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CYCLOPROPY LAMINES AS LSD1 INHIBITORS

FIELD OF THE INVENTION
The present invention relates to cnzyme inhibitors, which selectively modufate
demethylase, and uses therefor. Particular embodiments contomplate compounds and disease

indications amenable to treatement by modulation of lysine specific demethylase-1 (LSD1).

BACKGROUND OF THE INVENTION
Epigenctic modifications can impact genetic variation but, when dysregulated, can

also contribule to the development of various diseases (Portela, A. and M. Esteller,
Epigenetic modifications and human disease. Nat Biotechnol, 2010, 28(10}: p. 1357-68;
Lund, A.H. and M. van Lohuizen, Epigenetics and cancer. Genes Dev, 2004, 18(19): p.
2315-35). Recently, m depth cancer genomics studies have discovered many epigenetic
regulatory genes are often mutated or thelr own expression is abnormal in a variety of cancers
{Dawson, M.A. and T. Kouzarides, Cancer epigenetics: from mechanism fo therapy. Cell,

2. 150(1): p. 12-27; Waldmaon, T. and R. Schuneider, Targeting histone maodifications--
epigenetics in cancer. Curr Opin Cell Biol, 2013, 25(2): p. 184-9; Shen, H. and P.W. Laird,
Interplay between the cancer genome and epigerome. Cell, 2013, 153(1): p. 38-55). This
imphies epigenctic regulators function as cancer drivers or are perraissive for tumorigenesis or

disease progression. Therefore, devegulated epigenetic regulators are attractive therapeutic

{One particular enzyme which is associated with human diseases is lysine specific
demethylase-1 (L8D1), the frst discovered histone demethylase (Shi, Y., et al., Histone
demethviation mediated by the nuclear amine oxidase homolog LSDI. Cell, 2004, 119(7): p.
941-53). It consists of three major domains: the N-terminal SWIRM which functions in
nucleosome targeting, the tower domain which is involved in profein-protein interaction, such
as transeriptional co-repressor, co-repressor of RE-silencing transcription factor {CoREST),
and lastly the C terminal catalytic domain whose sequence and structure share homology with
the flavin adenine dinucleotide (FAD)-dependent monoamine oxidases (i.e., MAO-A and
MAG-B) (Fornerns, F., et al., Strucrural bagis of LSD1-CoREST selectivity in histore H3
recognition. J Biol Chem, 2007, 282(28): p. 20070-4; Anand, R. and R. Marmorstein,
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282(49): p. 35425-8; Stavropoulos, P., G. Blobel, and A. Hoelz, Crysral structire and
mechanism of luman [ysine-specific demethylase-1. Nat Struet Mol Biol, 2006. 13(7): p. 626-
32; Chen, Y., et al,, Crystal structure of human histone lysine-specific demethiylase 1 (LSDI),
Proc Natl Acad Sci U S A, 2006, 103(38): p. 13956-61}. LSD1 also shares a fair degree of
homology with another lysine specific demethylase (LSD2) (Karytinos, A, et al., 4 nove/
mammalion jlavin-dependent histone demethviase. J Biol Chem, 2009. 28426} p. 17775~
82). Although the biochemical mechanism of action is conserved in two isoforms, the
subsirate specificities are thought to be distinet with relatively small overlap. The enzymatic
reactions of LSD1 and L8DZ are dependent on the redox process of FAD and the requirement
of a protonated nitrogen 1o the methylated lysine is thought to limit the activity of LSD1/2 10
mono- and di-methylated at the position of 4 or 9 of histone 3 (H3K4 or H3K9). These
mechanisms make L3D/2 distinet from other lustone demethylase families (L.e. Jomonji
domain containing family) that can demethylate mono-, di-, and tri-methylated lysines
through alpha-ketoglutarate dependent reactions (Kooistra, S.M. and K. Helin, Molecuiar
mechanisms and potential functions of histone demeriviases. Nat Rev Mol Cell Biol, 2012,
13¢5y p. 287-311; Mosammaparast, N. and Y. Shi, Reversal of histone methylation:
biochemical and moleculor mechanisms of histone demethylases. Anmu Rev Biochem, 2010,
79 p. 155-79).

Methylated histone marks on K3K4 and H3K9 are generally coupled with
transcriptional activation and repression, respectively. As part of corepressor complexes
{e.g., CoREST), LS} bhas been reported to demethylate H3K 4 and repress transcription,
whereas LSD 1, in nuelear hormone receptor complex (e.g., androgen receptor), may
demethylate H3KS to activate gene expression (Metzger, E., et al,, LSD] demethylates
repressive histone marks to promote androgen-receptor-dependent transcription. Nature,

2005. 4377057 p. 436-9; Kahl, P, et al., Androgen receptor coactivators lysine-specific
histone demethviase I and four and a half LIM domain protein 2 predict visk of prostate
cancer recurvence. Cancer Res, 2006, 66(23): p. 11341-7). This suggests the substrate
specificity of LSD1 can be determined by associated factors, thereby regulating alternative
gene expressions in a context dependent manner. In addition o histone proteins, LSD1 may
demethylate non-histone proteins. These include p53 (Hoang, I, et al, p53 is reguiated by
the lvsine demethylase LSO, Nature, 2007, 449(7158): p. 105-8.}, E2F (Kontaki, H. and L
Tahamdis, Lvsine methyviation vegulates E2F 1-induced cell death. Mol Cell, 2010, 391 ): p.
152-603, STATS (Yang, 1., et al,, Reversible methyiation of promoter-bovund STAT3 by
histone-modifving enzvmes. Proc Natl Acad Sci U § A, 2018, 107(50): p. 21499-504), Tat
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{Sakane, N., et al,, dctivation of HIV transcription by the viral Tat protein requires a
demethylation step mediated by lysine-specific demethviase T (LSDI/KDMI), PLoS Pathog,
2011, 7(8) p. e1002184), and myosin phosphatase target subunit 1 (MYPT1) {Cho, H.8,, et
al., Demethyviation of RS vegulator MYPTI by histone demethylase LSDI promotes cell cycle
progression in cancer cells. Cancer Res, 2011, 71(3): p. 655-60). The lsts of non-histone
substrates are growing with technical advances in functional protcomics studies. These
suggest additional oncogenic roles of LS beyond 1o regulating chromatin remodeling.
LS80 also associates with other epigenetic regulators, such as DNA methyltransferase |

DNMT1 {Wang, 1, et al., The lysine demethviase LSDI (KDMI) is vequired jor

aintenance of global DNA methylation. WNat Genet, 2009, 41(1): p. 125-9) and histone
deacetylases (HDACs) complexes (Hakama, MLAL, et al, 4 core-BRAF33 complex containing
histone deacetylase mediates repression of newvonal-specific genes. Proc Natl Acad Sat U S
AL 2002, 99(1 1) p. 7420-5; Lee, MG, et al., Functional interplay between hisione
demethvlase and deacetviase enzvmes. Mol Cell Biol, 2006, 26(17): p. 6395-407; You, A, ¢t
al., CoREST is an integral component of the CoREST- lnnmarn histone deacetylase complex,
Proc Nat! Acad Sct U S A, 2001, 98(4): p. 1454-8). These associations augment the activities
of DNMT or HDACs., LSD1 inhibitors may therefore potentiate the effects of HDAC or
DNMT inhibitors. Indeed, preclinical studics have shown such potential already (Smgh,
M.M., et al., Inkibition of LSD1 sensitizes glioblastoma cells to histone deacetylase
inhibitors. Neuro OUncol, 20110 13(8): p. 894-903; Han, H., et al., Svnergistic re-activation of
epigenetically silenced genes by combinatorvial inhibition of DNMTs and LSDI in cancer
cells. PLoS One, 2013, 8(%): p. 275136).

LSP1 has been reported to contribute to a variety of biological processes, inchuding
cell proliferation, epithelal-mesenchymal transition {(EMT), and stem cell biclogy (both
embryonic stero cells and cancer ster cells) or seli-renewal and cellular transformation of
somatic cells (Chen, Y., et al,, Lysine-specific histone demethviase I (LSD1). 4 potential
molecular target for tumor fhempy, Crit Rev Eukaryot Gene Expr, 2012, 22(1): p. 53-9; Swr
Q., et al., Histone demethylase LSD] vegulates newral stem cell proliferation. Mol Cell Biol,
2010, 30(8): p. 1997-2005; Adamo, A., M.I. Barrero, and 1.C. zpisua Belmonte, LSDJ and
pluripotency: a new player in the network. Cell Cyele, 2011, 10(19): p. 3215-6; Adamo, A,
et al., L8O regulates the balance between self-renewad and differentiation in human
embryonic stem cells. Nat Cell Biol, 2011, 13(6): p. 652-9). in particular, cancer siem cells
or cancer mmitiating cells have some pluripotent stem cell properties that contribute the
heterogeneity of cancer cells. This feature may render cancer celis more resistant {o
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conventional therapies, such as chemotherapy or radiotherapy, and then develop recurrence
after treatment {Clevers, H., The cancer stem celi: premises, promises and challienges. Nat
Med, 2011 17(3): p. 313-9; Beck, B, and C. Blanpain, Unravelling cancer stem cell
potential. Nat Rev Cancer, 2013, 13(10): p. 727-38). LS was reported to roaintain an
undifferentiated tumor mitiating or cancer stem cell phenotype i a spectrum of cancers
(Zhang, X., et al., Pluripotent Siem Cell Protein Sox2 Confers Sensitivity 1o LSDI Inhibition
in Cancer Cells. Coll Rep, 2013, 5(2): p. 445-57; Wang, 1, et al., Nove! histone demethylase
LEDI inhibitors selectively target cancer cells with pluriporent stem cell properties. Cancer
Res, 2011, 71(Z3): p. 7238-49}. Acute myeloid leukemias (AMLs) are an example of
neoplastic cells that retain some of their less differentiated stem cell ke phenotype or
leukermia stem cell (LSC) potential. Analysis of AML cells including gene expression amrays
and chromatin immunoprecipitation with next generation sequencing (ChiP-5eq) revealed
that LS may regulate a subset of genes involved in multiple oncogenic programs to
maintain LSC (Harris, W, et al., The histone demethyiase KDMIA sustains the oncogenic
potential of MLL-AFY leukemia stem cells. Cancer Cell, 2012, 21{4): p. 473-87; Schenk, T.,
et al., Inhibition of the LD (KDMIA) demethylase reactivates the ali-trans-retinoic acid
differentiation pathway i acute myeloid leukemia. Nat Med, 2012, 18(4): p. 605-11). These
findings suggest potential therapeutic benefit of LSD1 inhibitors targeting cancers having
stemn cell properties, such as AMLs.

Overexpression of LSD1 is frequently observed in many types of cancers, including
bladder cancer, NSCLC, breast carcinomas, ovary cancer, ghoma, colorectal cancer, sarcoma
mechuding chondrosarcoma, Ewing’s sarcoma, osieosarcoma, and rhabdomyosarcoma,
neuroblastoma, prostate cancer, esophageal squamous cell carcinoma, and papillary thyroid
carcinoma. Notably, studies found over-expression of L8 was significantly associated
with chinically aggressive cancers, for example, recurrent prostate cancer, NSCLC, ghoma,
breast, colon cancer, ovary cancer, esophageal squamous cell carcinoma, and neuroblastoma.
In these studies, either knockdown of LSD lexpression or ireatment with small molecufar
mhibitors of LSD resulted in decreased cancer cell proliferation and/or induction of
apoptosis.  See, e.g., Havami, 3., et al., Overexpression of LD contributes to human
carcinegenesis through chromatin reguiation in vavious cancers. Tnt I Cancer, 2011, 128(3):
p. 574-86; Lv, T, et al., Over-expression of LSO promotes proliferation, migration and
invasion in non-small cell fung cancer. PLoS Oue, 2012, 7(4): p. 350635; Serce, N, et al,,
Elevated expression of LSD iLysine-specific demethylase 1) during tumour progression

from pre-invasive to invasive ductal carcinoma of the breast. BMC Clin Pathol, 20612, 12: p.
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13; Lim, S., et al, Lysine-specific demethviase I {LED 1) is highly expressed in ER-negative
breast cancers and a biomarker predicting aggressive biology. Carcinogenesis, 2010, 31{3}:
p. 512-20; Konovalov, 5. and 1. Garcia-Bassets, Analysis of the levels of lvsine-specific
demethylase 1 (LSD]) mRNA in human ovarian tumors and the effects of chemical LSD1
inhibitors in ovarian cancer cell lines. § Ovarian Res, 2013, 6(1): p. 75; Sareddy, G.R,, et al,,
KDMI is a novel! therapeutic target for the treatment of gliomas. Oncotarget, 2013, 4(1): p.
18-28; Dng, 1., et al,, LSO -mediated epigenetic modification contributes to proliferation
and metastasis of colon cancer. Br J Cancer, 2013, 109(4): p. 994-1003; Bennani-Baiti, LM,
et al., Lysine-specific demethylase I (LSDI/KDMIA/AOCF2/BHCII0) is expressed and is an
epigenetic drug target in chondrosarcoma, Ewing's sarcoma, osteasarcoma, and
rhabdomyosarcoma. Hum Pathol, 2012, 43(8): p. 1300-7; Schulte, LH., et al,, Lysine-specific
demethyvlase 1is strongly expressed in poorly differentiated neuroblastoma: implications for
therapy. Cancer Res, 2009, 69(5): p. 2065-71; Crea, ., et al,, The emerging role of histone
lysine demethylases in prostare cancer. Mol Cancer, 2012, 111 p. 52; Suilda, HE., etal.,
Genetic altevations and changes in expression of histone demethyiases in prostate cancer.
Prostate, 2010. 70(8): p. 889-98; Yu, Y., et al., High expression of fysine-specific
demethylase 1 correlates with poor prognosis of patients with esophageal squamous cell

carcinoma, Biochem Biophys Res Commun, 2013, 437(2): p. 192-8; Kong, L., et 4l
Immunohistochemical expression of REBP2 and LEDT in papillary thyroid carcinoma. Rom J
Maorphol Embryol, 2013, 534(3): p. 499-503.

Recently, the induction of CD86 expression by mnhibiting LSD1 activity was wpoﬁ >d
(Lynch, LT, et al., CD86 expression as a survogate cellular biomarkey for pharmacological
mfiibition of the histone demethylase lysine-specific demethylase I. Anal Biochem, 2013,
4472(1): p. 104-6). CDE6 cxpression is a marker of maturation of dendritic cells {DCs) which
are invoived m antitumor immune response. Notably, CDE6 functions as a co-stinuilatory
factor to activate T cell proliferation {Greaves, P. and 1.G. Gribben, The role of B7 family
melecules in hemaiologic malignancy. Blood, 2013, 121(5): p. 734-44; Chen, L. and D.B.

e

Flies, Molecular mechanisms of T cell co-stimulation and co-inhibition. Nat Rev lmowunol,
2013, 13(4): p. 227-42).

In addition to playing a role in cancer, LS activity has also been associated with
viral pathogenesis. Particolarly, LSD1 activity appears to be Hinked with viral replications
and expressions of viral genes. For example, LSD1 functions as a co-activator to induce gene
expression from the viral immediate carly genes of various type of herpes virus inchuding

herpes simplex viras (HSV), varicella zoster virus {(VZV), and [-herpesvirus human
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cytomegalovirus (Liang, Y., et al., Targeting the JMID2 histone demethyiases to
epigenetically control hevpesvirus infection and reactivation from latency. Sci Transi Med,
2013, 5(167y: p. 167vas; Liang, Y., ot al., Inhibition of the histone demethylase LSD1 blocks
alpha-herpesvirus btic replication and reactivation from latency. Nat Med, 2009, 1511 p.

5 1312-7). Inthus setting, a ESP 1 inhibitor showed antiviral activity by blocking viral
replication and alicring virus associated gene expression.

Recent studies have also shown that the inhibition of LS 1 by either genetic
depletion or pharmacological intervention mereased fetal globin gene expression in erythroid
cells (Shi, L., et al., Lysine-specific demethylase 1 is a therapeutic target Jor fetal hemoglobin

10 inducrion. Nat Med, 2013, 1903 p. 291-4; X, i, et al., Corepressor-dependent silencing of
Jetal hemogiobin expression by BCLITA. Proc Natl Acad Sci U S A, 2013, 110(16): p. 6518-
23). Inducing fetal globin gene would be potentially therapeutically beneficial for the disease
of f-globinopathies, including -thalassemia and sickle cell disease where the production of
normal $-globin, a component of adult hemoglobin, is impaired {Sankaran, V.G. and S.H.

15 Orkin, The switch from fetal to adult hemoglobin. Cold Spring Harb Perspect Med, 2013,
3(1y p. all1643; Bauer, D5, S.C. Kanwan, and 5. H. Orkin, Reawakening fetal hemoglobin:
prospects jor new therapies for the beta-globin disorders. Blood, 2012, 120{15): p. 2945-53).
Moreover, LSDT nhibition may potentiate other clinically used therapies, such as
hydroxyurea or azacifidine. These agents may act, at least m part, by increasing v-globm

20 gene expression through different mechanisms.

In sumimary, LSD1 contributes to tumor development by altering epigenetic marks on
histones and non-histone proteins. Accumulating data have validated that cither genetic
depletion or pharmacological intervention of LSD normalizes altered gene expressions,
thereby inducing differentiation programs into mature cell types, decreasing cell prohiferation,

25 and promoting apoptosis in cancer cells. Therefore, LSD1 mhibitors alone or in combmation

with established therapeutic drugs would be effective to treat the diseases associated with

LSDI activity,

SUMMARY OF THE INVENTION

30 The present invention is directed to, inter alia, a compound of Formula b



WO 2015/123424 PCT/US2015/015635

(R7),

R4

Rﬁ

or a pharmaccutically acceptable salt thercof, wherein constituent variables are defined

herein.

(%2}

The present vention is further directed to a pharmaceutical composition comprising
a cormmpound of Formula 1 and at least one pharmaceutically acceptable carrier.

The present invention is further divected to a method of inhibiting ESD1 comprising
contacting the LSD1 with a corapound of Formula L

The present invention is further directed to a method of treating an LSD l-mediated
10 disease in a patient comprising administering to the patient a therapeutically effective amount

of a compound of Formula L
BETAILED DESCRIPTION

The present invention provides, inter alia, LSD1-inhibiting compounds such as a

15 compound of Formula I:

RY,

or a pharmaccutically acceptable salt thereof, wherein:
20 ring A 1s Ceroary] or 5-10 moembered heteroaryl comprising cartbonand 1, 2,3 or 4
heteroatoms selected from N, G, and 5;
ring B is 4-10 membered heterocyeloalkyl comprising carbon and 1, 2, or 3

heteroatoms selected from N, O, and §;
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ring C is (1} monceychic Csreycloalkyl, (2) monocyehic 4-7 membered
heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and S,

ot (3} a fused bicychic motety having Foromda (A):

(A)
wherein:
ring C1 1s Cs.g cycloalkyl or 5-6 membered heterocycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 is (1) phenyl, (2) Csseycloalkyl, (3} 5-6 membered heteroaryl
comprising carbonand 1, 2, 3 or 4 heteroatoms selected from N, O, and §, or {4} 5-6
membered heterocycloalikyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 8;
wherein said fused bicyche motety of Formula (A} 1s bonded to ring B via ring
1, and wherein ring C substituents R* and R* are substituted on either or both of C1 and C2;
wherein ring C 1s substituted on any ring-forming atom of ring B except the ring-
forming atom of ring B to which R is bonded,;
each R! is independently selected from halo, Cis alkyl, Cae alkenyl, Cos alkynyl, Cis
haloatkyl, Ce.waryl, Csocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceroaryi-Ciaallyl-, Ca.o eycloalkyl-Cra alkyl-, (5-10 rmoerobered
heteroary)-Cios alkyl-, (4-10 membered heterocyeloalkyl}-Craalicyl-, ON, N2, OR? SR,
C{OIR®, CIOINRRY, C(O)ORY, OC(OIR®, OC(OINRRY, NRRE, NRCC(OIR®, NRC(OYOR?,
NRUC{OINRRY, C(ENRORD, CENRONRRY, NRCC(ENRUNRORY, NRES{(O)RY, NRES(ORRY,
NRES(ORNRRY, SIORP, SCOWNRRY, S(O1RY, and S{ORNRRY, wherein said Cis alkyl,
Crs atkenyl, Cos alkynyl, Coioaryl, Csaecycloalkyl, 5-10 membered hetercaryl, 4-18
membered heterocycloalkyl, Ceroaryl-Craalkyl-, Ciagcycloalkyl-Cia alkyl-, (5-10
membered heteroaryl)-Cra alkyl-, and (4-10 membered heterocyeloalkyl)-Cra alloyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Cis haloalkyl, Cis cyanoalkyl, CN, NOq, OR?, SR?, C(O)R®, C{OINRRY, C{OHORY,
OCIOIRD, OC{OINRR?, C{=NRONRRY, NRUC(=NREYNRR?, NRRY, NRC{O)R?Y,
NRC{O)OR?, NRCC{OINRRY NROS(OIRY, NRS(ORRP, NRES(ORNRRY, SOHRP,
S(OINRRY, S{ORR?, and S{(O)NRRY;
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each R? is independently selected from halo, Cis alkyl, CN, OR®, C{O)RY,
COWRCRY, C(OYORY, NRHRY, S(OIRY, SOWRCRY, S(ORRY, and S(ORNRYRY
wherein said Cre alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR¥, C{OWRY, CEOWNRYRY C(OYORY, OCOIRYY,
OC(OINRERY CENREGNRERY, NROC(=NREHNRCIRY NREIRY, NRE'C(O)RY,
NRACOYOR?, NRUC(OINRORY, NRUES(OIR, NROIS(ORRY, NREIS(ORNRYRY,
SIOHRY, S{OINRERY, S{O1RRY, and S(ORNREIRY,

wherein each R? is substitoted on any ring-forming atom of ring B except the ring-
forming atom of ring B to which R is bonded:

each B3 is independently selected from halo, Cre alkyl, Cows alkenyl, Crs alkynyl, Cis
haloalkyl, Ceroaryl, Caao cyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryl-Cigalkyl-, Cao cycloalkyl-Cia alleyl-, (5-10 membered
heteroaryl)-Cis aliyl-, (4-10 membered heterocycloalkyD}-Cia alkyl-, CN, NQG2, OR®, SR*,
C{ORM, CIOINRTR?, C{(OHOR®, OC(ORY, OC(OINRRY, NRYVRE NRC(ORD,
NRECIOOR™, NRAC(OINRRY, CENRRY, CENRPNRARY, NRACHENRZINRARE,
NREZS(OIRY, NRES{ORRY, NRES{ORNRZRE, S{ORY, S(OINRER™E §(012RY) and
S{ORNRVZRE, wherein said Cis alkyl, Cus alkenyl, Cos alkyoyl, Ceoaryl, Csao cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Co.io aryi-Cra alkyl-, Caao
cycloalkyl-Craalkyl-, (5-10 membered heteroaryl}-Cia alkyl-, and (4-10 membered
heterocycloalkyi)-Cra alkyl- are each optionally substituted with 1, 2, 3, or 4 substitucnis
independently selected from halo, Cra alkyl, Ci« haloalkyl, Ci4 cyanoalkyl, CN, NO2, OR¥,
SR¥, COOR, C(OINRERE C(OYORY, OCORY, OC(OINRIRE, C(=NRINRZRY,
NRZC(=NRENRZRYE, NRZRE, NRZCOIRY, NRPC{O)OR™, NREUC(OINRIRY,
NRZS(O)RY, NRES(ORRY, NRES(ORNRZRE, S(O)R?, S(OINRERY, S(0RRY, and
S(O)NRRY;

R* is halo, Cie aliyl, Cas alkenyl, Cas alkynyl, Cig haloalkyl, Cowaryl, Ciio
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cao aryl-Cros alkyl-
, Crao eycloalkyl-Crag alkkyl-, (5-10 membered heteroaryl}-Cia alkyl-, (4-10 membered
heterocycloalkyD-Craalkyl-, CN, NO2, OR®, SR¥, C{OWRD, C{OMINRERE, COYORS,
OC(O)RY, DC(OINRERY, NRYRE, NREC(OIRY, NREPC(DORY, NREC{O)NRZRE,
CENRDRY, CENREPYNRORE, NRECENRFINRURY, NRUS(OIRY, NRPS(ORRY,
NRESORNRIRS, SOIRP, S{OINRERE, S(ORRY, or S{ORNRERY, wherein said Cie
alkyl, Cue alkenvl, Coe alkynyl, Csowaryl, Csioeycloalkyl, 5-10 membered heteroaryl, 4-10

membered heterocycloalkyl, Ce.10 aryl-Cia alkyl-, Csascycloalkyl-Ciaalkyl-, (5-10
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membered heteroaryl}-Cia alkyl-, and (4-10 membered heterocycloalkyl}-Cig alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Crq haloalkyl, Cra cyanoalkyl, ON, NOz, OR®, SR*, C(OIRY, C(OINRIR®E,
CEOYORS, OC(ORY OC(OINRTRY, CENRPINRYRY NRACENRPINRARE, NRYRY,
NREC(OIRY, NREC(OIORS, NREC(OINRORE, NROS(OIR, NRES(ORRY,
NRES(ORNRORY, SUOIRD, S(OINRZRYE, S(O)RY, and S(O)RNRSRY;

R® and R® are each independently selected from H, halo, CN, Ci4alkyl, Ci4a
cyanocalkyl, Ciq haloalkyl, and —(Craalkyl}-OR>;

R%1is H, halo, Cis alkyl, Cre alkenyl, U alkynyl, Cis haloalkyl, Ceioaryl, Csae
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cotsaryl-Cia alkyl-
, Csao eycloalkyl-Cra alkyl-, (5-10 membered heteroaryl}-Cig alkyl, (4-10 membered
heterocycloalkyl-Craalkyl-, CN, N2, OR™ SR® C{OIRY, C{OINR¥RY, C{(OYOR™,
OC(OIRY, OCOINRHRH, NRYRH, NRUC(O)RY, NRUC{OYORH, NRYUC(OINR@RH,
CENRERY, CENRMINRARY, NRACENRMNRARY, NRYS(OIRY, NRAS(ORRY,
NRHS(ORNRURY, SIORM, S(OWNRURY, S(ORRM and S(ORNR¥RY, wherein said Cis
alkyl, Coe alkenyl, Cre alkynyl, Ce-varyl, Caaocoycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloaliyl, Coo aryl-Ciaa alkyl-, Ciiocycloalkyi-Cig altkyl-, (5-16
membered heteroary!)-Cig alkyl-, and {(4- 10 membered heterocycloalkyl}-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Ci haloalkyl, Ciscyanoalkyl, CN, NO2, OR¥ SR™, C{TO)RY, C(O)NR¥RH,
C{OIOR™, OC(ORY, OC(OINRURY | CENRYINRURM, NRUC(=NRIINRURM, NRURY,
NRHACIOIR™, NRUAC(OYORY, NRAC(OINRURHM, NRHUS(OIRP NRHS(ORRM,
NR¥S(ORNRER®, S(ORY, SOINRYRY, S(ORRY, and S(O)RNR¥R™,

cach R% R, R®, R4 R, BY2, 2, R®, ™, R R RY R RM R and R% is
mdependently selected from H, Ci.¢ alkyl, Ciqhaloalkyl, Crs alkenyl, Cos alkynyl, Caoaryl,
Cs-iscycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-ro aryl-Cia
alkyi-, Cigo cycloalkyl-Cra alicyl-, (5-10 membered heteroaryl)-Cios alkyl-, and (4-10
membered heterocycloaliyD)-Craalkyl-, wherein said Crs alkyl, Cog alkenyl, Cos alkynyl,
Ceoaryl, Cs.o cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceuo
arvl-Craalkyl-, Caocycloalkyl-Cia alkyl-, (5-10 membered heteroaryl}-Crs alkyl-, and (4-16
membered heterocyeloalloyy-Cra alkyl- is optionally substituted with 1,2, 3, 4, or &
substituents independently selected from Ci4 alkyl, Crabaloalkyl, Cra cycanoalkyl, balo,
CN, OR®, 8R®, C{OR, CIOWNRSRY, C{OYORY, OC(OIR®, OC{OINRERY, NRSRS,
NREC(OIRYS, NREC(OINRERS, NREC(OYOR®, C(=NRSINRTRS,
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NRSBCE=NREINRORY, S(OIRD, SIOMRERY, 5{01RRY, NROS{01RRY, NROS{ORNRZRYE,
and S{ORNRZR®,

or any R® and R® together with the N atom to which they are attached form a 4-, 5-, 6-,
ot 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Ci alkyl, Csoeyeloalkyl, 4-7 membered heterocycloaliyl, Ceo
aryl, 5-6 membered heteroaryl, Ci haloalkyl, halo, CN, OR™, SR®, C{O}R™, C{OINRORE,
C{OHORP, OC(ORY, OCIOINESRY, NEPRY, NRSC(OIRY, NRPCOINRSRY,
NRPC(OYOR®, CENREINRPRY NRODC(=NRPINRPRY, S{OIRD, S{OINRZRY, §{O)RRY,
NRZS(0RRY, NRPS(ORNRERY, and S(O)RNRERY, wherein said Cio alkyl, Cs
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents fndependently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR, C(ORY, C{ONR®R®, C{OIOR®,
OC{ORY, OCIOINRSRE, NRERY, NRPC(OIR, NREC(OINRZRY, NR¥C{O)YORS,
CENREINREORY, NESC(=NROINRERY, S{OIRD, S(OINRPRD, S{ORR, NROS(ORLRY,
NRSS(ORNRORY, and S(ORNRERY;

or any R* and RY together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Cso eyeloalkyl, 4-7 membered heterocycloalkyl, Ceio
aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, ON, OR®, SR* C(OR,
C{OINRERS, C(OYOR®, OC(OHRY, OC(OINRTRE, NRERE, NREC(OR,
NRECOINRERE, NRSC(OYOR, C=NRFINRPRY NROC(=NRZINRZRY, S{ORP,
S{OINRPRY SIORR, NRES(ORRY, NRES(ORNRERY, and S(ORNRPRY, wherein said
Ci-s alkyl, Carcycloalkyl, 4-7 membered heterocycloalkyl, Csioaryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Crg alkyl, Cra haloalkyl, Cra cyanoalkyl, ON, OR®, SR®, C{OIRY, CIOINR“RYE,
COMORS, OC(OIRY, OC(OINRPRP, NRPR®, NROC(ORD, NREC{OINRPR®,
NREC(OYOR®, C(=NRPDINRERD, NRECENRDINRORD, S(OIRY, SIOYNRORY, §(0RRY,
NRES(ORRY, NRES{ORNRPRE, and S(ORNRZRYE,

or any R and B% together with the N atom 1o which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substitated with 1, 2, or 3 sabstituents
independently selected from Cis alkyl, Csocycloaliyl, 4-7 membered heterocycloalkyl, Ce-io
aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, N, OR®, SR®, C{ORD, C{OINRZRY,
C(OYOR®, OC(OIRD, OC{OINRTR®, NRPR®, NRPCIOIRD, NREC{OINRSRS,
NREC(OYOR®, C(=NRPDINRERD, NRECENRDINRORD, S(OIRY, SIOYNRORY, §(0RRY,
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NRSS(01RRY, NRPS(ORNRYRY, and S(ORNRORY, wherein said Cie alkyl, (37
cycloalikyl, 4-7 membered heterocycloalkyl, Csaoarvl, and 5-6 mombered heteroaryl are
optionally substituted by 1, 2, or 3 substituents todependently selected from halo, Cia alkyl,
Crahaloalkyl, Ciacyanoalkyl, ON, OR®, SR®, C(ORY, C{OINRPRY, CIOIOR™,
OC(ORY, OC(OINRSRY, NR¥RY®, NRPC(OR, NREC(OINRZRYE, NRPC(OYOR®,
C(=NREINRSRE ) NRSC(=NREIINRERE, SIOIRY, S(OINRERS, S(ORRY, NRSS(ORRY,
NRES(ORNRORY, and S{ORNRSRY,

or any R and R% together with the N atom (o which they are attached form a 4-, 5-,
&-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cie alkyl, Csr eycloalkyl, 4-7 membered heterocycloalkyl, Ce.to
aryl, 5-6 membered heteroaryl, Crs haloalkyl, halo, ON, OR®, SR® C{OIRY, C{OINR“RE,
C(OYOR®, OC(ORP, OU(OINRTRS, NRPR®, NRPC(OIRD, NREC{OINRSRS,
NRECOWOR®, C(=NRSINRERS NRECE=NRSINRERS, S(OIRYS, S(OJNRSRIS, §(():RY,
NREG(ORRY, NREOS(ORNRYRY, and S{ORNRSRY, wherein said Crs alkyl, T
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-io aryl, and 5-6 membered heteroary! are
optionally substituted by 1, 2, or 3 substituenis independently selected from halo, Cis alkyl
.2 baloalkyl, Ciacyanoalkyl, CN, OR®, SR*, C{O)RY, C{OINRERD, T{OHIOR,
OCIORD, OCOINRYRS, NRERYP, NRPC(OIRY, NROC(OINRERDY, NRPC(OYOR®,
C(=NRENRERS, NRESC=NREINREIRS, SIOIRY, S(OINRERS, $(0)RY, NR¥S(O)RY,
NRES(ORNRORY, and S(OpNR“RY;

each R™, RP, Ret RY i independently selected from H and Cre alkyl optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, N, OR®™,
SR, C{OIRYS, C(OMNRERS, C{OYOR™S, OC(OHRY, OC(OINRZRE, NRERE NRSC(OIR,
NREC(OINRERS, NREC(OIORY, CE=NRSINRORS, NROC(ENRTZINRORS, S(OIRY,
S{OINRORY, S{ORRY, NRUS(01RY, NRUS({O)NRYRP, and S{0):NRPRY;

gach R*, R, RS, and R™® is independently selected from H, Cig alkyl, Ci4 haloalkyl,
Cas alkenyl, and Cou alkynyl, wherein said Ciaa alkyl, Cau alkenyl, and Coa alkynyl, is
optionally substituted with 1, 2, or 3 substituents fndependently selected from OH, CN,
aming, halo, Ci4 alkyl, Craalkoxy, Craalkyithio, Crqalkylammo, di{CiaalkyDamino, Cra
haloalkyl, and Ci-s haloalkoxy; and

each R®, R°H R® R R¥ and R® is independently selected from H, Cr4alkyl, and
N

mis g, i, or 2;

nis0, 1,2, 0r 3;
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pis0, 1,2, 3;and

'
H

qis 8, i, or2.

{n some embodiments, ring B is monocyclic 4-7 membered heterocycloalkyl
comprising carbon and |, 2, or 3 heteroatoms sclected from N, O, and S,
In some embodiments, ring B is a 4-10 membered heterocyeloalkyl comprising

4

carbon and 1, 2, or 3 heteroatoms sclected from N, O, and S wherein said ring B comprises at
least one ring-forming N atom.

In some embodiments, ring B is a 4-7 membered heterocycloalyl comprising carbon
and 1, 2, or 3 heteroatoms selected from N, O, and § wherein said ring B comprises at least
one ring-forming N atom.

In some embodiments, ring B is a 6-membered heterocycloalkyl ring comprising
carbon and 1 or 2 heteroatorns selected from N, O, and S wherein said ring B comprises at
least one ring-forming N atom.

In some embodiments, ring B 1s azetidine or piperidine.

In some embodiments, ring B is azetidine.

in some embodiments, ring B is piperidine,

{n some embodiments, ring C 18 bound to a rmg-forming N atom of ring B.

In some embodiments, ring A is Ceisaryl or 5-10 membered heteroaryl having carbon
and 1, 2, 3 or 4 heteroatoms selected fromm N, O, and S.

in some embodiments, ring B 1s 4-10 membered heterocycloalky! having carbon and
1, 2, or 3 heteroatoms selected fromn N, G, and 5.

In some embodiments, ring C is (1) monocyclic Car cycloalkyl, (2) monocyclic 4-7
membered heterocycloalkyl having carbon and 1, 2, 3 or 4 heteroatoms selected from N, G,

Fad

and S, or (3} a fused bicyelic moiety having Formula (A):
, =) ¥ 2

(A)
wherein:
ring C1 18 Cas cycloalkyl or 5-6 membered heterocycloalkyl having carbon

and 1, 2, 3 or 4 heteroatorns selected from N, O, and §;

13
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ring C2 18 {1} phenyl, (2} Csscycloalkyl, (3) 5-6 membered heteroaryl having
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and S, or (4) 5-6 membered
heterocycloalkyl having carbon and 1, 2, 3 or 4 heteroatoms selected froma N, O, and S.
{n some embodiments, the compounds of the nvention include a compound of

5 Formula I

(R,
(R¥)m
X~|-n R*
GON H Y/
RS Rq6 R?

i
ot a pharmaccutically acceptable salt thereof, wherein:
ring A is Ceparyl or 5-10 membered heteroary! comprising carbonand |, 2, 3 or 4
10 heteroatoms selected from N, O, and §;
ving C is {1}y monocychc Csoeyeloalkyl, (2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and |, 2, 3 or 4 heteroatoms selected from N, O, and S,

or {3} a fused bicyclic moiety having Formula (A):

135 {A)
wherein:
ring Cl 18 Cs cycloalkyl or 5-6 membered heterocycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and S:
ring C2 1s (1) phenyl, (2) Csscycloalkyl, (3) 5-6 membered heteroaryl
20 comprising carbon and §, 2, 3 or 4 hetercatoms selected from N, O, and §, or (4} 5-6
membered heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 5;
wherein said fused bicyciic moiety of Formula A is bonded to ring B viaring
C1, and wherein ring C substituents R® and R* are substituted on either or both of C1 and €2;
25 X is -CHo- or -CH2-CHo-;
Y 15 -CHo- or -CH2-CHo-;
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each R! is independently selected from halo, Cis alkyl, Cos alkenyl, Cos alkynyl, Cis
haloalkyl, Csroaryl, Ciasoycloalkyl, 3-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coioaryl-Craalkyl-, Caae cycloalkyl-Cia alkyl-, (5-10 membered
heteroary)-Cis alkyl-, (4-10 membered heterocycloalkyly-Craalkyl-, ON, NGOz, OR? SRA,
C(OIR®, CIOMNRCRY, C(OHOR®, OT{OIRY, OC(OINRRY, NRRY, NREC(O)R®, NRC(O)YOR?,
NRCC(OINRERY, C=NRIHR®, C{=NRNRRY, NR*C(=NRNR*RY, NRS{OQ)R®, NR°S((3)R",
NROS{ORNRRY, S(OIR®, S{OINRRY, S{ORRY, and S(ORNRRY, wherein said Cire alkyl,
Cas alkenyl, Cos allkvnyl, Coiparyl, Cagocycloalkyl, 5-10 membered heteroaryl, 4-18
membered heterocycloalkyl, Ceioaryl-Cia alkyl-, Caocycloaliyl-Cios alkyl-, (5-10
membered heteroaryl}-Cra alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkvl, Cr. haloalkyl, Cis cyanoalkyl, CN, NOz, OR®, SR*, C{O1RP, C{ONRRY, C{OYOR?,
OC(O)R®, OC(OINRRY, CH=NRANRCRY, NRC(=NRONRRY NRRY NRCC(OIR®,
NREC{OMWOR?, NREC(OINRORY, NES(OIRP, NROS{(RRP, NRS{U1NRRY, S(OIRD,
S(OINRRY, S(ORRY, and S{ORNRRY,

each R? is independently selected from halo, Cie alkyl, CN, OR®, C{O)RY,
COINRSRI C(OHYORY, NRHRIL SIOHRPE, S(OWRCIRY, S(OLRY, and S(ORNRRY,
wherein said Cis alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{OYRY, C{ONRIRY, C{O)YORY, OC(OHRYY,
OC{OINRORYM, C(=NREHNRYRY, NREUC(=NRHNRRY NRYRY, NREC(O)R,
NREAC(OMORY, NRECIOINROIRI! NROIS(OIRYE, NRYS(ORRY, NRYS(ORNRRY,
S(OWRM, S{OINREIRY 8{0RRY, and S{ORNRRY,;

wherein each R? is substitoted any ring-forming carbon atom of the ring in Formula [T
containing X and Y except the ring-forming carbon atom to which R? is bonded:

each R? s independently selected from halo, Cis alkyl, Cas alkenyl, Cos atkynyl, Cis
haloalkyl, Ceroaryl, Cso cyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceroaryl-Cra alkyl-, Ca.o cycloalkyl-Crs allcyl-, (5-10 membered
heteroaryl)-Cr4 alkyl-, (4-10 membered beterocycloalkyD-Craalkyl-, ON, NO2, OR%, SR#,
C{OIRM, C{OINRIR?, C(OHOR®, OC(OIRY, OC(OINRRY, NRYRE NRC(OIRD,
NRZC(OYOR™, NRAC({OINRZRE, C=NRRY, CENRHNRYRY, NREC(=NRZ)INRYRY,
NEZS(ORY, NRUS{O1hRY, NRUS{ORNRZRYE, S{ORP, S(OINRTRY, S(0RRY, and
S{ORENRYRE, wherein said Cre alkyl, Czs alkenyl, Cas alkynyl, Caioaryl, Cato cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cooaryi-Cra alkyl-, Caio

cycloalkyl-Cra alivyl-, (5-10 membered heteroaryly-Ciaalkyl, and (4-18 membered
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heterocycloalkyi)-Cia alkyl- are cach optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Cru alkyl, Cis haloalkyl, Cis cyanoalkyl, ON, NO», OR®,
SR#, C{ORD, C{OINRTRP, C{OYOR?, OC(OIRY, OC(OINRIRY, C(=NRZ)NRVRY,
NRECENRNRIRY, NRIRY NREAC(OIRY, NRAC(OOR®, NRECOINRIRE,
NREGIOIR, NRES(ORR, NRES(ONNRERY, SR, S{OINRZRE, S(ORRY, and
SORNRERD;

R* is halo, Cus alkyl, Cze alkenyl, Cze alkynyl, Cis baloalkyl, Ceroaryl, Cato
cycloatkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceroaryl-Cra alkyl-
, Csio cycloalkyl-Cra alkyl-, (5-10 membered heteroaryi}-Cra alkyl-, (4-10 membered
heterocycloalky)-Craalkyl-, CN, NOz, OR®, SR, C{O)R®, CIOINRERS, ({U0OR™,
CE=ENREIRY, CENRANRERS, NRECENREINRSRS, NROS(OIRP, NRSS(0):RY,
NREG(ORNRORE S(OR®, S(OINRZRY, S{ORRY, and S(ORNRERY wherein said Ci-s
alkyl, Cos alkenyl, Caws alkynyl, Caroaryl, Caavcyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Ceoaryl-Cra alkyl-, Craocyeloalkyl-Crs alkoyl-, (5-10
membered heteroaryl}-Ci4 alkyl-, and (4-10 membered heterocycloalkyi}-Cig alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Ci4 haloalkyl, Cia cyanoalkyl, ON, NO», OR®, SR®, C{ORY, CIOINRTRS,
C{OYIR®, OC(OIRY, OC{OINRRE, CENRPINRORY, NROC(=NR¥INRORE, NRORY,
NREC(OIR®, NRECIOIOR®, NRPC({O)NRURE, NRUS{OIRD, NROS(ORRY,
NREG(ORNRORY, SR, SIOINRURE, S{ORRY, and S{ORNRERY,;

R® and R® are each independently selected from 14, halo, ON, Ci4 alkyl, Ci
cyanocalkyl, Crahaloalkyl, and —(Cia alkyl3-OR®;

R%is H, halo, Cis alkyl, Cre alkenvl, Cas alkynyl, Cis haloalkyl, Cooaryl, Cso
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Csaoaryl-Cia alkyl-
. Csaoeyeloalkyl-Cra alkyl-, {5-10 membered heteroaryl}-Cia aliiyl, (4-10 membered
heterocycloalkyl-Cia alkyl-, CN, NO2, OR™, SR™ C{O)RY, C{OINR¥R, C(OYORM,
OC(OIRY, QOCOINRARY, NRURH NRAC(OIRY, NRUCOWORH, NRAC(OINRURY,
CENRARM, CENRMINRARY, NRACENROMNRARY, NRAS(OIRY, NRU4S{ORRY,
NRAS{OQ1RNRURH, S(O)RY, S(OINRURY, S(O»RY, and S(ORNRURY, wherein said Cies
alkyl, Cre alkenyl, Cre alkynyl, Covaryl, Criocyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce-to aryl-Craalkyl-, Criocyeloalkyi-Cra alkyl-, (5-10
membered heteroaryl)-Ci alkyl-, and (4-10 membered heterocycloalkyl)-Cia alkyl- are each

optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Ciy
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alkyl, C'rg haloalkyl, Cig evanoalkyl, CN, NGz, OR™, SR® C{OIRM™, C(O)NR#RH,
CIOYOR™, OC(OIRY, OC(OINRURY, C(=NRUINRHR®, NRAC(=NRINRARHM, NRHRH,
NRUC(OIRY, NRAC(OHOR, NRAC(OINRARY NRHS(OIRY, NRUS(O1RY,
NRUSIORNRFRY, SR, S{OINRHRY, S{ORRY, and S(ORNR¥RY,

cach R R®, RS, RY, R™2, RP, Re2, R, R, RY, RS, RS, R™ RY, R, and R™ is
independently selected from H, Cis alkyl, Ciahaloalkyl, Cre alkenyl, Uo6 alkynyl, Coasaryl,
Ci-o cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-io aryl-Cra
alkyl-, Cs-o cycloalkyl-Crg alkyl-, (5-10 membered hetercary)-Cia alkyl-, and (4-10
membered heterocycloalicy-Cia alkyl-, wherein said Cis alkyl, Coe alkenyl, Cog alkynyl,
Ceroaryl, Csao cycloalkyl, 5-10 membered hetoroaryl, 4-10 membered heterocycloalkyl, Ce.to
ary}-Craalkyl-, Cs.o cycloalkyl-Cra alkyl-, (5-10 membered heteroaryl}-Cig alkyl-, and (4-10
membered heterocycloalkyl)-Cia alkyl- is optionally substituted with |,2,3, 4, or 5
substituents independently selected from Cia atkyl Crahaloalkyl, Crscycanoalkyl, halo,
CN, OR®, SR®, CIORP, CIOINRERY, CIOHYORD, OC(OHRY, OCIOINRERD, NR¥RS,
NROBCIORPS, NREC(OINRDRES, NROC(OYOR®, C(=NR¥INRDRE,
NRBCENREINRERE, S(OIRD, S(ONRER™, S(ORRY, NROS(ORRY, NROS(ORNR@RY,
and S(ORNRSRS;

or any B¢ and RY together with the N atom to which they are attached form a 4-, 5-, 6-,
or 7-membered heterocycloalkyl group optionally substitated with 1, 2, or 3 substituents
ndependently selected from Cig alkyl, Usr eycloalkyl, 4-7 membered heterocycloalkyl, Cee
aryl, 5-6 merobered beteroaryl, Cishaloalkyl, balo, CN, ORY, SR™, C{OYRY, C{OINRPRY,
C{OHOR™, OC(OIRD, OCOINRERS, NRORE, NROC(OIRY, NROCOINRERS,
NRPC(OYOR™, C(=NRZINRPRE  NROC(=NRINRPRY, S{OIR™, S{ONRZRY, §{0)RY,
NRZS(ORRY, NRPS(ORNRERY, and S{(ORNRERP, wherein said Ci alkyl, Cao
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.1o aryl, and 5-6 membered heteroary] are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanocalkyl, ON, OR®, SR, C(OIRY, C{OINRZRY, C(OYOR®,
OC(OIRY, QCOINRERE, NRSRE, NREC(OIRS, NRECOWRSRE, NRSC(O)ORS,
CENRIPINRERE, NRSCENREINRSRE, SIO0MRYS, S(OINRFRES, S(ORRYS, NRSS(ORRYS,
NRZS5{01NRER®, and S(ORNRERS,

or any R and R¥ together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from Cie alkyl, Ts eyeloalkyl, 4-7 membered beterocycloalkyl, Co-io

aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, N, OR®, SR*, C{OR,
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C{ONRERE, C(OYOR®, OC(OIRY, OC(OINRERE, NRARE, NRAC((HRY,
NRSC(OINRERY, NREC(OIORS, CENRPINRERS, NREC(ENRYINRERY, S(OIRY,
S{OINRORY, S{O1RY, NROPS(ORRY, NRUS(ORNRYRP, and S(ONRSORY, wherein said
Cios alkyl, Ca7eycloalkyl, 4-7 membered heterocycloalkyl, Csio aryl, and 5-6 membered
hetercaryl are optionally substituted by 1, 2, or 3 substituents independenily selected from
halo, Ci.s alkyl, Crahaloalkyl, Ci4cyanoalkyl, CN, OR®, SR¥, C{OYR™, C{OINRSRE,
C{OHORY, QC(ORY, OCIOINESRY, NEPRY, NREC(OIRY, NRPCOINRSRY,
NREC(OWORS, C=NRFINRPRE NROSCE=NRSINRPRY, S(O)RY, S{OINRFRYS, S{O)RY,
NRZS(01RY, NRPS(O1RNRER®, and S(O)NRERE,

or any R* and RY together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Csreyeloalkyl, 4-7 membered heterocycloaliyl, Ceio
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR™, SR®, C{O}R™, C{OINRORE,
C{OHOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(O)RY, NRECOINRORY,
NRPCOYOR®, C(=NREINRPRY NRODCENRPINRDRY S(OIRD, S{OINRZRY, §{O)RY,
NRZS(01RRY, NRPS(ORNRERY, and S(ORNRORY, wherein said Cie alkyl, (37
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents fndependently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR, C(ORY, C{ONR®R®, C{OIOR®,
OC(OIRY, OCOINRERY, NRERE, NREC(O)R, NREC(OINRSRE, NREC(O)ORS,
C(=NREINRERY, NRSC(ENRINRERY, SIOIRY, SIOINRIRS, S(ORRY, NROS(ORR,
NRSS(ORNRORY, and S(ORNRERY;

or any R* and R* together with the N atom to which they are attached form a 4-, 5-,
&-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Cso eyeloalkyl, 4-7 membered heterocycloalkyl, Ceio
aryl, 5-6 membered heteroaryl, Crs haloalkyl, halo, CN, OR*, SR¥, T{O)RY, C{O)NRSRE,
C{OHOR™, OC(OIRY, OC{OINRSRE, NRURS, NRSC(O)R, NREC(OINRPRE,
NRECIOYWORD, CENRPIINRERS, NRECENRDINRERD, SIORD, S{OINRORY, S{(ORRY,
NROS(O1RRD, NRPS(ORNRPRYE, and S{ORNRERY wherein said Cre alkyl, Civ
cycloatkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroary? are
optionally substituted by 1, 2, or 3 substituenis independently selected from halo, Cig alkyl,
Ciahaloalkyl, Ciacyanoalkyl, CN, OR®, SR, C{ORY, CLOINRYRDP, CIOHORS,
OC(OIR™, OC(CINRERYS, NRERS, NREC(OIRY, NROC{OINRERYS, NREC(OYOR,
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CENRINRERY, NRECE-NREOINRERYS, SR, S(OINRIRY, S(ORRS, NRIS(O)RY,
NREFS(ORNRERD, and S(O)RNRERY;

cach R™, RYM R R is jndependently selected from H and Cis alky] optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, CN, OR®,
SR*, C{OIRY, C{OINRPRY, C{OIOR¥, OC(OIR™, OC(DINRPRY, NRRY, NREC(OR,
NRECOIRSRYE, NRPC(O)YOR®, C(=NR¥INRZRY, NRPC(=NR®INR“RY, S{O)R™,
SIOMNRERY, S(OLR™, NRPS{OLR™, NRPS(ORNRSRY, and S(ORNRIRS;

each R¥, R", R¥ and R® is independently selected from H, T alkyl, Ci4 haloalkyl,
a4 alkenyl, and Crs alloynyl, wherein said Crs alkyl, Cos alkenyl, and Cou alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, CN,
amino, halo, Craalkyl, Craalkoxy, Cigalkylthue, Ciaalkylaming, di{Ciaalkylamine, Cig
haloalkyl, and Ci4haloalioxy; and

cach R®, R®, R¥? R® R® and R® is independently selected from H, Ciualkyl, and
CN;

misQ, 1, or 2;

nis0, 1,2, 0r3;
pis 0, 1,2, 3 and

gqisOor L.

