), 1.48 (s, 9H); MS (ESI) m/z 628
[C37H37N705+H]" ’ ,

[000363] Step 2: Preparation of (4-(3-((2-(3- ammo-Z-methylphenylammo)pyrzdm-4—
yhethynyl)imidazo[1,2-a[pyridin-6-yl)phenyl) (piperazin-1-y))methanone: The title
compound was synthesized from fert-butyl 4-(4-(3-((2-(3-amino-2-
methylphenylamino)pyridin-4-yl) ethynyl)imidazo [1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxylate in a similar fashion to that described for Example 45, step 2. The crude
product was purified by preparative HPLC to afford (4-(3-((2-(3-amino-2- |
methylphenylamino)pyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)phenyl)(piperazin-1-
yI)metHanone (80 mg, 41.4) as abale yellow solid. "H NMR (400 MHz, CDCl3) & (ppm):
8'.43 (s, 1H), 8.18 (d, J=49 Hz, 1H), 7.95(s, 1 H), 7.75 (d, J=9.2 Hz, 1 H), 7.65-7.52 (m,
5H), 7.06 (t, J=7.9 Hz, 1 H), 6.81-6.78 (m, 2 H), 6.63 (d, J=7.9 Hz, 1 H), 6.59 (s, 1H),
6.36 (s, 1H), 3.76 (bs, 4 H), 3.48 (bs, 2 H), 2.96-2.88 (m, 4 H), 2.09 (s, 3 H); MS (ESI) m/z
528.24 [CayHpsN;0+H]", |

- - Example 103: (N-(4-((6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-a] pyridin-3-
yl)ethynyl)pyridin-2-yl)benzamide) ’
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[000364] Step 1: Preparation of (fert-butyl 4-(4-(3-((2-benzamidopyridin-4-
yDethynyl)imidazo[1 ,2—a]pyridin—6-yl)benzoy1)pi§erazine— 1-carboxylate): The title
compound was prepared from fert-butyl 4-(4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)benzoyl)pipefazine—l-carboxylate and N-(4-bromopyridin-2-yl)benzamide in a similar
fashion to that described for Example 32. The crude product was purified by column
chromatography (silica gel, eluent CHCl3/CH3OH 98:2) to afford fert-butyl 4-(4-(3'—((2- -
benzamidopyri din—4-yi) ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1- |
carboxylate (300 mg, 8.2%) as a pale yellow solid. . '
[000365] _Step-2: Preparation of (N-(4-((6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-
a]pyridiﬁ-3-yl)ethynyl)pyridin-Z-yl)benzamide): The title compound was prepared Afrom
(tért—buty174-(4-(3 -((2-benzamidopyridin—4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate) in a similar fashion to that described in step 2 of
" Example 45 synthesis. The crude product was purified by preparative HPLC to afford N-
(4-((6-(4-(piperazine-1-carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3 -yDethynyl)pyridin-2-
yl)benzamide (20 mg, LC-MS 98%) as a pale yellow solid. '"H NMR (400 MHz, CDCl3) &
(ppm): 8.6 (s, 1H), 8.58 (s, 1H), 8.53 (s, 1H), 8.33 (d, J= 5.3 Hz, 1H), 8.04 (d, J= 0.8 Hz,
1H), 7.94 (d, J= 8.3 Hz, 2 H), ’7.79 (d, J=9.2 Hz, 1H), 7.69 (d, /= 7.4 Hz, 2 H), 7.62-7.51
(m, 6 H), 7.22 (d,J=15.3 Hz, 1 H), 3.77-3.73 (bs, 2 H), 3.5 (bs, 2H), 2.94 (bs, 4 H); MS
(ESD) m/z 527.18 [C3,H6NsO+H] ™.

Example 104: (4-(3-((1H-pyrazolo[3,4-b] pyridin-4-yl)ethynyl)imidazo[1,2-a] pyridin-6-
yl)phenyl)(piperazin-1-yl)methanone '

=N
N7
O, \\
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. [000366] Step 1: Preparétion of (tert-butyl 4-.(4-(3-((1-(4-methoxybenzy1)-1H—
pyrazolo[3,4-b]pyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxylate). The title compound was prepared starting from tert-butyl 4-(4-(3-
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ethynylimidazo[ 1 ,2-a]pyridinl6-yl)benzoyl)piperazine—1-carboxylate and 4-iodo-1-(4-
methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine in a similar fashion as described for Example
1. The crude product was washed with n-_hexaﬁe and dried to afford tert-butyl 4-(4-(3-((1-
(4-methoxybenzyl)-1 H-pyrazolo[3,4-b]pyridin-4-yl)ethynyl)imidazo[ 1 ,2-a]pyridin-6--
;yl)benzoyl)piperazi-ne-l-carboxylate (320 mg, 58.9%) as a yellow solid. 'H NMR (400
MHz, DMSO ds) § (ppm): 8.95 (s, 1 H), 8.65 (d, J= 4.9 Hz, 1 H), 8.46 (s, 1H), 7.94-7.89
(m, 4 H), 7.59-7.54 (m, 3H), 7.48-7.45 (m, 2 H), 7.25 (d, J= 8.3 Hz, 2 H), 6.87(d,J=8.3
Hz, 2 H), 5.64 (s, 2 H), 3.7 (s, 3 H), 3.6-3.35 (m, 8 H), 1.41 (s,9 H); MS (ESI) m/z 668.3
[C39H37N,04+ H]". .

[000367] Step 2: Preparation of (N;(4-((6-(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2-
alpyridin-3-yl)ethynyl)pyridin-2-yl)benzamide): The tiﬂe compound was prepared in a
similar fashion as in step 2 of Example 97 synthesis. The crude product (180 mg, LC-MS
58%) was purified by preparative HPLC to afford (4-(3-((1H-pyrazolo[3,4-b]pyridin-4-
yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)phenyl)(piperazin-1-yl)methanone (30.mg, 37.3%,
LC-MS 97.7%) as a pale yellow solid. '"H NMR (400 MHz, DMSO-d6) o (ppm): 13.91 (bs,
1H), 8.91 (s, 1H), 8.59 (d, J= 4.8 Hz, 1H), 8.43 (s, 1H), 8.27 (s, 1H), 7.92—7.84 (m, 4 H),
*7.55-7.50 (m, 3 H), 3.56 (bs, 2 H), 3.4 (bs , 2 H), 2.71-2.67 (m 4H ); MS (ESI) m/z 446.4
[CosHN,O+H]™.

Example 105: piperazin-1-yl(4-(3-((2-(pyridin-3-ylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
al pyridin-6—yl)phenyl)methanone '

Z
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N
/\C

[000368] Step 1: Preparation of fert-butyl 4-(4-(3-((2-(pyridin-3 ~ylamino)pyridin—4;
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate: The title
compound was prepared from tert-butyl 4-(4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate and 4-bromo-N-(pyridin-3-yl)pyridin-2-amine in a
similar f_aéhion as described for Example 32. The crude product was purified by flash -

. column chromatography (silica gel, eluent CHCl3/CH3OH 97:3) to afford tert-butyl 4-(4-(3-
(~(pyridin-3-ylamino)pyridin-4-ylethynyl)imidazo[ 1,2-alpyridin-6-
yl)benzoyl)piperazine-1-carboxylate (200 mg, 14.7%) as a brown solid.
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[000369] Step 2: Preparation of piperazin-1-yl(4-(3-((2-(pyridin-3-ylamino)pyridin-4-
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)methanone: The title compound was
prepafed from tert-butyl 4-(4-(3-((2-(pyr_idin-3-ylamino)pyridin—4-yl)ethynyl)imidazo[1,2-
a|pyridin-6-yl)benzoyl)piperazine-1-carboxylate (200 mg, 0.33 mmol) in a similar fashion
as in step 2, of Exafnple 45 synthesis. The crude product was purified by preparative
HPLC to afford piperazin—l-yl(4-(3-((2—(pyridin~3-ylamino)pyridih—4—
ylethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)methanone (25 mg, 15%, AUC HPLC
96.8%) 4s a light yellow solid. "H NMR (400 MHz, DMSO-dg) & (ppm): 9.40 (s, 1 H), 8.83
(s, 1 H), 8.80 (s, 1 H), 8.25-8.13 (m, 4 H), 7.93-7.82 (m, 4 H), 7.6 (d, J=7.9 Hz, 2 H),
7.32-7.29 (m, 1 H), 7.06 (s, 2 H), 3.64-3.4 (bs,4H),3.05(bs, 4 H); MS (ESI) m/z 500.1
[CyoHasN,O+H].

Example 106: piperazin-1-yl(4-(3-((2-(o-tolylamino)pyridin-4-ylethynyl)imidazo[1,2- -
alpyridin-6-yl)phenyl)methanone
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[000370] Step 1: Preparation of (tert-butyl 4-(4-(3-((2-(d-tolylamiﬁo)pyridin-4—
yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate): The title
compound was prepared from zert-butyl 4-(4-(3 —éthynylimidazo[l,2-a]pyridin—6- |
yl)benzoyl)piperazine-1-carboxylate and 4-iodo-N-(o-tolyl)pyridin-2-amine in a similar

~ fashion as described for Example 1. The crude product was purified by flash column |
chromatography (silica gel, eluent CHCls/CH;0H 98:2) to afford tert-butyl 4-(4-(3-((2-(o-
tolylamino)pyridin-4-yl)ethynyl)imidazo[ 1,2-ajpyridin-6-yl)benzoyl)piperazine-1-
carboxylate (190 mg, 68.5%, LC-MS 90%) as a pale yellow solid. -

[000371] Step 2: Preparation of (piperazin-1-yl(4-(3-((2-(o-tolylamino)pyridin-4-
yl)ethynyl)imidazo|[1 ,2-a]pyridin-6-yl)phenyl)methanone): The title compound was
prepared from tert-butyl 4-(4-(3-((2-(o-tolylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
a]pyridin—6-y1)benzoyl)piperazine-l-carboXylate in a similar fashion as step 2, Example 45. |
~ The crude product was purified by column chromatography (silica gel, eluent MeOH/DCM
| 10:90) and by preparative HPLC to afford piperazin-1-yl(4-(3-((2-(o-tolylamino)pyridin-4-
yl)ethynyl)imidazo[l,2—é]pyridin-6-yl)pheny1)methanone (50 mg, 33.3%, AUC HPLC
'98%) as a pale yellow solid. IH_ NMR (400 MHz, CDCls) é (ppm): 8.44 (s, 1 H), 8.20 (d, J
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=5.2Hz, 1 H), 7.96 (s, 1 H), 7.76 (d, /= 9.2 Hz , 1 H), 7.65-7.53 (m, 5 H), 7.44 (d, /=79
Hz, 1 H), 7.29-7.23 (m, 2 H), 7.15-7.13 (m, 1 H), 6.84 (d, /= 4.8 Hz, 1 H), 6.74 (s, 1 H),
6.37 (s, 1 H), 3.8 (bs, 2 H), 3.5 (bs, 2 H), 2.94-2.84 (m, 4 H); 2.30 (s, 3H); MS (ESI) m/z
513.13 [C,H,sNgO+H]" . |

Example 107: N-(4-((6-(4-(piperazine-1 -carbonyl)phenyl)imidazo[1,2-a] pyridin—3¥
yl)ethynyl)pyridin-Z-yl)acetamide

~
N
/\Q

[000372] Step 1: Preparation qf (tert-butyl 4f(4-(3-((2-(2-methy1pyridin-3-
ylamino)pyridin-4-yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-
carboxyléfe): The title compouhd was prepared from fert-butyl 4-(4-(3-ethynylimidazo[1,2-
a]pyridin-6—yl)benzoyl)piperazine- 1-carboxylate and 4-bromo-N-(2-methylpyridin-3-
yl)pyridin-2-amine in a similar fashion as described for Example 32. The crude product
was purified by column chromatography (silica gel, elﬁent CHC13/CH3OH 97:3) to afford
tert-butyl 4-(4-(3-((2-(2-methylpyridin-3-ylamino)pyridin-4-yl)ethynyl)imidazof 1,2-
a]pyridi_n—6-y1)benzoyl)piperazine-ll -carboxylate (160 mg, 74.8%, LC-MS 68%) as a yellow
solid. : ,

[000373] Step 2: Preparation of ((4-(3-((2-(2-methylpyridin-3-ylamino)pyridin-4-
ylethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)(piperazin-1-yl)methanone): The title
compound-was prepared from tert-butyl 4-(4-(3-((2-(2-methylpyridin-3-ylamino)pyridin-4-
yl)ethynyl)imidazo[1,2-aJpyridin-6-yl)benzoyl)piperazine-1-carboxylate in a similar
fashion as step 2, Example 45. The crude product (140 mg, LC-MS 70.7%) was purified by
pfeparative HPLC to afford N—(4—((6—(4-(piperazine-1-carbonyl)phenyl)imidazo[1,2—
a]pyridin—34yl)ethynyl)pyridin-2-yl)acetamide (20 mg, 15.9%, AUC HPLC 98.51%) as a
yellow solid. "H NMR (400 MHz, CDCl;) § (ppm): 8.45 (s, 1 H), 8.32 (d, J=3.9 Hz, 1 H),
8.24 (d,J=5.2Hz, 1 H), 7.99 (s, 1 H), 7.78 (d, J= 9.7 Hz, 1 H), 7.65 (d, /= 8.3 Hz, 2 H),
_»7.56—7.52 (m, 3 H), 7.28-7.19 (m, 1 H), 6.92 (d, J=5.3 Hz, 1 H), 6.76 (s, L H), 6.29 (s, 1

- H), 3.8 (bs, 2 H), 3.48 (bs, 2 H), 2.98-2.86 (m, 4 H), 2.57 (s, 3 H); MS (ESI) m/z 512.4

7 [C3HpN;O-HT .