In some embodiments, the compounds of the invention include a compound of

Formula {{ia or {iib;

(R%),
(R¥m R
\~n
(RMy N ;
Z
R® R® R
Hia
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(R%),
(R®)m .
H \/\N "
(RM, N 3
RS Re R”
111h

or a pharmaceutically acceptable salt thereof, wheremn:

ring A is Ceroaryl or 5-10 membered heteroaryl comprising carbonand 1, 2, 3 or 4
heteroatoms selected from N, O, and §;

ring C s (1} monocyche Cs.reycloalkyl, (2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and |, 2, 3 or 4 heteroatoms selected from N, O, and S,

or (3} a fused bicyclic moiety having Formula (A):

(A)
wherein:
ring Cl is CUs. cycioalikyl or 5-6 membered heterocyeloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s (1) phenvl, (2) Cseceycloalkyl, (3} 5-6 membered heteroaryl
comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §, or (4} 5-6
sembered heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 5;
wherein said fused bicychc motety of Formula A is bonded to ring B viaring
C1, and wherein ring C substituents R® and R* are substituted on either or both of C1 and C2;
cach R! is independently selected from halo, Cre alkyl, Cows alkenyl, Crs alkynyl, Cis
haloalkyl, Ceroaryl, Caao cyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryl-Cigalkyl-, Cao cycloalkyl-Cia alleyl-, (5-10 membered
heteroaryly-Cra alkyl-, (4-10 membered heterocycloalkyl}-Cia alkyl-, CN, NO2, OR?, SR,
C{OIR®, CIOMNRERY, C{OYOR®, OCOIRD, OC{OINRRY, NRCRY, NREC{O)R®, NRC(OYOR?,
NROC(OINRRY, CENRORP, CENRONRARY, NRECENRONRRY, NRES(OIRP, NReS(O 1R,
NRS(O)NRRY, S{ORP, S(OINRRY, S{ORR®, and S(ONNRRY, wherein said C 6 alkyl,
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Cas alkenyl, Cos allkvnyl, Coiparyl, Casocycloalkyl, 5-10 membered heteroaryl, 4-18
membered heterocycloalkyl, Ceioaryl-Cia alkyl-, Caocycloaliyl-Cios alkyl-, (5-10
membered heteroaryl}-Cra alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Ci4 haloalkyl, Cis cyanoalkyl, CN, NOz, OR?, SR®, C(O)R®, C{ONR°RY, C{O)YOR?,
OC{OIRY, OC(OINRRY, C{=NR*NR°R?, NRCC(=NRINRRY, NRRE, NREC(OIR®,
NRECOMORY, NROCOINRRY, NRES(OIR®, NRS{ORRY, NROS{URNRRY, S{OHRY,
S(OINRARY, S(OnRY, and S{O)2NRRY;

each R? is independently selected front halo, Cie alkyl, CN, OR®, C{ORY,
COINRSRI C(OHYORY, NRHRIL SIOHRPE, S(OWRCIRY, S(OLRY, and S(ORNRRY,
wherein said Cis alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{OYRY, C{ONRIRY, C{O)YORY, OC(OHRYY,
OC{OINRORYM, C(=NREHNRYRY, NREUC(=NRHNRRY NRYRY, NREC(O)R,
NREAC(OMORY, NRECIOINROIRI! NROIS(OIRYE, NRYS(ORRY, NRYS(ORNRRY,
S(OWRM, S{OINREIRY 8{0RRY, and S{ORNRRY,;

wherein each R? is substituted on any ring-forming carbon atom of the azetidine ring
depicted in in Formula Ha or the piperidine ring depicted in Formula Hib except the ring-
forming carbon atom to which R” is bonded;

each R is independently selected from halo, Cie alkyl, Cae alkenyl, Caos alkynvl, Cis
haloalkyl, Ceysaryl, Csocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloaltkyl, Cetoaryi-Cia alkyl-, Caocycloalkyl-Cigalkyl-, (5-10 membered
heteroaryD)-Cra alkyl-, (4-10 membered heterocycloalkyD-Craalkyi-, ON, NO», OR™, SR®,
C{OYR®?, C{ONRRE, C(OYORY, OC(O)RYM, OC(OINRER™, NRURY, NREAC(ORY,
NREC(O)ORZ, NREC(OINRZRE, CENRDRY, CENRDNRERE, NRAC(E=NRENRORE,
NREZS(OIRP?, NRIS(ORRP, NRIS(ORNRZRY, SR, S{OINRTR?, S(ORRY, and
S(O3NRER®, wherein said Cre alkyl, Cas alkenyl, Cos alkynyl, Conaryl, Caio cycloalkyl,
5-10 membered hetercaryl, 4-10 membered heterocycloaliuyl, Corcaryl-Ciaalkyl-, Ciio
cycloalkyl-Ciraalkyl-, (5-10 membered heteroary}-Cig alkyl-, and (4- 10 membered
heterocycloalkyi)-Cia alkyl- are cach optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Ci4 alkyl, Cis haloalkyl, Ci4 cyanoalkyl, ON, NO2, OR¥,
SR#, C{ORY, C{OINRTIRP, C{OYORP, OC(ORY, OC{OINRRE, C(=NR)NRVRY,
NRCC(=NRONECRY, NRIR® NRZC(OIRY, NRAC(OYOR?, NREC(OINRERY,
NRES(OIRY, NRES(ORR™, NRZS(ORNRERY, S(OIRP, S(OINRTR?, S(ORR™, and
SORNRERY,
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R* is halo, Cre alkyl, Cos alkenyl, Cae alkynyl, Cis haloalkyl, Ceroaryl, Cao
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Corsaryl-Cia alkyl-
, Csao cycloalkyl-Cra alkyl-, (5-10 membered heteroary}-Cis alkyl-, (4-10 membered
heterocycloalkyl}-Craalkyl-, CN, NOz, OR™, SR, C{OIRY, C{OINR¥RE, C{OI0R®,
OC(ORY, OC(OINRZRY, NRTRY, NRPC(OYRY, NREC{OYOR®, NREC(O)HNRSRY,
C{=NRPIR, C=NRAINRERE, NREC(=NRANRIRSE, NRES(OHRY, NRPES(O)RY,
NROES(ORNRORE S(ORY, SIOWNRPRY, S{ORRP, and S{ORNRURY, wherein said Cis
alleyl, Coe alkenyl, Coe alkynyl, Ceoaryl, Criooyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceioaryl-Cia alkyl-, Caocycloaliyl-Cios alkyl-, (5-10
membered heteroaryl}-Cra alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkvl, Cr.4 haloalkyl, Cia cyanoalkyl, CN, NO2, OR*, SR®, C{O)RY, C{OINRFRE,
C{OYOR®, OC(OIRY, OC(OINRSRE, CENRPINRORS, NROC(=NRDINRORS, NRORS,
NREPC(OIRD, NREC(OYORY, NRECIOINRSRY, NRES(OIR, NROS(ORR,
NRES(ORNRORY, S(ORY, S(OWNRSRY, S(ORRY, and S(O)NRERY;

R® and R® are each independently selected from I, halo, ON, Ci< alkyl, Ci4
cyanoalkyl, Cr4 haloalkyl, and —(Ci4 alkyl)}-OR™®;

RZ s H, balo, Cis alkyl, Crs alkenyl, Cas alkynyl, Crs baloalkyl, Csaoaryl, Cate
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Caioaryl-Cis alkyl-
. CsaeeyeloalkyE-Craalkyls, (5-10 membered heteroaryl}-Crz alkyl-, (4-10 membered
heterocycloalkyD-Craalkyl-, CN, NO2, OR™, SR*, C{OWRY, C{OINR¥RY, CIOYOR™,
OC{OIRY™, OCIOINRURY, NRUR¥ NRAC(OIRM, NRHUC(OWOR™, NRUC{OINRHRY,
CENRHRY, CENRENRURY, NRUC(HNRHINRYRH, NRYS(O)RY, NRUS(O)RRY,
NRUS{ORNRERY, S(ORY, S{OINRURY, S(ORRY, and S(ORNR¥R™, wherein said Ci6
alkyl, Cre alkenyl, Cre alkynyl, Cs-waryl, Caocycloatkyl, 5-10 mermbered heteroaryl, 4-10
membered heterocycloalkyl, Ce-oaryl-Ciaallyl-, Csaoeycloalkyl-Cia alkyls, (53-10
membered heteroaryl)-Cia alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- arc each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkyl, C14 haloalkyl, Cig cyanoalkyl, ON, NOz, ORM, 8R#, C{OIRY, C{OINRFR™,
C{OOR™, OC(O)RY, OC(OHNRURY, C(=NRHNRURY NRHC{=NR“HNR¥RH NR¥RH,
NEAC(ORY, NRAC(OYOR™, NRUAC(OINRYRHM, NRUS(OHRY, NR¥S(0RRY,
NRUS(ORNRT R, SOIRM, S{OINRURY, S{ORRY, and S(ORNRFR,

gach R® RY, RS RY R™ RYZ Re2 R R® RY RS RE R RM R and R™ is

independently selected from H, Cios alkyl, Crahaloalkyl, Cre alkenyl, (r6 alkynyl, Ceroaryl,

22



10

15

20

30

WO 2015/123424 PCT/US2015/015635

Ca-ocycloallyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Co-woaryi-Cia
alkyl-, Csao cycloalkyl-Cios alkyl-, (5-10 membered heteroaryl)-Ciaa alkyl-, and (4-10
membered heterocycloalkyl}-Cra alkyl-, wheretn said Ci.s alkyl, Co.6 alkenyl, Cze alkyoyl,
Ceoaryl, Csio cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceo
aryl-Craaliyl-, Csaocyeloalkyl-Cra alkyl-, {5-10 membered heteroaryl}-Cis alkyl-, and (4-10
membered heterocycloalkyl)-Cia afkyl- is optionally substituted with 1, 2,3, 4, or 5
substituents independently selected from Cia alkyl, Ciahaloalkyl, Ciscycanoalkyl, halo,
CN, OR®, SR®, C(HRY, CIOMRERY, C(OHOR®, OC(OIRY, OC{OINR®SRYS NR¥RE,
NRSBCHR, NREC{OINRSRY, NRPC(O)HOR™, C(=NRZINRPRE,
NRSBCENREINRSRY, SIORD, SCONRERS, S{ORRY, NROS(ORRY, NROS(ORNRSRE,
and S{ORNRZRY;

or any R and RY together with the N atom to which they are atlached form a 4-, 5-, 6-,
or 7-membered heterocycloalkyl group optionally substituted with 1, Z, or 3 substituents
mdependently selected from Cis alkyl, Crrcycloalkyl, 4-7 membered heterocycloalkyl, Cec
aryl, 5-6 mermbered heteroaryl, C e haloalkyl, halo, N, OR®, SR* C{OWRD C{OINRTRY,
C{OYOR®, OC(O)RD, OC(OHINRERD, NROR®, NREC(OIRY, NROC(OHNRERS,
NRSBC(GHOR®, CENREINRORE NRPC(ENRFINREPRE, SIOIRD, S(OINRSRE, S(01R,
NRES(ORRY, NRPS(ORNRSRY, and S{ORNRERD, wherein said Crs alkyl, Can
cycloalkyl, 4-7 membered heterocycloalkyl, Co-io aryl, and 5-6 membered heteroary} are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Ciu alkyl,
Cra haloalkyl, Cracyanocalkyl, CN, OR®, SR, CIOWRP, CIOWRSRY, C(OIOR™,
OC{OIRY, OCIOINRERY NRERE NRAC(OIRD, NRPC(OWNRPRY, NRECOHYOR®,
CENRPINRORD, NRECHENRZINRERS, S(OMRY, S(OINRPRE, S{ORRS, NRES(ORRY,
NRSS{ORNRERS, and S{ORNRSRS;

or any R and R together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with §, 2, or 3 substituents
ndependently selected from Cig alkyl, Usr eycloalkyl, 4-7 membered heterocycloalkyl, Cee
aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR®, SR®, C{OWRY,
C{OINRYRS, C(OHOR?, OC{OIRY, QC(OINRFZRE, NRZRE NRHACOIR,
NRSBCOINRERY, NREC(O)OR®, C(=NRP)INRERE, NREC(=NRZFINRERE, SR,
S{OINRORE, SIORY, NRES(0)RY, NR¥S(0):NROR®, and S(O):NRRY | wherein said
Cree alkyl, Ca7 cycloalkyl, 4-7 membered heterocycloalkyl, Cs.19 arvl, and 5-6 membered
hetercaryl are optionally substituted by 1, 2, or 3 substituents independenily selected from
halo, Cia alkyl, Cia haloalkyl, Crgcyancalkyl, CN, OR®, SR, C{O)RY, C{OINRORE,
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C(O)ORY, OC(O)RY, OC{OINRERY, NRERY, NRESC(ORY, NRSC(OINRERY,
NRHBC(O)ORS, C=NREINRSRE, NROPCENREINRORY, S(OIRYS, SOINRERY, $(O)RY,
NRES(ORRY, NROS(ORNRSRY, and S(OpNRERP,

or any RS and RY together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with §, 2, or 3 substituents
ndependently selected from Cis alkyl, Ty eycloalkyl, 4-7 membered heterocycloalkyl, Cee
arvl, 5-6 membered beteroaryl, Crs haloalkyl, balo, CN, OR™, SR®, C{ORY, C{TO)NRPRY,
C(O)ORY, OC(O)RY, OC{OINRERY, NRERY, NRESC(ORY, NRSC(OINRERY,
NRHBC(O)ORS, C=NREINRSRE, NROPCENREINRORY, S(OIRYS, SOINRERY, $(O)RY,
NRSS(ORRY, NRSSORNRERY, and S{ORNRERD, wherein said Cue alkyl, Car
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.1o aryl, and 5-6 membered heteroary] are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Crs haloalkyl, Cracyanoalkyl, N, OR®, SR, C(ORD, C(ONR®RY, C{OYORF,
OC(OIRY?, QCEOINRSRY, NRESRY NRECOIRY, NRESCOWRSRE, NRSC(O)ORS,
CENRPINRERS, NRSCENREINRERS, S(O0MRD, S(OINRFDRE, S(ORRYS, NRES(ONRY,
NRZS5{03RNRER®, and S(0)RNRERS,

or any R and R together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Csreyeloalkyl, 4-7 membered heterocycloaliyl, Ceio
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR™, SR®, C{O}R™, C{OINRORE,
C{OHOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(O)RY, NRECOINRORY,
NROBCIOWOR™, CENREINRPRY NROCENRSINRPRY, SIORP, S{OINRERY, §{012R,
NRZ5{0)2RY NRPS(0)RNRER®, and S(O)RNRERY, wherein said Cie alkyl, (3
cycloalikyl, 4-7 membered heterocycloalkyl, Csaio arvl, and 5-6 mombered heteroaryl are
optionally substituted by 1, 2, or 3 substituents fndependently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR, C(ORY, C{ONR®R®, C{OIOR®,
OC(OIRY, OCOINRERE, NRORS, NREC(O)RYS, NREC{OINRERE, NREC(O)ORS,
C(=NREINRSRE, NRSC(ENREIINRERE, SIOIRYS, SIOINRRS, S(ORRY, NRSS(ORRY,
NRES{O)NRPRS, and S(ORNRSRY;

each R¥, RP! ReL R is independently selected {rom H and Ci.s alky} optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, CN, OR™,
SRP, C{ORY, C{OINRTRD, C{OHOR®, OC(ORY, OCOINRSRYE NRSRY NRAC(ORY,
NRECIOINRERE, NREC(OYOR®, CE=ENRESINRERE) NROC=NRESINRERE, S(OIRY,
SOINRERS, S(OLRY, NRSS(ORRY, NRSS(ORNRERSE, and S(O)NRERS;
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each R¥, R", R¥ and R® is independently selected from H, T alkyl, Ci4 haloalkyl,
a4 alkenyl, and Crs alloynyl, wherein said Crs alkyl, Cos alkenyl, and Cou alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, CN,
amino, halo, Cidalkyl, Ciualkoxy, Ciaalkylihuo, Craalkylamine, di{Cisalkylamine, Cia

5  haloalkyl, and Ci4 haloalkoxy; and

cach R®, R®, R¥? R® R® and R® is independently selected from H, Ciaalkyl, and
CN;

mis 0, 1, or 2;

nis 0, 1,2, 0r3;

2.

10 pis 0, 1,2, 3 and

qis 0,1, or 2,

In some embodiments, the compounds of the invention include a compound of

Formula tVa or [Vh:

(R%),
(R%)m
LA
4
R, N R
q V4
R® R® R
15
iVa
3
(R%)p
(R\z)m
N
N
1 H 4
(R'n ; R
R R® R
13% 3
20
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In some embodiments, the compounds of the mvention include a compound of

Formula Va or Vb

N
(R%@&“M/D
q
Va

[«

(R%)

R4

(R%)p

R4

N
H
q
Vb

or a pharmaceutically acceptable salt thereof, wheremn:
ring A is Ceroaryl or 5-10 membered heteroaryl comprising carbonand 1, 2, 3 or 4
10 heteroatoms selected from N, O, and §;
ring C s (1} monocyche Cs.reycloalkyl, (2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and |, 2, 3 or 4 heteroatoms selected from N, O, and S,

or (3} a fused bicyclic moiety having Formula (A):

15 (&)
whergin:
ring Cl is CUs. cycioalikyl or 5-6 membered heterocyeloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and 5;
ring C2 1s (1) phenvl, (2) Cseeycloalkyl, (3} 5-6 membered heteroaryl

20 comprising carbon and 1, 2, 3 or 4 hetercatoms selected from N, O, and §, or {4} 5-6
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membered heterocyeloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and S;

wherein said fused hicyclic moiety of Formula A is bonded fo ring B viaring Cl, and
wherein Ring C substituents R? and R* are substituted on either or both of C1 and C2;

each RY s independently selected from halo, Cie alkyl, Cae alkenyl, Cas alkynyvl, Cre
haloalkyl, Ceasaryl, U0 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryi-Ciaalkyl-, Csio cycloalkyl-Craalkyl-, (5-10 moembered
heteroary)-Cig alkyl-, (4-10 membered heterocyeloalkyl}-Craalicyl-, ON, N2, OR®, SR?,
C{OWRY, C{OINRRY, C(OYOR?, OC(OHIR®, OU{OINRRY, NRRE, NRC(O)R®, NRC(OYOR?,
NREC{OINRORY, C(=NRORP, CENRONRRY NROC(=NREINRORY, NRES({O)RY, NRS(ORR®,
NRES(ORNRRY, S(OHRY, S(OWNRRY, S{ORRY, and S{ORNRRY, wherein said Crs alkyl,
Crs alkenyl, Cos alkynyl, Ceiearyl, Csiocycloalkyl, 5-10 membered hetercaryl, 4-18
membered heterocycloalkyl, Ce.10 aryl-Cia alkyl-, Csascycloalkyl-Ciaalkyl-, (5-10
membered heteroaryl)-Crs alkyl-, and {(4-10 membered heterocycloalkyl)-Cra alkyl- are each
optionally substitited with 1, 2, 3, or 4 substituents mdependently selected from halo, Cia
alkyl, Cia haloalkyl, Cis eyanoalkyl, CN, NO2, OR®, SR?, C{O)R", C{OINRCRY, C(OHYOR®,
OCOIRY, OC{OINRORY, C{=NRONRRE NROCENRENRORY, NRORA, NRC(O)RP,
NRC{OIOR®, NRCC(OINRRT, NRCS(OIRY, NRS(ORRE, NRES(ORNRRY, S(HRY,
S(OINRCRY, S{ORR?, and S{O)NRRY,

cach R is independently selected from halo, Cio alkyl, Crs alkenyl, Cos alkynyl, Cis
haloatkyl, Cs-waryl, Carecycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce-ioaryl-Cis alkyl-, Csio cycloalkyl-Cis alkyl-, (5-10 membered
heteroaryD)-Cia alkyl-, (4-10 membered heterocycloalkyD-Cra aliyl-, ON, Nz, OR™, SR®,
C(OIR®?, C{ONRYRE, C(OYORY, OC(O)R™, OC(OINRUR™, NRURY, NREC(ORY,
WNRES(OIRP, NRIZS(ORRY, NRZS(ORNRIRY, §(HRY, S{OINRR?, S(ORRY, and
S(O)RNRPR®, wherein said Crs alkyl, Cas alkenyl, Cae alkynyl, Coroaryl, Caio cycloaliyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceicaryi-Craalkyl-, Caso
cycloalkyl-Craalkyl-, (5-10 membered heteroaryl)-Crg alkyl-, and (4- 10 membered
heterocycloalkyi)-Cia alkyl- are cach optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Cr alkyl, Ci.4 haloalkyl, Cia cyanoalkyl, ON, NOz, OR™,
SR#, C{ORD, C{OINRTRP, C{OYOR?, OC(OIRY, OC(OINRIRY, C(=NRZ)NRVRY,
NRECENRIINRERY, NRERY, NREC(OIRY, NREC(OYOR®, NROC(OINRZRY,
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NRHS(OIRY, NRES{01RY, NRES{O1RNRYRE, S{ORY, S(OINRERYE §(012RY, and
S{ORNRZRE,

R4 is halo, Cre alkyl, Cos alkenyl, Cas alkynyl, Cie haloalkyl, Coroaryl, Cso
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Csnaryl-Cis alkyl-
. Csaseyeloalkyl-Cra alkyl-, {5-10 membered heteroaryl}-Cis aliiyl, (4-10 membered
heterocycloalkyl)-Craalkyl-, CN, N2, OR®, SR¥, C{OWRD, C{OINRPRE, C(OYOR™,
OC(OIRY, OCOINRZRY, NRURY NRAC(OIRY, NRPC(OWOR™, NROC{OINRIRS,
CENRERP, CENRFPINRORY, NRACENRSINRIRE, NROS(OIRY, NRAG(ORRY,
NEZS(ORNRERS, S(OIRY, S(OINRUR®, S(O1RRY, and S(O)RNRERY, wherein said Cis
alkyl, Cre alkenyl, Crs alkynyl, Covaryl, Criocyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.oaryl-Craallyl-, Caoeycloalkyl-Cra alkyl-, (5-10
membered heteroaryl)-Cig alkyl-, and {(4-10 membered heterocycloalkyl)-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Ciy
alkyl, Cia haloalkyl, Cra cyanoaltkyl, CN, NOz, OR®, SR®, C{OWRP, C{OINRSRE,
C{O)OR®, DC(OIRY, QC(OINRERY CENRDINRERE, NREC(=NRDINRBRS, NRORE,
NRBC(OR, NREC(OYOR®, NREUC(OINRTR®, NRTS((HRY, NROS(O 3R,
NRES(ORNRERD, S(OIRY, S{OINRURE, S{01RY, and S(ORNRERS;

gach B? R B¢ RY, R RD R RP RS R RS and RY s mdependently selected
from H, Cis alkyl, Cishaloalkyl, Cos alkenyl, Cos alkynyl, Cosoaryl, Csasoycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Coto aryl-Ciaalkyl-, s
cycloalkyl-Ciraalkyl-, (5-10 membered heteroary}-Crs alkyl-, and (4- 10 membered
heterocycloalkyi)-Cia alkyl-, wheremn said Cre alkyl, Cas alkenyl, Cows alkynyl, Covaryl, Ca-
weycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Coroaryb-Ciu
alkyl-, Caaocycloalkyl-Cig alkyl-, (5-10 membered heteroaryl)-Ciaa alkyl-, and (4-10
membered heterocycloalkyl}-Cra alkyl- is optionally substituted with 1,2, 3,4, or 8
substituents independently selected from Ci alkyl, Ciahaloalkyl, Ciucycanoalkyl, halo,
CN, OR®, SR¥, C{O)RY, C{ONRSRE, C{OYORY, OC(ONRY, OC(OINRERS, NRERS,
NREC(OIRD, NRECIOINRERS, NREC(OYOR®, C(=NRPINRERS,
NROCEENRONRIRD, SCORD, S{OINRSRY, 8{01RY, NRPS{01zRY, NRPS{ORNR¥RY,
and S{ORNR¥RY;

or any R* and R¢ together with the N atom to which they are attached form a 4-, 5-, 6-,
ot 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituenis
independently selected from Cie alkyl, Cs eyeloalkyl, 4-7 membered beterocycloalkyl, Co-io

aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR®, SR®, {{O)R, C{O)NRORE,
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C(O)ORY, OC{O)RY, OC{OINRERY, NRERY, NRESC(ORY, NRSC(OINRERY,
NRHBC(O)ORS, C=NREINRSRE, NROPCENREINRORY, S(OIRYS, SOINRERY, $(O)RY,
NESS(ORRY, NEOS(ORNRSRY, and S(ORNRYRY, wherein said Cis alkyl, Cav
cycloalkyl, 4-7 membered heterocycloalkyl, Ce-io aryl, and 5-6 membered heteroary] are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Crahaloalkyl, Cracyanoalkyl, N, OR®, SR, C(ORD, C{ONR®RY, C{OYORF,
OC(OIRY, OCOINRZRY, NRRY, NRPC(OIRD, NRPC(OINRPRY, NRECOHYOR®,
CENREFNRERS, NRESCENRITINRORS, SOIRDS, S(OINRSRE, S(ORRY, NRES(ORRY,
NRZS(ORNRERY, and S{O)pNRERY;

or any R and RY together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Csreyeloalkyl, 4-7 membered heterocycloaliyl, Ceio
aryl, and 5-6 membered heteroaryl, Cies haloallyl, halo, ON, OR®, SR*, C(ORY,
C{OINRERS, C{OORD, OC(OIRY, QC(OINRZRY, NRURH NREC(ORY,
NREOCOINRORS, NREC(O)ORS, CENRPINRORS, NRECENREINRERS | S(OWRY,
S(OINRSRE, S(ORRY, NRES(DRRY, NRES(D):NRORY, and S{(O)NRPRE, wherein said
Cis alkyl, Ca7 cycloalkyl, 4-7 membered heterocycloalkyl, Cs.o arvl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Cis alkyl, Cra haloalkyl, Cracyanoalkyl, CN, OR®, SR¥, C{O)RY, C{OINRSRE,
C{OHOR™, OC(OIRY, OC(OINRSRE, NR¥RY, NROC(OWRD, NREC(OINRSRE,
NRECOMOR®, C{(=NRZPINRPRD, NRPC(=NRPINRERD, S(OIRD, S{OINRPRS, S{ORRY,
NRPS(ORRY, NRPS(ORNRYRY, and S(ORNRERY;

or any R* and R® together with the N atom to which they are attached form a 4-, 5-,
&-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Cso eyeloalkyl, 4-7 membered heterocycloalkyl, Ceio
aryl, 5-6 membered heteroaryl, Crs haloalkyl, halo, CN, OR*, SR¥, T{O)RY, C{O)NRSRE,
C{OHOR™, OC(OIRY, OC{OINRSRE, NRURS, NRSC(O)R, NREC(OINRPRE,
NRECIOYWORD, CENRPIINRERS, NRECENRDINRERD, SIORD, S{OINRORY, S{(ORRY,
NROS(O1RRD, NRPS(ORNRPRYE, and S{ORNRERY wherein said Cre alkyl, Civ
cycloatkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroary? are
optionally substituted by 1, 2, or 3 substituenis independently selected from halo, Cig alkyl,
Ciahaloalkyl, Ciacyanoalkyl, CN, OR®, SR, C{ORY, CLOINRYRDP, C{OYORS,
OC(OIR™, OC(CINRERYS, NRERS, NREC(OIRY, NROC{OINRERYS, NREC(OYOR,
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C=NRPINRERY, NRECENRINRESRY, §((HRDS, S(OINRPRE, S(O)RYS, NRES(ORRY,
NRZS(ORNRERY, and S{O)pNRERY;

each B™, RY R and RY is independently selected from H, Cia alkyl, Cr.4 haloalkyl,
Cor-s alkenyl, and Ca- alkynyl, wherem said Cio4 alkyl, Cows alkenyl, and Cr4 alkynyl, s
optionally substitated with 1, 2, or 3 substituents independently selected from OH, CN,
amino, halo, Cr4alkyl, Craalkoxy, Craalkyithio, Cr4alkylaming, di{Ci4alkyllamine, Cira
haloalkyl, and Cr4 haloalkoxy; and

each R°, R, R®, and R® is independently selected from H, Cialkyl, and CN;

nis 0, 1,2, 0r3;

pis 0, 1,2, 3 and

qis 0,1, or 2,

In some embodiments, q is (.

in some embodiments, gis 1.

In some embodiments, ring A is phenyl.

In some embodiments, nis 0.

in some embodiments, nis 1,

in some embodiments, R' 15 halo.

in some embodiments, R’ is F.

in some embodiments, both R® and R® are H.

in some embodiments, ring C is monocyclic Car cycloalkyl,

In some embodiments, ring C 1s monocyclic 4-7 membered heterocycloalkyl
comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, G, and S.

In some embodiments, ring C is cyclopropyl, cyclobutyl, cyclohexyl, azetidinyl, or
piperidinyl.

In some embodiments, ring C is cyclopropyl, cyclohexyl, azetidinyl, or piperidinyl

in some embodiments, R* is Cre alkyl, Ce-ioaryl, 5-10 membered heteroaryl,
C{ORY, CIOINRER®, C{OHORP, or S{ORRD, wherein said Cis alkyl, Ceroaryl, and 5-10
membered heteroaryl are each optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Cra allyl, Cis haloalkyl, Ciu cyanoalkyl, ON, NO», OR®,
SRS, C{ORY, CIOINRTRD, C{OYORP, OC(ORY, OC{OINRVRE, C(=NR*NRURS,
NRSCENRINECRY, NRERY NRAC(OIRY, NRAC(OYOR?, NROC(OINRERE,
NRESIORY, NRES(ORRY, NRES(ORNRRY | SIMRY, S{OINRZRE, S(ORRY, and
S(ORNRERS.
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in some embodiments, R* is Ci4 alky! optionally substituted by CN, C{OINRERY,
OR®, or C{(OYOR™,

in some embodiments, RY is C1.4 alky! optionally substituted by CN, C{OINRTRS, or
C(OYORS,

In some embodiments, R* is Craalkyl

In some embodiments, R* is methyl.

In some embodiments, R* is phenyl.

In some embodiments, RY is CN.

In some embodiments, R* is -CH2-CN, -CHo-C0YOH, -CHa-CEOINH{CHs), -CHa
C=OIN(CHah, or -CHCH2OH.L

in some embodiments, R* is ~CH>-CN, -CHz-CEOYOH, -CH-CEOINH(CHS), or -
CHo-C{=0N{CHs ).

in some embodiments, R* is ~CH,-CN.

In some embodiments, each R is independently selected from Cis alkyl, Caioaryl, 5-
10 membered heteroaryl, Cato cycloalkyl, 4-10 membered heterocycloalkyl, C(OYRY,
C{OMRRY, C(OHOR™, S{ORRY, and S(O)NRZRY, wherein said Cis alkyl, Ceaoaryl,
and 5-10 membered heteroaryl, Caao cycloalkyl, 4-10 membered heterocycloalkyl are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkvl, Cr. haloalkyl, Cia cyanoalkyl, CN, NO2, OR*, SR¥, C{O)RY, C{OINRZRE,
CIOYOR™, OC(OIRY, OC(OINRZRE, CENRZNREIRE, NRAC(E=NRENRORE, NRORE,
NREC(OIR?, NROC(OYORY, NRAC(OINRIZRY, NROS(OIR?, NRYIS(ORRY,
NRUS(ORNRIRY, SIORD, S(OWNRERY, S(ORRY, and S(O)NRZRY,

In some embodiments, each R™ is independently selected from Cis alkyl, Coroaryl, 5-
10 membered heteroaryl, C(O)R, C(OINRZRE, C(OHOR®, S{O2R", and S{O):NRZRY,
wherein said Crs alkyl, Caroaryl, and 5-10 membered heteroaryl are each optionally
substituted with 1, 2, 3, or 4 substitaents mdependently selected from halo, Cig alkyl, Ciy
haloalkyl, Cis cyanoalkyl, CN, NOz, OR¥, SR®, C{O)RY?, C(OINRERY, C{(OHOR™,
OC{OIR®, OCOINRZRE, C{=NRZ)NRZREZ, NROAC(=NRNR2RE, NR2RE,
NREZS(ORNRERY, S(OIRY, SOINRERY, S(01»RY, and S(O)RNRER™.

In some embodiments, each R” is independently selected from Cis alkyl, Cs.poaryl, 5-
10 membered heteroaryl, C{ORY, CIOINR“RE, C{OYORY, and S(ORRY, wherein said Cie
alkyl, Ceroarvl, and 5-10 membered heteroary] are each optionally substituted with 1, 2,3, or

4 substituents independently selected from halo, Ciag alkyl, Cia haloalkyl, Ciu cyancaliyl,
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CN, NOz, OR®Z, SR*, C(OMRP, COMNRIRE, C(OMOR™, OC(OIRY, OC{OINRH“RY,
CENRPNRERY, NREPCENRNRORY, NRERY, NROEC(OIRY, NR2C(OyOR*,
NRAC(OINRORT, NROS{OYR?, NRIS(ORRY, NRIS(ORNRIRY, §{OIRY, S(OINRIRY,
5(0zRY, and S{ORNRZRE,

In some embodiments, each R’ is independently selected from Cis alkyl, Csioaryl, 5-
1{} membered heteroaryl, Cao cycloalkyl, 4-10 membered heterocycloalkyl, C{O)RY,
C{OINRORY, COYOR™, S(ORRY, and S(ORNRR®, wherein said Cis alkyl, Ceroaryl, 5-
10 membered heteroaryl, Caio cycloalkyl, and 4-10 membered heterocycloalkyl are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from F, Cl, CFs,
CN, OH, C{OYOH, CIOYOCH:, CIO)NHz, CIOINHCHs, CIOIN(CHs ), CIOINH(-Pr),
CONH{CH(CH3)CF3)}, phenyl, cyclopropyl, pyrimidinyl, and thaizolyl.

in some embodiments, R? is H, T alkyl, or Csoo aryl-Cig alkyl-, wherein said Cig
alky! and Ce10 aryl-Cis alkyl- are each optionaily substituted by halo or OR*,

In some embodiments, R%is Cra alkyl

in some embodiments, R%is Cia alkyl substituted by methoxy.

in some embodiments, R%is Ceo aryb-Cia alkyl- substituted by fluoro.

n some embodiments, R? is H, methyl, methoxymethyl, or 4-flucrophenylmethyl.

{n some embodiments, R%is .

In some embodiments, p is 0.

in some embodiments, pis 1.

in some embodiments, p is 2.

In some embodiments, m s .

In some embodiments, the compound has a rrans configuration with respect to the di-
substituted cyclopropyl group depicted i Formula I (or any of Formulas 1, Hia, b, Va,
Vb, Va, and Vb).

in some embodiments, each R, RY, R¢, and RY is independently selected from H, Cie
alkyl, Cr4haloalkyl, Coe allcenyl, Cos alicynyl, Csaparyl, Caaoeycloalkyl, 3-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, Coioaryl-Cra alkyl-, Coe cycloalkyl-Craalkyl-
, {5-10 membered heteroaryD-Cr4 alkyl-, and (4-10 membered heterocycloalkyl-Cig alkyl-,
wherein said Cre alkyl, Cos alkenyl, Cos alkynyl, Csroaryl, Caiocycloaliyl, 5-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, Ceroaryl-Craalkyl-, Criocycloalkyl-Cisalkyl-
, {5-10 membered heteroaryh-Cia alkyl-, and (4-10 membered heterocycloalkyl)-Cra alkyl- s
optionally substitated with 1, 2, 3, 4, or 5 substituents independently selected from Cra alkyl,

Ci4 haloallcyl, Cracycanoalkyl, halo, CN, OR®, SR, C{O)RD, C{OINRERD, C{OHOR™,
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OC{OIRD, OCIOINRSRY, NRERY, NRAC(OIRY, NROPC(OINRERY, NRPC(OHyOR,
CENRPYINRORD, NROPCENRSZINRERS, S(OIRY, S(OINRPRY, S{ORRY, NRES(O)R,
NRSS(ORNRPRE®, and S{ORNRERP,

in some embodiments, each R¥, R™ R and R is independently selecied from H,
Crs alkyl, Cia haloalkyl, Cas alkenyl, Cos alkynyl, Covaryl, Caio cycloalkyl, 5-16
membered heteroaryl, 4-10 membered heterocycloalkyl, Coio aryl-Craalkyl-, a0
cycloalkyl-Cia alkyl, (5-10 roerabered heteroaryl)-Ciqalkyl-, and (4-10 membered
heterocycloalkyl)-Cia alkyl-, wherein said Cie alkyl, Cos alkenyl, Cos allynyl, Ceparyl, Ca
wcycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Corcaryl-Ciu
alkyl-, Caaocycloalkyl-Cra alkyl-, (5-10 membered heteroary)-Cia alkyl-, and (4-10
membered heterocycloalkyl}-Cra alkyl- is optionally substituted with 1,2, 3,4, or 8
substituents independently selected from Ci alkyl, Ciahaloalkyl, Ciucycanoalkyl, halo,
CN, OR®, SR®, C{OR, C{OINRSRE, ({OYOR®, GC(O)RY, OC(OINRERS, NRERS,
NREC(OIRD, NRECOINRER®, NRPCIOYOR®, C{(=NR®INRZRY,
NROBC=NREINRORY, SIORD, S{OWRERY, S{(01RRY, NROS{O1RRY, NROS{ORNRZRY,
and S{ORNRRYE,

in some embodiments, each R®, R, 89 and B is independently selected from H,
Cr-6 alkyl, Ciqhaloalkyl, Cos alkenyl, Cas alkynyl, Cooaryl, Caaecycloalkyl, 5-106
membered hetersaryl, 4-10 membered heterocyveloalkyl, Coroaryl-Cia alkyls, Caio
cycioalkyl-Craalkyl-, (5-10 membered heteroarvl}y-Cis alkyl-, and (4-10 membered
heterocycloalky-Ciq alkyl-, wherein said Cre alkyl, Cas alkenyl, Cos alkyoyl, Cemaryl, Ca
weyeloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Comaryl-Cia
alkyl-, Caaocycloalkyl-Cis alkyl-, (5-10 membered hetercary)-Cis alkyl-, and (4-10
membered heterocyeloalkyly-Ciq alkyl- is optionally substituted with 1,2, 3,4, or 5
substituents independently selected from Cig alkyl, Crahaloalkyl, Ci.a cycanoalkyl, halo,
CN, OR®, SR®, C{O}R®, C{OINRZRE C{OYOR®, OC(OIRD, OC(OINRORY, NRER®,
NREC(OIRY, NREC(OINRERD, NREC(OYOR®, ({=NRSINRZRY,
NRECENRZINRERD, S(ORY, S(OINRORE, S{ORRY, NRES(ORRY, NRES{ORNRERE,
and S{ONRPRYE,

In some embodiments, each R™, R™ R*, and R* is independently selected from 11,
Ci-s alkyl, Crghaloalkyl, Cos alkenyl, Cue alkyayl, Ceioaryl, Csaie cycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Cs.o aryl-Cra alkyl-, Cauro
cycloaltkyl-Craalkyl-, (5-10 membered heteroaryl}-Cis alkyl-, and (4-10 membered

heterocycloalkyl}-Craalkyl-, wherein said Cis alkyl, Cos alkenyl, Cag allkeynyl, Ceoioaryl, Cs
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weycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Co o aryi-Cig
alkyl-, Csao cycloalkyl-Cios alkyl-, (5-10 membered heteroaryl)-Ciaa alkyl-, and (4-10
membered hoterocycloalky}-Cra alkyl- is optionally substituted with 1,2, 3,4, or 5
substituents independently selected from Cius alkyl, Crahaloalkyl, Cis cycanoalkyl, halo,
CN, OR®, SR®, C{O)RY, C{ONRZRE | C{OYOR®, OC(OR™, OC(OINRERY, NRER®,
NREC(OIRP, NREC(OINRERS, NREC(QYORP, C(=NRPINRERS,
NRPCENRSTINRERD, S(OIR, S{OINRPRE, S{U1RY, NRPS{ORRY, NRES{URNRORE,
and S{O}RNR¥RY,

In some embodiments, each R, R, R, and R%is independenily selected from H, Cis
alkyvl, Crahaloalkyl, Coaoaryl, Caaocycioalkyl, 5-10 merabered heteroaryl, 4-10 membered
heterocycloalkyl, Cetoaryl-Cigalkyl-, Caoo cycloalkyl-Craalleyl-, (5-10 membered
heteroaryiy-Cra alkyl-, and (4-10 membered heterocycloallyl}-Craalloyl-, wherein said Cis
alkvl, Ceroaryl, Csaocyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloaltkyl, Cetoaryi-Cia alkyl-, Caocycloalkyl-Cigalkyl-, (5-10 membered
heteroary)-Cios alkyl-, and {(4- 10 membered heterocycloalkyl}-Ciw alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Cis
alkvl, Craalkoxy, Cigalkylthio, Cis alkylarome, di(Craalkyliarinoe, Cishaloalkyl, and Cia
haloalkoxy.

in some embodiments, each R%, R™, R and R is independently selected from H,
Cis alkyl, Ciahaloalkyl, Csoaryl, Ciyocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Cearyl-Craalkyl-, Crscycloalkyl-Cra alleovl-, (5-10
membered heteroaryl}-Cis alkyl-, and (4-10 membered heterocycloalkyl)-Cis alkyl-,) wherem
said Cioe alkyl, Csaparyl, Cso cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce-ioaryl-Cis alkyl-, Caio cycloalkyl-Craafkyl-, (5-10 membered
heteroaryl)-Cia alkyl-, and (4-10 membered heterocycloalkyl}-Cra alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, CN, amine, halo, Ci4
alkyl, Craalkoxy, Ciaalkylthio, Cia alkylamino, d{Cia alkylaming, Cia haloalkyl, and Cia
haloalkoxy,

in some embodiments, each R®, B R, and RY 1s independently selected from H,
Cis allyl, Crshaloalkyl, Ceroaryl, Caiocveloalkyi, 5-10 membered heteroaryl, 4-10
membered heterocyeloaliyl, Couoaryl-Craalkyl, Craocyceloalicyl-Craaltkyl-, (5-10
membered hoteroaryl}-Crag alkyl-, and (4-10 membered heterocycloalky!)-Cis alkyl-, wherein
said Cios alkyl, Caroaryl, Cso cycloalkyl, 5-10 membered heteroaryl, 4-10 membered

heterocycloalkyl, Ceroaryl-Cra alkyl-, Ca.o cycloalkyl-Crs allcyl-, (5-10 membered
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heteroaryl)-Ciq alkyl-, and {(4-10 membered heterocycloalkyl)-Cia alkyl- is optionally

ubstituted with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Cia
alkvl, Craalkoxy, Cigalkylthio, Cis alkylarome, di(Craalkyliarinoe, Cishaloalkyl, and Cia
haloalkoxy.

In some embodiments, cach R*, R™ R® and R is independently selected from H,
Crs alkyl, Ci-a haloalkyl, Caioaryl, Coascycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceoaryl-Craalkyl-, Caowweycloalkyl-Cia alkyl-, (5-10
membered heteroaryl}-Cia alkyl-, and (4-10 membered heterocyeloalkyl}-Cia alkyl-, wherein
said Cr6 alkyl, Csaoaryl, Copo cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coioaryl-Craalkyl-, Caae cycloalkyl-Cia alkyl-, (5-10 membered
heteroaryl)-Cia alkyl-, and (4-10 membered heterocycloalkyl}-Cra alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, CN, amine, halo, Ci4
alkyl, Craalkoxy, Ciaalkylthio, Cia alkylamino, d{Cia alkylaming, Cia haloalkyl, and Cia
haloalkoxy,

In some embodiments, each R* R, RS, and RY is independently selected from H and
Cios alkyl

in some embodiments, each R*, R, 892, and R™ is independently selected from B
and Cig alkyl.

in some embodiments, each R®, RM, RS, and R® is independently selected from 11
and Ci- alkyl

in some embodiments, cach B*, R™ R® and R™ is independently selected from H
and Ci-s alkyl.

It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, can also be provided in combination in a single
embodiment. Conversely, various {features of the invention which are, for brevity, described
1 the context of a single emboediment, can also be provided separately or in any suitable
subcombination.

A floating bond crossing a ring moiety in any structure or formula depicted herein s
mtended 1o show, unless otherwise indicated, that the bond can connect to any ring-forming
atom of the ring moiety. For example, where ring A in Formula 1 is a naphthy! group, an R

ubstituent, if present, can be substituted on either of the two rings forming the naphthyl
group.

In embodiments when ring C is a fused bicyclic moiety of Formula (A), the phrase
“wherein said fused bicyclic moiety of Formaula (A} is bonded to ring B via ring C1, and
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wherein Ring C substituents R? and R* are substituted on either or both of CF and C27 is
intended to denote that (1) ring B of Formula 1 is connected to ring C1 and not to ving €2, {2)
R4 is substituted on either ring C1 or ring C2, and (3) any R° that is present is substituted on
either ring Cl or ring C2. The floating bond over ring Cl in Formula (A} is mtended to show
that ring C1 {not ring C2) connects to ring B.

As used herein, the phrase "optionally substituted” means unsubstituted or substituted.
As used herem, the term "substituted” means that a hydrogen atom is removed and replaced
by a substituent. It is to be understood that substitution at a given atom is limited by valency.
Throughout the definitions, the term "Cyy" indicates a range which includes the endpoints,
wherein 1 and j are infegers and fndicate the number of carbouns. Exanples include Cia, Cu,
and the fike.

The term "z-membered” (where z 18 an integer} typically describes the number of
ring-forming atoms in a moiety where the numaber of ring-forming atoms is z. For example,
piperidiny! is an example of a 6-membered heterocycloalkyl ring, pyrazolyl is an example of
a S-membered heteroaryl ring, pyridyl is an example of a 6-membered hetercaryl ring, and 1,
2, 3, 4-tetrahydro-naphthalene is an example of a 10-membered cycloalkyl group.

The term “carbon” refers to one or more carbon atoms.

As used herein, the term "Cigalkyl,” employed alone or 1o combmation with other
terms, refers to a saturated hydrocarbon group that may be straight-chain or branched, having
11o j carbons. In some embodiments, the alkyl group contains from | to 6 carbon atoms or
from 1 to 4 carbon atoms, ot from 1 to 3 carboun atoms. Examples of alkyl moieties include,
but are not hmited to, chernical groups such as methyl, ethyl, sn-propyl, 1sopropyl, n-butyl, s-
butyl, and t-butyl.

As used herein, the term "Cig alkoxy,” employed alone or in combination with other
terms, refers to a group of formula -O-alkyl, wheremn the alkyl group has 1 to j carbons.
Example allkkoxy groups mnchude methoxy, ethoxy, and propoxy {e.g., n-propoxy and
isopropoxy ). In some embodiments, the alkyl group has 1 to 3 carbon atoms.

"W

Asused herein, "Ciy alkenyl” employed alone or in combination with other terms,
refers to an unsaturated hydrocarbon group having one or more double carbon-carbon bonds
and having 1 to § carbons. In some embodiments, the alkenyl moiety contains 2to 6 or 2o 4
carbon atoms. Example alkeny! groups include, but are not Hmited to, cthenyl, n-propenyl,
isopropenyl, n-butenyl, sec-butenyl, and the ike.

As used herein, "Ciy alkyoyL"” employed alone or in combimation with other terms,

refers to an unsaturated hydrocarbon group having one or more triple carbon-carbon bonds
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and having 1 to § carbons. Example alkynyl groups inclade, but are not Hmited to, ethynyl,
propyn- -y, propyn-2-vl, and the like. In some embodiments, the alkynyl motety containg 2
te 6 or 2 to 4 carbon atoms.

As used herein, the term "Cij alkylamino,” eroploved alone or in combination with
other terms, refers to a group of formula -NH{alkyl), wherein the alky! group has 1 to j carbon
atoms. In some embodiments, the alkyl group has 1 1o 6 or 1 to 4 carbon atoms. Exemplary
alkylamino groups include methylamino, ethylaminoe, and the like.

As used herein, the term "di-Cij-alkylamino,” employed alone or in combination with
other terms, refers to a group of formula -N{alkyl, wherein each of the two alkyl groups has,
mdependently, 110 j carbon atoms. In some embodimenis, each alkyl group independently has
Lto 6 or | to 4 carbon atoms. 1o some erobodiments, the dialkylamino group 18 —N{Ci4
alkyl)z such as, for example, dimethylamino or dicthylaming.

As used herein, the term "Ciy alkylthio," eraployed alone or in combination with other
terms, refers 1o a group of formuda -S-alkyl, wherein the alkyl group has 1 to j carbon atoms.
In some embodiments, the alky! group bas 1 to 6 or | to 4 carbon atoms. In some
embodiments, the alkylthio group is Cra alkylihio such as, for example, methylthio or
ethylthio,

As used herein, the term "amino,” employed alone or m combination with other terms,
refers to a group of formula -NHo.

As used herein, the term "aryL" employed alone or in combination with other terms,
refers to a monocyclic or polycyelic {e.g., having 2, 3 or 4 fused rings) aromatic hydrocarbon,
such as, but not Iimited to, phenyl, I-naphthyl, 2-naphthyl, anthracenyl, phenanthrenyl, and
the ke, In some embodiments, aryl is Cs.10 arvh In some embodiments, the aryl groupisa
paphthalenc ring or phenyl ring. In some embodiments, the aryl group is phenyl

As used herein, the term "carbonyl®, employed alone or in combination with other
terms, refers to a -C{0})- group.

Asused herein, the term "Ciy cyanocalkyl,” employed alone or in combination with
other terma, refers to an alkyl group substituted by a ON group.

As used herein, the term "Cyj cycloalkyl," emploved alone or in combination with
other terms, refers to a non-aromatic cychic hydrocarbon moiety having 1 to j ring-forming
carbon atoms, which may optionally contain one or more allcenylene groups as part of the
ring structure. Cycloalkyl groups can include mono- or polyeyehic (eg, having 2, 3 or 4
fused rings) ring systems. Also included in the definition of cycloalky! are moicties that have

one or more aromatic rings fused (i.e., having a bond in common with) to the eycloalkyl ring,
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for example, benzo derivatives of cyclopentane, cyclopentene, cyclohexane, and the like. One
or more ring-forming carbon atoras of a cycloalkyl group can be oxidized to form carbonyl
hinkages. In some embodiments, cycloalkyl is Cso cycloalkyl, Csr cycloalkyl, or Css
cycloatkyl. Exemplary cycloalkyl groups include cyclopropyl, eyclobutyl, eyclopentyl,
cyclohexyl, eycloheptyl, cyclopentenyl, cyclohexenyl, eyclohexadienyl, cycloheptatrienyl,
norbornyl, norpinyl, norcarnyl, and the hke. Further exemplary cycloalkyl groups inciude
cyclopropyl, eyclobutyl, eyclopentyl, and cyclohexyl.

1

As used herein, "Cig haloalkoxy,” emploved alone or in combination with other terms,
refers to a group of formula ~O-haloalkyl having i to j carbon atorns. An cxampie haloalkoxy
group is OCF1. An additional example haloalkoxy group is OCHF2. in some embodiments,
the haloalkoxy group is fluorinated only. In some embodiments, the alkyl group has 1 to 6 or
1 1o 4 carbon atoms. In some embodiments, the haloalkoxy group is Ci haloalkoxy.

As used herein, the term "hale,” emploved alonc or in combination with other terms,
refers to a halogen atom selected from F, CL ¥ or Br, In some embodiments, "halo” refers to a
halogen atom selected from F, Cl, or Br, In some embodiments, the halo substituent s ¥,

As used herein, the term "Cig haloalkyL"” employed alone or in combination with other
terms, refers to an alkyl group having from one halogen atom to 2s+1 halogen atoms which
may be the same or different, where "s” is the number of carbon atoms in the alky! group,
wherein the alkyl group has 1 to § carbon atoms. In some embodiments, the haloalky! group is
fluorinated only. In some embodiments, the haloalkyi group is fluoromethyl, difluoromethyl,
or trifluoromethyl. in some embodiments, the haloalkyl group 5 trifluoromethyl. o some
embodiments, the alkyl group has 1 to 6 or | to 4 carbon atoms.

"y

As used herein, the term "heteroaryl,” employed alone or in combination with other
terms, refers to a monocyclic or polycychic {e.g., having Z, 3 or 4 fused rings) aromatic
heterocylic motety, having one or more heteroatom ring members selected from nitrogen,
sulfur and oxygen. In some embodiments, the heteroaryl group has 1, 2, 3, or 4 heteroatom
ring members. In some embodiments, the heteroaryl group has 1, 2, or 3 heteroatom ring
members. In some embodiments, the heteroary! group has 1 or 2 heteroatom ring members.
In some embodiments, the heteroaryl group has | heteroatom ring member. [n some
embodiments, the heteroaryl group s 5- to 10-membered or 5- to 6-membered. In some
embodiments, the heterparyl group is S-membered. In some embodiments, the heteroaryl
group 18 6-membered. When the heteroaryl group contains more than one heteroatom ring
member, the hetercatoms may be the same or different. The nitrogen atoms in the ring(s) of

the heteroaryl group can be oxidized to form N-oxides. Example heteroaryl groups include,
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but are not hmted to, pynidinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolyl, pyrazolyl,

azolyl, oxazolyl, isoxazolvl, thiazolyl, isothiazolyl, imidazoluyl, furanyl, thiophenyl,

triazolyvl, tetrazolyl, thiadiazolyl, quinolinyl, isoquinolinyl, indoleyl benzothiophenyl,
enzofuranyl, benzisoxazolyl, imidazo[1, 2-bthiazolyl, purinyl, triazinyl, and the like.

A 5-membered hetercaryl is a hetercaryl group having five ring-forming atoms
comprising wherein one or more of the ring-forming atoms are independently selected from
N, O, and 8. In some embodiments, the S-membered hetercaryl group bas 1, 2, or 3
heteroatom ring members. In some embodiments, the S-membered heteroary! group has 1 or
2 heteroatom ring members. In some embodiments, the 5-membered hetercaryl group has |
heteroatom ring member. Example ring-forming members include CH, N, NH, O, and 8.
Example five-membered ring heteroaryls are thienyl, furyl, pyrrolyl, imidazolyl, thiazoly],
oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl, i, 2, 3-triazolyl, tetrazolyl, 1, 2, 3-thiadiazoly],
1,2, 3-oxadiazolyl, 1, 2, 4-riarolyl, 1, 2, 4-thiadiarclyl, 1, 2, 4-oxadiazolyl, 1, 3, 4-trizzolyl,
1, 3, 4-thiadiazolyl, and 1, 3, 4-oxadiazoiyl.

A 6-membered heteroaryl is a heteroaryl group having six ring-forming atoms
wherein one or more of the ring-forming atoms is N. In some embodiments, the 6-membered
heteroaryl group has 1, 2, or 3 heteroatom ring rembers. In some embodiments, the 6-
membered heteroaryl group has 1 or 2 heteroatom ring members. In some embodiments, the
&-membered heteroaryl group has | hetercatom ring member. Example ring-forming

sembers include CH and N. Exanple six-membered ring heteroaryls are pyridyl, pyrazinyl,
pyrinddinyl, triszinyl, and pyridazinyl.

As used herein, the term "heterocycloalkyl” employed alone or in combination with
other terms, refers to non-aromatic heterocychc ring system, which may optionally contain
one or more unsaturations as part of the ring structure, and which has at lcast onc heteroatom
ring member independently selected from nitrogen, sulfur and oxygen. In some
embodiments, the heterocycloalkyl group has 1, 2, 3, or 4 heteroatom ring members. In some
embodiments, the heterocycloaliyl group bas 1, 2, or 3 heteroatom ring members. In some
embodiments, the heterocycloalkyl group has | or 2 heteroatom ring members. In some
embodiments, the heterocycloalkyl group bas | heteroatom ring member. When the
heterocycloalkyl group contains more than one heteroatom in the ring, the heteroatoms may
be the same or different. Example ring-forming members include CH, CHa, C(O), N, NH, O,
8, 3((0), and S{(O». Heterocycloaikyl groups can inchude mono- or polycychic {e.g., having 2,
3 or 4 fused rings) ring systems, including spiro systems. Also included in the definition of
heterocycloalkyl are moieties that have one or more aromatic rings fused (.., having a bond
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in commen with) to the non-aromatic ring

feed]

for example, 1, 2, 3, 4-tetrahydro-quinoling,
dihydrobenzofuran and the like. The carbon atoms or heteroatoms in the ring(s) of the
heterocycloalkyl group can be oxidized to form a carbonyl, sulfinyl, or sulfony! group (or
other oxidized linkage) or a nitrogen atom can be quaternized. In some embodiments, the
heterocycloalkyl is 5- to 10-membered, 4- to 10-membered, 4- to 7-membered, S-membered,
or G-membered. Examples of heterocyeloalkyl groups include 1, 2, 3, 4-tetrahydro-
quinofinyl, dihydrobenzofuranyl, azetidioyl, azepanyl, pyrrolidinyl, piperidinyl, piperazinyi,
morpholinyl, thiomorpholingl, and pyranyl.

The compounds described herein can be asyrametric {¢.g., having one or more
steroocenters). All stereoisomers, such as enantiomers and diastercoisomers, are intended
uniess otherwise indicated. Compounds of the present invention that contain asymmetrically
substituted carbon atoms can be isclated in optically active or racemic forms. Methods on
how to prepare optically active forms from optically inactive starting materials are known n
the art, such as by resolution of racemic mixtures or by stercosclective synthesis. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the
compounds described herein, and all such stable isomers are contemplaied in the present
mvention. Cis and frans geometric isomers of the corapounds of the present invention are
described and may be isolated as a muxture of isomers or as separated isomeric {orms.

When the compounds of the invention contain a chiral center, the compounds can be
any of the possible stereoisomers. In compounds with a single chiral center, the
stereochemistry of the chiral center can be (R) or (8). In compounds with two chiral centers,
the stereochemistry of the chiral centers can each be independently (R) or {(8) so the
configuration of the chiral ceniers can be (R} and (R), (R) and {(§}; {S) and (R}, or (S} and {8}
In compounds with three chiral centers, the stereochemistry each of the three chiral centers
can each be independently (R) or (8) so the configuration of the chiral centers can be (R), (R)
and (R} (R, (R} and {8); (R}, (Syand (R); (R), (Syand {8); (8), (R} and (R); (8), (Ryand (8},
(8}, {5) and (R); or (8}, {8) and (5).

Resolution of racemic mixiures of compounds can be carried out by any of numerous
methods known in the art. An example method includes fractional recrystallization using a
chiral resolving acid which 1s an optically active, salt-forming organic acid. Suitable
resolving agents for fractional recrystallization methods are, for example, optically active
acids, such as the [ and L forms of tartaric acid, diacetyftartaric acid, dibenzoytartaric acid,
mandelic acid, malic acid, lactic acid or the various optically active camphorsulfonic acids

uch as -camphorsulfonic acid. (ther resolving agents suitable for fractional crystallization
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methods include sterenisomerically pure forms of a-methylbenzylamine (e.g., § and R forms,
or diastercoisomerically pure forms), 2-phenylglycinel, norephedrine, ephedrine, N-
sethylephedrine, cyclohexylethylaming, 1, 2-diaminocyclohexane, and the hike.

Resolution of racenic mixiures can also be carried out by chition on a column packed
with an optically active resolving agent {e.g., dinitrobenzoyiphenylglycine). Suitable elution
solvent composition can be determined by one skilled in the art.

Compounds of the invention also include tautomeric forms. Tautoreric forms result
from the swapping of a single bond with an adjacent double bond together with the
concomitant migration of a proton. Tautomeric forms mclude prototropic tavtomers which
arc isomieric protonation stales having the same empirical forraula and total charge. Example
prototropic tautomers include ketone — enol pairs, amide - imidic acid pairs, lactarn — lactirg
pairs, amide - imidic acid pairs, enamine — imine pairs, and aonular forms where a proton can
occupy two or more positions of a heterocychic system, for example, 1H- and 3H-imidazole,
1H-, 2H- and 4H- 1, 2, 4-triazole, 1H- and ZH- isoindole, and 1H- and 2H-pyrazole.
Tautormeric forms can be in equilibrium or sterically locked into one form by appropriate
substifution.

Compounds of the invention can also include all isotopes of ators occurring in the
mtermediates or final corapounds. Isotopes include those atorns having the same atonic
nurmber but different rass numbers.

The term "compound” as used herein is meant to include all stereoisomers, geometric
isomers, tautomers, and isotopes of the structures depicted. Compounds herein identified by
name or structure as one particular tavtomeric form are intended to include other tautomeric
forms unless otherwise specified (e.g., in the case of purine rings, unless otherwise indicated,
when the compound name or structure has the SH tautomer, it is understood that the 7H
tautomer is also encompassed).

All compounds, and pharmaceutically acceptable salts thereof, can be found together
with other substances sach as water and solvents (e.g., hydrates and solvates) or can be
isolated.

in some embodiments, the compounds of the fnvention, or salis thercof, are
substantially isolated. By "substantially isolated” is meant that the compound is at least
partially or substantially separated from the environment in which it was {ormed or detected.
Partial separation can include, for example, a composition enriched in a corapound of the

mvention. Substantial separation can mclude compositions containing at least about 50%, at
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least about 60%, at least abouot 70%, at least about 8096, at least about 9094, at least about
05%, at least about 97%, or at least about 99% by weight of the compounds of the invention,
ot salt thereof. Methods for isolating compounds and their salts are routine in the art.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, composttions, and/or dosage forms which are, within the scope of
sound medical pudgment, suiiable for use in contact with the tissues of human beings and
animals without excessive toxicity, frritation, allergic response, or other problom or
complication, commensurate with a reasonable benefit/risk ratio,

The cxpressions, "ambient ierperature” and "room temperature,” as used herein, are
understood in the art, and refer generally to a temperature, e.g., a reaction temperature, that is
about the temperature of the room in which the reaction is carmied out, for example, a
temperature from about 20 °C to about 30 °C.

The present invention also inciudes pharmaceutically acceptable salis of the
compounds described herein. As used herein, "pharmaceutically acceptable salts” refers to
derivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moiety to its sal form. Examples of pharmaceutically
acceptable salts fnclude, but are not limited to, mineral or organic acid salis of basic residues
such as amunes; alkali or organic salts of acidic residues such as carboxylic acids; and the
like. The pharmaceutically acceptable salts of the present invention include the conventional
non-toxic salts of the parent compound formed, for example, from non-toxic inorganic or
organic acids. The pharmaceutically acceptable salts of the present invention can be
synthesized from the parent compound which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the appropriate base
ot acid In waler or in an organic solvent, or in a mixture of the two; generally, non-aguecous
media ke cther, ethyl acetate, alcohols {e.g, methanol, ethanol, iso-propansk, or batanol) or
acetonitrile (MelUN) are preferred. Lists of suitable salts are found in Remingion's
Pharmaceutical Sciences, 17" £4., (Mack Publishing Company, Easton, 1985), p. 1418,
Berge et al., J. Phavm. Sci, 1877, 66(1), 1-19, and in Stahl et ol., Handbook of
Pharmaceutical Saits: Properties, Selection, and Use, {Wiley, 2002).

The following abbreviations may be used herein: AcOH (acetic acid); AcxO (acetic
anhydride); ag. {agueous); atm. {atmosphere(s}); Boc (r-butoxycarbonyl); BOP
{({benzotnazol-1-yloxy)ris{dimethylaminophosphonium hexathuorophosphate); by (broad);

Chz (carboxybenzyl); cale. (calculated); d {doublet); dd {doublet of doublets); DBU (1,8~
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diazabicyclo[S.4.0undec-7-ene); DCM (dichioromethane); DIAD (N, N-diisopropy!
azidodicarboxylatey; DIEA (NN-diisopropylethylamine); PHPEA (V, M-
diisopropyicthylamine);, DME (N, N-dimethylformannde); EA {ethyl acetate}; Et (ethyl);
EtOAc (ethyl acetate); g (gram{s)); b (hour(s}y; HATU (N, N, V', N-tetramethy-0-(7-
azabenzotriazol- [ -yluronium hexafluorophosphate); HCI (hydrochloric acid); HPLC {(high
performance liquid chromatography); Hz (hertz); T {coupling constant); LCMS (Jiguid
chromatography — mass spectroraetry); m (roultiplet); M (molar); mCPBA (3-
chloroperoxybenzoic acid); MS (Mass spectrometry}; Me (methyly; MeCUN (aceioniinle);
MeOH (methanol); mg (milligram(s)); min. (minutes(s)); b (milliliter(s)); mmol
{mithmole(s)); N (normal); nM (nanomolar); NMP (N-methylpyrrolidinone); NMR. (muclear
magnetic resonance spectroscopy); OTT (trifluoromethanesulfonate); Ph (phenyl); pM
(picomolar); RP-HPLC (reverse phase high performance hiquid chromatography); s (singlet);
t (triplet or tertiary); TBS {tert-butyldimethylsilyl); tort (tertiary); 1t (triplet of triplets); TFA
(triffuoroacetic acidy; THF (tetrabydrofuran); ug (microgram(s)); pl (oucroliter(s}); uM

{micromolar); wi % (weight percent}.

Synthesis

Compounds of the invention, including salts thereof, can be prepared using known
organic synthesis technigues and can be synthesized according to any of numerous possible
synthetic rouics.

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

Preparation of compounds of the invention can mvelve the protection and
deprotection of various chemical groups. The need for protection and deprotection, and the
sclection of appropriate protecting groups, can be readily determined by one skilled in the art.
The chernistry of protecting groups can be found, for example, n P. G. M. Wuts and T. W.

Greene, Protective Groups in Organic Synthesis, 4" Ed., Wiley & Sons, Inc., New York
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{2006), which is incorporated herein by reference in its entirety. Protecting groups in the
synthetic schemes are typically represented by “PG.”

Reactions can be monitored according to any suttable method known in the art. For
example, product formation can be monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy {e.g., 'Hor By, infrared spectroscopy, spectrophotomeiry
(e.g., UV-visible), mass spectrometry, or by chromatographic methods such as high
performance liguid chromatography (HPLC), liquid chromatography-mass spectroscopy
{(LOCMS), or thin layer chromatography (TLC). Compounds can be purified by those skifled in
the art by a variety of methods, including high performance liquid chromatography (HPLC)
{("Preparative LC-MS Purification: Improved Compound Specific Method Optimization” Karl
F. Blom, Brian Glass, Richard Sparks, Andrew P. Combs J. Combi. Chem. 2004, 6(6), 874-
383, which is incorporated herein by reference in its entivety) and normal phase silica
chromatography.

Cormopounds of fornula 3 can be prepared by the methods outhned in Scheme 1. The
cyclopropylamine derivative of formuda § can react with aldehydes of formula 2 under
reductive amination conditions well known m the art of organic synthesis to give the
corresponding products of formula 3. For example, the reductive amination reaction can be
performed in a suitable solvent such as DCM or THF using a reducing agent such as, but not
limited to, sodium triacetoxyborohydride, optionally i the presence of an acid such as acetic
acid. If any functional groups in compound 1 or 2 are protecied to avoid any side reactions, a
subsequent deprotection step can be perforraed to obtain the final product of formula 3. The
deprotection conditions can be found in the hterature or detatled in the specific examples
described below. The starting materials of formula ¥ or 2 are either commercially available,
or can be prepared as described herein, or prepared following methods disclosed in the

literature.

Scheme §
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Compounds of fornula 3a can be alternatively synthesized by the methods outlined 1o

Scheme 2. Reductive amination of cyclopropylamine derivatives of formula 1 with aldehydes

(%2}

of formula 4 using similar conditions as described in Scheme 1 can give compounds of
formula 3, The free amine group in compound % can then be protected with a suitable
protecting group {PG) such as, but not Hmited to, CFCO and Che, followed by sclective
removal of the Boc protecting group by acid to give compound 6. Reductive amination of
compound & with ketone 7 in a suitable solvent such as BUM with a reducing agent such as
10 sodium triacetoxyborohydride can give compound 8, which can be deprotected to give

compounds of formula 3a.

Scheme 2
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Compounds of fornmula 3b can be prepared by the methods outlined 1n Scheme 3

starting from compounds of formula 1 and compound 9 by reductive amination in a suitable

5 solvent such as DUM or THF using a reducing agent such as, but not Hmited to, sedium
triacetoxyborohydride, optionally 1o the presence of an acid such as acetic acid. If any
functional groups in compound 1 or 9 are protected to avoid any side reactions, a subsequent
deprotection step can be performed to obtain the final product of forruia 3b.

18 Scheme 3

46



WO 2015/123424 PCT/US2015/015635

<r~z-<>m>g o
B G P
o>\ - @, @
{8} "/\
Foind
2/ \A N~ "
B (ob)

Cyelopropylamine derivatives of formula 1 can be prepared using methods outhned m

(%2}

Scheme 4, starting from the o,-unsaturated esters of formula 18 (where R is alkyl such as
ethyl} which are either commercially available or prepared using methods disclosed in the
literature or detailed herein. Cyclopropanation of compound 18 under standard conditions
such as Corey-Chaykovsky reaction can give the cyclopropyl derivatives of formula 11, The
ester can be saponified to give acids of formula 12, which can be subjected to standard

16 Curtius rearrangerent conditions followed by deprotection to give cyclopropylamine

derivatives of forowda 1.
Scheme 4

R /\(:‘:/’CO?R cyclopropanation (R1)n\7(\A/CO?R _

{10} {11}

(R, -0 (i} Curtius rearrangement (R, \(‘"X(Z\—/N Hg
i‘\f\//" (i) deprotection \\A/}

{12 ()

15

20 Methods of Use
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Compounds of the invention are LSD1 nhibitors and, thus, are useful i treating
discascs and disorders associated with activity of LSD1. For the uses described herein, any of
the compounds of the invention, fncluding any of the erbodiments thereof, may be used.

in some embodiments, the compounds of the invention are selective for L8P over
LSD2, meaning that the compounds bind to or inhibit LSD1 with greater affinity or potency,
compared to LSD2. In general, selectivity can be at least about 5-fold, at least about 10-fold,
at least about 20-fold, at least about 50-fold, at least about 100-fold, at least about 200-fold, at
least about 500-fold or at least about 1000-fold.

As inhibitors of LSDB1, the compounds of the invention are useful in treating LSD1-
mediated discases and disorders. The torm "LSD1-mediated discase” or “LSD1-maediated

Fag
s
)

disorder” refers to any disease or condition in which LSD1 plays arole, or where the disease
or condition is assoctated with expression or activity of LSB1. The compounds of the
vention can therefore be used to treat or lessen the severity of diseases and conditions
where LS is known to play a role.

Diseases and conditions treatable using the compounds of the invention include
generally cancers, inflammation, avtoimmmune diseases, viral induced pathogenesis, beta-
globinopathies, and other discases Hnked to LSDT activity.

Cancers treatable using compounds according to the present mvention mclude, for
example, hematological cancers, sarcomas, lung cancers, gastrointestinal cancers,
genitourinary tract cancers, liver cancers, bone cancers, nervous systent cancers,
gynecological cancers, and skin cancers.

Example hematological cancers include, for example, tymphomas and leukemias such
as acute lymphoblastic levkemia {ALL), acute myelogenous leukemia (AML), acute
promyelocytic loukemia {APL), chronic lvmphocytic levkeria (CLL), chronic myelogenous
leukemia (CML), diffuse large B-cell tymphoma (DLBCL), mantle cell lyrophoma, Non-
Hodgkin lymphoma (including relapsed or refractory NHL and recurrent follicular), Hodgkin
fymphoma, myeloproliferative diseases (e.g., primary myclofibrosis (PMF), polycythemia
vera (PV), essential thrombocytosis (ET)), myelodysplasia syndrome (MDS), and nudtiple
myeloma.

Example sarcomas include, for example, chondrosarcoma, Ewing’s sarcoma,
osteosarcoma, thabdomyesarcoma, angiosarcoma, fibrosarcoma, liposarcoma, myxoma,
rhabdomyoma, fibroma, lipoma, harmatoma, and teratoma,

Example lung cancers include, for example, non-small cell hing cancer (NSCLC),

bronchogenic carcinoma (sguamous coll, undifferentiated small cell, undifferentiated large
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cell, adenocarcinoma}, alveolar (bronchiclar) carcinoma, bronchial adenoma, chondromatous
hamartoma, and mesothelioma,

Example gastrointestinal cancers include, for example, cancers of the esophagus
(squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, ymphoma), stomach
(carcinoma, lymphoma, leiomyosarcoma), pancreas {doctal adenocarcinoma, insuhinoma,
glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel {adenocarcinoma,
fymphoma, carcinoid tumors, Kaposi's sarcoma, leiomyona, hemangiorna, lipoma,
neurofibroma, fibroma}, large bowel {adenocarcinoma, tubular adenoma, vitlous adenoma,
hamartoma, iciormyoma), and colorectal cancer.

Example genitourinary fract cancers include, for example, cancers of the kidney
(adenocarcinoma, Wilm's tumor [nephroblastomal), bladder and urethra (squamous cell
carcinoma, transitional cell carcinoma, adenocarcinoma), prostate {(adenoccarcinoma,
sarcoma), and testis (seminona, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
wimors, ipomal.

Example hver cancers include, for example, hepatoma (hepatocellular carcinomal,
cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatoceliular adenoma, and
hemangioma.

Example bone cancers include, for example, osteogenic sarcoma {osteosarcomal,
fibrosarcoma, malignant {ibrous histiocytoma, chondrosarcoma, Ewing's sarcoma, malignant
lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant cell tumor
chordoma, osteochronfroma {ostescartilaginous exostoses), benign chondroma,
chondroblastoma, chondromyxefibroma, osteoid osteoma, and giant celi tumors

Example nervous system cancers include, for example, cancers of the skull {osteoma,
hemangioma, granuloma, xanthoroa, osteitis deformans), meninges (meningioma,
meningiosarcoma, ghiomatosis), brain (astrocytoma, meduoblastoma, ghioma, ependymoma,
germinoma {pincaloma), ghoblastoma multiform, chigodendroghioma, schwannoma,
retinoblastoma, congenital tumors), and spinal cord (neurofibroma, roeningioma, glioma,
sarcoma), as well as neuroblastoma and Lhermitte-Duclos disease.

Example gynecological cancers mehude, for example, cancers of the uteros
{endometrial carcinoma), corvix {cervical carcinoma, pre -tumor cervical dysplasia), ovaries
{ovarian carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified
carcinoma), granuiosa-thecal cell tumors, Sertoli-Leydig cell tiimors, dysgerminoma,

walignant teratomal, vulva (squamous cell carcinoma, intraepithelial carcinoma,
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adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell carcinoma, squamous cell
carcinoma, botryoid sarcoma {embryonal rhabdomyosarcoma), and faliopian tubes
{carcinoma).

Example skin cancers inchude, for example, melanoma, basal cell carcinoma,
saquamous cell carcinoma, Kaposi's sarcoma, moles dysplastic nevi, lipoma, angioma,
dermatofibroma, and keloids.

The compounds of the invention can further be used to treat cancer types where L.SD1
may be overexpressed including, for example, breast, prostate, head and neck, laryngeal, oral,
and thyroid cancers {¢.g., papillary thyroid carcinoma).

The compounds of the invention can further be used to treat genetic disorders such as
Cowden syndrome and Bamayan-Zonana syndrome.

The compounds of the invention can further be used to treat viral diseases such as
herpes simplex virus (HSVY, varicella zoster virus (VZV), human cytomegaloviras, hepatitis
B virus (HBY), and adenovirus.

The compeounds of the mvention can further be used 1o treat beta-globinopathies
mchuding, for example, beta-thalassemia and sickle cell anemia.

As used herein, the term "contacting” refers 1o the bringing together of indicated
moielies in an i vitro system or an i vivo system. For example, "contacting” a LSD protein
with a compound of the nvention includes the administration of a4 compound of the present
nvention to an individual or patient, such as a human, having a LSD1 protein, as well as, for
example, introducing a compound of the vention nto a sample containing a cellular or
purified preparation containing the LSD1 protein.

As used herein, the term "individual” or "patient, " used mnterchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primnates, and most preferably humans.

As used herein, the phrase "therapeutically effective amount” refers to the amount of
active compound or pharmaceutical agent that elicits the biclogical or medicinal responsc that
18 being sought in a tissue, system, animal, individual or human by a researcher, veterinarian,
medical doctor or other climician.

As used herein, the term "treating” or "treatment” refers to inhibiting the discase; for
example, inhibiting a discase, condition or disorder in an individual who is experiencing or
displaying the pathology or symptomatology of the disease, condition or disorder {i.e.,
arresting further development of the pathology and/or symptomatelogy) or ameliorating the

discase; for example, ameliorating a discase, condition or disorder in an individual who is
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experiencing or displaying the pathology or symptomatology of the disease, condition or
disorder (i.e.,, reversing the pathology and/or symptomatology) such as decreasing the
severity of disease.

As used herein, the term "preventing” or "prevention” refers to preventing the disease;
for example, preventing a disease, condition or disorder in an individual who may be
predisposed to the disease, condition or disorder but does not yet experience or display the
pathology or syrmaptomatology of the discase.

Combination Therapies

ip

The compounds of the invention can be used in corabination treatments where the
compound of the invention is administered in conjunction with other treatments such as the
administration of one or more additional therapeutic agents. The additional therapeutic agents
arc typically those which are normally used to treat the particufar condition to be treated. The
additional therapeutic agents can include, e.g., chemotherapeutics, anti-mflammmatory agents,
steroids, immunosuppressants, as well as Ber-Abl, Flt-3, RAF, FAK, JAK, PIM, PI3K
inhibitors for treatment of LSDi-mediated diseases, disorders or conditions. The one or more
additional pharmaceutical agents can be administered to a patient simultaneously or
sequentially.

In some embodiments, the compounds of the invention can be used in combination
with a therapeutic agent that targeis an cpigenetic regulator. Examples of epigenctic
regulators inchude the histone lvsine methyltransferases, histone arginine methyl transferases,
histone demethylases, histone deacetylases, histone acetylases, and DNA methyltransferases.
Histone deacetylase ihibitors include, e.g., vorinostat.

For treating cancer and other proliferative diseases, the compounds of the inventior
can be used in combination with chemotherapestic agents, or other anti-proliferative agents.
The compounds of the invention can also be used in combination with medical therapy such
as surgery or radictherapy, e.g., gamua-radiation, neutron beam radiotherapy, electron beam
radiotherapy, proton therapy, brachytherapy, and systemic radioactive isotopes. Exanples of
suitable chemotherapeutic agents include any oft abarehix, aldesleukin, alemiuzumab,
alitretinoin, allopurinol, altretamine, anastrozole, arsenic trioxide, asparaginase, azacitidine,
bendamustine, bevacizumab, bexarotene, bleomycin, bortezombi, bortezomib, busulfan
miravenous, busulfan oral, calusterone, capecitabine, carboplatin, carmustine, cetuximab,
chlorambuci], cisplatin, cladribine, clofarabine, cyclophosphamide, cytarabine, dacarbazine,

dactinomycin, dalteparin sedium, dasatinib, daunorubicin, decitabine, denileukin, denileukin

5
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diftitox, dexrazoxane, docetaxel, doxorubicin, dromostanclone propionate, eculizumab,
epirubicin, eriotinib, estramusting, ctoposide phosphate, etoposide, exemestane, fentanyl
citrate, filgrastim, floxuridine, fludarabine, fuorcuracil, fulvestrant, gefitinib, gemcitabine,
gemtuzumab pzoganucin, goserehn acetate, histrehn acetate, ibritumomab tuxetan,
darubicin, ifosfamide, imatimb mesylate, interferon alfa 2a, irinotecan, lapatinib ditosylate,
ienalidomide, letrozole, leucovorin, leuprolide acetate, levamisole, lonwstine,
meclorethamine, regestrol acetate, melphalan, mercaptopurine, methotrexate, methoxsalen,
mitomycin O, mitotane, mitoxantrone, nandrolone phenpropionate, nelarabine, nofetumomab,
oxaliplatin, paclitaxel, pamidronate, panitumumab, panobinostat, pegaspargase, peglilgrastim,

eroeirexed disodium, pentostatin, pipebroman, plicamycin, procarbazine, quinacrine,
rashuricase, rituximab, ruxolitinib, sorafentb, streptozocin, sunitinib, sunitinib maleate,
tamoxifen, temozolomide, teniposide, testolactone, thalidomide, thicguanine, thiotepa,
topotecan, toremifeneg, tositumomab, trastuzomab, tretinoin, uracil mustard, valrubicin,
vinblastine, vineristine, vinorelbine, vorinostat, and zoledronate.

For treating cancer and other proliferative diseases, the compounds of the invention
can be used in combination with ruxolitinb.

For treating cancer and other proliferative diseases, the compounds of the invention
can be used in combination with targeted therapics, mcluding JAK kinase mhibitors
(Ruxolitinib, JAK I-selective), Pim kinase inhibitors, PI3 kinase inhibitors including PI3K.-
delta selective and broad spectrum PI3K inhibitors, MEK inhibitors, Cyclin Dependent
kinase inhibitors, b-RAF inhibitors, mTOR inhibitors, Proteasome inhibitors (Bortezomib,
Carfilzomib), HDAC-mhibitors (Panobinostat, Vorinostat), DNA methyl transferase
inhibitors, dexamethasone, bromo and exira terminal family members inhibitors and
indolcamine Z,3-dioxygenase inhibitors .

For treating autoinynune or inflammatory conditions, the compound of the invention
can be admnistered in combination with a corticosteroid such as triameinolone,
dexamethasone, ffuocinolone, cortisone, prednisclone, or flumetholone.

For treating autotranune or inflammatory conditions, the corapound of the mvention
can be admimistered in combination with an imunune suppressant such as fluocinelone
acetonide (Retisert®), rimexolone (AL-2178, Vexol, Alcon), or cyclosporine (Restasis®),

For treating autoimmune or inflammatory conditions, the compound of the invention
can he administered in combination with one or more additional agents selected from
Dehydrex™ (Holles Labs), Civamide {Opko}, sodium hyaluronate (Vismed, Lantibio/TRB

Chemedia}, cyclosporine (8T-603, Sirion Therapeutics), ARGIOI(T} (testosterone, Argentis),
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AGRI012(P) {Argentis), ecabet sodiom (Senju-Ista), gefarnate {Santen), [5-{s}-
hydroxyeicosatetraenoic acid (1 5(8)}-HETE), cevilemine, doxyeycline (ALTY-0501,
Alacrity), minocyching, iDestran™ (NP50301, Nascent Pharmaceuticals), cyclosporine A
(NovaZ2007, Novagali}, oxytetracycline (Duramycin, MOLII 901, Lantibio}, CF101 (25, 35,
4R, 5R}-3, 4-dihydroxy-5-[6-[(3-iodophenyDmethylaminojporin-8-y1}-N-methyl-oxolane-2-
carbamyl, Can-Fite Biopharma), vociosporin (LX212 or LX214, Lux Biosciences), ARG163
{Agentis), RX-10045 (synthetic resolvin analog, Resolvyx), DYN1S (Dyaonus Therapeutics),
rivoghtazone (DEOL I, Datichi Sanko}, TB4 (RegeneRx), OPH-01 (Ophialmis Monaco),
PCS101 (Pericor Science), REV1-31 (Evolutec), Lacritin (Senju), rebamipide (Otsuka-
Novartis), OT-551 (Othera), PAL-Z (University of Peonsylvania and Temple University),
pilocarpine, tacrolimous, pimecrolimus {AMS981, Novarus), loteprednol ctabonate, rituximab,
diquafosol tetrasodium (INS363, Inspire), KLS-(611 (Kissei Pharmaceuticals),
dehydroepiandrosterone, anakinra, efalizumab, mycophenolate sodium, etanercept
(Hmbrel®), hydroxyehloroquine, NGX267 (TorreyPines Therapeutics), or thalidonude.

In some embodiments, the compound of the mvention can be administered in
combination with one or more agents selected from an anlibiotic, antiviral, antifimgal,
anesthetic, anti-fnflamumatory agents including stercidal and non-steroidal anti-
mflammatories, and anti-allergic agents. Examples of suitable medicaments inchide
aminoglycosides such as amikacin, gentamycin, tobramycin, streptomyein, netilmycin, and
kanamycin; flucroguinclones such as ciprofloxacin, norfloxacin, ofloxacin, trovafloxacin,
lomefloxacin, levofloxacin, and enoxacin; naphthyridine; sulfonamides; polymyxin;
chloramphenicol; neomycin; paramomyein; cobstimethate; bacitracing vancomycing
tetracychines; rifampin and its derivatives {"rifampins™}; cycloserine; beta-lactams;
cephalosporins; amphotericins: fluconazole; flucylosine; natarnycin: miconazole;
ketoconazole; corticosteroids; diclofenac; thabiprofen; ketorolac; suprofen; cromolyn;
lodoxamide: levocabasting naphazoline; antazoling; pheniramine; or azalide antibiotic.

Other examples of agents, one or more of which a provided compound may also be
combined with include: a treatment for Alzheimer's Disease such as donepezil and
rivastigmine; a treatment for Parkinson's Disease such as L-DOPA/carbidopa, entacapone,
ropinirole, pramipexole, bromocriptine, pergohide, trihexyphenidyl, and amantadine; an agent
for treating multiple sclerosis (MBS} such as beta interferon {e.g., Avonex® and Rebif®},
glativamer acetate, and mitoxantrone; a treatment for asthima such as albuterel and
montelukast; an agent for ireating schizophrenia such as zyprexa, risperdal, seroquel, and

haloperidol; an anti-inflamnmatory agent such as a corticosteroid, such as dexamethasone or
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prednisone, a TNF blocker, IL-1 RA, azathioprine, cyclophosphamide, and sulfasalazine; an
immunomedulatory agent, imchuding inumunosuppressive agents, such as cyclosporin,
tacrolimus, rapamycin, mycopheunolate mofetil, an nterferon, a corticosteroid,
cyclophosphamide, azathioprine, and sulfasalazine; a neurofrophic factor such as an
5 acetylcholinesterase inhibitor, an MAQ inhubitor, an interferon, an anti-convulsant, an ion

channel blocker, rilazole, or an anti-Parkinson's agent; an agent for treating cardiovascular
disease such as a beta-blocker, an ACE inhibitor, a diuretic, a nitrate, a caloinm channel
blocker, or a statin; an agent for freating liver disease such as a corticosteroid,
cholestyramine, an interferon, and an anti-viral agent; an agent for treating blood disorders

10 such as a corticosteroid, an anti-leukemic agent, or a growth factor; or an agent for treating
mmmunodeficiency disorders such as garoma globulin

Biological drugs, such as antibodies and cytokines, used as anticancer angents, can be

combined with the compounds of the invention. Tn addition, drugs modulating microenvivonment or
imumne responses can be combined with the compounds of the invention. Examples of such drugs

15 are anti-Her?2 antibodies, anti-CD20 antibodies, anti-CTLATL, anti-PD-1, anti-PDL 1, and other

immunotherapentic drugs.

Forpudation, Dosage Forms and Administration
When eraployed as pharmaceuticals, the compounds of the invention can be

20 administered in the form of pharmaceutical corapositions. These compositions can be
prepared in a mamner well known in the pharmaceutical art, and can be administered by a
vartety of rouies, depending upon whether local or systermic treatment 18 desired and upon the
arca to be treated. Administration may be {opical (including transdermal, epidermal,
ophthalmic and to mucous membranes including intranasal, vaginal and rectal dehivery),

25 pulmonary (e.g, by inhalation or nsufflation of powders or ssrosols, fncluding by nebulizer;
intratracheal or iniranasal), oral or parenteral. Parenteral administration includes mtravenous,
mtraarterial, subcutancous, intraperitoneal intramuscular or mjection or infusion; or
intracramial, e.g., intrathecal or intraventricular, administration. Parenteral administration can
be in the form of a single bolus dose, or may be, for example, by a continuous perfusion

30 pump. Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, hquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners

and the like may be necessary or desivable.
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This invention also includes pharmaceutical compositions which contain, as the active
ingredient, the compound of the invention or a pharmaceutically acceptable salt thereof, in
combination with one or ore pharmaceutically acceptable carriers (excipients). In some
embodiments, the composition is suitable for topical administration. In making the
compositions of the invention, the active ingredient is typically mixed with an excipient,
diluted by an excipient or enclosed within such a carrier in the form of, for example, a
capsule, sachet, paper, or other container. When the excipicnt serves as a diluent, it can be a
solid, semi-solid, or hquid material, which acts as a vehicle, carrier or medium for the active
ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, clixirs, suspensions, emulsions, solutions, syrups, acrosols (as a solid or ina
hquid medium), omtuents contaiming, for example, up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, and
sterile packaged powders,

In preparing a foroulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound
is substantially nsoluble, it can be milled to a particle size of less than 200 mesh. I the active
coropound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniforro distribation in the formulation, e.g., about 40 mesh.

The compounds of the invention may be milled using known milling procedures such
as wet milling to obtain a particle size appropriate for tablet formation and for other
formulation types. Finely divided {nancparticulate} preparations of the compounds of the
mvention can be prepared by processes known in the art, e.g., see International App. No. WO
2002/600196.

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannifol, starches, gum acacia, caleium phosphate, alginates, tragacanth, gelatin, caleium
siticate, microcrystalline celhulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubricating agents such as talc,
magnesium stearate, and mineral oil; wetting agents; emudsifving and suspending agents;
preserving agents such as moethyl- and propylhydroxy-benzoates; sweetening agents; and
flavoring agents. The compositions of the invention can be formulated so as to provide quick,
sustained or delayed release of the active ingredient after administration to the patient by
employing procedures known in the art.

The compositions can be formulated in a unit dosage {orm, cach dosage containing

from about 5 to about 1,000 mg (1 g}, more usually about 130 mg to about 500 mg, of the
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active ingredient. The term "unit dosage forms" refers to physically discrete umits suitable as
unitary dosages for human subjects and other manunals, cach unit containing a predetermined
guantity of active material caleulated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient.

The active compound may be effective over a wide dosage range and is generally
adminisicred i a pharmacewtically effective amount. It will be understood, however, that the
amount of the cormpound actually administered will usually be determined by a physician,
according to the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response of
the individual patient, the severity of the patient's symptoms, and the like.

For preparmg solid compositions such as tablets, the principal active fngredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, the active ingredient s typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally effective umit dosage forms such as tablets, pills and capsuoles. This sohd
preformulation 18 then subdivided into unit dosage forms of the type described above
containing from, for example, about {1.1 to about 1000 mg of the active ingredient of the
present mvention.

The tablets or pills of the present invention can be coated or otherwise compounded to
provide a dosage form affording the advantage of prolonged action. For example, the tablet or
pill can comprise an mner dosage and an outer dosage component, the latter being in the form
of an envelope over the former. The two components can be separated by an enteric layer
which serves to resist disintegration in the stomach and permit the inner component to pass
miact into the duodenum or to be delayed i release. A variety of roaterials can be used for
such enteric layers or coatings, such materials including a number of polymeric acids and

sixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate.

The Hguid forms in which the compounds and compositions of the present mvention
can be incorporaied for admuinistration orally or by ijection include agueous sohitions,

uitably flavored syrups, agueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, cocomut oil, or peamut oil, as well as elixirs and similar

pharmaceutical vehicles.
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Compositions for inhalation or fnsufflation include solutions and suspensions in
pharmaceutically acceptable, agqueous or organic solvents, or mixtures thercof, and powders.
The hiquid or solid corapositions may contain suitable pharmaceutically acceptable excipients
as described supra. In some embodiments, the compositions are administered by the oral or
nasal respiratory route for local or systemie effect. Compositions can be nebulized by use of
nert gases. Nebulized solutions may be breathed directly from the nebulizing device or the
nebulizing device can be attached to a face masks tent, or intermitient positive pressure
breathing machine. Solution, suspension, or powder compositions can be administered orally
or nasally from devices which deliver the formulation 1o an appropriate manner.

Topical formulations can confain one or more conventional carriers. In some
embodiments, ointiments can contain water and one or more hydrophobic carriers selected
from, for example, hquid paraffin, polyoxyethylene alkyl ether, propylene glycol, white
vaseline, and the like. Carrier compositions of creams can be based on water in combination
with glycerol and one or more other components, e.g., glycerinemonosiearate, PEG-
glycerinemonostearate and cetylsteary! alcohol. Gels can be formulated using isopropy!
alcohol and water, suitably in combination with other components such as, for example,
glycerol, hydroxyethyl cellulose, and the ike. In some embodiments, topical forrmulations
contain at least about 8.1, at least about 8.25, at least about 1.5, at least about 1, at least about
2, or at least about 5 wt % of the compound of the invention. The topical formulations can be
suitably packaged in tubes of, for example, 100 g which are optionally associated with
mstructions for the treatrent of the select indication, e.g., psoriasis or other skin condition.

The amount of compound or composition administered to a patient will vary
depending upon what is being administered, the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be administered to a patient already sulfering from
a disease m an amount safficient to cure or at least partially arrest the symptoms of the
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the disease, the age, weight and general condition of the patient, and the like.

The compositions administered to a patient can be 1 the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional
steritization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
prior to administration. The pH of the compound preparations typicafly will be between 3 and
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11, more preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that
use of certain of the foregoing excipients, carriers, or stabifizers will result in the formation of
pharmaceutical salis.