173



WO 2015/050505 PCT/SG2014/000468

Example 108: (4-(3( (Z-aminbpyridin-4—yl)ethynyl)imidazo[ 1,2-a]pyridin-6-
yl)phenyl)(piperazin-1-yl)methanone
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[000374] Step 1: Preparation of (tert-butyl 4-(4-(3-((2-(tert-
butoxycarbonylaimino)pyridin-4-yl) ethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-
1-carboxylate): The title compound was prepared from tert-butyl 4-(4-(3-
ethynylimidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate and tert-butyl (4—
bromopyridin-2-yl)carbamate in a similar fashion Example 32. The crude product was
purified by column chromatography (silica gel, eluent CHCl3/CH30H 97:3) to afford zert-
butyl 4-(4-(3 ~((2-(tert-butoxycarbonylamino)pyridin-4-yl)ethynyl)imidazo[1,2-a]pyridin-6-
yl)benZoyl)piperazine-l-carboxylate (210 mg, 48%, LC-MS 55%) as a solid.
[000375] 7Step 2: Préparation of (4-(3-((2-aminopyridin-4-yl)ethynyl)imidazo[1,2-
a]pyridin-6-yl)phenyl)(piperazin-1-yl)methanone): The title compound was prepared from
tert-butyl 4-(4-(3-((2-(tert-butoxycarbonylamino)pyridin-4-yl)ethynyl)imidazo[1,2-
a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate in. a similar fashion as step 2, Example 45.
The crude product (130 mg, LC-MS:26%) was purified by preparative HPLC to afford (4-
(3-((2-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)phenyl)(piperazin-1- -
yl)methanone (20 mg, 14%, AUC HPLC 97%) as a yellow solid. "H NMR (400 MHz,
CDCls) & (ppm): 8.46 (s, 1H), 8.11 (d, J= 5.3 Hz, 1H), 7.99 (s, 1 H), 7.78 (d, /=9.2 Hz
,1H), 7.67-7.65 (m, 2H), 7.57-7.52 (m, 3H), 6.80 (d; J= 4 Hz, 1H), 6.65 (s, 1H), 4.50 (bs,
2H), 3.80 (bs, 2H ), 3.48 (bs, 2H), 2.96-2.87 (m, 4H); MS (ESI) m/z 423.17
[C25H22N60+H]A+-

Example 109: piperazin-1-yl(4-(3-(pyridin-4-ylethynyl)imidazo[1,2-a] pyridin-6-
yvl)phenyl)methanone

R Z /N
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[000376] Step 1: Preparation of fert-butyl 4-(4-(3-(pyridin-4-ylethynyl)imidazo[1,2-
a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate: The title compound was prepared from
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tert-butyl 4-(4-(3-ethynylimidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate and

4-idopyridine in a similar fashion as Example 1. The crude product wés purified by flash

chromatography (silica gel, eluent Ci—IC13/CH30H 90:10) afforded tert-butyl 4-(4-(3-

(pyridin-4-ylethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate (80 mg,
68%, LC-MS 93%) as a solid.

- [000377] Step 2: Preparation of piperazin-1- y1(4 (3 (pyridin-4-ylethynyl)imidazo[1,2-

a]pyridin-6-yl)phenyl)methanone: The title compound was prepared from fert-butyl 4-(4-
(3-(pyridin-4-ylethynyl)imidazo[ 1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate in a
similar fashion as described in step 2 of Examiole 45 synthesis. The crude product was
purified by flash column chromatogréphy (silica gel, eluent CH,Cl,/CH;OH 90:10) to
afford piperazin-1-yl(4-(3 —(pyridin-4-ylethynyl)imidazo[i ,2-ajpyridin-6-
yl)phenyl)methanone, (30 mg, 46.8%, AUC HPLC 97.88%) as a light brown solid, in.p:
125-130 °C- 'HNMR (400 MHz, CDCl;) 6 (ppm): 8.60 (d, J = 4.4 Hz, 2H), 8.48 (s, 1H),
8.02 (s.' 1H), 7.82 (d, J=9.2 Hz, 1H), 7.61 (d, /= 7.4 Hz, 2H), 7.50 (d, J= 7.9 Hz 3H),
7.42 (d, J=4.8 Hz, 2H), 3. 79 (s, 2H), 3.48 (s, 2H) 2.88 (s, 4H); MS (ESI) m/z 408.25
[C25H21N50+H]

Example 110: (4-(3-((1H-pyrrolo[2,3-b] pyridin—4-yl)ethynyl)inﬁidazo[ 1,2-a] pyridin-6-
yl)phenyl)(piperazin-1-yl)methanone '

NN
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[000378] Step 1: Preparation of tert-butyl 4-((6-(4-(4-(tert-butoxycarbonyl)piperazine-1-
carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)ethynyl)- 1H-pyrrolo [2,3-b]pyridine-1-
carboxylate: The tiﬂe compound was prepared from fert-butyl 4-(4-(3-ethynylimidazo[1,2-
aJpyridin-6-yl)benzoyl)piperazine-1-carboxylate and fert-butyl 4-bromo-1H-pyrrolo[2,3-
b]pyridine 1-carboxylate in a similar fashion as described for Example 32. The crude
product was purified by flash chromatography (silica gel, eluent CHC13/CH3OH 90: 10) to
afford tert-butyl 4-((6-(4-(4-(tert-butoxycarbonyl)piperazine-1-
o carbonyl)phenyl)lmldazo[1 2-a]pyridin-3-yl)ethynyl)-1H-pyrrolo[2, 3-b]pyr1d1ne 1-
| carboxylate (350 mg, 51%, LC-MS 91. 6%) as a pale yellow solid.
[000379] Step 2: Preparatlon of tert-butyl 4-((6-(4-(4- (tert—butoxycarbonyl)plperazme-1-
carbonyl)phenyl)imidazo[ 1,2-a]pyridin-3-yl)ethynyl)-1H-pyrrolo{2,3-b]pyridine-1-
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carboxylate: The title compo{md was prepared from tert-butyl 4-(4-(3-(pyridin-4-
ylethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate in a similar fashion
as stép 2 of Example 45 synthesis. The reactién mixture was concentrated and basified
with NaHCO;, diluted with EtOAc and washed in turn with water and brine solution. The
drganic layer was dried over anhydrous Na,SOy4 and concentrated under reduced pressure to
obtain crude product. The crude product was purified by flash column chromatography
(silica gel, eluent CHCl:/CH;0H 90: 10) and by preparative HPLC to afford to afford (4-(3-
((LH-pyrrolo[2,3-b]pyridin-4-yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)(piperazin-1-
yDmethanone (70 mg, 29%, AUC HPLC 98.53%) as a pale yellow solid; m.p: 242-245 °C;
"H NMR (400 MHz, DMSO dg) & (ppm): 11.94 (s, 1H), 8.82 (s, 1H), 8.27 (d, J=4.8 Hz,
2H), 8.20 (s, 1H), 7.90-7.82 (m, 4H), 7.64 (s, 1H), 7.53 (d, /= 8.4 Hz, 2H), 7.38 (d, /= 4.8
Hz, 1H), 6.71 (s, 1H), 3.75 (bs, 4H), 2.67 (bs, 4H); MS (ESI) m/z 447.08 [C27H22N6'O+H]+.

Example 111: (4-(3-((6-amino-1H-pyrrolo/. 2,3-b]pyridin¥4-yl)ethynyl)imidazo[ 1,2-
alpyridin-6-yl)phenyl)(piperazin-1-yl)methanone
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[000380] Step 1: Preparation of tert-butyl 4-(4-(3-((6-amino-1H-pyrrolo[2,3-b]pyridin-4-
yDethynyl)imidazo[1,2-aJpyridin-6-yl)benzoyl)piperazine-1-carboxylate: The title
compound was préparcd from (tert-butyl 4-(4-(3-ethynylimidazo[1,2-a]pyridin-6-
yl)benzoyl)piperazine-1-carboxylate and 4-iodo-1H-indol-6-amine in a similar fashion as
Example 1. The crude product was purified by preparative HPLC (C18, eluent
CH;CN/H,O/HCOOH 0.1%) to afford tert-butyl 4-(4-(3-((6-amino-1H-pyrrolo[2,3-
bjpyridin—4-y1) efhynyl)imidazo[ 1 ,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate (16
mg, 25 %, AUC HPLC 99%) as a brown solid. '"H NMR (400 MHz, CH30D) § (ppm): 8.74
(s, 1H), 8.03 (s, 1H), 7.91-7.60 (m, 4H), 7.61 (d, J = 8.2 Hz, 2H), 7.07 (d, J=3.4Hz, 1H),
6.63 (s, 1H), 6.45 (d, J = 3.5 Hz, 1H), 4.54 (s, 1H), 3.81-3.51 (m, 8H), 1.47 (s, 9H); MS
(ESI) m/z 562 [Ca,H31N70,+ HJ".

: [000381]> Step 2: Preparation of (4-(3-((6—amino—1H—pyfrolo[2,3-b]pyridin—4-

- yl)ethynyl)imidazo[ 1,2-a]pyridin-6-yl)phenyl)(piperazin-1-yl)methanone: The title

compound was prepared from fert-butyl 4-(4-(3-((6-amino-1H-pyrrolo[2,3-b]pyridin-4-
yDethynyl)imidazo[1,2-a]pyridin-6-yl)benzoyl)piperazine-1-carboxylate in a similar

176



WO 2015/050505 PCT/SG2014/000468

fashion as step 2 of Example ‘45.7 The reaction mixture was purified by preparative HPLC
(C18, eluent CH;CN/H,O/HCOOH 0.1%) to afford (4-(3-((6-amino-1H-pyrrolo[2,3-
b]pyﬁdih—4-yl)ethynyl)imidazo[1 ,2—a]pyridin—6-y1)phenyl) (piperazin-1-yl)methanone (14
mg, 100 %, AUC HPLC 99%) as brown solid. "H NMR (400 MHz, DMSO-d¢) & (ppm):
11.26 (s, 1H), 8.84 (s, 1H), 8.77 (s, 1H), 7.94-7.83 (m, 4H), 7.64 (d, J = 8.2 Hz, 2H), 7.11
(s, 1H), 6.58 (s, 1H), 6.47 (s, 1H), 4.20-3.11 (m, 8H); *C NMR (100 MHz, DMSO-ds) 5
(ppm): 168.72; 137.65, 134.41, 128.03, 127.01, 122.88, 117.51, 111.23, 103.95, 42.59; MS
(ESI) m/z 462 [Cy7H23N70, + HT.