The therapeutic dosage of a coropound of the present invention can vary accordng to,
for example, the particular use for which the treatment 1s made, the manner of administration
of the compound, the health and condition of the patient, and the judgment of the prescribing
physician. The proportion or concentration of a compound of the javention in a
pharmaceutical composition can vary depending upon a number of faciors including dosage,
chemical characteristics {e.g.. hydrophobicity), and the route of administration. For example,
the compounds of the invention can be provided in an aqueous physiological buffer sclution
containing about 0.1 to about 10% w/v of the compound for parenteral admimistration. Some
typical dosc ranges are from about 1 ug/ke to about 1 g/ke of body weight per day. In some
embodiments, the dose range is from about 0.01 mg/kg to about 100 mg/ke of body weight
per day. The dosage is likely to depend on such variables as the type and extent of
progression of the discase or disorder, the overall health status of the particular patient, the

elative biological efficacy of the compound selected, formulation of the excipient, and ifs
route of administration. Effective doses can be extrapolated from dose-response curves
derived from iz virro or animal model test systems.

The compesitions of the invention can further include cue or more additional
pharmaceutical agents such as a chemotherapeutic, steroid, anti-inflammatory compound, or
immunosuppressani, examples of which are listed hereinabove.

The compounds of the invention can be provided with or used in combination with a
companion diagnostic. As used herein, the term “companion diagnostic” refers to a
diagnostic device useful for determiming the safe and effective use of a therapeutic agent. For
example, a companion diagnostic may be used to customize dosage of a therapeutic agent for
a given subject, identify appropriate subpopulations for treatment, or identify populations

who should not recetve a particular treatment because of an increased risk of a serious side

{n some crobodiments, the companion diagnostic is used to monitor freatment
response in a patient. In some embodiments, the coropanion diagnostic is used to identify a
subject that is Hkely to benefit from a given compound or therapeutic agent. In some
embodiments, the companion diagnostic is used to identify a subject having an increased risk

of adverse side cffects from administration of a therapeutic agent, compared to a reference
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standard. In some embodiments, the companion diagnostic is an in vifro diagnostic or
imaging tool selected from the list of FDA cleared or approved companion diagnostic
devices. In some embodiments, the companion diagnostic s selected from the Hst of tests
that have been cleared or approved by the Center for Devices and Radiological Health.

Labeled Compounds and Assay Methods

Aunother aspect of the present invention relates to labeled compounds of the invention
10

{radio-labeled, fluorescent-labeled, etc.) that would be useful not only in imaging technigues
but also tn assays, both in vitre and in vive, for localizing and quantitating LSD1 in tissue

such labeled compounds.

samples, fncluding human, and for identifying LS ligands by ighibition binding of a
labeled compound. Accordingly, the present invention includes L8 assays that contain
e

The present invention further inchudes isotopically-labeled comapounds of the
15

mvention. An "isotopically” or "radio-labeled” compound is a conpound of the invention
where one or more atoms are replaced or substituted by an atom having an atoric mass or
mass number different from the atomic mass or mass mumber typically found in nature (e
naturally occurring). Suitable radionuclides that may be mcorporated in compounds of the

present invention include but are not Hroited to *H (also written as T for tritium), HC, P*C,
20

radinnoclide that is incorporated in the instant radio-labeled compounds will depend on the
specific apphication of that v

Lx

144:3 13’N, ESNﬁ ]50, i70j 180j 181:’ 358, 3 Cl 82}31.’ 75}3},” 7681‘, 7781‘, IZSL ]2413 1251 and 13]}. The

adio-labeled compound.
1t 1s to be understood that a "radio-labeled " or "labeled compound” 18 a compound
that has incorporated at least one radionuclide. In some embodiments the radionuchide is

selected from the group consisting of “H, MC, 12, *S and ¥Br. In some embodiments, the
compound incorporates 1, 2, or 3 deuterium atoms.

The present invention can further include synthetic methods for incorporating radio-
isotopes into compounds of the invention. Synthetic methods for incorporating radio-isotopes
30

mto organic compounds are well known in the art, and an ordinary skill in the art will readily
recognize the methods applicable for the compounds of invention.

A labeled compound of the invention can be used int a screening assay o
identify/evaluate compounds. For example, a newly synthesized or identified compound (ie.,
test compound} which is labeled can be evaluated for s ability to bind LSD 1 by monitoring

its concentration variation when contacting with LSD1, through tracking of the Iabeling. For

gxample, a test compound (labeled) can be evaloated for its ability to reduce binding of
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another compound which is known to bind to LSD! (i.e., standard compound). Accordingly,
the ability of a test compound to compete with the standard compound for binding fo

LS directly correlates to its binding affinity. Conversely, in some other screening assays,
the standard compound is labeled and test compounds are unlabeled. Accordingly, the
concentration of the labeled standard compound is monitored in order to evaluale the
competition between the standard compound and the test compound, and the relative binding
affinity of the test comapound is thus ascertained.

The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not mntended to himit the
mvention in any manner. Those of skill in the art will readily recognize a variety of non-
critical parameters which can be changed or modified to yvield essentially the same results.

The compounds of the Examples were found to be mhibitors of LSEB1 as described below.

EXAMPLES

Experimental procedures for compounds of the invention are provided below.
Preparatory LC-MS purifications of some of the compounds prepared were performed on
Waters mass divected fractionation systerns. The basic equipment setup, protocols, and
control software {or the operation of these systems have been described in detail in the
literatare. See e.g. “Two-Pump At Colomn Dilution Configuration for Preparative LC-MS”,
K. Blom, J. Combi. Chem., 4, 295 (2082); “Optimizing Preparative LC-MS Configurations
and Methods for Paralie] Synthesis Purification”, K. Blom, R. Sparks, J. Doughty, G. Everlof,
T. Haque, A. Combs, J. Combi. Chem., 5, 670 (2003); and "Preparative LC-MS Purification:
Imiproved Compound Specific Method Optimization”, K. Blom, B. Glass, R. Sparks, A.
Comibs, J. Combi. Chem., 6, 874-883 (2084). The compounds separated were typically
subjected to analytical Hquid chromatography roass spectrometry (LCMS) for purity check
under the following conditions: Instrument; Agilent 1100 series, LC/MSD, Column: Waters
Sunfire™ Cis Spum particle size, 2.1 x 5.0 mm, Buffers: mobile phase A: 6.025% TFA in
water and mobtle phase B: acctonitrile; gradient 2% to 80% of B i 3 minutes with flow rate
2.0 mb/minute.

Some of the compounds prepared were also separated on a preparative scale by
reverse-phase high performance liquid chromatography (RP-HPLC) with MS detector or
flash chromatography (silica gel) as tndicated in the Examples. Typical preparative roverse-
phase high performance liguid chromatography (RP-HPLC) column conditions are as

follows:
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pH = 2 purifications: Waters Sunfire™ Cie 3 pm particle size, 19 x 100 mm cohumn,
cluting with mobile phase A: 8.1% TFA (iriflocroacetic acid) in water and moebile phase B:
acctontirile; the flow rate was 30 ml/minute, the separating gradient was optimized for cach
compound using the Compound Specific Method Optimization protocol as deseribed in the
literatare [see "Preparative LCMS Purification: Improved Compound Specific Method
Optimization”, K. Blom, B. Glass, R, Sparks, A, Combs, J. Comb. Chem., 6, 874-883
(200431, Typically, the flow rate used with the 30 x 100 mm column was 60 mi/moinute.

pH = 10 purifications: Waters XBridge Cie 5 um particle size, 19 x 100 mm columm,
ciuting with mobile phase A 0.15% NH4OH in water and mobile phase B: acetonitrile; the
flow rate was 30 ml/minute, the separating gradient was optumnized for each corapound using
the Compound Specific Method Optinuzation protocel as described in the hierature [See
"Preparative LCMS Purification: Improved Compound Specific Method Optimization”, K.
Blom, B. Glass, R. Sparks, A. Combs, /. Comb. Chem., 6, 874-883 (20043]. Typically, the

flow rate used with 30 x 1006 mm column was 60 mi/minute.

Example §:

{1-{4-{(frans-2-Phenylcyclopropyl)aminelpiperidin-1-yijcyclobutybhacetoniirile

AN
©/ U@ACN

Step 1. [1-(4-oxopiperidin-1-yvijcyclobutvi]acetonitrile

i CN

To the mixture of piperidin-4-one hydrochloride hydrate (154 mg, 1.00 romol,
Aldrich, cat#151769} in acetonitrile (2 mL, 40 mmol) was added BBU (223 ul, 1.50 mmol),
followed by cyclobutylideneacctonitrile {187 mg, 2.00 nunol, prepared using methods
disclosed in the literature such as WO 2009/114512). The resulting mixture was heated 1o 70
°C and stirred overnight. The reaction mixture was then cooled to room temperature and
diluted with EtOAc. The mixture was then washed with water and brine. The organic layer
was dried over NaxSQu: then concentrated. The residue (vellow oil) was used 1o the next step
without further purification. LC-MS caleulated for CulhiyNzO (M+H) " w/z = 193.1; found

193.2.
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Step 2: (1-{4-[{trans-2-phenvicyclopropyvljamino[piperidin-I-vllcvclobutvljacetonirrile

To a solution of 2-phenyleyclopropanamine hydrochloride (36 mg, 0.21 mmol) (rans,
racemic, Acros: Cat#130470050, Lot A0295784) and [1-(4-oxopiperidin-1-
vicyelobutyllacetonitrile (41 mg, 0.21 ramol) (crude prodact from Srep 7} in DCM (2

1L} was added acetic acid {36 pL., .64 munol). The resuliing yellow solution was stirred at

roor teraperature for 2 b, Then Na(OQAcykBH (140 mg, 0.64 mmol) was added. The reaction
mixture was stirred at room temperature overnight. The reaction mixture was diluted with
DM then washed with saturated NazCOh, water and brine. The organic layer was dried over
Na2SQu4 then concentrated. The residue was purified by prep. HPLC (pH = 10,
acetontirile/water+NH4OH) to give the product as a white solid (srans, racemic). LC-MS

caloulated for Caolzells (MY vz = 310.2; found 310.2.

Example 2:

{1-Methyl-3-{4-[{(frans-Z-phenyicyclopropyDamino|piperidin-1 -yl azetidin-3-

A
© Ogg\ow

N

viacetonitrife

Step 1: tevt-butyl 3-{cyanomethyl)-3-(4-oxopiperidin-i-yljazetidine- I -carboxylate

i

T,

N
Boc

To a solution of piperidin-4-onc hydrochloride hydrate {1.08 g, 7.00 mmol} and tert-
buty! 3-(cyanomethylene)azetidine- 1 -carboxylate (2.04 g, 10.5 mamol, prepared using similar
methods as disclosed in the literature such as WO 2009/114512) in acetonitrile (7 mbL) was
added DBU (1.36 wmL, 9.10 mumel). The resulting mixture was stirred at room temperature for
15 mwuin until all the solid dissolved. Then the resulting solution was heated to 70 *C and
stitred for 48 h. The mixture was cooled to room temperature, difuted with EtOAc then
washed with water and brine. The organic layer was dried over NaxSO4 then concentrated.

The residue was purified by with silica gel column cluting with 0 to 7 % MeOH/DCUM to give

62
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the produact (844 mg, 41 %) as a yellow oil. LC-MS calealated for CulisMNa0s (M-Bu+2H)":
my/z = 238.1; found 238.2.

Step 2: tevt-butyl 3-(cvanometiyl)-3-{4-{{trans-2-phenyicyciopropyljamine [piperidin- i -

yijazetidine-1-carboxylate

O 15\

N
Boc

To a solution of 2-phenyleyclopropanamine hydrochloride (540 mg, 3.2 mmol, Acros:
Cat# 130470050, Lot: AGZ95784) and teri-butyl 3-{cyanomethyl}-3-{4-oxopiperidin-1-
viazetidine- 1 -carboxylate (937 mg, 3.19 mmol} in DCM (15 rol.) was added acetic acid (540
ul, 8.6 mmol). The resulting yellow solution was stirred at roor teroperature overnight then
Na(OAckBH (1.4 g, 6.4 mmol) was added. The reaction mixture was slirred at room
temperature for 2 h then diluted with DCM and washed with saturated NaaCOs, water and
brine. The organic layer was dried over NaxSQ4 then concentrated. The residue was purified
on a sthica gel column cluting with 0 to 16 % MeOQH/DCM 1o give the desired product (.07
g, 82 %o} as a yellow oil. LC-MS calculated for CaaHssNaDy (M+HY™: m/z = 411.3; found

411.3.

Step 3: tevt-butvl 3-(cyanomethvi)-3-{4-{ {trans-2-

phenvicvelopropyl)itriffuoroacesyliamino [piperidin- 1 -yl lnzetidine- -carboxviate
PRERYICYCIOPTORY i yE pip Vi 3

FgC\T,;O

To a solution of tert-butyl 3-(cyanomethyl)-3- {4-[{frans-2-
pheunyicyclopropyliaminojpiperidin- 1-yi} azetidine- 1 -carboxylate (1.07 g, 2.61 mumol) in
DCM (15 mb) at 0 °C was added DIEA (1.4 ml, 7.8 mmol), foHlowed by dropwise addition
of tritluoroacetic anhydride (0.41 mL, 2.87 mmol). The resulting yellow solution was stirred
at § °C for 1 h then the reaction was guenched with saturated NaH{UOs solution and extracted
with DCM. The combined extracts were dried over NaxSOs then filtered and concentrated.

The restdue was purified on silica gel cohumn eluting with 0 to 60 % EiQAc/Hexanes to give

63
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the desived product (922 ms, 70 %) as a vellow o1l which solidified on standing to give a
] s . E0E

light vellow solid. LC-MS calculated for CreHsaF3NaDs (M+H)Y™ myz = 507.3; found 507 4.

Step 40 N-{i-[3-(cvanomethyljazetidin-3-vijpiperidin-4-yi}-2,2, 2-trifluoro-N-(trans-2-

phenyicyclopropylacetamide
FaC \f()

&

To a solution of tert-butyl 3-(cyanomethy}-3- {4-[(rans-2-
phenyieyclopropyl}(trifivoroacety Daminopiperidin- 1 -yl azetidine- L -carboxylate (922 mg,
1.82 mmol} in DCM (7.2 mL} was added TFA (2.80 mL, 36.4 mmoi). The resulting yellow
solution was stirred at rooro temperature for 1 h then concentrated. The residue was dissolved
m EtOAc then washed with saturated NaHCOs solution and brine. The organic layer was
dried over Na:xSOs then concentrated. The residue was purified on a silica gel column eluting
with 0 to 20 % MeOH/DCM to give the desired product {700 mg, 95 %) as a yellow oil
which solidified on standing to give a hight vellow solid. LC-MS calculated for CoiHzeFaN4O
(MA+H)" m/z = 407.2; found 407.2
Step 5: N-{I1-{3-tcyanomethyi}-1-methviazetidin- 3-yl[piperidin-4-y1}-2, 2, 2-trifluoro-N-(trans-
2-phenyicyciopropyllacetaniide

F\C

O’@CN

'?5

To a solution of N-{1-[3-(cyanomethylazetidin-3-yljpiperidin-4-vi}-2,2,2-trifluoro-
N-{trans-2-phenyleyvclopropylacetamide (24 mg, 0.059 nmmol) in DCM (2 mb) was added
formaldehyde (37 wi% in water, 22 pl., 0.30 mmel), followed by acetic acid (10, gk, 0.18
mmol). The resulting mixture was stirred at room temperature overnight, then Na{OAcy:BH
(38 mg, 0.18 nunol} was added. The reaction mixture was stirred at roora teraperature for 2 b
then neutralized with saturated NazCOs solution and extracted with DCM. The combine

extracts were dried over Na:30O4 then concentrated. The residue was used in the next step
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without further purification. LC-MS caleulated for CoaHaeFaNaO (MAH™ mv/z = 421.2; found
421.2.

Step 6: (I-merhyi-3-34-[(trans-2-phenylcvclopropyllamine | pipervidin- -y azetidin-3-
vijaceronitrile

The crude product from Srep 5 was dissolved in THF (1 mb) and MeOH (1 ml) then
2.0 M sodium hydroxide o water (0.15 mi, 0.30 mmol) was added. The resulting mixture
was stivred at 30 °C for | h, cooled to room temperature, diluted with acetonitrile, then
filtered and purified by prep. HPLC {pH = 2, acctonitrile/water+TFA) to give the product in
the form of a TFA salt as a white solid. LC-MS caleulated for CocHuoNg (M+HY: m/z =

325.2; found 325.2.

Example 3:
(3-{4-{{rans-2-Phenyicyclopropyaminajpiperidin-i-yilazetidin-3-yhacetonitrile

To a solution of tert-butyl 3-(cyanomethyD)-3- {4-[(frans-2-
phenyicyclopropylaminojpiperidin- {-yl}azetidine- 1 -carboxylate (20 mg, 0.049 mmol,
prepared as described in Fxample 2, Step 2y m DCM {1 mL} was added TFA (0.5 mL). The
resulting yellow sclution was stirred at room teraperature for 1 h then concentrated. The
residue was dissolved in acetonitrile then purified by prep. HPLC (pH =2,
acctontirile/water+THA) to give the desired product in the form of THA salt as a white solid.

LO-MS caleulated for CioHorNg (M+H)Y " m/z = 311.2; found 311.2.
Example 4:

{1-Benzyl-3-i4-l{(frans-Z-phenylcyclopropyDamine|piperidin-1-yi} azetidin-3-

viiacetonitrile

85
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To a solution of N-{1-[3-(cyanomethyliazetidin-3-yljpiperidin-4-vi}-2.2 2-trifluoro-
N-(trans-2-phenyleyclopropyDacetamide (24 mg, 0.059 mmol, prepared as described in

Example 2, Step 4} in DCM (2 mL) was added benzaldehyde (30 pb, $.29 mmol), followed

€31

by acetic acid (10 L, 0.18 romel). The resulting mixture was stirred at room temperature
overnight, then Na(OAckBH (38 mg, 0.18 nunol) was added. The reaction mixture was
stitred at room temperature for 2 h at which time LC-MS indicated the reaction was
complete. The mixture was then neutralized with saturated NaxCGOs solution and extracted
with DCM. The combined extracts were dried over NaxSOa then concentrated. The residue
10 was dissolved in THF (1 mL} and MeOH (I mL) then 2.0 M sodium hydroxide in water (0.15
ml, 0.30 mmol} was added. The resulting muxture was stirred at 30 °C for 1.5 h then cooled
to room temperature and diluted with acetonitrile, The mixture was then filtered and purified
by prep. HPLC (pH = 2, acctonitrile/water+TFA) to give the desired product in the form of
TFA salt as a white sohd. LC-MS calculated for CosHnMg (M+HY m/z = 401.3; found
15 401.2.

Example 5
3(-{Cyanomethyl)-3- {&-{{trans-2-phenyicyclopropyhamine]piperidin-1-yi}azetidin-1-

yhipropanoic acid

A
o U

N

20 COOH
To a solution of N-{1-[3-(cyanomethyljazetidin-3-yljpiperidin-4-y1}-2.2, 2-rittuoro-
N-{#rans-2-phenyleyclopropyDacetanude (33 mg, 0.081 mmol, prepared as described 1o
Example 2, Step 4) in acetonitrile (1 mbL) was added methyl acrylate (36 uL, 0.40 omol},
followed by DBU (12 pl., 9.081 munol). The resulting mixture was stirred at room

25 temperature overnight then diluted with water and extracted with DCM. The combined
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extracts were dried over NanSO4 then concentrated. The residue was dissolved in THF (1
mil} and MeOH (1 mL) then 2.0 M sodium hydroxide in water {0.30 mL, 0.60 mumol} was
added. The resulting roixture was stirred at 30 °C for | b then diluted with
MeOH/acetonitrile. The mixture was then filtered and purified by prep. HPLC (pH =2,
acetonirile/water+TFA) to give the desired product in the form of TFA salt as a white solid.

LC-MS calculated for CoHaNaO2 (M+H)": myv/z = 383.2; found 383.3.

Example 6:
{1-Acetyl-3-{4-[{#rans-2-phenyicyclopropylaminc]piperidin-i-yl}azetidin-3-

yiacetonitvile

To a solution of N-{1-[3-(cyanomethyliazetidin-3-yljpiperidin-4-vi}-2.2 2-trifluoro-
N-(trans-2-phenyleyclopropyDacetamide (22 mg, 0.054 mamol, prepared as described in
Example 2, Step 4} in THE (1.0 mi) was added DIEA (47 ub, 0.27 mmol), followed by
acetyl chloride (7.7 uk, 0.11 mamol). The resulting mixture was stirred at room temperatire
for 1 b then MeOH (1.0 b} was added, followed by 2.0 M sodivm hydroxide in water (6.14
ml, .27 nunol). The resulting muxture was stirred at room teroperature for 2 h at which time
LC-MS indicated the reaction completed to the desired product. The reaction mixture was
diluted with acetonitrile then purified by prep. HPLC (pH = 2, acctoniirile/water+THFA) to
give the desired product in the form of TFA salt as a white solid. LC-MS calculated for

CotHaoNaO (M+HY™: m/z = 353.2; found 353.3.
Fxample 7:

{1-Benzoyh-3-{4-1(rrans-2-phenyicyclopropyDamine] piperidin-1-yllazetidin-3-

viacetonitrife

67
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@ \(/Ngg\cm

N
C
i P

To a solution of N-{1-[3-(cyanomethyliazetidin-3-yljpiperidin-4-vi}-2.2 2-trifluoro-
N-(trans-2-phenyleyclopropyDacetamide (22 mg, 0.054 mamol, prepared as described in
Example 2, Step 4} in THE (1.0 mi) was added DIEA (47 b, 0.27 mmoel), followed by
benzoyl chioride (12 ub, 0.1 1 mmol). The resulting mixture was stirred at room temperature
for 1 b then MeOH (1.0 b} was added, followed by 2.0 M sodivm hydroxide in water (6.14
mk., 0.27 mmol). The mixture was stivred at room temperature for 2 b then diluted with
acctonitrile and purified by prep. HPLC (pH = 2, acetonitrile/waier+TFA) to give the desired
product in the form of THA salt as a white sohid. LC-MS calculated for CasHaiNaO (MH+H)Y™
w/z = 415.2; found 415.3.

Example 8:
Methyi 3-(cyanomethyD-3-{4-{(frans-2-phenyicyvelopropyliaminepiperidin- 1~

vijazetidine-I~carboxylate

To a solution of N-{1-[3-{cyanomethyljazetidin-3-ylipiperidin-4-y1}-2,2,2-trifluoro-
N-{trans-2-phenyleyelopropyDacetamide (20, mg, 0.049 mmol, prepared as described in
Example 2, Step 4) in THF (1.0 mbL) was added DIEA {43 pL, 0.25 nunol}, followed by
methyl chloroformate (7.6 pl, 0.098 romol}. The resulting mixture was stirred at room
temperature for 1.5 h then MeOH (1.0 mL) was added, followed by 2.0 M sodium hydroxide
i water (0,12 mb, §.25 mmol). The mixture was stirred at room teraperature for 2 h then
dituted with acetonitrile and purified by prep. HPLC (pH = 2, acetonitrile/water+THFA) o
give the desired product i the form of TFA salt as a white solid. LC-MS caleulated for

CarHaoMNaOo (MAH) ™ m/z = 369.2; found 369.3.
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Example 9:
{1-(Methylsulfony}-3-{4-{{srans-2-phenylcyclepropyliaminolpiperidin-i-yijazetidin-3-

™~
LN?%’\CN

C};;'
5 ~

yiacetonitvile

H
N

5 To a solution of N-{1-[3-{cyanomethyljazetidin-3-ylipiperidin-4-y1}-2,2,2-trifluoro-
N-{trans-2-phenyleyelopropyDacetamide (20, mg, 0.049 mmol, prepared as described in
Example 2, Step 4) in THF (1.0 mbL) was added DIEA {43 pL, 0.25 nunol}, followed by
methanesulfonyl chleride (7.6 ukb., 0.098 muool). The resulting mixture was stirred at roor
temperature for 1.5 h then MeOH (1.0 mL) was added, followed by 2.0 M sodium hydroxide

16 in water (.12 mE, 0.25 mmol). The reaction mixture was stirred at room temperatore for 2 h
then diluted with acetoniirile and purified by prep. HPLC (pH = 2, acctonifrile/water+TFA)
to give the desired product in the form of THA salt as a white sohd. LC-MS calculated for

CrofzoNa(8 (MHTD™ m/z = 389.2; found 389.2.

it
(%2}

Example 16:
2-(3-{Cyanomethyl}-3-{4-{(frans-I-phenyicyclopropyhamine]piperidin-1 -y} azetidin-{-

yiinicotinonitrile

To a solution of N-{1-[3-{cyanomethyljazetidin-3-ylipiperidin-4-y1}-2,2,2-trifluoro-
20 N-{grans-2-phenylcyclopropylacetamide (23 mg, 0.036 mmol, prepared as described in
Example 2, Step 4) and 2-Dhioronicotinontivife (14 mg, 0.11 mmol} in NMP (1.6 mL, 10,
mmol} was added DIEA (39 ub, 0.23 mmol). The resulting mixture was heated to 120 °C and
stirved for 1 h at which time LC-MS indicated the reaction was complete to give the desired
ntermediate. The reaction mixture was cooled to room temperature then MeOH (1.0 mLE)

25 was added, followed by 2.0 M sodium hydroxide 1o water (0.14 md., 0.28 muool). The
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resulting mixtare was stirred at room temperature for 2.5 h then dilated with acetonitrile and
purified by prep. HPLC (pH = 2, acetonitrile/water+TFA} to give the desired product in the
form of TFA salt as a vellow solid. LC-MS caleulated for CosHooNe (M+H)Y m/z =413.2;

found 413.3.

Example §1:
3-LCyvano-4-(3-(cyanomethyi}-3-{4-{{srans-2-phenyleyclopropyliamine|piperidin-1-

vi{azetidin-1-yl}benzoic acid

A
O\?g’\cs\s

=
S

NC '
CO OH
This compound was prepared using procedures analogous to those described for
Example 10 with 3-cyano-4-fluorobenzoic acid replacing 2-fluorcnicotinonitrile. The product
was purtfied by prep. HPLC (pH = 2, acetonitrile/water+TFA) to give the compound 1o the
form of THFA salt as a white solid. LC-MS calculated for CorHaoNsGn (MA+H) ™ m/z = 456.2;

found 436.3.

Example 12:
2-(3-{(Cyanomethyi}-3-4-{{¢rans-2-phenylcyclopropyhamino]piperid in-1-yi}azetidin-1-

yithenzonitrile

This compound was prepared using procedures analogous to those described for
Example 10 with 2-fluorehenzontiriie replacing 2-fluoronicotinonitrile. The product was
purified by prep. HPLC (pH =2, acetonitrile/water+TFA)} to give the compound in the form
of THFA salt as a white solid. LC-MS caleulated for CoeHseNs (M+H)™ mo/z = 412.2; found
412.3.

‘1.’}
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Example 13:
4-(3-{Cyanornethyl)-3-{4-{{grans-I-phenylcyclopropyhamine|piperidin-1-yl azetidin-i-

viibenzeoniirile

CN

(%2}

This compound was prepared using procedures analogous to those described for
Example 10 with 4-floorobenzoniirile replacing 2-fluoronicotinonitrile. The product was
purified by prep. HPLC (pH =2, acetonitrile/water+TFA)} to give the compound in the form
of TFA salt as a white solid. LC-MS calculated for CosHsoNs (M+H)™ vz = 412.2; found
10 4123,

Example 14:

{103~ {}{grans-2-PhenvkyclopropyDaminoejmethyl} azetidin-1-yDeyclobutylacetonitrile

zx/ﬁ\/@gz/m

15 Step I tert-buwyl 3-{{ (trans-2-phenylcyclopropyl)amine [methyi Jazetidine- I -carboxylate

H “NBoc
_____ N

fi
®
To a solution of tert-butyl 3-formylazetidine- 1-carboxylate (556 mg, 3.00 moel, Alfa
Agsar: Cat#f H52794) and 2-phenyleyclopropanamine hydrochlonide (600. mg, 3.54 mmol,
trans, racemic, I&W Pharmbab: Cat##20-00735, Lot: IW152-128A) in DCM {10 ml) was
20 added acetic acid (510 ul., 9.0 ramol}. The resulting yeliow solution was stirred at roor
temperature overnight then Na(OAc)BH (1.9 g, 9.0 amol) was added. The reaction mixture
was stirred at room temperature for 1 b then diluted with DCM, washed with saturated

NaxCUs, water and brine, The organic layer was dried over Naz504 then concenirated. The

~4
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residue was purified on silica gel cotumm eluting with 0 to 100 % EtOAc/Hexanes o give the
desired product {513 mg, 57 %} as a light yellow oil. LC-MS calenlated for CiaHieN2 O (M-

il
s

Bur2HY /e = 247.1; found 247.2.

Step 2 tert-butvl 3-{{{{allvioxyjcarbonyiftrans-2-

phenvicyclopropylamino fmeihyijazetidine-I-carboxvlate

OYO ™ NBoc
N

L
To a sohution of tert-buiyl 3- {{{frans-2-phenyleycloprepyDamino fmethyl}azetidine- 1-
carboxvlate (513 mg, 1.70 numol, prepared in Srep §) in DCM {5 ml, 80 mmol) was added
DIEA (890 ul, 5.1 mmol), followed by dropwise addition of allyl chloroformate (234 pi,
2.20 mmol). The resolting mixture was stirred at room temperature for 40 min then quenched
with water and exiracted with DCM. The combined extracts were dried over NaxS04 then
coneentrated. The residue was purified on silica gel colunmm chiting with 6 10 60 %
EtOAc/Hexanes to give the desired product (632 mg, 96 %) as a light vellow oil. LC-MS

calculated for CorHsN2Ou (MAHH)™ my/z = 387.2; found 387.2.

Step 30 allyl (azetidin-3-yimethyl ) (trans-2-phenylcyclopropyljcarbamare

>

O\?,;,O
| FNH

=X

P
To a selution of tert-butyl 3-{{[{allvloxy)carbonyl|(rrans-2-
phenyicyclopropyllaminopmethyl}azetidine- 1 -carboxylate (632 mg, 1.64 mmoly n DCM (3
ml} was added TFA (3 mL). The resulting mixture was stirred at room temperature for 1 h
then concentrated. The residue was dissolved in EtOAc then washed with saturated NaHC s
solution and brine. The organic layer was dried over NaxSQ4 then concentrated. The residue
was used in the next step without further purification. LC-MS calculated for CirHaaN2On

(M+HY" w/z = 287.2; found 287.2.
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Step 4: ollyl ({1-]I-(cyanomethvileyclobutvijazetidin-3-vimethyl) (trans-2-

phenvicyclopropvijcarbamate

Drgpt _NQ/CN
%/&’f\” '

®

To a solution of aliyl (azetidin-3-yimethyh{frans-2-phenyleyclopropylcarbamate (48
mg, 0.17 mmol} and cyclobutylidencacetonitrile (31 mg, 9.34 nunol, prepared using methods
disclosed in the Hierature such as WO 2009/114512) in acetonitnile (0.5 mb) was added DBU
{10 gL, 9.08 mmol}. The resulting mixture was stirred at room temperature overnight then
concentrated. The residue was purified on silica gel coluran cluting with 0 to 10 %
MeOH/DCM to give the desired product (26 mg, 41%) as a yeliow oil. LC-MS caleulated for
CasHsoN3Oo (MAH) ™ m/z = 380.2; found 380.2.

Step 50 [1-(3-{{(rans-2-phenyicyclopropyliamine fmerhyllazetidin- 1 -
vicyclobutyl]acetonitrile

A mixture of allyl ({1-{ 1 -{cyanomethyDeyelobutyHazetidin-3-y1 methyH{srams-2-
phenyicyclopropyhcarbarmate (26 mg, 0.068 ramol) and tetrakis{iriphenylphosphine)-
palladiom{0) (4 mg, 0.003 mwmol) io THF (3 mL} was degassed then refilled with nitrogen.
Then N-ethylethanamine (71 pL, .68 mmol) was added. The resulting muxture was heated 1o
85 °C and stirred for 2 b at which time LS-MS indicated the reaction was complete. The
mixture was cooled to room temperature then diluted with acetonitrile, fltered and purified
by prep. HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product in the form of
TFA salt as a white sohid. LC-MS calculated for CisHaeNs (M+HY vz = 296.2; found
296.2.

Example 15:
{({'-{Ethylsuifonyi)-3-{{{rans-I-phenyicyclopropyilamine]methyl}-1,3"-biazetidin-3'-

yijacetoniirile
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v/
)
&
This compound was prepared using procedures analogous to those as described for

Example 14 with {1-(cthylsulfonyhazetidin-3-ylidene]acetonitrile (prepared using similar
conditions disclosed in the literature such as WO 2009/114512) replacing

5 cvelobutyvlidencacetonitrile in Step 4. The product was purified by prep. HPLC (pH =2,
acetontirile/water+THFA) to give the cornpound in the form of TFA «alt as a white sohid. LC-

MS calcudated for CaolzelNaQ28 (MAHY m/z = 389.2; found 389.2.

Example 16:
10 E-3-{{{rans-2-Phenyleyclopropylaminomethyilazetidin-1-ypiperidin-4~
vijacetonitrife

H

LN
\E/A/QVEJN

o

Step 1. tert-butyl 4-(cyanomethiy[}-4-(3-{ {(trans-2-phenylcvclopropyl)amine [methyljazetidin-
I-ylpiperidine-1-carboxylate

Boc
N

)
g CN

H
)
P

This compound was prepared using procedures analogous to those as deseribed for

15

Example 14 with tert-butyl 4-(cyanomethylene)piperidine- 1-carboxylate {prepared using
similar conditions disclosed in the literature such as WO 2008/064157) replacing
cyclobutylideneacetonitriie in Step 4 and the reaction m Step 4 was carried out at 60 °C for 48

20 h LC-MS calculated for CosHarNaG (M) myv/z = 425.3; found 425.3.
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Step 2: [4-(3-{[(trans-2-phenylcyclopropvliamine]merhylazetidin-I-vijpiperidin-4-
vifacetonitrile

The crude product from Srep { was dissolved m DCM {1 mL) then TFA (1 mb.) was
added. The mixture was stirred at room temperature for 1 h then concentrated. The residue
was dissolved in MeOH then purified by prep. HPLC {(pH = 2, acctoniirile/water+TFA} to
give the desired product in the form of TFA salt. LC-MS calculated for CaoHooNa (M+H)

m/z = 325.2; found 325.2.

Example I7:
{1-Methyl-4-(3-{i(frans-2-phenvicyclopropyDammine|methyliaretidin- 1 -yhipiperidin-4-

yvijacetonitrile

Step 1 terr-butyl 3-{{ (trans-2-phenyilcyclopropyli{rifiucroacetyl)amine fmethiyllazetidine- 1 -

carboxylate

F

e
SCozO
Y\/[\NBOC
N d

To a solution of tert-butyl 3-{{(frans-2-phenylcyclopropylaminofmethyl} azetidine- 1-
carboxylate (187 mg, 0.618 mmol, prepared as described in Example 14, Srep 1)y DOM (S
ml.} at 0 °C was added tricthylamine (0.431 ml, 3.09 mmol), followed by dropwise addition
of trifluoroacetic anhydride (114 uyL, 0.804 mmol). The resulting yellow solution was stirred
at § °C for 1 h then quenched with saturated NaHCOs solution and extracted with DCM. The
combined extracts were dried over Nax504 then concentrated. The residue was purified on

sitica gel columm eluting with 0 to 60 % EtOAc/Hexanes to give the desired product (228 mg,

93 %) as a yellow oil. LC-MS calculated for CisHisFsNaOs (M-Bu+2ZH) m/z = 343.1; found
343.2.

Step 2: N-{azetidin-3-vimethvl}-2,2, 2-trifluoro-N-{trans-2-phenvicyclopropvl)acetamide
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F4Cu O
e aH

AV N
X
L

To a sohution of tert-butyl 3- {{{irans-2-phenyleyclopropyl)-

{trifluoroacetyhamino jmethyl}azetidineg- 1 -carboxylate (228 mg, 0.572 ramol) in DCM (3
mhb} was added TFA (3 mL). The resulting Hght yellow sohition was stirred at room
temperature for | h then concentrated. The residue (TFA salt) was used in the next step
without further purification. LC-MS calculated for CosHisFsN2O (MAHY " mv/z = 299.1; found
299.2.

Step 3 tert-buyl 4-(cyanomethyvi)-4-(3-{[(trans-2-phervicyclopropyi){trifluoroace

tylamino]methyljazetidin-1-ylipiperidine- I -carboxylate

L

Boc

To a solution of N-{azetidin-3-ylmethy1-2,2, 2-trifluoro-N-(srans-2-

phenyicyclopropyliacetamide (TFA salt: 0.93 g, 2.2 numof), tert-butyi 4-
{cyanomethylenelpiperidine- f-carboxylate (0.50 g, 2.2 romol, prepared using simular
conditions disclosed in the Hterature such as WO 2008/064157) in acetonitrile {5 mL) was
added DBU {0.7 mL, 4 mmol}. The resulting mixtore was stirred at room temperature
overnight. The reaction mixture was quenched with saturated aqueous NaHCOn, and
extracted with BtOAc, The combined organic layers were washed with brine, dred over
NaaSO4, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on a silica gel coluran cluting with ethyl acetate in hexanes (§-50%]) to
afford the desired product (95 mg, 8 %). LC-MS caleulated for CorHseFsN4Os (M+H)  m/z =

521.3; found 521.2.

Step 4: N-{{i-[4-(cyanomethvl)piperidin-4-yijazetidin-3-yi}methvl)-2, 2, 2-trifluoro-N-{trans-

7

2-phenvicyclopropyljacetamide
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To a solution of tert-butyl 4-{cyanomethy -4-(3- { {{(rrans-2-
phenyleyclopropyi(trifluoroacetyDaminomethyl} azetidin- L-ylpiperidine- 1 -carboxylate (95

mg, 0.18 mmol} in DCM {1 mL) was added TFA (1 mL). The resulting mixture was stirred at

5 room teraperature for 1 h then concentrated. The residuc was used in the next step without
further purification. LC-MS calculated for CozHagFsN4O (M+HYT m/z = 421.2; found 421.2,
Step 5: [l-methyl-4-(3-{{trans-2-phenvicyclopropvljamine Jmethyl fazetidin- 1yl piperidin-4-
vijacetonitrile
10 To a solution of N-({1-[4-(cyanomethyhpipendin-4-yijazetidin-3-yvl} methy!)-2,2,2-

triflaoro-N-(rrans-2-phenyleyclopropyllacetamide (TFA salt, 10 mg, 0.02 mmol) in THE (0.5
1L} was added a solution of 10.0 M formaldehyde in water (16 ul, 0.1 mmol), followed by
acetic acid (5.8 uk, 0.10 mumol). The reaction nuxture was stitred at room temperature for 2
I then sodivm triacetoxyborohydride (22 mg, 0.10 romol) was added. The resulting mixture
15 was stirred at room temperature for 2 b then MeGH (I mb) and 2N NaOH in water (0.2 mi.)
were added. The reaction roixture was stirred at 40 °C for 1 b then cooled to room
temperature, filtered and purified by prep. HPLC {pH = 10, acetonitrile/water+NH4OH) to
afford the desired product. LC-MS calculated for CaiHaNy (MY m/z = 338.3; found

339.3.
20
Example 18:
{1-Acetyl-4-3-{[{zrans-2-phenylcyclopropyDamino]methyl azetidin-1-ylpiperidin-4-
yiiacetonitrite
QY
/"N
y %c N
/A/N\//‘ -
)
o
25 To a solution of N-{{1-[4-{cyvanomecthyDpiperidin-4-yljazetidin-3-yi} methyl)}-2,2,2-
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irifhuoro-N-{frans-2-phenyleyclopropyDacetamide (TFA sali, prepared as described for
Example 17, Step 4: 9 mg, 0.02 ramol) and DIEA (8.8 ul, 8.05 momely tn THF (1 mb) was
added acetic anhydride (3.2 pd, .034 romol). The reaction mixture was stirred at room
temperature for | hthen IN NaOH in water (0.5 mL) and MeOH {1 mL) were added. The
resulting mixture was stirred at room temperature for | h then porified by prep. HPLC (pH =
14, acctonitrile/water+NHaOH) to afford the desired product. LC-MS calculated for

CoxHaNaO (M+H)™ m/iz = 367.2; found 367.3.

Example 1%
{1-{4-Finorobenzoyl)-4-(3-{{{sramns-2-phenylcyclopropyllamino|methyl} azetidin-i-

yhpiperidin-4-yijacetonitriie

This compound was prepared by using procedures analogous to those deseribed for
the synthesis of Example 18 with 4-fluoro-benzovl chloride replacing acetic anhydride. LC-
MS calculated for CorHaFNaO (M+H)Y": 1a/z = 447.3; found 447 3.

Example 26
{i-(Methylsulfonyl-4-3-{{{(rrans-2-phenylcyciopropyliaminajmethyl} azetidin- -
yhpiperidin-4-ylaceionitrile

o
0*$

N

N NEQ,CN

AV N

This corapound was prepared by using procedures analogous o those deseribed for

the synthesis of Example 18 with methanesulfonyl chioride replacing acetic anhydride. LC-
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Example 21:
{4-(3-{{{frans-2-Phenylcyclopropyliaminojmethyllaretidin-1-y1)-1~

{phenylsulfonyipiperidin-d-yviacetonitrile

P2
This compound was prepared by using procedures analogous to those described for
the synthesis of Example 18 with benzenesuifonyi chioride replacing acetic anhydride. LC-

MS calculated for CosHasNaO2S (M~+H)": m/z = 465.2; found 465.2.

10 Example 22:
Ethyl 4-(cvapomethyl}-4-(3-{{{srans-2-phenylcyclopropyliamino]methyl} azetidin-1-

yhpiperidine-I-carboxylale

(’

Ca, -0
B

— Q/CN

This compound was prepared by using procedures anslogous to those described for
15 the synthesis of Example 78 with ethyl chloroformate replacing acetic anhydride. LC-MS

calculated for CosFiaaNaD (MHHYT m/z = 397.3; found 397.2

Example 23:
4-{Cyanomethyh-N,N-dimethyb4-3-{{{zrans-2-

20  phenyicyclopropyhaminemethyliazetidin--yDpiperidine~-I-carboxamide
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 18 with N . N-dimethylcarbamoyl chloride replacing acetic anhydride.

LC-MS calculated for CHaaNsO (MHHY vz = 396.3; found 396.3.

Example 24:
4-{Cyanomethyh-N-isopropyl-4-(3-{{{#frans-2-phenyicyclopropyliamine]methyl] azetidin-
§-yvhipiperidine-i-carboxamide
OY NH
Q/
CN
o [N
AW /
)
/I
10 This compound was prepared by using procedures analogous to those deseribed for

the synthesis of Example 18 with 2-isocyanatopropane replacing acetic anhydride. LC-MS

calculated for C2aHasNsO (M+HH)™: 1o/z = 410.3; found 410.3.
Example 25:

15 4-({Cyanomethyi-N-(4d-fluorophenyh-4-3-{|(frans-2-

henvicyclopropyDamine]methyllazetidin-t-yDpiperidine-I-carboxamide
pREeRyiCyCiopropy Yis Yupp

80
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This compound was prepared by using procedures analogous to those described for
the synthesis of Example 14 with 1-fluoro-4-isocyanatobenzene replacing acetic anhydride.

LC-MS caleulated for CorHasFNSO (MAH)™ mi/z = 462.3; found 462.2.

(%2}

Example 16:

3~{(trans-2-Phenyleyclopropyhaminojmethyi}~1,3 -biazetidin-3'-yhacetonitrile

H

A\/ﬁ/s\iv
\a
(J

Step 1! tert-butvi 3'-{cvanometiyi)-3-{{{trans-2-
10 phenyicvclopropyl)itrifluorcaceryliamino]merhyi}-1,3'-hiazetidine- 1'-carboxylate

Boc

To a solution of N-{azetidin-3-yimethyh-2,2.2-iriflaoro-N-{rans-2-
phenyicyclopropyhacetamide (30 g, 0.07 mmol, prepared as described for Example 17,
Srep 2y, tert-butyl 3-{cyanomethylenelazetidine- l-carboxylate (27 mg, 0.14 mmmol, preparec
15 using similar methods as disclosed in the literature such as WO 2009/114512) in acctonitrile
(1.0 mL} was added DBU (20 gl 0.1 ramol}. The resulting mixture was stirred at room
temperature overnight. The mixture was diluied with BtOAc then washed with water and
brine. The organic layer was dried over NaxSO4 then filtered and concentrated. The residue

was used in the next step without further purtfication. LC-MS calculated for CasHnFsNaOs
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(MA+H)" m/z = 493.2; found 493.2.

Step 20 (3-{{itrans-2-Phenylcyclopropylaming Jmethyl)- 1,3 -biazetidin-3-vljacetonitrile

To a solation of the crude product from Srep /i THFE (1 mL) and MeOH (1 ml) was
added ZN NaOH solotion in water (0.5 mib.). The resulting mixture was stirred at 36 °C for |
h then cooled to room teraperature and concentrated. The residue was dissolved in DCM then
filtered and concentrated. The residue was then dissolved in DCM (§ md} and TFA (1 mbL)
was added. The mixture was stirred al room temperature for 1 b then concentrated. The
residue was dissolved in acetonitrile then purified by prep. HPLC (pH =2,
acctontirile/water+THA) to give the desired product in the form of TFA salt. LC-MS

caleulated for CreHzsNg (M m/z = 297.2; found 297.2.

Example 27:
4-{3'(Cyanomethyh)-3-{{{zrans-2-phenyicyclopropyliamine]methyi}-§, 3 -biazetidin-1'-
yi2,5-difluore-N-[{158)-2.2 2-triffuoroe-1-methyiethvilbenzamide

CN

Ny
Afﬁ\/f‘j N I\
©/ A0
L
F HNe—

£
To a solution of N-{azetidin-3-ylmethyl}-2,2, 2-trithioro-N-{frans-2-
phenyicyclopropylacetamide TFA salt {25 mg, 0.061 mmol, prepared as described for
Example 17, Step 2) and 4-[3-(cyanomethyieneyazetidin- 1-vi}- 2, 5-difluoro-N-[{18)-2,2,
trifluoro- 1 -methylethyllbenzamide (24 mg, 0.070 mmol, prepared using similar methods as
disclosed in the literature such as WO 2012/177606) in acetonitrile (1.0 mi) was added DBU
(12 mg, 0.08 mmol). The resulting mixture was stirred at room temperature overnight then
2N NaOH (1 mL} and MeOH (1 ml) were added. The reaction mixture was stirred at room
temperatare overnight then filtered and purified by prep. HPLC (pH = 16,
acetonitrile/water+NH4OH) (o afford the desired prodoct. LC-MS calculated for

Coall3 FsMNsO (MAH)™: miz = 5348.2; found 548.2.
Example 28:

82
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MN-{[i-{I-Methylpiperidin-d-yhazetidin-3-ylimethyl} -frasns-2-phenyvicyclopropanamine

o

M /[“N
N o
ol

/i

To a solution of N-(azetudin-3-yimethyD-2,2 2-iriflaoro-N-(rans-2-

phenyicyclopropyllacetamide TFA salt (30 mg, 0.07 mmol, prepared as described for

€31

Example 17, Step 23, and 1-methyl-4-piperidinone (11 mg, 0.10 mmol} in THF (1.0 mL) was
added acetic acid (17 pl., 0.30 romol). The reaction mixture was stirred at room temperature
overnight then Na{OAc)kBH (64 mg, 0.30 mmol) was added. The reaction mixture was
stirred at room temperatore for 1 h then 2N NaOH in water (0.5 mL} and MeOH (1mL) were
added. The resulting mixtore was stirred at 40 °C for 1h then cooled to room temperature,

10 filtered and purified by RP-HPLC (pH = 10, acetonitrile/water+NH4OH}) to afford the deswed
product, LC-MS calealated for CiolsoNs (MHHY™ oz = 300.2; found 300.2.

Example 29%:
Trans-2-phenyl-N~{[i-(1-phenyipiperidin-d-yhazetidin-3-ylimethylicyclopropanamine

15 =
This compound was prepared using procedures analogous to those deseribed for the
b

synthesis of Example 28 with l-phenylpiperidin-4-one replacing [-methyl-4-piperidinone.

LC-MS calculated for CaaHaoNs (M+H)Y™ m/z = 362.3; found 362.2.
20 Example 30:

§-Phenyb-4-(3-{{(frans-2-phenyicyclopropyamino]methyl} azetidin-1-

vijeyelohexanecarbonitrile
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 28 with 4-oxo-1-phenyleyclohexanecarbomitrile (Lancaster, car#5281}
replacing 1-mcthyl-4-piperidinone. The product was purified by prep. HPLC {pH = 10,

5 acetonitrile/water+NH4OH) to give two isomers corresponding 1o the trans- and cis-
cyclohexyl. LO-MS calculated for CosHaaNa (M+H) " m/z = 386.3;

Isomer (I): LO-MS (pH = 2, acetonitrile/water+TFA): foand nv/z = 386.2; retention
time = 1.45 min

Isomer () LC-MS (pH =2, acetoniirile/water+TFA): found nvz = 386.2; retention

10 tme=1.55min
Example 31:

{-(Ethylsuifonyh-3-{4-{{{(frans-2-phenyicyclopropyhamino] methyi} piperidin-i-

yvhazetidin-3-yilacetonitrife

AN
s
AVL

Step 1. {I-(Ethvisulfonvl)-3-{4-(hydroxymethvlpiperidin-I-yiJazetidin-3-vi lacetonitrile

7 N

15 ===

O~
08

To a solution of 4-pipendinemethano! (60 mg, 0.5 mmol and [1-
{ethylsulfonyljazetidin-3-ylidenclacetonitrile (110 mg, 0.60 mamol, prepared using similar
20 conditions as disclosed in the hiterature such as WO 2009/114512) in acetonitrile (1.0 mbL)
was added DBU (20 L, 0.1 mmol). The resulting mixture was stirred at room temperature
for 3 h then diluted with DCM, washed with water and brine. The organic layer was dried

over NaxSOu, filtered and then concentrated. The residue was purified by flash

84
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chromatography on a silica gel colomn ehiting with MeOH in DCM {3-8%) to give the

desired product. LC-MS calculated for CraHzaN:Oa8 (MAH)Y: m/z = 302.2; found 302.1,

Step 2: [1-(Evhvisulfonvl}-3-(4-formylpiperidin- i -viazetidin-3-y{Jacetonitrife

O o~

o

0*8

&

Y

NP

To a solution of {1-{cthylsulfonyh-3-[4-(hydroxymethyhpiperidin- i -ylazetidin-3-

(%2}

vi}acetonitrile (200 mg, 0. 66 myoel) in methylene chloride (4.0 L) was added Dess-Martin
periodinane {420 mg, 1.0 momol). The reaction mixtare was at r.t. for 3 h then saturated
Na25203 agueous solution was added and stirred for 10 min. The mixture was diluted with

16 DOM, washed with 1N NaOH, water and brine. The organic layer was dried over NaxSOq,
filtered and then concentrated. The residue was purified by flash chromatography on a silica
gel column ehuting with MeOH in DCM (0-8%). LC-MS calculated for CiaHnN3(:S
(M+HY" o/e = 300.1; found 300.1,

15 Step 30 [I-(Erhyisulfonvl)-3-(4-{{ (trans- 2-phenyicvclopropyllaming Jmethyl  piperidin- 1 -

vljazetidin-3-vijacetonitrile
To solution of [ I-(ethylsulfonyl}-3-(4-formyipiperidin- i -yDazetidin-3-yljacetonitrile

(15.0 mg, 0.050 mmol) and 2-phenyleyclopropanamine (10.0 mg, 8.075 mmol, rrans,
racemic, Acros: Cat#130470050) in DCM (0.5 mb) was added acetic acid (4.3 pul, 0.075

20 ymof). The mixture was stirred st r.1. for 2 b then sodium triacetoxyborohydride (32 mg, $.15
mmol) was added. The reaction mixture was stirred at v.t. for 1 h then diluted with DCM and
washed with saturated NaHCOz solution, water and brine. The organic layver was dried over
Na:804 then concentrated. The residue was dissolved in acetonitrile then purified by prep.
HPLC {pH = 2, acetonitrile/watcr+TFA) to give the product in the form of TFA salt. LC-MS

25 caloulated for CozHsaNaGoS (MAHH)™ m/z = 417.2; found 417.1.

Example 32:

1-{4-{{{trans-2-Phenyleyclopropyl}aminomethyil piperidin-i-yheyclobutvijacetoniirile

85
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Step 1 {1-[4-(Hvdroxvmethylpiperidin-1-yijcyclobutyl}lacetonitrile

To a solution of 4-piperidinemethanc] (230 mg, 2.0 mmol) and
cyclobutylidencacetonitrile (280 mg, 3.0 mmol, prepared using methods disclosed in the
hiterature such as WO 2009/114512) in acetonitrile (2.0 b)) was added DBU (90 ul, 0.6
mmol). The reaction mixiure was stirred at 65 °C overnight. The mixture was cooled o room
temperature then difuted with DUM, and washed with water and brine. The organic layer was
dried over NazSO;, fitered and then concentrated. The residue was purified by {lash

chromatography on a silica gel column eluting with MeOH in DCM ((-8%). LC-MS

This compound was prepared using procedures analogous to those described for the
synthesis of Example 31, Step 2 starting from {1-[4-(hydroxymethyDpiperidin-1-
vilevelobutyllacetonitrile. LC-MS caleulated for CiaHisNaO (MHH)Y T w/z = 207.1; found
2071,

Step 30 [1-(4-{{(trans-2-Fhenylcvclopropyiiamino]methvl}piperidin- 1 -
viicvelobutvl]acetonitrile

The compound was prepared by using procedure analogous to those described for the
synthesis of Example 31, Step 3 starting from [1-{4-formylpiperidin-1-
vicyclobutyljacetonitrile. The product was purified by prep. HPLC (pH =2,
acetonttrile/water+THA) to give the desived product in the form of TFA salt. LC-MS3

caloulated for CoiHaells (M vz = 324.2; found 3243,

Example 33:

86
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13-{4-{{(trans-2-Phenylcyclopropyamincmethvi piperidin-1-viazetidin-3-

yiiacetonitrite
H
2o
N~

QVQ
@/L\v

Step 1. tert-Burv! 4-{[(trans-2-phenylcyclopropvliamina [methyllpipevidine- 1 -carboxylate
3

;/\N ko”"\

O/\,Nm

To a sohution of tert-buiyl 4-formylpiperidine- {-carboxylate (430 mg, 2.0 mmol}, and
trans-2-phenvicyelopropanamine (0.35 g, 2.6 mmol, Acros: Cat#130470030) 1o DCM (9 mb)
was added acetic acid (.17 mi, 3.0 numol}. The resulting mixture was stirred at vt for 2 h
then sodium triacetoxyborshydride (1.3 g, 6.0 mmol) was added and the reaction mixture was
10 stirred at r.1. for 1 h. The mixtare was diluted with DCM, washed with 1 NaOH, water and
brine. The organic layer was dried over Na:SQ4, filtered and then concentrated. The residue
was purified by flash chromatography on a silica gel columm eluting with MeOH in DCM (-

0%). LC-MS calculated for CieHzaNz02 (M-But2H}": wvz = 275.2; found 275.2

15 Step 2: terr-Butvl 4-{{{{ailvioxy)carhonyi]{rans-2-

phenyicyclopropyllaminemethyl}piperidine- I -carboxyiate

¢
D 0
00 /\N)L OJ(\
@ N W
Allyl chloroformate (0.23 mi, 2.2 muool) was added fo a solution of tert-butyl 4-
H{frans-2-phenyloyclopropyDaming fmethyl  piperidine- 1 -carboxylate (0.59 g, 1.8 mmol)
20 and N N-dizsopropylethylamine {6.63 mLE, 3.6 vamol} in DCM (8.0 mL) at 0 °C and then the
reaction mixture was stirred at r.t. for 1 h. The mixture was diluted with DCM, washed with
saturated NaHCO1, water and brine. The organic layer was dried over NSO« filtered and

concentrated. The residue was purified by flash chromatography on a silica gel column
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eluting with EtOAce in hexane (0-20%). LC-MS caleulated for CoaHzaMNoNaQs (M+Na)™: ny/z
=d437.2; found 437.3.

Step 3: Al (trans-2-phenyicyciopropyiipiperidin-4-yimethy carbamate

)
\T;O
To a solution of tert-butyl 4-{{[(allyioxy jcarbonyl{(#rans-2-

phenylcyclopropyDaminomethyl }piperidine- 1 -carboxylate (225.0 mg, 0.5428 mmol} in
DCM (2 mL} was added 4.0 M hydrogen chloride in dioxane (2 mL). The resulting mixture
was stirred at r.1. for 30 min then concentrated. The residue was dissolved in DUM, washed
with 1 N NaOH and brine. The organic layer was dried over NaaSQOq filtered and then
coneenirated. The residue was purified by flash chromatography on 4 silica gel column
eluting with methanol in DCM (0-10%) to give the desired product. LC-MS calculated for
CroHa7MN200 (MAH)Y: m/z = 315.2; found 3152

Step 4: tevt-Butvi 3-(4-{[ [{albloxy)carbonyl ] (trans-2-
Fa « >}/

,z:?izen{yicyc]{)pi‘f)pyz’,)arnjz'zo]n:0 ihyl}piperidin- 1-y1)-3-{cyanomethylazetidine- I -carboxviate
{ *ra
L
S
O -

To a sohution of allyl (frans-2-phenyloyclopropyl(piperidin-4-ylmethyhcarbamate
3 PRENYICYCIOPIOPYINPIP ¥ yi

=N

(80.0 g, 0.254 mumol) and tert-butyl 3-{cyanomethylonejazetidine- | -carboxylate (59 mg,
.30 mmol) in acetomtrile (0.5 mL} was added DBU (16 uL, 0.08 mmol). The resulting
sixture was stirred at r.t. for 3 b theo diluted with DCM, washed with water and brine. The
organic layer was dried over NaxSQq, filtered and concentrated. The residue was purified by
flash chromatography on a silica gel colunm eluting with EtOAc in DOM (0-20%) to give the

desired product. LC-MS calcudated for CasFHaNOs (M+H)Y: m/z = 509.3; found 509.3.

88
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Step 5: Allyl ({1-[3-(cyanomethylazetidin-3-yi]piperidin-4-yifmethyl(trans-2-

¢ 4

O

SO

To a solution of tert-butyl 3-(4-{{{{allyloxyicarbonyi{srans-2-

phenylcvclopropylicarbamate

oN

5  pheavicyclopropyhaminohmethylpiperidin- 1-yh-3-(cyvanomethyDazetidine- | -carboxyviate
{1060.0 mg, 0.1966 mmeol) in DCM (0.5 mL) was added 4.0 M hydrogen chlonide in dioxane
(0.5 mL, 2 mmol}. The resulting mixtore was stirred at r.t. for 30 min then concentrated. The
residue was used in the next step without further purification. LC-MS calculated for
CosHssNaOr (MHH)Y T m/z = 409.3; found 4093,
10

Step 6: [3-(4-{{(trans-2-FPhenylcvciopropyliamino [methyl} piperidin-1-vl)azetidin-3-
vijaceronitrile

A voixture of allyl (4 1-[3-(cyanomethyDazetidin-3-yljpiperidin-4-ylimethyl(rrans-2-

phenyicyclopropylicarbamate (30.1 mg, 0.0736 mmol),

it
(%2}

tetrakis(triphenylphosphine ypalladium(0) (8.5 mg, 8.0074 mmaol) and N N-diethylamine
(0.6761 mlL, 0.736 ramol) in THF (1.0 ml.) was stirred at 85 °C for 2 h under nitrogen then
cooled to room temperature and fltered. The filirate was purified by prep. HPLC (pH =2,
acetomtrile/water+THFA) to afford the desired product as the TFA salt. LC-MS calculated for
CaoHzoNa (MHHY" mv/z = 325.2; found 325.3.

20

Example 34

2-13~(CyanomethyD-3-(4-{{{frans-Z-phenylcyclopropyhamino] methyl piperidin-1-

yvhazetidin-I-yiinicotinonitrile

N%\N

A,Q\,Ly

25 Step I AIYE ({1-{3-(cyanomethyl}-1-(3-cyanopyridin-2-yiazetidin-3-yi] piperidin-4-

vihmethyli{irans-2-phenvicyclopropylicarbamate
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To a solution of aliyl ({1-[3-(cyanomethyljazetidin-3-ylipipenidin-4-yl ymethy D{trans-
2-phenyleyelopropyearbamate (25.0 mg, 0.0612 mmol, prepared as described in Example
33, Step 5) and 2-fluoronicotinonitrile (15 mg, 0.12 mmel) in NMP (0.6 mL) was added
5 DIEA (43 pl, 0.24 mmol). The reaction mixture was stirred at 120 °C for 2 h then cooled to
room temperature and diluted with methylene chloride. The mixture was then washed with
saturated NaHCO3, water and brine. The organic layer was dried over NaxSQs, filtered and
concentrated. The residue was used in the next step without further purification. LC-MS
caleulated for CaoHasNeOz (M+H)" m/z = 511.3; found 511.3,
10
Step 20 2-[3-(Cyanomethyl)-3-14-{{(trans-2-phenvicyciopropyliamine fmethy! lpiperidin-I -
vijazetidin-1-ylinicotinonitrile
The crude product from Step T was dissolve in THF (0.5 mL) and then diethylamine
(60 pL) was added, followed by PA(PPha)s (10 mg). The container with the resulting mixture
15 was evacuated then filled with nitrogen and stirred at 80 °C for 2 h. The mixture was cooled
te room temperatare, fikered then purified by prep. HPLC (pH = 2, acctoniirile/water+TFA)
to afford the desired product as a THA salt. LC-MS calculated for CasHaiNe (M+H)" o/z =

427.3; found 427.3.

20 Example 35
4-13-{Cyanomnethyl}-3-(4-{{{frans-2-phenyleyclopropyDamine)methyl piperidin-§-
yvhazetidin-1-vi}-2,5-diffworo-N-isopropyibenzamide

N0

T

F

=
pe
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 34 with 2,4,5-trifluoro-N-isopropylbenzamide replacing 2-
fluoronicotinoniirile in Step 7. LC-MS calculated for CaoHarFaN<O (M+H)": nv/z = 522.3;
found 522.4.

Example 36
{3-{4-{{{frans-2-Phenyicyclopropylamino]methyi} piperidin-1-yi)-1-{3-

{iriffuoromethyhpyridin-2-yljazetidin-3-yi}acetoniirile

3
e
FroN

S
H

\//:X/N\/

£

O

10 This compound was prepared using procedures analogous to those deseribed for the

N

synthesis of Example 34 with 2-fluore-3-(iriflucromethyljpyridine replacing 2-
fluoronicotinonitrile 1o Step 1. LC-MS caleulated for CasHsiFalNs (M+H)Y™ m/z = 470.3;

found 476.2.

15 Example 37
{3-(4-{[{rrans-2-Phenylcyclopropyvhamino]methyvi piperidin-{-y§)-1-[5-

{trifluoromethylpyridin-2-yljazetidin-3-vi} acetonitriie

This corapound was prepared using procedures analogous to those described for the
20 synthesis of Example 34 with 2-fhuore-5-(trifluororethyDpyridme replacing 2-
fluoronicotinoniirile in Step 1. LC-MS calculated for CaeHaiFalNs (M+H)": o/z = 470.3;

found 476.2.
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Example 38
2-Chloro-6-{3-(cyanomethyi}-3-{4-{ [{rrans-2-

phenyicyclopropylaminejmethyvlpiperidin-i-yhazetidin-1-vijbenzoniirile

This compound was prepared using procedures analogous to those described for the
synthesis of Example 34 with 2-chloro-6-fluorobenzonitrile replacing 2-fluoronicotinonitrile

in Step 1. LC-MS calceulated for CorHsCINs (MHHY nvz = 460.2; found 460.1.

10 Example 39
2-13-(Cyvanomethyl}-3-(4-{{(rrans-2-phenylcyclopropyDaminomethyl piperidin-i-

yvhazetidin-i-yvijbenzonitrile

This compound was prepared using procedures analogous to those described for the
15 synthesis of Exagmple 34 with 2-fluorobenzonifrile replacing 2-flucronicotinonitrile in Step 1.

LC-MS calculated for CorHnNs (M+H)™ mv/z = 426.3; found 426 3.

Example 48
4-13-{Cyanomethy)-3-(4-{{frans-I-phenyleyclopropyDamine)methyl piperidin-1-

20 yiiazetidin-i-yijbenzonitrile
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 34 with 2-flusrobenzoniirile replacing 4-fluoronicotinonitriie in Srep 7.

LC-MS calculated for CorHaaNs (M~+H)": m/z = 426.3; found 426.3.

Example 41
Methyl 3-(cyanomethyi}-3-(4-{{{#rans-2-phenyicyclopropyhiaminol methyl} piperidin-i-

yhazetidine-T-carboxylate

Methyl chloroformate (7.6 pL, 0.098 mmol) was added to a solution of allyl (41-[3-
{cyvanomethyDazetidin-3-yilpiperidin-4-y 1 methyD(srans-2-phenyicyclopropylicarbamaie
(20.0 rog, 0.0490 mmol, prepared as described in Example 33, Step 5) and tricthylamive (27
ul, 0.20 mool) in DCM (0.5 mi) at 0 °C. The resulting muxture was stirred for 30 min at 0
o then diluted with DCM, and washed with satarated NallCOs, water and brine. The organic
fayer was dried over NaxSOyq, filiered and concentrated. The residue was dissolved in THF
(0.5 mL} and theo dicthylamine (60 pl.) was added, followed by PA(PPhy)s (10 mg). A
contamer with the resulting maxture was evacuated then filled with nitrogen and the mixture
was stirred at 80 °C for 2 k. The mixture was cooled to room temperature, filtered then
purified by prep. HPLC (pH = 2, acetonitrile/water+TFA} to afford the desired productas a
TFA salt. LC-MS caleulated for CoHsNaO» (MAH)™ mvz = 383.2; found 383.3.

Example 42
3-(Cyanomethyi}-N-2 d-difluorophenyi}-3-(4-{|{(frans-2-

phenyicyclopropyDaminomethyllpiperidin-1-yijazetidine-1-carboxamide
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This compound was prepared using procedures analogous to those deseribed for the
synthesis of Example 41 with 2,4-difluoro-1-isocyanatobenzene replacing methyl

chloroformate. LO-MS caleulated for CorHeFaNsO (MH+HY wv/z = 480.3; found 480.3.

€31

Example 43
MN-{3-Chioro-2-fuorophenyl}-3-{eyanomethyD-3-(4- {{{#rans-2-
phenylcyclopropylaminojmethyl} piperidin-1-yiiazetidine-i-carboxamide

E ,CE
O N
y

N
N
o~ g‘z//':”
H\/l/i}!
AW\

AV

10 ©/

This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 1-chioro-2-fluore-3-isocyanatobenzene replacing roethyl

chloroformate. LC-MS caleulated for CorHanCHNSO (MAHH)Y mv/z = 496.2; found 496.2.

it
(%2}

Example 44
11-3,5-DiflworohenzoyD-3-(4-{{{frans-I-phenyleyelopropyhamino|methy} piperidin-i-

yhazetidin-3-yijlacetonitrile
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This compound was prepared using procedure analogous to those described for the
synthesis of Example 471 with 3,5-difluorobenzoyi chiloride replacing methyi chioroformate.

LC-MS caleulated for CorHunFaNAO (M) mo/z = 465.2; found 465.2.

5 Example 45

{i-Benzoyl-3-(4-{[{frans-2-phenyicyclopropyllaminol methyl} piperidin-1-yliazetidin-3-
o, L
Y

3?2//“
/;\,ib@
9l

This compound was prepared using procedures analogous to those described for the

yiiacetoniiriie

10 synthesis of Example 41 with benzoy! chloride replacing methyl chloroformate. LC-MS

calcuiated for CorHaaMNaG (MAHD": m/z = 429 3, found 4292,

Example 46
11-2-Fluorobenzoyl)-3-(4-{{{frans-2-phenyicyclopropyDamine]methyl piperidin-1-

15 yhazetidin-3-yvHacetonitrile

This compound was prepared using procedures analogous to those deseribed for the
synthesis of Example 41 with 2-fhuorebenzoyi chloride replacing methy? chloroformate. LC-
MS calculated for CorHaFMNaO (MHE)": mvz = 447 .3; found 447.3.
20
Example 47
{1-G-Fluorobenzovl)-3-(4-{{{trans-2-phenyicyclopropyllamino|methyi}piperidin-1-

yhazetidin-3-vijacetoniirile
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 3-fhuorebenzoyi chloride replacing methy! chloroformate. LC-

MS calculated for CorHnFN4O (MHHYT mvz = 447 .3; found 447 3.

(%2}

Example 48
{1-{4-Finorobenzoyl)-3-{4-{{{srans-2-phenyleyclopropyijamino|methyll piperidin-i-

yhazetidin-3-yilacetonitrile
- N
&}YQ J,/
N
/A/ N \/[)N
N

10 This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 4-fluorobenzoyl chloride replacing methy! chloroformate. LC-

MS caleulated for CorHnEFNaO (M+HY my/z = 447.3; found 447 3.

Example 49
15 {I-Methyl-3-(4-{{{#rans-2-phenvicyclopropyhiamine|methyl} piperidin-i-yhazetidin-3-

yijacetonitrile

E

@gﬁ\ P
E/

To a solution of allyl ({1-[3-(cyanomethyazetidin-3-ylipiperidin-4-yl} methyD(frans-
2-phenyleyclopropyiicarbamate (20.0 mg, 0.0490 mamol, prepared as described in Example
20 33, Step 5y in DM (0.5 md.) was added 7.0 M forroaldehyde in water (2.7 ul, 0.019 mmol).

The resulting mixture was stirred at room temperature for 1 h then sodiom
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iracetoxyborohydride (16 mg, (.076 ramol) was added. The reaction mixtare was stirred for
another 1 b at room temperature then diluted with DM, and washed with saturated NaHCOs3,
water and brine. The organic layer was dried over NaaSQO4, then filtered and concentrated.
The residue was dissolved in THF (0.5 rol.) and then diethyl amine (60 ul} was added,
followed by addition of PA(PPha)s (10 mg). A container with the mixture was evacuated then
filled with nitrogen then the mixture was stirred at 80 °C for 2 h. The mixture was cooled to
roora teraperature, filtered then purified by prep. HPLC (pH = 2, acctonifrife/water+TFA) to
afford the destred product as a TFA salt. LC-MS calealated for CoHsNg (MHHYT iz =
339.3; found 339.3.

Example 58

[3-{4-{{{trans-2-Phenvicyclopropyhaminomethyl] piperidin-i-yhazetidin-3-vijacetic

acid
H
H Ca}s OH
N
N‘.’ﬁ&/ ~

Step 10 reve-Butyl 3-(2-tert-butoxy-2-oxoetiylidenejazeiidine- I -carboxyiate

ol
A%

To a solution of tert-buty] (diethoxyphosphoryacetate { Aldrich, cat#i348333: 1.1 g,
4.6 mmol) in THF (15 mb) at 0 °C was added 1.0 M potassium teri-butoxide in THF (4.6
mi., 4.6 mmol). The resulting mixture was warmed to room temperature and stirred for 30
min. The reaction mixture was cooled to 0 °C then a solution of tert-butyl 3-oxoazetidine-1-
carboxvlate (Aldrich, car#696375: 0.6 g, 4 mmol) in THF (5 mL) was added. The mixture
was warmed to room temperature, stirred overnight, then diluted with ethyl acetate, and
washed with saturated NaHCOs, water and brine. The organic layer was dried over NaxSO4,
filtered and concentrated. The residue was purified by flash chromatography on a silica gel
column ehuting with EtOAC in hexane (0-20%) to give the desired product. LC-MS calculated

for CsHaNGs (M-2'Bo+3H)": o/z = 158.0; found 158.1.

Step 2: tert-Burvl 3-(4-f[fiallloxvicarbonvi] (trans-2-
f o (VA } " W {
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phenylcvclopropyllamine Jmethvl }piperidin-1-vi)-3-(2-tert-butoxy-2-oxoethvljazetidine- 1 -

carboxylaie

N .
QYO NgZ/?J\O’K
N N“/C’J

¢ 7Y

To a solution of aliy] (srans-2-phenyloyclopropyDipiperidin-4-yimethylicarbamate
(80.0 mg, 0.254 romol, prepared as described in Example 33, Step 3} and tert-buty] 3-(2-text-
butoxy-2-oxoethylideneazetidine- | -carboxylate (82 mg, £.30 mmol) in acetomtrile (0.5
mb} was added DBU (10 ub., 0.08 mmol}. The resulting mixture was stirred at 65 °C
overnight then cooled 1o room temperature, diluted with DCM, washed with water and brine.
The organic layer was dried over NazSO4, filtered and concentrated. The residoe was purified

by flash chromatography on a sthica gel columu eluting with EtQAc in hexane (8-30%) to
584.3.

Step 3 [3-(4-{{(trans-2-phenvicyclopropyllamine [methyi lpiperidin- 1-vi)azetidin-3-yi [acetic
acid

Tetrakis(triphenylphosphine)palladium(0} (8.5 mg) was added to a mixture of tert-
butyl 3-(4-{{I (allyloxy)carbonyl{frans-2-phenyleyclopropyDaming fmethyl} piperidin- 1-y1})-
3-(2-tert-butoxy-2-oxoethyiiazetidine- 1 -carboxylate (43.0 mg, 8.0736 mmol) and
dicthylamine (0.0761 mi, 0.736 mmol) in THF (1.0 ml). A container with the resulting
mixture was evacuated then flled with nitrogen and the mixture was stirred at 85 °C for 2 h,
The mixtare was cooled to room temperature then concentrated. The residue was dissolved in
CH2Cl (0.5 mL) then THFA (0.5 1oL was added. The resulting mixture was stirred at room
temperature for 3 h then concentrated. The residue was dissolved in acctonitrile then purified
by prep. HPLC (pH = 2, acetonitnile/water+TFA) to afford the desired product as a TFA salt.
LC-MS calculated for CaeHaeN3O2 (M+H)": myv/z = 344 .2; found 344.2.

Example 51
N-Methvi-2-(3-{4-({trans-2-phenyicyclopropylamine)methylipiperidin-1 -yhazetidin-3-

yiiacetamide
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Step 10 [3-(4-{][(Alloxvicarbonyl] (rans-2-phenyicyciopropyliamine jmethyfpiperidin-1-
vij-I-(tert-butoxyearbonvljazetidin-3-yijacetic acid
v 2/0\]&0
2 21
OYO E\s oM
A AN
5 To a solution of tert-butyl 3-(4- {{{{alivloxyicarbonylj{frans-2-
phenyicyclopropyllaminopmethyl} piperidin-1-yD-3-(2-tert-butoxy-2-oxoethyDazetidine- 1 -
carboxyiate (0.10 g, 0.17 mumol, prepared as described in Example 56, Step 2) in BCM (1.0
mh} was added TFA (1.0 mb). The resulting mixture was stirred at room temperature for S h
then concentrated. The residue was dissolved m THF (4 mbL)/water (1 mL) then di-tert-

16 butyldicarbonate (56 mg, 0.26 mmol) and sodium carbonate (73 mg, 0.68 mmol) was added.
The reaction mixture was stirred at room temperature overnight then diluted with water and
extracted with diethy! ether. The aqueous phase was then acidificd by adding cold 1 N HCY
and then extracted with cthyl acetate. The combined extracts were washed with brine, dried
over NaxSQ4 then concentrated. The residue was used in the next step without firther

purification. LC-MS calculated for CaoHaN3Oe (MAH)Y' m/z = 528.3; found 528.3.

it
(%2}

Step 2. tert-Bunvl 3-(4-{(talVioxycavbony!) (trans-2-
phenvicyclopropyllamine)methvlpiperidin-1-y1)-3-(2-{methvlamino)-2-oxoethyljazetidine- 1 -

carboxylate

20 S
To a solution of [3-(4-{[[(allyloxycarbonyl}{srans-2-
phenyicyclopropyDaminomethyl piperidin- 1-y1}- 1 -(tert-butoxycarbonyDazetidin-3-ylacetic

acid (20.0 mg, 0.0379 ramol) and BOP (27 mg, 0.060 mumol} in DMF (0.9 mL) was added 2.0

a9

e
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M methylamine in THF (0.4 mL, 0.7 mumol), followed by tricthylamine (36.6 pL, 0.263
mmol). The resulfing mixture was stirred at room temperature for 1 h then diluted with
EtOAc, and washed with saturated NaHCUs, water and brine. The organic layer was dried
over MNaxR0u4, filtered and concentrated. The residue was used 1o the next step without further

purification. LC-MS calculated for CaeHasNaOs (MH+-HY: wv/z = 541.3; found 541.3.

Step 3 N-Methyl-2-03-(4-{(trans-2-phenvicyclopropviamino jmethyljpiperidin- I -yazetidin-
3-vijacetamide

The crude product from Srep 2 was dissolved in THF (1.0 mL) then PA(PPhs}a (10.0
mg} was added, followed by adding dicthylamine (0.1 mL). A container with the mixture was
evacuated the refilled with nitrogen and the mixture was stirred at 80 °C for 2 h. The reaction
mixture was cooled to room temperatare then concentrated. The residue was dissolved in
CH2CL (0.5 mL) then TFA (0.5 mL} was added. The mixiure was stirred at room temperature
for 1 b then concentrated. The residue was dissolved in acetonitrile then purified by prep.
HPLC (pH = 2, acetonitrile/water+TFA) to afford the desired product as a TFA salt. LO-MS

calculated for CaHssNaD (M) m/z = 357.3; found 357.3.

Example 52
NN-Dimethyh-2-(3-(4-((rans-2-phenylcyelopropyiaminoymethyhpiperidin-1-yiiazetidin-

3-yhacetamide

H
N
3y

This compound was prepared using procedures analogous to those described for the
synthesis of Example 5T with N N-dimethylamine replacing methylaming in Step 2. LC-MS

cafoutated for CroHasNaG (M+HY": m/z = 371.3; found 371.3.
Example 53

{1-{4-(4-flmorebenzyl)-4-({I( R, 25)-2-phenyicyclopropylamine} methylpiperidin- 1~

vijeyciobutyiiacetic acid

100
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Step 1. I-tevt-buavl 4-methyl 4-(4-fluorobenzvi)pipervidine- 1 4-dicarboxyiat
\ O
7N

NBoo
A AN

To a sohution of N, N-diisopropylamine (4.9 mL, 35 mmol} in tetrahydrofuran (80
5 mb) at-78 °C was added u-butyliithinm (2.5 M in hexanes, 14 ml, 35 numol)., The resulting
mixture was warmed to -20 °C and stored for 10 min then cooled to -78 °C and a sohution of
I-tert-butyl 4-methy] piperidine-1 4-dicarboxylate (AstaTech, catfBS56857: 6.08 g, 25.0
vmol} in THF (1(} mb) was siowly added. The reaction mixture was stowly warmed to -40
°C and stirred for 1 h. The mixture was then cooled to -78 °C and a-brome-4-fluorotoluene
10 {49 mb, 40. omol) was added. The reaction mixture was stirred at — 78 °C for | hthen
gquenched with saturated NH4Cl, warmed to room temperature and difuted with cthyl ether.
The mixture was then washed with water, brine, dried over NaxSO., filtered and
concentrated. The residue was purified by flash chromatography on a silica gel columm
eluting with EtOAc in hexane (0-20%) to give the desired product (6.5 g, 74 %). LC-MS
15 calculated for CisHioFNOs (M-Bu+2ZH)Y: m/z = 296.1; found 296.1.

Step 2. tert-butvl 4-(4-fluorobenzyvl ;‘—-'?f-(hye:in')xymeﬁzy[ Jpiperidine-I-carboxylare

To a solution of I-tert-butyl 4-methyl 4-(4-fluorobenzylipiperidine-1,4-dicarboxylate
20 {6.5 g, 18 mmol) in tetrahydrofuran (90 mL) at 0 °C was added LiAlH: (1 M n THF, 24 mi,,
24 mmol) slowly. The resaliing mixtore was stirred at 0 °C for 30 min then water (0.9 mL}
was added, foHowed by NaOH (15 wi % in water, 0.9 mL) and water (0.9 mL}. The mixture
was stirred for 20 nun then filtered and washed with THF. The filtrate was concenirated and
the residue (5.8 g, 97 %) was used i the next step without further purification. LC-MS

25 calculated for CuioFNGs (M-But2H) " mv/z = 268.1; found 268.1.

101
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Step 3. tert-buiyl 4-(4-fluorobenzvli-4-formylpiperidine-1-carboxylate
o= T,
74 NEoo
F\—Q—/

A solution of dimethyi sulfoxide (4.3 mL, 60. mmol} in methylene chloride (6 mb)
was added to a solution of oxalyl chloride (2.6 mi, 30 mmol) in methylene chioride at -78
°C over 10 min and then the resulting mixture was warmed to -60 °C over 25 min. A solution
of tert-butyl 4-(4-flucrobenzyh-4-(hydroxymethyDpiperidine- I -carboxylate (8.2 g, 16
mmol) in methylene chlonide (6 mL) was slowly added and then warmed to -45 °C over 30
mins, M,N-Diisopropylethylamine (21 mb, 120 mmol} was then added and the mixture was
warmed to 0 °C over 15 min. The mixture was poured into 8 cold I N HCI agueous solution
and then extracted with ethyl ether. The combined extracts were dried over NaxSOy4, filtered
and concentrated. The residue was purified by flash chromatography on a silica gel colunmn
eluting with EtOAc in hexane (0-20%) to give the desired product (4.3 g, 83 %), LC-MS

calculated for CraH e FNG: (M-Bu+2H)Y": m/z = 266.1; found 266.1.

Step 4. tert-butyl 4-(4-fluovobenzylj-2-({{{I1R.28}-2-

phenvicyclopropyiiamina}methvi)pipervidine- 1-carboxylate

]
WAV NS

Y
/i

To a solution of tert-butyl 4-(4-fhuorobenzy)-4-formy Ipiperidine- [ -carboxylate (4.2

g, 13 mmol) and (1R, 28}-2-phenyicyclopropanamine (1.96 g, 14.7 mmol) (prepared using
procedures as described in Bioarg. Med Chem. Lest,, 2011, 21, 4429) in 1,2-dichlorocthane
{50 mL) was added acetic acid (1.1 mi, 20. mmol). The resulting mixture was stirred at room
temperature for 2 b then sodium triacetoxyborohydride (8.7 g, 27 mmol) was added. The
reaction mixture was stirred at room temperature for 5 h then dibited with methylene
chloride, washed with 1 N NaOH aqueous solution, water and brine. The organic layer was
dried over NaxSQu4, filtered and concentrated. The residue was purified by flagh
chromatography on a silica gel colurn eluting with MeOH in DCM {0-6%) to give the
desired product (5.0 g, 87 %), LC-MS caleulated for CorHasFN2On (MHHY m/z = 439.3;
found 439.2.
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Step 5 tert-butyl 4-(4-fluorobenzyl}-4-{{{ IR, 28)-2-phenylcyvclopropyl-

(irifluoroacetvl)amine J-meithyl} piperidine-I-carboxviate

Trifluoroacetic anhydride (2.08 mL, 14.7 nunol) was added to a solution of tert-butyl
4-(4-fluorobenzyl)-4-({[{(1R,28)-2-phenvyleyclopropyljanino roethy Dpiperidine- 1
carboxylate (4.3 g, 9.8 mmol} and N N-diisopropylethylamine (4.3 mL, 24 mmol} in
methylene chioride {40 mL} at § °C. The resulting mixture was stirred at § °C for 1 hthen
diluted with cther and washed with 1 W HCL, water and brine. The organic layer was dried
over NaxSQu, filtered and concentrated. The residue was purified by flash chromatography on
a silica gel column ehuting with EtOAc in hexanes (8-30%) to give the desired product (4.6 g,

88 %) LC-MS caleulated for CasHarFalN20s (M- But2H)": o/z = 479.2; found 479.2.

Step 6: 2,2, 2-trifluoro-N-{ [4-(4-Huorobenzyl)piperidin-4-yimethvi}-N-{ (1R, 25}- 2-

phenylcyclopropyliacesiamide

Hydrogen chloride (4 M in 1,4-dioxane, 206 mi., 80 nunol) was added to a solution of
tert-buty] 4-(4-thiorobenzy-4-{{[{IR,28)-2-
phenyicyclopropyli(trifivorcacetyDamino hnethyl} -piperidine- 1 -carboxylate (4.6 g, 8.6
mmol) in methylene chiloride (6 ml). The resulting mixture was stirred at room teroperature
for 30 min then concentrated. The residue was used in the next step without further

purification. LC-MS calculated for CoaHyrFaNoO (M+H) ™ m/z = 435.2; found 435.2.

Step 7 tert-butvi cvelobutviidencacetate

L—_‘\\"COQ‘BU

To a suspension of sodium hydride (1.2 g, 30 mumol} in tetrahydrofuran 20 mb) at §
°C was added tert-butyl (dicthoxyphosphoryljacetate (6.8 g, 27 mmol). The resoliing mixture

was stirred at room temperature for 30 min then cyclobutanone (1.0 g, 14 mmol) was added.
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The mixtare was stirred at room temperature for 2 hours then guenched with saturated
NaHCOs aqueous selution and exiracted with ethyl acetate. The combined extracts were
washed with brine, dried over Nax504, filtered then concentrated. The residue was purified
by flash chromatography on a silica gel columu cluting with EtOAc in hexane (0-10%) to
give the desired product (2.0 g, 84 %). ' NMR (400 MHz, CDC1:) 8 5.50 — 5.46 (m, 1),
3.14 - 3.05 (m, 2H}, 2.84 - 2.76 {m, 2H}, 2.11 - 2.02 (m, 2H), 1.46 (s, 9H).

Step & tert-buyl [1-(4-{4-fluorobenzyl-4-{{ {1 1R, 25)-2-

phenylevclopropyijitrifluoroacetvilamino[methyl}piperidin- I-vijcyclobutyijacetate

1,8-Dazabicyclo[5.4.0Jundee-7-enc (57 pl., 9.38 mumol} was added to a mixture of
2,2, 2-trifluoro-N- {[4-(4-fluorcbenzyDpiperidin-4-yHmethyl }-N-[(1R,25)-2-
phenvicyclopropyllacetamide (Step 60 110. mg, 0.25 mmol) and tert-butyl
cyclobutylidencacetate (64 mg, 0.38 mmol} in acetonitrile (6.6 mi, 10 mmol). The resulting
mixture was stirred at 63 °C for 3 days then cooled to room temperature and concentrated.
The residue was purified by flash chromatography on a silica gel column eluting with EtQAc
1 hexane {0-20%%) to give the desired product {90 mg, 5% %). LC-MS calculated for
CaaHasFaNaOs (M+HY ™ m/z = 603.3; found 603.3.

Step 90 {I-[4-(4-fuorobenzvi)-4-({[(1 R, 25}-2-phenvicyclopropyi]amina fmethylpiperidin- 1 -
vlfevclobutvilacetic acid

Trifluorcacetic acid (0.5 mb) was added to a schution of tert-butyl [ 1-{4-(4-
fluorchenzyl-4- {[[{1 R, 25}-2-phenyleyclopropyli(iriflucroacety Daminohmethyl piperidin- 1 -
vicyelobutyllacetate (22.0 mg, 0.0364 mmol) in methylene chloride (0.5 mL). The mixtare
was stirred at room temperature for 4 b then concentrated. The residuc was dissolved in
THF/methanol (0.3/0.3 mlL) and then NaOH {1 N in water, 1.0 mb) was added. The mixture
was stirred at 40 °C for 2 h then cooled to room temperature and purified by prep HPLC (pH
=72 acetonitrile/water+TEFA) to give the desired product as the TFA salt. LO-MS caleolated
for CatizeFN202 (MHHY: nvz = 451.3; found 451.3.
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Example 54

{1-{4-{methoxymethyi-4-(J{{1R,25}-2-phenyicyclopropyljamine} methylpiperidin-1-

;2 COgH
/’\N P

H
R
O OMe
v

5 Step 1 tert-brayl d-methyl 4-(methoxymethylpipevidine- 1, 4-dicarboxyiate

yvilevelobutyljacetic acid

To a solution of I-tert-butyl 4-methyl piperidine-1 4-dicarboxylate (AstaTech,
catfiB56857: 2.43 g, 10.0 mumol) in tetrahydrofuran (30 mb) at -40 °C was added lithium
ditsopropylamide {2 M in THF, 5.8 mi, 12 munol}. The resuliing mixture was stirred at -40

10 °C for 30 min then chloromethyl methyl ether (1.2 ml., 16 mmeol) was added. The reaction
mixture was stirred at -40 °C for | h then quenched with saturated NH4Cl agueous solution
and warmed to room temperature. The mixture was diluted with cthyl acetate, washed with
saturated NaHCOs aqueous solution, water and brine. The organic layer was dried over
NaxSO4, filtered and concentrated. The crude material was purified via flash chromatography

15 on asilica gel cohumn {0 to 20% EtOAc in hexanes) to give the desired product (2.6 g, 90 %),

LC-MS caleulated for CoHiNO: (M-Boe+2HY vz = 188.1; found 188.1,

Step 2 tert-butyl 4-(hydroxymethyl}-4-(methoxymethylpiperidine-I-cavboxylate

20 To a solution of I-tert-butyl 4-methyl 4-(methoxymethyipiperidine-1,4-dicarboxylate
(2.3 g, 8.0 mmol) in tetrahydrofuran (40 mb) at 0 °C was added LiAlH4 (1 M i THF, 10,
ml, 10. mmol) slowly. The resalting mixture was stirred at 6 °C for 30 min then quenched
with addition of water (0.1 mL), NaOH (15 wt % in water, 8.1 mL} and water (0.1 mL}. The
mixture was stirred for 18 min then filtered and washed with THE. The filirate was

25  concentrated and the residue was used n the next step without further purification. LC-MS

calculated for CoHsNGs (M-Bu+2H: myv/z = 204.1; found 204.1.
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Step 3: tert-butyl 4-formyil-4-(methoxvmethy)piperidine- I -carboxylate

Dimethyl sulfoxade (1.7 mE, 24 mmel) in methylene chioride (2 mb) was added o a
solution of oxalyl chloride (1.0 mL, 12 ramel) in methylene chioride (3 mL) at -78 °C over 10
min. The resuliing mixture was warmed to -60 °C over 25 min then a solution of tert-butyl 4-
{(hydroxymethyh-4-(methoxymethyDpiperidine- L -carboxylate (1.6 g, 6.0 mmol) in methylene
chloride (5 mbL} was slowly added. The mixture was warmed to -45 °C over 30 min then
tricthylamine (6.7 mi., 48 mumol) was added. The mixture was warmed to § °C over 15
min. The reaction mixture was then poured into a cold 1 N HCI aqueous solution and
extracted with diethyl ether. The combined extracts were dried over NaxSOq, filtered and
concenirated. The residue was purified via flash chromatography on a silica gel column
cluting with 0 to 20% EtOAc 1o hexanes to give the desived product (1.3 g, 84 %), LC-MS
calcudated for CsHisNGy (M-Boet+2H)™: w/z = 158.1; found 158.1,

Step 4: tevt-butyl 4-(methoxymethyl-4-({{( IR, 2S)-2-phenyicvclopropyllamino methyl)-
piperidine-1-carboxylate

NBoc

i R "
i OMe
-

A mixture of tert-butyl 4-formyl-4-(methoxymethylpiperidine- L -carboxylate (1.3 g,
5.0 mumol), acetic acid (0.43 mi, 7.5 mamol) and (1R,25}-2-phenylcyclopropanamine {699
mg, 5.25 mmol} in 1,2-dichloroethane (20 mi) was stirred at room temperature for 1 h then
sodium racctoxyborohydride (2.1 g, 10. mmol} was added. The resulting nuxture was stirred
at room temperature for 2 b then diluted with methylene chloride, washed with saturated
NaHCOs aqueous solution, water and brine. The organic layer was dried over NaxSOa,
fltered and concentrated. The residue was purified via flash chromatography on a silica gel
column ehiting with {} to 8% methanol m DCM fo give the desired product (1.7 g, 91 %). LC-

MS calcalated for CoxHssN2Os (MAHY: vz = 375.3; found 375.2.

Step 3: tert-burvi 4-(methoxvmethyli-4-{{{(1R,28})-2-phenvicyclopropyi]-

{trifluoroaceivl)amino Jmethyl}pipevidine- I-carboxylate
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36\{\/&“ NBoo

OMe

Trifluorcacetic anhydﬂdc {0.96 ml., 6.8 mmol) was added to a sohution of tert-butyl
d-(methoxymethyl-4-({[{(1R,28)-2-phenyicyclopropyljamino} methyDpipenidine- -
carboxylate (1.7 g, 4.5 mmol} and N N-diisopropylethylamine (1.6 mL, 9.1 mmol) in
methylene chioride (25 mL) at § °C. The resulting mixture was stitred at room temperature
for 1 b then dituted with methylene chloride, washed with sat. NaHCGOs agueous solution,
water, and brine. The organic layer was dried over NaaSQu, filtered and concentraied. The
residue was purified via flash chromatography on a silica gel colummn eluting with 0 to 20%
EtOAc in hexanes to give the desivred product (1.8 g, 84 96). LC-MS calculated for
CroHask sNoO (M-Boe+2H)" mv/z = 371.2; found 3711

Step 6: 2,2, 2-triffucro-N-{[4-(methoxymethylpiperidin-4-vijmethy{}-N- (IR, 25)-2-
phenyicyclopropyljacetamide

F. 3(:

’I OMe
4.0 M Hydrogen chloride in dmxzme (7 ml, 28 mmol) was added to a sclution of tert-
buiyl 4-(methoxymethyl}-4- {[[{1R,25)-2-phenyleyciopropyli(irifluoroacety haminojmethyl} -
piperidine- 1 -carboxvlate (1.8 g, 3.8 ramol} in methylene chloride (4 b)), The resulting
mixture was stirred at room temperature for 30 min then concentrated. The residue was used
in the next step without further purification.  LC-MS calculated for CisHasFaN202 (M+H)Y"
m/z = 371.2; found 371.2.

Step 7 methy! [1-{4-tmethoxymethyl)-4-{{{(1R,28)-2-

phenyicvclopropyli(triffuoroacetyllaming [-methvl piperidin- i -vDeyelobutyljacetate

F3C ,O CO ';E\V‘ie
g

;LC.\.\A”N\,‘

OMe

1,8-Hazabicyelo][5.4.0andec-7-ene (40. pl, .26 nwmol) was added to a mixture of

2,2 2-rifluoro-N-{{4-(methoxymethyhpiperidin-4-ylimethyl} -N-[{1R,28)-2-
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phenyicyclopropylacetamide (65, mg, 0.17 mmol}y and methyl eyclobutyidencacetate
{SynChem, cat#SC-25429: 33 g, .26 munol) i acetonitrile (.4 mL). The resulting mixture
was stirred at 65 °C for 3 days then cooled to room temperature, diluted with methylene
chloride, then washed with waier and brine. The organic layver was dried over NSO,
filtered and concentrated. The residue was purified via flash chromatography on a silica gel
column eluting with § to 50% EtOAc in hexancs to give the desired product. LC-MS

calculated for Cosll3aFaN204 (MHI)": nvz = 497.3; found 497.2.

Step 8: {1-{4-(methoxymethvl}-4-({{{1R.28)-2-phenylcvclopropyliaminomethy Opiperidin-i -
vijevelobuivlacetic acid

To the solation of methyl { 1-(4-{methoxymethyl)-4- {{[(1R,258)-2-
phenyicyclopropyij(trifiucroacetyhaminojmethyl} piperidin- -y heyclobutyljacetate {60.0
mg, .12 mmol} io MeOQOH/THF (0.5/0.5 mL) was added 1 N NaOH (I mL). The resulting
mixture was stirred at 40 °C for 6 h then cooled to room temperature and purified by prep

HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS

Example 55

{1-[4-methyl-4-({[{(1R,28)-2-phenylcyclopropyilamino} methvi)piperidin-1-

Q LCOLH

: )

A “\\AANV’Q
@

Step 1 tert-butyl 4-methyl-4-(f 1R, 285)-2-phenylcyclopropy!]amine lmethypiperidine-1 -

yiicycicbutyt}acetic acid

carboxylaie

NBoc

A mixture of tert-butyl 4-formyl-4-rmethyipiperidine- 1-carboxyiate (Synnovator,
cat#PBNZG11767: 2.50 g, 1 1.0 mumol), acetic acid (0.94 mL, 16 mupol) and (1R,25)-2-
phenyicyclopropanamine (1.54 g, 11.5 mmol) in 1,2-dichlorcethane (40 mb) was stirred at

room temperature for 1 h then sodium triscetoxyborchydride (4.7 g, 22 mmol) was added.
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The mixtare was stirred at room temperature for 2 h then dihuted with methylene chlonde,

washed with saturated NaHCO3, water and brine. The organic layer was dried over NaxSQOq,
filtered and concentrated. The residue was purified via flash chromatography on a silica gel
column eluting with § to 8% MeOH m DCM to give the desived product (3.4 g, 90 %). LC-

MS calculated for CaitiasNzOz (MHH) ™ my/z = 345.3; found 345.2.