Example 112: (4-(3-((1H-benzo[d]imidazol-5-yl)ethynyl)imidazo[ . ],2-a]pyridin—6—
yl)phenyl)(morpholino)methanone | N

[000382] To a solution of (4-(3-iodoimidazo[1,2-é]pyﬂdin-6-
yl)phenyl)(morpholino)methanone (500 mg, 1.15 mmol) and diisopropylethylamine (0.62
mL, 3.46 mmol) in DMF (15 mL) under argon Wcre successively added Pd(PPhs), (66.6
mg, 0.0 mmol), PPh; (14.9 mg, 0.057"m.mol), Cul (32.8 mg, 0.173 mmol) and 5-ethynyl-
lH-benzo[d]imidazole (196mg, 1.38 mmol), the reaction mixture was heated at 80 °C for
10 h. The reaction mixture was poured into ice-watér, extracted with ethyl acetate. The
organic layer was washed in turn with water and brine, was dried over Na,SOy, filtered and
concentrated under reduced preséure. The residue was purified by preparative HPLC to
afford (4-(3-((1H-benzo[ d]imidazol-5-yl)ethynyl)imidazo[1,2-a]pyridin-6-
yl)phehyl)(morpholino)methanone (300 mg, 58.8%, HPLC 98%) as an off-white solid. 'H
"NMR (400 MHz, (DMSO-dg) 87(ppm): 12.68 (s, 1H), 8.80 (s, 1H), 8.33 (S, 1H), 8.05-7.84 -
(m, 4H), 7.82-7.49 (m, 6H), 3.62-3.28 (m; 8H); MS (ESI) m/z: 448.08 [Cy7Hz N5O,+H]".

Example 113: (4-(3-((1LH-benzo[d]imidazol-5-yl)ethynyl)imidazo[1,2-a]pyridin-6-
yl)phenyl)(4-methylpiperazin-1-yl)methanone
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[000383] To asolution of (4—(3-iodo-3aH—pyrrolo[3,2-b]pyridin—5—yl)phenyi)@-
methylpiperazin-1-yl)methanone (800 mg, 1.79 mmol) and diiéopropylethylamine (0.64
mL, 3.58 mmol) in DMF (05 mL) were successively added Pd(PPhs)4 (103 mg; 0.0896
mmol), PPhs (23.4rrr‘1g,- 0.0896 mmol), Cul (51 mg, 0.268 mmol) and 5-ethynyl-1H-
benzo[d]imidazole (254 mg, 1.79 mmol). The reaction mixture was heated at 80 °C for 10
h under argon. and was poured into ice water, extracted with ethyl acetate. The organic
layer was Washed in turn with water and brine, was was dried over Na,SOs, filtered and
concentrated under reduced pressure. The residue was purified by pfeparative HPLC to
afford (4-(3-((1H-benzo[d}imidazol-5-yl)ethynyl)imidazo[1,2-a]pyridin-6-yl)phenyl)(4-
methylpiperazin-1-yl)methanone (220 mg, 26.6%, HPLC 98%) as pale yellow solid. 'H
NMR (400 MHz, (DMSO-dg) 6 (ppm): 8.77 (s, 1H), 8.24 (s, 1H), 8.03 (S, 2H), 7.95 (s, 1H),
7.87 (d, J= 14 Hz, 2H), 7.84—7.77’(;11, 2H), 7.65 (d, J=8.4Hz, 1H), 7.55 (d, /= 8.4 Hz,
1H), 7.48 (d, J = 8.4 Hz, 1H), 3.42-3.39 (m, 4H), 2.37-2.32 (m, 4H), 2.20 (s, 3H); MS
(ESI) m/z:7461.45 [CagH24NgO +H]". |
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Examplé 114: morpholino(4-(3 -(pyridin-_4-ylefhynyl)pyrazolo‘[ 1,5-a]pyrimidin-5-
yl)phenyl)methanone

= N’N ’ Vom
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[000384] Step 1: Preparation of ethyl 4-(pyrazolo[1,5-ajpyrimidin-5-yl)benzoate: A
mixture of 4-(ethoxycarbonyl)phenylboronic acid (6.08 g, 31.37 mmol), K3PO,4 (11 g, 52.28

mmol), PA(PPh3)4 (0.4 g) and 5-chloropyrazolo[1,5-a]pyrimidine (4 g, 26.14 mmol) in a
mixture of 1,4-dioxane (250 mL) and H,O (50 mL) was stirred at room temperature. The
reaction mixture was refluxed dvemight under argon and the reaction mixture was diluted
with EtOAc and washed in turn with water and brine. The organic layer was dried over
anhydrousANaZS,O4 and concentrated under reduced pressure to give the crude product
which was purified by flash column chromatography (silica gel eluent petroleum
ether/EtOAc 50:50) to afford ethyl 4-(p'yrazolo[1,S-a]byrimidin—S-yl)benzoate (3.6 g, 52%,
LC-MS 95%) as a yellow solid. .
[000385] Step 2: Preparation of ethyl 4-(3-iodopyrazolo[1,5-a]pyrimidin-5-yl)benzoate:
To a solution of ethyl 4-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoate 1 (3.6 g, 13.48 mmol) in
ACN (60 mL) was added NIS (3.6 g, 16.17 mmol) at 0 °C to room temperature and vstirred
at the same temperature for 3 h. The restion mixture was diluted with water (100 mL) and
filtered. The filtrate was washed with water to afford ethyl 4-(3-iodopyrazolo[1,5-
a]pyrimidin-5-yl)benzoate (4.6 g, 88%, LC-MS 99%) as a yellow solid.
[000386] Step 3: Preparation of ethyl 4-(3-((trimethylsilyl)ethynyl)pyrazolo[1,5-
a]i)yrjmidin-S—yi)benzoate: A mixture of ethyl 4-(3-iodopyrazolof 1,5-a]pyrimidin-5-
yl)benzoate (4.6 g, 11.7 mol), ethynyltrimethylsilane (1.37 g, 14.04 mmol), Cul (725 mg,
3.81 mmol), and DIPEA (2.26 g, 17.5 mol) was stirred under argon for 30 min prior to the
addition of Pd(PPhs)4. The reaction mixture was heated at 80 °C for 4 h, was diluted with
Water (10'0 mL). The precipitate was isolated by filtration and purified by flash

: chromaté graphy (silica gel, eluent petroleum ether/EtOAc 50:50) to afford ethyl 4-(3-

o ((trimethylsilyl)ethynyl)pyrazolo[1,5-a]pyrimidin—S-yl)benzoate (3.6 g, 85%, LC-MS 95%)

as a yellow solid. '"H NMR (400 MHz, CDCls) & (ppm): 8.25-8.23 (m, 5 H), 7.38 (d,J=17.6

Hz, 2 H), 4.4 (q, 2 H), 1.43 (t, J= 7.6 Hz, 3H), 0.31 (s, 9 H); MS (ESI) m/z 364 [M+1]".
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[000387] Step 4: Preparation of 4-(3-ethynylpyrazolo[1,5-a]pyrimidin—5-yl)benzoic acid:
To a solution of ethyl-4-(3-(trimethylsilyl)ethynyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)benzoate
(1.8 g, 4.95 mmol) in THF (15 mL) was added LiOH (0.62 g, 14.87 mmol) in water (3 mL)
and MeOH (5 mL) and stirred for 4 h at room temperature. The reaction mixture was -

~ concentrated und_er-reduced pressure to afford 4:(3-ethynylpyrazolo[1,5-a]pyrimidin-5-
yl)benzoic acid (1.2 g, 92%) as a light brown solid,; 'H NMR (400 MHz, CDCl3) 8 (ppm):
13.20 (s, 1H), 9.32 (d, J= 6.8 Hz, 1H), 8‘.457(m, 3 H),8.12 (s, 2 H), 7.83 (d, J=7.6 Hz, 1H),
4.32 (s, 1H); MS (ESI) m/z 264 [M+1].

[000388] Step 5: Preparation of (4-(3-ethynylpyrazolo[1,5-a]pyrimidin-5-
yl)phenyl)(morpholino)methanone: To a solution of 4-(3-ethynylpyrazolo[1,5-aJpyrimidin-
5-yl)benzoic acid (0.6 g, 2.28 mmol) in DMF (6 mL) was added NMM (0.46 g, 4.56 mmol)
followed by HATU (1.3 g, 3.42 mmol) and the mixture was stirred at room temperafure for
30 min prior to the addition of morpholine (0.23 g, 2.73 mmol). The reaction mixture was
stirred at room temperature for overnight, was diluted with EtOAc and washed iﬁ turn with
water and brine solution. The organic layer was dried over anhydrous Na;SO4 and
concentrated under reduced pressure. The residue was purified by column chromatography
(silica gel, .eluent CHCI3/CH;0H 96.5:3.5) to afford (4-(3-ethynylpyrazolo[1,5-a]pyrimidin-
5-yl)phenyl)(morpholino)methanone (0.45 g, 51%) as a yellow solid. "H NMR (400 MHz,
CDCl;) 6 (ppm): 8.72 (d, J= 7.2 Hz, 1H), 8.25-8.22 (m, 3 H), 7.55 (d, J=28.0 Hz, 2 H),
7.41 (d, J= 7.6 Hz, 1H), 3.60 (s, 6 H), § 3.55 (s, 1H), 3.50 (s, 2H); MS (ESI) m/z 333
[M+1]. | ' |
[000389] Step 6: Preparation of morphohno(4 (3-(pyridin-4-ylethynyl)pyrazolo[ 1,5-
a]pyrimidin-5-yl)phenyl)methanone: The title compound was synthe51zed from (4-(3-
ethynylpyrazolo[1,5-a]pyrimidin-5-yl)phenyl)(morpholino)methanone and 4-iodopyridine
in a similar fashion as described for Example 1. The crude product was purified by flash
chromatography tov afford morpholino(4-(3-(pyridin-4-ylethynyl)pyrazolo[1,5-a]pyrimidin-
5-yl)phenyl)methanone (80 mg, 44%, AUC HPLC 96.38%) as an yellow solid: m.p. 206-
209 °C. "H NMR (400 MHz, CDCls) & (ppm): 8.75 (d, J=7.2 Hz, 1 H), 8.62 (d, J=5.6
Hz, 2 H), 8.34 (s, 1H), 8.26 (d, /= 8.0 Hz,-2 H), 7.60 (d, /= 8.4 Hz, 2 H), 747—740(m
3H), 3.82-3.65 (m, 8H); MS (ESI) m/z 410.07 [CasH;oNsO+H]".

Example 115: piperazin-1-yl(4-(3-(pyridin-4-ylethynyl)pyrazolo[ 1, 5-a] pyrimidin-5-
yl)phenyl)methanone

180



WO 2015/050505 : PCT/SG2014/000468

5 ) N
7N N\ 1. BocNCNH ZNTN
\N = ) . \N =, .
o} _ J\<\ 2. N\—/ I ° \ . .
. N.
OH [ j | 7 1 ] .
=N

3.TFA

[000390] Step 1: Preparation of fert-butyl 4-(4_—(3-ethynylpyrazolo[1,S-a]pyrimidin-S—
yl)benzoyl)piperazine—l-carbbxylate: To a solution of 4-(3-ethynylpyrazolo[1,5-
a]pyrimidin-S-yl)benzoic acid (0.3 g, 1.14 mmol) in DMF (6 mL) was added NMM (0.23 g,
2.28 mmol) followed by HATU (0.65 g, 1.71 mmol) at room temperature aﬁd stirred for 30
min prior to the addition of tert-butyl piperazine-1-carboxylate (0.25 g, 1.36 mmol). The
reaction mixture was stirred at room temperature overnight, was dituted with EtOAc and
washed in turn with water and brine. The organic layer was dried over anhydrous Na,SO4
and concentrated under reduced préssure. The crude product was purified by column
chromatography (silica gel, eluént CHCIl3/CH30H 96.5:3.5) to afford tert-butyl 4-(4-(3-
ethynylp'yfazolo[l,S-a]pyrimidin-S;yl)benzoyl)piperazine-1-carboxylate (0.3 g,61%as a
yellow solid. A
[000391] Step 2: Preparation of tert-butyl 4-(4-(3-(pyridin-4-ylethynyl)pyrazolo{1,5-
a]pyrimidin-5-yl)benzoyl)piperazine-1-carboxylate: The title coinpound was synthesized
from tert-butyl 4-(4-(3-ethynylpyrazolo[1,5-a]pyrimidin-5-yl)benzoyl)piperazine-1-
carboxylate and 4-iodopyridine in a similar fashion as Example 1. The crude product was
purified by flash chromatography (silica gel, eluent CH,Clo,/CH;0H 10:90) to afford fert-
butyl 4-(4-(3 -(pyridin—4—ylethyny1)pyrazolo[ 1,5-a]pyrimidin-5-yl)benzoyl)piperazine-1-
carboxylate (200 mg, 57%) as a yellow solid. '
[000392] Step 3: Preparation of piperazin-1-yl(4-(3-(pyridin-4-ylethynyl)pyrazolo[1,5-
a]pyrimidin-5-yl)phenyl)methanone: The title compound was synthesized from tért—butyl 4-
(4-(3-(pyridin-4-ylethynyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)benzoyl)piperazine-1-carboxylate
‘ iﬁ_a similar fashion as step 2, Exallmple 45. The crude product was purified by column
chromatography (silica gel, eluent CH,Cly/CH3OH 90:10) to afford piperazin-1-yl(4-(3-
(pyridin-4-ylethynyl)pyrazolo[1,5-a]pyrimidin-5-yl)phenyl)methanone (60 mg, 44%, AUC
HPLC 98.4%) as a yellow solid. m.p. 120—'136 °C. 'TH NMR (400 MHz, CDCls) 6 (ppm):
8.74 (d, J=7.6 Hz, 1 H), 8.62 (d, J=5.2Hz, 2 H), 8.33 (s, 1H), 8.25 (d, /= 7.6 Hz, 2 H),

- 7.59 (d, J=8.0 Hz, 2 H), 7.46-7.40 (m, 3H), 3.780 (bs, 2 H), 3.44 (bs, 2 H), 2.86 (bs, 2 H);
"+ MS (ESI) m/z 409.06 [Cp4HaoNsO+H]". |
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Example 116: (4—(3-((3-methj)lpyridin-4~yl)ethynyl)pyrazolo[ 1,5-a]pyrimidin-5-
| yl)phenyl)(morpholmo)methanone
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[000393] Step 1: Preparation of (4-(3- ethynylpyrazolo [1,5-a]lpyrimidin-5- ,
yl)phenyl)(morpholino)methanone: To a solution of 4-(3-ethynylpyrazolo[1,5-ajpyrimidin-
5-yl)benzoic acid (0.6 g, 2.28 mmol) in DMF (6 mL) was added NMM (0.46 g, 4.56 mmol)
followed by HATU (1.3 g, 3.42 mmol) at room temperature and stirred for 30 min prior to
the addition of morpholine (0.23 g, 2.73 mmol). The reaction mixture was stirred at room
temperature overnight, was diluted with EtOAc and washed in turn with water and brine
solution. The organic layer was dried over anhydrous Na,SO4 and concentrated under
reduéed pfessure to give the crude product which was purified by column chromatography -
(silica gel, eluent CHCI,/CH30H 96.5:3.5) to afford (4-(3-ethynylpyrazolo[ 1,5-a]pyrimidin-
5-yl)phenyl)(morpholino)methanone (0.45 g, 51%as a yellow solid. 'H NMR (400 MHz,
CDCl;) & (ppm): 8.70 (d, /=72, 1H), 8.25-8.22 (m , 3 H), 7.55(d,J=8.0,2 H), 7.40 (d, J
=17.6, 1 H), 3.55 (s, 1 H), 3.60—4.00 (m, 6 H), 3.50 (bs , 2 H); MS (ESI)m/z333
[C1oH6N4O2+H]".

[000394] Step 2: Preparation of (4- (3 ((3-methy1pyr1d1n— -yl)ethynyl)pyrazolo[l 5-
a]pyrimidin-5-yl)phenyl)(morpholino)methanone: The title compound was synthesized
fromr (4—(3-ethynylpyrazolo[l,5-a]pyﬁmidin—5;yl)phenyl)(morpholino)methanone and 4-
bromo-3-methyl pyridine in a similar fashion as Example 32. The crude product was
purified by flash chromatography (silica gel, eluent CH,Cl,/CH;0H 90:10) to afford (4-(3-
((3-methylpyridin-4-yl)ethynyl)pyrazolo[ 1,5-a]pyrimidin-5-
yi)phenyl)(morpholino)methanoﬁe (35 mg, 16%, AUC HPLC 98.63%) as a yellow solid.
m.p. 233-236 °C. 'H NMR (400 MHz, CDCl3) 6 (ppm): 8.75 (d, /= 7.2 Hz, 1 H), 8.52 (s, 2
H), 8.42 (s, 1H), 8.21-8.4 (m, 3 H), 7.60 (d, /= 7.6 Hz, 2 H), 7.41 (d, /= 6.8 Hz, 1 H),

3. 8;3 40 (m, 8 H), 2.58 (s, 3 H); MS (ESI) m/z 409.06 [CpyHyoNgO+H]".

Example 117: (4-(3-((2- am1nopyr1d1n—4 yl)ethynyl)pyrazolo[l 5-a]pyrimidin-5

_ yl)phenyl)(morphohno)methanone
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[000395] To a solution of (4—(3_-i0dopyrazolo[ 1,5-a] pyrimidin-5-
ylphenyl)(morpholino)methanone (150 mg, 0.35 mmol) in anhydrous acetonitrile (6 mL)
was addéd 4-ethyny1pyridiﬁ-2-amine (71:13 mg, 0.46 mmol), Pd(PPh;)4 (20.22 mg, 0.018
mmol), Cul (6.67 mg, 0.035 mmol) and 3 mL of DIPEA. The reaction mixture was heated
at 75 °C under nitrdgen overnight, was diluted with DCM (100 mL), filtered through celite
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel, eluent DCM/Methanol 96:4) to afford (4-(3-((2-aminopyridin-
4-yl)ethynyl)pyrazolo[1,5-a]pyrimidin-5 yl)phenyl)(morpholino)methanone (59.38 mg,
0.14 mmol, 40%, AUC HPLC 97.07 %) as yellow solid mp: 129.8-130.6 °C. 1H NMR (400
MHz, CDCls) 6 (ppm): 8.74 (d, J = 7.3 Hz, 1H), 8.31 (s, 1H), 8.25 (d, J = 8.2 Hz, 2H),
8.06 (d, J = 5.2 Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.40 (d,J = 7.3 Hz, 1H), 6.84 (d, J=5.2
Hz, 1H), 6.71 (s, 1H), 4.55 (bs, 2H), 4.00-3.30 (in, 8H); *C NMR (400 MHz, CDCi3) 0
(ppm): 169.61, 158.25, 156.56, 148.67, 148.25, 147.88, 137.84, 137.70, 136.05, 133.29,
127.88, 116.08, 110.27, 106.45, 93.81, 91.43, 83.35, 66.88; MS (ESI) m/z 425.20
[Ca4Hp0NsO, + HI'.

[000396] Example 118: (4—(3-((Z-aminopyridin-4-yl)ethynyl)imidazo[ 1,2-a]pyrazin-6-
yl)phenyl)(morpholino)methanone .
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[000397] To a solution of (4-(3-iodopyrazolo[1,5-a]pyrimidin-5-yl)-2-
(trifluoromethyl)phenyl)(morpholino)methanone (180 mg, 0.36 mmol) in anhydrous
acetonitrile (3 mL) was added 4-eth);nylpyridin-2-amine (83.5 mg, 0.54 mmol), Pd(PPh;)4
(20.80 mg, 0.018 mmol), Cul (6.86 mg, 0.036 mmol) and 1.5 mL of DIPEA. The reaction
mixture was heéted under nitrogen at 85 °C for 1.5 h, was then diluted with 100 mL of
DCM, filtered through celite and concentrated under reduced pressure. The residue was
purified by flash column chromatography (silica gel, eluent DCM/Methanol 96:4) to give
(4-(3-((2-aminopyridin-4-yl)ethynyl)pyrazolo[ 1,5-a]pyrimidin-5-y1)-2-
,chlorophehyl)(morpholino)methanone (141.2 mg, 0.29 mmol, 79.7 %, AUC HPLC 99:33

- %) as yellow-orange solid mp: 247.8-248.3 °C. 'H NMR (400 MHz, CDCl3) ¢ (ppm): 8.79
- (d,J=17.4Hz, 1H), 8.52 (s, 1<H), 8.44 (d, J = 8.0 Hz, 1H), 8.34 (s, 1H), 8.07 (d, J = 5.2 Hz,
1H), 7.53 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 7.4 Hz, 1H), 6.83 (d, J= 5.2 Hz, 1H), 6.71 (s,
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1H), 4.55 (bs, 2H), 4.00-3.85 (m, 1H), 3.84-3.70 (m, 3H), 3.69-3.50 (m, 2H), 3.30-3.15 (m,
2H); MS (ESI) m/z 493.10 [CysH;oF3NsO, + H]". |

Example 119: (4-(3-((2-aminopyridin-4-yl)ethynyl)pyrazolo[ 1,5-a]pyrimidin-5-yl)-2-
methylphenyl)(morpholino) methanone

[000398] Toa solutlon of (4- (3—1odopyrazolo[1 5-a]pyrimidin-5-yl)-2-
methylphenyl)(morpholino) methanone (100 mg, 0.223 mmol), 4- ethynylpynd1n—2 amine
hydrochloride (42 mg, 0.268 mmol), PACly(PPhs); (20 mg, 0.0290 mmol), Cul (4 mg,
0.0223 mmol) in a mixture of DMF and THF (1:3, 2.0 mL) was added Et;N (2.0 mL). The
resulting mixture was stirred at room temperature for 12 h. The solvents were réfnoved in
vacuo and the residue was purified by flash column chromatography (eluent
FEtOAc/CH;0H 85:15) followed by preparative HPLC to afford (4-(3-((2-aminopyridin-4-
yl)ethynyl)pyrazolo{1 ,S-a]pyrimidin-5-y1)-2-rﬁethy1phenyl) (morpholino) methanone (29.9
mg, 31%, AUC HPLC 99.2%) as a yellow solid. 'H NMR'(60.0 MHz, DMSO-d6) 6 9.30 (d,
J=7.4Hz, 1H), 8.55 (s, 1H), 8.19 (d, /= 1.8 Hz, 1H), 8.17-8.11 (ﬁ, 1H), 7.94 (d,J=5.3
Hz, 1H), 7.83 (d, J = 7.4 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 6.64-6.56 (m, 2H), 6.11 (s, 2H),
3.68 (m, 4H), 3.52 (m, 2H), 3.18 (m, 2H), 2.36 (s, 3H); *C NMR (150 MHz, DMS‘O-d.g) 3
168.6, 159.8, 156.5, 148.1, 147.8, 138.5, 137.4, 136.2, 134.8, 131.3, 129.2, 126.6, 125.1,
113.1, 109.0, 107.1,91.8,91.1, 83.2, 66.2, 46.7, 18.7; MS (ESI) m/z 439 [CosHpNgO+H]"

Example 120: (4-(3-((2-aminopyridin-4-yl)ethynyl)pyrazolo[1,5-a] pyrimidin-5-yl)-2-
chlorophenyl)(mofpholino)méthanone,

= N’N\
Cl \N =
0. \\
[Nj - &
o : =y NH

: [000399] To a solution of (2-chloro-4-(3-iodopyrazolo[1,5-a]pyrimidin-5-
yl)phenyl)(morpholino)methanone (180 mg, 0.38 mmol) in anhydrous acetonitrile (3 mL)
was added 4-ethynylpyridin-2-amine (89 mg, 0.58 mmol), Pd(PPhs)4 (21.96 mg, 0.019
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mmol), Cul (7.24 mg, 0.038 rhmol) and 1.5 mL of DIPEA. The reaction mixture was heated
at 8.5 °C for 1.5 h under nitrogen. The reaction mixture was diluted with 100 mL of DCM,;
ﬁlteréd through celite and concentrated under feduced pressure. The residue was purified
by flash column chromatography (silica gel, eluent DCM/Methanol 96: 4) to give (4-(3-((2-
aminopyridin-4- yl)ethynyl)pyrazolo[l S-a]pyrimidin-5-yl)-2-
chlorophenyl)(morpholino)methanone (159.4 mg, 0.35 mmol, 91 %, AUC HPLC 99.53 %)
as yellow solid mp: 218.5-219.6 °C. '"H NMR (400 MHz, CDCl3) ¢ (ppm): 8.77 (d,J = 7.4 |
Hz, 1H), 8.35 (s, 1H), 8.29 (d, J = 1.2 Hz, 1H), 8.14 (dd, J = 8.0, 1.2 Hz, 1H), 8.10 (d, J =
5.2 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.37 (d, J= 7.4 Hz, 1H), 6.86 (d, J= 5.2 Hz, 1H),
6.73 (s, 1H), 4.52 (s, 2H), 4.00-3.85 (m, 1H), 3.84-3.80 (m, 3H), 3.79-3.55 (m, 2H), 3.45-
3.15 (m, 2H); *C NMR (400 MHz, CDCl3) 6 (ppm): 166.28, 158.32, 155.15, 148.45,

| 148.17, 138.79, 137.51, 136.24,.133.03, 131.47, 128.77, 128.56, 126.35, 116.11, 11'0.19,
106.20, 94.16, 91.64, 82.90, 66.79, 66.73, 47.17, 42.17; MS (ESI) m/z 459.10
[CogH1sCINGO, + HI |