Step 2: tevt-bupvl 4-methyl-4-{{[(1 R, 28)-2-phenvicyclopropyi{trifluoroacervi)amino fmethvi}-
piperidine-1-carboxylate

Fo \‘T//O /\N Boc

M/lw N

Trifluorcacetic anhydride (0.96 mL, 6.8 miool} was added to a sclution of tert-butyl
4-methyl-4-({[{1R,28)-2-phenyicyclopropyljanino} methyDpiperidine- L -carboxylate (1.6 g,
4.5 mmnol) and N N-ditsopropylethylamme (1.6 mL, 8.1 mmol} in methylene chloride (25
ml) at § °C. The resulting mixture was stirred at room temperature for | b then dituted with
methylene chioride, washed with saturated NaHCOs, water and brine. The organic layer was
dried over NaxSO4, filtered and concentrated. The residue was purified via flash
chromatography on a silica gel colurom eluting with 0 to 20% EtOAc in hexanes to give the
desired product (1.8 g, 90 %). LC-MS caleulated for CioHaaFaMN20Os (M-But2H) s m/z =
385.2; found 3R5.2.

Step 30 2,2, 2-trifluoro-N-[{4-merhvipiperidivn-4-vimerhy{]-N-{{I R, 28)- 2-phenyicyclopropyl]-

acetamide

To a solution of tert-butyl 4-methyl-4- {{[(1R,28}-2~
phenyleyclopropyl j(irifluoroacetyl-amino jmethyl piperidine-1-carboxylate (1.5 g, 3.4
mmeol} i methylene chloride (3 b} was added hydrogen chloride (4 M in 1,4-dioxane, 6
mL, 24 mmol}. The resulting mixture was stirred at room temperatore for 1 b then
concentrated. The residue was used in the next step without further purification. LC-MS

calculated for CisHaaFaN20 (M+HY" mvz = 341.2; found 341.2.
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Step 4 tert-bugyl [1-{4-methvl-4-{{{{I1R,25)-2-phenylcyciopropyl](irifluoroacetvlamine | -

methvijpiperidin-1-vijcyclobutyijacetate

1,8-Diazabicyelo[5.4 Ohmdec-7-ene (40. L, 0.26 mmol) was added to a mixtore of
2.2 2-trifluore-N-{{4-methylpiperidin-4-ylethy-N-[(1R,28)-2-
phenyleyclopropylacetamide (60.0 mg, 0.176 romeol) and tert-buty] cyclobutylidencacetate
(Example 53, Step 7: 44 mg, 0.26 mmol) in acetonitrile (0.4 mb). The resulting mixiure was
stirved at 65 °C for 3 days then cooled to room temperature and dituted with methyiene
chloride, washed with water and brine. The organic layer was dried over Nax80q, filtered and
coneenirated. The residue was purified via flash chromatography on a silica gel column
eluting with 0 to 30% EtOAc in hexanes to give the desired product (60 mg, 67 %), LC-MS

calculated for CosHaoFiN20s (M-+H)™: mo/z = 509.3; found 509.3.

Step 5. {1-{4-methyl-4-({{{1R,28)-2-phenvicyvciopropyi]amino jmethylpiperidin- I -
vijoyelobusyllacetic acid

To the solution of tert-hutyl [1-(4-methyl-4- {{{{1R,28)-2-
phenvicyclopropyli{trifiuoroacetyDarino fmethyl piperidin- L-yhcyelobutyljacetate (60 mg)
in methylene chioride (0.5 mb} was added trifluorcacetic acid (0.5 mib.). The resulting
mixture was stirred at room temperature for 4 h then concentrated. The residue was dissolved
n methanol/THF (0.5/0.5 rol) then NaOH (15 wt % in water, 0.5 mL) was added. The
reaction mixture was stirred at room temperature for 5 h then purified by prep-HPLC (pH =
2, acetonitrile/water+THA) to give the desired product as the TFA sall. LC-MS caleulated for
CopHsaNa (MHHY m/z = 357.3; found 357.2. 'H NMR (500 MHe, DMSO) 8§ 7.33 - 7.27
(m, 2H), 7.25 =720 (m, 1H), 7.19 - 7.16 (m, 2H), 3.16 - 2.97 {m, 6H), 2.96 - 2.89 (m, 1H),
2.83 (s, 2H), 2.48 - 2,42 (m, 3H), 2.30 - 2.20 (m, ZH), 1.90 - 1.75 (m, 411}, 1.75 ~ 1.65 (m,
2H), 1.56 - 1.44 (m, 1H), 1.32 - 1.21 {m, 1H), 1L.10 (s, 3H).

Example 56
NN-dimethyl-2-{1-[4-methyl-4-(Q{{(1R,25})-2-

phenylcyclopropyliamino} methylipiperidin-1-vicyclobutyllacetamide
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To a solution of {1-[4-methy+-4-({[(1R,28)-2-
phenyicyclopropyllamine buethyDpiperidin-1-yleyclobutyl}acetic acid (Fxample 55: 9.0
mg, 0.025 mmeol} and (benzotriazol- L-yloxy Wripyrrolidinophosphoniom hexafluorophosphate
5 (21 mg, 0.04 mumol) in N,N-dimethylformamide (0.6 ral.) was added dimethylamine (2 M in
THEF, 0.2 ok, .5 mmol), followed by tnethylamune (24. pl, 8.17 mmol). The resulling
mixture was stirred at room temperature for 1 h then purified by prep-HPLC (pH = 2,
acetomtrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CaaHasNaO (M+HY: m/z = 384.3; found 384.3,

15

Example 57

N-methyi-2-{1-[4-methyi-4-({{[(1 R,25)-2-phenylcyclopropyiiamine} methylipiperidin-{-

yviieyclobutyllacetamide

QI
INUShS
@.\‘
o

15 This corapound was prepared using procedures analogous to those described for the

synthesis of Example 56 with methylamine replacing dimethylanmumne. The reaction mixture
was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as
the TFA salt. LC-MS calculated for CosHseNsO (M+H)Y " m/z = 370.3; found 370.3.

20 Example 58
{i-{(methyisulfonyi}-3-(4-{[{1R,28}-2-phenvicyclopropyiamino}piperidin-{-ylazetidin-

3-yijacetonitrile

\\\L\y\ N

M

!
S
LA

P alnN
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Step 1 tert-butyl 3-(cyanomethyl)-3-{4-oxopiperidin-l-vlazetidine- I -carboxylate

O \W
T’Ngg\cr\z
?Efac

To the mixture of piperidin-4-one hydrochloride hydrate (4idrich, car#l151769: 1.54
g, 10.0 mmol) and tert-butyl 3-{cyanomethylene jazetidine-1 -carboxylate (prepared using
similar methods as disclosed in the hiterature such as WO 2012/177606: 233 g, 12.0
mmol) o acetonitrile (10 rol) was added 1,8-diazabicyclo{5.4.0Jundec-7-cne (1.94 mi, 13.0
mmol}. The resulting mixture was heated to 75 °C and stirred for two days then cooled to
room temperature and diluted with EtOAc then washed with water and brine. The organic
layer was dried over NazSO4 then concentrated. The residue was purified via flash
chromatography on a silica gel colunm eluting with 0 to 60% EtOAc in hexanes to give the
desired product (2.26 g, 77 %). LC-MS calculated for CrillieNsOh (M-Bu+2H) " m/z =
23%.1; found 238.2.

Step 2: revt-butvi 3-(cyanomethyl)-3-(4-{{{ 1R 25)-2-phenylcyclopropyl]amino jpiperidin- 1 -

vijazetidine-1-cavboxylate

H
0
Ngg’\CN

N
Boc

To the sohution of (1R, 28}-2-phenyleyclopropanamine (2.16 g, 16.2 mmol) (prepared
using procedures as described in Bicorg. Med. Chem. Letr., 2881, 21, 4429) and tert-butyl 3-
(cyvanomethyl}-3-(4-oxopiperidin-1-yljazetidine- i -carboxylate (4.77 g, 16.2 mmely in
methylene chloride (80 ml) was added acetic acid (1.85 md,, 32.5 nunol). The resulting
mixture was stirred al room temperature for 7 b, then sodivm triacetoxyborohydride (10.3 g,
48.8 mmol} was added portion-wise. The reaction mixture was stirred at room teroperature
for overnight then cooled 1o 0 °C and quenched with saturated NaHCOs agueous solution.
The mixture was extracted with DCM. The combined extracts were dried over NazSO4 and
concentrated. The residue was purified via {lash chromatography on a silica gel column
eluting with § to 10% MeOH in DCM {o give the desired product (5.62 g, 84 %). LC-MS
calculated for CaaHasNaOo (M+H) nvz = 411.3; found 411.3.
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Step 3. tert-buiyl 3-{cyanomethyl)-3-{4-f{{]1R,28}-2-

phenyicvclopropyl]trifluorcaceiyllamino[piperidin- 1-yi}azetidine- 1 -carboxviate
FaC \T;o

\\\‘/—\W N
© Q@’\:N

N
=

s

OF

[§

To the solution of tert-butyl 3-{cvanomethyl}-3-(4- {{{1R,25)-2-

5 phenyleyclopropyljamino ppipenidin- 1 -yhazetidine- 1-carboxylate (5.62 g, 13.7 mmeol} in
methylene chioride (80 mi) at 0 °C was added N, N-diisopropylethylamine (5.96 mlL, 34.2
mmol}, followed by triffuorcacetic anhydride (2.90 mb, 20.5 mmol). The resulting mixture
was stirred at § °C for | h then quenched with saturated NaHCO: agueous solution. The
organic layer was dried over NaxSQu and concenirated. The residue was purified via flash

16 chromatography on a silica gel column eluting with § to 605 EtOAc in hexanes to give the
desired product (5.66 g, 82 %), LC-MS caleulated for CosHasFaN4Osz (M+HY: miz = 507.3;

found 507.2.

Step 4: N-{I-[3-{cyanomethyllazetidin-3-vijpiperidin-4-y{}-2, 2, 2-triffuoro-N-{ (1R, 285}-2-

15 phenyicyclopropyljacetamide

Fa \r,;@

Sy "
L AN %\ CN
H

To a solution of the product (5.66 g} from Step 3 m methylene chioride (60 mb) at 0

o was added rifluoroacetic acid {10.5 mL}. The resulting yellow solution was stirred at
room temperatore overnight then concentrated. The residue was dissolved in 50 mL of DCM

20 then cooled to § °C and nevtralized with saturated NaHCOs agueous solution. The organic
layer was dried over Na:504 and concentrated. The residue was purified via flash
chromatography on a silica gel colurn eluting with  to 20% MeOH in BCM to give the
desired product {4.32 g}, LC-MS calculated for CoilasFsNaO (M+H)Y™ my/z = 407 .2; found
447.2.

Step 5: N-{I-{3-(cyanomeihyi}-1-{methyisulfonyi)azetidin-3-vijpiperidin-4-v1}-2,2, 2-

trifhuoro-N-{{1R,25}- 2-phenvicyclopropvijacetamide
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N
O
To a solution of N-{1-[3-(cyanomethyliazetidin-3-yljpiperidin-4-vi}-2.2 2-trifluoro-
N-[{IR,28}-2-phenyicyclopropyliacetamide (2.00 g, 4.92 mmol) m methylene chionde (30
mb) at § °C was added N,N-diisopropylethylamine (2.57 mL, 14.8 mmol), followed by

methanesulfony! chioride (0.57 ml, 7.38 munoi). The resulting yellow solution was stirred at

€31

0 °C for 1 hthen diluted with DOM and washed with saturated NaHCOs aqueous solution.
The organic layer was dried over Na»25O4s and concentrated. The residue was purified via
fiash chromatography on a silica gel coluron eluting with 0 to 56% EtOAc in hexanes to give
the desired product (2.13 g, 89 %) as a white solid. LC-MS calculated for CaaHagFaNa(O58

10 (MA+H)™ mw/z = 485.2; found 485.1.

Step 6 [1-(methvisulfonyi}-3-(4-{{ (1R, 28)-2-phenyicyclopropyiaminejpiperidin-1 -
viazetidin-3-vijaceionitrile

To a solution of produet (2.13 g) from Step 5 n tetrahydrofuran (20 mL) and

it
(%2}

methanol (10 mL) was added sodium hydroxide (2M in water, 12 mb, 24 mmol). The
resulting moixture was stirred at room terperature for overnight then quenched with saturated
NH4CY agueous solution and extracted with EtQAc. The combined exiracts were washed with
water and brine. The organic layer was dried over Na:SCu and concentrated. The residue was
purified via flash chromatography on a silica gel column eluting with 0 to 10% MeOH in
20 DBCM to give the desired product {1.48 g} as a white solid, which was further purified by
prep-HPLC (pH = 2, acctonitrile/water+TFA) to give the desired product as the TFA salt.
LC-MS calculated for CoollzeNaD:28 (M+H)" m/z = 389.2; found 389.2. '"H NMR (500 MHz,
DMS03 6 9.07 (br, 2H), 733 - 7.27 (m, 2H), 7.24 - 720 {m, 1H), 7.19 - 7.15 {m, 2H), 3.91
=381 (m, 2H), 3.75 - 3.68 {(m, 2H), 3.29 - 317 (m, 1H), 3.02 (3, 3H), 3.00 - 2.92 {m, 3H},
25 2.86-2.75 (m, 2}, 2.45 - 2.36 (m, 1H), 2.27 - 2.12 (m, 2H), 2.09 -~ 1.96 (m, 2H), 1.63 -~
1.49 {(m, 2H), 148 - 138 {m, 1H), 1.37 - 1.28 {m, 1H).

Example 59

{-methyl-3-(4-{{[{I1R,25})-2-phenyicyclopropyl] amine} piperidin-{-yhazetidin-3-
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vijacetonitrife

To the sohution of N-{1-[3-{cyanomethyvhazetidin-3-ylipipenidin-4-y1}:-2,2, 2-triftuoro-

N-[(1R,28)-2-phenyloyclopropyliacetamide (Example 58, Step 4: 50.0 mg

Lo

0.123 mmol) in

€31

sethylene chloride {4 ml) was added formaldchyde (37 wit % in water, 46 pl, .62 numol),

followed by acetic acid (21 uk., 0.37 mmol). The resulting vuxture was stitred at room

temperature for 1 h then sodium triacetoxyborohydride (78 mg, (.37 mmol) was added.

The reaction muxture was stirred at room temperature overnight then neutralized with

saturated Na>C(s agueous solution and extracted with DCM. The combined exiracts were

10 dried over NaxS0O4 then concentrated. The residue was dissolved m tetrahydrofuran (2
mkb} and methanol (2 mb) then 2.0 M sodium hydroxade in water (0.31 mL, 0.62 mmel) was
added. The resulting mixture was stirred at 30 °C for 5 h then cooled to room temperature and
diluted with DCM. The mixture was washed with water and brine. The organic layer was
dried over NaxSQ4 then concentrated. The residue was dissolved in acetonitrile then purified

15 by prep-HPLC (pH = 2, acetonitrile/water+TFA} to give the desired product as the TFA salt.
LC-MS calculated for CaoHaeNg (MHH): vz = 325.2; found 325.2. TH NMR (500 Mz,
DMSO0) & 7.33 - 7.28 (m, 2H), 7.25 - 7.20 (m, 1H), 7.19 - 7.15 (m, 2H},4.31 - 4.11 (m, 2H),
398 -3.78 (m, 2H), 3.32 - 3.18 (m, 1H}, 3.08 - 2.94 (yu, 3H), 2.94 - 2.76 (m, 51), 2.47 -
238 {m, 1H), 2.31 - 220 (m, 2H), 2.13 ~ 1.99 (m, 2H), 1.66 — 1.51 {m, 2H}, 1.50 - 1.41 (m,

20 1H), 1.39— 1.29 (o, 1H).

Example 68
[3-(4-{{(1R,25)-2-phenyicyclopropyilamine} piperidin-{-yl}azetidin-3-yijacetonitriie

Iz

25 To the solution of tert-butyl 3-{cyanomethyl}-3-(4-{[(1R,25}-2-
phenyicyclopropyllamino} piperidin- I -ylazetidine- 1 -carboxylate (Exampie 58. Step 2: 20

mg) in DCM (0.5 mb) was added TFA (0.5 mkL). The resulting mixture was stirred at room
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temperatare for T h then concentrated. The residue was dissolved in acetonitrile then purified
by prep-HPLC (pH = 2, acctonitrile/water+TFA) o give the destred product as the TFA salt.
LC-MS caleulated for CioHovNg (M+H) m/z = 311.2; found 311.2.

Example 61
13-(4-{{(15,2R)-2-phenyicyclopropyilamine! piperidin-1-yliazetidin-3-vijacetonitrile
H
oN
oS
R/ Ngfcz\a
H

This compound was prepared using procedures analogous to those described for the
synthesis of Example 60 with (15,2R)-2-phenylcyclopropanamine (prepared using procedures
as described in Rivorg. Med. Chem. Lerr, 2011, 21, 4429) replacing (1R, 28)-2-
phenyicyclopropanamine. The reaction mixture was purified by prep-HPLC (pH = 2,
acetomtrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CroHzNa (MHHY m/z = 311.2; found 3112,

Example 62

{i-(ethylsuifonyl}-3-(4-{{{(1R,25)-2-phenyicyclopropyi]amino) piperidin-1-viazetidin-3-

v
Qgg\cr\i

N

p
G

yvijacetonitvile

This compound was prepared using procedures analogous to those described for the
synthesis of Example 58. The reaction mixture was purified by prep-HPLC {(pH = 2,
acctonitriie/water+THA) to give the desired product as the TFA saht. LC-MS calculated for
CoHNaO0S (MHD": nvz = 403.2; found 403.2. TH NMR (500 Mitz, DMSO) § 8.99 (br,
2ED, 7.33 = 7.27 (m, 28D, 7.25 = 7.20 (m, 1H), 7.19 = 7.16 (m, 2H), 3.90 — 3.80 (m, 21), 3.72
=~ 3.60 (m, 2H), 3.31 - 307 {m, 1H), 3.13 {q, /= 7.3 Hz, 2H), 3.62 - 2.91 (im, 3H), 2.82
270 (m, 2H), 2.43 - 233 {m, 1H), 2.25 ~ 2.13 {m, Z2H), 2.06 - 1.97 (1, 2H), 1.62 ~ 1.47 {m,
2H), 146 — 138 (m, 1H), 1.37 - 1.30 (m, 1H), 1.23 (1, ./ =7.3 Hz, 3H).
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Example 63
3-{cyanomethyl)-N,N-dimethyi-3-(4-{{(1R,25}-2-phenyicyclopropyijaminapiperidin-i-

yhazetidine-T-sulfonamide

av
© \ngg\m

ost
e

This compound was prepared using procedures analogous to those described for the
synthesis of Example 58 with dimethylsulfamoyt chlonide replacing methanesulfony! chloride
in Step 5. The reaction mixture was purified by prep-HPLC {(pH = 2, acetonitrile/water+TFA}
to give the desired produoct as the TFA salt. LC-MS calculated for CxiHnNsOS (MAH): m/z

=418.2;: found 418.2.
Example 64

3-{cyanomethyl)-N-methyl-3-(4-{{{(1R,25})-2-phenyicyvciopropyljamine} piperidin-{-~

yijazetidine-I-sulfonamide

“\Z,_\w E
E\j ng\m

N
O'“; N
O

This compound was prepared using procedures analogous to those described for the
synthesis of Example 55 with methylsulfarovl chloride replacing methanesulfonyt chloride
in Step 5. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA}
to give the desired product as the TFA salt. LC-MS calculated for CaoHaeNsO28 (MA+HHD) " mo/z
= 404.2; found 404.2. "H NMR (500 MHz, CD:CN)Y 3 7.37 - 7.2 (m, 2H), 7.28 - 7.22 (m,
1H), 7.19 ~ 7.12 (m, 2HD), 3.81 (d, J = 8.1 Hz, 211), 3.63 (d, /= 8.5 Hz, 211}, 3.38 - 3.22 (m,
1H), 2.89 - 2.76 (m, 5H), 2.67 (s, 3H), 2.60 —~ 248 (m, 1H}, 2.38 - 2.24 (m, 2H}, 2.19 - 2.05

{m, 2H), 1.78 — 1.62 (m, 2H), 1.63 — 1.5% (m, 1H), 1.42 - 1.29 {m, 1H},

Example 65
3-{eyanomethyi)-3~(4-{{(1K,25)-2~phenylcyclopropyliamino} piperidin-1-yljazetidine-1-
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sulfonamide

To the solution of chlorosulfony! isoeyanate (86 uL, 0.98 mmol) in methylene
chloride (1.0 mL} at § °C was added a solution of tert-butyl alcohol (94 uL, 0.98 numoh) in
methviene chloride (1.0 mk.). The resulting nixture was stitred at § °C for 10 min then
warmned to room temperature and stired for 1 h. The mixture was then added to a solution of
N-{1-[3-{cyanomethyazetidin-3-yljpiperidin-4-y1} -2,2, 2-trifloore-N-{ (1R, 28)-2-
phenyleyclopropyHacetamide (Fxample 58, Step 4: 100, mg, 6.246 mmol) and N,N-
diisopropylethylamine (210 pL, 1.2 myoel) in tetrahydrofuran (5 mL}. The reaction mixture
was stirred at § °C for | h then warmed to room temperature and stirred for 2 h. The reaction

rixture was quenched with saturated NaHCOs solution then extracted with DCM. The
combined extracts were dried over NaxSOu and concentrated. The residue was dissolved in
methylene chioride (1.5 mb) then triflucroacetic acid (1.5 b)) was added. The resulting
mixture was stirred at room temperature for | h then concentrated. The residue was dissolved
in tetrahydrofuran (2.0 mb) then 2.0 M sodium hydroxide in water {1.8 mk, 3.7 munol) was
added, followed by methanol (2.0 wml.}. The resulting mixture was stivred at room temperature
for overnight then purified with prep-HPLC (pH = 10, acetonitrile/water+NH4OH) to give the
desired produoct as a while powder. LC-MS caleudated for CioHaaNsOeS (MA+H)": nwy/z =
390.2; found 390.2. TH NMR (500 MHz, DMSQ) 8 7.23 - 7.18 (m, 2H), 7.12 - 7.06 {m, 1 H),
7.02 - 6.98 (m, 2H), 6.94 (s, 2H), 3.68 - 3.62 (m, 2H1), 3.50 - 3.45 (m, 2H), 2.94 (s, ZH), 2.64
-~ 2.55 (m, 2H), 2.55 - 2.50 {(m, 1H), 2.37 - 228 (m, 1H), 2.21 - 211 {m, 3H), 1.81 - 1.70
{m, 3H), 1.30 —~ 1.i8 {m, ZH), 0.96 — 8.90 (m, ZH).

Example 66

{{-methyl-3-(4-{{{(1R,25}-2-phenyicycloprepyliamine} piperidin-1-yhazetidin-3-yijacetic

acid
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Step 1 tert-butyl 3-(2-tert-butoxy-2-oxoethylidenejazetidine- 1 -carboxylate

r]/x\cc:gau
N

L3 M Potassium tert-butoxide in THF (20.0 mL, 20.0 mmol) was added to a solution

Boc

of tert-butyl {dicthoxyphosphoryhacetate (5.00 g, 19.8 mmol) in tetrabydrofuran (22.0 ml) at
 °C. The roixture was stirred at room temperature for 30 win then cooled to 0 °C and a
solution of tert-butyl 3-oxoazetidine- 1 -carboxylate (2.83 g, 16.5 mmeol) in 10 mL of THF was
added. The reaction mixture was stirred at room temperatare for overnight then diluted with
ethyl acetate, washed with saturated NaHCG: agueous solution, water and brine. The organic
layer was dried over Nax8O4, filtered and concentrated. The residue was purified via flash
chromatography on a silica gel colomm ehuting with § to 20% EtQAc in hexanes to give the

desired product {4.46 g, gquant.).

Step 2. tert-butyl 3-(2-tert-butoxy-2-oxoethyl}-3-{4-axopiperidin- 1-yi)azetidine- I -carboxylate

O
N
gg\mgau

N
Boc

To the mixture of piperidin-4-one hydrochloride hydrate (922 mg, 6.00
mmol) in acetonitrile (5.0 mL.) was added 1,8-diazabicyclo{5.4.0lundec-7-ene (1.08 mL, 7.20
mmol), followed by tert-butyl 3-(2-tert-butoxy-2-oxocethylidenejazetidine- 1 -carboxylate
{1080 mg, 4.00 mmol}. The resulting mixture was heated to 75 °C and stirred for 2 days. The
mixture was cooled to room temperature then diluted with EtOAc and washed with water and
brine. The organic layer was dried over NaxSOq and concentrated. The residue was purified

via flash chromatography on a silica gel column eloting with 0 to 60% EtOAc in hexanes to
369.2; found 369.2.

Step 3. tert-butyl 3-(2-tert-butoxy-2-oxoethyl}-3-(4-{{{1 R 25)-2-phenylcyclopropy{jamine} -

piveridin-1-yliazetidine-I-cavboxylare
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N
Boc

To the sclution of (1R, 28)-2-phenyleyciopropanamine (173 mg, 1.30 munol) and tert-
buty] 3-(2-tert-butoxy-2-oxoethy!)-3-(4-oxopiperidin- I -yDazetidine- | -carboxylate (479 mg,
1.30 mmol) in methylene chiloride {6 mL) was added acetic acid (150 pL, 2.6 mamel). The
resulting mixture was stirred at room temperature for overnight then sodium
iracetoxyborohydride (550 mg, 2.6 mmol) was added. The reaction mixture was stivred at
room temperature for 2 h then diluted with DCM, washed with saturated NaHCO3 aqueous
solution, water and brine. The organic layer was dried over NaxS{O4 then concentrated. The
residue was purified via flash chromatography on a silica gel column eluting with 0 to 10%
MeOH in DCM to give the desired product (812 mg, 81 %). LC-MS calculated for
CasHaaN3O4 (MAH) ™ 1/z = 486.3; found 486 4.

Step 4 tert-buiyl 3-{2-tert-butoxy-2-oxoethylj-3-{4-ff (1R, 28})-2-

phenyicvelopropyi] (trifluoroacetyl)aming ] piperidin-{-yllazetidine-1-cavboxylate
FQC
.&A N\O
O Co,'Bu
'\i
Boo

To the solation of tert-butyl 3-(2-tert-butoxy-2-oxoethyD-3-(4- {[ (I R,28)-2-
phenyicyclopropyllamino piperidin- -yl jazetidine- 1 -carboxylate (497 mg, 1.02 mmol} in
methylene chloride (8 miy at § °C was added N,N-diisopropylethylamine (530 pl), followed
by trifluorsacetic anhydride (190 ul., 1.3 mmol}. The resuiting vellow solution was stirred at
4 °C for 1 h then quenched with saturated MaHCO: sohution. The resulting mixture was
extracted with DCM. The combined extracts were dried over Na:SOs then concentrated. The
residue was purtfied via flash chromatography on a silica gel colummn cluting with 0 to 60%
EtOAc in hexanes to give the desired product (583 mg, 98 %). LC-MS calculated for

CaoHaaFaaOs (WA m/z = 582.3; found 582.3.

Step 50 (3-{4-F{(1R, 28})- 2-phenylcyclopropyl] Grifluoroacetviiamino [pipevidin- I -vilazetidin-

I-viJacetic acid dihvdrochloride
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To a solution of the product from Step 4 in methylene chloride (6 mb) was added 4.9
M hydrogen chloride in 1 4-dioxane (2.0 mi, 8.0 mmol). The resulting mixture was stirred at
room temperature for overnight then concenirated to give light yellow solid (548 mg) which
was used fo the next step without further purification. LC-MS caleulated for CorHarFaNsOs

(M+H)": m/z = 426.2; found 426.1.

Step 6 [1-methvi-3-(4-{{(I1 R 28}-2-phenyicvciopropyi]amine jpiperidin- I -vljazetidin-3-
vijacetic acid

To a sohution of 3-{4-[[(1R,25}-2-
phenyicyclopropyl(triffucroacetyDaminopiperidin- 1-yl}azetidin-3-yhacetic acid
dihydrochloride (30. mg, 0.060 nunol) in methylene chioride (2 ral, 30 mmol) was added
formaldehyde (37 wt % in water, 22 uL, 0.30 mmel}, followed by acetic acid (10. pL, 0.18
mmol}. The resudting mixture was stirred at room temperatare for 1 h, then sodium
triacetoxyborohydride (38 mg, 0.18 mmol} was added. The reaction mixture was stirred
at room temperature for 2 h then concentrated. The residue was dissolved in tetrahydrofuran
(1.0 wL)} then 2.0 M sodium hydroxide in water (1.0 L, 2.0 mmol) was added, followed by
methanol (1.0 mL). The resolting mixture was stivred at room temperature for overnight then
purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the
TEA salt. LO-MS caleulated for CoelaeNaOz (M m/z = 344.2; found 344.3. TH NMR
(500 M1z, DMSO) § 7.33 - 7.27 {m, 2H), 7.25 - 7.20 (m, 1), 7.19 ~ 7.14 (m, 2F1), 4.40 -
428 (m, 1H), 4,15 - 4.03 {m, 1H), 3.99 - 3.87 (m, iH), 3.84 - 3.70 (mm, 1H), 3.31 - 3.17 {m,
1H), 3.03 - 2.75 (m, 6H), 2.74 — 2.59 (m, 2H), 247 — 2.36 (m, 1H), 2.18 - 2.08 (m, 2H), 2.07
— 1.96 (m, 2H), 1.65 — 1.49 (1, 2H), 1.50 — 1.40 (m, 1H), 1.38 = 1.25 (m, IH).

Example 67
{H-ethyl-3-(4-{{(IR,28)-2-phenyleyclopropyliasmine  piperidin-1-yDazetidin-3-vljacetic

acid

121



10

15

20

WO 2015/123424 PCT/US2015/015635

AN
SHae

N - ggf\cozﬁ
J

This compound was prepared using procedures analogous to those described for the
synthesis of Example 66 with acetaldehyde (5 M in THF) replacing formaldehyde. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the
desired product as the TFA salt. LC-MS calculated for CortiaaNaOz (MHH) : m/z = 358.2;

found 358.2.

Example 68
N,M-dimethyl-2-11-{4-{{{I R,258)-2-phenyicyclopropyilamine} piperidin-i-

AN
A0
© N ON

Step 10 tevt-butvi [1-{4-oxopiperidin-i-ylcyeloburyl]acetate

O
N r\n/ots.u
6 o

To the mixture of piperidin-4-one hydrochloride hydrate (614 mg, 4.00

yheyelobutylacetamide

mmol) in acetonitrile (3.0 mL) was added 1,8-diazabicyclo{S.4.0lundec-7-ene (0.69 mL, 4.6
mmol), followed by tert-butyl cyclobutylidencacetate {336 mg, 2.00 mmol). The resulting
mixture was heated to 75 °C and stivred for 2 days. The mixtare was cooled to room
temperature then diluted with FtOAc¢ and washed with water and brine. The organic layer
was dried over Nax504 and concentrated. The residue was purified via flash chromatography
on a sitica gel colurn cluting with 0 to 50% EtOAc 1o hexanes to give the desived product

(57 mg, 11 %), LC-MS caleulated for CisHasNOs (MAH)Y™ mw/z = 268.2; found 268.1.

Step 2: tert-butyl [1-(4-{[{ 1R, 25})-2-phenyicyclopropyvlamine} piperidin- 1 -

vhicycloburylfaceiate
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To the solotion of (1R,28)-2-phenylcyclopropanamine (28 mg, .21 mmol) and tert-
butyl { 1-{4-oxopiperidin- 1 -vheyvclobutyljacetate (57 mg, 0.21 nunol) in methylene chloride
(3 mb) was added acetic acid (24 pl, 8.43 omol). The resulting roixture was stirred at room
temperature for overnight then sodium triacetoxyborohydride (90. mg, 0.43 mmol} was
added. The reaction mixbire was stirred at room temperature for 2 h then diluted with DCM
and washed with saturated NaHCO: aqueous solution, water and brine. The organic faver was
dried over NaxSO4 then concentrated. The residue was purified via flash chromatography on a
silica gel colurom ehuting with 0 to 109 MeOH in DCM o give the desired product (79 mg,

96 %), LC-MS caleulated for CraHayN20z (M+HY": m/z = 385.3; found 385.3.

Step 30 [I-(4-{{(1R, 28}-2-phenyicvclopropyljamine | piperidin- I-vi)cyclobutyljacetic acid

dibvdrochioride

The product from Step 2 was dissolved in methylene chloride 3 mb ) then 40 M
hydrogen chloride in 1,4-dioxane (6.533 mk, 2.13 mmol) was added. The resulting mixture
was stirred at room temperature for overnight then concentrated. The residue (73 mg, white
solid) was used in the next step without further purification. LC-MS calculated for

CoptlasMoOn (M+H)Y: m/z = 329.2; found 329.2.

Srep 4: N N-dimethyl-2-[1-(4-{[{ 1R, 28)-2-phenvicyclopropyl]amine}piperidin- 1 -
yijcveiobutvi]acetamide

To the solution of [1-(4-{[{1 R 28)-2-phenylcyclopropyl]amine } piperidin- i-
vheyclobutyljacetic acid dihydrochloride (24 mg, 0.060 mmol} in M N-dimethylormamide
{2 mL) was added N N-ditsopropylethylamine (100. ub, 0.574 mmelyand 2.0 M
dimethylamine in THF (0.15 oL, 8.30 mmol). The mixture was stirred at room temperature
for 5 min then benzotriazol-1-yloxytris{dimethylaminophosphonium hexafluorophosphate
(29. mg, 0.066 mmol) was added. The resulting mixture was stirred at room temperature for 2

b then dituted with acetonitrile and purified by prep-HPLC (pH = 10,
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aceonitrile/water+NH4OH} to give the desired product as a white solid. LC-MS calculated for

Coo N0 (MAH): m/z = 356.3; found 356.3.

Example 69
Nemethyl-2-{1-(4-{{(1R.Z5}-2-phenylcyclopropyliamino] piperidin-1-

H
PAWY
Sy H
L N N
e
S

This compound was prepared using procedures analogous to those described for the

yvijeyelobutyljacetamide

synthesis of Example 65 with methylanune (2 M in THY) replacing dimethylamine. The
resuiting mixture was purified by prep-HPLC (pH = 10, acconitrile/water+NH4OH) to give
the desired product as a white solid. LC-MS caleunlated for CorHnN:O (MAHY  nmvz = 342.3;

found 342.3.

Example 78
2-ii-{ethyisuifony}-3-{¢-{J(1 R, 25 -2-phenvicyclopropyliamino} piperidin-i -yl jazetidin-
3-yi-MN,N-dimethylacetamide

H
_____ N
YT @ |
S ey
?}EO
OL}}"’\/
O

Step 1. tert-butyl 3-(2-methoxy-2-oxoethyl}-3-(4-oxopiperidin-1-vi)azetidine- I -carboxylate

O§(\j
~N gg\l/g ~
To the mixtore of piperidin-4-one hydrochloride hydrate (0.77 g, 5.0 mmol) and tert-
butyl 3-(2-methoxy-2Z-oxocthylidencjazetidine- 1 -carboxylate {MolBridge, cattMBOGO0TIET:
1.2 g, 5.5 nuool) in acetonitrile (5 mi.) was added 1,8-diazabicyclo[5.4.0%undec-7-ene (0.90
ml, 6.0 mmol). The resulting mixtare was heated to 75 °C and stirred for two days. The
rixture was difuted with EtOAc then washed with water and brine. The organic layer was

dried over NaxSOs then concentrated. The residue was purified via flash chromatography on a
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sitica gel colomn ehiting with § to 70% EtOQAc in hexanes to give the desired product {1.08 g,
66 %), LC-MS calealated for CoaHioMN20s (M-Bu+2H)": o/z = 271.1; found 271.2.
Step 2. tert-butyl 3-(2-methoxy-2-oxoethyl}-3-(4-{{(I R, 28)-2-phenyvicyclopropyl]aming !

piperidin-1-yijazetidine-1-carboxylate

AN
T o
O My

N
Boc

To the solotion of (1R, 28)-2-phenyleyclopropanamine (133 mg, .00 mmol) and tert-
butyl 3-(2-methoxy-2-oxocthyl)-3-{4-oxopiperidin- 1 -vhazetidine- 1 -carboxyiate {326 mg,
1.06 mmol} inmethylene chiloride (8 mal.) was added acetic acid (110 pl., 2.6 romol). The
resulting mixture was stirred at room temperature for overmight then sodium
triacetoxyborohydride (420 mg, 2.0 mmol} was added. The reaction mixture was stirred at
room temperature for 3 b then diluted with DCM and washed with saturated NaHCO3, water
and brine. The organic layer was dried over Nax80;s then concentrated. The residue was
purified via flash chromatography on a silica gel column eluting with 0 to 10% MeOH in
DM to give the desired product (483 mg, quant.). LC-MS calculated for CosHasN30O4
(M+H)": m/z = 444.3; found 444.3.

Step 3: tert-butvl 3-2-methoxy-2-oxoethyl}-3-{4-{{{I1R, 28}-2-
phenvicyclopropyi] (triffuoroacetvijamino [piperidin-I-vi}azetidine- I -carboxylate

FaCugsO
JAWRY

Syt /\]
» LNggx\lr‘:}\

Bogo
To the sohution of tert-butyl 3-(Z-methoxy-2-oxoethyl}-3-(4-{[(1R,28}-2-
pheanvicyclopropyljamino } piperidin- | -yDazetidine- 1 -carboxylate (444 mog, 1.00 nunol) in
methylene chioride (8 mb) was added N N-dinsopropylethylamine (820 ul, 3.0 mmol)},
followed by trifluorcacetic anhydride {180 pL, 1.3 mmol). The resulting yellow solution was
stirred at room teraperature for §h then quenched with saturated NaHCOs solution and
extracted with DUM. The combined exiracts were dried over NasS04 then concentrated. The

residue was purified via flash chromatography on a silica gel colamm cluting with 0 to 60%
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EtOAc in hexanes to give the desired product (446 mg, 83%). LC-MS calculated for

CorHi37E 32505 (MAHY: m/z = 5340.3; found 540.2.

Step 4: methyl (3-{4-[[{1 R 25)-2-phenvicyclopropyl]itviflucroacetylamina [ piperidin- 1 -

A Jazetidin-3-vi)aceiate difrvdrochloride
2 Vi) 3

To the sohution of the product from Step 3 in methylene chloride (6 mLy was added
4.0 M hydrogen chloride in 1,4-dioxane (2.50 mL, 10.0 munol). The resulting mixture was
stirred at room temperature overnight then concentrated to give 400 mg light yellow solid
which was used in the next step without further purification. LC-MS calculated for

CoaHoF 32305 (MAHY: m/z = 440.2; found 440.2.

Step 5. methyl (1-{ethylsulforyl)-3-{4-[[ (1R, 25)-2-

phenvicyclopropyi](trifivoroacetyljamino[-piperidin-1-vi}azetidin-3-vijacetate

To the suspension of methyl (3-44-[[{1R,25}-2-
phenyicyclopropytl{trifhioroacetyljamino Jpiperidin- 1-yl} azetidin-3-yDacetate
dihydrochloride (150 mg, (.29 mimol) in tetrahydrofuran (5 mi) was added N.N-
ditsopropylethyviamine (255 uk, 1.46 mmol), then ethanesulfonyl chloride (55.5 pl, 0.585
mmol) was added dropwise. The resalting mixtore was stirred at room terperature for t h
then guenched with water and extracted with BUM. The combined exiracts were dried over
Na2SQ4 then concentrated. The residue was purified via flash chromatography on a silica gel
column eluting with 0 to 60% EtOAc in Hexanes to give the desired product. LC-MS

caleulated for CoaHasFaN30sS (MAH)™ wy/z = 532.2; found 532.2.
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Step 6 [1-(ethyisulfonyl)-3-(4-{[{ 1R, 25)-2-phenyicvciopropy{lamine Jpiperidin- 1 -vijazetidin-

I-yilacetic acid

H
=X \\&A“‘ N@
N OH
- S
i
N G
SEY:
0O
The product from Step 5 was dissolved in tetrahydrofuran (2.5 mL) and methanol (2.5

1L} then 2.0 M sodium hydroxide in water (1.0 mL, 2.0 nunol} was added. The resulting
mixture was stirred at rooro teraperature for 2 b then purified by prep HPLC (pH =12,
acetonitrile/water+TFA) to give the desired product as the TFA sall. LC-MS calculated for

CorHasNa0aS (MATD": m/z = 422.2; found 422 1,

Step 70 2-fi-Cethvisulfonvi)-3-(4-{[(1 R, 25}-2-phenvicyclopropyiiamine piperidin- i -
vijazetidin-3-vi]-N,N-dimethyiacetamide
To a solution of {1 -{cthylsulfonyl}-3-(4- {{{1R,28)-2-

pheanyicyclopropyljamino Fpiperidin- I -yDazetidin-3-yljacetic acid bis(irifluoroacetate) (36
mg, 0.055 mmol) in tetrahydrofuran (2.0 mL) was added N,N-diisopropylcthylamine (58 pl,
0.33 mmel}, followed by 2.0 M dimethylamine in THE (156 yL, 0.30 mmol}. Then

enzotriazol-1-yloxytris-(dimethylaminojphosphonium hexafluorophosphate (27 mg, 0.661
mool) was added. The resulting roixture was stirved at room temperature for 1 b then diluted
with acetonitrile and purified by prep HPLC (pH = 10, acetonitrile/water+NH4OH) to give
the desired product as a white solid. LC-MS caleulated for CosHaNaDsS (M+H) " m/z =
449.3; found 449 3. 'H NMR (500 MHez, CD:CN) § 7.27 - 7.20 (m, 2H), 7.16 - 7.10 (m, 1H),
7.07 - 7.01 (m, 2H), 3.99 - 3.90 (m, 2H), 3.78 - 3.69 (m, 2H), 3.07 - 2.95 (m, St1), 2.85 {s,
3H), 2,75 - 2,66 (m, 2H), 2.62 (s, 2H), 2.61 —~ 2.53 (m, 1H), 2.32 - 2.24 {m, {H), 2.18 - 2.06
{m, 2H), 1.88 ~ 1.80 {m, ZH), .80~ 1.73 (m, 1H), 1.37 - 1.22 (m, 5H}, 1.03 - 0.91 {m, 2H).

Example 71

2-{i-{ethyisuifonyi}-3-{4-{[{(1R,25}-2-phenyleyclopropyiamino] piperidin-i-yhazetidin-

3-vij-N-methylacetamide
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This corapound was prepared using procedures analogous to those described for the
synthesis of Example 70 with methylaroine (2 M in THF} replacing dimethylamine in Step 7.
The reaction mixture was prep HPLC (pH = 10, acetonitrile/water+NHiOH) to give the
desired product as a white sohid. LU-MS caleunlated for CUaHasNaG3S (M+HY mvz = 435.2;
found 435.3.

€31

Example 72
{1-{trans-4-hydroxycyciohexyi)-3-(4-{ [{1R,25)-2-phenyicyclopropyl]aminopiperidin-1-

10 yhazetidin-3-yijacetoniirile

AN
SO
E:;J \I;V“'gx; N

N

Ot
Step 1. N-{I-{1-¢4-{{tert-butylidimethviisilyiJoxylcyclohexyli-3-(cyanomethyllazetidin-3-
viipiperidin-4-vi}-2,2, 2-triffuoro-N-{ (1 R, 28)- 2-phenvicyclopropvlacetamide
G

FyC
)

N
OTES
15 To the selution of N-{1-[3-(cyanomethyhazetidin-3-vlipiperidin-4-y1}+-2,2,2-trifluore-

N-[{IR,28})-2-phenyicyclopropyllacetamide (Example 58, Step 41 20. mg, 0.049 mmol} in

methylene chioride {2 mL} was added 4- {{tert-buty i dimethylisilyljoxycyclohexanone
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(Aldrich, carfi638153: 62 ul, 0.25 mumof), followed by acetic acid (8.4 pL, 0.15 nunol). The
resulting mixture was stirred at room temperature for 1 h, then sodium triacetoxyborohydride
(31 mg, 0.15 mmol} was added. The reaction mixture was stirred at room temperature for 1.5
h, then neutralized with saturated NaHCOs solution and extracted with DCM. The combined
extracts were dried over NaxSO4 then concentrated. The residue was used m the next step
without further purification. LC-MS caloulated for CastisoFsNaGaSi (MAH)Y: m/z = 619.4;
found 619.3.

Step 2: N-{1-{3-{cvanomethyil-1-(4-hydroxycyclohexyljazeridin- 3-vi]piperidin-4-vi}-2,2,2-

triffucro-N-{{ IR, 28})- 2-phenyicvclopropyl] acetamide

FyC \‘f’o

A o\xA"“N
U {?’\CN
Q

OH

The crude product from Step T was dissolved in THF (1 mL) then 4.0 M Hydrogen
chioride in 1 4-dioxane (1.5 mL, 2 mmol) was added. The resulling mixture was stirred at
room temperature for 1 h then concentrated under reduced pressure. The residue was used in
the next step without further purification. LC-MS calculated for CorHaeFaNaOz (M+H)Y" mv/z

= 505.3; found 505.3.

Step 3 [1-(trans-4-hvdroxyevelohexyl)-3-(4-{{{ 1R, 28)-2-phenyicvcloprapyllamino piperidin-
I-vlazetidin-3-vl]acetonitrile

The crude product from Step 2 was dissolved in THF {1 mL) and MeOH (I mbL) then
2.0 M Sedium hydroxide in water (0.5 mL, | mmol} was added. The resulting mixture was
stirred at rooro teraperature for 2 b to give a nuxture of cis- and trans- products which was
separated and purified by prep-HPLC (pH = 10, acetomitrile/water+NHsOH). LC-MS
calcuiated for CasHarMNaG (MAHD™: /e = 409 3, found 409.2.

For the trans-isomer: 'H NMR (500 MHz, CD3CN) & 7.26 — 7.21 {m, 2H), 7.15 - 7.10
{m, 1H), 7.06 - 7.01 {m, 2H), 3.50 - 340 (m, 1H), 3.22 (d, /=7.8 He, 2H}, 2.83(d, /=74
Hz, 2H), 2.75 (8, 211y, 2.66 - 2.53 (m, 3H}, 2.29 — 2.18 (m, 3H}, 2.03 ~ 1.95 (m, 1H), 1.86 -
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168 (m, THy, 130 111 (m, 45}, 1.02 - 0.90 (m, 4H). Trans-conliguration of the
cyclohexane ring was confirmed by 2D NMR. Analytical LC-MS (pH = 14,

acetonitrile/water-+NH4OH) retention time £ = 1.91 min,

5 Example 73
{i-{cis-4-hydroxycyclohexyi}-3-(4-{{(1R,25)-2-phenylcyclopropyl] amina | piperidin-1-

yhazetidin-3-vijacetonitrile

LA
' QZBACN

N

OH

The cis-isomer was also formed m the reaction of Example 72, Step 3. It was isolated
16 via prep-HPLC (pH = 10, acetonitrile/water-+NHsOH) to give the desired prodoct. LC-MS
caleulated for CosHaN4G (MHD: m/z = 408.3; found 409.2, 'H NMR (500 Mz, CDCN) &
729 -7.24 (m, 2H), 718 =713 (m, 1H), 7.09 - 7.05 (1o, 2H), 3.68 = 3.61 {m, 1H), 3.30 -
3.24 {m, 2H), 2.85 ~ 2.80 {m, 4H), 2.71 - 2.56 (m, 3H), 2.33 - 2.22 {(m, 4H), .89 - 1.78 (m,
3H), 1.66 — 1.59 (m, ZH), 1.54 — 1.44 (m, 4H), 144 - 1.36 (m, 2H), 132~ 1.22 (m, 2H), 1.02

15 —0.96 {m, 2H). Analytical LC-MS (pH = 10, acetonttrife/water+-NH4OH) retention time £ =

2.06 min.

Example 74
11-2-hydroxyethy)-3-(4-{{{1R2S8)-2-phenyleyclopropyliamine} piperidin-1-yhazetidin-

20 3-yiacetoniirile

This compound was prepared according to the procedures of Exagmple 72 with {[tert-

butyl{dimethylsilyljoxy}acetaldehyde (Aldrich, carfid49438) replacing 4-{[tert-
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butyl{dimethyDsilylioxy tcyclohexanone in Srep /. The reaction mixture was purified by
prep-HPLC {pH = 10, accionitrile/water+NH4OH) to give the desired product. LC-MS
calculated for C2iHaiNaO (M+H)™: 1o/z = 355.2; found 355.2.