Example 121: (4-(3-((2-aminothiazol-5-yl)ethynyl)imidazo[1,2-b] pyridazin-6-
yl)phenyl) (morpholino)methanone

=N
SN /
O \\
) ;i
74
o) N%\NHZ

[000400] -Step 1: Preparation of tert-butyl 5-((6-(4-(morpholine-4-
carbonyl)phenyl)imidazo[ 1,2-b]pyridazin-3-yl)ethynyl)thiazol-2-ylcarbamate. To a solution
of (4-(3 -1od01m}dazo[1,2-b]pyr1d_azm—6-y1)pheny1)(morphohno)methanone (300 mg, 0.691
mmol) in DMF (10 mL) were successively added Pd(PPhs) (40 mg, 0.03 mmol), Cul (19.6
mg, 0.11 mmol), N,N—diisopropyiethylamine (0.23 mL, 1.38 mmol) and fert-butyl 5-
ethynylthiazol-2-ylcarbamate (185 mg, 0.82 mmol). The reaction mixture was heated at 80
°C for.5 h under argon, was filtered through celite and the filtrate was concentrated under
reduced pressure. The residue was puriﬁed by column chromato graphy (Silica gel, eluent

- dichloromethane/MeOH 9:1) to afford tert-butyl 5-((6-(4-(morpholine-4-
- carbonyl)phenyl)imidazof 1,2—b]pyridazin-3-yl)ethyhyl)thiazol—Z-);lcar_bamate (300 mg). 'H
NMR (400 MHz, (DMSO-ds) 5 (ppm): 11.94 (s, 1H), 8.35 (vd, J=9.2 Hz, 1H), 3.2398.00
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(m, 3H), 7.96 (d; J=12.8 Hz, 1H), 7.84 (s, 1H), 7.62 (d, /= 8.0 Hz, 2H), 3.63-3.60 (bs,
8H), 1.52 (s, 9H). MS (ESI) m/z: 531.60 [Cy7HNsO4S +HT'. ‘

[0004701] Step 2: Preparation of (4-(3-((2-aminothiazol-5-yl)ethynyl)imidazo[1,2-
blpyridazin-6-yl)phenyl)(morpholino)methanone. A solution of fert-butyl 5-((6-(4-
(morpholine-4-car‘b onyl)phenyl)imidazo[ 1 ,2-b]pyr_idaziﬁ-3 -yl)ethynyl)thiazol-2-
ylcarbamate (300 mg, 0.56 mmol) in a mixture of trifluoroacetic acid (3 mL) and
dichloromethane (10 mL) was stitred at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure and the residue was basified with a saturated aqueous
solution of NaHCO3, extracted with a solution of 10% methanol in dichloromethane. The
organic layer was washed with Water. and brine, dried over Na;SOy, filtered and
concentrated under reduced pressure. The residue was purified by préparative HPLC to
afford (4-(3-((2-aminothiazol-5-yl)ethynyl)imidazo[1,2-b] pyridazin-6- .
yhphenyl)(morpholino)methanone (60 mg, 25%, AUC HPLC 98.69%) as a yellow solid.
mp 245-254 'C; "H NMR (400 MHz, (DMSO-ds) & (ppm): 8.33 (d, J= 9.6 Hz, 1H), 8.18—
8.17 (m, 3H), 7.97 (d, /= 9.2 Hz, 1H), 7.62-7.61 (m, 4H), 7.44 (s, 1H), 3.64-3.62 (m, 8H);
MS (ESI) m/z: 431.11 [C,H;sNsO,S+H]™.

Example 122: (4-(3-((2-aminopyridin-4-ylethynyl)imidazo[1, 2- b]pyrzdazm~6 yl)- 3-

ﬂuorophenyl)(morphohno)methanone formate salt

HCOOH

e
[Oj ' /\\ NH,

N

[000402] A solution of @3 -ﬂuor6-4-(3 -iodoimidazo[1,2-b]pyridazin-6-
yl)phenyl)(morpholino)methanone (92 mg, 0.203 mmol), 4-ethynylpyridin-2-amine (36 mg,
0.305 mmol), PdCIy(PPhs), (19 mg, 0.0264 mrhol), Cul (4 mg, 0.0203 inmol) in a mixture
of DMF (1.0 mL) and (1.0mL). The mixture was blanketed with argon and heated at 90°C
for 2h. The solvents were removed in vacuo and the crude residue was purified by column
: chromaté graphy (silica gel, eluent EtOAc/CH3QH 90:10) and preparative HPLC to afford
o (4-(3-(1 (2—aminopyridin—4—yl)ethynyl)imidazo[ 1,2-b] pyfidazin-6—yl)—3-
[fluorophenyl)(morpholirio)methanone formate salt (40.0 mg, 40%, AUC HPLC: 97.2%) as
a green-brown solid mp: 78.2—79.4 °C); '"H NMR (600 MHz, DMSO-de) § 8.37 (d, /=9.5
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" Hz, 1H), 8.31 (s, 1H), 8.13 (s, 1H), 8.00-7.93 (m, 2H), 7.75 (dd, J= 9.4, 2.1 Hz, 1H), 7.54
(dd,J=10.9, 1.5 Hz, 1}1), 7.47 (dd, J=17.9, 1.6 Hz, 1H), 6.64 (d, J = 4.9 Hz, 2H), 6.33 (s,
2H), 3.71-3.62 (m, 4H), 3.62-3.52 (m, 4H); 3¢ NMR (150 MHz, DMSO-dg) 6 167.00,
163.06, 160.36, 159.40, 158.69; 149.05, 147.57, 139.76, 138.97, 131.27, 130.48, 126.22,
124.29, 123.72, 115.46, 112.80, 111.70, 109.41,96.90, 79.05, 66.01, 47.62, 42.06; MS
(ESI) m/z 443 [C24H1sFN6O, +H]".

Example 123: (4-(3-((2-aminopyridin-4-yl)ethynyl)pyrazolo[1, 5-a] pyrimidin-5-yl)-3-

Sfluorophenyl)(morpholino) methanone formic acid salt

[000403] A solution of (3-fluoro-4-(3-iodopyrazolo[1,5-a]pyrimidin-5- _
yl)phenyl)(morpholino)methanone (89 mg, 0.197 mmél), 4-ethynylpyridin-2-amine (35 mg,
0.295 mmol), PdCl,(PPhs), (20 mg, 0.0256 mmotl), Cul (4 mg, 0.0197 mmol) in a mixture
of DMF (1.0 mL) and DIPEA (1.0 mL) was heated at 90°C for 2h. The solvents were
removed in vacuo and the crude residue was purified by column chromatography (silica
gel, eluent EtOAc/CH30H 95:5) and by preparative HPLC to afford (4-(3-((2-
aminopyridin-4-yl)ethynyl)pyrazolo[1,5-a]pyrimidin-5-yl)-3 -ﬂuorbphenyl) (morpholino)
methanone.formic acid salt (54.8 mg, 57%, AUC HPLC: 98.0%) as a brown solid (mp:

57.6-58.9 °C); '"H NMR (600 MHz, DMSO-dg) & 9.33 (d, J= 7.3 Hz, 1H), 8.62 (s, IH),
8.17-8.10 (m, 2H), 7.93 (d, /= 5.5 Hz, 1H), 7.59 (dd, J=7.4, 1.8 Hz, 1H), 7.52 (d, /=
112 Hz,; 1H), 7.-46'(d, J=17.8 Hzl, 1H), 6.69-6.62 (m, 2H), 6.50 (s, 2H), 3.74-3.62 (m, 4H),
3.62-3.53 (m, 4H); BC NMR (150 MHz, DMSO-dy) § 166.98, 163.06, 160.80, 159.13,
158.55, 153.76, 148.19, 145.75, 139.95, 137.31, 132.55, 131.33, 125.69, 123.66, 115.54,
113.1 1.., 110.36, 110.05, 91.98, 91.00, 66.01, 47.56, 42.06; MS (ESI) m/z 443 [C24H19FN6O,
.

. [000404] The following examples serve to iIIQStrate the invention without limiting the

" scope thereof.
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EQUIVALENTS AND SCOPE
[000405] In the claims articles such as “a,” “an,” and “the” may mean one or more than
one unless indicated to the contrary or otherw1se ev1dent from the context. Claims or
descriptions that include “or” between one or more members of a group are considered
satisfied if one, more than one, or all of the group members are present in, employed in, or
otherwise relevant to a given product or process unless indicated to the contrary or
otherwise evident from the context. The invention includes embodiments in which exactly
one member of the group is present in, employed in, or otherwise relevant to a given
product or process. The invention includes embodiments in which more than one, or all of
the group members are present in, employed in, or otherwise relevant to a given product or
process.
[000406] Furthermore, the invention encompasses all variations, combinations, and
permutat1ons in which one or more limitations, elements, clauses, and descnptlve terms
from one or more of the listed claims is introduced into another claim. For example, any
claim that is dependent on another claim can be modified to include one or more limitations
found in any other claim that is dependent on the same base claim. Where elements are
presented as lists, e.g., in Markush group format, each subgroup of the elements ts also
disclosed, and any element(s) can be removed from the group. It should it be understood
that, in general, where the invention, or aspects of the invention, is/ ere referred to as
comprising particular elements and/or features, certain embodiments of the invention or
" aspects of the invention consist, or consist essentially of, such elements and/or featdres. For
purpeses of simplicity, those embodiments have not been specifically set forth in haec
verba herein. It is also noted that the terms “comprising” and “containing” are intended to
be open and permits the inclusion of additional elements or steps. Where ranges are given,
endpoints are included. Furthermore, unless otherwise indicated or otherwise evident from
the context and understanding of one of ordinary skill in the art, values that are expressed as
ranges can assume any specific value or sub-range within the stated ranges in different
embodiments of the invention, to the tenth of the nnit of the lower limit of the range, unless
the context clearly dictates otherwise.
[000407] Thie application refers to various issued patents, published patent applications,
~ journal articles, and other publications, all of which are incorporated herein by reference. If
| there is a conflict between any of the incorporated references and the instant specification,
the specification shall control. In addition, any particular embodiment of the present

invention that falls within the prior art may be explicitly excluded from any one or more of
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the claims. Because such emBodiments are deemed to be known to one of ordinary skill in
the art, they may be excluded even if the exclusion is not set forth explicitly herein. Any
particﬁleir embodiment of the invention can be'excluded from any claim, for any reason,
whether or not related to the eXistence of prior art. 7
[000408] Those skilled in the art will recognize or be able to ascertain using ﬁo'more than
routine experimentation many equivalents to the specific embodiments described herein.
The scope of the preéent embodiments described herein is not intended to be limited to the
above Description, but rather is as set“forth in the appended claims. Those of ordinary skill
in the art will appreciate that various changes and modifications to this description may be
made without departing from the spiﬁt or scope of the present invention, as defined in the

following claims.
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CLAIMS
What is claimed is:
1. - Acompound of Formula (I):
X7 Sxe
)
Xl
R! x;~ ’

or a pharmaceutically acceptable salt thereof,
wherein _ '
X;'and X, are independently N or C;

‘X3 -and X, are ‘independently N or CR?;

provided that at least two of X;, X5, X3, and X, are N;

R! is independently hydrogen, optionally substituted Ci.¢ alkyl, optionally
substituted Cs.¢ carbocyclyl, optionally substituted f)henyl, optionally substituted six-
membered heteroaryl, optionally suBstituted six-membered heterocyclyl, optionally
substituted C;.¢ carbocyclylalkyl, optionally substituted arylalkyl, optionally substituted
five-.or six-membered heteroarylalkyl, optionally substituted five- or six-membered
heterocyclylalkyl, -CN, —ORA, or NRP);

eaclﬁ instance of R? is independently hydrogen, halo gen, optionally substituted Cy.¢
alkyl, optionally substituted Cs_¢ carbocyclyl, -OR*, or -N(RD),,

Ring A is optionally substituted phenyl, optionally substituted five-membered
héteréaryl, optionally substituted six-membered heteroaryl, or optibnally substituted 5,6-
bicyclic heteroaryl; ‘

each instance of R* is independently hydrogen, optionally éubstituted Ci-¢ alkyl,
optioﬁally substituted C;_¢ carbocyclyl, optionally substituted aryl, optionally substitutgd

heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
| each instance of R® is indepeﬁdently hydrogen,' optionally substituted C;_¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
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heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen

protecting group.
2. - A compound of claim 1 of Formula (I-i):
_ -
RPP X, Xoo/
R
RPd RPe

(I-i)
or a pharmaceutically acceptable salt thereof, |
wherein |

R™ is hydrogen, halogen, CN, optlonally substituted C;.¢ alkyl, -OR* -N(RB),, -
NH-CO-RS;

“RCis optionally substituted C1 ¢ alkyl;

Rp is independently hydrogen, halogen, CN, -OR”, -N(R®),, optionally substituted
Ci.6 alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl;

each of R” and R™ is independently hydrogen, , halogén, CN, -OR*, or optionally
substituted Cy.¢ alkyl; '

or R™ and R™ are joined to form =O; and

RP is optionally substituted six-membered heterocyclyl, -OR?, or -N(R®),; and

each instance of R* is indepeﬂdently hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® is independently hydrogen, optionally substituted C;.¢ alkyl,
optlonally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen

protecting group.
3. A compound of claim 1, wherein R' is optionally substituted phenyl of the formula: -
lay _H N ﬁzL
. R _
wherein
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each instance of R' is independently hydrogen, halogen, optionally substituted Ci.¢
alkyl, optionally substituted C;.¢ carbocyclyl, optionally spbstituted phenyl, optionally
substitufed five- or six-membered heteroaryl, (.)ptionallyvs'ubstituted five- or six-membered
heterocyclyl, optionally substituted acyl, -CN, -OR?, oi‘ -N(R®),; and

ml is an intéger of 1 to 5, inclusive.

4, A compound of claim 3, wherein R! is of the formula:
RP?
RE %, RP
Rl RP® &,
14
) or ®
wherein

R™ is hydrogen, halogen, CN, optionally substituted C;.¢ alkyl, -OR*, -N(R®),, -
NH-CO-RS '

RCis optionaliy substituted C;_¢ alkyl;

RP is independently hydrogen, halogen, CN, -QRA, -N(R®),, optionélly substituted
Ci.¢ alkyl, optionally substituted Cs:¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted hetcroaryi;

each of RP® and RP is independently hydrogen , halogen, CN, -ORA, or optionally
substituted C;.¢ alkyl;

or R” and R are joined to form =O; and

RP® is optionally substituted six-membered heterocyclyl, -OR?, or -N(R®),; and

each instance of R” is independently hydrogen, optionally substituted Ci.¢ alkyl,
optionally substituted C;.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
each instance of R® is independently hydrogen, optionally substifuted Ci.¢ alkyl, optionally
substituted C;.¢ carbocyclyl; optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted heteraryl, optionally substituted acyl, or a nitrogen protecting group;
and each instance of R' is optionally substituted six-membered heterocyclyl, -OR*, or -
NR®),. |

5. A compbund of claim 4, wherein R' is one of the following formulae:
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F
o™ Sy SN %
[ ] bN ow
2 O b
I\/N | O/\l \/©/ 'ZLL
, Or &N e
6. A compound of claim 1, wherein R! is one of the following formulae:
(Rla)mZ

(Rla)ng * @oat (T (\3(

wherein | ] A }

each instance of R' is independently hydrogen, halogen, optionally substituted Cj.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted acyl, -CN, -OR*, or -N(R®),;

eabh instance of m2 is independently an integer of 1 to 4, inclusive;

each instance of R” is independently hydrogen, optionally sﬁbstitﬁted Ci6 alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and - |

" each instance of R® is independently hydrogen, optionally substituted Ci.¢ alkyl,

optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group. |

7. A compound of claim 1, wherein R! is optionally substituted six-membered

heterocyclyl.

8. A compound of claim 7, wherein R' is one of the following formulae:

N

:[IN [ j—(Rla)m3

0o or RN
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wherein
each instance of R is iﬁdependently hydrogen, halogen, optionally substituted C; ¢
alkyl,b optionally substituted Cs.¢ carbocyclyl, bptionally substituted aryl, optionally
substituted heteroaryl, optionally substituted acyl, -CN, -OR*, or -N(RB),;
“each instance of m3 is independently an integer of 1 to 8, inclusive; and
- RV is independently hydrogen, optionally substituted C;.¢ alkyl, optionally
substituted Cs.¢ carbocyclyl, optionaliy substituted aryl, optionally substituted heterocyclyl,
optionally substituted heteroaryl, optionally éubstituted acyl, or a nitrogen protecting group.

Wy

N
9. A compound of claim 8, wherein R' is of the formula O
10. A (_:om'pound‘of claim 1, wherein R! is optionally substituted six-membefed
heterocyclylalkyl. -
11. A compound of claim 10, wherein R! is one of the following formulae:
RIb ﬁlh% o
' lc>(
Rlb LLLLll) R N
! X | [ gy
R'¢ ) m4
N .
N N
[ )_(R Dma l
O 2 Or RN 2>
wherein

each instance of R'®, R'®, and R is independently hydrogen, halogen, optionally
substituted C;. alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted acyl, -CN, -OR*, or -N(R®);;

each instance of m4 is independently an integer of 1 to 8, inclusive, as valency
permits; and ,

" RY is independently hydrogen, optionally substituted Ci.¢ élkyl, optionally

substituted Cs_¢ carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl,
. optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen protecting group.
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12. A compound of claim 11, wherein R' is one of the following formulae:

13. A compound of claim 1, wherein R' is hydrogen.
14. A compound of claim 1, wherein R'is —NR®),.

| 15. A compound of claim 14, wherein R' is -N(CH3), or -NHAc.

16.  The compound of claim 1 or 2, wherein Ring A is of the formula:
a
h
A "T_(RRA)M
wherein

a indicates the point of attachment to the alkyne;

each instance of R* is independently hydrogen, halogen, optionally substituted Cy.¢
alkyl optionally substituted acyl, -CN, -OR%°, or -N(R™)y; .

each instance of R*° is independently hydrogen, optionally subst1tuted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
- heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group;

. each instance of RN is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted |
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group; and '

~nl is an integer of 1 to 5, inclusive.

- 17. The compound of claim 16, wherein R* is one of the following formulae:
0]
>\\ RRAI /~RRA2 /RAN
§\N ;‘N ‘ ;\N 5\ /~—~RRA2
H , H H ,or ¢ O

5
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wherein
R* is independently hydrogen, optionally substituted Cy¢ alkyl, optionally
substituted Cs.¢ carbocyclyl, optionally substitﬁted phenyl, optionally substituted five- or
six-membered heterocyclyl, optionally substituted five- or six-membered heteroaryl, -OR%,
or-NR®);and . , _
~ each instance of R*? is independently optionally substituted C;.¢ alkyl, optionally

substituted Cs.¢ carbocyclyl, optionally substitutéd phenyl, optionally substituted five- or

six-membered heterocyclyl, or optionally substituted five- or six-membered heteroaryl,.

18.  The compound of claim 16, wherein Ring A is of one of following formulae:
| a
e a

a a oy

) g ' RRA /@/RRA
RRA i\RRA or RRA '

3

wherein each instance of R* is independently hydrogen, -CN, -CHj,- OCH,, -NHAc, -
NHC(=O)Ph, -NHSO,CHj3,-C(=O)NHo.

19. The compound of claim 1 or 2, wherein Ring A is optionally substituted five-

membered heteroaryl with two heteroatoms selected from the group consisting of O, S, and
N. '

20. The compound of claim 19, wherein Ring A is one of the following formulae:
‘a _a a - a a
Tr™e L e ;LN R | R, |
N 9 ® & 2\ S
\REVFI N-NH  N-O N-§  or N (RM)n,
wherein

a indicates the point of attachment to the alkyne;
~ each instance of RM s independently hydrogen, halogen, optionally substituted Cy.¢
alkyl, optionally substituted acyl, -CN, —ORAO, or -N(RAN)z; |
éach instance of R*° is independently hydro gen, optionally substituted alkyl,

" optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted

heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and '
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each instance of R™ is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heteréc}iclyl, optionally substituted heteroaryl,. optionally substituted acyl, or a nitrogen
protecting group; and '

each instance of n2 is independently an integer of 1 or 2.

21.  The compound of claim 20, wherein Ring A is of the formula:
a a
a Rhidd wwv
AL
&

N-NH | NHz or NHBoc

22.  The compound of any one of claims 1-2, wherein Ring A is optionally substituted

six-membered heteroaryl with one or two N.

23.  The compound of claim 22, wherein Ring A is one of the following formulae:

a a

VN a

g ——(R™)5 H)— N)\l

Nv (RRA)n3 K/I_.(RéA)na
. . or S

wherein )

a indicates the point of attachment to the alkyne; ,

each instance of R* is independently hydrogen, halogen, optionally substituted Ci.¢
alkyl, optionally substituted acyl, -CN, -OR*®, or -N(R"M),; | |

each instance of R*° is independently hydrogen, optionally substituted alkyl,
optlonally substltuted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R*N is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocy_ciyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
- protecting group; and |

each instance of n3 is iﬁdependently an integer of 1 to 4, inclusive.

24, The compound of claim 23, wherein R is one of the following formulae:
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-

- RRAI - /\RRAZ /

¢ N N N

H

RAN
, . o 5\0/\ RRA2
wherein _
R*! is independently optionally substituted Cy.¢ alkyl, optionally substituted Cs.¢
carbocyclyl, optionally suBstituted phenyl, optionally substituted five- or six-membered
heteroéyclyl, optionally substituted five- or six-membered heteroaryl, -OR*, or -N(R®),; -
and o ' '
each instaﬁce of R*? is independently optionally substituted C,_g aikyl, optionally
substituted Cs_¢ carbocyclyl, optionally substituted phenyl, optionally substituted five- or

six-membered heterocyclyl, or optionally substituted five- or six-membered heteroaryl,.

25.  The compound of claim 23 or 24, wherein R* is one of the following formulae:

hydrogen, -Ph, -OH, -NH,, -OCH3, -OPh, -Cl, -CF3, -CHs3,

0 0 0 0 0
;\NJ\ ;\N)J\/Cl ;\N/U\/NHCH-? ;\NJ\© ;\NJ\© rr‘5\N
H H H 7 H H ~H
0 0o o ’
r‘é\N ;\N “N CFs ;\N \3‘\ \N
H ol H P
el f\*@**x@*@f\@
O L
L
ﬁf\ﬁ; A, Pl SO
» X » N N X N | P /N _N
.Y‘é\N/(Nj rré\NJ/V)\l ré:\N/(; ;\N/Q\l K\N)I\/Nj ;\:/CN) E \srj
H H H H H

26. - The compound of any one of claims 1-2, wherein Ring A is optlonally substituted
5,6 b1cycl1c heteroaryl with one, two, or three N.
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27.  The compound of claim 26, wherein Ring A is one of the following formulae:

SN N
(RRA)—— /\ o (RRA)M—IK—N/)—\NI R R

N
RAN \RAN . . » \RAN \RA_N
. ,
a
S L
(RRA)n4_)_||_\/\_/—£\> RA X A\ (RRA) l, X AR (RRA)M M
a% NN (R™n4 C 7~ PN LN
RAN }QAN - }?AN \RAN
a
SN I\ W
SN =z S 5 N
(RRA) —— § RAy 1~ TN RA M W
G LSS NS SRR
. RAN RAN RAN )
RAN f,\,u
fe 2\ N
(RRA mw > N ey,
\/\ or N)\/ ,
wherein '

a indicates the point of attachment to the alkyne;
each instance of R* is independently hydrogen, halogen, optionally substituted Ci.g
) alkyl_, optionally substituted acyl, -CN, -ORA°, or —N(RAN)z; |

each instance of R*° is independently hydrogen, optionally substituted alkyl,
optiohally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R*N is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group; and

- each instance of n4 is independently an integer of 1 to 5, inclusive.
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The compound of claim 27, wherein Ring A is of one of the following formulae:

28.
a

W,

i ) a o
| i | )\K\
( RRA)n4__:_:/E N (RRA) éém N (RRA)n4;|:\—\)_\ N (RRA)ng —l—/\—/:\éN
, a‘%,_/kN/ N\ | n4 kN//kN: N/ N : |\N/ N\

RAN RAN \RAN RAN
wherein
- R*is CN, -CFs, -CHs, -NHAc, or -NH»; and
each instance of n4 is 1.
29.  The compound of claim 27, wherein Ring A is one of the following formulae:
a a , a | a '
A
Ty LN fﬁﬁ LA
= 4 ~ ~
P 4 N N N N
HNT NN N" R NT O HN H
‘ 4 a
Na\,\, a a ot ﬁw Wy v a
N N XN N\ I \ N
= N | ar NH
~Z N —_—
N NH N N N = N=/ N\ _/
2, 2 a ' a a
o e
AN FsC
| ‘ N\ 3 t S\ F5;C N\
N N N
HN / HN / H H H
a a ) a a 2,
™M Y
A
D o0 a2 LD
NN BaHNT NT R NCT N N H
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30. The compound of claim 1 having one of the following formulae:

(I'a): (I'b) s

(I-¢), _‘ "II’ (I-d),

ora phérﬁxaceutically. acceptable salt thereof.