5 Example 75
13-(4-{{(1R2S8)-2-phenyicyciopropyl|amine piperidin-1-yi)-1-(tetrahydro-2H-pyran-4-

yhazetidin-3-vijacetonitrile

!
© Ogg\cu

CJ
This compound was prepaved according to the procedures of Example 72 with
10 tetrahydro-4H-pyran-4-one (Aldrich, cart/ 98242) replacing 4-{[tert-
butyl{dimethyDsilylioxy i -cyclohexanone in Step . The reaction mixture was purified by
prep-HPLC (pH = 10, acctonitrile/water+NH«OH) to give the destred product. LC-MS
cafoutated for CaaHasNaG (M+HDY": m/z = 395.3; found 395.2.

15  Example 76
13-{4-{{{(IRZS)y-Z-phenylcyclopropyljaming pipevidia-1-vi)- {-(tetrahydrofuran-3-

vhazetidin-3-yijacetonitrile (mixture of diasteromers)

© Qgg\c;\a

N
®

This compound was prepared according to the proceduares of Example 72 with
20 dihydrofuran-3(ZH}-one (J&W Pharmbab, car#f #-0169) replacing 4- { [tert-
butyl{(dimethy hsilyljoxy jeyclohexancne i Step /. The reaction muxture was puriiied by
prep-HPLC (pH = 10, acetonitrile/water+NHLOH) 1o give the destred product. LC-MS
caicuiated for CraHaaMNaG (MAHD": m/z = 381.3; found 381.2.
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Example 77
2-(3-{fcyanomethyy-3-{4-(({1R,Z5}-2-phenyicyclopropyljamine)piperidin-1-yhazetidin-i-

AN

- gg\cw
o
ps

Step 1 [3-{cvanomethyl}-3-(4-{ [{IR, 28)-2-phenvicyclopropyl jamine  piperidin-1 -yijazetidin-

£
H
JAWL
Ny @
© ’Ngg\cm

N
SNge’
e

To the sohution of N-{1-[3-{cyanomethyhazetidin-3-yljpipenidin-4-y1}-2,2,2-triftuore-

yi-N,M-dimethylacetamide

Tyllacetic acid

N-[{IR,28})-2-phenyleyclopropyliacetamide (Example 38, Step 4: 150 mg, 0.37 mmol) and
5.0 M ethyi glyoxyiate in toluene (88 ul, 0.44 mmol) in methylene chioride {2 mb) was
added acetic acid (62.9 ul., 1.11 mmol). The resulting mixture was stirred at room
temperature overnight then sodiurm triacetoxyborohydride (160 mg, 0.74 mmeol) was added.
The reaction muxture was stirred at room temperature for 2 h then diluted with DCM, washed
with saturated NaHCOs, water and brine. The organic fayer was dried over NaoSO4, fittered
and concentrated. The residuc was dissolved in THF (2 mb) and MeOH (2 ol then a
solution of Lithium hydroxide, monchydrate (46 mg, 1.1 romol) in water (1 mL) was added.
The reaction mixture was stirred at 40 °C for 2 h. The reaction mixture was adjusted fo pH =
4 with HCl {aq.), and concentrated under reduced pressure to afford the crude product which
was used i the next step without further purification. LC-MS caleulated for CaHaoMN4O2

(M+H)": mv/z = 369.2; found 369.2.

Step 2. 2-(3-(cvanomethyl)-3-(4-(({1R, 28)-2-phenvicyciopropvijamino jpiperidin- I -
vijazetidin-1-yl)-N N-dimethviacetamide
2.0 M Dimethylamine in THF {41 pL, 0.081 munol} was added to a mixture of [3-

{cyanomethyB-3-(4-{[{1R,285}-2-phenylcyclopropyljanine | piperidin- 1 -yhazetidin- 1-
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yilacetic acid {20 mg, 0.05 mmol} and benzotriazol-1 -yloxytris{dimethylamino jphosphonium
hexafluorophosphate (29 mg, 0.065 muool) in BMF (1 mb), followed by tricthylamine (20
ul,, 0.2 mmol). The reaction mixture was stirred at room temperature for 1 b then adjusted to
pH=2 with TFA, and purified by prep-HPLC (pH = 2, acetonitrile/water+TEFA) to give the
desired produoct as the TFA salt. LC-MS calculated for CoHsaNsO (MHHY m/z = 396.3;
found 396.2.

Example 78
2-[3-{cvanomethy-3-{4-{[{IR,25})-2-phenyicyclopropyilamine} piperidin-1-yiiazetidin-{-
yvii-N-methylacetamide

H
N
SN \O
N
&/ en
N
H /O
HN

This compound was prepared according to the proceduares of Example 77 with
methylamine replacing dimethylamine in Step 2. The reaction mixture was purified by prep-
HPLC (pH = 2, acetonitrile/water+TFA) to give the desived product as the THA salt. LO-MS

cafoutated for CoHaNsG (M+HY™: m/z = 382.3; found 382.2.

Example 79
2-i3-{cvanomethyH-3-(4-{|(1R,25)-2-phenyicyclopropyliamine piperidin-1-yhazetidin-§-

vijacetamide

This compound was prepared according to the procedures of Exampie 77 with
ammonium carbonate replacing dimethylamine in Step 2. The reaction mixture was purified
by prep-HPLC (pH = 2, acetonitrile/water+TFA} to give the desired product as the TFA salt.
LC-MS calculated for CoaHaoNsO (MHHY": mv/z = 368.2; found 368.2.
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Example 88
{1-{(}-methyi-1H-pyrazol-4-vijcarbonyi}-3-(4-{{{(1 R,25})-2-

phenyleyclopropyliamine) piperidin-i-yhazetidin-3-ylacetonitrile

H
=| oy
N
') N\
LN
N
\

Benzoiriazol-1-yloxyiris(direthylamino phosphonium hexafluorophosphate (35 mg, 0.079
mmol} was added to a mixture of N-{1-[3-(cyanomethyhazetidin-3-ylpiperidin-4-y1}-2,2,2-
irifhuoro-N-[{(1 R, 28)-2-phenyicyclopropyllacetamide (Example 56, Step 4: 25 mg, 0.061
mmol), 1-methyl-1H-pyrazole-4-carboxyviic acid (Aldrich, car682063: 9.9 mg, 1.079

moool) i acetonitrile (1.0 b)), followed by triethylamine (235 pl, .18 mumol). The reaction
mixtore was stirred at room temperature overnight then quenched with saturated agueous
NaHCOs, and extracted with ethyl acetate. The combined organic layers were washed with
brine, dried over NaxSQy, fltered and concentrated. The residue was dissolved in THF (1
mlL} and MeOH (1 mL) then 2 N NaQOH (1 mL) was added. The resulting mixture was stirred
at room temperatare for 3 h then acidified with TFA and purified by prep-HPLC (pH = 2,
acctonitriie/water+THA) to give the desired product as the TFA saht. LC-MS calculated for
CosHaNeO (M+HY: mvz = 419.3; found 419.3. The TFA salt of the product was neutralized
to obtain the free base form of the product which was used to obtain the NMR data. 'H NMR
(500 MHz, BMSOY 6 8.15 (s, 1H), 7.74 (s, 1H), 721 (1, /= 7.6 Hz, 2H}, 7.09 (1, /= 7.3 Hz,
1H}, 7.00(d, /= 7.5 Hz, 2H), 4.26 - 4.13 {m, 2H}, 3.88 - 3.76 {mm, 5H), 2.94 (5, Z2H), 2.72 ~
2.62 (m, 2H), 2.56 = 2.50 (m, 1H), 2.22 - 2.10 (m, 3H}, 1.84 - 1.70 (m, 3H), 1.34 - 1.20 (m,
2H), 0.99 - (.89 (mm, 2H).

Example 81

{1~ -methyi-1H-pyrazol-S-ylcarbonyl-3-(4- {1 R,25)-2-

phenyicyclopropylamino] piperidin-i-yhazetidin-3-yljacetonitrile
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This compound was prepared according to the procedures of Example 88 with 1-
sethyl-1H-pyrazole-5-carboxylic acid replacing 1-methyl-1H-pyrazole-4-carboxylic acid.
The reaction muxture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give
the desired product as the TFA salt. LC-MS caleulated for CosHsNeO (MHHY: vz =419.3;
found 419.3.

Example 82
{-{{trans-4d-hydroxycyclohexylicarbonyi]-3-(4-{[{1R,28}-2-

phenylcyclopropyllamine] piperidin-{-yijazetidin-3-vljacetonitrile

“om

This compound was prepared according to the procedures of Example 80 with trans-4-
hydroxycyclohexanecarboxylic acid replacing 1-methyl-1H-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the
desired product as the TFA salt. LC-MS calculated for CosHarNaQz (MHH) : m/z = 437.3;

found 437.3.
Example 83

{1-H{cis-4-hydroxyeyclohexylicarbonyi]-3-(4-{{({ R, 25}-2-

phenyicyclopropyliamine] piperidin-i-yliazetidin-3-yljacetonitrile
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This compound was prepared according to the procedures of Example 80 with cis-4-
hydroxycyelohexanecarboxylic acid replacing -methyl- 1 H-pyrazole-4-carboxyhic acid. The
reaction mixture was purified by prep-HPLC {pH = 2, acetonitrife/water+THA) to give the
5  desived product as the TFA salt. LOC-MS caleulated for CosHisNaOr (M+H) m/z = 437.3;
found 437.3.

Example 84
1-{(1-bydroxycyclopropylicarbonyl-3-(4-{{{1 R,25}-2-

10 phenyicyclopropyliaminolpiperidin-i~-yhazetidin-3-yHacetonitrile

OH
This compound was prepared according 1o the procedures of Example 80 with 1-
hydroxycyclopropanecarboxylic acid replacing 1-methyl-1H-pyrazole-4-carboxyhc acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TEFA) to give the
15 desived product as the TFA salt. LC-MS caleulated for CosHsiNaOy (M+H): myvz = 395.2;

found 395.2.
Example 85

{1-{(}-hydroxycyclopentybearbonyil-3-(4-{{{IR,25)-2-

20 phenyicyclopropyliamine piperidin-i-yhazetidin-3-ylacetonitrile
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This compound was prepared according to the proceduares of Example 80 with 1-
hydroxycyclopentanecarboxylic acid replacing 1-methyvl-1H-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TEFA) to give the
desired produoct as the TFA salt. LC-MS calculated for CosHssN4On (MHHY vz = 423.3;
found 423 .3,

Example 86
{1-(morpholin-4-vicarbonyl}-3-(4-{{{1R,25)-2-phenylcyclopropyijamine] piperidin-i-

yhazetidin-3-vilacetoniirile

Phosgene (15wt% in toluene, 80 ul, 0.1 mmol} was added to a mixture of N-{1-[3-
{cyvanomethyDazetidin-3-yilpiperidin-4-y1}-2,2 2-triffuoro-N-[{ 1R ,28}-2-
phenyleyclopropyHacetamide (Fxampie 38, Step 4: 30 mg, 0.08 mmol) and triethylamine (30
ul,, 0.2 muvol) i acetonitrile (1 mb) at 0 °C. The resulting mixiure was stirred at room
temperature for | b, then concentrated under reduced pressure. To the residue was added a
solution of Morpholine {18, uL, 0.11 mumol) and tricthylamine (20 pl, 0.2 mmol} in
acetonitrile (1 mb). The reaction mixture was stirred at room temperature for 30 min then 2N
MNaOH(1mL) was added. The reaction mixture was stirred at room temperature {or 3 b then
purified by prep-HPLC {(pH = 2, acetonitrile/water+TEFA) to give the desired product as the
TEA salt. LC-MS caleulated for CaaHuNsOz (MHH)Y ™ m/z = 424.3; found 424.3.

Example 87
{1-{{4-bydroxypiperidin-1-yhicarbonyi]-3-(4-{{({R,25}-2-

phenyicyclopropyliamine] piperidin-i-yliazetidin-3-yljacetonitrile
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This compound was prepared using similar procedures as described {or Example 86
with 4-hydroxypiperidine replacing morpholine. The reaction mixture was purified by prep-
HPLC {pH = 2, acetonitrile/water+TFA} to give the desived product as the THA salt. LC-MS
calculated for CasHagNsO (M+H)": m/z = 438.3; found 438.3.

Example 88
{i-{{4-methoxypiperidin-i-yicarbonyi]-3-(4-{{(1R,25}-2-

phenyicyclopropyliamine] piperidin-i-yliazetidin-3-yljacetonitrile

&.ﬂx&ﬁ@

®
e”é\r\O\

Me
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This compound was prepared according to the procedures of Example 84 with 4-
methoxypiperidine replacing morpholine. The reaction mixture was purified by prep-HPLC
{pH = 2, acctonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS

caleulated for CaeHasgNsOn (MA+H)™ m/z = 452.3; found 452.3.

Example 89
{1-{3-bydroxyazetidin-{-yhearbonyl-3-(4-{{ (IR, 25}-2~

phenyicyclopropyliamine] piperidin-i-yliazetidin-3-yljacetonitrile

DA
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This compound was prepared according to the proceduares of Example 86 with
azetidin-3-ol hydrochioride replacing Morpholine. The reaction mixture was purified by
prep-HPLC (pH = 2, acetoniirile/water+THFA) to give the desired product as the THA salt.
LO-MS caleulated for CuaHaNsGz (M+H)Y ™ w/z = 410.3; found 410.3.

Example 98
M N-dimethyl-2-(I-(methyisulfony)-3-(4-(({(I R, 25)-2-

phenyieyclopropyDamino)piperidin-i-yhazetidin-3-yhacetamide
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This compound was prepared according to the procedures of Exampie 7} with
sethanesulfony] chioride replacing cthanesolionyl chioride in Srep 5. The reaction mixture
was purified by prep-HPLC (pH = 2, acctonitrile/water+TFA) to give the desired product as

the TFA salt. LC-MS caleulated for CoxHasNaG:S (M+HD™: m/z = 435.2; found 435.3.

Example 91
Nemethyi-2-{1-(methyisuifony-3-(4- {1 R, 25)-2-phenyicyclopropyliaminepiperidin-i-

yhazetidin-3-yijacetamide

This compound was prepared according to the procedures of Example 70 with
methanesulfony! chloride replacing ethanesulfonyl chloride in Srep 5; and methylamine
replacing dimethylamine  Step 7. The reaction mixture was purified by prep-HPLC (pH =2,
acctontiriie/water+THA) to give the desired product as the TFA salt. LC-MS calculated for

CotHissNaOsS (MHHY T e = 421.2; found 421.3.

Example 92
2-{1-{ethyisuifony-3-(4-{J(1R,25)-2-phenyicyclopropyllaminol piperidin-1~-ylazetidin-
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To the sohution of [ 1-(ethylsulfonyl}-3-(4-{[{1R,28)-2-
phenyicyclopropyllamine piperidin- 1 -yDazetidin-3-ylacetic acid bis(triflucroacetaie)

(Example 70, Step 6: 33 mg, 0.051 mmol} in tetrahydrofuran (1.5 md} at § °C was added 1.0

€31

M hthium tetrabydrealuminate in THF (300 uk., 0.30 romol) dropwise. The resulting mixture
was stirved at 0 °C for 1.5 h then guenched with 0.1 mL water, 0.1 mL NaGH (15 % in water)
then 0.3 mL water. The resulting mixtore was stirred at 0 °C for 10 min then difated with
THEF and filtered. The flrate was purified by prep-HPLC (pH = 2, acctonitrile/water+TFA)}

10 to give the desired product as the TFA salt. LO-MS caleudated for CorHaaNaOsS (MHH)Y™ mo/z
= 408.2; found 408.2,

Example 83
2-{1-(methylsulfony-3-(4-{I{IR,25)-2-phenyicyclopropyljaminol piperidin-1-

15 vhazetidin-3-yijethanol

H
\‘ l-/-““ N
O N OH
et
N
Q=c
P
9]

This compound was prepared according to the procedures of Example 70 (Steps 5, 6}
and Example 92 with methanesulfonyl chioride replacing ethanesulfonyl chloride in
Example 70, Step 5. The reaction nyixture was purified by prep-HPLC (pH =2,

20 acetomitrile/water+THA) to give the desired product as the TFA sall. LC-MS calculated for

CoollzaN0sS (MATD™: m/z = 394.2; found 394.2.
Example 94
methyi 3-[2-(dimethylamino}-Z-oxoethyl}-3-(4-{{(IR 252~

25 phenyicyclopropyljamine}piperidin-i-yliazetidine-1-carboxyiate
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This compound was prepared according to the procedures of Example 70 with methyl
chloroformate replacing ethanesulfonyl chloride. The reaction mixture was purified by prep-
HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS
calculated for CnHszsMNaOs (MAHY mv'z = 415.3; found 415.3.

€31

Example 95
ppethyl 3-12-(metbylaming)-2-oxoethyl]-3-(4d-{[(1R,25}-2-

phenyicyclopropyljaminepiperidin-i-yi)azetidine-1-carboxylate

10
This compound was prepared according to the procedures of Exampie 7} with
sethylamine replacing dimethylamine. The reaction mixture was purified by prep-HPLC (pH

= 2, acctonitrile/water+THA) to give the desired product as the TFA salt. LC-MS calculated
for CazliaaNaGs M+ wo/z = 401.3; found 401.2.

15
Example 96
3-P2~{dimethyiamino)-2-oxoethyl-N,N-dimethvi-3-{4- {{{1R,28)-2~

phenyicyelopropyliamine] piperidin-I~-vhazetidine-1-carboxamide

A ,/_\_ﬁ@ E
Nmm\
(::J\r?/

20 This compound was prepaved according to the procedures of Example 70 with N,N-

dimethylcarbamoyl chloride replacing ethanesulfonyl chioride in Step 5. The reaction mixture
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was purified by prep-HPLC {pH = 2, acetonitrile/water+TFA) to give the desired product as

the TFA salt. LC-MS caleulated for CoaHseNsGr (M+H)" m/z = 428.3; found 428.3.

Example 97
N MN-dimethyi-3-[2-{methyiamino}-2-oxoethyl-3-{4-{{{(I R, 25}-2-

phenylcyclopropyllamine] piperidin-i-yijazetidine--carboxamide
AN
Ry @ H
| N gg\ﬂ,w\

-
o7 TN

<

5\

This compound was prepared according to the proceduares of Example 70 with N)N-
dimethylcarbamoyl chloride replacing cthanesulfonyl chioride in Step 5 and methviamine
replacing dimethylamine 1o Step 7. The reaction mixture was purified by prop-HPLC (pH =2,
acetonirile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CrsHiseNsOr (MHHY /e = 414.3; found 414.2.

Example 98
[1-{({-methyl- i H-pyrazol-4-yI}-3-(4-{[{1R,28}-2-phenvicyclopropyliamino} piperidin-i-

yhazetidin-3-vilacetoniirile

\\\L\,ﬁ :
© T:’lgg\c;\a

N
)
N“N\

The mixture of N-{1-[3-{cyanomethylazetidin-3-ylipiperidin-4-y1}-2,2, 2-rifluoro-N-
[(1R,28}-2-phenylcyclopropylacetamide (Example 58, Step 4: 40 mg, 0.1 mmoly, 4-bromo-
1-maethyi-1H-pyrazole {24 mg, .15 munol), ris{dibenzylidencacctonedipalladium (0} (4 mg,
(.004 munel), dicyelohexy(2',4',6'tritsopropylbiphenyl-2-yliphosphine (8.2 mg, 0.017
mmol) and cesium carbonate (784 mg, 0.22 mmol) m toluene (2 ml) was purged with
nitrogen then stirred at 116 °C for overnight. The reaction mixture was cooled to room
temperature then quenched with saturated aqueous NaHCOs, and extracted with ethyl acetate.

The combmed organic layers were washed with brine, dried over NaxSQOq, filtered and
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concentrated wnder reduced pressure. The residue was dissolved in THF (2 mb) then 2N
NaOH (Zml) was added. The reaction mixture was stirred at room temperature for 2 b then
purified by prep-HPLC (pH = 2, acetonitriie/water+TFA) to give the desired product as the
TEFA salt. LO-MS caleulated for CoaHarNe (M+H)Y: w/z = 391.3; found 391.2.

Example 99

tetrahydrofuran-3-yl 3-{cyanomethyi-3-(4-{{(IR25)-2-

phenvicyclopropyliamino}piperidin-1-ylazetidine-1-carboxylate (mixture of

A
o

diastereomers)

3

To a mixture of N-{1-[3-(cyanomethylazetidin-3-ylipiperidin-4-y1}-2,2 2-trifluoro-
N-[{IR,25}-2-phenylcyclopropyliacetamide (Example 58, Step 4: 20 mg, 0.05
moool) and triethylamine (20 gl 0.14 mamol) in acetonitrile (0.8 ml.) was added 4-
nitropheny! tetrabydrofiran-3-v1 carbonate (prepared as deseribed in WO 2010/108059: 16
mg, 0.063 mmol). The reaction mixture was stirred at room temperature for 1 h then
guenched with saturated aqueous NaHCOs, and extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over NaxS0Oa, filtered and concentrated under
reduced pressure. The residue was dissolved in THF (1 mL) then 2N NaOH (1 mL) was
added. The reaction mixture was stirred at room temperature for 2 h then purified by prep-
HPLC {pH = 2, acetonitrile/water+TFA} to give the desived product as the THA salt. LC-MS
catculated for CoaFlaaNaQs (MHHD™ /2 = 4235.3; found 425.3.

Example 160

1-{{(1-methyb-1H-pyrazob4-ylsulfonyi]-3-{4-{{{1R,28)-2~

phenyicyclopropyliamino}piperidin-i-yhazetidin-3-ylacetonitrile
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This compound was prepared according to the procedures of Example 58 with 1-
methyl- I H-pyrazole-4-sulfonyl chloride replacing methanesolfony] chloride m Step 5. The
reaction mixiure was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the

5  desired product as the TFA salt. LC-MS calculated for CsHaNeOS (M) m/z = 455.2;

found 455.2.

Example 18§
13-(4-{I(IR,25)-2-(4-fluorophenyhoyclopropyllaming | piperidin-1-yhi-1~

10 (methylsulfonyDazetidin-3-yljacetonitrile

H
\\‘ """ N
© N N
N
Oza
1;’\‘
O

This compound was prepared according to the procedures of Example 58 with
(1R, 28)-2-(4-fuorophenylicyclopropanamine (Enamine, cat#EN300-189082) replacing
{1R,28)-2-phenyleyclopropanaming in Step 2. The reaction mixture was purified by prep-
15 HPLC {pH = 2, accioniirile/water+THFA) to give the desired product as the TFA salt. LC-MS
caleulated for CooHosFN4OS (MH+HY mvz = 407.2; found 407.1.

Example 162

3-{eyanomethyi)-3~-(4- (1R, 28)-2~{4-Buorophenyljcyelopropylj amine} piperidin-i~

H
age
F/© Ngg\cf\:

N
Oxe
la NH2
O

20 yhazetidine-i-sulfopamide
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This compound was prepared according to the proceduares of Example 65 with
{1R,28)-2-(4-fluorophenvlicyclopropanamine (Enamine, caffEN300-189082) replacing
{(1R,28)-2-phenylcyclopropanamine. The reaction mixture was purified by prep-HPLC (pH =
2, acetoniirile/water+TFA) to give the desired product as the TFA sall. LC-MS caleulated for

5 CioHpFNsTHS (MA+H) ™ m/z = 408.2; found 408.1.

Example 183
B3-4-{I(AR28)-2-(4-Tluorophenvicyciopropyl aminel piperidin-1-yi}-1-(4-

hydroxyeyclohexyhazetidin-3-ylacetonitrile (Isomer §)

LA
F/©“ \()NKCN

N

5

15 OH
This corapound was prepared according to the procedures of Example 72 with
(1R,28)-2-{4-fluorophenylicyclopropanamme (Enamine, carffEN300-189082) replacing
(1R,258)-2-phenyleyclopropanamine. The reaction mixture was purified by prep-HPLC (pH =
2, acetonitrile/water+TFA) 1o separate two isomers as their respective TFA salts. Isomer one
15 was assigned as Fxgmple 103, LC-MS caleulated for CosHasFN4O (MA+H)™ m/z = 427.3;

found 427.2.

Example 164
I3-(4-{I(IR,25)-2-(4-fimorophenylicyclopropyilamine ) piperidin- -y 1-(4-

20 hydroxveyclohexylazetidin-3-vijacetonitrile (Isomer 2}

H
JAVSY
o
P NZ?CN
¥

N

O

OH
This compound was prepaved according to the procedures of Example 72 with

(1R, 28)-2-(4-flucrophenyljcyclopropanamine (Enanmine, cat#EN300-1589082) replacing
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{(1R,28})-2-phenyleyclopropanamine. The reaction mixture was purified by prep-HPLC (pH =
2, acetonitrile/water+THA} to scparate two isomers as their respective THFA salis. Isomer two
was assigoned as Example 104, LC-MS calculated for CasHaegFNoO (M+H) " m/z = 427.3;
found 427.2.

Example 165
{I-4-GIA R 28)-2-phenyicyclopropyljamine methylpiperidin-1-vijeyclobutyilacetic

\NQ LCOH
H J

This compound was prepared according to the procedures of Example 55 with 1-boc-

acid

4-piperidinecarboxaldehyde (Ark pharm, carfAK-21827) replacing tert-butyl 4-formyl-4-
methylpiperidine- i -carboxylate in Sfep 7. The reaction mixture was purified by prep-HPLC
{pH = 2, acetonitrile/water+THFA) to give the desived product as the THA salt. LC-MS

calculated for C2iHaNO2 OMFHY m/z = 343.2; found 343 .2.

Example 186
11-G-hydroxyeyelobutyl)-3-(4-{ (1R, 25)-2-phenyicyclopropyliaminol piperidin-1-
viazetidin-3-yilacetonitrile

H

FADS
@ NUK\CN

N

&
OH
To the solution of N-{1-[3-(cyanomethyhazetidin-3-ylpiperidin-4-y1}-2,2,2-trifluore-
N-[(1R,28)-2-phenylcyclopropyvllacetamide (Example 58, Siep 4: 20 mg, 0.05 nwaol) in
methylene chionide (2 mL) was added 3-oxocyclobutyl benzoate (19 mg, 0.098 mmol),
followed by acetic acid (8.4 pL, 8.15 mmeol). The resulting mixtare was stirred at room
temperature for 1 b, then sodium triacctoxyborohydride (31 mg, §.15 nunol) was added.

The reaction nuxture was stirred at room feraperature for 1.5 h then quenched with saturated
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aqueocus NaHCOs, and extracted with ethyl acetate. The combined organic layers were
washed with brine, dried over NaxSQy, filiered and concentrated under reduced pressure. The
residue was dissolved in acetondtrile (1 mll) then 4N NaOH (Iml) was added. The reaction
mixture was stitred at room temperature for 2 h then purified by prep-HPLC (pH =2,

5 acetomtrile/water+TFA) to give the desired product as the TFA salt. LU-MS calealated for

CosHaaNaO (M+H) T m/z = 381.3; found 381.2.

Example 167
2-(3-(4-{({1R,28)-2-phenyicyclopropyliamine}piperidin-1-vi)-1-(tetrabydrofuran-2-

10 carbonylazetidin-3-yhacetoniiriie

This compound was prepared according to the procedures of Exampie 50 with
tetrahydrofuran-2-carboxylic acid replacing I-methyl-iH-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the

15 desired produet as the TFA salt. LC-MS calculated for CoallaaNaGz (M+H) ™ m/z = 408.3;
found 409.2.

Example 168
I3-(4-{I(IR,25)-2-phenyicyclopropyl]amino} piperidin-1-yi)-1-(tetrahydrofuran-3~

20 yicarbonviazetidin-3-yijacetoniiriie

N
gg\cm
N

’d
0)\\/}
O
This compound was prepared according to the procedures of Example 80 with

tetrahy drofuran-3-carboxylic acid replacing 1-methyl- i H-pyrazole-4-carboxylic acid. The

reaction mixiure was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the
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desired product as the TFA salt, LC-MS calculated for CoaHaaNaGr (MHH): my/z = 409.3;

found 409.3.

Example 169
13-(4-{I(IR,25)-2-phenyicyclopropyl]amine} piperidin-1-yi}-1-(1,3-thiazol-5-

yicarbonyljazetidin-3-yijacetoniirile

H
S

L S Ngg\cm

S AW
Gt
This compound was prepared according to the procedures of Example 80 with
Thiazole-5-carboxylic acid (AstaTech, carfi69866) replacing 1-methyl-1H-pyrazole-4-
carboxyiic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acctontiriie/water+THA) to give the desired product as the TFA salt. LC-MS calculated for

CosHasNsO8 (M+HY™: m/z = 422.2; found 422.2,

Example 118
{1-(isothiazol-S-yicarbonvi}-3-(4-{H{I R,28)-2-phenyicyclopropyl amino}piperidin-1-

viazetidin-3-yilacetonitrile

S~N
This compound was prepared according to the procedures of Example 8 with
isothiazole-S-carboxylic acid {(AstaTech, car#628536) replacing |-methyl-1H-pyrazole-4-
carboxvyhic acid. The reaction mixture was purified by prep-HPLC {(pH =2,
acetonirile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CosHosNsOS (M+H) ™ m/z = 422.2; found 422.2.

Example 1113
B3-{d-{{(IR.25)-2-phenyicyclopropyljamine} piperidin-1-yD-1-(pyrazin-2-

148
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vicarbonyhazetidin-3-vijacetonitrile

This compound was prepared according to the procedures of Example 80 with 2-
pyrazinecarboxylic acid (Aldrich, car#iP36 700 replacing 1-methyl- 1 H-pyrazole-4-carboxylic
acid. The reaction mixtare was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to
give the desired product as the TFA salt. LC-MS calculated for CaaHooNeO (MA+H)": /2 =
417.2; found 417.2.

Example £12
13-{4-{{{(IRZS)-Z-phenylcyclopropyljaming  piperidian-I-vI-1-(§ H-pyrazol-4-

vicarbonylaretidin-3-vljacetoniirile

gN

~NH
This compound was prepared according to the procedares of Example 86 with 1H-
pyrazole-4-carboxylic acid {Ark Pharm, carfdK-25877) replacing 1-methyl-1 H-pyrazole-4-
carboxvhc acid. The reaction mixture was purified by prep-HPLC (pH =12,
acetontirile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CostooNeO (M+HY: m/z = 405.2; found 405.3.

Example $13
B3-{d4-{I(AR28)-2-phenyicyclopropyljamine | piperidin-1-yD-1-( H-pyrazol-5-

vicarbonyhazetidin-3-vijacetonitrile
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This compound was prepared according to the procedures of Example 80 with 1H-
pyrazole-5-carboxylic acid {Oakwood, carffi 45533) replacing 1-methyl-1H-pyrazole-4-
carboxylic acid. The reaction muxture was purified by prep-HPLC (pH =2,

5 acctonitrile/water+TFA) to give the desired product as the TFA sal. LC-MS calculated for

CrHooNeO (MAH): 'z = 405.2; found 405.2.

Example 114
§3-(4-{I(AR,25)-2-phenylcyclopropyllamino} piperidin-1-yD-1-{{3R}-tetrahydrofaran-3-

10 yvicarbonyljazetidin-3-yvijacetonitrile

H
JAVY
Ry \O
s N
L e
N
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o

This compound was prepaved according to the procedures of Example 80 with (R)-
tetrahydrofuran-3-carboxylic acid (Aldrich, car#7/ 2280} replacing | -methyl-1H-pyrazole-4-
15 carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acctonitriie/water+THA) to give the desired product as the TFA saht. LC-MS calculated for

CosHasNaOn (M+H)Y T m/z = 409.3; found 4094,
Example §15

20 3-4-1OARZS2-phenyicyclopropyliamine ] piperidin-1-yD-1-{{(38-tetrahydrofuran-3-

vicarbonylaretidin-3-vilacetonitrile
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This compound was prepared according to the procedures of Example 80 with (S)-
tetrahydrofuran-3-carboxylic acid (Astech, car#66517) replacing 1-methyl-1H-pyrazole-4-
carboxylic acid. The reaction muxture was purified by prep-HPLC (pH = 2,
5 acctonitrile/water+THA) to give the desired product as the TFA salt. LC-MS calculated for

Costl3MNaOn (MHH)Y: m/z = 409.3; found 409.3.

Example 116
§3-(4-{I(AR,25)-2-phenylcyclopropyliamino}piperidin-1-yD-1-{{Z5-tetrahydrofuran-2-

10 yvicarbonyljazetidin-3-yvijacetonitrile

JAVS
Ry \O
L Mo ™en
N
L,
O/ ,g.f/\>
o~F

This compound was prepared according to the proceduares of Example 80 with (8)-2-
tetrahbydrofuroic acid (Aldrich, carf#527890) replacing 1-methyl-1H-pyrazole-4-carboxyhic
15 acid. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+THA) to
give the desired product as the TFA sall. LC-MS calculated for CaaHaaN4O2 (MDY my/z =
409.3; found 409.3.

Example 117

20 {3-{4-{[(IR,25)-2-phenyicyclopropyvi amine}piperidin--yI}-1 - {(ZR}-tetrabvdrofuran-2-

yicarbonyi]azetidin-3-yilacetoniirile
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This compound was prepared according to the procedares of Example 86 with (R}-2-
tetrahydrofuroic acid (Aldrich, carf479292) replacing 1-methyl-1H-pyrazole-4-carboxyhic
acid. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA} to
give the desired product as the TFA sall. LC-MS calculated for CaaHaaN4O2 (MDY my/z =
409.3; found 409.2,

Example 118
B3-{d-{{(AR25)-2-phenvicyclopropyijamine} piperidin-1-yI)-{-{pyridin-2-

ylacetyhazetidin-3-yijacetonitrile

This compound was prepared according to the procedures of Example 80 with 2-
pyridylacetic acid hydrochloride (Aldrich, cat#P65606) replacing 1-methyl-1H-pyrazole-4-
carboxvhic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acetonirile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CoeHaNsO (M+H) T m/z = 430.3; found 430.3.
Example 119

[3-(4-{{(IR,25)-2-phenyicyclopropyllamine) piperidin-1-yi)-§-(1,3-thiazol-4-

yvicarbonyllazetidin-3-ylacetonitrile
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This compound was prepared according to the proceduares of Example 80 with
thiazole-4-carboxylic acid (Aldrich, car#633658) replacing 1-methyi-1H-pyrazole-4-
carboxvhc acid. The reaction mixture was purified by prep-HPLC (pH =12,
acetontirile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

5 CoHsNsOS (M+H) " m/z = 422.2; found 422.2.
Example 126
B3-{4-{I(AR28)-2-phenyicyclopropyijamine} pipevidin-1-yD-1-(1,3-thiazol-2~
vicarbonyhazetidin-3-vijacetonitrile

H

AW
>0
© L% CN

N
Q&\Sﬁi}

This corapound was prepared according to the procedures of Example 80 with

10

thiazole-2-carboxylic acid (Ark Pharm, car#fAK-27895) replacing l-methyl-1H-pyrazole-4-
carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acetonttrile/water+THA) to give the desired product as the THA salt. LC-MS calculated for

15 CoHzgNsOS (M+HD: m/z = 422.2; found 422.2.

Example 12§
N N-dimethyh-2-13-(4-{ i1 R 28)-2-phenyleyclopropylamine} piperidin-1-yi-1-

{tetrahydro-2H-pyran-d-yhazetidin-3-yijacetamide

%
S \O E
| P N ngn/m\
N O
Step 10 [3-(4-{{(1R,28}-2-phenyicyclopropyljamine piperidin- I-vi)- 1 -(tetrahydro-2H-pyran-

4d-yhazetidin-3-vi]acetic acid
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To a solution of methyl (3-{4-[[(1R,28)-2-
phenyieyclopropyli(trifivoroacetyDaming Jpiperidin- 1 -yl fazetidin-3-yacetate (Example 70,
Step 4: 150 mg, 8.29 nunol} in methylene chloride (10 mbL) was added tetrahydro-4H-pyran-
4-one (Aldrich, car#98242: 100 pl., 1| omol), followed by acetic acid (100 pl, 2 nunol).
The resulting mixture was stirred at room temperature for 1 h, then sodium
triacetoxyborohydride (190 mg, 0.88 mmel) was added. The reaction mixture was stirred
at room temperature for 2 h then dituted with DUM and washed with saturated NaHCO;,
water and brine. The organic layer was dried over NazSQOq, filtered and concentrated. The
residue was dissolved in tetrahydrofuran (2 mE) then 2.0 M sodium hydroxide in water (2
mi., 4 mmol) was added, followed by methanol (5 mL). The resulting mixture was stirred at
room temperature for overnight then diluted with MeOH, filiered and purified by prep-HPLC
(pH = 2, acetonitrile/water+TEFA) to give the desived product as the TFA salt. LC-MS

calculated for CaaHzelz0s (MAHY: m/z = 414.3; found 4143,

Step 2 N, N-dimethyl-2-{3-(4-{{{ IR, 28)-2-phenyicvclopropyljamino }piperidin-I-vij-1-
{tetralydro-2H-pyran-4-vlazetidin-3-yljacetamide

[3-(4- {[{1R,28)-2-Phenyleyclopropyamino { piperidin- L-y1)- I-(tetrahydro-2H-pyran-
4-yhazetidin-3-yljacetic acid (TFA salt, 20 mg) was dissolved in tetrabydrofuran (1 ml) then
(benzotriazol- L-yvloxyWripyrrohidinophosphonium hexafluorophosphate (19 mg, 0.037
mmol}, N.N-diisopropylethylamine {150 gL, (.86 mmol) and 2.0 M dimethylamine in THF
(80 il 0.2 mmol) were added. The mixture was stirred at room teraperature for 2 h then
diluted with MeOH and purified by prep-HPLC (pH =2, acetonifrife/water+THFA) to give the
desired produet as the TFA salt. LC-MS calculated for CosHaNaGz (M+H) ™ m/z = 441 .3;
found 441.3.

Example 122
Nemethyi-2-3-(4-{{(I1R,25)-2-phenylcyclopropyliamine} pipervidin-1-yvi)-I-(letrahydro~

2H-pyran-4-yljazetidin-3-vijacetamide
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This compound was prepared according to the procedures of Example 127 with
methylamine replacing dimethylamine in Step 2. The reaction mixiure was purified by prep-
HPLC {pH = 2, acetonitrile/water+TFA} to give the desived product as the THA salt. LC-MS

s caleulated for CosHaseNaOz (MDY /e = 427.3; found 427.3.
Example 123
2-{i-{cyclopropyimethyi}-3-(4-{ (IR, 25)-2-phenylcyclopropyljamine} piperidin-i-

yhazetidin-3-yli-N,N-dimethylacetamide

H
JAVY
gy \O E
O

N

10 \/

This compound was prepared according to the procedures of Example 127 with
cyclopropanecarboxaldehyde replacing tetrahydro-4H-pyran-4-one in Step 7. The reaction
mixture was purified by prep-HPLC (pH = 2, acctonitrile/water+TFA) to give the desired
product as the TFA salt. LO-MS calculated for CzsHaoNyO M+ m/z = 411.3; found

15 4114

Example 124
2-[i~{cyciopropyimethyl}-3-(4-{{(HR 25 2-phenyleyelopropyl] amino} piperidin-1~

yhazetidin-3-vil-N-methylacetamide

H
JAVR
Sy @ H
l P ,Nzg\ﬂ,w\
o

N

20 ;
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This compound was prepared according to the proceduares of Example 123 with
methylamine replacing dimethylamine. The reaction mixture was purified by prep-HPLC (pH
=2, acctonitrile/water+TF A} to give the desired product as the THA salt, LC-MS calculated
for CaaH3NaO (MHH) iz = 397.3; found 397.3.

Example 125
13-{4-{{{1R28)-2-phenyicyciopropyiamine ) piperidin- I-vh- 1 -(pyrimidin-2-

vimethyhazetidin-3-yljacetic acid

H
: o N\O\i /\F/DH
s
»

This compound was prepared according to the procedures of Example 121, Step [
with pyrimidine-2-carbaldehyde (Synnovator, cat#PB003 749} replacing tetrahydro-4H-pyran-
4-one. The reaction mixture was purified by prep-HPLC (pH = 2, acclonitrile/water+TFA) to
give the desired product as the TFA salt. LC-MS calculated for CoaHanNsOx (M+H)Y: nvz =

22.3; found 422.2.

Example 126
13-(4-{I(AR,25)-2-phenyicyclopropylamineg} piperidin-1-yi-1-(pyriuidin-5-

yvimethyhazetidin-3-yljacetic acid

ol Gggw« o

s
L7
This compound was prepared according to the procedures of Example 121, Step !
with pyrimidine-5-carbaldehyde (Matrix Scientific, carfi007321) replacing tetrahydro-4H-
pyran-4-one. The reaction mixture was purified by prep-HPLC (pH =2,
acetonitrile/water+TFA) to give the desired product as the TFA sall. LC-MS calculated for
CoatlaaNsCo (MY w/z = 422.3; found 422.2.
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Example 127
13-(4-{I(IR,25)-2-phenyicyclopropyllamineg] piperidin-1-yH-1-(1,3-thiazol-4-

yimethyhazetidin-3-yljacetic acid

H
JAWDYY
gy
© Q&YOH
o

N

This compound was prepared according 1o the procedures of Example 121, Siep I
with thiazole-4-carboxaldehyde (Aldrich, cat#6871105) replacing tetrahydro-4H-pyran-4-one.
The reaction mixture was puritfied by prep-HPLC (pH = 2, acetonitrile/water+TFA} to give
the desired product as the TFA salt. LC-MS caloutated for CoaHaNaG2S (MHHY: miz =
10 427.2; found 427.2.

Example 128
[3-(4-{{(IR,25)-2-phenyicyclopropyllamine) piperidin-1-yi)-§-(1,3-thiazol-5-
yimethyhazetidin-3-yljacetic acid

H

Ry -““&AN /\W
© I/N 2:;7%/0&5

N A
N
N
15 g~

This compound was prepared according to the procedures of Exampie 121, Step 1
with thiazole-5-carboxaldehyde {Aldrich, carffi58103) replacing tetrabydro-4H-pyran-4-one.
The reaction muxture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give
the desired product as the TFA salt. LC-MS caleulated for CosHsNaGaS (MHH my/z =

20 427.2; found 427 2.
Example 129

I3-(4-{I(IR,25)-2-phenyicyclopropyilamino} piperidin-1-yi-1-(1 3-thiazol-2-

yimethyiiazetidin-3-yljacetic acid
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b

This compound was prepared according to the procedares of Example 121, Step 1
with thiazole-2-carboxaldehyde (Aldvich, cat#422460) replacing tetrahydro-4 H-pyran-4-one.
The reaction mixture was purified by prep-HPLC (pH = 2, acetonitvile/water+TFA) 1o give
the desired product as the TFA salt. LC-MS caloudated for CoaflaNaGe8 (MDY m/z =
427.2; found 427.2.

Example 130
3-{4-{{(AR.25)-2-phenyicyclopropyi]amine} piperidin-1-yI}-1-(3,3,3~

triflucropropyl)azetidin-3-vijacetic acid

AN
ST
© Ngé’jg OH

™
CFs
This corapound was prepared according to the procedures of Example 121, Step |
with 3,3,3-triflooropropanal (Alfa Aesar, carftfi50472) replacing tetrahydro-4H-pyran-4-one.
The reaction mixture was puritied by prep-HPLC (pH = 2, acetonitrile/water+TFA} to give
the desired product as the TFA salt. LC-MS calculated for CootiFshsOr (MAHY my/z =

426.2: found 426.2.

Example A: LSB1 histone demethylase biochemical assay

LANCE LSDUKDMIA demethylase assay- 10 ul of 1 oM LSD-1 enzyme (ENZO
BME-SE544-0050} inthe assay buffer (50 oM Tris, pH 7.5, 0.619% Tween-20, 25 mM Na(Cl,
S oM DTT) were preincabated for 1 hour at 25°C with 8.8 uL compound/DMSO dotted in
black 384 well polystyrene plates. Reactions were started by addition of 10 uL of assay
buffer containing 0.4 pM Biotin-labeled Histone H3 peptide substrate: ART-K(Mel)-
QTARKSTGGKAPREQLA-GGR(Biotin) SEQ ID NO:1 {AnaSpec 64355) and incubated
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for 1 hour at 25°C. Reactions were stopped by addition of 10 b 1X LANCE Detection
Buffer (PerkinElmer CR97-100) supplemented with 1.5 nM Eu-anti-unmodified H3K4
Antibody (PerkinElmer TRF0404), and 225 oM LANCE Ulra Streptavidin (PerkinElmer
TRF102) along with 0.9 oM Tranvlcvpromine-HC (Millipore 616431). Afier stopping the
reactions plates were incubated for 30 minutes and read on a PHER Astar FS plate reader
(BMG Labtech). Compounds having an 10 of T uM or less were considered active. #Cso
data for the example compounds 1s provided in Table 1 (+ refers to ICs0 < 100 oM ++ refers

to 1s0 > 100 nM and < 500 nM).

Table 1
Example No. 1Cs0 (nM)

1 +
2 ;
4 +
5 +
& +
8 -+
9 +
16 +
i1 ++
12
13

14 +
15 +
16 +
17 +
18
19 +
20 +
21 +
22 +
23
25 +
26 +
28 '
29 ;
30 +
3 4+
33 +
34 ;
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Example No.

35

1Cs (M)

36

37 +
39 +
40 +
41 ;
42 +
43 +
44 +
45 +
46 ;
47 +
43 +
49 +
50 +
5] +
52 +
53 +
54 +
55 +
56 +
57 ;
58 +
59 +
60 +
61 +
62 ;
63 +
64 +
G5 +
66 +
&7 ;
6¥ +
69 +
7 +
71 +
72 +
74 +
75 +
7 +
74 +
80 +
81 +
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Example No.