31.  The compound of claim 1 of Formula (II):

| y
i a)

or a pharmaceutically acceptable salt thereof.

32.  The compound of claim 31 of Formula (III):

NWN
NP
| .
\>Rh%n ' \\
_ : —/ (III)

ora pharmaceutically acceptable salt thereof,

wherein
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each instance of R'® is independently hydrogen, halogen, optionally substituted Cj.g
alkyl, optionally substituted C3_5r carbocyclyl, optidnally substituted phenyl, optionally
substituted five- or six-membered heteroaryl, 6ptiona11y substituted five- or six-membered
heterocyclyl, opﬁonally substituted acyl, -CN, -OR?, or NR®);
ml is an integer of 1 to 5, inclusive; ‘
~ each instance of R* is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
each instance of R® is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted'
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrdgen
protecting group. '

33.  The compound of claim 32 of Formula (III-a):

N
RP® N%\’é

RPP NP /

° . A\
RY
(ITI-a)

or a pharmaceutically acceptable salt thereof, .
whefein

RP is hydrogen, halogen, CN, optionally substituted Cy_¢ alkyl, -OR®, -N(RP),, -
NH-CO-R; |

RC is optionally substituted C;.¢ alkyl,

R is independently hydrogen, halogen, CN, -OR*, -N(RP),, optionally substituted
C1.¢ alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally |
substituted heterocyclyl, or optionally substituted heteroaryl,

- each of RP® and R™ is independently hydrogen , halogen, CN, -OR?, or optionally

substituted Cy.¢ alkyl; '

or R™ and R™ are joined to form =O; and

RP® is optionally substituted six-membered heterocyclyl, -ORA, or -N(R®),; and
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each instance of R* is independently hydrogen, optionally substituted C,.q alkyl,
optionally substituted Cs.4 carbdcyclyl, optionally substituted aryl, optionally substituted
heterdc}iclyl, optionally substituted heteroaryl; or an oxygen protecting group; and
each instance of R® is independently hydrogen, optionally substituted C1.¢ alkyl, optionally
substituted Cs. carbocyclyl, optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted heteraryl, optionally substituted acyl, or a nitrogen protecting group;
and R'is optior}aliy substituted six-membered heterocyclyl, -OR*, or -N(R®),:

34.  The compound of claim 32 of Formula (III-b):

e

or a pharmaceutically acceptable salt thereof,

(ITI-b)

wherein

Z is —O- or -NRV2_;

each instance of R™*is independently hydrogen, optionally substituted C;.¢ alkyl, or
a nitrogen protecting group; “ ' '
wherein

RP*is hydrogen, halogen, CN, optionally substituted Cy.¢ alkyl, -OR®, -N(R®),, -
NH-CO-R; |

RC is optionally substituted C;.¢ alkyl;

R™ is independently hydrogen, halogen, CN, -OR*, -N(R®),, optionally substituted
C\.6 alkyl, optionally substituted Cs_¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl;

- each of R™ and R™ is independently hydrogen , halogen, CN, -OR*, or optionally

substituted C;_¢ alkyl; | '

or R” and R™ are joined to form =O; and

RP® is optionally substituted six-membered heterocyclyl, -OR*, or -N(R®),; and
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cach instance of R* is independently hydrogen, optionally substituted C,_¢ alkyl,
optionally substituted Cs.4 carbot:yclyl, optionally substituted aryl, optionally substituted
heterdcyclyl, optionally substituted heter_oaryl,. or an oxygen protecting group; and
each instance of R® is independently hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted Cs. carbocyclyll, optionally substituted aryl, optionally substituted '
hetero,cyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
protecting group. | -

35. The compound of claim 1 of Formula (IV):

= N
« A/

R! N

\

(IV)

or a pharmaceutically acceptable salt thereof.

36.  The compound of claim 35 of Formula (V)

v)
ora pharmaceutically aéceptable.salt_thereof,
“wherein ' }

each instance of R'® isindependently hydrogen, halogen, optionally substituted C.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted phenyl, optionally
substituted five- or six-membered heteroaryl, optionally substituted five- or six-membered
heterocyctyl, optionally substituted acyl, -CN, -OR", or NR®),;

m1l is an integer of 1 to 5, inclusive; _

each instance of R* is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and
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each instance of R® is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterdCyClyl, optionally substituted heteroaryl,- optionaHy substituted acyl, or a nitrogen
protecting group.

37.  The compound of claim 36 of Formula (V-a):

RP? = N
RPb \N N /
- W\

(V-a)

or a pharmaceutically acceptable salt thereof,
wherein | ) ,

R is optionally substituted six-membered heterocyclyl, -OR?, or -N(RP);

R™ is hydrogen, halogen, CN, optionally substituted Cy.¢ alkyl, -OR*, -N(R®),, -
NH-CO-RS; ' '

RCis obtionally substituted C;.¢ alkyl;

R™ is independently hydrogen, halogen, CN, -ORA, -N(RB)z; optiénally substituted
C1¢ alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl; |

* each of R™ and R™ is independently hydrogen , halogen, CN, -OR”, or optionally

substituted C;.¢ alkyl;

or R™ and RP are joined to form =O; and

RP is optionally substituted six-membered heterocyclyl, -OR?, or -N(R®),; and

each instanée of R*is independently hydrogen, optionally substituted C;6 alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

- each instance of R® is independently hydrogen, optionally substituted Cy_¢ alkyl,

optionally substituted C;.¢ carbocyclyl, optionally substituted aryl, optionally substituted
~ heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
| protecting group. ‘ |

38. The compound of claim 36 of Formula (V-b):
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RP

9

or a pharmaceutically acceptable salt thereof,

(V-b)

wherein

Zis —O-or ~NRNZ—; _

each inétance o-f R“is independently hydrogen, optionally substituted Ci.¢ alkyl, or
a nitrogen protecting group; ' '
wherein ,
Rlpif is hydrogen, halogen, CN, optionally substituted Ci6 alkyl, -ORA, -N(RB),, -
NH-CO-R

RE is optionally substituted C.¢ alkyl;

RP is iﬁdependently hydrogen, halogen, CN, -OR*, -N(RB)z, optionally substituted
Ci_6 alkyl, optionally substituted Cs. carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl, A |

each of RP® and R is independently hydrogen , halogen, CN, -OR®, or optionally
substituted Cy_¢ alkyl; | ’ '

~ orR™ and R™ are joined to form =O; and _

RPis optionally substituted six-membered heterocyclyl, -OR*, or -N(RB)Z; and

each instance of R” is independently hydrogen, optionaﬂy substituted C;_¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted.
heterocyclyl, optiohally substituted heteroaryl, or an oxygen proteéting group ;' and

each instance of R is independently hydrogen, optionally substituted C.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen

protecting group.

39, The compound of claim 1 of Formula (VI):
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or a pharmaceutically acceptable salt thereof.

40.  The compound of claim 39 of Formula (VII):

(VID)

or a pharmaceutically acceptable salt thereof,
wherein

each instance of R' is independently hydrogen, halogen, optionally substituted Ci.¢
alkyl, optionally substituted Cs.¢ carbocyclyl, optionally substituted phenyl, optionally
substituted five- or six-membered heteroaryl, optionally substituted five- or six-membered
heterocyclyl, optionally substituted acyl, .—CN, }-ORA, or -N(R®),;

" mlisan integer of 1 to 5, indﬁsive;

each instance of R* is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted arylé optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each insfance of R® is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted |
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group.

- 41, The compound of claim 40 of Formula (VII-a):
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(VII-a)

or a pharmaceutically acceptable salt thereof, -
wherein ‘ .

R4 is optionally substituted six-membered heterocyclyl, -OR?, or NRP),;
wherein | , |

RPis hydrogeﬁ, halogen, CN, optionally substituted Ci.¢ alkyl, -ORA, -N(RB)Z, -
NH-CO-R; \ '

RE is optionally substituted C;_¢ alkyl;

'Rpt_’ is indeper'ldently hydrogen, halogen, CN, -OR®, -N(R®),, optionally substituted
Ci.6 alkyl, optionally substituted Cs.¢ carbocyelyl, optionaily substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl,

each of R and R is independently hydrogen , halogen, CN, -OR*, or optionally
substituted Cy.¢ alkyl; o '

or R™ and RP are joined to form =O; and

RP® is optionally substituted six-membered heterocyclyl, -OR*, or -N(R®),; and

each instance of R* is independently hydrogen, optionally substituted C,.¢ élkyl,
optidnally substituted C;_6 éarbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® is independently hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optiohally substituted heteraryl, optionally substituted acyl, or a nitrogen

protecting group.
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42.  The compound of claim 40 of Formula (VII-b):

(VII-b)
or a pharmaceutically acceptable salt thereof,
wherein |

Z is —O- or —NRNZ-;

each instance of R"*is independently hydrogen, optionally substituted Cy.¢ alkyl, or
a nitrogen protecting group;
wherein | ) 7

R™ is hydrogen, halogen, CN, optionally substituted Cy.¢ alkyl, -OR*, -N(R®),, -
NH-CO-R;

R is optionally substituted Cy.¢ alkyl;

R is independently hydrogen, halogen, CN, -OR*, -N(RP),, optionally substituted
C1. alkyl, optionally substituted C;_4 carbocyclyl, optionally substituted aryl, optionally
substituted heterocyclyl, or optionally substituted heteroaryl;

each of R™ and R is independently hydrogen , halogen, CN, -OR*, or optionally
subsﬁtuted C1.6 alkyl; |

or R and RP are joined to form =O; and ' _

R™ is optionally substituted six-membered heterocyclyl, -OR?, or -N(R®),; and

each instance of R* is independently hydrogen, optionally substituted C.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally subsﬁtuted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® is independently hydrogen, optionally substituted C;¢ alkyl,
optionally substituted Cs_¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen’
~ protecting group.

43.  The compouhd of claim 1 of Formula (VIII):

209



WO 2015/050505 ' : PCT/SG2014/000468

or a-pharmaceutically acceptable salt thereof.

44,  The compound of claim 43 of Formula (IX):

(IX)
or a pharmaceutically acceptable salt thereof,
wherein 7.

each instance of R'* is independently hydrogen, halogen, optionally substituted Cy.4
alkyl, optionally substituted C;_¢ carbocyclyl, optionally substituted 'pheny'l, optionally
substituted five- or six-membered heteroaryl, optionally substituted five- or six-membered
he_teroéyclyl, optionally substituted acyl, -CN, _-ORA, or -N(R®);

"~ ml is an integer of 1 to 5, inclusive;

each instance of R is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally sub-stituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each insfance of R® is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group. '

45, The compound of claim 44 of Formula (IX-a):
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(IX-a)
ora pharmacéutically acceptable salt thereof, |
wherein .

RM s optionally substituted six-membered heterocyclyl, -OR?, or -N(R®),;

RP is hydrogen, halogen, CN, optionally substituted Cy.¢ alkyl, -OR*, -N(RB)Z, -
NH-CO-R%; |

RE is optionally substituted C.¢ alkyl; -

R is independently hydrogen, halogen, CN, -OR*, -N(R®),, optionally substituted _
Cis alkyi, optionally substituted Cs. carbocyclyl, optionally substituted aryl, opﬁonally
substituted heterocyclyl, or optionally substituted heteroaryl;

each of R” and R™ is independently hydrogen , halogen, CN, -OR®, or optionally
substituted C;.4 alkyl;. )

or R” and R are joined to form =O; and -

R is optionally substituted six-membered heterocyclyl, -ORA, or -N(R®),; and

each instance of R is independently hydrogen, optionally substituted C;_¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
hetefocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® is independently hydrogen, optionally substituted Cy.¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
protecting group. | '
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46.  The compound of claim 44 of Formula (IX-b):

(IX-b)
or a pharmaceutically acceptable salt thereof,
wherein

Zis —O-or —NRNZ-;

each instance of R™?is independently hydrogen, optionally substituted C;._¢ alkyl, or
a mtrogen protecting group, _

® is hydrogen, halogen, CN, optionally substituted C,.¢ alkyl, ORA -N(RB)Z,

NH-CO-RC,

RE is optionally substituted Cy.¢ alkyl;

R is independently hydrogen, halogen, CN, -OR*, -N(R®),, optionally substituted
C1.¢ alkyl, optionally substituted C;. carbocyclyl, optionally substituted aryl, optionally
‘substituted heterocyclyl, or optionally substituted heteroaryl; - |

each of R” and RP is independently hydrogen , halogen, CN, -OR®, or optionally
substituted Cy_g alkyl; ‘ '

* or R™ and R™ are joined to fofm =0; and

RP*"is optionally substituted six-membered heterocyclyl, -OR*, or ’-N(RB)z; and

each instance of R” is independently hydrogen, optionally substituted C;.¢ alkyl,
optionally substituted C;.5 carbocyclyl, optionally substituted aryl, optionally substituted
he-terbcyclyl, optiohally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® is independently hydrogen, optionally substituted C ¢ alkyl,
optionally substituted Cs.¢ carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteraryl, optionally substituted acyl, or a nitrogen
protecting group. |

- 47. The compound of any one of clalms 34, 38, 42 and 46, wherein Z is —O-, -NH- -
NMe— or —Net-.
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48.  The compound of any one of claims 31, 35, 39 and 43, wherein R' is of the formula:
| RIb “17117
Yy . RICX R
R>( HHH [ l‘(Rla)m4
E _(Rla)m4 : ]
RN

wherein

each instance of R'*, R'®, and R'° is independently hydrogen, halogen, optionally
substituted alkyl, optionally substituted carbocyclyl, optionally substituted aryl, optlonally
substituted heteroaryl, optionally substituted acyl, -CN, -OR?, or -N(RP),;

each instance of m4 is independently an integer of 1 to 8, inclusive, as valency
permits; | |

~each instance of R is independently hydrogen, optionally substituted alkyl,

optionally substituted carbocyclyl, optionally substituted éryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, or an oxygen protecting group; and

each instance of R® and RY is independently hydrogen, optionally substituted alkyl,
optionally substituted carbocyclyl optlonally substituted aryl, opt1ona11y substituted |
heterocyclyl, optionally substltuted heteroaryl optionally substltuted acyl, or a n1trogen
protecting group.

49.  The compound of claim 48, wherein RN is H.
50.  The compound of claim 48, wherein RN is Me.
51.  The compound of claim 48, wherein RN is Et.

52.  The compound of any one of claims 48-51, wherein R'® and R" are both hydrogen.
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53.  The compound of any one of claims 30-52, wherein Ring A is one of the following
formulae: '
a 2. . a " a
= %ﬁ Z /
© L oRaA ——(RRA NJ} 1
T (R _)n3 N n3 —_ RRA —— RRA

\N/ v' K/ “(R™n3 or A ( )n1;

wherein

a indicates the point of attachment to the alkyne; _
each instance of R* is independently hydrogen, halogen, optionally substituted Cy.¢
alkyl, optionally substituted acyl, -CN, -OR™°, or -N(R*™),; '

' each instance 6f R*° is independently hydrogen, optionally substituted alkyl,
optionally _substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substitﬁted heteroaryl, or an oxygen protecting group; and

each instance of RAN is iinde.pendently hydrogen, optionally substituted alkyl,
optionally—substituted carbocyclyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted heteroaryl, optionally substituted acyl, or a nitrogen
protecting group; and |

each instance of n3 is independently an integer of 1 to 4, inclusive.

54. The compound of claim 53, wherein
each instance of R** is independently hydrogen, -CN, or optionally substituted Ci.¢
alkyl; and '

each instance of n3 is independently 1 or 2. .

55. The compound of any one of claims 30-54, wherein Ring A is of one of the
fdllowing formulae:

-CN, -Cl, -CF3, -CHj3, -Ph, -OH, -OCH3, -OPh, -NH,, -NHAc, -NHSO,CH3,

Wy

v

ol
NC o)
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0 0 o 9 Q o
@S\NJ\ e’(S\N/u\/CI ;\N)J\/NHCH3 g‘\NJ\© S\Nj\ﬁj Jr‘\N)K@/
H- H - H H - A :
0 0 Q 0
\N/“\©\§‘S\N)}\©\ \N)k©iCF3 ;fé\N )J\Lj Jf(\ )j\g
H H PhH cl ~.H _N H
/@;“\ /\@f\J\© @5\><© v’é\ [ j;f;\ /[Fe:(\ /i:\
;j@@ugﬂgﬂ©w©

/owaﬁmﬁg>ﬁﬁw©rm

56.  The compound of claim 1, wherein the compound is one of the compounds in Table
1.

57. = A pharmaceutical composition comprising a compound of any one of claims 1-56

~and a pharmaceutically acceptable excipient.

58.  The pharmaceutical composition of claim 57 comprising a therapeutically effective

amount of the cbmpound. :

59.  Use of a compound of any one of claims 1-56, or a pharmaceutical composition of

claim 57 or 58 for treatment of a MNK-related disorder.

. 60.  Use of a compound or pharmaceutical composition of claim 59, wherein the MNK-

 related disorder is MNK 1-related disorder.
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61.  Use of a compound or pharmaceutical composition of claim 59, wherein the MNK-

related disorder is MNK2-related disorder.

62.  Use of a compound of any one of claims 1-56 or a pharmaceutical composition of

claim 57 or 58 for treatment of an mTOR-related disorder.

63.  Use of a compound of any one of claims 1-56 or a pharmaceutical composition of

claim 57 or 58 for treatment of a PI3K-related disorder.

64.  Use of a compound or pharméceutical composition of claim 63, whereih the PI3K-

related disorder is PIK3 a-related disorder.

65.  Use of a'‘compound or pharmaceutical composition of claim 63, wherein the PI3K-

related disorder is PIK3 f -related disorder.

66.  Use of a compound or pharmaceutical composition of claim 63, wherein the PI3K-

related disorder is PIK3 y -related disorder.

67.  Use of a compound or pharmaceutical composition of claim 63, wherein the PI3K-

related disorder is PIK3 6 -related disorder.

68.  Use of a compound of any one of claims 1-56 or a pharmaceutical composition of

claim 57.or 58 for treatment of a HER-related disorder.

69.  Use of a compound or pharmaceutical composition of claim 68, wherein the HER-

related disorder is a HER2-related disorder.

70. Use of a compound or pharmaceutical composition of claim 68, wherein the HER-

related disorder is a HER3-related disorder

. 71. Use of a compound of any one of 1-56 or a pharmaceutical composition of claim 57

or 58 for treatment of a J AK-related disorder.
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72.  Use of a compound ot pharmaceutical composition of claim 71, wherein the JAK-

related disorderis aJ AKl-related disorder.

73. - Use of a compound or pharmaceutical composition of claim 71, wherein the JAK-

related disorder is a JAK2-related disorder.

74.  Use of a compound or pharmaceutical composition of claim 71, wherein the JAK-

related disorder is a JAK3-related disorder.

75.  Use of a compound or pharm‘aceutical composition of claim 59, wherein the

compound is used in combination with another therapeutic agent.

76.  Use of a compound or pharmaceutical composition of claim 75, wherein the

therapeutic agent is a kinase inhibitor.

77.  Use of a compound or composition of claim 76, wherein the kinase inhibitor is a
JAK inhibitor.
78.  Use of a compound or composition of claim 77, wherein the JAK inhibitor is a

JAK1 inhibitor.

79. Useofa compound or composition of claim 77, wherein the JAK inhibitor is a
JAK2 inhibitor.
80.  Use of a compound or composition of claim 77, wherein the JAK inhibitor is a
JAK3 inhibitor.
81.  Use of a compound or composition of claim 76, wherein the kinase inhibitor is a
PI3K inhibitor.

- 82.  Use of a compound or composition of claim 81, wherein the PI3K inhibitor is a

' PIBK_ a-related inhibitor.
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83.  Use of a compound ot composition of claim 81, wherein the PI3K inhibitor is a

PI3K B-related inhibitor.

84.  Use of a compound or composition of claim 81, wherein the PI3K inhibitor is-a

PI3K y-related inhibitor.

85.  Use of a compound or composition of claim 81, wherein the PI3K inhibitor is a

PI3K &-related inhibitor.

86.  Use of a compound or composition of claim 75, wherein the therapeutic agént is an
mTOR inhibitor.

87.  Use of a compound or compositioﬁ of claim 75, wherein the therapeutic agent is a
HER inhibitor. |

88. Use of a compound or composition of claim 87, wherein the HER inhibitor is a
HER?2 inhibitor. ‘

89.  Use of a compound or composition of claim 87, wherein the HER inhibitor is a
HERS3 inhibitor. - |

90. Use of a compound or composition of any one of claims 59-89, wherein the disorder

is cancer, an inflammatory disease, a neurodegenerative disease, or a metabolic disorder.

91.  Use of a.compound of claim 90, wherein the disorder is cancer.

92. Useofa éompound of claim 90, wherein the disorder is solid tumor.

93.  Use of a compound of claim 90, wherein the disorder is hematological tumor.
) 94, Useofa compound of claim 90, wherein the disorder is a metabolic disorder.

95. Useofa compouﬁd of claim 94, wherein the metabolic disorder is obesity.
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96.  Use of a compound of claim 94, wherein the metabolic disorder is diabetes.

97. . Use of a compound of claim 90, wherein the disorder is an inflammatory disease.
98.  Use of a compound of claim 90, wherein the disorder is a neurodegenerative
disease.

99.  Use of a compound of claim 90, wherein the neurodegenerative disease is

Alzheimer’s disease.

100.  Use of a compound of claim 90, wherein the neurodegenerative disease is autism or

autism spectrum.

101.  Use of a compound or composition of any one of claims 59-100, 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.

102. A method of treating a MNK—related disorder in a subject comprising administering
an effective amount of a compound of any one of claims 1-56, or a pharmaceutical .

composition of claim 57 or 58 to the subject.

103. A method of treating an mTOR-related disorder-in a subject comprising
administering an effective amount of a compound of any one of claims 1-56, or a

pharmaceutical composition of claim 57 or 58 to the subject.
104. A method of treating a HER-related disorder in a subject comprising administering
an effective amount of a compound of any one of claims 1-56, or a pharmaceutical

composition of clainr 57 or 58 to the subject.

- 105. The method of claim 104, wherein the HER-related disorder is a HER2-related

- disorder.
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106. The method of claim 105, wherein the HER-related disorder is a HER3-related

disorder.

107. A method of treating a PI3K-related disorder in a subject, comprising administering
an effective amount of a compound of any one of claims 1-56, or a pharmaceutical

composition of claim 57 or 58 to the subject.

108. The method of claim 107, wherein the PI3K -related disorder is a PI3K o-related

disorder.

109.  The method of claim 107, wherein the PI3K-related disorder is a PI3K B-reléted

disorder.

110. The method of claim 107, wherein the PI3K-related disorder is a PI3K y-related

disorder.

111.  The method of claim 107, wherein the PI3K-related disbrder is a PI3K &-related

disorder.

112. A method of treating a JAK-related disorder in a subject, comprising administering
an effective amount of a compound of any one of claims 1-56, or a pharmaceutical

composition of claim 57 or 58 to the subject.

113. The method of claim 112, wherein the JAK -related disorder is a JAK1-related

disorder.

114.  The method of claim 112, wherein the JAK -related disorder is a JAK2-related

disorder.

115. - The method of claim 112, wherein the JAK -related disorder is a JAK3-related

" disorder.
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116.  Akit comprising a compound of any one of claims 1-56, or a pharmaceutical
composition of claim 57 or 58; and instructions for administering the compound or the

compbsition to a subject.
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