82

1Cs (M)

83

34 +
83 +
86 +
87 +
g8 ;
8O +
G +
91 +
92 +
93 ;
G4 +
as +
96 +
97 +
98 +
94 +
100 +
101 +
102 +
104 ;
105 +
106 +
107 +
108 +
109 ;
110 +
11 +
112 +
113 +
114 ;
115 +
116 +
117 +
118 +
119 +
120 ;
121 +
122 +
123 +
124 +
125 ;
126 +
127 +
128 +

iel
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Example No. ICse (M)
129
130

Various modifications of the invention, in addition o those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modifications are
also fntended to fall within the scope of the appended claims. Each refercoce, including all

5 patent, patent applications, and publications, cited in the present application s incorporated

herein by reference in its entirety.
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What is claimed is:

1 A corapound of Formula |

or a pharmaccutically acceptable salt thereof, wherein:

ring A is Cs-waryl or 5-10 membered heteroary! comprising carbonand 1, 2, 3 or 4
heteroatoms selected from N, O, and §;

ring B is 4-10 membered heterocycloalkyl comprising catbonand 1, 2, or 3
heteroatoms selected from N, O, and S;

ring C s (1} monocyche Cs.reycloalkyl, (2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §,

or (3} a fused bicyclic moiety having Formula (A):

(8)
wherein:
ring Cl is CUs. cycioalikyl or 5-6 membered heterocyeloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s (1) phenyl, (2} Csceycloalkyl, (3} 5-6 membered heteroaryl
comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §, or (4} 5-6
membered heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 5;
wherein said fused bicychic motety of Formula {A) 1s bonded to ring B via ring
C1, and wherein ring C substituents R* and R* are substituted on either or both of C1 and C2;
wherein ring C is substituted on any ring-forming atom of ring B except the ting-

forming atom of ring B to which R is bonded;
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each R! is independently selected from halo, Cis alkyl, Cos alkenyl, Cos alkynyl, Cis
haloalkyl, Csroaryl, Ciasoycloalkyl, 3-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coioaryl-Craalkyl-, Caae cycloalkyl-Cia alkyl-, (5-10 membered
heteroary)-Cis alkyl-, (4-10 membered heterocycloalkyly-Craalkyl-, ON, NGOz, OR? SRA,
C(OIR®, CIOMNRCRY, C(OHOR®, OT{OIRY, OC(OINRRY, NRRY, NREC(O)R®, NRC(O)YOR?,
NREC(OINRRY, CENROR, CENRONRORY, NREC(=NRONRRY, NRUS(O)R®, NRCS(O):R",
NROS{ORNRRY, S(OIR®, S{OINRRY, S{ORRY, and S(ORNRRY, wherein said Cire alkyl,
Cas alkenyl, Cos allkvnyl, Coiparyl, Cagocycloalkyl, 5-10 membered heteroaryl, 4-18
membered heterocycloalkyl, Ceioaryl-Cia alkyl-, Caocycloaliyl-Cios alkyl-, (5-10
membered heteroaryl}-Cra alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkvl, Cr. haloalkyl, Cis cyanoalkyl, CN, NOz, OR®, SR*, C{O1RP, C{ONRRY, C{OYOR?,
OC{OIRY, OC(OINRRY, C{=NR*NR°R?, NRCC(=NRINRRY, NRRE, NREC(OIR®,
NREC{OMWOR?, NREC(OINRORY, NES(OIRP, NROS{(RRP, NRS{U1NRRY, S(OIRD,
S(OINRRY, S(ORRY, and S{ORNRRY,

each R? is independently selected from halo, Cie alkyl, CN, OR®, C{O)RY,
COINRSRI C(OHYORY, NRHRIL SIOHRPE, S(OWRCIRY, S(OLRY, and S(ORNRRY,
wherein said Cis alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{OYRY, C{ONRIRY, C{O)YORY, OC(OHRYY,
OC{OINRORYM, C(=NREHNRYRY, NREUC(=NRHNRRY NRYRY, NREC(O)R,
NREAC(OMORY, NRECIOINROIRI! NROIS(OIRYE, NRYS(ORRY, NRYS(ORNRRY,
S(OWRM, S{OINREIRY 8{0RRY, and S{ORNRRY,;

wherein each R? is substituted on any ring-forming atom of ring B except the ring-
forming atont of ring B to which R? is bonded:;

each R? s independently selected from halo, Cis alkyl, Cas alkenyl, Cos atkynyl, Cis
haloalkyl, Ceroaryl, Cso cyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceroaryl-Cra alkyl-, Ca.o cycloalkyl-Crs allcyl-, (5-10 membered
heteroaryl)-Cr4 alkyl-, (4-10 membered beterocycloalkyD-Craalkyl-, ON, NO2, OR%, SR#,
C{OIRM, C{OINRIR?, C(OHOR®, OC(OIRY, OC(OINRRY, NRYRE NRC(OIRD,
NRZC(OYOR™, NRAC({OINRZRE, C=NRRY, CENRHNRYRY, NREC(=NRZ)INRYRY,
NEZS(ORY, NRUS{O1hRY, NRUS{ORNRZRYE, S{ORP, S(OINRTRY, S(0RRY, and
S{ORENRYRE, wherein said Cre alkyl, Czs alkenyl, Cas alkynyl, Caioaryl, Cato cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cooaryi-Cra alkyl-, Caio

cycloalkyl-Cra alivyl-, (5-10 membered heteroaryly-Ciaalkyl, and (4-18 membered
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heterocycloalkyi)-Cia alkyl- are cach optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Cru alkyl, Cis haloalkyl, Cis cyanoalkyl, ON, NO», OR®,
SR#, C{ORD, C{OINRTRP, C{OYOR?, OC(OIRY, OC(OINRIRY, C(=NRZ)NRVRY,
NRECENRNRIRY, NRIRY NREAC(OIRY, NRAC(OOR®, NRECOINRIRE,
NREGIOIR, NRES(ORR, NRES(ONNRERY, SR, S{OINRZRE, S(ORRY, and
SORNRERD;

R* is halo, Cus alkyl, Cze alkenyl, Cze alkynyl, Cis baloalkyl, Ceroaryl, Cato
cycloatkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceroaryl-Cra alkyl-
, Csio cycloalkyl-Cra alkyl-, (5-10 membered heteroaryi}-Cra alkyl-, (4-10 membered
heterocycloalky)-Craalkyl-, CN, NOz, OR®, SR, C{O)R®, CIOINRERS, ({U0OR™,
CE=ENREIRY, CENRANRERS, NRECENREINRSRS, NROS(OIRP, NRSS(0):RY,
NRES(ORNROERY, SIOIRD, S(OMRZRE, S(O1RRY, or S(ORNRYR®, wherein said Cis
alkyl, Cos alkenyl, Caws alkynyl, Caroaryl, Caavcyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Ceoaryl-Cra alkyl-, Craocyeloalkyl-Crs alkoyl-, (5-10
membered heteroaryl}-Ci4 alkyl-, and (4-10 membered heterocycloalkyi}-Cig alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Ci4 haloalkyl, Cia cyanoalkyl, ON, NO», OR®, SR®, C{ORY, CIOINRTRS,
C{OYIR®, OC(OIRY, OC{OINRRE, CENRPINRORY, NROC(=NR¥INRORE, NRORY,
NREC(OIR®, NRECIOIOR®, NRPC({O)NRURE, NRUS{OIRD, NROS(ORRY,
NREG(ORNRORY, SR, SIOINRURE, S{ORRY, and S{ORNRERY,;

R® and R® are each independently selected from 14, halo, ON, Ci4 alkyl, Ci
cyanocalkyl, Crahaloalkyl, and —(Cia alkyl3-OR®;

R%is H, halo, Cis alkyl, Cre alkenvl, Cas alkynyl, Cis haloalkyl, Cooaryl, Cso
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Csaoaryl-Cia alkyl-
. Csaoeyeloalkyl-Cra alkyl-, {5-10 membered heteroaryl}-Cia aliiyl, (4-10 membered
heterocycloalkyl-Cia alkyl-, CN, NO2, OR™, SR™ C{O)RY, C{OINR¥R, C(OYORM,
OC(OIRY, QOCOINRARY, NRURH NRAC(OIRY, NRUCOWORH, NRAC(OINRURY,
CENRARM, CENRMINRARY, NRACENROMNRARY, NRAS(OIRY, NRU4S{ORRY,
NRAS{OQ1RNRURH, S(O)RY, S(OINRURY, S(O»RY, and S(ORNRURY, wherein said Cies
alkyl, Cre alkenyl, Cre alkynyl, Covaryl, Criocyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce-to aryl-Craalkyl-, Criocyeloalkyi-Cra alkyl-, (5-10
membered heteroaryl)-Ci alkyl-, and (4-10 membered heterocycloalkyl)-Cia alkyl- are each

optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Ciy
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alkyl, C'rg haloalkyl, Cig evanoalkyl, CN, NGz, OR™, SR® C{OIRM™, C(O)NR#RH,
CIOYOR™, OC(OIRY, OC(OINRURY, C(=NRUINRHR®, NRAC(=NRINRARHM, NRHRH,
NRUC(OIRY, NRAC(OHOR, NRAC(OINRARY NRHS(OIRY, NRUS(O1RY,
NRUSIORNRFRY, SR, S{OINRHRY, S{ORRY, and S(ORNR¥RY,

cach R R®, RS, RY, R™2, RP, Re2, R, R, RY, RS, RS, R™ RY, R, and R™ is
independently selected from H, Cis alkyl, Ciahaloalkyl, Cre alkenyl, Uo6 alkynyl, Coasaryl,
Ci-o cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-io aryl-Cra
alkyl-, Cs-o cycloalkyl-Crg alkyl-, (5-10 membered hetercary)-Cia alkyl-, and (4-10
membered heterocycloalicy-Cia alkyl-, wherein said Cis alkyl, Coe alkenyl, Cog alkynyl,
Ceroaryl, Csao cycloalkyl, 5-10 membered hetoroaryl, 4-10 membered heterocycloalkyl, Ce.to
ary}-Craalkyl-, Cs.o cycloalkyl-Cra alkyl-, (5-10 membered heteroaryl}-Cig alkyl-, and (4-10
membered heterocycloalkyl)-Cia alkyl- is optionally substituted with 1,2, 3, 4, or 5
substituents independently selected from Cia atkyl Crahaloalkyl, Crscycanoalkyl, halo,
CN, OR®, SR®, CIORP, CIOINRERY, CIOHYORD, OC(OHRY, OCIOINRERD, NR¥RS,
NROBCIORPS, NREC(OINRDRES, NROC(OYOR®, C(=NR¥INRDRE,
NRBCENREINRERE, S(OIRD, S(ONRER™, S(ORRY, NROS(ORRY, NROS(ORNR@RY,
and S(ORNRSRS;

or any B¢ and RY together with the N atom to which they are attached form a 4-, 5-, 6-,
or 7-membered heterocycloalkyl group optionally substitated with 1, 2, or 3 substituents
ndependently selected from Cig alkyl, Usr eycloalkyl, 4-7 membered heterocycloalkyl, Cee
aryl, 5-6 merobered beteroaryl, Cishaloalkyl, balo, CN, ORY, SR™, C{OYRY, C{OINRPRY,
C{OHOR™, OC(OIRD, OCOINRERS, NRORE, NROC(OIRY, NROCOINRERS,
NRPC(OYOR™, C(=NRZINRPRE  NROC(=NRINRPRY, S{OIR™, S{ONRZRY, §{0)RY,
NRZS(ORRY, NRPS(ORNRERY, and S{(ORNRERP, wherein said Ci alkyl, Cao
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.1o aryl, and 5-6 membered heteroary] are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanocalkyl, ON, OR®, SR, C(OIRY, C{OINRZRY, C(OYOR®,
OC(OIRY, QCOINRERE, NRSRE, NREC(OIRS, NRECOWRSRE, NRSC(O)ORS,
CENRIPINRERE, NRSCENREINRSRE, SIO0MRYS, S(OINRFRES, S(ORRYS, NRSS(ORRYS,
NRZS5{01NRER®, and S(ORNRERS,

or any R and R¥ together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from Cie alkyl, Ts eyeloalkyl, 4-7 membered beterocycloalkyl, Co-io

aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, N, OR®, SR*, C{OR,
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C{ONRERE, C(OYOR®, OC(OIRY, OC(OINRERE, NRARE, NRAC((HRY,
NRSC(OINRERY, NREC(OIORS, CENRPINRERS, NREC(ENRYINRERY, S(OIRY,
S{OINRORY, S{O1RY, NROPS(ORRY, NRUS(ORNRYRP, and S(ONRSORY, wherein said
Cios alkyl, Ca7eycloalkyl, 4-7 membered heterocycloalkyl, Csio aryl, and 5-6 membered
hetercaryl are optionally substituted by 1, 2, or 3 substituents independenily selected from
halo, Ci.s alkyl, Crahaloalkyl, Ci4cyanoalkyl, CN, OR®, SR¥, C{OYR™, C{OINRSRE,
C{OHORP, OC(ORY, OCIOINESRY, NEPRY, NRSC(OIRY, NRPCOINRSRY,
NREC(OWORS, C=NRFINRPRE NROSCE=NRSINRPRY, S(O)RY, S{OINRFRYS, S{O)RY,
NRZS(01RY, NRPS(O1RNRER®, and S(O)NRERE,

or any R* and RY together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Csreyeloalkyl, 4-7 membered heterocycloaliyl, Ceio
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR™, SR®, C{O}R™, C{OINRORE,
C{OHOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(O)RY, NRECOINRORY,
NRPCOYOR®, C(=NREINRPRY NRODCENRPINRDRY S(OIRD, S{OINRZRY, §{O)RY,
NRZS(01RRY, NRPS(ORNRERY, and S(ORNRORY, wherein said Cie alkyl, (37
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents fndependently selected from halo, Cis alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR, C(ORY, C{ONR®R®, C{OIOR®,
OC(OIRY, OCOINRERY, NRERE, NREC(O)R, NREC(OINRSRE, NREC(O)ORS,
C(=NREINRERY, NRSC(ENRINRERY, SIOIRY, SIOINRIRS, S(ORRY, NROS(ORR,
NRSS(ORNRORY, and S(ORNRERY;

or any R* and R* together with the N atom to which they are attached form a 4-, 5-,
&-, or 7-membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from Cis alkyl, Cso eyeloalkyl, 4-7 membered heterocycloalkyl, Ceio
aryl, 5-6 membered heteroaryl, Crs haloalkyl, halo, CN, OR*, SR¥, T{O)RY, C{O)NRSRE,
C{OHOR™, OC(OIRY, OC{OINRSRE, NRURS, NRSC(O)R, NREC(OINRPRE,
NRECIOYWORD, CENRPIINRERS, NRECENRDINRERD, SIORD, S{OINRORY, S{(ORRY,
NROS(O1RRD, NRPS(ORNRPRYE, and S{ORNRERY wherein said Cre alkyl, Civ
cycloatkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroary? are
optionally substituted by 1, 2, or 3 substituenis independently selected from halo, Cig alkyl,
Ciahaloalkyl, Ciacyanoalkyl, CN, OR®, SR, C{ORY, CLOINRYRDP, CIOHORS,
OC(OIR™, OC(CINRERYS, NRERS, NREC(OIRY, NROC{OINRERYS, NREC(OYOR,
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CENRINRERY, NRECE-NREOINRERYS, SR, S(OINRIRY, S(ORRS, NRIS(O)RY,
NREFS(ORNRERD, and S(O)RNRERY;

cach R™, RYM R R is jndependently selected from H and Cis alky] optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, CN, OR®,
SR®, C{O)RY, C{OINRPRE, C{OIOR™, OC(OIRD, OC(DINRERE, NRORE, NRPC(O)RY,
NRECOIRSRYE, NRPC(O)YOR®, C(=NR¥INRZRY, NRPC(=NR®INR“RY, S{O)R™,
SIOMNRERY, S(OLR™, NRPS{OLR™, NRPS(ORNRSRY, and S(ORNRIRS;

each R¥, R", R¥ and R® is independently selected from H, T alkyl, Ci4 haloalkyl,
a4 alkenyl, and Crs alloynyl, wherein said Crs alkyl, Cos alkenyl, and Cou alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, CN,
amino, halo, Craalkyl, Craalkoxy, Cigalkylthue, Ciaalkylaming, di{Ciaalkylamine, Cig
haloalkyl, and Ci4haloalioxy; and

cach R®, R®, R¥? R® R® and R® is independently selected from H, Ciualkyl, and

CN;
misQ, 1, or 2;
nis0, 1,2, 0r3;
pis 0, 1,2, 3 and
qis 0,1, or 2,
2. The compound of clatm 1, or a pharmaceutically acceptable salt thercof, wherein ring

B is monocyehic 4-7 merbered heterocycloalkyl comprising carbon and 1, 2, or 3

heteroatoms selected from N, G, and 5.

3. The compound of claim | having Formula H:
3
(R)p
(R¥)m
R4
AN
: § /
(R")n TNy
RS ke K

i1
or a pharmaceutically acceptable salt thereof, wherein:

X 1s -CHa- or -CHz-CHo-:
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Y is -CHe- or -CH»-CH-;
wherein cach R? is substituted any ring-forming carbon atom of the ring in Formula I

containing X and Y except the ring-forming carbon atom to which R% is bonded.

4. The compound of clatm 1 having Formuda HHa or Hib:
3
(R%)p
2
\~n
(R N
4 z
RS R T
iHa
3
(R)p
(R®)m .
R
™~y
(R")n N
)z
RS RO R
b

or a pharmaceutically acceptable salt thercofl, wherein each R? is substituted on any ring-
forming carbon atom of the azetidine ring depicted in in Formula HHa or the piperidine ring

depicted in Fornwla b except the ring-forming carbon atom to which R” is bonded.

5. The compound of clatm 4, or a pharmaceuotically acceptable salt thereof, having

Formula IVa or IVh:

(R3)p
(R%)m
\on
4
GUN N R
4 oz
R> R® R
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Va
(R%)p
(R\z)m
S
H N
(R N
q
RS Re R
1% 3
6. The compound of clatm 1 having Formula Va or Vi
N
H
(R")n N
q
Va
H N
(R N
q
Vb
or a pharmaceutically acceptable salt thereof,
7. The compound of any one of claims | to 6, or a pharmaceutically acceptable salt

thereof, wherein g is 0.
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8. The compound of any one of clatms 1 to 6, or a pharmaceutically acceptable salt

thercof, wherein g is §.

9. The compound of any one of claims | to 8, or a pharmaceutically acceptable salt

thereof, wherein ring A 1s phenyl

10, The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt
3

thereof, wherein n is 0.

1. The compound of any one of claims 1 1o 9, or a pharroaceutically acceptable salt

thereof, wheremn is 1.

12. The compound of any one of claims 1 to 11, or a pharmaceutically accepiable salt

thereof, wherein R! is halo.

13, The compound of any one of clatms 1 to 11, or a pharmaceutically acceptable salt

thereof, wherein R is F

14. The compound of any one of claims 1 to 13, or a pharmaceutically acceptable salt

thereof, wherein both R and R® are H.

15. The compound of any one of clayms 1 to 14, or a pharmaceutically acceptable salt

thereot, wherein ring C is monocychic s cyeloalkyl.
16. The compound of any one of claims 1 to 14, or a pharmaceutically acceptable salt
thereof, wherein ring C is monocyclic 4-7 membered heterocycloalkyl comprising carbon and

1,2, 3 or 4 heteroatoms selected from N, O, and S,

17. The compound of any one of clayms 1 to 14, or a pharmaceutically acceptable salt

thereot, wherein ring C is cyclopropyl, eyclobutyl, cyclohexyl, azetidinyl, or piperidinyl.

18. The compound of any one of claims 1 to 14, or a pharmaceutically acceptable salt

thereof, wherein ring C 18 cyclopropyl, cyclohexyl, azetidinyl, or piperidinyl.
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19, The compound of any one of clatms 1 to 1§, or a pharmaceutically acceptable salt
thereof, wherein R* is Cig alkyl, Ceioaryl, 5-10 membered heteroaryl, C(OIRY,
CONRZRE C(OYORY, or S{(O):R™, wherein said Cig alkyl, Cosaryl, and 5-10 membered
heteroaryl are each optionally substituted with 1, 2, 3, or 4 substituents independently
selected from halo, Cis alkyl, Cis haloalkyl, Ci+ cyanoalkyl, CN, NO2, OR®, SR®, C(OHRY,
CIOINRERS, COYOR™S, OCHOIR™, OC(OMNRIRS, C(=NRZNRORY,
NRACENRDINRORS, NRORP, NREAC(OR®, NREPCIOYORY, NREC{OINRSRY,
NRZS(OIRY, NRES{0 1R, NRES{ORNRURY, S{ORY, S(OINRERY, §(01:RY, and
S{ORNRSRE,

20. The compound of any one of claims { to 18, or a pharmaceutically acceptable salt
thereof, wherein R* is Cia alkyl optionally substituted by CN, C{OWNRERY, OR¥, or
C{DHOR®,

21. The compound of any one of clayms 1 to 1§, or a pharmaceutically acceptable salt

thereof, wherein R* is Ci4 alkyl optionally substituted by CN, C{ONR™RE, or C{O)YORY.

22. The compound of any one of claims 1 to 18, or a pharmaceutically acceptable salt
thereof, wherein R* is -CH2-CN, -CHz-C(=0)0H, -CH2-C(=O)NH(CH3), -CHa.
C=ON(CHa Y, or -CH2CH2OH.

23. The compound of any one of clatms 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein each R® is independently selected from Cre alkyl, Csioaryl, 5-10 membered
heteroaryl, Cs-io cycloalkyl, 4-10 membered heterocycloalkyl, C(OIRY, C{OINRERE,
C(OYOR™, S(O3RY, and S{O}NRZRY, wherein said Cie alkyl, Ceaoaryl, 5-10 membered
heteroaryl, Cs.io cycloalkyl, and 4-10 membered heterocycloalkyl are each optionally
substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia alkyl, Cra
haloalkyl, Ci4 cyanoalkyl, ON, NGz, OR®, 8R#, C{OJRY, CIOINRZR®, C{O)ORW,
OC{ORY, OCLOINRYRY C{=NR)INRRY, NRZC(=NRZINRZR®, NRERY,
NEZC(ORY, NRC(OYOR®, NREC(OINRZRE, NRS((ORY, NR“S(0 1R,
NECS(ORNRYR®, S(OR, S{OINRIRT, §(ORRY, and S(ORNRTRE,
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24. The compound of any one of clatms 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein each R is independently selected from Cre alkyl, Coroaryl, 5-10 membered
heteroaryl, CIORY?, CIOINRRE CIOYORY, S{(ORRY, and S(ORNRPRP, wherein said
Cros alkyl, Csoaryl, and 5-10 membered heteroaryl are each optionally substituted with 1, 2,
3, or 4 substituents mdependently selected from halo, Ci alkyl, Cios haloalkyl, Cia
cyanoalkyl, CN, NOo, OR#, SR¥, C{ORY, C(OINRZRE, C{OYOR®, OC{O)R™,
OC{OINRYRY, C=NROONRARY NRAC(=NROINRZRY, NRARY, NRAC(OR™,
NREC(OMR™, NRZC(OINRTIRE, NRUIS(OR, NRI5{01RR, NRUS{01RNRZRY,
S{OYR™, S(OMNRZRE, S{O)RR, and S{ORNRZRE,

25, The compound of any one of claims 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein each R* is independently selected from Croe alkyl, Ceroaryl, 5-10 membered
heteroaryl, C{O)RY?, CCOINRER™, C{OHORY, and S(0):RY, wherein said Cie alikyl, Coao
aryl, and 5-10 membered heteroaryl are each optionally substituted with 1, 2, 3, or 4
substituents independently selected from halo, Cia alkyl, Cia haloalkyl, Cia cyvanoalkyl, ON,
N2, OR?, SR®, C(OR, C{OINRTZRE, C(OHYOR®, OC{ORY?, OC(ONRERY,
CENRZINRER®?) NRECENRZINROR®,) NRIRY) NREC(OIRY, NR2Z2C{OYOR™,

~ A% T

S(03RY, and S{O)NRIRP,
26. The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically
acceptable salt thereof, wherein R% s 1, Cis alkyl, or Cet0 aryl-Cia alkyl-, wherein said Cia

alkyl and Ce-10 aryl-Cis alkyl- are cach optionaily substituted by halo or OR™,

27. The compound of any one of claims [ to 5 and 7 1o 25, or a pharmaceutically

acceptable salt thereof, wherein R* is Cis alkyl

23 The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically

acceptable salt thereof, wherein R%is Ci4 alkyt substituled by methoxy.

29.  The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically

acceptable salt thereof, wherein R” is Ce10 aryb-Cia alkyl- substituted by {luoro,
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30. The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically

acceptable salt thereof, wherein R? is H, methyl, methoxymethyl, or 4-fluorophenyimethyl.

31 The compound of any one of claims [ to 5 and 7 1o 25, or a pharmaceutically

acceptable salt thereof, wherein R is L

32, The compound of any one of claims 1 to 31, or a pharmaceutically acceptable salt

thercot, wherein p is {8

33 The compound of any one of claims 1 to 31, or a pharmaceutically acceptable salt

thereof, wherein p is 1.

34. The compound of any one of claims 1 to 31, or a pharmaceutically accepiable salt

thercof, wherein p is 2.

35. The compound of any one of claims 1 to 5 and 7 to 34, or a pharmaccutically

acceptable salt thereof, wherein mis 0.

36. The compound of any one of claims 1 to 35, or a pharmaceutically acceptable salt
thereof, having a rrans configuration with respect to the di-substitated cyelopropyl group

depicted o Formula 1.

37. The compound of claim 1 sclected from:
{1-{4-{{#rans-2-PhenvicyclopropyDaminofpiperidin- 1 -yl cyclobutylacetonitrile;

{1-Methyl-3-{4-[{trans-2-phenyleyelopropyDamino Jpiperidin- 1 -yt azetidin-3-
yhacetonitrile;

(3-{4-{(zrans-2-Phenvicyclopropyamino piperidin- [ -yl azetidin-3-vHacetonitriie;

(1-Benzyl-3-{4-[(rrans-2-phenylcyclopropyDaminopiperidin- 1 -yl azetidin-3-
vhacetonitrile;

3-(3-(CyanomethyD)-3- {4-[(frans-2-phenyleyelopropyhaminolpiperidin- 1 -
yitazetidin-1-yl)propanoic acid;

{1-Acetyl-3-{4-{(trans-2-phenvicyclopropy Daminofpipendin- -y} azetidin-3-
yhacetonitrile;

{1-Benzoyl-3-{4-{{(zrans-2-phenylcyclopropyljamine jpiperidin- 1 - vi}azetidin-3-
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yvlacetonitrile;

Methyl 3-(cyanomethyl)-3-{4-[{trans-2-phenyicyclopropyhaminoipiperidin-1-
vitazetidine- | -carboxylate;

{1-{(Methylsulfonyl}-3-{4-[(rrans-2-phenyleyclopropyDaminopipenidin-1 -yl } azetidin-
3-yliacetomirile;

2-(3-{Cyanomethyl}-3- {4-[(irans-2-phenyleyclopropyDamino jpiperidin- 1 -
vitazetidio-1-yhoicotinonitrile;

3-Cyano-4-(3-{cyanomethyly-3- {4-[(rrans-2-phenyleyclopropyllaminelpiperidin- 1 -
vitazetidin-1-yhbenzoic acid;

2-(3-(Cyanomethy}-3- {4-[(#rans-2-phenyleyclopropybiaminoipiperid in-1-
vitazetidin-1-yhbenzonitrile;

4-(3-{Cyanomethyl}-3- {4-[{sroms-2-phenyleyclopropyDaminojpiperidin- 1 -
vitazetidin- 1-yhbenzonitrile;

L-(3-{{{trans-2-Phenyleyclopropyhamino jmethyl b azetidin- 1-
yvhcyclobutyllacetonitrile;

{1'-(Ethylsulfonyl}-3- {{srans-Z-phenylcyclopropyhaminemethyl} - 1,3'-biazetidin-3"-
viacetonitrile;

[4-(3-{{ (zrans-2-PhenylcyclopropyDamino imethyliazetidin- T -yDpiperidin-4-
ylacetonitrile;

[ I-Methyvl-4-(3-{[(#rans-2-phenyleyclopropyhamino fmethyl b azetidin- L-yhpiperidin-
4-yllacetonitrile ;

[1-Acetyl-4-(3- {{{frans-2-phenyloyclopropyDaming jmethy 1l azetidin- L -yDpiperidin-
4-yljacetonitirile;

[ 1-{4-Fluorobenzoy}-4-(3-{{{(srans-Z-phenyleyclopropyhamine fmethyl f azetidin-1-
vipiperidin-4-yijacetoniirile;

[ -(Methylsulfonyh-4-(3- { [{#rans-2-phenyleyclopropylaminomethyl} azetidin- 1 -
vipiperidin-4-yliaceionitrile;

[4-(3-{[{rramns-2-Phenyleyelopropyhamino Jroethyi fazetidin-1-yh- 1-
{phenylsulfonyDpiperidin-4-vljacetonitrile;

Jthyl 4-{cyanomethyD)-4-(3- {{frans-2-phenyleyelopropyDamine Jmethy 1} azetidin- 1-
yhpiperidine-i-carboxylate;

4-{Cyanomethyl)-N,N-dimethy-4-(3-{[{#rans-2-

phenyicyclopropyDaminofmethyl} azetidin- 1-yDpiperidine-  -carboxamide;
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4-{Cyanomethyl}-N-isopropy-4-(3- {{{srans-2-
phenyicyclopropyDamino fmethyl ) azetidin- 1 -vDpiperidine- | -carboxamide;

4-(Cyanomethyl)-N-(4-fluorophenyl3-4-(3- {{{(frans-2-
phenyleyclopropyDaminofmethyl} azetidin- | -yDpiperidine- I -carboxamide;

(3-{{{#rans-2-Phenyleyclopropyamino}methyl} - 1,3 -biazetidin-3'-y Dacetonitrile;

4~(3'-{Cyanomethyl}-3- {[{#rans-2-phenyicyclopropyDamino jmethyl} - 1,3 -biazetidin-
1-y1)-2,5-difluoro-N-[{18)-2,2,2-triftuoro- 1 -methylethy i benzanide;

N-{[1-(1-Methylpiperidin-4-ylazetidin-3-ylmethyl} -frans-2-
phenyicyclopropanamine;

Trans-2-phenyl-N-{{1-(I-phenylpiperidin-4-yhazetidin-3-
vilmethyl} cyclopropanamine;

1-Phenyl-4-(3- {{{#rans-2-phenyleyclopropyhamincmethyl ) azetidin-1 -
vicyelohexanccarbonitrile;

[ -(Ethylsulfonyl)-3-(4- {{zrans-2-phenyleyciopropyhamine Jmethyl} piperidio- 1 -
yhazetidin-3-yiacetonitrile;

{1-(4- {{{#rans-2-Phenylcyclopropyiamino fmethyl} piperidin-1-
vicvelobutyllacetonitriie;

[3-(4-{[{¢rans-2-Phenyleyelopropy Daminoimethy 1 pipenidin- | -y Dazetidin-3-
ylacetonitrile;

2-[3-{Cyanomethyl}-3-{4-{{{(rrans-Z-phenylcyclopropyhiamine jmethyl | piperidin- 1-
vhazetidn- | -vlinicotinoniirile;

4-[3-(Cyanomethy}-3-{4- {{{#rans-2-phenyleyclopropyhamine methyl ) piperidin- 1-
yhazetidin-1-y1}-2,5-difluore-MN-isopropylbenzamide;

13-(4-{{{rrans-2-Phenyicyclopropyhaminomethyl} piperidin-1-yh-1-[3-
(trifluoromethy Dpyridin-2-ylazetidn-3-y1  acctonitrile;

{3-(4-{[(zrons-2-Phenylcyclopropyhaminomethy pipenidin- 1 -y -1 -[5-
(triffuoromethyDpyridin-Z-yiazetidin-3-yifacetonitrile;

2-Chloro-6-[3-(cyanomethyh-3-(4- { [ (raris-2-
phenyicyclopropyllanminomethyl} pipenidin-1-yhazetidin- | -vljbenzonitrile;

2-[3-(Cyanomethy}-3-{4- {{{#rans-2-phenyleyclopropyhamine imethyl ) piperidin- 1-
yhazetidin-1-yijbenzonitrile;

4-[3-{Cyanomethyl}-3-(4- {[{trans-2-phenyleyclopropyDamino methyl} pipenidin- 1 -
yhazetidin-1-ylibenzoniinle;

Methyl 3-(cyanomethyi}-3-(4-{{(srans-2-phenyleyciopropyhamine jmethyl} piperidin-
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1-yDazetidine- 1-carboxylate;

3-(Cyanomethyl}-N-(2,4-difluorophenyl}-3-{4- {[{rans-2-
phenyicyclopropyDamino fmethy! b piperidin- 1-ylazetidine- | -carboxamide;

N-(3-Chiovo-2-fluorophenyl)-3-(cyvanomethy D-3-(4-{ [{rrans-2-
phenyicyclopropyDaminolmethyl} piperidin- 1-yDazetidine- | -carboxamide;

{1-(3,5-Difhuorebenzoyl)-3-(4- {[{frans-2-phenyleyclopropyDamina jroethyl f piperidin-
{-yhazetidin-3-yllacetonifrile;

[ 1-Benzoyl-3-(4-{[{#rans-Z-phenylcyclopropyhamino imethyl} piperidin- |- yhazetidin-
3-yljacetonitrile;

F1-(2-Fluorobenzoy}-3-(4-{{{(rans-Z-phenyleyclopropyhamino jmethyl f piperidin-1-
vhazetidin-3-yijacetonitrile;

[1-(3-Fluorobenzoyl}-3-(4- {{(trans-2-phenyleyclopropyDaminofmethyl} piperidin-1-
vhazetidin-3-yljacetonitrile;

[ 1-{4-Fluorobenzoyl)-3-(4- {{{srans-2-phenylcyclopropyhamino Jmethyl ) piperidin- 1 -
yhazetidin-3-yiacetonitrile;

[ I-Methyl-3-{4- {[{#rans-2-phenyleyclopropyDaminojmethyl ] piperidin- 1 -yDazetidin-
3-ylacetonitrile;

[3-(4-{[{trans-2-Phenylcyclopropy Damino methy ! piperidin- 1 -vDazetidin-3-yljacetic
acid;

N-Methvi-2-(3-(4-((trans-2-phenyleyclopropylaming yaethy Dpiperidin- | -yazetidin-
3-yhacetaroide; and

N, N-Dimethyl-2-(3-(4-((trans-2-phenyloyclopropylamineymethylpipenidin- 1 -
viazetidin-3-yliacetamide,

or a pharmaccutically acceptable salt of any of the aforementioned.
38. The compound of clatm 1 selected from:

{1-[4-(4-fluorobenzy -4-({[{1 R,28}-2-phenylcyclopropyliamine} methyhpiperidin-1-
vijcyelobutylbacetic acid;

{1-[4-{methoxymethyD-4-(4 [(1R,28)-2-phenylcy clopropyllamino bethyDpiperidin-
L-ylcyclobutyl}acetic acid;

{1-{4-methyl-4-({[(1R,25)-2-phenylcyclopropyilamine } methyDpiperidin- 1-
vievelobutyl acetic acid;

NN-dimethy}-2-{1-[4-methyl-4-({{(1R,25)-2-
phenyicyclopropyllamine } methylpiperidin-1-yijeyclobutyl tacctamide;
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N-methy-2-{1-{4-methyl-4-({[{(1R,25}-2-
phenyicyclopropyljamine  methylpiperidin-1-yljeyclobutyl facctamide;

[ -(methylsulfonyD-3-(4- {{{1R,25)-2-phenyleyclopropyliamine [ piperidin- 1-
vhazetidin-3-yijacetonitrile;

[ -methyl-3-{4- {{{1R,285)-2-phenyleyclopropylamino tpiperidin- 1 -y1azetidin-3-
vilacetoniiriie;

i3-(4-{{(1R,28}-Z-phenyleyclopropyliaming  piperidin- 1-yhazetidio-3-yllacetoniirile;

[3-(4- {{[{15,2R)-2-phenylcyclopropyljamino} piperidin-1-yDazetidin-3- yljacetonitrile;

[ 1-{ethylsulfonyi}-3-(4-{[(1R,2ZS}-Z-phenyicyciopropyljamine } piperidin- 1 -
yhazetidin-3-yljacetonitrile;

3-{eyanomethyD-NN-dimethyl-3-(4- {[{(1R,25)-2-
phenyicyclopropyllamino piperidin- [ -yazetidine- 1 -sulfonamide;

3-{cyanomethy - N-methyl-3-(4- {{(1 R,28}-Z-phenyicyclopropyljamine | piperidin- 1 -
vhazetidine- 1 -sulfonamide;

3-{cyanomethyD}-3-(4- {{{ IR, 28)-2-phenyloyclopropyliaminoe b piperidin-1 -
viazetidine- 1 -sulfonamide;

[ -methyl-3-(4-{{(1R,28})-2-phenyleyelopropy Hamino L piperidin- | -yhazetidin-3-
vijacetic acid;

[1-ethyl-3-(4-{[{1R, 28} 2-phenylcyclopropy lamine | piperidin- 1 -y Dazetidin-3-
vijacetic acid;

N N-dimethyl-2-[1-{4- {{{1R,28)-2-phenvicyclopropyl jamino fpiperidin-1 -
yvheyclobutyllacetamide;

N-methyi-2-{1-(4-{{{1R,Z5}-2-phenylcyclopropyljaming f piperidin-1-
vicvelobutyllacetamide;

2-[1-{ethylsulfonyD-3-(4- {{{(1 R,28)-2-phenyleyclopropyljamine  pipenidin-1-
yhazetidin-3-yI}-N N-dimethylacetamide;

2-[1-{cthylsulfonyH-3-(4- {{{1R,28)-2-phenylcyclopropyllamine ) piperidin- i~
vhazetidin-3-yij-N-methylacetamide;

or a pharmaceutically acceptable salt of any of the aforementioned.

39, The compound of claim | sclected from:

L-(1-methyl-1 H-pyrazol-4-yD-3-(4- {{{1R,25)-2-phenyleyclopropyHamino } piperidin-
I-ylazetidin-3-ylacetonitrile;

[ 1-(2-hydroxyethyl-3-(4- {{{ IR,28)-2-phenylcyclopropyliamine tpipendin-1-
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yhazetidin-3-yiacetonitrile;
[ 1-(3-hydroxyeyclobutyly-3-(4- {{(1R,28)-2-phenyicyclopropyliamine | piperidin-1-
yhazetidin-3-yljacetonitrile;
[ I-{cis-4-hydroxyeyclohexyl-3-(4-{[{1 R, 28)-2-phenyleyclopropyliamuno b piperidin-
I-ylazetidin-3-ylacetonitrile;
{ 1-{isothiazol-5-yicarbonyly-3-(4- {{{1R,25)-2-phenylcyclopropyljamine | piperidin- i -
vilazetidin-3-yijacetonitrile;
[ -(morpholin-4-ylcarbony13-3-(4-{{{(1R,28}-2-phenylcyclopropy Hlamino tpiperidin- -
viazetidin-3-yijacetonitriie;
[ -(trans-4-hydroxycyclobexyly-3-(4- {{{(1R,28}-2-
phenyleyclopropyllamino piperidin- L -ylazetidin-3-y1jacetonitrile;
[1-{(1-hydroxyeyelopentylicarbonyl}-3-(4- {[(1R,28)-2-
phenyicyclopropyllamino} piperidin- [ -yljazetidin-3-yijacetonitrile;
H1-{{1-bydroxyeyclopropyDearbonyl]-3-(4- {[{1 R, 28)-2-
phenyleyclopropyllamino fpiperidin- [ -ylazetidin-3-yijacetonitrile;
{1-{{(1-methyi-1H-pyrazol-4-yDearbonylj-3-(4- {{{IR,28)-2-
phenyicyclopropylarine fpiperidin- 1 -yliazetidin-3-y1]acetonitrile;
L[] -methy - 1H-pyrazol-4-ysulfonyi}-3-(4-{[(1R,28)-2-
phenyicyclopropytlamine; piperidin- [ -yDazetidin-3-y1acetonitrile;
F-{{(1-methyl-1H-pyrazol-5-yhcarbonyl§-3-(4- {[(1R,28)-2-
phenvicyclopropyljaminopiperidin- | -vijazetidin-3-yacetonttrile;
[1-{(3-hydroxyazetidin- 1 -ylicarbonyl}-3-(4- {[(1R,25}-2-
phenyicyclopropyljamino fpiperidin- L -yljazetidin-3-yijaceionitrile;
F-{{(4-hydroxypiperidin-1-yDearbonyl}-3-(4- {{{1R,28)-2-
phenyleyclopropyllamino piperidin- L -ylazetidin-3-y1jacetonitrile;
[1-{{(4-methoxypiperidin- L -yhcarbonyi-3-(4- {{(1R,25)-2-
phenyicyclopropyllamino} piperidin- [ -yljazetidin-3-yijacetonitrile;
1-{{cis-4-hydroxycyclohoxyhearbonyl}-3-(4- {{{1R,28)-2-
phenyicyclopropyljamino b piperidin- | -vljazetidin-3-yijacetominle;
[1-{(trans-4-hydroxycyclohexylcarbonyl]-3-(4- {[{ 1 R,28}-2-
phenyleyclopropyliamino ppiperidin- L -ylazetidin-3-y1jacetonitrile;
[3-(4-{I{1R,25)-2-(4-fuorophenyleyclopropyl jammo b piperidin- 1 -y1)-1-(4-
hydroxycyclohexylazetidin-3-yijacetomtrile;
[3-(4-{[(1R,28)-2-{4-fluorophenylicyclopropyijamino fpiperidin- 1 -y1)-1-
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{methylsulfonyhazetidin-3-yljacetoniirile;

3-(4-{{{1R,28)-2-phenylcyclopropyliaminoe piperidin-1-yh-1-(1,3-thiazol-5-
vicarhonyhazetidin-3-yijacetonitriie;

[3-(4-{[{1R,25)-2-phenyicyclopropyliamine | piperidin- 1-yD- 1-{1 H-pyrazol-4-
yicarbonyhazetidin-3-yijacetonitrile;

3-(4-{{(1R,28)-2-phenylcyclopropyliaming | piperidin- 1 -vh- 1 -(pyrazin-2-
vicarbonylazetidin-3-yijacctonitrile;

[3-(4- {{[{ 1R, 28)-2-phenyleyclopropyliaminoe } piperidin-1-yD- 1 -{tetrahydro-2 H-pyran-
4-yhazetidin-3-yljacetonitrile;

[3-(4-{{{1R,28)-2-phenylcyclopropyliaraino piperidin- 1-yh- 1 -(tetrabydrofuran-3-
vhazetidin-3-yijacetonitrile;

[3-(4-{[(1R,28)-2-phenylcyclopropyliaming } piperidin- 1 -y1)- L -(tetrahydrofuran-3-
vicarbonyhazetidin-3-ylacetonitrile;

{1-{4-C{[(1 R, 28)-2-phenyicyclopropyljamine fmethypiperidin-1-
vilcyclobutyl] acetic acid;

2-(3-(4-{{{ IR, 28)-2-phenylcyclopropyl jaminopiperidin- 1 -y1)- 1 -{tetrabydrofuran-2-
carbonyvhazetidin-3-yhacetonitrile;

2-(3-{cyanomethyD-3-(4-(((1 R, 28)-2-phenyicyclopropylaminejpiperidin- 1-
yhazetidin- t-yD)-N N-dimethylacetamide;

2-[1-{cthylsulfonyH-3-(4- {{{1R,28)-2-phenylcyclopropyllamine } piperidin- i~
vhazetidin-3-yijethanol;

2-[T-(methylsul{ony]}-3-(4- {[{1 R, 28}-2-phenyleyclopropytamino} piperidin-1-
viazetidin-3-yijethanol;

2-[3-(cyanomethyh-3-(4-{[(1 R,28)-2-phenyleyclopropyvllamine  piperidin-1 -
vhazetidin-1-yijacetamide;

2-[3-{cyanomethyl}-3-(4- {[{ I R 2S)-2-phenvleyclopropyllamine piperidin- 1 -
vhazetidin- 1 -yij-N-methylacetamide;

3-{cyanomethy -3-(4-{ (1R, 28})-2-(4-fluorophenyDicyclopropyl jamino [ piperidin-1-
vhazetidine- 1 -sulfonamide;

3-[2-(dimethylamino)-2-oxoethyl]-NN-dimethy1-3-{4- {[(1 R,25}-2-
phenyleyclopropyliaminoe ppiperidin- I -yhiazetidine- 1 -carboxamide;

methyl 3-[2-{dimethylamino}-2-oxoethyl}-3-(4- {{{1R,28)-2-
phenyicyclopropyllamino piperidin- -yDazetidine- 1 -carboxylate;

micthyl 3-{Z2-{methylamine}-Z-oxoethyi}-3-(4- {[(1R,28}-2~
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phenyicyclopropyllamino f piperidin- [ -ylazetidine-1 -carboxylate;

N,N-dimnethyi-2-(1-{methylsulfonyi}-3-(4-({{1R,28)-2-
phenyicyclopropyharinojpiperidin- 1 -yhazetidin-3-yhacetamide;

NON-dirnethyl-3-[2-(methylamine)-2-oxoethyl}-3-(4- {{(1 R, 28)-2-
phenyicyclopropytlamino; piperidin- [ -ylazetidine- 1 -carboxamide;

N-methyl-2-[1-{methylsulfonyl)-3-{4- {[{ IR, 28)-2-
pheayicyclopropyllamino} piperidin- I -yDazetidin-3-y1ljacetamide;

etrahydrofuran-3-y1 3-{cyanomethy}}-3-(4- {[{1R,28)-2-
phenyicyclopropyljamino fpiperidin- I -yl)azetidine-1-carboxylate;

[3-(4-{{{1R,28)-2-phenylcyclopropyliamine | piperidin- 1-vD- 1-(1 H-pyrazol-5-
vicarbonyhazetidn-3-yijacetonitrile;

{3-(4-{[(1 R, 28)-2-phenyleyclopropyllamine  piperidin- L-y1)- I-{(3R }-tetrahydrofuran-
3-ylcarbonyljazetidin-3-yl}aceionitrile;

{3-(4- {{{(1R,28)-2-phenylcyclopropylamine tpiperidin-1 -y - 1-[(38)-tetrabydrofuran-
3-ylcarbonylazetidin-3-y1} acetonitrile;

{3-(4-{{{1R,28)-2-phenyicyclopropyllamino} piperidin- 1 -y - 1-{(Z8 -tetrahydrofuran-
2-yicarbonyljazetidin-3-yl}acetoniirile;

13-(4-4{(1R,28)-2-phenylcyclopropylamino ipiperidin- L -y - 1-[(2R -tetrahydrofuran-
2-ylcarbonyllazetidin-3-ylacetomitrile;

F3-{4-{[(1R, 2R }-Z2-phenylcyclopropyljaming t piperidin- 1-yD- 1 -(pyridin-2-
viacetyhazetidin-3-yljacetonitrile;

[3-(4-{{(IR,25})-2-phenyicyclopropyllamine tpiperidin- 1-y1}- 1 -(1,3-thiazol-4-
vicarbonyljazetidin-3-yijaceionitriie;

[3-(4-{{{1R,28)-2-phenylcyclopropyllamino ppiperidin- 1-yh-1-(1,3-thiazol-2-
vicarbonyhazetidn-3-yijacetonitrile;

NN-dimethy}-2-{3-{(4- {[{1R,28)-2-phenyleyclopropyljamino } piperidin- L-y1)-1-
(tetrahydro-2H-pyran-4-yhazetidin-3-yijacctamide;

N-methyl-2-[3-(4- {{{1R,25)-2-phenylcyclopropyl famino f piperidin-1-y1}-1-
(tetrahydro-2H-pyran-4-yhazetidin-3-yljacetamide;

2-[1-{eyclopropylmethyl}-3-(4- {[(1 R,25}-2-phenyleyclopropy amino fpiperidin- 1 -
yhazetidin-3-yi}-IN,N-dimethylacetamide:

2-[1-{cyclopropyimethyl}-3-(4- {{{1 R, 25}-2-phenyleyclopropylamine fpipenidin- 1 -
yhazetidin-3-yi}-N-methylacetamide;

(3-(4-{{(1R,28}-2-phenyleyvclopropyliaming | piperidin- 1 -yD- I -(pyrimidin-2-
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yvimethyDazetidin-3-ylHacetic acid;

[3-(4-{{{1R,28)-2-phenylcyclopropyliamine | piperidin-1-y)- 1 -{pyrimidin-5-
vimethylazetidin-3-ylacetic acid;

[3-(4-{[(1R,28)-2-phenyicyclopropyllamino | piperidin- L-yD- 1-{1,3-thiazol-4-
yvimethylazetidin-3-yHacetic acid;

(3-{4-{{(1R,28)-Z-phenylcyclopropyllaming piperidin-1-y- 1-(1,3-thiazol-5-
vimethyhazetidio-3-vijacetic acid;

[3-(4-{{[{1R.28)-2-phenyley clopropyllamino b piperidin-1-yD-1-(1,3-thiazol-2-
vimethylazetidin-3-ylacetic acid; and

D3-(4- {[{(1R,28)-2-phenylcyclopropyljamino { piperidin-1-y1)-1-(3,3,3-
trifluoropropylazetidin-3-yijacetic acid,

or a pharmaceutically acceptable salt of any of the aforementioned.

40. A pharmaceutical composition comprising & compound of any one of claims 1 1o 39,
or a pharmaceutically acceptable salt thercof, and at least one pharmaceatically acceptable

carrier,

41. A method of mhibiting LSD comprising contacting a compound of any one of claims
110 39, or a pharmaceutically acceptable salt thereof, with said LSD1L

A A + S treaty P 3 o 3 QYIVT O I Tafer < ati e g the T -

42. A method of treating a disease cornprising administering to a patient a therapeutically

effective amount of a compound of any one of claims 1 10 39, or a pharmaceutically

acceptable salt thereof, wherein said discase is cancer.

43 The method of claim 42 wherein said cancer 18 a hematological cancer.

44, The method of claim 43 wherein said hematological cancer is selected from acuie
lympheblastic leukemia (ALL), acute myelogenous leukemia (AML), acute promyelocytic
leukemia (APL}, chronic tymphocytic leukemmia (CLL), chronic myelogenous leukenua
{CML), diffuse large B-cell lymphoma (DLBCL), mantle cell lymphoma, Non-Hodglkin
iymphoma, Hodgkin lymphoma, primary myelofibrosis (PMF), polycythemia vera (PV),

essential thrombocytosis (ETY), myelodysplasia syndrome (MDS), or multiple myeloma.
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45. The method of claim 43 wherein said cancer is a sarcoma, tung cancer,
gastrointestinal cancer, genitourinary tract cancer, liver cancer, bone cancer, nervous system

cancer, gynecological cancer, or skin cancer.
46. A method of treating a disease comprising administering to a patient a therapeutically

effective amount of a compound of any one of claims 1 to 39, or a pharmaceutically

acceptable salt thercof, wherein said discase is a viral disease or a beta-globinopathy.
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